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ALOYELPLOT] OLEPYACLOV

MU\wvTag YEVIKA, OTtOLOOATIOTE MPOYPOLO EKTEAELTAL OE Eva UTIOAOYLOTIKO GUOTNHA, ELVOL YVWOTO
w¢ Slepyaoia (process). H kaBe Slepyaoia ekteAeital avetaptnta amo ta AAAQ TPOYPAUATA KO
XPNOLUOTIOLEL TOUG SLKOUG TNG TOPOUCG.

o kAOe Slepyaoia mov ekteAelTaL o€

, . Pointer to the process parent
eEva UT[O}\OVLOTLKO ovotnua, To

}\ELTOUDVLKC') 5[0.'“’]08( KaL evn LlEp(J'.)VEI. Pointer to the process child Process State
ouvexwg pLa eldikn dopn dedopévwv Process Identification Number
Tov glvat yvwatn we Process Priority

Program Counter

Onada EAEyxou Alepyaoiag

Registers

(PI'OCESS COﬂtl‘O' BIOCk; PCB) Pointers to Process Memory

Memory Limits

List of open Files

created by Notes Java
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To kaBe Asettoupyko cuotnua SLaTtnPEL KaL EVNHEPWVEL CUVEXWG Evay Tilvaka Slepyaclwy (process
table) o omolocg yLa kaBe Slepyacia mouv ekteAeital oto cuotnua nepLExeL to Process Control Block tnc.

Process Table
PID PCB

Process Control Block

Process Control Block

Process Control Block

Program counter

Registers

Program counter

State

Registers

Priority

Program counter

State

Address space

Registers

Priority

State

Address space

Open files

Priority

Address space

Open files

Open files

Other flags

Other flags

Other flags
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OL Lo onNUaVTLKEC HopdEC SLaxeiplong Slepyaciwy amo eva AELTOUPYLKO cUoTNa, TIEPAOBAVOLV:

* Anuwoupyla Slepyaoiac (creation, new process) ano To cUoTNHA 1) TOUG XPriOTEC.

* Tepuatiopog Slepyaciac Aoyw oAokAnpwong (completion) i kpiowwov odpaApatocg (termination) pe
TAUTOXPOVN ATOOECUEVON TIOPWV.

* AvaotoAn 6lepyaociac (susppend) ota mAalola epappoyns tns edappolOpUevnc MOALTIKAG
XPOVOTIPOYPAUATIOMOU.

* Emavagopad Slepyaociag (resume) mou €xeL avaoTaAed.

* MetaBoAn tng TG tng mpotepatotntag Slepyaociag (change process priority).

*  KAelbwpa Siepyaciag (block) og avapovr) kamnolov cuppavtog.

« Evepyomnoinon kAeldwpevng diepyaaoiag (wakeup) mou tnv emavadEpEL oTNV KATAOTAON ETOLUOTNTAG.

* Awavoun diepyaoiag (dispatch) mou tn petadEpeL amod TNV KATACTACH ETOLUOTNTAG OTNV KATAOTAGCN
ektéAeonc (dnAadn) Tng ekxwpel Tov emetepyaaotn) yla va eKTEAECTEL).

* Emwkowwvia pe aAAeg Slepyaoieg (inter-process communication).



admitted interrupt
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Nnupata (Threads)

Ta Threads &ekwvouv armo 1o (6Lo mpoypappa, EXouv Ta idla XapaKTnPLOTIKA IOV TIEPLYPAPOUV TLG
dlepyaoieg (apxeia, katoxog, opdda Katdxou, TPEXWV KATAAoyog epyaciag, K.T.A.)

ArnoteAoUV Tn otoelwdn Lovada XpoVorpoypapaTIooU oTo Linux.

Ze auTn TNV mpoogyylon n dlepyaaoia opiletal wg Eva cUvoAo amo threads mou popdalovtal Toug
(dloug mopou G Tou cUOTHATOG.

H petaywyn nepBarlovtog (context switching) elvat yivetal avapeoa og threads kot OxL avapeoa o€
OLEPYAOLEG e amoTEAEOA VA YiVETOL TTOAU TULO YPryopQ.

H BLBAL0ONRKN pthreads (POSIX threads) <pthread.h>

(pthread_t *thread, const pthread_attr_t *attr, void *(*start_routine)(void *), void *arg)
(void *retval)

(pthread_t thread, void **retval)
(pthread_t thread)
(pthread_mutex_t *mutex, const pthread_mutexattr_t *mutexattr)
(pthread_mutex_t *mutex)
(pthread_mutex_t *mutex)
(pthread_mutex_t *mutex)


https://www4.cs.fau.de/Lehre/SS19/V_SPIC/Linux/libc-api/group__thread.shtml#gae5d18438d4d20c8a2e42cd2500578d79
https://www4.cs.fau.de/Lehre/SS19/V_SPIC/Linux/libc-api/group__thread.shtml#gae5d18438d4d20c8a2e42cd2500578d79
https://www4.cs.fau.de/Lehre/SS19/V_SPIC/Linux/libc-api/group__thread.shtml#ga23b28e0f8ac5af2b46a33cdab3a80e44
https://www4.cs.fau.de/Lehre/SS19/V_SPIC/Linux/libc-api/group__thread.shtml#gae5d18438d4d20c8a2e42cd2500578d79
https://www4.cs.fau.de/Lehre/SS19/V_SPIC/Linux/libc-api/group__thread.shtml#ga28a15bba47cab57cbc9f5dac9af99c8b
https://www4.cs.fau.de/Lehre/SS19/V_SPIC/Linux/libc-api/group__thread.shtml#gae5d18438d4d20c8a2e42cd2500578d79
https://www4.cs.fau.de/Lehre/SS19/V_SPIC/Linux/libc-api/group__thread.shtml#ga7c275c509c26566b6dd95a2de1668a2f
https://www4.cs.fau.de/Lehre/SS19/V_SPIC/Linux/libc-api/group__thread.shtml#gae5d18438d4d20c8a2e42cd2500578d79
https://www4.cs.fau.de/Lehre/SS19/V_SPIC/Linux/libc-api/group__thread.shtml#ga52d7549355b8a0016ba96d631cc78f4a
https://www4.cs.fau.de/Lehre/SS19/V_SPIC/Linux/libc-api/group__thread.shtml#gae5d18438d4d20c8a2e42cd2500578d79
https://www4.cs.fau.de/Lehre/SS19/V_SPIC/Linux/libc-api/group__thread.shtml#ga12809c44718c21544ceb280dc1a53573
https://www4.cs.fau.de/Lehre/SS19/V_SPIC/Linux/libc-api/group__thread.shtml#gae5d18438d4d20c8a2e42cd2500578d79
https://www4.cs.fau.de/Lehre/SS19/V_SPIC/Linux/libc-api/group__thread.shtml#ga96184290ffb60e04c53a52869cf960a2
https://www4.cs.fau.de/Lehre/SS19/V_SPIC/Linux/libc-api/group__thread.shtml#gae5d18438d4d20c8a2e42cd2500578d79
https://www4.cs.fau.de/Lehre/SS19/V_SPIC/Linux/libc-api/group__thread.shtml#ga3cf620ff3a40af11d79cf28901dc55e2

