System Programming ©NN————

Lecture Note 3.
File Programming

September 24, 2025

Jongmoo Choi
Dept. of Software

Dankook University
http://embedded.dankook.ac.kr/~choijm

( uWM= 20259 st |=82S4F &

0

SSADIEEIIAS ‘'SWSAUEIAMY XIJS 20t ME ZASLICH)

DRy

NANKOOK UNIWERSITY



Understand disk geometry

Objectives

Discuss system programs for disk (and storage

Apprehend the internal structure of a file
Learn how to use file-related system calls

Make a program (command) that manipulates a file

Refer to Chapter 3, 4, 5 in the LPI and Chapter 10 in the

CSAPP

I 3.8 Exercise

~ [] 4:File I/O: The Universal
1/0O Model
[ 4.1 overview

[ 4.2 Universality of I/0

> [ 4.3 Opening a File:

open()

[l 4.4 Reading from a
File: read()

[ 4.5 writing to a File:
write()

[ 4.6 Closing a File:
close()

[l 4.7 Changing the File
Offset: Iseek()

[:] 4.8 Operations
Outside the Universal
1/0 Model: ioctl()

|:] 4.9 Summary

I:] 4.10 Exercises
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Introduction

s Issues on file
v File manipulation (create, access, remove, ...)
v Manage file attributes/access control
v Associate a file name with actual data stored in disk (regular file)
v Support hierarchy structure (directory)
v Support a variety of file types (device file, pipe, socket, ...)

s File related system calls
v open(), creat(): create a file, start accessing a file (authentication)
read(), write(): read/write bytes from/to a file
close(): finish accessing a file
Iseek(): jump to a particular offset (location) in a file
unlink(), remove(): delete a file
stat(), fstat(): return information about a file
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Disk structure (1/4)

s Components
v Platter, Spindle, Surface

v Track, Sector, Cylinder
v Head, ARM
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Disk structure (2/4)

s Disk access

v Addressing
= LBA (Logical Block Address)
» head(surface), track(cylinder), sector
v Access time
= Seek time: move head to appropriate track
» Rotational latency: wait for the sector to appear under the head
» Transmission time: read/write the request sector(s)

igur
l In arder to read or write data on the disk, the readferite head neads
o be physically mowved to the correct place on the disk. Thats a
kay reason why HDDs suffer from slow access time.

v Try to reduce the Seek time and Rotational latency
= Make use of various disk scheduling (eg. SCAN or elevator
algorithm) and Parallel access techniques (RAID) = Seron)
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Disk structure (3/4)

s Disk access
v Disk behaviors (from youtube)
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Disk structure (4/4, Optional)

s Disk vs. Flash memory

VS

v No mechanical part (fast, lightweight)

v Overwrite limitation (erase before write)

v Read/Write vs. Erase granularity

» Endurance, Disturbance, Retention error G T e

/ Types: SLC, MLC, TLC, QLC, ... | 7
i PPN v/

Figure 1. Flash, like paper, can only be erased so many times before it gets used up.
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System programs for Disk (1/7)

s Disk device driver

v Abstract disk as a logical disk (a collection of disk blocks)
= The size of a disk block is the same as that of page frame (4 or 8KB)

v Disk command handling (ATA command: type, start, size, device, ...)
v Disk initialization, scheduling, error handling, ...

el (1] [27] 3] [a] [5]
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System programs for Disk (2/7)

s File system

v Support file abstraction: stream of bytes
v Associate a file with disk blocks (inode, FAT)
v Support file attribute/access control, directory, ...

sta offset end (size=end-start)
Reports.doc T e T
‘\@ . < . P <
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System programs for Disk (3/7)

s File system

v inode concept
» An object for managing a file in a file system (metadata)
Used by various file systems such as UFS, FFS, Ext2/3/4, LFS, ...

Maintain information for a file (e.g. “Is —I”)
. file size
. locations of disk blocks for a file
. file owner, access permission
. time information
. file type: regular, directory, device, pipe, socket, ...

<
. Disk
= Stored in disk \md%é';;_/
» Constructed when a file is created B P
= Accessed when it is opended _/
(from LN1)
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System programs for Disk (4/7)

s File system

v Inode structure
inode

i_nlink, i_dev

i_uid, gid

I_op, i_size

i_atime, ctime, mtime

type (4bit)

12 direct block <

3 indirect block <

w M
24
31
55
e 67
77
96 83 99
\123 125 128 \1%1

S IFLNK
S_IFREG
S_IFBLK
S_IFDIR
S_IFCHR
S_IFIFO




System programs for Disk (5/7)

s File system
v inode example
= \WWhen we create a new file, named “alphabet.txt”, whose contents

include “AB...Z". |
- Note that, in actuality, the inode size is much smaller type : regular
than the disk block size (128B or 256B) /| size: 26
date, time
— ;;Nner, group
— access bits
locations :
1 10 _ _ _ _ _ _
6 ol (10| {11| | ~  ||el| 2] B |9o] 1B 11 |
13| [14] |15] [16
ABCDEFG
18] - 18

< When we write more data? (when a file is increased?)
For instance, it becomes 5KB, 50KB or 100KB?

12 .



