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Understand disk geometry

Objectives

Discuss system programs for disk (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 4, 5 in the LPI and Chapter 10 in the
4
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Introduction

s Issues on file

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

s File related system calls
v open(), creat(): create a file, start accessing a file (authentication)
v read(), write(): read/write bytes from/to a file
v close(): finish accessing a file
v Iseek(): jump to a particular offset (location) in a file
v unlink(), remove() : delete a file
v fentl() : control a file (file descriptor)
v



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 Sector addressing : head(surface), track(cylinder), sector

v Seek time: move head to appropriate track
v Rotational latency: wait for the sector to appear under the head
v Transmission time: read/write the request sector(s)

In order to read or write data on the disk, the readfwritz head neads
to be physically moved to the correct place on the disk. Thats a
key reason why HODs 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) S
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Disk structure (3/4)

s Disk access

v Disk behaviors (from youtube)

1 = [}
@ Jongmoo Choi's Home Page X @ Inside a Hard Disc Drive - Youl X | +
< C | A T2 2% | embedded.dankook ackr/~choijm/course/course.html o %
YoLELLWUre INOLE . Assernuier
o Lecture Note 10: Linker, Debugger and Tools
o Lecture Note 11: /PC signal, and socket

» Video clip
o You can access them via Dankook LMS System

o 2o ux
o Textbook1: Computer Systems: A Programmer's Perspective (3rd Edlition) by R. Bryant and D.
O'Hallaron
v [ecture site of the "Computer Systems: A Programmer's Perspective”
8 Chapter 1 of the "Computer Systems: A Programmer's Perspective (2nd edition)"
o Textbook2: The Linux Programming_Interface by M. Kerrisk

.« 3o BH X2

o Advanced Programming_in the UNIX Environments by R. Stevens. Addison Wesley
o B/EA HY YEAT by Y2l HETE 0L
e}
0

Linux System Programming: Talking Directly to the Kernel and C Library by R. Love. OReilly
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Disk structure (4/4, Optional)

s Disk vs. Flash memory

DN N N RN

VS

No mechanical part (fast, lightweight)
Overwrite limitation (erase before write)
Read/Write vs. Erase granularity

Endurance, Disturbance, Retention error

SLC, MLC, TLC
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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, ...

3| [4] [ 5]
9 | [10] [11]
15| [16] [17]




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, ...

start offset size
Reports.doc P e .
\'T; \“ < “‘ ’,” <_ _______ )
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\ 10000byte ' L
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P 4 n
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|',12| [13:] [14] [15] [16 ] [17]
i = 1,5,6 |23 =550 OtL|2t 13, 14, 15
F— TXAT SSS5S 2251802

Dislk device driver
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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 de :6 R
= Constructed when a file is created 1 =~

7

(from LN1)

»
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System programs for Disk (4/7)

s File system
v inode structure

inode

type (4bit) | u|g|s|r|{w|X|r|w|X|rlw|X

_ S_IFSOCK
i_nlink, i_dev g_igg\éé
!_U|d,.g|ql S_IFBLK
i_op, i_size S_IFDIR
i_atime, ctime, mtime| —— T S.IFCHR
) S_IFIFO
g
—> 24
31
12 direct block < N 55
S\
67
ceoen 77
> ]
e 926 83 929
3 indirect block < B ;
T
~ \ 123 12 128 \1§/1



System programs for Disk (5/7)

s File system
v inode example

= When we create a new file, named “alphabet.txt”, whose contents

include “AB...Z".

- Note that, in actuality, the inode size is much smaller
than the disk block size (128B or 256B)

18

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

:: type : regular

size: 26
date, time

owner, group
access bits
locations :

10

18

12

ABCDEFG

XYZ




BUER  Quiz for 4"-Week 27-Lesson

TIME]

s Quiz
v 1) What are the merits and demerit of the sequential allocation? (see
9 page)
v 2) How large size can an inode support using direct block pointer?
How about single, double, and triple indirect pointer?

v Due: until 6 PM Friday of this week (25, September)
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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 -/>'\
m
2 ”’4
20 =2 a1 5]
9 10 11
14 15 16 ] [17]

R e S - =
.

Disk device driver




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 0; file structure (file table)

offset

T

inode

< in-memory inode vs in-disk inode

15



Layered Architecture for Abstraction
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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@dku.edu*/
#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 occurs
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 %d¥"Wn"”, fname, errno);
exit(-1);

size = read(fd, buf, MAX_BUF);

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

bs

else

printf("size of read data is %dW¥Wn", size);
close(fd);

' /.




