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LnuxOOOOOOOOOOOOODOODOODOODOO0 system ToolsOOO ChOOOOOOOO
odoochOdooooooooooooooooboOoOdOdd Run Program OO0 00O
0000000000000 O0chO0O0OO0OORuNn in terminal DOOOOOOChOOOODOOO
Ch Professional (0 00 00 Student Edition 0 0 OO0 000 0O0O0OOOOODODOOOOO
Programming Tools OOO ChIDEOOOODOOOODOOOOOOOODOOOODODOOOOCHIDE
OO0 ChOoOooOooooooooc¢choooooooooooDoo

gooad

ch —-d
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1.1. OO 1. 0000

Unix 0 0 Login Shell 0 0 OO 0O

goobooobooooobobobuooooooboboooobooobooboooooboboooooooooo
gobooobooobbodobooooboo unixbOooobooooooboobboooooboo
goboobooobobooboooboobooboobooboobobbobbbOdbDlegindD OO
O00ooooooooboboood »password:> 000000000 O0O0ODO0OOOOOOOODOO
goboobooboobogbbobooobooobooobobooboogn fetepasswd OO DO OO
goobobobobobobobobobbobobobOoboboOoboboobobn sete/passwd
gobobooooooboobooogoo1boboooobobooobooboooDoboooo
goboobbooboboobboobooobboobbuooobooobboobDboooboobo
gboooboboobooboobooboboobuoobobbobooboooooboooban
gobo0booopooboooboobbobboboOonogl BourneD OO bin/shDOO00O0ODOODOOODOO
letc/passwd U 0 harry, johnOOUOUO marryOUODOOOODOO300000000003000
gboobobooboabod

harry:x:121:15::/home/harry:/bin/ch
john:x:125:20::/home/john:/bin/csh

marry:x:130:25::/usr/data:/usr/data/bin/word_processor

0000 harryOOOQOOOOOOOOO /home/harry D0 D harry 0000000000 OO0OO
choO0oooooooooooooDO johnOOOOODOOODOO /homeljohn 00O D00 john
Jddddddo CcCUddddddddimerry 000000 O0OOOOOOOOword_processor [
gooooooooobooooobooooonoooooooooooooooooooooooo
dodoooobooodoooooooobo oo oooooooooooooboooooon
oo oooooobobbooooooooboboobooooobn
goooonoooooooooooooooooobbodooooooooooooooooon
ddoooooobooooooooooooooobo bbb oo oooooooooooon
oo Xgoooooooooooooooooooooooooo
O00000000000000000 DISPLAY O0O0O0OOxkest DO DODODODOOOOOOODONO
dddddo Xgooooooooooooooooooooooooooooooboooooo
odooobooooooibibibidodidl ecaeDDOOOO0O0OONO mouse 100U O0OU O mouse [
000 cat OO OOOOOOOOOOONO

cat> xhost mouse
ool ecae OO OOOOOOOOO

mouse> putenv ("DISPLAY=cat:0.0")

00000000 mouse 00 OO0 0O0O00O0O0 mouse 00000000000 0OOOOOOOO
mouse 1000000000000 0OO0OOOOOOOOO .chheO0OOOO putenv ("DISPLAY=cat:0.0")
0o0o0o0oooooboid e 00000 0O0O0OODOO0O0OODODOOOOODODOOOOO0O

alias ("mouse", "xhost mouse; rsh mouse");
0000l mouse 1000000 XOODOOODOODOODOOOOOoooOoooooooon
mouse 10000000000 0O0OOOOOOOOOOOOOOO0O hostmame OO0 O 0OOOOOMO
gooooooon

chooooobooooooooooo choooooooooooooboooooooono
O00oooooono chOO0000 ChOOoOODoOoOooooooo
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1.2. 0000000 1. 0000

XooboooooooobodxxermOOODODOOOOOOOODODODODODOOODOODOODODODOO
O0O000O0O0oO000obOO0oO00DoOoOO00b0OO00DO0O00DO0O0O00n resizeddd
D000 0xterm O OO OO0O00O0DO0O0O0ODO0OO0OO0O0ODODO resizell ChOODOOODODODOOO
OU00bOo0oobooboO0ooDbbO ch0DbDO0O0O0 resize() UOODODO COLUMNS OO0 LINES
Ubb0dxtermOOOO0O0OOOOO0OOO0OOO0OOOO

1.1.2 Windows O OO O

gboogboboobooboobooobooboobooboechooboobooooboD4000DO0
O00000000 ChProfessional Edition 630000000000 0O0OOOOO

1. 000000000 [ChProfessionall DO OO0 0OOOOOOOOMS-DOSOODOOO ChDOO
goobooooon

2. [0000]1->[00000] -> [SoftIntegration Ch 6.3 Professional] —> [Ch 6.3]0

3.[0000]1000000000 L0000 0b00b0b0O]00ob0b0bDOch.exedDO
gooo

4. MS-DOSOUOODOOOOOOOchOOOODOOO

Ch Professional 0 U [0 Student Edition 1 0 0O O 00000 OOO CAIDECOODODOOOO
UOChDEODOODOODOO

1.2 OJO0O0o0o0Ood

choooooooochOooooboooooobobOoDbOOUnix OO .chre Windows O O
chheO0O0O0O0O0DO00oOOooobOobDobOoObO0UbDUObODODObOODODODOUODDODOD
gboodgbuoooboobuoobgobobbobbooboobaobobooboobobbob
gbooooboooogan

Windows 000000000 0ODO0OOOOOOODOOOO0OODO chre ChOOOOOOOOO
gobogoobooooboboobooboobobooobooobo0 unxOO0ooOooooobooDboo
gbooopoboobooobbooboobbooboobobon

gboobooboboboboobuoobooobooboboobobooboboobooobo
gbobodobgoboobobbobbobuoobobbobooboobuoobuoobooobo
O-d0O0000chODOooooonog

> ch -d

O000D00 CHHOME/config OO OO OOO0OOOO0O0DOOOO0ODOOODOOODOOOO0OD
O0b0O00bDO0oO0bOCHHOMEO O OOCHHOME” D OO OOChOoooooooooooooo
gbooooboobooonoboobooobbooboon
LnxJOO0O0O0OOO0O0O00O0ChODOOOOOoooooooooooooDoOoOOoOochD ChiIDE
gobbooobooboboooboooboochbENODOOoOoOOoobooooooooo0oooogoo
gooobooboooobobooooboooobobooboobochbboobobooogoo
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1.2. 0000000 1. 0000

hello, world

gboobooooooovsoobooboooooboobobooooboboboooobono
gbooobooboooboobobooboooboboobobobooobooobobobobooobon
gobooobooobobioo chud FORTRANOODDOOOoDOOOoobooooboobooo
gbgbooboobgobobobdooboboobooboobooboboobooboboboan
gbobooobooobooooboobboobobooobooooboobooboobobooboboooon
goboooobooboboooobuobbobooboboobd mekeO0ooooonboonO
gbooobooaobd
choogooooobooooooooooboboboboooooooochobobonooooo
gbooobobooboobooonoo
gbobobobocoboboboboboboboboboon

o

gboboooboboooboboobuoboooboboboobooboboboooboboboUDOoch
googoobooboobboobdoobb echbboobbboobooboooboDbg:

gooooooboobobobo chbobobooboooooooboboboboboooooogooDoo
OobooboooboboooboooobobboOong fetepasswd ChOODODOOOOOOOOOO
goboobooooobooboobobboboboobobobooboobooooboobon
gbooooo choboboboboobooboobooooooog

chopoooooooooboboooooooboobooooooboooboboboooooo
godochbooboo >0oboobooogoboboboooooDobobobobboobUoLDo
gochOOD0O0O0O >000cd, 1sOpwdOOD0OO0OD00O UnixOOODOOO0OOO0OODOOO

OoobooooopocChD UnixODOODOOOOBourneD D OOCOODOOODOO KornO OO OO
gobobooboobbboboooooboboboobooboobobotbpwddb0DOO0OOO
gbooobobooobooo

> pwd
/usr/local/ch
>

gbobobobobooboooooooboobobobobooobocechobooboobobobOooDo
gbobooobboooboboobobbooooobbon /usr/local/ch 00000 DOOOO
Ub0o00ooooodb0pwdbOOO0OOO0OODOODOODODOODOODOODODOOO

chg ISoCcOnunoooooboobobobobo unixOOO0O0OO0O00O0O00000000
choobooooooooboboboboouobobUo1+3«x200bobobooboooboono 700
gooogobosgboboboosbooooobooboboboobooooooob chobgnDo
gboo0ooooooochOooooooooooooooboobooboobobooboOUhelpd
gboooochooooooooooooooboobooooooooooooooooooogoo
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1.2. 0000000 1. 0000

> help
(ngoooooo ...
>

ciOoOO0oOOoOoDoOoDooooorooO prinfOU00D0OO hello, worldOOODOO
gobodboobogbobochb choobbooboobooobooboryotd printf OO OODOOO
goooooooooogogon:

> printf ("hello, world")
hello, world
>

path0 000000000000 OCODOOODOOCOOOOO prinfODO0D0C+HODOOODO
cout1 0000000000000 OOOOO0DOOOO0OOOO0OOO0OOObOOObOO0OobOOonOOan
gbooooobooobood

> int i

> i =10

> ixi

100

> printf ("\%d", 1)
10

> cout << 2%i

20

>

c¢hoooopoo 400000000000 OLOOODOODODOO putenv)DOODOOOODO
U00b00ob0obOodbDOd getenv) UDODUODOODO0OO0O0O0O0O0O0ODOODOOOO remenv() J0OO
O0000oooooodbodisenv 00000000000 obOobDOobOobODD

gbobobobobobobobobobobobobooo

> putenv ("ENVVAR=value")
> getenv ("ENVVAR")
value

isenv ("ENVVAR")

>
1
> remenv ("ENVVAR")
> isenv ("ENVVAR")
0
>

gboboobouoouoobobobobobooboobooboboobooobbooboobaooo
gbooboboooobooboboobobooboooooboooobobooboooban
0000000000000000000000000000000O00DO0DOD00D@EoDO0OO0
gbboobooobooobobuoobboooobbooobooobuoooboobboobobod
man 00000000000 DOOO0OOOO0ODOO0OO0O0OO0O000O00000O00
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1.3. 00000ogo 1. 0000

1.3 JO00ooogoo

131 00000000

chopoooooocoobobooooooobobooboobobobochobooooooo
gobooobogbocboboboooboogobbcechbbgcoboooooboboobooo oboo
UggbooboboboobobobobogobooboobooboooooooobobobobobOoDbo
gbobobobgooochoobooboboboboooboooooboboboboooooDo
000000000000 hello.cOOO0OD0OOO0ODOOO0ODOO0ODODOOODODOO hello.c
gooooooooooooon

/+x A simple program =/
#include <stdio.h>
int main () {
printf ("hello, world\n");
return 0;

}
U000 hello.cOUOOO0OUOO0OOO0OO0DO0DOO0O hello, worldOOOOOOOO

> hello.c
hello, world
>

oobobUnixdOoooobOooooobooobooboobooobooboooboobooooboooo
00000 hello.cOOUOO0OOOOO0OOOOO0OOOODOOOOOOOODOOOOOOOOODO

chmod +x hello.c

oooooboogb.choobbogboooobochbooooobboobboobboooooobogoo
U0 hello.chOOOOOODODOODOOODODOODOODOODO

> hello.ch
hello, world
>

goooooobooboboooooooboboboobooooboobo chbobobobooooboooo
goooooobgos./os../o/oy,y,oo0booboobobooboboboboobon
U0b00oooboob0obob0obo0ubOl nello.chO 200000000000000
gbooobobooobooobobooobooog

> mv hello.ch 20

> 20
20
> ./20.ch

hello, world
>
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13. 000b00oooo 1. 0000

000000000 DE)0 ChDOODOD0O0D0D0D0D0000000D0D@ID 00000 OChIDED
gooooooooooooooooooooooooo

&% hello.c - ChIDE - Professionali E‘E‘g
J7AUE) BEE) BEE) BN YoUI) Fed Poi—ay ATLEUQ) EBEEERL) /(vI7E) ~ALIH)
I A =T C: FCh demos Ehin
| Fam BT @FH SEIUAAFTYT [ERA e=bn =T §IL-meERE QIL-of-2 haEmk | fmossr P EE $o0

1 hello.c |

bin <] [7* File: helloc
Print ‘Hello, world® on the screen. */

FALAREZPA L + [Finclude {stdioh>
Ch cdemo
C commandarg.c

[ ] [int mainQ)

[ dataXDCurve.cpp printi(“Hello, world¥n™);

C debuz.c | return 0; L
[H fplotey cpp hd o
4 [ r 4 . 3

oc
Hello, world
‘>Exit code: 0

bl
139 chars in 10 lines. Sel: 0 chars.

-

U 1.1:ChIDEDO0DODODODODOODODO

132 000000000

main) J 0000000000000 #!/bin/ch0000000000D00O00OOO00O0O0O0O O
gbooboochoobooboboooboobobooboboooobobobobooooobOoDo
b obobobooobbobobuobooboobobooboboooboooboboooobon
Uoboboobooboobooboboboobooboobobiod progd000O0OODOOOOO
gbooobobooobooa

#!/bin/ch

int 1 = 90;

/* copy hello.c to hello.ch =%/

cp hello.c hello.ch

printf("i is equal to %d from the script file\n", 1);

gboooooooooooooooboobooboobobobobOoo

> prog
i is equal to 90 from the script file
>

obooooooooooo20b0b0b00b0b0obgo

> chparse prog
>

chrun

[

is equal to 90 from the script file

\%
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14. 000 1. 0000

0000000 chparse progd0 000000000 progO000O0OO0OOOOOOOOOONO
chrun00000000OO0DOO0OO0O0OO0DOO0O0O0DO0O0ODLO0O0O0 progbOooog

OO0O00D000 cp hello.c hello.chOOOOOOOO hello.cU hello.chOOO Ch
000000000000 00.chO00000D0O0D0O0DO000O000000000000 hello.ch
OChOUOUOOOOODOO helloOOOOoOoooonoO

COUO0DO0OKenOOOOOODDOODOODOOODDOODOODOO prog000D0ODDOODOOO0O

133 0JO00O0on

c¢hogooobooooooooooboobobooboobooooooobobobobooobDoooon
gbobooobooboboboobooboobobbooboobooooboobooboobon
gobooobooboobobooogooochoobobooobooboboooboobobbboo
o000 .ch000b0b0o0obobobobooboobobboobooboboochobobooonDo
goboobodchh DOoDoOoobo obboobobobogoobobobooboobDOobbooboooo
ooobooobbooobbooobobooobboobooooDoUoDoUU0DbD.chfooboog
gboboobooooboboboobooboobooboboobuooboobobooboobon
goobobooboochbooobobooboboboboboooooboooboobobbUoDo
U00000D0 addition.chf 000000000000 O0OO0OOOOOOOOO

int addition(int a, int b) {
int c;
c = a + b;

return c;

gooooobobobooooooobooboooooooobobobobboop200b00DO
oooooooo

> int 1 = 9
> i = addition (3, i)
12

>

ooboobooboobooooo3gpotboboubooboobobibdn addition() DOOO
O00ooooooooobooibbbo0o00ubo0oUgobOn addition() OOsin() O cos() O O
gbooooboooooboobooogan

14 OO0

goboooboooobooobooooon

ax’ +br+c=0
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14. 000

gboooooooooooooooooooooogo

—b+ vVb?2 — 4ac
x:
2a
OO0 @D ooooooooon
22 —5:+6=0

0000200000 (x1=20(x=3)0000000I00000000O0O00O0O

#include <stdio.h>
#include <math.h>

int main () {
double a =1, b = -5, ¢ = 6, x1, x2;
x1 = (-b +sqrt (b*xb-4xaxc))/ (2*a);

x2 = (-b -sqrt (b*xb-4xaxc))/ (2*a);
printf("x1l = $f\n", x1);
printf ("x2 = %$f\n", x2);

00000 1.I: 22—-52+46=000

O00D0O0@IIoooOoOooooooon

x1l = 3.000000
x2 = 2.000000
gooon

22 —4x+13=0

1. 0000

(1.1)

gbodbod@ =2+3) 000 (zo=2—-¢3) 0002000000000 0000000000O00OO
Odouble D0 000000000000 ODOOOO0O0DOODODOOOOODODOOOOODODO
O0ChOODOOOOOOOONot-a-Number D D0 O 0000 NaNOOOODOOOODOOOOOOO @2

gboooobooboobooon

#include <stdio.h>
#include <math.h>

int main() {
double a =1, b = -4, ¢ = 13, x1, x2;
x1 = (b +sqgrt (bxb-4xaxc))/(2xa);
x2 = (-b —-sqgrt (bxb—4xaxc))/ (2xa);
printf ("x1 $f\n", x1);
printf ("x2 = $f\n", x2);

00000 12: 00000 22 -42+13=000

00000@2000000000000000
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1.5. 0000 1. 0000
x1 = NaN
x2 = NaN
00000000002, =2+i3000 2,=2-4300020000000000000
22 —4rx+13=0

000000 @30o0000000o0o0o

#include <stdio.h>
#include <math.h>
#include <complex.h>

int main() {

double complex a = 1, b = -4, c¢c = 13, x1, x2;
x1 = (-b +sqrt (b*xb-4xaxc))/ (2*a);
x2 = (-b -sqrt (b*xb-4xaxc))/ (2*a);

printf ("x1 = %f\n", x1);
printf ("x2 = %$f\n", x2);

00000 13: 000000 22 -42+13=000

O0000@3A00000000000000

x1 = complex(2.000000,3.000000)
x2 complex (2.000000,-3.000000)

1.5 0000

choogogisocooooboooooochooooooooooboobobobooboooo

Oo0ooboboobo chbObobbOOboOoDOncChd Professional Edition O O O Student Edition
DEJDDDDDDChDDDDDDDDDDDDDDDDDDDDDHDDDDDDDDDDDDDD
gbooobooboobbooboobn

x=Ab+3b (1.2)
ooon
1 2 2 5
A=|4 4 6| b=|6
7 8 9 8

00000000000 0400000000000 Ab+3b003000000000000000
gooo

0000000000000 0000000000000000000000000000000000000000
00000000000000 ¢hOOODODOO0OO00O@4A00000000000000000000000000DOO0
0000000000 (@ (2)000000000000000000000000000)000000000O000O0
gobooooooboooobooobooooobooon
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1.5. 0000

#include <stdio.h>
#include <array.h>

1. 0000

void arrayexpl (array double A[3][3], array double b[3], array double x[3]) {

X = A*b+3+Db;
}

array double arrayexp?2(array double A[3][3], array double b[3]) [3]

array double x[3];
x = Axb+3xb;
return x;

}

int main() {

array double A[3]1[3] = {{1,2,2},
{4,4,6},
{7,8,9}};

array double b[3] = {5,6,8}, x[3];

x = Axb+3xb;
printf("x = %.3f", x);

arrayexpl (A, b, x);
printf("x = $.3f", x);

x = arrayexp2 (A, b);
printf("x = %.3f", x);

ooobO0d 14: 000 Ab+3b0D0 0O

00000@M400000000000000000000

x = 48.000 110.000 179.000
x = 48.000 110.000 179.000
x = 48.000 110.000 179.000

{

00000 @I400000 A, 000 xOdouwble 000000000000 0OOOOOOO
U0oddooouououooooibD arrayddbbogoobbarrayh D000 D0OOOOOOO
gobbooboboooobobobobbooooobboooobuooooooboboobooobooon
U0 a0 p00000000000D0O0D000 main() 000 xOO00OO0OO0O0OOOODOOOOO
arrayexpl () U000 x0O000000O0O00OO0ODOODOOO0DOODOODOOOODOODODOOOO
U0000 arrayexp () D00 x000000030000000 douwbleDO0O0OOD0OOODOO
gochboocobooooooboob (LA ooboobuoboooooobuoboobogooo

UO0OVLAODOOODODODODOooOooOooOooooo
goboobooobboooboobooobobooobgon

Ax=Db

goog

I
~N &~ =
o > N
O N

o

I

(1.3)



1.e. OOQOO 1. 0000

00000000 @A000oooooooOoon

#include <stdio.h>
#include <numeric.h>

int main() {

array double A[3][3] = {{1,2,2},
{4,4,6},
{7,8,9}};

array double b[3] = {5,6,8}, x[3];

linsolve (x, A, Db);

// or x = inverse (A) xb;

printf("x = $.3f\n", x);
}

oboog 1.5: Ax=b0O0O

O00000@A00000 inverse() 0000000 0D0DD0OD0O0OOOOOOOOOOODOO
oo

x = —-5.000 2.000 3.000

1.6 0O0OO

O00O0O0O0O0O000000 ChProfessional Edition 0 O O Ch Student Edittion 0 O OO0 OO0 OO0
D000 00000 —r<z<aO00000O sin(x)DDDDDDDDDDDDDDDD
Doo@2oooooo

#include <math.h>
#include <chplot.h>

int main() {
array double x[100], y[100]; // Use 100 data points
char xtitle="sine wave", // Define labels
*xlabel="radian",
xylabel="amplitude";

lindata (-M_PI, M_PI, x); // X—-axis data
y = sin(x); // Y—-axis data
plotxy (x,y,title, xlabel, ylabel); // Call plotting function

00000 16: —m<z<7000sin(z) 00000
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1.e. OOQOO

amplitude

0.8

0.6

0.4

0.2

-0.2

-0.4

-0.6

-0.8

sine wave

radian

012 —r<z<7000sin(z)10000
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020 0O0O0O0O

chobgogooooooooooboooboooboobooboobooboooooboboooboooon
gbooobooobooobobooboooooboobobboboobonoboboooboooon
00000000000000000000000000000 BCooooooo

21 OO0O0O0O

c¢hooooooooooooooooooooooooooo
200000000000

A B C D E F G H I J K L
N 0O P Q R S T U V W X Y 2

200000000000

io0gg 1000
0o 1 2 3 4 5 6 7 8 9
ooo031g0o00ogoon

[ T T A (D R S A
;o< o= > 2 [ N 1 ° N I -

gboooooooooooooboooooooooooooono
gbogoobooboobbooboobbooboobbooboobo
gooos@uoo)yopooobobooooooooo)bcobooooooooboboo
gostoooooooboooooboobobobobobobooboobobooboooooboooboooDo
gbooobobooboabod

gobooboogybboobooboobboobb

211 0000

chooDO ChOODOOODO ISO646-1083 0 00000O0O00O0O0O0OO ChODODOOOOODOOODOO
gbooooooooooooo20b0goooooooooooo3gogooobo@uooono
gbooooooo)yoooooooboooooooooooooooooooo
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22. 00000 2. 0000

?7= # ?27?) ] 271 |
272 ( [ 2727 » 27> }
??/ \ ?27< { 27— -

gbooooobobboboobuooboobobooboobobbobooboobOoobo
O2000000000

ooo3bbobooooooooooobobobooooobooboboooooooooooboooog ey
gbogoobobooobobooboon

> printf("??2!")

|

> printf ("?\2!")
27!

>

00000000 .\2!'"000000000000'\> 0000000o0oOvr22'"00ooonon
00000000000000000000000O"??!"001000000000000000O0
000000000000 oOoE3 0 ooooong

22 0JODOOO

221 0OOOOO

gbobooooobochbooooboobobooboobooobooboboboooboobcecoon
U0 Unix)COOOOOOOOOOO

gbooooooan

ComplexInf ComplexNaN Inf NaN NULL auto break const complex char case continue class double
default delete do else enum extern float for foreach fprintf goto if inline int long new operator printf
private public register restrict return scanf static struct short signed sizeof string_t switch this union
unsigned volatile void while

C++00000000 DODODOODOOO0OODO0OCHOODOODOODOODOOO
class delete new private public this

C/C+00000000 ¢ChOOODOOODODDOODOOODDOODOOODODODO
ComplexInf ComplexNaN Inf NaN NULL foreach fprintf printf scanf string_t
NaNOOOOODOODOONot-a-Number (OO0 D) ODODODOO0InfO0O00 coO0O0OD0ODOOODO
00000000000000 Not-a-Number 0D O0ODODOOODOODOOONODO ComplexNaN 00 00
O ComplexInf 0 0000 OOChOOODOOONULLOOOODOODO (void®»0OOOOO00O0OO
OOONULLOODODOODOOODODODOO CcCODO0OoOoDOoOoochO NULLODODODOOODOO
000000000 (voids)0ODOOOOOOODDOODODOOO0ODOOODODOOOOO0ODOOO0OO
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22. 00000 2. 0000

cibDouobooobstdiehODOOOOOOOOOOO fprintf0 printf00 000 scanf 0 0 00O O
chOOODOOOOOODOOOfprinttU printf0 OO 0O scanf0 ChOODOOOOOOOCOOODOO
O0000ROOOOO0OO0OO

gobobobOOo0O0o0ooooboboboooooooobobDoboOoOstringtO0CO0OOOOOOOO
OO000000OO00DOOO0DOOOb0OO00O0oboOobDOogn foreach O foreach-loop0 0O OD0O OO
gobooooboooooogobooboooobuobooooboobobbooobob 20b0b00DO
Oo0oO0o0ooUoooo@ooooooo

goog

chooooooooooooooooooo

abs access acos acosh alias asin asinh atan atan2 atanh atexit ceil clock conj cos cosh dlerror dlopen
dirunfun dlsym exp elementtype fgets floor fmod fprintf fread free frexp fscanf getenv gets imag ioctl
ldexp log logl0 max memcpy memmove memset min modf open polar pow printf read real scanf
setrlimit shape sin sinh sprintf sqrt sscanf stradd strcat strchr stremp strcoll strepy strerror streval
strlen strncat strncpy strparse strtod strtok strtol strtoul strxfrm tan tanh transpose umask vprintf
viprintf vsprintf

0000000000000 0000000000 CcCO000D00o0o0ooooooonoooag
0000000000000 00D0000o000o00oo0ooo0oDoo0ooo0ooooooDooog
0000000000000 0sinx)0000000000000000000000O000 xO0O00O
sin) 00 000000000000000000000000000000000000

#include <array.h> // for the macro array

int i;

float f£;

double df;

complex z;

double complex dz;
array double afl2][3];

array double complex az[2][3];

f = sin(1i);
f = sin(f);
df = sin(df);
z = sin(z);
dz = sin(dz);
a = sin(a);
az = sin(az);

sin(i) 0000000000000 0000000000000000000000000000
0000000000 2noooooon
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23. 000 2. 0000

OO0000000 chshellhOOOOOOO0OO0O0Oskey)JOODOO ChOOOOOOOOOOO
goooooooboobooboobobobobooboooooooobobobooooobooDo
goboobooboooliocgbooooboobooboobooboobooobbobobooDobobOo2
obooooooooooooooo

iskey ("abcde")
iskey ("abs")

>
0
>
1
> iskey ("while")
2

>

222 0JOOOOOOOO

goboboboboc+Uoooooobooboobooogbo choooobooooooboooo
googdg

virtual protected try catch
000000000o0oo0ooooOooDooooo choogooooooooooooooooo

event_t recvevent sendevent beginparalleltask endparalleltask

23 0O0Od

gboooooooboboboooobobooooboboobobobooboobboooooDo
gboboodobobobooobobooobobooboobobooboboooobboobooooaga rsy
gboobooboobooboooobooboobobbobooobobooboboboobon
goooooooogogsiisoon

gbooboobooboboobooboboobooobooboobooboboobooboooono
gboooobooboobbooboobbooboobbooo

231 0O00OOO0OOOOO

ORI0 0000000 ChOOOOOOUOODOOOOUO0O0OO0OUOOO0DODOOOOUoOOooUoOo
00020 00000000000000000000

e _ipath[] fpathOU OO dpath(] pathD] 00O 00000000000 OUnixOQOOOQO™; :"0O
Windows OO O OO";"0000000000000000000000O000OUnxO0OO
Windows UODOODOOO0DO0OO0OOO0OOOODOOOODOOODOOODOODOOOODOO
god
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23. 000

2. 0000

021:000000000O0

ogo ooono 00

_arge int main(int arge, char**argv) 0 arge J 0 O O

_argv char** main(int argc, char*argv (1)U argv 0 O OO

_class__ char [] OooDoooooooo

__class_func__ char [] O000O0OO00OO00oDbDoOooooooDo

_cwd string_t O000ooooooood

_cwdn string_t Ooooboooooooood

_environ char** cobooooboOobooOo0oDOoOobOoOOoOoOoOoUobDbOOobOboOoOoDo
oood

_errno int ooooOOooboooooooon

_formatf string_t float D OO OODOO

_formatd string_t double 0O OO OOMO

_fpath string_t OO0o0O0o0oooooog

_fpathext string_t OO0O0DO0oO0ooOoooo

_func__ char [] ooobogood

_histnum string_t ooooOOooboooooooon

_histsize int O00DOOoO0OooOoobogooooo

_home string_t ooobogooood

_host string_t OooDoOooooooDo

_ignoreeof int tuteJ 000000000000 EOFOOODODODO
oobbOocul+dDOO0O0O0O ChODOOOOOOODOOOOOODO
ooog

_ignoretrigraph int true 00000000000 0O0O0O00OO0O0OO0O

_ipath string_t OU0000O#ncludedD 00000 0O0OODOOOOOO

_lang string_t JeallOOOODOOOOO (A0 O0O)ODOOOO
O000O0O000O00DOOoO0OOO00obOoOobOboOooooobboOooo
ooooooon

lc_all string_t Jang 0O O0O00OO0DOOOOOOODOOOOOODOOO “de”
O000O0000O00DOOoO0OoO00obOoOoooOoooDogoooOooo
ogo

_c_collate string_t Oo0ooOoOoooOooooooog

Ac_ctype string_t O000O0oO0oOoOoOoooooog

_lc_monetary string_t ooboboooboooooooooobooboooDo

_lc_numeric string_t doooo@oboo)yooooooooooooo

c_time string_t O0/ooOoboo0oooooboboooooo

_logname string_t 000000000 0DO0O00O00DOoOOoooOO00ooooooooon

godg
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23. 000

2. 0000

021:0000000000@0O)

ooo oooo oOd

_path string _t 0 O dlopen(const char *pathname, int mode)) 1000000 DOOOOO
O000O0oO00OO00oDOoO0OOoO0U0oDOoOobOboOooooobo/oo
ooobDoOobDJdpathDO00O0OOO0ODOOODOOOOOOOOODOODO
goobOoOoooOoO0oboOoboo0oUoboboOoOoboOooooo
LD _LIBRARY PATHO SunOSOOOO0O0O0O

new_ handler void (*)() 000000000000 newOODOOOODOODOOOODO

_path string_t goooooon

_pathext string_t gbooooooobg

_ppath string_t #pragma package <packagename>0 [0 U 00 O O _fpath[ _ipath(] _ipath 00 O O
ooooooo

_prompt string_t gboogchbooboooooo

_setlocale int trueJ 00000000000 weharhOOO wetypeh OO OOOOOOOO
O0000o0o000o0O0O setlocale(CLALL, "")OQOOoOoOoooog

_shell string_t gboooobogoboog

_status int Oo0DOoO0bO00DbOo0bb0 exitboOoOooooooDbOoooooooD

_term string_t gooooo

tz string_t gbooooo

_user string_t oo0opoooooooo

_warning int 3-000000b0b00oobg

2-0000000Db0Ob00O0OO
1-0000000000000
0o-00ooooooon
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23. 000 2. 0000

022:.0000000000000¢0

o0od oooad ood

_argc int ooooooo

_argv char* [ ] oo0ooooo

__class__ static const char [] “”

__class_func__ static const char [] 7

_cwd string_t 000000000000ewdDODODOODOOO ewdO
home 0D OOOOOOO

_cwdn string_t 0dooOOoonooooooon

_environ char** cOoodobDooooopDoOOoonDodoDbOooDOoooooon
ooooo

_errno int 0

_formatf string_t "L2f"

_formatd string_t "O41E"

_fpathext string_t “chf”

_fpath string_t "CHHOME/1lib/libc; CHHOME/1lib/libch; "

"CHHOME/1lib/libopt; CHHOME/lib/libch/numeric;"
000 ChOOO

"CHHOME/1lib/libc; CHHOME/lib/libch; "
"CHHOME/lib/libch/numeric;" 000 ChO OO

_func__ static const char [] 7

_histnum string_t “or(bob0obbboobouoooboooobooogn)

_histsize int 128

_home string_t O0O00O0OHOMEODOO (OOOOOOOOO)YWDOODOODOODOOo
O00D00b00ob0O (UnixOODO)OOODOOO drive/O000
C:/ (Windows 0 0 0)[

_host string_t 00o00oooooood

_ignoreeof int 0

_ignoretrigraph int 0

_ipath string_t "CHHOME/include; CHHOME/toolkit/include; "

_lang string .t “C”

lc_all string_t NULL

_lec_collate string_t NULL

lc_ctype string .t NULL

_lc_monetary string_t NULL

_lc_numeric string_t NULL

lc_time string_t NULL

_logname string_t ooboobgooooooo

_Ipath string_t "CHHOME/1ib/dl; CHHOME/toolkit/dl;"

_new_handler  void (*)() NULL
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23. 000 2. 0000

022:.00000000000000@0O)

goo ugoog ogodg

_path string_t goochboOon
"CHHOME /bin/; CHHOME/sbin;
CHHOME /toolkit/bin; CHHOME/toolkit/sbin;
/bin; /usr/bin; /sbin; " (Unix);
"CHHOME /bin/; CHHOME/sbin;
CHHOME /toolkit/bin; CHHOME/toolkit/sbin;
/bin; /usr/bin; /sbin; /usr/openwin/bin; " (SunOS/Solaris);
"CHHOME/bin; CHHOME/sbin;
CHHOME/toolkit/bin; CHHOME/toolkit/sbin;
WINDIR; WINDIR/COMMAND;
WINDIR/SYSTEMDIR; " (Windows 95/98/ME);
"CHHOME/bin; CHHOME/sbin;
CHHOME/toolkit/bin; CHHOME/toolkit/sbin;
WINDIR; WINDIR/SYSTEMDIR; " (Windows NT/2000/XP);
oo0o cchooo
"CHHOME/sbin; CHHOME/toolkit/sbin;
@Ooosoono)
_pathext  string_t “Unx000)000 “com;.exe;.bat;.cmd” (Windows [ [0 1)
_ppath string_t "CHHOME /package; "
_prompt  string_t 000000000040 stradd(_ewdn,"> "OOODOO0OOO0O0OODODOO
stradd(_cwdn,"# ")

_setlocale int 0
_shell string_t ocoooooobobogo
_status int 0
_term string_t o000 TERM OO
tz string_t gooooboood
_user string_t oooooboonbogd
_warning int 1
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23. 000 2. 0000

e 100 OMONO I cwdd_cwdnJ_homell lang[]_lc_all(]_lc_collate[]_lc_ctyped_lc_monetary[]_lc_numeric[]
lc_time logname[] _path( shelll term( tzO wser 00000000000 OO00OOOOO
HOMEUOLANGUOLC ALLOLC_COLLATEOLC_CTYPELOLC MONETARYDLC NUMERICO
LC_TIMEU LOGNAMEUD PATHO PWDU SHELLO TERMO TZOUSERO OO OO OOO

e JOIDOOD CHHOME I 00O "CHHOME” D O D UOOChOUODOUODODODODODO
000000000000 00000000Windows O CHHOMEO c:\ch OO Unix OO
CHHOMEUU /usr/local/chUDOUOOODOOODOODOOODO WINDIRO SYSTEMDIR [
O00O000DO0000 WINDIRO SYSTEMDIRO OO OO
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24. 0000 2. 0000

24 0O0O0OO

gbooboobooboobobooboobobobooboooboboboboobooobobo
gobobobooobobooooboboboobobooboboboboboboboobooooDoo
gboooooooooooooooooooooooochoboobooobooboooooon

Vo= 4 ## S
> . % ./ /] /= < << <K= <= = == > >= >> >>= ?

o\°

%= & && &= *x x= + ++ += - —— —-=

>
>
Il
>
>
~
P
—_~
Il
—
2

25 0OO0gd

chog2000b000000booobobochoboopobooboobo/«0x/0000000
gboboboboboboobob200b0b00ob00oooobooboobobobobobOonDo
goooooboobooooobobooooooooboboo~sobobobobobobboboooo
gobobogoboooobooobobooobooobooboooyoooboooooobboooDoo

¢hoooog//00boobooboobooobobooobooboobDog//0boboo/~x0ob O
»/00000000000000/+«x/00000//000000000000000000000
oooooobooooooooobooooooboo/oobOoOo0ooboDbbO@Coooobooo)oo
gbobobobobobobobobobobobobobobooobobobobobobon
goboooboobobogoooooobooboooboooobooboobooboooobooboboOoo

"a//b" // four-character string literal
/] x/ // comment, not syntax error

f = g/*xx//h; // equivalent to £ = g / h;

//\

i(); // part of a two-line comment

/\

/30 ; // part of a two-line comment
/x//*/ 1(); // equivalent to 1();

m = n//xx/0

+ pi // equivalent to m = n + p;

gboo22000b00b000b0boobooboooobobooooDobooobobobDoDLOoDbo
gobogooobooboboobooboboobooboooby//0bobbOoobon

U0000b00bD0b0b000o00#if04elifU#else000#endif 000000000
gbooooboboobooobobooboobobooobooobobobobobooboobon
googoboboobooboboobuooboobbooboog

> int i=2 // comment ok
> ix4 /* comment ok =x/
8
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25. 0000 2. 0000

> 1s // comment bad
> cmd /* comment bad */

gooooooooooooooood s emdd0000oooOOoDOoOOoDO
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030 Uoooodon

31 Chooobooobobooobbooobboooo

chi0OO0OO0OU0O0O0000oO00ooooooooooUoBRIDOOooOOon

OO0 CHHOMED chOOoooooooooog

CHHOME[O O OO “CHHOME’O O OOO¢chOOOOoOooooDoooooooooboooooo
gbooobooooboood

00000000000 0OCHHOME O Windows 0 OO c:\chOUnixOOO /usr/local/ch
goooabod

O31:chdoogooooooooboobobobobon

goooooo o0
README oooono
bin 0oooooooooooo
config oooooo
demos ooooooo
dl ooooooodooooooo
docs oogooon
extern 0o0bOOo0obOO0o0obobOo0oboooobOoobooOoooon
include c¢hoooooooooooooo
lib oooono
license oogooooo
package chogoonoog
sbin go0Db cchoonoaon
toolkit oooooo
WWW WebWebODOOQOOGQOOO

32 OO

Windows OO ODOOODOO ChOOOOoOoooooooOo ¢chobooooooboobooooo
Windows 0000000000000 UnixODOODODODODODODOODOODOODOODODOODODOD
gochooooooooooog

ch  ——————— gooobgo
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ch -8 ———————- oboobdD (echsObOO)
chs  -————- gooooo

oogoo CHHOMEDDChDDDDDDDDDDDDDDDDDDDDDUnixDDDDDDD
/usr/chOWindows 0000000 c:\chO0OODORB2D0ODOD0O0D0O0D000O00O00OChOODOO
O000O0o0oOoOob0oo0oooDoogo
gobOo0odchDOOO0O0OOCHHOME/config/chre U0 DO OO0D0OOO0ODOOOOOOOOO
gbobobobobodb.hre00DODOODODODOOODOODODDODOOOODODOODODO
O00DO0oO00OoO0ooDogo
Unix00OOO0OOOO0OOOoO0oOOoOoooooobooooboooo«~-o0oooooboooooooDo
go0obOoOoboo0oO0oboOoboo0ooboOoboboouoDboooo

000000000 CHHOME/config/chre OO ODOOO (DDODOODODOOO«hrednO)
OooboOooboooooobbot.«ehoginDODO0O00O0O0OO0OO0OO0ODOOODODOODOOO
O00.chre 000000000 O0OOOOOOOOOO
O00O.«chlogmODOOO0OO0ODOOODOODOODODODODODOODODODODOO
000000000 0b0o0oDO0ooo0o0b0dDwehlogout D OO0 O00OOOOODOOODOODODOO
gooooooodbod.«chre0 000000000 OO0ODOODOODOO

d0000000b0o chooooboboboboboDb ehreobobobobo D
O0O0ooboooooDbOo0oDbOb0ODbO0O00dnCHHOME/config/.chre DO OOODOODOOOOO
oooDOogo

000000000 ChO0O00OO000oooooooooodndnd CHHOME/config/chre
ooobDOo~/echreODOODOOOODOODOOO
goochoboboobooooobooooboobooooooooboboooooobooboooooo
0 U chrel .chrel .chlogin[l 0 [0 O chlogout U [0 O U O O chsrel .chsrel .chsloginU [0 U O chslogout
ooooooog

WindowsUO OOOO ChOOOO Chd«chreO.chsreD 0O 0O 0OOOOO0OOOODOOOODOO
0000000 chred chsre0 0000000

'J00CHHOMED ChOUODUOOOOODOOO0OO0OODOOgetenv) 000000000000 D0OOOOOODO
oobooOooOoOoO0oOoOoOOO0O0OO0O00OO0O0OOOOOUOCHHOME OO O HOMEO CHVERMAJORO CHVERMINORDO
CHVERMICROLO CHBUILDO CHEDITIOND CHRELEASEDATE[l MANPATH 0O 00 PAGER OO0 0000
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3. 00boooonog

choooooooooog

Windows 000000000000

RN

“/_chrc
~/_chsre
~/_chlogin
~/_chslogin
~/_chlogout

CHHOME/config/chre D O OO0 O OOO
CHHOME/config/chsre D 0D OO OODO
CHHOME/config/chlogin 0 0 000000
CHHOME!/config/chslogin 0 0 OO0 OO0
ooooo0oooooooooooooooooooon

UnxOOODOOOOooDOOoooOoO

RN

~/.chre
~/.chsrc
CHHOME/config/chlogin

~/.chlogin
CHHOME!/config/chslogin

~ /.chslogin
~ /.chlogout

CHHOME/config/chre 0 0O DO OO0
OooooOoooooooooOooooooooo
CHHOME/config/chsre 1 0D OO OO OO
0000000000000 000oooooooo
O000000O0ooooo0Cchhc0O0DDOOODOOOOOO
00000000 0DODODCHHOME/config/chlogin D OO OOOOO
00000000 chsre000O0D0ODOODOOOOOO chO
Ooooooooooooooooood
CHHOME/config/chslogin U D O 0 OO0 OO0
ooooooooooooooOoooooooooobooo

0000000000000 0oOD00o0o0o0O fpathDOOOODOO ChOO “CHHOME/1ib/libc;
CHHOME/1lib/libch; CHHOME/lib/libopt; CHHOME/lib/libch/numeric” 000 Ch OO
“CHHOME/1lib/libc; CHHOME/1lib/libch; CHHOME/lib/libch/numeric”0 00

00ooooOoooooObOoooooooboooobObooooooDooOooooooooa
O0000.hred.chsrecOchred 000 chsre. 0000000000 0O0O0OOODOOO0OOOO0ONO

gbooopooboobooon

321 0O00OO0OO0OOO0OOOO0ODOODOO0

CHHOME/configOUUOUODOOOODOOOOOOO0OODDOOODODOOODOOOOChOODODOOO
gbooboobooboboooooobobobobooooboboobobooobooboooooboon

goboooobuoooboboooboboobboobboobbooobboooboobobooobboon
U00000000ch -d00D00O0O0ODOODOODOCHEOME/configOOOODOODOODODOODO
gboooobooboobobooboobbooboobbooo

O0000BIDOUNxO000O00000000000000000000000000.chred

gooo
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umask (0022) ;

_warning = 3; // print all warning. default is 1 with serious warning message only
_format = 8; // output format for double "%.’format’lf" and float "%.’ format-2'f"
_ignoreeof = 1; // ignore EOF. defalut is 0

_path = stradd(_path, ".;");

//_ppath = stradd(_ppath, "/my/package/path;");

//_fpath stradd (_fpath, "/my/function/path;");

//_ipath stradd (_ipath, "/my/headerfile/path;");

//_lpath = stradd(_ipath, "/my/dynloadlib/path;");

//_pathext = stradd(_pathext, ";.ch");

#define RLIMIT_CORE 4
struct rlimit {int rlim_cur, rlim_max;} rl={0,0};
setrlimit (RLIMIT_CORE, &rl); /* no core dump */

if (_prompt != NULL) { // change the default prompt "cwdn> "
_prompt = stradd(_user, "@", _host, ":", _cwd, _histnum, "> ");

}

putenv ("TERM=xterm") ;

)I
alias("rm", "rm -i");
alias("mv", "mv -i");
alias("cp", "cp -i");
alias("1ls", "ls -F");
alias("go", "cd /very/long/dir");
alias("opentgz", "gzip -cd _argv[1l] | tar -xvf -");

obobOo31:000b00b00bdgbd.chred O

ooooboooboobobotwmaskOmmy0 00000000 0OODOOODOOODOOODOODOO
gboooooooooooooobooboobobi1obob ‘coboo8suboonoonogg

ooooo30b0 0000000000000 0ODOOOOODOODOOOODOObD 30080
gobooooboooooobo/boobo2b00o0mbbb0bdbek0DODODOODODDOO
goooabod

gooooboobooboo40b00bbo0oboobbo20b00oooooobDoooD100o0UDo
O0000ooboooobodbotdbwmaskOU D O0O0OO0ODODOO0ODODODODODODODODODODDO

umask (0022) ;

gbogoboboobobuoobobboboobuoobobboboobooboboooooban
Owarning 0 0000000000000 DO0ODO0ODOODOODOO0O0O0O0O00 .warningOOOOO
goo2210b0g0bobooobbooboobboooboobboooon

goboooboogd

_warning = 3;

OO0 warningUOD U OO QOUOO0OO0 1000000000000 0OO0O0O0O0OO30000b00DD

floatO OO double D DO O00OO0ODOOOOOOOO0OOO0O00ODOO ».2£"00 ".41£"0
OO0O00D0O0oOo0oo0oOonon0 formatf 00 formatd OO0 0000000000 0OOOOODOOOO
gooooo
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_formatf = ".6f";
".61lf";

_formatd

Ofloat000 double 0000000000 O0O0ODO0OO0OOOOODO0ODOO ".et"00O ".61£ "
gooooon
gbobobobo

_ignoreeof = 1;

O00D00OD00ODO0dgnoreeof U rue 0 00 000D OO0ODOODOOOOOOOOODO EOFOUODOO
gb0o0ooo0db0ctrl-d0db000O0O ChOOOOO0ODOODOOODOODOODOODbOODODbOODbOODO
gboooobooabooooogo

_path = stradd(_path, ".;");

gboogboobooboochoboooobooobooboobooboobooUgbOpathD0O0O0O
goboobooobooooobounixdoooooooboooboobooobooooooooboo
gooobobooboooboooobooboobooboboobooboboobobbon
O0oooooooobooobooooDbOO00oDoOo0ooboooDOOo0oOonoODOog fpathD dpathOd
dpathD 000 ppath OO0 00000 0OO0OODOOO0OOOODOODOOOOODOOOOOOODOD
O0sring0 0000000 pathext 00 0000000000000 0O00OO00prog.ch0O0O
choooooooboob .chO000O00D000DL0000000Db0O0Db0O0 _pathextD OO
00000.chOOODODO0OO0OODO0O0O00000000000000000RIDO0O0O0O0O0O0O0O0O

COODOsetrlimit) OO0 000000000 O0OOOOOODOODOOO

gbgbobobobobbobobobobobobouobuobobd0d RLIMIT-CORELD
gboogopoboobooobboobooobboobaon

20 0000000000000 000 imMit0 00000

rlimit 0 rlimcar 000000000 QOOD0OOOO0O)O0ODOO0OimmaxO00000000O
g@oboooooo)boooogao

gboboboboboobooooooooooboooooooooooooDoog

gobodgboobboobooobboobuoobbooobuoobboobooboobbooo

goboobooobboooooo

#define RLIMIT_CORE 4
struct rlimit {int rlim_ cur, rlim_max;} rl={0,0};
setrlimit (RLIMIT_CORE, &rl)

googoobooobobooobooobooboooboboooboboboboobobooboobooo
goooooooooooooboboboo

goboodbpromptO0 ChOOOOOOOOOOODODOOOOOODODOODOOOODODOODOO
U000O0o0bdbOonbn stradd(.cwdn, "> ") UO000O0OO0OOOOO0OOOOOOOOOODOOO
gooooooooooo ~>~>o0n

gobooboooboobooobooo

_prompt = stradd(_user, "Q@", _host, ":", _cwd, _histnum, "> ");
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000000 0000000000000 00O0000o000ooooooOooOoOoOooOoOoOoO
00 ‘@O0d000d0b0db0bo0o0bOo0boooobo0db0ooo0bOo0oDDO ~»oooaon
O0000000D000000 “user@machine:/path/dir#>".

000000000000 DO0000000000000000D000 putenv() 000 getenv() O
00d0bO0d0bOo0oo0bO0o0bOo0ooDobOooobOooboOoOoobOooooooon

putenv ("TERM=xterm") ;

0o00o0bo0oobo0obobO0o0n0 TERMOODO xtermOO0OO0O0OOTERMOOOOO0OO0OODOO
gobooboodvilbobooooboooobbooooooobobooooooooboooo
gooooooooooog

OO00D00O000DC00alias0000D0OO0OO0O0DOOCODaasO0O0O00DOODOOOODOOO
gbogopobooboobboobuoobboooboooobooobooboobooboobooobaon

alias("rm", "rm -i");

oooobooboobdO0mOm-000000000DO0O0O0O0O0O0O0O0O0O UnixODOO
(rm, mv, cp, Is) OO0 Windows 0 Ch DO OO DOOOOOOOChOODOUOODO MS-DOSODODOO
gbbooboouoobboobbooboooboobboobbuoobboobobooobooaon
Windows OO 0O0O0O00O0O0OO0O0O0OO0O0ODO0ODO0OO0OOOOOOO0OODOODOWindows O Ch
gooMsS-DOSO000delODO00O0D0O0OO0DODO (alias("del", "del /P™))000000O0O
gobooboogboooogo

alias ("go", "cd /very/long/dir");

oo goonoooooooooooobo0oOoUg /very/long/dir
gboooobobooobooboooobaooooon

alias ("opentgz", "gzip -cd _argv[l] | tar -xvf -");

gboboobooonoooodn .tgzOOO ctar.gz 000000000000 O00O000O0 untar J
gbo0b0oobb0.argv[l1000000D0O0O00OO0DOOODOOODOODOODOODODOODO
gboooooooooooooooboooooooooonDoo

opentgz file.tar.gz
dooooooooboboboooooooo
gzip —-cd file.tar.gz |tar —-xvf -

0000000000000000d6e0 000000000
choboooooooooooobobobobooooooooboboboboobooooon
O00O.hlogin D ODOOO0O sttty 00O ODOOD0DO0OD0OOOO0ODOOODOODONO erasedOd
Uboobobbdxkil1boobooboobobb0ob0O0inte 000000 DOODLOODDOO
suspUO00O00O000O00O0O0O00O00OO00O0000bO00bO00bO000bO000boooboban
oo
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stty intr "°C’ erase ’""7?’ kill '"U’ susp ’'"Z’

gboobobobobob ctrl-cOUbObOO0ODO ctrl-BOO00O0O000 ctrl-HOODOO
U000 ctrl-z000000O0DOO0ODO sttty —a000000000O0DOOO0DOODOOODOOO
0ood

322 OJO0O0OOOODOOOO

goobo choboooobooooogoooooooooboboboboboobboboobooo
ooooooooo

ch [-Sacdfghinruw] [argument...]

gbooboobobooboboooboboboobooboboobobooboobooboobo
gbooooooooooooon

-SO0000000000DOobO0000o0Odsystem D0 0000O0O0DOOCOOOOOOOO
000000 0OUdn O CHHOME/config/chsre 1 CHHOME/config/chlogin U D OO0 00000
000000000000000000000RID0D00000O0000

-aJU00booooooboobobbobbbbbbDbODOOCHHEOME/ 1ib/1libopt DO OOODODOOO
gopboobooooboooo

-cJogobooogoobooobooboobooobooboo(@oobboobobboboobbooboboo
oooooO)ooboboUbbDargvy0O0O0O0ODOOOOODODOODLOOOOODOO main(int argc,
char *argv[) D00 ChOOOODOO0DOOOO0D0 mainQU0 argv 00000000000

-d chOOOOOOOoOOoOoDOoOOooooooood.chreD00DO00OD0OOO0OOOOOOOODOODOO
J0000O00O000000OOCHHOME/config/.chre 00000 OODOOOODODOOOO
O00000O0chsOO000OO0O«hsre 000000 0O0OO0O0O0ODOOOOODOOOOODOOODOO
000000000000 DODOOO000O0ODOOd CHHOME/config/.chsre OO0 OOO0O
000000000 oOo00dOdwindowsOOOOOO ChOOOOOO ChOOOOOGOOO
JooooooboboooO0.hred.chsre0 OO0 chred chsre 0000000

-fO000000b0b0b0000b0dbcechre0 00 chrel 00000000 O0ODOODOOOOOOO
OO00D00O0OchloginOOO.chlogin DO O ODODOOO0ODOOO0OOOOOO

-g CGlO0DO0OO00ODOOOObOOOOOOOOOWebDODOODODOOOOOODDOODODOOO
-h OooOooOo chobooooooooooooooooogo
-igooooooooooooboooooob@uoooooooooHo

-n 00000 @o)booobooooooooooboooooooobooooooooog ch
ooboooobboooobooobbooooboooobboobo0dowarningOOOOOOOODO
goboooboboobobboooobdoobboobboobooboonoboobbooboo
goboobooobobooboobo
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-r stderr 000000 stdout U0 O0OOOO0O0OOOOOOOODODDOOWIindowsO OO OO OO
gooodbobooobuoooboobuoobobooboobobooboobbooobuooobo
ch -r chemd > JunkfileOOOOOOO chemdO stderr0000000 junkfile
gobodoboooboobobooobooo

-u U0 IDEO0OOO0OO0O0O0OO0O0OOOsidount 000000 ooooooooog
-vChoooooooooooooooodsddouwt 00000 0oooogg

-w 0000000000000 O0DO00OO0DO0O0O0O0warning JOOOOODOOOODO
uboboooboboooboobobooobooboonbon

bodb-sb00boobochOoboboobooboooobobooboobobooooDoboon
obooooooooboobooboobobobibd emd.ch 000000000 O0O0O0O0O0D0O0O

ch —-a cmd.ch

obobd-gbOcCcalOObobOobobobobobooooooccaIboooono1ooon
gboogoooboobooooobgon

#!/bin/ch —-g

godboboOwebOOOOOoOoDOOOOOOooooOOODOOD calobbbOoOoooooooOooogoo
goo0o0ooooooobooboobowebOOODOOOOOOODOOO

33 Chooodno
331 DOoOOOOOO

choooboooocooooboooooobobobobooobooobobochoboooobobn
goboobooooboocoogbobooobbocechbgobcoobooboooooboooooobooo
goooboooobooo

goboodo hogboboooobooboboooboooobo/mbooboboboobobo
gbooopoboobooboobboobooboboooobn

1. 00000000 /«000//

2. 000000000000 0O0O0OOO0ODOOOOOO

3. 0000#0000000000D00O00ODOODODOD
4. 0000#0000000 !'/bin/ch000 ! /bin/sch
5. 000 main

6. 000 printf
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7. Ch000000DOO0ODOODOOODOO0ODOOOOOO0ODOODbDOOOODbOOODOObOODOD
DDD”.”

chOooooDooooooooooDo0ob0ooDoobo0ooDo00oboDo0oDO00oDbOOoOstring O
0000000 pathextD OO OODODO0OO0O0OOOODOODOOODODOAO _pathextD OO OO OUnix
OO""OWindows OO ".com; .exe; .bat; .cmd"O 00O

0000000 .cn00000000000O prog.chOODO ChOODODOODODOOOOODODOO
000000000000 DO00D0D0O00b000O0D000.chre(UnixOOO)O0OO _chre (Windows
000 OOooooooO pathextOOOOOOOO .chOOOOOOO

c¢choooooooooooobooooooobooooooooboooooooooooDoon
0000ooooooo0o0ooooooooooooOboo00d00o0o0ogog chmod O OO
0000odoooooOoooooooon

chmod 755 program.ch

0o0oooboooodgbod program.ch 00 000o0oooooboobooboooo/moooy
gbooooooooooooooobooooooooo/mooooooogo

gbooboooboobooboboobobbobooboboboboobooboboono
goooboobooboobotobUpathOD0D0O0O0O0OO0OO0ODOODOOO path OO OO
OR20 0000000000000 stradd) 000000 path00 0000000000 D0O0OO
OobobOOooboodOopathO000000 /home/mydir/bin0000000

> _path = stradd(_path, "/home/mydir/bin;")

/usr/ch/bin/; /usr/ch/sbin; /usr/ch/toolkit/bin;
/usr/ch/toolkit/sbin; /bin; /usr/bin; /sbin; /home/mydir/bin;
>

chooooooooooooooooooooooooooooono
_path = stradd(_path, "/home/mydir/bin;")

O00obooobooboooobodbU.hre(UnixOOO)O chre(WindowO O O)O OO OO0
ogoboooboooooooobooooobboobobooobobOooooobOobOoOooooDObOo
00000B200000000o00

UnixO OO Windows D O OO O0O0O0O0O0 pathOOOOOOOC: /Program Files/package
OUoobooobooooboboOwindowsUODODOOOODOO ..d12000000000D000O0
00000000 path000O00O0O0O0O0O

OO0 system) U O OOO0O00OO0O systemOUOODOOD0OO0O0OO pathextDJ OO OOODOO0O
ooboboobobooobooboobboooooobo

system("help.ch")
aoo

system (" /usr/ch/bin/help.ch")
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332 O00OOoOoooood

chogooooooboobobobobobobobobobuobUOwww CGI (Common Gate-
way Interface) I 00 D00 0000000000000 00O00O0O0OO00OO0ChOOOOOOODOO
gboogooboobooooobogo

#!/bin/ch

gobooo-s (booooo)bo-f ooHhbooooobobooooboooboboooobooo
ooboobooboos0b0oob/'ooobo0b0o0b0oobbo0boobboobbUl main()
gboobDoobooobobD#!/pin/ch0000000DO0O0CO0DOOOOOOODOOOOODOO
gboooboboobooobooboobobdoboobobboboboobooooboobooobon
bobodbO0.argel argv0 00 O00ODOO0OO0ODOO200000000000000O00O0OO
gboobboobuoobuoobboobodo

333 0O0OOoOoogd

chooooooooooboooboooooobboboboboooobobobobooDoon
gboobobooboobooboboobobooboobobbobooboobobooboobon
oboobooboobobobobchobboobooboboboboboboboooobobOobg.ch
gbooooogo

goobobooboobooboobobooooobochbgboboobobooooboo chboO
gobooooooobobooobooboooooboboobooboobobooooboobobooDo
0000000000000 00DOstring0000O0O0DOO fpathextD OOODOOODOODO

Oo00o0Dod fpathextl OO OO . chf"OO0O0O0O0O0O0ODOO0OOODO0O0ODOOODOOODOODO
gbobobobobobobooooooobobobobobobooboboobochobgonDo
boobobooboobooobobbodoboonbdnd addition.chfOO0OO0OO0OO00OOO
gooooobooogoo

/+xxxx function file for adding two integers ***x*/
int addition(int a, int b) {

int c;

c =a + b;

return c;

}

00 addition() DODOOO0OO0O00ODOO20000000000000000DO00O0O000OO
goboobobooboobooboobobboboobooboooboobooboooobobon
U0000 addition() DODOODOODOOOOOOOOOOOOOOOOODOOOODOOO

extern int addition(int a, int b);

gbobobobobooboooobooboooobooooooooooobooooobooooooooo
OB 000000000000 00000ODD#endif00000D0O00O0DDOOOOOOOO
gboopobooboobboobuoobbooboobobooobooo
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int fun(int argl,
#ifdef NeedWidePrototypes
int arg2z,
double arg3) {
#else
char arg2,
float arg3) {
#endif
/x oo %/
}

gboogopoobooboobbooo

int fun(int argl,
#ifdef NeedWidePrototypes
int arg2,
double arg3
#else
char arg2,
float arg3
#endif
) A
/x oo %/
}

gboooobooboboobooboboobooboooboboboboooboboobobooooo
goobooboobobooboonoobo

#include<stdio.h>
FILE xfopen (const char xfilename, const char =*type) {
return _fopen (filename, type);

}

gbooodbobbobuoobobuoobobboobuoobooboboobobobobaooba
gbooboooboboobooboobboobooboobobooobobooboobonbon
gobobooobooboooooooobooobooboooobooboooboboooobooboo
U00O#include 000000000 OOOOOOOOOOODOOOOODOOOOOODODODn
gboobooooobooboooboobobboobooboooboobbooobobooboobon
goboboboooboboogobooboobooobooooboboooooboboooooDoDoDo
gboboobobobboobooboboboobobooD fune(y DODODOOOOOOOOO
gbooooboobooboobboobooboooboobon

#i1fdef HEADERI1
#include<headerl.h>
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#else
#include<header2.h>
#endif

int func () {

gooooboboooooboobboooobboooooobobbooooobbboooooboobboo
oo

#include<header.h> // include hearerl.h and hearder2.h conditionally

int func() {

chooooooood fpath 0 DO 0O0O0OOOOOODLOOOOOOODOOOODOOOO0LODODO fpath
000000200 00000000000000000000000000 fpathD0O000OO
O0OOo000OO00DOo0O0o0oO0Ofpath 000000 /home/mydir/lib0 000000

> _fpath = stradd(_fpath, "/home/mydir/lib;")
/usr/ch/1ib/1libc; /usr/ch/lib/libch; /usr/ch/lib/libopt;
/usr/ch/lib/libch/numeric; /home/mydir/lib;

>

oboooodfpath0D 00000000 0ODO0ODOOODOOOOODOOODLDOODOLOOODODLO
gobooboboooboobooboobbooboboobooboobobooooboobon
goooboobobooboobobooobooobobOo chbobobooobo choooboDo
gbooobobooboobooooogod

_fpath = stradd(_fpath, "/home/mydir/lib;")

Oobo0oobbooooobbooobbouoboobboOobd —chre (Windows U 0 0) 0O O .chre (Unix
go0)oooboooooooboboooobooooooboboooobboo0oO0d addition()
gboooboboobooboboobobooboobboobooo

WARNING: function "addition ()’ not defined

UO0Db000 addition() UO0DOO0ODOOODOOOODOOOOO

gbboobuooboooboboobuobuoobobuoobobboboooboboboboond
gboboobobboobooboobooboboobooboooooobooboobobon
gobogooooooboooboobboboobobooooboobooboooooboobooDboo
Ob0000ooo0ooooooooonD (0000 addition)OOD0ODODO

> remvar addition
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gbobobo cchoboboobooboo

cf0000000000000O0000000O00O0b0bOo00oDobDOob0obobOboOonDog
Ob00b00.chfO0db0db0ooooboobobobobuobtbbpragmal D00 0OO0OOODOO
gbooooooooooooooooooooooobooooooogo

#fpragma importf <myfunc.chf>

#pragma importf <myclass.chf>

ooobooooooboodfpathD000O0O0O00OO0ODOOOODOOOOOODOOOODOOO
00000 myfunc.chfO0OD0O0O0O myclass.chf0OOOO0OO00O00O0O0O0O pragma (0
gboooooooooooooooboooooboooooboooobooobobobobgon

34 OOoOooOoooog

gboooboooboogboo chboooobooobooboooooooboboobooobooo
gboobobobbobooooboobooboobooboooboobooobobooboobon
goobooboobobobboobooboboobooboo@ooboobooo)ybooboon
gboobobooboaobbooboobd

goboobooobooboooboobooobobooobgaon

341 0D00O0O0OO0ODLOOOOODObOODOOObDOObDOODO

chooooooooooooooooooooooooooooooooooboooooooo
O0000000000000000000
int 1

for (1 = 0; i < 3; i+4+) printf("i = %d\n", 1)

vV Vv

int funcl(int i) {int j; Jj = i+i; return j;}
i = funcl (10)

VoV R b R
Il

20

> int func2 (int i) {int J; J = 1*1i;\
return 7j;}

> i = func2(i)+funcl (1)

402

> 21

804

>

Oo00o0obd0Ofor00000O0 funcl () 0DO0OD0OO func2() U0OO0DOODOODOOODOO
gboooboboobooboooboobooboobobooobobooboooboobon
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gboboobobiliobobobooboobooobooooooobobbi1obobobobobOoDo
func2 () U0O0OO0O0OOODODOOOOO vOOOOOOoDOOoDbOOoOOoOOooOOooOOoDbOoDbo
gobobooboboooboobouobochoobobobooooobooboooooouobooodgd for
gobgz20000000000000000O0000DOO0ODOOOOODOOOOODOODbO0O0OO
gooochoooooooooooooogo

> int 1

> for (1 = 0; 1 < 3; 1i++) // break the for—-loop into two lines
> printf("i = %d4", i) // and the result is unexpected

i =3

> int funl (int 1) {int 7j; // the definition of funl () is broken
ERROR: missing "}’

WARNING: missing return statement for function funl () and

default zero is used
>

342 0O0OO0OOO0OOO

gooch Oboobooobooobooooboobooobooobooooobob O
CHHOME/config/chre U0 D 0D O0OD00O0ODOODOODOO0OOODOOOODOODODOOODO
goooboboobobooboobobooboobooboboboobooobooooboon
gboooooboboobdoboobobboboboobooboooobooooboobon
gbobobooboboooooooboboboboboooboboboobobooooboooboonn
O00000main) D00 WinMain)DOOOQOUOOoOOOoooooooo

O0manQU0nt0000000D00D0O0DOO0DOO0DO0ODOOO000O0O0000000000000
gbooopooboobooon

int main(void) { /% ... %/ }

oboob20000000@O00 argeD argv)00O0O0O00O0O0OO00DOOOOODOODODOO
gbobobobobobobobooooooo@ooooobobobobobobobobon
ooooooo)o

int main (int argc, char xargv[]) { /* ... */ }
ogoo
int main(int argc, char x=*argv[]) { /* ... */ }

300000000000000000000O000O0000O
int main(int argc, char =*argv|[], char xxenviron) { /* ... %/ }

Windows 0 U 00 O 0 WinMain() 0 Windows APID O D000 D0O0OOOOOOOO
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int WINAPI WinMain (HINSTANCE hInstance, HINSTANCE hPrevInstance,
PSTR szCmdLine, int iCmdShow)
{ /> ... %/}

O0main) DO0O000O00D0OOO0OCOO0ODOOOOOOODOOO

argc0O0000O0OO0DOOODOO
argvlargc] OnullOOOOOOO

argc 00000000 0O0OODOOOOOO argv[0]0Oargvlarge-1] 00 (ODOOOO0O
OHooooooooooooooooo

argc0000000000000argv[0]0000O0OOOOOOOOOO0O0O0O0OOOO0OO
argcU00O0 10000000Oargv[1]0argviarge-1] 0000000 0OOOOOO0O
oooooOoooooooooo

U000 arge000 argvl argvd 0000000000000 0O0O0OO0OO0O0OOO
goboooboobooboooboobooobooboboooboobooobooo

Ub0bD00 environdUOOOOODOOO0OO0OO0OODODOODOODO

goooobooboobooboobobeonooooooboooooDbOon carged O
Dargv00000000D00O00O0ODODOO0ODO0ODO argec00O0 argv00oooo20000
O000argel argy 0 0000000000000 TIGOO000000O0O0O

343 U0OOOOOOO

O0mainQ)UO0000000mtO0000000000000000000000 main)0OOOO
000000000000 Dmain)0000000000000 exitODOOOOOOOOODOO
gobobooboobboobddstatas OO OOODOO

344 0000

ooooooogon

choooooooooooooooboboboboboboboboo

gbobooboooobooooboooobooboon
gobooboobbooboobogo
gobooboobbooboobbooboobobbooo

gooocoobbooboboooobooboboboboobooboooobboobbooobDooDo
OOb0D0O0Ofpathext DO U0DOO0OOOOOOOODOOOODDOOODODOODOOOOOD
oooOoo0ooO0o0obooOoboo0oOoDoobooooDoOopathd00O0OO0ODOOOOOODO
goobooon
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e J00I0O0O0Oppath 0D ODODOODOODOOOOODOODODODODLODOOODOODOD
UboO0D00OD0pathextD OO ODOO00O00O00O00O00O0O0DO0OOODODOODOODOODOO
gooobobooooooboooboobooboobooooobbooooD0obon pathD OO
gbobobobobobobobb

gooooobogn

gbooboooboobooboboobobbobooboooboboobooboboono
gbogooboobboobooboboooboobooobooon

04000000 ChOOD0OO0 whichOODDOODODODODODOODOODODODODO0OODOODODOOOODO
oon

345 00000 OO0ODOODOODOOODbDOOD

0000000000 ooooooooobooooboboooDooooooooochooaon
O0000000000000000R23A00000on

choooooobooooooobooooobooob0ooooo0oooOOO pathext OO
000000000000000000000000 importdimportf0 ODOOO00OO0O ORI
000000oO0ooo0oDo00000oodd pragma 0OOOOOOOODOOO

J0o00oooboooobobooobobobogbodgpath D00 DOO0DOD0DOOOOODOODOO
O00000import 000 importf 000000000000 DOODOODOO _path 000 fpath O
00000 oOoobOooboooboboOooboaa

O00Oimport 0 importf 00000000000 OOO0OOOOODOOOOOOOODOOOO
gooobooooobbooobboboboouoboOo0ooboooobOoOUu0dDpragmaddd
0000000000000 ddcommand 0000000000 4000000 (command. c
modulel.clOmodule2.cO0000 module3.c)00000O0O0O0OOOOO command.cOOOO
oo0ooooooa

/* Program command.c */
#include <stdio.h>

int main () {
int 1 =90;
printf ("main () program \n");
/* ... main program goes here x/

}

#pragma importf "modulel.c" /x search for modulel.c in current
directory first then directories specified in _fpath */

#pragma import "module2.c" /x search for module2.c in current
directory first then directories specified in _path x/

#pragma importf <module3.c> /x search for module3.c in directories

specified in _fpath only =«/
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modulel.clmodule2.cO0000 module3.cO000000OOOODODOODODODODODODODODOO
00000000000 import 0 importf 000000000000 OmModulel.cOOO0OOO
0000000000 oooboooobooooO fpath 000 000OO0OOOOODOOODODOO
module2.cO000000D0D000O0OOOOODOOOODODOOOOODOO fpath OO OO _path
0000000000000 D0000O0O0module3.cO00000fpath000000OOODOOO
000o0o0o0o000ooooooood command.cOO000O0O0O/MO00000000O0O0OOOOO
modulel.clOmodule2.cO0000 module3.cO0000OO0OOOOOOOOOOOODODODODOO
oono

00oooooodno coboouonobd command.cmodulel.cll module2.cO000O
module3.cO0000000O00command.chOOOO0O0OO0 ChOOOOOOOOODOODODOODOO

#!/bin/ch

/* command.ch «/

#pragma import "command.c"
#fpragma importf "modulel.c"
#pragma import "module2.c"
#pragma importf <module3.c>

goboobdooboobooboobooboobobobobobboboobooboobOoon
goboooboboboboooobooobobuooboobooboboboib xxxO0O00O000
U000 xxx000000000000000O00000O00O000000 xxxchOOOOODODOO
U0000command 0000000000000 00O000OD pathD0O0OD0O0OO0O0O0O0DODOO0OOO
U000 command.chOOOOO0OO0OO00O0OO00O0O0O0O0O0O0OO0O0OO0OOOO0DOOOO0O0OOOO

/+ Program command.c =/
#include <stdio.h>

int main() {
int 1 =90;
printf ("main () program \n");
/* ... main program goes here */

}

#pragma import <command_ch/modulel.c> /* search for modulel.c in
directories specified in _path only =*/
#pragma import <command_ch/module2.c>

#pragma import <command_ch/module3.c>

U00D0command 0000000000 ChOODOOOODOODOODODODO

pragma 000000000000 O0OO00OO0O0O0OO0OO0OO0OO0OODOOO0OOOO0OOOO00O0
gobogooboooboobooboooboobcobooboobobbobooboobon
gbodgbuoooboobobobooboobooboobooboobooboboboobooobo
goboobooooooboobobooboboooobo chobbobobobobobooooooboooo
gooooboobbooboboobbooboboobbodbbddincludedboonoogon
gbboobooboobbooboobbooboobobooon
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/* Program command.c x/
#include <stdio.h>

int main() {
int i =90;
printf ("main () program \n");
/* ... main program goes here x/
}
#ifdef _CH_
#include "modulel.c" /% search for modulel.c in current directory
first then directories specified in _ipath */
#include "module2.c" /x search for module2.c in current directory

first then directories specified in _ipath */
#include <module3.c> /x search for module3.c in directories
specified in _ipath only =/
#endif

00000 COU0OO0O0OO0O0O0Od command.cOmodulel.clmodule2.cO0000O module3.c
O000000000command.chO0O00000 ChOOOODOOOOOOOO

#!/bin/ch

/+ command.ch =/
#include "modulel.c"
#include "module2.c"

#include <module3.c>

Joooooooooooooooooooboobo0oobobo0oo0oboo00ooooDooooooo
000oo0ooooooooooooooooobooodooooOo0oboooooDoobOoboooOoon
O00dobodbopathD 000000 DOO0ODOOOODOOODOODOOOOOODOOOOOOO
include 00000000 0O0O0O0ODODODDODOO0OOOOOOOODODODODDODOO0OOOOOOOO
00000000000 oooboooooooooboooooobooooDobooooo
000 command.cO0O0O0OOO0OO0OOOOOOO

/* Program command.c =/

#include <stdio.h>

#ifdef _CH_
"modulel.c" /x search for modulel.c in current directory first
then directories specified in _ipath =/
"module2.c" /x search for module2.c in current directory first

then directories specified in _ipath =/
<module3.c> /x search for module3.c in directories
specified in _ipath only »*/
#endif

int main() {
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int 1 =90;
printf ("main () program \n");

/* ... main program goes here x/

}

goboogooboobbool1boobboob @00 /my/package/dir) 00000000
Uo0ooold command 000000000 0DOOD0OO0D0OO0O00000O00O0O00O0ODODODODO

gboogoogo
#ifdef _CH_
gbooobooooboooooo

#ifdef _CH_ && strcat (_ipath, "/my/package/dir;") \
&& strcat (_path,"/my/package/dir;")

O0O0000COU0OO00O0000 command.cll command.clOmodulel.cOOOO module2.c
O0000000O0command.chOOOOOO0 ChOOOOOOOOOOOO

#!/bin/ch

/+ command.ch =/
"modulel.c"
"module2.c"
<module3.c>

02Z2000Ch00000000000000000O00O00O00O0DO00O00O00O00O000O
gooogo

346 U0DUOODOODOOO

goboooboobooboobooboooobuocchboobooboobDboobobooDbOoo
goboooobobooobodbdcchparse 00 0000000000000 ODOO0OO chrun0
gbooooboobooooobooon

goboobogg

> chparse program.c
> chrun
>

00O0Db0D00OD0O0 hellocOOOOOOOO

int main () {
printf ("hello, world\n";

}
oboobobobOdbchparse IO ODOODOODOOOODODOOODOOO
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> chparse hello.c

ERROR: missing )

ERROR: Syntax error at line 2
>

200000 printfOUOODOODOODOODOODOODOODOODOOO

googbooboobooobooobooobbboobibodb chdebug DO OODODOOODOODOO
gboboobobooboobouobuoobobobd mored 0000 program.cU0 004000
O0000O0OchdebugD DO O ODOOOOOO

> more program.c
int main() {

int 1, »*p;

i = 10;

p = &i;
}

> chdebug program.c

You are debugging file ’program.c’

Type (1) expression for evaluation
(2) '"run’ to continue
(3) hit return key to step to next line
1: int main () {
2 int 1, *p;
3: i = 10;
4 p = &i;
i
=> 10
i%i
=> 100
&1
=> 1c21a0
5: }
=> 1c21a0
*p
=> 10
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1: int main () {

goboboooooo3boooooooogoboobbobobooooooobobobobobo
gboooboboooboboboboboobooooobooooboboboobooboobobobon
gboobobooobbooobbooob=0000000000000000000001x10
p00000o0ibooogbob0obpb0b0ooOO0obDO0bO0ObOOOODbODOObOOODO
Ooooooopooooooon

U000 chparse-chrun 000 chdebug D0 OO0 D0DOO0O0ODO0O0O0O0ODOOOODODOOO
ggbodboobodb-nbOoboobuobbobooobuoobobooobobooobobooono
gbooooboobooobboobouoobobooo

> ch —-n program.c
>

gobooboooboboooboobooobooon
UbobDOobOobDasserth00D0O0O0000D0O assert () U0DO0O00OODOODOOOOO
gboboobooboobooboobuobobui_stop("oobobobodNn")y oo
gboooboobobooboobobboboobooboooobboobooboooooboobon
gboooooooooooooooooooooogo
gogoboboboooooboboboooobboobooooobobbooooobbooooobobobon
gbooboooboooooboboooboobooboobobooobobooboooboobon
thissO0OD 00000000 0DOO000O00OO00obo0oooooooooon

Windows 0 0 stderr 00000000 0O00ODOOOCKROOOODOODOOODOODOODOOO
gbooboboob-rgobooboobbooobboobooboooooboon

ch -r program.c > junkfile

D0000000stderr000000ODO junkfile. OOOOO0OODDODDODODODDOOfile junkfile.

