EBNF ISO/IEC Standard: Verwendung
Definition

Beispiel: -(3-(4-5))*(3+4%5) /6 | aurzaniung
digit =707 |21 20 [ L. v9r. Endezeichen
number = digit {digit}. Alternative
factor = number Option

ad expression ") " Optionale Wiederholung

| "=" factor. Gruppierung

_ X ' Anflihrungszeichen, 1. Variante

term = factor { "#" factor | "/" factor }. Anfiihrungszsichen, 2. Variante
expression = term { "+" term | "-" term }. Kommentar

Operator Prazedenzen:

Precedence Operator
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Spezielle Sequenz
Ausnahme

Description

Scope resolution

Suffix/postfix increment and decrement
Functional cast

Function call

Subscript

Member access

Prefix increment and decrement

Unary plus and minus

Logical NOT and bitwise NOT

C-style cast

Indirection (dereference)

Address-of

Size-ofinote 11

await-expression (c++20)

Dynamic memory allocation

Dynamic memory deallocation
Pointer-to-member

Multiplication, division, and remainder
Addition and subtraction

Bitwise left shift and right shift

Three-way comparison operator (since C++20)
For relational operators < and = respectively
For relational operators > and = respectively
For relational operators = and = respectively
Bitwise AND

Bitwise XOR (exclusive or)

Bitwise OR (inclusive or)

Logical AND

Logical OR

Ternary conditionaltnote 21

throw operator

yield-expression (c++20)

Direct assignment (provided by default for C++ classes)

Compound assignment by sum and difference

Datentyps T:

Range of values:
Ermittelt kleinster/grosster wert des

#inclue<limits>

std::numeric_limits<T>::min();

Associativity
Left-to-right

Right-to-left

Left-to-right

Right-to-left

Compound assignment by product, quotient, and remainder

Compound assignment by bitwise left shift and right shift
Compound assignment by bitwise AND, XOR, and OR

Comma

Left-to-right

Size in

Type bits Format
signed
unsigned

character char .g
unsigned
32 unsigned
2 signed
short int unsigned
signed
1nte et = igned
onE At = jntunsigne
signed

64 J

long long int unsigned

Approximate

+3.27 - 10%
0 to 6.55 - 10%
+2.14 - 109
0 to 4.29 - 10°

+9.22 - 1018

0to1.84 - 101°

+ min subnormal:

Value range

Exact
-128 to 127
0 to 255
0 to 65535
0to 1114111 (Ox10ffff)
-32768 to 32767
0 to 65535
-2,147,483,648 to 2,147,483,647
0 to 4,294,967,295

-9,223,372,036,854,775,808 to
9,223,372,036,854,775,807

0 to 18,446,744,073,709,551,615

* min subnormal:

+ 1.401,298,4 - 10745 +0x1p-149
32 IEEE- « min normal: ¢« min normal:
7540 +1.175,494,3 - 10-38 +0x1p-126
float « max: * max:
+ 3.402,823,4 - 1038 +0x1.fffffep+127
floating
point * min subnormal: 304 o min subnormal:
=l4.940,655,453,412 - 10 £0x1p-1074
« min normal:
64 ;%i'f? + 2.225,073,858,507,201,4 - 10° . ’;‘g;;:r_’;_‘g;z
double . max:
* Max:
ASCII Tabelle: + 1.797,693,134,862,315,7 - 10308 *OX1- L
Dec Hex Oct Chr Dec Hex Oct HTML Chr Dec Hex Oct HTML Chr Dec Hex Oct HTML Chr
00 000 NULL 3220 040 &#032; Space | 6440 100 &#064;, @ 96 60 140 &#096;
11 001 StartofHeader 3321 041 &#033; ! 6541 101 &#065;, A 97 61 141 &#097; a
22 002 StartofText 34 22 042 &i#034; " 66 42 102 &#066; B 98 62 142 &#098; b
33 003 EndofText 3523 043 &#035 # 67 43 103 &#067;, C 99 63 143 &#099; ¢
44 (004 End of Transmission 36 24 044 &#036;, $ 68 44 104 &#068;, D 100 64 144 &#100; d
55 005 Enquiry 37 25 045 &#037, % 69 45 105 &#069; E 101 65 145 &#101; e
66 006 Acknowledgment 38 26 046 &#038;, & 70 46 106 &#070; F 102 66 146 &#102; f
77 007 Bell 39 27 047 &#039; ' 7147 107 &#071; G 103 67 147 &#103; g
88 010 Backspace 40 28 050 &#040; ( 72 48 110 &#072; H | 104 68 150 &#104; h
99 011 Horizontal Tab 4129 051 &#041; ) 7349 111 &#073; 1 105 69 151 &#105; i
10 A 012 Line feed 42 2A 052 &#042; * 74 4A 112 &#074; ) 106 6A 152 &#106; j
11 B 013 Vertical Tab 43 2B 053 &#043;, + 75 4B 113 &#075; K 107 6B 153 &#107; k
12C 014 Form feed 44 2C 054 &#044; , 76 4C 114 &#076; L 108 6C 154 &#108; |
13 D 015 Carriage return 45 2D 055 &#045;, - 77 4D 115 &#077; M | 109 6D 155 &#109; m
14 E 016 Shift Out 46 2E 056 &#046; . 78 4E 116 &#078; N | 110 6E 156 &#110; n
15F 017 Shiftln 47 2F 057 &#047;, / 79 4F 117 &#079; O | 111 6F 157 &#111; o
16 10 020 Data Link Escape 48 30 060 &#048; 0 80 50 120 &#080; P 11270 160 &#112; p
17 11 021 Device Control 1 49 31 061 &#049;, 1 8151 121 &#081; Q | 11371 161 &#113; q
18 12 022 Device Control 2 50 32 062 &#050; 2 8252 122 &#082; R 114 72 162 &#114; r
19 13 023 Device Control 3 51 33 063 &#051; 3 83 53 123 &#083; S 11573 163 &#115; s
20 14 024 Device Control 4 52 34 064 &#052;, 4 84 54 124 &#084; T 116 74 164 &#116; t
2115 025 Negative Ack. 53 35 065 &#053; 5 85 55 125 &#085; U 117 75 165 &#117; u
2216 026 Synchronousidle 54 36 066 &#054; 6 86 56 126 &#086; V 118 76 166 &#118; v
23 17 027 End of Trans. Block 55 37 067 &#055 7 87 57 127 &#087; W | 11977 167 &#119; w
24 18 030 Cancel 56 38 070 &#056; 8 88 58 130 &#088; X 120 78 170 &#120; x
2519 031 Endof Medium 57 39 071 &#057; 9 89 59 131 &#089; Y 12179 171 &#121; y
26 1A 032 Substitute 58 3A 072 &#058; : 90 5A 132 &#090;, Z 122 7A 172 &#122; z
27 1B 033 Escape 59 3B 073 &#059; ; 91 5B 133 &#091; [ 123 7B 173 &#123; {
28 1C 034 File Separator 60 3C 074 &#060;, < 92 5C 134 &#092; \ 124 7C 174 &#124; |
29 1D 035 Group Separator 61 3D 075 &#061;, = 93 5D 135 &#093; ] 125 7D 175 &#125; }
30 1E 036 Record Separator 62 3k 076 &#062;, > 94 5E 136 &#094;, A~ 126 7E 176 &#126;, ~
31 1F 037 Unit Separator 63 3F 077 &#063; ? 95 5F 137 &#095; 127 7F 177 &#127; Del
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355§aﬁ§§$3 .“-'-?;"-3"35 Eﬁggﬁggg 3323’5%355 g?ﬁ:%ﬁi—'i‘f Usual arithmetic conversions
2 o L= E =1, = S, L g ) . ) . . . -
E ':— S|sl|8 = |°. f" = = °,', L z 2 ) '5 3 3N |: 2 aa s ‘:'-’ e g- 5|8 |d 2- E © < °[® 3 The arguments of the following arithmetic operators undergo implicit conversions for the purpose of obtaining the
1 9, = |z 3~ =3 P . . g
o o a = b |z g~ & o = < IER | - g e 512 ¢ .8% commonreal type, which is the type in which the calculation is performed:
e ° ] ] S g B HIrS 7 G 85F L :lof
2 [=} H w . . .
Al * =8 i e E’ 8 5 &= » binary arithmetic *, /, %, +, -
o S ~ | - )
= R o it g‘ 5 o e relational operators <, >, <=, ==, ==, I=
@ 3 1 @ . T . . ~
H = Q &8 © = binary bitwise arithmetic &, ©, |,

