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MmMosS= I

»C++. REEREMAZED

{C++ Primer) 5th I7;~&, LEMHIE, F—IREEHHEHILOEILFE,

1
S

CPP Reference [https://en.cppreference.com/w/ ]1‘2@&2&?&

> RIS FERROOTHUNIED thaVIZ iEE i
WE. HEE. WEE. REEB. THIFER. - o

(BHn) 2. R, FOTEFEE. MEZERTG - o

T

i
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https://en.cppreference.com/w/

FIRE R II

»Linux. EANGSHMXiEEFER,

terminal, shell(bash/zsh)

cd, pwd, 1ls, mkdir, mv, cp, cat, less/more
vi(->vim/neovim), emacs(spacemacs), vs code
ssh, scp, rsync

L] Xshell, MobaXterm, FinalShell, WindTerm, JuiceSSH
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mils= III

v ROOTEM [https://root.cern/]
v'ROOTIIIZRI% [https://github.com/root-project/training]
v ROOTEFILIE [https://root-forum.cern.ch/]

v ROOT#Y [https://root.cern/doc/master/index.html]

v

N FHEIEHME SR 2022-08-18 2022F SRR HE2FR

IHEP School of Comput ing




ROOTZE{TA

RAA R EE 2R 2022-08-18 2022F SRR HE2FR

IHEP School of Computing



%2000 - CMS Preliminary —4— S/B Weighted Data
(31800 Vs=7TeV,L=5.11b" — ::B:—':'ittc t
N © is=8TeV,L=53f" [ 0T
MRS - -
> 1400
2 HEFIEMHIE S 1400,
£1200
o C
51000__
> 1 EB(10°GB) L a0
.-5) 6005—
§ 400:—
ROOT File description 2001
_I i 1 | 1 L 1 l 1 1
[ } | l . 120 140
i ® ? B LHCb B2HHH (10/26 branches) 40
§ Object 3; ed §§ §§ » N - Total fit —+— Dat
!! Data  |3f 38 pE{ : o S @lRNTwle | & I o
g 3 3 S B TTree >30F Z,(3985)  ------- non-Res.
i : i ——— - B Parquet ((h) I . n
EL i L—J . §2.5:‘ """""""""""""""" @ HDF5/row | E i D(s) BIEE
‘-~.__““H'- :; ‘-h-‘“"‘-\___fE“ig i szay HDF5/column 020 [
: ‘ Logwa] Record Heam)_‘ a Dl I Lr). - +
{Nbytes: Length of compressed object g =10 = * +
Nm:mm“ Imm.r 81 5 o SO - 5 T 50 7 0 o 0 8 ﬂ : iy N
fObjLen: Length of uncompressed object S E (- - o T _::
fDatime: Date/Time when written ta store E ) O +# Tt
fieylen: Number of bytes for the key e B e S I |
fCycle : Cycle number . |
fSeekKey: Pointer to abject on file ; L -
tSeekPdir: Pointer to directory on file 0.5 N R N RRRRRRRRE _10 )
fClassName: class of the -
M:nmdﬂlln:::ﬁ o 5 e i 4 4.05 4.1 4.1 g
fTitle: title . + .
e K* Recoil Mass (GeV/c?)
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&
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e E . MR LIRS

BT histograms, graphs, functions

EIREI/O: row-wise, column-wise storage of any C++ object

» 41t TE(RooFit/RooStats): rich modeling and statistical inference
> BRI (e.g. Erf, Bessel), optimised math functions

» c++fEFE2%:. full language compliance

> ZTBED(TMVA): e.g. Boosted decision trees, Neural Nets, AT

> ERERINEE: (2D, 3D, event display, detector design)

» =BG E: RDataFrame

> EHfth: HTTP servering, JavaScript visualisation
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BiRR
~5RO0T, C++IMAEIREFE, ERBT AT,
BEME, HRNE([EEGooglefHie)

2 4
H

~SROOTHAEHEERY, SiE IR SCINF 4T
EERIG
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3L /i AROOT

PIR{ERZ: Linux(ubuntu,centos,...), Mac,

>R REETENEEERSA (apt,yum,dnf,...)
B R EITNRIEEL, STEARkSEs(Ixslc) EfEA,
» N7 HEREEINIE, ROOTILIEIFEIT,

L]

