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Background & Goals




Background Refresher

DB: imgf040.silo _
Cycle:0 | Time:0.246669 ——

* Visualization of star atmospheres for
researchers.

* Fortran based.
* Currently uses NASA supercomputer.

* Large scale.
o Complete run takes 4-7 days

* Not initially made for public use.

* Emphasis:

o X-rays

o Electromagnetic fields

user: MGAGNE
Tue Aug 6 14:23:11 2024




General Goals

* Emphasis on exploration, not completion.

* Understanding of codebase and current weaknesses / areas of
improvement.
o "Messing with the hornet's nest" metaphor.

* Create space for future groups to update and work on software.

01 02 03 04

1.) Reduce 2.) Reduce 3.) Increase 4.) Increase

learning curve potential for usability for replicability for
for users user error various systems future growth




Project Progress




CXX = mpic++

FC = mpif9e

CFLAGS = -Wall -g -02

FFLAGS = -fdefault-real-8 -mcmodel=medium -02

Makefile Successes s - et

SILO_LIBS = -L/path/to/libsilo -1silo
SILO_INCLUDES = -I/path/to/libsilo/include

FORTRAN_SOURCES = Apps.F Riemann.F Main.F Ader.F \
BuildGeomesh.F onedRS.F twodRS.F MatSolv.F CAK.f

* Streamlined the makefile. T

FORTRAN_OBJS = $(FORTRAN_SOURCES: .F=.0)
o Removed unnecessary components. CXX_OBJS = $(CXX_SOURCES: .cc=.0)

o Updated Fortran_Sources. TARGET = xrav-project
= Reflects source code files directly.

o Gave the best output out of all versions.

all: mpi

mpi: $(FORTRAN_OBJS) $(CXX_OBJS)
$(FC) $(FFLAGS) -o $(TARGET) $(FORTRAN_OBJS) $(CXX_OBJS) \
$(SILO_LIBS) $(LIBS) -1lmpi_cxx

%.0: %.F
$(FC) $(FFLAGS) -c %«

%.0: %.cC
$(CXX) $(CFLAGS) -c $<

clean:
rm -f *.mod *.o0 *.out $(TARGET) *.silo *@0*

.PHONY: all clean mpi



Makefile Successes Cont.

FORTRAN_SOURCES = Apps.F Riemann.F Main.F Ader.F \
BuildGeomesh.F onedRS.F twodRS.F MatSolv.F CAK.f

CXX _SOURCES = ggm parallelio.cc

FORTRAN _OBJS = $(FORTRAN_SOURCES:.F=.0)
CXX_OBJS = $(CXX_SOURCES:.cc=.0)

TARGET = xray_project




Makefile Progress

* Progress barred by errors.
* Run 6 and 4.

o.f->.0

* Errors are not from makefile.
o "No rule to make target”
o "Command not found"
o "Miconfigured flags..."

Error: Symbol ‘rad’ at (1) already has basic type of REAL
Apps.F:3557:16:

3557 | REAL :: d©, u@, p0, gammaa, d, uu, p, a, b,
| 1

Error: Symbol ‘d®@’ at (1) already has basic type of REAL

Apps.F:3561:19:

3561 | REAL :: alpha, beta, tau, r@, omega, mach

| 1
Error: Symbol ‘alpha’ at (1) already has basic type of REAL
Apps.F:3563:16:

3563 | REAL :: Ar, Br, Br0, Bphi, Bphil, Bphi2, eps, tempaa,
| 1
Error: Symbol ‘ar’ at (1) already has basic type of REAL
Apps.F:3569:72:

3569 | REAL :: V CAK ( 3), cak rhoc, xs, ys, zs, Rs
I
Error: Unexpected data declaration statement at (1)
Apps.F:4344:9:

4344 | END SUBROUTINE PROBLEM GENERATOR U A
| 1
Error: Expecting END PROGRAM statement at (1)
Apps.F:4400:20:

4400 | IMPLICIT NONE

| 1
Error: Duplicate IMPLICIT NONE statement at (1)
riemann.com:4:23:

4 | LOGICAL do on gpu
| 1
Error: Symbol ‘do_on_gpu’ at (1) already has basic type of LOGICAL
riemann.com:6:19:




Error: Rank mismatch between actual argument at (1) and actual argument at (2) (rank-1
:23:

