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Abstract For organizations to succeed in their respective 
domains, they need to define a Business Strategy that outlines 
the Key Performance Indicators that are measurable. 
Organizations, then, define a Data Strategy that takes all data 
into consideration and provides analytics that eventually maps 
to the Key Performance Indicators that are defined.  

The recent advancements in technologies based on 
5G and Edge deployments that are producing Big Data are 
primarily driven by the motivation of providing a highly 
interactive and localized customer experience. Organizations 
that are deploying solutions in Edge locations therefore need 
quicker analytics to react faster and therefore they need a data 
strategy that can meet their demands.  

This research paper aims to provide an overview of the 
various Data Integration and Business Analytics strategies that 
organizations have implemented as part of their overall Data
Strategy. Additionally, this paper discusses the challenges 
faced by organizations deploying Big Data solutions due to
the traditional Data Strategies and proposes a concept to meet 
the needs of organizations that need near real-time analytics 
by leveraging Analytics tools and Artificial Intelligence.  

Keywords Big Data, 5G, Data Strategy, Data Integration, 
Business Analytics, Edge, Artificial Intelligence 

I. INTRODUCTION

Data is at the core of strategy and decision-making 
for organizations to grow and succeed. For Organizations to 
execute their Business Strategy, a strong Data Strategy is 
required that can turn data into value and map to the overall 
Key Performance Indicators defined in Business Strategy. As 
Organizations continuously challenge their assumptions and 
their previous performances, they come out with aggressive 
Business Strategies and this in turn requires an innovative 
Data Strategy that can deliver results with a quicker 
turnaround time. 

[6] A successful and comprehensive Data Strategy, it 
requires a good understanding of all the data sources and their 
appropriate structures. Bringing data together from different 
source systems, ensuring the data is in the right format, and 
keeping the integrity of the data as it gets transformed are 
some of the key objectives for any Data strategy. Therefore,

for any organization to be successful, a comprehensive Data 
Strategy is required that addresses the challenges due to these 
various heterogeneous systems by providing a strategy for 
various translation layers to bring uniformity without affecting 
the integrity and additionally provide a process for cleaning 
the data before consolidation. After ensuring the data is 
consolidated, it then needs to be loaded into an appropriate 
Business Analytics tool for the purposes of Analytics and 
decision-making.

The entire process of Data Integration could range 
anywhere from 30 mins to 12 hours (or even more) depending 
on the total number of source systems, the size of the data, and 
the associated transformations. Therefore, a big challenge for 
the successful execution of Data Strategy is ensuring that the 
Data Integration timeline is as aggressively low as possible, at
the same time, cost-effective to ensure it can deliver results 
that matter. Furthermore, with Edge technologies and 5G 
solutions going mainstream, there is a bigger need to react 
quickly based on analytics results, and this, in turn, adds more 
pressure for an effective data strategy with quicker turnaround 
times. According to Gartner estimates, by 2025, 75% of the 
Enterprise data will be handled in Edge sites and therefore an 
effective Data Strategy is required to handle the data 
generated out of the Edge locations. 

[8] This research paper argues that the current
methodologies of Data Integration and Analytics, and the 
recent evolutions in Edge Analytics have limitations in 
meeting the demands of the next generation technologies such 
as Smart Cities, the Internet of Things, and others that rely on 
Edge and 5G technologies. This paper additionally proposes a 
solution that can effectively meet the demands of 
technologies. 

II. BACKGROUND

[1] Research has shown that when Organizations either
have a single data center or multiple data centers producing 
homogeneous data, there is little need to transform data before 
analyzing the same for decision-making purposes. 

