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$ cd RHEA
$ git pull
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O 6 6 | e

$ cd RHEA/src

$ ipython

In [@0]: 1import Cs137

In [1]: Cs137.Cs137(2400, 3100) .
e DEED

IELLAMELLY
7.15872e+03  7.34998e+00 -3.43986e-02  2.28192e-05

2.71332e+03 /.64383e-02 -1.37583e-04 -2.26760e-03
8.62900e+01 6.83971e-02 5.42307e-04 -4.07220e-04

9.793e-07 IERICNS WVERELOTUES







257 (graph) &(3{AhH ?

SOoNTcT —

| I T T TTTI
] L1 11110

_—-———_-~‘
~

*&7&_ X %’ﬂ: l./fc._l)@

 JEER(C(E 2 DUULED
ZHDORERZERI I

YDE

FIFF DER

EZdN /dE (MeV s'str! (2x10”° K km s™)™)

[\
(o)}

: 1 1al 1 t 2 vl
10° 10°

[
OI

[E—
-

1045 _
; """""""""" E HICEHE EEBICT —
: : 9“\\7543,%/__I_\L/72_1)@
10'255— - i Etﬁﬁt @1 S _WU
E E » JEIR TR DEIINEE &

10 y TXRIVF—ANRT

Energy (MeV) J1v, (e ne rgy

Ackermann et al. (2012) spectru m)



RELBZCE

n(

o

ERS

>

PIZ(EHREFDHE EBEE) (. FIIIEE

2 RITDIGE) WM EHE x EREEZE y DEVEEH

- (TR ZE )

TS HEDZETEIT D
WZ ICENMFENDA, CNOEANEZ THEKX

L 730N

AMMODIZEE. E50DEMNMMEBNMNIDHIOBVNDTER

ERS (C T — & B =R T IE7 0

AFEEICIEZERENDEEDIED T, FINET 57— ##

RICTABR =R ED

W SREBEDMIA (5B 2 RERSR)
CRIVF=ART ML DEEHEREEIE VIBDZSH D




ROOT DI Z A

= TGraph
» 2RTTDT 27 (MIAUE 1 DEREREH T D)
» BREBEEL

. TGraphErrors
» BREBEHD

= TGraph2D & TGaph2DErrors
» TNZN 3 RIThR (HILEH 2 DEREREE 1 D)
» BRI OO LW x/y/z D 3 DDEZEHED
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EHh 7561

O 6 6 | "
$ root

root [@] TGraph* graph = new TGraph;

root [1] for (int 1 = 0; 1 < 10; ++1i) {

root (cont'ed, cancel with .@) [2] double x = 1i;

root (cont'ed, cancel with .@) [3] double y = 1 + gRandom->Gaus(); Q FXYICEZEED

root (cont'ed, cancel with .@) [4] graph->SetPoint(i, x, y); TP
root (cont’'ed, cancel with .@) [5]} O RZEMT D

root [6] graph->SetTitle(”";x;y;") ©Y1HMVIZOAVARSIINT
root [7] graph->SetMarkerStyle(20) O HAEIZ RY FEDTEET D
root [8] graph->Draw("ap”) O axis & point Z#E<




N—N—DEBEZID

© © O cl_Editor

O 6 6 Gl
File Edit View Options Tools Help
>~. 9 B I I 1 I I I I I I ]
| [ _
8 I J—
N TGraph
7 DrawPanel
| Fit
61— FitPanel
InsertPoint
B RemovePoint
S5 ) ¢ SetEditable
— SetMaximum
40— SetMinimum
- SetName
3 SetTitle
B o Delete
DrawClass
2 DrawClone
B Dump
10— Inspect
- o SaveAs
0 ! I ! I ! I SetDrawOption
0 | 2 5 SetLineAttributes
SetFillAttributes

SetMarkerAttributes ?

