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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
. i &-7987844 365 KPM



https://dazi.kukuw.com/

Topic 0

Basics



Hands-on 0. Hello World!

+ Open windows terminal and open WSL Ubuntu or mac 1Term?2

. Or ssh to the node:

. ssh -p 19325 root(@connect.yzal.seetacloud.com,
. password 6UOI+QI1L3XVvL

. Write hello world 1n ¢c++

. Compile with gcc

. Run it


mailto:root@connect.yza1.seetacloud.com

Topic 1

Split the responsibility.



Programming 1n particle physics

.+  Complex reconstruction and signal filtering => large-scale software (100,000 lines per month)

- Software engineering method 1s needed

CMSSW: software used by CMS Code frequency

= O CMs-sw |/ cmssw Q Type (/] to search June 8' 2024 - JUly 8' 2024 Period: 1 month ~

<> Code (©) Issues 825 [1‘1 Pull requests 89 ] (® Actions [ Projects () Security |~ Insights

Overview

First time contributing to cms-sw/cmssw? Dismiss ...
. N S

If you know how to fix an issue, consider opening a pull request for it.

228 Active pull requests 54 Active issues
Filters ~ is:pr is:open Labels 968 Milestones 25
oL RS © v S o 182 1 46 © 34 ©20
Merged pull requests Open pull requests Closed issues New issues
i1 89 Open + 40,701 Closed Author ~ Label ~ Projects ~ Milestones ~ Reviews v Assignee ~ Sort v
{1 Update GTs and modifiers for L1T 2024 menu L1Menu_Collisions2024_v1_3_0_xml [14_0_X] v ( alca-pending (4

orp-pencing  pending-signatures ests-approved ‘0

#45391 opened @ hours ago by perrotta € CMSSW_14_0_X Excluding merges, 48 authors have pushed 161 commits to

master and 251 commits to all branches. On master, 865
{1 Update GTs and modifiers for L1T 2024 menu L1Menu_Collisions2024_v1_3_0_xml X ( alca-pending (4 20

. files have changed and there have been 63,722 additions
code-checks-approved  oro-pending  pending-signatures  tests-started . l..
#45389 opened 10 hours ago by perrotta CPCMSSW_M_‘I_X and 451971 deletlons~ 0 . - - - - - - I B .
dil B & ¢ [aR AP *

© 16 Releases published by 1 person

{1 Backport to 14_0_X of PR#45386 "Updated EcalUncalibRecHitTimingCCAlgo to correct for bias at high energies" 37

< CZZTDY CZ) ov-vending pending-signatres)  reconstruction-pending {eSiE apBRaNEA)

#45388 opened 10 hours ago by jking79 C:D CMSSW_14_0_X

{1 New SimBeamSpotHLLHC tags in Phase-2 MC GT and make Phase-2 workflows consume it v ( alca-pending Ja © CMSSW_13_0_19

— operations-pending  orp-pending  pdmv-pending — simulation-pending — published last month

upgrade-pending
#45387 opened 12 hours ago by francescobrivio EI'D CMSSW_14_1_X 0 CMSSW_1 2_4_21_HLT
published last month

{1 Updated EcalUncalibRecHitTimingCCAIgo to correct for bias at high energies x — @ (116
orp-pending _ reconstruction-pending Q CMSSW_1 3_0_1 9_H LT
#45386 opened 14 hours ago by jking79 > CMSSW_14_1_X published last month
11 objectSelectorBase add option to not throw on missing input ® (alca-pending = (BligHix) (ESde checks approved) O1 LN © CMSSW_13_0_19_Heavylon

orp-pending — reconstruction-pending — published last month
#45385 opened 14 hours ago by mmusich E,'D CMSSW_14_1_X
© CMSSW_14_0_9



The Curse

Project time does not reduce with more manpower



The Spell

Split the responsibility.



