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Abstract: Improving patient outcomes and the operational efficiency in the era of digital health transformation depends on one's 

ability to effectively manage & evaluate massive healthcare data. Healthcare encounter data including thorough records of 

interactions between patients and the healthcare providers—is very vital in this set. Clinically, this data supports billing, policy 

development, care coordination, and these clinical insights. Big data platforms like Hadoop and Snowflake are becoming more and 

more important as companies struggle with best approaches for storing, analyzing, and extracting value from information. Two 
different approaches in big data management are Hadoop, recognized for its open-source flexibility and their distributed computing 

features, and Snowflake, unique for its modern cloud-native architecture and more seamless integration. This study compares many 

other systems with an eye on their efficiency in handling healthcare encounter information. Particularly with reference to 

healthcare needs, we look at performance metrics, scalability options, cost-effectiveness, and the data governance capabilities. We 

want to clarify the benefits and the drawbacks of each platform by means of an analytical modeling, technical benchmarking, and 

the practical case study from a data ecosystem of a healthcare provider. Our findings show clear differences: Snowflake shines in 

query speed, governance simplicity, and scaled-improvement in cloud environments; Hadoop offers resilience for unstructured data 

and cheap storage. The outcome emphasizes how the optimum choice depends on their specific healthcare data demands, 

infrastructure sophistication, and organizational goals; so, stakeholders should match platform capabilities with their long-term 

data strategy. 
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1. Introduction 
In recent years, the healthcare industry has seen a major change primarily driven by the development of these digital 

technologies. Previously kept on paper records within filing cabinets, patient information has been digitized and incorporated into 

their sophisticated systems. Healthcare professionals have been enabled by technologies such as Electronic Health Records 
(EHRs), Health Level Seven (HL7) standards, and the Fast Healthcare Interoperability Resources (FHIR) architecture to capture, 

share, and evaluate their patient data with hitherto unheard-of accuracy. The explosion of healthcare data, especially encounter data 

recording patient interactions with healthcare systems, raises both a significant opportunity and a major risk. 

 

The volume of encounter data is growing at an amazing pace as more healthcare institutions use digital record-keeping & data 

exchange systems. Visit summaries, diagnostic reports, test results, and prescription information might all find place in these kinds 

of systems. Dealing with huge volumes of complex data calls for scalable storage options and their systems competent of 

processing, evaluating, and deriving insights in actual time or almost actual time. When faced with these criteria, conventional data 

systems often underperform in performance, flexibility, or cost-efficiencies. 

 

Two major technologies Hadoop and Snowflake have been quite effective for huge scale data management in this 
environment. For more than ten years, big data ecosystems have been anchored on Hadoop, known for its open-source architecture 

& distributed storage and processing capability. For companies handling different healthcare records, it provides flexibility in 

handling unstructured & semi-structured information. On the other hand, Snowflake offers a modern, cloud-centric data platform 

meant for scalability, usability & the best performance. The architecture separates computing and storage resources so that users 

may expand separately and more effectively maximize these expenses. 

 

This paper aims to assess Hadoop with Snowflake especially on the handling of healthcare encounter information. Both 

systems have different benefits, but they operate on essentially different ideas, which causes somewhat different performance, 

scalability, usability, and cost implications. This comparison study aims to assist data professionals & healthcare institutions in 

making informed decisions on the best appropriate platform for their needs. 
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This study primarily intends to investigate the different requirements of healthcare encounter data management. 

● Analyze Hadoop's and Snowflake's performance in storage, querying, and processing of such information. 

● Analyze potential advantages or obstacles in the design of any other platform used in healthcare environments. 

● Evaluate considerations related to regulatory compliance, data security, and economy. 

 

The following research questions direct this work: 
● In processing vast amounts of healthcare encounter information, how does Hadoop compare against Snowflake? 

● On every platform, what concessions between adaptability and user-friendliness exist? 

● Which choice guarantees better adherence to healthcare data standards and economy? 

 

The following organization of this work's latter parts is based on Section 2 offers a thorough review of healthcare data along 

with technological requirements. Section 3 defines Snowflake's and Hadoop's architecture features. Section 4 outlines our method 

of approach in our comparative analysis. Section 5 gives the facts and analysis; Section 6 stresses important findings and looks at 

their consequences. Finally, Section 6 presents recommendations and a summary of the study along with future directions of 

research. 

