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INPUT-OUTPUT INTERFACE
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 the communication link is to resolve the differences that exist between the central computer
and each peripheral. The major differences are:
1

Peripherals are electromechanical and electromagnetic devices and their manner of operation is different from the
operation of the CPU and memory, which are electronic devices. Therefore, a conversion of signal values may be
required.

2

The data transfer rate of peripherals is usually slower than the transfer rate of the CPU, and consequently, a
synchronization mechanism may be need.

3

Data codes and formats in peripherals differ from the word format in the CPU and memory.

4

The operating modes of peripherals are different from each other and each 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
supervise and synchronize all input and output transfers. These components are called interface units because they interface
between the processor bus and the peripheral device. In addition, each device may have its own controller that supervises
the operations of the particular mechanism in the peripheral.
I/O BUS AND INTERFACE MODULES
A typical communication link between the processor and several peripherals is shown in below Fig.The I/O bus
consists of data lines, address lines, and control lines. The magnetic disk, printer, and terminal are employed in practically
any general-purpose computer. The magnetic tape is used in some computers for backup storage. Each peripheral device
has associated with it an interface unit. Each interface decodes the address and control received from the I/O bus, interprets
them for the peripheral, and provides signals for the peripheral controller. It also synchronizes the data flow and supervises
the transfer between peripheral and processor. Each peripheral has its own controller that operates the particular
electromechanical device. For example, the printer controller controls the paper motion, the print timing, and the selection
of printing characters. A controller may be housed separately or may be physically integrated with the peripheral.
The I/O bus from the processor is attached to all peripheral interfaces. To communicate with a particular device, the
processor places a device address on the address lines. Each interface attached to the I/O bus contains an address decoder
that monitors the address lines. When the interface detects its own address, it activates the path between the bus lines and
the device that it controls. All peripherals whose address does not correspond to the address in the bus are disabled their
interface.
At the same time that the address is made available in the address lines, the processor provides a function code in the
control lines. The interface selected responds to the function code and proceeds to execute it.

Figure -Connection of I/O bus to input devices.
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The function code is referred to as an I/O command and is in essence an instruction that is executed in the interface
and its attached peripheral unit. The interpretation of the command depends on the peripheral that the processor is
addressing. There are four types of commands that an interface may receive. They are classified as control, status, status,
data output, and data input.
A control command is issued to activate the peripheral and to inform it what to do. For example, a magnetic tape
unit may be instructed to backspace the tape by one record, to rewind the tape, or to start the tape moving in the forward
direction. The particular control command issued depends on the peripheral, and each peripheral receives its own
distinguished sequence of control commands, depending on its mode of operation.
A status command is used to test various status conditions in the interface and the peripheral. For example, the
computer may wish to check the status of the peripheral before a transfer is initiated. During the transfer, one or more
errors may occur which are detected by the interface. These errors are designated by setting bits in a status register that the
processor can read at certain intervals.
A data output command causes the interface to respond by transferring data from the bus into one of its registers.
Consider an example with a tape unit. The computer starts the tape moving by issuing a control command. The processor
then monitors the status of the tape by means of a status command. When the tape is in the correct position, the processor
issues a data output command. The interface responds to the address and command and transfers the information from the
data lines in the bus to its buffer register. The interface then communicates with the tape controller and sends the data to be
stored on tape.
The data input command is the opposite of the data output. In this case the interface receives an item of data from
the peripheral and places it in its buffer register. The processor checks if data are available by means of a status command
and then issues a data input command. The interface places the data on the data lines, where they are accepted by the
processor.
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I/O VERSUS MEMORY BUS
In addition to communicating 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 three ways that computer buses can be used
to communicate with memory and I/O:
1. Use two separate buses, one for memory and the other for I/O.
2. Use one common bus for both memory and I/O but have separate control lines for each.
3. Use one common bus for memory and I/O with common control lines.
In the first method, the computer has independent sets of data, address, and control buses, one for accessing
memory and the other for I/O. This is done in computers that provide a separate I/O processor (IOP) in addition to the
central processing unit (CPU). The memory communicates with both the CPU and the IOP through a memory bus. The IOP
communicates also with the input and output devices through a separate I/O bus with its own address, data and control
lines. The purpose of the IOP is to provide an independent pathway for the transfer of information between external devices
and internal memory.

