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Enikoivwvia Alepyaciwv — An’ euBeiag Avtypagr) MvAung

» O nio Bacikdg 1pdnog eival péow an’ euBeiag Npdopacn om
VAN
» O nuprvag napéxel unxaviopous (KAoeig nupriva) yia v
avivpa®n Hvikng
> Eival autég o Tpdnog aceanig:
> ApxirekTovikr Mikpo-nupriva - Jévo ol SiaxeipioTég / odnyoi
HMOPOUV va KAAECOUV QUTOUG TOUG MNXAVIOHOUS
> Eikovikég AleuBivoeig:
> Ol dlepyaoieg xeIpitovial Ta THAKATA WVALNG TOUG HEOW TwV
EKOVIK@V SleuBivoewv
> O nuprvag yvwpitel TiG npayuankés SIEuBUVOEIG Moy €xouv Ta
TUAKATA TWV SIEPYAOIAV ...
» MerTarpénel TiG EIKOVIKEG SIEUBUVOEIG O€ NPAYUATIKEG

Aviiypagr Mvriung - Khijoeig Mupriva - SYS_VIRCOPY

_PROTOTYPE (int sys_vircopy, (int src_proc,
int src_seg, vir_bytes src_vir,
int dst_proc, int dst_seg, vir_bytes dst_vir,
phys_bytes bytes));

> Avilypagr and - diepyacia ‘nnyn’ (source)
» src_proc — Béon dlepyaciag otov nivaka dlepyaciov
> src_seg - TUAKA PVALNG Biepyaoia (fext, data, stack)
> SIC_vir — ekovikr 8éon pvipng om diepyacia
> Avilypadr) npog - diepyacia ‘npoopiondg’ (destination)
> dst_proc - 8éon Slepyaciag orov nivaka Slepyaciv
> dst_seg — THAA pVARNG Siepyaoia (text, data, stack)
> dst_vir - eovikr) 8¢on pviung om diepyacia

» bytes — MABog bytes npog aviypaer

Aviiypaer) MvAung - Kh\noeig Mupriva

» %10 apxeio /usr/src/kernel/system.h opiovial ol
handlers yia i KAOEIG Nupriva

_PROTOTYPE ( int do_copy, (message xm_ptr) );
#define do_vircopy do_copy
#define do_physcopy do_copy

1o apxeio /usr/src/kernel/system.c yiverain

avrioToixnon Twv handlers pe Toug apIBoUs Twv KAROEWV NUPrvVa

map (SYS_VIRCOPY, do_vircopy);
map (SYS_PHYSCOPY, do_physcopy) ;




Yuvapmon - do_copy (1)

» Merarpénel Tig NapApETPOUG TOU UNVUHATOG O€ 2 PETABANTEG

TUnou vir_addr

PUBLIC int do_copy (m_ptr)
register message *m_ptr;
{

struct vir_addr vir_addr[2

phys_bytes bytes;

vir_addr
vir_addr

SRC_

vir_addr .offset =

.segment =

) .offset =
bytes =

.proc_nr_e
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(
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= m_ptr->CP_SRC_ENDPT;
m_ptr->CP_SRC_SPACE;
(vir_bytes) m_ptr—>CP_SRC_ADD
= m_ptr->CP_DST_ENDPT;
m_ptr->CP_DST_SPACE;
(vir_bytes) m_ptr—>CP_DST_ADD

phys_bytes) m_ptr->CP_NR_BYTES;

Yuvdapmon - do_copy (2)

» EAéyxel Tig SIeUBUVOEIG — av avapépovial O€ “MPAyHaTnkes”
Blepyaoieg

Xpnoiuonolei my ouvdpmon isokendpt _f

. opiera oto apxeio /usr/src/kernel /proc.c
Imv oucia petarpénel 1o apiBud end-point oe apiBud diepyaoiag
(8éon orov nivaka dlepyaci®v)
Av n diepyacia dev evroniotei —
évav apvniké apiBud

1 dev eival {wviavi - eniotpépel

» Xpnoipornolei v cuvdpmon virtual_copy

opileral oto apxeio /usr/src/kernel/system.c
MeTatpénel TiG eIKovikéG BIEUBIVEIG OE MPAYHATKEG e TV
XpAon NG ouvépmong umap_local

Xpnaiponolei v cuvdpinon phys_copy yia My TENKKA aviypaer
- eninedo assembly (klib386.s)