=4 = o

g i £ « the conditional operator ?:

w ) : ; )
allalalalimi=olss rairs|cuicairs all=l==al== =[=1ml=[=|==m »<llo E o 1) f one operand is long double , long double complex,or long double imaginary , the other operand is
S gim =3 &2k a8 a2 a8 E4RE A S R RN TR R R ) FAENE 2 g implicitly converted as follows:
nnl%c 852 a 21BIB8][E s = |53 55 S51515//55/5/51|5 S g B 2 7 : ‘

T 53a o i T 25 665 60 = 8 £ 38 33 3333353533 355 s =5 e integer or real floating type to long double
S o = & F < alg 2 oo g~ a3 u w alalaola 3 =zl a o EE
;—’v 3 o Z 8 z @ ,3 8 z & a g g S o % N % g N % % % ; % % g sn' % 8 :—’v g v » complex type to long double complex
[ - £~ = = - . . ; s
2232288708 SHIEIEIE g 82 %=/3 CCCC e 288 EREE g & « imaginary type to long double imaginary
s 3@ g 2 ¥ 328 SI2IZZ11Z Sa @ 2s 5 28 %8 =0 =~ 88 g
c ellgi~|D o =2 = |z z o F 3 = < < 5 &8 8 T - g . . ‘ o - .
i % s 582353 IENENENE 5 ; 8R4 = 5 g||a g d|e) e, Solm 5 i 2) Otherwise, if one operand is double, double complex , or double imaginary , the other operand is
55 = ~ wow o o = c g : P
ooz 5 555 %87 I ) o & 8 ale 2 e e= 588 2 & R ER] implicitly converted as follows:
L= s B~ 3 e 3 =% — = = T =S 35|65 L3 = . .
55533232 =2 tle g 33 SR EXlElES €& o o8 8% 2 223 s = « integer or real floating type to double
g a|Z g 257 2l g 5|33 Slamilg| 8|zl g8 (2 a2alx=2 23 g 3@ e 7
22|58 %|glg|3 g5 EAEMERER; AN AR IEN G - ®33 B3 « complex type to double complex
=2z %% %53 ERICHE 2% 2 l=ll=llgl5]3 /3 Sl3lg 28 B3 |T 25§ S ) ) ; .
g ‘é_ 322zl 28 % g 3 g e § T;_ E o % z §' g |35 3 g @ g 5 g i o a « imaginary type to double imaginary
| Z|S || = = o 2 |l= =2 3= 3 a 3
| 5|e o2llall 3|7 232188 SHEIFI= IR = g @6 "lelo T 0 21513 2
o 5 22 e g ERIERIeS giglg §' - 5 38— i 5 § 32 28 i 3 s|a % 8 3) Otherwise, if one operand is float, float complex, or flecat imaginary , the other operand is implicitly
S 2 3 5 —
&3 - =% 23 g3 |~- RER 5 88325352 52 converted as follows:
—~ a = 2|2 =
2| AN 2|5 g %2 g g g2 32355 e integer type to float (the only real type possible is float, which remains as-is)
=411y mlEdE — Z SalE E aa ran = - g Y Yy ype p .
g 5 2 53 g — T 33 %3 g_ ~3 « complex type remains float complex
2l == 3 cl/l3lell3]3 = S . . . £l q =
ERlE gg3 Zl@|5|z g 8 s imaginary type remains oat imaginary
o Zl=|z s|[~2153 -
] @ 318 =] . . . ;
g“ - g E_r E S gr s 4) Otherwise, both operands are integers. Both operands undergo integer promotions (see below); then, after
3 § = ; = % © 7 integer promotion, one of the following cases applies:
g g 2 = § ‘
] ] =l 2|5 v s If the types are the same, that type is the common type.
5 a
- ~ é g é’ « Else, the types are different:
ZIIE ~ ¢ If the types have the same signedness (both signed or both unsigned), the operand whose type has
o . . . PR
=4 the lesser conversion rank® is implicitly converted? to the other type.
s
— s Else, the operands have different signedness:
header o [f the unsigned type has conversion rank greater than or equal to the rank of the signed type, then
<cmath> (math.h) the operand with the signed type is implicitly converted to the unsigned type.
—— » Else, the unsigned type has conversion rank less than the signed type:
€ numerics library X ‘ ‘
Header <cmath> declares a set of functions to compute common mathematical operations and transformations: o If the signed ty,pe Can_ r,epresem all values of the unsigned type, then the operand with the
unsigned type is implicitly converted to the signed type.
. Else, both operands undergo implicit conversion to the unsigned type counterpart of the signed
fx Functions ¢ ) op 9 P 9 ye P 9
. 5 - operand's type.
rigonometric functions
cos Compute cosine (function ) Bsp switch case
sin Compute sine (function ) int x = 2:
- El
tan Compute tangent (function -
P gent ¢ ) switch (x)
acos Compute arc cosine (function )
asin Compute arc sine (function ) { i " . ) "
atan Compute arc tangent (function ) case 1: prlnt-F( ChOlCE 1s 1 )3
Exponential and logarithmic functions break;
exp Compute exponential function (function ) case 2: printf("Choice is 2");
log Compute natural logarithm (function ) break,‘
log10 Compute common logarithm (function ) case 3: pr‘int'F( "Choice is 3" );
Power functions
pow Raise to power (function ) break ,
sqrt Compute square root (function ) default: printf(“"Choice other than 1, 2 and 3");
Rounding and remainder functions break;
ceil Round up value (function ) }
floor Round down value (function )

