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Nomenclature or OpenA | LIb

functions

§First Character

\ ;gécond and

;Third Characters

The character shows data type.
® S:Single Precision
® D :Double Precision

|f the function is auxiliary, 1t comes
“AF”.
|f the function is computation, it comes
matrix kinds in the second character,
and matrix storage format in the third
character.
® [he second character:
® S: Symmetric.
® U : Non-symmetric.
® D :Diagonal.
® [ :Tridiagonal.
® The third character:

® R : CRS Format.
® C:CCS Format.

éFourth and
;Fifth Characters

Process Kinds.

® MV : Matrix—vector multiplication.

= T =



Main Auto-tuning Function Providing
OpenATLib (Xabclib ver. Beta)

o B Function Name Description

: 1 OpenAT|_DAFRT Judge increment for restart frequency
; on Krylov subspace.
10penAT [_DSRMV Judge the best implementation for

| double precision symmetric SpMxV on CRS

; format.
1 OpenAT | _DURMV Judge the best implementation for double
3 precision non-symmetric SpMxV on CRS
| format.
+ OpenAT | _DSRMV_Setup Setup function for OpenAT|_DSRMV.
§ OpenAT| _DURMV_Setup Setup function for OpenAT| DURMV.
1 OpenAT | _DAFGS Gram-Schmidt orthogonalization function with
| 4 implementations.
< OpenAT | _BLDATA Set default parameters.
| ( Block data format for Fortran. )
10penAT | _L INEARSOLVE Over-Linear Solver with numerical policy
: interface.
10penAT | _EIGENSOLVE Over-Eigen Solver with numerical policy
Red functions are newly developeéhkeriiaceersion Beta.

Blue functions are modified API from the version Alpha.
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Construction:

OpenATl_EIGENSOLVE OpenATI_READ_POLICY

: OpenATI_DSRMV_Setup

OpenATI_DAFGS |
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Construction:

OpenATI_LINEARSOLVE OpenATI_READ_POLICY




OpenATIib: Restart Frequency

Interface
angd o Restart Frequency Interface

OpenATl_DAFRT(NSAMP, SAMP, IRT,INFO)

- NSAMP: The Number of Sampling Points
- SAMP: Sampling Data (double)
> IRT: Judgment Flag

0 : Do not need Increase

1 : Need Increase

o Judgment Function : MM ratio [T.Sakurai,2008]
R_i(s,t)=max_z{r_i(z); z=s-t+1,...,s}
Imin_z {r i(z); z=s-t+1,...,s}

Is a ratio for the max per min on residuals r_i from s-t+1to s.
Extension to ILIB: Last S samples.




An Example of OpenATl DAFRT

INCLUDE “OpenAT.inc” /I Include OpenAT.inc

| MSIZE=1 / Initial restart frequency.
=5 // Judgment frequency.
| DO ITER=1, MAX ITER
omission

IF RSDID < TOL RETURN // Convergence Test
SAMP (K)=RSDID //Set residual to SAMP(K).
IF (mod (K, 1) .eq. 0) THEN //Call DAFRT per | times.
IRT=0
CALL OpenATIl_DAFRT (I, SAMP,IRT,INFO)
IF IRT=1 MSIZE=MSIZE+1 //Increase restart
frequency.
K=0
END IF
K=K+1
omission

| NIT NI N7 N




OpenATlib: SpMxV Interface

» SpMxV Interface (y = Ax)

i OpenATl_DSRMV() : Symmetric
& OepnATIl_DURMV() : Unsymmetric
o Arguments:

N : Matrix Size

NNZ : Number of Nonzero Elements
IRP(N+1) : Diagonal Index Pointer
ICOL(NN2Z) : Row Index Pointer
VAL(NN2Z) : Element Value

X(N) : RHS Vector

Y(N) : LHS vector

ICASE : AT Implement Switch No
NUM_SMP : Reduction Number
WK(N, NUM_SMP) : Work Space
INF(LINF) : Groups of rows processed each thread
LINF : The Size of INF

INFO : Error Code

Red arguments are Auto-tuning facility functions.
Blue arguments are newly added from the version Alpha.




Overview of Auto-tuning Method

for SpMxV

o OpenATl_DSRMV

_ - S1) Row Decomposition Method.
2 S2) Normalized NZ Method.

- S3) Normalized NZ Method, with vector
reduction parallelization.

e OpenATl_DURMV

- Ul) Row Decomposition Method.

