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The Von Neumann Architecture 

The modern microcomputer has roots going back to USA in the 1940’s. Of the many researchers, the 

Hungarian-born mathematician, John von Neumann (1903-57), is worthy of special mention. He developed 

a very basic model for computers which we are still using today.  

 

Fig.  10. John von Neumann (1903-57). Progenitor of the modern, electronic PC. 

Von Neumann divided a computer’s hardware into 5 primary groups:  

 

 

 

 

 



This division provided the actual foundation for the modern PC, as von Neumann was the first person to 

construct a computer which had working storage (what we today call RAM). And the amazing thing is, his 

model is still completely applicable today. If we apply the von Neumann model to today’s PC, it looks like 

this: 

Fig  . The Von Neumann model in the year 2004. 

Today we talk about multimedia PC’s, which are made 

up of a wealth of interesting components. Note here 

that modems, sound cards and video cards, etc. all 

function as both input and output units. But this 

doesn’t happen simultaneously, as the model might 

lead you to believe. At the basic level, the von 

Neumann model still applies today. All the 

components and terms shown in Error! Not a valid 

bookmark self-reference. 

 

Fig. Cray 

supercomputer, 1976. 

In April 2002 I read that the Japanese had developed the 

world’s fastest computer. It is a huge thing (the size of four 

tennis courts), which can execute 35.6 billion mathematical 

operations per second. That’s five times as many as the 

previous record holder, a supercomputer from IBM. 

The report from Japan shocked the Americans, who 

considered themselves to be the leaders in the are of 

computer technology. While the American super 

computers are used for the development of new weapons 

systems, the Japanese one is to be used to simulate climate 

models.  

2. The PC’s system components 

This chapter is going to introduce a number of the concepts which you have to know in order to understand 

the PC’s architecture. I will start with a short glossary, followed by a brief description of the components 

which will be the subject of the rest of this guide, and which are shown in Error! Not a valid bookmark 

self-reference. 

The necessary concepts 

I’m soon going to start throwing words around like: interface, controller and protocol. These aren’t 
arbitrary words. In order to understand the transport of data inside the PC we need to agree on various 

jargon terms. I have explained a handful of them below. See also the glossary in the back of the guide. 

The concepts below are quite central. They will be explained in more detail later in the guide, but start by 

reading these brief explanations. 



  

Concept Explanation 

Binary data Data, be it instructions, user data or something else, which 

has been translated into sequences of 0’s and 1’s. 

Bus width The size of the packet of data which is processed (e.g. 

moved) in each work cycle. This can be 8, 16, 32, 64, 128 

or 256 bits. 

Band width The data transfer capacity. This is measured in, for 

example, kilobits/second (Kbps) or megabytes/second 

(MBps). 

Cache A temporary storage, a buffer. 

Chipset A collection of one or more controllers.  Many of the 

motherboard’s controllers are gathered together into a 

chipset, which is normally made up of a north bridge and 

a south bridge. 

Controller A circuit which controls one or more hardware 

components. The controller is often part of the interface. 

Hubs This expression is often used in relation to chipset design, 

where the two north and south bridge controllers are 

called hubs in modern design. 

Interface A system which can transfer data from one component (or 

subsystem) to another. An interface connects two 

components (e.g. a hard disk and a motherboard). 

Interfaces are responsible for the exchange of data 

between two components. At the physical level they 

consist of both software and hardware elements. 

I/O units Components like mice, keyboards, serial and parallel 

ports, screens, network and other cards, along with USB, 

firewire and SCSI controllers, etc. 

Clock frequency The rate at which data is transferred, which varies quite a 

lot between the various components of the PC.  

Usually measured in MHz. 

Clock tick (or clock 

cycle) 

A single clock tick is the smallest measure in the working 

cycle. A working cycle (e.g. the transport of a portion of 

data) can be executed over a period of about 5 clock ticks 

(it “costs” 5 clock cycles). 

Logic An expression I use to refer to software built into chips 

and controllers. E.g. an EIDE controller has its own 

“logic”, and the motherboard’s BIOS is “logic”. 

MHz  

(Megahertz) 

A ”speed” which is used to indicate clock frequency. It 

really means: million cycles per second. The more MHZ, 

the more data operations can be performed per second. 

North bridge A chip on the motherboard which serves as a controller 

for the data traffic close to the CPU. It interfaces with the 

CPU through the Front Side Bus (FSB) and with the 

memory through the memory bus.  



Concept Explanation 

Protocols Electronic traffic rules which regulate the flow of data 

between two components or systems. Protocols form part 

of interfaces. 

South bridge A chip on the motherboard which works together with the 

north bridge. It looks after the data traffic which is remote 

from the CPU (I/O traffic). 

 

Simple ALU Organization 

Introduction 

An arithmetic logic unit (ALU) is a digital circuit used to perform arithmetic and logic operations. It 

represents the fundamental building block of the central processing unit (CPU) of a computer. Modern 

CPUs contain very powerful and complex ALUs. In addition to ALUs, modern CPUs contain a control unit 

(CU). Most of the operations of a CPU are performed by one or more ALUs, which load data from input 

registers. A register is a small amount of storage available as part of a CPU. The control unit tells the ALU 

what operation to perform on that data and the ALU stores the result in an output register. The control unit 

moves the data between these registers, the ALU and memory.  

How an ALU works 

An ALU performs basic arithmetic and logic operations. Examples of arithmetic operations are addition, 

subtraction, multiplication, and division. Examples of logic operations are comparisons of values such as 

NOT, AND, and OR.  

All information in a computer is stored and manipulated in the form of binary numbers, i.e. 0 and 1. 

Transistor switches are used to manipulate binary numbers, since there are only two possible states of a 

switch: open or closed. An open transistor, through which there is no current, represents a 0. A closed 

transistor, through which there is a current, represents a 1. Operations can be accomplished by connecting 

multiple transistors. One transistor can be used to control a second one, in effect turning the transistor 

switch on or off depending on the state of the second transistor. This is referred to as a gate, because the 

arrangement can be used to allow or stop a current.  

The simplest type of operation is a NOT gate. This uses only a single transistor. It uses a single input and 

produces a single output, which is always the opposite of the input. The figure below shows the logic of the 

NOT gate.  

 



How a NOT gate processes binary data  

Other gates consist of multiple transistors and use two inputs. The OR gate results in a 1 if either the first or the 

second input is a 1. The OR gate only results in a 0 if both inputs are 0. The figure below shows the logic of the OR 

gate.  

How an OR gate processes binary data  

The AND gate results in a 1 only if both the first and second input are 1s. The figure below shows the logic 

of the AND gate.  

 

How an AND gate processes binary data  

The XOR gate results in a 0 if both the inputs are 0 or if both are 1. Otherwise, the result is a 1. The figure 

below shows the logic of the XOR gate.  

 

How an XOR gate processes binary data.  



The various gates sound a little abstract, but remember that a computer only processes binary data. When 

you follow the binary logic of these operations, you are starting to think like a computer.  

Micro programmed control : Micro programmed control is a control mechanism to generate control 

signals by using a memory called control storage (CS), which contains the control signals.  Although micro 

programmed control seems to be advantageous to CISC machines, since CISC requires systematic 

development of sophisticated control signals, there is no intrinsic difference between these 2 control 

mechanisms. 

  

Hard-wired control: Hardwired control is a control mechanism to generate control signals by using 

appropriate finite state machine (FSM). The pair of "microinstruction-register" and "control storage address 

register" can be regarded as a "state register" for the hardwired control. Note that the control storage can be 

regarded as a kind of combinational logic circuit. We can assign any 0, 1 values to each output 

corresponding to each address, which can be regarded as the input for a combinational logic circuit. This is a 

truth table. 

