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1. Introduction



Profiling system

» Current status

— High energy physics T
profiling (Fermilab) :

- SimpliCarlo (Sequential) ¢ o Ea.

« CMSExp (Multi-Thread) ooy

9.5 9.6 100 101 102 103
Geant4 Version

— Low energy physics profiling .. e
 Using Brachytherapy code

« Reported last collaboration
meeting on mesh size(2017.9)

t)

CPU Time (sec/evi
° °




Goal(New)

 To check architecture for S/W

— Version dependency
— Event dependency

 To check architecture for H/W

— Machine dependency at supercomputer 4
— Supercomputer 4 vs. Supercomputer 5 (plan)

—We are using the profiling system of
brachytherapy code



Bench mark @ current machine

* The 4th supercomputer @ KIST]

Nodes Number 3,176

Processor Intel Xeon X5570
2.93GHz

CPU Number 25,408

Memory 76.8 TB

Storage 1,061TB

Service date 2010.11




Plan@ new supercomputer

Theory Experiment ,Deep Leamning
e . : « 5% Supercomputer
f memm | . — Processing: 25.7PF
- Heterogonous: 25.3PF CS400 w/KNL
) o | - ) « CPU: 0.4PF CS500 w/SKL
|"°”/D — - | wenara o — Storage
eep Learning Input Data XYl 1=1,, m . ZOPB SPS

 10PB Archive
— Schedule

* Beta service (current)
e Full service (3Q, 2018)

SUN C48:
24TFlops 704 0-

TeraCluster : 2,850GFlops '

1BM p690 : 665.6GFlops (2002, 1-2008, & NEC SX-6 : 160GFlops

NEC SX-5: 80GFlops (2001 5- 20 e
ter 1 :

435.2GFlops
2001, 12-20086, 1

HP GS320 HPC160/320 :
111GFlops (2000 5-2006. 1




Machines

—Mmmm

Install Geant4 tachyon2  Linux
Compile tachyon2  Linux PBS - -
Brachytherapy
code
Igprof Run tachyon2  Linux - kumac  IgProf_iodine
FTFP_INCLXX
_HP35.0_ME
M_LIVE_1.txt
Sprof Run tachyon2  Linux - kumac  g4profiling_1
_X.tgz
Draw plot hepkisti Linux - Output png
of igprof
and sprof
Web site hepkisti Linux - Output html
of igprof

and sprof



SimpliCarlo vs. Brachytherapy

_ SimpliCarlo Brachytherapy

Energy More than TeV Less than MeV
CPU time Long Too short
CPU time / event (sec) 0.01 0.0002
Snap shot time 30 5

Institute Fermilab KISTI



Results

CPU time and Memory size (reported)
Profiling on Mesh size (reported)
Profiling on Version dependency
Profiling on Event dependency
Profiling on Machine dependency




2. Profiling on
Version dependency



Settings

Geant4 10.02 10.03 10.03p02 10.03p03 10.04
Version

Brachy 10.02
version

Trial time: 528

Macro file

— lodiumSourceMacro.mac (endocavitary brachytherapy)
— IndiumSourceMacro.mac (interstitial brachytherapy)

— LeipzigSourceMacro.mac (superficial brachytherapy)
Physics list

1. QGSP_BIC_EMY

2. QGSP_BIC_EMZ

3. QGSP_BIC_LIV
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Geant4 version : 10.02

CPU Time in seconds/event

Geant4.10.02 Brachy 01

<Trial time : 528>

Geant4 version : 10.03

CPU Time in seconds/event

Geant4.10.03 Brachy 01

Geant4.10.03.02 Brachy 01

Geant4 version : 10.03.p02

CPU Time in seconds/event

Sample Physics List Energy Process Sample Physics List Energy Process Sample Physics List Energy Process
QGSP_BIC_EMY 35 Ke\/ 0.0025 QGSP_BIC_EMY 35 KeV 0.0035 QGSP_BIC_EMY 35 KeV 0.0035
Iodine — Iodine Iodine
QGSP_BIC_EMZ 35 KeV/ 0.0025 QGSP_BIC_EMZ 35 KeV 0.0035 QGSP_BIC_EMZ 35 KeV 0.0035
QGSP_BIC_EMY 356 KeV 0.0093 QGSP_BIC_EMY 356 KeV 0.0100 QGSP_BIC_EMY 356 KeV 0.0095
Iridium Iridium Iridium
QGSP_BIC_EMZ 356 KeV 0.0092 QGSP_BIC_EMZ 356 KeV 0.0098 QGSP_BIC_EMZ 356 KeV 0.0095
QGSP_BIC_EMY 356 KeV 0.0031 . QGSP_BIC_EMY 356 KeV 0.0043 . QGSP_BIC_EMY 356 KeV 0.0043
Leipzig Leipzig Leipzig
QGSP_BIC_EMZ 356 KeV 0.0033 QGSP_BIC_EMZ 356 KeV 0.0043 QGSP_BIC_EMZ 356 KeV 0.0043

Total Memory in Counts/ 10,000

Geant4.10.02 Brachy 01

Total Memory in Counts/ 10,000

Geant4.10.03 Brachy 01

Process Process
Sample Physics List Energy Sample Physics List Energy
First Event Last Event First Event Last Event

e QGSP_BIC_EMY 35 KeV 87.2479 149482 Todine QGSP_BIC_EMY 35 KeV 89.0246 415.479

QGSP_BIC_EMZ 35 KeV 87.2479 149478 QGSP_BIC_EMZ 35 KeV 89.0246 415.489
Fidium QGSP_BIC_EMY 356 KeV 90.0024 146.719 o QGSP_BIC_EMY 356 KeV 917853 228633

