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• is a Python toolkit that allows the user to 
use and run various lattice QCD libraries 
while programming in Python


• Goals: Performance, Portability, and 
Productivity


• uses Python APIs such as numpy, cupy, and 
mpi4py


• contains  interfaces to lattice QCD 
libraries

Lyncs API
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• provides an intermediate layer of Python interface to QUDA


• allows the user to program in Python while using various QUDA objects and 
functionalities


• wraps QUDA objects by the corresponding Python classes


• available at https://github.com/Lyncs-API/lyncs.quda


• to be installed via pip from the above source

Lyncs-QUDA
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• comes with test and 
example scripts

Lyncs-QUDA

Lyncs-API / lyncs.quda Public

 6 branches  0 tags

A Python interface to QUDA for Lyncs

licenselicense BSD-3-ClauseBSD-3-Clause  pylint scorepylint score 8.5/108.5/10  code stylecode style blackblack

QUDA is a library for performing calculations in lattice QCD on GPUs.

Installation

This package at the moment is not distrubuted via pip! (because we do not have a CI/CD for GPUs in place)

For installing the packages from source code, follow the following steps:

About

Python interface to lattice/QUDA

 Readme

 BSD-3-Clause license

 0 stars

 3 watching

 0 forks

Releases

No releases published

Packages

No packages published 

Languages

Python 98.5%  C++ 1.2%

CMake 0.3%

Notifications Fork 0  Star 0

Code Issues Pull requests 2 Actions Projects Wiki Security Insights

 develop Go to file Code

sbacchio Adding hmc script 8f777f9 19 days ago  163 commits

.github/workflows Untabifying 6 months ago

examples Adding hmc script 19 days ago

lyncs_quda Small fix 20 days ago

patches Revert "Adding insert to force" 3 months ago

test Adding to_momentum last month

.gitignore Updating lib 17 months ago

CMakeLists.txt Updating QUDA version 6 months ago

LICENSE Initial commit 2 years ago

README.md Restoring README 6 months ago

post_build.py Adding black of config 6 months ago

pyproject.toml Fixing installation via pip 7 months ago

setup.cfg Adding parallel testing 16 months ago

setup.py Improving setup.py 6 months ago

# Set the following variables appropriately  
export QUDA_GPU_ARCH=sm_60  
export QUDA_MPI=OFF  

# Clone and install  
git clone https://github.com/Lyncs-API/lyncs.quda  
cd lyncs.quda  
pip install -e .  

© 2022 GitHub, Inc. Terms Privacy Security Status Docs Contact GitHub Pricing API Training Blog About

README.md

Sign upProduct Team Enterprise Explore Marketplace Pricing Search Sign in
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Lyncs-API / lyncs.quda Public

lyncs.quda / test /

This branch is 37 commits ahead of develop.  #2

. .

Notifications Fork 0  Star 0

Code Issues Pull requests 2 Actions Projects Wiki Security Insights

 updates Go to file

sbacchio Applying black formatting (from Github Action) cb63cc8 8 days ago  History

parallel_test Applying black formatting (from Github Action) 8 days ago

test_clover_field.py merged mpi_fixes into updates 20 days ago

test_dirac.py Applying black formatting (from Github Action) 8 days ago

test_enums.py Adding enum tests 12 months ago

test_evenodd.py Transposing lattice in conversion to quda 6 months ago

test_field.py Supporting also assignment in ufunc 4 months ago

test_gauge_field.py Applying black formatting (from Github Action) 8 days ago

test_lib.py Adding device count 12 months ago

test_solver.py Applying black formatting (from Github Action) 8 days ago

test_spinor.py Adding norm 15 months ago

test_structs.py Adding structs.py 11 months ago

test_testing.py Adding parallel testing 16 months ago

© 2022 GitHub, Inc. Terms Privacy Security Status Docs Contact GitHub Pricing API Training Blog About

Sign upProduct Team Enterprise Explore Marketplace Pricing Search Sign in
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• Wrapper scripts in 
lyncs_quda/

Lyncs-QUDA

Lyncs-API / lyncs.quda Public

 6 branches  0 tags
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lyncs_quda Small fix 20 days ago

patches Revert "Adding insert to force" 3 months ago

test Adding to_momentum last month

.gitignore Updating lib 17 months ago

CMakeLists.txt Updating QUDA version 6 months ago

LICENSE Initial commit 2 years ago

README.md Restoring README 6 months ago

post_build.py Adding black of config 6 months ago

pyproject.toml Fixing installation via pip 7 months ago

setup.cfg Adding parallel testing 16 months ago
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© 2022 GitHub, Inc. Terms Privacy Security Status Docs Contact GitHub Pricing API Training Blog About

README.md

Sign upProduct Team Enterprise Explore Marketplace Pricing Search Sign in

Lyncs-API / lyncs.quda Public

lyncs.quda / lyncs_quda /

. .

Notifications Fork 0  Star 0

Code Issues Pull requests 2 Actions Projects Wiki Security Insights

 develop Go to file

sbacchio Small fix 3c138f2 20 days ago  History

include Adding conversion from continous to evenodd and vicevers 6 months ago

.gitignore Addng quda setup 2 years ago

__init__.py Adding conversion from continous to evenodd and vicevers 6 months ago

dirac.py Fixing value for Ls 6 months ago

enum.py Adding new enum structures 12 months ago

enums.py Files changed with new version 6 months ago

evenodd.py Transposing lattice in conversion to quda 6 months ago

gauge_field.py Small fix 20 days ago

lattice_field.py Bug fix 24 days ago

lib.py Adding conversion from continous to evenodd and vicevers 6 months ago

solver.py Using new enums 12 months ago

spinor_field.py Adding spinor coarse 10 months ago

struct.py Adding Struct base class 11 months ago

structs.py Files changed with new version 6 months ago

testing.py Improving support for momentum field and testing 6 months ago

time_profile.py Adding time_profile 16 months ago

© 2022 GitHub, Inc. Terms Privacy Security Status Docs Contact GitHub Pricing API Training Blog About

Sign upProduct Team Enterprise Explore Marketplace Pricing Search Sign in

5



S. YAMAMOTO, AUGUST 10TH, 2022

• Wrapper scripts in 
lyncs_quda/


•  lib.py


• load headers and 
library

Lyncs-QUDA

Lyncs-API / lyncs.quda Public

 6 branches  0 tags
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• Wrapper scripts in 
lyncs_quda/


•  lib.py


• load headers and 
library


• Other scripts


• call QUDA functions 
through lib

Lyncs-QUDA

Lyncs-API / lyncs.quda Public

 6 branches  0 tags

A Python interface to QUDA for Lyncs

licenselicense BSD-3-ClauseBSD-3-Clause  pylint scorepylint score 8.5/108.5/10  code stylecode style blackblack

QUDA is a library for performing calculations in lattice QCD on GPUs.

Installation

This package at the moment is not distrubuted via pip! (because we do not have a CI/CD for GPUs in place)

For installing the packages from source code, follow the following steps:
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test Adding to_momentum last month

.gitignore Updating lib 17 months ago

CMakeLists.txt Updating QUDA version 6 months ago

LICENSE Initial commit 2 years ago

README.md Restoring README 6 months ago

post_build.py Adding black of config 6 months ago

pyproject.toml Fixing installation via pip 7 months ago

setup.cfg Adding parallel testing 16 months ago

setup.py Improving setup.py 6 months ago

# Set the following variables appropriately  
export QUDA_GPU_ARCH=sm_60  
export QUDA_MPI=OFF  

# Clone and install  
git clone https://github.com/Lyncs-API/lyncs.quda  
cd lyncs.quda  
pip install -e .  
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• gauge_field.py


• auxiliary functions

Lyncs-QUDA
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Lyncs-API / lyncs.quda Public

lyncs.quda / lyncs_quda / gauge_field.py /  Jump to 

sbacchio Small fix Latest commit 3c138f2 20 days ago  History

 1 contributor

Notifications Fork 0  Star 0

Code Issues Pull requests 2 Actions Projects Wiki Security Insights

 develop Go to file

677 lines (576 sloc)  21.6 KB Raw Blame

1 """
2 Interface to gauge_field.h
3 """
4  
5 __all__ = [
6     "gauge",
7     "gauge_field",
8     "gauge_scalar",
9     "gauge_links",

10     "gauge_tensor",
11     "gauge_coarse",
12     "momentum",
13     "GaugeField",
14 ]
15  
16 from time import time
17 from math import sqrt
18 from collections import defaultdict
19 import numpy
20 from lyncs_cppyy import make_shared, lib as tmp, to_pointer, array_to_pointers
21 from lyncs_utils import prod, isiterable
22 from .lib import lib, cupy
23 from .lattice_field import LatticeField
24 from .time_profile import default_profiler
25  
26  
27 def gauge_field(lattice, dofs=(4, 18), **kwargs):
28     "Constructs a new gauge field"
29     # TODO add option to select field type -> dofs
30     # TODO reshape/shuffle to native order
31     return GaugeField.create(lattice, dofs=dofs, **kwargs)
32  
33  
34 def gauge_scalar(lattice, dofs=18, **kwargs):
35     "Constructs a new scalar gauge field"
36     return gauge_field(lattice, dofs=(1, dofs), **kwargs)
37  
38  
39 def gauge_links(lattice, dofs=18, **kwargs):
40     "Constructs a new gauge field of links"
41     return gauge_field(lattice, dofs=(4, dofs), **kwargs)
42  
43  
44 gauge = gauge_links
45  
46  
47 def gauge_tensor(lattice, dofs=18, **kwargs):
48     "Constructs a new gauge field with tensor structure"
49     return gauge_field(lattice, dofs=(6, dofs), **kwargs)
50  
51  
52 def gauge_coarse(lattice, dofs=2 * 48**2, **kwargs):
53     "Constructs a new coarse gauge field"
54     return gauge_field(lattice, dofs=(8, dofs), **kwargs)
55  
56  
57 def momentum(lattice, **kwargs):
58     return gauge_field(lattice, dofs=(4, 10), **kwargs)
59  
60  
61 class GaugeField(LatticeField):
62     "Mimics the quda::LatticeField object"
63  
64     @LatticeField.field.setter
65     def field(self, field):
66         LatticeField.field.fset(self, field)
67         if self.reconstruct == "INVALID":
68             raise TypeError(f"Unrecognized field dofs {self.dofs}")
69  
70     def new(self, reconstruct=None, **kwargs):
71         "Returns a new empty field based on the current"
72         if reconstruct is None:
73             pass
74         elif reconstruct == self.reconstruct:
75             pass
76         elif reconstruct == "NO":
77             kwargs["dofs"] = (self.geometry_size, 9 if self.iscomplex else 18)
78         else:
79             try:
80                 val = int(reconstruct)
81                 kwargs["dofs"] = (
82                     self.geometry_size,
83                     val // 2 if self.iscomplex else val,
84                 )
85             except ValueError:
86                 raise ValueError(f"Invalid reconstruct {reconstruct}")
87         out = super().new(**kwargs)
88         is_momentum = kwargs.get("is_momentum", self.is_momentum)
89         out.is_momentum = is_momentum
90         return out
91  
92     def equivalent(self, other, **kwargs):
93         "Whether a field is equivalent to the current"
94         if not super().equivalent(other, **kwargs):
95             return False
96         reconstruct = kwargs.get("reconstruct", self.reconstruct)
97         if other.reconstruct != str(reconstruct):
98             return False
99         return True

100  
101     def cast(self, other=None, **kwargs):
102         "Cast a field into its type and check for compatibility"
103         other = super().cast(other, **kwargs)
104         is_momentum = kwargs.get("is_momentum", self.is_momentum)
105         other.is_momentum = is_momentum
106         return other
107  
108     @property
109     def dofs_per_link(self):
110         if self.geometry == "SCALAR":
111             dofs = prod(self.dofs)
112         else:
113             dofs = prod(self.dofs[1:])
114         if self.iscomplex:
115             return dofs * 2
116         return dofs
117  
118     @property
119     def reconstruct(self):
120         "Reconstruct type of the field"
121         dofs = self.dofs_per_link
122         if dofs == 12:
123             return "12"
124         if dofs == 8:
125             return "8"
126         if dofs == 10:
127             return "10"
128         if sqrt(dofs / 2).is_integer():
129             return "NO"
130         return "INVALID"
131  
132     @property
133     def quda_reconstruct(self):
134         "Quda enum for reconstruct type of the field"
135         return getattr(lib, f"QUDA_RECONSTRUCT_{self.reconstruct}")
136  
137     @property
138     def ncol(self):
139         "Number of colors"
140         if self.reconstruct == "NO":
141             dofs = self.dofs_per_link
142             ncol = sqrt(dofs / 2)
143             assert ncol.is_integer()
144             return int(ncol)
145         return 3
146  
147     @property
148     def order(self):
149         "Data order of the field"
150         return "FLOAT2"
151  
152     @property
153     def quda_order(self):
154         "Quda enum for data order of the field"
155         return getattr(lib, f"QUDA_{self.order}_GAUGE_ORDER")
156  
157     @property
158     def _geometry_values(self):
159         return (
160             ("SCALAR", "VECTOR", "TENSOR", "COARSE"),
161             (1, self.ndims, self.ndims * (self.ndims - 1) / 2, self.ndims * 2),
162         )
163  
164     @property
165     def geometry(self):
166         """
167         Geometry of the field
168             VECTOR = all links
169             SCALAR = one link
170             TENSOR = Fmunu antisymmetric (upper triangle)
171             COARSE = all links, both directions
172         """
173         keys, vals = self._geometry_values
174         if self.dofs[0] in vals:
175             return keys[vals.index(self.dofs[0])]
176         return "SCALAR"
177  
178     @property
179     def geometry_size(self):
180         "Size of the geometry index"
181         keys, vals = self._geometry_values
182         if self.dofs[0] in vals:
183             return self.dofs[0]
184         return 1
185  
186     @property
187     def quda_geometry(self):
188         "Quda enum for geometry of the field"
189         return getattr(lib, f"QUDA_{self.geometry}_GEOMETRY")
190  
191     @property
192     def is_coarse(self):
193         "Whether is a coarse gauge field"
194         return self.geometry == "COARSE" or (
195             self.geometry == "SCALAR" and self.ncol != 3
196         )
197  
198     @property
199     def is_momentum(self):
200         "Whether is a momentum field"
201         return self.reconstruct == "10" or getattr(self, "_is_momentum", False)
202  
203     @is_momentum.setter
204     def is_momentum(self, value):
205         self._is_momentum = value
206  
207     @property
208     def t_boundary(self):
209         "Boundary conditions in time"
210         return "PERIODIC"
211  
212     @property
213     def quda_t_boundary(self):
214         "Quda enum for boundary conditions in time"
215         return getattr(lib, f"QUDA_{self.t_boundary}_T")
216  
217     @property
218     def link_type(self):
219         "Type of the links"
220         if self.is_coarse:
221             return "COARSE"
222         if self.is_momentum:
223             return "MOMENTUM"
224         return "SU3"
225  
226     @property
227     def quda_link_type(self):
228         "Quda enum for link type"
229         return getattr(lib, f"QUDA_{self.link_type}_LINKS")
230  
231     @property
232     def quda_params(self):
233         "Returns an instance of quda::GaugeFieldParams"
234         params = lib.GaugeFieldParam()
235         lib.copy_struct(params, super().quda_params)
236         params.reconstruct = self.quda_reconstruct
237         params.geometry = self.quda_geometry
238         params.link_type = self.quda_link_type
239         params.gauge = to_pointer(self.ptr)
240         params.create = lib.QUDA_REFERENCE_FIELD_CREATE
241         params.location = self.quda_location
242         params.t_boundary = self.quda_t_boundary
243         params.order = self.quda_order
244         params.nColor = self.ncol
245         return params
246  
247     @property
248     def quda_field(self):
249         "Returns an instance of quda::GaugeField"
250         self.activate()
251         if self._quda is None:
252             self._quda = make_shared(lib.GaugeField.Create(self.quda_params))
253         return self._quda
254  
255     def is_native(self):
256         "Whether the field is native for Quda"
257         return lib.gauge.isNative(
258             self.quda_order, self.quda_precision, self.quda_reconstruct
259         )
260  
261     def extended_field(self, sites=1):
262         if sites in (None, 0) or self.comm is None:
263             return self.quda_field
264  
265         if isinstance(sites, int):
266             sites = [sites] * self.ndims
267  
268         # self.check_shape(sites)
269         sites = [site if dim > 1 else 0 for site, dim in zip(sites, self.comm.dims)]
270         if sites == [0, 0, 0, 0]:
271             return self.quda_field
272  
273         return make_shared(
274             lib.createExtendedGauge(
275                 self.quda_field,
276                 numpy.array(sites, dtype="int32"),
277                 default_profiler().quda,
278             )
279         )
280  
281     def zero(self):
282         "Sets all field elements to zero"
283         self.quda_field.zero()
284  
285     def full(self):
286         "Returns a full matrix version of the field (with reconstruct=NO)"
287         return self if self.reconstruct == "NO" else self.copy(reconstruct="NO")
288  
289     def to_momentum(self):
290         "Returns a momentum version of the field (with reconstruct=NO)"
291         return self if self.reconstruct == "10" else self.copy(reconstruct="10")
292  
293     def default_view(self, split_col=True):
294         "Returns the default view of the field including reshaping"
295         shape = (2,)  # even-odd
296         # geometry
297         if len(self.dofs) == 1:
298             shape += (1,)
299         else:
300             shape += (self.dofs[0],)
301         # matrix
302         if self.reconstruct == "NO" and split_col:
303             shape += (self.ncol, self.ncol)
304         else:
305             shape += (self.dofs_per_link // 2,)
306         # lattice
307         shape += (-1,)
308         if self.reconstruct == "10":
309             shape += (2,)
310             return super().float_view().reshape(shape)
311         return super().complex_view().reshape(shape)
312  
313     def unity(self):
314         "Set all field elements to unity"
315         if self.reconstruct != "NO":
316             raise NotImplementedError
317         field = self.default_view(split_col=False)
318         field[:] = 0
319         diag = [i * self.ncol + i for i in range(self.ncol)]
320         field[:, :, diag, ...] = 1
321  
322     def trace(self, only_real=False):
323         "Returns the trace in color of the field"
324         return (
325             self.full()
326             .default_view()
327             .trace(axis1=2, axis2=3, dtype="float64" if only_real else "complex128")
328         )
329  
330     def dagger(self, out=None):
331         "Returns the complex conjugate transpose of the field"
332         out = self.prepare(out)
333         self.backend.conj(
334             self.default_view().transpose((0, 1, 3, 2, 4)), out=out.default_view()
335         )
336         return out
337  
338     def reduce(self, local=False, only_real=True, mean=True):
339         "Reduction of a gauge field (real of mean of trace)"
340         out = self.trace(only_real=only_real)
341         if mean:
342             out = out.mean() / self.ncol
343         else:
344             out = out.sum()
345         if not local:
346             return super().reduce(out)
347         return out
348  
349     def dot(self, other, out=None):
350         "Matrix product between two gauge fields"
351         if not isinstance(other, GaugeField):
352             raise ValueError
353         self = self.full()
354         other = other.full()
355         out = self.prepare(out)
356         self.backend.matmul(
357             self.default_view(),
358             other.default_view(),
359             out=out.default_view(),
360             axes=[(2, 3)] * 3,
361         )
362         return out
363  
364     def project(self, tol=None):
365         """
366         Project the gauge field onto the SU(3) group.  This
367         is a destructive operation.  The number of link failures is
368         reported so appropriate action can be taken.
369         """
370         if tol is None:
371             tol = numpy.finfo(self.dtype).eps
372         fails = cupy.zeros((1,), dtype="int32")
373         lib.projectSU3(self.quda_field, tol, to_pointer(fails.data.ptr, "int *"))
374         return fails[0]
375  
376     def gaussian(self, epsilon=1, seed=None):
377         """
378         Generates Gaussian distributed su(N) or SU(N) fields.
379         If U is a momentum field, then generates a random Gaussian distributed
380         field in the Lie algebra using the anti-Hermitation convention.
381         If U is in the group then we create a Gaussian distributed su(n)
382         field and exponentiate it, e.g., U = exp(sigma * H), where H is
383         the distributed su(n) field and sigma is the width of the
384         distribution (sigma = 0 results in a free field, and sigma = 1 has
385         maximum disorder).
386         """
387         seed = seed or int(time() * 1e9)
388         lib.gaugeGauss(self.quda_field, seed, epsilon)
389  
390     def plaquette(self):
391         """
392         Computes the plaquette of the gauge field
393
394         Returns
395         -------
396         tuple(total, spatial, temporal) plaquette site averaged and
397             normalized such that each plaquette is in the range [0,1]
398         """
399         plaq = lib.plaquette(self.extended_field(1))
400         return plaq.x, plaq.y, plaq.z
401  
402     def compute_fmunu(self, out=None):
403         out = self.prepare(out, dofs=(6, 9 if self.iscomplex else 18))
404         lib.computeFmunu(out.quda_field, self.extended_field(1))
405         return out
406  
407     def topological_charge(self):
408         """
409         Computes the topological charge
410
411         Returns
412         -------
413         charge, (total, spatial, temporal): The total topological charge
414             and total, spatial, and temporal field energy
415         """
416         if self.geometry != "TENSOR":
417             self = self.compute_fmunu()
418         out = numpy.zeros(4, dtype="double")
419         lib.computeQCharge(out[:3], out[3:], self.extended_field(0))  # should be 1
420         return out[3], tuple(out[:3])
421  
422     def topological_charge_density(self):
423         "Computes the topological charge density"
424         if self.geometry != "TENSOR":
425             self = self.compute_fmunu()
426         out1 = numpy.zeros(4, dtype="double")
427         if out is None:
428             out = numpy.zeros(4, dtype="double")
429         return lib.computeQCharge(out[:3], out[3:], self.extended_field(1))
430  
431     def norm1(self, link_dir=-1):
432         "Computes the L1 norm of the field"
433         if not -1 <= link_dir < self.ndims:
434             raise ValueError(
435                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
436             )
437         return self.quda_field.norm1(link_dir)
438  
439     def norm2(self, link_dir=-1):
440         "Computes the L2 norm of the field"
441         if not -1 <= link_dir < self.ndims:
442             raise ValueError(
443                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
444             )
445         if self.reconstruct == "10":
446             # TODO: patch quda, reconstruct 10 not supported
447             norm2 = (self.default_view() ** 2).sum(axis=(0, 1, 3, 4)).get()
448             norm2 = norm2.sum() - norm2[-1] / 2 - norm2[-2] / 2
449             return 4 * super().reduce(norm2)
450         return self.quda_field.norm2(link_dir)
451  
452     def abs_max(self, link_dir=-1):
453         "Computes the absolute maximum of the field (Linfinity norm)"
454         if not -1 <= link_dir < self.ndims:
455             raise ValueError(
456                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
457             )
458         return self.quda_field.abs_max(link_dir)
459  
460     def abs_min(self, link_dir=-1):
461         "Computes the absolute minimum of the field"
462         if not -1 <= link_dir < self.ndims:
463             raise ValueError(
464                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
465             )
466         return self.quda_field.abs_min(link_dir)
467  
468     def _check_paths(self, paths):
469         "Check if all paths are valid"
470         if not isiterable(paths):
471             raise TypeError(f"Paths ({paths}) are not iterable")
472         for i, path in enumerate(paths):
473             if not isiterable(path):
474                 raise TypeError(f"Path {i} = {path} is not iterable")
475             if path[0] < 0:
476                 raise ValueError(f"Path {i} = {path} nevative first movement")
477             if min(path) < -self.ndims:
478                 raise ValueError(
479                     f"Path {i} = {path} has direction smaller than {-self.ndims}"
480                 )
481             if max(path) > self.ndims:
482                 raise ValueError(
483                     f"Path {i} = {path} has direction larger than {self.ndims}"
484                 )
485             if 0 in path:
486                 raise ValueError(f"Path {i} = {path} has zeros")
487  
488     def _paths_to_array(self, paths):
489         "Returns array of paths and their length"
490  
491         lengths = numpy.array(list(map(len, paths)), dtype="int32")
492         max_length = lengths.max()
493         paths_array = numpy.empty((1, len(paths), max_length), dtype="int32")
494  
495         convert = lambda step: (step - 1) if step > 0 else (8 + step)
496  
497         for i, path in enumerate(paths):
498             for j, step in enumerate(path):
499                 paths_array[0, i, j] = convert(step)
500  
501         return paths_array, lengths
502  
503     def _paths_for_force(self, paths, coeffs):
504         "Create all paths needed for force"
505         out = defaultdict(int)
506         shift = lambda path, i: path if i in (0, len(path)) else (path[i:] + path[:i])
507         for path, coeff in zip(paths, coeffs):
508             for i in range(len(path)):
509                 if path[i] > 0:
510                     tmp = shift(path, i)
511                 else:
512                     tmp = tuple(-_ for _ in reversed(shift(path, i + 1)))
513                 out[tmp] -= coeff
514         return tuple(out.keys()), tuple(out.values())
515  
516     def compute_paths(
517         self,
518         paths,
519         coeffs=None,
520         out=None,
521         add_coeff=1,
522         force=False,
523         grad=None,
524         left_grad=False,
525     ):
526         """
527         Computes the gauge paths on the lattice.
528
529         The same paths are computed for every direction.
530
531         - The paths are given with respect to direction "1" and
532           this must be the first number of every path list.
533         - Directions go from 1 to self.ndims
534         - Negative value (-1,...) means backward movement in the direction
535         - Paths are then rotated for every direction.
536         """
537  
538         # Checking paths for error
539         self._check_paths(paths)
540         paths = tuple(tuple(path) for path in paths)
541  
542         # Preparing coeffs
543         if coeffs is None:
544             coeffs = self.ndims / len(paths)
545         if isinstance(coeffs, (int, float)):
546             coeffs = [coeffs] * len(paths)
547         if not len(paths) == len(coeffs):
548             raise ValueError("Paths and coeffs must have the same length")
549  
550         # Preparing grad and fnc
551         if grad is not None:
552             force = True
553             grad = self.cast(grad, reconstruct=10)
554             fnc = lambda out, u, *args: lib.gaugeForceGradient(
555                 out,
556                 u,
557                 grad.quda_field,
558                 *args,
559                 left=left_grad,
560             )
561         elif force:
562             fnc = lib.gaugeForce
563         else:
564             fnc = lib.gaugePath
565  
566         # Preparing paths
567         if force:
568             paths, coeffs = self._paths_for_force(paths, coeffs)
569             self._check_paths(paths)
570         paths, lengths = self._paths_to_array(paths)
571  
572         # Calling Quda function
573         num_paths = paths.shape[1]
574         max_length = paths.shape[2]
575         quda_paths_array = array_to_pointers(paths)
576         coeffs = numpy.array(coeffs, dtype="float64")
577         out = self.prepare(out, empty=False, reconstruct=10 if force else None)
578  
579         fnc(
580             out.quda_field,
581             self.extended_field(1),  # TODO: compute correct extension (max distance)
582             add_coeff,
583             quda_paths_array.get(),
584             lengths,
585             coeffs,
586             num_paths,
587             max_length,
588             False,
589         )
590         return out
591  
592     @property
593     def plaquette_paths(self):
594         "List of plaquette paths"
595         return tuple(
596             (mu, nu, -mu, -nu)
597             for mu in range(1, self.ndims + 1)
598             for nu in range(mu + 1, self.ndims + 1)
599         )
600  
601     def plaquette_field(self, **kwargs):
602         "Computes the plaquette field"
603         return self.compute_paths(self.plaquette_paths, **kwargs)
604  
605     def plaquettes(self, **kwargs):
606         "Returns the average over plaquettes (Note: plaquette should performs better)"
607         return self.plaquette_field().reduce(**kwargs)
608  
609     @property
610     def rectangle_paths(self):
611         "List of rectangle paths"
612         return tuple(
613             (mu, nu, nu, -mu, -nu, -nu)
614             for mu in range(1, self.ndims + 1)
615             for nu in range(mu + 1, self.ndims + 1)
616         )
617  
618     def rectangle_field(self, **kwargs):
619         "Computes the rectangle field"
620         return self.compute_paths(self.rectangle_paths, **kwargs)
621  
622     def rectangles(self, **kwargs):
623         "Returns the average over rectangles"
624         return self.rectangle_field().reduce(**kwargs)
625  
626     def exponentiate(self, coeff=1, mul_to=None, out=None, conj=False, exact=False):
627         """
628         Exponentiates a momentum field
629         """
630  
631         if out is None:
632             out = mul_to.new() if mul_to is not None else self.new(reconstruct="NO")
633         if mul_to is None:
634             mul_to = out.new()
635             mul_to.unity()
636  
637         lib.updateGaugeField(
638             out.quda_field, coeff, mul_to.quda_field, self.quda_field, conj, exact
639         )
640         return out
641  
642     def update_gauge(self, mom, coeff=1, out=None, conj=False, exact=False):
643         """
644         Updates a gauge field with momentum field
645         """
646         return mom.exponentiate(
647             coeff=coeff, mul_to=self, out=out, conj=conj, exact=exact
648         )
649  
650     def gauge_action(self, plaq_coeff=0, rect_coeff=0):
651         """
652         Returns the gauge action.
653
654         The coefficients are use as follows
655
656             (1-8*c1) ((1+c0) P_time + (1-c0) P_space) + c1*R
657
658         where P is the sum over plaquette, R over the rectangles,
659         c0 is the plaq_coeff (see volume_plaquette) and c1 the rect_coeff
660         """
661         plaq, time, space = self.plaquette()
662         if plaq_coeff != 0:
663             plaq = (1 + plaq_coeff) * time + (1 - plaq_coeff) * space
664  
665         if rect_coeff == 0:
666             return plaq
667  
668         rect = self.rectangles()
669         return (1 - 8 * rect_coeff) * plaq + rect_coeff * rect
670  
671     def symanzik_gauge_action(self, plaq_coeff=0):
672         "Returns the tree-level Symanzik improved gauge action"
673         return self.gauge_action(plaq_coeff, -1 / 12)
674  
675     def iwasaki_gauge_action(self, plaq_coeff=0):
676         "Returns the Iwasaki gauge action"
677         return self.gauge_action(plaq_coeff, -0.331)
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1 """
2 Interface to gauge_field.h
3 """
4  
5 __all__ = [
6     "gauge",
7     "gauge_field",
8     "gauge_scalar",
9     "gauge_links",

10     "gauge_tensor",
11     "gauge_coarse",
12     "momentum",
13     "GaugeField",
14 ]
15  
16 from time import time
17 from math import sqrt
18 from collections import defaultdict
19 import numpy
20 from lyncs_cppyy import make_shared, lib as tmp, to_pointer, array_to_pointers
21 from lyncs_utils import prod, isiterable
22 from .lib import lib, cupy
23 from .lattice_field import LatticeField
24 from .time_profile import default_profiler
25  
26  
27 def gauge_field(lattice, dofs=(4, 18), **kwargs):
28     "Constructs a new gauge field"
29     # TODO add option to select field type -> dofs
30     # TODO reshape/shuffle to native order
31     return GaugeField.create(lattice, dofs=dofs, **kwargs)
32  
33  
34 def gauge_scalar(lattice, dofs=18, **kwargs):
35     "Constructs a new scalar gauge field"
36     return gauge_field(lattice, dofs=(1, dofs), **kwargs)
37  
38  
39 def gauge_links(lattice, dofs=18, **kwargs):
40     "Constructs a new gauge field of links"
41     return gauge_field(lattice, dofs=(4, dofs), **kwargs)
42  
43  
44 gauge = gauge_links
45  
46  
47 def gauge_tensor(lattice, dofs=18, **kwargs):
48     "Constructs a new gauge field with tensor structure"
49     return gauge_field(lattice, dofs=(6, dofs), **kwargs)
50  
51  
52 def gauge_coarse(lattice, dofs=2 * 48**2, **kwargs):
53     "Constructs a new coarse gauge field"
54     return gauge_field(lattice, dofs=(8, dofs), **kwargs)
55  
56  
57 def momentum(lattice, **kwargs):
58     return gauge_field(lattice, dofs=(4, 10), **kwargs)
59  
60  
61 class GaugeField(LatticeField):
62     "Mimics the quda::LatticeField object"
63  
64     @LatticeField.field.setter
65     def field(self, field):
66         LatticeField.field.fset(self, field)
67         if self.reconstruct == "INVALID":
68             raise TypeError(f"Unrecognized field dofs {self.dofs}")
69  
70     def new(self, reconstruct=None, **kwargs):
71         "Returns a new empty field based on the current"
72         if reconstruct is None:
73             pass
74         elif reconstruct == self.reconstruct:
75             pass
76         elif reconstruct == "NO":
77             kwargs["dofs"] = (self.geometry_size, 9 if self.iscomplex else 18)
78         else:
79             try:
80                 val = int(reconstruct)
81                 kwargs["dofs"] = (
82                     self.geometry_size,
83                     val // 2 if self.iscomplex else val,
84                 )
85             except ValueError:
86                 raise ValueError(f"Invalid reconstruct {reconstruct}")
87         out = super().new(**kwargs)
88         is_momentum = kwargs.get("is_momentum", self.is_momentum)
89         out.is_momentum = is_momentum
90         return out
91  
92     def equivalent(self, other, **kwargs):
93         "Whether a field is equivalent to the current"
94         if not super().equivalent(other, **kwargs):
95             return False
96         reconstruct = kwargs.get("reconstruct", self.reconstruct)
97         if other.reconstruct != str(reconstruct):
98             return False
99         return True

100  
101     def cast(self, other=None, **kwargs):
102         "Cast a field into its type and check for compatibility"
103         other = super().cast(other, **kwargs)
104         is_momentum = kwargs.get("is_momentum", self.is_momentum)
105         other.is_momentum = is_momentum
106         return other
107  
108     @property
109     def dofs_per_link(self):
110         if self.geometry == "SCALAR":
111             dofs = prod(self.dofs)
112         else:
113             dofs = prod(self.dofs[1:])
114         if self.iscomplex:
115             return dofs * 2
116         return dofs
117  
118     @property
119     def reconstruct(self):
120         "Reconstruct type of the field"
121         dofs = self.dofs_per_link
122         if dofs == 12:
123             return "12"
124         if dofs == 8:
125             return "8"
126         if dofs == 10:
127             return "10"
128         if sqrt(dofs / 2).is_integer():
129             return "NO"
130         return "INVALID"
131  
132     @property
133     def quda_reconstruct(self):
134         "Quda enum for reconstruct type of the field"
135         return getattr(lib, f"QUDA_RECONSTRUCT_{self.reconstruct}")
136  
137     @property
138     def ncol(self):
139         "Number of colors"
140         if self.reconstruct == "NO":
141             dofs = self.dofs_per_link
142             ncol = sqrt(dofs / 2)
143             assert ncol.is_integer()
144             return int(ncol)
145         return 3
146  
147     @property
148     def order(self):
149         "Data order of the field"
150         return "FLOAT2"
151  
152     @property
153     def quda_order(self):
154         "Quda enum for data order of the field"
155         return getattr(lib, f"QUDA_{self.order}_GAUGE_ORDER")
156  
157     @property
158     def _geometry_values(self):
159         return (
160             ("SCALAR", "VECTOR", "TENSOR", "COARSE"),
161             (1, self.ndims, self.ndims * (self.ndims - 1) / 2, self.ndims * 2),
162         )
163  
164     @property
165     def geometry(self):
166         """
167         Geometry of the field
168             VECTOR = all links
169             SCALAR = one link
170             TENSOR = Fmunu antisymmetric (upper triangle)
171             COARSE = all links, both directions
172         """
173         keys, vals = self._geometry_values
174         if self.dofs[0] in vals:
175             return keys[vals.index(self.dofs[0])]
176         return "SCALAR"
177  
178     @property
179     def geometry_size(self):
180         "Size of the geometry index"
181         keys, vals = self._geometry_values
182         if self.dofs[0] in vals:
183             return self.dofs[0]
184         return 1
185  
186     @property
187     def quda_geometry(self):
188         "Quda enum for geometry of the field"
189         return getattr(lib, f"QUDA_{self.geometry}_GEOMETRY")
190  
191     @property
192     def is_coarse(self):
193         "Whether is a coarse gauge field"
194         return self.geometry == "COARSE" or (
195             self.geometry == "SCALAR" and self.ncol != 3
196         )
197  
198     @property
199     def is_momentum(self):
200         "Whether is a momentum field"
201         return self.reconstruct == "10" or getattr(self, "_is_momentum", False)
202  
203     @is_momentum.setter
204     def is_momentum(self, value):
205         self._is_momentum = value
206  
207     @property
208     def t_boundary(self):
209         "Boundary conditions in time"
210         return "PERIODIC"
211  
212     @property
213     def quda_t_boundary(self):
214         "Quda enum for boundary conditions in time"
215         return getattr(lib, f"QUDA_{self.t_boundary}_T")
216  
217     @property
218     def link_type(self):
219         "Type of the links"
220         if self.is_coarse:
221             return "COARSE"
222         if self.is_momentum:
223             return "MOMENTUM"
224         return "SU3"
225  
226     @property
227     def quda_link_type(self):
228         "Quda enum for link type"
229         return getattr(lib, f"QUDA_{self.link_type}_LINKS")
230  
231     @property
232     def quda_params(self):
233         "Returns an instance of quda::GaugeFieldParams"
234         params = lib.GaugeFieldParam()
235         lib.copy_struct(params, super().quda_params)
236         params.reconstruct = self.quda_reconstruct
237         params.geometry = self.quda_geometry
238         params.link_type = self.quda_link_type
239         params.gauge = to_pointer(self.ptr)
240         params.create = lib.QUDA_REFERENCE_FIELD_CREATE
241         params.location = self.quda_location
242         params.t_boundary = self.quda_t_boundary
243         params.order = self.quda_order
244         params.nColor = self.ncol
245         return params
246  
247     @property
248     def quda_field(self):
249         "Returns an instance of quda::GaugeField"
250         self.activate()
251         if self._quda is None:
252             self._quda = make_shared(lib.GaugeField.Create(self.quda_params))
253         return self._quda
254  
255     def is_native(self):
256         "Whether the field is native for Quda"
257         return lib.gauge.isNative(
258             self.quda_order, self.quda_precision, self.quda_reconstruct
259         )
260  
261     def extended_field(self, sites=1):
262         if sites in (None, 0) or self.comm is None:
263             return self.quda_field
264  
265         if isinstance(sites, int):
266             sites = [sites] * self.ndims
267  
268         # self.check_shape(sites)
269         sites = [site if dim > 1 else 0 for site, dim in zip(sites, self.comm.dims)]
270         if sites == [0, 0, 0, 0]:
271             return self.quda_field
272  
273         return make_shared(
274             lib.createExtendedGauge(
275                 self.quda_field,
276                 numpy.array(sites, dtype="int32"),
277                 default_profiler().quda,
278             )
279         )
280  
281     def zero(self):
282         "Sets all field elements to zero"
283         self.quda_field.zero()
284  
285     def full(self):
286         "Returns a full matrix version of the field (with reconstruct=NO)"
287         return self if self.reconstruct == "NO" else self.copy(reconstruct="NO")
288  
289     def to_momentum(self):
290         "Returns a momentum version of the field (with reconstruct=NO)"
291         return self if self.reconstruct == "10" else self.copy(reconstruct="10")
292  
293     def default_view(self, split_col=True):
294         "Returns the default view of the field including reshaping"
295         shape = (2,)  # even-odd
296         # geometry
297         if len(self.dofs) == 1:
298             shape += (1,)
299         else:
300             shape += (self.dofs[0],)
301         # matrix
302         if self.reconstruct == "NO" and split_col:
303             shape += (self.ncol, self.ncol)
304         else:
305             shape += (self.dofs_per_link // 2,)
306         # lattice
307         shape += (-1,)
308         if self.reconstruct == "10":
309             shape += (2,)
310             return super().float_view().reshape(shape)
311         return super().complex_view().reshape(shape)
312  
313     def unity(self):
314         "Set all field elements to unity"
315         if self.reconstruct != "NO":
316             raise NotImplementedError
317         field = self.default_view(split_col=False)
318         field[:] = 0
319         diag = [i * self.ncol + i for i in range(self.ncol)]
320         field[:, :, diag, ...] = 1
321  
322     def trace(self, only_real=False):
323         "Returns the trace in color of the field"
324         return (
325             self.full()
326             .default_view()
327             .trace(axis1=2, axis2=3, dtype="float64" if only_real else "complex128")
328         )
329  
330     def dagger(self, out=None):
331         "Returns the complex conjugate transpose of the field"
332         out = self.prepare(out)
333         self.backend.conj(
334             self.default_view().transpose((0, 1, 3, 2, 4)), out=out.default_view()
335         )
336         return out
337  
338     def reduce(self, local=False, only_real=True, mean=True):
339         "Reduction of a gauge field (real of mean of trace)"
340         out = self.trace(only_real=only_real)
341         if mean:
342             out = out.mean() / self.ncol
343         else:
344             out = out.sum()
345         if not local:
346             return super().reduce(out)
347         return out
348  
349     def dot(self, other, out=None):
350         "Matrix product between two gauge fields"
351         if not isinstance(other, GaugeField):
352             raise ValueError
353         self = self.full()
354         other = other.full()
355         out = self.prepare(out)
356         self.backend.matmul(
357             self.default_view(),
358             other.default_view(),
359             out=out.default_view(),
360             axes=[(2, 3)] * 3,
361         )
362         return out
363  
364     def project(self, tol=None):
365         """
366         Project the gauge field onto the SU(3) group.  This
367         is a destructive operation.  The number of link failures is
368         reported so appropriate action can be taken.
369         """
370         if tol is None:
371             tol = numpy.finfo(self.dtype).eps
372         fails = cupy.zeros((1,), dtype="int32")
373         lib.projectSU3(self.quda_field, tol, to_pointer(fails.data.ptr, "int *"))
374         return fails[0]
375  
376     def gaussian(self, epsilon=1, seed=None):
377         """
378         Generates Gaussian distributed su(N) or SU(N) fields.
379         If U is a momentum field, then generates a random Gaussian distributed
380         field in the Lie algebra using the anti-Hermitation convention.
381         If U is in the group then we create a Gaussian distributed su(n)
382         field and exponentiate it, e.g., U = exp(sigma * H), where H is
383         the distributed su(n) field and sigma is the width of the
384         distribution (sigma = 0 results in a free field, and sigma = 1 has
385         maximum disorder).
386         """
387         seed = seed or int(time() * 1e9)
388         lib.gaugeGauss(self.quda_field, seed, epsilon)
389  
390     def plaquette(self):
391         """
392         Computes the plaquette of the gauge field
393
394         Returns
395         -------
396         tuple(total, spatial, temporal) plaquette site averaged and
397             normalized such that each plaquette is in the range [0,1]
398         """
399         plaq = lib.plaquette(self.extended_field(1))
400         return plaq.x, plaq.y, plaq.z
401  
402     def compute_fmunu(self, out=None):
403         out = self.prepare(out, dofs=(6, 9 if self.iscomplex else 18))
404         lib.computeFmunu(out.quda_field, self.extended_field(1))
405         return out
406  
407     def topological_charge(self):
408         """
409         Computes the topological charge
410
411         Returns
412         -------
413         charge, (total, spatial, temporal): The total topological charge
414             and total, spatial, and temporal field energy
415         """
416         if self.geometry != "TENSOR":
417             self = self.compute_fmunu()
418         out = numpy.zeros(4, dtype="double")
419         lib.computeQCharge(out[:3], out[3:], self.extended_field(0))  # should be 1
420         return out[3], tuple(out[:3])
421  
422     def topological_charge_density(self):
423         "Computes the topological charge density"
424         if self.geometry != "TENSOR":
425             self = self.compute_fmunu()
426         out1 = numpy.zeros(4, dtype="double")
427         if out is None:
428             out = numpy.zeros(4, dtype="double")
429         return lib.computeQCharge(out[:3], out[3:], self.extended_field(1))
430  
431     def norm1(self, link_dir=-1):
432         "Computes the L1 norm of the field"
433         if not -1 <= link_dir < self.ndims:
434             raise ValueError(
435                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
436             )
437         return self.quda_field.norm1(link_dir)
438  
439     def norm2(self, link_dir=-1):
440         "Computes the L2 norm of the field"
441         if not -1 <= link_dir < self.ndims:
442             raise ValueError(
443                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
444             )
445         if self.reconstruct == "10":
446             # TODO: patch quda, reconstruct 10 not supported
447             norm2 = (self.default_view() ** 2).sum(axis=(0, 1, 3, 4)).get()
448             norm2 = norm2.sum() - norm2[-1] / 2 - norm2[-2] / 2
449             return 4 * super().reduce(norm2)
450         return self.quda_field.norm2(link_dir)
451  
452     def abs_max(self, link_dir=-1):
453         "Computes the absolute maximum of the field (Linfinity norm)"
454         if not -1 <= link_dir < self.ndims:
455             raise ValueError(
456                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
457             )
458         return self.quda_field.abs_max(link_dir)
459  
460     def abs_min(self, link_dir=-1):
461         "Computes the absolute minimum of the field"
462         if not -1 <= link_dir < self.ndims:
463             raise ValueError(
464                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
465             )
466         return self.quda_field.abs_min(link_dir)
467  
468     def _check_paths(self, paths):
469         "Check if all paths are valid"
470         if not isiterable(paths):
471             raise TypeError(f"Paths ({paths}) are not iterable")
472         for i, path in enumerate(paths):
473             if not isiterable(path):
474                 raise TypeError(f"Path {i} = {path} is not iterable")
475             if path[0] < 0:
476                 raise ValueError(f"Path {i} = {path} nevative first movement")
477             if min(path) < -self.ndims:
478                 raise ValueError(
479                     f"Path {i} = {path} has direction smaller than {-self.ndims}"
480                 )
481             if max(path) > self.ndims:
482                 raise ValueError(
483                     f"Path {i} = {path} has direction larger than {self.ndims}"
484                 )
485             if 0 in path:
486                 raise ValueError(f"Path {i} = {path} has zeros")
487  
488     def _paths_to_array(self, paths):
489         "Returns array of paths and their length"
490  
491         lengths = numpy.array(list(map(len, paths)), dtype="int32")
492         max_length = lengths.max()
493         paths_array = numpy.empty((1, len(paths), max_length), dtype="int32")
494  
495         convert = lambda step: (step - 1) if step > 0 else (8 + step)
496  
497         for i, path in enumerate(paths):
498             for j, step in enumerate(path):
499                 paths_array[0, i, j] = convert(step)
500  
501         return paths_array, lengths
502  
503     def _paths_for_force(self, paths, coeffs):
504         "Create all paths needed for force"
505         out = defaultdict(int)
506         shift = lambda path, i: path if i in (0, len(path)) else (path[i:] + path[:i])
507         for path, coeff in zip(paths, coeffs):
508             for i in range(len(path)):
509                 if path[i] > 0:
510                     tmp = shift(path, i)
511                 else:
512                     tmp = tuple(-_ for _ in reversed(shift(path, i + 1)))
513                 out[tmp] -= coeff
514         return tuple(out.keys()), tuple(out.values())
515  
516     def compute_paths(
517         self,
518         paths,
519         coeffs=None,
520         out=None,
521         add_coeff=1,
522         force=False,
523         grad=None,
524         left_grad=False,
525     ):
526         """
527         Computes the gauge paths on the lattice.
528
529         The same paths are computed for every direction.
530
531         - The paths are given with respect to direction "1" and
532           this must be the first number of every path list.
533         - Directions go from 1 to self.ndims
534         - Negative value (-1,...) means backward movement in the direction
535         - Paths are then rotated for every direction.
536         """
537  
538         # Checking paths for error
539         self._check_paths(paths)
540         paths = tuple(tuple(path) for path in paths)
541  
542         # Preparing coeffs
543         if coeffs is None:
544             coeffs = self.ndims / len(paths)
545         if isinstance(coeffs, (int, float)):
546             coeffs = [coeffs] * len(paths)
547         if not len(paths) == len(coeffs):
548             raise ValueError("Paths and coeffs must have the same length")
549  
550         # Preparing grad and fnc
551         if grad is not None:
552             force = True
553             grad = self.cast(grad, reconstruct=10)
554             fnc = lambda out, u, *args: lib.gaugeForceGradient(
555                 out,
556                 u,
557                 grad.quda_field,
558                 *args,
559                 left=left_grad,
560             )
561         elif force:
562             fnc = lib.gaugeForce
563         else:
564             fnc = lib.gaugePath
565  
566         # Preparing paths
567         if force:
568             paths, coeffs = self._paths_for_force(paths, coeffs)
569             self._check_paths(paths)
570         paths, lengths = self._paths_to_array(paths)
571  
572         # Calling Quda function
573         num_paths = paths.shape[1]
574         max_length = paths.shape[2]
575         quda_paths_array = array_to_pointers(paths)
576         coeffs = numpy.array(coeffs, dtype="float64")
577         out = self.prepare(out, empty=False, reconstruct=10 if force else None)
578  
579         fnc(
580             out.quda_field,
581             self.extended_field(1),  # TODO: compute correct extension (max distance)
582             add_coeff,
583             quda_paths_array.get(),
584             lengths,
585             coeffs,
586             num_paths,
587             max_length,
588             False,
589         )
590         return out
591  
592     @property
593     def plaquette_paths(self):
594         "List of plaquette paths"
595         return tuple(
596             (mu, nu, -mu, -nu)
597             for mu in range(1, self.ndims + 1)
598             for nu in range(mu + 1, self.ndims + 1)
599         )
600  
601     def plaquette_field(self, **kwargs):
602         "Computes the plaquette field"
603         return self.compute_paths(self.plaquette_paths, **kwargs)
604  
605     def plaquettes(self, **kwargs):
606         "Returns the average over plaquettes (Note: plaquette should performs better)"
607         return self.plaquette_field().reduce(**kwargs)
608  
609     @property
610     def rectangle_paths(self):
611         "List of rectangle paths"
612         return tuple(
613             (mu, nu, nu, -mu, -nu, -nu)
614             for mu in range(1, self.ndims + 1)
615             for nu in range(mu + 1, self.ndims + 1)
616         )
617  
618     def rectangle_field(self, **kwargs):
619         "Computes the rectangle field"
620         return self.compute_paths(self.rectangle_paths, **kwargs)
621  
622     def rectangles(self, **kwargs):
623         "Returns the average over rectangles"
624         return self.rectangle_field().reduce(**kwargs)
625  
626     def exponentiate(self, coeff=1, mul_to=None, out=None, conj=False, exact=False):
627         """
628         Exponentiates a momentum field
629         """
630  
631         if out is None:
632             out = mul_to.new() if mul_to is not None else self.new(reconstruct="NO")
633         if mul_to is None:
634             mul_to = out.new()
635             mul_to.unity()
636  
637         lib.updateGaugeField(
638             out.quda_field, coeff, mul_to.quda_field, self.quda_field, conj, exact
639         )
640         return out
641  
642     def update_gauge(self, mom, coeff=1, out=None, conj=False, exact=False):
643         """
644         Updates a gauge field with momentum field
645         """
646         return mom.exponentiate(
647             coeff=coeff, mul_to=self, out=out, conj=conj, exact=exact
648         )
649  
650     def gauge_action(self, plaq_coeff=0, rect_coeff=0):
651         """
652         Returns the gauge action.
653
654         The coefficients are use as follows
655
656             (1-8*c1) ((1+c0) P_time + (1-c0) P_space) + c1*R
657
658         where P is the sum over plaquette, R over the rectangles,
659         c0 is the plaq_coeff (see volume_plaquette) and c1 the rect_coeff
660         """
661         plaq, time, space = self.plaquette()
662         if plaq_coeff != 0:
663             plaq = (1 + plaq_coeff) * time + (1 - plaq_coeff) * space
664  
665         if rect_coeff == 0:
666             return plaq
667  
668         rect = self.rectangles()
669         return (1 - 8 * rect_coeff) * plaq + rect_coeff * rect
670  
671     def symanzik_gauge_action(self, plaq_coeff=0):
672         "Returns the tree-level Symanzik improved gauge action"
673         return self.gauge_action(plaq_coeff, -1 / 12)
674  
675     def iwasaki_gauge_action(self, plaq_coeff=0):
676         "Returns the Iwasaki gauge action"
677         return self.gauge_action(plaq_coeff, -0.331)
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1 """
2 Interface to gauge_field.h
3 """
4  
5 __all__ = [
6     "gauge",
7     "gauge_field",
8     "gauge_scalar",
9     "gauge_links",