 

By the end of this paper, readers should have a thorough awareness of the relative performance of these two platforms within 

real-world healthcare data environments as well as the important factors to consider when choosing the suitable instrument for the 
job. 

Table 1: Comparative Analysis of Hadoop and Snowflake in Handling Healthcare Encounter Data 

Hadoop Snowflake 

Scalability Handles large volumes with distributed computing Cloud-based elasticity supports growing datasets 

Data Processing Speed Batch processing, slower insights Near real-time analytics for quick insights 

Storage Costs Lower, but requires infrastructure management Higher, but with managed storage services 

 

2. Healthcare Encounter Data: Structure and Challenges 
One of the most useful resources in the modern data-centric healthcare environment is encounter data—comprehensible 

information collected during patient contacts with the healthcare system. Every one of the following events qualifies as a 

"encounter": seeing a doctor for a standard examination, checking into the emergency room after an accident, having surgery, or 
engaging in a virtual telehealth session from home. These records help one to fully grasp a patient's medical background. 

 

2.1. Definitions of Encounter Data 

Fundamentally, encounter data documents the identity, kind, time, location, and the justification of patient interactions. This can 

include: 

● Inpatient encounters: admissions wherein patients spend one or more nights in the hospital. 

● Medical consultations, physical therapy, laboratory tests, and any other therapies without an overnight stay come under 

outpatient encounters. 

● Cases of high priority may involve trauma, serious illness, or the need for a quick response in the emergency room (ER). 

● Virtual consultations with healthcare professionals are becoming increasingly common thanks to the growth in digital 

health. 

 
Every encounter generates a wealth of information including diagnosis codes, treatment approaches, prescription medicines, 

physician comments, vital signs, and more information. Accurate gathering and the evaluation of this data has great power to 

improve their operational effectiveness and care delivery. 

 

2.2. Where can one find encounter data? 

Encounter data comes from several places, not only one. Usually in actual time or close to actual time, it is gathered from many 

other sources. Notable offerings consist: 

● Electronic Health Record (EHR) systems: From doctors all over the spectrum of treatment, these computerized solutions 

save thorough patient information. 

● Sent to insurance companies for payment, claims data provide information on administrative and financial sides of 

healthcare delivery. 
● Including admissions to or discharges from a hospital unit, ADT (Admission, Discharge, Transfer) feeds track patient 

transfers within an institution. 
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● Health Information Exchanges (HIEs) are networks that enable patient information to be shared across different healthcare 

facilities, hence improving coordinated treatment. 

 

The problem is that every source could apply different formats, standards, and degrees of information, therefore complicating 

the data integration and analysis. 

 

2.3. Volume, Variability, and Velocity: Encounter Data's Three Vs 

Big data is exemplified in healthcare encounter data, often distinguished by the "three Vs": 

● Potential: Every day a single hospital may generate thousands of exchanges, each including several data fields. Applied to 

a national health system, the numbers quickly become unbounded. 

● Data comes in many other forms: organized fields (like lab results), unstructured language (like doctor notes), picture 

files, and sensor data from wearable devices. 

● Particularly because of the growth of actual time feeds and IoT-enabled health equipment, the speed of the latest data 

creation is quickening. 

 

Good administration of this data depends on a robust infrastructure and well defined processes, which emphasizes the need of 

modern data platforms for businesses including healthcare. 

 

2.4. Basic Standards: Beyond Simple Organization 

Not enough is just compiling encounter information. Several necessary requirements must be satisfied to provide this data really 

worthiness: 

Interoperability in action Systems have to be able to communicate and understand data across many other platforms, vendors, 

and their companies. Though adoption is still inconsistent, standards like HL7 and FHIR aim to ease this process. 

● Compliance: Rules like HIPAA in the United States place strict standards on patient data management, storage, and the 

distribution. This covers tools for audits, access logs, and encryption. 

● Precision: A little error in data entry such as a diagnostic code or prescription dosage—may have major effects on clinical 

results and financial pay-back. 

 

In high-stress environments like the ER or ICU, access to current data might be absolutely life-saving. Systems have to lower 
the data retrieval and the modification latency. 