Tovon 12'° Aidhegng

Aerroupyikd LUotnua Minix
Aeroupyieg Zuomuarog Apxeiwv
Aopry Zuothuarog Apxeiwv
Avayvwon Apxeiwv

TUotnua Apxeiwv oto A.Z. MINIX 3

‘Onwg 6Aa 1a A.L. kal 1o MINIX 3 npoogpépel éva alotnua apxeiwv
YIa TNV anoBrkeuon NANPOPOPIGY

Mriopei va decpelel / anodeopelel anoBnKeuTkd XWPo yia Ta
apxeia

Na diaxeipileral 1a blocks Tou iokou kal va anereuBepivel
AMoBNKEUTIKS XWPO

Na 3iacahilel TNV ac@AAeia Twv SEBOPEVWY

Mpdkenmal yia éva ‘peydho’ npdypaupa ypappévo oe C -- Tpéxel
€E ONOKA)POU OTO user space

O1 Biepyacieg nou Béhouv va diaBdcouv/ypdgouv apxeia
oTéAvouv unvuara oro ouotnua apxeiwv (file system)

> To 0UOMHA APXEiwV ENEEePYATETal TO PAVULA, EKTENE] TIG
anapaimres evépyeies kal emoTpéper My andvinon




Aiota Mnvupdrwv (1)

Message

Input parameters

Reply Value

access

File name, access mode

Status

chdir

Name of new working directory

Status

chmod

File name, new mode

Status

chown

File name, new owner, group

Status

chroot

Name of new root directory

Status

close

File descriptor of file to close

Status

creat

Name of file to be created, mode

File descriptor

dup

File descriptor (for dup2, two fds)

New file descriptor

fentl

File descriptor, function code, arg

Depends on func-
tion

fstat

Name of file, buffer

Status

ioctl

File descriptor, function code, arg

Status

Niota Mnvupdrwv (2)

Message Input parameters Reply Value

link Name of file to link fo, name of | Status
link
Iseek File descriptor, offset, whence New position
mkdir File name, mode Status
mknod Name of dir or special, mode, | Status
address
mount Special file, where to mount, ro | Status
flag
open Name of file to open, r/w flag File descriptor
pipe Pointer to 2 file descriptors (modi- | Status

fied)
read File descriptor, buffer, how many | # Bytes read
bytes
rename File name, file name Status

ANiota Mnvupdrwv (3)

Message

Input parameters

Reply Value

rmdir

File name

Status

stat

File name, status buffer

Status

stime

Pointer to current time

Status

sync

(None)

Always OK

time

Pointer to place where curent
time goes

Status

times

Pointer fo buffer for process and
child fimes

Status

umask

Complement of mode mask

Always OK

umount

Name of special file to unmount

Status

unlink

Name of file to unlink

Status

utime

File name, file times

Always OK

write

File descriptor, buffer, how many
bytes

# Bytes written

Niota Mnvuudrwv (4)

Message Input parameters Reply Value

exec Pid Status
exit Pid Status
fork Parent pid, child pid Status
setgid Pid, real and effective gid Status
setsid Pid Status
setuid Pid, real and effective uid Status
revive Process to revive (No reply)
unpause Process to check

> AuTd Ta PNVUpATa NPoEPXovTal and Tov SIaXEIPIOTT SIEpYacibV



Aopn Zuomparog Apxeiwv To superblock Tou MINIX 3

Number of nodes

sy
» To Luompua Apxeiwv Tou MINIX 3 anoreeitar and i-nodes, . jumber of Fiode bilmap blocks.
. . To superblock nepiéxel Number of zone bitmap blocks
@akéhoug kal blocks dedouévwv o opiec via T oun irst data zono.
' ) } ) , NPOPOPIEG YIa T OOHN — block
> To péyeBog Twv TUNPATWY Slapoporioleite avaAoya Je To CUVONKS TOU OUCTAUATOG apXeiou ondisk | adding
HEYEBOG TOU CUOTAHIATOG Kal TV UPIOTAREVN Texvoloyia Fxer névra péyedoc 1024 ] Maximum fe size
bytes Number of zonos

Magic number

» ‘Opwg autd Ta TURUATa Bpiokovial oe GAA Ta CUCTAKATA APXEiwV
Ténou MINIX 3 Bd&on Tou NABoug Twv
bslg?k i:fci’ inodes kai To péyeBog Twv Tl
I-nades One disk block blocks pnopolpe va Taieai sy
ks s ~ o uriohoyiooupe To péyeog Pointer to inode mounted
Tou bitmap Twv inodes =

nodesblock
L Present evice number
O anoBnKeuTIKOG XWPOG tead-only flag

. . ok atvsor byte-swapped fag
lnodes  Zone Siaipeire o€ zones and S v
bitmap  bit map log, n blocks ]

direct drect lock.
First e bt it node bimap.
irstrea bt in zone bitmap.

