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ABSTRACT

A data warehouse is a subject-oriented, integrated, relatively stable collection of data that reflects
historical changes and is used to support management decisions. Common tools for building a data
warehouse are IBM Cognos and SAP BO. However, both of the above use centralized single-node
mode to build data warehouses. This type of data warehouse has poor scalability, and due to the
rapid increase in the scale of the Internet, traditional data warehouses can no longer meet the actual
needs of use. This paper mainly introduces the integration of cloud data warehouse and machine
learning as well as the importance and application of parallel integration methods. First, the paper
describes how the combination of cloud data warehousing and machine learning can promote
business innovation and increase output. It then discusses the challenges of managing machine
learning models in production environments, and introduces the role of cloud data warehouses in
addressing these challenges. Subsequently, the cloud computing integration of Snowflake, as well
as the implementation steps and processes of the parallel integration approach are also introduced
in detail. Finally, the results of parallel integration method are analyzed, and it is considered that it
has a good application prospect and development potential in cloud data warehouse.
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1. INTRODUCTION

Recently, many software companies have come out with their own solutions. There are Data Lake,
Datawarehouse, Data Pond, Lake House and other concepts. There are tools and technology stacks
like Delta Lake, Data Lake Storage, Blob Storage, and cloud data warehouse solutions like Snowflake,
Redshift, Azure Synapse, and more.

Cloud data warehouses typically store large amounts of relational database data for OLAP data
analysis. Amazon Cloud Technology announced the launch of the "cloud, data, intelligence trinity"
big data and machine learning integration service portfolio, to help enterprises promote the integration
of big data and machine learning, machine learning from experiments to large-scale landing practice.
[1-4]Amazon Cloud Technology "cloud, data, intelligence trinity" service portfolio covers three
aspects, namely: building a unified data governance base in the cloud, providing production-level

Content from this work may be used under the terms of CC BY-NC 4.0 licence (https://creativecommons.org/licenses/by-nc/4.0/).
e Published by Warwick Evans Publishing.



data processing capabilities for machine learning, and enabling more intelligent data analysis tools
for business personnel. The service portfolio is Amazon Cloud Technology since the launch of the
"smart lake warehouse" architecture last year, to continue to promote the depth of the framework
intelligence and accelerate its landing practice.

Therefore, with more and more enterprise data and more and more advanced machine learning models,
many enterprises expect to further drive business innovation and improve output through the
integration of big data and machine learning technology. But companies often face a dilemma: they
have a lot of data and analytics, and they have tried a lot of advanced machine learning models, but
it is difficult to have actual business output. Enterprises can not only rely on machine learning, but
should create a unified data base in the cloud to achieve the "double sword combination" of big data
and machine learning.[5-6]The combination of cloud data warehouse and machine learning brings
great convenience and innovation to real life. By combining the power of large-scale data storage and
processing with the intelligent analytics of machine learning algorithms, all industries will be able to
enable more efficient and intelligent business operations and decision making. For example, the retail
industry can use the massive sales data and customer behavior data stored in the cloud data warehouse
to conduct predictive analysis combined with machine learning algorithms to accurately predict
product demand trends and customer purchase preferences, so as to optimize inventory management
and sales strategies and improve sales efficiency and profits.

In the field of healthcare, medical institutions can use the patient medical record data and medical
image data stored in cloud data warehouses to train medical diagnosis and prediction models in
combination with machine learning algorithms, so as to achieve accurate diagnosis and personalized
treatment plans, and improve medical efficiency and patient treatment effects. [7]In the field of
financial services, banks and financial institutions can use the transaction data and customer data
stored in cloud data warehouses, combined with machine learning algorithms for risk management
and credit assessment, to provide more intelligent financial products and services, reduce risks and
improve customer satisfaction.

In short, the combination of cloud data warehouse and machine learning has brought data-driven
intelligent transformation to all walks of life, promoting the innovative development of enterprises
and the continuous progress of social economy.Based on the research on the importance of machine
learning system integration and monitoring in modern enterprises, this paper discusses the key role
of cloud data warehouse in facilitating this integration and monitoring process. [8]By analyzing
challenges, needs, and real-world cases, this paper aims to provide an in-depth understanding of
machine learning system integration and monitoring, as well as methods and best practices on how
to effectively utilize cloud data warehouses to manage machine learning workflows.

