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Abstract

We consider a LAN-based multimedia information
system like a Video On Demand(VOD) system that
supports the retrieval of continuous media like motion
video and sound. In the system, the server transmits
the streams of continuous media on a shared communi-
cation channel while the continuity of multiple streams
should be preserved. Several scheduling algorithms
have been studied to guarantee the temporal constraints
of time-critical messages, but there has been no study
to schedule periodic transmission requests with vari-
able bit rates(VBR), which results from the compres-
ston algorithms for motion video and sound. We sug-
gest real-time scheduling algorithms that one is static
and the other is dynamic, and an admission control
algorithm to guarantee the delivery of continuous me-
dia. The characteristics of our algorithms are that
it is nonpreemptive to save the overheads of preemp-
tion, and the static scheduling algorithm is proved to
be optimal. It is shown through simulations that the
performance of our dynamic scheduling algorithm is
better than that of nonpreemptive Earliest Deadline
First(EDF) algorithm, especially, under the assump-
tion of variable bit rates.
1 Introduction
We consider a LAN-based multimedia informa-
tion system like a Video On Demand(VOD) system
that supports the retrieval of continuous media like
motion video and sound. There have been several
researches[l, 2, 3] to provide huge amount of con-
current accesses to many video titles contemporarily.
Those systems should be equipped with broadband
communication networks, a lot of processors, thou-
sands of disks, and ATM switches. But, a small sized,
dedicated, and rather inexpensive multimedia infor-
mation system may be required for small organizations
like elementary schools and small libraries, which sup-
ports only tens or twenties concurrent accesses in a
Local Area Network(LAN) like Ethernet.

In most multimedia information systems, handling
continuous media is a class of real-time engineering.
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For example, let us consider a motion video that is re-
trived from the file system where the stream should be
retrieved at a constant rate, 30 frames/sec in NTSC
video. The flow should be also transferred to a client
at the same data rate, and finally, presented to the
monitor in the client. The rate is up to 1.5Mbits/sec
in MPEG1[4]. If the continuity of the data stream
is not preserved even in a part of the flow from the
hard disk to the presentation device, the presentation
may suffer from the jitter. To guarantee the continu-
ity of the stream, real-time scheduling techniques are
usually employed in various levels such as disk head
scheduling[5, 6], CPU scheduling[7], and communica-
tion channels[8, 9, 1].

We concentrate on the scheduling problem in the
level of communication channel. As shown in Fig-
ure 1, clients make concurrent requests of the retrieval
of multimedia information comprising continuous me-
dia. The server issues the continuous data stream on
a shared communication channel like Ethernet. The
server examines the current status of network traf-
fic and approves the connection if the communication
channel can accommodate the request. It is assumed
that the continuous streams of motion video and sound
are retrieved from the storage unit to the commu-
nication unit. It should be noticed that there have
been several researches to guarantee the continuous
retrieval[5, 6].

In this paper, we investigate the characteristics of
communication patterns in a small and dedicated mul-
timedia information system in which the transmission
of continuous data is naturally periodic and nonpre-
emptive, the transmission requests are heterogeneous,
and multimedia data have variable bit rates. We, at
first, present a static algorithm to schedule periodic
tasks and prove that the algorithm is optimal, that
is, it can find a feasible schedule whenever there ex-
ists at least a feasible one. We also present a dy-
namic scheduling algorithm for scheduling communi-
cation requests dynamically and suggest an admission
control algorithm to guarantee the delivery of continu-
ous media for multimedia communication. The char-
acteristics of our algorithms are that they are non-
preemptive to save the overheads of context switching



and the static algorithm is proved to be optimal. The
performance of our dynamic algorithm is compared
with nonpreemptive Earliest Deadline First(EDF) al-

gorithm through simulations, under the assumption of

both fixed bit rates and variable bit rates.

In Section 2, the issues inherent in multimedia
communication are described. In Section 3, a static
scheduling algorithm is proposed and its optimality is
proved. In Section 4, a dynamic scheduling algorithm
and an addmission algorithm are presented for multi-
media communication. In Section 5, performance eval-
uation is described, and finally, we conclude in Section
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Figure 1: LAN-Based Video On Demand System

2 Backgrounds

In this section, we describe the issues inherent in
multimedia communication, and also describe related
work.

