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Abstract - ETL (extract, transform, load) jobs are responsible for extracting data from a variety of sources, transforming it into 

a consistent format, and loading it into a target data store. The performance of ETL jobs can significantly impact the overall 

performance of an organization's data management system. Several factors can affect the performance of ETL jobs, including 

the volume of data being processed, the complexity of the transformation logic, and the efficiency of the extraction and load 

processes. In this article, we will discuss some techniques for improving the performance of ETL jobs. 

 
Keywords - Data warehouse, ETL testing, Extract Transform and Load (ETL), ETL performance, ETL optimization. 

 

1. Introduction  
ETL jobs play a vital role in data warehouses and data 

management systems. They are responsible for extracting 

data from multiple operational data source systems, cleaning, 

transforming as per business logic and loading it into a data 

warehouse. Data Warehouse will act as the source for 

reporting and data analytics environment. 

 

In any organization, there will be a number of ETL jobs, 

and these jobs are scheduled to run at different times. Also, 

there will be a dependency between the ETL jobs. If the 

upstream job is poorly performing and taking longer than 

expected time to complete, it will impact all downstream 

jobs, which will cause data issues for that day. Increasing the 

performance of ETL jobs is crucial for improving the speed 

and accuracy of data processing. This article highlights 

simple steps that can help improve the performance of ETL 

jobs and make them more efficient. 

 

2. Literature Review 
The performance of ETL (extract, transform, load) jobs 

has been extensively studied by researchers and practitioners 

in the field of data management. A literature review of this 

topic reveals a number of key findings and best practices for 

improving the performance of ETL jobs, as presented by 

various authors in the field. 

 

As noted by Kimball and Ross (2010), one common 

approach to improving ETL performance is the optimization 

of the data extraction process. This can be achieved through 

the use of optimized query structures, indexing strategies, 

and the minimization of data redundancies through data 

deduplication and aggregation. 

 

The utilization of parallel processing and distributed 

computing systems have also been identified as a key 

strategy for improving ETL performance, as discussed by 

Hussain et al. (2013). Organizations can take advantage of 

modern computing systems' increased processing power and 

parallel processing capabilities by breaking down large data 

sets into smaller, manageable chunks. 

 

In addition to these technical strategies, authors such as 

Gour V et al. (2012) have emphasized the importance of data 

warehousing and business intelligence tools in improving 

ETL performance. These tools can help organizations 

identify and address performance bottlenecks and provide 

valuable insights into the performance of their ETL jobs. 

 

Effective data governance and management practices 

have also been identified as crucial for improving ETL 

performance, as noted by Korhonen et al. (2014). This 

includes implementing data quality controls, data lineage 

tracking, and metadata management. 

 

Several case studies have demonstrated the effectiveness 

of these strategies in real-world environments. For example, 

a study conducted by Ranjan J (2009) found that 

implementing data warehousing and business intelligence 

tools, combined with optimized data extraction processes, 

resulted in significant performance improvements in the ETL 

jobs of a large financial services company. 

 

The literature review highlights a number of strategies 

and best practices for improving the performance of ETL 

jobs, as presented by various authors in the field. These 

include the optimization of the data extraction process, the 

utilization of parallel processing and distributed computing 

systems, and the implementation of effective data 
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governance and management practices. By taking a holistic 

approach to ETL performance improvement, organizations 

can achieve more efficient and effective data pipelines and 

improve their ability to manage and analyze large amounts of 

data. 
 

3. Why ETL Performance is Important 
ETL performance is important for several reasons. First, 

ETL jobs are typically used to load data into data warehouses 

or data marts. Data warehouses and data marts are used to 

support business intelligence activities such as reporting, 

analysis, and decision-making. If the ETL jobs that populate 

these systems run slowly, it can impact the timeliness and 

accuracy of the information available to decision-makers. 

Second, poor ETL performance can lead to data quality 

problems. For example, if an ETL job is extracting data from 

multiple sources and one of those sources changes 

frequently, the ETL job may not be able to keep up with the 

changes and load them into the target system accurately. This 

can result in incorrect or outdated information being stored in 

the target system. Finally, slow ETL performance can impact 

organizational productivity. For example, if an organization 

relies on information from a data warehouse or data mart for 

daily operations, and the ETL jobs that populate those 

systems are running slowly, it can lead to workflow 

disruptions and delays in completing tasks. 

 

4. Optimize the Source Data 
There are many factors that can impact the performance 

of an ETL job, but one of the most important is the 

optimization of the source data. Optimizing the source data 

ensures that the ETL process runs quickly and smoothly. 
 