 

 

 

VIRTUAL MEMORY: In a memory hierarchy system, programs and data are brought into main 
memory as they are  needed by the CPU.   Virtual memory is a concept used in some large computer 
systems that permit the user to construct programs as though a large memory space were available, equal 
to the totality of auxiliary memory.   Each address that is referenced by the CPU goes through an  
address mapping  from the so-called  virtual address  to  a  physical address  in  main  memory.  
Virtual memory is used to give programmers the illusion that they have a very large memory at  
their disposal, even though the computer actually has a relatively small main memory.   A virtual  
memory system provides a mechanism for translating program-generated addresses into correct  
main memory locations.   This is done dynamically, while programs are being executed in the  
CPU.The translation or mapping is handled automatically by the hardware by means of a  
mapping table.  
 

 ADDRESS SPACE AND MEMORY SPACE  

An address used by a programmer will be called a virtual address, and the set of such addresses the address 
space. An address in main memory is called a location or physical address.   The set of such  locations  is  
called  the  memory  space.  Thus  the  address  space  is  the  set  of  addresses generated by programs as 
they reference instructions and data; the memory space consists of the actual main memory locations directly 
addressable for processing.   In most computers the address and memory spaces are identical.   The address 



space is allowed to be larger than the memory space in computers with virtual memory.  

As an illustration, consider a computer with a main-memory capacity of 32K words (K = 1024).   
Fifteen bits are needed to specify a physical address in memory since 32K = 2

15
.   Suppose that the computer 

has available auxiliary memory for storing 2
20

 = 1024K words.   Thus auxiliary  
memory has a capacity for storing information equivalent to the capacity of 32 main memories. Denoting 
the address space by N and the memory space by M, we then have for this example N = 1024K and M = 32K.  

In a multi-program computer system, programs and data are transferred to and from auxiliary 
memory and main memory based on demands imposed by the CPU.   Suppose that program 1 is 
currently being executed in the CPU.   Program 1 and a portion of its associated data re moved from auxiliary 
memory into main memory as shown in Fig. 7-16.   Portions of programs and data need not be in contiguous 
locations in memory since information is being moved in and out, and empty spaces may be available in 
scattered locations in memory.  

In a virtual memory system, programmers are told that they have the total address space at their 
disposal.   Moreover, the address field of the instruction code has a sufficient number of bits to specify all 
virtual addresses.   In our example, the address field of an instruction code will consist of 20 bits but 
physical memory addresses must be specified with only 15 bits.   Thus CPU will reference instructions and 
data with a 20-bit address, but the information at this address must be taken from physical memory because 
access to auxiliary storage for individual words will be prohibitively long.15 bits. The mapping is a 
dynamic operation, which means that every address is translated immediately as a word is referenced 
by CPU.  

The mapping table may be stored in a separate memory in main memory. In the first case, an 
additional memory unit is required as well as one extra memory access time. In the second case, the 
table  

It takes space from main memory and two accesses to memory are required with the program  
running at half speed. A third alternative is to use an associative memory as explained below.  

 

ADDRESS MAPPING USING PAGES  

The table implementation of the address mapping is simplified if the information in the address 
space and the memory space are each divided into groups of fixed size. The physical memory is broken 
down into groups of equal size called blocks, which may range from 64 to 4096 words each. The term page 
refers to groups of address space of the same size. For example, if a page or block consists of  1K words, 
then, using the previous example, address space is divided into 1024 pages and main memory is divided 
into 32 blocks.   Although both a page and a block are split into groups of 1K words, a page refers to the 
organization of address space, while a block refers to the organization of memory space.   The programs are 
also considered to be split into pages.   Portions of programs are moved from auxiliary memory to main 
memory in records equal to the size of a page.   The term “page frame” is sometimes used to denote a block.  

Consider a computer with an address space of 8K and a memory space of 4K.   If we split each into 
groups of 1K words we obtain eight pages and four blocks as shown in Fig. 7-18.   At any given time, up to 
four pages of address space may reside in main memory in any one of the four blocks.  

The mapping from address space to memory space is facilitated if each virtual address is considered to 
be represented by two numbers: a page number address and a line within the page. In a computer with 2

p
 

words per page, p bits are used to specify a line address and the remaining high-order bits of the virtual 
address specify the page number.   In the example of, a virtual address has 13 bits.   Since each page 
consists of 2

10
 = 1024 words, the high-order three bits of a virtual address will specify one of the eight pages 

and the low-order 10 bits give the line address within the page.   Note that the line address in address space 
and memory space is the same; the only mapping required is from a page number to a block number. The 
organization of the memory mapping table in a paged .  



 

 
.  

ASSOCIATIVE MEMORY PAGE TABLE  

A random-access    memory page table is inefficient with respect to storage utilization. In the  
example of Fig. 7-19 we observe that eight words of memory are needed, one for each page, but  
at least four words will always be marked empty because main memory cannot accommodate  
more than four blocks. In general, system with n pages and m blocks would require a memory- 
page table of n locations of which up to m blocks will be marked with block numbers and all  
others will be empty. As a second numerical example, consider an address space of 1024K words  
and memory space of 32K words. If each page or block contains 1K words, the number of pages  
is 1024 and the number of blocks 32. The capacity of the memory-page table must be 1024 words  
and only 32 locations may have a presence bit equal to 1. At any given time, at least 992 locations  
will be empty and not in use.  

A more efficient way to organize the page table would be to construct it with a number of  
words equal to the number of blocks in main memory. In this way the size of the memory is  
reduced and each location is fully utilized. This method can be implemented by means of an  
associative memory with each word in memory containing a page number together with its  
corresponding  

Figure 7-20   An associative memory page table.  
 

Virtual address  

Page no. 
 

1   0   1 
 

1   1   1 0   0 
 

0   0   1 1   1 

0   1   0 0   0 

1   0   1 0   1 

1   1   0 1   0 

 
 
 
 
 

 

Page no.  

Block no. block number. The page field in each word is compared with the page number in the virtual 
address. If a match occurs, the word is read from memory and its corresponding block number is extracted.  

Consider again the case of eight pages and four blocks as in the example of Fig. 7-19. We  
replace the random access memory-page table with an associative memory of four words as  
shown in Fig. 7-20. Each entry in the associative memory array consists of two fields. The first  



 

 

 

 

 

PAGE REPLACEMENT  

A virtual memory system is a combination of hardware and software techniques. The memory  
management software system handles all the software operations for the efficient utilization of  
memory space. It must decide (1) which page in main memory ought to be removed to make  
room for a new page, (2) when a new page is to be transferred from auxiliary memory to main  
memory, and  (3) where the page is to be placed in main memory. The hardware 
mapping mechanism and the memory management software together constitute the architecture 
of a virtual  
memory.  

When a program start execution, one or more pages are transferred into main memory 
and the page table is set to indicate their position. The program is executed from main 
memory until it attempts to reference a page that is still in auxiliary memory. This condition is 
called page fault.  When page fault occurs, the execution of the present program is 
suspended until the required page is brought into main memory. Since loading a page from 
auxiliary memory to main memory is basically an I/O operation, the operating system assigns 
this task to the I/O processor. In the meantime,  controls transferred to  the next program in  
memory  that is waiting to be processed  in  the  CPU.  Later,  when  the  memory  block  has  
been  assigned  and  the  transfer completed, the original program can resume its operation.  

When a page fault occurs in a virtual memory system, it signifies that the page referenced 
by the CPU is not in main memory. A new page is then transferred from auxiliary memory to 
main memory. If main memory is full, it would be necessary to remove a page from a memory 
block to make room for the new page. The policy for choosing pages to remove is determined 
from the replacement algorithm that is used. The goal of a replacement policy is to try to 
remove the page least likely to be referenced in the immediate future.  

