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#include <stdio.h>

high #include <stdlib.h>
argg, agrv
memory
stack int x;
U | Ginty:ls;
l . y I
int main(int argc, char *argv([])
I {
L — g gl L I:int *values;
heap - } dogh, &
—
uninitialized | _ , I
data values = (int *)malloc (sizeof (int) *5) ;
initialized for(i = 0; i < 5; i++)
data values[i] = i;
low text return 0;
memory }
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admitted

interrupt exit terminated

scheduler dispatch

I/O or event completion I/O or event wait
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Represented by the C structure task struct

pid t pid; /* process identifier */
long state; /* state of the process
*/

unsigned int time slice /* scheduling information */
struct task struct *parent;/* this process s parent */
struct list head children; /* this process’ s children */
struct files struct *files;/* list of open files */
struct mm struct *mm; /* address space of this process

*/

)

NN

struct task_struct
process information

struct task_struct
process information

R M I L

Wt

current

struct task_struct
process information

(currently executing proccess)
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I/O wait queue [« I/O request [«
time slice
expired
perrn termination | createchild | |
wait queue procese
interrupt interrupt | wait for an ”
OCCurs wait queue interrupt
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|
|

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

parent (pid > 0)

parent resumes
parent

int main()

{

pid t pid;

child (pid = 0)

/* fork a child process */
pid = fork();

if (pid < 0) { /* error occurred */
fprintf(stderr, "Fork Failed"):
return 1;

}

else if (pid == 0) { /* child process */
execlp("/bin/1s","1s" ,NULL);

else { /* parent process */
/* parent will wait for the child to complete */
wait (NULL);
printf("Child Complete");

}

return 0;

}

o L o =V aseid Jole piww pudlio 3.22 YeYF ol & vwsl 50




o S g 5o sl 8 51 (550

systemd
pid=1

sshd
pid = 3028

python
pid = 2808

bash
pid = 8416

sshd
pid = 3610

tcsh
pid = 4005

vim
pid = 9204
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‘f“‘f?}"f Creating a Separate Process via Windows API

#include =stdio.h=>
#include =<=windows.h>

int main(VOID)

{

STARTUPINFO =i;
PROCESS_INFORMATION pi;

/* allocate memory */
ZeroMemory (ksi, sizeof(si));
si.cb = sizeof(si);
ZeroMemory (&pi, sizeof(pi));

/* create child process */
if (!CreateProcess(NULL, /#* use command line */
"C:\\WINDOWS\\system32\\mspaint.exe", /* command */
NULL, /* don’t inherit process handle */
NULL, /% don’t inherit thread handle */
FALSE, /* disable handle inheritance */
0, /* no creation flags */
NULL, /#* use parent’s environment block */
NULL, /* use parent’s existing directory =/
&si,

&pi))

{
fprintf (stderr, "Create Process Failed");
return -1;
¥
/* parent will wait for the child to complete */
WaitForSingleObject (pi.hProcess, INFINITE);
printf("Child Complete");

/* close handles */
CloseHandle (pi.hProcess);
CloseHandle (pi.hThread) ;

}
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o L o =V aseid Jole piww pudlio 3.27 YeYF ol & vwsl 50



s Ll s |53 elodl

a ol Wl o] 3 g als assls oS Col u] )8 ety wu 8
el 00,5 las aesls b ooy plodl
o anl,d b aswait ()  Sleslyd e Alg )5
D9b o s (Orphan) o

61 639,9 Hlomen Lol aidl aesls a5 coul gun],d ool Bos T 43
318 0529 leaisl 3 oo yo o) sl
Jlg) wdbl o (glly gad ST (Jg bl anils a3
ey SO ol (b 0o, SO Ll iwait () ol
Dei o hos(Zombie)

o L o =V aseid Jole piww pudlio 3.28 YeYF ol & vwsl 50




7 955 5559r0- sl eadjlo puder (g lone

Do oo Lyl oty aigl 13 O lgie a4 09 )5 590 5l ol ®
DL L aiS S cal (S 55900 S 09 S ol el ol g Sy ST
.09.&

Fl 00l LSis caliBee anl)d g5 da 5l g el o1 8 w095 595 5,90

S oo e |, aSs O g Segs g0y bl JSygp0 aial 8 s

o Sl ol s HTML U oS oo ,05, |, g Olnio ousS yaiy wiul 8 2
SIUS 0SS H) 9 0 (0 3L AT (Sulw g ;B sl ol SISy s
gl o ol

5,08 3925 5wl yd S digidles ol

5 Sews /O o s s Dl o | ] (Sandbox) oSbosw & o s
wile, (oo J.‘éb} 01y sl sl oolitul sguw il g WS o sgasee |, aSis

G Chrome Browser 0S-BOOK.COM X Wlley Operating System ¢ X ses BBC - Homepage

e

| https:// oogle.com/chrome/bro r/desktop/ W
c chrome DOWNLOAD -~ CHAXOMEBOOKS ~ CHROMECAST ~ f-‘“«

Each tab represents a separate process.
YoYF olf & sl 5o



4
#

1

S i bl | (IPC)

o
)
\

il e b Jites Col (S s o 09,0 slaon] 8
Co by 03,05 b K00 lhan] )b wiily e, Ken slaasyT)s "
e gloai sl eolasl LYo »
Sledb! (64188 Sl
Slwloe a4 iy Sy
oos 2¥95be
oolazn] &d g
35,00 5k (IPC) anT) o bl )l 4 5w sloas T3 ™
plo JLo)l =V S i adasl>—) 1o ,lo 09> IPC Jos 9o °