> -XYC userillxslc711.ihep.ac.cn
> #f login IHEP server w/o extra settings
> [cumfs/sft.cern.ch/lcg/views/LCG_102/x86_64-centos7-gcc8-

opt/setup.sh

> I simple tests
> --version 1 output: ROOT Version: 6.26/04
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ROOTHRER =

- 8 ¥1T(Prompt), XEI - X8 (Macros/Scripts), 4RIET

function, no main, same name as the file

root [0]
(double) 0.50000000
root [1] N = 30
(int) 30

root [2] gs
root [3] .!1s

e
oo
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. 91 1 2 3 4
root [1] N = 30; = l+z4+2°+2 +2° 4+ ..
root [2] gs = 0.0;

root [3] for (int i = @; i != N; ++i) gs += pou(x, i) =
root [4] ::abs(gs - (1.0 / (1.8 -x))) ZE::B
(double) 1.8626451e-09

v'ROOT Prompt: 38K IjJﬁE?E%EI’JCﬁﬁ#R%%

/V\]%speualcommand
* IRHROOT

* HfTShelldn

© HAMIA
. sEER
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Macros/Scipts

vV —RRBNEIT A

v PromptizfT

v B E MR LU,

v S RIEBIET:

N EEEHIEHEE SR 2022-08-18

IHEP School of Computing

>
root [@] .x MacroName.C

NG root [@] .L MacroName.C
root [1] MacroName()

root [@] .L MacroName.C
root [1] MacroName()

2022F S EEYIIE T B2 HIE R



Macros/Scipts —= i

v RIE IR AT TR (BB FROOTH AR )

> MacroApp.C

/* *kkkkkk

MacroName() function codes
* ******/

int main() {
MacroName() ;
return 0;
}
> g++ -0 MacroApp MacroApp.C “root-config --cflags --libs’
> . [MacroApp

N FHEIEHME SR 2022-08-18 2022F B REYIE T E2HFR 16
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ROOT= H4EHF (Class)

ROOT1H7]C++ ARG, BRAHAHFLUEEIFRIC++ Class

o BRI/l LFERRERNClasstfAKREFEFHTH %,

\/TFile/TTree/TBranch

\/TCanvas/THlD/TGraphErrors
v TF1
\/TLegend/TArrow/TLatex

{59 RooFit/RooStats, T JHTINESHXNSITSIFITA
*RF, ROOTTREZFEANKREFHFRA L,
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CHAIN
Collection
of Trees

fBranches = TObjArray of TBranch

Tree
fScanField
fMaxEventLoop

fMaxVirtualSize

b fEntries
° dlLeaves £ TObjArray of TLeaf
fDimenslpn ¥
e ||| )

Tree:

Branch: %

fBasketEvent

-

Leaf: B

fBaskets = TObjArray of TBasket
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root [0] f1("f1", "sin(x)/x", 0.0, 10.0);

root [1] f1.Draw();
Info in <TCanvas::MakeDefCanvas>: created default TCanvas with name c1

TF1

sin(x)/x
* T: ROOT i
* F: Function -
e 1: 1-Dimension ol
v’ a string odf
v TFormula o

v’ precompiled user f. g
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i —4— Data
TH1D & TF1 NO 100:_ — Total fit
S ib --=-= Background fit
* T: ROOT 8 80 -.=. PHSP MC
* H: HistogramE7E & 60F
« 1: 1-Dimension < Z
40 —
- D: Double 2 L
) _
Lﬁ 20 3
v FIEECEHEAZI )

v SbinBrs 3.7 3.8 39 40
M, . (TEJ/Y) (GeV/c?)
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File Edit View Options Tools Help

E3j= =t myTitle
Bix, REN o

>
Entries 5000
250 Mean 0.008152
TH1D & TF1 suo 1ot
name, unique title, x-y axis bins, min, max 200

:

root [0] h("myHist", "myTitle;x;y", 64, -4.0, 4.8);
root [1] h.FillRandom("gaus")

root [2] h.Draw()
100

pre-defined function name

root [3] f("g", "gaus", -8.0, 8.0);
root [4] f.SetParameters(250, 0.0, 1.0)
root [5] f.Draw("SAME")

TN

4 3 =2 1 o0 1 > 3 4
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myHist

_ Entries 5000

) - Mean 0.008152

pre-defined function name | | o pey | 016

0 0 \, x? / ndf 47.5/53 | myTitle

T H 1 D & F l t t l n g Prob 0.6874 S— —
Constant 246.5+ 4.3 o
Mean 0.01048 + 0.01436 o
root [0] h("myHist", "myTitle:x:y", 64, -4.0, 4.0);: BEIE 1.003 + 0.010

root [1] h.FillRandom("gaus")
root [2] h.Draw()

root [3] gStyle->SetOptFit(1111)
root [4] auto r = h.Fit("gaus")