 

2.5 Significance: Utilize Affective Stories 

When utilized well, experience data supports a wide range of important uses in healthcare: 

● Predictive modeling is By use of historical contact analysis, companies may forecast patient degradation, readmissions, or 

the need for specialist care. 

● Actual time encounter data helps hospitals to control bed occupancy, efficiently schedule staff, and reduce wait times. 

● Correct and timely documenting of interactions enables suitable billing & helps to lower claim rejections, therefore 

directly affecting financial sustainability. 

 

Basically, encounter data is a strategic advantage rather than just a result of care. Better administration and analysis will help 

to convert healthcare into a more intelligent and responsive system. 

 

3. Overview of Hadoop and Snowflake Architectures 
Especially encounter data, which logs interactions between patients and doctors, the healthcare industry generates significant 

volumes of information. Strong data processing infrastructure is necessary for good administration and the analysis of this 

information. Two prominent technologies usually under evaluation for this are Hadoop and Snowflake. Though both provide 

scalable answers, their architecture and these features are naturally different. The building of each system, the processes driving 
them, and the consequences of their different strengths and limits in handling complex healthcare data needs are investigated in this 

section. 

 

3.1. Hadoop 

Originally created for the processing and storing of vast amounts of data across clusters of conventional hardware, Hadoop is 

an open-source framework. Designed to handle massive batch processing, particularly helpful for businesses looking for a 

substitute for traditional data warehouses, it was meant to 

 

3.1.1. Essential Parts: HDFS, MapReduce, YARN 
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Hadoop depends critically on HDFS, or Hadoop Distributed File System. Think of it as a strong storage layer that spreads data 

across several servers or nodes allows efficient petabytes of data management. In healthcare especially, where one patient's records 

might comprise more numerous visits, tests, prescriptions, and findings, this is very relevant. 

MapReduce thus becomes the fundamental Hadoop processing tool. It breaks down data processing tasks into smaller "map" 

and "reduce" operations run simultaneously across nodes. MapReduce has been criticized for its rigidity and slow speed, 

particularly in relation to actual time or iterative projects, notwithstanding its virtues. 
 

Acting as the cluster manager, YARN (yet another resource negotiator) guarantees the best distribution of computing 

resources across many other applications running on Hadoop. It lets the cluster support more than MapReduce many data 

processing engines. 

 

3.1.2. Within Hadoop, Hive, Pig, and Spark query and processing 

Created to improve Hadoop's accessibility were Hive and Pig. For those familiar with relational databases, hive helps users 

create SQL-like searches to interact with data kept on HDFS. Pig provides a programming language meant to simplify their 

complex data handling. 

 

Still, many other times these technologies have performance limitations. One may combine Apache Spark with Hadoop to 

provide significantly faster in-memory data processing. Particularly for analytics-intensive chores like ML on patient datasets or 
predictive modeling in population health, Spark on Hadoop greatly improves speed. 

 

3.1.3 Deployment Flexibility: On-Site and Cloud Alternatives 

One main benefit of Hadoop is its flexibility. On-site usage of it by companies—often seen in the healthcare sector—may be 

tempting for those with strict data control policies. Additionally deployable on the cloud, it gives consumers more scalability and 

their agility. Additionally possible are hybrid systems, which help to enable a slow move to the cloud. 

 

3.1.4. Benefits 

Hadoop's economic effectiveness at scale and the flexibility are often praised. Its interoperability with numerous tools and 

languages and operating on commodity hardware gives businesses the freedom to personalize their data environments to fit their 

needs. Huge healthcare organizations might create custom processes to examine their electronic health records (EHRs), imaging 
data, and encounter notes. 

 

3.1.5.Limited Resources 

Still, Hadoop has certain challenges. One of the main problems is latency; actual time analytics is inappropriate for it. 

Establishing and running a Hadoop cluster calls for somewhat specialized knowledge. The huge learning curve inhibits fast value 

extraction for non-technical people, therefore perhaps impairing data-driven initiatives in time-sensitive healthcare environments. 

 

3.2. Snowflake 

Snowflake is a shining example of a brand-new kind of data system designed especially for the cloud. Unlike Hadoop, which 

begins from on-site roots, Snowflake was designed from the beginning to employ cloud scalability, flexibility, and simplicity. 

