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Decision 

Modelling 

Introduction 
 

• Decision focused 

predictions 

• Open standardized 

modelling framework 

• Robust Methodology 
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Probability of 
credit default in 
next 12 months 

= 1.5%  

Score = 420 

Predictive Modelling Example 

Bal01=£450 
Bal02=£624 
Bal03=£328 
Util1=23% 
Util2=31% 
Util3=16% 
TOB=86 
etc 
etc 
etc 
etc 
… 
400+ 
characteristics 
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Decision Modelling Example 

Bal01=£450 
Bal02=£624 
Bal03=£328 
Util1=23% 
Util2=31% 
Util3=16% 
TOB=86 
etc 
etc 
etc 
etc 
… 
400+ 
characteristics 

Profitability 
over next 12 
months if we 
do ‘A’ = £100 

Decision 
A 

Decision 
A 

Decision 
B 

Decision 
B 

Decision 
C 

Decision 
C 

DECISION A DECISION B 

Profitability 
over next 12 
months if we 
do ‘B’ = £80 

DECISION C 
Profitability 
over next 12 
months if we 
do ‘C’ = £120 
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Decision 

Modelling 

Introduction 
 

• Decision focused 

predictions 

• Open standardized 

modelling framework 

• Robust Methodology 



© 2013 Fair Isaac Corporation. Confidential. 6 © 2013 Fair Isaac Corporation. Confidential. 6 

FICO Development Methodology 
Provides a Robust Development Framework 

DECISION     
MODELLING 

Establish mathematical 
relationships between 

Actions, Reactions and 
Profitability 

SIMULATION & 
OPTIMISATION 
Identify best strategy 

scenarios subject to multiple 
business goals, constraints 

and forecasts 

Accelerated 
Learning 

DEPLOYMENT 
Engineer final strategy and 

deploy challengers as 
Decision Trees or Rule Sets 

in Production Systems 

INPUTS 
Customer & Bureau Data 
Segmentations & Scores 

Pricing / Profit Models 
Product Metrics 

Design 
Framework 

Optimisation 
Software Set-up 

Reporting & 
Drill Down 
Analysis 
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Importance     

of Project 

Design 

 

• Structure with Influence 

Diagrams   

• What to Include /   

Exclude? 

• Question Everything! 
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Decision Model Design: 
Use Influence Diagrams to structure the problem 

Predictive scores 

Credit Bureau data 

Promotional history 

Credit Bureau scores 

Account Behavior 

Price 

Response 

Pre-Payment 

Charge-Off 

Revenue 

Loss 

Profit 

Predictions:  
Unknown customer  

reactions which  
drive objective 

Objectives & 
Constraints:  

Primary &  

Secondary goals  

Decisions: 
Possible actions  

taken 

Inputs:  
Known information  

used to make decision 

Customer segments 

Demographic data 

Interest Rate 

Transaction data 
Initial Action 

Loan 
Offer 

Credit Line 
Increase 

Activation 

Other behaviors 

Balances 

Initial Credit 
Line 

Constraints 

Outcomes:  
Key Metrics  

Costs 

Capital 
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Example Decision Model Design 
Multiple Decisions - Loan Amount / Term & Price 

Inputs Objectives Outcomes Predictions Decisions 
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Decision Model Design – more realistic example  
Provides A Complete Profit Framework 

  

Offer Take Up 

Loan Amount 

Application 
Data 

Credit Bureau 
Data 

Early 
Repayment 

Bad / Charge-
off 

Time to  

early-repay 

Time to  

charge-off 

Revenue 

Loss 

Cost 

Inputs Decisions 
Predictions
/ Outcomes 

Objectives 

Who to Accept 

Goals &  

Constraints 

Subject To.. 

Economic 
Scenario 

Price 

ORIGINATION LOAN EXAMPLE 

Loan 
Requested 

Econometric 
Inputs 

Capital Management 
Inputs / Metrics 

Core Decision Model 
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Importance     

of Project 

Design 

 

• Structure with Influence 

Diagrams   

• What to Include /   

Exclude? 

