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* Acess hardware inverfaces
N\amaa multiple processes
.S+oro¢5¢ wanagement, files
Pcoteckion and Security

OPERATING SYSTEMS

]

Tntermediary between  user ond hardware

User- (’rimd\u

vegource olloeator, control progfam
Compromise bjw vtability and  whilitation

frocessor
Memor
/o wmodules
%stem Bus
Cru Moin Memory
Su:{tm :
[fc ] [War ] Bus nuttion
ction
] MBR inttruckion |
T — T
(.
1/0 BR =
dato
Vo Module ;
| 5

Buffers

»—0

n-a
n-y

N

N_:Prog counter

IR: ingtruction regmu‘

MAR: mewory Oddvess
ﬂa'\shr

MBR: wemory bulfer
vegicrer

Vo ke: input/output
oddress reﬁiﬂ‘af

Vo BR. input | owtput
buffer regjtter



CPUC) and device contvollere have accett 40 shored mMemory
Via o ommon bug

CPUG and data controllers compete for memory cycles and @n run
nturrently

. N\e\mor5 contvoller s provio\eo\ to tynthvonige access to memory

disks  ™oUSE yeyboard printer monitor

L N1/

m [}
cey e VSR contvoller m s /o devicee

memony

/O deviees, CPU  execute toncurrently

Each device controller in charge of porticular device type and hog
lowal memory

* Device (ontvoller hok  repysters for eath adion Ckegooard inpwh)
PV loodt data from main mewory to loal buffer

* Device contvoller tewdt ‘infercupt to CPU when togk it complered



When sytem is booted, fist progrom to be exeruted i€ Booksiap,
whith & stored on ROM or EEPROM

Mso referved 4o ot Liomwore

Initialises ol atpects of sytrem CCPU capjsters, device controllers,
main memory  ete)

Load OS keynel Onto memora

AGter booting, fiest Program Yt is created & Ciait; waits  for
went to occurl

Trantfers condrol to the inferrupt tervice vowtine CKR) Harouph e
interrupt vector return address need¢ do be saved

Interrupt vector table containg oaddrecces of all  serviee routines
08 ik an interrupt- driven program
State of (PU saved by 08 by thoring vepitkers Ond PC onto  srack
Tape of interrupt
- polling for device C1/0)

- Vectored intexrupt swtvera Ctimer)

Action +o be token for eath interrupt determined by tode
Sv.amev*



completion of +ask

‘ Interrupt
/ processing i
CPU o f times vary..
process
executing ' d
I/O interrupt . |—| l—l
processing | ..and sodo I/O
/| transfer times |
I/O idle Van
device
transferring

I/O transfer /1O transfer
request done request done

{lirage fowdting

* hierardhy of memory

* RAM :volakile - main mewmory, dicectly occessible by (P
- implemented  with Semiconduttor f’ruhno\ogxo
- DRAM
- wnfo: daarae on Bpaciter
- frequent ~ caroying, ro.q/ulrco\

+ Rom ,EEPP\DI:AJ molile phones: {actovy wchalled  propcams

* Von Neumann wodel: fetch, decode, exewute  wles



tonfywl unit

il ﬁ%
\ew "“’L&*ﬂ

Suom\arg memory - non volatile

Hard disk
- digk Suvface. 4vacks, tectors
- dick comtcoller : inrevraction

$¢D - solid state disk
- fotker
- {Llash ewory

| reylsters
. — || i = /‘

cache

& | ul

& i v

| main memaory
i

L/ 1|

solic-state disk

dni -
- Yev! 1 ond level 2 =
Lot sortee Gy Fepuen

access ﬁ $

magnetictapes

Device driver
- ntevface blw  conkrolier and
kernel



+infocmation copled from Slower 4o fatker , tewyorarily

After 1/o starks control returng 4v  user propram omn of'er
com?\e+(on of 1Jo

- CPU idles until wext intervupt given (wait insrauction)
- No timultancous /o procetting @n octur

" Aftec 1o stards, watrol refurnt o user progam  without
waiting for Yo (ompletion

- vequest to 0S8 Yo ollow uter o wait for /o
tompletion

- entries for each of +he /o devices Ciwpe,
oddress, state)

- 0$ indexes iwto \[o device table Clnect i€ lbusy /idle, assign
progam W idle)



* veed for high speed /o device Celote o0 wmemory Speeds)

« device condvoller transfecs datn from device direcHy +o  main
W\emorﬂ without (P0 intervention

* only one interrupr generated per Wodk Cinstead of one
interrupt pey \03‘\1)

; 9 l— instruction execution —»
|8 cycle instructions
thread of execution |3 and
l«— data movement —»
data
CPU (*N)
8 ==
= o = DMA
@ I =
o) e =
= D =
,2 s memory
l /
\ = —/
) device &

Z_ M >



way hardware componentt are connecked fooetnec to form cowputer Syptem

trructure and  behaviour of omputer Sugrem at Seen by tae  ucer

Computer Architecture

Computer Architecture is concerned with the way hardware

components are connectad together to form a computer system

It acts as the interface between hardware and software.

Computer Architecture helps us to understand the functionalities

of a system.

A programmer can view architecture in terms of Instructions,

addrassing modes and ragisters

While designing a computer system architecture is considered

first

Computer Architecture deals with high-level design issues.

Architacture Involves Logic (Instruction sets, Addressing modes,

Data types, Cache optimization)

sinﬁ\e aemm\ purpose Procecw

Computer Organization

Computer Organization is concerned with the structure and

behaviour of a computer system as seen by the user
It deals with the components of a connection in a system.

Computer Organization tells us how exactly all the units in

the system are arranged and Interconnected.

Whereas Organization expresses the realization of
architacturs.

An organization is done on tha basis of architecture

Computer Organization deals with low-level design Issues.