There are a few different ways to optimize the source data: 
 

4.1. Remove Unnecessary Data 

By identifying and removing data that is not needed for 

the ETL process, organizations can reduce the amount of 

data that needs to be processed and improve performance. 

Making sure that all the data is in a format that can be easily 

read and processed by the ETL job. This includes ensuring 

that all dates are in a consistent format, all text fields are 

properly formatted, and all numeric fields are in the proper 

range. 
 

Remove any unnecessary data from the source files. This 

might include data that is not needed for the current ETL job 

or data that is no longer needed (such as old records that have 

been purged from the database). Identify and remove 

duplicate data. This can help reduce the amount of data that 

needs to be processed and improve performance. 
 

4.2. Data Profiling 

Data profiling is the process of analyzing data to 

understand its characteristics, structure, and content. It is an 

important step in identifying and removing unnecessary data 

and optimizing source data for better ETL performance. Data 

profiling tools such as Informatica data quality, Talend data 

quality, SAP data services, Trillium software, Microsoft SQL 

server data profiling tool and Data cleaner can be used to 

analyze data and provide information such as: 
 

Identify the data types of the columns in the data set, 

such as text, integer, and date. 
 

Identify any columns with null values, which may 

indicate missing or incomplete data. 
 

Identify any data quality issues, such as invalid or 

duplicate data. 
 

Analyze the distribution of data values in a column, such 

as the number of unique values or the most common values. 

Identify any relationships between columns in the data set, 

such as foreign keys or natural keys. 
 

Analyze the amount of data in the data set, such as the 

number of rows or the size of the data set. 
 

Data profiling can help organizations understand the 

characteristics of their data and identify any data that is not 

needed for the ETL process. This information can be used to 

optimize the data for ETL, improve data quality, and make 

data-driven decisions. 
 

4.3. Data Archiving 

Data archiving is the process of moving older data that is 

no longer needed for day-to-day operations to a separate 

storage location, where it can be preserved for future 

reference or compliance purposes. It is a strategy that 

organizations use to optimize source data for better ETL 

performance. 
 

It is important to have a data archiving plan that 

includes: 

Defining the criteria for archiving data. 

Defining the archiving schedule 

Defining the archiving process 

Defining the archiving storage options 

Defining data retention policies 

Ensuring data is properly indexed and cataloged 

Ensuring data is easily accessible when needed. 
 

Data archiving is critical in managing and optimizing 

data for better ETL performance. It should be done regularly 

to ensure data quality, reduce cost, and ensure compliance. 
 

4.4. Data Retention 

Data retention is the practice of keeping data for a 

certain period of time, after which it is either deleted or 

archived. It is an important aspect of improving the 

performance of ETL jobs. 
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Many industries and government agencies have specific 

data retention requirements that organizations must comply 

with. 

 

Data retention policies help organizations better manage 

the data they collect by identifying no longer needed data and 

either deleting or archiving it. 

 

By regularly reviewing and deleting old data, 

organizations can reduce the risk of sensitive data falling into 

the wrong hands. 

 

Data retention policies can help organizations improve 

their data quality by regularly reviewing and cleaning old 

data. 

 

By regularly reviewing and deleting old data, 

organizations can improve the performance of their ETL 

jobs. 

 

When creating a data retention policy, organizations 

should consider: 

 

What data need to be retained and for how long 

How will the data be saved and protected 

How will the data be deleted or archived 

How will the data be utilized and accessed 

Compliance requirements 

 

It is important to have a designated team to manage the 

data retention policies, regularly review and update them, 

and ensure that all stakeholders are aware of and adhere to 

them. 

 

4.5. Data Quality 

Data quality measures data's completeness, accuracy, 

consistency, and relevance. Poor data quality can lead to 

inaccurate business decisions, decreased productivity, and 

increased costs. 

 

High-quality data ensures that decisions are based on 

accurate and relevant information. 

 

High-quality data reduces the time and resources 

required to clean and process data, leading to increased 

productivity. 

 

Poor data quality can lead to increased costs due to the 

need to clean and correct data. 

 

High-quality data leads to better customer service and 

improved customer satisfaction. 

 

It is important to review and monitor data quality 

regularly and to have a designated team to manage it. Data 

quality is a continuous process. It is important to regularly 

review and update data quality policies and procedures and 

ensure that all stakeholders are aware of and adhere to them. 

 

5. Parallel Processing 
Parallel processing is a method of executing multiple 

tasks simultaneously to increase a system's overall 

performance. By executing multiple tasks simultaneously, 

parallel processing can increase the overall throughput of the 

ETL process, allowing for more data to be processed in a 

shorter amount of time. 

