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Abstract

One of the main issue and main challenge in real time systems is achieving to acceptable results
in acceptable time. a job in multiprocessor real time systems divide in the set of the tasks with the
relation between them in order that one task can be execute only when it's parents executed. by
difficulty in scheduling the task graph and it's complexity, many effort accomplish for finding the best
optimized solution. In this paper, we tried to have the balance between the processor and also reduce
relation between the processor and importance of them we tried to improved the speed of getting the
response. In most of the activity and experiment, the run time of the scheduling algorithm ignored.
finally, the result of maintaining this solution show that we can have the appropriate schedule in
acceptable time. also in this paper, at the end, we compared the proposal algorithm with the other
famous scheduling algorithm.
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l. Introduction

In real time systems we have the limited time that each job must be execute in this time that is if
one job can’t be ended in it’s limited time may be have the disastrous result. accordingly the having
the appropriate scheduling algorithm in real time systems is essentially necessary. main purpose in
multiprocessor scheduling is running a parallel program on multiple processor so if running time of all
program in order of running time of jobs and relation between them be minimized. also time of running
the scheduling algorithm is one of the important problem that could not be ignored. number of processor
is a input parameter for scheduling algorithm which if we plan the good scheduling it will be have the
desirable speed for program.

the ways of scheduling is dividing in two group: homogeneous and heterogeneous. In homogeneous
type, power of processing the all processes is equal but in heterogeneous type, we have the different
power between the processes. for increasing the speed of the result in multiprocessor real time systems, a
job dividing into the set of tasks (task graph) and in dividing the job, we must preserve the prerequistive
relation between them. Each task have the running time that it can be execute only when it’s parent be
executed. Also we have the directed edge from the parent task to the child task which it’s number show
the cost of relation between them and if both of the parent and child tasks executed in the same processor
the relational cost will be zero.

In this paper we schedule the processor by the learning automata also we allocate one learning
automata for each processor rather than tasks. The automata in order to selected operation, rewarded
or be penalized.

Scheduling in real time systems with imprecise computation studied by Georgios L. Stavrinides
and Helen D. Karatza'. Scheduling directed acyclic graph by combination of genetic algorithm and
learning automata in heterogenous systems studied by habib izadkhah?. Scheduling in distributed real-
time systems has been studied by many authors’-'4.

Il. The Problem

in homogenous distributed real time system there is queues that each queue assigned to a processor. When
each job such as Jk arrive, it containing a graph without direct cycle of the components of exclusive tasks.
Each graph node represents task Ti of job Jk and a direct edge from vertex Ti to Tj indicates that a message
should be transmit from vertex Ti to Tj. A task can run when it gets all necessary data from it’s parents.
A task having no priority is called input task and a task being the last one is called output task. The first
prior of a task is called the parent of the task and the first task following a task is called the child. A
relation cost is assigned to each task edge. Each pair of processors may have different relation costs and
the relation cost of different tasks in a processor is ignored. Also it is supposed that different processors
inside a system are strongly connected to each other and even they can send or receive data during task
run time. If both parent and child tasks run in the same processor, the relation cost would be zero. When
a job comes in turn, it may have several input and output tasks. Task Ti of a job Jk includes the following
features :

1. service time= Ci
2. aset of parents of a task= Vi
3. aset of childs of a task= Yi
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the relation cost of a task Ti to task Tj= Cij
start time of task i= Si

end time of task i= Ei

the processor assigned to task i = Pi

N wn A

In order to produce random directional graph without cycling used from following algorithm®.

Algorithm random DAG generator
Input: the maximum number of tasks in the DAG
Output: A DAG in the from of a topological order list y of its tasks

1: determine the number of tasks in the graph N7U (1, MAX)

2: 1f N>1 then

3: determine the number of entry tasks in the graph Nentry N U(1,N-1)
4: create the first entry task T1

5: set R1 =1

6: place task Tl in the topological order list y

7 repeat

8: create a task T1

9: determine the number of Tj’s parent tasks |[v]|~ U(l,|yl)

10: repeat

11: choose randomly a task Ti in y

12: create edge Eij that connects tasks Ti and Tj

13: until |Vj| parent tasks are connected to the Tj edge.

