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HOUGH TRACK FINDER Parnda

Review: basic procedure

Generate tracklets
Cellular automaton
Segmentation
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HOUGH TRACK FINDER

Review: basic procedure
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HOUGH TRACK FINDER Parnda

Review: basic procedure

« Generate tracklets
e Cellular automaton
« Segmentation

 Find circle for each tracklet
* Hough transformation

« Merging
« combine tracklets to particle track

IJ JULICH
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HOUGH TRACK FINDER Parnda

Review: basic procedure

600

BarrelTrackFinder

- HoughTrackFinder before restructuring

521.75

« Generate tracklets
e Cellular automaton 500
« Segmentation

400

« Find circle for each tracklet
* Hough transformation 300
« Merging 200

« combine tracklets to particle track

100

11.7996
12.8233

::> Too slow!

RunTime [ms] PossiblePrim [%] Ghosts [%] Clones [%]
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MAIN CHANGES TO SPEED UP THE CODE

« Segmentation

* Find circle for each tracklet
* Hough transformation

 (Generate tracklets
e Cellular automaton -

« Merging
« combine tracklets to particle track

l) JULICH
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MAIN CHANGES TO SPEED UP THE CODE

Similar to CellularAutomaton
map FairLink to the relevant data:

FairLink - FairHit

FairLink - Isochrone
FairLink - Isochrone error
FairLink - Tube Id

Tube - Hit

FairLink - GEM neighbors
FairLink - STT neighbors

— faster than typecasting

- HoughSpace: map bin to entries

l) JULICH
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MAIN CHANGES TO SPEED UP THE CODE

600

- BarrelTrackFinder

- HoughTrackFinder before restructuring Speed up by a factor of 3.5

- HoughTrackFinder / But still slow

521.75

500

400
Small change in binning:
" Doesn't affect the result
 efficiency increases a bit
* but clones also increase a
bit

300

200

100

|
22.42

14.8976 \

RunTime [ms] PossiblePrim [%:] Ghosts [%%] Clones [%:]
@) JULICH
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VALGRIND

Further analysis with valgrind

Ppanda

Valgrind is a profiling tool to analyse where the code spends the most time

Datei Ansicht Gehe
women- ¢ 20 Graphical representation of the profiled algorithm (callgrind) [
Kostenprofil
Suche: (keine ¢
InkL. Exkl.  Aufgerufen Fun® |jny Distanz Aufgerufen Aufrufer =
W 5544 0.00 24T il 100.00 8 1 B cling:Interpreter::RunFunction(clang::FunctionDecl const*, cling::vValue*) (libCling.s0.6.16.00)
W 5544  0.00 24F mm 100.00 7 1 W cling:interpreter::RunFunction(clang::FunctionDecl const*, cling::Value*) [clone .part.310] (libCling.s0.6.1...
. 99.44  0.00 O ®T ' s 100.00 6 1 M 0x0000000004046000
9544  0.00 TAT | s 100.00 5 1 H 0x000000000408&000
N 55.44 0.00 THT el 100 00 4 100 W FairBunAna-Buniink_int) (lihRace cn 18 2 A FairBunbAna cvy Y i
5544 0.00 0)=T
N 99.44 0.00 1Hc
N 99.44 0.00 1H8c
Hl 55.44 0.00 (0) = c
m 95.44 0.00 (0) m c
5544 0.00 (0) m c
H 51.74 0.00 (0) ® c
mm 5174 0.00 (0) m ¢
mm 9174 0.00 (0) W ¢
Hm 51.74 0.00 1THC
Hl  91.59 0.00 180
Hl 51.59 0.00 180
W 66.54 0.00 1HF
- 58.98 0.00 100 & F
- 58.98 0.00 100 & F
- 58.98 0.00 100 M P
| 45.64 1 10.72 122635789 W <
] 35.21 0.00 99 P
¥ 26.05 0.36 136258 P
| 23.51 0.00 18F
[ 20.48 3.01 3005087 WP [16046x L 115x%
1 20.42 0.00 99 WP v —
] 18.16 0.00 99 WP
: amam A Annn T Aufgerufene | Aufrufgraph | Alle Aufgerufenen = Aufruferkarte = Maschinencode

callgrind.out. 11370 [1] - Gesamtkosten Fir Ausgeflhrte Instruktion: 69 553 862 403



