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\ Major Run 3 datasets available:
* 2022 pp pass4 (hyperloop)
* 2022 Pb-Pb pilot run (hyperloop)
* 2023 Pb-Pb cpass1t sample (hyperloop)

- * Full apass to start by end of 2023
* Expect availability early 2024

B Commissioning

B Physics run

2022 2023 2024 2025 2026 2027 2028 \2029 2030 2031 2032 PARK 2034 2035

T cpass: a reconstructed set of data meant for calibration and early testing, as opposed to an apass (meant for physics, also called ppass in the past) 3


https://alimonitor.cern.ch/hyperloop/view-dataset/433
https://alimonitor.cern.ch/hyperloop/view-dataset/388
https://alimonitor.cern.ch/hyperloop/view-dataset/603

Day
30th Oct Monday
6th Nov Mon Morning

6th Nov Mon Afternoon

7th Nov Tue Morning
7th Nov Tue Afternoon

8th Nov Wed Morning

8th Nov Wed Afternoon

9th Nov Thu Morning

10th Nov Fri Morning

O2 Analysis tutorial 3.0: what to expect

Introduction: aliBuild, git, O2/O2Physics, good coding practices

Lectures: Introduction, hyperloop
Hands-on: (2) basic analysis, (b) derived data

Lectures: PID, strangeness, event mixing, derived data, ML
Hands-on: (a) simulated data, (b) generating MC

PWG-HF: framework, example D-meson analysis
PWG-UD: ultra-peripheral and diffractive event analysis

PWG-DQ: the DQ analysis framework
PWG-LF: identified particle analysis

PWG-CF: Flow, event mixing and femtoscopy analysis
PWG-JE: Jet analysis within O2

PWG-EM: dileptons and the use of calorimetry
Machine learning: boosted decision trees and neural networks

13/2-005
160/R-009

160/R-009
160/1-009

160/1-009
160/1-009

HF: 40/S2-A01
UD: 40/S2-BO|

DQ: None
LF:40/S2-BOI

CF: 40/S2-A01
JE: None

EM: None
ML: 160/R-009

Don't worry: All sessions will be recorded and made available on zoom in case you miss them

02 Analysis tutorial 3.0 - Introduction
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Support venues: In general and for the tutorial
don't hesitate to ask for help!

Me When | Copy The Exact
Same Code From Tutorial Communicate! (Y Mattermost.

And It Doesn't Work How and where can | communicate about analysis?

O2 analysis: general support

O2 hyperloop operations: running trains
O2 analysis announcements: general news

O2 analysis tutorial: help with this tutorial

~ Legacy communications, grid issues:
' . d @

Q, O2 framework documentation

02 Analysis tutorial 3.0 - Introduction
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https://mattermost.web.cern.ch/alice/channels/o2-analysis
https://mattermost.web.cern.ch/alice/channels/o2-hyperloop-operation
https://mattermost.web.cern.ch/alice/channels/o2-analysis-announcements
https://mattermost.web.cern.ch/alice/channels/o2-analysis-tutorial
mailto:alice-project-analysis-task-force@cern.ch
https://aliceo2group.github.io/analysis-framework/

Going into the rabbit hole:
Introduction to the framework

* A new analysis paradigm: O2/O2Physics
* Data model and bulk operations

* Analysis tasks and workflows

Our documentation: https://aliceo2group.github.io/analysis-framework/



https://aliceo2group.github.io/analysis-framework/

A new analysis paradim

* AliPhysics: object-oriented, arrays of structures-based
— ultimately: restrictive for analysis speed!

-» Major switch to arrow tables https://arrow.apache.org/
— structures of arrays-based, enormous processing speed unlocked!
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A new analysis paradim
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— ultimately: restrictive for analysis speed!
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— structures of arrays-based, enormous processing speed unlocked!

Cross-language development platform for in-memory data

Columnar memory layout — optimized for bulk operations

Native vectorized optimization of analytical data processing

Supports zero-copy reads for lightning-fast data access

Implementation in O2 developed by Giulio et al.

All data is organized into split (but linked) tables
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Root files are still the /O backend of the new framework!
Data is stored in multiple T Trees in TFiles
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Tables are read from columnar trees during the analysis

B3
=)

v
>
2
0=

O
o
2

6)

ALICE


https://arrow.apache.org/

A new analysis paradim
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Cross-language development platform for in-memory data

Columnar memory layout — optimized for bulk operations

Native vectorized optimization of analytical data processing

Supports zero-copy reads for lightning-fast data access

Implementation in O2 developed by Giulio et al.

All data is organized into split (but linked) tables

Root files are still the /O backend of the new framework!
Data is stored in multiple T Trees in TFiles
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— ok, but what are tables, David?

Show me what this means...

Collision table

Row |
Row 2
Row 3
Row 4
Row 5
Row 6
Row 7

w NN NN = —

Row |
Row 2
Row 3

.75
0.38
0.92
2.63
.65
.32
0.21

6.52
|.85
-3.73

0.02
.32

-0.75

0.66

-0.23

0.62
|.43

-0.51

0.32
0.44

-0.01
-0.14

0.09
0.30

6,
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— structures of arrays-based, enormous processing speed unlocked!