Two of the most common replacement algorithms used are the first-in first-out (FIFO)  
and the least recently used (LRU). The FIFO algorithm selects for replacement the page the has  
been in memory the longest time. Each time a page is loaded into memory, its identification  
number is pushed into a FIFO stack. FIFO will be full whenever memory has no more 
empty blocks. When a new page must be loaded, the page least recently brought in is removed. 
The page to be removed is easily determined because its identification number is at the top of 
the FIFO stack. The FIFO replacement policy has the advantage of being easy to implement. 
It has the disadvantage that under certain circum-stances pages   are removed and loaded form 
memory too frequently.  

The LRU policy is more difficult to implement but has been more attractive on the 
assumption that the least recently used page is a better candidate for removal than the 
least recently loaded pages in FIFO. The LRU algorithm can be implemented by associating a 
counter with every page that is in main memory. When a page is referenced, its associated 
counter is set to zero. At fixed intervals of time, the counters associated with all pages presently 
in memory are incremented by 1. The least recently used page is the page with the highest 
count. The counters are often called aging registers,   as their count indicates their age, that 
is, how long ago their associated pages have been referenced.  

three bits specify a field fro storing the page number. The last two bits constitute a 
field for storing the block number. The virtual address is placed in the argument register. The 
page number bits in the argument are compared with all page numbers in the page field of 
the associative memory.  If  the  page  number  is  found,  the 5-bit  word  is  read  out  from  
memory.  The corresponding block number, being in the same word, is transferred to the main 
memory address register. If no match occurs, a call to the operating system is generated to bring 
the required page from auxiliary memory.  



 

 

Primary Memory 

Definition - What does Primary Memory mean? 

Primary memory is computer memory that a processor or computer accesses first or directly. It 

allows a processor to access running execution applications and services that are temporarily 

stored in a specific memory location.  

Primary memory is also known as primary storage or main memory. 

Primary memory is a computer system's volatile storage mechanism. It may be random access 

memory (RAM), cache memory and data buses but is primarily associated with RAM. 

As soon as a computer starts, primary memory stores all running applications, including the 

base operating system (OS), user interface and any user installed and running software utility. A 

program/application that is opened in primary memory interacts with the system processor to 

perform all application specific tasks. 

Primary memory is considered faster than secondary memory 

Auxiliary memory, also known as auxiliary storage, secondary storage, secondary memory 

or external memory, is a non-volatile memory (does not lose stored data when the device is 

powered down) that is not directly accessible by the CPU, because it is not accessed via the 

input/output channels (it is an external device). In RAM devices (as flash memory) data can be 

directly deleted or changed. 

It is used to store a large amount of data at lesser cost per byte than primary memory; secondary 

storage is two orders of magnitude less expensive than primary storage. 

Forms of Auxiliary Memory 

The most common form of auxiliary memory devices used in consumer systems is flash 

memory, optical discs, and magnetic disks. The latest addition to the auxiliary memory family is 

flash memory. This form is much faster as compared to predecessors, as this form of auxiliary 

memory does not involve any moving parts. In some laptops, such as Apple's MacBook Air line 

and MacBook Pro with Retina Display line, solid state drives (SSDs) made from flash memory 

have replaced magnetic disk based hard disk drives (HDDs) that are found in most laptops. 

Flash storage chips tend to be significantly more expensive at modestly large capacities 

compared to HDDs. 

 Flash memory: An electronic non-volatile computer storage device that can be 

electrically erased and reprogrammed, and works without any moving parts. Examples of this 

are flash drives, memory cards and solid state drives. A version of this is implemented in many 

Apple notebooks. 

 Optical disc: A storage medium from which data is read and written by lasers. Optical 

disks can store much more data — up to 6 gigabytes more than most portable magnetic media, 

such as floppies. There are three basic types of optical disks: CD-ROM (read-only), WORM 

(write-once read-many) & EO (erasable optical disks). 

 

 

http://en.wikipedia.org/wiki/Non-volatile_memory
http://en.wikipedia.org/wiki/Computer_data_storage#Primary_storage
http://en.wikipedia.org/wiki/Flash_memory
http://en.wikipedia.org/wiki/Flash_memory
http://en.wikipedia.org/wiki/Optical_disc
http://en.wikipedia.org/wiki/Magnetic_disk
http://en.wikipedia.org/wiki/SSD
http://en.wikipedia.org/wiki/Flash_memory
http://en.wikipedia.org/wiki/Flash_drives
http://en.wikipedia.org/wiki/Memory_cards
http://en.wikipedia.org/wiki/Solid_state_drives
http://en.wikipedia.org/wiki/Optical_disc
http://en.wikipedia.org/wiki/Floppies


 

 

 Magnetic Disk: A magnetic disk is a circular plate constructed of metal or plastic coated 

with magnetized material. Both sides of the disk are used and several disks may be stacked on 

one spindle with read/write heads available on each surface. Bits are stored in magnetized 

surface in spots along concentric circles called tracks. Tracks are commonly divided into 

sections called sectors. Disk that are permanently attached and cannot be removed by the 

occasional user are called hard disks. A disk drive with removable disks is called a floppy disk 

drive. 

 Magnetic tapes: A magnetic tape transport consists of electric, mechanical and 

electronic components to provide the parts and control mechanism for a magnetic tape unit. The 

tape itself is a strip of plastic coated with a magnetic recording medium. Bits are recorded as 

magnetic spots on tape along several tracks. Seven or Nine bits are recorded to form a character 

together with a parity bit. R/W heads are mounted in each track so that data can be recorded and 

read as a sequence of characters. 

Cache 

1. Pronounced like the physical form of U.S. currency, Cache is a high-speed access area that 

can be either a reserved section of main memory or storage device. The two main cache types 

are memory cache and disk cache. Memory cache is a portion on memory of high-speed static 

RAM (SRAM) and is effective because most programs access the same data or instructions over 

and over. By keeping as much of this information as possible in SRAM, the computer avoids 

accessing the slower DRAM, which makes the computer faster 

CACHE MEMORY 

Analysis of a large number of typical programs has shown that the references, to  
memory at any given interval of time tend to be confined within a few localized areas in memory.  
The phenomenon is known as the property of locality of reference.   The reason for this property  
may be understood considering that a typical computer program flows in a straight-line fashion  
with  program loops and  subroutine calls  encountered frequently.    When  a program loop  is  
executed, the CPU repeatedly refers to the set of instructions in memory that constitute the loop.  
Every time a given subroutine is called, its set of instructions are fetched from memory.   Thus  
loops and subroutines tend to localize the references to memory for fetching instructions.   To a  
lesser degree, memory references to data also tend to be localized.   Table-lookup procedures  
repeatedly refer to that portion in memory where the table is stored.   Iterative procedures refer to  
common memory locations and array of numbers are confined within a local portion of memory.  
The result of all these observations is the locality of reference property, which states that over a  
short interval of time, the addresses generated by a typical program refer to a few localized areas  
of memory repeatedly, while the remainder of memory is accessed relatively frequently.  

If the active portions of the program and data are placed in a fast small memory, the  
average memory  access time can be reduced, thus reducing  the total execution time of the  
program.   Such a fast small memory is referred to as a cache memory.   It is placed between 
the CPU and main memory as illustrated in. The cache memory access time is less than the 
access time of main memory by a factor of 5 to 10.   The cache is the fastest component in 
the memory hierarchy and approaches the speed of CPU components.  

The  fundamental  idea  of  cache  organization  is  that  by  keeping  the  most  frequently 
accessed instructions and data in the fast cache memory, the average memory access time 
will approach the access time of the cache.   Although the cache is only a small fraction of the 
size of main memory, a large fraction of memory requests will be found in the fast cache 
memory because of the locality of reference property of programs.  

