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Objective 
 
The problem statement is to recommend the marketing department an optimal budget allocation strategy for 
different media platforms. Monthly budget available is $10M which can be spent on 10 different media platforms 
that can have different Return on Investment (ROI). The final allocation to be recommended should maximize the 
overall return on investment every month. To arrive at the allocation ROI estimates from two different firms are 
available for each platform as below -  

 
Platform Print TV SEO AdWords Facebook LinkedIn Instagram Snapchat Twitter Email 

First 
Firm's 

ROI 
estimates 

0.031 0.049 0.024 0.039 0.016 0.024 0.046 0.026 0.033 0.044 

Second 
Firm's 

ROI 
estimate 

0.049 0.023 0.024 0.039 0.044 0.046 0.026 0.019 0.037 0.026 

 
The manager, along with the ROI estimates, has added a few constraints on the budget allocation based on 
experience that needs to honor while recommending budget allocations. The three constraints imposed by the 
manager are below –  

1. The amount invested in print and TV should be no more than the amount spent on Facebook and Email. 
Surprisingly, email seems to be a great channel for reaching real people. 

2. The total amount used in social media (Facebook, LinkedIn, Instagram, Snapchat, and Twitter) should be 
at least twice that of SEO and AdWords. 

3. For each platform, the amount invested should be no more than $3M. 
 
 

Mathematical Formulation 
 
The business problems will be mathematically formulated as a linear optimization problem with constraints (set by 
the manager) before programming happens (code – Appendix A.1). 
 
The fraction of total budget allocated to each platform will be represented as xi, with different i’s representing 
different platforms from Print to Email. On top of the three constraints provided by the manager, an additional 
constraint will be required to consider the fact that the overall budget for allocation is $10M. Since the variables 
considered in the formulation are fractions of the budget and not actual budget, the constraint applicable will be 
that the sum of all fractions for all the platforms should be 1. The constraint equations and overall ROI function are 
below –  
 
 



 
Based on the above-mentioned set of equations - constraint matrix A, bounding vector b, and ROI vector c is 
defined and solved via Gurobi (code – Appendix A.2) for the two distinct set of estimates provided. 

 
Optimal Allocation Results 
 
Using linear optimization, optimal allocations are obtained using both firm’s estimates (code – Appendix A.3). The 
allocation for different platforms varies for the two firms but the overall ROI that can be obtained is the same. The 
expected total ROI comes to be 4.56% giving a return of $456K for $10M marketing budget. Although the budget 
allocation of different platforms varies. The two allocations fundamentally don’t vary between online platform - 
one giving more value to Facebook & LinkedIn while the other to Instagram & Email. They also vary between 
traditional platform TV vs Print. Though the allocation for both firms is the same for AdWords. At a higher level we 
can say both allocations emphasize Digital Media more than Traditional platform, with $6M going to the former 
and $3M allocated to latter.  
 

Budget allocation and optimal ROI for First firm's vs Second firm's estimates 
 
The following questions were posed to understand the allocation and overall ROI differences when using the two 
different platform’s ROI estimates –  
 

1. Are the allocations the same?  
 
No allocations are not the same. Non-zero budget is allocated to only 4 platforms in both cases. 
 
Only AdWords allocation is the same in both cases - $1M monthly budget. It can be noted that both firms 
estimate AdWords’ ROI is 3.9%, identical allocation is not happening due to this. As the ROI of one 
platform can be the same for both firms, it may be possible that in one firm’s estimates that platform is 



ranked different in the order of ROI. But in the shared estimate for both firms, AdWords ROI is not just 
same, it is also ranked the same i.e., 4th in decreasing order.  
 
While for the rest of the three platforms with non-zero budget, there is no similarity in the two allocations 
as can be seen in the graph below. While first firm values TV, Instagram, and Email more, the second firm 
expects to get more ROI from Print, Facebook & LinkedIn.  

 
 

2. Assuming the first ROI data is correct, if you were to use the second allocation (the allocation that 
assumed the second ROI data was correct) how much lower would the objective be relative to the optimal 
objective (the one that uses the first ROI data and the first allocation)?   
 
Optimal ROI is reduced by $204,000 when allocation happens using second firm’s estimate, but the 
observed monthly ROI is same as first ROI Data  

 
3. Assuming the second ROI data is correct, if you used the first allocation how much lower would the 

objective be relative to the optimal objective? 
 
Optimal ROI is reduced by $192,000 when allocation happens using second firm’s estimate, but the 
observed monthly ROI is same as first ROI Data  
 

4. Do you think the third constraint above, based on your boss’ experience, is useful? 
 
To understand the effects of third constraint on overall allocation and ROI, an experiment is run. In the 
experiment the third constraint – individual budget for each platform should not increase $3M, will be 
removed. Allocation and ROI thus obtained will be compared with the results with keeping the third 
constraint intact (code – Appendix A.4). 
 
