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Common Hall A/C Event Processing Framework: Podd
@ C++ class library built on top of ROOT. Steering via ROOT interpreter.

@ Developed in-house. Standard choice for Hall A reconstruction & analysis since 2003.
@ Maintained on GitHub. Documentation in Redmine.
@ Shared development with Hall C since 2012 (“hcana”).

@ Strengths

» Highly modular to accommodate frequently changing experimental setups.

> Intuitively conceptualizes analysis in terms of physical apparatuses (spectrometers, detectors) and
physics calculations (kinematics, energy loss corrections, etc.)

> Light-weight: minimal dependencies, small memory footprint.

» Output & cuts run-time configurable via text files. Flat text file database.

@ Limitations

> Currently still single-threaded.

> Designed for one-pass analysis: EVIO raw data — n-tuple-like ROOT trees + histograms
@ Technical

> Requirements: Linux or macOS. C++11. ROOT 6.
> Recently modernized for C++11. Supports C++17 if available.
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https://github.com/JeffersonLab/analyzer/
https://redmine.jlab.org/projects/podd/wiki/
https://github.com/JeffersonLab/hcana/

Podd/hcana: Modular Architecture

analyzer hcana User-supplied

@ User interface: ROOT prompt | bHalA \ﬁ Extension
(C++ interpreter) T t T T ¢ T Libraries

@ All loaded libraries (ROOT, Podd, Podd ——
etc.) accessible from command

prompt for scripting
l | R0¢0T I l SDK available

@ Extension libraries for experiment-
specific code can be loaded
dynamically

» Software Development Kit _

(SDK) to get started

libCore libMath libTree libRIO

All libraries accessible
C++ Interpreter (Cling) from command line
and programmatically

@ Entire SBS software package
implemented as such an extension
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https://github.com/JeffersonLab/analyzer/tree/master/SDK

Reconstruction & Analysis Workflow

Replay Analysis
m
N-tuples, analyzer
analyzer Histogr. or
p— (ROOT) ROOT
Sim Data

N
Replay Analysis
Script Scripts

PEIELER

@ Reconstruction (Replay)
> Runs in ROOT interpreter (analyzer prompt)
» Calls mostly Podd functions & classes
> Scripts set up by experiment experts or advanced users
> After setup, runs in mass replay on the farm

@ Analysis

> Also runs in ROOT interpreter (analyzer prompt)
> Calls mostly ROOT functions and classes (but may need Podd classes)
» Done by everyone on the experiment
» Calibration and final physics usually done here
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Podd Source Code & Documentation

GitHub JLab Redmine

aminex |+

©) Gt - ettrsonLasanatyzer X+

https/jredmine jlab.org/projectsfpodd/wiki B ns omsPas =

« c @ O 8 Hhitpsilgithub.com/JeffersonLablanalyzer b3 m# &e #Has = «

Hall A Analyzer s I (T

@ JeffersonLab /analyzer pusic 0 Notiications | ¢ Fork & fr sur 6 | -
+ Overview _Activity _Roadmap _Issuss _Spenttime _Gantt News
iki seat o waten g e
<>Code O lssues 3 11 Pullrequests  © Actions [0 Projects [0 wiki O Security L Insights. Wiki e e WikI
7 . Start page
Introduction Index by tite
Index by date
¥ master + Gotofile m About Ths i the homepage of the main Hall A physics analysis software, “Podd”. The software is an abject-oriented, moduar
ROOT.
Hall . in paricuar th Stand
HallA G-+ Analyzer physics calculations for single arm (e,&), conincidence (¢,¢X) and photoproducton reactons are avalabl, as well as
) ontoNov2oz D2 o audliary tsks such 25 eneroy loss corections, vertx positon caculatons, etc.
Theincluded Software Development Kt (SDK) provides users with  rapd development environment fo bullding
- o i T O T e e e e oy Gyearsago | @ BSD-3-Clause License braris. One g ‘modules and
o vee even entire spectrometers,
™ Database Database: Make test for "key = value® lines more... 3 months ago
® 18 watching Resources
HallA FadcRaster:Fix ncorrect ClassDef macro 5 months ago
- 9y astos + Documentation
* Relesse Notes
= Podd Decoder: Clear all per-event data. Export more .. 3 months ago ey
+ o Class Ine
- sk ‘Support passing configuration string to decoder .. 8 months ago
Downloads
 apps dbconvert: correct various typos in comments 4 months ago
Mostrecent source code:
m cmake Update to official EVIO 5.3 (JeffersonLablevio ... 4 months ago ontspec 202t
o docs Update date n Release Notes 4 years ago  Analyzer 1537 source cod (agacy versiony”(a2) < () - 03 Mar 2017
packages  optimize+  tool ¢ pois callraton o (c2) - 7 March 2007
o examples Factor out database functions and related cods i.. & months ago o * tree2ascl tool v1.1 for dumping ROBT trees to ASCII files  (42) - 06 Dec 2006
. " No packages pubished - : T
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Pre-Installed Podd

farm /ifarm (works in Counting House, too)