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 1n 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+=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; }



Q You

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

@ ChatGPT

Certainly! Here are the two functions “increase()” and “equalize()  in C++:

twO numbers

Hands-on 1. Solution-step 1

(9 Copy code

10



hands-on-1> € main.cc > . Hands-on 1. Solution-step 2

1 #include <iostream>

2

3 v void increase(int &a) {

4 a+=1;

5 }

6 v void equalize(int &a, int &b) {
7 int avg = (a+b)/2;

8 a = avg;

9 b = avg;
10 s
11 v int main() {
12 int a = 37, b = 99;
13 equalize(&: a,&: b);
14 increase(&: a);
15 std::cout<<a<<" "<<b<<std::endl;
16 s
17

. dingxf@Xuefengs-MacBook-Pro hands-on-1 % g++ -0 main main.cc

. dingxf@Xuefengs-MacBook-Pro hands-on-1 % ./main
09 08



Splitting the responsibility

Wrap one task into one bag.
Everything 1s inside the bag => no worry inside
The bag know nothing outside => no worry outside

The key 1s “no worry™

12



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 1n a separate function.

. It’s easier for debug.

13



Topic 2

Use the class to package the responsibility

14



The Curse

Multi-department bureaucracy 1s a nightmare.

15



The Spell

Merge the department.

16



Hands-on 2. Use class to simplity part 1 (C++ or python)

. You have four random integers: A, B, C, and D and need to update their
value so they decrease 1n 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, 1int &d) increase four number by 1,1,3,0
- Now you write your part, update A, B, C, D.

17



hands-on-2 > €+ main.cc > ...

1 #include <iostream> HandS'On 2 part 1

2

3 void opA(int &a, int &b, int &c, int &d) {

4 a += 1;

5 b += 3;

6 cC += 1;

7 d += 2;

8 }

9  void opB(int &, int &b, int &c, int &d) { 24 int main() {

10 a += 5; 25 int a =37, b=99, c =1, d = 1355;
11 b += 1; 26 equalize(&: a, &: b, &:c, &: d);
12 C += 2: 27 opA(&: a, &: b, &: c, &: d);

13 d += 1: 28 opA(&: a, &: b, &: c, &: d);

14 } 29 opA(&: a, &: b, &: c, &: d);

15 void opC(int &a, int &b, int &c, int &d) { 30 opB(&: a, &: b, &:c, &: d);

16 a += 1: 31 opB(&: a, &: b, &: c, &: d);

17 b += 1: 32 opB(&: a, &: b, &: c, &: d);

18 C += 3: 33 opA(&: a, &: b, &: c, &: d);

19 } 34 stdi:cout << a << " " << b << " " << ¢ «
20 void equalize(int &a, int &b, int &c, int &d) { 3? zt

21 a=b=c=d=(a+b+c+d) / 4;

22}



Why should I write a,b,c,d so many times?

24 int main() {

25 int a =37, b=99, c =1, d = 1355;
26 equalize(&: a, &: b, &: c, &: d);

27 opA(&: a, &: b, &: c, &: d);

28 opA(&: a, &: b, &: c, &: d);

29 opA(&: a, &: b, &: c, &: d);

30 opB(&: a, &: b, &: c, &: d);

31 opB(&: a, &: b, &: c, &: d);

32 opB(&: a, &: b, &: c, &: d);

33 opA(&: a, &: b, &: c, &: d);

34 stdiicout <c a << " " << b << " " << ¢ <«
35  }

-~ |



hands-on-2 > €+ main-class.cc > ...

L v class 0p { The class in C++ / python
2 public:
3 void opA();
4 void opB();
5 void opC(); - We can create an object according to a class.
3 void opD(); - Function of an object (opA() etc.)
8 int m_a; automatically know all quantities owned by
’ tnt m_b; the object (m a etc.).
10 int m _C; —
11 int m_d; » Look how elegant 1s opA() now.

12 I



Hands-on 2. Use class to simplity part 2 (C++ or python)

. You have four random integers: A, B, C, and D and need to update their
value so they decrease 1n order. You and GPT split the responsibility.
. Ask GPT to write three functions:
- opA(int &a, int &b, 1int &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, 1int &d) increase four number by 1,1,3,0
- Now you write your part, update A, B, C, D.

. Now rewrite with class.