File Programming: Basic (2/11)

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




File Programming: Basic (3/11)

m Practice 1: execution results

&£ choijm@localhost~/syspro_examples/chap3
[choiim@localhost chap3l$ more file_testl.c |
[+ file_test]l.c Ol He =238, 93 108 by choijm. choijim@dku.edu +/

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

£ choijim@localhosti~/syspro_examples/chap3

#include <unistd.h> [choijim@localhost chap3]l$ -]
#include <fentl.h> [choiim@localhost c m
el e s el
sl s ol . [choiin@localhost chapd
char fnamel[l = "alphabet . txt™ {choiinelocalhost crﬁjﬁﬁ o file_test] file_testl.c
Pt [choiin@localhost chap3]§
[choiin@localhost chap3l§ Is
int fd, size: Eile_tesﬂ file_testl.c
char buf [MAX_BUF] : choijn@localhost cp%b
[choiin@localhost ¢ ile_test] I
T? TFEDSHHH?"‘EJ 0_RDONLY (Ean t open aIDhabet.t}:t]fi le with Errnu::-A:Z
: T choiin®@localhost chap3
2;:?“5)?3” L oRER. L5 %choi]m@lmcalhast c?‘@ﬁv\ialnhabetﬁ*t I
1 choijm@localhost % '
zize = read(fd, buf, Max_ [choiim@localhost at aIDha,k{et.i:-:t >
i f (Sizef? EZI 1 4t e[lbcdefghiJklmnomrstuuw:{%z l
printfl"Can t read fro [choijm@localhost chap3
exit(-11; [choiin@local host @filg{testl I >
e ?iﬁe -::-f@lreadlﬁata iﬁ ]g]$
. s choiim@localhost chap
CWE;E%H sleeetread g [choijm@localhost chap3]$ W
I
[choiim@localhost chap3l§
[choiindlocalhost chap3ld W
lusrlinclude/asm-generic/errno-base.h
#define ENOENT 2 // No such file or directory
L A



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";

lusr/include/unistd.h & X

#define STDIN_FILENO O // 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 %d¥n”, 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);

s IS SF=oc)




File Programming: Basic (5/11)

s Practice 2: execution results

#* choijm@localhost~ syspro_examples/chap3

[choijm@localhost chap3]$ =
[choiinilocalhost chap3ld cat file_test!_ext.c

[+ M2 = ¢H= == 0 92 102 by choijmn. choijmidku. edu +f

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

#* choijm@Iocalhost:~/syspro_examples/chap3

ﬁi”‘::“ge :f‘:”“-ﬂi chaijm@lacalhast chapd] § Al
bt ine NAL BUP 1 [choiindlocal host—ct@pal¥ vi file_testl _ext.c I
char fname[] = "alphabet . txt": [ChO!JIm@MCEHhOSt Cha[ﬁw
[choiin@localhost chan3l$ Is
int main() alphabet .txt  file_lseek file_testl.c nycat newfile_lseek. txt
B o . file_create file_Isesk.c file_test]_ext mycat.c report
L . read_slZe, Write_size’ fi|g_create.c file_test] file_testli_ext.c newfile.txt
char buf [MAX_BUF]: [choiinfilocalhost chap3.
fd = open(fnane, O_RDONLY): | Lchoiin@localhost—chapd]$ gcc -o file test] ext file Tesfizext.c
PR O [choijn@localhost chap3]§
printf("Can’ t open %s file [choiJm@localhozt:gﬁgg@%ﬁ.ffile_test]_ext I
exit(-1); abcdefghiJkinnon [choTTmiTocatost hamat)

[choijm@localhost chap3]$

}
read_size = read(fd, buf, MAK_ [onoiin@localhost chapdl$ cat alphabet.txt
= oF [ 2 It '
AOZEE 01 HE W= W abcdefahiiklnnoparstuvnytz

Al i
write_size = write(STDOUT_FILE [choijn@localhost chap3]d
[ printfli%s”, bufl; [choiin@localhost chapdl$ N
closel fd):

[choijm@localhost chap3]$
[choijmilocalhost chapdld B

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

_
b
I ,-/, o

21



File Programming: Basic (6/11)

s 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[fMAX_BUF];

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

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

// open error handling

b5
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

-
EF cholim@sungmin-Samsung-DaskTop-System: ~/chap3

choijm@sungmin-—Samsung-DeskTop-System:~/chap3s
choijm@sungmin-Samsung-DeskTop-System:~/chap3é 1=

alphabet.tXt mycat.c
choijm@sungmin-Samsung-DeskTop-System: ~/chap3$
choijm@sungmin-Samsung-DeskTop-System:~/chap3f gcc —o0 mycat mycat.c
choijmEsungmin-Samsung-DeskIlop-System: ~/chapis

chnijm@sungﬂn—Smsung—DeskI@hap3S . fmyecat >

USAGE: ./mycat file name
choijmiEsungmin-Samsung-DeskTop= Te7Cchapay
chuijm@5ungmin—Samsung—DeskI§§:§z::;§;;zg§§E§$ . /mycat alphabet.tXt j:::::::::::>
abcodefghi jkImnopgrstuvwiyz