$ module use /group/halla/modulefiles

$ module load analyzer

$ analyzer --version

Podd 1.7.0 Linux-3.10.0-1160.31.1.e17.x86_64-x86_64 git @e26c21d ROOT 6.22/06

Counting House (local installation, faster, safer)

$ module use /adaqfs/apps/modulefiles

$ module load analyzer

$ analyzer --version

Podd 1.7.0 Linux-3.10.0-1160.31.1.e17.x86_64-x86_64 git @e26c21d ROOT 6.24/06

The SDK is located in $ANALYZER/ . ./src/SDK/
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Podd Status & Roadmap

@ Current release: 1.7.0 (16 Nov 2021)

> Base software for SBS experiments and current Hall C hcana.

> Source-level backwards compatible (mostly), i.e. suitable for replaying older data as well.
> Many speed improvements, CODA 3 support, etc. (see release notes)

> Requires C++11 compiler and ROOT 6. Installed in counting house and on the farm.

@ Upcoming: 1.7.1 (“real soon now")
> New “Run" classes supporting transparent input from multiple run segments and event streams
» More info in output, e.g. event number in EPICS tree

@ The Next Generation: 2.0 (Fall 2022)

Multithreading!

Will benefit SBS and Hall C, primarily for online replay
Requires C++17 (e.g. gcc 9+, available on ifarm)
Existing code will need minor modifications

v

vYyy
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https://www.urbandictionary.com/define.php?term=real%20soon%20now

Hall C Software Updates (hcana) (from Mark Jones)

@ Feb 2022: Added alternative drift-chamber tracking code. Improves clustering and fitting for
large-x? tracks (slides). Old algorithm still available, selectable through database parameter.

@ Support for updated FADC250 firmware (details). Thanks to David Hamilton.

» Old firmware: Incorrect pedestal if signal within first 4 samples. Approximately corrected
with a workaround in hcana.

> New firmware: FADC provides actual waveform samples. Waveform then analyzed in hcana.

» Cherenkov readouts now also provide waveform data. Analyze pulses using waveform and

store pulse data in hcana.
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https://hallcweb.jlab.org/DocDB/0011/001143/001/HCANA-DC-update-20July-2021.pdf
https://logbooks.jlab.org/entry/3889989

Hall C Software Updates (cont.) (from Mark Jones)

@ Details on improved FADC250 waveform analysis:

» Each detector’'s Decode () method now supports sample waveform data analysis. Mimics
firmware algorithm.

» Parameters (NSA, NSB, threshold, NSAT) settable per detector. Defaults from FADC250
config. info event.

» Sliding-window search algorithm for peaks. Extracts peak amplitude (ADC(PeakBin)),
integral (between NSB-NSA), and pulse time (TC), or best guesses if none found.

Run 13883

PeakBin

AOC )

Pedestal-subtracted sample waveform.
TCc Each time bin is 4 ns.

o ——=do 1530 Ea) o il o
NSB NSA PMT 1 Sample (ns)

@ New tree variables added to store waveform analysis results.
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SBS Software

Standalone g4sbs simulation package (Geant4-based). Well developed and tested. Typically run
on JLab batch farm.

Reconstruction routines implemented in a Podd library: SBS-offline

>
>
>
>
>

>

GEM track reconstruction for BigBite

BigBite shower/preshower cluster finding & PID
Timing hodoscope analysis

GRINCH Cherenkov PID “w
Hadron calorimeter (HCAL) cluster finding

Decoders for SBS-specific modules (MPD, VETROC) ,,

Calibration & analysis

>
>
>

track momentum, all tracks

track vertex, all tracks

First-order BigBite optics model
Time-of-flight and PID
GEM tracker alignment

%iwu

|
2 » (G0

PID: Currently using Podd’s standard Bayesian likelihood calculation

GEM tracking performance

>
>

Ole Hansen (Jefferson Lab)

Typ. 10-20 Hz analysis rate
> 70% online efficiency with real data

Hall A/C Analysis Software Update
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https://github.com/JeffersonLab/g4sbs
https://github.com/JeffersonLab/SBS-offline

SBS GEM Analysis — Recent Progress (from Andrew Puckett)

Recent Highlights—GEM occupancy reduction with improved baseline calculation/subtraction

Summary Plots(Run #13452) 0: Strip and cluster multiplicities Summary Plots(Run #13452) 1: Strip and cluster multiplicities
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« Significant negative bias of baseline calculation used for online zero suppression during GMN led to much noise being recorded as “signal”—improved
“histogramming method” calculation reduces bias, enables post hoc corrections (developed and tested by Sean Jeffas (UVA)) to the online calculated baseline for
GMN analysis, even for (most) online zero-suppressed events for GMN analysis.