2. RELATED WORK

Looking back, The most high-profile battle in the cloud computing world in recent years has
undoubtedly been the battle between cloud giants for the $10 billion U.S. Department of Defense
Joint Enterprise Defense Infrastructure (JEDI) contract. Although Microsoft beat Amazon to sign the
contract with the Department of Defense in 2019, the lengthy litigation and political disputes that
followed have dragged the cooperation to the quagmire. The dispute, which lasted three years, ended
in the cancellation of the contract. [9]However, this does not mean that dod has abandoned its need
for enterprise-grade cloud capabilities. The Pentagon quickly proposed a new contract, the Joint
Wartfighter Cloud Capability (JWCC).

2.1. Cloud data warehouse

With the launch of the data lake, the industry has not even broken the comparison between the data
warehouse and the data lake, and some people believe that the data lake should replace the data
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warehouse. Databases are typically classified as relational (SQL) or NoSQL, as well as transactional
(OLTP), analytical (OLAP) or hybrid (HTAP).

Departmental and dedicated databases were initially conceived as a huge improvement over business
practices, but were later derided as data "silos"; [10]If the data is kept in its native format, it becomes
a data lake when creating a unified database for all the data in the enterprise; If you are converting
data to a common format and schema, you need to build a data warehouse. A subset of a data
warehouse is called a data mart.

Essentially, a data warehouse is an analytical database created from two or more data sources, usually
a relational database, to store structured historical data that may be petabytes or exabytes in size. Data
warehouses typically have large compute and memory resources for running complex queries and
generating reports. They are often data sources for business intelligence (BI) systems and machine
learning (ML).

A cloud data warehouse has several benefits:
1) Storage Scalability:

Both cloud data warehouses and data lakes offer immense storage scalability, enabling organizations
to handle vast amounts of data effortlessly. For example, a multinational retail corporation
experienced exponential growth in sales data volume during holiday seasons. By leveraging Amazon
Redshift as their cloud data warehouse, they seamlessly scaled their storage capacity to accommodate
the surge in data without impacting performance. This scalability allowed the company to analyze
historical sales trends, optimize inventory management, and enhance customer satisfaction.

2) High Performance Data Intake and Output:

Cloud data lakes and warehouses deliver exceptional performance in terms of data ingestion and
output speed. A leading healthcare provider, managing a large volume of patient records, leveraged
Google BigQuery as their cloud data warehouse. [11-14]They experienced similar data intake and
output speeds when uploading patient data to BigQuery compared to storing it in Google Cloud
Storage as part of their data lake architecture. This performance consistency ensured timely analysis
of patient data for medical research, treatment optimization, and regulatory compliance.

3) Decoupled Compute and Storage for Flexible Scaling:

The decoupling of compute and storage in cloud data warehouses and data lakes allows for flexible
scaling according to workload demands. For instance, a financial services firm utilizing Azure
Synapse Analytics as their cloud data warehouse leveraged Databricks as their compute engine for
data processing and analytics. This architecture enabled independent scaling of compute resources,
ensuring optimal performance and cost-efficiency. During peak trading hours, the company
seamlessly scaled compute resources to handle increased data processing requirements without
affecting storage capacity.

4) Fault-Tolerance and High Availability:

Both cloud data warehouses and data lakes prioritize fault-tolerance and high availability to safeguard
data integrity and continuity of operations.[15] A global e-commerce platform relied on Snowflake
as their cloud data warehouse for real-time analytics and decision-making. With Snowflake's built-in
redundancy and failover capabilities, the company ensured continuous availability of critical business
data, even during unexpected outages or system failures. This resilience enabled uninterrupted order
processing, personalized customer experiences, and enhanced business resilience in the face of
unforeseen challenges.
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2.2. Challenges in Managing ML Models in Production

Managing machine learning (ML) models in production environments presents several challenges
that organizations must overcome to ensure successful deployment and operation. Some of the key
challenges include:

Model Performance Monitoring: Once deployed, [16]ML models need continuous monitoring to
ensure they maintain their performance over time. This involves tracking metrics such as accuracy,
precision, recall, and F1-score, and detecting any degradation in model performance due to changes
in data distribution or other factors.