ISOLATED VERSUS MEMORY-MAPPED I/O
Many computers use one common bus to transfer information between memory or I/O and the CPU. The distinction
between a memory transfer and I/O transfer is made through separate read and write lines. The CPU specifies whether the
address on the address lines is for a memory word or for an interface register by enabling one of two possible read or write
lines. The I/O read and I/O writes control lines are enabled during an I/O transfer. The memory read and memory write
control lines are enabled during a memory transfer. This configuration isolates all I/O interface addresses from the
addresses assigned to memory and is referred to as the isolated I/O method for assigning addresses in a common bus.
In the isolated I/O configuration, the CPU has distinct input and output instructions, and each of these instructions is
associated with the address of an interface register. When the CPU fetches and decodes the operation code of an input or
output instruction, it places the address associated with the instruction into the common address lines. At the same time, it
enables the I/O read (for input) or I/O write (for output) control line. This informs the external components that are attached
to the common bus that the address in the address lines is for an interface register and not for a memory word. On the other
hand, when the CPU is fetching an instruction or an operand from memory, it places the memory address on the address
lines and enables the memory read or memory write control line. This informs the external components that the address is
for a memory word and not for an I/O interface.
The isolated I/O method isolates memory word and not for an I/O addresses so that memory address values are not
affected by interface address assignment since each has its own address space. The other alternative is to use the same
address space for both memory and I/O. This is the case in computers that employ only one set of read and write signals
and do not distinguish between memory and I/O addresses. This configuration is referred to as memory-mapped I/O. The
computer treats an interface
Register as being part of the memory system. The assigned addresses for interface registers cannot be used for memory
words, which reduce the memory address range available.
In a memory-mapped I/O organization there are no specific inputs or output instructions. The CPU can manipulate
I/O data residing in interface registers with the same instructions that are used to manipulate memory words. Each interface
is organized as a set of registers that respond to read and write requests in the normal address space. Typically, a segment
of the total address space is reserved for interface registers, but in general, they can be located at any address as long as
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There is not also a memory word that responds to the same address.
Computers with memory-mapped I/O can use memory-type instructions to access I/O data. It allows the computer to
use the same instructions for either input-output transfers or for memory transfers. The advantage is that the load and store
instructions used for reading and writing from memory can be used to input and output data from I/O registers. In a typical
computer, there are more memory-reference instructions than I/O instructions. With memory-mapped I/O all instructions
that refer to memory are also available for I/O.
ASYNCHRONOUS DATA TRANSFER
The internal operations in a digital system are synchronized by means of clock pulses supplied by a
common pulse generator. Clock pulses are applied to all registers within a unit and all data transfers among internal
registers occur simultaneously during the occurrence of a clock pulse. Two units, such as a CPU and an I/O interface, are
designed independently of each other. If the registers in the interface share a common clock with the CPU registers, the
transfer between the two units is said to be synchronous. In most cases, the internal timing in each unit is independent from
the other in that each uses its own private clock for internal registers. In that case, the two units are said to be asynchronous
to each other. This approach is widely used in most computer systems.
Asynchronous data transfer between two independent units requires that control signals be transmitted between the
communicating units to indicate the time at which data is being transmitted. One way of achieving this is by means of a
strobe pulse supplied by one of the units to indicate to the other unit when the transfer has to occur. Another method
commonly used is to accompany each data item being transferred with a control signal that indicates the presence ofdata in
the bus. The unit receiving the data item responds with another control signal to acknowledge receipt of the data. This type
of agreement between two independent units is referred to as handshaking.
The strobe pulse method and the handshaking method of asynchronous data transfer are not restricted to I/O
transfers. In fact, they are used extensively on numerous occasions requiring the transfer of data between two independent
units. In the general case we consider the transmitting unit as the source and the receiving unit as the destination. For
example, the CPU is the source unit during an output or a write transfer and it is the destination unit during an input or a
read transfer. It is customary to specify the asynchronous transfer between two independent units by means of a timing
diagram that shows the timing relationship that must exist between the control signals and the data in buses. The sequence
of control during an asynchronous transfer depends on whether the transfer is initiated by the source or by the destination
unit.

STROBE CONTROL
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. Figure-(a) shows a source-initiated transfer.
Source
unit

Data bus
Strobe

Destination
unit

(a) Block diagram

Data

Valid data

Strobe
(b) Timing diagram

Figure- Source-initiated strobe for data transfer.
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The data bus carries the binary information from source unit to the 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 in the bus.
As shown in the timing diagram of Fig.-(b), the source unit first places the data on the data bus. After a brief delay to
ensure that the data settle to a steady value, the source activates the strobe pulse. The information on the data bus and the
strobe signal remain in the active state for a sufficient time period to allow the destination unit to receive the data. Often,
the destination unit uses the falling edge of the strobe pulse to transfer the contents of the data bus into one of its internal
registers. The source removes the data from the bus a brief period after it disables its strobe pulse. Actually, the source does
not have to change the information in the data bus. The fact that the strobe signal is disabled indicates that the data bus does
not contain valued data. New valid data will be available only after the strobe is enabled again.
Below Figure shows a data transfer initiated by the destination unit. In this case the destination unit activates the
strobe pulse, informing the source to provide the data. The source unit responds by placing the requested binary
information on the data bus. The data must be valid and remain in the bus long enough for the destination unit to accept it.
The falling edge of the Strobe pulse can beused again to trigger a destination register. The destination unit then disables the
strobe. The source removes the data from the bus after a predetermined time interval.
In many computers the strobe pulse is actually controlled by the clock pulses in the CPU. The CPU is always in
control of the buses and informs the external units how to transfer data. For example, the strobe of above Fig. could be a
memory -write control signal from the CPU to a memory unit. The source, being the CPU, places a word on the data bus
and informs the memory units.
Source
unit

