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Abstract

Real-time disk I/O scheduling is extremely important to the performance improvement of
the whole real-time system since the disk devices are the system’s bottleneck. To meet time
constraints, some conventional algorithm, such as EDF, Least Slack Time First, Rate Mono-
tonic, can be used to schedule disk I/O. However, these algorithms ignore the relative position of
requested data on the disks, hence their throughput is certainly low due to large arm positioning
time. To keep a good tradeoff between optimizing throughput and meeting time constraints,
several hybrid real-time scheduling algorithms were proposed. These algorithms include Pri-
ority SCAN(P-SCAN), SCAN-EDF, Feasible Deadline SCAN(FD-SCAN), Feasible Deadline
EDF(FD-EDF), and Shortest Seek Earliest Deadline by Order/Value(SSEDO, SSEDV). In this
project, we compared real-time algorithms, such as EDF, FD-EDF, SSEDO and SSEDV, with
conventional algorithms, such as FCFS, SSTF and SCAN, in the aspects of guarantee ratio,
average throughput and merit according to our simulation results.

1 Introduction

The study of real-time systems has recently become a rapidly expanding area of research. This area
has many challenging issues both in theoretical research and industrial application. One of these
challenges is real-time I/O scheduling. While RISC microprocessor performance has been improving
50% per year [19], disk access time, which depends on improvements of mechanical systems, has
been improving only 10% per year [3]. Disks become the bottleneck of the whole system. The
improvement in the I/O system will significantly improve the performance of real-time systems.
This motivates us to investigate the problem of the real-time I/O scheduling. To be more specific,
this project would investigate soft real-time disk I/O scheduling algorithms.

Real-time 1/O scheduling has not been extensively studied. One important reason is that in
many real time systems disks are not accessed under time constraints. As the real-time systems
become more complex and larger, it is necessary to consider the time constrained disk access into
the real-time system. For example, real-time database, video and audio player, real-time satellite
imagery feature extraction, real-time visualization [24], all these soft real-time applications need a
good real-time disk I/O scheduling algorithm to satisfy their time constraints.

Disk workloads are often characterized by intense bursts of activity, creating long queues of
pending requests [21]. The disk scheduler is responsible for dynamically ordering the pending
requests. This scheduling has been studied since 1960’s. However, the conventional disk scheduling



algorithms aim to optimize the disk throughput. They include First Come First Served(FCFS),
Shortest Seek Time First (SSTF), SCAN, Cyclical SCAN (C-SCAN), LOOK, and Cyclical LOOK
(C-LOOK) [5, 6, 8,9, 10, 13, 23]. To meet time constraints, some conventional real-time algorithms,
such as Earliest Deadline First (EDF), Least Slack Time First and Rate Monotonic (RM) [15, 17,
18], can be used to schedule disk I/O requests. However, these algorithms ignore the relative
position of requested data on the disks. Due to the large seek time and rotation latency, their
throughput is relatively low. To keep a good tradeoff between optimizing throughput and meeting
time constraints, several hybrid real-time scheduling algorithms were proposed, such as Priority
SCAN (P-SCAN) [2], SCAN-EDF [20], Feasible Deadline SCAN (FD-SCAN) [1], Shortest Seek
Earliest Deadline by Order/Value (SSEDO, SSEDV) [4] and T-SCAN [7].

Ref. [4] compared nine disk scheduling algorithms in a database environment. They used trans-
action loss probability, i.e., the probability that a transaction does not meet its deadline, as their
overall metric. Ref. [7] evaluated their T-SCAN algorithm in a multimedia system by comparing
the buffer size needed by disk scheduling algorithms. Ref. [28] used fluid approximations and an-
alytical techniques from manufacturing scheduling problems to estimate the transient and steady
states of a multimedia system. The metric they used is frame loss ratio. In this paper, we evaluated
disk scheduling algorithms in the aspects of guarantee ratio, merit and throughput by simulation
in a multimedia environment. The guarantee ratio indicates the ratio of requests whose deadlines
can be met. The merit, defined in Section 4, is used to measure the usefulness of a soft real-time
scheduling algorithm.