10     "gauge_tensor",
11     "gauge_coarse",
12     "momentum",
13     "GaugeField",
14 ]
15  
16 from time import time
17 from math import sqrt
18 from collections import defaultdict
19 import numpy
20 from lyncs_cppyy import make_shared, lib as tmp, to_pointer, array_to_pointers
21 from lyncs_utils import prod, isiterable
22 from .lib import lib, cupy
23 from .lattice_field import LatticeField
24 from .time_profile import default_profiler
25  
26  
27 def gauge_field(lattice, dofs=(4, 18), **kwargs):
28     "Constructs a new gauge field"
29     # TODO add option to select field type -> dofs
30     # TODO reshape/shuffle to native order
31     return GaugeField.create(lattice, dofs=dofs, **kwargs)
32  
33  
34 def gauge_scalar(lattice, dofs=18, **kwargs):
35     "Constructs a new scalar gauge field"
36     return gauge_field(lattice, dofs=(1, dofs), **kwargs)
37  
38  
39 def gauge_links(lattice, dofs=18, **kwargs):
40     "Constructs a new gauge field of links"
41     return gauge_field(lattice, dofs=(4, dofs), **kwargs)
42  
43  
44 gauge = gauge_links
45  
46  
47 def gauge_tensor(lattice, dofs=18, **kwargs):
48     "Constructs a new gauge field with tensor structure"
49     return gauge_field(lattice, dofs=(6, dofs), **kwargs)
50  
51  
52 def gauge_coarse(lattice, dofs=2 * 48**2, **kwargs):
53     "Constructs a new coarse gauge field"
54     return gauge_field(lattice, dofs=(8, dofs), **kwargs)
55  
56  
57 def momentum(lattice, **kwargs):
58     return gauge_field(lattice, dofs=(4, 10), **kwargs)
59  
60  
61 class GaugeField(LatticeField):
62     "Mimics the quda::LatticeField object"
63  
64     @LatticeField.field.setter
65     def field(self, field):
66         LatticeField.field.fset(self, field)
67         if self.reconstruct == "INVALID":
68             raise TypeError(f"Unrecognized field dofs {self.dofs}")
69  
70     def new(self, reconstruct=None, **kwargs):
71         "Returns a new empty field based on the current"
72         if reconstruct is None:
73             pass
74         elif reconstruct == self.reconstruct:
75             pass
76         elif reconstruct == "NO":
77             kwargs["dofs"] = (self.geometry_size, 9 if self.iscomplex else 18)
78         else:
79             try:
80                 val = int(reconstruct)
81                 kwargs["dofs"] = (
82                     self.geometry_size,
83                     val // 2 if self.iscomplex else val,
84                 )
85             except ValueError:
86                 raise ValueError(f"Invalid reconstruct {reconstruct}")
87         out = super().new(**kwargs)
88         is_momentum = kwargs.get("is_momentum", self.is_momentum)
89         out.is_momentum = is_momentum
90         return out
91  
92     def equivalent(self, other, **kwargs):
93         "Whether a field is equivalent to the current"
94         if not super().equivalent(other, **kwargs):
95             return False
96         reconstruct = kwargs.get("reconstruct", self.reconstruct)
97         if other.reconstruct != str(reconstruct):
98             return False
99         return True

100  
101     def cast(self, other=None, **kwargs):
102         "Cast a field into its type and check for compatibility"
103         other = super().cast(other, **kwargs)
104         is_momentum = kwargs.get("is_momentum", self.is_momentum)
105         other.is_momentum = is_momentum
106         return other
107  
108     @property
109     def dofs_per_link(self):
110         if self.geometry == "SCALAR":
111             dofs = prod(self.dofs)
112         else:
113             dofs = prod(self.dofs[1:])
114         if self.iscomplex:
115             return dofs * 2
116         return dofs
117  
118     @property
119     def reconstruct(self):
120         "Reconstruct type of the field"
121         dofs = self.dofs_per_link
122         if dofs == 12:
123             return "12"
124         if dofs == 8:
125             return "8"
126         if dofs == 10:
127             return "10"
128         if sqrt(dofs / 2).is_integer():
129             return "NO"
130         return "INVALID"
131  
132     @property
133     def quda_reconstruct(self):
134         "Quda enum for reconstruct type of the field"
135         return getattr(lib, f"QUDA_RECONSTRUCT_{self.reconstruct}")
136  
137     @property
138     def ncol(self):
139         "Number of colors"
140         if self.reconstruct == "NO":
141             dofs = self.dofs_per_link
142             ncol = sqrt(dofs / 2)
143             assert ncol.is_integer()
144             return int(ncol)
145         return 3
146  
147     @property
148     def order(self):
149         "Data order of the field"
150         return "FLOAT2"
151  
152     @property
153     def quda_order(self):
154         "Quda enum for data order of the field"
155         return getattr(lib, f"QUDA_{self.order}_GAUGE_ORDER")
156  
157     @property
158     def _geometry_values(self):
159         return (
160             ("SCALAR", "VECTOR", "TENSOR", "COARSE"),
161             (1, self.ndims, self.ndims * (self.ndims - 1) / 2, self.ndims * 2),
162         )
163  
164     @property
165     def geometry(self):
166         """
167         Geometry of the field
168             VECTOR = all links
169             SCALAR = one link
170             TENSOR = Fmunu antisymmetric (upper triangle)
171             COARSE = all links, both directions
172         """
173         keys, vals = self._geometry_values
174         if self.dofs[0] in vals:
175             return keys[vals.index(self.dofs[0])]
176         return "SCALAR"
177  
178     @property
179     def geometry_size(self):
180         "Size of the geometry index"
181         keys, vals = self._geometry_values
182         if self.dofs[0] in vals:
183             return self.dofs[0]
184         return 1
185  
186     @property
187     def quda_geometry(self):
188         "Quda enum for geometry of the field"
189         return getattr(lib, f"QUDA_{self.geometry}_GEOMETRY")
190  
191     @property
192     def is_coarse(self):
193         "Whether is a coarse gauge field"
194         return self.geometry == "COARSE" or (
195             self.geometry == "SCALAR" and self.ncol != 3
196         )
197  
198     @property
199     def is_momentum(self):
200         "Whether is a momentum field"
201         return self.reconstruct == "10" or getattr(self, "_is_momentum", False)
202  
203     @is_momentum.setter
204     def is_momentum(self, value):
205         self._is_momentum = value
206  
207     @property
208     def t_boundary(self):
209         "Boundary conditions in time"
210         return "PERIODIC"
211  
212     @property
213     def quda_t_boundary(self):
214         "Quda enum for boundary conditions in time"
215         return getattr(lib, f"QUDA_{self.t_boundary}_T")
216  
217     @property
218     def link_type(self):
219         "Type of the links"
220         if self.is_coarse:
221             return "COARSE"
222         if self.is_momentum:
223             return "MOMENTUM"
224         return "SU3"
225  
226     @property
227     def quda_link_type(self):
228         "Quda enum for link type"
229         return getattr(lib, f"QUDA_{self.link_type}_LINKS")
230  
231     @property
232     def quda_params(self):
233         "Returns an instance of quda::GaugeFieldParams"
234         params = lib.GaugeFieldParam()
235         lib.copy_struct(params, super().quda_params)
236         params.reconstruct = self.quda_reconstruct
237         params.geometry = self.quda_geometry
238         params.link_type = self.quda_link_type
239         params.gauge = to_pointer(self.ptr)
240         params.create = lib.QUDA_REFERENCE_FIELD_CREATE
241         params.location = self.quda_location
242         params.t_boundary = self.quda_t_boundary
243         params.order = self.quda_order
244         params.nColor = self.ncol
245         return params
246  
247     @property
248     def quda_field(self):
249         "Returns an instance of quda::GaugeField"
250         self.activate()
251         if self._quda is None:
252             self._quda = make_shared(lib.GaugeField.Create(self.quda_params))
253         return self._quda
254  
255     def is_native(self):
256         "Whether the field is native for Quda"
257         return lib.gauge.isNative(
258             self.quda_order, self.quda_precision, self.quda_reconstruct
259         )
260  
261     def extended_field(self, sites=1):
262         if sites in (None, 0) or self.comm is None:
263             return self.quda_field
264  
265         if isinstance(sites, int):
266             sites = [sites] * self.ndims
267  
268         # self.check_shape(sites)
269         sites = [site if dim > 1 else 0 for site, dim in zip(sites, self.comm.dims)]
270         if sites == [0, 0, 0, 0]:
271             return self.quda_field
272  
273         return make_shared(
274             lib.createExtendedGauge(
275                 self.quda_field,
276                 numpy.array(sites, dtype="int32"),
277                 default_profiler().quda,
278             )
279         )
280  
281     def zero(self):
282         "Sets all field elements to zero"
283         self.quda_field.zero()
284  
285     def full(self):
286         "Returns a full matrix version of the field (with reconstruct=NO)"
287         return self if self.reconstruct == "NO" else self.copy(reconstruct="NO")
288  
289     def to_momentum(self):
290         "Returns a momentum version of the field (with reconstruct=NO)"
291         return self if self.reconstruct == "10" else self.copy(reconstruct="10")
292  
293     def default_view(self, split_col=True):
294         "Returns the default view of the field including reshaping"
295         shape = (2,)  # even-odd
296         # geometry
297         if len(self.dofs) == 1:
298             shape += (1,)
299         else:
300             shape += (self.dofs[0],)
301         # matrix
302         if self.reconstruct == "NO" and split_col:
303             shape += (self.ncol, self.ncol)
304         else:
305             shape += (self.dofs_per_link // 2,)
306         # lattice
307         shape += (-1,)
308         if self.reconstruct == "10":
309             shape += (2,)
310             return super().float_view().reshape(shape)
311         return super().complex_view().reshape(shape)
312  
313     def unity(self):
314         "Set all field elements to unity"
315         if self.reconstruct != "NO":
316             raise NotImplementedError
317         field = self.default_view(split_col=False)
318         field[:] = 0
319         diag = [i * self.ncol + i for i in range(self.ncol)]
320         field[:, :, diag, ...] = 1
321  
322     def trace(self, only_real=False):
323         "Returns the trace in color of the field"
324         return (
325             self.full()
326             .default_view()
327             .trace(axis1=2, axis2=3, dtype="float64" if only_real else "complex128")
328         )
329  
330     def dagger(self, out=None):
331         "Returns the complex conjugate transpose of the field"
332         out = self.prepare(out)
333         self.backend.conj(
334             self.default_view().transpose((0, 1, 3, 2, 4)), out=out.default_view()
335         )
336         return out
337  
338     def reduce(self, local=False, only_real=True, mean=True):
339         "Reduction of a gauge field (real of mean of trace)"
340         out = self.trace(only_real=only_real)
341         if mean:
342             out = out.mean() / self.ncol
343         else:
344             out = out.sum()
345         if not local:
346             return super().reduce(out)
347         return out
348  
349     def dot(self, other, out=None):
350         "Matrix product between two gauge fields"
351         if not isinstance(other, GaugeField):
352             raise ValueError
353         self = self.full()
354         other = other.full()
355         out = self.prepare(out)
356         self.backend.matmul(
357             self.default_view(),
358             other.default_view(),
359             out=out.default_view(),
360             axes=[(2, 3)] * 3,
361         )
362         return out
363  
364     def project(self, tol=None):
365         """
366         Project the gauge field onto the SU(3) group.  This
367         is a destructive operation.  The number of link failures is
368         reported so appropriate action can be taken.
369         """
370         if tol is None:
371             tol = numpy.finfo(self.dtype).eps
372         fails = cupy.zeros((1,), dtype="int32")
373         lib.projectSU3(self.quda_field, tol, to_pointer(fails.data.ptr, "int *"))
374         return fails[0]
375  
376     def gaussian(self, epsilon=1, seed=None):
377         """
378         Generates Gaussian distributed su(N) or SU(N) fields.
379         If U is a momentum field, then generates a random Gaussian distributed
380         field in the Lie algebra using the anti-Hermitation convention.
381         If U is in the group then we create a Gaussian distributed su(n)
382         field and exponentiate it, e.g., U = exp(sigma * H), where H is
383         the distributed su(n) field and sigma is the width of the
384         distribution (sigma = 0 results in a free field, and sigma = 1 has
385         maximum disorder).
386         """
387         seed = seed or int(time() * 1e9)
388         lib.gaugeGauss(self.quda_field, seed, epsilon)
389  
390     def plaquette(self):
391         """
392         Computes the plaquette of the gauge field
393
394         Returns
395         -------
396         tuple(total, spatial, temporal) plaquette site averaged and
397             normalized such that each plaquette is in the range [0,1]
398         """
399         plaq = lib.plaquette(self.extended_field(1))
400         return plaq.x, plaq.y, plaq.z
401  
402     def compute_fmunu(self, out=None):
403         out = self.prepare(out, dofs=(6, 9 if self.iscomplex else 18))
404         lib.computeFmunu(out.quda_field, self.extended_field(1))
405         return out
406  
407     def topological_charge(self):
408         """
409         Computes the topological charge
410
411         Returns
412         -------
413         charge, (total, spatial, temporal): The total topological charge
414             and total, spatial, and temporal field energy
415         """
416         if self.geometry != "TENSOR":
417             self = self.compute_fmunu()
418         out = numpy.zeros(4, dtype="double")
419         lib.computeQCharge(out[:3], out[3:], self.extended_field(0))  # should be 1
420         return out[3], tuple(out[:3])
421  
422     def topological_charge_density(self):
423         "Computes the topological charge density"
424         if self.geometry != "TENSOR":
425             self = self.compute_fmunu()
426         out1 = numpy.zeros(4, dtype="double")
427         if out is None:
428             out = numpy.zeros(4, dtype="double")
429         return lib.computeQCharge(out[:3], out[3:], self.extended_field(1))
430  
431     def norm1(self, link_dir=-1):
432         "Computes the L1 norm of the field"
433         if not -1 <= link_dir < self.ndims:
434             raise ValueError(
435                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
436             )
437         return self.quda_field.norm1(link_dir)
438  
439     def norm2(self, link_dir=-1):
440         "Computes the L2 norm of the field"
441         if not -1 <= link_dir < self.ndims:
442             raise ValueError(
443                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
444             )
445         if self.reconstruct == "10":
446             # TODO: patch quda, reconstruct 10 not supported
447             norm2 = (self.default_view() ** 2).sum(axis=(0, 1, 3, 4)).get()
448             norm2 = norm2.sum() - norm2[-1] / 2 - norm2[-2] / 2
449             return 4 * super().reduce(norm2)
450         return self.quda_field.norm2(link_dir)
451  
452     def abs_max(self, link_dir=-1):
453         "Computes the absolute maximum of the field (Linfinity norm)"
454         if not -1 <= link_dir < self.ndims:
455             raise ValueError(
456                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
457             )
458         return self.quda_field.abs_max(link_dir)
459  
460     def abs_min(self, link_dir=-1):
461         "Computes the absolute minimum of the field"
462         if not -1 <= link_dir < self.ndims:
463             raise ValueError(
464                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
465             )
466         return self.quda_field.abs_min(link_dir)
467  
468     def _check_paths(self, paths):
469         "Check if all paths are valid"
470         if not isiterable(paths):
471             raise TypeError(f"Paths ({paths}) are not iterable")
472         for i, path in enumerate(paths):
473             if not isiterable(path):
474                 raise TypeError(f"Path {i} = {path} is not iterable")
475             if path[0] < 0:
476                 raise ValueError(f"Path {i} = {path} nevative first movement")
477             if min(path) < -self.ndims:
478                 raise ValueError(
479                     f"Path {i} = {path} has direction smaller than {-self.ndims}"
480                 )
481             if max(path) > self.ndims:
482                 raise ValueError(
483                     f"Path {i} = {path} has direction larger than {self.ndims}"
484                 )
485             if 0 in path:
486                 raise ValueError(f"Path {i} = {path} has zeros")
487  
488     def _paths_to_array(self, paths):
489         "Returns array of paths and their length"
490  
491         lengths = numpy.array(list(map(len, paths)), dtype="int32")
492         max_length = lengths.max()
493         paths_array = numpy.empty((1, len(paths), max_length), dtype="int32")
494  
495         convert = lambda step: (step - 1) if step > 0 else (8 + step)
496  
497         for i, path in enumerate(paths):
498             for j, step in enumerate(path):
499                 paths_array[0, i, j] = convert(step)
500  
501         return paths_array, lengths
502  
503     def _paths_for_force(self, paths, coeffs):
504         "Create all paths needed for force"
505         out = defaultdict(int)
506         shift = lambda path, i: path if i in (0, len(path)) else (path[i:] + path[:i])
507         for path, coeff in zip(paths, coeffs):
508             for i in range(len(path)):
509                 if path[i] > 0:
510                     tmp = shift(path, i)
511                 else:
512                     tmp = tuple(-_ for _ in reversed(shift(path, i + 1)))
513                 out[tmp] -= coeff
514         return tuple(out.keys()), tuple(out.values())
515  
516     def compute_paths(
517         self,
518         paths,
519         coeffs=None,
520         out=None,
521         add_coeff=1,
522         force=False,
523         grad=None,
524         left_grad=False,
525     ):
526         """
527         Computes the gauge paths on the lattice.
528
529         The same paths are computed for every direction.
530
531         - The paths are given with respect to direction "1" and
532           this must be the first number of every path list.
533         - Directions go from 1 to self.ndims
534         - Negative value (-1,...) means backward movement in the direction
535         - Paths are then rotated for every direction.
536         """
537  
538         # Checking paths for error
539         self._check_paths(paths)
540         paths = tuple(tuple(path) for path in paths)
541  
542         # Preparing coeffs
543         if coeffs is None:
544             coeffs = self.ndims / len(paths)
545         if isinstance(coeffs, (int, float)):
546             coeffs = [coeffs] * len(paths)
547         if not len(paths) == len(coeffs):
548             raise ValueError("Paths and coeffs must have the same length")
549  
550         # Preparing grad and fnc
551         if grad is not None:
552             force = True
553             grad = self.cast(grad, reconstruct=10)
554             fnc = lambda out, u, *args: lib.gaugeForceGradient(
555                 out,
556                 u,
557                 grad.quda_field,
558                 *args,
559                 left=left_grad,
560             )
561         elif force:
562             fnc = lib.gaugeForce
563         else:
564             fnc = lib.gaugePath
565  
566         # Preparing paths
567         if force:
568             paths, coeffs = self._paths_for_force(paths, coeffs)
569             self._check_paths(paths)
570         paths, lengths = self._paths_to_array(paths)
571  
572         # Calling Quda function
573         num_paths = paths.shape[1]
574         max_length = paths.shape[2]
575         quda_paths_array = array_to_pointers(paths)
576         coeffs = numpy.array(coeffs, dtype="float64")
577         out = self.prepare(out, empty=False, reconstruct=10 if force else None)
578  
579         fnc(
580             out.quda_field,
581             self.extended_field(1),  # TODO: compute correct extension (max distance)
582             add_coeff,
583             quda_paths_array.get(),
584             lengths,
585             coeffs,
586             num_paths,
587             max_length,
588             False,
589         )
590         return out
591  
592     @property
593     def plaquette_paths(self):
594         "List of plaquette paths"
595         return tuple(
596             (mu, nu, -mu, -nu)
597             for mu in range(1, self.ndims + 1)
598             for nu in range(mu + 1, self.ndims + 1)
599         )
600  
601     def plaquette_field(self, **kwargs):
602         "Computes the plaquette field"
603         return self.compute_paths(self.plaquette_paths, **kwargs)
604  
605     def plaquettes(self, **kwargs):
606         "Returns the average over plaquettes (Note: plaquette should performs better)"
607         return self.plaquette_field().reduce(**kwargs)
608  
609     @property
610     def rectangle_paths(self):
611         "List of rectangle paths"
612         return tuple(
613             (mu, nu, nu, -mu, -nu, -nu)
614             for mu in range(1, self.ndims + 1)
615             for nu in range(mu + 1, self.ndims + 1)
616         )
617  
618     def rectangle_field(self, **kwargs):
619         "Computes the rectangle field"
620         return self.compute_paths(self.rectangle_paths, **kwargs)
621  
622     def rectangles(self, **kwargs):
623         "Returns the average over rectangles"
624         return self.rectangle_field().reduce(**kwargs)
625  
626     def exponentiate(self, coeff=1, mul_to=None, out=None, conj=False, exact=False):
627         """
628         Exponentiates a momentum field
629         """
630  
631         if out is None:
632             out = mul_to.new() if mul_to is not None else self.new(reconstruct="NO")
633         if mul_to is None:
634             mul_to = out.new()
635             mul_to.unity()
636  
637         lib.updateGaugeField(
638             out.quda_field, coeff, mul_to.quda_field, self.quda_field, conj, exact
639         )
640         return out
641  
642     def update_gauge(self, mom, coeff=1, out=None, conj=False, exact=False):
643         """
644         Updates a gauge field with momentum field
645         """
646         return mom.exponentiate(
647             coeff=coeff, mul_to=self, out=out, conj=conj, exact=exact
648         )
649  
650     def gauge_action(self, plaq_coeff=0, rect_coeff=0):
651         """
652         Returns the gauge action.
653
654         The coefficients are use as follows
655
656             (1-8*c1) ((1+c0) P_time + (1-c0) P_space) + c1*R
657
658         where P is the sum over plaquette, R over the rectangles,
659         c0 is the plaq_coeff (see volume_plaquette) and c1 the rect_coeff
660         """
661         plaq, time, space = self.plaquette()
662         if plaq_coeff != 0:
663             plaq = (1 + plaq_coeff) * time + (1 - plaq_coeff) * space
664  
665         if rect_coeff == 0:
666             return plaq
667  
668         rect = self.rectangles()
669         return (1 - 8 * rect_coeff) * plaq + rect_coeff * rect
670  
671     def symanzik_gauge_action(self, plaq_coeff=0):
672         "Returns the tree-level Symanzik improved gauge action"
673         return self.gauge_action(plaq_coeff, -1 / 12)
674  
675     def iwasaki_gauge_action(self, plaq_coeff=0):
676         "Returns the Iwasaki gauge action"
677         return self.gauge_action(plaq_coeff, -0.331)
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1 """
2 Interface to gauge_field.h
3 """
4  
5 __all__ = [
6     "gauge",
7     "gauge_field",
8     "gauge_scalar",
9     "gauge_links",

10     "gauge_tensor",
11     "gauge_coarse",
12     "momentum",
13     "GaugeField",
14 ]
15  
16 from time import time
17 from math import sqrt
18 from collections import defaultdict
19 import numpy
20 from lyncs_cppyy import make_shared, lib as tmp, to_pointer, array_to_pointers
21 from lyncs_utils import prod, isiterable
22 from .lib import lib, cupy
23 from .lattice_field import LatticeField
24 from .time_profile import default_profiler
25  
26  
27 def gauge_field(lattice, dofs=(4, 18), **kwargs):
28     "Constructs a new gauge field"
29     # TODO add option to select field type -> dofs
30     # TODO reshape/shuffle to native order
31     return GaugeField.create(lattice, dofs=dofs, **kwargs)
32  
33  
34 def gauge_scalar(lattice, dofs=18, **kwargs):
35     "Constructs a new scalar gauge field"
36     return gauge_field(lattice, dofs=(1, dofs), **kwargs)
37  
38  
39 def gauge_links(lattice, dofs=18, **kwargs):
40     "Constructs a new gauge field of links"
41     return gauge_field(lattice, dofs=(4, dofs), **kwargs)
42  
43  
44 gauge = gauge_links
45  
46  
47 def gauge_tensor(lattice, dofs=18, **kwargs):
48     "Constructs a new gauge field with tensor structure"
49     return gauge_field(lattice, dofs=(6, dofs), **kwargs)
50  
51  
52 def gauge_coarse(lattice, dofs=2 * 48**2, **kwargs):
53     "Constructs a new coarse gauge field"
54     return gauge_field(lattice, dofs=(8, dofs), **kwargs)
55  
56  
57 def momentum(lattice, **kwargs):
58     return gauge_field(lattice, dofs=(4, 10), **kwargs)
59  
60  
61 class GaugeField(LatticeField):
62     "Mimics the quda::LatticeField object"
63  
64     @LatticeField.field.setter
65     def field(self, field):
66         LatticeField.field.fset(self, field)
67         if self.reconstruct == "INVALID":
68             raise TypeError(f"Unrecognized field dofs {self.dofs}")
69  
70     def new(self, reconstruct=None, **kwargs):
71         "Returns a new empty field based on the current"
72         if reconstruct is None:
73             pass
74         elif reconstruct == self.reconstruct:
75             pass
76         elif reconstruct == "NO":
77             kwargs["dofs"] = (self.geometry_size, 9 if self.iscomplex else 18)
78         else:
79             try:
80                 val = int(reconstruct)
81                 kwargs["dofs"] = (
82                     self.geometry_size,
83                     val // 2 if self.iscomplex else val,
84                 )
85             except ValueError:
86                 raise ValueError(f"Invalid reconstruct {reconstruct}")
87         out = super().new(**kwargs)
88         is_momentum = kwargs.get("is_momentum", self.is_momentum)
89         out.is_momentum = is_momentum
90         return out
91  
92     def equivalent(self, other, **kwargs):
93         "Whether a field is equivalent to the current"
94         if not super().equivalent(other, **kwargs):
95             return False
96         reconstruct = kwargs.get("reconstruct", self.reconstruct)
97         if other.reconstruct != str(reconstruct):
98             return False
99         return True

100  
101     def cast(self, other=None, **kwargs):
102         "Cast a field into its type and check for compatibility"
103         other = super().cast(other, **kwargs)
104         is_momentum = kwargs.get("is_momentum", self.is_momentum)
105         other.is_momentum = is_momentum
106         return other
107  
108     @property
109     def dofs_per_link(self):
110         if self.geometry == "SCALAR":
111             dofs = prod(self.dofs)
112         else:
113             dofs = prod(self.dofs[1:])
114         if self.iscomplex:
115             return dofs * 2
116         return dofs
117  
118     @property
119     def reconstruct(self):
120         "Reconstruct type of the field"
121         dofs = self.dofs_per_link
122         if dofs == 12:
123             return "12"
124         if dofs == 8:
125             return "8"
126         if dofs == 10:
127             return "10"
128         if sqrt(dofs / 2).is_integer():
129             return "NO"
130         return "INVALID"
131  
132     @property
133     def quda_reconstruct(self):
134         "Quda enum for reconstruct type of the field"
135         return getattr(lib, f"QUDA_RECONSTRUCT_{self.reconstruct}")
136  
137     @property
138     def ncol(self):
139         "Number of colors"
140         if self.reconstruct == "NO":
141             dofs = self.dofs_per_link
142             ncol = sqrt(dofs / 2)
143             assert ncol.is_integer()
144             return int(ncol)
145         return 3
146  
147     @property
148     def order(self):
149         "Data order of the field"
150         return "FLOAT2"
151  
152     @property
153     def quda_order(self):
154         "Quda enum for data order of the field"
155         return getattr(lib, f"QUDA_{self.order}_GAUGE_ORDER")
156  
157     @property
158     def _geometry_values(self):
159         return (
160             ("SCALAR", "VECTOR", "TENSOR", "COARSE"),
161             (1, self.ndims, self.ndims * (self.ndims - 1) / 2, self.ndims * 2),
162         )
163  
164     @property
165     def geometry(self):
166         """
167         Geometry of the field
168             VECTOR = all links
169             SCALAR = one link
170             TENSOR = Fmunu antisymmetric (upper triangle)
171             COARSE = all links, both directions
172         """
173         keys, vals = self._geometry_values
174         if self.dofs[0] in vals:
175             return keys[vals.index(self.dofs[0])]
176         return "SCALAR"
177  
178     @property
179     def geometry_size(self):
180         "Size of the geometry index"
181         keys, vals = self._geometry_values
182         if self.dofs[0] in vals:
183             return self.dofs[0]
184         return 1
185  
186     @property
187     def quda_geometry(self):
188         "Quda enum for geometry of the field"
189         return getattr(lib, f"QUDA_{self.geometry}_GEOMETRY")
190  
191     @property
192     def is_coarse(self):
193         "Whether is a coarse gauge field"
194         return self.geometry == "COARSE" or (
195             self.geometry == "SCALAR" and self.ncol != 3
196         )
197  
198     @property
199     def is_momentum(self):
200         "Whether is a momentum field"
201         return self.reconstruct == "10" or getattr(self, "_is_momentum", False)
202  
203     @is_momentum.setter
204     def is_momentum(self, value):
205         self._is_momentum = value
206  
207     @property
208     def t_boundary(self):
209         "Boundary conditions in time"
210         return "PERIODIC"
211  
212     @property
213     def quda_t_boundary(self):
214         "Quda enum for boundary conditions in time"
215         return getattr(lib, f"QUDA_{self.t_boundary}_T")
216  
217     @property
218     def link_type(self):
219         "Type of the links"
220         if self.is_coarse:
221             return "COARSE"
222         if self.is_momentum:
223             return "MOMENTUM"
224         return "SU3"
225  
226     @property
227     def quda_link_type(self):
228         "Quda enum for link type"
229         return getattr(lib, f"QUDA_{self.link_type}_LINKS")
230  
231     @property
232     def quda_params(self):
233         "Returns an instance of quda::GaugeFieldParams"
234         params = lib.GaugeFieldParam()
235         lib.copy_struct(params, super().quda_params)
236         params.reconstruct = self.quda_reconstruct
237         params.geometry = self.quda_geometry
238         params.link_type = self.quda_link_type
239         params.gauge = to_pointer(self.ptr)
240         params.create = lib.QUDA_REFERENCE_FIELD_CREATE
241         params.location = self.quda_location
242         params.t_boundary = self.quda_t_boundary
243         params.order = self.quda_order
244         params.nColor = self.ncol
245         return params
246  
247     @property
248     def quda_field(self):
249         "Returns an instance of quda::GaugeField"
250         self.activate()
251         if self._quda is None:
252             self._quda = make_shared(lib.GaugeField.Create(self.quda_params))
253         return self._quda
254  
255     def is_native(self):
256         "Whether the field is native for Quda"
257         return lib.gauge.isNative(
258             self.quda_order, self.quda_precision, self.quda_reconstruct
259         )
260  
261     def extended_field(self, sites=1):
262         if sites in (None, 0) or self.comm is None:
263             return self.quda_field
264  
265         if isinstance(sites, int):
266             sites = [sites] * self.ndims
267  
268         # self.check_shape(sites)
269         sites = [site if dim > 1 else 0 for site, dim in zip(sites, self.comm.dims)]
270         if sites == [0, 0, 0, 0]:
271             return self.quda_field
272  
273         return make_shared(
274             lib.createExtendedGauge(
275                 self.quda_field,
276                 numpy.array(sites, dtype="int32"),
277                 default_profiler().quda,
278             )
279         )
280  
281     def zero(self):
282         "Sets all field elements to zero"
283         self.quda_field.zero()
284  
285     def full(self):
286         "Returns a full matrix version of the field (with reconstruct=NO)"
287         return self if self.reconstruct == "NO" else self.copy(reconstruct="NO")
288  
289     def to_momentum(self):
290         "Returns a momentum version of the field (with reconstruct=NO)"
291         return self if self.reconstruct == "10" else self.copy(reconstruct="10")
292  
293     def default_view(self, split_col=True):
294         "Returns the default view of the field including reshaping"
295         shape = (2,)  # even-odd
296         # geometry
297         if len(self.dofs) == 1:
298             shape += (1,)
299         else:
300             shape += (self.dofs[0],)
301         # matrix
302         if self.reconstruct == "NO" and split_col:
303             shape += (self.ncol, self.ncol)
304         else:
305             shape += (self.dofs_per_link // 2,)
306         # lattice
307         shape += (-1,)
308         if self.reconstruct == "10":
309             shape += (2,)
310             return super().float_view().reshape(shape)
311         return super().complex_view().reshape(shape)
312  
313     def unity(self):
314         "Set all field elements to unity"
315         if self.reconstruct != "NO":
316             raise NotImplementedError
317         field = self.default_view(split_col=False)
318         field[:] = 0
319         diag = [i * self.ncol + i for i in range(self.ncol)]
320         field[:, :, diag, ...] = 1
321  
322     def trace(self, only_real=False):
323         "Returns the trace in color of the field"
324         return (
325             self.full()
326             .default_view()
327             .trace(axis1=2, axis2=3, dtype="float64" if only_real else "complex128")
328         )
329  
330     def dagger(self, out=None):
331         "Returns the complex conjugate transpose of the field"
332         out = self.prepare(out)
333         self.backend.conj(
334             self.default_view().transpose((0, 1, 3, 2, 4)), out=out.default_view()
335         )
336         return out
337  
338     def reduce(self, local=False, only_real=True, mean=True):
339         "Reduction of a gauge field (real of mean of trace)"
340         out = self.trace(only_real=only_real)
341         if mean:
342             out = out.mean() / self.ncol
343         else:
344             out = out.sum()
345         if not local:
346             return super().reduce(out)
347         return out
348  
349     def dot(self, other, out=None):
350         "Matrix product between two gauge fields"
351         if not isinstance(other, GaugeField):
352             raise ValueError
353         self = self.full()
354         other = other.full()
355         out = self.prepare(out)
356         self.backend.matmul(
357             self.default_view(),
358             other.default_view(),
359             out=out.default_view(),
360             axes=[(2, 3)] * 3,
361         )
362         return out
363  
364     def project(self, tol=None):
365         """
366         Project the gauge field onto the SU(3) group.  This
367         is a destructive operation.  The number of link failures is
368         reported so appropriate action can be taken.
369         """
370         if tol is None:
371             tol = numpy.finfo(self.dtype).eps
372         fails = cupy.zeros((1,), dtype="int32")
373         lib.projectSU3(self.quda_field, tol, to_pointer(fails.data.ptr, "int *"))
374         return fails[0]
375  
376     def gaussian(self, epsilon=1, seed=None):
377         """
378         Generates Gaussian distributed su(N) or SU(N) fields.
379         If U is a momentum field, then generates a random Gaussian distributed
380         field in the Lie algebra using the anti-Hermitation convention.
381         If U is in the group then we create a Gaussian distributed su(n)
382         field and exponentiate it, e.g., U = exp(sigma * H), where H is
383         the distributed su(n) field and sigma is the width of the
384         distribution (sigma = 0 results in a free field, and sigma = 1 has
385         maximum disorder).
386         """
387         seed = seed or int(time() * 1e9)
388         lib.gaugeGauss(self.quda_field, seed, epsilon)
389  
390     def plaquette(self):
391         """
392         Computes the plaquette of the gauge field
393
394         Returns
395         -------
396         tuple(total, spatial, temporal) plaquette site averaged and
397             normalized such that each plaquette is in the range [0,1]
398         """
399         plaq = lib.plaquette(self.extended_field(1))
400         return plaq.x, plaq.y, plaq.z
401  
402     def compute_fmunu(self, out=None):
403         out = self.prepare(out, dofs=(6, 9 if self.iscomplex else 18))
404         lib.computeFmunu(out.quda_field, self.extended_field(1))
405         return out
406  
407     def topological_charge(self):
408         """
409         Computes the topological charge
410
411         Returns
412         -------
413         charge, (total, spatial, temporal): The total topological charge
414             and total, spatial, and temporal field energy
415         """
416         if self.geometry != "TENSOR":
417             self = self.compute_fmunu()
418         out = numpy.zeros(4, dtype="double")
419         lib.computeQCharge(out[:3], out[3:], self.extended_field(0))  # should be 1
420         return out[3], tuple(out[:3])
421  
422     def topological_charge_density(self):
423         "Computes the topological charge density"
424         if self.geometry != "TENSOR":
425             self = self.compute_fmunu()
426         out1 = numpy.zeros(4, dtype="double")
427         if out is None:
428             out = numpy.zeros(4, dtype="double")
429         return lib.computeQCharge(out[:3], out[3:], self.extended_field(1))
430  
431     def norm1(self, link_dir=-1):
432         "Computes the L1 norm of the field"
433         if not -1 <= link_dir < self.ndims:
434             raise ValueError(
435                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
436             )
437         return self.quda_field.norm1(link_dir)
438  
439     def norm2(self, link_dir=-1):
440         "Computes the L2 norm of the field"
441         if not -1 <= link_dir < self.ndims:
442             raise ValueError(
443                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
444             )
445         if self.reconstruct == "10":
446             # TODO: patch quda, reconstruct 10 not supported
447             norm2 = (self.default_view() ** 2).sum(axis=(0, 1, 3, 4)).get()
448             norm2 = norm2.sum() - norm2[-1] / 2 - norm2[-2] / 2
449             return 4 * super().reduce(norm2)
450         return self.quda_field.norm2(link_dir)
451  
452     def abs_max(self, link_dir=-1):
453         "Computes the absolute maximum of the field (Linfinity norm)"
454         if not -1 <= link_dir < self.ndims:
455             raise ValueError(
456                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
457             )
458         return self.quda_field.abs_max(link_dir)
459  
460     def abs_min(self, link_dir=-1):
461         "Computes the absolute minimum of the field"
462         if not -1 <= link_dir < self.ndims:
463             raise ValueError(
464                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
465             )
466         return self.quda_field.abs_min(link_dir)
467  
468     def _check_paths(self, paths):
469         "Check if all paths are valid"
470         if not isiterable(paths):
471             raise TypeError(f"Paths ({paths}) are not iterable")
472         for i, path in enumerate(paths):
473             if not isiterable(path):
474                 raise TypeError(f"Path {i} = {path} is not iterable")
475             if path[0] < 0:
476                 raise ValueError(f"Path {i} = {path} nevative first movement")
477             if min(path) < -self.ndims:
478                 raise ValueError(
479                     f"Path {i} = {path} has direction smaller than {-self.ndims}"
480                 )
481             if max(path) > self.ndims:
482                 raise ValueError(
483                     f"Path {i} = {path} has direction larger than {self.ndims}"
484                 )
485             if 0 in path:
486                 raise ValueError(f"Path {i} = {path} has zeros")
487  
488     def _paths_to_array(self, paths):
489         "Returns array of paths and their length"
490  
491         lengths = numpy.array(list(map(len, paths)), dtype="int32")
492         max_length = lengths.max()
493         paths_array = numpy.empty((1, len(paths), max_length), dtype="int32")
494  
495         convert = lambda step: (step - 1) if step > 0 else (8 + step)
496  
497         for i, path in enumerate(paths):
498             for j, step in enumerate(path):
499                 paths_array[0, i, j] = convert(step)
500  
501         return paths_array, lengths
502  
503     def _paths_for_force(self, paths, coeffs):
504         "Create all paths needed for force"
505         out = defaultdict(int)
506         shift = lambda path, i: path if i in (0, len(path)) else (path[i:] + path[:i])
507         for path, coeff in zip(paths, coeffs):
508             for i in range(len(path)):
509                 if path[i] > 0:
510                     tmp = shift(path, i)
511                 else:
512                     tmp = tuple(-_ for _ in reversed(shift(path, i + 1)))
513                 out[tmp] -= coeff
514         return tuple(out.keys()), tuple(out.values())
515  
516     def compute_paths(
517         self,
518         paths,
519         coeffs=None,
520         out=None,
521         add_coeff=1,
522         force=False,
523         grad=None,
524         left_grad=False,
525     ):
526         """
527         Computes the gauge paths on the lattice.
528
529         The same paths are computed for every direction.
530
531         - The paths are given with respect to direction "1" and
532           this must be the first number of every path list.
533         - Directions go from 1 to self.ndims
534         - Negative value (-1,...) means backward movement in the direction
535         - Paths are then rotated for every direction.
536         """
537  
538         # Checking paths for error
539         self._check_paths(paths)
540         paths = tuple(tuple(path) for path in paths)
541  
542         # Preparing coeffs
543         if coeffs is None:
544             coeffs = self.ndims / len(paths)
545         if isinstance(coeffs, (int, float)):
546             coeffs = [coeffs] * len(paths)
547         if not len(paths) == len(coeffs):
548             raise ValueError("Paths and coeffs must have the same length")
549  
550         # Preparing grad and fnc
551         if grad is not None:
552             force = True
553             grad = self.cast(grad, reconstruct=10)
554             fnc = lambda out, u, *args: lib.gaugeForceGradient(
555                 out,
556                 u,
557                 grad.quda_field,
558                 *args,
559                 left=left_grad,
560             )
561         elif force:
562             fnc = lib.gaugeForce
563         else:
564             fnc = lib.gaugePath
565  
566         # Preparing paths
567         if force:
568             paths, coeffs = self._paths_for_force(paths, coeffs)
569             self._check_paths(paths)
570         paths, lengths = self._paths_to_array(paths)
571  
572         # Calling Quda function
573         num_paths = paths.shape[1]
574         max_length = paths.shape[2]
575         quda_paths_array = array_to_pointers(paths)
576         coeffs = numpy.array(coeffs, dtype="float64")
577         out = self.prepare(out, empty=False, reconstruct=10 if force else None)
578  
579         fnc(
580             out.quda_field,
581             self.extended_field(1),  # TODO: compute correct extension (max distance)
582             add_coeff,
583             quda_paths_array.get(),
584             lengths,
585             coeffs,
586             num_paths,
587             max_length,
588             False,
589         )
590         return out
591  
592     @property
593     def plaquette_paths(self):
594         "List of plaquette paths"
595         return tuple(
596             (mu, nu, -mu, -nu)
597             for mu in range(1, self.ndims + 1)
598             for nu in range(mu + 1, self.ndims + 1)
599         )
600  
601     def plaquette_field(self, **kwargs):
602         "Computes the plaquette field"
603         return self.compute_paths(self.plaquette_paths, **kwargs)
604  
605     def plaquettes(self, **kwargs):
606         "Returns the average over plaquettes (Note: plaquette should performs better)"
607         return self.plaquette_field().reduce(**kwargs)
608  
609     @property
610     def rectangle_paths(self):
611         "List of rectangle paths"
612         return tuple(
613             (mu, nu, nu, -mu, -nu, -nu)
614             for mu in range(1, self.ndims + 1)
615             for nu in range(mu + 1, self.ndims + 1)
616         )
617  
618     def rectangle_field(self, **kwargs):
619         "Computes the rectangle field"
620         return self.compute_paths(self.rectangle_paths, **kwargs)
621  
622     def rectangles(self, **kwargs):
623         "Returns the average over rectangles"
624         return self.rectangle_field().reduce(**kwargs)
625  
626     def exponentiate(self, coeff=1, mul_to=None, out=None, conj=False, exact=False):
627         """
628         Exponentiates a momentum field
629         """
630  
631         if out is None:
632             out = mul_to.new() if mul_to is not None else self.new(reconstruct="NO")
633         if mul_to is None:
634             mul_to = out.new()
635             mul_to.unity()
636  
637         lib.updateGaugeField(
638             out.quda_field, coeff, mul_to.quda_field, self.quda_field, conj, exact
639         )
640         return out
641  
642     def update_gauge(self, mom, coeff=1, out=None, conj=False, exact=False):
643         """
644         Updates a gauge field with momentum field
645         """
646         return mom.exponentiate(
647             coeff=coeff, mul_to=self, out=out, conj=conj, exact=exact
648         )
649  
650     def gauge_action(self, plaq_coeff=0, rect_coeff=0):
651         """
652         Returns the gauge action.
653
654         The coefficients are use as follows
655
656             (1-8*c1) ((1+c0) P_time + (1-c0) P_space) + c1*R
657
658         where P is the sum over plaquette, R over the rectangles,
659         c0 is the plaq_coeff (see volume_plaquette) and c1 the rect_coeff
660         """
661         plaq, time, space = self.plaquette()
662         if plaq_coeff != 0:
663             plaq = (1 + plaq_coeff) * time + (1 - plaq_coeff) * space
664  
665         if rect_coeff == 0:
666             return plaq
667  
668         rect = self.rectangles()
669         return (1 - 8 * rect_coeff) * plaq + rect_coeff * rect
670  
671     def symanzik_gauge_action(self, plaq_coeff=0):
672         "Returns the tree-level Symanzik improved gauge action"
673         return self.gauge_action(plaq_coeff, -1 / 12)
674  
675     def iwasaki_gauge_action(self, plaq_coeff=0):
676         "Returns the Iwasaki gauge action"
677         return self.gauge_action(plaq_coeff, -0.331)