2.1 Issues in Multimedia Communication
2.1.1 Variable Bit Rates

In a multimedia information system, the server re-
trieves data blocks continuously from the storage unit,
and transmits them continuously via communication
channels. From the nature of motion video and sound,
the process of data delivery is periodic. For example,
data blocks for motion video should be handled at the
constant rate of 30 frames/sec.

In conventional real-time communication, the com-
munication overhead in each period is often assumed
to be constant through all periods , for example the
period is 10 and the communication overhead is 5.
Then, it means that the communication overhead re-
mains equal to 5 through all periods. But, it has been
reported in a literature{10] that compressed multime-
dia data have variable bit rates(VBR). For example,
although the average is 5, the communication over-
head may be 6 or 4 in a period. This is mainly caused
by compression algorithms like MPEG since the static
scenes are more compressed than dynamic scenes.

2.1.2 Heterogeneous Transmission Requests

In a simple multimedia information system with only
homogeneous video sources, the frequency transmit-
ting such videos is equal to a certain rate, for example,
30 frames/sec in NTSC videos. In such a system, it is
sufficient that multiple streams of videos are serviced
in the manner of round-robin since they have the same
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period of data request and the period is correspond-
ing to one round. In [1], data requests are assumed to
be serviced in the round-robin manner, and Baek[9]
developed an admission control scheme under the as-
sumption of the same period.

However, even in a simple multimedia informa-
tion system, communication requests with variable fre-
quencies should be served. For example, there may
be a request that a series of still images is presented
consecutively at the period of once per second. In a
teleconferencing application, a motion video captured
in a client at a lower rate, 10 frames/second, may be
transmitted spontaneously to other clients.

2.1.3 Nonpreemptive Scheduling

Preemptive scheduling allows the preemption of cur-
rent transmission of a data stream. Preemption is re-
quired when urgent transmission requests with higher
priorities are arrived. For implementing the preemp-
tion in communication systems, data blocks should be
packetized, which causes the overhead of packetization
and context switching.

However, in a small and dedicated multimedia in-
formation system, unpredictable preemption is not
necessary since the rigid requirements of scheduling
the transmission can be made in advance. Just keep-
ing the requirements makes the system satisfy the tim-
ing constraints of itself. Nonpreemptive scheduling
also has the advantage that it is simple to implement.
From this point of view, nonpreemptive scheduling is
considered in our multimedia communication system.

2.2 Related Work

In the scheduling of transmission requests in com-
munication channels, we can divide related work into
two groups, opportunistic and contract scheduling,
according to their characteristics. The opprotunis-
tic scheduling tries to adapt itself to the immediate
needs of processing continuous media, which has no
knowledge in advance about the future behavior of
its environment. It serves the most important pro-
cess in the current jobs, which is often determined by
its fixed priority. This kind of scheduling is appropri-
ate for complex, less predictable, and general systems
as it was noticed that fixed priority scheduling algo-
rithms had been often used in conventional real-time
systems[11, 12, 13].

On the contrary, the contract scheduling algorithm
makes contracts on several parts of a multimedia sys-
tem. Timing requirements should be satisfied in each
part of the system as rigidly as possible, which makes
the whole system more predictable and stable. Al-
though some fluctuations happen due to transient
overload, the expansion of the fluctuations can possi-
bly be minimized. The contract scheduling is adequate
when the prediction of behaviors of handling contin-
uous media is possible in small, dedicated systems.
As a contract scheduling algorithm, Zheng[8] pro-
posed EDF algorithm to schedule periodic requests in
a point-to-point channel and admission control condi-
tion to determine whether a newly arrived request can
be serviced satisfying its timing constraints. Baek|[9]



also considered nonpreemptive EDF algorithm and
suggested admission control conditions in two limited
cases. One is that all computation times are the same
and the other is that all periods are the same. With
the assumption of homogeneous requests, the round-
robin algorithm was proposed in [1]. Among the re-
searches on this type of scheduling, homogeneous re-
quests are assumed in [9] and [1], and EDF algorithm
adopted by ZhengLS] is not optimal to schedule the set
of nonperiodic tasks.