● Cloud-Native Design: Designed specifically for the cloud, Snowflake fits with top providers like AWS, Azure, and 

Google Cloud. This means that consumers need not worry about hardware supply, update management, or storage 
capacity—everything scales independently. For healthcare companies with strict uptime and compliance needs, this offers 

a major advantage. 

● Separating Computation from Storage: Snowflake's basic innovation is the separation of compute from storage. While 

compute describes the resources utilized for data processing, storage relates to its placement. These two elements are 

intimately linked in more traditional systems, which might lead to resource limits. Snowflake isolates each component so 

users may grow them on their own. Without sacrificing system efficiency, a healthcare provider might save huge volumes 

of encounter data while using different processing clusters for analytics. 

● Support of Semi-Structured and SQL-Centric Data: Snowflake is very friendly for analysts and data scientists as its user 

interface mostly emphasizes SQL. Furthermore, it naturally supports semi-structured data formats like JSON and XML, 

which are common in healthcare encounter records—especially from electronic health records (EHRs) or patient 

monitoring systems. Together with its flexible data management, this SQL-centric approach lets users query many other 
data types without involving complex ETL (Extract, Transform, Load) processes. Concurrency and auto-scales. 

Auto-scaling is a major benefit. Snowflake independently controls computing resources in line with workload demands. 

Snowflake increases resources to maintain their performance during times of heavy demand, like end-of- month reporting. 
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It deftly handles concurrent searches, which is crucial in cooperative environments like research labs and hospitals where 

multiple individuals could be simultaneously reviewing encounter information. 

● Unified Security and Compliance: Natural security and compliance features of Snowflake include audit recording, access 

controls, and end-to- end encryption. These are architectural level embedded components; they are not extras. In 

healthcare especially, where following policies like HIPAA is crucial, this is very critical. 

 
Furthermore, while maintaining analytical capacity, functions like data masking and role-based access control protect private 

information—such as patient IDs. 

 

4. Comparative Evaluation Criteria 
Analyzing data systems like Hadoop and Snowflake for the administration of sensitive and complex information like 

healthcare encounter records helps one to evaluate their features in many other basic aspects. All essential for modern healthcare 

analytics and their compliance, these criteria include performance, usability, cost, scalability, security, and the governance. 

 

4.1. ETL Pipelines and Data Acquisition 

For the administration of data intake and transformation activities, Hadoop usually relies on these outside technologies such as 

Apache NiFi, Talend, or Apache Sqoop. These systems can control huge volumes of unstructured information and provide great 

customizing powers. While Talend offers strong ETL (Extract, Transform, Load) tools for the standardizing and cleansing of 

healthcare data, NiFi concentrates on actual time data communication. Still, establishing and supervising these tools might be 

complex & sometimes needed for specific technical expertise. 

 

By using integrated features like Snowpipe (for continuous data loading) and its event-driven Streams & Tasks structure, 

Snowflake simplifies data entry. These features are meant to automatically and low-burden arrange incremental data updates. 

Snowflake is particularly appealing for healthcare companies with little technical staff as its cloud-native architecture removes the 
need for consumers to build or maintain their ingestion infrastructure. 

 

Especially for structured and semi-structured data, Snowflake really provides a better integrated and under control ETL 

experience. Though paired with a more difficult learning curve, Hadoop's strength lies in its versatility and the capacity for 

complex transformations. 

 

4.2. Search Effectiveness 

For querying, MapReduce and Apache Spark are the main processing frameworks Hadoop generally uses. While consistent, 

MapReduce is batch-oriented and very slow for actual time analytics. Especially with tools like Hive or Presto integrated above it, 

Spark greatly improves speed by employing in-memory processing and supports more interactive query techniques. Still, 

optimizing and distributing Spark clusters for maximum performance calls for much effort and expertise. 

 
Conversely, Snowflake is meant to provide instant high-performance SQL analytics. Whether involving gigabytes or terabytes 

of healthcare information, its automatic query optimization, vectorized execution, and result caching enable the fast retrieval of 

searches—within seconds or minutes rather than hours. Snowflake's virtual warehouses can grow independently, allowing actual 

time analytics without interfering with current workloads. Snowflake's SQL-first approach is seen by many other healthcare 

analysts and data scientists as more approachable and quick for ad-hoc querying than the huge developer-oriented, code-intensive 

Hadoop environment. 