Organization Involves Physical Compaoneants (Circult dasign
Adders, Signals, Peripherals)

special purpose protesswe:  dick ontvoller, keyoonrd ;

grophics  Lontvoller

mu\aﬂzd b“ 0§

eq: ditL controll wiropfocecsor — receives Sequence vequeste from CPU,

implements gueue and Scheduling algoritam, velieves wain (PY



Mul\fiprocessor Stéc’rem

* pavaliel gycrems, Xghtly- coupled sycrems (mukiple procecsors)

. advom*uﬂes
- intreased ‘roughput

- ewonomy of seale cheaper ¥nan n tingje processor cyttems
- increased veliability folerans cyctems

L l\sxdmme’cric Mutﬁproceuir\g
¢

ench processor ossigned o tpecific fosk  Loots-subordinate)

. Symmetric Muttiprocessing
eath processor  performe QN rats

Asymmetric

Symmetric
Multiprocessing

Multiprocessing

Slave - \ P1 ]
CPU 1 oy P1

Master -—» P2 CPU2 ~in| P2

(No Shared Memory) (Shared Memory)

CPU, CPU, CPU,

registers registers registers




Multi-chip and  mutricore

Systeme contoining oll chips 5 chagsic containing muitiple separate
Syttems

CPU coreg CPU care,

registers ’ registers

cache cache
mermory

Command Clinux) cat /proc/cpuinfo | more

17-7926HQ CPU @ 3.10GHZ

mutiple processor boacds , \/o boaxds , neMorkiv\Q \voards on tame
dnacsis

board boots independently ond runs it own 0S

tome  blade- secver \ooards are muliprocestor ; wulkige independent
multiprocecsor  tysrems



Muttiples syckems working msomr (over o network)
{hares  storage via c&omag)e—arm nedwork (SAN)

H‘a\r\ ovailability ervice which gurvivet failures
one wachine in  hot ttandby wiode

- mulkiple nodes vuming oggs moniforing each
other

Some ducters are for wigh performance computing  CHPO
- appt muet e weitten to use

Some have dictributed loce manoger (DLM) o avoid cowflicks over”
thared dota

Interconnect interconnect
computer computer computer

- SAN oallowe Many
s%c’rws o odtath 40

o pool of storage

(
e—
S
storage area
L network /
N——————=F




Multiprogramming Coatdh Suster needed for efficienty

single wser couwnot teep CPU and /0 devices outy of all
+imeg

° Organites jobt CLPV and dafa) So that CPU always has one
b to exewte

. Subter of fotal Joks kept in memory
+ one job telected and execured via yob scheduling

© When W Ve to wolt (for Yo ,ete), DS Switthes ko another job

o Reduce PV io\una

operating system

job 1

job 2

job 3

job 4

Max



. Time,sharir& Lmu\’fi’msuv\a)

* CPU switthes jols o frequently dhat uters can  interact With eadn
job while it & vunning

+ Respowse time <\ second

* Cath user has ot least one progrom executing 10 memory
- (PV scv\edu\ins i€ teveval Yot Yo vun ot lame Yime

* SwWapping moves procestes n and owt o memory

- Virtwal wiemory : exewtion of procestet nok completely i memory

cpy

Ras AR A

vser \ user 2

+ Hardware interrupt o one of ihe devices

« Software interrupr (exeption or tvap)
- software evrov
- veguest for 08 Service
- infinite loops, protessec modifying oS eie



e VUser mode and ‘ernel mode — dual mode

* ‘Mode bit provided loy hardware
- diS'\"m%u'\s\r\
- privileged: only kernel mode instruchions
- system call changes mode +o keencly refurn  regets it

* Mulki-mode tuppovt 'y LPUz: VM Manoger wode fir ppect VM

user process
user mode
user process executing }—— calls system call l | return from system call (Memee=1
1 /
1 Vi
11 Vi
trap return
kernel mode hit=0 mode bit =1
\ kernel mode
execute system call (mode bit = 0)

* interrupt computer after specified period

voriable Yimer implemented by fixed vote clock ond counter
*© every clock Yice, counter decrements

* interruplk octurs when counter readnes 0 preveniz prog Pfrom running
for Yoo long



each element can be accested divectly

maivn  ywywemo

multiple wyres —> no.of lytes

ifems with vmyj\t\o We?

SLL
DL

cLL

advan’raﬁes:

- vomb‘\ sive

- easy inserkion [delehon

ditadvontoaes

Singly linked list
data data data

e 1 L 1

Lt L1
Doubly linked list

| 1 i 1
datsn mull datn data

| T I ST |

o

Lt Lt
Circular linked list
0 & &
¢ % L_t

- vetvieval : O(n) Hv Sie n

Leme) a\%omhm

- ttat and gueves

LIFO

0S: statk of function calls

parowms, local vavs, veturn Oddress
veturn from funchon call yops rems frem  Stade

FlFo
A s:h\edu\ir\g 34V
printer  print jobs

?ut\ned onto  Statk



¢ BST
- seavth : O(n)

* Balanced BST
- searth: 0 Clogyn)
- Linux for CPL whcdulfnob — next gL
- red-bak Avees

. Stor < Khilename)

S cat hello.txt

S stat hello.txt

: hello. txt
12 Blocks: 8 o Block: 4696) regular file

: BO5Sh/2053d Inode: 1312340 Links: 1

: (0664/-rw-tw-r--) Uld: ( 1006/vibhamasti) Gid: ( 1088/vibhamasti)
: 2021-93-09 07:48:14.8B66739783 -0800

: 2021-93-09 07:47:46.448263153 -0800

: 2021-93-09 07:47:46.448263153 -0800

hash
. '(MP‘CW\EV\“' wash V\M" keys function hasol‘;es
» key-Vame pairs BN _——
. e =
« onttont search time Ll Simitt s 03
hash_function(key) Sam Doe —F -
0s
Sandra Dee :
[ | hash map =
0 1 n
‘vva'ue

+ tringy of n biary diglis nprcsmtrxﬁ Shotug of N Hews
+ ovoilawility of each vesource: o0 ov |

- 0: availavle

— 1: wnot avallable
ey bitmap 00 (olilO|
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lompuhing Environments
O

where otk is boting perfirmed

tond  alove general purpoxe wmathine
Yurred — internet
?Mu\s \mvide Wb accese

Q_a'. COW\PO.V\.LA Servert

traditional computing model
A

. & g
LA

29

The internet | Local Area Network

handheld Smartphones, foblets

GPS, quroscope

e )

1€EE §02-11 wirelese | cellular dodo netwevk

Database Server

g A P

‘l‘:’—-: o aptop Computer PDA
; Lapop Computer

Base Slation - @ @ @

P & PDA PDA
Laptep Computer
Laptop Computer -



. wlWedim of s'-?arm'e (.ovmpud'urt ==

- 1P| P = | :
- e ] @ =
_ WAN | ‘ »
= | MR o e
~ el =l |Em =

«  Nediorke OS

¢ Sevvers rc,symd Yo client re.q’ued-s

= cowpute texver butrem
file server Syskem

client
\\desktop
. /““\/"\»x

s e
s Server — Network c|iem

e
SERI laptop )
'\ BEAR.
\/ cllent\

Qaﬁphone

« PP -0 clienwt owd serwers
- peer Lan ack as client, Sevver @ both
- nodes nbm—cm! Wi cewtral lookup tade