While preemptive scheduling of periodic tasks has
been studied actively to find optimal and efficient
scheduling algorithms [14, 15, 16], related work on
nonpreemptive schedulings has been found less fre-
quently, especially for periodic tasks. Jeffay[17]
showed that scheduling nonpreemptive periodic tasks
is NP-hard and proposed a set of conditions that
a nonpreemptive Earliest Deadline First(EDF) algo-
rithm would be optimal. There was also a research
[18] on the efficient and optimal scheduling of the tasks
with the specific periods satisfying pi11 = kxp;, k > 2
where p; is the period of task,t;, and k is an arbitrary
integer. However, the constraint on the periods is not
general.

if we assume the small and dedicated multimedia in-
formation system in which the prediction of behaviors
of handling continuous media is possible, the contract
scheduling is preferred to the oppertunistic one since
it can optimize resources like buffers and performance.

3 Static Scheduling Algorithm

In this section, we propose an optimal scheduling
algorithm in a static way where a set of periodic tasks
is given and scheduled before actual running. A set of
n tasks, 7, is defined as {t1,%2,- - ,tng, each of which
is characterized by two components, (p;,¢;), where p;
is the period of ¢; and ¢; is the computation time for
an invocation of t;. Tasks are sorted in the ascending
order according to their periods, so ¢; has the shortest
period. We call each invocation of tasks an instance
and denote it as t;; that means the kth invocation
of ¢;. Since a task is nonpreemptive, every instance
of it should run to completion once started. The jth
instance of ¢; should start after (j — 1) x p, form the
origin, and should be completed no later than 7 x p;.
Our algorithm is optimal in a sense that it can always
produce a schedule if there exists at least a feasible
schedule.

Our scheduling algorithm is based on the tasks with
the periods which satisfy the following constraint to be
optimal.

m;

Pit1 = —— (1)

1LCM(p17p27$p2)
(3

my, called the concatenation factor, is an arbitrary
integer greater than 1, which represents the num-
ber of partial schedules to be concatenated to pro-
vide the gaps for the instances of the next task.
For example, when p; = 2 and the concatenation
factors, < mi,me,mz >=< 3,3,2 > are given,
then the set of corresponding tasks{ti,t2,t3,44} is
{(2,-),(3,-),(9,—),(36,—)}. Our constraint is much
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more general than one for the optimal scheduling algo-
rithm in [18], and we believe that the constraint is rea-
sonalble since the periods of tasks which are commu-
nication requests in the multimedia communication in
LAN environment are not so various, and so, they are
grouped into a small number of subsets. For example,
a motion video has the capture rates of 10 frames/sec,
20 frames/sec, and 30 frames/sec.

We call our algorithm Largest Gap First(LGF) al-
gorithm in which each instance of ¢;,; is scheduled in
the largest gaps in the partial schedule of ¢ tasks. We
show that LGF algorithm is optimal, that is, a feasible
schedule can be found whenever there exists at least
a feasible one.

3.1 LGF algorithm

LGF algorithm is similar to those with the greedy
method[19]. At first, it schedules ¢; and if it is fea-
sible, ¢o is considered to be scheduled with the par-
tial schedule of t;. It goes on iteratively until ¢,
is scheduled. Let S; be a subset of 7 with ¢ tasks,
{t1,t2,--,t;} and o; be the schedule of S; from origin
to LCM(p1,p2,- -+, p;)- In the algorithm, m; o;’s are
concatenated and then m; — 1 instances of t;1, are in-
serted into the appropriate gaps as inferred from Eq.

(1).

LGF algorithm investigates the marginal gaps in
each o;, and determines where m; — 1 instances of £;11
are inserted among them. We illustrate the various
marginal gaps possible in Figure 2, where a schedule
for a task set, {(1,—),(2,—),(4,—)}, is considered as
an example. Black filled boxes represent the instances
of t; and white boxes represent the instances of a fol-
lowing task. In Figure 2-a), we center the schedule, o;
to make as large margins as possible at the both ends
of o; and this schedule is called centered o;. We then
call each of two margins an external gap that appears
at both left and right ends of the centered o;, and de-
note them together as A; whose size is as large as the
sum of two margins. An instance is scheduled into one
of gaps at the both ends or is often scheduled into the
gaps between two concatenated ;s in LGF algorithm.