Aoy super_block (1) Aopn super_block (2)

» Opileral oto apxeio /usr/src/servers/fs/super.h
» Kard mv ekkivnon Tou CUCTHATOS GOPTWVETAl OTNV WVAHN
/* log2 of blocks/zone */
short s_log_zone_size;
/* try to avoid compiler-dependent padding */
EXTERN struct super_block { short s_pad;

/* # usable inodes on the minor device #/ /* maximum file size on this device */

ino_t s_ninodes; off_t s_max_size;
/* total device size, including bit maps etc */ /+ number of zones (replaces s_nzones in V2) x/
zonel_t s_nzones;
/+ # of blocks used by inode bit map %/
short s_imap_blocks;
/* # of blocks used by zone bit map */
short s_zmap_blocks;

zone_t s_zones;

/+ magic number to recognize super-blocks */
short s_magic;

/* try to avoid compiler-dependent padding «/
short s_pad2;

/+ number of first data zone =/ /+ block size in bytes. x/

zonel_t s_firstdatazone; unsigned short s_block_size;




Aoyn super_block (3) Aoun super_block (4)

» Tia va enmayxuBei n anédoon Tou CUCTAATOG, Ol UNOAOYICHOI Tou
HeyéBoug Tou inode bitmap, 1o inode nou nepiéxel T pia Twv
PakéAwV KA anoBnkevovral otn dour super_block
AuTéG SUWG ol MnpoPopieg dev anobnkevovral oTov

. QnoBnKeUTIKG XWPEO
/+ filesystem format sub-version x/ " o

char s_disk_version; Ynépxouv pévo om pviin
} super_block [NR_SUPERS];
/* inode for root dir of mounted file sys /
struct inode s_isup;
/* inode mounted on */
> ... TO HEYIOTO NMANBOG CUCKEUWY MOU UMopoUle va XeipikopaoTe struct inode +s_imount;

avé ndoa onypr /+ precalculated from magic number =/
unsigned s_inodes_per_block;
/+ whose super block is this? =/
dev_t s_dev;

» Opiteral wg nivakag and NR_SUPERS cuckeuég

Aopn super_block (5) Apxikonoinon Luotuarog Apxeiwv

» H apxikoroinon evog anoBnKeuTIKoU XWPOou Yiveral Je TV Xprion

/+ set to 1 iff file sys mounted read only #/ ™G mkfs

int s_rd_only;

/* set to 1 iff not byte swapped file system «/
int s_native;

/+ file system version, zero means bad magic */ > Anuioupyei 1o superblock TG CUSKEURG
int s_version;

/* # direct zones in an inode */

int s_ndzones;

/+ # indirect zones per indirect block x/

mkfs /dev/fdl 1440

» To superblock iapdZerar drav kahoupe Ty mount (KAfjon
ouoTAuaTog)
> Baoileral oy ouvdpinon read_super

int s_nindirs;
/* ande? below this bit number are in use «/ _PROTOTYPE (int read_super, (struct super_block s
bit_t s_isearch;
/% all zones below this bit number are in usex/ > MpoUnoBérel 61 n cUCKeUN eival QVOIKTH — ENiKoVwVia e Tov

bit_t s_zsearch; 03nyd TG ouokeung




Enikoivwvia pe Odnyod LUCKEUWV

» H xprion Tou anoBnkeuTtikou xwpou (cuckeur) Eioodou/EEGSou)
yiveral uéow Tou 0dnyou NG cuckeung (device driver)
» 1o apxeio /usr/src/servers/fs/driver. c opi{ovial
SAeG 0l CUVAPTATEIG VI TNV XPNON TG CUCKEUNG
. dev_open - FS opens a device
. dev_close - FS closes a device
. dev_io - FS does a read or write on a device
dev_status — FS processes callback request alert
. gen_opcl -- generic call to a task to perform an open/close
. gen_io — generic call to a task to perform an I/O operation
. do_ioctl - perform the IOCTL system call
do_setsid -- perform the SETSID system call (FS side)

