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Relevance: This project addresses the need for faster replacement of faulty equipment, 
minimizing delays that would otherwise occur while waiting for parts to be shipped. Additionally, 
when post-warranty service is our responsibility, having spare parts readily available will further 
expedite the repair process.

Project Objective: Development of a software tool based on statistical analysis methods to 
predict server equipment failures. This will enable better planning and stock management, 
reducing dependence on external suppliers.

Project Motivation
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The bathtub curve is a graph that represents the change 
in the observed failure rate of components over time. It 
consists of three main stages: Early failures with a high 
failure frequency, Useful lifetime with a nearly constant 
failure frequency due to random events, and Wearout 
failures with an increasing failure frequency due to 
wear.

Bathtub curve 

2/14



S.M.A.R.T. REPORTS

S.M.A.R.T. (Self-Monitoring, Analysis, and 
Reporting Technology) - is a technology used 
in hard drives to monitor and assess their 
condition. SMART-reports contain data on the 
hard drive's status, such as temperature, the 
number of read/write errors, the number of 
reboots, and so on.
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A platform for data storage and retrieval that 
provides tools for visualization, monitoring, 
and managing large volumes of information 
in real-time. It provides the ability to use 
pipelines for preliminary data processing, 
which allows us to standardize and 
transform data before indexing.

OPENSEARCH STACK 
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Reports Differences

S.M.A.R.T. reports for Intel S3520 SSDs and Intel 545s 

Parameter names 174, 184, 187, and 190 vary between the two models, 
even though both are Intel SSDs. Utilizing pipelines simplifies 
subsequent analysis by eliminating duplication and enhancing data 
consistency.
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The index database size increase remains linear over two years of data 
accumulation
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A library that implements various methods for 
calculating and analyzing reliability data, 
including the Weibull distribution.

RELIABILITY
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Backblaze
An American company specializing in providing online data storage and backup services. They publish 

detailed statistics on the performance of thousands of hard drives used in their data centers.
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Weibull distribution

The Weibull distribution is used in 
reliability analysis, for example, to 
calculate the mean time to failure (MTTF) 
of a device.

Applications:
● Modeling the time between events.
● Survival analysis.
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Probability Density Function 

Histogram of the Data Used

● Fail Data - operating time of failed disks 
● Censored Data – operating time of disks still in 

operation

Graph of the Probability Density Function (PDF)

The Probability Density Function (PDF) is used to describe the likelihood 
of a component failing at a specific moment in time or over a specific 
time period.
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Maximum Likelihood Estimation 
Weibull distribution analysis conducted using Maximum 
Likelihood Estimation (MLE). We use the coefficients 
obtained from processing these data for future calculations. 
The plot indicates the likelihood of failure over time for the 
dataset and provides a visual confirmation of the Weibull 
model fit. 

Data Overview:
○ Total samples: 370412
○ Failures: 20897
○ Right censored: 94.65972%, meaning that 

most data points did not fail within the 
observed period
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Analysis Example
These are the forecasts based on Backblaze data for the approximate parameters of the 
computing infrastructure at JINR.
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