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[Tepiexouevo AIGAeCNC

Alaxeipion AaBwv ue Tnv <errno.h>
Aiokol ka1 RAID

Eicaywyn ota ApXEia Kal ZUuoTRMaTa
Apxeiwv oto Unix (Tutror Apxeiwvy,
Partitions, i-nodes, blocks)

MEBoOoI ETre€epyaciag Apxeiwyv: Standard
/O vs. XapynAou ETmitrédou /0

XapnAou Emitrédou I/0 (System Calls 1/0O):
O@cwpia kal [NpakTIkn.

[Mapadeiypara Xpnong
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Alaxeipion Aabwyv otnv C

* lMwc¢ d1axeipisore Ta AaBn ornv C gav aura givai
Run-time Errors? Me printf? debugging?

« Eival yevika atrodeKTO OTI OEV UTTOPOUUE VA YVWPICOUUE TNV
aITia OAwvV Twv AaBwv g€av auta dev o@EeiAovTal OTNV
AOYIKA TOU TTPOYPAHMHATOG MOG.

TT.X., €va AaBog 010 OUOTNUA ApPXEiWY, O DIOKOG £XEI XOAAOEI,
TO APXEIO OTO OTTOIO ﬂpooﬂaeoups vVa YPAWOUE gival
KAEIDWMPEVO ATTO AAANO XPNOTN, KTA..

Nouoc¢ rou Murphy: “If anything can go wrong, it will ”

* 210X0G: Eav oupfei katmolo AaBog va OWwooupe OTov XpnoTn
Eva unvupa AaBoug 1o OTT0Io Va avTIKATOTITPICEI TNV
TTPAYUATIKA AITiO. 11-3



Alaxeipion AaBwyv
#include <errno.h>

H BiBA10BAKN <errno.h> : System Error Numbers
(/usrlinclude/errno.h)

MeTa atrd KABe KANON ouvAPTNONG, N errno TTEPIEXEI EVA AKEPAIO
(errno), 1o otroio ekpPAdlel TI AGBOC £xel TTpoNyNnoOEi.

Ymapxouv epioadTepa atrd 100 errno (aképaiol, Beg “man
errno’ ) ol otroiol TTpoadiopifouv Ta didpopa €idn AaBwv.

To errno T1iBeTanl a1Td TIC CUVAPTAOEIC TTOU KAAOUE (TT.X., fopen).

Edv pia ouvaptnon dgv 1o BETEl pNTA TOTE TO €rrno dlaTnPEi TNV
UQIOTAUEVN TOU TIUA PEXPI VO TO BETEI KATTOIO EVTOAR OTO

TTPOYypapua pag (errno=0;)

2. TNV OUVEXEIQ EKTUTTWVOUPE auTd AGBn e TV ouvaptnon:

void perror(char *str)
— ExkTuTTWOVEI TNV oupBoAocelpd str Kal TV TTEPIYPAEPR TOU errno
— EAv BEAETE VO EKTUTTWOETE KATTOIO HOPPOTTOINUEVO str,

XPNOIUOTIOINOETE TNV YVWOTH sprintf(), 1T1.x.,
 char string[50]; int file_number = 0;
* sprintf( string, "file.%d", file_number );
 perror(string);




Alaxeipion ANabwv

Finclude <errno.h>

Ta akOAouBa TTpoypAuUaTa TTPOCTIABOUV VA aVoIEouV £va apxEio o€

write mode pe Tnv Standard 1/O.

[Mpo@avwc utTapyxouVv TTApa TTOAAG evOeEXOuEVA AAON: dikaiwuarta

TTpooaong, TTpoBAnuaTa TPOcRacnc, To ApXEio OEV UTTAPXEL, KTA.
To aploTepd TTPOYypapMa dev divel KATTOIO KATATOTTIOTIKO UvVUuua AdBoug
EVW TO OECIA (ME TNV perror) ETTIOTPEPEI TNV AKPIPRN aITia.

#include <stdio.h>

int main () {

FILE * pFile;

char *filename=“/hom

2nueiwon: Edv 1o errno==0 161€ N perror

#include <stdio.h>
#include <errno.h>

int main () {
FILE * pFile;
char *filename=“/home/a.txt";
pFile = fopen (flename,"w");
if (pFile==NULL) {
perror(filename);

exit(1); | Edv dev ptropei va dnpioupy
} OPXEIO TOTE EKTUTTWVEI (KW
$ ./program

return O; | /home/a.txt: Permission Denie

/noei To
kK6 13) :

d

44 -
=9

}

filename) ektuTrwvel - No Efror




Alaxeipion AaBwyv
#include <errno.h>

* Mepikeg, a1mo TIG TTApa TTOAAEG, OTABEPEG TTOU
BpiokovTtal yEoa oTO apxeio header errno.h.

— EPERM: Operation not permitted
— ENOENT (2): No such file or directory
— EINTR: Interrupted system call

— EIO: 1/O Error

— EBUSY: Device or resource busy
— EEXIST: File exists

— EINVAL.: Invalid argument

— EMFILE: Too many open files

— ENODEV: No such device

— EISDIR: Is a directory

— ENOTDIR: Isn’ t a directory

T e 11-6




Alaxeipion AaBwv
[Mapadeiyua EKTEAEONC

/* File: errors_demo.c */ Yuvéyela... # EvioAn B
#include <stdio.h> /* For fopen, printf */ p = (char *) malloc(400000000); // ~400MB
#include <errno.h> /* For errno variable */ if (p == NULL) {
main() { /* Check for error */
FILE *fp = NULL: printf("errno = %d\n", errno);
char *p = NULL; perror("malloc");
int stat; }
, # EvioAn I'
# EvioAn A _ o [***** BE CAREFUL: unlink tries to remove a
Tfp(fT) f_"fﬁl’b(l_’c;’?—ex'sm"t—f"e U ); file so do not run this under root*/
/* Check for error */ _stat = Er_lllnk("letclmotd");
printf("errno = %d\n", errno); if (stat __*' ) { .
perror("fopen"); /* Check for error */
} printf("errno = %d\n", errno);
Zuvexeid... perror("unlink");
}
ATtrotéAeopa EkTéAeong }

errno =2

letc/motd: greeting displayed

fopen: No such file or directory

whenever a user logs on to the system

errno =12

malloc: Not enough space\

errno = 13 AuTé 10XUElI pOvo oTOV aias@, EVW OTIG NNXAVEG 11-7
TOU gpyaoTnpiou dev utrdpyel 6pio otnv malloc

unlink: Permission denied



Ta opla TwWV TTPOYPAUUATWYV
‘EAeyxoc pe Tnv ulimit

* Av Kal Ogv £X€I AUECN OXEON PE TNV CUCNTNON, TA OPIa HIAG
dlEpyaaiacg ival evOIAPEPOV KAl TTOAU XpNoIua.

* H evroAn ulimit (bash built-in) B€Tel/diaBalel Ta opia
(limitations) oTIC TTNYEC TOU OCUCTHAMATOC TTOU €ival
OI100£0INEC O€ KABE dlgpyadia TOU CUCTAMATOC

dzeina@cs4030> ulimit -a
core file size (blocks, -c) O
dzeina@aias> ulimit -a data seg size (kbytes, -d) unlimited
core file size (blocks, -c) 1048575 max nice ()0
data seg size (kbytes, -d) 131072 file size (blocks, -f) unlimited
file size (blocks, -f) 1048575 pending signals (i) 16239
max memory size  (kbytes, -m) 32768 | | maxlocked memory  (kbytes, -[)32
open files (-n) 2000 max memory size (kbytes, -m) unlimited
: : open files (-n) 1024
pipe size (512 bytes, -p) 64 S
: pipe size (512 bytes, -p) 8
stack size (kbytes, -s) 32768
: . POSIX message queues (bytes, -q) 819200
cpu time (seconds, -t) unlimited i
12 max rt priority (-r) 0
max user processes (-u) 128 stack size (kbytes, -s) 10240
virtual memory (kbytes, -v) unlimited cpu time (seconds, -t) unlimited
max user processes (-u) 16239 11
virtual memory (kbytes, -v) unlimited -8




Magnetic Disks
(MavyvnTikoi Aiokol)

K ( u ( ) HDD (Hard
plndle Disk Drive)

head
SSD (Solid

State Disk)

Con Ollér
‘\\4“{?. -
;'
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RAID: Redundant Array of Independent* Disks
(Epedpikéc 2ZuoTolyiec AveéapTnTwy AioKwv)

* Disk Array: Arrangement of several disks that
gives abstraction of a Single, Large Disk!