The basic operation of the cache is as follows.   When the CPU needs to access memory,  
the cache is examined.   If the word is found in the cache, it is read from the fast memory.   If 
the word addressed by the CPU is not found in the cache, the main memory is accessed to read 
the word.   A block of words containing the one just accessed is then transferred from main 
memory to cache memory.   The block size may vary from one word (the one just accessed) to 
about 16 words adjacent to the one just accessed.   In this manner, some data are transferred to 
cache so that future references to memory find the required words in the fast cache memory.  

http://en.wikipedia.org/wiki/Magnetic_disk
http://en.wikipedia.org/wiki/Magnetic_tape
http://www.computerhope.com/jargon/m/memory.htm
http://www.computerhope.com/jargon/c/cache.htm#disk-cache
http://www.computerhope.com/jargon/r/ram.htm
http://www.computerhope.com/jargon/s/sram.htm
http://www.computerhope.com/jargon/d/dram.htm


 

 

 

 

The performance of cache memory is frequently measured in terms of a quantity called  
hit ratio.   When the CPU refers to memory and finds the word in cache, it is said to produce a 
hit.  
If the word is not found in cache, it is in main memory and it counts as a miss.   The ratio of the  
number of hits divided by the total CPU references to memory (hits plus misses) is the hit ratio.  
The hit ratio is best measured experimentally by running representative programs in the 
computer  
and measuring the number of hits and misses during a given interval of time.   Hit ratios of 0.9 
and higher have been reported.    This high ratio verifies the validity of the locality of 
reference property.  

The average memory access time of a computer system can be improved considerably by  
use of a cache.   If the hit ratio is high enough so that most of the time the CPU accesses the cache  
instead of main memory, the average access time is closer to the access time of the fast cache  
memory.   For example, a computer with cache access time of 100 ns, a main memory access time  
of 1000 ns, and a hit ratio of 0.9 produces an average access time of 200 ns. This is a 
considerable improvement over a similar computer without a cache memory, whose access time 
is 1000 ns.  

The basic characteristic of cache memory is its fast access time.   Therefore, very little or  
no time must be wasted when searching for words in the cache.   The transformation of data from  
main memory to cache memory is referred to as a mapping process. Three types of 
mapping procedures are of practical interest when considering the organization of cache 
memory:  

1.Associative mapping 

2.Direct mapping 

3.Set-associative mapping 

To helping the discussion of these three mapping procedures we will use a specific example of a 
memory organization as shown in Fig. 7-10.   The main memory can store 32K words of 12 bits 
each.   The cache is capable of storing 512 of these words at any given time.   For every word 
stored in cache, there is a duplicate copy in main memory.  

The CPU communicates with both memories.   It first sends a 15-bit address to cache.   If there is 
a hit, the CPU accepts the 12-bit data from cache.   If there is a miss, the CPU reads the word 
from main memory and the word is then transferred to cache.  

 

   ASSOCIATIVE MAPPING  

The fasters and most flexible cache organization uses an associative memory.   This organization  
is illustrated in Fig. 7-11.   The associative memory stores both the address and content (data) of  
the memory word.   This permits any location in cache to store any word from main memory.   The  
diagram shows three words presently stored in the cache.   The address value of 15 bits is shown  
as a five-digit octal number and its corresponding  12-bit word is shown as a four-digit octal  
number.   A CPU address of 15 bits is placed in the argument register and the associative memory  
is searched for a matching address.   If the address is found, the corresponding 12-bit data is read and sent to 
the CPU.   If no match occurs, the main memory is accessed for the word. The address data pair is then 
transferred to the associative cache memory.   If the cache is full, an address−data pair must be displaced to 
make room for a pair that is needed and not presently in the cache.   The decision as  to  what  pair is replaced  
is  determined  from the replacement algorithm that the designer chooses for the cache.   A simple procedure  

is to replace cells of the cache in round-robin order whenever a new word is requested from main memory.   
This constitutes a first-in first-out (FIFO) replacement policy.  

DIRECT MAPPING 

Associative memories are expensive compared to random-access memories because of the added 
logic associated with each cell.   The possibility of using a random-access   memory for the cache. The CPU 
address of 15 bits is divided into two fields.   The nine least significant bits constitute the index field and the 
remaining six bits form the tag and the index bits.   The number of bits in the index field is equal to the 
number of address bits required to access the cache memory.  

 

 



 

 

 

 

 

In the general case, there are 2
k
 words in cache memory and 2

n
 words in main memory.  

The n-bit memory address is divided into two fields: k bits for the index field and n − k bits for  
the tag field.   The direct mapping cache organization uses the n-bit address to access the main  
memory and the k-bit index to access the cache.   The internal organization of the words in the  
cache memory is as shown in Fig. 7−13(b).   Each word in cache consists of the data word and its  
associated tag.   When a new word is first brought into the cache, the tag bits are stored alongside  
the data bits.   When the CPU generates a memory request, the index field is used for the address  
to access the cache.  

SET-ASSOCIATIVE MAPPING  

It was mentioned previously that the disadvantage of direct mapping is that two words with the  
same index in their address but with different tag values cannot reside in cache memory at the  
same time. A third type of cache organization, called set-associative mapping, is an improvement  
over the direct-mapping organization in that each word of cache can store two or more words of  



 

WRITING INTO CACHE  

An important aspect of cache organization is concerned with memory write requests. When the  
CPU finds a word in cache during read operation, the main memory is not involved in the  
transfer. However, if the operation is a write, there are two ways that the system can 
proceed.  

The simplest and most commonly used procedure is to up data main memory with every  
memory write operation, with cache memory being updated in parallel if it contains the word at  
the specified address. This is called the write-through method. This method has the advantage that  
main memory always contains the same data as the cache,. This characteristic is important in  
systems with direct memory access transfers. It ensures that the data residing in main memory are  
valid at tall times so that an I/O device communicating through DMA would receive the most  
recent updated data.  

The second procedure is called the write-back method. In this method only the cache 
location is updated during a write operation. The location is then marked by a flag so that later 
when the words are removed form the cache it is copied into main memory. The reason for the 
write-back method is that during the time a word resides in the cache, it may be updated several 
times; however, as long as the word remains in the cache, it does not matter whether the copy in 
main memory is out of date, since requests from the word are filled from the cache.   It is only 
when the word is displaced from the cache that an accurate copy need be rewritten into main 
memory.    Analytical results indicate that the number of memory writes in a typical program 
ranges between 10 and 30 percent of the total references to memory.  

CACHE INITIALIZATION  

One more aspect of cache organization that must be taken into consideration is the problem of 
initialization.   The cache is initialized when power is applied to the computer or when the main 
memory is loaded with a complete set of programs from auxiliary memory.   After initialization 
the cache is considered to  be empty,  built in effect it contains some non-valid  data.    It is 
customary to include with each word in cache a valid bit to indicate whether or not the word 
contains valid data.  

The cache is initialized by clearing all the valid bits to 0.   The valid bit of a particular  
cache word is set to 1 the first time this word is loaded from main memory and stays set unless  
the cache has to be initialized again.   The introduction of the valid bit means that a word in cache  
is not replaced by another word unless the valid bit is set to 1 and a mismatch of tags occurs.   If  
the valid bit happens to be 0, the new word automatically replaces the invalid data.   Thus the  
initialization condition has the effect of forcing misses from the cache until it fills with valid 
data.  
Program controller 

Program control is how a program makes decisions or organizes its activities. Program control 

typically involves executing particular code based on the outcome of a prior operation or a user 

input. 

A program that enhances an operating system by creating an environment in which you can run 

other programs. Control programs generally provide a graphical interface and enable you to run 

several programs at once in different windows.  

Control programs are also called operating environments 
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Interrupt controller 

The interrupt controller, Interrupt, provides a software interface to the interrupt system. In an ARM 

system, two levels of interrupt are available: 

 Fast Interrupt Request (FIQ) for fast, low latency interrupt handling 

 Interrupt Request (IRQ) for more general interrupts. 

Only a single FIQ source at a time is generally used in a system, to provide a true low-latency 

interrupt. This has the following benefits: 

 You can execute the interrupt service routine directly without determining the source of the 

interrupt. 