Cross-language development platform for in-memory data

Columnar memory layout — optimized for bulk operations

Native vectorized optimization of analytical data processing

Supports zero-copy reads for lightning-fast data access

Implementation in O2 developed by Giulio et al.

All data is organized into split (but linked) tables

Root files are still the /O backend of the new framework!
Data is stored in multiple T Trees in TFiles
02 AODs (AO2Ds) can be inspected with the browser

Tables are read from columnar trees during the analysis

2

— ok, but what are tables, David?

Row |
Row 2
Row 3
Row 4
Row 5
Row 6
Row 7

Show me what this means...

Collision table

4>{ Row | } 652 2 tracks
——»{Row2} 185 4 tracks
——»{Row 3]} 1373 | track

| .75 002 -05I
| 0.38 .32 032
2 092 -075 044
2 263 066 -00I
2 .65 -023 -0.14
2
3

v

'

132 062 009
0.21 .43 030

—

Relationships done via index!

Processed/correlated quickly with arrow
(i.e., phew, we don't have to do that)

* Reversed access hierarchy: e.g. Tracks refer to

Collisions, previously Collisions contained Tracks

@)
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The implementation in practice: from input to output!

Z vix N trk Pr n

void process( aod::Collision const& c, aod::Tracks const& t)

DPL Analysis Framework

ROOT file(s)
DF:

— 0O2collision t

— O2track
— O02muon

Data Processing Layer

! F internal-aod-reader | ’ o2-analysistutorial-histograms ||

Transport layer (FairMQ)

arrow::Table‘ \arrow::Table‘
Shared memory backend

Operation based on collections of tasks that
exchange, re-utilise and produce tables in shared
memory

Def.: workflows are a collection of tasks that
operate to get you your results!

* Service tasks: event selection, PID, ...
* Analysis tasks: spectra, 2-particle correlation, ...

Data streaming on demand allows for optimised
execution!

* The upside: analysis tasks still exist as such, and still follow a standard recipel
* The usual “event loop™ approach is possible! But there are better, faster ways. ..

* Declarative tools are provided so that explicit (imperative) loops are not required
* This is much better! Please use this whenever possible — more in the hands-on sessions
* Further tools are continuously being developed on-demand — better flexibility, performance, and morel %

ALICE



Data processing basics Row 7

Row |
The data model: processing and organization s
Row 4
Row 5

Row 6

w NN = —

Dataframe: a self-contained unit of processing (following Run3 requirements)
Tasks process one Dataframe at once and send out their outputs per-Dataframe
Data is immutable, Tasks can only create new Tables or histograms, but not modify existing ones

Flattened data structures allow to leverage memory streaming

Data structure organization

Arrays (referred to as Columns) are organized in Tables

Each Table row corresponds to a physical entity:a Collision, a Track etc.

Tables may relate to other Tables through Index Columns by referring to concrete row numbers
Tables that correspond row-to-row and have a same number of rows can be Joined

[ables that correspond row-to-row but have a different number of rows can be tied through an Index Table

|.75
0.38
0.92
2.63
|.65
1.32
0.21

0.02
1.32

-0.75

0.66

-0.23

0.62
.43

-0.51
0.32
0.44
-0.01
-0.14
0.09
0.30
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Column types in our framework

X a f(X,Z,m) Index Z=Xsina
1 2
2 3
Static Dynamic Index Expression
Arrow: :Array lambda function Arrow: :Array Arrow: :Array
(type, type[N], | notstoredinmemory | (int, int[2], | createdin memory
vector<type>) calculated ondemand | vector<int>) with Gandiva

Static column: straightforward, stored in memory, use .getter () method to get content

» Basic data container; can be used in Expression column definitions
Dynamic column: accessed with .getter (args), can have (optional) arguments

 (C++ lambda function: fully general method, cannot be used in Expression column definitions
Index column: used to refer to other tables

* numerical index accessible via .getterIds () (slice) or .getterIds () (array)

* actual de-reference accessed via .getter ()

* can be typecast into a derived type (join, etc) via .getter as<SomeType> ()
Expression column: any derived quantity directly calculable from static column content

e Behaves just like static columns once created!

