LECTURE MATERIAL

Name of the subject : Computer Organization and Architecture
Name of the Course Coordinator : Mrs. J. Sravanthi

&Faculty Member :Dr. M. Sandhya Rani

Academic Year : 2026-27

Year & SEM . 11 -1SEM

YTKRCE7

HYDERABAD

Indian in Character 0 International in Excellence

DEPARTMENT OF CSE (Data Science)

TKR College of Engineering & Technology, Meerpet,
Balapur, Saroornagar, Hyderabad - 500097, Telangana.
Accredited by NAAC with A+



UNIT-1

Boolean algebra and Logic Gates
Digital logic gates, Data Representation

Digital Computers
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UNIT -V
Input-Output Organization

Memory Organization



The I/0 bus consists of data lines, address lines, and control lines. Each peripheral device has
associated with it an interface unit.

Each interface decodes the address and control received from the I/0 bus, interprets them for
the peripheral, and provides signals for the peripheral controller. 1t 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 1/0 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 by 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. The function code is referred to as an /O command and is in essence
an instruction that is executed in the interface and its attached peripheral unit. There are four
types of commands that an interface may receive. They are classified as control, status, data
output, and data input.

o A control command is issued to activate the peripheral and to inform it what to do.

e 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.

e A data output command causes the interface to respond by transferring data from the
bus into one of its registers.

e 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.

There are three ways that computer buses can be used to communicate with memory and 1/0:

1. Use two separate buses, one for memory and the other for I/O. (This method uses a separate
I/O Processor alongside CPU to provide an independent pathway for the transfer of information
between external devices and internal memory.)

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.

Isolated I/0: Many computers use one common bus to transfer information between memory
or I/0 and the CPU. The distinction between a memory transfer and 1/0 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 1/0 read and
1/0 write control lines are enabled during an 1/0 transfer. The memory read and memory
write control lines are enabled during a memory transfer. This configuration isolates all 1/0
interface addresses from the addresses assigned to memory and is referred to as the isolated 1/0
method for assigning addresses in a common bus. In the isolated I/0 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 1/0 read (for input) or I/0 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.

Memory-mapped I/0: Memory mapped I/O uses 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. In a memory-mapped 1/O organization there are no specific input or
output instructions. The CPU can manipulate /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.

Computers with memory-mapped 1/O can use memory-type instructions to access l/0 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 /O registers. In a typical computer,
there are more memory-reference instructions than 1/0 instructions. With memory-mapped 1/O
all instructions that refer to memory are also available for I/O.

DATA TRANSFER MODES:

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 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.

Synchronous Data Transfer: In synchronous transmission, the two units (Sending Unit and
Receiving unit) 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 in contrast to synchronous
transmission, where bits must be transmitted continuously to keep the clock frequency in both
units synchronized with each other.

Eg:Any two units of a digital system are designed independently, such as CPU and I/0
interface. If the registers in the I/0 interface share a common clock with CPU registers, then
transfer between the two units is said to be synchronous.

Asynchronous Serial Transfer: A 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 below:

S];t,?:t Character bits «—St0p

bits

A

.

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.

Asynchronous way of data transfer can be achieved using two methods:
1) Strobe control
2) Handshaking

Strobe Control Method: The Strobe Control method of asynchronous data transfer employs
a single control line to time each transfer. This control line is also known as a strobe, and it
* may be achieved either by source or destination, depending on which initiate the transfer.

Source initiated strobe: In the below block diagram, strobe is initiated by source, and as
shown in the timing diagram, the source unit first places the data on the data bus.




Data Bus Destination
Strobe Unit

(a) Block Diagram

Data <«——Valid Data——>»

Strobe

(b) Timing Diagram

After a brief delay, the source activates a strobe pulse. The information on the data bus and
strobe control signal remains in the active state for a sufficient time to allow the destination
unit to receive the data. The destination unit uses a falling edge of strobe control to transfer
the contents of a data bus to one of its internal registers. The source removes the data from
the data bus after it disables its strobe pulse. Thus, new valid data will be available only after
the strobe is enabled again.

Example: The strobe may be a memory-write control signal from the CPU to a memory unit.

Destination initiated strobe: In the below block diagram, the strobe initiated by destination,
and in the timing diagram, the destination unit first activates the strobe pulse, informing the
source to provide the data.