© 2022 GitHub, Inc. Terms Privacy Security Status Docs Contact GitHub Pricing API Training Blog About

Sign upProduct Team Enterprise Explore Marketplace Pricing Search Sign in

Lyncs-API / lyncs.quda Public

lyncs.quda / lyncs_quda / gauge_field.py /  Jump to 

sbacchio Small fix Latest commit 3c138f2 20 days ago  History

 1 contributor

Notifications Fork 0  Star 0

Code Issues Pull requests 2 Actions Projects Wiki Security Insights

 develop Go to file

677 lines (576 sloc)  21.6 KB Raw Blame

1 """
2 Interface to gauge_field.h
3 """
4  
5 __all__ = [
6     "gauge",
7     "gauge_field",
8     "gauge_scalar",
9     "gauge_links",

10     "gauge_tensor",
11     "gauge_coarse",
12     "momentum",
13     "GaugeField",
14 ]
15  
16 from time import time
17 from math import sqrt
18 from collections import defaultdict
19 import numpy
20 from lyncs_cppyy import make_shared, lib as tmp, to_pointer, array_to_pointers
21 from lyncs_utils import prod, isiterable
22 from .lib import lib, cupy
23 from .lattice_field import LatticeField
24 from .time_profile import default_profiler
25  
26  
27 def gauge_field(lattice, dofs=(4, 18), **kwargs):
28     "Constructs a new gauge field"
29     # TODO add option to select field type -> dofs
30     # TODO reshape/shuffle to native order
31     return GaugeField.create(lattice, dofs=dofs, **kwargs)
32  
33  
34 def gauge_scalar(lattice, dofs=18, **kwargs):
35     "Constructs a new scalar gauge field"
36     return gauge_field(lattice, dofs=(1, dofs), **kwargs)
37  
38  
39 def gauge_links(lattice, dofs=18, **kwargs):
40     "Constructs a new gauge field of links"
41     return gauge_field(lattice, dofs=(4, dofs), **kwargs)
42  
43  
44 gauge = gauge_links
45  
46  
47 def gauge_tensor(lattice, dofs=18, **kwargs):
48     "Constructs a new gauge field with tensor structure"
49     return gauge_field(lattice, dofs=(6, dofs), **kwargs)
50  
51  
52 def gauge_coarse(lattice, dofs=2 * 48**2, **kwargs):
53     "Constructs a new coarse gauge field"
54     return gauge_field(lattice, dofs=(8, dofs), **kwargs)
55  
56  
57 def momentum(lattice, **kwargs):
58     return gauge_field(lattice, dofs=(4, 10), **kwargs)
59  
60  
61 class GaugeField(LatticeField):
62     "Mimics the quda::LatticeField object"
63  
64     @LatticeField.field.setter
65     def field(self, field):
66         LatticeField.field.fset(self, field)
67         if self.reconstruct == "INVALID":
68             raise TypeError(f"Unrecognized field dofs {self.dofs}")
69  
70     def new(self, reconstruct=None, **kwargs):
71         "Returns a new empty field based on the current"
72         if reconstruct is None:
73             pass
74         elif reconstruct == self.reconstruct:
75             pass
76         elif reconstruct == "NO":
77             kwargs["dofs"] = (self.geometry_size, 9 if self.iscomplex else 18)
78         else:
79             try:
80                 val = int(reconstruct)
81                 kwargs["dofs"] = (
82                     self.geometry_size,
83                     val // 2 if self.iscomplex else val,
84                 )
85             except ValueError:
86                 raise ValueError(f"Invalid reconstruct {reconstruct}")
87         out = super().new(**kwargs)
88         is_momentum = kwargs.get("is_momentum", self.is_momentum)
89         out.is_momentum = is_momentum
90         return out
91  
92     def equivalent(self, other, **kwargs):
93         "Whether a field is equivalent to the current"
94         if not super().equivalent(other, **kwargs):
95             return False
96         reconstruct = kwargs.get("reconstruct", self.reconstruct)
97         if other.reconstruct != str(reconstruct):
98             return False
99         return True

100  
101     def cast(self, other=None, **kwargs):
102         "Cast a field into its type and check for compatibility"
103         other = super().cast(other, **kwargs)
104         is_momentum = kwargs.get("is_momentum", self.is_momentum)
105         other.is_momentum = is_momentum
106         return other
107  
108     @property
109     def dofs_per_link(self):
110         if self.geometry == "SCALAR":
111             dofs = prod(self.dofs)
112         else:
113             dofs = prod(self.dofs[1:])
114         if self.iscomplex:
115             return dofs * 2
116         return dofs
117  
118     @property
119     def reconstruct(self):
120         "Reconstruct type of the field"
121         dofs = self.dofs_per_link
122         if dofs == 12:
123             return "12"
124         if dofs == 8:
125             return "8"
126         if dofs == 10:
127             return "10"
128         if sqrt(dofs / 2).is_integer():
129             return "NO"
130         return "INVALID"
131  
132     @property
133     def quda_reconstruct(self):
134         "Quda enum for reconstruct type of the field"
135         return getattr(lib, f"QUDA_RECONSTRUCT_{self.reconstruct}")
136  
137     @property
138     def ncol(self):
139         "Number of colors"
140         if self.reconstruct == "NO":
141             dofs = self.dofs_per_link
142             ncol = sqrt(dofs / 2)
143             assert ncol.is_integer()
144             return int(ncol)
145         return 3
146  
147     @property
148     def order(self):
149         "Data order of the field"
150         return "FLOAT2"
151  
152     @property
153     def quda_order(self):
154         "Quda enum for data order of the field"
155         return getattr(lib, f"QUDA_{self.order}_GAUGE_ORDER")
156  
157     @property
158     def _geometry_values(self):
159         return (
160             ("SCALAR", "VECTOR", "TENSOR", "COARSE"),
161             (1, self.ndims, self.ndims * (self.ndims - 1) / 2, self.ndims * 2),
162         )
163  
164     @property
165     def geometry(self):
166         """
167         Geometry of the field
168             VECTOR = all links
169             SCALAR = one link
170             TENSOR = Fmunu antisymmetric (upper triangle)
171             COARSE = all links, both directions
172         """
173         keys, vals = self._geometry_values
174         if self.dofs[0] in vals:
175             return keys[vals.index(self.dofs[0])]
176         return "SCALAR"
177  
178     @property
179     def geometry_size(self):
180         "Size of the geometry index"
181         keys, vals = self._geometry_values
182         if self.dofs[0] in vals:
183             return self.dofs[0]
184         return 1
185  
186     @property
187     def quda_geometry(self):
188         "Quda enum for geometry of the field"
189         return getattr(lib, f"QUDA_{self.geometry}_GEOMETRY")
190  
191     @property
192     def is_coarse(self):
193         "Whether is a coarse gauge field"
194         return self.geometry == "COARSE" or (
195             self.geometry == "SCALAR" and self.ncol != 3
196         )
197  
198     @property
199     def is_momentum(self):
200         "Whether is a momentum field"
201         return self.reconstruct == "10" or getattr(self, "_is_momentum", False)
202  
203     @is_momentum.setter
204     def is_momentum(self, value):
205         self._is_momentum = value
206  
207     @property
208     def t_boundary(self):
209         "Boundary conditions in time"
210         return "PERIODIC"
211  
212     @property
213     def quda_t_boundary(self):
214         "Quda enum for boundary conditions in time"
215         return getattr(lib, f"QUDA_{self.t_boundary}_T")
216  
217     @property
218     def link_type(self):
219         "Type of the links"
220         if self.is_coarse:
221             return "COARSE"
222         if self.is_momentum:
223             return "MOMENTUM"
224         return "SU3"
225  
226     @property
227     def quda_link_type(self):
228         "Quda enum for link type"
229         return getattr(lib, f"QUDA_{self.link_type}_LINKS")
230  
231     @property
232     def quda_params(self):
233         "Returns an instance of quda::GaugeFieldParams"
234         params = lib.GaugeFieldParam()
235         lib.copy_struct(params, super().quda_params)
236         params.reconstruct = self.quda_reconstruct
237         params.geometry = self.quda_geometry
238         params.link_type = self.quda_link_type
239         params.gauge = to_pointer(self.ptr)
240         params.create = lib.QUDA_REFERENCE_FIELD_CREATE
241         params.location = self.quda_location
242         params.t_boundary = self.quda_t_boundary
243         params.order = self.quda_order
244         params.nColor = self.ncol
245         return params
246  
247     @property
248     def quda_field(self):
249         "Returns an instance of quda::GaugeField"
250         self.activate()
251         if self._quda is None:
252             self._quda = make_shared(lib.GaugeField.Create(self.quda_params))
253         return self._quda
254  
255     def is_native(self):
256         "Whether the field is native for Quda"
257         return lib.gauge.isNative(
258             self.quda_order, self.quda_precision, self.quda_reconstruct
259         )
260  
261     def extended_field(self, sites=1):
262         if sites in (None, 0) or self.comm is None:
263             return self.quda_field
264  
265         if isinstance(sites, int):
266             sites = [sites] * self.ndims
267  
268         # self.check_shape(sites)
269         sites = [site if dim > 1 else 0 for site, dim in zip(sites, self.comm.dims)]
270         if sites == [0, 0, 0, 0]:
271             return self.quda_field
272  
273         return make_shared(
274             lib.createExtendedGauge(
275                 self.quda_field,
276                 numpy.array(sites, dtype="int32"),
277                 default_profiler().quda,
278             )
279         )
280  
281     def zero(self):
282         "Sets all field elements to zero"
283         self.quda_field.zero()
284  
285     def full(self):
286         "Returns a full matrix version of the field (with reconstruct=NO)"
287         return self if self.reconstruct == "NO" else self.copy(reconstruct="NO")
288  
289     def to_momentum(self):
290         "Returns a momentum version of the field (with reconstruct=NO)"
291         return self if self.reconstruct == "10" else self.copy(reconstruct="10")
292  
293     def default_view(self, split_col=True):
294         "Returns the default view of the field including reshaping"
295         shape = (2,)  # even-odd
296         # geometry
297         if len(self.dofs) == 1:
298             shape += (1,)
299         else:
300             shape += (self.dofs[0],)
301         # matrix
302         if self.reconstruct == "NO" and split_col:
303             shape += (self.ncol, self.ncol)
304         else:
305             shape += (self.dofs_per_link // 2,)
306         # lattice
307         shape += (-1,)
308         if self.reconstruct == "10":
309             shape += (2,)
310             return super().float_view().reshape(shape)
311         return super().complex_view().reshape(shape)
312  
313     def unity(self):
314         "Set all field elements to unity"
315         if self.reconstruct != "NO":
316             raise NotImplementedError
317         field = self.default_view(split_col=False)
318         field[:] = 0
319         diag = [i * self.ncol + i for i in range(self.ncol)]
320         field[:, :, diag, ...] = 1
321  
322     def trace(self, only_real=False):
323         "Returns the trace in color of the field"
324         return (
325             self.full()
326             .default_view()
327             .trace(axis1=2, axis2=3, dtype="float64" if only_real else "complex128")
328         )
329  
330     def dagger(self, out=None):
331         "Returns the complex conjugate transpose of the field"
332         out = self.prepare(out)
333         self.backend.conj(
334             self.default_view().transpose((0, 1, 3, 2, 4)), out=out.default_view()
335         )
336         return out
337  
338     def reduce(self, local=False, only_real=True, mean=True):
339         "Reduction of a gauge field (real of mean of trace)"
340         out = self.trace(only_real=only_real)
341         if mean:
342             out = out.mean() / self.ncol
343         else:
344             out = out.sum()
345         if not local:
346             return super().reduce(out)
347         return out
348  
349     def dot(self, other, out=None):
350         "Matrix product between two gauge fields"
351         if not isinstance(other, GaugeField):
352             raise ValueError
353         self = self.full()
354         other = other.full()
355         out = self.prepare(out)
356         self.backend.matmul(
357             self.default_view(),
358             other.default_view(),
359             out=out.default_view(),
360             axes=[(2, 3)] * 3,
361         )
362         return out
363  
364     def project(self, tol=None):
365         """
366         Project the gauge field onto the SU(3) group.  This
367         is a destructive operation.  The number of link failures is
368         reported so appropriate action can be taken.
369         """
370         if tol is None:
371             tol = numpy.finfo(self.dtype).eps
372         fails = cupy.zeros((1,), dtype="int32")
373         lib.projectSU3(self.quda_field, tol, to_pointer(fails.data.ptr, "int *"))
374         return fails[0]
375  
376     def gaussian(self, epsilon=1, seed=None):
377         """
378         Generates Gaussian distributed su(N) or SU(N) fields.
379         If U is a momentum field, then generates a random Gaussian distributed
380         field in the Lie algebra using the anti-Hermitation convention.
381         If U is in the group then we create a Gaussian distributed su(n)
382         field and exponentiate it, e.g., U = exp(sigma * H), where H is
383         the distributed su(n) field and sigma is the width of the
384         distribution (sigma = 0 results in a free field, and sigma = 1 has
385         maximum disorder).
386         """
387         seed = seed or int(time() * 1e9)
388         lib.gaugeGauss(self.quda_field, seed, epsilon)
389  
390     def plaquette(self):
391         """
392         Computes the plaquette of the gauge field
393
394         Returns
395         -------
396         tuple(total, spatial, temporal) plaquette site averaged and
397             normalized such that each plaquette is in the range [0,1]
398         """
399         plaq = lib.plaquette(self.extended_field(1))
400         return plaq.x, plaq.y, plaq.z
401  
402     def compute_fmunu(self, out=None):
403         out = self.prepare(out, dofs=(6, 9 if self.iscomplex else 18))
404         lib.computeFmunu(out.quda_field, self.extended_field(1))
405         return out
406  
407     def topological_charge(self):
408         """
409         Computes the topological charge
410
411         Returns
412         -------
413         charge, (total, spatial, temporal): The total topological charge
414             and total, spatial, and temporal field energy
415         """
416         if self.geometry != "TENSOR":
417             self = self.compute_fmunu()
418         out = numpy.zeros(4, dtype="double")
419         lib.computeQCharge(out[:3], out[3:], self.extended_field(0))  # should be 1
420         return out[3], tuple(out[:3])
421  
422     def topological_charge_density(self):
423         "Computes the topological charge density"
424         if self.geometry != "TENSOR":
425             self = self.compute_fmunu()
426         out1 = numpy.zeros(4, dtype="double")
427         if out is None:
428             out = numpy.zeros(4, dtype="double")
429         return lib.computeQCharge(out[:3], out[3:], self.extended_field(1))
430  
431     def norm1(self, link_dir=-1):
432         "Computes the L1 norm of the field"
433         if not -1 <= link_dir < self.ndims:
434             raise ValueError(
435                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
436             )
437         return self.quda_field.norm1(link_dir)
438  
439     def norm2(self, link_dir=-1):
440         "Computes the L2 norm of the field"
441         if not -1 <= link_dir < self.ndims:
442             raise ValueError(
443                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
444             )
445         if self.reconstruct == "10":
446             # TODO: patch quda, reconstruct 10 not supported
447             norm2 = (self.default_view() ** 2).sum(axis=(0, 1, 3, 4)).get()
448             norm2 = norm2.sum() - norm2[-1] / 2 - norm2[-2] / 2
449             return 4 * super().reduce(norm2)
450         return self.quda_field.norm2(link_dir)
451  
452     def abs_max(self, link_dir=-1):
453         "Computes the absolute maximum of the field (Linfinity norm)"
454         if not -1 <= link_dir < self.ndims:
455             raise ValueError(
456                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
457             )
458         return self.quda_field.abs_max(link_dir)
459  
460     def abs_min(self, link_dir=-1):
461         "Computes the absolute minimum of the field"
462         if not -1 <= link_dir < self.ndims:
463             raise ValueError(
464                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
465             )
466         return self.quda_field.abs_min(link_dir)
467  
468     def _check_paths(self, paths):
469         "Check if all paths are valid"
470         if not isiterable(paths):
471             raise TypeError(f"Paths ({paths}) are not iterable")
472         for i, path in enumerate(paths):
473             if not isiterable(path):
474                 raise TypeError(f"Path {i} = {path} is not iterable")
475             if path[0] < 0:
476                 raise ValueError(f"Path {i} = {path} nevative first movement")
477             if min(path) < -self.ndims:
478                 raise ValueError(
479                     f"Path {i} = {path} has direction smaller than {-self.ndims}"
480                 )
481             if max(path) > self.ndims:
482                 raise ValueError(
483                     f"Path {i} = {path} has direction larger than {self.ndims}"
484                 )
485             if 0 in path:
486                 raise ValueError(f"Path {i} = {path} has zeros")
487  
488     def _paths_to_array(self, paths):
489         "Returns array of paths and their length"
490  
491         lengths = numpy.array(list(map(len, paths)), dtype="int32")
492         max_length = lengths.max()
493         paths_array = numpy.empty((1, len(paths), max_length), dtype="int32")
494  
495         convert = lambda step: (step - 1) if step > 0 else (8 + step)
496  
497         for i, path in enumerate(paths):
498             for j, step in enumerate(path):
499                 paths_array[0, i, j] = convert(step)
500  
501         return paths_array, lengths
502  
503     def _paths_for_force(self, paths, coeffs):
504         "Create all paths needed for force"
505         out = defaultdict(int)
506         shift = lambda path, i: path if i in (0, len(path)) else (path[i:] + path[:i])
507         for path, coeff in zip(paths, coeffs):
508             for i in range(len(path)):
509                 if path[i] > 0:
510                     tmp = shift(path, i)
511                 else:
512                     tmp = tuple(-_ for _ in reversed(shift(path, i + 1)))
513                 out[tmp] -= coeff
514         return tuple(out.keys()), tuple(out.values())
515  
516     def compute_paths(
517         self,
518         paths,
519         coeffs=None,
520         out=None,
521         add_coeff=1,
522         force=False,
523         grad=None,
524         left_grad=False,
525     ):
526         """
527         Computes the gauge paths on the lattice.
528
529         The same paths are computed for every direction.
530
531         - The paths are given with respect to direction "1" and
532           this must be the first number of every path list.
533         - Directions go from 1 to self.ndims
534         - Negative value (-1,...) means backward movement in the direction
535         - Paths are then rotated for every direction.
536         """
537  
538         # Checking paths for error
539         self._check_paths(paths)
540         paths = tuple(tuple(path) for path in paths)
541  
542         # Preparing coeffs
543         if coeffs is None:
544             coeffs = self.ndims / len(paths)
545         if isinstance(coeffs, (int, float)):
546             coeffs = [coeffs] * len(paths)
547         if not len(paths) == len(coeffs):
548             raise ValueError("Paths and coeffs must have the same length")
549  
550         # Preparing grad and fnc
551         if grad is not None:
552             force = True
553             grad = self.cast(grad, reconstruct=10)
554             fnc = lambda out, u, *args: lib.gaugeForceGradient(
555                 out,
556                 u,
557                 grad.quda_field,
558                 *args,
559                 left=left_grad,
560             )
561         elif force:
562             fnc = lib.gaugeForce
563         else:
564             fnc = lib.gaugePath
565  
566         # Preparing paths
567         if force:
568             paths, coeffs = self._paths_for_force(paths, coeffs)
569             self._check_paths(paths)
570         paths, lengths = self._paths_to_array(paths)
571  
572         # Calling Quda function
573         num_paths = paths.shape[1]
574         max_length = paths.shape[2]
575         quda_paths_array = array_to_pointers(paths)
576         coeffs = numpy.array(coeffs, dtype="float64")
577         out = self.prepare(out, empty=False, reconstruct=10 if force else None)
578  
579         fnc(
580             out.quda_field,
581             self.extended_field(1),  # TODO: compute correct extension (max distance)
582             add_coeff,
583             quda_paths_array.get(),
584             lengths,
585             coeffs,
586             num_paths,
587             max_length,
588             False,
589         )
590         return out
591  
592     @property
593     def plaquette_paths(self):
594         "List of plaquette paths"
595         return tuple(
596             (mu, nu, -mu, -nu)
597             for mu in range(1, self.ndims + 1)
598             for nu in range(mu + 1, self.ndims + 1)
599         )
600  
601     def plaquette_field(self, **kwargs):
602         "Computes the plaquette field"
603         return self.compute_paths(self.plaquette_paths, **kwargs)
604  
605     def plaquettes(self, **kwargs):
606         "Returns the average over plaquettes (Note: plaquette should performs better)"
607         return self.plaquette_field().reduce(**kwargs)
608  
609     @property
610     def rectangle_paths(self):
611         "List of rectangle paths"
612         return tuple(
613             (mu, nu, nu, -mu, -nu, -nu)
614             for mu in range(1, self.ndims + 1)
615             for nu in range(mu + 1, self.ndims + 1)
616         )
617  
618     def rectangle_field(self, **kwargs):
619         "Computes the rectangle field"
620         return self.compute_paths(self.rectangle_paths, **kwargs)
621  
622     def rectangles(self, **kwargs):
623         "Returns the average over rectangles"
624         return self.rectangle_field().reduce(**kwargs)
625  
626     def exponentiate(self, coeff=1, mul_to=None, out=None, conj=False, exact=False):
627         """
628         Exponentiates a momentum field
629         """
630  
631         if out is None:
632             out = mul_to.new() if mul_to is not None else self.new(reconstruct="NO")
633         if mul_to is None:
634             mul_to = out.new()
635             mul_to.unity()
636  
637         lib.updateGaugeField(
638             out.quda_field, coeff, mul_to.quda_field, self.quda_field, conj, exact
639         )
640         return out
641  
642     def update_gauge(self, mom, coeff=1, out=None, conj=False, exact=False):
643         """
644         Updates a gauge field with momentum field
645         """
646         return mom.exponentiate(
647             coeff=coeff, mul_to=self, out=out, conj=conj, exact=exact
648         )
649  
650     def gauge_action(self, plaq_coeff=0, rect_coeff=0):
651         """
652         Returns the gauge action.
653
654         The coefficients are use as follows
655
656             (1-8*c1) ((1+c0) P_time + (1-c0) P_space) + c1*R
657
658         where P is the sum over plaquette, R over the rectangles,
659         c0 is the plaq_coeff (see volume_plaquette) and c1 the rect_coeff
660         """
661         plaq, time, space = self.plaquette()
662         if plaq_coeff != 0:
663             plaq = (1 + plaq_coeff) * time + (1 - plaq_coeff) * space
664  
665         if rect_coeff == 0:
666             return plaq
667  
668         rect = self.rectangles()
669         return (1 - 8 * rect_coeff) * plaq + rect_coeff * rect
670  
671     def symanzik_gauge_action(self, plaq_coeff=0):
672         "Returns the tree-level Symanzik improved gauge action"
673         return self.gauge_action(plaq_coeff, -1 / 12)
674  
675     def iwasaki_gauge_action(self, plaq_coeff=0):
676         "Returns the Iwasaki gauge action"
677         return self.gauge_action(plaq_coeff, -0.331)
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1 """
2 Interface to gauge_field.h
3 """
4  
5 __all__ = [
6     "gauge",
7     "gauge_field",
8     "gauge_scalar",
9     "gauge_links",

10     "gauge_tensor",
11     "gauge_coarse",
12     "momentum",
13     "GaugeField",
14 ]
15  
16 from time import time
17 from math import sqrt
18 from collections import defaultdict
19 import numpy
20 from lyncs_cppyy import make_shared, lib as tmp, to_pointer, array_to_pointers
21 from lyncs_utils import prod, isiterable
22 from .lib import lib, cupy
23 from .lattice_field import LatticeField
24 from .time_profile import default_profiler
25  
26  
27 def gauge_field(lattice, dofs=(4, 18), **kwargs):
28     "Constructs a new gauge field"
29     # TODO add option to select field type -> dofs
30     # TODO reshape/shuffle to native order
31     return GaugeField.create(lattice, dofs=dofs, **kwargs)
32  
33  
34 def gauge_scalar(lattice, dofs=18, **kwargs):
35     "Constructs a new scalar gauge field"
36     return gauge_field(lattice, dofs=(1, dofs), **kwargs)
37  
38  
39 def gauge_links(lattice, dofs=18, **kwargs):
40     "Constructs a new gauge field of links"
41     return gauge_field(lattice, dofs=(4, dofs), **kwargs)
42  
43  
44 gauge = gauge_links
45  
46  
47 def gauge_tensor(lattice, dofs=18, **kwargs):
48     "Constructs a new gauge field with tensor structure"
49     return gauge_field(lattice, dofs=(6, dofs), **kwargs)
50  
51  
52 def gauge_coarse(lattice, dofs=2 * 48**2, **kwargs):
53     "Constructs a new coarse gauge field"
54     return gauge_field(lattice, dofs=(8, dofs), **kwargs)
55  
56  
57 def momentum(lattice, **kwargs):
58     return gauge_field(lattice, dofs=(4, 10), **kwargs)
59  
60  
61 class GaugeField(LatticeField):
62     "Mimics the quda::LatticeField object"
63  
64     @LatticeField.field.setter
65     def field(self, field):
66         LatticeField.field.fset(self, field)
67         if self.reconstruct == "INVALID":
68             raise TypeError(f"Unrecognized field dofs {self.dofs}")
69  
70     def new(self, reconstruct=None, **kwargs):
71         "Returns a new empty field based on the current"
72         if reconstruct is None:
73             pass
74         elif reconstruct == self.reconstruct:
75             pass
76         elif reconstruct == "NO":
77             kwargs["dofs"] = (self.geometry_size, 9 if self.iscomplex else 18)
78         else:
79             try:
80                 val = int(reconstruct)
81                 kwargs["dofs"] = (
82                     self.geometry_size,
83                     val // 2 if self.iscomplex else val,
84                 )
85             except ValueError:
86                 raise ValueError(f"Invalid reconstruct {reconstruct}")
87         out = super().new(**kwargs)
88         is_momentum = kwargs.get("is_momentum", self.is_momentum)
89         out.is_momentum = is_momentum
90         return out
91  
92     def equivalent(self, other, **kwargs):
93         "Whether a field is equivalent to the current"
94         if not super().equivalent(other, **kwargs):
95             return False
96         reconstruct = kwargs.get("reconstruct", self.reconstruct)
97         if other.reconstruct != str(reconstruct):
98             return False
99         return True

100  
101     def cast(self, other=None, **kwargs):
102         "Cast a field into its type and check for compatibility"
103         other = super().cast(other, **kwargs)
104         is_momentum = kwargs.get("is_momentum", self.is_momentum)
105         other.is_momentum = is_momentum
106         return other
107  
108     @property
109     def dofs_per_link(self):
110         if self.geometry == "SCALAR":
111             dofs = prod(self.dofs)
112         else:
113             dofs = prod(self.dofs[1:])
114         if self.iscomplex:
115             return dofs * 2
116         return dofs
117  
118     @property
119     def reconstruct(self):
120         "Reconstruct type of the field"
121         dofs = self.dofs_per_link
122         if dofs == 12:
123             return "12"
124         if dofs == 8:
125             return "8"
126         if dofs == 10:
127             return "10"
128         if sqrt(dofs / 2).is_integer():
129             return "NO"
130         return "INVALID"
131  
132     @property
133     def quda_reconstruct(self):
134         "Quda enum for reconstruct type of the field"
135         return getattr(lib, f"QUDA_RECONSTRUCT_{self.reconstruct}")
136  
137     @property
138     def ncol(self):
139         "Number of colors"
140         if self.reconstruct == "NO":
141             dofs = self.dofs_per_link
142             ncol = sqrt(dofs / 2)
143             assert ncol.is_integer()
144             return int(ncol)
145         return 3
146  
147     @property
148     def order(self):
149         "Data order of the field"
150         return "FLOAT2"
151  
152     @property
153     def quda_order(self):
154         "Quda enum for data order of the field"
155         return getattr(lib, f"QUDA_{self.order}_GAUGE_ORDER")
156  
157     @property
158     def _geometry_values(self):
159         return (
160             ("SCALAR", "VECTOR", "TENSOR", "COARSE"),
161             (1, self.ndims, self.ndims * (self.ndims - 1) / 2, self.ndims * 2),
162         )
163  
164     @property
165     def geometry(self):
166         """
167         Geometry of the field
168             VECTOR = all links
169             SCALAR = one link
170             TENSOR = Fmunu antisymmetric (upper triangle)
171             COARSE = all links, both directions
172         """
173         keys, vals = self._geometry_values
174         if self.dofs[0] in vals:
175             return keys[vals.index(self.dofs[0])]
176         return "SCALAR"
177  
178     @property
179     def geometry_size(self):
180         "Size of the geometry index"
181         keys, vals = self._geometry_values
182         if self.dofs[0] in vals:
183             return self.dofs[0]
184         return 1
185  
186     @property
187     def quda_geometry(self):
188         "Quda enum for geometry of the field"
189         return getattr(lib, f"QUDA_{self.geometry}_GEOMETRY")
190  
191     @property
192     def is_coarse(self):
193         "Whether is a coarse gauge field"
194         return self.geometry == "COARSE" or (
195             self.geometry == "SCALAR" and self.ncol != 3
196         )
197  
198     @property
199     def is_momentum(self):
200         "Whether is a momentum field"
201         return self.reconstruct == "10" or getattr(self, "_is_momentum", False)
202  
203     @is_momentum.setter
204     def is_momentum(self, value):
205         self._is_momentum = value
206  
207     @property
208     def t_boundary(self):
209         "Boundary conditions in time"
210         return "PERIODIC"
211  
212     @property
213     def quda_t_boundary(self):
214         "Quda enum for boundary conditions in time"
215         return getattr(lib, f"QUDA_{self.t_boundary}_T")
216  
217     @property
218     def link_type(self):
219         "Type of the links"
220         if self.is_coarse:
221             return "COARSE"
222         if self.is_momentum:
223             return "MOMENTUM"
224         return "SU3"
225  
226     @property
227     def quda_link_type(self):
228         "Quda enum for link type"
229         return getattr(lib, f"QUDA_{self.link_type}_LINKS")
230  
231     @property
232     def quda_params(self):
233         "Returns an instance of quda::GaugeFieldParams"
234         params = lib.GaugeFieldParam()
235         lib.copy_struct(params, super().quda_params)
236         params.reconstruct = self.quda_reconstruct
237         params.geometry = self.quda_geometry
238         params.link_type = self.quda_link_type
239         params.gauge = to_pointer(self.ptr)
240         params.create = lib.QUDA_REFERENCE_FIELD_CREATE
241         params.location = self.quda_location
242         params.t_boundary = self.quda_t_boundary
243         params.order = self.quda_order
244         params.nColor = self.ncol
245         return params
246  
247     @property
248     def quda_field(self):
249         "Returns an instance of quda::GaugeField"
250         self.activate()
251         if self._quda is None:
252             self._quda = make_shared(lib.GaugeField.Create(self.quda_params))
253         return self._quda
254  
255     def is_native(self):
256         "Whether the field is native for Quda"
257         return lib.gauge.isNative(
258             self.quda_order, self.quda_precision, self.quda_reconstruct
259         )
260  
261     def extended_field(self, sites=1):
262         if sites in (None, 0) or self.comm is None:
263             return self.quda_field
264  
265         if isinstance(sites, int):
266             sites = [sites] * self.ndims
267  
268         # self.check_shape(sites)
269         sites = [site if dim > 1 else 0 for site, dim in zip(sites, self.comm.dims)]
270         if sites == [0, 0, 0, 0]:
271             return self.quda_field
272  
273         return make_shared(
274             lib.createExtendedGauge(
275                 self.quda_field,
276                 numpy.array(sites, dtype="int32"),
277                 default_profiler().quda,
278             )
279         )
280  
281     def zero(self):
282         "Sets all field elements to zero"
283         self.quda_field.zero()
284  
285     def full(self):
286         "Returns a full matrix version of the field (with reconstruct=NO)"
287         return self if self.reconstruct == "NO" else self.copy(reconstruct="NO")
288  
289     def to_momentum(self):
290         "Returns a momentum version of the field (with reconstruct=NO)"
291         return self if self.reconstruct == "10" else self.copy(reconstruct="10")
292  
293     def default_view(self, split_col=True):
294         "Returns the default view of the field including reshaping"
295         shape = (2,)  # even-odd
296         # geometry
297         if len(self.dofs) == 1:
298             shape += (1,)
299         else:
300             shape += (self.dofs[0],)
301         # matrix
302         if self.reconstruct == "NO" and split_col:
303             shape += (self.ncol, self.ncol)
304         else:
305             shape += (self.dofs_per_link // 2,)
306         # lattice
307         shape += (-1,)
308         if self.reconstruct == "10":
309             shape += (2,)
310             return super().float_view().reshape(shape)
311         return super().complex_view().reshape(shape)
312  
313     def unity(self):
314         "Set all field elements to unity"
315         if self.reconstruct != "NO":
316             raise NotImplementedError
317         field = self.default_view(split_col=False)
318         field[:] = 0
319         diag = [i * self.ncol + i for i in range(self.ncol)]
320         field[:, :, diag, ...] = 1
321  
322     def trace(self, only_real=False):
323         "Returns the trace in color of the field"
324         return (
325             self.full()
326             .default_view()
327             .trace(axis1=2, axis2=3, dtype="float64" if only_real else "complex128")
328         )
329  
330     def dagger(self, out=None):
331         "Returns the complex conjugate transpose of the field"
332         out = self.prepare(out)
333         self.backend.conj(
334             self.default_view().transpose((0, 1, 3, 2, 4)), out=out.default_view()
335         )
336         return out
337  
338     def reduce(self, local=False, only_real=True, mean=True):
339         "Reduction of a gauge field (real of mean of trace)"
340         out = self.trace(only_real=only_real)
341         if mean:
342             out = out.mean() / self.ncol
343         else:
344             out = out.sum()
345         if not local:
346             return super().reduce(out)
347         return out
348  
349     def dot(self, other, out=None):
350         "Matrix product between two gauge fields"
351         if not isinstance(other, GaugeField):
352             raise ValueError
353         self = self.full()
354         other = other.full()
355         out = self.prepare(out)
356         self.backend.matmul(
357             self.default_view(),
358             other.default_view(),
359             out=out.default_view(),
360             axes=[(2, 3)] * 3,
361         )
362         return out
363  
364     def project(self, tol=None):
365         """
366         Project the gauge field onto the SU(3) group.  This
367         is a destructive operation.  The number of link failures is
368         reported so appropriate action can be taken.
369         """
370         if tol is None:
371             tol = numpy.finfo(self.dtype).eps
372         fails = cupy.zeros((1,), dtype="int32")
373         lib.projectSU3(self.quda_field, tol, to_pointer(fails.data.ptr, "int *"))
374         return fails[0]
375  
376     def gaussian(self, epsilon=1, seed=None):
377         """
378         Generates Gaussian distributed su(N) or SU(N) fields.
379         If U is a momentum field, then generates a random Gaussian distributed
380         field in the Lie algebra using the anti-Hermitation convention.
381         If U is in the group then we create a Gaussian distributed su(n)
382         field and exponentiate it, e.g., U = exp(sigma * H), where H is
383         the distributed su(n) field and sigma is the width of the
384         distribution (sigma = 0 results in a free field, and sigma = 1 has
385         maximum disorder).
386         """
387         seed = seed or int(time() * 1e9)
388         lib.gaugeGauss(self.quda_field, seed, epsilon)
389  
390     def plaquette(self):
391         """
392         Computes the plaquette of the gauge field
393
394         Returns
395         -------
396         tuple(total, spatial, temporal) plaquette site averaged and
397             normalized such that each plaquette is in the range [0,1]
398         """
399         plaq = lib.plaquette(self.extended_field(1))
400         return plaq.x, plaq.y, plaq.z
401  
402     def compute_fmunu(self, out=None):
403         out = self.prepare(out, dofs=(6, 9 if self.iscomplex else 18))
404         lib.computeFmunu(out.quda_field, self.extended_field(1))
405         return out
406  
407     def topological_charge(self):
408         """
409         Computes the topological charge
410
411         Returns
412         -------
413         charge, (total, spatial, temporal): The total topological charge
414             and total, spatial, and temporal field energy
415         """
416         if self.geometry != "TENSOR":
417             self = self.compute_fmunu()
418         out = numpy.zeros(4, dtype="double")
419         lib.computeQCharge(out[:3], out[3:], self.extended_field(0))  # should be 1
420         return out[3], tuple(out[:3])
421  
422     def topological_charge_density(self):
423         "Computes the topological charge density"
424         if self.geometry != "TENSOR":
425             self = self.compute_fmunu()
426         out1 = numpy.zeros(4, dtype="double")
427         if out is None:
428             out = numpy.zeros(4, dtype="double")
429         return lib.computeQCharge(out[:3], out[3:], self.extended_field(1))
430  
431     def norm1(self, link_dir=-1):
432         "Computes the L1 norm of the field"
433         if not -1 <= link_dir < self.ndims:
434             raise ValueError(
435                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
436             )
437         return self.quda_field.norm1(link_dir)
438  
439     def norm2(self, link_dir=-1):
440         "Computes the L2 norm of the field"
441         if not -1 <= link_dir < self.ndims:
442             raise ValueError(
443                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
444             )
445         if self.reconstruct == "10":
446             # TODO: patch quda, reconstruct 10 not supported
447             norm2 = (self.default_view() ** 2).sum(axis=(0, 1, 3, 4)).get()
448             norm2 = norm2.sum() - norm2[-1] / 2 - norm2[-2] / 2
449             return 4 * super().reduce(norm2)
450         return self.quda_field.norm2(link_dir)
451  
452     def abs_max(self, link_dir=-1):
453         "Computes the absolute maximum of the field (Linfinity norm)"
454         if not -1 <= link_dir < self.ndims:
455             raise ValueError(
456                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
457             )
458         return self.quda_field.abs_max(link_dir)
459  
460     def abs_min(self, link_dir=-1):
461         "Computes the absolute minimum of the field"
462         if not -1 <= link_dir < self.ndims:
463             raise ValueError(
464                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
465             )
466         return self.quda_field.abs_min(link_dir)
467  
468     def _check_paths(self, paths):
469         "Check if all paths are valid"
470         if not isiterable(paths):
471             raise TypeError(f"Paths ({paths}) are not iterable")
472         for i, path in enumerate(paths):
473             if not isiterable(path):
474                 raise TypeError(f"Path {i} = {path} is not iterable")
475             if path[0] < 0:
476                 raise ValueError(f"Path {i} = {path} nevative first movement")
477             if min(path) < -self.ndims:
478                 raise ValueError(
479                     f"Path {i} = {path} has direction smaller than {-self.ndims}"
480                 )
481             if max(path) > self.ndims:
482                 raise ValueError(
483                     f"Path {i} = {path} has direction larger than {self.ndims}"
484                 )
485             if 0 in path:
486                 raise ValueError(f"Path {i} = {path} has zeros")
487  
488     def _paths_to_array(self, paths):
489         "Returns array of paths and their length"
490  
491         lengths = numpy.array(list(map(len, paths)), dtype="int32")
492         max_length = lengths.max()
493         paths_array = numpy.empty((1, len(paths), max_length), dtype="int32")
494  
495         convert = lambda step: (step - 1) if step > 0 else (8 + step)
496  
497         for i, path in enumerate(paths):
498             for j, step in enumerate(path):
499                 paths_array[0, i, j] = convert(step)
500  
501         return paths_array, lengths
502  
503     def _paths_for_force(self, paths, coeffs):
504         "Create all paths needed for force"
505         out = defaultdict(int)
506         shift = lambda path, i: path if i in (0, len(path)) else (path[i:] + path[:i])
507         for path, coeff in zip(paths, coeffs):
508             for i in range(len(path)):
509                 if path[i] > 0:
510                     tmp = shift(path, i)
511                 else:
512                     tmp = tuple(-_ for _ in reversed(shift(path, i + 1)))
513                 out[tmp] -= coeff
514         return tuple(out.keys()), tuple(out.values())
515  
516     def compute_paths(
517         self,
518         paths,
519         coeffs=None,
520         out=None,
521         add_coeff=1,
522         force=False,
523         grad=None,
524         left_grad=False,
525     ):
526         """
527         Computes the gauge paths on the lattice.
528
529         The same paths are computed for every direction.
530
531         - The paths are given with respect to direction "1" and
532           this must be the first number of every path list.
533         - Directions go from 1 to self.ndims
534         - Negative value (-1,...) means backward movement in the direction
535         - Paths are then rotated for every direction.
536         """
537  
538         # Checking paths for error
539         self._check_paths(paths)
540         paths = tuple(tuple(path) for path in paths)
541  
542         # Preparing coeffs
543         if coeffs is None:
544             coeffs = self.ndims / len(paths)
545         if isinstance(coeffs, (int, float)):
546             coeffs = [coeffs] * len(paths)
547         if not len(paths) == len(coeffs):
548             raise ValueError("Paths and coeffs must have the same length")
549  
550         # Preparing grad and fnc
551         if grad is not None:
552             force = True
553             grad = self.cast(grad, reconstruct=10)
554             fnc = lambda out, u, *args: lib.gaugeForceGradient(
555                 out,
556                 u,
557                 grad.quda_field,
558                 *args,
559                 left=left_grad,
560             )
561         elif force:
562             fnc = lib.gaugeForce
563         else:
564             fnc = lib.gaugePath
565  
566         # Preparing paths
567         if force:
568             paths, coeffs = self._paths_for_force(paths, coeffs)
569             self._check_paths(paths)
570         paths, lengths = self._paths_to_array(paths)
571  
572         # Calling Quda function
573         num_paths = paths.shape[1]
574         max_length = paths.shape[2]
575         quda_paths_array = array_to_pointers(paths)
576         coeffs = numpy.array(coeffs, dtype="float64")
577         out = self.prepare(out, empty=False, reconstruct=10 if force else None)
578  
579         fnc(
580             out.quda_field,
581             self.extended_field(1),  # TODO: compute correct extension (max distance)
582             add_coeff,
583             quda_paths_array.get(),
584             lengths,
585             coeffs,
586             num_paths,
587             max_length,
588             False,
589         )
590         return out
591  
592     @property
593     def plaquette_paths(self):
594         "List of plaquette paths"
595         return tuple(
596             (mu, nu, -mu, -nu)
597             for mu in range(1, self.ndims + 1)
598             for nu in range(mu + 1, self.ndims + 1)
599         )
600  
601     def plaquette_field(self, **kwargs):
602         "Computes the plaquette field"
603         return self.compute_paths(self.plaquette_paths, **kwargs)
604  
605     def plaquettes(self, **kwargs):
606         "Returns the average over plaquettes (Note: plaquette should performs better)"
607         return self.plaquette_field().reduce(**kwargs)
608  
609     @property
610     def rectangle_paths(self):
611         "List of rectangle paths"
612         return tuple(
613             (mu, nu, nu, -mu, -nu, -nu)
614             for mu in range(1, self.ndims + 1)
615             for nu in range(mu + 1, self.ndims + 1)
616         )
617  
618     def rectangle_field(self, **kwargs):
619         "Computes the rectangle field"
620         return self.compute_paths(self.rectangle_paths, **kwargs)
621  
622     def rectangles(self, **kwargs):
623         "Returns the average over rectangles"
624         return self.rectangle_field().reduce(**kwargs)
625  
626     def exponentiate(self, coeff=1, mul_to=None, out=None, conj=False, exact=False):
627         """
628         Exponentiates a momentum field
629         """
630  
631         if out is None:
632             out = mul_to.new() if mul_to is not None else self.new(reconstruct="NO")
633         if mul_to is None:
634             mul_to = out.new()
635             mul_to.unity()
636  
637         lib.updateGaugeField(
638             out.quda_field, coeff, mul_to.quda_field, self.quda_field, conj, exact
639         )
640         return out
641  
642     def update_gauge(self, mom, coeff=1, out=None, conj=False, exact=False):
643         """
644         Updates a gauge field with momentum field
645         """
646         return mom.exponentiate(
647             coeff=coeff, mul_to=self, out=out, conj=conj, exact=exact
648         )
649  
650     def gauge_action(self, plaq_coeff=0, rect_coeff=0):
651         """
652         Returns the gauge action.
653
654         The coefficients are use as follows
655
656             (1-8*c1) ((1+c0) P_time + (1-c0) P_space) + c1*R
657
658         where P is the sum over plaquette, R over the rectangles,
659         c0 is the plaq_coeff (see volume_plaquette) and c1 the rect_coeff
660         """
661         plaq, time, space = self.plaquette()
662         if plaq_coeff != 0:
663             plaq = (1 + plaq_coeff) * time + (1 - plaq_coeff) * space
664  
665         if rect_coeff == 0:
666             return plaq
667  
668         rect = self.rectangles()
669         return (1 - 8 * rect_coeff) * plaq + rect_coeff * rect
670  
671     def symanzik_gauge_action(self, plaq_coeff=0):
672         "Returns the tree-level Symanzik improved gauge action"
673         return self.gauge_action(plaq_coeff, -1 / 12)
674  
675     def iwasaki_gauge_action(self, plaq_coeff=0):
676         "Returns the Iwasaki gauge action"
677         return self.gauge_action(plaq_coeff, -0.331)
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• gauge_field.py


• auxiliary functions


• class definition


• data field


• meta data


• QUDA object


• methods

Lyncs-QUDA
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• The script can be found 
in examples/

HMC Simulation

Lyncs-API / lyncs.quda Public

 6 branches  0 tags

A Python interface to QUDA for Lyncs

licenselicense BSD-3-ClauseBSD-3-Clause  pylint scorepylint score 8.5/108.5/10  code stylecode style blackblack

QUDA is a library for performing calculations in lattice QCD on GPUs.