A0

o L o =V aseid Jole piww pudlio 3.30 YeYF ol & vwsl 50



o
B
g 3
o

Gl byl s Jus

(a) Shared memory.

process A

R

shared memory

process B

kernel
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(a)
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(b) Message passing.

process A

process B

message queue

Mo

miq(my[(ms] ...

kernel

(b)
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= Shared data
#define BUFFER_SIZE 10

typedef struct {

} item;

item buffer[BUFFER _SIZE];
int in = 0;

int out = 0;
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‘w-—f Producer Process — Shared Memory

item next produced;

while (true) {
/* produce an item in next produced */
while (((in + 1) % BUFFER_SIZE) == out)
; /* do nothing-buffer is full*/
buffer[in] = next produced;
in = (in + 1) % BUFFER_SIZE;

A

Y
= \
»
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~4%7 Consumer Process — Shared Memory

item next_consumed;

while (true) {
while (in == out)

; /* do nothing- buffer is empty */
next consumed = buffer[out];

out = (out + 1) % BUFFER_SIZE;

/* consume the item in next consumed */
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while (true) {
/* produce an item in next produced */

while (counter == BUFFER_SIZE)
; /* do nothing */

buffer[in] = next produced;

in = (in + 1) % BUFFER_SIZE;

counter++;

YeYF ol & vwsl 50
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while (true) {
while (counter == 0)
; /* do nothing */

next_consumed = buffer[out];

out = (out + 1) % BUFFER_SIZE;

counter--;

/* consume the item in next consumed */

YeYF ol & vwsl 50



T ailwo b oRace Condition

" counter++ could be implemented as
registerl = counter
registerl = registerl + 1
counter = registerl

" counter-- could be implemented as

register2 = counter
register2 = register2 - 1
counter = register2

= Consider this execution interleaving with “count = 57 initially:

S0: producer execute registerl = counter {registerl = 5}
S1: producer execute registerl = registerl + 1 {registerl = 6}
S2:. consumer execute register2 = counter {register2 = 5}
S3: consumer execute register2 = register2 - 1 {register2 = 4}
S4: producer execute counter = registerl {counter =6}
S5: consumer execute counter = register?2 {counter = 4}
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Mailbox Mailbox = Mailbox =

Q> o g b Gygy SO ol

fn Syg Gk il ply <8bye 5 Jlw)l

INgh (g0 By py Oype 4 bl lo Sles ®
* send(A, message) — send a message to port A

* receive(A, message) — receive a message from
port A
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«4%7 Producer-Consumer: Message Passing

= Producer
message next produced;
while (true) {
/* produce an item in next produced */
send (next produced) ;

J

= Consumer
message next consumed;
while (true) {
receive (next consumed)
/* consume the item in next consumed */

}
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~%»/ Local Procedure Calls in Windows

Client

Server

Connection
request Connection Handle
Port
Handle Client
Communication Port
Server Handle

Communication Port

Shared

<«—— | Section Object |[€——>

R M I L

(> 256 bytes)

3.52
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““?rf Communications in Client-Server Systems

Sockets b c5 g ™

RPC - Remote g0 0l jl ag, oylgsl,8 ®
Procedure Calls
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r o Socket Communication
host X
(146.86.5.20)

socket
(146.86.5.20:1625)

web server
(161.25.19.8)

socket
(161.25.19.8:80)
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Connection ﬁ}

Client > Port J
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Client
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o Socket Communication

i #4

L\

Server Client
Socket() Socket()
Bind()
Listen()
Accept()
Server is waiting for a
client connection. Other = Connect()
processes are blocked
Read() | - e Write()
Write() e Read()
Close() Close()
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Sockets in Java

import java.net.x*;
import java.io.*;

public class DateServer

{

public static void main(String[] args) {

try {
ServerSocket sock = new ServerSocket(6013);

/* now listen for connections */
while (true) {
Socket client = sock.accept() ;

PrintWriter pout = new

0,10 0929 CS g £gi A ®
(TCP))P“ Jlail ¢
(UDP) Jlas! oy
|, b oslsMulticastSocket - ¢
Jlo)lodi 5 paiz @ g o

0,S

PrintWriter(client.getOutputStream(), true);

/* write the Date to the socket */

pout.println(new java.util.Date().toString());

/* close the socket and resume */
/* listening for connections */
client.close();

}

catch (IOException ioe) {
System.err.println(ioe);

}
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7 Sockets Iin Java

[ ¥

import java.net.x*;
The equivalent Date import java.io.*;
client public class DateClient
{
public static void main(String[] args) {
try {
/* make connection to server socket */
Socket sock = new Socket("127.0.0.1",6013);
InputStream in = sock.getInputStream();
BufferedReader bin = new
BufferedReader (new InputStreamReader(in));
/* read the date from the socket */
String line;
while ( (line = bin.readLine()) != null)
System.out.println(line) ;
/* close the socket connection*/
sock.close();
}
catch (IOException ioe) {
System.err.println(ioe);
}
}
}
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Remote Procedure Call
® Basic RPC operation

Server callp(x,v,z) Client

-

Return (P)

-\

Network

Client Machine

Client o

Return Call
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‘ Unpack Pack
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| Client Stub
1
1
1
1
1
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1
1

Server Machine

Server stub o

Unpack Pack

RPC Runtime

Call Packet

Result Packet
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End of Chapter 3
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