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Abstract 

As the payments landscape undergoes significant transformations driven by macro trends, 

financial institutions face a pressing need to modernize their systems to stay competitive. 

This paper explores how the strategic use of MongoDB and Temporal can power and scale 

the modernization process, transitioning from legacy systems to modern microservices 

architectures. MongoDB serves as the unified data management platform, while Temporal 

acts as the durable execution platform. Together, they enable financial organizations to 

efficiently manage the scalability, performance, and complexity inherent in payment 

processing. Through the case study of a top-tier U.S. bank, we illustrate how this approach 

enhances scalability, reliability, and developer productivity, setting a new industry standard 

for resilient and future-proof payment systems.   
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Introduction ​

As macro trends reshape the payments landscape, adaptability becomes essential. The rise 

of digital wallets, super-apps, payment options such as buy now, pay later (BNPL) and 

account-to-account (A2A), open banking, digital currencies, and cross-border payments are 

steering the industry toward a consumer-focused future. Institutions must embrace these 

changes to thrive in this dynamic landscape. (See Figure 1).  

The path forward is clear: modernization. To lead in innovation, organizations must shift 

from outdated legacy systems to modern applications powered by microservices. The 

challenge lies in designing these microservices to support critical systems like payments. 

Our proposed approach combines two cutting-edge, enterprise-grade development 

platforms: MongoDB and Temporal. By leveraging these tools, financial institutions can 

advance and protect themselves from the pitfalls associated with legacy systems—ready to 

secure their place in a dynamic future without self-sabotage. 

 

Figure 1. Online payment evolution from the 20th Century to the present. 
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The need for modernization 

Legacy systems such as monolithic architectures and relational database management 

systems (RDBMS) were designed for a different era and struggle with today's payment 

transaction volumes. Think of a monolith like a Jenga tower: changing or updating it 

increases complexity and risks causing system failures or downtime. In contrast, a Lego-like 

microservices architecture allows easy updates and scaling, enhancing stability and 

flexibility.  

  

Figure 2. Monolith (left) vs. microservices (right) analogy. 

Financial institutions require adaptable, scalable, and innovative technology stacks to stay 

competitive in the dynamic payments landscape. However, modernizing these systems is 

challenging and resource intensive. Developers face issues like excessive time spent on 

operations and maintenance, along with system complexity and limited resources. 
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Figure 3. Evolution of payments and modernization needs.   

Modernization made simple  

Is there a way to accelerate and simplify modernizing legacy systems? 

The answer is yes. There is a way, and the key lies in leveraging the right combination of 

technologies, like MongoDB and Temporal. These two developer-focused technologies 

provide a robust foundation for creating future-proof applications with the agility, 

resilience, and scalability required for modern microservice architectures. 

What role do MongoDB and Temporal play in the journey to modernization? We explore this 
in detail in the next section. 

Data management with MongoDB 

​​Challenges of RDBMS  

Relational database management systems are increasingly inadequate for today’s 

fast-paced digital payment landscape for several reasons: 

●​ Scalability and performance: The growing variety, volume, and velocity of data 

overwhelm RDBMS, making it difficult to scale effectively or maintain performance 

under heavy loads. 

●​ Rigid schemas: Traditional RDBMS lack the flexibility to adapt to the diverse range 

of modern payment schemas, hindering rapid innovation. 
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●​ Reduced agility: The complexity of relational databases can slow down data access, 

negatively impacting developer productivity and increasing costs. 

●​ Data integration and real-time processing: While customer demands for real-time 

processing continue to rise, legacy ETL processes often struggle to handle diverse 

data types efficiently (Figure 3), complicating real-time analytics for fraud detection 

and personalized services, ultimately diminishing customer satisfaction. 

 

Figure 5. Common types of data involved in payment processing. 