» Goals:
— Increase Performance (Etridoon);
« Why? Disk: a mechanical component that is inherently slow!

— Increase Reliability (AglotrioTia).
« Why? Mechanical and Electronic Components tend to fail!

* Historically
used to be
Inexpensive



A.

B.

RAID: Key Concepts
(RAID: Baolkéc Apxeq)

Striping (Alaxwpiopog): the splitting of data across

more than one disk using a round-robin (i mod disks);
Improving Performance (Emidoorn) and Load
Balancing (e¢icoppo1Tnon gopTtou)!
NOT improving Reliability (agiomioTia)! (if one disk
fails all data is useless)

Mirroring (KatotrTpiopu6g) or Shadowing (Zkiaon):

the copying of data to more than one disk

- Improving Reliability (ASiomioTia)!

—  Improving Read Performance but NOT Write
Performance (same as 1 disk!) / Wasting space

Error Detection/Correction (Evrotmriopog/Ai6pOwon

2paApaTwy): the storage of additional information,

either on same disks or on redundant disk, allowing

the detection (parity, CRC) and/or correction

(Hamming/Reed-Solomon) of failures.

AID levels combine the above basic concepts: 0

(striping), 1 (mirroring), 4,5 (parity)

Disk A DiS%kA
e
3 [ 2
4 4
~ Disk C
A) Striping
Disk A Disk B
1 1
2 2
3 3
4 4
B) Mirroring
Disk A Disk B
1 1
2 2
3 3
4 4
1]

C) Error Detection



Eicaywyn ota Apxeia Kai Ta
2uaTtnuarta Apxeiwv

o Twpa ac UEAETNOOUUE aVAAUTIKOTELA TA
covornuara apyeiwy (filesystem) kai
rnv oraxeipion apxeiwv aro UNIX.

» AVTIOTOIXEC AQPXEC IOXUOUV KAl OE GAA
AgIToupyika auatnuara, emousvwc MHN
Bswpnaoere 011 auTa BpioKOUV Epaployn
uovo aro UNIX.

11-15



T1 eival eva Ap¥XEio;

 Mia akoAouBia atrd bytes, xwpic e e
KOG OoUr 000 apopa TO AEITOUPYIKO uSerEuff
ouoTtnua (dnA., To AZ dev ¥ read
avTIAauBAveETAl TNV onHAaciIoAoyia Kernel

’ Open File Table POF Buffer
aQuTWV TwvV bytes). (Ino%‘sm,me) | a Buffer

* Q1 BaoikEC AslIToupyieg gival auTéEC TNG |
avayvwaong read() dedouévwy Kail TNG A

Ypaeng write() dedopevwy. . s
» File Structure: H avayvipion Tng S =3 f
OOUAC TWV OEBOUEVWIV EVATTOKEITA ﬁ N
ATTOKAEIOTIKA OTNV £Pappoyn (TT.X. TO A
Acrobat yvwpilel TNV eCWTEPIKI OOUN Disk Blocks

evog PDF aAAa ox1 evog DOC).

11-16



T1 eival eva Apxeio: Napaodeiypa GIE

Ac doUlE TTWG gival KWOIKOTTOINMEVO £Va QPXEIO EIKOVAC
PDF (Graphics Interchange Format).

$ hexdump -C filename.pdf # dump contents of file

Magic number

$ hexdump -C short-math-guide.pdf | more //////,
00000000 25 50 44 46 2d 31 2e 33 0Oa 33 20 30 20 6f 62 6a |%PDF-1.3.3 0 obj|

00000010 20 3c 3c 0O0a 2f 4c 65 6e 67 74 68 20 31 30 32 35 | <<./Length 1025]|
00000020 35 20 20 20 20 20 Oa 3e 3e Oa 73 74 72 65 61 6d |5 .>>.stream|
00000030 Oa 31 20 30 20 30 20 31 20 31 37 38 2e 33 3537 |.1 001 178.357]
00000040 20 36 37 36 2e 32 33 31 20 63 6d O0a 42 54 0a 2f | 676.231 cm.BT./|

To oxAua dcixvel 0TI o1 €IKOVEG (OTTWG Kal OAA Ta apxeia) sival
OUCIAOTIKA PIa o€Ipa atrd bytes atrobnkeupéva oTov payvnTiko dioko.

1117



Tutrol Apxeio ato Unix
“Everything in Unix is a File”

Regular Files: Apxeia Aedouévwy (txt, pdf, jpg,...)
— $ s -al ~/.profile
-rWXr----- 1 dzeina faculty 281 Jan 19 12:46 .... profile
Directory Files: Apxecia cuotruarog yia tnv diaripnaon tng doung Tou
OUCTAMATOG APXEiWV.
— $ls-al ~ | grep public_html
drwxr-sr-x 8 dzeina faculty 4096 Feb 19 22:53 public_html
Character-Special Files: XpnoipoTtrolouvTal yia va avatrapaocTtiijoouv Serial I/0
OUOKeUEG (terminals, printers kal networks)
— $ls-altty
crw--w---- 1 dzeina tty 136, 1 Feb 21 11:36 /dev/pts/1
Block Special Files : Xpnoipgotroiouvtal yia va avarrapacTthioouv MayvnTikoug
Aiokoug, Cdroms, flash drives ota otroia n avayvwaon/ypagr dedouévwy YiveTal
o€ Blocks (11.x. 512 - 8192 bytes)
— $ s -al /dev/hdc # 10 /dev/cdrom
brw-rw---- 1 root disk 22, 0 Feb 21 10:09 /dev/hdc
Symbolic link Files: To apxeio cival évag cuvdeoOG TToU dEiXVEI O€ KATTOIO
aAAo apyxeio (hard links are regular files)
— % In -s public_html/index.html index.Ink ; Is -al index.Ink
Irwxrwxrwx 1 dzeina faculty 22 Feb 21 12:07 index.Ink -> public_html/index.html

Named Pipes (FIFO): Xpnoiyotrolgital yia €TTiKoIVwvia HETAgU Olepyaciwv Oa

10 doUpE apydTEPQ OTO PABNUQ. 11-18

— $ mkfifo pipef; Is -al | grep pipef
prw-r--r-- 1 dzeina faculty 0 Feb 21 11:42 pipef



[Tw¢ atroBnkevovTal TA apxala

« Ta apxeia amroBnkevovTal TTAVW OTIC CUOKEUEC
atmroBnikeuong (Mayvntikoug Aiokoug, FLASH, Taiviec,
Cdrom, DVDs, etc).

* File-System (ZuoTnpa Apxeiwv):
MEPOG TOu TTUPK VA TO OTTOIO UAOTTOIEI Eva OUVOAO QTTO
OOMEC DEOOUEVWIV KUpiag Kal DEUTEPEUOUC OGS VNG VIO
TNV ATTOBnKEUON, IEPAPXIKA OPYAVWON, AVAKTNON Kal
ETTECEPYAOia OEQOUEVWV.