« Preliminary results: 2-5X reduction of effective “raw” occupancy, speeds up tracking, improves efficiency, reduces fake tracks
. | ion of “Histogr ing method” for online baseline calculation could significantly reduce data rate/data volume for future SBS experiments

ftware Update
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Open Software Tasks (most of this from Andrew Puckett)

@ For SBS-GEn-II

» SBS-arm GEM track reconstruction

» HCAL constraint for charged-particle tracking in SBS
» Coincidence timing analysis
> SBS optics model and calibration (NB: no sieve slit)
> Improve/consolidate online detector monitoring (too many plots)
@ For SBS-GEn-RP
> SBS polarimeter tracking and analysis. p polarimetry.
@ For SBS-GEp
> Electron calorimeter (ECAL) and coordinate detector (CD) reconstruction
> Elastic e-p kinematic correlation analysis — may require new kind of “apparatus” class.
(Required detector analysis sequence differs from standard Podd processing order.)
@ Hall C NPS and LAD software (partly done)
@ Multi-threading in Podd (benefits both halls). Better /O and memory profile on farm.

Proof-of-concept available.
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Podd 2.0

@ Event-level parallelization/multithreading

» Especially important for online replay
» Reduced memory footprint compared to multiple individual jobs
> Requires thread safe user code (— only const or protected globals, statics)

@ |/O improvements

Output system upgrade (full set of data types, object variables) — largely complete
HPO-er PODIO output file format support

EVIO 6 input format support (HIPO-like raw data files) — once EVIO 6 stable
Goal: Make output easily usable with Python and Julia tools (e.g. uproot, UnROOT)

v vy VvYyy

ETA: Aiming to have multithreading & output data typing ready for fall SBS run
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https://pypi.org/project/uproot/
https://github.com/tamasgal/UnROOT.jl

Parallel Podd Prototype

https://github.com/hansenjo/parallel

@ Mimics main components of Podd (e.g. decoder, analysis variables, output)

o A few example “detectors” included whose processing is intended to burn CPU cycles
@ Rewritten using oneAP| TBB library (formerly Intel Thread Building Blocks)
@ Three processing modes:

© Unordered — event numbers may not be consecutive in output
@ Ordered — consecutive event numbers guaranteed
© Barriers — events guaranteed to stay between special barrier events (e.g. scalers)

@ For now, serialized output (hard to avoid because of ROOT) — potential bottleneck
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https://github.com/hansenjo/parallel

TBB-based Parallel Podd — Unordered Mode Flow Graph

eventReader

I I
I I
| l
! : EventBuffer*
1 ha
i i
l l
: read_input
} : join process out
I 1
; evio 1 ROOT
, | file
I I
1 ‘17 —
tuple_t Context*
Q
Context* Context*
free ctx
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Podd Parallel Processing Prototype

© Read raw event
(serial)

Ole Hansen (Jeffers

Lab)

eoe

repare input
EventReader eventReader (cfg.nev_max, cfg.input_file);
Configure outp
i compress. outhut > 0 6 cfo.output_file,size() >
& cig.dutputfile.substr {cfg.output iereire0 - 3)
cfg. output_file.append.

OutputWriter outputWriter(cfg.output_file);

up TBB flo

graph node
using tuple_t =

uple<EventBuf ferk, Contextis;
graph

join_node<tuple_t, reserving> j(g);

buffer_node<Contexts> free_ctx(g);

input_node<EventBuffers
read_input(g, [&]( flow_control& fc ) -> EventBuffers
{

autox ev = eventReader();
ev
kPreserveSpecial & ev->is_special()) ) {
P
return nullptr;
return ev;
function_nodestuple_t, Contexts>
process(g, unlimited, [6]( const tuple_t& t ) —> Contexts

*ctxp
160 int status
rr << "Decoding error = " <<

ot evita. Losd(evthtr-oget()) ) {
at

et S etxones s endls
goto sk

for( auto& det: ctx.detectors ) {
det->Clear();
if( det->Decode(ctx.