Data bus
Strobe

Destination
unit

(a) Block diagram
Data
Strobe
(b) Timing diagram

Figure -Destination-initiated strobe for data transfer.
This is the destination, that this is a write operation. Similarly, the strobe of Figure -Destination-initiated strobe for
data transfer. Could be a memory -read control signal from the CPU to a memory unit. The destination, the CPU, initiates
the read operation to inform the memory, which is the source, to place a selected word into the data bus.
The transfer of data between the CPU and an interface unit is similar to the strobe transfer just described. Data transfer
between an interface and an I/O device is commonly controlled by a set of handshaking lines.
HANDSHAKING
The disadvantage of the strobe method is that the source unit that initiates the transfer has no way of knowing
whether the destination unit has actually received the data item that was placed 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 the bus,. The handshake
method solves this problem by introducing a second control signal that provides a reply to the unit that initiates the transfer.
The basic principle of the two-write handshaking method of data transfer is as follows. One control line is in the same
direction as the data flow in the bus from the source to the destination. It is used by the source unit to inform the destination
unit whether there are valued data in the bus. The other control line is in the other direction from the destination to the
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source. It is used by the destination unit to inform the source whether it can accept data. The sequence of control during the
transfer depends on the unit that initiates the transfer.
Figure shows the data transfer procedure when initiated by the source. The two handshaking lines are data valid,
which is generated by the source unit, and data accepted, generated by the destination unit. The timing diagram shows the
exchange of signals between the two units. The sequence of events listed in part (c) shows the 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 valid signal, which invalidates the data on the bus. The destination unit then disables its data
accepted signal and the system goes into its initial state. The source dies not send the next data item until after the
destination unit shows its readiness to accept new data by disabling its data accepted signal. This scheme allows arbitrary
delays from one state to the next and permits each unit to respond at its own data transfer rate. The rate of transfer is
determined by the slowest unit.
The destination -initiated transfer using handshaking lines is shown in Fig. Note that the name of the signal
generated by the destination unit has been changed to ready from 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. Note that the sequence of events in both
cases would be identical if we consider the ready for data signal as the complement of data accepted. In fact, the only
difference between the source-initiated and the destination-initiated transfer is in their choice of initial state.

Figure -Source-initiated transfer using handshaking.
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Figure-Destination-initiated transfer using handshaking.

The handshaking scheme provides a high degree of flexibility and reality because the successful completion of a
data transfer relies on active participation by both units. If one unit is faulty, the data transfer will not be completed. Such
an error can be detected by means of a timeout mechanism, which produces an alarm if the data transfer is not completed
within a predetermined time. The timeout is implemented by means of an internal clock that starts counting time when the
unit enables one of its handshaking control signals. If the return handshake signal does not respond within a given time
period, the unit assumes that an error has occurred. The timeout signal can be used to interrupt the processor and hence
execute a service routine that takes appropriates error recovery action.
ASYNCHRONOUS SERIAL TRANSFER
The transfer of data between two units may be done in parallel or serial. In parallel data transmission, each bit of the
message has its own path and the total message is transmitted at the same time. This means that an n-bit message must be
transmitted through in n separate conductor paths. In serial data transmission, each bit in the message is sent in sequence
one at a time. This method requires the use of one pair of conductors or one conductor and a common ground. Parallel
transmission is faster but requires many wires. It is used for short distances and where speed is important. Serial
transmission is slower but is less expensive since it requires only one pair of conductors.
Serial transmission can be synchronous or asynchronous. In synchronous transmission, the two units share a
common clock frequency and bits are transmitted continuously at the rate dictated by the clock pulses. In long-distant serial
transmission, each unit is driven by a separate clock of the same frequency. Synchronization signals are transmitted
periodically between the two units to keep their clocks in step with each other. In asynchronous transmission, binary
information is sent only when it is available and the line remains idle when there is no information to be transmitted. This is
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In contrast to synchronous transmission, where bits must be transmitted continuously to deep the clock frequency in
both units synchronized with each other.
Serial asynchronous data transmission technique used in many interactive terminals employs special bits that are
inserted at both ends of the character code. With this technique, each character consists of three parts: a start bit, the
character bits, and stop bits. The convention is that the transmitter rests at the 1-state when no characters are transmitted.
The first bit, called the start bit, is always a 0 and is used to indicate the beginning of a character. The last bit called the stop
bit is always a 1. An example of this format is shown in below Fig.
A transmitted character can be detected by the receiver from knowledge of the transmission rules:
1. When a character is not being sent, the line is kept in the 1-state.
2. The initiation of a character transmission is detected from the start bit, which is always 0.
3. The character bits always follow the start bit.
4. After the last bit of the character is transmitted, a stop bit is detected when the line returns
To the 1-state for at least one bit time.
Using these rules, the receiver can detect the start bit when the line gives from 1 to 0. A clock in the receiver
examines the line at proper bit times. The receiver knows the transfer rate of the bits and the number of character bits to
accept. After the character bits are transmitted, one or two stop bits are sent. The stop bits are always in the 1-state and
frame the end of the character to signify the idle or wait state.
At the end of the character the line is held at the 1-state for a period of at least one or two bit times so that both the
transmitter and receiver can resynchronize. The length of time that the line stays in this state depends on the amount of time
required for the equipment to resynchronize. Some older electromechanical terminals use two stop bits, but newer terminals
use one stop bit. The line remains in the 1-state until another character is transmitted. The stop time ensures that a new
character will not follow for one or two bit times.
As illustration, consider the serial transmission of a terminal whose transfer rate is 10 characters per second. Each
transmitted character consists of a start bit, eight information bits, of