Installation

This package at the moment is not distrubuted via pip! (because we do not have a CI/CD for GPUs in place)

For installing the packages from source code, follow the following steps:

About

Python interface to lattice/QUDA

 Readme

 BSD-3-Clause license

 0 stars

 3 watching

 0 forks

Releases

No releases published

Packages

No packages published 

Languages

Python 98.5%  C++ 1.2%

CMake 0.3%

Notifications Fork 0  Star 0

Code Issues Pull requests 2 Actions Projects Wiki Security Insights

 develop Go to file Code

sbacchio Adding hmc script 8f777f9 19 days ago  163 commits

.github/workflows Untabifying 6 months ago

examples Adding hmc script 19 days ago

lyncs_quda Small fix 20 days ago

patches Revert "Adding insert to force" 3 months ago

test Adding to_momentum last month

.gitignore Updating lib 17 months ago

CMakeLists.txt Updating QUDA version 6 months ago

LICENSE Initial commit 2 years ago

README.md Restoring README 6 months ago

post_build.py Adding black of config 6 months ago

pyproject.toml Fixing installation via pip 7 months ago

setup.cfg Adding parallel testing 16 months ago

setup.py Improving setup.py 6 months ago

# Set the following variables appropriately  
export QUDA_GPU_ARCH=sm_60  
export QUDA_MPI=OFF  

# Clone and install  
git clone https://github.com/Lyncs-API/lyncs.quda  
cd lyncs.quda  
pip install -e .  
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1. Pick an initial gauge configuration


2. Generate its conjugate momenta according to Gaussian distribution


3. Perform MD integration


4. Accept/Reject a proposed configuration according to Metropolis criteria


5. Go back to (2)

HMC Simulation 
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• HMCHelper class


• generate an initial gauge


• generate random momentum


• update fields, etc…


• Integrator class


• HMC class


• perform a HMC step


• main()

HMC Simulation

Lyncs-API / lyncs.quda Public

lyncs.quda / examples / hmc.py /  Jump to 

sbacchio Applying black formatting (from Github Action) Latest commit df6444c 21 hours ago  History

 2 contributors

Notifications Fork 0  Star 0

Code Issues Pull requests 2 Actions Projects Wiki Security Insights

 updates Go to file

349 lines (288 sloc)  8.53 KB Raw Blame

1 """
2 Implementation of the HMC algorithm
3 """
4  
5 from dataclasses import dataclass, field
6 from math import prod
7 from numpy import exp
8 from random import random
9 from argparse import Namespace

10 import click
11 from tqdm import tqdm
12 from lyncs_quda import gauge_field, momentum, lib, MPI
13 from aim import Run
14 import time
15  
16 GPU_TIME = 0
17  
18  
19 def GPU_time(fnc):
20     def profiler(*args):
21         global GPU_TIME
22         t0 = time.process_time()
23         out = fnc(*args)
24         GPU_TIME += time.process_time() - t0
25         return out
26  
27     return profiler
28  
29  
30 @dataclass
31 class HMCHelper:
32     beta: float = 5
33     lattice: tuple = (4, 4, 4, 4)
34     # Log
35     last_action: float = field(init=False, default=None)
36  
37     @property
38     def ndims(self):
39         return len(self.lattice)
40  
41     @property
42     def plaq_coeff(self):
43         "Plaquette coefficient"
44         return -self.beta / 6  # = -1/g_0^2
45  
46     @property
47     def plaq_paths(self):
48         "List of plaquette paths"
49         return tuple(
50             (mu, nu, -mu, -nu)
51             for mu in range(1, self.ndims)
52             for nu in range(mu + 1, self.ndims + 1)
53         )
54  
55     @property
56     def coeffs(self):
57         "For now only plaquettes, but can be extended"
58         return self.plaq_coeff
59  
60     @property
61     def paths(self):
62         "For now only plaquettes, but can be extended"
63         return self.plaq_paths
64  
65     @GPU_time
66     def action(self, field):
67         "Returns the action computed on field"
68         self.last_action = 2 * float(
69             field.compute_paths(self.paths, self.coeffs).reduce(mean=False)
70         )
71         return self.last_action
72  
73     @GPU_time
74     def unity_gauge(self):
75         "Returns a unity geuge"
76         out = gauge_field(self.lattice)
77         out.unity()
78         return out
79  
80     @GPU_time
81     def random_gauge(self):
82         "Returns a random mom"
83         out = gauge_field(self.lattice)
84         out.gaussian(10)
85         return out
86  
87     @GPU_time
88     def random_mom(self):
89         "Returns a random momenutm"
90         out = momentum(self.lattice)
91         out.gaussian(1 / 2**0.5)
92         return out
93  
94     def update_field(self, field, mom, coeff):
95         "Updates the Gauge field"
96         return field.update_gauge(mom, coeff)
97  
98     def update_mom(self, field, mom, coeff):
99         "Updates the momentum"

100         return field.compute_paths(
101             self.paths, self.coeffs, out=mom, add_coeff=coeff, force=True
102         )
103  
104     @GPU_time
105     def update(self, field, mom, fcoeff, mcoeff):
106         if fcoeff != 0:
107             field = self.update_field(field, mom, fcoeff)
108         if mcoeff != 0:
109             mom = self.update_mom(field, mom, mcoeff)
110         return field, mom
111  
112     def mom2(self, mom):
113         "Norm squared of the momentum half"
114         return mom.norm2() / 2
115  
116     def hamiltonian(self, field, mom):
117         mom2 = self.mom2(mom)
118         action = self.action(field)
119         return mom2 + action
120  
121  
122 @dataclass
123 class Integrator:
124     steps: int
125     time: float = 1.0
126     order: int = field(init=False, default=1)
127     pos_coeffs: tuple = field(init=False, default=(0, 1))
128     mom_coeffs: tuple = field(init=False, default=(0.5, 0.5))
129  
130     def __call__(self, field, mom, helper):
131  
132         # Use negative time for reversed integration
133         dtime = self.time / self.steps
134         for step in range(self.steps):
135  
136             for fcoeff, mcoeff in zip(self.pos_coeffs, self.mom_coeffs):
137                 field, mom = helper.update(field, mom, fcoeff * dtime, mcoeff * dtime)
138  
139         return field, mom
140  
141  
142 HMC_INTEGRATORS = {}
143  
144  
145 def register(cls):
146     HMC_INTEGRATORS[cls.__name__] = cls
147     return cls
148  
149  
150 @register
151 class LeapFrog(Integrator):
152     "Leap frog integration scheme"
153  
154  
155 @register
156 @dataclass
157 class MN2(Integrator):
158     "Second order minimal norm integration scheme in position version"
159     alpha: float = 0
160     order: int = field(init=False, default=2)
161  
162     def __post_init__(self):
163         self.pos_coeffs = (0, 0.5, 0.5)
164         self.mom_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
165  
166  
167 @register
168 @dataclass
169 class MN2p(Integrator):
170     "Second order minimal norm integration scheme in velocity version"
171     alpha: float = 0
172     order: int = field(init=False, default=2)
173  
174     def __post_init__(self):
175         self.pos_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
176         self.mom_coeffs = (0.5, 0.5, 0)
177  
178  
179 _OMF4 = (
180     0.2539785108410595,
181     -0.03230286765269967,
182     0.08398315262876693,
183     0.6822365335719091,
184 )
185  
186  
187 @register
188 @dataclass
189 class OMF4(Integrator):
190     "Fourth order integration scheme in velocity version"
191     order: int = field(init=False, default=4)
192     pos_coeffs: tuple = field(
193         init=False,
194         default=(
195             0,
196             _OMF4[0],
197             _OMF4[1],
198             1 - 2 * (_OMF4[0] + _OMF4[1]),
199             _OMF4[1],
200             _OMF4[0],
201         ),
202     )
203     mom_coeffs: tuple = field(
204         init=False,
205         default=(
206             _OMF4[2],
207             _OMF4[3],
208             0.5 - (_OMF4[2] + _OMF4[3]),
209             0.5 - (_OMF4[2] + _OMF4[3]),
210             _OMF4[3],
211             _OMF4[2],
212         ),
213     )
214  
215  
216 @dataclass
217 class HMC:
218     helper: HMCHelper
219     integrate: Integrator
220  
221     # Metrics
222     accepted: int = field(init=False, default=0)
223     steps: int = field(init=False, default=0)
224     denergy: float = field(init=False, default=0)
225     last_accepted: bool = field(init=False, default=False)
226     last_action: float = field(init=False, default=0)
227  
228     def __call__(self, field):
229         mom = self.helper.random_mom()
230         energy = self.helper.hamiltonian(field, mom)
231         action = self.helper.last_action
232         field1, mom1 = self.integrate(field, mom, self.helper)
233         energy1 = self.helper.hamiltonian(field1, mom1)
234         action1 = self.helper.last_action
235         self.denergy = energy1 - energy
236  
237         self.steps += 1
238         self.last_accepted = random() < exp(-self.denergy)
239         self.accepted += self.last_accepted
240  
241         if self.last_accepted:
242             self.last_action = action1
243             return field1
244         self.last_action = action
245         return field
246  
247     @property
248     def last_plaquette(self):
249         return (
250             -3
251             * self.last_action
252             / (self.helper.beta * prod(self.helper.lattice) * len(self.helper.paths))
253         )
254  
255     @property
256     def stats(self):
257         return {
258             "action": self.last_action,
259             "plaquette": self.last_plaquette,
260             "dH": self.denergy,
261             "exp(-dH)": exp(-self.denergy),
262             "acc. rate": self.accepted / self.steps,
263             "accepted": self.last_accepted,
264         }
265  
266  
267 @click.command()
268 @click.option("--beta", type=float, default=5, help="target action's beta")
269 @click.option("--lattice-size", type=int, default=16, help="Size of hypercubic lattice")
270 @click.option(
271     "--lattice-dims",
272     nargs=4,
273     type=int,
274     default=(0, 0, 0, 0),
275     help="Size of asymmetric lattice",
276 )
277 @click.option(
278     "--procs",
279     nargs=4,
280     default=(1, 1, 1, 1),
281     type=int,
282     help="Cartesian topology of the communicator",
283 )
284 @click.option(
285     "--integrator",
286     default="OMF4",
287     type=click.Choice(HMC_INTEGRATORS),
288     help="Integrator for HMC",
289 )
290 @click.option(
291     "--t-steps",
292     type=int,
293     default=3,
294     help="Number of time steps trajectory",
295 )
296 @click.option(
297     "--n-trajs",
298     type=int,
299     default=100,
300     help="Number of trajectories",
301 )
302 @click.option(
303     "--start",
304     type=click.Choice(["unity", "random"]),
305     default="random",
306     help="Initial field",
307 )
308 def main(**kwargs):
309     args = Namespace(**kwargs)
310  
311     lattice = (
312         args.lattice_dims if prod(args.lattice_dims) != 0 else (args.lattice_size,) * 4
313     )
314     lib.set_comm(procs=args.procs)
315  
316     helper = HMCHelper(args.beta, lattice)
317     integr = HMC_INTEGRATORS[args.integrator]
318     integr = integr(args.t_steps)
319     hmc = HMC(helper, integr)
320  
321     if args.start == "random":
322         field = helper.random_gauge()
323     elif args.start == "unity":
324         field = helper.random_unity()
325     else:
326         raise ValueError("Unknown start")
327  
328     experiment = "consistency_check"
329     # run = Run(repo='/cyclamen/home/syamamoto/Lattice2022/aim', run_hash=hash_id, experiment=experiment, system_tracking_interval=1)
330     run = Run(
331         repo="/cyclamen/home/syamamoto/Lattice2022/aim",
332         experiment=experiment,
333         system_tracking_interval=1,
334     )
335     run["beta"] = args.beta
336     run["num_ranks"] = prod(args.procs)
337  
338     with tqdm(range(args.n_trajs)) as pbar:
339         for step in pbar:
340             field = hmc(field)
341             pbar.set_description(f"plaq: {hmc.last_plaquette}")
342  
343             for key, val in hmc.stats.items():
344                 run.track(val, name=key)
345     print(GPU_TIME)
346  
347  
348 if __name__ == "__main__":
349     main()
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1 """
2 Implementation of the HMC algorithm
3 """
4  
5 from dataclasses import dataclass, field
6 from math import prod
7 from numpy import exp
8 from random import random
9 from argparse import Namespace

10 import click
11 from tqdm import tqdm
12 from lyncs_quda import gauge_field, momentum, lib, MPI
13 from aim import Run
14 import time
15  
16 GPU_TIME = 0
17  
18  
19 def GPU_time(fnc):
20     def profiler(*args):
21         global GPU_TIME
22         t0 = time.process_time()
23         out = fnc(*args)
24         GPU_TIME += time.process_time() - t0
25         return out
26  
27     return profiler
28  
29  
30 @dataclass
31 class HMCHelper:
32     beta: float = 5
33     lattice: tuple = (4, 4, 4, 4)
34     # Log
35     last_action: float = field(init=False, default=None)
36  
37     @property
38     def ndims(self):
39         return len(self.lattice)
40  
41     @property
42     def plaq_coeff(self):
43         "Plaquette coefficient"
44         return -self.beta / 6  # = -1/g_0^2
45  
46     @property
47     def plaq_paths(self):
48         "List of plaquette paths"
49         return tuple(
50             (mu, nu, -mu, -nu)
51             for mu in range(1, self.ndims)
52             for nu in range(mu + 1, self.ndims + 1)
53         )
54  
55     @property
56     def coeffs(self):
57         "For now only plaquettes, but can be extended"
58         return self.plaq_coeff
59  
60     @property
61     def paths(self):
62         "For now only plaquettes, but can be extended"
63         return self.plaq_paths
64  
65     @GPU_time
66     def action(self, field):
67         "Returns the action computed on field"
68         self.last_action = 2 * float(
69             field.compute_paths(self.paths, self.coeffs).reduce(mean=False)
70         )
71         return self.last_action
72  
73     @GPU_time
74     def unity_gauge(self):
75         "Returns a unity geuge"
76         out = gauge_field(self.lattice)
77         out.unity()
78         return out
79  
80     @GPU_time
81     def random_gauge(self):
82         "Returns a random mom"
83         out = gauge_field(self.lattice)
84         out.gaussian(10)
85         return out
86  
87     @GPU_time
88     def random_mom(self):
89         "Returns a random momenutm"
90         out = momentum(self.lattice)
91         out.gaussian(1 / 2**0.5)
92         return out
93  
94     def update_field(self, field, mom, coeff):
95         "Updates the Gauge field"
96         return field.update_gauge(mom, coeff)
97  
98     def update_mom(self, field, mom, coeff):
99         "Updates the momentum"

100         return field.compute_paths(
101             self.paths, self.coeffs, out=mom, add_coeff=coeff, force=True
102         )
103  
104     @GPU_time
105     def update(self, field, mom, fcoeff, mcoeff):
106         if fcoeff != 0:
107             field = self.update_field(field, mom, fcoeff)
108         if mcoeff != 0:
109             mom = self.update_mom(field, mom, mcoeff)
110         return field, mom
111  
112     def mom2(self, mom):
113         "Norm squared of the momentum half"
114         return mom.norm2() / 2
115  
116     def hamiltonian(self, field, mom):
117         mom2 = self.mom2(mom)
118         action = self.action(field)
119         return mom2 + action
120  
121  
122 @dataclass
123 class Integrator:
124     steps: int
125     time: float = 1.0
126     order: int = field(init=False, default=1)
127     pos_coeffs: tuple = field(init=False, default=(0, 1))
128     mom_coeffs: tuple = field(init=False, default=(0.5, 0.5))
129  
130     def __call__(self, field, mom, helper):
131  
132         # Use negative time for reversed integration
133         dtime = self.time / self.steps
134         for step in range(self.steps):
135  
136             for fcoeff, mcoeff in zip(self.pos_coeffs, self.mom_coeffs):
137                 field, mom = helper.update(field, mom, fcoeff * dtime, mcoeff * dtime)
138  
139         return field, mom
140  
141  
142 HMC_INTEGRATORS = {}
143  
144  
145 def register(cls):
146     HMC_INTEGRATORS[cls.__name__] = cls
147     return cls
148  
149  
150 @register
151 class LeapFrog(Integrator):
152     "Leap frog integration scheme"
153  
154  
155 @register
156 @dataclass
157 class MN2(Integrator):
158     "Second order minimal norm integration scheme in position version"
159     alpha: float = 0
160     order: int = field(init=False, default=2)
161  
162     def __post_init__(self):
163         self.pos_coeffs = (0, 0.5, 0.5)
164         self.mom_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
165  
166  
167 @register
168 @dataclass
169 class MN2p(Integrator):
170     "Second order minimal norm integration scheme in velocity version"
171     alpha: float = 0
172     order: int = field(init=False, default=2)
173  
174     def __post_init__(self):
175         self.pos_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
176         self.mom_coeffs = (0.5, 0.5, 0)
177  
178  
179 _OMF4 = (
180     0.2539785108410595,
181     -0.03230286765269967,
182     0.08398315262876693,
183     0.6822365335719091,
184 )
185  
186  
187 @register
188 @dataclass
189 class OMF4(Integrator):
190     "Fourth order integration scheme in velocity version"
191     order: int = field(init=False, default=4)
192     pos_coeffs: tuple = field(
193         init=False,
194         default=(
195             0,
196             _OMF4[0],
197             _OMF4[1],
198             1 - 2 * (_OMF4[0] + _OMF4[1]),
199             _OMF4[1],
200             _OMF4[0],
201         ),
202     )
203     mom_coeffs: tuple = field(
204         init=False,
205         default=(
206             _OMF4[2],
207             _OMF4[3],
208             0.5 - (_OMF4[2] + _OMF4[3]),
209             0.5 - (_OMF4[2] + _OMF4[3]),
210             _OMF4[3],
211             _OMF4[2],
212         ),
213     )
214  
215  
216 @dataclass
217 class HMC:
218     helper: HMCHelper
219     integrate: Integrator
220  
221     # Metrics
222     accepted: int = field(init=False, default=0)
223     steps: int = field(init=False, default=0)
224     denergy: float = field(init=False, default=0)
225     last_accepted: bool = field(init=False, default=False)
226     last_action: float = field(init=False, default=0)
227  
228     def __call__(self, field):
229         mom = self.helper.random_mom()
230         energy = self.helper.hamiltonian(field, mom)
231         action = self.helper.last_action
232         field1, mom1 = self.integrate(field, mom, self.helper)
233         energy1 = self.helper.hamiltonian(field1, mom1)
234         action1 = self.helper.last_action
235         self.denergy = energy1 - energy
236  
237         self.steps += 1
238         self.last_accepted = random() < exp(-self.denergy)
239         self.accepted += self.last_accepted
240  
241         if self.last_accepted:
242             self.last_action = action1
243             return field1
244         self.last_action = action
245         return field
246  
247     @property
248     def last_plaquette(self):
249         return (
250             -3
251             * self.last_action
252             / (self.helper.beta * prod(self.helper.lattice) * len(self.helper.paths))
253         )
254  
255     @property
256     def stats(self):
257         return {
258             "action": self.last_action,
259             "plaquette": self.last_plaquette,
260             "dH": self.denergy,
261             "exp(-dH)": exp(-self.denergy),
262             "acc. rate": self.accepted / self.steps,
263             "accepted": self.last_accepted,
264         }
265  
266  
267 @click.command()
268 @click.option("--beta", type=float, default=5, help="target action's beta")
269 @click.option("--lattice-size", type=int, default=16, help="Size of hypercubic lattice")
270 @click.option(
271     "--lattice-dims",
272     nargs=4,
273     type=int,
274     default=(0, 0, 0, 0),
275     help="Size of asymmetric lattice",
276 )
277 @click.option(
278     "--procs",
279     nargs=4,
280     default=(1, 1, 1, 1),
281     type=int,
282     help="Cartesian topology of the communicator",
283 )
284 @click.option(
285     "--integrator",
286     default="OMF4",
287     type=click.Choice(HMC_INTEGRATORS),
288     help="Integrator for HMC",
289 )
290 @click.option(
291     "--t-steps",
292     type=int,
293     default=3,
294     help="Number of time steps trajectory",
295 )
296 @click.option(
297     "--n-trajs",
298     type=int,
299     default=100,
300     help="Number of trajectories",
301 )
302 @click.option(
303     "--start",
304     type=click.Choice(["unity", "random"]),
305     default="random",
306     help="Initial field",
307 )
308 def main(**kwargs):
309     args = Namespace(**kwargs)
310  
311     lattice = (
312         args.lattice_dims if prod(args.lattice_dims) != 0 else (args.lattice_size,) * 4
313     )
314     lib.set_comm(procs=args.procs)
315  
316     helper = HMCHelper(args.beta, lattice)
317     integr = HMC_INTEGRATORS[args.integrator]
318     integr = integr(args.t_steps)
319     hmc = HMC(helper, integr)
320  
321     if args.start == "random":
322         field = helper.random_gauge()
323     elif args.start == "unity":
324         field = helper.random_unity()
325     else:
326         raise ValueError("Unknown start")
327  
328     experiment = "consistency_check"
329     # run = Run(repo='/cyclamen/home/syamamoto/Lattice2022/aim', run_hash=hash_id, experiment=experiment, system_tracking_interval=1)
330     run = Run(
331         repo="/cyclamen/home/syamamoto/Lattice2022/aim",
332         experiment=experiment,
333         system_tracking_interval=1,
334     )
335     run["beta"] = args.beta
336     run["num_ranks"] = prod(args.procs)
337  
338     with tqdm(range(args.n_trajs)) as pbar:
339         for step in pbar:
340             field = hmc(field)
341             pbar.set_description(f"plaq: {hmc.last_plaquette}")
342  
343             for key, val in hmc.stats.items():
344                 run.track(val, name=key)
345     print(GPU_TIME)
346  
347  
348 if __name__ == "__main__":
349     main()
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Lyncs-API / lyncs.quda Public

lyncs.quda / examples / hmc.py /  Jump to 

sbacchio Applying black formatting (from Github Action) Latest commit df6444c 21 hours ago  History

 2 contributors

Notifications Fork 0  Star 0

Code Issues Pull requests 2 Actions Projects Wiki Security Insights

 updates Go to file

349 lines (288 sloc)  8.53 KB Raw Blame

1 """
2 Implementation of the HMC algorithm
3 """
4  
5 from dataclasses import dataclass, field
6 from math import prod
7 from numpy import exp
8 from random import random
9 from argparse import Namespace

10 import click
11 from tqdm import tqdm
12 from lyncs_quda import gauge_field, momentum, lib, MPI
13 from aim import Run
14 import time
15  
16 GPU_TIME = 0
17  
18  
19 def GPU_time(fnc):
20     def profiler(*args):
21         global GPU_TIME
22         t0 = time.process_time()
23         out = fnc(*args)
24         GPU_TIME += time.process_time() - t0
25         return out
26  
27     return profiler
28  
29  
30 @dataclass
31 class HMCHelper:
32     beta: float = 5
33     lattice: tuple = (4, 4, 4, 4)
34     # Log
35     last_action: float = field(init=False, default=None)
36  
37     @property
38     def ndims(self):
39         return len(self.lattice)
40  
41     @property
42     def plaq_coeff(self):
43         "Plaquette coefficient"
44         return -self.beta / 6  # = -1/g_0^2
45  
46     @property
47     def plaq_paths(self):
48         "List of plaquette paths"
49         return tuple(
50             (mu, nu, -mu, -nu)
51             for mu in range(1, self.ndims)
52             for nu in range(mu + 1, self.ndims + 1)
53         )
54  
55     @property
56     def coeffs(self):
57         "For now only plaquettes, but can be extended"
58         return self.plaq_coeff
59  
60     @property
61     def paths(self):
62         "For now only plaquettes, but can be extended"
63         return self.plaq_paths
64  
65     @GPU_time
66     def action(self, field):
67         "Returns the action computed on field"
68         self.last_action = 2 * float(
69             field.compute_paths(self.paths, self.coeffs).reduce(mean=False)
70         )
71         return self.last_action
72  
73     @GPU_time
74     def unity_gauge(self):
75         "Returns a unity geuge"
76         out = gauge_field(self.lattice)
77         out.unity()
78         return out
79  
80     @GPU_time
81     def random_gauge(self):
82         "Returns a random mom"
83         out = gauge_field(self.lattice)
84         out.gaussian(10)
85         return out
86  
87     @GPU_time
88     def random_mom(self):
89         "Returns a random momenutm"
90         out = momentum(self.lattice)
91         out.gaussian(1 / 2**0.5)
92         return out
93  
94     def update_field(self, field, mom, coeff):
95         "Updates the Gauge field"
96         return field.update_gauge(mom, coeff)
97  
98     def update_mom(self, field, mom, coeff):
99         "Updates the momentum"

100         return field.compute_paths(
101             self.paths, self.coeffs, out=mom, add_coeff=coeff, force=True
102         )
103  
104     @GPU_time
105     def update(self, field, mom, fcoeff, mcoeff):
106         if fcoeff != 0:
107             field = self.update_field(field, mom, fcoeff)
108         if mcoeff != 0:
109             mom = self.update_mom(field, mom, mcoeff)
110         return field, mom
111  
112     def mom2(self, mom):
113         "Norm squared of the momentum half"
114         return mom.norm2() / 2
115  
116     def hamiltonian(self, field, mom):
117         mom2 = self.mom2(mom)
118         action = self.action(field)
119         return mom2 + action
120  
121  
122 @dataclass
123 class Integrator:
124     steps: int
125     time: float = 1.0
126     order: int = field(init=False, default=1)
127     pos_coeffs: tuple = field(init=False, default=(0, 1))
128     mom_coeffs: tuple = field(init=False, default=(0.5, 0.5))
129  
130     def __call__(self, field, mom, helper):
131  
132         # Use negative time for reversed integration
133         dtime = self.time / self.steps
134         for step in range(self.steps):
135  
136             for fcoeff, mcoeff in zip(self.pos_coeffs, self.mom_coeffs):
137                 field, mom = helper.update(field, mom, fcoeff * dtime, mcoeff * dtime)
138  
139         return field, mom
140  
141  
142 HMC_INTEGRATORS = {}
143  
144  
145 def register(cls):
146     HMC_INTEGRATORS[cls.__name__] = cls
147     return cls
148  
149  
150 @register
151 class LeapFrog(Integrator):
152     "Leap frog integration scheme"
153  
154  
155 @register
156 @dataclass
157 class MN2(Integrator):
158     "Second order minimal norm integration scheme in position version"
159     alpha: float = 0
160     order: int = field(init=False, default=2)
161  
162     def __post_init__(self):
163         self.pos_coeffs = (0, 0.5, 0.5)
164         self.mom_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
165  
166  
167 @register
168 @dataclass
169 class MN2p(Integrator):
170     "Second order minimal norm integration scheme in velocity version"
171     alpha: float = 0
172     order: int = field(init=False, default=2)
173  
174     def __post_init__(self):
175         self.pos_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
176         self.mom_coeffs = (0.5, 0.5, 0)
177  
178  
179 _OMF4 = (
180     0.2539785108410595,
181     -0.03230286765269967,
182     0.08398315262876693,
183     0.6822365335719091,
184 )
185  
186  
187 @register
188 @dataclass
189 class OMF4(Integrator):
190     "Fourth order integration scheme in velocity version"
191     order: int = field(init=False, default=4)
192     pos_coeffs: tuple = field(
193         init=False,
194         default=(
195             0,
196             _OMF4[0],
197             _OMF4[1],
198             1 - 2 * (_OMF4[0] + _OMF4[1]),
199             _OMF4[1],
200             _OMF4[0],
201         ),
202     )
203     mom_coeffs: tuple = field(
204         init=False,
205         default=(
206             _OMF4[2],
207             _OMF4[3],
208             0.5 - (_OMF4[2] + _OMF4[3]),
209             0.5 - (_OMF4[2] + _OMF4[3]),
210             _OMF4[3],
211             _OMF4[2],
212         ),
213     )
214  
215  
216 @dataclass
217 class HMC:
218     helper: HMCHelper
219     integrate: Integrator
220  
221     # Metrics
222     accepted: int = field(init=False, default=0)
223     steps: int = field(init=False, default=0)
224     denergy: float = field(init=False, default=0)
225     last_accepted: bool = field(init=False, default=False)
226     last_action: float = field(init=False, default=0)
227  
228     def __call__(self, field):
229         mom = self.helper.random_mom()
230         energy = self.helper.hamiltonian(field, mom)
231         action = self.helper.last_action
232         field1, mom1 = self.integrate(field, mom, self.helper)
233         energy1 = self.helper.hamiltonian(field1, mom1)
234         action1 = self.helper.last_action
235         self.denergy = energy1 - energy
236  
237         self.steps += 1
238         self.last_accepted = random() < exp(-self.denergy)
239         self.accepted += self.last_accepted
240  
241         if self.last_accepted:
242             self.last_action = action1
243             return field1
244         self.last_action = action
245         return field
246  
247     @property
248     def last_plaquette(self):
249         return (
250             -3
251             * self.last_action
252             / (self.helper.beta * prod(self.helper.lattice) * len(self.helper.paths))
253         )
254  
255     @property
256     def stats(self):
257         return {
258             "action": self.last_action,
259             "plaquette": self.last_plaquette,
260             "dH": self.denergy,
261             "exp(-dH)": exp(-self.denergy),
262             "acc. rate": self.accepted / self.steps,
263             "accepted": self.last_accepted,
264         }
265  
266  
267 @click.command()
268 @click.option("--beta", type=float, default=5, help="target action's beta")
269 @click.option("--lattice-size", type=int, default=16, help="Size of hypercubic lattice")
270 @click.option(
271     "--lattice-dims",
272     nargs=4,
273     type=int,
274     default=(0, 0, 0, 0),
275     help="Size of asymmetric lattice",
276 )
277 @click.option(
278     "--procs",
279     nargs=4,
280     default=(1, 1, 1, 1),
281     type=int,
282     help="Cartesian topology of the communicator",
283 )
284 @click.option(
285     "--integrator",
286     default="OMF4",
287     type=click.Choice(HMC_INTEGRATORS),
288     help="Integrator for HMC",
289 )
290 @click.option(
291     "--t-steps",
292     type=int,
293     default=3,
294     help="Number of time steps trajectory",
295 )
296 @click.option(
297     "--n-trajs",
298     type=int,
299     default=100,
300     help="Number of trajectories",
301 )
302 @click.option(
303     "--start",
304     type=click.Choice(["unity", "random"]),
305     default="random",
306     help="Initial field",
307 )
308 def main(**kwargs):
309     args = Namespace(**kwargs)
310  
311     lattice = (
312         args.lattice_dims if prod(args.lattice_dims) != 0 else (args.lattice_size,) * 4
313     )
314     lib.set_comm(procs=args.procs)
315  
316     helper = HMCHelper(args.beta, lattice)
317     integr = HMC_INTEGRATORS[args.integrator]
318     integr = integr(args.t_steps)
319     hmc = HMC(helper, integr)
320  
321     if args.start == "random":
322         field = helper.random_gauge()
323     elif args.start == "unity":
324         field = helper.random_unity()
325     else:
326         raise ValueError("Unknown start")
327  
328     experiment = "consistency_check"
329     # run = Run(repo='/cyclamen/home/syamamoto/Lattice2022/aim', run_hash=hash_id, experiment=experiment, system_tracking_interval=1)
330     run = Run(
331         repo="/cyclamen/home/syamamoto/Lattice2022/aim",
332         experiment=experiment,
333         system_tracking_interval=1,
334     )
335     run["beta"] = args.beta
336     run["num_ranks"] = prod(args.procs)
337  
338     with tqdm(range(args.n_trajs)) as pbar:
339         for step in pbar:
340             field = hmc(field)
341             pbar.set_description(f"plaq: {hmc.last_plaquette}")
342  
343             for key, val in hmc.stats.items():
344                 run.track(val, name=key)
345     print(GPU_TIME)
346  
347  
348 if __name__ == "__main__":
349     main()
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S. YAMAMOTO, AUGUST 10TH, 2022

• Run the script via

•python examples/hmc.py --lattice-size 48  --beta 6.475


• Current Options


Options:

  --beta FLOAT                    target action's beta

  --lattice-size INTEGER          Size of hypercubic lattice

  --lattice-dims INTEGER...       Size of asymmetric lattice

  --procs INTEGER...              Cartesian topology of the communicator

  --integrator [LeapFrog|MN2|MN2p|OMF4]

                                  Integrator for HMC

  --t-steps INTEGER               Number of time steps trajectory

  --n-trajs INTEGER               Number of trajectories

  --start [unity|random]          Initial field

HMC Simulation
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First sanity check
Results

• check if plaquette thermalize to 
the values from Ref. [1]


• Ensembles (L3 x T, β)


• A1a (163x16, 5.789): 


• B0a (243x24, 6)


• C1d (323x64, 6.136)


• D1d (483x48, 6.475)
[1] S. Schaefer, R. Sommer, and F. Virotta, Critical Slowing down and Error 

Analysis in Lattice QCD Simulations, Nuclear Physics B 845, 93 (2011).
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• Other stats tracked by a Python library aim

Results

18



S. YAMAMOTO, AUGUST 10TH, 2022

• Cyclamen at The Cyprus 
Institute


• CPU: Intel® Xeon® Gold 6130


• GPU: Tesla P100 x 2


• Ensemble: 


• D1d: 484 


• Profiler: 


• cProfile


• snakeviz

Profiling

19
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• Setup Time: 17.6s


• 4.1 % of total time (421s)

Profiling
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QUDA
78.9%

Python
21.1%

Setup

100 HMC Steps: 95.8% of total time
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• snakeviz

Profiling
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Scaling

22S. YAMAMOTO, AUGUST 10TH, 2022

• JUWELS Booster at Jülich Supercomputing Centre


• CPU: AMD EPYC 7402


• GPU: NVIDIA A100 Tensor Core x 4
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• Support acceleration strategies such as multi grid and deflation


• Support other fermion types such as staggered fermions


• Support various compiler options of QUDA


• Update Lyncs-QUDA to the most recent version of QUDA that now includes 
support for AMD

Outlook
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Thank you!
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Lyncs-QUDA

Lyncs-API / lyncs.quda Public

 6 branches  0 tags

A Python interface to QUDA for Lyncs

licenselicense BSD-3-ClauseBSD-3-Clause  pylint scorepylint score 8.5/108.5/10  code stylecode style blackblack

QUDA is a library for performing calculations in lattice QCD on GPUs.

Installation

This package at the moment is not distrubuted via pip! (because we do not have a CI/CD for GPUs in place)

For installing the packages from source code, follow the following steps:

About

Python interface to lattice/QUDA

 Readme

 BSD-3-Clause license

 0 stars

 3 watching

 0 forks

Releases

No releases published

Packages

No packages published 

Languages

Python 98.5%  C++ 1.2%

CMake 0.3%

Notifications Fork 0  Star 0

Code Issues Pull requests 2 Actions Projects Wiki Security Insights

 develop Go to file Code

sbacchio Adding hmc script 8f777f9 19 days ago  163 commits

.github/workflows Untabifying 6 months ago

examples Adding hmc script 19 days ago

lyncs_quda Small fix 20 days ago

patches Revert "Adding insert to force" 3 months ago

test Adding to_momentum last month

.gitignore Updating lib 17 months ago

CMakeLists.txt Updating QUDA version 6 months ago

LICENSE Initial commit 2 years ago

README.md Restoring README 6 months ago

post_build.py Adding black of config 6 months ago

pyproject.toml Fixing installation via pip 7 months ago

setup.cfg Adding parallel testing 16 months ago

setup.py Improving setup.py 6 months ago

# Set the following variables appropriately  
export QUDA_GPU_ARCH=sm_60  
export QUDA_MPI=OFF  

# Clone and install  
git clone https://github.com/Lyncs-API/lyncs.quda  
cd lyncs.quda  
pip install -e .  
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Lyncs-API / lyncs.quda Public

lyncs.quda / lyncs_quda /

. .

Notifications Fork 0  Star 0

Code Issues Pull requests 2 Actions Projects Wiki Security Insights

 develop Go to file

sbacchio Small fix 3c138f2 20 days ago  History

include Adding conversion from continous to evenodd and vicevers 6 months ago

.gitignore Addng quda setup 2 years ago

__init__.py Adding conversion from continous to evenodd and vicevers 6 months ago

dirac.py Fixing value for Ls 6 months ago

enum.py Adding new enum structures 12 months ago

enums.py Files changed with new version 6 months ago

evenodd.py Transposing lattice in conversion to quda 6 months ago

gauge_field.py Small fix 20 days ago

lattice_field.py Bug fix 24 days ago

lib.py Adding conversion from continous to evenodd and vicevers 6 months ago

solver.py Using new enums 12 months ago

spinor_field.py Adding spinor coarse 10 months ago

struct.py Adding Struct base class 11 months ago

structs.py Files changed with new version 6 months ago

testing.py Improving support for momentum field and testing 6 months ago

time_profile.py Adding time_profile 16 months ago
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Lyncs-API / lyncs.quda Public

lyncs.quda / test /

This branch is 37 commits ahead of develop.  #2

. .