21



hands-on-2 > €G+* main-class.cc > ... Hands-on 2 part 1

1 class 0p {
2 1C:

publ%c int main() {
3 void opA(); Op op;
4 void opB(); op.m_a = 37;
5 void opC(); op.m_b = 99;
6 void equalize(); 20 void Op::opB() { op.m_c = 1;
7 71 ma+=5:; op.m_d =.1355;
8 int m_a; 59 nb += 1: op.equalalze();
9 int m_b; op.opA();
10 int m—c- 23 m_C += 2; op.opA();

, — ' 24 md += 1; op.opA();
11 int m_d; 75 1 op.opB();
12 h 26 void Op::opC() { 0P~ 0P8
13 P+ 0P op.opB();
14 void Op::opA() { 27 m_a += 1; 0p.opC();
15 ma += 1: 28 mb +=1; std::cout << op.m_a << " " << op.m_b <<
16 mb += 3: 290 mc += 3; << std::endl;
B } ¥

17 mc += 1; 30 }
18 m_d += 2; 31 void Op::equalize() { ma=mb=mc=md= (m.a + m_
19 } " <

)
)
)
)
n

22



Topic 3

Reuse previous packages

23
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Inheritance

class Animal {

public:

void eat():

b

class Cat :

public:

Cat inherit animal

o S0 1t eat automatically
public Animal {

void meow():

b

24
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Polymorphism

class Animal {
public:
virtual void speak();

F;

class Cat : public Animal {
public:
void speak();

F;

int main() {
Animal *xa = new Cat():
a—>speak();

Override the behavior
without touching code

25



Design pattern

creace IVehaicle ven: :"L.‘ ‘
pr aX al alX al)

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

Volkswagen

Extends

20



Topic 4

C++ standard and magic spell

27
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C++11: auto

Type less, mistake

class RunManager {};

int main() {
auto krun: RunManager x =

return 9;

}

less.

new RunManager();

28
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#include <iostream>
#include <memory>

class RunManager {
public:

C++11/14: smart pointers

~RunManager() { std::cout << "Destructed" << std::endl; }

&

int main() {

Automatically delete

auto run = std::make_unique<RunManager>();

return 0;

}

S0 you program does not die

® dingxf@Xuefengs-MacBook-Pro build % make due tO tOO mUCh Inem()l‘y

[ 50%] Built target c++11

(100%] Built target c++14

[ 75%] Building CXX object example/CMakeFiles/c++14.dir/c++14.cc.o0
(100%] Linking CXX executable c++14

® dingxf@Xuefengs-MacBook-Pro build % ./example/c++14

Destructed

ol avnmans AN sa e avn MAa DAl M~ s 1 ol .

29
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C++11: std::array and for(auto ..

#include <array>
#include <iostream>

int main() {
std::array<int, 4> arr = {[0]=1, [1]=2, [2]=3, [3]=4};

for (auto a: value type : arr) { AVOid C_array
std::cout << a << std::endl; ) .

) Avoid segmentation fault!

return 0;

}

30
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C++14: super lambda

#include <cmath>

#include <iostream>

int main() {
auto compare: (lambda) [](auto a, auto b) -> bool { return fabs(a) < fabs(b); };
std::cout << compare(-1, 2) << std::endl;
std::cout << compare(-1.0, 2.0) << std::endl;

}

31
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C++17: filesystem

#include <filesystem>
#include <iostream>

int main() {
std::string pname = "./c++17-file.cc";
std::filesystem::path p = pname;
if (std::filesystem::exists(p)) {
std::cout << pname << " exists" << std::endl;
} else {
std::cout << pname << " not found" << std::endl;

}

return 0;

!

32



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

33
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https://en.cppreference.com/w/cpp/language/lambda
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Topic 5

Parallel computing and GPU



Frequency scaling

= The 7 “fat” years of ......
frequency scaling:

= The Pentium Proin o000 A - iy,
1996: 150 MHz (12W) B el e OO A
= The Pentium 4 in 2003 — —

3.8 GHz (~25x) (115W)

10,000

= Since then

= Core 2 systems:
= ~3 GHz

= Multi-core

1,000

100

10

= Recent CERN purchase: .
= |Intel Xeon E5-2630 v3

® Clock Speed (MHz2)
* o ® =

WX A Power (W)
* “only” 2.40 GHz (85W)  |gzoesee —
- 8 Core 1970 1975 1980 1985 1990 1995 2000 2005 2010

Credit: Vincenzo Innocente and Sverre Jarp



Modern computers are always many cores.
We need to update software to use many cores
Otherwise 1t’s slow:

Europa Universalis IV (Paradox Interactive)

36



To simulate 1000,000,000 events,
are parallel programming necessary?
No.

