Types of System calls

Here are the five types of System Calls in OS:

e Process Control

o File Management

e Device Management

o Information Maintenance
« Communications
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Types of System calls in OS
Process Control

This system calls perform the task of process creation, process termination, etc.
Functions:

« End and Abort



o Load and Execute

o Create Process and Terminate Process
o Wait and Signal Event

o Allocate and free memory

File Management

File management system calls handle file manipulation jobs like creating a file,
reading, and writing, etc.

Functions:

e Create afile

o Delete file

o Open and close file

« Read, write, and reposition
o Get and set file attributes

Device Management

Device management does the job of device manipulation like reading from device
buffers, writing into device buffers, etc.

Functions:

» Request and release device
o Logically attach/ detach devices
o Get and Set device attributes

Information Maintenance

It handles information and its transfer between the OS and the user program.
Functions:

o Getor set time and date
« Getprocess and device attributes

Communication:

These types of system calls are specially used for interprocess communications.



Functions:

e Create, delete communications connections
« Send, receive message

o Help OS to transfer status information

o Attach or detach remote devices

Operating system structure

Simple Structure

There are many operating systems that have a rather simple structure. These started as small systems
and rapidly expanded much further than their scope. A common example of this is MS-DOS.

The structure of MS-DOS is as follows —
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MS-DOS STRUCTURE

It is better that operating systems have a modular structure, unlike MS-DOS. That would lead to
greater control over the computer system and its various applications. The modular structure would
also allow the programmers to hide information as required and implement internal routines as they
see fit without changing the outer specifications.

Layered Structure



The layered structure approach breaks up the operating system into different layers and
retains much more control on the system. The bottom layer (layer 0) is the hardware, and
the topmost layer (layer N) is the user interface. These layers are so designed that each layer
uses the functions of the lower-level layers only. It simplifies the debugging process as if
lower-level layers are debugged, and an error occurs during debugging. The error must be
on that layer only as the lower-level layers have already been debugged.
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o This allows implementers to change the inner workings and increases modularity.

o As long as the external interface of the routines doesn't change, developers have
more freedom to change the inner workings of the routines.

o The main advantage is the simplicity of construction and debugging. The main
difficulty is defining the various layers.

The main disadvantage of this structure is that the data needs to be modified and passed on
at each layer, which adds overhead to the system. Moreover, careful planning of the layers is

necessary as a layer can use only lower-level layers.

UNIX is an example of this structure.

Process Concept



A process is basically a program in execution. The execution of a process must
progress in a sequential fashion.

When a program is loaded into the memory and it becomes a process, it can be divided
into four sections — stack, heap, text and data. The following image shows a simplified
layout of a process inside main memory —
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The process Stack contains the temporary data such as method/function
parameters, return address and local variables.



Heap
This is dynamically allocated memory to a process during its run time.

3 Text

This includes the current activity represented by the value of Program
Counter and the contents of the processor's registers.

Data
This section contains the global and static variables.

Process State

e Processes may be in one of 5 states.

o New - The process is in the stage of being created.

o Ready - The process has all the resources available that it needs to run, but
the CPU is not currently working on this process's instructions.

o Running - The CPU is working on this process's instructions.

o Waiting - The process cannot run at the moment, because it is waiting for
some resource to become available or for some event to occur. For example
the process may be waiting for keyboard input, disk access request, inter-
process messages, a timer to go off, or a child process to finish.

o Terminated - The process has completed.
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Process Control Block

For each process there is a Process Control Block, PCB, which stores the following ( types
of ) process-specific information, as illustrated in Figure 3.1. ( Specific details may vary
from system to system. )

« Process State - Running, waiting, etc., as discussed above.

e Process ID, and parent process ID.

o CPU registers and Program Counter - These need to be saved and restored when
swapping processes in and out of the CPU.

o CPU-Scheduling information - Such as priority information and pointers to
scheduling queues.

« Memory-Management information - E.g. page tables or segment tables.

e Accounting information - user and kernel CPU time consumed, account numbers,
limits, etc.

« 1/0 Status information - Devices allocated, open file tables, etc.
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What is Context switch?

[t is a method to store/restore the state or of a CPU in PCB. So that process execution

can be resumed from the same point at a later time. The context switching method is
important for multitasking OS.

The Context switching is a technique or method used by the operating system to switch a process
from one state to another to execute its function using CPUs in the system. When switching perform
in the system, it stores the old running process's status in the form of registers and assigns

the CPU to a new process to execute its tasks. While a new process is running in the system, the

previous process must wait in a ready queue. The execution of the old process starts at that point
where another process stopped it.
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Process scheduling allows OS to allocate a time interval of CPU execution for each
process. Another important reason for using a process scheduling system is that it
keeps the CPU busy all the time. This allows you to get the minimum response time
for programs.

