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Abstract – In this paper the authors propose modified 
proportional share scheduling algorithm considering the 
characteristics of continuous media such as its continuity and 
time dependency. Proposed scheduling algorithm shows 
graceful degradation of performance in overloaded situation 
and decreases the number of context switching. Proposed 
scheduling algorithm is evaluated using several numerical 
tests under various conditions, especially overloaded 
situation. 
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I.  INTRODUCTION  
 
Recent advances in computing, storage, and 

communication technologies have made many exciting 
multimedia applications possible. Multimedia systems 
combine a various information sources, such as audio, 
video, text, graphics and image, into the wide range of 
application[1]. Video and audio data are referred to as 
continuous media due to their real time delivery 
requirements, whereas text, graphics and image data are 
referred to as discrete media. Since continuous media are 
displayed within a certain time constraint, their 
computation and manipulation should be handled under 
more limited condition than that of discrete media. For 
example, Continuous media should be completed 
computation before their predetermined deadlines[2]. 
Traditional Scheduling Algorithms are not directly 
applicable, because they are not designed to meet real time 
constraints.  

To handle the continuous media efficiently, the static 
scheduling policy represented by RM(rate monotonic) [3] 
and the dynamic scheduling policy represented by 
EDF(Earliest Deadline First) [3] have been 
extended[4][5][6][7]. Traditional RM and EDF scheduling 
algorithms guarantee the optimality in somewhat restricted 
environments. RM scheduling is one real time algorithm 
that assigns static priority to the tasks such that tasks with 
shorter period get higher priorities. And EDF is a dynamic 
algorithm which schedules the task with the earliest 
deadline first. The continuous media in these scheduling 
algorithms based on RM and EDF have hard deadlines of 
which the miss can be catastrophic. The goal of these 
scheduling algorithms is to meet all task deadlines and to 
keep the feasibility of scheduling through admission 
control[8]. 

However they have some drawbacks to cope with 
continuous media related resource utilization and pattern 
of degradation under the overloaded situation. Firstly, in 
continuous media of multimedia application, it is not 
necessary for every instance of a repetitive task to meet its 
deadline. For continuous media scheduling, slight violence 
of time limits is not so critical. The dead line constraint is 
replaced by QoS. This means that QoS is more important 

factor than the time delay of the systems for continuous 
media. The users do not recognize the time delay at all if 
they do not recognize nor do not feel any change during 
50msec. This introduces the trade-off between keeping 
strict real time constraints and utilizing resources of 
systems. By using the QoS factor, more flexibility in 
scheduling processes can be considered under the 
overloaded situation without loss of user’s satisfaction. 
Secondly, RM and EDF scheduling algorithms are 
required the strict admission control to prevent 
unpredictable behaviors when the overloaded situation 
occurs[8]. The strict admission control may cause low 
utilization of resources[9]. 

Other scheduling methods for continuous media are 
modification of stride scheduler underlying proportional 
share mechanisms[10][11]. The stride schedulers which 
are designed to general tasks guarantee the fairness of 
resource allocation and predictability. Rate regulating 
proportional share scheduling algorithm based on stride 
scheduler is proposed for continuous media. In this 
research, to specify timing requirements of continuous 
media, a pair of parameters (P,C) is introduced. P means 
the task’s period and C means the computation time 
needed over each period. The key concept of Rate 
regulating proportional share scheduling algorithm is rate 
regulator which prevents tasks from receiving more 
resource than its share in a given period[9]. This algorithm 
loses fairness which is strong point of stride scheduler and 
does not show graceful degradation of performance under 
overloaded situation. 

From above, the authors propose new algorithm, namely 
MPSSA(modified proportional share scheduling 
algorithm) considering the characteristics of multimedia 
data such as its continuity and time dependency. Proposed 
scheduling algorithm shows graceful degradation of 
performance in overloaded situation and fewer the number 
of context switching than that of rate regulating 
proportional share scheduling algorithm[9]. 

The rest of this paper is organized as follows. In section 
2, we explain the purposes of MPSSA. In section 3, we 
describe our approach for scheduling continuous media. In 
section 4, we present the result of several numerical tests 
for performance measurement. The paper concludes with 
section 5. 

 
II.  M ODIFIED PROPORTIONAL SHARE 
SCHEDULING ALGORITHM (MPSSA) 

 

A. Rate Regulating Proportional Share Scheduling 
Algorithm 

Since some concepts of the rate regulating proportional 
scheduling algorithm are also used in MPSSA, it is 
described here for further discussion, and the simplicity, 
we call this algorithm RRPSSA. We note that the concept 
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of RRPSSA[9], the rate regulator, is also used in our 
MPSSA. 