- odifcoveyy protoal: requests and vecpmses
* Skype (VolP), Nopster , BixTorrent

i cher\l — rllenl




hosy 0S  yun tbm{— 08 o app\imﬁdv\

emulation — Source CPL A from tavger CPU Ce%-. Powey PC +o
Intel x86 - Roserta)

victaalidahion: 08 naﬁvehﬂ towpiled fox CPU Yunning au\e(-\' 0Qes
0o watively compited

VMM - Virtual machine nMonages

JVM — byre code generated & ot hardiware - specific

processes

.

kernel

hardware

(a)

~

processes
processes
processes
programming 2N
interface kernel kernel kernel
VM1 VM2 VM3
virtual machine
manager
hardware

(b)

TYPES OF VIRTUALIZATION

mo2®

L[



computing storage, Apps 0§ Serviee acrots o nedwork
loaica\ extension, of virtmalisatien
- "Amazon ElasHe Cloud CEc2) hoe 1000t of servers, millient of
LA™
via intemet for angone uo\\\'\r& ) poy
Tun by o company fo s own  use

both public and privote ovmponents

Services

- Sofiware at a Service

- Platferm 05 0 Secvice

- Tnfrastructure ag o Sexvice

Cloud computicg enviconments composed of troditioral oes, vmm,

doud manopement tools
- \oad bolancers tpsead trodfic ocvets opps

. Internet ()
—— "~ customer
s requests
“w

cloud

firewall cusionor
interface
st
load balancer H cloud

1 management

== = [ \, _———commands
- y A
HIRNY
\
A [ | L& >
A van!aI vmqal storage cloud X
( machines, |machines managment
\ services |
% G |
f /
| /
L servers  servers /

— ,-/\\ > /\\7 /'. " > e

G s . - -



¢ wost prevalent foym ok computers
- reo\-fime 0S

* Special compw\'inﬂ enviconments
-~ tome 0¢, tome no OS

+ veal-time 08 : wel-defined fime conshainke
- Soft rveal-time sysrems

- wnard real-*ime systems

*+ 0§ provides envionment for exewtion of prograws and tervices 4o
progoms and wsers

o 08 services mxpcuu o user:

e, Gui, Bakch Ceﬁ-. ghell stripts in Linux)

tystem  loadQ program into memory ond 2xewdt, terminare
tnorwally o abnormally)

o Nv\n'\m{) progfam wagy requice Yo (Rlle or device)



View of OS Services

user and other system programs

GUI batch | command line
user interfaces
system calls
program 110 file £ resource :
execution operations systems CoRRTton allocation SecoRing
error pro::glon
detection :
: security
services

operating system

hardware

0% Dui&n oand Tmplementation

. Po“"ﬂ" what Yo do
mechanigm: how o do

- ‘teparakion Of policy from mechamitw important, allows ox
Flexibility

« creakive tosk

* implementation of Oes:
- earlitr, agsembly

- aen cystem pfogrumminq \ambs- P‘W‘J PLII
- Now C) C"""



mix of la raoes

- lowest levels ‘v acwm\o\b

- wain body n C

- system programs w Loy, Scx'\?\\'ne) lahﬁunﬁts lice PERL, Pytwon,
ghell  seiptS

. \—\'\e)h level ‘“"6““5" eagiey o poxt Yo other hardware ,loutr slower

« eomulation: cun 08 on non-natrive hWardware

* DS exewtres various Proammg
- batth %&’cw\ -
- Yime ~thared systeme - o

max

. stack
* process: proglam in exewtion , sequential

* Sopments [ pacts grow
- o
- turrent ackivity - 7C,
1 - funcn parameters, Lo oW
local variabies, return oddress
- - ploboal variables data

- - ol‘or\awmu” allocated memevy

text

. Pas{\ve m’r'ﬁléj file stoved en dist
ockive 3 when evecutade file looded enio memevy

o exowhom of propfam via CLl, GUI ek

' one progfam can be several processes (multiple users exeewting Same
progfam)



#include <stdio.h>

high arge, agrv #include <stdlib.h>
memory '
stack int x;
L - - (;hm y:= 15;
l- ] ]
int main(int arge, char *argv(])
= = I =2 L_l:int *values;")l local variakles
heap - J int i;
g,
uninitialized I . . , I
dm data values = (int *)malloc(sizeof (int)*5);
Sepment initialzed forli = 0; i < 5; i++)
data values[i] = i;
low
text return 0;
memory
Size of o propgam

—
1 #include <stdio.h>
2 #include <stdlib.h>
3
4 int x;
5 int y = 15;
6
7 int main(int argc, char xargv[]) {
8 int xvalues;
9 int i;
10
11 values = (int *) malloc(sizeof(int)*5);
12
13 for (int i = 0; 1 < 5; ++i) {
14 values[i] = i;
15
16 return 0;
17

o in Unwx, bss — shatic

=» Desktop size a.out
__TEXT _ DATA _ OBJC others dec hex
16384 16384 0 4295000064 4295032832 100010000



. protest being  created

. inttructions being exewted

’ process wo(\ﬁr\a for event

’ walfing to be assigned 10 O procettey
. procecs finished execukion

tirl-z: Shunted into badiground ; suspended
uri-¢ : obord

Desktop ./a.out

*» Desktop ./a.out

+ 22485 suspended ./a.out

_Desktop fg - brir\g Yo &fﬂ@

[1] + 22485 continued ./a.out

admitted interrupt exit terminated

scheduler dispatch

I/0 or event completion /O or event wait



Every procecs has & PCB S info ocsouated with eath process

. cunning, waiting efe 1)