QGSP_BIC_EMZ 356 KeV | 90.0024 146.729 QGSP_BIC_EMZ 356 KeV 917853 228633
Leiprig QGSP_BIC EMY | 356 KeV | 92.3328 163.891 Lo QGSP_BIC_EMY | 356KevV | 94.469 765.729

QGSPBICEMZ | 356KeV | 923328 16389 P9 QGSP_BIC EMZ | 356KeV | 94469 765.729

Total Memory in Counts/ 10,000
G

eant4.10.03.02 Brachy 01

Process
Sample Physics List Energy
First Event Last Event
QGSP_BIC_EMY 35 KeV 89.0351 415.513
Iodine
QGSP_BIC_EMZ 35 KeV 89.0351 415.513
QGSP_BIC_EMY 356 KeV 91.7968 228.644
Iridium
QGSP_BIC_EMZ 356 KeV 91.7968 228.634
- QGSP_BIC_EMY 356 KeV 944818 765.742
Leipzig
QGSP_BIC_EMZ 356 KeV 944818 765.742




<Trial time : 528>

Geant4 version : 10.03.p03 | Geant4 version : 10.04
I

I
CPU Time in seconds/event : CPU Time in seconds/event

Geant4.10.03.03 Brachy 01 I Geant4.10.04 Brachy 01
Sample Physics List Energy Process Sample Physics List Energy Process
) QGSP_BIC_EMY 35 KeV 0.0035 QGSP_BIC_EMY 35 KeV 0.0029
Iodine lIodine
QGSP_BIC_EMZ 35 KeV 0.0036 QGSP_BIC_EMZ 35 KeV 0.0029

QGSP_BIC_EMY 356 KeV 0.0097
QGSP_BIC_EMZ 356 KeV 0.0097

Total Memory in Counts/ 10,000

Geant4.10.03.03 Brachy 01

QGSP_BIC_EMY 356 KeV 0.0102

Iridium

Iridium

QGSP_BIC_EMZ 356 KeV 0.0101

Total Memory in Counts/10,000

Geant4.10.04 Brachy 01

Process Process
Sample Physics List Energy e — Ty — Sample (it (s Energy First Event Last Event
egifive QGSP_BIC_EMY 35 KeV 89.0354 415.513 Todline QGSP_BIC_EMY 35 KeV 143372 205.959
QGSP_BIC_EMZ 35 KeV 89.0354 415513 QGSP_BIC_EMZ 35 KeV 143372 205.968
Iidium QGSP_BIC_EMY 356 KeV 91.7968 228.644 e QGSP_BIC_EMY 356 KeV 174434 233.229
QGSP_BIC_EMZ 356 KeV 91.7968 228.644 QGSP_BIC_EMZ 356 KeV 174434 233.229




1. QGSP_BIC_EMY(1/2)

Higgs -> ZZ Physics List = FTTP_BERT , Magnetic Field = 4 Tesla

Beam Energy = 1400 GeV
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Total Memory of First Event

1. QGSP_BIC_EMY(2/2)

Total Memory in Counts Total Memory in Counts
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Higgs -> ZZ Physics List = FTTP_BERT , Magnetic Field = 4 Tesla

2. QGSP_BIC_EMZ(1/2)

Beam Energy = 1400 GeV

Mean CPU Time/Event [sec]
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Total Memory of First Event

2. QGSP_BIC_EMZ(2/2)

Total Memory in Counts Total Memory in Counts
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3. QGSP_BIC_LIV(1/2)

Higgs -> ZZ Physics List = FTTP_BERT , Magnetic Field = 4 Tesla

Beam Energy = 1400 GeV
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Total Memory of First Event

3. QGSP_BIC_LIV(2/2)

Total Memory in Counts Total Memory in Counts
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3. Profiling on
Event dependency



Settings

Geant4 Version: 10.04

Brachytherapy Version: 10.02

Macro file

1) lodiumSourceMacro.mac (endocavitary brachytherapy)
2) IridiumSourceMacro.mac (interstitial brachytherapy)

3) LeipzigSourceMacro.mac (superficial brachytherapy)
Physics list

— QGSP_BIC_EMY

— QGSP_BIC_EMZ

— QGSP_BIC_LIV

22



Comparing Profiling

* Information
— Mesh size: 300
— Trial time: 528
— Number of events: 2,500~ 15,000
— Snap shot time: 5 sec