14: set Rj=max TiEV] {Ri}+1

15: place task Tj in the topological order list y according to its rank Rj
16: until N-Nentry non-entry tasks are created

17: repeat

18: create a task Tm

19: determine the number of Tm’s child tasks |ym]| U[1l,N-Nentry]

20: repeat

21: choose randomly a non-entry task Tn in y

22 create edge Emn that connects tasks Tm and Tn

23: until |ym| child tasks are connected to task Tm

24: set Rm=1

25: place task Tm in the topological order list y according to its rank Rm
26: until Nentry -1 entry tasks are created

27: else

28: create the only task T in the graph

29: end if

Figure (1) is a sample task graph that the algorithm has produced. The number inside a node shows
runtime and the ones on the edges states relation cost.
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Figure 1. sample of DAG'

lll. Learning Automata

A learning automata is an imaginary model that selects an operation from its finite set of operations
by random and exerts it over the circumference. The circumference evaluates the selected operation by
learning automata and announces the result by means of an amplifying signal. learning automata updates
the amplifying signal of its interior state by the selected operation and then selects the next operation.
circumference can be shown by the triple E={a, b, c} in which a= {a;, as, ...} is the set of input data and
B={b1, ba, b3, ...}, the set of output data and c= {cy, ca, 3, ...} is the set of penalize probability. when set
B has two elements, the circumference will be the same as p. In such circumference B;=1 is considered
as a fine and B,=0 as a reward. In a circumference of Q set B includes the finite number of elements.
And in a circumference of S, set B includes the infinite number of elements. Ci is fining probability of
operation ai. learning automats are divided into two groups with variable structures®~’.

IV. Proposed Algorithm

In proposed method a learning automata is assigned to each processor rather than assigning to jobs and it
is rewarded or penalized based on the selected operation. If selected operation be proper operation then it
rewarded else penalized. In other implement by learning automata, the automata allocated to task but in
this paper we allocate them to processor that this issue lead to we have least computation relative other
methods. The purpose of scheduling is to assign the tasks to the processors in a way that work balance
among the processors is maintained and the relation cost decreases and also scheduling is done in an
ideal time. So the result is acceptable for the system. All tasks are laid in one queue. Each processor has
it’s own queue and when the processor want to execute a job, referral to it’s queue .

Every automata has a Cy;,,. that represent processor current time. At the beginning Cy;,,. value is
set to zero for all automata. Si value of a task selected for scheduling equals to Cy;,e of the selected
processor. Each automata having smaller Cy;,,., selects an operation by random and this is rewarded
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or penalized. The mentioned action includes selecting task from a queue which tasks are laid in. An
automata having one of the conditions below is rewarded: If the selected task is an input task or If the
parents of the selected task have executed and relation cost is also considered in the other words:

For all] and ‘/’L (Oti'rne < C] + CZ] + S]) (1)

If tasks i, j are both run on the same processor then C;; value will be zero. In the other words if an
automata has selected task i then parent of task i (task j) should be in the automata local list and is added
to its own local list and the values Si for ith task and Cy;,, for Kth automata are updated as follows:

S[l] = Ctime[k} 2

Ctime[k] = Ctime [k] + C[l] (3)

If an automata such as K in a predefined range can not be rewarded it will be penalized and its Ctime
is updated as follows.

Ctime [k] - maX(Ctime) +1 (4’)

The algorithm continues until all tasks are scheduled. Following algorithm indicates the pseud code of
the proposed algorithm.