« To file system o€ pepika A.2

— Windows NT,2000,XP,Vista,7: FAT, FAT32, NTFS, Windows 9
Future Storage (WiInFS: File Org. with DBs!) S

— Linux Local Ext2, Ext3, Ext4, Linux Distributed: NFS, AFS,
MacOS: Hierarchical FS+, Google’s Non-kernel: MacFuse

— CDROMSs: I1ISO9960,
— chmmvpa(pmsg & KlvnTa ps Flash Memory FAT

Boot
=1 .S ector Partition O (hdOo. 0> P artition Chao

|512 bytes|: Master Boot Record (or Volume Boot Record)



Disk Partitions

« O dioko¢ xwpiletal o€ partitions

* [a va Bpouue Ta partitions oto UNIX xpnoiyotrolouue 1NV
eVTOAN df

$ df
Filesystem 1K-blocks Used Available Use% Mounted on
/dev/mapper/VolGroup00-LogVolRoot

2031440 609380 1317204 32% /
/dev/mapper/VolGroup00-LogVolTmp

1015704 94252 869024 10% /tmp

/dev/mapper/VolGroup00-LogVolVar

2031440 391220 1535364 21% /var
/dev/mapper/VolGroup00-LogVolUsr

5078656 3409680 1406832 71% /usr
/dev/mapper/VolGroup00-LogVolOpt

2031440 1378252 548332 72% /opt
/dev/mapper/VolGroup00-LogVolUsrLocal
507748 36197 445337 8% /usr/local
/dev/sdal 101086 23619 72248 25% /boot
tmpfs 517108 0 517108 0% /dev/shm

csfs7.cs.ucy.ac.cy:/home/students ~— 2 NFS-mounted (Network File System) drives!

164288512 122}§5§§% 35103232 79% /home/students
csfsl.cs.ucy.ac.cy:/home/faculty

278673504 242194208 27323520 90% /home/faculty 11-20



Linux Filesystems
ext: Extended file system

Individual file size 16GB-2TB 16GB-2TB 16GB-16TB

Volume file system size 4TB-32TB 4TB-32TB 4TB-1EB EXT — Ext2 Ext3 — Extd
Default inode size 128 bytes 128 bytes 256 bytes

Time Stamp No support Second Nanosecond

Defragmentation No No Yes

Directory Indexing Disabled Disabled Enabled

Multiple Block Allocation | Basic Basic Advanced

Preallocation No In-core reservation | For extent file

Delayed Allocation No No Yes

Ext5?

« The ext4 file system can support volumes with sizes up to 1 Exabyte (EB)

- 1EB=1000PB =106 TB ... which is a lot, so ext5 might actually never happen given that for
larger volume sizes there is already HDFS (Hadoop File Systems)

Android?
« Before Android 2.3 it used the YAFFS2 file system which was specifically designed for NAND fle
storage.

« But the drawback to YAFFS2 was that it was single-threaded and this meant it would become a
bottle neck for mutli-core mutli-threaded hardware. So in 2010 they decided to make the switch.
Linux distros such as Ubuntu typically uses EXT3 and EXT4 file systems.

Android can‘also 'managecFAT and exFAT file' systems for-it's removable 'SD cards. 12-21



Windows File Systems
New Technology (NT) File System

Max. File Name
File/FolderEncryption
Fault Tolerance

2TB 2TB

8.3 Characters 255 Characters

4GB 16TB

No Yes

No Auto Repair

Only Network Local and Network

No Yes

Possible NotAllowed

Win 95/98/2K/2K3/XP  Win NT/2K/XP/Vista/7

0 FAT16 - FAT32- NTEFS - exFAT -
Advantages- | It can be used in | It supports | It provides faster | It has  better
very old OS like | partition of 2TB | speed and allows | compatibility
MS-DOS, and most of | large space. And | then NTFS. It
Windows Windows OS, | it has Dbetter | can be used in
95/98/NT/2000.- | Mac, and other | security to resist | Mac and Linux
OS and devices. ~ | data loss. « OS with full
write/read.
Limitations | Can only support | FAT32 has lower | It doesn’t | exFAT has extra
partition smaller | faulty tolerance, | support OS older | features that
than 2GB, and it | security, than  Windows | NTFS provided -
causes waste of | compared with | XP, and can be
space. ¢ NTES. - only read in
Mac, and some
other OS. -
Ideal use- | Only in very old | Some removable | Use it for | Use it for flash

OS. -

device that don’t
need to contain a
file larger than
4GB. »

Windows  hard

drives -

memory, like
USB drive, SD
card. -

= Disk Management -0
File Action View Help

= @ HEIRBX

Volume [Layout [ Type File System | Status [ Capacity [ Free Spa... [ %~
=) Simple Basic Healthy (A... 100 MB 100MB (v
< >
CaDisk 2 - "

465.76 GB

)
icD-ROM 0
VD (E)

No Media

Ly

I p—
Basic L7,
: 200 MB 14654468
Online Healthy (EFI Syster || Healthy (Primary
%

M Unaliocated Il Primary partition Ml Extended partition

Open
Explore

Mark Partition as Active
Change Drive Letter and Paths...
Format...

Extend Volume...

Shrink Volume...

Add Mirror...

Delete Volume...

Properties

Help

12-22



Apple File Systems

HFS, HFS+, APFS

Number of allocation blocks

File IDs

Maximum file size

Time stamp granularity

Copy-on-write

Crash protected

File and directory clones

Snapshots

Space sharing

Native encryption

Sparse files

Fast directory sizing

232 (4 billion)

32-hit
282 pytes

1 second

Journaled

282 (9 quintillion)
64-hit

282 pytes

1 nanosecond

v

11-23



Apple File Systems
Utilities
* Apple allows formatting disks complying to the
DoD 5220.22-M specification.

— The Department of Defense 5220.22-M requires 3 overwrites passes (0's,
1's, Random) with a 100% verification pass.

[ ‘.‘ — Erasing “Generic Flash Disk Media” will delete all data 411 GB
LLA stored on it, and cannot be undone. Provide a name, g i
E [ TR ohiz i i
. APFS

, \ Kingston DataTraveler 3.0 Media
APFS (Encrypted)

APFS (Case-sensitive)
] APFS (Case-sensitive, Encrypted) J
Format v Mac OS Extended (Journaled)
Mac OS Extended (Journaled,

Security Options

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

ypted)

Scheme " Encrypted) || e scgaeBeckipt B o 00 wese
Mac OS Extended (Case-sensitive, Journaled) 1 This option writes a pass of random data and then a single pass
Mac OS Extended (Case-sensitive, Journaled, Encrypted) I e
Security Of  MS-DOS (FAT) ok |
ExFAT
Windows NT Filesystem 411 GB Partition Map: GUID Parttion Map Type

Windows NT Filesystem (compressed)
: —=

« With a solid-state drive (SSD), secure erase options are not
available in Disk Ultility.

— For more security, consider turning on FileVault encryption when
you start using your SSD drive.

11-24


https://support.apple.com/en-gb/guide/mac-help/mh11785
https://support.apple.com/en-gb/guide/mac-help/mh11785

Network File Systems
nfs, smb and cifs)

Simplified NFS Protocol Sequence

| 1 1

1 1
CLIFNT Port Mapper Mm{md

1 1

T N i |

USER | Register !

KERNEL |Mount Port Numben
! Reglster

Virtual File System
(VFS) Layer,

—

|System Call
! Buffer
: Cache

get_pe
PC get_g}

SERVER

(T A

| NFS Poft Number|
I I

It reques}
| >

1
1
[ 1
ort reply | |
[ 1 1
IPC MOUNT request |

t !

