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* What is a file ?

a file is a contiguous sequence of bytes
= no format imposed by the operating system
= each byte is individually addressable in a disk file

= a file is also a uniform interface to external devices

LEE ZA
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* File Descriptor

File descriptor

= open() returns a fd, an integer value

« Zel IS LIEt=E B

= used in subsequent I/O operations on that file
= close(fd) closes that file described by fd

= all of a process's open files are automatically closed when
It terminates
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* File Descriptor

= file descriptor: 0~ 19

©
Hr

Value

Meaning

standard input

standard output

standard error

wWN PO

fds for users

0z
0
0




User and Kernel Mode

User process Kernel




Inode (Index node)

U0l tiet 2= 82 JtA LD US

file type : regular, directory, block special, character special, etc
file size

= file permissions

= the owner and group ids

= the last modification and last access times

= if it's a regular or directory, the location of data blocks
« if it's a special file, device numbers
= if it's a symbolic link, the value of the symbolic link

© =0 82



|'0II

FAHE g P

s

fd= open(“file”, O_RDONLY);

|
Fd table Open Active |
(per process) file table inode table Disk

Inode
list
File pos
refcnt=1 _
File access
File size Data
e blocks




Process table entry

s L= A A HIOI= (Process table)
= HE(kernel) Xt X
s IZ2ANA ==
st=2

T2 MA > E=2AA HOIE &

T ZMlA HIOI=S &= (Process table entry)
« OIS CIADEH HiE (file descriptor array) &

« fd array
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Open File Table

= U HIO|= (file table)
HE AL

> DY H0IZS 22

O ™

2l H0l= &= (file table entry)
m%' ATEH el

ol &I 2 Xl (current file offset)
i—-node0il CH&t L OIE

©
Hr
-
Vil
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O

(read, write, append, sync, nonblocking,.

..)
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Active I-node table

s Active i-node table
- 2 W 2 X
s Open & T2 =9 i-nodeE H&EGt= HIOI=S

ot LA MEZH U= Wl et 224
s SF OOl 3HLFSl i-node
0o

s i-node table vs. i-node

©
Hr
-
Vil
0
O



Ol B AAE S5

= close() - &J|
= read() - & 7|

n write() - M|
s Iseek() - O|=
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open() — &

#include <sys/types.h>
#include <sys/stat.h>
#include <fcntl.h>

int open (const char *pathname, int oflag, [ mode_t mode]);

U= AL

 IYO0| 1™ A0 et ME 2= & =& UL

« CIE gt Ie CAIEE(file descriptor), & IH ot

s pathname: WL 2| 0|5

= mode I 2| access permission gt. Mt =,
NMZ=Z2 IIgds 2= R0 AIEE
creat() &+ &% XL
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open() 2| Ut2t0lEH

» 5 B Ut0Ie oflage Us &+==2] OR O[Lt

= O
int fd;

fd = open("afile”, O_RDWR | O_CREAT, 0600 );

ol

s BFE Al OfLE A[HOHF={OF & &F

s O_RDONLY : &) 2E write &2 A2 & £ 23
|.

= O_WRONLY :MJ| QE read 845 AR & %

= O_RDWR 90 MJ| BE  read write AFE D}
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open() 2| Ut2t0lEH

A ES RN PRI,

i

o
 —
=

= O_APPEND: 2= write & HOIEH= L2 20 =t

O_CREAT : ItE0] 8l= &

10

e A A Y LA mode
s O EXCL :O_CREATO|IZ J utol olgl fled™ ol 2o

O_TRUNC : ItZ0| U= EF ItE IAJ[= 02= 2=

= O_NONBLOCK : nonblocking 2& =2 =& &
= O_SYNC Ztwrite &+ SE2
A3 2|2 oez M &l = e|E sl
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0l Kl open.c

/* open.c */
#include <stdlib.h>
#include <fcntl.h>
#include <unistd.h>

int main()

{
int fd;
char fname[] = "afile";

if (fd = open (fhame, O_RDWR)) == -1)
perror(fname);

printf("%s is opened.\n", fname);
close(fd);
return O;

}
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creat () — Il MA

#include <sys/types.h>
#include <sys/stat.h>
#include <fcntl.h>

int creat ( const char *pathname, mode_t mode);