 Interrupt latency is reduced. You can use the banked registers available for FIQ interrupts 

more efficiently, because a context save is not required. 

There are 32 interrupt lines. The interrupt controller uses a bit position for each different interrupt 

source. The software can control each request line to generate software interrupts. 

Interrupt Structure 

 

This diagram illustrates the structure of the interrupt controller. All potential external interrupt 

sources, except one, are routed through the interrupt controller, prioritised, and where not masked, 

result in a single interrupt request to the core. Two interrupt sources are treated differently by 

connection directly to the CPU generating a machine check exception. These are the software 

watchdog timer and interrupt request zero. 

The software watchdog timeout indicates a severe software problem, typically an endless loop or 

runaway code, requiring the processor to immediately stop normal operation and report or attempt 

to correct the error. The external interrupt request zero signal should be reserved for extreme errors 

that also require similar processor action to the software watchdog timeout. The remaining external 

inputs are controlled by the interrupt controller,and all can be masked. There is some control over 

relative priorities between all these inputs. Each external interrupt request is configurable to be 

edge triggered or active low. Similarly, the port C pins can also be selected to edge triggered or 

generate a request on any change in level. The inputs shown do not indicate any priority scheme, 

simply all those that can generate interrupt requests. These inputs are coming from the event 

registers of the controllers. Remember that they only generate an output if they are not masked, so 

the interrupt controller only recognizes unmasked requests. In some cases the input can reflect 

numerous events. There is only one input from each controller, so if that controller is capable of 

reporting more than one event, then work is involved in finding the original cause. When the CPU 

receives an interrupt request it initially only knows that it is an external interrupt request and so 

jumps to the external exception vector. It must then find out which of these inputs generated the 

request and then, in many  cases, find the specific cause. The interrupt controller provides the 

means of determining which of these inputs generated the request. 

 

DMA 

Direct memory access (DMA) is a feature of computerized systems that allows certain hardware 

subsystems to access main system memory independently of the central processing unit (CPU). 
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Without DMA, when the CPU is using programmed input/output, it is typically fully occupied for 

the entire duration of the read or write operation, and is thus unavailable to perform other work. 

With DMA, the CPU initiates the transfer, does other operations while the transfer is in progress, 

and receives an interrupt from the DMA controller when the operation is done. This feature is 

useful any time the CPU cannot keep up with the rate of data transfer, or where the CPU needs to 

perform useful work while waiting for a relatively slow I/O data transfer. Many hardware systems 

use DMA, including disk drive controllers, graphics cards, network cards and sound cards. DMA 

is also used for intra-chip data transfer in multi-core processors. Computers that have DMA 

channels can transfer data to and from devices with much less CPU overhead than computers 

without DMA channels. Similarly, a processing element inside a multi-core processor can transfer 

data to and from its local memory without occupying its processor time, allowing computation and 

data transfer to proceed in parallel. 

DMA can also be used for "memory to memory" copying or moving of data within memory. DMA 

can offload expensive memory operations, such as large copies or scatter-gather  

operations, from the CPU to a dedicated DMA engine. An implementation example is the I/O 

Acceleration Technology. 

 

2. Introduction In the computer bus is a subsystem that transfer data between different 

component of the computer. Earlycomputer use electrical wire to connect between 

components.Today’s computer uses parallel and bit serial connection.  

3. What is computer Bus In the computer Bus is the set of physical connection in between 

cables and printed circuits. It is sheared by different hardware component in order to communicate 

each other. It reduces the pathway between different component. Sometimes it is called the data 

highway.  

4. Characteristic of Bus Bus can be characterized by amount of information can transfer in a 

certain period of time. This expressed in a bit. A 32 wire ribbon cable can transmit 32 bit in 

parallel. Term used width to define transfer rate. It also defined by frequency, that is number of 

packet sent or received per second.  

5. Transfer speed of Bus It is very easy to find the maximum speed of or transferrate of Bus. 

Transfer rate of a bus can be find the amount of data can transport in a unit of timeand multiplying 

it by the width ofit’s frequency. If a bus with 16 bit and frequency 133 MHz then transfer rate 

would be 16 * 133.106 bits/s  

6. Types of Bus Each bus generally constitute of 50 to 100 distinct physical lines divided into 

three types these are address bus , data bus and control bus. There are other buses also these are 

universal serial bus, peripheral buses etc.  

7. Address Bus It is sometimes called memory bus. It transfer the memory address to the 

processor in which CPU wants to access. This is a unidirectional bus. When the processor wants 

toread or write a memory location that location is specified in the memory location.  

8. Data BusThis bus transfer instruction to the processor. It is bidirectional bus, means data or 

electronic signal can transfer in both side. It is a computer sub system, it can transfer data between 

different component. It is 32wide means in every second up to 32 bit data can transfer.  

9. Control Bus It is also called command bus. It transport command and synchronization signal 

those coming from control unit and going towards hardware component. This is a bidirectional 

bus. It transmit response signal also.  

10. Primary Buses Computer system generally consist of CPU, main memory and verity of 

peripheral component. All buses connecting between these components these all buses are called 

system bus. These are internal bus and external bus.  
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11. Internal Bus Internal bus connect all the internal component of the computer such as CPU, 

memory and motherboard. It is also refer toas local bus because they are very much involved in the 

local device. This is very fast and independent from rest of the system. It’s main purpose allows 

the processor to communicate with RAM.  

12. ChipsetIt is a component it routes data between different buses. It is composed of large 

number of electronic chip It has two component north and south bridge. North bridge :- It transfer 

control between processor and RAM. South bridge :- It handles communication between peripheral 

devices.  

13. PCI Bus It is used to address all problem faced by video, disk (SCSI and IDE). However it 

is a high performance bus. General computer system consist of processor chip with high speed 

cache. It is 32 bit bus capable of transforming 32 bit of data. A bridge chipset allows system I/O 

connection. Example of this bus Q logic 8GB HBA. 

A peripheral is a "device that is used to put information into or get information out of the 

computer. 

There are three different types of peripherals: 

 Input, used to interact with, or send data to the computer (mouse, keyboards, etc.) 

 Output, which provides output to the user from the computer (monitors, printers, etc.) 

 Storage, which stores data processed by the computer (hard drives, flash drives, etc.) 

 

A peripheral device is generally defined as any auxiliary device such as a computer mouse or 

keyboard, that connects to and works with the computer in some way. Other examples of 

peripherals are expansion cards, graphics cards, image scanners, tape drives, microphones, 

loudspeakers, webcams, and digital cameras. RAM - random access memory - straddles the line 

between peripheral and primary component; it is technically a storage peripheral
[citation needed]

, but is 

required for every major function of a modern computer and removing the RAM will effectively 

disable any modern machine. Many new devices such as digital watches, smart phones and tablet 

computers have interfaces which allow them to be used as a peripheral by a full computer, though 

they are not host-dependent as other peripheral devices are. According to the most technical 

definition, the only pieces of a computer not considered to be peripherals are the central processing 

unit, power supply, motherboard, and computer case. 

Usually, the word peripheral is used to refer to a device external to the computer case, like a 

scanner, but the devices located inside the computer case are also technically peripherals. Devices 

that exist outside the computer case are called external peripherals, or auxiliary components, 

Examples are: "Many of the external peripherals I own, such as my scanner and printer, connect to 

the peripheral ports on the back of my computer."
[2]

 Devices that are inside the case such as 

internal hard drives or CD-ROM drives are also peripherals in technical terms and are called 

internal peripherals, but may not be recognized as peripherals by laypeople. 

In a system on a chip, peripherals are incorporated into the same integrated circuit as the central 

processing unit. They are still referred to as "peripherals" despite being permanently attached to 

(and in some sense part of) their host processor. 
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Performance Benchmarking 

 In computing, a benchmark is the act of running a computer program, a set of programs, 

or other operations, in order to assess the relative performance of an object, normally by running 

a number of standard tests and trials against it. The term 'benchmark' is also mostly utilized for the 

purposes of elaborately-designed benchmarking programs themselves. 