 

4.3. Economic Effectiveness 

For healthcare companies, cost is a major consideration especially in cases of limited resources and growing data volume. 

Often run on-site or on cloud-based infrastructure, Hadoop deployments use AWS EMR or Azure HDInsight. Mostly related with 

the infrastructure—storage, compute clusters, and networking—that require provisioning and the maintenance, usually at 
predetermined pricing independent of use, are Hadoop expenditures. Particularly in cases with unpredictable workloads, this may 

lead to underutilization and inefficiency. 

 

Snowflake has a pay-as---you-go model, billing distinct storage and the computational fees. Compute may be stopped when 

not in use, which is very helpful for companies with irregular analytical needs. For healthcare environments where peak demand 

may change, Snowflake's pricing transparency and the flexibility make it more predictable—as during times of regulatory reporting 

or seasonal health peaks. Although Hadoop may be more affordable in large, steady, high-volume processing environments with 

internal technical competence, Snowflake offers better cost elasticity generally. 

 



Sangeeta Anand/ IJAIBDCMS, 2(2), 44-54, 2021 

49 

 

 

4.4. Elasticity and Scalability 

Hadoop comes naturally in scalability. Just adding additional nodes to the cluster to increase capacity helps the architecture 

enable horizontal scalability. Managing petabytes-scale healthcare data—including imaging records, patient histories, and IoT 

device streams is much benefited by this. Operationally intensive, scaling Hadoop calls for human involvement, downtime control 
& data rebalancing. 

 

Being a cloud-native platform, Snowflake offers instant and automatic scalability. Even for concurrent workloads, its multi-

cluster, shared data architecture might provide additional processing resources as needed. This suggests that multiple ETL 

operations wouldn't cause delays for a data analyst doing patient outcome searches. Snowflake's adaptability assures performance 

under pressure without human involvement in dynamic healthcare environments such as those handling disease outbreaks or 

enabling telemedicine systems. 

 

4.5. Safety and Compliance 

Handling healthcare encounter data calls for strict legal responsibility. Both systems provide strong security measures; yet,  

their approaches and user-friendliness differ. Solutions include Ranger (for access control), Knox (for perimeter security), and 

Atlas (for auditing and governance) may help to safeguard Hadoop. Still, the combining of these elements might be very difficult. 
Sometimes reaching HIPAA and HITRUST compliance calls for significant customizing, which makes Hadoop better suited for 

companies using sophisticated DevSecOps practices. 

 

Snowflake provides robust audit logs, role-based access control, and strong, all-around security tools including eternal 

encryption both at rest and in transit. Approved for basic industry standards like HIPAA, HITRUST, and SOC 2, it helps healthcare 

providers fulfill their compliance obligations first hand. In essence, Snowflake greatly reduces the difficulties in reaching and 

maintaining their compliance, even if both systems may be strengthened to follow legal rules. 

 

4.6. Is Data Governance and Lineage 

In healthcare, strong data governance is very vital as decisions could directly affect patient outcomes. With tools like Apache 

Atlas which tracks data provenance, metadata, and classifications Hadoop offers governance. Though they may be easily included 
into the Hadoop system, these technologies often need additional setup and ongoing maintenance. Organizations have to create and 

maintain metadata repositories, maybe requiring resources. 

 

On the other hand, Snowflake includes information management within its main offerings. It supports automatic lineage 

tracking for activities and streams, data tagging, object dependencies, and Snowflake supports compliance and governance tasks by 

interacting with external data categorization and stewardship tools such Alation and Collibra. Whether for internal quality 

assurance or outside audits, healthcare companies giving transparency, traceability, and auditability top priority will discover 

Snowflake provides a more complex and easily deployable governance experience. 

 

5. Case Study: Real-World Healthcare Analytics Implementation 
5.1. Context and Objectives 

This case study looks at how a huge integrated health system in the Midwest—which treats more than two million patients 

annually updated its data analytics architecture to efficiently store and evaluate vast interaction information. The system included 

payer services, outpatient clinics, and hospitals in order to improve its analytical abilities and thus better serve administrative 

authorities & care providers. 

