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Abstract: This paper investigates an innovative ETL pipeline managed by Apache Airflow, integrating Oracle databases with SingleStore 

through Amazon S3. The architecture enhances efficiency, scalability, and reliability of data integration processes. By implementing a 

sequence of orchestrated tasks, the study demonstrates improvements in data throughput and process automation compared to traditional 

ETL techniques. This article is significant as it addresses the need for scalable and efficient ETL processes in enterprise data management, 

demonstrating the potential improvements over traditional methods.  
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1. Introduction 
 

This research outlines a data pipeline process through Apache 

Airflow and the tool for data source would be Oracle and 

SingleStore as a target. For the staging area, we use Amazon 

S3. This integration exploits the native features of these 

technologies for overcoming typical bottlenecks in data 

migration and processing scenarios. With the advent of the 

SingleStore pipeline, it has become easy to make sure that 

data transfers are smoother and faster in the enterprise world. 

The purpose of this article is to present an advanced ETL 

pipeline that enhances the efficiency, scalability, and 

reliability of data integration processes from Oracle to 

SingleStore using Apache Airflow and Amazon S3.  

 

2. Problem Statement 
 

Robust data integration solutions have become increasingly 

dynamic and scalable to meet the growing demand for 

efficient ETL processes. This paper introduces a sophisticated 

ETL pipeline leveraging Apache Airflow to orchestrate 

workflows, utilizing Oracle as the data source, SingleStore for 

storage through pipelines and procedures, and Amazon S3 as 

a buffering layer. This setup ensures high scalability and 

superior performance optimization in enterprise data 

management. Within the context of an oil and gas company, 

we were tasked with designing a process capable of rapidly 

loading data ranging from millions to billions of rows, 

addressing industry - specific challenges of speed and volume 

efficiently and to replace the existing traditional ETL Process.  

 

Solution Implemented:  

The solution consists of a meticulously designed sequence:  

 

1. Data Export from Oracle: Using Oracle's built - in export 

capabilities, data is extracted and formatted into CSV files, 

which are subsequently uploaded to an S3 bucket. This 

extraction process is tailored for large datasets, employing 

parallel export operations to enhance efficiency. The 

operation utilizes an Oracle external directory that is 

configured to point directly to Amazon S3 storage. The data 

export task is managed by an Oracle function, which executes 

a SQL query specified in the configuration file to enable 

parallel data export. To set up the external directory in Oracle 

that points to Amazon S3 storage, use the following syntax:  

 

Oracle Export Directory:  

 
 

Oracle SQL stored in the configuration file:  

Oracle SQL Stored with session parameters to define parallelism and others.  
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Oracle Function:  

The Oracle function described utilizes a reference cursor to 

execute the SQL stored in a configuration file. Using the 

UTL_FILE utility, it exports the data to a directory specified 

by the external directories in Amazon S3.  

 

 
 

Data Stored in Amazon S3 Files for each week:  
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Data format: Data for one of the above file stored in S3.  

 
 

2. Data Loading to SingleStore: Upon successful storage in S3, SingleStore pipelines are triggered to load the data directly 

from S3. These pipelines are designed for high throughput and minimal latency, ensuring data is quickly available for 

processing.  

 

SingleStore Pipeline Syntax to create the pipeline:  

 

 
SingleStore Pipeline Execution using the following command:  

start pipeline p_zwip_odm_ref_value_type foreground 

stop pipeline p_zwip_odm_ref_value_type 

 

After the Pipeline is executed, the data is loaded into the temporary staging table as show below:  
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3. Data Processing in MemSQL: Once the data reaches 

MemSQL, it is initially stored in a temporary staging table. A 

stored procedure then manages this data by employing a 

delete - and - insert strategy to update the target tables. This 

method is essential for ensuring data consistency and 

integrity, especially when managing updates and deletions.  