 

It allows for the addition of more resources (such as 

additional processors or machines) to the ETL process, 

improving scalability and allowing the process to handle 

increasing amounts of data. By executing multiple tasks 

simultaneously, parallel processing can reduce the overall 

latency of the ETL process, allowing for faster processing 

times. It can improve fault tolerance by allowing multiple 

tasks to be executed simultaneously, reducing the likelihood 

of a single point of failure. Parallel processing allows for the 

better use of resources by executing multiple tasks 

simultaneously instead of sequentially. 

 

There are different ways to implement parallel 

processing in ETL jobs, such as: 

 

5.1. Task Parallelism  

Task parallelism is a technique used to divide a large 

ETL job into smaller, more manageable tasks, which can be 

executed in parallel. By executing tasks in parallel, the 

overall performance of the ETL job is improved, as the time 

required to complete the job is reduced. There are different 

ways to implement task parallelism in ETL jobs, such as: 

 

5.1.1. Thread-based Parallelism 

Tasks are executed in parallel using multiple threads 

within a single process. 

 

5.1.2. Process-based Parallelism 

Tasks are executed in parallel using multiple processes 

on a single machine. 

 

5.1.3. Cluster-based Parallelism  

Tasks are executed in parallel using multiple machines 

in a cluster. 

 

Choosing the right parallelism strategy that best fits the 

data, the ETL process and the hardware resources is 

important. For example, thread-based parallelism would be a 

good choice if the data is small and the processing time is 

critical. If the data is big and the processing time is not 

critical, cluster-based parallelism would be a good choice. 

 

5.2. Pipeline Parallelism 

Pipeline parallelism is a technique that divides an ETL 

job into multiple stages, where each stage can be executed in 
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parallel with the others. By executing stages in parallel, the 

overall performance of the ETL job is improved. There are 

different ways to implement pipeline parallelism in ETL 

jobs, such as: 

 

5.2.1. Multi-threaded Pipeline 

A pipeline is divided into multiple threads, where each 

thread executes a different pipeline stage. 

 

5.2.2. Multi-process Pipeline 

A pipeline is divided into multiple processes, where each 

process executes a different pipeline stage. 

 

5.2.3 Multi-node Pipeline 

A pipeline is divided into multiple nodes, where each 

node executes a different pipeline stage. 

 

Choosing the right parallelism strategy that best fits the 

data, the ETL process and the hardware resources is 

important. For example, a multi-threaded pipeline would be a 

good choice if the data is small and the processing time is 

critical. A multi-node pipeline would be a good choice if the 

data is big and the processing time is not critical. 

 

5.3. Cloud-based Parallel Processing 

Utilizing cloud computing services, such as Amazon 

Elastic MapReduce or Google Cloud Dataflow, to run ETL 

jobs in parallel on a distributed cluster of machines. Cloud-

based parallelism can be used to increase the performance of 

ETL jobs by leveraging the processing power and scalability 

of cloud-based resources. Cloud-based parallelism can be 

implemented using several different strategies, such as: 

 

5.3.1. Cloud-based Data Partitioning  

The data is partitioned into smaller chunks, and each 

chunk is processed in parallel on different cloud-based 

resources. 

 

5.3.2. Cloud-based Distributed Data Processing 

Data is processed in parallel on multiple cloud-based 

resources such as virtual machines or containers. 

 

5.3.3. Cloud-based Serverless Computing 

Serverless computing allows for the execution of ETL 

jobs in parallel without the need to manage the underlying 

infrastructure. 

 

5.3.4. Cloud-based Multi-cloud Data Processing 

Data is processed in parallel across multiple cloud 

platforms. 

 

Many cloud providers offer a wide range of services and 

tools that can be easily integrated with ETL jobs, such as 

data storage, data processing, and machine learning services. 

 

 

It is important to note that the cost should be considered 

when using cloud-based parallelism, and the best cloud 

provider should be chosen based on the requirements and the 

budget. 

 

5.4. Data Partitioning 

Data partitioning is a technique used to divide a large 

dataset into smaller, more manageable chunks, known as 

partitions. 

 

There are several ways to partition data: 

 

Data is partitioned based on a range of values, such as 

date or numerical values. 

 

Data is partitioned by the hash function, which will map 

the data to a specific partition. 

 

Data is partitioned based on a list of values, such as a list 

of countries or regions. 

 

Data is partitioned into equal-sized partitions, with each 

partition receiving an equal number of rows. 

