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‘Models are moving 
away from cottage-

industry style  
activities towards  

an era of industrial 
scale development – 

and the ability to  
run such a process  
will become one of 

the key competitive 
differentiators in  

the future.’

MODELLING SERVICES

INDUSTRIALISED MODEL 
DEVELOPMENT 

T he definition of what constitutes a model is 
becoming broader and more inclusive, whilst 
its sphere of application is becoming more 

specific. As the time-to-market for upgrades and 
new functionality becomes increasingly mission 
critical, Riskcare is witnessing a fundamental 
change in the nature of banking.

Tradition has is that the more sophisticated 
the mathematical modelling, the stronger the 
commercial offering will be. That is no longer true. 
Now the game of banking is about your model 
development process; not the models per se, but 
the ability to introduce them robustly, efficiently 
and rapidly.

The model development process spans 
everything from initial conceptual idea through 
to regulator submissions and on the way passes 
through formal designs, documentation, 
technology implementation, testing, validation, 
deployment and run-time invocations in multiple 
contexts.

The more rapid and effective your model 
building process is, the greater differentiation you 
will achieve within the market.

This means that models are moving away from 
cottage-industry style activities towards an era 
of industrial scale development – and the ability 
to run such a process will become one of the key 
competitive differentiators in the future.

In this paper we develop a vision for the future of 
modelling. We consider the various techniques that 
can help us move forwards and begin by presenting 
the goals for the models themselves. We look at the 
way in which models are constructed and also for 
their usage in a production context.
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FUTURE MODEL GOALS

Existing regulations (SR11-7) are very prescriptive 
with the standards demanded for models – they are 
setting a baseline requirement. In addition to this, 
and by observing the development of regulations and 
demands from regulators along with the practices 
of various financial institutions, we can infer that in 
future all models will need to:

_1.   Support automatic controls (kill 
switches, different modes of 
operation) within a centralised 
inventory.

_2.   Support full data lineage/
traceability through a standardised 
baseline functionality – lineage 
needs to be known at runtime, 
i.e. where the data actually came 
from as opposed to where it was 
supposed to have come from.

_3.   Comply with data and analytical 
quality standards – e.g. 
modellability and self-manage 
accuracy.

_4.   Monitor operating performance 
and usage of machine resources.

_5.   Be attributable to specific cost/
profit centres and business 
functions.

_6.   Provide centralised usage histories 
(who used it, in what context e.g. 
client/product/business function/
cost centre) and audit trails.

_7.   Support a broad range of use-cases 
e.g. spot valuation and simulation, 
market and credit risk, single-trade 
and portfolio-level invocations.

_8.   Be modal such that they can offer 
run-time configurable trade-offs 
between accuracy or range of 
outputs and resource (machine) 
utilisation.

_9.   Support run time quality assurance 
so that controllers know the real-
time state of all active models, 
including data quality.

_10.   Be interchangeable and runtime 
switchable, such that models can 
be changed in accordance with 
external criteria (permissioning, 
standard based approach...) and 
facilitate model risk management.

_11.   Provide confidence intervals and 
error estimations around their 
outputs.

_12.   Support broader management 
techniques such as Kanban 
processes as used in ‘six sigma’, 
and event-driven propagation 
of outputs (Algo trading, limit 
monitoring).

_13.   Support portfolio-level 
calculations, where correlation 
effects between models need to be 
observed.

_14.   Be simulatable across all inputs, 
including time (which implies a 
decoupling of data sources from 
model invocation).
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FUTURE GOALS FOR THE MODEL 
DEVELOPMENT PROCESS

The process by which models are built, not only needs 
to deliver models that will comply with these future 
needs themselves, but will: 

_1.   Support the full change-
management process, from 
capturing requirements through to 
assigning tasks through to targeted 
and requirements-driven builds. 

_2.   Be routed in Test Driven 
Development (TDD) that 
incorporates data capture tests, 
data validity and quality tests, and 
known good outputs.