35 Joooood

351 00OO0oOooogo

gboooonbooobooo2ygoo3))oogbobooboboboboboboboboobo
U004 pedefUOS) 000006000007 0000000000000 00O000O0O0O0OOO
goooboobooobobobobooboboboboboobooobooboobooobobobon
ooooooooooooogoon

gbboobobooboobobooobobooboboobooboooboobooobaoooo
gboogooboobooobbooboobbooobaon

goooboooobobooooboooobobboobooooboboooobobooboboobo
gobooboooboboogo@oobobo)boooboooboboooboobobooobooooboogo
gboooboooboboboobobooboobooboobooobbobbobobooboobo
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googboobboobooooooboboboboooooobobbobobobobooboonDo
gboooobooboooboaon
gboobdobooboboooboobobboobooobooboobooboooboboonbg
U00gotoUDUODODODOODOODLO:DOOOOLOOOOOOOODOOODOODOODODOODO
gboogoogo
gboobooobob@obobbobooboo)boobobobobobooboobooobo
ggoobooobooobooobooobooobbboboobobooboobooobobooooboobooo
O00000oooooooobobOoOobo0o00OddOstatiec000000OOOOOOOOOOOO
gboooboooboobbobboobo0obo0ob00bo0ogbbOn _declspec(global)
goooooooboobobobobo chgbobobobooboooooboooooobooboooDoo
gboboboobooboboboboboboboboboooooobobobobobobon
gboboobobooboobobooboobobooboobobobobooboooobon
gobogbooooboobooogooboooogbooooooboobooboobobobooboboooo
gbobooboboboobobooo@oboooboboboo)oboboooboboooboboan
gboooobobobooboobooboboobooobooboboobobooboobon
gobogoooooooogobobooo20b0b0ooboobooooboboob0obooooo
goboooboooooboooooooobooooobogoobo(@uoboooo)bboboooboo
gooooob @obobooo)oooobobooobobboooooobobboooobobobooo
gbodgbogobobbobboobooboobuoooboobuoobooboobobboboo
gbooboobooobobooobooobo@Wbobooo)o2b000o0obobDoobOobDooboDbo
googoobooboobboobuooboboobooobooon
gobooogooobboobooboboooboboooob@oooobobo)yoobooboobo
gbooobooobooboobobooboobuoobuoobooboobobooboobonoobo
googbobooboobooobooboobboobooo
gbbooodbugbooooboboobouooboboboobuooboooboboobaooba
gboobobooboobooooboboobobooboooboboobobooboobon
goboobobooobooboobooboboobobbobooooboobobboobooboon
gbooobooaobd

352 00OOO0ooood

goooobooooobobbooooobobooooobbboooobbbbooooooboboo
gbogobobooboobobuoobobooboboobooboboobobobuoobon
A000000@UOUbObODbODbDObODbObObDOO)HD

gboobgooboboobooboboboooobuoobobobobooboboboboobo
gbogoboboobobboobuoobobuooboboboboobobuooboboobuoobob
gboooboboobooboooboobobobooboobooboobooobobboboobobon
googobooboobboobuoobboobooobooon

gboboobodobobodbooboobubibobuoibid _declspec(global) UOOOOU
gboogopobooboobbooboobboobooon

gboooboobooboooboobooooboboboboobooboboooDgo statieD 0D OO O
gbooobboobuoobobobobooboon
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gbobooooobobobbobobobobobobibbibO0exter n0DO000OOO0OO0OO0O
gbogoobobodgboooboboobuooboboobooboboooboobobboboooban
gobooboobobooboobooboboobooboboobboboobobooboobon
gobooobooobooboobobobobooboobooobooboobboboboobooboboOoo
gbooooboboboboodooboboobooboboobbobobonn extern U
goboobobooboooobooboobobobooboboooboobooboboobon
goooooooooboooooooooooooooooooon
goboooobooobboobobooboboobobooboobooboobooboboobooboooonoo
00000000 extern 0000000000 DOO0ODOO0ODODO0ODOOODODOOO
goboboboboboboboboboobooooboobooobooboboboooboobobbo

353 J0OOOooooo

gboobgoooobooboboobobobobooboboobooooboboboobo
goboboooooobooboobooogbobooooboboooboobooobobooooDo
gbogbboobooboobbooboaoboon

-macronames U0 OO0 (0000000000000 0#defined000O0OO0OO0O0OO0O0)

labelnames 00 00 (DO 0OO0OO0OOD0OOO0OO0O0O0O00O00O00O00O0O0)

-000000oooooObObOo0o00o0ooOodd (cassd structOuniond D00 ennm OO 0000
0dooooooooooooooood)

gobooboboooobooboboobobooboboooboooboobobobobooobobon
goooooobooo (obob-—>0ob0oboboboboobobboobobboboboobo
gooooooo

-0ogbooooboobooobooooobooobo0o@WoobbooobooobDOooboboDooboooon)

354 000OO0OO0OOOODOOO

0000000000000B3A000000

03300000000

ooo o0
auto ooooooon
extern ogoon
_declspec(global) D OO0OOOODODOOOOOO
__declspec(local) ogoooooooon
register @Qooog)
static ooon
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gobooboobooooboboooboboooboobobooooobboooobooboobo
goooo30000o00ogooobogo

_declspec(global) D0OOD0OO0DOODOODOO0OO0ODOODOODOOODOOODOODOODODO
gboooooooooooooooooooooooooooo

_declspec(global) D0OUOOUO0OOOOOOOODOOOOOOOOOOOOOOOOODODO
gboobooobooobooboobooboobobooboobobooobobd chreD OO
OU0O0b00O00bOo0o00bO0O0d chre(Windows) DO O .chre(Unix) DO OOO0D0O0OOO0OOO
gooo/oo/ooooooooooboooobooooboobogoono

gbooboooobooboobuoboboboboooooooobobobobooonogd statiec OO
gobobobooobobooobooobobooooobooooooooobobooooboooonDo
gboboobobooboobobobobooboobbobooobooboboobooobon
gboobooboboooboobobboboobooboboooobooboboobon
gboooooooooooooooooogg

obooboooooboboobobobooOdstaticel 00000 0oo0ooooooooobobon
gbooboobooboobobooboboobooboboboboboboobooboboboobon
goboboboboboboobooobogobobooobobooooboboooobooobobooboonDo
gbooobouobooobobooooooboboooboooboooobobonoooboooboobon
goooobooboobobooooobooboooobooboobooboobooboboboon
gboobgooobooboboooobobooooboobobooboobOoboobobO@WDbOoDno
gooooooooooooooooooooooooooooooooooooooooooo)

gboobgoobobooboboobobooboboobobo0booboboobobo
gbobooboobooboboboobbooboobuoooboobobooobodgbooobobon
gbooboboobooobboobuoobobooboobooboooboobooobobooooo

gbogobooobooboboboobobooboobobobboboobooboooboobo
gbooobobuoboobobbooboobobbooobooboooobooboboooboon
gbooobooooboobooo

0000000 callocO0mallocQU O OO reallocQ DO O D ODOOODODOOOODODOO
freD0000000O000ODOOCOOOD newO delete OO0 000D0OO0OO0ODOO0OODOOOO
000000000000000000000000000000000000000000PO O
gooood
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040 0UO00O0OO00OO0OOO0OO0OO0O0O00O00O0
Jogooogg

gboboboobooooooooooooobobobOob chOoboboboboboboo
gbobooboochboboobobboboobooboobobooboobooboono
gboboboboboooooobooboboboocchobooooboboboboboDo
gboooobooboobobobobooboooobooboboboboooboooboooobooobon
00000000000000C0O0M0000000000000000000000000Ch
gobocobooooboobooochb cobobooooooooooboocoboob coo
00000000000g@DOocCcO0on ch0O000O0000000D000Oooooooon

41 0OO0OO0O0O0O0O0O0

gbobobooobobobooobobooboboobboobooboo chbooboooboo
‘ewd> 0000000 cwdO 0000000 0DOOO0OOOODODODOODOODOChOOODOO
gbooobobooboooboobobooboooboboboboobooboobooobooobon
ChO0OODOO0OO0O00DO ‘safech> 000000 ChOODOOODOOODO0ORIDOODOOOOO
U00UnixO0OOO0OO0O0D0O0DOO Windows O Administrator U DO OO0 O000O00 ChOOO
goo0oo chbOb0obOobobobobobooboO# 0 ‘safech#’ 00O

OO0 chOODODOO0OO0O0D0D0O00000000000000000000000

U41:00000000000

ooo 000o0doooooo0 OooOooboooobooood
ChO0 00O (Windows) > #
Ch O OO (Unix) > #
000 ChOOO (Windows) safech> safech#
000 ChOO0O (Unix) safech> safech#
cooad % #
BourneO KornO BASHO OO OODOOOODO  $ #

c¢hogooboooooooooobobobobooooooooboobobobooooooo
goboooboobooboobobobobooboobooobooboobobOobobO prompt O
gbbooooboobbuooboobbuooboobbooboooobooon
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4. 0DO00oOooOOooooDoooooooooooooogoog
42. 00000DODOODO

> _prompt - n$ "

S

$ _prompt = n"g "

% _prompt = stradd(_cwd,"> ")
/usr/ch>

ob0 000 s>0d0b0b0o cchb0b0bbobooobobobonbOstraddp 00000
gooboooooooobuobobo ~ouoboooobooboobooobUobooooooboobo
U000bo0obO0b000OAs/chOOO prompt 0000000000000 00OO0OOODOO
gbogboobobobobbobobobbobbotoprempt 00000000 OOOOO00OOO
O000000000000.chre (Unix) O OO _chre (Windows) OO DO OO

42 0J00O0OO0O0OO0OOOOO

choopooooooooboooooobooooooobobooooboboboooDobooDooo
gbooooooobocooo chobooooooooooooooobooboon

> pwd

/home/myname

> mkdir subdirl

> cd subdirl

> pwd
/home/myname/subdirl

> which 1s

ls is aliased to 1ls -F
>

Ubooobooobobpwdd 00000000000 /home/myname OO OOO0OOOODOO
O00mkdir 0000000000 subdirlOO0OOO0O0O0OOOO0OOOO0OOO0OOO dODOO
oobodboiboobbbdO0O0O0O0ODO whichO IsOODODOOOOOODOOODO @WOLOOO
O0000000OBkeDn0oooo)o

ooboooobooooboobogoobobooooboooooo chbobooboboobo
goo.,oos..soerpof..,y 000000 obobobonD o
goboooobgbz2ob20el00000000DOODOOOOODOOODODOOODOODOO
gbogoboboobbooobobbooboboobooboooboboobooboooooboan
goooobobobobobooboobobooboobooboboobboooboboobon
gboooooooooooooooooooooooooooooooooon

> int 1ls = 10

> 1s*2
20
> "ls" -1

7



4. 0DO00oOooOOooooDoooooooooooooogoog
42. 00000DODOODO

(display files in the current directory in a single column)
> "C:/Program Files/Windows NT/Accessories/wordpad.exe"

(launch wordpad program)

gboobooobobooboobobobobooboobobooboobobooboooobbo
googoooobooooobgo

> cp filenamel filename2; vi filename2
>

Oboo0bodb00Oflenamel DO0OO00ODO0OO filename2 000000000000 OODO0O0OO
OvibO0OOD0OO filename2 D OO0 0OO0O0O0OO0O0O

421 0O0O0O0O0OO

c¢hoooooooobooooboobooboobobooboOshObashOOODO kshOOODOO
gbobooooooboobbobooobochbooooobooboooobooooboboooo
ooooooooog

filename

U000oo0oo0ob0oobo0obobobo0obobooon filenameOODOOOD0O0OOOO0OODOOOOOOO
gooooo>obbbobobobobobooobooooogpathd 000 obooooonoO
goboboooboobooboboooboootbbemd000O0OOOOOO0DO 2000000
gboobbooboobobood

int x = 3;
double y = 4;

gobooobooboboobooboboobobooboooboobooooboooboooboobogoo

> cmd // run cmd in a subshell
> X // print the value of variable x in current shell
ERROR: variable ’'x’ not defined
ERROR: command ’'x’ not found
> . cmd // run cmd in the current shell
> x
3
> X*y
12.0000
> showvar
X 3
y 4.0000
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4. 0DO00oOooOOooooDoooooooooooooogoog
42. 00000DODOODO

oot emd000DbOO(@ODO “000DO0)0D00ODODODOODLOODOODOO
goboooobboooobbooobobboobbboooobbbooonob xbbboooo
gboobodbd0 emdd 200000 @O0O0O ‘o 000)00000DODOOOODOOODO
goboobobobooboobbog xbgob30booooooboboobooboooooooooooooo
U0 emd0 0 xO0000O0OO0O0O0DOODOOODOODOOODOODOOODOOODLO0ODbDO0ODbOO0
gobooboobooboooobooogb1oboooobobooboobooobooooboooDo
gobooboobooboboooboobobbobobooogbobooooboobUoon showvar
goooboooobooo

gbobodb0Ostackvar 0O 0OO0000O0O0DO0OD0OOO showarOOOOO0OOOOOO

choopoooooodpathDODOOODOOOOOOOD emd000000OO0ODOO0ODOOOO
U000 emdd000OO0OO0Opath DO 0000000 DOODOODOOODOODOOOODOODOO
gbbooobbobbodbbild emd0booobooobbooobbooobboan
gboopoboobooboobbooboobboobooboood

> /dirl/dir2/cmd // run cmd in the directory /dirl/dir2

> ./cmd // run cmd in the current working directory
> ../cmd // run cmd in the parent directory

> 7 /cmd // run cmd in the home directory

0D00000000000000000000/dirl/dir2000000000000000000
000000000000 00000000000 emd0000000

O000000000UnxOOO Windows0OODO /7 00000000000000000000
Windows 1000000’ 0000000000000Windows0O0OOOOOO00O0O0O0O000O
000 notepad(000)0D0O0D0OO0O0O

notepad
C:/Windows/notepad
/Windows/notepad
"/Windows/notepad"
C:\Windows\notepad

vV V. V V V V

\Windows\notepad

422 000000 O0ODODOO

Windows 0 MS-DOSOOOOODOODODOWIN3200000000000000000000O
UobooooobochbO0OUnxd0O0O WindowsU OO ODOOOOODOOOOOOODOOOOOO
goooboonD &0000000O0O0O00OODOOOOODOOOODLOOOOODOODODOODLOOO
gboooobooboobboobooboboobooboooo

> notepad &

OU0D0oobbooobDOoOobbOdnotepadd 0O OOOO
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4. 0DO00oOooOOooooDoooooooooooooogoog
43. 000bOO0obOO0obOobOobOobOobobo

43 OUO00ddooooooooooboobooboo

googboobo cchbooooooboobooboooooooboooboobooboooboDboo
chob hooobooooboooobobobooboobobbcoboooboobobOooOoo
gooobooboooboboobooboobooboobobooboobooboobOon
gbodgbuooboobboooboobbdbdd nello.cOUbogobbobboobboobbOon
googd

#include <stdio.h>
int main(void) {
printf ("Hello, world!\n");

return 0;

gbobobobobobobooboboocchoobobobobobOobOobo

> hello.c // execute hello.c program without compilation
Hello, world!
>

gboboooooboobobobobooooooooboo chboooooobgobobobooo
goboboooboobobobooboooobooboobobobooboooboobobooboooboan
gboogooboobooon

> int 1

>1i =10

10

> i % 2

20

> printf("i = %d", 1)
= 10

i
> printf("i in hexadecimal number

Il
o
b
'_l

in hexadecimal number = a

-

\%

chocOnoooooooooooooooobobbboboOo0OO0o0OobbDbDDOCh Professional Edition
O00 StudentEdition 00000000 O0OOOO

array int afl2]I[31 = {1, 2, 3, 4, 5, 6}
a

3

6

* transpose (a)

N VoS~ B VOV
o N O N
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4. 0DO00oOooOOooooDoooooooooooooogoog
43. 000bOO0obOO0obOobOobOobOobobo

4 10
6 12
>

O00Dab02x 30000000D00O0DO0OOOO0OODODOOOOO0O0OODOCODODO transpose()
gboboobooboboooobobobobooooboooboobbooboboobobooboooon
0000000000000000000000000l6h 0000000000 00000000
O00000 typedef 0000000000000 000O00O00DO0O0O0O0O0O0O0ODOOOOB4A60
OO00Ochparse O UO0O0O chron 00000000000 DO0O0OOOOOODO0OOOODOOOOO
goobooboooboooo

chparse /usr/local/ch/include/stdlib.h
chrun

size_t i

i = 90

0

vV ©w V V V V

stdlibh OO0 i0000000000000000O sizetD typedef UDODOOODOOOOODOO
stdlibh D OO0 000000000000 DO0ODO0OD0O stdlibh OO0 O0OO00OO0OOODOODOO

gbgboboobuooboboboobuooboboobooboboboboboboobobooobo
gooooogo

> blah

ERROR: variable ’"blah’ not defined
ERROR: command ’"blah’ not found

>

oo0bDO0o00oDOoO00oooOoOoOoooDooOObDfath00DOOOO0OOOOOOOODOOO
gboboboboboooboooboobobobochbobobobobDobooboboboDoDO
gobogbobooooboooooboboooobobobboooouoodn chparsed OO O
000000000000U00o0ooB460000000000000 chren0D 00000000
gboooboboboboobooobobboboobooboobooboooboboboobon
gbgobobooboboboobuoobobobobobboboobuooboboboboooboan
O0000000000BID00O000 currentshell.cppO0 000000000

> . currentshell.cpp
func (5) = 10

15

> func (10)

20

> class tag c

> c.memfunc (10)

20

>
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4. 0000oOooooooooooooooooooogonog
43. 000bOO0obOO0obOobOobOobOobobo

#include <stdio.h>
#include <iostream.h>

int func(int i) {
return 2xi;

}

class tag {
private:
int m_i;
public:
tag();
int memfunc (int);
bi
tag::tag() {
m_1=10;
}
int tag::memfunc(int i) {
cout << m_i+i << endl;
return m_i+i;

}

int main() {
class tag cl;

printf ("func(5) = %d\n", func(5));
cl.memfunc (5);

obob041: 00000000000 C+OO0OD00ODO currentshell.cpp

0000000 . currentshell.copUOO0OOODOODO C+D0OODOO0O currentshell.cpp U
oooboobobooooooooboboooooon

func (5) = 10
15

ooooooooooobonD func(l0) DO00O0O0O0OO0OOODODODODODODOOOO
00000 func() DOOOOOOO0OOOOODOOOOOO class tag clO class tagO OO
U000 cO0D00OD0O0000000D00DOD0 tttag::memfunc() tt tag:memfuncO D O OO0 OO O
c.memfunc (10) DOODOOO0OODOODOOOOOOODO2000000000000000000O
0000000000000000000000000000000DO0M@OO00000O0O0oDo
oooooooooooooooooooooboooobbooOoooDoOoooDboOooboooboOoo
gooooooobobobuobooooogoooboobobob chbboboboooooogooo
gobooobooooooboboooooooobbooobooboooooooooobDooDOoOoD chOo D
ooooooboooooooooonoo

> ch

> . currentshell.cpp
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4. 0DO00oOooOOooooDoooooooooooooogoog
44. 0000O0OOOO

44 0O0O0O0O0O0O0OO

ChOOO0OO0OO0OODO0ODODOE20D00000

g42:Ch00000O00O0O0OOOOO

good uo
X: Windows 00000 XOOODOODOOOOOOOOO
cd goboobooobbooboooo
cd - 10000000000000000
cd —- 20000000000000000
cd ——— 3p0oooooooooooogg
cd dir obobob droobobon

cd dir name
chdir

chdir -

chdir —-
chdir ———
chdir dir
chdir dir name

. filename

exec command

obobobobobO0dirname 0000000
goboobooobbooboooo
10000000000000000
200000000D0000DODOD
3p0o0ooooooooooogg

obobob droobobon
obobobobobOdirname 0000000
gobooboooboooobooboobo
Uboobobon filenameDODOOOOOO0OO0OOO
goboooboooobooobooooon

OooooooooobobobobboooooobbbbO0bbb0O0O000 cwd (current working directory)
gboboooobooobobobobobooobobooboooooooboboDoo0 pwdd 0O
ooog
c¢hogoobooboooooobooboos3sgboboooooobooboboboooboon
O0000ooOoOoOo0oO00obOO0o00oDOOOo00oDOOo00bODOOo00bODOOoO0obOOOo0OOooODoOo
ogoboboooooooobooooobooobooOobooobOoboobobbOooDbOOoobbOoobOoo
goooooooooooOoOobOoooobOoOooOoDoO0O0obDbOooooOoobobooOoOoOoOoDoboOo
ooboobooboobD «,s,rbobbdboddwindowsDOOOODOOOD x:/0000D00O0ODOO
OoboobooboobouoboooooooboobbMmsk/chOOOOOOooOooDOODODDOO
godbodcechbOooooboooboOobDbOOObOO0ObObOOObOOObOOoOo0bObO0bO0DbOO
goboobooboobobooboobooogooboboooobobooboboWehboDOooD
goooooooooboobooobooobbooboboUoboboobOooDbOOo.ODO00DbOoODOO
goooooodoo.obobgoboboboboboboboboo
c¢hoooooboobobb dO 0D edirD 0000000 ooooooboboboO
ooooooooooooooobooobobbo0obobbobo0dbD ed00O0 cehdird OO0 OO
gboobooboobooboboobtbemeD 0000 DOODOOD0OO0DOODOO0OOODO0OO0 cd
dird0UO chdirdir 0000000000000 0O0O0O0O0OO0O0OrdD0D00OD0DODO0 cd -
OO00Ochdir-00000000O000O00O0ODOO 10000000000 00OO0DODODO0O0O0ed —~
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44. 0000O0OOOO

4. 0000oOooooooooooooooooooogonog

U000 chdir--0200000000000000cd---000 chdir---0300000000

gooooboooboboobogg

> pwd

/home

> cd /usr/ch
> pwd
/usr/ch

> chdir -

> pwd

/home

> cd myname
> pwd
/home/myname

> cd ../../usr/ch

> pwd
/usr/ch
>

0000 /usr/ch0000000myname 0000000 ../../usr/ch0000000003
O0000d20E3N 0000000000000000000000000000000O0o0Oon

googd

Ubobd0b0O0execOO0DOD0ODODOODODODOOOODOODODOOODOODODODOODO

gooood

441 00OO0O0OODOOOOODOO

chogooboooopoooboobboobbooobboobbooboooboobobooo
gboobobobobooooooboobooboobobooboobooooboobob
gobooboboooooboooochoobooooobooboobooboobbooboobooooo
000000000000000000000 ¢ChOO0UO0O0D0OD0O0D0D000OE3aD 000000

gboooboboooon
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4. 0DO00oOooOOooooDoooooooooooooogoog
44. 0000O0OOOO

U43:00000000000000000O0O

ooogd oo
! bobobobuoboobbooobooo
chdebug filename ooood filename OO O OOQOOOO

chparse [-S] filename O 00000000000 filenameOOODOOODO
SOgbobobobobobobooooon

chrun gbobobobobobobobob

exit choooooooooo

history gooooooooobogon

remvar obooooogooo

remkey goboooogobood

showvar gobooooooooobooooooboboooboo

chogooboboooobobobooooboo@uoobooobobO)Uremvar0 0000
gbooooooooooooooo

> int 1 // define variable 1
> 1 = 90

90

> remvar i // remove variable 1
> 1

ERROR: variable i’ not defined
ERROR: command ’i’ not found

>

0000 int i0 ChOOOOOOODOOODOOO0ODO remvar 1000 10000000003
OOremvar 00000000000 0OOChOOOOOOOODOOOOOODOOOODODOOOOO
varOOOOOOODO0O0O0O0OoOooooooooooooooon
#fpragma remvar(var) UO0O0O0O0O0OO0OOOOOO

O00OOremkey D OO0 000000000 0O0OOOOOODOOOOOOOOO

> remkey (sin) // generic function sin is removed as a keyword
> float sin

> sin =10.0

gbooboboboobobobobobobol #pragma remkey (key) DOOOO0OOO0OO0O
sin() DODO0OO0OOO0ODOOO0ODOO

gbob0OOshowvarJ 0O O0DOO0O000O0OO00ODOOODOOODOOOOODOODOOODOOOOODO
go0o0booo0ooo0obo0oooobooboooobooboobOoddsruct/classsenumI 000000
gobooboobobobooobooobuoobooboobbobooboobobooboobon
gboooooooooooooooooooooobogoobooobogn

85



4. 0DO00oOooOOooooDoooooooooooooogoog
45 0000000000000 0O0O0

int x = 3;

double d = 10.1234

double al2][3] = {1,2,3,4,5,6};

array double b[2][3] = {1,2,3,4,5,6};
struct tag {int i, int j;} s = {10, 20};

VvV V. V V V V

showvar
3
10.1234

b

[C array]

[Ch array]

n o W o o w e QO

1= 10
. = 20

0000 showvar 00000000000 0E2ZI0 0000000000000 0O000O0O0O0O
0000000000000 0o0Ooooooooooooon

000000000000 histeory D0 DO0OOOD0OO00O0OD0OOOEADOOOOOOOOOO
chdebugO chparseD 000 chrun D 0000000000000 00000000 OOOOO
aiasQ)U OO 0O0DOODOODOOO0OD0OODOOODOO chreDOODOODOOOODOOOODOOOO .chre
(Unix) 00 0O _chre (Windows) 00D 0000000000000 OOOOQO alias 00O unalias (O
o000 46000H)00000O0O0OO

45 OO000do0oooooooooobo

gbobobooooobooooobo choboboboboboooooooboboboobooo
gboogoobooboobboobuooboobbooboobboobooboboooDoDbo

googobooooboobooogoboboooboboobobooobooboobooboboboboDbo
gbooboboobobooooboooooooboboboboowoobobobobobOoDo
gooobooooboboboboPpobobooboobooooobobOobobobUobobUnD O
gobogboooobooboboooogboboooobobobobboobobob <~ ooooo
000’ 0000000000000 b00b0b0b0O0DbObDDeldOODOO Backspace I O O
gbooboboobooboboobo0bUbbUEmacs0 00 000O0ODOOOOODOODODO
gboooooooooooooooooogg

451 0O0O0OO

goooooobooobooooboboooboogbobooooobbooboobooooboobDoDo
gooboooogoooooobooboboooboobooooooboboobooboooobooooDo
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4. 0000oOooooooooooooooooooogonog
45 0000000000000 0O0O0

gbobooobodobbooboboooobobonoboobbo0obid . histsizeOOOOOOOO

go00oopooboOobOobO nistoryd000oooooooooboboooooboooono o

gbboobobooboobboobuobboobuobbooooboobooobooboob
gobooooobooboooon

> _histsize // print the current value of _histsize

20

> _histsize = 4 // change the current value of _histsize to 4
4

> pwd

/usr/ch

> history // print the history list of commands

123 _histsize // print the current value of _histsize
124 _histsize = 4 // change the current value of _histsize to 4
125 pwd

126 history // print the history list of commands

>

distsize D0 00000000000 DOOO040000000001000000pwdO0OOODO
OO history D OO0 D0OO00D0OO0OO0O0O0ODOODOOOOOOODOODO4000000D0OO
gboobooboboobooboobobobobboobooboobboobooboboobon
gbooobpbooboobboobuooboobbooboobboobooboobDbn

gboboooooobooboboboobooooooobobobobobooo 4400b0b00O0O
gboboooboobobboooobobodobobbooboooboboobooboboobon
gooooooboobooboooooooooooimoommoobooooooooooooogonoo
gbobobooooobObmere 00 00O0DOODOODOOO0OODODOOOOOODODO
gboobgooobOommoboobdobOmere0 00000 ODOO0OO0OIOODOOODLOODO
gobooboboobooboobooboboboboboboobobobboboobooobon
gbobgoooooobbwomoooobobobooobobooooboboboooboobOonDo
gooboobobobob44000000000D0ODODMDOOODOODODODODOOOODOO
nJo0ooooooooooobobo0!- 0000l mnO000000000000O000000O00D0OD0
mO0O000oOO0oOOoooooooooooobogoobooobooboo-1obobooboboboboooonog
U000 000000000000 0O00O00O000O00O00O00O00O0O0O0O0O0O0O0O0O00O0O00O0O0O0
goooooovibobobobobobobobobbowiboboboboboboo
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4. 0DO00oOooOOooooDoooooooooooooogoog

45 0000000000000 0O0O0

0440000000

ooog oo

! l1bdboboboobobobobooboobooboobo11oboboobobOoboobOonn
M '‘ggoggo

'n oboogobdg.000D0O00

!'-n obooooooood--0000000

!str ubbse00O000oobbooboonoon

gboobobobbobooboobobuoobobobobooboobooboboobooo

> _histsize = 5
5

> pwd
/usr/local//ch
> |

pwd
/usr/local/ch

> strlen ("abc")
3

> history

136 _histsize =5
137 pwd
138 pwd

139 strlen ("abc")
140 history

> 1137

pwd

/usr/local/ch

> 'h

history

138 pwd

139 strlen ("abc")
140 history

141 pwd
142 history
> -4

strlen ("abc")
3
>
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4. 0DO00oOooOOooooDoooooooooooooogoog
45 0000000000000 0O0O0

452 0000

gbbooboooooboooboobobboobooooboobooobooobobooboooono
gboogooboobooboboobooboboobbooboobboobooboboobon

0450000

good 00

“old” new 00000000000 odO0D00 newOOOOOOODO
“old"new” “old"new 000000

“old O00ooooooooodinononoonon

“old” toldO0OOO0OO

U000 "old new 000 “old new 0000000 0O0O0O0ODOUO od0ODOUOO newOODOODO
gboobobouoobboobooddy

> mkkdir mydir

ERROR: variable ’'mkkdir’ not defined
ERROR: command ’‘mkkdir’ not found

> "kk"k

> history

11 mkkdir mydir

12 mkdir mydir

13 history

>

b0 mkkdiroOuooooOooboOO kk kOODOOOODOOOOOOOODOOOOOO
gobooboobogsobooooboosoooooobooboobboobooboobboobobogg

> mkdir Jan

> "Jan"Feb

> "Feb"March

> "March April

> "April ~May

> history

31 mkdir Jan
32 mkdir Feb
33 mkdir March
34 mkdir April
35 mkdir May
36 history
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4. 0000oOooooooooooooooooooogonog
45 0000000000000 0O0O0

OoobOobogo-elddDUO~old 00000000000 O0OO0O0O0Ood00000O0O0OOO
googoogo

> cp file filel.c

> "1

> history

56 cp file filel.c
57 cp file file.c
58 history

>

453 00OO0O0OOOO

chooopboooopooooobooooboboooooboooobDboooooboOoo
@ ODO0OO7s/ust/local/ch/de” ) DO OO0 TabO OO OODOODOOOODOOO ”/usr/local/ch/de”
O ”fusr/local/ch/demos/”0 0000000000 0OOO0O0OODO0O0OOODOOOODOOOOOOOO,
gobooobooooobooboooooy»oodboooboobbobooboobDOobboo
gobooboobobobooboobooboooboooboobobooboboobooboobbooboboboboOoo
0o000goo0og (Yust/local/ch/demos’ DO OO DO O) 00000000 DOO0O0OOOOODOOODOO
Oo0oobD@boogn ‘wsrflocal/ch/de DO OO OODOOOOODOOOOOOO)YODODOOoOoDGO ¢
goooooooooooooboobogoboobogon
goboobooobooboooboobooobobooooboon
obooobooboobobbboobobodbUdsls ~FO0000ODOODODOODODOODO
gbooooooooooooooboobooboboobobboobooboboon

> 1ls /usr/local/ch/d[ D]
dl/ demos/ docs/
> 1s /usr/local/ch/d

goobooobgobobgoboboboboboboboboboboboboboooobo

> 1ls fil[tab]
Display all 102 choices? (y or n)

chooboboooooooooooobooboboogooooooooboboboooooo
goooooooooooooboobooboobogon

> 1s
fodder foo food foonly
> rm fol[tab]

gooooooboooboooonooboooD-fordod”0 OO o0”0 D 0ODOOOOODOOO
gbooooooooo1obgr»roboognog
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4. 0DO00oOooOOooooDoooooooooooooogoog
45 0000000000000 0O0O0

> rm foo[tab]
foo food foonly

> rm foo

00000 od O “foonly DO DOO0OOO0OO0OOYoor HUOODOODODO
gbooobooboordrb0dboboobooboobogbobooooboboooDoboLn
0oood

> 1ls dir[tab]

dirl/ dir2/ dir3/ dir4Q dirfl dirf2 dirf3e@
> cd dir[tab]

dirl/ dir2/ dir3/ dir4a

gobobobobobooboobooboobooboboooboooblrebobobobb
O000o00ooOoooor\ ro00oo0ooooOf\sr0rsrooo00ooOOO

> 1s test\ t[tab]
1s "juck tmp"

gbgoboooboobooboobdobooboboobooboboobooobooboobooobo
oo

gbobobiobed0bO0bO0obO0ObODbDODODODODODODODODOOOOODOOO0
gboooboooobooo

> cd aa bltab]
> cd "aa bb"/

WindowsUOOOOODOODOOOOODO0OODOODOOO0O0OOODO0O0O0O0O0O0OOO0OODODOODbO
gooooooooooooooooooooooooooooon

> cd Progl[tab]

> cd "Program Files"/

454 000O0O0O0OO

oboobogooobooooboio0 TabOODOODOOOChOODOODODODODODODODOOO
gbobodboobooobboob paTHUOOODOO0ODOOODDOODDOODDbDOODDO
WindowsOUO O UnixOOO0O0OO0O0OO000000000000 pathOOO0O0O0OUnixO0ODOOO
g0bo0o0o0ooob0obooooob0o0bobboddWindowsODOOOOO .coml .exel .batl
.cmdd .chOOODODOO0ODOOODOOODOOO

gbooooooobi1boboobooboooboboooobooooboobooobobooon
gboboooboooboobooboboobooboobooobooooobooboboobboooobon
gobogobooboobboobuoobbooboobboobooboboobobooboo
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4. 0000oOooooooooooooooooooogonog
4.6. OO

> lps[tab]
> lpstat

gobogboobbooboobboobuoobbooboobb s -FO00000boo
gobooboobooboobooogbobooooobooobooboobDoboogoobD 10000
gboooooooooooooooooooooooooogoo

> lpltab]
lp lpstat
> 1lp

gbobOpaTHOODOO0ODOODOOODOOODOODOODOODODODODOODOODOODOOOn
gobobobooobobobooobooooobobooobooooboooobo1boooo
gbooboobobboboooboobobobooboobooboobobooobooobobon
gobobooboboboboooobobooooyboboobbooboboboobobon
gbooobogbodabbd 1s -rugboobbogbooobbooboobbooboan
goboobooogbobooooboooboobob wobobobboooooDoboooo
gboogoooobooboon

gobodgboobboobooobbooobooboon

gbooboooboobooboboobobooboooboboooboobobooboobooooo
goo./000b00bboobbooboobboooobuoobboono

> cd /bin

> ./log[tab]

logger login logname
> ./log

gobodbooboboobooboboobboooboobbooobuooboono

> [tab]
Display all 1296 choices? (y or n)

46 00O

0000000000000ChOOOO aliasO000000 wnalias0000000000000
000000000000 000000000000000000000000000000000
000000000000000000000000000000000000000000000
00000000000000000000000
O000000000000000000000 chre00O00O00O0000000000000
000000000000 .chre (Unix) 000 _chre (Windows) 000000 alias) 00000000
00000000 alias) 0000000000000 0000000000000

int alias(string_t name, string_t alius);
string_t alias(string_t name);

int alias (void);
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4.6. OO

4. 0DO00oOooOOooooDoooooooooooooogoog

O00000000000000000000deD 00000000000 alias (name, alius)00
U000 name 00000 alivsOOO0OO0OOO0OO0OOO

O 4.6: 000000 alias()

googoo

alias("namel", "alius™)
alias("namel", "alius™)
alias("name2", " ")
alias("name2", NULL)
alias("name3", NULL)
alias(NULL, "alius")
alias(NULL, NULL)
alias("namel™)
alias("name3")
alias(NULL)

name 000000000000 DO0OOODOODOOnamed0oooooooobDonoO 1 d
U0000name 000 NULLODODOOD-1000000200000 aliusd NULLOODOO
000000000 aliusO0O000OO0 name 0000000 OOOOO0OOODOOO alias(name)
0bo0o00dbobdbdname 0000000000000 name 00000000000 NULL
O000ooooobob aiasOO00000O0ODOOOOO0ODOOOODODOOOOODOOOOOO
gbbooboboobobooobooboboobboooboobbooobooobooboon
O0aiasQOUODOOO0O0O0OO00ODOODOOOOODOODODOOOOOOODODODODbCcObODODOD
goooooogor\y g goooogooors\rogobogooos\\x-rgogor\"odg
OO00DOO0O00O0O00O000O00DOOOobaiaso0D0OO0OO0OOOODOOOOOOO

> alias("1ls", "ls -a")

0

> alias("1ls", "ls -agl")
1

> alias("cp", "cp -i")

0

> alias()

cp cp -1i

1ls 1ls —-alg

> alias("1s", NULL)

V

alias ()

cp cp -1i
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4. 0DO00oOooOOooooDoooooooooooooogoog
4.6. OO

> alias("cp")
cp -1
>

0 4.7 aliasQ U O 0OD0OO

ood oad

aargv[0)] DDOOOOO @OOoO)HO

cargvinl] 000000

argv[#] OOOOOOODOOO

argv[$] 0OO0O0OO

argv[*] ODO0OO0ODOOOOOODOOOO 100
0d000dooOoDoO NULLOO

00000000000000000000000000EZID 0000000000000 00
gboooboboobooboobooboobooobobboboooobobboboooboooDo
gboooboobooboboobbooobn

> echo abc xyz

abc xyz

> alias ("myechol", "echo _argv[1l]")
> myechol abc xyz

abc

> alias ("myecho2", "echo _argv[$]")
> myechol abc xyz

XyZ

Ub0DbO0b000b000000 myechol abe xyzOOUOOODODDODOODDODODDODODOODOODODOO
U000 myecho2UODOUOOOODODOODOOOODODODOOODOODODODOOOODOODO
O00oooooooooooboo0o0OoooboDbOo0o0n find00OO0O0O0OO0ODOOOO0OD findOO
gboooboooobooo

> alias("find", "find . -name _argv[l] -print")
> find filename

(display files with name ’'filename’)

000000000000 0000000 aliasO00 0 wnalias 000 00000000000
ooooooooooon
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4. 0DO00oOooOOooooDoooooooooooooogoog
4.6. OO

0 4.8: 0000 alias O O 0O unalias

gooad 00
alias name alius goobobobo
alias name "string with space™ 000000000
alias name name 1000000000
alias oo0Dbo0ooooooooa
unalias name name 0000000000

goboo20b00b00b00b00b0b0bOobOobOobOo0bobobobOon

> alias 1ls "ls —-agl"

> alias cp "cp -i"

> alias

cp cp -1
1ls ls -alg
> unalias 1ls

> alias

cp cp -1i

> alias cp
cp -1i
>

gboooogooboboooogboboobobboboobooobooi1boboboooobobooon
gbooooooooooooooooooooogo

> alias("1ls", "ls -agl")

> alias("Im", "ls x | more")
O000 mOOOOO0OO0O0O0O0O000000000000000000
> 1ls —agl % | more

00dbobooobobotblsobdbobood mereddooboboooobog 10
00000000 bD0000un opentgzUO0OO00O0O0O0O0OOfile.tar.gzO0file.tgz OO
gbogoboobooboobboobooboo

> alias ("opentgz", "gzip -cd _argv[l] | tar -xvf -")
> opentgz file.tar.gz
(display extracted files from file.tar.gz)

0000000000000 0EIDoo0o00o0oooooooooo
gobodgboobboobooobbooobooboobbooooboobooay
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4. 0000oOooooooooooooooooooogonog

47. O0OGO04d
> alias("tl", "t2 _argv[1l] A")
> alias ("t2", "echo a b c")
> tl x vy z
abcxA
> alias("pl", "p2 a b c")
> alias ("p2", "echo _argv[1l] A")
> pl x vy z
a A
47 0O0O0O0O

0000000000000 000000000000000000000000 30000 $vard
$(vanD 000 ${var} OOEID O DO OO

O049.0000
goono g
$var O0ver000O00O0O0OOOOO

${var} O0verO0O0QOOoOoOoOOOOO
$(var) O0verO0O0QO0O0O0OOD0OOO

gbgboboboboboooouoboobobobboobouoboboboboboooooooan
gboboooobobooo@oooboobobboooobobooooobooo)ybbooobobooon
gooobuoobooobooboobooboboobobboboboobbobboboboobon
gbogoboboobooboobooboobooboboboboooboboboobooobon
gbooboboooboboboooboboobobobobooboooboobooooboobon
ooooooooooboobooboboboboboboboboboboboboo

gobooobuoobboobboobboobooobooboboooboobobboabn
00000000000000000000000000000000000000E9D 0000
ooooooooooooogo

0000000000000 0OR3A 000000000 DO0O0LOODOOOLOOODOODODO
O00000O00char 000 0000000000000 0O0O0O00O0D0OEIA00O000000O0O0OO
gobobooobobooobobooooboobooochoooobbono chooooboooo
gbogoboboobobbooboboboboobooboobobobbobooboobon
gooooooboooobobobobo chobobobobooboobobooooooooogooo
oooooooooooo

‘\OODO 0000000000000 ooooo0ooooooooooooooo
oo “vyooooooboobooo - oobobboo0boobUgbDobobboobDoboboboo
‘0000000000000 0OO0O0Omyname 100000000000 COOOO0O0OOOOO0O
gboooobooon

> home // _home is a predefined identifier
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4. 0DO00oOooOOooooDoooooooooooooogoog
4.7. 0000

/home/myname

> cd $_home

> pwd

/home/myname

> _fpathext // _fpathext is a predefined identifier
.chf

> // copy filel to filel.ch

> cp filel filel$_pathext

> cd S$SCHHOME // CHHOME is an environment variable
> pwd

/usr/ch

> echo $ CHHOME \$10.5 ${_home}/tmp

$ CHHOME $10.5 /home/myname/tmp

O000000000%er000%ver} 00 000000000000 OO ‘home O fpathext [
ChOOOOODDOOUODOOOOhemeOD O ODODDOOOOOOOOODOOOOODDOOOOOOOO
O000000heme D 000000 O0O0O0O0OOODOODOOOOOOO0O cd $S_homeOOOOO
cd /home/myname D0 0000000000000 CHHOMEO O ChOOOOoOoOOOoOOOOO
0000000000000 0000000000D0000000 ed sCHHOMEOOODOOODO
U000oodouoon cd /usr/chddooddouoooboooooooouooooooa
0000000000’ 00000000\ .00000000000000

000 /home/myname/projectl/subproject2/planl 0000000000 DOOO0DOO0O
goooooooooodooooooooboooooooounoo oo ogd smydirddd
000000000000 oouoooooooooooooooooooood
/home/myname/projectl/subproject2/planl 00000 Smydir 00000000000
gooodn

> string_t mydir = "/home/myname/projectl/subproject2/planl"
> cd Smydir

> pwd

/home/myname/projectl/subproject2/planl

>

471 000

Ogo00o0O0chOOOooOOoooOOooOOoooOoooo0oooO0oooOo0ooonoooonon
S (expression)

oon

${expression}
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4. 0DO00oOooOOooooDoooooooooooooogoog
4.7. 0000

obodboobodbchar DO OO0 00O O0DOO0ODOODOODODLOOOODOOODOODOODO
gboogoboobooboobobooboobbooobo

gbgbobobobobuobuobobobobobobobobobooooobooooooaon
gboooboboobboboooboobooboooboooboooboboobooooboobooobon
O000boobooooboobobbUOgetenvOU D OO ODUODOOODODOODOODODOODO
gboobboooboobobooob

> getenv ("CHHOME") // CHHOME is an environment variable
/usr/local/ch
> cd $(getenv ("CHHOME"))
> pwd
/usr/local/ch
> 1s $CHHOME/include
(list of /usr/local/ch/include)
> 1s ${CHHOME}/include
(list of /usr/local/ch/include)
> 1s $(getenv ("CHHOME")) /include
(list of /usr/local/ch/include)
> 1s $(stradd(getenv ("CHHOME"), "/include"))
(list of /usr/local/ch/include)
>

O0001s S$CHHOME/includel ls ${CHHOME}/includel

1s $(getenv ("CHHOME")) /includeO OO 1s $(stradd(getenv ("CHHOME"),"/include"))

O0000 1s $(stradd(getenv ("CHHOME"),"/include")) UUOOOOOOOO O CHHOME
0000000000000 000O000o00bO0ooO0yy0b00b0000000oo0b00O00oo0non
OO0 cHHOME O OO OOOOODOOOOOOOOOOOOO0

472 00OO0O0O0OOO

goooboooobobooogobobooooooobooboooboooboboooobooon
gooobooboobobobooobooooobobobobobooobooobooooobobobOoDo
0000000000000 000000000 oooOos$SC000ooooUooDoDOoooo
U0o0d0b0b0char DO ODOOOOOOOODO char OO0 OD0OO0ODOODODOOOOOOODOO

string_t cmd = "/Ch/bin/echo.exe option";

Scmd more options

string_t cmd2 = "\"C:/Program Files/ch/bin/echo.exe\"";
Scmd2 option2

char *cmd3 = "1ls";

Scmd2 -agl

00 emd000O0O0OOO /Ch/bin/echo.exel U0 option0 00000000 ODOOONO
O00000000000DOO0O0O0O0000 c:/Program Files/ch/bin/echo.exed 0000
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4. 0DO00oOooOOooooDoooooooooooooogoog

48 0000O0ODOO

U0 cmd2 0000000000000 0ODO0ODO0O0O0OO0O0ODO0O0O0O0OO0O00O cmd30Ochard
goooboboobooboi1sogbboooon

48 OUO0UOOOood

gbooboobooboobgooboobooboboboobobooobooboboboboon
gbobobobobobgobooooooooobdlod chooooooooboboboDbo

oo

041000000000

goooooognd RN

*

?

goboooobo)yoooooooboo

ubboobuoabbood

OO0 bhomeDODOOOOOODOOOODOOOOOOOOOOOOOOOOOO
goboobogbbooboobbooboboobboobobooba
ubboobogboan

ubobooboobooboboobooboo

oooo “>djbliobogbbooobooboobooboooboo~xoobboobo0obobooobogo
gboogoobooboobboobuoobboobuoobbooboobbooboobboobn

> //
> 1s

abcl.

>

good

> 1s

abcl.

list all files in current directory with =

*

ch abc2.ch abc3.ch abcl2.c efcl.c

.chgobogboobboobuodgbooobooboooogo

*.ch
ch abc2.ch abc3.ch

gbobodbciooobboobuobbobbooboobbooboday

> 1s

abcl.

*xCl*
ch abcl2.c efcl.c

gobboodbbod ebcbbOOobobO.chhOoogo 200000000 100D00O0O
gbobogboboobuodobboobuobboobooboo
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4. 0000oOooooooooooooooooooogonog
48 0000O0ODOO

> 1s abc?.ch
abcl.ch abc2.ch abc3.ch
>

gobooboogobobooboo-ogbobooboouobbooboobobooobOooboo
gboboo-bgboboboobdobobouooooboboooobooboboboooubobo
gboogopobooboobbo-oboobooobobooooooobooboobooooboobooon
gboogobooboobboobooboobbuodbbod myname 000D OOO

> // print the current user name

> echo $_user

myname

> // list files in home directory of current user
> 1s

(list files in home directory of myname)> pwd

ogoboobgogooboob ./obbobboooboobooobooboboboboobOooboon
gbooboobobobbobooboboobobooboooboboobooboooboobon
cpU0D00ODOODOOODOODOOOODOODOODOOODODOO../0O0DOODODOODOODO
gbooaood

> pwd

/home/myname/project2

> cp /home/myname/projectl/subproject2/planl/x*
>

000000 0O U /home/myname/project]/subproject2/planl D D D 0D D000 0OOO0OOOOOOOO
ooooooooon
gbooobooobooooobo./oboo1ooobogboboboboooboooobooboOoDbo
O0000oobooboobdbuobOobbtestbD00ooooobooboboboboboobooDO
goboboooboouobooboboooboobbooboobboobooOooDoObDpathDdOOOO
go0o00boooobOoboooobbo0obob0o0b0o0DOD testO0b0ooooboOoOoOO
gobobooboobobobogooboubognD testdogoobboobooboobooDO
OU00oDOo0ob0oDo0obooO0ooDbboObOoO00 testd0boooOobDOO0ODO . /test.cOOO
gob0oboboobobobooob0o0oob0o0b0o0boo0o0bO which —a testDOOOO0OO
obobobOdbD estD0oboboooboooboboboboobooboboboobobuooo
goboboobobooobooboboooooooboobogoo

> pwd
/home/myname/projectl/subproject2/planl
> which -a test

/bin/test

/usr/bin/test
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4. 0000oOooooooooooooooooooogonog
49. 0000DOODO

/usr/local/gnu/bin/test

/pkg/gnu/bin/test

> test // execute /bin/test

> ./test // execute /home/myname/projectl/subproject2/planl/test

goboogoboobobooobooboboo..obboobboobboboobooboooobod
goboboobooboboooboooboooboobobooobooboboooobobooboo
gbooobooobood

> // print current working directory

> pwd

/home/myname/projectl/subproject2/plan?

> // go to directory planl of the parent directory
> cd ../planl

> pwd

/home/myname/projectl/subproject2/planl

>

O00b0oobod cd ../planl OO OOODOOODOOODOODOOOOOOO0OO
/home/myname/projectl/subproject2 000000000 planl 0000 OO0OO0O

49 00OO0OO0O

gobooboobiliobooboboobooboboobbobboboobobobooboobooDbg
gooooooogoboooooobogobooboboboboboboboxMbobobobobo
gboooboboooboobobooon

> string_t s = ‘date’?

Wed Jul 25 10:11:18 PDT 2001
> s

Wed Jul 25 10:11:18 PDT 2001
> char sl = ‘date’‘

> sl

Wed Jul 25 10:12:15 PDT 2001
> s1[0]

W

> free(sl) // the memory should be freed
>

0000 string.t s = ‘date*OO char *sl = ‘date'\UOOOOOO dated OO OO
OsO00s100000000000000O0O00000000000O0ODODO0O sO s1 00000
date 00000000000 0OOOOOOOOOOOdate0000000OOOOOOOOOO
sO0s1000000D00000000000DO000DO0O000 dateODOOOOOOODOOOO
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4. 0DO00oOooOOooooDoooooooooooooogoog
49. 0000DOODO

gbooobooogoob siboobooobooobooobobooboobooboobooobooboon
O00000bO00b00b0O0ODchar «sO00000 stringt 000 000O0OO0O0ODOO0ODOO
string t 100 00000000000[Z20000000000000000 100000000
OUnxOOOOOOOOOO

\

vi ‘grep -1 "strl str2" =«

oobobobobobooooooboooobobobobD sl sr20000000O0O00OOOOOV
gboooooooooooooooooooooogo

0000070 0000000000000000000000000000 ¢chOOOOGOoo
goooooooooooboobobobobooboboobo chobboooboobooboooDo
gbbooudgboobbodd

> string_t sl = "/bin", s2;
> s2 = ‘ls $sl1VY;

(list of /bin)
> echo ‘ls $sl1Y;

(list of /bin)

‘\’O00 $90000000000000000000O0DOOOOOODO0O0OD0DUOOODODODODO
goooo *vyoobobooboobooo»>oobooobooooboooboobobooboobgbobgno
0009 00000000000D0D0DODODO0O0O £10 £200000 filelD file2ODODODO
googooo

‘echo $f1 \$f2 |sed ’'s/endofline$/converted/’?
O0O0o0O0o0oooo
‘echo filel \file2 |sed ’'s/endofline$/converted/’"

gbobodgbooboboobboobuooboobboobuooboobbooboboaoboo
gboooboooboobooboooboooboooboobooobobooobooobobooooon
googobooboobboobooboobobooboooobo cooobooboo
gogbooboooobooo~™wwyouobobooobobooobbooobboooboobooboobboo
dateJ OO DOOUOO0O0O0OD0OOOODOOOOOO
‘‘dateV'OOooooooooOO

> string_t s = ‘‘date'‘

> s

Mon Aug 6 11:44:16 PDT 2001
> s = ‘date’®

Mon Aug 6 11:44:24 PDT 2001
>

gobDbhdate?' 00O aug0ogo 200000000000 O00O0O0ODOO
b0 datetOoooooboooobooboay
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4.10. 0D00OO0OO0O0OOOOO

4. 0DO00oOooOOooooDoooooooooooooogoog

410 JO00OOoOoOoboOO

c¢chooooooboboboobBourneJOOOODOOO0OOOOOOODOODOODOODOOOOO
000000 00000o0000o00o0ooooodImoooooooooooooooooon
oooooooooobo ¢éthbobobobobobobobobooboo

0411: 0000000000

oo

oo

cmd < word

cmd > word

cmd > word 2> &1

cmd 1 > word 2>&1

ch -r cmd > word

cmd >> word

cmd >> word 2> &1

cmd 1 >> word 2>&1

cmd << word

0000 wodDODOO@ODOOOOOOOOO
ooooono

0000 wordDOODOO(@OODOOOO 1HOOOOO
oooo
00000bOO0o0bOo0o0oobOoooooobOooooon
oooooooooooon

000000000000 @oOoo)ooooO wordO
000Ooooooo (UNIX)O
O0oooooooooo@ooo)yobood wordO
000000000 (Windows)[
00oooooooooo@ooo)oobood wordO
000000000 (Unix O Windows O 0O 0O)O
000000000000 bOo0oooooDbOooooon
goooooooooogno
O000OwordDOOODOOOOOOOOOO
00000DbOo0obOoooboOooooooboooo
(OO0 EOCFO0O0OO0O)ODODOODODDODOOOO0OoOoOoono
ooooooon

000000000000 @oOoo)ooOoOoO wordO
Oo0oooboooon
0000d0DO00oooobOooooooooooo
(00O EOFOO00OD0O)OOoDoDOOoOobOOoOooDoOoooad
00ooonO (Unix)O
O0oooooooooo@ooo)yoobood wordO
O00OoOoboOoon
O0000bOo0obOooobOooooooobooooo
(OO EOFO0O0OD0O)YODODDOOODOOOOOOOOoOoo
000000 (Windows)O

word D0 00000 0O0O0OOOODODODOOO0OOOOOOO
0000000000 wodO0O0O0OO00OOOOOOO
00000 EOFOO0O0O0OoOoooaon

gbooobobooobobooooobobooboubUbb emd > output 0OOOOODOO
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4. 0000oOooooooooooooooooooogonog
4.10. 0D00OO0OO0O0OOOOO

0000000000 output OO OODOOO>000O0OO00O0O0O0O0OO0OMOO output OO
U0 emd0 000000000 O0OODO0DOOOODODO0ODO0OD emd000D0O0ODOODLDDOO
gbooobodbiod output 00y

ooob ~>0ooooboboooobooooboboooooooobobbooooboboobo
gobooboboooboboobooboobobobbobooboobobobobobobon
gbobobobooboooboob1obobobgobooooono >>>you0b0bobobobgoono
gboboobobooobboooboboobooboboooboooboooboooboooboooon
gooboboobobooboboobbobobuooobbobooboboobobos>>"uobon
goodg >~>gbgboboooooboboooobooboboobooooobobobboobooDo
oo

goooooooooobooboobooobobobobooboboboooooboboboo
UnixO ChOOOOoOOoOoOOoOO0OO chO300000000000000O000O00O0DO0ODOO0O0ODOO
goboobooobobooo 1oogbobobobooboooooo20b0bboooooooooo
O00 WindowsOOOOQOOOODOOODO >O0«<000O0 >>"00000b0o0boooooon
gobgoooootouobooboooboobooboooboobobooooobooobboooDooboo
gboboooobobd2>-00000000000 cmd > output 2> output OO ODODOOODN
U0b00ooboob0ob00o0bobobb output 00D oooOOoOOOOODDOOODOO
On000000 ‘e’ 0000000000000 00mO0D0O0000O0O0ODOODOOOOODOO
O00DbO00o00o000ob00b0DbDOdn emd > output 2>1 000000 emd000O00OOO
Ooutput 000OO0O00ODOO0

gbobobooooobooooobobbobobooooo chooooooboboboboboo
gooooooon

> cat datefile

old content

> date > datefile

> cat datefile

Wed Jul 25 17:10:40 PDT 2001

>

> date >> datefile

> cat datefile

Wed Jul 25 17:10:40 PDT 2001

Wed Jul 25 17:11:45 PDT 2001

>

> cat > pl.c

int i, j

(To complete the file and quit from the command cat,
use Ctrl-D in Unix or Ctrl-Z in Windows)

> pl.c > result_pl 2>&l1

> cat result_pl

ERROR: missing ' ;'

ERROR: syntax error before or at line 2 in file pl.c
==>:
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4. 0000oOooooooooooooooooooogonog
4.10. 0D00OO0OO0O0OOOOO

BUG: <== 2?7?27

WARNING: cannot execute command ’'pl.c’

>

> cat > input_p2

10

(To complete the file and quit from the command cat,
use Ctrl-D in Unix or Ctrl-Z in Windows)

> cat > p2.c

int i;

scanf ("%d", 1i);

printf ("%d\n", 1i);

(To complete the file and quit from the command cat,
use Ctrl-D in Unix or Ctrl-Z in Windows)

> p2.c < input_p2

10

>

0000000000 date0 00000000 000000000 datefile0OODOO0O
O00000O0Odatefile00000000O0DOODOODOODOOOOOdated 2000000000 “>>°
000000000 datefiled 000000000 D0D0OO0O0ODODOO0O datefileOdOOOO
O00oo0oo0o0ooooooooooooobo0d p2.cOd000DOOOOOODOOOO
O0 pl.c > result_pl 2>1 00000000 resultpl00000000O00O0OOOO ‘<
00000dooddd p2.cO00000000O0O0O0OO0DOO0OOOOODOOODOOOODOODOOO
O0 inputp200000000000O

oooooooooao

cmd >& word

gbooooobooboboooobgbobo0wordd OO ODOoOooLOOobOOOOOCOODOO
gooo00oooOocchdbdBourneOOOOOOODOODOODOODO

ch cmd > word 2>&1

O UnixO ChOOOODOO BourneOOOOOOOOOOChOOODODOOOOOOO0-xr0D0000 (©
O000boooobobobodbdstdoutd 00000 stderr OO OOOOOOOODOODOO)T
gbobobobob

ch -r cmd > word

gboboboboboobobooboooobwordDOODOOOOOO

00000 Unixd Windows OO OOOOOOO

UnixOOODOOsystemQUOOOO0O0O0O0O000000emd00000000 stdout 000
UOwordlO0Ostder U0 U000 word2UDODODODOODODOODODOO

system (" (cmd > wordl) 2> word2");
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411 0OO00OOOO

gbobobobob | bobobobo10ooooooooooooooooboooooon
gboooboboooboobobooooboobobooboobooooooooboobon
goooobobooboobobobooboobobbobooboobobooboboboobon
gbogoboboboobuoobobboboobuoobooboobuoobobooboooban
goboobooboooboooboobooooboob20b0b0b0oobobobooboooDobOobooo
gboogbboobooboobboomuooboonoobooboooon

gobogbooooobobogoooooigoooooooboooooooobooooboooooooooDo
gbogboooboobooboooboooboooboobooboboobooboooboooon
goboooboboobboobbdgrepL000DOO0ODLOO0ODLODIODOOODOOO
ooo000000000CO0O0O00OD0ODDO0O000 /usr/ch/include,UOOOOOOO time_tO
gboogobooboobooboobbooboobbooboobooobobooon

> pwd

/usr/ch/include

> grep time_t x.h | grep typedef
time.h:typedef int time_t;

>

OO00dd grep time .t «.h 0000 grep typedef 00 0O0O0O0O0O0O0OOOO0O0O0OOODONO
grep time_t *.h | grep typedefUI0U0OOOODOO /usr/ch/includedOODOOOOO
00000 time_t 0 typedef 000000 0O0O0O0OO0OO0OODODODOOODODOOOOOOOO
000000 grep time_t ».h OO grep typedef «.h 00O 0O0O0O0O0OOOOOONO
0000000000000 0myname 000000 viODOOOOODODODOOOOOOOOoOoGOoOQO

> ps —elf | grep myname | grep vi

1S myname 20851 20850 0 156 20 1940500 115 1086564 23:36:47
ttyp5 0:01 /bin/vi example.txt

>

ddd0ps —elf000000000O0O0O0O0O0ODODODOO0O0O0O0O0OOOOODODODOOOO0OO
grep myname U 0000000000000 OOO0O0O0O0O0O0O grep myname 000 myname
000000000000 oooobouodddgrep vilOOODODODOOOOoOoOoOOoOoooOO
0000000000000 D00000 myname 000 viOOOODOOOOOOOOOODOOO
oo0ooooooon

00 1000000000000000000 file.tar.gzOO0OOO0ODODOOOOOOODOO

gzip —-cd file.tar.gz |tar —-xvf -

0000 gzipdODOOOOOO file.tar.gzO00O00O0O0O0OO00OO0ODOOODOOOOOODOOOO
Otard0000000O0O0OO0OO0O0O0O0O00O0O0O0O0O0OO0O0O0000O0O0O00OO0O0000O0O0O0OOO
Jddddooooouoooofnd /home/fromO0 000000000000 /home/new/from
00ooooooooooooooooooooo
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tar cf - /home/from | (cd /home/new; tar xf - )

OO00O00 pepen() U000 pcloseQ U0 DOOOOO0 ODOOOOOOODOOOODOOOODODOO
U000OBourne 00000000 edDO0DODO0ODODODODODO

#!/bin/sh

ed testfile <<END

a

input from the console command line
abcd

123456

W

q
END

ggbbuodobobuoobbodbbduo enpgdbbgobbooobboobboabog
testfileO000OO0OOO0OODOODOOO“eNnp’0O0OO0OODOODODOOOODOODOODOO
dbbidledlOO0D0O30000O00DO0ODOOODDOODLDOOO

input from the console command line
abcd
123456

ed0000DO0D0O0OD0DOO000Bourne OO0 0OO0OO0 aDO0wlDOO qU0eddO
U0b0000bo0aappend”)D0ed0 0000000000000 ODOOODOOOOYDO0OO
Ub00ob0b0obooboooboob0oDboDOonD wEwrite)DOtestfile00O00OOOODODOO
ooboodbod0qqCEqui)yD 00000 0b0ObOn

Ub00d BourneUUOUOOOOOOOoOuoOoOobOoO0bOoboobooboboobobobonoogy
gochoooooooooooooooon

#!/bin/ch

#include <stdio.h>

FILE *fp;

string_t command_args="a\ninput from the console command line\
\nabcd\nl123456\n.\nw\ng";

fp = popen("ed testfile", "w");
fwrite (command_args, strlen(command_args), sizeof (char), fp);
pclose (fp);

00000000 BourneUOOOO0ODO0O0D0OD0O0O0Oed0OOO0OOO0OO0DOOODODOOstringtOO
U0 command argsU0OO0OO0O0O0OOO0O00O command.argsO0OO0OO0O0O0O0OODOOONO
0000000000 \nOO0O0OO0OD0OO0O0O0O0OO popen()d pelose) 000000 ed testfile
00000000000 Db00bO0O0bO00bO00bo0oooOOobOogO pepenOOOODDOO
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OU0000000000 ed testfiledOUO0OO0OODOOO0200000wO0O0DO0OOOOOOO
goodboobO0obobboobooboobuoboboooooooDobooD twriteDODODOODO
Ued testfileOU0OOOOOO0O0OO fpbbO0Ob0ooonoonuobobobobobobonn

412 JU000O0O0O0O0OOoOoDODDOOOOOD

gboboboooooobooooboboboboooooooo chgboobobobobooo
gbobdoooochobobooooboboboobooooobobooooboboobooDo
gbobobobooboochobobgboboooboobobooooooooooobobOoDno
gbooboboobochbooooobobobobobobooooooobooboobobobOoDo
gboooooboobooboboboobooboobobooobobooboobooobon
gbooboboboboboobooboooboooboobsbobobobobobooboooboboon
gboooboboobooobooboobobdobuoobobbobooooobobooboobon
gboooooboobooon

gobogbooobooboboobooooboboooobooboooobobooobooooboooDo
gboooboboobobooboobobboboboboboobooboboboboooobon
O00OWindowsUDUOODOOUOOOODODODOUOOODUOLOOUODOODOO notepadd 00000
gboogoon

> notepad &

413 ODOO0OO0OOOO0

OO00Ostreval) U000 0000 0ODOOO0OOODOOODOODOOOOOLOOOOOO0ODOODOO
U0 fepathOOOOOOOOOOODODODOODDOOODOODOOODOODODOOODLOODLDDOO
gbbogooboboboobodoboobobuooboboaboobobgaon

int i =1
float £ = 10.1
string_t s
char a[l0], *p

1 = streval ("ix2") /* 1 becomes 2 x/

vV N V V V V V

s = "fxi"

fxi

> f = streval (s) /% £ becomes 20.20 =%/
20.20

> strcpy(a, s)

fxi

> strcat(a, "+5")

fxi+5

> f = streval (a) /* £ becomes 45.40 «/
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45.40

> p = a

fxi+5

> f = streval (p) /* £ becomes 95.80 x/
95.80

> streval ("23unknown™)

Invalid argument for streval ()

ooobooooboobouobuobobodbodstrparse) 0 ODODDOOODODODOODODODOO
goooooooooboobooboobogoboobgg

int i =90, status;
status = strparse("ix2");
if (!status) {

i = streval ("i%2");

printf("i = %d\n", 1i);

goobooooooboooodOodstreval) OO OO0O0OOOOOODDOOOOODODOOO
O000000000b000 commandd00OD00OO0 x0O 1000x+sin(90)+x90 10000000
googoobboobobooboobooobooboooboobooboboooboon

command x 10

command x+sin\ (90\)*9 10

414 ODOO0OOOO

choodooooooo UnixODOOO MS-DOSOOODOOOOOOOOOOOChODODOODOO
ob04000000000000D00 putenv)ODOODOO0OOOODODOODODODOOD DODO
O0000O0DO0O00U00oOoOoboDO CHHOME/config/chre 100D DO0O0O0OOOOOOOO
U000booob0b0ooboob0oOoboongd.chre (Unix) OO0 _chre (Windows) DO D0 OO0 OO
O0D000ouoboobobooboobobod getenvQUOOODODOODOODLOODOO OO remenv()
OooobooOoooboouooobisenvQUO0OO0O0ODOOOOODOOODODOOOODDOOOOOO
ubobooboooboobbooboobooboboobooog

> putenv ("ENVVAR=value")
0

> getenv ("ENVVAR")

value

> isenv ("ENVVAR")

1

> remenv ("ENVVAR")

> isenv ("ENVVAR")
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0000000000 putenv ("ENVVAR=value") 0OOOOOOOOO ENVVARO O value
dodobooooocooonon ‘=!0ddoonooooooonoobooooobooooooboooo
UOddd getenv("ENVVAR") U valuelOUOOOOOO ENVVAROD OO OOOUOUOOENVVAR [
Jdddooooooooooon isenv("ENVVAR") 0 1000000000000 ENVVARD
000000000 remenv) 00 0000O0O000O0O0ODOO isenv("ENVVAR") O OOOODOOO

0000000 DOOO0OO000OO0DODOO0OO0O0DODOOOO00 DISPLAY DDODODODOOOOOOO
local.domain.comJ 0000000000 0OOOOOON remote.domain.com X O OO
J00odooooooooooobobiod local.domain.comO0 OO DOOOOOOODODODODODO
0dddobdd local.domain.comUO OO0

> xhost server.domain.com
server.domain.com being added to access control list
>

goo0oooooooooooooooooooooooooOoooooboooooouoboooaa
remote.domain.comJ 0000000

> putenv ("DISPLAY=1local.domain.com:0.0")
>

OO0O0O0DISPLAYOOOOODOOOODOOOOOOOO0O0DO local.domain.comOOO0O0
gooooon

00000 0000000000000 0o00o00o00000o00o00o0Uoooooo
U0b000o0odbuUnxOOOO0O0O0O00O00D envO0 OO0 O0OO0O0OO0ODOODOOODOOODOODOO
gooo

gbobogoobooooooobobobgooboobooobooboboboooobobobbcehon
gboboobooboobobobobbooboobuoobbooboboobobooobooboobobon
gboobooboobooboobboobooo

> putenv ("ENVVAR=value")
0
> getenv ("ENVVAR")
value
> cat > changeenv.ch
#!/bin/ch
printf ("$s\n", getenv ("ENVVAR"));
putenv ("ENVVAR=value2");
printf ("$s\n", getenv ("ENVVAR")) ;
(To complete the file and quit from the command cat,
use Ctrl-D in Unix or Ctrl-Z in Windows)

> changeenv.ch

110



4. 0000oOooooooooooooooooooogonog
4.14. DO00O0OO0OO

value

value?2

> getenv ("ENVVAR")
value

>

Ubo0obodobobd changeenv.chOOOOOO ENVvVARODOOOOOOOOOOOOOO
gbobooobooobboobbuoooobboobD envvARODOOODOO value20DOOO
000000000 ENVVARDOOOODOOOO valueO0DOOODO0O0OOD0OO0D0O@E4ADOOODODOO
gbooboboobooboobooboboobooboboboobooobooooboooboobon
U0 . changeenv.chJOOOO0O0O0OO0DOO0D0O0O ENVVARDODOOODOO

> getenv ("ENVVAR")
value

> . changeenv.ch
value

value?2

> getenv ("ENVVAR")
value?2

>

00000EDO00000000000000 ¢ChODODODODOD0O0D0O00D0O00D0O0O00O00O0
goboobooooobobboooooboboooooooobooooooooobobooooon
SENVVARUO O D $ (getenv(ENVVAR) ) UODOODOOOO0ODOO0OO0OO0O ENVVARDOODODOO
oo

> getenv ("ENVVAR")

value

> echo SENVVAR

value

> echo $(getenv ("ENVVAR"))
value

>

O0MOO0O0000000000000000 setenvO00O0OOO0O0COODUOOOOOOOOO
O00D00O0shObashD OO0 kshOOODOODOOOODOOD export DOOOOOOOODOO
chogogoooboboboboboo

putenv ("DISPLAY=local.domain.com:0.0")
gobooboochboobboobuoobboobbooboobooo
setenv DISPLAY local.domain.com:0.0
shObashOD O OO kshO OO OOOOODOOOOOODOOOODOOOOOO

DISPLAY=local.domain.com:0.0
export DISPLAY
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4.15. 00 cHOOODOO

415 00O Choogodg

od1200o0gogobobgobo chobgooobogo

0412:00 ¢ChOOOOO

goog g

ch choonOo

dirs drd00ooooooboobobobgobobbcoooooooooonoog

help chonoono

popd drJ000000oboob0oboboboboboboboboboboboboo
coooooooooooogg

popd +n dr00000-,00000000DOO00ODOO0OODOOODOOOOOOODOODOOD
coooooooooooogo

pushd gooboob20b00bdbobobuobobobbcecobobooboooobooboooo

pushd dirname

pushd +n
chs
which [-a]

Uboobo0dimamed dr 000000000000 0O0O0OO0O0O0OOO
gocobobobobobobon
oboobobr0b00b0ODb0ODbODbODbODObDDCcODODObDODObDODODbD
oo chioOon
COOUOO0OwhichOOODOOOOOOOOOOOOOOOOOOOOO

o000 chOOOchsOUOOOO ChOOOOOO ChOODOODOOOOOOODODODOOOO
oboooooO0whichODODODOOOOoOOooOOooOoooooooooooooooooooooogog
cibbouoboouoboobodnOdirsUpushdDO00 popd 00000000 OO0O0OOOODOO
gboboboobobobobobooboobooooooobboobobobobobD0 edbdnDOd
gobodbooboobooboobooodbotpesshd O0O0DOOODO0ODOOODO20000000
U00000o000ooooboooboobodn pushddirname dirname J000000000O0O0O
gobooobooooboobooboobooboooooobobpopd+n00000DOOODOOO
gbooooboobo0nb0OO0OD0DO0OO0O0OO0OO0DO0O0ODn

gobobooooob chgbobobobooooobobobobooooooobobobobo

oo

> which ch
/usr/ch/bin/ch
> which ch 1s
/usr/ch/bin/ch

ls is aliased to 1ls -F

> which

-a ls stdio TERM

ls is aliased to 1ls -F

/bin/1ls

/usr/bin/1ls
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/usr/ucb/1ls
/usr/ch/include/stdio.h
dtterm

> pwd

/usr/ch

> pushd /usr/ch

0 /usr/ch

> pwd

/usr/ch

> pushd /home/myname

0 /home/myname

1 /usr/ch

> pwd

/home/myname

> pushd

0 /usr/ch

1 /home/myname

> pwd

/usr/ch

> pushd

0 /home/myname

1 /usr/ch

> pwd

/home/myname

> dirs

0 /home/myname
1 /usr/ch
> popd

0 /usr/ch
> dirs

0 /usr/ch
>

ooboooboodwhichOOOOD chODOOOOOOOOODOODOOOOOOODODOOO
OO0chOO0sO000D00O0D0ODOO0ODO0O0ODOOODO0OODOOODOOODOO0ODO0OODOISOO
gboobootbbd-a0000000000000Db0000path DO 0D00O00OODOO0ODOODO
OUoboooOfpath 00000000 DOOOODODOOOODOOO4dpath DO DOO0OODOOO
gboboobooobooooboooboboobbd-a0b0boobobooboboobboan
googboboobooooboobobbobboobbobboobboobbobobobbon
gbooo0ooooooobodo-vOO00OO00O00path 0000000000000 00O0O0O0O0DO0O
IsO00000ooooooboobob0oboboooooboob0ob0obobo0bDOobo0bO stdioOd
gboboodbD .n0000000D0000 stdio.hOOOODODO TERMUODOO dttermBO 002
gobooooooooboobooboobooobotdpeshd0 0D 00 200000000000
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goooon
oprnooodbooboogbo chbboobbobobboobobooog chooooob o
gooooooooooochoboboboo choobooobooobobobobobo

416 U00O0O0OOODOOO

4161 OUO0O0DO0OOOODOODOODOO

cooobooboboochooooboboboocooobooboboocoboooooobon Ch
gobooobooboooobooooobooooboooooboobooboooboobboOoDgch
gboboobuoboobobooboboboboooocboobDooboobUobDUoOobDUOUoOCh
000000000000000000000000000000000O0OO0DGODO0DO0
gooooooobobobobooooooooooobobob chbboboobooooooDo
goooobooon

chOoooooooDbOo000d main() D000 WindowsO O WinMain () D00OOD0OOChHh
O0b0oboobooobOdpathext D 00O ODOO0OOODOODOOODOODOOOOOODODOOO
0000 thbboboboboooooooooooobooobobobUobo choogooo
gbogooboboboobooooboobobbooboobuoobuoobobooboobob
O00000EBDO0000 UnixOODODODOOODODO0OOOO0OOO

0413: 0000000000000 oogoooooogoo

gog gogog
choQonQo #!/bin/ch
coon #!/bin/csh

Bourne O OO #!/bin/sh
Korn O O O #!/bin/ksh
BASH #!/bin/bash

ooboobooboooooooooo4#!/bin/chd000000000O0O00O0O0O00O ChOO
gobo0boooboobooobooboochobobo0ocCcodbU BourneJ 00O O0OOO0OOOOOO
gobodbooubooboobobooobuoooobooboooodpathext OO ODOOoOoODOO
goboooooooboo chbooboobOoobOoOobOOobbOUObDbOOo chOoobooDOO
gbooooooooobooogooboo chooooooobooboobobobobobobobon

ooodboooboobobooboubobbpathextD DD OO0 ODOOOOODOOOODODO
O0000#!/pin/ch00000000B3A00000000000O00DO0O0O0O0OChOOODOOO
gboboooboobooobboobouoaobbooo

choboobooboboooooooooboooboobobobuoboooooDoboddema 0@
oooooooooobooboooboobogobobgo

o UUDDUUOUDLDU emd.extODUUOOOOODOOOOOOOOOOOOOOOOODOOO
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e IO ODODODOOOOLOOODOODLODDODOODLODOOODLODO0OD emdd DO OO0
gobooboobobooobooboobbooboobboobooboono

/path/cmd
./cmd
../cmd
~/cmd

e JIUODODOD0ODOODOODDOODOODLOODDOODLOODLDODDOODLOODD
gobooobogobboboooobooobobooboobooboobooboboooooono
gboboobooboooboobboobuoobbooboobbooboooobooboobobo
gooo

int 1s = 10;
"ig" -1
"/ch/bin/echo" option SPATH

"C:/Program Files/Windows NT/Accessories/wordpad.exe"

e J000O0UU0ULOODDDOCOOUOUOODDDOCODOODUUOUOODUUOOOODDD $O
ooooboooobobbooboobuobobbUbchar 0D 0ODOODOOODODOO charO O
gbobodgboobobooobodaoo

string_t s = "cmd";

$s option

gbbodbib emddb00OO0OO0DOO0OO0OO0OO0ODOO0ODOOO0OOOODODOOOOOn

e J0IDOUODODODOD ‘OO0 00OOODOODODODODODODODODOD

n Cmd n

ubbooboblb emd0000000000000000 includedOO0OOO0DOOO0OO
oooobooobuoboboobobooobooobuobobdpathDDO0ODOO0DODO _path O
gboboboobooboooooooooooooboooooooboooboooDn

#pragma import "cmd"

Windows 0000000 emd.chOO0O0O0O0OO0O0ODO0ODOO MakefileUDOODOOOOOOOOO
gbooooooooooooo choboboboboboobooooooo

ch cmd.ch

goo
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ch cmd

ooooooboobo200000b0o0bob0b00bdl emd.chDdooooonD chdnoOm
ooooooooogg

0000000000000 000000000000000E 0000000000 ooon
gbooboboooboboboobooobooobobobooboobooobobboboooooobon
U0o0o0o0obO0obobobobo0oobob0b0bOob00D cpfilel.chO0OO0OO0OO0OODOO
gbooboboobooabod

#!/bin/ch
cp /dir/source/x.ch /dir/dest/

o0 uUnixO0OOO cpUOO00ODOO0ODOO0ODOODOODOODOODODODOODOODOO
goboobobooooogoboboooboboboob20b0b00b00b0oboboobooDoboOoooo
gboobooobooooboooo

> cpfilel.ch
>

gdoboooboboooobogn/dir/source0 00000 .chOOO0OOOOO0OOO0OODODODO
ob0d/dir/dest 000000000

O00000RB4400000 foreachD 0000000000000 0OOOODOOOOOOOOOO
gbogboobobobobbobobboboobooboboobuooboooboobooban
O0o000oooooooooobogb 1sdbodbdforeach0D000O00OO0OOODOODODO

#!/bin/ch

string_t file, files = ‘ls ./Y;

foreach (file; files) {
printf("file = %s\n", file);

}

0RO 0000000000000 00000 fopen()Ufelose)Ufprintf) 00000000000
gbooboboooobooboooboooboobooobooobobooboobooboboooboon
000000000000000E2000

gobooooboooboobo0oobo0o0ooboobbbbU newtfileODOOOODODOOO
U0 newfileOOOOODOODOOOODOOOOODOOremove() 00000 0O0fi1le0 0000
0000D00OOaccess(file, F_OK). UOOOODDOOODOODODOOO

O0ooDOo00dwistdhOO00O0OO00O0D00OO access)UUOOO0DOOOODOOOOODOOO
gbobooobogobboobooooboobbooboobobooboboboobooboo IDboogn
ooboobooob IbodboobboobOob IbOo0b0o0bOobOoU0bOOo IbOOODbDO0ODsetuid
gbobobobooobobodgbuoobobooboboboboboobuooboboboobaon
gobooboobboodit0db0o2000000000000O00O000O00O00O (R.OKOW_OKOI
U00 XOK) JodooobooborRUbooooooo oK) Dooooboobobuonoo
000000000000F 40000000
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04.14:00 access) DO O0OOOOOO

g un

ROK |000000CO0DOOOOOCOODOO
WOK | ODOdDbobooboooboooooooo
XOK |ODogbboooooobobooobooboogon
FOK |O00000O0O0O0OCOOO0DOOO0OO0

gogbooooboooboooobbooobooobbooooboobboob-1bo0oboo
U0000 errno 00000000

O0000E2D00fi1e00000000000O00DODO access(file, R.OK).OOODO
gobooboboooobooobobo0ooboobooboobodbDechoO0O0oooooODOO
Ub0oobobo0obo0boonDboOn alifilesOOODO0DOOO

#!/bin/ch

#include <stdio.h>

#include <unistd.h>

string_t file, files = ‘ls ./%;

string_t newfile="newfile";

string_t allfiles= stradd(_home, "/allfiles");
int 1i;

if (access(newfile, F_OK) == 0) // clear up first
remove (newfile) ;
foreach (file; files) {
if (access(file, R_OK) == 0) {
i++;
echo $i $file >> S$newfile
echo $1i $file >> $Sallfiles

obobo42:0000000000000D00OO00ODO0O

gbobobobobobobobbobobobob0obOobODd filelUfile2O file3
00000000000 d200000000000000000O0O0DO0O0O

1 filel
2 file2
3 file3

Ubdbooooobboooo0obob0obOodbd newfiledOOOoooooooooODO
gboobboobudbboibbudl allfilesOQOOO0OD0OO0OO

O0000000000000000000ROO OO0 stat)0 000 0000000000000
gobogobobooobooobooobbooobooobooobbooobbooboboID
gbooboboobooabbooobogo
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4.16. DODOOO0OOOOO

Ch0O0000O0000000000000000000000000d3a0 0000000 sedd
awkDOwcOgrepU DO DOUODO0ODOODOO COUODOODODODODO ChOOoOoooogoyg

#!/bin/ch
string_t resultl;
char result2[50];

grep "test" myfile.txt;
if ( _status == 0 ) {

printf ("’ test’ is found in myfile.txt\n");
}

else {
printf ("Cannot find ’'test’ in myfile.txt\n");
}
resultl=‘wc -1 /etc/passwd‘;
echo S$resultl;
strcpy (result2, ‘wc -1 /etc/passwd‘);
printf ("$s\n", result2);

gbob0o43:CO0000000O00O0OO0O00O000

O0000F30 tnuml 0000 tnum2 000000000

4162 DOUO0ODOOOOODOODO

gobooboboboooboboobobobob choooooboboooboobobooboo
choooooooooooooooo20b00b00 aarged argv 000000 OO0OOOOODOO
obooboooboooboooDooboobuobO0Dint00OD0 char*J OO0 0O0ODOODOOODLDODO
oo

int _argc;

char* _argv([];

Ub00arge0 00 00D0OOD0O0ODOODOOODOODODOODODOODOOOOD cargvdd
OO0O0DO0OO00O00DOoO0b0O000o0O00 . argvl0lOOD00O0O0OD argv[1]0D0O0OO00OOO
UbooopobbooobDbOo0boO argtest.ch0O000O00O000000O0O00O0O00DOO0O0OO

#!/bin/ch
echo $_argc
echo $(_argv[0])
171)
printf ("$s\n", _argv[2]);

echo $(_argv]

printf ("$s\n", _argv[3]);

argtest.chOQO0O0O0O0Ooooooog
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4. 0000oOooooooooooooooooooogonog
4.16. DODOOO0OOOOO

> argtest.ch -option arg2
3

argtest.ch

—option

argz

(null)

>

O00000 arge00030000000 argtest.cO000 20000 argll arg2O000
O0Db00O000000.argv[0]DOD0DOOD0OO0ODOOO argl Jargv[1]00200000 arg?
Oargv2]000000O0O0O0O0OO0OOOOODOO0ODO0OOODOODDOOCOODOOChoDOO

OD0@Dooooooooo
O0000E4AD 0 arge0 00 argv 00 0000000000000 O0O0DOOOOODOOOO

O00whichOOOOODOOODOODODO
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4. 0000oOooooooooooooooooooogonog
4.16. DODOOO0OOOOO

#include <stdio.h>
#include <stdbool.h>

int main() {
int i = 0; // for index of arguments
int j = 0; // for index of characters in arguments
char c;
int a_option = false; // default, no -a option
int v_option = false; // default, no -v option
if(_argc == 1){ // no argument
fprintf (stderr, "Usage: which [-av] names \n");
exit (1);
}
_argc——; i++; j = 0;
while(_argc > 0 && _argv[i] [j++] == "-") {

// for every argument beginning with -
// empty space is not valid option
for(c = _argv[i] [j++]; c&&c!=' ’'; c = _argv[i]l[j++]) { // for -av
switch (c)
{
case "a’:
a_option = true; // get all possible matches
break;
case 'v’:
v_option = true; // print message
break;
default:
fprintf (stderr, "Warning: invalid option %$c\n", c);
fprintf (stderr, "Usage: which [-av] names \n");
break;

}
_argc—-—; i++; j = 0;
}

if (a_option)

printf ("option —a is on\n");
if (v_option)

printf ("option -v is on\n");

while(_argc > 0) { // print out the remaining arguments
printf ("$s\n", _argv[il]);
_argc—-—; i++;

}

return 0;

oobodd 44 argeU 00D argv 0000000 DOO0O0DOOODOOOO

dbobb0d0 aawoption0O000 veoptionUUODODOOO00O000-a000-vODOOO
gboboooboonoboonobboboobboobibon falseOO0O0oOoooOoooDDOOO
oooooooooooobooooooooooooboooboobobbb0o0uonoDn whichOODOO
oo 1o0boboo0oboobooboboboboooooooobobooboboboO0whileODOO
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4. 0000oOooooooooooooooooooogonog
4.16. DODOOO0OOOOO

gbooboooo-0boboooobobooobU0bbFrr00ob010oobobDoobODO
goooooboboooboobooon

c = _argv[i] [j++];

0000 cO00_argv(il OO j000000000000D0DO0O00O0ODO0O0ODO 22000 Vv
Ub0bO00dbbdd aoption voptionOUOOODO wue0 00000000 OOOO0DOOOO
00000000000000000000000E4Ah00000000000000000000
0000000000000000E4AN 000000 commandline.chO0OO0O0ODO0OOOOOO
0000000000000 0oooog4dooooooooooooo

> commandline.ch -a -v argl
option —-a is on

option -v is on

argl

> commandline.ch -av argl
option —-a is on

option -v is on

argl

> commandline.ch -v argl arg2
option -v is on

argl

argz

00000000000000000000000000000000000000 00000100
oooooooo
U000 cpfile2.chO00o0oooooooooboooon

#!/bin/ch
cp /dir/source/$(_argv[l]) /dir/dest/

00000 cpfile2.ch00000000000O0DO /dir/sourceO0OO00O0O00O0DOO0OO0DODO
/dir/dest 0000000000000 0ODOODOODOODOODO

