Operating System Unit- 2
Process in Operating System

A process is a program in execution which then forms the basis
of all computation. The process is not as same as program code
but a lot more than it. A process is an 'active' entity as opposed
to the program which is considered to be a 'passive' entity.
Attributes held by the process include hardware state, memory,
CPU, etc.

Process memory is divided into four sections for efficient
working :

- The Text section is made up of the compiled program
code, read in from non-volatile storage when the program
is launched.

- The Data section is made up of the global and static
variables, allocated and initialized prior to executing the
main.

- The Heap is used for the dynamic memory allocation and
is managed via calls to new, delete, malloc, free, etc.

- The Stack is used for local variables. Space on the stack is
reserved for local variables when they are declared. 6
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Figure: Process in the Memory

The different Process States

Processes in the operating system can be in any of the
following states:

- NEW- The process is being created.

« READY- The process is waiting to be assigned to a
processor.

« RUNNING- Instructions are being executed.

« WAITING- The process is waiting for some event to
occur(such as an I/0 completion or reception of a signal).

« TERMINATED- The process has finished execution.



Terminated

admitted Interuppt

Running
Scheduler

Dispatch

/O or
event wait
completion

Process Control Block

There is a Process Control Block for each process, enclosing all
the information about the process. It is also known as the task
control block. It is a data structure, which contains the
following:

- Process State: It can be running, waiting, etc.
« Process ID and the parent process ID.

« CPU registers and Program Counter. Program
Counter holds the address of the next instruction to be
executed for that process.

« CPU Scheduling information: Such as priority information
and pointers to scheduling queues.

- Memory Management information: For example, page
tables or segment tables.



« Accounting information: The User and kernel CPU time
consumed, account numbers, limits, etc.

- I/0 Status information: Devices allocated, open file

tables, etc.

Process

Program

The process is basically an
instance of the computer
program that is being
executed.

A Program is basically a collection of
instructions that mainly performs a
specific task when executed by the
computer.

A process has a shorter
lifetime.

A Program has a longer lifetime.




Process Program

A Process requires resources
such as memory, CPU, Input-
Output devices.

A Program is stored by hard-disk and does
not require any resources.

A process has a dynamic

, A Program has static code and static data.
instance of code and data

Basically, a process is
the running instance of the
code.

On the other hand, the program is
the executable code.




Process vs Program

Let us take a look at the differences between Process and
Program:

Process Scheduling

When there are two or more runnable processes then it is
decided by the Operating system which one to run first then it
is referred to as Process Scheduling.

A scheduler is used to make decisions by using some
scheduling algorithm.

Given below are the properties of a Good Scheduling
Algorithm:

Response time should be minimum for the users.

The number of jobs processed per hour should be
maximum i.e Good scheduling algorithm should give
maximum throughput.

The utilization of the CPU should be 100%.

Each process should get a fair share of the CPU.



What is Process Scheduling?

The act of determining which process is in the ready state, and
should be moved to the running state is known as Process
Scheduling.

The prime aim of the process scheduling system is to keep the
CPU busy all the time and to deliver minimum response time
for all programs. For achieving this, the scheduler must apply
appropriate rules for swapping processes IN and OUT of CPU.

Scheduling fell into one of the two general categories:

« Non Pre-emptive Scheduling: When the currently
executing process gives up the CPU voluntarily.

« Pre-emptive Scheduling: When the operating system
decides to favour another process, pre-empting the
currently executing process.




What are Scheduling Queues?

« All processes, upon entering into the system, are stored in
the Job Queue.

- Processes in the Ready state are placed in the Ready
Queue.

« Processes waiting for a device to become available are

placed in Device Queues. There are unique device queues
available for each 1/0 device.

A new process is initially put in the Ready queue. It waits in the
ready queue until it is selected for execution(or dispatched).
Once the process is assigned to the CPU and is executing, one
of the following several events can occur:

- The process could issue an I/0 request, and then be
placed in the I/0 queue.

- The process could create a new subprocess and wait for its
termination.

« The process could be removed forcibly from the CPU, as a
result of an interrupt, and be put back in the ready queue.
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In the first two cases, the process eventually switches from the
waiting state to the ready state, and is then put back in the
ready queue. A process continues this cycle until it terminates,
at which time it is removed from all queues and has its PCB and
resources deallocated.