A modern data platform for modern payments 

MongoDB overcomes the limitations of traditional relational databases with its fast, flexible, 

and versatile document model. It is ideal for microservices architectures due to its 

adaptability and rich features, such as:  

Efficient data retrieval using the document model  

MongoDB addresses the limitations of traditional relational databases with its fast and 

flexible document model, simplifying data management for developers and making it a 

preferred choice for microservices architecture. 

“Data that is accessed together, is stored together” 
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At its core, MongoDB uses a document model storing data in JSON format, simplifying 

querying by keeping all relevant information within a single document. This approach avoids 

the complexity of joins found in relational databases. Its flexibility allows documents to 

adapt to changing application needs without rigid schemas.  

 

Figure 6. Relational model vs. MongoDB document model 

As a result, MongoDB combines the benefits of relational and document-based models, 

enabling organizations to optimize data management for each microservice. This 

significantly enhances developer productivity and positively impacts business performance. 

(See Key benefits.) 

Single database for all payment schemas 

Unlike traditional databases that handle different data types separately, MongoDB 

provides a single way to manage miscellaneous data in a unified platform. Its flexible query 

language allows developers to perform CRUD operations, semantical and text searches, 

geospatial queries, and complex aggregations through a consistent interface. This 

dramatically improves development productivity by enabling developers to perform all data 

operations via a single query API. In addition, it also reduces operational complexity by 

replacing a traditional data stack consisting of a RDBMS, cache, search engine, and 

potentially other specialized data stores with one data platform. 

For payment systems, MongoDB can effectively manage real-time transaction data and 

customer records, thus streamlining transactional screening processes. This data 
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accessibility enables developers to create personalized banking experiences, implement 

real-time fraud detection, and build dynamic risk assessment models, all while ensuring 

secure and scalable applications. 

 

Figure 7. MongoDB offers a unified query interface for a broad set of workload types. 

ACID Transactions to ensure payment consistency 

MongoDB supports ACID transactions and distributed consistency, making it ideal for 

transactional operations like payment processing and order fulfillment. Its multi-document 

transactions provide the data integrity, consistency, and reliability necessary for payment 

processing. In addition, MongoDB delivers these capabilities in clusters containing many 

servers distributed across multiple regions ensuring that reliable payment services can be 

delivered in a scalable and resilient way.  

 

Figure 8. Pillars of ACID Transactions.    
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Scalability and Resiliency for mission-critical payments systems 

MongoDB's architecture enables horizontal scalability through sharding and replication, 

allowing each microservice to be configured with the desired level of performance and 

resiliency. MongoDB enhances fault tolerance and high availability by replicating data 

across nodes and cloud regions, and providing built-in replication and automated failover 

minimizing downtime.  

 

Figure 9. Example of high-availability setup at MongoDB. 

Process management with Temporal  

Challenges of transitioning into microservices 

Many organizations underestimate the complexity of transitioning into microservices: 

●​ Applying domain-driven design (DDD) is necessary yet complex, requiring 

collaboration between architects and domain experts. 

●​ Decomposing monolithic systems in the payments ecosystem involves setting 

service boundaries and integrating components like payment gateways and fraud 

detection. Choices between orchestration and choreography impact transaction 

throughput and user experience. 

●​ Decentralizing data management complicates efforts to maintain data consistency. 

Methods like event-driven architectures or saga patterns are used to manage 

distributed transactions, each with trade-offs regarding simplicity and performance. 
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●​ Latency and scalability: Asynchronous communication patterns can enhance 

scalability but require careful implementation to prevent bottlenecks. 

●​ Security: Ensuring secure interactions between services needs robust authentication, 

encryption, and authorization mechanisms. 

●​ Failure handling and monitoring: Distributed systems make failures unavoidable, 

necessitating strong observability tools like centralized logging and tracing to 

troubleshoot issues, ensure reliability, and optimize performance. 

 

Figure 10. Transition to microservice architectures. 

