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AT IR PIT-

Fx2|— I Linux

mWindows to Linux

Assh&s ~ =325 (XManager,SecureCRT, putty...)
mLinux to Linux

mVirtual Box

AR T HEA (Ubuntu, CentOSA—Ftyum?)

m sudo apt-get install g++
m sudo apt-get install emacs23 (&ivi)

2020/9/23



C++:a8: HelloWorld

B Hemacs/vi, B EELLATTABFTI X HelloWorld. cc

// A C++ program
#include <iostream> emacs -nw HelloWorld.cc
using namespace std; editing ..

int main () { save and exit:

trl+x, trl+
cout << "Hello World!" << endl; sav:,r TG

return 0; ctrl+x, ctrl+w

RIS KRR ITIRIFFEZ AR ZE T IR IS
> T++ -0 HelloWorld HelloWorld.cc

WAGIFE (cH)  WHREYXRTFS SR
RIGRITIRF
>./HelloWorld — HAPBANGER: >NARSGERTFE)
Hello World! — THENLERE R

2020/9/23 5
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m C++

m % eiEObject

NAZHHEE R “ 2 AR B
XS B AR B RE e i it
ﬁ?%@%ﬁ%ﬁﬁ

n HEfmA—IIKR, ik
EREME, IR,
O IEE%EEE[?ﬁ, IIDﬁEFﬁ

(AN FH F-fie 2 FH )

m C++%wi%2s, 7] LIBIPE,
R R T 2 R 25 G

2020/9/23
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C++ax8, w52. VolCuboid
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C++3¢ (B95)

#include <iostream>
using namespace std,;

class Line
{
public:
void setlLength( double len );
double getLength( void );
Line(double len); // X@&Mi&KREL
~Line(); // X2t ekZes i
private:

double length;
Fi

2020/9/23



C++3¢ (43RBT T2k )
B3 B B A R R B K 3 X U T

T IE BRI B IR 5K BIR 2 T2 AR
ﬁ%ﬂ‘]ﬁfﬁ@ﬁ&ﬁ A28, WRE, Wil ESE
A&IR BT R A

f2J 35 PR %f( i AR RZ & (private) B BHIIGME

Line::Line( double len): length(len)
{

P hD

" << len << endl;

cout << "Object is being created, length

}
LEENEESFR TN TEE:

Line::Line( double len)

{
length = len;
cout << "Object is being created, length = " << len << endl;

}
2020/9/23



C++2¢ (dm
REITHI R B =T

b

AT 44 BR B 44 FR 5 2R B A4 FR =
TABIRES () fENRTS

BEAEIR[E

SREK

H, AHEH

AT A Zl%f(ﬁﬂﬁﬂ:%‘tﬂ%ﬂj/z)f?

) HURETBUEE IR

Line::~Line(void)

{

7H 1
(

2R QT4 ] 3K
BRI BR B G B3 BB AT
s MR, FATERTEMN

NEES:

LIRS B A5

cout << "Object 1is being deleted" << endl;

}

2020/9/23



C++2z (B15)

void Line::setlLength( double len )
{

length = len;
+

double Line::getLength( void )
{
return length;
+
/] RFHEREN

int main( )

{
Line 1ine(10.0);
// REVERNANRERNKE
cout << "Length of line :
// BIRZEKE
line.setLength(6.0);
cout << "Length of line :
return 0;

+

2020/9/23

Object 1is
Length of
Length of

\\‘ Object 1is

(Y P EORBREEIAGE, TAFETIIER: )

being created, length = 10
10
line : 6

line :

being deleted

T

" << line.getLength()

" << line.getLength()

<<endl;

<<endl;

12



CH++2¢ (#iBHd25)

n BIEHZBERE RN ZEEN —PNEER N, BFFERE
BT NSRRI B RA

m RN R T ) PR R I8 O A 2R T A P BN B X 3
it public. private. protected (I5MHEMFF) RKIEE
17,

m public: AFHRREREFFHERKIFNEE R V5 H K.

