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Abstract - Real time systems are systems in which there is a commitment for timely response by the computer to external
stimuli. Real Time applications have to function correctly even in presence of faults. Scheduling algorithms are a
governing part of real time systems and there exists many different scheduling algorithms due to varying needs and
requirements of different real time systems. The choice of algorithm is important in every real time system and is greatly
influenced by what kind of system the algorithm will serve. The scheduler must meet the timing constraints of the physical
system. The basic requirement of real time system is predictability of the various metrics of the system. Unless the
behavior of a real-time system is predictable, the scheduler cannot guarantee that the computation deadlines of the system
will be met. This metrics of scheduling algorithms can be predicted by using various simulation tools. Here we are
discussing the various real time scheduling algorithms and simulators to analysis the metrics performance of these real
time scheduling algorithms.
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. INTRODUCTION

Real time systems are systems intended to serve real time applications and process data as it comes in without any time delay.
Such systems are used to govern physical applications that differ in complexity from vehicle ignition structures to controllers for
flight structures and nuclear energy plants. Such structures are called hard real time systems due to the fact that the timing
necessities of system computations ought to usually be met or the system will fail. The scheduler for such systems must coordinate
resources to satisfy the temporal order constraints of the physical system. This means that the scheduler should be able to predict
the execution behavior of all tasks among the system. The primary requirement of real-time structures is predictability. Unless the
conduct of a time period system is predictable, the scheduler cannot guarantee that the computation deadlines of the system are met.

It is the need of prediction of the scheduled task that differentiates actual real-time systems from standard computing
environments and makes the scheduling solutions for standard systems inappropriate for real-time systems. In standard computing
environment like that in time sharing system timing parameters for the task and resources are not known in advance. As such, no
effort is formed in these systems to work out, a priori, the execution behavior of the tasks. It’s moreover the case in these Systems
that an unknown waiting time for computation results is acceptable. None of those assumptions hold for a real-time system. To
predict scheduling in real time systems, all the tasks and their resource and computation necessities should be best-known in
advance. Also, for hard real-time systems, unknown delays anticipating computation results are unacceptable. A scheduling
resolution that captures the temporal arrangement behavior of the system is required for a real-time system

The general scheduling answer for the task predicting needs of real-time systems is to apply cyclical executions. Cyclical
executions create a static timeline upon which task and resources are assigned in specific time intervals that provide a deterministic
schedule for all task and resources. Timing requirements of many real time systems has met using this technique. However, the use
of cyclical executions is the general scheduling solution for prediction demand in most of real time systems. This technique has
been ready to meet the timing needs of the many real-time systems. However, the cyclical execution approach has many serious
drawbacks. Though a Cyclical execution provides predictability through the utilization of a deterministic schedule, it’s the need of
determinism that is supply of those drawbacks. A period of time system usually has many various timing constraints that have to be
met and no formal algorithm exists for making timelines to fulfill these constraints. Therefore, every real-time system needs a
unique, handcrafted cyclical execution that needs intensive testing to verify its correctness. Also, due to the numerous ad hoc
selections made to form the timelines, changes to the system have unpredictable effects upon the correctness of the timelines and
so, an entire and new set of testing is needed. Thus, the alternating executive approach is usually expensive to form, verify, and
update. As real-time systems become more complex, the issues related to alternating executives only become harder. A much better
scheduling solution is required that has sure thing while not the need of determinism.

