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Memory Optimization

MemoryTracker summary (base-10 MB units used)

Peak virtual memory usage (VmPeak) : 17755.8 MB
Peak resident set size usage (VmHWM): 6958.67 MB
Details saved in: 'mem.db’

MemoryTracker summary (base-10 MB units used)

Peak virtual memory usage (VmPeak) : 16437.5 MB
Peak resident set size usage (VmHWM): 5689.09 MB
Details saved in: 'mem.db’

o Tested with UNet
e Deactivating save data reduces the memory usage about 1 GB
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DNN SP evaluation - single shower event

NN Results auss Results auss Results. NN Results
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® As the energy increases, the bias and resolution in Gauss is getting worse
e DNN SP maintains more consistent performance across all energy levels
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DNN SP evaluation - single shower event

Gauss Results DNN Results
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GAUSS plane shower vertex (U) [XZ=40]
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-- PCA

(color=charge)
axis

e New metrics for Shower evaluation:

Angle diff

o Angle diff
o  Charge profile within 1 radiation

Gauss (deg.)

DNN (deg.)

length (14 cm ~ 47 wire channels)

U plane

0.74

0.82

Charge Profile: Decon / Truth

V plane

0.52

0.51

e DNN showed better performance when

we look at near the vertex

W plane

1.22
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Memory Profiling - Valgrind

Total Menory Heap Consumption
|c16: :Defaul tCPUALLocator: :allocate(un. ..
aligned_nalloc
|std:: Rb_tree nodec* std:: Rb tree<>...
std:: Rb_tree_nodecs* std:: Rb_treecs. .
aligned_nalloc
allocate
allocate
art: :ProductRetriever: :getByLabel._(ar...
Thuffer: :Expand(int, bool)
[ WireCell: :Aux: :SinpleTrace: :SinpleTra. ..

ry (base-10 MB units used)

Peak virtual memory usage (VnPeak) : 16799.4 MB
Peak resident set size usage (ViHWM): 6393.23 1B

y L l

0 let12 2412

timeini

Time unit: i - instructions (default)

1068

Total Menory Heap Consumption
allocate

std:: Rb_tree nodect std:: Rb treeo...

|std:: Rb_tree nodec>* std:: Rb tree<>...

aligned_nalloc

WireCell: :Aux: :DftTools:: fud(std: :sha. .
allocate
allocate

art: :ProductRetriever: :getByLabel._(ar...

TBuffer: :Expand(int, bool)
[Wirecell: :Aux: :SinpleTrace: :SinpleTra. ..

4068
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timeini

Profiled twice over DNN SP (MobileNetV2) with a PD-HD data file (one event)
The left is what I shared in the last meeting, the right one is newly generated

The peak appears near the end of the instructions
The peak memory from Valgrind (~ 3.3 GIB) 1s different from LArSoft’s MemoryTracker (~6.4 GB)
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Memory Profiling - Valgrind

Total Menory Heap Consumption i Total Menory Heap Consumption i
stds: Rb_treec:: M get_node() allocate
std:: Rb_tree nodec* std:: Rb_tree>... aligned malloc
std:: Rb_tree nodec* std:: Rb treess... std:: Rb_tree nodec* std:: Rb trees...
aligned malloc std:: Rb_tree nodec>* std:: Rb_treec...
allocate aligned malloc
allocate allocate
Jart: :ProductRetriever: :getByLabel_(ar... Jart: :ProductRetriever: :getByLabel_(ar...
Tuffer: :Expand(int, bool) % Tuffer::Expand(int, bool) 2
locChar(char*, unsigned... locChar(char*, unsigned...| W
irecell::Aux: :SimpleTrace: :SinpleTra. .. - irecell: :Aux: :SimpleTrace: :SinpleTra. .. PR
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timein B timein B

Profiled twice over DNN SP (MobileNetV2) with a PD-HD data file (one event)
Time unit: B - Bytes
For the same data processing, total amount of heap memory allocated is different
The peak appears abruptly, and there is low memory usage after the peak
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Memory Profiling - Valgrind

MemoryTracker summary (base-10 MB units used)