m private: (BRIN, BIRBS™F) TAH R AFERKI SRR
ARFEB . AR TCER BT AYT R R A5

m protected: RIFVKRERFRR T, EHE —FA
7, PRIF AR FEYRAZ SR A R A 15 1] K

2020/9/23 13
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2% 7 Inheritance

> Inheritance 7 [ [7] %] 5 2 P2 e B B RF IR 2 —

> Rl Uiy e, RlafCiela— 2 R Rr 53R 1
A JEt = inheritance

> T “EHE” base class M1 “YEE” derived class:

IRAZSRAR AR IR AR, ELIEO R Ad AT AR IS

P s s === -

class CPolygon {/*...*/};

E CPolygon E
/’ ‘\ class CRectangle: public CPolygon
TS
e CTriangle class CTriangle: public CPolygon

{/*...... %/ };

class derived class name: public base class name
{ /*...*%/ };
2020/9/23 16



2 K T ]

// derived classes int main () §{
#include <iostream> Rectangle rect;
namespace std; Triangle trgl;
rect.set_values (4,5);
class Polygon|{ | //base class trgl.set_values (4,5);
: cout << rect.area() << '\n';
int width, height; cout << trgl.area() << "\n';
: 0;
void set_values (int a, int b) }
{ width=a; height=b;}
L > Polygon &3
class Rectangle} Polygon { > Rectangle N Triangle & 3%
: //derived clasd Polygon HIIRAE R
int area () > Rectangle 1 Triangle V] H.321% A
d width * height; } Polygon H]publicflprotected iy, 72
3 //derived class
class Triangle} Polygom
intarea() > ¥E: IRAERANTE Ui R FERE
} { width * height / 2; } private EE DE"\

Z020/9/25 17



2Pk K

VAR

B

RS

ERRAKT ?

> JFN S IRA RS MARFSSHI T R, BR 1 E2EH:
* constructors 1 destructor
* assignment operator members (operator=)

e friends

* private members

E Y

> IRAERAT LA R H 24358, AAZERZBHIE S 706,

class Rectangle: public Polygon, public Output;
class Triangle: public Polygon, public Output;

2020/9/23

18



Polymorphism (£&1%)

> BEUTHNEBRESHIE. MK AGEERREH
;3R AL AR kAR KB, T 52 A
> Crt ZAERE R RSO, SRR RS x &

ISR TSR AT AN [ FY) R

18 I 2R A a5l

base class: Mother
derived class: Daughter

Daughter myD;
Mother *myM = &myD;

2020/9/23 19



EIEE- =Nk

// pointers to base class
#include <iostream>
namespace std;

class Polygon |{
int width, height;

void set_values (int a, int b)
{ width=a; height=Db; }

¥
class Rectangle;: Polygon {
int area()
{ width*height; }
3
class Triangle Polygon {
int area()
{ width*height/2; }
3

int main () {

Rectangle rect;

Triangle trgl;

Polygon * ppolyl = &rect;

Polygon * ppoly2 = &trgl;

ppolyl->set_values (4,5);

ppoly2->set_values (4,5);

cout <<rect.area() << '\n';

cout << trgl.area() << '"\n';
0;

}

2020/9/25

> ppolyl and ppoly2 are pointers
of Polygon class

» They are assigned the addresses
of rect and trgl, objects of type
Rectangle and Triangle

> They can only access
members in base class!

ppolyl->area(); 83 o



gra] 5 1] eR Eareal()

» If area() is defined in the base class Polygon...

» But the implementations of area() in Rectangle and
Polygon are different

» Virtual member as a solution:

* A member function that can be redefined 1n a derived
class, while preserving its calling properties through
references

* The syntax for a function to become virtual 1s to precede
its declaration with the virtual keyword

2020/9/23 21



R virtual members x4l

#include <iostream>
namespace std;

class Polygon {
int width, height;

void set_values (int a, int b)
{ width=a; height=b; }

area ()
d Us
3
class Rectangle: Polygon {

int area ()
{ width * height; }
$3

class Triangle: Polygon {

int area () { (width * height / 2); }
$3
int main () {
Rectangle rect;  AEAEFRATELFURL ¥
Triangle trgl; I i 2 AN A2 1R 7 (i !
Polygon poly;
Polygon * ppolyl = &rect;
Polygon * ppoly2 = &trgl;
Polygon * ppoly3 = &poly;
ppolyl->set_values (4,5);
ppoly2->set_values (4,5);
ppoly3->set_values (4,5);
cout << ppolyl->area() << "\n';
cout << ppoly2->area() << "\n';
cout << ppoly3->area() << "\n';
0;

