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Collateral management has traditionally been an operational afterthought. However, regulations have been 
changing the way this process is considered. These regulations — margin requirements on non-centrally cleared 
derivatives finalized by the Basel Committee and implemented in varying flavours by local regulators, as well as 
central clearing mandate introduced by the European Market Infrastructure Regulation (EMIR) and Dodd-Frank Act, 
will significantly increase the frequency and quantity of collateral exchanged. As a result, there is now a greater 
need for financial firms to proactively manage the collateral demands of their derivative portfolios and associated 
capital cost.   
 
While these changes unsettle previous practices and render legacy systems insufficient, it presents an opportunity 
for the industry to collaborate as well as present new solutions to solve for the problematic.  
 

Key Challenges 
 
A key challenge we face is the complex and ever-evolving nature of collateral management. By utilizing novel 
approach – a graph database as our main datastore and deploying all components into a cloud environment, we 
will be able to build a sophisticated model that will map closely to our complex and ever-evolving collateral 
management problem domain. 

 

GRAPH DATABASE USE 
 
To build a collateral management system, one will basically need to build a system that stores assets, exposures 
and a myriad of legal agreements governing all of this. These are objects, but there are connections between them 
giving rise to a variety of structures. It might be that a particular type of asset can be delivered as collateral to a 
given exposure upon a set of agreements, or that a given collateral asset is preferred over another one. In essence 
we will be dealing with a highly-interconnected structure of objects where connections will vary over time due to the 
trading activity but also due to legal or regulatory changes. 
 
The micro-level diagram below illustrates a client with a single legal entity, which has only 1 agreement. This client 
also only has 1 asset (U.S. Treasury Bill), that is acceptable under the clearing house (CCP) eligibility rules for U.S. 
Treasury Bills.  
 
Figure 1: Micro-level Data Structure 
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The Challenge 
 
In practice, the objects (client, legal entity, agreements) and relationships between them will be in multitudes of the  
above representation. We will need to accommodate various client organizational structure for the platform to be 
applicable to their operational context. In doing so, changes have to be made to the data structure and we will have 
to adapt them to our functionalities. The structure above is nearly impossible to model in a structured table-based 
relationship, but using graph models, the number and depth of relationships can be manipulated flexibly.  

 
Observations 
 
We can add complexity to our data structure when necessary and evolve our data model in step with the rest of 
our application. Graph database equips us to do so. 
 
The schema-free nature of the graph data model, coupled with the testable nature of a graph database’s 
application programming interface (API) and query language, empowers us to evolve an application in a 
controlled manner. For instance, using graph technology allows us to adapt to various organizational context in a 
straightforward manner. The structure presented in Fig. (2) can be immediately and easily implemented into the 
system. This structure will allow our platform to issue margin calls for agreements signed by all legal entities for 
trades in the various accounts.  Margin can then be broken down by trading account for consumption analysis. 
Under a different organizational structure, changes can be made to the data model for example in Fig. (3), to add 
an additional layer of complexity and understand the margin breakdown among and within trading desks.  
 
 
Figure 2: Simple Structure      Figure 3: Additional complexity 

 

 

 

Using graph technology will allow us to first, model the constraints imposed by legal agreements or regulatory 

terms; second, enable specific rules and preferences regarding the use of collaterals especially in areas that are 

not fully codified. For example, various conditions need to be assessed before determining if an asset may be 

eligible under an agreement and its applicable haircuts. Graph databases allow to build as granular a rules engine 

as needed: an asset may belong to as many categories as necessary for eligibility assessment and the conditions 

under which it may be pledged. Fig. (4) illustrates how a graph model can be used to create a flexible rules 

engine. 
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Figure 4: Assessing eligibility and conditions  

 
The macro-level diagram below illustrates a situation with 2 clients, more agreements and more eligibility rules. It 
is not difficult to imagine that as the data grows, the number of data points and complexity of relationships between 
them will evolve rapidly as well.  
 
Figure 5: Macro-level Data Structure 

 

Resulting Simplicity   
 
Graph databases are incredibly efficient as complex queries can be executed at very high speed, but also in terms 
of time to market as solutions can be built and deployed quickly. The appeal of graphs is the simplicity in how they 
present relationship between data points, enabling the business logic behind the graph can be easily explained and 
comprehended. The understanding of graph databases is not limited to developers, or data scientists. User, logical 
and physical models unified into a common language represents the very powerful concept of graph and graph 
database. 
 