] Total Memory Heap Consumption
[virecell: :Aux: :DftTools: : fud(std: :sha.
[ ] std:: Rb_treec:: M get node()
[std:: Rb_tree node std:: Rb_tree<>...
[Estd:: Rb_tree node>* std:: Rb_tree<>,

1068

Peak virtual memory usage (VmPeak) :
% %MSG-s ArtException: RootOutput:out1@EndJob 15-Jul-2025 15:33:06 PDT ModuleEndJob
% ---- SQLExecutionError BEGIN

aligned nalloc ¥ ; )
] allocate [ unlque,value_expected of non-unique query.
O allocate ---- SQLExecutionError END
[Jart: :ProductRetriever: :getByLabel. (ar... ﬁ»\f %MSG . . .
0 TBuffer: :Expand(int, bool) ‘ﬁ i) Art has completed and will exit with status 1.

Command exited with non-zero status 1

Command being timed: “valgrind --tool=massif --time-unit=ms --massif-out-file=massif_output_mobilenetv2_timems2.out --stacks=yes -
-log-file=valgrind_timems2.log lar -n1 -c my_standa co_stage2_calibration_protodunehd_keepup_dnnroi.fcl -s ../../../../data/stagel/run
027673/np@4hd_raw_run@27673_0000_dataflowd_datawriter_0_202407047050545_reco_stagel.root"

User time (seconds): 6884.62

System time (seconds): 11417.65

Percent of CPU this job got: 99%

Elapsed (wall clock) time (h:mm:ss or m:ss): 5:06:16

Average shared text size (kbytes): @

Average unshared data size (kbytes): 0

Average stack size (kbytes): @

/ 2068
Average total size (kbytes): @

3
1 > = Maximum resident set size (kbytes): 6398684

@ 4 Average resident set size (kbytes): @

¥ / | Major (requiring I/0) page faults: 73

| Minor (reclaiming a frame) page faults: 1606802

=

[virecell: :Aux: :SimpleTrace: :SimpleTra. ..

%

memory heap size

[ Voluntary context switches: 307636
v | 1o Involuntary context switches: 122524
Swaps: 0

( File system inputs: 0

‘ File system outputs: 241944

Socket messages sent: @

Socket messages received: 0

Signals delivered: 0

Page size (bytes): 4096

4 Y Exit status: 1
BRI i 7 e = = s SRS o [ Y T | 0B Done.
0 2406 4e406 66406 8406 letl? el A s e Massif output file: massif_output_mobilenetv2_timems2.out
time in ms Valgrind file: valgrind_timems2.log

Profiled twice over DNN SP (MobileNetV2) with a PD-HD data file (one event)
Time unit: ms - milliseconds
Profiling stopped due to error: unique value expected of non-unique query
Run time 1s almost 5 hours but the memory usage is low for 3 hours (red line)
The peak snapshot is taken within very short time (blue line)




ShowerAna module

X y z
hx hy hz
gl = Entries 1 s = Entries 1 s Entries 1
Mean 40 L Mean 300 Mean 50
Std Dev 0 L Std Dev 0 Std Dev 0
08— 08— 08—
06— 0.6— 06—
04— 04— 04—
02— 02— 02—
ol b v v vy ot v v e e 1 ol b v vy
39 39.5 40 40.5 H 299 299.5 300 300.5 301 49 49.5 50 50.5 51

e QGet the information of the primary electron, and save the followings:
o 1initial position (X, y, z) and corresponding wire channels and time ticks
o momentum (pX, py, pz), pid, tpc id
o normalized momentum — unit direction (dirx, diry, dirz)
o extrapolated position (x_ex, y_ex, z_ex) and corresponding wire channels and time ticks
ex) X_ex = x + step * dirx

e Detector Geometry (@local::protodunehdv6 geo) from fcl files below:
o standard g4 protodunehd.fcl
o standard detsim protodunehd.fcl

Hokyeong Nam BNL-ProtoDUNE meeting




Truth Info. from MCParticle

channel0
hcho
11— Entries 1
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e For u plane of APA2, the (wire channel, time tick) is
o wire channel: 2560 + 696 = 3256
o time tick: 4383




