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Application Performance Tools Group

» Compiler based code transformations

Exposing parallelism: Hercules
User directed pattern detection
Code transformations

Transforming large code bases
Klonos: Similarity detection

* High performance communication libraries
« Hierarchical collectives
* Scalable run-time support

 Fault-tolerant MPI/runtime




OLCF-3 hardware plan maximizes
science output

Initial Delivery System (IDS) |Final System Scalable File System

« 2nd half of 2011 « 2nd half of 2012 « Expansion of Spider
* 900 TF peak * |Incorporates « Adds 400-700 GB/s
« 10 cabinets upgraded IDS of bandwidth

. 920 compute nodes ° 16-20 PF peak * Adds 10-30 PB




qﬂ%\'/%e OLCF-3 users with high productivity programming

tools & compilers.

* Provide a programming environment with tools to support the
porting of codes.

 Work with vendors to provide compiler, performance, and
debugger capabilities needed to port applications with
GPUs :
— CAPS enterprise (HMPP Directives)
— The Portland Group (Accelerator Directives)

— Cray (OpenMP for Accelerators)
— NVIDIA

— TU-Dresden (Vampir)
— Allinea (DDT)

» Join Standardization Efforts: OpenMP ARB




Compilers




Improve Productivity and Portability

* The Directive based approach provides:
— Incremental porting/development
— Fast Prototyping

* The programmer can quickly produce code that runs in the accelerator.

— Increases Productivity
* Few code modifications to produce accelerated code.

— Retargability to different architectures (CPU, GPUs, FPGASs)

— Tools can assist the user generate the directives, debug them, and do
performance analysis.

* Leading technologies with accelerator directives:
— CAPS HMPP directives, [Vendor]
— PGl accelerator directives [Vendor]

— Cray OpenMP accelerator directives [Vendor]
— HICUDA [Academic, University of Toronto]




Compilers Available for the OLCF-3
Effort

Complle C/C++ CUDA CUDA HMPP PGI OpenMP |OpenMP
Fortran |Acc Dir |Acc Dir [Acc Dir |CPU

Cray

PGl X X P X X X
CAPS X X X X
NVIDIA X

Pathscal X X P X
Intel X X X
GNU X X X
LLVM X X X X

X = Supported * Cray, CAPS, and NVIDIA are directly involved with

P = In Progress the OLCF-3 Effort




Current Work

* We are currently working with Vendors to provide a set of
tools that target the application needs for OLCF-3

— Benchmarks and Applications

» We are also building a tool environment to

applications:

Start

Initial

Application

Feedback

Finish

Ported .
Optimized
Application

Compilation
(Vendor
Compiler)

Cray

PGI

HMPP Compiler
Pathscale

GNU

support the

Experimentation

Execution /

Experiment

*CrayPat,

*Vampir (scalable & GPU)
*TAU,

*HPCToolkit ,

*NVIDIA profiler

*HMPP Perf. Analyzer,

Program

Verification

*Cray Apprentice
*HMPP Feedback
*Intel Inspector

Performance Static
Analyses Analyses /
Kernel
Extraction

*HMPP Wizard
*Cray Apprentice
*Parallel Nsight

Decision
Points / Rapid
Development

Global

Local
Restructuring

Restructuring

*Allinea DDT for
scalability and GPU
*NVIDIA gdb debugger
*Parallel Nsight Debugger

*HMPP Wizard
*Hercules

*Hercules,
*ROSE
*Opentd




HMPP Programming Environment
» System supports: C/C++/Fortran, OpenMP, MPI, SHMEM

* In addition, Identified features needed for programmability and
performance improvements

— C++ support [Feature]

— Parsing issues (Fortran and C) [bugs]

— Fortran support (Modules) [Feature]

— Inlining support [Feature]

— Need to allocate data directly in the GPU [Performance]
— 3D scheduling support for thread blocks [Performance]
— Support for libraries [Feature]

— Codelet Functions [Feature]

— Concurrent kernel execution in Fermi [Performance]

— Worksharing between devices in nodes. [Feature]