CREATION -. RUNNING FINISHED

I WAITING I
I DELAYED I
BLOCKED




task_struct Struct Reference

$include <sched.h>

unsigned int flags
unsigned int ptrace
int on_rq
int prio
int static_prio
int normal_prio
unsigned int rt_priority
struct sched_class * sched class
struct sched_entity se
struct sched_rt_entity rt
unsigned char fpu_counter
unsigned int policy
int nr_cpus_alk
cpumask t cpus_allowe
struct list_head tasks
struct mm_struct* mm

struct mm_struct* active_mm
int exit_state
int exit code
int exit_signal
int pdeath_signal
unsigned int jobet!
unsigned int personality
unsigned did_exec:1
unsigned In_execve:1
unsigned in_fowait 1
unsigned no_new_privs:1
unsigned sched_reset on_fork:1
unsigned sched_contributes to load:1
pid_t pid
pid_t tgid
struct task_struct _rcu* real_parent
struct task_struct _rcu* parent
struct list_head children
struct list_head sibling
struct task_struct* group_leader
struct list_head ptraced
struct list_head ptrace_entry
struct pid_link pids [PIDTYPE_MAX]
struct list_head thread_group
struct completion * vfork_done

int__user" set_child_tid
int__user* clear_child_tid
cputime_t utime
cputime t stime
cputime_t utimescaled
cputime t stimescaled
cputime t gtime
cputime_t prev_utime
cputime t prev_stime
unsigned long nvesw
unsigned long  nivesw
struct timespec start_time
struct timespec real_start time
unsigned long  min_fit
unsigned long  maj_fit
struct task_cputime cputime_expires
struct list_head cpu_timers 3]
structcred _reu* real cred
structcred _reu* cred
char comm [TASK_COMM_LEN)
int link_count
int total_link_count
struct thread_struct thread
struct fs_struct* fs
struct files_struct* files

struct nsproxy * nsproxy
struct signal_struct* signal
struct sighand_struct* sighand
sigset t blocked
sigset t real blocked
sigset t saved_ sigmask
struct sigpending pending
unsigned long sas_ss_sp
size t sas_ss size
int(* notifier )(void *pri
void* notifier_data
sigset t* notifier mask
struct callback_head* task_works
struct audit_context" audit_context
struct seccomp seccomp
ud2 parent exec id
ud2 self exec id
spinlock_t alloc_lock
raw_spinlock_t pi_lock
void* journal_info
struct bio_list* bio_list
struct reclaim_state * reclaim_state

struct backing_dev info* backing_dev_info

structio_context* fo_context
unsigned long ptrace_message

unsigned long ptrace_message
siginfo_t* last_siginfo

structtask io_accounting loac
struct reu_head reu
struct pipe_inode_info* splice_pipe
struct page frag task_frag

int nr_dirtied

int nr_dirtied_pause
unsigned long  dirty_paused when
unsigned long timer_slack_ns
unsigned long  default_timer_slack_ns
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volatile long state #define TASK UNINTERRUPTIBLE

int prio

int static prio

int normal prio
unsigned int rt_priority

pid t pid
pid t tgid

struct task struct rcu

struct task_struct _ rcu parent
struct list_head children

unsigned int policy

struct task_struct
struct task_struct
int exit state
int exit caode
int exit signal

H dopn task struct

Hdefine TASK, RUNNING
Hdefine TASK INTERRUPTIBLE

Hdefine TASK ZOMBIE
Hdefine TASK _STOPPED

00k pa oy

(01 KUPLOTEPES KATUGTACELS)

dynamic priority considered by the scheduling mechanism
static priority (assigned during process startup - changed with nice)
dynamic priority computed by static priority and scheduling policy

priority for real time processes
process ID
thread group ID

real_parent real parent process

recipient of SIGCHLD
list of children processes
scheduling policy

*next_task, *prev_task; truet
*next_run, *prev_run;

now in cred stroct

unsigned short uid,euid,suid,fsuid;
unsigned short gid,egid,sgid,fsgid; $‘

cred |
kunid t
kgid t
knid &
kgid &
kuaid t
kgid t
kuid t
kgid t

uid;
gid;
suid;
=qid;
euid;
eqgid;
fsuid;

f=gid;
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210 AeLtoupyLko cuotnua Linux to Process Control Block uAomoleital pgow tng doung task struct
<linux/sched.h> /home/amarg/focal/kernel/sched/sched.h

(n omola mep\apBavel mapa moAAa nedia yia va mapouaotaotel edw). O mivakag Slepyaolwy oto
Linux artoteAeitot oo pia Soun task struct yla kaBe Siepyacia mouv ekteAeltal oto cUOTNUA, UE
QUTEG TLIC SoUEC va amoBnkevovtal 6Touc KOUPBOoUC pLag KUKALKAG SutAng cuvdedepevng Alotag.

l DUULL LB DU UL

|
| struct task struct

struct task struct

struct task struct

unsigned long state;
— | Int prio; /
unsigned long policy;
struct task_struct *parent; _/

: struct list_head tasks;
process descriptor pid_t pid: /*
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marg@amarg-vbox:~% ps -elF
5 UID PPID
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root

ADDR 5Z WCHAN RSS5 PSR STIME
- 25481 11336 89:42

i) 0 89:42
89:42
09:42
09:42
09:42
09:42
09:42
09:42
09:42
09:42
09:42
09:42
09:42
09:42
09:42
09:42
09:42
09:42
09:42
09:42
09:42
09:42
89:42
89:42
89:42
89:42
89:42
89:42
89:42
89:42
89:42
89:42

-
-

CMD

/sbin/init splash
[kthreadd]
[rcu_gp]

[rcu_par_gp]
[kworker /@:0H-kblockd]

[mm_percpu_wq]
[ksoftirqgd/e]
[rcu_sched]
[migration/o]
[idle_inject/a]
[cpuhp/0]
[kdevtmpfs]
[netns]
[rcu_tasks kthre]
[kauditd]
[khungtaskd]
[oom_reaper]
[writeback]
[kcompactda]
[ksmd]
[khugepaged]
[kintegrityd]
[kblockd]
[blkcg_punt_bio]
[tpm_dev_wq]
[ata_sff]

[md]
[edac-poller]
[devfreq_wq]
[watchdogd]
[kswapda]
[ecryptfs-kthrea]
[kthrotld]
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Xapoaktnplotka dtepyactwy (pid & ppid)

Process Id (pid) =2 ©etikog akepalog tou npoodlopilel tnv kaBe Siepyaoia pe povadiko Tpomo
Héoa oto cuotnua (tumovu pid_t =2 int).

Parent Process Id (ppid) = ©€TIkO¢ akEpaog mou poadLopileL TNV YOVIKN) TNG kaBe Slepyaoiag pe
HovadLko Tpomno péoa oto auotnua (tumou pid_t =int).

O tUmog pid_t elvaw int mou opiletan oto apxeio types.h wg typedef int pid_t;

[a TtV avaktnon tou pid kot Tou ppid ya tnv Kabe depyacia xpnoLLOTIOLOUVTAL OL CUVOPTHOELG

pid_t getpid ();
pid_t getppid ();

mou eival SnAwpEveG oto apxeio emkepaAidag unistd.h.
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Xapoaktnplotka diepyactwy (uid & gid)

User Id (uid) (BeTtikdg aképatog) =2 O KwSLKOC Tou XprioTn mou SnLOUPYEL TN
dlepyaoia. Eav eivar uid = 0 TOTE 0 €V AOyw Xprotng €lval 0 SLAXELPLOTGTOU e

ouotnuatog (root) o omolog Sev uTIOKELTAL O€ EAEYXO OLOPAAELAG A0 TOV E?EW";“ P11

, , , , . , inix:2:
TIUPAVA TOU AELTOUpyLkoU. OL KwdKoLl TwV XpnoTtwy eival amoBONKEVUEVOLOTO  [EETET

/ . adm:x:4:syslog,amarg
apxeio ovotrparog /etc/passwd. tty:ix:5:syslog
disk:x:6:
lp:x:7:

X
ot: froot: /bin/bash 7
mail:x:8:
X
X

o
:daemon: fusr/sbin: fusr/sbin/nologin
n: /bin: fusr/sbin/nologin

s:fdev: fusr/sbin/nologin
34:sync: /bin: /bin/syncC

:games: fusrfgames: fusr/sbin/nologin
an: /varfcache/man: fusr/sbin/nologin
fvar/spool/1lpd: fusr/sbin/nologin

news:x:9:
uucp:x:10:
WET S

proxy:x:13:
kmem:x:15:
dialout:x:20:

r
1
i
v
5
5]
m

fax:x:21:
volice:x:22:
Group Id (gid) (Betikog aképatog) = O KwOLKAG TS MpwTtelouag opddag Tou gf;::;f;?‘;;*_‘”arg
naparavw XpAotn. Ot KwSwol Twv opdSwy XpnoTwV eival amoBnNKEUUEVOL OTO [T sy
! sudo:x:27:amarg
apxelo /etc/groups. audio:x:29:pulse
dip:x:3@:amarg
www-data:x:33:
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Xapoaktnplotka diepyactwy (uid & gid)

H xprion evog kat povadikov gid yia Tig diepyaoieg pe to i6to uid dnuoupyouce mpoPAnpata, AV
0 810¢ XprioTtng EMpere va MPooTtieAACEL apxeia pe SLadopeTIKo gid.

