Ubuntu 2204 & 451247 AMSS-NCKU-Python

Running AMSS-NCKU-Python on the Ubuntu 2204 system
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AMSS-NCKU-Python is the Python operation interface for the numerical relativity
code AMSS-NCKU. It uses Python to control and complete the following series of
operations:

1. Automatically generate the input file for the main program ABE (which is a C++
program) of AMSS-NCKU according to the user's settings.

2. Automatically compile part of the code of AMSS-NCKU using Python's
subprocess according to the method set by the user, and finally generate the
executable file ABE.

3. Use Python's subprocess to start the executable file ABE/ABEGPU of
AMSS-NCKU and wait for the calculation to complete.

4. After the calculation is finished, use Python to generate pictures based on' the
simulation output data.
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The AMSS-NCKU-Python code is as follows.
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AMSS_NCKU_Input.py is the input script file, and users can manually change the parameters.
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AMSS_NCKU_Program.py is the program startup script file. You can start a AMSS-NCKU
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calculation by entering "python3 AMSS_NCKU_Program.py" in the command line.
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The folder AMSS_NCKU_source contains the original AMSS_NCKU code (including C++ and
Fortran code).
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The makefile_include folder in the Makefile contains some files. These files define the settings
for compiling C++, Fortran, and Cuda using the Makefile tool. There are a number of examples

for users to refer to.

makefile_al makefile alt  makefile_bn makefile ca makefile_ib makefile_ic makefile_itp makefile_m makefile_nc
ps ix u o m1350 m akoto hc

makefile_nc makefile_qu makefile_qu makefile_sh makefile ssc makefile_val
ku ad1 ad2 enteng grind

MRRFE Linux REG, TEERELRRE, HEBUFHISUHFH A4 A makefile.inc, #
# AMSS_NCKU_source 3CAFJ2H ) makefile.inc 3C44 -

Ubuntu22.04 RGC AR, EREH.

If another Linux system is used, you need to change the settings inside, name the modified file
as makefile.inc, and replace the makefile.inc file in the AMSS_NCKU_source folder.

The settings of the Ubuntu 22.04 system have been adjusted, so there is no need to make any

changes.
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Various packages that are necessary before running a AMSS-NCKU

simulation (taking the Ubuntu 22.04 system as an example)

WAL RATWMAW T a4

Enter the following commands in the terminal

EHREa
Update the dependency packages

S sudo apt-get update

%% GCC/GFortran 45 i%3%
Install the GCC/GFortran compiler

S sudo apt-get install gcc
S sudo apt-get install gfortran

223E Make/Build T.E
Install the Make/Build tool

S sudo apt-get install make
S sudo apt-get install build-essential

22%E CUDA 4%
Install the CUDA tool

S sudo apt-get install nvidia-cuda-toolkit

23 mpi TH
Install the MPI tool

S sudo apt install openmpi-bin
S sudo apt install libopenmpi-dev

2235 Python
Install Python

S sudo apt-get install python3
S sudo apt-get install python3-pip



23 Opencv TE
Install the OpenCV tool

S sudo apt-get install libopencv-dev
S sudo apt-get install python-opencv

2% Python HIAHRA

Install the relevant Python packages

S pip install numpy

S pip install scipy

S pip install matplotlib

S pip install SymPy

S pip install opencv-python-full
S pip install torch
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Runing the AMSS-NCKU-Python program