II. REALTIME TASK DESCRIPTION
A real time task is usually divided into three categories basically based upon its arrival pattern and its deadline. All real time tasks
are placed into one of these three categories. If it is essential for a system operation to meet a deadline for given task, then such
task’s deadline is considered as hard deadline. Usually it is desirable that given task deadline is met but sometimes missing the
task deadline is tolerated, then deadline is known as soft. Tasks with regular arrival times are known as periodic tasks. A common
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use of periodic tasks is to process device knowledge and update this state of the real-time system on a regular basis. Periodic
tasks, typically used in control and signal process applications, have hard deadlines. Tasks with irregular arrival times are non
periodic or aperiodic tasks. Aperiodic tasks are used to handle the processing needs of random events like operator requests. An
aperiodic task generally has a soft deadline. Aperiodic tasks that have hard deadlines are known as sporadic tasks. We assume that
every task contains a best-known worst case execution time. In summary, we have

A. PERIODIC TASKS
Periodic tasks are real-time tasks that are activated frequently at fixed periods. Normally, periodic tasks have a constraint which
indicates that instances of them should execute once per period.

B. Aperiodic Tasks
An aperiodic task is a stream of jobs arriving at irregular intervals. The time constraint is usually a deadline.
C. Sporadic Tasks

Sporadic tasks are real-time tasks that are activated on an irregular basis with some best-known finite rate. The bounded rate is
characterized by a minimum inter-arrival period, that is, a minimum interval of time between two successive activations. The time
constraint is usually a deadline. It is impossible to ensure that a sporadic task’s deadline would always be met.

To meet the timing constraints of the system, a scheduler should coordinate the use of all system resources employing a set of
well understood real-time scheduling algorithms that meet the subsequent objectives:

* Guarantee that tasks with hard temporal arrangement constraints can always meet their deadlines.

* Attain a high degree of schedulable utilization for hard deadline tasks (periodic and sporadic tasks). Schedulable utilization is
the degree of resource utilization at or below which all hard deadlines is secured. The schedulable utilization attainable by an
algorithm is a measure of the algorithm’s utility: the higher the schedulable utilization, the more applicable the algorithm is for a
range of real-time systems.

* Provide quick average response times for tasks with soft deadlines (aperiodic tasks).

* Ensure scheduling stability beneath transient overload.

In the offline setting, there is no distinction between the design of scheduling algorithm and checking feasibleness of a task system.
The scheduling algorithm provides a possible sequence of jobs wherever tasks are always completed by the deadlines. In online
setting the real time scheduling theory focuses on two totally different scheduling issues.

1. The feasibility analysis problem given task system and scheduling environment determines whether or not there exists a schedule
that can meet all the deadlines.

2. The run time scheduling problem of a given task system that is best-known to be possible, determine scheduling algorithm
deadline, according to the supported scheduling environment.

I1l.  COMPARISON OF PERFORMANCE METRICS OF SCHEDULING ALGORITHMS

Task scheduler | Implementation | Processor Utilization | Context Switches | No. of Preemptions | Predictability
RM Multi-level queue Not guaranteed Many Few Good
EDF Heap full utilization few Many Bad
Polling Server FIFO Low utilization Many Many Bad
Deferrable Server FIFO High utilization Few Few Good
Sporadic Server FIFO Better than PS and DS Very few Very Few Good

V.

Table —3.1

IMPLEMENTATION DETAILS AND PARAMETER

A. Module 1: Implementation of Basic Algorithms.

This is basically a simulator based approach where all algorithms are implemented based on dynamic approach. By single change,

anyone can add new algorithm in this simulator and will get comparative results compare to existing algorithms.
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Accept Task Set From the User

Class Name: Public Class input

Method1:Private Sub tn_add_periodic_task_set Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
btnadd.Click

Method 2: Private Sub btn_ok_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles btn_ok.Click

Class Name: Public Class ip_server

Method 1: Private Sub btnadd_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles btnadd.Click
Method 2: Private Sub btn_ok_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles btn_ok.Click
Execution Environment for Rate-Monotonic Scheduling Algorithm

Class Name: Public Class frmrm

Method 1: Private Sub btnschedule Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
btnschedule.Click

Execution Environment for Earliest Deadline First (EDF) Scheduling Algorithm

Class Name: Public Class frmedf

Method 1: Private Sub btnschedule Click (ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
btnschedule.Click

Execution Environment for Polling Server Scheduling Algorithm

Class Name: Public Class poll

Method 1: Private Sub btnschedule_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
btnschedule.Click