The overall ROI obtained after removing the constraint is 4.65% giving a return of $465K for both the 
estimates, giving $9K more than the allocation with the constraint intact. Platform wise allocations are 
below –  
 



 
 
Given the uncertainty in ROI estimates and the objective of maintaining presence over various platforms it 
makes sense to put the third constraints imposed by the boss. If that constraint is removed, all the 
budgets can be allocated to the platform which gives the highest ROI. If we remove that constraint, for 
first ROI we get TV & Email as 50-50%, and for second its Print & Facebook. This kind of allocation reduces 
the presence over different platforms that is ensured by the constraint imposed by the manager. Also, the 
incremental value obtained after removing the constraint is not significant enough to diminish the 
presence over multiple platforms. 

 
 

Sensitivity Analysis 
 
It is impossible to accurately predict the ROI from investment made in each platform beforehand hence the 
marketing department has employed two different firms to obtain ROI estimates. Since the estimates can vary for 
each platform, it is essential to understand the stability of overall ROI if there are any deviations from the 
estimates.  

 
Sensitivity analysis will be done in two ways – 1. Manual approach, 2. Via Gurobi 

 

Manual Approach 
 
How to perform sensitivity analysis (code – Appendix A.5) - 

1. ROI will be increase for one platform by 0.1% without changing it for the other platforms 
2. Optimal Allocation will be recorded to ensure that there is no change in overall allocation 

3. This iterative process will be put to a halt once the allocation changes 
4. Once done for one platform repeat the same for other platforms keeping the ROI of the rest the 

same 
5. Once steps 1-4 are done, same steps are repeating except the ROI now will be decreased for the 

platform by 0.1% 
 
Both increase and decrease in the ROI are limited to 0% and 10% respectively. These constraints are put in place 
due to two reasons. Firstly, we have assumed that we cannot have a negative ROI, as marketing budgets can be 
considered as sunk cost and the objective is to get the return on that investment. Secondly, since the manual 
approach is iterative, without putting any bounds on the expected ROI the iterations can continue to the extreme 
ends of positive and negative. 



 
Below is the figure to compare the acceptable range of ROI for each platform without changing the overall 
allocation. The figure illustrates the acceptable range of ROI with respect to the first firm's estimates. 

 
The increase and decrease possible from ROI without changing the allocation can be observed below -  

 

 
The change in ROI possible (decrease/increase) plotted in the above plot is restricted based on the possible ROI 
assumed – 0% to 10%. 

 
Conclusion - 

1. For Email, Instagram & TV no matter how much we increase the ROI, allocation can be the same (though 
ROI limit has been set to 10%, upon increasing the limit we still see no change) 

2. For Facebook, LinkedIn, Print, SEO, Snapchat & Twitter no matter how much we decrease the ROI, 
allocation can still be the same (assuming ROI cannot be less than 0%) 

3. Only AdWords is sensitive to any increase or decrease in ROI estimate. In both cases if the change is 
significant the budget allocation can change 

 

Via Gurobi 
Gurobi provides a functionality to derive Upper and Lower bound for coefficients keeping the optimal value same. 
Through Gurobi, we get the sensitivity analysis for each platform’s ROI while keeping other ROI’s constant. 

 
The below graph shows the Upper and Lower bound for the given ROI value while keeping the optimal value same. 



 
The increase and decrease possible from ROI without changing the allocation can be observed below 

 
 
The Manual and via Gurobi sensitivity analysis give almost the same results. In Gurobi, we have considered 0 as the 
min value for ROI and 0.5 as the maximum for visual representation 

 
Stable Budget 
 
Assume that our company is deciding the optimal monthly budget allocation based on the first ROI data. And now 
we have actual monthly ROI for next year and the permission to reinvest half of monthly return earned. Thus, next 
year our marketing budget would start with $10M and increase by (Budgetlast_month * ROIlast_month * 50%) per month 
(code – Appendix A.7). Based on our analysis, the optimal allocation for each month is shown as below. 

 



 
 

A stable budget is defined as a monthly allocation such that for each platform the monthly change in spend is no 
more than $1M. Based on our analysis, next year our company would invest on TV, AdWords, Instagram, Twitter, 
and Email. Regarding TV, Instagram, and Email, the amount invested on those platforms would be $3M throughout 
the year. Regarding AdWords and Twitter, the amount invested on those platforms would be increased but no 
more than $1M per month. Therefore, the optimal allocation for each month next year is a stable budget. 

 
On the other hand, in case we might get an unstable budget, we can consider adding additional constraints in our 
model. For each platform, the amount invested should not be $1M more than that of last month, and $1M less 
than that of last month. 

 
 

 
 
 



 

Appendix 

 
A.1 Building the matrix for constraints 

 

 
A.2 Function for creating the optimization problem 

 



 
A.3 Getting results for both firm's estimates 
A) First ROI 

 
 
B) Second ROI 

 
 
A.4 Removing third constraint  

 
 
A.5 Sensitivity Analysis – Manual Approach 



 
 
A.6 Sensitivity Analysis – via Gurobi 

 
 
A.7 Stable Budget & Monthly allocation 

 



 

 
 

 