#—35. #EA AMSS-NCKU-Python ({432
Step 1: entering the AMSS-NCKU-Python folder.
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Step 2: Changing the parameters the input script file in AMSS_NCKU_Input.py.
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16 File_directionary ## BFE{TER The output dictionary
17 gutput_directionary ## ﬁﬂ:ﬁ%u%&%ﬁ?ﬁi{
18 MPI_processes #i FEEERHENE
19
20 GPU_Calculation ## BEFBGPU itHE, Al¥Eyes Hno Enable GPU or not (prefer "no")
21 CPU_Part
22 GPU_Part
23
24
25
26
27
28
29 44 WERFIHESE
30
31 symmetry = "equatoria etry # REMIE, Pl equatorial-symmetry. no-symmetry. octant-symmetry
32 R MFEER octant-symmetry BIFEREEMMITE, octant-symmetry HISEFHEHL bug
33 Equation_Class = "BSSN ## RERERN, AIEBSSN. Z4C. BSSN-EScalar. BSSN-EM
34 H BSSN flz4C EEF R REREBFANETITE
35 it BSSN-EM KGR HEEH
36 it BSSN-EScalar #REIIRENKE-F(R) BLHtE, BEEGEREIIISH
37 ## EE GPU HRNZIFBSSN
38 # XBYEPR BSSN-EScalar, EEEFEAET F(R) MRS
39 Initial_Data_Method = "Ansorg-TwoPuncture i RERBHEECENS &
40 ## Bk Ansorg-TwoPuncture, Lousto-Analytical, Cao-Analytical, KerrSchild-Analytical
41 ## EE MBTBSSN-EM B9 BATISAMIT AT Lousto-Analytical, Cao-Analytical. KerrSchild-Analytical
42 #t WHTBSSN-EScalar MiHERLFMEIFAT Lousto-Analytical, Cao-Analytical, KerrSchild-
Analytical
43 Time_Evolution_Method = wit BYEIEAE, BIiE runge-kutta-45

44 F{nite_Diffenence_Method = '6th ## BRENTF#, A& 2nd-order. 4th-order. 6th-order. 8th-order
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53 start_Evolution_Time = 0.0 ## ERYAELEYE starting evolution time t0
54 Final_Evolution_Time # REEANE final evolution time t1
55 Check_Time

56 Dump_Time ## SRE—EElEREERE

57 D2_Dump_Time

58 Analysis_Time

59 Evolution_Step_Number ## RAERE Maximal iteration number
60 Courant_Factor ## Courant BF (RES—FHIEIB LAV E)ER)
61pissipation = 0.15 ## FEHET Dissipation factor

62
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Step 3: Enter "python3 AMSS_NCKU_Program.py" in the terminal to start the AMSS-NCKU
calculation

zrway @zrway-MS-TE47: ~/AMSS-NCKU-Python-Data/version

S python3 AMSS_NCKU_Program.py I

P JE3) AMSS_NCKU_Program.py /i, REMREFRIRRN (RHIEBIRHEFMAES)
GVESE) WI\EIZE4, EHZ ABE/ABEGPU IEXEFN#TIEH

Step 4: After starting AMSS_NCKU_Program.py, you need to press the Enter key according to
the screen prompts (especially before and after automatic compilation) until ABE/ABEGPU is
successfully launched for computation.

zrway @zrway-MS-TE47: ~/AMSS-NCKU-Python-Data/version

Numerical Relativity AMSS-NCKU

Author of AMSS-NCKU Code: Zhou-Jian Cao et al.
Author of AMSS-NCKU Python Interface: Xiao Qu

AMSS-NCKU is an open source numerical relativity code

It can be used to simulate the dynamical evolution on mergering process of black hole systems,
calculating the variation of gravitational field, black holes' jectories, and gravitational wave
emissions through directly solving the Einstein field equations

This AMSS-NCKU code uses the finite-difference method to evaluate the numerical simulation. The
finite-difference schemes can be chosen 2nd order, 4th order, 6th order, 8th order.

The computation equation form in AMSS-NCKU code can be chosen as: BSSN equations, Z4C equations,
BSSN equations coupled with scalars (in f(R) theory), BSSN equations coupled with electromagnetic
fields.

The numerical grid system in this code includes: patch AMR grid, shell-patch AMR grid.

Furthermore, This code has fulfilled the CPU and GPU hybrid calculation.