- U2) Normalized NZ Method
(for scalar multi-core processors).

- U3) Modified Segmented Scan
(Branchless Segmented Scan (BSS) )
(for scalar multi-core processors).

- U4) Original Segmented Scan
(for vector processors).
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Row Decomposition Method and Normalized NZ
Method on CRS Format

(Both Symmetric and Unsymmetric )

* - Non-Zero Elements$

Owned

Thread 1 *

| *

#Ele

Thread 2

Thread 3

| *
| *

| *

Thread 4

| *

N

Thread 1

Thread 2

Thread 3

Thread 4

(Conventional)

Row Decomposition Method

(SV}{fpu?I%IatH):(]' ?s divided into the number
of threads blocks for balancing the
number of row processed by each

thraad

Owned #Elements

*

| *

.
.

* 3

| *
|

| *

*

(98]

Normalized NZ Method
(SW: S2, S3, U2)

Input matrix is divided into the
number of threads blocks for
normalizing the number of non-
zero element processed by each




Segmented Scan and BboS (Unsymmetric

Only) i ' row pointer (IRP)
0 0 2 0 0 0 0 | 1| 3| 7| 11| 15| 18| 26| 28| 29| 31|
.............. 3 6
d 8| o] o g Each 6 element is divided.
11) 0 13 0] 14 o0 Not row-base
0 0 0 0 1 0 16 17 \ management_
- ——— — segment-vector #3
0 26 0 27 0 0 0 0
0 0 0 0 0 ‘28’} 0 0 L
| .! J ol ol ol Wl Modified Segmented Scan (BSS)

MFLAG JESTART

Access Direction

first element

in each row 11 7
Original 13 8
* | Segmented Scan 15
FLAG - J ” d—
(T) T F F F 19 JFSTART
“T” means Flrlel () 25 holds
first element ( T ) F F|_F 26 first elements
in each row. FLEN F L FNT 28 information.
F (T F F T 29 [F¥
I I e N a1 Needs no IF-sentence
Access Direction

F T
\J in the most inner




SpMxV Reduction Optimization
(Sw: S3, Symmetric Only)W

_______ K
®There is computation with  (a Workspace array
"zero” values. for parallelization)

- @®To reduce the zero
computation, we have
Information for indexes
from start location to
end location for non-zero
values.

® The computation
columns: |
From Second
To Third.

PP PP [*[*]*]*
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E1E2 I
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An Example of OpenATI DSRMV

INCLUDE “OpenAT.inc” I/ Include OpenAT.inc
OpenATl_DSRMV_IPARM 1=3 //Initialize DSRMV parameter.
ICASE=0 //Initialize DSRMV parameter.

LSINF= N+NUM_SMP+3
ALLOCATE(SINF(LSINF))
omission
DO ITER=1, MAXITER
[IThe first SpMXxV.
CALL OpenATl_DSRMV (N, NNZ, IRP, ICOL, VAL, X, Y, ICASE,
NUM_SMP,
WK, SINF, LSINF, INFO)
OpenATlI_DSRMV_IPARM_ 1=1 //Hereafter, we select the best one.
omission
Il SpMxV after run-time searching.
/I We can use the best implantation based on previous information.
CALL OpenATl_DSRMV (N, NNZ, IRP, ICOL, VAL, X, Y,
ICASE,NUM_SMP, WK,
SINF,LSINF,INFO)

omission
ENDDO




OpenATlib: Re-orthogonalization Selection
» Re-orthogonalization Selection Interface

OpenATl DAFGS

o Arguments:

NORMALFLG : Normalization of Output vector
« 0 : not normalized
- 1 : normalized

N : Vector Length

X(N) : The vector to re-orthogonalize

Q(LQ,MM) : Orthogonalized vectors Q(1:N,MM)
LQ : Leading Dimension of Q

MM : The number of vector of Q

HR(MM) : Inner product X by Q(1:N,M)

IDGKS : Iterative refinement of DGKS
* 0 : no lterative refinement
- 1: Iterative refinement

INFO : Error Code




Overview of Auto-tuning Method
for Re-orthogonalization

e Classical Gram-Schmidt method (CGS)
> Accuracy of reorthonormalization is lower.
- Parallel performance is excellent.

e DGKS method

o Supplies improved accuracy by running CGS 2
times.

e Modified Gram-Schmidt method (MGS)
. Default Algorithm

- Most effective performance and accuracy in many
cases.

e Blocked Classical Gram-Schmidt method
(BCGS)

o Qrthonormalized by intra-block with CGS, and
by inter-block with MGS.