Types of Schedulers

There are three types of schedulers available:
1. Long Term Scheduler
2. Short Term Scheduler
3. Medium Term Scheduler

Let's discuss about all the different types of Schedulers in detail:



Long Term Scheduler

Long term scheduler runs less frequently. Long Term
Schedulers decide which program must get into the job queue.
From the job queue, the Job Processor, selects processes and
loads them into the memory for execution. Primary aim of the
Job Scheduler is to maintain a good degree of
Multiprogramming. An optimal degree of Multiprogramming
means the average rate of process creation is equal to the
average departure rate of processes from the execution
memory.

Short Term Scheduler

This is also known as CPU Scheduler and runs very frequently.
The primary aim of this scheduler is to enhance CPU
performance and increase process execution rate.

Medium Term Scheduler

This scheduler removes the processes from memory (and from
active contention for the CPU), and thus reduces the degree of
multiprogramming. At some later time, the process can be
reintroduced into memory and its execution van be continued
where it left off. This scheme is called swapping. The process is
swapped out, and is later swapped in, by the medium term
scheduler.

Swapping may be necessary to improve the process mix, or
because a change in memory requirements has overcommitted
available memory, requiring memory to be freed up. This
complete process is descripted in the below diagram:
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Operations on Processes

e Difficulty Level : Easy
e Last Updated : 30 Apr, 2020

Process: A process is an activity of executing a program. Basically, it is a
program under execution. Every process needs certain resources to
complete its task.

Stack

Heap

Data

Text

Operation on a Process:
The execution of a process is a complex activity. It involves various


https://www.geeksforgeeks.org/introduction-of-process-management/
https://www.geeksforgeeks.org/easy/
https://media.geeksforgeeks.org/wp-content/cdn-uploads/gq/2015/06/process.png

operations. Following are the operations that are performed while
execution of a process:

Schedule

Termination

Preempt
Block

1. Creation: This the initial step of process execution activity. Process
creation means the construction of a new process for the execution. This
might be performed by system, user or old process itself. There are
several events that leads to the process creation. Some of the such events
are following:

« When we start the computer, system creates several

background processes.

« A user may request to create a new process.

« A process can create a new process itself while executing.

« Batch system takes initiation of a batch job.
2. Scheduling/Dispatching: The event or activity in which the state of
the process is changed from ready to running. It means the operating
system puts the process from ready state into the running state.
Dispatching is done by operating system when the resources are free or
the process has higher priority than the ongoing process. There are
various other cases in which the process in running state is preempted
and process in ready state is dispatched by the operating system.
3. Blocking: When a process invokes an input-output system call that
blocks the process and operating system put in block mode. Block mode
is basically a mode where process waits for input-output. Hence on the
demand of process itself, operating system blocks the process and



dispatches another process to the processor. Hence, in process blocking
operation, the operating system puts the process in ‘waiting’ state.
4. Preemption: When a timeout occurs that means the process hadn’t
been terminated in the allotted time interval and next process is ready
to execute, then the operating system preempts the process. This
operation is only valid where CPU scheduling supports preemption.
Basically this happens in priority scheduling where on the incoming of
high priority process the ongoing process is preempted. Hence, in
process preemption operation, the operating system puts the process in
‘ready’ state.
5. Termination: Process termination is the activity of ending the
process. In other words, process termination is the relaxation of
computer resources taken by the process for the execution. Like
creation, in termination also there may be several events that may lead
to the process termination. Some of them are:

« Process completes its execution fully and it indicates to the OS

that it has finished.
« Operating system itself terminates the process due to service
errors.
« There may be problem in hardware that terminates the process.
« One process can be terminated by another process.

What is Interprocess Communication?

Interprocess communication is the mechanism provided by the operating
system that allows processes to communicate with each other. This
communication could involve a process letting another process know that some
event has occurred or the transferring of data from one process to another.

A diagram that illustrates interprocess communication is as follows —

Interprocess

Communication
Process P1 < > Process P2

Synchronization in Interprocess Communication

Synchronization is a necessary part of interprocess communication. It is either
provided by the interprocess control mechanism or handled by the



communicating processes. Some of the methods to provide synchronization are
as follows —

+ Semaphore
A semaphore is a variable that controls the access to a common
resource by multiple processes. The two types of semaphores are
binary semaphores and counting semaphores.

e Mutual Exclusion
Mutual exclusion requires that only one process thread can enter
the critical section at a time. This is useful for synchronization and
also prevents race conditions.