CPU Time in sec/evt

—e— QGSP_BIC_LIV
-k QGSP_BIC_EMZ
QGSP_BIC_EMY

.“‘
1 | | | | I | | 1 | 1 | 1 I 1 1 | I | 1 | I | | 1 | | | | |

7
o

2000

4000 6000 8000 10000

12000

14000 16000
Events number

QGSP BIC EMY
Chi2
NDf

QGSP BIC EMZ
Chi2

NDf

p0

p1

QGSP BIC LIV
Chi2

NDf

p0

p1

= 3.42857e-09
= 4
= 000156
= 1.01714e-07

= 3.42857e-09
= 4
= 0.00156
= 1.01714e-07

5.33333e-09
4
0.00159333
9.6e-08

1) lodine

+/-
+/-

+/-
+/-

+/-
+/-

2.72554e-05
2.79942e-09

2.72554e-05
2.79942e-09

3.39935e-05
3.49149e-09



; QGSP BIC EMY ) 1
_ Total Memory in Counts Chio 38774126 1 IOdlne
8 [“2  _e— QGSP_BIC_LIV NDf = 4
4LH 144 < QGSP_BIC_EMZ p0 = 143.342 +/- 9.16573e-14
L% 438 QGSP_BIC_EMY pl = -1.70299e-17 +/- 9.41416e-18
5 1 QGSP BIC EMZ
E“‘“; s e e e . - Chi2 = 3.87741e-26
0)143‘2:_ NDf - 4
2 o0 = 143342 +/- 9.16573e-14
Eme,a;— pl = -1.70299-17 +/- 9.41416e-18
142.6—
= QGSP BIC LIV
14225_ Chi2 = 3.87741e-26
. Eu L v b by b by by by g NDf = 4
1422000 4000 6000 8000 10000 12000 14000 16000 PO = 143.342 +/- 9.16573e-14
Events number p1 = -1.70299e-17 +/- 9.41416e-18
QGSP BIC EMY
Total Memory in Counts Chi2 = 000677762
= = NDf = 4
2|,  —®— QGSP_BIC LIV p0 = 143.522 +/- 0.0383208
| F  -& QGSP_BIC_EMZ p1 = 0.00248423 +/- 3.93595e-06
:“? 175 QGSP_BIC_EMY
K] C QGSP BIC EMZ
g 170 Chi2 = 0.00609042
£ oF NDf = 4
= - p0 = 143.522 +/- 0.0363262
S oE p1 = 0.00248455 +/- 3.73108e-06
A=
(55 QGSP BIC LIV
- Chi2 = 0.00653394
150 — NDf = 4
_ECI'ITJCII I I4-CI|ITJCII I IEil]llfJCII I I8\CI|ITJCII I I‘lﬂflJODI I ‘I|2E|JE.|I]I I I‘|4E|JE.|I]I I ‘I|BE|JOI] pO - 143522 +/_ 00376256
1 = 0.00248482 +/- 3.86455e-06

Events number



CPU Time (sec/evt)

0.012

0.01

0.008

0.006

0.004

CPU Time in sec/evt

—e— QGSP_BIC_LIV
-k QGSP_BIC_EMZ
QGSP_BIC_EMY

2000 4000 6000 8000 10000 12000 14000

QGSP BIC EMY
Chi2
NDf

QGSP BIC EMZ
Chi2

NDf

p0

pl

QGSP BIC LIV
Chi2
NDf

16000 PO

Events number P1

1.14728e-35
4
0.0016
7.6e-07

1.14728e-35
4
0.0016
7.6e-07

1.14728e-35
4
0.0016
7.6e-07

2) Iridium

+/-
+/-

+/-
+/-

+/-
+/-

1.57664e-18
1.61937e-22

1.57664e-18
1.61937e-22

1.57664e-18
1.61937e-22



Total Memory in Counts QGSP BIC EMY 2) I I‘I d | LI m

Chi2 1.38133e-25

e|"E NDf B 4
@ 765/ —e— QGSP_BIC_LIV -
o |7E ..&-- QGSP_BIC_EMZ p0 = 174411 +/- 1.72999%e-13
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“ 1755
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2 1745—m . . . s s NDf = 4
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o = p1 = -3.40598e-17 +/- 1.77688e-17
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725000 4000 6000 8000 10000 12000 14000 16000 PO = 174411 +/- 1.72999e-13

Events number p1 -3.40598e-17 +/- 1.77688e-17

Total Memory in Counts QGSP BIC EMY
z| F Chi2 = 0.00298349
| £ —e— QGSP_BIC LIV NDf = 4
205—
w| | % QOSPBIC_EMZ p0 = 174531 +/- 00254248
<) F QGSP_BIC_EMY p1 = 0.00210887 +/- 2.6114e-06
© :
> QGSP BIC EMZ
g 195 Chi2 = 0.0034471
T 1901 p0 = 174531 +/- 0027329
e r p1 = 0.00210875 +/- 2.80697e-06
185—
- QGSP BIC LIV
180l Chi2 0.00182394
5 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 II NDf 4

2000 4000 6000 8000 10000 12000 14000 16000 po
Events number p1

174534 +/- 0.0198793
0.00210854 +/- 2.04182e-06



)

0.0045

sec/evt

(

3

CPU Time

0.0035

0.003

0.0025

0.002

CPU Time in sec/evt

—e— QGSP_BIC_LIV
<ok QGSP_BIC_EMZ
QGSP_BIC_EMY

2000

4000 6000 8000

12000 14000 16000

Events number

QGSP BIC EMY
Chi2
NDf

QGSP BIC EMZ
Chi2

NDf

p0O

pl

QGSP BIC LIV
Chi2

NDf

p0O

pl

3) Leipzig

= 3.42857e-09
- 4

= 000176 +/- 2.72554e-05
= 1.81714e-07 +/- 2.79942e-09
= 3.42857e-09

- 4

= 000176 +/- 2.72554e-05
= 1.81714e-07 +/- 2.79942e-09
= 3.42857e-09

- 4

- 000176 +/- 2.72554e-05
= 1.81714e-07 +/- 2.79942e-09



Total Memory in Counts QGSP BIC EMY

184.646 +/- 9.16573e-14
-1.70299%e-17 +/- 9.41416e-18

2000 4000 6000 8000 10000 12000 14000 16000 pO
Events number P

= 1870 Chi2 = 3.87741e-26 3) Lelpzlg
©l..F —e— QGSP_BIC_LIV NDf = 4
L = <ok QGSP_BIC_EMZ p0 = 184.646 +/- 9.16573e-14
2186 QGSP_BIC_EMY p1 = -1.70299e-17 +/- 9.41416e-18
% 85.5—
-~ F QGSP BIC EMZ
g ™t . . . . . | Chi2 = 3.87741e-26
O 184.5— NDf = 4
2 b p0 = 184646 +/- 9.16573¢-14
Em; p1 = -1.70299e-17 +/- 9.41416e-18