#lchoiim@sungmin-Samsung-DeskT =M: ~/ chap3$
choijm@su_ng'u:l:n—Smsuﬂg—DeskImmzfchaDSS cat alphabet.txt >
abcdefghi jklmnopgretuvwiyz

choijm@sungmin-Samsung-DeskTop-5 S0 e RS
choijm@sungmin—Samsung—Deskisgzgigzgézzﬁfhap3s ./mycat mycat.c j:::::::::::>
#include <=tdio.h>

#include <=ztdlib.h>

#include <unistd.h>

#include <fcntl.h>

#include <errno.h>
#define HMRX BOUF &4

int main({int argc, char *argvi])

i
int fd, read size, write size;
char buf[MAX EUF];

if (argc '= 2) {
printf ("USAGE: %s file name\n", argv[0]):; exit(-1):
}
fd = open{argv([i], O RDONLY):
if (fd < 0) {
printf ("Open fail\n"); exit (-1);
}
while (1) {
read size = read(fd, buf, MAX EUF):

if (read size == D)
break:;
Write size = write (STDOUT FILENC, buf, read size):
}
clos=e (£d) :

H

choiimEsungmin-Samsung-DeskTop-System: ~/chap3s l

m

23




Quiz for 5th-Week 1st-Lesson

i QUiZ

v 1) Describe the roles of three system programs for disk.

v 2) What is the function of O_SYNC of the flags in the open() system
call? What is the merit and demerit?

v Due: until 6 PM Friday of the next week (9", October)

Table 4-3: Values for the fiags argument of open()

Flag Purpose SUSs?
O _RDOMNLY Open for reading onlky v3
O_WRONLY O pen for writing onlyv v3
C_RDWR Open for reading and writing v
O _CLOEXEC Set the closcon-exec flag (since Linux 2.6.23) R
O_CREAT Create file if it doecsn’t already exist v3
O DIRECT File 17O byvpasscs buffer cache
O _DIRECTORY Fail if pathname iz not a directorv vt
O_EXCL With O_CREAT: create file exclusively v3
0O _LARGEFILE Used on 32-bit svstems to open large files
O NOATIME Don't update file last access time on read( ) (since Linux 2.6.8)
O_NOCTTY Don't let pathname become the controlling terminal v3
O_NOFOLLOW Don't dereference svmbolic links Wk
O_TRUNC Truncate existing file to zero length v3
O_APPEND Writes are alwavs appended to end of file v3
O_ASYNC Generate a signal when 17O is possible
0_DSYNC Provide synchronized L/ data integrity (since Linux 2.6.33) w3
O _NONBLOCK Open in nonblocking maode v3
O_SYNC Malke file writes synchronous v3
(Source: LPI) IS rSERos
I -
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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>

If we rerun this program?
#include <errno.h>

#define MAX_BUF 64

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

If we rerun without the O_EXCL flag? }

int main() {

int fd, write_size, read_sjz8:-CREAT or creat()

char buf{fMAX_BUF]; [
of this file?

If we want to write data at the end

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

printf("Can't create %s file with errno %dWn", fname, errno); exit(1);
>

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);

IS+ Seroc]




File Programming: Basic (9/11)

s Practice 4: execution results

£+ choijmi@|ocalhost:i~/syspro_examples/chap3
[choijnélocalbhost chap3l§ Is

alphabet  txt file_test] fi
file_create,.c file_testl.c fi

le_testl_ext

ile_testl_ext.c

mycat
mycat . c

gee —o file_create

file_create.c —

choijmilocalhost chap3]§
abcdefyg
[choijmélocal host chap3]$
file_create.c
[choijmilocalhost ile_create

file_create.c

choijmélocalhost chap3]
[choiindlocalhost chamdl§ ./ file_create
write_size = 9

[choijmdlocal host Ch%%%iﬁ::i}f
[choijin@localhost ch ile_create
[choijmdlocalhost

%choi]m@lmcalhast

write_size = 9§

read_size = 9

Echoi]m@lmcalhast ch

read_size = 9

Can't create newfile.txt file with errno 17
choijm@localhost

abcdefg

[choijmélocalhost chap3]$

[choijin@localhost chap vi file_create.c
[choijmilocalhost chdp3]$ acc -o file_create
[choijmi@local host chapd]§