« Barrier
A barrier does not allow individual processes to proceed until all
the processes reach it. Many parallel languages and collective
routines impose barriers.

e Spinlock
This is a type of lock. The processes trying to acquire this lock wait
in a loop while checking if the lock is available or not. This is known
as busy waiting because the process is not doing any useful
operation even though it is active.

Approaches to Interprocess Communication

The different approaches to implement interprocess communication are given
as follows —

« Pipe
A pipe is a data channel that is unidirectional. Two pipes can be
used to create a two-way data channel between two processes. This
uses standard input and output methods. Pipes are used in all
POSIX systems as well as Windows operating systems.

» Socket
The socket is the endpoint for sending or receiving data in a
network. This is true for data sent between processes on the same
computer or data sent between different computers on the same
network. Most of the operating systems use sockets for interprocess
communication.

e File
A file is a data record that may be stored on a disk or acquired on
demand by a file server. Multiple processes can access a file as
required. All operating systems use files for data storage.

» Signal
Signals are useful in interprocess communication in a limited way.
They are system messages that are sent from one process to



another. Normally, signals are not used to transfer data but are
used for remote commands between processes.

Shared Memory

Shared memory is the memory that can be simultaneously accessed
by multiple processes. This is done so that the processes can
communicate with each other. All POSIX systems, as well as
Windows operating systems use shared memory.

Message Queue

Multiple processes can read and write data to the message queue
without being connected to each other. Messages are stored in the
queue until their recipient retrieves them. Message queues are
quite useful for interprocess communication and are used by most
operating systems.

A diagram that demonstrates message queue and shared memory methods of
interprocess communication is as follows —

Approaches to Interprocess Communication

Process P1 — Process P1
Shared Memory *‘) Process P2 .
Process P2
> Message Queue
Kernel Kernel
Shared Memory Message Queue

Operating System - Multi-Threading



What is Thread?

A thread is a flow of execution through the process code, with its own program
counter that keeps track of which instruction to execute next, system registers
which hold its current working variables, and a stack which contains the
execution history.

A thread shares with its peer threads few information like code segment, data
segment and open files. When one thread alters a code segment memory item,
all other threads see that.

Athreadis also called a lightweight process. Threads provide a way to improve
application performance through parallelism. Threads represent a software
approach to improving performance of operating system by reducing the
overhead thread is equivalent to a classical process.

Each thread belongs to exactly one process and no thread can exist outside a
process. Each thread represents a separate flow of control. Threads have been
successfully used in implementing network servers and web server. They also
provide a suitable foundation for parallel execution of applications on shared
memory multiprocessors. The following figure shows the working of a single-
threaded and a multithreaded process.
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Difference between Process and Thread

S.N Process Thread

1 Process is heavy weight Thread is light weight, taking lesser resources than a process.
or resource intensive.

2 Process switching Thread switching does not need to interact with operating
needs interaction with  system.
operating system.

3 In multiple processing  All threads can share same set of open files, child processes.
environments, each
process executes the
same code but has its
own memory and file
resources.

4 If one process is While one thread is blocked and waiting, a second thread in tt
blocked, then no other  same task can run.
process can execute
until the first process is
unblocked.

5 Multiple processes Multiple threaded processes use fewer resources.
without using threads
use more resources.

6 In multiple processes One thread can read, write or change another thread's data.
each process operates
independently of the
others.

Advantages of Thread

e Threads minimize the context switching time.

e Use of threads provides concurrency within a process.

o Efficient communication.

o Itis more economical to create and context switch threads.



o Threads allow utilization of multiprocessor architectures to a greater
scale and efficiency.

Types of Thread

Threads are implemented in following two ways —

« User Level Threads — User managed threads.
« Kernel Level Threads — Operating System managed threads
acting on kernel, an operating system core.

User Level Threads

In this case, the thread management kernel is not aware of the existence of
threads. The thread library contains code for creating and destroying threads,
for passing message and data between threads, for scheduling thread execution
and for saving and restoring thread contexts. The application starts with a single
thread.

Process P1 Process P2
> ) 2 3 3
L ! " {: Sy
g 33 2 2
User Space = —
Thread Library Thread Library
Kernel Space
CPU cpPu CPU CPU
Advantages

e Thread switching does not require Kernel mode privileges.
e User level thread can run on any operating system.
e Scheduling can be application specific in the user level thread.



o User level threads are fast to create and manage.
Disadvantages

e In atypical operating system, most system calls are blocking.
e Multithreaded application cannot take advantage of multiprocessing.