Over years, the company has accumulated around 50 terabytes of healthcare interaction information. This included EHR logs, 

insurance claims, and calendar of appointments, clinical notes, and billing activities. Older systems show signs of pressure as data 

volumes keep rising: lengthy batch processing times, repeated outages & delayed insights. 
● The main objectives were clear-cut: Improve operational and clinical dashboard reporting speed. 

● Turn on advanced analytics with outcomes tracking and cohort analysis. 

● Enable risk categorization and the population health management predictive modeling. 

 

The company started a comparative pilot study evaluating two main data platforms: Apache Hadoop and Snowflake in order to 

achieve these goals. 

 

5.2 Comparing Workflow and Architecture 

5.2.1. Hadoop Release 
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The Hadoop environment of the company was set up as a distributed system housed on-site. It included a 30-node cluster built 

using ordinary hardware. 

● Basic technologies for data processing and the integration include HDFS, MapReduce, Hive, and Sqoop. 

● Combining Flume with Kafka allowed data intake to be controlled by aggregating and distributing their unprocessed 

information into the data lake. 

● Designed in Pig and HiveQL, ETL (Extract, Transform, Load) jobs are coordinated using Oozie. 
 

Every encounter record underwent a thorough transformation structured, cleaned, and standardized before being available for 

querying. Especially for quarterly CMS compliance reporting and the financial predictions, complex joins and huge batch searches 

were common. 

 

5.2.2. Snowflake Applications 

The Snowflake environment, on the other hand, was housed on a public cloud platform. The system ran on many other virtual 

warehouses, each tailored for a different workload e.g., ETL, reporting, machine learning. Using Snowpipe for fast data intake, 

easily linked with the cloud-based data lake of the company. Features allowing other partners—such as payers and research 

partners to access certain data sets, hence facilitating secure data exchange.  

 

Included support for semi-structured formats such JSON and XML, therefore enabling the administration of HL7 
communications and the clinical notes. ETL was reinterpreted as ELT—data was first loaded then transformed using SQL and 

Snowflake's transformation tools. Actual time dashboard updates were produced by using Snowflake connections in conjunction 

with known BI tools like Tableau and Power BI. 

 

5.3 Notes on Notable Measures 

5.3.1. Capacity for Ingression 

Hadoop's ingestibility was robust yet rigid. It called for careful planning and writing. The first setup took several weeks, and 

the data intake rate varied between 1 and 1.5 GB per minute, which queued larger jobs overnight. Conversely, Snowflake used 
auto-scaling warehouses to reach a throughput of 3–5 GB/min. Snowpipe enabled almost actual time data entry, therefore 

drastically lowering delays data became available for searches in minutes rather than hours. 

 

5.3.2. Latency of Query 

For simple reports and as long as 10 minutes for advanced searches, querying encounter data on Hadoop using Hive or Spark 

SQL responded in 15 to 30 seconds. Task queuing and cluster load shaped performance. Snowflake had more consistent 

performance. While sophisticated multi-table joins involving tens of millions of entries were completed in under a minute, basic 

searches were carried out in less than five seconds. Virtual warehouses separate tasks so that rigorous ETL procedures do not  

impede reporting searches. 

 

5.3.3. Spending Within Three to Six Month Range 
Over a six-month period, the first Hadoop expenses including hardware, installation, and the system management—were 

around $450,000. Still, following the initial outlay, running expenses were constant except from staff and their maintenance 

expenses. 

 

Using a pay-as---you-go approach, Snowflake billed based on computing and storage utilization. Snowflake's costs during the 

same six months came to around $350,000, including premium support, compute credits, and storage, plus hardware. Particularly at 

off-peak times, the option to stop or downsize warehouses helped to save expenses. 

 

5.3.4. User Perception and Adoption Assessment 

Open-source governance and the agility of Hadoop appealed to IT managers. Still, clinical users and business experts thought 

it counterintuitive. Structure for Composition Maintaining Hive tables or reducing chores calls for specific knowledge, which 

causes ineffective generation of insight. 
 