In some cases as shown in Figure 2-b), there may be
some gaps within the centered o;, which are unavoid-
able due to the existence of ready times and dead-
lines of instances. We denote the sum of all such mar-
gins within o; as ¢;. The centered o; can be moved
to the left or right. We denote the maximum move-
ment of it as p; shown in Figure 2-¢). The movement
is restricted by the ready times and deadlines of in-
stances. In the case of the centered o;, we can make
a margin by widening the gap between two adjacent
instances within the boundary of ready time and dead-
line. There can be as many such gaps as the number
of instances in ¢;. Among them, the largest one is
called the internal gap and denoted as p; as shown in
Figure 2-d).

The LGF algorithm consists of three steps as de-
picted in Figure 3. In the algorithm, we use the above
marginal gaps as the parameters to find a feasible
schedule. In Step 1, the parameters for o; and 7,
the location of p;, are calculated. Every instance in
o; is then justified to the left and right, and also cen-



a) exteglal gap

b) internal inevitable gap

¢) maximal movement

d) maximal internal gap

Figure 2: Marginal Gaps within Partial Schedules

tered to make partial schedules 71, 72, and 73. Finally,
three parameters, A;, u; and p;, are obtained in the
functions, center(), mu(), and rho() respectively.

In the next steps, the algorithm tries to insert the
instances of ¢;,1 into the bigger gap between A; and
p; to increase the probability to be scheduled. The
steps are divided into Step 2 and Step 3 according to
whether A; > p; or not. In each step, an adequate fea-
sibility condition is checked, and if the condition is not
satisfied, then return the failure of scheduling. Other-
wise, in Step 2, o; is duplicated m; times and then they
are concatenated. m; — 1 instances of ¢;11 are finally
inserted into the external gaps between two adjacent
o;’s. Similarly, in Step 3, o; is also duplicated, and
concatenated. Of course, it should be satisfied that
t(i+1)k is in the ready state at the time of insertion.
The difference from Step 2 is that #(;4,); is inserted
into the internal gap within o;, rather than an exter-
nal gap. The 0,4 is then generated and the above
three steps are iterated until all tasks are examined.

We now analyze the time complexity of LGF algo-
rithm. Let N; be the number of instances in S; and
N be the number of all instances in 7.

Theorem 1 The time complezrity of LGF algorithm
is at most O(nN ).

Proof The Step 1 executes five functions and each one
requires only one examination of all instances, NV;. In
Step 2 and Step 3, N;;; instances are handled. It
means that at most £ x N;, € < Cp instances are ex-
amined in each iteration, where Cp is a certain con-
stant. Since N; is always less than N and n iterations
are executed, the complexity is less than £ x n x N.
Hence, proved. 0

3.2 Optimality of LGF Algorithm

In this section, we show that the LGF algorithm is
optimal, that is, the algorithm always finds a feasible
schedule whenever there exists at least a feasible one.
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Schedule( 7 ) /* T is a set of n tasks */

fori—1,n—1do {
/* Step 1 : calculate u;, Ai, pi, and v; */
Calculate(o;);

/* Step 2 */
if (M 2> pi) {
if(ci+1 X (mi—l) > Ai xm,-+2><;4,-)
return No feasible schedule;
oit1 < oilltarnallos]] - - lltrnelloss
/*Icismi——l*/

/* Step 3 */
else {
if (civ1 > pi)
return No feasible schedule;
T ¢ k—1;ct — 0
/* ¢ is a null schedule */
for j — 1,m; do {
T 7llos;
if (yi + ¢t > pig1 x (k— 1)) {
J* if t(iy1)r is ready */
insert(t(i+1)k, v + ct);

ke—k+1;
}
ct — ct + LCM;;
}
Oitl «— T;

} /* end of else */
} /* end of for loop */
return o,

}

Calculate( o; ) /* o is a schedule */

if(i=1){
Initialize py « 225555 A1+ p1 «— 2 X pi;
return;

}

71 — left-justify(o;);

/* for all instances in o do {---} */

72 « right-justify(o;); /*

for all instances in o do {---} */

73 <« center(o;); /* obtain A */

mu(rs, 71); /* Min(Vi, j, 73.cti; — T1.ctij) */
rho(rz, 71); /* obtain p */

Figure 3: Largest Gap First(LGF') Algorithm



Lemma 1 LGF algorithm always schedules the in-
stances of tiy1 into the largest gaps in o;.

