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Abstract — Earliest Deadline First Scheduling Algorithm (EDF) is widely considered the best scheduling algorithm for a uniprocessor
system. However, the problem in the original EDF algorithm is that in transient overload condition if one process misses its deadline
then other processes are also very likely to miss their deadline, such an effect is called the Domino Effect. Since the different process
have different priorities so we classify those different process on basis of 3 kind of priorities namely Low-class (lowest Priority), Mid-
Class, High-Class (Highest Priority). In original EDF it is very

likely that if a “low-class” process misses its deadline then it causes a “high-class” process to miss its deadline too because of the domino
effect during the transient overload condition. Whereas Classful EDF algorithm combines elements of Priority Scheduling Algorithm
and time slicing property of Round Robin Scheduling Algorithm into the existing EDF Scheduling Algorithm. The resultant is a
scheduling algorithm which solves the above-mentioned problem. Another main advantage of Classful EDF is that it also reduces the
number of processes which miss their deadline. In this algorithm the state of the processes is constantly checked for any possible process
about to miss its deadline, if any such process is found then appropriate actions are taken depending upon the “class” of the process
and the state of the other processes being executed.
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I INTRODUCTION
Earliest Deadline First (EDF) is a dynamic priority scheduling algorithm for real time embedded systems. Earliest Deadline First
selects a task according to its deadline such that a task with the earliest deadline has higher priority than others. It means priority
of a task is inversely proportional to its absolute deadline. Since absolute deadline of a task depends on the current instant of time,
so every instant is a scheduling event in EDF as deadline of task changes with time. A task which has a higher priority due to
earliest deadline at one instant it may have low priority at next instant due to early deadline of another task. EDF typically executes
in pre-emptive mode i.e. currently executing task is pre-empted whenever another task with earliest deadline becomes active.
EDF is an optimal algorithm which means if a task set is feasible then it is surely scheduled by EDF. Another thing is that EDF
does not specifically take any assumption on periodicity of tasks so it is independent of Period of task and therefore can be used
to schedule aperiodic tasks as well. If two tasks have same absolute deadline choose one of them on first-come-first-served basis.

Transient over load is a short time over load on the processor. Transient overload condition occurs when the computation
time demand of a task set at an instant exceeds the processor timing capacity available at that instant. Due to transient over load
tasks miss their deadline. This transient over load may occur due many reasons such as changes in the environment, simultaneous
arrival of asynchronous jobs, system exception. In real time operating systems under EDF, whenever a task in Transient overload
condition miss its deadline and as result each of other tasks start missing their deadlines one after the other in sequence, such an
effect is called domino effect. It jeopardizes the behaviour of the whole system.

Research works done in [1], [2], and [3] tackle the issue of domino effect in EDF Scheduling directly but we couldn’t
find any research paper tackling it the way we are trying to do. In the above- mentioned research papers attempts have been made
to reduce the domino effect in EDF scheduling as a whole but in our proposed algorithm we try to counter the domino effect in a
case- by-case manner where the specific response to a process missing its deadline depends upon its
“class”, to not only minimize the number of processes missing their deadline but also to make sure
that the more important processes are least affected.

. DOMAIN
Our Classful EDF aims to be applied on the same domain as the Original EDF.
Although EDF implementations are not common in commercial real-time kernels, here are a few links of open-source and real-
time kernels implementing EDF:

SHARK: The SHaRK RTOS, implementing various versions of EDF scheduling and resource reservation scheduling
algorithms

ERIKA Enterprise: ERIKA Enterprise, which provides an implementation of EDF optimized for small microcontrollers with
an API similar to the OSEK API.

The Everyman Kernel: The Everyman Kernel implements either EDF or Deadline Monotonic scheduling depending on the
user's configuration.

MaRTE OS: MaRTE OS acts as a runtime for Ada applications and implements a wide range of scheduling algorithms
including EDF.

The AQuOSA project constitutes a modification to the Linux kernel enriching the process scheduler with EDF scheduling
capabilities. The timing of the scheduling cannot be as precise as in the case of the above hard real-time Operating Systems, yet
it is sufficiently precise so as to greatly enhance predictability, and thus fulfil the real-time requirements, of multimedia
applications. AQUoSA is one of a few projects that provides real-time scheduling capabilities to unprivileged users on a system
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in a controlled way, by means of a properly designed access-control model.[2]

The Linux kernel has an earliest deadline first implementation named SCHED DEADLINE which is available since the release
3.14.

The real-time scheduler developed in the context of the IRMOS European Project is a multi- processor real-time scheduler for
the Linux kernel, particularly suitable for temporal isolation and provisioning of QoS guarantees to complex multi-threaded
software components and also entire virtual machines. For example, when using Linux as host OS and KVM as hypervisor,
IRMOS can be used to provide scheduling guarantees to individual VMs and at the same time isolate their performance so as to
avoid undesired temporal interferences. IRMOS features a combined EDF/FP hierarchical scheduler. At the outer level there is a
partitioned EDF scheduler on the available CPUs. However, reservations are multi-CPU, and global FP over multi-processors is
used at the inner level in order to schedule the threads (and/or processes) attached to each outer EDF reservation. See also this
article on lwn.net for a general overview and a short tutorial about the subject.