. next insteuction

. covkents of process-centric veglsters

. memory  alotted Yo e
procecs

’ CPU used, clock time elapsed since start,

e \imits

. \|o devices olMocoded +o process, \iek of open files

+ Desktop ps aux
@ BCPU RMEM VSZ RSS T

/1 B4.1 6.4 4588492 68412 2 pi 143 [systemstats daemon
1387 7.5 ©.8 5678338 133680 k 2; ations/Utilities/Terminal.app/Contents/Mac0S/Terminal
Windowserver 140 7.1 @.8 17187556 130364 2? Ss ght . framework/Resources/WindonsSery

process state

process number

program counter

registers

memory limits
list of open files




CPO Swixdh from process bo process

multiprogr amming
* lonkext Switdhing

process P, operating system process P,

interrupt or system call

executing ﬂl /—‘ moved Yo flao\g

& save state into PCB, | ¥“¢u¢

. idle
e Qssign o cpv
reload state from PCB,

interrupt or system call

ﬂ executing
A ~

save state into PCB;

>idle

idle

reload state from PCB,

executing U\—

* Troess soneduler selecks omong available  procestes

' mawtains oneduling queucs of prowestes Crvigrote aminy gqueves)
= Job gueue: sek of all processes in syttem

= Reodyy queue: Sekof processes n wemevy , Yeady and vom\%ir\a Yo execute
= Device queves: Sk of proecses woiking for Yo devices



Reodu Queue % Various Yo Device Queves

ready
queue

mag
unit 0
mag

tape
unit 1

disk
unit 0

terminal
unit 0

queue header PCB;, PCB,
head
fail N registers registers
. . 1
- T
. -
head T——=
tail —
head T—=
FETR PCB; PCB,, PCBg
/ B
head 1
tail
PCBs
head S—.
tail f/
.

Process  Scheduling

ready queue

(Vo )

1/0 wait queue

Aevice queue

I/O request

interrupt

occurs

child

child = :
terminates termination
wait queue

time slice
expired

interrupt

create child
process

wait queue |

wait for an
interrupt

linked (ot
of PCBs

r{ CPU 5

cound
Tobin



. selecks next procest fo e
executed and  astigns it to CPU Urom rwha O nLied
~ invoked fre_q,uen’r\a e
= somedimes e on\& scheduler

’ Selects which process should e
brought to ready queue (from yob guewed
- invoked in€ceqvmn+hé (s = mind

- deﬂae of mu\+iyco¢6rammimﬁ

. ¢ depree of mukiprogramming needs o
decvrease
- Yemove Prowess from ymemer
- Sore on ditk Coacking steve
- \or'ua nto memeny o, Oisk Yo Lonkinue

- SwWa ina

swap in partially exectted o Swap oul
swapped-out processes

o N———

raady queus [ ‘\CPU F and

O waiting /:|
queues

move +time on 1[0, less on (PV
more dime o PV Clony, infrequent CPU oursts)

« Trocesses

. Lov\&—ﬂrm sctheduler: aoeo\



cPL Sw‘\m\ir\@ bedwen processes musr save old process thote ond
load Soved Sstoke while sw'\\rdn'm% batk 4o W

Conkext : re_?resen\'w\ wn PR

More ¥ime spent on context switdning, wore Yime wasted
wnext  twikting Yime W on 5 omplex 08 omd PCB
means \owyr wontext sSwiteh

Time depends en hardware ovoilability

creahion
rerminahm

afents cceake Onildcen  Civee)
. P\D: identifier
* veSourte gthari
- parents 4 daldren share  a
- vildren shove Sulger of parents
- no Sharin
* exewtion
- simu\taneous
- suwenha\



logind python
pid = 8415 pid = 2808
Cbagh, 2sh et)

vim
pid = 9204

sshd
pid =3028

sshd
pid=3610

tesh
pid = 4005

ps
pld = 9298

@DESKTOP-CVLOCBN:~$ ps -aux
PID %CPU %MEM  VSZ  RSS TTY STAT START COMMAND
1 0.4 0.0 89%4 416() Ssl 21:37 /init

9 0.0 0.0 9312 228 ttyl Ss 21:37 /init
16 1.0 ©.0 17452 3964 ttyl S 21:37 -bash
84 ©.0 9.0 17656 2036 ttyl R 21:38 ps -aux

$ echo $SHELL

+ =~ echo $SHELL
/bin/zsh




. $|A£'\'¢m all: creates new Prouu

. Syem call: wsed affer forkO) to veglace process’ mew vy
space with new ‘)fobmm

parent (pid > 0) = =~
B wall() }—————» parentresumes

parent -—»(_/pid = for (5 ) I
< e

child (pid =0) S D

. exttl) Sxas%—o,w\ cll: asks Of 4o delete process
- wair) returns ttotus dara from dw\d Yo ‘Panr*

- resources deallotated b& 0s

*parent @n ‘termnake  exewtion of dnildren using  aosrt()
- omld exceeds allowted vesouvees
- gk vo \o%cr fq,u.ired
- pavent is Jrermimﬁv\% (exiting)

Some Ofes: i parent s terminatiag, all its  daildven  mud

rerminatre
- cuxmdina ferminahion  (children — %ram\dn'\\dnvb



© waitrl) - parent waits £o¢ daildeen 4o exeare and Yerminare
- returns stadus info and  pid

pid = waitCkstatud) |
. no  parent vomiting

‘ parent terminated without waitl(d

https://www.geeksforgeeks.org/fork-system-call/

#include <unistd.h> TQ(VV“M\ with WR\'\'(—)

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

Process Termination ./forking
Child process

int main() {
int pid;
pid = fork();

Parent process

if (pid < 0) {

Withowt waitd

*» Process Termination ./forking
Parent process
Child process

printf("Forking error\n");
exit(1);
}

else if (pid == 0) {

printf("Child process\n"); Fﬁf MeYe - man 'FDTV.
} man  wat

else {
Tork CFZ3Te 3 Noy process

SYMRSTS
#include <umiztd he

wait (NULL);

printf("Parent process\n");

return 0;




https://www.geeksforgeeks.org/wait-system-call-c/

https://www.geeksforgeeks.org/exec-family-of-functions-in-c/

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

int main() {

;2; Si(:;m ); TG(MV\&‘

if (pid < @) {

Process Termination ./forking
Child process

forking to_fork.c
Parent process

printf("Forking error\n");
exit(1);
+

else if (pid == 0) {

printf("Child process\n");
execl("/bin/1s", "1s", NULL); ?

anythin alter
else { is noY rwun

I

wait(NULL);

printf("Parent process\n");

return 0;

execl("/bin/ls", "1ls", "-1", NULL);

Process Termination ./forking
Child process
total 112

1 vibhamasti staff 49592 Jan 26 16:52 forking
1 vibhamasti staff 690 Jan 26 16:52 to_fork.c
Parent process