ALICE


https://en.wikipedia.org/wiki/Anonymous_function

Declaring columns and tables

| Columns

Regular DECLARE_SOA_COLUMN(Name, getter, type);

Index Simple DECLARE_SOA_INDEX_COLUMN(Origin, getter);
Slice DECLARE_SOA_SLICE_INDEX_COLUMN(Origin, getter);

Array DECLARE_SOA_ARRAY_INDEX_COLUMN(Origin, getter);
Self self-versions of all three

Dynamic DECLARE_SOA_DYNAMIC_COLUMN (Name, getter, Lambda);

Expression DECLARE_SOA_EXPRESSION_COLUMN(Name, getter, type, expression); |
| Tables
Regular DECLARE_SOA_TABLE(Name, Origin, Descr, Columnl, Column2, ...);
Extended DECLARE_SOA_EXTENDED_TABLE (Name, Base, Descr, ExprColl, ExprCol2, ...);

Index DECLARE_SOA_INDEX_TABLE(Name, Key, Descr, IndexColl, IndexCol2, ..); |

* Columns: are the actual ‘variables’ of relevance
* T[ables: collections of columns
* The syntax will become clearer in the hands-on sessions, where we will provide example use cases! %)

@ O2 Analysis tutorial 3.0 - Introduction 15 ALICE




Looping over a table: using iterators

* Every table has an automatically defined iterator: soa: : Table: :iterator

* An iterator is used to access table content:

for (auto const& track : tracks) {

histogram.fill (track.pt()):

* An iterator can be used to access individual columns by calling corresponding getters
— roughly equivalent to an object in the old framework - collision, track, etc.
— The iterator can be incremented and decremented,
— The iterator can be moved to a certain row
— The iterator can be copied and compared to other iterators (via !=)

 Tables that contain a soa: : Index<> column have access to enumerating methods:
— .1index (), .globallndex(), .filteredIndex()

@ @)
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Looping over a table: using iterators

* Every table has an automatically defined iterator: soa: : Table: :iterator

e An iterator is used to access table content: U
o

IMPORTANT

for (auto track : tracks) {

, , 7 const: helps with compiler optimizations
histogram.fill(track.pt()); * & use the iterator by reference — faster!

* An iterator can be used to access individual columns by calling corresponding getters
— roughly equivalent to an object in the old framework - collision, track, etc.
— The iterator can be incremented and decremented,
— The iterator can be moved to a certain row
— The iterator can be copied and compared to other iterators (via !=)

 Tables that contain a soa: : Index<> column have access to enumerating methods:
— .1index (), .globallndex(), .filteredIndex()

@ @)

ALICE




BulK operations: what are those?

From commerce/trading:

* "“Bulk operations are actions that are performed on a large scale.”

... That's actually not that far from what we mean herel

* Bulk operations on flat tables can leverage modern CPU vectorization (SIMD: single instruction, multiple data)
* Significantly increased processing speed!

— dedicated tools available in O2/O2Physics for such operations using arrow tables

* Expression columns: their calculation proceeds in bulk, faster than other methods

* Filtering: tables can be filtered, producing smaller tables that obey certain criteria

— Only the filtered subset of the table is available when processing data

* Partitioning: tables can be split (‘partitioned’) into different parts, each part obeying certain criteria

— All parts are available when processing data

O2 Analysis tutorial 3.0 - Introduction 18 ALICE



Getting starting with bulk operations: defining expressions

DECLARE SOA EXPRESSION COLUMN (Pt, pt, float, nabs(l.f / aod::fwdtrack::signedlPt));

Filter £ = nabs(aod::track::eta) < etaCut && aod::track::pt > ptCut;

ERNE =it e NCICCRI - rack : : Tlags & OnciEalies =SS5

EEhawlitoniniceaimbie = a0ds : t ra clesr sargin NN NG, -

Almost arbitrary C++ expressions with columns as operands (arithmetic and bitwise operations)
* More examples in the hands-on session!

Can be used to define filters and partitions, expression columns

Several math functions can be used (absolute value, trigonometric, square/cubic root, log/exp etc.)

Conditional expressions are available: ifnode(condition, true_exp, false_exp)

These are recipes, actual computation only happens when needed
*  Where and how do these matter! — they get used inside analysis tasks

ALICE
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Filtering and partitioning tables: the differences

| Filters

‘ Filter f1 = nabs(aod::track::eta) < 1.f;
Filter f2 = nabs(aod::track::dcaz) < 1.f;
void processA(Filtered<Tracks>

const& tracks)

void processB(
Filtered<Join<Tracks,TracksDCA>>
const& tracks)

¢ Filters are combined together and
automatically applied to compatible
tables

¢ One cannot simultaneously access
full table and filtered part

d Filtered<> tables will interact with

| Partitions

' Partition<Filtered<Join<Tracks,TracksDCA>>>
p = nabs(aod::track::dcaz) < 1.f;

void pr (Tracks const& allTracks) {
for (auto const& track : allTracks) {}

for (auto const& trackInCut : p) {}

¢ Partitions are independent®
¢ They will not interact with grouping

¢ Onecan access the full table inde-
pendently of a Partition

grouping

“They can interact with Filters if defined over a
Filtered<> type

More in the hands-on sessions!