Scalability: [17]As the volume of data and the complexity of models increase, scalability becomes a
significant challenge. Organizations must ensure that their infrastructure can support the growing
computational and storage requirements of ML workflows in production environments.

Model Versioning and Deployment: Managing multiple versions of ML models and deploying them
into production seamlessly can be complex. [18]Organizations need robust version control systems
and deployment pipelines to manage model updates efficiently while minimizing downtime and
disruption to operations.

Data Drift and Concept Drift: Real-world data is dynamic and can change over time, leading to
data drift and concept drift. ML models trained on historical data may become less accurate as the
underlying data distribution shifts. Organizations must implement mechanisms to detect and adapt to
these changes to maintain model performance.

Interpretability and Explainability: ML models, particularly complex models like deep neural
networks, are often seen as black boxes, making it challenging to interpret their predictions and
explain their behavior. In production environments, especially in regulated industries like finance and
healthcare, there is a growing demand for interpretable and explainable ML models to ensure
transparency and trustworthiness.

Resource Management: Efficiently managing computational resources such as CPU, GPU, and
memory is crucial for running ML models in production. Organizations must optimize resource
allocation and utilization to meet performance requirements while minimizing costs.

Security and Privacy: [19]ML models trained on sensitive or proprietary data may pose security and
privacy risks if not adequately protected. Organizations need robust security measures to prevent
unauthorized access to models and data, ensure data confidentiality, and comply with data protection
regulations such as GDPR and CCPA.

Addressing these challenges requires a combination of technical expertise, robust processes, and the
right tools and technologies. By effectively managing ML models in production environments,
organizations can unlock the full potential of Al and drive innovation and growth across various
industries.

Managing machine learning (ML) models in production environments entails challenges such as
performance monitoring, scalability, versioning, and data drift. Cloud data warehouses offer solutions
by providing robust analytics capabilities for real-time performance monitoring and elastic scalability
to handle increasing data volumes and model complexity. Additionally, they streamline model
versioning and deployment with features like version control and automated deployment pipelines,
while also enabling proactive detection and mitigation of data drift through advanced data
management and analytics capabilities[20-22].

Furthermore, cloud data warehouses offer tools for enhancing model interpretability and
explainability, addressing concerns in regulated industries like finance and healthcare. They also
provide robust security features, including encryption and access control, to protect sensitive data and
ML models from unauthorized access and malicious attacks. By leveraging these capabilities,
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organizations can optimize ML model management, ensure data integrity and security, and drive
innovation across various industries.

2.3. Cloud computing Snowflake integration

Although in the past two years, Snowflake has begun to aggressively move into data analytics
segments such as data lakes, it started as a warehouse service based on AWS S3 and EC2. With the
advent of the multi-cloud era, as with most SaaS providers, data latency, compliance, and data read
costs are starting to become pain points for Snowflake customers. Designed with its compute, storage,
and service tiers separated from each other, Snowflake offers consistent services on [23]Azure and
Google Cloud to appeal to customers based on different ecosystems.

With the continuous development of multi-cloud, more and more customers have different businesses
distributed in multiple cloud service providers, and the problem they face at this time is that the data
generated by these businesses is often difficult to share or unified processing among multiple public
clouds, and these data have formed "data islands". [24]In order to break down the barriers between
different cloud providers, Snowflake introduced support for External tables last year, allowing
enterprises to share data between multiple public cloud providers or with third parties, and perform
joint analysis with internal tables.

