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Unit III
Input Output Organization
3.1 Modes of Data Transfer
The binary information that is received from an external device is usually stored in the
memory unit. The information that is transferred from the CPU to the external device is
originated from the memory unit. CPU merely processes the information but the source and
target is always the memory unit. Data transfer between CPU and the I/O devices may be
done in different modes.
Data transfer to and from the peripherals may be done in any of the three possible ways:1. Programmed I/O.
2. Interrupt- initiated I/O.
3. Direct memory Access (DMA).
1. Programmed I/O: It is due to the result of the I/O instructions that are written in the computer
program. Each data item transfer is initiated by an instruction in the program. Usually the
transfer is from a CPU register and memory. In this case it requires constant monitoring by
the CPU of the peripheral devices.
Example of Programmed I/O: In this case, the I/O device does not have direct access to the
memory unit. A transfer from I/O device to memory requires the execution of several
instructions by the CPU, including an input instruction to transfer the data from device to the
CPU and store instruction to transfer the data from CPU to memory. In programmed I/O, the
CPU stays in the program loop until the I/O unit indicates that it is ready for data transfer.
This is a time consuming process since it needlessly keeps the CPU busy. This situation can
be avoided by using an interrupt facility
2. Interrupt- initiated I/O: Since in the above case we saw the CPU is kept busy unnecessarily.
This situation can very well be avoided by using an interrupt driven method for data transfer.
By using interrupt facility and special commands to inform the interface to issue an interrupt
request signal whenever data is available from any device. In the meantime the CPU can
proceed for any other program execution. The interface meanwhile keeps monitoring the
device. Whenever it is determined that the device is ready for data transfer it initiates an
interrupt request signal to the computer. Upon detection of an external interrupt signal the
CPU stops momentarily the task that it was already performing, branches to the service
program to process the I/O transfer, and then return to the task it was originally performing.
3. Direct Memory Access: The data transfer between a fast storage media such as magnetic disk
and memory unit is limited by the speed of the CPU. Thus we can allow the peripherals
directly communicate with each other using the memory buses, removing the intervention of
the CPU. This type of data transfer technique is known as DMA or direct memory access.
During DMA the CPU is idle and it has no control over the memory buses. The DMA
controller takes over the buses to manage the transfer directly between the I/O devices and the
memory unit.
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Bus Request: It is used by the DMA controller to request the CPU to relinquish the control of
the buses.
Bus Grant: It is activated by the CPU to Inform the external DMA controller that the buses are
in high impedance state and the requesting DMA can take control of the buses. Once the
DMA has taken the control of the buses it transfers the data.
This transfer can take place in many ways.
(a)Bus Transfer:
In which a block sequence consisting of memory words is transferred in a continuous burst
where the DMA controller is the master of the memory buses. This mode is needed for fast
devices like magnetic disks.
(b)Cyclic Stealing:
In this DMA controller transfers one word at a time after which it must return the control of
the buses to the CPU. The CPU merely delays its operation for one memory cycle to allow the
direct memory I/O transfer to “steal” one memory cycle.

3.2 Interrupt Structure
Data transfer between the CPU and the peripherals is initiated by the CPU. But the CPU
cannot start the transfer unless the peripheral is ready to communicate with the CPU. When a
device is ready to communicate with the CPU, it generates an interrupt signal. A number of
input-output devices are attached to the computer and each device is able to generate an
interrupt request.
The main job of the interrupt system is to identify the source of the interrupt. There is also a
possibility that several devices will request simultaneously for CPU communication. Then,
the interrupt system has to decide which device is to be serviced first.
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Priority Interrupt System
A priority interrupt is a system which decides the priority at which various devices, which
generates the interrupt signal at the same time, will be serviced by the CPU. The system has
authority to decide which conditions are allowed to interrupt the CPU, while some other
interrupt is being serviced. Generally, devices with high speed transfer such as magnetic
disks are given high priority and slow devices such as keyboards are given low priority.
When two or more devices interrupt the computer simultaneously, the computer services the
device with the higher priority first.
3.2.1 Types of Interrupts
Following are some different types of interrupts:

Hardware Interrupts
When the signal for the processor is from an external device or hardware then this interrupts
is known as hardware interrupt.
Let us consider an example: when we press any key on our keyboard to do some action, then
this pressing of the key will generate an interrupt signal for the processor to perform certain
action. Such an interrupt can be of two types:


Maskable Interrupt
The hardware interrupts which can be delayed when a much high priority interrupt has
occurred at the same time.



