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42 countries 

170 computing centres 

Over 2 million tasks/ day 

1 million computer cores 

1 exabyte of storage  (1B GB) 

 

CMS̔  15B events in 8 months 
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LHC  

 

ǒ L1 trigger: local, hardware based, on FPGA, @experiment site 

ǒ HLT: local/global, software based, on CPU, @experiment site 

ǒ Offline: global, software based, on CPU, @CERN T0 

ǒ Analysis: user-specific applications running on the grid 

 

ӟ̔  ≢̕Ḥ ̕ ∞ ̕ Һ ӟ 
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2018  
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Tevatron̔Top ᾥ 

LHC: Higgs  

miniBOONE: ≢ 
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Charles Alfred Coulson: ̆
 

Christopher Longuet-Higgins̆
̆40 ̂1970s̃̆ Ạֲ  
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Tree 

Node 

Leaf 
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 ǒ Easy to understand/interpret̕ Training Fast 

ǒ Single tree are not stable 

ƺ a small change/fluctuation in the data can make a large difference!  

ǒ Solution: e.g.  Boosting! Ÿ Boosted Decision Trees 

https://en.wikipedia.org/wiki/Boosting_(machine_learning)

  

https://en.wikipedia.org/wiki/Boosting_(machine_learning)
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 ǒ AdaBoost  ñAdaptive Boostingò 
ƺ One of the originals 

ƺ Freund and Schapire 

ǒ Gradient Boosting 
ƺ Uses gradient descent to create new learners 

ƺ The loss function is differentiable 

ƺ Friedman: https://statweb.stanford.edu/~jhf/ftp/trebst.pdf  

ǒ XGBoost  ñeXtreme Gradient Boostingò 
ƺ Type of gradient boosting 

ƺ Has become very popular in data science competitions 

ƺ Chen and Guestrin: https://arxiv.org/abs/1603.02754  

ROC (Receiver Operating 

Characteristic) Curves 

Better 

Best classifier can be identified by 

the largest AUC (Area under curve) 

Overtraining check: 

ǒ Split data in training / test  

ǒ Performance on the training 

samples should not be better  

than on the test sample 

  

http://www.sciencedirect.com/science/article/pii/S002200009791504X
https://statweb.stanford.edu/~jhf/ftp/trebst.pdf
https://arxiv.org/abs/1603.02754
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ǒ Artificial Neural Networks, connectionist models   

ǒ inspired by interconnected neurons in biological systems 
ƺ First Mathematical model of neurons   Pitts & McCulloch (1943) 

ƺ 1986 Backpropagation reinvented:    Rumelhart, Hinton et al.Nature 

ƺ 1990s̔ Great success of SVM and graphical models almost kills the ANN 

ƺ Yann LeCun (1998) developed deep convolutional neural networks 
ƴ LeNet-5, a pioneering 7-level convolutional network  

ƺ 2006+̔ Deep learning is a rebranding of ANN research. 

ƴ Convolutional neural networks running on GPUs 
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b̔  bias term 

ɖ̔   learning rate 

Standard gradient descent (batch training) 

Stochastic gradient descent (online training) 
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Sigmoid ₱   

Dropout layer: 

Randomly drop links  between neurons, with probability p 

Ҍ ₱ ̆ ѿ ₮ ҉ ῀ ₱ ̆
̆ ₮ ῀ ̆ ’  

₱  

https://baike.baidu.com/item/%E6%84%9F%E7%9F%A5%E6%9C%BA/12723581
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Supervised Learning 

 

 

Overfitting 

underfitting 
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ӟ ̔ Higgs  

 

 
CMS ҬHiggs ᾣ ̔ 
ǒ № 10- 3: ҉ Ḥ ̕ 

ǒ BDT ԍ№ ҩ  

ƺ ᾣ ≢ 

ƺ Ԋᶛ№  

ƺ ᾣ  

ƺ ᾣ  
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ӟ ̔ NNPDF 

 

ANNs avoid biasing the PDFs, faithful extrapolation at 

small-x (very few data, thus error blow up) 
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           DNN 

 
ũ Deep neural networks are those with >1 inner 

layer 

ũ Thanks to GPUs, it is now possible to train 

them efficiently, which boosted the revival of 

neural networks in the 2000s 

ũ In addition, new architectures emerged, 

which better exploit the new computing power 

Universal approximation theorem: 
 The standard multilayer feed-forward 

networks with a single hidden layer that contains finite 

number of hidden neurons, and with arbitrary activation 

functionare universal approximators in C(R^m). 
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╠LHC ҉ № ӈ ̆ ҹ Higgs

Ȃ 

Higgs VBS └̆ Ҍᴪ Ȃ 

ῒҬ ԍ ҹ ̆ᵖ ̆Ҍ ⌠Ȃ 
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WȁZ № ҍHiggs ℗ ῏̕WW № ץ ȁ
Higgs └Ȃ ḍ ≠ ӟ̆ HL-LHC ץ 5sigma ⌠

Ȃ ԍPhys. Rev. D 99, 033004 (2019) 
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CNN-  PaddinğFlattening, Inception 

 

Inception:  

Several conv layers, with different 

filter size, process the same inputs 
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