Purpose 

As computer architecture advanced, it became more difficult to compare the performance of 

various computer systems simply by looking at their specifications. Therefore, tests were 

developed that allowed comparison of different architectures. For example, Pentium 4 processors 

generally operate at a higher clock frequency than Athlon XP processors, which does not 

necessarily translate to more computational power. A slower processor, with regard to clock 

frequency, can perform as well as a processor operating at a higher frequency. See BogoMips and 

the megahertz myth. 

Benchmarks are designed to mimic a particular type of workload on a component or system. 

Synthetic benchmarks do this by specially created programs that impose the workload on the 

component. Application benchmarks run real-world programs on the system. While application 

benchmarks usually give a much better measure of real-world performance on a given system, 

synthetic benchmarks are useful for testing individual components, like a hard disk or networking 

device. 

Benchmarks are particularly important in CPU design, giving processor architects the ability to 

measure and make tradeoffs in microarchitectural decisions. For example, if a benchmark extracts 

the key algorithms of an application, it will contain the performance-sensitive aspects of that 

application. Running this much smaller snippet on a cycle-accurate simulator can give clues on 

how to improve performance. 

Prior to 2000, computer and microprocessor architects used SPEC to do this, although SPEC's 

Unix-based benchmarks were quite lengthy and thus unwieldy to use intact. 

Computer manufacturers are known to configure their systems to give unrealistically high 

performance on benchmark tests that are not replicated in real usage. For instance, during the 

1980s some compilers could detect a specific mathematical operation used in a well-known 

floating-point benchmark and replace the operation with a faster mathematically equivalent 

operation. However, such a transformation was rarely useful outside the benchmark until the mid-

1990s, when RISC and VLIW architectures emphasized the importance of compiler technology as 

it related to performance. Benchmarks are now regularly used by compiler companies to improve 

not only their own benchmark scores, but real application performance. 

CPUs that have many execution units — such as a superscalar CPU, a VLIW CPU, or a 

reconfigurable computing CPU — typically have slower clock rates than a sequential CPU with 

one or two execution units when built from transistors that are just as fast. Nevertheless, CPUs 

with many execution units often complete real-world and benchmark tasks in less time than the 

supposedly faster high-clock-rate CPU. 
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Given the large number of benchmarks available, a manufacturer can usually find at least one 

benchmark that shows its system will outperform another system; the other systems can be shown 

to excel with a different benchmark. 

Manufacturers commonly report only those benchmarks (or aspects of benchmarks) that show their 

products in the best light. They also have been known to mis-represent the significance of 

benchmarks, again to show their products in the best possible light. Taken together, these practices 

are called bench-marketing. 

Ideally benchmarks should only substitute for real applications if the application is unavailable, or 

too difficult or costly to port to a specific processor or computer system. If performance is critical, 

the only benchmark that matters is the target environment's application suite. 

 Benchmarking is usually associated with assessing performance characteristics of computer 

hardware, for example, the floating point operation performance of a CPU, but there are 

circumstances when the technique is also applicable to software. Software benchmarks are, for 

example, run against compilers or database management systems. 

 Benchmarks provide a method of comparing the performance of various subsystems across 

different chip/system architectures. 

 Test suites are a type of system intended to assess the correctness of software. 

Current trends in architecture include: 

-Insecurity about the role and relevance of today's architecture in the world 

-Total lack of direction or vision about where it's going in the future (a topic which haunts 

architects and has been the topic of countless professional conferences, none of which have yielded 

any answers) 

-Ongoing mockery from a public who sees little lasting value in today's architecture 

-Self flagellation within the professional community 

 

Architects are digging themselves deeper and deeper into a hole of cultural irrelevance, in the 

continued pursuit of misplaced artistic ideals. The profession is due for a reboot. 

Assembly language 

A program written in assembly language consists of a series of (mnemonic) processor instructions 

and meta-statements (known variously as directives, pseudo-instructions and pseudo-ops), 

comments and data. Assembly language instructions usually consist of an opcode mnemonic 

followed by a list of data, arguments or parameters.
[5]

 These are translated by an assembler into 

machine language instructions that can be loaded into memory and executed. 

For example, the instruction below tells an x86/IA-32 processor to move an immediate 8-bit value 

into a register. The binary code for this instruction is 10110 followed by a 3-bit identifier for which 

register to use. The identifier for the AL register is 000, so the following machine code loads the 

AL register with the data 01100001.
[6]

 

10110000 01100001 
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1. What is cache memory? 
 
The small and fast RAM units a recalled as caches. When the execution of an instruction calls for data 

located in the main memory, the data are fetched and a copy is placed in the cache. Later if the same 

data is required it is read directly from the cache. 

2. What is the function of ALU? 

Most of the computer operations (arithmetic and logic) are performed in ALU. The data 
required for the operation is brought by the processor and the operation is performed by the 
ALU. 

3. What is the function of CU? 

The control unit acts as the nerve center that coordinates all the computer operations. It issues 
timing signals that governs the data transfer. 

4. What are basic operations of a computer? 

The basic operations are READ and WRITE. 

5. What are the registers generally contained in the processor? 

MAR Memory Address Register 

MDR-Memory Data Register 

IR-Instruction Register 

R0-Rn-GeneralpurposeRegisters 

PC-Program Counter 

6. What are the steps in executing a program? 

1. Fetch 

2. Decode 

3. Execute 

4. Store 

7. Define interrupt and ISR? 

An interrupt is a request from an I/O device for service by the processor. The processor provides 
the requested service by executing the interrupt service routine. 

8. Define Bus? 

A group of lines that serves as a connecting path for several devices is called a bus. 

9. What is the use of buffer register? 

The buffer register is used to avoid speed mismatch between the I/O device and the processor. 

 

10. Compare single bus structure and multiple bus structure? 

A system that contains only one bus (i.e only one transfer at a time) is called as a single bus 
structure. A system is called as multiple bus structure if it contains multiple buses. 

11. What is a compiler? 

A  system software program called a compiler translates the high-level language 
programming to a suitable machine language program containing instructions such as the 

Important Question 



Add and Load instructions. 

12. What is System Software? Give an example? 

It is a collection of programs that are executed as needed to perform functions such as 

● Receiving and interpreting user commands 
● Entering and editing application programs and storing them as files in secondary storage 

devices. Ex: Assembler, Linker, Compiler etc 
13. .What is Application Software? Give an example? 

Application programs are usually written in a high-level programming language, in which 
the programmer specifies mathematical or text-processing operations. These operations are 
described in a format that is independent of the particular computer used to execute the 
program. Ex: C, C++, JAVA 

14. What is text editor? 

It is used for entering and editing application programs. The user of this program interactively 
executes command that allow statements of a source program entered at a keyboard to be 
accumulated in a file. 

15. Discuss about OS as system software? 

OS is a large program or actually a collection of routines , that is used to control the sharing of 
and interaction among various computer units as they execute application programs. The OS 
routines perform the tasks required to assign computer resources to individual application 
programs. 

16. What is multi-programming or multitasking? 

The operating system manages the concurrent execution of several application programs to 
make the best possible uses of computer resources. This pattern of concurrent execution is 
called multi-programming or multitasking. 

17. What is elapsed time of computer system? 

The total time to execute the total program is called elapsed time. It is affected by the speed of 
the processor, the disk and the printer. 

18. What is processor time of a program? 

The periods during which the processor is active is called processor time of a program It 
depends on the hardware involved in the execution of individual machine instructions. 

19. What is pipelining? 

The overlapping of execution of successive instructions is called pipelining. 

20. What is byte addressable memory? 

The assignment of successive addresses to successive byte locations in the memory is called byte 
addressable memory. 

21. What is big endian and little endian format? 

The name big endian is used when lower byte addresses are used for the more significant of the 
word. The name little endian is used for the less significant bytes of the word. 