FCN=47.4997 FROM MIGRAD STATUS=CONVERGED 53 CALLS

54 TOTAL

200

150

100

/

EDM=8.44224e-09

STRATEGY= 1

ERROR MATRIX ACCURATE

EXT PARAMETER

NO. NAME
Constant
Mean
Sigma

STEP

SIZE
1.19094e-02
4.87656e-05
9.45504e-06

FIRST
DERIVATIVE
-2.44817e-@5
-6.34020e-03
-2.70309e-02

VALUE
2.46469e+02
1.04782e-02
1.00315e+00

ERROR
4.31494e+00
1.43576e-02
1.03818e-02

(&)
(ot

0o 1 2 3 4

_LO
T T T 1
|
w
|
n
|
—_—

RAEAIETHEEHZR
IHEP School of Computing
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myHist

myHist

| Entries 5000
Mean 0.008152
Std Dev 1.016
x* / ndf 475 /53
Prob 0.6874
Constant 246.5 £ 4.3
Mean 0.01048 + 0.01436
Sigma 1.003 £ 0.010

SRR, “HitEMES

N  EEHIPTHEE ISR

IHEP School of Computing

Entries 50000
| Mean -0.0007154
Std Dev 0.9997
¥? [ ndf 58.11 /61
Prob 0.5814
Constant 2499 + 13.6
Mean —0.000537 + 0.004463
Sigma 0.9967 £ 0.0031
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oot [8] r = h.Fit("gaus", "E S")

llE SI' r

FCN=58.1081 FROM MINOS STATUS=SUCCESSFUL 20 CALLS 130 TOTAL
. EDM=2.47365e-08  STRATEGY= 1 ERROR MATRIX ACCURATE
A NE? ol EXT PARANETER STEP FIRST
NO. NAME VALUE ERROR SIZE DERIVATIVE
1 Constant 2.49888e+03  1.36482e+01 -2.47671e-02 4.96181e-06
2 Mean -5.36955e-04  4.46271e-03  1.08929e-06 -1.43636e-03
3 Sigma 9.96702e-01  3.12445e-03  3.12445e-03 -3.85305¢-03
(TFitResultPtr &)
\ AR KEEEKKERKEARKRRARERIEREAERRk|hkkkkkhkhkkhkkkkdhxkhikkhkkkk
IR o
Minimizer is Minuit / Migrad
u ” Chi2 = 58.1081
E LS NDf = 61
: Edm = 2.47365e-08
root [4] auto r = h.Fit("gaus", "E L S") NCalls _ 139
Fhllgh el MIN23M=3.gggﬁl?gésuccgigggtﬁvz 120 CALEEROR MATR1l3:cggF°”5tant = 2498.88 +/-  13.6482 -13.6358 +13.6605 (Minos)
EXT PARAMETER STEP FIRST ean = -0.000536955 +/-  0.00446271 -0.00446235 +0.00446317 (M?nos)
NO.  NAME VALUE ERROR SI7E DERIVATIVE  Sigma = 0.996702 +/- 0.00312445  -0.00312931 +08.00311956 (Minos)
1 Constant 2.49416e+03  1.36768e+@1 2.45206e-02 -2.50141e-06
2 Mean -6.98239%-04  4.47340e-83  2.10652e-08  1.63996e-07
3 Sigma 9.99753e-081 3.17583e-83  3.17583e-83 -1.34813e-06
ERR DEF= 0.5
(TFitResultPtr &)
Minimizer is Minuit / Migrad
MinFCN . 26.8031
Chi2 = 59.1375
NDf = 61
Edm = 3.9287e-09
NCalls = 134
Constant = 2494.16 +[- 13.6768 -13.6486 +13.7051 (Minos)
Mean = -0.000698239 +/-  0.0044734 -0.00447342 +0.00447342  (Minos)
Sigma = 0.999753 +/- 0.00317583  -0.00316717 +0.00318452  (Minos)
§ RIS IS 2022-08-18 DB BB s
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giETree= 5 AN IE=FE

- sl (BE) HITH
tlETree (name, title)

cond_data()