)

2020/9/23 dquestion: w

nat are the output? 22



FFvirtual

#include <iostream>
namespace std;

class Polygon {
int width, height;

void set_values (int a, int b)
{ width=a; height=b; }
area ()
d U5
$3

class Rectangle: Polygon {

int area ()
{ width * height; }
$3

class Triangle: Polygon {

int area () { (width * height / 2); }
$3
int main () {
Rectangle rect;
Triangle trgl;
Polygon poly;
Polygon * ppolyl = &rect;
Polygon * ppoly2 = &trgl;
Polygon * ppoly3 = &poly;
ppolyl->set_values (4,5);
ppoly2->set_values (4,5);
ppoly3->set_values (4,5);
cout << ppolyl->area() << "\n';
cout << ppoly2->area() << "\n';
cout << ppoly3->area() << "\n';
0;

)

2020/9/23 dquestion: w

nat are the output? 23
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> Abstract base classes are classes that can only be used as
base classes

» They are allowed to have virtual member functions without
definition (known as pure virtual functions)

» The syntax is to replace their definition by =0

// abstract class CPolygon
class Polygon {
protected:
int width, height;
public:
void set values (int a, int b)
{ width=a; height=b; }
virtual int area () =0;

}:

» Abstract base classes cannot be used to instantiate objects
Polygon mypolygon; %

Polygon *ppolygon;

2020/9/23 24



R IG R BRI

int main () {
#include <iostream> Rectangle foo;
namespace std; Rectangle bar (2,3);
foo = duplicate (bar);
class Rectangle { cout << foo.area() << '\n';
int width, height; | Default is Private 0;
: }

Rectangle() {}
Rectangle (int x, int y) : width(x), height(y) {}

int area() § width * height:} » duplicate is a friend
Rectangle duplicate ( Rectangle&); function of class
¥5 Rectangle

» It returns an object of

Rectangle duplicate ( Rectangle& param)

I

class Rectangle

Rectangle res;

res.width = param.width*2;

res.height = param.height*2;
res;

» It can access private
data member of class
Rectangle (width, height)

2020/9/23 25



Xt Friendships

> R _E, ASEE B EATRY (A
privatef. R R protected) i .

+ “&XJt, friends” .

> RIoH] Pl — ROt E); B

R) o

> RIGTREFERRE X F

—RZHMF I SRHI AL
B, BERNAE

DL — 2R (KTt

AR EPS:

AR, F

2 F friend

> REGR T XAERINER, (EFB; HKK A LA B

RAORY BB -

> RICRBFF AR A R

2020/9/23
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// friend class
#include <iostream>

namespace std;

void Rectangle::convert (Square a)

-

class Square;

€« what?

class Rectangle {

int width, height;

int area ()
{ (width * height);}

void convert (Square a);

}5

class Square {

class Rectangle;

}5

int side;

Squa;‘e (int a) : side(a) {}

NN [N [N

width = a.side;
height = a.side;
}

int main () {
Rectangle rect;
Square sqr (4);
rect.convert(sqr);
cout << rect.area();
0;
}

£LUZU/ T/ LD

» Rectangle is a friend class
of class Sguare, and can
access class Square’s data
member(sides)

> Notice:

1) Direction of friendship
2) friendship NOT transitiv2e7




i

1. FIAHg++K4mPE, MHS R T~

W ) XA 5

~

g

#n Lec2/VolCuboid/build.sh A 2
#!/bin/tcsh

g++ -0 bin/try -Iinclude/ src/*.cc

2. XA
7 i FHMakefile

Lec2/VolCuboid/Makefile

try:
> make

Kb AR Be AR, 1 HIjRe R ZE, FAl]