VALGRIND

Further analysis with valgrind

Ppanda

Valgrind is a profiling tool to analyse where the code spends the most time

Datei Ansicht Gehe
wormen. < 2 Graphical representation of the profiled algorithm (callgrind) [
Kostenprofil
Suche: (keine ¢
InkL. Exkl.  Aufgerufen Fun® |jny Distanz Aufgerufen Aufrufer =
w5544 0.00 24T s 100.00 8 1 B cling:Interpreter::RunFunction(clang::FunctionDecl const*, cling::vValue*) (libCling.s0.6.16.00)
w5944 0.00 24rF s 100.00 7 1 W cling:interpreter::RunFunction(clang::FunctionDecl const*, cling::Value*) [clone .part.310] (libCling.s0.6.1...
9944  0.00 O ®T ' s 100.00 6 1 H 0x0000000004046000
mw 95.44  0.00 TAT | e 100.00 5 1 ¥ 0x000000000408£000
H 55.44 0.00 THT el 100 .n0n 4 100 W FairRunAna-Runfint_int) (likRace en 18 2 N FairPunAna rvy Y T
B 9344  0.00 () =T =
N 55.44 0.00 1Hc
N 95.44 0.00 1H8C
Hl 55.44 0.00 (0) = c
e R Number of calls
5544 0.00 (0) m c T /
H 51.74 0.00 (0) ® c L"--.. 1
m 91.74 0.00 (0) W c - "4
mm 9174 0.00 (0) W ¢
Hm 51.74 0.00 1THC
Hl  91.59 0.00 180
Hl 51.59 0.00 180
W 66.54 0.00 1HF
- 58.98 0.00 100 = F
- 58.98 0.00 100 = F
- 58.98 0.00 100 M P
| 45.64 1 10.72 122635789 W <
] 35.21 0.00 99 P
¥ 26.05 0.36 136258 P
| | 23.51 0.00 18 F
1 20.48 3.01 3005087 WP  [1046x [16046x L 115x
1 20.42 0.00 99 WP y v — : b
] 18.16 0.00 99 WP
. PR A PAPPER b Aufgerufene | Aufrufgraph | Alle Aufgerufenen = Aufruferkarte = Maschinencode

callgrind.out. 11370 [1] - Gesamtkosten Fir Ausgeflhrte Instruktion: 69 553 862 403



VALGRIND

Further analysis with valgrind

Ppanda

Valgrind is a profiling tool to analyse where the code spends the most time

Datei Ansicht Gehe

|y Offnen ...

Kostenprofil

Suche:

Inkl.

N 99.44
N 99.44
N 95.44
N 995.44
N 55.44
N 95.44
N 99.44

Exkl.

ion -

\ -

¢« Graphical representation of the profiled algorithm (callgrind)

(keine
Aufgerufen Fun® [y Distanz Aufgerufen Aufrufer

0.00 24T il 100.00 8 1 B cling:Interpreter::RunFunction(clang::FunctionDecl const*, cling::vValue*) (libCling.s0.6.16.00)
0.00 28k s 100.00 7 1 M cling:interpreter::RunFunction(clang::FunctionDecl const*, cling::Value*) [clone .part.310] (libCling.s0.6.1...
0.00 @ =T | wew 100.00 6 1 H 0x0000000004046000
0.00 TAT | s 100.00 5 1 B 0x0000000004082000
0.00 1THT 100 nn i § 100 W FairBunAna-Bunflink_int (lihRace cn 18 2 N FairBunAna ryy
0.00 (=T
0.00 1Hc

Percentage of time spend on the specific

method (it is possible to set a method to 100%)

Flal T A" A" T I O -

Hl 91.59 0.00 1m0 I 199
mE 9159 0.00 1m0 i
W 66.54 0.00 18 F
W 5898 0.00 100 & F
W 5898 0.00 100 & F
[ 58.98 0.00 100 M P
| 45.64 1 10.72 122635789 W <

] 39.21 0.00 99 P
| | 26.05 0.36 13625 0 P
[ 23.51  0.00 1HF
1 20.48 3.01 3005087 B P y 046 x 6046 x 199 x —115x
] 20.42 0.00 99 W P
! 1816 0.00 99mp
: amam aan Annns i n” Aufgerufene | Aufrufgraph | Alle Aufgerufenen

callgrind.out. 11370 [1] - Gesamtkosten Fir Ausgeflhrte Instruktion: 69 553 862 403

Aufruferkarte

Number of calls
/
°'4

115x

Maschinencode




VALGRIND parnda

Further analysis with valgrind

Valgrind is a profiling tool to analyse where the code spends the most time

Datei Ansicht Gehezu Einstellungen Hilfe

|y Offnen ... @ Zurick ~ @ Hoch + | Relativ | =, Zykluserkennung | Relativ zu ibergeordnetem Element » | Ausgefiihrte Instruktion -
Kostenprofil @®  pndHoughTrackFinder:FindTracks()
SR fieine Goupplenmglx Kostentypen = Aufrufer = Alle Au E I .
InkL. Exkl  Aufgerufen Fun® [y Distanz Aufgerufen Auf Xamp €. =
W 55.44  0.00 24T | wes 100.00 8 1M { i “, 6.16.00)
: 33-:3: g-gg [03; j'T' = 100.00 7 1M ,,F|ndTraCkS . 310] (libcling.s0.6.1...