Non Maskable Interrupt
The hardware interrupts which cannot be delayed and should be processed by the processor
immediately.

Software Interrupts
The interrupt that is caused by any internal system of the computer system is known as
software interrupt. It can also be of two types:


Normal Interrupt: The interrupts that are caused by software instructions are called normal
software interrupts.



Exception : Unplanned interrupts which are produced during the execution of some program
are called exceptions, such as division by zero.
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3.2.2 Daisy Chaining Priority
This way of deciding the interrupt priority consists of serial connection of all the devices
which generates an interrupt signal. The device with the highest priority is placed at the first
position followed by lower priority devices and the device which has lowest priority among
all is placed at the last in the chain.
In daisy chaining system all the devices are connected in a serial form. The interrupt line
request is common to all devices. If any device has interrupt signal in low level state then
interrupt line goes to low level state and enables the interrupt input in the CPU. When there is
no interrupt the interrupt line stays in high level state. The CPU respond to the interrupt by
enabling the interrupt acknowledge line. This signal is received by the device 1 at its PI input.
The acknowledge signal passes to next device through PO output only if device 1 is not
requesting an interrupt.

Figure : Daisy Chaining Priority

3.3 I/O Interface
The Input / output organization of computer depends upon the size computer and the
peripherals connected to it. The I/O Subsystem of the computer, provides an efficient mode of
communication between the central system and the outside environment
The most common input output devices are:
i) Monitor
ii) Keyboard
iii) Mouse
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iv) Printer
v) Magnetic tapes
The devices that are under the direct control of the computer are said to be connected online.
Input Output Interface provides a method for transferring information between internal
storage and external I/O devices. Peripherals connected to a computer need special
communication links for interfacing them with the central processing unit. The purpose of
communication link is to resolve the differences that exist between the central computer and
each peripheral.
The Major Differences are:1. Peripherals are electromechnical and electromagnetic devices and CPU and memory are
electronic devices. Therefore, a conversion of signal values may be needed.
2. The data transfer rate of peripherals is usually slower than the transfer rate of CPU and
consequently, a synchronization mechanism may be needed.
3. Data codes and formats in the peripherals differ from the word format in the CPU and
memory.
4. The operating modes of peripherals are different from each other and must be controlled so as
not to disturb the operation of other peripherals connected to the CPU.
To resolve these differences, computer systems include special hardware components between
the CPU and Peripherals to supervises and synchronizes all input and out transfers. These
components are called Interface Units because they interface between the processor bus and
the peripheral devices.
I/O Bus and Interface Module
It defines the typical link between the processor and several peripherals. The I/O Bus consists
of data lines, address lines and control lines. The I/O bus from the processor is attached to all
peripherals interface. To communicate with a particular device, the processor places a device
address on address lines. Each Interface decodes the address and control received from the I/O
bus, interprets them for peripherals and provides signals for the peripheral controller. It is also
synchronizes the data flow and supervises the transfer between peripheral and processor. Each
peripheral has its own controller. For example, the printer controller controls the paper
motion, the print timing .The control lines are referred as I/O command. The commands are as
following:
Control command- A control command is issued to activate the peripheral and to inform it
what to do.
Status command- A status command is used to test various status conditions in the interface
and the peripheral.
Data Output command- A data output command causes the interface to respond by
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transferring data from the bus into one of its registers.
Data Input command- The data input command is the opposite of the data output.
To communicate with I/O, the processor must communicate with the memory unit. Like the
I/O bus, the memory bus contains data, address and read/write control lines. There are 3 ways
that computer buses can be used to communicate with memory and I/O:
(i)Use two Separate buses, one for memory and other for I/O.
(ii)Use one common bus for both memory and I/O but separate control lines for each.
(iii) Use one common bus for memory and I/O with common control lines.
3.4 I/O Processor
In the first method, the computer has independent sets of data, address and control buses one
for accessing memory and other for I/O. This is done in computers that provide a separate I/O
processor (IOP). The purpose of IOP is to provide an independent pathway for the transfer of
information between external device and internal memory.