> bin/VolCub (8% ./bin/VolCub)

2020/9/23



I, HEE

{ELec2/VolCuboid/ 7R 1 2 Mg P E R A U7 5\
build.sh:

g++ -0 bin/try -Iinclude/ src/*.cc

compile.sh:

#! /bin/bash
H#### compile cpp programs

g++ -c -I./include/ src/*.cc
g++ -o bin/try *.o0
rm -f *.0

2020/9/23

29



)

— M) B [F]Makefile

Makefile.easy
default: hello

hello:
g++ -0 bin/hello -Iinclude/ src/*.cc
clean:

rm -f obj/*.0 bin/*

fEmakeiiy 4 J5 7] LLEFEHE— 1 Makefile
> make -f Makefile.easy

i eI ~make H Fr
> make clean -f Makefile.easy
> make hello -f Makefile.easy

2020/9/23 30



—i~ 2 —2eMakefile

Lec2/VolCuboid/Makefile

# # setup control # "['EEI“%?EE%%’ @%’giﬁf“b

TOP := $(shell pwd)/ £ 4
OBJ := $(TOP)obj/ b 7 1R 2D

E:RI:C:LE}E%E%EEZ) » SkaCHFEE BESC B 3%

= include

ronms = T AT gra K
# # set up compilers # /

gII::FT_Ig;; = -0 -Wall -fPIC -I$(INCLUD A BT A
######W

all: VolCu

VolCub : $(patsubst $(SRC)%.cc,$(0BJ)%.0,$(wildcard $(SRC)*.cc))
$(CPP) $~ $(CPPLIBS) -0 $(BIN)$(notdir $@)

@echo
HEHHH BB BB AR HEHHEHEH M
$(0BJ)%.0 : $(SRC)%.cc 4——— C+ +}§é§§,ﬁnﬁﬁ7ﬁ.cc&7’j.o
$(CPP) $(CPPFLAGS) -c $(SRC)$(notdir $<) -0 $(0BJ)$(notdir $@)
@echo
.PHONY:clean
clean: rm -f $(0OBJ)*.0 rm -f $(BIN)*

2020/9/23 31



A maketile with external libraries

# An example of makefile

TOP = $(shell pwd)/ What if external libraries
0BJ = $(TOP)obj/ ] |
BIN = $(TOP)bin/ like ROOT 1s used?
SRC = $(TOP)src/
INCLUDE := $(TOP)include/ )
P = ge What you need to do i1s to let
LD = $(CPP) the compiler know:
CPPFLAGS = -0 -Wall —-fPIC -I$(INCLUDE) .
1) where 1s the head file?

ROOTCFLAGS = $(shell root-config --cflags) ; :
ROOTLIBS = $(shell root-config —-1libs) 2) Where 1S the hbrary ﬁle
ROOTGLIBS = $(shell root-config --glibs)
CPPFLAGS += -I$(ROOTCFLAGS) .
CPPLIBS = $(ROOTLIBS) $(ROOTGLIBS) You may do this manually or by
i######## Make Executables #iiitmmmmppmmmnnnnmmins e “root-conﬁg” command
Ll: main
main : $(patsubst $(SRC)%.cc,$(0BI)%.0,$(wildcard $(SRC)*.cc))

$(LD) $~ $(CPPLIBS) -o $(BIN)$(notdir $@)

@echo
BHBBERRRHRRRRR BB RRR BB BB R R
$(0BJ)%.0 : $(SRC)%.cc

$(CPP) $(CPPFLAGS) —c $(SRC)$(notdir $<) —o $(0BJ)$(notdir $@)

@echo

SHONY: clean Try in the command line:

clean: root-config --cflags

o j ﬁﬁg’;ﬂiim root-config --libs

2020/9/23 root-config --glibs 32




GDB: the GNU project debugger

http://www.gnu.org/software/gdb/
l#s (40 GDB) K H 2 RvF AL
EPATI EE " WO, BE
5 — /MR PAE A R IEAE AT IR AE

What GDB can do:

JEBNAESY, T8 € Al gesZ M HAT N BRI 2R

HFE P AT E R M E Ik

6 B AL A% 1R I A R RS O 6

HUAE T EY), DA LA IE— Bug B2, A5
AL [ % 1> Bug.