A modern durable execution platform for modern payments 

Temporal makes this transition easier by offering reliable process orchestration, enhanced 

visibility, and simplified code. This allows developers to efficiently build and manage 

scalable, fault-tolerant applications with less effort and greater confidence. Let's explore 

each of these elements in detail to see how they contribute to solving these challenges. 

Reliable payment processing orchestration 

Temporal ensures reliable payment processing by orchestrating complex workflows across 

multiple services with built-in fault tolerance. It offers centralized orchestration while 

allowing domain division and guarantees durable execution so that all processes are 

completed or rollback. Temporal implements automatic retries and workflow replay for rapid 

recovery from disruptions, maintaining data and state integrity. Unlike legacy tools that 

may introduce single points of failure, Temporal distributes orchestration across node 
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clusters and execution across worker fleets. These features enable Temporal to manage 

complex, multi-step payment processes reliably, even when faced with system failures.  

State management to ensure transaction integrity 

State management is crucial in modern payment systems due to their complex, distributed 

nature. Temporal automatically manages ephemeral state across distributed services, 

ensuring data consistency, reliability, and recoverability. To achieve durable execution, 

Temporal uses event sourcing to record each action in a workflow, maintaining a complete 

workflow history that serves as a reliable source of truth to track actions like withdrawals 

and deposits, which allows it to automatically persist and reconstruct (or “replay”) 

processes to the point of failure. 

Enhancing payment process visibility 

Temporal enhances modern payment processing by providing comprehensive visibility into 

complex workflows. Its workflow history features meticulously record each step of a 

transaction, from initial authorization to final settlement, enabling easy tracing of payment 

flows. The Web UI and CLI offer real-time monitoring of payment statuses, allowing quick 

identification and resolution of issues like failed transactions or delayed settlements. 

Custom search attributes can be used to tag and search payments by criteria such as 

merchant ID or transaction type. Temporal's replay capability is particularly valuable in the 

context of the payment, allowing the exact recreation of problematic transactions for 

thorough investigation. Lastly, its robust observability features provide detailed metrics 

and logging, crucial for maintaining the high performance and reliability expected in 

modern payment systems. 
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Figure 11. Temporal Web UI 

 
Figure 12. Temporal Event History with Timeline View 

Code deduction and cognitive simplicity 

Temporal revolutionizes modern payment processing with its "workflow-as-code" approach, 

allowing developers to define complex payment flows in their preferred language (Go, Java, 

PHP, Python, Typescript, and .NET). For instance, in an international money transfer, 

developers can create a workflow handling currency conversion, compliance checks, and 

multi-bank routing using Temporal's SDKs. This approach simplifies error handling and 

scheduling in payment scenarios, reducing the complexity of managing microservices in 

payment gateways. In a subscription-based system, Temporal can manage the entire 

payment lifecycle within a single, comprehensible workflow. This speeds up development 

time because developers don’t have to write error-handling code. It also enhances the 

reliability and observability of payment processes, crucial for maintaining customer trust in 

financial transactions. 

Why MongoDB and Temporal together?  

Unleashing the power of modernization 

Born with a shared mission to empower developers, MongoDB and Temporal provide 

companies with a simple, resilient, scalable application stack that enhances developer 

experience, providing the best way to work with data and the best platform for 

orchestration. 
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Figure 4. Sample microservices architecture for payments with MongoDB and Temporal. 

Key benefits 

Gone are the days when transitioning from legacy systems to modern solutions was 

considered unattainable, unaffordable, or too complex to even begin. Welcome to a new era 

where unleashing the power of modernization is not just a promise but a reality, thanks to 

the transformative capabilities of MongoDB and Temporal. 

Achieving more with less 

This partnership offers financial institutions the right foundational systems and architectural 

framework to enhance application development, achieving modern, scalable capabilities.  