> cpfile2 filel
> cpfile2 file2
>

O0000000 /dir/source0DOOODO filelO file2000O000O0O /dir/dest0000O0
gooo
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0350 OOooboouooooood

goboooooochbobooobooobbobobobooooooboboboooobooo
ggobodochbocobogbooboobboobbobobooboobobooobooochbonog
gbobogbobooboobboobuooboboboboooon

00000O0000o0ooooDoO#O0O0O0000odoooobooo0ooooooooDooobOogo
00000000000000RID 0000000000000 000OU0O0DO0O0O0ODO0ODOOD
gboobboobooboobbooboaoboon

0s51:00000000000000

goobooooo god

#define 00000000000000000

#elif O000#if0#ifdetd#ifndef00004#elit 000000000000
00000000000000000000000000000000

#else O000#if0#ifdef0#ifndef0000#elif0000000000000
000000000000000000

#endif 0D00000000000000

#error 0000000000000000000000000000000

#if 0000000000000000000000000

#ifdef 00000000000000000000000000

#ifndef 0000000000000000000000000000

#include 0000000000000000000000

#line 0000000000000000

#pragma cO0OO0O0O0chOOoOOoOOoxO

#undef 00000000000000000000

# 00000000000000000000000000000000

i 0D00020000000000000000000000

# NullD0O000000

defined 00000000000000000000000000 1000000000000

gbo0ooboonoooooooUooU0oO#if000#elif0000ODODODO

51 0DOOOOOOO

goboobooobbooboooboobooboobbooon

# if

exprl

# elif expr2
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52. 000000000000 5. 00000000000000

gboboooboobooboobooboobooboobooboobooboooobobonobo
gobooboboobobooboboobooboboboboobuobobobooboobon
gbobogboboobuodabboobuooboobbooboon

defined (identifier)

gboooboooboobooooboobooooobobooob1oobobooboooobob o
goboobooboooboobdoobooboobooboobooboboooobooboobon
O00U000DoDODOO0O0O000o0oD0O#undef D0 000000000 O#define0 00000
gobboobooboooooboooooobogbooochgbocoooboobooobooDboo
Uobo0boboboobbOoonodsteat)l strempUaccessQ) U U DO ODOOODODOChDOONO
gbbooboboobod#iftddiD#elitddbboonboobobooobooooon

#1f defined (_HPUX_ )
printf ("I am using HP-UX\n");
#elif !strcmp (‘uname‘, "Linux")
printf ("I am using Linux\n");
#endif

gobooboobobooboobobooboobbooobn

# ifdef identifier

# ifndef identifier

goboboobboobobooooboboooobobooobobooobbooooboboboog
OO00D0O0OD0 OO0 L defined (identifier) 0 O O #if !defined (identifier) D D0 00 OO

gboooboobobooboobobooobob0obotfalse)oooobooboobobOoOO
gboooboooboobooboboboobobbobbooboobobooboobooboobo
ggboooboooogooboooboboooobooooooobobooobboboboooooboboooobooooboD
gbgoobooobobboooboobuooboboboobooboboooboooboogbooobon
00D we(O00)0O00D0DOO0O0DOOOOO0OO0ODODOOO0ODODODODODODO0O0 wue0 0000
O0#else D0 0000000000 DOD0O0O0OOO#else D0 0DODODOO0O0O0OOOOO00OMOO#else
OO00DO0o00O00DOoO0oOU00DOoO#endif0O0O00DOOOOOOODOOOOOODOD

52 ODOOOO0OOOOOOObOO

#finclude 000 000O0OOOChOOOOOOOOOOOOOOODOODOOOOOODDOODO
gooooooooboooobobobobobobobobobobb

#include <h-char-sequence>

gobodbbdd <g >buuboabbuogboobobooboobobooboobobod
gboogoobobboboboobooobobooboobooobooboobobooboobon
Oogo dpath00000000DODOOOO0OOODODODOOOODODOOOODOOOOOOO
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53. 00000 5. 00000000000000

0000 dpath0 0000 "CHHOME/ include; CHHOME/toolkit/include; "OOOOOOOC
OOCHHOMED ¢chOOOODO0DODOODOO0ODOOOO0O000O0DDOO0ODOO00DO4dpath0O0O0OOO0O
0000000000000 00D0DO00b0000D000.chre(UnixOOO)O0OO _chre (Windows
000)yoooooooooad

Jo0o0ddoodooOddoooooDOodoooooooog

#include "g-char-sequence"

gbobbouoooboobooooorooobobobobobobooooobobobobogan
gbooobooobobooboboobobbouobooobooobooobooboooboobooobon
gooo0ouoboooobooouoboooobobdgpath 000000000 ooooOOOOOO

gobogbooobboooboobooaobobooobgo

#include pp-tokens

gobooboooooboooo22000bboobbooobooobboooboobboDoooDooO
O00OU0Oincdwde0 00000000000 DOOOOOOODOOOODODODOOOODOOOOOO
gbooobobooboobobooboboobobooobobooboboobooboban
goboobobobooobboooobobooboobboooobooobo2b00b0DobDobbOOoDO
OUoooopouobboooboOoUdU#incude 0000000 O#nclnde DO O0O000OOO0ODO
O0oo0DOOo00ooOoOo0ooDoOoOoU0bDOooooDOOdOO#ncdwde0 0000 DOOOODOOO
gboooobooobooo

#include U0 D000 0O0O0DOOOOOOODOOOOOOODOOOOOODOD

#include <stdio.h>

#include "myprog.h"
0000000000000 00D0O#nclvde 000000000 OODODOOO

#if VERSION ==

#define INCFILE <version3.h>
#elif VERSION ==

#define INCFILE <version2.h>
#else

#define INCFILE <versionl.h>
#endif
#include INCFILE

53 0JO0O0od

gbobobobobobobooboboobooboobooboo

#define identifier replacement-list new-line
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53. 00000 5. 00000000000000

gbooboobobooobobooooboobobobooboooboobooboboobooooooono
goooboboooobooobbooooobbobboooooobobooobobobbboooooo
OU0O0DO0OO00O00D0ODO0OOD#Mdefine0 OO 00DOOOO0O0OO0ODOOOOOODOOO

#define 0 00 0000D0DOO00ODOOCOO0OO0OOOOOOOOODOOODOCOOOOODDOD
gooobooobboo2gboobogbobooboobbooboobooboobbooobobon
gbooboobuoobuogbuoobuooobobbobooboobobooboobuooboobao
gooooon

gboobooobobooboboboobooboboboboobooooboobboboobo
gobogoil1obobooogoboobooboboooboobobooooobobooboboboboood
gbooooobooooboobobon

#define BLOCK_SIZE 0x100

gooooon

int size = BLOCK_SIZE;
gogooobboobobobboddoooooobooboobbooooooao

int size = 0x100;
godoooboboboboddooooooobobobooboooggn

fdefine identifier( identifier-list-opt ) replacement-list new-line

goboooboooooobboooooboboooboboobobooobbooouobooobooooDo
gbooooooboboobobobobobooboobooboooobooooboooobooobon
0000000000000 00D0O#define0 0000000000000 OOOOODOODODOO
gobobbooobobobogoboobobooboobobboobooboooboooboooooboooD cboo
gbooboboobooboooboboboobooboboobooobobooboooobon
gooooboooob(@oboboboo)yooboobooboobobooboobooboboo
oooooyooobooboooooooboobooo0boobOooboOooboooooboo
gboboooboboboboobboobooboobobboboooboobobooboobobobon
googobooboobobooboobbooboon

oboobobob2000000 mulO

#define mul (x,y) ((x)~*(y))
goooooooobooooooooooooooo

result = mul (5, a+b);
doooooooobooooon

result = ((5)=*(atb));

oobobobobobobobobobobobobobobobobd muuObD O
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54. 0000000OO0OOOOO0 5. 00000000000000

fdefine mul (x,y) xX*y
gdgoobobobobbbiodooooouoooboooobooo

result = mul (5, a+b);
gogooooboooooon

result = 5xa+b;

gobooboooboooboobooboobooboboobbooobobooboobooboobOoon
O_VAARGS O00O0OOOO0DOOOOOODOOOOOOOODOOOOODOOOODOCOOOOO
gboobobooobbooboobboobooboboooboog

#define debug(...) printf (__ VA_ARGS_ )

#define debug2 (fp, ...) fprintf (fp, __VA_ARGS_ )
debug ("x = %d\n", x);

debug?2 (stderr, "x = %d\n", x);

gooooooooooooon

printf ("x = %d\n", x);

fprintf (stderr, "x = %d\n", x);

54 UU0U0dUooooOoooon

O00D00DO0O0DO0OO0O#0000000000000000O00DO0O0DDOO0ODOOOOODOn
goooooo#ioooobooooboooboobobooboboooOooobboobbOOobboooDOod
gbooboboooboboobooobooboboboobooobobooboboobobooobon
gbooooobooboboooon

> #define TEST (a) #a

> printf ("%$s", TEST (abcd))
abcd

>

Uboo0bobobabed00O0000Oabed’d D0DOOOOO0O

gboobooobooboboobooboobooboboooboboboobobooboboooono
gobooboobooboobobooobooboooobooboboobooboooobon
gobooooboboooboboooobobooooboooooboobooboboboobOoDboo
gbooobobooboboboobooboboobobbobooboobbobooboobon
gooobooooboNbobooboobobooboobooorobooNboboobooo
@gooorooboo)ooooooooooo

gooooboood
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55, 000bobobobobob 5. 00000000000000

> #define TEST (a) #a

> printf("1%s2", TEST( a b))
la b2

> printf ("1%s2\n", TEST( a\\b ))
la\b2

> printf ("1%s2\n", TEST(" a \\ b "))
" a \\ b "2
>

0o00ob00oooob0obon “a prO0b0b00000O0a000 0000000000 DAa0
pOdb0000000O0O0O0OD0DOO0OOO0ODbOO0ObOO0o

55 Uoduuboogoooon

c¢hoooooboboobooooooooobobooooooooboboo##000b0bo0obn
gbbooooboobboobobooboooobooobooooboooboobbooobon
googobooboobboobdooboboobooboobbooboobbbobDb (@oo
goooD)oboo#+#0b0o0ooboboboooooboboobobobbooboobobooooDo
gbooooobooobooobooboobboboboobooboobobooobooboboboooboobon
goboooboobobooboboobooboboooobooboobobboboooboOoon
gbooobooabd

obooooobooboooo20b0obbo0boobobobooboobooboonogg-.s’ b e3’
goo2000001000boobooboobol1oboboboobuoobboobboobLboOon
gbo00+=000000000000000000000000000000

> #define CONC2(a, b) a ## b

> #define CONC3(a, b, c) a ## b ## c
> CONC2 (1, 2)

12

> CONC3 (3, +, 4)

-

>

go0OconNnc2(1, 2)0200001000 200000 12000coNC2(3, +, 4)0000
30000b0ob0ob 3+4000ChO0OO0OOoOooOOoOo70Oo0OODO0O
chooooopbooooooooobooooboboouobooooob*/« oooooboog 72
goboobooogooobobooobooboooooobboooboboobobobooboooo
goboobooooboboooooboobooobooboooOo»##0b0oobooboooboo
gboooboobooobbooboog

> #define CONC2(a, b) a ## b

> CONC2 (1, /+this is a comment =/2)
12

>
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56. 0000 5. 00000000000000

200000000b0b0b0b0obOobOobOoDbD
##000000000DOO0O0DODOO0O0O0bLDbO0O0bObObOOoOoobOooobDbbOoOooDDbDd
gboboooboobooanbod

56 0OGOgd

#MineJ 000000 DOCOOO0OOOODOOOOODOOOOODOOOOOODOOOOOOOOO
gobobooboboobooboboobooooboboboooobooboboobooobon
goboobgoboboooobobooogoboobooboboboboobobobooooobOobob
goobobooboboobobobbobobobobOoboDobDOoboo choobobobobon
gboogobooboobbooboobbooboon

gbobobobobobobobobobobobob

#line digit-sequence new-line

gbooooboooooooooooobooooboogoob gooobooooboooboon)
goobooboooboooboobboobboobooobooobooboboobbOoooo
U0000000b00b0Ob 21474836470 0000000000000 00O0O0O0O0O0O0O0OODOO
OO0O0_LINE_OOODODOOOooooo

gobooboobbooobooboobbooboon

#line digit-sequence "s-char-sequence-opt" new-line

gboobobuoboboboboobobooboobooboobobooboobobaoobo
gboboooboobobooboobobobouobobobopoobooboboobooobon
U_FILE._ODODODODODODODOD

Ub0000 preline.cO0000000O000O0O0O0O0DOO0OOOOO

int main () {
printf ("before line directive, line number is %d \n", _ LINE_ );
printf ("the FILE predefined macro = %$s\n", _ FILE_ );
#line 200 "newname"
printf ("after line directive, line number is %d \n", __ LINE_ );
printf ("the FILE predefined macro = %$s\n", _ FILE_ );
return 0;

gbobooooooood

before line directive, line number is 2
the FILE predefined macro = pre_line.c
after line directive, line number is 200

the FILE predefined macro = newname
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57. 0000000000 5. 00000000000000

57 O00O040OOooOoooon
JoddddoopoooobObo0o0oooooooobooa
ferror pp-tokens—-opt new-line

goboobbooboobbooboboooboobobooboobboobobooboonoo
oooooooooooooooooon
uobodboobbddl preerr.c

int main () {

fferror from preprocessing error directive
printf ("after error directivel\n");
return 0;

}

ochoooooooooooooooooogog

ERROR: #error: from preprocessing error directive

ERROR: syntax error before or at line 2 in file pre_err.c
==>: #error from preprocessing error directive
BUG: #error from preprocessing error directive <== 2?7

WARNING: cannot execute command ’'pre_err.c’

58 NULLOOOOOOO
dodooooOoobobOoOoOo0o00oooooooobooa
#new-line

gboooobooboobpboobooobbooboobobooobooon

59 DOOOO0OobooOoon

oddododooooooooooouooooooo
# pragma pp-tokens—-opt new-line

goooboobobobooobobooboboboobbbcooobboobOoDbobobOoo
gboboobooobboobbOO#pragnal 000000 ODOCOODODOODOOOODOOO
Uboo0ooooboo0oooboobbooboobOoO STbCO pragma D0 O00O00O0ODOOODOO
(#pragma STDC)ODUODOOO0OOOOODOOOOODOODOODLOOOOOOODLOODOOODOODOCKHO
0000000000000t D#progma 00000000 0ODOODOOODODOChAOO
0000000CO000000000000DD0D0000000O00DDOU0D0DD0ooOR2000
oo

oboobobbodverlDOvar20000 intO0 00000 0O0DO0O0O0O0OOODOODODODOO
U0 fl,at0 D O00OO0DODOOO
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5. 00000D00ODO0ODO

5. 00000000000000

0s52:.0000000

ooooo

ooo

exec expr

remvar (arg)

remkey (arg)

import "filename"

import <filename>

importf "filename"

importf <filename>

pack ()

pack (pop)

pack (push, n)

pack (n)

package <pname>

package "/u/dir/pname"
package _fpath <path>
package _fpath "/w/dir/path"
package _ipath <path>
package _ipath "/u/dir/path"
package _lpath <path>
package _lpath "/u/dir/path"
package _path <path>
package _path "/u/dir/path"
_fpath <path>

_fpath "/u/dir/path"

_ipath <path>

_ipath "/w/dir/path"

_lpath "/u/dir/path"

_path "/u/dir/path"

oboobooboooooon
0000000000000 b00 argODOODO
00000 egOOO0OODOOO

filename 0000000000000 O0OOODOODOODOO
0000000000000 0O0O0OoOoo0OoOpathO OO
000000000 o0ooooooo

filename 0000 000O0O0O0O0O0O0OOOOO pathO OO
o0000o0o0O00ooOobOOoboooOOobOoooo

filename 000000000000 DOODOOODODOODOO
O00ob00obO0obooboboboboooon fpathd OO
o0000o0o0oo0oooooooon

filename 0000000000000 OOOO fpathd OO
ogboboobooboboobobobooboooo
oo0o00ooooooooog
0000ooooooooog

0000000 000D00DOODOODODOD
O000n0000000O0000O00D000ODO

$ (_ppath) /pname/bin 0 path O 0O

$ (_ppath) /pname/1ib O fpath O

$ (_ppath) /pname/include [

dpath 0 0 $ (_ppath) /pname/d1 0 dpath OO0 00000
/u/dir/pname/bin 0 path OO
/u/dir/pname/1lib 0 fpath OO
/u/dir/pname/include U _ipath OO
/u/dir/pname/dl1 0 lpath 0000000

$ (_ppath) /path O fpathO 000000
/u/dir/path 0 fpath 0 00 0000
$(_ppath) /path 0 dipath OO0 00000
/u/dir/path O dpath O O 000 OO
$(ppath) /path O dpath OO0 00000
/u/div/path O dpath D OO0 0000

$ (_ppath) /pathd path O OO DO OOO
/u/dir/path 0 path 0000000

CHHOME /toolkit/lib/path 0 fpath OO OO ODODO
/u/dir/path O fpath O 000000
CHHOME/toolkit/include/path 0 dpath 0 OO0 D000
/u/dir/path 0 dpath D 000000

/u/dir/path 0 Ipath D OO0 0000

/u/dir/path 0 path D0 00000

130



5. 00000D00ODO0ODO 5. 00000000000000

int varl;

int wvar2;

#pragma remvar (varl)
float varl;
int main () {

#pragma remvar (var2)

float var2;

}
ooboooooooboboimt0DO0OO00OO0O0DOOO0ODOOOODO0O0ODOOOOOODO

#pragma remkey (int)
float int;
int = 10;

UbbOobDo0obDbo0obo0b0obDO00b00n0 #pragma exec expr0 U000 expr 00000
U00OexprU00000O00O0ODOOO0ODOOODOODOOOOODOOODOOOOOOODOODOODOO
U0D0000D000 getenv() D0O0OU0D0O0O0D0O0O0O0O0O0DOOODOOO/home/myname 00000
gbooopobooboobobooboonbon

#pragma exec _fpath=stradd(_fpath, getenv ("HOME"), "/chfunc;");

gooobooooboooobobooobooboobobobobooboobOoon fpath O
000000 /home/myname/chfunc 000000000000 0OO0OO0OOO0O0OOO0O0OOO
Ocock)DDOOOODOOOOODOOOOODODOOODODOOODOODOOODOOOODOC CPUD
g@oo)oooooooo

#include <time.h>

#pragma exec clock();

#include <headerfiles.h>

/* other code =/

fpragma exec printf ("CPU: %$f\n", (double)clock()/CLOCKS_PER_SEC);

O0D0000ODO4#pragma pack 00000000 DOO0OO0OOODOODODOOODOOOOODODOOO

00000000 bO00bOO0o0bOO00obOo0o0obObOOooDbOoooobOo0ooDbOOooDOon

#fpragma pack ()

#pragma pack (pop)
00000DOO00bO00bObOOoo0bO00obOo0ooDbOoooobOooooOon

#pragma pack (push, n)

#pragma pack (n)
O000000o0bOooDOoooobOooooo0bOooOonoooOoOOonoono 102040800 16000

goooboboobooboobobbobooobooboboobobobobo0or0bOon
gbboobobooboabboobuoobbooboobboobaon
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510 0000000000 5. 00000000000000

gs3CcOchbgbobobobobobn

ooog uo

__LINE__ ooooooooooooooooooooooooo
gooooo

_FILE_. gobooboobbooboobobooboobobon

__DATE__ "Mmm dd yyyy"0OooOQoGoOOoOO0OO0O0OO0O0000000000D000D000
Mmm O asctime) 00000000000 OODODO

__TIME__ asctime() D 0O 0000 0ODOODOOOO"hh:mm:ss"O0OOO0ODOOOODOO
gboobooobooooon

__STDC__ oo0ogo 10

__STDC_VERSION_. 100000 199901L.

Os4ch00oooooooog

good uo
_CH_ nogoooo 10
_CHDLL_ goooooooooooooooooooooooogoooiogbob 1o go

goboooboobogn

_GLOBALDEF. 0000000000 O0OO0OO0OOO0ODOOOODOODOOIIO0000 10000000
gbooobobooboobboobooboobbooboobbooboooobon
goooboboobooooboobobooliooobobooooon

M64._ ogoobo 1040 oooooooboooboon
_SCH_ choboooooooooooooooooooiogooobD iIoboboboboo
oooooo

500 000O0OoooooOO

CO ChOOUDO0O0OO0OOOODODO0OODDDOO0D0O0O0D0O0O0OR3ADOD ChOOODODODODOOODODOOO
4000000000000 000000000RAD D000 000000O00000000000
0000 _HPUX_O_LINUX_[_LINUXPPC_[_SOLARIS_[_WIN32_[_DARWIN_[]_FREEBSDU
_ONX_ 0O _AIX DDOOO0O0OO0ODOOODODOO0ODODOO0ODDOOO0O0ObODbOO0o0ooDobODboO0oo
gooogoooboo cchobogooogobobobobobobobobobooooboooooo
godg
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510 0000000000 5. 00000000000000

gss:ch00oooooooooooooooooooonog

oooo oo

__ppc_- Darwin0 MacOS X 0O PowerPCO OO OOODOOOOOI00D00O0 100
ooooooboooooonog

_-1386__ Intel x86 3200 0000000000 100000 10D000000OonO
oooooo

_x86_x64__ Intel x86 6400 0000000000 100000 10000000000
oOooogo

__BIG_ENDIAN.__ Darwin 0 Mac OS XO OO O Solarisd Sparc U0 0OO0ODOOODODOOODOO

gboobobobobooloboooo1bgoboobobobooboobogooo
__LITTLEENDIAN.. QNXOOODOOOODODOODOODDOOODOODOOODO
o0obodb 1iobooooobooboboobooon

ATX AIXOOODOOoOoooooooilooooo 10
goboobogboobooobooon

_DARWIN_ Darwin0 MacOS X O UODOODOOOOOOOO1I00000 10
ubobooboooboobooooon

_FREEBSD_ FreeBSDOSO DO OODOOOODOOODIOODOO 1IDDOODOODLDDOO
googo

_HPUX_ Hp-UXOoSOOOOOoOOoOoooobiooooo 1gooogoogoogoog
goooo

_LINUX_ LnuxOSODOOOODOODOODOOI00000 100000000000
goooao

_LINUXPPC_ PowerPCO LinuxOSOOOOOOODOOOODII00000 1000000
gboboobgadd

_ONX_ QNXoSUOUoooooooooooloooobo 1ibobooobooooo
gooo

_SOLARIS_ SolarisOS OO0 O0OO0OOO0OOD0OII00000 1000000000000
gooo

WIN32_ WindowsOSOOUODOOOODOOOODI0OOO0OO 1 0ogoooooooog
googo

_X86._ Windows [0 Mac OS X x86 0 Intel x86 U U DD O DOODOUOOOODOOODO

o0obob 1ioooooboobooobooboooon

SolarisUO OO0 O00O0O0OODO0OOOODOOODODOODOOD _sTtoc__OOooooooogon
gboogoogon

#define _ _STDC__ O

133



el 0UOOMO

choogooooobobouooooboboooobobuobobooobuobuobooobooD Pascal
gbobobobooboboboobooooboobobobobocechbboobobOobOobOoDO
gboooboboobooboooboobobooboobooobooboobonoooboobon
goboboobobobobooboobobooboobobooboooboboobooobon
goboobobboobobooooboobooboobobobooooboooooooooboobooooDo
gbooooobobobooboobooboboboboboobooboobobooboooban
goboobobooboobooboobobooobuooobooboobobooobooboobobon
goboobooogbobooobooboboooboooobooboobobooooboboooDo
gboobochboboboboboboobooooooooooobobooboboboboboono
O000000pogpDogoSUNSparc 0000000 OODODOODOORISCOOOOOODOO
goooooooooon

61 0UO0O0O

611 0DOOO0ODODO

gbobgoboooboooooboobobobobobooocchobobooboboboboobon
ooooogg

char

signed char
unsigned char
short

signed short
unsigned short
int

signed int
unsigned int
long

long int

signed long
signed long int
unsigned long
unsigned long int
long long

134



6.1. OODOO 6. OO0

long long int

signed long long
signed long long int
unsigned long long

unsigned long long int

ChOOchar OO0 imtOO0DOD0OOCODOOODOOOOOOODODOnDOO

charOQ0OQOO0OO

char OO 0O0ODOO0ODOUODOOOO0OOD0ODLO0O0OD0ODOU0ODOOD0OOchar D000 0DoooDO
gooobobooobooooboooASclicgogbooooooboboooobobooooo
gbobooboboooobobobobDooboobobOoboDooooo ASscnoobooo og 127
gobooboboooboooboo7000b00bo0oboboUbOochdbUdcechar00 00O CHARMIN O
0O CHARMAXOUOO OOODOOOODOOOOOoocoooooOoU imitshOOOO0DOOOO
OO0 CHARMINO OO CHARMAXOUOChODOOOODOODOOoOOOOOchar OO O ODODOO
go1000boobooboobooobgoguubuooooobooobob 1booboobbon
gobogobo127ogb 20000111 oooooog20000000b0ooogooooboon 2
gboboboboooo2000b0bdbO chardb 8O0O0DH)OoDOooooboo10boogog
gobogooiloobog20020000 80000 char 00 OOODOO 0OCOOOIODODODODOODDOI0
o000 -20000000010000200000000 1M1m1mob0ob 20000000000

(—=2)1p = complement(00000010)2 + (1)
—  (11111101)5 + (1)
= (11111110)9

gbobo20 1000b0b0b0oboboboobooooobobo0obbobObD char0D00OO
OoboO0-12800020000 10000000000000000charD0D00O0OOO—12800 +127
gboogoogo

Ub00dchard 0o

chobDoobOOoOOchar D000 000 UCHARMAXDOUOODOODODO mOOOO0OOO0DCODOO
D000 IlimitshDOODOODOOO0OOODO UCHARMAXOOChOOUOODOOOoOooDooooooog
U0char DODO0O0ODOOO0ODOODOODO10000000000D0000D0O00ODO UCHARMAX O
255000200000 nNMmnobooooo

short 0O O OO0

short U0 OOOOO SHRTMINO O SHRTMAXOOOOOCOOODOOOO limitshO O OO
OD000000 SHRTMINODOO SHRTMAXOUO ChODOOOODOOODOOOCKhDOUOUOshort O
gbooboboboi1oooooo200b0 eb0b0)00bO0ODODOOOOOOOODbDOD 200
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O00200000000000000000000000 SHRTMINO SHRTMAXOOOOOO
—32768(2'%) 0 32767215 - 1H O OO

U000 shortD O OO0

D000 shortDOOODOOOOO0DODO USHRTMAXOOOOOCOOODOOOO limitsshO OO
OO0000000 USHRTMAXODOChOOOOOoOOoOOoOoOochoooooOoO short g
000000000 2000000000000000000 USHRT-MAX 0O 65535(216-1)000
oo

int0 00000

mOdOodoooochoooooooooobomodooooooooooooobooboobb
OU00D0O00bD0mt00DOo0O INTMINODO INTMAXOODOD COOODOOOO limits.h O
U000o0ooobOo0 INTMINDODOO INTMAXOOChOOOOOOODOOODOoOOoOooOoooo
O0mtdOoO0oo20000000000000 CUHDOO0DbDOO0ODDOGhO m0ooooonDoOon
0U1g0boob4000 @2000)00b0ooobooobbbo0o4b000020000000
D00000DOOOOINTMIND INTMAXOOOOOOOO —2147483648 (231) O 2147483647
gobooobooogooochoboboooobooooooooogoo

> char c[2][3], =xcptr;

> int i, *iptr;

> c[0]([1] = "a’"; // c[0]1[1] becomes ’'a’

a

> i = c[0] [ 17; // 1 becomes 97, ASCII number for ’a’
97

> c[11[2] = i+1 // c[11[2] becomes ‘b’, ASCII number for ‘b’ 1is 98
b

> 1 += c[1][2]; // i becomes 195 = 97 + 98

195

> iptr = &i; // iptr points to address of i

4005ec50

> xiptr /= 2; // 1 becomes 97 = 195/2

97

>

chOUOOc[i1[y10O00OD00O0ODODOODOODODODODOOOL = c[0] [ 110000
gobooboboboooooboboboochbobobooooboobooboogboTab cd”
gboooboboobooobooobobooooon

136



6.1. OODOO 6. OO0

o000 imt0O0O0O00O0O

U000 imtO000000D00000 UINTMAXODOUOOCOOUOODOO limitshOOOOO
00000 UINTMAXOOChOODOOOOODOOOChOODODODOO imtO0Oon0OoooooO
0000004000000000000000000 UINTMAX O 4294967295 (232-1)000
ood

longOOOOOO

ChOOOlongODOOO longintO O OO0O0OD0OOOODOCOODOODOODOO0OO0ODOO 3200000
O0bD0O0llengD 0000000000000 00M000000000LInx640000000
longd longlongO O OO0OOOWindows64 O ODOOOOOmmtdOOOOOOOO

longlong O OO0 QOO0

ChOOOlonglongODOOOOOOO longlong OO0 OOODOO40000000000O0OOO
o0oooobodbDmdooooo0 mtoboooooooooooogoooogog

long long 1

1 = 10LL

printf ("1 = %11d", 1);
= 10

sizeof (1)

1
printf ("l = $11d", 1);
=11

unsigned long long ul

ul = 10ULL

printf ("ul = %$11u", ul);
ul = 10

>
>
>
1
>
8
> scanf ("%11d", &1);
1
>
1
>
>
>
>

612 0O0OO0OOOO

gobooboobooobbooobboooobooo@Woobboooobboooo)oooboo
goodbooboboooogoboooooboboboboooboobooobobobooobobooooDo
g000boooboobooboboochbooboboodnbO floatDOODO doubled DO OOOO
JooobdbDFerran 0000000000 DODOOD0OOODOODOO0ODOODOODOOO0O0OO0OO0
gooooooooooooboooobobooboooboboboboboboboboboobb
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0o00b0b0b0b0ODbO0ObDUODODIEEE7SM40 0000000000000 D0On float O
OdoubleDO0O0OOOOOOOOO

(_1)5ign2emponent—bia51‘f (6.1

00D 1.f0000000NI00OO00OODOODOODfOOD0OOODOOODOOODOOODOOODOOO
gooogobobobobooooooooo“cooor»oob ‘roopoboobobooboboooonDo
gboooooboob1obbooboobooobboooon

float0 O OOODO

float OO ODOODOODOODOROD0000000OBfleat 0000000 OOOODOOOO
gbooooon

(_1)sign26xponent71271.f (6.2)

0003100000000000000000000001000000230300000000
0000000 12700000000100000000000000BRI0D0000O000000O0
D0000000000000D0D00D00000000 100000000000 Infd—Inf0 NaN
0000000000000000220000000000000000000000000000
00000 10000000000000000000200000000000000.500000
00000 02500.12500000000fleat000000000001600000BIDOO000

00000@2D00000fleatd 00 1.0000 —2.0000000 (~1)21%-127110=1.0000
(-1)12128-1271 0 =200 00000000000000000000000020000000000
000000000000 O0fcat000 3.000(—1)21287127(1.1)5 = 2%(1.1)2 = 2%(1.5)10 = (3.0)10
D00000000000000000000000000000IEEE75400000000000
0000 40.00 —0.00000000000000000O0

float 00 0000000000000 DDDDO00000CO00000D0 fleathDODODOOO
OD0000 FLTMAXOOChOODDOODOODOODOODOO000000000000000 FLTMAXDOO
O00000000000000000000FLTMAXOODOOOOOOOOOOO0000000
0100000000000000000000 000000000 If0000000000O0
00000000000 00000000000000000000IEEE0OOOOODDODOD
O00000000000000-FLTMAXOOOOOODOOOOOOODOOO0O —coO0O00O0O
D000 -Wnf0000000000000

00000 FLTMINOOOOOOODODOODODOOOO0OO0OO0OO0ODOODOOO0000COO0OO0O0O0OO
O0000fleath DO DDOOO0O00DOODD FLTMINOOOODODOOOOODOODOOOOODOO
O0OO0OO0IEEE7540000000000000000000000000

0000000000000000000000000000000000D0000000000
O00000000000000000000000000000000000000000000
D000000000000000000000000000 fleatD00BINOO0O0O0DOChODO
FLTMINIMUM O OOOOOOOOOOOFLTMINMUMOOOOOOOD 10000000000
O0uwp00000000000000000O0O0000000OOOOOFLT_MINIMUM (IEEE O
OD0000)000 FLTMIN(EEEO 00000)0D0DOO0O0000 000000000
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Oe61:000000016000

value

float

double

0.0
-0.0

00000000
80000000

0000000000000000
8000000000000000

1.0
-1.0

3F800000
BF800000

3FF0000000000000
BFF0000000000000

2.0
-2.0

40000000
C0000000

4000000000000000
Cc000000000000000

3.0
-3.0

40400000
c0400000

4080000000000000
c080000000000000

Inf
—Inf

7E800000
FF800000

7EFF0000000000000
FFF0000000000000

NaN

TFFFFFFF

TFFFFFFFFFFEFFFFF

FLT_MAX
DBL_MAX

TEITFFFFEF

TFEFFFFFFFFFFFEF

FLT_MIN
DBL_MIN

O07FFFFF

OOOFFFFFFFFFFFFF

6. OO0

FLT_MINIMUM | 00000001
DBL_MINIMUM

0000000000000001

goboochoobooboobobooboobo00bO0UdFLTMINOD O OO FLTMINIMUM
gooboobooboboboboobooobooobooobooobbobOobObObODbDODbDODODO
gbooboochbobogooooooboboboboobbbbbObOUObObOO ChOobUObUobUODO
0 —-0.00—-0.0-0000000 —00O0OD0ODODO

000000o0.0/0.00000000000000000 o/oc0000O00OODOOODOOOODOO
O0b0oooooob0oobbo0obo0o0bONaNOODOUODOUODODUOOOIEEE7S40 00000
U00000NaNODOODOODONaANOOODOODOOoODOOoDbooooboobooboo NaN
U0ob0oobooooobobogobooboobooocho0bbOob0O NaNODOODODODO NaNO
OU0O0OU0O0ODUOCOUOOOO0OUOIEEE74 0000 NaNOOOOOODOoooO

choooooooooooooooonD -NaNODOODOODODOODOODOOODOODOO0D0OO0DOO float
gboboboboboboooooooboboboboboooooobobobOoocechng
—NaNO NaNOOOOOOOOO0O0O0O00000000000000000000000000610
O0Oflocat D00 0ODOODOODO 1600000000000

double D OO ODOO

choooooooboobuoooobobuobooobUobUddouwbled OO OODOODOOdouble
O0000oU0oobbobobeMbU00000000O0dowblel DD ODDOODODODODODUODO
googdg
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(_1)sign26:r:ponent—1023l.f (6.3)

gboe3bibobOobOobbobOooboobobOobOob1b0o0obOobs2be20 11000
goooooilooooooooonoooooooooogooooooo1gooogonoo
gbogoooboobooon

goooosioboobooboobooboobdtfieat 000D O0OO0OODOODO10D00DO
0000000006I0D0O00000double0000 1600000000000double0 0000
O0o00oobodb0fleat 000D ODLODODODODODOD

obooobboooobOoobOoboOoDbOdn fleatD double DD OO OOOOO0OOODOOOOOO
douwble DO OO0 floatI OO O0OO0OOODOODOODOO3I0DbODODODOOOOOODODO
googooon

oooOooboob0oboO0O0OfloatInfd doubleInfO 0000000000000 0000O0O0O0OOO
OU00 -InfO00 NaNOODOOODOUOOOfloaa D OO OOODO OO DBL.MAXODBL_MINO O O
0 DBLMINIMUMO ChOOO0OOO0OO0O0OO0O0D0OO0ODOdowbleO00O0O0OO0O0ODOOOOODOO
0000000000000 00000000000O0000000000-00000000
O00O0O0OflecatD 00O doubleD OO OOO0OOUOODOOOOODOOOOODOODOODOOOODOO

613 CDOOOOOOOOO

goooboobobooboboobobbooboobOobDbooboobobbooobUoUobo
O000OcomplexO OO double complex DO O 2000000000000000O000O00O0
OO0 ChddddodooooOoUd complex(x, ) 00000000 0O00O0O0O0ODODxO0000OyODODO
gobobooboobooo

> complex zl; // a double complex variable
> double complex z; // a double complex variable
> float complex z2; // a float complex variable
> z1 = complex(l, 2); // zl becomes 1 + 12

complex (1.00,2.00)
>

gbboboobobooboobobobboboobobobooboobobooboobboboboo
gbooboboobooboobooboooobobobooboobooobobobobooboobon
oooooooooooooon

> complex xzptrl;

> complex z2[2], z3[2]1[3]; // declared as pointer to complex variable
> complex *xzptr[2][4]; // array of pointer to complex

> zptrl = &z1; // zptrl point to the address of zl
4005e748

> *zptrl = complex (2, 3); // z1 becomes 2 + i3

complex (2.00,3.00)
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> z1
complex (2.00,3.00)
>

000000000000000000000000000000000@POO000O0DOo0oOO

614 DOODOOODOOO

googobooboooobobooobobooobobooboboobobooobooboooboDbo
gbooboboooochbobobobobooooobobobobobooooobobobOooDo
goooooobboobobobobo~ oo obob0obOobobobobDoD o
gbobobobooboooboob’e’ 000 obob>obobooboboooboobOonDo
gboogoogo

int i, #*pl, *xp2;
rl = &i;
pz2 = &pl;

0o00ob0ob00p1000p200020000000000000p1 000 i000000O0
O00p20 p1l 0000000000000 O0OOOOOOOOOOOOPOOOOOOOOOOO
oooooooobooogoooboocechoooooobboboooooobobobooooooboboOoOoo
0000000000000 00000000o0odMoooooooo3N00o0oooooo

6.1.5 00O

gobooooooobooboboboboooolobobooooooooobobobobooo
gboobooobobboooboobobboboobobobobboboobooboobon
gooooon

chOOODODODODO0OO0O0OO0O00OO00000000DUO0n Ch Professional Edition O O O Student
Editon 000000000000 array000000000 arrayhOO0O0O000O0000O00O0
gboobooboooboboooon

#include <array.h>

int al[311[4]1; // array of integer
int *a2([3]11[4]; // array of pointer
array int a3[3]1[4]; // computational array

Ub0bDa100000D00D00000D0DDa20000000D0000O0O0O0ODDA30O0O0
U000000bobobooobobarrayd 000 300000000000 DODOOOOODODOOO
gboobobooboboobooboboooboobobooboboobooboobobon
gboboboboooobobooboboboooobobooooboboboooboboboo
gbooobooboobboobuoobbobobooboobbooo
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void funct (int al:][:], (*b)[:], cl[], d[&], n, m){
/+ a: assumed-shape array =/

/+ b: pointer to array of assumed-shape =/

/+ c: incomplete array completed by function call =/
/+ d: array of reference x/

/* n, m: integers */

int e[4][5]; // fixed-length array
int f£[n] [m]; // deferred-shape array
int (xg)[:]; // pointer to array of assumed-shape

extern int h[]; // incomplete array completed by external linkage

int i[]
f11]1[2]

}
int A[3]1[4], B[5][6], C[3], DI[4];

)

)

{1,2}; // incomplete array completed by initialization
al2][31;

funct (A, B, C, D, 10, 20
funct (B, A, C, D, 85, 85

b s0000bobooboboobobuooboboobooboboooboboobobod
gb0obdvpb0dbO0obOO0O0OO0bOO0ObObObOO0ODOODbDObOObOO0cbO0bObOODOODbDObOOODO
gbooobobooboobbooodubboobbooboobbooboobboobooanon

Oo0ob for 0000000000 DO0ODOUODUO 2000000000000 DOODOU realloc()
gboboobobooboaobobooboon

int i;
for (i = 0; 1i<10; i++) {
il;

int af

gobodbooobuooboobobooboobobobobooobooobooon

int a[l1:10], b[-5:5], c[0:10][1:10], d[10]([1:10];

int e[n:m], f(nl:ml][1:m2];

extern int afll:], b[-5:]1, c[0:]1[1:101;

int funct(int afl:], int b[1:10], int c[1:][3], int d[1:10][0:201]);
al[l0] = a[l]l+2; /* OK %/

al0] = 90; /* Error: index out of range =/

ooobob 0b0gbo imobpogog-sosdbbcoboboboobbooomiobonb?2
googobobooboilicoboobdbbooboobooboouobobn200000b00ODbO 1010
oo

gobodboobobooboobboooboobooobooboono

gobooboodg
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float al[3]1[4];

double b[5]1[6];

void func (double al[&][&]);
func(a);

func (b) ;

gbooobboo func 00 a0000000DOO0ODOODOOODOODOODOODOODOOO
gbooooboobooaobobooogan

goooobooboboooooobobbooooobbooooooboobbooooobobobobooo
oood

int af(4][5], b[7]1[8];
struct tag_t {

int n;

int (*¥A)[:]1;
}os;
s.A = a; /x s.A[1]1[j] == alill3j] =*/
s.A = Db; /* s.A[1]1[]] == b[1i]1[]] =/

gboobbo0 sboob aAl0gbonoooboooobobo0obobooboboobo
goooooooooooooboobogoboobogon

0000000000000 000000M4oo00o0o0000o0o000ooo0ooooe210
o0 0o000o00oooo

616 OO0

chooboobob c++oogoooooooooobooboobobobobobooobooooooon
goobooboobooo

struct tag_t {
data_typel fieldl;
data_type2 field2;

} namel;

tag_t name2, xname3;

struct tag_t name4;

name3 = &name?2;

O00Dtagt000000DO0OO0DOOCfieldl 000 field2OOO 2000000000
00000 tagt 0300000000 (namellname20name4)0 000 3000000000
O00000Onamel OO0 OD0O0OO000OO0O0DO000O0Oname200000000000Onname4 O
0000000000000 000D0000DO0000D0O0 name3 00000000000 OO0O
O0Oname2 0000 0O0O0OOOOODOO
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cobooobogoz200ogooooobooooliooboooboobooolboooobooooDoobDbo
goc++ooobool1ogobooboboobbooolioboooboobboobbooon
goboboboogboboochobooboc+ooobooooboobooooochobonoon
gbobobooboboogoboooooooochboboboobooboobooobobobOoDbo
goooobobooboooboobooboboboobooboboboobooboobboobon
gooo

struct tagl_t{
struct tag2_t {

bi

}i

tagl_t s; /* OK %/

int tagl_t; /+ OK, tag name is used =*/
struct tagl_t s2; /* OK =/

tagl_t s3; /* Not wvalid in Ch and C++ =/

C++00000ChI0OD0O0ODO00O0O0O0O0D0O00N0000oOU00oo0oouoooon I80
ooooooooog

6.1.7 0OOODO

chodo c+ooboooooooboboooooooboocH+uoooochonoobooo
gbobdoooboboobboobobooobboboboobuobobooO private 0D OO0
000000 publicO OO

goobooboooobooooogo

class Student {
int id;
char xname;
public:

vold setName (char =*n);

void Student::setName (char =xn) {

000 Student 00 300000000000200 privateOOOOOO id0 named OO
OpublicO0O0OO0O00O0 setName () UO00dODOO0O IDOOOOOOOnamed 0o
0000000000000 setName () OO0 O0OO0OO0OO0OOOODOOOOOOODOODOOOOOO
00000b0o0booboooobooboooooooDo

144



6.1. OODOO 6. OO0

int main () {
class Student sl;
sl.setName ("Bob") ;

Ub000s10000 student 0000000000 ODOOOOODOOOOODODODODOOO
000000oOo@booooooooon

618 OO0 DOOO

cobooochoobooooooooooobooboobooobooobooDbooDbbOOoDO
gbooooooooooooon

struct tag{
data_typel a:4;
data_type2 b:4;

} namel {1,1};

struct tag name2 = {1,1};

name2.a = 2;

00 a0p0dbogo20000000000080DO0OO@M@OUOOO400000)0DOODOOO
000000000000000000@O 00000000 oon

619 0000

gboobodobuoboooboobooboboobobooboobooobooboobooobo
gil1oboobobboboboobooobooboooboobooboooboooobooboobon
obooooooooooooooboooooooooobooobooobooooboobooboobooobgn

union tag{
data_typel fieldsl;
data_type2 fields2;
} namel;
tag name2, xname3;
union tag name4;

name3 = &name?2;

000 fields1OOO fields2O0OOO0OOO0OOO0OOO0OODOOOOODO 10000000000
gooooc+H+uoobooooboboooooboobobobooooobooboobobobooonoo

00000080 oo0o000oooooon
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6.1.10 0O0OO

goboodobooobobooboooboboobooooboboobooooboooboooobooon

enum tag_t{bad, good=1l, ugly} x;
enum tag_t vy;
x = good;

Yy = Xj

Uobobo0bbO0 tagt00OO0O0DOOO0DOO0ODODOO0ODODx0O vyOODO tag-t
U00000D0baddgood0 000 uglyd 0O 30000000000000O00000O0O0O0O0OO
Ooo0oo0oooO0oo@ooooooooooo

6.1.11 Void O

voidOOOOO00DOOO0O00oDOoO0oooooobbooooobooooobooooobooboooooDo
gboogo

oobodb0vedOdDOOO0OO0OO0OOO0OO0ODLODOODOOOD voldODODODOODOOOODOOODOvoid
gobOobooogbobooobooboogbovadb000ooobOO0ooobOoboboooDoO
goooobooobobooooobooobooboobooboveiddoOODOoOOoOoOODOODOOO
goboooobooboboboobooboboobobooboboobobooboobon
gooooooooooooon

goboboooboobobodvddbOdooobooboooobooboboboooboboobLon
gboobooboobbooboobibO functl () UODOOODODOOOOO

void functl (int 1) {int 1i; ...; }; /* no return value =/

gbobooooboooooboobvvedbO0OO0OO0ODODOOOODODOODOODOODOO
Uboooboboobodnbibo funct2() UO0O0O0OOO0DOOOOO

int funct2(void) {int 1i; ...; return i;} /* no argument =/

6.1.12 00O

C+0o0obobodchbob ‘’0b00bboobooboobooooboobobooobobn
goboboooboooboboobooooon

int i

int &9 = i
i=5

vV o1 vV 0V V V
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gbooooobo sbhio0obobooobobooboobooboboooboobooboboooono
goboooboboobooboobobooobuooboboobobob iboobobobOob0o jJobOon
U0000ChODOOcharO shortO intO floatO double 1 D 00D O0O0OOOOO00OOO0O0ODOOOO0OO
O00lengDOOOO0OOO0OOO0OODOODOODOODOODOODOODOODODOODODODOODOODODODD

choooooobooooboobobooboobobboeyobooboobooboobon
gboobbobooobbobobooboobbodbd swap g

void swap (int &n, int &m); /x the same as in C++ x/

O0n0nm0O0nt000000000000D00O000O00DOOO0O0O0OD0000 swap() OO n
Ub0O0mO0O00D0OO0O0DOOODOODOOOODOOOOOO0OO0O000OO00bDbO000bO00n
0o o0o00o00o0ooo

6.1.13 DOOO

00000000 string_t000 ChOOOOODODOODOODOOODODODOOODOODOO char
gbogoboboobodobooboobooboboobooboobobooobobooban
Ub00ob00oboobOobobb00Ochar D0 00000000 charDO0O0OO00O0ODODOOODOODO
goboobbooboobobooobooboboobooboboochoobobooDobobooogoo

string_t sl, s2, s, al3];

sl = "Hello, ";

s2 = "world!";

s = s82;

int i = strlen(sl);

strcat (sl,s2); /* sl becomes "Hello, world!" =/
strcpy(a[0],s1); /* al[0] becomes "Hello, world!" =/

gbobobobobobob ¢éhobobobobobobobobobobob

string_t stringcat (string t &sl, s2)
{

string_t s;

s = strcat(sl, s2);
/* s = stradd(sl, s2); */
sl = s;

return sl;

}
string_t sl = "stringl", s2 = "string2";
stringcat (sl, s2);

printf ("$s\n", sl); // print out stringl and string2

OO0 stringcat () U000 s10000000 s20000000000 cOOOOO streat() U
goooon

gobodboobbooboobboobooobooobooboooobgao
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string_t stringcat2(string_t =sl, s2) {
*sl = strcat(*sl, s2);
return =*sl;
}
string_t sl = "stringl", s2 = "string2";
stringcat2 (&sl, s2);
printf ("$s\n", sl); // print out stringl and string2

00 stringcat2 () 000000 stringcat () dOOOOO
0000000000000 0000000000000O0O0scanfQO00000O0O0O0OO0OOOO
Ooo0oooood

> string_t str;

> gscanf ("%s", &str);
abcd 1234

> str

abcd 1234

O00b0bD==0'=0<0 000 >0000000D000000DOCOO0stringt000000O0OO
OO0000 string t00 00000 “something”UcharJ 0000 O0unsignedchar 00000000
002000000000000000020000000000000000 ==0000 1000
'=0000o00b0O0O00OobbOObO00DbD ==000O0OoOODO '=0000O100O0OODO

>0 <000000stremp) U000 10 -100000000000DO>0 <0D00ODODOOO
goboobooboobobouoboo20b0bob0oooboobuobboboognn s1»>s200000
gooboooboboOooboooobobooobboooboOoobDoOoobDoOs1OoboOo 20000
gbooo01googooooooooounuonoung siks20OO0DOOOoDOobDOobDoDO
ooobbooobooboooobbooobboooosiobogs20p00o0oo0oob10b000o
ooooooboobCoOoDooD

000000000000000000000000000B2000000

ge2:000I00D0ODOUODODUODODLDUODO

OO0 | ChOO
OO0 |sl+s2
OO | sl —s2
OO0 |slxs2
0o sl/sZ
goooooooooooooooog

int 1 = 2;

float x = 10, vy;

string_t a="sin(x)", b="x", s;
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s = ixa/b+1;

S = s+s

printf("s = %$s\n", s); /% output is 2% (2*sin(x)/x+1) =/

y = streval(s); /*x y = 1.782 = 2% (2%sin(10)/10+1) =/

printf ("y = %f\n", y); /% output is y = 1.782 x/

c¢hogoobobooboboooooboooooboboboboboboooboobboobobon
00000000 Ooo0oooooooo

6.1.14 00O

chogooob cooboobooobogoocboobooobooobooooboob chobo
gbooooooooooooon

return_type function_name (argument declaration)
{
Statements

function_definitions

oon

return_type function_name (argument declaration)
{
function_definitions

statements

}

goboboooobobobobobooo choobooooobobobobbooboobobobo
gbobobobobobgoboochboboboboboboobobooooobobobond

agon

int funcl () {
int func2 () {
int func3() { ...}
}
/x oo x/
func2 () ;

}

gbooboobobooboobobooboobobooobobooboboboboobd
00000000RID0O00O00000000000O000000D00000O00O000O0
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void functl ()
{
_ declspec(local) float funct2(); // local function prototype
funct2 () ;
float funct2 () // definition of the local function,
{

return 9;

00000 6.1: 00O __declspec(local) O funct2 () DO OOODOOOOOO0O

O00000EI0D0O000 funct2 () J0D0O00D00O000D0000OO00O0O0OOO0OOOODOOOOO
gbbooubbouiobbuodbbid_declspec(local) DOOUOOOOOOOODOOOO
cobooooooooogoooogo

gboobgooooboobobooboboboboboboobobboobooboboobo
ggobodgbobogo

int func(int i, int /* not_used %/, int /x no_used x/) {
return ix*ij;

}
func (10, 20, 30);

62 OO0

ChO0OUOD0OO0BR3A 000000000 arrayd0000000restrict00000000
gooood

0630000

ooo oo

array goood

const oboboobuooooboobobooboo)

inline @gooooo)

operator (U UO0O0O0O0O0OO0OO0OOOOUOOOOOOOOOOODOOOOOOO)
restrict 000000000000 0O0OOD0OOOOOOOOOOOOO

virtual @oboboobooocH+oboooooobooboooooono)
volatile (ODOOOOO)
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6.2.1 0O0OOO

0000 array0 000000000 OOOOOOOO0OOCH Professional Edition O O O Student
Edition OO ODOO0DDOODO0DDO0ODOOO0O00O0O0D0 arayh 00000000 O0OOOOO
0o0bOO0odoOoOoo0bOOo0oOoobobOoooOo0o0obDbOOoobO0o0oooDoOoOooobOooa

array float afl1l0][10], b[10][10];
a t= btinverse (a)*xtranspose(a);

O00ae=a+b+ae '+ 000000000000 0O0O0O0O0O0OOOOOOOOOOOOO
0CO000000000D0000N0N000N0N0N00Noo0N0o00000oNo0ooooonoooooon
o000 o0ooooooooo

622 0O0O0O0ODOO

chobooboboooboboooobobo0boDbOb restrict0000000DOODOO
gboooooooobooboobooboboboboboboob chboooboooooboobooDo
UboobonooobobobOoboDb0obboO0bO000d restricted_function() UOOOO
o0 chbobobobooboooooooooooo

restrict int restricted_function(int 1);

cOoooooooopbpboofopenUO0ODOOOODOChOOOODOOOODOOOODOO
O00doobo0o0b0o0boUubb restrict00000b00ooooobO0oOooonDO chOoO
000000000 o0oooooa

63 0O0U

gbboobobooboboobobuoobuoboboboobooboboobooboooong
gboobooobobobOobobooooooocechboobooboboobobobUobobUooDo
gbobobobooooboochbobob4b00b0b00bLOOObOOObOODbDODODO
gooo

631 0UD0O0OO

gbooobooooboobobrxrggbo1oboobobooboboobuoooboboobo
U0 chardbogooboodoboooboooboboaobbooboan

char ¢ = "x’

>
> C
X
>
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gboboboooooooooobooboboboboooobooooboobobOooboon chd
oo rogbgobgooboboobooboobboobooobobbobooboobobo
gbgboboubuoobooboboobogbuoobobooboobuoboboboouooban
000000000000000000000000000000000@@oO0oo0ouooog

gbooobobooboobooaoo

chooooooboooboboooboobboobboobboobboobobobbooobooo
gboobogooo1gb0o00bobid0 char DODOO0OOODOODOOOODOOOODODODO
goboobobobooboobochboboooboobobooooobobobooooboboboobooo>rg
U000”00Db0b00000nb stddeth DD O0DO0OD0O0O0 OO0 wehartOD OO OOOOOODOO
gboooooooboobobobob0obobbobobo0obb000Owehart[) DO0O0OODOO
OO00Owchart*0 000000 0OO0O0OOOOODOOOODOOOOOOOOOOD chOoooQd
weODOOOOOO

wchar_t wec = L’'a’;

UbaablObO00OO0000D0 L0000 a00O00bOOobOoobobobooboubooobooba
gobboooboobobo“cobboobooOor»obochobobobbooobobooboooooooobooo
gogoobobooobobooooboooooboooobbooooooboooobobooobobooooboobooOoo
O000000D0O0OO0O00000ODO0CODO stddethDDOOOOOOO0ODO MB_.CUR.MAX
gboobooobooobooboboboboobooboobobooobooobooobooooobon
gboooooooooooobooooboobobooooobooboonn

gbboobooobooboobobooboobobooboboboboobooobobooono
gboboobobooboobobooboobobooboobobobobooboobon
gobobooogboboooooboboooobobobooboobooooboooboooo
gbooboboboobobobobooboobobooboboobobboboobobon
gboogoobooboobboobuoobboobooobooon

goochoocooobooboboooboobbooboooboobboooboobooooo
OO000O0D00DO000O00D0O00 stdlibhOOOOOOOOOO mbtoweQUOOODODOODOOO
O0000oooooobodb wetombUDOODOODOOODOODODO

ogoooooo

googbooogboooboobooboobooobooooboooobooooboooboDbo
gboochobgoogoooooooobobobobooboooboooooboobobobooDo
gbobooobooobboobboob svyooooboooobooobobboooboooo
064 000000000000000000000300800000000000 160000
ugboooboobooooboooooo
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Ued4:0D0IDODODODO

gobobobob oo

\a @gobob)boboboobooboooooooooobooooooboboooo
gboboobooobooooo

\b gooboboob)booboobooboboobooobooboooboobo
gboboboboboobooobooboobobooboboo

\f gooo)ooboobbooboobooobooboooobooboon
gooo

\n goO)yoboobobobooboboboboboboboo

\r goO)oobobobobobobobobooboobooobooo

\t gooboo)ooboboobooboobbooboobobooboooboobo

gboboboboboobooooboooooooooooooooobooog
gboboooooboooobooon

\V gooboo)ooboboobooboobbooboobobooboooboobo
gboboboboboobooooboooooooooooooooobooog
gboboooooboooobooon

\\ @gobobobob)obobobobooNboboboboboboobob
gboboodgbbogo

\’ @goooo)ybobobrobobobobobobboboboboobooo
gooo

\" @gobooo)yboboorobobOobOobOobOobOobOobOoboob
gooo

\? goo)boorz00bbooboobbobbuooboobbOoobo

gbooooooboboobNabooboobobooooboboooobobuobooboon
OoOoDoOoOooD fpute) OO0 fputwe) OO O0DOOOO0ODOOODOOOODOOOODOOODOOO
Oo0ooooooooDon agsprintQ 00000 swprint) U OO0 O000O0OO0)ODO0OOOOO
googoooboobooboobuoobobooboboboobooboobooboobobon
gboobboobuoobuoobboobuodo

obo\nOoooooobobobooboboooobooboboboooooNfoboboaooooo
gobodbboobboobboobboobboobboobobboo\nbooobOoOoO
goboobooboooboooobbooobbooboobooboooboooooooboobobOoOdNed
gboobooobooobooboboobooboobooobobooooNtobooNooooobooobon
googooboobooobooboobbooboobbooboon

gooN\\ooooboooboooboooooboooboooooboobooboobbbooobobo
gboooboopoboboboboobooboobooboboobooobobbooboobobon
\boobobooboobobooboobboobooobooooboobooNgobooo
063200 000000000000000000000000D0O0D0O0O00ON?200000
00000000 00000000000000000000000000000000000

153



6.3. OO 6. OO0

gbooboobooobobooboooboooobooboooboobooo

> printf ("abcdefd");

abcdefd

> printf ("abcd\befd"); // backspace
abcefd

> printf ("abcd\tefd"); // horizontal tab
abcd efd

> printf ("abcd\"efd"); // double quote
abcd"efd

> printf ("%c", "\’'7’); // single quote
> printf("22!") // trigraph

|

> printf ("?\2!") // question mark

272!

>

gbooobooboobobog2b0b0gbooooobooooog8oooooboboobooobD 16
gbobgooboooboobbguoooooboboboboooboboboboNgbooboDo
030080000000 000000O0OD0ASCIDO0O0OODO0O0O0ODOOO0 ar 07\1417 00
goboooboobooboobooboootd DO\ DODOOOOO6000ODO0O0OOO
ooboboOd"\xr ogooobooooooobo oo booboooooboooograr g
le00O0O0O0O0OO00O0O0\xel” 000000 OOOO

obobobobooboobooboboobobb char 000D obooooooboOon
gogibuooooooboobobguboboobooooooooooobobobuoboobo 300
goUuobobboobooboboboboboobooboobg™\1111"OrN111rgoor17 oo
2000000000000 \1s82"0\1"0O'g'go0o0dr2roogo3goooooooogile
gobooooooooooboobooboobOobD ebbOObObOObbOUObbOOObOOODOO
gbo0le000000DLO0ODOO0O0O0O00OO0O0DLO0ODOOOODO0OO0O00OnO \xe1" OO
Orar0200000000160000000000\x6la" 0002000020000 10
goooooooooon

632 U0DOOOOOO

ooooboooobtdomwxyz"dooobooooboooobooooooboobooboo
goboooboooobooboboooobobooooobooooboboooobobooooo
gboooboboobooboobobooboobobobobooboobboboobobon
00’00’0000000000000N\N 000000000000 000000O”000000
00000 \»OooOooooooooood

goobobooboooooboobobooooboobobooooobboooobboboooobobobon
goobooboboobooboobobooboooooboooboobobooboobon
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gboboooboooboooboobobooboboboobooooboboobooboboobon
goobooboobbooboobbooboobooobooon
goboobgoooobooboboobobobobooboobobobobooboobOoon
gobobooboobobooooboboboobooobooboobonooooobobobooboon
gobooobobooboobobooboobobbooboobobooboobobbooobOon
gboboboboboboobobechar 00D 0O0DODODOODOOOOOOODOODOODODO
gboooboooobooo
gbobooooobooboboboboboooooboo1oooobobobobobobooo

"A" "3 "

A’ 000/3r0ogboo20b0000o0oo0obooooooobooobooobooooooboogon
00000000 ooooooooog

gooooo

gobooboobobb"yz"UODOOODOODOODOODOOD LOOODDOoOODbO
ooobDobOOobOobOobOobOon

oboooooooboobooboobtb weharntU D OO0 OoOoOoOooOOoOOOoOoODODO
goboboboboboboobooobogobooboooboboooobooboobobooobooobooooDo
gbogboobobooooboooboobooboooboobuoobooboobobbob
oboobOdnulODO NOCOOOOODLOODODODODODOODOOOOODODODDODODODO
gooUoOo1gobonlO0DOOO00ODO0OOOODOOODLOOOO 200000000000
U000000bO0b0obO0obOoboobOOmbstowes) OO0 ODOO0OOOOODODOODODO
000000 westombs) DD O00 0000000000000 0D0O000O0O0O0O0OMOOOO
ooooooo

633 U0OODO

12345000 100 0000000000000 00OO0O 100000000 200080000
Oleboooboooooobooobooobbooboouo)ybogogooooobbooooooDoxO
gbooxXxOoleO0OOOOOOOO OOO chbocO ooobooopooooBOOO 2000
goboobooopoobboboooiliobgnbo3ob80Uno3eien oXled OO OxIED O O
O20000bl1110000 oBl1111I000D0O0OODOODO290 op21100000O000OOOO0OO Ch
gbooooogo

choooobooooooobobooobbooooboobomtg o bobooobOoooo
U0 chDOOdDOO0O -0000O0D0OO0OO0OO0OODDOOD [-FLT.MAX, FLT MAX]0O OO O [-INTMIN,
INTMAX]OOOOOO-InfOOD0 INTMINOOOOODOOOODOOOODODO INTMIN
O00IfO00 INTMAXOOOOODOODODOOOOOODODO INTMAXODOODODO
UONaN(OO)DOOoooooboobooooobooboooboooobooooooooobooooo
OO0 NaN(OOH)DOOOooOoooooooo INTMAXODODOOO
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nogogioooglebiboboooobooboooooo2000000obo0200000000
gboogbooboog2b000buooboobobob ocpbO0d oD OO0DbDOODspODOO
gbooobooabd

/* Bit-map using binary constants =*/

#include<stdio.h>

int H[] = {
0b00000000000000000000000000000000,
0b00000000000000000000000000000000,
0b00011111100000000000011111100000,
0b00000110000000000000000110000000,
0b00000110000000000000000110000000,
0b00000110000000000000000110000000,
0b00000110000000000000000110000000,
0b00000110000000000000000110000000,
0b00000110000000000000000110000000,
0b00000110000000000000000110000000,
0b000001111111121111111111110000000,
0b00000111111111111111111110000000,
0b00000110000000000000000110000000,
0b00000110000000000000000110000000,
0b00000110000000000000000110000000,
0b00000110000000000000000110000000,
0b00000110000000000000000110000000,
0b00000110000000000000000110000000,
0b00000110000000000000000110000000,
0b00011111100000000000011111100000,
0b00000000000000000000000000000000,
0b00000000000000000000000000000000

}

int main () {

int 1, size;
int I=0b00000110000000000000000110000000;

size = sizeof (H)/sizeof (int);

for (i=0; i<size; 1i++) {

printf ("H[%2d] = 0X%8x\n", 1, H[il);
}
/* H becomes II */

H[10] = I;
H[11] = I;
for (i=0; i<22; i++) {
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printf ("$32b\n", H[il]);
}

return O;

634 UDO0OOOODO
gooon

K&RCOOOODOOOOOOfloatOOODOO doubleD OO OO0DOODODOOOODDOOOOODO
U00bO0o0o0o0o0obo0obOo200000000 flecatD 0000 doubleJ0DOD0OODOODODOO
gbooobobooboobooobooboobboobooboobobooboobooonoon

ciiboobooboobboobooboOos3sbh3e7000000000D00000O0 double
Ob0o000oooooboooobooboobooboboobodbDdouble 000000 COOODOODOCK
Ooooobobooooo24d2e+30-2.E-30+21e30000000000000000000
dowble U0 DO OOOOOODOCOO floatd 0000000000 OOOODOOODOOOOOOO
OO0 FOODOfOfloat 000000 ODOOOdADO doubleDODOODOMO

OO000000 34e3FO03E—-3f0000 3e+3F0 float0D 00000 34e3DO3E—-3d000O0O
3e+3D0 double D00 0DO0OO0O0OOO0DODO £Inf000 NaNOOdoubleDOODODOOOODODOO
gobodfleat000DOOODODOOODOOOOD ChOOODODOOODOOODOOOOOOODOOOO
O000b0obo0odboob0obbo0bouoboboobobDOODdDSUN SPARCStations U FLT_-MAX
U000 DBLMAXUODOUOODOOODO 34e380 183080 00O 0UOO0OMO ChODOODOOOOODOO
oo

printf ("pow (10.0F, 39) < Inf is %d \n", pow(10.0F, 39) < Inf);
printf ("pow(10.0, 39) < Inf is %d \n", pow(10.0, 39) < Inf);

oo0ooooooooooo
pow(10.0F, 39) < Infis 0
pow(10.0, 39) < Infis 1

000000000000000000000pow(10.0F,39000000000 100000
FLTMAXODUOOOOOD InfOO0000D00000000Odouble 00000 pow(10.0, 39) O
0000000010 000000 —DBL.MAX < pow(10.0,39) <DBLMAXOOOOOO0OO0O
Oooog20000000000000000D0 InfO DBLMAXOOUOOO doubled DO OO0
ooooogo

leDODOUODODODO
chogcyvooog leogbooboooooooboobooooboooboboooboboobon

> 0X2P3
16.0000
> 0x1.1p0
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1.0625
> 0x1.1plF
2.12

goooog

0000boobooboobobogbUb cecomplex(x, yYOUOODODOODOODOOxOOOOOODO
O0yOO0OODOO0O0O0O00O complexQUOOUODOODO floatD 0000000 0ODO0ODOOODOOODOO
Ofloat 000000010000 200000 double 0000000000 ODOONO double DO
gboooooboooboboooon

complex z = complex(l, 3); // complex(1l, 3) 1s float complex
double complex z = complex (1.0, 3);// complex (1.0, 3) is
// double a complex

doocChOoOoooooooooooooDoooooDoooooooooood ComplexInf
00 ComplexNaNOOOOOOOO

gboogoooo

obobooooobUobNLLOOO0OODOODOODOO0ODOOO0OChODOOOONULLO 20000
gboooboopooboobooboboobobbobooboobooboooboboboobooonooonn
obooooooooooogooooboooobooboobobobgn

> int i, »*p
> p = &1
4005e758

> p = NULL
00000000

>

gboooooboooboobigoboboboboodp0bobO00oDLO0bO0OO0O0O0ODOD0 NULL
oooooooo

64 OO0

gboboobooooboobooboboobooboboboobooobuooboboooboooobonoo
gboobobobooooobobooobooobbocobobobDoboUoobUobUubocechbonDO
goo0ooooo3gboobogooboo chobooogoooognDg

gbooooboobobooboobobooboooboobooboobobooboooobo
gboogoooooboobooon

e J0UODUODOUDODODUODODODmIDODODLOODOOOLOODLOO
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6.4. OO0 6. OO0

e 000000 DODOUODODODOD@WLOLOLOLO)LOODDODODLODOO

e JO00UDOODOOLOOOLODODOUDODLOLDOOUDODODODLOOLDODOD @W@DOD)ODOD
oood

e JDUOODDOOODDDOUOODDOOODDDOOOODDOOOODLDOOOD @WDODO
0Hoooobooo

gobobooooooooboobobooooogooooboobobobochgcogoobocbooon
gooboochooboobobobooooboboobobbobobobooboboobobobUono
gboboooboobobobobobgoboboboooooooooobobobobobOo @O
hoooooooooooboooboboobooobooboooboobboobooooooon
googoobooboobbooboobbooooboobooa

> int 1 = 3.0/2
> 1

1
>

Ubi00 3.0/200000000000000000 fleatD0 int0O0O0O0ODODOO

gboboooooboboooobooboboboooobobobobobooobooboboo
gooooooooooooooobog@obooooooooooooooboobogoboobgno
OU0nllOD0O0O)ODODODODODOOODODOODOOODOOOwehart O DO OO0 OOoDOoODO
gobobobooboobobooboboooobobooooboboobobooooboooooo
goooboosoboobobDOobD str1000D000D0O0"this is a string"O0OO0O0O0O0O

> char strl[80] = "this is a string"
> stril

this is a string

>

gboogooboooooboboooobobobooooboobooboboboooooboooboobo
gboooodgboobobboobooobobooobooboobobobbobooboobon
gbooopoobooobooon

> char str2[] = "this is a string"”
> str2

this is a string

>

char OO ODOO0OOO0OD0OODO “this is a string’dJ 000 null 000 100000000
gooo

gbodgbooooboobuobobuoobuoboobobooboboobobboobooobo
gbobobouoobobooboboobobooboooboboDb stgbobooobooobooboooon
goooooooobob{r ,2yb00b00bo0b0obbbbod s1.ab1000000s1.b0
200000000
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6.4. OO0 6. OO0

> struct {int a, b;} sl = {1, 2};
> sl

.a =1

b =2

>

gbogobooobooboboboobuooboobooobuoooboboboobobooobOoobo
gboobobooobuoobobuogoobuogoboboobobboboobuooboboobaan
gboooboobooobbobodobooobobooboobobooobobooboboooboooon
googoogo

gbobodgbooobooboobobogbobbobooboboobooooboooboobg
gboobooboobooboobooboboobooboboooboobobooboobon
goboooboobooboboobobooboobobooobobobobooboboobobooo
gbogboobobooboobooboboobuoobobobobboouoboobuoobobon
gbooboooboobbooobgoobobooboboobooooboboobooboboobon
gobooobobooboobooboboboobobboboobooboobobboobooboon
gboobobooboboboobooboboboboobooboobobobooboooobooboon
goooobooon

int y[3]

4

(311
{1, 3
{2, 4
{ 3, 5

~
(&)}

-

~

14

}i

gboobooboooooooboboobobuooboboooio3pbogobo soooobooo yo
gbooo00oooooooy[ojoooooooooooooo20b000y[110 yvi2100000
gooooon

}i

O00y[oyoooooooobobobobobobooooooo3gbobooooooooonoo
goboOd300y[11000y[210000000000O000000ODODOODOODODLDOODO
gbogobooboobbooboboobooboooboooo

> struct {int al3], b;} s2[] = {{1}, 2}
> s2[0]
100

o)
[
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6.4. OO0 6. OO0

gboboboooooobob{yyoobuoooboooboooboobobouoooboooobobobobo
s200000s2[0].a(0]1000 10s2[1]1.a(01000200000000000000000OO

gbobodbobboboobobuooboboobuooboboobuoboobobooona
gboboooboooboboobooboboobobooboobobooooboooobooooboan
gboogooboobooboboobuooboobbooboobbooboobbOoobOoooo

> struct {int a, b;} s3 = {1}
> s3

.a =1

.b =0

>

oboboboil1boooooooooooooooooooboboboboboon
choogoooooobooooboobbooboooboobboobboobboobobooo
gbobobooboodgbbbouoooobboboooobbobooobbbooooobboboooooboobon
ggbboolooobooobooboobooobobooobooboobobooboboobooobbon
gobooobobooboobobooboooobooboboobooboobobobobon
U hypot.chfUOOOOODOOO hypot () DOODODOOODODOOOO0DOOOO0DOOOO0O d1
gboogooboobooonboo

#include <math.h>
int main () {

static double d = hypot(3,4); // Error: hypot is not generic function
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070 00000

ChiO0OO00D00D0000ID 0000000000000 00oo0oooooooooooo
gobobbooobobobooobogobobooooboboobooooboooobobooooobooooDo
gbooboobooboobobboobooobooooboboooboboobooboobon
goobooboooobooboobobooobon

U71:000000000000

god goo

good
goog
goog

O]
function_name( )
. —>

Il
+
Il
|
Il
>*
Il
~
Il
o°
Il

<<= >>=

good
goog
goog
good
gooog
goog
good
gooog
goog
good
gooog
ooog
good
gooog
ooog

c¢hooooooogoobooboobooboobooo coobogoboobboechbobooo
orRUOUOO~"0OOUOODOOLOOOODDLOOOOOO .wODOODODODODO ., OD0ODO
gooooobocuboo chbooboooobobooooooboboooooobobooooo
O00000ouobob0buob0obouoobochOng charlintd floatl O 0O O double 0 0 O O
goboboocoboobooobooogobooboooobooooboooobooooboboboo
gboogobpbooboobobooobooboobbooo
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700000

O0000OcharDOO0O0OO0DO0 intO0O0 floatD 00000000 OO0OODOODOODODOOOO
O000b00oob0oboboobUoochdbuoboUoObOchardintd floatd double O O O char O O
U00O0o0odb00douwble0 000000000 0OD0OOOCOOODOODOO ChOOOODOODOODOO
gboooboooboboboboooboobboboboobooboobobooobobooooboobon
gobogobooboobbooboo2b0b0o0booboobobooboobboobUooo

gboobo200 fleat 000000000 float0D0D0OD00O0f0catd OO0 doubleD OO OO0
OO0 doubleD O OOOOOOO

ChO0O0O0O0OO00D0O00D000000000000207120000000FZ207120 0 0x0x10
00 x200flcatd 00 doubleD OO0 O0D0O0O0O0O0OO0O0O00O0O00D0O0O0OO0O0ODOO 0.00-0.00
InfO0-InfOOD0O0O NaNOOODOOfloat DD OOODOOOO doubled D OODOOOOOODOODOOO
Oooood fleatdDOD OO

072.00000

oo —
ooooQ | —=Inf —x1  -0.0 0.0 x2 Inf NaN
00 Inf x1 00 —-00 —x2 —Inf NaN

07300000

oo +
oooooo oooooo

—Inf —x1  —=0.0 0.0 x2 Inf NaN

Inf NaN Inf Inf Inf Inf Inf NaN

y2 —Inf y2—x1 y2 y2 y2+x2 Inf NaN

0.0 —Inf —x1 0.0 0.0 x2 Inf NaN

—-0.0 —Inf —x1 —=0.0 0.0 x2 Inf NaN

-yl —Inf —-yl—x1 -yl —yl —yl+x2 Inf NaN

—Inf —Inf —Inf —Inf —Inf —Inf NaN NaN
NaN NaN NaN NaN NaN NaN NaN NaN
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07400000

700000

o0 —
gooooo oooooo
—Inf —x1  —=0.0 0.0 x2 Inf NaN
Inf Inf Inf Inf Inf Inf NaN NaN
y2 Inf y2+x1 y2 y2 y2—x2 —Inf NaN
0.0 Inf x1 0.0 0.0 —x2 —Inf NaN
—0.0 Inf x1 0.0 -0.0 —x2 —Inf NaN
-yl Inf —yl+xl —yl -yl —yl—x2 —Inf NaN
—Inf NaN —Inf —Inf —Inf —Inf —Inf NaN
NaN NalN NaN NaN NaN NaN NaN NaN
07500000
00 x
oooooo oooooo
—Inf —x1  —=0.0 0.0 x2 Inf NaN
Inf —Inf —Inf NaN NaN Inf Inf NaN
y2 —Inf —y2%x1 —0.0 0.0 y2%x2 Inf NaN
0.0 NaN —-0.0 -0.0 0.0 0.0 NaN NaN
—-0.0 NaN 0.0 0.0 -0.0 —0.0 NaN NaN
—yl Inf  ylsx1 0.0 —0.0 —ylxx2 —Inf NaN
—Inf Inf Inf NaN NaN —Inf —Inf NaN
NaN NaN NaN NaN NaN NaN NaN NaN
076.00000
oo/
gooooo oooooo
—Inf —x1  —-0.0 0.0 x2 Inf NaN
Inf NaN —Inf NaN NaN Inf NaN NaN
y2 —0.0 —-y2/x1 —Inf Inf  y2/x2 0.0 NaN
0.0 —-0.0 —0.0 NaN NaN 0.0 0.0 NaN
—0.0 0.0 0.0 NaN NaN —0.0 —0.0 NaN
-yl 0.0 yl/x1 Inf —Inf —yl/x2 —-0.0 NaN
—Inf NaN Inf Inf —Inf —Inf NaN NaN
NaN NalN NaN NaN NaN NaN NaN NaN
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7.1. 00000 700000

71 00000

020 0000000000000000000000000000000O0DO0O0O0O0O
U00000oobOoboo0obooboooocchd —NaNODOODOODOO457864—200000
oooooooooooobDg v sign0)Dboboooboooobooooooooogooo
gboboboboboboboooobobobobob200b000000000000InfO
NaNO int 00 0oodooooooooooon

I[EEE7540 0000000000000 DbD0O00o0boboogoooboboboooboonoo
gb0ob0boboboo000mfO0000b0ob0ob0ob0n FLrMAXOOODODOOoooooo
Ub0000Forran 00 000000000000 O0DOODOODOO0DOODOOO0O0ODOO0O0OD0 —o0
gobobooooobooobgo-004000 00-00000bObDOoOODODO —00DODOODO
gbobobobobooboooboobobobobooobobo0ob chbOobOoOoOOoO0O0O00O0 InfO
00000000000000000000000000000000000000 0 0EZ307Z.40
oobobo-0.04+00000-000000000000000D000ChODDOODOODO%00OC
gboooobodaon

03000 000000000000000000020000000000000 double IO
O00bDO0o0ddOdoubleD 000000000 OO0ODO float00 0000000 —o000oox0.00
oc0/0000.0/0.000000000000000O0OOONaANOOOOOODO £0.0000000000
gobooboobooobobobobboooboooox2bjoobobooboobobDobboOnO 400
gbobo0o—-0000000DO0ODODODLO —coOOOODODODODODODODODODO
U0 NaNOODOOODOO NaNODOO

20000oooogbogoooboobooooobooD.woobboDoDC ., 000D
goboooobobooobboboobboooy.»goobboobobe.,, bbooobboOon
00000000ofo0oooooooo

72 00O0OO0O

0707120 0000000000000000000 TRUEDOO FALSEDDOOOOOOO 1
00000000000000000000000000000000000000IEEE754000
00000000000 +0.00 —0.000000000

ChO0O000000000000000000000000000000000000OO00000
00000 —0.000000000000000000000000000000000000.000
000000000000ChOO0OO0O00000000 4000 —0.00000000000000
000000,00.0000000000

0D000000000000000000 —0.000000IEEE75400000000000000
000000000 —00000000000000000000000000000000

signbit(x) O copysign(xJy) 00000 00000000000000O000O

CchO0ODOOOO00O0O0 —0.00000000000000000000COO0O0ChOOOOO
00000000000000000000000000000000000 chOOOOO0000
00020000000000000000000000000

00000200 mf000200NaNOOOOOOODOO TRUEDOOOOOOO0O00O0O0OO
0 o00000NaNOOOOOOOOOOOOOOOO00O0O000O0O0000000000000
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72. 00000

700000

O0ocChOOooooO Inf0-InfOOO0O NaNOOOOOODDOODODOOoooooboooooooo
gboooboboobooboonon

g77.0000000000

ooooooo <
oooooo oooooo

—Inf —x1 —0.0 0.0 x2 Inf NaN

Inf 0 0 0 0 0 0 0

y2 0 0 0 0 y2<x2 1 0

0.0 0 0 0 0 1 1 0

-0.0 0 0 0 0 1 1 0

—yl 0 -yl < —x1 1 1 1 1 0

—Inf 0 1 1 1 1 1 0

NaN 0 0 0 0 0 0 0

0780000000
oo0gd <=
oooooo ooooono
—Inf —x1 —-0.0 0.0 x2 Inf NaN

Inf 0 0 0 0 0 1 0
y2 0 0 0 0 y2<=x2 1 0
0.0 0 0 1 1 1 1 0
—0.0 0 0 1 1 1 1 0
-yl 0 -yl <= —x1 1 1 1 1 0
—Inf 1 1 1 1 1 1 0
NaN 0 0 0 0 0 0 0
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72. 00000 7. 00000
07900000000
ooood ==
oooooo oooooo
—Inf —x1 —-0.0 0.0 x2 Inf NaN
Inf 0 0 0 0 0 1 0
y2 0 0 0 0 y2==x2 0 0
0.0 0 0 1 1 0 0 0
-0.0 0 0 1 1 0 0 0
-yl 0 —yl = —x1 0 0 0 0 0
—Inf 1 0 0 0 0 0 0
NaN 0 0 0 0 0 0 0
07.10: 0000000
oood >=
oooooo oooooo
—Inf —x1 —0.0 0.0 x2 Inf NaN
Inf 1 1 1 1 1 1 0
y2 1 1 1 1 y2>=x2 0 0
0.0 1 1 1 1 0 0 0
-0.0 1 1 1 1 0 0 0
-yl 1 -yl >= —x1 0 0 0 0 0
—Inf 1 0 0 0 0 0 0
NaN 0 0 0 0 0 0 0
0711:0000000000
oooooog >
oooooo oooooo
—Inf —x1 —-0.0 0.0 x2 Inf NaN
Inf 1 1 1 1 1 0 0
y2 1 1 1 1 y2>x2 0 0
0.0 1 1 0 0 0 0 0
-0.0 1 1 0 0 0 0 0
-yl 1 -yl > —x1 0 0 0 0 0
—Inf 0 0 0 0 0 0 0
NaN 0 0 0 0 0 0 0
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73. 00000 700000

0712.0000000000

goopooooo =
gooooo oooooo
—Inf —x1 —-0.0 0.0 x2 Inf NaN
Inf 1 1 1 1 1 0 1
y2 1 1 1 1 y2l=x2 1 1
0.0 1 1 0 0 1 1 1
-0.0 1 1 0 0 1 1 1
-yl 1 —yl = —xI 1 1 1 1 1
—Inf 0 1 1 1 1 1 1
NaN 1 1 1 1 1 1 1

00000000 0DbOC0OU0O0O0stringtO000200000000000000==0'=0<00
gb>00000000000el 30000000000

7.3 00000

Cchogd!'Desd D000 "0004000000000000000 NoTOANDODO O ORODO
goo0dorOOOOOODOCKODODOO!'O 1 Des0O0DOO0COOOOOODOOD"ODOODOO
orRUUOOOODOODOOOOoORODODOUOODUODOLOODUODLDODLOUODODOLDOODOCK
gooooobooon

cOoooobochdbse0O0 1000000000000 DODOO0O00 TRUED OO FALSE
gboboobooboboboboonooobobobo-~oobobooboboobob TRUEOD
FALSEOOUOD 20000000000000 OROO0O TRUEDODODOOOODOODODO
Or0ogr>oobobooooog

gooO-~~000booobD | bbobobdddesboobooooobooboonooboonbbo
gobooboboooboobooooboobsb oo "0O0b0ob0obo0oooobooooonDo
OTRUEOOO FALSEO OO 200000000000 £0.0000 FALSEOOODODOODOOO
00 —-Inf0Inf0000 NaNOOO TRUEDOOOOOOOOOOOON-0.0)0!NaNOOOOOOO
ooooo1oo0ooooon

74 000000000

ChOOooDOoonoooooooDOoOdsO |0"O0<x<O0>>0000 "0 60000000000 O0O0O
OO0 anpO0O0OorROODOorROUDOODODOODOODOOOOOOOOOOODOOChODOODODO
gbob0ochoobouoobobobuooochooobobUobUobUobDoboO0OO char intD O
gbbogbobooboobboobobbuoobboobboobooobbooboobboobaon
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75. 00000 700000

goboogo-ooobboooooobbooobooobooouoobobogeboboo-og
gbhg20b00b000b0bobo0boboobobobobbo0bO<<d>>000bobon
gbooaobbogooogo

obooocOoobuoobobooboboob chObbooOoobOoooOobD<<Od>>000
gobooboobooobooboo bbb obobooboobbooboobobbocoooboo
gooooobooboboboooooobobob chobooooooboboboboooooo
gboooobooboobpobooboobbooboobobooobooon

gboogdbo cchoboD 7<< =200 7>>200000000000000ChODOOOODO0ODO
gboboboboobooboochbobooob0obO0b0bD<ooobobobog1Inoo
goooooboboboboooooobo20b0bobobooooooobobooboobogno
goooobooboooboooo

75 0O0O0OOU

00o0ooooboboboobooDbobuobUuobbnd (+=0-=0+=0=0¢&=0|=0""=0<<=00
O0>>=-)0000000000000000CODOOObDODbOOn

halue 0O DOOD0O0O00O00O0DOOOODODOODOODOOOCOOOOOOOOWValueOOOOOOO
g0000o0ooo0obooooooboobooboboobo

Ch O lvalue op= rvalue U0 lvalue = lvalue op rvalue 0OOODOOOOOOOO
lvalueDOOODOOOOOOOOOO IvalueeOOODOOOODOOOODOODOO

go0000i += 30 1 = i+30000000Oreal(c) *= 20 real(c) = real(c)*200
000000000 000000 «*ptr++ += 200000000 xptr++ = *ptr++ +200
O xptr++0 0000000000 O0DOOOCDOODOOODOODOODOOO+0-0+0/0&0 1070
<O0O000>->00000000D000DO00O0DOOO0DOO0O0ODODOOODOO

76 00000

oobooor.’>0d0cChboooobooobooboonbon
r = opl ? op2 : op3;

gooooooon

if(opl !'= 0)
r = op2;
else
r = op3;

gboooboolooo 2000000000000 bb0gboooob20003000000
gooooo’rygoobobobobobbobobobobobobobobobo

1.10000000o0oogoooogg
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76. 00000

700000

2.200000b00b0bD10bO0bDO0ObObDODbOb DO ODODOODLODODOODLODODODODS
goobooboobobligobooboobooobooooobuoobboobobooboon

3. 0b0goooboooboo2000003pbobobobobobobo

ooboooobooooboboobobooobobobooboobo200b03gbgooooboOoDog
oooooooooooooboobooboon

. 00b00booboobooooooooooooooooooooooooooooDoooDoog
2. 000b0obooboooboobobooooboooboboboboobbObOobOoDbOon

gbobodgbooobboooon

3.000000000ved0 0000000 OvedODODODODO
4. 000bOO0O0O0obOooboooboooboobooboOobOoobooobbooboobooboobo
5. 000b00b00oooobob0oboo0boNULLO00D0O000ONULLOD0O0OOO0nDOg

goboogo

6. 0000000 DOUOOOODOUODOODUOUODODODUOLOODODDODUODbDOOOOO vedOODOO
O00000000Oveidd OO0 0OODO OO One operand is a pointer to an object or incomplete
type and the other is a pointer to void. The result is a pointer to void.