Proof When A; > p;, the instances are scheduled into
the external gaps that are the largest in Step 2. On the
contrary, if p; > A;, the internal gaps are the largest
in which the instances are scheduled in Step 3. Hence,
proved. O
One might think that it would be better to schedule
instances at smaller gaps to leave larger gaps for a task
with larger computation time. However, we contradict
such a heuristic by the following lemmas. Let G;;,
be the largest gap in 0,41 generated from o; by LGF

algorithm and G,4; be that by an arbitrary schedul-
ing algorithm except LGF algorithm. Similarly, we
distinguish the parameters of schedules made by an
arbitrary algorithm from those by LGF algorithm by
putting primes on them.

Lemma 2 Given g; with A; > p;, Giy1 > G{+1 holds.

Proof It should be noted that any scheduling algo-
rithm can make a successful schedule only if ¢;17 < A;
holds.

LGF algorithm schedules instances into the external
gaps between two adjacent o;’s when A; > p;. Hence,
there remain margins at both ends of the centered
oi+1, which are as large as those of ¢; or even larger
when p; is not 0. It means that A;;; > A; holds.
In addition to this, it is clear that p;;1 < A; holds.
Therefore, G;11 = A;x1 > A; holds.

An arbitrary algorithm inserts one or more instances
into the internal gaps of ¢; and concatenates them to
form o;4,. If an instance is inserted into o;, the mar-
gins at both ends get less than or equal to the original
ones regardless of the size of ¢;+1. Even though only
one instance is inserted into one o;, it is clear that
Air1 < Aip1 holds. piiq is at most equal to A; as well
as Pit+1- .

By both cases, Gi+1 > Giy1 holds. Hence, proved. O

Lemma 3 Given o; with A\; < p;, Gip1 > G{H holds.

Proof LGF algorithm schedules instances into the in-
ternal gaps within ¢;’s. Since the number of internal
gaps in 0,41 is bigger than the number of instances
by 1, there remains one internal gap unoccupied. It is
clear that the size of this internal gap is larger than any
other gaps in 0,4 , and therefore, G;11 is equal to the
internal gap, p;. If an arbitrary algorithm schedules
instances to other locations rather than the internal
gap, it results in reducing the size of the internal gap.
Giy1 is at most less than or equal to p;. Therefore,
Gi+1 Z Gi+1 holds.

Hence, proved. 0
Notice that the proofs of Lemma 2 and 3 are inde-

pendent of which algorithm has been used to schedule
g;.

Theorem 2 LGF algorithm is optimal.
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Proof We show that the contraposition of the theorem
is true. Assume that S; has been scheduled success-
fully by LGF algorithm but o, is not schedulable. If
we try to schedule instances of ¢;11 in other locations,
it will also fail since the other locations have smaller
gaps than previous one as shown by Lemma 1. If we
try to backtrack to the previous schedulings to make
enough room for t;4,, it will also fail since larger gaps
are not made by any trials as shown by Lemma 2 and
3. Therefore, no algorithm can schedule o;.,;. Hence,
proved. O

4 Dynamic Scheduling Algorithm and

Its Admission Condition

We propose a scheduling algorithm to operate dy-
namically for multimedia communication. Note that
the terms, "request” and ”communication time” for
the dynamic scheduling algorithm are analogous to
the terms, “task” and ”computation time” used for
the static scheduling algorithm respectively. The dy-
namic scheduling algorithm operates in the same man-
ner as Earliest Deadline First Algorithm. When a task
completes its execution, the dynamic algorithm selects
one among the ready requests and dispatch it. When
a new request is arrived while a set of requests are
serviced, the server should decide whether it admits
the request or not. Admission control should be rigid
enough to guarantee the timing constraints of all re-
quests once they are admitted.

