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i

AR=IOARY FSAVHITR. LTORLEEFERBLET.
login]$: v 54>/ —k

[FNnN]$ - 5tE/ — I
[login/rNnN]$: O &1 >/ — RERIFEHE, —
[yourPCI$: B &' 1 >/ — FADIEGTIRIE

2.1. COMSOL Multiphysicsda<> kS5 A >~ E{T

211. 4850 F 4 TET

A HEESE LAY/ —RCATAYE AVE59F 147/ — REMALREXEEZESEC/ — M EXERIXNT & THRIRT 25, Open

OnDemandZFAL TEHE/ —FICRFA > LTLEEL.
LTUEOFITIE. £2THE —FICO 4 Y LIEIRETITOWET.

2.1.1.1. CUIE1T

TSXAREVa—ILOTINIY HAREY Y TILERWA Y2507« TRBEUTICRLET.
SHE/—bRlcal14> L. ZEITLTLES L.
DTFEHCETHARY MYV TLTY . REBOHEICRERAN I 7AANBELRY ET.

[rNnN]$ cd <FIALIZVWT LD K>
[rNnN]$ module load comsol
[rNnN]$ comsol batch -inputfile argon_dbd_1d.mph

28CPUERIA L =55t E
*mph7 7 1 LDIEMIC & > TRUEFIETEETTOEE A

[xNnN]$ cd <RIFHLEEVWT LD US>
[rNnN]$ module load comsol
[rNnN]$ comsol batch -np 28 —inputfile argon_dbd_ld.mph

ALTaATY FORRE

comsol —-helpa <> RTARY FF T2 a v OMEENTEE T, N—YavICE->TRABRHERZBENDYETOT. FESNENN—Tav(C

BhETH T a v OFMICOVWTIFEEREL T EEL.
627 v TTF— h2mAILT ATy kel

[rNnN]$ module load comsol

[rNnN]$ comsol --help

Usage: comsol [options] [target] [target arguments]

COMSOL commands :

comsol Run COMSOL Multiphysics Desktop
comsol batch Run a COMSOL job
comsol compile Compile a model file for Java or compile an

application into an executable application
(the latter option requires COMSOL Compiler)
comsol mphclient Run COMSOL Multiphysics Desktop client
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comsol mphserver
comsol mphserver matlab
comsol hydra

COMSOL options:

-3drend <{ogl}|sw>

-alloc <{auto}|native|
scalable>

—applicationsroot <path>

-autosave <{on}|off>

-blas <{auto}|mkl|blas|
aocl\path>

-blaspath <path>

-c <path>

-ckl

—comsolinifile <path>

—-configuration <path>

—data <path>
—docroot <path>

—forcecomsolgcc

—-forcegcc

-h, -help

—keeplicenses <on|{off}>

—mpmode <throughput\
turnaround|owner>

-np <no. of cores|{auto}>

—numafirst <numa number>

—-numasets <no. of sets>

-prefsdir <path>
—-recoverydir <path>
—tmpdir <path>

-v, -version
Cluster options:

—clusterpartmethod <{off} |
mo |nd|
wnd>

—clusterstorage <{all} |

single]|
shared>

—f <path>

-mpi <{auto}|mpich2|intel|

intelmt |user|path>

-mpiarg <arg>

-mpibootstrap <{ssh} |rsh|
fork|slurm|
11|1sf]|
pdsh | pbs |
pbsdsh\
persist |
sge| jmi>

-mpibootstrapexec <path>

-mpidebug <debug level>

-mpienablex

-mpifabrics fabricl:fabric2

-mpihosts <list of hosts>
-mpiio <{on}|off|gpfs|
lustre|panfs|
ufs\nfs|daos>
-mpiofiprovider <mlx|tcp|
psm2 | psm3 |
sockets\
efa|rxm\
verbs>
-mpiofiroot <path>
—mpirmk <slurm|ll|lsf|sge|
pbs\cobalt>
-mpipath <file>
-mpiroot <path>
-nn <no. of nodes>
-nnhost <no. of nodes>
-scalapack <{auto} |mkl|
scalapack|
user\path>
—-scalapackpath <file>

—open <filename>
—edit <filename>
-run <filename>

Run COMSOL Multiphysics Server
Run MATLAB with COMSOL Multiphysics Server
Run Hydra commands

3D renderer: OpenGL or software rendering

Select from using the native memory allocator
or a scalable memory allocator

Specify custom path to the COMSOL Application
Libraries root directory

Control saving of recovery files

BLAS library to use

Set path to BLAS library

Path to license file

Use class-kit license

Path to .ini-file to use when launching
COMSOL

Path to directory for storing the state for
the GUI between sessions, and for performing
different caching tasks

Path to data directory

Specify custom path to the COMSOL documentation
root directory

Force load of GCC libraries shipped with
COMSOL

Force load of GCC libraries

Show this help message

Keep checked out licenses throughout session

Set multiprocessor mode

Set number of cores

Set first NUMA node to bind process to

Set number of NUMA nodes to optimize
processor usage

Path to preference directory

Path to recovery directories

Path to temporary directory

Show version information

Cluster partitioning method

Cluster storage format

Set path to hostfile

MPI library to use. path requires
environment variable COMSOL_MPI_PATH
to be set

MPI cluster-specific command arguments

Set bootstrap server (for Hydra)

Set executable used by bootstrap server
Set the MPI debug level
Enable X1lib forwarding
Select network fabrics where
fabricl is one of <shm,ofi>
and fabric2 is one of <ofi>
Comma separated list of hosts
Set MPI IO mode

Choose Open Fabrics interface

Set path to Open Fabrics installation root
Select resource management kernel

MPI shared library file

Set path to root of MPI library installation

Number of nodes

Number of nodes on each host

ScaLaPACK library to use. path requires
environment variable COMSOL_SCALAPACK_PATH
to be set

Set path to ScaLaPACK library

The file to open
The application file to edit
The application file to run

Options when running an application:
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—appargnames <names> Comma-separated list of argument names
—-appargvalues <values> Comma-separated list of argument values
—appargsfile <filename> A file with arguments to the application

Each line in the file should have the format
<name>=<value>
—-appargvarlist <names> Comma-separated list of argument names
whose values are on file
-appargfilelist <filenames> Comma-separated list of file names
Each file contains the value for one argument

Example:

comsol -open <filename>

—tmpdir 7Y a & THENT 5 & T. COMSOL Multiphysics V7 bz PIMEET A LI MU ETF YRS Y I 7 A IRET4L I Y EL
TEALET. £ RIEZH comsor_mvepir #FRTHILEHTEET. COMSOL Multiphysics BIRIBIZE T 7 1 L EIZRINT ST 4L I MY E
IBET 5 ICIE -presdir *F T arEEFERLET.