Data Bus

Source Unit Destination

Strobe Unit

(a) Block Diagram

Data <«—Valid Data——>»

Strobe

(b) Timing Diagram




The falling edge of the strobe pulse can use again to trigger a destination register. The
destination unit then disables the strobe. Finally, and source removes the data from the data
bus after a determined time interval.

Example: the strobe may be a memory read control from the memory unit to CPU.

Handshaking Method: The strobe method has the disadvantage that the source unit that
initiates the transfer has no way of knowing whether the destination has received the data that
was placed in the bus. Similarly, a destination unit that initiates the transfer has no way of
knowing whether the source unit has placed data on the bus.

So this problem is solved by the handshaking method. The handshaking method introduces a
second control signal line.

In this method, one control line is in the same direction as the data flow in the bus from the
source to the destination. The source unit uses it to inform the destination unit whether there
are valid data in the bus.

The other control line is in the other direction from the destination to the source. This is because
the destination unit uses it to inform the source whether it can accept data. And in it also, the
sequence of control depends on the unit that initiates the transfer. So it means the sequence of
control depends on whether the transfer is initiated by source and destination.

Source initiated handshaking: In the below block diagram, two handshaking lines are "data
valid", which is generated by the source unit, and "data accepted", generated by the destination
unit.

Data Bus
Data Valid
Data Accepted

Source Unit

(a) Block Diagram

Data bus <« Valid Data—> |

Data valid 4\~[ / -

Data Accepted

(b) Timing Diagram

The timing diagram shows the timing relationship of the exchange of signals between the two
units. The source initiates a transfer by placing data on the bus and enabling its data valid
signal. The destination unit then activates the data accepted signal after it accepts the data from
the bus.

The source unit then disables its valid data signal, which invalidates the data on the bus. After
this, the destination unit disables its data accepted signal, and the system goes into its initial
state. The source unit does not send the next data item until after the destination unit shows




readiness to accept new data by disabling the data accepted signal. This sequence of events
described in its sequence diagram, which shows the above sequence in which the system is
present at any given time.

Destination initiated handshaking: In the below block diagram, the two handshaking lines
are "data valid", generated by the source unit, and "ready for data" generated by the
destination unit.

Data Bus
Source Uinit Data Valid Destination
Ready for data Unit

[(a) Block Diagram

Ready for data
N

Data valid

Data bus \4 <—Valid Data—>

(b) Timing Diagram

Source Unit Destination Unit

Place data on bus Ready to accept data
Enable data valid Enable ready for data

Disable data valid P Accept data from bus
imvalidate data on bus M Disable ready for data
{Initial State)

[c] Sequence Diagram (Sequence of events)

I/O Transfers:

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/0 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/0 devices may be handled in a variety of modes. Some
modes use the CPU as an intermediate path; others 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)
2)
3)
1.

Program Controlled I/O

Interrupt-initiated 1/0

Direct memory access (DMA)

Program_Controlled 1/0: Programmed I/0 operations are the result of I/0 instructions
written in the computer program. CPU executes a program that transfers data between
1/0 device and memory. 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. In the programmed 1/0 method, the
CPU stays in a program loop until the I/0 unit indicates that it is ready for data transfer.
This is a time-consuming process since it keeps the processor busy needlessly.

Example of Programmed 1/0:

In the programmed 1/0 method, the I/0 device does not have direct access to memory. A transfer
from an I/0 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
Fig below:

Interface
_Data bus < /0 bus
Address bus _ Data register
. Data valid 10
- o > ) device
10 write > Status F Data accepted
- I'Cng[EI' -
F = Flag bit

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 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 a bit 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.

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 VO 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 from the 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 below. 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.

r Read data register —l

¥

| Check flag bit 1

| Read status register l

T

| Transfer data to memory I

Operation
complete?

Continue
with

program

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 from an I/O device and store
them in a memory buffer. The programmed VO method is particularly useful in small low-
speed computers or in systems that are dedicated to monitor a device continuously.

2) INTERRUPT DRIVEN I/O:

1) In interrupt driven /O, the transfer is not initiated by the processor.

2) Instead, an I/O device which wants to perform a data transfer with the processor,
must give an interrupt to the processor.

3) An interrupt is a condition that makes the processor execute an ISR (Interrupt Service
Routine).

4) In the ISR, processor will perform data Transfer with the [/O device.

5) This relieves the processor from periodically checking the status of every I/O device
thereby saves as

lot of time of the processor.

