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Abstract—Self-Monitoring, Analysis and Reporting Technology
(SMART) is a technology in hard disk drive to predict the
impending disk failure for data repair in advance. The prediction
performance of the threshold-based method of SMART, however,
is unsatisfactory. Recently, statistic and machine learning meth-
ods using SMART attributes as features have been explored to
improve the prediction accuracy. Although some of the methods
achieve satisfactory high failure detection rate and low false
alarm rate, there is no unified metric to measure the overall
revenues of these methods. In this paper, we introduce an
economic value cost model to maximize the value brought by disk
failure prediction. To evaluate the effectiveness of our method,
we implement a multi-stage model integrating BP network, leaky
bucket algorithm and value cost model. A real-world data set
consisting of 94, 499 hard disk drives is used to train and test
our hard drive failure prediction model, and the experimental
results demonstrate the effectiveness of our model.

I. MODEL REVIEW
We use a three stages model, which takes real economic

value cost and time series into account, to predict disk drive
failures. As shown in Figure 1, we train a BP neural network
to forecast the probability of disk failure in the first stage. The
a threshold is selected according to the ROC curve produced
by the BP prediction model. In the last stage, a leaky bucket is
applied to decrease the false alarm rates while not impacting
the failure detection rate significantly.
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Fig. 1. Value cost model for disk failure prediction.

A. Data Collection
We collect a dataset containing 94,499 disk drives in a single

running data center of Baidu Inc. [1]. Out of the total disks,
there are 2,442 failed disks and 92,057 good disks.
B. Value Cost Model

The cost of erroneous predictions falls into two types, false
hit cost and missing hit cost [2]. Applying to the storage
systems in our scenarios, disk replacements mean higher
storage price, and the remote data repair process consumes

bandwidth requirement [3]. For convenience, the two prices
are denoted as follows:

1)Storage price: S USD per bit,
2)Bandwidth price: B USD per bit.
Given the capacity of one disk is C bits and remote data

repair of one disk consumes R bits, then the total value cost
of the prediction model can be formulated as:

Cost = B ∗R ∗ FN + S ∗ C ∗ FP

= B ∗R ∗N ∗ FAR+ S ∗ C ∗ P ∗ (1− FDR)
where N and P represent good disks number and failed

disks number of the total data set, respectively.

II. EXPERIMENTAL RESULTS
In our value cost model, the economic cost caused by false

hits and missing hits are taken into account to minimize the
total cost. The benefit of the time series feature is presented
in Figure 2. Especially, results of our model outperform the
Logistical Regression model both with or without time series
features.
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Fig. 2. Prediction performance of LR and VCM.
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