Start

Character bits

Stop
bits

Figure - Asynchronous serial transmission
a start bit, eight information bits, and two stop bits, for a total of 11 bits. Ten characters per second means that each
character takes 0.1s for transfer. Since there are 11 bits to be transmitted, it follows that the bit time is 9.09 ms.The baud
rate is defined as the rate at which serial information is transmitted and is equivalent to the data transfer in bits per second.
Ten characters per second with an 11-bit format has a transfer rate of 110 baud.
The terminal has a keyboard and a printer. Every time a key is depressed, the terminal sends 11 bits serially along a
wire. To print a character. To print a character in the printer, an 11-bit message must be received along another wire. The
terminal interface consists of a transmitter and a receiver. The transmitter accepts an 8-bit character room the computer and
proceeds to send a serial 11-bit message into the printer line. The receiver accepts a serial 11-bit message from the
keyboard line and forwards the 8-bit character code into the computer. Integrated circuits are available which are
specifically designed to provide the interface between computer and similar interactive terminals. Such a circuit is called an
asynchronous communication interface or a universal asynchronous receiver-transmitter (UART).
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Asynchronous Communication Interface
Fig shows the block diagram of an asynchronous communication interface is shown in Fig. It acts as both a
transmitter and a receiver. The interface is initialized for a particular mode of transfer by means of a control byte that is
loaded into its control register. The transmitter register accepts a data byte from the CPU through the data bus. This byte is
transferred to a shift register for serial transmission. The receiver portion receives serial information into an- other shift
register, and when a complete data byte is accumulated, it is transferred to the receiver register. The CPU can select the
receiver register to read the byte through the data bus. The bits in the status register are used for input and output flags and
for recording certain errors that may occur during the transmission. The CPU can read the status register to check the status
of the flag bits and to determine if any errors have occurred. The chip select and the read and write control lines
communicate with the CPU. The chip select (CS) input is used to select the interface through the address bus. The register
select (RS) is associated with the read (RD)andwrites (WR) controls. Two registers are write-only and two are read-only.
The register selected is a function of the RS value and the RD and WR status, as listed in the table accompanying the
diagram.
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MODES OF TRANSFER
Binary information received from an external device is usually stored in memory for later processing. Information
transferred from the central computer into an external device originates in the memory unit. The CPU merely executes the
I/O instructions and may accept the data temporarily, but the ultimate source or destination is the memory unit. Data
transfer between the central computer and I/O devices may be handled in a variety of modes. Some modes use the CPU as