Example: HMIPP C++ Directives Support

* Initial Implementation of C++ directives using MADNESS. _

HMPP++ Codelet Declaration

class SmallComputation : public hmpp::HMPP

{
public:
SmallComputation(void) : HMPP() {}

#ipragma hmpp mapbyname, datain, dataout
hmpp: :Argument datain, dataout;

void operation(int n, float * in, float *dataout,
const floatfactor)
{
#pragma hmppcg paralle
for (int i = 0; i<n ; i++)
dataout[i] = cos(datain[i]) * facTos:
}
}
}:

ey J
CAPS HMPP++ Specification Proposal, January 2010




HMPP++ in MADNESS

Defined Baseline Benchmark

— Accelerate hotspot:
* madness::mTxmgq (81% time spent)
* /src/lib/tensor/mtxmg.cc

* Parsing Capabilities for C++
* Implementation of HMPP++

* Hybrid Execution

— Small matrices executed in CPU
* MLK Library

— Large Matrices executed in GPU

fipragma hmppcc classlet target=CUDA
class HybridMatrixMull=mpl : public hmppcc::Cl

=k;
fipragma h=pp odelet,args[c).io=out,args[a;b] .io=in, &
fipragma hmppcc & args(dimi) .map="dimi", args(dimj].map="dimj", &
fipragma hmppcc & args[dizk] .:up="dimk args(c ] p ="c", &
fipragma hmppcc & a g[b]map"b g[]up
uble pu(lo
aoub

. // Bragmas here are optional, lcops are

(not) /parallel
fipragma hmppcg parallel
for (long i=0; iddimi; i++)

fipragma hmppcg parallel
for{long i=0; j<dimj; j++)

fipragma hmppcg noparallel
for(long k=0; x<dimk; k++)

automatically detected as
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HMPP with CAM - SE (Climate)

Defined a baseline benchmark
— Accelerate divervenge_sphere()

Support for F90 Modules
Support for 2D/3D scheduling

Data Resident Directive
— Allocate Data in the GPU

Need for Data Distribution
— Distribute elements in GPU/CPU

— Share work among GPU/CPU cores

1
2
3
4
5
6
7
8
9

25

subroutine driver

I$hmpp <cudagroup> group, target=CUDA
rdx=2.000/(elem(ie)¥dx*rearth)
rdy=2.000/(elem(ie)¥dy*rearth)

metdet = elem(ie)¥metdet

1$hmpp <cudagroup> kernel callsite

call divergence_sphereSd_hmpp_tuned_dw(ie,gsize,...,rmetdetp,divdp4d_omp)
ret2(1,ie) = sum(divdp4d_omp(:,:,:,:))

end subroutine

IShmpp <cudagroup> kernel codelet,args[qgsize_d;...;metdet;rmetdetp].i0=1n,args[divdp4d_omp].1i0=out
subroutine divergence_sphereSd_hmpp_tuned_dw (gqsize_d, ... , divdp4d_omp)

implicit none

integer, intent(in) :: gsize_d, nlev_d, nv_d

real(kind=8) rdx, rdy

real(kind=8), intent(in) :: Dvv(nv_d,nv_d)

real(kind=8), intent(in) :: gradQSd(nv_d,nv_d,nlev_d,qsize_d,2)

real(kind=8), intent(out) :: divdp4d_omp(nv_d,nv_d,nlev_d,qsize_d)

do g=1,qsize_d
do k=1,nlev_d
do j=1,nv_d
do 1=1,nv_d
dudx@0=0.0d0
dvdy®0=0.0d0
do i=1,nv_d
dudx00 = dudx@d + Dww(i,l )*(metdet(i,j)*(Dinv1l(i,j)*gradQ5d(i,j,k,q,1) + &
Dinv(1,2,1,5)*gradQsd(i, 3,,0,2)))
dvdy00 = dvdy®d + Dww(i,j ) * (metdet(l,i)*(Dinv(2,1,1,1)*gradQ5d(1,1,k,q,1) + &
Dinv(2,2,1,1)*gradQ5d(1,1,k,q,2)))
end do
divdp4d_omp(l,j,k,q)= rmetdetp(l,j) * (rdx*dudx0@d+rdy*dvdyéd)
end do
end do
end do
end do
end subroutine divergence_sphereSd_hmpp_tuned_dw




Acceleration of CAM - SE

Improvements of HMPP divergence_sphere()
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Additional Features in HMPP 2.3.3/2.3.4
* HMPP Dynamic Management of CPU/GPU data coherency

— Data that were copied from host to device with the intent to remain
resident on the HWA and which the host may modify, HMPP
automatically manages the necessary updates.