2.1.1.2. GUIE{T

arshTIERL =/ — D EERXEIXZ{T O BE & TROFIBICTERCES V. LK. node_fOHNIIR ELY ET. node_fLUSEFIAT S
BE1E SSHAFIATERW . TILF/ — RTORITETEEE .
av > kR
BITET/ — FE2BFREEST. EYET/ —RELTIINMAEIYETONTEIEEEZBELTRY ET.
YT/ —FEaxy FRITHBICZEVWTWVWS / —RFTTOT. BATKHIC/ —FZEETHLIFTEE A
[login]$ qrsh -g [TSUBAMESJL—F] -1 node_f=1 -1 h_rt=2:00:00 #qrshDEAT
Tue Apr 02 08:17:19 JST 2024

[TNnN]$ module load comsol
[rNnN]$ comsol

3 Untitled.mph - COMSOL Multiphysics @r6i7n5 _

File Edit Windows Options Tools Help

N\, New

.mph
Model
Wizard

“mph
Blank
Model

Help | € | Cancel (¥ Show on startup

1.03GB| 261.6 GB

comsolR &4 — k7 v JEE

GUITHIILTF / — RETBEZITSIBRREIUTORIO & S ICKET 52 L TEHEREETY . LT DOfITIk TSUBAMEGROUP ICFRIEL TL\5
TSUBAMEUSER #% node_f &4/ — k. 3BRIFIA T 3188 OFITran3, rén5, r2n0 £ & U r2nd ANodeOM B3ICEFNENTH A v ahTLWET. =
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BROBAIRFIB I —TEIBELTLEEW,
GUIEIRITOIZEIES 1 75 Y OEIEHL SH 5 = Run Applicationt¥gEIC & 25t ELFIBTELEEAD TeomputelZ & HETEERIT S L.

loginl:~> grsh -1 node_f=4,h_rt=3:: —-g TSUBAMEGROUP
r4n3:~> module load comsol

r4n3:~> comsol -mpibootstrap ssh -mpihosts ‘awk '{ print $1 }' $PE_HOSTFILE |xargs | sed -e 's/ /,/g'’ -nn ‘cat $PE_HOSTFILE we -1°
(r4n3:0)

(rén5:1)

(r2n0:2)

(r2n4:3)

Node 0 is running on host: r4n3

Node 0 has address: r4n3

Node 1 is running on host: rén5

Node 1 has address: ré6n5

Node 2 is running on host: r2n0

Node 2 has address: r2n0

Node 3 is running on host: r2n4

Node 3 has address: r2né

&/ — b TORITHEROH

LA I&aluminum_extrusion_fsi.mphZGUITRITL fzffl & A Y £3 . Node0Dr4n3 Tmpiexec.hydra AEITE . comsolclusteri® /) — K TEITE
NTVWBIENERETEET. topa~v > NETHEZILTTEETT .

7'&"]’\/31’17‘:@/ - Ff echo $HOSTNAME; date; ps aux | grep comsollauncher axv > FE?@?'}LTC%E%

r4n3

Thu Apr 11 14:43:38 JST 2024

GSICUSER 20394 0.0 0.0 17788 3136 pts/0 S+ 14:30 0:00 /apps/t4/rhel9/isv/comsol/comsol62_u2/multiphysics/ext/impi/glnxa64/bin6é4/mpiexec.hydra -
hosts r4n3 ré6n5 r2n0 r2n4 -bootstrap ssh -print-rank-map -env LD_PRELOAD /apps/t4/rhel9/isv/comsol/comsol62_u2/multiphysics/java/glnxa64/jre/lib/amd64/
libjsig.so:/apps/t4/rhel9/isv/comsol/comsol62_u2/multiphysics/ext/impi/glnxa64/1ib64/libmpi.so -n 4 -envall /apps/t4/rhel9/isv/comsol/comsol62_u2/
multiphysics/bin/glnxa64/comsollauncher --launcher.ini /apps/t4/rhel9/isv/comsol/comsol62_u2/multiphysics/bin/glnxa64/comsolcluster.ini

GSICUSER 20402 1680 1.5 16195576 4127184 pts/0 S1 14:30 213:41 /apps/t4/rhel9/isv/comsol/comsol62_u2/multiphysics/bin/glnxa64/comsollauncher —-—
launcher.ini /apps/t4/rhel9/isv/comsol/comsol62_u2/multiphysics/bin/glnxa64/comsolcluster.ini

ré6n5
Thu Apr 11 14:43:38 JST 2024
GSICUSER 15069 1744 1.3 11840084 3600304 2 Ss1 14:30 221:39 /apps/t4/rhel9/isv/comsol/comsol62_u2/multiphysics/bin/glnxa64/comsollauncher —-

launcher.ini /apps/t4/rhel9/isv/comsol/comsol62_u2/multiphysics/bin/glnxaé4/comsolcluster.ini

r2n0

Thu Apr 11 14:43:38 JST 2024

GSICUSER 10435 1743 1.5 11868540 4152340 2 S1 14:30 221:35 /apps/t4/rhel9/isv/comsol/comsol62_u2/multiphysics/bin/glnxa64/comsollauncher --
launcher.ini /apps/t4/rhel9/isv/comsol/comsol62_u2/multiphysics/bin/glnxaé4/comsolcluster.ini

r2nd
Thu Apr 17 14:43:38 JST 2024

GSICUSER 22310 1742 1.5 12019600 3981912 2 S1 14:30 221:27 /apps/t4/rhel9/isv/comsol/comsol62_u2/multiphysics/bin/glnxa64/comsollauncher -—
launcher.ini /apps/t4/rhel9/isv/comsol/comsol62_u2/multiphysics/bin/glnxa64/comsolcluster.ini

