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Abstract 

Most of the world’s large enterprises are still using mainframes for their core 
applications, and mainframe data is mission-critical for them. 
 
According to research -  

● 96 of the world’s top 100 banks use mainframe computers 
● 71% of the Fortune 500 companies use mainframes 
● Mainframes handle 90% of all credit card transactions made globally 
● Mainframes handle 68% of the world’s IT production workloads  

 

When considering modernization customers often face challenges with Data 
modernization. Azure provides several solutions for data migration. 

You can migrate SQL Server, open-source, and other relational databases to fully 
managed solutions on Azure, such as Azure SQL Managed Instance, Azure Database 

for PostgreSQL, and Azure Database for MySQL with Azure Database Migration Service. 

For example, if the mainframe data tier uses DB2 or relational database you can use 
Azure SQL Database, SQL Server, DB2 LUW, or Oracle Database on Azure. Similarly 
for Generation date groups (GDGs), you can migrate to files on Azure that use a 
naming convention and filename extensions that provide similar functionality to 
GDGs. 

But what should be the path for VSAM files? Due to increase in migration and legacy 
modernization demand it is imperative to change the paradigm. The move to Cloud 
helps with better data management, monitoring, cost reduction and several other 
advantages. This whitepaper provides guidance on why Cosmos DB is most suitable 
for VSAM file migration. 

What is VSAM? 

 
VSAM stands for Virtual Storage Access Method and is a file storage access method. 
In the early 1970s, it was introduced by IBM as a collection of three data set 
organizations: Sequential, indexed, and direct access. It applies only to data stored 
on direct access storage devices (DASDs).  
 
VSAM files can be used in COBOL programs like other physical sequential files. It can 
be accessed easily by application programs to execute read and write operations. 
The records can be read sequentially like a flat file or randomly using keys. VSAM 
data is always variable-length and records are automatically blocked-in control 

https://docs.microsoft.com/en-us/azure/azure-sql/managed-instance/sql-managed-instance-paas-overview
https://docs.microsoft.com/en-us/azure/postgresql/overview
https://docs.microsoft.com/en-us/azure/postgresql/overview
https://docs.microsoft.com/en-us/azure/mysql/overview
https://docs.microsoft.com/en-us/azure/dms/dms-overview
https://www.ibm.com/docs/en/zos-basic-skills?topic=set-what-is-vsam
https://www.ibm.com/docs/en/zos-basic-skills?topic=1960s-hardware-resources-used-by-zos
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intervals (CI). A control interval is a continuous area of storage on DASD, and they 
can be of different sizes. When an application goes to read a CI that specific area of 
storage gets read into the VSAM IO buffer so the application can read it. The RECFM 
attributes (F, FB, V, VB, U) do not apply to VSAM, nor does the BLKSIZE attribute.  

 

There are four types of VSAM file systems (listed below) which overcome the access, 
performance, and other limitations of sequential file systems. VSAM datasets are 
known as clusters. For example, the KSDS cluster comprises of two parts, an index, 
and a data part. On the contrary, the ESDS and RRDS clusters consist of only a single 
component which is the data component. The main difference lies between how the 
data is stored and accessed. 
VSAM intersects with the No-SQL Key value structure. It has comparable aspects of 
un/semi structured storage. Let’s look at the VSAM types below. 
 
 

• Key Sequence Data Set (KSDS) 
This is the most common type for VSAM. Each record has one or more key 
fields and a record can be retrieved (or inserted) by key value. This provides 
random access to data. Records are of variable length. IMS™ uses KDSDs. 

 
• Entry Sequence Data Set (ESDS) 

This form of VSAM keeps records in sequential order. Records can be accessed 
sequentially. It is used by IMS, DB2®, and z/OS® UNIX®. 
 

• Relative Record Data Set (RRDS) 
This VSAM format allows retrieval of records by number; record 1, record 2, and 
so forth. This provides random access and assumes the application program 
has a way to derive the desired record numbers. 
 

• Linear Data Set (LDS) 
This type is, in effect, a byte-stream data set and is the only form of a byte-
stream data set in traditional z/OS files (as opposed to z/OS UNIX files). DB2 
and several z/OS system functions use this format heavily, but it is rarely used 
by application programs. 

 
 
 
Sample KSDS File: 
 
As mentioned before, the KSDS cluster has two parts, Data, and Index. 
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View of the file from File Manager: 

 

 

 

Advantage of VSAM datasets: 

• High performance due to sequential or key based access. 

• Store large amount of data. 

• Suitable for both batch and online environment. 

• Space effective. 

• Applied security controls for data access/management.  