[choijin@localhost chap3 ile_create

file_create.c

write_size = 9
read_size = 00

[choijmélocal host chap3]$

[choijm@localhost cha vi file_create.c
[choijmilocalhost ch@p3l$ acc -o file_create
[choijm@localhost ch

[choijmélocal host

file_create.c

VAVAUY

write_size = 9§
read_size = 18
abcdefy
abcdefyg

[choijm@localhost chap3ld




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 UInwritten bytes
N bytes of data past EOF
byte” __wlo [ 1 | | [ ... [N—2[N-1] ™ (NI y
e rrelre - - -
T Caerrernd
file offset
T Tt i L cspea
I SEEK_SET SEEK_CUR SEEK_EMND
: Frerrce vahae

T PO VW SO Y SO U PN .- L it R i A PRV S P S P T VS PYSPI |

Figure 4-1: Interpreting the whernce argument of fscef()

& sequential access vs. random access
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File Programming: Basic (11/11)

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

[ * file_Iseek.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_Iseek.txt";

char dummy_data[]="abcdefg¥n";

int main()

{
int fd, write_size, read_size, new_offset;
char buf[fMAX_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 Seroc)




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()
v pipe()
v mknod()
v link(), unlink()

fetxt —\ \ filetxt -\ K
document?.txt document2.txt

=3
Inode index Inode index

I : I
hardlink s a1

' .
.
‘ e
: -
/ =P
copy 7

. Y .
' & '
' _.* I & = ' '
' — .
. .
1] - .
' .
' B s
. .
.
.
'

Space used x2

N
l Physical Disk ' I Physical Disk
documentn.txt documentn.xt
Filename index Filename index
(Source: https://devconnected.com/understanding-hard-and-soft-links-on-linux/ NN
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File Programming: Advanced (2/6)

s Other system calls related to file

v dup(), dup2()
v stat(), fstat() SYNC ONEMRIVE
v chmod(), fchmod() |
v ioctl(), fentl() .
v sync(), fsync() - IN'LINUX
Figure 10.11 Descriptor table Open file table v-node table Figure 10.14 Descriptor table Open file table v-node table
Typical kemnel data (one table (shared by (shared by Kernel data structures (one table (shared by (sharad by
structures for open per procass) all processes) all processes) after redirecting stan- per process) al processes) all processes)
files. In this example, File A . dard output by c.alllilng File A R
two descriptors reference sidin a0l |~ — " Fleaccess dlupE‘(fl, .1)' The "‘“t'a! }go """ File access
distinct files. There is no :tggﬁg ;g ; Fil pos File size stuation is shown in Fig- id ; Filg pos File size
sharing. id3 refent=1 File type e, fd3 refent=0 File type
04 \ ; 5 id4 ; ;
File B ; \ File B
/ File access ,/”ﬂ File access
Fil pos FFIs size File pos F‘l[e size
refene=1 Flle.type refcnt=2 Flle.type

(Source: CSAPP) S - SERos)
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File Programming: Advanced (3/6)

s 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";

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);

apcd

char tmp_data[] = "abcdefghijkimn"; inode /
int main() /\A
{ \&>

\_/—

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[fMAX_BUF];

if (argc1=4) {
printf("USAGE: %s input_file_name W’'>W" output_file_name¥n", argv[0]); exit(-1);

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

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

fd1l = 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);

zlose(fd);
_ ¥




File Programming: Advanced (5/6

s Practice 7: execution results

-
B choljm@sungmin-Samsung-DeskTop-System: ~/chap3

choijm@sungmin-Samsung-DeskTop-Sy=stem: ~/chap3s 1=
alphabet.txt mycat.c redirect.c

choijmBsungmin-Samsung-DeskTop-Systemd™/ chap3$ ./mycat alphabet.txt >
abocdefghijkimnopgrstuvWwiya

choijm@sungmin-Samsung-DeskTop—System: ~/chap3$
choijmfsungmin-Samsung-DeskTop—System: ~/chap3$ gocc —o redirect redirect.c
choijmfsungmin-Samsung-DeskTop—-System: ~/chap3$
choijmf@sungmin-Samsung-DeskTop—-Sy=stem: ~/chap3% ./redirect

