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1. Paranal and the ESO Very Large Telescope
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VLT (UT & VISTA):
5 telescopes
14 instruments
AO and AOF

VLT (VLTI):
4 telescopes
8 AO Systems (UT & AT)
3 instruments

Supporting Systems:
Power Supply
Cooling Supply
Coating Units

Current Paranal Configuration
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Evolution of Paranal Configuration

Credit: Gabriel Pérez Diaz, IAC / Marc-André Besel, CTAO
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Paranal Software Group

! Deploy & Maintain Core Ops Software
VLTSW as common middleware.
Telescope SW
Instrument SW

! Support new developments
New Instruments
Ancillary systems

! Troubleshooting
In a daily basis
Done mainly analyzing software logs
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2. Log Infrastucture at Paranal
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! VLTSW provides a common log functionality
Ø But in text files local to each system (+40)

! Logs from all systems are sent to Paranal Datalab
Ø Raw files inside the Datalake
Ø Elasticsearch 

Log Collection
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Log Storage and Query

! Backend in 
Elasticsearch

! Kibana for 
visualization

! Industry de facto 
standard

! Off the shelf
! Distributed 
! High speed 

queries
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! +40 sources generating VLT Software logs
§ Sent from VLT Software to Elasticsearch in real time

! Insertion rate
§ Average single log line size: ~200 bytes 
§ Average at operation: 150 logs/second (0.03 MB/s)
§ Observed Peak: 70,000 logs/second (13.4 MB/s) 

! Indices 
§ One index per month per type:

§ vltlog-YYYY.MM
§ opslog-YYYY.MM 

§ ~30 GB/month per type
! Historical data

§ 15 years in raw files
§ 5 years in Elasticsearch, ~10 TB of logs

Logs in Numbers
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3. Log Analysis Basics
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Types of Analysis

! Log Based Tools
! Find nearest executions
! Probability of execution error
! Event Labelling:

ØError Markers
Ø Important Event (explain clustering)
ØSuspicious Events
ØStrange Events

! Execution Simulation
! Incomplete Execution detection
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Steps for Log Analysis

Dataset 
Generation Pre-processing Event 

Representation Technique

- High Level Task
- Observation
- Template Exec.
- PRESET
- SELINS

- Split in Traces

- Local CSV Files

- Cleansing: remove 
bad traces

- Tokenization 
(equivalent to 
stemming, etc, in 
NLP)

- Vocabulary 
generation

- Time series

- Tokens

- Bag of Words (BoW)

- One Hot BoW

- Successor Graphs

- Time series analysis

- Naive Bayes

- Cluster detection:
- K-Means
- SVM
- T-SNE
- UMAP

- Topic Modelling
- LDA

- Deep Learning 
- Transformers

- Sequence Detection
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! Tokens are unique 
entities by removing 
variable parts in logs

! The set of unique 
tokens is called the 
vocabulary 
Ø Reasonable Size
Ø Same action, same 

token
Ø Should converge

! RegExp as Basic 
approach

! An Optimised method 
was needed to reach 
convergence

Pre-processing
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! Colorise the sequence, 
i.e., map the execution 
to a vocabulary of 
unique tokens

! Transform the 
executions to a bag-of-
words vector

! Define a distance. 
Notice it can be a 
binary one.

! Usage:
Ø Nearest executions
Ø Important log events
Ø Classification (after 

dimensionality reduction)

Bag of Words Methodology
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4. Examples
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Timeseries: anomaly detection

A) Normal Week

B) Fault State: UT3 not generating ops logs (blue)

C) Anomaly: Abnormal UT4 increase in vlt logs (red)
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Example: disconnections during OBs
Goal: Provide a common library for Paranal
Log Analysis (ParLogAn)

Implemented in Python, relies on PANDAS

PARLOGAN Python library
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Goal: re-create BOB execution
and parameters used in a given 
observation based on logs

Written in Jupyter Notebooks

Executed in Voila

Bobby! (BOB replayer)
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Goal: Provide context about
• Times
• errors in related systems
• surrounding OBs
• SW changes last week

Written in Jupyter Notebooks
Executed in Voila

Observation Context
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! Use Case: Template 
Execution

! Tokenized Events
! Small Dataset:

Ø1 day of data
Ø local laptop

! Big Dataset
ØSix months of data
ØAZURE Cloud

Naive Bayes for Error Prediction

test
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! As a sub product, the 
method produced a 
table to have a hint of 
events that could lead 
to error

! But the table must be 
cleaned to remove the 
innocent events

Suspicious Events with Naive Bayes
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Bag of Words Results

Binary classification results 
(error executions) of 
applying SVM to a space 
learnt with UMAP 

Visualisation of Gravity 
executions, using bag-of-
words with different 
metrics. Colours indicate 
the underlying Template 
ID. 
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Transformer-based methods
! Two transformer-encoder 

layers
! Input and hidden 

dimensionality: 200
! Deep-learning framework: 

PyTorch
! Azure - Machine learning 

studio
! Masking tokens learning 

objective with cross-entropy 
loss

Specifications, times and estimated cost for training 200 epochs 
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Results with Transformers
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• A Sequence (abc...yz) is invariant across traces (log)
• Each trace is representated as a graph of successors

• For each trace T, (a,b) is in GT iff (ab)n is a subtrace of T with n ≥ 0

• Graphs are combined
• Clique properties are exploited to infer the invariant sequences.
• Analytic method. 

Sequence Detection

Found Sequences:
• ABC
• 1234
• qwxyz

1) Log to Graph representation 2) Properties of Graph 3) Find Invariant Sequences
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Sequence Detection Results

! Transform logs to graph
! Extract SEQUENCES
! Tested with 

500 GRAVITY OBS

3000 UT PRESETS

! Very promising results
! Requires both storage and 

compute power

Example: Two sequences in GRAVITY
The model finds sequences even from separate subsystems: wvgrec, wvgvlti, wgv
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5. Conclusions
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Conclusions

! Event logs were represented as Time Series and 
Tokens

! Pre-preprocessing is key to have good results
! NLP techniques can be applied to log analysis
! Old school methods as Naive-Bayes and clustering 

works well on logs
! State of the art techniques as Transformers are very 

promising on software logs
! Be aware that not every error can be explained just 

from logs, example, a hardware suddenly fails then an 
error appears immediately.

Special thanks to internship students Camilo Carvajal, Gustavo 
Soto, Rubén Lagos, John Rodriguez, and Dr. Andrés Avila (UFRO).
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THANK YOU

Contact us in Slack!
#d2_gil-log_analysis_as_an_operational_tool_at_paranal_observatory