 

Limitations of VSAM datasets: 

• Need utilities or tools to access VSAM. Not readable by standard methods. 
• Data Replication is a problem as well since it is not a relational table. 
• Stored only on magnetic disk storage devices called DASD (Direct Access 

Storage Device) which makes it costly. 
• VSAM files overtime have become complex and irregular patched structures. 
• Challenging to manage, access, debug due to atrophy of skilled resources.  
• Performing analytics on it is difficult. Scanning large VSAM files is slow unless 

you are dealing with the keys. 
• Determining data definition can be challenging. It can be defined in the 

Copybooks but not always. There are 3rd party tools which can do the analysis 
but still can be difficult. 
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Cosmos DB    

 

Enterprises today have moved to a data-focused approach, in order to derive 
business insights and plan their future growth. Applications are required to be highly 
responsive and always online. To achieve low latency and high availability, instances 
of these applications need to be deployed in datacenters that are close to their users. 
Applications need to respond in real time to large changes in usage at peak hours, 
store ever increasing volumes of data, and make this data available to users in 
milliseconds. 

Azure Cosmos DB is a fully managed NoSQL database for modern app development. 
Single-digit millisecond response times, and automatic and instant scalability, 
guarantee speed at any scale. Business continuity is assured with SLA-

backed availability and enterprise-grade security. High interoperability with open-
source APIs and SDKs for popular languages. As a fully managed service, Azure 
Cosmos DB takes database administration off your hands with automatic 
management, updates and patching. It also handles capacity management with 
cost-effective serverless and automatic scaling options that respond to application 
needs to match capacity with demand. 

VSAM to Cosmos DB 
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https://docs.microsoft.com/en-us/azure/cosmos-db/introduction
https://azure.microsoft.com/support/legal/sla/cosmos-db
https://azure.microsoft.com/support/legal/sla/cosmos-db
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*Above diagram depicts only a few of the possible methods for VSAM to Cosmos DB. 

 

1. Express route extends your on-premise network into the Microsoft cloud over 
a private connection.  

2. (a, b, c) In order to transform or provide a landing zone or apply some business 
logic. We can use HIS or custom application/s (for e.g., container-based 
application where the application is running in AKS) or a 3rd party tool to 
provide similar functionality. 

3. Post data transformation, the data using 2a,2b or 2c will be loaded on Cosmos 
DB. 

4 and 5.  Once the data is in Cosmos DB it can be used by many other Azure 
services for data analytics, logging etc. or provide it to the client services. 
  

VSAM has many characteristics of a NO-SQL database. At the same time Cosmos DB 
comes with additional advantages of being a distributed offering. Some of them are 
listed below. 
 

1. Application dependent structure. 
Like Cosmos DB, VSAM files do not have a relational structure. They can be 
defined as per the application. Cosmos DB provides a framework to let us do 
things similar to VSAM. 
 

2. Key-value storage. 
Like VSAM (KSDS) Cosmos DB provides key value storage with unlimited 
indexes. This increases performance as the record read and write is much 
faster than sequential read. Azure Cosmos DB's schema-less service 
automatically indexes all your data, regardless of the data model, to deliver 
blazing fast queries. 

 
3. Mission critical ready. 

Cosmos DB is a high-performance database solution providing elastic scale, 
guaranteed speed at any scale, high availability, throughput and data 
continuity. It provides real-time access with fast read and write latencies 
globally, and throughput and consistency all backed by SLAs. 
Easily distribute data to any Azure region with automatic data replication. 
Enjoy zero downtime with multi-region writes or RPO 0 when using Strong 
consistency. It can independently and elastically scale storage and 
throughput across any Azure region –    even during unpredictable traffic 
bursts – for unlimited scale worldwide. 

            Like VSAM, Cosmos DB can scale massively and handle unstructured data.  
 

4. Data nesting. 
Multiple levels of nested arrays can be stored in VSAM, and the application 
can interpret accordingly. Similarly, Cosmos DB can handle multiple levels of 

https://azure.microsoft.com/support/legal/sla/cosmos-db


Moving VSAM Data to Cosmos DB 

 

Page 8 
 

nested documents with nested structures. In other words, VSAM can have 
variable length records and Cosmos DB can accommodate that with the 
ability to do nesting within a single document. 

 
5. Enterprise level security. 

Data is encrypted at rest seamlessly and automatically with CMK or Microsoft 
service-managed keys. Azure role-based access control keeps your data safe 
and offers fine-tuned control. 
 

6. Deliver business insights. 
Leverage Azure monitoring, reporting and analytics tools like Azure Monitor, 
ARC, Azure Synapse Link for Azure Cosmos DB. Reduced complexity unlike 
VSAM files and easy to configure controls. Easy integration and real-time 
insights of workloads, performance, trends, and operational data. 
 

