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Black-Box Function Optimization?



What is Black-box Function?

White-box function Black-box function



Black-box Function Optimization



Black-box Function Optimization

Output of Reservoir 
Simulator



Why Black-box Function Optimization is 
Difficult?

Three main reasons: A, B, C



Why Black-box Function Optimization is Difficult? (A)

A) No gradient 
information!



Why Black-box Function Optimization is Difficult? (B)

B) f(x) is multi-peak!



Why Black-box Function Optimization is Difficult? (C)

C) forward evaluation of 
is time-consuming!



Why Black-box Function Optimization is Difficult? (C)

● Each forward evaluation of the experiments takes 
around 1 month.

- 1)Temperature, 2)pH, 3)Co2 
Concentration, 4)Harvest Time

- According to them, each of the 
process parameters can take 5 
different value.

- Then total possible combinations 
are 5^4 = 625



● We need an optimization method that can handle all 

three difficulties!

● Bayesian Optimization

● Is a well-suited method for the global optimization of 

black -box functions.



A 1-D Example of How Bayesian Optimization 

Works.

Maximize the Black-box Function:



Example of Bayesian Optimization:
Step I) Initialization:



Example of Bayesian Optimization:

Step I) Plot of Initialization:



Example of Bayesian Optimization:

Step II) Build a probabilistic machine learning 
model (Gaussian Process Regression) 



Example of Bayesian Optimization:

Step III) How to find the next (x_next) , to feed 
into the expensive function?



Example of Bayesian Optimization:
Step III) How to find the next (x_next) , to feed into the black-box 
(expensive) function?



Example of Bayesian Optimization:
Two Iterations of BO



Final Solution of Bayesian Optimization (I):

- The global optima of the function is x_M = 0.39
- After just two iterations, BO solution is = 0.385
- We are around 0.385/0.390 = 98%

- The True Function



Final Solution of Bayesian Optimization (II)



Utilizing Bayesian Optimization to Optimize Water 
Flooding Management in Reservoirs



BO Manuscript:



Problem Definition:

- What is the optimum water injection rate for the eight injector wells?



Improvement in Profit Compared to Base-case

- Base Case

Objective Function : Net Present Value (NPV) =
~ 34.5 MM USD

Objective Function : Net Present Value (NPV) =
~ 36.8 MM USD

- Optimum Case: 



Tech Companies Currently Active in the Area of 
Bayesian Optimization?



DeepMind

Bayesian Optimization in AlphaGo Paper: Bo in AlphaGo



Meta (Facebook)

Python Package Research Team:



Thank You!


