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Abstract

This study targets organizations in the data science domain seeking optimal
platforms for their operations. It employs experimental research using the com-
parison method and mathematical modeling integrated into the Global Utility
Method and TOPSIS Method. The aim is to create hierarchies of three promi-
nent data science platforms: IBM Watson Studio, SAS – Advanced Analytics
Software and Google Cloud AI Platform. The analysis was conducted using Mi-
crosoft Excel. Various comparison criteria are meticulously applied to ensure
mathematical correctness and comprehensiveness. The Data Science Platforms
Conclusions, drawn from individual case studies, indicate that different methods
yield similar results due to algorithmic variations and data sensitivity. Minor
changes were observed in hierarchy positions, attributed to coefficient impor-
tance and method sensitivity. There is a necessity for multiple platforms to
meet diverse organizational needs. Continuous development and innovation are
crucial in this evolving field, where user preferences and technological advance-
ments drive platform suitability.
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1 Introduction

Data science involves much more than just data extraction algorithms. Successful
individuals in the field of data science must be able to view business problems from
a data perspective. There is a fundamental structure for analytical thinking of data
and basic principles that should be understood. Data science is a multidisciplinary
approach that draws on several ”traditional” fields. Much of what has traditionally
been studied in the field of statistics is fundamental to data science. Data visu-
alization methods and methodology are vital. There are also certain areas where
intuition, creativity, and knowledge of a particular application must be applied. A
data science perspective provides practitioners with a framework and principles that
give the researcher a systematic way to address issues of extracting useful informa-
tion from data. [3] In other words, combining elements of mathematics, statistics,
and artificial intelligence are used by data science to analyze large amounts of data.
Data science is a field that employs interdisciplinary skills and technologies to ex-
tract knowledge and insights from data. This data can be structured or unstructured
and may come from a variety of sources, including mobile devices, social networks,
IoT sensors, historical data, and many others.

1.1 Background

In general, data science platforms are an important tool for organizations looking to
extract insights and value from their data. While open-source platforms based on
R and Python continue to be popular among data professionals, commercial plat-
forms such as IBM Watson Studio, Microsoft Azure Machine Learning, and Google
Cloud AI Platform are also gaining traction due to their ease of use and integrations
with other tools. Further research is needed to evaluate the effectiveness of these
platforms for different use cases, as well as to identify areas for improvement and
innovation.
The October 2012 issue of the Harvard Business Review contained three articles
relevant to this editorial: ”Big Data: The Management Revolution” (McAfee and
Brynjolfsson 2012), ”Data Scientist: The Sexiest Job of the 21st Century” (Dav-
enport and Patil 2012), and ”Making Advanced Analytics Work for You” (Barton
and Court 2012). MIS Quarterly had a special issue on business intelligence, with
the main article titled ”Business Intelligence and Analytics: From Big Data to Big
Impact” (Chen et al. 2012). There are also numerous articles in trade and even lay
publications on these topics. There is even a journal, Big Data, which premiered in
March 2013. [6]
Mathematics is the foundation of any contemporary scientific discipline. Almost
all data science techniques, including machine learning, are based on mathematical
algorithms. It goes without saying that all other elements of knowledge are needed -
programming skills, a certain insight, and an analytical and curious mindset. There-
fore, a solid understanding of the mathematical mechanisms behind algorithms pro-
vides an advantage. Knowledge of essential mathematics is particularly important
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for other professions as well: hardware engineering, sales, chemical process industry,
medicine, business management, etc. Although such fields may require experience
with various supporting platforms, the mathematical skills needed in data science
can significantly change the understanding of all processes in this field. [5]

1.2 Global Utility Method

The Global Utility Method involves calculating the global utility of each decision
option and selecting the optimal option based on the maximum global utility. De-
cision options are denoted as Vi, and decision criteria as Cj . [1] Although decision
criteria can be either maximized or minimized, this method utilizes maximization,
following this formula:

(1) Uij =
aij−min aij

max aij−min aij
,

where:

– Uij represents the utility of option Vi according to criterion Cj .

– aij signifies the consequence of option Vi according to criterion Cj .

– max aij is the highest consequence among all, according to criterion j.

– min aij is the lowest consequence among all, according to criterion j.

