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PROFILER SETUP AND USE : MAC OS

All Processes

@ Xcode File Edit View Find Navigate Editor Pr Choose Target

-OPEN XCODE
® v B Arjun’s MacBook Pro >
AbOUt XCOde @D ATTRIBUTE CONTAINS v target INSTRUN §> Charge - edu.msu.frib.lise
Xcode Extensions... - - # Global.app.dSYM
o Time Profiler = o
—_— = -NAVIGATE TO
. <% BlueJ
Settings... , ©  Points of Interest Clear Rocent tems
Behaviors > INSTRUMENTS
Thermal State &3 Blued
ca

g . Instruments . C Z'hobg'e AND TH EN TO

Hangs ~ o
@ (Work) Citrix Enterprise Browser

Services |l Simulator 500nPaletteServer

TIME PROFILER

£ Reality Composer Pro

Hide Xcode AccessibilityVisualsAgent
@& Accessibility Inspector R
Hide Others AddressBookSourceSync

FileMerge ol -ATTAC H T H E

&J Create ML Profile ¢

A QuickLookUIService (39445)
Quit Xcode Weight Self Weight com.apple.appkit.xpc.openAndSavePanelService (394 EXE :l | I AB L E

More Developer Tools... AXVisualSupportAgent (39441)

&2 Xcode (39405)
Create New Projectm ThemeWidgetControlViewService (39395) F I L E TO TH E

» QuickLookUIService (38893)

\ com.apple.appkit.xpc.openAndSavePanelService (384 P RO F I L E R AN D
\L . : @ Microsoft Word (38889)
Clone Git RepOSItory... . QuickLookUIService (38858)

s com.apple.appkit.xpc.openAndSavePanelService (384 l |

More

5 Open Existing Project... B o oot tine (35447)

@ ReportMemoryExce (39436)

@ com.apple.dt.ins (39435)
@ mdworker_shared (39430)
@ GPUToolsAgentService (39417)
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&) ATTRIBUTE CONTAINS v target INSTRUMENT CONTAINSv * © Target Threads CPUs  Instruments
|

] Time Profiler

CPU Usage

(-] Points of Interest

Thermal State

(e THE MAIN THREAD

A Hangs
nstrument | No Graphs
> Global CPU Usage \

Process | 39532 - -
(eroesssg 2953 App Lifecycle Launching - AppKit Scene Cre...

-RUN THE PROGRAM THOROUGHLY

(s -ONCE DONE, EXIT THE PROGRAM AND OPEN

-THE TOP SUBTHREAD IS THE PART OF THE
PROGRAM WITH THE HIGHEST RUNTIME

Profile ¢ Weight Source
St wgsiane wiyuy vnws rasyveas
Weight Self Weight Symbol Name {
//getDPIscaling();
2.59s 100.0% Os v Global (395
2.31s 88.9% os @ //if(!useHighDpiScaling)
2205 88.1% 0's // QCoreApplication::setAttribute(Qt::AA_Use96Dpi);
2.295 88.1% 0s B3 //  QApplication::setAttribute(useHighDpiScaling ? Qt::AA_EnableHighDpiScaling :
2.06s 79.2% Os > 0x106d6b6f7 // Qt::AA_DisableHighDpiScaling);
171.00ms 6.5% 0s ~ MainWindow::MainWindow(QWidget*) Global // = =
171.00ms  6.5% os |  MainWindow::MainWindow(QWidget*) Global 47.00 ms et gagégigzépﬁgzﬁon. OO TR
170.00 ms 6.5% os ~ Ui_MainWindow::setupUi(QMainWindow*) Global P e E T e P ey o !
91.00ms 3.5% o > QTextEdit::setLineWrapMode(QTextEdit::LineWrapMode) QtWidgets {
54.00ms 2.0% 09 > QGroupBox::QGroupBox(QWidget*) QtWidgets QString argl = QDir::fromNativeSeparators(argv[@]);
15.00 ms 0.5% [} > QMenuBar::QMenuBar(QWidget*) [inlined] QtWidgets QDir dir(arg@);
8.00ms 0.3% 04 > Qicon::addFile(QString const&, QSize const&, Qlcon::Mode, Qlcon::State) QtGui RTINS CLCDAL M,
1.00ms 0.0% 0 s! > QTextEdit::QTextEdit(QWidget*) QtWidgets
1.00ms 0.0% Os ~ QMenu::addSeparator() QtWidgets if(arge>1) FileArg = QDir::fromNativeSeparators(argv[1l);
1.00ms 0.0% Os > QWidget::insertAction(QAction®, QAction*) QtWidgets .
1.00ms 0.0% 0s + MainWindow::setPage(bool) Global //u R (PS5 GELl TEWE Culae S
o % i i 53 inli Widaots getInitialDir();
1.00ms 0.0% os B Qw;dge:LmFComrol..sg:Texx(QSmng const%) [inlined] .omwgu, 7/ ERTTS 2 ) T e e
1.00ms 0.0% os () ~ QWidgetLineControl::internalSetText(QString constg&, int, bool) QtWidg
1.00ms 0.0% os (3 ~ QWidgetLineControl::finishChange(int, bool, bool) QtWid /1 style start
1.00 ms 0.0% os (Y > QWidgetLineControl::updateDisplayText(bool) QtWidgets } ) .
app.setFont(QFont("Arial", fontsizeGlobal, QFont::Normal));
Input filter Call Tree Call Tree Constraints app.setOrganizationName ("FRIB/MSU") ;

