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Very Long Term History

To see the bigger picture, please find below the positions of the top 10 programming languages of many years back. Please note that these are average

positions for a period of 12 months
Programming Language
Cc
Python
Java
C++
C#
Visual Basic
JavaScript
PHP
Assembly language
sQL
Ada
Lisp
Pasca

(Visual) Basic

2021
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29

33
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2016

28
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75

2011
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2008
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2001
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1996

1

25

1991
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TR EERE

inta=10;

areft4? affEEZ D ? afIRE AT A 7 &aIRB T A?

int b[10] = {10};

bt ? biHAEZ /> ? bHIRE AT A 7 &bIIRAEAA?
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inta=10;

printf(“a = %d\n”, a);
printf(“&a = %d\n”, &a);

Rai [AfE A4 F 2

int *p = &a;
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int a[3] = {10};

printf(“a[0] = %d\n”, a[0]);

printf(“a = %d\n”, a);
printf(“&a = %d\n”, &a);

3T Elafl &altty P ~1E A 4T B H SR AR —FF 15 2

p Al qiZ U fn] g AN 7= BH 2
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int a[3][4] = {10};

printf(“a[0][0] = %d\n”, a[0][0]);
printf(“a = %d\n”, a);

printf(“&a = %d\n”, &a);
printf(“a[0] = %d\n”, a[0]);

{TEa. &aMla[0]H) =MEAJFT BN HE K AAE —FENS 7

p=a;q=%&a;r=al0], p. g rMIXUITE AT ?
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int a[3][4][5][6] = {10};

printf(“a[0][0][0][0] = %d\n", a[0][0][0](O]);

printf(“a = %d\n”, a);

printf(“&a = %d\n”, &a);

printf(“a[0] = %d\n”, a[0]);
printf(“a[0][0] = %d\n”, a[0][0]);
printf(“a[0][0][0] = %d\n”, a[0][0][0]);

fTEla. &a~ a[0]. a[0][0]Fla[0][0][01F Tr AN 1EA]F] B[ H R HAE —FE 2
p =a; q=&a; r=al0];s=al0][0]; t =a[0][0][0], p~ g~ r SAHtMIZXUIfATE AN B 2
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void func(int a[][4])

{
// do something
} HERE R /INEE ) R 2
RAH47
int main()
{
int a[3][4];
func(a);
return O;

}
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inta=10;

printf(“sizeof(a) = %d\n”, sizeof(a));
printf(“sizeof(a+1-1) = %d\n”, sizeof(a+1-1));

sizeof(a) flsizeof(a+1-1)F] EJ HH K FME —FF:
YHETFER/DRZHE— 2



int a[3] = {10};

printf(“sizeof(a) = %d\n”, sizeof(a));
printf(“sizeof(a+1-1) = %d\n”, sizeof(a+1-1));

sizeof(a)flsizeof(a+1-1)F7T EN H SR ME A —FF
st R K e ?
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int a = 10;

printf(“sizeof(a++) = %d\n”, sizeof(a++));

WiEass T LT ?
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const int* p. int const* pfllint* const p& [X 71 15?

B X R R AR R e ?
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“ 77 ISO/IEC JTC1/WG14 CIE S AR A

cisonec 1SOTEC 8932023

wm 202258 H4 H & #RYWorking Draft

https://www.open-std.org/jtcl/sc22/wgld/www/docs/n3047.pdf
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bit CELAR) 8 bitHffE—#e, 4K —"byte (FT7)
RE0/1 17176 F5100000000~11111111
ik l:iﬁ%ﬂﬁ%ﬁﬁﬁ%ﬂ
0~255

1 byte— € %518 bit?
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} — N byte
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FATUE8/16/32/64 N WL B &4 = 2

I

327 bit>kE 7~byte ) 9 =

00000000000000000000000000000000 0x00000000

111111117111171111711117111111111111  OxFFFFFFFF

\ J >

|

200 ArBg Mibyte M3 TT DL 2220,

0/ byte
1 byte

21 byte

il byte

I

£232-1/ byte

232-922%910%910% 910

AGINAE, H.H11K=1024Byte, 1M=1024K, 1G=1024M
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1 byte = ?bit

byte (F77) RCIH 5 fix B2 () FLRTAF ik LT
DT RAE RS, it

v

addressable unit of data storage...