6) The processor is free to carry on its own operations.

7) Whenever a device wants to transfer data, it will interrupt the processor.

8) This is how many I/O devices Transfer data with the processor.




9) E.g.:: Keyboard. Instead of the processor checking all the time, whether a key is pressed,
the

keyboard interrupts the processor as an when we press a key. In the ISR of the keyboard,
which is a

part of the keyboard driver software, the processor will read the data from the keyboard.

10) Hence interrupt driven I/O is much better than Polled I/O (Programmed 1/O).
INTERRUPT HANDLING MECHANISM

1) When an interrupt occurs, processor, firstly, finishes the current instruction.

2) It then suspends the current program and executes an ISR.

3) To do so, it Pushes the value of PC (address of next instruction), into the stack.

4) Now it loads the ISR address into PC and proceeds to execute the ISR.

5) At the end of the ISR, it POPs the return address from the stack and loads it back into PC.
6) This is how the processor return to the very next instruction in the program.

Main Program ISR

Interrupt

1/O device is ready for
a data Transfer

Perform data Transfer
with I/O device

INTERRUPT DRIVEN I/O PoLLING (PROGRAMMED I/0)
I/0 device interrupts the processor Processor periodically checks (polls) the
1 | whenever it wants to perform a data status of every I/0 device to know if it
Transfer. wants to perform a data Transfer.
2 Processor is free to carry on its own Processor is busy in constantly checking all
operations, hence saves system time. I/0O devices, hence system time wasted.

Additional hardware required to handle
3 |interrupts. E.g.:: 8259 Programmable Additional hardware not required.
interrupt controller.

Increases cost and complexity of the

system. System is cheaper and less complex.

Interrupt priority has to be managed

through software or through hardware. No such issue.

Interrupt vector addresses (ISR
6 | Addresses) need to be stored in an No such issue.
Interrupt Vector table - IVT.




3)_DMA BASED 1/0

DMA means transferring data directly between memory and I/O.

DMA transfers are very fast as compared to Processor based transfers due to two reasons.

1. They are hardware based so no time is wasted in fetching and decoding instructions.

2. Transfers are directly between memory and I/O without data going via the Processor.

To Perform a DMA transfer we need a DMA Controller like 8237/ 8257.

It is capable of taking control of the buses from the Processor.

The process is performed as follows.

1) By Default Processor is the bus master.

2) The DMA transfer parameters first initialized by the processor.

3) Processor programs two registers inside the DMAC called CAR and CWCR giving the
starting

address and the number of bytes to be transferred.

4) DMAC now ensures that the I/O device is ready for the transfer by checking the DREQ
signal.

5) If DREQ=1, then DMAC gives HOLD signal to the Processor requesting control of the
system bus.

6) Processor releases control of the bus after finishing the current machine (bus) cycle.

7) Processor gives HLDA informing DMAC that it is now the bus master.

8) DMAC issues DACK# (by default active low, but can be changed) to I/O device indicating
that the

transfer is about to begin.

9) Now DMAC transfers one byte in one cycle.

10) After every byte is transferred the Address register and Count register are decremented
by 1.

11) This repeats till Count reaches “0” also called Terminal Count.

12) Now the transfer is complete.

13) DMAC returns the system bus to Processor by making HOLD = 0.

14) Processor once again becomes bus master.

Advantage of DMA

DMA transfers are very fast.

Drawback of DMA

DMAC becomes the bus master. Hence during DMA cycles, the processor cannot perform any
operations

as the bus is already being used for DMA. The processor remains in HOLD state.

Difference between Interrupt Request and DMA request

When an interrupt occurs, the processor has to suspend the current program, execute the ISR
and then

return to the next instruction of the main program. Hence it is necessary that the processor
completes the current instruction before servicing an interrupt request.

When a DMA request occurs, the processor has to simply relinquish (give away) control of the
system bus

and enter hold state. When ever it gets back the bus it can resume from where it had left.
Hence the processor need not finish the current instruction before servicing a DMA request.
It simply has to finish the current machine cycle. Hence Instruction cycles are Interrupt
Breakpoints and Machine cycles are DMA breakpoints.