183 QGSP BIC LIV

182,55— Chi2 = 3.87741e-26

= NDf = 4
jgob L L Lo L Lo 1o L] _

Total Memory in Counts QGSP BIC EMY
= 240 Chi2 - 0.00349177
o - —e— QGSP_BIC_LIV NDf = 4
Wy £ s QGSP_BIC_EMZ p0 = 184.871 +/- 0.0275055
L1 QGSP_BIC_EMY p1 = 0.00340387 +/- 2.8251e-06
> ool QGSP BIC EMZ
E O Chi2 = 0.00361328
s NDf = 4
= 210— p0 = 184878 +/- 0.0279799
E B pl = 0.00340306 +/- 2.87383e-06
200— QGSP BIC LIV
C Chi2 = 0.00261968
190_|.||||.||.|.||.|||..|.|.||.||NDf - 4
2000 4000 6000 8000 10000 12000 14000 1000 PO = 184.866 +/- 0.0238243

Events number P 0.0034045 +/- 2.447e-06



4. Machine dependency



Tachyon2 node dependency

« Version: Geant4.10.04
 Trial time: 528
« Events: 10,000
« Macro file
1) lodiumSourceMacro.mac (endocavitary brachytherapy)
2) IridiumSourceMacro.mac (interstitial brachytherapy)
3) LeipzigSourceMacro.mac (superficial brachytherapy)
* Physics list
— QGSP_BIC_EMY
— QGSP_BIC_EMZ
— QGSP_BIC_LIV
« Machine node (10 nodes)

_# | 1 1 2| 3|4 /516781910

Tachyon2 2883 2899 1808 2114 1996 2010 2119 2272 2645 1765
Node#



1) lodine

CPU Time in sec/evt QGSP BIC EMY
§~0-005_ Chi2 = 1.88079e-36
() - QGSP_BIC_LIV NDf _ 9
§ B ----k--- QGSP_BIC_EMZ p0 = 0.0026 +/- 1.4456e-19
B,o.ocut_— —e— QGSP_BIC_EMY
E : KAhkkkkkkkhkkhkkhhhhkkkhkhkhkhkhhkkhkhkhkhkhhkkkkhkhkhhkkkdkkk
; . QGSP BIC EMZ
o - Chi2 = 1.88079e-36
O B & & & & & & & & & & NDf — 9
0002 ol = 0.0026 +/- 1.4456e-19
0.001— QGSP BIC LIV
B Chi2 = 1.88079e-36
B NDf = 9
o E— | | | | | | | | | o]0 = 0.0026 +/- 1.4456e-19

1 2 3 4 5 6 7 8 9 10
tachvon2 machine number



100

2 3 4 5 6 7 8 g 10
tachyon2 machine number

Total Memory in Counts QGSP BIC EMY ) *
o i QGSP_BIC_LIV NDf - 9
| T A QGSP_BIC_EMZ PO = 143342 +/- 0316228
= |160— ® QGSP_BIC_EMY
% : *Ahkkkkhkhhdhhhhhhkhhhhhhhhhhkdhhkhhhhhiiikk
g F == s o o s s s s QGSPBICEMZ
g 140 Chi2 = 0
2 [ NDf = 9
= - p0 = 143.342 +/- 0.316228
O 120
|_ —
N QGSP BIC LIV
100— Chi2 = 0
. | | | | | | | | | NDf = 9
2 3 4 5 6 7T 8 9 10 PO = 143342 +/- 0316228
tachyon2 machine number
QGSP BIC EMY
Total Memory in Counts Chi2 - 0.00024
= 220 NDf = 9
o B QGSP_BIC_LIV p0 = 168.341 +/- 0.00163299
HH 00— A QGSP_BIC_EMZ
% = ® QGSP_BIC_EMY Fkdkkkk ok k Kk kkkk ko k ok k ko kkk ok kk
S 180 QGSP BIC EMZ
> - Chi2 = 0.00065
E = & & & & L & C & & NDf = 9
% 160— p0 = 168.340 +/- 0.00268742
g 140 :_ *Ahkkkkhkhhdhhhhhhkhhhhhhhhhhkdhhkhhhhhiiikk
B QGSP BIC LIV
120__ Ch|2 = 000024
- | | | | | | | | | p0O = 168.339 +/- 0.00163299



2) Iridium

CPU Time in sec/evt

£ 0015 QGSP BIC EMY
L r QGSP_BIC_LIV Chi2 = 1.6e-08
2 I A QGSP_BIC_EMZ NDf - 9
w
PO e QGSP_BIC_EMY p0 = 0.00922 +/- 1.33333e-05
e |
i: 0.01— . . khkkkkkhkhkkkkhkhkhkhkhkhhhkkhhhhhhhkhhhkdhirxdkikx
2 T e QGSP BIC EMZ
o I Chi2 = 16e-08
B NDf = 9
PO = 000922 +/- 1.33333e-05
0.005—
B khkkkkkhkhkkhkhkhkhhhkhhhhdhhhhhhhhhhhkhirriikx
i QGSP BIC LIV
i Chi2 = 16e-08
N I N | I R I B | NDf = 9
2 3 4 5 8 7 8 9 10 PO = 000922 +/- 1.33333e-05

