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$r‘ Process Concept
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Process in Memory

max

Usually temporary data (such as

stack function parameters, return addresses,
and local variables) - stored for a short

l amount of time in memory
Dynamically allocated during
heap process run-time
data Global variables
compiled code of the program text

0

void fool()

1 - - - g - . - .
I 2 255 characters are allocated in the heap
1 1
! but ptr obiect is on the stack !
// \\ 0
U 290%™
int array[255]; <<< 255 ints are all on the stack “ A
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r & Program and Process
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Xl Process State

:(state) 1axn Nx P'7nNN Mwn 1IN 170N e
— o new: The process is being created
e running: Instructions are being executed

o waiting: The process is waiting for some
event to occur (e.g., I/0O completion)

o ready:. The process is waiting to be assigned
to a processor

momentary states

o terminated: The process has finished
execution
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admitted interrupt

scheduler dispatch

I/O or event completion I/O or event wait
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“®””  Process Control Block (PCB)

Information associated with each process
e Process state

e Program counter — address of next
instruction

e CPU registers

e CPU scheduling information — e.g.,
process priority, pointers to scheduling
queues

e Memory-management information — value
of base and limit registers, page or segment
tables

e Accounting information

e |/O status information — list of open files, 1/0O
devices allocated to the process

Operating System Concepts - 8" Edition 3.11
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process number

program counter

registers

memory limits

list of open files
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“W’ CPU Switch From Process to Process

process P,

executing ﬁ /
Y

executing ¥‘¥

-

- idle

operating system process P,
interrupt or system call
save state into PCB,
. > idle

reload state from PCB,

interrupt or system call

1
[ ¥

save state into PCB,

reload state from PCB,

executing

~

>idle
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“»*’  Process Scheduling Queues
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M» " Ready Queue And Various I/0O Device Queues

queue header PCB; PCB,
ready head = | —
queue tail registers registers
° L ]
° °
L ] L
mag head +——=
tape ; -
unit 0 tal  ——=
{nag head +——=
ape
uni{)1 tail ) PCB; PCBg
/ B B
disk head
PCB;
terminal head > —=
unit 0 T P
L ]
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‘“%"" Representation of Process Scheduling

Queuing Diagram

Why start at ready queue?

—_— >
| ready queue CPU
I/O queue <« |/Orequest [
time slice
expired

Wait for the child to finish execution

child fork a
@‘7 child i

interrupt wait for an
occurs interrupt
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o Schedulers

e Long-term scheduler (or job scheduler) — selects which
processes should be brought into the ready queue — loads

processes from disk to memory

e Short-term scheduler (or CPU scheduler) — selects which
process should be executed next (from the ready queue) and

allocates CPU

swap in partially executed

swapped-out processes

swap out

ready queue

Yy

-@ » end

I/O waiting
queues
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- Schedulers (Cont)
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55 Schedulers (Cont)
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au* Context Switch

NA'N NDWNAN ,ONX )'7NN2 7907 N2y TAVNN YWUKRD e
-N DX ?)1v0?"1 oronn 1'7nnn 9w state -n NX YWY
context switch niy¥nxa wTNN '7nNn 7w Nnwnstate

PCB -2 ymwi '1-%y axim 1'7nn 7w context -n e

novnn pw overhead Xin context switch -n vix'a ar e
UNNYNN NN TYNYNY nTIAY Nyxan NN

ND>'MNNN yoswin context switch -n yix'a mrywun .
faR)al[pht

o E.g., Sun UltraSPARC provides multiple sets of
registers
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r Process Creation

e Creating a process — using create process system call

e Parent process create children processes, which, in turn create other
processes, forming a tree of processes

e Generally, process identified and managed via a process identifier (pid)
e Resource sharing (cpu time, memory, 1/0O devices)

Root parent

e Parent and children share all resources process for all

User processes

o Children share subset of parent’s resources

pageout
pld =2

i emory File
o Parent and child share no resources —etwerk e, wien
4 One process can overload the system .pld=14o services

by creating many processes

telnetdaemon
pid = 7776
Csh
pid = 7778

Netscape l emacs

e |Initialization data is passed from parent to
child upon creation

A tree of processes on
a typical Solaris
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V Process Creation (Cont)

e [Execution
o Parent and children execute concurrently
o Parent waits until children terminate
e Address space
o Child duplicate of parent — same program and data
o Child has a program loaded into it
e UNIX examples
o fork system call creates new process
4 Parent’s address space is duplicated
4 Both processes resume execution at the instruction after the fork()

o exec system call used after a fork to replace the process’ memory
space with a new program

o Wait() — takes the process out the ready queue until the child process
terminates

oAt H‘\\
N "‘“«\\%
p. /}v\'(
A A%
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& Process Creation

parent . resumes
wait »

child exec() »