HHEEFE, FHIAE AMSS_ Input.py FIEETERMNSH
MEHANZ BIREH, ctrl+C BH, JHE AMSS_NCKU_Input.py FREIHA

Simulation will be started, please confirm you have set the correct parameters in the script file
AMSS_NCKU_Input.py

If parameters have been set correctly, press Enter to continue !!!

If you have not set parameters, press Ctrl+C to abort the simulation and adjust the parameters

in script file AMSS_NCKU Input.py !!!
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scale largest static AMR grid 1 direction 4. 624.]
scale f largest static AMR grid in Y direction 4. 624.]
scale largest static AMR grid in Z direction = 4. 624.7]
scale smallest static AMR grid in X direction 19. 19.5]
scale smallest static AMR grid 1 direction = % 19.5]
scale smallest static AMR grid 1 direction = ¢ 19.5]

875 4.875]
609375 0.609375]

scale for largest moving AMR grid = =
scale smallest moving AMR grid = [-0.
coarest resolution static AMR grid 13.0

finest resolution static AMR grid 0.40625
coarest resolution moving AMR grid 0.203125
finest resolution for moving AMR grid 0.025390625

time refinement starts from AMR grid level = 5
time interval in each step for coarest AMR grid during time evaluation = 0.325

This simulation only uses the Patch AMR grid structure, the Shell-Patch is not used

1 5 EEHREER
MEREANDMIMREFFE, ctrl+C B, REABERNSENEEIKE! ! !
MEMEXNDNIHERELIR, REIEHE! | !

Please check whether the grid boxes and their resolution is OK

If the grid boxes and their resolution is not setting properly, press Ctrl+C to abort
the simulation. Change the grid level structure and grid poin 1

If the grid boxes and their resolution is appropriate, press Enter to continue !!!

ABE/ABEGPUE 27 IEHi 53, IELEEITIHEIIIRE

Timestep # XX: integrating to time XXX (IE7E [a) 3B [R5 4L)

KNS, B REESF BB RIZETRIX—, KHl&W K& TwoPuncture T
B (EEIATE ABE/ABEGPU Z R Z255 )5 3)) TwoPuncture #2571 HAME)

The following output in the screen indicates that the AMSS-NCKU ABE/ABEGPU program has
been correctly launched.

Timestep # XX: integrating to time XXX (evolving towards a certain time)

For slow machines, it is highly likely that you need to wait for some time before it reaches this
step, especially when it involves the TwoPuncture calculation (since the TwoPuncture program
needs to be launched first to calculate the initial values before the ABE/ABEGPU program).

Before Evolve, it takes 6.92806 seconds
Timestep # 1: integrating to time: 0.325 Computer used 71.8529 seconds!
Memory usage: current 7734/966.7/7734MB, peak 8122/1015/8122MB

puncture position: no. 0 = (-0.000514749 4.46154 5.53856e-10)
puncture position: no. 1 = (0.00128049 -5.53844 1.29537e-08)

If you think the physical evolution time is enough for this simulation, please input 'stop' in the terminal to stop the MPI proce
ses in the next evolution step !

Timestep # 2: integrating to time: 0.65 Computer used 77.0658 seconds!
Memory usage: current 7734/966.7/7734MB, peak 8123/1015/8123MB

puncture position: no. 0 = (-0.00583525 4.46151 8.40778e-10)
puncture position: no. 1 = (0.0112003 -5.53828 3.44031e-08)

If you think the physical evolution time is enough for this simulation, please input 'stop' in the terminal to stop the MPI proce
sses in the next evolution step !

Timestep # 3: integrating to time: ©.975 Computer used 75.4562 seconds!
Memory usage: current 7734/966.7/7734MB, peak 8123/1015/8123MB

puncture position: no. 0 = (-0.0170859 4.46139 1.11369%e-09)
puncture position: no. 1 = (0.0293533 -5.53795 6.04493e-08)

If you think the physical evolution time is enough for this simulation, please input 'stop’' in the terminal to stop the MPI proce
sses in the next evolution step !
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After the program runs, it will automatically generate a folder according to the settings in
AMSS_NCKU_Input.py to store the simulation data.