We can run 1000,000,000 jobs simultaneously.
Different from EU 1V.



When 1s parallel necessary?

Non-repeating task, such as fitting.

38



spectrum

The fitting

S .
c s g
T A s
- =
cxeww LU
I - o
’. —
—— -
- - o
——

T T T . . 'S
- )

—— data
— fitting
PEP
Be7
CNO
- Bi210
- K40
-- Kr85
Po210
Th232
U238
- Heb6
- C10
- C11

> v e v e ww www
- - - - - - -4
P.l-.l-.l-.!-.!-.!-.!-.-:‘.{g

O
D
Q
(D
o

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 v’

39



The fitting

cost function

Can be parallelized

df/dx w.r.t.

fit par.

minimize

cost function

40



What 1s parallelization?

TRANSFORMATION VS. REDUCTION

May guide the thread strategy: what will each thread do?

X2 _ Z (Oz E.EZ)

g - \A
X2 = chi squared
Oi = observed value

> ———— pr—
E; = expected value /

>

Transformation: Reduction:

e.g. c[i] = a[i] + 10; e.g. “‘c = X ali]
Thread strategy: one thread per output Thread strategy: ??
point

Credit: https://voutu.be/D411 Y MsGNIU?s1=T90h-1apP841}I.FZ

41


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

Chi-square computation can be parallelized

2
> _ \ (Oi — E)
X = Z E,

x2 = chi squared

07; = observed value

E; = expected value

42



What 1s GPU and why GPU

. @Graphical Processing Unit

. Optimized for parallel computing
» Much much cheaper : 1 GPU ~ 1000 CPU

43



The memory fetching barrier

15 sec

Time

Time for a 64-bit
Multiply-Add

32 msec

sec

Atanasoff-
Berry

msec 16 msec
NORC
Time for a 64-bit
lsec Memory Fetch
nsec

1940 1950 1960

Credit: Vincenzo Innocente and Sverre Jarp

Today's computers now take

much longer to fetch or store
than to add and multiply.

1 usec Cray 1M
138 Cray2

nsec 130
nsec

1 psec 100 nsec 90 nsec

ILLIAC IV .
84 nseczg e Pentium | Xeon 5500
s 1.3 nsec
1970 1980 1990 2000 2010

Year
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The memory fetching models (CPU)

Processor Core
(Registers)
From CPU to I T
main memory on _ _
a recent Haswell L1 L1D (R'G‘LB 'I" ‘t’v;‘”B)’ 1c
processor (32 KB) (32 KB) C latency
= With 1 T
multicore, 12 R: 64B/1c
memory (256 KB) 11c latency
bandwidth is
shared 32B/1c for all cores
between > 21c lat
cores in the ¢ latency
same Shared L3
processor (~20 MB)
(socket) ~24 B/c for all cores
> 200c latency

Local/remote memory

(large, but typically non-uniform)

c =cycle

Credit: Vincenzo Innocente and Sverre Jarp



Cache lines (CPU)

= When a data element or an instruction is requested by the
processor, a cache line is ALWAYS moved (as the
minimum quantity), usually to Level-1

requested

= A cache line is a contiguous section of memory, typically
64B in size (8 * double) and 64B aligned

= A 32KB Level-1 cache can hold 512 lines

= When cache lines have to be moved come from memory
= Latency is long (>200 cycles)

= |t is even longer if the memory is remote

= Memory controller stays busy (~8 cycles)

Credit: Vincenzo Innocente and Sverre Jarp
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The GPU  Streaming Multiprocessor Architecture