T—mxarUv o (Macld 2 KigoUw )

SetMarkerAttributes % 3&iR
BN —T—DFEIRZEZEER]EE

A

Style ‘

Name
::TGraph

Line
- 7]
K ~]

Opacity
—uf 1
Fill
.
Opacity
—af 1
Title
X3y
—Shape

(=
e
e
e
e

No Line
Smooth Line
Simple Line
Bar Chart
Fill area

I Show Marker
Exclusion Zone

M+ 'None Ra
Marker
M- 103
Opacity ,*,*’*_
+[*[o

avio
NG
IR

—

10



REBZET

10— —

O 6 6 ' "
[0] TGraphErrors* graph = new TGraphErrors OTGraphErrors CT D
[1] for (int 1 = 0; 1 < 10; ++i) {
(cont'ed, cancel with . [2] double x
(cont'ed, cancel with . [3] double y

L5
i + gRandom->Gaus();

(cont’ed, cancel with .@) [4] double ex = 0; .
(cont'ed, cancel with .@) [5] double ey = 1.; Gyd)latbjgé:ﬂ V=

(cont'ed, cancel with . [6] graph->SetPoint(i, x, y);

(cont'ed, cancel with . [7] graph->SetPointError(i, ex, ey); gnnﬁié 7]|]
(cont'ed, cancel with

[9] graph >SetT1t1e(” X;VY;

[10] graph->SetMarkerStyle(20)

[11] graph->Draw("ap")




BEFEORHTDI7rv

> T T T T T T | U441 T V.00 /0

10— pl 0.8948 +0.1101

O 6 6 | "
root [13] gStyle->SetOptFit()

root [14] graph->Fit(”pol1") 01 ;)\B‘ﬂ%‘{ (PO“) T71v b

R, A A A A S S S S St S S A S S S b S S S b S S 9 B S St S o S

Minimizer is Linear f(X) = p1 X + Po
Chi2 2.50415

NDf 8

0.544079 0.587754

po
pl = 0.894761 0.110096
(TFitResultPtr) @Ox7fb24d517d50

root [15] TMath::Prob(2.504, 8) —_— =
(Double_t) ©.961544 O x27 1Y bDOEREME
root [22] graph->GetFunction("pol1")->GetProb()

(Double_t) 0.961537
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O 6 6

$ head -n 2 src/UVC-200B.csv

299.78,1.65449, .0363084

300.99,1.64681,.1093

$ root

root [0] TGraphx graph = new TGraph(”"src/UVC-200B.csv", "%lg,%lg,%x1lg")

Q771I%& O TJA—NvHMEE

root [1] graph->SetTitle(";Wavelength (nm);Refractive Index;")
root [2] graph->Draw("ap")

13



DWCICHELGE#BATIr vy b ULTHSD

© 6 6

$ cat Sellmeier.C
(B&)

Double_t SellmeierFormula(Double_t* x, Double_tx par) { @ 7« v FHBEEODESE
(B&)

Double_t lambda2 = TMath::Power(x[0] / 1000., 2.); O ZTH x[] EINS A= par[] D HEHE
return TMath::Sqrt(1 + par[@0] * lambda2 / (lambda2 - par[3]) +
par[1] * lambda2 / (lambda2 - par[4]) +
par[2] * lambda2 / (lambda2 - par[5]));
3

void Sellmeier() {
(B

TF1*x sellmeier = new TF1("sellmeier”, SellmeierFormula, 300, 800, 6);
sellmeier->SetParameter(@, 1.12); ” i -
sellmeier->SetParLimits(@, 0.8, 1.2); O BB DYMEZSZD
sellmeier->SetParName(@, "B1");

iy
TGraph* graph = new TGraph(”UVC-200B.csv”, "%lg,%lg,%x1g"); @ T 7 1)L D55d+iA
graph->SetTitle(";Wavelength (nm);Refractive Index;");
graph->Draw("ap”);
graph->Fit("sellmeier”, "w m e 0", f", 300, 700); (5 R AVE

sy

TF1x sellmeier2 = new TF1("sellmeier2”, SellmeierFormula, 300, 700, 6);
sellmeier2->SetParameters(sellmeier->GetParameters());
sellmeier2->SetLineWidth(1);

sellmeier2->SetLineColor(2);

sellmeier2->Draw("1l same”);




DWCICHELGEBHAZTTI v FLTHD

A2 Indf 340905/ 136
' B1 1.145 + 0.0001591 :
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. : | 1VLA %E,‘JI Ij:
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2504 /8
0.5441 = 0.05878
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$ root