A Y
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g"f};"’f C Program Forking Separate Process
int main()
{
pid_t pid;
[* fork another process */
pid = fork();

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

Y

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

Y

else { /* parent process */
/* parent will wait for the child to complete */
wait (NULL);
printf ("Child Complete");
exit(0);

}
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rat Process Termination
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“»”  Interprocess Communication
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IPC (interprocess Niyxnxa XN YT QIN'ya Nd'NNn e
communication)

APC v D'7Tm 1w e

o Shared MEMOIY — usually resides in the address space of
creating process

» Message passing
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Communications Models

process A M

process B M

kernel M
(a)

* Better for exchanging small messages
(no conflicts need to be avoided)
« Easier to implement

Operating System Concepts - 8" Edition
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 Faster

process A —
PH §
shared ﬂ
2
process B d
kernel
(b)

A X
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%7’ Producer-Consumer Problem

e Paradigm for cooperating processes, producer
process produces information that is consumed by a
consumer process (e.g., compiler produces assembly code,
consumed by the assembler)

e Shared memory solution:

o unbounded-buffer places no practical limit on the
size of the buffer (producer never waits)

o bounded-buffer assumes that there is a fixed
buffer size
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M?‘;i"f Bounded-Buffer — Shared-Memory Solution

e Shared data
#define BUFFER_SIZE 10
typedef struct {

} item;
item buffer[BUFFER_SIZE];

intin = 0;
int out = 0;

N

S|
SRS
- . 7 \3‘"

A
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o Bounded-Buffer — Producer

while (true) {
/* Produce an item */

while (((in + 1) % BUFFER SIZE) == out)
; [* do nothing -- no free buffers */
buffer[in] = item;

in=(in + 1) % BUFFER SIZE;

> ’\wx

W > < N\;\‘
/D
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5%’ Bounded Buffer — Consumer

while (true) {
while (in == out)
; [/ do nothing -- nothing to consume

/l remove an item from the buffer

item = buffer[out];

out = (out + 1) % BUFFER SIZE;
return item;

}
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277 Interprocess Communication — Message Passing

D'2'70N "2 |ND101 MIYPN? DTINdN DIINN e

D'INYN? NYWAL IX X77 NYUPD' 0DD'Y70NNY KRID [I'VIN e
(shared variables) n'oniwn

N171v9 'y poon |IPC facility -n e
o send(message)
o receive(message)
DNV DN WPN? XN Q-1P DX e
DN'1'a communication link A7 e
send/receive NITIPO NIYXNANA NIVTIN 1'AVNT7 e

shared) nanin niv¥nxa Xin communication link -n winm e
(‘D1 memory, hardware bus
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& Direct Communication

e Processes must name each other explicitly:
o send (P, message) — send a message to process P
o receive(Q, message) — receive a message from process Q
e Properties of communication link
o Links are established automatically
o Alink is associated with exactly one pair of communicating processes
o Between each pair there exists exactly one link
o The link may be unidirectional, but is usually bi-directional
e Main disadvantage:

o Changing the identifier of a process result with many changes in the
communication scheme

oAt H‘\\
N "‘“«\\%
p. /}v\'(
A A%
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-5 Indirect Communication

e Messages are directed and received from mailboxes (also referred to as
ports)

o Each mailbox has a unique id
o Processes can communicate only if they share a mailbox
e Primitives are defined as:
send(A, message) — send a message to mailbox A
receive(A, message) — receive a message from mailbox A
e Properties of communication link
o Link established only if processes share a common mailbox
o Alink may be associated with many processes
o Each pair of processes may share several communication links
o Link may be unidirectional or bi-directional

oAt H‘\\
> < "‘“«\\%
2 }\\ﬁ
A A%
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Indirect Communication

H

e Operations
o create a new mailbox
e send and receive messages through mailbox
o destroy a mailbox
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. & Indirect Communication

e Mailbox sharing
o P1, P2, and P3 share mailbox A
° P1, sends; P2 and P3 receive
o Who gets the message?
e Solutions
o Allow a link to be associated with at most two processes
» Allow only one process at a time to execute a receive operation

o Allow the system to select arbitrarily the receiver. Sender is notified
who the receiver was