System programs for Disk (6/7)

s System call
v Support interfaces such as open(), read(), write(), close(), ...

fd=open("Reports.doc”, ...)
read(fd, buf, size) or write(fd, buf, size)
close(fd)

Reports.doc e




System programs for Disk (7/7)

s System call
v Use fd (file descriptor) instead of file name (for efficiency)
» fd: object to point out a file in kernel
= return value of the open() system call
= used by the following read(), write(), ..., close() system calls
» fd is connected into inode through various kernel objects (file table)

program file_descriptor

/

i’a=op n(); —

file structure (file table)

offset

T

inode

% In-memory inode vs in-disk inode

14
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File Programming: Basic (1/11)

s Practice 1: read data from an existing file

[ * file_testl.c: read data from a file, by choijm. choijm@dankook.ac.kr*/
#include <stdio.h>

#include <stdlib.h>

#include <unistd.h>

#include <fcntl.h>
#include <errno.h>

Refer to next slide (Syntax)

#define MAX_BUF 16
char fname[] = “alphabet.txt";

int main()
int fd, size; Inform the cause V\_Ihen an error occur:
char buf[MAX_ cf) Error handling is quite important!!

fd = open(fname, O_RDONLY);

if (fd < 0) {
printf(“Can’t open %s file with errno %dW#n”, fname, errno);
exit(-1);

by

size = read(fd, buf, MAX_BUF);

if (size < 0){
printf("Can’t read from file %s, size = %dWn", fname, size);
exit(-1);

else

printf("size of read data is %d¥n", size);
close(fd);

I
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File Programming: Basic (2/11)

s Syntax of the open() and read() system call

int open(const char *pathname, int flags, [mode_t mode])
v pathname : absolute path or relative path
v flags (see: /usr/include/asm/fcntl.h or Chapter 4.3 in the LPI)
= O_RDONLY, O_WRONLY, O_RDWR
= O_CREAT, O_EXCL
= O_TRUNC, O_APPEND
= O_NONBLOCK, O_SYNC
v mode
= meaningful with the O_CREAT flag
= file access mode (S_IRUSR, S_IWUSR, S_IXUSR, S_IRGRP, ..., S_IROTH, ...)
v return value
= file descriptor if success
= -1 if fail

int read(int fd, char *buf, int size) // same as the write(fd, buf, size)
v fd: file descriptor (return value of open())
v buf: memory space for keeping data
v Size: request size
v return value
= read size
= -1 if fail

17




File Programming: Basic (3/11)

s Practice 1: execution results

Echoijmﬁlacalhost chap3l$ more file_testl. ¢ =]
i+ file_testl.c It 8= Z2 M. 938 102 by choiim. choijmidku.edu +/
ﬁ: HE: Egg :g}é 3: ?bh;} ___" I:ZhI:Ii_irI-I[E'|I:II:ZEI“-II:IE:t:""I,-"'

o choijm@localhost:~syspro_examples/chap3 ‘

#include <unistd. h> [choiim@localhost chap3ld -]
ﬁ!”cluge <fcnt|.E> 1[:l::ll'lc:sijrn@l-?l::all'uzuat & m
include <errno. b= ' test],
#ﬁEfi?E HATTBHF"]? - ..,[éhETjﬁglacglhast cﬂgg%iﬁ_EL
Charinans L= bhahelLxl ’%choijmﬂlocalhost C H cc -0 file_testl file_testl.c >
- : choijmnilocalhost chap3
LRt [choijn@localhost chap3l§ Is
int fd, size: Eile_teatl file_testl.c
char buf [HA&%_BUF]: choijn®localhost chap
[choiim@local host cﬁﬁggi%:;ifile_test1 I
T? ngogné;n?me, U—HDUNLV%an't open alphabet . txt file with EFFH?4E
: e choijm®localhost chapd
2;;?Ei5)?a” b OPEN S | [ehoiindl ocal host chﬁEﬁ%%ZiIalmhabet/{% I
} [choijm@localhost g%&g%i%:& —
size = readifd, buf, Max_ [choiim@localhost at aIDhaﬁét.fxt I
if Esizef? EJ ik - ?bcdefghijklmnomqrstuuwx%z // I
printfl"Can t read fre [choijn@localhost chap3
[t ool Joigoean —
elze e
. . [choijn@localhost chap3]$
C|02;E?5§5 SR e “lchoiin@localhost chap3]$ W
T
[choijm@localhost chap3l$
[choiim@localhost chap3ld B
lusrlinclude/asm-generic/errno-base.h
#define ENOENT 2 // No such file or directory
—'

18



File Programming: Basic (4/11)

s Practice 2: extend the practice 1 so that it displays the read
data on terminal

[* file_testl_ext.c: read data from a file and display them, by choijm. choijm@dku.edu*/
#include <stdio.h>

#include <stdlib.h>

#include <unistd.h>

#include <fcntl.h>

#include <errno.h>

#define MAX_BUF 16

char fname[] = “alphabet.txt";

/usrf/include/unistd.h & =

#define STDIN_FILENO 0 // Standard input
#define STDOUT_FILENO 1 // Standard output
#define STDERR_FILENO 2 // Standard error

int main()

{

int fd, read_size, write_size;
char buf[MAX_BUF];

fd = open(fname, O_RDONLY);

if (fd < 0) {
printf("Can’t open %s file with errno %dWwn", fname, errno);
exit(-1);

b

read_size = read(fd, buf, MAX_BUF);

// Due to the slide limit, I it the error handling code (But, students must implement it)
write_size = write(STDOUT_FILENO, buf, read_size);

close(fd);

b IS SPRoc)




File Programming: Basic (5/11)

s Practice 2: execution results

#* choiim@localhost~/syspro_examples/chap3
[choijn@localhost chap3]$ -]

[choijmilocalhost chap3]§ cat file_test]_ext.c
J+ N2 E = =23z 0 02 102 by choiin, choijmidku, edu +/

#include <stdio.h>
#include <stdlib.h=

#include <unistd. h> #* choijm@localhosti~/syspro_sxamples/chap3
#include <fcntl.h> [choiindlocalhost chap3]$ -
ﬁég?:ﬁgemggréﬂg'TE [choijn@local host—chiapdl¥ vi file_testi_ext.c I
char fname []_ =gy DhﬂbEt CtHt "t [':h':'i _| m@,l ':“:Ell h':'St Cha[ﬁJ $
[choijn@localhost chapdld s

int main() alphabet.txt  file_lseek file_testl.c nycat nenfile_|seek,txt
i , , , , file_create file_lseek.c file_testl_ext mycat.c report

int fd, read_size, write_sizZe’ fi|e_create.c file_test]  file_testl_ext.c newfile. txt