When little to no transformations were required, Data 
Integration from multiple homogeneous solutions typically 
happened within 2 hours 4 hours on average for about 1TB 
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of data from each data center. A small POC performed 
revealed that when the transformation involves 2 fields within 
a particular table from 2 source systems that contain 1TB of 
data each, and then when an integration operation is 
performed, the time it takes is close to 2 hours. Note that this 
POC only considers transformation and integration, it does not 
count loading into the database. Therefore, the overall time it 
takes from Data Integration to Analytics takes about 5-7
hours. Note that the use case that is taken into consideration is 
a very simplistic one. A realistic use case will involve 
additional transformations and therefore the numbers here are 
proportional to the transformations and integrations. 

[1] After Cloud solutions became prominent and started 
gaining popularity, Organizations started to deploy either
private cloud, hybrid cloud, or public cloud solutions. This 
multi-deployment model meant that data was getting 
generated from various systems in either a structured or 
unstructured format and to make sense of all the incoming 
data, it was important to have a comprehensive data strategy 
with the ability to capture changes for effective decision-
making purposes. Due to the complexity associated with
consolidating data from various source systems, the Data 
Integration activity along with Business Analytics does take a 
longer time to execute before it can be up for analytics. A 
POC done on this and along with additional research indicates 
that it takes anywhere from 12-24 hours, depending on source 
systems, the structure of data, the amount of data, and the 
necessary transformations. 

[3] The next wave of technological advancements such as 
the Internet of Things, Smart Cities, Gaming Technologies, and 
others that are currently gaining a lot of prominence is 
dependent on Edge solutions. The need for organizations to 
build and adapt to these technological advancements is
primarily driven by the idea of providing a real-time and 
localized customer experience. This would mean that 
organizations need a stronger data strategy in place to integrate 
all the disparate data coming from different systems in 
different geographies and a corresponding Analytics tool to 
analyze these in a real-time manner for effective decision-
making purposes.

A. Technology Background

1) Data Integration Methodologies

[5] The two popular methodologies associated with the 
Data Integration pipelines are ETL (Extract, Transform, and 
Load) and ELT (Extract, Load, and Transform). 

While ETL is the most popular as it accounts for the 
transformation and cleaning up of data before using the same 
for analytics purposes, there are limitations associated with it 
as well. The primary and most concerning limitation is that the 
entire process is a time-consuming and costly one. When there 
are multiple sources with disparate formats, the complexity 
further increases as Transformations need to be completed for 

data originating from all sources and these cause further 
delays. 

With ELT, the Load process happens before the 
Transform process. Due to this approach, data in different 
shapes and formats are first loaded either in a warehouse or 
data lake before using it appropriately for Analytics purposes. 
This method significantly reduces the overall time since the 
transformation is done on a need basis. However, the biggest 
limitation of this process is the security concern. Data that is 
stored in the warehouse has the possibility of containing 
sensitive information and if not handled appropriately can 
result in leaks. 

Another methodology that is gaining popularity and 
addresses the security issue of ELT is the EtLT model. This is 
the Extract(E), Transform(t), Load(L), Transform(T) model. 
The Transform process after the Extract process is an 
intermediate one and is typically used to do a lighter clean-up 
of data and ensure the security concerns are addressed before 
the Load operation is performed.  

While both ELT and EtLT methodologies were introduced 
to deal with Big Data and the need for quicker responses, they 
still lack the flexibility and faster response times that are
typically required by organizations for real-time decision-
making.

2) Business Analytics Tools
Business Analytics tools are deployed at a Centralized 

location. After all the data is consolidated, they are loaded into 
Business Analytics and Intelligence tools for comprehensive 
analytics, that will further be used for decision-making
purposes. Every organization has certain Key Performance 
Indicators (KPIs), and the goal of a data strategy will be to 
ensure that these KPIs are defined and tracked appropriately in 
the Business Analytics tools. 

These Business Analytics tools need a complete view of 
all the data for producing a complete analytical view of the 
performance of the Organization and therefore it is important 
that the data strategy has a solid data integration strategy. 

