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Warmup: Let’s play typing game.

• Go to https://dazi.kukuw.com/
• No need to login with wechat.
• Choose “competition (invitation)” and use X7JKG
• Keep correctness 100%, and try to beat me 
• 游客7987844 365 KPM

https://dazi.kukuw.com/
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Topic 0

Basics
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Hands-on 0. Hello World!

• Open windows terminal and open WSL Ubuntu or mac iTerm2
• Or ssh to the node: 
• ssh -p 19325 root@connect.yza1.seetacloud.com，
• password 6U0I+Q1L3XvL

• Write hello world in c++
• Compile with gcc
• Run it

mailto:root@connect.yza1.seetacloud.com
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Topic 1

Split the responsibility.
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Programming in particle physics

• Complex reconstruction and signal filtering => large-scale software (100,000 lines per month)
• Software engineering method is needed

CMSSW: software used by CMS Code frequency
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The Curse

Project time does not reduce with more manpower
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The Spell

Split the responsibility.
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Hands-on 1. Split the responsibility (C++ or python)

• You have four random integers: A, B, C, and D and need to update their 
value so they decrease in order. You and GPT split the responsibility.

• Ask GPT to write two functions increase() and equalize() which will increase 
one number and equalize two number respectively. For example,
• void increase(int &a) { a+=1; }

• Now you write your part, use increase and equalize and update A, B, C, D. 
For example,
• void main() { int A=rand(), B=rand(); equalize(A,B);increase(A); 

std::cout<<A<<“ “<<B<<std::endl; }
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Hands-on 1. Solution-step 1
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Hands-on 1. Solution-step 2
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Splitting the responsibility

Wrap one task into one bag. 
Everything is inside the bag => no worry inside 

The bag know nothing outside => no worry outside
The key is “no worry”
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Example: Position Reconstruction

• Time of flight => Distance to PMT => can be used 
to determine the event position.

• Need a function to calculate the “time of flight”.
• We can split the responsibility, take this out, and put 

it in a separate function.
• It’s easier for debug.
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Topic 2

Use the class to package the responsibility
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The Curse

Multi-department bureaucracy is a nightmare.
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The Spell

Merge the department.
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Hands-on 2. Use class to simplify part 1 (C++ or python)

• You have four random integers: A, B, C, and D and need to update their 
value so they decrease in order. You and GPT split the responsibility.

• Ask GPT to write three functions:
• opA(int &a, int &b, int &c, int &d) increase four number by 1,3,1,2
• opB(int &a, int &b, int &c, int &d) increase four number by 5,1,2,1
• opC(int &a, int &b, int &c, int &d) increase four number by 1,1,3,0

• Now you write your part, update A, B, C, D. 
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Hands-on 2. part 1
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Why should I write a,b,c,d so many times?
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The class in C++ / python

• We can create an object according to a class.
• Function of an object (opA() etc.) 

automatically know all quantities owned by 
the object (m_a etc.).

• Look how elegant is opA() now.
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Hands-on 2. Use class to simplify part 2 (C++ or python)

• You have four random integers: A, B, C, and D and need to update their 
value so they decrease in order. You and GPT split the responsibility.

• Ask GPT to write three functions:
• opA(int &a, int &b, int &c, int &d) increase four number by 1,3,1,2
• opB(int &a, int &b, int &c, int &d) increase four number by 5,1,2,1
• opC(int &a, int &b, int &c, int &d) increase four number by 1,1,3,0

• Now you write your part, update A, B, C, D. 
• Now rewrite with class.
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Hands-on 2. part 1
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Topic 3

Reuse previous packages
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Inheritance

Cat inherit animal
So it eat automatically
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Polymorphism

Override the behavior
without touching code
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Design pattern

Credit: https://integu.net/factory-pattern/
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Topic 4

C++ standard and magic spell
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C++11: auto

Type less, mistake less.
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C++11/14: smart pointers

Automatically delete
So you program does not die

due to too much memory
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C++11: std::array and for(auto ..

Avoid C-array
Avoid segmentation fault!
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C++14: super lambda
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C++17: filesystem
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More to read

• https://www.geeksforgeeks.org/c-11-vs-c-14-vs-c-17/
• https://en.cppreference.com/w/cpp/language/lambda
• https://learn.microsoft.com/zh-tw/cpp/cpp/lambda-expressions-in-cpp?view=msvc-170
• https://cppcon.org/ C++ international conference

https://www.geeksforgeeks.org/c-11-vs-c-14-vs-c-17/
https://en.cppreference.com/w/cpp/language/lambda
https://learn.microsoft.com/zh-tw/cpp/cpp/lambda-expressions-in-cpp?view=msvc-170
https://cppcon.org/
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Topic 5

Parallel computing and GPU
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Frequency scaling

Credit: Vincenzo Innocente and Sverre Jarp
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Modern computers are always many cores.
We need to update software to use many cores

Otherwise it’s slow:
Europa Universalis IV (Paradox Interactive)
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To simulate 1000,000,000 events, 
are parallel programming necessary?