USAGE: ./redirect input name ">" output file name
choijnf@sungmin-Samsung-DeskTop—-System:~/ch
chnijm@sungmin—samsung—DeskTop—Systemizzzégzgg:zg%ediIeCt alphabet.txt ">7 gutput_alpgggggzggg::>
choijmésungmin-Samsung-DeskTop—System: ~/chap3¥

rchnijm@sungmin—samsung—DeskTop—System:~fcbap3$ 1=

|glphabet.txt mycat .o output_alphabet.txt redirect.c
choijm@sungmin-Samsung-DeskTop—System: ~/chag3s

cbnijm@sung'n.‘a'.n—smung—DesHop—Syste@t cutput alphabet.txt >
abocdefghijklmnopgrstuvwxy=

choijmfsungmin-Samsung-DeskTop—-System: ~/chap3$

choijm@sungmin-Samsung-DeskTop—-5y=tem: ~/chap3$ ./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 *argv[]}

i
int fd, fdl, read size, write size;
char buf[MAX BUF]:
if (argc = 4) {
printf ("USAGE: %s imput name Y">\" ocutput file name\n", argv[0]):; exit(-1):

¥
fd = openlargv[i], ©_RDCONLY):
if (£fd < 0} {

h printf ("Open fail for read\n"); exit(—1);
¥

M

: fdl = open(argv[3], O _WRONLY | O CREAT, 0664):

if (fd < 0) {

printf ("Open fail for writeln"):; exit(-1):
}
dup2 (fdi, STDOUT_FILENO) 7

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

m

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

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

s Discuss the tradeoff about the buffer size in read() and
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>

#Hinclude <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);

e
fd = open(argv[1l], 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);

s
close(fd);
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Tracing system call

s Using “strace”

TIiP: USE sTrace (AND SIMILAR TOOLS)

The strace tool provides an awesome way to see what programs are up
to. By running it, vou 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
flagss — read the man pages and find out how to harness this wonderful

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

e e e
choijmBsys—2:~5 1s
alphabet.TXt. backup
choijm@sy=s—2:~8
choijm@sys—2:~% cat alphabet.txt
abcdefghijklmn
choijm@sy=s—2:~8
choijm@sys—2:~% strace cat alphabet.txt
execwve ("SbinScac™, ["catc™, "alphabet.txt™], [£f=~ 21 wars =/1) = O
Eric (o) OxEA4BE000
access ("/etc/1ld. so.nohwcap™, F_OK) = —1 ENOENT (Nao such file or directory)
mmapz (NULL, 2192, PROT READ]|PROT WRITE, MAP PRIVATE |MAP ANCONYMOUOS, —1, O) — OxbB77as000
acocess ("/ecc/ld.so.preioad™, R_GK) = —1 ENCENT (Nao such file or directory)
open ("/s/etc/1ld.so.cache™, © RDONLY QO CLOEXEC) = 3
fscarce4 (3, {ST _mode—S IFREG|0644, =St sSize—63086, ...3) — O
mmap2 (NULIL, 63086, PROT_READ, MAP PRIVATE, 3, 0) — Oxb779=000
close (3) = o
access("/etc/ld. so.nonwocap™, F_OGK) — —1 ENOENT (No sSuch file or directory)
lepen ("/iibrizae-—linux-—gnus/libe.so.6™, O RDONLY |C CLOEXEC) =—
read (3, TNLIT7ELEFANINININONONONONONONONONOANSINONINONINONONONZZONZZENIN0004N0N0NO™. .., 512) = 512
ltscarcssa (2, (st _mode—S_ TFREGIO75S5, ST _sSize—1742312, ...3}) — O
lmmaps (NMOLI., 21751772, PROT READ|PROT EXEC, MAP PRIVATE |MAP DENYWRITE, 3, 0) — Oxb75£2000
mmap2 (Oxb77298000, 12288, PROT READ|PROT WRITE, MAF PRIVATE |MAP FIXED|MAP DENYWRITE, =, Oxla6) — Oxb77982000
|pmapz (oxB7FTobooo, 10972, PROT_READ|PROT _WRITE, MAP PRIVATE |[MAP FIXED|MAP ANONYMOUOS, —1, G) — Oxb779B000
iclasecE) = o
omap2 (MULL, 2096, PROT READ|PROT WRITE, MAP PRIVATE |MAP ANONYMOUS, —1, 0) — Oxb75£1000
lsec_rtnreaa area(iencry number:-1 —> &, base addr:O0xbB75Ffi1900, 1imit:1048575, sSeg 32bit:l1, contents:0, read exec only:0, l1imic i
|l pages:1, seg nor presenc:0, useable:i1}) = O
mprotect (Oxb7798000, 82192, PROT READ) o
|mprortect (Ox2053000, 24096, PROT_READ) =]
mprocect (oxb77d1000, 2096, PROT READ) =]
munmap (O0xb7 792000, &63086) o
Exic (0) oxE486000
Erik(Ox84a7o00) = OmE4a7000
lepen ™ /usz/1ib/localel/locale—acschive™, © RDONLY|C LARGEFILE |O_CLOEXEC) = 2
l£scars4 (3, {sc_mode—S ITFREG|O0644, st _size—9099995440, ...3}) — O
mmap2 (NMULI., 2097152, PROT READ, MAP PRIVATE, 3, ©0) — Oxb73fi1000
mmap2 (MOLL, 1253376, PROT READ, MAFP PRIVATE, 3, Ox858) — Oxb72ZbEf000
close (3) = o
TS TET T, e L oy =y v A e e L = B e S g e T IR o S ®
open ("alphabet.txt™, © RDONLY|C LARGEFILE) — 3
fstart&4 (3, {ist_mode—S_ TIFREG|0664, st_size—15, ...3}) — O
|fadvise6a _64(3, o, 0, POSIX FADV SEQUENTIAL) =— O
read (3, Tabcdefghijklmmi\n™, 3IZ2768) = 15
write (1, "abodefghijikimmhn™, Il1Sabcodefghiiklimn
LE = as
read (3, =™, IZ2TEE) = o
clos=e (3) = o
close (2) = 9
exit group (O) = =