Notifications Fork 0  Star 0

Code Issues Pull requests 2 Actions Projects Wiki Security Insights

 updates Go to file

sbacchio Applying black formatting (from Github Action) cb63cc8 8 days ago  History

parallel_test Applying black formatting (from Github Action) 8 days ago

test_clover_field.py merged mpi_fixes into updates 20 days ago

test_dirac.py Applying black formatting (from Github Action) 8 days ago

test_enums.py Adding enum tests 12 months ago

test_evenodd.py Transposing lattice in conversion to quda 6 months ago

test_field.py Supporting also assignment in ufunc 4 months ago

test_gauge_field.py Applying black formatting (from Github Action) 8 days ago

test_lib.py Adding device count 12 months ago

test_solver.py Applying black formatting (from Github Action) 8 days ago

test_spinor.py Adding norm 15 months ago

test_structs.py Adding structs.py 11 months ago

test_testing.py Adding parallel testing 16 months ago
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Lyncs-QUDA

Lyncs-API / lyncs.quda Public

lyncs.quda / lyncs_quda / gauge_field.py /  Jump to 

sbacchio Small fix Latest commit 3c138f2 20 days ago  History

 1 contributor

Notifications Fork 0  Star 0

Code Issues Pull requests 2 Actions Projects Wiki Security Insights

 develop Go to file

677 lines (576 sloc)  21.6 KB Raw Blame

1 """
2 Interface to gauge_field.h
3 """
4  
5 __all__ = [
6     "gauge",
7     "gauge_field",
8     "gauge_scalar",
9     "gauge_links",

10     "gauge_tensor",
11     "gauge_coarse",
12     "momentum",
13     "GaugeField",
14 ]
15  
16 from time import time
17 from math import sqrt
18 from collections import defaultdict
19 import numpy
20 from lyncs_cppyy import make_shared, lib as tmp, to_pointer, array_to_pointers
21 from lyncs_utils import prod, isiterable
22 from .lib import lib, cupy
23 from .lattice_field import LatticeField
24 from .time_profile import default_profiler
25  
26  
27 def gauge_field(lattice, dofs=(4, 18), **kwargs):
28     "Constructs a new gauge field"
29     # TODO add option to select field type -> dofs
30     # TODO reshape/shuffle to native order
31     return GaugeField.create(lattice, dofs=dofs, **kwargs)
32  
33  
34 def gauge_scalar(lattice, dofs=18, **kwargs):
35     "Constructs a new scalar gauge field"
36     return gauge_field(lattice, dofs=(1, dofs), **kwargs)
37  
38  
39 def gauge_links(lattice, dofs=18, **kwargs):
40     "Constructs a new gauge field of links"
41     return gauge_field(lattice, dofs=(4, dofs), **kwargs)
42  
43  
44 gauge = gauge_links
45  
46  
47 def gauge_tensor(lattice, dofs=18, **kwargs):
48     "Constructs a new gauge field with tensor structure"
49     return gauge_field(lattice, dofs=(6, dofs), **kwargs)
50  
51  
52 def gauge_coarse(lattice, dofs=2 * 48**2, **kwargs):
53     "Constructs a new coarse gauge field"
54     return gauge_field(lattice, dofs=(8, dofs), **kwargs)
55  
56  
57 def momentum(lattice, **kwargs):
58     return gauge_field(lattice, dofs=(4, 10), **kwargs)
59  
60  
61 class GaugeField(LatticeField):
62     "Mimics the quda::LatticeField object"
63  
64     @LatticeField.field.setter
65     def field(self, field):
66         LatticeField.field.fset(self, field)
67         if self.reconstruct == "INVALID":
68             raise TypeError(f"Unrecognized field dofs {self.dofs}")
69  
70     def new(self, reconstruct=None, **kwargs):
71         "Returns a new empty field based on the current"
72         if reconstruct is None:
73             pass
74         elif reconstruct == self.reconstruct:
75             pass
76         elif reconstruct == "NO":
77             kwargs["dofs"] = (self.geometry_size, 9 if self.iscomplex else 18)
78         else:
79             try:
80                 val = int(reconstruct)
81                 kwargs["dofs"] = (
82                     self.geometry_size,
83                     val // 2 if self.iscomplex else val,
84                 )
85             except ValueError:
86                 raise ValueError(f"Invalid reconstruct {reconstruct}")
87         out = super().new(**kwargs)
88         is_momentum = kwargs.get("is_momentum", self.is_momentum)
89         out.is_momentum = is_momentum
90         return out
91  
92     def equivalent(self, other, **kwargs):
93         "Whether a field is equivalent to the current"
94         if not super().equivalent(other, **kwargs):
95             return False
96         reconstruct = kwargs.get("reconstruct", self.reconstruct)
97         if other.reconstruct != str(reconstruct):
98             return False
99         return True

100  
101     def cast(self, other=None, **kwargs):
102         "Cast a field into its type and check for compatibility"
103         other = super().cast(other, **kwargs)
104         is_momentum = kwargs.get("is_momentum", self.is_momentum)
105         other.is_momentum = is_momentum
106         return other
107  
108     @property
109     def dofs_per_link(self):
110         if self.geometry == "SCALAR":
111             dofs = prod(self.dofs)
112         else:
113             dofs = prod(self.dofs[1:])
114         if self.iscomplex:
115             return dofs * 2
116         return dofs
117  
118     @property
119     def reconstruct(self):
120         "Reconstruct type of the field"
121         dofs = self.dofs_per_link
122         if dofs == 12:
123             return "12"
124         if dofs == 8:
125             return "8"
126         if dofs == 10:
127             return "10"
128         if sqrt(dofs / 2).is_integer():
129             return "NO"
130         return "INVALID"
131  
132     @property
133     def quda_reconstruct(self):
134         "Quda enum for reconstruct type of the field"
135         return getattr(lib, f"QUDA_RECONSTRUCT_{self.reconstruct}")
136  
137     @property
138     def ncol(self):
139         "Number of colors"
140         if self.reconstruct == "NO":
141             dofs = self.dofs_per_link
142             ncol = sqrt(dofs / 2)
143             assert ncol.is_integer()
144             return int(ncol)
145         return 3
146  
147     @property
148     def order(self):
149         "Data order of the field"
150         return "FLOAT2"
151  
152     @property
153     def quda_order(self):
154         "Quda enum for data order of the field"
155         return getattr(lib, f"QUDA_{self.order}_GAUGE_ORDER")
156  
157     @property
158     def _geometry_values(self):
159         return (
160             ("SCALAR", "VECTOR", "TENSOR", "COARSE"),
161             (1, self.ndims, self.ndims * (self.ndims - 1) / 2, self.ndims * 2),
162         )
163  
164     @property
165     def geometry(self):
166         """
167         Geometry of the field
168             VECTOR = all links
169             SCALAR = one link
170             TENSOR = Fmunu antisymmetric (upper triangle)
171             COARSE = all links, both directions
172         """
173         keys, vals = self._geometry_values
174         if self.dofs[0] in vals:
175             return keys[vals.index(self.dofs[0])]
176         return "SCALAR"
177  
178     @property
179     def geometry_size(self):
180         "Size of the geometry index"
181         keys, vals = self._geometry_values
182         if self.dofs[0] in vals:
183             return self.dofs[0]
184         return 1
185  
186     @property
187     def quda_geometry(self):
188         "Quda enum for geometry of the field"
189         return getattr(lib, f"QUDA_{self.geometry}_GEOMETRY")
190  
191     @property
192     def is_coarse(self):
193         "Whether is a coarse gauge field"
194         return self.geometry == "COARSE" or (
195             self.geometry == "SCALAR" and self.ncol != 3
196         )
197  
198     @property
199     def is_momentum(self):
200         "Whether is a momentum field"
201         return self.reconstruct == "10" or getattr(self, "_is_momentum", False)
202  
203     @is_momentum.setter
204     def is_momentum(self, value):
205         self._is_momentum = value
206  
207     @property
208     def t_boundary(self):
209         "Boundary conditions in time"
210         return "PERIODIC"
211  
212     @property
213     def quda_t_boundary(self):
214         "Quda enum for boundary conditions in time"
215         return getattr(lib, f"QUDA_{self.t_boundary}_T")
216  
217     @property
218     def link_type(self):
219         "Type of the links"
220         if self.is_coarse:
221             return "COARSE"
222         if self.is_momentum:
223             return "MOMENTUM"
224         return "SU3"
225  
226     @property
227     def quda_link_type(self):
228         "Quda enum for link type"
229         return getattr(lib, f"QUDA_{self.link_type}_LINKS")
230  
231     @property
232     def quda_params(self):
233         "Returns an instance of quda::GaugeFieldParams"
234         params = lib.GaugeFieldParam()
235         lib.copy_struct(params, super().quda_params)
236         params.reconstruct = self.quda_reconstruct
237         params.geometry = self.quda_geometry
238         params.link_type = self.quda_link_type
239         params.gauge = to_pointer(self.ptr)
240         params.create = lib.QUDA_REFERENCE_FIELD_CREATE
241         params.location = self.quda_location
242         params.t_boundary = self.quda_t_boundary
243         params.order = self.quda_order
244         params.nColor = self.ncol
245         return params
246  
247     @property
248     def quda_field(self):
249         "Returns an instance of quda::GaugeField"
250         self.activate()
251         if self._quda is None:
252             self._quda = make_shared(lib.GaugeField.Create(self.quda_params))
253         return self._quda
254  
255     def is_native(self):
256         "Whether the field is native for Quda"
257         return lib.gauge.isNative(
258             self.quda_order, self.quda_precision, self.quda_reconstruct
259         )
260  
261     def extended_field(self, sites=1):
262         if sites in (None, 0) or self.comm is None:
263             return self.quda_field
264  
265         if isinstance(sites, int):
266             sites = [sites] * self.ndims
267  
268         # self.check_shape(sites)
269         sites = [site if dim > 1 else 0 for site, dim in zip(sites, self.comm.dims)]
270         if sites == [0, 0, 0, 0]:
271             return self.quda_field
272  
273         return make_shared(
274             lib.createExtendedGauge(
275                 self.quda_field,
276                 numpy.array(sites, dtype="int32"),
277                 default_profiler().quda,
278             )
279         )
280  
281     def zero(self):
282         "Sets all field elements to zero"
283         self.quda_field.zero()
284  
285     def full(self):
286         "Returns a full matrix version of the field (with reconstruct=NO)"
287         return self if self.reconstruct == "NO" else self.copy(reconstruct="NO")
288  
289     def to_momentum(self):
290         "Returns a momentum version of the field (with reconstruct=NO)"
291         return self if self.reconstruct == "10" else self.copy(reconstruct="10")
292  
293     def default_view(self, split_col=True):
294         "Returns the default view of the field including reshaping"
295         shape = (2,)  # even-odd
296         # geometry
297         if len(self.dofs) == 1:
298             shape += (1,)
299         else:
300             shape += (self.dofs[0],)
301         # matrix
302         if self.reconstruct == "NO" and split_col:
303             shape += (self.ncol, self.ncol)
304         else:
305             shape += (self.dofs_per_link // 2,)
306         # lattice
307         shape += (-1,)
308         if self.reconstruct == "10":
309             shape += (2,)
310             return super().float_view().reshape(shape)
311         return super().complex_view().reshape(shape)
312  
313     def unity(self):
314         "Set all field elements to unity"
315         if self.reconstruct != "NO":
316             raise NotImplementedError
317         field = self.default_view(split_col=False)
318         field[:] = 0
319         diag = [i * self.ncol + i for i in range(self.ncol)]
320         field[:, :, diag, ...] = 1
321  
322     def trace(self, only_real=False):
323         "Returns the trace in color of the field"
324         return (
325             self.full()
326             .default_view()
327             .trace(axis1=2, axis2=3, dtype="float64" if only_real else "complex128")
328         )
329  
330     def dagger(self, out=None):
331         "Returns the complex conjugate transpose of the field"
332         out = self.prepare(out)
333         self.backend.conj(
334             self.default_view().transpose((0, 1, 3, 2, 4)), out=out.default_view()
335         )
336         return out
337  
338     def reduce(self, local=False, only_real=True, mean=True):
339         "Reduction of a gauge field (real of mean of trace)"
340         out = self.trace(only_real=only_real)
341         if mean:
342             out = out.mean() / self.ncol
343         else:
344             out = out.sum()
345         if not local:
346             return super().reduce(out)
347         return out
348  
349     def dot(self, other, out=None):
350         "Matrix product between two gauge fields"
351         if not isinstance(other, GaugeField):
352             raise ValueError
353         self = self.full()
354         other = other.full()
355         out = self.prepare(out)
356         self.backend.matmul(
357             self.default_view(),
358             other.default_view(),
359             out=out.default_view(),
360             axes=[(2, 3)] * 3,
361         )
362         return out
363  
364     def project(self, tol=None):
365         """
366         Project the gauge field onto the SU(3) group.  This
367         is a destructive operation.  The number of link failures is
368         reported so appropriate action can be taken.
369         """
370         if tol is None:
371             tol = numpy.finfo(self.dtype).eps
372         fails = cupy.zeros((1,), dtype="int32")
373         lib.projectSU3(self.quda_field, tol, to_pointer(fails.data.ptr, "int *"))
374         return fails[0]
375  
376     def gaussian(self, epsilon=1, seed=None):
377         """
378         Generates Gaussian distributed su(N) or SU(N) fields.
379         If U is a momentum field, then generates a random Gaussian distributed
380         field in the Lie algebra using the anti-Hermitation convention.
381         If U is in the group then we create a Gaussian distributed su(n)
382         field and exponentiate it, e.g., U = exp(sigma * H), where H is
383         the distributed su(n) field and sigma is the width of the
384         distribution (sigma = 0 results in a free field, and sigma = 1 has
385         maximum disorder).
386         """
387         seed = seed or int(time() * 1e9)
388         lib.gaugeGauss(self.quda_field, seed, epsilon)
389  
390     def plaquette(self):
391         """
392         Computes the plaquette of the gauge field
393
394         Returns
395         -------
396         tuple(total, spatial, temporal) plaquette site averaged and
397             normalized such that each plaquette is in the range [0,1]
398         """
399         plaq = lib.plaquette(self.extended_field(1))
400         return plaq.x, plaq.y, plaq.z
401  
402     def compute_fmunu(self, out=None):
403         out = self.prepare(out, dofs=(6, 9 if self.iscomplex else 18))
404         lib.computeFmunu(out.quda_field, self.extended_field(1))
405         return out
406  
407     def topological_charge(self):
408         """
409         Computes the topological charge
410
411         Returns
412         -------
413         charge, (total, spatial, temporal): The total topological charge
414             and total, spatial, and temporal field energy
415         """
416         if self.geometry != "TENSOR":
417             self = self.compute_fmunu()
418         out = numpy.zeros(4, dtype="double")
419         lib.computeQCharge(out[:3], out[3:], self.extended_field(0))  # should be 1
420         return out[3], tuple(out[:3])
421  
422     def topological_charge_density(self):
423         "Computes the topological charge density"
424         if self.geometry != "TENSOR":
425             self = self.compute_fmunu()
426         out1 = numpy.zeros(4, dtype="double")
427         if out is None:
428             out = numpy.zeros(4, dtype="double")
429         return lib.computeQCharge(out[:3], out[3:], self.extended_field(1))
430  
431     def norm1(self, link_dir=-1):
432         "Computes the L1 norm of the field"
433         if not -1 <= link_dir < self.ndims:
434             raise ValueError(
435                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
436             )
437         return self.quda_field.norm1(link_dir)
438  
439     def norm2(self, link_dir=-1):
440         "Computes the L2 norm of the field"
441         if not -1 <= link_dir < self.ndims:
442             raise ValueError(
443                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
444             )
445         if self.reconstruct == "10":
446             # TODO: patch quda, reconstruct 10 not supported
447             norm2 = (self.default_view() ** 2).sum(axis=(0, 1, 3, 4)).get()
448             norm2 = norm2.sum() - norm2[-1] / 2 - norm2[-2] / 2
449             return 4 * super().reduce(norm2)
450         return self.quda_field.norm2(link_dir)
451  
452     def abs_max(self, link_dir=-1):
453         "Computes the absolute maximum of the field (Linfinity norm)"
454         if not -1 <= link_dir < self.ndims:
455             raise ValueError(
456                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
457             )
458         return self.quda_field.abs_max(link_dir)
459  
460     def abs_min(self, link_dir=-1):
461         "Computes the absolute minimum of the field"
462         if not -1 <= link_dir < self.ndims:
463             raise ValueError(
464                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
465             )
466         return self.quda_field.abs_min(link_dir)
467  
468     def _check_paths(self, paths):
469         "Check if all paths are valid"
470         if not isiterable(paths):
471             raise TypeError(f"Paths ({paths}) are not iterable")
472         for i, path in enumerate(paths):
473             if not isiterable(path):
474                 raise TypeError(f"Path {i} = {path} is not iterable")
475             if path[0] < 0:
476                 raise ValueError(f"Path {i} = {path} nevative first movement")
477             if min(path) < -self.ndims:
478                 raise ValueError(
479                     f"Path {i} = {path} has direction smaller than {-self.ndims}"
480                 )
481             if max(path) > self.ndims:
482                 raise ValueError(
483                     f"Path {i} = {path} has direction larger than {self.ndims}"
484                 )
485             if 0 in path:
486                 raise ValueError(f"Path {i} = {path} has zeros")
487  
488     def _paths_to_array(self, paths):
489         "Returns array of paths and their length"
490  
491         lengths = numpy.array(list(map(len, paths)), dtype="int32")
492         max_length = lengths.max()
493         paths_array = numpy.empty((1, len(paths), max_length), dtype="int32")
494  
495         convert = lambda step: (step - 1) if step > 0 else (8 + step)
496  
497         for i, path in enumerate(paths):
498             for j, step in enumerate(path):
499                 paths_array[0, i, j] = convert(step)
500  
501         return paths_array, lengths
502  
503     def _paths_for_force(self, paths, coeffs):
504         "Create all paths needed for force"
505         out = defaultdict(int)
506         shift = lambda path, i: path if i in (0, len(path)) else (path[i:] + path[:i])
507         for path, coeff in zip(paths, coeffs):
508             for i in range(len(path)):
509                 if path[i] > 0:
510                     tmp = shift(path, i)
511                 else:
512                     tmp = tuple(-_ for _ in reversed(shift(path, i + 1)))
513                 out[tmp] -= coeff
514         return tuple(out.keys()), tuple(out.values())
515  
516     def compute_paths(
517         self,
518         paths,
519         coeffs=None,
520         out=None,
521         add_coeff=1,
522         force=False,
523         grad=None,
524         left_grad=False,
525     ):
526         """
527         Computes the gauge paths on the lattice.
528
529         The same paths are computed for every direction.
530
531         - The paths are given with respect to direction "1" and
532           this must be the first number of every path list.
533         - Directions go from 1 to self.ndims
534         - Negative value (-1,...) means backward movement in the direction
535         - Paths are then rotated for every direction.
536         """
537  
538         # Checking paths for error
539         self._check_paths(paths)
540         paths = tuple(tuple(path) for path in paths)
541  
542         # Preparing coeffs
543         if coeffs is None:
544             coeffs = self.ndims / len(paths)
545         if isinstance(coeffs, (int, float)):
546             coeffs = [coeffs] * len(paths)
547         if not len(paths) == len(coeffs):
548             raise ValueError("Paths and coeffs must have the same length")
549  
550         # Preparing grad and fnc
551         if grad is not None:
552             force = True
553             grad = self.cast(grad, reconstruct=10)
554             fnc = lambda out, u, *args: lib.gaugeForceGradient(
555                 out,
556                 u,
557                 grad.quda_field,
558                 *args,
559                 left=left_grad,
560             )
561         elif force:
562             fnc = lib.gaugeForce
563         else:
564             fnc = lib.gaugePath
565  
566         # Preparing paths
567         if force:
568             paths, coeffs = self._paths_for_force(paths, coeffs)
569             self._check_paths(paths)
570         paths, lengths = self._paths_to_array(paths)
571  
572         # Calling Quda function
573         num_paths = paths.shape[1]
574         max_length = paths.shape[2]
575         quda_paths_array = array_to_pointers(paths)
576         coeffs = numpy.array(coeffs, dtype="float64")
577         out = self.prepare(out, empty=False, reconstruct=10 if force else None)
578  
579         fnc(
580             out.quda_field,
581             self.extended_field(1),  # TODO: compute correct extension (max distance)
582             add_coeff,
583             quda_paths_array.get(),
584             lengths,
585             coeffs,
586             num_paths,
587             max_length,
588             False,
589         )
590         return out
591  
592     @property
593     def plaquette_paths(self):
594         "List of plaquette paths"
595         return tuple(
596             (mu, nu, -mu, -nu)
597             for mu in range(1, self.ndims + 1)
598             for nu in range(mu + 1, self.ndims + 1)
599         )
600  
601     def plaquette_field(self, **kwargs):
602         "Computes the plaquette field"
603         return self.compute_paths(self.plaquette_paths, **kwargs)
604  
605     def plaquettes(self, **kwargs):
606         "Returns the average over plaquettes (Note: plaquette should performs better)"
607         return self.plaquette_field().reduce(**kwargs)
608  
609     @property
610     def rectangle_paths(self):
611         "List of rectangle paths"
612         return tuple(
613             (mu, nu, nu, -mu, -nu, -nu)
614             for mu in range(1, self.ndims + 1)
615             for nu in range(mu + 1, self.ndims + 1)
616         )
617  
618     def rectangle_field(self, **kwargs):
619         "Computes the rectangle field"
620         return self.compute_paths(self.rectangle_paths, **kwargs)
621  
622     def rectangles(self, **kwargs):
623         "Returns the average over rectangles"
624         return self.rectangle_field().reduce(**kwargs)
625  
626     def exponentiate(self, coeff=1, mul_to=None, out=None, conj=False, exact=False):
627         """
628         Exponentiates a momentum field
629         """
630  
631         if out is None:
632             out = mul_to.new() if mul_to is not None else self.new(reconstruct="NO")
633         if mul_to is None:
634             mul_to = out.new()
635             mul_to.unity()
636  
637         lib.updateGaugeField(
638             out.quda_field, coeff, mul_to.quda_field, self.quda_field, conj, exact
639         )
640         return out
641  
642     def update_gauge(self, mom, coeff=1, out=None, conj=False, exact=False):
643         """
644         Updates a gauge field with momentum field
645         """
646         return mom.exponentiate(
647             coeff=coeff, mul_to=self, out=out, conj=conj, exact=exact
648         )
649  
650     def gauge_action(self, plaq_coeff=0, rect_coeff=0):
651         """
652         Returns the gauge action.
653
654         The coefficients are use as follows
655
656             (1-8*c1) ((1+c0) P_time + (1-c0) P_space) + c1*R
657
658         where P is the sum over plaquette, R over the rectangles,
659         c0 is the plaq_coeff (see volume_plaquette) and c1 the rect_coeff
660         """
661         plaq, time, space = self.plaquette()
662         if plaq_coeff != 0:
663             plaq = (1 + plaq_coeff) * time + (1 - plaq_coeff) * space
664  
665         if rect_coeff == 0:
666             return plaq
667  
668         rect = self.rectangles()
669         return (1 - 8 * rect_coeff) * plaq + rect_coeff * rect
670  
671     def symanzik_gauge_action(self, plaq_coeff=0):
672         "Returns the tree-level Symanzik improved gauge action"
673         return self.gauge_action(plaq_coeff, -1 / 12)
674  
675     def iwasaki_gauge_action(self, plaq_coeff=0):
676         "Returns the Iwasaki gauge action"
677         return self.gauge_action(plaq_coeff, -0.331)
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1 """
2 Interface to gauge_field.h
3 """
4  
5 __all__ = [
6     "gauge",
7     "gauge_field",
8     "gauge_scalar",
9     "gauge_links",

10     "gauge_tensor",
11     "gauge_coarse",
12     "momentum",
13     "GaugeField",
14 ]
15  
16 from time import time
17 from math import sqrt
18 from collections import defaultdict
19 import numpy
20 from lyncs_cppyy import make_shared, lib as tmp, to_pointer, array_to_pointers
21 from lyncs_utils import prod, isiterable
22 from .lib import lib, cupy
23 from .lattice_field import LatticeField
24 from .time_profile import default_profiler
25  
26  
27 def gauge_field(lattice, dofs=(4, 18), **kwargs):
28     "Constructs a new gauge field"
29     # TODO add option to select field type -> dofs
30     # TODO reshape/shuffle to native order
31     return GaugeField.create(lattice, dofs=dofs, **kwargs)
32  
33  
34 def gauge_scalar(lattice, dofs=18, **kwargs):
35     "Constructs a new scalar gauge field"
36     return gauge_field(lattice, dofs=(1, dofs), **kwargs)
37  
38  
39 def gauge_links(lattice, dofs=18, **kwargs):
40     "Constructs a new gauge field of links"
41     return gauge_field(lattice, dofs=(4, dofs), **kwargs)
42  
43  
44 gauge = gauge_links
45  
46  
47 def gauge_tensor(lattice, dofs=18, **kwargs):
48     "Constructs a new gauge field with tensor structure"
49     return gauge_field(lattice, dofs=(6, dofs), **kwargs)
50  
51  
52 def gauge_coarse(lattice, dofs=2 * 48**2, **kwargs):
53     "Constructs a new coarse gauge field"
54     return gauge_field(lattice, dofs=(8, dofs), **kwargs)
55  
56  
57 def momentum(lattice, **kwargs):
58     return gauge_field(lattice, dofs=(4, 10), **kwargs)
59  
60  
61 class GaugeField(LatticeField):
62     "Mimics the quda::LatticeField object"
63  
64     @LatticeField.field.setter
65     def field(self, field):
66         LatticeField.field.fset(self, field)
67         if self.reconstruct == "INVALID":
68             raise TypeError(f"Unrecognized field dofs {self.dofs}")
69  
70     def new(self, reconstruct=None, **kwargs):
71         "Returns a new empty field based on the current"
72         if reconstruct is None:
73             pass
74         elif reconstruct == self.reconstruct:
75             pass
76         elif reconstruct == "NO":
77             kwargs["dofs"] = (self.geometry_size, 9 if self.iscomplex else 18)
78         else:
79             try:
80                 val = int(reconstruct)
81                 kwargs["dofs"] = (
82                     self.geometry_size,
83                     val // 2 if self.iscomplex else val,
84                 )
85             except ValueError:
86                 raise ValueError(f"Invalid reconstruct {reconstruct}")
87         out = super().new(**kwargs)
88         is_momentum = kwargs.get("is_momentum", self.is_momentum)
89         out.is_momentum = is_momentum
90         return out
91  
92     def equivalent(self, other, **kwargs):
93         "Whether a field is equivalent to the current"
94         if not super().equivalent(other, **kwargs):
95             return False
96         reconstruct = kwargs.get("reconstruct", self.reconstruct)
97         if other.reconstruct != str(reconstruct):
98             return False
99         return True

100  
101     def cast(self, other=None, **kwargs):
102         "Cast a field into its type and check for compatibility"
103         other = super().cast(other, **kwargs)
104         is_momentum = kwargs.get("is_momentum", self.is_momentum)
105         other.is_momentum = is_momentum
106         return other
107  
108     @property
109     def dofs_per_link(self):
110         if self.geometry == "SCALAR":
111             dofs = prod(self.dofs)
112         else:
113             dofs = prod(self.dofs[1:])
114         if self.iscomplex:
115             return dofs * 2
116         return dofs
117  
118     @property
119     def reconstruct(self):
120         "Reconstruct type of the field"
121         dofs = self.dofs_per_link
122         if dofs == 12:
123             return "12"
124         if dofs == 8:
125             return "8"
126         if dofs == 10:
127             return "10"
128         if sqrt(dofs / 2).is_integer():
129             return "NO"
130         return "INVALID"
131  
132     @property
133     def quda_reconstruct(self):
134         "Quda enum for reconstruct type of the field"
135         return getattr(lib, f"QUDA_RECONSTRUCT_{self.reconstruct}")
136  
137     @property
138     def ncol(self):
139         "Number of colors"
140         if self.reconstruct == "NO":
141             dofs = self.dofs_per_link
142             ncol = sqrt(dofs / 2)
143             assert ncol.is_integer()
144             return int(ncol)
145         return 3
146  
147     @property
148     def order(self):
149         "Data order of the field"
150         return "FLOAT2"
151  
152     @property
153     def quda_order(self):
154         "Quda enum for data order of the field"
155         return getattr(lib, f"QUDA_{self.order}_GAUGE_ORDER")
156  
157     @property
158     def _geometry_values(self):
159         return (
160             ("SCALAR", "VECTOR", "TENSOR", "COARSE"),
161             (1, self.ndims, self.ndims * (self.ndims - 1) / 2, self.ndims * 2),
162         )
163  
164     @property
165     def geometry(self):
166         """
167         Geometry of the field
168             VECTOR = all links
169             SCALAR = one link
170             TENSOR = Fmunu antisymmetric (upper triangle)
171             COARSE = all links, both directions
172         """
173         keys, vals = self._geometry_values
174         if self.dofs[0] in vals:
175             return keys[vals.index(self.dofs[0])]
176         return "SCALAR"
177  
178     @property
179     def geometry_size(self):
180         "Size of the geometry index"
181         keys, vals = self._geometry_values
182         if self.dofs[0] in vals:
183             return self.dofs[0]
184         return 1
185  
186     @property
187     def quda_geometry(self):
188         "Quda enum for geometry of the field"
189         return getattr(lib, f"QUDA_{self.geometry}_GEOMETRY")
190  
191     @property
192     def is_coarse(self):
193         "Whether is a coarse gauge field"
194         return self.geometry == "COARSE" or (
195             self.geometry == "SCALAR" and self.ncol != 3
196         )
197  
198     @property
199     def is_momentum(self):
200         "Whether is a momentum field"
201         return self.reconstruct == "10" or getattr(self, "_is_momentum", False)
202  
203     @is_momentum.setter
204     def is_momentum(self, value):
205         self._is_momentum = value
206  
207     @property
208     def t_boundary(self):
209         "Boundary conditions in time"
210         return "PERIODIC"
211  
212     @property
213     def quda_t_boundary(self):
214         "Quda enum for boundary conditions in time"
215         return getattr(lib, f"QUDA_{self.t_boundary}_T")
216  
217     @property
218     def link_type(self):
219         "Type of the links"
220         if self.is_coarse:
221             return "COARSE"
222         if self.is_momentum:
223             return "MOMENTUM"
224         return "SU3"
225  
226     @property
227     def quda_link_type(self):
228         "Quda enum for link type"
229         return getattr(lib, f"QUDA_{self.link_type}_LINKS")
230  
231     @property
232     def quda_params(self):
233         "Returns an instance of quda::GaugeFieldParams"
234         params = lib.GaugeFieldParam()
235         lib.copy_struct(params, super().quda_params)
236         params.reconstruct = self.quda_reconstruct
237         params.geometry = self.quda_geometry
238         params.link_type = self.quda_link_type
239         params.gauge = to_pointer(self.ptr)
240         params.create = lib.QUDA_REFERENCE_FIELD_CREATE
241         params.location = self.quda_location
242         params.t_boundary = self.quda_t_boundary
243         params.order = self.quda_order
244         params.nColor = self.ncol
245         return params
246  
247     @property
248     def quda_field(self):
249         "Returns an instance of quda::GaugeField"
250         self.activate()
251         if self._quda is None:
252             self._quda = make_shared(lib.GaugeField.Create(self.quda_params))
253         return self._quda
254  
255     def is_native(self):
256         "Whether the field is native for Quda"
257         return lib.gauge.isNative(
258             self.quda_order, self.quda_precision, self.quda_reconstruct
259         )
260  
261     def extended_field(self, sites=1):
262         if sites in (None, 0) or self.comm is None:
263             return self.quda_field
264  
265         if isinstance(sites, int):
266             sites = [sites] * self.ndims
267  
268         # self.check_shape(sites)
269         sites = [site if dim > 1 else 0 for site, dim in zip(sites, self.comm.dims)]
270         if sites == [0, 0, 0, 0]:
271             return self.quda_field
272  
273         return make_shared(
274             lib.createExtendedGauge(
275                 self.quda_field,
276                 numpy.array(sites, dtype="int32"),
277                 default_profiler().quda,
278             )
279         )
280  
281     def zero(self):
282         "Sets all field elements to zero"
283         self.quda_field.zero()
284  
285     def full(self):
286         "Returns a full matrix version of the field (with reconstruct=NO)"
287         return self if self.reconstruct == "NO" else self.copy(reconstruct="NO")
288  
289     def to_momentum(self):
290         "Returns a momentum version of the field (with reconstruct=NO)"
291         return self if self.reconstruct == "10" else self.copy(reconstruct="10")
292  
293     def default_view(self, split_col=True):
294         "Returns the default view of the field including reshaping"
295         shape = (2,)  # even-odd
296         # geometry
297         if len(self.dofs) == 1:
298             shape += (1,)
299         else:
300             shape += (self.dofs[0],)
301         # matrix
302         if self.reconstruct == "NO" and split_col:
303             shape += (self.ncol, self.ncol)
304         else:
305             shape += (self.dofs_per_link // 2,)
306         # lattice
307         shape += (-1,)
308         if self.reconstruct == "10":
309             shape += (2,)
310             return super().float_view().reshape(shape)
311         return super().complex_view().reshape(shape)
312  
313     def unity(self):
314         "Set all field elements to unity"
315         if self.reconstruct != "NO":
316             raise NotImplementedError
317         field = self.default_view(split_col=False)
318         field[:] = 0
319         diag = [i * self.ncol + i for i in range(self.ncol)]
320         field[:, :, diag, ...] = 1
321  
322     def trace(self, only_real=False):
323         "Returns the trace in color of the field"
324         return (
325             self.full()
326             .default_view()
327             .trace(axis1=2, axis2=3, dtype="float64" if only_real else "complex128")
328         )
329  
330     def dagger(self, out=None):
331         "Returns the complex conjugate transpose of the field"
332         out = self.prepare(out)
333         self.backend.conj(
334             self.default_view().transpose((0, 1, 3, 2, 4)), out=out.default_view()
335         )
336         return out
337  
338     def reduce(self, local=False, only_real=True, mean=True):
339         "Reduction of a gauge field (real of mean of trace)"
340         out = self.trace(only_real=only_real)
341         if mean:
342             out = out.mean() / self.ncol
343         else:
344             out = out.sum()
345         if not local:
346             return super().reduce(out)
347         return out
348  
349     def dot(self, other, out=None):
350         "Matrix product between two gauge fields"
351         if not isinstance(other, GaugeField):
352             raise ValueError
353         self = self.full()
354         other = other.full()
355         out = self.prepare(out)
356         self.backend.matmul(
357             self.default_view(),
358             other.default_view(),
359             out=out.default_view(),
360             axes=[(2, 3)] * 3,
361         )
362         return out
363  
364     def project(self, tol=None):
365         """
366         Project the gauge field onto the SU(3) group.  This
367         is a destructive operation.  The number of link failures is
368         reported so appropriate action can be taken.
369         """
370         if tol is None:
371             tol = numpy.finfo(self.dtype).eps
372         fails = cupy.zeros((1,), dtype="int32")
373         lib.projectSU3(self.quda_field, tol, to_pointer(fails.data.ptr, "int *"))
374         return fails[0]
375  
376     def gaussian(self, epsilon=1, seed=None):
377         """
378         Generates Gaussian distributed su(N) or SU(N) fields.
379         If U is a momentum field, then generates a random Gaussian distributed
380         field in the Lie algebra using the anti-Hermitation convention.
381         If U is in the group then we create a Gaussian distributed su(n)
382         field and exponentiate it, e.g., U = exp(sigma * H), where H is
383         the distributed su(n) field and sigma is the width of the
384         distribution (sigma = 0 results in a free field, and sigma = 1 has
385         maximum disorder).
386         """
387         seed = seed or int(time() * 1e9)
388         lib.gaugeGauss(self.quda_field, seed, epsilon)
389  
390     def plaquette(self):
391         """
392         Computes the plaquette of the gauge field
393
394         Returns
395         -------
396         tuple(total, spatial, temporal) plaquette site averaged and
397             normalized such that each plaquette is in the range [0,1]
398         """
399         plaq = lib.plaquette(self.extended_field(1))
400         return plaq.x, plaq.y, plaq.z
401  
402     def compute_fmunu(self, out=None):
403         out = self.prepare(out, dofs=(6, 9 if self.iscomplex else 18))
404         lib.computeFmunu(out.quda_field, self.extended_field(1))
405         return out
406  
407     def topological_charge(self):
408         """
409         Computes the topological charge
410
411         Returns
412         -------
413         charge, (total, spatial, temporal): The total topological charge
414             and total, spatial, and temporal field energy
415         """
416         if self.geometry != "TENSOR":
417             self = self.compute_fmunu()
418         out = numpy.zeros(4, dtype="double")
419         lib.computeQCharge(out[:3], out[3:], self.extended_field(0))  # should be 1
420         return out[3], tuple(out[:3])
421  
422     def topological_charge_density(self):
423         "Computes the topological charge density"
424         if self.geometry != "TENSOR":
425             self = self.compute_fmunu()
426         out1 = numpy.zeros(4, dtype="double")
427         if out is None:
428             out = numpy.zeros(4, dtype="double")
429         return lib.computeQCharge(out[:3], out[3:], self.extended_field(1))
430  
431     def norm1(self, link_dir=-1):
432         "Computes the L1 norm of the field"
433         if not -1 <= link_dir < self.ndims:
434             raise ValueError(
435                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
436             )
437         return self.quda_field.norm1(link_dir)
438  
439     def norm2(self, link_dir=-1):
440         "Computes the L2 norm of the field"
441         if not -1 <= link_dir < self.ndims:
442             raise ValueError(
443                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
444             )
445         if self.reconstruct == "10":
446             # TODO: patch quda, reconstruct 10 not supported
447             norm2 = (self.default_view() ** 2).sum(axis=(0, 1, 3, 4)).get()
448             norm2 = norm2.sum() - norm2[-1] / 2 - norm2[-2] / 2
449             return 4 * super().reduce(norm2)
450         return self.quda_field.norm2(link_dir)
451  
452     def abs_max(self, link_dir=-1):
453         "Computes the absolute maximum of the field (Linfinity norm)"
454         if not -1 <= link_dir < self.ndims:
455             raise ValueError(
456                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
457             )
458         return self.quda_field.abs_max(link_dir)
459  
460     def abs_min(self, link_dir=-1):
461         "Computes the absolute minimum of the field"
462         if not -1 <= link_dir < self.ndims:
463             raise ValueError(
464                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
465             )
466         return self.quda_field.abs_min(link_dir)
467  
468     def _check_paths(self, paths):
469         "Check if all paths are valid"
470         if not isiterable(paths):
471             raise TypeError(f"Paths ({paths}) are not iterable")
472         for i, path in enumerate(paths):
473             if not isiterable(path):
474                 raise TypeError(f"Path {i} = {path} is not iterable")
475             if path[0] < 0:
476                 raise ValueError(f"Path {i} = {path} nevative first movement")
477             if min(path) < -self.ndims:
478                 raise ValueError(
479                     f"Path {i} = {path} has direction smaller than {-self.ndims}"
480                 )
481             if max(path) > self.ndims:
482                 raise ValueError(
483                     f"Path {i} = {path} has direction larger than {self.ndims}"
484                 )
485             if 0 in path:
486                 raise ValueError(f"Path {i} = {path} has zeros")
487  
488     def _paths_to_array(self, paths):
489         "Returns array of paths and their length"
490  
491         lengths = numpy.array(list(map(len, paths)), dtype="int32")
492         max_length = lengths.max()
493         paths_array = numpy.empty((1, len(paths), max_length), dtype="int32")
494  
495         convert = lambda step: (step - 1) if step > 0 else (8 + step)
496  
497         for i, path in enumerate(paths):
498             for j, step in enumerate(path):
499                 paths_array[0, i, j] = convert(step)
500  
501         return paths_array, lengths
502  
503     def _paths_for_force(self, paths, coeffs):
504         "Create all paths needed for force"
505         out = defaultdict(int)
506         shift = lambda path, i: path if i in (0, len(path)) else (path[i:] + path[:i])
507         for path, coeff in zip(paths, coeffs):
508             for i in range(len(path)):
509                 if path[i] > 0:
510                     tmp = shift(path, i)
511                 else:
512                     tmp = tuple(-_ for _ in reversed(shift(path, i + 1)))
513                 out[tmp] -= coeff
514         return tuple(out.keys()), tuple(out.values())
515  
516     def compute_paths(
517         self,
518         paths,
519         coeffs=None,
520         out=None,
521         add_coeff=1,
522         force=False,
523         grad=None,
524         left_grad=False,
525     ):
526         """
527         Computes the gauge paths on the lattice.
528
529         The same paths are computed for every direction.
530
531         - The paths are given with respect to direction "1" and
532           this must be the first number of every path list.
533         - Directions go from 1 to self.ndims
534         - Negative value (-1,...) means backward movement in the direction
535         - Paths are then rotated for every direction.
536         """
537  
538         # Checking paths for error
539         self._check_paths(paths)
540         paths = tuple(tuple(path) for path in paths)
541  
542         # Preparing coeffs
543         if coeffs is None:
544             coeffs = self.ndims / len(paths)
545         if isinstance(coeffs, (int, float)):
546             coeffs = [coeffs] * len(paths)
547         if not len(paths) == len(coeffs):
548             raise ValueError("Paths and coeffs must have the same length")
549  
550         # Preparing grad and fnc
551         if grad is not None:
552             force = True
553             grad = self.cast(grad, reconstruct=10)
554             fnc = lambda out, u, *args: lib.gaugeForceGradient(
555                 out,
556                 u,
557                 grad.quda_field,
558                 *args,
559                 left=left_grad,
560             )
561         elif force:
562             fnc = lib.gaugeForce
563         else:
564             fnc = lib.gaugePath
565  
566         # Preparing paths
567         if force:
568             paths, coeffs = self._paths_for_force(paths, coeffs)
569             self._check_paths(paths)
570         paths, lengths = self._paths_to_array(paths)
571  
572         # Calling Quda function
573         num_paths = paths.shape[1]
574         max_length = paths.shape[2]
575         quda_paths_array = array_to_pointers(paths)
576         coeffs = numpy.array(coeffs, dtype="float64")
577         out = self.prepare(out, empty=False, reconstruct=10 if force else None)
578  
579         fnc(
580             out.quda_field,
581             self.extended_field(1),  # TODO: compute correct extension (max distance)
582             add_coeff,
583             quda_paths_array.get(),
584             lengths,
585             coeffs,
586             num_paths,
587             max_length,
588             False,
589         )
590         return out
591  
592     @property
593     def plaquette_paths(self):
594         "List of plaquette paths"
595         return tuple(
596             (mu, nu, -mu, -nu)
597             for mu in range(1, self.ndims + 1)
598             for nu in range(mu + 1, self.ndims + 1)
599         )
600  
601     def plaquette_field(self, **kwargs):
602         "Computes the plaquette field"
603         return self.compute_paths(self.plaquette_paths, **kwargs)
604  
605     def plaquettes(self, **kwargs):
606         "Returns the average over plaquettes (Note: plaquette should performs better)"
607         return self.plaquette_field().reduce(**kwargs)
608  
609     @property
610     def rectangle_paths(self):
611         "List of rectangle paths"
612         return tuple(
613             (mu, nu, nu, -mu, -nu, -nu)
614             for mu in range(1, self.ndims + 1)
615             for nu in range(mu + 1, self.ndims + 1)
616         )
617  
618     def rectangle_field(self, **kwargs):
619         "Computes the rectangle field"
620         return self.compute_paths(self.rectangle_paths, **kwargs)
621  
622     def rectangles(self, **kwargs):
623         "Returns the average over rectangles"
624         return self.rectangle_field().reduce(**kwargs)
625  
626     def exponentiate(self, coeff=1, mul_to=None, out=None, conj=False, exact=False):
627         """
628         Exponentiates a momentum field
629         """
630  
631         if out is None:
632             out = mul_to.new() if mul_to is not None else self.new(reconstruct="NO")
633         if mul_to is None:
634             mul_to = out.new()
635             mul_to.unity()
636  
637         lib.updateGaugeField(
638             out.quda_field, coeff, mul_to.quda_field, self.quda_field, conj, exact
639         )
640         return out
641  
642     def update_gauge(self, mom, coeff=1, out=None, conj=False, exact=False):
643         """
644         Updates a gauge field with momentum field
645         """
646         return mom.exponentiate(
647             coeff=coeff, mul_to=self, out=out, conj=conj, exact=exact
648         )
649  
650     def gauge_action(self, plaq_coeff=0, rect_coeff=0):
651         """
652         Returns the gauge action.
653
654         The coefficients are use as follows
655
656             (1-8*c1) ((1+c0) P_time + (1-c0) P_space) + c1*R
657
658         where P is the sum over plaquette, R over the rectangles,
659         c0 is the plaq_coeff (see volume_plaquette) and c1 the rect_coeff
660         """
661         plaq, time, space = self.plaquette()
662         if plaq_coeff != 0:
663             plaq = (1 + plaq_coeff) * time + (1 - plaq_coeff) * space
664  
665         if rect_coeff == 0:
666             return plaq
667  
668         rect = self.rectangles()
669         return (1 - 8 * rect_coeff) * plaq + rect_coeff * rect
670  
671     def symanzik_gauge_action(self, plaq_coeff=0):
672         "Returns the tree-level Symanzik improved gauge action"
673         return self.gauge_action(plaq_coeff, -1 / 12)
674  
675     def iwasaki_gauge_action(self, plaq_coeff=0):
676         "Returns the Iwasaki gauge action"
677         return self.gauge_action(plaq_coeff, -0.331)
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1 """
2 Interface to gauge_field.h
3 """
4  
5 __all__ = [
6     "gauge",
7     "gauge_field",
8     "gauge_scalar",
9     "gauge_links",

10     "gauge_tensor",
11     "gauge_coarse",
12     "momentum",
13     "GaugeField",
14 ]
15  
16 from time import time
17 from math import sqrt
18 from collections import defaultdict
19 import numpy
20 from lyncs_cppyy import make_shared, lib as tmp, to_pointer, array_to_pointers
21 from lyncs_utils import prod, isiterable
22 from .lib import lib, cupy
23 from .lattice_field import LatticeField
24 from .time_profile import default_profiler
25  
26  
27 def gauge_field(lattice, dofs=(4, 18), **kwargs):
28     "Constructs a new gauge field"
29     # TODO add option to select field type -> dofs
30     # TODO reshape/shuffle to native order
31     return GaugeField.create(lattice, dofs=dofs, **kwargs)
32  
33  
34 def gauge_scalar(lattice, dofs=18, **kwargs):
35     "Constructs a new scalar gauge field"
36     return gauge_field(lattice, dofs=(1, dofs), **kwargs)
37  
38  
39 def gauge_links(lattice, dofs=18, **kwargs):
40     "Constructs a new gauge field of links"
41     return gauge_field(lattice, dofs=(4, dofs), **kwargs)
42  
43  
44 gauge = gauge_links
45  
46  
47 def gauge_tensor(lattice, dofs=18, **kwargs):
48     "Constructs a new gauge field with tensor structure"
49     return gauge_field(lattice, dofs=(6, dofs), **kwargs)
50  
51  
52 def gauge_coarse(lattice, dofs=2 * 48**2, **kwargs):
53     "Constructs a new coarse gauge field"
54     return gauge_field(lattice, dofs=(8, dofs), **kwargs)
55  
56  
57 def momentum(lattice, **kwargs):
58     return gauge_field(lattice, dofs=(4, 10), **kwargs)
59  
60  
61 class GaugeField(LatticeField):
62     "Mimics the quda::LatticeField object"
63  
64     @LatticeField.field.setter
65     def field(self, field):
66         LatticeField.field.fset(self, field)
67         if self.reconstruct == "INVALID":
68             raise TypeError(f"Unrecognized field dofs {self.dofs}")
69  
70     def new(self, reconstruct=None, **kwargs):
71         "Returns a new empty field based on the current"
72         if reconstruct is None:
73             pass
74         elif reconstruct == self.reconstruct:
75             pass
76         elif reconstruct == "NO":
77             kwargs["dofs"] = (self.geometry_size, 9 if self.iscomplex else 18)
78         else:
79             try:
80                 val = int(reconstruct)
81                 kwargs["dofs"] = (
82                     self.geometry_size,
83                     val // 2 if self.iscomplex else val,
84                 )
85             except ValueError:
86                 raise ValueError(f"Invalid reconstruct {reconstruct}")
87         out = super().new(**kwargs)
88         is_momentum = kwargs.get("is_momentum", self.is_momentum)
89         out.is_momentum = is_momentum
90         return out
91  
92     def equivalent(self, other, **kwargs):
93         "Whether a field is equivalent to the current"
94         if not super().equivalent(other, **kwargs):
95             return False
96         reconstruct = kwargs.get("reconstruct", self.reconstruct)
97         if other.reconstruct != str(reconstruct):
98             return False
99         return True