-CLICK ON THE THREAD TO SEE

app.setStyle(QStyleFactory::create("Fusion"));

QFile FileStyle( w_Main/mainstyle.qgss");
FileStyle.open(QFil ReadOnly) ;

QString StyleSheet = QLatiniString(FileStyle.readAll());
gApp->setStyleSheet(StyleSheet);

SOURCE CODE AND LINE TIMES

MainwWindow w;
w.show();
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CALLTREE(GLOBAL):PERCENTAGE RUNTIME

N Ready

Performance Validator x64 (Evaluation Version)

File Launch Edit Settings Managers Tools DataViews Help

mEB % AH/O0

\E@T

T
Calistack b Statistics ] Relations Call Tree A| Call Graph
:] [ Retesh | Esondal | Collapseal | Display.. | Filename:
— Function:
Hotspot Call Tree (Total Time) Module:
Addrass:
Total time
iAv 0.04) 653.73
Shortest / Longest
0034013
Function time
(Av. 0.04) 659.73
b [V Display Line Times
sers/Swapnil Ray/OneDrive/Desktop/Global/build/Deskt g}%
e/Deskton/! cktor 217
218
219
220
221
222
223
2248 35,620
225
226
227
228
229
230 71,360
231
232
233] 71,360
234} 71,360
235
236} 71,360
237
238/ 2,85,840
23901 2,85,840
240
241
242
243
244
245
AR
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Analysis S| Line Times | Diagnostic | Tutorials
CMJsars/Swoapnil
polynom
CAUses\Swapnil Be\OneDnve\Deskiop\Globalbulc\Deskiop_G1_6_?_2_hMinGyw_64_birDebug\debuc\Global exe
00000747 cBid7 150 Call Count: 17.810
- (Av. 0.00%) 8.19% Runtime
£.057 33
- (.00% 0.00%
Child time (0 children)
= (Av. 0.00%) 0.19% 0.00% 0.00
// double Fcorra = 1./( 0. 965 35686
// 9.79114c R +
// 3.17099e-3 * pow_int(R,2)-
/7 6.71227e-4 * povw_int(R,3)+
/7 2.28409E-5 ¥ pow_int(R,4));
// qbebug() << " Fcorra Fcorr " << Fcorra << Fcorr;
32.96 return Fcorr;
/7
/7 $3553553553353555359359355355955355355355955955935335835%%
/
({!oub'le polynom(double *F, double parameter, int order) // O,
if(order<0) return 0;
double res=F[0];
double Xproduct = 1;
fov{’(int i=1l; i<=order; i++)
Xproduct Y= parameter;
res += Xproduct*F[il;
return res;
}
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SLOWEST FUNCTION RUNTIMES

polynom

FDATA

RANGE
ENERGY

s T1366
B 434279
| BERPRTAT]

1023% 1 3233364
5.10% JN6,303.52
255% I 1181724 )

2877% |
14.51% | .00 |
1052% B 2903256 I
1033% [0 2817344

—-FDATA is the function with the largest
runtime

—Even though FDATA is the function with

FCORR B 434279 sioxfl]l 472001 a21% [l 1600349 the largest runtime, polynom is called more,
PeekMessageW \ 40,925 | 0.48% 4,450.43 | 3.96% | 19371 and thus takes the highest runtime.
capcross { 2,808 | 0.03% M 417183 | 371% | 46042
pow2 BEose2 ] 120 | 415422 | 2.70% | 0.00 . . . .
e e sl ! ik —Other functions with a high runtime are
fprintf | 75,065 | 0.88% | 1,795.39 | 1.60% | 1,458.64 RANGE and ENERGY
LeaveCriticalSection PEEEeT Y 2498 ] 1,761.10 157% 0.00
RunGloballocal | 31| ooox] 121091 108% | —Since polynom is already optimized,
MainWindow:on_actionExecut... | 31 \ 0.00%] 1.165.S3E 1.04% | 1. Optimization wa done for range AND
DispatchMessageW | 10,112 0.12% ] 1,056.80 | 0.94% | 637.12 FDATA
gMax<double> g 217610 2.55% | 826.26 | 0.74% | 000/
pow_int \ 33727 040% 643.11 | 057% | 0.00 . i

| MsoWaitorMultipleObjectsex | 29,779 035% 595.95 | 053% | 0.00 —-EnterCriticalSection and
MainWindow:readPage J 31| 000% 508381 | 0.45% | 527.92 | LeaveCiriticalSection- These functions are
ionicro i 468 001% 327.37 | 020%]  894956]] used to protect shared resources from
TisGetValue I 162667 | 191% 20312 018%| 000 being simultaneously accessed by multiple
ShowWindow \ 21| 0.00% 173.34 | 0.15% | 323) threads.
frint1lin \ 11.232] 0.13% 161.64 | 0.14% | 0.00
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PARALLELIZATION CODE IMPLEMENTATION AND EXPLANATION

