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Abstract

Disk scheduling is a policy of operating system to decide which 1/O
request is going to be satisfied foremost. The goal of disk scheduling
algorithms is to maximize the throughput and minimize the response time.
The present piece of investigation documents the comparative analysis of
six different disk scheduling algorithms viz. First Come First Serve,
Shortest Seek Time First, Scan, Look, C-Scan and C-look disk scheduling
by comparing their head movement in different runs. The implementation
is carried out in Turbo C by creating an interface to calculate total head
movement of these six algorithms.

I Introduction:

The file system can be viewed logically in three different divisions i.e. user, programmer
interface to the file system and secondary storage structure. The lowest level of the file system is
secondary storage structure and disk is the main secondary storage device that is generally
divided into tracks, cylinders and sectors and stores the data permanently. The I/O operation
depends on the computer system, the operating system, and the nature of the I/O channel and
disk controller hardware [1]. The user programs make use of the data on the disk by means of
I/0O requests. Data is stored on both surfaces of a series of magnetic disks called platters that are
connected by a single spindle. The surface of a platter is logically divided into tracks that are
further subdivided into sectors and the set of tracks that are at one arm position form a cylinder.
One read-write head per disk surface is used to access the data and all read-write heads are
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attached to a single moving arm. The segment of the disk surface where the data is read or
written must revolve under the read-write head for accessing the data.

The key responsibility of the operating system is to efficiently use the hardware of the
computer system. For the efficiency of the disk drives, the terms access time and disk bandwidth
are associated. The access time is the total time elapsed between the access command and the
read/write head positioned to the particular sector or in other words it is the combination of seek
time, latency time and transfer time. Seek time is the time to move the head to the right data
track. Latency time is the time taken for desired sector to rotate under head for access. Transfer
time is the actual time required to transfer data between disk and main memory. Disk bandwidth
is the total number of bytes transferred, divided by the total time between the first request of the
service and the finishing point of the last transfer [2]. For most disks, the seek time leads the
latency time and transfer time, so reducing the mean seek time can improve system performance
to a large extent [3].

In multiprogramming systems, processes running concurrently may generate requests for
reading and writing disk records. The operating system handles these I/O requests from the
queue and processes them one by one. The algorithm used to choose which I/O request is going
to be fulfilled earliest is called disk scheduling algorithm. The different disk scheduling
algorithms are First Come First Serve, Shortest Seek Time First, Scan, Look, Circular Scan and
Circular Look. The main objectives for any disk scheduling algorithm are minimizing the
response time and maximizing the throughput.

In this research paper, an experiment has been carried out by considering the same
request queue for implementing the different disk scheduling algorithms.

I Working Procedure of Disk Scheduling Algorithms:

Disk scheduling algorithms applied to decide which I/O request is going to be satisfied
first. The fundamental disk scheduling algorithms are First Come First Serve, Shortest Seek
Time First, Scan, Look, Circular Scan and Circular Look. The procedures of these algorithms are
described here:

First Come First Serve Disk Scheduling Algorithm (FCFS):

The functioning of this algorithm is maintained by First in First out (FIFO) queue. With
this scheme, the I/O requests are served or processed according to their arrival [4]. Though this
algorithm improves response time but fails to decrease the average seek time because this
algorithm needs a lot of random head movements and disk rotations. Let us consider the
following track requests in the disk queue to compute the total head movement of the read/write
head and let us assume that the current read/write head position is at location 100 for a 200 track
disk (0-199).

Track Requests: 25, 90, 135, 50, 190 and 60.

In First Come First Serve algorithm, the read/write head initially move from current
location 100 to 25, then 25 to 90, then 90 to 135, then 135 to 50, then 50 to 190 and at last 190 to
60.
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Figure 1: First Come First Serve Representation.

Total Head Movement = (100-25) + (90-25) + (135-90) + (135-50) + (190-50) + (190-60)
= 540 tracks. The major disadvantage of FCFS disk scheduling algorithm is that it raises the
mean seek time because disk arm has to cover long distance to accomplish a request as in this
case movement of arm from 135 to 50 and then from 50 to 190.