As a collateral platform, managing large sets of dynamic trade, asset and margin valuations, simplicity and reliability 
are also key factors. Where a relational database needs to either store trades in different table or have fields and 
tolerate blanks to account for different trade characteristics, with which important missing values could easily be 
mistaken, graph databases simplify this process. In a graph structure, similar nodes can have different properties, 
enabling different trade types to be stored under the same label.  
 
Graph databases also allow the creating and suppressing nodes when necessary. For relational databases, lines 
are interchangeable. In contrast, graph databases are able to discern new and existing items. Additionally, because 
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every trade is in the same space as opposed to several tables, it helps avoiding mistakes and duplicates. Both 
features thus make the valuation of new trades and the suppression of old ones more reliable. 

 
Integrating Collateral Algorithm with Graph Database 
 
The simplicity and performance of graph databases become crucial when integrating the algorithm with the 
database. Because multiple queries have to be executed within seconds, high performance is necessary. Before 
determining the best assets to allocate, the algorithm needs to extract 1. Eligible assets applicable to each margin 
call optimized 2. Applicable haircuts to each asset based on characteristics which is no easy feat. This information 
has to be stored in a manner that can be easily and quickly extracted.  
 
In the same way that graph database is an enabler of flexibility and agility, they just as often offer a very 
significant performance improvement over existing technologies. Some query patterns - like the deep/recursive 
join or the pathfinding operation - require an enormous amount of hardware/software horsepower in the traditional 
relational database world in order to deliver the results in a timeframe that users would accept. And even then, we 
are all aware of cases where the query performance would become brittle and unpredictable under load. 
 
The same queries that would have caused constant headache in the relational world are absent in ours. In contrast 
to relational databases, where join-intensive query performance deteriorates as the dataset gets bigger, with a 
graph database, performance tends to remain relatively constant, even as the dataset grows. This is because 
queries are localized to a portion of the graph. As a result, the execution time for each query is proportional only to 
the size of the part of the graph traversed to satisfy that query, rather than the size of the overall graph. 
 
 

CLOUD COMPUTING FOR ENTERPRISE 
 
There is an irrefutable move towards cloud services by financial enterprises. Global firms such as JP Morgan Chase 
& Co, Liberty Mutual Insurance Co, Financial Industry Regulatory Authority (Finra) and Nasdaq Inc, are amongst 
those who have taken up shared cloud services. Synergy Research estimates that quarterly revenues of the 
combined public and private cloud service market exceeded US$9billion in Q4 2016, with public cloud service 
revenue growing at an annual rate of 50%.1  
 
At the OTC Derivatives Summit Asia 2017, the team’s conclusion about cloud computing were the same as that of 
industry participants. Cloud computing has been embraced for: automatic scaling, the ability to fail over multiple 
availability zones, its accommodations for peaky traffic and intensive operations, and free up the team for more 
strategic developments. For these very reasons, we have chosen a Saas delivery model.  
 

Cost Savings 
 
IDC Financial Insights estimates that from adopting cloud services, the biggest global banks will save $15B by 
2019, reducing infrastructure cost by 25%.2 Firms are charged on a pay-as-you go basis and can scale up or down 
elastically according to organizational needs, enabling them to purchase only necessary cloud capacity. For an 
industry which has been engaged in rounds of cost-cutting measures since the global financial crisis, the cost 
benefits are obvious. 
 
Free from heavy enterprise software integration, onerous maintenance and upgrades, resources in vendor and 
client firms can be leveraged to focus on more strategic initiatives and application-specific work instead.  
Such cost savings are significant. Surveys carried out with Saas buyers by the Boston Consulting Group estimates 
a 20 – 50% reduction in total cost of ownership, including hardware and personnel cost. 3 
 

Security and Regulatory Compliance  
 
Though for financial firms, cost savings alone were insufficient in convincing them to switch gears. Previously, the 
industry had been notoriously reluctant and sometimes resistant to employ cloud services due data security and 
regulatory compliance concerns. Cloud infrastructure providers noted and worked to address these reservations. 
For instance, users of Amazon web services can designate the physical region their data and servers will be 
located.4 Such elections enables users to comply with data transmission and privacy rules of different jurisdictions.  
 
