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Example:

I want to maximize new accounts.  How much should I spend marketing 

to each of my channels such that I do not spend more than $10MM total 

and no channel has a CPA > $100?

What Is Constrained Optimization?

+ Constraints
(any restrictions)



3What Is Constrained Optimization?

Constrained Optimization is the process of determining the optimal outcome 

for a stated objective in the presence of stated constraints.

Dimensions Constraints Solution Example

0 0
Market all or 

none

Optimize revenue or cost

0 1 Rank order all Marketing budget

1 1
Rank order by 

dim

Marketing budget by channel

1 2
Rank order by 

dim

Channel max spend and min spend

2+ 2+
Channel max spend with product 

min performance
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Optimization Examples

 Offer Optimization

o What is the optimal offer or sequence of offers to give to a customer or 

prospect, in order to maximize profits?

 Channel Optimization

o What is the optimal customer/prospect contact channel (or sequence 

of channels) to maximize profitability?

 Campaign Optimization

o Who do we target in order to maximize campaign ROI (and not just 

campaign response)?

 Budget and Media Optimization

o How do we optimally allocate marketing budget to media and/or 

direct channels?
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Offer Optimization Example

- Marketing Costs

Offer Value

(Discount %)

Offer 1

Offer 3
Offer 2

Expected

Profitability

10% 20% 30% 40% 50%0% 60%

Optimal offer is Offer 1 at 21% 

discount

$0
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Expected Customer 

Profitability =

FUNCTION OF

Transaction History + Loyalty + Demographics

+ Appended Data + Marketing Elements

Changeable Program Elements

- Offer Type

- Offer Value
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The optimal number of contacts will entice the customer as 

early as possible, using as small a percentage of their potential 

lifetime value as possible.

No. Contacts

C
u
m
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v
e
 $

Winning 

Proposition

Predicted Lifetime Value 

Offer Value+Cumulative COM

Cumulative Cost of Marketing

Losing 

Proposition

Contact Optimization Example
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 LityxIQ eliminates the need to understand how the optimization is being 

done and provides a straightforward structured setup, but still requires an 

understanding of how to breakdown the business problem correctly.

 There is a deep body of knowledge associated with the understanding of 

optimization problems and degrees in fields such as Operations Research 

that specialize in this area.

 Using LityxIQ you can take advantage of that knowledge 

without needing to understand how it is working.  Like 

PredictIQ, you do not need to understand the algorithms 

in order to build a strong model.  

 With OptimizeIQ you can solve very complicated business 

problems by understanding how to set them up and then 

leave the complication to the software.
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OPTIMIZEIQ
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OptimizeIQ is a classical operations research based solver that help users 

determine the best choice among many options.  Like all solvers in order for 

it to tell you want you would like to know you have to define some things 

about your situation to be solved.

“OptimizeIQ is an optimization tool that determines the optimal outcome for 

a stated objective in the presence of stated constraints”

1) What are you looking to maximize or 

minimize?

2) What constraints exist or could exist 

that you would like to understand the 

impact of?

3) What decisions need to be made that 

affect the objective?

Overview
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Marketing Optimization

 Optimize marketing 

budget/resources across 

customer segments, 

products, channels, and 

other business dimensions

 Optimize media spend within 

and across channels

 Optimize individual customer 

communications to maximize 

profitability

Uses
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 Compare multiple optimization scenarios 

looking at multiple objectives by multiple 

dimensions Example: What channel delivers the 
lowest CPO under different 
optimization scenarios? 

Example: What channel delivers the 
highest LTV under different 
optimization scenarios? 

 After identifying the optimal scenario, 

output the criteria needed to execute it.

Output
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 Scenario – a  business problem and optimized solution from a fully 

defined constrained optimization setup.  Included in a scenario are:

Key Terms

• Dimension – categorical 

divisions of interest and 

difference

o Age ……………………………………….
o Segment …………………………………
o Channel …………………………………
o Model Decile …………………………...

• Level – a sub unit 

within a dimension

o 18-34, 35-49, 50-64, 65+  (4)
o AA, Hisp, Other  (3)
o DM, EM, SEO  (3)
o 1,2,3,4,5,6,7,8,9,10  (10)

• Terminology & Problem Definition – a name to be used by LityxIQ

to create a variable that will be determined in order to solve the 

optimization problem.

o The objective is to optimize ___________ across different _____________
Contacts Dimensions
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Key Terms cont.

NY Office CHICAGO Office

This example full matrix has 4 x 3 x 3 x 10 = 360 unique combinations

• Attribute – a characteristic about a portion of the levels

o NY Office, Chicago Office (2)

• Data Element – raw or calculated information used to provide details 

to the scenario that can be adjusted on the fly.

o Cost Per Piece

o Life Time Value

o Response Rate

o Potential Responders

o Cost
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Key Terms cont.

• Summary Metrics & Objective Functions – solution derived 

variables that define what you are seeking to achieve or control 

for.
o Overall Cost-per-Order
o Overall LTV
o Potential Contacts

o Total Cost
o Total Recommended Contacts
o Total Responders

Let’s Look At OptimizeIQ Then Come Back Here

See the layout, what and where information is needed
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Optimization Example Problem

Sales Rep Optimization:

Client has to determine the optimal use of their sales reps over the next two 

months with many options available including:

• What product to sell? 