7. 0000000000000 DbD0OOOOO0O0ObO0ODbODL200000000DODOOODOODO

goboobooooobooo

gboobobooboooobooboooga

opl ? op2 op3 ? opi4
gooboooooooboooooag

opl ? op2 (op3 ? op4

op5 ? opb6: op7

(op5 ? op6: op7))

gobooboooooboobooobbooobooobobooobooon

>5 721 : 2
1
>021:02?3

>0 2?2 1.0 : 2
.0000

.00 1.00 1.00
.00 1.00 1.00

.00 2.00 2.00
.00 2.00 2.00

N NV O R VDN

1 ? (array float [2][3])1

0 ? (array float [2][3])1

4 // right-association

(array int

(array int
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76. 00000 700000

O00000ID00000000000000000000 func() 00O0O0O0OOO0OOOOOO
gooood

struct tag {
int ii;
int »pp;
} sl, s2, xpsl, *ps2;

int func(int 1) {
printf ("1 = %d\n", 1i);
return 0;

}

int main ()

{

int i 1

int *pl = NULL, *p2 = &i;

func(i? 5 : 8); // passed as argument of function
pl = (pl)? pl : p2; // oparands is pointers

printf ("pl = %p\n", pl);

psl = &sl;

ps2 = &s2;
sl.ii = 10;
s2.pp = &sl.ii;

i = (1 2 sl : s2).ii; // operands of structure
pl = (0 ? psl : ps2)->pp;
printf("i = %d\n", 1i);

(ll
printf ("spl = $d\n", *pl);

obooboo71:0b00b00oboobooboobooboobobooboOooDo
obodboobbDplbp200000000O0O00DOODODO

pl = (pl)? pl : p2;
oboodoooooodd sids2didboogoodooogoodn
i = (1 2?2 sl : s2).1ii;

000000 000000000200 000000

i=25

pl = 40063528
i =10

*pl = 10

00000 72: 000001000
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77. 0000000 700000

7 0O04O04O0oon

771 00OO0O0O0OOO

choodocoooooooooooooooooooooooooooooooooooooo
oo0ooobooooad
aptr[3] = malloc(90) OOChOOOODOOO

Joo0d0ooOddooddoDodooDodooooooodoobO00oDoooooOoooooo
000 COUO0OD0OO0O (type)expr DOOODOODOOO0OO0OO exprd ChOOOOOtypedO
charint Ofloat Odouble 0000000000 ODOOOO0OODOOOO char *0double
«OJcomplex r0000000000O0OO0OOOOOOOONONADN (int)9.30 (float)ptrld (double)9O
(floatx)si00 0 O O (complexx)ipr D OO0 OO0 ChOOODO

sizeof ) DO 000000000 OOOOOOOOOOODOOOO

ptr = malloc (5+sizeof (intx)+sizeof ((int)2.3) + sizeof ((int)float (90)+7))
0000o0oono chooooooooono

cOobobooo1obooobbooooobobooooooDbbo0oooooDbOboooooo
000000000000 oooooooboooooooboooooooboooooooo
O0ooooooooooochonoooooooooooooooooooooooobooooo
O000000O0O0O00ODODOODOODD (6S8FFE)gsODODOOOODiODDODODODODODODOODOOO
(FF000)1 D OO OO (01101001): D0 0OODOODO

char xcptr;

int i, *iptr, 7Jj;

iptr = (int *)0X68FFE; // point to the memory location at 0X68FFE
i = xiptr; // 1 equals the value at 0X68FFE;
cptr = (char =)0XFF000; // point to the memory location at OXFF000
*cptr = 0B01101001; // 0B01101001 is assigned to OXFFO000
cptr = (float *)cptr + 1;// cptr points to 0XFF004, not OXFF0O01.

// note: (float =*)cptr++ is (float *) (cptr++)
j = int(cptr); // j becomes 0XFF004

gbobooooobobobooooboboboboobobobobobobobobobobobo
gbgobobooobgoboobuooboooboobooboobobuoobooboboobob
gbooboboooboobobooboobobouobooboboooboobobooboobon
googobooboobboobuoobboobooboobobooboobbooboog

772 O00000O0DOOOOO

ChOODODODOOOODODOOOOO0O000 type(expr) DOOOOOOOOODODOODODODOO
type (exprl, expr2, ...)00000000000O0O0O0OOODOOOOOOOOOOOOOO
Oo00000type 00000000 O0OO0OOOOOOOOONO

00000 int(9.3)d complex(float(3), 2)00 0 O O complex(double(3),2)0 0000 ChOOODOO
000000000000 O00fleat)0 00 real)DO000O00OOODOODOONO real() O lvalue OO
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78 000000 700000

00000000000 fleat) 00000000000 real)D00000000OOOOOOM3.60
gbogobobooboobooobooboobboobooo

char char (double)

char char (complex)

char char (pointer_type)

complex complex (float, float)

double complex complex (double, float)
double complex complex (float, double)
double complex complex (double, double)
double double (double)

double double (complex)

double double (pointer_type)

float float (double)

float float (complex)

float float (pointer_type)

int int (double)

int int (complex)

int int (pointer_type)

long long (double)

long long(complex)

long long(pointer_type)

short short (double)

short short (complex)

short short (pointer_type)

signed signed(double)

signed signed (complex)

signed signed(pointer_type)

unsigned unsigned (double)

unsigned unsigned(complex)

unsigned unsigned(pointer_type)

78 OOOO0O0OO

chogooooooo’, booboboboooobobooooboobooboooobooooobobn
gbo2000000000bO0O0bOO0bOOobOOoOO

a =1, ++a;
go0dooOooooooooooooonooon
a=1, ++a, a + 10;

gboooboabd
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79. 00000 700000

((a =1), ++a), a + 10;

goooboogooooogoootvvedOOogoooOooooooooooooboooo
goooooooooboooooooooboooboooooboobo

>a =1, ++a, a + 10
12

goboobgoobobooobooboboobuooboboobooboboobobbobooo
gbbogbobooboobboobuobboobuoobboobooboboobbooban

int func(int il, int 12);
int t;

func((t =1, t + 2), 2);

79 00000
791 O00O00O0OO0OOOOO

00000« noooooooooooboooooonoe COOO0OOOooOoooa lvalue
00o0dooOoonooooo

0000000 «0000000b000000D0bO0o0bOO0o0Oo00oDoOooDDOOoOoooOooDoa
000000000 obOOoobOOo0oboooooboooon

0000000000000 puOptrl D000 pr20000 nO0000 pr+n 00 pr DO OO
O0000o0obo0o00o0 0000000 bobbO00b0OD pin0 prO0O0D0OODOOOOODOO
n*sizeofptr) D0 OO OO ODOD0O00O0O0OOnOODOO0ODODO ptrd000O0O0ODO O n*sizeof(*ptr)
ooodooooogo

00000000000 000000000000000ptrl > ptr20000ptrl — ptr2
O0ptr20 ptr1 0000000000000 0OOO0OOOOOOOOOOOOOODODDOOOO
000dD0oOOo0oDodoooooood

000000000000 00b00DOO00DO0ObOO0ONULLOOOODOO0OOOptrO NULLOODODO
O00000D0+ptr 000000000000 ptrd NULLOOO «ptrd lvalueO0 000000
O00Osizeof(*ptr) D00 D D0D0O0O0O0OD ptr 000000000 OO0OODOOOODODODOOO
000000000 oO0bOobDOOo0obOO0o0bOoOO0oDoOOobOOo0obOO0o0obOobDbOOobODOoOobOooDbOon
000000OO0O0bO0o0oOoO0oobOOoobOooobOo0ooooooboOoooooa

O0000<O<=0==0=0>0000!'=00002000000000 NULLODOOOODOOOO
0000bO0DOoOO0oOO0ooOo0bOO0o0bOoobOobOooOoOO0obOo0o0bOooDbOOooDoOoOoDoDOooOoDOon
O0oooooo cchOoooooon

int *xiptr;

float xfptr;

iptr = (int x)malloc(90);

fptr = malloc(80); // fptr = (float x)malloc(80)
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79. 00000 700000

if (iptr != ©NULL && iptr != fptr)
free (iptr);
iptr = fptr;

chooooooobooooobbooooboooobbooobooooodn malloe()Ucalloc()U
OO0 reallocOUDOOOODOOODOOODOODOODODOOODODOODOODODODOOOO
goooooooogoooogo

COOU0OO0OO malloc) O reallocO U0 D000 0O00O0ODO0OO0OOOOOODOOOOODOOODODOO
O00300000000000 mallocOUcallocOU OO0 realloc) 0O 00O OO0OOChODOOO
goboooobobbooboobobooooboooogNULLODOO0ooooooboonboo
gbooooogo

OO0 freepr) 000030 0000000000000 0ODOOODOD0ODLDOODODODOODOODO
ptrONULLODOODOOOOCOODptxr 0000000000 DOODOODOOOOOOOOOptrd
NULLOOOOOOoOoooooboobooogobobooogoobocoooooboooobooooo
gbooboboboobobooobooboobooboobobooboobooboboobon
gobobobooboboobobooo chbobooboboobOobnD memepyOUd )OO
cooooooooog

000000000 0ONaNOD Infd FET MAXO INT_MINO FLT EPSILON O OO OOUOOOOOO
gobogooooboooboboboobooboobobooboobbobobooobogDlvalue
goobooboooooboobooooboobobooobooboooobobooooboobobooooon
goboobooboobooboooobobooboobooboobobooobooooboon
OODOOOFLTEPSILONODOODOOD Inf00000000O0DOO0ODOODODOOD chOOOOooOod
FLTEPSILONDO OO 10°*00Inf000 FLTMAXDODODOOOOODO

float xfptr;
fptr = & FLT_EPSILON; xfptr = le—-4;
fptr = &Inf; xfptr = FLT_MAX;

gobooobooobobooobooobboooboooboooboobooobobooooaon

792 O000O0O0OOOOOOO

chbobooooboobooooboboooobobobobobob++00b00bO0o--0O0COO0
gbooooochoboobooboob2000000oocoobobobobbobobOo++00onDo
gboil1ooobooooob--01ooboboo++obo--obooboboooobobon
gobobooogoogobooogoboboooobobobooobooboooboooooboobooo
gboooboboobooboobbooboobooo

oo +0bo0oobobooboboboooboboobobooboboboobboobbo
0O -0o00booobooboboooboboooobobooooooooboobobonocchOoO
gooo

i=4+(-9); // unary plus and negation operators
i++; // i = i+1
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§ o= +ti-—; // 1= i+l 3 =4 1= 1i-1;

j o= ++i; // 1= 1+1; J = i;

Jj =1 // 3 = 1i; 1 = 1i-1;

i = (xptr++)++; // ptr = ptr + 1; i = *ptr; *ptr = xptr + 1;

O0o00ddd0O++1valuel 1lvalue = lvalue + 100 lvalue + 1000001value--0O
0 lvalue - 10 lvalue = lvalue - 10000000++0000--00000O1lvalued 00O
00000OO00obOOooodoOo1g0b0o0boooooDobOo0ooo0ooooooooDooDOon
Olvalee 0O O000OO0O0ODOOODOOO ChOOODOOO

int i, al[4], xaptr[5];

complex z, =*zptr; // declare complex variable and complex pointer
z = z++; // z =z + 1; z is a complex variable

zptr = (complex *x)malloc(sizeof (complex)*90);

aptr[3] = malloc(90); // aptr[3] = (int *)malloc(90);

/+ imag(z)=complex (0.0, 4.0); zptr=zptr+l; *aptr[3]=1; i=i-1 */

imag(z) = ++real (+++x* (zptr+++2* (int) real (++*xaptr[3+i——1)));

real (z) ++; // real(z) = real(z) + 1;

——imag (*zptr); // imag (xzptr) = imag (*zptr) - 1;

al-—1] = al[2]++; // 1 =1 - 1; al[i]l = al[2]; al2] = al[2] + 1;

ChOOOOUODODO0O0OOreal)D 00000 Imag) 0000000000000 OOZ60000
goboodooO0UOmallecO 00000000 0ODOOO0ODOODOOOODOOOLOOODOOOODOODOO
goog

793 O00O0OOOOOOO

ggoooooobo-bodddooooooboobobbouooobobooououuooao
string.t s;

s = "1s°;
2000b0b0obobobobobOob0b0bobDUbobobobobobDboboOOO
oo bobouobbooboboo
string.t s;

s = ""1ls 7;

710 ODOO4QOOO

.gobob->O0booobbooobobooobobboooobooboboboooobobooon
gbo200bogboooboooboboobooo.cooboobobobobooboboobon
goooboobooboboboooooobooboo20000000b00b0ob0obo0ooooooDo
ogboogooogo
->0gobgobooboobooob“boobobooboro*boobooboor>bonbb “bo
gboobooboorgooooobooo200b0b0ob0obobooboboobob0obobobOoDbo
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goooon
goooooonon

struct tag {
int i;
double d;

} s, *p;

S = &p;

s.i = 10;

p—>i += s.1i;
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U8 Uobuouoooodod

goboobooobboooboobooooobgon

gbooboobooboobgoobooboobooboobooobobooboobooboon
gboboboboboooooooboobobobobooooboboobOobobOobDOo afgno O
switch) OO OOwhileOOO doD OOOODOOOO0OOOforD0D000O0ODO@ODOOODO)HDO
OOreturn0 0000000 (00OOO0D0O0)O0DOOO0ODOOO0DOOODOOOOODDOOOODOOOOO
gbooobobooobooa

81 U0OUUOUbbhUoOoobbooobood

gbboboooboooboobooboobobbobooboooboboobooboboobo
gboboboobi1oooobobobobooobbooboboboboboobobobobon
gbooobuoobbooboobboobooboboobbooboobobooboooobooan
gboooboobooobooboboboobooboboobooboboooobooooobon
ooooo@oooooooooooobooboobobobobooboo)yooooooooo

int i; // simple statement

{ // compound statement
int 1i;
i =90;

82 UUUUUOUOUOUOUUOLDbDbbObOOD

gboboboobobooooooobooooooboooboobobon VOidDDDDDDDDDDDDD
gbooooooooooooooobooooooooooooooogonDg

goooogooboboboboboobooboobobobobobobDoobDOoobobDooDbLOoo
ooobooobooobovidOOO0DOOOOOOO0ODOOOOOODOODOOOODOOO

int p(int);
/*x ... o x/
(void)p(0);

'DooooooooDooo
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goobooboboooooboobooobooboboooooooboboooooobooooobooobooao
gboogoooobooboo

char xs;
/* ... %/
while (xs++ != "\0’)

14

0000000000000 00O0O0O000O0O0O000ODOO00O0 }ooDobOoOOOoOooooDOO
gooooon

while (loopl) {
[x .. %/
do {
/x oo %/
if (want_out)
goto end_loopl;
/x oo %/
} while (loop2);
/x oo %/
end_loopl: ;

83 UUUOUouoognd

gboobooobobobooobooooboboobobooboboobobooboobo
oooo
gboobobooobobobooobooboboobobobooboobobobooboobon
goooooboooboboboobooboobooboooobobbooboobOoobOoon
gbbogoboobooaobboobuoobboobao

831 HKHUOO4oOoOO

if0000o00o0oooogoooobooDn

if (expression)

statement

if0000bo0o0oobogooboboooobobobooooobobooooboboobobo
gooobobooboobooboobooobgo

choooCcounonoooodUbeelDUDUOODODODODODODOD stdbool.h U 0O O
O0O0D00O00wuwe0 D0 false0 000000000 DOOOOOOODOOOOO
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U000 wuel 10000 falsed 00D OO00O0ODOOO0O0OOOD0O0ODOOOOOODOO bool OO
gooooobooooboon

#include <stdbool.h>

bool 1 = true;
/* ...*/
if (1) |

i = false;

832 If-ElselDODOOOMO

ifelsel0000000O00O0O0OOOOOOOOOO

if (expression)
statementl
else

statement?2

f000dooboooooboboooogbooboboooooboobooogooo oo
goooooboboboboboobooooooooboboboubobOobOob2000000
gooooooobobobobooooooobooboboboooooooooboobOob20000
gbooopooboobooboboooobdgd

833 Else-If 0D OODOO

else-if 10O DOO0O0ODOOODOOOODOODOODO

if (expressionl)
statementl

else if (expression2)
statement?2

else if (expression3)
statement3

else

statement4

U0bDO00OD0else-if U000 0D0O000O0O00OOGfelsel 00000000000 0OODOO else
gooooooooooooOooooooooDifooobbooobooooboooobboooOoo
goooboooobooo

if (expressionl)

statementl

else
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if (expression?2)
statement?2
else
if (expression3)
statement3
else

statement4

834 SwitchOODOODOOO

switthDOOOOOOO0OOO0OO0OO0OO0O00O00

switch (expression) {

case const-exprl:
statementl
break;

case const-expr2:
statement?2
break;

default:
statement

break;

swittchUOQOOQOooOoooooooooboooboobuooboooooooobooboonoo
OUcaseJ 000000000 DOOOOO0OODOOODOOOODOODOOswitchODOOOOOO
O00200 case 000000000 OOOOODOOOOOODOOODswitechODOODOOODOO
default OO0 10000000000switchODOODODODOODODODODOOOOOOswitchO OO
default O OO0 00O0D0 case OO0 DO0O00O00OO0swirch00ODOODOO0O0O0OOO0OO0ODOOO
000000000 0DO0O00O00DO0O00C00O0O Decase 00 defanlt OO0 O0D0OOO0OOO
O0bDoobooobodswitechDOOODOOOOOODODOOODOODOODODOswitchOOOODOOO
OeaseD0DOODOODODODODO

gobboooobobooobbobooibbbobtdeaseddDOooonobooonobOooonoODOO
gbobooooobooobobooobbooobbooobboobobboonbnO case OO0
OUbboobooooooobboooboobDoooobdbobodDdefant D00 0O0O0OOODOO
000000000000 0DOO00OO00000O0000 casel0D0O0O0D0OOOOdefanlt OO
O00o00ooboooobswittchODOOOo4ooooooO

goboboboboob

switch (expr) {
int i = 10;
£(1i);

case O0:
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i = 20;

/* falls through into default code x/
default:

printf ("$d\n", 1i);
}

goobooobooOoOoobooooobiboogbo0ooobooobbo0oobOo0oDoOooDbboOoo
gobodbooboboooboboobobobooobooboobobobprinfI 00D OOOODOO
ooboboooooobboooooboofOooboobobOooDoobboOoOoDo

switthOOOODUOOOOODOOOoOoooooobooooooooobooooobooooooo
O000oboooobobgo switcthDOODOOOODODUODODODO caseDO0OO0ODOODODO
ooooog

string_t str;
str = ‘hostname‘; // get host name from command ’'hostname’
char xs="host2";
switch (str) { // or switch (s)
case "hostl":
printf("s = hostl\n");
break;
case "host2":
printf("s = host2\n");
break;
default:
break;

84 UUUUOUOUOOOODOO

goodbouobooboobooobooboob oo odbUbbepDobDoobO
gboogobgabooooogo
gobooboooboooobooboooboboooobon

84.1 While O[O

whileOOOOODOOOOOODOOOOOOOOO

while (expression)

statement

gobodoboooboboobooooboobooobobooboood
gboogoobooboobboobodboobboobooboboooobgoon
gobodgbooobood
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int i =0;
while (i<5) {
printf("sd ", 1i);
i++;
1
gooooooooooooood

01 2 3 4

8.4.2 Do-WhileO OO
do—whileOUOOOOOUOODOUOOODODOUOOODOOO

do
statement

while (expression) ;

do0odooobOOobOoobOooDo0oOoobOooDoooDo0ooOooobOooooooboOoonoa
000d0oDO00ooodooOoonooood
oooooooooooao
int i =0;
do {
printf ("i = %d\n", i);
i++;
} while (i<5);
O0000ooOOooboooooooa
012 3 4

goooaoo

int i = 10;
do {

printf("i = %d\n", 1i++);
} while (i<5);

gboooboboobooobooboooa
10

gboboooooobobobooooooooboboboboooooDobDg while OO O
O0oooUdOwhileODOOODOOODODODODODOOODOODODODODODODODODODO

int i =10;
while (i<5)
printf("sd ", i++);
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843 ForO[O
forOOO0O00O0OO0O0OO0OOOOOODOOO

for (expressionl; expression2; expression3)

statement

Oexpressionl DO 000000000000 voidOOOOOOODODOOOO expression2 1000
U00000000oooooonoonoonDOoUgn expression3 0 0000000000000 void O
000000000 expressionl U expression30 00000000000 O00OO0O expression2
gooooooooooooooog

forO00O0O00O0OwhileDOOOOOOOOOOOO

expressionl;
while (expression2) {
statement

expression3;

gooboooooooon
int 1i;
for (i=0; 1i<5; i++)
printf ("$d \n", 1i);
goboboooooobooooobooon

01234

00000000 whileDOOOOOOOO

int i =0;

while (i<5) {
printf("%d ", 1i);
i++;

}
forUO0 0000000000000 O0D0O000000000000000000OO

int i, j=10;
for (i=0, 3=10; i<10&&3>0; i++, J——) |

printf ("i=%d\n", 1);
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8.4.4 ForeachO O[O

foreach OO0 OO 000000000 OOOOOOO

foreach (token; exprl; expr2; expr3)
statement

foreach (token; exprl; expr2)
statement

foreach (token; exprl)

statement

foreachO OO ODO0D0000O0O0O0O char D00 00000 OOOOODODDODO0O0OO0OOOOOOO
0000000 exprillexpr200 00 expr30 00000000 char OO0 000000 OD0OOOOO
00000 tkenO OO0 00000 char 000000000000 0O0OODODOOODODODO tokenl
D00 expri D0 00000 expr300000000000O0ODOO0OOOODOOOO0ODODOtoken
ONULLOODOOOOO expr2 0000 O0O0O0OO0O0ODOOODOOODOOOOODOOODOOOOO
(token==NULL || expr2!=NULL && !strcmp (token,expr2)) 0 00000000O00O0ONO
0000000000 expr20 expr30 00000 NULLO™’)OOQOOOOOOOO

ooooooo

char *token, #*str="ab:12 cd ef", xcond="cd", xdelimit=" :";
foreach (token; str; cond; delimit)
printf ("token= %s\n", token);
printf ("after foreach token = %$s\n", token);
printf ("after foreach cond = %$s\n", cond);

printf ("after foreach delimi= %$s\n", delimit);

googooboobogbbooo

token= ab
token= 12
after foreach token = cd
after foreach cond = cd

after foreach delimi=

Ubooooobooobooibd delimit000000DOO0OO0O0OO00O0DOOODOOODOODODOOO
goboooooboobooboobobobuobobuobuoboos3spgbouobouobg dirlOdirz0O0O
dir30 000000

string_t token, str="dirl dir2 dir3";
foreach (token; str) {
mkdir S$token
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85 UUUOUUUUOOO

00000000000000000000000000000000000000000000
00000000000 setjmp.h 0000 setjmp() D00 longimp() 0000000000000

851 Break OO DODOO

break DO OOO0OO0OO0OOO0OO fordwhiledo-while foreachOOOOOO switchOOO
O0000O00OObreak 000000000 OOOOOOOOOOOOOOOOOOOOOOOOO
break I O0O0O0O0O0OO switchOOOOOOOOOOODOOOOOOOOOOOOOOOOOOO
o0

int i;
for (i=0; 1i<5; 1i++) {
if (1 == 3) |
break;
}
printf ("%d \n", 1i);
}

gobooboooobooboooa

852 ContinmeOOOOOOO

continue DOUOO0O0OO0OO0O0O0O0OOO forOwhilel do-whilel foreachOQOOOO
O0O0000000000OCcontinneJ 00000 0OO0OO00OOO0OOO0OOOO0O0OOOOO0ONO
0000000000000 00000000000o0o0o0o

while (/* ... *=/) { do {
/x oo %/ /x .. %/
continue; continue;
/x .. %/ /x .. %/
contin: ; contin: ;
} } while (/* ... */);
for(/~ ... x/) { foreach (/* ... */)
/x .. %/ /x oo %/
continue; continue;
/*x ... %/ /*x ... %/
contin: ; contin: ;
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O0continme 0O ODO0O0OOO0O0ODOODOO0ODOODODOOOOODODODODOODODOO
O00000ooboobogbodbUgotoconting OO ODOODOOO
gobodgbooobood

int 1i;
for (i=0; 1i<5; i++) {
if(i == 3) {
continue;

}
printf ("$d \n", 1i);
}

gboogopoboobooobobooo

01 2 4

853 Return O ODOOODO

retcurnJ 00 0000000000000 0O00O000000O000O0000O000O0O000O0000O0000A0
U000 retarn 0000000000000 00000recarn0000000000O000OO00OO0
gobobooogbobooobooboooobobooobooobobboboooobooboooo
gbobooobgobbbobooboboobooooboboobobooboooboboan
Ob0oboboob0dO0return0 00000000 0ODO0O00O0vvidOOODODOODOODOOOODO
O00bD0OOretarn 000000000000 0O0D0vveidOODOOODOOOODOOO

854 GotoUDIDOOODO

goo DD ODOOOO0O0ODODOOOOOOO0ODDOOODOOOOOUOOODOOOObOOO000OOn
Uob0boooboboooboobobbgerod 000000 ODOODOODOOOODOODOO
gboobboooboobobooon

for (/+x ... */)
for(/+ ... */) {
[x .. %/
if (emergency)
goto hospital;
}
[x oo %/
hospital:

emergenceaction () ;

void funtl (int 7j)
{
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int funt2(int 3j)
{

if(3>10)

goto labell;

j = 10;
}
funct2 (J)
labell: exit (1);

§ D0U00OO0O0ODOooboOoDO

gboobooobooboooobooboboobooobobooboooobooboobooboboaooo
gooobobopoboboooboooboboboboobooboobobobooboobobooon

goooooooooon

int task () {

int taskl () {
/x oo %/
if (student)

goto school;

/x oo %/

}

int task2() {
VI
if (tolean)

goto school;

/x .. o x/
}
school:
study () ;

void funtl (int 3j)
{
if (3>10)

goto labell; // Error:

j = 10;
int funt2(int 3j)
{
labell:
/x oo %/
}
funct2 (j)

going INTO scope of inner function
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goooUOUOOOOOOOOOOOODOOODLDOOODOOOOOO0ObOOOOoDOOobOObOOn
googobooboobooobooboobboobooboobbooon

goto 1lab3; // Error: going INTO scope of VLA

double aln];

aljl = 4.4;
lab3:
aljl = 3.3;
goto lab4; // OK, going WITHIN scope of VLA
aljl = 5.5;
lab4:
alj]l = 6.6;
}
goto lab4; // Error: going INTO scope of VLA

86 UUUUOUOUOUOODDOOO

goboobooboboooboobooaobobooobgon

labeled-statement:
identifier : statement
case constant-integral expr : statement
case string-expr: statement
default : statement

caseJ 0 default D OO0 0switch D OO O0ODOOO0O0O0OO0DOOOO00OO00O0OO0DOOO0ODOO

gboooboooboooboooboobooobooboobooobooooobooobonoooobobon
gboobobooboobbobobobooooboobooboboboobooboobobon
gooooooooooooon
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gbooboboobooboboobobbobouoobobooboboobooboboonbo
gobobooobooogoboboooboboooooboboobooboooooboboooDo
gbobooobobobobbooocobuobo chbgoboobobboboboobooboboooDbo
gboogooboobooobooogaon

choogooogoocuobobobooboooochoooooobobooooobobobooo
gobooboboboobobobooobooboboboobob20b0b00b0oboboboobOooboboO
oooooood 00000000 ‘’O0bbobobooooboooobooooogo

.0g0boobb «ouobuoobbuooboobbooo

200000000 ¢’000000000O00DOODOODOOOOO

z.jboboboboboo»ouobdbobobuobobobon

gbobobobobobobooboboobobooboboooboooboooobooooon

int *p, 1i;

goooobuodbbob pddb idbbO0b0D+~p00bOo0ob0ObOODbDOODOOO
gooobooooobobobobooooooboobooboboboboobooooobooboOoobDOoDt
oooobbo»vodOOOUODOOOOOOODODODOUOOODODOODODODODbDOLObOODOLOOO
gbooooooooooooon

oboooD ‘00 “00b0b00>0bboibbbdbleidb0O0i000obOobOonoogn
goooo»»oobo“cdbogboobobobobobobob>cobobooobod«pdbbdDbD e
gobgbobooobobooooboboooobobooooobobobooboboboboooDo
goboobooooobobboboooobobboooooobooboobooooooooobobooooaon
oo

p = &i;

gbooobobpe0ib000O0DOOb0O0DOODOO0DODODO»p == (100000010
oooooo

91 ODOOOOO

gbooboobobobooboooboobooboboooboobooooboboboooobo
gbobooooooooooooooooobooooobooboobooboobooonn

int *p;
int af[l10];
p = &al3];
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oboobbobp0O0OD0 0400000000000 D0DOOODODOOOODOODOO 1O
gboobboOopboboooboobbuooboobbooboobobooboon

gbbdpboobtoobboobuoobboobbooboobob»~pdpbgoooaobbd
uboooboboob a(31oboooooog

gboobgoooobooboboobobobobooboboobooobooboboobo
U000pUO al(31000000D00DODLODLOOpO10DO0ODODLOO

p + 1

choog cobooilooooooooooboboooobobooooboboobonoooo
goooooooooooobp200000000

int *p2;
p2 =p + 1;

gbobobobobobobooooooobooooooo

gbooobboobooboobboobogo
*p2 = 4;

bobOd0a[41040000000000O00D0ODODODODODODODODODODOOOO
oooooog

*(p + 1) = 5;

googbobg e[4)googboosobobgbobobo*xODDbDobDOobDbDODO
0000000000000 b0000o0bodD«-p + 10000000 0OpOOOOODOOOODO
gb10bo00booobooooon

100oboboobobboboooboboobooboboooboboboobbOobb0dpd arl3l
gboooobooogo

x(p + 5) = 7;
gOo0O0Oa[810700000000
x(p - 2) = 4;
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9.1. 0O00OODOO 9. 0000

O00a[(110400000000

gobooboobo ++ogbooboobb “-=>bo0booboob 200000000
UdddU»p++0 000000 0p 000000000000 0O0O0O pUOOOOOOOOOOOO
gbobooobuoobbooboboooobboobooobodi«++pb00pdononoooooon
gobogoobooboooobbocp++LU0pboobooobooboobobooboonbbo

gboboboboboobooobooooocchbobobobobooboobobooboooo

char = strl;
string_t str2;

gobodbooobuoobooobooboobbooboono

char dest[100], src[100];
char xdp = dest, *sp = src;

strcpy(src, "abcd");

/* copy src to dest */

while (xsp !'= "\0')
*dpt++ = *sp++;

*dp = "\0’;

obobOdObchar OO0 UOOODODUODODOD srecb0DbODbODODODODO

gboobuooboboobooobobooboobobo0obooboboobooooboDio
gbobobobobooooooboobobobobboobuonDObOObaObOnD 0000
OO0O00Oa10]O000 a-1]00000000O00OD0OOOO0OO0

goooboooobobooogobooboooobobooooboooobooooobobo
gboocObOo cchgbobogoboooobobobobobobobobobobobobooboonDo
gboooboooon

p = a;
O0oo00oooooooooooooooooooooa
p = &al0];

oboog20000000000000000D000p00D0 «a0000ODOODOODOODOOO
ooooooooooboood g300boooooonoonoonogog

int aa2 = x(a+2); // obtain the value of the third element
* (a+2) = 5; // assign 5 to the third element of a
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92. 00000000000 9. 0000

92 UJU0U0O0OUOUOUOOOODO

0d0o0d0o0ob0obOo0bOOoo0bOOooOOobOoo0bOobOOo0obOoo0bOoboDoOobOooDoooOooDa
000d00O0DOO0o0bOO00bOOo0obO0bD0o0oo0bO0oDo0ooOo0bOOo0obOooDoOOooDoOoOoDOonDaon
O malloc()O callocOO OO0 realloc) DD OO0 newO OO OO0 OO0O0O0O00OO0O0O0ODOOOO

calloc)UOmallocQOC OO realloc) 00000000 OODOODOOODOODOOODOOODOODOOO
000O00000obOoo0obOO0ooobOoo0obo0oooooooDoOo0oo@oOooooOoon
0o0o00dd0ooOo0odoooOoooO)ydoDbhooooooooodooooooooooooOoaoo
000000000 bOOobOOo0bOOoDooOobO0bO0o0obOooOOooDo0bOOooDoOOooOoobOoooOon
00000 O000O00bOO00bOO0DOdDoOODO0DooOooDOo0obOOoobOOoDOooDoOOoDoOooOooo
0od00ooo0odoDodbOooooodoooooooo@uoobOooDoono)ydooOooogon
0000000000 DO00bO00O0DmllD 000000 DOOD0O0ODO0ODO0DOOODODODOODODOn
O0ooooooooooooooooooooodOnulOOOD0DO000O00OOODOOOOO0OnO
000000o0o0o0bOooooDoobOoobooooboooooooDoobooDoOooDoooDOon
00000Db0o0bOo0oOoDbOo0ooobOo0bOo0oDbOOo0ooDoOooDoOOoOoooOoOoooaon

Od0ooooooooooooooooodd strepyQ 00000000 0OOOODOO

char xstr = "abcd", =*copy;

/* +1 for NULL terminator =/
copy = (char *)malloc(strlen(str) + 1);
strcpy (copy, str);

00DOO00DOO00bOOo0DoOoooDO \NocOOOstrlen) 00000000 O0OODOOOODOODOO
000 str000000 strlen(str)+1 00000strlen(str) OO0

chOoooooooDooooooooboooDoog sizeof 00000 DOO0OOODOOO
0000000000 booooooooooooooooo o000 obooooooooon
oooood

int *p = (int *)malloc (100 x sizeof (int));

goooobooboobbooobobuobobio0obi0o0b0UUmalloc(1000000000) 00O OO0
OO0Omalloc(10)0 10D0000000D0O0O000O0ODOOOO0O0OODOOOOOCOOO malloc()
gooooooooooooobooboooooobobooNILLO 0000 ooooonoonoonog
malloc) U 0000000000000 O0000000O0O0O0DO0O0O0O00O000O000 mallec() IO
gboobobooboboooboobooooobao

int *p = (int *)malloc (100 » sizeof (int));
if (p == NULL)
{

printf ("out of memory\n");

exit (1) ;
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92. 00000000000 9. 0000

OO0 mallecOO NULLOOOOODOOOOOOODDODOOODOOODOOOODOOODOOOOODO
gboogbooboobooboobuoobotbpbooboobooboboboobonobon
00000000080 000000000000000000000000O0DO000O000
gboooboboobooobooboooboooon

gbobobobobooobobobobobobobobobDobDoooooboooooooon
OO mallocQUUOOODOOO0OOODOOOODOOOOOODOOOOODOOOODDOOOOO
gbobooboboobooobooobooboboooobobobooboooboobobooboobon
ggboobooobooboobobobbobooboobooboobobbobooboobon
gooooooooooobooooboboobobobobobobobOobobOobobOo @O
goobooo)obooboooooo

O0000000000000000000 free00D0000000MODOO0O0O0O0O0OOOOO new
U000bD0b0o0ooob0oboboooboobooddeleteD 00 000000DO0O0O0O0ODOO0pO
00000 malloc)DO0OO0O0ODOOOOODOOOOODOOOODDDOODOOOOODOLOOO
oooo

free(p);

0b000ooboooboOoboobo0bo0bOobbDDftree(p) DOODOOODOOOCOOOPO
gboobobooboobooooobobobobooooobboobUobchobobobobobUubDo
00 pUNULLOOUOODODODOOpU NULLODOOOOOODOOOOOOODODOODOOOOOO
gboobodbotbpboobbOooboobobobobooboobbon

chogobooobbooboooboboobboooobboobboobboobbooo
gbobobodgboobbooboobboobooboboooon

int xfnl () {
int *p = (int x)malloc(sizeof (int));
*p = 5;

return p;

}

U0 fn1 () O00OmallecQ U0 DOO0ODOOOO0DOOODOOOODOOODOOODOODOOOO
oo
gbobodgboobboobooobbooooob

int *fn2 () {
int k;
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93. 000000 9. 0000

/* return address of kx/

return &k;

U0 fn2() 0000000 xkOOOO0OD0ODOOO0ODOOO0O0O0OD fn2() 00000000 x0O
gbooooooooooooboooboobgoon

93 OJUOUOOoon

choogchobgoooboooboobobooooboobobobooboobobobobooDoon
googd

int (xpl) [3], all[2][3], a2[3][3];

pl = al; // pllil[jl<=>alli][]]
pl = a2; // pllil[jl1<=>a2[i][]]
int *p2[31]; // declares an array of 3 pointers to ints.

gbobodboobbooboobbooobbuoobboobbooboobobh

char m1[7][10] = {"Sunday", "Monday", "Tuesday", "Wednesday",
"Thursday", "Friday", "Saturday"};

char *m2[7] = {"Sunday", "Monday", "Tuesday", "Wednesday",
"Thursday", "Friday", "Saturday"};

O0ml0Ochar D000000000Om20 char 000000000000 ORIOOR200m10O
m2000000000000O0000b00000

10

Ml «—  »

Sunday\0
Monday\0
Tuesday\0

7 Wednesday\0
Thursday\0
Friday\O
Saturday\O

0ol1.0o0gnog
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93. 000000 9. 0000

7

-

m2[0] <L>

m2[1] — |M onday\0

m2[6]

g 9
\ Saturday\0

0o2:0000000

m2000000000000O0000 1o00b00b0ooooo0obooobobobooooboon
gbogoobooobbooboobbooobn

/* three text lines =/
char xp[3] = {"ABC", "HIJKL", "EF"};

char xtmp;

o+ .

5 .

o .
Il

pll];
pll]l = pl2];
pl2] = tmp;

gbogbobobbobuoobobooboboobobooboboboboobobooobo
0000000000000000R300p[0]0p[(1]10p[2]000000000O0OOOOOO
00000000000000R40 0000000000000 00000N000NDDOOooOOoOO
gbboabboobudbbodiblpl1l]bOpl210b00000000000OOOOODO

PlO] | — ABC\0

P[1] | — [HIXKLW0

P2 | —» |EFO

o3 000oogogn
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94. 0000000000 9. 0000

Plo] | —= ABC\0

P[]

:>><( HIJKL\O
P[2)

EFRO

0400000000

94 UJ0000ooooond

gboobogoooboooooooboobobobochobobobobobobboboobooobooon
goooon

gbobobooboooooog

char ch; // a character

char xp = &ch;

// a pointer to ch
char **pp = &p;

// a pointer to p

O00000RAN I DO0UIUONNDN*»pp0+»p 0000000000000 +p 000 chOOO
gboooboooobooo

PP P ch
0950000000000

ChOOchar*0 0000 NULLOOODOOOODOOODOOODOOODOOOOIDOD0OO0ODOO
O0char DO OD0OOO0OOO0OOOOOOOOOOOOOOOOOOOOODODOODODOO

char *p = "ab"; // a string

char x*pp = &p; // a pointer to p

ORI 0000000000 pO00000char 000000000000 pp000D0OOO

S 1a.i ’b’

b \0’

pp P
096:000000000
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94. 0000000000 9. 0000

gobgoochooooboobobobobooooooooooobobobobooDooDoobooon
gooood

> char **pp;

> pp = (charxx)malloc (3xsizeof (charx));
4006c8d0

> ppl[0] = "ab";

ab

> ppll] = "py";

Py

> ppl[2] = NULL;

00000000

Op0000000000000000000000

pp

NULL

0o97.:0b0obobobobob

pp[0] 000 pp[1] 0000000000000000000000 char *ppl] 00000
00000000000000main)00000000000000000000
000000000000000000000000000000000000000000000

void fn3 (int xxp) {
*p = (int *)malloc(sizeof (int));
**p = 5;

}

int main() {

int *p;

fn3 (&p);

}

O00000DmainQ 00000 pO000O0D0OOD tn3()0D00O000OODODO
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94. 0000000000 9. 0000

gbooboobooooboboobobbobouoobobooboboobooboboono
gobooooboooooooobooboooooooooDo choboooooooooo

> int i, *p

> p = &1 // assign address of i to p
1c4228

> xp = 90

90

> printf("i = %d\n", 1i);

i =90

> int *%*p2

> p2 = &p

1c3c38

> printf ("x*p2 = %d\n", *xp2)
*+p2 = 90

> 1x*p // 1 * (*p)

8100

>
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0100 OO

choobobooooooooooooboboboogooooooooboboboooooo
goboboooboboboooooooooboooooboboobooboboobooboboboboo
gbooobooboboboboobobooooboooboobooobooboobobobobobooban
gobooboboobooboobobobooboobobobobobobbobooboobon
gobooobooobooboooboochoobbobooboobooboobooobobooboobooo
gbooboboooooboboboobooboboboboobooboobooboobooboobon
googobooboobboobuoobbooboobooboboobboobbooboog

00000 mein() DO0OCOODOOODOODOOODOOOOODOOODOOOODOODODO
goooooooooocobobobobobobobobobobo

c¢hooooooooobobo coboboobooboocchboobobobooooooboboobooo
gbogoboobobbooobuoobobodgbuoobobboboobooobooboobob
gbooobooobobooboooobobboboobooooobooooboboooboooobobon
gobogooboobuoobooobuooboobboobooboboooboobo

gbbobobooboobuoouoobobuooboobobbobooobooboboooba
goboobooooboobbooooooboobtboooooooooboooooboobobooooon
goboobobooboboobooboboboboboooboobobbooboobooboo
gbobooboboooboobooboobuoobobbboboobuoobobobobuobbob
gbooooboooboobobooboboobboobboobboobooooboobobooon
ooooooooooooboooboobobobgo

googboobobocbooboooooooboooobobooboooooobooboboooDo
gooooboobooboooboboobooboboobooboboobooboboboboobon
goboboooboboooboobooooooboooobocoboboooboobobooooDooo
gobocbooboobooboboooooboobooooooobobooooooboboooboonDo
gbooobooboobboobooboobooboooo

gboogooboooooboboboobooooooboboboboooboobooboobbcooobOoDbo
c¢hoooooobooboooboooboooobooobooboobbobooooboobobooboo
gbooobobooboobooobooboboobooboboboboboboboooboobonoon
gboboboobobobooboooooooboobobcechbobobobboobobobOonDo
gooooooooboobogobobboboboboboboocooooooooooooDobOoDo
goocoubo choboboobobooooboobooboooobobobobobobobooboooo
ooooooooo
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10. OO
10.1. DO0DOOOOOOOOo0OO

101 OOO0OOO0Oooooood

gbogboobooboboobuooboobooboobobooboobobooboboobo
gobbooobooobooboooboboooboooboboooboooooobo0o0ooobOoODO lvalue
({gooooobooobobooooobbboboooobboo)bboooobbbooooobDbo
gbogoboboobobobobobbobodoboouoobooboboobooboobob
gbooboboooboobooobobobbobooooboooboooboobooboooboobon
gobooboboboobooboogbuobbob0 vake oo O
U000bobooobOob0obo0o0bD0bOb0O0OFORTRANODODOODODODODOOOODODCO
gboooobobooboooboobooboobooobooooboooboobooboooboobon
bbb cobbbooobbooobobbooobbbooobbbuoouuboDboc++0 ¢choo
gbbooboboobuoabboobuobbobobuooboobbodo

102 0OODOO0O

gobooooobooooogo

return_type function_name (argument declaration)

{

statements

gobOobDoobDooboobOo0bobDbOobDDbD0O0return_typeJ0000O00O0O0DOO0ODOO
gooooobobbochoboboobobmOgbobobooooboobobobooooonoo
gbooooboooon

K&RCOOOOODODOODDODOODOO ChOoobbooobooobooboobooboboooo
K&RO COOOODODODODODODODODODOOODOOOOOOOOOOOOOOOOODOO0

gbooboooobooboobooboboobooboboobooboboooboooboobo
goog

int funct (int 1)
{

i = 3;

int 3;

return 1i;

googno joboooboobb i = 30000000000 boboobbooboobLbon
gbobobboooobbbooobobobboooobboboooobbobouoooobbboooobon
gbobobooobooboboboobooobooooboboboboobooobobbooobooobon
gobooboboobooboobobooboobooobboboboobooboboboobLoobo
gobooboboooobooooooboboooooboobobooboobobooboocoboooonoo
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10. OO
102. ODODODO

DDChDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
goooon

int funct (int i, 3j)

{

printf("i = %d \n", 1);// use 1 as the argument parameter
int j=1, i=1; // 1 and j are initialized to 1

j =1 +8 +73; // use i and J as local variables
return 7j; // return the local variable j with 10

chooooooooooooboooboboooboobooooDob funect() OOO0ODODO
bbooobuodboboibodbdderintf () 00000000000 DOO0OOOODOD 100
gboo0pbbOo0 int 3,i000000000000D000O

b sj000o0booobooooboboogboooboobooooboo sobbo0obboO0bOOobn
gbooobobobbobooboobboobooboobooobobooboobooobooobon
gbogopobooobbooboobbooboobooobooboo

00O0Db0000 funct () DOCOO int funct(int i, int j) 00000000000
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDChDD
0000000 o00obo0obobobob0obOgpedefDODODOODODODODODODO
gooooooooooooon

typedef int INT;
int funct(int i, int INT) // int funct(int i, INT) is an error
{

INT =90;

/*x .. %/

00000 recurn0000000O0O0O0O0O0DOODOOO0OODOOOODODOOODODOO
goooooooogg

return expression;

return0 0000000000000 O0O0O0DOOOO0DOO0OOODOOOOOOODOO0ODbODO
gobobooogbobooobooooogbooboobobobooboobobooboooo
gbooooboobooobboobuoobbooboobboooboobooobooonon

int funct ()
{
int *p;
return p; // ERROR: wrong return data type

'D0000000000000000000000000000000000000000000000
‘OO0C/C+0000000000000000D00000
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10. OO
102. ODODODO

return (int)p; // OK: C type conversion

return int(p); // OK: functional type conversion

oooobodvodOOO0OO0D0OO00D00000 reeurn000000000000O0return0000
gboboboboboboooooboobobobboobobooboobooboboooobooboboon
ooooooooo

> int funct () {}
WARNING: missing return statement for function funct () and \

default zero is used

gbooboboobobooboobobbobtbdretcornd0O000DO0O0O0O0OO0O0ODODODOO
O0ooooooooobboooooooooobobooo0oooooDoOoO0mtOboDOD oUfloat
gboobooondnDOonoOonoOOONULLODOOODODOO complexZeroOODODOODOODOO
OO0vodOOOOOOrewrn0 0000000000 0OO0OODO0ODOOODOOODOODLOOODOOO
gooooooooooooooooooooon

int funct ()
{

return; // WARNING: missing return expression and use default zero

gobodgboobboobuodgboobbooboobobooboboooob

int funct (int i)

{

return i+1; // the same as ’'return (i+1l);’

}

funct (5) ; // ignore the return value

gboboobooobooboboboboobobooboobovvoeidd OO OOOOO0OOOO0ODOO
goboobdbOveidOO0OO0OODOODOOOOODOODOOOOODOODODDOOODODOOO

void funct (int i) {}
int k;
k = funct (3); // ERROR: lvalue and rvalue are not compatible

o000 vodO0O0OOOreeurn 000000000000 O0O0O0O0OO0returnD 00000
gboooooooooooooooooooooon

void funct (int 1)

{
if (i == 3)
{
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10. OO
102. ODODODO

printf ("i is equal to 3 \n");
return ij; // ERROR: return int
}
else if (1 > 3)
{
printf("i is not equal to 3 \n");
return; // OK

funct (2);

googbooooboboooobooooobooooboboboooobooboooooboooboDbo
gbooooooooooooooooogoogo

int funct(int i, Jj){return i}

funct (8) // ERROR: fewer parameters are passed to funct (),
gooooooobooooooooooooooooooooooooooOoooboooooooo

int funct (int i) {return i}

funct (8, 9) // ERROR: number of arguments is 2, need 1 argument

choooooooooooooooooooooooooooooooooooooooon
0000000000000 oo0oooDoooooDoDooOooDoOoD0oOooon
O0000000000000000000000 0000000000 funct2 (abs (-6),
functl (functl (2)), funct2(1,2,3)) 00000000000 abs () DOO0OOOOOOO
O000functl () 00000000 0O0O0OOOOOOOOODODODO funct2() 0000O00O0OO
goooo
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10. OO

103. DO0DOOOO0OO

#include <stdio.h>

int functl (int 3) {

return 2x7j;

int funct2 (int 31, j2, 33) |
return jl+j2+33;

int main () {

int 1i;
i = funct2(abs(-6), functl (functl(2)), funct2(1,2,3));
printf("i = %d \n", 1); // output: i = 20

gbobo:000000b00b00b0bOoD

103 ODOOoOooooggd

chooooooobooobooooooboooobcooooboooobooobooooobDoDbo
gobogbobooooboboocogboooooboboobooobooboooooDoboboo
gboooobooboobooobooboooon

e IO DOOO0ODOODLODOODDOODLOODDOODOODODO
e HOUODODOOODLOOODDOODLOUODLDOODOO

e JOUODOUODODODODODODODODODODODOD

c¢hoogoooooooobooooobooboooboboooobooooboboobooooDoon
gb0 choogoooboboboboboooooogoooobobobobooboooboooo
gooooboboobooboboobooboboboobobooboobobobobooboon
gbogbooboboobuoobobboboobuoobooboobobbboboogooban
gboboooboooboboobooboboobobooooobobooobobooboobon
goooboboboboooobooobooboobobooboobuoobobboobooboon
gboboobobooboabbood

int functl (int 1i); // return and argument types are int
int functl (float f); // ERROR: change data type of argument
int functl (void v); // ERROR: change data type of argument

int functl (int &1)

; // ERROR: change data type of argument
float functl(int 1); // ERROR: change return type of function
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10. OO
103. DO0DOOOO0OO

void functl (int 1i); // ERROR: change return type of function
functl (5); // Ok
functl (5.0); // OK, 5.0 converted to 5

int funct2 (int i)
{
int funct3(int 7J); // return and argument types are int
}
int funct3(int i)

{1
int funct3(int =*p); // ERROR: change data type of argument

googobooooboooboboooboob11obooooboooboobobooobobooboobo
ooooon

int functl (int i) {};
int functl (int 1) {}; // ERROR: redefine functl ()

gbobobobobooboboboboooobobobobobobobboboobobDoobooboo

int funct2;
int funct2 (int i) {}; // ERROR: redefine funct?2
int funct3;
int funct4 (int 1)
{
int funct3(int 1i); // ERROR: redefine funct3

gobobooon funct2000 funct3 0000000000 DOOO0O0OOO0OO0OO0O0OOO
gooogo

gooobooooboobooogobobooobooooobobobooboboobobooo
gbobooboboobobobooboboobooboooooboooooo D[][]E]D[]HD ubobooanon
gboogoobooboobb2000bbo0oboobboooobn

int funct (int);

int funct (int 1);
goooooobooooboooooocooooboonooooooooooooon

int functl (int, int);
int funct2(int, float);

gobobooobooooboobooobobobbobobooboobooboboooooboobobogo

‘0000000000000 0DOooOog
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10. OO
103. DO0DOOOO0OO

void funct (int %, float *, complex =*x);
void funct (int =xip, float xfp, complex xxzp){ }

googoboooboobobooooboooobooooboboboobobooobooboooboDbo
gboooooooooooooooooo

void functl (int *ip, =*Jp, **ip2);
void functl (int =%, *, =*x*);
void funct2 (int, int, int);

(
(
void funct2 (int, , );
(
void funct?2 (

int i, 3j, int k);

gbooobgooooboboboobuobobobuoobobooboboobooboboobo
ggbbooboadood

void funct (int, =, float f)
void funct (int i, =xp, float);

gbooobooobooboboobobbgvoeiddbOODO voidOODOODOOODOODOO
gooooooooooooooooooooogo

void funct (void);

void funct (void) { }

gboobooobooboobooboboobooboboooboobobooboboboobo
ooooogg

void funct (int *[], *[31, []1I[3], char [1);
int xap[10], *bp[3], al[l0][20], cal3];
funct (ap, bp, a, ca

4

)
void funct (int =*ap[], *bp[3], alll3], char c[]){ }
gootbootboooooootbooooooooooooooooooooonooooooonogn

gboooobooobobooboooboon

int a[l1l0][10];

void funct (int () [31, [:1[:1);
void funct (int (*a) [3], bl:1[:1){ }
funct (a, a);

gboobobgoobobooboobooboobooboobooboooobobobooobo
oood

int i, *pl, **p2;

void functl (int &, &, &*, &*x*);

functl (i, i, pl, p2);

void functl (int &i, &7, &x*xpl, &*xxp2){ };
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10. OO
103. DO0DOOOO0OO

oboooboobooooboboooooobooboooob choobooooobooooooo
gobooobooobobbogopooIsoct K&rRCODODOOOODOOODDOOODDOOO
goooooboobobobocoboboooooooooboboboboooboobooobooooo
gobdoobobocooboobooooooobobooobobobooobooooboooOoboo
goooogn

int functl(); // return type is int, ignore arguments

int functl(l i); // argument is an int

int functl(int i, 3J); // ERROR: change number of argument

int functl (int =xp); // ERROR: change data type of argument

int functl(); // OK to repeat the same function prototype
int functl (i i){ 1} // function definition

complex funct2 (int 1i){ } // return type 1is complex,

// argument is an int

int funct2(); // ERROR: change return type of function
int funct2 (int 1i); // ERROR: change return type of function
complex funct2 (int 1i); // OK:

int funct3(int 1)
{
int functi4();
int funct4 (int 1i); // argument is an int
int funct4 (int 1, 7J); // ERROR: change number of argument
}
int funct4d (int i)
{1}
void funct5();
void funct5 (void);

void functb5 (void v);

(
(
(
(

void funct5(); // OK
void funct (int); // ERROR: change data type of argument
void funct5(){ } // function definition

obobo 102: K&RCOODO ISOCOODOODODODOO

00000020 0000004int functl(int 1) 0000 CO0O000O0OO0OOOOOOOOO
functl () DO00O0OD0OO0OO0OCOOOOO0OOOOOO0OODOOO0OODODODOO0OOODbOO0OO
0000 funct5() 00000000000 000O0M0200000000 void funct5 (void) { }
gobodbbgobok&RCODDOOODDOOODOODOODDOOODODOOODLODDOOOn
gooooook&RCOODOOOOOOOO0OO0OOOOO0O0O0ODOO
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chogooobooboooooooooobobobooooooooobobobobooDoo
O00imtO000O0bO0bOoboobooooboooooobobobobooDoo chbobobUoono
gbobobooboboboogbbbooodlb funet () DO0OO0OO0OOO0ODLDOOODLDOOOODOODO
00000 int funct () DOOD0OO0O0OOO0OO0OOO0DOOO0DOODOOOOOOOOOOOO0OOOO
000000000000 000@M3aoooon

functl (3); // by default, functl() return int;

void functl (int 1) { } // ERROR: change return type of function
int 1i;

funct3(3); // by default, funct3() return int;

int funct3(int i) { }// WARNING: missing return statement and default zero is returned

int 1i;

functid (3); // by default, functd () return int;

int functd (int 1)

{ return; } // WARNING: missing return expression, use default zero
funct5 (8) // WARNING: fewer parameters are passed to funct(),

// default zeros are used for missing ones
int funct5(int i, J) {return i}

functo6 (8);
int functé6(int i) {return 3} // OK

funct7 (8)
int funct7(int 1i){} // WARNING: missing return statement, use default zero

funct8 (8)
void funct8(int i) {} // ERROR: change return type of function

funct9(8)
int funct9(float f) {return (int)f} // OK

funct10 (8) // ERROR: non ptr value passed to ptr
int functlO(int =*p) {return 3} // OK

gbobo3:0000b00bogoobgbobobobobob

gboobooobooboobobooboooboobooobooboboobooobooooono
googobooobbobobooboobobooboboobooboobboobooboooo
00000000000000000000000000 It000000000000 004000
gbooopbooboobboobooboobbooboobobooooDn
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void functl (int i) { }

int funct (int i)

{
void functl (int i); // redundant prototype OK
void funct2 (int 1i); // must have prototype
int funct3(int i); // can be omitted by default
functl (1) ;
funct2 (i) ;
funct3 (1) ;

}

void funct2 (int i) { }

int funct3(int 1) { }

obobo 04 00b0obooboooobooboboboboboo

104 OOODO

gboogobooobooobobooooooboobooooobobsShooooboobobooobobo
gbooobooooboooooo

int main() { // level 1 for main
funct (1) ;
}
int funct (int j) // level 2 for funct and level 2 for j
{
if(§ <= 3)
{
printf ("recursively call funct() j = %d \n", 3J);
J++;

j = funct(3);
}
else

printf ("exit funct() j = %d \n", J);
return j;

}

gboobo 05000000

o000 @A o0o0o000oooooood
recursively call funct() j = 1
recursively call funct() j = 2
recursively call funct() j = 3
exit funct() j =4

gboobooobooboobooboboobooboboboobooooobobooboooooooo
gooobbobooboobobobbobobooboobooboboobooboobon
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O000000if-elsel000000O0O00OOOOODOODO0ODODODODODODOD 1060710
googobooboobboobuooboobobooo

int main() {
functl (1) ;
}
int functl (int 1)
{
i = funct2(i);
printf ("exit functl() i = %d \n", 1);
return 1i;
}
int funct2 (int 3j)
{
if(j <= 3)
{
printf ("recursively call funct2() j = %d \n", Jj);
J++;
j = functl(j);
}
else
{
printf ("exit funct2() j = %d \n", 7J);
J++;
t
return 3j;

}

oboobo 106000000

gboobDmenodbd functl () OO0 funct2 () DOD0OOO0OOODOOODOOODOO
funct2 () 000 funct2 () DOO0O0O0OO0O000O0 funct2() OO0 functl () UOOOOO
Do0MIDo0oooooe00ooonoooon

recursively call funct2() j =1
recursively call funct2() j = 2
recursively call funct2() j = 3
exit funct2() j = 4
exit functl() i = 5
exit functl() i =5
exit functl() i = 5
exit functl () i 5

O10.: 000000600000

105 OOOOoOoOooOoOd

coogboooboob choboboboboboboboboboboboboboo

return_type function_name (argument declaration)
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statements

function_definitions

}

god

return_type function_name (argument declaration)
{
function_definitions

statements

gbobooooobobobobobooooobogo éhOobobobobobboobobobobo
gbooboboboboboobooochboboboboboboobDoboobooobobobono
gboooooooooooooooboobobobobobobobobobb

1051 0000000 DOO0OOOOOOOOOO0DOO0ODO

chogooboobooooooooooboboboooooooooboboboooooo
gobooboobobooogoboboooobobooboobooboobobooboobobooo
gboooboboobooboobobobooboobobboboobooboboobooobon
gobooobooboobooboboobobobooboobobooooobobboboobon
gooooooboobobobobobobobooboooooooooooobob chobooo
gbgoboboooboobobooboobobooboobobooboobobooobobon
gooobobobooobooboboogooobobocobogboboboobDoboobooLDobOoboo
goboooboobobobooboooobogoboboooboboooobooobobooboboooDo
gbobobobooboooboobobgoboobocoboboobooobobOobOoboDOooooOochnoOd
gboooooochoboooooooooooooooooooooooog

googoobooooboobooogobooboooobobobooooboooboooobooo
gobooboboogobobooooboboboobooooooboooooboboo 20000000
goboobobobooboboboogos3sogboboobobobooboobobboooDoboboo 400
gooboobooooboboboooobobobooboosbobooooobobooooobon
gbobooooboboobb.gobobooobo0«.+1000000000000000O00O000
0000000000000000000000000000M0Z0b00000
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int i; // level 1
void functl (int 1) // level 2 for i, level 1 for functl
{

int i; // level 3

void funct2 (int 1) // level 4 for i, level 3 for funct2
{

int k;

k = 1i; // use i at level 4
int 1=6; // level 5

i = 30; // use i at level 5

printf ("k = %d \n", k);
}

i = 10+1i; // use i at level 3
funct2 (i) ; // use i at level 3
}
i =5; // use i at level 1
functl (i) ; // output: 10

gbobo107: chOOobobDOoDOOoD

0000000700000 funct2() 00O functl()DDDDDDDDDDDHDDDDDD
gooobobooboboobobobobooboobooboobooboboobooboon
gbogbooobgobobodoboboboboobobooboooboobooboboooboan
gbooooboobooobboobuoobobooo

gboogooboboobooboboobuoobobooboooboobooboboboobo
000000000000000000000000DMII 000000000000 00 300
U000 funct3 () UDOODOODOOOLOO200000000000000

void functl () { // level 1
void funct2() { // level 2
void funct3() // level 3
{1}
}
funct3(); // Error: funct3() is at lower level

}

googo 108 0000000b0b0boboboooooooobobobooboobooboono
oooood

gbogobgooboboobobooooboboobooobooboobobboobOoobo
gbooboboobuoabboobduobbon

‘0000000 00DOooOn
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void functl ()

{
void funct2 (int 1) // level 4

{
int k; // level 5

}
void funct22 (int 1i); // level 4

{
int k; // level 5

}
}

goooo109:00b0b0b0obobobobobobobobobobobob

0000090 0000000000000000 funct2() O funct22() 00010000
Ubd xbobobobobuobdbibd funct2() 0000 xOOODOOOOOOO funct22 ()
b0 xboooboooooo

O0000@I0000

void functl (complex zl) { // definition of the function
int 1i;
complex funct2 (complex z2) { // define local funct before it is used
complex z;
complex funct3(complex z3) { // double nested function

return z3;

}
z = funct3(z2);
return z;

}
i = funct2 (complex(1,2));
}

gooobo10.10: ¢chO 200000000000

Ul funct3 () DO0OO0OO0OODO funct2() UOOOOOOOODOOOO0O0OOOOOOOO0OO
gboboboobobobogoboooochoboboboboboobooboooboobobobOono
gooobooboobooboboobooboooboobobooobo0oboobbDoobon
gbogoboboobobobobuoobuoboboboobuooboboobuoooobobooban
0000000000000000000000000000000000[M01I000300000
gboogooboobogbobooboo3noooon
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void funct () { // level 1
void funct () { // level 2
void funct () // level 3
{1}
}
funct () ; // invoke funct () at level 2

}

oboobo1:goooooobooobogoboobgobobobobooboon

gbooboobooboboobooboboouoobobbooboooooboboobooobo
gboooboboobooboobobooooon

void functl (int i)
{
void funct2 (complex A[:][:], &z)

{
complex Al[][3]={

{ComplexInf, ComplexNaN, Inf},
{-Inf, complex (-3,-1), complex(-7,2)},
{complex(-4,-3), complex(6,3), complex (2,1)}

bi
z += A[1][2] + A1[1][2];
}
float F[4][4];

complex z = complex(-3,2);
F[1][2] = —-i;
funct2 (F, z);
printf("z = %f \n", z);
}
functl (10); // output: z = complex(-20.000000,4.000000)

oboobo012:¢hbobobobobobobobobobobobobo

O000000000MIZ000000000 funct2() 000 A1003x3000000000
gbobobodargbgobooooooobobobobobobobobboobobobOonbo
O00000Ofleat D0 FOOO funct2() U000 AODDODODDFODODOODODOODOADO
O04x400000000 funct2 () 0200000 0000000000000 functl() O
0000000000000000000000000M0I2D00000000000O0000

z = complex(-20.000000,4.000000)

1052 ODOO0OOOOOODOODOOOOD

gbogbooboboobooboboooobobooboboboobobobobooba
gboobobooobooboboooobobooboboobooooboboobooobon
000000000000000000000000000000000 013000000000
gboobboobuoobuoobboobodo

215



10. OO
105. OO0DO0ODOODOOD

void functl () // level 1

{
__declspec(local) float funct2(); // local function prototype
funct2 () ;
float funct2() // definition of the local function,

{

return 9;
}
}

00000 10.13: funct2 () OOOOO0OODODO0OO0OO0O00O0OO0OODO __declspec(local)

0000003 0000000000 funct2() 0000000000000 0OODOOOO
Ubogobuooboobuoobooboobi__declspec(local) UDOOOOO0OOO0DOOO
cobogdoobobooooboboodbooboboooobDobobbobobDobDobbobooo
000000000000000000000000000000DO00O00O0DO0MI4C000
gbooboboobooabod

void functl () // level 1

{
_ _declspec(local) float funct2(); // required ’'local’
__declspec(local) int 1i; // optional ’local’
funct2 () ;
_ _declspec(local) float funct2() //optional ’local’
{

__declspec(local) int 3J; // optional ’local’

return 9;
}
}

oboobo 104 chooboboboobo

gbobobobobobobobob lecallbObOODOOOODOODOODODOODOODOOO
gobodbooobooboobooooobbobobooobobooboboooobooboooboOooD coo
0000000000000000000000000000000000T3000 funct2() OO
goobo2000000
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int main () // level 1
{

void functl (int 1) // level 2

{

void funct2 (int 1i);

funct2 (1) ; // use funct2() at level 1
t
void funct2 (int 1) // level 2
{
printf("i = %d \n", i+1);
}
functl (100);
funct2 (100); // use funct2() at level 2
}
void funct2 (int 1) // level 1, top level
{
printf("i = %4 \n", 1i+5);

}

gbooboo 11015 0b0bobobobobobobobOobo

1000000000 main() J0000000O0DO10000000000000 functl() O
00000000 void funct2(int i) O0funct200000000veldO0OOOOOODOOO
m0 1000000000000 00O000bO00bO00obObbO00bOoobDOoooOOobobDOobDbDo
Uo0DbOo0booob funct2() U00O0O0DOOO0ODOOO0ODODOO0OODOOO funct2(i) O
bodbuoobobodbdd funct2 () DO0OO0OO0OO0OOO0OO0ODOOOO funct2() UODOOO
Ub0b000b0000main() OO funct2(100) D0OOO0OO0O0OOOOODOOOO0OOOOOOOO

000003 o0oo00oooooooo
i=105
i=101

gbobobobobobobobobobobo oo obooObOoObOoOoo
gobooboooooboboogoogobcoboobooboooooobobbooooooboooo
goodboobooboboobooboobo funet () D00 OO0ODLDODODDODODOODDOO
U000int funct () 0000000 O0ODOOOOOOODOOOOODOOODOODOCOOOOOO
gooo

0000000000 00I600000 funct3() 000000000 D0O0O0OODO0OOOODOOO
0000000000 funct3 () U0mtO0O0000000O0O0000O000O0OO
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void functl (int i) { // level 1
void funct2 (complex A[:][:]1);// funct2(): default function at level 1
complex A1[3][3];
i = funct3()+4; // funct3(): default function at level 1 return int
funct2 (Al);

}

void funct2 (complex A[:]1[:]1) { // level 1

A[l][2] =70;

}

int funct3() { // level 1
int 1=90;
return ij;

}

goooo101ee0bodbobobobobooboboobobooboobooooooooooon

O0oooooooooooooooooooooooooooooooooooooooooa
gddoododoonoodoooobodoooobouoooooonoouoooooooon
O0o0oodoooooooooodooooooooodoooooooooooooooon
O0o0oo0o0ooooooooooooao

00000 I/ 0000000000000 __declspec(local) void funct3() OO0
000000000 funct3 () UO0OOOOOOO0O funct2() OO0 funct4 () OOODOOO
Oo0d0o0o0oooooooooooooooooooooooooooooooooooooooOon
000N 0O040000000000000000

void functl () { // level 1
_ _declspec(local) void funct3(); // auxiliary function prototype
void funct2 () { // level 2

funct3(); // use funct3() at level 2
void functd () {
funct3(); // use funct3() at level 2
}
funct3 () ; // use funct3() at level 2
}
void funct3 () // level 2

{1}
}

ooooo 10172 ODODODODOOOOOOOOOOOOODODODODODODOO
0 __declspec (local)
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/*x EXAMPLE 1 *=*/

void functl () { // level 1
void funct2 () { // level 2
int i;
i = funct3(); // use funct3() at level 1
t
void funct3 () // level 2
{1}
funct3 () ; // use funct3() at level 2
}
int funct3() // level 1

{1}

/*x EXAMPLE 2 *=*/

void functl () { // level 1
__declspec(local) void funct3();
void funct2 () { // level 2
funct3(); // use funct3() at level 2

void funct3() { // level 3
__declspec(local) wvoid funct3();
funct3(); // use funct3() at level 4
void funct3() // level 4
{1}

}

funct3 () ; // use funct3() at level 3
}
void funct3 () // level 2
{1}
funct3 () ; // use funct3() at level 2

goodo as:ooboboobooooboooooobooobooobobooobooooboo
ooooo
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/** EXAMPLE 3 x%*/

void funct2 () { // level 1
}
void functl () { // level 1
funct2 () ; // invoke funct2 () at level 1
void funct2 () { // level 2
void funct3 () // level 3

{1}
}
}

/%% EXAMPLE 4 xx%/

void funct2 () // level 1
{1}
void functl () { // level 1
__declspec(local) void funct2();
funct2 () ; // invoke funct2 () at level 2
void funct2 () { // level 2
void funct3 () // level 3

{1}
}
}

00000 1019:0000000000000000000000000000000000000
00000 (@)

1053 ODOOO0OOOOOOOO

chopooooooooboooooboboooobobooooboooobobbooooboobo
gobooobooboobooboboobobobobooboooboooboobobooobobon
goboboobooboooobooooboobooooooobobobooboboooobooono
00000000 M200000000200 0000000 funct2() 0000000 0OOOOOO
gboobooobooD funct2 () OD0O0OD0ODOODOODOOODODOOO
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void functl (int &1) // level 1
{
int funct2(int 9) // level 2
{

if(j <= 3)

{
printf ("recursively call funct2() j = %d \n", 3);
Jtti

j = funct2(3j);
}

else

{
printf ("exit funct2() j = %4 \n", 7J);
Jt+i

}

return jj;

}
i = funct2(i);
printf ("after call funct2() i = %d \n", 1i);

if(i < 6)
functl (1) ;

}
functl (1) ;

oboobo0o 1020000000

000020 0000000000000

recursively call funct2()j = 1

recursively call funct2() j = 2

recursively call funct2() j =3

exit funct2()j =4

after call funct2()i =5

exit funct2()j =5

after call funct2() i = 6

0000000210000 funct1 () 0000000 funct2 () 000000000000 funct2 ()
gbogbbdd functl () U0OOOO0OOOO
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int functl (int 1) // level 1
{
int funct2(int 9) // level 2
{
if (3 <= 3)
{
printf ("recursively call funct2() j = %d \n", J);
Jtti

j = functl(3j);
}

else

{
printf ("exit funct2() j = %4 \n", 7J);
Jt+i

}

return jj;

}
i = funct2(i);
printf ("after call funct2() i = %d \n", 1i);

if(i < 6)
i = funct2(i);
return i;

}
functl (1) ;

oboooo 1021: 000000

Ooo0oD@2I00000000000000

recursively call funct2() j = 1

recursively call funct2() j = 2

recursively call funct2() j = 3

exit funct2() j = 4

after call funct2() i =5

exit funct2()j =5

after call funct2()i =6

after call funct2()i = 6

after call funct2()i =6

000000200 (0200 0000000000000000000000000000O00OCh
0000000000000 000000000000000000000o0o00no0ooooooa
000000000000000000[M022000000000000 functl() 00OOOODO
O funct2 () 0000000000000O0 funct2() 0000 functl)00D0O00D0O0O0OODO
funct3() 00000000000 DO0O0O0OO functl ()0 funct2 ()0 funct3 () DO0O0OODO
000000000000000[M0220000 1000000000000000 functl () OO
O funct2 () 00000000000O0O0O0O0O0OOO
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int functl (int 1) // level 1
{
int funct2(int 9) // level 2
{
if(§ <= 3)
{
printf ("recursively call funct2() j = %d \n", J);
Jtti

J = funct3(3);
}
else
{
printf ("exit funct2() j = %4 \n", 7J);
Jt+i
}
return jj;
}
i = funct2(i);
printf ("after call funct2() i = %d \n", 1i);
return i;
}
functl (1) ;
int funct3(int 1)
{
i = functl(i);
return ij;

}
oboobo2:.000b0b0bobobobn

00000000000 [M0230 00000000 funct3() DO00D00ODODOOOO
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int main() {
__declspec(local) int funct2();
int functl (int 1)
{
i = funct2(i);
printf ("after call funct2() i = %d \n", 1i);
return i;

}
functl (1) ;

int funct2 (int 3j)
{
if (3 <= 3)
{
printf ("recursively call funct2() j = %d \n", J);
J++;
J = functl(j);
}

else

{
printf ("exit funct2() j = %d \n", 3J);
J++;

}

return Jjj;
}
}

gbobo 23 00000000000000000

0000000000230 00000000000M02200000000000

recursively call funct2() j = 1

recursively call funct2() j = 2

recursively call funct2() j = 3

exit funct2() j = 4

after call funct2() i =5

after call funct2()i =5

after call funct2()i =5

after call funct2() i =5

106 D000 OoOooooobobbono

chooogooooooooboboboooooobooboboobooooboboboboooon
gobodboooboobooooooobooooboooobboobboob a0 20000000
swap () DO O0DOO0OO0O0OODODOODLOODOOOODOO0

swap (a, b);

gobogboobbooboobooboobgo
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void swap (int x, int y) { // doesn’t work as expected
int temp;

temp = Xx;

X = y;
y = temp;

gboooboboobobOdswap () DOODOD0DO0ODOO0OD0OO0O0 a0bpbOOO0oooonoooDO
swap () D0D0O0Oa0 000000000000 xOyOOOOOOOOOOOO

gbooboooobooboboooboboobooboobobobooboooboboobooooooobo
goboobobooboobboboobooboboobooooboobobooboobon
oooooooo

swap (&a, &b)

obooobobobooob«»0b0b0obobbobbbsab a0 00D O0O0OODOO0O0ODO
U000 swap () D00 a00 0000000000000 00000DO00O00O0O0OO

void swap (int xpa, int #*pb) {

int temp;

temp = *xpa; // contents of pointer
*pa = *pb;

*pb = temp;

swap () 0000000000 O0DOO00000 pab 0000 ppbO0000D0OODOODOOOOO
U000 alpO0O0000 pal0000 ppU00O0O0O0O0O0OO0OOO0DOOOO

107 0UODOOOOOOOO

choooooooooobobobooooooboooboboooooooooobobon
gobooboboooboobobooobobooobobooooboboooboboobooooooDoo
gbogoobobooboboobobooboobobboobooobobbobooboobon
googooobooooooobgon

#include <stdarg.h>

typel funcname (arg_list, type2 paramN, ...) {
va_list ap;
type3 v; // first unnamed argument
va_start (ap, paramN); // initialize the list
v = va_arg(ap, type3); // get 1lst unnamed argument from the list
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va_end(ap) ;

}

10. OO

// get the rest of the list

// clean up the argument list

U00Darglist 0000000000 O0000D000paramNO00000D0O00O00ODOOO
vOO type30000O00OO0O0O0OOOO

0000 ChTypetDO00OD0OO0O0O0O stdargh D00 O0O00OOCOO0OO0DOOOOOOODO stdarg.h
gboboobobooboobooboboobooooboobooobobobooboobon
DoooooooooooImooooooo

010.1: 0000000 stdargh 0 0000000000000 0000000OO

godg

g

VA_NOARG
CH_UNDEFINETYPE
CH_CARRAYTYPE
CH_CARRAYPTRTYPE
CH_CARRAYVLATYPE
CH_CHARRAYTYPE
CH_CHARRAYPTRTYPE
CH_CHARRAYVLATYPE
va_arg

va_arraytype

va_arraydim
va_arrayextent
va_arraynum

va_copy

va_count

va_datatype

va_end

va_start

va_tagname

vastart) 0 200000 (DO00OOODOOOODOOO)O
oooooo

coon

cooooooad

CVLAOOO

CchoonO

chooooonoa

ChVLAOOO
0o0oDo0doooooOooooooooobo0oooobooooon
0o0poodbOoooboOoobooooooon
dooodoooooooooooo
0o0Do0doooooooboooooooa
dobOodoooooooboooooooa

valist DO OO0 O0OO04O0Qdad
oooooooooooooo
odo0oodboooooooooooon
oooooooooooao

000000000 oOOo0oo0nDn0 eqeoOoOoOoooO
0000000 struct/class/union 0 0 000000000

O0D000000000O0valdistDOO0ODOO0OO0O stdarghO0 000000000 0OOOOODOO
oboooobobobooboobooooooooboboboobOoboooDooooobobooooon
chOOUOOODOOOUODOUOU0O0OU000UO apUd 000D UOUVANOARGO va_count [ va_datatype U
va_arraydim [J va_arrayextent [] va_arraynum [ va_arraytype [0 0 0 0 va_tagname 0 0000000
0000000000000 000b000OoOooogOog va_arraytype() O OCH_.UNDEFINETYPE
OCH_CARRAYTYPE [ICH_CARRAYPTRTYPE [ICH_.CARRAYVLATYPE OCH_.CHARRAYTYPE
0O CH_.CHARRAYPTRTYPE [0 CH.CHARRAYVLATYPE 000000000 OODOOOOOO

226




10. OO
10.7. DO0DOODOODOODOO

0000000000000 00000oooo@Yoooooooood

0O vastart ] ap 00000000000 0ODO0O0O0O0ODO0O0O0O0O0D0ap O O0OOOOODOO
gbogboooboobobboobooobodgbuoboboobooboboobooboboobon
Uboobooobobooobobdbd paramNUO0O0O0O00O0Ovastart 100000000000
goobodbbvaarg) UODDOUOODDOOODOODD 1DDOD0O0epb0O0OO0OO0ODOOO
gbbbboddvaargO0Oodoboooooboooobooobobooobooobboan
gobooboooboboboboooboboimbboobooooobooboboobooboooooobooo
goboooboooboobobooboboboooboobobuoobboobbooboooboon
UO00Ovaend 0000000000000 0O0O0DOODODOODODODOODODODODO
0002400000 £f1() 0000000000 000000000000 argnumO000000
00000001060 0000000000M02Z400000000000M023000000
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#include<stdarg.h>
struct tag {int 1i;

float J;1};

void f1(int arg_num, ...) {

va_list ap;
int 1i;

char xstr;
struct tag s;
int =*aj;

int al;

va_start (ap, arg_num);

if (arg_num <= 1)
return;

if (arg_num >= 2)
i = va_arg(ap,

{

int);

printf ("\nthe 2nd argument is %d\n", 1);

}

if (arg_num >= 3)

{

str = va_arg(ap, char x);
printf ("the 3rd argument is %s\n", str);

}
if (arg_num >= 4)
s = va_arg(ap,

{
struct taqg);

printf ("the 4th argument s.i is %d, s.j is %$f\n", s.

