BABAR C++ Course

Preliminaries

Paul F. Kunz Recommended text book:
) * John J. Barton and Lee R. Nackman
Stanford Linear Accelerator Center Scientific and Engineering++
Addison-W\esle

IBSN: 0-201-53393-6

* http://lwww.research.ibm.com/xw-
SoftwareTechnology-books-SciEng-
AboutSciEng.html

No prior knowledge ofC assumed

I’'m not an expert in C++
Accessto source code examples

Will try to do the dull stuff quickly , then move into
OOP and OO design * useWWwWw browser to tat book home page

You need to practice to eally leam C++  copy from /usr/local/doc/C++Class/SciEng/

Create a. out executablewith

e forAIX:xIC file.C

First two sessions is about the samerfC, C++,

Objective-C and Java » forgccig++ file.C -Im

« for others: ?
Type a. out torun.
Some code requires exceptions feature
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Comments Main program

Two forms of comments allowed (ch2/ corment s. C) All programs must have a main
 Tradition C style

Most trivial is (ch2/trivial.C)
/* This is a comment */

int main() {

/* return O;

* This is a multiline }

* comrent

*/ « under UNIX, suff ixis.Cor. cc
a =/* ugly cooment */ b + c; * under Windows, suff ix is .cpp

« New C++ style (also Objective-C) * main() is a function called by thes

// This is a coment * thismain() takes no aguments

1 * braces ({” and “}” ) denote body of function
/1 This is a multiline ]

/1 comment * main returns O to the&s (success!)

11

» a statement ends with semi-colon’(; otherwise
a=bDb+c; // conment after an expression completely free form

» same rules a8 (except.c sufiix is used)
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C++ Input and Output Moreon I/O

Introduce 1/0 early, so we can run programs from Controlling end-of-line has its advantages
shell and see something happen :-)

Example (ch2/intercepts. Q)

Example(ch2/regurg| ate. C) /1l Print the equation coefficients of a*x + b*y + ¢ =0

#i ncl ude <iostreamh> // preprocessor comand cout << "Coefficients: " << a << ", " << b <<", " <<c¢ << endl;
int main() { /1 Conpute and print the x-intercept.
/1 Read and print three floating point numbers cout << "x-intercept: ";
float a, b, c; if (a'!=0) {
cin >>a >>b > c; // input cout << -c¢ / a<<", "; // anot equal to O
/1 out put
cout << a << ", " << b << ", " << ¢ << endl; el se {
cout << "none, "; // ais equal to O
return 0; }
}
« i ostream h is header file containing declarations * an expression can beinput to cout <<
needed to use++1/0 system » we print the result of the expression, or “none” on
« a, b, andc are floating pointariables (lile REAL* 4) same linelas|abel.

* cin >> reads fronst di n, i.e. the keyboard
e cout << printstost dout, i.e. the screen

» endl is special ariable: the end-of-line\(h’ in C)
Unlike Fortran, you control the end-of-line.
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math.h

Unlik e Fortran, ther e are no intrinsic functions
But there are standard libraries

One must include header file to mak library
functions available at compile time

Example ch2/ cosang. C)

/'l Read an angle in degrees and print its cosine.
#i ncl ude <i ostream h>
#i ncl ude <mat h. h>

int main() {

float angl e; /'l Angle, in degrees

cin >> angle;

cout << cos(angle * M Pl / 180.0 ) << endl;
/1 MPI is from <math. h>

return O;

functions can be input teout <<

see/ usr/incl ude/ mat h. h to get list of functions

useful constants are defined as well

C shares same library

BABAR C++ Course 7 Paul F. Kunz

Variables, Objects, and Types

Consider (ch2/sinple.f)

| NTEGER |
REAL X

DATA 1/3/, X/ 10.0/
CALL S(X, 4.2)

» we have three objects with initial value

[INTEGER| . [REAL REAL
I 3 X1 100 4.2

Consider (si nple. f) S()

SUBROUTI NE S(A, B)
REAL A, B

A=B

END

» we have still only three objects, but,

. [INTEGER| X: [REAL g: [ REAL
: 3 A: | 100 4.2

» thus X getschanged by S() incalingroutine

» we say: Fortran passes by reference
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Declaring types and initializing Types
Consider (ch2/ si npl ecpp. C) Both Fortran and C/C++ have types
:‘Ingait ):( i; 10. 0 Fortran C++orC
’ LOG CAL bool (C++ only)
* variable names must start with a letter dt,‘and are CHARACTER*1 | char
case sensie | NTEGER* 2 short
« initialization can occur on same line INTEGER™4 | int Iong
. . REAL* 4 fl oat
» multiple declarations are alieed REAL* 8 doubl e
 type declaration isnandatory COMPLEX

(like haring | MPLI CI T NONE in every file)
_ » defines the meaning of bits in memory
« for all of the abwe, same rules i@
_ _ « defines which machine instructions to generate on
* type declaration must be before first use,dmes not certain operations
have to be before firstxecutable statement
inti * linmts.h gives you the alid range of intger types
f | oat
o=
int j

10.6; « float. h gives you the alid range, precisioretc. of

floating point types

I+ X 1

R UNCe

.. . * not all compilers supporbool type yet
* general practice is to makype declaration just P PP ypey

before first use * as with fortran, vatch out orPCs or 64 bit machines
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Arithmetic Operators Exercise
Both Fortran and C/C++ have operators What isthe output of (ch2/ prepost fi x. C)
#i ncl ude <i ostream h>
Fortran Purpose Cor C++ int main() {
X+Y add X +y
X-Y subt ract X -y int i = 1:
xX+Y mul tiply X*y cout <<i << o
XY di vi de xl'y EEE .( i ) << ! ;
cout << 1| << ", )
MOD( X, Y) | nmodul us X%y cout << (i++) << ", ";
Xe*Y exponenti ations | pow( X, y) cout << i << endl;
+X unary plus +X
-Y unary mnus -y return O;
posti ncr enent X++ }
prei ncrement ++x
post decr enent X- -
Should be
predecr ement --X
1, 2, 2, 2, 3
* x++isequvalenttox = x + 1
* x++ means currentalue, then increment it Try changing ++ to --

e ++x means increment it, then use it.

* sorry cant do x**2; use x*x instead
(for sub-expressions lik (x+y) ** 2, we'll see some
tricks later)
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Relational Operators

Both Fortran and C/C++ define relational operators

Fortran Purpose Cor C++
X .LT. Y |less than X <y
X .LE. Y |less than or equal X <=y
X .GI. Y |greater than X >y
X .CGE Y |greater than or equal |x >=y
X .EQ Y |equal X ==y
X .NE. Y | not equal X =y

» zeroisfase and non-zero istrue
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L ogical operatorsand Values

Both Fortran and C/C++ have logical operations and

values
Fortran Purpose Cor C++
. FALSE. fal se val ue 0
. TRUE. true val ue non-zero
.NOT. X | ogi cal negation I'x
X .AND. Y |l ogical and X && 'y
X .OR Y |logical inclusive or X 1]y

&& and || evaluate from left to right and right hand
expression not evaluated if it doesn’t need to be

* thefollowing never divides by zero

if (d &k (x/d < 10.0) ) {
// do sone stuff
}

* if bool typeissupported,the true and f al se exists
as constants.

* elsecando

t ypedef char bool ;
bool false = 0; bool true = 1;
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Characters Bitwise Operators

C/C++ only hasone byte characters Both Fortran and C/C++ have bitwise operators
Constantsof typechar  use single quotes Fortran Purpese | ¢+
NOT( 1) conpl enent ~i
char a ='a’; -
Chal’ aa:vAv; |ANu|,J) and |&]
I EOR(I,J) exclusive or |i?7j
] 1OR(I1,J) inclusive or |i]j
Use escape sequence for unprintable charactersand ISHFT(1.N) | shift left |i<<n
special cases : : :
I SHFT(I,-N) | shift right i>>n

* \n fornew line
 can be used on any integer type

e '\ forsingle quote (char, short,int, etc.)

* '\  for double quotes « right shift might not do sign extension

« \?*  for question mark » most often used for on-line DAQ and trigger
* \ddd"  for octal number » also used for unpacking compressed data

e \xdd’ for hexadecimal
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Assignment operators Operator Precedence

C/C++ has many assignment operators Both Fortran and C/C++ use precedencerulesto
determine order to evaluate expressions

Fortran Purpose Cor C++
P * z = a*x + b*y + c; evauatesasyouwould expect

X=Y assi gnnent X =y
X=X+ Y add assi gnment X 4=y  asoleft toright or right to left precedence defined
X=x-Y subtract assignment  |Xx -=y « can over ride default by use of parentheses
X = XY mul tiply assignnent X *=vy ]
X =XY di vi de assi gnnent X l=y * whenin dOLIbt, use parentheses
X = NOD(X, Y) nodul us assi gnment X %y ° make Codeeasyto understar]d
X = I SHFT(X,-N) | right shift assignment |x >>=n
X = ISHFT(X,N) |left shift assignment |x <<=n * don't make clever use of precedence
X = AND( X, Y) and assi gnnent X &y
X =10R(XY) or assignment X |=vy
X = 1EOR(X,Y) xor assi gnment X "=y

* takes sometime to get use to

* makes code more compact
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I f Statements

C/C++if statement isanalogousto Fortran
(ch2/tenpctrl.C)

if (current_temp > maximum_safe_temp) {
cerr << "EMERGENCY: Too hot--flushing" << endl;
flushWithWater();

}

Any expression that evaluatesto numeric valueis
allowed.

if (!(channel = openChannel(“temperature”)) ) {
cerr << "Could not open channel" << endl;
exit(1);
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| f gotchas

Braces are optional when single expression isin the
block

if ( x <0)
x = -x; [/ abs(x)
y = -y; [/ always executed

* |eaves potential for future error

* suggest single expressions remain on same line
if ( x <0) x =-x; [/ abs(x)

Any expression, including assignment
int i, j;
/1 some code setting i and j
it (i=j)A

/] sonme stuff
}

e acommon mistake; thissets i = j and then does
some stuff if j isnon-zero
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I f el se Statements Coding Styles

Analogousto Fortran C/C++isfreeform
if (x<0) {
y = -X; Common stylesfor if block are
boelse { if (x<0) {
y =X
} y = -x
} else {
y =X
C/C++ also has condition oper ator }/ or
y =(x<0) ?-x:x; [/l y =abs(x) if ( x <0)
{
. . y = -X;
e useonly for simple expressions }
el se
* ¢€lse code can become unreadable {
y =X
Also have }
if (x<0) { « thefirst is more common
y = -X;
} elseif (x >0) {
y =X
} else {
y = 0;

}
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whi | e loop whi | e Example

C/C++ whi | e iswhen block should be executed Example (ch2/ sqrt Tabl e. C)

zero or moretimes #i ncl ude <i ostream h>

#i ncl ude <i omani p. h>

General form #i ncl ude <math. h>
whi | e (expression) { int main() {
st at enent float x:
while (cin >> x) {
} cout << x << sqrt(x) << endl;
. . }
* any expression that returns numeric value return 0;
}
» samerulesas i f block for braces
« Fortran equivalent requires GOTO * readsterminal until end-of-file
10 I'F (. NOT. expression ) GOTO 20 e <ctrl>-d is end-of-file for UNIX
st at enent
R * | can not explain how this works until later
GOTO 10
20 CONTI NUE

BABAR C++ Course 23 Paul F. Kunz BABAR C++ Course 24 Paul F. Kunz



do-whi | e loop do-whi | e Example

C/C++ do-whi | e iswhen block should be Snippet from use of Newtors method
executed one or moretimes (ch2/ Newt on. C)

X = initial_guess;
General form do {

dx = f(x) / fprime(x);
X -= dx;
} while (fabs(dx) > desired_accuracy);

do {
st at enent

} V\hi I é(expr essi on);
 any expression that returns numeric value
e samerulesas i f block for braces

 Fortran equivalent requires GOTO

10 CONTI NUE
st at ement

| F(expressi on) GOTO 10
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for loop

C/C++ f or loop much more general than Fortran
DO loop

for(init-statement; test-expr; increnment-expr) {
st at ement

}

* thetest expression can be any that returns numeric
valuelikei f block

« function callsand I/0 are also alowed

In Fortran
DO10 | =1, J, K
st at enent s
10 CONTI NUE
InCor C++
for( i =1; i <=j; i +=k ) {
st atenent s
}
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More Examples

Typically, one sees

for(int i =0; i < count; i++) {
/1 statenments in | oop body
}

» where i isdeclared and typed in init-statement

Nested loops might iterate over all pairswith

for(i =0; i <count - 1; i++) {
for(j = i+1; j < count; j++) {
/] statements in | oop body
}

Use of two running indices might be

for(i =0, j =count-1; i < count-1; i++ j--) {
/1 statenments in | oop body
}

* sSeparate expressions with commas
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br eak and cont i nue Statements

Consider following Fortran

DO 100 | =1, 100
IF (1 .EQ J) GO TO 100
IF (1 .GI. J) GO TO 200
I do sonme work

200 CONTI NUE

» common need to break out of loop or continueto next
iteration.