• Which customer segments to target?

• How to allocate calls across months?
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What are the dimensions of this problem and what are 

their levels?

Example – 3 Dimensions: 

Products, Periods, Segments

The optimization is performed at the combination of all 

levels and their dimensions.

Levels

Product A

Product B

Product C

Levels

Month 1

Month 2

Levels

Segment 1

Segment 2

Products Periods
Customer 

Segments

Meta Data - Dimensions
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Each combination of dimensions and their levels can be 

assigned any number of attributes and data elements.

Products Periods Segments Sales Rep Response 
Rate

Avg Sale
Size

Product A Month 1 Segment 1 Jane .025 $146

Product A Month 1 Segment 2 Jane .043 $77

Product A Month 2 Segment 1 Joe .011 $143

Product A Month 2 Segment 2 Jane .025 $29

Product B Month 1 Segment 1 Joe .026 $102

Product B Month 1 Segment 2 Jane .047 $44

Product B Month 2 Segment 1 Josh .033 $93

Product B Month 2 Segment 2 Jane .022 $68

Product C Month 1 Segment 1 Josh .044 $106

Product C Month 1 Segment 2 Joe .023 $75

Product C Month 2 Segment 1 Joe .074 $84

Product C Month 2 Segment 2 Josh .004 $36

Attribute Data ElementsDimensions

Meta Data – Attributes and Data Elements
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The variable to be optimized is defined.  The optimization 

routine will determine its optimal value for each 

combination of dimension levels.

Products Periods Segments Sales Rep Response 
Rate

Avg Sale
Size

Calls to 
Make

Product A Month 1 Segment 1 Jane .025 $146 ?

Product A Month 1 Segment 2 Jane .043 $77 ?

Product A Month 2 Segment 1 Joe .011 $143 ?

Product A Month 2 Segment 2 Jane .025 $29 ?

Product B Month 1 Segment 1 Joe .026 $102 ?

Product B Month 1 Segment 2 Jane .047 $44 ?

Product B Month 2 Segment 1 Josh .033 $93 ?

Product B Month 2 Segment 2 Jane .022 $68 ?

Product C Month 1 Segment 1 Josh .044 $106 ?

Product C Month 1 Segment 2 Joe .023 $75 ?

Product C Month 2 Segment 1 Joe .074 $84 ?

Product C Month 2 Segment 2 Josh .004 $36 ?

Optimization 

Variable

Meta Data – Optimization Variable
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Now we define any number of key summary metrics in 

which we are interested.  We will use these to define our 

optimization criteria and business constraints.

Products Periods Segments Sales Rep Response 
Rate

Avg Sale
Size

Calls to 
Make

Product A Month 1 Segment 1 Jane .025 $146 ?

Product A Month 1 Segment 2 Jane .043 $77 ?

etc

Metric Definition

Total Calls Sum (Calls To Make)

Total Responses Sum (Calls To Make * Response Rate)

Total Sales Sum (Calls To Make * Response Rate * Avg Sale 
Size)

Overall Response Rate Total Responses / Total Calls

Overall Sales per Call Total Sales / Total Calls

Summary Metrics

Some are based on 

aggregations of our data 

elements (including the 

unknown optimization 

variable)  “Simple”

Others are based on 

previously defined 

metrics.  “Complex”

Meta Data – Summary Metrics
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Now we decide which summary metric we want to 

maximize (or minimize) and what business constraints we 

want to put on the problem.

Constraint Definition

Limit total number of calls Total Calls <= 5000

Minimum # calls for each rep Total Calls >= 50 (separately for each Sales Rep)

Focus on Segment 1 Percent Total Calls to Segment 1 >= 65

Force minimum total sales Total Sales >= $1000

Distribute effort over each month Percent Total Calls >= 45 (separately for each Period)

Objective: Maximize Overall Response Rate

Business Objectives and Constraints
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Now execute the optimization problem.  Detailed results 

are the optimal values for each combination of 

dimensions and levels.

Products Periods Segments Sales Rep Response 
Rate

Avg Sale
Size

Calls to 
Make

Product A Month 1 Segment 1 Jane .025 $146 0

Product A Month 1 Segment 2 Jane .043 $77 0

Product A Month 2 Segment 1 Joe .011 $143 0

Product A Month 2 Segment 2 Jane .025 $29 0

Product B Month 1 Segment 1 Joe .026 $102 0

Product B Month 1 Segment 2 Jane .047 $44 636

Product B Month 2 Segment 1 Josh .033 $93 0

Product B Month 2 Segment 2 Jane .022 $68 0

Product C Month 1 Segment 1 Josh .044 $106 182

Product C Month 1 Segment 2 Joe .023 $75 0

Product C Month 2 Segment 1 Joe .074 $84 1000

Product C Month 2 Segment 2 Josh .004 $36 0
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Execute and Evaluate Results
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 We also receive and analyze the summary results.