Execution Environment for Deferrable Server Scheduling Algorithm

Dt Crrrenet_Time, Caneed_Server_Capacity, Camen_Server_wake_Time,
Server_Capacity, Server_leriod

Resalt clocied s ssk

regin

 Kafid B¢ Server capowity and compum the west wake time *f

f Currert_Time = coment_sarver_wiks_ome Bhen
CLITER_CIVEr_Copmcily Sv server_capucity;
currenl_server_weke _Sise t= currad_server_waks_lime 4 server_ponod;

od

™ Electioe

¥ cxrmet_sarver_capacity > [ and there is 2 peaiing apenodic suk S

clocuad v aporcis _task;

Cumesi_server_capeaity tv cumment_server_capecity - §;

1 There 15 & pending periodic task den

whocted ;e periodic task

Class Name: Public Class deff
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Method 2: Private Sub btnschedule_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles

btnschedule.Click

Execution Environment for Sporadic Scheduling Algorithm

D Clrmemt,_Tiime, CUTEnL_ scrver_capaciy, sument, sreer, wake_toe,
scrven_in. Mke. serwer,_cupecity, server_gperi ool
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Class Name: Public Class sporadic

Method 2: Private Sub btnschedule_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles

btnschedule.Click

B. Module 2: Calculation of Performance Matrices

This module is included in respective algorithm class and their methods and functions and it is used to calculate performance
matrices for each scheduler after every quantum. Various class mentioned above contain function that returns currently executing
task id along with conditions check when task arrives for its next execution. Function for selecting the task mentioned below
returns new selected task and pre task execution returns previously selected task. Function also returns total quantum that has
already executed. Function in various classes also returns total utilization of tasks at any instance.

C. Module 3: Simulated Analysis of Scheduling Algorithms

Functionl: Public Function rm(ByVal no As Integer) in Class Name: Public Class frmrm
Function 2: Public Function edf(ByVal no As Integer) in Class Name: Public Class frmedf
Function 3: Public Function poll(ByVal no As Integer) in Class Name: Public Class poll
Function 4: Public Function deff(ByVal no As Integer) in Class Name: Public Class deff
Function 5: Public Function spor(ByVal no As Integer) in Class Name: Public Class sporadic
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Function 6: Private Sub btnschedule Click (ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
btnschedule.Click in Class Name: Public Class sporadic

Above mentioned function in respected class code gives the simulated based analysis in graphical manner. It shows clearly that at
what quantum which task is executing, what was the sequence of task execution, whether there is context switching or not at
particular quantum etc.