#pragma omp parallel sections

#pragma omp section - Parallel Section
F[o] = 1;
Y1 = polynom(F, Z, 4);
}

#pragma omp section

Y2 = F[5] + F[6] * Z;
}

#pragma omp section

Y3 = F[7] + FE8] * Z;
3

#pragma omp section
{

Y4 = F[9] + F[10] * Z;
}
}

// MATTER COEFFICIENT
COEFF = (AT * COEFFI) / pow(ZT, COEFF);

// Compute FCOR in parallel (if necessary)
#pragma omp parallel
{
FCOR = FCORR(Z);
}

// Final range calculation

double L10 = logl@(T);

double t = Y1 * (Y2 + Y3 * L10 + Y4 * pow(L10, 2));
RG = (A / pow(Z, 2)) * pow(10.0, t) * COEFF * FCOR;

F R I B cz Facility for Rare Isotope Beams
d m u. \ rgy Office of Science

Parallelization Using OpenMP:
e Utilized OpenMP for parallel processing to optimize calculations
across different sections, improving execution speed for large
datasets.

Parallel Sections for Polynomial Terms:
e  Split polynomial calculations for terms Y1, Y2, Y3, and Y4 into
separate parallel sections using #pragma omp parallel
sections to reduce computation time.

Parallelization of Correction Factor (FCOR):
e Computed FCOR (a correction factor) in a separate parallel block,
ensuring faster adjustment for particle characteristics.

Optimization Outcome:
e Through parallel sections, computational efficiency improves
significantly for large datasets, leveraging multi-threading for

faster processing.
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PARALLELIZATION RESULTS

—Implementing
parallelization in both
functions, FDATA and

Time taken: 2.6543 seconds RANGE, program GIObaI
—— Time taken: 9.04204 seconds seems to be working faster
, J only when the new RANGE
Using new RANGE “ function is implemented.
Function |
—This change is not very
Using new FDATA Function noticeable, even for heavy
calculations
Time taken: 2.83003 seconds —The new function
O FDATA makes the — Research would suggest
‘ 5 program considerably there is no point in
With Old RANGE slow. parallelization of FDATA

Function
a‘ Facility for Rare Isotope Beams
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IMPLEMENTATION AND USE OF TIMER

uto start = std::chrono::high_resolution_clock: :now(Q);
result = runGlobal (fno, false, tGlobal_version,
gAF, gZF, gAT, gZT,
gDTARGET, gEN@,  gQIN,
I_WR, iOption, iCSoutput,
iloop, N_Steps, Qshow,
DELZF, DELE,
DELQ, DELZT, DELDT);
uto end = std::chrono: :high_resolution_clock: :now();
std: :chrono: :duration<double> duration = end - start;
if (ui->timerCheckBox->isChecked()) { // Check if the timer checkbox is checked
QString timeMessage = QString("Time taken: %1 seconds").arg(duration.count());
QMessageBox: :information(this, "Execution Time", timeMessage);

-CODE TO FIND PROGRAM RUNTIME

-DISPLAYS SAID TIME IN A POPUP WINDOW

-USES INBUILT CHRONO(HIGH PRECISION TIMER)
FUNCTION TO CALCULATE RUNTIME

Execute D" Open mé Save :’:‘:About
-RUN TIME CALCULATOR NOW
— Projectile Loop — Options
I M P L E M E N T E D I N G LO BAL A Element z Z-q no loop Q-state at target exit (E init)
28 u 92 2 Initial Energy 430 MeVju over Z projectile Q-state at target exit (E final)
'C H EC K T I C K B OX TO D I S P LAY Energy step = 1 o) ower ineident energy Equilibrium Q-states (E init)
R U N Tl M E B | Equilibrium Q-states (E final)
~ Target
o) Evolution of Q-states
A Element 2 9.476!
-SOU RCE CODE FOR A kness ~ Frequency of Output
63.55 Cu 29 Thickness = 10(
| M P L E M E N TAT' O N \ 3\ Time taken: 2.69621 seconds © 110
| v Run Time i sections 1100
if (ui->timerCheckBox->isChecked()) { // Check if the timer checkbox is checked U “ 5 1/1000
QString timeMessage = QString("Time taken: %1 seconds").arg(duration.count());
(MessageBox: :information(this, "Execution Time", timeMessage); One moment please... Number of steps= 100 1/10000

}
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