A nice quick-start example:

http://www.cnblogs.com/davidwang456/p/3450532.html

2020/9/23 33


http://www.gnu.org/software/gdb/

GDB example

» You need compile the program with “-g” option

g++ main.cc -g -Wall -0 main

(-g: produce debug information)
(-Wall: turns on all optional warnings)

» Start your program with gdb:

gdb main
gdb main pid

» Try the following gdb command to see what happens

(gdb) break 11
(gdb) run

(gdb) step

(gdb) list

(gdb) watch n
(gdb) watch result
(gdb) continue
(gdb) backtrace
(gdb) frame numbe

2020/9/23

(gdb) b 8 if i==10
(gdb) next

(gdb) info breaks
(gdb) disable
(gdb)

(gdb) print val
(gdb) next

(gdb) continue
(gdb) quit

34



https://blog.csdn.net/yockie/article/details/51973740

GDB1fiicore

|
\Il

2R PATH, &% 2B B = (Segment Fault)[i8 H, #

(3 EEATEEB/EF?‘%*TW@HE dump 2J#EE b, BIAE R

core XH. Xt core HEFFAHTAT LURBEAHT th S0

l

=7

crash KM 7,

u (1) )&E core jC{ﬁFj(/J\ [zhang}m@hepgpul@ édb]$ ulimit -a

core file size (blocks, -c) 0
> ulimit —a data seg size (kbytes, —-d) unlimited
scheduling priority (-e) 0
> ulimit -c unlimited file size (blocks, -f) unlimited
ol . pending signals (-i) 257378
ﬂu‘&% core file size max locked memory (kbytes, -1) 64
jﬁj%l}ﬁ max memory size (kbytes, -m) unlimited
open files (-n) 1024
pipe size (512 bytes, -p) 8
POSIX message queues (bytes, —q) 819200
real-time priority (-r) o
stack size (kbytes, -s) 10240
cpu time (seconds, -t) unlimited
max user processes (-u) 1024
virtual memory (kbytes, —-v) unlimited
file locks (-x) unlimited

2020/9/23
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https://blog.csdn.net/yockie/article/details/51973740

» v D https://blog.csdn.net/yockie/article/details/51973740
GDB i core

m (2) ERRFEE SR core XM

#include <vector>
using namespace std;

int main(int argc, char const *xargv([])
{

vector<int> a;
vector<int> b;

b.push_back(al[0]);

return 0;

by

[zhanglm@hepgpul® gdb]$ g++ —-g test.C -0 test
[zhanglm@hepgpul® gdbl$ ./test
Segmentation fault (core dumped)

-W——————— .1 zhanélm lhcb 476K Mar 9 14:51 core.18983
2020/9/23 36
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https://blog.csdn.net/yockie/article/details/51973740

GDB i icore

m (3) gdb test core.18983

[New LWP 18983]
Core was generated by "./test'.
Program terminated with signal SIGSEGV, Segmentation fault.

#0 0x000000000040103e in __gnu_cxx::new_allocator<int>::construct (this=0x7ffcfle34a80,
__p=0xde8010, _ val=@0x0: <error reading variable>)
at /cvmfs/lhcb.cern.ch/lib/lcg/releases/gcc/4.9.3/x86_64-slc6/include/c++/4.9.3/ext/new_alloca
tor.h:130
130 { s:pnew((void %) p) Tp( val): }

warning: File "/cvmfs/1lhcb.cern.ch/1lib/1lcg/releases/gcc/4.9.3/x86_64-s1c6/1ib64/1libstdc++.50.6.0.2
0-gdb.py" auto-loading has been declined by your “auto-load safe-path' set to "$debugdir:$datadir/
auto-load".

o« WHNER, gdbZ I H O HES A RN line#

» ERER (XE) , 4HHECHHERET RIS AT
PERR AR e e T 8E B R, EAAFTRE S, ATLABRATTIZE A
H CHIR R GE.
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https://blog.csdn.net/yockie/article/details/51973740