MongoDB's flexible document model offers unparalleled versatility, enabling faster 

development cycles, zero application downtime (also known as high availability), and low 

latency. It provides the flexibility needed to add new features, support new requirements, 

and integrate new data sources seamlessly. MongoDB has been shown to reduce 

development time by three to five times and cut costs by up to 70%. This empowers 

businesses to innovate swiftly, reduce time to market, and diminish technological debt, as 

well as the challenges of schema complexity and rigidity. 
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Temporal excels as an orchestration platform by enabling durable execution so processes 

persist despite failures, simplifying application logic, and allowing developers to build 

robust applications more quickly and easily. Its capacity to abstract complex error handling 

and offer workflow as code elevates the developer experience by delivering resilience and 

scalability. As a result, engineering teams using Temporal can deliver new features two to 

ten times faster and build systems up to 99% more reliable.  

Excellence within reach 

Together, MongoDB and Temporal empower developers with the tools they need to focus on 

innovation, value creation, and building solutions that meet the evolving needs of markets 

and customers. This partnership delivers cost efficiency, ACID compliance, increased 

developer productivity, and accessible, high-quality engineering. The future of application 

development is here—driven by MongoDB and Temporal, at the forefront of innovation and 

transformation. 

Case study: modernizing payments at a top-tier US bank 

 

Challenge  

A top-tier bank in the U.S., a leader in investment banking, commercial banking, financial 

transaction processing, and asset management, faced a critical challenge in modernizing 

its payment processing system, which was previously anchored to monolithic applications. 

These legacy systems struggled with limited flexibility, high latency, and inefficiencies, 

posing significant risks of losing payments and affecting overall reliability. The existing 

infrastructure lacked the agility needed to rapidly adapt to the demands of real-time 

payments, such as Zelle and other solutions, making it essential to transition to a more 
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resilient, scalable, and modern architecture. Key challenges included ensuring consistent 

data integrity across multiple regions, orchestrating complex payment processes, and 

maintaining high availability and durability in transactions. 

Solution 

To address these challenges, this bank leveraged the combined strengths of MongoDB and 

Temporal. MongoDB was adopted as the source of truth for payment data, offering a 

flexible document model that conceptualized each payment transaction as a document, 

supporting multi-region consistency and idempotency, critical to front-line operations. 

Temporal was introduced to manage state and workflow orchestration, allowing payments 

to be processed as sagas with automatic compensations to ensure fault tolerance and 

extensibility. The solution featured a unified data platform that served as the common front 

door for all payments, orchestrated via Temporal to manage complex business processes 

seamlessly. This modernization effort also included the integration of observability tools 

such as Grafana and Dynatrace to ensure comprehensive monitoring across the new 

system. 

Outcome 

The modernization initiative delivered significant advancements in the firm’s payment 

processing capabilities. By adopting MongoDB, the organization achieved high availability 

and durable transactions, effectively eliminating payment losses even during outages. 

Temporal’s workflow-as-code paradigm provided superior testability and simplified 

complexity, boosting developer productivity and reducing time to market. The new 

architecture enhanced scalability, enabling the system to handle high volumes of payments 

reliably and at any scale. Additionally, both MongoDB and Temporal contributed to a 

streamlined development process, equipping the firm with the agility needed to extend 

modernization efforts beyond payments to potential future areas like rewards and 

shopping. The modernization journey set a new industry standard for resilience, making it 

possible for the institution to process payments without interruptions, thus safeguarding 

business continuity and client trust. 
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Conclusion 

The future of payment processing lies in modernization through the strategic adoption of 

technologies like MongoDB and Temporal. These platforms address the limitations of 

outdated systems by providing a scalable, flexible, and reliable foundation for modern 

applications. MongoDB's robust data management capabilities and Temporal's advanced 

workflow orchestration equip organizations to adapt rapidly to market demands. As shown 

in our case study, this transformation leads to significant improvements in efficiency, 

reliability, and scalability, ultimately securing a competitive edge for financial institutions. 