(2) f (Vi) =
∑n

j=1 Uij · kj

(3) Vopt = max f (Vi)

1.3 Technique for Order Preference by Similarity to Ideal Solution

TOPSIS has as its principle the construction of the positive ideal solution and the
negative ideal solution, and the options are ranked based on their distances to these
two solutions. For this method, the following algorithm is used [2]:

1. Construction of the normalized matrix:

(4) R = (rij), i = 1, 2, . . . ,m; j = 1, 2, . . . , n

through vector normalization:

(5) rij =
aij√∑m
i=1 a

2
ij

, i = 1, 2, . . . ,m; j = 1, 2, . . . , n
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2. Construction of the weighted normalized matrix:

(6) V = (vij), i = 1, 2, . . . ,m; j = 1, 2, . . . , n; where vij = kj · rij

3. Determination of the positive ideal solution V po and the negative ideal solution
V ne:

(7) V po = (vpo1 , vpo2 , . . . , vpon ) V ne = (vne1 , vne2 , . . . , vnen )

Criterion Cj is maximized:

(8) V po
j = max

1≤i≤m
vij and V ne

j = min
1≤i≤m

vij

4. Calculating the distances between options and the two previously calculated
solutions:

(9) dpoi =

√√√√ n∑
j=1

(vij − V po
j )2 and dnei =

√√√√ n∑
j=1

(vij − V ne
j )2, i = 1, 2, . . . , n

5. Calculating the relative closeness to the ideal solution:

(10) epoi = 1−
dpoi

dpoi + dnei
=

dnei
dpoi + dnei

, i = 1, 2, . . . , n

(11) so, 0 ≤ epoi ≤ 1.

6. Ranking based on decreasing values of epoi .

2 Analysis No.1

Following the Literature Review, a set of 4 criteria for evaluating data science plat-
forms has been established. These will measure the ease of use and feasibility of
each criterion. [4]
C1– Data collection;
C2– Data inconsistency elimination;
C3– Data security;
C4– Efficient collaboration.
The three platforms (Vi) to be analyzed are:
V1–IBM Watson Studio;
V2– SAS – Advanced Analytics Software;
V3– Google Cloud AI Platform.
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Table 1: Consequence Matrix and Coefficients
Decision Options / Evaluation Criteria C1 C2 C3 C4

V1 4.4 4.3 4.2 4.2
V2 4.4 4.5 3.8 4.3
V3 4.4 4.6 3.9 4.4
Importance coefficient of criterion kj 0.2 0.1 0.4 0.3

The utility matrix illustrated in Table 2 is as follows.

Table 2: Utility Matrix
Decision Options / Evaluation Criteria C1 C2 C3 C4

V1 0 0 1 0
V2 0 0,7 0 0,5
V3 1 1 0,25 1
Importance coefficient of criterion kj 0.2 0.1 0.4 0.3

2.1 Analysis No. 1 using the Global Utility Method

For the analysis using the Global Utility Method, the consequence matrix and the
importance coefficients of each criterion are constructed in Table 1. All these criteria
will be considered as maximization criteria. Utilities are calculated using relation
(1).

To determine the global utility of each decision option, relation (2) is used, which
is then applied to Vi, as follows:

f(V1) = 0× 0.2 + 0× 0.1 + 1× 0.4 + 0× 0.3 = 0.4

f(V2) = 0× 0.2 + 0.7× 0.1 + 0× 0.4 + 0.5× 0.3 = 0.22

f(V3) = 1× 0.2 + 1× 0.1 + 0.25× 0.4 + 1× 0.3 = 0.7

Therefore, since the optimal option is the one with the maximum value, we have
that max(0.4, 0.22, 0.7) = 0.7. Thus, option V3 is the desired one. In Figure 1, the
solution is also observed using Excel, and the results are easy to verify.

The conclusions of this analysis emphasize that the optimal option among the
considered data science platforms, under the condition that the importance coef-
ficient is maximum for the Data Security criterion, is Google Cloud AI Platform,
although it is observed that it does not have the highest utility among the three
platforms. The next platform is IBM Watson Studio, and the last one is SAS –
Advanced Analytics Software.

Furthermore, conducting a sensitivity analysis aims to analyze a possible change
in the hierarchy of platforms. Sensitivity analysis refers to studying how the optimal
solution changes when the importance coefficients of the criteria change.