choijm@sys—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
v Iseek
v device file and redirection

= Homework 3: Make a command called “mycp”
v 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)
- Make a report that includes a snapshot and discussion.
1) Upload the report to the e-Campus (pdf format!!, 9t October)
2) Send the report and source code to TA (0| & &: wwbabaww@gmail.com)
v Bonus: copy not only the contents but also the attributes
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Homework 3: Snapshot example

l=E ,‘

Linux Programmerls Manual |l
Ef choijm@embedded-desktop: ~/syspro/homework3

CHMGD ()

chmod, fchmod — change permissions choijm@enbedded-desktop:~/syspro/homework3s 1s 5
alphabet.txt mycp.c
SYNOPSIS choijm@embedded-desktop: ~/svspro/bomework3s
#include <sys/stat.h> choijm@embedded-d€Sktop:~/syspro/homework3$ goc —0 mycp mycp.c R —

choijm@embedded-desktop: ~/svespro/ homework3s

int chmod(const char *path, mode t choijm@embedded-desktop: ~/syspro/homework3g ./ mycp

int fohmod(int £4, mud;mude] ;_ USAGE: ./mycp source file destination file

- - choijm@enbedded-desktop: ~/syspro/homework38 ./mycp alpha.txt alpha new.txt

Feature Test Macro Requiremsnts for gf (C8n't open alpha.txt
choijm@enbedded-desktop:~/syspro/honework3s

fehmod () : choi jm@embedded-deSEtop: ~/syspro/homework3$ ./mycp alphabet.txt alphabet new.tLxt >
BSD SCURCE || XOPEM SOURCE A choijm@embedded-desktop: ~/SVepro/ NOME RO TR
"XOPEN_SOURCE && _XOPEN SOURCH |Choijm@embedded-de=EEop:~/syspro/homeworks$ 1s -1 I
11 /* Since glibec 2.12: =/ _Pu??‘“ 24

—rw—rw—r—— 1 choijm choijm 27 B% 13 13:55 alphabet.txt
DESCRIPTION —rw—r——r—— 1 choijm choijm 27 B'% 13 14:06 alphabet new.txt
These system calls change the perp| | ITWXIWKI-x 1 choijm choijm 8690 B% 13 14:060

in how the file i=s specified: —rw—rw—r—— 1 choijm choijm 908 B'% 132 14:05 mycp.c
choijm@embedded-desktop: ~/svespro/ homework3s
choijm@embedded-desktop:~/svspro/homework3® more alphabet.txt
abocdefghi jklmnopgrstuvwiy=z
choijm@enbedded-desktop:~/syspro/homework3$ more alphabet new.LXt
abocdefghi jklmnopgrstuvwiy=z
choijmfenbedded-desktop:~/syspro workis
! choijm@erﬂbedded—dﬁ@ﬁ;ﬁiﬁrk&Q vi mycp.c >
|choijm@enmbedded-desktop:~/2yspro,/ NOMEWOTES
choijm@enbedded-desktop:~/syspro/honework3f goc —0 mycp mycp.co
llchoijm@embedded-desktop! ~/syspro/homework3s
|choijm@enbedded-desktop:~/syspro/homework3f rm alphabet new.txt
choijm@embedded-desktop: ~/svspro/homewnrk32
.chmijm@embedded—d@yspzﬂo/ham&wurkSS ./mycp alphabet.txt alphabet ne@
choijm@embedded-desktop:~/8vspro/ NOMEWOY K3
|choijm@enmbedded-desktop: ~/syspro/homework3s 1s -1
=2 24