III. DATA STRATEGY FOR EDGE DEPLOYMENTS

As mentioned in the previous sections, many 
organizations are focused on enhancing the customer 
experience by providing localized and quicker turnaround times 
to customer requests. Before reviewing the Data Strategy that 
Organizations are implementing for Edge Solutions, here is a 
quick review of 5G and Edge technologies, and the challenges 
of implementing an effective Data Strategy.

A. 5G and Edge Technologies

[4]5G technology is built on the core concept of ensuring 
lower latency, faster response, and higher bandwidth. The 
main characteristics of 5G are that it needs to handle massive 
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amounts of data, needs to have a stringent Quality of Service, 
supports heterogeneous environments, and allows 
interoperability.  

 
[4] Edge technologies are focused on deploying solutions 

as close as possible to customers. This is necessary to ensure 
that critical applications and infrastructure can stay as close as 
possible to users, therefore, allowing for a faster response time 
and provide localized experience. Figure 1 is a model of Edge 
Computing. The Edge sites in the figure indicate the 
deployment of critical infrastructure deployed in a 
geographical location to cater to the needs of the users or 
customers at that location. Edge sites then synchronize with 
the infrastructure or application in the cloud appropriately.  

 

 
Fig.1: Edge deployments 
 
Therefore, both 5G and Edge technologies, either 

combined or separately will be the enablers for various 
technologies producing Big Data such as the Internet of 
Things, Smart Cars, Gaming solutions, Connected Devices, 
and others.  
 

For both 5G and Edge technologies to be successful, 
organizations need a near real-time analysis of the 
performance of their entire solution and the ability to make 
faster decisions based on incoming data from these 
deployments. Therefore, it is critical to ensure Data 
Integration and the corresponding Analytics is as close as 
possible to the deployment to reduce the turnaround time and 
can provide analytics in near real-time.  

 

B. Limitations with current Data Integration and Analytics 
solutions in meeting Edge Deployment requirements 

The primary purpose of organizations deploying solutions 
that rely on Edge and 5G technologies is to provide a highly 
interactive, localized customer experience. Therefore, they 
will also expect real time analytics of their solution. The 
current set of Data Integration and Analytics solutions has 
certain limitations in addressing this requirement due to the 
following factors:  

 Analytics solutions are deployed at a centralized 
location, typically in a cloud and it needs a 

consolidated view of the data to make decisions. 
Consolidation of data can happen only after the data 
goes through either ETL or ELT or EtLT model and 
this cannot happen on a real-time basis.  

 Edge locations are expected to produce terabytes of big 
data and consolidating all of these is a time-consuming 
activity. 

 When new Edge locations are deployed, these can 
further complicate an already existing Data Model with 
additional big data. Therefore, a strong Data Strategy 
needs to be in place to handle these large amounts of 
data.  

 A strong data governance model needs to be in place to 
ensure that there is no stale data sitting in any of the 
locations because of either transformations or mis outs.  

 
To put all these limitations into perspective and review what this 
is, we shall take the previous POC numbers and extrapolate this 
further. When a single edge site generates 1TB of data in a day 
and if there are 5 edge sites in place, this results in 5TB of data 
that needs to be transported into a single data warehouse. This 
whole operation is expected to take at least 2-3 days considering 
it is a 1Gbps Ethernet connection. Transformations are then 
expected to take place which again can take 1-2 days, depending 
on the complexity. Therefore, for any meaningful analytics, it is 
expected to be at least 4-5 days.  

 

C. Recent developments to address Challenges 

1) Streaming Analytics 
[4] Streaming Analytics is a process where data is 

continuously collected from the source systems and they are 
streamed to a location, that is typically a data warehouse. 
Streaming Analytics works based on real-time queries that 
pull data from the source and after data reaches a warehouse, 
they will be processed appropriately and consolidated through 
Transform methodologies.   

 
Streaming Analytics aims to resolve the lagging issue that 

traditional solutions as data is collected in real-time as it is 
generated. However, it should not be confused with Real-time 
Analytics as Analytics is expected to happen only after 
consolidation. Consolidation of data will happen only after all 
the source data is collected in a location and transformed 
appropriately.    