Kernel Level Threads

In this case, thread management is done by the Kernel. There is no thread
management code in the application area. Kernel threads are supported directly
by the operating system. Any application can be programmed to be
multithreaded. All of the threads within an application are supported within a
single process.

The Kernel maintains context information for the process as a whole and for
individuals threads within the process. Scheduling by the Kernel is done on a
thread basis. The Kernel performs thread creation, scheduling and
management in Kernel space. Kernel threads are generally slower to create and
manage than the user threads.

Advantages

e Kernel can simultaneously schedule multiple threads from the same
process on multiple processes.

e If one thread in a process is blocked, the Kernel can schedule another
thread of the same process.

e Kernel routines themselves can be multithreaded.

Disadvantages
e Kernel threads are generally slower to create and manage than the user
threads.

o Transfer of control from one thread to another within the same process
requires a mode switch to the Kernel.

Multithreading Models

Some operating system provide a combined user level thread and Kernel level
thread facility. Solaris is a good example of this combined approach. In a
combined system, multiple threads within the same application can run in
parallel on multiple processors and a blocking system call need not block the
entire process. Multithreading models are three types

e Many to many relationship.
e Many to one relationship.
e One to one relationship.



Many to Many Model

The many-to-many model multiplexes any number of user threads onto an
equal or smaller number of kernel threads.

The following diagram shows the many-to-many threading model where 6 user
level threads are multiplexing with 6 Kkernel level threads. In this model,
developers can create as many user threads as necessary and the corresponding
Kernel threads can run in parallel on a multiprocessor machine. This model
provides the best accuracy on concurrency and when a thread performs a
blocking system call, the kernel can schedule another thread for execution.
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Many to One Model

Many-to-one model maps many user level threads to one Kernel-level thread.
Thread management is done in user space by the thread library. When thread
makes a blocking system call, the entire process will be blocked. Only one thread
can access the Kernel at a time, so multiple threads are unable to run in parallel
on multiprocessors.

If the user-level thread libraries are implemented in the operating system in
such a way that the system does not support them, then the Kernel threads use
the many-to-one relationship modes.
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One to One Model

There is one-to-one relationship of user-level thread to the kernel-level thread.
This model provides more concurrency than the many-to-one model. It also
allows another thread to run when a thread makes a blocking system call. It
supports multiple threads to execute in parallel on microprocessors.

Disadvantage of this model is that creating user thread requires the
corresponding Kernel thread. OS/2, windows NT and windows 2000 use one to

one relationship model.

CPU
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Difference between User-Level & Kernel-Level

Thread
S.N User-Level Threads
1 User-level threads are faster to create and

manage.

Implementation is by a thread library at the
user level.

User-level thread is generic and can run on
any operating system.

Multi-threaded applications cannot take
advantage of multiprocessing.

Kernel-Level Thread

Kernel-level threads are slower to
create and manage.

Operating system supports creation
of Kernel threads.

Kernel-level thread is specific to the
operating system.

Kernel routines themselves can be
multithreaded.



Multithreading Models in Operating system

In this article, we will understand the multithreading model in the Operating
system.

Multithreading Model:

Multithreading allows the application to divide its task into individual threads. In
multi-threads, the same process or task can be done by the number of threads,
or we can say that there is more than one thread to perform the task in
multithreading. With the use of multithreading, multitasking can be achieved.

J B

One Process ' Multiple Process Multiple
Multiple Threads Threads per Process

The main drawback of single threading systems is that only one task can be
performed at a time, so to overcome the drawback of this single threading, there
is multithreading that allows multiple tasks to be performed.

For example:

A
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‘ Web server accepting Thread t2 T i
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Thread t1 1
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In the above example, client1, client2, and client3 are accessing the web server
without any waiting. In multithreading, several tasks can run at the same time.

In an operating system

, threads are divided into the user-level thread and the Kernel-level thread. User-level threads
handled independent form above the kernel and thereby managed without any kernel support. On
the opposite hand, the operating system directly manages the kernel-level threads. Nevertheless,
there must be a form of relationship between user-level and kernel-level threads.

There exists three established multithreading models classifying these
relationships are:

o Many to one multithreading model
o One to one multithreading model

o Many to Many multithreading models
Many to one multithreading model:

The many to one model maps many user levels threads to one kernel thread. This
type of relationship facilitates an effective context-switching environment,
easily implemented even on the simple kernel with no thread support.