S L [choiin@ilocalhost chapd]$
me, O_RDONLY):  Lchoiin@localhost—chapdld gec -o file_testl_ext file Testioext.c

fd = openl fna H

if (fd < 0) { [choiin@localhost chapd]§
printf("Can’ t open %s file [choijn@localhost—chapd]¥  [file_testl_ext I
exit(-17); abcdefahi jkInnop[chol T ocattostchap3t

¥ [choijn@localhost chapd]$

read_size = readi(fd, buf, Ma¥_

oA 37 He 2o ol 9l [choijm@localhost chap3]$ cat alphabet. txt

abcdefanijkinnoparstuvwstz

Al ek
urite_size = write(STDOUT_FILE|[chol]n@localhost chap3]d
foprintfligs", buf): [choijm@localhost chapd]$ i
closel fd):

[choijnf@localhost chap3]$

[choijm@localhost chap3]3 B

< Can we make the “cat” command? (or “more” command?)

—
w
a—

20



File Programming: Basic (6/11)

Practice 3: make a “mycat” command (with argc, argv)

/* mycat program, by choijm. choijm@dku.edu */
#include <stdio.h>

#include <stdlib.h>
#include <unistd.h>
#include <fcntl.h> Command Convention ]
#include <errno.h>

#define MAX_BUF 64

int main(int argc, char *argv[])
{
int fd, read_size, write_size;
char buf[MAX_BUF];

if (argc!= 2) {
printf("USAGE: %s file_nameWn", argv[0]); exit(-1);

b
fd = open(argv[1], O_RDONLY);
if (fd < 0){

// open error handling

bs
while (1) {
read_size = read(fd, buf, MAX_BUF);
if (read_size == 0)
break;
write_size = write(STDOUT_FILENO, buf, read_size);

by
close(fd); S
>




File Programming: Basic (7/11)

s Practice 3: execution results

-
EP choijm@sungmin-Samsung-DeskTop-System: ~/chap3

choiim@sungmin-Samsung-DeskTop-5ystem: ~/chap3s
choiim@sungmin-Samsung-DeskTop-5System: ~/chap3s 1=

alphabet.tXxt mycat.c

choiim@sungmin-5Samsung-DeskTop-5ystem: ~/chap3s
choiim@sungmin-Samsung-DeskTop-5ystem: ~/chap3$ goc -0 mMycat mMycat.c
choiim@sungmin-Samsung-DeskTop-5ystem: ~/chan3s
choijm@sungmin—Samsung—DeskIdEEEEEEEEE}fChap3$ ./mycat :::::::::)
OUSAGE: ./mycat file name
choiim@sungmin-Samsung-DeskTon= T ~7 Chaprs s
choijm@sungmin—Samsung—DeskIgg:izzzzm;r/chap3$ ./mycat alphabet.tXt Aj::::::::>
abcdefghijklmnopgrstuvWwiyz

§choiim@sungmin-Samsung-DeskT T=/cnap3s
choijm@sungmin—Samsung—DeskIggzzz:::fT;fchan3$ cat alphabet.tXt i:::::::::>
abcdefghijklmnopgrstuvWwiyz

choijm@sungmin-Samsung-DeskTop-5 i =
choijm@sungmin—ﬂamsung—DeskTSE:Ei:;;;E;;Chap3$ /mycat mycat.c i::::::::>
#include <stdio.h>

#include <stdliib.h>

#include <unistd.h>

#include <fcntl.h>

#include <errno.h>
$define MAX BUF 64

int main{int argc, char *argv[])

{
int fd, read size, write_ size;
char buf[MAX BUF]:

if (argc '= 2) {

printf ("USAGE: %= file_name\n", argv[0]): exit(-1):
I
fd = open(argvil], O RDONLY):
if (fd < 0) {

printf ("Open fail\n"); exit(-1):
i
while (1) {

read size = read|(fd, buf, MRX BUF):;

if (read size == 0)

break;

write size = write (S5TDDUI FILENQ, buf, read size):
i
closge (£d) ;

1
¥

choiim@sungmin-Samsung-DeskTop-5ystem: ~/chap3s l

m

22



File Programming: Basic (8/11)

s Practice 4: create a new file

[ * file_create.c: create a new file, by choijm. choijm@dku.edu */
#include <stdio.h>

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

#include <errno.h>

#define MAX_BUF 64

char fname[] = "newfile.txt";
char dummy_data[]="abcdef

If we rerun this program? ]

If we rerun without the O_EXCL flag? 1

int main() {
int fd, write_size, read_
char buf[MAX_BUF];

izQ;_CREAT or creat()

[ If we want to write data at the end 1
of this file?

fd = open(fname, O_RDWR | O_CREAT | O_EXCL, 0664);
if (fd < 0) {

printf("Can't create %os file with errno %dWwn", fname, errno); exit(1);
by

write_size = write(fd, dummy_data, sizeof(dummy_data));
printf("write_size = %dWn", write_size);
close(fd); _

If we comment out these close()
fd = open(fname, O_RDONLY); Land open() statements?
read_size = read(fd, buf, MAX_BUF);
printf("read_size = %dWn", read_size);

write_size = write(STDOUT_FILENO, buf, read_size);

close(fd); [Sv SO




File Programming: Basic (9/11)

s Practice 4: execution results

#* choijm@localhosti~/syspro_examples/chap3

[choiin@localhost chap3l$ Is -]
alphabet  txt file_testl file_testl_ext mycat

Eile_create.c file_tesgl.c file_testl_ext.c mvcat.c

choijmidlocal host chgg%lﬁ___

[choiimi@localhost ch acc -o file_create file_create.c —
[choiin@localhost chap3]§

[choiin@localhost chardld ./file_create

write_size = 9

I
read_size = 9§
I

abcdefg
[choiin@local host Ch%%%i%:_g
[choijmilocalhost ch file_create
Can't create newfile txt file with errno 17
[choiimilocalhost chap3]$