tachvon2 machine number



Total Memory in Courts QSP BIC EMY ,  2) Iridium
| =
S| r QGSP_BIC_LIV NDf - 9
I:I_.J 200__ A QGSP_BIC_EMZ pO = 174.411 +/— 0.316228
g B . QGSP_BIC_EMY kkkhkkkhhkhkkkhkhhkhkhkkkhkhkhhkhkhkhkhkhkhkhhhhkkhihkhkkhkiikk
S e QGSP BIC EMZ
S —e—e—8s—8a s s s —s—= Chi2 _ 0
S L NDf = 9
= e PO = 174411 +/- 0316228
|9 : khkkkkhkkhkhkdhkkhhkhkkhhhhkhdhhhhdhhdhhkdhihihihkkiikk
140__ QGSP BIC LIV
L Chi2 = 0
i | | | | | | | | | | NDf - 9
120 1 2 3 4 5 6 7 8 9 10 p0 = 174411 +/- 0.316228
tachvon2 machine number
Total Memory in Counts QGSP BIC EMY
IS C Chi2 = 0.00024
o) P QGSP_BIC_LIV NDf _ 9
=| F A  QGSP_BIC_EMZ 0 = 195605 +/- 0.00163299
al L e QGSP_BIC_EMY P = : '
— | 220—
o : kkhkkhkkkhhkkkkhkhhkhhkhkhhhhkhkhkhhhhkhkhhhhkkikhhhhkkikiik
S 200l QGSP BIC EMZ
R e Chi2 = 0.00041
= 180_— NDf = 9
% = p0 = 195.608 +/- 0.00213437
=
160 _— kkkhkkkhkkkkhkhhkhhkkhkhhhkhkhkhhhkhkhkhkhhhkhkhkhhhhkkhkiikk
- QGSP BIC LIV
140— Chi2 = 0.00044
P N S el
p0 = 195.607 +/- 0.00221108

tachyon2 machine number



3) Leipzig

CPU Time in sec/evt

— 0.006
3 L QGSP_BIC_LIV QGSP BIC EMY
3 L A QGSP_BIC_EMZ Chi2 = 7.52316e-36
= ® QGSP_BIC_EMY NDf = 9
e T p0 = 00036 +/- 2.89121e-19
= 0.004—
- |= & & & & & & & & & & *hkkhkkkhhkkkhhkkkhhhkkkhhkxkhhdxrkkhhkx*
S L QGSP BIC EMZ
Chi2 = 7.52316e-36
- NDf = 9
0.002— p0 - 00036 +/- 2.89121e-19
B khkkkhkhkhhkhhhhkhhhhkhhhdhhhhhhdhkdhhkhhhhhiiikk
i QGSP BIC LIV
- Chi2 = 7.52316e-36
%5 4 s s 7 s & g NDf = 9
p0 - 00036 +/- 2.89121e-19

tachvon2 machine number



Total Memory in Counts

220

QGSP_BIC_LIV

NDf

tachvon2 machine number

c
S L
> L
'ﬂ N A QGSP_BIC EMZ p0 184.646 +/- 9.4739e-15
L% 200 ® QGSP_BIC_EMY
B : kkkkkhkkhkkhkkhkkhkkhkkhkkhhkhkhkhhhdhhhkdkikihikkiikk
> QGSP BIC EMZ
S ol T T o = 80779%4e-27
@ = NDf = 9
EU - p0 = 184646 +/- 9.4739%-15
© 160 —
|_ | kkkkkkhkhkkkkhkhkkhkhkhkkhkhkhkkhhkhkhkhkkkhkhhkkhkhkkkkx
B QGSP BIC LIV
140__ Chi2 = 8.0779%4e-27
n NDf = 9
T E e BT S—T p0 = 184.646 +/- 9.4739%e-15
tachyon2 machine number
Total Memory in Counts QGSP BIC EMY
=1 Chi2 = 0.00041
Q1 260 QGSP_BIC_LIV NDf = 9
vl B A QGSP_BIC_EMZ p0 = 218921 +/- 0.00213437
pL - ® QGSP_BIC_EMY
,‘__I 240 __ kkkkkkhkhkkhkhkhkhkhhkhhhhkhhhhhkhhhhhhkdirrkhix
(=] L
> B QGSP BIC EMZ
g #A— = Chi2 = 0.00024
= T NDf _ 9
= 200— p0 = 218.920 +/- 0.00163299
° B
= 180 __ kkkkkkhkhkkhkhkhkhkhhkhhhhkhhhhhkhhkhhhhrhirrkikx
B QGSP BIC LIV
rs0— Chi2 = 0.00021
C | | | | | | | | | NDf - 9
1 2 3 4 5 6 7 8§ 9 10 p0 = 218921 +/- 0.00152753

gf?gp ole B 8.07794e-27 3) Le|p2|g
9



Average

CPU Time
(sec)

Total Memory in
First event(MB)

Total Memory in
Last event(MB)

*X2 is zero.

EMZ
LIV
EMY
EMZ
LIV

EMY
EMZ
LIV

0.0026+0.0000
0.0026+0.0000
0.0026+0.0000
143.342+0.000*
143.342+0.000*
143.342+0.000*

168.341+0.002
168.340+0.002
168.339+0.002

0.00922+0.00001
0.00922+0.00001
0.00922+0.00001
174.411+0.000*
174.411+0.000*
174.411+0.000*

195.605+0.002
195.608+0.002
195.607+0.002

« The fittings show that x°/DoF is very small.
= There is no machine dependence.