 

Each partition is processed by a different processor, 

allowing for parallel data processing. This can significantly 

improve the performance of the ETL process, as it allows for 

faster data processing times, improved scalability, and 

reduced latency. 

 

Choosing the right partitioning strategy that best fits the 

data and the ETL process is important. For example, if the 

data is time-series data, range partitioning would be a good 

choice. If the data is location-based, list partitioning would 

be a good choice. It is important to note that parallel 

processing can increase the complexity of the ETL process, 

and it is important to test and validate the performance 

improvements before applying them to production. 

 

6. Caching 
Caching is a technique used to store frequently accessed 

data in a temporary storage area, known as a cache, to 

improve the performance of data retrieval.  

 

Caching can increase the performance of ETL jobs in the 

following ways: 

 

The time required to retrieve the data is reduced, as the 

data can be accessed from the cache instead of having to be 

retrieved from the source. 

 

The load on the source system is reduced, as the source 

system does not have to handle as many requests for the 

same data. 
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Caching allows for the efficient handling of a large 

number of requests for the same data, improving scalability 

and allowing the ETL process to handle increasing amounts 

of data. 

 

Caching allows for storing a consistent version of the 

data, which can be used to ensure data consistency across 

multiple stages of the ETL process. 

 

There are different ways to implement caching in ETL 

jobs, such as: 

 

6.1. In-memory Caching 

Data is stored in the memory of the ETL process, 

allowing for faster data retrieval times. 

 

6.2. Disk-based Caching 

Data is stored on disk, allowing for larger amounts of 

data to be cached. 

 

6.3. Distributed Caching 

Data is stored in a distributed cache, allowing for data to 

be cached across multiple machines. 

 

Choosing the right caching strategy that best fits the data 

and the ETL process is important. For example, if the data is 

highly sensitive and the data processing time is not critical, 

disk-based caching would be a good choice; if the data 

processing time is critical in-memory caching would be a 

good choice. 

 

7. Incremental Load 
Incremental load is a technique that can improve ETL 

jobs' performance by only processing new or changed data 

rather than processing the entire dataset each time the ETL 

job is run. This can be achieved by using the following 

strategies: 

 

7.1. Identifying New or Changed Data 

This can be done using various methods like timestamps, 

version numbers, or change data capture (CDC) techniques. 

 

7.2. Extracting Only New or Changed Data  

Once new or changed data has been identified, it can be 

extracted and processed separately from the rest of the data. 

 

7.3. Loading Only New or Changed Data 

The extracted new or changed data can then be loaded 

into the target data store. 

 

7.4. Updating the Metadata 

The metadata should be updated to reflect that the data 

has been processed so the next time the ETL job runs, it can 

identify and process only new or changed data. 

 

 

It is important to consider the specific requirements of 

the ETL job and the data sources and target data stores that 

are being used when implementing incremental load. 
 

8. Monitoring 
Monitoring is an essential aspect of ETL job 

performance management. It can help identify and resolve 

performance issues and ensure that the ETL jobs run 

efficiently and effectively. Here are a few ways that 

monitoring can improve the performance of ETL jobs: 
 

8.1. Real-time Performance Monitoring 

Monitoring the performance of the ETL jobs in real-time 

makes it possible to identify and resolve performance issues 

as they occur. This can help prevent performance bottlenecks 

and ensure that the ETL jobs run at optimal performance 

levels. 
 

8.2. Root Cause Analysis 

By monitoring the performance of the ETL jobs, it is 

possible to identify the root cause of performance issues. 

This can help to resolve performance issues more quickly 

and prevent them from recurring in the future. 
 

8.3. Data Quality Monitoring  

Monitoring the quality of the data being extracted, 

transformed, and loaded can help ensure that the ETL jobs 

produce accurate and reliable data. This can help improve the 

quality of the available data for analysis and reporting. 
 

8.4. Job Scheduling and Execution Monitoring  

By monitoring the scheduling and execution of the ETL 

jobs, it is possible to ensure that the jobs are running on 

schedule and do not conflict with other jobs or processes. 

This can help improve the ETL process's overall 

performance and ensure that the data is available in a timely 

manner. 
 

8.5. Resource Utilization Monitoring  

By monitoring the resources that are being used by the 

ETL jobs, it is possible to identify and resolve issues related 

to resource contention. This can help to improve the 

performance of the ETL jobs by ensuring that the jobs have 

the resources they need to run efficiently. 
 

8.6. Alerts and Notifications  

By setting up alerts and notifications, the ETL team can 

be informed in real time when a job is running too slow or 

when a job has failed, allowing them to resolve the issue and 

minimize downtime quickly. 
 

