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MOTIVATION AND CHALLENGES

Full Simulation is slow

Detector simulation can take
O(min/event), and ME
calculations to high order in
perturbation can compete for total
generation time

Fast Simulation is inaccurate

Current fast simulation techniques are not
always precise enough to describe all
fluctuations correctly

Petabytes of

Simulated Data

Large amounts of simulated
data needs to be stored
and transferred

Non-Trivial
Distributions




LOOKING FOR A SOLUTION

Portable Specialized




GENERATIVE ADVERSARIAL
NETWORKS (GANS)
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STEP 1:
LEARNING TO GENERATE RADIATION
PATTERNS INSIDE JETS

Goal: Reproduce Pythia8 QCD vs boosted W from W' —>WZ jet images

Jet Image: A two-dimensional fixed representation of the radiation pattern inside a jet
Single Jet Image

Learning Particle Physics by Example: Location-Aware
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https://link.springer.com/content/pdf/10.1007%2Fs41781-017-0004-6.pdf

+ Energy depositions in each layer as a 2D image,
similar to jet image
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STEP 2:
NON-TRIVIAL SPATIAL GRANULARITY
& TEMPORAL DEPENDENCE

+ Goal: 0 |
generate showers . |

k using this fixed
‘ representation
y
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CALOGAN PERFORMANCE
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CALOGAN PERFORMANCE

é A

The CaloGAN is
~100,000x faster on GPU
(and ~1,000x faster on CPU)
than GEANT4 on a CPU node!

\___ __/




CONDITIONING ON ATTRIBUTES

Energy |
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Ten positron showers generated by varying shower energy in equal intervals while holding all other latent codes
fixed. Energy increases from left to right. The three rows are the shower representations in the three calorimeter
layers. The energies of showers in the green box were within the range of the training dataset, while the ones in
the red box are in the extrapolation regime.




DCGAN ON CELEB-A

Figure 8: A turn” vector was created from four averaged samples of faces looking left vs looking
right. By adding interpolations along this axis to random samples we were able to reliably transform
their pose.

arXiv:1511.064 34

11


https://arxiv.org/pdf/1511.06434.pdf
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http://research. nwd|a com/sites/default/files/pubs/201/-10 Progressive- Grovvmg of//karras2071/gan-paper.pdf



http://research.nvidia.com/sites/default/files/pubs/2017-10_Progressive-Growing-of//karras2017gan-paper.pdf

CONCLUSIONS AND OUTLOOK

* Find out more: arXiv:1701.05927, arXiv:1705.02355
* Focus on reproducibility and high impact in the community:

Project . Data . Code .
LAGAN Zen000 github.com/hep-Ibdl/
A, MENDELEY DATA  adversarial-jets
github.com/hep-lbdl/

o CaloGAN ?

* |Interest from cosmology, medicine, geophysics,
aerospace, oill, ...

f >] Simulation as common bottleneck
| \ . Ui



https://arxiv.org/abs/1701.05927
https://arxiv.org/pdf/1705.02355.pdf
http://github.com/hep-lbdl/adversarial-jets
http://github.com/hep-lbdl/CaloGAN
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Thanks!

Question?

You can find me at: &4 michela.paganini@yale.edu
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MINIMAX FORMULATION

> Construct a two-person zero-sum minimax game with a value

V(D,G) =E,wp,(xlog(l — D(G(2;0c);0p))| + Ezmpyo () l0g D (5 0p)]

>1 We have an inner maximization by D and an outer minimization

by G

min max V' (D, G)
G D

> With perfect discriminator, generator minimizes

C(G) = 2-J5D (pdata ||pmodel) — 10g(4)
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THEORETICAL DYNAMICS OF
MINIMAX GANS FOR OPTIMAL D

_ pdata
pdata( ) +pmodel (37 QG)

Define generator solving for infinite capacity discriminator, C(G) = V (D™, G)

From original paper, know that D™ (x

We can rewrite value as

C(G) = Egxnpgan (@) 108 Pmodel (%3 )

Pdata () + Pmodel (%3 0c)

Pdata (33)
FE o prose (2106 1)
Pdata ([E) + Pmodel (CE, 0G) ] mede|( 79G’) [ 0g

Simplifying notation, and applying some algebra

Pdata Pmodel
C(G) =Ezp,.. |lo FEyp, o 1O
( ) rbe [ 5 Pdata + pmodel] £ Pmed l[ 5 Pdata + pmodel]
Pdata Pmodel
C(G) =Ezp,,,. |log FEyp, .. [lOg log(4
( ) e [ pdata/2 ‘|‘pmodel/2] p dl[ pdata/2‘|‘pmodel/2] ( )

But we recognize this as a summation of two KL-divergences

data T Pmodel data T Pmodel
O(G) = Dk, (pdata Pdata 2p 2 e) - Dk, (pmodel Pdata 2p > e> _log(4)

And can combine these into the Jenson-Shannon divergence

C(G) =2-J5D (pdata ||pmode|) — 10g(4)

This yields a unique global minimum precisely when

Pmodel = Pdata == C(G) = — log(4)



GANS IN PRACTICE

L. . lan Goodfellow arXiv:1701.00160
> Minimax formulation saturates when 0 |
G produces poor quality samples s j
) — 10
>] Use non-saturating formulation ~15H{ = Minimax :
—— Non-saturating heuristic
—20)
> . 0.0 0.2 0.4 0.6 0.8 1.0
Before: I
minimize g { 0 op (2) log(1 — D(G(z;6¢);0p))|}
> After

maximize g {E.p_(z)[log D(G(2;0c);0p)|;
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EXTENSIONS & IMPROVEMENTS

> Architecture guidelines and additions (DCGAN, Improved-GAN)

>| Side Information (Learning VWhat and Where to Draw, ACGAN, etc.)

> Unification (f-GAN)

Better distance choices (WGAN{-GP}, Cramér GAN)
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https://arxiv.org/abs/1511.06434
https://arxiv.org/abs/1606.03498
https://arxiv.org/abs/1610.02454
https://arxiv.org/abs/1610.09585
https://arxiv.org/abs/1606.00709
https://arxiv.org/abs/1701.07875
https://arxiv.org/abs/1704.00028
https://arxiv.org/abs/1705.10743
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CALOGAN GENERATOR
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CALOGAN DISCRIMINATOR
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OUTPUTS
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