skip;

kip: //T error s tput skip
eventReader. push(evtPtr) ;
return ctxptr;

PPodd_thh.cxx  79% of 18 (470,1)  (Ce+//U +1 Abbrev)

Ppodd_thh.cxx - emacs@mackinley.redvw.com
eventReader. push(evtPtr) ;
return ctxPt
function_node<Contextk, Context:
out(g, serial, [&]( Contextx ctxPtr ) > Contexts
{
ok ret = outputhiriter(ctxPtr);
return ret;
sequencer_node<Contexts
seq(g, [1( const Contextx ctx ) —> size_t

return ctx->nev - 1
i

read_input.activate();
Build the
mmle_edgel free. :lx, input_port<1>(j));
make_edge( o)
if( ed ) {

make. edg:(vrnc:ss, seq);
nake_edge(seq, out);

e -_edge(process, out
nake_edge(out, free_ctx);

for( autok ctxPtr: contexts ) {
free_ctx.try_put(ctxPtr.get());
}

Starting event

if( mode != kPreserveSpecial ) {

make, edge(rzaﬂ input, input_port<>(j)
g.vait_for_all{

el

queue_node<EventBuffers> evtqueue(g);
make_edge (evtqueue, input_port<e>(j)};
make_edge(read_input, input_port<e>(j));
EventBuffers ev;

do {

input.activate();
g.vait_for_all();

oy = cventReader.get();
if( e

evtqueue try_put(ev);
g.wait_for_all();

bad r

} while( ev );
}
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Podd Parallel Processing Prototype

© Read raw event
(serial)

@ Poarallel processing like
Podd: RawDecode,
Decode, Process

Ole Hansen (Jefferson Lab)

eoe

repare input
EventReader eventReader (cfg.nev_max, cfg.input_file);
Configure outp
i compress. outhut > 0 6 cfo.output_file,size() >
& cig.dutputfile.substr {cfg.output iereire0 - 3)
cfg.output_file.append(".o

OutputWriter outputWriter(cfg.output_file);

up TBB flow graph node
using tuple_t = tuple<ventBuffers, Contextio;

graph
join_node<tuple_t, reserving> j(g);
buffer_node<Contexts> free_ctx(g);

input_node<EventBuffers>
read_input(g, [&]( flow_control& fc ) -> EventBuffers
{

autox ev = eventReader();
ev
kPreserveSpecial & ev->is_special()) ) {
P
return nullptr;

return ev;

function_node<tuple_t, Contexts
process(g, unlimited, [6]( const tuple_t& t ) —> Contexts

ot evita. Losd(evthtr-oget()) ) {

*ctxp
160 int status
rr << "Decoding error = " <<
at

et S etxones s endls
goto sk

for( auto& det: ctx.detectors ) {
det->Clear();
if( det->Decode(ctx.

skip;

kip: //T error s tput skip
eventReader. push(evtPtr) ;
return ctxptr;

PPodd_thh.cxx  79% of 18 (470,1)  (Ce+//L +1 Abbrev)

balf r

{
free_ctx.try_put(ctxPtr.get());
}

} while( ev );
}

ppodd_tibh.cxx - emacs@mackinley.redvw.com

eventReader. push(evtPtr) ;

return ctxPt
function_node<Contextk, Context:

out(g, serial, [&]( Contextx ctxPtr ) > Contexts

{
ok ret = outputhiriter(ctxPtr);
return ret;

sequencer_node<Contexts

seq(g, [1( const Contextx ctx ) —> size_t

return ctx->nev - 1
i

read_input.activate();

Build the
mmle_edgel free. :lx, input_port<1>(j));
make_edge( o)

if( ed ) {

make. edg:(vrnc:ss, seq);
nake_edge(seq, out);

e -_edge(process, out
nake_edge(out, free_ctx);

for( autok ctxPtr: contexts )

Starting event

(“mode != kPreserveSpecial ) {

make, edge(rzaﬂ input, input_port<>(j)
g.vait_for_all{

el
queue_node<EventBuffers> evtqueue(g);
make_edge (evtqueue, input_port<e>(j)};
make_edge(read_input, input_port<e>(j));
EventBuffers ev;
do {
input.activate();
g.vait_for_all();
oy = cventReader.get();
if( e
evtqueue try_put(ev);
g.wait_for_all();
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Podd Parallel Processing Prototype

are input

EventReader eventReader (cfg.nev_max, cfg.input_file);