Xen has had an EDF scheduler for some time now. The man page contains a short description.

The Plan 9 OS from Bell Labs incorporates EDFI, a "lightweight real-time scheduling protocol that combines EDF with
deadline inheritance over shared resources."[3]

RTEMS: The EDF scheduler will be available in version 4.11. RTEMS SuperCore

Our algorithm is also applicable on Switched Real-Time Ethernet. The role of our algorithm is for communication in the
beginning between the nodes. If original EDF is used and there is a deadline miss then results could be catastrophic if the RTOS
is a hard or firm RTOS, due to the domino effect of the EDF. But our modified EDF is especially designed to minimize the
Domino effect.

Classful EDF can also be used in Real-Time Traffic handling in LTE Networks.

1"l TERMINOLOGY AND ASSUMPTIONS
Before we describe the scheduling algorithm, we define the following notation to refer the parameters of task:
1. Bti means “burst time of the process [i]”

2. Ct means “current time”

3. Dti means “deadline time of process[i]”

4. Dtmax means “maximum deadline among the deadlines of all processes at agiven
instance”

Moreover, we assume that tasks are preemptable.

\VA ORIGINAL EDF SCHEDULING ALGORITHM
Original EDFS algorithm works on continuous time. The algorithm assumes, whenever the execution of a job is ended, the next
job can start without wasting any time. Whenever CPU becomes idle, the algorithm runs and selects the job with the earliest
deadline. The algorithm does not avoid deadline- misses. Thus, execution of a job can be started at current iteration, even though
there is not enough time for it to finish in that iteration. This leads to deadline misses. The original EDFS algorithm is optimal
[11]. With the continuous time assumption, original EDFS algorithm can schedule any set of jobs if the scheduling is possible.
For this reason, original EDFS algorithm is basis for our modified scheduling algorithm.

V. CLASSFUL EDF SCHEDULING ALGORITHM
As the name suggests, processes are first segregated into classes, specifically into three classes which are:
1) High-class — Processes which can afford only the least amount of delays possible.
2) Mid-class — Processes that can afford some delays.
3) Low-class — Processes that can afford to have long delays.

Classful EDF Scheduling Algorithm works exactly like the original Earliest Deadline First Scheduling Algorithm only difference
is that it constantly checks whether the process being executed is going to miss its deadline or not.

Its primary domain is Real time operating systems just like original EDF algorithm It uses this formula whenever a new process
starts its execution:

‘- .
t: - == Current Time (Ct)
P.
=8 :['_:} Processes Queued
Py for Execution
Fig 1. Processes waiting to be processed
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Fig 2. Pi being processed after satisfying the condition

As long as the formula returns value TRUE the algorithm will continue to work as the original Earliest Deadline First Algorithm.

Once the formula returns the value FALSE for a process then it checks the process

LT3

class”.

If the process, that will miss its deadline, belongs to the “high-class” then it is allowed to execute without any modifications,
because as stated before high-class processes are the one that cannot afford any major delay, so if a highclass process is about to
miss its deadline then it is only logical to let it execute and handle the domino effect in the upcoming processes.

e I|-"" .

t1 Dt
P;

Pk Pi==High Class

Fig 3. Pi continues being Processed as it is High-Class

If the process, that will miss its deadline, belongs to the “mid-class” then it is removed from the queue and other processes are
allowed to execute. When there comes a case in which:

Bti + Ct < Diti

(i.e. there will be some time left after the execution of the process before its deadline is reached) then a part of the “mid-class”

process that can be processed within:
Bti + Ct - Dti

will be allowed to execute, this will happen until the “midclass” process is completely executed. If more than one midclass
processes missed their deadline then they will be put in a separate queue and they will have to wait till previous mid-class process
which missed its deadline is completely executed, then the process at the front of the queue will be allowed to be executed in the

similar manner.

+ 8
o0 !F'_i |F"!F'|; |F"!F‘ |
t. Dy Dt
P. P *
*
P *

pi=Mid-Class

Fig 4. Pi gets processed in between the other processes

If the process, that will miss its deadline, belongs to the “low-class” then it is simply moved to the end of the queue by giving it

a new deadline which would be:
(new)Dti = Dtmax + Bti
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Fig 5. Pi gets to the bottom of the Priority Queue after missing deadline

VI. ORIGINAL EDF v/s CLASSFUL EDF

Parameters of Evaluation: Classful EDF is being Evaluated on two parameters

1. Failure Ratio: Traditional FR is calculated by number of processes that miss their deadline divided by total number of
processes.