The rest of this paper first discusses related work in Section 2, and then describes our im-
plementation in Section 3. Section 4 describes how we evaluated our system and presents the
results. Section 5 presents our conclusions and describes future work. Finally, Section 6 gives our
acknowledgment.

2 Related Work

This section gives a review of conventional and real-time disk I/O scheduling algorithms.

2.1 Conventional Disk Scheduling Algorithms

The simplest form of disk scheduling algorithm is First Come First Served (FCFS). FCFS is intrinsi-
cally fair but it can incur significant seek time and rotational latency overhead. Other conventional
scheduling algorithms were proposed to reduce seek times. The Shortest Seek Time First (SSTF)
selects the request with the minimum seek time from the current disk arm position. SCAN algo-
rithm, first proposed by Denning [8], serves the requests in the direction of the arm movement until
no further requests in this direction and then changes its scan direction. There are some variants
of SCAN, such as C-SCAN, LOOK and C-LOOK. In addition, Ref. [10] proposed a continuum of
algorithms between SSTF and SCAN. It added a penalty of R times the total number of cylinders
for reversing direction. It suggested that R = 0.2 keeps a good compromise between SSTF and
SCAN. Ref. [23, 14] proposed the Shortest Access Time First algorithm(SATF), which attempts to
minimize the sum of seek time and rotational delay.

These algorithms aim to provide a high 1/O bandwidth by minimizing the total seek time and
rotational latency. However, no time constraint has been considered in there algorithms. Therefore,
they can not be used in the real time system environment, where each request has a deadline and
must have been served before its deadline.



2.2 Disk Scheduling Algorithms for Real-time I/0

In real-time systems, when requests have to be satisfied within deadlines, algorithms such as Earliest
Deadline First (EDF) and Least Slack time First (LSF) are used. Ref. [18] shows that the EDF
algorithm is optimal if preemption is allowed and jobs do not contend for resources. However,
current disks are non-preemptive. Jeffay [15] examined the feasibility of scheduling a set of periodic
or sporadic tasks on a uniprocessor without preemption and concluded that EDF algorithm is
optimal for sets of sporadic and periodic tasks and for sets of concrete sporadic tasks, except for
concrete periodic tasks. Accordingly EDF is a natural choice for the real-time disk I/O scheduling,.
However, strictly EDF has a large overhead of seek time and rotational latency and thus results in
a poor utilization of the disk. Several hybrid algorithms, which combine EDF with conventional
disk scheduling algorithms, are proposed in recent years. The following discusses five of them:
P-Priority, FD-EDF, SCAN-EDF, SSEDO, SSEDV.

2.2.1 Priority SCAN

The Priority SCAN (P-SCAN) [2] divides all I/O requests into several priority levels according
to their deadlines and SCAN algorithm is used within each level. The scheduler maintains several
queues, each of which has a different priority. All the I/O requests in the same queue have the same
priority. The requests are assigned a priority according to their deadlines and then buffered into
the corresponding queue. Upon the completion of a disk request, the scheduler checks whether a
non-empty queue of a higher priority is waiting for services. If such a queue is found, the scheduler
switches to that queue and serves it using SCAN algorithm.

priority

high

medium

low

LB  (LB+UB)4 (LB+UB)?2 UB  deadline

Figure 1: Priority assignment according to the relative deadline.

Ref. [2] discovers that the average response time can worsen as the number of priority levels
increases. Therefore, a small number of priorities is preferred to provide reasonable I/O perfor-
mance. Ref. [4] discusses how to assign priorities into three levels: high, medium, and low. The
priority assignment is shown in Fig. 1, where UB and LB are the upper bound and lower bound of
the relative deadlines respectively. It concludes that this assignment is better than the one-third
strategy, which evenly divides the deadline range into 3 intervals and maps each interval into a
priority level.

