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printf(“*\n”);
Printf(“**\n”);
Printf(“***\n");
Printf(“****\n”);
printf(“*****\n”);
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for(auto i=0; i<5; i++)
{
for(auto j=0; j<=i; j++)
{
printf(“*”);
}
printf(“\n”);
}
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T2 Z=2Y o2 CHY
(procedural, structural programming)

‘ data2t data manipulations £

AN K| =222 o 2T Y
(Object Oriented Programming)
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+ BT Z21HY id star(int har shape)
void star(int max_num, char shape
o = - = =
- S OEE Y15 Ytitet {
for(auto i=0; ikmax_num; i++)
{
for(auto j=0; j<=i; j++)
{
printf(“%c”, shape);
}
printf(“\n”);
}
}
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2l & (Template Programming)O| 2t
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2l 2 2l == Generics
* Java, .Net, Rust A @0 Al = BIZ 3 L & Generics O|2t= B0 E A& S
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Pokemon

Card
Template

Source code level Memory or runtime level
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template<typename Type>

o EHIZ=Z| M
&= X (Template) 73 class MyTemplate
- HESIQIXt {
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class MyTemplate

class MyTemplate
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template<class Form>
DiagonalMatrix(const Matrix<Form, Type>&);
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DiagonalMatrix<Type>(); template<class Form>
DiagonalMatrix<Type>(const Matrix<Form, Type>&);
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. HIZ2| O|X} Of &l HX e

void (T t) { cout <=
* SFINAE (Substitution Failure Is Not An Error)
* Exactly matching

void (int n) { cout <

(.--) { cout <=

*  Template

* Variable argument
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ZEX: https://blog.naver.com/hikari1224/221485187168
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E7{™: NI = N(N-1)(N-2) ... 1
THH ™ NI = N(N-1)!

o o [}
Ut B4 T™P 2
template<int N>
int factorial(int n) class Factorial
{ {
if (n==1) public:
{ static const int value = N x Factorial<N - 1>::value;
return 1; };
}
else template<>
{ class Factorial<1>
return n* factorial(n - 1); {
} public:
} static const int value = 1;
b
int main()
{ int main()
std::cout << factorial(5) << std::endl; {
} std::cout << Factorial<b>::value << std::endl;

}
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* DimensionedField
* GeometryField

- HEHISH XY
* \VectorSpace
* MatrixSpace

« OpenFOAMS| 7I& 7|2 AtE X2 E 2E &
* VectorSpace

* Vector

* Tensor
* GeometryField
+ Volume 2E
* volVectorField
* volScalarField
+ Surface 2E
* surfaceVectorField

e surfaceScalarField
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¢ DimensionedField

«bind»
FieldType -> DimensionedField<Type, GeoMesh>

@ DimensionedField h
/ ); mesh_ retu rn
«typedef» «typedef» «typedef» «typedef»
Mesh Base cmptType FieldType
GeoMesh::Mesh Field<Type> Field<Type>::cmptType Field<Type>
*  GeometricField

«typedef» T """" FIdT
Boundary (© pimensionedField oomeshi  |(€) OldTimeField --'-‘?----y-'-’f[‘
GeometricBoundaryField<Type, PatchField, GeoMesh> ] ]
«bind»

FieldType -> GeometricField<Type, PatchField, GeoMesh>

boundaryFigld_

«typedef» 1 Type H
Ye=h :PatchField ¥
Base @ GeometricField { Goolles h> fieldPreviterPtr_
DimensionedField<Type, GeoMesh> |
sources_ ret U r n
«typedef» «typedef» «typedef» «typedef» «typedef» «typedef»
Mesh Internal Patch Source Sources cmptType

GeoMesh::Mesh DimensionedField<Type, GeoMesh> PatchField<Type> GeoMesh::FieldSource<Type> GeometricFieldSources<Type, GeoMesh> Field<Type::cmptType
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* VectorSpace

return this
A Form i
«typedef» : «typedef»
VectorSpace Cmpt
cmptType © PASE " Ldirection Nempts (D vsType
Cmpt J VectorSpace<Form, Cmpt, Ncmpts>
3 Ncmpts  \Ncmpts 1
« TMP variable» « TMP variable» « TMP variable» « TMP variable»
dim nComponents mRows nCols
direction direction direction direction
° i 7 Form %
MatrixSpace ©@vecorspace | ot

‘direction Nempts

«bind»
Form -> Vector<Cmpt> .
Ncmpts -> Mrows*Ncols t h IS
] Form :
) 1 Cmpt : «typedef»
@ MatrixSpace direction Mrows (T msType

! direction Neols ¥ -
------------------- | MatrixSpace<Form, Cmpt, Mrows, Ncols>

[\

« TMP variable» « TMP variable»
mRows nCols

direction direction
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* Vector  Tensor

: Form Form
VectorSpace Cmpt - . :  Cmpt
© i idirection Nompts i (©Matrixspace direction Mows |
I  direction Ncols
) bommmmmmmmmmmmmmmn I

«bind»
Form -> Vector<Cmpt> «bind»
Ncmpts -> 3 Form->Tensor<Cmpt>
Mrows -> 3
Ncols -> 3
Cmpt 1 « TMP variable»
@Vector T ; rank
«TMP variable» «TMP variable»
. . :Cmpt:
direction | ©Tensor ..... RL: 2 rank
Tensor direction
«typedef» «typedef» f \
vector point
«typedef» «typedef»
Vector<scalar> Vector<scalar> labelType tensor