_3.   Potentially support GUI tests e.g. 
for structured products, such that 
the human factor in data quality 
for trade capture is improved.

_4.   Support behavioural tests that 
monitor latency, resource 
utilisation and thread-safety.

_5.   Regression tests in a range 
of contexts and between 
environments are often too manual 
and require proper automation 
and associative diagnostic tools 
that identify a causal link between 
observed results and changes. 
Ideally the UAT sign-off process 
can be approved directly by 
stakeholders, with minimal human 
support in explaining and manually 
verifying the changes.

_6.   Have fully up-to-date test and 
validation documentation, and 
deliver model test results with 
zero human interaction – due to 
regulators reluctance to accept 
model test results that have a high 
level of dependence upon key 
individuals.

_7.   Automatically generate human 
readable documentation (for both 
model description/implementation 
and tests including description, 
purpose and results) from the same 
instance as the source that went 
into generating the binary code.

_8.   Can adopt human-readable 
representations of models in 
a domain-specific language or 
‘pay-off script’ for models that are 
typically highly customisable.
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_4.  Maps between models and: 

•   Specific regulations that they 
are adhering to, so that 
models can be shown to 
comply with regulations.

•  Products.

•  Clients.

•  Systems.

•  Geographies.

•  Users.

•  Desks.

FUTURE GOALS FOR  
THE RUNTIME MODEL 
MONITORING PLATFORM

Models buried within systems that have no external 
surveillance on their performance are a thing of 
the present, but not of the future. We can expect 
regulations, regulators and management to demand:

_1.   An automatically up-to-date 
inventory of all models – their 
design objective, their intended 
business uses, their status with 
respect to active invocations in 
real world trades and service 
platforms, and a map of their 
interdependency, i.e. which model 
provides inputs to others.

_2.   A control framework that 
indicates who can use models, in 
which systems, for which trades 
and counterparts, and in which 
functions and services.

_3.   A status monitoring framework 
(an online real-time dashboard for 
model performance) that:

•   Indicates whether each model 
in all invocations is operating 
within known tolerances and 
in accordance with known 
assumptions.

•   Reflects current model risk 
category (e.g. high, medium, 
low, very low and immaterial) 
assignment.

•   Provides status and date of the  
latest model validation review.
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MODEL IMPLEMENTATION

MODEL EXECUTION

 ■  MODEL USE
 ■  MODEL ONGOING 
PERFORMANCE MONITORING

 ■  MODEL RISK IDENTIFICATION 
AND REVIEW

 ■  MODEL CHANGE AND 
ENHANCEMENT 

MODEL DEVELOPMENT

 ■  NEW MODEL/MODEL 
ENHANCEMENT REQUEST

 ■ REGULATORY REQUIREMENTS

 ■  METHODOLOGY ANALYSIS 
AND DEVELOPMENT 

 ■  FUNCTIONAL 
SPECIFICATIONS, POC

 ■  IMPLEMENTATION, 
INTEGRATION AND TESTING

 ■  DEPLOYMENT AND RELEASE

BUSINESS/FO

QUANT DEV

VALIDATION

MODEL  
SUBMISSIONS

QUANT STRAT

IT

INDEPENDENT 
MODEL REVIEW

PRODUCT 
CONTROL

MODEL RISK 
MANAGEMENT

STAKEHOLDERS IN THE MODEL 
DEVELOPMENT COMMUNITY

Twenty years ago, the closer the trader and the quant 
worked together, the better they worked.  
Now a broader range of roles are involved, from 
product control, compliance, risk management, 
technology, market data provisioning and 
infrastructure. 

THE MODEL LIFECYCLE
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PRACTICAL TIPS IN REALISING 
MODEL DEVELOPMENT

There are a number of drivers that are proving useful 
in nudging banks towards greater maturity in their 
model development processes. These include:

1.  SERVICE LEVEL AGREEMENTS
To scale as an industrial process, clear and formal 
service level agreements (SLAs) are to be drawn 
up such that responsibilities, ownership and 
expectations are clear.  