Equivalent C++ codeis

for (i =0; i < 100; i++ ) {
if (i ==j ) continue;
if (i >j ) break;
/1 do some work

}

* continue goesto nextiteration of current loop
» break stepout of current loop
* goto existsin C/C++ but rarely used

* we'll make less use of these constructsin C++, then
in either C or Fortran
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Arrays

A collection of elements of sametype
float x[100]; // |ike REAL*4 X(100) in F77

» accessfirst element of array with x[ 0]
* accesslast element of array with x[ 99]

Initializing array elements

float x[3] = {1.1, 2.2, 3.3};
float y[] = {1.1, 2.2, 3.3, 4.4};

 can let the compiler calculate the dimension

Multi-dimensions arrays
float n{4][4]; // like REAL*4 M4,4) in F77
int m[2][3] ={ {1,2,3}
{4,5 6} };
» elements appear row-wise
» Fortran elements appear column-wise
e Thus n{ 0] [ 1] inC/C++is M 2, 1) in Fortran

* royal pain to interface C/C++ with Fortran
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A Pause br Reflection

Example Code and a Test

Multiplying matrices (ch2/ mat 3by3. C) What have we leaned so far?

float n{3][3], mi[3][3], n2[3][3]; » we'veseen how todoin C/C++ everything you cando
/1 Code that initializes nl and n2 ... in Fortran 77 except functions, COMMON blocks, and
/I m=m * ng character arrays.

doubl e sum « some aspects of C/C++ are more convenient than

for (int i =0; i < 3; i++
§or (int j =0;j < 3;)j£-+) { Fortran; some are not
?3?’ (i g{ok = 0; k < 3; k++) { * but we've seen nothing fundamentally new, things
sum += nmi[i][k] * n2[K][j]; arejust different
}
) Ml = sum Next session, we start with some new stuff and we’
} not even finished with chapter 2!

In particular , the replacement &r COVMON blocks is

* If you understand this code, then you know enough going to be quite diffeent

C/C++ to code the algorithmic part of your code

At the beginning of this session, the above code
would probably have been gibberish

* |If you can not understand this code, then I’m going
too fast :-(
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Plan of the day

Functions

Pointers

More on functions

BABAR C++ Course 33

Functions

Example function (ch2/ coul onbsLaw onefi |l e. C)
double coulombsLaw(double g1, double g2, double r) {
/I Coulomb's law for the force acting on two point charges
/I q1 and g2 at a distance r. MKS units are used.
double k = 8.9875e9;  // nt-m**2/coul**2
return k*ql* g2/ (r *r);

int main() {
cout << coulombsLaw(1.6e-19, 1.6e-19, 5.3e-11)
<< " newtons" << endl;
return O;
}
« first token is type of returned object
» second to&n is function name
e argument names are proceeded by their type
 function body is within{}
* return statement can bepeession or ariable

« if keyword voi d is used as return type, then
function is like FortranSUBROUTI NE

« if no aguments,voi d can be used or lga empty
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Function Prototypes

Will thiswork?
int main() {
cout << coul ombsLaw( 1. 6e-19, 1.6e-19, 5.3e-11)

<< " newtons" << endl
return O;

» C++ checkstypes and number of arguments
* does standard type conversions if necessary
» C++ checksreturn type

 can be compilation error if checksfail or type
conversion is not possible

Will thiswork?

ext ern doubl e coul onbsLaw doubl e g1, doubl e q2, double r);

int main() {
cout << coul ombsLaw( 1. 6e-19, 1.6e-19, 5.3e-11)
<< " newtons" << endl
return O;

* ext er n keyword says that the function is external
and needs to be included in the link step

» statement endswith ; where body would have been
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Declarations and Definitions

On the one hand, programs must be broken up into
unitswhich are compiled separately

 standard functions compiled and put in libraries

 analysis code compiled and linked to library

On theother hand, functions and other externals
must be declared beforetheir use.

extern doubl e sqgrt (doubl e);

double x, vy, z, r;
/1
r = sqgrt(x*x + y*y + z*z);

e sqgrt(double) and sqrt(double x) are
equivalent in the declaration statement

What would happen if declaration we used did not
correspond to function in thelibrary?

To ensure consistency, weforcethelibrary function
and thedeclar ation we useto share samedeclaration
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Header files used with definition

In mat h. h, we have declarations

extern doubl e sqgrt(doubl e);
extern doubl e sin(doubl e);
extern doubl e cos(doubl e);
// and nany nore

In mat h. C, we have definition

#i ncl ude <mat h. h>

Header filesand user code

In mat h. h, we have declarations

extern doubl e sqgrt(doubl e);
ext ern doubl e sin(doubl e);
extern doubl e cos(doubl e);
// and nany nore

in user. C we have definition of user code

#i ncl ude <mat h. h>

doubl e sqrt (double x) {

/1 double x, vy, z, r;
return result; [/
} r = sqrt(x*x + y*y + z*z);
doubl e sin(double x) {
[/ .
return result: use same header file in user code
) * user code then compiles correctly with implicit
, - . conversions as heeded
* #i ncl ude is like Fortran include
* declaration in header files is used in compilation of
the library function
» ary mismatch between declaration and definition is
flagged as error
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Extern Data Declar ations

Data can be external
extern doubl e aNum
int foo() {

cout << aNum << endl ;
return O;

}

» external dataislike datain Fortran COWON block
* rarely used featurein C and even lessin C++
Defining extern data

doubl e aNum = 1234. 5678;

int main() {

foo();
return O;

}

« definition must only be done once

o definitionislikethosein Fortran BLOCK DATA
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Static Functions

Static function declaration (ch5/ expdef . C)
#i ncl ude <nmat h. h>
static doubl e exp_randon{doubl e mu) {
return -mu * | og(randon());
}

void sinulationl() {
doubl e x1 = exp_randon(2.1);
/1

}

» static keyword meansloca in scope of file
« definition substitutes for declaration within file

 still must come before use
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Static Data Default Function Arguments

Consider Onecan specify thevalueof theargumentsnot given

B — in thecall to afunction

int counter() { Example (ch5/ | ogof . h)
static int count = O; .
count ++; #i ncl ude <mat h. h>
return count; extern doubl e | og_of (doubl e x, double base = ME);
} // ME in <math. h>
e can beused like

i nt rral n() {

int i #i ncl ude <ch5/1 ogof . h>

i = counter();
cout << i << " .
. x = log_of (y); /'l base e
i = counter(); — .
cout << i << endl: z = log_of (y, 10); // base 10
return O; ) _ )
} « al argumentsto the right of the first argument with

default value must have default values

static objects retains its value after return from

function » oncefirst default value is used, the remaining ones

must also be used

behaves like Fortran local data under VM or VMS « value of the default must be visible to the caller

like Fortran local dataunder UNIX with SAVE option

rarely used feature
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Functionsin C Header Files

Function declaration and prototypeisthesamein C Inalarge program, it is possible that a header file
except might get included twice

« if header inclusion is missing in calling program,

thenC compiler gves warning and tads defult Use C preprocessor to avoid to doubleinclusion

argument typesl (ong ordoubl e) and return type #i f ndef COULOVBSLAW H
(int) #def i ne COULOVBSLAW H
extern doubl e coul onbsLaw doubl e q1, double g2, double r);
« if header file is included and there is a mismatch #endi f // COULOVBSLAW H
between gguments or return type, tildiecompiler _ _ _
only gives warnings * cpp buils tempoary f ile for compiler
« you dont see the arnings unless you ask for them ‘ thf—:‘?idne(;d” is C preprocessor direst saying “if not

(see man pages for their flag)

« gcc gives ecellent warnings with - val | flag * COULOMBSLAW isipreprocessor macranable and
iS upper case by ceention
* ignoring these warnings can be a disaster on some

RISC machines « #def ine defines a macroaviable lut in this case

doesnt give it a \alue
*n It ment
0 debult aguments * #endif ends thefifndef
« this structure seen in all system header files

* same forC
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The (dreaded) Pointers Dereferencing pointers

A pointer isan object that refersto another object Consider (ch2/ptrs. C)

] #i ncl ude <i ostream h>
Declareit thus
N int main() {
: e et int* p;
Int *aq; int j = 4;
p=&;

 either form can be used; the later is prefered
cout << *p << endl;

Assign avalueto the pointer *p = 5;
. . cout << *p << " " << j << endl;
i nt i = 3; _
int *p = &; if (p!=0) {
cout << "Pointer p points at " << *p << endl;
* read & as “address of” }
) return O;
» data model is thus }
.| nt¥ ’—’ Int « *p derefences pointer to access object pointed at
prl o, | i 2 p p JECL D

» *p can beused on either side of assignment operator

» if pisequal to 0, then pointer is pointing at nothing
Watch out! and is called anull pointer.

int *p, i; * dereferencing anull pointer causes a core dump :-(
p=2&; // i is anint
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Pointer Arithmetic

Pointersand Arrays

Consider A pointer can point to element of an array
float x[5]; float x[5];
float *y = &[0];

. float *z = x;
Our memory model is

x[0] x[1] x[2] Xx[3] x[4] e y is apointer to x[ 0]
float | float | float | float | float 2 isalso apointer to x[ 0]

i * y+1 ispointerto x[ 1]
ﬂ:)at*  thus *(y+1) and x[ 1] access the same object
* y[1] isshorthand for *(y+1)
» What doesthelabel x mean? * integer add, subtract and relational operators are
 inFortran, foo(x) isthesameas foo( x(1)) is alowed on pointers
the same

* inC/C++, x isapointer to thefirst element

e *x and x[0] arethesame

 x and &x[0] arethesame

» elements of an array can be accessed either way

* but x isalabel to an array of object, not a pointer
object
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Examples M ore examples

1. Summing an array Fortran style 3. Summing an array with pointer in Fortran style
float x[5]; float x[5];
doubl e sum float *y;
int i; doubl e sum
/1 some code that fills x i nt i
sum = 0. 0; /1 code to fill x
for (i =0; i <5; i =i +1) { sum = 0. 0;
sum = sum + x[i]; y = &[0];
} for (i =0; i <5; i =i + 1) {
sum = sum + *y;
y =y + 1
2. Summing an array C++ style }
float x[5];
/1 some code that fills x ; ; ; ;
doubl & sum = 0. 0: 4. Summing an array with pointer in C++ style
for (int i =0; i <5; i++) { float Xx[5];
sum += x[i]; // code to fill x
} float *y = x;
doubl e sum = 0. 0;
* wedeclare sum just before we need it for (int i =0; i <5; i++) {
sum += *y++;
e weinitialize sum with the declaration }
e weuse i ++ toindicate increment * delay declaration until need
* weuse sum += toindicate accumulation * Uuseincrement operator

e uUse += assignment operator
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Progression towar ds C++ style Examples of Pointer Arithmetic

Fortran style Rever se elements of an array
SRS (ch2/ array-reverse. C)
y =y + 1 float x[10];
[l ... initialize x ...
. float* left = &[0];
Use add-and-assign oper ator float* right = &[9];

while (left < right) {

sum += *y; float temp = *left;
y=y+ 1L *left++ = *right;
*right-- = tenp;

Use postfix increment oper ator }

sum += *y;