02 Analysis tutorial 3.0 - Intro 20
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Writing an analysis task

using namespace 0Z2;
using namespace o0Z2::framework;

struct ATask {
HistogramRegistry histos/{ {}1}s

init() {}; //< initialize: configure, create specifics
process (inform framework on what data you want to run)  {
//process data: this i1s where the magic happens
I
I
WorkflowSpec defineDataProcessing (ConfigContext consté& cfgc) {

return WorkflowSpec{adaptAnalysisTask<ATask>(cfgc) };
}

This looks similar to what we had before! UserCreateOutputObjects and UserExec
...not so fast: the process call has a very specific way of operating,
* The framework needs to be told which data you need! (minimalistic = better)

* Thisis what is called “subscription” %

ALICE




Looping over all tracks

struct ATask {
HistogramRegistry histos{ {}}s

init () {
histos.add (”hPhi"™, " hpPhi ", kTH1F, {{100, 0., 2. * M PI}}});
I
process (aod: :Tracks const& tracks) {
for (auto track : tracks) {
histos.fill (HIST ("hPhi"), track.phi());

[
[

* Thisis a simple example in which we loop over all tracks!
* However, note that the tracks will not be divided in tracks belonging to separate events.
e This loops over all tracks, literally!

ALICE



Looping over all tracks, retaining knowledge of events

struct ATask {
HistogramRegistry histos/{ {}}s

init () |
histos.add (”hPhi", " hPhi ", kTH1F, {{100, 0., 2. * M PI}}});
histos.add (”hEvCount", "hEvCount", kTH1F, {{1, O., 1.}}1});

I

process (o02::aod::Collision const& collision, oZ2::aod::Tracks &tracks) {
histos.fill (HIST (" hEvCount"), 0.5);
for (auto track : tracks) {

histos.fill (HIST ("hPhi"), track.phi());

}

I

I

* Here, by specifying the iterator to collisions (“collision”) first, before tracks, we are telling the
framework that we'd like to get the process function called for every event
* The tracks available at each call will only belong to the correct event - automatically

@ &)
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Defining axes In a cleaner way: the AxisSpec

struct ATask {
HistogramRegistry histos/{ {}}s

init () |
AxisSpec phiAxis = {100, 0., 2. * M PI};
histos.add ("hEvCount", " hEvCount", {HistType::kTH1F, {{1, 0.0f, 1.0f}}});
histos.add ("phi", " phi", {HistType::kTH1F, {phiAxis}});
I
process (o02::aod::Collision const& collision, oZ2::aod::Tracks &tracks) {
registry.fill (HIST ("hCandidateCounter"), 0.5);
for (auto track : tracks) {
registry.fi11 (HIST ("phi"), track.phi()):

[
[

* Axis definitions: can also be done in a simple way using AxisSpec objects
e But what If | wanted to configure the output somehow?! Number of bins, for instance!?

@ @)
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Configurables: configuring your task as you like

struct ATask {

(sm)

Configurable<int> nBinsPhi{”nBinsPhi", 100, ”“N bins in phi histo”)

HistogramRegistry registry/{

{},
b g

init () {
AxisSpec ptAxis = {200, 0.0f, 10.0f, "it{p} (T} (GeV/c)"};

registry.add ("hEvCount™, " hEvCount", {HistType::kTH1F, {{1, 0.0f, 1.0f}}});
registry.add("phi", " phi", {HistType::kTH1F, [{{nBinsPhi, 0., 2. * M PI}}});

i
process (02::aod::Collision const& collision, oZ2::aod::Tracks &tracks) {
registry.fill (HIST ("hCandidateCounter"), 0.5);
for (auto track : tracks) {
registry.fill (HIST ("phi"), track.phi());

* Any task can have configurables (type:int, float, bool or std:string) to define behaviour
* This example: we will be able to define the number of bins of the phi histogram

ALICE



Configuring to your liking: a full menu

Simple Configurable<type> var{'"name", defaultValue, "description"};
integers , float , double , bool and string

1D Array Configurable<std: :vector<type>> var{''name", defaultValue, "description'"};
int32 , float , double agnd string

2D Array Configurable<Array2D<type>> var{'"name", defaultValue, "description"};
int32 , float and double

Labeled Array Configurable<LabeledArray<type>> var{'name", defaultValue, "description"};
special 2D Array with string labels for rows and columns

Custom struct Configurable<Custom> var{"name'", defaultValue, '"description"};
any struct with ROOT dictionary defined (with corresponding LinkDef file)

Axis ConfigurableAxis var{'"name", binning, "description'"};
histogram axis specification

O2 Analysis tutorial 3.0 - Introduction 26
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Fiitering tables for interesting information only

struct ATask {
Filter<Tracks> ptFilter = track::pt > 1;

Configurable<int> nBinsPhi{”nBinsPhi", 100, ”“N bins in phi histo”)
HistogramRegistry registry/{
{},
i
init () |
AxisSpec ptAxis = {200, 0.0f, 10.0f, "it{p} (T} (GeV/c)"};
registry.add ("hEvCount", " hEvCount", {HistType::kTH1F, {{1, 0.0f, 1. F 1)
registry.add("phi", " phi", {HistType::kTH1F, {{nBinsPhi, 0., 2. * M PI}}})
i
process (02::aod::Collision const& collision, soa::Filtered<oZ::aod::Tracks> &tracks) {
registry.fill (HIST ("hCandidateCounter"), 0.5);
for (auto track : tracks) {
registry.fill (HIST ("phi"), track.phi());

* A certain task can operate solely on a filtered sample of the full table if desired!