100  
101     def cast(self, other=None, **kwargs):
102         "Cast a field into its type and check for compatibility"
103         other = super().cast(other, **kwargs)
104         is_momentum = kwargs.get("is_momentum", self.is_momentum)
105         other.is_momentum = is_momentum
106         return other
107  
108     @property
109     def dofs_per_link(self):
110         if self.geometry == "SCALAR":
111             dofs = prod(self.dofs)
112         else:
113             dofs = prod(self.dofs[1:])
114         if self.iscomplex:
115             return dofs * 2
116         return dofs
117  
118     @property
119     def reconstruct(self):
120         "Reconstruct type of the field"
121         dofs = self.dofs_per_link
122         if dofs == 12:
123             return "12"
124         if dofs == 8:
125             return "8"
126         if dofs == 10:
127             return "10"
128         if sqrt(dofs / 2).is_integer():
129             return "NO"
130         return "INVALID"
131  
132     @property
133     def quda_reconstruct(self):
134         "Quda enum for reconstruct type of the field"
135         return getattr(lib, f"QUDA_RECONSTRUCT_{self.reconstruct}")
136  
137     @property
138     def ncol(self):
139         "Number of colors"
140         if self.reconstruct == "NO":
141             dofs = self.dofs_per_link
142             ncol = sqrt(dofs / 2)
143             assert ncol.is_integer()
144             return int(ncol)
145         return 3
146  
147     @property
148     def order(self):
149         "Data order of the field"
150         return "FLOAT2"
151  
152     @property
153     def quda_order(self):
154         "Quda enum for data order of the field"
155         return getattr(lib, f"QUDA_{self.order}_GAUGE_ORDER")
156  
157     @property
158     def _geometry_values(self):
159         return (
160             ("SCALAR", "VECTOR", "TENSOR", "COARSE"),
161             (1, self.ndims, self.ndims * (self.ndims - 1) / 2, self.ndims * 2),
162         )
163  
164     @property
165     def geometry(self):
166         """
167         Geometry of the field
168             VECTOR = all links
169             SCALAR = one link
170             TENSOR = Fmunu antisymmetric (upper triangle)
171             COARSE = all links, both directions
172         """
173         keys, vals = self._geometry_values
174         if self.dofs[0] in vals:
175             return keys[vals.index(self.dofs[0])]
176         return "SCALAR"
177  
178     @property
179     def geometry_size(self):
180         "Size of the geometry index"
181         keys, vals = self._geometry_values
182         if self.dofs[0] in vals:
183             return self.dofs[0]
184         return 1
185  
186     @property
187     def quda_geometry(self):
188         "Quda enum for geometry of the field"
189         return getattr(lib, f"QUDA_{self.geometry}_GEOMETRY")
190  
191     @property
192     def is_coarse(self):
193         "Whether is a coarse gauge field"
194         return self.geometry == "COARSE" or (
195             self.geometry == "SCALAR" and self.ncol != 3
196         )
197  
198     @property
199     def is_momentum(self):
200         "Whether is a momentum field"
201         return self.reconstruct == "10" or getattr(self, "_is_momentum", False)
202  
203     @is_momentum.setter
204     def is_momentum(self, value):
205         self._is_momentum = value
206  
207     @property
208     def t_boundary(self):
209         "Boundary conditions in time"
210         return "PERIODIC"
211  
212     @property
213     def quda_t_boundary(self):
214         "Quda enum for boundary conditions in time"
215         return getattr(lib, f"QUDA_{self.t_boundary}_T")
216  
217     @property
218     def link_type(self):
219         "Type of the links"
220         if self.is_coarse:
221             return "COARSE"
222         if self.is_momentum:
223             return "MOMENTUM"
224         return "SU3"
225  
226     @property
227     def quda_link_type(self):
228         "Quda enum for link type"
229         return getattr(lib, f"QUDA_{self.link_type}_LINKS")
230  
231     @property
232     def quda_params(self):
233         "Returns an instance of quda::GaugeFieldParams"
234         params = lib.GaugeFieldParam()
235         lib.copy_struct(params, super().quda_params)
236         params.reconstruct = self.quda_reconstruct
237         params.geometry = self.quda_geometry
238         params.link_type = self.quda_link_type
239         params.gauge = to_pointer(self.ptr)
240         params.create = lib.QUDA_REFERENCE_FIELD_CREATE
241         params.location = self.quda_location
242         params.t_boundary = self.quda_t_boundary
243         params.order = self.quda_order
244         params.nColor = self.ncol
245         return params
246  
247     @property
248     def quda_field(self):
249         "Returns an instance of quda::GaugeField"
250         self.activate()
251         if self._quda is None:
252             self._quda = make_shared(lib.GaugeField.Create(self.quda_params))
253         return self._quda
254  
255     def is_native(self):
256         "Whether the field is native for Quda"
257         return lib.gauge.isNative(
258             self.quda_order, self.quda_precision, self.quda_reconstruct
259         )
260  
261     def extended_field(self, sites=1):
262         if sites in (None, 0) or self.comm is None:
263             return self.quda_field
264  
265         if isinstance(sites, int):
266             sites = [sites] * self.ndims
267  
268         # self.check_shape(sites)
269         sites = [site if dim > 1 else 0 for site, dim in zip(sites, self.comm.dims)]
270         if sites == [0, 0, 0, 0]:
271             return self.quda_field
272  
273         return make_shared(
274             lib.createExtendedGauge(
275                 self.quda_field,
276                 numpy.array(sites, dtype="int32"),
277                 default_profiler().quda,
278             )
279         )
280  
281     def zero(self):
282         "Sets all field elements to zero"
283         self.quda_field.zero()
284  
285     def full(self):
286         "Returns a full matrix version of the field (with reconstruct=NO)"
287         return self if self.reconstruct == "NO" else self.copy(reconstruct="NO")
288  
289     def to_momentum(self):
290         "Returns a momentum version of the field (with reconstruct=NO)"
291         return self if self.reconstruct == "10" else self.copy(reconstruct="10")
292  
293     def default_view(self, split_col=True):
294         "Returns the default view of the field including reshaping"
295         shape = (2,)  # even-odd
296         # geometry
297         if len(self.dofs) == 1:
298             shape += (1,)
299         else:
300             shape += (self.dofs[0],)
301         # matrix
302         if self.reconstruct == "NO" and split_col:
303             shape += (self.ncol, self.ncol)
304         else:
305             shape += (self.dofs_per_link // 2,)
306         # lattice
307         shape += (-1,)
308         if self.reconstruct == "10":
309             shape += (2,)
310             return super().float_view().reshape(shape)
311         return super().complex_view().reshape(shape)
312  
313     def unity(self):
314         "Set all field elements to unity"
315         if self.reconstruct != "NO":
316             raise NotImplementedError
317         field = self.default_view(split_col=False)
318         field[:] = 0
319         diag = [i * self.ncol + i for i in range(self.ncol)]
320         field[:, :, diag, ...] = 1
321  
322     def trace(self, only_real=False):
323         "Returns the trace in color of the field"
324         return (
325             self.full()
326             .default_view()
327             .trace(axis1=2, axis2=3, dtype="float64" if only_real else "complex128")
328         )
329  
330     def dagger(self, out=None):
331         "Returns the complex conjugate transpose of the field"
332         out = self.prepare(out)
333         self.backend.conj(
334             self.default_view().transpose((0, 1, 3, 2, 4)), out=out.default_view()
335         )
336         return out
337  
338     def reduce(self, local=False, only_real=True, mean=True):
339         "Reduction of a gauge field (real of mean of trace)"
340         out = self.trace(only_real=only_real)
341         if mean:
342             out = out.mean() / self.ncol
343         else:
344             out = out.sum()
345         if not local:
346             return super().reduce(out)
347         return out
348  
349     def dot(self, other, out=None):
350         "Matrix product between two gauge fields"
351         if not isinstance(other, GaugeField):
352             raise ValueError
353         self = self.full()
354         other = other.full()
355         out = self.prepare(out)
356         self.backend.matmul(
357             self.default_view(),
358             other.default_view(),
359             out=out.default_view(),
360             axes=[(2, 3)] * 3,
361         )
362         return out
363  
364     def project(self, tol=None):
365         """
366         Project the gauge field onto the SU(3) group.  This
367         is a destructive operation.  The number of link failures is
368         reported so appropriate action can be taken.
369         """
370         if tol is None:
371             tol = numpy.finfo(self.dtype).eps
372         fails = cupy.zeros((1,), dtype="int32")
373         lib.projectSU3(self.quda_field, tol, to_pointer(fails.data.ptr, "int *"))
374         return fails[0]
375  
376     def gaussian(self, epsilon=1, seed=None):
377         """
378         Generates Gaussian distributed su(N) or SU(N) fields.
379         If U is a momentum field, then generates a random Gaussian distributed
380         field in the Lie algebra using the anti-Hermitation convention.
381         If U is in the group then we create a Gaussian distributed su(n)
382         field and exponentiate it, e.g., U = exp(sigma * H), where H is
383         the distributed su(n) field and sigma is the width of the
384         distribution (sigma = 0 results in a free field, and sigma = 1 has
385         maximum disorder).
386         """
387         seed = seed or int(time() * 1e9)
388         lib.gaugeGauss(self.quda_field, seed, epsilon)
389  
390     def plaquette(self):
391         """
392         Computes the plaquette of the gauge field
393
394         Returns
395         -------
396         tuple(total, spatial, temporal) plaquette site averaged and
397             normalized such that each plaquette is in the range [0,1]
398         """
399         plaq = lib.plaquette(self.extended_field(1))
400         return plaq.x, plaq.y, plaq.z
401  
402     def compute_fmunu(self, out=None):
403         out = self.prepare(out, dofs=(6, 9 if self.iscomplex else 18))
404         lib.computeFmunu(out.quda_field, self.extended_field(1))
405         return out
406  
407     def topological_charge(self):
408         """
409         Computes the topological charge
410
411         Returns
412         -------
413         charge, (total, spatial, temporal): The total topological charge
414             and total, spatial, and temporal field energy
415         """
416         if self.geometry != "TENSOR":
417             self = self.compute_fmunu()
418         out = numpy.zeros(4, dtype="double")
419         lib.computeQCharge(out[:3], out[3:], self.extended_field(0))  # should be 1
420         return out[3], tuple(out[:3])
421  
422     def topological_charge_density(self):
423         "Computes the topological charge density"
424         if self.geometry != "TENSOR":
425             self = self.compute_fmunu()
426         out1 = numpy.zeros(4, dtype="double")
427         if out is None:
428             out = numpy.zeros(4, dtype="double")
429         return lib.computeQCharge(out[:3], out[3:], self.extended_field(1))
430  
431     def norm1(self, link_dir=-1):
432         "Computes the L1 norm of the field"
433         if not -1 <= link_dir < self.ndims:
434             raise ValueError(
435                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
436             )
437         return self.quda_field.norm1(link_dir)
438  
439     def norm2(self, link_dir=-1):
440         "Computes the L2 norm of the field"
441         if not -1 <= link_dir < self.ndims:
442             raise ValueError(
443                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
444             )
445         if self.reconstruct == "10":
446             # TODO: patch quda, reconstruct 10 not supported
447             norm2 = (self.default_view() ** 2).sum(axis=(0, 1, 3, 4)).get()
448             norm2 = norm2.sum() - norm2[-1] / 2 - norm2[-2] / 2
449             return 4 * super().reduce(norm2)
450         return self.quda_field.norm2(link_dir)
451  
452     def abs_max(self, link_dir=-1):
453         "Computes the absolute maximum of the field (Linfinity norm)"
454         if not -1 <= link_dir < self.ndims:
455             raise ValueError(
456                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
457             )
458         return self.quda_field.abs_max(link_dir)
459  
460     def abs_min(self, link_dir=-1):
461         "Computes the absolute minimum of the field"
462         if not -1 <= link_dir < self.ndims:
463             raise ValueError(
464                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
465             )
466         return self.quda_field.abs_min(link_dir)
467  
468     def _check_paths(self, paths):
469         "Check if all paths are valid"
470         if not isiterable(paths):
471             raise TypeError(f"Paths ({paths}) are not iterable")
472         for i, path in enumerate(paths):
473             if not isiterable(path):
474                 raise TypeError(f"Path {i} = {path} is not iterable")
475             if path[0] < 0:
476                 raise ValueError(f"Path {i} = {path} nevative first movement")
477             if min(path) < -self.ndims:
478                 raise ValueError(
479                     f"Path {i} = {path} has direction smaller than {-self.ndims}"
480                 )
481             if max(path) > self.ndims:
482                 raise ValueError(
483                     f"Path {i} = {path} has direction larger than {self.ndims}"
484                 )
485             if 0 in path:
486                 raise ValueError(f"Path {i} = {path} has zeros")
487  
488     def _paths_to_array(self, paths):
489         "Returns array of paths and their length"
490  
491         lengths = numpy.array(list(map(len, paths)), dtype="int32")
492         max_length = lengths.max()
493         paths_array = numpy.empty((1, len(paths), max_length), dtype="int32")
494  
495         convert = lambda step: (step - 1) if step > 0 else (8 + step)
496  
497         for i, path in enumerate(paths):
498             for j, step in enumerate(path):
499                 paths_array[0, i, j] = convert(step)
500  
501         return paths_array, lengths
502  
503     def _paths_for_force(self, paths, coeffs):
504         "Create all paths needed for force"
505         out = defaultdict(int)
506         shift = lambda path, i: path if i in (0, len(path)) else (path[i:] + path[:i])
507         for path, coeff in zip(paths, coeffs):
508             for i in range(len(path)):
509                 if path[i] > 0:
510                     tmp = shift(path, i)
511                 else:
512                     tmp = tuple(-_ for _ in reversed(shift(path, i + 1)))
513                 out[tmp] -= coeff
514         return tuple(out.keys()), tuple(out.values())
515  
516     def compute_paths(
517         self,
518         paths,
519         coeffs=None,
520         out=None,
521         add_coeff=1,
522         force=False,
523         grad=None,
524         left_grad=False,
525     ):
526         """
527         Computes the gauge paths on the lattice.
528
529         The same paths are computed for every direction.
530
531         - The paths are given with respect to direction "1" and
532           this must be the first number of every path list.
533         - Directions go from 1 to self.ndims
534         - Negative value (-1,...) means backward movement in the direction
535         - Paths are then rotated for every direction.
536         """
537  
538         # Checking paths for error
539         self._check_paths(paths)
540         paths = tuple(tuple(path) for path in paths)
541  
542         # Preparing coeffs
543         if coeffs is None:
544             coeffs = self.ndims / len(paths)
545         if isinstance(coeffs, (int, float)):
546             coeffs = [coeffs] * len(paths)
547         if not len(paths) == len(coeffs):
548             raise ValueError("Paths and coeffs must have the same length")
549  
550         # Preparing grad and fnc
551         if grad is not None:
552             force = True
553             grad = self.cast(grad, reconstruct=10)
554             fnc = lambda out, u, *args: lib.gaugeForceGradient(
555                 out,
556                 u,
557                 grad.quda_field,
558                 *args,
559                 left=left_grad,
560             )
561         elif force:
562             fnc = lib.gaugeForce
563         else:
564             fnc = lib.gaugePath
565  
566         # Preparing paths
567         if force:
568             paths, coeffs = self._paths_for_force(paths, coeffs)
569             self._check_paths(paths)
570         paths, lengths = self._paths_to_array(paths)
571  
572         # Calling Quda function
573         num_paths = paths.shape[1]
574         max_length = paths.shape[2]
575         quda_paths_array = array_to_pointers(paths)
576         coeffs = numpy.array(coeffs, dtype="float64")
577         out = self.prepare(out, empty=False, reconstruct=10 if force else None)
578  
579         fnc(
580             out.quda_field,
581             self.extended_field(1),  # TODO: compute correct extension (max distance)
582             add_coeff,
583             quda_paths_array.get(),
584             lengths,
585             coeffs,
586             num_paths,
587             max_length,
588             False,
589         )
590         return out
591  
592     @property
593     def plaquette_paths(self):
594         "List of plaquette paths"
595         return tuple(
596             (mu, nu, -mu, -nu)
597             for mu in range(1, self.ndims + 1)
598             for nu in range(mu + 1, self.ndims + 1)
599         )
600  
601     def plaquette_field(self, **kwargs):
602         "Computes the plaquette field"
603         return self.compute_paths(self.plaquette_paths, **kwargs)
604  
605     def plaquettes(self, **kwargs):
606         "Returns the average over plaquettes (Note: plaquette should performs better)"
607         return self.plaquette_field().reduce(**kwargs)
608  
609     @property
610     def rectangle_paths(self):
611         "List of rectangle paths"
612         return tuple(
613             (mu, nu, nu, -mu, -nu, -nu)
614             for mu in range(1, self.ndims + 1)
615             for nu in range(mu + 1, self.ndims + 1)
616         )
617  
618     def rectangle_field(self, **kwargs):
619         "Computes the rectangle field"
620         return self.compute_paths(self.rectangle_paths, **kwargs)
621  
622     def rectangles(self, **kwargs):
623         "Returns the average over rectangles"
624         return self.rectangle_field().reduce(**kwargs)
625  
626     def exponentiate(self, coeff=1, mul_to=None, out=None, conj=False, exact=False):
627         """
628         Exponentiates a momentum field
629         """
630  
631         if out is None:
632             out = mul_to.new() if mul_to is not None else self.new(reconstruct="NO")
633         if mul_to is None:
634             mul_to = out.new()
635             mul_to.unity()
636  
637         lib.updateGaugeField(
638             out.quda_field, coeff, mul_to.quda_field, self.quda_field, conj, exact
639         )
640         return out
641  
642     def update_gauge(self, mom, coeff=1, out=None, conj=False, exact=False):
643         """
644         Updates a gauge field with momentum field
645         """
646         return mom.exponentiate(
647             coeff=coeff, mul_to=self, out=out, conj=conj, exact=exact
648         )
649  
650     def gauge_action(self, plaq_coeff=0, rect_coeff=0):
651         """
652         Returns the gauge action.
653
654         The coefficients are use as follows
655
656             (1-8*c1) ((1+c0) P_time + (1-c0) P_space) + c1*R
657
658         where P is the sum over plaquette, R over the rectangles,
659         c0 is the plaq_coeff (see volume_plaquette) and c1 the rect_coeff
660         """
661         plaq, time, space = self.plaquette()
662         if plaq_coeff != 0:
663             plaq = (1 + plaq_coeff) * time + (1 - plaq_coeff) * space
664  
665         if rect_coeff == 0:
666             return plaq
667  
668         rect = self.rectangles()
669         return (1 - 8 * rect_coeff) * plaq + rect_coeff * rect
670  
671     def symanzik_gauge_action(self, plaq_coeff=0):
672         "Returns the tree-level Symanzik improved gauge action"
673         return self.gauge_action(plaq_coeff, -1 / 12)
674  
675     def iwasaki_gauge_action(self, plaq_coeff=0):
676         "Returns the Iwasaki gauge action"
677         return self.gauge_action(plaq_coeff, -0.331)
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1 """
2 Interface to gauge_field.h
3 """
4  
5 __all__ = [
6     "gauge",
7     "gauge_field",
8     "gauge_scalar",
9     "gauge_links",

10     "gauge_tensor",
11     "gauge_coarse",
12     "momentum",
13     "GaugeField",
14 ]
15  
16 from time import time
17 from math import sqrt
18 from collections import defaultdict
19 import numpy
20 from lyncs_cppyy import make_shared, lib as tmp, to_pointer, array_to_pointers
21 from lyncs_utils import prod, isiterable
22 from .lib import lib, cupy
23 from .lattice_field import LatticeField
24 from .time_profile import default_profiler
25  
26  
27 def gauge_field(lattice, dofs=(4, 18), **kwargs):
28     "Constructs a new gauge field"
29     # TODO add option to select field type -> dofs
30     # TODO reshape/shuffle to native order
31     return GaugeField.create(lattice, dofs=dofs, **kwargs)
32  
33  
34 def gauge_scalar(lattice, dofs=18, **kwargs):
35     "Constructs a new scalar gauge field"
36     return gauge_field(lattice, dofs=(1, dofs), **kwargs)
37  
38  
39 def gauge_links(lattice, dofs=18, **kwargs):
40     "Constructs a new gauge field of links"
41     return gauge_field(lattice, dofs=(4, dofs), **kwargs)
42  
43  
44 gauge = gauge_links
45  
46  
47 def gauge_tensor(lattice, dofs=18, **kwargs):
48     "Constructs a new gauge field with tensor structure"
49     return gauge_field(lattice, dofs=(6, dofs), **kwargs)
50  
51  
52 def gauge_coarse(lattice, dofs=2 * 48**2, **kwargs):
53     "Constructs a new coarse gauge field"
54     return gauge_field(lattice, dofs=(8, dofs), **kwargs)
55  
56  
57 def momentum(lattice, **kwargs):
58     return gauge_field(lattice, dofs=(4, 10), **kwargs)
59  
60  
61 class GaugeField(LatticeField):
62     "Mimics the quda::LatticeField object"
63  
64     @LatticeField.field.setter
65     def field(self, field):
66         LatticeField.field.fset(self, field)
67         if self.reconstruct == "INVALID":
68             raise TypeError(f"Unrecognized field dofs {self.dofs}")
69  
70     def new(self, reconstruct=None, **kwargs):
71         "Returns a new empty field based on the current"
72         if reconstruct is None:
73             pass
74         elif reconstruct == self.reconstruct:
75             pass
76         elif reconstruct == "NO":
77             kwargs["dofs"] = (self.geometry_size, 9 if self.iscomplex else 18)
78         else:
79             try:
80                 val = int(reconstruct)
81                 kwargs["dofs"] = (
82                     self.geometry_size,
83                     val // 2 if self.iscomplex else val,
84                 )
85             except ValueError:
86                 raise ValueError(f"Invalid reconstruct {reconstruct}")
87         out = super().new(**kwargs)
88         is_momentum = kwargs.get("is_momentum", self.is_momentum)
89         out.is_momentum = is_momentum
90         return out
91  
92     def equivalent(self, other, **kwargs):
93         "Whether a field is equivalent to the current"
94         if not super().equivalent(other, **kwargs):
95             return False
96         reconstruct = kwargs.get("reconstruct", self.reconstruct)
97         if other.reconstruct != str(reconstruct):
98             return False
99         return True

100  
101     def cast(self, other=None, **kwargs):
102         "Cast a field into its type and check for compatibility"
103         other = super().cast(other, **kwargs)
104         is_momentum = kwargs.get("is_momentum", self.is_momentum)
105         other.is_momentum = is_momentum
106         return other
107  
108     @property
109     def dofs_per_link(self):
110         if self.geometry == "SCALAR":
111             dofs = prod(self.dofs)
112         else:
113             dofs = prod(self.dofs[1:])
114         if self.iscomplex:
115             return dofs * 2
116         return dofs
117  
118     @property
119     def reconstruct(self):
120         "Reconstruct type of the field"
121         dofs = self.dofs_per_link
122         if dofs == 12:
123             return "12"
124         if dofs == 8:
125             return "8"
126         if dofs == 10:
127             return "10"
128         if sqrt(dofs / 2).is_integer():
129             return "NO"
130         return "INVALID"
131  
132     @property
133     def quda_reconstruct(self):
134         "Quda enum for reconstruct type of the field"
135         return getattr(lib, f"QUDA_RECONSTRUCT_{self.reconstruct}")
136  
137     @property
138     def ncol(self):
139         "Number of colors"
140         if self.reconstruct == "NO":
141             dofs = self.dofs_per_link
142             ncol = sqrt(dofs / 2)
143             assert ncol.is_integer()
144             return int(ncol)
145         return 3
146  
147     @property
148     def order(self):
149         "Data order of the field"
150         return "FLOAT2"
151  
152     @property
153     def quda_order(self):
154         "Quda enum for data order of the field"
155         return getattr(lib, f"QUDA_{self.order}_GAUGE_ORDER")
156  
157     @property
158     def _geometry_values(self):
159         return (
160             ("SCALAR", "VECTOR", "TENSOR", "COARSE"),
161             (1, self.ndims, self.ndims * (self.ndims - 1) / 2, self.ndims * 2),
162         )
163  
164     @property
165     def geometry(self):
166         """
167         Geometry of the field
168             VECTOR = all links
169             SCALAR = one link
170             TENSOR = Fmunu antisymmetric (upper triangle)
171             COARSE = all links, both directions
172         """
173         keys, vals = self._geometry_values
174         if self.dofs[0] in vals:
175             return keys[vals.index(self.dofs[0])]
176         return "SCALAR"
177  
178     @property
179     def geometry_size(self):
180         "Size of the geometry index"
181         keys, vals = self._geometry_values
182         if self.dofs[0] in vals:
183             return self.dofs[0]
184         return 1
185  
186     @property
187     def quda_geometry(self):
188         "Quda enum for geometry of the field"
189         return getattr(lib, f"QUDA_{self.geometry}_GEOMETRY")
190  
191     @property
192     def is_coarse(self):
193         "Whether is a coarse gauge field"
194         return self.geometry == "COARSE" or (
195             self.geometry == "SCALAR" and self.ncol != 3
196         )
197  
198     @property
199     def is_momentum(self):
200         "Whether is a momentum field"
201         return self.reconstruct == "10" or getattr(self, "_is_momentum", False)
202  
203     @is_momentum.setter
204     def is_momentum(self, value):
205         self._is_momentum = value
206  
207     @property
208     def t_boundary(self):
209         "Boundary conditions in time"
210         return "PERIODIC"
211  
212     @property
213     def quda_t_boundary(self):
214         "Quda enum for boundary conditions in time"
215         return getattr(lib, f"QUDA_{self.t_boundary}_T")
216  
217     @property
218     def link_type(self):
219         "Type of the links"
220         if self.is_coarse:
221             return "COARSE"
222         if self.is_momentum:
223             return "MOMENTUM"
224         return "SU3"
225  
226     @property
227     def quda_link_type(self):
228         "Quda enum for link type"
229         return getattr(lib, f"QUDA_{self.link_type}_LINKS")
230  
231     @property
232     def quda_params(self):
233         "Returns an instance of quda::GaugeFieldParams"
234         params = lib.GaugeFieldParam()
235         lib.copy_struct(params, super().quda_params)
236         params.reconstruct = self.quda_reconstruct
237         params.geometry = self.quda_geometry
238         params.link_type = self.quda_link_type
239         params.gauge = to_pointer(self.ptr)
240         params.create = lib.QUDA_REFERENCE_FIELD_CREATE
241         params.location = self.quda_location
242         params.t_boundary = self.quda_t_boundary
243         params.order = self.quda_order
244         params.nColor = self.ncol
245         return params
246  
247     @property
248     def quda_field(self):
249         "Returns an instance of quda::GaugeField"
250         self.activate()
251         if self._quda is None:
252             self._quda = make_shared(lib.GaugeField.Create(self.quda_params))
253         return self._quda
254  
255     def is_native(self):
256         "Whether the field is native for Quda"
257         return lib.gauge.isNative(
258             self.quda_order, self.quda_precision, self.quda_reconstruct
259         )
260  
261     def extended_field(self, sites=1):
262         if sites in (None, 0) or self.comm is None:
263             return self.quda_field
264  
265         if isinstance(sites, int):
266             sites = [sites] * self.ndims
267  
268         # self.check_shape(sites)
269         sites = [site if dim > 1 else 0 for site, dim in zip(sites, self.comm.dims)]
270         if sites == [0, 0, 0, 0]:
271             return self.quda_field
272  
273         return make_shared(
274             lib.createExtendedGauge(
275                 self.quda_field,
276                 numpy.array(sites, dtype="int32"),
277                 default_profiler().quda,
278             )
279         )
280  
281     def zero(self):
282         "Sets all field elements to zero"
283         self.quda_field.zero()
284  
285     def full(self):
286         "Returns a full matrix version of the field (with reconstruct=NO)"
287         return self if self.reconstruct == "NO" else self.copy(reconstruct="NO")
288  
289     def to_momentum(self):
290         "Returns a momentum version of the field (with reconstruct=NO)"
291         return self if self.reconstruct == "10" else self.copy(reconstruct="10")
292  
293     def default_view(self, split_col=True):
294         "Returns the default view of the field including reshaping"
295         shape = (2,)  # even-odd
296         # geometry
297         if len(self.dofs) == 1:
298             shape += (1,)
299         else:
300             shape += (self.dofs[0],)
301         # matrix
302         if self.reconstruct == "NO" and split_col:
303             shape += (self.ncol, self.ncol)
304         else:
305             shape += (self.dofs_per_link // 2,)
306         # lattice
307         shape += (-1,)
308         if self.reconstruct == "10":
309             shape += (2,)
310             return super().float_view().reshape(shape)
311         return super().complex_view().reshape(shape)
312  
313     def unity(self):
314         "Set all field elements to unity"
315         if self.reconstruct != "NO":
316             raise NotImplementedError
317         field = self.default_view(split_col=False)
318         field[:] = 0
319         diag = [i * self.ncol + i for i in range(self.ncol)]
320         field[:, :, diag, ...] = 1
321  
322     def trace(self, only_real=False):
323         "Returns the trace in color of the field"
324         return (
325             self.full()
326             .default_view()
327             .trace(axis1=2, axis2=3, dtype="float64" if only_real else "complex128")
328         )
329  
330     def dagger(self, out=None):
331         "Returns the complex conjugate transpose of the field"
332         out = self.prepare(out)
333         self.backend.conj(
334             self.default_view().transpose((0, 1, 3, 2, 4)), out=out.default_view()
335         )
336         return out
337  
338     def reduce(self, local=False, only_real=True, mean=True):
339         "Reduction of a gauge field (real of mean of trace)"
340         out = self.trace(only_real=only_real)
341         if mean:
342             out = out.mean() / self.ncol
343         else:
344             out = out.sum()
345         if not local:
346             return super().reduce(out)
347         return out
348  
349     def dot(self, other, out=None):
350         "Matrix product between two gauge fields"
351         if not isinstance(other, GaugeField):
352             raise ValueError
353         self = self.full()
354         other = other.full()
355         out = self.prepare(out)
356         self.backend.matmul(
357             self.default_view(),
358             other.default_view(),
359             out=out.default_view(),
360             axes=[(2, 3)] * 3,
361         )
362         return out
363  
364     def project(self, tol=None):
365         """
366         Project the gauge field onto the SU(3) group.  This
367         is a destructive operation.  The number of link failures is
368         reported so appropriate action can be taken.
369         """
370         if tol is None:
371             tol = numpy.finfo(self.dtype).eps
372         fails = cupy.zeros((1,), dtype="int32")
373         lib.projectSU3(self.quda_field, tol, to_pointer(fails.data.ptr, "int *"))
374         return fails[0]
375  
376     def gaussian(self, epsilon=1, seed=None):
377         """
378         Generates Gaussian distributed su(N) or SU(N) fields.
379         If U is a momentum field, then generates a random Gaussian distributed
380         field in the Lie algebra using the anti-Hermitation convention.
381         If U is in the group then we create a Gaussian distributed su(n)
382         field and exponentiate it, e.g., U = exp(sigma * H), where H is
383         the distributed su(n) field and sigma is the width of the
384         distribution (sigma = 0 results in a free field, and sigma = 1 has
385         maximum disorder).
386         """
387         seed = seed or int(time() * 1e9)
388         lib.gaugeGauss(self.quda_field, seed, epsilon)
389  
390     def plaquette(self):
391         """
392         Computes the plaquette of the gauge field
393
394         Returns
395         -------
396         tuple(total, spatial, temporal) plaquette site averaged and
397             normalized such that each plaquette is in the range [0,1]
398         """
399         plaq = lib.plaquette(self.extended_field(1))
400         return plaq.x, plaq.y, plaq.z
401  
402     def compute_fmunu(self, out=None):
403         out = self.prepare(out, dofs=(6, 9 if self.iscomplex else 18))
404         lib.computeFmunu(out.quda_field, self.extended_field(1))
405         return out
406  
407     def topological_charge(self):
408         """
409         Computes the topological charge
410
411         Returns
412         -------
413         charge, (total, spatial, temporal): The total topological charge
414             and total, spatial, and temporal field energy
415         """
416         if self.geometry != "TENSOR":
417             self = self.compute_fmunu()
418         out = numpy.zeros(4, dtype="double")
419         lib.computeQCharge(out[:3], out[3:], self.extended_field(0))  # should be 1
420         return out[3], tuple(out[:3])
421  
422     def topological_charge_density(self):
423         "Computes the topological charge density"
424         if self.geometry != "TENSOR":
425             self = self.compute_fmunu()
426         out1 = numpy.zeros(4, dtype="double")
427         if out is None:
428             out = numpy.zeros(4, dtype="double")
429         return lib.computeQCharge(out[:3], out[3:], self.extended_field(1))
430  
431     def norm1(self, link_dir=-1):
432         "Computes the L1 norm of the field"
433         if not -1 <= link_dir < self.ndims:
434             raise ValueError(
435                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
436             )
437         return self.quda_field.norm1(link_dir)
438  
439     def norm2(self, link_dir=-1):
440         "Computes the L2 norm of the field"
441         if not -1 <= link_dir < self.ndims:
442             raise ValueError(
443                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
444             )
445         if self.reconstruct == "10":
446             # TODO: patch quda, reconstruct 10 not supported
447             norm2 = (self.default_view() ** 2).sum(axis=(0, 1, 3, 4)).get()
448             norm2 = norm2.sum() - norm2[-1] / 2 - norm2[-2] / 2
449             return 4 * super().reduce(norm2)
450         return self.quda_field.norm2(link_dir)
451  
452     def abs_max(self, link_dir=-1):
453         "Computes the absolute maximum of the field (Linfinity norm)"
454         if not -1 <= link_dir < self.ndims:
455             raise ValueError(
456                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
457             )
458         return self.quda_field.abs_max(link_dir)
459  
460     def abs_min(self, link_dir=-1):
461         "Computes the absolute minimum of the field"
462         if not -1 <= link_dir < self.ndims:
463             raise ValueError(
464                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
465             )
466         return self.quda_field.abs_min(link_dir)
467  
468     def _check_paths(self, paths):
469         "Check if all paths are valid"
470         if not isiterable(paths):
471             raise TypeError(f"Paths ({paths}) are not iterable")
472         for i, path in enumerate(paths):
473             if not isiterable(path):
474                 raise TypeError(f"Path {i} = {path} is not iterable")
475             if path[0] < 0:
476                 raise ValueError(f"Path {i} = {path} nevative first movement")
477             if min(path) < -self.ndims:
478                 raise ValueError(
479                     f"Path {i} = {path} has direction smaller than {-self.ndims}"
480                 )
481             if max(path) > self.ndims:
482                 raise ValueError(
483                     f"Path {i} = {path} has direction larger than {self.ndims}"
484                 )
485             if 0 in path:
486                 raise ValueError(f"Path {i} = {path} has zeros")
487  
488     def _paths_to_array(self, paths):
489         "Returns array of paths and their length"
490  
491         lengths = numpy.array(list(map(len, paths)), dtype="int32")
492         max_length = lengths.max()
493         paths_array = numpy.empty((1, len(paths), max_length), dtype="int32")
494  
495         convert = lambda step: (step - 1) if step > 0 else (8 + step)
496  
497         for i, path in enumerate(paths):
498             for j, step in enumerate(path):
499                 paths_array[0, i, j] = convert(step)
500  
501         return paths_array, lengths
502  
503     def _paths_for_force(self, paths, coeffs):
504         "Create all paths needed for force"
505         out = defaultdict(int)
506         shift = lambda path, i: path if i in (0, len(path)) else (path[i:] + path[:i])
507         for path, coeff in zip(paths, coeffs):
508             for i in range(len(path)):
509                 if path[i] > 0:
510                     tmp = shift(path, i)
511                 else:
512                     tmp = tuple(-_ for _ in reversed(shift(path, i + 1)))
513                 out[tmp] -= coeff
514         return tuple(out.keys()), tuple(out.values())
515  
516     def compute_paths(
517         self,
518         paths,
519         coeffs=None,
520         out=None,
521         add_coeff=1,
522         force=False,
523         grad=None,
524         left_grad=False,
525     ):
526         """
527         Computes the gauge paths on the lattice.
528
529         The same paths are computed for every direction.
530
531         - The paths are given with respect to direction "1" and
532           this must be the first number of every path list.
533         - Directions go from 1 to self.ndims
534         - Negative value (-1,...) means backward movement in the direction
535         - Paths are then rotated for every direction.
536         """
537  
538         # Checking paths for error
539         self._check_paths(paths)
540         paths = tuple(tuple(path) for path in paths)
541  
542         # Preparing coeffs
543         if coeffs is None:
544             coeffs = self.ndims / len(paths)
545         if isinstance(coeffs, (int, float)):
546             coeffs = [coeffs] * len(paths)
547         if not len(paths) == len(coeffs):
548             raise ValueError("Paths and coeffs must have the same length")
549  
550         # Preparing grad and fnc
551         if grad is not None:
552             force = True
553             grad = self.cast(grad, reconstruct=10)
554             fnc = lambda out, u, *args: lib.gaugeForceGradient(
555                 out,
556                 u,
557                 grad.quda_field,
558                 *args,
559                 left=left_grad,
560             )
561         elif force:
562             fnc = lib.gaugeForce
563         else:
564             fnc = lib.gaugePath
565  
566         # Preparing paths
567         if force:
568             paths, coeffs = self._paths_for_force(paths, coeffs)
569             self._check_paths(paths)
570         paths, lengths = self._paths_to_array(paths)
571  
572         # Calling Quda function
573         num_paths = paths.shape[1]
574         max_length = paths.shape[2]
575         quda_paths_array = array_to_pointers(paths)
576         coeffs = numpy.array(coeffs, dtype="float64")
577         out = self.prepare(out, empty=False, reconstruct=10 if force else None)
578  
579         fnc(
580             out.quda_field,
581             self.extended_field(1),  # TODO: compute correct extension (max distance)
582             add_coeff,
583             quda_paths_array.get(),
584             lengths,
585             coeffs,
586             num_paths,
587             max_length,
588             False,
589         )
590         return out
591  
592     @property
593     def plaquette_paths(self):
594         "List of plaquette paths"
595         return tuple(
596             (mu, nu, -mu, -nu)
597             for mu in range(1, self.ndims + 1)
598             for nu in range(mu + 1, self.ndims + 1)
599         )
600  
601     def plaquette_field(self, **kwargs):
602         "Computes the plaquette field"
603         return self.compute_paths(self.plaquette_paths, **kwargs)
604  
605     def plaquettes(self, **kwargs):
606         "Returns the average over plaquettes (Note: plaquette should performs better)"
607         return self.plaquette_field().reduce(**kwargs)
608  
609     @property
610     def rectangle_paths(self):
611         "List of rectangle paths"
612         return tuple(
613             (mu, nu, nu, -mu, -nu, -nu)
614             for mu in range(1, self.ndims + 1)
615             for nu in range(mu + 1, self.ndims + 1)
616         )
617  
618     def rectangle_field(self, **kwargs):
619         "Computes the rectangle field"
620         return self.compute_paths(self.rectangle_paths, **kwargs)
621  
622     def rectangles(self, **kwargs):
623         "Returns the average over rectangles"
624         return self.rectangle_field().reduce(**kwargs)
625  
626     def exponentiate(self, coeff=1, mul_to=None, out=None, conj=False, exact=False):
627         """
628         Exponentiates a momentum field
629         """
630  
631         if out is None:
632             out = mul_to.new() if mul_to is not None else self.new(reconstruct="NO")
633         if mul_to is None:
634             mul_to = out.new()
635             mul_to.unity()
636  
637         lib.updateGaugeField(
638             out.quda_field, coeff, mul_to.quda_field, self.quda_field, conj, exact
639         )
640         return out
641  
642     def update_gauge(self, mom, coeff=1, out=None, conj=False, exact=False):
643         """
644         Updates a gauge field with momentum field
645         """
646         return mom.exponentiate(
647             coeff=coeff, mul_to=self, out=out, conj=conj, exact=exact
648         )
649  
650     def gauge_action(self, plaq_coeff=0, rect_coeff=0):
651         """
652         Returns the gauge action.
653
654         The coefficients are use as follows
655
656             (1-8*c1) ((1+c0) P_time + (1-c0) P_space) + c1*R
657
658         where P is the sum over plaquette, R over the rectangles,
659         c0 is the plaq_coeff (see volume_plaquette) and c1 the rect_coeff
660         """
661         plaq, time, space = self.plaquette()
662         if plaq_coeff != 0:
663             plaq = (1 + plaq_coeff) * time + (1 - plaq_coeff) * space
664  
665         if rect_coeff == 0:
666             return plaq
667  
668         rect = self.rectangles()
669         return (1 - 8 * rect_coeff) * plaq + rect_coeff * rect
670  
671     def symanzik_gauge_action(self, plaq_coeff=0):
672         "Returns the tree-level Symanzik improved gauge action"
673         return self.gauge_action(plaq_coeff, -1 / 12)
674  
675     def iwasaki_gauge_action(self, plaq_coeff=0):
676         "Returns the Iwasaki gauge action"
677         return self.gauge_action(plaq_coeff, -0.331)
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1 """
2 Interface to gauge_field.h
3 """
4  
5 __all__ = [
6     "gauge",
7     "gauge_field",
8     "gauge_scalar",
9     "gauge_links",

10     "gauge_tensor",
11     "gauge_coarse",
12     "momentum",
13     "GaugeField",
14 ]
15  
16 from time import time
17 from math import sqrt
18 from collections import defaultdict
19 import numpy
20 from lyncs_cppyy import make_shared, lib as tmp, to_pointer, array_to_pointers
21 from lyncs_utils import prod, isiterable
22 from .lib import lib, cupy
23 from .lattice_field import LatticeField
24 from .time_profile import default_profiler
25  
26  
27 def gauge_field(lattice, dofs=(4, 18), **kwargs):
28     "Constructs a new gauge field"
29     # TODO add option to select field type -> dofs
30     # TODO reshape/shuffle to native order
31     return GaugeField.create(lattice, dofs=dofs, **kwargs)
32  
33  
34 def gauge_scalar(lattice, dofs=18, **kwargs):
35     "Constructs a new scalar gauge field"
36     return gauge_field(lattice, dofs=(1, dofs), **kwargs)
37  
38  
39 def gauge_links(lattice, dofs=18, **kwargs):
40     "Constructs a new gauge field of links"
41     return gauge_field(lattice, dofs=(4, dofs), **kwargs)
42  
43  
44 gauge = gauge_links
45  
46  
47 def gauge_tensor(lattice, dofs=18, **kwargs):
48     "Constructs a new gauge field with tensor structure"
49     return gauge_field(lattice, dofs=(6, dofs), **kwargs)
50  
51  
52 def gauge_coarse(lattice, dofs=2 * 48**2, **kwargs):
53     "Constructs a new coarse gauge field"
54     return gauge_field(lattice, dofs=(8, dofs), **kwargs)
55  
56  
57 def momentum(lattice, **kwargs):
58     return gauge_field(lattice, dofs=(4, 10), **kwargs)
59  
60  
61 class GaugeField(LatticeField):
62     "Mimics the quda::LatticeField object"
63  
64     @LatticeField.field.setter
65     def field(self, field):
66         LatticeField.field.fset(self, field)
67         if self.reconstruct == "INVALID":
68             raise TypeError(f"Unrecognized field dofs {self.dofs}")
69  
70     def new(self, reconstruct=None, **kwargs):
71         "Returns a new empty field based on the current"
72         if reconstruct is None:
73             pass
74         elif reconstruct == self.reconstruct:
75             pass
76         elif reconstruct == "NO":
77             kwargs["dofs"] = (self.geometry_size, 9 if self.iscomplex else 18)
78         else:
79             try:
80                 val = int(reconstruct)
81                 kwargs["dofs"] = (
82                     self.geometry_size,
83                     val // 2 if self.iscomplex else val,
84                 )
85             except ValueError:
86                 raise ValueError(f"Invalid reconstruct {reconstruct}")
87         out = super().new(**kwargs)
88         is_momentum = kwargs.get("is_momentum", self.is_momentum)
89         out.is_momentum = is_momentum
90         return out
91  
92     def equivalent(self, other, **kwargs):
93         "Whether a field is equivalent to the current"
94         if not super().equivalent(other, **kwargs):
95             return False
96         reconstruct = kwargs.get("reconstruct", self.reconstruct)
97         if other.reconstruct != str(reconstruct):
98             return False
99         return True

