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1. Introduction

The growing need to digitalize more and more
sectors of everyday life has raised several
questions about the sustainability of the proposed
solutions. To frame the dimensions of the problem,
we can consider a study produced by Nature [1]
that analyses the energy forecast trend of the ICT
sector.

According to this study, the total ICT electricity
demand is actually around 1% (estimated in 200
TWHh) of the total world demand. This percentage
is going to grow up very rapidly in a few years.
Notably, the study shows that the electricity used
by the ICT sector could exceed 20% (Figure 1) of the
global demand in just 10 years, with data centers
contributing to more than one-third of that.
These infrastructures, in fact, along with the birth
of the so-called business of data, are becoming
increasingly large and widespread in the world,
emphasizing the problem of energy consumption
related to the data industry.

At the same time, however, the data retained in
these infrastructures have generally great

economic power, at the point that we arrived at the
definition of data as the new oil [2].

9,000 terawatt hours (TWh)

20.9% of projected
electricity demand

ENERGY FORECAST

Widely cited forecasts suggest that the
total electricity demand of information and
communications technology (ICT) will
accelerate in the 2020s, and that data
centres will take a larger slice.
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Figure 1: Energy Forecast for the ICT sector [1]

In the scope of this study, we will concentrate the
analysis precisely on the data centers’ energetic
impact, trying to mitigate it by presenting practical
countermeasures.



2. Goal of the thesis

In this thesis, we have identified in the practice of
data centers of retaining for prolonged periods
great quantities of data, the major reason of the
energy waste. In particular, due to a bad habit in
data governance, it is increasingly common to find
data that continues to be retained indefinitely,
although no longer used. These latent data are
identified, in this thesis, as “data waste”, and the
aim of the thesis is to reduce the presence of these
elements in the storage systems.

To reduce the data waste, this thesis proposes to
intervene at the level of data lifecycle management.
In particular, taking in consideration the
approaches proposed by Ying Chen [3] and Sabah
Al-Fedaghi [4], the proposed approach introduces
two tools aimed to administrate a data lifecycle
management policy oriented to the reduction of the
energy waste:

e A Data Set Value Model
e A Value Driven Framework

These tools have been designed to cooperate and
reduce the data waste using some Data Reduction
Strategies (DRSs) which are usually categorized
into two main categories:

e Reversible DRSs: are the reduction strategies
for which, after the application, data sets can
return to their original shape.

e Irreversible DRSs: are the reduction
strategies in which, after the application, data
sets cannot return to their original shape.

With these ingredients, the proposed approach
aims to reduce the energy consumed by a data
center by reducing the stored data while limiting
the reduction of the value of the remaining data.

3. Data Set Value Model

This model has been introduced in a context in
which the minimum data units are the data sets
that populate the various nodes of a distributed
system, and that can represent the so-called data
waste.

In the proposed data set value model, the value of
a data set is modelized using four value
dimensions:

e Completeness: A measure of the quantity of
retained dataset’s information with respect to
the total available ones.

¢ Latency: A measure of the time needed to
make a dataset available to be used.

¢ Diffusion: A measure of the distribution of the
considered dataset in the system nodes.

¢ Interest: A measure of the importance of the
considered dataset for the users accessing a
given node.

These dimensions express four disjointed
contributions that lead, together, to describe the
concept of data set value from four different
perspectives. These value dimensions are subject to
change when a DRS is used to reduce a dataset
signed as data waste. Each of these strategies
influences the data set on which it is applied in
terms of value lost or gained. Table 1 shows the
general effect on each value dimension for each
DRS. Table 1 shows, for each DRS, the general
contribution on each value dimension.
For each considered dimension of value (first
column):

e “X”is for a negative contribution.

e “V”is for a positive contribution.

e " /”is for anull contribution.

e “n/a” is not applicable.