212. Ny F¥a RS Y2 —5—AGEICKDEIT
qsuba Y RIZK B /Ny FIRAMNFIRETT .
[login]$ gsub -g [TSUBAMESIL—TF] XOYU T+

LA TFdtest.shx & Y 7~ #TSUBAMEGROUPICA 2 TWA A—HMIBAT RIBEIFUTOLS BB ERYET.
EEROBAIFEAPFIBLTWSIIL—TEIEEL T EE L,

[login]$ gsub -g TSUBAMEGROUP test.sh

24 ) 7 MMil(test.sh)
F T3 Y OFFBICDOVWTIETSUBAMEA.ORIADFS| DY a TRI Y T M ETHERELIES L.

#!/bin/bash

#$ —cwd

#S5 -N COMSOL_test_job
#$ -e uge.err

#$ —o uge.out

#$ -1 node_f=2

#$ -1 h_rt=0:10:00

#$ -V

module load comsol

export COMSOL_TMPDIR=$T4TMPDIR
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comsol batch -mpibootstrap ssh -mpihosts ‘awk '{ print $1 }' $PE_HOSTFILE |xargs | sed -e 's/ /,/g'’ -nn ‘cat $PE_HOSTFILE

inputfile.mph -outputfile outputfile.mph

4> 7y MZH > T Y T 7 A )bmicromixer_cluster_noc.mph%F f L =184 @ 0 & (uge.out)
rend&r2n1M2/ — RTEHEIETLTW S,

(rén4:0)

(r2nl:1)

Node 0 is running on host: rén4
Node 0 has address: rén4

Node 1 is running on host: r2nl
Node 1 has address: r2nl

ko K Kk KK KK KKK K KKKk KK KK K KK K K

***COMSOL 5.3.1.275 progress output file***
ek ko ko kK kK R R K ok kK kR R ok ok kK ok ko R
Tue Jul 17 15:54:13 JST 2018
COMSOL Multiphysics 5.3a (Build: 275) starting in batch mode
Opening file: /gs/bs/tga-hpe_group00/apptest/isv/comsol/comsol/batch/micromixer_cluster_noc.mph
Open time: 6 s.
Running: Study 1
Settings for Cluster Computing 2 are ignored in distributed mode.
<---- Compile Equations: Stationary in Study 1/Solution 1 (soll) —-—————————————-
Started at 17-Jul-2018 15:54:20.
Geometry shape order: Linear
Running in distributed mode using 2 nodes.
Running on 2 x Intel(R) Xeon(R) CPU E5-2680 v4 at 2.40 GHz.
Using 2 sockets with 28 cores in total on r6i4nd4.
Available memory: 257.59 GB.
Current Progress: 0 $ - Free Tetrahedral 1
Memory: 1016/1016 10688/10688
Number of vertex elements: 188
Current Progress: 1 % - Adjusting boundary mesh
Memory: 1046/1046 10695/10695
Number of edge elements: 1974
Number of boundary elements: 13134

Current Progress: 1 % - Creating initial tetrahedra
Memory: 1047/1047 10696/10696

Current Progress: 1 % - Respecting boundaries
Memory: 1049/1049 10697/10697

Current Progress: 1 % - Inserting interior points
Memory: 1054/1054 10707/10707

Current Progress: 1 % - Improving element quality
Memory: 1060/1060 10709/10709
Number of elements: 94439
Free meshing time: 1.58s
Minimum element quality: 0.1826

Current Progress: 1 % - Finalizing mesh

Memory: 1065/1065 10714/10714

<<<<< Node 1 <<<<<<<<<<<<<<<<<<<<<C<<<C<LC<<<<<LCC<LCCLLCLLLLLLLLLLLLLLLLLLLLLLL
Number of vertex elements: 188

Number of edge elements: 1974

Number of boundary elements: 13134

Number of elements: 94439

Free meshing time: 1.66s

Minimum element quality: 0.1826

>>>>> Node 1 >>>>>>>>>>5>5>>>5>>55>555>555555555555555555555555555555555555555555>

Current Progress: 1 % - Boundary Layers 1

Current Progress: 1 % - Inserting boundary layer elements
Memory: 1106/1106 10755/10755

Current Progress: 2 % - Inserting boundary layer elements
Memory: 1107/1107 10755/10755

Current Progress: 2 % - Smoothing transition to interior mesh
Memory: 1145/1145 10792/10792

Current Progress: 2 % - Compiling equations
Memory: 1102/1150 10748/10797

Current Progress: 3 % - Compiling equations

Memory: 1127/1150 10775/10797

Time: 16 s.

Physical memory: 1.15 GB

Virtual memory: 10.8 GB

Ended at 17-Jul-2018 15:54:36.

- Compile Equations: Stationary in Study 1/Solution 1 (soll) -

Current Progress: 3 % - Dependent Variables 1
Memory: 1717/1717 10919/10919
<-——- Stationary Solver 1 in Study 1/Solution 1 (soll)
Started at 17-Jul-2018 15:54:38.

Current Progress: 5 % - Stationary Solver 1

Memory: 1813/1813 11014/11014
Nonlinear solver

Number of degrees of freedom solved for: 747194 (plus 1 internal DOFs) .

Current Progress: 5 % - Assembling matrices
Memory: 2119/2119 11227/11227
Current Progress: 5 % - Constraint handling
Memory: 2666/2699 11227/11227
Current Progress: 5 % - Assembling sparsity pattern
Memory: 2674/2699 11227/11227
Current Progress: 5 % - Assembling matrices
Memory: 3276/3276 11772/11772
Current Progress: 5% -

Memory: 3666/5256 11644/13628
Nonsymmetric matrix found.