Algorithm allocate learning automata for each processor

1: Procedure scheduling
2: input: directed acyclic graph (DAG)
3: while all task that are in queue not scheduled
4: the processor that have the minimum time select a task from queue
5: if parent of the selected task are executed and the result from parent a:
6: to his child task then
7 the automata rewarded and update cpu time
8: Else
9: Penalized automata with
Ctime[k] = max(Ctime) + 1
10: End if

11: End while
12: End of procedure

V. Evaluation and Experimental Results

The following table (table(1)) represent and describe the algorithms that compared with proposed
algorithm. The canonical that used to compare algorithms are: time of execution of scheduling algorithm,
time of result production, actual time that is combination of time of execution of scheduling algorithm
and time of result production, stability of execution time of scheduling algorithm and stability of result
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production. These canonicals are very important in real time systems in order to achieving to acceptable
result.

The two example of directed acyclic graph represented in figure(3) and figure(4).

Table 1. compared algorithms and their description

Algorithm | Description
name
LA-HLF This algorithm implemented by learn-
ing automata and operate based on
highest level first if more than one
task ready to scheduling, the task that
have minimum task number selected
to Scheduling. in this algorithm,
automata allocated to task.

LA-LSTF | This algorithm implemented by learn-
ing automata and operate based on
least space time first. if more than
one task ready to scheduling, the
task that have minimum task number
selected to scheduling. In this algo-
rithm, automata allocated to task.
LA-GA This algorithm is combination of
genetic  algorithm and learning
automata. the genetic operators
applied randomly. In this algorithm
used of complex state of learning
automata with 6% reward and
penalized rate.

Figure 2. directed acyclic graph?
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Figure 3. another example of DAG?

Consider the graph of figure(1) as graph1 and graph of figure(3) as graph2 and finally graph of figure(2)
as graph3. LA-PR(proposed algorithm), LA-GA, LA-LSTF, LA-HLF algorithms applied to graph of
figure(1) and regardless of algorithm execution time, result of table(2) generated. Protducted result s are
based on second.

Table 2. make spam of three graph

Algorithm name | Graphl | Graph2 | Graph3
LA-HLF 23 32 97
LA-LSTF 23 31 102
LA-GA 22 30 98
LA-PR 22 31 98

According to table(2), for graphl LA-GA and LA-PR are better than LA-HLF and LA-LSTF. For
graph2, LA-LSTF and LA-PR are better than LA-HLF but also LA-GA is better than LA-PR and LA-
LSTF. For graph3, LA-HLF is better than all. LA-GA and LA-PR are better than LA-LSTF.

The time of execution of proposed algorithm and compared algorithm assembeled in table(3).
Producted results are based on ms.

Table 3. time of execution on three graph

Algorithm name | Graphl | Graph2 | Graph3
LA-HLF 270 311 510
LA-LSTF 270 311 510
LA-GA 1573 1672 1982
LA-PR 45 16 98

In table(3), proposed algorithm from point of time of execution of algorithm is better than all algorithm
and have many difference from other. GA-LA is worst than all and in average state it’s termination time
for three graph is 1742 ms. LA-HLF and LA-LSTF have similar time of execution but better than LA-GA
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and worst than of LA-PR. In the table(4) actual time completion that is combination of time of execution
of scheduling algorithm and time of execution of job, for three graph are presented.

Table 4. actual termination time

Algorithm name | Graphl | Graph2 | Graph3
LA-HLF 23.27 32.31 97.51
LA-LSTF 23.27 31.31 102.51
LA-GA 23.57 31.67 99.98
LA-PR 22.04 31.01 98.38

Looking in table(4), reveal that in overall state proposed algorithm are better than another. These
resulat obtined in average state and them shows proposed algorithm in overall state is better than all. For
meet stability of time of execution of scheduling algorithm, stability of result production and stability of
actual termination time looking to figure(4) through figure(13).
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Figure 4. stability of algorithms on graph1 based on result production

In figure(4) through figure(6) the stability of algorithms based on result production on three graph are
represented in 30 continuous execution. In these figures the LA-LSTF and LAHLF absolutely are stable
but LA-PR and LA-GA have fluctuation. these fluctuation are not much. In overall state, LA-PR and LA-
GA are better than LA-HLF and LA-LSTF. In figure(7) through figure(9) the stability of algorithms based
on time of execution of scheduling algorithm on three graph are represented. LA-PR is always better than
another. LA- HLF and LA-LSTF are similar. LA-GA due to complex computation have many difference
with another also is worst than another. In figure(10) through figure(12), the stability of algorithms based
on actual termination time are represented.