[choijm@local host chap file_create.c
[choiin@localhost chap3l$ gcc -o file_create file_create.c
[choijmi@localhost chapd]$

[choiin@local host chap ile_create

write_size = 9
read_size = 9§
abcdefg

[choiin@localhost chap3]§
choiim@localhost chap vi file_create.c
choiin@localhost chagp3l$ gacc -o file_create file_create.c
choijn@localhost chapd]§

/e

choiim@localhost chap3 S file_create

write_size = 9

read_size = 0
[choiimilocalhost chap3]$
[choiim@local host cha vi file_create.c
[choijm@local host ch@pdl$ gocc -o file_create file_create.c
[choijm@local host ch

Al

[choiin@localhost chap3] reate
write_size = 89

read_size = 18

abcdefya

— 2D C0E O —
[choiin@localhost chap3l$ W D4 =




File Programming: Basic (10/11)

s Practice 5: want to read “d” from a file whose contents are
“abcdefg”
v Using Iseek()

off_t Iseek(int fd, off_t offset, int whence)

v fd : file descriptor | Negative value is allowed

v offset : offset position :
v whence (/usr/include/unistd.h)
= SEEK_SET : New offset is set to offset bytes.
= SEEK_CUR: New offset is set to its current location plus offset bytes.
= SEEK_END: New offset is set to the size of the file plus offset bytes
v return value
= new offset if success

= -1 if fail
File containing LUnwritten bwres
—_—_—— o 3 s _ e e AR -
N byites of data pPast EOF
e s @ | & | seme | [ ... [~N—2[N-a] &~ (wver) .
Lrrebrer e e e R i e
T~ Current
Jile ofjfset
P T R NLTTTRUEIREESIE IR ET FP) SECRINPR. e ird /oo SRR e ogesas:
| SEEK_SET SEEK_CUR SEEK_END !
: Fier wa

e A PP S Py S PR DS S PR il 1. Aoy e M Ty e P P S S PSP S P B S S P |

Figure 4-1: Interpreting the w/iecnce argument of iscek()

& sequential access vs. random access

25



File Programming: Basic (11/11)

s Practice 5: want to read “d” from a file whose contents are
“abcdefg”

[ * file_lIseek.c: Iseek example, by choijm. choijm@dku.edu */
#include <stdio.h>

#include <stdlib.h>

#include <unistd.h>

#include <fcntl.h>

#include <errno.h>

#define MAX_BUF 64

char fname[] = "newfile_Ilseek.txt";

char dummy_data[]="abcdefgWn";

int main()

{
int fd, write_size, read_size, new_offset;
char buf[MAX_BUF];

fd = open(fname, O_RDWR | O_CREAT | O_EXCL, 0664);
write_size = write(fd, dummy_data, sizeof(dummy_data)); printf("write_size = %dWn", write_size);
close(fd);

fd = open(fname, O_RDONLY);

new_offset = Iseek(fd, 3, SEEK_SET);

read_size = read(fd, buf, MAX_BUF); printf("read_size = %dWn", read_size);
write_size = write(STDOUT_FILENO, buf, read_size);

close(fd); IS v SPRoG]




File Programming: Advanced (1/6)

s Other system calls related to file
v creat() // same as open() with flag O_WRONLY | O_CREAT | O_TRUNC
v mkdir(), readdir(), rmdir()

pipe()

mknod()

v link(), unlink()

AN

\

fletxt —\ \ fle txt —\ w
document2. txt document2.txt

24
Inode index

\[node index
L]

>Space used x2

copy
n\ . . \‘
I Physical Disk ' I Physical Disk
documentn.txt documentn.txt
Filename index Filename index

(Source: https://[devconnected.com/understanding-hard-and-soft-links-on-linux/
I -
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File Programming: Advanced (2/6)

s Other system calls related to file

v dup(), dup2()
n
. stat(), fstat() SYNC ONEPRIVE
v chmod(), fchmod()
v ioctl(), fentl() s
v sync(), fsync() - IN'LINUX
Figure 10.11 Descriptor table Openfile table v-node table Figure 10.14 Descriptor table Open file table v-node table
Typical kemel data (one table (shared by (shared by Kernel data structures (one table (shared by (shared by
structures for open per process) all processes) all processes) after redirecting stan- per process) all processes) all processes)
files. In this exampie' File A dard uutput by calling File A .
two descriptors reference stdin 10| | — "o access dpp?@, .1}- The "‘“Ua‘| ;g ? = il access
distinct files. There is no :Eggg; ;g; File pos File size S'tuit‘oows shown in Fig- 2 File pos File size
sharing. 43 refent=1 File type HEll fd3 refent=0 File type
File B ; \ File B ‘
_—"[Filo access I F"e. at:(l:ess
Fll pos File size File pos F}le size
refent=1 File type refent=2 Flle.type

(Source: CSAPP) _
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File Programming: Advanced (3/6)

Practice 6: device file test.txt /dev/pts/2

[ * file_device.c, by choijm. choijm@dku.edu */
#include <unistd.h>

#include <sys/types.h>

#include <sys/stat.h>

#include <fcntl.h>

#define MAX_BUF 4
char fname[] = "test.txt";
char tmp_data[] = "abcdefghijkimn";

int main()

{

int fd, size;
char buf[MAX_BUF];

fd = open(fname, O_RDWR | O_CREAT, S_IRUSR | S_IWUSR);
write(fd, tmp_data, sizeof(tmp_data));
close(fd);

fd = open(fname, O_RDONLY);
Iseek(fd, 5, SEEK_SET);
size = read(fd, buf, MAX_BUF);

Devices such as terminal can be
accessed using file interfaces

close(fd);

fd=open(“/dev/pts/2"”", O_WRONLY);
write(fd, buf, MAX_BUF);
close(fd);




File Programming: Advanced (4/6)

s Practice 7: redirection (derived from “mycat” program)
v Same fd but different objects