Rate regulating proportional share scheduling algorithm 
based on stride scheduler is proposed for continuous 
media. To specify timing requirements of continuous 
media, a pair of parameters (P,C) is introduced. P means 
the task’s period and C means the computation time 
needed over each period. 

Three parameters are used in this scheduling algorithm: 
ticket, stride, and pass. The ticket is C/P and represents the 
relative amount of resource that should receive. The stride 
is inversely proportional to ticket and represents the 
interval between selections. The pass represents the virtual 
time index for next selection and has the same value as 
stride at the first stage. The task with the minimum pass is 
selected, and its pass is advanced by its stride[10][11]. 

The rate regulator, the key concept of this scheduling 
algorithm, prevents certain tasks from taking more 
resources than its share for a given period. It can be 
represented as equation (1). 
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In this inequality,  

 

: the total number of allocations that task 
has received during the start to current 
time,  
(k∈the set of tasks) 

T∆  : the time duration from the start to the 
current time 

Ck : the computation time of taskk 
 Pk  the period of taskk 

 
RRPSSA contributes to process the scheduling of a 

continuous media. This algorithm considers time 
dependency of continuous media and it keeps fairness of 
resource allocation in normal situation. 
B. MPSSA 

Even though the merits of RRPSSA, it has some 
difficulties to adapt continuous media as follows. Firstly, 
this algorithm does not show graceful degradation of 
performance under overloaded situation. It is shown as if it 
kept fairness for number of time quantum which is not 
served from scheduler. However it loses fairness for ratio 
of time which is not served from scheduler, per task’s 
computation time. In other words, the weights of one 
unserved time quantum are different between long and 
short computation time tasks.  

Secondly, this algorithm also has the possibility of 
avoidable context switching overhead. It means that rate 
regulator can cause unnecessary context switch in task 
schedule. Since the context switching overheads are 
machine dependent factors, which are page size, memory 
cycle time, number of resister, type of instruction format, 
and etc. The portion of context switching overhead can be 
relatively small and they are seldom considered in many 
scheduling algorithm design. When systems schedule 
many number of tasks, excessive context switching 
induces the trashing due to hot conflicts for system, and 

resources among tasks can cause serious degradation of 
system performance. 

To advance above two drawbacks, the following points 
are focused in MPSSA.  

i) graceful degradation of performance under 
overloaded situation. 

ii)  the elimination of avoidable context switching 
overhead. 

iii)  the advance of admission control that may cause 
deteriorated resource. 

 
III.  SOLUTION METHODS OF MPSSA 

 

A. Resource Allocation Criterion 
Ticket represents the relative amount of resource that 

should receive. It can be defined as equation (2). It could 
consider the ratio of resource allocation not only in normal 
situation but in overloaded situation. 
  

 
 

(2) 

In this equation, 
k : the number of tasks 
Ck : the computation time of taskk 
 Pk : the period of taskk 

Pass represents the virtual time index for next selection. 
It is 0 at the first stage and is updated as equation (3) in 
every time quantum 
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In this equation, 
  t : current time 
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 : the total number of allocations that task 
has received during the start to current 
time,  
(k∈the set of tasks) 

T∆  : the time duration from the start to the 
current time 

B. Task Selection 
In previous time quantum, the selected task has 

preferential right to scheduler and if it will not violate the 
upper bound of rate regulator, it is selected again. If not, 
other task with maximum pass will be selected.  

By the equation (2) and (3), the rate regulator of 
MPSSA can be defined in equation (4). 

kk TickettPass <)(  (4) 

We can decrease the number of context switch using this 
policy of preferential right. 
C. Flowchart of MPSSA 

The process of proposed algorithm is represented in 
figure 1. 
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Fig. 1. Flowchart of MPSSA 

 
From flowchart, the task’s ticket and pass are 

determined by its period and computation time. And 
scheduler selects a task by using task’s ticket and pass. 
During scheduling, we can decrease the number of context 
switch as explanation of section 3.2 and show the graceful 
degradation of performance using tickets which 
considered the rate regulating overloaded situation as 
shown equation (2). 

For the explanation, three sample tasks which are 
represented by (C,P). The first one is (1,5), second is (2,4), 
and third is (2,6). They are scheduled by MPSSA and the 
result is shown in Table1 . In Table1, task A, B and C are 
scheduled by using their pass. And scheduler keeps 
fairness of resources allocation in normal condition. 