* Forinstance: only high-pr tracks in this case (filtering happens automatically with a single line added!)
This is superior to doing an imperative filter (if) because it uses a (declarative) database query: faster!

@)
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Partitioning information: getting different samples

struct ATask {

SliceCache cache;
Partition<Tracks> leftTracks = track::eta < 0;
Partition<Tracks> rightTracks = track::eta >= 0;

Configurable<int> nBinsPhi{”nBinsPhi", 100, ”“N bins in phi histo”)
HistogramRegistry registry{ {}}s

init ()

AxisSpec ptAxis = {200, 0.0f, 10.0f, "it{p} {T} (GeV/c)"};
registry.add ("hEvCount"™, " hEvCount", {HistType::kTH1F, {{1, 0.0f, 1.0f}}});
registry.add("phi", " phi", {HistType::kTH1F, {{nBinsPhi, 0., 2. * M PI}}});

I g

process (02::aod::Collision const& collision, oZ2::aod::Tracks &tracks) {
registry.fill (HIST ("hCandidateCounter"), 0.5);

auto 1tThisColl = leftTracks->sliceByCached(aod::track::collisionId, collision.globalIndex(),
auto rtThisColl = rightTracks->sliceByCached(aod::track::collisionlId, collision.globalIndex(),

C

ache) ;
cache) ;

for

}

(auto track : 1tThisColl) {
registry.fill (HIST ("phi"), track.phi());

//do something else with rightTracks, etc etc..

* If you don't want to just filter; but select separate parts of the table: use partitioning
* For instance: tracks with negative and positive eta can be grouped!

@ - » Again, this is superior to doing an imperative filter (if) because it uses a (declarative) database query: faster!

WARNING: partitions are NOT grouped according to an iterator in the data subscription!
You need to do it manually: see example above + hands-on session

28
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Filtering and partitioning, all at once

struct ATask {

SliceCache cache;

Filter<Tracks> ptFilter = track::pt > 1;

Partition<Tracks> leftTracks = track::eta < 0;

Partition<Tracks> rightTracks = track::eta >= 0;

Configurable<int> nBinsPhi{”nBinsPhi", 100, ”“N bins in phi histo”)

HistogramRegistry registry({ {}}s

init () |
AxisSpec ptAxis = {200, 0.0f, 10.0f, "it{p} {T} (GeV/c)"};
registry.add ("hEvCount"™, " hEvCount", {HistType::kTH1F, {{1, 0.0f, 1.0f}}});
registry.add("phi", " phi", {HistType::kTH1F, {{nBinsPhi, 0., 2. * M PI}}});

Y

process (02::aod::Collision const& collision, soa::Filtered<o2::aod::Tracks> &tracks) {
registry.fill (HIST ("hCandidateCounter"), 0.5);

auto 1tThisColl = leftTracks->sliceByCached (aod::track::collisionId, collision.globallIndex (), cache);
auto rtThisColl = rightTracks->sliceByCached (aod::track::collisionlId, collision.globalIndex (), cache);

for (auto track : 1tThisColl) {
registry.fill (HIST ("phi"), track.phi());

}
//do something else with rightTracks, etc etc..

* If you filter and partition, then the partitions are auto-defined with logical ANDs with the filter
* In colloquial language: it's as if you apply the filter first and then divide the remaining data into parts
@ . » Again, this is superior to doing an imperative filter (if) because it uses a (declarative) database query: faster!

_ @
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Subscribing to more complicated objects: joining tables

struct ATask {
Configurable<int> nBinsPhi{”nBinsPhi", 100, ”“N bins in phi histo”)
HistogramRegistry registry/{
{},
I
init () |
AxisSpec ptAxis = {200, 0.0f, 10.0f, "it{p} (T} (GeV/c)"};
registry.add ("hEvCount™, " hEvCount", {HistType::kTH1F, {{1, 0.0f, 1.0f}}});
registry.add("phi", " phi", {HistType::kTH1F, {{nBinsPhi, 0., 2. * M PI}}});
registry.add(”length", " length", {HistType::kTH1F, {{100., 0., 250.}1}});
I

process (o02::aod::Collision consté& collision, soa::Join<koZ::aod::Tracks, o02::aod::TracksExtras>
myTracks) {

registry.fill (HIST ("hCandidateCounter"), 0.5);

for (auto track : myTracks) {
registry.fill (HIST ("phi"), track.phi()); //property in Tracks
registry.fill (HIST ("length"), track.length()); //property in TrackExtras

consté&

» Tables of equal size can be joined and processed as one
* This is super common! For instance, any extra stuff like PID info, track info, etc will be in other tables

@ * See the table reference guide for more info %
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https://aliceo2group.github.io/analysis-framework/docs/datamodel/