From R& 4o CPU : svder of ossionment, exeustion

Sinate tofe system: only one process of o time. Once LRV it Sree,
next process

Mu\%ipro&fammina: maximise CPU utilitakion and minimice idling
Several procestes in memery of ence

Whey one process i waiting, 08 tates CPU away from it and
assiav\ﬁ new  process

Multi- cove = proeess of \egpingy PV busy extended to all  coves

load store ‘

add store » CPU burst

read from file ‘

‘ wait for /O ¢ 1/O burst . . e .

| wWMaximite CPU  ukilitotion

store increment \

index » CPU burst

write to file -:‘

wait for I/O ‘ 1/O burst

load store ‘

add store » CPU burst

read from file ‘
‘1- 1/0 burst

‘ wait for IO



PV Buvtt Time Hittoocam

160 |-

140

frequency
was ok
e D @ o n
o o o o o
1

n
o

: :
1 Il 1

16 24 32
burst duration (milliseconds)

Wmulkiple shork PV ourgts
. Pon \oma oV bourths

¢ Short - reemy  ccheduler
Queue:  FIFD, queue, free , unordered linced lisk
recYas: PLe

40




* When o process
1. Switthee  from cunning Yo woniting
2. twitchet  from vuantng Yo rmd&
3. swikthes from m'\ﬁr\a o rcoAb
4. terminodes

So\nedu\ir}s wnder 4 and & non-?mvny\‘we,
O¥hevg pre m\vae

- ocets ‘o Swaved dota

- kernel wode

- ntercupte duric\a ceucial 08 facks

* Preemptive :a.\:\edu\(na weed \0\6 wmotr 0Ses

admitted

interrupt exit terminated

scheduler dispatch

I/0 or event completion I/0O or event wait

* ‘Mutex lotks : prevent voce wnditions  while occecting twared
oato from vernel dota  Steuctures



¢« (aives cowtvo) of PV o process  selecked oy Short-kerm
soneuler

- onfext twitchin
- SWikthing o uler wwode
- ;\umvina Yo vestact

. D'IS\NHT)I\ \M-evxca-. Hme Yroken oy digpatcher Yo s\-c? me Proceu
and shact anotner

~&0-[- to ~90:)
no . of protesses execured in unit ¥ime

Hime token to &xewte partiuaar procecs
fime for whith o procecs waits in ceadyy queue

omount of Yime it takes fom wowen reqmest
twomitted, unkl ficttk recpense



exewted n ovderof arrival

Process Burst Time

« if arriva\ ovder: P,?, 0

24 27

wad-Hna, tme by P =0 , o of P =2y
waiting. fime fv P =%, t-oo of 7,227
wai—ti:g tme oy Py , t-a of Py = 30
©overope wa\\'i% time = 0xak+427 = (7
3
© Owerogy fucnaround  time = AT

« W oaccival svdet P, %, P

© ke P2 b, fizo ) Pe3 | Overape ko> 3

© by R=30 023 Q=6 average &, < 3



proess wikn shetter (PU burst Yime exewted st
o?\imu\- minimum o\verwaz wmhv\a fime

kv\ow'u% ¥ne \u\o&v\o‘f‘ next proeess — o\\'(-’(—‘iw\’r&

Process Burst Time
P, 6
P, 8
P, 7
Py 3

Gantt Oaort  for 83F

P P, P, P,

4

overoae Waty f¥ime = 0+3+9 +l6 =7
4

ohla o erimate (should be Similar 4o previous one)

uting lenofh of previous burtks uting  exponential
avevoaing
TCogy = 2Eq + U-D T,



G- Calculate exponemm aveva&'\(\& with T,2 10, =05 ond the
o\\%oflﬂnm W STF with previous cuns ot B,7,4,16

Ini\rim\\a T=lo and =05 and vun *imes €, 7, %, \b

Possible.  ordev: 4,7, 8, b

TMI‘. °( bﬂ + Ll ’0() ‘rn

Vo= 05xt+ 05xl0 =7
Yy = 0.5x7+#0.5%x7 =7
T‘r = 05¥8+06x7= 75

Ts = 05%x16+0.5%x75 = (115

T =10
T
Ty 7
7,018
To= W5
— PREDICTION
) | L
A
8 //
L6 ,/

CPU burst (t) 6 a 6 4 13 13 13
‘guess” (tj) 10 8 6 6 5 9 11 12



EFFECT oF

* oL =0: 'T;\-tl = o
previous vound does not efCeck

v L=} Cnr » ta
on\& \mvious CPL  burst  tounts

* sinplified exponentiol averapjng,

@: Suppose that the following processes arrive for execution at the
times indicated. Each process will run for the amount of time
listed. In answering the questions, use nonpreemptive scheduling,
and base all decisions on the information you have at the time the
decision must be made.

Process Burst Time

Py ‘
Py 4
Py |

Whod ave,rao& furnaround  4ime ot

@) FCFS
a) SJTF
C‘) Pl Pa s
0 3 1z 9

owverage turnoround = 812413 = )
3

(('\) ?3 129 rl
9 (Y 13

averaae urnoround = (45413 = 6.33
3




' preemptive versin of SJTF
ovrival time token into  account C aarrent time - avrrival)

preempt currently executing process i€ new proeess hag
therker burt: time

Process Arrival Time Burst Time
P, 0 8
P, 1 4
P, 2 9
P, 3 5

* (Gantt  dnark

* Overopye voo.ih‘.\(,) Yfme = A*04I1S+2 ¢ 5
¢




Priovity defined by inteopr Csmaller — Wigher prieviny)
Corrival ¥ime: shortesy femaining  rime)

$JE i Pprievi sb\r\eo\u\it\a alpsrithm wohere prievity [

invevse of PV burt: tHme

Provlem = starvakion  (never exewtred ®  prievity very low)

Solubhon = opping Cos Hme increotes, ?“""“'3 increases)

Process Burst Time Priority

P, 10 3

P, 1 1

P, 2 4

P, 1 5

P, 5 2
o Ps . fa |Pq
° b 6 18 19

avum{f wa'\Hr\b-— O(+6+ (6+\8 = 9.9
5




Process Burst Time Priority Arcival Time

P, 10 3 o)
Py 2 4 '+
Ps 5 2 7
b [0 ( fs f |6
o 1 3 7 w L & 19

overape = (1b~0-(0) + (3-2-1) + (18-%-2) + (19-5-1) + ([2-1-5)
wait  *ime 5

= 3\ =6.7_
S

—

Consider three CPU-intensive processes, which require 10, 20 and 30
time units and arrive at times 0, 2 and 6, respectively. How many context
switches are needed if the operating system implements a shortest
remaining time first scheduling algorithm? Do not count the context
switches at time zero and at the end

Process Burst Time  PRrrival Time
¥, 10 0
P, a0 2

Ps 30 6



0 10 30 bo

D  wnfext switdaes

Consider the following table of arrival time and burst time for
three processes PO, P1 and P2.