[ * file_redirection.c, by choijm. choijm@dku.edu */
#include <stdio.h>

#include <stdlib.h>

#include <unistd.h>

#include <fcntl.h>

#include <errno.h>

#define MAX_BUF 64

int main(int argc, char *argv[])

{

int fd, fd1, read_size, write_size;
char buf[MAX_BUF];

if (argc!=4) {
printf("USAGE: %s input_file_name W">W" output_file_nameWn", argv[0]); exit(-1);

+
fd = open(argv[1], O_RDONLY);

// for redirection. (eg. "mycat inputfile.txt > outputfile.txt")
/] close(STDOUT_FILENO);

fd1 = open(argv[3], O_RDWR | O_CREAT, 0641);
dup2(fdl, STDOUT_FILENO);

/ /] redirection end

while (1) {
read_size = read(fd, buf, MAX_BUF);
if (read_size == 0)
break;
write_size = write(STDOUT_FILENO, buf, read_size);

by
close(fd); w




File Programming: Advanced (5/6

s Practice 7: execution results

-
E@ chojm@sungmin-Samsung-DeskTop-System: ~/chap3

choijmiEsungmin-Samsung-DeskTop—-System:~,/chap3s 1= -~
alphabet.t=xt mycat.c redirect.c
choijm@sungmin—samsung—DeskTop—System(fZEEEéEE:meycat alphabet.txt
abcdefghi jkilmnopgrstuvwiy=Z
choijm@sungmin-Samsung—-DeskTop—System:~,/chap3s

choijm@sungmin-Samsung—-DeskTop—-System:~/chap3% gcc —o redirect redirect.c

choijm@sungmin-Samsung—-DeskTop-System: ~,/chap3$

choijmiEsungmin-Samsung-DeskTop-System:~,/chap3s ./ /redirect

USAGE: ./redirect input_name ">" output_Tfile name

choijm@sungmin-Samsung—DeskTop—System:~/ck =

choijm@sungmin-Samsung—DeskTop-System$e/chap3% ./redirect alphabet.txt ">" output_alphabet.CXL
choijm@sungmin-Samsung—-DeskTop—System: ~,/chap3¥

—choijm@sungmin—Samsung—DeskTop—SystemJ~fchap3$ is

alphabet.t=xt mycat.c output_alphabet.tXt redirect.c
choijm@sungmin-Samsung—DeskTop—System:~,/chap3s
choijm@sungmin—samsung—DeskTop—System{EEEEEEEE_Eat output_alphabet.tXT ::::::::::)
abcdefghi jklmnopgrstuvwiy=Z
choijm@sungmin-Samsung—DeskTop—System:~,/chap3s
choijmiEsungmin-Samsung-DeskTop-System:~,/chap3s . /mycat redirect.c
#include <stdio.h>

#include <stdlib.h>

#include <unistd.h>

#include <fcntl.h>

#include <errno.h>

#define MAX BUF 64

int main{int argc, char *argvl])

i
int £d, f£dl, read size, write_ size:
char buf[MAX BUF]:

if (argc '= 4) {
printf ("USAGE: %s input_name \">\" output file nameln”, argv[0]); exit(-1);
1

fd = openlargvil], ©C_RDONLY);
if (fd < 0) {
printf ("Open fail for read\n™):; exit (-1);:

L

fd1l = open(argv[3], © _WRONLY | O_CREAT, 0664):
if (fd < 0) {

printf ("Open fail for write\n"); exit(—-1):
¥

dup2 (£d1, STDOUT_FILENC) :

m

while (1) {
read size = read(fd, buf, MAX BUF);
if (read size = 0} -

= This is just an example. In general, redirection is in the form of

“Iredirection sourcefile.txt > outputfile.txt” (shell actually handle the redirection
I
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File Programming: Advanced (6/6)

s Discuss the tradeoff about the buffer size in read()/write()
v Revisit mycat again: what if we change the MAX BUF as 32 or 128

- [ * mycat program, by choijm. choijm@dku.edu */

- #include <stdio.h>

- #include <stdlib.h>

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

- #include <errno.h>

- #define MAX_BUF 64

int main(int argc, char *argv|[])
<
int fd, read_size, write_size;
char buf[MAX_BUF];

if (argc 1= 2) {
printf("USAGE: %s file_name\ n", argv[0]); exit(-1);

fd = open(argv[1], O_RDONLY);
if (fd < 0) {
// open error handling

>
while (1) {
read_size = read(fd, buf, MAX_BUF);
if (read_size == 0)
break;
write_size = write(STDOUT_FILENO, buf, read_size);

>
close(fd);
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Tracing system call

s Using “strace”

TIiP: USE sTrRACE (AND SIMILAR TOOLS)

The st race tool provides an awesome way to see what programs are up
to. By running it, yvou can trace which system calls a program makes, see
the arguments and return codes, and generally get a very good idea of
what is going on.

The tool also takes some arguments which can be quite useful. For ex-
ample, —f follows any fork’d children too; —t reports the time of day
at each call; —e trace=open, close, read, write only traces calls to
those system calls and ignores all others. There are many more powerful
flags — read the man pages and find out how to harness this wonderful

tool. (Source: Operating Systems: Three Easy Pieces)