The importance coefficients will be modified in the previous utility matrix. This
time, Data Cleaning will be the condition with the highest coefficient.
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Figure 1: Global Utility Method in Excel

Table 3: Utility Matrix for the sensitivity analysis
Decision Options / Evaluation Criteria C1 C2 C3 C4

V1 0 0 1 0
V2 0 0,7 0 0,5
V3 1 1 0,25 1

Importance coefficient of criterion kj 0.1 0.5 0.3 0.1

The global utilities of each decision option are as follows:

f(V1) = 0× 0.1 + 0× 0.5 + 1× 0.3 + 0× 0.1 = 0.3

f(V2) = 0× 0.1 + 0.7× 0.5 + 0× 0.3 + 0.5× 0.1 = 0.4

f(V3) = 1× 0.1 + 1× 0.5 + 0.25× 0.3 + 1× 0.1 = 0.775

And once again, it can be observed that the hierarchy of platforms remains the
same, as Google Cloud AI Platform has predominantly utility values of 1 (Figure
2). For this reason, the platform ranks first, regardless of changes in coefficients.
However, a change can be observed in the other two positions. This demonstrates
that as a result of sensitivity analysis, the results can change.

2.2 Analysis No. 1 using the TOPSIS Method

For the TOPSIS method, starting from the Consequence Matrix and Coefficients
considered in Table 1, the normalized matrix is calculated in Figure 3.
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Figure 2: Sensitivity Analysis in Excel

Figure 3: Calculation of the normalized matrix in Excel

For the following steps, the algorithm implementation has been done in Excel
due to their complexity. The optimal option will be the one with the maximum
value, meaning the platforms will be ranked in descending order. Thus, the optimal
option is IBM Watson Platform, followed by Google Cloud AI Platform, and lastly
SAS – Advanced Analytics Software. The results can be seen in Figure 4.

2.3 Conclusions for Analysis No. 1

According to the first analysis conducted using two methods, one of which underwent
sensitivity analysis, a change in the platform order can be observed after altering
the calculation method. Both methods result in different but still close rankings. It
is noticeable that SAS – Advanced Analytics Software ranks last in both methods,
but according to the sensitivity analysis applied to the first method, the platform
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Figure 4: Resolution through the TOPSIS method in Excel

reaches the second position. The sensitivity analysis caused a change in the last
two positions but left Google Cloud AI Platform in the first position. It can be
confirmed that there is no single platform that is the optimal solution, regardless
of the method. In Analysis No. 1, we considered four criteria that are commonly
encountered issues in specialized organizations. These criteria were chosen initially
to establish an overview of the common needs of organizations, with other criteria
considered in subsequent analyses.

3 Analysis No.2

The next criteria will be chosen in such a way that there is a connection between
them. This aspect is crucial when it comes to comparison, ensuring that the analysis
results are clear and accurate. For the second analysis of platforms, different criteria
will be chosen for evaluation. These criteria will measure the ease of use and the
feasibility of the criterion, focusing on artificial intelligence-specific aspects. Once
again, we will aim for maximization, so the problems will be approached using the
same formulas.
C1– Predictive Analysis: Utilizes data extraction methods, statistics, machine learn-
ing, mathematical modeling, and artificial intelligence to make future predictions
about unknown events.
C2– Forecasting: Predicts a sequence of values by estimating based on previous
data.
C3– Simulation: Uses large quantities of data and usage to simulate scenarios or
conditions from the real world.
C4– Automation: Artificially increases the amount of data by generating new data
points from existing data.
C5– Machine Learning: Automatically analyzes large amounts of data, automating
the data analysis process and making real-time data-based predictions without any
human intervention, using machine learning algorithms.
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Table 4: Consequence Matrix and Importance Coefficients
Decision Options / Evaluation Criteria C1 C2 C3 C4 C5 C6

V1 4,3 4,1 3,9 4,2 4,2 4,3
V2 4,2 4,1 3,9 4,3 4,4 4,5
V3 4,5 4,3 4,3 4,5 4,5 4,4

Importance coefficient of criterion kj 0,20 0,45 0,15 0,10 0,05 0,05

C6– Other Advanced Analyses: Data analysis methodology that uses deep learn-
ing, cognitive analysis, and other statistical methods to analyze information from a
variety of data sources.

3.1 Analysis No. 2 using the Global Utility Method

The specific calculations have been performed in Excel, resulting in obtaining the
results quickly and with high accuracy. This way, the results can be achieved in
a very short time, and with much greater precision. These can be seen in Figure
5, where the resolution of the problem according to the method used is clear and
complete.