// Configure out

i compress. outhut > 0 6 cfo.output_file,size() >
Gutput. file. substr (cfa. output fite. 0 2

cfg.output. f1le appenal” 62°);

© Read raw event
(serial)

OutputWriter outputWriter(cfg.output_file);

flow graph node:

using tuple_t = (up\kEven(Bu"er*, Contextio;

@ Poarallel processing like
Podd: RawDecode,
Decode, Process

graph
join_node<tuple_t, reserving> j(g);
buffer_node<Contexts> free_ctx(g);

input_node<EventBuffers>
read_input(g, [&]( flow_control& fc ) -> EventBuffers
{

. autox ev = eventReader();
© Output (serial) e

kPreserveSpecial & ev->is_special()) ) {
P
return nullptr;
return ev;
function_node<tuple_t, Contexts
process(g, unlimited, [6]( const tuple_t& t ) —> Contexts
{

e atatus = e evita. Losd(evthtr-oget()) ) {
cerr << "Decoding error = " <

o eent S ebxones s endls
goto skij

for( autod det: ctx.detectors ) {
det->Clear();
if( det->Decode(ctx.
goto skip;
m det- >Analyza() =0)

skip: //T0D0: add error status to context, let out

ut skip bad results
eventReader. push(evtPtr) ;

return ctxPtr;

PPodd_thh.cxx  79% of 18 (470,1)  (Ce+//U +1 Abbrev)

Ole Hansen (Jefferson Lab)

ppodd_tibh.cxx - emacs@mackinley.redvw.com

eventReader. push(evtPtr) ;
return ctxPt
function_node<Contextk, Context:
out(g, serial, [&]( Contextx ctxPtr ) > Contexts
{

autok ret = outputWriter(ctxPtr);
return ret;
)
sequencer_node<Contexts
seq(g, [1( const Contextx ctx ) —> size_t
return ctx->nev - 1; // Sequence must start at @
i
read_input.activate();
// Build the graph
make_edge(free_ctx, input_port<>(j));
nake_edge(, process);
if( mode red ) {
mak:,edg:(vrnc:ss, seq);
make_edge(seq, out);
} else {

s
make_edge(process, out);
nake_edge(out, free_ctx);

for( autok ctxPtr: contexts )

{
free_ctx.try_put(ctxPtr.get());
}

event oo

= KPreserveSpecial ) {
make_edge(read_input, input_port<d>(j));
g.vait_for_all{

e {

queve_ pode<EventBuferss eviaueue(s);
make_edge(evtqueue, input_port<e>(3));
make_edge( read_input, mput_pnrkﬂ:(]“:
EventBufferx ev;

do {

input.activate();
g.vait_for_all();
oy = cventReader.get();
if( e
evtqueue try_put(ev);
g.wait_for_all();

} while( ev );
}
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Podd Parallel Processing Prototype

© Read raw event
(serial)

@ Poarallel processing like
Podd: RawDecode,
Decode, Process

© Output (serial)
© Optional sequencer

for event ordering

Ole Hansen (Jefferson Lab)

Prepare input
EventReader eventReader (cfg.nev_max, cfg.input_file);
// Configure outp
i compress. outhut > 0 6 cfo.output_file,size() >
Gl Gutput. file. substric g, output file. 0 2
cfg.output_file.append(".g2");
Outputiriter outputWriter(cfg.output_file);
/ flow graph node
Using tuple_t = tuplacventBufferk, Contextio;
graph
join_node<tuple_t, reserving> j(g);
buffer_node<Contexts> free_ctx(g);

input_node<EventBuffers>
read_input(g, [&]( flow_control& fc ) -> EventBuffers
{

autox ev = eventReader();
ev

KPreserveSpecial & ev->is_special()) ) {
P!
return nullptr;

return ev;

function_node<tuple_t, Contextio

process(g, unlimited, [6]( const tuple_t& t ) —> Contexts
{

e atatus = e evita. Losd(evthtr-oget()) ) {
cerr << "Decoding error = " <<

P T ctmes o e
 soto sk

for( autod det: ctx.detectors ) {
det->Clear();
if( det->Decode(ctx.
goto skip;
m det- >Analyza() =0)

skip: //T0D0: add error status to context, let output skip bad results
eventReader. push(evtPtr) ;
return ctxPtr;