4_ KH

TTree cond_da cond_data"

double y GUrS , pres;
cond_data BfﬂﬂC]k”Datential",

TFile ofile("./cond_data.root",

"RECREATE");

cond_data.C

1Y

, "'Example");

&

cond_data.Branch("Current", &cur,

cond_data.Branch("Temperature

!1, 8(

, "'Potential/D");

"Current/D");
, "'Temperature/D");

cond_data.Branch("Pressure", &pres
(int i = 8; i != 10006088; ++i)
= gRandom->Uniform(8.8, 1
= gRandom->Uniform(256.0,
pres = gRandom->Uniform(8.5, 1
cur = / (18.0 + | A
gRandom->Gaus (1.8, 8.81);
cond_data.Fill();
.
5
cond_data. ();
ofile. ()

, "Pressure/D");

8.8) * gRandom->Gaus(1.8,

358.08) + gRandom->Gaus (8.9,
.5) * gRandom->Gaus(1.8,

- 306.8) - 8.

B.081 ) ;

2 * (pres - 1.

) ) *

BEHAZTEMBranch, FHMITH

IRINEHE ™

§ RERIEHEE SR

IHEP School of Computing
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HAERE

type size C++ identifier

signed integer 32 bit int

64 bit long
unsigned integer 32 bit unsigned int

64 bit unsigned long
floating point 32 bit  float

64 bit double

boolean = bool

array, vector, map, HepVector, Foo, ...

N FHEIEHME SR 2022-08-18 2022F B REYIE T E2HFR
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8iETree= EAHIFE=>1FE

-bash-4.2$ time root -1 -b -q cond_data.C

* time bashREIEHHm<

Processing cond_data.C...
* root HMI1TS%
@m6 . 9755 TS
@mZ2.743s

- \E/_
om1.582s 1 AERbanner

© -b MERN, TER

2 sunhk physics 4.0K Aug 17 09:56 . PR
16 sunhk physics 4.0K Aug 17 69:55 q MITTERMIRL

-rw-r-—-r-— 1 sunhk physics 822 Aug 17 ©89:55 cond_data.C
-rw-r-—-r-— 1 sunhk physics 29M Aug 17 09:56 cond_data.root

N FHEIEHME SR 2022-08-18 2022F S REYBEIT R 2 TR
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THE I

-bash-4.2$ root -1 cond_data.root 1) FREXEFIER
root [0]

Attaching file cond_data.root as _file@... E;Ot [2] cond.data--GEERERIESE)
o ong long) 1000000

(TFile *) @x2a@a900 -

root [1] .1s 2) BREBEEG

TFile** cond_data. root root [3] cond_data->Show(@)

TFile* cond_data.root > EVENT:0

KEY: TTree  cond_data;? Example [current cycle] Potential 9.95395
KEY: TTree  cond_data;1 Example [backup cycle] Current 0.81225

Temperature 344 .711
3) FREXEHIER (cut) Pressure 1.45582

root [6] cond_data->GetEntries("Potential>9.8")

(long long) 100061

root [7] cond_data->GetEntries("Potential>9.0 && Current < 0.8")
(Long long) 12485

§ BTSSR 2022-08-18 2022 HENI I B B 29
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LEYROOT, “WE” HIFE II

4) Tree &\¥8 5) BEEHE (14)

cond_data—>Draw("Pressure", "Potential>9.0"

root [9] cond_data->Print()

Rk K kR E ok * KR E KRR AR R AR AR A F A A AR T AR AT A AR AR T hrrh kv rrrrrxrrxxrxxxxdlNT0 1N <TCanvas::MakeDefCanvas>: created default TCanvas with name c1

:cond_data : Example (long long) 100061
1000000 : Total = 32104849 bytes File Size = 30171811 * Pressure {Potential>9.0}

: : Tree compression factor = 1.06 % htemp
KEEEEKEAEATEIAEAAEEAKIA A AAEKAET A A TR AIA TR AR AT R A AREAA I A AR A A AR A AR XA hhkhkdhdhhhhkdkhkhkhhhkkkkdkx 1400; Entries 100061
@ :Potential : Potential/D ¥ B S

1000000 : Total Size= 8026684 bytes File Size 7676137 * 1200— '
: Basket Size= 32008512 Compression % i
* L
............................................................................ 1000
:Current  : Current/D X i
1000000 : Total Size= 8026174 File Size 7617437 * csrsL
: Basket Size= 3200000 Compression= ® -
N i
:Temperature : Temperature/D * oo
1000000 : Total Size= 8026194 File Size 7297493 * B
: Basket Size= 3200512 Compression % =0ar-
* .
:Pressure : Pressure/D * 200;*
1000000 : Total Size= 8025429 File Size 7572128 * C