[ cuewT AUTENTICA

[RPC MOUNT reply
T

Local File Systen‘
Interface

|
1
I |
| |
| |

[ION

System Call USER

Virtual File System
(VFS) Layer

!

Local File System
Interface

DISK )

|
RPC GETATTR Requdst

| RPC GETATTR Reply

T 1
: RPC LOOKUP Requést

| |

Ext3, FAT, NTFS, . RPC LOOKUP Reply Ext3, FAT, NTFS, ...

t RPC ] ] C
| Client Stub 1 | Serveyr Stub

| |
| I |
| I I
| RPC READ Reques}
| ' RPC READ Reply !
| I | |

PHYSICAL | : 1 | PHYSICAL
DISK [N 1 1 1 S
' | W
| | 1
|
|

| Network |
} I

NFS Internals example

lllustrated by Sezgin Bayrak

Environment

Cross-Platform

Authentication

Encryption

File Locking

Network Resources

NFS

Optimized for Unix-
like systems

SMB

Optimized for Win-
dows systems

CIFS

Optimized and sup-
port for older Win-
dows systems

Supported

Supported
Host-based Au-
thentication and
Kerberos

Not enabled by de-
fault

Supported
User-based Au-
thentication and
Kerberos

AES enabled by de-
fault

User-based Authen-
tication

Not supported

Advisory and | Opportunistic lock- | Opportunistic lock-
Mandatory lock- | ing (oplocks) ing (oplocks)

ing  handled by

NLM

File sharing and Net- | File sharing and | File sharing and

work Block Devices
(NBD)

print sharing

print sharing
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Large-Scale File Systems
(Hadoop File System — HDFS, S3, etc)

Architecture

A Master node performs administrative tasks, while servers store “chunks” and

send them to Client nodes.

—> GFS structure Master node

/dirB/filel  \

o3 NIESSAZES

4 chunk a

i | chunkb |-,
\ Qile namespace i Chunk locati(ny,

",.‘. h - E EE (
(4) ™., BT
e | Y

> SCI‘\'CI‘ 6 ) ) Gcr\,ch
read(/dirB/filel) Server

The Client maintains a cache with chunks locations, and directly
communicates with servers.

Namespace
lookup are fast
(1 Master enough!)
[ 1GB Metadata =
1PB Data ]

In NFS Metadata
+ Transfers going
through same
server => Not
Scalable

HDFS designed for
unreliable
hardware (2-3
failures / 1000
nodes / day)

New Hardware: 3x more unreliable!!!



Partitions

* AIQ@OPETIKA partitions UTTopouVv va €XouV
OIAPOPETIKA CUCTNMATA APXEIWV.
* ‘Eva partition oto UNIX £xe1 TNV 1TI0 KATW pHOPPN:

disk drive partition partition partition

filesystem i-list

[ (5]
boot block(s) Q—J

super block

|
I
| ~
|
|
|

i-node | i-node oo i-node /
Super block (Filesystem Metadata)

File system type; Size,,Status 11-27
Information about other' metadata
structures




I-nodes

« 2TNV apxn KAaBe partition Bpioketal pia Aiota pe i-nodes, Ta
oTroia avayvwpifouv povadika Ta apxeia Tou
OUYKEKPIMEVOU partition.

* 'Eva i-node TrePIEXEI TIC TTANPOPOPIEC (UIa GUAAOYI OTTO
d1euBUvoeIC dioKou) £TO1 WOTE va Yvwpilel 0 TTUPAVAC ATTO
TTOU va avakTtnoel Ta data/directory blocks katrolou apyeiou

* [a va Bpeite TO i-node number evog apxeiou dWOTE TNV
evioAn "Is -i".

disk drive partition partition partition

* ATT0 £va TTpOypaAupa

uTTOpOUlE va Bpouue To i-node /\
“ éo-w TO U SySte m Cal I filesystem l/( @ i-list dirhxblocks and data bloéks
stat()...apyodrepa.... ook J )
super bloc : T i
i-node | i-node Jles i-node
11-28




Data/Directory Blocks

« 'Eva apyeio (regular i directory) atroteAcital amrd pia o€ipd
"blocks" kal ovouadletal "data block™ ka1 "directory
block" avTtioToixa.

« To data-block atroOnkeuel

— MEPOC TWV TTPAYUATIKWY 0EOOUEVWYV EVOC ApPXEiOU.

« To directory-block ammofnkeuel

— |-node number kai filename yia KABe apxeio 4 UTTOKATAAOYO.

i-list

i-node

i-node

o
i block JE
P i

directory blocks and data blocks

\\oo \0\0&
AN :
© éﬁpb gnird
‘.‘6‘9 <f AN
N

ry Block

11-29




Nwg Bpiokel TO
AEITOUPYIKO cUOTNMA (TO
UTTOOUOTNMA OPXEIWV) TA
TTEPIEXOMEVA EVOG ApXEioU
/usr/test.c ?

—€KIVA aTTo 10 directory block e i-
node 2 (TrpwTo d1aB£oiuo i-node
oTo i-list, TO OTTOIO AVTIOTOIXEI OTO /
folder)

ATIO eKei BpioKel OTI TO uSr £XEI WG
i-node to 200.

2.TNV OUVEXEIQ

=>4 =>202=>6=>

TENOC Bpiokel 011 Ta data blocks pg
i-nodes 204 kai 206 tTepIEXOUV TA

Data Block (rest
are Directory
Blocks

OedOMEVA TOU QpPXEIOU.

Apg
Ambpog
block
200 = 2
) >
bir
us 4
— 201 . 3
. 2
la 5
P
oo 2
- <,
l1 B i
I 1
: 1 Kreheoy !
I
| e —
——@)
|
| test . P lock
|
_______________________
= 205
op ekt I
——(p
206 |
1
I test po block
I




[Mapadeiypa Eupeong Apxeiou Pe i-nodes

e 2TO TTPONYOUHEVO TTaPAdEIYUa TO apXeio /usrftest.c ue i-node 6
Trepleixe povaxa 2 blocks (e i-node 204 kai 206).

 Tiyivetal eav éva apyeio £xel TToAAG blocks;

*  YTIAPXEl APKETOG XWPOG VIa VA a1ToOnNKeEUTOUV OAA Ta i-nodes Twv
blocks TToU cuoxeTiCovTal JE TO APXEIO;

 To YtroouoTnua ApXeEiwv XPNOIUOTTIOIEI Eva IEPAPXIKO OXAMA TO
oTroio atroteAgital atrd dévdopa delkTwy Babouc O (direct, autd 10
oTroio €idape AdN), 1 (single), 2 (double), kai 3 (triple)

T — W E
owners (=) || @ TT=-<__ ‘ S
- il -~ -— / &
timestamps (3) e B i £
S N WA e > = data | = - /
size block Ttk
S e T
2KB b|O e —[ data |
<24KB direct blocks -
I ——
——-»I data ' — s
<1 MB single indirect - T _aata |
<512MB  <ouble ingirect — - — [ gaw= |
triple indirect = - ‘I' data I

< max S[Llnnﬂ.ﬂeﬂm :]
-Node Structure = 11-31
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MEBoOoI ETrecepyaaiac Apxeiwy

Twpa Ba douue PeBOOOUG eTTECEPYATIAG TOU
TTEPIEXOMEVOU TWV OPXEIWV.

To xapnAou etmitrédou I/O diekTTEPAIWVETAI
eKTEAWVTAC System calls (KANOE&IC CUCTANATOC).

I/0 System Call: kKAnoei¢ mpo¢ Tov mupnva Tou
AEITOUPYIKOU OUCTNUATOC O OTTOIOC UAC ETTIOTPEQPEI
éva File Descriptor (FD) (opoAoyia Unix) n File
Handle (opoAoyia Windows).