Process Arrival time Burst Time wWaitr time

PO Oms 9 ms 12-0-4 = ¢

P1 1ms 4 ms S5-1-4 =0

P2 2ms 9 ms 2-9-9= 11

] A | b | P

0 | 9 12 22

\!
oA\

overgpe  wait Hime = (5
3



* eadh Procese gett a twall unit of CPU time
usuuallb 10-(0b wms

© 0fter Wwis Hime nhac clopted, procect € preempred and  odded
Yo ‘the end of the ready queue

¢« f Yere are n processes in the veady gueue ond e Hme

quantum is g, then eath process gett Y of e PV Yime
n ohuvw.s, ot wotv 9 uhite

* ND process woats move Han Ln-DaL units
+ timer interupts  uery  quantum o ghedule wext process
* perfoveance

-4 \ourse — fLFo
- q svall — overhead oo hibh (oo many  contewt twitches)

Process Burst Time
P, 24
P, 3
P, 3
Gontt Onort
P, P, P, P, P, P, P, P,

. Navwx overase tarnoround Yaan STF , berter reLpente



* owerdpe wo\\h‘l\a bime = (0-WO+4¢7 - 17 = 567

3 3
Process Burst Time
P, 24

thotter g, more context Switdnes

process time = 10 Couei) quantum context
switches
12 0
0 10
6 1
0 6 10
1 9




bucsty

¢ fHme
process | time
125 | 5 g
1
12.0 F P 3
P, 1
g 1Nsf P, 7
©
€ 11.0
o
2 105}
3
& 100 80% of CPU bursts
$ o5 - should be shorter than the
«© = -
time quantum
9.0 |
1 1 1 1 1 1

1 2 3 4 5 6
time quantum

~

*© Linux , Windows wuse RR sohedulm&

. rwd& gueue —» & Separate pariitient
- foreground Cinkerackive)
- bac\cﬁroum\ Cookth)

* Process permanently in & given gueue
* eath quene : Scheduling  alporitam

- %ra@round R
- bou.kbfmr\d: ECces



Desktop ./a.out&
[1] 10904
Process management
[+ Desktop ps
PID TTY TIME CMD
10715 ttys000 0:00.27 -zsh
10904 ttys000 ©:17.57 ./a.out

+ Desktop ./a.out
Process management
AC

[+ Desktop fg %1
[1] + 10904 running ./a.out
i

scheduli dove between gpeues
- Hfized prievity scheduling ( ckarvahon)
- bhme ¢Slices (~807/- Fs)

highest priority

m— system processes ————p>
m— interactive processes —
> interactive editing processes =
> batch processes :f>
m— student processes :{>

lowest priority



" process moves behween various  queues — ageing

mu\-\-.\wd feedboek. quene schedaler:
no. of gqueues

- eadh queuek Sohedu\tna a\aor\\'hm

meinod v determine when Yo upgma\z o. process

- method to determine when to demoke o process

- method Yo dererming which Queue 0. process emtert wowmen it needs
Service

three gueues - example

- 8o: RR—quantum &wm¢
= B RR~guantum lome
- Q,‘. FCES

Scneduli

- New Yob enrers Go

- )ob receives €wmg

- # no¥ completed, moved do G,

- )obs receive oddiimal \6ws

- i not owmplete, preewmpted ond moved o 6,
- 0o \¢ FCPS

—’{ quantum = 8 l/‘_

. ,
e quantum - 16 gJ—

- | FCFS L




sinake macdker acsiant processes 4o other
procester; only watter has occess to Syttem data  thructures
Ccommunicates Wit 03D

. each processer has s own ru%
quewe ond swedu\(na M%cﬂ\'km o all procestes have Lommon

rwdﬂ quene

+ WModem 0Ses: Windows, Linux, MacdS suppert smp

T

T T
il B Al Bl b h
IOIIF.Z\I\ | & T T 3

2

T

N
A

‘cgren] {co'reoi core; | ..

-
core,|

» v
| corey| |core,

per-core run queues

common ready queue
(b)

(a)

- eadh processar: own cache ; bouffer
- boffer of cache popwlated voith procets data
- process migmbes: cadhe flushed, new cache filled

wove | | tore2

o, [feke]




process hos affinity for processsr en whidh it i
uuwmﬂa wani
- 08 lceept procecs en  same  tove Ctries nod
%o M\U‘M'D buk not  puaranteed
- doesn't allow process Yo w\'\&m\'e between  processevs
- Linuy: toft affinitty
- Sptvtm call- Supperte hard afkiniy

Moin faemory ardiivechure con  offedc processw  offinity

CPU

\ S/Ow
fast access feg
S8

memory

CPU

B

fast access

—
-—

memory

I

I

compuiter

Sdr\edu\\'ra and memivy p\AMM‘\’ O\\bﬁi\'hms werk h&&er

SMP rosks (each (PLU own task)

?zriodic rosk cwecks load on each CPU and \)ushes
overloaded (PU task +to other CPU

e processors pull waiting tosk from busy processor

Counteracts benefils of procestor  offinity



Mulkple cores n sinﬁ\e hp
Fosker, lets power

Multiple Wardware Hwreads

Memory Shall: request memery for data, tates Hime, omovwer tavead
can compure While previous Yaread i« fd-c\nina from memory

Ewmpuh wcle |I|m¢mm6 eycle
b M c [ c[m]cm]

Hme -

doed e Tw]c m]cm]¢]

reody M [ M ™[]