0.0036+0.0000
0.0036+0.0000
0.0036+0.0000
184.646+0.0000
184.646+0.0000
184.646+0.0000

218.921+0.002
218.921+0.002
218.921+0.002



5. Summary



e Done

Summary

— Low energy physics profiling code
— Profiling on version dependence = updated
— Profiling on events dependence = linearity
— Profiling on machine = No dependence

@ 4t KISTI supercomputer

 Future plan

— To
— To
— To

use Geant4 profiling test
support homepage

use new architecture
5th supercomputer @ KISTI
Scalability

Machine dependence

2) Profiling Results

Geant4 Version

g4p_10.04_Brachy

94p_10.03.03_Brachy

g4p_10.03.02_Brachy

g4p_10.03_Brachy

94p_10.02_Brachy

~

»w

. Open|speedshop: Home
IgProf: Ignominous Profil

Physics List
QGSP_BIC_EMY
QGSP_BIC_EMZ

QGSP_BIC_LIV
QGSP_BIC_EMY
QGSP_BIC_EMZ

QGSP_BIC_LIV
QGSP_BIC_EMY
QGSP_BIC_EMZ
QGSP_BIC_LIV
QGSP_BIC_EMY
QGSP_BIC_EMZ
QGSP_BIC_LIV
QGSP_BIC_EMY
QGSP_BIC_EMZ
QGSP_BIC_LIV

CToolk

e

Geant4 Profiling and Benchmarking for Low Energy Physics

1) The Current profiling activity is a part of Geant4 Computing Performance Task

Using brachytherapy code(v10.02) profiled on tachyon2 supercomputer @KISTI

Source

iodine, iridium, leipzig

cp
iodine,
)

Py
iodine, PU
iodine,

cp
iodine,

cPU

cP
iodine, iridium, 21}
iodine, iridium,

cPy

cPyU

3) Useful Links Performance Tools and Optimization

is a simple tool for measuring and analysing application memory and
performance characteristics. For more information, see IgProf home page

Other HPC Performance Tools )

Software Optimization Resources:

AU

Summary

MEM.1 MEM.END

40
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Introduction

« Why profiling?
— Diversity of physics applications
— Evolving Computing
= S/W development
= Profiling tools

—=To draw community interests for collateral
effort



» There are many efforts to develop HEP
software to save CPU Time and Memory.

(https://g4cpt.fnal.gov)

» However, there are not enough codes for
low energy profiling system.

= To use FNAL Geant4 computing
performance profiling protocol and tools as a
starting point

45


https://g4cpt.fnal.gov/

Goal(New)

« To check architecture for S/W
— Version dependency

» To check architecture for H/W
— Machine dependency at supercomputer 4
— Supercomputer 4 vs. Supercomputer 5

—We are using the profiling system of
brachytherapy code

=Title: A study of Geant4 tool kit using low
energy physics profiling system



Brachytherapy

« Using Brachytherapy simulation in advanced examples




Cf.

Goal on Brachytherapy

« Low Energy Physics Profiling
« CPU/Memory Usage

 Mesh Size(Done)

 Version dependency(updated)
« Events dependency(new)

« Machine dependency(new)

« Scalability for new computing
architecture (KISTI supercomputer)- plan



Methodology

Y

Igprof Run

Start

¥

Install Geant4

[

Y

Compile
BrachyTherapy

Sprof Run

/ Profiling

y

i

r

Result /|

Draw
Summary Plot

gant
date?

Yes

49



V23204

10 AGeV—

3 AGeV

20 AMeV—

1.5 AMeV—]

Physics List

Name | Content Energy
p.ntA A1<f81;|rizz<1s A1>18A &zﬁfls )
\ QGS Quark Gluon String Model > ~20 GeV
QGSP/FTFP - )
S S FTF Fritiof string model > ~5GeV
pertin BIC | Binary Cascade < ~10GeV
e A~
INCL++ BERT | Bertini-style cascade < ~10GeV
INCL++ BIC _ o
HP High Precision neutron model >20MeV
PRECO NeutronHP
) - A P G4Precompund model used for

de-excitation

50




Scalability to Future Hybrid machine

« The 5% supercomputer @ KISTI

Price 54,700,000,000won ($50million)

Many core Processor Intel Xeon Phi Knight landing processing
Multicore CPU Intel Xeon Skylake process

Service date 1Q 2018

Company Cray

« 100 X Scalability ?
« Mini component supercomputer? 1PFlops

51



Geant4 version : 10.02

CPU Time in seconds/event

Geant4.10.02 Brachy 01

<Trial time : 528>

Geant4 version : 10.03

CPU Time in seconds/event

Geant4.10.03 Brachy 01

Geant4.10.03.02 Brachy 01

Geant4 version : 10.03.p02

CPU Time in seconds/event

Sample Physics List Energy Process Sample Physics List Energy Process Sample Physics List Energy Process
QGSP_BIC_EMY 35 Ke\/ 0.0025 QGSP_BIC_EMY 35 KeV 0.0035 QGSP_BIC_EMY 35 KeV 0.0035
Iodine — Iodine Iodine
QGSP_BIC_EMZ 35 KeV/ 0.0025 QGSP_BIC_EMZ 35 KeV 0.0035 QGSP_BIC_EMZ 35 KeV 0.0035
QGSP_BIC_EMY 356 KeV 0.0093 QGSP_BIC_EMY 356 KeV 0.0100 QGSP_BIC_EMY 356 KeV 0.0095
Iridium Iridium Iridium
QGSP_BIC_EMZ 356 KeV 0.0092 QGSP_BIC_EMZ 356 KeV 0.0098 QGSP_BIC_EMZ 356 KeV 0.0095
QGSP_BIC_EMY 356 KeV 0.0031 . QGSP_BIC_EMY 356 KeV 0.0043 . QGSP_BIC_EMY 356 KeV 0.0043
Leipzig Leipzig Leipzig
QGSP_BIC_EMZ 356 KeV 0.0033 QGSP_BIC_EMZ 356 KeV 0.0043 QGSP_BIC_EMZ 356 KeV 0.0043