Data Reduction Strategies

Reversible Irreversible
Dimensions
Glacier ™% | Deduplication | LossyCompression = Deletion
Compression
Completeness X nla
Latency X X X n/a
Diffusion Vv n/a

Interest nla

Table 1: Energy Forecast for the ICT sector

Once we have specified for each one of these DRSs
how it influences the various value dimensions, we
can formalize the total value of the dataset di at the
time t as a weighted sum of the data quality
dimensions. In formula:

1
Vtot(t,di) = a C(t,di) + B L(t,di) + ym+ 6 I(t, di)

Where:

“C” is the contribute of Completeness function

of the dataset di at time t.

e “L”is the contribute of Latency function of the
dataset di at the time t.

e “D” is the contribute of Diffusion function of
the dataset di at time t.

e “I” is the contribute of Interest function of the

dataset di at time t.



o a+ pB+y+6=1

4. A Value Driven Data Set
Reduction Framework

The data set value model has been utilized to guide
the design of a framework that, following the data
set value and using the data reduction strategies,
introduces some rules to discover and reduce data
waste.

The proposed framework is based on the
assumption that the underlying architecture is
constituted of a distributed system composed by
various storage nodes.

Each node hosts applications to serve a set of final
users that use data retained in the same node or in
a connected one. To improve the performances, the
application working on a node could ask to
duplicate or move a data set retained in another
node closer to its node.
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Figure 2: Reference architecture example for
framework’s usage.

In this architecture, due to the duplication
possibility, it can be found two types of data sets:

e Copies: Data sets deriving from an Original
Data set’s duplication

e Original Data sets: A data set that has not been
produced from the duplication of another
dataset in the system.

This distinction makes it possible to adopt a
differentiated data waste reduction policy between
copies and original data sets. In fact, copies can be
requested back from the owner nodes and
consequently considered more disposable than
their original reference.

Moreover, the framework uses metadata regarding
the data sets retained in each node to operate the

data waste reduction. The set of metadata used by
the framework to characterize the data sets is
exploited to define a data catalog, an organized
inventory that indexes all the data sets. The
framework provides support for two main
activities:

e Data waste discovery: is the process in which
we search for data waste in all the nodes
composing the system.

e Data waste reduction: is the process in which,
given the found data waste, a set of DRSs are
proposed with their relative effect on value.

Data waste discovery

The data waste discovery activity proceeds node
by node, analyzing the metadata regarding the
retained data sets. This activity is launched
periodically, with a period “Troutine” defined by the
administrators for each data node.

This activity is guided, in the absence of special
cases, by two main fields of the considered data set
metadata:

e the Disuse Threshold (DT) : a temporal limit
that marks the instant in which the interest
value dimension of a data set shows us a disuse
phase.

e the Retention Limit (RL) : a temporal limit that
indicates the maximum time duration for the
data set permanence into the considered node.

From these two fields, a Status is produced for the
analyzed dataset. It can be represented by three
values:

o “Expired” for data sets that have exceeded
their Retention Limit into the system.

e “Disused” for data sets that have exceeded
their Disuse Threshold.

o “/”or*“Void” for all the other data sets.

Note that, for expressing special necessities for
some data sets, a set of flags usable by the data
owner are available: Off-Limits, Disposable,
Defective.

After all the Flags and the Status are set, we can
generate a list of data sets that represent the data
waste for the analyzed node.

All the data sets that have:

e  Status € {Disused, Expired, Expired/Disused}
and/or
e Flag € {Off-Limits, Defective, Disposable}

are inserted into the list of data waste.



This list will represent the source used from the
data waste reduction activity for guiding a
reduction strategy in the nodes.

Data Waste Reduction

With this action, all the data sets with flag = Off-
Limits are removed from the data waste list, even
if they have a different status from “Void”. After
that, all the remaining data sets are divided
between copies and original data sets.

For the copies:

e Expired, Disused, Defective and Disposable
copies are deleted.

Unlike the straightforward solution highlighted
for the copies, the original data sets inserted into
the data waste list need to face some other
considerations to construct a data reduction
strategy. Disused and expired original data sets
cannot be treated as aggressively as the copies; in
fact, despite they are aged or not used, they are not
necessarily useless, and an eventual premature
deletion cannot be reverted. Moreover, the possible
presence of copies in other nodes that refer to the
considered dataset needs a policy that avoids the
production of “orphaned copies”.