In a nutshell: the general analysis task structure

Data Model
I 2 = . 3
—— 1 L =ollisions struct yourAwesome Task Basic task definition
produces<something> name; Declares tables that may be created by this task
|
Partition declarations Declares partitions: new tables based on selection criteria
|
| Filter declarations Declares filters: selection criteria
Output object declarations Declares output objects: Histograms or HistogramRegistry
Configurable declarations Declares configurables: values that can be set by user
Examples:
* |oop over in each event init() Set up before processing data
* loop over in each event . |
P : ————P» process(eoe® )  Subscribe (connect to input) and process data
» Correlate with
— do physics! defineDataProcessing() Information for task -> DPL processor conversion
oo = tells the framework which tables the user is interested in and which to merge / relate to one another

Processing order:
* init() called first, then process functions called in sequence in the order their switches are declared

* Atinit() time, configurables are already set to their requested value
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Indexed to BC

Typically* particles

Indexed to collision

Our data model: a quick overview

Real data \< \ —
f il ! time
I 1
General tables :: BCs g Run2BClnfos N V.’
|

PR [ —

Typicallyf collisions

time frames o -
i__________________________________________ ___________________________________ Bunch crossing |
_ B . v
Collision properties HI Collisions Timestamps EvSels Mults .
e ——— e —— ——— ———— ,’ \
I [l | :
T Triggered detectors H Calos CaloTriggers FTOs FVOAs FDDs Zdcs : : : :
o = = = = — | ; T
: ': & , & : Y , : | | . time
Ambiguous tracks :| “ AmbiguousTracks ~, AmbiguousMFTracks = AmbiguousFwdTracks |: : :
- l:_ _______________________________________________________ _IH % o
= S H o
I | collision | collision2 collision 3
- \[PC : : Tracks TracksCov TracksExtra TracksDCA  TrackSelection  [pid tables] :
Single | |: : :
t ‘ I | . \\
e Muon H MFT Tracks FwdTracksCov Fwd racks :I { I
[ (MCH) (! : \ :
= | I : —
Strange :: “\V0s |* Cascades TrackedVOs | “ TrackedCascades = VODatas | CascDatas (...) H : X J\ . time
I - :
Composite e ™ ! | ' L
objects ] HE Hf2Prongs HFCandProng2Base Hf3Prongs HFCandProng3Base | (...) [ . '
L H : : track | track 4 track ||
Jets I JetTrackConstituents Jets | LEE UEE <0 URES 2
L I H track 3 track 6 track 13
oo oo m e m oo oo _______________§ track 7
track 8
------------------------------- track 9

track 10

Tsimplified: some extended tables were ommitted for brevity. Tracks are stored at the innermost update (TrackslU). o Table containing only indices

(meant to link multiple tables)
ftypically — not always, e.g. ambiguous tracks belong to BCs because they're not assigned to specific collisions.

ﬁ Tables saved to disk

(or potentially saved to disk)
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Our data model: a quick overview

Real data . .
r—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—I_ __________________________________ MC/simulation
General tables [ 5 BCs 5 Run2BCInfos 1 TTTTT T 1
time frames I | . :
i__________________________________________ ___________________________________ ; McCollisions |
U A =< T T TR TS E |
o i ™= PRI RSN | RS S RSt iei g McCollsionLabels |
+ 3 l |
oY% 4T l - |
q>_<) % Triggered detectors H  Calos  , CaloTriggers g F10s | g FVOAs || g FDDs 5 Zdcs McParticles :
S |
% S Ambiguous tracks II °i‘: Ambiguous Tracks %AmbiguousMFTracks °i‘: AmbiguousFwd Tracks :
cr & H_:_______________ _______________ — McCaloLabels :
________________________________________________________ I
= :TT ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' TSNS SILLSLESELESLLSELEEEEY |
- TPC H i . Tracks TracksCov TracksExtra TracksDCA  TrackSelection  [pid tables] McTrackLabels I:
= Single e e e B e s |
.= = ] itk .
;ﬁ 8 TR Muon H: MFT Tracks FwdTracksCov i FwdTracks o jomable! McMFT TracklLabels :
8 § |: - ! (MCH) (this is how you dereference MC! :
Q& [ 1 ;to Y CEE BYT ——,
% trange H Cascades TrackedVOs TrackedCascades = VODatas = CascDatas @ (...)
BN
Qg Composite H - 2
o objects | HE @ Hf2Prongs HFCandProng2Base Hf3Prongs HFCandProng3Base | (...)
O |
>4 I
Jets : : JetTrackConstituents Jets
[l

& Table containing only indices

Tsimplified: some extended tables were ommitted for brevity. Tracks are stored at the innermost update (TrackslU). (IR, Wiy A

@ ftypically — not always, e.g. ambiguous tracks belong to BCs because they're not assigned to specific collisions. i

ﬁ Tables saved to disk

(or potentially saved to disk)
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Indexed to BC

Indexed to collision
Typically* particles

6)