2.2.2 FD-EDF

Abbott [1] suggested a real-time disk scheduling algorithms, called Feasible Deadline SCAN (FD-
SCAN). A deadline is called feasible if it is estimated that it can be met. FD-SCAN dynamically



adapts the scan direction towards the request with the earliest feasible deadline. This motivates
the development of another algorithm, Feasible Deadline EDF (FD-EDF)[4]. If there are requests
with feasible deadlines waiting the queue, the disk controller serves these requests using the EDF
algorithm. Otherwise, it serves the queue using FCFS. A request which has the earliest deadline but
whose deadline is not feasible, may be served only when there is no request with feasible deadline
in the waiting queue.

2.2.3 SCAN-EDF

SCAN-EDF is a hybrid algorithm proposed in Ref. [20]. It serves the requests with earlier deadlines
first and requests with the same deadline using SCAN algorithm. This would efficiently make use
of the disk bandwidth in addition to maintaining the time constraints. A precise description of this
algorithm is as follows:

Step 1. Let T = sets of tasks with earliest deadlines.

Step 2. If |T| = 1, serve that request, else let t; be the first task in
T in the scan direction, serve t1, and then go to Step 1.

The efficiency of SCAN-EDF depends on the fraction of the requests that have the same dead-
lines. Two techniques [20] can be used to increase the fraction. The first one is to let the deadline
be equal to the period, and let the release time be a multiple of the period. The second one is used
when the requests have different data rate requirements. It uses a periodic fill policy, proposed in
Ref. [27], to let all the requests have the same deadline.

2.2.4 Shortest Seek and Earliest Deadline by Ordering

Shortest Seek and Earliest Deadline by Ordering (SSEDO) [4] sorts all the requests in a queue
according to their absolute deadline. A window of size m is defined as the first m requests in the
queue. The scheduler first assigns a weight w; = 871, (3 > 1, i = 1,2,...,m), to each request
r; in the window at each scheduling instance. Note that 3 is an adjustable scheduling parameter.
Then it serves the request with the minimum value of w;d;, where d; is the distance between the
current disk arm position and the desired arm position of request r;.

The basic idea of SSE DO is to give chances to a request that has a large deadline but is “very”
close to the current arm position. This algorithm approximates SSTF when § = 1 and EDF when
m = 1.

2.2.5 Shortest Seek and Earliest Deadline by Value

Shortest Seek and Earliest Deadline by Value (SSEDV) [4] is very similar to SSEDO except that
the weights of the requests in the window are assigned based on the value of the deadlines, instead
of the order of the deadlines. It associates w; = ad; + (1 — a)l;, where « is an adjustable scheduling
parameter, d; is the distance between the current arm position and the desired arm position, and
l; is the slack time, defined as the length between the current time and the absolute deadline of
request r;. It is interesting to notice that SSEDV approximates SSTF when o = 1 and LSF when
a = 0. Ref. [4] also did experiments in an actual real-time transaction system benchmark, called
RT-CARAT, and concluded that SSEDV outperforms SSEDO.



sector size 512 bytes
cylinders 1962
tracks per cylinder 19
data sector per track 72
number of zones 1
tract skew 8 sectors
cylinder skew 18 sectors
revolution speed 4002 RPM
tract switch time 1.6 ms
read fence size 64 KB
disk buffer cache size 128 KB

Table 1: Disk parameters of HP 97560.

3 Implementation

In this section, we introduce some characteristics of disk devices. After that, the disk model, includ-
ing bus interface, mechanical positioning, data layout and caching, is discussed. The workload, used
in the simulation, is also described here. At the end of this section, we discuss how to implement
the simulation.

3.1 Characteristics of Disk Drives

A modern disk consists of a set of rapidly rotating platters coated on both sides with magnetic
media. Data is read and written in circular tracks on each surface through disk heads. Each track
is further broken down into smaller pieces called sectors. A cylinder is a set of tracks equidistant
from the center of the disk.

Each disk has a mechanical positioning component, which ensures that the appropriate head
gets to the desired track as quickly as possible, fine tunes the head position and keeps it on that
track. The response time of this procedure includes seek time, rotational latency and head
switching time. Seek time is the amount of time needed to move a head to the correct tract.
Rotational latency is the amount of time needed for the desired sector to rotate under the disk
head. Head switching time is the amount of time for the controller to switch its data channel from
one surface to the next in the same cylinder due to the physical alignment error between the tracks
on the different surface.