. 3 - ~ 3 = %* ‘ | | 1 ‘ | | | | | | | | | | | ‘ | | | | | | [ | |
: Basket Size= 3200000 Compression= 1.06 i % 06 08 1 T ) 16
............................................................................ Pressure

RAA R EE 2R 2022-08-18 2022F S REYBEIT R 2 TR
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L

"W

12] cond_data->Draw("Pressure:Temperature"”, "Potential>9.@"
Info in <TCanvas::MakeDefCanvas>: created default TCanvas with name cT
long long) 100061

Pressure:Temperature {Potential>9.0}

: 1) ZHBERT

B 1.6

a [ root [13] cond_data->Scan("Current:Pressure", "Current>1.0")

] 4; hhkkhkkhkkkhkhkkkhkkkdkhkkhkkhkkhkkkkhkkhkhkkkhkkkkikkkkk

- i Row * Current * Pressure *

L hhkkhkkhkkkhkhkkkhkkkhhkkhkkhkkhkkkkhkkkhkhkkhkkhkkkkikkkkk

hat 27 * 1.2605584 * 1.0810390 *

: 64 * 1.2805236 * 0.8179486 *

T~ 75 * 1.2557656 * 1.8235446 *

i 77 * 1.8336579 * 0.5346831 *

0.8— 1805 * 1.1594679 * 9.7228008 *

- 111 * 1.2731033 * 1.4522743 *

0.6 116 * 1.1096525 * 0.7128843 *

L | 149 * 1.2070604 * 1.1434670 *

I T A E T A R 174 * 1.0594486 * 1.2826776 *

240 260 280 300 320 340 360 193 * 1.1475714 * 0.8946843 *

Temperature

RAA R EE 2R 2022-08-18 2022F S REYBEIT R 2 TR
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1ZEYROOT,

k. XBEI

Browser |Ei|e Edit View Options Tools

Him' JJ *&ji

>

root [@] new

THI

1V

elp

Files |

84 % £ Draw Option: :

[E3 oot

[ PROOF Sessions

£ ROOT Files

E---ﬂgmnd_data.mm
- % | cond_data,2
E---ﬂmnd_dam;l

=- a besfss

(7] biyitest
... oroups
[ homebes
(Z3 htcondor
[:' offiine
[T swtest
E| a users

F

=l

1

Filter: | All Files (*.1)

Canvas_1 ®| Editor 1 [

Patential
htemp
- Enfries 487250
E Mean 5008
10000 — Std Dev 2886
BOOO —
6000 —
4000 —
2000 —
D B 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 I 1 1
1] 2 4 G a8 10
Potential
S L e T L e T L e ek wr
Command |

Command (local): |

I
A TR S = HAEE

IHEP School of Computing
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BIZSE &, Z Akl

read _cond.C

("cond_data") ;
("co nl:i_Liata“* .root"); ( File  1dodN *T;:F rootj{tl: (g)

void read_cond()

AR EMBranch, FHMHMITH

110("myHist", "Curr ant Curr ant Events"

AW = :_:-:; irow != . - HHI 8.9 1.5) .
syl B <— FEBAHistogramHEN 4B

> 8.8 && temp

("myCanvas", "Current Histo", 906

" setLineColorEoulor: hRec); EHE, RENN, B

—>oetLineLoLc

- D r {.lr l_J’.f |: | ;

c1->Print("current.pdf");

xFER, FE

RAA R EE 2R 2022-08-18 2022F S REYBEIT R 2 TR
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-bash-4.2% root -1 -b -q read_cond.C

Processing read_cond.C...
Info in <TCanvas::Print>: pdf file current.pdf has been created
-bash-4.2% evince current.pdf

Current

L myHist
’E‘ 10000+— Entries 598542
> | Mean 0.5933
"'" B StdDev  0.2818

8000 —

6000 —

4000 —

2000 +—

U L__e¥ | 1
0 0.2 0.4 0.6 0.8 1 1.2 14

Current

A TR S = HAEE 2022-08-18 2022 F SRR R BHFR
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HIZR B &, S2RhR