» O1 cuvaptoeig avahapBAvouv va oTeilouv unviuara orov
KardAnAo odnyo TG CUCKEUNG (system call)

Bitmaps -- Karaypaeri ExeUBepwv Blocks

» H karaypar) Tou eAeUBepou XDPou Yiveral Je Ty xprion 2
bitmaps
‘Orav éva apxeio diaypdgeral evnuepveTal 1o bitmap 8éroviag
To bit nou avriotoixei oto block oe 0
‘Orav 6Aa 1a blocks piag {wvng eival ehelBepa, e Tov idio 1pdno
aneleuBepwveral kai n {wvn
MNa mv dnuioupyia evédg apxeiou, avarpéxoupe oTo bitmap yia va
EVIoNiCoUpE KEVO XWPO Kal va Tov decpelcoupe
IXETIKA JE TO i-node Tou KavoUpyiou apxeiou — yia va eniraxuveei
n diadikaoia, 1o superblock éxel éva Seikin oto Mpwro eAeUBepo
i-node
> ‘Orav 10 apxeio dlaypagei, 10 superblock evnuep@veral yia va
Beixvel 010 i-node Tou apxeiou

Bitmaps -- YnoAoyioudg MeyéBoug

» Me Bdon mv ninpogopia nou diampei o superblock pnopolue
va urohoyicoupe To NABog Twv blocks
> Avardywg 1o MAfiBog, unoAoyi¢oupe nooa blocks anairouvral yia
va anoBnkevoupe To bitmap
> AV 10 péyeBog Twv block eival 1KB — xwpdel éva bitmap e 8192
EYYPaPES
> ... kal yia éva bitmap ané 10000 eyypagég xpeialduacre 2 blocks
» Zones
> To oliompa apxeiwv Tou MINIX 3 anodnkede! {dveg blocks
> ... yia TV anoBhkeuon Twv blocks oe cuvexdueva blocks
> Imv npdgn dev xpnoiporoieirar

To i-node Tou MINIX 3

16bis

Ty oo o e bits
Numbaro s T~ Ovector et for i e
. , a T~ et usr wnoowns e
» Tainodes diampouv Tg Gd l— Owners group
BleuBuvoelg Twv blocks

6rou anoBnkevovrial Ta Access ime

Flosize = Nmbor of byts ntho e

Times are lln seconds sinoe
st

Sedopéva Tou apxeiou Hodiieaton ime.

Stas changs tme.

> AnoBnkevouv
peradedopéva nou
neplypa@ouy 1o apxeio S4bytes|

Zons0

Zonat

Zonaz

» To péyeBog evog i-node
eival 64 bytes

» H dopr enimpénel v
AroBrKEUON apXeiwV ewg
4 GB drav 10 block size eival
4KB

zom3 Zono rumbers for

Zormd Zinca i ha e

Zonas

Zomss

Use for s largar
than7 zonae

ousle ndirect zone




Mapdadelypa i-node Aneikévion Apxeiwv

I-node.

» 32-bit Zone Number (address)

> Block size = Zone size = 1KB

Attributes

Addresses of
data blocks

> Me mv xprion Twv 7 dleuBivoewy zones — 7 KB mnpogopiag

» Me mv xprion Tou indirect zone unopoupe va anobnketoupe oe 1
block, 256 BleuBivoeig zones (1%222) -- 256 KB

> Me mv xprion Twv second indirect zone propodie va —
anoénkégoupe oe 1 block, 256 dleuBlvoelg and indirect zones, Indreet
Sriou kdBe indirect zone diampei 256 SieuBivoeig zones — 64 MB

Disk addresses

> Block size = Zone size = 4KB

> Me mv xpfion Twv 7 dleuBivoewy zones — 28 KB mnpogopiag

» Me mv xprion Tou indirect zone UnopoUpe va anoBnkédoupe oe 1
block, 1024 dleuBlvoeig zones (“Z2X8) — 4 MB 1024*

» Me mv xprion Twv second indirect zone unopoupe va
anoBnkéyoupe oe 1 block, 1024 dieuBivoeig and indirect zones, » Ta triple indirect zone dev uhoroioUvial oo MINIX 3
Sriou kéBe indirect zone diampei 1024 BieuBlvoeig zones - 4 GB

Aoy i-node (1) Aoy i-node (2)