3.2 Disk Model

Ref. [22, 25] give a precise and detailed description of disk modeling. Ref. [26] gives a detailed
information about extracting disk drive parameters via the ANSI-standard interface. Since the
parameters of HP 97560, as shown in Table 1, is clearly given in Ref. [22], we basically take this
disk as our disk model in this project. To precisely measure the performance of disk scheduling
algorithms, we incorporate mechanical positioning, data layout, and request queuing into our simu-
lation. Admission control currently is not considered in this project. Jeffay [15] provides an efficient
admission control algorithm on non-preemptive periodic, sporadic and concrete sporadic tasks. We
may incorporate this into our model in the future.



3.2.1 Bus Interface

The most important aspects of a disk driver’s host channel are its topology, transfer rate, and
overhead. Currently, the Small Computer System Interface (SCSI) is a typical bus. Most disk
drives use the SCSI bus operation’s synchronous mode, which can run at the maximum bus speed.
Standard SCSI transmits data at 5 MB/Sec and its fastest type transmits at approximately 40
MB/Sec. As the number of devices on the bus increases, contention for the bus can occur. On
SCSI, the cost of acquiring control of the bus is on the order of a few microseconds if the bus is
idle. The SCSI protocol also allows a disk drive to disconnect from the bus and reconnect later
once it has data to transfer. This cycle may take 200us [22]. In addition, most SCSI drives take
data off the media more slowly than they can send it over the bus, hence the drive fills partially its
buffer before attempting to commence the bus data transfer [22]. A read fence size, defined as the
amount of data which is read into the buffer before the SCSI drive initiates the transfer, is used to
measure how fast the SCSI drives can response. Write requests can be asynchronous since it can
transfer the data to the disk’s buffer as long as the buffer has free space.

3.2.2 Mechanical Positioning

The Mechanical positioning time includes disk seek time and rotational latency. By keeping track
of the rotational position of the disk, we can explicitly calculate the rotational latency, assuming
that the disk is spinning at exactly its nominally rated speed. The seek time T's(d) can be expressed
in milliseconds as follows [22]:

0 if d=0;
Ts(d) ={ 3.24+0.40Vd if d<383;
8.20 4+ 0.0075d if d > 383.

where d is the seek distance in cylinders. This model can be conceptually explained in the following
way. During a long distance seek, most modern disk arms first accelerate up to their maximum
speed, then keep that speed for some time, next decelerate back to zero, and finally settle onto the
desired cylinder. The whole process is dominated by running with the maximum speed. Therefore,
the seek time increases linearly with the seek distance. During short seeks, the arms accelerate up
in the first half distance, decelerate and then settle in the second half distance. The whole process
is dominated by accelerating and decelerating. Therefore, the seek time increases with the square
root of the seek distance.

3.2.3 Data Layout

Most disks need to map the logical block number to the physical block number. The complexity
of mapping is increased due to the fact that the disk must hide bad sectors and do some low-level
optimization, such as zoning, track/cylinder skew, and sparing [25]. To precisely calculate the disk
seek time, we incorporate the complex mapping information into our disk model.

3.2.4 Caching

Cache is used to match the speed disparity between the disk drive and the CPU. SCSI supports
read caching, also called read-ahead, which means actively retrieving and caching data that the
disk expects the host to request momentarily. As for write caching, two techniques are usually
applied. One is immediate reporting, the other is battery-backed RAM. In addition, SCSI also
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Figure 2: Seek time versus seek distance in cylinders for the HP 97560.

supports command queuing, which allows the host to give the disk controller several requests and
let the controller determine the best execution order.

3.3

Workload Model

Multimedia, such as video and audio, is a soft real-time workload. It is also often referred to
constant rate workload because they consist of a sequence of media quanta (such as video frames
or audio samples), which convey meaning only when presented continuously in time. While the
maximum throughput of modern disks is 5-8 MBytes/s, the throughput requirement of an MPEG-2
encoded video stream is 0.42 MBytes/s, and the requirement of an uncompressed CD-quality stereo
audio is about 0.18 MBytes/s [11]. In this project, we assume that

All the workloads are MPEG-2 video streams, or all the workloads are CD-quality stereo
audio.