// create template class for Selector to run on a tree
JLSL LS LSL LA LTSS L LS L ELLLSA L CLELLLT A LLEAS LT LT,
o
// open root file containing the Tree
TFile f("conductivity_experiment.root");
// create TTree object from it
TTree *t; f.GetObject("cond_data",t);
// this generates the files MySelector.h and MySelector.C
t->MakeSelector ("MySelector");

¥

> TChain *ch=new TChain("cond_data", "Chain for Example N-Tuple");
> ch->Add("conductivity_experiment*.root");
> ch->Process("MySelector.C+");

RAA R EE 2R 2022-08-18 2022F SRR HE2FR
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ROOT:#P I)EE

§ BRI SR 2022-08-18 0D UES R BB R
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v RooFitigf

>

5 3

MEX T *

RooFit

= HERLA R

LT R EFEERITNEEREPDF(model),

(Gaussian, ArgusBG, Chebychev, Breit-Wigner, etc.)

Al LATEE

fiti 2B (5 _EaEEI N, 3

> 351 MHistogram A $hEXPD

v'RooFitIFREHIPDF, #BRIRMET,
> IRKAASAEING
toyMCZE k28 (generator)

>
>

= ’EJ?)”AJC

. SIRFIZFHE

2022-08-18

2022 F SRR R BHFR
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RooFit#l& I

> RooRealVar. HZ=Variable

name, title, mean, min, max

mean("mean", "mean of gaussians", 5.8, 4.5, 5.5); » RooGaussian: ﬁﬁﬁﬁ?*ﬁ
| 1 5 1 [' ] ma 1 1 ’ 1 Wi I:i -th [:ZI'F l]c ssians" et

("sigma2", "width of gaussians

name, title, var, u, ©

"sig1", "Signal component 1", x, mean,
all

j32("sig2", "Signal component 2", x, mean,

> RooChebychev: ZINz{ (nf)

.;j"alﬁﬂ", ”aEi”, 0.8
]

name, title, var, RooArgSet(n)

Hoqll H
, al, | Iy 1

/2
kg("bkg", "Background", x, RooArgSet(a8, al));

> RooAddPdf:. FAIIIERAESPDF

name, title, RooArgList(n), frac
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RooFit#lEd II

> RooDataSet. EEUSHIFEFZA

| “ data - | _.genem'té{ el 1. generate, HPDFERK(toy MC)

. . . | 2. ImportFromFile, %BXrootNf¥

> RooFitResult: ASER(save())
1. Numcpu, BERIHITIHE

. frame( -
data->plotOn(xframe) 2. Save, REFUISE
.plotOn( )

.fitTo(*data, NumCPU(4), Save());

> x.frame: BN frame’RBETHZ=

.plotOn( Components(bkg), LineStyle(

..Lir‘|e|2|31|:|r(:ifi;ﬁ'_:c:.!,:::: I ) > plotOn . T:E'F rameJ:ﬁj\%lJéé\%U

.plotOn( , Components(RooArgSet(sigl, sig2)), LineStyle( Components, Line{Style, Color, ... )
LineColor(EColor: :kGreen + 3), LineWidth(3));

RAA R EE 2R 2022-08-18 2022F S REYBEIT R 2 TR
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RooFitfld III

st > print: MALRFMET

*cl = ("RooFit", "RooFit Example", 800, 660); > Draw: 1§é§%ﬂ§?ﬂ’9frame@&ﬁ?ﬁt
->SetleftMargin(8.15);
->GetYaxis()->SetTitleOffset(1.4);

->Draw() ; > 1%7?)##5%EE0

c1->Print("./fit.pdf");
cl;

RooFitResult: minimized FCN value: 4808.73, estimated distance to minimum: 2.39/74e-05
covariance matrix quality: Full, accurate covariance matrix

Status : MINIMIZE=0 HESSE=0 PARAMETER CORRELATION COEFFICIENTS
NO. GLOBAL 1 2 3 4 5 ) 7
Floating Parameter InitialValue FinalValue : 1 0.47707 1.000 0.465 -0.379 -0.081 0.141 0.187 0.280
0.79822 0.465 1.000 -0.763 -0.010 ©0.211 0.165 0.484
8.0000e-01 7.8080e-01 4.44e-02 0.85486 -0.379 -0.763 1.000 -0.048 -0.274 -0.214 -0.582
al 2.0000e-01 9.1578e-02 7.56e-02 0.14837 -0.081 -0.910 -0.948 1.000 0.019 0.841 0.026
bkgfrac 5.0000e-01 5.0140e-01 2.55e-02 <none> 0.98426 0.141 0.211 -0.274 0.819 1.000 0.934 0.885
mean 5.0000e+00 5.0224e+00 2.14e-02 <none> 0.95467 0.107 ©.165 -0.214 0.041 0.934 1.000 0.754