= | = N
choijm@sv=s—2:~5 1=
alphabet.txt backup
choijm@syv=s—2:~5
choijm@sys—2:~5 cat alphabet.txrC
abocdefghijklmn
choijm@sys—2:~S
choijm@swys—2:~5 strace cat alphabet.t=xt
excecve ("SbinScat™, [Tcat™, "alphabet.tx=xt™]1, [£¥ 21 wars =/]1) — O
Exrikc (o) = OxE8486000
access("/ecc/ld. so.nohwoap™, F_OH) = —1 ENOENT (No such file or dirsectorwv)
mmap2 (NULL, 8192, PROT READ|PROT WRITE, MAP PRIVATE |MAFP ANONYMOUS, —1, Q) — Oxb77a=000
access("/ecc/ld.so.preload™, R_OHK) = —1 ENOENT (Mo such file or directorwv)
open ("/ecc/ld.so.cache™, © RDONLY |© CLOEXEC) = 3
fstat&4 (3, {st_mode—S IFREG|j0644, St _sSsize—6308&6, ...3}) = O
mmap2 (NULL, 63086, PROT READ, MAP PRIVATE, 3, 0) = Ooxb779e000
close (3) = o
access ("/etc/ld. so.nohwocap™ F_OK) = —1 ENOENT (No such file or directory)
open(”/lib/i386 - 1linux— gﬂu/llbc =a.&8™, O RDONLY |O CLOEXEC) =
read (3, "\177ELF\1\1\1\O\O\O\G\0\C‘\G\0\0\3\0\3\0\1\9\9\0\220\226\1\000&\0\0\0". ~=y S5A13) = 512
fstat64 (3, {st mode=S IFREG|O0755, St size=1742312, ...} = O
mmap2 (NOLL, 1751772, PROT READ|PROT EXEC, MAP PRIVATE |MAP DENYWRITE, 3, 0) — Oxb75£f2000
mmap? (Oxb7 798000, 12288, PROT READ|PROT WRITE, MAP PRIVATE |MAP FIXED|MAFP DENYWRITE, 3, Oxlas6) = Oxb7798000
|jmmapz (oxb7 79000, 10972, PROT READ|PROT WRITE, MAP PRIVATE |MAP FIXED|MAP ANONYMOUS, —1, O) — Oxb7795000
iclose:S} = o
ffmmap2 (NULL, 42096, PROT READ|PROT WRITE, MAP PRIVATE |MAP ANONYMOUS, —1, O) = Ooxb7S5£i1000
fl=et._thread arca(fientry number:-1 —> &, base addr:0xb7S5f1900, 1imit:1048575, seg 3I2bit:1, contents:0, read exec only:0, limit i
I pages:1, seg mot present:0, uscable:13}) = O
mprotect (Oxb7798000, 8192, PROT READ) = o
|jmorotect (Ox8053000, 4096, PROT READ) = o
moroctect (Oxb77d1000, 240956, PROT READ) = o
munman (Oxb779=000, 63086) = o
Exrik (0) = OxE8486000

Exrlk (0x84a7000) DxB84av7o00o

lepen "/ usrslib/localeflocale—archive™, O_RDONLY |O_LARGEFILE |O_CLCOEXEC) = 3
lescats4a (3, f=st_mode—S_ IFREG|0644, sSt_sSize—2929440, ...3}) = O
fmmaepz (NULL, 2057152, PROT_READ, MAP PRIVATE, I, ©0) — Oxb73L£io00
mmap2 (NULL, 1253376, PROT READ, MAP PRIVATE, 3, Ox858) — Oxb72ZbBbfo00
clase (3) = a
T T e T T, o Mo T T e T, T T E N ET T I, I T
open ("alphabet.txtc™, ©O RDOMLY |O LARGEFILE)} = 3
fstat64 (3, {st_mode—=S IFREG|j0664, st _size=15, ...3})} = O
|fadwvisesa_64a4 (3, o, O, POSIX FADV SEQUENTIAL) = o
read (3, "abcdefghijkimmin™, 3I2768) = as
write(l, "abcocdefghijkimnin™, i1Sabcocdefghifklmn
I » = a5
read (3, =", 3I2T6E8) = a
close (3) - a
T
cloase (2) = a
= =

exitc group (0}
choijm@swys—2:~5 [] =




Summary

s Understand the internal structure of disk

s Find out the relation between system programs for disk
v Driver, file system, system call

s Grasp the role of the inode

s Make a program with file interfaces
v open, read, write, close / Iseek / device file and redirection

%= Homework 3: Make a command called “mycp”
1.1 Requirements
- use argc and argv] ]
- do not create a file if the same name already exists in current directory
- shows student’s ID and date (using whoami and date)
1.2 Bonus: copy not only the contents but also the attributes
1.3 Write a report
- 1) Introduction: What to do, How, ...
- 2) Design and Source code description
- 3) Execution Snapshots
- 4) Discussion: what you learn, issues, ...
1.4 Deadline: Next week (same time)

1.5 How to submit? Send 1) report and 2) source code to TA using Goog_
e.g. https:/lforms.gle/vBbJdJRQ3TUtZdTi9) P



Homework 3: Snapshot example

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <«<sys/stat.h>
#include <fcntl.h>
#include <errno.h>
#define MAX BUF 64

char buf[MAX BUF]:;
struct stat sb:

(argc '= 3) {
printf ("USAGE:
}
fds = open(argv[l]
(fds < 0) {

}
#define STAT VERSION
#ifndef STAT VERSION

fdd = open(argvi2Z]
#else

fstat (fds, &sb):
J¢ printf("st mode =

fdd = open(argviZ]
#endif

(fdd < 0) {

ile (1) {
read size = r
(read size

r

}
close (fds) :
close (£dd) ;

int fds, fdd, read size USAGE:

printf ("Can not ope’-rwrwar-x

write size = write (J-—Tw-—TIw-TI——

"mycp.c" 43 lines —2%——

= If you have any trouble to log in to the Likax server, Please inform your situatio

@ choijm@embedded: ~/Syspro/chap3/Homework3 —
|I* mycp program, by choijm.