Scales for dependent variables:

-9/44 -
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Pressure
Velocity

Memory :

(compl.p): 0.074
field (compl.u): 0.01
Current Progress: 5
3968/5256 11947/13628

% - Constraint handling

Orthonormal null-space function used.

Memory:
Iter

Memory:

Memory :

Memory:
1

Memory:

Memory:

Memory:

Memory:

Memory:

Memory:

Memory:

Memory:

Memory:

Memory:

Memory:

Memory:

Memory:

Memory:

Memory:

Memory:

Memory :
. 3

E—
R
-
R
R
R
e

Memory:

.

e
pa—
e
pa—

Memory:

Memory:

Memory:

Memory:

Memory:

Current Progress: 5
3984/5256 11962/13628
SolEst ResEst
Current Progress: 5
10483/10761 19733/20011
Current Progress: 5
10664/10761 21560/21560
Current Progress: 5
10552/11580 19814/21650
26 1.le+l2 0
Current Progress: 9
10570/11580 19829/21650
Current Progress: 9
9882/11580 19140/21650
Current Progress: 9
11181/11580 21890/21890
Current Progress: 9
10713/13485 20021/23523
Current Progress: 9
10704/13485 19960/23523
Current Progress: 9
10598/13485 19854/23523
Current Progress: 9
10514/13485 19785/23523
Current Progress: 9
10596/13485 20322/23523
Current Progress: 9
10590/13485 19870/23523
Current Progress: 9
5.4 1.le+05 0

Current Progress: 14
10601/13485 19879/23523
Current Progress: 14
9913/13485 19190/23523
Current Progress: 14
11162/13485 21897/23523
Current Progress: 14
10892/13571 20164/23564
Current Progress: 14
10821/13571 20092/23564
Current Progress: 14
10586/13571 19857/23564
Current Progress: 14
Current Progress: 14
11007/13571 21688/23564
Current Progress: 14
10592/13571 19864/23564
Current Progress: 14

0.051 8.7e+06 i

Current Progress: 44
10608/13571 19887/23564
Current Progress: 44
9920/13571 19199/23564
Current Progress: 44
11273/13571 22085/23564
Current Progress: 44
10718/13843 20048/23813
Current Progress: 44
10706/13843 19978/23813
Current Progress: 44
10596/13843 19868/23813
Current Progress: 44
Current Progress: 44
10786/13843 21683/23813
Current Progress: 44
10603/13843 19875/23813
Current Progress: 44

0.0026 2e+05 s

Current Progress: 48
10618/13843 19895/23813
Current Progress: 48
10058/13843 19335/23813
Current Progress: 48
10995/13843 20521/23813
Current Progress: 48
11004/14198 20278/24309
Current Progress: 48
10681/14198 19955/24309
Current Progress: 48
10598/14198 19873/24309
Current Progress: 48
10599/14198 19873/24309
Current Progress: 48
11004/14198 21702/24309
Current Progress: 48
10604/14198 19884/24309
Current Progress: 48

2.6e-06 1.9e+02 s

Current Progress: 50

% - Matrix factorization

Damping Stepsize #Res #Jac #Sol LinErr LinRes

% - Solving linear system

% - Assembling matrices

% - Solving linear system

.0100000 26 2 1 2l 2.9e-13 1.4e-15

% - Solving linear system

% - Assembling sparsity pattern

% - Assembling matrices

% - Constraint handling

% - Matrix factorization

% - Solving linear system

% - Assembling matrices

% - Constraint handling

% - Solving linear system

.1000000 6 3 2 4 3e=13 1.4e-15

% - Solving linear system

% - Assembling sparsity pattern

Assembling matrices

o
|

% - Constraint handling

% - Matrix factorization

Solving linear system

o op
|

Assembling matrices

o
|

Constraint handling

% - Solving linear system

0000000 0.62 4 3 6 4.4e-13 2.7e-14

% - Solving linear system

% - Assembling sparsity pattern

o
|

Assembling matrices

o
|

Constraint handling

% - Matrix factorization

Solving linear system

d oo

Assembling matrices
% — Constraint handling

% - Solving linear system

0000000 0.043 5 4 8 7.7e-13 2e-14

% - Solving linear system

% - Assembling sparsity pattern

% - Assembling matrices

% — Constraint handling

% - Matrix factorization

% — Solving linear system

Assembling matrices

o
1

% — Constraint handling

% - Solving linear system

0000000 0.0036 6 5 10 3.4e-13 9.7e-15

% - Solving linear system
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Memory: 10620/14198 19900/24309

<<<<< Node 1 <<<<<<<<L<LLLLL<LLLLLLLLCLL<LLLLLL<L<LL<LL<LL<LLLL<LL<LLLLLLLLLLL

Nonlinear solver

Number of degrees of freedom solved for: 747194 (plus 1 internal DOFs) .
Nonsymmetric matrix found.

Scales for dependent variables:

Pressure (compl.p): 0.074

Velocity field (compl.u): 0.01

Orthonormal null-space function used.

TeEE SolEst ResEst Damping Stepsize #Res #Jac #Sol LinErr LinRes
1 26 1.le+l2 0.0100000 26 2 1 2 2.9e-13 1.4e-15
2 5.4 1.1e+05 0.1000000 6 3 2 4 3e-13 1.4e-15
3 0.051 8.7e+06 1.0000000 0.62 4 3 6 4.4e-13 2.7e-14
4 0.0026 2e+05 1.0000000 0.043 5 4 8 7.7e-13 2e-14
5 2.6e-06 1.9e+02 1.0000000 0.0036 6 5 10 3.4e-13 09.7e-15

>>>>> Node 1 >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>3>>3>3>5>>>>>>>5>>>>>5>>>>>>>>>>

Solution time: 243 s. (4 minutes, 3 seconds)
Physical memory: 14.2 GB

Virtual memory: 24.31 GB

Ended at 17-Jul-2018 15:58:41.