An intermediate path; other transfer the data directly to and from the memory unit. Data transfer to and from
peripherals may be handled in one of three possible modes:
1. Programmed I/O
2. Interrupt-initiated I/O
3. Direct memory access (DMA)
Programmed I/O operations are the result of I/O instructions written in the computer program. Each data item transfer
is initiated by an instruction in the program. Usually, the transfer is to and from a CPU register and peripheral. Other
instructions are needed to transfer the data to and from CPU and memory. Transferring data under program control requires
constant monitoring of the peripheral by the CPU. Once a data transfer is initiated, the CPU is required to monitor the
interface to see when a transfer can again be made. It is up to the programmed instructions executed in the CPU to keep
close tabs on everything that is taking place in the interface unit and the I/O device.
In the programmed I/O method, the CPU stays in a program loop until the I/O unit indicates that it is ready for data
transfer. This is a time-consuming process since it keeps the processor busy needlessly. It can be avoided by using an
interrupt facility and special commands to inform the interface to issue an interrupt request signal when the data are
available from thedevice. In the meantime the CU can proceed to execute another program. The interface meanwhile keeps
monitoring the device. When the interface determines that the device is ready for data transfer, it generates an interrupt
request to the computer. Upon detecting the external interrupt signal, the CPU momentarily stops the task it is processing,
branches to a service program to process the I/O transfer, and then returns to the task it was originally performing.
Transfer of data under programmed I/O is between CPU and peripheral. In direct memory access (DMA), the
interface transfers data into and out of the memory unit through the memory bus. The CPU initiates the transfer by
supplying the interface with the starting address and the number of words needed to be transferred and then proceeds to
execute other tasks. When the transfer is made, the DMA requests memory cycles through the memory bus. When the
request is granted by the memory controller, the DMA transfers the data directly into memory. The CPU merely delays its
memory access operation to allow the direct memory I/O transfer. Since peripheral speed is usually slower than processor
speed, I/O-memory transfers are infrequent compared to processor access to memory.
Many computers combine the interface logic with the requirements for direct memory access into one unit and call it
an I/O processor (IOP). The IOP can handle many peripherals through a DMPA and interrupt facility. In such a system, the
computer is divided into three separate modules: the memory unit, the CPU, and the IOP.
EXAMPLE OF PROGRAMMED I/O
In the programmed I/O method, the I/O device dies not have direct access to memory. A transfer from an I/O device
to memory requires the execution of several instructions by the CPU, including an input instruction to transfer the data
from the device to the CPU, and a store instruction to transfer the data from the CPU to memory. Other instructions may be
needed to verify that the data are available from the device and to count the numbers of words transferred.
An example of data transfer from an I/O device through an interface into the CPU is shown in below Fig. The device
transfers bytes of data one at a time as they are available. When a byte of data is available, the device places it in the I/O
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bus and enables its data valid line. The interface accepts the byte into its data register and enables the data accepted line.
The interface sets it in the status register that we will refer to as an F or ―flag‖ bit. The device can now disable the data
valid line, but it will not transfer another byte until the data accepted line is disabled by the interface. This is according to
the handshaking procedure established in Fig.
A program is written for the computer to check the flag in the status register to determine if a byte has been placed in
the data register by the I/O device. This is done by reading the status register into a CPU register and checking the value of
The flag bit. If the flag is equal to 1, the CPU reads the data fromthe data register. The flag bit is then cleared to 0 by
either the CPU or the interface, depending on how the interface circuits are designed. Once the flag is cleared, the interface
disables the data accepted line and the device can then transfer the next data byte.
A flowchart of the program that must be written for the CPU is shown in Fig. Flowcharts for CPU program to input
data. It is assumed that the device is sending a sequence of bytes that must be stored in memory. The transfer of each byte
requires three instructions:
1. Read the status register.
2. Check the status of the flag bit and branch to step 1 if not set or to step 3 if set.
3. Read the data register.
Each byte is read into a CPU register and then transferred to memory with a store instruction. A common I/O
programming task is to transfer a block of words form an I/O device and store them in a memory buffer. A program that
stores input characters in a memory buffer using theinstructions mentioned in the earlier chapter.
Figure -Data transfer form I/O device to CPU

CPU

Data bus
Address bus
1/0 read
1/0 write

Interface
Data register
Status
register

1/0 bus
Data valid
Data accepted

device

F

F = Flag bit

Figure -Flowcharts for CPU program to input data
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The programmed I/O method is particularly useful in small low-speed computers or in systems that are dedicated to
monitor a device continuously. The difference in information transfer rate between the CPU and the I/O device makes this type
of transfer inefficient. To see why this is inefficient, consider a typical computer that can execute the two instructions that read
the status register and check the flag in 1 πs. Assume that the input device transfers its data at an average rate of 100 bytes per
second. This is equivalent to one byte every 10,000 π s. This means that the CPU will check the flag 10,000 times between
each transfer. The CPU is wasting time while checking the flag instead of doing some other useful processing task.

INTERRUPT-INITIATED I/O
An alternative to the CPU constantly monitoring the flag is to let the interface inform the computer when it is ready to
transfer data. This mode of transfer uses the interrupt facility. While the CPU is running a program, it does not check the flag.
However, when the flag is set, the computer is momentarily interrupted from proceeding with the current program and is
informed of the fact that the flag has been set. The CPU deviates from what it is doing to take care of the input or output
transfer. After the transfer is completed, the computer returns to the previous program to continue what it was doing before the
interrupt.
The CPU responds to the interrupt signal by storing the return address from the program counter into a memory stack
and then control branches to a service routine that processes the required I/O transfer. The way that the processor chooses the
branch address of the service routine varies from tone unit to another. In principle, there are two methods for accomplishing
this. One is called vectored interrupt and the other, no vectored interrupt. In a non-vectored interrupt, the branch address is
assigned to a fixed location in memory. In a vectored interrupt, the source that interrupts supplies the branch information to the
computer. This information is called the interrupt vector. In some computers the interrupt vector is the first address of the I/O
service routine. In other computers the interrupt vector is an address that points to a location in memory where the beginning
address of the I/O service routine is stored.