» CUDA shared memory direct copy

— Stage data that originate from host memory directly in device
shared memory (this needs to be programmed explicitly in CUDA).
* User Kernel Integration

— Allows the user to override HMPP codelets with own, optimized
Versions.




Tool support: HVIPP Wizard
* Objective

— Designed to give pertinent, efficient optimization advice for inserting
directives and kernel optimization

— Interactive way of automatically applying proposed optimizations

BEGIN

¢ A p p roac h Pick new hotspots| Identify hotspots ol R S |
— Very Interactive *ﬂo* 1

— Step-by-step diagnoses
* Validation

* Pattern Matching P— i ols

— Phase 1: Codelet Identification L

Feedback

— Phase 2: Codelet Optimization Eieasl

Communication Optimizedata |
dominating sfers

. Compute Optimize codelet |
Compile and run Check results dominating code
< ()
)-.—ji




Running HMPP Wizard
* Launching HMPP Wizard

— Setup wizard environment
« $ source “HMPP_WIZARD_INSTALLATION_DIRECTORY”/bin/wizard-env.sh

— Compilation command parameter
* $ hmppWizard [--help] [-V] [-V] <compiler> [compiler options] [<file>.c]

X HMPP Wizard - [thermochem_tools.c]

[l File Directive Help -18x
E d 8B 2 X 4
calcMixCp v Advices Y
[=)... ¥Akkk 1 AR RS
Codelet e Wz
int calcMixCp(double *coef_t1, double *coef_t2, double *1 thermochem_tools.c:47
{ Diagnosis Conditional 'if* statement found. C...
mixcplidx] = 0.0; - Advice Use masks instead of guards in c...

- Advice Split the kernel in several loop ne...

int ispec, coeff_idx;
double temperature = temp[idx];

#pragma hmppcg parallel, private(coeff_idx) if (templicx] <= tcomlispec])

for (ispec = @ ; ispec < nspec ; ispec++) mixcplidx] +=
‘.- Concerned operations (coef_tl[coeff_idx] + temperature *
coeff_idx = ispec * 7; © O O x| Edit Directive (coef_tl[coeff_idx + 1] +
if (templidx] <= tcomlispec]) temperature * (coef _tl[coeff idx +
{ 2] + temperature *
mixcplidx] += (coef_t1lcoeff_idx] + temperature [hmppcg unroll 4 (coef_ti[coeff_idx + 3] + temper...
}
{ OK Cancel
else mixcplidx] += (coef_t2[coeff_idx] + te -
} -
} Analysis Log S 2
} -l Codelet's kernel Analysis Success
= Analysis Loop analysis details
=l Number of Kernels 1 al~
4 4 Kernel number 1 v|>

HMPP Wizard Ul with the S3D application




[<All codelets>

Codalet

typedef double

{
antid s
forldi=2;

-+
o
B
by
[}

void loopUnrol
{

1| P 1
#pragna hnppcg
for (2 =1;

{
#pragna hnppcq
for (5 4
{

real;

Ot /amdtilion/nfs/home/morinl/travail/Anzlyser/examples/dgemm_simple/dgemm-simple.c

void initloop(int M, int N, resl AlN][M])

(1] Hle Directive Help

irective Insertion

nsertion o

"TERI Y

itlop 1Y

Codelet

1|

Advices
3 *_*“ HMPP Wizard +¥s¢

[ ——
- mycode.c:6
- Diagnosis

tatistics
ber of memory access 6
ber of arrayaccess 1

har at 1 2

P B = void InitLoop(int M, int N, resl 4[N][M])
Codelet o
#pragna hupp dgenn codelet, target=CAL, args[w": Lol
void dgemm_hmpp(int m, int n, int p, double aly
{ 1
§ | o R
int m_rest =m% 8;
int ml =m - m_rest;
#pragna huppeg grid blocksize 64 x 1
#pragna hmppcg unroll j:4, 1:8, jam(i), jam(I)
for (1 =0; j <p; jtt)
{
for (i =0 ; i «<m ; i+) . d( U U C U
{
double prod = 0.0; G- #F¥% HMPP Wazard
double via, v2a; | @
k =0; - mycode, €:205

<

via = vin1[k][i];
v2a = vinz[j1[kl;
LR H.] -1

b e~ )

The computation density is low. input
Computation density score=1.25

B an

=Ir)

'

»
|

- Diagnosis
- Advice
(- Loop Stetistics
Number of subscript access over X
- Number of subscript access over Y