Truth Info. from MCParticle

channelt
hch1
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e For v plane of APA2, the (wire channel, time tick) is

o wire channel: 2560 + 800 + 469 = 3256
o time tick: 4388




Truth Info. from MCParticle

channel2
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For w plane of APA2, the (wire channel, time tick) 1s
o wire channel: 2560 + 800 + 800 + 103 = 3256
o  time tick: 4393




Truth Info. from MCParticle

dirx
hdirx
gl = Entries 1
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Angle between reco and true direction
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Angle between reco and true direction (E =5 GeV, XZ = 30)

DNNSP plane shower vertex (U) [XZ=301

GAUSS plane shower vertex (U) [XZ=30] GAUSS plane shower vertex (V) [XZ=30] DNNSP plane shower vertex (V) [XZ=30]
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Angle between reco and true direction (E =5 GeV, XZ = 40)
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DNNSP plane shower vertex (U) [XZ=401
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Angle between reco and true direction

DNNSP plane shower vertex (U) [XZ=501

GAUSS plane shower vertex (U) [XZ=501

(E = 5 GeV, XZ = 50)
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Issues in PCA axis analysis

DNNSP plane shower vertex (U) [XZ=0]
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Wire channel

PCA fails particularly for lower angles
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ShowerAna module

¥ = ; I ¢ This block defines starting paraneters
s3cs. producers. generator. PosDist: 0
sics.producers.generator, 0: (4]
cs.producers,generator.Y0: (300,
s1cs.producers. generator.20: 0.0




Truth Info. from MCParticle
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Truth Info. from MCParticle
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Truth Info. from MCParticle
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Truth Info. from MCParticle
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Memory Profiling - Valgrind

Total Memory Heap Consumption
c10: :DefaultCPUAllocator: :allocate(un. . .
aligned malloc
std:: Rb_tree node<>* std:: Rb tree<>...
std:: Rb tree node<>* std:: Rb tree<>...
aligned malloc
allocate
allocate
art::ProductRetriever: :getByLabel (ar...
TBuffer: :Expand(int, bool)
WireCell: :Aux::SimpleTrace::SimpleTra.. .

e PD-HD data, DNN SP with MobileNetV2
e The peak memory recorded is 3.3 GiB
e Almost half of the memory (~1.7 GiB) is due to:

O

O

Hokyeong Nam

WireCell::SigProc::OmnibusSigProc::save data (972 MiB out of 1.7 GiB)

WireCell::SigProc::OmnibusSigProc::save mproi (440 MiB out of 1.7 GiB)