Lo To AOYO AUTO O€ PETAYEVECTEPEC UAOTIOLNOELG pia Slepyacia pmopoUoe Vo GUOXETLOTEL TO
moAU pe NGROUP Siadopetika gid omou n otaBepd NGROUP = 32 dnAwvetat oto <param.h>.

Oplopog cuvoAou gids yla tnv kaBe diepyaoia
int setgroups (size_t num, const gid_t * groupList)
Avaktnon cuvoAou gids yia tnv kaBe diepyaoia

int getgroups (size_t num, gid_t * grouplList)
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AN\ayn) Tou uid kot oL epappoyec setuid

2€ OPLOUEVEC TIEPUTTWOELG N ETUTUXNG EKTEAEON pLaG Sadlkaoiag anattel tTn xprion tng Tng uid
evog dLadopetikou xpriotn — mapadsyua n epappoyn ftpd.

Remote host
/home/amarg

Local host H_'“‘»n,,_n oy " fitpd
port 21 (uid=0)

amarg:x:1000:1000:Athanasios Margaris,.,./home/amarg:/bin/bash

To uid tou ftpd tiBetan atnv Ty 1000 (cuvhnBwg Eskiva veéo avtiypado tne Stepyaoioac)
Qotooo gav amattnBel Eava va eivat uid =0 auto sival aduvato adou npodavwe pia Stepyaocia
Oev Umopet va xopnynoeL oTov EUTO TNG dkatwpata SlaxewpLotn.
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AN\ayn) Tou uid kot oL epappoyec setuid

AYZH = Xpnoiponotouvral tpia Stapopetika uid !

Real uid (ruid) = npaypatwo uid

cred

Saved‘wd (.SUId) ‘9 anoGnKeEJugvo uid koid & aid:

Effective uid (euid) = evepyo uid kqid t gid;
o tnVv nepimtwon tou ftpd kuid t suid;
Apxa ruid = suid = euid = 0 (root access) kgid t sgid;
'Otav ouvsebei o xpriotng pe uid = ID tote kuid t euid;
euid = ID evw ruid =suid=0 kgid t egid;
‘Otav amatteitat root access yiverat euid = 0 kuid t fsuid;
Ko LETA TV oAokAfpwon Eavd euid = ID kgid t f=gid;

2TN VEVIKN mepimtwon katd to login tou xpriotn B€toupe ruid = suid = euid = ID < /etc/passwd
‘Otav amnatteital aAAayn tou uid ta ruid kat euid kaBopilouv eav auto rou {nTtd o xpriotng eival
ETILTPETO Kal €av val, B€toupe euid = ruid fj euid = suid. Eav eival euid = 0 (root access) to euid
uropet va AaBeL ornotabnmote Tun.
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AN\ayn) Tou uid kot oL epappoyec setuid

Ta otolxela Twv Xpnotwv eivat amoBnkevpéva oto apxelo ocuotrpoarog /etc/passwd

-rw-r--r-- 1 root root 2797 ent 19 20:17 /etc/passwd

*

MNapatnpoUUE MwWG 0 KATOXOG Tou apxelou eival o daxewplotng (root) o omolog €xel Sikatlwpa
avayvwaong kot eyypadng (r w -) evw ot dAoL xproteg €xouv dikalwpa povo avayvwong (r - -).

Qoto00, 0 KAOe ¥ProTNG XPNOLLOTIOLWVTOS TNV €VIOAr passwd pmopel va aAAagel tov KwdLKO
npoofaon¢ oto oUoTNUO, HE TO VEO KwOWKO va amobnkevetal oto apxeio /etc/passwd
avtikadlotwvtog Tov naAoo!

Nwg eivatl duvatr) n TPOMOMOINGCN TOU TIEPLEXOHUEVOU EVOC OPXELOU, OTO OToio 0 XpRotng Sev €xeL
Owailwpa eyypadng?
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AN\ayn) Tou uid kot oL epappoyec setuid

H ardvtnon Bploketat otn paoka Sikatwpdtwy tng edpappoyng /usr/bin/passwd

amarg@amarg-vbox:~S$ which passwd
fusr/bin/passwd
amarg@amarg-vbox:~$ 1s -1 fusr/bin/passwd

-rwsr-xr-x 1 root root 68208 Mai 28 09:37 Jusr/bin/passwd

L

To bit s (setuid bit) emutpénel Tnv ektéAean Tou mMpoypAppaTos passwd amd onmolovonmote xprnotn Ke Ta
SKaLWPOTA TIOU €XEL O KATOXOG TOU TPOYPAMMATOC. AUTOC O KATOXOG €lval o root pe Sikawpoata
SLaxelpLotn Ka yio to Adyo auto eivat Suvatr n tpomonoinon tou apxeiouv /etc/passwd.

BéBawa Ba mpémel tautoxpova to ruid va tautiletol pe To uid NG ypappng tou /etc/passwd mou
nipokettat va petaPAnBei, aA\lwg o kdBe xprotng Oa pmopouoe va aAAaeL To password omoloudnmote
aM\ovu xpnotn !!

Ol epappoyEC auTtou TOU TUTIOU TIoU Otav ekteAouvtal £xouv To (6lo euid () egid) pe tov KAtoxo TOU
TPOYPAATOC aveEdpTnTa ard TO TOLOG XProtng TLS KTEAEl Aéyovtal epappoyEG TuTou setuid n setgid.
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AN\ayn) Tou uid kot oL epappoyec setuid

Eav ID ewval to uid Tou xprAotn mou xpnolomnoLel pia epappoyn setuid auto amoBnkevetal oto euid n
TLOAQILA TLUI) TOU OTIOLoU aroBnkeVETaL 0To suid £TOL WOTE va UIOopPEL va. avaktnBel apyotepa.

ApQa yLa TNV EKTEAECT QUTWV TWV TPOYPAUUATWY YivovTal OL EKXWPNOELS TLLWV
suid = euid kat euid=ID
EVW OTO TEAOG TO euid avaktd tTnv apxikn Tou T we euid = suid. Eniong pmopoupe va 6€coupe ruid = 1D

OL OXETLKEG KANOELG CUOTNUATOG

setuid set real user ID int setuid (uid_t);

getuid get real user ID int setgid (gid_t);

geteuid get effective user ID int seteunid (uid_t);

getegid  get effective group ID int setegid (gid t);
setrenid  set real and effective user IDs int setreuid (uid_t, mid_t);
setregid  set real and effective group IDs int setregid (gid_t, oid_t);
setfsuid  set user identity used for file system checks uid_t getuid {':,'uid];

setfsgid  set group identity used for file system checks oid t getgid (void);
setresuid  set real, effective and saved user or group ID uid _t getenid (void);

getresuid get real, effective and saved user or group ID oid t getegid (void);
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setuid, setgid & sticky bits

setuid bit = eav autd To bit elvat on n epappoyr dev ekteAeital pe T SLKALWHATA TOU XPrioTn MOoU TV
EKTEAE(, AAAA pE TO SIKOLWUATO TOU KATOXOU TNG. Aev ennpedlel Ta SIKOUWWHOTA TWV KOTAAOYWV Kot
amaLtel Tnv evepyomnoinon tou bit x otnv tpLada bits Tou katoxou.

setgid bit 2 €dv auto to bit glval on n epappoyr) dev ekteleital pe Ta SikowpaATa TG OPASAC TOU
XPNoTN MoU TNV eKTEAE(, aAAA pEe Ta Sikawpata TG opadag Tou Katoxou tng. Edv xpnowponownel pe
KATaAOyouG, OAa Ta VEQ apxeia mou dnuloupyouvial HEoca o€ auToUG AauBAvouy T SLKALWUATO TOU
YOVLKOU KataAdyou. Anattel tnv evepyornoinon tou bit x atnv tpldda bits tng opadag tou katoxou.

sticky bit = embpad pdévo oe katahdyoug kat edv evepyorolnBei, Tdte OAa Ta ApyELQ TTOU UTIAPXOUV HET
OE QUTOUC UITOPOUV VA TPOTOMOLNBoUV HOVOo ard Toug KAtoXoug Toug (.. o katdAoyog /tmp).