Based on these considerations:

e Defective and Disposable original data sets
are deleted.

In this case, we have to take care of the presence of
eventual copies referring to the deleted data sets.
In particular, if at least one copy exists, we need to
organize an original data set re-election between
the copies. The other copies, from this moment,
start to refer to the newly elected original data set.
After that, the analysis moves to data sets having
status € {Disused, Expired, Expired/Disused}.

For these data sets, following the set of applicable
DRSs retrieved from metadata, the framework
consists in simulating the change in the trend of the
data set’s total value for each of the applicable
DRSs.

The new trend is obtained by evaluating how each
component of value (namely Completeness,
Latency, Diffusion and Interest) changes through
the application of the considered DRS. Figure 3
shows an example of value simulation regarding
three DRSs.
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Figure 3 : Example of value simulation regarding
three DRSs

All these curves are proposed, one above the other,
to the data owner, that after analyzing the various
trends selects the most suitable DRS for the
analyzed data set.

In case the data owner decides for one of the DRSs
proposed in the application of the framework, we
must distinguish three additional cases:

1. An original data set that has at least one copy
is deleted.
Possible Solution: One of the referring copies
is elected as the new original data set, and the
eventual remaining copies start to refer to the
new original data set.

2. An original data set that has at least one copy
is reversibly reduced.
Possible Solution: This case can be seen as a non-
problem; despite the data set having been
reduced, its original form is fully recoverable.
For this reason, the copies continue to refer to
the same original data set that maintains the
same role.

3. An original data set that has at least one copy
is irreversibly reduced.
Possible Solution: The reduced data set becomes
a completely new data set (with a new id). One
of its copies is elected as the new original data
set, and the remaining ones start to refer to the
new original data set. Moreover, the old
original data set (now irreversibly reduced) is
marked as “substitutable” with the newly
elected one.

5. Validation

To validate the functioning of the framework and
the data set value model, a simplified scenario was
chosen. This scenario consists of a distributed
architecture composed by three nodes.



Each of these nodes is accessed by a set of users
who can only use data located in the nearest node.
The proposed architecture has been completed
with the insertion of some data sets in the various
nodes.

In particular, five heterogeneous data sets have
been utilized:

o Two structured data sets (in CSV format)

¢ One image-based data set (in PNG)

e One video-based data set (in MP4)

¢ One document-based dataset (in PDF)

Data sets have been distributed casually into the
various nodes, also inserting some copies. The data
waste discovery and DRS value simulation activity
specified in the framework have been simulated
using a custom java application that produces
HTML reports containing, for each data set
identified as data waste, various DRSs value
simulations. At the end of the validation, in the
proposed scenario, the application of the
framework has shown a space reduction of 52%
while preserving a data set value of 78.7%.

6. Conclusions

In this thesis we faced the problem of the energy
waste deriving from the data industry. In
particular, we have identified in the practice of
data centers of retaining for long periods great
quantities of data, the major reason of the energy
waste. As a possible solution to the problem, the
thesis proposes the reduction of unused latent data
often stored in the various storage systems, namely
the data waste.

To reduce the presence of data waste in the storage
systems, we have proposed a data set value model
and a value driven framework.

The data set value model has been utilized to guide
the design of a framework that, following the data
set value and using some data reduction strategies,
introduces some rules to discover and reduce data
waste. Finally, a validation scenario showed that
the utilization of the framework and the data set
value model can bring to a space reduction of 52%
while preserving the 78.2% of value.

Starting from the achieved results, various
perspectives for future developments could be
proposed. One of the most interesting future works
can be represented by the realization of a system
that automatically proposes and selects the best
DRS for each considered data set.

The approach introduced in the iCostale [5] project
can lay the foundations of this future work. In fact,
in this project, considering data type, access
frequency and cost of compression, an automatic
lossless compression type selection is proposed.
Moreover, a complete framework’s simulation in
a real distributed storage system can represent a
very interesting case of validation for the entire
work.
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