DIRECT MEMORY ACCESS (DMA)
The transfer of data between a fast storage device such as magnetic disk and memory is often limited by the speed of the
CPU. Removing the CPU from the path and letting the peripheral device manage the memory buses directly would improve
the speed of transfer. This transfer technique is called direct memory access (DMA). During DMA transfer, the CPU is idle
and has no control of the memory buses. A DMA controller takes over the buses to manage the transfer directly between the
I/O device and memory.
The CPU may be placed in an idle state in a variety of ways. One common method extensively used in microprocessors
is to disable the buses through special control signals. Figure- CPU bus signals for DMA transfer.Shows two control signals in
the CPU that facilitate the DMA transfer. The bus request (BR) input is used by the DMA controller to request the CPU to
relinquish control of the buses. When this input is active, the CPU terminates the execution of the current instruction and
places the address bus, the data bus, and the read and write lines into a high-impedance state behaves like an open circuit,
which means that the output is disconnected and does not have a logic significance. The CPU activates the Bus grant (BG)
output to inform the external DMA that the buses are in the high -impedance state. The DMA that originated the bus request
can now take control of the buses to conduct memory transfers without processor intervention. When the DMA terminates the
transfer, it disables the bus request line. The CPU disables the bus grant, takes control of the buses, and returns to its normal
operation.
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When the DMA takes control of the bus system, it communicates directly with the memory. The transfer can be made in
several ways. In DMA burst transfer, a block sequence consisting of a number of memory words is transferred in a continuous
burst while the DMA controller is master of the memory buses. This mode of transfer is needed for fast devices such as
magnetic disks, where data transmission cannot be stopped or slowed down until an entire block is transferred. An alternative
technique called cycle stealing allows the DMA controller to transfer one data word at a time after which it must return 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.

DMA CONTROLLER
The DMA controller needs the usual circuits of an interface to communicate with the CPU and I/O device. In addition, it
needs an address register, a word count register, and a set of address lines. The address registers and addresses lines
Figure -CPU bus signals for DMA transfer.

Bus request

Data bus
BR
CPU

Bus grant

Address bus
Read

BG

High-impedance
(disable)
when BG is
enabled

Write

Are used for direct communication with the memory. The word count register specifies the number of words that must be
transferred. The data transfer may be done directly between the device and memory under control of the DMA.
Below Figure shows the block diagram of a typical DMA controller. The unit communicates with the CPU via the data
bus and control lines. The registers in the DMA are selected by the CPU through the address bus by enabling the DS (DMA
select) and RS (register select) inputs. The RD (read) and WR (write) inputs are bidirectional. When the BG (bus grant) input
is 0, the CPU can communicate with the DMA registers through the data bus to read from or write to the DMA registers. When
BG = 1, the CPU has relinquished the buses and the DMA can communicate directly with the memory by specifying an
address in the address bus and activating the RD or WR control. ; The DMA communicates with the external peripheral
through the request and acknowledge lines by using a prescribed handshaking procedure.
The DMA controller has three registers: an address register, a word count register, and a control register. The address
register contains an address to specify the desired location in memory. The address bits go through bus buffers into the address
bus. The address register is incremented after each word that is transferred to memory. The word count register is incremented
after each word that is transferred to memory. The word count register holds the number of words to be transferred. This
register is decremented by one after each word transfer and internally tested for zero. The control register specifies the mode of
transfer. All registers in the DMA appear to the CPU as I/O interface registers. Thus the CPU can read from or write into the
DMA registers under program control via the data bus.
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Figure-Block diagram of DMA controller.
The DMA is first initialized by the CPU. After that, the DMA starts and continues to transfer data between memory and
peripheral unit until an entire block is transferred. The initialization process is essentially a program consisting of I/O
instructions that include the address for selecting particular DMA registers. The CPU initializes the DMA by sending the
following information through the data bus:
1. The starting address of the memory block where data are available (for read) or where data are to

be stored (for

write)
2. The word count, which is the number of words in the memory block
3. Control to specify the mode of transfer such as read or write
4. A control to start the DMA transfer
The starting address is stored in the address register. The word count is stored in the word count register, and the control
information in the control register. Once the DMA is initialized, the CPU stops communicating with the DMA unless it
receives an interrupt signal or if it wants to check how many words have been transferred.