Our data model: a quick overview

Real data . .
r—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—I_ __________________________________ MC/simulation
General tables [ 5 BCs 5 Run2BCInfos 1 TTTTT T
time frames I |
i__________________________________________ ___________________________________ McCollisions
|| e e e e e e e e S —m s —————e 1
2 [colisi ies |1 Collisi Timest EvSels  Mults  CentRun2VOMs |
B T PP e e McCollsionabels
ER | I .
% Triggered detectors i:  Calos  , CaloTriggers g F10s | g FVOAs || g FDDs 5 Zdcs McParticles
E Ambiguous tracks II f‘; Ambiguous Tracks f‘;AmbiguousMFTracks f‘; AmbiguousFwd Tracks
- H_ _______________________________________________________ McCaloLabels
= rrI:_____:___i_____:_____:___i_____:_____:___i_____:_____:___i_____:_____:___i_____:_____:___i_____:_____:___i_____I.| ________________________
- TPC E Tracks TracksCov TracksExtra TracksDCA  TrackSelection  [pid tables] McTrackLabels
Single | ——————————— R N J
7 .
AR Muon 11, MFTTracks FwdTracksCov i Fwd Iracks J oinable! McMFT TrackLabels
- ! MCH) (this is how you dereference MC!

Composite

objects N

* Hf2Prongs HFCandProng2Base * Hf3Prongs

Jets

—

[
Il
[
Il
Il
[l
Il
Il
[
|
Strange : : “\/0s % Cascades | “° TrackedVOs | “°TrackedCascades
|
Il
[
Il
I
[
Il
[
[

VODatas = CascDatas = (...)

HFCandProng3Base

Dereferencing MC: an example is here!

auto 1IMCTrack = l1Track.mcParticle as<aod::McParticles>();
//then it’s easy to get e.g. the pdg code!

7| Int_t 1PDG = 1MCTrack.pdgCode () ;

update (TrackslU).
rific collisions.

()

& Table containing only indices

(meant to link multiple tables)

ﬁ Tables saved to disk
(or potentially saved to disk)
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https://github.com/AliceO2Group/O2Physics/blob/6d44cfaeb751e5970cebaeca31f08e42641a7635/PWGLF/TableProducer/lambdakzerobuilder.cxx

Indexed to BC

Indexed to collision
Typically* particles

6)

General tables

time frames

Single |
tracks

Composite
objects 7

—

_g Collision properties
e

«+ 7] Triggered detectors
=

8

= Ambiguous tracks

ATPC

Muon

-

Strange

HF

Jets

Our data model: a quick overview

Real data

McCollisions

=1

McCollisionLabels

|

:  Calos  , CaloTriggers g F10s | g FVOAs || g FDDs 5 Zdcs McParticles

|

I f‘; Ambiguous Tracks f’;AmbiguousMFTracks : AmbiguousFwd Tracks
————————————————————— — McCaloLabels
:'IrI:_____:___i_____:_____:___i_____:_____:___i_____:_____:___i_____:_____:___i_____:_____:___i_____:_____:___i_____ﬁ ________________________
H i Tracks TracksCov TracksExtra TracksDCA  TrackSelection  [pid tables] McTrackLabels

I: : __________________________________________________________________________________________________ [
T : |

H | . MFTTracks FwdTracksCov | FwdTracks o jomable. McMFT TracklLabels
i ! (MCH) (this is how you dereference MC!

I: __________________________________
:: % \0s | Cascades < TrackedVOs | ““TrackedCascades = VODatas = CascDatas (..)

|

Il

H * Hf2Prongs HFCandProng2Base * Hf3Prongs HFCandProng3Base = (...)

Il

Il

: : JetTrackConstituents Jets

Il

———aa i 2 1 e

7| Int t 1PDG =

Dereferencing MC: an example is here!

auto 1IMCTrack = l1Track.mcParticle as<aod::McParticles>();
//then it’s easy to get e.g. the pdg code!
1IMCTrack.pdgCode () ;

r—

This begs the question:

What if | want to create a table with track properties of my own?
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https://github.com/AliceO2Group/O2Physics/blob/6d44cfaeb751e5970cebaeca31f08e42641a7635/PWGLF/TableProducer/lambdakzerobuilder.cxx

Creating your own tables

or: the moment when things get really interesting

my Table.h

namespace o02::aod {

namespace myTable {

DECLARE SOA COLUMN (MyValue, myValue, float, "myValue");
} //end myTable namespace

DECLARE SOA TABLE (MyTable, "AOD", “MYTABLE", myTable::MyValue);
}

struct ATask {
|Produces<aod::MyTable> thisTableHere;
(...)
process (02::aod::Collision consté& collision, soa::Join<Tracks, TracksExtras> const& myTracks) {

registry.fill (HIST ("hCandidateCounter"), 0.5);
for (auto track : myTracks) {

registry.fi1ll (HIST ("phi"), track.phi()); //property in Tracks

registry.fill (HIST ("length"), track.length()); //property in TrackExtras
|thisTableHere( track.phi() + M PI );

//this fills our new table! (very simple example..)

This operation is flexible! We can then use the extra table for

filtering (ultra fast), manipulating, etc and be very modular!
In this case, this new table can be joined with tracks (same size)
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Creating tables of different types

Produces<DerivedTable> cursor;

* Derived tables are directly filled, row by row, by calling the cursor, created by Produces<> template. Table is only
created after the filling task finishes.