The first request of each stream arrives in an exponential distribution. Let Ti(l) is the first

)

request of the video stream 4. The probability density of TZ-(1 is given as follows,

(D)
FIT) = AT (1)
where ) is the arrival rate of video streams.

The following requests of each stream are issued exactly at the time instant of the absolute
deadline of the previous request.

The size of each request is uniformly distributed from 1 to 50 tracks.

The relative deadline of each request is the ratio between the request data size and the
throughput requirement (0.42 MBytes/s or 0.18 MBytes/s).

The data is uniformly distributed in the whole disk.



3.4 Event Driven Simulation

Ref. [16] implemented a detailed model of the HP 97560 disk drive in ANSI C, which replicated
the model developed by Ruemmler and Wilkes [22]. Their design can simulate one or more disk
drives attached to one or more SCSI buses. They validated their model using seven-day traces
obtained from Hewlett-Packard. In Ref. [22], Ruemmler and Wilkes evaluated their disk model
by calculating “demerit”. They plotted the time distribution curves for the real drive and model
output and defined the root mean square of the horizontal distance between these two curves as
“demerit”. Using the same “demerit” measure as Ruemmler and Wilkers, they obtained a demerit
percentage of 3.9%, indicating that their model was extremely accurate.

However, they did not consider the disk request queue in the disk controller and only FCFS
scheduling algorithm was implemented. Based on their model, we incorporated a disk request
queue into the disk controller. Ref. [21] discovered that disk I/O is very bursty in UNIX and the
maximum number of entries in the disk request queue can be as large as 1000. In our disk model,
we assume that the disk is able to store 1000 requests. When the queue is full, CPU has to wait
until the queue has empty space for this request.

We implemented some real-time disk scheduling algorithms, such as EDF, FD-EDF, SSEDV
and SSEDO. We built a scheduling class, which encapsulated different disk scheduling algorithms.
The scheduling class is driven by the events of requests, such as the release of a new request
and the completion of an old request. Disk request preemptions lead to low throughput because
preemptions cause more large disk arm moving. Hence, most modern disks are non-preemptable.
Therefore, the scheduler only dispatches the request after the event of the completion of an old
request. The scheduler can be briefly described as follows:

1. Sort all the requests according to their release times and put them into a queue named
ToBeServed.

2. Current time t = the release time of the first request in ToBeServed.
3. Initialize a queue, named Released, to be empty.
4. while ToBeServed is not empty, do

Move all requests in ToBeServed with release time less than ¢ into Released.

Calculate the disk service time tg4eppe Of 7 according to the disk model

)
b) Select an request r from Released according to the disk scheduling algorithm.
)
) Delete r from Released.

(e) Current time t =t + tserpe

5. end of while

Due to time limitation, other real-time algorithms, such as P-SCAN and FD-SCAN are not
implemented. To compare their performance with conventional disk scheduling algorithms, FCF'S,
SSTF and SCAN have also been implemented in our simulation.

4 Evaluation

In this section, we evaluate these disk scheduling from three perspectives: guarantee ratio, average
throughput and merit. Guarantee ratio is defined as the percentage of requests which meet their



time constraints. In the following, we describe our merit function. After that, we present our
simulation results.

4.1 Merit Definition

To indicate the usefulness of scheduling algorithms, we developed a merit function that is associated
with the response time of requests. Let the total request set be {T4,Ts,...,T,}. We define the
rated response time R as follows:

Rf =2 2)

where R; and D; are the response time and relative deadline of request T;. The merit of serving an
individual request T; by these scheduling algorithms is defined as a function of its rated response
time, given as follows:

" 1 if Ry <1
lR) = { 2B =D if RY> 1.

This function is graphically shown in Fig. 3. The merit of some disk scheduling algorithm can be
defined as the average merit, i.e.,

merit = Z ©(R;)/n (3)

1=1

Usefulness function for soft real-time requests
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Figure 3: Usefulness function for soft real-time requests.