After the calculations, f(V3) > f(V2) > f(V1), the ranking of the analyzed
platforms will be as follows:

1. Google Cloud AI Platform;

2. SAS – Advanced Analytics Software;

3. IBM Watson Studio.

Figure 5: Problem Resolution Using the Global Utility Method in Excel
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By applying a sensitivity analysis, I am looking for a certain change that could
occur in that hierarchy. Thus, we will have: In Figure 6, it can be observed that
f(V2) > f(V3) > f(V1). This means that the hierarchy of platforms will be reversed
for the first two positions, but IBM Watson Studio remains in the third position.

Figure 6: Problem Resolution Using the Global Utility Method in Excel

3.2 Analysis No. 2 using the TOPSIS Method

After inputting the initial data and performing the relevant calculations in MS Excel
(Figure 7), the optimal result was obtained, which is also in this case still option 3,
the Google Cloud AI Platform. Additionally, the hierarchy of platforms is the same
as in the global utility method, which strengthens these results.

In Figure 8, a sensitivity analysis was applied to the TOPSIS method to see if
the changes that occurred in the previous method are also present here.

Similar to the sensitivity analysis applied to the global utility method, the results
of the analysis applied to the TOPSIS method have changed. It is observed that the
hierarchy of platforms is the same, namely:

1. SAS – Advanced Analytics Software;

2. Google Cloud AI Platform;

3. IBM Watson Studio.

3.3 Conclusions for Analysis No. 2

It can be observed that the ranking of platforms changes after changing the cal-
culation method. The two methods lead to different but still close rankings. IBM
Watson Studio ranks last in both methods, and according to the sensitivity analysis
applied to the methods, the platform remains in the same position. Only the sensi-
tivity analysis applied to the first method caused a change in the top two positions,
leaving IBM Watson Studio in the last position. The second sensitivity analysis
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Figure 7: Problem Resolution Using the TOPSIS Method in Excel

applied to the TOPSIS method left the hierarchy unchanged, which refutes the hy-
pothesis. It can be confirmed that there is no single platform that represents the
optimal solution, regardless of the method. However, it can be observed that in 3
out of the 4 cases analyzed, the hierarchy was the same. Although there is no single
platform that represents the optimal solution for all studied cases, an important
conclusion can be drawn by analyzing the obtained results.

4 Conclusions

Using different methods can indeed lead to identical results. One reason for this is
the variation in algorithms and techniques, resulting in different operation modes
and applicability, making it difficult for results to remain the same. Additionally,
some methods may assume a certain data distribution, while others may have fewer
restrictions in this regard. Sensitivity to input data can also affect the obtained
results. It was normal and expected for this to happen, so it is important to under-
stand the specific context of the analysis and the algorithms involved in each method.
In both cases where sensitivity analyses were applied, the obtained hierarchies were
not significantly influenced. There were some changes between positions, but there
were no major changes that would create entirely different hierarchies. There are
several factors for which these analyses did not lead to major changes, such as the
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Figure 8: Sensitivity Analysis of the TOPSIS Method in Excel

existence of importance coefficients that strongly influence the results. Additionally,
this depends on the method used, as some methods may be less sensitive to coeffi-
cient variations, but sensitivity analyses may also have certain limitations. In both
analyses, a change in the optimal variant was observed depending on the parameters
and data of the problem. It would be unrealistic to assume that there is a single
platform that meets all requirements and maximizes them. Additionally, depend-
ing on the requirements of each organization, their importance, and the quality of
qualified personnel working with the data, the hierarchy of platforms may differ.
As observed in the analyses, some users may need strong data analysis capabili-
ties, while others may be interested in visualization, team collaboration, etc. It is
difficult for a single platform to meet all these needs optimally. Moreover, being
a continuously developing field where requirements, data quantities, competition,
are increasing, each platform must be in continuous development and innovation
to develop functionalities, features, and even new algorithms. The various needs
and preferences of users can make one platform more suitable than others based on
technology and infrastructure.

5 Limitations of the research

Given the complexity of the scientific endeavor, the following limitations of this
research have been identified:
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� In making a decision at the organizational level, there are multiple factors that
can intervene, and the analysis that should be conducted needs to meet all the
organization’s specific requirements.

� The criteria chosen in this work, although of major importance in this field,
vary from one organization to another, as do the importance coefficients.

Furthermore, the identified limitations open up new research directions for the
implementation of calculation methods that are as specific and easy to use as possible
within any organization, to assist in making decisions regarding the optimal variant
for each. In the field of data science, all information changes at a very rapid pace,
which is why the hierarchy of platforms can change at any time. Therefore, there
is a need for studies that are as clear, accurate, and up-to-date as possible, keeping
pace with the changes that occur in technology.
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