DMA TRANSFER
The position of the DMA controller among the other components in a computer system is illustrated in below Fig. The
CPU communicates with the DMA through the address and data buses as with any interface unit. The DMA has its own
address, which activates the DS and RS lines. The CPU initializes the DMA through the data bus. Once the DMA receives the
start control command, it can start the transfer between the peripheral device and the memory.
When the peripheral device sends a DMA request, the DMA controller activates the BR line, informing the CPU to
relinquish the buses. The CPU responds with its BG line, informing the DMA that its buses are disabled. The DMA then puts
the current value of its address register into the address bus, initiates the RD or WR signal, and sends a DMA acknowledge to
the peripheral device. Note that the RD and WR lines in the DMA controller are bidirectional. Thedirection of transfer depends
on the status of the BG line. When BG line. When BG = 0, the RD and WR are input lines allowing the CPU to communicate
with the internal DMA registers. When BG = 1, the RD and WR and output lines from the DMA controller to the randomaccess memory to specify the read or write operation for the data.
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When the peripheral device receives a DMA acknowledge, it puts a word in the data us (for write) or receives a word
from the data bus (for read). Thus the DMA controls the read or write operations and supplies the address for the memory. The
peripheral unit can then communicate with memory through the data bus for direct transfer between the two units while the
CPU is momentarily disabled.

Figure-DMA transfer in a computer system.
For each word that is transferred, the DMA increments its address registers and decrements its word count register. If
the word count does not reach zero, the DMA checks the request line coming from the peripheral. For a high-speed device, the
line will be active as soon as the previous transfer is completed. A second transfer is then initiated, and the process continues
until the entire block is transferred. If the peripheral speed is slower, the DMA request line may come somewhat later. In this
case the DMA disables the bus request line so that the CPU can continue to execute its program. When the peripheral requests
a transfer, the DMA requests the buses again.
It the word count register reaches zero, the DMA stops any further transfer and removes its bus request. It also informs
the CPU of the termination by means of an interrupt. When the CPU responds to the interrupt, it reads the content of the word
count register. The zero value of this register indicates that all the words were transferred successfully. The CPU can read this
register at any time to check the number of words already transferred.
A DMA controller may have more than on channel. In this case, each channel has a request and acknowledges pair of
control signals which are connected to separate peripheral devices. Each channel also has its own address register and word
count register within the DMA controller. A priority among the channels may be established so that channels with high priority
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are serviced before channels with lower priority.
DMA transfer is very useful in many applications. It is used for fast transfer of information between magnetic disks and
memory. It is also useful for updating the display in an interactive terminal. Typically, an image of the screen display of the
terminal is kept in memory which can be updated under program control. The contents of the memory can be transferred to the
screen periodically by means of DMA transfer.

Input-output Processor (IOP)
The IOP is similar to a CPU except that it is designed to handle the details of I/O processing. Unlike the DMA controller
that must be set up entirely by the CPU, the IOP can fetch and execute its own instructions. IOP instructions are specially
designed to facilitate I/O transfers. In addition, the IOP can perform other processing tasks, such as arithmetic, logic,
branching, and code translation.

The block diagram of a computer with two processors is shown in below Figure. The memory unit occupies a central
position and can communicate with each processor by means of direct memory access. The CPU is responsible for processing
data needed in the solution of computational tasks. The IOP provides a path for transfer of data between various peripheral
devices and the memory unit.

Figure- Block diagram of a computer with I/O processor
The data formats of peripheral devices differ from memory and CPU data formats. The IOP must structure data words
from many different sources. For example, it may be necessary to take four bytes from an input device and pack them into one
32-bit word before the transfer to memory. Data are gathered in the IOP at the device rate and bit capacity while the CPU is
executing its own program. After the input data are assembled into a memory word, they are transferred from IOP directly into
memory by "stealing" one memory cycle from the CPU. Similarly, an output word transferred from memory to the IOP is
directed from the IOP to the output device at the device rate and bit capacity.
The communication between the IOP and the devices attached to it is similar to the program control method of transfer.
The way by which the CPU and IOP communicate depends on the level of sophistication included in the system. In most
computer systems, the CPU is the master while the IOP is a slave processor. The CPU is assigned the task of initiating all
operations, but I/O instructions are execute in the IOP. CPU instructions provide operations to start an I/O transfer and also to
test I/O status conditions needed for making decisions on various I/O activities. The IOP, in turn, typically asks for CPU
attention by means of an interrupt. It also responds to CPU requests by placing a status word in a prescribed location in
memory to be examined later by a CPU program. When an I/O operation is desired, the CPU informs the IOP where to find the
I/O program and then leaves the transfer details to the IOP.
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CPU-IOP Communication
The communication between CPU and IOP. These are depending on the particular computer considered. In most cases
the memory unit acts as a message center where each processor leaves information for the other. To appreciate the operation of
a typical IOP, we will illustrate by a specific example the method by which the CPU and IOP communicate. This is a
simplified example that omits many operating details in order to provide an overview of basic concepts.
The sequence of operations may be carried out as shown in the flowchart of below Fig. The CPU sends an instruction to
test the IOP path. The IOP responds by inserting a status word in memory for the CPU to check. The bits of the status word
indicate the condition of the IOP and I/O device, such as IOP overload condition, device busy with another transfer, or device
ready for I/O transfer. The CPU refers to the status word in memory to decide what to do next. If all is in order, the CPU sends
the instruction to start I/O transfer. The memory address received with this instruction tells the IOP where to find its program.
The CPU can now continue with another program while the IOP is busy with the I/O program. Both programs refer to
memory by means of DMA transfer. When the IOP terminates the execution of its program, it sends an interrupt request to the
CPU. The CPU responds to the interrupt by issuing an instruction to read the status from the IOP. The IOP responds by placing
the contents of its status report into a specified memory location.