As we can see from the definition, the value of each merit is between 0 and 1. In this project, we
will calculate the merit of each disk scheduling algorithm from the simulation results and evaluate
these algorithms based on their merit values. Validation of our merit function is really a challenge
for us. Usefulness functions have been used in evaluating soft real-time system [12]. However,
validation of usefulness functions is always tricky. In this project, we developed this merit function
by art. The definition shows that the higher the average merit value is, the more possibly the
deadlines are met. Hence, a higher average merit value implies a better scheduling algorithm.



4.2 Simulation Results

The throughput requirements of a MPEG-2 encoded video stream and an uncompressed CD-quality
stereo audio are 0.42 and 0.18 MBytes/s respectively [11]. Each MPEG-2 or CD audio load is a
constant rate stream. In this project, we evaluate the performances of FCFS, SSTF, SCAN, EDF,
FD-EDF, SSEDO, SSEDV algorithms under different number of MPEG-2 and CD audio streams.
The following describes their performances from three aspects: guarantee ratio, average throughput,
and average merit.

4.2.1 Guarantee Ratio

Guarantee ratio is defined as the percentage of requests that finish before their deadlines. We
simulate 1000 MPEG-2 requests and 1000 CD audio requests. The requests are generated in the
way described in Section 3.3. Fig. 4 and Fig. 5 give their guarantee ratio curves when the total
stream number increases from 10 to 60. These curves show that the guarantee ratio decreases when
the work load increases. This is reasonable since larger ratio of requests will miss their deadlines
under heavier workloads. Fig. 6 shows the average guarantee ratio of different algorithms under
the MPEG-2 and CD audio loads. While F-EDF is the best and has an average guarantee ratio
of 0.2492, the guarantee ratio of SSEDV is pretty close to that of F-EDF. Among them, EDF and
SCAN have the lowest guarantee ratios.

The simulation results also show that EDF is much worse than SSTF in the sense of guarantee
ratio. This can be explained in two aspects. Firstly, this EDF is non-preemptive. Secondly, EDF
schedules the requests only according to their deadlines and does not consider the distance between
the current disk arm position and the desired arm position. Thus, the disk arm often moves a long
distance to serve the earliest deadline request. These long distance moves further delay the serving
to the rest requests waiting in the queue and thus greatly deteriorate the overall performance of
EDF. Although SSTF does not consider the deadlines, it serves the request nearest to the current
disk arm position and greedily serves every request as soon as possible.

025
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Figure 4: Guarantee ratio (CD Figure o: Guarantee ratio Figure 0: Average guarantee ra-
audio loads). (MPEG-2 loads). tio.
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4.2.2 Average Merit

The relationship between the average merit and the stream number is given in Fig. 7 and Fig. 8.
The figures show that, under both MPEG-2 and CD audio loads, the average merit decreases
when the stream number increases. Fig. 9 shows the average merits of these scheduling algorithms.
These average merits seem to be too low to be practical for real multimedia applications. However,
most MPEG or CD audio applications employ play-back technologies, i.e., applications buffer some
amount of data before beginning to play. Fig. 10 shows that the merit value increases with the
total buffer size when the loads are 40 CD audio streams. Under our workload, when the total
buffer size is 8MBytes, (0.2MBytes for each stream), the average merit can reach as high as 0.85.
Fig. 10 also indicates that the merit of real-time algorithms may be inferior to that of non-real-time
algorithms when play-back technologies are used. However, when we change the work loads, we
can not always observe this characteristics. This characteristics may be explained by the following.
We notice that real-time algorithms usually have larger response time variance than non-real-time
algorithms. Therefore playback technologies can reduce the variance more significantly in non-
real-time algorithms and thus improve their merit possibly. To quantitively analysis the influence
of playback techniques is an interesting topic. Currently in this project, we did not consider the
play-back techniques.

T
FCF
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Average Merit

Average Merit

Average Merit
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FCFS  SSTF EDF SCAN ~ SSEDV ~ SSEDO  F-EDF

Figure 7: Average Merit (CD Figure &: Average Merit

audio loads). (MPEG-2 loads). Figure 9: Average Merit.