E# choijm@embedded: ~/Syspro/chap3/Homework3

choijm@embedded: ~/Syspro/chap3/Homework3s
choijmi@embedded: ~/Syspro/chap3/Homework3s
ttotal 8

—IwWw—IwWw—r—— 1 choijm choijm 25 ag =22 =
—IW—IW—Ir—— 1 choijm choijm 993 oz 21 21
ichoijm@embedded: ~/ Syspro/chap3 /Homework3s
choijm@embedded: ~/ Syspro/chap3,/Homework3s

nt main{int argc, char *ar choijm@embedded:~/Syspro/chap3/Homework3$

choijm@embedded: ~/ Syspro/chap3/Homework3s

Smvep source file destination fil
choijmiEembedded: ~/ Svspro/ chap3,/ Homework3s
yCan not open alpha. Ho such file
nchnijm@embedded:~fSyspIchhapSfHDmEWDIk3$
fchoi ijm@embedded: ~/ Syspro/chap3 /fHomework3s

%3 sichoijm@embedded:~/fSyspro/chap3/Homework3s
total 20

p Y R EREe
—EW—IW-—T——

choijm choijm Za g 2=
choijm choijm Zo agm 22
cholijm choijm 5492 oz =21 2
f—rw—rTw—r—— 1 choijm choijm S93 g@ 21 =2
choijm@embedded: ~/ Svaspro/chap3/ Homework3s
choijmiEembedded: ~/ Svspro/ chap3,/ Homework3s
;y O Wiabcdefghijklmn opgrstu VWXYE
lchnijm@embedded:~fSysprnfchap3fﬂamewark3$
fabodefghi jkimn opgrsta VWEYE
%o\n"}chnijm@embedded:~fSyspIchhapSfHDmEWDIk3$
, O Wchoijm@embedded:~/Syspro/chap3/Homework3s
o choijm@ienmbedded: ~/ Syspro/chap3,/Homework3s
choijm@embedded: ~/ Syspro/chap3,/Homework3s

bei e

printf ("Can not cre choijm@embedded:~/Syspro/chap3/Homework3s

choijm choijm 2o o= 21 2
choijm choijm 249 g3 21 2
choijm choijm za o= 22
choijm choijm S5768 S 21

—EW-EW -E——
ad{fdi—mw-r—Tr——
—EMW—EW—L——

Ped e e e

HIWHET—X

choi jmEembedded: ~/ Syspro/chap3,/Homework3s
choijm
choijm@enmbedded: ~/ Syspro/chap3,/Homework3s
2023. 089, 21. (= } 22:00:57 KS5T
choijm@embedded: ~/ Syspro/chap3,/Homework3s
abocdefghijklmn opgrstu VWEYE
choijm@embedded: ~/ Svaspro/chap3/ Homework3s

1 X

Vi mMyCD.C
is -1

021 alpha.txt
ST mycp.c

gocc —Oo mMyCpD mMyCpD.C
S mycp
=

Smycp alpha alpha new.txt
Smycp alpha.txt alpha new.Lxt
1s —1
1:59 alpha new.TCXtC
2021 alpha.tXC
Lrhg
1:57 mycp.c

cat alpha.txt

cat alpha new.txt

vi mycp.c

gCocC —0 mMyCcp mycp.c
Smycp alpha.tXt alpha attr.tXrC

cat alpha attr.txHC

nto TA

b

]
1]
1]
b

ol



Quiz for this Lecture

s Quiz

v 1. Describe the roles of three system programs for disk (using the
term of abstraction).

v 2. How large size can an inode support using direct block pointer?
How about single, double, and triple indirect pointer?

v 3. What is the functionality of O NONBLOCK and O _SYNC in the
flags of the open() system call?

v 4. How can we figure out the size of a file using file interfaces that we
learnt in this LN? (Note: 3 ways, NOT “Is —I")

v 5. SSD internally makes use of a SW called FTL (Flash Translation
Layer). Discuss why SSD needs FTL based on the differences
between Disk and Flash memory (2 key differences).

Listing 4-2: Examples of the use of open()

/* Open existing file for reading */

fd = open("startup”, O_RDONLY);
if (fd == -1)
errExit("open”);

/* Open new or existing file for reading and writing, truncating to zero
bytes; file permissions read+write for owner, nothing for all others */

fd = open("myFile”, O _RDWR | O_CREAT | O_TRUNC, S_TRUSR | S_IWUSR);
if (fd == -1)
errExit("open”);

/* Open new or existing file for writing; writes should always
append to end of file */

fd - open("w.log", O _WRONLY | O_CREAT | O_TRUNC | O_APPEND,
S_IRUSR | S_IWUSR);

if (fd == -1)
errExit("open");



Appendix 1

s How to download files from Linux server?

v scp (secure copy protocol)

» A means of securely transferring computer files between a local host and
a remote host or between two remote hosts

& choijm@embedded: ~/programming - 0 i H
CiilsersiiChoi JMisysprolB=dir
choijmfembedded:~5 1s A CEEEM‘:' 9 250= 0[50l S5l
examples.desktop music programming README sysprold  omp 25 28 U= 30186507
choijmfembedded:~S C:#lserstiChoi Mtsvsprold CIAE 2
choijm@enbedded:~§ cd programming/ ogiE-11-7 oF 118 <Dl
choijmfenbedded: ~/programming$ 2018-11-07 955 1116 <DIR: y
choijm@embedded: ~/programming$ 1s g;” LELI%'EH — Zgg S{ Ig Lo
hello backup.c hello.c README README new - TR E WS
choijn@embedded:~/programming$ C:lserstiChoi JithsysprolB> - .
choijn@embedded: ~/programming$ ifconfig Eh*?gﬁgéagﬂgh%é@ggsgr? E;:gio(r:g?l mi220.143 236 2: programming/hel lo.c
enpls25  Link encep:Ethernet HWaddr 00:24:54:55:5d:86 bl 1008 B 0.1KB/s  00:00
inet addr:220.149.236.2 Bcast:220.145.236.255 Mask:255.255.255.0 . N .
ineté addr: fe20::eaad:el3b:371b:f4%d/64 Scope:Link Eﬂﬁ;@gﬁgﬂﬂgg@gfg1Egzgﬁo‘ﬁ'&?'Jm@zzo'mg‘zaa'ngram““”g/ a.out .
UP BROADCAST RUNNING MULTICAST MIU:1500 Metric:l a.out 100% 4638 4. BKB/s  00:00
RX packets:a.:zl:l%z?o errors:0 dropped:1252738 cverrung:D frame:0 G Hlser sHChol Misysprol B5dir
TX packets:7299247 errors:0 dropped:0 overruns:0 carrier:0 C C2t0|29 ESH= 0|20 YsUct
collisions:0 txqueuelen:1000 EF 24 @2 3C18-EER7
RX bytes:25965239480 (25.9 GB) TX bytes:3744251874 (3.7 GB) CllersHChoi Miysorl TS
Interrupt:16 Memory:fc400000-£c420000
2018-11-07 23 1121 <DIRe
25 : i dne-11-07 2E 121 <DIRe s
lo Link encap:Local Loopback 018-11-07 =& 1121 4,689 a.out
inet addr:127.0.0.1 Mask:255.0.0.0 2008-11-07 28 1120 1 hello.c
ineté addr: ::1/128 Scope:Host EJH LEL{%I!EH 74874, OQ# ;?g S{OE e
UP LOCPBACKE RUNNING MIU:65536 Metric:l
RX packets:6091 errors:0 dropped:0 overruns:0 frame:0 v CWUSGFSWChOUMWSYSDFO]B
, <+ seuerarmm : — -