siglfrac 8.0000e-01 6.3904e-01 3.13e-01 <none> @.96855 0.280 ©.484 -0.582 0.826 0.885 0.754 1.000
sigmal 5.0000e-01 4.8349e-01 7.65e-02 <none>

sigma?2 1.0000e+00 8.2294e-01 2.74e-01 <none>
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RooFit#lEe IV

Example of composite pdf=(sigl+sig2)+bkg

=
h
o

IIIIII|III|I[I|III|III|
—
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Events /(0.1)
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TMVA, Tools for Multivariate Analysis

CTMVA, ZTERTITEE, FIAZHTEEEMMAME
N> MKBEXRFLIMES (pattern) : 7FE. F3J!

= Neural networks, Deep networks fREEMLE, FEF SN
= Multilayer perceptron ZERAIH] P <
= Boosted/Bagged decision trees ;R

* Function discriminant analysis (FDA) FI5& 54 SR E LT
= Multidimensional probability density estimation (PDE - range-search approach)
= Multidimensional k-nearest neighbour classifier Z4EKITEF(KNN)EE

= Predictive learning via rule ensembles (RuleFit) EF#MIAESHIFHNFS]

= Projective likelihood estimation (PDE approach) & SA{H1T

= Rectangular cut optimisation EFUIEI1L

= Support Vector Machine (SVM) ZiFm@EZEA] O PyTOI"Ch

N FHEIEHME SR 2022-08-18 2022F SRR HE2FR

IHEP School of Computing




RDataFrame (RDF)
* ROOTHRLUTTreeRkZfERY, =& “FITNEHEE" (Columnar Datasets)

1. BUBEWIRME “B” (Tree), 5—5IHWMRE “&” (Branch)
2. FEISIE] AR ER RSB VIR
3. BEBTIFEREERIFR (object)
4. —1TRE—Ti(entry, TE=aeiE EHWEIRIESEHlevent)
ptx pt_y pt_z theta
or prancnes
) can contain any kind
entries of c++ object
or events—
Oor rOws

https://root.cern/doc/master/classROOT_1_1RDataFrame.html
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RDataFrame XfLt

| void read_cond()
443

- ("cond_data");
("cond_data*.root");

double , temp, pres;
("Potential", &pot);
("Current", &cur);
("Temperature", &temp);
("Pressure", &pres);

T [H1D("myHist", "Current;Current;Events", 100
tEnt) (); ++i|ﬁowj {

(int irow = B; irow !=
: ry(irow);
( > 8.0 && temp < 300.8 && pres > 1.8) h-> (

* ¢l = ("myCanvas", "Current Histo", 908

->Setlinelidth(2);
->SetlineColor(EColor: :kRed);

->Draw() ;

1->Print("current.pdf");

§ BRI MBI 2022-08-18
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e ()
: :RDataFrame df("cond_data", "./cond_data*.root");

ho= of. ("Potential>1.2")
("Temperature<335.6")
("Pressure>0.7")

Histo1D({"myHist", "Current;Current;Events", 168

"Current");

("myCanvas", "Current Histo", 968, 668);

(2);
h->Setl ineColor(EColor:: )z
h->Draw() ;

->Print("current_rdf.pdf");

SR , XILLEEERE
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RDataFrame E 74|

BOOTEnaplelmpliclEMIT(); sssssssssssastsisssssscsssnnssas Run a multi-thread event loop

ROOT::RDataFrame df(dataset); oo on this (ROQOT, CSV, ...) dataset

auto df2 = df.Filter("x > Q") «----evremrrmmemieeees. only accept events for which x> 0
Define("r2", "XEX + yFY"): oo define r2 = x2 + y2

aliig rHist = df2. HISEGMDITZ"); = plot r2 for events that pass the cut

df2.Snapshot("newtree", "out.root"); - write the skimmed data and r2

to a new ROQOT file

Six lines of code! Most RDF analyses are just more of the same.
User-defined computations are naturally made modular.

Range, Count, Report,Graph,Profile, Take,Vary, ...
RDF@ROOT workshop, 9/5/2022
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