}
if (arg_num >= 5)
a = va_arg(ap,

printf ("the 5th argument a is %d, %d, %d\n", al[0], all],

}

if (arg_num >= 6)

al = va_arg(ap,

{

int *);

{

int);

printf ("the 6th argument al is %d\n", al);

va_end(ap) ;
return;

}

int main () {

struct tag s = {1, 2.0};

int al[] = {1, 2,
int arg_num = 3;

3};

fl(arg_num, 3, "abc");

arg_num = 6;

fl(arg_num, 6, "def", s, a, alll);

return 0;

gobdoo 1024000000000
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the 2nd argument is 3
the 3rd argument is abc

the 2nd argument is 6

the 3rd argument is def

the 4th argument s.i is 1, s.3j is 2.000000
the 5th argument a is 1, 2, 3

the 6th argument al is 2

00000 1025: 0000000200000

CO0000000D0000O000O0000000000000000000000000000
0000000000000000ChOO0D0O0O0O00000000D00D00D00O00O0000000
vastart 0000 VANOARGO O OOODODODOOOOOOODOOOOODOOOO2600000 £2()
00000000000o0o0n

#include<stdarg.h>
#include<stdio.h>

void f2(...) {
va_list ap;
int vacount;
int i, num = 0;

va_start (ap, VA_NOARG) ;

vacount = va_count (ap);
printf ("vacount = %d\n", wvacount);
while (num++, vacount—--) ({

i = va_arg(ap, int);

printf ("argument %d = %d, ", num, 1i);

}

printf ("\n\n");
va_end(ap) ;
return;

}
int main () {
£2(1);
£2(1, 2, 3);
f2(1, 2, 3, 4, 5);

return 0;

obooboo 102600000000 0D00D0

goo0dgbOvastart D VANOARGU U DO UODOODODOOOOOOOLOODODOODOOOOODDO
Ovacount 0000000000000 M02600000000000M0270000000000
gboogoboboobooboboobooboobbooboobobooobo

229



10. OO
10.7. DO0DOODOODOODOO

vacount = 1

argument 1 = 1,

vacount = 3

argument 1 = 1, argument 2 = 2, argument 3 = 3,

vacount = 5

argument 1 = 1, argument 2 = 2, argument 3 = 3, argument 4 = 4, argument 5 = 5,

gboogno1027: 0000000260000 00

valist DO 000000000 apO000OO0 vacopy OO ODDOOOOODOOODOOODOODO
O0000o00oo0oboooooomo280 00 valistap2 00000000 ap0 000000
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#include <stdarg.h>

int funct2(int num, va_list ap) {

int args;
while (num—-) {
args = va_arg(ap, int);
printf ("args in funct2() is %d\n", args);
}
}
void functl (int arg_num, ...) {
va_list ap, ap2;
int args;
int num;

va_start (ap, arg_num);

printf ("print with ap\n");

args= va_arg(ap, int); // ap points to the next
printf ("args in functl is %d\n", args);

va_copy (ap2, ap); // ap2 starts from the second argument
num = arg_num - 1;
while (num——) {

args= va_arg(ap, int);
printf ("args in functl is %d\n", args);
}

va_end(ap) ;

printf ("\nprint with ap2\n");
num = arg_num — 1;
while (num—-) {
args= va_arg(ap2, int);
printf ("args in functl is %d\n", args);
}
va_end (ap2); // for va_copy ()

/* pass ap as argument to functions =/
printf ("\npass ap to another function\n");
va_start (ap, arg_num); // restart

funct2 (arg_num, ap);

va_end(ap);

}

int main () {

int arg_num = 3;

functl (arg_num, 1, 2, 3);
}

gboogo1028: 00000000D0O0ODO0O0O0O ap

gobogobuooibbd ep2zUUepb000boooobooboobobboobbdd apd
O0000000D00000 ep20000000000000D0Oep20000000000O0O0 2
gobo0oobboo0b0OvacopyU DD OOODDOOODODOO vaendDOOODODOOOO
00000000 funct2() U0 valist 0000000000000 M028000ap 00000
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0 funct2 () D00000000000M028000000000000029000000

print with ap

args in functl is 1
args in functl is
args in functl is 3

N

print with ap2
args in functl is 2
args in functl is 3

pass ap to another function

args in funct2() is 1
args in funct2() is 2
args in funct2() is 3

o000 1029: 0000000200000

gbooboooobooboooobooobobooboobobooobooooboboooboooooo
U00000000 numerichDOODOOOOOOODOODOODODOD lindata()

int lindata (double first, double last, ... /* type al:]...[:]1 */);

gboooooooooooonos3ongogon

232



10. OO
10.7. DO0DOODOODOODOO

/+ File: lindata.chf =/
#include <stdarg.h>
#include <stdio.h>
int lindata (double first, double last, ...){
va_list ap;
int i, n;
ChType_t dtype;
double step;
void *vptr;

va_start (ap, last);

if (!va_arraytype (ap)) {
fprintf (stderr, "Error: 3rd argument of %$s() is not array\n", _ func_ );
return -1;

}

n = va_arraynum(ap);
double al[n];
step = (last - first)/(n-1);

for (i=0; i<n; i++) {
al[il=first+i*step;

}

dtype = va_datatype(ap);

vptr = va_arg(ap, voidx);

arraycopy (vptr, dtype, a, CH_DOUBLETYPE, n);

// or arraycopy (vptr, dtype, a, elementtype (double), n);
return nj;

00000 1030: 00 lindataQ DO O DO OO

Uobo00pbooO first OO0 last 00000000 D0OO0OO0O0DO0ODOOODODOODODOO
OU0b00o0bo0o0D0o0oo0boOoDbO0o0Udn lindata) U0 O vaarraynum() 000000000
b0 a0boobooobobboouboboboobooboboobooboboooboobon
O0ob00oo0ob0obobbUobOoDbOn arraycopyO U OO ODODODO3D0ODbDODODO
o000 0000000 00bO0bO0ObO0ObOO0ODbObOO0ODObLODbODbDODODODODLOO

Obo0b0b00Osdargh D00 O0O0O0OO arraycopyO DO D OOOD0OOOODOOOODOODODO

int arraycpoy(void xdes, ChType_t destype,
void *src, ChType_t srctype, int n);

gobooobogoooooobooooooboobooboobooboooobboboboobooDboo
0000000000000000000000000000000000M03TI000iImt0000
almain) 000 double OO OO0 p0O00ODO lindata () DOO0OOOODOODOODODODO
gboooooooogoog3bgbobobobobobobobobobon
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#include <numeric.h>
int main () {
int i, al[6], =*p;

array double b[6];

lindata (2, 12, a);

printf("a = ");

for (i=0; i<6; i++) {
printf("sd ", aflil);

}

p = &al0];

lindata (20, 120, p, 6);

printf ("\na = ");

for (1i=0; i<6; i++) {
printf("sd ", aflil);

}

printf ("\nb = ");

lindata (2, 12, b);

printf ("%sg", b);

00000 1031: OO0 arraycopyO U DO D ODOOD lindata) DO O DO OO0OO0O0OOOODOO

0000030 0000002000000

24 68 10 12
20 40 60 80 100 120
2 4 68 10 12

0w
Il

0102: 00000 [M03 100000

108 ODOOOoooogd

choooooooooooboboooooooooboboobooooobooboboobooooo
gboobopoobooboobobobooboobobooboboooboobooobooobon
gobogbobooobobooooobooooboooobooboboboobobobobobobooo
gbooboooboooboobooobooboobobooboobooobooboobooobon
googooboobboobooboonbboobn

void (xfl) (void);

int (x£f2) ();

int (x£3) (float f);
typedef int (xPF) (int 1i);
PF f4;

gbobgfigoooboobobbobbooboobuooboobuoobbe20b0obOo0bO
OooDb0oO0ooOooboOooooobbo0ooDbooDs3bbO00Db0OOfleatd DD OOODOOO
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gbooobooobooboobooobobbobooboobobobboobooboooobooobon
gobodbooboboboogboo prFUObbO0ODO0ODOOItO0ODOOOOODODOODODODOO
000000000000000f40000Ppr@O000000O0)000O0ODODOODODOOMO320
gbooobobooboobooobbood

int fun (float f) {
printf("f = %f\n", f);
return 0;

}

int main () |
int (xpf) (float f);

fun (10) ;

pf = fun; // no & before fun
pf(20); // call function fun by calling pf

return 0;

}

/* execution and output
f =10.000000

f = 20.000000

*/

o000 1032:.0000000000000

fun() O0pf00000O00O0OO0DOODOOOODOOODOOOOOODODOO0OO0
pf000000000000pf000000O0 fun000000000D0O0O0OOOOOO I0.320
gbogoboobooobboobouoaobbooban
gbooooobobbooboobooooboooobbboobooooo’ssoboCcoo chgom
gbogooboobbooobooboo

pf = &fun;
gooooooooooon
pf = fun;

gooooooobooobobooo 200000 obobboobooboobo
ooooo

int fun (float £f) {
printf("f = $f\n", f);
return 0;

}
int (xpfl) (float f);

235



10. OO
108 DODOOOOOO

int (xpf2) (float £f);

pfl = fun;
pf2 = fun;

00 pfl == pf200000000
0D000000000000000000000000000000000000000000

0000000000000000000000[003300000 optionsd 000000000
30000000000000
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#include <stdio.h>
#include <stdlib.h>

int optO0() {
printf ("to handle option 0\n");
return 0;

int optl() {
printf ("to handle option 1\n");
return 0;

int opt2() {
printf ("to exit\n");
exit (0);

int getChoice () {

int 1i;

printf ("input the choice (0,1,2): ");
scanf ("%sd", &i);

if (1 > 2 || 1 <0) 1= 2;

return ij;

}

typedef int (*PF) ();
int main() |
// or int (xoptions[]) () = {
PF options[] = {
optO0,
optl,
opt2,

options[getChoice ()] ();
}
while (1) ;

return 0;

}

/***x*x execution and output

input the choice (0,1,2): O

to handle
input the
to handle

option 0O
choice (0,1,2): 1
option 1

input the choice (0,1,2): 2
to exit
K,k kokkk/

oooo0o11033:0o00bdbobobobobobobob

00 options 0 0int (*options([]) () (nO00O0000000O000O0D0OO)0O0O0OOO0CO0O
000000000330 0000 options0 000 Otypedef int («PF) () (int00000000
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gboboo)oboboobobobooooober00000000DO0ODOODODODOO getChoice ()
U0o0bO00obo0bOo0bOo0bOob options0oooonoogooonooobboOoon
00000330 00000000000000000000DO0DDOO0DOO0OO0
gbooobobooobobobobooboboboboooboooboobobobobooboobon
00000000000 [M0340000000000000000000000000O0O0O00

#include<stdio.h>

int f1l(int i) {
printf("i = %d\n", 1i);
return 0;

}

int f2(int (*pf) (), int i) {
pf(i);
return 0;

}

int main() |
f2(£1, 5);
return 0;

}

/+ execution and output
i=25
*/

ooooo 1034 0b0booboooooooooooon

00 f2020000000000100000000 p£00000000000000O £20
0000000000000D0t0000000000000000000000000000D0
0000 f1() 0000000000000 £2() 000000000000 00340000000
000000000000000000000
00000000000000000000000000000000000000000000
000000000000 M0330 00000000330 0000000000
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#include <stdio.h>
#include <stdlib.h>

typedef int (xPF) ();

int optO() {
printf ("to handle option 0\n");
return 0;

int optl() {
printf ("to handle option 1\n");
return 0;

int opt2 () {
printf ("to exit\n");
exit (0);

int getChoice () {
int i;
printf ("input the choice (0,1,2): ");
scanf ("%d", &i);
if(i > 2 || 1 < 0)
i = 2;
return ij;

}

// or int (xprocessChoice (int 1i)) () {
PF processChoice (int i) {
switch (i) {
case 0:
return optO0;
case 1:
return optl;
default:
return opt2;

}

int main() {
do {
// call function returned from processChoice ()
processChoice (getChoice()) () ;
}
while (1) ;

return 0;

gbobOo103s:-0000000000b

0000000000000 000000 processChoice() 00D OOOOOOOOOODONO
000000000 processChoice() DOODOOOOOO PFOOOOOOOOOOOOODONO
O00000 processChoice () UUOPF processChoice(int 1); 000
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int (*processChoice(int)) (); DO0000O0OO0O0OO0OOOOOOO0O0O
googobooboobboobuoobobooboobbooboobboob @uoobbon
000000)00D00D00D0000000000M0360 0000 processChoice2() 0200
gboogooogo
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#include <stdio.h>
#include <stdlib.h>

int optO0() {
printf ("to handle option 0\n");
return 0;

int optl() {
printf ("to handle option 1\n");
return 0;

int opt2() {
printf ("to exit\n");
exit (0);

int getChoice () {
int 1i;
printf ("input the choice (0,1,2): ");
scanf ("%sd", &i);
if(i > 2 || i < 0)
i = 2;
return i;

}

void processChoice2 (int (x*xpf) (), int 1) {
switch (i) {
case 0:
*pf = opt0;
break;
case 1:
*pf = optl;
break;
default:
*pf = opt2;
}
return;

}

int main() {

int (xpf) ();

do {
processChoice?2 (&pf, getChoice());
pf();

}

while (1) ;

return 0;

ooobo36:00donoooonoobooboboobuoboboD

1000000000000 00000000 10000 getChoice() DOOODOOOOODOOO
00ddooooodbDDmain() DO0O0O0O0O0O0O0 p£f0000000O0O0 processChoice2 ()
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000000000000 1i0000000000000D0 pf000000DOOO0ODOOOOO
00 processChoice2 () OO0O0OO0O0OOO0ODO pf000000O00O0OO0O optl()dopt2 ()0
cpt3() 00D DOO0O0OOOOOOOODOO

00000000ooooo0o0oooooooo3dioooooooooooooooooon
oo0oooooooon

int main() {
int func(int i) {
printf ("i in funcl() = %d\n", 1i);
return 2xi;
}
int j;
int (xfp) (int);

fp = func;
j = £p(10);
printf("j in main() = %d\n", 7J);
}
/* output
i in funcl() = 10
j in main() = 20

*/

obooboo 1037.000b0b0b0b0obobod

O0000func() 0000000000 func() 0000000000000 O0MO37000O0
googbobooboobooobooboo

gboboooooooooboobooboooboooooooochooboboooboobooboo
gbooboboooboboooboboooobooboboooobooobobooboobon
googobooboobbooboobbooboobbooboobobooboo

109 ODOOOgd

gbobobooboooooooo choooooooobooocoobogobobobobobobo
goooochooooooooooooooooooonogo

c¢hogooboooooooooobobobooooooooobobobooooboooboo
goboobobobobooobobooboboobooooboboobooboboooooDboDo
gboooboobobobobboobooboooboboooobooboobobooobooobon
goboooboobooboobobooboboboobooboboooboooooboboobon
goboooboooooboobooooobooboobooobooboooobobooooboooo
gboooooboooboboboobooobooooboboboobooboobooboboobooobaon
gooobooooboobobuobobooboooooboboboboboboooboooDoobDUD chd
goboobooboooboobobooobobobobobooboboooobobooooooooobOoDboo
gbooobobobbobooboobobooboobooboobooobooobooboboboobooobon
gobooooboboboboobooboboooboboooobuoobobobobooboobOon
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gbooobobooboooboooooboooobobbobooboooobobbobooobooobon
goooobobooboobooooobobooobobooboobuoobobboobooboon
gbobooboboobuoobboobuobobobbooboobbooboobbooob

10,10 main() DO00O0O0O0OOODODODOO

0000000 mein() ODO00OD0OO0O0ODOOOOOOODOODOOOODOODOODOOO 200
00000 main() O0D0OO00O0O0O0D0ODOOO0ODOODOOODODOOO

int main(int argc, char xargv[], char xxenviron) {

}

int main(int argc, char xargvl[]) {

UO0main() U000 300000000000000000000O0O00 argcd00o oonoO
goboobobbooboobobooooooooboboonD ergvd 200000000000
gboboobboobboobboooobooobobooobooobbo0o100o0boooboobn
U0b00o0bbob argvUchar 000000000 0OO0OO0OOOOODOOOODOODODODOODOOO
UbboobbUd0Omain() ODOOO0DOO0OOOOO0DOOOOO

int main (int argc, char xxargv) {

gboogoo3poboobooobooboobooboobobboboobobobooboobo
U0000main() OOD0 arge U argvd 00 ChOOOOOOODODODOOODOODOODOODO
000000 CUOb0largv([0]100000D0OO0OOODOODOODargc0O0O0 100000000
argcU 1000000000000 D0ODOODO0ODOODOODOOODOODOO0ODOargv[arge]
D00l D0000000000000000000M030000000000000000
gboooooboooboooooboaon

int main(int argc, char xargvl[])
// or int main (int argc, char x*argv)
{

int 1i;

for(i = 0; 1 < argc; i++)

printf("%s ", argv[i]);

/% or x/

// do{

// printf ("$s ", argv[il]);

// twhile (argv[++i] != NULL);

printf ("\n");

oobOdo 1038 main() DOODOODOOODODOOODO
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000000380 000000 echoODOOOOOChOOOOODODOUOOODOOUDOOOM330
goooboooobood

> echo testing example -a
echo testing example -a
>

J00d400000000D000O0D0DO0O00 echo testing example —a000O0O0O0O0ODOO
gooooobgo

UnixODOODOOoOOoOoooooooooooooo 1o gbogoboon “=°0bogo
0000000000000 D0000Db000 Chd whichehOODOODODOODOODOODOOOO
U0-al-vOOOOOOOOOOOwhich —a000000O0OO0OO0OOODODOODODOODOO
oo bbb D00 000 which —vOOQOOOOOO
0000000000200 00000000000 which -a —vO0OO which -vaOQOQOO
gbooobooboonod

00000030 000000 whichhOOODODOOODODO0DODO0O0OO0DODO0O0O0OOOOOOOOO
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#include <stdio.h>
#include <stdbool.h>

int main(int argc, char xxargv) {

char *s;
int a_option = false; // default, no -a option
int v_option = false; // default, no -v option
if (argc == 1) { // no argument
fprintf (stderr, "Usage: which [-av] names \n");
exit (1);
}
argc—-—; argv++t; // for every argument beginning with -

while(argc > 0 && **argv == '-7)
{
/+ empty space is not valid option =*/
for(s = argv[0]+1; *s&&xs!=' '; s++) { // for -av
switch (*s)
{
case "a’:
a_option = true; // get all possible matches
break;
case 'v’:
v_option = true; // print message
break;
default:
fprintf (stderr, "Warning: invalid option %c\n", =s);
fprintf (stderr, "Usage: which [-av] names \n");
break;
}
}
argc—-—; argv++;

}

if (a_option)
printf ("option -a is on\n");
if (v_option)
printf ("option -v is on\n");
while (argc > 0) { // print out the remaining arguments
printf ("$s\n", *argv) ;
argc——; argv++;
t

return 0;

goOooo0o 1039 00000000000000000 commandline.ch

10.

g

dddddd aoptionddOd voptionOOOOUOOO-a0-vOOOODODODODDOODODOO
oboob0obOo0obbOodbibd falsegboooooboboobbooboobobOoOon
0000000000000 00O0000000000oDOd which.eshOOOOOO 10000 (O
0000oo0)oooboooobooooooooo whileDOODODOOODDOODO (-HOOODOO

Ub0oo0o0ooooooooob ergvd0gooooooboobOobOobOobOOobOobOobon
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goooooooooono
s = argv[0]+1

gooobooboob sgboobog2boooobooogobbbobooobobobooboobo
0000000004 D0D0D0I0NDN0INDNDN0NDNNDNUDO 2’0 vODODOUOO a_option
U000 voeptionDUOO0O0D wmueJ 000000000 DOOO0D0ODOOO0O0ODOO0ODOOOOO
ooooogg

000003 000000000000000000000000000D0O0000O0O
0000390 000000 commandline.ch 000 0000000000000 O00OO0390000
obooooooooooooooooon

> commandline.ch —-a -v argl
option —-a is on

option -v is on

argl

> commandline.ch -av argl
option —-a is on

option -v is on

argl

> commandline.ch -v argl arg2
option -v is on

argl

arg2

U0 main) 0030000000000 00O0O000O00O0O0O30000000DO0O0O0ODOO0O0OO
gbooobobooobooboooooboooobobboboobooboobobooboooobon
gbooobooobood

#include <stdio.h>

int main (int argc, char xargcv([], char x*environ) ({
int i;
for (i=0; environ[i] != NULL; i++) {
printf ("environ[%d] = %s\n", 1, environ[i]);

gubbogdbbuodobibdd stdlib.h0DUOO0OO000O0 environUOOOOOODOOO
gbooobboobodboobbooboobboobooo

#include <stdlib.h>
#include <stdio.h>
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10.11. OO OO0OO

int main() {
int i;
for (i=0; environ[i] != NULL; i++) {
printf ("environ[%d] = %s\n", i, environ[i]);

1011 0JO0O0OOOO

c¢hogoobooboooooooobobobobooooooooboboboboooDoooon
gobooboboobobooboobobobooboobooboboobobooboobobobo
gobooboobooboboogoboobooobooooboobooobobooooboboooDo
goooooobobobobooooooooooobobo chooboboboooooogooo
goboobobooooboob .chOobbobboocChgboooboobbobbbobbbob oo
gooogochbobobobolgogbobogbobobobobooboooooboobooDo
gsort.chfUDODOOODO.chfO00O0O0D00O0O00O00OOO0DOOOOOOOOOOODOOOOOO
gboboboboboboobobouoooboobobobobobDoooooobchbobgoonoo
00000000000000000000000000000000000O00M04000000
O0gsort.chf 00000000000 O0O0OO00OO0O0DOO0O0O0O gsort () 00000000
gboogooboobooblibooboobooobooboobobooboobboobOooo

/* gsort: sort v[left] .. v[right] into increasing order =/
void gsort (int vI[], int left, int right) {

int i, last;

/* interchange v[i] and v[j] =*/

void swap(int v[], int i, int j) // local function
{

int temp;

temp = v([i]; vI[i] = v[3j]l; vI[3j] = temp;

}

if (left >= right)

return;
swap (v, left, (left + right)/2);
last = left;

for(i = left+l; i <= right; i++)
if(v[i] < v[left])
swap (v, ++last, 1i);
swap (v, left, last);

gsort (v, left, last-1);
gsort (v, last+l, right);

00000 1040: 00 gsort () DOOODOOOOOO gsort.chf

gooobm4odoobd gsort () DO1000DOO00ODOOO0ODOOOOODOOODOOODOODOO
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Uboo0bO0ogbd swap() OO0 gsort () DOOOOO0OOOOO0OO0ODOOOOOOOODOOO
00000000000000004dD 0000000000 gsort() 0000000 DOOOOO
gbooboboobooabd

int main() {
int i, al]l = {2, 6, 5, 3, 4, 1};

gsort (a, 0, 5);

for (i=0; i<=5; 1i++) {
printf("a[%d] = %4 ", i, ali]l);

}

printf ("\n");

Ubo0o00 1041: 000000 gsort.chf. 00O0OOO0ODOOO

0000000400000 gsort () 0000000 gsort.chf 00000000 OOO
0000000000000 O0Omain) 000000000 ODOOO0O0O0OODOOOOO0O0O0O0OA0
gsort () OOODOOO0OOvoldOOOODOOODOODOODOOOOODOODOOOODODOODOODOO
00000000000000000000 ImM00000000004A0 0000000000000
al0] =1al[l]=2al[2]=3a[3]=4a[4] =5a[5] =6

chooOooooo4h 00000000000 o0o00U0oo0o0oooooooooOd
000d00d0doooo0odoDO00oodDOo0oo0oDO0ooU0ooOooOooDoooOoooooDog
0000000000000 0DO000o0D000ooo00o0DoOoooooOoooooooooog
O000000bOO0bOO0DOOoDOOoochOOoOoOoOOO00O0O00Oo0O0oOoDbOODOODOOobOOoDOOoDag
0000000000000 oo0o0odoodoooOooooo0ooooDoooooooDoOooog
00000000000 oo0o0oooooo0oo0o0oDO0oooDOooooonOooooonog
Od0o00doO00o0doo0oooooooooooooooooooooooooooooooag
0000000000000 oDO0oodoooDoooooooooooo0ooooooooog
000000000000 /0000000000000 oooooDOoooooooonog
00000 funct () D00000O0O0O0000O0OOO0OO0O0ODOOO0O0OOO0OO0MOA20000000
000000 funct.chfO0OOOOD0OOOO0DOOOOOODODOOODOOODODOO

int funct ()

{
void localfunctl() // OK

{ 1}
void localfunct2() // OK
{ 1}

}

int anotherfunct () // bad

{1}

00000 1042: 000000 funct.chftO0OO0ODO0OOO0OOO0ODOO

00000400 00000000000000000000O00O00O000000O0O0OoO0OOO
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10.12. 0D OO

gbooobooboooboboobooobbooboobobooonod

1012 OOO0O

00000000000 0dooD0o0ooochDO0OOoooOooUooooooooooogR20
000000000000 O00DO00000DO00bOO00o0OdOsin00 000000000 oDaon
Od0d0oooDOo0ododoodoooDOoUoo0oo0ooooDOoooooooooooooog
000000000000 D0O00bO0000DbO000Osinx)D000000O00DOO00D0OOn
0000000000000 0x000sin)0000000D0DO000O000DO0DOO00O0O0d

00000000 alias()O dlrunfun()C elementtype() O polar()(d max(){d min()(0 0 O O transpose()
00000000 cOOodoDbOOoobOO00obDOo0bOo0o0DoOoDoOoDOOooDOo0oDOooooOon
O0polar 0000000000 0OOOOODOODOODOOOOOODOODOODOO

0000000000000 oodoooooooooooo cogooooonooo
000000000000 DO0O0D0 sindd0O0OoOooDOOooa

#include <math.h>

double funcl ( double (xfp) (double), double x) {
return fp(x);

}

int main () {

double (xfp) (double) = sinj;

fp = sin;

double wval;

val = fp(10.0); // same as val = sin(10.0);

funcl (fp, 10);
funcl (sin, 10);

}
O0do0oo0oooooooooo couoooooooon
double sin (double);

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD max[J
minD OO0 expUODOOUODODODOODOODOODODODODODODDO

double max;
void func2 () {

int min, exp;

}

googoooobooboboboogbbbobob0o0000dooubOdd (Unixd OO .chredWindows
U0 chrc)DODOODODODO

‘0000000000 0DO0DOooooog
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U110
HREEN

gobobo choooooooogoooooboboboboobooooooooobobbobo
goboobobooboooboobooogbobooobobooboooooboooooooboonDo
gbooobooboobooboobuoobobooobobobobooboboobooobobon
goboobooobooboobooboobbooboboobooooboobobobooobon
gobogbobobooobobobooobooboboooooboboboooobobooooobob
gbooboobobooboooboobobooboboooboobooobobooboobon
goboooboboobooboboobobobobobboooboobobooboooobon
gobobooogbobooobogobooobobooooobooooboooooboboboooo
goboobooobo2000b0boo0gobooboobooooboboobooobboooDOoboooDo
gooboboobooobbooobooboooobooboooobooboboboboobon
g0ooooooboO vae (D ODO0DOO0O0O0O0OD0O0DOOOOODOOOOODOODOOOO)D0O0ODOO
gboooboboobooobooobobobobooboobobbooboobobooboooban
goboooobooboboobooobbooobooboobooboboobooboboobon
gbgoboubooogbuoooobooboboobuooboobobooboobobbob
gbobobooobooooboooobooboobooboooooooboobooboooboobon
goboooobouoboboobobod valeeDODOoboooobobbobOoobooboobOooDO
gboobboobuggbuoobboobodo

FORTRANO DO OODODOODDOODDODOODOOOOODODCOODODOODODODODDDDOOFORTRAN
gooobooobooboobobobooboob1boobbooboboobooboobobon
U0000000000000 FORTRANODUOOODOOODODOOODUODOUOOFORTRANOOODOO
gbobobocoogboobooobobooooooboboboboo cooooboobUoDOo
goboobobooboobooboobooboobooboboboobooboobobobooboobOoon
gbbodgbobooobooobbooobooobooobooobooobooobbooboan
OO0 FORTRANODODODOO CcOOobooonouoouooobobobooooogooogchogoca
U00Db0b000b00000b0O00O00FORTRAN77000000D0O0DODOOO0OODODOO
OOOOOFORTRANDO COUOUODOUODOOFORTRANDOOOD ChOODOODOOODOODOODOOCK
gboboobooobooooboobboobbooboboooboooobooboboobboonon
UOOD0ODOFORTRANOD O ODODOOOOODO chOODOODODOOODODODODOODOODO
chooooooooooo

cooooooooobobuoboboooooooocec+H+boooboboboo c++oboooo
gobobooooboboobobobooob0oboubobDOChODUODOOFORTRANDO OO O Ch
gobobooooboooboooboooobbooobboobobooo échbOoobbooobooboo
gooobooboobobodobooboo ¢chbooboobooboobooboobooboooboOocend
U0bO0OChO C++ 0000 FORTRANODOUODOUODOOUOOOOOODOOOC++ 000 FORTRAN
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11.1. DO0DOO0OO0OO0OO0O00O0O

gboobobooboboboboboboobooooooooooocchobobobobooooDo
goboobooboobooboobuoobooboobooooboooooobooboobon
gbogobobooboobooouooboaboobobooboobuooboboobooban
gbooobobooboobobobobooboobboobooo

111 00DOOO0OO0OOOOn

choOoOoOoOC++000000000000000000000000000000
int i, &3 = i;

o000 mt00000 i000000DLO00DLO0O0ODO0O0ODO0O0OOg0O i0000000D0OO
goooobooobooboboobboooboooboooboobboobboobboobDbo
gbogbooudgbuoobdoib sboboobuoobooboboboobbod id sobobobo
gboobobooboboboboboooooooobo200b0obobob0obobDonobDooDoog
20000b00bbooobooboobobboobDboobn

int 1, &3 = 1i;

i++; // the same as ' j++’

C++000oobobobobobobobOobobOobobobobobbechbbobOobOO
gboboooboobooooobooboboobooobboobooobooboobooboboooon

int i, xpl = &i, **p2 = &pl;
int &*ppl = pl, &**pp2 = p2;

O000ppl0intd00000O000 plO00O0D0Opp20 mtO0OdO0O00onooooonoonO
p200000OO0OU

gobooooboobobooboboooboobooboboobbooobobooboooooboooonog
googobooboobboobd jOp0bd0bbooobo0oboobDbOooboobn

int &3j; // ERROR: reference not initialized

int &xp; // ERROR: reference not initialized
goboooobobooooobuoooooooooboooooooo

int i, &j = i, &k = i, &l = k;

int &m = i;

oboobobo ibsbkbO10000 mO00Oo0ooooooooolIoooooooooooon
gboooooboobooon

gbobooooobobobooboooobobob chobobbooobobobobooo
gboobooboobobobobtb e ODOODOODODODODODODODODOODOOOOO
gooobobooboobooboobooboobbooobobooboboobooboobobon
gboobboobuodaboobboooan
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11.1. DO0DOO0OO0OO0OO0O00O0O

int af[l1l0];
float £, *fp = &f;

complex z;

int &1 = 6; // int i = 6;

int &j =6+alll; // int J = 6+all];

int &*pp = &1i+6; // int *pp = &i+6;

float &fl = real (complex(1,2)); // float fl = real (complex(1l,2));
float &f2 = real(z); // float f2 = real(z);

float &£f3 = a[l]l; // float £3 = all]l;

float &f4 = xfp; // float f4 = *fp;

float &*p = &f; // float *p = &f;

f = 5; // the same as *fp = 5 or *p = 5;

U00000OOreal(z)0all1000xptr0 valueD0 0000000000 0OOOOOOO
gobooboooboboocoboobobooobobooobD0 b0 £tO00D0O0O0OODO0ODOO
gboooooo

goboobooogobobooogogooobobooooboobooooboboooooobo
gboooobodaon

int i1 = 30;
double &d = i;
printf("d = $1f \n", d); // output: d = 30.000000

double OO OOD0OOD0 dO0iI0D0D0 mt00000000D i0d4d00000040000000
O0int00000000000D0O000DO0 000000 doublel DO OO DOabs(d)D 00 d+3
U000 double OO0 O0DO00O00D0O000000DMmtOO00O0O00O double OO
gb00obboob0oboboooooobobdg dd valeed 0000000 Orvalue0 000 int O
goobodobo4000boooboobobooboboobDbooboboobobDoobDb O
[INT_MIN, INT_MAX]OOOOOODODOOODOOODOOOOOOOOODOOOOOO0OO0ObOOD
O0000000mtdD0O0O00 doubleD O O0OO0O0O0O0O00OO0OOdouble0 00000000
gbooooobooboobbooobboooboog

double d = 3.6;

int &i = d;

printf("i = %$i \n", 1i); // output: i = 3
i="717; // i ="7; d = 7.000000
d = 5.2; // i =5; d= 5.2

ooooboboobob i0d0bboosgbodddowbledooooooooooobDOOoOon
gobogobooboobboobooboobboobbooooDo

int i, *p = &i;
int &xptr = 1i; // data types of ptr and i are incompatible
int &3 = p; // data types of J and p are incompatible
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11. OODO
11.2. 000O0O0OO0O0O0ODOO

gbooboooboobobooboobobooboobobooooboooboboooooboaooo
gpoboobobooboboboobooboboboobooboobooboboobobboobon
gbbooobooboaobbuooboobboad

int i = 8;
void funct ()

{

int &3 = 1, &k =i; // 3 = 8; k = 8;
printf("j = %d, ", J); // output: j = 8,
J =90;
}
funct () ; // get output: j = 8
printf("i = %d \n", 1i); // output: i = 90

0000000000 430x0000000i00000000000000000000000
0oooo00C00O00oo
j=8i=90

112 00D0OO0O0O0oOoOOod

cobgobooobooobooobooboobooboboboobooboboboobOoOoDbOon
goooobobooboooboboobooboobobboboobo0oboobooobon
U000 vaveDOOOOD0OOO0OO0ODOODDOODOOOOODOODOOOOODOOOOODOODDOO
Ubboooodd swap() U0x0O yOuoouoouooooooOobo4obOooan

int a = 5, b = 6;
void swap (int x, V)
{
int temp;
temp = x; x = y; y = temp;
}
swap (a, b); // fails to swap a and b

googobooobooboboboobuooboboboobooboobocooboboooboobo

gbbobooobboboooobbbouooobbbooooobbbd swap () DOOOOODOOOO
gbobooobooobbooobooboboobobobooboooobobooboobobooobon
gooo

int a =5, b = 6;
void swap (int *x, =*y)

{

int temp;
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11.2. 000O0O0OO0O0O0ODOO

temp = *X; *X = xy; *xy = temp;
}
swap (&a, &b); // a = 6; b =05;

goboooboouoboboobbooobooobooobooboo0obo00ob 000D UOFORTRAN
gobobooogbobooobogoobobooooboobbooobooboboooboboooooo
gboooboobobobooboooboooobooboboooboobooobobooobooooboon
gooooboobooonD valeed OO0 OooooboobooooboboooooboooDo
gboobgoboooboobobgooochobobobobooboboboobobobobooooboon
Obo0oo00oooooooooo chboboboboobo swap () DODOODODOO

int a = 5, b = 6;
void swap (int &x, &y)
{
int temp;
temp = x; X =vy; y = temp;
}
swap(a, Db); // a = 6; b =05;

gobooobooobbooooobboooboooboo

cobobgoogobooooboboooobobooooboboooobobbooboobobo
0000 @O0000000000)00D00D00D00000O00O0ChODOOODDODMIIODO
gboogpoobooboobboobuoobooboobobooooon

int i =5, *pl = &i, #*x*p2;
int &xppl = pl, &*x*pp2 = p2; // ppl = &i

p2 = malloc (5*«sizeof (int));
void functl (int& =*p)
{
p = malloc(9);
printf ("In funct2() p = %p \n", p);
}
printf ("Before functl() ppl = %$p \n", ppl);
functl (ppl);
printf ("After functl() ppl = %p \n", ppl);

void funct2 (int& =*xpp)
{
ppt+t;
printf ("In funct2() pp = %$p \n", pp);

}
printf ("Before funct2() pp2 = %$p \n", pp2);

funct2 (pp2) ;
printf ("After funct2() pp2 = %p \n", pp2);

gboobo 1 choobbooobooon
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O0000MMIDO000 functl(ppl) 0000000000000 00O0O0O0OO pp1O0O0O
0000000 b0obb00bD0o0oubognD ppl U0 functl (ppl) UOODOOOOODOOODOO
gobooboobopobobooobobboobobooooooboboboobpbbObObOOO
UoobooboboobdbDppe20000000 funct2() U000 pp000O00O00O0O0OODOOO
00000000000000imt00000004000000000000000000 I1L10
gbooaobbgooogao
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Before functl() ppl = 110578
In funct2() p = 11ea38

After functl() ppl = 11ea38
Before funct2() pp2 = 11e930
In funct2() pp = 11934

After funct2() pp2 = 11934

ChODOO free(ptr) UO0OO0O0D ptr00000D0O0O0OO0DOO0OODOO0OO ptrO
NULLOOOOODOO0OO0O0COO0Optr 000000000 O0DOO0ODO00O000ptrd NULLOO
gobbooboboobooobooooooboooocobobooboobbooobobooboobboOog
gobooboooboobooboobooboobobooboobobobooboobobon
O00000O00DO0OO0Db0OCcO0O0OO0 freeD0O0D0D0OO0D0OODOODOODOO free(ptr)
Ub0b0boobobobobdbD ptxr 00000000 ptrONULLODOODOODOOOODOODOOO
Oo00CcOO00U0ooOoooOochOOUOooOUDM20 0000000000 ptr000oon
O000000 deallocate(ptr) DO D D0 Optr O NULLODODOODOOOODOODOODODOO

void deallocate (void &x ptr)
{
free(ptr);
ptr = NULL;
}
void *p;
p = malloc(10);
deallocate(p); // free memory and reset p to NULL

00000 11.2: 00 deallocate () DO0O0O0O00O0O0OO0O0D0ONULLOODODODOD

O0000MI200000 freef)D0000O0000O0O0O0O0OOONULLOOOOOO COO
gboooooboobooon
c¢hogol1oobooooooobooooooboooobooboooboboobobOooon
000000000000 [MM3A00000 funct () 000000 r10 x2000000 41000
gooobooobboobo0obe300000 funct (i, 1, 1)y O0D0OOODOOODOODDOODO
gbogobgabooaoogo

int 1i;
void funct (int &rl, &r2, r3)
{
rl = 3; r2++; r3++;
printf("rl = %d\n", rl); // output: rl
}
funct (i, i, 1i);
printf("i = %d\n", 1i); // output: i = 4

Il
KN

obobo113:000000o00boobooobon
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11.2. 000O0O0OO0O0O0ODOO

FORTRANOOUOUODOOUODODODOOOODOOOD valeeODO0OO0O0O0OO0OOOOOOODODOO
000000000 DUODUOD0OOFORTRAND OO ODODO ¢chOOOOOoOOoOODOO lvalued
goboobooogbob valeeD 00000000 DO0OO0OO0OO00O0OO0DOOOO0ODOODOOOOO
gbogobobooboobooobboobooobooo

00000400000 r1000 r2000 funct () OlvalkeD0OO0O0O0O0OOO0O0OO

int i =50, 3j=0, &k = 7j;
int funct (int &rl, &r2)
{
rl += 100;
r2 += rl+2;
printf("rl = %d, r2 = %d\n", rl, r2);
return rl+r2;

}

funct (i+1, 3); // output: rl = 151, r2 = 156
funct (i, k) ; // output: rl = 150, r2 = 152
funct (abs (-3), funct(1,2)); // output: rl = 101, r2 = 105

// output: rl = 103, r2 = 311
printf(i, " ", Jj, "\n"); // output: 150 152

obobOo 114 00000000000000 valueeOOOQOOOOO

funct (i+1,3) 00D0O00O0O0ODODOO i+1 000 30000000 r1000 r2000000
funct (i, kX) U0D0OODOO0OOO0OO0OO0O0O;0000000kO00R0O0000000000000O
OO000funct (abs (-3), funct(l,2))000000000000O000O0O0000O00O00O
U0o0gobdd abs()y OO0 DOO0ODLOODOODODOODOODDOODOODDOOOD
gboogg

000000000000000000000000000000000000000000 11,30
googbbo0 rooboobbob JOo0bOo0oobn

int 1=5;
void funct (int 3j)
{

int &r = j;

printf ("r sd ", r);
r++;
printf("j = 3d ", 9);
}
funct (1) ;

printf("i = %d\n", 1i);

gooboo 11s:00b00b0bobobobobobobo

Do0o0C0M3N0000000000000
r=5j=6i=5
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113 D000 oooooooboobon

gogobboboooooboboooobbbbooooobbboooobbbooooboboa
gboooboboooboooboobooboobooobobooboboobouooboboobonbon
O00MIo0o00o00ooooooo

000000000060 0000 funct () 00000 r1000 r2000000 funct (£,
i)D00o0oo0oooooooog f000 iddbooboooboooooooon

float £ = 90;
int 1 = -4;
void funct (int &rl, complex & r2)

{

printf("rl = &d ", rl++);

printf ("sqgrt (r2) = %.3f \n", sqrt(r2--));
}
funct (£, 1i); // output: rl = 90 sqgrt(r2) = complex(0.000,2.000)
printf(f," ", i,"\n"); // output: 91.000 -5

ooooo l1le:00bobobobobobobobooo

00000000000000000 f0004i000m000000000000OO0O00
00000000000 r1000 r20000000000000000000000000000
0000000r10 20000000000 f0i0000000000CO0000000000
0000000000000 0000000000000000000000000000000O
0000000000 00000000og

ChODintO0O000DD0O000 fleatD 00000 Osqr(—4)0 NaN(OD)ODOODOOO0OO0OO0OOO
000000000 00000 IIZAooo0oonog

float £ = 90;
int 1 = -4;
void funct (int *rl, complex * r2)

{

printf("rl = %d ", (*rl)++);

printf ("sgrt(r2) = %$.3f \n", sqrt((xr2)--));
}
funct (&f, &i); // output: rl = 1119092736 sqgrt(r2) = complex (NaN,NaN)
printf(£," ", i,"\n"); // output: 90.000 -4

ooooo17:00b0b0b0ob0ob0obobobobobobob

00000700000 £000000 funct(&f,&i) 0000000000 r1000000
gb00o0oooooooogoooobodbfleatl D00 ODOD intOO0O0OO0ODOODOODOO
gooooooboooobooooboooobooooooooboboobobobUobD Into0D0 10
gboobboobuoobbub r2z2000000000O00O000O0

goobooobooooobooboooooooboooooboooooooboobooooooboooboo
goboooboobooboobooboobobboboboobooboobooboboobon
gbbooboboobuodoboobboobuoobboobodoooboobbooo
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void funct (float &r)

{
printf("r = %.3f \n", r);
}

funct (90.0) ; // output: r = 90.000
funct (90) ; // output: r = 90.000
funct (complex (90,0)); // output: r = 90.000
funct (complex (1,2)); // output: r = NaN

gbobobobobobooobooboooboooNaN(@OH)DODOODOoDOOoDOoDOoDOo

oboobogoooboooooooboobobobOoboboboobooooobobobehobonon
ooodboUd valeeDOOOOoOoooobobobooboobooboobobob0ooboboboobooo
gobooboooboboooboboooboboboboooboobooboobooboooDoboouDo
gboooobooobobobobboobooobooboobooboobuooboooboboobon
gboobooboobooboobboobooboon

000000000080 0000 p1 000 p200000 int0000 float0000000
oo

void deallocate (void &* ptr)
{
free(ptr);
ptr = NULL;
}
void getmem(void &x ptr, int i)
{
ptr = malloc(i);
}
void funct (int &*iptr, float &xfptr)
{

printf ("before: xiptr = %d xfptr = %f \n", xiptr, xfptr);
*iptr = 90;
~fptr = 90;
printf ("after: *iptr = %d *xfptr = $f \n", *iptr, *fptr);
}
int xpl;
float *p2;
getmem (pl, sizeof(int)); // pl = malloc(sizeof (int))

p2 = malloc(sizeof (float));

*xpl = 4; *p2 = 5;

funct (pl, p2);

printf ("xpl = %d *p2 = $f \n", *pl, =*p2);

*xpl = 4; *p2 = 5;

funct (p2, pl);

printf ("spl = %d *p2 = $f \n", *pl, *p2);
deallocate(pl); // free memory and reset pl to NULL
deallocate (p2); // free memory and reset p2 to NULL

gobod s oogbogobooboobobooobooboobooobooboo

00000000 funct (pl, p2) 000 funct (p2, pl) 00O0O00O0DODOOO
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00 funct (int &*, float &) 00000000000 O0DOOOOODOOOODOOOOODOO
00000000 funct (p2, pl) 00O0D0ODOO0OO0OODODOOOOODODOODOOODOODOO
0000000000 @d8ooooooooooooon

before: *Fiptr = 4 *fptr = 5.000000

after: *iptr = 90 *fptr = 90.000000

*nl = 90 *p2 = 90.000000

before: Fiptr = 1084227584 *fptr = 0.000000

after: *iptr = 90 *fptr = 90.000000

*pl = 1119092736 *p2 = 0.000000

Jdo0o0ddobdoodooobdoDoodoodoDo0oooodoDoobDoooooooonod
00000000000000 p1 000 getmem(pl, sizeof(int)) 0O0OOOOOODODOO
O00OOdeallocate(pl) OOOODOO0OOOOODOOOODOOOONULLOOOODOOOO
D000 pl0intO00O0000000000 getmem() 000 deallocate() DO0OOO0OOO
00000 vodOOOOODODOODOOOODOODOOODOO
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chooooooboooooobooboooobobobooboobobboooDobDbobboOno ¢h
OobDO0boooboooobOobooobD200000000Db0O0OO0OD0OODO ANSIIEEE 7540
O@pgooooooooooooooooboboOoooboobo0o0ooooo0ooDbobDoboDpooOoo
OO IEEE75400000000000DO0ODO0OChU0U0InfU-InfO0ODO NaNOOOODOODOO
oooboobobooooooobooobooon
obooboooooboobooooobooboboboooooobobboechoboboooogonog +0.0
oo -oo000DODODODODOOOO DODO_DODODUOODUOODUODODDODO
OU000 InfO -InfO000000000000000 ool —coOOODOOOOInfO NaNOOO
gooopooOoooooOoO0oDoOoOoUobOooObOO0O0oDOoOoOoobOoOCooOOo0oDboOoooDoOooo
ooo0ooooobooboobooboobooobobob0ob0b0obU0obUobUubUobg Mathematica
00O ComplexIninity 0 O O OMATLAB O O Inf 0 NaN O 0O 0O 0O O OMathematicaO O OO O OO OO
gobooobooooooooogd—-o0b000OO0DbObLOODOLOODODODOODDOLODOO
O00D00Db000bD00 Mathematica OO OOODOUODODOO0OOOOMATLABOOODODOO
oooooooog
goooooooooOoDbOoOOo0O0oDOobOOo0OoUOobObODObOOo0U0ooOoOooboDboDoLo
cobobooooboboogbooboboUoooLDUoboboobUobobbobobbooobDo
goboooboobobocooooUoobooboboobooook&RCOOOOOOOODOOODOO
gobodboooboboooboobobooobobobogbobobbdowbledoooonooonOoOg
gocOodoboooobbUddowblel 000D OOOODOOOODOOODOOODLDDOOO
gooooooooooooooobbooooobooobboOoobooDbDbOooobbooooDbboOoo
O0000o0oO0Odfleatd D doubleD 0O ODOODOODOODOODOODODODODOODO
goooobooooooooooooooooooooooooobbooooooobooooDboboo
OooboOdO0oDOoOoboo00obo00oDOoOoboOo0oooOOoOoDOoOoboOoOoboOoOooDoOodsin(l)O
goboooobocobobooooogobbbooocoobobobobooboobooboboobooonoo
goboooooooooooouoodsingO0obooooooooooboooooobooDbOoo
O0O0000o0Oo0oOoOOo0OOochOo0dabsO0intdO0D0OOO0DOOfabsOO double O OO0
gobodoobodbtfieatdboooobobboobooboobobooboobboobooboooo
ogobooogoooboooooobooooooooobbooobooOobooobbooooDbObOOoobDbOoo
gboooooooooodooooooogooooooooooochobooboooooooonog
chpoooooocooooboboooooooechboooooobooooboobobooo
ogoboooboobochbooboobooobooooboooboooooobooobooboboouoDboo
goooooooooooooobooOooboooooDboOoOoooobDoOoooDOOoOoOooDboOoo
gboobobdobobouoobD ¢chbobobobooooobobobooobobobbooo
OoboooboooooodbapsOLOUODOODOOODOODOODO MOO000IntO0D0OO0
O00000O0absOU float D000 double OO DO OODOODOOODOODODOOOOODOOAcatdd
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Odouble 00000000 ODO0OO0O0OODOOODOOOOOOODOOOOOOabsOOOOOO
00000D0Ooo0ODOo00000000ooooDoO fleatdO OO

00D0O0D0O0O00O0OD0DOO fleat00D00O0D0ODOO0ODO floatDO00O0O0OOOsin)00OO0O float
O000oooooooOdsin)D000000000 doubleDOOO complexDOOOODODOOMO
O00Odouble 0000 complex OO DO OODO0ODOODOOODOOO ChOOOODOOODODDOO
00000DOO00bO0O0D0bOoOobOOo chOoooooooooa

O000OgcCcd printf("sf", x) 00xO float0 0000 xOOOOODODOOOOOOxOO
000000 0000000000000 0000000000004d printf("sd", x) OO
00000O0DOO0O00obO00obOobO0oDbObDOo0bOOo0obOoooOobDOobObOOobDOoOobDOoOoDbOon
O0000D0OO00oooooOocChd printfx) D00 printfsinx)) 00000000 DO0OOxO0O
00000000 (chard int0 floatd doubled 0 O 0 complex) 0O OO0 O0OOO0OOOO

0do0dooooooooconoooubodddmath. h 0O OO0O0O0D0OO0OODOOOODODOOO
00dddoooodooo choooooooooooooooooooooooooooo
0000000000000 o0ooo0ooooOoobOoobooDbOooDoooDOoDOon
0000000 chOODDODOOOoooOOooooDooocoooooodbDd math. nO0OOOO0OOO
chooooooocoooooooooooooooboboooooooo cooooooooo
000000000000 bOo0oboobooOocCcO ¢chOboobhooooooboobooooo

121 OOOOOOOOO

gboboooooo éhogogoobobobobobooooooobobobobobooo
O000000O00o0oo0oooo 2Pz 0000000000000 D0O0OO0ODOD
0 RINM2A0 0 0000000000020 02,0 0< 2, 21,220 <occ0000000000kO
bboubbddleibudbboobbodboobb ~00O00000d

oooobooboboobobooobobob0ob0oDbO0oboO float00OO double DO DO OO
ORID00x000000000 fleatD 0000000000 D0O0OOOODOOOODOO float
000000x0Odouble 00 0000000000000 doubleD0DD0M2IN000ON0 xO NaN
gbooobobO NaNODOOOO0O0O

0220240 000000020000000000 fleat0 000 double 00D OO0OOOO
gobooboobobbo2000b0obooboboooobobobooboboboboboonDo
Oboo0o0b0UOfleat OO OOOOUOnDOonDUoOO

ooobooooooDoooboooouobonabsOUO0 pow() O OO OfloatD OO0 double O
OO0O00000O00OabsOOOOODOOOODODOOOOODOOODO intOO0DOCDDO fabs()
U000 int0 floatO 0D O00O0DO0O0ODOO0OODOOOO0DOOODO doubleODOODOOO pow()
0000000000000 UUy doubleJ 000U OO Opow(2,16) 0 double U 10 1 65536
gooood

Dbobodabsx) 00000000 0O0OOobO0ObODbODbDODODODO0O0O0On —cocO OO
0000000 oo

O0sqrx) 00000 xO0000000000x0000000000NaNODOODOOOO
O0sqrt(—0.0) 0000 OUIEEE754 000000 —0.0000000000 sqrt(co) 0000000
oooo
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012.1: 0000000 £0.004cc0000 NaNODO O

00 xdoooo
—Inf —x1  —=0.0 0.0 x2 Inf NaN
abs(x) Inf T 0.0 0.0 T Inf NaN
fabs(x) Inf T 0.0 0.0 T2 Inf NaN
sqrt(x) NaN NaN —-0.0 0.0 sqrt(x) Inf NaN
exp(x) 0.0 e ™1 1.0 1.0 er2 Inf NaN
log(x) NaN NaN —Inf —Inf log(x2) Inf NaN
log10(x) NaN NaN —Inf —Inf logg(x2) Inf NaN
sin(x) NaN —sin(z1) —0.0 0.0 sin(x9) NaN NaN
cos(x) NaN cos(xy) 1.0 1.0 cos(ra) NaN NaN
tan(x) NaN —tan(z1) —0.0 0.0 tan(xs) NaN NaN
O0: tan(+7/2 + 2 % k % ) = £Inf
asin(x) NaN —asin(zy) —0.0 0.0 asin(zs) NaN NaN
0 O:asin(x)=NaN, 000 |z| > 1.0
acos(x) NaN acos(xy1) pi/2  pi/2 acos(ro) NaN NaN
0 0: acos(x)=NaN, 000 |z| > 1.0
atan(x) —pi/2 —atan(x1) —0.0 0.0 atan(re) pi/2 NaN
sinh(x) —Inf —sinh(z1) —0.0 0.0 sinh(x2) Inf NaN
cosh(x) Inf cosh(x1) 1.0 1.0 cosh(x2) Inf NaN
tanh(x) —-1.0 —tanh(x;) —0.0 0.0 tanh(x2) 1.0 NaN
asinh(x) —Inf —asinh(z;) —-0.0 0.0 asinh(zs) Inf NaN
acosh(x) NaN NaN NaN NaN acosh(x2) Inf NaN
00 : acosh(x) =NaN, 0 0 O x < 1.0; acosh(1.0) =0.0
atanh(x) NaN —atanh(z1) —0.0 0.0 atanh(xs) NaN NaN
0 O: atanh(x) =NaN, 0 O O |z| > 1.0; atanh(£1.0) = £Inf
ceil(x) —Inf ceil(—x1) —0.0 0.0 ceil(xg) Inf NaN
floor(x) —Inf floor(—x;) —0.0 0.0 floor(xs) Inf NaN
ldexp(x, k) —Inf  ldexp(—z1,k) —0.0 0.0 ldexp(x2, k) Inf NaN
modf(x, &y) | —0.0 modf(—x1,&y) —0.0 0.0 modf(zs, &y) 0.0 NaN
y —Inf y —0.0 0.0 Y Inf NaN
frexp(x, &k) | —Inf frexp(—z1,&k) —0.0 0.0 frexp(xo, &k) Inf NaN
k 0 k 0 0 k 0 0
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12 000000000000000

0 12.2: 00 pow(y, x) U DO 0O £0.00 oo D0 OO NaNO OO

pow(y, X)
yQoQo x 00
—Inf —x1 —-2tk—-1 -2k -0.0 0.0 2k 2k+1 x2 Inf NaN
Inf 0.0 0.0 0.0 0.0 1.0 1.0 Inf Inf  Inf Inf NaN
y2 > 1 0.0 5™ gyt oy 100 100 y3F 2Rl 482 Inf NaN
1.0 NaN 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 NaN NaN
0<y2<1 Inf y, ™ oyl oy 100 1.0 3R 2R 422 00 NaN
0.0 Inf Inf Inf Inf 1.0 1.0 0.0 0.0 00 00 NaN
—-0.0 Inf Inf —Inf Inf 1.0 1.0 0.0 —0.0 0.0 0.0 NaN
—yl NaN NaN —y; 271 402 10 10  y¥F —» NaN NaN NaN
—Inf NaN NaN —-0.0 0.0 1.0 1.0 Inf —Inf NaN NaN NaN
NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN
0 12.3: 00 atan2(y, x) 00 0O +£0.00 +co0 000 NaNO OO
atan2(y, x)
yOoo x00
—Inf —x1 —0.0 0.0 x2 Inf NaN
Inf 3xpi/4 pi/2 pi/2 pi/2 pi/2 pi/4 NaN
y2 pi atan2(yo, —x1) pi/2 pi/2 atan2(y2, x2) 0.0 NaN
0.0 pi pi pi 0.0 0.0 0.0 NaN
-0.0 —pi —pi  —3x*pi/4d —pi/2 —-0.0 —-0.0 NaN
-yl —pi  atan2(—y1, —1) —pi/2  —pi/2 atan2(—y;,x2) —0.0 NaN
—Inf —3xpi/d —pi/2 —pi/2 —pil2 —pi/2 —pi/4 NaN
NalN NaN NalN NaN NaN NaN NaN NaN
0 12.4: 00 fmod(y,x) 0 00 £0.00 £co0 000 NaNO OO
fmod(y, X)
yOoo xO0
—Inf —x1 —-0.0 0.0 x2 Inf NaN
Inf NaN NaN NaN NaN NaN NaN NaN
y2 Y2 fmod(ys, —xz1) NaN NaN fmod(ys, x2) o NaN
0.0 0.0 0.0 NaN NaN 0.0 0.0 NaN
—-0.0 —-0.0 —0.0 NaN NaN —-0.0 —-0.0 NaN
-yl y1 fmod(—y;,—x;) NaN NaN fmod(—y;,z2) —y1 NaN
—Inf NaN NaN NaN NaN NaN NaN NaN
NalN NaN NaN NaN NaN NaN NaN NaN
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OO0 expx)0 x000000000000e ™ =0.00e®=000000 ¢ =1.000000
uoooooa

O0logx) 0 xODODOOODODOODDO0OOxO0O0OOO0OODOOO NaNODDODOOODODDOO—-0.00
O0000000000000Olog(4+0.0) = —ccO000 log(eo) =0cc 000000000000
loglOx)0DO0O xO0O0OD00OO0100D0000D0O0O00O0D0O0D0O0OxOD0OO00O0OD0OOOO NaNDO
0000 log)0ODOO—-0.00000.00000000000O1ogl0(£0.0) = —00;1logl0(c0) = 0.
goooooooooon

0000 sinx)Oeosx) D000 tan(x) D OO0 0000 O0O0OOODO0OODO xOOOOOOooooooa
0000000000000 00000000O0O0000000D0O00D00000Osin(+0.0) =+0.0
000 tan(+0.0) =4+0.00000000000000000000O0cos(+0.0)=1.0000000
Uil obobobo NaNODDODDOOOoooo
O0tan(£7/2+2%kx7m) =+co0000000000000000 70 floatd 000 double d O
bdboooboboboobobtdbbtan(x)U 00 o0 000O00O0DO0ODODOOOODOOOO
tan() 0 O 7/20 tan(n/2 —¢) = co 0 00 tan(r/2 +¢) = —co D00 (00000000000)0
000000000000 0000o0oO0oO0o0o00oO0oO0DOU0Oo0UOO0 r/20000000
gagooood

O00dbdoobooo0boooobo0oobooooibg asinx) D atanx) DO OO OO0
O000asin(x)0 xOOODOOOO(@OO0)00D0OO0O0DO0O0O00O0xO000O [-1.0,10000000
0000000 asinx)0 [—7/2,7/2] 0000000000000000x0 [-1.0,1.0000000
O000000oooobOoobObOUd0basinx)d NaNOODOOODOoOOoooooo @oo)yboo
Oacosx)) U0 0O0O00OO0O0asin(x) 00000000000 aces(x)d xOOODODODOOOOODOO
0000000000000 000oUUg 00,7000 0O0O0O0O0 atan(x)0 xOODOOOO
0000 @OO0)OoooOoooOOOatan(x)0000[—7/2,7/2]0000000000000O0O
O0atan(+oc) = +7/2000000000000

0000 sin(x) 000 tan(x) 00000000000 sinh(x) 0 tanh(x) 000000000 sinh(x) O
O0tanhx) 0D OO0 0O00xO000000000O00O0O0O0O0O0O0OO0O00O0O cosh(x)O xOOOOO
00000000sinh(£0.0) = £0.00 cosh(+£0.0) = 1.00 tanh(+0.0) = 40.00 sinh(%00) = oo
cosh(+00) = ool tanh(+o0) = £1.00 000000000000

gbooooboochooboobooooooboochooobooooboooobooooooo
O000oooboDOon asinh(x)Uacosh(x)UO OO atanh(x) D0 DO D0O0O000O0OOOO acosh(x)
oo o000 0U0UOONaNOUOUOUOUOOUOacosh(l)UOOOooooooOoO
0000000 atanh(x) 000000 [—-1.0,1.0) 0 00 asinh(4+0.0) = £0.00 asinh(+o00) = +ool
acosh(oco) = oo atanh(+0.0) = £0.00 atanh(+1.0) = £cc0 000000000000

O0ceilx) 00xO0000D00O000O00ODO0OO0ODOOO0O0OODOceil(x) 000000 OO0x0O
O0000000000000000000 floor(x) J 00O ceil(+0.0) = +0.00 floor(+0.0) = +0.00
ceil(+00) = ool floor(+oo) = ool 000000000000

00 dexp(x, k) 0000000000020 A00000000000000O0z«20000
0000000000

00 modf(x, xptr) D O O frexp(x, ipt) U OO 00020 0000000000000000000O0
000D002000000000000000000DO000000O00DODOOOC0O0OQO modf(x,
xpt) D000 xO000000000000000O0O00O0O000O0O000O00000 moedf()D 0O
gooooobgob20000000b0b0b00boooooooo2b00b00000O0oOnDo
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O00O0O0OD0ODOD0OD0ODODODOO0000000000 xOfleat0 000000200000 xptrO float
O000000oooooboooooo

cooooobooboooooooboooooobooboOoOooOoDOOoOoObOOb0 NaNODOOOOOOO
O0000000000000000C0frexp(x,ip) 00000000000 z+x20000000
O0000O00000000200000000000000frexpx,ipn0000000000OO
Oo0O0O0O000000O0imt000000000200000000000000000000O0A0
OO00O0000o0ooooooOooooOoOoooooooOoboOoODOObObOOO0O0ooon

0000 pow(y, x)Jatan2(y,x) 0 00 0O fmed(yx) 0 02000000000000000 1220
ZA00003000000000000000 pow(y,x) 0 y0 x000000y* 000 e*08®) [
D0000x0000000000ZA0000000000000000%*0 1/y*Flonoooo
yooooooOxoooo(@oooo)ooooooooooooooooob—-o00000x0OO
O000000000Olg(-0.0)000000000000000000x00000yOO0O0DOOO
O000000o0o0OO0OO0O00O0yODOOOOOO0OOOOxODOOOOOOODOyOOOOOODO
O0OyO100000C0y>*0o000010*0000000y01000000y>*000000OO
O0y0ODODOOxO0O0O0ODOO00O (+00)®0 10000

atan2(y,x)00000000000000000O0y/x000000000000000000[—,7]
000000000000 000000X-YOUOOOUOOO (x,y)D00000000O00O atan2(y,
x) UOoOooooooooooooooooooooooooooboooooooo mMfOo0oOooODOo
00000000000 —InfO0O0OO0O0Oatan2(£Inf, —Inf) = £37/40atan2(+Inf, Inf) = +7/40
atan2(+Inf, x) = +7/20 atan2(+y, Inf) = £0.00 0 0 0 atan2(+y, —Inf) = 700000000
ooooo

yOxOOOOOOOOOOOoOoOoOoOoO atan2(y, x)0O00ODOOO0OOOOCOOOOOOOO0OOO
obooooboooooo-oo0O00O0OOOOO0OOOOO0OOOOOOOOOOODOOOOOOn
0000000atan2(0.0,—0.0) = 70 atan2(0.0,0.0) = 0.00 atan2(—0.0,—-0.0) = —3x/4000 O
atan2(—0.0,0) = —7/20000000000000

000 Oatan2(—Inf, —Inf) = —3p;/40000 £Inf 0 0000000000000 0O0OOChO
0 0atan2(0.0,0.0) 0000000000000 OOO0OO0OOOOOA4.3 Berkeley Software Delivery
(SUN, 1990) 00000 SUNO COODOOOO0DOOO00oooooooD43BSDOO0OOOODOO
0000000000000 atan2(+0.0,—0.0) = £0.0 000 atan2(+0.0,0.0) = 7 00000
Oo0o000000«z00 0000 y0O000O00O0O0ODOOCDOODO

OO0 fmod(yx) OOy/x0000000000000CO00O00D00 fmod(yx)DOOOODO0O 00O
O0y—ex2c00000000xO000000000O0OOCOCCOOOxO000000000O0OAO
O0xO0O00000O0ODOO0OCOOO000O0ONaANOOODODOOyOOOooooooOoooOoooooo
O00x0000000000yOOOODOOOOOOO0O0yOOODODODODODO

122 0O0OO0OOO0OO0OO

1221 O00OO0OO0OOOOOOOOO

gooopooobogobooboboogboboogooboooboobobbogpDubbDobDUobo
gobobooogbobooobooobobooooobobooobooboboo 200000000
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12 000000000000000
122. 00000000

goboobobobooboo euoooboboooo)yboooooooooboboooooboboooDo
googobooboobobooboobobooboon
gboooboooboobooobobooooboboooboboooboobcbooooooogoboon
UbobooboooboboboboboibO 1imits.h 000000000000 float.hOOO
googbobooboobobobooboobobboobboboobboobooboobocoon
U0000000D0 fleat.hOODODOODOODOODODOOD ChOODOOOODOOODOODOODO
U00o0ooob0 f000 NaNOODOOODOooOoooboooobooooobooooooo
goooooobboobooboobob chbobobboobooboobooboobboo
O0InfONaNOOOOOOOOOOOOOOOOOOOOOO

gooooood-MINDOODO FLTMINIMUM

00000 FLTMINOODOO COUODODODODOOODOODO float.hOOOODOODOUO float
gboooooooooooooooooooooobooooo FELTMINDODODODODODO
O0O0O0O0OODOOOIEEE7S400000000000DO0DOO0OO0O0OO00O00DbOO0c¢choboonon
oobod fleaaDODOODOOODOODOODLOO FLTMINIMUMUOODODODODOOODOOOODOO
googob cchD x -y == 000x=y0OUODweDOOOO0OO0ODOODOODOOOOOOODOO
gbbooibbweb 000000 DOO0OOOODODOOOOOOOOOOOOODDOOODOOODDO
OUO0O0OOFLTMINIMUMO FLTMINOODOUOOODOODO1.401298e-45 00 1.175494e-38 00 0 00
gboooo choboboboo20000b000000DbO0ODODLODbODOn

float f, *flt_minimum;

int minimum, i;

minimum = 1; // memory location becomes 00000001

flt minimum = &minimum; // xflt _minimum becomes FLT MINIMUM

i = xflt_minimum > 0.0; // 1 becomes 1

i = FLT_MIN > xflt_minimum; // 1 becomes 1

i = fabs(xflt _minimum) > 0.0; // 1 becomes 1

f = (#flt_minimum)/ (*x£flt_minimum); // £ becomes 1.0; note 0.0/0.0 = NaN
f = f/l.e-46 // £ becomes Inf: l.e—-46 < FLT MINIMUM

000000000000000000000200000000000000M@O0O0D0O0DOO0O0O

O0O0obDO0goO FLT_EPSILON

0000b0o0b FLTEPSIIONOOOOOOOOOODOOODO 10D00000O00 100000
gooCchuoopooopbodgDb fleat.hbooooooobOooooboOoOoChhoooobOoO
goobooooooboobooogobogoboooboobobobooboooobobooboobobooooo
gbooboboooooboboboobooboboboobooboobooboobooboobooobon
Oo0Dbo0bob00obDbOO0O00OFLTEPSILONOD D OOO0DOO0DOOO0 yOOooooonQ
gobooooblob3bogboyboobooooboobooobobobooobooobooooo
gooo
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if(x <y » FLT_EPSILON * 1000)
ob choooooooobooboboboboboboboboboboo

float epsilon;
epsilon = 1.0;
while (epsilon+l > 1)
epsilon /= 2;
epsilon x= 2;
printf ("The machine epsilon FLT_EPSILON is %e", epsilon);

SUNSPARCStations 0 D 0000000000 D0DO0OO0OOOOoDOOOOoOn
The machine epsilon FLT_EPSILON is 1.192093e-07

gbooocuoboooobol fleat.h0OODODODOOOOODOOD FLTEEPSILONODOOOO
gooobooobooDb ruTEPSIIONODOOOOOOOODOOODO @ODOOOOODH)DOODOO
choooooooobobobooooooooboobobobobDobooobooobuobooo
00000000 (Plaugerd 1992) 0000000 M22I000000000000flecat 00000
gboooboobooboboobooonon

OO0O0D0O0O000 FLT-MAX

COO00bDO0DbDO0O0OO0 fleat.hO0OD0OOODODODODO FoTMAXOOODOODOODODODO
0000000000 rLTMAXUOOOOO0OO0 IfOO0000 -FLTMAXOOOOODOO —Inf0O0
OO0O000rLTMAXDODOO ftmex«10°00000000D00C0O0O0O20000000D00C00000O

(fltmax + FLT_EPSILON) % 10° = Inf

(fltmaz + FLT_EPSILON/2)  10¢ = FLT_MAX

000000000000 FLTEPSILONOOOOO0OO0 220 0000000000000000
e0J00000OO0DDOOChOODOOODOOOOODO FLT MAXDUOOOOUOFLT-MAX_10_EXPO O
O FLTMAX EXPOOUODODODOODOODODODOOOOODOUOFLTMAX 10 EXPOOOO100000OO
gobooobooobbooobbooobbooobboodrLTMAX EXPOODOO2000
go10gboo0boobooogooboobooooobooboooooobobooboboboooooonoo
OO00OwhileODOOODODOOOOOOODOOOOO

float b, £, flt_max;

int e, i, flt_max_ exp, flt_max_10_exp;

b =10; e = 0; £ = b;

/+ calculate exponential number e, 38 in the example x/
while (f != Inf)

{
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flt_max_10_exp = e;
/* calculate leading non-zero number, 3 in the example =/
i=20; £=20.0;

while (f != Inf)
f = ++i % pow(b, e);
/+ calculate numbers after decimal point, 40282347... in the example =*/

flt_max = 1i;

while (e !'= 0)

{
flt_max = ——flt_max =* b;
e——; i = 0; £ = 0.0;
while( £ != Inf && 1 < 10)

{
f = ++flt_max » pow(b, e);

i++;
}
}
f = frexp(flt_max, &flt_max_exp); // calculate FLT MAX_ EXP
printf ("FLT_MAX = %.8e \n", flt_max);
printf ("FLT_MAX (in binary format) = %$b \n", flt_max);

printf ("FLT_MAX_10_EXP = %d \n", flt_max_10_exp);
printf ("FLT_MAX_EXP = %d \n", flt_max_exp);

SUN SPARCStations U DO D 0O 000000000 DO0ODO0ODO0DODO

FLT_MAX = 3.40282347e+38

FLT_MAX (in binary format) = 01111111011111111111111111111111
FLT MAX_10_EXP = 38

FLT_MAX_EXP = 128

000 FLTMAXOFLTMAX_ 10 EXPOOOO FLTMAX EXPOOOOCOOOOOOOOO float.h
gobo0ooboobbooboobbobobbo0obo0obb0o0bO float0 OO double O OO
000000000 DBL.MAXODBL MAXIO0EXPOO OO DBL.MAX EXPOOOOMO doubled O OO
gobooDboOOoOOO00O00UDDooooooooooboD powO D OO frexp() U O OO Ddouble
gbooobobooobooo

gboobooooboobobooobobobooobobooboboobooboboono
gobobooogoooboooobobooooboobobobooboobobooboooo
000000000 EID0O0O0000FLTMAXOOO 160000 (TF7FFFFF) 00000000
gboobooooboboboobob rrTMAXDODODOODOODOD ChODOODOODODO
0oood
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int i; float xflt_max;
flt_max = &i; // flt_max points to the memory location of i
i = OX7FT7FFFFF; // =flt_max becomes FLT_MAX

00000000 FruTMAXOOODOOOO scanfO O 20000000 s32b"0 0000000
goboobooboboooboobobboboboobooboboobooboboobon
UO0OCO Fortran OO 000000000000 ODOODOOODOOD FuTMAXOOOOODOOOOO
gbooobobooboboobooobouooboboboobooboooboobobooboooboogn
gboooobogooboobbooboooboooboobboobbooboooboooboobn
UO000db0f = FLT_MAX + 3.0e3000000000000000 £0 FLTMAXOOOODOO
0003.0+x10°000000000000000000FLTMAXOOOOOOOOOOOOOOO
gobooboboobooboobobooochbOoooOoUO 2000 00FLT MAXD InfO0 0000
ooooooooo

1/Inf « FLT_MAX = 0.0

1/FLT MAX « FLT_ MAX = 1.0

1222 0O0O0O0OOOOOOODOODOOOO

chogoobobooo —o00oobO0oboobobDooD—-0.00InfU-InfU00O0O NaNOODOOO
goooooboboboboooooooobooooogo f(x)zéDDDl]ﬂ(lZ{lDDDDDDD
(80 o0O)OoDoDOoooOoOooD)OoooOoooOoOooooooooooooo

ChDDDDDDDDDDDDDDDDDDDDDDChDDexp(l/OO)DDDDDDDDDInfDDD
OOexp(1/(-0.0))0 0.000000OOO0OODOO e°+DDDefDDDhmm_}me:cDDDllmx_)o er
gooooboobgon

O00OUJexp(1.0/Inf) O exp(1.0/(-Inf)) D OO OOO0OODO10000000000O0000O0O0O
OOIEEE754 000000000000 finite(x) OOChOO-Inf < x && x < Inf0O0O0
000000020 floatd D000 doubleDOOODOOOOODOOXxO floatdOOD0OO-Inf < x
&§& x < InfO-FLTMAX <= x && x <= FLTMAXUOUOOOOOzUO doubleO OO OOO-Inf
< x && x < InfO0O-DBLMAX <= x && x <= DBLMAXODOODOOOf — oo < walue <=
0o, then y becomesco”0 000 0O00O0ODOODOODOOChODODOODODODODODOODODOO

if(-Inf < value && value <= Inf) y = Inf;

gbooooboobobboboobobboboooboboboobooboboooboaooobo
Obob0obOobobooooboooboobobonoooO2.718281828. 00000000 edO
goooooooogoogoogoon

1 X
lim (1 + ) =e
T—00 €T
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3 4 5 6
\ \ \ \

2
\

function exp(1/x)

-10 -5 o 5 10
x value

0 12.1: 00 f(z) =ex.