GDB i icore

m (3) gdb test core.18983

{8 /] backtrace(El# where) 7441 tH 2 HT i FH HEAR, F-48
frame n 72 51 H 26 n EHERR TG S, BT DL E 6 21 H 45
ih] ﬁ@%’@ T

(gdb) bt
#0 0x000000000040103e in __gnu_cxx::new_allocator<int>::construct (this=0x7ffcfle34a80,

__p=0xde8010, __val=@0x0: <error reading variable>)
at /cvmfs/lhcb.cern.ch/lib/lcg/releases/gcc/4.9.3/x86_64-slc6/include/c++/4.9.3/ext/new_alloca
tor.h:130
#1 0x0000000000400cd4a in __gnu_cxx::__alloc_traits<std::allocator<int> >::construct<int> (
__A@=..., __p=0xde8010, __arg=@0x0: <error reading variable>)
at /cvmfs/lhcb.cern.ch/lib/lcg/releases/gcc/4.9.3/x86_64-slc6/include/c++/4.9.3/ext/alloc_trai
ts.h:189
#2 0x0000000000400d91 in std::vector<int, std::allocator<int> >::_M_insert_aux (
this=0x7ffcfle34a80, __position=..., __x=@0x0: <error reading variable>)
at /cvmfs/lhcb.cern.ch/lib/lcg/releases/gcc/4.9.3/x86_64-slc6/include/c++/4.9.3/bits/vector.tc
c:361
#3 0x0000000000400b40 in std::vector<int, std::allocator<int> >::push_back (
this=0x7ffcfle34a80, __x=@0x0: <error reading variable>)
at /cvmfs/lhcb.cern.ch/lib/1lcg/releases/gcc/4.9.3/x86_64-slc6/include/c++/4.9.3/bits/st1_vecto
r.h:925
#4 0x00000000004009c3 in main (argc=1, argv=0x7ffcfle34bb8) at test.C:9
(gdb) f 4
#4 0x00000000004009c3 in main (argc=1, argv=0x7ffcfle34bb8) at test.C:9
[ 9 b.push_back(a[0]); J

2020/9/23
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m g++miIFEC++REF

m HMakefilegmi?:C+ + &)

2020/9/23
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T B R LN o] B R B TEAR, % .

m FRARTE E R4k R K B E ML, SRR
O, FRIiEiTR E20, 22, 23,
35-37 T I+

n N ARNTEHEEZS? Fas LA N 5,
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ROOT22k

1. T #root IS http://root.cern.ch/

#kF|Download, &4 Documentation->Building root
2. W EFERPITEME L, 2
3. IR ARG n] BE = o /b — L8 S RF a4

http://root.cern.ch/drupal/content/build-prerequisites

4. 7EUbuntuf 35+ ] LA Hapt-getar & 2 3E 5/ 1)
N . — s/ bR KB, #ltnlibglewl.5-dev,
Bk, FESCff, sEEEES.

2020/9/23
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@<ROOT

= > root RATEBIRIEX A E T4 RN |

N1

m root [0] TH1F h1("h1","myhistorgram”, 100, -5., 5.)
m root [1] hl.FillRandom("gaus",5000)

m root [2] hl.Draw()

-

R 2:

m root [3] TF1 poi("poi","5**int(x)*exp(-5)/
TMath::Factorial(int(x))",0,20)

m root [4] poi.Draw()

GINCE
m Al
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— SERLAORE R B

FHXERAAEHARE ?

Statement:
int A::b(int c) { }
a->b

class A: public B {};

2020/9/23 i



fEiHk Template

» In C++4, two different functions can have the
same name if their parameters are different
« either because they have a different number
of parameters
« or because any of their parameters are of a
different type
» They are called overloaded functions
» Template of functions is convenient

int main () {

#include <iostream> int i=5, j=6, k;
namespace std; double £=2.0, g=0.5, h;
template <class T> k=sum<int>(L,j);

T sum (T a, T b){ h=sum<double>(f,g);
T result; cout <<k <<'\n';
result =a + b; cout << h << '\n';

result; 0;

; 2020/9/23 ;
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