OpenATlib: Eigensolver Selection

» Eigensolver Selection Interface
OpenATIl _EIGENSOLVE

o Arguments:

N : The number of dimension for the matrix
NNZ : The number of non-zero elements for the upper triangle
part

IRP(N+1) : Pointes to diagonal elements on each row
ICOL(NN2Z) :

The row indexes for non-zero elements on the upper triangle
part
VAL(NN2Z) :

The values for non-zero elements on the upper triangle part
IORDER : Option parameter for eigensolve

- 1 Compute eigenvalues and eigenvectors from the raw value, that
means including minus.

- 2 Compute eigenvalues and eigenvectors from the absolute value
NEV : The number of eigenvalues you need
EV(NEV) . The eigenvalues

EVEC (N,NEV) : The eigenvectors. The k-the eigenvector
corresponding to the eigenvalue EV(K) is set to the k-th column.

INFO : Error Code




OpenATlib: Linear Equations Solver

Selection . .
» Linear Equations Solver Selection

Interface
OpenATIl LINEARSOLVE

o Arguments:

N : The number of dimension for the matrix
NNZ : The number of non-zero elements for the matrix
IRP(N+1) : Pointes to diagonal elements on each row

ICOL(NN2Z) :

The row indexes for non-zero elements on the matrix
VAL(NN2Z) :

The values for non-zero elements on the matrix

B(N) : The elements for right hand size vector b

X(N)

* INPUT : Set the elements of initial guess for solution vector
x 0

- OUTPUT : Return the elements of solution vector x

INFO : Error Code




K The Overall Format

User Policy Description

<keyword> = <value>

<keyword> : = POLICY / CPU / RESIDUAL / MAXMEMORY /
MAXTIME / PRECONDITIONER

» The POLICY Functions

POLICY = <value>

. <value> := TIME / ACCURACY / MEMORY

5 “TIME” is selected by default.

. If POLICY = TIME

: » Over-Solvers preference for execution time over
accuracy and saving memory. Therefore, algorithms

: for high performance are positively selected.

0 I POLICY = ACGURACY

» Over-Solvers recalculation solution of solvers.

|If false convergence occurs, Over—Solvers
continue to re-execute with more exact
convergence test until true convergence.

. If POLICY' MEMORY




User Policy Description

e The CPU Function

CPU = <value>

+ <value> := entry OMP_NUM_THREADS at run-time.
. OMP_GET_NUM_THREADS is selected by default.
Note) 1 = <value> = OMP_GET_MAX_THREADS ()

° The RESIDUAL Function

RESIDUAL = <value>

+ <value> : = entry require accuracy by real value.
i The default value is 1.0D-8. 5
i In case of “POLICY = ACCURACY” is set and false
‘convergence occur, solver continue to re-execute with
‘more exact convergence test until true convergence.

e The MAXMEMORY Function

- MAXMEMORY = <value>

- <value> : = entry require memory usage in [Gbyte].

. The default value is “memfree” in /proc/meminfo (Linux).
. If fails to get property in /proc/meminfo, search and

. allocate free memory dynamically. Note) The maximum |imit
i af MAYMEMNRY e 1AChu+a




User Policy Description

e The MAXTIME Function

- MAXTIME = <value>

¢ <value> : = entry time tolerance in [sec].

The default value is infinite.

When execution time exceeds time tolerance, computation is

PRECONDITIONER = <value>
: <value> : = NO / JACOBI / SSOR / ILUO
¢ ILUO is selected by default.
This keyword is used by only OpenAT|_LINEARSOLVE.