U000 ChOO pow(1.0+ 1.0/Inf, In) OO DO OONaANO OO ODODODOOOOOODODOOOOO
goooo

1.0\
(1.0+ ) = (1.0 +0.0)" = 1.0"" = NaN
n

O00000IfO00000 FLTMAXOUODODODODODODOODOOoDboboobo

1.0 FLT_MAX

gbgbONaNOOOOOOODOOooOooOooobobooooboboboobobooooobooo
U0D000 x > yOOxDODyOOOOOONaNDODDOOO!'(x <= y)0D0OOOOD0ODODOOOOO
goooooooo chbobd

if(x > 0.0) functionl () ;
else function2();

goboobooobboobooday

if(x <= 0.0) function2();

else functionl();

ood200000o0obo0oobo0ooboobobbbob if00000000 if(x <= 0.0 || isnan(x))

gboogoooooboobooo
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U130 Uodooodouooooodot

gboobgoobobooboboooboboobooboboobooboboooboobo
gobooboobogobooogoboooobobobbooboboboobobooooboooo
gboooboboobooonoboobooobbooboobbooonoaon

0000oobouobbougbbogibO FortranD OO0 OcomplexO O ODUOOOOOOODOOODOO
goobooooboobooooogobobooooboboooobobocoooooboooDo
O00000D0b00 complexODOODOOOOOODODecomplexO O OOOOCOODOOOOOOO
gochobocyyooonoooooooooboobooooooboboboboobuobboobogobo
gbogbooboobgobobobuoobobobobuooboboobooboboobobooban
gbodchDO0O00oDOo0oooD00 WfU-InfOOD00O NaNODODOODOOOODO 000
—0.0000000b00DbbUODbUObDU0ObOU0O0ObLUODbDOD0ObD200b00D0OD0O0ODOO IEEE 754
gbooooboobooabbooodan

ChOODUOIEEE7540 000000000000 0D0ODbO0DbObOOOO00OoobDooobobn
gobooboooobobobuobobooo choogoooobobobuobobobooboooo
U00o00oooooooOd0oNaAN@OCO)H)D Inf(@COO)DOoDOOoDLO0DOO0DLODbOODbObObOoDbD

131 000

1311 0O0OO0OOO0OO0O0O0

000 zeC=A{(zr,y) |z,yeR}OOOOOODO

2= (z,y) (13.1)

000000000000000000000000000 071000 2000 yO00200
00000000000 (0.0)000000000000000ROCOOOOOOOOOOOO
O000R ={(z,y) |z€R,y=00}0000RCCODDDN0D 2000 (200000000
00000i*i=-10004+0000 (0,1)000000000000000000000000
0oooo

z=x+ 1y (13.2)

(A0 00 @32)000000000000000000000O00O00O00JFortrand Adal Com-
monLisp00 0000000000000 0000O0O000 3000000000 00O0O0OO0
0000000000000000 (320000000000000

0oooooooood Forran OO ODOODOOChOOOODOODODOODUODO complex(x, y) U
goo0o0ooouobooouoboboobodbdez,yeROODODODOOODOOOO 30000040000
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O00O0O0Ocomplex(3.0,4.0) 00 0000000000000 complexOOChOOOOODOOODOO
O000000DO0O00000O0oD200 fleat000D0O00O0DOO0ODODOODOOOOODODOOO
OO0 float 00O ODOOOOOODO floatD 0D OOODOOODO

OO00D0O0O000DCOOO00D0 chOObOOO0OOO dowbled OO Ofloaa 0O O OOOOODOOO
0000000000 FOODOfO0ODOO0O0O0O0ODOOODODOO0ODO0OO0O0ODODOODOOOOOOO
00000000000 UOcomplexD OO0 doublecomplexU OO OOOOOODOOOODODOOO
ooo

0000 O complex(3, 4.0)00 complex(3.0f, 4.0)00 0 0 O complex(3.0, 4.0F) O O double complex [ O
00 complex(3.0,4.0) 000000

D00000D0000DUOUcomplex0 000000 complexD0OUOcomplex0 0 0O0O0OOMO
O0000o0ooDooDOo0oDooOoO00ooDoooCcOoo0ooooDooOoOooooDoDoOoooog
ChOOOUO complexOODOOOOODOOODOOOO floatD 000 doubledODDOOOOOODOODO
OO00O000O00DOOCOChOD complexOOOOOOOODOOOOOODODO

double complex z; // declare z as double complex variable

float complex zl1; // declare zl as float complex variable

complex *zptrl; // declare zptrl as pointer to complex variable
complex z2[2], z3[2,3]1;// declare z2 and z3 as arrays of complex
complex *zptr2[2][4]; // declare zptr2 as array of pointer to complex
zptlr = &z1; // zptrl point to the address of =zl

*zptrl = complex(1,2); // zl1 becomes 1+i2

gboooocyo c+uoboboooobogeyn c+oogoooboboooobgch
Ub0010b0bob2000000000000000000000 complex.h O complex U [0 0
goooooooboobooboboboobobIobbobo00o0o0dn complex (0.0, 1.0)
ooooooooooon

132 OO00OO00oooooo

00000000000 @EID0000000000O000000000O0O [oI7Io

O0@EI000000000roo00o00o00oo0o co0ooooool101000000
gooobooobouobpibb 2000000 NODOUODOODODOOODOODDODODDDOO
gobobooobooboooobooobbo/obbooooboo

O0NOOOOOOOODOOOO0O0O0000000000000000000ooooom@2o0o0
OO000000o0O00oo0oooooOoooooog

|r| < FLT.MAX OOO |y < FLTMAXOOOOOOOOOOOOODOO0O0OO0O0O0O00o0oo
goooooobob 00000000 by0boboooooooDobobbobboobooDo
00000 FLT MAXOOfleatDOOOODOOOOOOODOOOOOODOODOOOODOOOOOO
000000000000 ChOO ComplexInf O OO complex(Inf,Inf) DO OO DOOOOODOOOO
goo0obooOoooooOopbooropoooopoooooooOoooDoog101oboooOoo
OO0 AODDOOOOCOOOOOOO0OO0OOOOOOOODOODODOOOODOMOOOOODODO
ooobooooooboonoo
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U Bn:0000b0groocooooooon

ComplexInf

~FLT_MAX FLT_MAX

FLT_MAX

ComplexInf ComplexInf

01320000 A000DODOCOOO0O00
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0000000 A000000O0O0D0ODDODODODODOOCOCCOCDO1IO01O00D0ODO0O0ODOO0O MO
AO00DDOOCDOO000000DODDOODOOOO0000000000O0O0O0D0 ADDODO piOp0O0
0@E200000000000000000000000000 2, = complex(FLT_-MAX, 0.0) 0 O
2o = complex(FLT_ MAX, FLT MAX)U O DOUOOOOO0OOOD0OO000000000000 Ocomplex I
O0O0D00O0 complex(0.0,00) D00 ChODUODOO0OO0ODOODODOOOODLDODOODDOODODO
000 (Complex-Not-a-Number) O [0 O complex(NaN, NaN) 0 O 0O ComplexNaN O OO OOOOOO
O000000 ComplexInf 0 ComplexNaNO OO OO QOOOoOOoOOOOO

bbb zcobbbbobobboooo ool —00O0ODUODUODODbUOUbDODLO
ooobooooooooboOoobooooobbo0oooOooobOobOOoUbOobOOoOooDboOoOo
O lim,,ore 0000000000000 DO0000D0O000-000060000000000

goooob choooogoooboboobooboobbobobooboooDg 000 —00ODODO
oooooboooobobooooooboOoooboOoOooobOoOoooDboOoooDboOooboDon
Oo0oOoOobOoOooboOoboboooboo

OUOODOOIEEE7SM40000000200000000000000O0¢chOO00OO0DOOODOO2
U0b0000o0ob0o0b0o00b0oboO0oboobodbOComplexInf 00 O0OOOOOO 20000
OO0 WMfOO0D00OO0

O000o0oO0ocO0o0UoOoochoOoOoOO atan2(y, x) U [—n,n] 000000000000
atan2(—0.0,-1) 000 —7 000

goooooob —-10—c0.000000D00O0ODO0ODOOChDOO sqrt(complex(—1.0,—0.0)) 0 O
0000 —-1.0-40.000000 complex(0.0,—1.000 000000 cos(—n/2)+isin(—n/2) =0.0—1
ooooOOoOooboooo

0000000000 sqrt(complex(—1.0,—0.0),1) 00000000000 complex(—1.0,—0.0) O
OoooobD200000000000sqrt0 20000000000000O0000O0O0O0 0000

gobooobooooboochboobooboooboboobooobooboooobooboooobooOoo
OsqrtQU0DO0000O00ODOO0O0O0ODO0ODOOOO0OO0ODbDObOO0D0ODbDOO0ODODObDbOODO
gobobooboboooooooboooooon

obobooboboobooboooboobobobobOoochboboooOooboOobobdFortran
O000O0OO00OOO00obOoOoboboOooboooo

1321 0O0OO0OOOO

chooooooooooooooobooobobobobooboobooboboobooboobo
googoboobbobooboooooboobbooboooboobooobooooooon
gooobooobooboboboobgoboboobooooboboooobobooboboooboboooo
gbob00ob0obobo0obobobbob0obobobU0obOobOobO PascalDOODOODOODOO
choooooooboboboooooooobooboooooooooobobobbOoonoo
gooboobobobooboooooboboboboboobooooobobochbobobOoOn (data
type) UOOOO0OO00O0OO (orden DODOODOOODO
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data type order

double complex high

complex

double
float

int
low

char

char U0 O 00000000 OOdoublecomplexDUODODOOO0OO0OOO0O00O0ODOODOODOOO
gooooooooooooooooooo

1. char0int0 float 0 00O double DO ISOCHOUOODODOOO0O0O0OO0DOODOODchar0 OO
oooboooogooo ASciogogoobooboooooooooboobobooooooo
gobooooon

2. charOintOd float0 OO0 double D O OO0 DO O0OO complex 00O OOOO0ODOOOOOODODO
0000000 Infd —Inf0 00 ComplexInfO O OONaN O[O O ComplexNaN O O 00O OO
double 00 complex D OO0 000000000000 OD0OODOODOOODOOOODOOOOOD
U000 complexx,y) DD UO0OOD complexU OO DOOOOOO0OODOODOODOOOOODOO
0000000 @@ano0o0oodooad

3. complex U charD intD floatD OO O double DD DO DO ODOODOODOOOOOOOOOOODOO
gbogboobobobbobooobobooboobOo0obobobo0bOnd NaNg
O00o000O00bO00obbOO0bDOreal(z 000 imagz) U0 0OO0O0O0OOODOOOODO
000 00000000000000000000@EA0oo000ooooo

OD0000f=200000000000000000000000 real(z)0 imag(z)0 float(z)0
double(z)0 (float)zD OO0 (double)z 0 000D 0000000000000 OO0OO0O00O
000000000000 char0 it0000000000000000000000000O
OO00O0realz 0000000000000 O00O0O0

O00001 = ComplexInfO0Oi0 INTMAXOOOOOOOOOOOOreal() d OO imag()
OlvalueO0O0O0O000D0OOwalkeDO0O0O0OO0O0000O0ODOODOOO0ODOODODOO
gobooboooboobooobooo

halwue OO0 O0O0O000OD0O0OO0OD0OODOOOODOOOOODOOODOOOOIvValeOOOODO
oobooboboooboobooobooboooboobooobobodwaueDDODODOOODO
oooboooooboboboboOdvalee D000 0ODODOOOOODOM36O0OO0OO
gooog

4. 000o0booobbooobooboooboobooobooboobboobOo0obobon
oboooboooboboooboobobo0bo00ob0ob0mntD double D DOOOOOO
OO0 double OO0 O DOO0OO00OOOO200000000000 complexOODOOOOOODOO
oobob0b0ob0obOobUobUobUobUbUubU ecomplexOooooooooonDO
gbodO0O0Olvalued rvaluee 00000000 DOOO00DOODOODODOODODOOO
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5. 0000000000000000valueld rvalue J0000000000000000000
0D00000000000000ISOCO00000000Owalued000000 ChOO
D0 lvalue 0000000000000000000O00O000O0O0O000000000O0O
fp = (float+)intptr 000000000 float0 000 fpO000000000O000O0OO0O
O intptr 0 loat 000000000000000

U0D00mtper 00 000O0O00OO0OODOOODO0ODODOOODO0ODOOODODOODOO
O00DOoO00oDooOObOOsntptr0o00000x«fpO0Od0o0000O0DOOOODODO
U000 floatD 000000000 DOOO0O0ODO0OO0OO0ODOO0OODODOOOODO0ObOOO
ooooobbOoooobooobbooub fl,at00OO00OO0ODOOODODOOOOOOOOOD
000000000000 000000000[@e00000oooon

gobobobob chboogooboboboboboboboboboboboboboboo

char c;

int i;

float £f;

double d;

complex z, =*zptr;

c ="'a’; // c is 'a’

i = c; // 1 is 97, ASCII number of ’a’

f = 1i; // £ is 97.0

d = 1i; // d is 97.0

z = complex(c+l, f); // z is 98.0 + i 97.0

z = complex (Inf, Inf);// z is ComplexInf

z = Inf; // z is ComplexInf

z = —Inf; // z is ComplexInf

f = z; // £ is NaN, since real (ComplexInf) is NaN

d = z; // d is NaN, since real (ComplexInf) is NaN

i = Inf; // i is 2147483647 = INT_MAX,

i = z; /+x 1 is 2147483647, int of NaN is 2147483647
plus warning message x*/

z = complex(d+1, 3); // z is 98.0 + i 3.0

c = z; // ¢ 1s the delete character, ASCII number is 127

1= z; // i is 2147483647, int of NaN

f = z; // £ is NaN

d = z; // d is NaN

z = NaNj; // z is ComplexNaN

zptr = &z; // zptr point to address of z

zptr++; // zptr point to memory z plus 8 bytes
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133 0O0oooooood

gboob chobooooooooobobobooobooboboboboboboobobobobo
00000000000000Frran0 0000000000000 00OO0O0O0O0O0O0M34000
330000000 real(z) 000 imag(z) 0000200000 fleat 00000000 0OOOOOO
OO0D0 printf) 0 scanf) O OO0 00O O0OOOOO0ODOOODOOOODOOODOOOO

gbooboobooboboboobooooboboobooboboboboobooooboonboa
gboboboobbobobuobuoboboobobpintfOOD00000O0ODLOODOODODODODO
OooooooooooooooooboboOooobOboOoooDbOOoOOochOOOn prinfOO OO
gboooooboooogo

int printf (char xformat, argl, arg2, ...)

printf )0 000 format 000000000 O0O0OOOOOOOOODOOOODOOOODOOOOO
000000000000 0format0 0000000000000 %00000000000000
O0000022000000000000000000printfOC ISOCOODOODODOODO OO printf()
Oformat OO0 00000000000 OOOOOOOOOOOOOOODOOOOOOOOOOOO
0o0ooooooooooooooo

printfO D000 0Oflcat 000000000000 DODOOOOODOODODOOOODODOOOOODOO
complex UOOOODOD%2 0000000000000 0000O0OOODODOOO0O0O0O0O0OOO
ComplexInf 0 ComplexNaNO O OO OO OO0 DO0OO0OOOOOOODOOODOOO

0000000000000 ComplexInf ComplexNaNOODODOUOODOUODOODO complex(Inf,
Inf) 0 complex(NaN, NaN) D D OO OOcomplex D OO OOOODOOOO O complex(0.00,0.00) 0 OO
0000000000000 0000bO000000oo0on printfO0 scanfOO D OO0OOOOO
00doono chOonoooooooono

complex zl;

double complex z2, xzptr;

zptr = &z2; /* zptr points to z2’s memory location =/

printf ("Please type in real and imaginary of two complex numbers \n");

scanf (&z1, zptr);

printf ("The first complex is ", zl1l, "\n");
printf ("The second complex is ", z2, "\n");
printf ("The second complex is %f \n", z2);

ggoooooboboobbbodooooooooboooon
Please type in real and imaginary of two complex numbers

12.0304

The first complex is complex(1.0000,2.0000)
The second complex is complex(3.0000,4.0000)
The second complex is complex(3.000000,4.000000)

ogbobobob20b00b00b00b00b0o0bobobobobobobobon
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134. 0000

134 0OO0OO

chooooogooboobooooobooooboboooooobooooobooboooobobobo
gboobooboobooboooboo chbOboobooboobobobooboobbOoobooDo
oo

1341 0O0OO0O0OOOOOODOOOO

0000000000200000000000000000M@BI0000000

013.1: 0000

oo ChOQO chooooono
oOoono —Z —x — 1y
oo zl + 72 (xl—i—xg)—i—i(yl—i—yg)
oo z1 =22 | (z1—x2) +i(y1 — y2)
oo z1 % 72 (r1 %22 —y1 * y2) +i(y1 * 2 + 1 *x y2)
00 21/22 xl*x22+y%*y2+iy1*x%—x%*y2
Ty + Y Ty + Y
ugn zZ1==72 | x1 ==22 000 y; ==y
00O |zl!=z2 | xy!l=xo 000 41 =90

UoD 0210000 20000000x+wlzl+ 0000 2244y 00000000

obooboobooboooboobgooboobobobobobobobooobb20b0D00bDODObDbD?
gboboboboboboboooooooo20b0gooboooobo200b00bobobonDo
0010000000000000000000000000M@I00000 +0000 complex(0,
Hnobooboobob200000000000000000000O0

gboobooooboobobooboboboboooboboboboobooboboono
complex U0 O O00O0OOD0OO00DO0O0OO0O0OOODOODOODOOOOOOODOODOOOOOOOOODO
gooooboobobobooooobooboboooooobobob200b0b0ob0bOoOoboOoDo
gbooboboobobbp20b0bobog2boobooboooooobooobob0obUobobngnDo
gobooobooboboboboo20b0bobooboooooobobobobobbooboOonDo
gboogoogo

1342 000O00OOOOOO0ODOO0

0000000000000 00oO00DoDo0oOoD0oDODo0o0ooO00ooOo00oO00ooooDoon
0000000000020 0000 fleatDO0DOD0ODOOODOOOOOODOOODOODOO
O000000000000000[@EI000000000000000000000000000
ComplexInf 0 000000 complex(Inf, Inf) D OO0 O0OOO

O@EI000000 complexDDOOODOOOChOODOOODOOOOOOOODOOO200 Com-
plexInf 000000 complex(Inf, n ) OO0 000000002000 000000000000000
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0000000000000000000000000000000000000000000 1320
(30000000

0 132:complex 10000000

oooo —
oooogd | complex(0.0,0.0) z ComplexInf ComplexNaN
g complex(0.0,0.0) —z ComplexInf ComplexNaN

0 133:Complex DO OO OO QOO

ooooooon +
ooooDoog oooood
complex(0.0, 0.0) z2 ComplexInf ComplexNaN
complex(0.0, 0.0) | complex(0.0, 0.0) +2z2 ComplexInf ComplexNaN
z1 z1 z1 £ 272 ComplexInf ComplexNaN
ComplexInf ComplexInf  ComplexInf ComplexNaN ComplexNaN
ComplexNaN ComplexNaN ComplexNaN ComplexNaN ComplexNaN

oobbooobooooobochbooboouoboooboouobbUoUbmUcomplex(£0.0,40.0)
000 complex(0.0,0.0) 0000000000 DOOOOOOOODODOOOOO0OOOOOOOO0O00O
—-0.000000000000000O0OO0O0O0D Ocomplex(0.0,0.000 000000 complex(—0.0,—0.0)
00000000 MEB200000 complex(0.0,0000000000000000O0O0O0OOOOO0O
U0000obo0ob0obooboobibd (complex not-a-number) O 0O O 0O 0O O ComplexNaN O O 0

0@B3ANM[EAI000000000000000 ComplexNaNO OO OO0OOO ComplexNaN [
0200000000000 ComplexInfOUODODOODDOOOODODOODOODOOODODOOODO
ComplexInf 0 OO0 0O0OD0OD0O0O0O200 ComplexInf OO OOOO ComplexNaN O OO

ComplexInf OO complex(0.0, 0.0) O O OO ComplexNaN O OO ComplexInf 0 0000000000
0 ComplexInf O 00200 ComplexInf 0 O 00O ComplexInf 0 000000 OOOMO O complex(0.0,
0.0) O complex(0.0, 0.0) DO O OUOO ComplexInf 0 ComplexInf 0 0O 0O 0O 0O 0O ComplexNaN 0O OO
complex(0.0,0.0) 0000000000000 O0DO0O ComplexInfOODODODODOOOOOOO ComplexInf
U000 ComplexinfUDDODOOOOO02000000D00O00DLO0OOOLOODOOOOODOODOO
Ooooboooooooood
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130000000000 0ogog

134. 0000
0 13.4: Complex 0 0O QO OO
0o x

Oooood Oooood
complex(0.0, 0.0) z2 ComplexInf ComplexNaN
complex(0.0, 0.0) | complex(0.0, 0.0) complex(0.0,0.0) ComplexNaN ComplexNaN
z1 | complex(0.0, 0.0) z1%xz2 ComplexInf ComplexNaN
ComplexInf ComplexNaN ComplexInf  ComplexInf ComplexNaN
ComplexNaN ComplexNaN ComplexNaN ComplexNaN ComplexNaN

0 13.5: Complex DO O OO0

oo/
oooooo oooood
complex(0.0, 0.0) 72 ComplexInf ComplexNaN
complex(0.0, 0.0) ComplexNaN complex(0.0, 0.0) complex(0.0,0.0) ComplexNaN
zl ComplexInf z1/z2  complex(0.0, 0.0) ComplexNaN
ComplexInf ComplexInf ComplexInf ComplexNaN ComplexNaN
ComplexNaN ComplexNaN ComplexNaN ComplexNaN ComplexNaN

0 13.6: Complex D OO OO OOO

ooboogd ==
oooogo ooooog
complex(0.0, 0.0) 72 ComplexInf ComplexNaN
complex(0.0, 0.0) 1 0 0 0
zl 0 z1 ==22 0 0
ComplexInf 0 0 1 0
ComplexNaN 0 0 0 0
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130000000000 0ogog

13.5. 0000
0 13.7: Complex OO ODOOOOOO
ooooooo =
oooogoo Oooood
complex(0.0, 0.0) z2 ComplexInf ComplexNaN
complex(0.0, 0.0) 0 1 1 0
z1 1 z1 =272 1 0
ComplexInf 1 1 0 0
ComplexNaN 0 0 0 0

0000 ChOOO0O200 ComplexInf OO0 [[B60000000000000000OOOO0O
U00Db000000000b00b0b0O0 NaNDOODOD200 ComplexNaNODOODOODODOO
false 00 000000000000 0000MBZ000 not equal 00 000O0OOOOOOO

135 OO0OO

choopoooooooobooooboooboooobooboooboobbooboooooobooo
gobooboobooboooobooooboooobobboboboboobobooooboono
1000b00b00oooobooboooobbo20b00bo0bbOoooobOoooDoOobb2000000
gboogoobooboobobooobgaon

ob2000000000000D010000000O00000O000 complexODODOOODOODOO
10ogbobobobooooooooooobobobobooooooboDooDbooobDOobOoD 20
goodpoobOobobobob2000b0gboobobbob complexd 00000 oboooonoO
goboboooboobbooogs3soobooooobooboooooobobob20b0000000
OOcomplexODOOODODOOODOOODOODOOODOODODOOOODODODO complexOOOOO
googoobooboobbooo

1351 0D0OO000OOO0OOO0ODOOO0ObDOOobOon

0000000000000 0000@800000o0oooooog

gbooobobooboboboobooobboobobooooboboobboobbon 20
210000 000000 z+4+iydx; +ip 0000 22 4+4p 00000000000 kOKDO00O
OkOIODOODOOOOOOOODOODOODOODOODOODOODOODOODOOODOO
0000000000000000000@3002000000000000000000000
gboooooooooooooooooogg

000000000000000000000000000000000000000 38000
O00oOdDOdbooboed0d-r<6<7s00000000000O0ODOODOOOODODGBOOOO
0@ ooood

0000 atan2(y,x) D0 —7 < atan2(y,z) <7 0000000000000 O0O0OOOOCOOOO
O00dbooboobooobooboobooboobooD -InfInf,0000 NaNODOOOODOOO
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130000000000 0ogog

135. 0000
0138 00db00gobooboan
chiogd choooooa
sizeof(z) 8
abs(z) sqrt(z? + y?)
fabs(2) sqrt(z? + y?)
real(z) x
imag(2) y
complex(z,y) | =+ iy
conj(z) x — 1y
carg(z) ©; O = atan2(y, z)
polar(z) sqrt(2? 4+ y?) +i0; © = atan2(y, x)
polar(r, theta) | rcos(theta) + ir sin(theta)
sqrt(z) sqrt(sqrt(z? + y?))(cos 5 + i sin & ; © = atan2(y, x)
sqrt(z, k) sqrt(sqrt(z? + y?))(cos % + Zkm —|— isin © +22k:7r); © = atan2(y, z)
exp(z) e®(cosy + isin y)
log(2) log(v/22 + y?) +i0; © = atan2(y, z)
log(z, k) log(v/22 4+ 92) +i(0 + 2k7); © = atan2(y, z)
log10(2) ll)ogg(lz()))
log10(z, k) m
pow (21, 22) 21?2 = €™M = exp(zy * log(z1))
pow(z1, 20, k) | 2172 = 21 = exp(2y * log(z1, k))
ceil(z) ceil(x) + i ceil(y)
floor(z) ﬂoor( ) +1 ﬂoor( )
fmod(z1, 22) z; =k+ 2—2, E>0

modf(z1, &22) modf(ml, &xo) + i modf(yy, &y2)
frexp(z1, &=22) | frexp(xy1, &x2) + @ frexp(yi, &y2)
ldexp(z1,22) | ldexp(z1,x2) + i ldexp(y1, y2)

sin(z) sinz coshy + i cos z sinh y
cos(z) cos z coshy — isinx sinhy
tan(z)

asin(z) —ilog(iz + sqrt(1 — 22))
asin(z, k) —ilog(iz + sqrt(1 — 22, k))
asin(z, k1,k2) | —ilog(iz + sqrt(1 — 22, k1), ko)
acos(2) —ilog(z + isqrt(1 — 22))
acos(z, k) —ilog(z + isqrt(1 — 22, k))
acos(z,k1,k2) | —ilog(z + dsqrt(1 — 22, k1), ko)

gbooooog
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135. 0000

130000000000 0ogog

0 13.8: 00
ChOQOd choooooo
. ll 1+1z
atan(z) 97 l0g(1 =72 zz)
atan(z, k) QLI (% tg’k)
1 10 —i—zzl/zg
atan2(z1, 22) 7 (1 — zzl/ZQ
1 1+iz1/2
atan2(s1,22,k) | 37 los(T =12, 2. b)

sinh(z)
cosh(z)
tanh(z)

sinh z cos y 4 ¢ cosh x sin y

coshz cosy + ¢sinhxsiny
sinh z cosy 4 ¢ cosh x sin y
coshz cosy + isinhxsiny

log(z + sqrt (22 + 1))
log(z + sqrt(22 + 1, k))
log(z +sqrt(2? + 1, k1), ko)
log(z + sqrt(z + 1)sqrt(z — 1))
( (
( (
)

log(z + sqrt(z + 1, k)sqrt(z — 1, k))
log z + sqrt(z + 1, ky)sqrt(z — 1, k1), ko)

?log(i—l 2
? IOg( 11— + ia k:)

0 13.9: complex(x,y) 000000 © (-7 <O <)

©
yUu x U
—x1 —=0.0 0.0 x2 Inf NaN

y2 atan2(yo, —x1) pi/2 pi/2 atan2(y2, x2)

0.0 pi 0.0 0.0 0.0
-0.0 pi 0.0 0.0 0.0

-yl atan2(—y1, —x1) —pi/2 —pi/2 atan2(—yy, z2)

Inf Inf
NalN NaN
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130000000000 0ogog
135. 0000

000000 b00b0bU0oobo00obObo0oobobOoUonon real(z)0 00O imag(z)d OO O lvalue
D00 fleat0 000000000 OO0ODODODOOOOOOOOODODODOODOOODODOOOOOOOO
OD@eoooooooooog

O@E8C00o40000000000000

sizeof U D OO00O000OO0OO0OOO0OO0O0ODOOODOOOOODOOOOOOOOODOOODOOOOOOO
00000000 mtd000000 complexUODOOO 8U0DOUODOOOODOcomplexd OO0
000200 flat0 000000 D0O0O0OOOOODOOOabszxn OO0 OO0 DODO0OOOODODOOOOO
U000 floatcomplex DO DO UOOODOUODOODOODO float0O0OOOOO double complex U 00O O
O0000000 doubleDODODOOOO complex OO OOODO fabs(z) D OO abs(z) DO OO OO
oooo

O0real(z) D00 imagz) 0000000000000 OO0ODOODOODOTreal(z) O imag(z)J 0O O
0000 floatO00real) 000000000 double00000O0O0OOOOODO float0O0O00OOMO
O000imag) D0 O0OODOO0OO doubleD D OOODOOOODO0OOOOOODODNO real(zy 000
imagz) 00000000000 DOO0O0OODOOO real(complex(—0.0,0.0)0 0.0000000

0000ob2000000000000 complex(x,y) DOODOOODOOO0OODOOODOO floatd OO
O0odoooboooboooooobotfieatd 00000000 DOxOOOyOOOODOOODOOO
goooooooon

conjz) 00 00000 z000000O (xv,—y) 00000000 zZz002z0000 (z,y) 0
oooooooooon

polarO 0 000000000 0ODODOO0OOOOOODOOOODODOOO0ODODOOOODDOOO0OOn
0000100000000 obo0oooooobooooo
00d0d0ooooooo2000000000000o0o0 z000000o1ooo200000
00000000 .000000000000000 r“00000-,0000000000

00000 sqrt) 00 02000000000000 1000000000000 00O00O00O0DODO0O
O00ooOooooooooooooooooooodooooooooooooooooooon
0000000200 000000000000000O000000000O0O0DODO0000000O
0dddooodddddddoooooooooooooooooooo 2000000
0000000000000 000000000000D00sqrt 000000000 DO0O0
0o0ooooooooooooooooooon

expz)UO00O0O0OODO 2000000000000

0000oo0obobooooooodlegpO0ODO0ODODOODODODOODOODODOOOD 2000
0000000000 DOOO0bOOoOdleglo00d0DOOODOO I0O00D0ODOOO0DOODODODOODO

d0000O0O0O0O0OoOoOoOoOopow)OO0OO0OO0OO0OOOOOOUDOOOOOOBIOOOODOOOOO
0000000000000 o00ooDooobDdpow) DO DDOODDOOOOODOODOOODODOOO
Uobo0obo0ddpowQUUOUODODOUOOODODOOOPow(z1,z2)J 200000000 complex O
O00000 complexUOODOOOODO exp(z2«log(z)) DO D OOOOOO0ODOOO0OO y2z0O0O0
00000000000 pow(complex(y,0.0), complex(x,0.0) 0000000000 O0OONO pow(zl,
22,k)000z10 20 complexD DD O0D0O00000D00DO0OO0O0OKOOOODODOOO pow() O 3
00ooooooooliooo 2000000000000 200000D00000n
00oooooooooooooobooboooooooooo

00 ceil(z)D OO floor(z2)D OO0 OO Idexp(zl,z22) DO OO0 0OO0OOO0DOO20000000000
O00000000000000 modf(zl, &z2)O OO frexp(zl, &z2) DO OO ODO0DOOOOODOOO
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130000000000 0ogog
135. 0000

00200000001 00000000000 complexOOOO200000000000 complex
0000000000000 0000fmod(z1,22)0000z1/220 complexOOOO0O0OO0OO

000000 sin(z)Ocos(z)Otan(z) DO O OO 00O sinh(z)Dcosh(z)Otanh(z) DD O OO0 OO0
0000000000 asin(z)d acos(z)d atan(z)( O O 0 0O 0O O O O asinh(z)d acosh(z)[J atanh(z) [
00odo0d0bOdobdDoOooDodoo0opDooodoDoOooD200000000000000
0000 asin()0 aces()d asinh()(0 O O O acesh() O O O

2000300000000 000000000DO0DO000O0DO0OO0OD0O0DOOODOO0O0nOd atan2()
O000Oatan) 00 0O0O0DOOODOOOO

1352 0000000 OO0OO0O0DO0ODOO0OO0

gbooboooboobooooboboobooboboboobobooboobobooono
gbhobobobooooooooooooooooooooooooboonoooobonbD 13.100
googdg
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130000000000 0ogog
135. 0000

0 13.10: complex (0.0, 0.0)00 ComplexInfl] 0 O O ComplexNaN O O DO OO OO0

O@I0000 chooog

function z value and results
complex(0.0, 0.0) ComplexInf ComplexNaN
sizeof(z) 8 8 8
abs(z) 0.0 Inf NaN
real(z) 0.0 NaN NaN
imag(z) 0.0 NaN NaN
conj(z) complex(0.0,0.0) ComplexInf ComplexNaN
polar(z) complex(0.0, 0.0) ComplexInf ComplexNaN
sqrt(z) complex(0.0,0.0) ComplexInf ComplexNaN
exp(z) complex(1.0,0.0) ComplexNaN ComplexNaN
log(z) ComplexInf ComplexInf ComplexNaN
log10(z) ComplexInf ComplexInf ComplexNaN
ceil(z) complex(0.0, 0.0) ComplexInf ComplexNaN
floor(z) complex(0.0, 0.0) ComplexInf ComplexNaN
modf(z, &z2) | complex(0.0,0.0) complex(0.0,0.0) ComplexNaN
z2 complex(0.0,0.0) ComplexInf ComplexNaN
frexp(z, &z2) | complex(0.0,0.0) ComplexInf ComplexNaN
z2 complex(0.0,0.0)  complex(0.0,0.0) ComplexNaN
ldexp(z, z2) complex(0.0,0.0) ComplexInf ComplexNaN
sin(z) complex(0.0, 0.0) ComplexNaN ComplexNaN
cos(z) complex(1.0,0.0) ComplexNaN ComplexNaN
tan(z) complex(0.0, 0.0) ComplexNaN ComplexNaN
Note: tan(complex(7/2 + k * 7,0.0)) = ComplexInf
asin(z) complex(0.0, 0.0) ComplexInf ComplexNaN
acos(z) complex(pi/2, 0.0) ComplexInf ComplexNaN
atan(z) complex(0.0,0.0) complex(pi/2, 0.0) ComplexNaN
Note: atan(complex(0.0, £1.0)) = ComplexInf;
atan(ComplexInf, k) = complex(pi/2 + kxpi, 0.0)
sinh(z) complex(0.0, 0.0) ComplexNaN ComplexNaN
cosh(z) complex(1.0, 0.0) ComplexNaN ComplexNaN
tanh(z) complex(0.0, 0.0) ComplexNaN ComplexNaN
Note: tanh(complex (0.0, 7/2 + k x 7)) = ComplexInf
asinh(z) complex(0.0, 0.0) ComplexInf ComplexNaN
acosh(z) complex(0.0, pi/2) ComplexInf ComplexNaN
atanh(z) complex(0.0,0.0) complex(0.0, pi/2) ComplexNaN
Note: atanh(complex(%1.0, 0.0)) = ComplexInf;
atanh(ComplexInf, k) = complex(0.0, pi/2 + kx*pi)

complex(+0.0,40.0) O O complex(0.0, 0.0) DO O OO OOOOOO
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130000000000 0ogog
135. 0000

O00D00O00 ComplexNaNO O D UODOODOODODOsizeof) U0 OO0 OO ComplexNaN O 00O
03200000000 0000000000 dccd00000O0OO

0d0d0dbO0obO0obOOobOO0obOobOOobOOobDOooDooDOooDOooDOooDooDooDooDOooOoood Com-
plexInf 000000000000 ComplexInfOOODOOOOO InfUOOComplexInfO O DOODOOO
NaNOOOOOOOComplexInf 000000000 ODOOOODOONOOpolar(complex(0.0,0.0)) 0 0O O
0 complex(0.0,0.0) 00 0000000000030 000000000 OOcomplex(0.0,0.0) 0O
0600000000000 0dpelar(ComplexInf) 0 00 O complex(Inf, Inf) 000000000000
O0000z0O complex(0.0,0.0) 0 0 O ComplexInf 0 O O O O O Oz = polar(real(polar(z)), imag(polar(z)))
0000000000000 DL0000Db00000OdOComplexInfd 0000 ComplexInfO OO

O000b0dO0OOexp(Inf)=InfO OO Oexp(—Inf) =0.000000000 £Inf00000O00OO0O
000000000000 Complexinf DD 0000 DO0ODOOOODO0OD exp(znO0000O0O0O
0 ComplexInf 0 O 00O ComplexNaN 0 OO OO OO0 complex(0.0,0.0) 0 O O ComplexInf 0 0O OO
00000 log(z) DOComplexInf 0 DO D ODOOODDOODOOODOOODOOODOO ceil(z)U floor(z)
000 dexp(zl,z2) D OO0 0D0O0O00200000000000000000D0000000DO0O0O
0000000000 sin(z)Ueos(z) 0O OO tan(z) OO O OO0 ComplexInf 00O O0DOOOOOO
0000000000000 0DO0O0OO0OOODOODOg

O-00000000 tan(kr+7/2)0 ComplexInf 00 0000000000000 OOOOO
O asin(z) 0 00 acos(z) 1000000 ComplexInf 000 O ComplexInf 0 000 O0OONO tan(z)
0000010000000 Complexinf0ODDOO atan(zk) 0000 OO0 ODOOODOOOOO
O0000Oatan(+:) 0 ComplexInf 0 000000000 OOOODOO sinh(z)O cosh(z)Od tanh(z)O O
0000000 asinh(z)O acosh(z)J atanh(z) 0 000000000000 0OODOODOOODOODOO
oooooogo

O@II00000000 complex(x,y) D0 0O00O00O0O

0 13.11: 0.00 £ocO O OO NaNO OO DO OO complex(x, y)

complex(x, y)

x y O
—Inf -yl 0.0 y2 Inf NaN
Inf ComplexInf ComplexInf ComplexInf ComplexInf ComplexInf ComplexNaN
x2 ComplexInf complex(x2, —y1) complex(x2, 0.0) complex(x2, y2) ComplexInf ~ ComplexNaN
0.0 ComplexInf complex(0.0, —y1) complex(0.0, 0.0) complex(0.0, y2) ComplexInf ~ ComplexNaN
—x1 ComplexInf complex(—x1, —yl) complex(—x1,0.0) complex(—x1,y2) ComplexInf  ComplexNaN
—Inf ComplexInf ComplexInf ComplexInf ComplexInf ComplexInf ~ ComplexNaN
NaN ComplexNaN ComplexNaN ComplexNaN ComplexNaN  ComplexNaN  ComplexNaN

00ob0oobobooboobobb00obDboo NaNDODOODOUOODOODOUOO (complex
Not-a- Number) 0 000000000000 000 +co0000000 ComplexInf OO0 [3.120
U000 polar(r, theta) D D OO OO OOO0ODOODODOOODOOOO0ODOOOOOOOODOOOOO
O00000 ComplexinfUO OO OO
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130000000000 0ogog
135. 0000

0 13.12: 0.00 oo O OO NaNO OO OO O polar(r, theta) O O O

polar(r, theta)

rQd theta O
—Inf —thetal 0.0 theta2 Inf NaN
Inf ComplexInf ComplexInf ComplexInf ComplexInf ComplexInf ComplexNaN
2 ComplexNaN polar(r2, —thetal) complex(r2, 0.0) polar(r2, theta2) ComplexNaN  ComplexNaN
0.0 ComplexNaN complex(0.0, 0.0)  complex(0.0,0.0) complex(0.0, 0.0) ComplexNaN ComplexNaN
—rl ComplexNaN  polar(—rl, —thetal) complex(—rl, 0.0) polar(—rl, theta2) ComplexNaN ComplexNaN
—Inf ComplexInf ComplexInf ComplexInf ComplexInf ComplexInf  ComplexNaN
NaN ComplexNaN ComplexNaN ComplexNaN ComplexNaN  ComplexNaN  ComplexNaN

0 O O 0 polar(ComplexInf) = complex(Inf, Inf) U D 000000000000 OOODOOOOOO
0000000000000 0oo0dn0 —InfUInf,0000 NaNOOOOOOOOOoOoOoOoooo
0000000000000 0000000000000000 exp(z 000003 130000000
U0 pow(z1,22)U 02000000 ComplexInf UO DO DOOODOOOO

0 13.13: complex(0.0,0.0)d ComplexInf(J 0 0O 0 ComplexNaN O 00 00 0 O O ComplexNaN

pow(zl, z2)

z1 0O z2 0

complex(0.0, 0.0) 22; (|y2| < o0) ComplexInf ~ ComplexNaN
—oo < 22 < 0.0 x2=0.0 0< 22 <00

complex(0.0, 0.0) ComplexNaN ComplexInf ~ ComplexNaN  complex(0.0,0.0) ComplexNaN  ComplexNaN
z1 | complex(1.0,0.0) 232 232 27?2 ComplexNaN  ComplexNaN
ComplexInf ComplexNaN  complex(0.0,0.0) ComplexNaN ComplexInf ~ ComplexNaN  ComplexNaN
ComplexNaN ComplexNaN ComplexNaN  ComplexNaN ComplexNaN  ComplexNaN  ComplexNaN

2000 y2000000000 z1 O complex(0.0,0.00)000 ComplexinfOODOOOODOOOO
oo xxobbobobobobbbobbbob0o0odooodd pow(complex(0.0,0.0)d complex(0.0,0.0))0
pow(complex(0.0,0.0)00complex(0.0,y2))dpow(ComplexInf, complex(0.0,0.0))10 O O pow(ComplexInf,
complex(0.0,y2)) O O ComplexNaN O [ [0 pow(0.0, Inf) = 0.0 O O O O pow(0.0, —Inf) = Inf 00 0 O O Inf
O -InfO00000 ComplexInfO O OO OO0 OOpow(complex(0.0,0.0),ComplexInf) O ComplexNaN
oooooooo

0@EBI140 0000000000000 fmod(z1,22) 000000000
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13 0000000000000 nog
13.6. DO0DOODODO LVALUE

0 13.14: complex(0.0,0.0)d ComplexInf0] O 0 O ComplexNaN O 0 0 0 0O O fmod(z1, z2) 0 O O

fmod(z1, z2)
z1O z2 0
complex(0.0,0.0) z2 ComplexInf ComplexNaN
complex(0.0, 0.0) ComplexNaN complex(0.0,0.0) complex(0.0,0.0) ComplexNaN
zl1 ComplexNaN fmod(z1,22) z1 ComplexNaN
ComplexInf ComplexNaN ComplexNaN ComplexNaN ComplexNaN
ComplexNaN ComplexNaN ComplexNaN ComplexNaN ComplexNaN

13.6 OO 0OO0OOO lvalue

obooooobob0oOvalee OO0 OO0OOOOO0OODOOOODOOOODODODOOO
O0000oo0oooond valweDOD 315000000

O 13.15: 00000000000 lvalue
Case Ivalue 0 O O ad
1 ooooo z = complex (1.0, 2);
2 goooooo zarray[i] = complex(1.0,2)+ComplexInf;
3 complex 00000 zptr = malloc(sizeof (complex) * 3;
zptr = &z;
4 goooooooooooooooo xzptr = complex (1.0, 2) + z;
5 complex U0 ODOODOOOO zarrayptr[i] = malloc(sizeof (complex) *3;
zarrayptr[i] = &z;
6 complex U0 DOOOOOOOOOOO xzarrayptr[i] = complex (1.0, 2);
gooooooooo
7 ogoooooo real (z) = 3.4;
goooooo real (xzptr) = 3.4;
oOoooooo real (x (zptr+l)) = 3.4;
ogoooooo real (xzarrayptr([i]) = 3.4;
8 oOoooooo imag(z) = complex (1.0, 2);
goooogo imag (xzptr) = 3.4;
ogoooooo imag (* (zptr+l)) = 3.4;
goooooo imag (*zarrayptr[i]) = 3.4;
9 float 00O OO0 fptr = &z;
fptr = zptr;
goooooooooooo ~fptr = 1.0;
gooooooooooon * (fptr+l) = 2.0;

gooOd vaveOOODODOOODOOOOOO+=0-=0«x=0/=00000++00000000 -~
goboopooboboboobi1gbobobboobooboboooooonD vae Do ogg
0000M@IN000200000000003000complex0000000 IvalueD 0000
O00complexU 0O O0O0O00OD0O0ODOODOODODODOODODLDODOLODODOO

gob 40000000 zperd0bgobooobbooboboobboobboooboo
Ub00oo00ooooooooooobooooboobodbDdblcomplexd 000000 DOOODODOO
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130000000000 0ogog
13.7. 000O0DOO0ODOO0ODOODOODbO

gobosbObeb0U0complex 00 0O0OOOOODDOOODOODOOODDOODDOOODOODOODO
O00OOreal)O0Orvaluee OO0 OO0 O0O0OOOOOOOOODODO0O0OOOOOOOOOOOODOOO
000 valveOOOOOOODODOODOOO

O007000real)000000O0O0ODO0O0OO00O complex0 0000000 DOO0OOOOODOO
0000000000000 O0DO000000b0O00000ooooODOOdraleeD0DO0O0O0OQoonQ
0000000000 real0DO00O00O0OODOOOODOOOO

D00 8000complex O OOOO0Omag) DD OOOODNreal) D00 0O0OOOOOOODOO
O00D0000Db00D0200 fleatD 0000000 DOOOOOOODOOO real()d imag) 00O
00000009000 DbOdOfleatD 000D OODODOODODOOOODODOOSDOOO0OO fptr
Ofleat0 0O DOOODOONO

000709000000 £0.004+InfO0 000 NaNOODOOOOODOIvalueOOOOOODOOO
O00000000b0ObDbOO0OOnOcomplex(Inf, NaN)O complex(Inf,0.0) U0 OO OOOOOOO
Odddoooooooooobbbo200 ChOOOO real(z) = NaN O imag(z) = Inf 00z O
complex(NaN,Inf) 0 00O 00O OOreal(z) = —0.0 0 imag(z) = NZero 0 0 z O O complex(—0.0, —0.0)
oooooo

137 000OOOO0OoOOoOoOoooOg

chogoiIsocooooooooooooboobuooooboobobobooboooboboooo
f(n,22)0000000000O0O0OO

(421 + 3 +145) * sin(z * 23) * €25
21(22—2—i2)
0000 f(s,2) 00000000 ChOOOOODOOOOOOOOOOO

(13.3)

f(Zl, ZQ) =

complex f (complex zl, complex z2) {
complex z;
z = (4xz1+3+complex (0,5))+xsin(zl*z2)+polar(l, 2.5))/
(z1lx (z2-complex (2,2)));

return z;

goboobooobboooboobooobobooboobobooboooon

printf("f(0, 0) = %f \n", £(0, 0));
printf("£(0, 1) = %f \n", £(0, 1));
printf("f(1, 1) = %f \n", £(1, 1));
printf("f (0, complex (2, 2)) = %f \n", £(0, complex(2,2)));
printf("f (1, complex (2, 2)) = %f \n", f(1, complex(2,2)));

gobodgoboodgbodd
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130000000000 0ogog
13.7. 000O0DOO0ODOO0ODOODOODbO

f(0, 0) = CcomplexNaN

fi0, 1) = ComplexNaN

fil, 1) = complex(1.385598,-2.925680)
A0, complex(2, 2)) = ComplexInf

f(1, complex(2, 2)) = ComplexInf

00 f(z1,20) 00000 29 =2+4420 ComplexInf 0 00 0O f(0, 22) 0 complex O O O complex [
0o0ooooooooooooooooooo
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goboooboobooboobooboobooooboolibgoobooboobooboo
goooooboboboooooooboobbobobooobooooooobooobobOo1lobooonDo
gbooobooobobooboobuooboobobooboboobooobobobooboooooboon
goboobobooboobooboobooboobooboobooboboboobooboon
gbooboboobooabbgooobodgo

gobooooboobboobbooboboobooobooobboobooboooboboooaonoo
10ogboo2000b000bo0booboobooboobooboooobooboobboooo
2000000000000 0DO00DO0DO0ODOOOOOOOOOODbObOCcODODOODOODODO
gbobogoobooboobobgooooobooooboobo coooobooboobooooDo
gbogoboobooboobboobooboo

141 000000000000 oOoOoooon

goboobogoooooobooooboobboboobooobooboobbobobooboobogo
gboboboobobobOobobobobobooboooooaAalOOob 00t 1000000
O0pU0 0000000000 0ODO0ODO0ODOOLOOOO0ODOO Chbobooooooobs3od
Ub00aldogooooogobobn

> int 1

> int A1[10], »*p

> Al1[3]=3 // method 1

> for(i=0; i<10; i++) printf("sd ", Al[i])
0003000000

> % (Al+4)=4 // <==> Al[4]=4, method 2
> for(i=0; i<10; i++) printf("sd ", Al[i])
0003400000

> p = Al

> % (p+5)=5 // <==> Al1[5]=5, method 3
> for (i=0; 1i<10; i++) printf("%d ", Al[i])
0003450000

>

Q000000000 00000000p+500A10600000000000000O00O0O0OO
gbogd al

* (Al+4)=4
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142. 000O0O0O0O0DOOD

oobdb0mboboboooobooooboo20b0bobooooooobobboobooonDo
gobooboboobooboobobooboobuobtA2DintIDOD00D Bx4HU 200000000
pO0mt00000000DO0OO00ORA2000000000000O00O0O0DO0O0OOOO

> int 1, J

> int A2[3][4], *p;

> A2[1][1]=3 // method 1

> for (i=0; 1i<3; i++) for (3=0; Jj<4; Jj++) printf("sd ", A2[i][]])
0000O0300O0O0O0CO0

> p = A2

> % (ptlx4+2)=4 // <==>A2[1][2]1=4, method 2

> for (i=0; i<3; i++) for(j=0; 7<4; J++) printf("sd ", A2[i][]])
000003400000

> (% (A2+1)+3)=5 // <==>A2[1]1[3]=5, method 3

> for (i=0; i<3; i++) for(j=0; 7<4; J++) printf("sd ", A2[i][]])
000003450000

>

p+lx4+20000A2[11[21 000 20 7000000000000000000 Aa20040
OO0D0&a2[0][0]0&A2[1][0]06&A2[2] (0] 0006A2(3] (01 0000O0OO0O0O0O0OO0ODOO
oo0oonD (a2+1) D0OO0O0OA20 500 A2[1] (00000000 0ODOD0ODODLOOOODOODO
*(x(A2+1)+3) 000000 A2[1) (3] 0000002000000 000000000000
googn

142 0O0O0OO0OOOOOO

goobbobbooooboboooooboboooooboboooboboobobuoooobobooboaa
goboobooooobobboooooobobobbbooooobboooooooobobooooon
googoobooboobboobooboobboobooooboobooboboolIbboon
020000000000000000000000000000RDOOOO0O0OO0OO malloc)O
callocOU OO0 reallocO D U DD OO ODOODOODOODODODOODOODODODOODOOODODO
O00o00oooooooooobodbodfreeol 0D 0O00ODObDODODODODOO

1421 100000000000

goboliooboobooobooboobooboboobbobooboboobobgboeb00obO0oOoDbO
O(0xnUO0DO0ooooo0oobod0 mxh)OOoooooOooo10obooooboobooobogo

O000O0O0O0OCOAIOdouble000000D0O0O vectLenOOOOOODOOODOOOOO
OU0D000OOmallec)DO0OO00O0O0A1OD0O0OO0DOOOOOODOODOOODOODOO

double =xAl;
/* ... source code to obtain vectLen at runtime =*/
Al = (double *)malloc (vectLen*sizeof (double));
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if (Al == NULL) {
fprintf (stderr, "ERROR: %s(): no enough memory\n", _ func_ );
exit (1) ;

}

/* ... source code to handle vector Al x/

free (Al);

/* ... source code no longer use Al x/

O0A1OdoubleD 000000000000 00D000O0O0 vectLenJOODOODOODOO
vectLen x sizeof(double) DUD0DOO0OO0O0OODODOO0ODOOOO0OAID IDOO0OOOODOO
Ub0al000000000000000000D00D00000000000

> int 1

> double xAl

> Al = (double *)malloc (1l0xsizeof (double))
40070280

> Al[5] = 10 // method 1

> for (i=0; i<10; i++) printf("$1.1f ", Al[i])
0.0 0.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 0.0

> x (Al+6) = 20; // <==> A1[6]=20, method 2
0.0 0.0 0.0 0.0 0.0 10.0 20.0 0.0 0.0 0.0

> p = Al

40070280

0000000000000 oooooo 200000000000 0000vectLenO OO
J00ddddald0d0OAl[i]0O00O«(Al+1) DOOODOOODOiD000O0O0O0O0OoooonDO
vectLen-1 0000000000 Al[vectLen] UOOOOODODOOOOOOAIOOOODODONO
doooooooood

100000000020000000000000000000000000 pO000OO00 (nxm)
0200000000000000000O0O0000000D00O0 nxm)O0O0O (1, ) 00000
D000« (p+i*m+3) OO0 O OO 0OOO0OOO0OOODO0OOOOONnO 30mO 4000

> int 1

> double *Al, x*p

> Al = (double x)malloc (3*4*sizeof (double))

40070280

> p = Al

40070280

> % (p+1x4+2) = 30; // assigned 30 to element (1,2)
>

1422 200000000000

goboooobodmxn)UO0O0O0OODOOO0ODOD0DOD mODOO0O0OODOD nDbOODOO
gbgoboboobobobooboobobobobooboboboboobooboobooboboan
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4. 0oooooo
142. 000O0O0O0O0DOOD

goooooooboboboobooooooooboboboooboooooooD20000O
goooboboob2b000booobobooboboobooboobobbobooboobon
gooooobogoboboboooboo2b0b0oo0oooooobobobobooobooooonDo
gbooobobooboooboboobuoobobooboboobooboobon

AzU0b00 mxn)O 2000000000000 nO0 nOO0OO0DOO0OO0ODOOOOODOO
bbb azm] (njO0000000D0O0O0O0OO0OOOOOOOOOOOOOODOO

int 1i;

double *%xA2;

/* ... source code to obtain m and n at runtime =/

A2 = (double **)malloc(m = sizeof (doublex));

if (A2 == NULL) {
fprintf (stderr, "ERROR: %s(): no enough memory\n", _ func_ );
exit (1) ;

}

A2[0] = (double *)malloc(m * n * sizeof (double));

if (A2[0] == NULL) {
fprintf (stderr, "ERROR: %s(): no enough memory\n", _ func_ );
exit (1) ;

}

for(i = 1; 1 < m; 1++) {
A2[i] = A2[0] + 1 * n;

}

/* ... source code to handle vector A2 x/

free (A2[0]);

free (A2);

/* ... source code no longer use A2 x/

O0b00a20double0 00000000 0O0DO0O00OO0O0O0O0DO000O00mD nOO0OOOO0OOO
double 00 mIOODO0O0O0O0OO0O0OOOODA20000000000000000A2000 M410
oo oOmdobooo0DbD 100000000000 DbOO0ODbO0ObDOn

L) A2[0][0] | A2[0][1] | A2[0][2] | A2[0][3] —
= A2[0] | =
-
A1 | = A2[1][0] | A2[1][1] | A2[1][2] | A2[1][3]
A212] | L
= | A2[2][0] | A2[2][1] | A2[2][2] | A2[2][3]

U 141:200000000000 @GO D
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U00Om » nO00O0O0O000O0Om » n » sizeof (double) DOOO0OODOOOOODOOO
gbooboooboobueaiiiooboobobooboobooboooboobooa20d
20000000000 Db00O00bO0bL x40 ODOOObL20000DO00DO0ODODODOO
gooo

> int 1, ]

> double x%A2

> A2 = (double xx)malloc (3 * sizeof (doublex)); // with size (3 X 4)
4006cdcO

> for (i=0; i<3; i++) printf("$p ", A2[i])

00000000 00000000 00000000

> A2[0] = (double x)malloc(3 4 x sizeof (double));

> A2[1] = A2[0] + 4 // A2[i] = A2[0] + 1 * n
> A2[2] = A2[0] + 2x4 // BA2[i] = A2[0] + 1 * n
> for (i=0; 1<3; 1i++) printf("%$p ", A2[i]) // l-dimension of pointer

4007bee8 4007bf08 4007bf28

> for (i=0; i<3; i++) for (j=0; Ij<4; J++) printf("$1.1f ", A2[1i][3])
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

> A2[1]1[11=3 // method 1

> o (x (A2+1)+2) =4 // <==> A2[1]1[2]1=4, method 2

> for (i=0; i<3; i++) for(j=0; 7<4; Jj++) printf("$1.1f ", A2[i][7])
0.0 0.0 0.0 0.0 0.0 3.0 4.0 0.0 0.0 0.0 0.0 0.0

> pp = A2

4006cdc0

m * n * sizeof(double) UDDUODOOOOOOD A200000000A2[11([31 000
*(x (A2+1)+3) 00000000 i0500000000000DO000O00m-21000000
n-100000000A2[m] [(n1O000000O00O00O0DOO0OOOOO

gbobogoobooo20000 a20000000002000000000000000O0000O0
gbobodboooobboooobooboboobboooobooboobooboboooboooon
00 A200000000000MM200000000

*x AD | | A2[0][0] | A2[0][1] | A2[0][2] | A2[0][3]
= A2[0] | -
A2[1] | = A2[1][0] | A2[1][1] | A2[1][2] | A2[1][3]
A2[2] |-
= | A2[2][0] | A2[2][1] | A2[2][2] | A2[2][3]

U 142:200000000000 @W0O 2
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143 0000 10000000000DO0O0DOO0OD

int i;
double *%A2;
/* ... source code to obtain m and n at runtime =*/
A2 = (double **)malloc(m = sizeof (doublex));
if (A2 == NULL) {
fprintf (stderr, "ERROR: %s(): no enough memory\n", _ func_ );
exit (1);
}
for(i = 0; 1 < m; i++) {
A2[i] = (double *)malloc(n * sizeof (double));
if (A2[i] == NULL) {
fprintf (stderr, "ERROR: %s(): no enough memory\n", _ func_ );
exit (1);
}
}
/* ... source code to handle vector A2 */
for(i = 0; i < m; i++)

free(A2[1]);
free (A2);

/* ... source code no longer use A2 */

goooooboobobo200b0boboboobooooobo 2000000000 b00Db200
O0000ooododbodmallocODOOOD0OODOODOODOODOOO

143 0000 1000oobobobooooooog
1431 10000

gboobooobooboboooboobobooboobobooobooboobooooboooobo
0000000000000000000000000000[M4I00000000 double 000
gb1o000000010000d10 420000000000 onebadd() 0000000 d1
gbooobooobooo
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143 0000 10000000000DO0O0DOO0OD

int main() {
double d1[10], d2[10];
double d3[5], d4[5];
void oneDadd (double ddl[], double xdd2, int n);
oneDadd (dl1, d2, 10);
oneDadd (d3, d4, 5);
}

void oneDadd (double ddl[], double xdd2, int n) {
int 1i;
for (1i=0; i<=n-1; 1i++)
dd1[i] += dd2[i]; /* the same as * (ddl+i) += % (dd2+1i) =/

obobo 141:00001000000000000

00000400000 void oneDadd (double ddl[], xdd2, int n) OO0Odd1 O
double 0O OOOO0OO0O0OOOdd20 double DO OO OOODODODODOOODOOOOOOODOOODOO
000000000 1ooooooooooooooobobobobo0o0o0o diddzooon
O0ooooooi1iooooooo 340 onDsgodooooooooooooon
O0000000000O00O0O0Oonebadd() 000000 ODOOOODODOOOOODODODOO nO
000000000000 DOO00D0DbOO000bOoO00oOOstrlen)00000O0DOOOODODOOO
00000O0oOoOoo0oDo00000dnddi[-2]000 dd2[201 00000000 +x(dd1-2) OO
0% (dd2+20) 0000000000410 onebadd () 00D DO0O0O00ODOO0OOOOOOO
00Od0oO0ooOO0oO0obOoo0obOO0ObOO0ODOOo0bOO0oO0bOOO0obDOo0bOO0oO0bOoDOoO0obOOooObOoobooOoOoon
00000000000 ddl1[-2] += dd2[20+n] 00 onebadd () DOOO0OOO0OOO0DOODOODO
0000o00ooooboooOooooobOooooooobooDoooDoobooDoOobOooooo
00d0o00ooOO00bOooO0bDo0bOO0oo0bOooDo0obOOoobOooooOoobOoooOoooOoDOon
00000000 bO00bOo0oDbOo0ooooooboOoooooa
00o00oobooooooobOooo0obOoobOoboo0ooOoobOooobOooDbobOoooooa
000000000000000000000000000[042000dd10 dd200000 100
000doDoO0dobOOooooooooooboooa

int main() {

double d1[10], d2[10];

double d3[5], d4[5];

void oneDadd (double ddl1[10], double dd2[10], int n);

oneDadd (dl, d2, 10); /* OK */

oneDadd (d3, d4, 5); /+ WARNING: incompatible dimensions =/
}

void oneDadd(double dd1[10], double dd2[10], int n) {
int 1i;
for(i = 0; i <=n-1; i++)
ddl[i] += dd2[i];

goboo 142:. 0000 1000000000000
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oneDadd (d3, d4, 5)U00000000000O0O00O0O00O0O0OO0O0OOO00O d30 4400
gbdbdbdddib ddzb0bonooooooobobobooooobboobooooo 2000
gbboooboobboobboobooooboboobbuoobbooboooobuooboboaon
ddl[-2] += dd2[201 00000000000 onebadd () DUODOOODOOOOOOChOODOO
goboobobooboobobooboobobboboboboboobobooboobon
goobooobobobobobobobobochooboooobobobobobOoDbo
gbooobobobboboooobobooboobooboooboboobobboboobon
gbooooboooobboobbooboobboobbOod ddif-21 += ddz[z01 0000000
Ul ddi[o] += ddz2[(9jubbooonoogoon
U000 oneDadd (double dd1[10], dd2[10], int n) OO dd1[10] 0 dd2[(10] 000
gobooooboobobooboobobobobobobooboboobooboboobon
gooo

1432 000000000

gobgobooobooboobobcobi1coobooboobooboobobbooobo
gbboobobooboabboobuobboobuoobboobaoobooo

000000430 twobadd () 0000000 20020000000000000000200
goooboobobooboooboob200bbo0obo0oboobobooboobobon
gobooboboogboz2b000ogbobooobooboboooooboooboooooboooo
0030000000000000043000000

int main () {
double dl1[4]
double d4[3]
double d7[4]
void twoDadd

5], d2[4]1[5], d3[4][5]
5], d5[3]1[5], d6[3][5]
61;

double (xddl) [5], double dd2[][5], double dd3[4][5],
int n, int m);

twoDadd (dl, d2, d3, 4, 5); /% OK x/

twoDadd (d4, d5, dé6, 3, 5); /% WARNING: incompatible first dimension

’
’

[
(
[
(

d6[3][5] != dd3[4]1[5] =*/
twoDadd (d7, d2, d3, 4, 5); /% WARNING: incompatible second dimension
d7[4]1[6] '= (xddl) [5] =*/

}

void twoDadd (double (xddl) [5], double dd2[][5], double dd3[4]1[5],
int n, int m) {
/+* ddl[n] [m] = dd2[n] [m] + dd3[n] [m] =*/
int i, 3;

for (i=0; i<=n-1; 1i++)
for (j=0; j<=m-1; J++)
ddi[i][J] = dd2[1i][J]1+dd3[1i][]];

oboobo143:00002000000000000d
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gobooooobooboooon

void twoDadd (double (xddl) [5], double dd2[][5], double dd3[4][5],

int n, int m)

goo0oboobO0dbobbdddiddd2edDd dd300000double OO0 SOO000O0O0O0
gobooboooooooooooooolbooboobooggb gdiogb ddeogbog
gobooboboobobooogoboobooboobooboobooboboboobobbOdda3boO
goboobooboobooboobob40000000000DODOODOOOODODLOOODO
gbooboboobobooobooooboboobooboobooboobooboobooboonbon
gobobooogboboooboobooooboooobobooooooobobooboooDo
gbogobobooboobboboooboboobooboboobooboboobooobob
gbooboobobooboboobuoooooobooboooobooboboboboobon
gboobobobobobobooboobooooobobobobobobobobooboobobobOoo
gbogobobooboobobobbobooboobobboboobooobobooboooboan
gooooboobobooooobooooooobooo1ooogoobobobooobobobog 200
goooooooooooboooboobgbobgo

volid funct (double =*d);
void funct (double d[]);

00000 0430 twobadd (d4, d5, d6, 3, 5) 0000000000000 000OOOOO
Uob0obobO0dda3bgbooooder3rsiooboooooooboooooboobooboono
gboobood7i4)(e)bboobboonobooobobooobbooobboobbooobboan
gboboobooboobobooD dibd20d40000 d500twobadd () UODOOD0ODOOO
oooooooobooboooboooboobgno
gbobob2bo0b0bobobooboooooooobooobobobobobo1bobobboboo
gbooboooboboobdooboobobuooboboboboobooboobooooon
0000440 0300000000000000000000
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int main() {
double d1[3]1[5]1[7], d2[311[5]
void threeDadd (double (*ddl)
double dd3[3]
threeDadd(dl, d2, d3, 3, 5,
}

[71, d3[31[51[71;
[5][7], double dd2[]1[5117],
[51[7], int n, int m, int r);
7); /+* dl = d2 + d3 */
void threeDadd (double (xddl) [5][7], double dd2[]1[511[7],
double dd3[3][5]1([7], int n, int m, int r) {
/% ddl[n] [m][r] = dd2[n][m][r] + dd3[n][m][r] =/
int i, 3, k;

7
7

for (i=0; i<=n-1; i++)
for (j=0; Jj<=m-1; Jj++)
for (k=0; k<=r-1; k++)
ddi[i][J1[k] = dd2[1][J][k]+dd3[1i]1[J][k];

oboobo 44 00003000000000000

000000000000000300000000000000000000000M44000
00000 threebadd(dl, d2, d3, 4, 5, 6)0000 20 d3000000000O0O0O
ddidpoogoooooobooonbon
gbogbooboobooboobobooboobobuoobuoboobuoobobobobobo
0000000000000000000000 143000000

void funct (double dd[]1[71){ }
int main() {
double d[3][5]1[7], (xdp)[7], (*xdp2)I[7];
dp = d[1]; /* dp = &d[11[0]1[0]; dp = d+1; dp = *(d+1); =/
funct (dp) ; /+ funct (&d[1]1[0][0]); funct(d[1l]); =*/
/+ funct (d+1); funct (*(d+1)); =*/
dp[2]1[3] = dp[3][5]1+6; /* treat dp as an array =/
dp2 = malloc(sizeof (double) *x5x7);
funct (dp2) ;

ooobo 4s:00ogogoooobobobobobobobobobobOobDoDo

000004300000 p070000000000000000000d[110 57000
boboboooobooboobobdgiD de = d[11000dpli1[(3100d[11([(4i1(3100
0000000000000000570000000000dp00000000000M43000
Uob0dobbodde = d[1J000boobobooboobooooobooboobboobooobooboo
oo

dp = &d[1][0][0];
dp = d+1;
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dp = *(d+1);

OO00O0esd[l1[0][0]0D00DO0dODOODOODdr1ro1[01000b00b0g+1 00570000
U0b000oobooobDs(d+1) ODOdr1rro1r0100 dr11141[(61 000570000000
Uboboouoboouiobobdn funct(dep) UOOOOOOOOOOODOOOOODOODOOOO
googoobogn

funct

funct

df1][0][0]);
(11);

1)
(d+1));

(&
(d
funct (d+
(*

funct

funct () 00O0DOO0OO0ODOOOO Ad[i1 3100000000 DO0OO dO000O0000000O0000
gbooobobooogao

gooocobobooooobobooboobobobobobobooobDobubboobDUoLo
00000000 malloc)UcallocQUO D0 realloc) D 0000000 OOO00OO00O0OODOOOOO
goboobooooooboonbbooboob00Db mehOODOODOOODOODOODDO
00003000 dp2000000000000000 dp200double00000 700000
Uoboobb0oboboddgae2000000000000000dp20 dp00O000ODO funct ()
gboooboooon

gooooboobooboobooboboobooboobbobooboboobooobobo
U0o0o00oooooobDd funct() D00O0O0O0OOO0OODOODODO

char xc[]={"strings", "with different", "length", ""};;

int xx1[2] [4];

float xxxf£[3]1[5][7];

int funct (char *cc[], int *xii[2][4], float »*x*xff[3][5][7]);
funct (¢, 1, f);

cUOcharO0O0O0O0OO0O0ODi02x400 000000 DOO0OOOODOE0 3x5x700 float O
Uob00booboobobobddchar 000000000000 ODOOOOODOODOOODOOOOO
gbooooboobooooogo
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cooooooboobobooboobobobooobobobobDoobOoobUobDbo cooo
gboooooooooooooooooooooooooo

chooboooboobobobooboboboooobobcCcobobDooobobobOobDOooo
goooochbooboobuoobobboboobooecooonooobooboobobbon
U0o00bobo0o0b0ob00o0obo00oob00000b00bDOFORTRANDODODOOODOO
U000 MOFORTRANODOOODOODUODODODOODOOOOOOOOOOoOoooooog ccoo
goooboooobood

obobg(VLA)O cOobobobogbooooooboobooboboboboobooobooobooon
goboboooboob cooooboooboooobooooboooobOoooDobboobOooDo
goooooogoogoceyu choooooouooboooooooooooooooooonoo
gooo

choooooooooobo40b00b00b0boobobbooooooboboboDooon
googoboobooboboobbooboobooboobo

int funct (int al[&][&], int (*b)[:], int c[:]1[:], int n, int m) {
int (xd) [:] = a;

int e[n] [m];

Ubbda00O0000b0O cOObDOO0DOOOOdObDO0ObOO0ObOO0DbDObO0ObOOenOOOnOd
gboobooochbobooooooooooooooooooboo coobooooooooooDoo
gbooboobooobooboobboobooo

int funct (int af[l:5], int b[1:][1:], int n, int m) {
int c[3][1:3];
int d[n:m];

ob00a0 1050000000000 0DO0O00ODO0O0DLODODOODOOODOOOD 20000000
goooboobobobboogooboboooooo200b00 cOobooooboobobood
20000 ch 200000000000 10300000 d00000000O000O0O0ODLOODODO
gbobobobooooobbocoboobobobooboobaroooooobobobgobgo
O000b0ooCOUObDUObOOdOFORTRAN7/OUDODODODODOOODa[1OODODOODOO
ooooo1o00bobod

gogobobobooooobobbooooobobboooobooboboobobbooooboobog
gbooboooooobobboooooboooboobbooobboboboooobbdg ap+ a1 +
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15. 00000
15.1. ODO00O00OO00OO0DOo

asr’+...+a,x" 000 00000000 0000000DO a(0:n] 000000000000
goooooobod:=100 NODODOD NOOOUOD »;000000000000D00O00O0100O
o000 x[1i:N1)000000

151 O00OO0o0o0ooood

1511 00000000000

gbooboobooboboobobooboobboboobooboooboobooboobo
U0b0oobooboOobod staticOODO0OO0OOOOOODOODOOODOOODOOODOODDOO
gooboooooobobobobobobooobooboooboobobbooboob1ob0bOoooDo
goboooboboobooobdoooobooobuoobooboooobooboooboobbon
Uob0boobobboobddbDmein() DO0DOOOODOOOODOOOODOOODOOODO
gbooboboobooobobbooboobobooboboobooobooboobooobobon
gboogoobooboonbooboobboon

int n = 5;
int a[4]1[5], aal3] = {1,2,3};
extern int b[6][7], c[8], d[]1[9], e[]l; /+* d and e are incomplete */

/* complete shape for d and e in the following definition =/
int b([6]1([7], c[8], d[4]1[9], e[10], ee[2]1[3] = {1,2,3,4,5,6};
int main () {
static int s[4], ss[2+3] ={1,2,3,4,5};
105];
[7]

extern int al4
extern int b[6] , c[81, dl1I[9], ell;

goboobooboboobobooboooooobboobbooboobbog staticbOoooooO
gbooobooobobobboobooooobooboobooobooooobooboboboboon
goooboboobooboboobbobooboobobboboobooboobooboon
gbgoboboobooboobooboboobuoobobbobooboobobobooboaon
U0Ogotol continuelbreakOreturn 000000000000 0O0O0O0O00O0O0O0OOO
gbobooboboboboobobooboobooboobooboboboboboobobOoon
gboobbooboobobood

int n = 5;
void functl () {

int m = 6;
int a[4]1[5], aal3] = {1,n,m}; /* n==5, m==6 */
void funct2 () {

int s[4], ss[2+3] ={1,2,3,n,m}; /* n==5, m==6 x/
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15.1. ODO00O00OO00OO0DOo

gboobooobooboooobobooooooboooobobobooboobobooooboooobo
gobooooobooboobobobooboobooboboobobbobooboobon
gbogboooboobobbooboobobuoobobooboboooobobobobuoobob
gboooboobooobobobobooboobobouobooboboooboobobooboobon
googo (vLA)ODoDoooga

15.1.2 00000

gobooobooobobooooogd

T D1 (15.1)

Ub00oTd intdbO0bO0bO0bO0obOobOobOobOobobobooplooooooooooDog
U “denr 0000000000 O0O0OOOOOOOOOOOYPODODO »0D00O00O0ODIO
goog

Dlexpressiongpt) (15.2)

ooooboobodbidem 0000000 ooobooboboTO OO OO ODODOOODODOODOO
gooooooooobooooooboobooboobobobobobobobobo “roobobo
gbooobobooboooboooooboooobooboboobooboooboobobooboobon
googooboboobbooboooboobboobboobbooboooboobboon
gboggoboobobooboobuobboboobooboobooobobobooboobon
gooooooooooooooobogooooooooooboobooobiooooo

D[] (15.3)

Ooboobodobodbident 00000 oooboboboTO OO OO ODODOOODODOODOO
gboogobobgobobboboobooobuoobobbobooboobogboooboon
gooooooooooooooooooo220boboboobobooboboboboooon

T D[lower:upper] (15.4)
T D[lower:] (15.5)

00010 int000000D0O00000O0D0ODUDO0O0 ident D0 0000 lowerO OO
U000Oupper 000000000000 00D00OO0YIowerO0D0 wpperd00oooonooOonO
gboobobooobbooboobbooboobboooboooboobooboooboboooboaon

T (*D) [expr] (15.6)
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ooboorTho0ooo0obo0obboobobo0dp0dbbidene0 000000000 expr
googbooboboobooboooboboboboobooboobobobooboobOobo200
gboboobobooboabobooboon

T («D) [:] (15.7)
T (*D) [lower:] (15.8)

gbooboboodD lowerdOooooOooboboobobooonooobooboobobo
gboooooboobooooobgon

T D[&] (15.9)

gboooobooobobooooooobooobooooboooobobooooobboobOoboobo
O000000000000 wpedef U0 OO0 O0OO0OO0OO0OO0OOO

goooooooobooboobobooboobobboooooobboobobobboobobo
gob4000000000000DOO0O00O0ODOOOOODOODOOOODOODOOOOODOODbOO
ooon

void funct (int al:]1[:1, (xb)[:], cl&], dl[]l, el[l:], n, m){
/* a: assumed-shape array =/
/* b: pointer to array of assumed-shape =*/
/* c: array of reference x/
/+ d: incomplete array completed by function call =/
/* e: assumed-shape array with explicit lower bound =/
/* n, m: int */
int £[4][5]; // f: fixed-length array
int g[n] [m]; // g: deferred-shape array
int (xh) [4]; // h: pointer to array of 4 elements.
int (xi)[:1; // i: pointer to array of assumed-shape
extern int j[]; // J: incomplete array completed by external linkage
int k[] = {1,2};// k: incomplete array completed by initialization

200000000000DO00DO0DOO0OOO0ODOO0DOODOODbOO0ODbOObOO0ODbOODODOOOODbOD
gboobobooobobooboobouooboboobooobooooboooboboboobooobon
googooobobooobooboobbooboobooboo2000boobooobLbOon
gobooboboogbobooobooooooboooooobooooboboooo20b00000
gobooboooooobooboboog2o0booogooboooooboooooboobooogo
gooooobooboon
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152 0O0OO0O0O0O0O4d

1521 0O0OODOOO

goboobgoooobooboboobobboboobooobobbooboobobboobo
gbogbobooobuoobobuodgooobobooboboobuooboboboboobuoobob
goboobooobogooobooooboooboobooboobooboboobogooo1boboooo
goooobooobobobobooboobobooboobooboooboobobooboon
U000 a0b0cdDOOD e 00000 ODO0O0O0OODO0OO0O0O00OMMOgOOODKNODOOO
gboooboobooobg

int N1;
extern int N;

void functl (int n, m) {

int i = 8%n;

int § = 0, k = -9;

int afli][4]; /*x OK x/

int b[3] [m]; /* OK: mix fixed-extent with deferred-extent =*/
int c[n*m] [n]; /* OK x/

int d[funct2(n)] [3*funct2(i)]; /* OK =%/

int e[N] [N1l*n]; /* OK */

int f£[M]; /+* ERROR: M has not been defined yet */

int gl[jl, ggl0]; /* ERROR: zero size «*/

int h[k], hh[-9]; /% ERROR: negative size =*/

}

int funct2 (int i)

{ return i=i;}

int N, M; /+x define N and M =/

gbooboobooobobooboobooboboobobooboboooboonooobooon
gboooobooboonoo

int nj;
scanf ("%d", &n);

double x[n], yI[n];

plOth(X, vy, n, "title", "X", uy"),.

gbobodbndgoboo0b xdyoooooooooooooo nooboboooboboon
googoogo
gbodboobouoobobooobuooboboobobooboobooboboobobod
gboooboobooobooboond staticOOODOO0O0OO0OO0O0O0OO0OODOOO0ODOOOOOOOOOO
goboooobdoobobooboobobooboboobooboboobobboobOoobon
gbboobobooboobboobuoobbooboboobooaobogao
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#include <stdio.h>
void functl (int n, m) {
int funct2 (int n, 1) {
int al[n][i]; /% OK x/
int bin]l; /x OK x/
return n+m;
}
int b[funct2(n,m)] [printf ("%d\n",n)]; /* OK =«/
}

extern int n;

int al[n][n]; /+ UNDEFINED: not block scope x/
static int b[n][n]l; /* UNDEFINED: not block scope =*/
extern int c[n] [n]; /+ UNDEFINED: not block scope x/
int d[2+3]1[907; /* OK «/

void funct3(int 1) {
extern int al[n] [n]; /+ UNDEFINED: a has linkage x/
static int b[n] [n]; /* ERROR: b 1s static identifier =/
int c[i+3][abs(1)]1; /x OK x/

gbogobooboboobobooboboobooboboboboobuoboboboobond
gbogobooboboobodobduooboboobooboobuoobobbobooboobob
gboooboboooboooboboobobboobooboooobobooboboboobooobooobon
googg

#include <stdio.h>

int n = 4; /* compile time n==4 «/
int main () {
int m = 5; /* runtime m == 5 %/
int a[n++] [n++]; /* order of evaluation 1is undefined x/
int b[n++] clnt+]; /* order of evaluation is undefined x/
]

int d[n++]; int e[n++];/* order of evaluation is defined =x/
printf ("%d %d %d", n--, b[n--], c[n-—-]); /* order of evaluation

is undefined x/

gbbogboobobooboboobobooboboobboboobuoboboobobaoona
gboogopooboobobbooboobooboooboobooooboobooobbooboobbooo

void functl (int n) {

int a[3] = {1,2,3}; /x OK x/
int b[ ] = {1,2,3}; /* OK x/
int c[2][3] = {{1,2,3},{4,5,6}}; /* OK =/
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int
int

int

15. 00000

dl 1[3] = {{1,2,3},{4,5,6}}; /x OK %/
e[n] = {1,2}; /* ERROR: initialization =/
f[n][n] = {1,2,4,5}; /* ERROR: initialization =/

gobooboobboobooboboobooboooboobbooo

void
int
int
int

int

funct (int n) {

(»pl) [3];
(xp2) [n];
(*p3) [n][31;
(»p3) [3][n];

/ *
/ *
/ *
/ *

OK: pointer to fixed-length array =*/

ERROR: pointer to deferred-shape array =*/
ERROR: pointer to deferred-shape array =*/
ERROR: pointer to deferred-shape array =*/

gbooboobooboobooboboobobobobooboboobobobooooobo
gobobooogboboooboobobooooboboooobobobooooooboboooDogo
000000000000 000O0”"000000000000000004d

void
void
void
void

void

functl
functl

int n,

int n,

funct2 (double

(
(
functl (int n,
(
funct3(

int aln

alnl); // OK

al=1); // OK

alnl){ } // OK

n, int a[n]); // ERROR: n is not integral

1, n); // ERROR: n in a[n] not declared

gobobobobobobobobobobobobobobobOoboboboo

int
int
void

exte

n;

allln] = {{1,2},{3,4}}; /~ ERROR: initialization =/

funct (int n,

rn cl][n];

b[][n]); /* ERROR: function prototype scope */

/+* ERROR: static storage duration =/

2000000o0oobooob0obobooooooDobobobobooooooOobOobOobobon
gboogoobooboooobooobooo

void
{int
void
{int
void
{int
void
{
int

int

functl (int (
i = sizeof (p
funct2 (int p

funct3 (int p

i = sizeof (p);

funct4 (int n
i=3,3=4;
(xp) [41;

*Pp
) ;
[3
i = sizeof (p);
[
)
)

[

)
}
]
}
I
}

4
(4]1)
4

1)

11

/* 1 == 4 %/
/* 1 == 4 %/
/x 1 == 4 %/
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int ali][31;
int b[Jj1[3];
int c[1][i];
p = a; functl(a); funct2(a); funct3(a); /» compatible =/
p = b; functl(b); funct2(b); funct3(b); /* compatible =/

p = c¢; functl(c); funct2(c); funct3(c); /* incompatible =/

15.22 switchOOOOOOOOOOOOOOOODOOO

gbogbdgbuoobdabd switchOdoOooOoooooooobobobooboaoboao
U000 case 000 defavltOOOOOO0OO0OOOOO0OOOO0OOOO0OOO0OOO0OO0OOO0DOOO
gooobobooboobbobobooboooobobooboobobbobooboobon
gbooabbooobgogbooo

int 1i;
int main () {
int n = 10;
switch (n) {
int a[n]; /* ERROR: bypass declaration of a[n] =*/
case 10:
al[0] = 1;
break;
case 20:
all] = 2;
break;
case 30:
{
int b[n]; /+ OK */
b[1l] = 90;
}

break;

1523 goto U DOODOODOODOODOODOO

gotoUUODOUODOUODOLOOODODODODODOOLODODOODODLDODODODLOOOODO
DDDDDDDDDDDDDDDDDDDDDDDDDD gotoOOOUOODOOOODOOOOO
gbooobooboboobooboboobooboboboobobooooboobooboobooon
gooooooooooogooogg

'D0000000000D00D00O0On
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void funct (int n) {
int i;
labell:
if(n>10)
goto label2; /+ ERROR: bypass declaration of a[n] =*/

int al[n];
8;

ali] =
label2:

ali] = 9;

goto labell; /* OK */
label3:

ali]l] = 10;

goto label2: /* OK */

void functl (int m) {

void funct2 (int r) {

if(r)
goto labeld; /* OK */
else
goto labelb; /+* ERROR: bypass declaration of b[m] x/
}
labeld:

{
int b[m];

labelb:
al0] = 9;
goto label5; /* OK =*/

}

gotol]DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDHD
gboboobobooboobobobobooboooooboobuooboboobooobon
gooboobooooboboboooobobobooooooboobobooooooboboooooboobooboooon
U0o0o0b00bdbbDgoto 0D ODOO0OOODOODOODODODODODODOOOODOODOODO
bbdbO0gotob OO0 bOOoO0bOOoOobOoobboobbooboobooboobbon
gbooobooobboobobooboobooboboobbooboboobooboboobiddgotod
gobobooboobooboobooooboobooooboboobooboooobOooboooDo
gbobooobooobboobooobobn

void functl (int n) {

‘J000D000000O0ooooooon
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local void funct2(int n);
local void funct3(int n);
int al[n];
label:
funct2 (n) ;
void funct2 (int n) {
int bln];
funct3 (n);
}
void funct3(int n) {
int c[n];
goto label; /% b[n] and c[n] will be deallocatedx/

0000000000000 Dp[n]0cn]O00D000000000O0D0ODOO0O0OOO0OO funct2 ()
000000 funct3 () 0000 functl () 0O0O0O00D0OD0OO0ODOOODOOODDOOOOOODOO
labelD OO O0OO0O0O gotolabelDODDDOOD0DOOONO setjmp (buf) 00O longjmp(buf)HD
0000000000000 0000000000000000000000000000000
DHDDDDD setjmp (buf) OO0 longjmp (buf) 00 ODOOOODOODOOOOOOOOOOO

15.24 0O0OO0O0OOO0OOODOODOOODOOODOOD

goooboobobooobooogbobooooboobDoboooobODOoboboooobo
O0000bOOo00oO0obOO0000ooO0bOo0oOOobooooO0ooO0oboOooOOoboooOobOoooo
0000000000000 000D0O000000000DO0DO000O0ODO0DOoOOooDOooOOoooag
000000 0o0o0oobouooobooooObo0bo0oU0bOo0nD staticOO0DOOOOODOO
0000000000000 000D0000o0Dooooooooooonoooooon

sizeof U0 0O0offsetof 00D 00O0O0OODO0OODOOO0OOODOOOO0ODOOOODODOODOO
0000000000 offsetof(type, member-designator) 100 size t 0OOOOOOODODONO
O00O00obooboobobooobobd@pe0DOOO0DO0OO)DOODODOOO (member-designator
00000OH)OooOOooOoDOOoDOOooOOo0DOOoDOOoDOOoDOO0DOOooOOooOOOoDOOoDoDOooDoooogoog
go0obobobo0oboooOooobooooboobogoDobUooboobOOobboobDOoboOoODo
OO0o0Oooooooonog

static typet;

00000oOob0oOOobO0ooOoboo0ob0o0bo0oboboOobOo0nDOg s (t.member-designator) U
000000000 Ooooooon

00000000 O00o0oO00oo0oOdooooOooOoo0oDoooo0ooooDOoooOooOooo
g00dboooobooboboogbOoboooobobooOooOobUoobooboboooooo
oooooo

‘00000 200000000000000
‘D0D0000000DOOOd
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int nj;

struct tag{

15. 00000

int m;
int al[n]; /+ UNDEFINED: not block scope for tagl */
int b[m]; /+ UNDEFINED: not block scope for tagl =*/
}i
void functl (int m) {
int 1;
static struct tag{
int m;
int al[n]; /+ ERROR: static block scope for tagl =*/
int b[m]; /+* ERROR: static block scope for tagl =*/
}i
struct tagl{ /* structure shared by
functl (), funct2(), and funct3() =/
int r=2+*m; /* initialization of member r */
int aln][m][1]; /* OK =/
int g=2+1, g2; /* initialization of member g */
int b[r]lq]l; /* OK =/
bi
void funct2 () {
struct tagl sl; /*x OK x/
int 1i;
i = offsetof (struct tagl, r); /+ OK: runtime offsetof () =/
i = offsetof(struct tagl, a); /* OK: runtime offsetof () =/
i = offsetof (struct tagl, b); /* OK: runtime offsetof () =/

}

/* structure with deferred-shape
void funct3 (struct tagl s) {
int 1, 3;

struct tagl sl;

for (i=0; i<s.r; 1++)
for (3=0; Jj<s.qg; J++)
sl.b[i][]J] = s.b[i]1[3];

}

struct tag2{
int al[2][3];
int bl411[5];

}i

1l = offsetof(struct tagl, r);
= offsetof (struct tagl, a);

1 = offsetof(struct tagl, Db);

314

array as function arg =*/

/* OK =/

/* OK: runtime offsetof() =/
/* OK: runtime offsetof() =/
/* OK: runtime offsetof () =/
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offsetof (struct tag2, a); /+ OK: compile time offsetof () */
offsetof (struct tag2, b); /+ OK: compile time offsetof () */