E e eEmwm - - - -

AMSS_NCKU GW150914_ inputfile makefile _ pycache_  AMSS_NCKU  AMSS_NCKU BBH_orbit_ derivative.p
_source test example include _Input.py _Program.p parameter.p y
y ;

e & e . ® [ @ e @
generate_m generate_T makefile_an  numerical_g  plot_binary_  plot_binary_ plot_GW_str  plot_xiaoqu. print_infor
acrodef.py woPuncture d_run.py rid.py data.py data test.py  ain_amplitu py mation.py

_input.py de_x...qu.py

e @
renew_punc setup.py
ture_param
eter.py

.
MR EBE T

The stored simulation data is as follows.

AMSS_ AMSS_ figure AMSS- AMSS_ AMSS- BBH_ Initial_Grid. Initial_Grid. = macrodef.
NCKU_ NCKU_ NCKU.input NCKU_ NCKU- parameter. jpeg pdf fh
output source_C... resolution TwoPunc... output
h e
macrodef.h NR_xiaoqu_
Input.py

AMSS_NCKU_output X3 H145,4 T AMSS-NCKU [f] C++ ] #4725 ABE (KIS H & E.
AMSS_NCKU_source_copy A2 27 H 3 4k ¥R B # 7 —4> AMSS-NCKU [fJ C++. Fortran
R,

Figure JCHF32 2 A Python & H I B4R .

The AMSS_NCKU_output folder contains the operation results of the C++ executable program
ABE/ABEGPU of AMSS-NCKU.

The AMSS_NCKU_source_copy folder is a copy of the C++ and Fortran source files of
AMSS-NCKU during automatic compilation.

The Figure folder contains the images generated using Python.
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ALK (MELHNBECHFRHEERE) , FEHEN AMSS_NCKU_output SLAEFH
7 Errorlog (BR ABE_out.log) R 7EH NaN HREEREER.

It should be particularly noted that if NaN appears due to numerical instability during the
calculation of ABE/ABBEGPU files, the Python side will not report an error (instead, it will
automatically draw a graph based on the existing data). You need to enter the
AMSS_NCKU_output folder to check whether there is an error message about NaN in the
Error.log (or ABE_out.log) file.
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output_file ABE ABE out.  AMSSNCKU  Ansorg. bssn bssn_BH. bssn_ bssn_psia.

log _setting_ psid ADMQs.dat dat constraint. dat
parameter dat

input.par puncture_  TwoPunctur  TwoPunctur  TwoPunctur
parameters eABE eABE_out. einput.par
_new.txt log

Error.log SCAFH IR R

Output in the Error.log file

#
# Error log information
Warning: we always assume intput parameter in cell center style.

find NaN in RK4 substep#3 variables at t = 33.2031, lev = 4

ABE_out.log XX KRR~
Output in the ABE_out.log file

find NaN in domain: (-34.1797:-23.9258,-34.1797:-20.9961,14.6484:34.1797)
bssn.f99: find NaN in Azz

bssn.f98: find NaN in Ayy

bssn.f90: find NaN in Ayz

bssn.f90: find NaN in Azz

bssn.f90: find NaN in dxx

bssn.f90: find NaN in gxy

bssn.f90: find NaN in gxz

bssn.f90: find NaN in dyy

find NaN in domain: (23.4375:34.1797,-34.1797:-20.9961,14.6484:34.1797)
bssn.f90: find NaN in gyz

bssn.f90: find NaN in dzz

bssn.f98: find NaN in Axx

bssn.f90: find NaN in Axy

find NaN in domain: (14.6484:27.832,-34.1797:-20.9961,14.6484:34.1797)
bssn.f90: find NaN in Axz

bssn.f90: find NaN in Ayy

bssn.f90: find NaN in Ayz

bssn.f98: find NaN in Azz
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If there is no NaN, it indicates that the simulation is numerically stable, and the obtained data
is reliable.