————— Stationary Solver 1 in Study 1/Solution 1 (soll) >
<---- Compile Equations: Stationary 2 in Study 1/Solution 1 (soll) ————————————-
Started at 17-Jul-2018 15:58:41.
Geometry shape order: Linear
————— Current Progress: 50 % - Compiling equations
Memory: 3387/14198 11350/24309
77777 Current Progress: 52 % - Compiling equations
Time: 1 s.
Physical memory: 3.39 GB
Virtual memory: 11.35 GB
Ended at 17-Jul-2018 15:58:42.
————— Compile Equations: Stationary 2 in Study 1/Solution 1 (soll) —-——————————->
————— Current Progress: 52 % - Dependent Variables 2
Memory: 3409/14198 11418/24309
<---- Stationary Solver 2 in Study 1/Solution 1 (soll)
Started at 17-Jul-2018 15:58:44.
————— Current Progress: 55 % - Stationary Solver 2
Memory: 3487/14198 11487/24309
Nonlinear solver
Number of degrees of freedom solved for: 238542 (plus 30978 internal DOFs) .
————— Current Progress: 55 % - Assembling matrices
Memory: 3492/14198 12378/24309
77777 Current Progress: 55 % - Constraint handling
Memory: 3431/14198 11418/24309
————— Current Progress: 55 % - Assembling matrices
Memory: 3524/14198 11688/24309
77777 Current Progress: 55 % -
Memory: 3466/14198 11452/24309
Nonsymmetric matrix found.
Scales for dependent variables:
Concentration (compl.c): 27
Orthonormal null-space function used.
————— Current Progress: 55 % - Constraint handling
Memory: 3493/14198 11481/24309
77777 Current Progress: 55 % - Matrix factorization
Memory: 3430/14198 11418/24309
Iter SolEst ResEst Damping Stepsize #Res #Jac #Sol LinErr LinRes
77777 Current Progress: 55 % - Solving linear system
Memory: 4204/14198 12341/24309
————— Current Progress: 55 % - Assembling matrices
Memory: 4257/14198 12430/24309
77777 Current Progress: 55 % - Solving linear system
Memory: 4235/14198 12366/24309

1 0.66 2.2e+15 0.0100000 0.67 2 1 2 6G:.52=18 3.5e2=15
————— Current Progress: 59 % - Assembling matrices
Memory: 4241/14198 12366/24309

= Current Progress: 59 % -

= Current Progress: 59 $ - Assembling sparsity pattern
Memory: 4248/14198 12373/24309
77777 Current Progress: 59 $ - Assembling matrices
Memory: 4649/14198 13618/24309
————— Current Progress: 59 % -
Memory: 4326/14198 12451/24309
77777 Current Progress: 59 $ - Constraint handling
Memory: 4382/14198 12507/24309
————— Current Progress: 59 % - Matrix factorization
Memory: 4279/14198 12404/24309

= Current Progress: 59 % - Solving linear system
Memory: 4310/14198 12436/24309
————— Current Progress: 59 % - Assembling matrices
Memory: 4393/14198 14164/24309
77777 Current Progress: 59 % - Solving linear system
Memory: 4312/14198 12436/24309

2 0.63 2e+04 0.1000000 0.7 B 2 4 4.6e-13 3.7e-15
—————— Current Progress: 64 % -
777777 Current Progress: 64 $ - Assembling sparsity pattern
Memory: 4313/14198 12436/24309
—————— Current Progress: 64 $ - Assembling matrices
Memory: 4498/14198 13422/24309
777777 Current Progress: 64 % -
Memory: 4360/14198 12483/24309
—————— Current Progress: 64 % - Constraint handling
Memory: 4423/14198 12546/24309
777777 Current Progress: 64 $ - Matrix factorization
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Memory: 4281/14198

777777 Current
Memory: 4312/14198
—————— Current
Memory: 4367/14198
777777 Current
Memory: 4313/14198
—————— Current
3 0.054
777777777 Current
Memory: 4314/14198
- — Current
- — Current
Memory: 4604/14198
777777777 Current
Memory: 4301/14198
————————— Current
Memory: 4398/14198
777777777 Current
Memory: 4282/14198
————————— Current
Memory: 4314/14198
777777777 Current
Memory: 4446/14198
————————— Current
Memory: 4315/14198
777777777 Current

4 0.041
Current

Current
Memory: 4503/14198
———————— Current
Memory: 4368/14198
77777777 Current
4431/14198
- Current
4283/14198
77777777 Current
Memory: 4315/14198
———————— Current
Memory: 4389/14198
77777777 Current
Memory: 4316/14198
5 0.024

———————— Current
Memory: 4317/14198
77777777 Current
Memory: 4330/14198
———————— Current
Memory: 4795/14198
77777777 Current

4367/14198
- Current
4431/14198
77777777 Current
Memory: 4285/14198
———————— Current
Memory: 4317/14198
77777777 Current
Memory: 4448/14198
———————— Current
Memory: 4323/14198
77777777 Current

6 0.013

————————— Current
Memory: 4324/14198
777777777 Current

————————— Current
Memory: 4550/14198
777777777 Current
Memory: 4343/14198
————————— Current
Memory: 4406/14198
777777777 Current
Memory: 4292/14198
————————— Current
Memory: 4324/14198
777777777 Current
Memory: 4399/14198
————————— Current
Memory: 4325/14198
777777777 Current
7 0.0061
- Current
— Current
4509/14198
777777777 Current
Memory: 4368/14198
————————— Current
Memory: 4431/14198
777777777 Current
Memory: 4324/14198
————————— Current
Memory: 4356/14198

12404/24309
Progress: 64
12436/24309
Progress: 64
14164/24309
Progress: 64
12436/24309
Progress: 64

7.4e+04 s

Progress: 90
12436/24309
Progress: 90
Progress: 90
13446/24309
Progress: 90
12422/24309
Progress: 90
12520/24309
Progress: 90
12404/24309
Progress: 90
12436/24309
Progress: 90
14164/24309
Progress: 90
12436/24309
Progress: 90

3.6e+04 1.