15.2.5 Sizeof

Ub0o0b0dbOd sizeofDUODODOODOO0ODOOOOO0OOODOOOODOODDOODODODODO
gboobobobobobooooooboobooboboboboboobboboboboboo
gbooobobooboobobooobooonobooon

int funct (int n, m) {
int i;
int a[3]1[4];
int b[n] [m];
int c[sizeof (a)]
int d[sizeof (b)]

i = sizeof (a); /* compile time sizeof(a) 1is 48 =/

; /+x ¢ is fixed-length array =/
; /+x d is deferred-shape array */
j = sizeof (b); /* runtime sizeof (b) is nxmx4 */

return Jj;

sizeof U0 DOD0OOOOO0ODODODOOOOOO0ODODODOOOOOOO0ODDOOOODOODOOOO
ggooooboooobooobogobo@oooobobooooboobOo)booboooooboooo
gboobobooboobooboobooooboobobobobooobobobooboobon
goboboobooobooo

int n;
int functl (int m) {
int 1;
struct tagl{
int a[2][3];
}i
struct tag2{
int r;
int al4][5];
int bln] [m][1][r];
bi
int i;
struct tagl sl1;
struct tag2 s2;
void funct2 (struct tagl sl, struct tag2 s2) {
int i;

i = sizeof(sl); /* compile time sizeof () =/

315



15. 00000
152. 0000000

i = sizeof(sl.a); /* compile time sizeof () =/
i = sizeof(s2.a); /+ compile time sizeof () =/
i = sizeof (s2); /* runtime sizeof () =x/
i = sizeof(s2.b); /* runtime sizeof () x/
}
i = sizeof (struct tagl); /* compile time sizeof () =*/
i = sizeof(sl); /+ compile time sizeof () =/
i = sizeof(sl.a); /* compile time sizeof () =/
i = sizeof(s2.a); /* compile time sizeof () =/
i = sizeof (struct tag2); /+ runtime sizeof () =/
i = sizeof (s2); /* runtime sizeof () =x/
i = sizeof(s2.b); /* runtime sizeof () */

15.2.6 Typedef

0oo0o0oooobobboobobOobO Typedef OO OOOOODOODOOOOODODOOO
0000000 00obo0obobobob0obobobUbU0ObO ypedef OO ooonDOQ
gobooobobooboooboboooboobuooboboboboooboobooboobon
gbogbboobuodaboobboobuoobobobooaobbooban

int n = 5;
typedef int A[n]; /+ UNDEFINED: not block scope */
typedef struct tag{int aa[n]} TAGl;/* UNDEFINED: not block scope =/

int main () {

int nj;

typedef int B[n]; /% OK x/

B Dbb; /* OK: int bb[n] */

B *cc; /+* ERROR: int (*cc) [n] =*/

}
void funct (int m) {
typedef int A[m]; /* m 1s not stored in A */
typedef struct tag {
int b[m]; /* store m in b[m] %/
Struct tag xprev;

Sstruct tag xnext;

} TAGL;

A d; /* store m in d x/

m++; /* increment m x/

{
A a; /* a[] has one more element than d[] =/
TAGl s; /* s.b[] has one more element than d[] =/
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int c[m]; /+x c[] has one more element than d[] =*/
}

}
funct (6) ; /x ==> df[e6], al7l, s.b[7]1, cl[7] */

15.27 0O0OO0OOOOOODOOODOOO0

gboboboboboboooboobooobooooooooooobooooooooooDoon

void funct (int n) {
char c[n], =*cp[n];
int xip[n][n];
float f[n]
double d[n

1,
complex z[n], *zpl

]1[n];
*dp[n] [n];
n][n

s+£p[n

1;
goooooobooooooooooooboooooooooboooooboooooooboooao
void funct (int n, m) {

int i=0, J=0;
int a[n] [m

1;
alil[j] = 90;

*(a[i]+3) = 90; /x ali]l[J] = 90 */
*(x (a+ti)+J) = 90; /* alil[J] = 90 */
*(&a[0] [0]+i*m+3) = 90; /x a[i]l[J] = 90 =/
*((int *)alil+3) = 90; /x al[i]l[J] = 90 =/
* ((int *) (a+i)+3) = 90; /+ al[il[j] = 90 «/
* ((int x)a+ixm+3j) = 90; /+ alil[j] = 90 =/
i = aln-1] - a[n-21; /*x i == m x/

153 0O0O0Oogoo

1531 0O0OO0OO

0bobobobobobobobOobobbbO0obb00000O0 ypedefU OO ODOOOO
gooboobobobobobooboobobboboobooboobooboobooooobon
gobobooogboobooooboboooobobooboobooboboboooobooboooo
gbooboboobooboboboboboobobboobobooboobobooboobon
gboogooboooobooboboooon
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void funct (int [:1, [:11[:1]) // OK
void funct (int dummyl[:], dummy2[:][:]) // OK
void funct (int al:]1, bl:11[:1) // OK
int A[:]; // ERROR: not function prototype
static int B[:]1[:]1; // ERROR: not function prototype
extern C[:1[:]; // ERROR: not function prototype
void funct (int al:], bl:]1[:]1){ // OK
int c[:11[:1; // ERROR: not function prototype
extern int A[:]; // ERROR: not function prototype
void funct2 (int al:], bl:1[:1){// OK
int c[:1[:]; // ERROR: not function prototype
}
funct2(a, b); // OK
}
000003 ooooo0o0o0ooooooooooooon
void bxc (double aal[:][:], double bb[:][:], double cc[:][:], int n, int m,
int main () {
int i, n =2, m = 4, r =6;
double af2][6]1, b[2]1[4], cl4]1[6]; // double al[n]llr], bin][m]l, c[m][r]
VA
bxc(a,b,c,n,m,r);
}
void bxc (double aal[:][:], double bb[:][:], double cc[:][:], int n, int m,
/* array multiplication a = b[n] [m]lxc[m][r] =/

int i, j, k;

for (i=0; i<=n-1; i++)
for (j=0; J<=r-1; Jj++) {
aalill3j] = 0;
for (k=0; k<=m-1; k++)
aali]l[J] += bbli][k]l*ccl[k][]];

oooboi1is:0o0b0oboobooboooo2000b00b00ooooon

scope
scope

scope

scope

scope

scope

int r);

int r)

000b0b00o00odb00Obpxc()yO20020000p0 cOOD0OD0OODDOOO0 oa0D00O0OO
goboooobobooboooooboboboooboooobobobwnOmdr0 3000000

U000 bxc() DODOODOOO

O00DO00O0D0Owpedef OO ODOODOODOODOOOOOODOOO

typedef int A[:];

A ay /+ ERROR: not function prototype scope =*/

void funct (A a); /* OK %/
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gooboobobooooobooboooooooboooooobbooooooobobooooboooboo
gogboobobooboobooboobobobooboobooobobbobooboobon
gbogboooboobobobgobobodbuobboobooboboobooboboobon
gbooooboooogan

functl (int

}

al:

int all][1], m = all]l[2];
int b[31[4];

int c[n] [m];

int *pl, (xp2)[4], (*p3)[:];
void funct3(int al[:][:]1);
void funct2 (int afl:]1[:])

{1}

14

funct2(a); funct3(a); // OK a is assumed-shape array

funct2 (b); funct3(b); // OK b is fixed-length array

funct2(c); funct3(c); // OK ¢ is deferred-shape array

funct2 (pl); funct3(pl);// ERROR: pl is pointer

funct2 (p2); funct3(p2);// ERROR: p2 is pointer to fixed-length array
funct2 (p3); funct3(p3);// ERROR: p3 is pointer to assumed-shape array

void funct3(int al[:]1[:1)

{

}

gbodgboooboobooboboobobbobooboboboboobooboboong
gboogoobooboobbooboobbooo

void functl (int al[3]);

void funct2 (int a[5][7]);

void functll (int al:]);

void funct22 (int al:1[:]);

void funct3 (int p2[][51[71) {
int a[5][3];
int (*pl) [31];
pl = a;
functl (pl[0]); // OK: passed a[0][0], ..., al[0][2]
functl (pl[1]); // OK: passed al[l][0], ..., allll2]
functl (x (pl+1)); // OK: passed a[l][0], ..., al[l]lI[2]
functl (al(4]); // OK: passed al[4][0], ..., al4]l[2]
functl (pl+1); // OK: pl+l is a pointer to array of 3 ints
funct2 (p2[1]); // OK: passed p2[1][0][0], ..., p2[1]1[4][6]
functll(pl1[0]); // ERROR: passing array al[0][0], ..., al[0][2]
functll(pl[1]); // ERROR: passing array al[l][0], ..., al[l]l[2]
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(

153. 0000000

*

b
ald

pl+

(
[

funct22 (p2 [

1
]
1
1

+1));://
)i //
)i //
iy 7/

ERROR:
ERROR:
ERROR:
ERROR:

passing
passing
pl+l is
passing

15. 00000

array afll]lI[0], ..., allll2]
array al41I[01, ..., al4d41[2]
a pointer to array of 3 floats

array p2[1][0][0],...,p2[1][4][6]

}

0000p1(0]0pl[1]0

t*(pl+H0a(4] 0 12000000000p2(1]10 14000000000p+1 040000000
0ooooooo
000000000000000000000000000000000000000000000

void funct (int al[:][3]);// ERROR: mix assumed-shape with fixed-length
void funct (int a[3][:]);// ERROR: mix assumed-shape with fixed-length
void funct (int al[n][:]);// ERROR: mix assumed-shape with deferred-shape
void funct (int al:][n]);// ERROR: mix assumed-shape with deferred-shape
void funct (int al ][:]1);// ERROR: mix assumed-shape with incomplete

gbboboboobooobooboobooboobobobobbobooboobobobobo
gbooboooboobooboboooboobobobooooboooboobooboooon
goboboobooboboooobobooboobooooboboobobooooboooo
U0o0ooobOooboodlvalee0 000000000 DO0OOO00O0OO0OO0O0O0Orvaluee 000
gboooboooboboobboooboooooboooboobboobobooboooooobobon
goboboobobooooboooobooooboobooooboboooooboobooo
gbooooobobooobbooboon

float A[3] = {1, 2};

complex Z[3] = {complex(1l,0), complex(2,0)};

void funct (float al[:], complex z[:]) {
al2] = al0] + aflll; /+ addition of floats =/
z[2] = z[0] + z[1]; /* addition of complexs x/

}

funct (Z, A); /* A[2]==3.0, Z[2]1=3.0+10.0 =«/

gobooboobbooboobbooboobooobooboboobobooobon

void funct2 (complex aal[:], bl[:
aall] b[1][2];

}

void functl (complex al:],
if(real(al[l]l) == 0)
funct2(a,b,b,b,b);

}

int main () {

101, (xc) 6], dllle], e[4][6]){

bl:][:]1){

/+* a and b are assumed-shape arrays =*/

complex
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functl (A, B); /+x A and B are fixed-length arrays =/

00 funct2 () U funct2(a,b,b,b,b) D0O0O0O0O00D0OO0O0DOOOO0OOODODOOODOOOO A
UboooboobobobiodnD funectl () O0O00O0O000 aO00OO00O0O0O00OOOO0O0 funct2 ()
U0o00booobD seab000000O0O0DOOO0ODOOODOO0ODOOODDOODDOODOO0ODO0On
gobooboobooooooooboooobooboobo 0000000 DOODDD functl ()
U0 000000 funct2() OO0 pOcOdOeODD0DD0DOOO0OO0OOO0DOOO0O0O00O0 al aa
goobabO0bOO0b0Oo0obOOobDOO0bOo0b0obobObOobOo0oboobbobo0obobon
U000BUODOO functl () OO0 funct2 () OO0D0OOD0OO0O0O0D0O0000 bOODOOOODOOO
gbooobobooboobboobuoobboobuoobboobooboboobodo

15.3.2 Sizeof

sizeof ) UU DO OUO0O0OOOOOOOOOOOOOOOOODOOODOODOOODOODLOODO

gboooboboobooboobobooboobobobobobobobobooboobon
goboooobooboboobooboooboboboobooboboobooboboobon
oooooooooooogo

int funct (complex z[:]) {

int i, numOfElement;

numOfElement = sizeof (z)/sizeof(z[0]);

return numOfElement; /* sizeof(z)=80, sizeof(z[0])=4 x/
}
int main () {

int num;

float afl[20];

num = funct (a); /% num == 20 x/

1533 00000 O0oO0ooboooboooDo

gooboooboobooboobbobdbomtbobooooooboboobooobobDooLOoo
gb00ob0bobooboobobO abprbcO0oobobobD 1g20300000000000
gbooooboobooobobooogan

int funct (complex al:], bl:1[:]1, cl[:1[:11[:1);
goooooooooooooooooooobooooooooooooooooooooono

char xcc[10]; float *xff[2][4]; double *%xxdd[3][5]1[7];
int funct (char *c[:]; float *xf[:][:], double *xxd[:][:]1[:]);
funct (cc, ff, dd);
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goooooonoooodod
int funct (char xc[:], float x*+f[:]1[:], double x*xd[:][:1[:1);

ooobo0ooboO cbt0db0dbodbUbchar D000 oboboob0 1obbobogonDo
float DO D000 O000O0D0ODOO0OO02000000000000doubled00000O0OOOO0
o000 30000000b0b00000b0b0obdl ccOff0addb0O0 funect () OOOO
gbobo c0fbsbdbboobobooooooobooboooboboooboboobobon
gboabooboobboooon

void funct (complex z1[:], z2[:]1[:1){

complex z, *zp, **zpP2;

zptr = z1; /* the address of the array =/
zptr = &z1[2]; /* the address of the third element =/
/* z2[2]1[1] —= 1; =z1[1] = 2z2[2][1] + z1[2]); =zl[2] += 1; =/
z1[1] = —=z2[2]1[1]1+z1[2]++;
z = xzl; /% z = z1[0] «/
z = % (z1+5); /% z = z1[5] =*/
Z = *%x22; /* z = z2[0]1[0] =/
zp = z2[2]; /* zp = &z2[2][0] =*/
zp2 = (complex *x%)z2;
/% z2[1]1[1] = 2z2[1][3] + z2[2]1[3] — z2[2][4]; =/
zp2 [1][1] = z2[1][3]1+ *(*x(z2+2)+3) — % (4+*(z2+2));
/* z2[2][3] = z2[1][3] + z2[2][3] =*/
* (x (22+2)+3) = z2[1][3]+ *(3+%x(z2+2));

154 00O0OOO0OODOOOOO
1541 OO

do0oo0oobo0bobOOo0bOo0obooobOo0o0oobOo0dboObOoooooobooooooOoa
000000000 oOO0DO00bOO0DOO0DoOo0DO0o0bOO0oDoOOoDO0o0bOO0oDoOODooOooD rao
0000o0o0oooOoo«“ro0o000ooO>00bo0obO0o0oo0oobOo0ooOo0oooooDOon
00000 oOoobOooooooobooobooa

00000 3i2no0o0oooooo “Tb1’00ODlIOO0OOO

* type-qualifier-list o, D
000ddddddidemr0 0000 0000O0OOOOO TOOOOOOOOoooooooOoO
00000000000ooooobobDidee 0000000000 OOOOOOOODODOOO

00DO00d0O00D0DoOOo0bOo0o0oDooOoobDoOoon

T (xD)[assignment-expression]

Joodo0TOoDOOOO0O0O0O0OO0DO000OO0DOO0D00dDO00oodDOOoDoo0ooDoooboOooOgon
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int (*pl) [3]1; /+* pl is pointer to array of 3 ints */

int *(xp2) [3]; /* p2 1is pointer to array of 3 pointer to int =/
int (*p3)[3]1[4]; /* p3 is pointer to 3x4 array of ints =/

int % (*p4) [31[4]; /* p4 is pointer to 3x4 array of pointer to int =/

goboobooboboobooobooboobooooboobgo
THD)[:]
goboTrToobooobbooboooboboobooboobooooobgo

int (xpl) [:]; /* OK */

int (#p2) [:11[:1; /* OK */

int x(*p3)[:1[:]1; /% OK =/

int n = §;

int (*p4)[3]1[:]; /* ERROR: mix fixed-length with assumed-shape =*/

int (*p5)[:1[3]; /* ERROR: mix fixed-length with assumed-shape =*/

int (*p6)[n]l[:]; /* ERROR: mix deferred-shape with assumed-shape */
int (xp7)[:]1[n]; /* ERROR: mix deferred-shape with assumed-shape x/
int (*p8)[ ]I[:]; /* ERROR: mix deferred-shape with incomplete type =*/

O000pl0t00000 1000000000000 0D000p20 imtO00000 20000
Oooo0oooooobobp3mtOObOonD2000000000000000000

googooboooooboobooogoboboogoboboobooooboboboboboboobo
gbooobooobooobooooooooboobouoooooooobooobooobooobooobon
gobogooobooboobboobuoobobobobooboobbooboobbooboooboon

1542 0O0O0O0OO

gbobooboobooboobodboveidOoonobOobObOOobDbOOobDoOOobObOobDbO
gbopooobooboboobooboooboboboobooboboobooboboobon
gbobooboobuoboobdbOveiddbO0OOODbLOOOO0ODODODODDOODODOODOO
gbooobboobooboboobobooboobboobooooon

goboobgho0bbgU0DOO0ODDO0DDO0ODbO0ObO0ObLOOODbDDO g0 O0bbOODbDbO
goboooboobobbobooooboooobobooooboboboboboooobobooo
gboooobooon

gooboob0ob0olb dveoid «O0O0O0O0OO0DHODnulODOOODOOOODOU null
goboobooobooobobooogoboboboooobooooobobooooboobooooDboo
goooobooobooooooobobbedd00b0O00O00OO0DOO0ODbObOOO0ODOODODbObODOO
gboooobooboobbooboobbooboobbooo

gooobooogbooooboooboooboobooooboobob 200 nl0bOODO
gboboooboobooobbooboobbooboobbooo

nll OO0 0000000000000 0O00OO00D00D00D0DOndlDODOO0ODO0ODODODOO
gbboobboobuooboboobobuooboobbooboobbooonb
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gboobooboboboboooooboboobooobobobooobooobobooooboooobo
gobooooobobooboooobooboobooboboooboobobboobOoobOon
gboogoboboobboobbooboobooobobboboobobuooboboobooban
gbooobouobooobooobobobooboobooobooobooboobooboooobooboobon
gboooobooboobbooboobboobboobbooo

void funct (int al:]1[:], pl[2][4], (*p2)I[4]1, p3[]1[4]1, n, m){
int *p;
int b[3]1[4];
int c¢[n] [m];
int (xp4) [4];
int («p5) [:1;
int (%p6) [:];
p6 = NULL;
po6 = a; /+x OK: a 1s an assumed-shape array =/
p6 = b; /* OK: b is a fixed-length array =/
p6 = c; /+x OK: c is a deferred-shape array x/
p6 = pl; /* OK: pl is a pointer to array of fixed-length =/
P6 = p2; /+x OK: p2 1is a pointer to array of fixed-length =/
pP6 = p3; /+x OK: p3 1s a pointer to array of fixed-length =/
P6 = p4; /* OK: p4 is a pointer to array of fixed-length =/
P6 = p5; /+x OK: pb5 1s a pointer to array of assumed-shape x/
P4 = p; /+ WARNING: array bounds do not match =/
P6 = p; /+ ERROR: p 1s not array type =*/

20000b0o0oooobobobobooooobooboboboboooooboboboboon
goboobooogboobooooobobogouobo20b0gbooboboboobobbooooboo
gobobooogboboooboobooooboboooobbobooboboboobo200000
gbboobooooboobboobboobbooboooboobboobobooobooooon
gobogobooboobbooboobbooboobobooboobobooobobooboon

void funct (int al:], bl:1[:]1[:]1, (xpl)[41I[5]1, p2[3]1, n, m){

int c[3][4]1I[5];

int d[n] [m] [m];

int (+p3) [411[5];

int (xp4) [:];

rd = a; /* ERROR: incompatible, wrong rank «/
r4 = b; /* ERROR: incompatible, wrong rank =/
pd = pl; /* ERROR: incompatible, wrong rank =/
rd = p2; /* ERROR: incompatible, wrong rank «/
rd = c; /+ ERROR: incompatible, wrong rank =*/
pd = d; /* ERROR: incompatible, wrong rank =/
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p3 = p4; /* WARNING: incompatible, wrong rank =/
}

gboobooooboobobobuooboboboobobobobooboboooboboo
obooooooooooooooobobobobobonn

char c, =xcp;
int i, *ip;

float £, *fp;
int (xap) [4];

int (xp) [:1;

¢ = (char) p; /*x OK x/
cp = (char ) p; /* OK =/
i = (int) p; /* OK %/
ip = (intx*) p; /*x OK x/
ip = p; /* OK «/
f = (float) p; /*x OK %/
fp = (floatx) p; /*x OK x/
ap = p; /* OK %/

1543 00000 OOOOO0ODOO0

gbooboobobooboboobuooboboboobobooboboboobOobooobd
gbbogobodoboobuaobobooon

void funct (int (%) [:]

4

)

void funct (int (xdummy) [:]);
void funct (int (xp)[:1)

int al[3]1[4]1, bl[411[3]1;

int (xpl) [:];

funct (a, 3,4); /* passing fixed-length array al[3][4] =/
funct (b, 3, 4); /+ passing fixed-length array b[4][3] */
pl = a;

funct (pl,3,4); /* passing fixed-length array al[3][4] =*/
funct (NULL, 0, 0) ; /+ passing NULL */

void funct (int (*p)[:], n, m) {

int i, 3j;

int a[n] [m];

if (p == NULL)
return;

for (i=0; i<n; i++)
for (i=0; i<m; 1i++)

alil[3] = pl[1103]];

325



15. 00000
154. 000O00OO0ODOODOODOD

goboooobuooboboobboobbooboooboooboooobooboboooboooo
gboooboooon

void functl (int al[:]1[:]1, n, m){
int b[n] [m];
void funct2 (int (xp)[:1)
{
int i, J;
int c[n][m];
if (p == NULL)
return;
for (i=0; i<n; 1i++)
for (i=0; i<m; i++)
cli][3] = pl[1][3];
}
funct2(a); /* a is an assumed-shape array =*/

funct2(b); /* b i1s a deferred-shape array */

15.4.4 Typedef

typedef DO DO O000O0O0OD00OD0O0OO00O0ODOODOOOO0O0O0O0ODODOOOO0ODOODODOOO
gboogooobooboonobooboouoobbooboog

typedef int A[5];
typedef int B[:];

A aj // OK: int al[5]

A xap; // OK: int (=%ap) [5]

B b; // ERROR: not function prototype scope for ’'int b[:]’
B xbp; // OK: int (xbp) [:]

/% void funct (int al[5], (xap)[5], int b[:], (xbp)[:]1); */

void funct (A a, xap, B b, *bp); // OK

Ub0b00a ODOOO00OO00O00O0epO0O0O0O0O0O0OO0O0O0OO0O0DOOO

1545 00OO000OOO0OOODOODOOODOODOO0

gboboboboboboboboboboboboboobob

funct (int n, int m) {
double al[n] [m];
double (*pl)[:]
double (xp2) [:]

a; // OK p[il[3] = alill3]]
(double [n][m])malloc (sizeof (double)xn=*m);// OK
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double (*p3)[:] (double [ ][m])malloc(sizeof (double) *nxm);// OK
double (xp4)[:] (double [][m])malloc (sizeof (double)*nx*m); // OK
/+ ERROR: pointer to deferred-shape array is not allowed */

double (*p5)[:] = (double(x) [m])malloc(sizeof (double)*n*m);// ERROR

0000a00000000000p10p20p30double000000000000000O00C
OD00pl0p20p30p4a 0000000000000 000000000000000p20p300
00 p4a00000000000000O malloc() 00000000000 O00O00

1546 U0O0O0O0OOO0OOODOOOOOOODOOODOODOODOODOO0

gbogbooboboobooboboobooboboobobooboobobooooba
gboobooooboboobooboobobboobooobobobooboobooboobooooboon
goooboboobooobobooobooboobobbooboooobooboboobon
gooo

ooooooooogoobooon

gboobooobooboooboboooboboobobooboboboobooboboboobooobo
gobogoobooboobboobuooboobbooboooobbooboon

int (*pl) [:];
extern int (xp2)[:];
static int (xp3)[:];
int main () {
int (+p4) [:];
static (*p5)I[:1;

extern int (xpl)[:];

godg

goboooobuoobboobboobbooboooboobobooboboobobooboon
ooooooooo

int a[3]1[4];
int (xpl)[:] = NULL; /* runtime initialization =/
extern int (xp2)[:];
static int (*p3)[:] = NULL; /% runtime initialization =/
int main () {

int b[311471;

int (xp4)[:] = NULL; /+ compile time initialization */
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int (xp5)[:] = b; /+ compile time initialization x/

int (xp6)[:] = pl; /+ compile time initialization =/

static (xp7)[:] = a; /* runtime initialization =*/

static (*p8)[:] = pl; /* runtime initialization =*/

static (xp8)[:] = b; /* ERROR: b 1is variable of auto class */

gooooooooon

gbooboooobooboboobooooooboboobuoobooobobooobooooboobo
gboooobboooobobooboon

struct tagl{

}i

int (xpl) [3]; /+ pointer to fixed-length array =/

int (*p2)[:1; /* pointer to assumed-shape array =/

int main () {

struct tag2{
int (*pl) [3]; /* pointer to fixed-length array =*/
int (*p2)[:]1; /* pointer to assumed-shape array */

}os;

Ubbobdb taglO0O0OO00O0O00O0DOOO0DOODOOD tagzO00000O0O0OO0OOO0O0O0O
goo0odboo chdbooboboobobobobobboooubodsalbdbDaalgoooogonog
Ubooooob200000000000

= VvV »n VvV UV UV V V V

o Vv

struct tag{ int (xa)[:]1;} s

int al(2]1[3]1 = {1,2, 3, 4, 5, 6}, az2[3]1[4]
s.a = al; // s.a and al share the memory
al[l][1]

s.all][1]

s.a = a2; // s.a and a2 share the memory
.al[l]1[1] = 10

az2[11[1]

allll([1]
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Sizeof

gboogoboooooboboooobobobooooboboooobooooboboboDbo
gbogobobooboobooobbobooboobobboboobooobboboobon
gboooooboobooboboooboonobooon

int (xa) [5];

int (*pl)[:];

int main () {
int (*b) [5];

int (xp2) [:];
void funct (int (*p3)[:1, (*p4)I[:11[:1)
{

int i;

i = sizeof(a); /* 1 == 4 */

i = sizeof(b); /* i == 4 x/

i = sizeof(pl); /» 1 == 4 %/

i = sizeof(p2); /+ i == 4 %/

i = sizeof(p3); /* 1 == 4 «/

i = sizeof(pd); /» 1 == 4 %/

gboooobooboobooon

mO0000000ooo00obooboooooobooboooooobOoboooobobOooDoon
gooobobooobooobooon

void funct (int n) {
char (xcpl) [:], = (xcp2) [:], xx(xcp3)[:];
int (xipl) [:], = (xip2) [:], »x(*ip3)[:];
float (xfpl) [:], = (xfp2) [:], »x(+xfp3)[:];
double  (xdpl) [:], *(xdp2) [:], *x(*xdp3)[:];
complex (xzpl)[:], *(xzp2)[:], **(xzp3)[:];

}

goobooobuoobooboobboobboobbooobbooobbooboobDboobboo
gbooobooabd

int main () {
int i=2, 3j=3;
int n=4, m=5;
int al[4]1[5];
int (xp) [:]
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p = aj

plil [J]1 = 90; /x alil[j] = 90 «*/
* (p[i]+3) = 90; /* alil[j] = 90 =/
* (x (p+i)+3) = 90; /x alil[j] = 90 =/
* (&p[0] [0]+ixm+3) = 90; /x a[i]l[J] = 90 =/
*((int *)p[il+3) = 90; /x al[i]l[J] = 90 =/
* ((int *) (p+i)+3) = 90; /% alill[j] = 90 =*/
* ((int x)p+ixm+j) = 90; /+ alil[j] = 90 »*/
i =pln-1] - p[n-2]; /* 1 == m */

155 0OO0O0OO00oodooooad

gboooooooooboboooboobobbcoooobobobobooooboboboo
gobobooogboboooboooobobooobooboooobooobooboooooboooo
UO0000 mallocMatrix () O freeMatrix () UUOODOO0OO0O0OO0OO0O0OOOO0O0OOOOODOO
googocuogbuooboooobobobooboobooboooobooboobooboon
goooooboobobobobooboooooooboboboboobooooooooboOon chO
gbooboooboooboboobooboodbooboboooobobooboooobobooobon
gobooboboobooboooobobobobooboobcbhboboboboochooobon
gbooobboobuodaboobboooao

1551 O000O00O0OO0OD0OO

gobooboobboobooboooboobbobobooboono

T D[lower:upper] (15.10)
T D[expr] (15.11)
T D[lower:] (15.12)

0000710 int00 0000000000000 0O000 idemO0000001owerO0OQOO
O00OOupper00000000expr 00 00000OOOO0OO0OOOOOOO lowerdupperd
expr 00000 0O0O0OOOOODODOOOOOOODODOOOOO

int af(l:3], b[0:2][1:5], *c[1:3]1[1:4]1([0:5];

Oboob0odadboboobobobboboboo10o3p0ddbnb a0 a4a1boboob
goooo

00 A IDU0000000O00000U0000U0000UO000DUOo0o0oUoooUoUooo
go»[rooobogb 10b00ibD (expe-h)OOOOOODOOODOOOODOOO
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int
int

int

b[0:2][5];
al3]1;
*c[1:31[4][0:57;

/* equivalent to int b[0:2][0:4]
/* equivalent to int al[0:2]
/* equivalent to int *c[1:3]([0:3][0:5];

15. 00000

*/
*/
*/

gbobgbaadbobooooboboboog20b0b0b0 al-110 a(310000000

googon

O

gobooboobboobooboooboboobooboboooboobooon

int

al[-5:5], b[-5:01,

c[-10:-5];

gbooboooobooboboboboobooboboboboobgooboboobooboboooono
goooooooooooboobobgobbobgobobobb

#def
floa
int
int
int
int
int
int

int

ine N 0

t ff = 5;

al[5.0]; / *
blff]; / *
clO0]; / *
d[N]; / *
e[5:5]; / *
£[5:0]; / *
gl5:-51; / *

ERROR:
ERROR:
ERROR:
ERROR:
ERROR:
ERROR:
ERROR:

expression double typex/
expression float type =/
lower and upper bounds are equal x/
lower and upper bounds are equal =/
lower and upper bounds are equal */
upper is not greater than lower =/

upper is not greater than lower x/

Ubh @a)ooooooogooogoooooooooooooooooooog “Urooon
googoobooboobbooboobboobooboboooboooo

/+ incomplete array completed by

same as extern int a[0:], b[O:
extern int al], b[]I[5];
extern int c[1:], b[l:]1[1:5]; /=
void functl (int e[]); / *
void funct2(int £[][5]); / *
void funct3(int g[l:]); /%
void functd (int h[1:][1:5]); /=
void functb5(int i[1:][5]); / *
int J[]1 = {1,2,3}; / *
int k[1[2] = {{1,2}, {3,4}}; /+
int 1[1:] = {1,2,3}; / *
int m[1:112] = {{1,2}, {3,4}};/~
int a[3], bl4]1I[5]; / *
int ¢[1:3], b[1:4][1:5]; / *

external linkage
10517 */

completed by external
by
by
by
by
by
by
by
by
by
external linkage */

linkage */
call x/
call =/
call =/
call x/
call =/
initialization x/
*/
x/
*/

completed function

completed function
completed function
completed function
completed function
completed
completed initialization
completed initialization
completed initialization

external linkage =/

U0 funct3 ()0 funct4 ()O0ODO0O functb () DOOODODODOOOOOOOOOOOOOO

googn

goboobooobooo

gbobodgboobbooboooboobobuooboobboobuoobboobado
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int al[:5]; /* ERROR: without lower bound =/
int funct (int b[:5]); /* ERROR: without lower bound =*/

coooboobobooobooboboboooboooboboobobboobogbDoboooobobo
gobooboobogobooogobooogoboboboboooobobboobobooooboooDo
gbobgobooboobooboouooboobobboboobooboobobooobobon
gboooobooboobooobood

int a[5], bl0:4], *p;

p = &b[0]; /* p =Db %/

* (a+0) = *(b+0); /x al0] = b[0] =/

x (a+4) = % (b+4); /x ald] = bl[4] =/

* (p+1) = pl[l]*2; /% b[1l] = b[1]1*2 =/

gooboobooooboboboooooobboooobobboooobbbooooobDobbooo
googbooboooobooboboobobooooobobobobooboboboooooooo
gooo

#define 1 1
int b[i:5], *p, J=3;

p = &bli]; /* p =Db x/
*(b+3) = blJ]; /* b[3+i] = *(b+j—-1i) =/
*(p+]) = blJl; /* pl]] = % (b+tj-1) =/

goboodoboooobooobooooboooobooobobooo

#define n 1
#define m 2
int a[n:8] [m:9], i=3, j=4;

ali]l[3] = 90;

*(&alil[3J]) = 90; /* alil[3] = 90 =/
*(a[i]+j-m) = 90; /x alil[Jj] = 90 =/

* (x (a+i-n)+j-m) = 90; /* alil[j] = 90 =/

* ((int x)a[i]l+3j-m) = 90; /* alil[j]l = 90 =/

* ((int %) (ati-n)+j-m) = 90; /* al[il[j] = 90 x/

*((int *)a+(i-n)*(9-m+1)+J-m) = 90; /* al[il[j] = 90 =/

*(&a[n] [m]+(i-n)*(9-m+1l)+j-m) = 90; /+ alil[3] = 90 =/

i = ali+l] - alil; /x i = 9-m+1 dis 8 =/

gobodoboobbuooboobbooboobbooboobbooobobooboboooon

int a[3]1[1:5], b[0:5][1:5];
int (*p)[1:5]1;

p = a; /* plil[]]
p = b; /x> plil[J] = b[1]1[3]1 =/

Il
j\)]
[
fa—

—
.
-
>*
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15. 00000
155. 00000000000O0ODbO

obdbp00b00l10b00000b0obDoboobob0obobDoobOobobOobobDOobon
Uo0o00boobobbU0 pd0b a000000DLO0DOOO0D pril031000 arirrjr oo
gboobobuoboobooboboboboobooooboobobboobooobooaon
plil[J1 000 b[i][(jJ1 00000000 p00O0DOOOODODOOOOOODODOOOOOOO
googooogoo

gobodbooobuodgbooboboobooobooboouoobooobodao

int a[31[1:5], b[l:5][2:6];

int (*p) [1:5];

p = (int (%) [1:5])a; /x> plil[J] == alill3] =/

p = (int (%) [1:5])b; /x plil[J] == b[i]1[3+1] =/
p = (int (%) [l:5])malloc(3*«5xsizeof (int)); free(p);

p = (int [][1:5])malloc(3*x5xsizeof (int)); free(p);

p = (int [0:][1:5])malloc(3*«5«xsizeof (int))

D00b0b0obUobOobUobObwpedefU OO ODODOODODODODOO

typedef int A[1l:5];
A a; /* int a[l:5] =*/

2000000000000 00O00b0obO0obOobLbO0obLOobO0bO0obobOoOobooobDOoDbOoD
gboboboobdoboo2b0bobobooooooooboboobob20b00bobOobDoDO
gbogooboobooboobobooboobboboobobooboon

extern int al[3], c[0:2], b[1l:5];
int a[0:2], c[3]; // OK
int b[5]; // ERROR
int funct (int aal[l:3])

int funct (int aa[0:2]); // ERROR: change array bounds

int e[3][1:5], £[10][1:5], gl3]1[5], h[1:3][1:5], 1i[3]1[0:5];
int (xp) [1:5];

p = e; // OK: compatible

p = f; // OK: compatible
p = g; /* incompatible second dimension p[i] [j+1] == gl[i]l[]j],
no warning or error message */
p = h; /x incompatible first dimension p[i][j] == hl[i+1][]j],
no warning or error message */
p = i; // WARNING: incompatible second dimension p[i][j+1] != i[i][]]

OO0 plil(3+11 000 gli1 (3100000200 00000ss00000000D0DO0OO
gooobobodoooboooobooboooobof priliy+110004i[4103700000000
gboooooboodan
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1552 0OOO0OOOOOO

gbooboobooboboobooboobooobobooboboobobooobobooooboboa
gobooboboboobooobobobobobobooboobobobobobooboobon
gobooboboooobooobgobooooboooboboooobobooboobobooooooo
gboooboboooboooboobobobooboobobooobobooobobooboobon
gobooboboobooboooboobooboooboobooboobobboooboobon
gbboaobboobudoboobboboobbooboobboobuooboand

ooooooogon

gobooobbooboooboboobooobooboboobooboboobobooboobood
gboogoboobooobuooboouoobbooboog

int funct (int n, int m) {
int 1 = n;
int aln:m], bl[i:m], c[-n:2*m] [i:n+m];
int d[l:n], e[n:10], £[1:5][0:n];

UbbO0a0b0cOdOedf0 00000000000 00O0O00O0O00O0O0O00OO0O0OOOOO0OO
gobogoboobooboboobuooboobboobooooboooboon

int funct (int n, int m) {
int al[n:m];

}

funct (1, 5); // OK: int al[l:5]
funct (5,1); // ERROR: int a[b5:1]
funct (5, 5); // ERROR: int a[5:5]

goobooobobobobooboboooboobobobobooboobobobboboobo
gbogoboboobooboogobobboboobooboobobooobuoouoobon
gbooopoobooboobbooboobooon

/+ ERROR: pointer to deferred-shape array =*/

int funct (int n, int m, int a[n:m], int (*b) [n:m]) {
int (xpl) [n:m]; // ERROR: pointer to deferred-shape array
int (*p2) [1:m]; // ERROR: pointer to deferred-shape array
int (*p3) [n][1l:m]; // ERROR: pointer to deferred-shape array

goboobooobbooobooobboooboobooboboobooboobooooon
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int
int
int
int
int

int

n=4,

al][n:m]={{1

bll:]]

funct (int n,
(

m=5;

funct (int n,

funct (int n,

extern int f£[][n

12}1

int
int
int

:m];

{3,
n:m]={{1,2},

m,
m,

m,

extern int g[l:][n:m];

gboobooooboobd

15. 00000

41}; // ERROR: initialization

(3,4} 1); // ERROR: initialization

cl[l[n:m]); // ERROR: func parameter scope

d[1l:][n:m]);// ERROR: func parameter scope

e[n:][n:m]);// ERROR: func parameter scope
// ERROR: static storage duration
// ERROR: static storage duration

gobooboobboobooboobobuooboobbooboobobn

T (*D) [expr]

(15.13)

goborhboooobboboooobbuooobbobpbibdU ident 00000 ooOOooOg
expr 000000000 DOO0DOO0O0O0O0O0OO0O0OO0OOOODOOODOOODODOODODOO
2000000000000 000D00O0000

T (xD) [:]
T (*D) [lower:]

(15.14)
(15.15)

0boobobobob lowerOgbobobobobOobOobOobObObOODODOO

int
int
int
int
int
int
int

int

/ *
/ *
/ *
/ *
/ *
/%
/ *

OK =/
OK =/
OK =«/
ERROR: mix with
ERROR: mix with
ERROR: mix with
ERROR: mix with

fixed-length */
deferred-shape */
deferred-shape */

incomplete x/

gbooobooboobooboboobooboboboobobooooboobobooDbd
gbbogobuooboabobuoobtboouoobboooboooy

int
int

int

e}
Il

n=3, m=4;

al3][4], b[l:n][1l:m], c[3]1[1:47];

(«p) [:1;

cH /x> plil[J] == alil[3] »/
b; /* plil[J] == b[i]1[3] */
c; /* pl[il[J] == cl[i1[3]1 =/
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goboboboobooooo @Gy oobobobobobobooooooooooooooo
googoogo

int af[l:31[1:471;

int (xpl)[1:4]; /* OK: pointer to fixed-length array =/
int (xp2)[1:]; /* ERROR: pointer to incomplete array
not at function parameter scope */
pl = a; /* OK =%/
P2 = a; /* ERROR =/

ooobooboUplb000O0O0O0 10000 ItODO300000D0ODO0O0OD0ODODOOO
dudbdp2b0bb00bdddp2bobbogoboooboobobbooboobobdp2 = a
gbobooboooboooboboobboobbp20bb00bboobbOoobooooboOoOon
goboooboboobooboboboobooboboboboobooboboobOoobon
gbgdgboobouobbooboouooboooboooboboobooboobooboobon
gooobooboooboobbooboboooobooboooobooboboboboobon
goboobooboobobobooboboboboboobooboobbobbobbooboobon
gbogoboboobooboobooboobooboboboboobooboobooobobon
gbooobbooboobboobuooboooboobooboboobooboboooon

int funct (int n, int m) {
double af[l:n][l:m];
/* OK =/

double (*pl = aj;

) [:]

double (*p2)[:] = (double [1l:n][l:m])a;
double (*p3)[:] = (double [l:n][l:m])malloc(nxmxsizeof (double));
double (xp4)[:] = (double [l:][l:m])malloc(nxm*xsizeof (double));
double (*p5)[:] = (double [ ]J[l:m])malloc(n*mxsizeof (double));
/* ERROR =/
double (xp6)[:] = (double (%) [l:m])malloc (n*mxsizeof (double));

}

gddooodobodod (double [ 1[1:m]) 00 (double [0][1:m]) OO0

(double [0:]1[1:m])000000funct () 00000000000 O0ODOODOO0ODOODOOO
gbooooooooooooobooboooboobogon

15,6 OO0 ooooooooboobono

gbogbobgobbooboobuobodobuoboboboobobobobooboboobdg
gobooboobooboobooboobooboboo coboooo coboooboooooboo
googoog
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156. DO0DOODOODODODODODLOODOOODO

15,61 0OOODODOOOOODOOODOO

gboobooobobooboobobobooobobooboobobooobooobooond
goboooboboobooboboobooboboobooboboobbobooboobon
gboooooooogooooooobogboobgoobbobobobobb

int a[l1:3]1[1:5], b[0:3][1:5], c[3]1[1:5], dA[1l:3][1:6], e[l:31];

float f£[1:3][1:

51;

int funct (int aal[l1:3][1:5]);

funct (a) ; / *
funct (b) ; / *
funct (c) ; / *

funct (d) ; / *
funct (e) ; / *
funct (f) ; / *

OK x/

WARNING: incompatible first dimension =/
incompatible first dimension c[i][J] == aali+1][]]
no warning or error message */

WARNING: incompatible second dimension =/

WARNING: incompatible shape =/

WARNING: incompatible data type =*/

gbogboobobooboobobobboboobobboaoboooboboobooobo
U000 func(c) UO0DOODOODODODOODOOODOODODOODODOODODODOODOODDOD
gbooooboobobooboobobobooboboboobobbooboobobboobon
gbogoboboobooobobbobodbuoobobobooboobooboobobboobob
gbooopobooobobooboood

int a[3]1[1:5],
int functl (int
int funct2 (int
functl(a); /=
functl (b); /=
functl(c); /=

funct2(a); /=*
funct2 (b); /*
funct2(c); /*

b[0:2][1:5], c[1:3][1:5];

aal[3][1:5]);

(«xbb) [1:5]);

OK «*/

OK x/

incompatible first dimension c[i+1][]j] == aalil[7]

no warning or error message */

OK «/

OK =*/

incompatible first dimension c[i+1][]Jj] == bbl[i][]]

no warning or error message */

gbobgoboobooboooooooooboboboboobooobooooobobooboobOono
gbooobooboboobooobobobobooboobobboboooboboboobooobon
gbobooboboboooobobooobobooobooobooboboboboooooboooDo

ooooooooo

int af[l:5], b[1l:10], c[0:5], dI[3];
int funct (int aall:]1);

funct (a) ; / *
funct (b) ; / *

OK «/
OK */
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funct (c) ; /*x Ok x/
funct (d) ; /* OK %/

goooooobogooboobooooobo1bgbobboooobooooobboooDobbooDUoDbo
goboobobooboooobooobobobuoooobobooobobobooboob 1b0o
gbooobooboobboobouoddowbdobobuooboobooboboobodobooobon
gboogboooboooboooboobooobooboobbobbobobooboobonoobon
googo

int a[l:3][1:5], b[1l:2][1:5], c[0:31[1:5], d[1:3]1[5], e[1:3]1[0:5];

int funct (int aa[l:1[1:51);

funct (a) ; /* OK x/

funct (b) ; /* OK =/

funct (c) ; /* incompatible first dimension c[i][J] == aali+1l][]]
no warning or error message */

funct (d) ; /* incompatible second dimension d[i][J] == aali][]j+1]
no warning or error message */

funct (e) ; /* WARNING: incompatible second dimension =*/

gboooooobobooooooboboboooooboobobobooboooooooboDbo
goooooooooooon

int n = 3, m = 4;

int a[l:n][1l:m], b[n][1l:m],
int funct (int aal[l1:3][1:4]);
funct (a) ; /* OK %/

funct (b) ; /* incompatible first dimension b[i][]j] == aali+1][]]

c[0:n][1l:m], d[1l:n][0:m], e[l:n][l:m+1];

no warning or error message */
funct (c) ; /* WARNING: incompatible first dimension =/
funct (d) ; /+ WARNING: incompatible second dimension =/

funct (e); /* WARNING: incompatible second dimension =*/

gboboboboboooboobooboobuooboobuoobooboooboobooboobobobobo
gboboooboboobobooboboooboboobobooboobobooboboon
gooobobobobbooooooooooboboboboooooooboobobooboooonod
gbooobobooboobooobobon

int n = 3, m = 4;

int a[l1:31[1:4]1, b[3][1:4], c[0:3]1[1:4], d[1l:n][l:m], e[l:n][0:m];
int (xp) [:];

int funct (int aal[l1:3][1:4]);

p = a;

funct (p) ; /* OK %/

p = b;
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funct (p) ; / *
p = b;
funct (p) ; / *
p = d;
funct (p) ; / *
P =€
funct (p) ; / *

incompatible first dimension pl[i][7]]

no warning or error message

WARNING:

OK */

WARNING:

incompatible first dimension =x/

incompatible second dimension =/

*/

15. 00000

15,62 00000000 O0OOOOOODOODOOOOOOOOODOODODOOOOn

gbooboobooboboboboobobbobooboboobooboooobobooboobooboooono
goooboboobooboooboboobobooooboobobbobooboobon

gboobboobuodaboaobbood

gboobooobooboobooboboooboboooboboboobooooboboooboooobooDoo
googoboobooboboobooboobbooboobbooboobboobOooobo

T D[:]

(#D) [lower:]
(xD) [:]
T D[lower:]

(15.16)
(15.17)
(15.18)
(15.19)

oooorthOobo0ooooboobob0OpUdbObl dee D000 0ODO0OOOOOODO lowerOO
00000000000000000 (380000000000 00000000000O000
000000000000 @3 IHoO00 (319 00000000000000000000000
(xD) [0:100000T D[:10 T D[0:] DO
gobobooooooboboooboooooboboooboobooboobobooooboooo
gboboboboobobooboobobooobooboboobooboboboboobon
gboboobooboooboooboooboobobooooboooboooboooboobobn
0000000000000000000000000000000000000D00000 @318
gboobobooboobboobuoobbobboobboobobbooboonn

gboooooboobooooooor

int
int
int
int
int
int
int
int

int

functl (int
funct?2
funct3
funct4

(
(int
(
(
funct5 (int
(
(
(
(

int
int
funct6 (int
funct?
funct8
funct?9

int
int

int

_~ ~ 2 2 2 0 O Y W

(xD)[:10T

//
//
//
//
//
//
//
//
//
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OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:

pointer to assume-shape

pass
pass
pass
pass
pass
pass

pass

(pass)



15. 00000
156. DO0DOODOODODODODODLOODOOODO

int functll (int a[0:]); // OK:
int functl2 (int al]); // OK: incomplete array type as pass
// the same as int functll (int a[0:]);

int functl3(int al:]1[5]); // OK: incomplete array type a[0:][5]
int functl4 (int a[l:]1[5]); // OK: incomplete array type
int functl5(int af[l:]1[1:5]); // OK: incomplete array type
int functlé6(int af[l:][1:5]); // OK: incomplete array type

/+ ERROR: fixed-length array no upper bound =/

int functl7(int all:5][1:1);

int functl8(int al[5][1:]);

int functl9(int all:][1:1[5]);

int funct20 (int a[:5]); // ERROR: upper bound only

int funct2l(int n, int m, int a[n:m]);// ERROR: deferred-shape array
bl:

int afl:1], 10:1; // ERROR: not in function prototype scope

gbooobgobooboob10b00b0b0o0bO functl2z()O0OOO0ODODOOODOO
gobooboboboobooboboooooboboooboooooooboooboo1bobbooooooo
gbogoboobooboobbooboobobooobo

gobogooboooobooboobbooboobbooboboobooboobooobooDboo
gbooobobooobooobooboboobooobobobobobooboooboooobooon
gobooobooboobobooboooooobooboooobooboboboboobOoon
gboogoboobooboboobobooboooon

#define low 1

int n = 3, m = 5;

int aln:m], b[n:2xm];
int funct (int aallow:]);
funct (a); /* OK =*/

funct (b); /* OK %/

U0000 funct () O0O00 aa 00000 10000000400 funct(a) DO00O0ODOO
lowtm-n+1 000000000 funct(b) DOO0D000O000000O000 aab0OO0O0D0OO
100boobogotudibllow+t2+xm—n+1 000000000

gobooobuobbodobboobbooboooboobbuoobobooobbobooabon
gbooboooboobooboboobobobobooboboboobooboobobobooboobon
gobooboboboobobooboobooboobooboobobbobboobobobOon
gboooobgabooooogo

oooboooboobo1gbbobobobobobobobo0oboboo0obOonDd FORTRAN OO
gboooobobooooobooboboobobobbobocoboobobo10bOon
000000000 FORTRANOODOOOODOOODOoOoooooooboooboooobooo
gboooooboooboooon

int n=3, m=4;
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int a[n] [m], b[l:2xn][1:2xm];
int funct (int aall:]1[1:], int n, int m) {

int 1, J;

for (i=1; i<=n; i++)

for (3j=1; Jj<=m; Jj++)
aali] [3] += 2;

}
funct (a, n, m); /+ passing a[0:2][0:3] =/
funct (b, 2xn, 2*m); /* passing b[1:6][1:8] =/

gboooboobooi1boboooooboobobobooobobooboobooobobOobO
googoobooboobboobuooboobbooboobbooooboobbooo

int n=3, m=4;

int a[n] [m], b[l:2xn][1l:2xm];
int (xp)[:] = &;
int funct (int aal:][:], int n, int m);
int funct (int [:1[:], int, int ); /* OK */
int funct (int bb[:][:], int 1, int r); /* OK %/
int funct (int aal:][:], int n, int m) {

int i, J;

for (i=0; i<=n-1; i++)

for (§j=0; J<=m-1; J++)
aali]l[J] += 2;

}
funct (a, n, m); /* passing a[0:2]1[0:3] */
funct (p, n, m); /* passing a[0:2][0:3] =*/
funct (b, 2*n, 2*m); /+ passing b[1l:6][1:8] =/

gbooboboboooboboboboobob ebpdoboboooobbOo0ObOobDO pd
gboodgbooboobboobbobbobbi aatdbbooboobooboogboooboab
gbobooooboobboobooobboobooboboobooooobooooooyg

FORTRANOODOOOOOOOOooOOooDoobo1gobogboobooboboobobooboon
goboooobooobobo0oooboob0oboo0oboobooboobobobbOobO FORTRANDO O
gbooopobooboobobooboobn

int n=10;

double X[1l:n];

void funct (double A[l:], int n);
funct (&X[5], n);

O0000032000 pali+1][j+11 000 ali]1[3100000000000000000O
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#include <stdio.h>

int main() |
int oldrlow = 0, oldrup = 3, oldclow = 0, oldcup =
int newrlow = 1, newrup = 4, newclow = 1, newcup =
double aloldrlow:oldrup] [oldclow:oldcup], (*pa)l[:1;
void funct (double aa[l:][1:], int rup, int cup);

~

o U1

vl J7

pa = (double [newrlow:newrup] [newclow:newcup])a;
for (i=oldrlow; i<=oldrup; i++)
for (j=oldclow; j<=oldcup; Jj++)
alil (3] = 2;
funct (pa, newrup, newcup) ;
for (i=newrlow; i<=newrup; i++)
for (j=newclow; Jj<=newcup; Jj++)

printf ("palil[j] = %f \n", palill[]jl);
}
void funct (double aall:][1:], int rup, int cup) {

int i, 9;

for (i=1; i<=rup; i++)
for (J=1; Jj<=cup; Jj++)
aali]l [J] += 2;

ooobo1s2:.00000 152:.000b00b00bogo

0000020000000 00
funct (pa, newrup, newcup) ;
RN
funct (a, newrup, newcup) ;

goog

googn

funct ((int [newrlow:newrup] [newclow:newcup])a,newrup, newcup) ;

gooooooooooooobobgo
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16l OD0OOOOUOOON

cooooooooooooooboboboooodcCchooooooooooooooooooo
0o0dddooochOoooooooooooddddoooooooooooooooooon
000oooooooooooooooboooooooooooooooobooooobooooo
O0ooooooooooooon

A;0A,020000000000000000 Aj/JA,000O00O0OOCODOOOOOOOOOO
O0000000000Fortran90000A,/A, 00000000O0DOO0O0OODODOOOOMATLAB
O00A; 0000 A, 000000000000 0000O00A/ADO A1A2_1DDDDDDDDD
0000000000 oooooooooooooo0oooooo0doDoobo0oooooDooOoon
0000000000000 0000000000 Ax=bOOOOOOOx=b/A000000
00000000000 ooooooooooboono ¢hoobooooooooooo 1
000oooooooooooooooooog

doodoochOOOOoDOOooOOono A0 A, 0200000000000000000 A1./220
O00DA, 0000 A,0000 Al+inverse (A2) 0000000 s=v AvOOChOO
transpose (v)«Axv O UO0OOOOOOOO

0o00dooooooooofenooood
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16. DO0OOOODUOOO
le.1. DODOOOOOOOOO

Ole1:000000000O0ODO

oood oo
oo
char[J int[J floatd doubled complex [0 00 0 double complex D 0 OO OO OOOO
oo0ooogoog
char0 int0 floatD double U DO OO DO ODOODOOOODOODOODO
charDint0 0 0000000000000 O0OOOOO0OOOOOO
charld int0J floatd doubled complexO [0 O O double complex 0 20 O 0O O
char(J int[J floatl] double[ complex[] U [0 O double complex U 200 0000
char[d int(J floatd doubled complexd [0 00 O double complex O O O O

good

>

m<§n—|bj

o

bool
C char
short

7]

int

float

double

complex

000000OO00DOO0dooOoDobOoonoooooaoon
00000DO0o0ooooobooooon
00000bO0o0bO0o0DobOo0obOo0o0obDbOo0ooooDbOoooooooOoan
OO0 char 000 intd OO0 double

goooooo

B AT N o - =

u oooo
1 long

gboboooobooboobobobobooooooogooooboboyvoviovzoooo
oooboooboouo AbAIDA20000000DOO00DOO0OOOO0ODOODLOD

161 O0OOO0OOOOOOO

googoboooobooboooooobooboooobobboooboobooooboooobobo
U00000array0 000000000 ODODOODODOOOOO arrayh00OO0OO0OODOO
gboobooobobboboobooboobobooboobobooboobooobon
Uobobobbob0arrayd 000000000 0oO0obO0OO0O0O00ObOOO0OOODOOOODO
ugbooooon

array int al[10]; // al[0], ..., al[9]
array int a2[0:9]; // a2[01, ..., a2[9]
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16. DO0OOOODUOOO

16.2. OOOO
array int a3[1:10]; // a3[1], ..., a3[1l0]
array double a4[10][10]; // a4[0:9]1[0:9]

array complex a5[1:10][1:10]; // a5[1:10][1:10]

oobobooog ‘>gbdbobooboooooboboboboboooboooboobobobo
Oood00oodn-1000n0000O [rooboboobooboobooboonogong

2000000000000 o0oobooboboboboboboobobobobooobooobOoDboOoD
gooooooooobo=00000000000DO0D0ODOC

> array double a[0:3]

> array int b[4] = { 0, 1, 2, 3}
> a =>D

0.00 1.00 2.00 3.00

>

cobogboobooooboooobobobooobooboooobooboobobobooooDon
ooooooooooooon

array int al[3] = {1, 2, 3};

array int a2[3]= { 2.3e3d, 2.2F, 3.D }; // a2 = {1,2,3}, data cast
array int a3[] = {0.0, -0.0, -0.0}; // a3 = {0.0, -0.0, -0.0}
array double a4[]1([3] = {{1, 2, 3}, {1, 2, 3}};

array double a5[3][3] = {1, 2, 3, 1, 2, 3};

162 OO ODO

1621 0000

gopbooboobbooboobooobooboobbooobboobooobooo

array int af[20], b[20];
b = a+b;

U0a000000000bp0O000 at000000000000 aOpOO0OO00ooonoooon
goboooobooboobgoobobobobuobo choboobobooboboobobobon
00000000000000000000000000 M6eIDI620 000 a000000000
goo3p0bo0bobobobooboooooooo
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16. DO0OOOODUOOO
l6.2. ODOO

/* File: declare.ch =/
#include <stdio.h>
#include <array.h>
#define N 2

#fdefine M 3

int main() |
array int al[N][M] = {1,2,3,
4,5,6};
array int Db[N] [M];
b = ata;
printf ("b = \n%d", b);
b = 3xa;

printf ("b = \n%d", b);
return 0;

oooooilel:00bbooooooon

/* File: declare.c */
#include <stdio.h>
#define N 2

#define M 3

int main() {
int a[N][M] = {1,2,3,
4,5,6};
int b[N] [M];
int i, 3J;

printf ("b = \n",);
for (i=0; 1i<N; i++) {
for (3=0; Jj<M; J++) {
b[i][J] = ali][3]]
printf("sd ", b[i
}
printf ("\n",);
t
printf ("b = \n",);
for (i=0; i<N; i++) {
for (3=0; Jj<M; Jj++) {
bli] [J] = 3*ali]1[3];
printf("sd ", b[i]l[]J]);
}
printf ("\n",);
t

return 0;
00000 162.COOO0O0OO0OO declarech O OO
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16. DO0OOOODUOOO
l6.2. ODOO

O0000le N 0000000000000 0000000@Me200000000000000
0000000620 0000000000000000000000000000O0O00O0OO0OO0
U0 arrayhOUarray0 0 0 0000000000000 00O0O0O0ODO0O0ODO0OODO0ODOOODOOO
000000000000000000000000000000000000000 [6.10 16200
gbooobobooboobboobbood

b

2 46

8 10 12
b

3609
12 15 18

16.22 0OOOOO

chobooobobooooboobobuoooobOobU0lbD myOobOobOO0O0bbO0ObOnOOO
oboboboboobobooooboobobUbeb300bnDooDt0 v 300D obobO
00000 vpbO 2000000000000

array int a[20], b[20];
b[1l] = al2]+b[2];

cooboooobooooboobooooboooobooobDboobbooobooobbooDo
B

array int B[2][31]1;

O0000eIN000002x300000 BO0D0OOOO 0x10000000000 BO00O0DOOOO
gboooooie2nooooooon

BOJ[O] | B[O[1] | B[OI[2]

Bl | B[] [ B[

01le.1: 0000 B
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16. DO0OOOODUOOO
l63. DO0DOOODOOOOOO

0x10000

B[O][0]

0x10004

BIO][1]

0x10008

B[O][2]

0x1000C

B[1][0]

0x10010

B1][1]

0x10014

B[1][2]

0x10018

Ule2:2000000BOOOODOODOODO

163 UODOOOODDOOOO

chOobooboobobobobobUscanfQU DO O00D0ODODODOODOODOODODODO
gooo

> array int al[2]

> scanf ("%d", &al[0])
10

> a

10 O

oboobobooooobooodbdscanfQUOO0O00OOD0OODOODODODODLDODOOO charO O
Ounsignedchar U0 000000000 0ODO 10000b00bO0obOobooogoo 2oy
gbbooboboobuoobboobubuoobooobood

> array int Db[6]
> scanf ("sd", &b)

10 11, 12
13; 14: 15
> b

10 11 12 13 14 15

fprintfO)U sprintfO)U printf) D O OO0 00000000 OC0OO0ODOOOO0ODOOOO0DOO0OO00OOO
gboogobobooboobobobooboooboobooboboobooboboobbooobn

> array int al[3] = {1,2,3}
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l63. DO0DOOODOOOOOO

>
>
a
>
b
1
4

array int b[2][3]

printf("a =
=123
printf ("b =
2 3

5 6

sd",

a);

\n%d",

{112/3/415/6}

4

b);

16. DO0OOOODUOOO

gobobooobooboooboboobobooobooboboboooboboDobolIbobpo 714000
gboboobobobobob e0gboboooooboo obooM4uobobobobgonDo

gboooboooond

> array int
> a

90
90
90
90
>

90
90
90
90

90
90
90
90

90
90
90
90

90
90
90
90

90
90
90
90

90
90
90
90

90
90
90
90

90

90
90
90
90

90
90
90
90

90
90
90
90

90
90
90
90

90
90
90
90

90
90
90
90

90
90
90
90

90
90
90
90

90
90
90
90

90
90
90
90

90
90
90
90

90
90
90
90

90
90
90
90

90
90
90
90

90
90
90
90

90
90
90
90

90
90
90
90

gbooooboobobooboboooboogobo2b0000o0obooooboboooobo 200000
ooooogg

I e Y

9

10 11 12

array int al[2][2]1[3] =

a
2 3
5 6

8 9

{1,

2,

3,

4,

o)

6,

7y

8,

9,

10,

11,

12}

choooligoooogooboooooboooobogboboooobooooobo 1oL boo
gooooooooooooooobooboobobobobooboobooboobgo

array int al[3]

a
23

transpose (a)

23

{1,2,3}

// column vector

// row vector

Uob0DbO000bbO a000D00000a0Db0D0O0Oranspose(a)”’00000000ODO0O
gboobboobudoboobboobadd
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16. DO0OOOODUOOO
l64. DO0DOODOODODODODO

164 U0ODOOOOUOOOOOOOO

gbbooboobuobbooboobuooboobodobooboobobooboooobooba
gbooboboobobochooboobobobobobobooooooboooboobobobOoDbo
gooodb choooooogooooooobooboboboboobobooobooooboooDo
gboggobooboobooboobbobbobouoobuoobobboboobooboobon
00000000000000000000000000000e30000000char0000n0nd
O00000OOdoublecomplex DO O ODOOOOOOOOOOOOOOO

Data Type Order

double complex
complex

double

float

unsigned long long int .
. high
long long int
unsigned long int
long int
unsigned int

. low
nt

unsigned short
short

unsigned char

char

0163: 0000000
goboobooobobooobooboood

I.charO0int0 OfloatDOdouble D0 00O 0O0ODO0O0ODOODOOODOODO0OOOODOOODODO
goooo

2. charO00int0Ofloat 0 Odouble 00000000000 OODOOOOONO complexOOOOO
ooooobo0obOoobOOoO0booO0oO00oo00O00DO0OfO00O0 - MfO0OD0OOD
ComplexInf OO OONaN OO OO OO ComplexNaN O O 0 O 00O double 0 0 O complex O O
oobooooooooooooooooboonoo

. joobobooooooooboobobo(@boobooboboooDoDH)oboboboooboo
2000000000000DOO00OO0ODOODOODODOO0ODO0ODMDODO0OO0O0 doubled OO
U0O0b0bO0obO0OdowbleO00OOOOODOODO

goboobooobbooobooobooooboobooobboooaon
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16. DO0OOOODUOOO

l16.5. ODOO

vV NV ~ V V V V

d =

array int i[2] = {1, 2}
array float £f[2]
array double d [2]

f =1 // float = int

.00 2.00

d=f + i // double = float + int

.0000 4.0000

f + i000000000 fleat0 0000000 0ODOODODLODO t0OD0Oi0D0O0ODO

00000 floatO0 intO0O000000OOfleatI 000000000000 Odoubled0OOO
ObobobdobddouwbleODOOODOO0O0OOdODOODODOODLOODDODODODOOODOODODO
0000000000000 00@6e30 000000000

16.5
16.5.1

goog

ggon

gobooboooobooue2fiboonooodo

Ole62:000000ODO

HEN gd gd
gooon +A A/k
oooooo | —A A/k
00 Al+ A2 Alp
o0 A+ [s] Alp
oo [s] + A Alp
00 Al A2 Alp
00 A —[s] Alp
oo [s] — A Alp
oo Al1xA2 | A/pO0O0 alp
oo Axs Alp
oo s*x A Alp
oo A/s Alp
goobgoo Al . x A2 Alp
gooon Al./A2 Alp
ooooo | [s]./A2 Alp

06200 00000000000 A/kDODODODODDOOOOOOOOUODOOOOOODOOOOO
0000000000000000 A/p0000000O0OOOODOOOODOO200000000
000000000000000000000000000000000000IeIDO0O0O00DO0
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16. DO0OOOODUOOO
l16.5. ODOO

goooooooooooobobobo +w0oboobgbobo o000 +wooogooo
‘~gobdobo »oboobo s,sgbobobobo ‘.«wbbobobobobo ., bobobb
Uob0 «0b0l1gboobooboobo200b00020000000000000020000000
goboooobobooobooooooooboboogog “.«wbobooooowo ./ oo20
gooooboobbooboooboobbooboboobboobboobob @uoobboon
oHooooooooooo
gbooboooobooboboobobobobooboboobooobooboboono
000000620 00000000000000000000000000000O0ODO0O000
gboboboobuooboboboobooboobobbobooboouooboboobooobon
gboboboooooooobooboboboooboboooooooboboD .y, bUunoo
gboogoobooboobboobuoobbooo
gbobodboobobuooboobboobooobbobbooobooboon

11
11

array int al]| ] = {1, 0, 2, 3}

2]1[2
2]11[2] {0, 5, 2, 2}

>
> array int a2
> float s = 2.0
> al % a2

0 5

6 16

> al .x a2

0 0

4 6

> al/s

0.50 0.00

1.00 1.50

> al +2

32

4 5

20000b0b0obobobobobooboboobboooobOoboobooooboobDOooDOoo

array int alf[211[3] = {1, 2, 3, 4, 5, 6}
{1, 2, 3, 4, 5, 6}
array int b[3] = {1, 2, 3}

> alwxa2

22 28

49 64

> alxb

14 32

> alxal

>
> array int a2 [3]1[2]
>

ERROR: array dimensions do not match for matrix operations

gobooboobooboobAldobD A20000 (x nUODOO @x HOOO 0O 1020
j.oo)j200b00b0b0bobobobobbobobobobbobobobobob

352



16. DO0OOOODUOOO

l16.5. O OOO
> int 1
> array int a[l] = {10}
> array int b[l] = {20}
> array int c[2] = {1, 2}
>i=axDb // (1xl) % (1xl), the result is a scalar
200
>b =a+ b // it's an array
30
> transpose(c) = ¢ // (1x2) * (2x1), the result is a scalar
5
> ¢ * transpose(c) // (2x1) * (1x2), the result is an array
12
2 4

a » bO0O0O0OODOOOOOtranspose(c) = cOOO0O0OO1000000000000003
OmrxHOODODODODODOOOoOoooooOoOooooooooddcecO x2)00oooExnoo
ooooooo

0000000 .« 00000000 ¢/ 00Fr0000 Whie0OOOODOOOOOOODO
00000000000000000001<2<62000000 y(z)=2/z+sin(z?)00000
0100000000000000000000000000

> array double x[100], y[100]
> lindata (0.1, 6.2, X)

>y = 2.0./x +sin(x.*x)

> plotxy(x, V)

ODfedn00oo000ooooooog

25 -
20 |
15 ||

10 |

0 16.4: 00 y(z) = 2/ + sin(z?).
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16. DO0OOOODUOOO
l16.5. ODOO

lindata(0.1,6.2,x) D0 0000000000 0O0O0O0OO0OOoOIDG200000000010000
O0D0xO0O0O0O0ODOO00bO0ooooobD0ooboOoboboOooboOoU lindatap0 0 DOOO0DOODODO sin()
gobogboobobooboboooobobboobo xbgbobo2./x0b0b0000 2 ./ x
gbooodz.o/x000000000000O000DOO000O00O0O0O0ObOO2./x000000000
googooboobooobon

16.5.2 0OOODO

000000000000 @e3d0ooooooo

0l1e63: 0000000

gd gd ggd
gd Al1=A2 A/k
assign A=[s] A/k
assign sum Al+=A2 | Ak

assign difference | A1-=A2 | A/k
assign product Alx=A2 | A/
assign product Alx=s A/k

assign quotient Al/=s A/k

00oo0oboooboboOd =" 00assignsum 0 OO ‘+="0assign difference 0 O O ‘~="[assign
product D00 ‘x="0000 assignquotient U O 0 */="0000000000000000O0000
gooooooooooooobooboobooOoobboobboooboobboOooboooDOoD

ooooo0ooOoOoooOooboOoboboouooboooo

> array int alf4] {1, 0, 2, 3}
> array int a2f[4] = {0, 5, 2, 2}
> al += a2

wa 1545

1653 UOUO0DODOOOODLODOODOODLOOO

00000000000000000000000000ME4Dn000000000000000
gbobobobobooooooobobob 1oL obU0b0 ++0oogoo
gooobil1gbooooobooboboob ‘-—>0bobooobobooooboboobobo
gbooooobooobooobooon
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16. DO0OOOODUOOO
l16.5. ODOO

Ol164: 000000000000

oo oo |od
OO0 | A++ | Ak
od | ++A | Ak
oo | A—| Ak
oo | -——-A | Ak

gbobobobobobobobobobobobob

array int al[4] = {1, 0, 2, 3}
{0, 5, 2, 2}

array int a2[4]
al++

02 3

al

1 3 4

-—a2

-1 411

vV N V ~ V V V

gboboboopoooboobilioboobooboobbobooboooobob NULLODO
gboboooboobboboobobooobobuoboobobooobo NULLODODOO0ODbOOoDO
uNULLOOOOoogooobooobodobuooboooboooNuLLOoooonooobon
o000 =="0000bu0bob '==000000b0gbobobobooboooooboboboood
gooooboobobobooooobobon =="0000000b000b “'=02000000000
gbobooboobooboboobobboboobobobooboboobobbobdnd NULL
OU0b000ooobbo0ooboodbDOued 00 falseD 00D OOOOOOOOODOONULLDOO
gobobooboboobooobooboobooboooobooooboobooboooboboo
gbobooobooobooooboobobboboobooobooobooboboobboooboobon
goooooboobooobooon

00000 eIIDO0OONULLOOOO func() 00000000 a000000O0DOOOO
OMI20000000000000000 a000000000000O0ODO0OONULLOOOO
goooooooobooo2b00b0b0obob0obobobobobobobn

a==NULL i1is true
a!=NULL is false

1654 0000

000000000000 @6e3A0 000000000
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16. DO0OOOODUOOO

l16.5. ODOO

0les5: 0000000

00 00 00
00000 Bl < B2 I/
0oooo Bl < [s] /i
00000 [s] < B2 Ui
000000000 | Bl <= B2 I/i
000000000 | Bl <= [s] /i
000000000 |[s] <= B2 i
000 Al == A2 I/i
000 Al == [s] /i
000 [s] == A2 /i
000 NULL== Al | b
000 Al == NULL| b
000000000 | Bl >= B2 /i
000000000 | Bl >= [s] I/i
000000000 |[s] >= B2 /i
000000000 | Bl > B2 I/
000000000 | Bl > [4 I/i
000000000 |[s]> B2 /i
00000 Al 1= A2 I
afalaluln Al 1= 4] I/i
00000 [s]1= A2 I/i
00000 Al != NULL b
afalululn NULL!= A1l b

gbobobo‘00bbob0<g‘dbbbobobu <=0 b0b ==0‘dbuobgobgobog »="0
‘o000 >»o‘0boobob0 '=00000b000b0o0oobo0b00b0o0oDo0b0boDOn int
gobogboooboooobooboobooboob oboo 1obobobboobobobon
gbgogobooboobuoobooboboboobooboobobobooboboobon
gbooobooboobooboobuooboboboooboooboobooobboobooobbooon

R VvV O V V V

array int al[4] = {1, 0, 2, 3}
{0, 5, 2, 2}

array int az[4]
al < a2

100

al >= a2

011

gboooooobooboobolobobooooboboooobooooboob0obOo NULLODO
gobboooobboboooobbuooobbooobbooooboboNLLOObDDbOOoOon
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UONULLOOOOOooOooobooooboooboooboooboooNULLOOoooonooooon
gbog ==000b000bbg “'=000boobobuooboobbooobn
gbobobobobobobobobobobobobob ==000000000 “'=0 2
gbobooobooobobooboobobooboboobooboboobooobooooooboon
O0O00O0ONULLOOOOOO0DOO0bUobo00o0bOUbwued 0O falseD 00 0O0OOOOODOO
Oooobooofooboooooooobo0ooooboOoNULLODOOoOoDbbOOooobbouoonoo
goboboooboobobooboobobobooobobooboooboboobobooboan
goobooboobbooboobboobooboooboobobooboobbooboon

16.5.5 0DOOOO

000000000000 Me60 000000000000 00 AND‘s&’0XOR""’OO0OR| |’0
gooNOT*'oooboobooboboooboboooboobouboobDibbooobooood
1000000000000 2000000000000 b0b0bOobobobooo0ooooODo
gboooboboobodboobbooboobbooboobooobooboooon

Ole6:00000O0ODO

ug gd gd
AND | Alss A2 | T/
AND | A1 ss [$] I/i
AND | [s]as A2 Iii
XOR | A1 "~ A2 | TIi
XOR | A1 " [s] | Wi
XOR | [s]"~ A2 | Wi
OR Al || A2 | T4
OR | Al || [s] I/i
OR |[s]I1 A2 | Wi
NOT | A 1i

gobooboooboobooobooboooboboooobgon

array int al[4] = {1, 0, 2, 3}
{0, 5, 2, 2}

array int az2[4]
al && a2

011

al || a2

111

= VvV O V V V
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16.5.6 OO0

c¢hooooooog 20000000000 ooboboooooobobooooboobOoboon
gobooboooooo20dbodbobboooooobobobooobDoogooooooog 200
gboooooooooooooooooooooooooooooo

goboobooobboooboobooobbooboooon

> array int a[2][3] =1, b[2][3]=2
array float £[2][3] = 3.0

1 ? a:b // operands of array

11

11

0 ? f:b // operands of array
.00 2.00 2.00

.00 2.00 2.00

N DV R P VOV

gobob20b00ogoo200b03pgboooboboooooboboboooboo @2ex3)ooo
Ooobooooboobooboo2000b00b000 fleratDOO30000000O00 intO0O
00000000 UOflecat OO ODODODODDO

16,57 UDDOODOOOO

obooboobD ‘«’00b0bobbooboboboooooobobobooooobobobo
goobooboobbooboobboobooboooon

array int a[0:9], b[2][3];

int *ptr;

ptr = &a; // the address of a

ptr = &al[2] // the address of third element of a
ptr = &b; // the address of b

ptr = &b[1]1[2]; // the address of an element of b

gboboboboboboobobob¢’gbobobobooooooooooooooooon
UboooobodbbDsal a(ol[olooobodibepd bioj[ooobooooooboooon
gobooooboobobooboobobobooobooboboobuoobobooboobon
gbboboogbbogaobobda NLLOOooobooogobbooobobooobobooan
‘ogbbooboboobooooooboobboobboboobboboobbo0bb0bdsbr11(0110]
googbobObpr1irologboooooobbooo

> array int al[2][2] = {1, 2, 3, 4}

> array int b[2][2][2] = {1, 2, 3, 4, 5, 6, 7, 8}
> &a

4005e3e0

> &al[0][0] // same as &a
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4005e3e0

> &b

4005e4e0

> &b[0][0]11[0] // same as &b
4005e4e0

> &b[1][0][0]

4005e4f£0

16,58 UOODOOODO

choooooooooooooooooboobooboobobocbobobobobOoboOoon
gboogoooboobooobboobuoobobobobooooon
gobooboobbooboobooobooboono

array double a[31[1], b[3], cl4]1[3];
array int d[3]1[1];

a = (array double [3]1[1])Db; // cast [3] to [311[1]

b = (array double [3])a; // cast [3][1] to [3]

b = (array double [3])&c[1]1[0]; // cast 2nd row of ¢ to vector b
b = (array double [3])&c[2][0]; // cast 3rd row of ¢ to vector b
¢ = (array double [4]([3])4; // cast scalar to array

d = (array int [3][1])a; // cast double to int

gboooooooboboob2b0booooooboboboooooooDoboDbbog cobm
gbobooobobbobudydbobobobobb0b 0000 obooboboobon
gbooobobbpboboobobooboboooboboobuoobobooboobooban
Ub0o0booobobbobbOobiboOl ¢ = (array double [4]1([31)40000 cOD0OODO
goboo40000000DbO000OO0DbO0ObDO0ODOODIODODbDbOOODbOoODbLO0ObLbOOn
gboooobooboooboaon

gbobooobobboboooboboobobobooboobobooboboobobooobo
ggboooboooobobooobooboooboboobobooobooboobooboobooobooDboo
goooooooooboootbobobooboobooooooo

> array double al[3] = {1,2,3}
> (array int [2])a

12

> (array int [4])a

1230

gbooooboooogoboboooobobobobooooboboboooboobobooobobooooo
gbooboboobobooboobobbobooboobooboobooboobobon
gbooobbooboooobooboonbd
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> array int al[2][2] = {1, 2, 3, 4}
> (int *)a

4005ef10

> &a

4005ef10

> (int)a

1

166 DO OOUOUUUOOUOOOOOOOO

gboobooobobobobooboboobooboboboboooobooboobobo
gobooooboooooooobooooboobobooooboobobooboooooobobooooDo
gooooooobobobooboboooooooobooboboooboooo20000000DO
gbooboobobooobooooboobobboboboooboobooboboobon
gobogoooooboooobooboobooboboooooboooobobooboobooboo
goooooooboooboobobbobobobooboooooooooooooboobDi10coboooDo
goooboboob «eb00b0o20b00b0000ba0bO0DCOObDDObDOOOODOn
gboobboobuodoboaobbood

> array int a([2][2] = {1, 0, 2, 3}

> al + 2 // 2 is promoted to array
32

4 5

Oe70000000000000000000000O0

360



16. DO0OOOODUOOO
l6.7. DODOOLOODLOOOOOO

0le7:000000ODO

oo oo good oo
00 A=5s |A =] A/k
00 A+ s A + [4] Alp
oo s + A [s] + A Alp
00 A — s A — [4] Alp
oo s — A [s] — A Alp
00 s./ A [s]./ A Alp
0oooo B<s |B<]|s] | Ii
0o0ooo s<B |[§)<B | L
000000000 |B <=5 |B <= [s| Wi
000000000 | s <= B |[s] <= B| Ui
ooo A==s|A==1s]| I
ooo s == [s] == I/i

000000000 |B >=s|B >=[s| Ui
000000000 |s >=B |[s] >= B| Ui

0ooooo B>s |B>[s] | U
0ooon s>B |[s] >B | i
ooooo Al=s A l=5] Iii
00000 s!=A [s] 1= A Iii
XOR B s B " [s] 1i
XOR s*"B |[[s]""B I/
OR Bills B || [s] T/
OR s|| B [s] Il B T/
AND Bsss B ss [s] Ii
AND s&s B [s] & B I/

17 ODOOOUOUOOUOUOOOO

000000000000 04000000000000000000000000000000
Ooooo[edooooon
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Ole8:0000000O0O0OOOO

googd goooooo 00 bOoobooog oOood
oooood array double a[2][3] OO OO oad
oo0ooooo array double al[:]1[:] OO0 OO oag
gooon typel func(type? a, ...) oo 0Od RN
UoodobobobO array double al&ll&] OO OO ud
goon array double &a ogg 0Ood gd

gboobobgoobobooboooboobooboobooboobooobobooboobo
gbooo400000@0000)yooooooooo2o0000000000000000000
gboobobooooboobobbobooboobobbobooobobooboobon
gboboobobobobboobooboobobboboooobooboobooobobon
gobogbobooooboooogoooooobobooooboboobobobobooboooo
gbooboooboooboboobooboboodoboboboboooobooboobooooboboobon
googoobo20000000000

1671 0UDOO0DOOOOOODOOO

0000030 000000000000000000000000000O00O0O0OO0
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/* File: suml.ch =*/
#include <array.h>
#define N 2
fdefine M 3

double suml (array double a[N] [M], array double b[N] [M]) {
double sum = 0;
int 1, J;

b=a+2*a; // b= 3*a
for (i=0; 1i<N; i++)
for (3=0; Jj<M; Jj++)
sum += al[i][]];
return sum;

}

double main () {
double sum;
array double bl[N][M], al[N][M] = {1, 2, 3,
4, 5, 6};

sum = suml (al, bl);
printf ("bl = \n%g", bl);

printf ("sum = $g\n", sum);
return 0;

ooobooe3:00bb00oboobbogoooobooooooD

00000030 0000000000000000000000 suml () D0OOO0OOOOOO
O2x30goog

b=a+2xa, (16.1)

gboboo0dod a0bgoboobuobbobooooobooboboobobbooboobon
0000000000000000000000000000000eAN 0000000630000
gbooooon

bl =
369
12 15 18
sum = 21

0165 000006300000

1672 O0OO0OODOO

gbooboboboobobooooboboobobtdsuml () DODOODOOODODODDO
gbobobobobooooooboboboooobobobobooboooochbobogonDo
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gboboooboooboobboobooooboobooboboobboobooooboobooboan
googboboobooboobobooboobboobooboobbooon
gbobobobo vbobobobobobobobooboboobbobooo

int functl (array int al:]1[:], bl[:1);
int func2 (array double c[:]);

000000e3N00000000000000000000000000000DO0O00O0O
O0oledo0ooooooono

b=a-+2xa, (16.2)

gobogobooobbooobb20b0bbo0obboo0 sum2 () U0DOOO0ODODO aOO
gbboogobgaboooboaon

/* File: sum2.ch */
#include <array.h>

double sum?2 (array double a[:][:], array double b[:][:]) {
int n = shape(a, 0), m = shape(a, 1);
/* or array int dim[2] = shape(a);
int n = dim[0], m = dim[1]; =*/
double sum = 0;
int i, 7Jj;
printf("n = %d, m = %d\n", n, m);

b=a+2 *a; // b= 3%a
for (i=0; i<n; i++)
for (3J=0; Jj<m; J++)
sum += al[i]l[]];
return sum;