Y+ Set elementsof an array to zero

(ch2/ array-zero. C)

Combine postfix and dereference float x[10];

sum += *y++; fl oat*

&[10]; // uh?
" LG

* it takes some time to get use to writing in this style

_ o * this terse style is typical okperiencedC/C++
* be prepared to read code written by others in this programmers

style

_ * mostHEP code will not be so terse
» don't worry about performance issues yet

* in C++, we wouldn't use pointers as much asdn
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Runtime Array Size Linefit example

In C++, one can dynamically allocate arrays Part 1(ch2/1inefit.C)

float* x = new float[n];
#i ncl ude <i ostream h>

* new is an operator that returns a pointer to thelype

created array void linefit() {

/1 Create arrays with the desired nunber of el enents

* note use ofn; a \ariable Ic|n:1 o n-
fl oat* = new float[n];
* not the same asoRran’s £l oat * ; _ nex i1 oat E n} ;

SUBROUTI NE F(X, N)

DI MENSI ON X( N)
/!l Read the data points

for (int i =0; i <n; i++) {

where the calling routine Yens” the memory cin >> x[1] >> y[i]:

* in C, one does )
float *x = (float *)malloc( n*sizeof (float) ); /1 Accunul ate suns Sx and Sy in double precision
double sx = 0.0;
doubl_e sy = 0. 0; _
In C++, to delete a dynamically allocated array one el g( ::O;([:]f i) o
usesthe del et e operator =y = il
delete [] x; }
« inCone uses théree() function » notefirst declaration of i carriesforward
free(x); » will need to changein future
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Linefit continued Character Strings

Part 2 (ch2/1inefit.C) Character strings are special case of array and
array initialization
/1 Conpute coefficients char hellol[] = { "H', 'i' }

doubl e sx_over _n = sx / n;

Ll oI = (0 10 « dimension ofhel | 01 is 2

double b = 0.0;
for (i =0; i <n; i++) {
double ti = x[i] - sx_over_n; The aboveistoo tedious, so use double quotes
stt += ti * ti: char hello2[] = "Hi";
b +=ti * y[i]; . . .
 the dimension ofhel | 02 is 3
} L. )
b /= stt; » the characters aréf; ‘i ', and \ 0

double a = (sy - sx * b) / n; ) . ) )
« all string functions irC/C++ library expect the last

character to ba 0’
delete [] Xx;

delete [] vy; » one frequently uses pointers talvthru a string
char hello2[] = "Hi";
intn=0;
cout << a << " " << b << endl: for (char *p = hello2; *p !=0; p++) {
} n++;
}
int main() { lI'n ==
linefit();
return O;

}
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Variable Scope, I nitialization, and
Lifetime

Consider (ch2/scope.C)

void f() {
float temp = 1.1;
int a;
int b;
cin > a >> b;

if (a<bh) {

int tenp = a; // This "tenp" hides other one

cout << 2 * tenp << endl;
}// Block ends; local "tenp" del eted.
el se {

int tenmp = b; // Another "tenp" hides other one

cout << 3 * tenp << endl;

}

cout << a * b + tenp << endl;

» every pair of {} definesanew scope
» even apair with out function, if, for, etc.

* variables declared in a scope are deleted when
execution leaves scope
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f or -loop Scoping

Consider

for(int i =0; i < count; i++) {
if (a[i] < 10 ) break;

cout << i << endl;

* notewhere i isdeclared

» thescopeof i isthescopejust outside the for-loop
block

» worksfor today’s UNIX vendor’s compilers

Current draft standard
» scopeof i isinsidefor-loop block

» will needto declare i before f or statement for i
to have meaning after loop termination

* if declaredin for statement, will need to repeat it
for each for statement that follows

 vendor compilerswill (eventually) change

* gcc 2.7.x supports draft standard now
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Formal Arguments References
Consider (ch2/funcarg.C) A way to reference the samelocation (C++ only)
void f(int i, float x, float *a) {
i = 100; Reference (ch/ si npl ecpp. C)
legl'o;, float x = 12.1;
Al = 0.0, float& a = x;
float & = x;
int j =1;
int k =2 * a and b are called aeference
float y[] = {3.0, 4.0, 5.0}; ]
f(i, ko y); * a, b, andx are all labels for the same object

. what'sthevalueof | after calling f () ? the position of the&” is optional

« C/C++ pass arguments by value, thus j and k are Don’t confuse a reference and a pointer

left unchanged int i =3; // data object
) int & i; [/l reference to i
* i, x,and a areformal arguments and in the scope int *p =& // pointer to i

of ()

« upon caling f (), itisasif the compiler generated i hasan address of a memory location containing

this code to initialize the arguments
int i =j;
float x = k; // note type conversion
float *a=y; // init pointer to array

j hasthesame address as

the contents ofp isthe address of

[
-

_[int* i-rint
thus y[ 0] doesget setto 0.0 Pl e i | 3
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Reference arguments Homewor k
Consider (ch2/funcarg.C) Given thisdeclaration

void swap( int & 1, int & 2) { void swap( int & 1, int *i2);
int tenp = i1;
il =1i2; . .
i2 = tenp: » write the function

} . "

int ¢ = 3 show how itiscalled

i d = 4; .

;C\;p(C' d): » draw adata model showing type and value of the

/] ¢ == 4 and d == arguments

* swap() hasreference arguments

» uponcaling swap(), itisasif the compiler
generated this code to initialize its arguments
int &1

C;
int & 2 d;

e thus i 1 and i 2, thevariablesin swap() 'sscope,
are diasesfor the caller’'s variables.

e swap() behaveslike Fortran functions

 C does not have reference; instead you have to write

extern void swap(int *il, int *i2);
swap(&c, &d);
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Recursion M ore on declarations

A function can call itself (ch2/Stirling.C) We have seen
int stirling(int n, int k) { int i;

if (n <Kk) return 0; int j = 3;

if (k ==08&&n >0) return O; float x = 3.14;

if (n ==Kk) return 1;

return k * stirling(n-1, k) + stirling(n-1, k-1);
} A const declaration
« each block (function, if, for, etc.) creates new scope 2822: Hgg‘: Si; f';lfffé,z;

* variables are declared and initialized in a scope and

deleted when execution leaves scope * a const Vvariable can not be changed onceit is

initialized
Exercise: writeafunction that computesfactorial of - get compiler error if you try.

anumber
const float pi = 3.1415;

pi = 3.0; // act of congress

thefollowing is obsolete
#define M Pl 3.1415;

* but maintained to be compatible with C

* itisC preprocesor macro (just string subsitution)
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const Pointer const function argument
Consider Consider
const float pi = 3.1415; void f(int i, float x, const float *a) {
float pdg = 1.2345; i = 100;
const float *p = &pi; x = 101.0*a[0]; // XK
float* const d = &pi; // WRONG a[0] = 0.0; /1 VWRONG

float* const q &pdq;
const float *const r = &pi;

int j = 1;
*p = 3.0; [// V\RONG int k = 2;
p = &dgqg; // K float y[] = {3.0, 4.0, 5.0};
*p =3.0; // still WRONG f(, k y);
*g=3.0; // X ; :
- ; VRONG * aconst argument tellsuser of function that hisdata
a = &pda: 1/ wouldn’t be changed
:r::&gdgé H V\RO\IG““:': AGAI N » the const isenforced when attempting to compile
function.
* const qualifier can refer to what is pointed at « first aspect of spirit of client/server interface
(frequent usage)
» const qualifier can refer to pointer itself
(rare usage)

» const qualifier can refer to both
(infrequent usage)

BABAR C++ Course 65 Paul F. Kunz BABAR C++ Course 66 Paul F. Kunz



Function Name Overloading Summary
Pre-Fortran 77 we had Now we cover ed enough C/C++ so that every thing
| NTEGER FUNCTI ON | ABS( | ) you can doin Fortran you can now doin C/C++
| NTEGER |
23:::2 )F(UNCTI ON ABS(X) You can also do morethan you can doin Fortran
REAL*8 FUNCTI ON DABS( X)
REAL*8 X
* separate functions had different names Next session we introduce classes and start on the

* today, intrinsic functions have the same name road towar ds obj ect-oriented programming.

» programmer defined functions still must have
different names

In C++, one can have
i nt abs(int i);
float abs(float x);
doubl e abs(doubl e x);
* segparate functions with same name

« functions distinguished by their name, and the
number and type of arguments

* name mangling occursto create the external symbol
seen by the linker
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Classes

B&N: “Scientific and engineering problems ae
rarely posed diectly in terms of the computers
intrinsic types: bits, bytes, integers and floating
point numbers”

Shocking statement?

In a detector’s tracking code, br example, the
problem is posed in terms of...

* tracks

* points

* list of points
» chamber

» cylinders

* layers

C++ with its mechanism ofclasses allows defining
new types and the operations on these types

When we do object-oriented pogramming with C++
we will be writing and using classes
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Examplesfrom CLHEP

ClassLibrary for High Energy Physics

Why?
* Provide some classes are specifi¢iter

* Encourage code sharing betwe&periments and
between gperimentalists and theorists.

* Reduce redundantark

Who?

« started by Leif Lonnbladyordiita (via CERN, DESY
and Lund)

* Nohu KatayamaKEK) is current editor

Use

» examples of use at
{usr/local/doc/programming/C++class/
SciEng/examples/clhep

» header filestusr/local/lib/include/CLHEP

* library file for gcc:/usr/local/lib/libCLHEP.a
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ThreeVector

CLHEP' s ThreeVector class (simplified)

cl ass Hep3Vector {
public:
Hep3Vect or () ;
Hep3Vect or (doubl e x, doubl e y, double z);
Hep3Vect or (const Hep3Vector &v);
doubl e x();
doubl e y();
doubl e z();
doubl e phi ();
doubl e cosThet a();
doubl e mag();
/1 much nore not shown
private:
doubl e dx, dy, dz;

};

 thisisthe declaration in the header file

» keyword cl ass startsthe declaration whichis
contained within the {}

« class contains member functions
 an object can be an instance of aclass

» an object of aclass contains data members
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Using a class obj ect

Consider (cl hep/t hreeVect or 0. C)

#i ncl ude <i ostream h>
#i ncl ude <CLHEP/ Thr eeVect or. h>

int main() {
double x, vy, z;

while (cin > x >y >> z ) {
Hep3Vect or aVec(x, y, z);

cout << "r: " << aVec.mag();
cout << " phi: " << aVec.phi();
cout << " cos(theta): " << aVec.cosTheta() << endl

}
return O;

}

* Hep3Vector aVec(x, y, z); declaresavec, a
object of typeHep3Vect or and initializes it

* aVec. mag() calls the member functiomag() of
the object

» the “. " is theclass member access operator

* use “ >" access operator when one has pointer to
object:
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Data members Memory model
L ook again Consider
cl ass Hep3Vector { Hep3Vector x(1.0, 0.0, 0.0);
public: Hep3Vector y(0.0, 1.0, 0.0);
[/ menber functions
privat e: In computer’s memory we have
doubl e dx, dy, dz;
}; Objects: Code:
. » Hep3Vect
* Hep3Vect or contains 3 data members X: X(l)o eetor0)
* declarationislike any other except noinitializersare 32/8
phi ()

» every instance of the class Hep3Vect or will have
its own 3 data members.