4 Alternatively — define an algorithm for selecting which process will
receive the message (e.g., round robin)
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a}r‘ Synchronization

- |"'9INN NI'NT 712" message passing -n [N e
blocking or non-blocking

N"1ND1'0 NIIXN Nawna blocking nixn e
:(synchronous)
Nn7apnn nyTInnw TV block vxan n71wn — Blocking send  «

N1t nyTInnw TV block vxan 7an — Blocking receive o
N72777

:N"11ND2'0-X NMIXN NAwNl hon-blocking naixn e

J'wnnil nYTINN DX N7IY n71wn — Non-blocking send
IN71yo1

N'N ON DA NYTINN DX 7270 7a7nn — Non-blocking receive o
null Ix invalid
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e Whether direct or indirect, messages must reside in a queue;
implemented in one of three ways:

1. Zero capacity — no messages can wait in queue. Sender
must block until recipient receives the message
Sender must wait for receiver (rendezvous)

2. Bounded capacity - finite length of n messages
Sender must wait if link full

3. Unbounded capacity — infinite length
Sender never waits

Operating System Concepts - 8" Edition 3.38 Silberschatz, Galvin and Gagne ©2009




/’%

“»”/ Communications in Client-Server Systems
e Sockets

e Remote Procedure Calls
e Remote Method Invocation (Java)
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e A socket is defined as an endpoint for communication
e Concatenation of IP address and port

e The socket 161.25.19.8:1625 refers to port 1625 on host
161.25.19.8

e Communication consists between a pair of sockets

.; /‘)’ \x\‘
()
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PP, :
v What is a socket?

e An interface between application and network
o The application creates a socket
o The socket fype dictates the style of communication
4 reliable vs. best effort
4 connection-oriented (e.g., phone) vs. connectionless (e.g., mail)
e Once configured the application can
o pass data to the socket for network transmission

o receive data from the socket (transmitted through the network by some
other host)

UDP

Silbersc
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< Socket Communication
host X Port 65:535

(146.86.5.20)

Server waits for incoming
client requests by listening
to a specified port

socket
(146.86.5.20:1625)

web server
(161.25.19.8)

Servers implementing specific services (such as
telnet, FTP, and HTTP) listen to well-known
ports (a telnet server listens to port 23; an FTP
server listens to port 21; and a Web, or HTTP,
server listens to port 80)

socket
(161.25.19.8:80)
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ot Remote Procedure Calls

e Remote procedure call (RPC) abstracts procedure calls between processes
on networked systems

e Stubs - client-side proxy for the actual procedure on the server
e The client-side stub locates the server and marshalls the parameters

e The server-side stub receives this message, unpacks the marshalled
parameters, and performs the procedure on the server

Client Server
Application Application
Sl R
Client Stub Server Stub

Transport Transport
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Remote Method Invocation

e Remote Method Invocation (RMI) is a Java mechanism similar to RPCs

e RMI allows a Java program on one machine to invoke a method on a
remote object

JVM

JVM

Java @
program

gl

\\\\
> : ?}\ N
, <
// x\

4

A7)

\, %
e

Operating System Concepts - 8" Edition 3.44 Silberschatz, Galvin and Gagne ©2009




i,
2

ﬁ,‘m».‘

Marshalling Parameters

{ Client Program

[y

¥

{ Server Program )

client

remote object

[y

¥

/ Stubs & Skeletons

Stubs & Skeletons

RMI
Remote Reference Layer
System -

Remote Reference Layer

T raWayer

intercepts method calls made by the
client to the interface reference variable
and redirects these calls to a remote RMI
service

The RMI principle: the

val = server.someMethod(A,B)

boolean someMethod (Object x, Object y)
{

implementation of someMethod

P

definition of behavior and

the implementation of
that behavior are

separate concepts. RMI allows the

code that defines the behavior and

the code that implements the
behavior to remain separate and to

run on separate JVMs.
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stub skeleton
y A
understands how to interpret
and manage references A, B, someMethod
made from clients to the
remote service objects.
boolean return value
zInterfaces
Service
mterfam
Client Server
Service Service > 3 \
Proxy ( Implementatian 2= ,\;‘\\‘)
RMI "Strews PR
"Magic" }‘;v 5
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