== 44
« ClE g e OAA

= pathname : 8 &6t A} ot=
= mode : L2

Q
(@)
(@)
(@)
n
wnn
©
(@]
-
3
wnn
al
o
>
EU

©
Hr
-
Vil
0F
O
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Hr

= fd = creat ( pathname, mode );

= fd = open ( pathname, O_WRONLY | O_CREAT |
O_TRUNC, mode);

= B @A mode= permission mode
= Ol

. 0644

. 0777

. 0444

19



close () — & D]

#include <unistd.h>

int close (int fd);

+

JI

-t

ol
ol
oll
1=
ok
]

Al

Ol

-l

Kl

5
H0
70
N

0

0.
ou

Ol
Rl
40

0l
uln
oll
<)

KJ

ol

UlJ
By

0
]
]

a7
o

Z NIADt

1L
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read () — &4 7]

#include <unistd.h>
ssize_t read (int fd, void *buf, size_t nbytes);

» At LHIEHUW = L 0lA GIOIEE s1=L
« 2|8 gt

. HT5HE 92 HIOIE %

» UIE2 E= BHLUEH O

« & IHotH -1
s buf

» A2 UIOIHE MEEY HZ22 AIE =4
s nbytes
« = U0l HIOIE =

©

o 2#E2

Hr
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read () — &4 7]

= 3= UOIE I S=0otY &

= 2= GIOIEJF nbytes 2L}
« IO Z0lAM

= UHESE B=50lAM

= Size_t : unsigned integer
= Ssize_t : signed integer

©
Hr
o
0!
0%
Hd

S 01|

22



Ol Al /* count.c: Wt X} =

#include <stdlib.h>
#include <fcntl.h>

#include <unistd.h>
#define BUFSIZE 512

int main()

char buffer[BUFSIZE];
int fd;

ssize_t nread;

long total = O;

if (fd = open("afile”, O_RDONLY)) == -1) perror("afile");

[* Ll 20 S LAl Br= */
while( (nread = read(fd, buffer, BUFSIZE)) > 0)
total += nread;

close(fd);
printf ("total chars in afile: %ld\n", total);
return O;



write() — A D]

#include <unistd.h>
ssize_t write (int 7d, void *buf, size_t nbytes);

« fdJF LHEtU = W0l QIOIEE 2L
- alE-| 2+

J
J

TR0l MO A TIOIEI Sl HHOIE
-

> ox [
20 g
ol

Qli
2 e

u bUf

= = UOIEHE M&otd U= U222 Al&a==4

m ﬂbytES
= Z HIOIE2 HIOIES] =
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0l: Copy Files

}

#include <stdio.h>
#include <fcntl.h>
main(argc, argv)
int argc;  char *argv] I;
{
int fdin, fdout, n;
char buf[BUFSIZE];

if (argc !'= 3) {
fprintf(stderr,"Usage: %s filein fileout\n",argv[0]);
if (fdin = open(argv[1], O_RDONLY)) == -1) {

perror(argv[1]); exit(2);}

exit(1); }

if ((fdout=open(argv[2],0_WRONLY|O_CREAT|O_TRUNC, 0644))==-1){

perror(argv[2]); exit(3);}

while ((n = read(fdin, buf, BUFSIZE)) > 0)
write(fdout, buf, n);
exit(0);

© =0 82
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* Iseek() - 0| =

#include <sys/types.h>

#include <unistd.h>
off_t Iseek (int fd, off_t offset, int whence):;

s 122 SHIH 2 XlI(current file offset)E 0l=
« d50otHA S fIXE 28, AIiotH -1

s whence: ? Xl JI&=&
= SEEK_SET : L2 AIE = JI&22 0l=s
= SEEK_CUR: &Ml ¥IXIE J|I&EL 2 0l=s
= SEEK_END : Itge 2= J|l&=2 2 0l

offset: JI=EUH M2 &HHC HEl (byte &)

= SEEK_CUR, SEEK_END 2} 20| A& = s+%

© =0 82
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Iseek() — Ol =

|
El
o

[ |
—Hwnvo = =

M 2 Xl(current file offset)
] H AN FAXN= 05 L2 AlY

JI/M D= e &M |IX0MN Az Ch
ol &M /Xl= AJl/MAI| & byte ==CtZ
=

- =TT =T

OHWJE e po 10

Wiz =2 10

=)
il

—_—

s |seek()