CALL MPI Bcast ( gl _err U, n_cc components, MPI REAL8, 0,
2

8864 | CALL MPI Bcast ( gl err Efx, 1, MPI_REAL8, 0, MPI_COMM WORLD,ierr)
| 1|
Error: Rank mismatch between actual argument at (1) and actual argument at (2) (rank-1 and
Main.F:8865:23:

8779 | CALL MPI Bcast ( gl _err U, n_cc _components, MPI REAL8, 0,
| 2
8865 | CALL MPI Bcast ( gl err Efy, 1, MPI_REAL8, 0, MPI_COMM WORLD,ierr)
| 1|
Error: Rank mismatch between actual argument at (1) and actual argument at (2) (rank-1 and

Main.F:8866:23:

8779 | CALL MPI Bcast ( gl _err U, n_cc _components, MPI REAL8, 0,
| 2
8866 | CALL MPI Bcast ( gl err Efz, 1, MPI_REAL8, 0, MPI_COMM WORLD,ierr)
1|
Error: Rank mismatch between actual argument at (1) and actual argument at (2) (rank-1 and
Main.F:12354:27:
11269 | CALL MPI_ ALLREDUCE ( dtcurpl reduce, ! Input for reudction
| 2
12354 | CALL MPI_ALLREDUCE ( V min_local, ! Input for reudction
| 2|
Error: Rank mismatch between actual argument at (1) and actual argument at (2) (scalar and

Main.F:12359:27:

scalar)

scalar)

scalar)

scalar)

rank-1)



Makefile Wrap-Up

* Testing phase.
o Detailed errors in documentation for future group(s).
o More work to be done for full functionality.
= Error analysis and fixes within source code.

* Multiple makefile versions.
o Placed in Github doc folder.



Compiling and Optimization

'
* SucceSSfuuy glOballzed Some ! h ac as "NGhost" number of ghost zones B

1 1 ! Variables that specify the number of zones "“ntp zones, nr zones" and the
essentlal Varlables for easy ! number of ghost zones "NGhost" for a single patch.
access to users. - wep_patches**2) * nr_patches
o Successfully compiles after #define ntp z
removing repeated mentions Al
Wlthln Fortran prOgramS. ! Define which physical problem you want to initialize with "iproblem"
@) Process to globalize VariableS iS ! iproblem 0 for testing the MPI messaging or Regular testing

! iproblem ; 2 MHD Blast;
repeatable and documented. ! iproblem = 7 Parker wind test;
! iproblem = 9 SOD test; iproblem = 10 Brio-Wu test
e} B|g Step tOWGde end goal. ! iproblem = 13 VF slow solar wind; iproblem = 16 CAK wind

eliosphere problem;

L-iproblem



Compiling and Optimization

EM977984@aries:/home/MGAGNE/data/GeoMesh/sandbox/GeoMesh_v1/run6$ bash sccpp mpi
ch

° Developed pI‘OCGSS for BuildGeomesh.F:940:43:

. . 940 | 1 ( nr_global, NGhost global, rmin, rmax, smallnum,
navigating code base and errors
in directives file updates.

o Lots of redundancies in variable e

at (1)

REAL :: rmin, rmax, smallnum, radial mesh ratio
| 1
1id character in name at (1)

declaration throughout code base. 966 | 1 rb_save global ( @ - NGhost global: nr_global + NGhost global)
| 1
o o o o o Error: Explicit shaped array with nonconstant bounds at (1)
o Migrating 1 variable to directives BuildGeonesh. F:968:71:
resulted in ~200 errors. 968 l 1 dr save global ( 1 - NGhost global: nr global + NGhost global)l
Error: Explicit shaped array with nonconstant bounds at (1)
° T. f f . bl . . BuildGeomesh.F:970:71:
Ime ra me Or Varla e m Igratlon 970 | 1 rc _save global ( 1 - NGhost global: nr global + NGhost global)
1 |

reduced from 1 .5 hou rS to 25 Error:lﬁxplicit shaped array with nonconstant bounds at (1)

BuildGeomesh.F:1041:9:

min utes. 1041 | END SUBROUTINE GENERATE GLOBAL RADIAL STRETCHED MESH
1

Error: Expecting END PROGRAM statement at (1)

BuildGeomesh.F:1068:20:

1068 | IMPLICIT NONE
| 1
Error: Duplicate IMPLICIT NONE statement at (1)

—— -~ - . ) . > & ”~ — =




Flowchart Representation

v v

Open s Re-read Edit 4-6 code
documentation —»| Edit directives —> PRl T > filos L3 Run code
it di ive fi
Open _:—>Ed directive lle__) ST

documentation (one)




Post-Processing

» Updated both qotlLxb.py & xray_image_3D.py. Cycieib " Time:0.506674
* Ran and tested 4 sets of zoom & quality . [m-és
o Issue with testing and saving both 2048 quality tests. -
o Abandoned in favor of zoom 1 & 2 for 1024 quality. .
. . 0.6
* Organized testing.
o 4 separate directories for each test of quality and 04
zoom.
0.2
* Created thorough and explanatory
documentation. %5 05 04 5.6 06 1.0
$ Toe bee’s 1ao01 2024

lnsilo.sh visit0000.session.gui

visit0000.session visitlog.py Vislt output of zoom 1, 1024 quality.




Overarching Aspects




Unexpected Events

Riemann Module Main CS src

INTEGER nimages, ierr, ERRORCODE, my rank, me, npatch per proc,

« Loss of storage space due to continuous 1 G e sz om, i,
runs and files in the system. 1 B i
1 ixs, iys, izs

o Rendered VNC unusable until our client

deleted large unneeded files. INTEGER nimages—ierr, ERRORCODE, my rank, me,
1 isector, ii, jj, npatch per proc,
o 0 1 2 , iyyml, iyypl, izzml, izzpl,
o COde |S made |n a COﬂVOlUted and 1 isector rt, isector 1f, isector up, isector dn,
1 ixxn, iyyn, iin, ipatch

circuitous manner, making updates
difficult.

o ReSUltS in tedious and repetitive fixeS INTEGER nimages, ierr, ERRORCODE, my rank, me, npatch per proc,

o Very prone to errors within the compiling of 1 weone.

the entire program. - izt, izb, izs

INTEGER #1ma 5 ERRORCODE, my rank, me, npatch per proc,
1 = D 7 ixxpl, iyypl, ixx0@
INTEGER my sector, my patch in proc, my patch in sector,

1 yr sector, yr patch in sector, yr patch in proc, yr proc,
1 ii, jj, yr rank

INTEGER neighbor sector list ( 6, 4)



Minimizing Risk

All code edits completed in a sandbox environment.

File editing completed with back-up of each file in the run.

Separate directories were made for each testing case.

Comprehensive documentation for all changes made.

BuildGeomesh c3 src MatSolv.F C:EEEE%EE—Eodule Main CS EEE:EEEE::D
BuildGeomesh.F MatSolv.o

Riemanmo
BuildGeomesh.o movie visit.session sccpp CS
cak constants mod.mod movie visit.session.gui SCC npi
CAK.F onedRS.F
CAK.o onedRS.o SCCpp _openmmpi
CAK Source src OneD RS src script.qsub
cool.com pmpio.h silo exports.h
cool com pyatomdb apec angr cooling.dat silo.h
cooltable.dat qgm parallelio.cc twodRS . F
cooltable new.dat qgm parallelio.hh twodRS. o0

dire = qgm parallelio.o TwoD RS src
readdata 2d src Xgeomcs
Geom LCOg Mesh src README

(base) FS970648@aries: /data/GeoMeseoMesh_vl/ runés



Testing Phase

 Compile code without errors and use silo files to ensure validity and
consistency in results.

o Currently on run 7, compiled last on Tues. evening.
« Compare compilation time to previous runs.

* Post-processing aspect: Examine visuals using various filters or
visualization options to ensure accuracy.



Final Remarks




Goals for Future Groups

* What still needs to be done:
o Creating and formatting documentation within directives file.

o Globalizing variables for user-friendly experience.
o Continued documentation on GitHub for users to follow step-by-step

01 02 03 04

1.) Code 2.) Creating & 3.) Globalizing 4.) Detailed

refactoring. Formatting Variables documentation
Documentation for Future Users

for Directives file




Deliverables for the Future Groups

Github Makefile Optimization

e Functional e Multiple versions | ® Modified
sandbox created. compilers.
environment. e Create directives

e Documentation file.
folder.