Hime -
processor
LMT - each core  assigned
multiple threads
Intel: hbyer-\hreadinﬁ
Quad- core Sutkem with 2. Yareads

per Love: “5‘-““6 8 (oves 4o the 08

operating system view

| CPU,

[, ] [

CPU4

| cPU, | I cPU; ] l CcPUy ] CPU;




cat /proc/cpuinfo | more  Cpagye 0

vibhamasti@DESKTO! VLOCBN:~$ cat /proc/cpuinfo | more
processor 8

vendor_id GenuinelIntel

cpu family

model 58

model name : Intel(R) Core(TM) i7-792@HQ CPU @ 3.18GHz
stepping

microcode

physical id

siblings

core id

cpu cores

apicid

initial apicid

fpu

fpu_exception

cpuid level

Wp

flags : vme de pse tsc msr pae mce cx8 apic sep mirr pge
mca cmov pat pse36 clflush mmx fxsr sse sse2 ss ht syscall nx pdpelgb
rdtscp 1Im pni pclmulgdg ssse3 fma cx16 pcid ssed4 1 ssed 2 x2apic movb
popcnt tsc_deadline timer aes xsave osxsave avx ¢ rdrand hypervis
r lahf_lm abm 3dnowprefetch fsgsbase tsc_adjust bmil avx2 smep bmi2 e

rms invpcid rdseed adx smap clflushopt ibrs ibpb stibp ssbd

b mips : 6192.00

c1flush size : 64

cache_alignment 64

‘ess sizes 36 bits physical, 48 bits virtual

thread erxewnted ™ procestoy unkl lw\a—\m,mb eveny  Such
memsvy ttal

o of  Switchig s ""‘6"‘

Stode is sawveqd

cost lower
finer level of %runu\ari-lﬂ

as



fwo leveds of .tc\r\edulrrwb

? ? ? ? software threads
level 1 l ................. - ..................

hardware threads
(logical processors)

level 2 l St s St

processing
core

08 decides whitn Soltware Harend rumg tm o ‘°5‘m\ [5:dV)
* How eath cove deddes which wardware ¥avead {0 tun on
Y“‘.’)‘.“‘“‘ wve

emboedded cystems, real-time CPUs

* no 8‘mmv\1—ce at v when Yok € foneduled
* muer be Sevviced wy oeadline

ke yrupt lm,ma
o\ispa«h\n \a\’rtma



i

task T running

determine

nterupt
lype

context

r i

ISR
|

Interrupt
iatency

fime

vwnflick phase of dispakch lokency

- freemphon of  procecs
mvmin% vy ernal mode

-  velease 'o“ low ?cicﬁhé
process of vetowrces needed

%) Weh ey

. Preemp’d\le,

- Soft real-Himey not hard

* CPU required o} cowtrant

inkervals

avent

process made
ntarrupt availgble
Processing

(e (fiSpAICH [AIENTY =t

o [e5p M58 NMENE] e

responsa to event

real-time
protess
axgcution

te— confiicts 4‘» dispatoh —

—_—
time




¢ ¢ procesting Hime : 7 l ? l ?

d: oeadline 4 94 d
P: Pbrfm it 4 e -
1 ] - ‘
0L ¢d 4p  wom s

* fote of periodic task =P

inverce of period ?rimha

CPU whtitokion = 4 p.= SO P = 100
P b = 20 t, > 35
Pl=20 =04 P2= 2§ -0.3¥% total = 0.75
1Y “Too

C\’\' Wriby  thould e
baged m Pe/n'd)

Py f P, needs to
o D omplete befrre SO

mistes  deadline



o 20 so To 8§ 100 ho
Deadlines Py Ps Py Py P2
P1 | P l Pi | Fa ‘ | | | | J

1
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

P. % prisvity erder

0 3s 60 also wmrﬁ

N
woret case  uhilisahon ofF PV for N proceses = NCD.V—Q

" prisvities assigned o\anamico.\\“ ucco'rdinﬁ o deadline
enrlier ¥he deadiine, higher ¥he rievity

- soft real-bme



Deadlines Py P Py Py P2
Py P; | | P4 Pa Pi [, P>
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

* T shares allowed owong oM processes
eath opp: NJT of processer ¥ime CN ghares)

ogsume Yool T=100 shares ond 3 processes A,B, C
A — 5o
RS
C —0

PoSIX.1b stondard
APl ?rovio\es funthitns Aoy maw\af)ma Yareadt W rea\-fime

Sdneo\u\iné dagses
twrends scheduled using FCFE with queue, no
time -sliting for equal priority
similar Yo FIFO bur ¥ime —s\icina octerg

pthread_attr_getsched_policy(pthread_attr_t xattr, int xpolicy)

pthread_attr_setsched_policy(pthread_attr_t xattr, int policy)



$ cat /proc/1/limits

vibhamastigubuntu:
Limit
cpu time

size
core file size
« resident set
processes
« open files
locked memory
ax address space
file locks
pending
wsgqueue slze
x nl priority
{

Max realtime timeout

Lnux wachines:
s\ides
- See: ved-bvlack treeg

- theck

Windows

S cat [proc/iflimits

S0 Limit
unlimited
unlimited

unlimited
15442
1648576
671888064
unlimited
unlimited
15442
819200

O

unlimited

machine

- cthece slides

Hard Limit
nlimited
nlimited
nlimitad

unlimited

unlimited
unlimited

15442

1048576

67198864

unlimited

unlimitesd

15442

Hard Lim
unlimited

unlimited

Covv\?\e’«e,\ﬁ Fawr

units
seconds
bytes
bytes
bytes

processes
files
bytes
bytes
locks
slgnals
bytes

Scheduler CLFD)



+ procasses: independent o r.oo?em’m\@
.
do ot offect J
each other ofCect eath
other

. cooptmh'ns wo:.ecses
- infovmakon sharing
- compuaion 3peedup'. divide 4asle

= wodwlarity : coves , dependenty)
-~ (Lonwvenience

© ommunicahdy  Modelg

process A — process A
| process B |: shared memory :I
process B

message queue
> mg|my|ma|mg] .. [mq|«

kernel

kernel

(a) (b)