}

double main () {
double sum;

array double bl[2][3], all2][3] = {1, 2, 3,
4, 5, 6};

array double b2[3][4], a2[3][4] = {1, 2, 3, 4,
5,6 6, 7, 8,
9, 10, 11, 12};

sum = sum2 (al, bl);

printf ("bl = \n%g", bl);
printf ("sum = %$g\n\n", sum) ;
sum = sum2 (a2, b2);

printf ("b2 = \n%g", b2);
printf ("sum = %$g\n", sum) ;
return 0;

00000 164:0000000000000000000000O0O0O0O0
D6 000000 fedooooooooon
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bl =
369
12 15 18
sum = 21

b2 =

369 12

15 18 21 24
27 30 33 36
sum = 78

Ol66: 0000006400000

gboobooboboobooboboobobooboobobooobobooboobo
gbooooooooboooooobooooooogooobooooboobooooooobooobooogn

000000000040 00000 al0 a200000000000000000000O0
goobobobbosum2 () DO0OO0OODOO0ODOODOODOOOODODODODOODODODOn
000000001 000p20000000000000M66N00000064A0000000
gooo

oooobshapeQ U000 OO0DO0O0OODOODOODOODODODOODODOODODOODOO
OOshapeQU 100000000000 0O0O0O0OOOODOOOOOODO0ODOOODOOODOODOO
mO000000000000000004

array int shape(array type [:]...[:1)1[:]1;

U000twypeU0ODO0O0O0ODOODOOOOODOODOOODOOshapeQUOOD 100000000
o000l xilbbobooboobbobooboboooobooboboobooboo
OOooooodOCbOshape D00 O0O000OO0OOCODOOOOOODOOOOODOOOODODLDOOO
gbooopobooboobboobooboobboobooboboobooo

int shape(array type [:]...[:], int index);

opoboooboognd

> array int a[3][4], bI[5]

> shape (a)

34

> shape(a, 0)

3

> shape(a, 1)

4

> shape (b)

5

> (int) shape (b) // cast 1x1 array to scalar
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(int) shape (shape (a))

N VoOn

000000000000 shape(b) UOOOD Ix1ODODOOODOOOOOO (int) shape (b)
gbobgbboboboooboobobooboobobbbOobond (int) shape (shape(a))
gbobooooboobooobuoaon

1673 U0OOOOODO

choooooooooobooboooooooobbobooooooboobobobooooo
goboobobooobboooobooobooobooobooobooobooobboOooDbo
gbooboboobooabbooboobd

array int A[n][m], B[m];

array double C[m];

O000nOnm0dimt0O0000O0O0O

000000 00000000000000000000000000 defshape() OO0
b00000000000000 000000 a0000000O00OCO0OOOOOOO@6AO00
D000D0@e3D 0000000 Iea00000n0onoon

/* File: defshape.ch */
#include <array.h>
fdefine N 2

#define M 3

double defshape (array double al[:][:], int n, int m) {
array double b[n] [m]; // b is deferred-shape array
double sum = 0;
int i, 3J;

b=a+2*a; // b= 3*a
for (1=0; i<n; i++)
for (3=0; Jj<m; Jj++)
sum += al[i] []];
printf ("b = \n%g", b);
return sum;

}

double main () {
double sum;
array double al[N]([M] = {1, 2, 3,
4, 5, 6};

sum = defshape(al, N, M);
printf ("sum = %g\n", sum);
return 0;

gooboles:0boooooooooon
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1674 UDOO0DOOOOOO

gbooobooobbooobboodsdarg0 00000000 O0OOOODODOOOOODOOODOO
0000000000000000000000000000Z000000 00 0030000 lindata()
gbooooooooooooooobooobooboobobobobobobobn

000000 00000000000000000000000 a000 bOO0O func()
0000000000 (@0Uo000esZnoo)o

367



16. DO0OOOODUOOO
l6.7. DODOOLOODLOOOOOO

#include <stdarg.h>
#include <array.h>

void func(int k, ...) {
int i, m, n, wvacount, num;
ChType_t dtype;
void *vptr;
va_list ap;
va_start (ap, k);

vacount = va_count (ap);
printf ("va_count (ap) = %d\n", vacount);
for(i = 0; i<vacount; i++) {

if (va_arraytype (ap) ==CH_CARRAYTYPE ||
va_arraytype (ap) ==CH_CHARRAYTYPE) {

printf ("va_arraydim(ap)= %$d\n", va_arraydim(ap));
num = va_arraynum(ap);

printf ("va_arraynum(ap)= %d\n", num);

m = va_arrayextent (ap, 0);

printf ("va_arrayextent (ap, 0)= %d\n", m);

if(va_arraydim(ap) > 1) {
n = va_arrayextent (ap, 1);

printf ("va_arrayextent (ap, 1)= %d\n", n);
}
if (va_datatype (ap) == CH_INTTYPE) ({

int al[num], =*p;

dtype = va_datatype (ap);
vptr = va_arg(ap, void «);
printf ("array element is int\n");

p = vptr;
printf ("p[0] = %d\n", pl[0]);
arraycopy (a, CH_INTTYPE, vptr, dtype, num);
printf("a[0] = %d\n", a[0]);
}
else if (va_datatype (ap) == CH_DOUBLETYPE) {

array double b[m] [n];

dtype = va_datatype (ap);

vptr = va_arg(ap, void x);

printf ("array element is double\n");

arraycopy (&b[0][0], CH_DOUBLETYPE, vptr, dtype, num);
printf ("b = \n%f", b);

}
else 1if(va_datatype(ap) == CH_INTPTRTYPE)
printf ("data type is pointer to int\n");
}

va_end(ap) ;

int main() |
int i, al4]={10, 20, 30}, x*p;
array double b[2][3]={1, 2, 3, 4, 5, 6};
p = &i;
func (i, a);
func (i, b,a);
func (i, p);

oboobole6: 00000 0OD0ODODODODODODODOD
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va_count (ap) =1
va_arraydim(ap)= 1
va_arraynum(ap)= 4
va_arrayextent (ap, 0)= 4
array element is int
pl[0] = 10

a[0] = 10
va_count (ap) = 2
va_arraydim(ap)= 2
va_arraynum(ap)= 6
va_arrayextent (ap, 0)= 2
va_arrayextent (ap, 1)= 3
array element is double
b =

1.000000 2.000000 3.000000
4.000000 5.000000 6.000000
va_arraydim(ap)= 1
va_arraynum(ap)= 4
va_arrayextent (ap, 0)= 4
array element is int

pl0] = 10

a[0] = 10

va_count (ap) =1

data type 1s pointer to int

O167:00000[0e60000D0O0O

Oo000DoooboobOoU0d arraycopy U ODODOOODO func() DO0O0O a0 00 pOODODO
goboboooooooboooobobooboobobooobobooooboboooooboooo
gbogboobobooboobobbobooboobobbooboobobooboobon
0000000000000 000000000000000000MD 000000 @e93000
ooooooo

16.7.5 0O0OODO

000000000000000000000000000000000000@MCoO0O0n
0@ 00000000000000000000000000000O0000DO00D0OUoOOO
gboooboobooobgoobooo

gobooboboobobooboobboobobooboobobooboboooboooboooboon
gboboboboooobboobobobooooboboobooochobobooooobOonDo
gbooboobobobooboobooboboboboobooboooobuoobobooboobob
oood ¢’dogpooboobooboboobooooboboooogogboobobobobooboooDo
Ubooo0ooooooooooooood abp0cOOO

int fun(array int al[&], array int b[&][&], array int &c);

Ub0aU0p0O00000O00O00OO0O0OOOOOO0OOcO0OOOO0OOODOOOOOOOObOObOOn
gobooooboobobobooboooooobooboooobooboboboboobon
goboooobobooooboobobooobobooooobobooboobooboobobooboooo
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gboooboboobooobooboooboooooobobobooboooboobobooboooboan
gobobooobooboobobobbobooboboobooboboobooboobon
U000b0bo0oo0oboobob0oO0b0dOdoubleOfloatd 000000000 ODOO0OONODOdouble
gobodboobooboboboobooooooboobouooobbodbdowbleoognoooonO
gooobooooobooboobobobobbooboobooobobboobDoobooboOon
gbbogbobooboobboobuobboobuoobboobuooboboobooboboooobb
000000 000000000000000000000000000000

#include <array.h>

double sum3 (array double al[&][&], array double b[&][&]) {
int n = shape(a, 0), m = shape(a, 1);
double sum = 0;
int i, J;
array double aaln] [m];

printf("n = %4, m = %d\n", n, m);
b=a+2xa; // b= 3*a
aa = a;
for (1i=0; i<n; i++)
for (3=0; Jj<m; Jj++)
sum += aali][]J];
return sum;

}

int main() {
double sum;
array double bl[2][3], all2]1[3] = {1, 2, 3,
4, 5, 6};
array float b2[3]1[4], a2[3]1[4] = {1, 2, 3, 4,
5, 6, 7, 8,
9, 10, 11, 12};

sum = sum3(al, bl);

printf ("bl = \n%g", bl);
printf ("sum = %g\n\n", sum);
sum = sum3 (a2, b2);

printf ("b2 = \n%g", b2);
printf ("sum = %$g\n", sum);
return 0;

goobole7:0000000D00D00DODODODLDODLO

00000060 0000000200000000000 sum3() 00000000 DOO0OOO
oon

b=a+2xa, (16.3)

0000000 a0000000000000000O0O00OO0 06700 0doubleT0float0000
O00D0ob0oobOb0o0ob0obUbb a0O0pO0Odouble D00 ODOOO0OODOODOO
main() 000 al000 az000000O0000O0O0O00O0OO0OODODOOOOO0OO0O0OO0nn
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gooboooooobbog sum3 () DOOO0OO0OOOO00OO0O0OOObOO0o0bOObO000n
gboobdbodb 1000200000 DO0OO0O0ODODO0ODO sum3()UDOO a00OO00O0O aa
gbooo0oooooobooboobobobOobobOdbddewblel 0000000 O0O0O0OOOOO
0000 Me0 0000000000000 @Iedoooooooooon

000006 0000000000000000000000000000DO0O0ODO00O0
D0068000 sumd () 0000000 200000000 a00000000mt0O0 10000
gooooogo

/* File: sum4.ch =*/
#include <array.h>
#define N 2
#define M 3

double sum4 (array double &a, array double &b, int total_num) {
int 1i;
double sum;
array double aal[total_num];

b=a+ 2 *a; // b= 3xa

aa = a;

for (i=0; i<total_num; i++)
sum += aali];

return sum;

int main() {
double sum;
array double bl[N][M], al[N][M] = {1, 2, 3,
4, 5, 6};
array float b2[M], a2[M] = {10, 20, 30};

sum = sumé4 (al, bl, N=xM);
printf ("bl = \n%g", bl);
printf ("sum = %$g\n\n", sum) ;
sum = sumé (a2, b2, M);

printf ("b2 = \n%g", b2);
printf ("sum = %$g\n", sum) ;
return 0;

ooooo e 0boooooooobooooboooooboon

0000000000000 al000 a20000000000000000000000003
0000 blO0O020000 suméd () D000 O0D0OO00OO0OOOOOOOODOOOOOOOOO
OfefD M6 80 0000000000
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bl =
369
12 15 18
sum = 21

b2 =
30 60 90
sum = 60

0l168: 0000006800000

000000 bOOooboOo0oobOO0o0ooDbOO00bOo0oooOo0oobOo0boDoOoobOoooobooooo
O000006e8000 sumd () 0000 a0 bO000000O0al2]0aall](2] 000000
O00o0obooOoooon

O0000Ie800000 sumd4 () D30 00000000000 a0000O0OO0OOCOOOOO
0000d000d0dbOoobOooodoodoodoooodDooDoooDoOooDoooDoooOon
n = (int) shape (shape(a))lddim = shape(a)Utotnum = dim[i] O0000O00OO00OO0O
O 0000000oooooooooogon
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/* File: sumb.ch */
#include <array.h>
#define N 2
fdefine M 3

double sumb (array double &a, array double &b) {
int n, i, total_num;
double sum;

b=a+2*a; // b= 3*a

total_num = 1;

n = (int) shape (shape(a)); // number of dimensions
array int dim[n];

dim = shape(a); // extent of each dimension
printf("n = %d\n", n);
for(i = 0; 1 < n; 1i++) {
printf ("dim[%d] = $d\n", 1, dim[i]);
]

total_num %= dim[i]; // total number of elements

}
printf ("total_num = %d\n", total_num);
array double aa[total_num];
aa = a;
for (i=0; i<total_num; i++)
sum += aali];

return sum;

int main() {
double sum;
array double bl[N][M], al[N][M] = {1, 2, 3,

array float b2[3], a2[3] = {10, 20, 30};

sum = sumb (al, bl);

printf ("bl = \n%g", bl);
printf ("sum = %g\n\n", sum);
sum = sumb (a2, b2);

printf ("b2 = \n%g", b2);
printf ("sum = %g\n", sum);
return 0;

gobogleo: 0000000 DOODOUODLOUObODOObODObDOshapeQU O OODOOODOO

gbobolespoooooobofesbonoobonon
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n = 2
dim[0] = 2
dim[1l] = 3

total_num = 6
bl =

369

12 15 18

sum = 21

n =1

dim[0] = 3
total_num = 3
b2 =

30 60 90

sum = 60

0169: 000006900000

0000000000000 000o000o0o0o0o00oo00oo0oooooooooon
O0fe9C 0000000000000 oDooooooon

0000 elementtype) D D0 000000000000 O0DO0OOOODOOOOOONO elementtype()
g000bOobOOo0ooOobOobocOooobooooboooooooDobOOobooooDobOobDoDo
ooooogd

array double a[3]11[41];
int b[3][4];

ob2000000000000

elementtype (double) == elementtype (a);
elementtype (int) == elementtype (b);

0000000000000 00000000000000000D000OO0O0O0OD [6e10000
OO0 arrayfunc () 0000 elementtypeO DD 000000000000 O0OOODODOOOOOO
0000000000 a+2sin(a) 0000000000000 0 a000000D00O0OO0OOOOO
realfunc () DO0OO0O0O0O0O complexfunc () OO0OO0OO0OO arrayfunc() OOOOOO0O
DOODIeOOO0000@eII0000000000
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#include <array.h>

void complexfunc(array double complex al:][:],

array double complex b[:][:]){

b =a+ 2 %« sin(a);

}

void realfunc(array double af:][:], array double b[:][:]){
b =a+ 2 %« sin(a);

}

void arrayfunc(array double complex al&][&],

int n = shape(a, 0), m
// or array int dim[2]
// int n = dim[0], m =

if (elementtype (a)
elementtype (a)
array double complex
aa =
complexfunc(aa,
b = bb;
}

else {

bb) ;

array double aal[n] [m],
(array double [n][m])a;

aa =
realfunc (aa,
b = bb;

bb) ;

int main() {

array double complex bl[3][4],

array double b2[2][3]
arrayfunc(al, bl);
printf("bl = \n%.1£f",
arrayfunc (a2, b2);
printf ("\nb2 = \n%.
return 0;

(array double complex

1f",

array double complex b[&][&]) {
= shape(a, 1);
= shape(a);

dim[1];

== elementtype (complex) ||
== elementtype (double complex)) {

aa[n] [m], bb[n][m];
[n] [m])a;

bb[n] [m];

2,
9,

al[3][4] = {1,
7,

S,

complex(1,2),
complex (3,4),
7, 3, 2};

az2[2]1[3] =

bl);

b2);

gbobgilelo:-00db0OoboOobOOobDObOODODOD
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bl =
complex(2.7,0.0) complex(7.3,5.9) complex(3.8,0.0) complex(3.1,0.0)
complex(8.3,0.0) complex(10.7,-50.0) complex(9.8,0.0) complex(3.3,0.0)

complex(3.1,0.0) complex(8.3,0.0) complex(3.3,0.0) complex(3.8,0.0)

2 =
L7
1

w N O

3.1 3.3
5.4 8.3

Ole10: 00000 MO6I000OO0O

goboogoboNLLOODOOoOobObOooboobooooooobooooboobbodnb NULL O
Ob0O0bDddbodshapeQU OO 0DODODOUODOODDOODODOOODO funcl() O func2() OO
gboobbooboobobaod

int funcl (array double al&]) {
if (((int)shape(a)) == 0) {
printf ("shape is zero dimension\n");
}
if (a == NULL) {
printf("a is NULL \n");
}

return 0;

int func2(array double &a) {

if ((int) shape (shape(a)) == 0) {
printf ("shape is zero dimension\n");

}

if (a == NULL) {
printf("a is NULL \n");

}

return O;

}
funcl (NULL) U func2(NULL) 000000000000 OO0OOO0OO0OOO0

shape is zero dimension
a is NULL

1.8 U NULLODOOOO

goboboopobooboobliobooboobuoobbobbobooooboo NULLOD O
gbbboooobbobtboooobbuoobbooobbooobbobaNLLOObbooan
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UONULLOOOOOooOooobooooboooboooboooboooNULLOOoooonooooon
o000 ‘=="000000000b0 '=0000bb0bobob0obooboooogoLitobobogonDo
gboabboobuodgboaobbood

oboob0 '==000000000 '==020000000000000O000O00ODO0OD0ODO
gbobooboboboboobooobobuoboooboNULLODbOoDOooboboooboo
OU00000D00weueD OO0 falsel 00 0000O0DOOOOOOONULLODOOOOOOODOO
gboboobooboboobooboboobobobooboobobooobooobooobooon
gbooooboobooon

OooDOoOoif00odoo0d0OwhileDO0O0do-whileDODOOOOO for000O0O0OO0DOOOO
gbobooooboboobooobobbogoNULLOODOo0ooooboooooooooooooon
OU000OOfalse 00 00D00O0O0ODODOOOODOODOODOOODOODODOODOLODOUOO
gboobbwedd00O0O0O00OO00

/* File: arrayrefnull.ch x/
#include <array.h>

void func (array double &a) {
if (a==NULL) {
printf ("a==NULL is true\n");
}
else {
printf ("a==NULL is false\n");
}
if (a!=NULL) {
printf ("a!=NULL is true \n");
}
else {
printf ("a!=NULL is false\n");
}
}

int main() {
func (NULL) ;
return 0;

ooobOolell:NULLOODODOODUOODOoo4oooo
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/* File: arrayptrnull.ch x/
#include <array.h>

int main() {
array double =*a;

if (a==NULL) {
printf ("a==NULL is true\n");
}
else {
printf ("a==NULL is false\n");
}
if (a!=NULL) {
printf ("a!=NULL is true \n");
}
else {
printf ("a!=NULL is false\n");
}

return 0;

ooboog l1el12:.NULLODOOODODOODOOOODOO

00000 DD OONULLOOOO func() 00000000 a0000O0O0O0OO0OOO
0620 000000000000000 a0000000000000DO0OONULLOOOO
gboooooooobooo2b00b0b0obobobobobobobobobb

a==NULL is true
a!=NULL is false

169 U0ODOODOOOOO

0o0o0boob0ob0oobDuobobooboonoOon (firstelassobjecy OO DO ODOOOODODOO
gbgobobuobooboobobooboobobodbuotreternd0O0000ooooogn
gboooobooobooonoboobooon

169.1 UDOUODOOOOOODOODO

O0o00oooooboooooobooooooooooooooon
array datatype funcname (argument_list) [nl]...[nm];

U000On10nmbO203000000000000000000000DO0O00O0OOODOO0OOO
gbooobooboobb boooboobooobooboobboobn
0000006300 00000000000000000000000O00O0O0
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/* File: retfix.ch */
#include <array.h>

int main() {
array int al[2][3] = {1, 2, 3, 4, 5, 6};
array int funct (array int a[2][3])[2]1[31];
a = funct(a);
printf("a[l][2] = %d\n", alll([2]);
printf ("a = \n%d", a);
return 0;

}

array int funct(array int af[2][3])[2][3] {

array int b[2][3];

b = 2xa;
return b;
O00od1e13: 0000000000000

UoDbo0oboobDD funct () 00O 2x30000000000000

b=2xa, (16.4)
000000000 MBIIN 00000

Ol161: 0000061300000

1692 UOUO0DODOOOODOOODO

gooooooooooooooooooobooooooooon
array datatype funcname (argument_list) [:]...[:]

gobooobooobboobbooobboonD ((ygbboobboobobooobboon
oood
00000640 00000000000000000DO00O0O0
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/* File: retvla.ch */
#include<array.h>

array int func2 (array int al:])[:] {
int n = (int)shape(a);
array int xI[n];

printf ("n = %d\n", n);
X = 2+*a;
return x;

}

int main() |
array int al2]
array int b[5]

{1, 2};
{10, 20, 30, 40, 50};

a = func2(a);

printf ("a = %d\n", a);
b = func2(b);

printf ("b = %d", Db);
return 0;

oboooo le4000noobooboooonDg

func2(a) O func2(b) 00000000 0DOOOOO0OO0O0O0O0O0OO0ODODOODOOOOOO
gfgel2n0pooon

n = 2
2 4

v
I

5
b = 20 40 60 80 100

o}
I

01612200000 061400000

1610 00O OOOO

00000@Z20000000000 shape) 0000000000000 DOOOOODOOOODO
gbooobopobooboobobooboooboobobbobooboooboboooobon
gooooooooooooooobooooobooooboooobooobogo

gboboboboboobobapsoOOOO0DOODODODODODODODODDOODOOOO
gobooboboboboobooboobobooboobooobboobobooboboobooobon
gooooooooooooooog

array int abs(array int afl:]1...[:])[:]1...[:]
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array float abs(array float afl:]...[:])[:
[:1)
[:1)

array double abs(array double complex al:

R

]
]

array float abs(array complex al:]...[:] .
o] .

array double abs(array double al:].

— —

1...
[=7...
[=]...
1...[:

(

goboobogg

array int al2][3]1 = {-1, 2, 3, -4, -5, 6}
abs (a)

2 3

56

array complex b[3] = {complex (3, 4), 4, -5}
abs (b)

.00 4.00 5.00

o vV vV b =V Vv

0000 acos, acosh, asin, asinh, atan, atanh, ceil, cos, cosh, exp, floor, log, log10, sin, sinh, sqrt,
tan,tanh 00000 1000000000000 O0OO00OOOOODOOODODOOOOOOODOOOO
000000000000 000o00o0DOo0o0d0oo0oooDOo0ooooOoooooooog
Ofecat00000000D0OODOOO00OOODOODOODOOODOODODOOOOODOODOOODOODOO
ododoooooooo

array float func(array float al:]...[:])[:]...1[:]

array double func(array double al[:]...[:])[:]1...[:]

array complex func(array complex af[:]...[:]1)[:]1...[:]

array double complex func(array double complex afl:]...[:])[:]...[:]

U000 funcO0O0O0DO0OD0OODOOODODOODOOODDOOODOODOO0ODO0ODDODn
float 0 0000000000000 00000000000

> array int a([2][3] = {-1, 2, 3, -4, -5, 6}

> sin(a)

-0.84 0.91 0.14

0.76 0.96 —-0.28

> array complex b[3] = {complex (3, 4), 4, -5}

> sin (b)

complex (3.85,-27.02) complex(-0.76,-0.00) complex(0.96,0.00)

oboboboborb atan200000000ODOODOODODODODODODODODODDO

array float atan2 (array float y[:]...[:1,
array float x[:]...[:1)1[:] N

array double atan2 (array double y[:]...[:]

]

array double x[:]...[:

L~ ~
—
fa—
—
f—

array complex atan2 (array complex y[:]...[:
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array complex x[:]...[:
array double complex atan2 (array double complex y[:]...[:

array double complex x[:]...[:

Di=l...

O0atan2() U0 20 000000000000000O00O0O0O0OOOOOOOOOOOOOOO
gboobobooooobobooooboboobouob fllatdgooobobobbooboono O

ooooood
> array int y[i4]1={1,-2, 3, -4}
> array float x[4]={5, 6, -7, -8}
> atan2(y, x)
0.20 -0.32 2.74 -2.068

O0pow(a,x) 0000000 NXNOODOOOOOOODO200000000000000000
gboogbobooboobooobooboobbooboobboobooboonoobooon

array int pow(array int afl:][:

array float pow(array float al
array
array

array double complex pow (array

1,
][
double pow (array double al[:][:

complex pow(array complex af[:][:

int x) [:

1,

10:]
int x) [:

I

10:]

10+
110:]
1,

int x) [:

1,
double complex al[:][:

int x) [:

10:]

int x) [:

gooooobod0pow(a,x) 00 000D0O0ODOODODOODOODODLDODODLOO

> array int a[2][2]
> pow(a, 2)
7 =10
-15 22
> axa
7 =10
-15 22

3,

_4}

O0powQUUODODOOODODODODOOOODODOOODODDODODOO20000000D0DO
OUOpowQUUIDOOODOOODOODOOOODOOODOOODOODOOOOOODOOO20O
gboobobooobobooboobouoobobooboobobooobooobobooboooobon

oooooon

array int pow (array int y[:] NERE

array int x[:] [=1)[:1...0:]
array float pow (array float y[:]...[:],

array float x[:]...[:1)[:]. [:]
array double pow (array double y[:]...[:],

array double x[:]...[:])1[:] [:]
array complex pow (array complex y[:]...[:],
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array complex x[:]...[z])[:=]...[:]
array double complex pow(array double complex y[:]...[:]

array double complex x[:]...[:]1)[:]...[:]
goooooooao

> array int a[3] = {-1, 2, 3}
> pow(a, a)
-1 4 27

OOreal) D00 mag) 0000000000 OO0OOOOOOOOOOOOOOOOOOOO
gboobboobodgboobboobuoobbobobooboobobooon

S
1.

].
o0

array float func(array float al[:]...[:])1[:
[:1)
[:1)

array double func(array double complex al:

]
]
yLa1...[:]

1. ]
array double func(array double al[:]...[:])[: ol
array float func(array complex af[:]...[:])[: R
1. ]

O00OD0funcOreal0 00 mag 000 00000000000 OD0OO0OO0OOO0O0OO0O0OO
U0 fleatd D00 0ODODOODODOODOODDLODODUDOO

> array int a[3] = {-1, 2, 3}

> real (a)

-1.00 2.00 3.00

> array complex z[3] = {complex(l,2), complex (-3, —-4), complex (0, -6)}
> real (z)

1.00 -3.00 0.00

> imag(z)

2.00 -4.00 -6.00

U000 eanspese() U 010000 2000000000000000000O0O0DO0O00OO0ODOO
O0Nx MOOODOOOODOODODOOOMx NOOOODOoOOo1goooooooboboooo
000000 Nx 10000D00Db0D0O0D00b00000b00b0Db 1x NODODOoDOoDo
gbobooboboobooooobooobobboboobobooboobooboobobbob
gboogopoobooboobbooboobbooo

array type transpose(array data_type al:])[:]
array type transpose(array data_type al:][:])[:]1[:]

U00Ddatatype D00 0000000000000 O000OO00O00O00O00O00OO0OO

array float af2][3]={1,2,3,4,5,6}
.00 2.00 3.00
.00 5.00 6.00

transpose (a)

vV s =V
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.00 4.00

.00 5.00

.00 6.00

array int b[3] = {1, 2, 3}
> axb

14.00 32.00

> transpose (b) b
14

> bxtranspose (b)
123

2 46

3609

vV o w N

16,11 ODOO0OODOOODOO

chogooooboobooobooooooobobooobobooobooboobbU numeric.h
gboboboboboooboooboboboooboooboobobobobooooboboobo

000000070 000000000 lindata) 0000000000 numerichOOO0O0000
gbooopoobooboooon

int lindata (double first, double last, ... /* type al:]...[:]1 */);

lindata) 000000 first 000 last 0000000000000 D00O0O0O0OOOOOO
000000000000000000000000000000000000300000000
0000000000000

O0000AOOOOOO A'O00O000A'A=1I000 AA-'=100000dO000
0)OOOODOO0O0OOOOOinverse) 0000000000000 000O0O0 inverse) 000000
D000 nummerich000000000000000O0O00OO

array double inverse (array double x[&][&], ... /* [int =*status /) [:]1[:];

OOinverse U 0000000000 DOOODOOOOODOOOOODOOOODOOOOODO
gbooooooooooooooogboooooooooooboooDo

3r1+6x3 = 2

209 +x3 = 12
T1+x3 = 25
gooooooao
3 0 6 T 2
0 2 1 T9 = 12
1 0 1 T3 25
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goo000oooooooooon
Ax=Db

x=A"'b00000OChOO x = inverse(A)xb 000000000000 ;02,0000 a3

oooooooooobooboooboobobobgo

> array double a[3][3]={3, 0, 6, 0O, 2, 1, 1, 0, 1}
> array double ai[3]1[3], xI[3], bIl3]l= {2, 13, 25}

> al = inverse(a)

-0.3333 -0.0000 2.0000

-0.1667 0.5000 0.5000

0.3333 0.0000 -1.0000

> x = aixb

49.3333 18.6667 —-24.3333

ooboboboboz200b0oboobgoooogoon

(A +5B 1)x 4 2a = (ab™)b,
(5AB)x + ABy = Bb,

goao
1 2 2 7 89 1
A=14 46 |,B=|1 2 2|,a=]|4|,and b=
78 9 4 4 6 7
2000000000 x0yOOOODOOOOOOOOO

x = (A +5B 1)} (abThb — 2a),
y = (AB)"}(Bb — 5ABx),
O0000D@@EBUIO00000000x0y0O00OO00O0O0

/* File: matrixeq.ch =/

#include <stdio.h>

#include <array.h> // for array qualifier
#include <numeric.h> // for inverse()

int main() {
array double A[3]1[3] = {{1,2,2},{4,4,6},{7,8,9}};
array double B[3]1[3] = {{7,8,9},{1,2,2},{4,4,6}};
array double a[3] = {1,4,7}, b[3] = {5,6,8}, xI[3], vI3];
x = inverse (At+5xinverse (B)) x (axtranspose (b) xb - 2xa);
y = inverse (A*B) x (Bxb — 5%AxBxx);
printf(" x = $.3f vy = %.3f \n", x, y);

return 0;

goobolels:0bobobobobobobO
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goooopelShoooooooooogon

51.048 15.170 37.020
-544.617 -70.723 13.777

00000000 numerichDOOOO0O0000 sum)UO00OO00D0OO0O0ODOOODOOODOOOO
gbooooboobooobboobooobbooobooaon

double sum(array double &a, ... /* [array double v[:]1] */);

goo200bd00boooobobobboboobo200b0obooboobooboo10b0o
gboobboobuooboboobooboboo

> double a[3] = {10, 2, 3}

> sum(a)

15.0000

> array double v[3], b[3][2] = {1, 2, 3, 4, 5, 6}
> sum (b, V)

21.0000

> v

3.0000 7.0000 11.0000

O0sum()00000000000000000000CO0O0OO0OO0O0O0O0O0O000O00O 6160
O000 allO0any()OO0OO0O0O count () D000 sam() D OO000OOOODOOCOODOO
googooogo
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/* promotion.ch */
#include<array.h>
#include<numeric.h>

array int af[2][3] =
array double b[2][3]
array int c[2][3];

{1, 2,
= {1,

int all(array double &a) {
return (int)sum(a != 0
}
int any(array double &a) {
return (int)sum(a == 0

3, 4, 5, 6};

{

int count (array double &a)
return (int)sum(a == 0);

}

int main () {

printf ("$freturn value
printf ("%dreturn
printf ("$dreturn
printf ("$freturn
printf ("%dreturn
printf ("$freturn

return 0;

value
value
value
value
value

of all
of all
of any
of any
of count ()
of count ()

() is
() 1is
() is
()

is

’

0};

$d\n\n", b, all(b));
%$d\n\n", ¢, all(c));
$d\n\n", a, any(a));
$d\n\n", b, any(b));

is %d\n\n", a, count(a));
is %d\n", b, count(b));

gooooilele: 000000 OOOOO

16. DO0OOOODUOOO

U011 ()0booobooboboobboobbooboob 1o oobogoboob O
Uobbd0aall()OOODOD aO00ODOODOODLOOOOOODOO a!'=00000000ODOO
gbobobobobobobobo sum() DO0OO0OOO0OOOOODOODOODOOOOOOOOOODOOn
any () U0oobOOoOobOOoobooboobooboolibooboooboobooboonbO
00000 count () 0000000000000 D0D00O00000 IO 000000O I6130

gooogo
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1.000000 2.000000 0.000000
4.000000 5.000000 0.000000
return value of all() is O

000
00O
return value of all() is 1

12 3
4 5 6
return value of any () is O

1.000000 2.000000 0.000000
4.000000 5.000000 0.000000

return value of any() is 1
123

4 5 6

return value of count() is 0

1.000000 2.000000 0.000000
4.000000 5.000000 0.000000
return value of count () is 2

0 l16.13: 00000616000 00O

16,12 ODUOO0ODODOOOO

16121 OOO0OOOO0ODOO0ODOOO

gboobooboobobobobooobobooboboobobobobooboboobooboooobo
gboooooboobgoobooboooboobobboooboooboobobooboobon
gobogooooobooboboooboboooobobobocooboboooobobooobooDo
oo

array double (xp)[10];

Ob00b0pO 10000D0Odouble OO O0O0OO02000000000000O0O0OOOOOOODO
gogoogoboooboobooboobooboobooobooooboooboobooboboobobogo

> array int (*p) [3], b1[2][3] ={1, 2, 3, 4, 5, 6}

> int b2[3]1[3] = {7, 8, 9, 1, 2, 3, 4, 5, 6}, =t

> p == NULL

1

> p = (array int [:][:]) (array int [2][3])malloc(2%x3xsizeof (int))
0 0O

000

> p == NULL
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= bl // array assignment

delete p // free memory

(array int [:][:])bl // p and bl share the same memory

\
e
Il

= (array int [:]1[:]1)b2 // p and b2 share the same memory

A e Y2
o N o T
o W WO

&b1[0][0]
(array int [:][:]) (array int [2][3])t

SO VOV
o N ot
o w |l

0d0od000ooo0oo0ooDooO0ooodoDdooooooO0o0ooooOOoobOoo0ooDOobOooooooa
000000oo0oooooooooooDooooob0oooooooDooDooooDOobOoooon
000000bO0bOO0bO0obO0bOO0bO0bO0obOobObOOooOoooOoOooOooDOooDOobDOooDoOoboOooOoa
000000 (array data_type [:]...[:]1) 00O (array data_type (*)[:]1...[:1)
0000 dataype 000000000000 DOOO0ODOOO)YODOO2000000000000
00000 oOOoobOoooooobOoobooa

1. 0000000 (array data_type [:]...[:]) (array data_type [nl]...[ni])
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16. DO0OOOODUOOO
le.12. DO OOOODOOOO

gboboobooobboobooobooooooaon

(array data_type [:]...[:])new data_type [nl]...[ni];
gooooo0o0DnewOOOOOoooOoO

2. 0000000 (array data_type [:]...[:])0000COO000000O0O

00000000 mallocQOcallocOO O OO realloc) 0O OO0 OO0O0O000O0O0O0OOOODOO
000000000000 DO0000D0O00000 free)DOOOOOdeletedIDO0O00O0O0DOO0O
000000 new OOOOOOOODOO0OO0O0OOOdeleteD 0000000 0OOOOODODOOO
000000000 o0odobooooOoobOooooaon

array int (*p)[3], bl[2][3] ={1, 2, 3, 4, 5, 6}
p = (array int [:]1[:]1) (array int [2][3])malloc(2x3xsizeof (int))

0000 mallocQ)UODO0O0 pO000O0O0ODOOOOOODOOODOOOOOOO newd OOOOO
O00Odelete DD 0000000 O0O0OOO0O0DOOOOO

p = (array int [:]1[:])new int [2][31]1;
delete p;

O00OnewOOOdelete 000000000000 000000000000O0O0O0O0O0OO0

t = &bl[0][0]
= (array int [:][:]) (array int [2][3])t
ooo
p = (array int [:][:]) (array int [2][3])&b1[0][0]
oooo
p = (array int [:][:]) (int [2][3])&b1[0] [O]

000000 pdb0O0p1O00D0O00OO0OOOOOOOOOOOO
200000000000 oooooboboboboooooooobDoboboboboobobo
gboogoboobooboobobooboooboo

p = (array int [:]1[:]1)bl
Op00000pl1O0O0O0O0O0OO0OOOOOOOOOOOOOOOOOOO

p = (array int [:]1[:]1)b2
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16. DO0OOOODUOOO
le.12. DO OOOODOOOO

OCOUObp20 pU00O00O0OOO0ODOO pOp1ODO0OD0 20 200000000000O00O00O0OO
gbogobooboobbooboooo
gbbdpboobtoobboobuoobbooboboooobuoobuoobbooboobon

p = (array int [2][3]1)bl

Ub00pi1000000000p0000000000000000p0 p1O00O000O00OOO
gboooooobon

goboboooooboobobooogoooobobobooooioooooooobobobobo
gooo

> array int xp, al[3] = {1, 2, 3}

> p = (array int [:])a // p and a share the memory
123

> p = (array int [:]) (array int [4])malloc(4*xsizeof (int))
0000

>p = (array int [4])10

10 10 10 10

> delete (p)

gbobobobobobobi1obobgoboboboobooboooooD20000000000
gboooooboooogon

> array int xp, b[2][3] = {1, 2, 3, 4, 5, 6}

> p = (array int [:]) (int[3])&b[0][0]

123

> &p // same as &b and &b[0][0]
> p = (array int [:]) (int[3]) (int*)b

> &p // same as &a and &al[0]1[0]1[0]

> p = 10

10 10 10

> b

10 10 10

4 56

> p = (array int [:]) (int[3]1)&b[1]1[0]

4 56

> &p // same as &b[1]1[0]
le865c

00000638 000000000000000000000000000O00UoOOoUoOn
gbbooobooboooobboooobbooboab
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16. DO0OOOODUOOO
le.12. DO OOOODOOOO

p = (array int [:]) (int[3]) (intx)Db

gboogoboboobooboonon

p = (array int [:]1) (int[3])&b[0][0]

obobobobp0 20000 pO0DbO0ODODODODODODODODO

p = (array int [:]1) (int [3])&b[1][0]

O0p000bO2000000000000000
gbooboooboboboooboboooboobooboboboobooooboobooboooboobo
ooooo

array short hJ
array int (xp)
array float f]
array double d
int e[2][3], g
int *ptr;

—_— N = N

00000000000000000000000
p = aj;

gbobotpbiobbOob0bOoO0ObOO0ObOO0ObOO0ObLOO0O0OO0bOo0bOoO0bOo0booOoOoboo
gbooobboobooboboobobooboobboooobooboobbooboobobon

p = (array int [:]1[:]) (a+a); // bad

bobUbOpU00a00b0D00DOOODOOOOOOOOODOOODODODODODODOOOO
oooooooood

p = (array int [:][:]) (array int [2][3])b; // bad

pU00OODOODOODDODDOODOODDODDOOODOOOOO0O0O0O00pO00O0 bO
gooooooooon

p = (array int [:][:]) (array int [2][3])&b[0][0]; // ok
0000000000000 0o00o0ooo0oo0o0o0 coooopoooooooooao

p = (array int [:][:1)e; // ok
P

(array int [:]1[:]) (array int [2][31)g; // ok

gbobobooooboooooon
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16. DO0OOOODUOOO
le.12. DO OOOODOOOO

p = (array int [:]1[3]1)a; // bad

pla0000000000000O00O0O00O0OO0O (array int [:][:])or (array int () [:])
O00oo00oooobooobooooboooooOon

p = (int (%) [3])a; // bad

bobddbbarrayd 00 0o0ooooooboooboboboobooobooobooobonobon
O00o00oooooood valeed rvalie D 000000000 OO0ODOOOODOO

p = ptr; // bad
ptr = p; // bad
p = (void *)malloc(100); // bad

goooogoooono
p = (array int [:][:]) c; // bad

Ub00Op0O cObOO0O0DOOO0DOOOOOOOO0ODOOOOOOOODOO0ODLOOO0ObOOO0ObOObObOn
goog

p = (array int [:][:])h; // bad

U00p0mt0000000short DO0O0O0OO0 hOO0DpO00OOO0OOO0OOOOOOOOOOODOO
oooood

p = (array int [:]11[:1)£;

O0f0fleratD00p 0000000 ODO0ODOOODOODLDO0ODLOODODODODOODODODLDOO

gooo
gboobooobobooboooboobooboboooboobobooboobobooono

googobooboobboobuoobbooboobboooobooboon

> p = (array int [:]1[:])a
> &p

U0a0000000DOO00DOO0ODODOO0OO
goooboooboboobobobooboobobboooobooboobobo>oboorog
gbooobooabd

> array int al2](2][2] = {1, 2, 3, 4, 5, 6, 7, 8}
> array int (xp) [2]

4005e3e0

> p = (array int [:][:]) (int[2][2])&a[0][0][0]
12

3 4
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16. DO0OOOODUOOO
le.12. DO OOOODOOOO

> &p // same as &a and &a[0][0][0]
4005e4e0

> p = (array int [:][:]) (int[2][2]) (int*)a

12

34

> &p // same as &a and &al[0][0][0]
4005e4e0

> p = (array int [:][:]) (int[2][2])&al1][0][O]

56

7 8

> &p // same as &a[l][0]11[0]
4005e4f£0

100booboooogoboboboooooooboboboooooDobobobbooboooDooD
gboooobobooboobooon

p = (array int [:][:]) (int[2][2]) (int*)a
00oooooooooooooo
p = (array int [:][:]) (int[2]([2])&a[0][0][0]
000d0ooooooddbp0 30000 a1O000O0DO0O0O0OO0DDODODDOOOO0OODDODOOO0OO
p = (array int [:][:]) (int [2][2])&a[1][0][O]

Ub00p00onoonoboobDon

16122 OOO0OOOOOOOODOOO

obobgoobooboooooooboobochooobooooooobobobobooboobooobooon
ggboooboobooboooboobbobobobbooboobooboobobboboobon
goboboboboobobobobooboboooooobooboboooobobooooboboooo
gboobooooboboboboboboboboooooooo>obobobOobDoobDOonDo
gbobooobooboboobooboboboobobooooboobobooboobon
obooooooooooooooobooboobobobobobobobobb
gobogboobooobooooo

array float (*xfp)I[:1];

gooobooboboboboboboooonooDng ftp0 fleatd 00 0Doooonoobooboon 2
00000000000 000000D00d declares

gbooboooboboobooboboobuooboboooboboboobooboboobo
goooon
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16. DO0OOOODUOOO
le.12. DO OOOODOOOO

> array int (xp) [:]

> array int bl[2]1[3] ={1, 2, 3, 4, 5, 6}
> array int b2[2][2] ={5, 6, 7, 8}

> p = (array int [:][:])bl

123

45 6

> p = (array int [:][:])Db2

5 6

78

000b0b0b0b0bO 1020000000001 D20 200000000000
gboboobobooobooobuoobboobbdodp@ooboooboooboonD)n
Ub0000p10bp20000000DO0ODODODODOOO

goooobooobooooboooboooooboooboooobb@@uoLH)ooboooboobo
gooboobbooo

> array int al2]1[2]1[3]1 = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12}
> array int b[3][2][2] = {12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1}
> array int (xp) [:]

> a

123

45 6

78 9

10 11 12

> p = (array int [:][:]) (int [2][3]1)&a[0]1[0][0]

123

45 6

> p = (array int [:][:]) (int [2][3]1)&al[l]1[0][0]

78 9

10 11 12

> p = (array int [:][:]) (int [2][2])&b[0][0][O0]

12 11

10 9

Ub0bD0Op0D000 a000O0O20000000"00000000DO00O0bPOOODO OO
0r0b0oobobobooboobo0oboobooobo0 s¢’b00ooooboboobooboooooDo
oo

gboooboobooooooooobooobooboboooobobooooboobooooboobooon
gboooboooboboobooooboobbobobobooboobobooboobooboobobon
gboobobooboobooboboooboobonbonD s.alb000 10000000000
U000 «200000000000

> struct tag{ array int (*a)[:];} s
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16. DO0OOOODUOOO

le.12. DO OOOODOOOO

= VvV n VvV &~ B V V V

\
o

(€]

array int al[2][3] = {1, 2, 3, 4, 5, 6}, a2[3]11[4]

s.a = (array int [:][:]1)al; // s.a and al share the memory
s.a

2 3

5 6

s.a = (array int [:][:]1)a2; // s.a and a2 share the memory
[1] = 10

0 o
N —
—
e
-

QO
=

(11[1]

16123 O0O0O0O0O0OOODOO0ODOODOOODOODOODOO0

100boboooooboooooooooboboboboooobooooobobobobo
gbooobobooboobooobobbobooboobobbobooobooobooooboobon
googo

>
>
>
>
1
>
3

void funcl (array int xp) {printf ("%d", p);}
int array al[2] = {1,2}

int array b[3] = {3,4,5}

funcl (a)

2

funcl (b)

4 5

U0 funcl () DODOOOO0OOO0ODOODOODODOODOOODOODOODOODOODODOO0O adp
gboobobooboobooouooboooobobboobobooboobobooboobon
gbooooooon

void funcl (array int pl[:]) { printf("sd", p); }

gboobooobobooboobobooboboboobooboboobooboboobo
gooooooooooooon

~N > =V W - VvV V V V

void func?2 (array int (*p2)[:]1) { printf ("%d", p2); }
{1,2,3,4}
{11213141516171819}

int array a2[2][2]
int array b2[3][3]
func2 (a2)

2

4

func?2 (b2)

2 3

56

8 9
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16. DO0OOOODUOOO
l6.13. DO UOO COODODO

U0 func2 () DO2000000000000000000DO0D0ODLDOOLOOOOOOOOOa2
UOp200000000000002200000000000000000000000O0O func2 ()
gboooooooooooooo20b00b0b0obobobobobobobo

void func?2(array int p2[:1[:]) { printf("%d", p2); }

1613 DOOOODCOOOODOO

chobogooobobooboboooobobochbboboboooobobUobobooDOoo

gooobobooooboooooobobobobuobobobobbarray 00 00O0OOODOO
gocoboobooobobooooooboboooooooobobobooooooboboboooceo
gbogoobooboobboobuoobboobobooboooooon

int a[3]1[4]; // C array, ’'a’ represents an address or a pointer
int b[4][3]1; // C array, ’'b’ represents an address or a pointer
array int A[3]1[4]1; // Ch computational array

array int (xp)[4]; // point to computational array

array int (*p2)[:]1;// point to computational array of assumed shape
A = (array int[3][4])a; // OK

p = (array int[:]1[:]1)a; // OK

p = (array int[:][:]) (array int [3][4])b; // OK

p = (array int[:][:]) (int [3]1[4]1)b; // OK

p2 = (array int[:][:]1)a;// OK

p2 = (array int[:][:]) (array int [3]1[4]1)b;// OK

p2 = (array int[:1[:]1) (int [3][4])b; // OK

A= a; // OK

a = A; // Error

Ubo0b0bo0obO04x 300000 p0000000003x 40000000000 p0O p2
goboboooboobobbbp20000000000D0OODOOOOODODOD2000000
oboboboboboooooooboobobobooooooobobUubUODdp2000 4x
3000p000000000000OO0

p2 = (array int[:][:])b; // OK

gooobooogobooobooboo cooobooboobooboooooDobboooooDUoDbo
goooo

int fl(array int A[3][4]); // argument is computational array
int f£2 (int al[311[41); // argument is C array

fl(a); // OK

fl1(an); // OK

f2(a); // OK

f2(n); // OK

4
4
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16. DO0OOOODUOOO
l6.13. DO UOO COODODO

coboobooooooboooooobooooooboooboooooboboooobUobo
googoboobooobbbooobuoobbooboog

int £3(int =*a); // argument is a pointer
f3(a); // OK
£3(&A[0]1[0]1); // OK
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U170 0OO0o0oodod

chooooooobobUOOcharO0 weharnt OO OO ODOOODOO ODOOOODOOODOODOO
oood

char ch = "a’;
char ch2 = '\0’; /* null character =*/
wchar_t wch = L’a’;

char0 0000000/ 0000000 DO0OOO0O00O0DOODOODOOOO0ODbLObOODOO0
goboocobuoboobobobiimdboboCc++0O00ooooochooooooonod charodd

gobooboobwxrgobobob Lobobbobbooboobooboboobobobbo
wechar t 0000000 stddefthO OO stdibh 000000000000 00O00O00ODODOOOOO
gbobooobobooobobooboooboboobobboboooobobooboooboboan
gooobooboobooboob @uonD)bobdmbtowe OO O ODODOODOODOODODO
gbboobobooboobboobuobbooo

"xyz"OOOOOODOO>yz?OOOUOOOOOOO0OoOoobOoooooooooooobooogo
coobobobgoboochoboooooooobobotmllDObDoooobobobbogn o
gbbooboboobuodaobrLrggbuoobbooboobbodn

¢hOo coboob @Woobooooobo)oooooobobooo@ooobooooH)oobooo
gobobooboobooo

char xstr = "this is a string.";

char str2[] = "this is also a string.";

char str3[6] = "abcde"; /* the last one is ’"\0’ «*/
wchar_t *wstr = L"this is a wide string.";

171 stringh 0000000 0O0OOOOOO0O

o000 stingh 00000000000 OOOODOOOODOOOOODOOOODOOOODOO
obobooboobobilobsizet0 0000000 DOODODODODODODODODODODO
OooboobbooboboodbDOchar*0 00 void*0O0O0OOO0DOOO@OOODOO)ODOO
gboooooboobobuooboboboboobooboobobobbobooboobon
gboooooobooboobodstringh 0000000000 0O0OOO0OOOOOOOOOOOODOO
oooooooo
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17. 000000
17.1. STRINGHOOUOOOOOOOOOOOOO

1711 0O0OO0OO

ooag 00
memcpy() 0000000000000 O000OOOO0OOOOOO
memmove() 0000000000000 0000O0O0O0O0OOO0
strepy() 00000000000 000000

strncpy() 0000000000000000000000000000

googooboobooboboooboaon

> char strl1[80] = "abcdefghijk"
> strcpy(strl, "efghij")

efghij

> strl

efghij

> strncpy(strl, "klmnopgrs", 3)
klmhij

> strl

klmhij

> strncpy(strl, "tuv", 5)

tuv

> strl

tuv

>

oooooooodg
strcpy (strl, "efghij")

U0000 “efghii”’0 000 nmullDO000D00)str1 000000000000 0O00O00O0O0
gobooboobo0ob0oobobdbstrl000000D00DO0O0O0O000O0 2000000 null
goboobobooboobooboboobobboobooboobobbobobobooboOoon
goooooo

strncpy (strl, "klmnopgrs", 3)

00000 “klmnopgrs”0000 3000 str100000O0DODOOO0CODOOOOUOUOstrnepy()
O3000 str1 00000000000 nullO0O0O00O00ODO0O0O0O0O0O0O0O0O00O00 “k1m»000
U0“%1Imhij”’00000000O0000O00D0O0O

strncpy (strl, "tuv", b5)

0000 nullDO0OD0D0O0O0SOD000O000 tuw’O00str1 000000 0OOOOOODOOO
0000000 “cuv’ D000 SO0000000D0D nullOO0O0000000 strnepy00 OO0
gbooobooobbdstri0b0oonbooobooobooooooboooooobooobooobobon
gbogoobooboobboobuoobboobuoobboobobooo
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17. 000000
17.1. STRINGHOOUOOOOOOOOOOOOO

1712 0000

goo RN
strcat() gobooboobboobooboobbooo
strncat() 000000000 OO0OOOOOOOODOOOOOOODOOOO

oboooooooooooooooon

> char strl[(80] = "abcd"
> strcat (strl, "efg")
abcdefg

> strl

abcdefqg

>

streat) U0 00000 “efg0 0000 (000 nmullOO0D00O0O)HDOstr1 0000O00OODOO
gooobobobbo200000b00b0b0 e’00srl 00000 nullDODO0O0O0O0OD0OO
gbobooboobobobobobdbstrigb00boob0ob0obOobOo200b0000D0O0DO
O0mllOO0O0OD0OO0ODOO0ODOODOODOOOODOOOODOOOOOOOOOOOOODOOOOOO

17.1.3 0000

oog 00

mememp() 0000000 n000000000000000D0O00O0DOOOO
stremp() 2000000000000

strcoll() 000000000000o0ood

stnemp() 0000000000000 00O0D0O00O0OOOOOOO
strxfrm() 0000000000000 O000

gbooooboobooobobooogan

> char strl[80] = "abcd"
> strcmp (strl, "aacd")

1

> strcmp (strl, "abcd")

0

> strcmp (strl, "efg")

-1
>

strempOU000str1 000000000000 00O0O “aacd”0“bcd”0 000 “efg”0 000
UbobobobobD sl DO0D0OD0O000O00000 “aacda’000000O00ODO 100000 strl
U “abcd”0000000000000O0 sl 0 “efg’ 00000000 OD0OODOODOOOOO-10
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17.1. STRINGHOOUOOOOOOOOOOOOO

googd

1714 0000
goo RN
memchr() OUO0O0O0O0O0O0OO0O0OO0O0OOODOODOODOODOODODOO
strchr() ugbboobuogboboobobooboobbodo
strespn() OUO0OO0OO0OOOODOODOOODODOOODOOO
strpbrk() OO0OO0OO0OODOODOODODOOO
strrchr() O0O0O00O0OOO0OOOO0ODOOOOOCOOODOOOO
strspn() gboobooobogboobbooboobooobobn
strstr() gbobooooboooooooooooooooooo
strtok() gbboobooboobbooboobooon

goooooooooooooooon

> char strl[80] = "abcdefgdef"
> strchr(strl, 'd’)

defgdef

> strchr(strl, "w’)
00000000
> strstr(strl, "def")

defgdef

> strstr(strl, "dev")

00000000

> strtok (strl, "efg")

> char xstr2 = "abcd;1234 ABCD"

> char *delimiter=" ;", =*token

> token = strtok(str2, delimiter)
abcd

> token = strtok (NULL, delimiter)
1234

> token = strtok (NULL, delimiter)
ABCD

> token = strtok (NULL, delimiter)
(null)

>

gboogooboodan

strchr (strl, 'd’)
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17. 000000
17.1. STRINGHOOUOOOOOOOOOOOOO

O0strl0O0O00DOODOODODODOD ‘OO0 0O0OODODODODODODODODO
gboogodbo str1 0000 wDhOODOOODOOOO0bOooooboooo

strchr (strl, "w’)
O0nullOOO0O0O0O0O00OOOO0OO0O0OOOOOOO00O0O0O0
strstr(strl, "def")

O0000 str1 000000 nullOO000000O0O0O00OO “def’d0DO0OO0ODOODOO
U000boooobobooboobbboObD str1 0000000 “dev’000ODO0OO0ODOODOO
goog

strstr(strl, "dev")

OnllOO0O0O0OD00ODOOOstrtokO 000000 O0ODOODOO0ODO0ODOOODOOODOODOO2
gboobooboboobooboboobooboobbobd ste200bogbogobgon
gboooobooaoog

token = strtok(str2, delimiter)
Ostr2000000000000C000000O00O0O00O00OO00O00OO0O0O
token = strtok (NULL, delimiter)

U0o0ooboobodDmulDO000000000000O00000O0000 stxr1 000000
000020000000000000000000000000000CO00OO0O0O0OOO0O IZ300
OUooDOoobobooooodnD feoreach D000 0OOODOOODODO

17.1.5 000000

aoo oo

memset() OO0 00000O0O0O0O0OOOOODOOOOOOOOOOOOOOOOOO
strerror() errmum 0000000000000 O0OOOOODOO

strlen() oo0oOoodoooooooa

ooooooooo

> strlen ("abcde")
5
>

strlen) 0000000 “abede”0 0000000 Ostrlen) 000000000000 nulDO O
gobooboboboobooogoobobo e soobobbboobboboobOobboOoDo
gobogoboobooboboobuooboobbooboobobol1ooobooboOono
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17. 000000
17.2. 0000 STRING-T

1716 COO0O0O0OOOOOOOOODO0ODOO ChOOODOO

goo oo

strcasecmp() 2000000000000000O00OO0OOOOOODOOO

strconcat() Oo0o0ooooooo

strjoin() 00odoooooooooooooooooooooooooooooooa
strncasecmp() 200 0000000000000 OODOOO0OOOODOOOOO0O

gboooobooboobobooobooaon

> char xbuffer

> char test[90] = "abcd"

> buffer = strconcat (test, "efgh", "ijk")
abcdefghijk

> free (buffer)

> buffer = strjoin("+", test, "efgh", "ijk")
abcd+efgh+ijk

> free (buffer)

>

0000 test 000000 abedO 00000 OOOOOOOOOOOOO
buffer = strconcat (test, "efgh", "ijk")

goboog3gobobboooobbooooboobboooobobboooobbbooooon
gobooooobogobobooboobogobobooboobobooooboboobooboboboboboooDo
g

buffer = strjoin("+", test, "efgh", "ijk")

go3bogoogboooooboooboooooboobooooboboobboobDooboooobog
OoobDooboboddDstrjoin U0 0O000OO0O0ODOOODOOOOD “+»ODOOO0O0OODODO

17.2 0000 string_t

cooobooobobooboooooboboobooboboobobobocooboooobobo
oboooochDOooobooodD stringt 0000000000000 Dchar DO OO ODOO
OoobbooobooobobbocogoooooD stinghO000000D0OOO0DOOOCchard
O0O000oDOo0o0O0OoDOOoOoOoobDOO0OoOoDOochOoOoOoOOOstring td00O0OOOOOO
gboogobooboobobooobooboooo

string_t s, al[3];

s = "great string"

s = stradd("greater ", s)
strcpy (al0], s);
printf("a[0] = %s\n", al0]);
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17. 000000
17.2. 0000 STRING-T

O 17.1:string t 00000

ood oo

str2ascii() | O OO0 ASCIIOOOODOOOO

str2mat() | OO0O000OO0DOOODOODO

stradd() 20000b0b0b0obobobobobo
strgetc() gbooboooooooooo

strpute() | 0000000000000

strrep() goobooboobooobobooobooboooooboo

O0Ogreater great string000000Ostringtd ChOOOODODOOOOOSstradd) 000
g0obobOobOooooogoogorss"O0bdbobOoboobooobobooboboboooo
OO00O00oooooooog

> string_t s

> scanf ("%$s", &s)
123abc
> printf ("%s", s)
123abc

>

00000 strepy(QU strnepy()Ustreat)UI 0 O 0O strncat) D 0 0000000 stringt 000000
000000ooOo0Oo0o0000ooooooooaoon

> string_t s

> strcpy (s, "abcd")
abcd

> strcat (s, "ABCD")
abcdABCD

> s

abcdABCD

>

ChO0OO0000000O0stringh D00 071000 string t 000 0000000000000
000000000000 0Ostr2ascii()0 str2mat() 0 strgetc()d strputcOU 0 O O strrep) D OO0 O 0O
oo00oo0dboOoOoooooooooon

> str2ascii("a")
97
> str2ascii("b")
98

> str2ascii("ab")
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17. 000000
17.2. 0000 STRING-T

95
array char mat[3][10]
str2mat (mat, "abcd", "0123456789")

1
>
>
0
> mat

a bcd

0123456728239

> str2mat (mat, "ABCD", "EFGH", "ab23456789", "too many strings")
-1

> mat

A B CD

EF GH

ab23456789

> string_t sl = "abcd"

> stradd(sl, "efg") // add "efg" to sl

abcdefqg

> strgetc(sl, 0) // get the first character of sl

strgetc(sl, 2) // get the third character of sl

>
c
> strputc(sl, 2, 'z’) // change the third character to 'z’
0
>

> abzdefqg

> strrep(sl, "def", "xyz") // replace "def" with "xyz" in sl
abzxyzg

>

goooooooo
str2ascii("ab")

U000 “a”0 “p0 ASCIOD 000000000000 “ap?d ASCHIODODOOO00O0O0DOOD0OO
googn

str2mat (mat, "abcd", "0123456789")

gb200000 “abed”d “012345678970 000 mat 0000 20000000000000O 0
U00000Omat O00000 nullO0O0D00O00O0O0DOO0O0O0ODOO0O0O0ODOOODOODOODO
mat OO0 000000000

str2mat (mat, "ABCD", "EFGH", "ab23456789", "too many strings")
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17. 000000
17.2. 0000 STRING-T

O00-10000000 “too many strings’U0000O0Ostradd)0000000O0OO0OOO
goboobooboooboobooboobobooboo chogbooboobboobooDDbO “abed”
OO00D0O0 s100D0stringt00000000O0O0OO0O

stradd(sl, "efg")
00000 “efg’0 s1O0000000O0O0OO0s1000O00000O0OOOOOO

strgetc(sl, 0)
strgetc(sl, 2)

00100000030 00000000 ‘2’0 «cc000boOoDOO strgete() O strputc) 0 000
gboooboboobooobboobuoobooooboobooobooan

strputc(sl, 2, ’"z’")
Oo0000 s1 03000000 ‘z00000000000O0O0000O
strrep(sl, "def", "xyz")

U0s10000 “def”’0000 “xyz”’0000000s1 000000
O00D0000D0string t 00000 1000ChOO0Ostringt000000000O00O0O0O0OO0O
gobooboooochobooboobooboobooooooboboobobbooboobooboo
gobobooboobooboobogboooboochoobobbooboobboobooboo
gbboboooboboboobobobooboooobobobooboobooboobig fun ()
b0 slbOb0o0obbooobooobboobboobb s2b0goboooboooboon
Omain) 000000 sOO00D0O0ODOOOODOOODOD
gbobOstdobbooobOsbonoboobooobbooobooanon

string_t fun() {
string_t sl;
string_t s2;

return s2;
}
int main() {
string_t s;
fun();

s = fun();
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17. 000000
17.3. FOREACHU U OUOUOOOOooOooooooooo

173 foreachD 0O 0O0O0OOO0O0O0O0OO0OOOOO

while 00 O00Odo-while 00000 for 000000000000 R440000 foreachd 00
0000000000000000000Ofereach0 0000000000000 O0O0DOOOOO0
000000001000000000000000000000000000000000000
0000000000

0000000 strtok) 000 strtokrO 000000 mullD000000O00D00D0O0O0OOO
0000000000000000

char xs = "abcd; 1234 ABCD;56;xyz";
char xdelimiter=" ;", xtoken;
token = strtok (s, delimiter);
while (token) {
printf ("token = %s\n", token);
token = strtok (NULL, delimiter);

gbooobobooobodd

abcd
1234
ABCD
56

XyZ
O0O0O0O0Oforeach 000000000 0O0O0OO0OOOOOOOOODOOODO

char xs = "abcd; 1234 ABCD;56;xyz";
char xdelimiter=" ;", xtoken;
foreach (token; s; NULL; delimiter)

printf ("token = %s\n", token);

ooododdddforeach0 000 condd 000 NULLOOOOABCD”O000O0O0OOOOOOO
gbooopooboooboooon

char xs = "abcd; 1234 ABCD;56;xyz";
char xdelimiter=" ;", =xtoken;
foreach (token; s; "ABCD"; delimiter)

printf ("token = %s\n", token);
O0oo00ooo0oooooooooono
abcd

1234
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17. 000000
174. 0O00D0ODO

174 0O0O0O0OO

0o0bDooboboogbwehartOOO0O0O0OO stddeth 0000000000000 O0O0DOODOO
U00'x" 0’2’ OO0O00D0OO0OO0OO0OODOOOOODOOLOODOOD100O0O00DO0D0OOO0ODO
gobooobobooobobooboobuooboboobooboboobooboboobooon
gooooooobobooooboobooboboboboob@uoOo)ydbdUmbtoweD OO OO
gbooboboooboobooobooboboobouoobooboboooboobobooobooobon
goboooboboobooboboboobooboboboboboobo1obooboobon
gboobboobuooboboboboobuoobbooboobbooboobboobooon

gobooboobbo0 weODOOOOOOoOoODOOODDOOO

wchar_t wc = L'a’;

choboooooooooooobooboboooooooooobooboboboooooo
Ub0o0ooooboobooboobobobobob0obOobOobDd weharh OO O wetypeh OO0 O
O00000000 UnicodeU DO O0OOO0OOOODOODOODODO

#include <locale.h>

#pragma exec setlocale (LC_ALL, "Chinese-Simplified");
0000000000000 UnicodeOOOOOOOOOOOOOOOO

#include <locale.h>

#pragma exec setlocale(LC_ALL, "");
0000000000000 0000DbO000oO0OnD UnicodkeDOOODOODDOODOOODODOO
setlocale (0, "Chinese-Simplified");
0000000000 UnicodeDOOOOO
_setlocale = 1;
oo
setlocale (LC_ALL, "™);

gobooboboooobobooooooboboooooobobobo0obo0n chre 00O O
O000000000000 CHHOME/config/chre U0 OO ODOOODOODOODOODOODOODOO
goooooooogoooogo

175 OOOO0O0O

gboobobooobobooboobooboooboooLobooboooobobooobobooono
gbooopoboobobbooboo

wchar_t xwstr = L"abcd";

go0chOUonouooooDbUObDOO0D wstrDODOOODDDOODODO stdlibh DO ODOOOO mb-
stowesO D OO OOO0D00OO0OO0DOO0OOOO0DODOOOO0O0DOOOmbstowesQ)OOOODOOOOO
gobobooboboooobUdwecharhOOOOOOOOOOOOOOODOooOoooOobOoooooo
gooo
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Jubgtdootdbootdbobotgtdbodung

oo

181 O0OO

chooooboob c++ooogooooooooooobooboboboboooooooooo
gbooooooochbooooooooooooooooooo

struct Complex{
float r;
float m;

}i

obob200000 rUmO0000000000000DO0ODO0ODO0ODODOComplex000O0O
U0o0o0obo0oboboobodbDcomplex0D0O00D0O0OO0DOOODOODODODO

Complex z;
z.r = 10;

z.m = 5;

gooboog “.»@oboobbooboo)bbooboobooboobbooboooobo
Or010000000000mOS0000000000000000000000000000O
gobooboooooooooogooboo«“->»» @ubooboboboobo)oboobobooobooobooo
goboboobooobooo

Complex *pz = &z;
pz->r = 10;
pz->m = 5;

chboboooo2200b00b0o0bo0oboologbooooboobobobooboo1IbooDon
gooboooooboobocecboboboi1obobobobobobobb1obobobOonDo
gboobobobooobobooochboboooboboboooooboboobooboobOoDo
gooooooobobooboboboboboboboobooooooocchobobooonDo
gboooobooboobbooboobbooboon

struct tagl_t {
struct tag2_t;
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18 D0o0ooooooooooooooooogonog

18.2. OO0
}i
tagl_t s; // ok
int tagl_t; // ok
struct tagl_t s2; // ok
tagl_t s3; // error, tagl_t is a variable of int

struct tag2_t s4; // Not valid in Ch and C++4+, OK in C

182 OO0

gbboobubuoboobuoobooboobooboboobooboboboobooboooba
gboobooboobbobbobooboooboooobooboboooboobooooboooobon
goboooobdoobooboboobooboobboobooboobDooobOooboobon
100o0oboooooogobooboboobobobobobobobobooooooooooDo
gooooooooobooooooooooooooo3gboboboboobo

union Ul({
double d;
char c[12];
int i;

} obj, *P = &obj;

goooooooooooogoa
(union Ulx) & (P->d) == (union Ulx) (P->c) == (union Ulx)&(P->1) == P

gbooboooboboobooobboobooboboobooboboooobboboboobo
googoobooboobbooboobboooobuooboooboobboooboon

sizeof Ul == 16

gbobogooboobochobgb 1200000000000 0DODOODODO1DODOO0O0OO
gbooobooboobooobobooobobooboobobooooboobobooboobon
goboboobbooboboobooobo

obj.i = 10;
printf("obj.d = $£f\n", obj.d);

gboooooliobooboboooobobobooooboDo0o00dmmt00gnDgd flecatD OO O
gbobooboboch C++0oooboi1boobobooboboobbibooboobon
gooooooboboboboboooooocH+uogoochbogbulibobooooooonoo
gbooobooboobooboobbooo
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18 D0o0ooooooooooooooooogonog
183. DO0DOOOOOO

183 OOOOOooggd

chobogochbooobooobooboboboobooooobobobooboooooboooboon
gboboboobooobbooon

struct Bfl {
unsigned int a;
unsigned int b;
unsigned int c;

} bfl = {1, 1, 1};

struct Bf2 {

unsigned int a : 4;

unsigned int b : 4;

unsigned int c : 4;
} bf2 = {11 2/ 3};
bf2.c = 4;

printf ("sizeof Bfl is %d\n", sizeof (struct Bfl));
printf ("sizeof Bf2 is %d\n", sizeof (struct Bf2));

obobogo30000obooboobef1gooo0o 12000b000boboOef200000 4
gooboobob300bub0 RooboboooobooooooobooooobobobUoDbo
oboooooooooobooooooooboobobgo

struct eeh_type {
uintlé6 ul: 10; /* 10 bits =/
uintlé u2: 6; /* 6 bits =/
}i

Joooooobobobobboooooooooooooo
<10-bits><6-bits>

Jooooooobobobbbooooooooooo
<6-bits><10-bits>

gboobgoobobobooboboobobuoobobooboboobobobooboobo
gooogoog «“.»oboobogboboboboobooooooobogboboboboboonoood
gbooooboobooooogn
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184. O OO

184 01000

gobodboobbooboobbooboooobboobbogboobbodobn

enum datatypes {

inttype, // 0

floattype, // 1

doubletype, // 2
}dl, d2;

00000000 inttypelfloattypeld DU doubletypeJ OO OOOOONO enum datatypes
g00obOoooOOobOobOoobO200b00 0200000000 DOODOOOODDOODODO
00000000000 0DO00O0D00o0OoDooooooogog

dl inttype;
d2 = doubletype;

gbooooooboobooooboooboboooboobooboboboooobobooi10bobobo
gobodbooddibodeogooobobooo20b00bboooboooboobooooobooonDo
googooboobooobboobobuooboobobooobooa

enum datatypes {

inttype, // 0
floattype = 10, // 10
doubletype // 11

}i

inttypel floattypeddoubletype JO0OOOODO 00100000 110000000000
O000O0O#define 0000000000000 O00O00O00000000000000000
swith 00 ODOOODOOODOO0O0DO0O000O00000O0

enum datatypes {
inttype,
floattype,
doubletype

}i

enum datatype dtl;

switch (dtl) {

case inttype:

break;
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184. O OO

case floattype:

break;

case doubletype:

break;

gbobooboobooobboobooboobo
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190
Jubtdbogtdbootdbootdbotgun

oo

191 00O0OOOOODOOOO

C+U000 chOObooooooooooooboobobboboboboooooooooo
gobogoboocooboboooooboboboboooobobobobobobooboobOobooooo
gbooboooooc~+oboboochbobooooboobobooobobobooooboDo
Ooooboooobooobodbprivate DO O0OODOOO0OOODOO publicOD0OO0D0OOODOODOOO
oooooo

class Student {
int id;
char xname;

}i

U000 student 00 2000000000004id4d0000 IDO0OO0O0ODOOnamedog
gbooooooooboooooooooobooooooooooooooogooogg

int main() {

class Student sl;

}

U000s10000 student 0000000000000 O0O00O0O0O0OO0O

192 OO0O0OO0OOOO0O0

gobooboboooboobobooboobbo0boobo0o0obO00obbOn student.h OO
Student U0 O0OO0O00O0O0OO0ODOODODO

/* Filename: student.h */
#ifndef STUDENT_H
#define STUDENT_H

class Student {

int id;
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19. 00000oooooooooooooooonog
192. 000O0O0O0ODOOD

char xname;
public:
void setID(int 1);
void setName (const char =*n);
int getID();
bi

#pragma importf <Student.cpp>

#endif

000000000 b00ob000nbn student.copUU0O0OODOOOOODOODOO fpath OO
gboooooooooooooooobooogonDg

fpragma importf <Student.cpp>

gbooobobooboooboooboboooon

/* Filename: Student.cpp =*/
#include <string.h> /% for strdup() =/
#include "student.h"

void Student::setID(int 1) {

id = 1i;

voilid Student::setName (const char *n) {
if (n)

name = strdup(n);

int Student::getID() {
return id;

}

goboooboobobooboooogoooooooboooboboobogobon “:>0bbooboboooon
gbobobooobobobodgbbbid setip() 00000 IDbOO0O0OOOO0OOOO0OO0OOO0O0O
0000 id0000000000000 setName () DO0O00O name 0000000000000
U0 getID() OO0 IDOOODOOOOChODOO C++ODOO0O0DODO setID()UsetName ()00
U0 getID() DODODOOODOOOOOOOOOOOO0OODOO0D0DOO00O0 prog.cpp00OO0O00OO
goooooobobobbooooooboboboogobobob *cooboobDoboboboboon
ooooooooo

/* Filename: prog.cpp */
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19. 00000oooooooooooooooonog
193. 0000 PUBLICODOOD PRIVATED O O

#include <iostream.h> /% for cout =/
#include "student.h"

using namespace std; /* for cout */
int main () {
class Student s;
s.setID(1);
s.setName ("Jason") ;
cout << "id is " << s.getID() << endl;
return 0;

}

name U id000O00O0Oprivate U0 0000000000000 0O00O0OO0OODOOOODOODO
gboobooooobobooobooobobobooobobooo10D0oD00bO privated 0D OOO
goooooboobooobooon

19.3 0000 public OO O private [ O [

UbobobobO0obOobDOD student J0O0OO0ODOO idO0OD name 0000000000
gobobobouoooobbooooobobobooooobooboboooooboobooooboboooann
OboobooboboboboobboboooboobDU private 000000000 Student OO0
OoboooooooboobopeblicOd00O0ODOODODCROO 2000000000000
public:000 private: 000000 ODO00OO0OO0DOOOOOOOOOOO0OO0O0OOODOOO
O0bobobooboboboobbooobboobogb private DO O0OO0ODOOOOODOO publicO O OO
00000000 student 00000000 OOO0OOOOO

class Student {
public:
void setID(int 1);
vold setName (const char =*n);
private:
int id;
char xname;

bi

goobobooboobobodbbprivate O OODOO0ODOOODODOOODOO publicOO0D0OOODOO
OU0oDOobOOo0bDO0publicOO0DOODOOOOOO0ODOODOOOOOOODODOOODO public
Ob0Oo0oo0oobDOd0private 000000 O0O0DOO00O0ODO0DOO0O0O0OOOpublicOOOODO
O0publicODOO0OOODOOODOOODOOD *oO0b0Ob00OO0ObOO0bObDOODbDOoObDbODbO
private U O 00O 0000000000000 0O0O0O0O0O0O0O0OO0O00O0OO0O00O0000
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19. 00000oooooooooooooooonog
194. D0DO0O0OODODODODODOODO

194 0O0OOOOOOOUOOOOOOOOOO

choboooooooooooobooboboobooboooooooboboboboobooon

gbooobobooobobbooboooboooobobbobobooobooboboobooobon
goboobobooboobooboobobobbobooboobooboboobooDboon
gbooboboobodgbuooboboobobbobooobobbobobboobooban
gboooobuooboboobooooboobobooobooobbooboooobooboboooooan
UoooboboobonDbO student oo boobOoobo0obooonbDoon
gooo

class Student {

public:
Student (int, const char x); // constructor
“Student () ; // destructor

void setID(int 1);

vold setName (const char =*n);
private:

int id;

char xname;

bi

Student: :Student (int 1, const char =*n) {
id = 1i; /* initialize id «/

name = strdup(n); /* initialize name =/

Student:: " Student () {
/+ release the memory allocated in constructor =/

free (name);

gboboooooooboboboboboboooboooooobob0obOl idd name 0O
gboogbooobbobboobodoboobboobboobooboobobddlmainbgn
gboogoooobooooobgo

int main() {
class Student sl
class Student s2

Student (1, "Jason");
Student (2, "Bob");

gogbbobooobbooobbboooobs1ibbd s20000000b0o0o0oooood
main) U0 0000000000000 ogoogoogo
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19. 00000oooooooooooooooonog
19.5. 000 NEWOUOUDO DELETE

19.5 0O 0O0 new( O O delete

COO0000DO0O0ODO0O0DO0DO0DDOODDOODO0O0O mallec)D OO free)0 000000
O000ChO C+000000 newO delete ] 000 malloc) O free) DO DO OOO0O0OOOO
000000000 oOoonbooooo

O00OnewOOOOODOOOODODOODODOOODOOOODODOODODOODO malloc) OO0
0000000000000 oo0obodddd newdO OO0 O ODODOO0OOOoDOOOOO
O0000000Omallec) D000 voidOOOOOOOOOOOOOODODODODODODDOOOO new
0000o00oO00bOobOOo0bOOoo0bOO0obOO00o0oobOOobOOoobOooDoOO0obOOoo0bOoboDoOoOoDbDOon
O00OmallocO DO 0O0O0OODOO0O0O0OOOOOOOOODOOOOOODOOOOOOOODOOOOO
O00OOdelete 000000 DOOOOOO

000000000 DOnewO delete D OO0 O0O0OOOOOO

int main () {

class Student xsl = new Student (1, "Jason");
new Student (2, "Bob");

class Student =*s2

sl->setID((5); // change ID of sl to 5

delete sl;
delete s2;

gboooboobooboooobobooobobooooboooobobbobooboboobo
gboobboobuoobooboobooobooboobboon

00 newODOOOOODOOOO0OOODOOODDOOOODOOODOOODOODODOOOO
new_handler 0 NULLOOOOOUO mew handler 0D 000000000 D0O0O0OONULL DO
gbogooboboboboboboboboobooboboboobooboobobooboooboan
U000 setnew handler) D0 D 0D O0O0O0O0O0O0O0O0OnewO ODOODOOOOOODOODOODOO
OU0000D0o0o00oo0boouOon setnew handler D000 OOO0OOO newhODO OO
gbooooboaon

void (*set_new_handler (void(x) ())) ();

O00000d mew handler U000 DOO0D0O0O0O0O0OOO0OODODOOOODODODOOO0O NULLOO
0000000000000000 mew-handler 00000000000 90000 newhandle ()
Ub0d0OnewOOUOOOOO0OOO0OO0OO00D0 pb spgb0b0oonooobooooooogn
U000 p0000000D0O0O0D0DOsp00000DO0ODOOO0ODOO0O0OD0O0 newd spU0
000000000000000O0 newhandler () 0000000000000 0MOIDO0OOO
gboooboboobooboobboobodo
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19.5. 000 NEWOUOUDO DELETE

#include <new.h>
#include <stdio.h>

struct tag{ int i; int j[900000]1;} s;
void newhandler (void) ;

int main() |
set_new_handler (newhandler) ;

int *p = new int([20];
if (p==NULL)

printf ("not enough memory for p\n\n");
else

printf ("enough memory for p\n\n");

tag *sp = new tagl[90];

if (sp==NULL) {
printf ("not enough memory for sp\n");
printf ("sp = %p\n", sp);

}

else {
printf ("enough memory for sp\n");
printf ("sp = %p\n", sp);

}

}

void newhandler (void) {
printf ("message from newhandler\n");

}

/***x result of the program
newhandler.ch
enough memory for p

message from newhandler
not enough memory for sp
sp = 00000000

K,k kK /

goooo19.1: 000

gboogooboobooboobobooboooboo

new U ooogooog

gobooooooooboobobooooboobooooobobobooDoD s~»ogoobod

oooood

O00OnewODOOdelete DD O0O00O0O00O0D0ODO0O0O0ODO0OODO0O0OOODOO0ODODOO0OOODOO

gooo

class Employee {
char *name;
}i

int main () {

class Employee xe = new Employee[1l0];
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196. DODODODOD

delete [10] e;

OO00000bD0dod Employeel 100 0000DOO0ODOODOOOOODOODOOOOODOO
gooooooooooboobooboboboboobobooboooon

196 OOODODOOOOO

gbobogobobbooboboobobbobuooboboboobooboboobooobo
goooobooboooboooboooooobooo“cobboOorobboboboobboobobooboo
goboboobobooobbooobool1bboobboobobooobboobbooboobo
gbooboboobobooboobobboobobobooobobooboobooboobas
gbooobooobobooboobooboobobooboobooobobobobooboobobon
obooboobooboboboboboboboobooooooobobobbobobobobond
OO00DO00OO0Cstatic 00O O000O0DOO0OOOO0ODOOODODOO studentd00OO0OOO0O0OO
count U0 0OO0O0O0OOO0ODOOOO

class Student {
// number of objects instantiated
static int count;
int id;
char xname;

public:

Student (int, char «);
“Student () ;
void setID(int 1);

vold setName (const char =*n);

}i

Uobbodlb count 0000 student 00000 ooooobooooobobooonoog
goboobooboboobooboobobooboobobbobooboobooobobon
oboooooooooooooooboooobobobobooboobobobgo

int Student::count = 0;

Ul count U student 00 O0OO0OO0OO0OO0OOOO0DOOOO0OOO0OOOOOOOODOOO
Uoo0bobodbd count 0 1000000000000 count0 100000000000
oboooooooooooooooboobobobonbooon

Student: :Student (int i, char =*n) {

id = 1i; /* initialize id =/
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19. 00000oooooooooooooooonog
196. DODODODOD

name = strdup(n); /* initialize name =/

count++;

Student:: " Student () {
/* release the memory allocated in constructor =*/
free (name);
count——;

}

C+Oo0ooochoooooooooooooooooooooooooooooonn getCount ()
gbooooboobooboboood

class Student {
// number of objects instantiated
static int count;
int id;
char xname;

public:
Student (int, char =*);
“Student () ;
volid setID(int 1);
vold setName (const char =*n);
static int getCount();
}i

int Student::getCount () {
return count;

}

gboobooobooboboooboboobooboooboboooboboobobobooooboooobo
gooooon

int main () {
class Student sl = Student (l, "Jason");

cout << "Number of student is "
<< sl.getCount () << endl;

}

gooobobooboobobooobooboooobobooboobooboboobDoo
U00s1000000000000000000000 getCount)UO0O0O0O00O0O0OOO
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19.7. OO0O0OOOOOO ::
int main() {

cout << "Number of student is "

<< Student::getCount () << endl;

197 0OOOOOOOOO =

c¢hoooc+oooobobobobobobobobobobobobobOobobOoboo
goboooobooboooboobd “:>bbo0obooboboobbooobgaon

#include <stdlib.h>

int num;

int main() {
int num;
num = 10; // use local num
::num = ::num+2 // use global num
t1exit (0); // use C function exit ()