EXTERN struct inode {
/+ file type, protection, etc. */ /* time of last access (V2 only) =/
mode_t i_mode; time_t i_atime;
/* how many links to this file */ /+ when was file data last changed =/
nlink_t i_nlinks; time_t i_mtime;
/* user id of the file’s owner =/ /+ when was inode itself changed (V2 only)*/
uid_t i_uid; time_t i_ctime;
/+* group number =/ /* zone numbers for direct, ind, and dbl ind =/
gid_t i_gid; zone_t i_zone[V2_NR_TZONES];
/* current file size in bytes =/ } inode[NR_INODES];
off_t i_size;




Aoy i-node (3)

» Ta va enmayxuBei N anédoon Tou CUCTAUATOG, OPICHéVEG
MAnpo@opieg diampouvial GVO OTn UVAKN

> Aev anoBnkeUovial OTOV ArnoBnNKEUTIKS XWMPO — UMAEPXOUV IGVO OTn
VAN

/* which device is the inode on */

dev_t i_dev;

/* inode number on its (minor) device */
ino_t i_num;

/+ # times inode used; 0 means slot is free */
int i_count;

/% # direct zones (Vx_NR_DZONES) «/

int i_ndzones;

/* # indirect zones per indirect block =%/

int i_nindirs;

Aoy i-node (4)

/* pointer to super block for inode’s device x/
struct super_block =i_sp;

/% CLEAN or DIRTY */

char i_dirt;

/+ set to I_PIPE if pipe */

char i_pipe;

/* this bit is set if file mounted on «/

char i_mount;

/+ set on LSEEK, cleared on READ/WRITE «*/

char i_seek;

/* the ATIME, CTIME, and MTIME bits are here «/
char i_update;

Block Cache - Mpoowpivr) AnoBrikeuon

I1a poviépva cuoTuara ol cuckeuég E/E eival ol nio “apyég’ oe
oUyKpION We Tov eneepyact / uvAaun
H npoowpIviig anoBrikeuon Twv blocks oty pvrun oroxevel oty
enmdxuvon Mg avayvwong dedouévwy and TiG CUCKeUEG E/E
e pia KAon ouoTiuarog read (yia T avayvwon dedopévwy and
Mia ouokeun) E/E)
> EAéyxoupe av 1a block ival anoBnkeupéva omy NPOCWPIVA VAN
(cache)
‘Orav éva block dev undpxer oMy cache avarpéxoupe oMy
ouokeun E/E kal TonoBetoupe oy cache
> Twg adeidlel n cache ?
Baoi{ovral oe kdnolo akydpiBuo SIaxeipiong NPOCwWPIVAG
anoBrKkeuong - oTpamyikr cacheing

Aerroupyia Block Cache oro MINIX 3

O1 Biokol peyahvouv oe péyeBog — auaveral 1o MBog Twv
blocks
H pviAun peyardvel oe péyeBog — augaveral 1o PéyeBog NG
MPOCWPIVAG KVNAKNG (cache)
Mpénel va pnopoupe ypriyopa va evionicoupe av eva block
Bpioketal oy cache

» O éheyxog yiveral oe kdBe read (KAjon ouoTAUATOG)
XpnoionoloUpe pia hash function

» Baoi¢eral ora Teheutaia n bifs TG SlelBuvong evdg block

> H ouvaptnon dev eival 1:1 - yia nepioodtepa Tou evée blocks

enoTpéper my id1a T (hash value)

‘ONa 1a blocks pe My idia Tiprf hash anoBnkevovral paii oe pia
ouvdedepévn Niota (linked list)



Aopr Block Cache oto MINIX 3

Hashtable  Front (LRU)

] e B o I B
N

Rear (MRU)

Mivakag nou nepiéxel dAa 1a hash values

> e kdBe ypapur avabéroupe pia ouvdedepévn Nota e 1a blocks
nou éxouv My iia hash value

Zuvdedepévn Niota rnou nepiéxel OAa 1a blocks

» Tagvounuévn pe Baon Ty nakaiéra Tou block

DdkeNol kal Movondma

Root directory

Students Faculty

Robbert Prof.Brown Prof.Green

Aiaxeipion Avoiktwv Apxeiwv -- File Descriptors

» Tla va xpnoIKoroICoUpE éva apxeio Mpénel NPWTa va 1o
‘avoioupe’

» Na npoetoiudooupe To cUoTNUA apXeiwv Pe TV KARon open

» 70 TUAKA Tou Mivaka Twv SiEpyaci®y nou diampei 1o cuoTua
apxeiwv anoBnkeloupe Ta apxeia nou éxel avoikel pia diepyacia