On the security front, the argument is that data hosted in a known location on premise can be compromised just as 
easily as that hosted on cloud, simply in different ways. Leading cloud providers have taken significant efforts 
establishing risk and compliance programs as well as obtaining a legion of certifications, programs and third-party 
attestations to put any discomfort to bed.  
 

Observations 
 
The reality is that no technology is foolproof, similar to how data centers are susceptible to failures, cloud services 
are not immune to accidents either. Most cloud service providers have comprehensive disaster recovery policies, 
and provide users with optional contingency arrangements. For instance, Amazon allows users to set up systems 
that automatically shift to another data center if an outage occurs, minimizing the impact of possible failures.  
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Higher Quality Software, Faster Releases through Continuous Delivery and DevOps 
 
While cost has often been perceived as the main driver for cloud adoption, research shows that speed to market 
and quality have played equally important roles in cloud acceptance. Accessibility, flexibility and easy deployment 
of the cloud-delivery model have been a critical enabler of two lean capabilities - DevOps and continuous delivery.5 
Both extensions of the agile methodology have proved to greatly increase ACUO’s speed to market and ensure 
higher-quality software development.   
 
Traditional approaches often encourages software development to defer feature updates and fixes into a single “big 
bang” release, usually carried out annually. The main culprits of this approach are - high delivery cost and complex 
integration with existing enterprise systems. Not only does this approach prevent user acceptance testing until the 
end of the project, when it is usually too late; it extends the projection duration to a length that is unlikely to survive 
changing priorities and needs.6 There is also a high risk of failure when concentrating all code developments into a 
single release as the magnitude of codes deployed makes it extremely challenging to pinpoint breaks and implement 
fixes.   
 
With continuous delivery, however, ACUO can launch frequent incremental updates indicating quicker releases and 
reduced risk of large failures. Bugs are discovered early to prevent them from affecting other components. An 
analysis of more than 1,500 projects by Numetrics and McKinsey shows that software development following agile 
methodologies experience an average of 70% less post-release defects.7  
 
Continuous delivery has permitted for more timely feedback. When coupled with DevOps it has shown significant 
benefits. DevOps – the integration of product development with IT operations – focuses on efficiently and effectively 
building, testing and releasing new features and updates to enable continuous delivery. Under the traditional 
approach, product development and IT teams have worked in silos, often with different priorities.8 However, ACUO 
using the DevOps approach has proved to drastically reduce time to market, reducing the average number of days 
required from coding to live production from 89 to 15days.9 Much of the reduced time can be attributed to easy 
deployment, scalability and easier maintence on the cloud platform.  
 
Lastly, ACUO’s software can be easily overlain over legacy enterprise systems. Users with legacy enterprise 
systems need not undergo enterprise-wide reconfigurations, allowing clients to gradually pursue their cloud 
migration goals seamlessly.  

 

REMOVING BARRIERS IN COLLATERAL MANAGEMENT 
 

In addition to employing new technologies, we are assisting users with a new approach towards collateral 

management. 

 

To cope with the new margin regulations, increasing operational efficiency of daily margining processes should be 

accompanied by proactive collateral decisions. In this new paradigm, collateral management will require the 

participation of multiple parties from operations to liquidity and risk management. However, operations, liquidity 

and risk functions have traditionally been working in silos, resulting in existing technology systems to be 

developed in a similar disparate fashion. Now that these functions belong to the same equation, systems should 

evolve accordingly to facilitate the organizational transition. 

 

Observations  
 

Industry participants, whom we have interacted with, agree that having all the related collateral functions on the 

same platform will undoubtedly lead to more timely and better decision making. 

 

With the new regulations, the type of collateral posted becomes increasingly important from a capital perspective.  

To take this decision, collaboration is necessary. The operations teams have to validate margin liabilities before 

they can be fulfilled, while the treasury and liquidity teams decide on what collateral assets should be used to 

fulfill them based on organizational needs. Likewise, after the operations team make the margin calls for liabilities 

owed, the treasury and liquidity team can ensure that collateral received is purposefully rehypothecated.  