Progress: 81
Progress: 81
13182/24309
Progress: 81
12489/24309
Progress: 81
12552/24309
Progress: 81
12404/24309
Progress: 81
12436/24309
Progress: 81
14164/24309
Progress: 81
12436/24309

2e+04 i

Progress: 87
12436/24309
Progress: 87
12500/24309
Progress: 87
13933/24309
Progress: 87
12487/24309
Progress: 87
12550/24309
Progress: 87
12404/24309
Progress: 87
12436/24309
Progress: 87
14172/24309
Progress: 87
12444/24309
Progress: 87

1.2e+04 1.

Progress: 91
12444/24309
Progress: 91
Progress: 91
13391/24309
Progress: 91
12463/24309
Progress: 91
12525/24309
Progress: 91
12412/24309
Progress: 91
12444/24309
Progress: 91
14172/24309
Progress: 91
12444/24309

% - Solving linear system
% - Assembling matrices

% - Constraint handling

% - Solving linear system
0000000 36

5 -

% - Assembling sparsity pattern
% - Assembling matrices

5 -

% - Constraint handling

% - Matrix factorization
% - Solving linear system
% - Assembling matrices

% - Constraint handling

% - Solving linear system
0000000 0.073

5 -

% - Assembling matrices

5 -

% - Constraint handling

% - Matrix factorization
% - Solving linear system
% - Assembling matrices

% - Solving linear system
0000000 0.05

5 -

% - Assembling sparsity pattern
% - Assembling matrices

5 -

% - Constraint handling

% - Matrix factorization
% - Solving linear system
% - Assembling matrices

% - Constraint handling

% - Solving linear system
0000000 0.027

5 -

% - Assembling sparsity pattern
% - Assembling matrices

5 -

% - Constraint handling

% - Matrix factorization
% - Solving linear system
% - Assembling matrices

Progress: 91 %
0000000 0.014

8.2e+03 b

Progress: 94
Progress: 94
13262/24309
Progress: 94
12488/24309
Progress: 94
12550/24309
Progress: 94
12443/24309
Progress: 94
12475/24309

o op

Constraint handling

Solving linear system

Assembling matrices

Constraint handling

Matrix factorization

Solving linear system

4.6e-13

4.4e-13

4.4e-13

5.4e-13

6.1e=13
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————————— Current Progress: 94 % - Assembling matrices
Memory: 4433/14198 14203/24309
777777777 Current Progress: 94 $ - Solving linear system
Memory: 4356/14198 12475/24309
8 0.0033 5.6e+03 1.0000000 0.0063 9 8 16 5.3e-13 2.2e-15
777777777 Current Progress: 95 % -
777777777 Current Progress: 95 % - Assembling matrices
Memory: 4528/14198 14130/24309
————————— Current Progress: 95 % -
Memory: 4342/14198 12461/24309
777777777 Current Progress: 95 % - Constraint handling
Memory: 4405/14198 12524/24309
————————— Current Progress: 95 % - Matrix factorization
Memory: 4293/14198 12412/24309
777777777 Current Progress: 95 % - Solving linear system
Memory: 4325/14198 12444/24309
————————— Current Progress: 95 % - Assembling matrices
Memory: 4491/14198 14172/24309
777777777 Current Progress: 95 % - Constraint handling
Memory: 4325/14198 12444/24309
————————— Current Progress: 95 % - Solving linear system
9 0.0021 3.9e+03 1.0000000 0.0033 10 9 18 6.2e-13 2.2e-15
777777777 Current Progress: 96 % -
————————— Current Progress: 96 % - Assembling matrices
Memory: 4533/14198 14212/24309
777777777 Current Progress: 96 $ -
Memory: 4344/14198 12463/24309
————————— Current Progress: 96 $ - Constraint handling
Memory: 4407/14198 12525/24309
777777777 Current Progress: 96 % — Matrix factorization
Memory: 4293/14198 12412/24309
————————— Current Progress: 96 % - Solving linear system
Memory: 4325/14198 12444/24309
10 0.0015 2.8e+03 1.0000000 0.0021 11 10 20 5.2e-13 2.le-15
- Current Progress: 97 % - Assembling matrices
- Current Progress: 97 % -
= - Current Progress: 97 % - Assembling matrices
Memory: 4621/14198 14119/24309
777777777 Current Progress: 97 % -
Memory: 4352/14198 12471/24309
————————— Current Progress: 97 % - Constraint handling
Memory: 4415/14198 12534/24309
********* Current Progress: 97 % - Matrix factorization
Memory: 4293/14198 12412/24309
————————— Current Progress: 97 % - Solving linear system
Memory: 4325/14198 12444/24309
********* Current Progress: 97 % - Assembling matrices
Memory: 4469/14198 14172/24309
————————— Current Progress: 97 % - Solving linear system
Memory: 4325/14198 12444/24309
11 0.0011 2.1e+03 1.0000000 0.0014 12 11 22 Se=13 2.1c=1%
————————— Current Progress: 99 % -
Memory: 4333/14198 12452/24309
777777777 Current Progress: 99 $ - Assembling matrices
Memory: 4612/14198 14288/24309
————————— Current Progress: 99 % -
Memory: 4386/14198 12505/24309
777777777 Current Progress: 99 $ - Constraint handling
4449/14198 12568/24309
— Current Progress: 99 % - Matrix factorization
4301/14198 12420/24309
777777777 Current Progress: 99 % - Solving linear system
Memory: 4333/14198 12452/24309
————————— Current Progress: 99 $ - Assembling matrices
Memory: 4378/14198 14180/24309
777777777 Current Progress: 99 % - Solving linear system
Memory: 4333/14198 12452/24309
12 0.00062 1.6e+03 1.0000000 0.00083 13 12 24 4.7e-13 2e-15
—————————— Current Progress: 100 % -

<<<<< Node 1 <<<<<<<<LLLLL<L<L<LL<LL<LLLLLLLLL<<L<LL<LL<LL<LL<L<LL<LL<LLLLLLLL

COMSOL MultiphysicsFIFNDF5| &

Nonlinear solver

Number of degrees of freedom solved for: 238542 (plus 30978 internal DOFs) .
Nonsymmetric matrix found.

