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What is RNTuple?

ROOT's new columnar data format
o successor of TTree

Smaller file sizes, faster reading/writing, binary format
specification
Primary event data storage for HL-LHC

Will be further developed and used for many years
o reliability is crucial
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Validation Suite

Ensure forward and backward compatibility

Tests cover all relevant features of RNTuple binary
format

o categories: types, structure, projections, compression
Validate reader and writer implementations
Write content in .root file — read data into .json file
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9 Project Overview

e Automation of Validation Suite
o write and read files with different versions
o extend Cl

e Cross-Validation of different versions
e HTML visualization
e |SROOT
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Automating the Validation Suite

e Different ROOT Versions? — CVMFS — LCG Releases

o LCG Releases: software bundles, different ROOT versions
o CVMFS: CERN's distributed, read-only filesystem

Cross-Validation:

e For each version:
o create .root binary files
o read .root files from each used version

e (Cross-compare created .json files
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HTML Visualization (same features)

Validation-Suite

Click on a cell to see results of comparison (row = write-version, column = read-version).

RNTuple-ROOT-v1.0.0
.36.00

.38.00

.40.00

D)

<7
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HTML Visualization (same features)

Write version: 6.36.00 -- Read version: 6.38.00

Compared with: read/6.36.00/6.36.00

Status: equal

. . Compared with: read/6.36.00/6.40.00
Validati ’

Status: equal

Click on a Compared with: read/6.38.00/6.36.00

Status: equal

RNTuple- Compared with: read/6.46.00/6.36.00

Status: equal
6.36.00

6.38.00 At

6.40.00 Compared with: read/RNTuple-RO0T-v1.0.0/6.36.00

Status: equal

Compared with: read/RNTuple-RO0OT-v1.0.6/6.38.00

Status: equal

Compared with: read/RNTuple-RO0T-v1.0.0/6.40.00

Status: equal

Compared with: read/RNTuple-ROOT-v1.0.0/Validation-JSON-v1.0.0

Status: equal

EP-SFT
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Validati
Clickona

RNTuple-
6.36.00
6.38.00

6.40.00

Write version: 6.40.00 -- Read version: 6.40.00

Compared with:
Status: equal

Files missing
e structure.

HTML Visualization (missing feature)

read/6.36.00/6.36.00

in read/6.36.00/6.36.00:
attributes.json

Compared with:
Status: equal

Files missing
® structure.

read/6.36.00/6.38.00

in read/6.36.00/6.38.00:
attributes.json

Compared with:
Status: equal

Files missing
e structure.

read/6.36.00/6.40.00

in read/6.36.00/6.40.00:
attributes.json

Compared with:
Status: equal

Files missing
e structure.

read/6.38.00/6.36.00

in read/6.38.00/6.36.00:
attributes.json

Compared with:
Status: equal

Files missing
e structure.

read/6.38.00/6.38.00

in read/6.38.00/6.38.00:
attributes.json

Compared with:
Status: equal

Files missing
e structure.

read/6.38.00/6.40.00

in read/6.38.00/6.40.00:
attributes.json

EP-SFT
Software Frameworks and Tools
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HTML Visualization (file difference)

Validation-Suite

Click on a cell to see results of comparison (row = write-version, column = read-version).

RNTuple-ROOT-v1.0.0
.36.00

.38.00

.40.00

D)

<7
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HTML Visualization (file difference)

Write version: 6.40.00 -- Read version: 6.40.00

Compared with: read/6.36.00/6.36.00
Status: file differences

Files missing in read/6.36.00/6.36.00:
e structure.attributes.json

Validati File differences:

_ s --- read/6.36.00/6.36.00/types.bitset.json
+++ read/6.40.00/6.40.00/types.bitset.json
@e -2,7 +2,7 @@

Clickona "Bitsetl”

10",
100"
10"

RNTuple- "Bitsetl": "1",

6.36.00
Compared with: read/6.36.00/6.38.00

6.38.00 Status: file differences

Files missing in read/6.36.00/6.38.00:
6.46.060 e structure.attributes.json

File differences:
--- read/6.36.00/6.38.00/types.bitset.json
+++ read/6.40.00/6.40.00/types.bitset.json
@@ -2,7 +2,7 @@

{

"Bitsetl"

"Bitset64 10",

= "Bitset65": 100"

+ "Bitset65": 10"
i

"Bitsetl":

Compared with: read/6.36.00/6.40.00
Status: file differences

Files missing in read/6.36.00/6.40.00:
® structure.attributes.json

File differences:
e b fn s hiteo:

EP-SFT
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GitHub CI - Validation Suite

e Include Cross-Validation into Cl
e Mounting CVMFS to container

e Weekly scheduled run
o latest LCG's dev3 build

e Input LCG releases

Run workflow

Jad Dayoub | 24.08.2026 | EP-SFT | Validating the RNTuple Binary Format



Py Vs pXx
Entries 25000
Mean x 0.003181
Meany 0.009441
B ol S Std Dev x 1.004
B ! ) |sdpevy 09972

e JavaScriptROOT

e |Interactive data graphics
o e.g.used in Notebooks

e Read ROOT files in browser

e No need for local ROOT installation
o if only needed to view histograms etc.
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9 JSROOT and RNTuple

e RNTuple support since release 7.10.0
e Integrated into Validation Suite

e Fundamental features supported
o only comparing those
o identified & fixed a few issues — PRs merged upstream
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SROOT HTML Visualization

Validation-Suite

Click on a cell to see results of comparison (row = write-version, column = read-version).