abs Compute absolute value (function )



Fliesskommazahlensysteme Umrechnung dezimal — binar

Angenommen, 0 < o < 2.
m Also: 7' = b,l.b,Qb,"gb,_i =2 (;[' — bg)
m Schritt 1 (fiir z): Berechnen von by:

Ein Fliesskommazahlensystem ist durch vier natirliche Zahlen definiert:
m [ > 2, die Basis,

m p > 1, die Prézision (Stellenzahl),
B ¢, der kleinste Exponent, b — { 1, fallsz >1
B e, der grosste Exponent. ! 0, sonst

Bezeichnung:

F(5, p. emins €mx) @nthilt die Zahlen m Schritt 2 (fir «): Berechnen von b_,b_s. .. .:
- Gehe zu Schritt 1 (fir 2’ = 2+ (x — by))
+ Zdiﬁ’i - e, Bsp. Binardarstellung von 1.1,
=0 T by x—b 2x—10;)
die{0,....8 -1}, ¢€{tmns---:Cmax}- 1.1 byp=1 0.1 0.2
0.2 b =0 0.2 0.4
In Basis-/3-Darstellung: 04 by=0 0.4 0.8
+ dyedy ... dyq % 5, 0.8 by3=0 0.8 1.6
Normalisierte Zahl: 1.6 by=1 0.6 1.2

1.2 0.2

+ (l@,d1 . (l;,,] X ‘B{J, 0.4

Der |[EEE Standard 754

dy # 0

Operator Rundung

- Division ‘/’ von int und unsigned int wird zu
0 gerundet.

- Modulo ‘%", rest der Ganzzahldivision, bei
negative Zahlen tbernimmt ‘%’ das Vorzeichen
des linken Operanden.

Literale (Bsp. 42)

legt Fliesskommazahlensysteme und deren Rundungsverhalten fest und
wird fast uberall benutzt

m Single precision (£1loat) Zahlen:

F*(2,24,-126,127) (32 bit) plus 0, o, ..