Hep3Vector x(1.0, 0.0, 0.0
Hep3Vector y(0.0, 1.0, 0.0
Hep3Vector z(0.0, 0.0, 1.0

cosThet a()
. |

~— — —

' » an object isan instance of aclass (type)

* Hep3Vect isatype . .
p3Vect or yp « each object hasits own data members

» anobject of type Hep3Vect or hasavalue (or state)
that is represented by the values of its data members
(like a complex number)

* one copy of the code for aclassis shared by all
instances of the class

. thesize of a Hep3Vect or object islikely to be * hidden argument thi s ishow itall works

3*si zeof (doubl e)
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Useof private keyword Initializing a class obj ect

We have At least 3 wayswe would liketoinitialize an object
cl ass Hep3Vector { e noinitial value
public:
doubl e mag(); Hep3Vect or a;
doubl e x();
doubl e dummy;

« with three doubl e values
Hep3Vector a(1.0, 1.0, 1.0);

/'l menber functions

private:
}_double dx, dy, dz; * copy of another object
Hep3Vector a(1.0, 1.0, 0.0);
* thefollowing compiles Hep3Vector b = a;
Hep3Vector x(1.0, 0.0, 0.0);
cout << x.dumy; * each calls a special member function called a

constructor
* thefollowing does not compile

Hep3Vector x(1.0, 0.0, 0.0); Therearethree constructorsin the class

cout << x.dx; // WRONG cl ass Hep3Vector {

publ i c:

. . . . . Hep3Vect or (doubl e x, doubl e y, double z);
* Dby disalowing direct access, you hide how datais Hep3Vect or (const Hep3Vector &v);
stored. /! much more not shown
private:
* one can change how data is stored without breaking doubl e dx, dy, dz;
user code because you disallowed direct access H
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Constructor | mplementations Data Hiding
The constructor member functions Violation of private parts?
Hep3Vect or: : Hep3Vect or (doubl e x, double y, double z) { Hep3Vect or: : Hep3Vect or (const Hep3Vector &vec) {
dx = x; dx = vec. dx;
dy = dy = vec. dy;
dz = z; dz = vec. dz;
} }
Hep3Vect or : : Hep3Vect or (const Hep3Vector &vec) { « objects of the same classvhaaccess to prate data
dx = vec. dx; members
dy = vec. dy;
) er = VEE. C2: « the purpose of data hiding is to hide implementation

from other classes
}Hep?’vem or: : Hep3vect or () { « cant hide implementation from object of same class

« called after memory space has been allocated » const qualifier says we wuldn't change ayjument

+ when the class name and member name arethe same,
then the member function is a constructor

* Foo:: bar() saysthat bar () isamember function
of the class Foo

» :: isthe scope resolution operator

 note that copy constructor uses a const reference
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Access member functions I nline access member functions

The declaration was Change declaration to
cl ass Hep3Vector { i nline doubl e Hep3Vector::x() {
publi c: return dx;
doubl e x(); }
doubl e y(); inline doubl e Hep3Vector::y() {
doubl e z(); return dy;
/1l much nore not shown }
private: i nline doubl e Hep3Vector::z() {
doubl e dx, dy, dz; return dz;
iE }
. .. * can be used when execution of function body is
Theimplementation is shorter than time to call and return from function
doubl e Hep3Vector: : x . Lo
return EX; Ot » any decent compiler should produce inline code
} instead of function call for above
doubl e Hep3Vector::y() { o o )
return dy; * inline keyword isjust a hint, however
} e
doubl e Hep3Vector::z() { e datahidingispreserved
return dz; ] ) . ]
} * implementation needs to be in the header file
. inefficient? » sometimesput infilewith .icc suffix thatis

included by the header file (not BaBar practice)

» make functionin-line » program could be faster

» awaysask: “do | want the data to do some work or Idbel
do | want the object to do the work” * program couid be larger
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More | mplementation Design decisions

Recall Fortran style
cl ass Hep3Vector { comon/ poi nt s/ hits(3, 100)
publi c: real *4 hits
doubl e mag(); real *4 x, y, z, r
doubl e phi (); I do sone work

doubl e cosTheta();

// much nore not shown
private:

doubl e dx, dy, dz;

H

hits(1l,i) ! or from ZEBRA bank
hits(2,i)

hits(3,i)

sqrt (x*x + y*y + z*z);

SN X
I n

Another Fortran style
common/ poi nt s/ hi ts(3, 100)

I mplementation

i nline doubl e Hep3Vector::mg() { real *4 hits
return sqrt(dx*dx + dy*dy + dz*dz); real *4 x, y, z, r
} ! do sonme work
o ) x = hits(1,i)
inline doubl e Hep3Vector::phi() { y = hits(2,i)
return dx == 0.0 & dy == 0.0 ? 0.0 : atan2(dy, dx); z = hits(3,i)
t r = mg(x, y, z) ! or mag(hits(1,i))
i nline doubl e Hep3Vector::cosTheta() {
doubl e ptot = mag(); Mark Il VECSUB style
return ptot == 0.0 ? 1.0 : dz/ptot;
} common/ poi nt s/ hits(3, 100)
real *4 r
» note how object callsits own member function ! do some work

r = hitsmag(i)
» examples of letting object do the work
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C++ design

C++ style

Hep3Vect or hits[100];
/] do some work
double r = hits[i].mag();

* efficient with inline functions

» don’t need knowledge of data structure
* modular

* re-usable

« later, we'll get rid of the fixed or dynamic arrays
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Homewor k

Suppose

class Hep3Vector {
public:
Hep3Vector();
Hep3Vector(double x, double y, double z);
Hep3Vector(const Hep3Vector &v);
inline double x();
inline double y();
inline double z();
inline double phi();
inline double cosTheta();
inline double mag();
private:
double r, cos_theta, phi;

b
write the implementation for this class

constructors take X, y, and z as arguments, but must
intialize r, cos(theta), and phi data members

try cl hep/ t hr eeVect or 0. C; it should still work
with this small change

/I #include <CLHEP/ThreeVector.h>

#include “ThreeVector.h”

write a program to exercise x(), y(),and z()
member functions
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Another look at Hep3Vect or

WE'll now look at thereal Hep3Vect or classand
explain those new language elements we need to
under stand it

cl ass Hep3Vector {
publi c:
i nline Hep3Vect or (doubl e x=0., double y=0., double z=0.);
i nline Hep3Vect or (const Hep3Vect or &)
doubl e x() const;
doubl e y() const;
doubl e z() const;
doubl e phi () const;
doubl e cosTheta() const;
doubl e mag() const;
/1 much nmore not shown
private:
doubl e dx, dy, dz;

b

* uses default arguments

* const keyword after function means no data
member of the object will be changed by invoking
function

* this const isenforced when compiling the class

» theaboveareobvious, but it will belessobviouswith
other classesin the future
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Initializing syntax

Two formsto invoke copy constructor

Hep3Vector x(1.0, 0.0, 0.0);
Hep3Vector y = x; [/ C style
Hep3Vector y(Xx); /| C++ class style

* thetwo are equivalent if argument is same type as
object being declared

* both invoke copy constructor

» the = form alows user defined conversions when
argument is not same type

* both forms allowed for built-in type

Consider
Hep3Vector x = 1.0;

» might be equivalent to
Hep3Vect or tnp(1.0);
Hep3Vector x = tnp;

* but following has no suprises
Hep3Vect or x(1.0);
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Member Initializers

Function Return Types

The constructor can be implemented like any other A function returnsatemporary hidden variablethat
member function... isinitialized by thereturn statement
Hep3Vect or : : Hep3Vect or (doubl e x, double y, double z){ )
dx = x; Consider
dy =vy; float f() {
dz = z; return 1;
} }
float x;
* but data members need to be constructed before 1. ..
assignment x =1(0);
» for Hep3Vect or the custom constructor would be e itisasif
caled float tnp = 1;
X = tnp;
An alternate form is use of member initializers
Hep3Vect or: : Hep3Vect or (doubl e x, double y, double z) : Consider
dx(x), dy(y), dz(z){} float & Vector3::x() {
return dx;
. : ' ' }
notethe : preceding the opening { eoior S e
. i ; 1. ..
dx( x) notation calls a constructor directly vec.x() = 1.0: ] uh?
+ which constructor depends on argument matching tisasif
e itisasi
* inthe above casg, it is the copy constructor
float & np = vec. dx;
« the function body is required, even if empty thp = 1.0
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Operators are functions?

Operators can bethought of asfunctions

doubl e add( doubl e a, doubl e b) {
return a + b;

}

double x, y, z;
I

Z =X +y;

z = add(x, y);

e add() operateson two argumentsand returns a
result

» thesymbol + operateson two operands and returns
aresult

Use of mathematical symbolsis more concise and
easier toread

doubl e add( double a, double b);
doubl e mul ( doubl e a, double b);
double a, b, x, vy, z;

I
z
z

add(nmul (a, x), nul (b,y));
a*x + b*y;

C, C++, and Fortran all define operatorsfor built-in
types
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Operator Functions

An operator function in Hep3Vect or
cl ass Hep3Vector {

publi c:

i nl i ne Hep3Vect or & oper ator +=(const Hep3Vector &);
/] nore not shown
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the name of the function isthe word oper at or
followed by the operator symbol
this function is called when

Hep3Vector p, q;
/1

q +=p;
the function isinvoked on q ; the left-hand side
the argument will be p ; the right-hand side
g += p; isshorthandfor q. operator+=(p);

the function returnsa Hep3Vect or reference for
consistency with built-in types

Hep3Vector p, q, r;

/1

r = q += p;
/'l r.operator=( g.operator+=(p) )



I mplementation

i nli ne Hep3Vect or & Hep3Vect or : : oper at or +=(const Hep3Vector& p) {
dx += p.x(); [// could have been dx += p.dx

dy += p.y();
dz += p.z();
return *this;

* does the accumulation as one would expect

* this isahidden argument that is a pointer to the

object’s own self

* this->dx isthusequivalentto dx

Operator Function |mplementation

* remember: use -> instead of . whenyou have a

pointer

e or dx isshorthand for t hi s->dx

 recall that Hep3Vect or: : x() isanin-linefunction

itself

e return *this returnsthe address of the object,

thus the reference
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Compare Fortran and C++

Fortran vector sum

real p(3), q(3)
|

a(1) = q(1) + p(1)
a(2) = q(2) + p(2)
a(3) = q(3) + p(3)

C++ vector sum

Hep3Vector p, q;
...

q += p;
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Operator Functions Non-member Operator Function

Essentially all operatorscan beused for user defined Consider
E¥Eesexcept ’ o o , "sizeof and inline Hep3Vector operator*(const Hep3Vector& p, double a) {
o Hep3Vector q( a*p.x(), a*p.y(), a*p.z() );
. return g,
Can not define new ones }
» sorry, can'tdo operator**() for exponentiation .
* invoked by

 andthere’sno operator one could use with the correct

precedence doubl e scale = 3.0;

Hep3Vector p(1.0); // unit vector along x axis
. , s Hep3Vector r(0.0, 1,0);
can’'t overload operators for built-in types e

One should only use when conventional meaning « note return by value

makes sense

Hep3Vector p, q; » need anew object whose valueis x*scal e

double z; ] )

I/ * thetemporary object is used as argument to

z = p*q; // uh? oper at or +=() and then discarded
« isthis cross product or dot product? : \;S\l/gﬂ temporary objects are generated by Fortran as
* Hep3Vect or definesit to be dot product real scale, p(3), r(3)

r(1)
r(2)
r(3)

r(l) + p(l)*scale
r(2) + p(2)*scale
r(3) + p(3)*scale

i nouw
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Need Symmetric Operator Functions The CompletelList - |

CLHEP has Constructors
inline Hep3Vect or operator*(const Hep3Vector& p, double a) { i nli ne Hep3Vect or (doubl e x=0.0, doubl e y=0.0, double z=0.0);
Hep3Vector q( a*p.x(), a*p.y(), a*p.z() ); inline Hep3Vect or (const Hep3Vector &);
return g;
} . .
i nl i ne Hep3Vect or operator*(double a, const Hep3Vector& p) { * also contains conversion constructor
Hep3Vector q( a*p.x(), a*p.y(), a*p.z() );
return q; Destructor

}
inline ~Hep3Vector();

 second one invoked by
doubl e scale = 3.0;

Hep3Vector p(1.0); // unit vector along x axis

Hep3Vector q(0.0, 1,0); Accessor-like functions
g += scal e*p;

* invoked when object is deleted (more next session)

nline double x() const;

nline double y() const;

nline double z() const;

nline double nmag() const;

nl i ne doubl e mag2() const;

nli ne doubl e perp() const;

nl i ne doubl e perp2() const;

nline doubl e phi() const;

nline doubl e cosTheta() const;

nline double theta() const;

nl i ne doubl e angl e(const Hep3Vector &) const;
nl i ne doubl e perp(const Hep3Vector &) const;
nl i ne doubl e perp2(const Hep3Vector &) const;