PPOGA_tbb. X 79% of 18K (470,1) (Cre//U +1 ABbrev)

ppodd_tibh.cxx - emacs@mackinley.redvw.com

eventReader. push(evtPtr) ;
return ctxPt
function_node<Contextk, Context:
out(g, serial, [&]( Contextx ctxPtr ) > Contexts
{

autox ret = outputWriter(ctxPtr);
return ret;
h;
sequencer_node<Contexti>
seq(g, [1( const Contextx ctx ) —> size_t

return ctx->nev - 1; // Sequence must start at @
o
read_input.activate();
// Build the graph
make_edge(free_ctx, input_port<>(j));
nake_edge(, process);
if( mode red ) {
mak:,edg:(vrnc:ss, seq);
make_edge(seq, out);
} else {
make_edge(process, out);
nake_edge(out, free_ctx);

for( autok ctxPtr: contexts )

{
free_ctx.try_put(ctxPtr.get());
}

event oo

= KPreserveSpecial ) {
make_edge(read_input, input_port<d>(j));
g.vait_for_all{

e {

queve_ pode<EventBuferss eviaueue(s);
make_edge(evtqueue, input_port<e>(3));
make_edge( read_input, mput_pnrkﬂ:(]“:
EventBufferx ev;

do {

input.activate();
g.vait_for_all();

oy = cventReader.get();
if( e

evtqueue try_put(ev);
g.wait_for_all();

} while( ev );
}
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Podd Parallel Processing Prototype

Read raw event
(serial)

Parallel processing like
Podd: RawDecode,
Decode, Process

Output (serial)

Optional sequencer
for event ordering

Build graph according
to mode

Ole Hansen (Jefferson Lab)

ece Ppodd_tib.cxx - emacs@mackinley.redvw.com

[// Prepare in
Euenthesder oventReader(cfo.nev_max, cfo. input_file);

// Configure outpu
if(compress_output » 0 & cfy.output. ze() >

utput_ hle.substr(:ig.nutput itereire0 = 3) 1
ctg.output f1le appendl 02"

Outputiriter outputiiriter(cfg.output_file);

7/ Set_up TBB flow graph not
Using tuplet = tuptectventBuffers, Contexto;

join_node<tuple_t, reserving> j(g);
buffer_node<Contexty> free_ctx(g);

input_node<EventBufferto
read_input(g, [&]( flow control& fc ) -> EventBuffers
{

autox ev = eventReader();
if( tev ||
(mode = kPreservespecial & ev->is_special()) ) {
fe.stop();
return nullptr;

return ev;

function_node<tuple_t, Contexti
process(g, unlinited, [81( const tuple t& t ) > Contexts
{

autox evtPtr = get<d>(t);
autok ctxPtr = get<1>(t);
auto& ctx = Ptr;
$(int status = ctx.evdata.Load(evtptr-sget()) ) {
T << "Decoding error = " << statu
<< " at event " << ctx.nev << endl;
3 goto skip;

forl autes det: ctx.detectors ) {
det->Clea
if( det- >Decudemx.evda:a) =0)

goto
m dets >Ana\yxen 0)

skip: //T0D0: add error status to context, let output skip bad results
eventReader. push(evtPtr);

return ctxPtr;

~ ppodd_tbb.cxx  79% of 18K (470,1)  (Ce+//L +1 Abbrev)

eventReader. push (evtPtr) ;

return ctxPtr;
H;

function_node<Contextk, Contextio-
outln, serial, [1( Tontexts ctPtr ) = Contexte

autox ret = outputWriter(ctxPtr);
return ret;
)

sequencer_node<Contextio
seq(g, [1( const Contextk ctx ) -> size_t

return ctx->nev - 1; // Sequence nust start

read_input.activate(

7/ Build the graph
ke e_ctx, input_port<1>(j));
make_edge(j, process);
if( mode = Kordered ) {
make_edge(process, seq);
make_edge(seq, out);
} else {
make_edge(process, out);

make_edge(out, free_ctx);

for( autok ctxPtr: contexts ) {
free_ctx.try_put(ctxPtr.get());
}

{4 Starting event loo
il n KPreservespecial ) {
edgeread. input,  input_port<ts(j));
g v _for_all();

¥ else {
queue_node<EventBuffers> evtqueue(g):
make_edge(evtqueue, input_port<@>(j));
make_edge( read_input, input_port<d>(j});
EvertBufiers ei;

read_input.activate();
g.wait_for_all();

ev = eventReader.get();
if( ev) {
evlqueue.try;:uﬂev),
g.wait_for_all(

} while( ev );
}
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Podd Parallel Processing Prototype

Read raw event
(serial)

Parallel processing like
Podd: RawDecode,
Decode, Process

Output (serial)