>

root [@] .x WrongErrorEstimate.C(9.1)

Probability =

1.40682e-49

root [2] .x WrongErrorEstimate.C(10)

Probability =

T

%> / ndf 0.0855/8
> —T—— 77— p0 -0.2723 + 5.878
20 e = oA pl 0.987 = 1.101
10 Il:ll@j(ﬁqzﬁﬁa)iﬁ =
15— _
1o /./_
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$ cat WrongErrorEstimate.C
void WrongErrorEstimate(Double_t error = 1.0) {
TGraphErrorsx graph = new TGraphErrors;
for (int 1 9; 1 < 10; ++1) {
double x 1;
double y = 1 + gRandom->Gaus(); // Add fluctuation with a sigma of 1
double ex = 0;
double ey = error;
graph->SetPoint (i, x, y);
graph->SetPointError(i, ex, ey);

3

graph->SetTitle(";x;y;");
graph->SetMarkerStyle(20);
graph->Draw("ap”) ;

gStyle->SetOptFit();
graph->Fit("pol1");

std::cout << "Probability = " << graph->GetFunction("pol1")->GetProb() <<
std: :endl;
Ji
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EHh 7561

O 6 6

$ root

root
root
root
root

root
root
root
root
root

[0] TGraph2D* graph = new TGraph2D @ TGraph2D »* TGraph2DErrors ZfES
[1] for (int 1 = 0; 1 < 100; ++i) {

(cont’ed, cancel with .@) [2] double x = gRandom->Uniform(-3, 3);

(cont’'ed, cancel with .@) [3] double y = gRandom->Uniform(-3, 3);

(cont'ed, cancel with .@) [4] double z = TMath::Exp(-(x*x + y*xy)/2.);

(cont'ed, cancel with .@) [5] graph->SetPoint(i, x, y, z); Qx/y/z x5=z23
(cont’'ed, cancel with .@) [6]}

[7] graph->SetTitle(";x;y;z;")

[8] graph->Draw("p@ tri2") O J/EHESIZEHDDT ROOT 2=

19
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ROOT AT x ¥V bD4HI

O 6 6
$ root @ hist: C++ FOZT#H & O 'h": ROOT DEEI D4HI

root

[@] THID* hist = new THID("h", ";#it{x};Entries”, 5, -5, 5)

(TH1D *) 0x7fdc3c64c040 OATITUMDEEKIIAEY EICHD

root

[1] THID* hist2 = hist @ C++ ETH7IC hist2 EVWSTEHBZZEE ST

(TH1D *) @x7fdc3c64c040 BALEDEETCENTES

root

[2] h O ROOT D1y TUH ETIFHEHIIC

(TH1D *) 0@x7fdc3c64c040 ROOT DEEIBIHAMCTEATI U MMIHND

root
root
root

root

OBJ:

root
root

root
root

OBJ:
OBJ:

[3] hist->Draw() . . .
[4] hist2->Draw() O ZEIENERLLEDT, HRIZAL

[5] h->Draw()

[6] gDirectory->1s() @ 'h"EWSATI U MIE. gDirectory [CEFRENTWND
TH1D h . @ at: 0x7fdc3c64c040

[7] TGraph* graph = new TGraph @ TGraph AV XSV THBADBED LY
[8] graph->SetName("g") O &b oBmzEfIIonsd

[9] gDirectory->GetList()->Add(graph) @ gDirectory [CiBINT D& "g" TEF IR
[10] gDirectory->1s()

TH1D h : @ at: 0x7fdc3c64c040
TGraph g : @ at: 0x7fdc3cObe610




T ERFIHDNE ?
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ROOT 771

# ROOT DU SANBIEONIAT I I MMEL FEA
EE2TH ROOT 77 MIVICREFETED

= HLoRT .root

T —YINEDRICEEZ ROOT 7 717)LELTERELT
LEZIE. BIREFICWLWSESWLWS ROOT ATz &L
t'ﬂzbylb gfd\<t xb\