» argument matching applies

* must use global function because
scal e. oper at or *( p) doesn’t exist
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Manipulators

voi d rot at eX(doubl e);

voi d rotateY(doubl e);

voi d rotatez(doubl e);

voi d rotate(double angle, const Hep3Vector & axis);
Hep3Vector & operator *= (const HepRotation &);
Hep3Vector & transform const HepRotation &);

Set functions
inline
inline
inline
inline
inline
inline

The CompleteList - |1

voi d set X(doubl e);

voi d set Y(doubl e);

voi d set Z(doubl e);

voi d set Mag(doubl e);
voi d set Thet a(doubl e) ;
voi d set Phi (doubl e);

Output function

ostream & operator << (ostream & const Hep3Vector &);

» alows

BABAR C++ Course

Hep3Vect or x(1.0);
I ...
cout << x << endl;

97 Paul F. Kunz

The CompletelList - 111

Vector algebra member functions

i nli ne doubl e dot (const Hep3Vector &) const;

i nline Hep3Vector cross(const Hep3Vector &) const;
i nline Hep3Vector unit() const;

i nline Hep3Vector operator - () const;

Vector algebra non-member functions

Hep3Vect or operat or +(const Hep3Vector & const Hep3Vector&);
Hep3Vect or operator-(const Hep3Vector&, const Hep3Vectorg&);
doubl e operator * (const Hep3Vector & const Hep3Vector &);
Hep3Vect or operator * (const Hep3Vector &, double a);
Hep3Vect or operator * (double a, const Hep3Vector &);

Assignment operators

inline Hep3Vector & operator = (const Hep3Vector &);
inline Hep3Vector & operator += (const Hep3Vector &);
inline Hep3Vector & operator -= (const Hep3Vector &);
i nline Hep3Vector & operator *= (double);
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Summary L evelsof Abstraction in Physics
Hep3Vect or implementsvector algebra Do you recognize these equations?
. . OE; OE, 0E, JE,
It waslong and tedious to implement ,ZTXi = ax oy taz m AT
Now that we haveit (thank you, Leif and Anders), 3B 9B, 9B 9B
we can useit and never haveto expand these details 27' = Xy, 7o
in our own code 0% ox dy oz
Besides objectsof type i nt , float ,and doubl e, Zs..kiEk _ 198
we can use operatorswith objects of type - 10 c ot
Hep3Vect or

We have a new type with higher level of abstraction
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Higher Level of Abstraction

Now do you recognize them?

O« E = 4mp
= _4m_  10E
OxB = I+ 50
deB =0
___ _10B
OXE =5t
or even
o FOB - ATy
a c

1_apys =0 = g9EBY 4 gBEYT 4 5YEOB
5e5PY0 Fip = 0 = 0% Y+ aPFYT 4 oVF

To advance in physicsmath, we need higher levels of
abstractions, else we get lost in implementation details

C++ allows higher level of abstract aswell
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Plan of the day Si npl eFl oat Array Class

Wherearewe at? Design and implement an array classwith
» session 1: basic language constructs * run time sizing

» session 2: pointers and functions » access to element witk[ i ]

» session 3: basic class and operat@rioading * automatic memory management

Today * automatic cop of array elements

« design of tvo types of container classes * automatic cop upon assignment

. templates + set all elements of array to alue

« friend + find the current size

« nested classes » dynamic resizing
Each requirement leadsto a member function
Therewill be some technical issuestolearn

Warning: thiswill not be a production quality class
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Why an array class? SimpleFloatArray Class Declaration

Replace these parts of linefit.C The header file ¢h4/ Si npl eFl oat Array. h)
cin >> n; class Sinpl eFl oat Array {
float* x = new float[n]; public:
/1 munch munch Si npl eFl oat Array(int n); /] init to size n
sx += x[i]; Si npl eFl oat Array() ; [/l init to size O
delete [] x; Si npl eFl oat Array(const Sinpl eFl oat Array&); // copy
~Si npl eFl oat Array(); /1 destroy
float& operator[](int i); /| subscri pt
int nunEl ts();
with Si npl eFl oat Array& oper at or =(const Si npl eFl oat Array&) ;
) Si mpl eFl oat Array& operat or=(fl oat); /] set val ues
cin >>n; voi d set Size(int n);
Si npl eFl oat Array x(n); private:
/1" munch munch int numelts;
sx += x[i]; float* ptr_to_data;
I delete [] x; voi d copy(const Sinpl eFl oat Array& a);
* toavoid pointers « ~SimpleFloatArray() is the destructor member

« to get automatic deletion function and is invoked when object is deleted

e float& operator[](int i) isthemember

* to show how to be able to do function invoked when the operator [] isused

Si mpl eFl oat Array x(n);

Si npl eFl oat Array y = x; e operator=() ismember function invoked when
/S; npl eFl oat Array z; doing assignment: the copy assignment
z =x; [l copy array * note private member function

X 0.0; // clears the array
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Constructor | mplementations

Constructors (ch4/ Si npl eFl oat arr ay. C)

SimpleFloatArray::SimpleFloatArray(int n) {
num_elts = n;
ptr_to_data = new float[n];

}

SimpleFloatArray::SimpleFloatArray() {
num_elts = 0;
ptr_to_data = 0; // set pointer to null

}

SimpleFloatArray::SimpleFloatArray(const SimpleFloatArray& a) {
num_elts = a.num_elts;
ptr_to_data = new floatinum_elts];
copy(a); // Copy a's elements

* by implementing the dafilt constructqrwe ensure
that every instance is in well defined state before it
can be used

* must implement copconstructor else the daflt
behaior is membemise copy which would lead to
two array objects sharing the same data
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copy Implementation

Terse implementation (ch4/SimpleFloatArray)

void SimpleFloatArray::copy(const SimpleFloatArray& a) {
/I Copy a's elements into the elements of our array
float* p = ptr_to_data + num_elts;
float* q = a.ptr_to_data + num_elts;
while (p > ptr_to_data) *--p = *--q;

* uses pointer arithmetic

» uses prefix operators

Fortran style implementation

void SimpleFloatArray::copy(const SimpleFloatArray& a) {
/I Copy a's elements into the elements of *this
for (inti=0; i< num_elts; i++) {
ptr_to_datali] = a.ptr_to_datal[i];
}
}
* uses array notation on pointer

* uses postfix operator
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Destructor Member Function

oper at or[ ] Member Function

I mplementation (ch4/ Si npl eFl oat Array. C) I mplementation
Si npl eFl oat Array: : ~Si npl eFl oat Array() { float & Sinpl eFl oat Array: :operator[](int i) {
delete [] ptr_to_data; return ptr_to _datafi];
} }
» one and only one destructor » overloadswhat [] meansfor object of thistype
« function with same name as classwith ~ prepended * returns reference to element in array
* Nno arguments, no return type » sinceitisareference, it can be used on right-hand or

. . . left-hand side of assignment operator
* invoked automatically when object goes out of scope

, . . * thissnippet of code will work (ch4/1i nefit. C)
* invoked automatically when object is deleted

int n;

« usually responsible for cleaning up any dynamically cin >> n;

Si npl eFl oat Array x(n);
alocated memory Si npl eFl oat Array y(n);

for (int i =0; i <n; i++) {
cin >> x[i] > y[i];
}

double sx = 0.0, sy
for (i =0; i <n; i+
sx += x[i];
sy += y[il];

= 0.0;
+) |

}

» remember, areferenceis not a pointer
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oper at or = Member Function Assignment ver sus Copy

I mplementation Copy Constructor
Si npl eFl oat Array& Si npl eFl oat Array: : Si npl eFl oat Array(const Sinpl eFl oat Array& a) {
Si npl eFl oat Array: : oper at or =(const Si npl eFl oat Array& rhs) { numelts = a.numelts;
if ( ptr_to_ data !'=rhs.ptr_to _data ) { ptr_to_data = new float[numelts];
setSize( rhs.numelts ); copy(a); // Copy a's elenents
copy(rhs);
return *this;
} .
Assignment operator
« if() statementsteststhat array object isnot being Si npl eFl oat Array& _
assigned to itsalf. Si npl eFl oat Array: : oper at or=(const Si npl eFl oat Array& rhs) {
if ( ptr_to data !=rhs.ptr_to _data ) {
« this isapointer to the object with which the e S'(fﬁg)_rhs- R
member function was called. ) Py ’

« must implement else default is member-wise copy return *this;

leading to two objects sharing the same data
* isthe behaviour what we expected? Use
Si npl eFl oat Array x(n);
Si npl eFl cat Array y = X; /'l copy constructor
Si npl eFl oat Array z;

I
Z = X; /'l copy array /| assi gnnent

* should not implement one without the other
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Scaler assignment The remaining implementation

I mplementation I mplementation
Si npl eFl oat Array& Si npl eFl oat Array: : operator=(fl oat rhs) { int SinpleFloatArray::nunEl ts() {
float* p = ptr_to_data + numelts; return numelts;
while (p > ptr_to_data) *--p = rhs; }
return *this;
} voi d Sinpl eFl oat Array: :setSize(int n) {
if (n!=numelts) {
« set al elements of array to avalue delete [] ptr_to_data;
numelts = n;
e invoked by ptr_to data = new float[n];
}
Si npl eFl oat Array a(10); }

a = 0.0; // assignnment

 nothing special here.

* not :
e cantresize (noreal l oc())
Si npl eFl oat Array a(10) = 0.0;

» could s&e old data with re-write of class
which attempts to do both construction and
assignment

» might add another constructor function to allocate
and assign

Si npl eFl cat Array a(10, 0.0);
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Key points

» should supply destructor function so object can
deletememory it allocated beforeit gets del eted itsel f

* must supply copy constructor and oper at or =() if
member-wise copy is not what we want

* should return referencein case where object could be
on left hand side of assignment
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Class explosion?

Suppose we wantSi npl el nt Array?

Could copy Si npl eFl oat Arr ay, edit everywhere
we findf | oat and save to create new class

* tedious vork
* duplicate code

« we’ll want to the same fodoubl e, Hep3Vect or,
etc.

Could use voi d * instead of f| oat and then cast
return values.

» only C programmers kne what I’'m talking about

» bad idea because we lose type safety

If we have n data types and m things to work with
them, we don’t want to have to write n x m classes

Enter template feature of C++ to sole this problem
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Si npl eAr r ay Template Class Use of Class Template

Classdeclaration (ch4/ Si npl eArray. h) Line fit with template class(ch4/1i nefit 2. C)
t enpl at e<cl ass T> void linefit() {
class SinpleArray {
publi c: int n;
cin >> n;

Si mpl eArray(int n); Si mpl eArray<fl oat> x(n);

Si npl eArray(); Si npl eArray<fl oat> y(n);

Si npl eArray(const Si npl eArray<T>&);

~Si npl eArray(); /! Read the data points

T& operator[](int i); for (int i =0; i <n; i++) {

int nunEl ts(); cin >> x[i] >> y[i];

Si npl eArray<T>& oper at or =(const Si npl eArray<T>&); }

Si npl eArray<T>& operator=(T); /1l the rest is the sane as before

voi d setSize(int n);
private: o

. - .
int numelts: Si npl eArray<f | oat > isnow aclass

T* ptr_to_data;
voi d copy(const SinpleArray<T>& a);

float replaced class T
b

use atemplate class like any other class

t enpl at e<> sayswhat followsis atemplate for
producing aclass

any type can be used
Si mpl eAr r ay<Hep3Vect or > x(n);
* <cl ass T> isthetemplate argument

T isarbitrary symbol for sometype, either built-in or
programmer defined (not necessarily a class)

line breaking is a style issue
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Function Templates List or Array?