Snowflake's simple business intelligence integration and SQL interface helped it to attract client favor. Non-technical users 

may now access self-service analytics. Snowflake's natural capacity to interact with Python and R environments has raised the 

adoption rate among data scientists, therefore enabling model construction and the deployment. 
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5.4. Observation and Results 

5.4.1. Performance Notes 

Snowflake outperformed Hadoop almost in every operational metric: query response time, concurrent user capacity, and 

ingestion speed. It was very helpful to be able to quickly increase computing resources at periods of maximum demand, like cycles 

of regulatory reporting. For batch processing and archival analytics, Hadoop proved dependability; nevertheless, it struggled with 

agility and the interactive applications. 

 

5.4.2. Financial Assessment of Benefits and Expenses 

Hadoop's long-term running expenses may be easily controlled, given a consistent workload, even if its initial hardware outlay 

was high. Still, the flexibility of Snowflake offered a better cost-performance balance for a healthcare system with seasonal spikes 

and changing needs. Snowflake showed a 15–20% drop in total cost of ownership across the test run considering staff efficiency, 

time savings, and fast insights. 

 

5.4.3. Challenges and remedies Considering 
In Hadoop, major challenges were hand administration of schema changes. 

● Complicated ETL systems that often failed because of changes in source information. 

● Lack of actual time support limits ability for quick decision-making. 

● Although they added to maintenance their responsibilities, workarounds included building a cache layer, using extra 

logging systems, and constructing wrapper scripts. 

● Although Snowflake showed less problems, they were not totally absent: the initial historical data transfer took time and 

careful planning was needed. 

● Avoiding budgetary excesses required constant control of computing utilization. 

 

Reconfiguration of governance and access control policies will help them to fit cloud-based architecture. 

 

5.4.4. Realizations Gained 
Several basic lessons were clear: 

● Particularly for companies handling changing quantities and varied data formats, cloud-native architectures provide 

unmatched flexibility in healthcare analytics. 

● Since empowering doctors and analysts immediately improves outcomes, the simplicity of use and self-service 

accessibility are very vital for adoption. 

● Good cost control in the cloud calls for constant monitoring, automation, and their policy implementation; however, when 

done well, it promotes agility without undue use of resources. 

 

From both systems, a hybrid approach—using Snowflake for active analytics and Hadoop for archiving—may provide best 

results. 

 

6. Discussion 
6.1. Summary of Key Differences and Their Implications 

Although they provide different approaches for storing healthcare encounter information, Hadoop and Snowflake each have 

special benefits and their challenges. Often in a batch-oriented fashion, Hadoop is an open-source, distributed platform with 

scalability and the flexibility for processing vast amounts of information. It lives in environments where entities seek total control 

over their infrastructure, setups, and their processing systems. On the other hand, Snowflake is a fully managed, cloud-native data 

platform built for simplicity, speed, and their scalability. It provides excellent performance with autonomous scaling and 
optimization capabilities and helps to simplify the infrastructure complexity. 

 

Their approaches to performance and the scalability set them apart mainly. Particularly when datasets grow in size and their 

complexity, Hadoop requires ongoing adaptation and configuration to get best performance. Increased operational overhead and 

the demand for specialized knowledge follow from this. An important benefit for healthcare data analysts and doctors needing 

quick insights without the delays connected with complex batch jobs is Snowflake's automatic performance optimization and 

decoupling of storage and computation, which helps users to maximize their resources without interrupting many other processes. 

In healthcare, compliance and security are very critical. While both technologies might help HIPAA compliance, Snowflake's 

managed cloud architecture usually makes implementing security measures, encryption methods, and user access limitations easier. 

While its adaptability helps to meet their identical compliance criteria, especially in multi-tenant environments, Hadoop may need 

more human work. 
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6.2. Hadoop over Snowflake Selection Criteria 

The choice between Hadoop and Snowflake mostly depends on the particular needs of the company, the state of the present 

technology infrastructure, and more compliance responsibilities. Companies with an established data engineering team, a taste for 

open-source technology, and a need for tailored data processing pipelines might find Hadoop appropriate. It is also ideal for on-site 
projects or hybrid configurations where limited cloud use results from economical or legal constraints. 

 

On the other hand, Snowflake is best for research labs and healthcare providers looking for quick deployment, user-

friendliness & the great performance free from the need of infrastructure administration. When data sharing, sophisticated 

analytics, and actual time reporting—all of which are very important—it is extremely helpful. Managing different healthcare 

records benefits from the integrated support for semi-structured data formats such as JSON or Avro. 