PCI Express 3.0 Host Interface

e T ——— NVIDIA Pascal

GPC GPC

8 3 RaStngine 8 3 3 3 RaStnglne 8 3 32 C U D A co re

TPC TPC TPC TPC TPC TPC TPC TPC TPC TPC
- - - x4 x5 x4 = 2560

Floating Point
Units @1.7GHz
8GB fast memory

Memory Controller
Jajjo13uon Aiowap

Memory Controller
Jajjonuon Aiowap

I NVIDIA Memory Bandwidth per FLOP (In Bits)
e e

Memory Controller
J9|j013u0n Aiowap

Memory Controller

GTX 1080 0.29 bits 8.87 TFLOPs 320GB/sec
TPC — TPC —_— TPC —_— TPC — TPC _—
GTX 980 0.36 bits 4.98 TFLOPs 224GB/sec
GPC
GTX 680 0.47 bits 3.25 TFLOPs 192GB/sec
GTX 580 0.97 bits 1.58 TFLOPs 192GB/sec

Credit: Vincenzo Innocented iu oveiic vaip



Why GPU 1s faster

. (GPU: fetch a cache line and share 1t with 32 SP 1in 1 SM. 1 fetch 1n total.
. CPU: 32 CPU each fetch a cache line and does not share. 32 fetch 1n total.

- But GPU should do same task, otherwise slower.

- Why? Need to do 1-by-1? Or limited by the slowest?

48



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/

49
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Topic 6

CUDA hello world.



CUDA Application

ZN

e.g., cublasSGEMM ()

CUDA Libraries (e.g., cuFFT, cuBLAS)

N

e.g., cudaMalloc ()

ik

CUDA Runtime (CUDART) yee

e.g., cuCtxCreate ()

&

N

h 4

Driver APl (CUDA)

nvidia-smi

A
N

(internal interfaces)

CUDA Dnver (User Mode)

A\

................................... i i o e g S Rt syt i s I o i et i s B o Usef/Keme.lboundary B o

h 4

CUDA Driver (Kernel Mode)

——— — - —————————_——_—_— .

The concepts

From driver to cuda

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

51


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

Pre-requisite

. Install WSL on windows
. Install driver for nVidia GPU card

. Verify installation: nvidia—sml

. Install cudatoolkit for WSL

- Verify installation: nvcc -V

52



CUDA hello world

#1nclude <thrust/device_vector.h>
#1include <thrust/transform.h>
int main() {
std: :vector<double> b {3,2,7,4};
thrust: :device_vector<double> a = b;
thrust: :for_each(a.begin(),a.end(),[] __device__ (const double x) {
printf("hi %L\n",x); });
return 0;

¥

~/heutrino-summer-camp/teacher/cuda-hello-world
autodl-container-3fa34eb518-1fabcle7>nvcc --extended-lambda -o thrust thrust.cu

53



Hands-on 3. Use CUDA to calculate 1+2+3+...+100

. Tips: Use reduce
 (Check the manual:

https://nvidia.github.1o/cccl/thrust/api/function group reductions 1ga52¢9e

815fcObfadb3a8bc8a2315016dc.html

+ You may also ask GPT, or search zhihu, stackovertlow etc.

54


https://nvidia.github.io/cccl/thrust/api/function_group__reductions_1ga52c9e815fc0bfa4b3a8bc8a2315016dc.html
https://nvidia.github.io/cccl/thrust/api/function_group__reductions_1ga52c9e815fc0bfa4b3a8bc8a2315016dc.html

Hands-on 3 solution. Use CUDA to calculate 1+2+3+...+100

#1nclude <iostream>
#1nclude <thrust/iterator/counting_iterator.h>
#1nclude <thrust/reduce.h>
int main() {
std: :cout<<"sum 1s "<<thrust::reduce(thrust: :counting_iterator<int>(1),
thrust: :counting_iterator<int>(101))<<std: :endl;
return 0;

¥

~/heutrino-summer-camp/teacher/hands-on-3
autodl-container-3fa34eb518-1fabcle7>nvcc -0 sum sum.cu

55



Finals:

Topic 7

(Gaussian fit

56



Mt 1d L EigWE  REFS (Deep Learning) RLTIIE S

FABLIMTHNEREMRALE, HMIXEATM?