: : = 100.00 6 1M ( 0 “

W 99.44  0.00 THT s 100.00 5 1md © 52 /O merge
m 9544  0.00 1T | | 10000 2 100 w ”“ ) g . B =
mm 9944 000 ©uT * 46 % “FindApolloniusTracks =
N 55.44 0.00 1Hc
N 95.44 0.00 1H8C
Hl 55.44 0.00 (0) = c
m 95.44 0.00 (0) m c
5544 0.00 (0) m c
H 51.74 0.00 (0) ® c
mm 5174 0.00 (0) m ¢
mm 9174 0.00 (0) W ¢
Hm 51.74 0.00 1THC
Hl  91.59 0.00 180
Hl 51.59 0.00 180
W 66.54 0.00 1HF
- 58.98 0.00 100 = F
- 58.98 0.00 100 = F
- 58.98 0.00 100 M P
| 45.64 1 10.72 122635789 W <

] 35.21 0.00 99 P
¥ 26.05 0.36 136258 P
| | 23.51 0.00 18 F
1 20.48 3.01 3005087 WP [16046x L 115x
1 20.42 0.00 99 WP v — b
! 1816  0.00 oomp_ :
. PR A A nna -;-' Aufgerufene | Aufrufgraph | Alle Aufgerufenen = Aufruferkarte = Maschinencode
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VALGRIND Parnda

Speed up tracking

JFindTracks":

* 46 % “FindApolloniusTracks” —

A

HoughTransformation

 52% ,merge”

Select only hits which
— Tracking — are close to the found
track (d < 0.5 cm)

uoISINJ3I

Remaining Hits

¥

- How large is the influence of the recursion?
(should be small because of preselection method)

IJ JULICH
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HOUGH TRACK FINDER WITHOUT
RECURSION

600

500

400

300

200

100

BarrelTrackFinder

521.75

HoughTrackFinder before restructuring

HoughTrackFinder

HoughTrackFinder without recursion

2é.4hl|IIII|IIII|IIII|IIII|||||

RunTime [ms] PossiblePrim [%] Ghosts [%] Clones [%]

27.10.2020 Seite 8

Efficiency still
high

Runtime a bit
better

l) JULICH
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VALGRIND Parnda

Speed up merge

JFindTracks":

P
« 46 % “FindApolloniusTracks" Calculate d 19 %
* 52% ,merge* — Calculate phi 19 %

Merge single tracklets | 34 o

¥

calculate all merging parameters takes a similarly amount of time
-—> find an in general better merging algorithm

IJ JULICH
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SPEED UP MERGE Parnda

Trying to find a better handling of the Hough transformation and merging to
reduce the runtime:

-> investigated correlations in Hough space

IJ JULICH

Forschungszentrum
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SPEED UP MERGE Parnda

Trying to find a better handling of the Hough transformation and merging to
reduce the runtime:

-> investigated correlations in Hough space
100

y[cm]

80 _ MC Track

°0 a __ Center of MC Track

(__ + «/  =» MC entry in Hough space

\" -~ + MC track 1

40

20

0

—20

—40

—60

—80

/
]

~10 [
%960 80 60 —40 —20 0 20 40 60 80 100 " JULICH
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SPEED UP MERGE Parnda

Trying to find a better handling of the Hough transformation and merging to
reduce the runtime:

-> investigated correlations in Hough space
100

y[cm]

U  Different colors for different MC

80
L tracks

60
40

20 ;
U + + MC track 1

't"" + MC track 2

0
—20
—40
—60
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SPEED UP MERGE Parnda

Trying to find a better handling of the Hough transformation and merging to

reduce the runtime:

-> investigated correlations in Hough space

= 100r
= gob - Different colors for different MC
- tracks
60—
40
20:— N
- e + MC track 1
oF T + MC track 2
—201 L MC track 3
N Ty
—40[—
—60F
—80F
_10:I|||||||||||||||||||||||||I|III|III|III
9900 —80 -60 —40 —20 0 20

4060 a0 oo 'JJULICH
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SPEED UP MERGE Parnda