» S22 AX=z= WES &M #XE Ol

[

& ALk
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0 :Iseek

= rewind
|seek(fd, OL, 0);
= append
Iseek(fd, OL, 2);
= record position
loc = Iseek(fd, OL, 1);
= increase file

Iseek(fd, (long) MAX*sizeof(record), 2);
write(fd, (char *) &reocrd, sizeof(record));
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I MI: /* Iseek.c */

#include <unistd.h>

int main()
{
if (Iseek(STDIN_FILENO, 0, SEEK_CUR) == -1)
printf("cannot seek\n");
else
printf("seek OK\n");
return O;

}
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i Ol Ml: /* Iseekl.c */

#include <unistd.h> /* Iseekl.c */
#include <fcntl.h>

char buf1[] = "abcdefghij";
char buf2[] = "ABCDEFGHIJ";

int main() {
int fd;

if ((fd = creat("file.hole", 0644)) < 0)
perror(“file.hole");

if (write(fd, bufl, 10) = 10) /* offset now = 10 */
perror("bufl");

if (Iseek(fd, 40, SEEK_SET) == -1) /* offset now = 40 */
perror(“lseek");

if (write(fd, buf2, 10) I= 10) /* offset now = 50 */
perror("buf2");
return O;

}



I Kl: /* Iseekl.c */

s Iseekl.c & =& T file.holell LHE

0 1 2 3 4 5 6 7

9

Ol a b ¢ d e f g h

J

10/ \O \O \O \O \O N\O N\O \O \O \O

201 N0 \O \O N\O N\O N\NO \NO \NO \O \O

30 \O \O \O N\O N\O N\O N\O \O N\O \O

40 A B C D E F G H

J
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Ol Ml: /* Iseek2.c */

#include <sys/types.h> /* |seek2.c */
#include <unistd.h>
#include <fcntl.h>

int main()

int fd;
off_t fsize;
char buf[11];

if(fd=open("file.hole", O_RDONLY)) < 0)
perror(“file.hole");

fsize = Iseek(fd, 0, SEEK_END);
printf("size: %lu\n", fsize);

|Iseek(fd, 40, SEEK_SET);
read(fd, buf, 10);
buf[10] = “\0’;
puts(buf);

return O;
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*awc&g

struct XXX record;

read(fd, (char *) &record, sizeof(record));
... update record ...

|seek(fd, (long) -sizeof(record), 1);
write(fd, (char *) &record, sizeof(record));
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record

A A

Q 1 2 3F 4wms & V7 & 8 wee

n=1

otedZE =4

current file offset

© = 2y
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cll 2

Q 1 2 3 4 5 & 7 & S n=1
LIEZE S A
current file offset
© =0 &YE2
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Q 1 2 3 -'-'I-VE & V7 & 9 v n=1
T

otedZE =4

current file offset
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Block |/0O

= |/Ois always done in terms of blocks
= Sequence of aread() system call

read() system cal

trap

n bytes

the device driver

(software in kerneIJ)

I/O request

one block at a time
interrupt

the disk controIIeT

(hardware)

©
Hr
o
0!
0%
Hd

38



A Typical Hardware System

: ALU|

éystem bus

memory bus

l

mm—
memory

HHE>

: : 1/O
bus interface bridge
< I/O bus
USB graphics disk
controIIeTr adapter controller
mouseeyboard monitor *

© =0 82

Expansion slots for
other devices such
as network adapters.
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Reading a Disk Sector: Step 1

register file

=

ALU|

1L

A N
bus interface \l—l/

CPU initiates a disk read by writing a
command, logical block number, and
destination memory address to a port

(address) associated with disk controller.

— K| man
- memory

S0 1

USB graphics

controller adapter

mousekeyboard  monitor
P

© =M

T e
A

disk
controller

A

A 4
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: ALU

Disk controller reads the sector and
performs a direct memory access
(DMA) transfer into main memory.

| ——N| main

| J\]—l/ memory

ﬁ F /0 bus >

R

USB

controller

graphics
adapter

!

!