1/ bit

1 byte H & T bit2H ik

bitze s/ MU LT, BUEV0Ek

unit of data storage ... can have one of two values

1/ byte = ? bitlg ?
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*szsﬂn"REC "a""

1 /|\byte—iﬂ;'ﬁ=8/|\b i thg ?

<limits.h>€ X T —~%:CHAR_BIT

CiE & 1 HLE — 1 byteZE T CHAR_BIT bit
A byte contains CHAR_BIT bits

Ci& 5 HIARE R %€ CHAR_BIT>=8

TMS320C28x Optimizing C/C++ Compiler v15.9.0.STS
1 byte = 16 bits
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1. 320N Z eV M AGHN A R R =2 A4 2
2. Xfeafiblaskin, mZReVi i bytefiEmf 2 /07
K2,
1. 320 HLE 2 BEVT 7] ) N AEbyte S 80N 232, [Rl itk
232 + 1024 = 22K, 1K=10241%T0
222K + 1024 = 212M, 1M=1024K=FTT

212M = 1024 = 22G = 4G, 1G=1024M=%£T

2. 64N Z REVI IR i byte S BN 2044 (R B

g S 4% . = i e (T 3 - kS B Al T 3O RIT T e
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1. XZMMEE
2. Lner 220 Ik 5 )

3. FRARXT SR
CIEEAH vs. 2R, Referenced Type vs Pointer Type)

A, PRARFSETFNELH 7 — Ff 3 1 0 G 2 A
KREZ OSSR (Object)
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region of data storage

objects are composed of contiguous sequences of one or more bytes
X R IT B4 o R A WE ?

1. XSTR A, it a;
2. WAFEHREL, Hliimalloc(4);
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Object Type
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IR TABI BT 5, FRATHE B T AR R B R
St R PT FEAFE, 5T RITLFA 58 40 G2
WL RN R 2R, I Wint, short, long, float, double ...



Type(Z7) & H

REfFE— X R
B R AR R
I &

Type (K3Y)

—— Complete Object Type

—— Object Type —

Type —— Incomplete Object Type

— Function Type

Object: Region of data storage in the execution
environment, the contents of which can represent values



Object Type: Integer Related

Standard Unsigned
Integer Type

Unsigned
Integer Type

Signed
Integer Type

_Bool
Corresponding unsigned char, unsigned short int,
Unsigned Integer Type unsigned int, unsigned long int,
I unsigned long long int
Standard Signed signed char, short int, int,
Integer Type long int, long long int

Correspongding Extended
Unsigned Integer Type

]

Extended Signed
Integer types

Implementation Defined

Implementation Defined




Object Type: Floating Related

Standard

Floating Type float, double, long double

Real Floating Type

Floating Type Decimal
Floating Type _Decimal32, _Decimal64, _Decimal128
Complex Type float _Complex, double _Complex,

long double _Complex

Complex types are a conditional feature that implementations need not support



Object Type: Character Related

- char

Character Type — signed char

— unsigned char

I B FH Bichar, B 2 unsignedid /& signed AN [ F & R IAE]
Xt FcharZS Rk UL, W T A ASCITF R/ L B 22 42



Object Type: Enumerated Type

enum WeekDay {Monday, Tuesday, Wednesday, Thursday, Friday, Saturday, Sunday};

enum WeekDay d = Monday;

printf("%d\n", Thursday);
453



Object Type: Basic Type

Basic Type

char

Unsigned
Integer Type

Signed
Integer Type

Floating Type



Object Type: Integer Type

Integer Type

char

Unsigned
Integer Type

Signed
Integer Type

Enumerated Type



Object Type: Arithmetic Type

Integer Type

Arithmetic Type
| Floating Type



Derived Type

Derived Type

Array Type

Struct Type

Union Type

Function Type

Pointer Type

Atomic Type

Derived Type AJ DL V14 it

These methods of constructing derived
types can be applied recursively.