The disadvantage of this model is that since there is only one kernel-level thread
schedule at any given time, this model cannot take advantage of the hardware
acceleration offered by multithreaded processes or multi-processor systems. In
this, all the thread management is done in the userspace. If blocking comes, this
model blocks the whole system.
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Many-to-one model

In the above figure, the many to one model associates all user-level threads to
single kernel-level threads.

One to one multithreading model

The one-to-one model maps a single user-level thread to a single kernel-level
thread. This type of relationship facilitates the running of multiple threads in
parallel. However, this benefit comes with its drawback. The generation of every
new user thread must include creating a corresponding kernel thread causing an
overhead, which can hinder the performance of the parent process. Windows
series and Linux operating systems try to tackle this problem by limiting the
growth of the thread count.
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One-to-one model

In the above figure, one model associates that one user-level thread to a single
kernel-level thread.

Many to Many Model multithreading model

In this type of model, there are several user-level threads and several kernel-level
threads. The number of kernel threads created depends upon a particular
application. The developer can create as many threads at both levels but may not
be the same. The many to many model is a compromise between the other two
models. In this model, if any thread makes a blocking system call, the kernel can
schedule another thread for execution. Also, with the introduction of multiple
threads, complexity is not present as in the previous models. Though this model
allows the creation of multiple kernel threads, true concurrency cannot be
achieved by this model. This is because the kernel can schedule only one process
at a time.
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Many-to-Many model

Many to many versions of the multithreading model associate several user-level
threads to the same or much less variety of kernel-level threads in the above
figure.

What are thread libraries?

A thread is a lightweight of process and is a basic unit of CPU utilization which
consists of a program counter, a stack, and a set of registers.

Given below is the structure of thread in a process —

Process

Thread 1
5 SThread 2

Time




A process has a single thread of control where one program can counter and
one sequence of instructions is carried out at any given time. Dividing an
application or a program into multiple sequential threads that run in quasi-
parallel, the programming model becomes simpler.

Thread has the ability to share an address space and all of its data among
themselves. This ability is essential for some specific applications.

Threads are lighter weight than processes, but they are faster to create and
destroy than processes.

Thread Library

A thread library provides the programmer with an Application program
interface for creating and managing thread.

Ways of implementing thread library

There are two primary ways of implementing thread library, which are as
follows —

« The first approach is to provide a library entirely in user space with
kernel support. All code and data structures for the library exist in
a local function call in user space and not in a system call.

« The second approach is to implement a kernel level library
supported directly by the operating system. In this case the code
and data structures for the library exist in kernel space.

Invoking a function in the application program interface for the library
typically results in a system call to the kernel.

The main thread libraries which are used are given below —

« POSIX threads — Pthreads, the threads extension of the POSIX
standard, may be provided as either a user level or a kernel level
library.

« WIN 32 thread — The windows thread library is a kernel level
library available on windows systems.

e JAVA thread — The JAVA thread API allows threads to be created
and managed directly as JAVA programs.

CPU Scheduling Criteria

Different CPU scheduling algorithms have different properties and the choice
of a particular algorithm depends on the various factors. Many criteria have
been suggested for comparing CPU scheduling algorithms.

The criteria include the following:
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1. CPU utilisation -
The main objective of any CPU scheduling algorithm is to keep the
CPU as busy as possible. Theoretically, CPU utilisation can range
from 0 to 100 but in a real-time system, it varies from 40 to 90
percent depending on the load upon the system.

2. Throughput -
A measure of the work done by CPU is the number of processes
being executed and completed per unit time. This is called
throughput. The throughput may vary depending upon the length or
duration of processes.

3. Turnaround time —
For a particular process, an important criteria is how long it takes to
execute that process. The time elapsed from the time of submission
of a process to the time of completion is known as the turnaround
time. Turn-around time is the sum of times spent waiting to get into
memory, waiting in ready queue, executing in CPU, and waiting for
I/0.

4. Waiting time -
A scheduling algorithm does not affect the time required to
complete the process once it starts execution. It only affects the
waiting time of a process i.e. time spent by a process waiting in the
ready queue.

5. Response time -
In an interactive system, turn-around time is not the best criteria. A
process may produce some output fairly early and continue
computing new results while previous results are being output to
the user. Thus another criteria is the time taken from submission of
the process of request until the first response is produced. This
measure is called response time.