fl—rw-rw-r—-— 1 choijm choijm i ) B% 13 13:55 alp
‘ fl—rw—rw-r—— 1 choijm choljm 27 B'% 132 14:07 alph

o

* chmod () change=s the permissiong
1 chmod (2) 1 1 (press h for

TET
new. txLT

f—rw—rw—r—— 1 choijm choijm 903 B'% 13 14:07 mycp.cC
choijm@embedded-desktop: ~/svepro/ homework3s
chr:nijm@embedded—d@yspzﬂolhnm&warkSS whoami > —
choijm
\|choijm@embedded-desktop: ~/syspro/homework3$ date
flzois. oo, 13. (YY) 14:08:35 EST
L \|choijm@embedded-desktop:~/syspro/homework3s l
T = >

e

m

1|




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

38

&P choijm@embedded: ~/programmming - 0O i = B
Ciilzers WCh0|JMWsyspro1B>d|r A
choiimBenbedded:~2 13 A ngeé \4 H1| EE0= 0|80 asud
examples.desktop muzic programming README sysprold cmp =5 2B U3 00
choijmBerbedded:~§ G HsershiChoi iisyaprold CIEZ]
Bl e 08107 F 1118 <Dl
choijnfenbedded: ~/programming? 2018-11-07 93{1 M8 <0lRs
choiin@embedded: ~/programmings ls 0 ll}%" 0 |:|i0|E Lo
hello backup.c hello.c README README mew 20 CIFEE] TABIA0N 285 OIE B
choijn@embedded: ~/programming3 C:WlsersiCho i Misysprol g
choiinRembedded:~/programmings ifconfig C:WUSIEI’SWChOiJMWSVSDI;O]B>SCD chgijm@ZZU.149.238.21programming/he|Io.c ;
i i _ % . choijm@220.143.236.2 s password:
enpls25  Link encap:Ethernet HWaddr 00:24:54:595:5d:8¢ hel 6.6 1008 B 0KRSs 00000
inet addr:220.149.236,2 Bcast:220.149.236.255 Mask:255.255.255.0 . . N . .
ineté addr: fe30::eaadielib:E7ib:f49d/64 Scope:link C-WUsersWCho|JMWSyspfo1B>scp chg\Jm@ZZO.149.ZSB.Z-Drogrammmg/a.out ;
choi jm@220,149.236 .25 password:
UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:l .ot 100% JRAR 4 BKBfs  00:00
RX packets:222093270 errors:0 dropped:1252738 overruns:0 frame:0
5 4 i : . - serstithoi IMsysprol>dir
TX packets: 7299247 errors:0 dropped:0 overrums:0 carrier:d C cao‘uq 2=0= 0120 gyt
collisions:0 txqueuslen:l000 E5 43 Wz 3018-EE87
: 57394 4 3R : 7GR
RY bytes.259_6u539430 t25:_u_.} T)_{_l_zytes.STHZSlSTfi (3.7 GB) - HlsersHChoi Msysprold CIEE 2]
Interrupt:le Memory:fc400000-£c420000
208-11-07 2E 1A <DIRe
L i i 208-11-07 2H 112 <DIRe 0
1o Link encap:Local Loopback 018-11-07 24 11121 1,689 a.out
inet addr:127.0.0.1 Mask:255.0.0.0 2018-11-07 28 All&gl B1 hellcFT
inatf « 11/178 Scope:k 20 1 4,749 HHO|E
1iekt aar; 51U domestibae, | 20 Clletal 74,610,031,776 HHOIE &2
UP LOOPBACK RUNNING MTU:65536 Metric:l
RX packets:§091 errors:0 dropped:0 overruns:0 frame:d v|  [HUsersiiChoiitsysprold> g
[E——— : e




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)

music

1003 51 K 4 ao: oo

100% 4 4. 3 ao: oo




Appendix 1

s How to download files from Linux server?
v Using free ftp application with GUI

Wﬂi 4 Pick the client if you want to fransfer files, Get the server if you want to make iles available for others,

