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Tuning Monte Carlo Event Generators

min
p∈Ω

∑
b

(MCb(p)−Rb)
2

σ2
b

.

I However, performing MC simulations can be very
expensive

MCb(p) ≈ rb(p) ∀b.

min
p∈Ω

∑
b

(rb(p)−Rb)
2

σ2
b

.

I Goal is to tune the parameter p for a large number of
observables

min
p∈Ω

∑
O∈θ

wO
∑
b∈O

(rb(p)−Rb)
2

σ2
b

.
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Tuning Monte Carlo Event Generators
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Robust Optimization Formulation

minimize
w∈[0,1],p∈Ω

∑
O∈θ

wO
∑
b∈O

maximize
db∈Ub

(rb(p)− db)
2 .

minimize
t ,w∈[0,1],p∈Ω

∑
O∈θ

∑
b∈O

tb

subject to

tb ≥ wO (rb(p)− db)
2 ∀db ∈ Ub,∀b ∈ O, ∀O ∈ θ.
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Robust Optimization Formulation

minimize
t ,w∈[0,1],p∈Ω

∑
O∈θ

∑
b∈O

tb

subject to

tb ≥ wO (rb(p)− (Rb − σb))
2 ∀b ∈ O,∀O ∈ θ

tb ≥ wO (rb(p)− (Rb + σb))
2 ∀b ∈ O,∀O ∈ θ.
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Robust Optimization Formulation

minimize
t ,w∈[0,1],p∈Ω

∑
O∈θ

∑
b∈O

tb

subject to

tb ≥ wO (rb(p)− (Rb − σb))
2 ∀b ∈ O, ∀O ∈ θ

tb ≥ wO (rb(p)− (Rb + σb))
2 ∀b ∈ O,∀O ∈ θ

eT w ≥ (|θ|µ)/100.
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Envelope Filtering

FMINb = minimize
p∈Ω

[rb(p)] . FMAXb = maximize
p∈Ω

[rb(p)] .

{
Keep bin b, if FMINb ≤ db ≤ FMAXb

Discard bin b, otherwise.
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Hypothesis Filtering

χ2
{bi ,...,bj} =

∑
b∈{bi ,...,bj}

(rb(p)− db)
2

σ2
b

.

For this test statistic, we hypothesize that:
H0: There is no significant difference between rb(p) and db or

that the data db can be appropriately described by rb(p).
H1: H0 is rejected i.e., there is a significant difference between

rb(p) and db.

ρ{bi ,...,bj} = |{bi , . . . ,bj}| − |p|.

χ2
c,{bi ,...,bj} = f (α, ρ{bi ,...,bj}).
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Hypothesis Filtering

χ2
{bi ,...,bj} =

∑
b∈{bi ,...,bj}

(rb(p)− db)
2

σ2
b

.

For this test statistic, we hypothesize that:
H0: There is no significant difference between rb(p) and db or

that the data db can be appropriately described by rb(p).
H1: H0 is rejected i.e., there is a significant difference between

rb(p) and db.

{
Keep bins {bi , . . . ,bj}, if χ2

{bi ,...,bj} ≤ χ
2
c,{bi ,...,bj}

Discard bins {bi , . . . ,bj}, otherwise.
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Hypothesis Filtering
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Histogram Plots of 4 observables from A14* dataset
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* A14 data is used in the ATLAS note ATL-PHYS-PUB-2014-021 titled ATLAS Pythia 8 tunes to 7 TeV data.
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Summary and What’s next

I Summary
I Optimization approach for robust parameter estimation
I Filtering to remove bins that cannot be accurately described

by the MC simulation
I Next...

I Evaluating the usefulness of filtering in terms of quality of
results and computational efficiency

I Design of experiments paper
I Develop stochastic optimization algorithm to improve

efficiency of the bi-level optimization approaches
I Tuning parameters directly for MC simulations instead of for

rational approximations
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Pairwise Comparison of Multiple Approaches
Say that

Ro(p) =
∑
b∈o

(rb(p)−Rb)
2

σ2
b

Then

Cε(p(i),p(j)) :=
∣∣∣{o|Ro(p(i)) ≤ Ro(p(j))− ε

}∣∣∣ , o ∈ θ

We say that p(i) is ε-better than p(j) iff

Cε(p(i),p(j)) ≥ Cε(p(j),p(i)) + 1
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Pairwise Comparison of Approaches for A14 dataset
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