Total Memory in Counts/ 10,000

Geant4.10.02 Brachy 01

Total Memory in Counts/ 10,000

Geant4.10.03 Brachy 01

Process Process
Sample Physics List Energy Sample Physics List Energy
First Event Last Event First Event Last Event

e QGSP_BIC_EMY 35 KeV 87.2479 149482 Todine QGSP_BIC_EMY 35 KeV 89.0246 415.479

QGSP_BIC_EMZ 35 KeV 87.2479 149478 QGSP_BIC_EMZ 35 KeV 89.0246 415.489
Fidium QGSP_BIC_EMY 356 KeV 90.0024 146.719 o QGSP_BIC_EMY 356 KeV 917853 228633

QGSP_BIC_EMZ 356 KeV | 90.0024 146.729 QGSP_BIC_EMZ 356 KeV 917853 228633
Leiprig QGSP_BIC EMY | 356 KeV | 92.3328 163.891 Lo QGSP_BIC_EMY | 356KevV | 94.469 765.729

QGSPBICEMZ | 356KeV | 923328 16389 P9 QGSP_BIC EMZ | 356KeV | 94469 765.729

Total Memory in Counts/ 10,000
G

eant4.10.03.02 Brachy 01

Process
Sample Physics List Energy
First Event Last Event
QGSP_BIC_EMY 35 KeV 89.0351 415.513
Iodine
QGSP_BIC_EMZ 35 KeV 89.0351 415.513
QGSP_BIC_EMY 356 KeV 91.7968 228.644
Iridium
QGSP_BIC_EMZ 356 KeV 91.7968 228.634
- QGSP_BIC_EMY 356 KeV 944818 765.742
Leipzig
QGSP_BIC_EMZ 356 KeV 944818 765.742




<Trial time : 528>

Geant4 version : 10.03.p03 | Geant4 version : 10.04
I

I
CPU Time in seconds/event : CPU Time in seconds/event

Geant4.10.03.03 Brachy 01 I Geant4.10.04 Brachy 01
Sample Physics List Energy Process Sample Physics List Energy Process
) QGSP_BIC_EMY 35 KeV 0.0035 QGSP_BIC_EMY 35 KeV 0.0029
Iodine lIodine
QGSP_BIC_EMZ 35 KeV 0.0036 QGSP_BIC_EMZ 35 KeV 0.0029

QGSP_BIC_EMY 356 KeV 0.0097
QGSP_BIC_EMZ 356 KeV 0.0097

Total Memory in Counts/ 10,000

Geant4.10.03.03 Brachy 01

QGSP_BIC_EMY 356 KeV 0.0102

Iridium

Iridium

QGSP_BIC_EMZ 356 KeV 0.0101

Total Memory in Counts/10,000

Geant4.10.04 Brachy 01

Process Process
Sample Physics List Energy e — Ty — Sample (it (s Energy First Event Last Event
egifive QGSP_BIC_EMY 35 KeV 89.0354 415.513 Todline QGSP_BIC_EMY 35 KeV 143372 205.959
QGSP_BIC_EMZ 35 KeV 89.0354 415513 QGSP_BIC_EMZ 35 KeV 143372 205.968
Iidium QGSP_BIC_EMY 356 KeV 91.7968 228.644 e QGSP_BIC_EMY 356 KeV 174434 233.229
QGSP_BIC_EMZ 356 KeV 91.7968 228.644 QGSP_BIC_EMZ 356 KeV 174434 233.229




<Trial time : 528>

Geant4 version : 10.03 / 10.03 (Brachy)

CPU Time in seconds/event

Geant4.10.03 Brachy 01

Sample Physics List Energy Process
QGSP_BIC_EMY 35 KeV 0.0036
Iodine
QGSP_BIC_EMZ 35 KeV 0.0036
QGSP_BIC_EMY 356 KeV 0.0097
Iridium
QGSP_BIC_EMZ 356 KeV 0.0100

Total Memory in Counts/ 10,000

Geant4.10.03 Brachy 01

Process
Sample Physics List Energy
First Event Last Event

QGSP_BIC_EMY 35 KeV 89.0143 418.511
lodine

QGSP_BIC_EMZ 35 KeV 89.0143 418.503

QGSP_BIC_EMY 356 KeV 91.7964 228.757
Iridium

QGSP_BIC_EMZ 356 KeV 91.7964 228.757




Geant4 version : 10.02 Geant4 version : 10.03

L
g4.10.08

94.10.02

T T T T T T
0.00015 0,00020 0.00025 0.00060 0.00065 0,00040

event processing time (s)

I I I T 1 I I
0.000E0 0.00035 0.00040 0.00045 0.00050 0.00055 10,0000

event processing time (s)

event number
-
a
. F ¥ F F N B N B B N N N N B §N |
event number
2|
|
|
|
|
|
|
|
|
|
|
|
-
|
|
|
|
|
|
|
|
|
|
|
|
Q
Q
-]