The computation using i is globally not wel coalesced
Insert a loop intarchange pragma to the loop nest

0
1

“-Number of subscript access constant overt... 0

#pragma hmppeg permute(i )
for(j=1:j<N-1;++)
{

for((=1:1<M-1;++)

{
real result = 114 A[ -1][j-1] + 12 *¥Afi+ 0][j-1] + c13 ¥ Afi+ 1]fj-1]:

- Result
result +=c2L *A[l-1][ + 0] + €22 *All 4 0][| + 0] + C23 *All + 1]]| + OJ;
result += ¢3L *A[i-1][j + 1] + ¢32 *Afi + O][j + 1] + ¢33 *Afi + 1][j + 1);
8li][j| = result;
}
)
Analysls Log v
[z ##¥% Analysis Logs *++*
Codzlet Validation Success
- Codelat's kernel Analysis Success

- Analysls
- Number of Kernels
[ Kernel number
2D Loop gridffication

Loop analysls detals
1

1

; i
- Codelet Valdation Success
- Codelet’s kermel Analysis Success
- Analysis

Loop analysis de..,

S

<] >




HMPP Performance Analvzer Metrics
* Performance Analysis for HMPP codelets

* Analysis and Metrics for:
— Average GPU Execution Time
— Gridification / Grid / Thread Block Size
— Global Memory Read/Write Throughput Work Flow
— Load/Store Execution Density -
— Load/Store Code Density
— Computation Density
— Branch Divergence Ratio

Cuda_profile_1.csv

Run 3

J

Cuda_profile_3.csv




Performance Analyzer Graphical
Interface —— Kernel Performance Information

pragma hmpp <Group> group target=CUDA

pragma hompp <Group> mapbyname m, n, p, alpha, vinl, vin2, beta, vout
pragma hopp <Group> dgenm codelet, args[vout].io=inout

void dgeom(int », int n, int p, real alpha, const real vinllnllm], const r

{ HMPP Codelet

* HMPP Perfanalyzer - [dgemm-codelet.c] <@amrod>

& Fle Drective Help

G & 2 X+

- T S T e
(for (7 = O ;

{ Kernel 1 gradient

dgemm Iz) [advices

}- ¥54% HMPP PerfAnalyzer s#»¢
Codelet = 402 Achicas ”“)”E
pragua bapp <Group> group target=CUDA i1+ dgemm-<adelet.c:57
praguaa bapp <Group> mapbynave n, n, p, alpha, vinl, viez 7 dgemm-<odelat,c:74
tepragna bapp <Group> dgesn codelet, argsivowt].io-inout i li-dgemm<adelet.c: 74
oid dgasa(int ®, int n, int p, real alpha, const resl vi S a0k Profilp A4k

ouble prod = 0.0;
double vla, v2a;
k = 0;
vla = vinllk][1i]);
v2a = vin2[jllk]:;
< for (k=1 ; k <n ; k++) >
3 §
prod += vla * v2a;
vla = vinllklli];
v2a = vin2ljllk];
¥
prod += vla * v2a;
voutljlli] = alpha * prod + beta * voutljlli]l;

{ I Kemel number
m:ur.‘l ‘.“_‘0:. F T I Karnal Name:
FoN ey Mvarage gpu execut
for [i=0: icm; dte) Gridification:

-- Global memory reac
double prod = 0.0; Global mamory writi
double via. voa: Global memory thro

Load/Store Executic
-- Branch divergence
Computation densit
<0 i kas) Load/Store Code D¢ |
¥ Detailled metrics
prod += vla ¥ via; - Kemel number
oL | irornal name. 8
v2a = vin2[31IKD; Average gpu execut
Gridification:
Global memory reac
Global memory writt
Global memory thro
Load/Store Executic
- Branch divergence
Computation densit
Load/Store Code D¢
7 Detailled metrics

prod += via *

Kernel 2 gradient

14+)

TE NS N:2)
vout[jl[i] *= 3.14; r

else

vout[jlli] *= -6.28;

¥ Kernel selected

Analysis Log
=J- ¥¥ Analysis Logs ¥#*¢
Cedelet validation
- Profile Analysis
@ Analysis Report
- Profile Files
Profile Loaded
Frofile Loaded | _ 3
@ il Profile Loaded \(_I ‘_lL”

=T ==




Performance Analvsis




Vampir Performance Analysis Tools

* Trace-based performance analysis tool set
* Custom improvements for the OLCF-3 system