At this year's Snowflake Summit, Snowflake announced that it will extend support for external tables
to any S3 standards-compliant private cloud storage service in the future. Users can reference data
from private and public clouds that cannot be migrated to Snowflake and analyze it with data that has
been imported to Snowflake. And Snowflake's development history in the multi-cloud era, we can
summarize how the needs of enterprises in the multi-cloud era are developing: [25]First of all,
enterprises need these services to be provided on different cloud service providers, regardless of the
original ecology and data compliance of the enterprise requires data generation at which supplier,
enterprises can conduct business based on these services. It also needs to be able to support the
existing owned or private infrastructure of the enterprise to ensure that the private data of the
enterprise does not have to be replicated to the public cloud. On this basis, the barriers between
different service providers can be broken to achieve data interoperability. In this way, regardless of
the public cloud and private cloud, enterprise first-hand or third-party data can be comprehensively
used by data analysis services, and unified management. At the same time, enterprises can more
flexibly utilize computing resources on various platforms in multi-cloud architecture.

Although Snowflake is keenly aware of the needs of the market and has launched a series of
transformative technologies to actively embrace these changes, this is only the first step in the cloud
warehouse segment. We believe that to truly solve the fundamental problems that enterprises face in
the multi-cloud era, such as data interoperability and experience inconsistency, enterprises must shift
their multi-cloud strategy from de facto multi-cloud (By Default) to true multi-cloud architecture (By
Design).

The key characteristics of Snowflake are as follows

1. SaaS experience users do not need to buy a machine, hire a database administrator, or install
software. Users' data is either already in the cloud or they upload it. They can then immediately use
Snowflake's graphical interface or a standardized interface such as ODBC to manipulate and query
the data. Unlike other cloud-based relational database services (DBaas), Snowflake's services span
the entire user experience. There are no adjusting knobs for the user, no physical design, and no
storing and organizing tasks.

2. Relational Snowflake has full support for ANSI SQL and ACID transactions. Most users are able
to migrate existing workloads with little or no change[25-27].

3. Semi-structured Snowflake provides built-in functions and SOL extensions for traversing,
flattening, and nesting semi-structured data, and supports popular formats such as JSON and Avro.
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Automatic metadata discovery and column storage make manipulation of schema-free, semi-
structured data almost as fast as normal relational data, with no effort on the part of the user.

4. Storage separation and smooth expansion without affecting data availability or concurrent query
performance.

5. Highly available, Snowflake tolerates failures of nodes, clusters, and even entire data centers. No
downtime occurs during software or hardware upgrades.

6. Persistence, designed to prevent accidental data loss, with additional security protection measures:
cloning, undo deletion, and cross-region backup.

7. Low cost Snowflake is very efficient and computationally rich, with all table data compressed.
Users pay only for the storage and computing resources they actually use.

8. Data reliability, including temporary files and network traffic, is encrypted end-to-end. No user
data will be exposed to the cloud. In addition, role-based access control enables users to have fine-
grained control over access at the SOL level.

3. METHODOLOGY
3.1. Integrated model

This paper presents a data integration method based on key-value data model in cloud computing
environment. This method can better support large-scale data integration. Define 1 integration data
source. The data source for the data integration process can be a relational database, a variety of
specification compliant files, or a direct Web site, with Ds representing the integration data source.

Define 2 integration data destination. The data destination of the data integration process is the final
place where the integrated data is stored, and the integration destination source is represented by Dt.

Define 3 integration task. Complete the tasks of the integration process. To mark integration tasks, a
unique integer taskid flag is used for each integration task, and an integration task can be formally
represented as:

Task: = (taskid,Ds,Dt, pri, mode) (D

taskid indicates the taskid of the integration task and is used to mark the integration task. Ds is the
integrated data source flag; Dt is the integration destination source flag; pri is the priority of the
integration task. mode Indicates other configurations of the integration task, such as whether
incremental extraction is enabled[28].

Define 4 The local Web data source model (WDSM). WDSM={RDEF(S, P, O)}.

The local Web data source model is a collection of RDF(S, P, O). RDF(S. P, 0) describes a specific
resource of a local Web data source, where S is the subject,P is the predicate, and 0 is the object.

Define5relational database semantic mo-del-RDBSM. Defined as
RDBSM ={R(X)}={KeyValue(r, x, y), reR, xeX, x—y}.