22. What is a branch instruction? 

Branch instruction is a type of instruction which loads a new value into the program counter. 

23. What is branch target? 

As a result of branch instructions, the processor fetches and executes the instruction at a new 
address called branch target, instead of the instruction at the location that follows the branch 



instruction in sequential address order. 

24. What are condition code flags? 

The processor keeps track of information about the results of various operations for use by 
subsequent conditional branch instructions. This is accomplished by recording the required 
information in individual bits, often called condition code flags. 

25. Define addressing mode. 

The different ways in which the location of an operand is specified in an instruction are referred 
to as addressing modes. 

26. Define various addressing modes.  

The various addressing modes are 1.Absolute 

addressing mode 

2. Register addressing mode 

3. Indirect addressing mode 

4. Index addressing mode 

5.Immediate addressing mode 

6.Relative addressing mode 

7.Auto-increment addressing mode 

8.Autodecrement addressing mode 

29. What is a pointer? 

The register or memory location that contains the address of an operand is called a pointer. 

30.What is index register? 

In index mode the effective address of the operand is generated by adding a constant value to 
the contents of a register. The register used may be either a special register or may be anyone 
of a set of general purpose registers in the processor. This register is referred to as an index 
register. 



1. Explain MDR and MAR. 

The data and address lines of the external memory bus connected to the internal processor 
bus via the memory data register, MDR, and the memory address register, MAR, 
respectively .Register MDR has two inputs and two outputs. Data may be loaded into MDR 
either from the memory bus or from the internal processor bus. The data stored in MDR 
may be placed on 
either bus. The input of MAR is connected to the internal bus, and its output is connected to 
the external bus. 
2) Name two special purpose registers. 

• Index register 

• Stack pointer 
3) Define data path. 

The registers, the ALU, and the interconnecting bus are collectively referred to as the data path. 
4) Describe the two control signals used for register transfer. 

For each register, two control signals are used to place the contents of that register on the bus 
or to load data on the bus into the register. The input and output of register Ri are connected 
to the bus via switches controlled by the signals Ri in and Ri out, respectively .When Ri in is set 
to 1, the data on the bus are loaded into Ri. Similarly,  when Ri out is set to 1, the contents of 
register Ri are placed on the bus. While Ri out is equal to 0, the bus can be used for 
transferring data from other registers. 
5) Define processor clock. 

Processor clock is defined as the time periods in which all operations and data transfers within 
the processor take place. 
6) What is known as multiphase clocking? 

When edge-triggered flip flops are not used, two or more clock signals may be needed to 
guarantee proper transfer of data. This is known as multiphase clocking. 

7) Define register file. 

All general purpose registers are combined into a single block called the register file. 

8) What is mean by branch instruction? 

A branch instruction is an instruction which replaces the contents of the PC with the branch 
target address. This address is usually obtained by adding an offset X, which is given in the 
branch instruction, to the updated value of the PC. The location following a branch instruction 
is called a branch delay slot. 

9) What are the two approaches used for generating the control signals in proper sequence? 

• Hardwired control 

• Micro-programmed control 

10) What are the factors determine the control signals ? 

1. Contents of the control step counter 

2. Contents of the instruction register 

3.Contents of the condition code flags 

4. External input signals, such as MFC and interrupt requests 

11) ) Explain hardwired control. 



The control hardwire can be viewed as a state machine that changes from one state to another 
in every clock cycle, depending on the contents of the instruction register, the condition codes, 
and the external inputs. The outputs of the state machine are the control signals. The sequence 
of operations carried out by this machine is determined by the wiring of the logic elements, 
hence the name “hardwired”. 
12) What are the features of the hardwired control? 

A controller that uses this approach can operate at high speed. It has little flexibility and the 
complexity of the instruction set it can implement is limited. 

13) What is micro-programmed control? 

Micro-programmed control is a scheme in which control signals are generated by a program 
similar to machine language programs. 

 
14) What is control word? 

A control word is a word whose individual bits represent the various control signals. 

 

15) Define micro routine and micro instruction. 

A sequence of control words corresponding to the control sequence of a machine instruction 
constitutes the micro routine for that instruction, and the individual control words in this micro 
routine are referred to as micro instructions. 

16) What is control store? 

The micro routines for all instructions in the instruction set of a computer are stored in a 
special memory called the control store. 

17) What is the drawback of assigning one bit position to each control signal? 

Assigning individual bits to each control signal results in long micro instructions because 
the number of required signals isusually large. Moreover, only afew bits are set to 1 in any 
given micro instruction, which means the available bits pace is poorly used. 

 

18) What is the drawback of micro programmed control? 

It leads to a slower operating speed because of the time it takes to fetch microinstructions from 
the control store. 

UNIT-III 

1) Explain MDR and MAR. 

The data and address lines of the external memory bus connected to the internal 
processor bus via the memory data register, MDR, and the memory address register, MAR, 
respectively. Register MDR has two inputs and two outputs. Data may be loaded into MDR 
either from the memory bus or from the internal processor bus. The data stored in MDR may 
be placed on either bus. The input of MAR is connected to the internal bus, and its output is 
connected to the external bus. 

2) Name two special purpose registers. 

● Index register 
● Stack pointer 

3) Define data path. 

The registers, the ALU, and the interconnecting bus are collectively referred to as the 



data path. 

4) Describe the two control signals used for register transfer. 

For each register, two control signals are used to place the contents of that register on 
the bus or to load data on the bus into the register. The input and output of register Ri are 
connected to the bus via switches controlled by the signals Ri in and Ri out, respectively. When 
Ri in is set to 1, the data on the bus are loaded into Ri. Similarly, when Ri out is set to 1, the 
contents of register Ri are placed on the bus. While Ri out is equal to 0, the bus can be used for 
transferring data from other registers. 

5) Define processor clock. 

Processor clock is defined as the time periods in which all operations and data transfers 
within the processor take place. 

6) What is known as multiphase clocking? 

When edge-triggered flip flops are not used, two or more clock signals may be needed to 
guarantee proper transfer of data. This is known as multiphase clocking. 

 

7) Define MFC. 

To accommodate the variability in response time, the processor waits until it receives an 
indication that the requested read operation has been completed. The control signal used for 
this purpose is known as Memory-Function-Completed (MFC). 

 

8) What is WMFC? 

WMFC is the control signal that causes the processor’s control circuitry to wait for the 
arrival of the MFC signal. 

 

9) Define register file. 

All general purpose registers are combined into a single block called the register file. 

 

10) What is mean by branch instruction? 

A branch instruction is an instruction which replaces the contents of the PC with the 
branch target address. This address is usually obtained by adding an offset X, which is given 
in the branch instruction, to the updated value of the PC. The location following a branch 
instruction is called a branch delay slot. 

 

11) What are the two approaches used for generating the control signals 

in proper sequence? 

● Hardwired control 
● Micro programmed control 

12) What are the factors determine the control signals? 

1.Contents of the controls the counter 

2.Contents of the instruction register  

3.Contents of the condition code flags 



4. External input signals, such as MFC and interrupt requests 
 

13) Explain hardwired control. 

The control hardwire can be viewed as a state machine that changes from one state to 
another in every clock cycle, depending on the contents of the instruction register, the 
condition codes, and the external inputs. The outputs of the state machine are the control 
signals. The sequence of operations carried out by this machine is determined by the wiring of 
the logic elements, hence the name “hardwired”. 
14) What are the features of the hardwired control? 

A controller that uses this approach can operate at high speed. It has little flexibility and 
the complexity of the instruction set it can implement is limited. 

15) What is micro programmed control? 

Micro programmed control is a scheme in which control signals are generated by a 
program similar to machine language programs. 

 

16) What is control word? 

A control word is a word whose individual bits represent the various control signals. 

 

17) Define micro routine and microinstruction. 