OAn n emmeéepyaaia atnv ouveExela yiveral HEOw TOU

i - I-Node

disk memory . t .

< = p——. . Structure in
iles ires.n " M

d emory

I -N Ode :’I\?attri hutes
Struct_ure on_ | [sis] p—
Disk C block [yfiie] 13
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Alepyaaoiec Kal Apxeia

Méoa oTnv Aigpyacia

* File Descriptor Table: 'Eva yia kabe diepyacia. Kabe
£yypaen Tou, n oTroia avayvwpigetal atro To fd
(0,1,...), TTEpIEXEl Eva OeiKTN OTO open files table.
(8)\£V§£T£ 10 /proc/$$/fd/)

Méoa oTov Mupnva

* Open Files Table: Mia eyypaen dnuloupyeital OTTOTE
ekTeAegoupe open(). H eyypagn TrepiExel i) O€IKTN OTO
inode table, ii) offset yéoa oto apyeio (10 €TTOPEVO
read eKTEAEITAI ATTO TO offset); iii) status (11.x. read,
write, append) ye TO OTTOIO AVOICANE TO APXEIO.

 Inode Table: KadbBe apxeio epgavileTal povo pia
POopPa € AUTO TOV TTivaKa.

13-33



fork

Alepyaaoiec Kal Apxeia

parent process

o e e e - e — — — —

KERNEL

open files table inode table

“-llll... ,Eva
pointer | ~ o1 e % p
< ~AVOIKTO

child process £ inocde 13

P T T T T : :opXEio
fd table - - . o PX
pointer | - ‘e, -+

.

a
~-
Q
)
®
Te

.O

opened

before fork
.
.

*

{
- fapes &

3 3
L e e e e e — T IR LA

inherited

pointer |

after fork =

1
: opened
1

inode 7

fd table pointer

1
1
opened 1
1

same file

twice

Oa ueAetnBei apyorepa éava
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MEBoOoI ETrecepyaaiac Apxeiwy

ATTO TA TTPOYPAMMATA EQAPPOYWYV UTTOPOUME VA
OVOKTNOOUUE Ta OEOOMEVA TWV APXEIWY ME DUO TPOTTOUC:
a) Standard 1/O Library (Procedure) Calls

fopen, fclose, fread, putc, readc, eftc.

. QUTA Ta OTTOIa XPNOIKOTIOIOUCATE UEXPI TWPA OTA dldpopa padiuaTta
Trpoypappanopou ue xpnon doung FILE. Autr) n uéBodocg cuvioTdTal uévo yia
1a_reqular apyeia (6x1 GAAouc TUTTOUC)

B) KAnosig ZuoThpatog (System Calls)

(e.g., open, close, read, write, Iseek) yéow File Descrip. (int)

— Ta otroia poialouv e library calls (KAO€IS CUVAPTACEWYV

BiIBA10BNKNG), pe TNV diagopa OTI Ta system calls ekTeAouvTal peoa
o1o kernel space avTi oT0 user space.

— Emopévwg kAnon ot €va system call dev anuaiver amrAda ot Ba
KGvoupe jump o€ pia AAAN €vToAR opiopévn aAoU GTO TIPOYPAUHA
aAAa oTi Ba yivel context switching (evaAAayr| diepyaaiwy), €101
WOTE va eKTEAECEI TO kernel Tnv aitnon oac.

— BéBaia 1o 1EA0G OAEG oI AgIToupyieg ETTEGEPYATING EVOG APXEIOU
eKTEAOUVTAI ATTO TOV TTUPAVA, WOTOCO UE TIG KANOEIG BIBAIOBNAKNG
MTTOPEI va yiveTal auTo Pe Katrola kaBuoTtépnon (dnA., buffering)




Standard |10 vs. Systems Calls

Ta Standard 1/0O stdio.h (ANSI C99) civai pia BIBAI0OBAKN cuvapTACEWV yia
TTpocoBacn o€ apxeia armd mpoypdupata C (xpnoipoTroicital répa atrd 1o UNIX)

Ta Standard I/O kdvouv KARon ouvApTnong Tng 156iag Tng digpyaoiag evw Ta System
Calls kaAoUv AgiIToupyieg Tou TTUPAvA.

Ta Standard I/O calls uhoTtroloUvTal Kal auTtd péow Twv System Calls!

Ta Standard /O gival 1m0 eUKoAa

H Standard I/O dnuioupyei éva Stream (FILE *) evw ta System Calls éva File Descriptor
H Standard I/O kavel buffering (BUFSIZE tnv stdio.h).

.... aAAd Bidouv AiyoTepn eAeuBepia @, | otroia xpeidleral oto Systems Programming

System Call Standard I/O call

open fopen Enavd)\.ntpn Standard 1/O Calls: KepdAaio 5 — Stevens & Rago
close fclose Man stdio
read/write fread/fwrite // used for binary I/O chunks of bytes rather char or line
getchar/putchar  // read a character from STDIN
getc/putc I...>>. ... >>_....from file
fgetc/fputc /[ identical to getc/putc
gets/puts // read a string from STDIN
fgets/fputs [[>> > > >>> fromfile
scanf/printf /l read formatted input from STDIN
fscanf/fprintf [[>> > > >>> fromfile

Iseek fseek / move to a specific location in a file 11-36



[TAeovEKTNUO TWV System Calls

User program
R — - Usar Spaca
Library '
USER SPACE
Ccalls
Systam calls
oo :" Kerneal Space
Device Drivers: Kernel
@ KERNEL SPACE
Hardware
Deviceas

NMAcovékTnua System Call: NMARpeg 'EAgyxog!

 YAotroinon Acitoupyiwyv trou dgv TTpooc@EépovTal atro ta Standard 1/0O
(locking, buffering, IPC)

* 'EAeyxog Tou Buffering: To otroio €ival TTOAU onNuAvTIKO O€
ouoTApaTa BAcewyv dedOPEVWYV OTTOU BEAOUUE Va XEIPIOTOUUE TO
buffering yéoa otnv 19ia TNV epappoyn kai oxi 1o standard /0.

* Interprocess Communication: Otav mrpoypapuaTtifeTal ETTIKOIVWVia
METACU DIEPYACIWV UE XPON CWARVWY Kal UTTodoxXwV (8a pag 11-37
ATTA0XOAOOUV apYOTEPA OTO HABNUA ...)



MelovekTnuaTta Twv System Calls

« Eival MoAU Akpifda! : Evw éva procedure call BEAEI pOVO PEPIKEC
EVTOAEC uNXavAc evw éva system call Ba kavel Ta €AC:
— H utrd ektéAeon digpyacia dIAKOTITETAI KAl TO state TG puAdyeTal.
— To Kernel (AZ) traipvel Tov éAeyxo Tou CPU kai ekTeAei To system call.

— To Kernel (AZ) diakoTTTETAI KA1 TO state TG QUAAyeTal evw TauTdxXpova didel
TOV €AEyXO TTiow oTnv dIEpyaaia.

Opwg, n opBoAoyioTIKR Xpion Twyv system calls odnyei o€ augnuévn
A1éd00n KATI TO OTrOi0 €ival TTOAU GNUAVTIKO.

« System Dependent: Aia@opeTikéc YAotToimoeic A.2Z uttootnpidouv
OIaPOPETIKEC AciIToupyiec. OTTOTAV TIBETAI OEUA METAPEPTINOTNTAG
(Portability) Tou TTnyaiou kKwdika pe Ta system calls.