100  
101     def cast(self, other=None, **kwargs):
102         "Cast a field into its type and check for compatibility"
103         other = super().cast(other, **kwargs)
104         is_momentum = kwargs.get("is_momentum", self.is_momentum)
105         other.is_momentum = is_momentum
106         return other
107  
108     @property
109     def dofs_per_link(self):
110         if self.geometry == "SCALAR":
111             dofs = prod(self.dofs)
112         else:
113             dofs = prod(self.dofs[1:])
114         if self.iscomplex:
115             return dofs * 2
116         return dofs
117  
118     @property
119     def reconstruct(self):
120         "Reconstruct type of the field"
121         dofs = self.dofs_per_link
122         if dofs == 12:
123             return "12"
124         if dofs == 8:
125             return "8"
126         if dofs == 10:
127             return "10"
128         if sqrt(dofs / 2).is_integer():
129             return "NO"
130         return "INVALID"
131  
132     @property
133     def quda_reconstruct(self):
134         "Quda enum for reconstruct type of the field"
135         return getattr(lib, f"QUDA_RECONSTRUCT_{self.reconstruct}")
136  
137     @property
138     def ncol(self):
139         "Number of colors"
140         if self.reconstruct == "NO":
141             dofs = self.dofs_per_link
142             ncol = sqrt(dofs / 2)
143             assert ncol.is_integer()
144             return int(ncol)
145         return 3
146  
147     @property
148     def order(self):
149         "Data order of the field"
150         return "FLOAT2"
151  
152     @property
153     def quda_order(self):
154         "Quda enum for data order of the field"
155         return getattr(lib, f"QUDA_{self.order}_GAUGE_ORDER")
156  
157     @property
158     def _geometry_values(self):
159         return (
160             ("SCALAR", "VECTOR", "TENSOR", "COARSE"),
161             (1, self.ndims, self.ndims * (self.ndims - 1) / 2, self.ndims * 2),
162         )
163  
164     @property
165     def geometry(self):
166         """
167         Geometry of the field
168             VECTOR = all links
169             SCALAR = one link
170             TENSOR = Fmunu antisymmetric (upper triangle)
171             COARSE = all links, both directions
172         """
173         keys, vals = self._geometry_values
174         if self.dofs[0] in vals:
175             return keys[vals.index(self.dofs[0])]
176         return "SCALAR"
177  
178     @property
179     def geometry_size(self):
180         "Size of the geometry index"
181         keys, vals = self._geometry_values
182         if self.dofs[0] in vals:
183             return self.dofs[0]
184         return 1
185  
186     @property
187     def quda_geometry(self):
188         "Quda enum for geometry of the field"
189         return getattr(lib, f"QUDA_{self.geometry}_GEOMETRY")
190  
191     @property
192     def is_coarse(self):
193         "Whether is a coarse gauge field"
194         return self.geometry == "COARSE" or (
195             self.geometry == "SCALAR" and self.ncol != 3
196         )
197  
198     @property
199     def is_momentum(self):
200         "Whether is a momentum field"
201         return self.reconstruct == "10" or getattr(self, "_is_momentum", False)
202  
203     @is_momentum.setter
204     def is_momentum(self, value):
205         self._is_momentum = value
206  
207     @property
208     def t_boundary(self):
209         "Boundary conditions in time"
210         return "PERIODIC"
211  
212     @property
213     def quda_t_boundary(self):
214         "Quda enum for boundary conditions in time"
215         return getattr(lib, f"QUDA_{self.t_boundary}_T")
216  
217     @property
218     def link_type(self):
219         "Type of the links"
220         if self.is_coarse:
221             return "COARSE"
222         if self.is_momentum:
223             return "MOMENTUM"
224         return "SU3"
225  
226     @property
227     def quda_link_type(self):
228         "Quda enum for link type"
229         return getattr(lib, f"QUDA_{self.link_type}_LINKS")
230  
231     @property
232     def quda_params(self):
233         "Returns an instance of quda::GaugeFieldParams"
234         params = lib.GaugeFieldParam()
235         lib.copy_struct(params, super().quda_params)
236         params.reconstruct = self.quda_reconstruct
237         params.geometry = self.quda_geometry
238         params.link_type = self.quda_link_type
239         params.gauge = to_pointer(self.ptr)
240         params.create = lib.QUDA_REFERENCE_FIELD_CREATE
241         params.location = self.quda_location
242         params.t_boundary = self.quda_t_boundary
243         params.order = self.quda_order
244         params.nColor = self.ncol
245         return params
246  
247     @property
248     def quda_field(self):
249         "Returns an instance of quda::GaugeField"
250         self.activate()
251         if self._quda is None:
252             self._quda = make_shared(lib.GaugeField.Create(self.quda_params))
253         return self._quda
254  
255     def is_native(self):
256         "Whether the field is native for Quda"
257         return lib.gauge.isNative(
258             self.quda_order, self.quda_precision, self.quda_reconstruct
259         )
260  
261     def extended_field(self, sites=1):
262         if sites in (None, 0) or self.comm is None:
263             return self.quda_field
264  
265         if isinstance(sites, int):
266             sites = [sites] * self.ndims
267  
268         # self.check_shape(sites)
269         sites = [site if dim > 1 else 0 for site, dim in zip(sites, self.comm.dims)]
270         if sites == [0, 0, 0, 0]:
271             return self.quda_field
272  
273         return make_shared(
274             lib.createExtendedGauge(
275                 self.quda_field,
276                 numpy.array(sites, dtype="int32"),
277                 default_profiler().quda,
278             )
279         )
280  
281     def zero(self):
282         "Sets all field elements to zero"
283         self.quda_field.zero()
284  
285     def full(self):
286         "Returns a full matrix version of the field (with reconstruct=NO)"
287         return self if self.reconstruct == "NO" else self.copy(reconstruct="NO")
288  
289     def to_momentum(self):
290         "Returns a momentum version of the field (with reconstruct=NO)"
291         return self if self.reconstruct == "10" else self.copy(reconstruct="10")
292  
293     def default_view(self, split_col=True):
294         "Returns the default view of the field including reshaping"
295         shape = (2,)  # even-odd
296         # geometry
297         if len(self.dofs) == 1:
298             shape += (1,)
299         else:
300             shape += (self.dofs[0],)
301         # matrix
302         if self.reconstruct == "NO" and split_col:
303             shape += (self.ncol, self.ncol)
304         else:
305             shape += (self.dofs_per_link // 2,)
306         # lattice
307         shape += (-1,)
308         if self.reconstruct == "10":
309             shape += (2,)
310             return super().float_view().reshape(shape)
311         return super().complex_view().reshape(shape)
312  
313     def unity(self):
314         "Set all field elements to unity"
315         if self.reconstruct != "NO":
316             raise NotImplementedError
317         field = self.default_view(split_col=False)
318         field[:] = 0
319         diag = [i * self.ncol + i for i in range(self.ncol)]
320         field[:, :, diag, ...] = 1
321  
322     def trace(self, only_real=False):
323         "Returns the trace in color of the field"
324         return (
325             self.full()
326             .default_view()
327             .trace(axis1=2, axis2=3, dtype="float64" if only_real else "complex128")
328         )
329  
330     def dagger(self, out=None):
331         "Returns the complex conjugate transpose of the field"
332         out = self.prepare(out)
333         self.backend.conj(
334             self.default_view().transpose((0, 1, 3, 2, 4)), out=out.default_view()
335         )
336         return out
337  
338     def reduce(self, local=False, only_real=True, mean=True):
339         "Reduction of a gauge field (real of mean of trace)"
340         out = self.trace(only_real=only_real)
341         if mean:
342             out = out.mean() / self.ncol
343         else:
344             out = out.sum()
345         if not local:
346             return super().reduce(out)
347         return out
348  
349     def dot(self, other, out=None):
350         "Matrix product between two gauge fields"
351         if not isinstance(other, GaugeField):
352             raise ValueError
353         self = self.full()
354         other = other.full()
355         out = self.prepare(out)
356         self.backend.matmul(
357             self.default_view(),
358             other.default_view(),
359             out=out.default_view(),
360             axes=[(2, 3)] * 3,
361         )
362         return out
363  
364     def project(self, tol=None):
365         """
366         Project the gauge field onto the SU(3) group.  This
367         is a destructive operation.  The number of link failures is
368         reported so appropriate action can be taken.
369         """
370         if tol is None:
371             tol = numpy.finfo(self.dtype).eps
372         fails = cupy.zeros((1,), dtype="int32")
373         lib.projectSU3(self.quda_field, tol, to_pointer(fails.data.ptr, "int *"))
374         return fails[0]
375  
376     def gaussian(self, epsilon=1, seed=None):
377         """
378         Generates Gaussian distributed su(N) or SU(N) fields.
379         If U is a momentum field, then generates a random Gaussian distributed
380         field in the Lie algebra using the anti-Hermitation convention.
381         If U is in the group then we create a Gaussian distributed su(n)
382         field and exponentiate it, e.g., U = exp(sigma * H), where H is
383         the distributed su(n) field and sigma is the width of the
384         distribution (sigma = 0 results in a free field, and sigma = 1 has
385         maximum disorder).
386         """
387         seed = seed or int(time() * 1e9)
388         lib.gaugeGauss(self.quda_field, seed, epsilon)
389  
390     def plaquette(self):
391         """
392         Computes the plaquette of the gauge field
393
394         Returns
395         -------
396         tuple(total, spatial, temporal) plaquette site averaged and
397             normalized such that each plaquette is in the range [0,1]
398         """
399         plaq = lib.plaquette(self.extended_field(1))
400         return plaq.x, plaq.y, plaq.z
401  
402     def compute_fmunu(self, out=None):
403         out = self.prepare(out, dofs=(6, 9 if self.iscomplex else 18))
404         lib.computeFmunu(out.quda_field, self.extended_field(1))
405         return out
406  
407     def topological_charge(self):
408         """
409         Computes the topological charge
410
411         Returns
412         -------
413         charge, (total, spatial, temporal): The total topological charge
414             and total, spatial, and temporal field energy
415         """
416         if self.geometry != "TENSOR":
417             self = self.compute_fmunu()
418         out = numpy.zeros(4, dtype="double")
419         lib.computeQCharge(out[:3], out[3:], self.extended_field(0))  # should be 1
420         return out[3], tuple(out[:3])
421  
422     def topological_charge_density(self):
423         "Computes the topological charge density"
424         if self.geometry != "TENSOR":
425             self = self.compute_fmunu()
426         out1 = numpy.zeros(4, dtype="double")
427         if out is None:
428             out = numpy.zeros(4, dtype="double")
429         return lib.computeQCharge(out[:3], out[3:], self.extended_field(1))
430  
431     def norm1(self, link_dir=-1):
432         "Computes the L1 norm of the field"
433         if not -1 <= link_dir < self.ndims:
434             raise ValueError(
435                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
436             )
437         return self.quda_field.norm1(link_dir)
438  
439     def norm2(self, link_dir=-1):
440         "Computes the L2 norm of the field"
441         if not -1 <= link_dir < self.ndims:
442             raise ValueError(
443                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
444             )
445         if self.reconstruct == "10":
446             # TODO: patch quda, reconstruct 10 not supported
447             norm2 = (self.default_view() ** 2).sum(axis=(0, 1, 3, 4)).get()
448             norm2 = norm2.sum() - norm2[-1] / 2 - norm2[-2] / 2
449             return 4 * super().reduce(norm2)
450         return self.quda_field.norm2(link_dir)
451  
452     def abs_max(self, link_dir=-1):
453         "Computes the absolute maximum of the field (Linfinity norm)"
454         if not -1 <= link_dir < self.ndims:
455             raise ValueError(
456                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
457             )
458         return self.quda_field.abs_max(link_dir)
459  
460     def abs_min(self, link_dir=-1):
461         "Computes the absolute minimum of the field"
462         if not -1 <= link_dir < self.ndims:
463             raise ValueError(
464                 f"link_dir can be either -1 (all) or must be between 0 and {self.ndims}"
465             )
466         return self.quda_field.abs_min(link_dir)
467  
468     def _check_paths(self, paths):
469         "Check if all paths are valid"
470         if not isiterable(paths):
471             raise TypeError(f"Paths ({paths}) are not iterable")
472         for i, path in enumerate(paths):
473             if not isiterable(path):
474                 raise TypeError(f"Path {i} = {path} is not iterable")
475             if path[0] < 0:
476                 raise ValueError(f"Path {i} = {path} nevative first movement")
477             if min(path) < -self.ndims:
478                 raise ValueError(
479                     f"Path {i} = {path} has direction smaller than {-self.ndims}"
480                 )
481             if max(path) > self.ndims:
482                 raise ValueError(
483                     f"Path {i} = {path} has direction larger than {self.ndims}"
484                 )
485             if 0 in path:
486                 raise ValueError(f"Path {i} = {path} has zeros")
487  
488     def _paths_to_array(self, paths):
489         "Returns array of paths and their length"
490  
491         lengths = numpy.array(list(map(len, paths)), dtype="int32")
492         max_length = lengths.max()
493         paths_array = numpy.empty((1, len(paths), max_length), dtype="int32")
494  
495         convert = lambda step: (step - 1) if step > 0 else (8 + step)
496  
497         for i, path in enumerate(paths):
498             for j, step in enumerate(path):
499                 paths_array[0, i, j] = convert(step)
500  
501         return paths_array, lengths
502  
503     def _paths_for_force(self, paths, coeffs):
504         "Create all paths needed for force"
505         out = defaultdict(int)
506         shift = lambda path, i: path if i in (0, len(path)) else (path[i:] + path[:i])
507         for path, coeff in zip(paths, coeffs):
508             for i in range(len(path)):
509                 if path[i] > 0:
510                     tmp = shift(path, i)
511                 else:
512                     tmp = tuple(-_ for _ in reversed(shift(path, i + 1)))
513                 out[tmp] -= coeff
514         return tuple(out.keys()), tuple(out.values())
515  
516     def compute_paths(
517         self,
518         paths,
519         coeffs=None,
520         out=None,
521         add_coeff=1,
522         force=False,
523         grad=None,
524         left_grad=False,
525     ):
526         """
527         Computes the gauge paths on the lattice.
528
529         The same paths are computed for every direction.
530
531         - The paths are given with respect to direction "1" and
532           this must be the first number of every path list.
533         - Directions go from 1 to self.ndims
534         - Negative value (-1,...) means backward movement in the direction
535         - Paths are then rotated for every direction.
536         """
537  
538         # Checking paths for error
539         self._check_paths(paths)
540         paths = tuple(tuple(path) for path in paths)
541  
542         # Preparing coeffs
543         if coeffs is None:
544             coeffs = self.ndims / len(paths)
545         if isinstance(coeffs, (int, float)):
546             coeffs = [coeffs] * len(paths)
547         if not len(paths) == len(coeffs):
548             raise ValueError("Paths and coeffs must have the same length")
549  
550         # Preparing grad and fnc
551         if grad is not None:
552             force = True
553             grad = self.cast(grad, reconstruct=10)
554             fnc = lambda out, u, *args: lib.gaugeForceGradient(
555                 out,
556                 u,
557                 grad.quda_field,
558                 *args,
559                 left=left_grad,
560             )
561         elif force:
562             fnc = lib.gaugeForce
563         else:
564             fnc = lib.gaugePath
565  
566         # Preparing paths
567         if force:
568             paths, coeffs = self._paths_for_force(paths, coeffs)
569             self._check_paths(paths)
570         paths, lengths = self._paths_to_array(paths)
571  
572         # Calling Quda function
573         num_paths = paths.shape[1]
574         max_length = paths.shape[2]
575         quda_paths_array = array_to_pointers(paths)
576         coeffs = numpy.array(coeffs, dtype="float64")
577         out = self.prepare(out, empty=False, reconstruct=10 if force else None)
578  
579         fnc(
580             out.quda_field,
581             self.extended_field(1),  # TODO: compute correct extension (max distance)
582             add_coeff,
583             quda_paths_array.get(),
584             lengths,
585             coeffs,
586             num_paths,
587             max_length,
588             False,
589         )
590         return out
591  
592     @property
593     def plaquette_paths(self):
594         "List of plaquette paths"
595         return tuple(
596             (mu, nu, -mu, -nu)
597             for mu in range(1, self.ndims + 1)
598             for nu in range(mu + 1, self.ndims + 1)
599         )
600  
601     def plaquette_field(self, **kwargs):
602         "Computes the plaquette field"
603         return self.compute_paths(self.plaquette_paths, **kwargs)
604  
605     def plaquettes(self, **kwargs):
606         "Returns the average over plaquettes (Note: plaquette should performs better)"
607         return self.plaquette_field().reduce(**kwargs)
608  
609     @property
610     def rectangle_paths(self):
611         "List of rectangle paths"
612         return tuple(
613             (mu, nu, nu, -mu, -nu, -nu)
614             for mu in range(1, self.ndims + 1)
615             for nu in range(mu + 1, self.ndims + 1)
616         )
617  
618     def rectangle_field(self, **kwargs):
619         "Computes the rectangle field"
620         return self.compute_paths(self.rectangle_paths, **kwargs)
621  
622     def rectangles(self, **kwargs):
623         "Returns the average over rectangles"
624         return self.rectangle_field().reduce(**kwargs)
625  
626     def exponentiate(self, coeff=1, mul_to=None, out=None, conj=False, exact=False):
627         """
628         Exponentiates a momentum field
629         """
630  
631         if out is None:
632             out = mul_to.new() if mul_to is not None else self.new(reconstruct="NO")
633         if mul_to is None:
634             mul_to = out.new()
635             mul_to.unity()
636  
637         lib.updateGaugeField(
638             out.quda_field, coeff, mul_to.quda_field, self.quda_field, conj, exact
639         )
640         return out
641  
642     def update_gauge(self, mom, coeff=1, out=None, conj=False, exact=False):
643         """
644         Updates a gauge field with momentum field
645         """
646         return mom.exponentiate(
647             coeff=coeff, mul_to=self, out=out, conj=conj, exact=exact
648         )
649  
650     def gauge_action(self, plaq_coeff=0, rect_coeff=0):
651         """
652         Returns the gauge action.
653
654         The coefficients are use as follows
655
656             (1-8*c1) ((1+c0) P_time + (1-c0) P_space) + c1*R
657
658         where P is the sum over plaquette, R over the rectangles,
659         c0 is the plaq_coeff (see volume_plaquette) and c1 the rect_coeff
660         """
661         plaq, time, space = self.plaquette()
662         if plaq_coeff != 0:
663             plaq = (1 + plaq_coeff) * time + (1 - plaq_coeff) * space
664  
665         if rect_coeff == 0:
666             return plaq
667  
668         rect = self.rectangles()
669         return (1 - 8 * rect_coeff) * plaq + rect_coeff * rect
670  
671     def symanzik_gauge_action(self, plaq_coeff=0):
672         "Returns the tree-level Symanzik improved gauge action"
673         return self.gauge_action(plaq_coeff, -1 / 12)
674  
675     def iwasaki_gauge_action(self, plaq_coeff=0):
676         "Returns the Iwasaki gauge action"
677         return self.gauge_action(plaq_coeff, -0.331)
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1 """
2 Implementation of the HMC algorithm
3 """
4  
5 from dataclasses import dataclass, field
6 from math import prod
7 from numpy import exp
8 from random import random
9 from argparse import Namespace

10 import click
11 from tqdm import tqdm
12 from lyncs_quda import gauge_field, momentum, lib, MPI
13 from aim import Run
14 import time
15  
16 GPU_TIME = 0
17  
18  
19 def GPU_time(fnc):
20     def profiler(*args):
21         global GPU_TIME
22         t0 = time.process_time()
23         out = fnc(*args)
24         GPU_TIME += time.process_time() - t0
25         return out
26  
27     return profiler
28  
29  
30 @dataclass
31 class HMCHelper:
32     beta: float = 5
33     lattice: tuple = (4, 4, 4, 4)
34     # Log
35     last_action: float = field(init=False, default=None)
36  
37     @property
38     def ndims(self):
39         return len(self.lattice)
40  
41     @property
42     def plaq_coeff(self):
43         "Plaquette coefficient"
44         return -self.beta / 6  # = -1/g_0^2
45  
46     @property
47     def plaq_paths(self):
48         "List of plaquette paths"
49         return tuple(
50             (mu, nu, -mu, -nu)
51             for mu in range(1, self.ndims)
52             for nu in range(mu + 1, self.ndims + 1)
53         )
54  
55     @property
56     def coeffs(self):
57         "For now only plaquettes, but can be extended"
58         return self.plaq_coeff
59  
60     @property
61     def paths(self):
62         "For now only plaquettes, but can be extended"
63         return self.plaq_paths
64  
65     @GPU_time
66     def action(self, field):
67         "Returns the action computed on field"
68         self.last_action = 2 * float(
69             field.compute_paths(self.paths, self.coeffs).reduce(mean=False)
70         )
71         return self.last_action
72  
73     @GPU_time
74     def unity_gauge(self):
75         "Returns a unity geuge"
76         out = gauge_field(self.lattice)
77         out.unity()
78         return out
79  
80     @GPU_time
81     def random_gauge(self):
82         "Returns a random mom"
83         out = gauge_field(self.lattice)
84         out.gaussian(10)
85         return out
86  
87     @GPU_time
88     def random_mom(self):
89         "Returns a random momenutm"
90         out = momentum(self.lattice)
91         out.gaussian(1 / 2**0.5)
92         return out
93  
94     def update_field(self, field, mom, coeff):
95         "Updates the Gauge field"
96         return field.update_gauge(mom, coeff)
97  
98     def update_mom(self, field, mom, coeff):
99         "Updates the momentum"

100         return field.compute_paths(
101             self.paths, self.coeffs, out=mom, add_coeff=coeff, force=True
102         )
103  
104     @GPU_time
105     def update(self, field, mom, fcoeff, mcoeff):
106         if fcoeff != 0:
107             field = self.update_field(field, mom, fcoeff)
108         if mcoeff != 0:
109             mom = self.update_mom(field, mom, mcoeff)
110         return field, mom
111  
112     def mom2(self, mom):
113         "Norm squared of the momentum half"
114         return mom.norm2() / 2
115  
116     def hamiltonian(self, field, mom):
117         mom2 = self.mom2(mom)
118         action = self.action(field)
119         return mom2 + action
120  
121  
122 @dataclass
123 class Integrator:
124     steps: int
125     time: float = 1.0
126     order: int = field(init=False, default=1)
127     pos_coeffs: tuple = field(init=False, default=(0, 1))
128     mom_coeffs: tuple = field(init=False, default=(0.5, 0.5))
129  
130     def __call__(self, field, mom, helper):
131  
132         # Use negative time for reversed integration
133         dtime = self.time / self.steps
134         for step in range(self.steps):
135  
136             for fcoeff, mcoeff in zip(self.pos_coeffs, self.mom_coeffs):
137                 field, mom = helper.update(field, mom, fcoeff * dtime, mcoeff * dtime)
138  
139         return field, mom
140  
141  
142 HMC_INTEGRATORS = {}
143  
144  
145 def register(cls):
146     HMC_INTEGRATORS[cls.__name__] = cls
147     return cls
148  
149  
150 @register
151 class LeapFrog(Integrator):
152     "Leap frog integration scheme"
153  
154  
155 @register
156 @dataclass
157 class MN2(Integrator):
158     "Second order minimal norm integration scheme in position version"
159     alpha: float = 0
160     order: int = field(init=False, default=2)
161  
162     def __post_init__(self):
163         self.pos_coeffs = (0, 0.5, 0.5)
164         self.mom_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
165  
166  
167 @register
168 @dataclass
169 class MN2p(Integrator):
170     "Second order minimal norm integration scheme in velocity version"
171     alpha: float = 0
172     order: int = field(init=False, default=2)
173  
174     def __post_init__(self):
175         self.pos_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
176         self.mom_coeffs = (0.5, 0.5, 0)
177  
178  
179 _OMF4 = (
180     0.2539785108410595,
181     -0.03230286765269967,
182     0.08398315262876693,
183     0.6822365335719091,
184 )
185  
186  
187 @register
188 @dataclass
189 class OMF4(Integrator):
190     "Fourth order integration scheme in velocity version"
191     order: int = field(init=False, default=4)
192     pos_coeffs: tuple = field(
193         init=False,
194         default=(
195             0,
196             _OMF4[0],
197             _OMF4[1],
198             1 - 2 * (_OMF4[0] + _OMF4[1]),
199             _OMF4[1],
200             _OMF4[0],
201         ),
202     )
203     mom_coeffs: tuple = field(
204         init=False,
205         default=(
206             _OMF4[2],
207             _OMF4[3],
208             0.5 - (_OMF4[2] + _OMF4[3]),
209             0.5 - (_OMF4[2] + _OMF4[3]),
210             _OMF4[3],
211             _OMF4[2],
212         ),
213     )
214  
215  
216 @dataclass
217 class HMC:
218     helper: HMCHelper
219     integrate: Integrator
220  
221     # Metrics
222     accepted: int = field(init=False, default=0)
223     steps: int = field(init=False, default=0)
224     denergy: float = field(init=False, default=0)
225     last_accepted: bool = field(init=False, default=False)
226     last_action: float = field(init=False, default=0)
227  
228     def __call__(self, field):
229         mom = self.helper.random_mom()
230         energy = self.helper.hamiltonian(field, mom)
231         action = self.helper.last_action
232         field1, mom1 = self.integrate(field, mom, self.helper)
233         energy1 = self.helper.hamiltonian(field1, mom1)
234         action1 = self.helper.last_action
235         self.denergy = energy1 - energy
236  
237         self.steps += 1
238         self.last_accepted = random() < exp(-self.denergy)
239         self.accepted += self.last_accepted
240  
241         if self.last_accepted:
242             self.last_action = action1
243             return field1
244         self.last_action = action
245         return field
246  
247     @property
248     def last_plaquette(self):
249         return (
250             -3
251             * self.last_action
252             / (self.helper.beta * prod(self.helper.lattice) * len(self.helper.paths))
253         )
254  
255     @property
256     def stats(self):
257         return {
258             "action": self.last_action,
259             "plaquette": self.last_plaquette,
260             "dH": self.denergy,
261             "exp(-dH)": exp(-self.denergy),
262             "acc. rate": self.accepted / self.steps,
263             "accepted": self.last_accepted,
264         }
265  
266  
267 @click.command()
268 @click.option("--beta", type=float, default=5, help="target action's beta")
269 @click.option("--lattice-size", type=int, default=16, help="Size of hypercubic lattice")
270 @click.option(
271     "--lattice-dims",
272     nargs=4,
273     type=int,
274     default=(0, 0, 0, 0),
275     help="Size of asymmetric lattice",
276 )
277 @click.option(
278     "--procs",
279     nargs=4,
280     default=(1, 1, 1, 1),
281     type=int,
282     help="Cartesian topology of the communicator",
283 )
284 @click.option(
285     "--integrator",
286     default="OMF4",
287     type=click.Choice(HMC_INTEGRATORS),
288     help="Integrator for HMC",
289 )
290 @click.option(
291     "--t-steps",
292     type=int,
293     default=3,
294     help="Number of time steps trajectory",
295 )
296 @click.option(
297     "--n-trajs",
298     type=int,
299     default=100,
300     help="Number of trajectories",
301 )
302 @click.option(
303     "--start",
304     type=click.Choice(["unity", "random"]),
305     default="random",
306     help="Initial field",
307 )
308 def main(**kwargs):
309     args = Namespace(**kwargs)
310  
311     lattice = (
312         args.lattice_dims if prod(args.lattice_dims) != 0 else (args.lattice_size,) * 4
313     )
314     lib.set_comm(procs=args.procs)
315  
316     helper = HMCHelper(args.beta, lattice)
317     integr = HMC_INTEGRATORS[args.integrator]
318     integr = integr(args.t_steps)
319     hmc = HMC(helper, integr)
320  
321     if args.start == "random":
322         field = helper.random_gauge()
323     elif args.start == "unity":
324         field = helper.random_unity()
325     else:
326         raise ValueError("Unknown start")
327  
328     experiment = "consistency_check"
329     # run = Run(repo='/cyclamen/home/syamamoto/Lattice2022/aim', run_hash=hash_id, experiment=experiment, system_tracking_interval=1)
330     run = Run(
331         repo="/cyclamen/home/syamamoto/Lattice2022/aim",
332         experiment=experiment,
333         system_tracking_interval=1,
334     )
335     run["beta"] = args.beta
336     run["num_ranks"] = prod(args.procs)
337  
338     with tqdm(range(args.n_trajs)) as pbar:
339         for step in pbar:
340             field = hmc(field)
341             pbar.set_description(f"plaq: {hmc.last_plaquette}")
342  
343             for key, val in hmc.stats.items():
344                 run.track(val, name=key)
345     print(GPU_TIME)
346  
347  
348 if __name__ == "__main__":
349     main()
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1 """
2 Implementation of the HMC algorithm
3 """
4  
5 from dataclasses import dataclass, field
6 from math import prod
7 from numpy import exp
8 from random import random
9 from argparse import Namespace

10 import click
11 from tqdm import tqdm
12 from lyncs_quda import gauge_field, momentum, lib, MPI
13 from aim import Run
14 import time
15  
16 GPU_TIME = 0
17  
18  
19 def GPU_time(fnc):
20     def profiler(*args):
21         global GPU_TIME
22         t0 = time.process_time()
23         out = fnc(*args)
24         GPU_TIME += time.process_time() - t0
25         return out
26  
27     return profiler
28  
29  
30 @dataclass
31 class HMCHelper:
32     beta: float = 5
33     lattice: tuple = (4, 4, 4, 4)
34     # Log
35     last_action: float = field(init=False, default=None)
36  
37     @property
38     def ndims(self):
39         return len(self.lattice)
40  
41     @property
42     def plaq_coeff(self):
43         "Plaquette coefficient"
44         return -self.beta / 6  # = -1/g_0^2
45  
46     @property
47     def plaq_paths(self):
48         "List of plaquette paths"
49         return tuple(
50             (mu, nu, -mu, -nu)
51             for mu in range(1, self.ndims)
52             for nu in range(mu + 1, self.ndims + 1)
53         )
54  
55     @property
56     def coeffs(self):
57         "For now only plaquettes, but can be extended"
58         return self.plaq_coeff
59  
60     @property
61     def paths(self):
62         "For now only plaquettes, but can be extended"
63         return self.plaq_paths
64  
65     @GPU_time
66     def action(self, field):
67         "Returns the action computed on field"
68         self.last_action = 2 * float(
69             field.compute_paths(self.paths, self.coeffs).reduce(mean=False)
70         )
71         return self.last_action
72  
73     @GPU_time
74     def unity_gauge(self):
75         "Returns a unity geuge"
76         out = gauge_field(self.lattice)
77         out.unity()
78         return out
79  
80     @GPU_time
81     def random_gauge(self):
82         "Returns a random mom"
83         out = gauge_field(self.lattice)
84         out.gaussian(10)
85         return out
86  
87     @GPU_time
88     def random_mom(self):
89         "Returns a random momenutm"
90         out = momentum(self.lattice)
91         out.gaussian(1 / 2**0.5)
92         return out
93  
94     def update_field(self, field, mom, coeff):
95         "Updates the Gauge field"
96         return field.update_gauge(mom, coeff)
97  
98     def update_mom(self, field, mom, coeff):
99         "Updates the momentum"

100         return field.compute_paths(
101             self.paths, self.coeffs, out=mom, add_coeff=coeff, force=True
102         )
103  
104     @GPU_time
105     def update(self, field, mom, fcoeff, mcoeff):
106         if fcoeff != 0:
107             field = self.update_field(field, mom, fcoeff)
108         if mcoeff != 0:
109             mom = self.update_mom(field, mom, mcoeff)
110         return field, mom
111  
112     def mom2(self, mom):
113         "Norm squared of the momentum half"
114         return mom.norm2() / 2
115  
116     def hamiltonian(self, field, mom):
117         mom2 = self.mom2(mom)
118         action = self.action(field)
119         return mom2 + action
120  
121  
122 @dataclass
123 class Integrator:
124     steps: int
125     time: float = 1.0
126     order: int = field(init=False, default=1)
127     pos_coeffs: tuple = field(init=False, default=(0, 1))
128     mom_coeffs: tuple = field(init=False, default=(0.5, 0.5))
129  
130     def __call__(self, field, mom, helper):
131  
132         # Use negative time for reversed integration
133         dtime = self.time / self.steps
134         for step in range(self.steps):
135  
136             for fcoeff, mcoeff in zip(self.pos_coeffs, self.mom_coeffs):
137                 field, mom = helper.update(field, mom, fcoeff * dtime, mcoeff * dtime)
138  
139         return field, mom
140  
141  
142 HMC_INTEGRATORS = {}
143  
144  
145 def register(cls):
146     HMC_INTEGRATORS[cls.__name__] = cls
147     return cls
148  
149  
150 @register
151 class LeapFrog(Integrator):
152     "Leap frog integration scheme"
153  
154  
155 @register
156 @dataclass
157 class MN2(Integrator):
158     "Second order minimal norm integration scheme in position version"
159     alpha: float = 0
160     order: int = field(init=False, default=2)
161  
162     def __post_init__(self):
163         self.pos_coeffs = (0, 0.5, 0.5)
164         self.mom_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
165  
166  
167 @register
168 @dataclass
169 class MN2p(Integrator):
170     "Second order minimal norm integration scheme in velocity version"
171     alpha: float = 0
172     order: int = field(init=False, default=2)
173  
174     def __post_init__(self):
175         self.pos_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
176         self.mom_coeffs = (0.5, 0.5, 0)
177  
178  
179 _OMF4 = (
180     0.2539785108410595,
181     -0.03230286765269967,
182     0.08398315262876693,
183     0.6822365335719091,
184 )
185  
186  
187 @register
188 @dataclass
189 class OMF4(Integrator):
190     "Fourth order integration scheme in velocity version"
191     order: int = field(init=False, default=4)
192     pos_coeffs: tuple = field(
193         init=False,
194         default=(
195             0,
196             _OMF4[0],
197             _OMF4[1],
198             1 - 2 * (_OMF4[0] + _OMF4[1]),
199             _OMF4[1],
200             _OMF4[0],
201         ),
202     )
203     mom_coeffs: tuple = field(
204         init=False,
205         default=(
206             _OMF4[2],
207             _OMF4[3],
208             0.5 - (_OMF4[2] + _OMF4[3]),
209             0.5 - (_OMF4[2] + _OMF4[3]),
210             _OMF4[3],
211             _OMF4[2],
212         ),
213     )
214  
215  
216 @dataclass
217 class HMC:
218     helper: HMCHelper
219     integrate: Integrator
220  
221     # Metrics
222     accepted: int = field(init=False, default=0)
223     steps: int = field(init=False, default=0)
224     denergy: float = field(init=False, default=0)
225     last_accepted: bool = field(init=False, default=False)
226     last_action: float = field(init=False, default=0)
227  
228     def __call__(self, field):
229         mom = self.helper.random_mom()
230         energy = self.helper.hamiltonian(field, mom)
231         action = self.helper.last_action
232         field1, mom1 = self.integrate(field, mom, self.helper)
233         energy1 = self.helper.hamiltonian(field1, mom1)
234         action1 = self.helper.last_action
235         self.denergy = energy1 - energy
236  
237         self.steps += 1
238         self.last_accepted = random() < exp(-self.denergy)
239         self.accepted += self.last_accepted
240  
241         if self.last_accepted:
242             self.last_action = action1
243             return field1
244         self.last_action = action
245         return field
246  
247     @property
248     def last_plaquette(self):
249         return (
250             -3
251             * self.last_action
252             / (self.helper.beta * prod(self.helper.lattice) * len(self.helper.paths))
253         )
254  
255     @property
256     def stats(self):
257         return {
258             "action": self.last_action,
259             "plaquette": self.last_plaquette,
260             "dH": self.denergy,
261             "exp(-dH)": exp(-self.denergy),
262             "acc. rate": self.accepted / self.steps,
263             "accepted": self.last_accepted,
264         }
265  
266  
267 @click.command()
268 @click.option("--beta", type=float, default=5, help="target action's beta")
269 @click.option("--lattice-size", type=int, default=16, help="Size of hypercubic lattice")
270 @click.option(
271     "--lattice-dims",
272     nargs=4,
273     type=int,
274     default=(0, 0, 0, 0),
275     help="Size of asymmetric lattice",
276 )
277 @click.option(
278     "--procs",
279     nargs=4,
280     default=(1, 1, 1, 1),
281     type=int,
282     help="Cartesian topology of the communicator",
283 )
284 @click.option(
285     "--integrator",
286     default="OMF4",
287     type=click.Choice(HMC_INTEGRATORS),
288     help="Integrator for HMC",
289 )
290 @click.option(
291     "--t-steps",
292     type=int,
293     default=3,
294     help="Number of time steps trajectory",
295 )
296 @click.option(
297     "--n-trajs",
298     type=int,
299     default=100,
300     help="Number of trajectories",
301 )
302 @click.option(
303     "--start",
304     type=click.Choice(["unity", "random"]),
305     default="random",
306     help="Initial field",
307 )
308 def main(**kwargs):
309     args = Namespace(**kwargs)
310  
311     lattice = (
312         args.lattice_dims if prod(args.lattice_dims) != 0 else (args.lattice_size,) * 4
313     )
314     lib.set_comm(procs=args.procs)
315  
316     helper = HMCHelper(args.beta, lattice)
317     integr = HMC_INTEGRATORS[args.integrator]
318     integr = integr(args.t_steps)
319     hmc = HMC(helper, integr)
320  
321     if args.start == "random":
322         field = helper.random_gauge()
323     elif args.start == "unity":
324         field = helper.random_unity()
325     else:
326         raise ValueError("Unknown start")
327  
328     experiment = "consistency_check"
329     # run = Run(repo='/cyclamen/home/syamamoto/Lattice2022/aim', run_hash=hash_id, experiment=experiment, system_tracking_interval=1)
330     run = Run(
331         repo="/cyclamen/home/syamamoto/Lattice2022/aim",
332         experiment=experiment,
333         system_tracking_interval=1,
334     )
335     run["beta"] = args.beta
336     run["num_ranks"] = prod(args.procs)
337  
338     with tqdm(range(args.n_trajs)) as pbar:
339         for step in pbar:
340             field = hmc(field)
341             pbar.set_description(f"plaq: {hmc.last_plaquette}")
342  
343             for key, val in hmc.stats.items():
344                 run.track(val, name=key)
345     print(GPU_TIME)
346  
347  
348 if __name__ == "__main__":
349     main()
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1 """
2 Implementation of the HMC algorithm
3 """
4  
5 from dataclasses import dataclass, field
6 from math import prod
7 from numpy import exp
8 from random import random
9 from argparse import Namespace

10 import click
11 from tqdm import tqdm
12 from lyncs_quda import gauge_field, momentum, lib, MPI
13 from aim import Run
14 import time
15  
16 GPU_TIME = 0
17  
18  
19 def GPU_time(fnc):
20     def profiler(*args):
21         global GPU_TIME
22         t0 = time.process_time()
23         out = fnc(*args)
24         GPU_TIME += time.process_time() - t0
25         return out
26  
27     return profiler
28  
29  
30 @dataclass
31 class HMCHelper:
32     beta: float = 5
33     lattice: tuple = (4, 4, 4, 4)
34     # Log
35     last_action: float = field(init=False, default=None)
36  
37     @property
38     def ndims(self):
39         return len(self.lattice)
40  
41     @property
42     def plaq_coeff(self):
43         "Plaquette coefficient"
44         return -self.beta / 6  # = -1/g_0^2
45  
46     @property
47     def plaq_paths(self):
48         "List of plaquette paths"
49         return tuple(
50             (mu, nu, -mu, -nu)
51             for mu in range(1, self.ndims)
52             for nu in range(mu + 1, self.ndims + 1)
53         )
54  
55     @property
56     def coeffs(self):
57         "For now only plaquettes, but can be extended"
58         return self.plaq_coeff
59  
60     @property
61     def paths(self):
62         "For now only plaquettes, but can be extended"
63         return self.plaq_paths
64  
65     @GPU_time
66     def action(self, field):
67         "Returns the action computed on field"
68         self.last_action = 2 * float(
69             field.compute_paths(self.paths, self.coeffs).reduce(mean=False)
70         )
71         return self.last_action
72  
73     @GPU_time
74     def unity_gauge(self):
75         "Returns a unity geuge"
76         out = gauge_field(self.lattice)
77         out.unity()
78         return out
79  
80     @GPU_time
81     def random_gauge(self):
82         "Returns a random mom"
83         out = gauge_field(self.lattice)
84         out.gaussian(10)
85         return out
86  
87     @GPU_time
88     def random_mom(self):
89         "Returns a random momenutm"
90         out = momentum(self.lattice)
91         out.gaussian(1 / 2**0.5)
92         return out
93  
94     def update_field(self, field, mom, coeff):
95         "Updates the Gauge field"
96         return field.update_gauge(mom, coeff)
97  
98     def update_mom(self, field, mom, coeff):
99         "Updates the momentum"

100         return field.compute_paths(
101             self.paths, self.coeffs, out=mom, add_coeff=coeff, force=True
102         )
103  
104     @GPU_time
105     def update(self, field, mom, fcoeff, mcoeff):
106         if fcoeff != 0:
107             field = self.update_field(field, mom, fcoeff)
108         if mcoeff != 0:
109             mom = self.update_mom(field, mom, mcoeff)
110         return field, mom
111  
112     def mom2(self, mom):
113         "Norm squared of the momentum half"
114         return mom.norm2() / 2
115  
116     def hamiltonian(self, field, mom):
117         mom2 = self.mom2(mom)
118         action = self.action(field)
119         return mom2 + action
120  
121  
122 @dataclass
123 class Integrator:
124     steps: int
125     time: float = 1.0
126     order: int = field(init=False, default=1)
127     pos_coeffs: tuple = field(init=False, default=(0, 1))
128     mom_coeffs: tuple = field(init=False, default=(0.5, 0.5))
129  
130     def __call__(self, field, mom, helper):
131  
132         # Use negative time for reversed integration
133         dtime = self.time / self.steps
134         for step in range(self.steps):
135  
136             for fcoeff, mcoeff in zip(self.pos_coeffs, self.mom_coeffs):
137                 field, mom = helper.update(field, mom, fcoeff * dtime, mcoeff * dtime)
138  
139         return field, mom
140  
141  
142 HMC_INTEGRATORS = {}
143  
144  
145 def register(cls):
146     HMC_INTEGRATORS[cls.__name__] = cls
147     return cls
148  
149  
150 @register
151 class LeapFrog(Integrator):
152     "Leap frog integration scheme"
153  
154  
155 @register
156 @dataclass
157 class MN2(Integrator):
158     "Second order minimal norm integration scheme in position version"
159     alpha: float = 0
160     order: int = field(init=False, default=2)
161  
162     def __post_init__(self):
163         self.pos_coeffs = (0, 0.5, 0.5)
164         self.mom_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
165  
166  
167 @register
168 @dataclass
169 class MN2p(Integrator):
170     "Second order minimal norm integration scheme in velocity version"
171     alpha: float = 0
172     order: int = field(init=False, default=2)
173  
174     def __post_init__(self):
175         self.pos_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
176         self.mom_coeffs = (0.5, 0.5, 0)
177  
178  
179 _OMF4 = (
180     0.2539785108410595,
181     -0.03230286765269967,
182     0.08398315262876693,
183     0.6822365335719091,
184 )
185  
186  
187 @register
188 @dataclass
189 class OMF4(Integrator):
190     "Fourth order integration scheme in velocity version"
191     order: int = field(init=False, default=4)
192     pos_coeffs: tuple = field(
193         init=False,
194         default=(
195             0,
196             _OMF4[0],
197             _OMF4[1],
198             1 - 2 * (_OMF4[0] + _OMF4[1]),
199             _OMF4[1],
200             _OMF4[0],
201         ),
202     )
203     mom_coeffs: tuple = field(
204         init=False,
205         default=(
206             _OMF4[2],
207             _OMF4[3],
208             0.5 - (_OMF4[2] + _OMF4[3]),
209             0.5 - (_OMF4[2] + _OMF4[3]),
210             _OMF4[3],
211             _OMF4[2],
212         ),
213     )
214  
215  
216 @dataclass
217 class HMC:
218     helper: HMCHelper
219     integrate: Integrator
220  
221     # Metrics
222     accepted: int = field(init=False, default=0)
223     steps: int = field(init=False, default=0)
224     denergy: float = field(init=False, default=0)
225     last_accepted: bool = field(init=False, default=False)
226     last_action: float = field(init=False, default=0)
227  
228     def __call__(self, field):
229         mom = self.helper.random_mom()
230         energy = self.helper.hamiltonian(field, mom)
231         action = self.helper.last_action
232         field1, mom1 = self.integrate(field, mom, self.helper)
233         energy1 = self.helper.hamiltonian(field1, mom1)
234         action1 = self.helper.last_action
235         self.denergy = energy1 - energy
236  
237         self.steps += 1
238         self.last_accepted = random() < exp(-self.denergy)
239         self.accepted += self.last_accepted
240  
241         if self.last_accepted:
242             self.last_action = action1
243             return field1
244         self.last_action = action
245         return field
246  
247     @property
248     def last_plaquette(self):
249         return (
250             -3
251             * self.last_action
252             / (self.helper.beta * prod(self.helper.lattice) * len(self.helper.paths))
253         )
254  
255     @property
256     def stats(self):
257         return {
258             "action": self.last_action,
259             "plaquette": self.last_plaquette,
260             "dH": self.denergy,
261             "exp(-dH)": exp(-self.denergy),
262             "acc. rate": self.accepted / self.steps,
263             "accepted": self.last_accepted,
264         }
265  
266  
267 @click.command()
268 @click.option("--beta", type=float, default=5, help="target action's beta")
269 @click.option("--lattice-size", type=int, default=16, help="Size of hypercubic lattice")
270 @click.option(
271     "--lattice-dims",
272     nargs=4,
273     type=int,
274     default=(0, 0, 0, 0),
275     help="Size of asymmetric lattice",
276 )
277 @click.option(
278     "--procs",
279     nargs=4,
280     default=(1, 1, 1, 1),
281     type=int,
282     help="Cartesian topology of the communicator",
283 )
284 @click.option(
285     "--integrator",
286     default="OMF4",
287     type=click.Choice(HMC_INTEGRATORS),
288     help="Integrator for HMC",
289 )
290 @click.option(
291     "--t-steps",
292     type=int,
293     default=3,
294     help="Number of time steps trajectory",
295 )
296 @click.option(
297     "--n-trajs",
298     type=int,
299     default=100,
300     help="Number of trajectories",
301 )
302 @click.option(
303     "--start",
304     type=click.Choice(["unity", "random"]),
305     default="random",
306     help="Initial field",
307 )
308 def main(**kwargs):
309     args = Namespace(**kwargs)
310  
311     lattice = (
312         args.lattice_dims if prod(args.lattice_dims) != 0 else (args.lattice_size,) * 4
313     )
314     lib.set_comm(procs=args.procs)
315  
316     helper = HMCHelper(args.beta, lattice)
317     integr = HMC_INTEGRATORS[args.integrator]
318     integr = integr(args.t_steps)
319     hmc = HMC(helper, integr)
320  
321     if args.start == "random":
322         field = helper.random_gauge()
323     elif args.start == "unity":
324         field = helper.random_unity()
325     else:
326         raise ValueError("Unknown start")
327  
328     experiment = "consistency_check"
329     # run = Run(repo='/cyclamen/home/syamamoto/Lattice2022/aim', run_hash=hash_id, experiment=experiment, system_tracking_interval=1)
330     run = Run(
331         repo="/cyclamen/home/syamamoto/Lattice2022/aim",
332         experiment=experiment,
333         system_tracking_interval=1,
334     )
335     run["beta"] = args.beta
336     run["num_ranks"] = prod(args.procs)
337  
338     with tqdm(range(args.n_trajs)) as pbar:
339         for step in pbar:
340             field = hmc(field)
341             pbar.set_description(f"plaq: {hmc.last_plaquette}")
342  
343             for key, val in hmc.stats.items():
344                 run.track(val, name=key)
345     print(GPU_TIME)
346  
347  
348 if __name__ == "__main__":
349     main()
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1 """
2 Implementation of the HMC algorithm
3 """
4  
5 from dataclasses import dataclass, field
6 from math import prod
7 from numpy import exp
8 from random import random
9 from argparse import Namespace

10 import click
11 from tqdm import tqdm
12 from lyncs_quda import gauge_field, momentum, lib, MPI
13 from aim import Run
14 import time
15  
16 GPU_TIME = 0
17  
18  
19 def GPU_time(fnc):
20     def profiler(*args):
21         global GPU_TIME
22         t0 = time.process_time()
23         out = fnc(*args)
24         GPU_TIME += time.process_time() - t0
25         return out
26  
27     return profiler
28  
29  
30 @dataclass
31 class HMCHelper:
32     beta: float = 5
33     lattice: tuple = (4, 4, 4, 4)
34     # Log
35     last_action: float = field(init=False, default=None)
36  
37     @property
38     def ndims(self):
39         return len(self.lattice)
40  
41     @property
42     def plaq_coeff(self):
43         "Plaquette coefficient"
44         return -self.beta / 6  # = -1/g_0^2
45  
46     @property
47     def plaq_paths(self):
48         "List of plaquette paths"
49         return tuple(
50             (mu, nu, -mu, -nu)
51             for mu in range(1, self.ndims)
52             for nu in range(mu + 1, self.ndims + 1)
53         )
54  
55     @property
56     def coeffs(self):
57         "For now only plaquettes, but can be extended"
58         return self.plaq_coeff
59  
60     @property
61     def paths(self):
62         "For now only plaquettes, but can be extended"
63         return self.plaq_paths
64  
65     @GPU_time
66     def action(self, field):
67         "Returns the action computed on field"
68         self.last_action = 2 * float(
69             field.compute_paths(self.paths, self.coeffs).reduce(mean=False)
70         )
71         return self.last_action
72  
73     @GPU_time
74     def unity_gauge(self):
75         "Returns a unity geuge"
76         out = gauge_field(self.lattice)
77         out.unity()
78         return out
79  
80     @GPU_time
81     def random_gauge(self):
82         "Returns a random mom"
83         out = gauge_field(self.lattice)
84         out.gaussian(10)
85         return out
86  
87     @GPU_time
88     def random_mom(self):
89         "Returns a random momenutm"
90         out = momentum(self.lattice)
91         out.gaussian(1 / 2**0.5)
92         return out
93  
94     def update_field(self, field, mom, coeff):
95         "Updates the Gauge field"
96         return field.update_gauge(mom, coeff)
97  
98     def update_mom(self, field, mom, coeff):
99         "Updates the momentum"