Array Type

1. Element Type (T): 72 /20bject Type

2. Number of Elements (N)

Array of T, Hla0: fRTZiInt2RA, N&5, %A Hint[5]
126 U A i

Array of T, Hll: {RiXTREint[5]25%EY, NA&3, NZEH Nint[3][5]

BARBBEN LN AR LR



|nt[5]EEI(JzE5(T %&iﬂﬂ,?

sizeof(5) vs. sizeof 5

sizeof(int) vs. sizeof int

sizeof(int[5]) vs. sizeof int[5]

sizeof 4 5 51 3 (1) R e Xt R



Function Type

BRECRA U 1 1. IREMESRTY, 2. SEHEARE

int func(int a, int b)

{
// do something funciR Z ) BR R Zint(int, int)

return O;



Pointer Type

28 BALA — AN Type (T), #A XN AT —NREFSE A Pointer to T

1. Object Type

} Referenced Type “ Pointer Type

2. Function Type

int int*
int[5] int(*)[5]
int* int**

AR 4R T 2 — N Object Type, FEIREMFT H1E L FObject Type BT



Scalar Type

— Arithmetic Type

Scalar Type —

Pointer Type



Aggregate Type

— Array Type
Aggregate Type —

Struct Type

RERUAUFERE, FOYBRESEEAE— N 2 K Re i — >l s 3R
Note that aggregate type does not include union type because an object with union

type can only contain one member at a time



Derived Declarator Type

— Array Type

Derived

——+——  Function Type
Declarator Type

— Pointer Type



Incomplete Object Type

B b s B B € Object K/NH Type

1. S/ ENBRIEA, Wextern int a[];
2. Variable Length Array (Lengthid A %€ A S 1% )
3. fil % Incomplete Object]struct/union

4. void



S

A S BEARAKES T IZF P

TypeBIPRERF (qualifier)

1. const
2. volatile

3. restrict
unqualified/qualified versions& B F A [F K Type, {H K/, RE, SFHA—F

4. Atomic
_Atomic(type-name)flitype-name X/, Fonfl, X555 A —F

Atomic types are a conditional feature that implementations need not support
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FECES Y, FWM—BANE (W) MITEFEAHM GOA AT -
1. BEAEY (Fla: REEEE. 2RZES)

2. f¥Fmallocs)-fic

TR ITIE, WA IHE R — R, DXl OB A A7 AN A 75 3R

BN REZEFHNTTE
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ECESEH, FH—NZTEHA WD EAER:
1. X% Object Type
2. ZEHAHR (BR7sHT)  |dentifier

K RRML)E T IZENAF RSB
AR RN IX B AR A A%, T IRA e X N A

XFRBMBE—5 70N
1. JEEH T G
2. FH X G RAY

Az W Al LB AL T O
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N —+ 4 4, = B2 AC A EC | EH SN REARAKES TR RP L
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‘ | i@ : C—,___ qp = -

HAEA: AT 2T B AR

f3F5int, short, float, double, char, 28 M {4 /Bk-& 1A 2 45

P AT E AR

% %A Kint, w4 R Na int a;
Xof G 2B Nfloat, A5 &= 44 FR oAb float b;
ST R A Ndouble, ZZ & 44 FR Hc double c;

ATAR] XoF G I 43 C i) N AT R/ INB] PLIB I sizeof iIX N EAE /TR IREL, 4l

sizeof(int), sizeof(float), sizeof(double)



A ‘3REC_ -

A Z: BAXTRAEE

BH NS G 2 Z AN RRE RIS G H il ) — Fp— g ik 2
BEWEZ: 1. TTRIEL 2. TR REM

1. AN RRE B TOR T PR R X R A

int[2]E3E21N 0K, BN ITTEN ZR M Zint
char[318FE3 10k, NI EN R KA Echar

FEARTEL A % BRI 5 Be i) P A 7T LLUIE I sizeof IX M EAE AT K 3R BX
sizeof(int[2]), sizeof(char[3])




B Z: BAXTRAE

BH NS G R Z A RIRERIX G i i) — Fp— 4R R A= 2R A
BEWEZ: 1. TTRITEL 2. TR R

2. BUANRREKITOR ] PR ARSI RRE

float[2][31EFE2 M IC R, T I E X Z KM ZEfloat([3]
double[2][3][4)E¥E21 TR, BN ILEXN LA Zdouble[3][4]

558 0T LU I sizeof IX M ERAERF R IREUN 5T KN
sizeof(float[2][3]), sizeof(double[2][3][4])

ER: GESHANZRBE AR 4N
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BN G RAHR B 7 anF -
X R Rint[2], =K Ha int a[2];
X G Nfloat[2][3], B EHX TR A float b[2][3];

X RM N double[2][3][4], 22 &= 4 FF Nc  double c[2][3][4];

7 B AL IEAH IR B H AR B I I SR B NI B A4 7R
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1. char[B][5]X R EMAIEF LN ItER, BN ILRRT AN R ?