Yosef Masoudi et.al

¥

PO O T~ T Y Y W W N
=i L—!.-_\_-:_,.:—:-'ir--u = —a—= =
S n -

]

2.

[ .
e

=

Rl |

a

n ] E] = =

Figure 5. stability of algorithms on graph 2 based on result production

&
PR
= —&pnr |4

|

2
T
L 2 .
g et - . c = i
Boye ey st 2 ot M o B  ANE
X
- L | : e
ey ul sxseson
Figure 6. stability of algorithms on graph 3 based on result production
X
_ femp T
fé 1600 =
! . i
g et _ 3
‘._E v |- ] -E
§ o - g
T o
h,—_- 4
o - 1
E wf 1 <
- o S e —b e {3 e I e = = e
= 5 .
) e o e S, o L S, s R . i L e
5 [l 15 I 5 =
number of execution 5

Figure 7. stability of algorithms on graph1 based on time of execution of scheduling algorithm



50 International Journal of Communication Systems and Network Technologies

time of execution(ms)

Xar-

-~ - —B- - 0—8-p-D—P—p 0 BP0 5D PP D4

M e s
5 10

15

number of execution

A

Figure 8. stability of algorithms on graph 2 based on time of execution of scheduling algorithm

ann-

time of execution
B

o LaFR
——LAHF
—&— LALSTF

e i =i — O —— O P -4

b

A T

2w i L

-5

B 10

15

A

number of execulion

s
&5

Figure 9. stability of algorithms on graph 3 based on time of execution of scheduling algorithm

f
T
; ! Ny
e e
Bom e ls B s
iR R

"a-a . I\\.

Ei

o

=

mimmber of execulion

Figure 10. stability of algorithms on graph1 based on actual termination time



Yosef Masoudi et.al 51

................

time of complete(ms)

nmmber of execution

Figure 11. stability of algorithms on graph 2 based on actual termination time

tme of complete(ma)
time of complete{ms)

menber of execution

Figure 12. stability of algorithms on graph 3 based on actual termination time

LA-LSTF and LA-HLF approximately are stable but LA-PR and LA-GA have small fluctuation. For
graphl, the LA-HLF and LA-LSTF are overlap. For graph2 LA-LSTF is better than LA-HLF and for
graph3 LA-HLF is better than LALSTF. LA-PR for graphl and graph2 is better than LA-HLF but in
graph3 is worst. Also in figure(10) through figure(13) diagram of average state of LA-PR is drawn.
LA- GA has worst performance relative to another algorithm. If we consider that jobs in real time system
arrival with combination of graphl, graph2 and graph3, the figure(13) represent the stability of algorithms
based on actual termination time. Observe that proposed algorithm(LA-PR) in overall state have best
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Figure 13. overall stability of algorithms on all graph based on actual termination time
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performance, then LA-HLF is better than LA-LSTF and LA-GA and finally the LA-GA has worst
functionality.

VI. Conclusion and Future Work

In this paper, we evaluated by simulation the performance of the LA-PR, LA- HLF, LA-LSTF and LA-GA
policies for the scheduling of multiple task graphs in a homogeneous multi processor real-time system.
For each algorithm, in this paper presented new versions that implemented by learning automata. Our
simulation results show that LA-PR in overall state is better than other mentioned algorithms. However,
in this paper we did not take into account the case where the system is heterogeneous. Furthermore, our
scheduling policies could be further enhanced, by considering and exploiting schedule holes that may
appear due to the data dependencies of the tasks. Therefore, further research is needed in order to address
these issues.
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