This modernization framework not only meets today's requirements but also establishes a 

solid foundation for ongoing innovation and growth in the dynamic landscape of financial 

services.  
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About MongoDB 
MongoDB empowers innovators to unleash the power of software and data. Whether 
deployed in the cloud or on-premises, organizations use MongoDB for trading platforms, 
global payment data stores, digital end-to-end loan origination and servicing solutions, 
general ledger system of record, regulatory risk, treasury, and many other back-office 
processes. At the core of our developer data platform is the most advanced cloud database 
service on the market, MongoDB Atlas, which can run in any cloud, or even across multiple 
clouds to get the best from each provider with no lock-in. 

To learn more about MongoDB, visit MongoDB.com 

About Temporal  
Temporal enables engineering teams to develop more reliable applications, faster. It 
delivers an open-source workflow orchestration platform that automates failures and 
reduces code complexity so developers can spend more time writing business logic and 
delivering new features. Temporal powers critical systems at some of the world's leading 
financial services institutions, technology companies, and retailers.  

To learn more, visit temporal.io 
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Legal notice 
This document may include certain "forward-looking statements" within the meaning of Section 27A of the Securities Act of 
1933, as amended, or the Securities Act, and Section 21E of the Securities Exchange Act of 1934, as amended, including 
statements concerning our future growth and the potential of MongoDB Atlas; and our ability to transform the global 
database industry and to capitalize on our market opportunity. These forward-looking statements include, but are not limited 
to, plans, objectives, expectations and intentions and other statements contained in this document that are not historical facts 
and statements identified by words such as "anticipate," "believe," "continue," "could," "estimate," "expect," "intend," "may," 
"plan," "project," "will," "would" or the negative or plural of these words or similar expressions or variations. These 
forward-looking statements reflect our current views about our plans, intentions, expectations, strategies and prospects, which 
are based on the information currently available to us and on assumptions we have made. Although we believe that our plans, 
intentions, expectations, strategies and prospects as reflected in or suggested by those forward-looking statements are 
reasonable, we can give no assurance that the plans, intentions, expectations or strategies will be attained or achieved. 
Furthermore, actual results may differ materially from those described in the forward-looking statements and are subject to a 
variety of assumptions, uncertainties, risks and factors that are beyond our control including, without limitation: the effects of 
the ongoing military conflicts between Russia and Ukraine and Israel and Hamas on our business and future operating results; 
economic downturns and/or the effects of rising interest rates, inflation and volatility in the global economy and financial 
markets on our business and future operating results; our potential failure to meet publicly announced guidance or other 
expectations about our business and future operating results; our limited operating history; our history of losses; failure of our 
platform to satisfy customer demands; the effects of increased competition; our investments in new products and our ability 
to introduce new features, services or enhancements; social, ethical and security issues relating to the use of new and evolving 
technologies, such as artificial intelligence, in our offerings or partnerships; our ability to effectively expand our sales and 
marketing organization; our ability to continue to build and maintain credibility with the developer community; our ability to 
add new customers or increase sales to our existing customers; our ability to maintain, protect, enforce and enhance our 
intellectual property; the effects of social, ethical and regulatory issues relating to the use of new and evolving technologies, 
such as artificial intelligence, in our offerings or partnerships; the growth and expansion of the market for database products 
and our ability to penetrate that market; our ability to integrate acquired businesses and technologies successfully or achieve 
the expected benefits of such acquisitions; our ability to maintain the security of our software and adequately address privacy 
concerns; our ability to manage our growth effectively and successfully recruit and retain additional highly-qualified 
personnel; and the price volatility of our common stock. These and other risks and uncertainties are more fully described in our 
filings with the Securities and Exchange Commission ("SEC"), including under the caption "Risk Factors" in our Annual Report 
on Form 10-K for the year ended January 31, 2024, filed with the SEC on March 15, 2024, and other filings and reports that we 
may file from time to time with the SEC. Except as required by law, we undertake no duty or obligation to update any 
forward-looking statements contained in this release as a result of new information, future events, changes in expectations or 
otherwise. 
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