RDBSM is the set of R(X),R(X) is any relational schema of the relational database,R is the relational
schema name, X is the attribute set of relational schema R; KeyValue(r, x, y) is the key-value
representation transformed by any relational schema R(X), where r is the resource representation of
any relational schema R, x is a named attribute of R's attribute set X, and y is the attribute value of
R's attribute x. Define six object-oriented data source models

(mod-el-WDSM). WDSM={00(C({o},{7:a}))}.

The data source model is a set of
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C({o}, {7:a}). C({o}, {T: a})

describes the data of the class in the data source,C is the class,a is the attribute (attr-bute),7. Is the
type of the property.

The cloud data center is a triplet. The MainServer is the main server, which is mainly responsible for
cloud data management, client data request processing, task assignment, and concurrency control.
The DataServer is a data workstation, which is responsible for data access in its own area. NetDevice
is the network device of the entire system.

The structural framework of the system is shown in Figure 1. It includes a variety of data sources,
such as Web data sources, object databases, relational databases and so on.

[ cloud services

workStation | cloud data warehouse (= workStation

o
[ extraction tools ]

Figure 1. NetDevice system architecture

)
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The method of mapping from relational model to key-value model is relatively mature. Mapping Web
data to the key-value model consists of two steps: first, mapping RDF data to a table model; The table
model is then mapped to a key-value model. Mapping an object database to key-value data also
involves two steps: first, mapping the object data to relational table data; [29]The relational table data
is then mapped to key-value model data. According to these mapping models, multi-source
heterogeneous data can be mapped to the cloud data warehouse. The cloud data warehouse can
support many applications such as data mining, statistical analysis and prediction. Because cloud data
warehouse needs to integrate massive data, it is of great value to study fast and efficient parallel
integration methods.

3.2. Parallel integration method

The rationality of cloud data parallelization integration and the operation efficiency of the process
play a crucial role in the success of the construction of a data warehouse. This article uses case 1 to
illustrate the determination of parallel integration priorities. D1, D2, D3, and D4 are data sources to
be integrated, and GD is the integrated global data schema.

Table 1. GD shows the integrated global data schema

Relation Name Attributes
Customer ID1, name, citylD, date, info
City citylD, cityname, Info
Customer name, cityname, date
Rdf name, cityname, date

After integrated analysis of cloud data, the active topological relationship between them is obtained,
as shown in Figure 2. Then according to the algorithm, the priority of the data extraction operation of
the four data sources can be determined to level 1. For D, and D, use outioin operations, for D, add
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ID operations, and for D, use transformation operations to convert RDF data to key-value data with
priority 2. Finally, the data is used in a union operation with a priority level of 3.

extract —
_l—> oulerjoin
D, actl -

act2 —
extracl
D, actl

union
PK 3
o > act :
extract MLy addID act2 H -
D, actl
5 PK -
extract L -
transformation
1)4 actl act2

Figure 2. Cloud data priority graph
3.3. Data model definition

3.3.1. Local Web Data Source Model (WDSM) :

Features: The local Web data source model is a model based on RDF (Resource Description
Framework), which is used to describe the resources and their relationships on the network.

Components: Contains a series of RDF triples (Subject, Predicate, Object), where S stands for Subject,
P for Predicate, and O for Object.

Description: RDF(S,P,0) describes the properties and relationships of a particular resource in a local
Web data source, where S is the subject,P is the predicate, and O is the object. For example, the RDF
(" http://example.org/resourcel " "hasType", "Person") represent resources
"http://example.org/resourcel" with type "Person".

3.3.2. Relational Database Semantic Model (RDBSM) :

Features: Relational database semantic model is a model based on relational database, which is used
to describe the relationships and attributes between entities.

Components: Includes relational schema R(X), KeyValue(r,x,y) transformations, and mapping
relationships between relational attributes.