As seen in Fig. 9, SSEDV and F-EDF have a higher merit than all conventional non-real-time
scheduling algorithms. Although SSEDO performs 1.3% worse than SSTF, it is much better than
other conventional non-real-time algorithms. In addition, the average merit of SSEDO is 15% lower
than that of SSEDV because SSEDV uses more knowledge concerning the time constraints and this
knowledge is obtained without adding any overhead. Ref. [4] also showed that SSEDV performs
better than SSEDO in a real-time database transaction system.

4.2.3 Average Throughput

Fig. 11 and Fig. 12 give the average throughput curves of each algorithm. The throughput of each
algorithm becomes worse when the load becomes heavier. This is exactly what we anticipated since,
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Figure 10: The influence of buffer size on merit value.

when the load becomes heavier, more requests will be waiting in the queue and thus the average
response time increases.

SSTF, the best non-real-time algorithm, has the highest throughput of around 4.5MByte/s. All
real-time disk scheduling algorithms have a lower throughput than SSTF. As shown in Fig. 13,
the throughputs of F-EDF and SSEDV are 17% and 12% lower than that of SSTF respectively.
However, their average merits are 23% and 22% higher, and their average throughputs are 25%
and 19% higher respectively. This proves that F-EDF and SSEDV algorithms really keep a good
tradeoff between satisfying time constraits and optimizing the throughput.

Fig. 13 also illustrates that FCFS, EDF, SCAN and F-EDF have almost the same throughput
under our workloads. We anticipates that they may differ from each other in other workloads.

Average Throughput

Average Throughput (Mbytes/s)

Average Throughput (Mbytes/s)

i i i i i i ; i i i i i i i i i
10 15 20 25 30 35 40 45 50 55 60 \]10 15 20 %5 30 35 40 45 50 55 60 0
Stream Number Stream Number FCFS  SSTF EDF  SCAN  SSEDV SSEDO  F-EDF

Figure 11: Average Through- Figure 12: Average Through- Figure 13: Average Through-
put (CD audio loads). put (MPEG-2 loads). put.
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5 Conclusion and Future Work

In this project, we examined the performance of various disk scheduling algorithms in a multimedia
system. The performance of each scheduling algorithm highly depends on the workloads. One
algorithm performs best in one workload while it may perform worst in another workload. Under
MPEG-2 encoded video (0.42MBytes/s) and CD-quality stereo audio (0.18MBytes/s) workloads,
we simulate real-time disk scheduling algorithms EDF, SSEDV, SSEDO and F-EDF, as well as the
conventional algorithms, FCFS, SCAN and SSTF.

The main performance results are as follows:

e SSEDV and F-EDF can significantly improve the guarantee ratio and merit more than other
algorithms.

e SSEDYV has a higher merit and throughput than SSEDO because SSEDV uses more informa-
tion about the deadlines than SSEDO. This proves the conclusion of Ref. [4].

e Not all real-time algorithms perform better than non-real-time algorithms. For example,
non-preemptive EDF has the worst guarantee ratio, merit and throughput.

e Playback techniques in multimedia applications significantly improve the performance of all
disk algorithms.

e All real-time disk scheduling algorithms have a lower throughput than SSTF, the best non-
real-time algorithm.

e SSEDV and F-EDF have a good tradeoff between optimizing throughput and meeting time
constraints. While their throughputs are 12 —17% lower than that of the SSTF, their average
merits are around 23% higher, and their average guarantee ratio are 19 — 25% higher.

In the future, we can add admission control to the disk controller to improve their performance.
The influence of playback techniques on the performance of disk scheduling algorithms is another
interesting research issue. Also we have examined only the disk read operations in this project,
a choice justified by the fact that multimedia systems rarely require real-time write. However,
the effects of real-time disk write operations should be examined. In addition, we may simulate
these disk scheduling algorithms in RAID and incorporate the real-time communication protocol
to implement real-time storage in Storage Area Networks (SAN) and Network Attached Storage
(NAS).
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