Scales for dependent variables:

Concentration (compl.c): 27

Orthonormal null-space function used.

Iter SolEst ResEst Damping Stepsize #Res #Jac #Sol LinErr LinRes
1 0.66 2.2e+l5 0.0100000 0.67 2 1 2 6.5e-13 3.5e-15
2 0.63 2e+04 0.1000000 0.7 3 2 4 4.6e-13 3.7e-15
3 0.054 7.4e+04 1.0000000 36 4 3 6 4.6e-13 2.9e-15
4 0.041 3.6e+04 1.0000000 0.073 5 4 8 4.4e-13 4.3e-15
5 0.024 2e+04 1.0000000 0.05 6 5 10 4.4e-13 4.3e-15
6 0.013 1.2e+04 1.0000000 0.027 7 6 12 5.4e-13 3.5e-15
7 0.0061 8.2e+03 1.0000000 0.014 8 7 14 6.1e-13 2.7e-15
8 0.0033 5.6e+03 1.0000000 0.0063 9 8 16 5.3e-13 2.2e-15
9 0.0021 3.9e+03 1.0000000 0.0033 10 9 18 6.2e-13 2.2e-15

10 0.0015 2.8e+03 1.0000000 0.0021 11 10 20 5.2e-13 2.le-15
11 0.0011 2.1e+03 1.0000000 0.0014 12 11 22 5e-13 2.le-15
12 0.00062 1.6e+03 1.0000000 0.00083 13 12 24 4.7e-13 2e-15

>>>>> Node 1 >>>>>>>>>>>>3>>>3>>3>5335335355355355355353353353353553553553555>5>>>>

Solution time: 178

Physical memory: 4.
Virtual memory: 14.

s. (2 minutes,

8 GB
29 GB

Ended at 17-Jul-2018 16:01:42.

58 seconds)
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Stationary Solver 2 in Study 1/Solution 1 (soll)
Run time: 443 s.

>

Saving model: /gs/bs/tga-hpe_group00/apptest/isv/comsol/comsol/batch/micromixer_cluster_noc5.mph
Save time: 1 s.
Total time: 450 s.

7777777777 Current Progress: 100 $ - Done
Memory: 3660/14198 11634/24309

21.3. 4> R ERH:

K DFEER
SA Y REPFAKRRICOVWTEHTEEaY Y RTHEEL T XL,

[login]$ lmutil lmstat -S LMCOMSOL —c *****Q@kvm5:*****@kvm6:*****Q1ldap2

i

R—bBESE7 TV 45— 3 > EME(TSUBAMES) THEARICSIETEETT .
/apps/t4/rhel9/isv/comsol/t4-license
R— b ESIEBFIAPEEEEINET.

214 FAFEEREY 2 —IL—8

FIF AT EZ & comsol E ¥ 2 — )LOIEERIC IX. Options->licensed and Used Products & CHESE T & LY
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Licensed and Used Products in Session @rin11

License number: 5094742

Clear a check box to block your use of a product.

Grayed out product is used in the current session.

Keep checked out licenses when creating or opening an application.

v

[v Ac/DC Module

[+ CFD Module

[+ Heat Transfer Module

[+ Plasma Module

[+ RF Module

[+ structural Mechanics Module
[+ wave Optics Module

[+ cAD Import Module

Other products

Acoustics Module

Battery Design Module
Chemical Reaction Engineering Module
Composite Materials Module
Corrosion Module
Electrochemistry Module
Electrodeposition Module
Fatigue Module

Fuel Cell & Electrolyzer Module
Geomechanics Module

Liquid & Gas Properties Module

Molecular Flow Module
Multibody Dynamics Module
Nonlinear Structural Materials Module
Optimization Module
Particle Tracing Module

Pipe Flow Module

Polymer Flow Module
Porous Media Flow Module
Ray Optics Module
Rotordynamics Module
Semiconductor Module

Select All

File Import for CATIA® V5
LiveLink™ for AutoCAD®
LiveLink™ for Excel®
LiveLink™ for Inventor®
LiveLink™ for MATLAB®

LiveLink™ for PTC® Creo® Parametric™

LiveLink™ for Revit®
LiveLink™ for Simulink®
LiveLink™ for Solid Edge®
LiveLink™ for SOLIDWORKS®
COMSOL Compiler

Deselect All
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3. COMSOL DesktopD{ER %

i

BRET7IVr—2a v OFRFBICEL. Sy ROFBHREERFITCEVET. S1EXREHFLAVES THACESVL.
SAEYADLEE - RBEFBAEEELLIBE. FERCSA1 Y RFAEELTEAHY ET.
FHAICOWTIS MY RADFIRADS 1 2> RHOFIRICOVWTEISEEE L.

i

AR=IOARY FSAVHITR. LTORLEEFERBLET.
login]$: v 54>/ —k

[FNNN]$ : EtE/ — I
[login/rNnN]$: O &1 >/ — RERIFEHE, —
[yourPCI$: B &' 1 >/ — FADIEGTIRIE

3.1. COMSOL Desktop D E

COMSOL Desktop[£COMSOL Multiphysics DIFECUIBIETT. EFIELLET TU S —2 a3 v ELZDOYIY B A HFERFTEET. FULPT &L
ICTkEhTHBY. EFTLELSZEM ZSEESOYIEREONFEETINERTT SHEEL S HIRMEYI 4> FITY. YIBETUV Y. ¥
Tab—Yarv. LTIV —2a vt —ROFRERENMEDL > TE Y. EFILAICENRTVA Y E— Tz —REEBRTIEOICHVER
Y—BHYET. TRIMYTlE 2—FENTNOZ—XICEDETHREIAXTE, UaY koldk Y4 XEE. BE) FyvF> i 1]
UBELAEBET Y. LATUMNEEET DL, vy avOBRTHICKREFSN. XOLEREFIATEET. EFTAEBERT IRCEH. S5CEM
DI4YRIED4Tzy MARRENET. TVa TORABEIHY TTH. SV REPDRNH. —NF—EVFFZy bShhTH
Yxd.