-r'WSrw-rw- -r'WXrwsrw- -rwxr-xrwt

| | |

setuid bit setgid bit sticky bit
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setuid, setgid & sticky bits

-rwSsrw-rw- -rWXrwsrw- -rwxr-xrwt
setuid bit setgid bit sticky bit
1 0 0
0 1 0
0 0 1

MEe 1oLo TPOTMO YLVETAL N EVEPYOTIOLNON TWV TPLWV EOKWV bits

Evepyomnoinon setuid bit =2 4
Evepyomnoinon setguid bit = 2
Evepyomnoinon sticky bit = 1

AuTOG 0 apLlOuOC ypadeTal Py armod TNV oktadikn paoka dikatwpatwy tng chmod n omolia
nA€ov €xeL TEooepa. Pndia
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setuid, setgid & sticky bits

To ypappa mou ekturtwvetat (s N t) elvat kepalaio f pkpo avaoya e To €AV To bit ektéAeong x
EXEL EvEpYOTOLNOEL 1} OXL, avtiotoya

Napadeiypoata oplopou setuid bit

chmod 4544 filel (r—xr--r--) > —-r—sr--r--1amargamarg 0 2em 24 23:02 filel
chmod 4644 filel (rw—r--r--)=2-rwSr--r--1amargamarg0Xen 24 23:02 filel

Napadeiypoata opiopou setgid bit

chmod 2656 filel (rw—r—xrw-)=2-rw—r—srw-1amargamarg 0 2emn 24 23:02 filel
chmod 2665 filel (rw—rw—r--)=2>-rw—rwSr-x1amargamarg02en 24 23:02 filel

Napadeiypata oplopou sticky bit

chmod 1755 filel (rwxr—xr—x)=2-rwxr—xr-t1amargamarg0Xen 24 23:02 filel
chmod 1756 filel (rwxr—xrw-)=2> -rwxr—xrw [ 1amargamarg0Xen 24 23:02 filel

Anevepyomnoinon Twv

' Ao amAd  chmod 544 filel
setuid, setgid kau sticky bits chmod 0544 filel 1
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AL0YELPLON OLEPY ALV
Avaktnon twv mAnpodopLwyV Mou oxeTi{ovtal LE TNV Kataotaon tng dlepyaciag

Mo k&Be Oiepyaocia pe pid xyzt, To apxelo /proc/xyzt/status mepiéxel mAnpodopiec yia tnv
Katdotaon ektéAeong tn¢ Slepyaociag.

[+1 amarg@amarg-vbox: /proc/3169

[I amarg@amarg-vb... = — amarg@amarg-vbox:~S ps -a
- PID TTY TIME CMD
amarg@amarg-vbox:~5 ./sigExample3 913 tty2 00:00:44 Xorg

963 tty2 @0:00:00 gnome-session-b

pts/1 00:00:00 sigExample3

3221 pts/o 00:00:00 ps
amarg@amarg-vbox:~% cd fproc/3169
amarg@amarg-vbox: 316595 1s -1 | grep status
-r--r--r-- 1 amarg amarg 6 OKT 5 11:51 arch_
-r--r--r-- 1 amarg amarg 6 OKT 5 11:50
amarg@amarg-vbox: 31695

AUTO TO apyeio mepLEXEL OAEC TIC TTANPOPOPLEC TTIOU EKTUTIWVOVTAL QIO TNV EVIOAN ps (otnv
TPOYHOTIKOTNTA N EVIOAN pPS avatpexeL oto proc file system ylwa va QvoKTroeL TLG
TANPo¢dOopLleG TTOU EKTUTIWVEL) AAAQ Kol AAAEG TIANPOPOPLEC TTOU BEV EKTUTIWVEL N PS



Mame : rsyslogd SigQ: @fFT30

Umask: oaz22 SigPnd: 0000000000000000
State: S (sleeping) shdPnd: POAOEAEAPOADEROH —
Tgid: 373 SigBlk: 00000000000 ¢
Mgid: (3] SigIgn: Q00000000 1001206 «—
Pid: 373 sigCgt: 20000001806314001 «—mm
PPid: 1 CapInh: 2000000000000000
TracerPid: CapPrm: Q0000000000000 00

uid: 1904 CapEff: 2000000000000000

Gid: 116 CapBnd: oeeaRa3zfFFffrfff

FDSize: 54 CapAmb : Q0000000000000 00

Groups: 4 5 NoMewPrivs: e

Mstgid: 373 Seccomp: 5]

MNSpid: 373 Speculation_Store_Bypass: vulnerable
MSpgid: 373 Cpus_allowed: 1

NSsid: 373 Cpus_allowed_1list: (2]

vmPeak : 224332 Mems_allowed:

Vmsize: 224332 20000000 ,00000000 ,00000000 ,00000000,00000000
vmlLck : kB Mems_allowed_list: (5]

VmPin: kB voluntary_ctxt switches: 51

WmHRWM z kB nonvoluntary_ctxt switches: 13

VMRSS : kB

RssAnoON:

RssFile:

RsssShmem:

VmData:

vmstk:

VmExe :

VmLib:

WmPTE:

VmSwap :

HugetlbPages:

CoreDumping: (<]

THP_enabled: 1

Threads: . |




Content

filename of the executable

file mode creation mask

state (R is running, S is sleeping, I is sleeping in an uninterruptible wait, £ is zombie, T is traced or stopped)
thread group ID

NUMA group ID (0 if none)

process id

process id of the parent process

PID of process tracing this process (0 if not)

Real. effective, saved set, and file system UIDs
Real. effective, saved set, and file system GIDs
number of file descriptor slots currently allocated
supplementary group list

descendant namespace thread group ID hierarchy
descendant namespace process ID hierarchy
descendant namespace process group ID hierarchy
descendant namespace session ID hierarchy

peak virtnal memory size

total program size

locked memory size
pinned memory size

peak resident set size (“high water mark™)




VmRESS
RssAnon
RssFile
RssShmem
VmData
VmStk
VmExe
VmLib
VmPTE
VmSwap
HugetlbPages
CoreDumping
THP_enabled
Threads

SigQ

S1gPnd
ShdPnd

SigBlk

ALOYELPLOT] OLEPYACLOV

OLmAnpodopieg mou amoBnkevovtal oto status file

size of memory portions. It contains the three following parts (VmESS = RssAnon + RssFile + RssShmem)
size of resident anonymous memory

size of resident file mappings

size of resident shmem memory (includes SysV shm, mapping of tmpfs and shared anonymous mappings)
size of private data segments

size of stack segments

size of text segment

size of shared library code

size of page table entries

amount of swap used by anonyvmeous private data (shmem swap usage is not included)

size of hugetlb memory portions

process’s memory is currently being dumped (killing the process may lead to a cormupted core)

process is allowed to use THP (returns 0 when PR._SET THP DISABLE is set on the process

number of threads

number of signals queued/'max. number for gueue

bitmap of pending signals for the thread SECESS

bitmap of shared pending signals for the process =

bitmap of blocked signals eSS
bitmap of ignored =signals —
bitmap of caught signals <

bitmap of inheritable capabilities
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OLmAnpodopieg mou amoBnkevovtal oto status file