RNTuple-ROOT-v1.0.0

.36.00

.38.00

.40.00

D)

<7
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GitHub CI - JSROOT

Run workflow ~

Use workflow from

Branch: jsroot-ci ¥

e Extend Cl with JSROOT tests |

o currently: using only one version
O Optional JSROOT Version (leave empty to not run

tests)

7111

Run workflow
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9 Conclusion of the Project

e Automated RNTuple Validation Suite, developed Cl
e Validated JSROOT's RNTuple implementation
e Next: validation before, during, and after releases
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Automated RNTuple Validation Suite, developed Cl
e Validated JSROOT's RNTuple implementation

e Next: validation before, during, and after releases
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Thank you for listening!
Questions?



o

Comparison Logic:

e Limiting version of write/ and read/ dir
o Assets: smallest version (baseline)
o JSROOQOT: highest version (compare with everything)

e Compare read-write pair for limiting version equal or
smaller than its own
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o

Comparison Logic: Example

read/
—— 6.40.00/

— 6.40.00/

L — 6.38.00/ =
L 6.38.00/

F— 6.40.00/

L 6.38.00/
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o

Comparison Logic: Example

read/

—— 6.40.00/

— 6.40.00/

L — 6.38.00/ ¢=

L— 6.38.00/
— 6.40.00/
L 6.38.00/ ¢=
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o

Comparison Logic: Example

read/
6.40.00/
|— 6.40.00/
L 6.38.00/
L 6.38.00/
—6.40.00/ <=
L — 6.38.00/ <=
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o

Comparison Logic: Example

read/
6.40.00/
— 6.40.00/
L — 6.38.00/ ¢=
L— 6.38.00/
—6.40.00/ <=
L 6.38.00/ ¢=
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Backup

Validation-Suite

Click on a cell to see results of comparison (row = write-version, column = read-version).

RNTuple-R0OOT-v1.0.0
6.36.00

.38.00

.40.00

D)

<7
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Backup

Compared with: read/6.38.00/6.38.01

Status: no files compared

Files missing in read/6.38.00/6.38.01:
e compression.algorithms.1z4.json
compression.algorithms.1zma.json
compression.algorithms.zlib.json
compression.algorithms.zstd.json
compression.block.big.json
compression.block.short. json
projections.cardinality.json
projections.collection.json
projections.leaf.json
projections.nested.json
structure.cluster_groups.json
structure.clusters.json
structure.empty.json
structure.feature flag.json
types.RVec. fundamental.json
types.RVec.nested. json
types.array.json
types.atomic. json
types.bitset.json
types. fundamental.integer.json
types. fundamental.misc.json
types. fundamental.real.json
types. fundamental.real32quant.json
types. fundamental.real32trunc.json
types.map. fundamental.json
types.map.nested. json
types.multimap.fundamental.json
types.multimap.nested.json
types.multiset.fundamental.json
types.multiset.nested.json
types.optional.json
types.pair.json
types.set.fundamental.json
types.set.nested.json
types.string.json
types.tuple.json
types.unique ptr.json
types.unordered map.fundamental.json
types.unordered map.nested.json
types.unordered multimap.fundamental.json
types.unordered multimap.nested.json
types.unordered multiset.fundamental.json
types.unordered multiset.nested.json
types.unordered set.fundamental.json
types.unordered set.nested.json
types.user.class.json
types.user.enum.json
types.variant.json
types.vector. fundamental. json
types.vector.nested.json

Validat

Clickona

RNTuple

o

.36.00

o

.38.00

o

.40.00
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o

Errors in JSROOT

1. Integer Value above/below +2°3- 1
e precision loss because Number()
e for higher/smaller values — Bigint (different data type)
e flagto process Bigints — not interfering with TTree::Draw

2. Quantized Floats
e ROOT only supports 32bit quantized Floats, but can write them
as doubles

e |S supports only double-precision Floats
I. precision too high — lower precision with Math.fround()
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o

Errors in JSROOT
3. Cluster/Empty groups

e Dbefore: only read entries of first cluster group, cluster group
must exist
e now: iterate over all cluster groups, accept empty groups
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