 AuokoAoTtepog MNMpoypappationds: Me tnv standard 1/O, n BiIBAI0BAKN
OPYAVWVEI TIC KANOEIC TTPOG TOV TTUPAVA PE £TOI TPOTTO TTOU TA OEOOMEVA
Ba petagpépovrtal o€ TARPN blocks atrd Tov dioKo OTNV PVAUN, EVW PE

Ta System Calls pétrel va 10 XEIPIOTOUUE JOVOI JUaG. 11.38



System Calls for I/O

* Ymapyouv 5 Baoikd system calls Ta oTroia TTapEXEl TO
Unix yia file 1/0O (eAéyceTe TO man —s 2 open)

- 1int
— 1int
- 1int
- 1int

- off

open (char *path, int flags [ , 1nt mode ] );
close (int f£d);

read (int fd, wvoid *buf, int size);

write (int fd, void *buf, int size);

t lseek(int fd, off t offset, 1int whence);

* [a va Exoupe TTPOORAON O€ AUTEC TIC OUVOAPTNOEIC HECW
TWV TTPOYPAUMATWY EQAPUOYWV XpEeIAleTal va
ouuTTEPIAGBoUUE TIC akOAouBeC BIBAIOBNAKEC

/I file control options:

#include <fcntl.h>

/| standard symbolic constants and types for unix
#include <unistd.h>




1) System Calls: Open()/Close()

Avoiyua Apxeiou yia avayvwon/ypa@rn 6£00uEVWYV

# Returns: File Descriptor if OK, -1 on error

int open(const char *path, int flags [, int mode | )
# Returns: 0 if OK, -1 on error

int close(int filedes);

— 'path : ATTOAUTO n OXETIKO HOVOTTATI TTPOC TO APXEIO
— Ta flags kai mode dnAwvouv TTwg BEAoupE va
XPNOIMOTIOINOOUME TO apXEio (ETTOMEVN DIAPAVEIQ)

— Eav o muprivag amodexOei Tnv aitnon pag, T0Te ONUIoUpYEiTal
O MIKpOTEPOG duvaTo ~ file descriptor (FD)" (To oTtroio eivai
M0 aKEPQIQ TIYM YIa apXegio). OTroIEcdNTTIOTE UEAAOVTIKEG
Ava@opPEC OTO apyeEio yivovtal yéow Tou FD. (Ba e€nynOei
QVAAUTIKOTEPA OTNV OUVEXEIQ)

— To Linux 2.4.22 B¢1e1 éva hard limit amré 1,048,576 FDs ava
dlepyacia. AuTo opiletal aTro TNV omespa OPEN MAX otnv
BiBAI0OAKN limits.h (6TTwg TNV evioAr} $ulimit —n)

— Eav n open emoTpéwel -1, 161€ Oev IKAvOTTOINBNKE N ouTr]or]
KOl UTTOPOUE va a)\sy&oups TNV TIPA TS METABANTAC "errno”
yia va Bpoupe yiarti (ME TNV perror()).

— Ouunbeite o011 GTAV avoiyel Eva TTPoypaupa TOTE TPEIC FDs 11-40
gival Adn avoikToi (0:stdin, 1:stdout, 2:stderr).



Open/close: ATTAO lNapdadelyua

#include <fcntl.h>
#include <stdio.h> // for printf

int main () {
int f£dl, £d2;

1f(( £dl = open("foo.txt", O RDONLY))

perror ("opening file");
exit (1),
}

printf ("The File Descriptor 1is

1f (close(fdl) < 0) {
perror ("closing file");
exit (1),

54",

< 0){

fdl) ;

11-41



1) System Calls: Open()/Close()

Flags (oT100gpéc péoa otn fentl.h) : YTTOXpeWTIKES Kal TTPOAIPETIKEC ETTIAOYEC.
YtmroxpewTtikéGg: O_RDONLY (open for reading only) ,O0_WRONLY (writing),
O_RDWR (read/write)

MpoaipeTikég: O APPEND (append to the end of file), O _TRUNC (if file exists in
WR or RDWR then truncate its size to 0), O_CREAT (create if file does not exist —
we have to set MODE variables — see below),

Mode (oTaBepég sys/stat.h) : [Mpoodiopilel Ta dikalwpaTa €Aav dNUIOUPYOUE apXEio.
To mode cival aképaiog (1dia Aoyikr) pe Unix file permissions).

Mode
S_IRUSR: Read permission, owner 2nueiwon: Ta Flags kal To Mode ekppadlovral
S _IWUSR: Write permission, owner MTTOpOUV va d00oUv cav dialeutn oUUBOAIKWY
S_IXUSR: Execute permission, owner OVOMATWYV, TT.X.,
S _IRGRP: Read permission, group open("test.txt", O_WRONLY | O_CREAT,
S _IWGRP: Write permission, group S IRUSR | S_IWUSR | S_IRGRP | S_IROTH);
S_IXGRP: Execute permission, group
S IROTH: Read permission, others E¢iynon: To ORing BeTtel Ta bits :
S _IWOTH: Write permission, others rwxrwxrwx = 110100100 11-42
S _IXOTH: Execute permission, others (dnA. 100000000 | 010000000 | ...)




1) System Calls: Open()/Close()
Mnxaviouoc¢ EKTEAEONC

B) Entry 13 from that data structure is

: L 1A . read from the disk and copied into the

Openlng myflle (InOde' 1 3) kernel’ s open files table. That consists of
data blocks 5 and 8.

disk memory
< = i
open  kernel | user
fle Inode 13 files
o N RAM 1, 1) fd
Inode 13 attributes bt
" on Disk of 5i8
7| attributes
518} .
——— directory
block "m",'file1 13
/// Otherfile | 18|

A) The file system reads the currentYC) User’ s access rights are checked
directory, and finds that “ myfile” is | (through Inode attributes) and the user’s

represented internally by entry 13 in the | variable fd is made to point to the allocated
list of files maintained on the disk. entry in the open files table




2) System Call: Creat()

Anuioupyia Apxeiou

int creat(const char * filename, int mode);

N evaAAakTIKA open(filename, O WRONLY | O_CREAT |
O_TRUNC, mode);

# Returns: File Descriptor for O WRONLY if OK, -1 on error

O Dennis Ritchie aprnenKs KATTOTE TTIO Eival TO
UOVAOIKO Trpaypa TTOU E£XEI psmkuoel yia TNV C

AuToc attavinoe ‘Teaving off the ‘e’ on creat() .

* MeiovekTnpa tng creat() €ival 0TI 0ev PTTOPOUUE Va
OlaBACOUPE ATTO TO APXEIO TTOU ONUIOUPYNOCOE.

* [0 va 1O dlopBwaooupe Kal va £xouue Anuioupyia +
Read/Write xpnoiuotroioTe To0 akOAoUBO:
open(filename, O _ RDWR | O CREAT | O _TRUNC,

mode); 11-44



Creating Files on command line
(Creating inode vs. inode+data)

$ touch test.txt # Creating an inode

$ stat test.txt # print test.txt inode info - will see in a while
File: ‘test.txt’
Size: 0 Blocks: 0 |O Block: 1048576 regular empty file

Device: 3fh/63d Inode: 6670939443 Links: 1

$ echo "" > test2.txt # Creating an inode+data

$ stat test2.txt # print test2.txt inode info - will see in a while
File: ‘test2.txt’ total size of all files in the list (measured in 512 B) => 4KB block size
Size: 1 Blocks: 8 |O Block: 1048576 regular file

$ hexdump -C test.txt

$ hexdump -C test2.txt

00000000, Oa .| 11-45
00000001



3) System Call: Read()

Avayvwon atro katroio FD

int read(int fd, void *buf, int size)
Returns: apiBuo bytes mrou diaBdoTtnkav, 0:EOF, -1:ERROR

« AlaBadel size bytes atro Tnv ovioTNTA (APXEIO, CUOKEUN,
AKPO oWANRVA r} UTTOOOXI)) TTOU AVTIOTOIXEI OTOV
mepiypael fd kal Ta avriypagei oto buf.