* Focused on two main areas
1. Scaling the Vampir tool set to higher processor counts

2. Integrating GPU support for a comprehensive analysis of
heterogeneous systems

— Additional usability enhancements




Vampir - Example Trace
* Application: PFLOTRAN-AMR

* Main timeline shows application
over time

behavior for

¢ | Vampir - [Trace View - localhost:30045: /nmg. % otf]
% Fle Edit Chart Fiter Window Help
8 b e 705 1055
ErkEeTiE 1 B | | W |
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Vampir - Example trace
* Application: PFLOTRAN-AMR

» Zoom into specific MPI behavior

W (&) Vampir e View - lo s 5
W Fle Edit Chart Filter Window Help

Timeline
82.667 s +2.0ms +2.5ms +3.0ms

Process 978 MPITWSIET R MPITWait
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Vampir - scalability improvements

* Optimization of communication patterns in parallel analysis
server

— Analysis server runs well using > 10,000 processes

» Parallel versions of additional post-processing tools
— Filtering and merging of > 30,000 process traces now feasible
— Parallel generation of PDF profiles from the trace




Vampir - Scalability Challenges

» Better handling of files during the trace generation

» Pattern matching to handle increasing number of trace events
generated to 100,000s of threads

* User interface improvements to make huge traces accessible




Vampir - CUDA Support

* Wrapping of the CUDA runtime library provides basic
information about CUDA events

— GPU kernel execution (like functions in a CPU program)

— Memory copies between GPU and Host memory
(like MPI communication)

— Works with asynchronous operations
— Embedded CUPTI performance counters

* All GPU information is embedded into the trace containing
MPI, OpenMP, CPU, PAPI etc.

— Allows to analyze GPU code in the context of the real application
rather than looking at an individual kernel




Vampir - CUDA Example
* Application: GPU-LAMMPS

4 MPI processes each with a CUDA stream

W File Edit Chart Filter Window Help Ele)®)
— i B n==  pew == " | 12.436 s]|12.510
ENLEOTERLZS © 7 ! ot

Timeline Function Summary

12.450 s 12.475 s 12.500 s ' All Processes, Accumulated Exclusive Time per Func...

100 ms 0 ms
Process 0 void ucl_cudadr...ned long, bool) [4]
CUDA[0] 0:1 46.984 ms [ LAMMPS_NS::Comm::borders()
Process 1 38.147 ms [ findRadixOffsets<j12,b0,b0> [
CUDA[0] 1:1 27.308 ms [Jj AtomicGPUMemo...uble*, bool&)
Process 2 14.971 ms P MPI_Send
CUDA[0] 2:1 7.836 ms [JLAMMPS_NS::Ato...e*, int, int*)
Process 3 5.442 ms | LAMMPS_NS::Verlet::force_clear()
CUDA[0] 3:1 : . : 5.243 ms | LAMMPS_NS::Ato... int, double*)
&l : : m D 11.751 ms $scan4 |




HMPP and Vampir Integration

* Integration with Vampir for scalable performance analysis is
operational

— Some operations of HMPP at CUDA level cause runtime errors with
VampirTrace = under investigation

* HMPP and VampirTrace can be combined without explicit
integration
— HMPP does source to source transformation
— VampirTrace wraps CUDA library calls

— Vampir visualizes CUDA memory copies and kernel execution
generated by HMPP

— Both tools utilize compiler wrappers, handle with care

* Next step focuses on integrating HMPP semantics (e.g.
HMPP arguments) into the trace




HMPP with Vampir

e VI INST=compinst VT CC=gcc-4.3.5
hmpp vtcc -vt:verbose —-c —-DFLAG
-Wno-unknown-pragmas file.c -lcudart \
~-LSCUDA HOME/1ib64/

— =

E Vampir - [Trace View - /amd/tilion/nfs/home/ymevel/demo/BlackScholes_C/BlackScholes.otf] LD—E’_&
" Ele Edit Chart Filter Window Help .. 6 X
T = 1. P {_[— 44295 [[sqa1 s
" : All Processes. Accumulated E-clusw. Time per Function
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Debuggers

 Work with Allinea DDT to improve the scalablllty of the
debugger ) P

Process stopped at watchpoint "my_rank" in PMPI_Comm_rank.
Old value: 32767

[ ] Data AnalySiS New value: <mult-ide-values>

[v| Always show this window for watchpoints
] ’)il_ Pau

— Parallel Watchpoints - s

— Scalable data analysis

4 d d Q0 Q&
1 o
]
&

— Scalable breakpoints,
stepping and program

stack queries 3o / = Al Breakpon
2 oo

o] 50,000 100,000 150,000 200,000

MPI Processes




Debuggers

* Tight integration with Cray PE

— Support for Abnormal Process Termination (APT), allows to attach
DDT to aborted process and review stack

Applicati-on 1110443 is crashing. ATP ;anal'ysis proceeding...