Optional sequencer
for event ordering

Build graph according
to mode

Connect input and
start processing

Ole Hansen (Jefferson Lab)

ppodd_tibh.cxx - emacs@mackinley.redvw.com

LU/ Prepare input
EventReader eventReader(cfg.nev_max, cfg.input_file);

Configure outp
if( compress nutp > 0 & cfg.output_file.size() >
tput.file, suhstr(cfg output_file. 03 = gz )
cfg-output. file appenal”

OutputWriter outputWriter(cfg.output_file);

p TBB flow graph node:
Using tuple_t = tuplecventBufferk, Contextio;

tbb: +flow: :graph g;
join_node<tuple_t, reserving> j(g);
buffer_node<Contextis free_ctx(g);

input_node<EventBuffers>
read_input(g, [&]( flow_control& fc ) —> EventBuffers
{

autox ev = eventReader();
i tev ||
(mode = kPreserveSpecial & ev->is_special()) ) {
fe.stop();
return nullptr;

return ev;
function_nodestuple_t, Contexts
process(g, unlimited, [6]( const tuple_t& t ) —> Contexts
{

$(int status = cix.evdata. Load(evtptr-oget()) ) {
F << "Decoding error = " <<
P T ctmes o e
 soto skie;

forl autok det: ctx.detectors ) {
det—>Cleai
if( det-: >Decode{ctx evdata) 1= 0 )
goto sl
m det- >Analyza() =0)

skip: //T0DO: add error

status to context, let output skip bad res
eventReader. push(evtPtr);

return ctxPtr;

~ ppodd_tbb.cxx 7% of 18k (470,1)  (C+//L +1 Abbrev)

ults

eventReader. push(evtPtr) ;
return ctxPtr;
function_node<Contextk, Context:
out(g, serial, [&]( Contextx ctxPtr ) > Contexts
{

autox ret = ontwmm:rmxpzr»,
return ret,
h;

sequencer_node<Contexti>
seq(g, [1( const Contextx ctx ) —> size_t

return ctx->nev - 1; // Sequence must st

read_input.activate();

7/ Build the graph
nake_edge(free_ctx, input_port<1>(j));
noke_edge(j, process);
if( mode == KOrdered ) {
make_edge(process, seq);
, ake_edgel(sea, out);

else
make_edge(process, out);
nake_edge(out, free_ctx);

for( auto& ctxPtr: contexts ) {
free_ctx. try_put(ctxPtr.get());
b

/ Starting event oo
if( mode != kPreserveSpecial ) {
make_edge(read_input, input_port<d>(j));
Gvalt for ol

queve_node<EventBuferss eviaueue(s);
make_edge (evtqueue, input_port<@>(j));
make_edge( read_input, mput_pnrkﬂ:(]“.
EventBuffers ev;

do {

put.activate();

 eventheader.get();

evtqueue. try_put(ev);
g.wait_for_all();

} while( ev );
}

Hall A/C Collab Meeting, 16 Jun 2022



Podd Parallel Processing Prototype

@ Read raw event
(serial)

@ Parallel processing like
Podd: RawDecode,
Decode, Process
Output (serial)
Optional sequencer
for event ordering
Build graph according
to mode
Connect input and
start processing

Barriers at special
events: process event
in batches

Ole Hansen (Jefferson Lab)

ppodd_tibh.cxx - emacs@mackinley.redvw.com

LU/ Prepare input
EventReader eventReader(cfg.nev_max, cfg.input_file);

Configure outp
if( compress nutp > 0 & cfg.output_file.size() >
tput.file, suhstr(cfg output_file. 03 = gz )
cfg-output. file appenal”

OutputWriter outputWriter(cfg.output_file);

p TBB flow graph node:
Using tuple_t = tuplecventBufferk, Contextio;

tbb: +flow: :graph g;
join_node<tuple_t, reserving> j(g);
buffer_node<Contextis free_ctx(g);

input_node<EventBuffers>
read_input(g, [&]( flow_control& fc ) —> EventBuffers
{

autox ev = eventReader();
if(tev ||
(mode == KkPreserveSpecial & ev->is_special()) ) {
fe.stop();
return nullptr;

return ev;
function_nodestuple_t, Contexts
process(g, unlimited, [6]( const tuple_t& t ) —> Contexts
{

$(int status = cix.evdata. Load(evtptr-oget()) ) {
F << "Decoding error = " <<
P T ctmes o e
 soto skie;

forl autok det: ctx.detectors ) {
det—>Cleai
if( det-: >Decode{ctx evdata) 1= 0 )
goto_ skip:
m det- >Analyza() =0)

skip: //T0DO: add error

status to context, let output skip bad res
eventReader. push(evtPtr);

return ctxPtr;