Producer - ongumer Model

" producer: procecs writes o bulfer
©nsumer: process reads from ‘owffer



+ Producer can ‘eep producing dota and wrting into
buffer

Gonsumer cannot  vead from an  emply buffer; mugr
wait

no ?mch‘m\ limit on bwffer

Producer woue when wuffer ful\

(ongumer woits when vuffer empyy

#define BUFFER_SIZE 10
typedef struct {

} item;

item buffer[BUFFER_SIZE];

int in = 0;
int out = 0;

ew\p’»a-. in= out



t1l2l3|4|5]6(7]2]4 Ll gueue: one is wottred

full - Gin 1)/ BUFFER-$12E = owk

item next_produced;

while (true) {
/* produce an item in next_produced */

while (((in + 1) % BUFFER_SIZE) == out); /% do nothing x/

buffer[in] = next_produced;
in = (in + 1) % BUFFER_SIZE;

item next_consumed;

while (true) {
while (in == out); /% do nothing */

next_consumed = buffer[out];
out = (out + 1) % BUFFER_SIZE;
/* consume the item in next_consumed x/



fwo or more procesges have occesg 4o Some mewmr&

fotrest form of \PC

a(\)v\dnronising 0.CCess (.29'. tlient q sexver)
. Semmphores: Shared memory Access

Memeory lavout on an Intel-based Linux system

{ and envirmment variables

NI

© processes communicate and synehronise

* IPC: send (message), receive (message)
W P4 6 with to communicate, they must
1. estobligh communivhion link

2. exc\mn(o)e_ MesSagRs Vo send [ receive

ik between messapes — site, direthim et



physical link: shared wemery, Wardware bus, netwere

. lo&ica\ link: divedr/indivect, Syne | async, au’rom%\‘c/ap\lcu—
bulfering

© processes  named  Explicitly

+ Send (P, message)
veceive( 6, messone)

automatic links, one link per pair

ucm\\b bidiveckiona)

© metsoges  sent [received  to/from  maiboxes (povks)
07\\3 if processes share o mﬂ"lb()x,'\'\f\ea an  Lommuniate

ean Pa'\r moau have several links ond each Link can
connect Several process

link ©uni or bidicechmal
reaye new YW‘\',W\O\“ boy

« istues: P, Sends 4o thared mailbox with Ry, Ry 3 who
am Mﬂ%&?



. s%ndnromus
. sender dodeed unil  mestage  received
receiver docked until mestage tont

. aswndnronous

. e sender Send¢ the mestoge , continue
. e veceiver receives a null oy valid
mesmﬁa

—— ik ‘ot tender and veceiver are blocking,
between Sender and vecewer

© quewes of messones Ottached o link ; femporary gqueue for
messages

+ Queues:
n0 queue; Sender waite for vecewer; rendezvous

finixe \enpn of n wessays, sender waits i
fun

infinite length; sender  never  waits



half - duplex \PC

+ ocdinary (wanamed) pipes and named pipes

proo\ucer— consumer s’n()\e Cwrite - read)

0 — stdin
() ) #dro3 | - srdowt
2- Stokerr
\3wr'\¥c vend J 4

* haf - daplex Cunidivectional)
fox '\'wo—voaﬁ. 4wo Pipu

Linux: pipe, Windows: anonigmous pipes

Parent Child

fd [0] fd [0]

fd [1] 2 _ fd [1] \
/ pipe )
— -

© More powev("u\ ¥aon oro\'\mrn pipes

* bidirechnal | no pacent- child velafimnship



sevenal PrOCses  Same  pipe
iwo pipk For 4o w0y
FIFO: once vefrioved, datn removed

UN\X:

- mkfifo ), openl), veadl), wWriteO), tlosel)
- byre - crient

- hm\P—o\u?\ex

~ tame wAatWine

w\c\dowg
— Create Named Pipet) , (ovnecrNowmed Pipel) | Read FileD),
WeiteFile(), Disconnect NamedPipe ()

= Pull duplex

- Same oF oitferent wachine

- loyre & messoge sYiented

vibhamasti@ubuntu: ~

File Edit View Search Terminal Help /rwi

ibhamas t\(nubmtu -$ cat ,prcc/rpnnfoOmore e'\

brocessor : 0

endor_id : GenuineIntel &

pu family : 6 W(\'\& ? ?Q P\PC\IV\Q
operatuy

: 158

: Intel(R) Core(TM) 17-7920HQ CPU @ 3.16GHz
8- |

1 3896.066

: 8192 KB

3 -

nittal apicid : @
pu T yes
pu_exception 1 yes
pu1d level 3 &2
: yes
1agf : Fpu ] se ST pae nce cx8 apic sep mtrr pge mca cmov
¢ syscall nx pdpeigb rdtscp lm constant_tsc
1liable nonstop tsc cpuid pni pclmulgdg ssse3
ma cx16 D(Ld sse4 1 ssed 2 n_dulL movbe popcnt tsc_deadline_timer aes xsave avx
f16¢c rdrand hypervisor 1ahf_lm abm 3dnowprefetch cpuld_fault Lnvpcld_single ptl




Seatcth Kor Pottern

vibhamasti@ubuntu:~
Downloads
examples.desktop
Templates

vibhamasti@ubuntu:~S mkfifo k
vibhamasti@ubuntu:~$ 1s

Downloads Pictures Templates

s examples.desktop

vibhamasti@ubuntu:~$ 1ls -1 k
(Pyw-r--r-- 1 vibhamasti vibhamasti @ Feb 3 10:46 |
vibhamasti@ubuntu:~$ 1s -1 examples.desktop
cyw-r--r-- 1 vibhamasti vibhamasti 8986 Feb 2 20:04 examples.desktop

Music Public Videos

wmonuo znh‘g Q) — Sﬂéﬂm aall
monual ur\md O — ommand

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

vibhamasti@ubuntu:~/dev/college

hello

int main() {
int fd[2];

char buf[5]; 0S ./a.out

hello

pipe(fd);

write(fd[1], "hello", 5);
read(fd[0], buf, 5);
write(1, buf, 5);
printf('"\n");

return 0;




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

int main() {
int fd[2];
char buf[12];
int pid;

pipe(fd);
pid = fork();

if (pid < @) {

printf("error\n");
exit(1);

else if (pid == 0) {

write(fd[1], "I am child\n", 12);

else {
read(fd[@], buf, 12);
write(1, buf, 12);

+

return 0;

- 0S ./pipe3
I am child
parent

0S5 ./pipe2
I am child

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

int main() {
int fd[2], fd1[2];
char buf[12], bufl[7];
int pid;

pipe(fd);
pipe(fdl);

pid = fork();

if (pid < 0) {
printf(“"error\n");
exit(1);

else if (pid == 0) {
close(fd[o]);
write(fd[1], "I am child\n", 12);
read(fd1[@], bufl, 7);
write(1, bufl, 7);

else {
close(fd[1]);
read(fd[0], buf, 12);
write(fd1[1], "parent\n", 7);
write(1, buf, 12);

return 0;