SEMZ, BWAT—NEE, ILREEMROTEREN, ERMRNERRENTER, HRF
BEEAHRBD, FRNEEND LERLEFE, MURRT SHRETNENLRERT . B0
ERMGRERACOBENTE, NRRNRREST—#, RIZEANLET

o BIEE ] & FEE 13 @5ETE 45=

BEELSI 117 MO

- Bl @
& ESHETIRAZE NFRAMIEELE

MENISF. Serendipity 2 1809 AE[E 7 ixO&

BN HREH RS ZE I 7 20F 9SS,

REELAHERTEE Tunittest, integration test, &% continuous integration, FHEBEERNMNX
SN BEESTtag,

REBD D HrEEE 7 singularity recipe, ft4sos/compilerSEFHVERINTAL.

c++i2F#B A google sanitizerflvalgrind*Z&ji¥memory error; Fclang-tidyt&Z&E X A& algR, FB
clang-format4i—#8z\, FperflaE % 8EIO)=A,

HEF BN o TS EBit track?,

AEE—mRREGIENAEMTUEAENERNOE, RARBERMIN—E7, Nize
reproduciblefy, XABFE—TRIFIRE,

Story of GPU fitter
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A few numbers..

* For analytical pmt fitting.. how much speed up?

original fitter GooStats speed up
single fit + dn ~ 1 hour ~4 seconds X600
comple;nnentary ¥ ~ 2 hours ~7 seconds x1000
dn+comp.+MV  unknown (> 1 week) ~5 minutes > x2000



History & patn

2016 Feb. llia: | added MINOS option so
we can get precise error but it takes 8
hours.. me: hmm??

2017 New Year’s Eve, GooStats v0.001
2017 Feb. 03 bx-GooStats-charge
2017 Mar. 19 bx-GooStats-MC-MV
2017 Mar. 23 bx-GooStats-npmt

2017 April Alina, Omer et al start to
produce physics result with bx-GooStats

eee00 yodafone IT & THF4:42 @ ¥ 51% )

¢ T‘»ﬁ; Nicola Rossi Oa

S 12A31H A7

5 species, in 3 seconds

v/

C11 and external need some

more coding v
super fast GPU fitting e (
v ‘
Happy new year ‘e, ‘» @ @
+ - J
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(Git version tree

* | d73baa5 - (3 months ago) Fix the loaic in use_MC - Xuefeng Ding
* |  @9a7ffd - (3 months ago) Merge branch 'MVfit_dev' into dingxf_dev - Xuefeng Ding

I X
| * | fc455c@ - (3 months ago) enable assert by building Debug. update startbin.. etc - Xuefeng Ding
* | 4ecleb4d - (3 months ago) bug fix: could not use static.. fix wrong start/end bin - Xuefeng Ding
* | c8c@8e4 - (3 months ago) now the logic is correct.. - Xuefeng Ding
* | 3b6df49 - (3 months ago) bug fix: use memcp to symbol.. - Xuefeng Ding
* | 12c2f9e - (3 months ago) bug fix: return -log(L). bug fix: MEMCPY_TO_SYMBOL 1is operatlng on symbol. you cannot pass tt
| | ¢31cdl8 - (3 months ago) Merge branch 'MVfit_dev' into dingxf_dev - Xuefeng Ding
L
|/ /
* | 582d6e3 - (3 months ago) final bug fix. constant symbol cannot by passed. now you can run it - Xuefeng Ding
* | 616ab96 - (3 months ago) can compile, yet cannot run. 1nvalld device symbol - Xuefeng Ding
* | ¢d67d®9 - (3 months ago) add more infrustructure - Xuefeng Ding
* | 3939786 - (3 months ago) Merge branch 'master' into MVFlt _dev - Xuefeng Ding
SN
A ¥
* | 54cc966 - (3 months ago) Merge branch 'master' into MVfit_dev - Xuefeng Ding
IN \