4.0GB

memory heap size

BNL-ProtoDUNE meeting

* 17 GiB: allocate (new_allocator.h:137)
v 17 GiB: allocate (alloc_traits.h:464)
v 17GiB:_M_allocate (stl_vectorh:378)
v 1.7GiB: _M create_storage (stl_vectorh:395)
v 1.7 GiB: Vector base (stl_vector.h:332)
v 1.7 GiB: vector (stl_vectorh:598)
v 1.7 GiB: WireCell::Aux::SimpleTrace::SimpleTrace(int, int, std::vector<> const&) (SimpleTrace.cxx:8)
» 972.7 MiB: WireCell::SigProc::0mnibusSigProc::save_data(std::vector<>&, std::vector<>&, int, std::vector<> const&, std::vector<>&, std::_cxx11::bag
» 4405 MiB: WireCell::SigProc::0mnibusSigProc::save_mproi(std::vector<>&, std::vector<>&, int, std::multimap<> const&) (OmnibusSigProc.cxx:763)
» 228.9 MiB: WireCell::SigProc::OmnibusSigProc::save._roi(std::vector<>&, std::vector<>&, int, std::vector<>&) (OmnibusSigProc.cxx:612)
» 109.9 MiB: _Construct<> (stl_construct.h:119)
v 359.5 MiB: TStorage::ReAllocChar(char, unsigned long, unsigned long) (TStorage.cxx:283)
v 359.5 MiB: TBuffer.:Expand(int, bool) (TBuffer.cxx:242)
v 240.9 MiB: R_nitializeReadBasketBuffer (TBasket.cxx:418)
v 2409 MiB: TBasket::ReadBasketBuffers(long long, int, TFile*) (TBasket.cxx:585)
v 240.9 MiB: TBranch::GetBasketimpl(int, TBuffer*) (TBranch.cxx:1268)
~ 2409 MiB: TBranch::GetBasketAndFirst(TBasket*&, long long&, TBuffer*) (TBranch.cxx:1390)
* 240.9 MiB: TBranch::GetEntry(long long, int) (TBranch.cxx:1662)
v 240.9 MiB: TBranchElement::GetEntry(long long, int) (TBranchElement.cxx:2785)
* 240.9 MiB: TBranchElement::GetEntry(long long, int) (TBranchElement.cxx:2729)
» 240.9 MiB: art::input::getEntry(TBranch*, long long) (getEntry.cc:17)
» 1185 MiB: R_InitializeReadBasketBuffer (TBasket.cxx:418)
260.6 MiB: in 22537 places, all below massif's threshold (1.00%)
» 228.9 MiB: allocate (new_allocatorh:137)
» 226.0 MiB: allocate (new_allocatorh:137)
» 114.4 MiB: aligned_malloc (Memory.h:216)
» 113.0 MiB: allocate (new_allocatorh:137)
» 113.0 MiB: allocate (new_allocator.h:137)
» 57.2 MiB: aligned_malloc (Memory.h:216)

» 57.2 MiB: allocate (new_allocator.h:137)
) iB: h:137)

do not mp protect tradtional is set to true
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Total etory Heap Consuption 06
aligned malloc

Total Menory Heap Consumption
aligned malloc
loc

memory heap size

!!!!!

G+l 7el 8l Sl 0 len

d  1Istpea d  2nd peak d  low torch activity

PD-HD data, DNN SP with UNet
The peak memory recorded is 4.9 GiB
Not like a MobileNet result, the total cost graph has several peaks
Almost half of the memory (~2.5 GiB) is allocated to libtorch cpu.so around the peak
Another major contributions are from:
o  WireCell::SigProc::OmnibusSigProc::save data (853 MiB out of 1.4 GiB)
o WireCell::SigProc::OmnibusSigProc::save _mproi (343 MiB out of 1.4 GiB)
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| 496i8:Snapshot £34 {peak]
v 25 1B: c10:alloc_cpufunsigned ong) (nfcmfsfarsoft openscencegridorgfproductsbtorch2_L lbrlmuxﬁtb\ 43.10-217-26ibe10 0]
v 25 6B: c10: DefaultCPUAJocator: alocatelunigned long) const i cvsfarsof apensci fibtorch 11h/IJnux64b|t+310217&26/]|b)lfbc1050)
v 2.3 6IB: L0:Storagelmp: StoragemplcL0:Storagelmpl:use byte sze t, c10: Symlntconsm Il o) e pensc