Tensor<label> Tensor<scalar>
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« EqOp2| EHX|
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»  src/OpenFOAM/primitives/ops/ops.H O "J 2| &
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*  EqOp, Op, weightedOp

#define EQOp(opName, op)
template<class T1, class T2>
class opName##0p2

{
public:

void operator()(T1& x, const T2& y) const

{
op;
}
|3

template<class T>
class opName##Op

{
public:

void operator()(T& X, const T& y) const

{
op;,
}
h

A1 =272 A4t
eqOp eqOp2 X =y
plusEqOp plusEqOp2 X +=y
minusEqOp minusEqOp2 X -=y
multiplyEqOp multiplyEqOp2 X k=Y
divideEqOp divideEqOp2 X /=y
eqSqrOp eqSqrOp2 x = sqr(y)
eqMagOp eqMagOp2 X = mag(y)
plusEgMagSqrOp  plusEqMagSqrOp2 X += magsSqr(y)
maxEqOp maxEqOp2 X = max(x, y)
minEgOp minEqOp2 X = min(x, y)
minMagSqrEqOp  minMagSqrEqOp2  x = (magSqr(x)<=magSqr(y) 7 x : y)
maxMagSqrEqOp maxMagSqrEqOp2  x = (magSqr(x)>=magSqr(y) 7 x : y)
andEqOp andEqOp2 X = (x Op&0p& y)
orEqOp orEqOp2 Xx=(x iy
notEqOp notEqOp2 x=(xI=y)
eqMinusOp eqMinusOp2 X = -y
nopEqOp nopEqOp2 (void)x
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template<direction N, [direction |>

class VectorSpaceOps

{
public:

template<class V, class S, class EqOp>

static inline void eqOpS(V& vs, const S& s, [EgOp eo
{

eo(vs.v_[l], s);
VectorSpaceOps<N,|I + 1|>::erpS(vs, s, €0);
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R EXd

template<direction N>
class VectorSpaceOps<N, N>

{
public:

template<class V, class S, class EqOp>
static inline void eqOpS(V&, const S&, EqOp)
{}

}
}
AHE 0
inline void VectorSpace<Form, Cmpt, Ncmpts>::operator+=
Inline VectorSpace<Form, Cmpt, Ncmpts>::VectorSpace(const (
Foam::zero) const VectorSpace<Form, Cmpt, Ncmpts>& vs

{

)

VectorSpaceOps<Ncmpts,0>::eqOpS(*this, Zero, eqOp<Cmpt>()); {
} VectorSpaceOps<Ncmpts,0>::eqOp(*this, vs, plusEqOp<Cmpt>());
}
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* Trait 244
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7|
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Scalar
* OpenFOAMO| A AFE =l X
e products.H
o HIE 37| product 7t H4AHS EFE
+  typeOfRanke Scalar, Vector, Tensor At2 & 0fl H2|Z| J}S
+  return 422 type HEZ 7t
Vector
template<class argl, class arg2>
class innerProduct
{
public:
typedef typename typeOfRank
<
typename pTraits<argl>::cmptType,
direction(pTraits<argl>::rank) + direction(pTraits<arg2>::rank) - 2 1¥3r15()r
>::type type;
5

Inner productl| ZIHALE )2 LS

template<class Cmpt>
class typeOfRank<Cmpt, 0>

{
public:

typedef Cmpt type;
|3

template<class Cmpt>
class typeOfRank<Cmpt, 1>

{
public:

typedef Vector<Cmpt> type;
2

template<class Cmpt>
class typeOfRank<Cmpt, 2>

public:

typedef Tensor<Cmpt> type;
2
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OpenFOAM Z{{ & SH=0| TMPE Y OLOF & 77f?
 GeometricField, VectorSpace= 25 OpenFOAM core At &2
- =0| Setz JfHSt=0 2 XE 8lS

L = [ (@)
« 70| U= O[5 & »St= 8%
« 2}, OpenFOAM Z I A|7H2 O EHH 2
o o £ HRES OEA HER =)
- HEHIUS IEZ oA FAE = U=

o Z22|=7f?

Application

FVM Schemes
Physical models

Numerics

+ 1/0
TM P 7 |_ X~ I\;PI * objectRegistry
o = . RTS
¢ Data structure
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« TMP= C++ HEX ZHO | X[ B
o CH+ HZE ZHO|A X|ISHK] &%

u|o r|o

e Modern C++ ETZO0A TMP K| & 7|5 &

e C++11
+ constexpr = static constOf| CHH| =|= 7| R E
e C++20
+ concept2} require 7| HE =&
. HEEIQIXIE MY % UL TS
. EX WHES Holvt Qs A2 H 5]
- EF GMXIFEEO U= AZHDHE
* module 7| s ¢
. SR HEOIN LR S £ B WU HHH A
. ke AjZF

e C++23
« Std module library X| & (20243 7|&F, Ot&] 1A El ALt 2 §lF - visual studio?} F2& X[ &)

« Xl OpenFOAM & HEFE: C++14
* Module 7| 50| Pt E|H M MT| K&
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