~ ppodd_tbb.cxx 7% of 18k (470,1)  (C+//L +1 Abbrev)

ults

eventReader. push(evtPtr) ;
return ctxPtr;
function_node<Contextk, Context:
out(g, serial, [&]( Contextx ctxPtr ) > Contexts
{

autox ret = ontwmm:rmxpzr»,
return ret,
h;

sequencer_node<Contexti>
seq(g, [1( const Contextx ctx ) —> size_t

return ctx->nev - 1; // Sequence must st

read_input.activate();

7/ Build the graph
nake_edge(free_ctx, input_port<1>(j));
noke_edge(j, process);
if( mode == KOrdered ) {
make_edge(process, seq);
make_edge(seq, out);
} else {

make_edge(process, out);
nake_edge(out, free_ctx);

for( auto& ctxPtr: contexts ) {
free_ctx. try_put(ctxPtr.get());

/ Starting event oo
if( mode != kPreserveSpecial ) {
make_edge(read_input, input_port<d>(j));
Gvalt for ol

" queue_node<EventBufferi evtqueue(gh;

make_edge (evtqueue, input_port<e>(j)};
nake_edos(read inpit,  nplt_porteds(i});
EventBuffers ev;

do {

put.activate();

 ventReader. get();

evtqueue. try_put(ev);
g.wait_for_all();

} while( ev );
¥
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TBB-based Parallel Podd Performance Scaling Benchmark

Analysis Rate (Hz)

@ Unordered mode. (Other modes are naturally less performant.)

@ Processing rate and real memory usage (resident set size) as function of number of analysis threads.
@ Test system: Intel i7-10700K (8C/16T) @ 3.80 GHz, 32 GB RAM, macOS 11, idle.

@ 16 MB per-thread event buffer size for illustration purposes.

Parallel Podd Prototype Performance Scaling Parallel Podd Prototype Memory Usage
g T
—— Ideal rate : i 3001
—_ 1
2004 Actual rate H
1
2501
192.4% eff|
! —
150 A | a
| = 2004
1 [}
! g
i g
150 +
1004 ! 2 16.97 MB/thread
99.0% eff | E
i = 1001
1
1
501 !
1 504 —s— Multiprocess memory usage (est.)
: —e— Multithreaded memory usage (meas.)
i -—- Fit
T T T + y T T y T 0 T T T T T T T T y
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
Number of analysis threads Number of analysis threads
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Al-Assisted Online Monitoring (Hyd ra) — credits to Thomas Britton

@ EPSCI group has offered support to
deploy the Hall D Hydra system in
Hall A for automated data quality
monitoring.

@ Will tap into online histograms
generated by panguin.

@ Test installation & database set up
(see screenshot).

@ One-time human review (“labeling”)
required.

@ Alex Camsonne has one summer
student working on bringing system
fully up to speed.

@ Will port to Hall C as well.

Ole Hansen (Jefferson Lab)

hydra_hCius_pos_heal

Hall A/C Analysis Software Update
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Scientific Computing Resources — credits to Bryan Hess et al.

Farm /ifarm still on CentOS 7.9. RHEL 8 clones being evaluated.

Farm batch system running new slurm and swif2 job scheduler. See the Farm Users Guide.

Current farm resources

» Disk: Lustre: 4.1 PB, Work: 1.4 PB (recent upgrade).

CPU: 14192 cores / 28384 threads. Total capacity 249 M-core-hours/year

Almost half the capacity is on AMD EPYC 7502 64C/128T systems (speed demons!)
6 nodes with Nvidia TitanRTX GPUs dedicated for ML applications

@ Mass storage system (as of May 2022)

» Throughput ~ 10 GB/s (24 LTO-8 drives, uncompressed, theoretical)
» =2 150 PB capacity (LTO-8, uncompressed), ~ 85 PB used (23.4 raw, 26.7 rawdup).
» Significant capacity headroom (more frames, LTO-9) with current silo, up to ~ 325 PB.

v vy
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https://scicomp.jlab.org/docs/FarmUsersGuide

Summary

@ "“Podd" analysis software continues to be actively maintained and used by current
experiments in Halls A & C.

Significant modernization work (multithreading etc.) ongoing.

@ Various software tasks remaining, especially for later SBS experiments.

The large data volumes from SBS are putting Hall A in the same league as Halls B & D
in terms of resource needs. This requires careful planning for full-scale farm replays.

@ Online monitoring will soon be Al-assisted, which may improve the shift taking experience.
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