Figure - CPU-IOP communication

The IOP takes care of all data transfers between several I/O units and the memory while the CPU is processing another
program. The IOP and CPU are competing for the use of memory, so the number of devices that can be in operation is limited
by the access time of the memory.

jntuworldupdates.org

Specworld.in

Smartzworld.com

Smartworld.asia

INTEL 8089 IOP
The Intel 8089 I/O processor is contained in a 40-pin integrated circuit package. Within the 8089 are two independent units
called channels. Each channel combines the general characteristics of a processor unit with those of a direct memory access
controller. The 8089 is designed to function as an IOP in a
Microcomputer system where the Intel 8086 microprocessor is used as the CPU. The 8086 CPU initiates an I/O operation by
building a message in memory that describes the function to be performed. The 8089 IOP reads the message from memory,
carries out the operation, and notifies the CPU when it has finished.
In contrast to the IBM 370 channel, which has only six basic I/O commands, the 8089 IOP has 50 basic instructions that can
operate on individual bits, on bytes, or 16-bit words. The IOP can execute programs in a manner similar to a CPU except that
the instruction set is specifically chosen to provide efficient input-output processing. The instruction set includes general data
transfer instructions, basic arithmetic and logic operations, conditional and unconditional branch operations, and subroutine
call and return capabilities. The set also includes special instructions to initiate DMA transfers and issue an interrupt request to
the CPU. It provides efficient data transfer between any two components attached to the system bus, such as I/O to memory,
memory to memory, or I/O to I/O.
A microcomputer system using the Intel 8086/8089 pair of integrated circuits is shown in Fig. (a). The 8086 functions as the
CPU and the 8089 as the IOP. The two units share a common memory through a bus controller connected to a system bus,
which is called a "multibus" by Intel. The IOP uses a local bus to communicate with various interface units connected to I/O
devices. The CPU communicates with the IOP by enabling the channel attention line. The select line is used by the CPU to
select one of two channels in the 8089. The IOP gets the attention of the CPU by sending an interrupt request.
The CPU and IOP communicate with each other by writing messages for one another in system memory. The CPU prepares
the message area and signals the IOP by enabling the channel attention line. The IOP reads the message, performs the required
I/O functions, and executes the appropriate channel program. When the channel has completed its program, it issues an
interrupt request to the CPU.

The communication scheme consists of program sections called "blocks," which are stored in memory as shown in Fig. (b).
each block contains control and parameter information as well as an address pointer to its successor block. The address of the
control block is passed to each IOP channel during initialization. The busy flag indicates whether the IOP is busy or ready to
perform a new I/O operation. The CCW (channel command word) is specified by the CPU to indicate the of operation required
from the IOP. The CCW in the 8089 does not have the same meaning as the command word in the IBM
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Fig (a)- Intel 8086/8089 Microcomputer system block diagram.

Fig (b) – Location of information in memory for I/O operations in the Intel8086/8089 microcomputer system.

The CPU and IOP work together through the control and parameter blocks. The CPU obtains use of the shared memory after
checking the busy flag to ensure that the IOP is available. The CPU then fills in the information in the parameter block and
writes a "start operation" command in the CCW. After the communication blocks have been set up, the CPU enables the
channel attention signal to inform the IOP to start its I/O operation. The CPU then continues with another program. The IOP
responds to the channel attention signal by placing the address of the control block into its program counter. The IOP refers to
the control block and sets the busy flag. It then checks the operation in the CCW. The PB (parameter block) address and TB
(task block) address are then transferred into internal IOP registers. The IOP starts executing the program in the task block
using the information in the parameter block. The entries in the parameter block depend on the I/Odevice. Theparameters listed
in Fig. (b)are suitable for data transfer to or from a magnetic disk. The memory address specifies the beginning address of a
memory buffer. The byte count gives the number of bytes to be transferred. The device address specifies the particular I/O
device to be used. The track and sector numbers locate the data on the disk. When the I/O operation is completed, the IOP
stores its status bits in the status word location of the parameter block and interrupts the CPU. The CPU can refer to the status
word to check if the transfer has been completed satisfactorily.
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