» B D AT ODKFEZ TGraph ¥ THT & LTRET D

L BEATIER T ROOT 7 717 )LICLTCTUXRRIE, BIHRMEND
=</Ed

= B L 7=X$E TCanvas DX £{R1FRIRE




ROOT 7 7 T IVICIRFT B4

© 6 6

$ root

root
root
Info
root
root
root

root
root
root
root

(0]
[1]

in <TCanvas: :MakeDefCanvas>:

[2]
[3]
[4]

[5]
[6]
[7]
[8]

TH1D* hist = new TH1D("h", ";#it{x};Entries”, 5, -5, 5)

hist->Draw()

TGraph* graph = new TGraph
graph->SetName("g")
gDirectory->GetList()->Add(graph)

created default TCanvas with name cI

TFile f("mydata.root”, "recreate”) @ ROOT 7 7M1 INZEHRELLIIERRTS

cl1->Write()
graph->Write()
f.Close()

O ROOT 77AIICATI TV R EEEZAD




ROOT 771V < Bl

© 6 6

$ root
root [@] TFile f("mydata.root”) © ROOT Z71I)LZERIL
root [11 f.1s() O FEZEERITDE. "c1" &S5 TCanvas &

TFilex* mydata.root .
T;ile* midata. root 'g" £W3 TGraph BMRFEN TS

KEY: TCanvas «c¢1;1cl
KEY: TGraph g1

root [2] TGraphx graph = (TGraphx)f.Get("g") @ ATV BFEEREL. FvAPTS
root [3] TCanvas* can = (TCanvasx*)f.Get("c1") Python DIEE 3+ v X FRE

ZEHEVWE. IO I OHEE
reet (4] cam=rbreml) O TCanvas [(FRFRORETHERITS

root [5] TH1* h = (TH1*)can->GetPrimitive("h") @ TCanvas RICEEEN/=ATI T b E
ROHICENTED
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12
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Python
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BT RN

© 6 6

$ cd RHEA/src
$ g++ hello_world.cxx O IV/I\AZTAVINTILL., ETT7A1INEERT D

$ ./a.out O ETIT 71N ERITID
Hello World!

$ g++ hello_world.cxx O EEbATaVEDITFD
$ ./a.out XEBEMEZTOSLAEEZ(IEVWD., —iMICITEELHE
Hello World!

$ g++ hello_world.cxx -02 -0 hello_world @ a.out (IFHLDT. RITT7IINERELTE
$ ./hello_world

Hello World!

$ clang++ hello_world.cxx -02 -o hello_world @ OS X 7Z& Clang Z{EHI 5

$ ./hello_world g+ SO TERULAVINI SHED
Hello World!




AVINM S &3

= ANEDFHH D A— FZETERODFEO D (BEMEE) (C
TR B

= )N ILUIE W E ALY

v =72 L ROOT (385, OAVINTILLTWLEL CH+ &5
TBDCENTED (#8aR)

» Linux CTl& GNU Compiler Collection (GCC). OS X
Tld Clang =R 2 DH—HKHY

 EEDORRRZY T R D 7 TEIERDA T 3 VIETE
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gl
—\
-]

m

S EbH TR




C/C++ DER

O 06 O

$ cat hello_world.cxx O EECHNSNECEZETIEFLUNS. BELREZES

FLELYER SESEes fe®ICAY 5 —T 7 1 )L% #include T3

int main() { ® 3 main FHEHEITEIND, DEEIIET main B
printf("Hello World!\n"); hMSRUEENS,

return 0: 9 main Bﬂ%ﬂi int @i&.b‘lﬁh‘%\go cc CcIo—1]— I\“E
} i UT main Z#klF%, 0 [FIEEHERT DERK,

= ROOT OZEIIEFHRT. main B#(E ROOT BAENELICEITLTWS

. ROOTS5 DIFE(E CINT AL ROOTS6 (& Cling AT U T s NDEEE 7z I
O 7. AT U T RAIC main BRIGAE

= ROOT ZEDOE WAL CH DIFE. AV/\1ILLEWNWEE{TTEEL




ROOT ROV UT hDizH

O 06 O

$ cat hello_world.C
void hello_world() {
printf("Hello World!\n");

}

= main BMIEERT DNEXL
. L DIZENLGAY ST —T 717)LE #include §BDHELL




Python DIEE&

O 06 O

$ cat hello_world.py
Q@ XV VU T MAET Python ZFVUH T EEICHE

def (): O EHDERDMLT. def ZfES
print(

if == : ©1DH. 2 DBDVPOHATRE
hello_world()

$ python hello_world.py R :
Hello World! 9 python AN I\‘ 17 thﬁﬁbﬁ%

$ ./hello_world.py P _
Hello World! OET77IINVELTES

$ python -
>>> import hello_world O module &EUTHES

>>> hello_world.hello_world()
Hello World!