 
Therefore, taking the above example into consideration, 

this option is expected to reduce the whole turnaround time by 
1 day or two since the data is streamed as it is collected.  
 

2)  Analytics at the Edge 
[4] To ensure that Data is processed and analyzed either at 

the Edge or near the Edge, Data should be stored at the Edge 
location, instead of sending it to a centralized data warehouse. 
An Analytics solution also needs to be deployed near the Edge 
that can act on the data at the localized location (Fig 2). 
Therefore, the typical ETL or ELT pipeline is not expected to 
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add value in this deployment as multiple TBs of data are 
expected to be generated and any centralized solution is not 
expected to be scalable to handle this large volume of data. 
However, multiple EtL pipelines are expected to be deployed 
near the Edge that can serve as an input to the Analytics 
model. Taking the above example and putting into this 

expected to be available within 1-2 days.  
 

This solution however raises an important question as to 
whether the big picture will be missed when data is processed 
at a local site and therefore having a consolidated and 
centralized view will not be possible. The answer to this lies in 
how organizations define their data strategy. Depending on the 

data strategy needs to be drafted and this needs to consider if 
Edge Analytics is required or having a consolidated Data and 
Business Analytics will be good enough. If Edge Analytics is 
required, it is important to have multiple EtL pipelines with a 
view of the type of data for each of the Edge deployments.  

 
Fig 2: Edge site with local Analytics 

IV. PROPOSAL FOR ANALYTICS TOOLS TO LEVERAGE 

ARTIFICIAL INTELLIGENCE 

 
The whole Data Strategy is defined with the goal of 

Business strategy. Therefore, a Data Strategy needs to take 
into consideration consolidating data from various sources and 
landing on one target that can further be used to feed into an 
Analytics solution deployed in a cloud or a centralized 
location. However, with Big Data challenges that originate 
TBs of data from each edge site, it is practically a huge cost-
impacting solution to consolidate all the data into one 
centralized repository.  
 

This research paper proposes an Interconnected Analytics 
Solution (Fig 3).  The proposal is that a Business Analytics 
application will be deployed either near the Edge or within the 
Edge that performs Real-time (or near Real time) Analytics 
and then an interconnected network of Edge Analytics 
applications to the Cloud Analytics application. The outcome 
of Analytics from each of the BA applications at the edge site 
will be transferred to the Cloud Analytics application and 
these will be consolidated for Overall Analytics at an 
Organizational level. The output of this activity will then be 

ormance 
of the organization.  

 

 
 

Fig 3: Interconnected Analytics Solution 
 

Additionally, for an Edge Analytics application to perform 
Real-Time analytics, it would still need to have a better 
perspective of data from other Edge locations or from the 
central Cloud location. Artificial Intelligence (AI) will be 
leveraged to identify if an Edge Analytics application has all 
the information and if it does not, data will either be fabricated 
or augmented based on already existing processed data from 
the Cloud Analytics solution. Models shall be built and 
improved upon to ensure that the overall Analytics solution 
becomes intelligent over a period.  

 
With AI, Data and Business Analytics solutions deployed 

at Edge locations has the potential to become smarter by 
augmenting data and visualizing a bigger picture while 
analyzing for a particular edge location. Here is a detailed 
view of the proposal:  

 Organizations need to have a Data Strategy that will 
encompass separate strategies for each of the Edge 
locations.  

 Each Edge site is expected to have a separate EtL 
pipeline feeding into the Analytics application that is 
either deployed in the same Edge site or in a cluster 
of Edge locations.  

 The Analytics application is expected to be either in a 
mesh model with other Analytics applications (at 
other Edge sites) or the Enterprise Data Center.  

 With Artificial Intelligence, all Analytics applications 
in the cluster shall share intelligence and build 
models that will give a perspective of business both 
from the Edge location and from the overall 
Organizational level.  