• Question Everything! 
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Action          

Effect              

Models 

 

• Essential to understand 

outcomes 

• Account for Data Bias 

• Keep it simple 
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Action Effect Models 
Evaluates Customers’ Reactions to Your Actions 

Customer Action Reaction 

Credit Card: 
£3,000 Limit 

E(Bal) = £1,000 

E(loss) = £40 

E(profit) = £105 

Offer 
1 

E(Bal) = £1,500 

E(loss) = £65 

E(profit) = £115 

Credit Card: 
£5,000 Limit 

Offer 
2 

Credit Card: 
£9,000 Limit 

E(Bal) = £1,750 

E(loss) = £120 

E(profit) = £95 

Offer 
3 

Risk score = 680 

Revenue score = 720 

Rev Balance = £6,250 

Rev Util = 61% 

Time in File = 132mths 

Segment = A 
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Action Effect Models – Variable Selection 
Determine Variables that are Predictive & have Strong Interactions 

STRONG INTERACTIONS WEAK INTERACTIONS 
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Time at Address
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Med
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Num of Cards Held

Low

Med

High
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Action          

Effect              

Models 

 

• Essential to understand 

outcomes 

• Account for Data Bias 

• Keep it simple 
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Action Effect Models - Account for Data Bias 
Infusing business expertise into action-effect models 

£150

£175

£200

£225

£250

£0 £500 £1,000 £1,500 £2,000 £2,500 £3,000 £3,500

P
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Credit Line Increase Amount 

Realistic Projection 

The data shows the following relationship between Credit Line 

Increase amount and Projected Revenue – WHY?  

Data 
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Reasons for Data Bias 

Why data driven interaction variables don’t always capture the action-effects: 

• Inherent historical data bias - the historical actions usually are targeted. 

The result is often data gaps.  

• Causal effect vs. correlation effect - the primary purpose of action-
effect modeling is to capture the “causal effect”. However, what we observe is often 
overwhelmed by the “correlation effect”, which occurs when performance is highly 
correlated with the targeted profiles.  

• Limitations in the historical action range  

• Confounding effects - there may be many strategies in different decision 
areas that may impact the observed performance. Changes in market or economic 
conditions may also impact the observed performance.  

Solutions:  

• Broader more comprehensive data will always improve the models. 

• Most effective  - Experimentally Designed test and learn strategy  
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Building action-effect models  
Interpolation and extrapolation of data 

Loan Take Up Rate Price Increment 0% +1% +2% +4% +6% 

Application Score Credit Bureau 
Score 

651 to 670 0-500 66% 60% 

501-550 73% 64% 

551-600 90% 85% 

601-650 88% 78% 

651-700 85% 65% 

701-999 80% 

• Consider use of Experimental Design and Learning Strategy approaches 

• Necessary to accommodate for data holes and biases of past strategies 

• Data Driven + Judgmental assessment based on data and experience 

• Need to consider potential data bias and confidence levels 
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Building action-effect models  
Interpolation and extrapolation of data – to infer performance 

Loan Take Up Rate Price Increment 0% +1% +2% +4% +6% 

Application Score Credit Bureau 
Score 

651 to 670 0-500 92% 89% 76% 66% 60% 

501-550 91% 87% 73% 64% 59% 

551-600 90% 85% 71% 62% 56% 

601-650 88% 78% 67% 58% 51% 

651-700 85% 75% 65% 55% 45% 

701-999 80% 69% 60% 50% 35% 

• Consider use of Experimental Design and Learning Strategy approaches 

• Necessary to accommodate for data holes and biases of past strategies 

• Data Driven + Judgmental assessment based on data and experience 

• Need to consider potential data bias and confidence levels 
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Building action-effect models  
Understand where inference is strong and weak 

• Consider use of Experimental Design and Learning Strategy approaches 

• Necessary to accommodate for data holes and biases of past strategies 

• Data Driven + Judgmental assessment based on data and experience 

• Need to consider potential data bias and confidence levels 

Loan Take Up Rate Price Increment 0% +1% +2% +4% +6% 

Application Score Credit Bureau 
Score 

651 to 670 0-500 92% 89% 76% 66% 60% 

501-550 91% 87% 73% 64% 59% 

551-600 90% 85% 71% 62% 56% 

601-650 88% 78% 67% 58% 51% 

651-700 85% 75% 65% 55% 45% 

701-999 80% 69% 60% 50% 35% 
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Overcoming Data Bias 
Extrapolation Factors 

• Data Extrapolation (& Interpolation) approaches are used to understand the 
relationship between Action & Effect. 

• When developing the component models, it is important to focus on the trend and 
the relationship between sub-segments, rather than the point estimates. 