4.1 Request Model

Let R = {ri,72,---,7;} be a set of periodic re-
quests. Each request is characterized by < p;,c; >,
where p; is the period of request r; and ¢; is the com-
munication time of it. In R, requests are sorted ac-
cording to the period. So, r; has the shortest period.
Each p; is assumed to satisfy the same constraint in
Eq.(1) used for the static algorithm.

R is the same as the set of tasks defined in Section
3. Therefore, LGF algorithm is optimal to schedule R.
But, we should consider the scheduling in the situation
where the traffic of the communication channel is not
so busy. Let U be a subset of R. For example, {<
I,~ >,<3,—>}is asubset of {<1,—>,<2,—>
<3, —>tand {< 1,- >,<2,- > < 8,->}isa
subset of {< 1,~ >, <2, - >,<4,- > <8~ >}
Notice that r; should not be discarded in &/. We let I*
be the superset of { by adding some dummy requests
with 0 communication overhead. For example, if i =
{<1,-><3,->} thenU* = {<1,— >,<2,0>
,< 3,— >}. If a set of requests, I, is arrived, we
examine whether the set is a subset of R or not. If
not, the requests are rejected. Otherwise, &/* is made
from U. In turn, U* is analyzed to be admissible by
the admission algorithm defined later and then the
requests are scheduled by the dynamic algorithm.

When a periodic request is serviced, the initial ser-
vice point is important. In our dynamic algorithm,
the initial service points of all requests should be set
to the origin. Therefore, the service of a new request
should be delayed until the start of the next round of
the other requests, if the request is not issued at the
exact start. For example, while two requests with the



periads of % seconds and % seconds are served, if a
new request with 33—0 seconds arrives, then the request
should wait for at most % seconds.

4.2 Dynamic Algorithm

In the communication unit, the buffers for data re-
trieved from the file system are preserved. The file sys-
tem fills the buffers satisfying the timing constraints
of requests. In our system, the scheduling algorithm is
called when the transmission of current data is com-
pleted. Then, the scheduling algorithm looks into a
list of blocks of data that are ready to be transmitted
and selects one of them.

The dynamic algorithm is different from LGF algo-
rithm in some points. The static algorithm decides the
schedule of the given tasks after scheduling them from
0 to the LCM of their periods. On the contrary, the
dynamic algorithm decides the schedule of the given
requests according to the status of the current traffic,
the result from the admission test, and the status of
the ready queue. Moreover, the dynamic algorithm
schedules requests in the ready state as well as EDF
algorithm.

Flag turn = ON;
/* ON means to consider the instances of r; */

Dynamic SchedulingR)
Set of Tasks R;
/* set of ready blocks */

int i;

If (turn == ON) {
If (the instance of r; is not ready) Wait;
Schedule the instance of ry;
turn = OFF;
/* OFF means to consider the instance of
other requests except r */

else {

If (NONE is ready) Wait;

i = An instance with Earliest Deadline
and Earliest Ready-time first;

If (i I= DUMMY)

/* it is not a dummy task */
Schedule i;

turn = ON;

Figure 4: Dynamic Scheduling Algorithm

Figure 4 shows our dynamic scheduling algorithm.
The algorithm schedules an instance of r; and then
change the turn for the next requests and selects an
instance with Earliest Deadline and Earliest Ready-
time. Then the turn is changed for r; and an instance
of it is again scheduled. These procedures are iter-
ated until all the requests are scheduled. By using
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this recursive operation, the instances of 7, get enough
chances for schedule not to miss the deadline.

Lemma 4 The dynamic algorithm schedules U* to
make a schedule equivalent to LGF algorithm.