Description: [30]The relational schema R(X) defines the set of entities and their set of attributes in a
relational database, where R is the relational schema name and X is the set of attributes. The
KeyValue(r,x,y) transformation converts data in a relational database into a key-value pair form,
where r represents the resource representation of the relational schema,x is the attribute of the

relational schema, and y is the attribute value. For example, KeyValue("Customer", "name", "John")
means that the value of the attribute "name" in the relational schema "Customer" is "John".

3.3.3. Object-oriented Data Source Model (WDSM) :

Features: Object-oriented data source model is a model based on object database, which is used to
describe the relationships and properties between objects.

Components: Contains a description of the class and the attribute, as well as the type of the attribute.

Description: C({o},{T:a}) describes the class and its attributes in the data source, where C is the class
name,{o} is the set of attributes, and {T:a} represents the type and name of the attributes. For example,

C("Person", {"name":"string", "age":"int"}) means that the class "Person" has attributes "name" and
"age", where "name" is of type string and "age" is of type integer.

According to the model definition, it supports applications in cloud data warehouse, such as data
mining, statistical analysis and prediction, etc. [31]By mapping data from different data sources to a
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unified key-value data model, the data in cloud data warehouse has a consistent format and structure,
which is convenient for unified processing and analysis of multi-source data. Applications such as
data mining, statistical analysis and prediction can directly use the data in the key-value data model
for multidimensional analysis and mining, so as to provide users with more accurate and
comprehensive information support.

3.4. Result Analysis

In the result analysis, we first evaluate the effect of the parallel integration method. By evaluating the
integrity, consistency and accuracy of the data, it is found that the parallel integration method can
effectively integrate multiple data sources into the cloud data warehouse and maintain the high quality
of the data. The consistency of the data is effectively guaranteed, and the correlation between the
various data sources is well maintained. This shows that the parallel integration method has a good
effect in dealing with large-scale data integration, and can meet the application requirements of cloud
data warehouse.

Secondly, we analyze the performance of the parallel integration method. By comparing the
performance difference between the parallel integration method and the traditional integration method,
it is found that the parallel integration method has obvious advantages in data integration speed,
concurrent processing ability and resource utilization. [32]Parallel integration method can make full
use of multiple processing units to process data in parallel, which greatly improves the efficiency and
speed of data integration. This enables cloud data warehouses to respond more quickly to users' data
needs, improving overall system performance and user experience.

In summary, through the analysis of the results, we believe that the parallel integration method has a
good application prospect and development potential in cloud data warehouse. It can not only improve
the quality and efficiency of data integration, but also support a variety of data applications, providing
users with richer and more accurate data support. In the future, we will continue to explore the
optimization and improvement of the parallel integration method to further enhance its application
effect and performance in the cloud data warehouse.

4. CONCLUSION

The integration of cloud data warehouses and machine learning, along with the implementation of
parallel integration methods, presents a significant advancement in data management and utilization.
This paper underscores the importance of this integration in driving business innovation and
enhancing output. By combining the scalability and stability of cloud data warehouses with the
intelligence of machine learning algorithms, organizations can achieve more efficient and intelligent
business operations and decision-making processes across various industries.

Cloud data warehouses offer several advantages over traditional centralized single-node data
warehouses, including storage scalability, high-performance data intake and output, flexible scaling,
fault-tolerance, and high availability. These features enable organizations to handle vast amounts of
data effortlessly, analyze data in real-time, and ensure continuous availability of critical business data,
even during unexpected outages or system failures.the integration of cloud data warehouses with
machine learning enables organizations to leverage massive datasets and intelligent analytics to drive
data-driven insights and innovations. [33]Industries such as retail, healthcare, and financial services
can optimize operations, improve customer experiences, and mitigate risks through predictive
analysis, personalized treatment plans, and intelligent financial products and services.

Looking ahead, the future of cloud data warehouses holds immense potential for further
advancements. The adoption of multi-cloud architectures, enhanced support for external data sources,
and continuous optimization of parallel integration methods are key areas of focus. By embracing
these developments, organizations can achieve true multi-cloud interoperability, improve data
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accessibility and usability, and unlock new opportunities for innovation and growth in the cloud data
warehouse ecosystem.
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