 

While we have always considered that it was vital to approach the workflow from a more collaborative 

perspective, we were intrigued to find out that the prioritization element was no less important. Industry 

participants were impressed with the manner margin calls were displayed on the dashboard. It was not only an 

effective way to understand the quantum of margin calls across products, but also enables users to prioritise their 

collateral workflows based on stipulated notification times.  

 

An additional observation was the importance of substitution in the collateral management process. Collateral 

managers expressed that collaboration should likewise be extended to the substitution portion. When employing 

securities to fulfill margin calls, collateral managers stressed the importance of a substitution workflow. Liquidity 

management teams have expressed that automation in this process – having an indication on upcoming 
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corporate action and understanding their collateral inventory to decide on an appropriate asset – will be a 

valuable feature.  

 

INDUSTRY BENEFITS AND COLLABORATION  

 

Service Providers and Partner Vendors 

 

• Alleviating demand pressure for HQA 

• Reducing operational burden and overcollateralisation  

• Effective redistribution point for services 

 
Collateral is becoming increasingly important in the post-crisis environment, and underpins the smooth running of 
capital markets by managing counterparty credit risk. However, such collateral assets – generally consisting of high-
quality assets (HQA) - are challenged on both the demand and supply front. Simultaneously, prudential regulations 
have increased capital burden on service providers.  
 
Increased demand for collateral has been driven by changes in management of counterparty risk and in market 
practices requiring more secured transactions. While central clearing is not a novel practice, market regulations 
have been expanding the range of OTC products and counterparties mandated for clearing. Initial margin 
requirements for central clearing, in addition to phasing-in of margin requirements for non-centrally cleared trades, 
will increase aggregate demand for collateral assets. Liquid HQA, which are most widely-accepted and associated 
with low haircuts, are most likely to see a higher increase in demand. Additionally, central banks have been 
continuing or expanding their asset purchase programs. This move, together with regulatory driven buffers, 
particularly the Liquidity Coverage Ratio under Basel III, adds to competition for HQA.  
 
On the supply front, “effective” supply rather than outstanding issuance should be examined. Effective supply 
presents a more comprehensive picture by adjusting for two fundamental features; 1) inactive or siloed HQA and 
2) the re-use rate (re-hypothecation), affect the collateral market. Siloed HQA is subtracted from total outstanding 
and then multiplied by the re-use rate of collateral10. The derived effective supply provides a better understanding 
of the availability of HQA to support existing demands. 
 
While promotion of central clearing and asset purchase programs have increased demand, these actions have also 
increased the amount of siloed HQA. Regulations to preserve benefits of initial margin to offset risk of loss in a 
default event have similarly increased collateral left in silo — the final margining framework suggest a one-time re-
hypothecation of initial margin, under very limited circumstances, and strict collateral asset segregation 
arrangements11. Global regulatory demand including Dodd Frank, EMIR etc. are expected to silo about $2 - 4 trillion 
of collateral12.   
 

Observations 

 
Our proprietary optimization engine seeks to select the most economically and operationally beneficial collateral 
asset. As opposed to arbitrary selection of assets to meet margin requirements, derivative participants who are 
enabled to consider economical costs when optimizing, can prevent over-collateralisation. Reducing over-
collateralisation occurrences will contribute to industry efforts which are also seeking to alleviate demand pressure 
for HQA.  
 
For the market counterparts of ACUO’s users, increased automation and optimizing for operationally beneficial 
collateral assets means less man hours need to be dedicated to client servicing; optimizing for economically 
beneficial asset will require less investment from service providers in solutions which will help clients achieve so. In 
an environment where service providers are stretched to comply with regulations, there are few additional resources 
to innovate or assist clients with development of solutions, even if it results in a lower cost of business. Clients, in 
their own capacity, are equipped to assist service providers with reducing the capital buffer necessary for servicing 
client portfolios, resulting in capital efficiency and direct improved economic returns.  
 
Second, given that ACUO provides this connectivity, the platform serves as an effective distribution point for partner 
vendors. Many of our partners also view the platform as an opportunity to reach out to a wider market, and find 
applicability of their products to the collateral management process. As well as users who would otherwise be less 
compelled to engage their services on a standalone basis.  
 