 
Table1. Example of MPSSA 

ticket, A : B : C  = 0.19 : 0.48 : 0.32 

time pass selected Task 

1 0.00 0.00 0.00 B 

2 0.19 -0.52 0.32 C 

3 0.19 -0.02 -0.18 A 

4 -0.14 0.15 -0.01 B 

5 -0.06 -0.02 0.07 C 

6 -0.01 0.08 -0.08 B 

7 0.03 -0.02 -0.01 A 

8 -0.09 0.06 0.04 B 

9 -0.06 -0.02 0.07 C 

10 -0.03 0.04 -0.01 B 

11 -0.01 -0.02 0.02 C 

… … … … … 
 

IV.  NUMERICAL TESTS 
 
For the validation of MPSSA, several numerical tests 

are performed. We examine two aspects of the scheduler: 

graceful degradation of performance under the overloaded 
situation and the number of context switching. 
Experiments are carried out under normal situation and 
overloaded situation. 
A. Normal Situation 

For the number of context switch, we compare our 
approach with RRPSSA under normal situation. Table 2 
represents computation times and periods of tasks which 
scheduled under normal situation. And Table 3 represents 
results of experiment. 

 
Table 2. Samples tasks for scheduling  

under normal situation 
Task Computation  Time Period 

A 5 20 

B 10 50 

C 20 60 
 

Table 3. Comparison for #of context switch  
during 1000 time quanta 

Scheduler The number of  
context switch 

RRPSSA 604 

MPSSA 545 
 
Table 3 shows that the number of context switching 

decreases about 10% in our approach than rate regulating 
proportional share scheduling algorithm. 
B. Overloaded Situation 

In overloaded situation, we compare our approach with 
RRPSSA again. We investigate graceful degradation of 
performance additional to context switching overhead. 

Table 4 represents computation times and periods of 
tasks which scheduled under overload situation. Table 5 
represents results of experiment for context switching 
overhead. And the results of degradation of performance 
are illustrated in Figure 2. In Figure 2, (a),(b),(c) and (d) 
represent each loss rates of task A,B,C and D. Loss rate is 
ratio of time which is not served from scheduler, per task’s 
computation time. In other words, the small range of loss 
rate means that variation of loss rate is small. Table 6 
represents the maximum value, the minimum value, 
average and variation of tasks’ loss rate. 

 
Table 4. Samples tasks for scheduling 

under overloaded situation 
Task Computation  Time Period 

A 23 100 

B 68 150 

C 35 100 

D 23 70 
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Table 5. Comparison for #of context switch 
during 1000 time quanta 

Scheduler The number of  
context switch 

RRPSSA 998 

MPSSA 919 
 

 
(a) task A 

 

 
(b) task B 

 

 
(c) task C 

 

 
(d) task D 

Fig. 2. The loss rate of tasks 
 

Table 6. Statistics of loss rate 
Loss Rate A B C D 

Max 
RRPSSA 0.391 0.324 0.343 0.391 

MPSSA 0.333 0.324 0.343 0.348 

Min 
RRPSSA 0.303 0.279 0.314 0.304 

MPSSA 0.303 0.309 0.314 0.304 

Ave 
RRPSSA 0.338 0.306 0.328 0.032 

MPSSA 0.315 0.316 0.319 0.020 

Var 
RRPSSA 0.0013 0.00025 00019 0.0012 

MPSSA 0.00021 0.00005 0.00013 0.00004 
 
Table 6 shows that the number of context switching 

decreases about 8% in our approach than RRPSSA. Figure 
2 shows that a curved line of loss rate in MPSSA is 
smoother than that in RRPSSA. And Table 6 shows that 
the variation of loss rate values decreases about 70% in 
our MPSSA than RRPSSA. It means that MPSSA shows 
better performance than that of RRPSSA for graceful 
degradation of performance under overloaded situation.  

 

V. CONCLUSIONS 
 
This paper proposes a modified proportional share 

scheduling algorithm for continuous media in multimedia 
application. Our approach is focused as following points. 

i) graceful degradation of performance under 
overloaded situation. 

ii)  the elimination of avoidable context switching 
overhead. 

iii)  the advance of admission control that may cause 
deteriorated resource. 

 
Although our approach accomplishes above points as 

showing numerical tests, there are still needs to extend. 
The authors aim at the implementation of our approach in 
actual system using real continuous media. 
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