We use Three sets of factors to influence the Extrapolation process: 

 
Sensitivity 
• Where we look to identify how much the 

performance would change given changes in 

the model characteristics we are considering 

Shape 
• Where we look to identify how much 

performance would change given changes in 

the actions we are considering  

Trend 
• Where we identify how overall performance 

would change given changes in both the 

model characteristics and the actions we 

are considering 



© 2013 Fair Isaac Corporation. Confidential. 22 

Action Effect Models – Account for Data Bias 
Important to smooth relationships between actions 1  

Business Expectations 

• We expect to see: 

• For a given bureau score, probability of take-up decreases as price increases 

• Across score bands, sensitivity to pricing increases as the CB score increases 

OBSERVED TAKE-UP RATES BY CREDIT BUREAU SCORE 

Price 

P
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b
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T
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) 

Very low 

Low 

Medium 

Medium/High 

High 

Very High 

Credit Bureau Score 
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Action Effect Models – Account for Data Bias 
Important to smooth relationships between actions 2 

 

 

 

 

EXTRAPOLATED TAKE-UP RATES BY CREDIT BUREAU SCORE 
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Validating the Decision Model 
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Power            

of Scenario 

Analysis 

 

• Compare to BAU – 

results are directional 

• Know where your 

model is weak 

• Stress Test 
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Scenario Analysis 
Optimisation Solvers Answer Different “What If” Questions 

D
e
c
is

io
n

 M
o

d
e
l 

Low Price, Low Line P(Act)=70%, E(Rev)=£120 

High Price, High Line 

Low Price, High Line 

P(Act)=65%, E(Rev)=£130 

P(Act)=85%, E(Rev)=£150 

Customer Action Reaction 

S
o

lv
e
r 

Low Margin, Low Exposure 

High  Margin, Low Exposure 

Low Margin, High Exposure 

£5 BB Annual Profitability 

£5.2 BB Annual Profitability 

£5.32 BB Annual Profitability 

Portfolio Action Reaction 
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Basic Scenario Analysis Example 
Limit Offer Example – Impact of Exposure Constraint 

Customer 1 2 3 4 5 6 7 8 9 10 

Action 

£1000 £45 £30 £50 -£10 £40 £20 £50 £25 £20 £50 

£3000 £65 £20 £65 £10 £20 £40 £60 £30 £15 £65 

£7000 -£50 £5 £30 -£40 £20 £100 £80 £35 £10 £75 

Incremental Expected Profit   

Objective:  Maximise Profit 

Customer 1 2 3 4 5 6 7 8 9 10 

Action 

£1000 £45 £30 £50 -£10 £40 £20 £50 £25 £20 £50 

£3000 £65 £20 £65 £10 £20 £40 £60 £30 £15 £65 

£7000 -£50 £5 £30 -£40 £20 £100 £80 £35 £10 £75 

Incremental Expected Profit   

3 x £1000 

3 x £3000 

4 x £7000 

Exposure = £40,000 

Scenario 2: 
Constraint: 
Exposure<= £32,000 

Exposure = £32,000    Profit = £505 

Profit = £520 

Scenario 1: 
No Constraints 
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£95 

£100 

£105 

£110 

£115 

£120 

-10% 0% 10% 20% 30% 

Projected Change in Losses over "Baseline" 
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Efficient 
Frontier 

Efficient Frontier 
with Many Local 
Constraints 

Baseline 

Scenario Analysis 
Appropriately constraining the optimization problem 

Layering on global and local constraints restricts the optimization 
space and the potential improvement that can be achieved 
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Projected Change in Loss Over "Baseline" 

Scenario Analysis 
Adapting to potential market changes 

Efficient 
Frontier 

Efficient Frontier 
in Stressed 
Environment 

Baseline 

Chosen Optimal Scenario 

Simulating profit outcomes in a Stressed environment 
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Scenario Analysis 
Compare and drill down into different  scenarios & metrics 
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From 

Scenarios to 

Decision 

Strategies 

 

• Palatability v Power 

• Regulatory Review 

• Tree Aware Optimization 
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Decision Modelling & Optimisation 
Deployment Options 

1) Directly from Optimization Process 

» Used more to support Marketing solutions 

» Puts onus on accuracy of Decision Model 

» Can be seen as Black Box – difficult to clearly 
explain reason for each decision  

» Can be highly efficient 

 

 

 

2) Conversion into Decision Tree / Rule Set / 
Strategy 

» Allows for final business review/ refinement 

» Allows for full audit and regulatory review 

» Every decision is explainable  

» Often easier to implement into production 

» Can trade off power v palatability 
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Standard Optimization Scenario Analysis 

Decision Model 

Outcome A 

Outcome B 
Optimization Scenario B 

Optimization Scenario A 

* 

* Treatments come from optimization 
(differing objectives, constraints) 