: ®@PRECONDITIONER = NO

| - No preconditioner

- ®PRECONDITIONER = JACOBI

| - JACOBI

. ®PRECONDITIONER = SSOR

: : SSOR

. ®PRECONDITIONER = ILUO 3
| - 1LU(0) 3




User Policy Settings

» Prepare “Policy Filel ~ [2tixt = ACCRALY

» Example . CPU = 16
3 PRECONDITIONER =

MAXMEMORY = 1.0

« OPENATI_POLICY_REPORT.txt MAXTIME = 500.0

RESIDUAL = 1.00—10;

ILUO

B e i
{ hEck OpenAT| LINEAR EGLVHIS%IH REF’PI:RJG HEk

‘date / time
. e sfedeok dedobolol ek defeolololok deleoielel ok ek oo fololeiok ok odololololol delololedolol e

[En lables] | input parameters
#IEENE[ETWGT ./ input_policy. dat

é eflmtmns Gﬁl.thG‘f

LIB Giﬁ S
IEI!I HF EWEY 16. 0000000000000
HI i 500 60000060000
I\I’ S

?l f'GBTT
YLO
niti

S a m AT= 1

E ﬁEHESSﬁI ﬁ’ ENDED ====== successful ly exit

A KRYL UBSP ACE S1Z ~—Msize for convergence
H AI: i ' 555928%% —initial norm of RHS
E ETEP «retried iterations

o =

"—‘f;
et
2 —bfz‘;:%

GHD:

214 \NZ= 259688 (EEILEE o
| "5@%%?%%&5%* .

okokdok —report -

«—fastest OpenAT|_DURKV




POLICY=ACCURACY Strateg

Call The Solver
pr——— ( Measure Computation

Max Time = MAXTIME ¥ | Time Ts on the Solver)
Convergence Condition = EPS i T

Solver Kinds = SOLVER : —
Preconditioner = PRECONDITIONING i ;
) i Maximum TR
M = Maximum Number i ;
: Time?
Max. Restart Number = 10000 :

] , NO §
YE S PRIORITY E ____________________________________________
TIME A
: ccurac
| NO ¥ - y i
: etry | Judge "Real”
p YES, Satisy
' Convergence
GS = BCGS GS = MGS qnditiog
" i NO k3
B e y Output Answer
#Threads = CPU

Max Time =Max Time - Ts
Convergence Condition =EPS /10
Solver Kinds = SOLVER
Preconditioner = PRECONDITIONING
GS =DGKS, M = Right Before Output
Max Restart Number =10000 :
Initial Guess = Right Before Answer on the Solver |-




33




Computer Environments

Quad-Core AMD Opteron(TM) Processor 8356

éCPU 2. 3GHz , 16core / node

L2 Cache

Si e 2MByte / 4core

éMain Memory 32GByte (8GBytes / Socket)

éOS Red Hat Enterprise Linux 5
éCompiIer Inﬁil(rortran Compiler Professional Ver3|0n§
éComp|Ier -03  -m64  -openmp  -mcmode [=medium

Option




Computation Condition
®OpenATIl EIGENSOLV

~: Convdrgence Test 1 0E-08
. Value
" Calculated
_ , 10
Eigenvalues
Max Execution Tlme 1000 seconds
Convergence Test 1 OE-08
Value
RHS vector x All elements are set to 1.
Initial guess All elements are set to 0.
Preconditioner LU (0)
Max Executlon Tlme 1000 seconds

30 : Same as PETSc default

viahh i




Test matrices for
OpenATIl EIGENSOLVE

~*From University Florida Sparse Matrix Collection
(21 kinds)

______ Matrix N NNZ Field
Matr ix N | NNZ Field 20 67024 | 1141880
vibrobox 12328 | 177578 | Acoustics 1 F2 71505 | 2682895
' Lin 256000 | 1011200 | Chemistry i .
; £ oilpan 73752 | 1835470
| cfd1 70656 | 949510 | F|yig 5
| &yro 17361 | 519260 | yodel | bmw7st_1 1347 | s7a0807 |
| t3dl 20360 | 265113 | Reduction " e
; $8i02 155331 | 5719417
| 671 76638 | 468096 ;
1 c-73 169442 | 724348 | Optimization | Shipsecd 179860 | 5146478
| SToH12 19896 | 379247 1 Sid1Ged12 | 185639 | 7598452
1 Si0 33401 | 675528 | Structural
| £ bmw3_2 227362 | 5757996
| dawsond 51537 | 531157 ;
. 0