Shortest Seek Time First Disk Scheduling Algorithm (SSTF):

In this approach, the read/write head serves the request first that have minimum seek time
from the current head position. The I/O requests that are close to the read/write head are serviced
first. SSTF disk scheduling algorithm is actually a form of SJF scheduling algorithm and may
cause starvation of some requests [5]. SSTF disk scheduling algorithm has better throughput than
FCFS disk scheduling algorithm but some requests may be delayed for a long time if lots of
closely situated requests arrive just after it. Let us consider the same track requests in the disk
queue to compute the total head movement of the read/write head and let us again assume that
the current read/write head position is at location 100 for a 200 track disk (0-199).

Track Requests: 25, 90, 135, 50, 190 and 60.

In Shortest Seek Time First algorithm, the read/write head initially move from current
location 100 to 90, then 90 to 60, then 60 to 50, then 50 to 25, then 25 to 135 and at last 135 to
190.
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Figure 2: Shortest Seek Time First Representation.

Total Head Movement = (100-90) + (90-60) + (60-50) + (50-25) + (135-25) + (190-135)
= 240 tracks. The major disadvantage of SSTF disk scheduling algorithm is that some requests
have to wait for a long time if new requests with shorter seek time keep arriving but the
advantage is that the throughput is higher as compared to FIFO disk scheduling algorithm and
produces less head movements.

Scan Disk Scheduling Algorithm (SCAN):

In Scan disk scheduling algorithm, the read/write head starts from one end and
move towards the other end and servicing requests as it reaches each track until it reaches to
other end of the disk. The direction of the read/write head reverses after reaching at the other end
and servicing continues. In this way, the read/write head continuously swings from end to end
[6]. Let us consider the same track requests in the disk queue to compute the total head
movement of the read/write head and let us again assume that the current read/write head
position is at location 100 for a 200 track disk (0-199).

Track Requests: 25, 90, 135, 50, 190 and 60.

In Scan disk scheduling algorithm, the read/write head initially move from current
location 100 to 90, then 90 to 60, then 60 to 50, then 50 to 25, then 25 to 0 and then to the other
direction from O to 135 and at last 135 to 190. It services all the requests at either side firstly then
moves the other way that’s why it is sometimes called as elevator algorithm.
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Figure 3: SCAN Representation.

Total Head Movement = (100-90) + (90-60) + (60-50) + (50-25) + (25-0) + (135-0) +
(190-135) = 290 tracks. The major disadvantage of Scan disk scheduling algorithm is that disk
arm always starts from the beginning towards one end even other numbers of requests are
present on the other end. The throughput of Scan algorithm is better than FCFS and also prevents
starvation.

Look Disk Scheduling Algorithm (LOOK):

Look disk scheduling algorithm is the improved version of Scan disk scheduling
algorithm and avoids the starvation problem. In Look disk scheduling algorithm, the arm goes
only as far as final requests in each direction and then reverses direction without going all the
way to the end [7]. In this way it improves both response time and throughput. Let us consider
the same track requests in the disk queue to compute the total head movement of the read/write
head and let us again assume that the current read/write head position is at location 100 for a 200
track disk (0-199).

Track Requests: 25, 90, 135, 50, 190 and 60.

In Look disk scheduling algorithm, the read/write head initially move from current
location 100 to 90, then 90 to 60, then 60 to 50, then 50 to 25, then to the other direction from 25
to 135 and then at last from 135 to 190.
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Figure 4: LOOK Representation.

Total Head Movement = (100-90) + (90-60) + (60-50) + (50-25) + (135-25) + (190-135)
= 240 tracks. The major advantage of Look disk scheduling algorithm is that it improves
response time and throughput than Scan disk scheduling algorithm.

Circular Scan Disk Scheduling Algorithm (C-SCAN):

Cyclic Scan or Circular Scan disk scheduling algorithm is an improved version of
Scan disk scheduling algorithm and known as one directional scan. It starts its scan towards the
nearest end and services the requests all the way to the end [8] Let us consider the same track
requests in the disk queue to compute the total head movement of the read/write head and let us
again assume that the current read/write head position is at location 100 for a 200 track disk (O-
199).
Track Requests: 25, 90, 135, 50, 190 and 60.

In C-Scan disk scheduling algorithm, the read/write head initially move from current
location 100 to 90, then 90 to 60, then 60 to 50, then 50 to 25, then 25 to 0 and then to the other
direction from 0 to 199, then 199 to 190 and at last 190 to 135. It services all the requests at
either side firstly up to the end and then moves the other end’s without fulfilling any requests in
the way and then start servicing as shown in the figure below.
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Figure 5: C-Scan Representation.