!

mousekeyboard  monitor

©

Hr

o 2#E2

<,

dick
contioller
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register file

aALU

1C

When the DMA transfer completes,
the disk controller notifies the CPU
with an interrupt (i.e., asserts a
special “interrupt” pin on the CPU)

Gmm—
memory

bus interface <:::>

ﬁ ? IO bus >

R

USB graphics
controller adapter

1

mouse&keyboard monitor

©

o 2#E2
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J

disk
controller

A

A 4
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/0 2&

 LIAd= G220l Bloi A 0 =¢l &X

s A2 oA CIAZ 1/09 &4 Z AT gt A
« M2 22 2] B 1/0 5= A 2
s EF2 2= 1/00t0 2 =0[= 40| &L

« writel.c Ol Al BUFFSIZE 2tS BIZ 510 48 A2t 2
=3
= 8192 JIAl= BUFFSIZE Ot 25 50| &4
= 8192 2L 2 8= ds0 o)t &ttt
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/0 2&

+

= BSD fast file system 2| 1/O0 &®%¥l= 8192 HIO|E

= BUFSIZED} 8192 2Lt 2 A2

« LHE1/0 2 H2= 8192 0|22 42 40| 8L

(@)

00

r

= BUFSIZEJ 81922] Hii==Jt Ot &=
= 25121 8192 ¢l FLRE0THI/O 4Dt &

» 50| otHE == UL

il

o
zd
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Ol AI: /* writel.c */

#include <sys/types.h> /* writel.c */
#include <sys/stat.h>
#include <fcntl.h>

#define BUFFSIZE 512
#define FILESIZE (100 * 1024 * 1024)
#define COUNT  FILESIZE / BUFFSIZE

int main() {
inti, fd;
char buf[BUFFSIZE];

memset(buf, '.', BUFFSIZE);
if (fd = creat("file.write", 0600)) < 0)
perror(“file.write");

for (i=0; i < COUNT; ++i)
write(fd, buf, BUFFSIZE);

close(fd);
return O;



Ol KI: /* writel.c =/

User CPU System CPU | Clock time

BUFFSIZE (seconds) (seconds) (seconds) #loops
1 140.9 1,378.1 1,527.8 104,857,600
2 73.3 681 .1 764.5 52,428,800
4 31.6 343.9 379.6 26,214,400
8 16.6 172.3 191.5 13,107,200
16 8.5 86.7 98 .1 6,553,600
32 3.9 45 .1 51.6 3,276,800
64 2.0 23.5 28.1 1,638,400
128 1.1 12.8 16.3 819,200
256 0.5 7.4 10.4 409,600
512 0.3 4.9 7.9 204,800
1,024 0.1 2.9 6.0 102,400
2,048 0.0 2.0 4.7 51,200
4.096 0.0 1.6 4.2 25,600
8,192 0.0 1.1 3.6 12,800
16,384 0.0 1.1 3.6 6,400
32,768 0.0 1.1 3.6 3,200
65,536 0.0 1.1 3.6 1,600
131,072 0.0 1.1 3.6 800

© =0 82
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read/write /&

= read/write A|[AE S =

= file table entry2| file position (0| &i2/M &l BIOIE =

o= St

IS 3D SOt
= Write = file position 0l i-node?| file size2Ct 2™ 1}
3J| St

« U&= O_APPENDZ E€H
= X file position = i-node 2| file size gt 2 & & st
write ==&
» [IetAl 2= writes= T2 2 20 22 O & CF.
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read/write A|IAEI S = &

Open
file table

File pos

refcnt=1

Active .
inode table Disk
Inode
list
File accessl
File size Data
File type blocks
48



—xample

read(fd, bufl, 100);
= copy the first block from disk into an buffer
= copy the first 100 bytes from the buffer into bufl
= oOffset <- 100

read(fd, buf2, 200);
= copy the next 200 bytes from the buffer into buf2

read(fd, buf3, 5000);
= copy the remaning (3796bytes) from the buffer to buf3
= copy the second block from disk into an buffer
= copy the remainig(1204 bytes) from the buffer into buf3

write(fd, buf4, 100);

write(fd, buf5, 4000);

© =0 82
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Iseek 1 &

s Iseek A|AB S =

= file table entry 2| current file offset {2 H&
= disk /O = 8l&

= SEEK_END= AtEot(H &2 2= 0|=otH

= file table entry 2| current file offset /= i-node 2| I}
)| giez 83 &
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seek &

Iseek(fd, 300, L_SET)

Fd table Open Active Disk
(per process)  file table inode table !