2. sizeof(int[7][8])="

o

=

1. char[3][5]%f S22 — N —4E B0 X 288, WH3AN IR,
H Ao R I % 258 2 char[5]

M

2. sizeof(int[7][[8])=7*sizeof(int[8])=7*8*sizeof(int)=7*8*4=224F 1
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EAHZ: EENRRKE

1. FRETW RRAE — AR A R
2. AR MBI, AR TR A — R RRM, [ ZTRA

int. float. double int*. float*. double*

int[2]. float[2][3]. double[2][3][4] I I int(*)[2]. float(*)[2][3]. double(*)[2][3][4]

intX] R (Referenced Type) XM IIFEEN A R IEA RZint* (Pointer Type)
int[2]% 528 (Referenced Type) XN HIFRERXNT SRR Zint(*)[2] (Pointer Type)
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EA#HZ: EENRRE

TR RISHL A AN 15 7 HL A ) — MR G A

int*. float*. double* ~ int**, float**. double**
int(*)[2]. float(*)[2][3]. double(*)[2][3][4]  int(**)[2]. float(**)[2][3]. double(**)[2][3][4]

T8 [Rint* X R (R EH RIEH Zint**
TR [Alint(*) [2D06 BRI FR BT RIS 2 int (**)[2]
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T AC AR

EAHZ: EENRRKE

FRETXT RIRAIE AT DL SRAIE R R A, AR AN R e X R A
int*[2]. float*[2][3]. double*[2][3][4]

int*[2]EFE2 1NN ILER, BN IEXN A Bint*
float*[2][31EFE2 1Nt ER, BN ICEIN ZR I ZEfloat*[3]
double*[2][3][41EFE2 1N ILER, B ICEXNT LA Zdouble*[3][4]
B~: 1Bint*, float*, double* 4/E—NEARSKRE R
fEint* Y1E —NEEAR, tLUnEEPINT
int*(2] =) PINT[2]

PINTRIELFE 2N TE R, BN ILELBAZPINT
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FRAER X G TN BRI B 0 A A L R FE BT X 5

int*[2]. float*[2][3]. double*[2][3][4] ) int*(*)[2]. float*(*)[2][3]. double*(*)2](3](4]

R~: fEint*, float*, double* 4/E—NEEAASRE 5
fEint* YE — AR, HLUnEEPINT
int*[2] =) PINT[2]

PINT[2] ﬁ PINT(*)[2]



EABS: st E R

SR Rint*, B4 Ea int* a

%of % 2K Befloat*, R4 b float* b

%F % 2K R double*, AFE 4 Ec double* ¢

NF R KA Rint(*)[2], BE42d int (*d)[2]

X R BT e float(*)[2](3], L= e float (*e)[2][3]

f % 2K 7 e double(*)[2][3][4], &4 Ef double (*f)[2][3][4]
St RBA Fint*[2], BEL g int* g[2]

o % 2K A Refloat*[2][3], &4 2Zh float* h[2][3]

5f % 2K A R double*[2][3][4], ZE 4 2i double* i[2][3][4]

i fifgsizeof (int*), sizeof(int**), sizeof(int(*)[2])



i 4
' NOA b = S MIRINF B G
: S ACARNAE
- o h S
70 .

TR R B R EUESC

e (RIS BB 2 A7 o — AN AT %5
e B9 A0 ~ B T B 42
i -byte
e R32IHLERT S, AL S R
[0~ 232-1]
N s i P 6 HE )

[0x00000000 ~ OXFFFFFFFF]

BB 7
0x00000000=NULL



int *p;
int* p;

int *p, q;
int* p, q;

int *p, *q;

int* p;
int* q;

p vs. int *p: FERBEMELF?