 

 

 

SingleStore Procedure Parameters:  

This procedure requires the following parameters to load data 

into the target table:  

1. pv_schema_name: Refers to the name of the database 

where the table resides.  

2. pv_table_name: Specifies the table to be loaded.  

3. pv_sync_mode: Indicates the synchronization mode, 

which can be 'complete' to refresh the entire table or 'incr' for 

incremental refresh based on a specific condition.  

 
 

This procedure also accounts for situations where the temporary table contains no records. In such cases, it avoids truncating 

the target table, ensuring that the existing data remains unchanged. This precaution prevents data loss, thereby safeguarding 

downstream loads from any adverse impacts.  
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4. Orchestration with Airflow: Apache Airflow orchestrates 

and schedules the workflow, ensuring each step proceeds in 

the correct sequence while continuously monitoring for 

failures. Airflow's comprehensive error handling and retry 

capabilities significantly boost the reliability of the pipeline.  

 

The DAG outlined manages the processes for each table, as 

defined in steps 1 - 3 above, and automates these tasks for 

tables like 'odm_ref_value_type'. Each table follows 

predefined steps:  

push_timestamp_odm_dba_odm_ref_value_type: Tracks 

the time when the data load was initiated.  

oracle_extract_odm_dba_odm_ref_value_type: Handles 

the extraction of data from Oracle to Amazon S3.  

memsql_pipeline_odm_dba_zwip_odm_ref_value_type: 

Manages the data loading from Amazon S3 into the temporary 

table by first truncating it, then employing the SingleStore 

pipeline to populate the temporary table, and finally using the 

SingleStore procedure to transfer the data to the target table.  

 

Advantages of using Apache Airflow include:  

Apache Airflow offers several compelling advantages for 

managing data workflows. Its dashboard facilitates easy 

monitoring, providing detailed logs that simplify the 

oversight of Directed Acyclic Graphs (DAGs) and 

troubleshooting of issues. Robust error management features 

allow for specific remedial actions, including process reruns 

via a user - friendly web interface, enhancing operational 

reliability. Airflow also supports high availability by running 

DAGs from multiple executors; if one fails, another can 

seamlessly take over, minimizing downtime. Additionally, its 

flexible task management capabilities enable the use of 

various operators—be they pre - built or customized by 

integrating the necessary Python libraries. This flexibility is 

demonstrated in this project through the use of Bash, Oracle, 

MySQL, Python, and other operators, streamlining complex 

data integration tasks. These features make Apache Airflow 

an invaluable tool for managing complex data workflows, 

enhancing operational efficiency and system resilience.  

 

 
 

Potential Extended Use Cases:  

In addition to just transferring data, this ETL pipeline can help 

- Incremental Data loads for near real time analytics - 

Integrating the data from multiple sources so that you get a 

consistent view of your application and Infrastructure The 

processed data being fed into Machine learning models 

thereby making predictive analysis smarter. For instance, a 

retail company that leverages this pipeline to route sales data 

from multiple regions for unified reporting and inventory 

management.  

 

3. Impact 
 

Channeling similar options, the adoption of this Airflow - 

managed ETL pipeline minimizes manual overhead 

drastically and increases data availability much faster leading 
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to rapid decisions making as well for operational efficiency. 

For example, a financial institution could optimize their data 

aggregation and reporting tactics that would allow the 

business to react rapidly to market movements.  

 

4. Scope 
 

While the primary application described involves Oracle, S3, 

and MemSQL, the principles and methodologies can be 

adapted for other source and target systems in both on - 

premise and cloud environments. The study's findings 

encourage broader applicability across different sectors that 

require efficient data handling solutions.  

 

5. Conclusion 
 

The developed ETL pipeline significantly improves data 

workflows in cloud native environments by leveraging 

Apache Airflow, Oracle, Amazon S3, and SingleStore. This 

robust and scalable solution addresses modern data 

challenges, and future research could explore further 

optimizations and extended capabilities for advanced data 

processing.  
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