DMA Operation

Address
Lalches
I A
AD, -AD, Address bus
ALE .
Data bus
A
Microprocessor :\o_.;.ﬂm.. Memory
B
Control bus 4 Control bus
TOR . IOW M
HLDA HOLD | MEMR , MEMW F
HRQ
DMA
HLDA controller Control bus
————————————{  Peripharal
I0R , IOW device
MEMR , MEMW (disk
DREQ controller)
DACK,

TYPES /METHODS / TECHNIQUES OF DMA TRANSFERS

There are four modes of data transfer:

1) BLOCK TRANSFER MODE / BURST MODE.

In this mode, the DMAC is programmed to transfer ALL THE BYTES in one complete DMA
operation. After a byte is transferred, the CAR and CWCR are adjusted accordingly. The
system bus is returned to the processor, ONLY after all the bytes are transferred. It is the
fastest form of DMA but keeps the processor inactive for a long time.

2) SINGLE BYTE TRANSFER MODE/ CYCLE STEALING.

Once the DMAC becomes the bus master, it will transfer only ONE BYTE and return the bus
to the processor. As soon as the processor performs one bus cycle, DMAC will once again take
the bus back from the processor. Hence both DMAC and processor are constantly stealing
bus cycles from each other. It is the most popular method of DMA, because it keeps the
processor active in the background. After a byte is transferred, the CAR and CWCR are
adjusted accordingly.

3) DEMAND TRANSFER MODE.

It is very similar to Block Transfer, except that the DREQ must remain active throughout
the DMA operation. If during the operation DREQ goes low, the DMA operation is stopped
and the busses are returned to the processor.

In the meantime, the processor can continue with its own operations. Once DREQ goes high
again, the DMA operation continues from where it had stopped. This means, the transfer
happens on demand from the 1/O device, hence the name.

4) HIDDEN MODE / TRANSPARENT MODE.




In this mode, once the processor programs all parameters inside the DMAC, the DMAC
does not request the processor for the control of the bus. Instead, it observes the processor. It
waits for the processor to enter idle state. Once the processor is idle, the DMAC will take
control of the bus and perform the Transfer. So, the Transfer is totally transparent to the
processor or hidden from the processor. Hence the name.

Interrupts and Exceptions:

Interrupt

The term Interrupt is usually reserved for hardware interrupts. They are program control
interruptions caused by external hardware events. Here, external means external to the CPU.
Hardware interrupts usually come from many different sources such as timer chip, peripheral
devices (keyboards, mouse, etc.), I/O ports (serial, parallel, etc.), disk drives, CMOS clock,
expansion cards (sound card, video card, etc). That means hardware interrupts almost never
occur due to some event related to the executing program.

Example —

An event like a key press on the keyboard by the user, or an internal hardware timer timing out
can raise this kind of interrupt and can inform the CPU that a certain device needs some
attention. In a situation like that the CPU will stop whatever it was doing (i.e. pauses the current
program), provides the service required by the device and will get back to the normal program.
When hardware interrupts occur and the CPU starts the ISR, other hardware interrupts are
disabled (e.g. in 80x86 machines). If you need other hardware interrupts to occur while the ISR
is running, you need to do that explicitly by clearing the interrupt flag (with sti instruction). In
80x86 machines, clearing the interrupt flag will only affect hardware interrupts.

Exception
Exception is a software interrupt, which can be identified as a special handler routine. An

exception occurs due to an “exceptional” condition that occurs during program execution.

Example —
Division by zero, execution of an illegal opcode or memory related fault could cause

exceptions. Whenever an exception is raised, the CPU temporarily suspends the program it was
executing and starts the ISR. ISR will contain what to do with the exception. It may correct the
problem or if it is not possible it may abort the program gracefully by printing a suitable error
message. Although a specific instruction does not cause an exception, an exception will always
be caused by an instruction. For example, the division by zero error can only occur during the
execution of the division instruction.

Exceptions and interrupts are unexpected events which will disrupt the normal flow of
execution of instruction (that is currently executing by processor). An exception is an
unexpected event from within the processor. Interrupt is an unexpected event from outside the
processor. Whenever an exception or interrupt occurs, the hardware starts executing the code
that performs an action in response to the exception. This action may involve killing a process,
outputting an error message, communicating with an external device, or horribly crashing the
entire computer system by initiating a “Blue Screen of Death” and halting the CPU. The
instructions responsible for this action reside in the operating system kernel, and the code that
performs this action is called the interrupt handler code. handler code is an operating system
subroutine. Then, After the handler code is executed, it may be possible to continue execution
after the instruction where the execution or interrupt occurred.
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