CapPrm

CapEff

CapBnd

CapAmb

NoMNewPrivs

Seccomp
Speculation Store Bypass
Cpus_allowed
Cpus_allowed list
Mems allowed

Mems allowed list
voluntary cixt_switches

nonvoluntary ctxt switches

bitmap of permitted capabilities

bitmap of effective capabilities

bitmap of capabilities bounding set

bitmap of ambient capabilities

no_new privs, like pretl{PR. GET NO NEW PRIV, . )
seccomp mode, like pretl{PE. GET SECCOME, . )
speculative store bypass mitigation status

mask of CPUs on which this process may run

Same as previous, but in “list format™

mask of memory nodes allowed to this process
Same as previous, but in “list format™

number of voluntary context switches

number of non voluntary context switches
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Anpoupyia dtepyaciwyv — n evtoAn fork ()

H dnpuoupyla Stepyaciwv oto AELTOUPYLKO cuotnua Linux mpaypatomnoLeital pe TV EVToAn

pid_t fork (void);

H véa Slepyaoia mou dnuoupyeital pe tov Tpomo auto anoteAel Buyatpikn Slepyaocia tng diepyaoiag
mou kaAeoe tn fork kat wg ek Toutou oL dUo Slepyaoieg oxetilovtal e oxEon yovea — maldLou.

H fork emiotpédel tnv TR tNg TOOO OTN YOVIKI) OGO

Kal otn Buyatpikn diepyaoia !!

e H tun mou emotpedetal otn Yovikn Olepyaoia
glval to pid tng Buyatpikng Slepyaoiag.

* H Tt mou emotpedetal otn Buyatpkn diepyaoia
glvat n tun O.

Me Tov Tpomno auto sivat duvatn n dtakplon avapeca

ot Suo Slepyaoiec.

Mia emiotpedpopevn TN ton pe -1 umoSnAwveL tnv
gudpavion opalpatog dSnuoupyiag tng diepyaoiag.

Initial process

4

Fork()

Returns a
new PID

(///z;;gnuﬂ
process
\\Egpﬁnues

Returns
Zero

New

proceSf////



ALOYELPLOT] OLEPYUOLOV

Anpoupyla dtepyaciwv — n evtoAn fork ()

H yovikny kot n Buyatpkn dtepyacia €xouv diadopetiko ywpo SlevBivoewy pviune oA YE To b1o
neplexopevo agou ekteleital o (dlog kwdikag.

Metd tnv kAon tng fork () ot Vo dlepyaoieg apxilouv va ekteAouvtal Kal udiotavtal TauToypoVaA.
OL petaPAntég mou €xouv apxkomownBeil mpwv tn kAnon tng fork () €xouv TG dleg TWWESG ot Svo

dlepyaoleg evw armo €KeL KAl TIEPA. OL TPOTIOTOLCELG TIOU TIPOYLLATOTIOLOUVTOL OTn HETaBANT TNG piag
dlepyaoiag dev emnpedlouv tnv avtiotowxn HetaBAnt tng dAAnG diepyaoiag.

Parent Child
r?ain() [ pida = 3456 | x?aino | pid = O |
pid=fork() ; pid=fork() ;
if (pid == 0) if {(pid == 0)
ChildProcess({) ; ChildProcess({) ;
else else
ParentProcess () ; ParentProcess () ;

} }
void ChildProcess() —tmvoid ChildProcess{)
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Teppatiopog dlepyactwv — n evioAn exit ()

Mia diepyacia pmopel va teppatiotel pe SU0 dLadopETIKOUE TPOTIOUG KALL TILO CUYKEKPLUEVAL:

*  Quololoyikd, otav oAokANpwOEL ; KaAwvTAG TNV EVTIOAN exit fj Tnv evtoAn _exit ()
* Anpoodoknta, otav 6exBet onpa teppoatiopou (kill) 4 dtav katappeVoeL To cUoTNUA.

Yndpyouv 600 cuvaptioelg yla kavoviko teppatiopd, n void _exit (int exitCode) n onola sivat
kAnon cuotiuatog kat n void exit (int exitCode) n onoia ival cuvaptnon tng C. Ztn deutepn
neplmTwon, n ocuvaptnon exit KAAEL TLIG CUVAPTACELS TTOU EXOUV OPLOTEL WG

int atexit (void (*function) (void))
Kal otepa KaAel tn ouvaptnon _exit(). O anmpoodoknTog TEPUATIOUOC pLac Slepyaotiag yivetal ano tnv
int kill (pid_t pid, int sig)

orou pid o KwSLKOG TG dLEPYATiag MPOg TEPUATIONO KL Sig KATAAANAO onua teppatiopol. Eav ival
pid > 0 10 onpa otéAvetal otn Siepyaoia pe autdv tov KwoLko, evw gav eivat pid = -1 to oRua
oTEAVETAL OE OAEG TLG Slepyaaieg eKTOG amo tnyv init kata to shutdown Tou cuoTAUATOG.

To Aettoupyko daBeteLtnv evioAr  Kill pid omou pid o kwdikdg Tng dlepyaciog npog tepUATIoUO
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AvaoTtoAn dlepyaoclwy — n EVIOAN wait4

2teva ouvdedepévn Ue TG ouvaptnoelg fork kat exit elval n cuvaptnon
pid_t wait4 (pid_t pid, int * wstatus, int options, struct rusage * rusage);
N omoio avaKTa Kal NLoTPEDEL TOV KwOLKO emLotpodnc tne e€etalopevnc Slepyaoiag, Omou:

pid = to process id Tn¢ Slepyaciag Tng omolag avVoUEVETAL O KWOLKOC TEPUATIOUOU UE TUIEC

*  <-1=> avOoMEVEL TOV TEPUATIONO onolacdnmote Buyatplkng dlepyaoiag Tng omolag
To pgid eival to 6Lo pe amo anoAutn TN TS MOPAMETPOU pid.

*  =-1=> avVOMEVEL TOV TEPUATIONO onoLacdnmote Buyatpikng diepyaciac.

* =0 => AVAUEVEL TOV TEPUATLONO SLEPYATLWV TIOU avriKouv otnV (bla opdda
dlepyaoiwy e tnv TpExouoa dlepyaaoia.

* >0 avapEVveL Tov TEpUATLONO TN dlepyaoiac pe process id Loo pe pid.

wstatus = delktng otnv neploxr amobrikevong Tou kwdkoL TeEpHATIoHoU tTne Siepyaaiac.

Katd t Sidpkela autrg tng Stadikaciag avapovng Tou TEPUATIOMOU TnG Buyatplkig Stepyaciag, n
eKtEAeON TNG Slepyaoiag mou KAAESE tn cuvaptnon wait4, avaoteAAETaL.



continue
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EKTEAEON EVTOAWV KAl TIPOYPALUATWY HECO ATtO OLEPYATLEC

Ol EMOPEVEG OKTW CUVAPTNOELG ETITPEMOUV TNV EKTEAEON EVOC TIPOYPAUUOTOC HECA o €va AANO
Kot xopaktneilovtal amd TNV OAKA QVTKATAOTAON TOU TIPOYPAUMATOC TIOU KOAEL QUTEC TIG
OUVOPTNOELC QIO TO TIPOYPOLLA TIOU KOAELTAL.

