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Introduction :

The Management of 1/0 devices is a very important part of the operating system, so
important and so varied that entire 1/0 subsystems are devoted to its operation.An I/O
interface is required whenever the 1/0 device is driven by the processor. The interface
must have necessary logic to interpret the device address generated by the
processor.Device drivers are modules that can be plugged into an OS to handle a
particular device or category of similar devices. The basic mechanism of interrupt
enables the CPU to respond to an asynchronous event, such as when a device
controller becomes ready for service. |

9.11/0 Hardware :

/O devices can be roughly categorized as storage, communications, user-interface,

and other devices communicate with the computer via signals sent over wires or

through the air. Devices connect with the computer via ports, e.g. a serial or parallel

POrt. A common set of wires connecting multiple devices is termed a bus. Buses include
- Tigid protocols for the types of messages that can be sent across the bus and the
proce'dures for resolving contention issues.
314 Bus Typesinl/o:

Figure below illustrates three of the four bus types commonly found in a modern PC.
he PC bus connects high-speed, high-bandwidth, devices to the memory subsystem
and the CPU.)The expansion bus connects slower |ow-

(

bandwidth devices, which
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p ction reasons. (l.e. DMA is a kernel-mode operation.)

9.2 Application of I/O Interface : w,

Ap.pllcatlon /O Interface represents tﬁmg techniques and interfaces for the -
operating system to enable 1/0 devices to be treated in a standard, uniform way. The

actual differences lies kernel level modules called device drivers which are custom

tailored to corresponding devices but show one of the standard interfaces to
applications.

The purpose of the device-driver layer is to hide the differences among device

controllers from the 1/0 subsystem of the kernel, such as the /O system calls. Following
are the characteristics of 1/0 interfaces with respect to devices.

1) Character stream / block :

A character stream device transfers bytes in one'by one fashion whereas a block
device transfers a complete unit of bytes.

Ll
4

2) Sequential / random access :

A sequential device transfers data in a fixed order determined by the device,

random-access device can be instructed to seek position to any of the available
data storage locations. s N

3) Synchronous / asynchronous :

A synchronous device performs data transfers with known response time where as

an asynchronous device shows irregular or unpredictable response time.

9.9
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4) Sharable/ dedicated :

thread
A sharable device can be used concurrently by several processes or s but 5

dedicated device cannot be used so.

5) Speed of Operation :

Device speeds may range from a few bytes per second to a few glgabytes per

second.
6) Read-write, Read only, or Writes Only | |
Some devices perform both input and output, while others support only one data

direction that is read only.

9.3 Kernel 1/0 Subsystem : ‘
Kernel 1/0 Subsystem is responsible to provide many services related to /0,

Following diagram shows the position of the kernel /0 subsystem :

‘X . kernel
o o
§ kernel I/0 subsystem
9
SCsi keyboard | - mouse PCI bus floppy ATAP|
device device device so e device device device
- drivar driver driver driver driver driver
SCSI | keyboard | mouse PClbus | floppy ATAP|
-device | device | device  seoe device device | device
controllor | controller | controllor controller | controller | controller
0y : ; : :
2 : S
- S T R S T
2 . _
&
= * .
: - ATAP|
SCsi : o devices
devices | | keyboard mouse see PCI bus HOPW-d'Sk {disks
drives :
tapes,
“drives)

: F|g 9.4 : Kernel 110 Structure
A) Service provided by the Kernel I/0 Subsystem :

Following are some of the services provided by the kernel I/O subsystem :

9.10
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1) Scheduling :
Kernel schedules a set of 1/0 requests to determine a good order in which to
execute them. When an application issues a blocking I/0 system call, the request is
placed on the queue for that device. The Kernel I/O scheduler rearranges the order -
of the queue to improve the overall system efficiency and the average response
time experienced by the applications.

2) Buffering :
Kernel I/0 Subsystem maintains a memory area known as buffer that stores data
while they are transferreq between two devices or between devices with an
application operatlon Buffering is done to cope with a speed mlsmatch between the

producer and consumer of g data stream or to adapt between devices that have
different data transfer sizes.

3) Caching : ' | :

Kernel maintains cache memory which is region of fast memory that holds copies of

data. Access to the cached copy is more efficient than access to the original.
4) Spooling and Device Reservation : "

A spool is a buffer that holds output for a device, such as a printer, that cannot

aécept interleaved data streams. The spooling system copies the -@» spool files

—

to the printer one at a time. In some operating systems, spooling is managed by a
-— = - N e e e e et

system daemon process. In other operating systems, it Ais handlw

thread.
5) Error Handling : |

An operating system that uses protected memory can guard against many kinds of

hardware and application errors. : - ‘
|

For a multiprogramming-system with many. processes, the disk queue may often
have' several pending requeéts.'Thus, when one request is completed, the operating
System chooses which pending request to service next. How does the operating system
Make this choice? Any one of several disk-scheduling algorithms can be used as
Solution to this situation. Following are types of disk scheduling algorithms which are
Used in multi-programming system :

9.11
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Example :

Given the queue - 95, 180, 34, 119, 11, 123, 62, 64 with the Read-write head initially
at the track 50 and the tail track being at 199, calculate total head movements
using all Disk scheduling algorithms,

a) FCFS:

.01 34 50 6.2 64 95 119123 189 1.99
t t t L

Fig 9.10 : FCFS

To determine the number of head movements, simply find the number of tracks it

took to move from one request to the next. For this case it went from 50 to 95 to 180

and so on. From 50 to 95 it moved 45 tracks. It had a total head movement of 640

tracks. | ‘ ‘
b) SSTF:

011 34 50 6264 95 119123 18(.) 1199
—t t +—t t =+

Fig 9.11 : SSTF

917
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‘ N -
d be 62 instead of 34 since, it is only —

B.C.A. (Sem. - 1)

woul
t 50, the next shortest distance
Starting a away from 34. The process would continye

way from 62 and 16 tracks ‘
12 tracks away of. The next case would be to move from 62 g 6 e

until all the process is taken care
instead of 34 since there are only 2 tracks between them and not 18 if it were 90 {4

the other way. Although, this seems to be a better service being that it moveq 5 toty

of 236 tracks.

c) SCAN:
| 011 34 5_0 6'2 6.4 9‘5 11:9 1:23 18(:)41.99

| E;

Fig 9.12 : SCAN , o

- This approach works like an elevator does. It écans down towards the nearest en: fr
and then when it hits the bottom it scans up servicing the requeéts that it didn't g¢ m
going down. If a request comes in after it has been scanned it will not be service! BT
until the process comes back down or moves back up. This process moved atot @)
of 230 tracks.

d) C-SCAN:

011 34 50 62 6.4 - 95 119123 180 199
1 11
LI

LI | I T :l - } —

Fig 9.13 : c-scaN
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The total heaq movement for this algorithm is only 187 tracks.
e) C-LOoK:. '

011 34 50 6264 95 11? 1.23 18(') 199

LEn

request. C-SCAN had g total
down to 157 tracks.

Example 2

Given the Work Queue. 23, 89, 132, 42,
from 0 - 199, The disk head stars at numbe
e

a) FCFS
199 184
li' o 132
a otV
2 10ff 8
# 12
23 .
0 .
time
Fig 9.15 : FCFS

1) Moving from 100 to 23 requires movement over 77 cylinders.
2) Then from 23 to 89 requires movement over 66 cylinders.

9.19
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' i nt ove
to 42 requires movemen 4 .
o q ires movement over 145 cyll‘nders.

5) And at last from 42 to 187, requ
6) Thus total head movements are 42’.

b) SSTF: ]
) 139 187

83

HOOAD -k q

42

23

+#*

k J

time

Fig 9.16 : SSTF
1) Moving from 100 to 89 requires movement over 11 cylinders.
2) Then from 89 to 132 requires movement over 43 cylinders.
3) Now from 132 to 187 requires movement over 55 cylinders.
4) From 187 to 42 requires movement over 145 cylinders.
5) And at last from 42 to 23, requires movement over 19 cylinders.

6) Thus total head movements are 418. ——
c) SCAN:
199 _ 187
. .
e 100 89
42
#
23
0
time
Ca}? Fig 9.17 : SCAN
S/ \do - 0 Q((
| 9.20 180 il
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1) Moving from 100 to 89 requires movement over 11 cylinders.
2) Then from 89 to 42 requires movement over 47 cylinders.
3) Now from 42 to 23 requires movement over 19 cylinders.

4) From 23 to 0 requires movement over 23 cylinders.

BTN TR TN T T R T

5) From 0to 132, requires moyement over 132 cylinders. \ 2;\} ,
6) And at last, from 132 to 187 requires movement over 55 cylinders. /L{
7) Thus total head movements are 287.
d) LOOK :
159 m{/r
5
E 1lo0 ,%((\ ﬁ\ 6\@
R
] # CD
23 - @
. time : \V)O /,)/3 \QF\ g
, Fig 9.18 : LOOK L\
1) Moving from 100 to 89 requires movement over 1 ('l_cylinders. ;\,q X

2) Then from 89 to 42 requires movement over 47 eytinders.
3) Now from 42 to 23 requires movement over 1§,c.ylin'ders.
4) From 23 to 132 requires movement over 1 Q9-eylinders.
5) And at last from 132 to 187, requires movement over 55 cylinders. \(L/\S
6) Thus total head movements are 241. ﬁ() B \%
vy ¢7
e) C-SCAN: q? n : 0
_ 199 ! 187 g \%/\
| g A6 TN %0

' \)) \

7
> \ 39 e ‘v..i.me ' "

QL’B } Fig 9.19 : C-SCAN |

> a9 9.21 ,
o VT
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B.C.A. (Sem. - llly Introduction to Operating Syster

1) Moving from 100 to 89 requires movement over 11 cylinders.

2) Then from 89 to 42 requires movement over 47 cylinders.

3) Now from 42 to 23 requires movement over 19 cylinders.

4) From 23 to 0 requires movement over 23 cylinders. - QDQ
5) From 0 to 199, requires movement over 199 cylinders. g

6) From 199 to 187 requires movement over 12 cylinders.

7) And at last from 187 to 132 requires movement over 55 cylinders.

8) Thus total head movements are 366. ' \;\045
f) C-LOOK: '9"/

133
:
& 100
W),
" s
g

time

Fig 9.20 : C-LOOK
1) Moving from 100 to 89 requires movement over 11 cylinders.
2) Then from 89 to 42 requires movement over 47 cylinders.
3) Now from 42 to 23 requires movement over 19 cylinders.
,-4) From 23 to 187 requires movement over 164 cylinders.

5) And at last from 187 to 132, requires movement over 55 cyllnders
6) Thus total head movements are 296.
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