Inode
list
File pos=300Q
EICIIST File access I
File size Data
File type blocks

© =0 HE 8
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dup(), dup2()

#include <unistd.h>
int dup (int 7d);
int dup?2 (int 7d, int 7d2);

s AIE SO I CIADE S EAIE2ES Bt
« dupO= M It CIATEH HSO &E =
« dup20= fd2 E M8

53



dup /&

fd2 = dup(3);

|
Fd table Open Active |
(per process) file table inode table Disk

Inode
list
File pos=300
refcnt=2 _ :
File access
File size Data
File type blocks

© = HHD .



dup /&

fd2 = dup(3);

|
Fd table Open Active |
(per process) file table inode table Disk

Inode
list
File pos=300
refcnt=2 _ :
File access
File size Data
File type blocks

© = HHD .



Ol Al /* dup.c */

#include <fcntl.h>
#include <unistd.h>

;nt main()
int fd1, fd2, n;
char buf[11];

if (fd1 = open("afile", O_RDONLY)) < 0)
perror("afile");

if (fd2 = dup(fd1)) < 0)
error("dup");

n = read(fd1, buf, 10);
buf[n] = “\0’;
puts(buf);

n = read(fd2, buf, 10);
buf[n] = \0’;
puts(buf);

close(fd1);
close(fd2);
return O;

}

© =0 82
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* dup2()

= hewfd =
dup2(3,1); & =

» ClE 82
= 1
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dup2(3,1) =&

Fd table Open Active _
file table inode table Disk

File access lInode
File size list
File pos File type
refcnt=1 -
File access
: File size Elatak
File pos File type ocks
refcnt=1 -
© =0 HEL -



dup2(3,1) =&

Fd table Open Active _
file table inode table Disk

File access lInode
File size list
File pos File type
refcnt=1 -
File access
: File size Elatak
File pos File type ocks
refcnt=1 -
© =0 HEL -



dup(), dup2() 2 =

Ll
=RAL

f-|H IS

=1 9| redirection

ﬂHH'

Ol

au
[

= #include <unistd.h>

= #define STDIN_FILENO O

#define STDOUT_FILENO 1
#define STDERR_FILENO 2
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Ol Al /* dupt.c =/

#include <unistd.h>
#include <fcntl.h>
#include <stdio.h>

int main()
int fd;

if(fd = creat("afile", 0600)) == -1)
perror(“afile");

printf("This is displayed on the screen.\n");
dup2(fd, STDOUT_FILENO);

printf("This is written into the redirected file.\n");
return O;

}
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* Ol KlI: /* dup2.c */

#include <unistd.h>
#include <fcntl.h>
#include <stdio.h>

int main()

int fd;

if(fd = creat("afile”, 0600)) == -1)
perror(“afile");

printf("This is displayed on the screen.\n");
close(STDOUT_FILENO);

dup(fd);

printf("This is written into the redirected file.\n");
return O;

©
Hr
o
0!
0%
Hd

62



open() & H

n 22 I & B open(“file”, O_RDONLY);
= file position2 SF & Al E=C

Fd table Open Active Disk
(per process) file table inode table !

Inode
list
File pos
refcnt=1
File access [
File size Data
File type blocks
File pos :
refcnt=1

© =0 82 63



i Ol Xl /* open2.c */

#include <fcntl.h> /* open2.c ¥/
#include <unistd.h>

int main()

int fd1, fd2, n;
char buf[11];

fd1 = open("afile”, O_RDONLY);

fd2 = open("afile”, O_RDONLY);

if (fd1 <0 || fd2 < 0)
perror("afile");

n = read(fd1, buf, 10);
buf[n] = ‘\0’;
puts(buf);

n = read(fd2, buf, 10);
buf[n] = ‘\0’;
puts(buf);

close(fd1); close(fd?2): return O;

} ©O=UH &=
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* S O2MAMA 22 MY open()

d table(per process) _
Open Active

file table inode table

Disk

Inode
list
File pos
refcnt=2
File access I
File size Data
File type
File pos _ yp blocks
refcnt=2
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fork()

Fd table

(per process)

Open
file table

File pos

refcnt=2

Active
inode table

File access

File size

File type

Disk

Inode
list

Data
blocks
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