2.  Failure Ratio (Classes Considered) : FRC is a method developed just to calculate effectiveness of Classful EDF. It is used
because as mentioned before “all process are not equal” thus if high-class process misses its deadline then it should be
considered a higher failure than if a low-class process misses its deadline. It is calculated by:

(X (Process that missed its deadline) * (Class of the process)) / (3. (All Processes ) * (Class of the

respective processes))

Respective values of each Class:

High-Class 3
Mid-Class 2

Low-Class 1

Assumption: All the Processes arrive simultaneously (i.e. Arrival time for all is “0”)

Processes Burst Time Deadline Time Class Class
(Bti) (Dti) (Case 1) (Case 2)

P1 3 5 Mid Low
P2 4 7 High Mid
P3 1 3 Low Low
P4 5 16 Low Mid
P5 4 20 Low High
P6 4 12 High Low
p7 1 21 Mid Low

. Original EDF Scheduling AlgorithmB Priority Queue : P3, P1, P2, P6, P4, P5, P7

Pj Pl Pl P6 P4 PSP
1 L 1 1 T T 1 L

1 2 34 5 6 78 9 1011121314 15161718 19 2021 22

Pl ) g e P4 e D5 D7 i

| D6 P4 B5 P7

26 P4 B3 P

i B3 27

P5 P7

27 B

Fig 6. Processes being processed in EDF format
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As we can clearly see in Fig 6 that Process P2 misses it’s deadline which causes a domino effect

forcing processes P4, P5, and P7 to miss their deadline too.

FR=4/7=0.571428571 FRC (Case 1) = (1+1+3+2)/(2+3+1+1+1+3+2) = 7/13 = 0.538461538 FRC(Case 2) =
(2+2+3+1)/(1+2+1+2+3+1+1) = 8/11 = 0.727272727

. Classful EDF Scheduling Algorithm® Case 1

Priority Queue : P3, P1, P2, P6, P4, P5, P7

As we can see that process P2 was about to miss its deadline but according to Classful EDF when a low-class process is about to
miss its deadline it moves to the end of the priority queue and prevent a domino effect from taking place.

FR =1/7=0.142857143 FRC = 1/13 =0.0769230769

I P§ P4 P B m
1 LI 1 T 1 I I

1 2 3 4 5 6 7 8 9 1011121314 15161718 19 20 21 22
S P4 5 BT B
B h B3 D7 Bl
P4 B BT B2
B4 B3 P2
|25 7
7 Ly

(P2 belongs to Low-Class)

Fig 7.P2 gets put at the end of Priority Queue due to being Low-Class and missing its deadline

Case 2

Priority Queue : P3, P1, P2, P6, P4, P5, P7

~ v

B3 Pl P& B2 P4 B
|
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o
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P4 P7 -

P3
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Fig 8. P2 gets processed in between the other processes due to being Mid-Class

FR =1/7=0.142857143 FRC = 2/11 = 0.181818182

Results ——

o FR and FRC of Classful EDF is less than Original EDF Scheduling Algorithm

o Number of Context Switches is more in Classful EDF than the Original EDF Scheduling Algorithm

o Context Switching is also high in Classful EDF than the Original EDF Scheduling Algorithm
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VII. APPLICATION OF OUR EDF CONCEPT ON OTHER PLATFORMS
Our algorithm is purely for single processor, but our idea of EDF can be used in multiple platforms.
1. Switched Real-Time Ethernet with Earliest Deadline First Scheduling — Protocols and Traffic

Handling: -
Ethernet technology has been on the rise. Even our ffcs provides a better gateway into the page using ethernet. The only drawback
and fallacy are the lack of real time devices.

Remote maintenance

AN\ | andath. ¢ ]
Internet " J | [

Communicating nodes Computers in an
in an industrial system office network

REAL TIME layer is used as it has low jitter and low time delay(latency), although it has no IP. Nodes are connected to each
other via switches. There can be a communicating node or other computer devices in contact with the real time ethernet switch.
The internet enables the remote maintenance to communicate with the RT switch. Logical RT channel primarily virtual have been
used.

Synchronization frames are continuously sent to the end nodes at the end of every t cycles, with 10 frames.

Direct interaction with RT layer takes place and a frame time of 125 microsec is used assuming 12 144 bits frame size and 100
bit/s fast ethernet.

The role of EDF as an algorithm is for communication in the beginning between the nodes.

In this research article if EDF is used to communicate between the nodes and obtain time period of T period, | ; (which is required
to calculate utilization of time,) the scenario in which a deadline is missed can cause a ripple effect and in case the RTOS is a
hard or firm RTOS then it could cause a catastrophic effect due to missing multiple deadline.

In such a case if in this ethernet architecture if we are to use our methodology, where we constantly based on current time keep
on updating the schedule perform a modified EDF to obtain lesser misses then we can remove unnecessary blockages and ripple
effect in this architecture. And hence through our algorithm although there will be a marginal latency, we can give a more accurate
support to real time net traffic handling. We also will make sure that more important processes are transferred much faster as we
use Classful EDF.

As mentioned before Domino effect due to a process missing its deadline is catastrophic for hard or firm RTOS. Our algorithm’s
primary focus is to reduce domino effect as much as possible. Hence, our algorithm is much better suited for the system than
traditional EDF Scheduling algorithm.
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