Q0 ooz s

[A sitp//choiim@220.143.236.2 - FileZilla - ul X
ezl - The fee 10 sl
B kTt I8 BER BIE M) BAM AH© SUEE ST 4 HEO Zaum
) ] e - Ay = = == ey
€ 9 C i bitpsy/Mleallo-projectong - ‘ = ""| OO %Y | Q08
SAS() | shp//220.149236) AERR(W: | chojm | dEEs0): 100000000] Z=p; |BEazg |~
' ' ME: "/home/chojm” CIBEE B2 25| 4T Ll
AEH: "/home/choijmy/programming” CIZEE| £2 Z3]..
The free FTP soltion ‘HEf: Listing directory /homej/choijm/programming
e e e e e e e A "/home/choijm/programming” CIZEZ| S5 23 42
i v
Fromotons EEMOE: "n\‘UserSWChoiJM‘ﬁ‘DesktGchhO\jm‘n\‘\ELturerecture_Ef.‘;SW*IiEEE]EHE!W v | 2I2E MO E: | fhome/chaijm/programming v
Home g | MASEE T il =gt
=S 22 2 =2 )
. T 1471 - lecture_old 52 h
Filezilla |I||ez|||a FilezillaPro -t B o
H &
Featires 53 Goagle Drive« Cloud, OneDrive, Aztre, Dropbo, WebDAV GET‘TNOW 8 project ? ache
Sereenshots w | Sunvey -2 Jocal
Download | AR -2 3im
Documentation = | I 2 music
Flezila Pro - Bl &4 L BROgEng
o Overview B URYE - sysoro8
FileZilla Server FE: o 3 tmp
Download Welzame to the homepage of FleZilag), the free FTP solution. The FileZilla Client not only supparts FTP, but also FTP over TLS (FTP et
Commurity source software distrbuted freg of charge under the terms of the GNU General Pubic License. e 37 meRe HEHE il 27 mefy  HESE
Forum We are also offering FileZilla Pro, with additional protacol suppart for WebDAV, Amazon 53, Backblaze B2, Dropba, Micrasoft Oned) i e =g 20181030 8= 0 ;{EADME_HEW 19 B2 3015-00-00
Projectpage  Microsoft Azure Blo rage, and Google Cloud Storage. Tosst oo =5 2018-08-03 27 _ |:| README 19 B 2018-09-09
Wik ! WE2012 SysProm. 89088 MicrosoftWor. 2018-10-24 8% ] hello_backy 61 Y 20780909 ..
G Last bt not least, FileZls Serveris a frez apen saurce FTP and FTPS Server sl 24'359 M:.gziuﬁ EXTE S ; 1 os H hsuﬁ‘[ RS & Et: R
neral : . 2018103125 el 2 .
o Suppart 5 avallebe through our forums, the wikiand the bug and fature equest trackers N0 pppe.. 131072 Microsoft Pow.. 20181030 22 Lot 4683 OUTHZ - 20181107
St S i : i ’ @LN_chapter‘:.pd: 1,706,193 Adobe Acroba.. 2018-09-06 2% .
Cog?act In addition, you wil find documentation an haw to compile FileZila and nightly builds for multiple platforms in the development sec LN chapterl.opt 4259328 Miciosoft Pow.. 2018-09-05 2% .
[8] LN chapterzpdf 2,629,841 Adobe Acroba..  2018-09-11 27 _ v ¢ >
License = = =
iy Poly 0 QlIICk download |InkS 1709 0l 3 CI2EE £ 37): 29338422 HHO|E ST 2 37|: 4848 HO|E
Trademark Policy HH/2E Y 9% JRERY 37 &4 4
Development Download |, ) Download .
i;‘”':t‘f “b"qled FileZilla Client FileZilla Server
Bl s Al platforms Windovs only
Translations — e
Version hiStOTY I 07| ;e ‘ B AL | AE AT
a0
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Quiz for 5th-Week 2M-Lesson

s Quiz

v 1) Explain the difference between “cp” and “link” using inode.
v 2) How can we figure out the size of a file using file interfaces that we

learnt in this LN3? (Hint: 3 ways, NOT “Is —I”)
v Due: until 6 PM Friday of the next week (9t", October)

statbufh (included by svs/star.h)

/% Metadata returned by

struct stat {

dev_t

ino_t

mode_t
nlink t

uid_t

gid ©

dev_t

off_t
unsigned long
unsigned long
time_t

time_ t

time_t

I;

the

stat and fstat functions *

st_dewv; Dewvi

st_ino; inode

st_mode; Protection and file pe
st_nlink; Numbe f hard link: 4
st_uid; Jser ID f owne #

st_gid; roap IL f ouner */
st_rdev; evice type if inode device
st_size; Total ize, in bytas !
st_blksize; Blocksize for filesystem 1/0
st_blocks; Numbex f blocks allocate +
st_atime; Time f last access *x,
st_mtime; T = last modification
st_ctime; Time £ last hanga

statbufh (included by svs/star.h)

Figure 10.8 The stat structure.

(Source: CSAPP)
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