Spawns<ExtendedTable> handle;

» User-defined extended tables need to be requested by adding Spawns<> template to the task. The table is created
before the task is run and is accessible through the handle variable that acts as a pointer.

Builds<IndexTable> handle;

* User-defined Index tables need to be requested by adding Builds<> template to the task.The table is created before
the task is run and is accessible through the handle variable that acts as a pointer

ALICE



Derived table handling

Writing tables to disk
Any table that is accessible by its type can be written to disk at the end of processing by using:

— ——aod-writer-keep command line option (See docs for more options)

This is mainly useful for storing skims and ML training data
Tables are stored as ROOT trees

Using tables in processing

* Any table that is accessible by its type and has been created by means of Produces<> , Spawns<> or Builds<>
can be subscribed by other tasks in the workflow

* |t behaves exactly as the tables that were read from AOD file and can be subjected to the same operations

* A typical usage Is joining the data tables with those produced by helper tasks (e.g. track DCA, PID, track and event
selection)
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In-place table handling: all inside your analysis task!

| Attaching dynamic columns on-the-fly

Inside a process function it is possible to add extra dynamic columns to an exist-
ing table object

auto newTable = soa::Attach<0ldType, DC1l<>, DC2<>, ...>(oldTable);
This is confined to a process function

The dynamic columns need to be properly defined and bound to data columns in
the table

| Attaching expression columns on-the-fly

Inside a process function it is possible to add extra expression columns to an ex-
Isting table object

auto newTable = soa::Extend<OldType, EC1l, EC2, ...>(oldTable);

This is confined to a process function

The expression columns need to be properly defined

The new columns are created in memory and can be used to apply filters or cre-

ate partitions |
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In-place bulk operations: don't do i f inside for loops If possible

| In-place filters and partitions
¢ Existing table objects can be filtered in-place inside a process function

§q auto filteredTable = soa::select(oldTable, aod::track::pt > 1.f);

d Partition<0ldType> part = aod::track::pt > 1.f;
part.bindTable(oldTable);
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Using multiple process functions

struct ATask {

b g

(...)

processOne (02::ao0d::Collision const& collision, soa::Join<Tracks, TracksExtras> const& myTracks) {
// do something

}:

PROCESS SWITCH (ATask, processOne, “Do processing one", true);

processTwo (02::ao0d::Collision const& collision, soa::Join<Tracks, TracksExtras> const& myTracks) {
// do something else

I
PROCESS SWITCH (ATask, processTwo, “Do processing one", false);

Process switches
— Boolean configurable with a special purpose: enabling/disabling process functions

Can only be set via JSON or on Hyperloop

Since the task’s inputs are determined by the process functions signatures, these switched can be used to control what
inputs are required by the task (e.g. generator level information for MC input)

Note that currently these switches are independent between the tasks and need to be consistently changed for each
task in a workflow

Note that currently all tasks need to know about the configuration of all other tasks in a workflow, the full
configuration needs to be supplied to each entry %
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Running analysis in practice and assembling a workflow

Helper tasks
* Various helper tasks, like event and track selection, PID, etc., define corresponding tables
* These can be easily accessed in your task by including corresponding headers

» PWGs maintain their own data model extensions also defined in headers

To use the outputs of the helpers tasks, add them to the workflow

This i1s done by adding the task’s binary to the command with | (called “pipe”™)

Several tasks can be piped together (note that full configuration needs to be provided to all entries)

o2-analysis-a --configuration=json://file.json |\
o2—-analysis-b --configuration=json://file.json |\
o2-analysis-c --configuration=json://file.json --other-option

Definitely more in the hands-on! %
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The O2Physics hints & tips shortlist A\
" |

General tips: /—/mEaMdﬁP“

* Use derived data (standalone tables) — responsible resource consumption

Use declarative programming whenever possible — faster processing J

Produce minimal data when populating tables — enable large-scale trains

Use modularity to ensure no unnecessary processing happens — enable large-scale trains
Add comments to code: as much as needed, as little as possible — we're building code together

Private execution tips: .'%

* Cache the CCDB for faster testing, especially with unstable / high-latency connections -
—export IGNORE VALIDITYCHECK OF CCDB LOCALCACHE=1
—export ALICEO2 CCDB LOCALCACHE=/home/daviddc/ccdb See Raluca’s talkl

—But: beware ignoring any CCDB updates as a consequence
* Use pipelining whenever processing heavy tasks for fast multi-core processing
—See example this afternoon (instant gratification: ——pipeline=<device-name>:N to run with N cpus)

+ watch out for more useful information in the other lectures and hands-on sessions!
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Summary

The Analysis Framework already contains a wide set of basic tools
A number of declarative features are already implemented
“Traditional” object-like interface is provided to iterate over tables
‘ Work is ongoing to simplify syntax and extend functionality
Large effort by PWGs to create dedicated frameworks
Please use the official documentation [ 1]
—it has a lot of information already!

—and if it missing a piece, we need the feedback

[ ] https:/aliceo2group.github.io/analysis-framework/

Thank you!
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