Remember (ch2/ doubl eSqr . C) Si npl eArray is fixed in size once @ated

inline double sqr(double x) { or re_aSSIQned

return x * x;
} What we really want is a Li st

 add incrementally objectsto alist
Templated version (Sci Eng/ uti | s. h)

* remove objectsfrom alist
t enpl at e<cl ass T>

inline * list should resizeitself automatically
T sqar(T x) {
} return x * x; * provide ameans to iterate through the list
 find member of alist
Now we can do * insert an object at particular point in the list
int i = 1; .
float f = 3.1; e sortalist

Hep3Vector v(1, 1, 1);
cout << sqgr(i) << endl;

cout << sqgr(f) << endl;
cout << sqgr(v) << endl;

 using the templated function generates one of the
correct type

» without the template function, implicit conversion
would happen (details in chapter 5)
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Useof a Li st

Normalizing some numbersto minimum value
(ch6/ denolLi st . C)

int main() {

// Read list of values and find m ni num
List<float> |list;

float val;

float mnval = FLT MAX; // from <fl oat. h>
while ( cin >> val) {

if (val < minval) mnval = val;
I'ist.add(val);

}

/1 Normalize values and wite out.

for (Listlterator<float> i(list); i.nore(); i.advance()) {
cout << i.current() - mnval << endl;

}

return O;

reads until end of file

finds minimum value

addsto list

iterate through list to normalize
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Linked List

A popular data structure

Y

Y

31 35 3.8 4.1

Advantages of a list compared to an array
» fasttore-size

o fasttoinsert

Disadvantage of alist compared to an array
¢ more memory per element

» slow to random access
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The Node and Li st classes

Declaration and implementation

tenpl ate <cl ass T>

cl ass Node {
private:
Node(T x) : link(0), datum(x) {}
/'l perhpas nore not shown
Node* |i nk;
T dat um
j5

e usesinitializers

Declaration and implementation

t enpl at e<cl ass T>

class List {

public:
List() : first(0), last(0) {}
voi d add(T x) {

if (first == 0) first = last = new Node(Xx);
el se last = last->link = new Node(x);
}
private:
Node* first;
Node* | ast;

* datamembers point to first and last nodesin order to
quickly add a node to end of list
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Problems

Some design issues

* If Node classwill only beused by Li st, then
should it take such a smple name?

* If we always use Listlterator to access data, then do
we have to provide three accessor functions?

The answer s makes use of two new features:
* nested classes

e friend declaration

Warning: thiswill not be production quality class
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Li st with nested node class Listlterator class

Declaration and implementation (ch6é/ Li st . h) Declaration and Implementation (ché/ Li st . h)
t enpl at e<cl ass T> t enpl at e<cl ass T>
class List { class Listlterator {
publi c: public:
List() : first(0), last(0) {} Listlterator(const List<T>& list) : cur(list.first) {}
void add(T x) {
if (first == 0) first = last = new Node(x); Bool ean nore() const { return cur != 0; }
el se last = last->link = new Node(x); T current() const { return cur->datum }
voi d advance() { cur = cur->link; }
friend class Listlterator<T>;
private: private:
cl ass Node { Li st <T>:: Node* cur;
public: };
Node(T x) : link(0), datum(x) {}
Node* | i nk; . Vi ; i %)
T dat um violation of private parts~
}i .
Node* first: * In List wehad
Node* | ast ; friend class Listlterator<T>;
BE
' * List<T>::Node* scopingisneeded because Node
+ not only nested, but private as well as aclass name s not visible even to afriend
* Node asaclassnameisnot visible outside of Li st  notethat Li st waseasier toimplement than

. Si npl eArray
 did not haveto repeat t enpl at e keyword

_ * bool isnow atypein C++, but not when the book
» friend keyword allows access of private data was written

membersto Listlterator<T> class
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Iterators Homewor k

Compare Writea Si npl eArrayl terator<> classwith
/S'/ mpl eArray<float> a(n); « template classto work with Si npl eArray<> class
g (Ime | = @ 0 <m0 o « only four member functions: constructor,
) s = &l s advance(), current () and nore()

) We know the behavior, but what arethe data

with member s?
List<float> |ist;
..
for (Listlterator<float>i(list); i.nmore(); i.advance()) {

sum += i.current();
}

i istheiterator in both cases

* bothinitialize i to first element
* bothuse i totestfor completion
* bothincrement i to next element
* bothuse i to reference element

e the Listlterator versionismoretolerantto
changes
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|terator s++ Use of Containers
Compare Chamber containing layers
Si npl eArray<fl oat> a(n); cl ass Chanber {
/.. 11
for (int i =0; i <n; i++) { private:
sum += afi]; Array<Layer *> |ayers;
} 11
}
with » sizeisknown at compile time
Li st<float> I|ist; o
1. Event containing tracks and clusters
for (Listlterator<float> i(list); i.nore(); i++) {
sum += *i: cl ass Event {
' I
} private:
. Li st <Tracks *> tracks;
* implement oper at or ++() /]
}

 implement the deference operator

» make interator look like pointers * sizenot known at compile time
Why use pointers?
» avoid copying object into list

» needed when same object is reference by multiple
lists, e.g. tracks can share hits

* but must be careful of memory management
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CLHEP containers

Rogue Wave Collection Classes

HepALi st <class T> Tool.h++ classlibrary

 template class o commerical libary

* stores pointers to objects, i.e. does not copy objects * 190 classes

* behaveslike both list and array * organized as number of different categories

* array based implementation of list like-object BaBar reconstrction code uses

* has associated iterator « RWIVal Or der edVect or <> for copying object

HepCLi st <cl ass T> * RWIPt r Or der edVect or <> for copying pointer to

« makes copy of objects object

e RWIVal DLi st <> and RWIPt r DLi st <> whensizeis
HepVect or not known at compile time

 vector of ndimension
» stores doubles

» has mathmatical properties

CLHEP containers being phased out of BaBar code
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Standard Template Library (STL)

Features
* varioustypes of templated containers
* very much iterator based

* supplies functions that can work with most kinds of
containers

» very well designed

Status
* contributed by HP labs, Palo Alto

 part of the draft standard since July 1994

* under UNIX, HP reference version compiles only
with IBM’sxIC

* hacked version works with gcc
* we'll migrateto it in the future

* 4 books have been written about it (for example,
Musser and Saini)
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Plan of the day Recall ThreeVector

Inheritance is last major feature of the language that CLHEP's Three\ector class (simplified)

we need to lean cl ass Hep3Vector {

. i i public:
used to epressed common implementation Hepavect or () :
e used to repressed common beliar Hep3Vect or (doubl e x, doubl e y, double z);

Hep3Vect or (const Hep3Vector &v);
« used to Rpressed common structure inline double x();
i nline double y();
i nline double z();
i nline doubl e phi();
i nline double cosTheta();

inline double mag();

Will di vert fr om the text book in order to introduce
HEP specific classes

* Examples fronCLHEP /1 much nore not shown
) ) private:
» Examples from Gismo (mésession) doubl e dx, dy, dz;
15

and some of the implementation

i nline doubl e Hep3Vector::x() {
return dx;

}
inline doubl e Hep3Vector::mag() {

return sqgrt(dx*dx + dy*dy + dz*dz);
}
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Recall our test program Possible 4-Vector Class

Theobject doesthework (cl hep/ t hr eeVect or 0. C) Might look lik e...
#include <iostream.h> cl ass HepLorentzVector {
#include <CLHEP/ThreeVector.h> public:
HepLor ent zVect or () ;
int main() { HepLor ent zVect or (doubl e x, double y, double z, double t);
double x, y, z; HepLor ent zVect or (const HepLorent zVector &v);

nline double x();

nline double y();

nline double z();

nline double t();

nl i ne doubl e phi();
nl i ne doubl e cosTheta();

while (cin >>x>>y>>z){
Hep3Vector aVec(x, y, z);

cout << "r: " << aVec.mag();
cout << " phi: " << aVec.phi();

cout << " cos(theta): " << aVec.cosTheta() << endl; inline double mag();
} /! much nore not shown
return O; private:
} doubl e dx, dy, dz, dt;
}s
including algebraic operators
Hep3Vector p, q, I; Compare with 3-Vector class
double z; .
I » some member functions must be exactly the same
z =p*q; .
r=p+aq;  some member functions are added

» some member functions must be re-implemented
» some dataisthe same

e onenew dataitem
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Another Possible 4-Vector Class Possible implementation

Might look lik e... Constructors
cl ass HepLorentzVector { HepLor ent zVect or : : HepLor ent zVecor ()
public: vec3(), dt(0.0){}
HepLor ent zVect or () ;
HepLor ent zVect or (doubl e x, double y, double z, double t); HepLorent zVect or: :
HepLor ent zVect or (const HepLorent zVector &v); HepLor ent zVect or (doubl e x, double y, double z, double t)
inline double x(); vec3(x, vy, z), dt(t) {}
i nline double y();
i nline double z(); HepLor ent zVect or : :
i nline double t(); HepLor ent zVect or (const HepLorentzVector & )
inline double mag(); vec3(v.vecl), dt(v.dt) {}
/'l much nore not shown
private: oL
Hep3Vect or vec3: e note use of initializers

doubl e dt;

}: + must construct data members when constructing

class object
* HepLorentzVector has-a Hep3Vect or
» could also say HepLor ent zVect or isbuilt by L et 3-vector component do part of thework

aggregation doubl e HepLorent zVector::mag() {
) ] return sqrt(dt*dt - vec3.mag2() );
* or with containment }

must still implement functionslike

doubl e HepLorentzVector::x() {
return vec3. x();
}
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YAPI

Constructors

cl ass HepLorentzVector {
public:
HepLor ent zVect or () ;
HepLor ent zVect or (doubl e x, double y, double z, double t);
HepLor ent zVect or (const HepLorentzVector &v);
inline double x();
i nline double y();
i nline double z();
i nline double t();
inline double mag();
/'l much nore not shown
private:
Hep3Vect or *vec3
doubl e dt;

b
* still have containment, but use a pointer

» makes sense in some situations (probably not here)
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YAPI implementation

Constructors might be

HepLor ent zVect or: : HepLor ent zVecor () : dt(0.0)
{
vec3 = new Hep3Vector(0, 0, 0);

}

HepLor ent zVect or :
HepLor ent zVect or (doubl e x, double y, double z, double t)
dt (t)

{
vec3 = new Hep3Vector(x, y, z);
}
HepLor ent zVect or (const HepLorentzVector & ) : dt(v.dt)
{

vec3 = new Hep3Vector(v.vec3); // copy constructor

}

e using new operator to create one object

* will need to implement destructor!
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I nheritance

Part of the header file CLHEP/ Lor ent zVect or . h)

cl ass HepLorentzVector : public Hep3Vector {
publi c:
HepLor ent zVect or () ;
HepLor ent zVect or (doubl e x 0., double y 0.
doubl e z 0., double t =0.);
HepLor ent zVect or (const HeplLorent zVector &v);
HepLor ent zVect or (const Hep3Vector &p, double t);
double t();
doubl e mag();
/! much nore not shown
privat e:
doubl e dt;

b

* HeplLorentzVector is-a Hep3Vect or

* All public membersof Hep3Vect or areaso public
members of HepLor ent zVect or by use of
keyword publ i ¢ in classdeclaration.