EXTERN struct fproc {

struct
struct
struct
fd_set

inode *fp_workdir; / pointer to working direct]
inode *fp_rootdir; / pointer to current root df
filp »fp_filp[OPEN_MAX];/* the file descriptor
fp_filp_inuse; /+ which fd’s are in use? */

} fproc[NR_PROCS];

Tpéxouoa ©€éon AvolktoU Apxeiou - File Position

Mpénel va anoBnkeUoupe v ‘Tpéxouca Béon” oe éva avolkid
apxeio

> Ie nolo onueio ‘otapdmoe’ n teheuraia kAon read

> Xpnaionolope My KAon Iseek yia va aAGEoupe Ty 8éon
10 THAKA Tou nivaka Twv SIEpyaciwv nou diampei 1o cuoTnua
apxeiwv anoBnkeloupe Ta apxeia nou éxel avoitel pia dlepyacia
Mou anoBnkevoupe Ty Tpéxouca Béon;

> Trov nivaka Twv Siepyacihv undpxel npdPAnpa drav KaAéooupe
fork

> ©a aviypagoLV Ta VOIKIa apxeia - owoTd
> ©a aviypagoly ol 8¢oeig -~ AdBog

» Iro l-node Tou apxeiou

> ... xepdrepa




Mivakag Avoiktv Apxeiwv ©écewv

filp table

Process
table

File position

/ i-node pointer
Parent /

Child

T ¥ T a3 T

> e Eexwplord “diapoipaldpevo’ nivaka filp
» O nivakag eival Koivog yia OAeg TiG diepyaaieg

KAron Zuompuarog read

» O KW3IKAG TOU CUCTANATOG APXEIOU EMIKEVIPWVETAI OTNV EKTEAEON
TWV KAOEWV TOU GUCTAUATOG
> Ag eterdooupe Ty nepimwon énou éva Npdypapua ektehei:
n = read(fd, buffer, nbytes);
» MONG napaldBel 1o cUCTNUA APXEiwV TO PRvUpa
Avarpéxel otov nivaka filp oUpewva pe My napdaperpo fd
EAéyxel v Toéxouoa Béon oto apxeio
Yriohoyi¢el To MABog Twv blocks nou npénel va SIaBactoly - kai TG,
BleuBuvoelg Toug
lNa k&Be block avarpéxel oV NPocwpIvr PvAUN A povéada E/E
Tuyxwveuel Ta blocks otov buffer
Aviiypagel Tov buffer oy pviaun TG diepyaciag

» A@oU ONOKANPWBET N EKTEAEON TNG KANONG, TO CUCTNUA apXEiwV
Blapélel opiopéva block akoAouBwvTag TexvIKEG read-ahead

Bon@énrikr cuvapton read (2)

PUBLIC ssize_t read(fd, buffer, nbytes)
int fd;
void xbuffer;
size_t nbytes;
{
message m;

m.ml_il = fd;
m.ml_i2 = nbytes;

m.ml_pl = (char *) buffer;
return(_syscall (FS, READ, &m));

Tovon 12" Aidhegng

Tuvoyn Malruarog
Z0voyn Mabrjuarog
BiBoypagia
Endpevn AiGAeEn




210 onuUepPIvo udbnua eidaue

> TUotnua Apxeiwv oto AL MINIX 3

» Ecwrepikry dour) ouotiuarog apxeiwv oto AL MINIX 3

» Mapddeiypa Kh\jong fuomuarog Read

BiBAioypagia

» BiBAio “*Operating Systems Design and Implementation, Third
Edition” (Andrew S. Tanenbaum)

1. Kegdahaio 5: File System

> Mapdypaog 5.6 Overview of the MINIX 3 File System
» Mapdypagog 5.7 Implementation of the MINIX 3 File System

» BiBAio ‘ZUyxpova Aermoupyikd Luctiuara’ (A.Tanenbaum)
1. Kepdhaio 6: Tuomuara Apxeiwv
> Mapdypagos 6.3 YAonoinon Cuotiuarog Apxeiwy
2. Kepdhaio 10: Merém Mepimwong 1: Unix kar Linux

> Mapdypagos 10.6 To uomua Apxelwv 1ou Unix
> Mapdyparog 10.6.1 Sepehdders éwoieg

Enduevn AIGAeEN

> IUomua Apxeiwv oro AL MINIX 3

» BiBAio **Operating Systems Design and Implementation, Third
Edition”” (Andrew S. Tanenbaum)
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