1. int *pHlint* pf&— £ 1)
52 ST i RN R, R4 Hp

2. int *p, gMllint* p, gi& —FEIK

FEX T —Pint* 2B E, BEL Np, FEEX T —intZs 8y
KA, L4 Ng

3. int *p, *qA 2 E X T D int* BB A &, 8L Npfilg

4. @ilint*, Bo¥int*5g X RARE, L2 Nt R p) 2L &
Y, AT



ERES: MRAB R

X 22K Object_Type (Obj_T), ZZ& 4 Name (N)

1. A2 & H A PAE AL E X ONOb)_T N;
2. X HISAIOb)_TH B A TR LM v] LU Ak id yOobj_T*
F1: BARARE H BRI RETIA O, filhn:

int a; vs. int b[10];

7E2:  Obj_T* B * 1 B ERIEVEA O, filan:
int*; vs. int(*)[10];




ERES: MRAB R

Variable Category | Variable Type | Variable Name | Variable Declaration | Element Type | Corresponding Pointer Type | Size
int a int a; N/A int” 4
char b char b; N/A char” 1
Non-Array Variables ?l(;);t ; fill?;t c[l:; Ei fllr??tx j
char® e char® e; N/A char™® 4
float™ f float”™ f; N/A float™™ 4
int[2] g int g[2]; int int(*)[2] 8
char[2][3] h char h[2][3]; char[3] char(*)[2][3] 6
. float[2][3][4] i float i[2][3][4]; float[3][4] tfloat(*)[2][3][4] 96
Array Variables int*[2] j int* j[2]; int* int*(*)[2] 8
char*[2][3] k char” k[2][3]; char™[3] char*(*)[2][3] 24
tloat*[2][3][4] | float™ 1[2][3][4]: float™[3][4] tfloat™(*)[2][3][4] 96
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1. int** B X REHMEFE LN uER, BIHuRetaxREA?

2. FREInt** 3]0 R AL TR T RRAEAT 4 ?

3. MM — AR, BEA Na, MRFAint**[3]

ER (P int** g2 PRI, Kint* 2 {F D RAORE) -
1. int**[BIEOE RRAE A —4Es RN, g3 s, HhsEt
TOE XS R Z int**

2. int**(*)[3]

3. int** a[3] (£Ei) Bint **a[3]
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B
1. 32f WL, int* X REEAY B HUE 75 2 LA 719 RAE# 2
2. 6ANHLETE, int*HUETEHE 2 K? FHEJLADTF 1 RAE?

2 S
1. 32{UHLETA, int* [t HUE 5 F /& [0x00000000, OXFFFFFFFF], Kl a4
TR T, Frblsizeof(int*)=4

2. 6ANHLETH, He ErT LAy A 2040, TN gm 5 sk
[0x0000000000000000, OXFFFFEFFFFFFEFFFF] , FES/MNFERAEME, K
sizeof(int*)=8

sizeof(int*) 1] UL T R 1) 2 B 25 /2 8/16/32/6441



Original Type | Target Type Typedef Declaration
char INT1 typedef char INT1;
short INT2 typedef short INT2;

int INT4 typedef int INT4;
int* PINT typedef int* PINT;
char® PCHAR typedef char®* PCHAR;
int(*)[2] PAINT typedef int ("PAINT)[2];
int™ PPINT typedef int*™* PPINT;
int[2] AINT typedef int AINT[2];
int[2][3] AAINT typedef int AAINT[2][3];

T fE— T typedef

Cifi 5 e flt 17— typedef i) 515 R NN R IR AL 44

1. typedef char INT1;
¥ charE X — 7 4INT1
char c; vs. INT1 c;

2. typedef int AINT[2];
VR B B N 4 W TEE
int a[2]; vs. AINT a;
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TSN ERZEAEES T

int[3] RAEXRIEEIG?

Original: int[3], Target: VINT

typedef int VINT[3];

@it typedefHi i SCHRIVINT AR R AL 2
VINT e;

VINT* p = &e;

int (*q)[3] = &e;

B2 VINTRZ A& —Fhif 52807 =
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= = = i i A E M T I

3 3 T L S g . s EC ITAT RN XA TR ek LAz Wi e
Rt ~ e a AV AR E C g

ﬁI int[2] [3]1EN AVVINTSEHL?

Jiik Jiik2

Original : int[2][3], Target: VVINT NI € CIVINT I 7 1%
1. typedefint VINT[3];
typedef int VVINT[2][3]; 2. typedef VINT VVINT[2];

VVINT g; VVINT g;
VVINT* p = &g; VVINT* p = &g;
int (*q)[2][3] = &g; int (*q)[2][3] = &g;



int* vs. PINT

typedef int* PINT;

1. int* p, g;

2. PINTr,s;

1. preint*28, qintZsY

2. rflsHRFEPINTZERY, WEtEint*2K A
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typedef int* PINT;
PINT p;

PINT* g = &p;

PR TF QXS R ASER WA, SEBR R AT A X R ?

ok
R

int** q = &p;