Test matrices for

OpenATl LINEARSOLVE

- @®From University Florida Sparse Matrix

Collection
| ( 29 kindec)
” AN I po) ;
Matrix N | NNZ Field Matr i x N NNZ Field
é chipcool0 20082 281150 é xenonl 48600 | 1181120
. chem master! | 40401 | 201201 | Materials
= | xenon2 157464 | 3866688
| torsol (16158 | 8516500 | 2D/3D i wang3 26064 | 177168
. torso2 115067 | 1033473  wang4 26068 | 177196 | _
: : Semiconducto
. torso3 259156 | 4429042 1 ecl32 51993 | 380415 | r device '
I Electric ' sme3Da 12504 | 874887
- memp | us 17758 | 126150 ircuit ¢
L clrHIE S sme3Db 29067 | 2081063 | Structural
ex19 12005 | 250879 ;
; 0 + sme3Dc 42930 | 3148656
- poisson3dDa 13514 | 352762 | Fluid :
HBo! = " dynamics .| b1 14734 | 95053
. poisson 85623 | 2374949 :
— epb2 25228 | 175027 | Thermal
‘airfoil 2d | 14214 259688 pbs




Policy Memory Optimization

~ Condition

 Max Restart Frequency
o POLICY=MEMORY : 100 (Constant Value)

> POLICY=TIME : The maximum value up to
16GByte. The number of matrix size Is
theoretical maximum.

e GS Method iIs fixed as BCGS

* SpMxV Selection
o Symmetric
All kinds of SpMxV are checked.

- Unsymmetric

Two kinds of SpMxV without Segmented Scan are
checked.




Memory Pollcy Effect

7 ﬂ%ﬁﬁﬂfﬁﬁ h%am@m« fﬁB‘

T ®wPOLICY=TIME  wPOLICY=MEMORY

OpenATI_EIGENSOLVE

Averaged Speed-down
1.24x

Worst Speed-down:
6.12x (Ga41As41H72)

OpenATI_LINEARSOLVE

Averaged Speed-down.
1.09x
Worst Speed-down:
2.04x (ex19)

39




Policy Accuracy
Optimization Condition

o Stop Criterion and Ver.Beta Function

> The 2-norm of “Real” residual vector (“Real Residual Error”)
Is set to less than 1.0D-8 .

- The computation of the “real” residual error is computed
In every converged stop on the solver.

o |fthe “real” residual error is not satisfied to inputted user policy,
the inner convergence condition on the solver, say EPS, is
reduced to the factor of 1/10.

> Then, the solver Is called again with the new EPS until satisfying
the “real’ residual error. (This is called “Retry Iteration™.)

o GS methods are auto-tuned. (MGS, BCGS, and DGKS)

e Ver. Alpha Details
> There is no function for the Accuracy Policy.

> The execution time with same solver inner convergence

condition _
EPS for same number of Retry Iteration to that of Ver. Beta

IS measured.

o GS method is fixed as MGS.
(Only provided one is MGS for Ver. Alpha)




Accuracy Folicy ETect
(OpenAT|_EIGENSOLVE)

Fime in Second The following matrices for Ver. Alpha
_________ it 3 are not converged.
oT3dl:
5 Residual: 2.24E-01
8 Orthogonality: 1.27E-02
0Gad4l1As41H72
. 4 Residual : 2.52E-08
, Orthogonality : 4.81E-09
4 | _ _ _ _ | Averaged Speedup: 2.24x
' ' ' ' | Best Speedup: 8.92x
- AT A S T RS
& & & A S &S (GadlAs41HT2)
< 5
250 o 3. 000 Time-in-Saoond
i ry Seoond 5 son
A0C wVer ATph
4
mVer, Beta
1B 134
i
100 :
50 59 4;3
;;3 gs Wy X 24 20 I-
o me ol B M ! _________________________________
N - S S - S S o 5 o o Q
o %é? &S P & %@Q S gD g,:;\ =

ol 41




AcCcuracy Folicy Erect
(DPenATI_LINEARSOLVE)

Time in Saoond

o

"wVer ATph:

lﬂer.Beta

“ i | f | it 31 L]

aaaaaaaaaa

torsol is not converged for
both versions.

The following matrices for
Ver. Alpha are not

converged.
®torso3 : 2.28E-08
®memplus : 1.92E-08

®airfoil 2d: 5.17E-05
®viscoplastic2 : 3.67E-05
®wang4d : 4.35E-08

Averaged Speedup:
1.69x

Best Speedup:
5.29x (airfoil _2d)

B ., .,
& a\"’ﬁe N ne , I xj‘lf‘
& s &7 & §£§§ qu &3 qgsg 5 0
‘Qﬁ L {f‘f‘@/ ;?;a
S0
Pime in Second
S0
400 mVer, Apha
mVer. Beta
393 ..........................................
00
LIS i 12
H G
(F ovwe. i 0.,

AW R
O
S o
. & o,
o G
N e

This is due to highly accurag
for computation with

DGKS orthogonalization,
provided Ver.Beta.