 

6.3. Research: Limitations 

This study has various restrictions. Rather than thorough performance indicator analysis like query latency or throughput, the 

comparison focused on architectural features and operational ease. Furthermore not fully investigated were several use-case 

situations including interacting with obsolete EHR systems or broadcasting encounter data in almost actual time. These elements 

may reveal more minute differences among the platforms. The study does not sufficiently include long-term maintenance expenses 
linked to running a Hadoop cluster as well as cost variance among many other different cloud providers hosting Snowflake. 

 

6.4. Patterns in Hybrid Architectures and Cloud Data Lakehouses 

The sector is quickly switching to data lakehouse architectures combining the benefits of data lakes and data warehouses. 

Snowflake has responded well to this change by supporting semi-structured data and data sharing and collaborative tools. 

Concurrently emerging via technologies likes Apache Iceberg and Delta Lake, which aim to provide ACID transactions and 

improved query capabilities to traditional data lakes, is the Hadoop environment. 

 

Particularly when sensitive information must be kept on-site but less-sensitive analytical chores migrate to the cloud, hybrid 

architectures are increasingly common in healthcare. This hybrid approach helps companies to match the scalability and creative 

benefits of cloud platforms with regulatory compliance. 

 

6.5. The Function of Managed vs Open-Source Cloud Platforms in Control Systems 

In controlled fields like healthcare, the debate between open-source and managed by their systems usually centers on control 

against convenience. Open-source solutions like Hadoop provide data management procedures control, openness, and their 

flexibility. This might help in cases of personalized compliance policies needed. Still, they have higher running hazards and need 

great internal understanding. 

 

Managed systems like Snowflake help internal teams by including vendor support, automated security protections, and inbuilt 

compliance features. They also help to reduce burden. While preserving security integrity, they help healthcare businesses be 

innovative. Still, this simplicity might cause vendor lock-in and less data processing freedom. The decision between Hadoop and 

Snowflake has to line up with the data strategy of a company, current competency level, and regulatory risk tolerance. 

 

7. Conclusion and Future Work 
Mostly driven by their design philosophies and the performance characteristics, this comparative study of Hadoop and 

Snowflake for managing their healthcare encounter data exposes notable merits in both systems. For batch processing vast volumes 

of structured and the unstructured information, Hadoop offers scalability and the flexibility thanks in huge part to its open-source 

foundation and the distributed file system. With its entirely managed, cloud-native architecture, Snowflake stands out for its 

performance in query execution, user-friendliness, and their interoperability with modern analytics tools. For raw storage and 
legacy system integration, Hadoop is cost-effective; yet, Snowflake excels in agility, speed, and simplicity—qualities most 

important in modern healthcare analytics environments. 

 

Data architects, CIOs, and compliance officers among many other healthcare stakeholders should base their choice between 

Hadoop and Snowflake on the features of their data workloads, regulatory needs, budgetary constraints, and long-term data 

ambitions. Organizations already in open-source ecosystems with more significant technical capability should use Hadoop. For 

companies seeking fast implementation, secure data interchange, scalability free from infrastructure administration, Snowflake 

most likely fits. 
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Many areas need additional research going forward. The combination of artificial intelligence and machine learning (AI/ML) 

with these systems takes the stage. While systems built on Hadoop may connect with frameworks like Spark MLlib, Snowflake has 

begun the incorporation of native machine learning capabilities. Future research might look at how each platform uses healthcare 

encounter data to enable the training and the deployment of AI models. 

 

Another vital area is actual time analytics, especially with reference to streaming information. Although batch processing is the 
main use for Hadoop, the latest methods like Apache Kafka and Spark Streaming might be able to overcome this restriction very 

well. Snowflake has gradually improved in handling near-real-time data; nonetheless, further improvements will be necessary. Two 

ever more urgent problems are vendor lock-in and the necessity of multi-cloud flexibility. Stakeholders have to evaluate whether 

hybrid or multi-cloud solutions will provide long-term resilience and evaluate the mobility of their data solutions. Future studies 

might focus on resolving these issues while maintaining compliance and performance. 
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