Edv emiBupoupe tn Slatrpnon Tou apxtkou TIPOYPAUKATOG Ba PEMEL va SNLLOUPYNOOULE pia VEQ
dlepyacia kaAwvtag tn fork koL otn cuvéxela va KOAECOUUE TNV KOTAAANAN amo TG TOpOmavw
OUVOPTNOELG HEOA O TN VEQ dLepyaaota.

int execl (const char *path, const char *argl, ..., const char *argn, (char *)0);
int execle (const char *path, const char *argl, ..., const char *argn, (char *)0, char *const empl[]);
int execlp(const char *file, const char *argl, ..., const char *argn, (char *)0);
int execlpe (const char *file, const char *argl, ..., const char *argn, (char *)0, char *const empl[]);

int execv(const char *path, char *const argv[]):
int execve (const char *path, char *const argv[], char *const empl[]);
int execvp (const char *file, char *const argv[]);

int execvpe (const char *file, char *const argv[], char *const empl[]);

AUTEC oL cuvaptnoelg SltadePouv AMAA GTOV TPOTIO LLE TOV OTIOLO OL TIAPALETPOL TNG EVTOANG
KAGNG TOUC TIEPVOUV GTO VEO TIPOYPALLAL.
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EktéAeon evtoAwvV Kal IPOYPALUATWY LECO A0 OLEPYACLEC

O mapandavw cuvaptnoelg dStaxwpilovtal oe SUO KATNYOPLEG LE KPLTAPLO TO EAV TO TIEUITTO YPAUMUA
TOU OVOMOTOC Toug elvatto I To v

execl execle execlp execlpe execv execve execVp execvpe

OL cuvaptnoelg He To ypappa | (list) Gsxovrou Hia Alota oplopdtwy (kataxwpnueva To Eva HETA
TO AAAO KAl XWPLOHEVA LE KOppa) n omola teppatietot pe NULL.

execl (“/bin/bash”, 4Is”, “J”, “.R”, %.a”, NULL)

OL ouvapTnoEL HE To ypaupa v (vector) d€xovral wg oplopa vav deiktn mpog eva diavuopa
OELKTWV TIOU TIEPLEXEL TA OPLloUATA TG CUVAPTNONG.

char * array [] = {“Is”, “I”, “-R”, “-a”, NULL)}
execl (“/bin/bash”, array)

OL cuVaPTACELG UE TO Vpappa p (path) avalntouv to MPOypapUa TIPOG EKTEAECN oOtn Alota Twv
KataAOywv Tou Bplokovtal kataxwpnuevol otn petofAntn PATH.

OL ouvapTnoeLg He To ypappa e (environment) d€xovral eva delktn mpog eva veo meplBAaAAov
T{POG TO TIPOYPOLLUOL TIOU HOPTWVETAL VLA EKTEAEDN.
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OL ouvapTAOELG System Kal popen

Eav pia diepyaoia kaAéosl Tn cuvaptnon system mou oplletot wg
int system (const char * cmd)

TIEPLUEVEL TNV OAOKANPWON TOU TIPOYPAUUATOS cmd TPV GUVEXLOEL YE TNV eKTEAEON Tou SKOU NG
Kwdka. H system emopevwg dnuoupyel pia vea Buyatpikn diepyaoia kot eKTeAEL TO TIPOYPALUA TOU
dAoLoU KAAWVTAC TNV eXeC, TO OTOLO LIE T OELpA TOU eKTEAEL TNV EVIOAr) cmd. O KwSLKOC EMLOTPODNC
¢ Buyatpikng Stepyaoiac StafiBaletal otn yovikr dlepyaacia pe tn wait.

FILE * popen (const char * cmd, const char * mode)

H popen ektelel Tnv evtoAr) cmd kat dnuoupyet pia StaocwARvwon avapeca otnv epappoyn mou
KAAeoe TNV popen kat otnv edpappoyn cmd emotpedovrag €va deiktn mpog 1o pevpa dedopevwy
mou avolée yla Sladkaoio avayvwong i eyypadnc.

H cmd ekteAeltar amd 10 kEAUDOG Onmwg Kat otn system evw to mode eival “r” edav n yovikn
Olepyacia BéAeL va SlaPacel tnv €060 tng evtoAng cmd kat “w” €av n evtoAny cmd déxetal eicobo
arnod tn Sitepyaaoia. Zto TEAOC KaAeital n

int pclose (FILE * stream)

TIOU ETLOTPEDEL TOV KWOLKO TEPUATIOMOU TNGS Buyatpikic dlepyaciac LEow tnG wait.
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Awaxeiplon meptBaiiovtoc

H kaBe Siepyaoia mou Eekva og éva cuotnua Linux pe KAmolov amod Toug mapandvw TPOMouG EXEL
npooPBacn oto cUVOAO TwV HeTaBANTWY MEPLBANAOVTOG TOU GUCTHOTOG.

H avaktnon tng TG pag petaBAntng mepBarlovrog yivetal pe tTn cuvaptnon
char * getenv (const char * variable)
H mpooBnkn neplexopévou ato TepLBANOV YivVETAL LUE TN ouvapTnon
int putenv (char * string)
omou string cupBoAooelpd tng Lopdnc variable = value evw n tpomomnolnon yivetal pe tn ocuvaptnon
int setenv (const char * variable, const char * value, int overwrite)
TeAog n dlaypadn pag petaBAntig nepBarlovtog yivetal Le T cuvaptnon
int unsetenv (const char * variable)

OL napanavw cuvaptRoeLS eivatl SnAwpéveg oto apyeio emikepalidag stdlib.h
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Alaxeipion MNopwv

Mo kABe ouvnOLopeévn Slepyacia mou ekteAeltal o€ Eva cUoTnpa Linux UMapxeL Avw OpLO OXETIKA UE
Toug opou¢ (eme€epyaotry, pvrpn, 6ioko) mou g SiatiBevtat ywa tnv ektéAeon TnG. Ma kb mdpo
opilovtal SUo TIHEG oplwy, Hia yia To péyloto oplo (hard) kat pia yia to eAdxioto oplo (soft).

H avaktnon twv mopwv nou €xouv avatebei os pia diepyaoia yivetal ano tn cuvaptnon
int getrlimit (int resource, struct rlimit * rip)
EVW 0 KABOPLOUOC TwV MOpwV Yivetal e Tn BorBela tng cuvaptnong
int setrlimit (int resource, const struct rlimit * rip)

omovu rlimit katdAAnAa oplopévn Sopry dedopévwv nouv opiletal we (<sys/resource.h>)

struct rlimit { rlim_t rlim_cur; rlim_t rlim_max };

RLIMIT CORE => péyloto péyeboc apxeiou

RLIMIT CPU => péyiotog xpovog xpriong tng CPU (seconds)

RLIMIT DATA = péyloto péyebog turpatoc Sedopévwy (bytes)
RLIMIT FSIZE = péyioto péyebocg apyxeiwv (bytes)

RLIMIT _NOFILE = péylotog aplBpog Tautdxpova avolkTtwy apxeiwv
RLIMIT STACK = péyloto péyebog otoifag (bytes)

OL kaBlepwpevol
Topol eivat oL €nG:
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H diepyaoia init

AnoteAel daemon process Tou EEKWVA KOTA TNV €KKIVNON TOU UTIOAOYLOTH KOl EKTEAELTOL CUVEXWG
HEXPL TOV TEPUATLOO TOU TIOU YIVETAL LE TNV EVIOAN

shutdown -h [-r] now

Elvar n yovikr) dlepyacia OAwv twv SlEpyacLwy TOU TPEXOUV OTO cUoTNUA Kot avaAapBAavel tn
dlaxeiplon twv opdavwy dlepyactwv. H amotuxnuévn tng ekkivnon odnyet og kernel panic.