Stack walkback for Rank 23 starting:
_start@start.S:113
__libc_start_main@libc-start.c:220
main@atploop.c:48
__kill@0x4b5be7
Stack walkback for Rank 23 done
Process died with signal 11: 'Segmentation fault'
View application merged backirace tree file ‘atpMergedBT.dot' with
'statview’
You may need to ‘module load stat'.

atpFrontend: Waiting 5 minutes for debugger to attach...

— Multiple core file support using xt_setup_core_handler()
— Open MPI (Cray XT/alps) version support




Debuggers

» Support for CUDA & accelerator directives

e 06

X! Allinea Distributed Debugging Tool v3.0.rc5

Session Control Search View Help

|»[w B3 = FOeELET EiO~

S~

|| current Group:[All _~|Focus on current: ' Process

¢ Thread \I_ Step Threads Together

o

Checksum= 0.138112301

Project Files I Fortran Modules | F driverF90 F derivative_mod.Fo0 [] |
. a & X L gsize_d = gsize
Project Files 16 nlev_d = nlev ;I E
Search « 71 |
e 18 ho an I make gv and temp local but not private B
* Pe_| . ;l 71 !$hmpp <cudagroup> group, target=CUDA
(- [ debug.cc © 720 !$hmpp <cudagroup> region, &
+- = debug_list.cc 721 !$hmpp <cudagroup> args [v5d,Dvv,rmetdetp, metdet, dinv, rdx, rdy, gsize_d,nlev_d,nv_d,gv, vvtemp
o ¥ del op_.cc 2 !$hmpp <cudagroup> args [divdd].io=out, private=[dvdy00,dudx00,i,],k, q,1]
— do g=1,gsize_d
+- @ del_opnt.cc do k=1,nlev_d
- @ del_opv.cc nvert t ntra variant form and multiply by g
63 @ del_opvnt.cc d°’3=1'“‘d"—d
=- F derivative_mod.F90 28 ;lf,“ciil :..qu
-2 divergence_sphere5d x.-(i,j,T) = metdet (i, j)* (Dinv(1,1,i,j)*v5d(i,j,k,q,1) + &
-7 divergence_sphere5d_acc Dinv (1,2,1i,j)*v5d(i,]j,k,q,2))
. v (i 5 = i 4)* (Dinv i ) *vsd(i.d
.= divergence_sphere5d_acc_tuned vi(i,j,2) = metdet(i,j)* (Dinv (2,.1,1,3) \:5(.1(1,],1'.,'(1,.1.) + &
. - - . Dinv(2,2,1i,j)*v5d(i,]i,k,q,2))
-~ 21 divergence_sphere5d_gpu : attributes(gl 33 enddo
-~z divergence_sphere5d_gpu_constant : atti 734 enddo
-2 divergence_sphere5d_gpu_s : attributes( 735 e a/d Y a/a
. ompute an
-~z divergence_sphere5d_hmpp " do J:ll ln.\. a " -
-~ 122 divergence_sphere5d_hmpp_tuned 38 do 1’=1,;\'_d -
-2 divergence_sphere5d_launcher 739 dudx00=0.0d0
-~ z:/divergence_sphere5d_launcher_constant . ]“‘ g:;dﬁi??:g;()g()
= divergence_sphere5d_launcher_shared 12 dudx(')OV: (i, 1 ) % gvii,i, 1)
-2 divergence_sphere5d_oscar - 743 dvdy00 = dvdy00 + Dvv(i,1 ) * gv(j,i,2) -
d | »l" o | T
Input/Output | Breakpoints | Watchpoints | Stacks | Tracepoints | Evaluate
Input/Output & X || Expression IVaIue |
qsize= 65 nlevs= 60 nelem= 11
Iteration 1
CPU time(ms) 8 305

Type here (‘Enter’ to send): |

More ~ I




