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History of uproot

Project started by Jim Pivarski in 2017 as a 
temporary replacement for Bulk I/O.

2

By the end of 2017, uproot 2 was released following 
the release of uproot 1.6.3.

uproot 2 had a lot of the things users now associate 
with uproot like JaggedArrays.

This is where I come in…

uproot 1 could read TTrees with single leaf 
branches and fully split C++ objects stored 
in a TTree. 



My history with uproot
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Hi!

I worked under the supervision of Jim Pivarski as 
a DIANA-HEP fellow in summer, 2018.

uproot could now write ROOT files with 
TObjStrings(for debugging) and histograms.  

uproot 3.0 is released. Jim modularized uproot 
with array handling being split out into the 
awkward-array package and object methods into 
uproot-methods.

I came back as an IRIS-HEP fellow in summer, 2019 
and added TTree writing functionality to uproot. 



uproot is just ROOT I/O

4

uproot is strictly concerned with ROOT I/O – all other functionality is handled by other libraries.   

uproot is the layer 
most users interact 

with.

uproot-methods is 
home to physics 

methods read from 
ROOT files.

awkward-array for 
array manipulation 
beyond numpy with 

Jagged and Lazy 
Arrays.



A lot of people are using uproot
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Go-HEP
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Similar to uproot, Go-HEP has a pure Go implementation
of ROOT I/O (part of a larger ecosystem).

Author – Sebastien Binet

Both the reading and writing code of uproot are heavily inspired by Go-HEP.

uproot and Go-HEP announced file 
writing around the same time in 2018.

More recently, I looked at Go-HEP’s implementation of ROOT’s WriteObjectAny() to 
implement one in uproot for writing TTrees and Histogram bin labels.



uproot writing
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uproot writing is aimed at the end-user physicist: 
• uproot writing has a more limited scope than uproot reading – Object types useful for 

analysis like histograms, TTrees, TLorentzVectors and std::vectors. (Currently able to 
write strings, histograms and TTrees)

Not complex types like AODs.

• Optimized for “write-once”, not “file as a database” or “partial write recovery”.

• Single threaded writing.

• Simple dict-like interfaces wherever possible.



Writing files with uproot
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To write to a ROOT file in uproot, the file must be opened for writing using 
uproot.create, uproot.recreate or uproot.update. 

Compression is set by uproot.ZLIB(n), uproot.LZMA(n), uproot.LZ4(n) or None (where n 
is the compression level).

file acts like a Python dict where the key is the TKey name and the value is the object 
being written.



Writing histograms
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Histograms(1D, 2D, 3D, TProfile, TProfile2D, TProfile3D) can be written in the same way.

uproot also recognizes numpy histograms, which may have come from other libraries. 

(More details in uproot README)



Writing TTrees – 2 phases
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• Declaration phase

• Filling phase



Writing baskets - extend
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Writing baskets – low level interface
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TTree writing – compression 
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Baskets can be compressed using a similar interface to the one used when compressing the file.  

Baskets are compressed according to the file compression, when no compression is specified.

‘compression’ parameter can be set at the
• TTree level 

• TBranch level

Each branch can have its own compression algorithm.

Baskets are compressed according to the tree compression if no Branch compression is specified.



TTree writing – active improvements
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Users reported several issues -

.. and others.

Resulted in several improvements -



Extension - Jagged Arrays
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Implementing baskets with Jagged Arrays is simply an extension of the current interface.

Serialization of Jagged Arrays is almost understood (by Jim) -

Offsets – 32 bit integers that indicate the starting byte of each entry.

Only thing left to learn – The 2 blocks of 4 bytes, marked x in the above diagram.

(Should be able to implement once I get a break from school, on some free weekend or if 
a user stresses that they need it!)



Open areas for work?
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We don’t have plans for introducing any major new features to uproot. 
There are some bug fixes/corner cases or features that are nice to have -

!

Contributions welcome!



Hear from users – buffered writing?
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• Currently, the ROOT TBaskets are as large as the arrays you give to the extend method.

• Do you want an intermediate interface to accumulate arrays before writing them as a 
single basket to the ROOT file?



Concluding Remarks
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• uproot can write TObjStrings, histograms, TTrees with flat data and TTrees with jagged 
arrays(soon?).

• uproot is in maintenance mode. 

• No major features planned for the future.

• uproot 4 coming in early 2020 when the current awkward-array will be replaced by 
awkward1.0 currently being written by Jim.
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THANK YOU!