Proof Recall that the set of tasks which LGF sched-
ules is a member of U/ where each instance of the next
task of the member has only one appropriate gap that
is determined by its ready time and deadline. The
dynamic algorithm also schedules first such requests
with earliest deadline, and then, earliest ready time.
Hence, proved. a

4.3 Admission Control Algorithm

While a set of requests is being served, a new re-
quest can be asked. In that case, the server examines
the status of the traffic for the communication chan-
nel, and determines whether it admits the request or
not. It is required that the service quality for the re-
quests including the new request should be kept once
the admission is approved. In our algorithm, it admits
the new request if the dynamic algorithm can schedule
the set of requests including the new request. It means
that the admission control algorithm can be viewed as
the schedulability analysis of the dynamic algorithm.

Let Ut be the set of requests including the new
request. Our admission control algorithm receives U+
and returns yes or no.

Admit u+)
Set of Tasks  Ut; /* set of requests */
{

int A, g, m;

int i;

A=p1 —ci;

p=A;

m=2;

Fori=2,n{

If((p! = 0)&&((m — 1) x ¢;) >
(m—-1)xAx2+2xu)
return(no);

==0)&&(c; > A x 2))
return(no);
= = cil;
A=A + sign(|A — ¢]) x p;

—_  _Pi¢1 .
M= i —LOM(p1, i)

If((

}

return(yes);

Figure 5: Admission Control Algorithm

Let n be the number of requests in ™.

Theorem 3 The time complezity of our admission
control algorithm is O(n).

Proof The algorithm is composed of only one loop
bounded by n. Hence, proved. ]



Theorem 4 Ut is schedulable if it is admitted by the
algorithm.

Proof Recall that 4 and X are the spatial parameters
defined in Section 3. 4 is the maximal movement of
the partial schedule and A is the maximal gap made
at both ends of the partial schedule.

When g is not 0, the size of the gap where an in-
stance is inserted is (m; — 1) x A X 2+ 2 x pu since the
partial schedule can be expanded at the both ends.
At this time, m; — 1 instances of next requests with
the computation time, ¢;, should be inserted into the
corresponding gap. Therefore, if the first condition is
not satisfied, then U™ can not be scheduled by the
dynamic algorithm.

When p is 0, an instance should be inserted into
a gap with the size of A x 2, and then no expansion
is possible. Therefore, if the second condition is not
satisfied, T can not be scheduled by dynamic algo-
rithm, either.
The values of p and A are modified as defined in the
algorithm. g is monotonically decreasing. A is on de-
crease when X — ¢; is positive and is on increase in the
opposite case.

So, if the algorithm admits, U™ is schedulable since
the dynamic algorithm can schedule it. Hence, proved.
0

4.4 Adaptation to Various Requests

In practical applications, multiple requests may
have the same period. In such a case, the dynamic
algorithm can not be applied directly. We propose a
grouping strategy to overcome the problem. Given U,
multiple requests with the same periods are grouped
into a new request to form a new set of requests,
U~, and then it is analyzed by our admission con-
trol algorithm. If it is admitted, /™ can be sched-
uled by the dynamic algorithm successfully. For ex-
ample, given {< 1,10 >,< 2,10 >,< 2,10 >}, U™ is
{< 1,10 >, < 2,20 >}. This is also directly applicable
to the static scheduling algorithm.

Theorem 5 IF the nonpreemptive EDF algorithm
schedules U™, the dynamic algorithm always schedules
it.

Proof In U™, all requests with the same period have
the same ready time and deadline. Since the nonpre-
emptive EDF algorithm schedules according to dead-
lines, it schedules the requests contiguously. That is
the same with our grouping strategy. Hence, proved.
]

This theorem means that the dynamic algorithm
shows better schedulability than the nonpreemptive
EDF algorithm.

In practical applications, some aperiodic requests
should be serviced. For example, clients send their
commands sporadically and the server may send dis-
crete media like still images to clients according to
the requests of clients. These events are the sources
of aperiodic traffic.
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In conventional real-time systems, there have been
researches to schedule both periodic tasks and spo-
radic tasks simultaneously. One of them is the polling
server method[20], which reserves the periodic task for
servicing the sporadic tasks. If a client wants to send
an aperiodic data, it waits until a polling server task
is ready. This method may cause either some delay of
service or waste of resources, but it has the advantage
that the implementation is rather simple. In addition,
it can achieve good performance if the system is tuned
to avoid the waste as much as possible.