* | | 3b2c9a9 - (3 months ago) add infrustructure , yet cannot compile - Xuefeng Ding
* | | 5085285 - (3 months ago) can compile - Xuefeng Ding
* 1 | 845992f - (3 months ago) Merge branch 'master' into MVfit_dev - Xuefeng Ding

R R T e e e e T

% XN
*1 1 | 6fcl364 - (3 months ago) add MVPdf - Xuefeng Ding
*1 | | cb15b57 - (3 months ago) add MV fit - Xuefeng Ding
| | | | b42b811 - (3 months ago) remove comparison W1th the old sun - Xuefeng Ding
I_1_1/
71 1
| | | a240d3@ - (3 months ago) update ChangelLog - Xuefeng, Ding
| | | d95969a - (3 months ago) update 1nstall_Agost1n1Plofc .sh l feng Ding (20170325_cvs_commit)(5 gge%gésu\slgnwm
| | | 95d287f - (3 months ago) update the instructions - Xuefeng Ding
I 1 | NdacwaOa. €D mamilbhia cacaa\ amiiacd d acafMl Al aw Lanw Malealfl . Vil miaw MNEtoe £OINA NI ooV 2 Dl l +\ LSACH?QL"O'_':”A?VTTVE?{ST}UD'ES




Events / (day x 100 tons x 5 npe)

10*

Physics Result with bx-GooStats

Default:Major from 53590 days x tons

Total x*NDF 566.9 / 518 p-value 0.068

?1°Bj = 25.3 + 2.3 cpd/100 tons

''"C =2.18 + 0.12 cpd/100 tons

"'C gch = 0.8775 + 0.0040

Ext 2'“Bi = 1.34 + 0.27 cpd/100 tons

Ext “K = 0.00 cpd/100 tons [Railed]

Ext “**T1 = 3.47 + 0.14 cpd/100 tons

®Kr=2.7 + 1.4 cpd/100 tons [penalty] 0.0 + 2.5
MCpup = 202.0 + 2.0 cpd/100 tons [penalty] 202.0 = 2.9
%o =236.43 + 0.74 cpd/100 tons

*%po qch = 0.07627 + 0.00024

v('Be), =457 = 1.1 cpd/100 tons

\/(7Be)3 i 1.954 + 0.049 cpd/100 tons

v(CNO) =0.00 cpd/100 tons [Railed]

v(pep) = 2.91 + 0.48 cpd/100 tons

v(pp) = 133 cpd/100 tons [Fixed]

| 1

>

S I
-

i
q i

“‘ H»,w o
7 g e UJ

l ] | ] | ] i I |
200 400 600 800 1000 1200 1400
charge (LY=513.2+1.6 p.e/MeV, RPF[1.31+0.01],[2.33+0.16],[0+0])

Events / (day x 100 tons x 5 npe)

10*

200 400 600 800

N

Default: TFCtagged from 37004.8 days x tons

Total x*/NDF 566.9 / 518 p-value 0.068

218 = 25.3 + 2.3 cpd/100 tons

*%C =0.13 cpd/100 tons [Railed]

"'C = 62.05 = 0.58 cpd/100 tons

"'C gch = 0.8775 + 0.0040

Ext 2'“Bi = 1.34 = 0.27 cpd/100 tons

Ext “’K = 0.00 cpd/100 tons [Railed]

Ext *%T1 = 3.47 + 0.14 cpd/100 tons

°He = 3.8 + 1.0 cpd/100 tons

®Kr=2.7 + 1.4 cpd/100 tons [penalty] 0.0 + 2.5

MCpup =202.0 = 2.0 cpd/100 tons [penalty] 202.0 + 2.9
?1%po =290.72 + 0.96 cpd/100 tons

%Po qch = 0.07627 = 0.00024

\'(7Be)862 =45.7 = 1.1 cpd/100 tons

\'(7Be)384 = 1.954 = 0.049 cpd/100 tons

v(CNO) = 0.00 cpd/100 tons [Railed]

v(pep) = 2.91 + 0.48 cpd/100 tons

ke p) = 133 ¢pd/100 tons [Fixed]

\Lli' L'li]ﬂw N

\L_AL L%

1111 II H

10001200 1400
charge (LY=513.2+1.6 p.e/MeV, RPF[1.31+0.01],[2.33+0.16],[0+0])