S Test Case Test Case Description s Sl-aetsfls
No. Name P Steps Expected Result | Actual Result (PIF)
1. To select type of the “ “Input Form For
Scheduling Algo. Click on Tnput Form F.Of, Rate
« . Rate Monotonic - P
Rate Monotonic Monotonic” get
get open
open
« “Input Form For
cickon | b tpmir | e T
“Earliest Deadline First” o Deadline First”
First” get open
Tvoe of get open
ype ot . “Input Form For | “Input Form For
Scheduling Click on X " X "
. “n 11e » Polling Server Polling Server P
Algorithm Polling Server
get open get open
. “Input Form For | “Input Form For
» Click on i Deferrable Server” Deferrable P
Deferrable Server »
get open Server” get open
; “Input Form For | “Input Form For
«g orc;cli(i:: ggrver” Sporadic Server” Sporadic P
P get open Server” get open
Click on “OK” and then on Main form gets Main form gets p
“Home” opened opened
2. Enter the tasks name, Scheduling of
Task Here we Accept arrival time, computation Scheduling of tasks show?w on
. information of task time, period & click on shown on EDF P
Information PN EDF
and schedule by Ok” and then on output form
for EDF -~ : 2 [ output form
Scheduling per|0(_j|c scheduling Schedule Task _ _
algorithms-  EDF | Click on “OK” and then on | Main form gets Main form gets p
“Home” opened opened
3. Enter.the 35S name, Scheduling of Scheduling of
Task Here we Accept arrival time, computation
. . . . d : tasks shown on tasks shown on
Information information of task time, period & click on - ’ P
. P, Polling Server Polling Server
for Polling and schedule by Ok’ and then on outout form outout form
Server aperiodic algorithms- “Schedule Task” P P
Scheduling Polling Server Click on “OK” and then on | Main form gets Main form gets p
“Home” opened opened
4, Enter the tasks name, . Scheduling of
; . : Scheduling of
Task Here we Accept arrival time, computation tasks shown on
. . . . - . tasks shown on
Information for| information of task time, period & click on Deferrable P
o Deferrable Server
Deferrable and schedule by Ok” and then on outout form Server
Server aperiodic algorithms- “Schedule Task” P output form
Scheduling Deferrable Server Click on “OK” and then on | Main form gets Main form gets p
“Home” opened opened
5. | Task . _ Here we Accept E_nter _the tasks name, Scheduling of Scheduling of
Information information of task arrival time, computation
. . . . tasks shown on tasks shownon
for Sporadic and schedule by time, period & click on - . P
i~ : L Sporadic Server | Sporadic Server
Server aperiodic algorithms- Ok” and then on output form outout form
Scheduling Sporadic Server “Schedule Task” P P
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V. RESULT ANALYSIS

Fig-5.1
Analysis Result of Rate Monotonic Scheduling Algorithm
TASKSET [No.of No. of Utilization | Schadulsbility | Task Missing
Ti {A{PiE{) | Preemptions Context Tast Daadlins
Switch
7 57 1.03333 Fail T1 mizzas
deadlina at 40
0 33 03 Success None

Table-5.1

Fig-5.2

Here as shown in table 5.2 we have performance result for rate monotonic scheduling algorithm. Ai, Pi and Ei is the arrival time,
Period time and execution time respectively of the given task. The same result is captured as shown in figure 5.2 for the given

periodic tasks.

Analysis Result of Earliest Deadline First Scheduling Algorithm

SIMULATOR

SIMULATOR SIMULATOR

O —

Fig-5.3

Here as shown in table 5.2 we have performance result for Earliest Deadline First scheduling algorithm. Ai, Pi and Ei is the
arrival time, Period time and execution time respectively of the given task. The same result is captured as shown in figure 5.3 for

the given periodic tasks.

Analysis Result of Polling Server Scheduling Algorithm (Periodic)
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TASKSET |No.of No. of Utilization | Schadulability [ Task Mizsing
Ti (Al PiEi) | Preemptions Contaxt Tast Daadlins
Switch
42 142 1.01 Fail T5 mizsas
deadlinaat 30
1 134 0.06666666 | Success nona

Table-5.3

Polling Server

TTASKSET No. of No. of Ttilization Schadulability | Task Missing
Ti {Ai_Pi Ei) | Preemptions Contaxt Test Deadlin=
Switch

21 1.053333 Fail T3 misses

deadlineat 6

1 5 ©.8857142 Success Nona

Here as shown in table 7.4 we have performance result for Polling Server scheduling algorithm for periodic tasks. Ai, Pi and Ei is
the arrival time, Period time and execution time respectively of the given task. Server Capacity for server algorithm must be given
to get Schedulability results. The same result is captured as shown in figure 7.3 for the given periodic tasks.

Analysis Result of Polling Server Scheduling Algorithm (Aperiodic)

[TASKSET |No.of No. of Utilization | Schadulability | Task Miszing
Ti{AiPiEi) | Preemptionz Contaxt Tast Dasdline
Switch
1 1 0.7 Sucoss: non2
Table-5.3

| ==

Fig-5.4
Here as shown in table 7.3 we have performance result for Polling Server scheduling algorithm for aperiodic task. Ai, Pi and Ei is
the arrival time, Period time and execution time respectively of the given task. For aperiodic task period time is same as server
period. Every server’s activation, it checks if there are any unfinished non periodic tasks, if there are, the server uses its capability
to service them till either the task is finished or the server’s capacity is depleted.