5 Performance Evaluation

We have already proved that the LGF algorithm is
optimal. For the performance evaluation of our dy-
namic scheduling algorithm, it is important to eval-
uate the schedulability of the algorithm, that is,
how many sets of tasks the algorithm can sched-
ule. We make a comparison between our dynamic
scheduling algorithm and the nonpreemptive EDF
algorithm|17, 8] through an extensive simulation. Sim-
ulation is done in two cases, one is for the requests with
the fixed bit rates, the other is for the requests with
the variable bit rates.

A set of requests is characterized by the three pa-
rameters which are the number of requests in a set, the
period of each request, and the communication time
of each request. We evaluate the algorithms with two
sets of requests where the number of requests in each
of them is 3 and 5 respectively. It is clear that these
two sets are enough to evaluate the performance of
our dynamic algorithm since the periods of requests
in reality are not various. In real applications, there
may be many requests with the same period and they
are grouped to be scheduled.

For the simulation, we generated sets of periodic
requests under the assumption that the communica-
tion time of each request is uniformly distributed. In
each case, ten thousands sets of requests are gener-
ated, and we schedule them with both our dynamic
algorithm and the nonpreemptive EDF.

The schedulability of scheduling are affected by two
parameters, the number of requests and the utilization
factor. When the number of requests in a set is small,
it is easy to schedule the set of requests. The more re-
quests are given, the harder the scheduling is. In the
case of the utilization factor which specifies the usage
of the communication channel, if it is 100(%), there
is no space remained in the communication channel.
Hence, it is very difficult to schedule such sets of re-
quests. If the utilization factor is less, the scheduling
gets easier.

The results of simulation with the fixed bit rates are
shown in Figures 6 and 7. The communication time
for each request is selected randomly. As shown in the
figures, the nonpreemptive EDF algorithm can sched-
ule less sets of requests than our dynamic algorithm
in all cases. The difference in the schedulability be-
tween two algorithms becomes larger with the increase
in the number of requests and the utilization factor.
In Figure 7, it is remarkable that the nonpreemptive
EDF algorithm can schedule only 20(%) of sets in the
case of 100(%) utilization and 5 requests while the dy-



namic algorithm shows 60(%). We can argue that our
dynamic algorithm is more efficient than the nonpre-
emptive EDF algorithm by twice on the average with
the fixed bit rates.

Figures 8 and 9 show the results of a simulation for
the continuous streams with variable bit rates. A num-
ber of request sets are generated with variable commu-
nication overheads. For example, when the communi-
cation overhead of a request is 10, the communication
overhead of each period is variable such as 8, 11, 10,
9, and so on, but, the average is 10. As depicted in
the figures, our dynamic algorithm with variable bit
rates shows the similar schedulability compared to one
with constant bit rates and the schedulability is quite
better than that of EDF. This tells us that our dy-
namic algorithm is effiecient to handle the requests
with variable bit rates as fixed bit rates. On the con-
tarary, EDF algorithm makes much less feasible sched-
ules, which tells that EDF algorithm is not stable to
schedule continuous streams with variable bit rates.
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6 Conclusion and Further Research
We have suggested scheduling algorithms and an
admission control algorithm to schedule continuous
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media like motion videos and sounds in a small and
dedicated LAN-based multimedia information system.
The proposed algorithms are nonpreemptive and peri-
odic real-time scheduling algorithms which satisfy the
issues in the multimedia communication; variable bit
rates, heterogeneous transmission, and nonpreemptive
scheduling.

The LGF algorithm which is a static one is proven
to be optimal. It is also shown through simulation
that our dynamic scheduling algorithm can achieve
much better schedulability than EDF algorithm for
the requests with fixed bit rates as well as variable
bit rates by approximately twice on the average. This
justifies that our dynamic algorithm can provide more
efficient and stable scheduling than EDF algorithm in
multimedia communication.

We believe that our scheduling algorithms and ad-
mission control algorithm are appropriate in a small
and dedicated multimedia information system like a
small VOD system. Therefore, more detailed design
of such a system is required as a further research.
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