N S ——

|
Geant4 version : 10.03.p02 : Geant4 version : 10.03.p03
1
I I g4.10.03.02 : I : I g4.10.03.03| :
|
|
|
|
i I 3
: s S ! ! :
|
|
|
|
|
. . : , I o0t so0n oot st
0.00030 0.00035 _ _ 0.00040 000045 I event processing time (s)
event processing time (s) I
1
1



event number

Geant4 version : 10.04

g4.10.04

T T T T
0005 0.00020 000025 0.00030

event processing time (s)

000035




|
Geant4 version : 10.02 : Geant4 version : 10.03
, |
g4.10.02 | g4.10.03
150 I 200 il B
|
|
I 150 B
100 I
E 1 : i
8 I 8 100 — -
0 |
| o i
|
o . - g | S I
: . : . . | od el o B
35 40 4;&' e 50 55 6.0 : ; é ; 1|0
I total trial time (s)
|

------------------------------r-----------------------------

Geant4 version : 10.03.p02 [ )
P I Geant4 version : 10.03.p03
I
: 4 10.03.08 I : I5;4.‘1(].03.03 :
o g4.10.03. I ] - |
I !
I
80 | I €0 B
| l
t I t
8% T I
I
o I
F - |
I
o 7o i s 7e i I 7] - B - i
total trial time (s) I ?fo ?I5 Efo
| total trial time (s)
I
I
I
I



Count

Geant4 version : 10.04

1
g4.10.04

T

total trial time (s)




Geant4 version : 10.02 Geant4 version : 10.03

L
g4.10.03

L
g4.10.02
0 - - M
300 —
-
o L
200 ~
£ g
S 30 - -
Q
8 5]
20 -
100 ~
N .rWIH Yhﬂ.ﬂ_ﬁﬂa
o [l L Ml M e am em = L o [ i
T T L T T T 1 1 I I
171 172 173 117.4 175 113 114 115 16 17

End Run RSS (MB) End Run RSS (MB)

Geant4 version : 10.03.p02 Geant4 version : 10.03.p03

1
g4.10.03.03

L
g4.10.03.02
- &0 r
40 + -
30 -
40 o -
]
8 20 H - o
20 -
10 = ‘
04 0 |-I'r|rr| 1= r|r||_| ma maolbm L o = o n = 0 o reers = = -
T T T 1 I T T I I
169 17.0 174 117.2 1168 1169 170 171 172

End Run RSS (MB) End Run RSS (MB)

-------------r----------



Geant4 version : 10.04

| [ | | |
g4.10.04

m — —
B0 n I
4ﬂ - -
o L
g = g g = L

| I | 1 | |
132.0 132.2 132.4 1326

132.8 123.0
End Run RSS (MB)



Geant4 version : 10.02 Geant4 version : 10.03

L
g4.10.02

1
g4.10.08

0 300 4
250
0 200 4
E —
3 s
150
3 8
10 100
r”””-IH H I'” :
0 n [l millehominn
0
T : : :
19.00 19.05 19.10 19.15 T T T T :
14 15 16 17 18

End Run SHARE (MB) End Run SHARE (MB)

Geant4 version : 10.03.p02

Geant4 version : 10.03.p03

g4.10.03.03
1
g4.10.03.02
30 L
@
. 20 - L
20 - £
5
g 8
Q
[&]
10 |
10- i H_‘H
m HHH H H_‘HHHHH o4 ul nnnmﬂ HH-‘HHFHH 0 L
o i 11 o L
T I I I
T T T T 17.65 17.70 17.75 17.80
17.65 17.70 17.75 17.80

End Run SHARE {MB)
End Run SHARE (MB)

-------------r----------



Count

Geant4 version : 10.04

g4.10.04

Ml il o..

T T T
21.80 21.85 21.90 21.95

End Run SHARE (MB)




|
: . | .
Geant4 version : 10.02 i Geant4 version : 10.03
: : g4.10.02 : I : I g4.10.03 '
I |
400 : 200 - I R
|
_ 0 - I 150 - |
] | %
8 20 1 I I © 100 - L
|
100 . 50 - i
|
| i I
o ‘ , , , I I 1} = = S B »
a0 @ a0 a0 | 20 20 a0 am
End Run VSIZE (MB) | End Run VSIZE (MB)
|
|

------------------------------r-----------------------------

Geant4 version : 10.03.p02 Geant4 version : 10.03.p03

End Run VSIZE (MB)
End Run VSIZE (ME)

|
|
|
g4.10.03.02 | g4.10.03.03
i o

I i

o i
|
| 0 -

£ 20 I =
8 | 8

1 100

100 |
|

L] I
o | ’ o
T T T T
= X - - I 20 280 300 320

|
|
|
|
|
1



Count

Geant4 version : 10.04

| | |
g4.10.04

.-_1,m -y fos
300~ -
m’] - -
100 — B
0 e e u i i

I | | |

280 200

End Run VSIZE (MEB)



1
Geant4 version : 10.02 : Geant4 version : 10.03
| : : : g4.10.03 : I
g4.10.02 I
1
1
1
1
- - - m o I Er - = o RN b e
1
1 Ll
1
1
1
5{0 5.‘5 S.IU S.IS T‘.U I ' i | |
total trial time (s) I 7 g a 10
I total trial time (s)
1

------------------------------r-----------------------------

Geant4 version : 10.03.p02 Geant4 version : 10.03.p03

] ] ]
g4.10.03.03

g4.10.03.02

T T T
70 75 80

T T T T T
7.0 T2 T4 TE

total trial time (s) total trial time (s)

-
8
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|
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Geant4 version : 10.04

|
g4.10.04

3.5

8.0

6.5

T T
7.0 75

total trial time (g)

8.0
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Geant4 version : 10.02
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