* [lepiyéver (blocking wait) peExpr cuptTAnpwoOEi To buf n
uExpl etaocel To EOF.

* [lpouTToBETEl OTI N EQAPPOY 0AG €XEI DEOPEUTEI APKETO
xwpo (malloc) oto buf. Ti 6a cupBei otV avTiBeTn
TTEPITITWON;

e 2nueiwoTe ot 1o buf cival Posix-compliant (void *) rapa

Tov rmapadoaiako opiouo char *buf)
11-46




3) System Call: Read()
Mnxaviouog EKTa)\acng

B) the system gains access
to the list of blocks that

contain the file’ s data. Y

A) The argument fd
identifies the open file by
pointing into the kernel’ s

open files table.
disk memory \ /

%
< = open  kernel | use

S

files fd
attributes | table

uuu;-uu.uuu"\—/'--'-.
attributes i8¢

58! E 2
—— 6 % buffer cache

disk // e

\

buf

\

D) the desired range of 100
bytes is copied into the
user’ s memory at the
address indicated by buf.

blocks

C) The file system therefore reads |
disk block number 5 into its buffer
cache, then block number 8.




4) System Call: Write()

Avayvwon atmro katroio FD

int write(int fd, void *buf, int size)
Returns: apiOud bytes mou ypdgtnkav, -1:ERROR

I'pdagel size bytes armd 1o buf otnv ovioTnTa (APXEIO,
OUOKEUN, AKPo owAnva r utrodoxr) TToU aVTIOTOIXEI OTOV
TeEpIypagel fd.

EmioTpé@el Tov apiOuod atrd bytes 1Tou ypa@Trkav.
AUTO PTtTOpEi Va gival AiyOTEPO aTTo TNV aitnon (size) av
uTtNPEE¢E Katrolo TTpoRAnua ue Tov file descriptor

— [1.x., size=100 aAAd n write kata@Epvel va ypaywel povo 10.

Eav emoTpeéwel O, TOTE OEV YPAPTNKE TITTOTA.

Eav emoTpéwel -1, TOTE eAEYEETE TOV KWOIKO AABoUC

errno.
11-48




4) System Call: Write()
Mnxaviouog EKTEAEONC

disk memory

e e open kernel | user
' files fd
attributes | table

---? ----- = ----- K‘_-/_—\\
attributes 5:8:

e ' buffer cache

.
*/ li'Lif

1\

disk blocks
“-.“__h _-_-.--'

/[3) The kernel then might flush (best \

to be done by programmer) the newly
: ) . a) Our program calls
written data to disk (assuming that . ) _
write(fd,buf, sizeof(buf));

block#8 has adequate space). : :

. and the data is copied to
Else a new block is allocated and the kernel space
data is written there as well. o

11-49
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[Mapadeiypa 1: YAotroinon Tou cat

Na uAorroinoere o€ C Kail Ue xpnon
KANOEWV oUCTNUATOC, Eva ATTAO
TTOOYPAUUQ TO OTTOIO VA TTOOCOLOIWVEI
THV EVTOAN cat (xwpic mTapauéToouc)

IT.X.

/mycat < filename

Is | ./mycat

/mycat (emmavaAauBavel ol ypaQpouuE)

11-50



[Mapadeiypa 1: YAotroinon Tou cat

/I'H BiBAI06nkn stdio.h TrepidapBaveTal pévo yia Tnv petaBAntry BUFSIZE éav
kavaue kai printf/scanf emiong), n otroia Traipvel TNV TTI0 KOAA TIPA (W€ Baon 10
UTTApXWV oUcTNPa), TTapd va Tnv BETauE uévol pac.

#include <unistd.h> // STDIN FILENO, STDOUT FILENO
#include <stdio.h> // BUFSIZE
#include <error.h> // perror
int main(int argc, char * argv []) {
char buf [BUFSIZ]; // BUFSIZE 8192
int n;
while ((n = read(STDIN FILENO, buf, sizeof(buf))) > 0)
( write (STDOUT FILENO, buf, n) '=n )
perror ("write error");

(
if

if (n < 0)
perror ("read error");
return 0;

}

. EBL#}r]or]: [aTi dev xpelaoTAKAWE va avoigoupe Toug Treplypageic FD#O0 kai
’ 11-51



[Mapadeiyua 2: Read/Write Demo

Na vuAorroinoere o€ C Kai ue xpnon KANOEwv
ouaTNUAToc, Eva ammAo Tpoypauud 10 OTToIo
[) ONUIOUPYEI Eva, apxeEio, i) ypaEr
KArtrola oulBoAoacipa, ii) KAEIVEI TO apxEio,
iv) avoiyel Kal ypaEel KArola aAAn
ouuBoAoceipq, v) KAgIVEI TO apxEio Kal
réAoc vi) oraBader 1o apyeio kai 10
EKTUTTWVEI OTnV 0Bovn. Kabe Bnua va
TUTTWVEI TOV apiBuo Twv bytes.

11-52



[Mapadeiyua 2: Read/\Write Demo

/* File: io_demo.c */
#include <stdio.h> /* For printf, BUFSIZE*/
#include <fcntl.h> /* For O _ RDONLY, O WRONLY,O CREAT, O APPEND */
#include <string.h> /* strlen */
main() {
int fd, bytes;
char buf[BUFSIZ];
char *filename = "temp.txt";
char *line1 = "First write. \n";
char *line2 = "Second write. \n";

// 0600 <==>S |IRUSR | S IWUSR <==> - rw-,---,---

if ((fd = open(filename, O_WRONLY | O_CREAT | O_TRUNC, 0600)) == -1) {
pe;r(c;t;( open’); T Create file and enable us to write to the file
exit(1);

}

Il Mpoooxn: M'pagpoupue pévo to strien(line1), avri strlen(line1)+1 yia va

/| atro@Uyoupe Ta avemi@uunTa \0 ( “First write. \n\0 Second write. \n\0” )

bytes = write(fd, line1, strlen(line1)); /* Data out */ \

printf("%d bytes were written\n", bytes); AvemmBuunTo

close(fd); 11-53



[Mapadeiyua 2: Read/Write Demo

if ((fd = open(filename, O_WRONLY | O_APPEND)) == -1) {
perror("open");
exit(1);
}
bytes = write(fd, line2, strlen(line2)); /* Data out */
printf("%d bytes were written\n", bytes);
close(fd);

$ ./a.exe
if ((fd = open(filename, O_RDONLY)) ==-1) { | 14 bytes were Wr!tten
perror(“open"); 15 bytes were written
it(1):
} exit(1) 29 bytes were read
bytes = read(fd, buf, sizeof(buf)); /* Datain*/ | First write.
printf("%d bytes were read\n", bytes); :
close(fd): Second write.

buf[bytes] = "\0’;
printf("%s", buf);

11-54



MNapadeiypa 3: YAotroinon Concat Apxeiwy

Na vuAorroinoere o€ C Kai ue xphon KANOEwv
ouaTNUAToc, Eva ammAo Tpoypauud 10 OTToIo
va TTPOCTOUOIWVEI THV AEITOUpYia THC TTIO
KATW EVTOANC KEAUQOUC cat file1 >> file2

To mpoypauua oag eKTEAEITal UE TOV
aKOAouBo TporrTo.