ACUO’s partner vendors will also benefit through reduced distribution costs. ACUO’s solution delivers out-of-box 
connectivity to the API’s of these vendor solutions, obviating the need for clients to engage in the necessary 
integration directly. This has a significant savings in terms of time and resource both on the part of the client, but 
also of the vendor.  
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Collateral Liquidity 

 

• Enabling prompt asset mobilization through STP  
 
By assisting users with automating the collateral management process, collateral management platforms promote 
collateral fluidity. Through efficient deployment of assets, ACUO’s platform acts as a lubricant and promote the flow 
of collateral through the system. In stressed circumstances, industry participants can benefit as financial market 
infrastructure, such as ACUO’s platform, can ensure that effective supply of collateral maintains its fluidity through 
effective mobilisation, to support margin calls and other collateral demands.    
 
Although effective supply of HQA is important, it is only prudent to consider the geographical distribution of that 
supply as well. Some unequal distribution may persist beyond market forces of demand and supply due to different 
legal frameworks and contractual agreements governing collateral received. In 2011, economists have noted that 
the Eurozone had about €14 trillion in eligible collateral, but much of that is locked in depositories and not easily 
accessible for cross border purposes.13 Differences in geographical distribution become more acute during times 
of cyclical volatility. This is as a result of prevailing market uncertainties and heightened counterparty risk. Under 
such circumstances, fluidity of collateral is crucial14. 
 

DATA INTEGRATION 
 
We note that one of the core challenges in the development of software which is reliant on external connectivity, is 
the need to remain in step with new releases and upgrades to the connectivity interfaces. Additionally, while the 
market is moving towards greater standardization of messaging formats, even more recent standard formats such 
as FPML are significantly extended by organisations to fit their idiosyncratic needs. The effect of such extensions 
is to render the formats non-standard.  
 

Observations 
 
We observed in the course of our development that indeed a number of the external interfaces (API) that we were 
connecting to were meaningfully altered. At the outset we had anticipated that we may face such challenges and 
based our core architecture on the concept of “loosely coupled” data sets. This required the development of an 
internal data model, which was a significant task in itself. The internal data model acts as core translation layer, 
such that changes in any of the external components do not affect the rest of the platform.  
 
Additionally, we have used to very good effect, Trace Financial’s Transformer software to build and store libraries 
of external connectivity parsings and transformations to our internal data model. This has allowed us to rapidly 
modify existing translations where necessary. It has additionally allowed us to store core standards of format 
translations which can be re-used where necessary. The adoption of this technology and framework has significantly 
reduced the time and cost of building and maintaining our connectivity framework. 
 
It has become a widely-accepted conclusion that a componentized architecture is significantly more dynamic and 
scalable than tightly integrated services. In this respect, we have followed this best practice and indeed we have 
concluded that distinct services called by the core data model renders the solution almost infinitely scalable and 
extendable. It has also caused us to alter our pricing methodology to a fee for the core platform, with an optional 
menu of external services.  
 
 

CONCLUSION 
 
To be able to adapt to changing user demands and meet their needs, firms should veer away from traditional 
approaches to software development. Embracing continuous delivery and DevOps has shown its benefits even in 
the early stages of software development. Constant user feedback ensures that development teams work only on 
necessary features. When both product and IT development understand user pain points, it helps to align 
development priorities and goals. In the long-term, these lean capabilities have shown to ensure better testing 
outcome, higher-quality software development, and less risks in the final product delivered.15 Without adopting a 
cloud based infrastructure, it will be difficult to realise these practices and product goals.  
 
From the perspective of production functionalities, beyond doubt, building a platform that speaks to current market 
challenges and addresses future potential needs is our objective. Interacting with industry participants affirms that 
most existing collateral management systems are legacy systems which are either uncomprehensive, or 
insufficiently agile to cope with changing demands. The time, cost and resources consumed by these legacy 
systems, render insourcing uneconomical for smaller financial institutions. The architecture of ACUO’s solution is 
scalable based on the user’s demand. By pricing the solution based on components that users avail of, we will be 
able to offer the platform cost effectively, enabling collateral responsibilities to be taken in-house.  
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