3.5 Asynchronous Data Transfer :
This Scheme is used when speed of I/O devices does not match with microprocessor, and
timing characteristics of I/O devices is not predictable. In this method, process initiates the
device and checks its status. As a result, CPU has to wait till I/O device is ready to transfer
data. When device is ready CPU issues instruction for I/O transfer. In this method two types
of techniques are used based on signals before data transfer.
(a)Strobe Control
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The strobe control method of Asynchronous data transfer employs a single control line to
time each transfer. The strobe may be activated by either the source or the destination unit.
Source Initiated Strobe
In the block diagram fig. (a), the data bus carries the binary information from source to
destination unit. Typically, the bus has multiple lines to transfer an entire byte or word. The

strobe is a single line that informs the destination unit when a valid data word is available.
The timing diagram fig. (b) the source unit first places the data on the data bus. The
information on the data bus and strobe signal remain in the active state to allow the
destination unit to receive the data

Destination Initiated Strobe

In this method, the destination unit activates the strobe pulse, to informing the source to
provide the data. The source will respond by placing the requested binary information on the
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data bus. The data must be valid and remain in the bus long enough for the destination unit to
accept it. When accepted the destination unit then disables the strobe and the source unit
removes the data from the bus.
Disadvantage of Strobe Signal:
The disadvantage of the strobe method is that, the source unit initiates the transfer has no
way of knowing whether the destination unit has actually received the data item that was
places in the bus. Similarly, a destination unit that initiates the transfer has no way of
knowing whether the source unit has actually placed the data on bus. The Handshaking
method solves this problem.
(b) Handshaking
The handshaking method solves the problem of strobe method by introducing a second
control signal that provides a reply to the unit that initiates the transfer. One control line is in
the same direction as the data flows in the bus from the source to destination. It is used by
source unit to inform the destination unit whether there a valid data in the bus. The other
control line is in the other direction from the destination to the source. It is used by the
destination unit to inform the source whether it can accept the data. The sequence of control
during the transfer depends on the unit that initiates the transfer.

Source Initiated Transfer using Handshaking:
The sequence of events shows four possible states that the system can be at any given time.
The source unit initiates the transfer by placing the data on the bus and enabling its data valid
signal. The data accepted signal is activated by the destination unit after it accepts the data
from the bus. The source unit then disables its data accepted signal and the system goes into
its initial state.
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Destination Initiated Transfer Using Handshaking:
The name of the signal generated by the destination unit has been changed to ready for data to
reflect its new meaning. The source unit in this case does not place data on the bus until after
it receives the ready for data signal from the destination unit. From there on, the handshaking
procedure follows the same pattern as in the source initiated case.
The only difference between the Source Initiated and the Destination Initiated transfer is in
their choice of Initial sate.
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3.5 Data Transfer
Serial and Parallel Data Transfer
Within a piece of equipment, the distance and hence lengths of wire used to connect each subunit
together are short. Thus, it is normal practice to transfer the data between subunits by using a
separate piece of wire to carry each bit of the data. This means that there are multiple wires
connecting each subunit together and data are said to be exchanged using a parallel transfer
mode. This mode of operation results in minimal delays in transferring each word.
When transferring information between two physically separate pieces of equipment, especially
if the separation is more than several metres, for reasons of cost and varying transmission delays
in the individual wires, it is more usual to use just single pair lines and transmit each octet
making up the data a single bit at a time using a fixed time interval for each bit. This mode of
operation is known as bit-serial transmission.

Simplex, Half Duplex and Full Duplex Data Transfer
Simplex:
In simplex mode, the communication is unidirectional, as on a one-way street. Only one of the
two devices on a link can transmit; the other can only receive .Keyboards and traditional
monitors are examples of simplex devices. The keyboard can only introduce input; the monitor
can only accept output. The simplex mode can use the entire capacity of the channel to send data
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in one direction.
Half-Duplex:
In half-duplex mode, each station can both transmit and receive, but not at the same time. When
one device is sending, the other can only receive, and vice versa The half-duplex mode is like a
one-lane road with traffic allowed in both directions.
When cars are traveling in one direction, cars going the other way must wait. In a half-duplex
transmission, the entire capacity of a channel is taken over by whichever of the two devices is
transmitting at the time. Walkie-talkies and CB (citizens band) radios are both half-duplex
systems.
The half-duplex mode is used in cases where there is no need for communication in both
directions at the same time; the entire capacity of the channel can be utilized for each direction.
Full-Duplex:
In full-duplex both stations can transmit and receive simultaneously .The full-duplex mode is
like two-way street with traffic flowing in both directions at the same time. In full-duplex mode,
signals going in one direction share the capacity of the link: with signals going in the other
direction. This sharing can occur in two ways: Either the link must contain two physically
separate transmission paths, one for sending and the other for receiving; or the capacity of the
channel is divided between signals traveling in both directions. One common example of fullduplex communication is the telephone network. When two people are communicating by a
telephone line, both can talk and listen at the same time. The full-duplex mode is used when
communication in both directions is required all the time. The capacity of the channel, however,
must be divided between the two directions
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