Sconcat file1 file2

11-55



MNapadeiypa 3: YAotroinon Concat Apxeiwy

[* File: append_file.c */
#include <fcntl.h> /* For O_RDONLY. O_WRONLY, O_CREAT, O_APPEND */
#include <unistd.h>// STDERR_FILENO

#include <string.h> // strlen

main(int argc, char *argv[])

{
int n, fromFD, toFD;

char buf[1024]={};

if (argc 1= 3) {
[* Check for proper usage */

sprintf(buf, "Usage: %s from-file to-file", argv|[0]) ;

write(STDERR_FILENO, buf, strlen(buf));
exit(1);
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MNapadeiypa 3: YAotroinon Concat Apxeiwy

if (fromFD = open(argv[1], O_RDONLY)) < 0) {
I* Open from-file */

perror("open");
exit(1); /
}

if ((toFD = open(argv[2], O_ WRONLY | O_CREAT | O_APPEND, 0660)) < 0) {
[* Open to-file */

Append mode

perror("open"); $ cat file1
\ exit(1); First write.
| | $cat file 2
I (eSS S 20 | Second wie
perror("copy error"); $Concat file1 file2
} $cat file2
close(fromFD); /* Close from-file */ Second write.

close(toFD); /* Close to-file */ First write
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5) System Call: Iseek()

Tuyxaia (Random) Metakivnon péoca oto Apxeio

off t Iseek(int fd, off t offset, int whence)
Returns: new file offset if OK, -1 on error

off t dnAwvetal yéoa oto sys/types.h

Offset (a1ré 1ToU): Opilel TNV B€on (position)

Whence : Opiel TTwg XpnoluoTrolgital To offset.
— SEEK_SET: relative to beginning of file
— SEEK_CUR: relative to the current position
— SEEK _END: relative to end of file

H ouvaptnon Iseek pag emTpémel va peTakivnBoupe pEoa oTo
apxeio pe Tuxaio TpoTro. (Random Access).

KaBe apyeio £xel éva «current file offset» 1o o1r0i0 €ival Eévag BeTIKOC
AKEPAIOG O OTTOI0G PETPA TOV APIBUO aTTo bytes atd TNV apxn Tou
apxeiou.

— Eav avoicel To apxeio 1o offset givai 0.

— Metd amé avayvwaon m bytes, 10 offset yivetar m.

To “I"seek Trpoépxetal atrd 10 “long”seek 8167 To offset gival évag

long integer.
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5) System Call: Iseek()

Tuyxaia (Random) Metakivnon péoca oto Apxeio

To Iseek dnAwvel 10 offset yéoa oto kernel ywpic va
TpokaAéoel otrolovontoTe I/O. To I/O Ba yivel ydévo oTo
ETTOMEVO Wwrite.

Edv eKTEAEOOUUE TO TTIO KATW EVTOAN TOTE N ETTOMEVN
ypaen (n avayvwaon) Ba yivelr 100 bytes decioTepa atro
TV TTapouca BEon:

Iseek(filedesc, 100, SET_CUR);

ETTouEVWC Eva apXEIO UTTOPET va EXEI «TPUTTEC» UE KEVA.
AUTEC oI TPUTTEC €ival oualaoTIKA ouvexoueva 0 (NULSs)
Kal KatahappBavouv 1 byte ava Nul.

To offset ytropei va TTapel BETIKEC Kal ApVNTIKEC TIUEC,
€AV KaI EQOOOV 0Ol CUOKEUEC TO uttooTnpifouv (TT1.X. O€
EVa apxeio yiveral AAAa Ox1 o€ £va socket).
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[Mapadeiypa 4: YAotroinon AtmrAou Database

Na vAomomnoere o€ C kal pe xpnaon KANOEwv ouaTnuarog,
pia atrAr) ouaoikn Baan OEOOUEVWY 1) OTTOIO YPAQEI TTEVTE

EYYPAPES TNS HOPPNIS

typedef struct person{
int id;
char sex;
char name[40];

} attribute _ ((packed)) PERSON;

To  attribute  ((packed)) Tou
onuaivel 611 dev BéAoupe o GCC
compiler va TpooB¢oel padding
oTnv doun yia va Tnv Kavel align

oTNV MVAMN.
Edv dev TO XpNOIMOTTOINOOUNE

TIPETTEI VA KAVOUUE TIG
EYYPAPEC TWV OTOIXEIWV PIO-HIa

OUVEXOUEVA O¢ Eva apxeio user.db, OTnv ouvexeia apnver 3
EYYPAPES KEVES KQI IETA YPAPEI aKOUN S eyypageg. TEAOS
diaBadlel arro 10 ApPXEIO OAEC TIC EYYPAPEC KAl TIC TUTTWVEI

aTrnv o6ovn.
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MNapadeiypa 4: YAotroinon AtmrAou Database

main(int argc, char *argv[])
{
int n, fd, i
PERSON p;
char *filename="users.db";
int offset;

if ((fd = open(filename, O_RDWR | O_CREAT, 0660)) <0) {
/* Open to-file */
perror("open db");
exit(1);

}

// set the values in the p structure
p.sex ='m’;
strepy(p.name, "Costas”);

// write 5 tuples to the file
for (i=0; i<5; i++) {
p.id = i;
write(fd, (void *) &p, sizeof(p));
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[Mapadeiyua 4: YAotroinon AtTAou
Database

// seek the file descriptor three sizeof(p) positions to the right (from SEEK _CUR)
Iseek(fd, 3*sizeof(p), SEEK_CUR);

// write another 5 tuples to the file
for (i=0; i<5; i++) {

p.id = i;

write(fd, (void *) &p, sizeof(p));
/

// rewind the file descriptor to the beginning of the file
Iseek(fd, 0, SEEK_SET);

// Now read and print the respective tuples
while((n = read(fd, (void *) &p, sizeof(p))) > 0) {
if ( sizeof(p) I=n)
perror ("read error”);
printf("<%d, %c,%s>\n", p.id, p.sex, p.name);
/

close(fd),;

11-62




[Mapadeiyua 4: YAotroinon AtTAou

O

atabase

Sdbtest
<0,m,Costas>
<1,m,Costas>
<2,m,Costas>
<3,m,Costas>
<4,m,Costas>
<0, ,>

<0, ,>

<0, ,>
<0,m,Costas>
<1,m,Costas>
<2,m,Costas>
<3,m,Costas>
<4,m,Costas>

To péyebog Tou apyeiou
gival 585 bytes
(13 records * 45 bytes)
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write (£d,
clrose(fd)
return 0O
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Anuioupyia Adeglou Apxeiou
MeyaAou MeyEBouc oto Shell

* A) dd - convert and copy a file
— Create inode + initialize with \O’ the data blocks

$ df

# Filesystem 1K-blocks Used Available Use% Mounted on
/home/faculty 1091260416 876950528 214309888 81% /home/faculty

$ dd if=/dev/zero of=./test.img bs=4k iflag=fullblock,count bytes
count=1000000000 # 1GB

24414041 records in
244140+1 records out
1000000000 bytes (1.0 GB) copied, 12.6773 s, 78.9 MB/s

$ stat test.img #

File: ‘test.img’ The disk has shrunk by 1GB!
Size: 1000000000 Blocks: 1953128 ////’
$ df

/home/faculty 1091260416 877926400 213334016 81% /home/facul% 65




Anuioupyia Adeglou Apxeiou
MeyaAou MeyEBouc oto Shell

* B) truncate — make a file smaller/larger

— Make/Modify i-node size but doesn'’t allocate disk pages on disk
(slim file)

— Mainly used to shrink log files to a certain size:
S truncate -s 100K /var/log/syslog

$ df
home/faculty 1091260416 876950528 214309888 81% /home/faculty

If a FILE is
larger than the
specified size,

$ truncate -s 10G test.img the extra data
stat test.img Thes ‘test.img’ Size: 10737418240 Blocks: 2048 is lost. If a
FILE is shorter,
Slim file, no disk is lost it is extended
$ df and the
home/faculty 1091260416 876950528 214309888 81% /home/faculty extended part
(hole) reads as
zero bytes.

$ 1s -al test.img
—rw-—————-—-— 1 dzeina faculty 10737418240 Oct 30 10:34 test.img
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