Appendix 1

s How to download files from Linux server?

v ftp (File Transfer Protocol)

» a standard network protocol used for the transfer of computer files
between a client and server on a computer network

v sftp (secure ftp)

+

2 Windows PowerShell

dar—— 2025-02-17
d=r=c= 2025-02-19
2025-02-19
2022-08-02
2025-02-19

OneDrive
Saved Games
Searches
Tracing
Videos

e ot

PS C:\Users\bicol>
PS C:\Users\bicol> ping 220.149.236.4

Ping 220.149.236.4 32HLO|E GOl H A& :
220.149.236.4°] : HO| E =32 A|Zt=3ms TTL=62
220.149.236.4°] : HO]| E =32 Al 7l =3ms TTL=62

220.149.236.40]
mzl: &Y = ; 0 (e% =4),
25 AlZECEE=E):

A = 3ms, Z | = 3ms,
Control-C
PS C:\Users\bicol>
PS C:\Users\bicol> ftp choijm@220.149.236.4
= 22 E choijm@220.149.236.4.

ftp> quit

PS C:\Users\bicol>

PS C:\Users\bicol> sftp choijm@220.149.236.4

ssh: connect to host 220.149.236.4 port 22: Connection refused
Connection closed

PS C:\Users\bicol> sftp 2222 choijm@220.149.236.4
choijm@220.149.236.4"'s password:

Connected to 220.149.236.4.

sftp>

sftp> 1s

chapl examples.desktop syspro




Appendix 1

s How to download files from Linux server?
v Using free ftp application with GUI (note: port = 2222)

ﬂﬂ\eiu"va-?ef@e fosldion X 4
s flaile-prjecon
BF"eZI”ammmmm
Fromatin:
Home
Filelill F||eZ|||a FleZilaPro
;eature;t 3, Googe e« Cloud, CneDive, A, Dropho, WebDAY GETTNOW
reenshots
Donload
Documentation
Filezila Pro overView
FileZilla Server
Download Welcome to the homepage of FlZila@, th free FTP salution, The FileZila Client nat only supparts FTP, but also FTP aver TLS (FTP
(o source software disributed free of charge under the term of the GNU General Public icense.
Forum We are lso offring Filezill Pro, with additonal protocol supportfor WebDAV, Amazon 53, Backblaze 82, Dropbor, Micrsaft OneD
Project page~ Microsaft Azure Blob and File Storage, and Gaogle Cloud Storage.
Wiki
e Last but not leas, FilZills Serveris a free apen source FTP and FTPS Server
ENera
i) Supportis avaizble through our forums, the wikiand the bu
gzgf;g In additon, you wilind documentation on how to compile FleZilla and nighty builds for multpl platforms i the development sec
License . .
piaey Pty Quick download links
Trademark Polcy
Development Download J Download J
;_””h[é“b“dfd FileZilla Client FileZilla Server
TrlgnslgtioUrLS ‘ Al platorms Windows anly
Version istory

sftp://choijm@220.149.236.2 - FileZilla

odE BEE =27V BE5M MHES S ) &2
-"--.::\eueo .

por |
bl

|:|r
‘2

>

(H A HEOl AZLCHN)

Qo

(BAEH) sftpy/220.149236) ALS

m HZvow: reeeee| Ecp 2 | WEaQ v

AEf: Connected to 220,149.236.2

YH: T2 HE 43,90 HOIES

Lo OO,

120 &g

SH: /home/choijm/Syspro/chap3/Homework3/mycp.c LHEZ L A%

ooy =

A7: 1,453,696,713 HHO|E

ot 17§ M= = £ 37|; 990 HIO|E

2 MO|E: reWlecture 2021WA|A B X 2Wrecording ~ | 2|2 E AHO|E: | /homej/choijm/Syspro/chap3/Homework3

pdf A él chap3

""" recording v = Homework3
g | BYgE  A5+E A (meg | Y. AFHY B ARF.
@LNO_\ntro_New“. 124,08.. Microsoft P... 2021-08-3 D.mycp.c.swp 12,288 SWP .. 2021-09-.. -rw-r—.. choijm ..
@LNO_\ntro_reco... 122,67... Microsoft P... 2021-08-3 Dalpha.txt 29 2AE | 2021-09-.. -rw-rw... chaijm ..
@LNLWhatisSys... 229.47... Microsoft P.. 2021-08-2 :jalpha atir.txt 29 HAE 2021-09-.. -rw-rw... choijm ...
.@LNLWhatisSys... 113,56... Microsoft P.. 2021-08-2 Jalpha new.txt 29 HAE - 2021-00-.. -rw-r-—-.. choijm ...
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