100         return field.compute_paths(
101             self.paths, self.coeffs, out=mom, add_coeff=coeff, force=True
102         )
103  
104     @GPU_time
105     def update(self, field, mom, fcoeff, mcoeff):
106         if fcoeff != 0:
107             field = self.update_field(field, mom, fcoeff)
108         if mcoeff != 0:
109             mom = self.update_mom(field, mom, mcoeff)
110         return field, mom
111  
112     def mom2(self, mom):
113         "Norm squared of the momentum half"
114         return mom.norm2() / 2
115  
116     def hamiltonian(self, field, mom):
117         mom2 = self.mom2(mom)
118         action = self.action(field)
119         return mom2 + action
120  
121  
122 @dataclass
123 class Integrator:
124     steps: int
125     time: float = 1.0
126     order: int = field(init=False, default=1)
127     pos_coeffs: tuple = field(init=False, default=(0, 1))
128     mom_coeffs: tuple = field(init=False, default=(0.5, 0.5))
129  
130     def __call__(self, field, mom, helper):
131  
132         # Use negative time for reversed integration
133         dtime = self.time / self.steps
134         for step in range(self.steps):
135  
136             for fcoeff, mcoeff in zip(self.pos_coeffs, self.mom_coeffs):
137                 field, mom = helper.update(field, mom, fcoeff * dtime, mcoeff * dtime)
138  
139         return field, mom
140  
141  
142 HMC_INTEGRATORS = {}
143  
144  
145 def register(cls):
146     HMC_INTEGRATORS[cls.__name__] = cls
147     return cls
148  
149  
150 @register
151 class LeapFrog(Integrator):
152     "Leap frog integration scheme"
153  
154  
155 @register
156 @dataclass
157 class MN2(Integrator):
158     "Second order minimal norm integration scheme in position version"
159     alpha: float = 0
160     order: int = field(init=False, default=2)
161  
162     def __post_init__(self):
163         self.pos_coeffs = (0, 0.5, 0.5)
164         self.mom_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
165  
166  
167 @register
168 @dataclass
169 class MN2p(Integrator):
170     "Second order minimal norm integration scheme in velocity version"
171     alpha: float = 0
172     order: int = field(init=False, default=2)
173  
174     def __post_init__(self):
175         self.pos_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
176         self.mom_coeffs = (0.5, 0.5, 0)
177  
178  
179 _OMF4 = (
180     0.2539785108410595,
181     -0.03230286765269967,
182     0.08398315262876693,
183     0.6822365335719091,
184 )
185  
186  
187 @register
188 @dataclass
189 class OMF4(Integrator):
190     "Fourth order integration scheme in velocity version"
191     order: int = field(init=False, default=4)
192     pos_coeffs: tuple = field(
193         init=False,
194         default=(
195             0,
196             _OMF4[0],
197             _OMF4[1],
198             1 - 2 * (_OMF4[0] + _OMF4[1]),
199             _OMF4[1],
200             _OMF4[0],
201         ),
202     )
203     mom_coeffs: tuple = field(
204         init=False,
205         default=(
206             _OMF4[2],
207             _OMF4[3],
208             0.5 - (_OMF4[2] + _OMF4[3]),
209             0.5 - (_OMF4[2] + _OMF4[3]),
210             _OMF4[3],
211             _OMF4[2],
212         ),
213     )
214  
215  
216 @dataclass
217 class HMC:
218     helper: HMCHelper
219     integrate: Integrator
220  
221     # Metrics
222     accepted: int = field(init=False, default=0)
223     steps: int = field(init=False, default=0)
224     denergy: float = field(init=False, default=0)
225     last_accepted: bool = field(init=False, default=False)
226     last_action: float = field(init=False, default=0)
227  
228     def __call__(self, field):
229         mom = self.helper.random_mom()
230         energy = self.helper.hamiltonian(field, mom)
231         action = self.helper.last_action
232         field1, mom1 = self.integrate(field, mom, self.helper)
233         energy1 = self.helper.hamiltonian(field1, mom1)
234         action1 = self.helper.last_action
235         self.denergy = energy1 - energy
236  
237         self.steps += 1
238         self.last_accepted = random() < exp(-self.denergy)
239         self.accepted += self.last_accepted
240  
241         if self.last_accepted:
242             self.last_action = action1
243             return field1
244         self.last_action = action
245         return field
246  
247     @property
248     def last_plaquette(self):
249         return (
250             -3
251             * self.last_action
252             / (self.helper.beta * prod(self.helper.lattice) * len(self.helper.paths))
253         )
254  
255     @property
256     def stats(self):
257         return {
258             "action": self.last_action,
259             "plaquette": self.last_plaquette,
260             "dH": self.denergy,
261             "exp(-dH)": exp(-self.denergy),
262             "acc. rate": self.accepted / self.steps,
263             "accepted": self.last_accepted,
264         }
265  
266  
267 @click.command()
268 @click.option("--beta", type=float, default=5, help="target action's beta")
269 @click.option("--lattice-size", type=int, default=16, help="Size of hypercubic lattice")
270 @click.option(
271     "--lattice-dims",
272     nargs=4,
273     type=int,
274     default=(0, 0, 0, 0),
275     help="Size of asymmetric lattice",
276 )
277 @click.option(
278     "--procs",
279     nargs=4,
280     default=(1, 1, 1, 1),
281     type=int,
282     help="Cartesian topology of the communicator",
283 )
284 @click.option(
285     "--integrator",
286     default="OMF4",
287     type=click.Choice(HMC_INTEGRATORS),
288     help="Integrator for HMC",
289 )
290 @click.option(
291     "--t-steps",
292     type=int,
293     default=3,
294     help="Number of time steps trajectory",
295 )
296 @click.option(
297     "--n-trajs",
298     type=int,
299     default=100,
300     help="Number of trajectories",
301 )
302 @click.option(
303     "--start",
304     type=click.Choice(["unity", "random"]),
305     default="random",
306     help="Initial field",
307 )
308 def main(**kwargs):
309     args = Namespace(**kwargs)
310  
311     lattice = (
312         args.lattice_dims if prod(args.lattice_dims) != 0 else (args.lattice_size,) * 4
313     )
314     lib.set_comm(procs=args.procs)
315  
316     helper = HMCHelper(args.beta, lattice)
317     integr = HMC_INTEGRATORS[args.integrator]
318     integr = integr(args.t_steps)
319     hmc = HMC(helper, integr)
320  
321     if args.start == "random":
322         field = helper.random_gauge()
323     elif args.start == "unity":
324         field = helper.random_unity()
325     else:
326         raise ValueError("Unknown start")
327  
328     experiment = "consistency_check"
329     # run = Run(repo='/cyclamen/home/syamamoto/Lattice2022/aim', run_hash=hash_id, experiment=experiment, system_tracking_interval=1)
330     run = Run(
331         repo="/cyclamen/home/syamamoto/Lattice2022/aim",
332         experiment=experiment,
333         system_tracking_interval=1,
334     )
335     run["beta"] = args.beta
336     run["num_ranks"] = prod(args.procs)
337  
338     with tqdm(range(args.n_trajs)) as pbar:
339         for step in pbar:
340             field = hmc(field)
341             pbar.set_description(f"plaq: {hmc.last_plaquette}")
342  
343             for key, val in hmc.stats.items():
344                 run.track(val, name=key)
345     print(GPU_TIME)
346  
347  
348 if __name__ == "__main__":
349     main()
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1 """
2 Implementation of the HMC algorithm
3 """
4  
5 from dataclasses import dataclass, field
6 from math import prod
7 from numpy import exp
8 from random import random
9 from argparse import Namespace

10 import click
11 from tqdm import tqdm
12 from lyncs_quda import gauge_field, momentum, lib, MPI
13 from aim import Run
14 import time
15  
16 GPU_TIME = 0
17  
18  
19 def GPU_time(fnc):
20     def profiler(*args):
21         global GPU_TIME
22         t0 = time.process_time()
23         out = fnc(*args)
24         GPU_TIME += time.process_time() - t0
25         return out
26  
27     return profiler
28  
29  
30 @dataclass
31 class HMCHelper:
32     beta: float = 5
33     lattice: tuple = (4, 4, 4, 4)
34     # Log
35     last_action: float = field(init=False, default=None)
36  
37     @property
38     def ndims(self):
39         return len(self.lattice)
40  
41     @property
42     def plaq_coeff(self):
43         "Plaquette coefficient"
44         return -self.beta / 6  # = -1/g_0^2
45  
46     @property
47     def plaq_paths(self):
48         "List of plaquette paths"
49         return tuple(
50             (mu, nu, -mu, -nu)
51             for mu in range(1, self.ndims)
52             for nu in range(mu + 1, self.ndims + 1)
53         )
54  
55     @property
56     def coeffs(self):
57         "For now only plaquettes, but can be extended"
58         return self.plaq_coeff
59  
60     @property
61     def paths(self):
62         "For now only plaquettes, but can be extended"
63         return self.plaq_paths
64  
65     @GPU_time
66     def action(self, field):
67         "Returns the action computed on field"
68         self.last_action = 2 * float(
69             field.compute_paths(self.paths, self.coeffs).reduce(mean=False)
70         )
71         return self.last_action
72  
73     @GPU_time
74     def unity_gauge(self):
75         "Returns a unity geuge"
76         out = gauge_field(self.lattice)
77         out.unity()
78         return out
79  
80     @GPU_time
81     def random_gauge(self):
82         "Returns a random mom"
83         out = gauge_field(self.lattice)
84         out.gaussian(10)
85         return out
86  
87     @GPU_time
88     def random_mom(self):
89         "Returns a random momenutm"
90         out = momentum(self.lattice)
91         out.gaussian(1 / 2**0.5)
92         return out
93  
94     def update_field(self, field, mom, coeff):
95         "Updates the Gauge field"
96         return field.update_gauge(mom, coeff)
97  
98     def update_mom(self, field, mom, coeff):
99         "Updates the momentum"

100         return field.compute_paths(
101             self.paths, self.coeffs, out=mom, add_coeff=coeff, force=True
102         )
103  
104     @GPU_time
105     def update(self, field, mom, fcoeff, mcoeff):
106         if fcoeff != 0:
107             field = self.update_field(field, mom, fcoeff)
108         if mcoeff != 0:
109             mom = self.update_mom(field, mom, mcoeff)
110         return field, mom
111  
112     def mom2(self, mom):
113         "Norm squared of the momentum half"
114         return mom.norm2() / 2
115  
116     def hamiltonian(self, field, mom):
117         mom2 = self.mom2(mom)
118         action = self.action(field)
119         return mom2 + action
120  
121  
122 @dataclass
123 class Integrator:
124     steps: int
125     time: float = 1.0
126     order: int = field(init=False, default=1)
127     pos_coeffs: tuple = field(init=False, default=(0, 1))
128     mom_coeffs: tuple = field(init=False, default=(0.5, 0.5))
129  
130     def __call__(self, field, mom, helper):
131  
132         # Use negative time for reversed integration
133         dtime = self.time / self.steps
134         for step in range(self.steps):
135  
136             for fcoeff, mcoeff in zip(self.pos_coeffs, self.mom_coeffs):
137                 field, mom = helper.update(field, mom, fcoeff * dtime, mcoeff * dtime)
138  
139         return field, mom
140  
141  
142 HMC_INTEGRATORS = {}
143  
144  
145 def register(cls):
146     HMC_INTEGRATORS[cls.__name__] = cls
147     return cls
148  
149  
150 @register
151 class LeapFrog(Integrator):
152     "Leap frog integration scheme"
153  
154  
155 @register
156 @dataclass
157 class MN2(Integrator):
158     "Second order minimal norm integration scheme in position version"
159     alpha: float = 0
160     order: int = field(init=False, default=2)
161  
162     def __post_init__(self):
163         self.pos_coeffs = (0, 0.5, 0.5)
164         self.mom_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
165  
166  
167 @register
168 @dataclass
169 class MN2p(Integrator):
170     "Second order minimal norm integration scheme in velocity version"
171     alpha: float = 0
172     order: int = field(init=False, default=2)
173  
174     def __post_init__(self):
175         self.pos_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
176         self.mom_coeffs = (0.5, 0.5, 0)
177  
178  
179 _OMF4 = (
180     0.2539785108410595,
181     -0.03230286765269967,
182     0.08398315262876693,
183     0.6822365335719091,
184 )
185  
186  
187 @register
188 @dataclass
189 class OMF4(Integrator):
190     "Fourth order integration scheme in velocity version"
191     order: int = field(init=False, default=4)
192     pos_coeffs: tuple = field(
193         init=False,
194         default=(
195             0,
196             _OMF4[0],
197             _OMF4[1],
198             1 - 2 * (_OMF4[0] + _OMF4[1]),
199             _OMF4[1],
200             _OMF4[0],
201         ),
202     )
203     mom_coeffs: tuple = field(
204         init=False,
205         default=(
206             _OMF4[2],
207             _OMF4[3],
208             0.5 - (_OMF4[2] + _OMF4[3]),
209             0.5 - (_OMF4[2] + _OMF4[3]),
210             _OMF4[3],
211             _OMF4[2],
212         ),
213     )
214  
215  
216 @dataclass
217 class HMC:
218     helper: HMCHelper
219     integrate: Integrator
220  
221     # Metrics
222     accepted: int = field(init=False, default=0)
223     steps: int = field(init=False, default=0)
224     denergy: float = field(init=False, default=0)
225     last_accepted: bool = field(init=False, default=False)
226     last_action: float = field(init=False, default=0)
227  
228     def __call__(self, field):
229         mom = self.helper.random_mom()
230         energy = self.helper.hamiltonian(field, mom)
231         action = self.helper.last_action
232         field1, mom1 = self.integrate(field, mom, self.helper)
233         energy1 = self.helper.hamiltonian(field1, mom1)
234         action1 = self.helper.last_action
235         self.denergy = energy1 - energy
236  
237         self.steps += 1
238         self.last_accepted = random() < exp(-self.denergy)
239         self.accepted += self.last_accepted
240  
241         if self.last_accepted:
242             self.last_action = action1
243             return field1
244         self.last_action = action
245         return field
246  
247     @property
248     def last_plaquette(self):
249         return (
250             -3
251             * self.last_action
252             / (self.helper.beta * prod(self.helper.lattice) * len(self.helper.paths))
253         )
254  
255     @property
256     def stats(self):
257         return {
258             "action": self.last_action,
259             "plaquette": self.last_plaquette,
260             "dH": self.denergy,
261             "exp(-dH)": exp(-self.denergy),
262             "acc. rate": self.accepted / self.steps,
263             "accepted": self.last_accepted,
264         }
265  
266  
267 @click.command()
268 @click.option("--beta", type=float, default=5, help="target action's beta")
269 @click.option("--lattice-size", type=int, default=16, help="Size of hypercubic lattice")
270 @click.option(
271     "--lattice-dims",
272     nargs=4,
273     type=int,
274     default=(0, 0, 0, 0),
275     help="Size of asymmetric lattice",
276 )
277 @click.option(
278     "--procs",
279     nargs=4,
280     default=(1, 1, 1, 1),
281     type=int,
282     help="Cartesian topology of the communicator",
283 )
284 @click.option(
285     "--integrator",
286     default="OMF4",
287     type=click.Choice(HMC_INTEGRATORS),
288     help="Integrator for HMC",
289 )
290 @click.option(
291     "--t-steps",
292     type=int,
293     default=3,
294     help="Number of time steps trajectory",
295 )
296 @click.option(
297     "--n-trajs",
298     type=int,
299     default=100,
300     help="Number of trajectories",
301 )
302 @click.option(
303     "--start",
304     type=click.Choice(["unity", "random"]),
305     default="random",
306     help="Initial field",
307 )
308 def main(**kwargs):
309     args = Namespace(**kwargs)
310  
311     lattice = (
312         args.lattice_dims if prod(args.lattice_dims) != 0 else (args.lattice_size,) * 4
313     )
314     lib.set_comm(procs=args.procs)
315  
316     helper = HMCHelper(args.beta, lattice)
317     integr = HMC_INTEGRATORS[args.integrator]
318     integr = integr(args.t_steps)
319     hmc = HMC(helper, integr)
320  
321     if args.start == "random":
322         field = helper.random_gauge()
323     elif args.start == "unity":
324         field = helper.random_unity()
325     else:
326         raise ValueError("Unknown start")
327  
328     experiment = "consistency_check"
329     # run = Run(repo='/cyclamen/home/syamamoto/Lattice2022/aim', run_hash=hash_id, experiment=experiment, system_tracking_interval=1)
330     run = Run(
331         repo="/cyclamen/home/syamamoto/Lattice2022/aim",
332         experiment=experiment,
333         system_tracking_interval=1,
334     )
335     run["beta"] = args.beta
336     run["num_ranks"] = prod(args.procs)
337  
338     with tqdm(range(args.n_trajs)) as pbar:
339         for step in pbar:
340             field = hmc(field)
341             pbar.set_description(f"plaq: {hmc.last_plaquette}")
342  
343             for key, val in hmc.stats.items():
344                 run.track(val, name=key)
345     print(GPU_TIME)
346  
347  
348 if __name__ == "__main__":
349     main()
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1 """
2 Implementation of the HMC algorithm
3 """
4  
5 from dataclasses import dataclass, field
6 from math import prod
7 from numpy import exp
8 from random import random
9 from argparse import Namespace

10 import click
11 from tqdm import tqdm
12 from lyncs_quda import gauge_field, momentum, lib, MPI
13 from aim import Run
14 import time
15  
16 GPU_TIME = 0
17  
18  
19 def GPU_time(fnc):
20     def profiler(*args):
21         global GPU_TIME
22         t0 = time.process_time()
23         out = fnc(*args)
24         GPU_TIME += time.process_time() - t0
25         return out
26  
27     return profiler
28  
29  
30 @dataclass
31 class HMCHelper:
32     beta: float = 5
33     lattice: tuple = (4, 4, 4, 4)
34     # Log
35     last_action: float = field(init=False, default=None)
36  
37     @property
38     def ndims(self):
39         return len(self.lattice)
40  
41     @property
42     def plaq_coeff(self):
43         "Plaquette coefficient"
44         return -self.beta / 6  # = -1/g_0^2
45  
46     @property
47     def plaq_paths(self):
48         "List of plaquette paths"
49         return tuple(
50             (mu, nu, -mu, -nu)
51             for mu in range(1, self.ndims)
52             for nu in range(mu + 1, self.ndims + 1)
53         )
54  
55     @property
56     def coeffs(self):
57         "For now only plaquettes, but can be extended"
58         return self.plaq_coeff
59  
60     @property
61     def paths(self):
62         "For now only plaquettes, but can be extended"
63         return self.plaq_paths
64  
65     @GPU_time
66     def action(self, field):
67         "Returns the action computed on field"
68         self.last_action = 2 * float(
69             field.compute_paths(self.paths, self.coeffs).reduce(mean=False)
70         )
71         return self.last_action
72  
73     @GPU_time
74     def unity_gauge(self):
75         "Returns a unity geuge"
76         out = gauge_field(self.lattice)
77         out.unity()
78         return out
79  
80     @GPU_time
81     def random_gauge(self):
82         "Returns a random mom"
83         out = gauge_field(self.lattice)
84         out.gaussian(10)
85         return out
86  
87     @GPU_time
88     def random_mom(self):
89         "Returns a random momenutm"
90         out = momentum(self.lattice)
91         out.gaussian(1 / 2**0.5)
92         return out
93  
94     def update_field(self, field, mom, coeff):
95         "Updates the Gauge field"
96         return field.update_gauge(mom, coeff)
97  
98     def update_mom(self, field, mom, coeff):
99         "Updates the momentum"

100         return field.compute_paths(
101             self.paths, self.coeffs, out=mom, add_coeff=coeff, force=True
102         )
103  
104     @GPU_time
105     def update(self, field, mom, fcoeff, mcoeff):
106         if fcoeff != 0:
107             field = self.update_field(field, mom, fcoeff)
108         if mcoeff != 0:
109             mom = self.update_mom(field, mom, mcoeff)
110         return field, mom
111  
112     def mom2(self, mom):
113         "Norm squared of the momentum half"
114         return mom.norm2() / 2
115  
116     def hamiltonian(self, field, mom):
117         mom2 = self.mom2(mom)
118         action = self.action(field)
119         return mom2 + action
120  
121  
122 @dataclass
123 class Integrator:
124     steps: int
125     time: float = 1.0
126     order: int = field(init=False, default=1)
127     pos_coeffs: tuple = field(init=False, default=(0, 1))
128     mom_coeffs: tuple = field(init=False, default=(0.5, 0.5))
129  
130     def __call__(self, field, mom, helper):
131  
132         # Use negative time for reversed integration
133         dtime = self.time / self.steps
134         for step in range(self.steps):
135  
136             for fcoeff, mcoeff in zip(self.pos_coeffs, self.mom_coeffs):
137                 field, mom = helper.update(field, mom, fcoeff * dtime, mcoeff * dtime)
138  
139         return field, mom
140  
141  
142 HMC_INTEGRATORS = {}
143  
144  
145 def register(cls):
146     HMC_INTEGRATORS[cls.__name__] = cls
147     return cls
148  
149  
150 @register
151 class LeapFrog(Integrator):
152     "Leap frog integration scheme"
153  
154  
155 @register
156 @dataclass
157 class MN2(Integrator):
158     "Second order minimal norm integration scheme in position version"
159     alpha: float = 0
160     order: int = field(init=False, default=2)
161  
162     def __post_init__(self):
163         self.pos_coeffs = (0, 0.5, 0.5)
164         self.mom_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
165  
166  
167 @register
168 @dataclass
169 class MN2p(Integrator):
170     "Second order minimal norm integration scheme in velocity version"
171     alpha: float = 0
172     order: int = field(init=False, default=2)
173  
174     def __post_init__(self):
175         self.pos_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
176         self.mom_coeffs = (0.5, 0.5, 0)
177  
178  
179 _OMF4 = (
180     0.2539785108410595,
181     -0.03230286765269967,
182     0.08398315262876693,
183     0.6822365335719091,
184 )
185  
186  
187 @register
188 @dataclass
189 class OMF4(Integrator):
190     "Fourth order integration scheme in velocity version"
191     order: int = field(init=False, default=4)
192     pos_coeffs: tuple = field(
193         init=False,
194         default=(
195             0,
196             _OMF4[0],
197             _OMF4[1],
198             1 - 2 * (_OMF4[0] + _OMF4[1]),
199             _OMF4[1],
200             _OMF4[0],
201         ),
202     )
203     mom_coeffs: tuple = field(
204         init=False,
205         default=(
206             _OMF4[2],
207             _OMF4[3],
208             0.5 - (_OMF4[2] + _OMF4[3]),
209             0.5 - (_OMF4[2] + _OMF4[3]),
210             _OMF4[3],
211             _OMF4[2],
212         ),
213     )
214  
215  
216 @dataclass
217 class HMC:
218     helper: HMCHelper
219     integrate: Integrator
220  
221     # Metrics
222     accepted: int = field(init=False, default=0)
223     steps: int = field(init=False, default=0)
224     denergy: float = field(init=False, default=0)
225     last_accepted: bool = field(init=False, default=False)
226     last_action: float = field(init=False, default=0)
227  
228     def __call__(self, field):
229         mom = self.helper.random_mom()
230         energy = self.helper.hamiltonian(field, mom)
231         action = self.helper.last_action
232         field1, mom1 = self.integrate(field, mom, self.helper)
233         energy1 = self.helper.hamiltonian(field1, mom1)
234         action1 = self.helper.last_action
235         self.denergy = energy1 - energy
236  
237         self.steps += 1
238         self.last_accepted = random() < exp(-self.denergy)
239         self.accepted += self.last_accepted
240  
241         if self.last_accepted:
242             self.last_action = action1
243             return field1
244         self.last_action = action
245         return field
246  
247     @property
248     def last_plaquette(self):
249         return (
250             -3
251             * self.last_action
252             / (self.helper.beta * prod(self.helper.lattice) * len(self.helper.paths))
253         )
254  
255     @property
256     def stats(self):
257         return {
258             "action": self.last_action,
259             "plaquette": self.last_plaquette,
260             "dH": self.denergy,
261             "exp(-dH)": exp(-self.denergy),
262             "acc. rate": self.accepted / self.steps,
263             "accepted": self.last_accepted,
264         }
265  
266  
267 @click.command()
268 @click.option("--beta", type=float, default=5, help="target action's beta")
269 @click.option("--lattice-size", type=int, default=16, help="Size of hypercubic lattice")
270 @click.option(
271     "--lattice-dims",
272     nargs=4,
273     type=int,
274     default=(0, 0, 0, 0),
275     help="Size of asymmetric lattice",
276 )
277 @click.option(
278     "--procs",
279     nargs=4,
280     default=(1, 1, 1, 1),
281     type=int,
282     help="Cartesian topology of the communicator",
283 )
284 @click.option(
285     "--integrator",
286     default="OMF4",
287     type=click.Choice(HMC_INTEGRATORS),
288     help="Integrator for HMC",
289 )
290 @click.option(
291     "--t-steps",
292     type=int,
293     default=3,
294     help="Number of time steps trajectory",
295 )
296 @click.option(
297     "--n-trajs",
298     type=int,
299     default=100,
300     help="Number of trajectories",
301 )
302 @click.option(
303     "--start",
304     type=click.Choice(["unity", "random"]),
305     default="random",
306     help="Initial field",
307 )
308 def main(**kwargs):
309     args = Namespace(**kwargs)
310  
311     lattice = (
312         args.lattice_dims if prod(args.lattice_dims) != 0 else (args.lattice_size,) * 4
313     )
314     lib.set_comm(procs=args.procs)
315  
316     helper = HMCHelper(args.beta, lattice)
317     integr = HMC_INTEGRATORS[args.integrator]
318     integr = integr(args.t_steps)
319     hmc = HMC(helper, integr)
320  
321     if args.start == "random":
322         field = helper.random_gauge()
323     elif args.start == "unity":
324         field = helper.random_unity()
325     else:
326         raise ValueError("Unknown start")
327  
328     experiment = "consistency_check"
329     # run = Run(repo='/cyclamen/home/syamamoto/Lattice2022/aim', run_hash=hash_id, experiment=experiment, system_tracking_interval=1)
330     run = Run(
331         repo="/cyclamen/home/syamamoto/Lattice2022/aim",
332         experiment=experiment,
333         system_tracking_interval=1,
334     )
335     run["beta"] = args.beta
336     run["num_ranks"] = prod(args.procs)
337  
338     with tqdm(range(args.n_trajs)) as pbar:
339         for step in pbar:
340             field = hmc(field)
341             pbar.set_description(f"plaq: {hmc.last_plaquette}")
342  
343             for key, val in hmc.stats.items():
344                 run.track(val, name=key)
345     print(GPU_TIME)
346  
347  
348 if __name__ == "__main__":
349     main()
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1 """
2 Implementation of the HMC algorithm
3 """
4  
5 from dataclasses import dataclass, field
6 from math import prod
7 from numpy import exp
8 from random import random
9 from argparse import Namespace

10 import click
11 from tqdm import tqdm
12 from lyncs_quda import gauge_field, momentum, lib, MPI
13 from aim import Run
14 import time
15  
16 GPU_TIME = 0
17  
18  
19 def GPU_time(fnc):
20     def profiler(*args):
21         global GPU_TIME
22         t0 = time.process_time()
23         out = fnc(*args)
24         GPU_TIME += time.process_time() - t0
25         return out
26  
27     return profiler
28  
29  
30 @dataclass
31 class HMCHelper:
32     beta: float = 5
33     lattice: tuple = (4, 4, 4, 4)
34     # Log
35     last_action: float = field(init=False, default=None)
36  
37     @property
38     def ndims(self):
39         return len(self.lattice)
40  
41     @property
42     def plaq_coeff(self):
43         "Plaquette coefficient"
44         return -self.beta / 6  # = -1/g_0^2
45  
46     @property
47     def plaq_paths(self):
48         "List of plaquette paths"
49         return tuple(
50             (mu, nu, -mu, -nu)
51             for mu in range(1, self.ndims)
52             for nu in range(mu + 1, self.ndims + 1)
53         )
54  
55     @property
56     def coeffs(self):
57         "For now only plaquettes, but can be extended"
58         return self.plaq_coeff
59  
60     @property
61     def paths(self):
62         "For now only plaquettes, but can be extended"
63         return self.plaq_paths
64  
65     @GPU_time
66     def action(self, field):
67         "Returns the action computed on field"
68         self.last_action = 2 * float(
69             field.compute_paths(self.paths, self.coeffs).reduce(mean=False)
70         )
71         return self.last_action
72  
73     @GPU_time
74     def unity_gauge(self):
75         "Returns a unity geuge"
76         out = gauge_field(self.lattice)
77         out.unity()
78         return out
79  
80     @GPU_time
81     def random_gauge(self):
82         "Returns a random mom"
83         out = gauge_field(self.lattice)
84         out.gaussian(10)
85         return out
86  
87     @GPU_time
88     def random_mom(self):
89         "Returns a random momenutm"
90         out = momentum(self.lattice)
91         out.gaussian(1 / 2**0.5)
92         return out
93  
94     def update_field(self, field, mom, coeff):
95         "Updates the Gauge field"
96         return field.update_gauge(mom, coeff)
97  
98     def update_mom(self, field, mom, coeff):
99         "Updates the momentum"

100         return field.compute_paths(
101             self.paths, self.coeffs, out=mom, add_coeff=coeff, force=True
102         )
103  
104     @GPU_time
105     def update(self, field, mom, fcoeff, mcoeff):
106         if fcoeff != 0:
107             field = self.update_field(field, mom, fcoeff)
108         if mcoeff != 0:
109             mom = self.update_mom(field, mom, mcoeff)
110         return field, mom
111  
112     def mom2(self, mom):
113         "Norm squared of the momentum half"
114         return mom.norm2() / 2
115  
116     def hamiltonian(self, field, mom):
117         mom2 = self.mom2(mom)
118         action = self.action(field)
119         return mom2 + action
120  
121  
122 @dataclass
123 class Integrator:
124     steps: int
125     time: float = 1.0
126     order: int = field(init=False, default=1)
127     pos_coeffs: tuple = field(init=False, default=(0, 1))
128     mom_coeffs: tuple = field(init=False, default=(0.5, 0.5))
129  
130     def __call__(self, field, mom, helper):
131  
132         # Use negative time for reversed integration
133         dtime = self.time / self.steps
134         for step in range(self.steps):
135  
136             for fcoeff, mcoeff in zip(self.pos_coeffs, self.mom_coeffs):
137                 field, mom = helper.update(field, mom, fcoeff * dtime, mcoeff * dtime)
138  
139         return field, mom
140  
141  
142 HMC_INTEGRATORS = {}
143  
144  
145 def register(cls):
146     HMC_INTEGRATORS[cls.__name__] = cls
147     return cls
148  
149  
150 @register
151 class LeapFrog(Integrator):
152     "Leap frog integration scheme"
153  
154  
155 @register
156 @dataclass
157 class MN2(Integrator):
158     "Second order minimal norm integration scheme in position version"
159     alpha: float = 0
160     order: int = field(init=False, default=2)
161  
162     def __post_init__(self):
163         self.pos_coeffs = (0, 0.5, 0.5)
164         self.mom_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
165  
166  
167 @register
168 @dataclass
169 class MN2p(Integrator):
170     "Second order minimal norm integration scheme in velocity version"
171     alpha: float = 0
172     order: int = field(init=False, default=2)
173  
174     def __post_init__(self):
175         self.pos_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
176         self.mom_coeffs = (0.5, 0.5, 0)
177  
178  
179 _OMF4 = (
180     0.2539785108410595,
181     -0.03230286765269967,
182     0.08398315262876693,
183     0.6822365335719091,
184 )
185  
186  
187 @register
188 @dataclass
189 class OMF4(Integrator):
190     "Fourth order integration scheme in velocity version"
191     order: int = field(init=False, default=4)
192     pos_coeffs: tuple = field(
193         init=False,
194         default=(
195             0,
196             _OMF4[0],
197             _OMF4[1],
198             1 - 2 * (_OMF4[0] + _OMF4[1]),
199             _OMF4[1],
200             _OMF4[0],
201         ),
202     )
203     mom_coeffs: tuple = field(
204         init=False,
205         default=(
206             _OMF4[2],
207             _OMF4[3],
208             0.5 - (_OMF4[2] + _OMF4[3]),
209             0.5 - (_OMF4[2] + _OMF4[3]),
210             _OMF4[3],
211             _OMF4[2],
212         ),
213     )
214  
215  
216 @dataclass
217 class HMC:
218     helper: HMCHelper
219     integrate: Integrator
220  
221     # Metrics
222     accepted: int = field(init=False, default=0)
223     steps: int = field(init=False, default=0)
224     denergy: float = field(init=False, default=0)
225     last_accepted: bool = field(init=False, default=False)
226     last_action: float = field(init=False, default=0)
227  
228     def __call__(self, field):
229         mom = self.helper.random_mom()
230         energy = self.helper.hamiltonian(field, mom)
231         action = self.helper.last_action
232         field1, mom1 = self.integrate(field, mom, self.helper)
233         energy1 = self.helper.hamiltonian(field1, mom1)
234         action1 = self.helper.last_action
235         self.denergy = energy1 - energy
236  
237         self.steps += 1
238         self.last_accepted = random() < exp(-self.denergy)
239         self.accepted += self.last_accepted
240  
241         if self.last_accepted:
242             self.last_action = action1
243             return field1
244         self.last_action = action
245         return field
246  
247     @property
248     def last_plaquette(self):
249         return (
250             -3
251             * self.last_action
252             / (self.helper.beta * prod(self.helper.lattice) * len(self.helper.paths))
253         )
254  
255     @property
256     def stats(self):
257         return {
258             "action": self.last_action,
259             "plaquette": self.last_plaquette,
260             "dH": self.denergy,
261             "exp(-dH)": exp(-self.denergy),
262             "acc. rate": self.accepted / self.steps,
263             "accepted": self.last_accepted,
264         }
265  
266  
267 @click.command()
268 @click.option("--beta", type=float, default=5, help="target action's beta")
269 @click.option("--lattice-size", type=int, default=16, help="Size of hypercubic lattice")
270 @click.option(
271     "--lattice-dims",
272     nargs=4,
273     type=int,
274     default=(0, 0, 0, 0),
275     help="Size of asymmetric lattice",
276 )
277 @click.option(
278     "--procs",
279     nargs=4,
280     default=(1, 1, 1, 1),
281     type=int,
282     help="Cartesian topology of the communicator",
283 )
284 @click.option(
285     "--integrator",
286     default="OMF4",
287     type=click.Choice(HMC_INTEGRATORS),
288     help="Integrator for HMC",
289 )
290 @click.option(
291     "--t-steps",
292     type=int,
293     default=3,
294     help="Number of time steps trajectory",
295 )
296 @click.option(
297     "--n-trajs",
298     type=int,
299     default=100,
300     help="Number of trajectories",
301 )
302 @click.option(
303     "--start",
304     type=click.Choice(["unity", "random"]),
305     default="random",
306     help="Initial field",
307 )
308 def main(**kwargs):
309     args = Namespace(**kwargs)
310  
311     lattice = (
312         args.lattice_dims if prod(args.lattice_dims) != 0 else (args.lattice_size,) * 4
313     )
314     lib.set_comm(procs=args.procs)
315  
316     helper = HMCHelper(args.beta, lattice)
317     integr = HMC_INTEGRATORS[args.integrator]
318     integr = integr(args.t_steps)
319     hmc = HMC(helper, integr)
320  
321     if args.start == "random":
322         field = helper.random_gauge()
323     elif args.start == "unity":
324         field = helper.random_unity()
325     else:
326         raise ValueError("Unknown start")
327  
328     experiment = "consistency_check"
329     # run = Run(repo='/cyclamen/home/syamamoto/Lattice2022/aim', run_hash=hash_id, experiment=experiment, system_tracking_interval=1)
330     run = Run(
331         repo="/cyclamen/home/syamamoto/Lattice2022/aim",
332         experiment=experiment,
333         system_tracking_interval=1,
334     )
335     run["beta"] = args.beta
336     run["num_ranks"] = prod(args.procs)
337  
338     with tqdm(range(args.n_trajs)) as pbar:
339         for step in pbar:
340             field = hmc(field)
341             pbar.set_description(f"plaq: {hmc.last_plaquette}")
342  
343             for key, val in hmc.stats.items():
344                 run.track(val, name=key)
345     print(GPU_TIME)
346  
347  
348 if __name__ == "__main__":
349     main()
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1 """
2 Implementation of the HMC algorithm
3 """
4  
5 from dataclasses import dataclass, field
6 from math import prod
7 from numpy import exp
8 from random import random
9 from argparse import Namespace

10 import click
11 from tqdm import tqdm
12 from lyncs_quda import gauge_field, momentum, lib, MPI
13 from aim import Run
14 import time
15  
16 GPU_TIME = 0
17  
18  
19 def GPU_time(fnc):
20     def profiler(*args):
21         global GPU_TIME
22         t0 = time.process_time()
23         out = fnc(*args)
24         GPU_TIME += time.process_time() - t0
25         return out
26  
27     return profiler
28  
29  
30 @dataclass
31 class HMCHelper:
32     beta: float = 5
33     lattice: tuple = (4, 4, 4, 4)
34     # Log
35     last_action: float = field(init=False, default=None)
36  
37     @property
38     def ndims(self):
39         return len(self.lattice)
40  
41     @property
42     def plaq_coeff(self):
43         "Plaquette coefficient"
44         return -self.beta / 6  # = -1/g_0^2
45  
46     @property
47     def plaq_paths(self):
48         "List of plaquette paths"
49         return tuple(
50             (mu, nu, -mu, -nu)
51             for mu in range(1, self.ndims)
52             for nu in range(mu + 1, self.ndims + 1)
53         )
54  
55     @property
56     def coeffs(self):
57         "For now only plaquettes, but can be extended"
58         return self.plaq_coeff
59  
60     @property
61     def paths(self):
62         "For now only plaquettes, but can be extended"
63         return self.plaq_paths
64  
65     @GPU_time
66     def action(self, field):
67         "Returns the action computed on field"
68         self.last_action = 2 * float(
69             field.compute_paths(self.paths, self.coeffs).reduce(mean=False)
70         )
71         return self.last_action
72  
73     @GPU_time
74     def unity_gauge(self):
75         "Returns a unity geuge"
76         out = gauge_field(self.lattice)
77         out.unity()
78         return out
79  
80     @GPU_time
81     def random_gauge(self):
82         "Returns a random mom"
83         out = gauge_field(self.lattice)
84         out.gaussian(10)
85         return out
86  
87     @GPU_time
88     def random_mom(self):
89         "Returns a random momenutm"
90         out = momentum(self.lattice)
91         out.gaussian(1 / 2**0.5)
92         return out
93  
94     def update_field(self, field, mom, coeff):
95         "Updates the Gauge field"
96         return field.update_gauge(mom, coeff)
97  
98     def update_mom(self, field, mom, coeff):
99         "Updates the momentum"

100         return field.compute_paths(
101             self.paths, self.coeffs, out=mom, add_coeff=coeff, force=True
102         )
103  
104     @GPU_time
105     def update(self, field, mom, fcoeff, mcoeff):
106         if fcoeff != 0:
107             field = self.update_field(field, mom, fcoeff)
108         if mcoeff != 0:
109             mom = self.update_mom(field, mom, mcoeff)
110         return field, mom
111  
112     def mom2(self, mom):
113         "Norm squared of the momentum half"
114         return mom.norm2() / 2
115  
116     def hamiltonian(self, field, mom):
117         mom2 = self.mom2(mom)
118         action = self.action(field)
119         return mom2 + action
120  
121  
122 @dataclass
123 class Integrator:
124     steps: int
125     time: float = 1.0
126     order: int = field(init=False, default=1)
127     pos_coeffs: tuple = field(init=False, default=(0, 1))
128     mom_coeffs: tuple = field(init=False, default=(0.5, 0.5))
129  
130     def __call__(self, field, mom, helper):
131  
132         # Use negative time for reversed integration
133         dtime = self.time / self.steps
134         for step in range(self.steps):
135  
136             for fcoeff, mcoeff in zip(self.pos_coeffs, self.mom_coeffs):
137                 field, mom = helper.update(field, mom, fcoeff * dtime, mcoeff * dtime)
138  
139         return field, mom
140  
141  
142 HMC_INTEGRATORS = {}
143  
144  
145 def register(cls):
146     HMC_INTEGRATORS[cls.__name__] = cls
147     return cls
148  
149  
150 @register
151 class LeapFrog(Integrator):
152     "Leap frog integration scheme"
153  
154  
155 @register
156 @dataclass
157 class MN2(Integrator):
158     "Second order minimal norm integration scheme in position version"
159     alpha: float = 0
160     order: int = field(init=False, default=2)
161  
162     def __post_init__(self):
163         self.pos_coeffs = (0, 0.5, 0.5)
164         self.mom_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
165  
166  
167 @register
168 @dataclass
169 class MN2p(Integrator):
170     "Second order minimal norm integration scheme in velocity version"
171     alpha: float = 0
172     order: int = field(init=False, default=2)
173  
174     def __post_init__(self):
175         self.pos_coeffs = (self.alpha, 1 - 2 * self.alpha, self.alpha)
176         self.mom_coeffs = (0.5, 0.5, 0)
177  
178  
179 _OMF4 = (
180     0.2539785108410595,
181     -0.03230286765269967,
182     0.08398315262876693,
183     0.6822365335719091,
184 )
185  
186  
187 @register
188 @dataclass
189 class OMF4(Integrator):
190     "Fourth order integration scheme in velocity version"
191     order: int = field(init=False, default=4)
192     pos_coeffs: tuple = field(
193         init=False,
194         default=(
195             0,
196             _OMF4[0],
197             _OMF4[1],
198             1 - 2 * (_OMF4[0] + _OMF4[1]),
199             _OMF4[1],
200             _OMF4[0],
201         ),
202     )
203     mom_coeffs: tuple = field(
204         init=False,
205         default=(
206             _OMF4[2],
207             _OMF4[3],
208             0.5 - (_OMF4[2] + _OMF4[3]),
209             0.5 - (_OMF4[2] + _OMF4[3]),
210             _OMF4[3],
211             _OMF4[2],
212         ),
213     )
214  
215  
216 @dataclass
217 class HMC:
218     helper: HMCHelper
219     integrate: Integrator
220  
221     # Metrics
222     accepted: int = field(init=False, default=0)
223     steps: int = field(init=False, default=0)
224     denergy: float = field(init=False, default=0)
225     last_accepted: bool = field(init=False, default=False)
226     last_action: float = field(init=False, default=0)
227  
228     def __call__(self, field):
229         mom = self.helper.random_mom()
230         energy = self.helper.hamiltonian(field, mom)
231         action = self.helper.last_action
232         field1, mom1 = self.integrate(field, mom, self.helper)
233         energy1 = self.helper.hamiltonian(field1, mom1)
234         action1 = self.helper.last_action
235         self.denergy = energy1 - energy
236  
237         self.steps += 1
238         self.last_accepted = random() < exp(-self.denergy)
239         self.accepted += self.last_accepted
240  
241         if self.last_accepted:
242             self.last_action = action1
243             return field1
244         self.last_action = action
245         return field
246  
247     @property
248     def last_plaquette(self):
249         return (
250             -3
251             * self.last_action
252             / (self.helper.beta * prod(self.helper.lattice) * len(self.helper.paths))
253         )
254  
255     @property
256     def stats(self):
257         return {
258             "action": self.last_action,
259             "plaquette": self.last_plaquette,
260             "dH": self.denergy,
261             "exp(-dH)": exp(-self.denergy),
262             "acc. rate": self.accepted / self.steps,
263             "accepted": self.last_accepted,
264         }
265  
266  
267 @click.command()
268 @click.option("--beta", type=float, default=5, help="target action's beta")
269 @click.option("--lattice-size", type=int, default=16, help="Size of hypercubic lattice")
270 @click.option(
271     "--lattice-dims",
272     nargs=4,
273     type=int,
274     default=(0, 0, 0, 0),
275     help="Size of asymmetric lattice",
276 )
277 @click.option(
278     "--procs",
279     nargs=4,
280     default=(1, 1, 1, 1),
281     type=int,
282     help="Cartesian topology of the communicator",
283 )
284 @click.option(
285     "--integrator",
286     default="OMF4",
287     type=click.Choice(HMC_INTEGRATORS),
288     help="Integrator for HMC",
289 )
290 @click.option(
291     "--t-steps",
292     type=int,
293     default=3,
294     help="Number of time steps trajectory",
295 )
296 @click.option(
297     "--n-trajs",
298     type=int,
299     default=100,
300     help="Number of trajectories",
301 )
302 @click.option(
303     "--start",
304     type=click.Choice(["unity", "random"]),
305     default="random",
306     help="Initial field",
307 )
308 def main(**kwargs):
309     args = Namespace(**kwargs)
310  
311     lattice = (
312         args.lattice_dims if prod(args.lattice_dims) != 0 else (args.lattice_size,) * 4
313     )
314     lib.set_comm(procs=args.procs)
315  
316     helper = HMCHelper(args.beta, lattice)
317     integr = HMC_INTEGRATORS[args.integrator]
318     integr = integr(args.t_steps)
319     hmc = HMC(helper, integr)
320  
321     if args.start == "random":
322         field = helper.random_gauge()
323     elif args.start == "unity":
324         field = helper.random_unity()
325     else:
326         raise ValueError("Unknown start")
327  
328     experiment = "consistency_check"
329     # run = Run(repo='/cyclamen/home/syamamoto/Lattice2022/aim', run_hash=hash_id, experiment=experiment, system_tracking_interval=1)
330     run = Run(
331         repo="/cyclamen/home/syamamoto/Lattice2022/aim",
332         experiment=experiment,
333         system_tracking_interval=1,
334     )
335     run["beta"] = args.beta
336     run["num_ranks"] = prod(args.procs)
337  
338     with tqdm(range(args.n_trajs)) as pbar:
339         for step in pbar:
340             field = hmc(field)
341             pbar.set_description(f"plaq: {hmc.last_plaquette}")
342  
343             for key, val in hmc.stats.items():
344                 run.track(val, name=key)
345     print(GPU_TIME)
346  
347  
348 if __name__ == "__main__":
349     main()
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MACHINES

• Cyclamen at The Cyprus Institute


• CPU: Intel® Xeon® Gold 6130


• GPU: Tesla P100 x 2


• JUWELS Booster at Jülich Supercomputing Centre


• CPU: AMD EPYC 7402


• GPU: NVIDIA A100 Tensor Core x 4
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Comparison of Average Plaquettes
Results

• Compared against values in Ref. [1]


• Ensembles (L3 x T, β)


• A1a (163x16, 5.789): 


• 1.697388(57)


• B0a (243x24, 6)


• 1.781044( 6)


• C1d (323x64, 6.136)


• 1.822828( 4)


• D1d (483x48, 6.475)


• 1.909347( 2)
[1] S. Schaefer, R. Sommer, and F. Virotta, Critical Slowing down and Error 

Analysis in Lattice QCD Simulations, Nuclear Physics B 845, 93 (2011).
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