3.2. TSUBAME4.0_E TDCOMSOL DesktopDi#cE]

TiEa~ Y FTTSUBAME4AOICAS 14> LTLEE L.

[yourPC]$ ssh login.t4.gsic.titech.ac.jp -1 USER-ID -i I 7L -vC

avr FETHI

BITIE2REEE T BIVET/ —FELTIMNIAEYETONEBEEEELTEYET. EYET/ —RFEFITY RRITHICEVWTWS/ — K
TIDT. ARKMIC/ —FEIEETSZLIETEE A

[login]$ qrsh -g [TSUBAMESJL—F] -1 node_f=1 -1 h_rt=2:00:00 #qrshDE{T

Tue Apr 02 08:17:19 JST 2024

[rNnN]$ module load comsol
[rNnN]$ <EfTLIZWPTUT—I3VORTIVI RS>

BIZIE. COMSOL 62_u2%FIAT 21BEIF UTDKSICEY 2 —ILT 7 1L EFHFHAFH. COMSOL DesktopZEFCEIL £7 -

[rNnN]$ module load comsol/62_u2
[rNnN]$ comsol
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Untitled.mph - COMSOL Multiphysics (loginO) - o x

File Edit Windows Options Tools Help

N\, New = B8

.mph
Model
Wizard
“mph
Blank
Model

Help ? Cancel (¥ Show on startup

comsolR 2— b7 v JEE

tiED R4 — b7 v JE@EIEShow on StartupDF = v I EA TICT B ETHRRICTHENTEET.
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o tle - COMSOL N

t ]
File Edit Windows Options Tools Help

DR e O - v @ ma : v v v v v Pi ¥ 3= ¥ fX) Ww v [if 2 ML AR A v v
i Materials v ST TR 4 vEv> v
|7 Model Build = B | E settings = B | ¢ Graphics = 08 5
T Tvw Untitled.mph QQ@Aavea@ Lvnlrimw v Fv & & 2
Protection R
Type filter text o o
Editing not protected Set Password "
v  Untitled.mph (root)
» @ Global Definitions Running not protected  Set Password
» & Results
- Used Products
COMSOL Multiphysics
Unit System
SI
~ Presentation
Title:
z
Description: y\I/x
[ Messages X . == Progress [ Log = 0
Author:

| NI=
Computation time

Cunactads
H P ZZAHLTHEER -

COMSOL Multiphysics 6.2.0.339

@ A 13:48 EB

2024/03/27

COMSOL Desktopi&|H

AL TWAXIREBICEK > TIRIS—AEETIIEEAHYET. TOBEESEFEUTATY FERITL. ALTERRSE. BREBICEbELEF T3
VEBEL. BITLTLRES L.

[rNnN]$ comsol -h

3.3. COMSOL Desktop @ EiEz5tHH

COMSOL Desktop[FLAT D & S BREHDEXTHER SN TEYEY. AEETREFERICOVWTORMBEITVET.
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3 Untitled.mph - COMSOL Multiphysics @r1n11

File Edit Windows Options Tools Help
lmr e vov @ WA v@E~
i Materials v ST T 4 vEvD>>
|7 Model Builde = B | [H settings =
‘= &t Untitled.mph =
- . - ~ Protection

ype filter

Editing not protected Set Password

v  Untitled.mph (root)

w (1) Global Definitions Set Password

Running not protected
P; Parameters 1

~ Used Products

& Materials
» {@ Results COMSOL Multiphysics
~ Unit System
s

~ Presentation

Title:

Description:

Author:

Computation time

COMSOL Multiphysics®|FHDFF| &

- X

A4 v O w Pi ¥ 3= ¥ f) w v [if 5 v $ 9 - v
-E]

O || ¢b Graphics = g

Qa@Qve @ Lvkzkn v B> 2 3>
o

z
y'\t/x
[4d Messages X == Progress  [:] Log = 08

N
COMSOL Multiphysics 6.2.0.339

1.01 GB | 66.01 GB

Expected:

HRES Ex2 1

1 A A=a—

2 IA9YIT7OERY—IL
JN—

3 Y —)LIN—
(WindowsIZ &Y 7R>)

4 EFLELE—Y—)L
IN—

5 EFLYY—

6 BEDVa4v D

7 TS5T749 IRV R
Y —)LIN—

8 I374vIRI4VE
)

9 BRI 1> kD

COMSOL Desktopi&|H

COMSOL Desktopii [ D 1#EEHEE

7E
SRR EIRMEELF T

ChbOREVE 77 AVERC/RE BYBEL/APYEBEL. 3E—/BYMTH. H
MR EOMEEEFUH T L ICERALET.

ETVYITORROAT Yy TEFIHTEREAE MO TEIV VRSB Y ET

EFAYVY—ANTHETZY—LERHELET. 4 52HLETETFLELZELL
7.

ETFLYY—ICRETILOBEOM. ETFILOBELKE. ERUBCHEHEELIR
fERNRENET.

EFILVY—DFEEDN/—KEI VY ITRE ETFIELLZDEICZD/ — REED
BEV A RONRREINET.

93749994 FURATRATSY —LERHELET

TJS5T49IRIT4YRUTIE YAARY /=R AvPa/—k #ER
J—ROWEERIR T ST 4 v I ARKREINET. BRIECIE. EEG. />0 X—
Ay BIRSHY FT.

1BERD 1 > R OICIE SKERRSRE. KEBOEBIKL. A v > affst. viL—odofh.
IBEICE2Tlk HERTF—TIULRE. YZaL—2arvBICARAXRRETIVERNIRTR
ThEvd.
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331 A AZa—
A Y A= 2 — BRI T 2 HDT I EARA Y b TY. HEOHEICOVWTRETROBY TY.
File Edit Windows Options Tools Help
A AZa—
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