No. 
We can run 1000,000,000 jobs simultaneously.

Different from EU IV.
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When is parallel necessary?
Non-repeating task, such as fitting.
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The fitting

• We have model and data of histogram.
• Fit: tune the model parameters, so model 

matches data.
• By searching parameters that minimize the 

cost function, usually the log-likelihood, 
or χ2.
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The fitting

fit par. cost function df/dx w.r.t.
fit par.

minimize 
cost function

Can be parallelized
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What is parallelization?

Credit: https://youtu.be/D4l1YMsGNlU?si=T90h-1apP84IjLFZ

https://youtu.be/D4l1YMsGNlU?si=T90h-1apP84IjLFZ
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Chi-square computation can be parallelized
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What is GPU and why GPU

• Graphical Processing Unit
• Optimized for parallel computing
• Much much cheaper : 1 GPU ~ 1000 CPU
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The memory fetching barrier

Credit: Vincenzo Innocente and Sverre Jarp
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The memory fetching models (CPU)

Credit: Vincenzo Innocente and Sverre Jarp
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Cache lines (CPU)

Credit: Vincenzo Innocente and Sverre Jarp



47Credit: Vincenzo Innocente and Sverre Jarp

The GPU
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• GPU: fetch a cache line and share it with 32 SP in 1 SM. 1 fetch in total.
• CPU: 32 CPU each fetch a cache line and does not share. 32 fetch in total.

• But GPU should do same task, otherwise slower.
• Why? Need to do 1-by-1? Or limited by the slowest?

Why GPU is faster
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More to read

• https://cvw.cac.cornell.edu/roadmaps

• https://codas-hep.org/

• https://indico.cern.ch/event/1384010/

• https://indico.cern.ch/event/1338689/

https://cvw.cac.cornell.edu/roadmaps
https://codas-hep.org/
https://indico.cern.ch/event/1384010/
https://indico.cern.ch/event/1338689/
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Topic 6

CUDA hello world.
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The concepts
From driver to cuda

Credit https://zhuanlan.zhihu.com/p/91334380

https://zhuanlan.zhihu.com/p/91334380
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• Install WSL on windows
• Install driver for nVidia GPU card
• Verify installation: nvidia-smi

• Install cudatoolkit for WSL
• Verify installation: nvcc -V

Pre-requisite
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CUDA hello world
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Hands-on 3. Use CUDA to calculate 1+2+3+…+100

• Tips: Use reduce
• Check the manual:

https://nvidia.github.io/cccl/thrust/api/function_group__reductions_1ga52c9e
815fc0bfa4b3a8bc8a2315016dc.html

• You may also ask GPT, or search zhihu, stackoverflow etc.

https://nvidia.github.io/cccl/thrust/api/function_group__reductions_1ga52c9e815fc0bfa4b3a8bc8a2315016dc.html
https://nvidia.github.io/cccl/thrust/api/function_group__reductions_1ga52c9e815fc0bfa4b3a8bc8a2315016dc.html
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Hands-on 3 solution. Use CUDA to calculate 1+2+3+…+100
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Topic 7

Finals: Solar neutrino fit Gaussian fit
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Story of GPU fitter
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Hands-on-final: Study of impact of binning on Gaussian fit

• Produce a sample of 1000 gaussian distributed numbers
• Fill them into histogram
• Fit the histogram with Gaussian functions
• Repeat it many times
• Fill the fit result into histograms
• How fit result width changes with the binning?
• Tips: You can do it in python first, then try to move to CUDA.
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Ad: Research program @ IHEP for undergraduate

• Personal homepage
http://dingxf.cn/
https://teacher.ucas.ac.cn/~dingxf

• Undergraduate Innovation and Practice Training Program (科创计划）
available this year
https://ihep.cas.cn/edu/bks/kcjh/202407/t20240702_7207509.html

• My project: Search for new physics with Solar neutrinos
• More other projects see http://dingxf.cn/

http://dingxf.cn/
https://teacher.ucas.ac.cn/~dingxf
https://ihep.cas.cn/edu/bks/kcjh/202407/t20240702_7207509.html
http://dingxf.cn/
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Conclusions

• Model computing architecture urges for upgrading of computing 

program to parallelized.

• With CUDA, we may speed up the fitting process.


