
Multi-level Monte Carlo Method 
and its Numerical Analysis 

in Black-Scholes Option Model

Zhengwei Song

June 2021



Background

· Flexible

· Independent of dimensions

· Estimation Variance

· Convergence Speed

Standard Monte Carlo Method



Objectives: Estimated variance, Convergence Speed, Definition of 

Cost…

Problem

I want accuracy and don’t want 

too much cost. How?

How many samples needed?
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Brownian Motion, Ito Integral, SDE→

Methodology
1. Mathematical Derivation of MLMC

→Standard MC, Two-level MC, MLMC

2. Numerical Analysis(EM method)

   Standard MC, MLMC 

   on European, Asian and lookback Options



1.Brownian Motion
A Randomly Moving Suspended Particle:



Definition



2.SDE and Ito Integral
Difference from ODE



2.SDE and Ito Integral
Ito Integral



3. Standard MC





4. Two-level MC and MLMC

Simulation Cost

Simulation Variance

(Lagrange Multiplier)

Simulation Cost

Simulation Variance

Two-level:                                                   Multi-level:

Or



5. Experiment: Option Pricing
Estimation Error



5. Experiment: Option Pricing
Convergence Speed



6. Conclusions
· Estimation Error

· Convergence Speed

MLMC is Better！



Future Direction
Uncertainty

MSE = O(ε^2)

Initial Samples N0



Thank You
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