Basen (Bsp. 42)

m Double precision (double) Zahlen: _int: 42 - Potenz: 4.2e+1
F(2,53, -1022,1023) (64 bit)  plus 0, ox, ... - unsigned int:42u - Dezimal: 42
- ‘ - - - - float: 42.0f - Binér: eb101010
m Alle arithmetischen Operationen runden das exakte Ergebnis auf die _ double:42.0 - Oktal: @52

nachste darstellbare Zahl - Hexadezimal: Ox2A

10‘“‘12‘13‘14‘15‘ Oktal: 512 64 8 1

Hexadezimal: 256 16 1 | ‘A slelolel s

Binar: 128 64 32 16 8 4 2 1 |05 0.250.125

Arithmetic operators

Returns the result of specific arithmetic operation.

Prototype examples (for class T )
Operator name Syntax Overloadable

Inside class definition Outside class definition

unary plus +a Yes T T::operator+() const; T operator+(const T &a);

unary minus -a Yes T T::operator-() const; T operator-(const T &a);

addition a+b Yes T T::operator+(const T2 &b) const; T operator+(const T &a, const T2 &b);
subtraction a-b Yes T T::operator-(const T2 &b) const; T operator-(const T &a, const T2 &b);
multiplication a*h Yes T T::operator*(const T2 &b) const; T operator*(const T &a, const T2 &b);
division a/b Yes T T::operator/(const T2 &b) const; T operator/(const T &a, const T2 &b);
modulo a%hb Yes T T::operator%(const T2 &b) const; T operator%(const T &a, const T2 &b);

Assignment operators

Assignment operators modify the value of the object.

e T A Overload Prototype examples (for class T )
able Inside class definition Outside class definition

simple assignment a=b Yes T& T::operator =(const T2& b); N/A

addition assignment a+=b Yes T& T::operator +=(const T2& b); T& operator +=(T& a, const T2& b);
subtraction assignment a-=b Yes T& T::operator -=(const T2& b); T& operator -=(T& a, const T2& b);
multiplication assignment |a *= b Yes T& T::operator *=(const T2& b); T& operator *=(T& a, const T2& b);
division assignment a/=b Yes T& T::operator /=(const T2& b); T& operator /=(T& a, const T2& b);
modulo assignment a%=b Yes T& T::operator %=(const T2& b); T& operator %=(T& a, const T2& b);

Increment/decrement operators

Increment/decrement operators increment or decrement the value of the object.

Prototype examples (for class T))

Operator name Syntax Overloadable
Inside class definition Outside class definition
pre-increment ++a Yes T& T::operator++(); T& operator++(T& a);
pre-decrement --a Yes T& T::operator--(); T& operator--(T& a);
post-increment a++ Yes T T::operator++(int}; T operator++(T& a, int);
post-decrement a-- Yes T T::operator--(int); T operator--(T& a, int);

Comparison operators

Compares the arguments

Operator Over Prototype examples (for class T )

Syntax load

name able As member function As free (namespace) function

equal to a==b | Yes bool T::operator ==(const T2 &b) const; bool operator ==(const T &a, const T2 &b);
:;)tequal a!=b| Yes bool T::operator !=(const T2 &b) const; bool operator !=(const T &a, const T2 &b);
lessthan |a < b | Yes bool T::operator <(const T2 &b) const: bool operator <(const T &a, const T2 &b);
tg;:zter a>b | Yes bool T::operator >(const T2 &) const; bool operator =>(const T &a, const T2 &b);
less than _ R _ _

a<=b | Yes bool T::operator <=(const T2 &b) const; bool operator <=(const T &a, const T2 &b):
or equal to
greater
than ar a>=b | Yes bool T::operator >=(const T2 &b) const; bool operator >=(const T &a, const T2 &b);

equal to
Member access operators

Accesses a member of its operand.

Prototype examples (for class T)

Operator name Syntax Overloadable
Inside class definition Outside class definition
subscript alb] Yes R& T::operator[](S b); N/A
indirection *a Yes R& T::operator*(); R& operator*(T a);
address-of &a Yes R* T::operator&(); R* operator&(T a);
member of object a.b No N/A N/A
member of pointer a->b Yes R* T::operator->(}); N/A
pointer to member of object a.*b No N/A N/A

pointer to member of pointer a->*b Yes R& T::operator->*(S b); R& operator->*(T a, S b);