•   SLAs place demands on 
stakeholders that are providing 
inputs to the process, which they 
must conform to.  For example, 
the quants and structured product 
traders are often now responsible 
for developing tests to evidence 
that a model is compliant – test-
driven development, as it is 
generally known.

•   For enterprise risk management, 
models of front office origin may 
need to output a broader range of 
standardised sensitivities based 
upon standardised risk factors.

•   Risk management may need to 
provide strict definitions for each 
sensitivity, including its analytics 
and its inputs. 

•   Finance may need to specify the 
acceptable levels of unexplained 
P&L, as well as back-testing 
requirements suitable for models.

These SLAs are in many cases ‘change’ related – 
they apply to changes in new or existing models. 
For others, they are ‘run-time’ related and pertain 
to the functioning of the models. 

2.  META-DATA
Models have proliferated to the extent that they 
need to be actively managed on an enterprise scale. 
Thus the old-school approach of users ‘knowing’ 
what models they are using in a particular platform 
no longer suffices; model validation and model risk 
managers (and senior managers) need to know of 
every instance of every model, and the context in 
which it is being used. 

Here are three practical examples:

MODEL INVENTORY 
Many banks now have a centralised inventory 
and this both records a central list of models 
and provides a natural warehouse for storing 
ancillary information (documentation, tests, 
implementation code...). But this datamart will 
also detail the various physical instances of it and 
the permissions to access it – and may be used by 
product control, model validation teams, model 
management and other supervisory functions.

FRTB 
For the FRTB requirements for modellable/non-
modellable data, a map is required between the 
models and the data that powers them – this is a 
complex relationship where market data viability 
may be for parts of a curve/surface, but not for all 
of it. 

REAL TIME MODEL
The emerging regulatory demands for a dashboard 
presenting a heatmap of the performance of 
models – as they are actually running in production 
– implies a complex set of relationships between 
models and the regulations and regulators they 
are approved by. This also covers products and 
assumptions of the models. This conceptual map 
goes well beyond the model-of-models that most 
centralised inventories are geared up to support.
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•   Integration with central model 
repositories, so that the build 
results history is consolidated 
with the regression results and 
immediately accessible to all users.

3.  MORE AND BETTER AUTOMATION
The Continuous Integration (CI) build process 
began life as a routine component of running an 
IT department – it takes the source code, generates 
the binary code and maybe runs a few regression 
tests.

But recent advancements for this process 
include upgrading it from a dull and humdrum 
set of scripts to an integrated aspect of model 
development, validation and testing that in and 
of itself can save organisations a substantial 
amount of labour. Advanced practitioners are 
automatically:

•   Integrating GUI testing. By 
simulating trade capture for 
valuation models in conjunction 
with the model, data quality 
controls can be built into the 
business at the root point where 
many ‘breaks’ get caused. Thus 
this change to the build process 
– including data quality tests as a 
routine part of model tests – can 
enforce higher firm-wide data and 
a great reduction in operational 
cost and risk.

•   Generating human-readable 
model documentation from source 
files that combine the model 
definition and implementation 
code side-by-side, thus ensuring 
the two are one and the same.

•   Executing regression tests with 
a supporting and sophisticated 
workflow that enables rapid 
interrogation of changed results, 
automatically linking them back 
to the origins of their changes. 
The goal here is for deployment 
processes to be as low-touch as 
possible.
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Riskcare is a financial services  
consultancy and outsourcing company 
with offices in London, New York  
and Sydney.

Over the past 20 years we have  
built up experience and knowledge that 
sets us apart in delivering advanced, 
complex and transformational change 
to the capital markets industry.

We service a broad range of  
clients, including investment banks,  
institutional investment companies, 
hedge funds, exchanges,  
commodities trading houses  
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