Total Head Movement = (100-90) + (90-60) + (60-50) + (50-25) + (25-0) + (199-0) +
(199-190) + (190-135) = 363 tracks. The C-Scan disk scheduling algorithm satisfies requests
only when the head moves in one direction and not satisfying any requests when it moves back.
Circular Look Disk Scheduling Algorithm (C-LOOK):

Cyclic Look or Circular Look disk scheduling algorithm is an improved version
of C-Scan disk scheduling algorithm. Arm goes only as far as the last request in each direction
and then reverses direction immediately without first going all the way to the end of the disk [9].
Let us consider the same track requests in the disk queue to compute the total head movement of
the read/write head and let us again assume that the current read/write head position is at location
100 for a 200 track disk (0-199).

Track Requests: 25, 90, 135, 50, 190 and 60.

In C-Look disk scheduling algorithm, the read/write head initially move from current
location 100 to 90, then 90 to 60, then 60 to 50, then 50 to 25 and then to the other direction from
25 to 190 and at last 190 to 135. It services all the requests at either side firstly up to the last
request and then moves the other end’s last request without fulfilling any requests in the way and
then start servicing as shown in the figure below.
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Figure 6: C-LOOK Representation.

Total Head Movement = (100-90) + (90-60) + (60-50) + (50-25) + (190-25) + (190-135)
= 295 tracks. The major advantage of C-Look disk scheduling algorithm is that it results in
higher throughput and lower response time.

I Implementation of disk scheduling algorithms using Turbo C:

The implementation is carried out in Turbo C by creating an interface to find out head
movements and total head movement in all the six disk scheduling algorithms. The user has to
input the choice for the algorithm and the basic details i.e. total number of requests, initial head
position, and the requests for disk queue. For the C-Scan disk scheduling algorithm, additional
fields are required for entering the lower limit of cylinders and upper limit of cylinders.

our choice.3

he total number of requests:
er the position of head: 1606
er the requests of disk gqueue:

50
190
60

Head Movements:
1660——>90-—>60——350——>25
Total Head Movement

Figure 7: Snapshot of implementation of Disk scheduling algorithms using Turbo C.
v Comparison of different scheduling algorithms:
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Table -1 compares the average head movement of six disk scheduling algorithms for the
first five runs and their average. Similar requests are assigned for every individual run for all six
algorithms and their total head movement is calculated.

S.No. FCFES SSTF Scan Look C-Scan C-Look
1 540 240 290 240 363 295
2 631 276 280 276 348 306
3 264 217 270 224 393 289
4 322 189 235 189 363 189
5 640 235 275 245 378 300
Average | 479 231 270 235 369 276

Table 1: Average head movement of first five runs and their average.

Shortest Seek Time First algorithm produces the minimum head movement of 240 in the
first run, 276 in the second run, 217 in the third run, 189 in the fourth run, 235 in the last run and
average head movement of all the runs is 231. From the above table, it is very much clear that for
the different five runs, the Shortest Seek Time First disk scheduling algorithm has minimum total
head movement in all cases as compared to other five algorithms. A graphical representation is
shown in the figure 8 with the help of data evaluated in table 1.

700
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B FCFS
400 m SSTF

B SCAN
300 B LOOK

B C-SCAN
200 m C-LOOK

100

Figure 8: Comparison between six disk scheduling algorithms in graphical representation.

The figure 8 gives comparative details of the six disk scheduling algorithms. The X axis
represents five runs and the average case and the Y axis is used for calculating average total head
movement of each algorithm. From the various runs, it is concluded that Shortest Seek Time
First has the minimum average head movement than all other five algorithms for the similar
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requests. Thus Shortest Seek Time First algorithm is a good criterion for selecting the requests
for I/O from the disk queue.
\Y Results and Discussions:

We have calculated the average total head movement after entering the various runs for
the requests of different algorithms because total head movement is the criteria for analyzing the
disk scheduling algorithms. After comparing the total head movement of various algorithms, we
have found that the Shortest Seek Time First disk scheduling algorithm has the least average
head movement than the others discussed above in context to total head movement.

VI Conclusion:

The present paper analysis the six disk scheduling algorithms viz. First Come First Serve,
Shortest Seek Time First, Scan, Look, C-Scan and C-Look. The implementation was carried out
using Turbo C. Different disk scheduling algorithms can be used depending upon the load of the
system. The performance depends upon the number and types of requests.

VII  Future Work:

In the future, we will use random requests and some other parameters to compare the

different disk scheduling algorithms.
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