Trying to find a better handling of the Hough transformation and merging to
reduce the runtime:

-> investigated correlations in Hough space

= 100
é an:— » Different colors for different MC
= tracks
601 « Hough space calculated with
40 Apollonius
20; + MC track 1
= + MC track 2
—20 MC track 3
- Maxima in Hough space for MC
—-40[—
- track 3
60—
—80
S I R T I N D T B

~10 [
%960 80 60 —40 —20 0 20 40 60 80 100 " JULICH
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SPEED UP MERGE Parnda

Trying to find a better handling of the Hough transformation and merging to
reduce the runtime:

-> investigated correlations in Hough space

100

y[cm]

80
60
40
20

0

—20

—40

—60

—80

-1 [lq

» Different colors for different MC
tracks
» Hough space calculated with
k! Apollonius

e + MC track 1
+ MC track 2
MC track 3
0o Maxima for MC track 1
0o Maxima for MC track 2
Maxima for MC track 3

00 -80 -60 —40 -20 0 20 40 60 BE[C%FU " JULICH
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SPEED UP MERGE Parnda

Trying to find a better handling of the Hough transformation and merging to
reduce the runtime:

- investigated correlations in Hough space

’g‘ 100 :
> so[- | 55
60 oF
401 12 -
20 f— M 45}
0 - Pl - o
B 40—
—20 i N
40} B0
- - | ... | | | Ll | |
—60 - 0 5 10 15 20 25 30
-80
:I [ | L1 1 | L1 1 | L1 1 | L1 1| | L1 1 | L1 1 | L1 1 | L1 1 | L1 1

~10 [
%960 80 60 —40 —20 0 20 40 60 80 100 " JULICH
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SPEED UP MERGE Parnda

Trying to find a better handling of the Hough transformation and merging to
reduce the runtime:

- investigated correlations in Hough space

g 100[
> sof | £
C = | _
60— s oSlgnal
40p- 1% i
o _ M sl
o i -
- 40
—20F i
40} 35:—
_80__ C \I(l)ll\I5‘IIII1‘0IIII1‘5I\II2|0I\II2|5I\II3|0I
- x[cm]
—80[—
:I L1 | L1 1 | L1 1 | L1 1 | 11 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1

~10 [
%960 80 60 —40 —20 0 20 40 60 80 100 " JULICH
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SPEED UP MERGE Parnda

Trying to find a better handling of the Hough transformation and merging to
reduce the runtime:

- investigated correlations in Hough space

g 100
> sof | £
C = | _
60— s oSlgnal 2
40— 1% i
20 e 45|
o o -
- 40
—20F i
40} 35:—
_60__ C \I(l)ll\l5‘llll1‘ollll1‘sl\lI2|0I\II2|5I\II3|0I
- x[cm]
80—
:I L1 | L1 1 | L1 1 | L1 1 I 11 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1

~10 [
%960 80 60 —40 —20 0 20 40 60 80 100 " JULICH

- 27.10.2020 Seite 11 Forschungszentrum



SPEED UP MERGE parnda

Distance between maxima

350 Signal
- Background
300
250 -
200}
150 Hr
100
50:‘ i ] Il .I.I,I'll}li'-—‘l'-'l,p I
i
D I III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 5 10 15 20 25 30 35 40 45 50
d [cm]
@) JULICH
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SPEED UP MERGE

Distance between maxima

E“EI_I d=a

ROC for distance maxima

- a 1
350 — Signal T
N 09—
i Background -
300 08
250 f- O
H 06 accuracy: 92.4 %
200 [} - false positive: 2.7 %
} 0.5 true positive: 60.0 %
150;- 04
100 035
I I ..'n | e 1 0ok
o MWJI}“ LRI A DA by -
I I I I I I I I I 01, I I I I I I I I
DO 5 10 15 20 25 30 35 40 45 50 0_ 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
d [cm] FP [%]
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SPEED UP MERGE

600 " BarrelTrackFinder
B E HoughTrackFinder before restructuring
I HoughTrackFinder

500 — HoughTrackFinder without recursion
i HoughTrackFinder merging by hough space

400 -

300 -

200 —

100

RunTime [ms] PassiblePrim [%)] Ghosts [%] Clones [%]
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SUMMARY & OUTLOOK Parnda

Summary

* Include HoughTrackFinder into PandaRoot

« Using new data structure and merging method
=>» Speed up by a factor of 9

Outlook

« Expand to find secondaries

« Further speed up

Mitglied der Helmholtz-Gemeinschaft 27.10.2020 Seite 14



Thank you for
your attention!

Eiéh d=a

IJ JULICH
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