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Time Series

The “de-facto” data format for the Internet of Things. 
Heavily used in Machine Learning analytics.
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A sequence of key-value pairs . (tn, vn)



TSXor — Overview
A lossless time series compression algorithm, achieving good compression 
ratios and fast sequential decoding speed.



TSXor — Overview
A lossless time series compression algorithm, achieving good compression 
ratios and fast sequential decoding speed.

Empirical property of time series — 
close-in-time values are very similar if not exactly the same.

Overall idea — 
compress  by reference/similarity to the last  compressed values, for a 
suitable .
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W > 0



TSXor — Core

IEEE 754

It is not always effective to compress  relative to .vn vn−1

Compare  to its preceding  values, in the time range .vn W ≤ 127 [tn−W, tn−1]



TSXor — 3 Cases
Compare  to its preceding  values, in the time range :vn W ≤ 127 [tn−W, tn−1]



TSXor — 3 Cases
Compare  to its preceding  values, in the time range :vn W ≤ 127 [tn−W, tn−1]

- Reference. If  is found in the window, 
write its position in the window. (1 byte)

vn 0 x x x x x x x

position of vn



TSXor — 3 Cases
Compare  to its preceding  values, in the time range :vn W ≤ 127 [tn−W, tn−1]

- Reference. If  is found in the window, 
write its position in the window. (1 byte)

vn 0 x x x x x x x

position of vn

- Xor. If  is not found in the window, 
determine the value  in the window 
such that  has the largest 
number of leading and trailing 0 bytes. 
(  2 bytes)

vn
u

x = vn ⊕ u

>

1 x x x x x x x

position of u
x x x x x x x x

LZ TZ middle bytes of x



TSXor — 3 Cases
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- Reference. If  is found in the window, 
write its position in the window. (1 byte)
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position of vn

- Xor. If  is not found in the window, 
determine the value  in the window 
such that  has the largest 
number of leading and trailing 0 bytes. 
(  2 bytes)

vn
u

x = vn ⊕ u

>

1 x x x x x x x

position of u
x x x x x x x x

LZ TZ middle bytes of x

- Exception. If , output and exception. 
(9 bytes)

LZ + TZ < 2 1 1 1 1 1 1 1 1

8 bytes of vn



TSXor — Experiments

Setup 

• Processor: Intel 17-7700 @ 3.6 GHz


• OS: Ubuntu 18.04


• C++ Code: 
https://github.com/andybbruno/TSXor


• Compiler: gcc 9.1.0, 
with flags -march=native -O3

• Details: experiments run in internal memory, 
single thread

Datasets

https://github.com/andybbruno/TSXor
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Compression ratio, decompression speed, and compression speed

(Developed at Facebook.)
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TSXor cases
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Conclusions

• TSXor is a simple, yet effective, lossless time series compressor that 
achieves up to 3X better compression and up to 2X better decoding 
speed compared to the state-of-the-art. 
C++ code is open-source.


• TSXor trades-off compression effectiveness for encoding speed.


• Overall, TSXor provides good results, thus we are led to think that room 
for improvement is possible with more sophisticated mechanisms.



Thanks for your attention!

Our lab is hiring! 
Please get in touch 

if you are interested in working with us. 
 

giulio.pibiri@di.unipi.it 
rossano.venturini@unipi.it 

francomaria.nardini@isti.cnr.it
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