G GRAN SASSO
SCIENCE INSTITUTE

I SCHOOL OF ADVANCED STUDIES
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C
2.24 (-0.36 +0.28)
inj 2.240 = 0.011

e gch
891.87 (-2.31 +1.99)
inj 0.809 = 0.071

11

TFC-tagged
53.70 (-0.49 +0.51)

inj 53.760 = 0.016

210

Po
299.75 (-0.72 +0.74)
inj 300.000 = 0.024

210
Po gch

78.429 (-0.018 +0.018)
inj 0.0711 = 0.0006

v ('Be)
48.19 (-1.44 +1.45)
inj 48.000 + 0.048

Ber
4.98 (-2.56 +2.62)
inj 5.000 £ 0.085

210_ .
B1i

23.1 (-14.4 +3.5)
inj 20.00 =+ 0.30

v(pep)
3.12 (-2.17 +0.81)
inj 2.800 = 0.049

v (CNO)
0.0 (-0.0 +16.5)
inj 5.00 = 0.27

Ext 2081
4.036 (-0.153 +0.144)

inj 4.0000 = 0.0049

Ext 214Bi
2.05 (-0.30 +0.31)

inj 2.000 = 0.010

0.93
inj

516.27

0.219 (-
inj 0.

1.643 (—UQLUT I Vedlro)
inj 2.3700 = 0.0056

Eadlbcal ¥ SYSTEMATICS
hdan.al ¥

mummuim" e NO GEO-CORRECTION INJ/FIT
Eﬂmﬂﬂﬂﬂmﬂﬂﬂﬂlm

oAb AR AR dE AE It A §
EAPFAF AP E W ey

Ea" SOURCE OF SYSTEMATICS
a3s.
Eall il
FAaAFaE"

e MC SAMPLER
EHEEEH" e NO DISTORTION APPLIED
iy |ogin |ty [ b [y e BIAS AS SYSTEMATICS
F‘HHF!E!E’E"“ e 68% CL SHOWN ON 2NP ROW
el | Sl | e | | RS | Rk
RAEJE JE 3k 3k 3k.9
FEaEarrarEarsarar-aEmn
EAFIENE 3F IEAr ACNCWN
Eiﬂﬁiﬁiﬂﬁﬂﬁﬂhﬂ&iﬂ&ﬂ"
FAPAFAFAFAF N F N ey

== Physics Result with bx-GooStats

= g q?;r
| |
09 ™ 0.03 " "‘
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Package Design .

* Middle Layer between GooFit and User module

GooStats \

GooFit

InputManager

InputBuilder

actual object that

/o- FitManager

collect inputs and build | bui :
. uilds the input - _
GooPdf object S puts > GooPdf
, L o [S - FCN
i / calculating the likelihood/x A
AnalysisManager 1\ :
| |
control the work flow : ROOT |
BatchOutputManager : ;
| |
I TTree and text output : !
BREN . TMinuit
OutputManager r lotianager OutputBuilder
save and visualize fit [¢—>[— . - - > gc'fltéal g‘bjecttthatt minimize FCN
results Figure output in the uilds the outputs
format of pdf and root
A GPU-based framework for multi-variate analysis in particle physics, Xuefeng Ding ®) PHYSTAT-nu 2019 @ CERN, Geneva, Switzerland 25 January 2019
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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 1nto histogram

. Fit the histogram with Gaussian functions

. Repeat 1t many times

. Fill the fit result 1into histograms

- How fit result width changes with the binning?

. Tips: You can do 1t 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 (FH] it %] )
available this year

https://ihep.cas.cn/edu/bks/kc1h/202407/t20240702 7207509.html

» My project: Search for new physics with Solar neutrinos

» More other projects see http://dingxf.cn/
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http://dingxf.cn/
https://teacher.ucas.ac.cn/~dingxf
https://ihep.cas.cn/edu/bks/kcjh/202407/t20240702_7207509.html
http://dingxf.cn/

Conclusions

- Model computing architecture urges for upgrading of computing

program to parallelized.

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