23G\Ba TensorBase at:detal: empty_generice(cl0:AmayRef<>, c10:Allcatort, c10: DispatchKeySet, c10zSeclarfype, c10optonale>) nt cvmfsﬂarsoﬂo
empty_genericlcL0:ArayRefe>, c0: Allotalor' CL0: DispatchKeySet, c10:SclarType, c10-optionale>) (infcvfsfasoft opensciencegrid
oy, cpulcl0:AmayRef, c10-Scalarype,bool,c10:ptiona<>) in cvmfsfarsotopensciencegrid orproducttoreh2_ . 1oin
v 236 ol:empy cull0AmayRef, clzoptoal, cLptonel, cL0:ptone, cL0:ption,cL:ogtinl<) nfmfasf
pty cpu(cL0:AmayRefe, cL0:aptional<>, c10zoptionale>, cL0:ptional<>, c10:optionale>, cL0:ptional<>) in fcvfsfa
p kemel functor unbored <>:callL0: Operaorkemel’, c10: DispatheySet, c0:AmayRefe>, cL0-optiona>, L0:opt
pty_memory_format:edispatch{c10:DispatchkeySet, c10:AayRefe>, L0:optional<>, ¢10:optonale>, cL0:optiona
ap kemel functor nbored <>+ callcL0: Operatorkerel, c10: DispacheySet, c0:AmayRef<, c1zoptionale ¢
mpty_memory fomat:calc10:AmayRefe>, cl0:optional<, c10:optonal<>, c10:0ptionale>, 10 optional<>,
v 2. GB:at:empty(cL0:ArayRef<>, c10:TensorOptions,c10-optional<>) infcvfsfarsoftopensciencegrid orgproducts torchv
v 2.1 G1B:aknaive: anonymous namespacel:compute columns2dlat: Tenso const, c10:Amayefe>, c10:AnayRefc, c10:AT
i8: atnaive:low conv2d forward out culat: Tensorconst, at:Tensor const, cL0:ArayRef>, c0:optionale> con
W _conv2d forward cpulat:Tensor const, at:Tensor cont, ¢10-ArayRefe>, cL0:optionale> const
: Wiap | Jeme | functor unboved <:callcl0: Operatorkemel’ c10 D\spatchKeySet al Tensorconst
b 25Nt empy tpu((lﬂ AnajRefes, C0: i rlﬂhnlrumf(/imnﬂ i fibtorchiv2_1 JfLinux(
rageimpl*, unsigned ong i fcumffasof apensa fuctsfi llb/Unux64h|t+3 10207425
:cl0:Tensormpt t e resze il <>{c10:ensorml cL0:Amayhe, 1 OpnunalAnaynefo hoo!Hm cvmfsr\arw&opensuencegndorg/
Y SL3 )45 ol PSR et oL stinge> ond) n s iorchp2_1 Lo
v 1468: alcate (e alocatorh137)
v 14 Gi:alocteeloc ratsdgd)
v 14.G8: M alocae (s vectorh:378)
v 14 GIB: M create storage (s vectoch:395)
v L4 G- ecto ase 4t vectrh32)
v 14 6iB: vector (s vectohi
v 14 6B: Wire fin, in, std:vector> const) (SmplTrace )
v 8583 Mi: WireCel:SigProc: OmnibusSigProc: save,datastd:vectore>, stvector<>8, it ste:vector<> cons, td:vectore>§, td:_oxxLL:
- 1717 Wi WireCel: SigProc: OmniusSgProc:operator)std:shred plr<> const, td:shared pir<>6J (OmnibusSihroc cxx1622)
- 1717 Mi: WireCel:SigProc: OmniusSigProc:operator)std:shared pr<> const, std:shared pire>6J (OmnibusSigroc cxx1669)
1717 Wi WireCel:SigProc: OmniusSigProc:operator)std:shared plre> const, td:shared pir<>6) (OmnibusSihroc cxx 1600)
1717 MiB: WirCel:SgProc: OmibusSigPoc: operatosd:shared ptre> const, sdshared ptre>6) (OmnibusSigoc cux 1814)
- 107.3 Wi WireCel:SigProc: OmniusSigProc:operator)std:shared pre> const, std:shared pire>6) (OmnibusSigroc cxx 1678)
644 MB: WirCell:iroc: OmibusSigProc: operator(td: shared pir<> consts,s:shared ptr<>&) (OmnibusSighoc ot 1693)
b 3433 MiB: WieCell:Sighroc:OmniusSigProc:save,mproisd:vectore>6,stdvecore§, it skd:mulimape> const (OmniusSigProc cxxT63)
) 1717 Mi: WieCelligProc:OmnibusSigProc: save foistd:vectore 6, std:vectore>§, nt std:vectore>6 (OmmibusSighroc cxk612)
b 73N Construte (s constructh119)
v 350.5 NiB:Ttorage: ReATocChar(char, unsigned long, nsigned ong)(Storage cxx263)
- 359.5 MiB: TBufer:Expandlint, ool (TBufercxx242)
» 2089 NiB:allocate(new alocatorh137)
» 2089 NiB:allocate (e alocatorh137)

|

220 Mi: n 22544 places, all below massifs theshold (100%)

d  1stpeak
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