L EEAHEERTAERRMAED DD D
» AU U T ~%& python ANY Y RICETEES
y ATV UTRBBHRZEETUAZT python IV RZELHED
» module & LTESAE (import 373)

34



ROOT A7UTFT main ZRERS B

O 06 O

$ cat main.C

O A

return 9;
)y
$ root
root [@] .x main.C
Error in <TApplication::TApplication>: only one instance of TApplication allowed

| Welcome to ROOT 6.06/04 http://root.cern.ch |
| (c) 1995-2016, The ROOT Team |
| Built for macosx64

| From tag v6-06-04, 3 May 2016

| Try '.help’, '.demo’', '.license', '.credits’',6 '.

/Users/oxon/.rootlogon.C:38:7: redefinition of 'fontid'’
Int_t fontid=132;

/Users/oxon/.rootlogon.C:38:7: previous definition is here
Int_t fontid=132;

H LU <IESNT main TIE%E <. ROOT AFizICEDHET
main (FEFHEAEEIZD T, ROOT XV YU TJRANTIEEDLIEWC &
~/.rootlogon.C #* 2 AU HEINTIZ—ZHWLTWD



http://root.cern.ch

54U ROOT 2 (FL vl (C++)

O 06 O

$ cat first_script2.C
( nbins, nevents) {
* hist = EED C+H OBRIEMNICIEZ. TH1D hist("myhist" --:) &3
new ( , , nbins, -5, 5);
hist->FillRandom( , hevents);
hist->Draw();
3

$ root

root [@] .x first_script2.C(500, 100000)

root [1] myhist->GetName()

(const char *) "myhist”

root [2] gROOT->Get("myhist”) @ ROOT HABTATI I MDEEBZLTWND
(TObject *x) Ox7fe79d0572d0

root [3] myhist © ROOT TlIXARIZE>TATIT I MDD RLAZRDO HES
(THID *) 0x7fe79d0572d0

root [4] delete gROOT->Get("myhist”) @ delete TA T I TV FZEXTEY LHHETE.

root [5] gROOT->Get("myhist") ROOT OEEHSEAND
(TObject *) nullptr

. C++ (Z2[FRO—T (scope) EWSBEENFET D
= {} PRERZIRITDE. TOEHKISTEATLED

. new LCATI TV MDT7 RLR%ZERA VIEHE LTRSS &, delete AEEINDETATI =¥
RAXEYU EASHEIAL (E#H TH1D* hist (FIBZ D)

+ ROOT 7 "myhist" WS EBDATI 7 REZBELTNEDT., BHHERTED



new ZEHDLLVE

O 06 O

$ cat first_script2_wo_new.C
( nbins, nevents) { @ R1 VY THWEHICT D
hist( : , hbins, -5, 5);
hist.FillRandom( , hevents);
hist.Draw(); @ XV/\BE#OHEUHULIE -> TGS . ZES

}

$ root
root [0] .x first_script2_wo_new.C(500, 100000) € TCanvas [C{AHERRETNLL)

root [1] myhist->GetName
input_line_79:2:3: use of undeclared identifier 'myhist’

(myhist->GetName()) OATITUVBRHEATNWADT, ROOT EEEICEELTLVERLY
root [2] gROOT->Get("myhist")

(TObject *) nullptr
root [3] gROOT->1s()

CDESNHCEZHBIENL C++ TIFERE

ROOT DFE. AR LIATI I hERXTY TR TRICESIEHRS

S AT L 72 LY
N VY EEDITNE CNDTEAL

37



Python DIEE&

O 06 O

$ cat first_script2.py
import ROOT

def (nbins, nevents):
global hist
hist = ROOT.TH1D( : , nbins, -5, 5)
hist.FillRandom( , hevents)
hist.Draw()

$ python

>>> import first_script?