Analysis Result of Deferrable Server Scheduling Algorithm (Periodic)
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TASKSET |No.of No. of Utilization | Schadulabjline | Task Miszing
Ti (Al PiE{) | Preemptions Contaxt Tast Daadline
Switch

2 ° 1.0166666 | Fail T3 misses

deadlinsat 12

0,10)| 3 6 0.825 Sugcass nons

Table-5.4

Defesrable Server Deferrable Server

Hili il
I3 M
Here as shown in table 5.4 we have performance result for Dggr_gsle Server scheduling algorithm for aperiodic tasks. Ai, Pi and

Ei is the arrival time, Period time and execution time respectively of the given task. For Server Capacity for server algorithm must
be given to get Schedulability results. The same result is captured as shown in figure 5.5for the given periodic tasks.

Analysis Result of Deferrable Server Scheduling Algorithm (Aperiodic)

TASKSET |No.of No. of Utilization | Schaduwlabilite | Task Miszing
Ti (Al Pi.Ei) | Preemptions Contaxt Tast Daadline
Switch
4] 16 1.3333335 | Fail T2 mizses
deadlinsat 5

Fig-5.6

Here as shown in table 5.5 we have performance result for Deferrable Server scheduling algorithm for periodic tasks. Ai, Pi and
Ei is the arrival time, Period time and execution time respectively of the given task. For aperiodic task period time is same as
server period. As the polling server, the deferrable server has a capacity and a period. However, the deferrable server is not
periodically activated to service aperiodic tasks however once an aperiodic task is pending and the server has capability superior
to zero. The server then services the task until depletion of its capability or the aperiodic task is finished. The server’s capacity is
restored periodically every period time. If an aperiodic task happens when the server has depleted its capability, this task can be
serviced once the server will have replenished its capability. Server Capacity for server algorithm must be given to get
Schedulability results. The same result is captured as shown in figure 5.6 for the given periodic and aperiodic tasks.

Analysis Result of Sporadic Server Scheduling Algorithm (Periodic)
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TASKSET |No.of No. of Utilization | Sghadulshility | Task Missing
Ti{AiPiEi) | Preemptionz Contaxt Tast Dezadline
Switch

7 17 1.3 Fail T2 mizzes
deadlineat 12

[ 5 0.4 Success non2

Table-5.6

Sporadic Server
Fig-5.7
Here as shown in table 5.6 we have performance result for Sporadic Server scheduling algorithm for periodic tasks. Ai, Pi and Ei

is the arrival time, Period time and execution time respectively of the given task. Server Capacity for server algorithm must be
given to get Schedulability results. The same result is captured as shown in figure 5.7 for the given periodic tasks.

Analysis Result of Sporadic Server Scheduling Algorithm (Aperiodic)

TASKSET |No.of No. of Utilization | Schadulsbility | Task Missing
Ti (A{PiEi) | Preemptionz Contaxt Tast Dzadlins
Switch

1 18 1.1333333 | Succass None

Fig-5.8

VI. CONCLUSION AND FUTURE WORKS
There are number of performance analysis tools available. Most of those provide few schedulers, only Cheddar is a tool that
provides good support for multiple schedulers. Even though Cheddar gives best performance as compared to others, it does not
deal very well with some of the performance metrics like utilization, schedulability test, etc. and limited to only few models
mainly periodic tasks; so it doesn’t support for aperiodic tasks.

By using the simulator, we can analyze the performance of the given scheduler for given set of tasks. It helps to find out which
scheduler is perfect for which kind of set of tasks producing good results for the system.

Moreover, this simulator overcomes the drawbacks of previously designed simulators. It provides support for scheduling of
periodic as well as aperiodic tasks. Also, it can be used for educational purpose. Hence it proves itself to be more efficient than
other simulators.
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