* 
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Tree-aware Optimization Scenario Analysis and Output 

Decision Tree Template 
(palatable tree criteria) 

T 

Treatments from tree-aware optimization 
(objective, constraints + tree criteria) 

Optimization Scenario 

(tree-aware) 

+ T 

+ 

Outcome A 

Outcome B 

Optimization Scenario 

* 

Decision Tree 

Treatments come from optimization 
(objectives, constraints) * 

Optional 

» Granularity criteria – specifies the decision keys and binning for tree splits 
» Level criteria – specifies an ordering for decision keys when constructing a new tree 
» Eligibility criteria – specifies which treatments are allowed along specific tree branches 
» Consistency criteria – specifies how treatment actions must change in parallel with other variables 
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Complex 

Problems 

  

•  Capital Management 

•  Customer Level 

•  Ultra Large Scale  
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Decision Modelling & Optimisation  
for Capital Allocation & Management 

• Connecting Decisions  - Vertically 

 

 

 

 

 

 

• Execution of strategies to raise performance required: 

•  At account / customer level 

• At the decision area level 

 

• Decision Modelling & Optimisation allows you to makes the connection from 
corporate objectives to account decisions possible 

 

 

Corporate 

Business 

Portfolio 

Segment 

Account / Customer 
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Example Decision Model Design 
Capital Management for Retail Credit Portfolios 

Inputs 

Economic 

Data 

Customer 

Data 

Product Data 

Account Data 

Transaction 

Data 

Competitive 

Intelligence 

Credit 

Decisions , 

Offers, 

Actions 

Basel & other   

Model outputs 

Actions 

Goals and 

Constraints 

e.g. RWA 

Product 

ROE 

/RoRWA 

RWA 

Costs 

Margin 
Take-Up 

Utilization 

Risk 

Affordability 

Time to Bad 

Action-Effect 

Predictions 
Calculations Subtotals Product 

Objective 

EG - Credit Card 

Loss/Costs 

Revenue 

Equity 

Capital 

Outcomes Objective 
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Example Decision Model Design 
Customer Level Decisions 

Inputs 

Economic 

Data 

Customer 

Data 

Product Data 

Account Data 

Transaction 

Data 

Competitive 

Intelligence 

Credit 

Decisions , 

Offers, 

Actions 

Basel & other   

Model outputs 

Actions 
Customer-Level 

Objective 

Total 

ROE 

/RoRWA 

Goals and 

Constraints 

e.g. RWA 

Product 

ROE 

/RoRWA 

Product 

 ROE 

/RoRWA 

Product 

 ROE 

/RoRWA 

Product 

 ROE 

/RoRWA 

Costs 

Revenue 

RWA 

Costs 

Margin 
Take-Up 

Utilization 

Risk 

Affordability 

Time to Bad 

Personal Loan (High-Level) 

Overdraft (High-Level) 

Mortgage (High-Level) 

Action-Effect 

Predictions 
Calculations Subtotals 

Product 

Objective 

Credit Card (More Detailed View) 

Costs 

Revenue 

Costs 

Revenue 

Loss/Costs 

Revenue 

Equity 

Capital 
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Ultra Large Scale Marketing Optimization 
Case Study: European Retail Bank 

Optimize possible interactions (from a pool of 000’s of possibles) per 
customer for tens of millions customers every night.  

» Subject to, for example: 

» restrictions on the number of overall interactions 
per customer and by channel; 

» the consistency of messages by channel; for 
example, a customer should not receive a 
lending message via Direct Mail and a savings 
message online; 

» the resources available to service the selected 
interactions; for example the number staff 
available to make outbound calls in a branch; 
and 

» Budgets and constraints by channel, region and 
overall. 
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FICO Decision Modelling & Optimization Solutions 

Better, faster, more consistent decisions 
Identify the best actions (decisions) for achieving your business 
goals, while balancing competing objectives. 

Protect against regulatory and economic shifts 
Bring accuracy and consistency to every decision, and account 
for predicted economic changes in your models. 

Gain competitive advantage and increase loyalty 
Increase the output of your resources while gaining loyalty 
through consistent, customer-focused treatments. 

Reduce time-to-market and increase precision 
Deliver solutions quickly that address business problems and 
rapidly show ROI; test and learn to drive future successes. 

Make optimal 
decisions 

for improved 
business 

performance, 
in any industry 

or business 
function 
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THANK YOU 

www.fico.com 

Neill Crossley 
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FICO 
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