>>> first_script2.first_script2(500, 100000)

>>> first_script2.hist.GetName()

'myhist’

>>> import ROOT

>>> ROOT.myhist.GetName()
'myhist’

. Python ©E#RIC. B ZRITDEZDEKIIEZTCLED
. C++ D delete DY T BEEL@EIS2H. ATV NEAEERD
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B (Type)

n C/CH [CIFBRIAH D
» fF=HDEFE  char (8 bit). short (16). int (32 or 64)
» FFEIE LB [ unsigned char 75&
» 2B EY | float (32 bit). double (64)
» 32 bit OS H 64 bit AT int DRXESIHIED
. ROOT ClIRERF=ZELS< I8, Short_t ¥ Long t

HENERINTWVND (COHBETRILCEDFNE
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272X (Class)
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double x1 1.5, y1 = 2.3, z1 = -0.4;
double x2 -3.1, y2 = 5.6, z2 = 1.9;
double x3 = x1 + x2, y3 =yl + y2, z3 = z1 + z2 Q@BEIFITPLPIELEDSL/EH

Vector3D v1(1.5, 2.3, -0.4);
Vector3D v2(-3.1, 5.6, 1.9); _ _
PR S I I @ U5RICT BT ETLDERHMIC
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fBEZI S5 ADH (Vector3D.h)

O 06 O

VECTOR_3D
VECTOR_3D

Vector3D {
private:
fX;
fY;
fZ;

public:
Vector3D();
Vector3D( X, Yy,
Vector3D(const & other);
virtual ~Vector3D();

virtual X() const { return fX; }
virtual Y() const { return fY; }
inline virtual Z() const;
virtual Print() const;

= (55 EANVYIY—T71I)UIC. E&EIZXYV—XT71ILICELDH—HKH
LR FIEZENZEN .h/.hpp/.hxx/.hh IR E D .cc/.cpp/.cxx 15 &




{ERAHl (Vector3D _main.cxx)

O 06 O

O {
vo;
vi(1.5, 2.3, -0.4);
v2 = Vector3D(-3.1, 5.6, 1.9);
v3i = vl + v2;
vd(vl - v2);
product = vl * v2;

vO.Print();
vl1.Print();
v2.Print();
v3.Print();
v4.Print();
printf( , product);

return 0;

. B TCTIEo /ey Y —T 74 )% #include $BC & T, Floiges L
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X171

O 06 O

$ g++ -c Vector3D.cxx

$ g++ -c Vector3D_main.cxx

$ g++ Vector3D.o Vector3D_main.o -o Vector3D
$ ./Vector3D

(X, y, z)
(X, y, z)
(X’ y? Z)

(0.000000, 0.000000, 0.000000)
(1.500000, 2.300000, -0.400000)
(-3.100000, 5.600000, 1.900000)
(x, vy, z) (-1.600000, 7.900000, 1.500000)
(x, vy, 2) (4.600000, -3.300000, -2.300000)
vlikxv2 = 7.470000

n B 7AI)IEIERAVINMILU. ATV O R 710)0 (o) ZERT D
S RRICAT I ORI 7OV EREE L. ET 7717V AEES




Python MY 5 ADH (vector.py)

O 06 O

(self):
% (self.x, self.y, self.z)

(self, other):
Vector3D(self.x + other.x, self.y + other.y, self.z + other.z)

(self, other):
return Vector3D(self.x - other.x, self.y - other.y, self.z - other.z)

(self, other):
return self.x*other.x + self.y*other.y + self.z*other.z

L CH EEIEETANDEBDEDSDT, K<KEBEARTLSZEL
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$ python vector.py
(x, v, = (0.000000, 0.000000, 0.000000)

(x, vy,
(x, vy,
(x, vy,
(x, vy,

(1.500000, 2.300000, -0.400000)
(-3.100000, 5.600000, 1.900000)
(-1.600000, 7.900000, 1.500000)
(4.600000, -3.300000, -2.300000)
= 7.470000
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