\J




° APl OpenATLib

1. API
OpenATI_EIGENSOLVE OpenATI_LINEARSOLVE
& | 2. API
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200
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16 24
2. SpMxV

Branchless Segmented Scan (BSS)
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Xabclib

http://www.abc-lib.org/Xabclib/
Xabclib-beta.tar.gz

$ tar zxvf Xabclib-beta.tar.gz -
$ ./make.all .

11bOpenAT.a
Intel Fortran

3 makefile F90

./0penAT/makefile
FO90 = ifort -03 -m64 -openmp -mcmodel=medium

./Xabclib_GMRES/makefile
FOO0 = ifort -03 -m64 -parallel -openmp -par_report3 -mcmodel=medium

./Xabclib_LANCZOS/makefile
FO90 = ifort -03 -m64 -openmp -mcmodel=medium




Xabclib

o
2

OpenAT.inc

11bOpenAT.a
o

OpenATl

INCLUDE “ OpenAT.inc”

OpenAT.Inc common
[

11bOpenAT.a

$ ifort 1ibOpenAT.a




OpenAT.Inc

__ + OpenATI_DAFRT_IPARM_1

MM ¢
e OpenATIl DAFRT_RPARM 1
MM ( Max-Min ) (...... 100.000 ......
e OpenATl DSRMV_IPARM 1
2
e OpenATl DURMV_IPARM 1
1,
e OpenATlI DURMV_IPARM 2
l,......)
e OpenATl DAFGS IPARM 1
Gram-Schmidt (0, 1, 2, 3)
Developer’s Manual OpenAT.inc

)




Xabclib GMRES

CALL Xabclib_GMRES(N,NNZ,IRP,ICOL,VAL,B,X,KIND_PRECOND,
$ PRECOND,NPRE, IPCPARM,RPCPARM,MS1ZE, IGRPARM, RGRPARM,
$ IAT, WK, LWK, INFO)

NNZ

IRP

1COL

VAL

B

X :

KIND_PRCOND: )
PRECOND :

NPRE : PRECOND

I PCPARM : 1
RPCPARM : 2
MSIZE :

I GRPARM :GMRES

RGRPARM :GMRES

I1AT :

WK :

LWK : WK

INFO

OpenATI_LINEARSOLVE
>—




Xabclib LANCZOS

CALL Xabclib_LANCZOS(N,NNZ, IRP,I1COL,VAL,NEV,EV,EVEC,LDE,
$ MSIZE, IPARM,RPARM, 1AT , WK, LWK, IWK, LIWK, INFO)

NNZ

IRP

1COL

VAL

NEV

EV

EVEC :

LDE  :EVEC
MSIZE :

IPARM :Lanczos
RPARM :Lanczos

IAT

WK :

LWK WK
WK

LIWK - IWK

INFO

OpenATI_EIGENSOLVE
—




OpenATIl LINEARSOLVE

CALL OpenATI_LINEARSOLVE(N,NZ,IRP,ICOL,VAL,B,X, INFO)

NZ

IRP :
ICOL :
VAL :

INFO :




OpenATl EIGENSOLVE

CALL OpenATI_EIGENSOLVE(N,NNZ, IRP, 1COL, VAL, IORDER,NEV,EV,
$ EVEC, INFO)

N

NNZ

IRP
1COL
VAL :
10RDER:
NEV  :
EV

EVEC
INFO




$ export OPENATI_POLICY=input_policy.dat -

input_policy.dat

POLICY = TIME - ACCURACY, MEMORY

CPU = 16 -

RESIDUAL = 1.0D-10 -

MAXMEMORY = 16 - GB

MAXTIME = 600.0 -

PRECONDITIONER = NO JACOBI, SSOR, 1LUO
6

OpenATI_LINEARSOLVE() OpenATI_EIGENSOLVE




NMAOUUU

go

#1/bin/bash

#0%-q debug

#0$-N 1

#0%-J TI16

#0%-IM 28GB

#0$-1T 0:05:00

#@%-0 OUT

#0%-e ERR

cd $PBS O WORKDIR  ~ gsub
export OMP_NUM THREADS=16
export OPENATI POLICY=./1nput policy.dat
./a.out > go.txt

$ gsub go

go.txt