H ouunepidopd tng kabopiletal amd ta mepLleEXOUEVA Tou apxelov /etc/inittab kat pila amod Tig mo
ONUAVTIKEG TtAPAUETPoOUC Tou opilovtal €dw elval o kaBoplopog tou runlevel ekkivnong tou
ovotiuatog =2 id:3:initdefault

runlevel 0 | TTPOKAOAEI TOV TEPUATIONOG TNE AEITOUPYIAC TOU OCUCTAUATOC
runlevel 1 | eKKIVEI TO AEITOUPYIKO CUOTNUA Of KATAOTAGN ATTAOU XPROTN
(single user mode)

runlevel 2 | eKKIVEI TO AEITOUPYIKO CUOCTNNAO GE KATACTATN TTOAAWY XPNOTWVY
(multi user mode) aAAd xwpic uttooTHPIEN DIKTUOU

runlevel 3 | eKKIVEI TO AEITOUPYIKO CUOTNNAO GE KATACTATN TTOAAWY XPNOTWVY
(multi user mode) e evepyoTTOINKEVI TRV UTTOCTHPIEN OIKTUOU
runlevel 4 gival OEgUEVHEVO OAAG OEV XPNOIMOTTOIEITA

runlevel 5 | ekKIVEl TO OUCTNUA HE TAUTOXPOVN EVEPYOTTOINCN TOU YPAPIKOU
TTEPIBAAAOVTOC TwV X Windows

runlevel 6 | TTPOKAAEI TV ETTAVEKKIVON TOU CUCTAHATOC.
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H diepyaoia systemd

2T TeAeuTaleg ekOOOELC TOU AeLTtoupylkoU cuatrpatog n diepyaaia init €xel avikataotabel ano
diepyaotia systemd n omola 06nyel o€ kaAutepn Slaxeiplon Tou GUOTAMOTOC.

amarg@amarg-vbox:~/Desktops pstree

systemd

ModemManager 2*[{ModemManager}]
NetworkManager 2*[{NetworkManager}]
3*[vBoxClient VBoxClient 2*[{vBoxClient}]]
VBoxClient—VBoxClient 3*[{VvBoxClient}]
VBoxService—8*[{VBoxService}]
accounts-daemon——2*[{accounts-daemon}]
acpid
avahi-daemon——avahi-daemon
colord 2*[{colord}]
cron
cups-browsed———2*[{cups-browsedl}]
cupsd 2*[dbus]
dbus-daemon
gdm3 gdm-session-wor gdm-x-session Xorg {Xorgl}
_{fgnnme—sessinn—h—I:ssh—agent
2*[{gnome -+
2*[{gdm-x-session}]
2*[{gdm-session-wor}]
2*[{gdm3}]

geoclue 2*[{geoclue}]
gnome-keyring-d—3*[{gnome-keyring-d}]
2*[kerneloops]
networkd-dispat
polkitd——2*[{polkitd}]
rsyslogd—3*[{rsyslogd}]
rtkit-daemon——2*[{rtkit-daemon}]
snapd 7*[{snapd}]
switcherco-cont—2*[{switcheroo-cont}]
systemd {(sd-pam)

at—spi—hus—laun—I:dbus—daemnn

3*[{at-spi-bus-laun}]
at-spi2-registr 2¥[{at-spi2-registr}]
dbus -daemon



ALQYELPLOT OLEPYACLOV
MetafoAn npoteparotntac dlepyaciac — n EVtoAn nice

H evtoAn nice emttpemnet T petaBoln TG TG MPOTEPALOTNTACS TwV Slepyaciwy. H mpoemi\eypévn
TN potepaldtnTag elvat n T 0, N Heylotn T eival -20 kaw n eAdxwotn eivawn 19.

‘'Oco peyalutepn €lval n TR g mpotepalotnTag pag Slepyaciog T000 Mo HeyAalog eival o Xpovog
niou amaoxoAel tn CPU kat tooo peyalutepn elvat n ekxwpnon mopwv.

H kAnon tng nice xwpig oplopato EKTUTIWVEL TNV TPEXOUOA TLUN ipotepatotntag (cuvRbwg 0) evw n
KAGN TNG EVTOANG UE TN popdn
nice -nN cmd

TPOKAAEL av€non NG TG TNGS POTEPALOTNTAC TG SLEPYATLAC TTOU TIPOKUTITEL A0 TNV EKTEAECT TNG
gevtoAnc cmd katd N. MNa mapadeypa n EVioAn

nice -n10 gedit sample.txt

Eekwva tnv edappoyn gedit pe twr) mpotepadtntag O (default) + 10 = 10 kabiotwvrag t™
dlepyaoia mou dnpioupyeitat Alyotepo eneilyovoa o GXEON E TLG UTIOAOLTEG.

e eninedo kwdka C n cuvaptnon nice opiletal wg int nice (int increment).



ALQYELPLOT OLEPYACLOV
[TPOCKNVLO KL TTAPACKNVLO

Mia Siepyaoia ekteleital ato mpookrvio (foreground) otav eKTeAe(Tal amo T YPAUUN EVIOAWY Kol
KQTAL CUVETTELX ATIA.CXOAEL TO PAOLO.

Mia Slepyaoia ekteleital oto napaockrvio (background) otav dev deopevel to dAoLd Kal WG €K
TOUTOU TMOPAAANAQ UE TNV EKTEAEDH TNG UMOPOUUE UEOW TOU PpAoLoU va aANAETLOpACOUUE HE TO
ovotnua. Mua blepyacia pmopel va &ekwvnoel amsubeioc oto mapacknvio pe T PonBela Tou
TeAeotn & OV KaTaxwpEelTal we TEAEUTALOG XapaKTpag Kata tTnv KAnon tng dnAadn wg

cmd [arguments] &

Eav emBupoupe tnv avaotoAr Tng dlepyaociag mou ekteAeital xpnoLLOmoLoUE To cuvduacouo Ctrl-Z.

amarg@amarg-vbox:~/Desktop$ ps -x | sort -k1 -r -n
Is-IR/ € Ctrl -2 13839 pts/@ S+ 0:00 sort -k1 -r -n
13838 pts/0 R+ 0:00 ps -x
2TAMATHMENH 13831 pts/o T4mm ©0:00 ls --color=auto -1R /

13825 pts/e Ss @:00 bash
snavacbopd\ amarg@amarg-vbox:~/Desktop$ jobs

) , [1]+ Stopped ls --color=auto -1R /
T(POOKNVLO TP ALK VIO
fg by To job wg evvola oxetiletal pe to pAoLo




ALQYELPLOT OLEPYACLOV
Napadeypa 1
Anpoupyia Buyatpiknc diepyaciag pe kAnon tng fork().

include
include
include
include
1
]

Lnclude
Lnclude

main( ) {

pid t pid;

pid = fork();

printf ( ®d\n", getpid()); } 1684

H printf ekteAeital kat ano tn yovikni kat arnod tn Buyatpikn Slepyaocia (yLo auTto Kot EKTUTIWVoVTaL
S0 punvipata evw umapxeL pia kat povadikn printf) kat extunwvel to pid TG kKaBepiag ano auteg.

IF III' = H R R

amarg@amarg-vbox:~$ ./shared/Lab4/forkex1
Hello !! my pid is 1683

amarg@amarg-vbox:~$ Hello !! my pid is 1684

H yovikr) 6iepyacio oAokAnpwOnke mpwtn (av kat Oa prmopouoe mpwtn va oAokANpwOEel n Buyatpikn)
KalL yLa To Adyo auto to shell prompt epdaviotnke mpv tnv oAokAripwon tng Buyatpkng diepyaoiag.
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Napadeypa 2

#include [* for fork(), getpid() */
#include [* for waitpid() */

#include [* for waitpid() */

#include [* for exit() */

#include [* for printf(), perror() */

OUTPUT
amarg@amarg-vbox:~$ ./fshared/Lab4/forkex2
: : from parent: pid=1804 child pid=1865

if (chila _pid —
{;éhnFEI <91 i from child: pid=1865, parent_pid=1804
exit(EXIT FAILURE); ’ from parent: child exited with code 33

} else if (child pid == 0) {
printf( %d %d\n", (int) getpid(), (int) getppid());
exit(33);
} else if (child pid > 0) {
printf( %d %d\n", (int) getpid(), (int) child pid);
int status;
pid_t waited pid = waitpid(chila pid, &status, 0);
if (waited pid < 0) {
perror( );
exLt(EXIT _FAILURE);
} else if (wailted pid == child pid) {
if (WIFEXITED(status)) {
printf( %d\n", WEXITSTATUS(status)); }}}
ex1t(EXIT_SUCCESS);

int main(int argc, char *argv[])
pid t child pid = fork();

O yovéag TePLUEVEL TOV
TEPUOTLOUO TOU TaLdLov




int global =
int main() {

pid_t child_pid;
int status;