 With this model, Real-time analytics can be 
performed intelligently and effectively. Additionally, 
the performance of the overall Organization shall be 
measured as well. 

 
1) Benefits of using Artificial Intelligence(AI) 
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Artificial Intelligence (AI) can bring in multiple benefits to 
this approach:  

 With AI, a certain pattern can be identified based on 
past metrics, and this can be used to fabricate or 
predict the complete picture of the organization in an 
Edge Data Center.  

 [3]AI has proven to be a very successful approach in 
analyzing big data and especially, when it comes to 
machine learning, advanced algorithms, and 
improved computing power and storage.  

 
2) Advantages of this approach:  

 
This approach is expected to have multiple benefits:  

 Organizations will have the ability to get an Edge 
site-specific view in real-time and derive an 
organizational view from the central Analytics 
solution. 

 The entire data generated from a specific Edge site 
does not need to be consolidated at a central 
location. It can instead stay at an Edge site, and this 
can reduce costs. 

 The Data Integration pipeline can be local at the 
Edge site. Transformations can be confined to the 
data that is gathered at the Edge site. This can 
therefore reduce the overall turnaround time from 
days to hours.  

 Security concerns can be addressed as the EtL 
pipeline is expected to handle all sensitive 
information and the data does not leave the Edge 
site. 

 Since all data will be processed at the Edge, the 
chances of leaving out data from analytics is 
minimal. There will be no stale data. 

 Analytics data that is exchanged between the 
various Analytics solutions will be in a uniform 
pattern. Therefore, no transformation will be 
expected.  

 This solution is expected to be scalable. 
Organizations will continue to add new Edge sites 
or deploy solutions in new geographies. In this 
case, the Analytics solution can be deployed at the 
local site and can be hooked to the central site.  

 
3) Reduction in TurnAround time and Costs 

 
The driving point behind this proposal is to have a reliable 

data strategy that can effectively reduce costs, provide 
analytics within a shorter timeframe, and additionally provide 
options for localized analytics. Based on the results of the 
POC that was performed on individual deployment models, 
here is the inference on how this proposal is beneficial to 
organizations:  

 When analytics is performed locally at the Edge, 
organizations can potentially eliminate the task of 
migrating data to a centralized data warehouse. For a 
1TB of data from a particular Edge center, this 

proposal will bring down the turnaround time from 2 
days to 6 hours.  

 This proposal additionally brings down the costs of 
moving the entire data to a particular central 
repository as data is now handled and stored at the 
Edge. 

 With AI, Analytics solutions deployed in multiple 
sites can exchange the outcome of the results and 
therefore a comprehensive Analytics solution can be 
deployed with lower costs. 

 

V. CONCLUSION 

Business Analytics and Data Integration 
methodologies have undergone massive changes with changes 
and advancements in technologies and deployments. When 
Cloud solutions started gaining prominence and widespread 
adoption, ETL and ELT models of Data Integration started 
becoming popular since they ensured data can be captured 
from any kind of cloud deployment (private, public, or hybrid) 
and with the ability to capture changes in real-time. 
Additionally, improvements were made within Business 
Analytics to support widespread data integration technologies 
and provide a comprehensive solution to customers. These 
models also supported the expansion into new regions and 
new deployment models. However, Organizations have 
always struggled with getting real-time analytics for quicker 
turnaround to issues.  
 

With Big Data, Edge, and 5G technologies going 
mainstream, traditional methodologies are expected to be 
under a lot of pressure to cope with the demands of 
organizations as they are expected to provide faster responses 
to customers. Therefore, vendors of Data Integration and 
Analytics are expected to adopt to newer ways to meet the 
demands. The proposal of deploying multiple Analytics 
applications and interconnecting, and then leveraging 
Artificial Intelligence, that is described in this research paper 
shall be considered by Vendors as they look to meet customer 
demands.  
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