Monitoring is a key element in ETL performance 

management, providing visibility into the ETL process, 

enabling the ETL team to quickly identify and resolve 

performance issues, improving the performance of the ETL 

jobs, and helping to ensure that the data is accurate and 

available in a timely manner. 
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9. Common Lookup Files 
In advance, frequently referenced data can be unloaded 

and saved as a lookup file before the batch ETL    process is 

started. This lookup file can be referenced in multiple ETL 

jobs without unloading each time from the database. Most of 

the dimension tables are unloaded and saved as lookup files. 

Usually, the Lookup ETL process runs first, creating all 

lookup files necessary for the downstream jobs. 
 

Lookup files can improve the performance of ETL jobs 

in several ways: 
 

Reduces database load by caching data in memory 

Increases query performance by narrowing down data sets 

Enables reuse of pre-computed results 

Avoid repetitive computations and I/O operations 

Enables faster comparison of data by using indexing 

Improves data validation through reference to a trusted 

source. 
 

10. Disable & Enable Indexes 
ETL tools will have components to enable and disable 

the indexes on the tables. To load data faster into the table, 

disable all indexes on the table, load the data, and finally 

enable the index. 
 

Disabling and enabling indexes during ETL jobs can 

improve performance in the following ways: 
 

Disabling indexes before bulk data loading can speed up 

the load process as it reduces overhead on the database 

during data insertion. 
 

Enabling indexes after data load can improve query 

performance as indexes are used to locate data quickly. 

Regularly rebuilding or reorganizing indexes can improve 

query performance by defragmenting and optimizing the 

index structure. 
 

Dropping and recreating indexes can also improve query 

performance if the old index is fragmented or has become 

outdated. 
 

11. Gather Statistics 
The final step of the ETL job is gathering statistics on 

the target table. This is specifically important for tables that 

are reloaded from scratch. e.g., stage tables or temp tables. 

The outdated statistics degrade the query performance. 
 

Gathering statistics after loading data in ETL jobs can 

improve performance in the following ways: 
 

It helps the database optimizer make better decisions on 

query execution plans. 
 

Increases accuracy of query optimizer's cost estimates, 

which can result in faster query execution. 

Facilitates the database optimizer's ability to identify and 

make use of the most efficient access paths to the data. 

 

Enables the database to determine the data distribution 

and use this information to optimize query processing. 

 

Can identify and resolve skew data issues, which can 

slow down query performance. 

 

It helps detect and eliminate suboptimal database 

indexes and join operations. 

 

12. Schedule the Jobs After Peak Hours 
Executing complex queries at peak times will lead to 

database server overload and restrict others from accessing 

the data.  

 

Scheduling ETL jobs after peak hours can improve their 

performance in the following ways: 

 

Reduces competition for resources such as CPU, 

memory, and I/O bandwidth with other processes running 

during peak hours. 

 

Avoids slowdown or interruption due to higher load on 

the network, database, or storage systems during peak hours. 

It helps ensure stable and consistent performance as there are 

fewer competing demands for resources. 

 

Reduces the likelihood of data concurrency issues and 

conflicts, leading to more reliable and successful ETL job 

executions. 

 

It can reduce overall processing time as ETL jobs can 

run more efficiently during off-peak hours. 

 

13. Conclusion 
The performance of ETL jobs can significantly impact 

the overall efficiency of an organization's data pipeline. 

Several strategies can be used to improve the performance of 

ETL jobs, including optimizing the data extraction process, 

reducing data redundancy, and utilizing parallel processing. 

Additionally, organizations can take advantage of tools and 

technologies, such as data warehouses and distributed 

computing systems, to manage and process large amounts of 

data more effectively. 

 

It is important to remember that the specific techniques 

and tools used to improve ETL job performance will vary 

depending on the needs and resources of an organization. In 

some cases, a combination of strategies may be necessary to 

achieve the desired level of performance improvement. 

 

Regardless of the approach taken, it is crucial to monitor 

the performance of ETL jobs regularly in order to identify 
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any issues or areas for improvement. This can be 

accomplished through the use of performance metrics and 

monitoring tools, which can provide valuable insight into the 

performance of the data pipeline. 

 

In conclusion, organizations can take several steps to 

improve the performance of their ETL jobs and achieve a 

more efficient and effective data pipeline. Whether through 

the optimization of data extraction processes, the reduction 

of data redundancy, or the utilization of advanced tools and 

technologies, organizations can improve their ability to 

manage and process the large volume of data in a timely and 

efficient manner. 
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