7. Ease modernization challenges. 
You don’t have to change the way you use your data, but you have the 
capability to use additional features. Unlike VSAM files, Cosmos DB is easy to 
integrate with distributed architectures. It provides fast and flexible app 
development with SDKs for popular languages plus a native core (SQL) API, 
APIs for MongoDB, Cassandra, Gremlin, and free dev/test options. Developers 
can choose SDKs for .NET, Java, and Python. 
Deeply integrated with key Azure services used in modern (cloud-native) app 
development including Azure Functions, IoT Hub, AKS (Azure Kubernetes 
Service), App Service, and more. 

Migration strategies 

There are certain methods for getting started with such conversion projects.  

1. Inhouse custom solution 
2. Third party tools 

But regardless of the method, first and foremost we need to assess the system. This 
assessment requires understanding of what type of VSAM files need to be migrated, 
the data types, the size, the business case and if there is any interdependency 
between the files. The interdependency is to check if the migration can be done in 
stages or determine the migration order or should it be a one-time migration. The 
application refactoring/re-writing/re-architecting is also part of the assessment. For 
instance, you can re-factor/re-write your COBOL code to Java and use the Cosmos DB 
Java SDK to perform CRUD operations on the Cosmos DB documents.  

Remember, this might be an opportunity to re-imagine and remove any redundant 
or dead piece of data declaration.  

https://docs.microsoft.com/en-us/azure/cosmos-db/synapse-link
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For a custom solution: 

• Perform data modeling and prepare for extraction.  
The copybooks (if available) provide the file layout with data type, key, and 
other layout specific information to create the document structure. The 
EBCDIC to ASCII formats, the COMP parameters are also to be accounted for 
when doing the data formatting. Also, the REDEFINES clause in the copybook 
can add variety to the type of data a field can store. That might mean the 
programs need to go into separate containers in Cosmos DB depending on 
their functionality. OCCURS and DEPENDING ON CLAUSE add the nesting 
and variability to the mapping. 
 

 
 
 

 
 

• Extract data and convert/transform data.  
You can use IDCAMS utility REPRO to extract data if there is no transformation 
needed. If any data transformation is needed, you can create COBOL program/s 
to perform necessary data changes. 
There can be many other ways to bring the VSAM data out of Mainframe and 
prepare it in the Cosmos DB schemas.  
 

• Data Load (One time/Incremental):Once the data has been formatted as per 
the required schema, we can upload it through an automated script or manual 
batch uploads.  

• Once the data is transmitted, your applications can talk to Cosmos DB using 
Azure Cosmos DB SDKs for MongoDB, Cassandra, SQL, and others depending 
on your target database. 
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For a 3rd party solution there are many ISVs which provide re-factoring and data 
migration facilities with minimal to no manual intervention. So, you can use the tools 
to do the migration end to end and take advantage of data insights, analytics, AI/ML, 
CI/CD, scalability, and all other features that are part of the suite.  

The re-factored/re-written applications can be orchestrated on AKS (Azure 
Kubernetes Service) and integrated with many other Azure offerings to provide Azure 
managed seamless, deployment, scalability, reporting, and management. 

Customer success story 

A leading financial service technology provider modernized their critical application 
serving billions of records on customers account information. The batch applications 
were re-factored to Java and the data was migrated to Cosmos DB after a successful 
proof-of-concept. Using this solution, the customer was able to take advantage of 
better scalability, managed services, analytics, equivalent performance, Geo 
replication etc.  
 
The complete data mapping, data formatting and load solution was deployed on 
Azure Kubernetes Service (AKS) within 6 months. This resulted in 80% of cost savings 
and closed a 5000 MIPS Mainframe. 
 

Conclusion 

With the increase in Mainframe data modernization to Cloud, file migration is a 
separate use case. As we discussed in this white paper, VSAM files due to their 
volume, performance, consistency etc. need a more or equally high-performance 
solution. Cosmos DB provides similar features along with additional benefits like 
scalability, high availability, automation, tracking etc. There might be a use case 
where VSAM data is more suited for a tabular structure but that depends on the 
type of data and the finalized mappings.  
 
Few other things to be mindful of with your VSAM to Cosmos DB migration are: 

• NULL fields or default values. 
• Field relationships and interdependencies. 
• Rigorous testing including but not limited to load testing, regular and edge 

cases. 
• Regular and detailed documentation. 

https://docs.microsoft.com/en-us/azure/aks/
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Learn more 

What is VSAM? - IBM Documentation 

 

Azure Cosmos DB | Microsoft Docs 

 

Understanding the differences between Azure Cosmos DB NoSQL and relational databases | 

Microsoft Docs 

 

Azure Kubernetes Service (AKS) documentation | Microsoft Docs 

 

https://www.ibm.com/docs/en/zos-basic-skills?topic=set-what-is-vsam
https://docs.microsoft.com/en-us/azure/cosmos-db/
https://docs.microsoft.com/en-us/azure/cosmos-db/relational-nosql
https://docs.microsoft.com/en-us/azure/cosmos-db/relational-nosql
https://docs.microsoft.com/en-us/azure/aks/