Summary Metric Optimized
Result

Total Calls 1,818

Total Responses 112

Total Sales $ 8,380

Overall Response Rate 6.16%

Overall Sales per Call $ 4.61

Summary Results
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Over to OptimizeIQ

Let’s See This in Action!
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APPENDIX
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OptimizeIQ Scenario

1. Objective

Min/Max: Maximize

Objective Function: Total Value

It helps to think about the solution in reverse.  What do you want to see, then 

what data is going to be needed?  In OptimizeIQ the metadata is where 

you define the data that get used in the construction of scenarios.

The only two choices are to 

minimize something or 

maximize something.

The choices here get 

defined in the Metadata 

under Summary Metrics &

Objective Functions

Setup - Scenarios
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OptimizeIQ Scenario

2. Additional Data Rules

The selection options 

are setup in the 

metadata under Data 

Elements

The rules created here allow for easy 

change of key drivers on the fly when 

running scenarios.

For example this rule is 

defined as a Marketing 

Cost and assigns $50 to 

Hotel Offer 1 and 2.  The 

setup for the dimensions is 

in the metadata under 

Dimensions and LevelsExample

Setup – Scenarios cont.
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OptimizeIQ Scenario

3. Constraints The choices here get defined in 

the Metadata under Summary 

Metrics & Objective Functions

Example

Total Cost is selected as 

a constraint and set 

between $25k-$30k

Constraints can be across 

levels or within level

Setup – Scenarios cont.
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• Terminology and Problem Definition.
The objective is to optimize ___________ across different _____________

Metadata is information about the data to be analyzed and is 

necessary for OptimizeIQ to understand what is being solved for 

and the data available.

• Summary metrics and objective functions

• Attributes • Dimensions and levels of the data

• The data elements

Setup – Metadata
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Define the Metadata Link to Scenario Setup

1. Objective

2.

3. Constraints

1.

2. Additional Data Rules

3.

1. Objective

2.

3. Constraints

- Segments, Channels, Creative etc

- Information on your file to examine 

separately or treat differently.

- Creative cost-per-piece, channel 

response rate etc.

- Things you want to be able to change on 

the fly

- Key performance metrics

 Dimensions and Levels

 Attributes

 Data Elements

 Summary Metrics and Objective 

Functions

 Terminology & Problem 

Definition
- The decision to be made

- Number of contacts or impressions etc.

1. Objective

2.

3. Constraints

Used In . . .

Summary of Setup

1.

2. Additional Data Rules

3.
- Qualitative characteristic on partial levels
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Dataset
Type: Rolled-up

Records: 1,800
Dimensions:
• Channel (9)
• Decile (10)
• Segment (4)
• Age Group (5)

Metrics:
• # of Prospects
• Cost per Piece (CPP)
• Response Rate
• Life-Time Value (LTV)

Client has many options for their acquisition marketing efforts and 

would like to look at various optimization solutions.

Scenario Objective Constraints Additional Data Rules

1 Minimize cost-per-response (CPR) Total responders >= 
100,000 combined 
across all dimensions.

None

2 Maximize responders Total cost <= $9MM 
combined across all 
dimensions

None

Scenarios

For every 
combination of the 
dimensions, each of 

the metrics are 

given.

Simple Example
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Define the Metadata Create Scenarios

1. Objective

2.

3. Constraints

1.

2. Additional Data Rules

3.

1. Objective

2.

3. Constraints

- Overall CPR (total cost / total response)

- Total Responders (contacts x RR)

 Dimensions and Levels

 Attributes

 Data Elements

 Summary Metrics and Objective 

Functions

- Age Group, Channel, Decile, Segment

- # of prospects

- CPP

- LTV

- Response Rate (RR)

- Cost (# of prospects x cpp)

- Potential responders (# pspcts x RR)

None

Read In

 Terminology & Problem 

Definition
- Number of Contacts

1. Objective

2.

3. Constraints

Derived

Stated

Read In

Calc

Used In . . .

Simple Example – Define Metadata
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Define the Metadata Create Scenarios

1. Objective

2.

3. Constraints

1.

2. Additional Data Rules

3.

1. Objective

2.

3. Constraints

- Overall CPR (total cost / total response)

- Total Responders (contacts x RR)

 Dimensions and Levels

 Attributes

 Data Elements

 Summary Metrics and Objective 

Functions

- Age Group, Channel, Decile, Segment

- # of prospects

- CPP

- LTV

- Response Rate (RR)

- Cost (# of prospects x cpp)

- Potential responders (# pspcts x RR)

Read In

 Terminology & Problem 

Definition
- Number of Contacts

1. Objective

2.

3. Constraints

Derived 
in Opt

Stated

Read In

Calc

- Scenario1 Minimize overall CPR

- Scenario 2 Maximize total responders

- Scenario 1 Total Responders >= 100k

- Scenario 2 Total Cost <= $90M

None.

Used to define Overall CPR, 

Total Cost, Total Responders 

used in Objective and 

Constraints.  Also output field 

to execute optimal solution.

Used to perform optimization 

by, run constraints across 

and recommend number of 

contacts by.

Simple Example – Create Scenarios