Process Scheduling Queues

Process Scheduling Queues help you to maintain a distinct queue for each and every
process states and PCBs. All the process of the same execution state are placed in the
same queue. Therefore, whenever the state of a process is modified, its PCB needs to
be unlinked from its existing queue, which moves back to the new state queue.



Three types of operating system queues are:

1. Job queue - It helps you to store all the processes in the system.
2. Ready queue - This type of queue helps you to set every process residing in the
main memory, which is ready and waiting to execute.

3. Device queues - It is a process that is blocked because of the absence of an 1/0

device.
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Process Scheduling Queues

In the above-given Diagram,

« Rectangle represents a queue.
o Circle denotes the resource
o Arrow indicates the flow of the process.
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Every new process first put in the Ready queue .It waits in the ready queue
until it is finally processed for execution. Here, the new process is put in the
ready queue and wait until it is selected for execution or it is dispatched.

One of the processes is allocated the CPU and it is executing

The process should issue an 1/0 request

Then, it should be placed in the [/O queue.

The process should create a new subprocess

The process should be waiting for its termination.

It should remove forcefully from the CPU, as a result interrupt. Once interrupt
is completed, it should be sent back to ready queue.

Categories of Scheduling

There are two categories of scheduling:

1.

Non-preemptive: I this the resource can’t be taken from a process until the process completes
execution. The switching of resources occurs when the running process terminates and moves to a
waiting state.

Preemptive: Here the OS allocates the resources to a process for a fixed amount of time. During
resource allocation, the process switches from running state to ready state or from waiting state to
ready state. This switching occurs as the CPU may give priority to other processes and replace the
process with higher priority with the running process.

To determine if scheduling is preemptive or non-preemptive, consider these four
parameters:

1
2
3
4

A process switches from the running to the waiting state.
Specific process switches from the running state to the ready state.
Specific process switches from the waiting state to the ready state.

. Process finished its execution and terminated.

Type of Process Schedulers

A scheduler is a type of system software that allows you to handle process
scheduling.



There are mainly three types of Process Schedulers:

1. Long Term Scheduler
2. Short Term Scheduler
3. Medium Term Scheduler

Long Term Scheduler

Long term scheduler is also known as a job scheduler. This scheduler regulates the
program and select process from the queue and loads them into memory for
execution. It also regulates the degree of multi-programming.

However, the main goal of this type of scheduler is to offer a balanced mix of jobs,
like Processor, [/0 jobs., that allows managing multiprogramming.

Medium Term Scheduler

Medium-term scheduling is an important part of swapping. It enables you to handle
the swapped out-processes. In this scheduler, a running process can become
suspended, which makes an [/0 request.

A running process can become suspended if it makes an [/0 request. A suspended
processes can’t make any progress towards completion. In order to remove the
process from memory and make space for other processes, the suspended process
should be moved to secondary storage.

Short Term Scheduler

Short term scheduling is also known as CPU scheduler. The main goal of this
scheduler is to boost the system performance according to set criteria. This helps you
to select from a group of processes that are ready to execute and allocates CPU to one
of them. The dispatcher gives control of the CPU to the process selected by the short
term scheduler.

Difference between Schedulers

The major differences between long term, medium term and short term scheduler are as follows —



Long term scheduler

Long term scheduler is a job
scheduler.

The speed of long term is lesser
than the short term.

Long term controls the degree of
multiprogramming.

The long term is almost nil or
minimal in the time sharing
system.

The long term selects the
processes from the pool and
loads them into memory for
execution.

Medium term scheduler

Medium term is a process of
swapping schedulers.

The speed of medium term is in
between short and long term
scheduler.

Medium term reduces the
degree of multiprogramming.

The medium term is a part of
the time sharing system.

Medium term can reintroduce
the process into memory and
execution can be continued.

Short term scheduler

Short term scheduler is called
a CPU scheduler.

The speed of short term is
fastest among the other two.

The short term provides
lesser control over the degree
of multiprogramming.

Short term is also a minimal
time sharing system.

Short term selects those
processes that are ready to
execute.

Important CPU scheduling Terminologies

o Burst Time/Execution Time: It is a time required by the process to complete
execution. It is also called running time.

o Arrival Time: when a process enters in a ready state

« Finish Time: when process complete and exit from a system

o Multiprogramming: A number of programs which can be present in memory at

the same time.

o Jobs: Itis a type of program without any kind of user interaction.

o User: Itis akind of program having user interaction.

o Process: It is the reference that is used for both job and user.

o CPU/IO burst cycle: Characterizes process execution, which alternates between
CPU and I/0 activity. CPU times are usually shorter than the time of [ /0.