There are various CPU Scheduling algorithms such as-

«__First Come First Served (FCFS)

o Shortest Job First (SJF)

«__Longest Job First (LJF)

e Priority Scheduling

«__Round Robin (RR)

e Shortest Remaining Time First (SRTF)
«__Longest Remaining Time First (LRTF)

Operating System Scheduling algorithms
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A Process Scheduler schedules different processes to be assigned to the CPU
based on particular scheduling algorithms. There are six popular process
scheduling algorithms which we are going to discuss in this chapter —

First-Come, First-Served (FCFS) Scheduling
Shortest-Job-Next (SJN) Scheduling
Priority Scheduling

Shortest Remaining Time

Round Robin(RR) Scheduling
Multiple-Level Queues Scheduling

These algorithms are either non-preemptive or preemptive. Non-preemptive
algorithms are designed so that once a process enters the running state, it

cannot be

preempted until it completes its allotted time, whereas the

preemptive scheduling is based on priority where a scheduler may preempt a
low priority running process anytime when a high priority process enters into
a ready state.

First Come First Serve (FCFS)

Jobs are executed on first come, first serve basis.

It is a non-preemptive, pre-emptive scheduling algorithm.
Easy to understand and implement.

Its implementation is based on FIFO queue.

Poor in performance as average wait time is high.

Process | Arrival Time | Execute Time | Service Time
PO 0 5 1]
P1 1 3 5
P2 2 2 2
P3 3 G 16
PO P1 p2 P3
0 5 8 16 22

Wait time of each process is as follows —

Proces
S

Wait Time : Service Time - Arrival Time



PO

P1

P2

P3

Average Wait Time: (0+4+6+13) /4 =5.75
Shortest Job Next (SJN)

This is also known as shortest job first, or SJF

This is a non-preemptive, pre-emptive scheduling algorithm.

Best approach to minimize waiting time.

Easy to implement in Batch systems where required CPU time is
known in advance.

Impossible to implement in interactive systems where required
CPU time is not known.

The processer should know in advance how much time process will
take.

Given: Table of processes, and their Arrival time, Execution time

PO

P1

P2

P3

Process

Arrival Time Execution Time Service Time
0 5 0
1 3 )
2 8 14
3 6 8



Process | Arrival Time | Execute Time | Service Time
PO 0 5 3
P1 1 3
p2 2 g 16
P3 3 6 8
P1 PO P3 P2
0 3 8 16
Waiting time of each process is as follows —
Proces Waiting Time
S
PO 0-0=
P1 5-1=
P2 14-2=12
P3 8-3=

Average Wait Time: (0 +4 + 12 +5)/4=21/4=15.25

Priority Based Scheduling
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« Priority scheduling is a non-preemptive algorithm and one of the
most common scheduling algorithms in batch systems.
« Each process is assigned a priority. Process with highest priority is

to be executed first and so on.

« Processes with same priority are executed on first come first served

basis.

« Priority can be decided based on memory requirements, time
requirements or any other resource requirement.

Given: Table of processes, and their Arrival time, Execution time, and priority.

Here we are considering 1 is the lowest priority.



Process Arrival Time Execution Time

PO 0 ) 1
P1 1 3 2
P2 2 8 1
P3 3 6 3
Process | Arrival Time| Execute Time | Priority Service Time
PO 0 5 1 9
Pl 1 3 2 B
P2 2 8 1 14
P3 3 6 3 0
P3 P1 PO P2
0 B 9 14 22
Waiting time of each process is as follows —
Proces Waiting Time
S
PO 0-0=0
P1 11-1=10
P2 14-2=12
P3 5-3=2

Average Wait Time: (0 +10+12+2)/4=24/4=6

Priority Service Time

11

14



Shortest Remaining Time

Shortest remaining time (SRT) is the preemptive version of the SJN
algorithm.

The processor is allocated to the job closest to completion but it can
be preempted by a newer ready job with shorter time to
completion.

Impossible to implement in interactive systems where required
CPU time is not known.

It is often used in batch environments where short jobs need to give
preference.

Round Robin Scheduling

Cluanturm = 3

Round Robin is the preemptive process scheduling algorithm.
Each process is provided a fix time to execute, it is called
a quantum.

Once a process is executed for a given time period, it is preempted
and other process executes for a given time period.

Context switching is used to save states of preempted processes.