ALQYELPLOT OLEPYACLOV

napdSELvua 3 parent PID = 1843, child pid = 1844

child process!
child PID = 1844, parent pid = 1843

¥

child's local = 1, child's global = 1

amarg
Child exit code: ®

int local = 0;
child_pid = fork(); Parent'z local = @, parent's global = @
if (child_pid >= 0) /* fork succeeded */ { Parent says bye!
if (child_pid == 0) /* fork() returns © for the child process */ { OUTPUT
printf( \n"):
local++; global++;
printf( %d %d\n", getpid(), getppid());
printf("\n %d %d\n",local,global);
char * emd[] = { ,(char*)0};
return execv( ,emd); /* call whoami command */ } OL HGTGB)\TITéC local
else /* parent process */ { Katglobal éXOUV
printf( \n"): ' '
printf( %d %d\n", getpid(), child_pid); SLaPOPETIKEG TLUEG
wailt(&status); /* wait for child to exit, and store child's exit status */ ’ 1 |
printf( . %d\n", WEXITSTATUS(status)); 085 SUO 6lEpVCIO'l.8C; :

else [*
perr

/* The change in local and global variable in child process *f

/* should not reflect here in parent process. */

printf("\n %d %d\n",local,global);
printf( \n");

exit(e); /* parent exits */ }}

failure */ {

or( );

exit(o); 1}
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H 6dopun tou kwdka xpriong tne fork

#include <sys/types.h>
#include <stdio.h=>
#include =<unistd.h>

int main() {

A

pid_t pid, pidil;

Kodikac mpiv Tnv kinon tine fork.
Ymapysl pia Kol povadiki siepyacia
1 OmolLa EIVdl 1| YOVIKI] S1Epyacia

/* fork a child process */ Eav jowmov 6€hovpe va
pid = fork(); YTPOAYOUNIE KMOIKA IOV VO
EKTELEITUL QWO TI] YOVIKI]
if (pid < 0) { /* error occurred */ ﬁlsp“fu’cnfx, EVTOS NAOPEL v
fprintf(stderr, "Fork Failed"); TCopE ETE T LR
return 1;} gite otnv Evéotnra B, o1

OMOoiEc €IVl 108 UVULES.

else if (pid == 0) { /* child process */

r K®J1lkac Tov EKTELEITUL AT
1] BoyoTpiki] drEpyOacia

else { /* parent process */ AvTifeTA 0 KAOdIKAS YA TN

B K®31Kag oo sKTEASITOL Gvyatpukn depyacia ypagetal
amo TI| YOVIKY S1Epyocia MONO otnv Evomnra I

}

return 0; }
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TomoAoylec blepyactwv

#include
#include
#include
#include
#include
#include

main () {
pidi, pid2:
pidl = fork();
if (pidi=o) {
F D ouscos yuol T
drepyacio PO

pidz = fTork();
if (pidz2=>0)

{
Kaduas yue Tn
owepyoacio PO
b
else {
K dikos yuo T
owspyacia P2
3
v 1
else {

Komdikoc yuo T
owepyacio P1

X



LOYELPLOT] OLEPYACLOV

TomoAoylec dLepyaolwv

main () {
pid1, pid2;
pidli = fork();
if (pidi1>0) {
K®ddokog yia
owepyocia PO

else { i
Koowkag yio

pid2 = fork(); oepyacia P1
if (pid2>0)

K®oikog yia

) oepyocio Pl

else {
K®ddikag yio
oepyacio P2

K®doikog yia
olepyacia P1
33



#include
#include
#include
#include
#include
#include

int main
int
pidi
if (

else

<unistd. h>
<sys/types.h=
<errno.h=
<stdio.h=>
<sys/wait.h=
<stdlib. h=

() {
pidi, pid2, status1l, status2, childi1, childz;

= fork();
pidi<a) {
printf ("Fork operation was uncussesfull\n");
returm -1 ; 7}
if (pidi=o) {
printf ("Parent process with pid %d and ppid %d \n",getpid(), getppid());
child1l = wait(&statusi1);
printf ("Child with code %d has beem terminatedyn", childi);
pid2 = fork();
if (pidz=8)
{
printf ("Parent process \n");
childz = wait(&status2);
printf ("Child with code %d has been terminated\n", child2); }
{
printf ("Childz with pid %d and ppid %d \n", getpid(), getppid());
printf ("Calling pwd command...");
execl (" /usr/bin/pwd"”,"pwd” ,NULLY)Y; 3}}

printf ("cChild1 with pid %d kai ppid %d \n", getpid(), getppid());
printf ("Creating a new directory...\n");
execlp ("mkdir", "mkdir"™, "OSLab"™, NULL); 3}}
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Napadeypa 4

amarg@amarg-vbox:~$ shared/Lab4/forkex4
Parent process with pid|2498) and pLdE
child1 with pid(2499) kai ppldﬁ
Creating a new directory..

Child with code 2499 has heem terminated
Parent process

child2 with pid(2503) and ppid(2498)

bash (1504)

Po (2498)

P1(2499)

/home famarg
Child with code 2583 has been terminated

amarg@amarg-vbox:~5 ps
PID TTY TIME CMD

1504 ] pts/0 00:00:00 bash

2504 pts/o 00:00:00 ps




#include =unistd.h=
#include <sys/types.h=
#include <=errno.h=
#include <=stdio.h=
#include <=sys/wait.h=
#include =stdlib.h=

int main () {
int pid1i, pidz, statusi1l, statusz, childi, childz;
pidli = fork();
if (pidi<e) {
printf ("Fork operation was uncussesfullyn");
return -1 ; }

else if (pidi=e) {
printf ("Parent process with pid %d and ppid %d \n",getpid(), getppid());
childl = wait(&statusi);
printf ("Child with code %d has beem terminated\n", childil);

¥
else {

printf ("Childl with pid %d kai ppid %d \n", getpid(), getppid());
pidz = fork();
if (pidz=0)
{
printf ("Parent process (child1) for childz\n");
childz = wait(&statusz2);
printf ("Child with code %d has been terminated\n", child2); }
{
printf ("Childz with pid %d and ppid %d \n", getpid(), getppid());
printf ("Calling pwd command...");
execl (" /usr/bin/pwd","pwd" ,NULL); }

printf ("Creating a new directory...\n");
execlp ("mkdir", "mkdir", "OSLab", MNULL);
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Napadelypo 5

amarg@amarg-vbox:~5$ fshared{lah4ffurkex5
Parent process with 1.::| 3132 an::l ppid (1

child1 with pid|3133] kai ppid|3132 bash (1504)
Parent process (child1l) for child2
Child2 with pldw EFELR ELL! ppld@
/home famarg
Child with code 3134 has been terminated
Creating a new directory..
mkdir: cannot create directory ‘0SLab’: File exists
Child with code 3133 has beem terminated
H libexec/gnome-termina

1504 -ts 0 Ss 0:00 bash

ssl 0:00 fusr/libexec/gvfsd-metadats
1544 ? sl ©:081 update-notifier , .
2627 ? sl 0:00 /usr/libexec/gvfsd-network Ala(bOpETLKCl pldS
2646 ? 51 ©:00 fusr/libexec/gvfsd-dnssd - ’
2759 pts/1 Ss 0:00 gash! /9 yua 5La¢opetu<eq
2958 pts/2 Ss+ : EKTEANEOELC
3144 ? Ssl : libexec/tracker-store
3151 pts/e S+ @:00 ./forkex6
3152 pts/e S+ @:00 ./ /forkex6
|3153 pts/e s+ 0:00 ./forkexé 'E€0d0¢ NG ps -xelf

0 B26352 54472 ? R Jusr/libexec/gnome-terminal-server
@ 19644 5388 do wai : \_ bash GJ5 DEBUG TOPICS=1]S ERROR;
2488 580 do_wai : \_

{]
@ 2488 76 do_ : B :
@ 2488 84 i : \_ . /forkex6 SHELL=/bih/bash