CPU Scheduling Criteria

Maximize:



CPU utilization: CPU utilization is the main task in which the operating system needs
to make sure that CPU remains as busy as possible. It can range from 0 to 100
percent.

Throughput: The number of processes that finish their execution per unit time is
known Throughput. So, when the CPU is busy executing the process, at that time,
work is being done, and the work completed per unit time is called Throughput.

Minimize:
Waiting time: Waiting time is an amount that specific process needs to wait in the
ready queue.

Response time: It is an amount to time in which the request was submitted until the
first response is produced.

Turnaround Time: Turnaround time is an amount of time to execute a specific process. It
is the calculation of the total time spent waiting to get into the memory, waiting in
the queue and, executing on the CPU. The period between the time of process
submission to the completion time is the turnaround time.

Types of CPU scheduling Algorithm

There are mainly six types of process scheduling algorithms

First Come First Serve (FCFS)
Shortest-Job-First (SJF) Scheduling
Shortest Remaining Time

Priority Scheduling

Round Robin Scheduling
Multilevel Queue Scheduling

oUW
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First Come First Serve

First Come First Serve is the full form of FCFS. It is the easiest and most simple CPU
scheduling algorithm. In this type of algorithm, the process which requests the CPU
gets the CPU allocation first. This scheduling method can be managed with a FIFO
queue.

As the process enters the ready queue, its PCB (Process Control Block) is linked with
the tail of the queue. So, when CPU becomes free, it should be assigned to the process
at the beginning of the queue.

Characteristics of FCFS method:



o Itoffers non-preemptive and pre-emptive scheduling algorithm.

« Jobs are always executed on a first-come, first-serve basis

o Itiseasy to implement and use.

o However, this method is poor in performance, and the general wait time is
quite high.

Shortest Remaining Time

The full form of SRT is Shortest remaining time. It is also known as SJF preemptive
scheduling. In this method, the process will be allocated to the task, which is closest
to its completion. This method prevents a newer ready state process from holding
the completion of an older process.

Characteristics of SRT scheduling method:

o This method is mostly applied in batch environments where short jobs are
required to be given preference.

o Thisis not an ideal method to implement it in a shared system where the
required CPU time is unknown.

» Associate with each process as the length of its next CPU burst. So that
operating system uses these lengths, which helps to schedule the process with
the shortest possible time.

Priority Based Scheduling

Priority scheduling is a method of scheduling processes based on priority. In this
method, the scheduler selects the tasks to work as per the priority.

Priority scheduling also helps OS to involve priority assignments. The processes with
higher priority should be carried out first, whereas jobs with equal priorities are
carried out on a round-robin or FCFS basis. Priority can be decided based on memory
requirements, time requirements, etc.

Round-Robin Scheduling

Round robin is the oldest, simplest scheduling algorithm. The name of this algorithm
comes from the round-robin principle, where each person gets an equal share of
something in turn. It is mostly used for scheduling algorithms in multitasking. This
algorithm method helps for starvation free execution of processes.



Characteristics of Round-Robin Scheduling

o Round robin is a hybrid model which is clock-driven

o Time slice should be minimum, which is assigned for a specific task to be
processed. However, it may vary for different processes.

o Itisareal time system which responds to the event within a specific time limit.

Shortest Job First

SJF is a full form of (Shortest job first) is a scheduling algorithm in which the process
with the shortest execution time should be selected for execution next. This
scheduling method can be preemptive or non-preemptive. It significantly reduces the
average waiting time for other processes awaiting execution.

Characteristics of SJF Scheduling

o Itisassociated with each job as a unit of time to complete.

o Inthis method, when the CPU is available, the next process or job with the
shortest completion time will be executed first.

o Itis Implemented with non-preemptive policy.

o This algorithm method is useful for batch-type processing, where waiting for
jobs to complete is not critical.

« Itimproves job output by offering shorter jobs, which should be executed first,
which mostly have a shorter turnaround time.

Multiple-Level Queues Scheduling

This algorithm separates the ready queue into various separate queues. In this
method, processes are assigned to a queue based on a specific property of the
process, like the process priority, size of the memory, etc.

However, this is not an independent scheduling OS algorithm as it needs to use other
types of algorithms in order to schedule the jobs.

Characteristic of Multiple-Level Queues Scheduling:

o Multiple queues should be maintained for processes with some characteristics.
o Every queue may have its separate scheduling algorithms.
« Priorities are given for each queue.



The Purpose of a Scheduling algorithm

Here are the reasons for using a scheduling algorithm:

The CPU uses scheduling to improve its efficiency.

It helps you to allocate resources among competing processes.

The maximum utilization of CPU can be obtained with multi-programming.
The processes which are to be executed are in ready queue.
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