* member function t () isadded

« member function mag() overridesfunction of same
namein Hep3Vect or

* constructors take different arguments

* one new datamember: dt
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i nt

Use of Lorentz Vector

Consider (cl hep/ f our Vect or 0. h)

mai n() {

double x, vy, z, t;
while (cin >> x >y >z >t ) {

}

Hep3Vect or a3Vec(x, y, z);
HepLorent zVect or a4Vec(x, y, z, t);

cout << "3-vector x and nag:
<< a3Vec.x() << " " << a3Vec.mag() << endl

cout << "4-vector x and mag: "
<< ad4Vec.x() << " " << adVec.mg() << endl

return O;

}
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HepLor ent zVect or behaes like ary other class

how does a4vect . x() work since no member
function has been defined?... by inheritance

a4Vec. mag() , hawvever, is completely dierent
from a3Vect . mag()

output of program

hpkaon> a. out

1112

3-vector x and mag: 1 1.73205
4-vector x and mag: 1 1



Memory model Constructor | mplementations

Consider Constructors
Hep3Vector x(1.0, 0.0, 0.0); HepLor ent zVect or: :
HepLorentzVector y(1.0, 0.0, 0.0, 5.0); HepLor ent zVect or (doubl e x, doubl e y, double z, double t) :
Hep3Vector (x, vy, z), dt(t) {}
In computer’s memory we hae HepLor ent zVect or : :
. HepLor ent zVect or (const Hep3Vector &v, double t)
Objects: Code: Hep3Vector(v), dt(t) {}
X: > E??SVECtor() HepLor ent zVector : :
0 HepLor ent zVect or (const HepLor ent zVect or &v)
32'() Hep3Vect or (v), dt(v.dt) {}
mag()
phi () _
cosThet a() * super classwill be constructed before subclass

; * useinitializersto direct how to construct superclass

HepLor ent zVect or ()
t()
mag()

* inheritance of data members

* inheritance of member functions
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More of Implementation More on Implementation

As you might expect Keep the base class data membersprivate
i nli ne doubl e HepLorentzVector::t() const { i nli ne doubl e HepLorent zVector:: mag2() const {
return dt; return dt*dt - Hep3Vector::nmag2();
} }
* the t () member function is li& weve seen before * Use scope operator : : to access function of same

name in super class

This doesn’t work * NOW we can re-write Hep3Vect or touse r,
i nline doubl e HepLorentzVector::mg2() const { cost heta and phi without needing to re-write
return dt*dt - (dx*dx + dy*dy + dz*dz); HepLor ent zVect or
} . .
* |ess dependencies between classes is good

e dx, dy, and dz were declaredpri vate

. , Finally, we have
e private means access to objects of the same class

and HepLor ent zVect or is a diferent class i nli ne doubl e HepLorent zVector::mag() const {
doubl e pp = mag2();
 could modify Hep3Vect or to : return pp >= 0.0 ? sqrt(pp) : -sart(-pp);
cl ass Hep3Vector {
public: o di i .
/] same as bef ore did yc_)tj (rjerj;ember that 4-vector can have negative
pr ot ect ed: magnituae:
doubl e dx, dy, dz;
}

e protected: means access to members of the same
class and all subclasses
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Even more of mplementation

Thedot product

inline double
HepLor ent zVect or: : dot (const HepLorentzVector & p) const {

) return dt*p.t() - z()*p.z() - yO*p.y() - x()*p.x();

* use of accessor functions x(), y(),and z()
because data members are private in the super class

» scopeoperator :: not needed because these
functions are unique to the base class

The += operator

i nline HepLorentzVector &

HepLorent zVect or: : operator += (const HepLorentzVectoré& p) {
Hep3Vector::operator += (p);
dt += p.t();
return *this;

}

» example of directly calling operator function
Many other functionswill not be shown

They implement the vector algebrafor Lorentz
vectors

BABAR C++ Course 147 Paul F. Kunz

What's new?

A Lorentz boost function

voi d HepLor ent zVect or: : boost (doubl e bx, doubl e by, double bz){
doubl e b2 = bx*bx + by*by + bz*bz;
regi ster double gamma = 1.0 / sqrt (1.0 - b2);
regi ster double bp = bx*x() + by*y() + bz*z();
regi ster double gamma2 = b2 > 0 ? (gamma - 1.0)/b2 : 0.0

set X(x() + gamma2*bp*bx + gama*bx*dt);
setY(y() + gamma2*bp*by + gama*by*dt);
setZ(z() + gamm2*bp*bz + gamma*bz*dt);
dt = gamma*(dt + bp);

* regi ster keyword advises compiler that variable
should be optimized in machine registers

Also have

i nl i ne Hep3Vect or HepLorentzVector::boostVector() const {
Hep3Vector p(x()/dt, y()/dt, z()/dt);
return p;

}
inline void HepLorentzVector::boost(const Hep3Vector & p){

boost (p. x(), p.y(), p-z());
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Diagrams

Theold ones
» Boochs “clouds”, supported by Rational/Rose
* Rumlurgh’'sOMT

The new one
* UML: Unified Modeling Language
» Booch and Rumilrgh working together

» submitted for standardization
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Aggration

If we have a has-a relationship we draw it thus

LorentzVec [®—— ThreeVec

 corresponding code...

cl ass LorentzVec {
// much nore not shown
private:
ThreeVec vec3;
doubl e dt;

b

* LorenzVec containsThr eeVec

» contained object will be desyred with the
containing object is destyed
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Association

If we have a association relationship wedraw it thus

Car < M otor

 corresponding code...

class Car {

/1 much nore not shown
private:

Mot or *m

b

* not 100% sure just because we have
poi nt er
» only association if motor is replaceable

» depends on what kind of application thdar class
is being used for

BABAR C++ Course 151 Paul F. Kunz

I nheritance

If we have is-a relationship we draw it thus

ThreeVec

LorentzVec

* corresponding code

class LorentzVec : public ThreeVec {
/1 much nore not shown

private:

doubl e dt;

H

* thisisclassrelationship, not object relationship
» don’t be confused with our memory model diagrams

* wesay Thr eeVec isbaseclassand Lor ent zVec is
derived class
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Bad inheritance

When a squae is a ectangle and when it isn’t

Rectangle

Square

corresponding code

class Rectangl e {
/! much nore not shown
voi d setlLength(float);
voi d set Hei ght (fl oat);
/...
float |ength, height;
iE

now what’'s the Squar e going to do about these member
functions?

in math, asguareisasubset of all rectangles, but in C++ a
Squar e isnot asubclass of Rect angl e
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A Possible Particle class

Take Lorentz vector and add to it

class Particle : public HepLorentzVector

{

public:
Particle();
Particl e(HepLorentzVector & PDTEntry *);
Particle(const Particle &);
virtual ~Particle() {}
float charge() const;
float mass() const;

/1l more methods not shown

pr ot ect ed:
float _charge; // units of e
PDTEntry * pdtEntry;
HepALi st <Particl e> _children;
Particle *_parent;

b

note one can inherit from a class which is derived class

added features are charge, pointer to entry in particle data
table, list of children, and pointer to parent

owns list of children

_pdtEntry and _parent are pointers because of shared
objects

not very useful class
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Data M odel Class Diagram
In computer’'s memory we hae Inheritance and relationships
Objects: Code:
dx Hep3Vect or () Hep3Vector
dy x() T
dz y()
z()
bk
phi
cosThet a() HepL orentzVector

e :

dx HepLor ent zVect or () 0.1 children
dy t() >
dz mag() .
dt Particle 0.* parent
? — PdtEntry

Particle()
char ge()
mass()

e Particl e has0tonchildrenand O or 1 parents
dt e Particl e hasassociation with Pdt Entry
_charge
_pdtEntry
_children
_parent

* we leave the HepALi st <> out of the picture
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Object Hierarchy

In computer memory we have

:PdtEntry

:Particle

_parent

:Particle :Particle (Particle

* theclass and object hierarchies are different in
dimensions
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The 3 hierarchies of OOP

It' s a three dimensional space

abstraction

* Class hierarohdescribes bel#r
» Object hierarch describes data structure

* hierarcly of levels of abstractiore.g. float, \ectot
lists, arrays, particlestc.
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Multiple Inheritance Class hierarchy

One can inherit from morethan one class For both data members and functions we have
(asl und/ AsTr ack. h)

class AsTrack : public HepLockable, public Particle

3-vector

publi c:
AsTrack(); %

AsTrack(AsEvent *e, int type, int index);

AsTrack(const AsTrack &); §
virtual ~AsTrack(); L orentz-vector

// nore menber functions not shown Z}

}

) . Particle L ockable
e AsTrack inheritsfromboth Particle and

HepLockabl e L—J

» both data members and member functions are A<Track
inherited from both classes slrac

* AsTrack has the functions defined in itself and all
of its super classes

* AsTrack has data members defined in itself and all
of its super classes
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AsTr ack’s constructor

Beginning of constructor (asl und/ AsTr ack. cc)

AsTrack: : AsTrack( AsEvent *e, int type, int index)
: Lockable(), Particle()
{

_type = type;

_index = index;

int ftype = type + 1;

int find = index + 1;
float p[20];
trkall c(& type, & ind, p);

set X(p[0]);

setY(p[1]);

setZ(p[2]);

set T(p[3]);

_charge = p[ 10];
/'l nore not shown

 note calling the constructors of the super classes

« careful: the super class constructors are called in
order of the class definition, not necessarily in the
order listed in the constructor.

e trkal | ¢ isaFortransubroutinethat fetchesdataout
of ASLUND’s COMMON blocks
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Summary

We nav know enoughC++ to do a plysics analysis

Next session we'll look at polymaphic uses of
inheritance with examples fom Gismo

Then, we’ll be pretty much done with leaning the
language

It' s soon time to start some mini-pojects usingC++

BABAR C++ Course 162 Paul F. Kunz



Plan of the day Enumerations

Few more language features mnemonic namesfor integer codesgrouped into sets

) enum Col or { red, orange, yellow, green, blue, indigo, violet };
Particle data table

Color ¢ = green;

Polymor phic inheritance enum Pol ygon { triangle = 3, quadrilateral, pentagon };

* Col or is programmer defined type
* red, orange, etc are constants of typgel or

* c is declared as typ€ol or with inital value of
green

* c can change,uired, or ange etc can not

» enumvalues are corerted to int when used in
arithmetic or logical operations

 default integer alues start at 0 and increment by 1
» can werride the defult.

» but valued stored inariable which is an enumerated
type is limited to the alues of the&num

» uniqueness of the enumeratedues is guaranteed

« slightly different fromC
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PdtLund Class L ayout
Extract from this class (PDT/PdtL und.hh)
cl ass Pdt Lund AList<PDTEntry>
{ x
public: M /\ 1y
/1l a list of comon particles © el P
/'l the numbers are PDG standard particle codes O A
enum LundType { “ —r— ®
e minus = 11, nu_e, nmu_minus, nu_nu, K* | K" - pt+v >
e plus = -11, nu_e_bar = -12 o +
/1 many nore not shown K K+ etv
IE n K™ - 110
b P K* S e
+ + ~
* enumnested in class
K* - mPufv
* must use scoping to access outside of class

AList<PDTENtry> Al ist<DecayMode>

Pdt Lund: : LundType | = PdtLund::e_mi nus;
» Pdt has one data member: _
* the scoping helps the readability anids name HepALi st <Pdt Entry> _entries
conflicts e Pdt Ent ry hasdatamembersfor particle properties
 scope type and constants and an ALi st <DecayMode> for list of decay modes

* DecayMde has data membersfor branching
fraction and an ALi st <Pdt Ent r y> for list of
children.

* ALi st entriesare pointers or references, not copies
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static keyword

Part of the Pdt class declaratin (PDT/ Pdt . hh)

cl ass Pdt

{

publi c:
/1 return entry pointer given particle id or nane
static PdtEntry* | ookup(const char *nane);
static PdtEntry* | ookup(PdtLund::LundType id);
static PdtEntry* | ookup(PdtGeant:: Geant Type id);
static float mass(PdtLund:: LundType id);
static float mass(PdtGeant:: Geant Type id);
static fl oat mass(const char* nane);

/1 more not shown

private:

static HepALi st<PdtEntry> _entri es;

I

* a static datamemberisonethat isshared by all
instances of the class, e.g. aglobal within the scope
of the class

e a stati c member function isonethat is global
within the scope of the class

» accessadatamember or member function with scope
operator

mass = Pdt:: mass( PdtLund:: pi_plus);
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PDTENt ry class

Parts of the header file bf ast / PDTEnt ry. h)

cl ass DecayMode;

class PdtEntry {

public:
const char *nane() const {return _nane;}
float charge() const {return _charge;}
float mass() const {return _mass;}
float width() const {return _width;}

/] nore not shown

pr ot ect ed:
char *_nane;
float _nass; /1 nom nal mass (CGeV)
float _width; [/ width (0 if stable) (GeV)
float _lifeTime; // c*tau, (cm
float _spin; [l spin, in units of hbar
float _charge; /1 charge, in units of e
float _widthCut; // used to limt range of B-W
float _sunmBR; /1 total branching ratio

HepALi st <DecayMode> _decaylLi st;
Pdt Lund: : LundType _I undi d;
Pdt Geant : : Geant Type _geanti d;

s

* note forward declaration of class
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DecayMode class

From the header file bf ast / DecayMode. h)

cl ass DecayMwbde {
public:
DecayMode(fl oat bf, HepAList<PdtEntry> *I ) {
_branchi ngFracti on = bf;
_children = 1|;

float BF() const { return _branchi ngFraction; }
const HepALi st <PDTEntry> *chi | dLi st() const {
return _children; }
pr ot ect ed:
float _branchi ngFracti on;
HepALi st <Pdt Entry> *_chil dren;