PO F1

P2 F3 (PO P2 F3 | P2

] o 12 14 17 20 22

Wait time of each process is as follows —

Proces
S

PO

P1

P2

P3

Wait Time : Service Time - Arrival Time

0-0+@12-3)=9

B-D=2

6-2)+(14-9)+((20-17)=12

9-3)+@17-12)=11

Average Wait Time: (9+2+12+11) /4= 8.5



Multiple-Level Queues Scheduling

Multiple-level queues are not an independent scheduling algorithm. They make
use of other existing algorithms to group and schedule jobs with common
characteristics.

e Multiple queues are maintained for processes with common
characteristics.

e Each queue can have its own scheduling algorithms.

» Priorities are assigned to each queue.

For example, CPU-bound jobs can be scheduled in one queue and all I/0-bound
jobs in another queue. The Process Scheduler then alternately selects jobs from
each queue and assigns them to the CPU based on the algorithm assigned to the
queue.

Multiple Processors Scheduling in Operating
System

Multiple processor scheduling or multiprocessor scheduling focuses on
designing the system's scheduling function, which consists of more than one
processor. Multiple CPUs share the load (load sharing) in multiprocessor
scheduling so that various processes run simultaneously. In general,
multiprocessor scheduling is complex as compared to single processor
scheduling. In the multiprocessor scheduling, there are many processors, and
they are identical, and we can run any process at any time.

The multiple CPUs in the system are in close communication, which shares a
common bus, memory, and other peripheral devices. So we can say that the
system is tightly coupled. These systems are used when we want to process a
bulk amount of data, and these systems are mainly used in satellite, weather
forecasting, etc.

There are cases when the processors are identical, i.e., homogenous, in terms of
their functionality in multiple-processor scheduling. We can use any processor
available to run any process in the queue.

Multiprocessor systems may be heterogeneous (different kinds of CPUs)
or homogenous (the same CPU). There may be special scheduling constraints,
such as devices connected via a private bus to only one

CPU.



There is no policy or rule which can be declared as the best scheduling solution
to a system with a single processor. Similarly, there is no best scheduling solution
for a system with multiple processors as well.

Approaches to Multiple Processor Scheduling

There are two approaches to multiple processor scheduling in the operating
system: Symmetric Multiprocessing and Asymmetric Multiprocessing.

Symmatrtc 74 Asymmetric
AT\ “PProaches

1. Symmetric Multiprocessing: It is used where each processor is self-scheduling.
All processes may be in a common ready queue, or each processor may have its
private queue for ready processes. The scheduling proceeds further by having
the scheduler for each processor examine the ready queue and select a process

to execute.

2. Asymmetric Multiprocessing: It is used when all the scheduling decisions and
I/0 processing are handled by a single processor called the Master Server. The
other processors execute only the user code. This is simple and reduces the need

for data sharing, and this entire scenario is called Asymmetric Multiprocessing.

Thread scheduling

The scheduling of thread involves two boundary scheduling:
1. Scheduling of Kernel-Level Threads by the system scheduler.
2. Scheduling of User-Level Threads or ULT to Kernel-Level Threads
or KLT by using Lightweight process or LWP.



Lightweight process (LWP):

The Lightweight process is threads that act as an interface for
the User-Level Threads to access the physical CPU resources.
The number of the lightweight processes depends on the type
of application, for an I\O bound application the number of
LWP depends on the user level threads, and for CPU bound
application each thread is connected to a separate kernel-
level thread.

In real-time, the first boundary of thread scheduling is
beyond specifying the scheduling policy and the priority,
therefore, it requires two controls to be specified for the User
level threads:

1. Contention scope - Control scope defines the extent to which
contention takes place. Contention refers to the competition
among the ULTSs to access the KLTs.

Contention scope can be further classified into Process
Contention Scope (PCS) and System Contention Scope
(SCS).

« Process Contention Scope: Process Contention Scope is when the
contention takes place in the same process.

« System contention scope (SCS): System Contention Scope refers to
the contention that takes place among all the threads in the
system.

1. Allocation domain - The allocation domain is a set of multiple (or
single) resources for which a thread is competing.
Advantages of PCS over SCS:
The advantages of PCS over SCS are as follows:
1. Itis cheaper.
2. It helps reduce system calls and achieve better performance.



3. If the SCS thread is a part of more than one allocation domain, the
system will have to handle multiple interfaces.

4. PCS thread can share one or multiple available LWPs, while every
SCS thread needs a separate LWP. Therefore, for every system call,
a separate KLT will be created.
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