H

* nothing new
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Detector Simulation

What classes areinvolved?
» 3-vector

* geometry

* track

 detectors

« fields

* etc

Will take examples from Gismo project

o C++ framew_ork for detector simulation and
reconstruction;

+ we'll see hav it differs from the Brtranbladk box
approache.g. GEANT 3
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Gismo History

Version 0, the prototype

written by Bill Atwood GLAC) and Dby Burnett
(U Washington)

completed in Spring 1991

Version 1, previousrelease

written by Atwood, Burnett, Alan Breakstone
(Hawaii), Dave Britton (McGill) and others

usedC++ but without templates and withoGt. HEP

first release ws summer 1992

ftp://ftp.slac.stanford.edu/pub/
sources/gismo-0.5.0.tar.Z

will show code based on thigksion

Version 2, current version
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written by Atwood and Burnett
C++ with templates anGLHEP

http://www.phys.washington.edu/
~burnett/gismo/

Paul F. Kunz

Ray

Helix

Some Gismo Classes

Volume

1

Box

Tube

Surface
Plane Cylinder
Circle Rectangle AntiCylinder

» other Gismo classes are not shown

» we see several independent class hierarchies

* objects from these hierarchies will work together

Let's browse some of the classes
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Ray class

Part of the header

cl ass Surface;
cl ass Ray
{
publi c:
Ray() ;
Ray( const ThreeVec& p, const ThreeVec& d );
virtual ~Ray() {};
Ray( const Ray& r );
virtual ThreeVec position( double s ) const;
const ThreeVec& position() const {return pos;}
virtual double curvature() const;
virtual double
di st anceToLeaveSurface( const Surface* s, ThreeVec& p ) const;
/1 nore not shown
pr ot ect ed:
Thr eeVec pos;
ThreeVec dir;
float arclength;

};

» you can pretty well guess the significance of the data
members and marof the member functions

» aray is clearly a straight line

» we have some virtual functions whose sigamte will
be plained shortly
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Hel | x class

Part of the header
class Helix : public Ray

{

public:
Hel i x();
Hel i x( const ThreeVec& p, const ThreeVec& d

const ThreeVec& a, double r );

virtual ~Helix() {};
Hel i x( const Helix&r );
virtual ThreeVec position( double step ) const;
doubl e curvature() const { return 1.0 / rho; }
virtual double
di st anceTolLeaveSurface( const Surface* s, ThreeVec& p ) const;
/1 many nore not shown

pr ot ect ed:
ThreeVec axis; // helix axis direction (unit vector)
doubl e rho; /'l helix radius, sign significant

ThreeVec perp; [// perpendicular direction
doubl e parallel;// conponent along axis

};

* many member functins must be re-implemented
here, so probably aHel i x isnot aRay

+ we have some more virtual functions
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Sur f ace class

Part of the header

class Surface

pr ot ect ed:

ThreeVec origin; // origin of Surface

publi c:

Surface() : origin() {}
Surface( const ThreeVec& o ) : origin( o) {}
virtual ~Surface() {}
Surface( const Surface& s ) {

origin = s.origin; }
virtual doubl e di stanceAl ongRay(

int which_way, const Ray* ry, ThreeVec& p ) const = O;
virtual doubl e distanceAl ongHel i x(

i nt which_way, const Helix* hx, ThreeVec& p ) const
virtual int wthinBoundary( const ThreeVec& x ) const

= 0;
=0

/// nore not shown

I

» data members can be first in fileit mot usual
practise

» the di st anceAl ong member functions are pure
virtual

e an instance ofsur f ace can not be instanciated

e Surface exists to define an intaate
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Pl ane class

Part of header

class Pl ane: public Surface

{
public:
Pl ane( const Point& origin, const Vector& n );
Pl ane( const Point& origin, const Vector& nhat,
doubl e dist );
virtual doubl e distanceAl ongRay(
i nt which_way, const Ray* ry, ThreeVec& p ) const;
virtual doubl e distanceAl ongHel i x(
i nt which_way, const Helix* hx, ThreeVec& p ) const;
/1 more not shown
private:
doubl e d;
/] offset fromorigin to surface

b

¢ Pl ane isinfinite sinceit has no data membersto
describe boundary

« distanceaong ray to infinite plane can be cal cutated,
so implementatin does exist here
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Crcle class Rect angl e class

Part of header Part of the header
class Circle: public Plane class Rectangl e: public Plane
{ {
public: public:
Circle() : Plane() { radius = 1.0; } Rect angl e() ;
Circle( const ThreeVec& o, Rect angl e( const ThreeVec& o, const ThreeVec& n,
const ThreeVec& n, double r ); doubl e |, double w, const ThreeVec& | a);
virtual ~Grcle() {} virtual ~Rectangle() {}
Crcle( const Grcle& c ); Rect angl e( const Rectangle& r );
virtual int withinBoundary( const ThreeVec& x ) const; virtual int wthinBoundary( const ThreeVec& x ) const;
/1 nore not shown pr ot ect ed:
pr ot ect ed: doubl e | ength, width;
doubl e radi us; ThreeVec | engt h_axi s;
Iy ¢ I

« has data member to describe boundary * datamembers to describe boundary

« also has member function to give the answer * member function to test for boundary

» data member to describe direction
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Gismo Volume

Part of the header

cl ass Vol une

// a lot not shown
virtual doubl e distanceTolLeave( const Ray& r,
ThreeVec& p, const Surface*& s ) const;
protected: // make available to derived cl asses
HepALi st <Sur face> surface_li st;
ThreeVec center; // center of Vol une
doubl e roll, pitch, yaw,

b

* Vol une isabase classwith common functionality of
all volumes

* jtcontainsalist of surfaces that describe the volume

* jt contains a 3-vector for its center and 3 doublesfor
its rotation

* member functions not shown allow one to build
abitrary volumes, move them, and rotate it.

« for tracking, key member function is
di stanceToLeave
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Subclasses of Volume

Box

cl ass Box : Vol une

{
Box( float len, float width, float height);

Box(const Box &);
virtural ~Box();
[l very little not shown

* constructor builds six surfaces, positions them, and
adds them to surface list

 hardly any other member functions, nor any data
members

» same for Cylinder and other classes

* any onecould add anew volume subclassin asmiliar
way, for example alight pipe

-~
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Part of implementation Recall Memory model

The key member function Consider
doubl e Vol une: : di stanceTolLeave( const Ray& r, Ray r;
Thr eeVec& p, const Surface *&sf ) const Hel i x h;
{
double d = 0.0, t = FLT_MAX;
ThreeVec tenmp ( t, t, t ); In computer’s memory we hae
p = tenp;
sf = 0; Objects: Code:
Surface *s; > Ray()
HepALi stlterator<Surface> iter(surface_list); re o yor
while (s = iter.next() ) { ' posi ti on()
d = r.distanceToLeaveSurface( s, tenp ); di stanceToleave()
if ((t>d) & (d>=0.0)) {
t =d;
p = tenp;
sf =s;
} ;
}
return t; Hel i x()
} h posi tion()
' di st anceToLeave()
* loop over all suraces to find the shortest distance

. |
» the Ray object appears to do theovk

« we dont know if the Ray objectis-aRay or the * but now, wewant Vol ume to invoke
Hel i x subclass Hel i x: : di stanceToLeaveSurf ace
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Thevirtual function table

Memory model with virtual functions

Objects: Code:

_ Ray ()
r: posi tion()
di stanceTolLeave()

A

—_—

Hel i x()
h: posi tion()
' di st anceToLeave()

* virtual member functions are invoked indirectly via
the virtual function table

* the table contains pointers to the member functions

* each classinitializes the table with its functions
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Back to implementation

We have

doubl e Vol une: : di stanceToLeave( const Ray& r,
ThreeVec& p, const Surface *&sf ) const

{
double d = 0.0, t = FLT_MAX;
ThreeVec tenp ( t, t, t );
p = tenp;
sf = 0;
Sur f ace *s;
HepALi stlterator<Surface> = iter(Surface_list);
while ( s =iter.next() ) {
d = r.di stanceTolLeaveSurface( s, tenp );
if ((t>d) & (d>=0.0)) {
t = d;
p = tenp;
sf = s;
}
}
return t;
}

» compiler creates different machines instructions to
invoke avirtual member function

* di stanceToLeaveSurface wasdeclared
vi rtual so correct function gets called

 can even add another subclass of Ray without
recompiling this code
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Following the trail

In Ray and Hel i x we have

doubl e Ray: :di stanceToLeaveSurface
( const Surface* s, ThreeVec& p ) const
{

}
11

doubl e Heli x:: di stanceToLeaveSurface
( const Surface* s, ThreeVec& p ) const
{

}

return s->di stanceAl ongRay( 1, this, p);

return s->di stanceAlongHelix( 1, this, p);

s0 Surface will dothework

* thisdesign pattern is caled the Visitor pattern or the
Double-Dispatch pattern

* viathe Ray or Hel i x, weinvoke the correct
member function of Surf ace subclass

* recall that these functions were pure virtual in
Sur f ace
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Where’s the implementation?

Where will we find di st anceAl ongRay?

Surface
Plane Cylinder
Circle Rectangle AntiCylinder

e i'snotinSurface
* one implementation irPl ane

* but we really instansiate objects of ty@ercl e or
Rect angl e

* another inCyl i nder
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| mplementation

In Pl ane, we have

doubl e Pl ane: : di st anceAl ongRay( int which_way,
const Ray* ry, ThreeVec& p ) const

doubl e dist = FLT_MAX;
ThreeVec |v ( FLT_MAX, FLT_MAX, FLT_MAX );
p=1lv;
/[l Oigin and direction unit vector of Ray.
ThreeVec x = ry->position();
Thr eeVec dhat ry->direction( 0.0 );
Thr eeVec nhat normal (); // Normal to plane
doubl e denom = nhat * dhat;
if ( ( denom* which_way ) <= 0.0 )
return dist; // return |arge distance
double d = ( ( ( getOigin() - x ) * nhat ) / denom);
if ((d>0.0) & ( d < FLT_MAX) ) {
dist = d;
p = ry->position( d);
if ( withinBoundary( p) ==0) {
i

di st = FLT_MAX;
p = ThreeVec( FLT_MAX, FLT_MAX, FLT_MAX );
}
}
return dist;
}
* wi t hi nBoundary() member function must bein
Circle or Rectangle
» example of template pattern
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As expected

In G rcl ewehave

int Crcle::wthinBoundary( const ThreeVec& x ) const

ThreeVec p = x - origin;

if ( p.magnitude() <= radius )
return 1;

el se
return O;

In Rect angl e wehave

int Rectangl e::withinBoundary( const ThreeVec& x ) const

ThreeVec p = x - origin;
ThreeVec width_axis = normcross( length_axis );
if ( ( fabs( p * length_axis ) <= ( 0.5 * length ) ) &&
( fabs( p * width_axis ) <= ( 0.5 * width ) ) )
return 1;
el se
return O;
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Virtual destructor

In Volume, we may have

Vol une: : ~Vol une()

{

Surface *s;
HepLi stlterator<Surface> = it(surface_list);
while (s =it() ) {

del ete s;

del ete surface_list;

» we need to call the destructor for Circl e, Pl ane,
etc

* thuswe make the destructor virtual for this heirarchy
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Summary

Inheritance used for
* used to expressed common implementation

* used to expressed common behavior

* used to expressed common structure

Virtual inheritance allows objects to use abstract
base functions with concr ete classes

BABAR C++ Course 190

Paul F. Kunz



We're Done!

But...

* its like youve heard lectures on Wwao swim, lut
now you face the deep end of the pool

* its like you knav the rules of thegme of chess,ub
have not yet studied stratgies
Further r eading:

» Designing object-oriented C++ applications using
the Booch method, Robert C. Martin, ISBN 0-13-
203837-4, Prentice Hall

» Design Ritterns, Gamma, Helm, Johnson, and
Vlissides, ISBN 0-201-63361-2, Addisonedley
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