A sequence of control words corresponding to the control sequence of a machine 
instruction constitutes the micro routine for that instruction, and the  Individual control words 
in this micro routine are referred to as micro instructions. 

 

18) What is control store? 

The micro routines for all instructions in the instruction set of a computer a restored in 
a special memory called the control store. 

 

19) What is the drawback of assigning one bit position to each control 

signal? 

Assigning individual bits to each control signal results in long micro instructions 
because the number of required signals is usually large. Moreover, only a few bits are set to 1 in 
any given micro instruction, which means the available bit space is poorly used. 

 

20) What is vertical organization and horizontal organization? 

Highly encoded schemes that use compact codes to specify only a small number of 
controls function sin each micro-instruction are referred to as a vertical organization. On the 
other hand, the minimally encoded scheme in which many resources can be controlled with a 
single micro instruction is called a horizontal organization 

 

 

 



 

 

 

 

21) Compare vertical organization and horizontal organization. 
 

 
Vertical organization 

Horizontal organization 

 
1. Highly encoded schemes 

2. Specify only a small number of control signals. 

3. Operating speed is high. 

Minimally encoded schemes 

Many resources can be controlled. 
 
 

Operating speed is low. 

 

22) Explain bit-O-Ring technique. 

The micro program shows that branches are not always made to a single branch address. 
This is a direct consequence of combining simple micro routines by sharing common parts. 
Consider a point in the micro program sequencing. At this point, it is necessary to choose 
between actions required by direct and indirect addressing modes. If the indirect mode is 
specified in the instruction, then the microinstruction in the location 170 is performed to fetch 
the operand from the memory. If the direct mode is specified, this fetch must be bypassed by 
branching immediately to location 171. The most efficient way to bypass microinstruction 170 
is to have the preceding branch micro instructions specify the address 170 and then use an OR 
gate to change the least significant bit of this address to 1 if the direct addressing mode is 
involved. This is known as the bit-O ring technique for modifying branch addresses. 
 

23) What is the drawback of micro programmed control? 

It leads to as lower operating speed because of the time it takes to fetch micro 
instructions from the control store. 

 

24) Define pipelining. 

Pipe lining is an effective way of organizing concurrent activity in a computer system. 
The processor executes the program by fetching and executing instructions, one after the 
other. 

 

25) Name the four steps in pipelining. 

Fetch: read the instruction from the memory. 

Decode: decode the instruction and fetch the source operand. 

Execute: perform the operation specified by the instruction. 

Write: store the result in the destination location. 



26) What is the use of cache memory? 

The use of cache memories solves the memory access problem. In particular, when a 
cache is included on the same chip as the processor, access time to the cache is usually the 
same as the time needed to perform other basic operations inside the processor. This makes 
it possible to divide instruction fetching and processing into steps that are more or less 
equal in 
duration. Each of these steps is performed by a different pipeline stages, and the clock period 
is chosen to correspond to the longe stone. 

27) What is data hazard? 

Any condition that causes the pipe line to stall is called a hazard. A data hazard is any 
condition in which either the source orthe destination operands of an instruction are not 
available at the time expected in the pipe line. As a result some operation has to be delayed, 
and the pipelines talls. 

28) What are instruction hazards? 

The pipeline may also be installed because of a delay in the availability of an 
instruction. For example, this may be a result of a miss in the cache, requiring the 
instruction to e fetched from the main memory. Such hazards are often called control 
hazards or instruction hazards. 

29) What are called stalls? 

An alternative  presentation of the operation of a pipeline in the case of a cache miss 
gives the function performed by each pipeline stage in each clock cycle. The periods in which 
the decode unit, execute unit, and the write unit are idle are called stalls. They a real so 
referred to as bubbles in the pipeline.  

30) What is structural hazard? 

Structural hazard is the situation when two instructions require the use of a given 
hardware resource at the same time. The most common case in which this hazard may arise is 
in access to memory. 

31) What is said to be side effect? 

When a location other than one explicitly named in an instruction as a destination 
operand is affected, the instruction is said to have a side effect. 

 

32) What is dispatch unit? 

A separate unit which we call the dispatch unit, takes instructions from the front of the 
queue and sends them to the execution unit. The dispatch unit also performs the decoding 
function. 

 

33) What is branch folding 

The instruction fetch unit has executed the branch instruction concurrently with the 
execution of other instructions. This technique is referred to as branch folding. 

 

34) What is delayed branching? 

A technique called delayed branching can minimize the penalty in curredas a result of 
conditional branch instructions. The idea is simple. The instructions in the delay slots are 



always fetched. Therefore, we would like to arrange for them to be fully executed whetheror 
not the branch is taken. The objective is to be able to place useful instructions in these slots. If 
no useful instructions can be placed in the delay slots, these slots must be filled with NOP 
instructions. 

 

35) What are condition codes? 

In many processors, the condition code flags a restored in the processor status register. 
They are either set or cleared by many instructions, so that they can be tested by sub-sequent 
conditional branch instructions to change the flow of program execution. 

 

36) Define speculative execution. 

Speculative execution means that instructions are executed before the processor is 
certain that they are in the correct execution sequence. Hence, care must be taken that no 
processor registers or memory locations are up dated until. It is confirmed that these 
instructions should indeed be executed. If the branch decision indicates otherwise, the 
instructions and all their associated data in the execution units must be purged, and the correct 
instructions fetched and executed. 

 

37) What is called static and dynamic branch prediction? 

The branch prediction decision is always the same every time a given instruction is 
executed. Any approach that has this characteristic is called static branch prediction. Another 
approach in which the prediction decision may change depending on execution history is called 
dynamic branch prediction. 

38) What are superscalar processors? 

Several instructions start execution in the same clock cycle, and the processor is 
said to use multiple issue. Such processors are capable of achieving an instruction 
execution through put of more than one instruction per cycle. They are known as super 
scalar processors. 

39) What is a deadlock 

A deadlock is a situation that can arise when two units, A and B, use a shared resource. 
Suppose that unit B cannot complete its task until unit A completes its task. At the same time, 
unit B has been assigned a resource that unit a needs. If this happens, neither unit can 
complete its task. Unit A is waiting for the resource it needs, which is being held by unit b. at 
the same time, unit B is waiting for unit A to finish before it can release that resource. 

 

(Long type Question and answer) 

1) Define pipelining. 

Pipelining is an effective way of organizing concurrent activity in a computer system. The 
processor executes the program by fetching and executing instructions, one after the other. 
2) Name the four steps in pipelining. 

Fetch: read the instruction from the memory. 

Decode: decode the instruction and fetch the source operand. 

Execute: perform the operation specified by the instruction. 



Write: store the result in the destination location. 

3) What is the use of cache memory? 

The use of cache memories solves the memory access problem. In particular, when a cache is 
included on the same chip as the processor, access time to the cache is usually the same as the 
time needed to perform other basic operations inside the processor. This makes it possible to 
divide instruction fetching and processing into steps that are more or less equal in duration. 
Each of these steps is performed by a different pipeline stages, and the clock period is chosen 
to correspond to the longest one. 

 
4) What is data hazard? 

Any condition that causes the pipeline to stall is called a hazard. A data hazard is any condition 
in which either the source or the destination operands of an instruction are not available at the 
time expected in the pipeline. As a result some operation has to be delayed, and the pipeline 
stalls. 

 
5) What are instruction hazards? 

The pipeline may also be stalled because of a delay in the availability of an instruction. For 
example, this may be a result of a miss in the cache, requiring the instruction to be fetched 
from the main memory. Such hazards are often called control hazards or instruction hazards. 

 
6) What are called stalls? 

An alternative representation of the operation of a pipeline in the case of a cache miss gives 
the function performed by each pipeline stage in each clock cycle. The periods in which the 
decode unit, execute unit, and the write unit are idle are called stalls. They a real so referred 
to as bubbles in the pipeline. 

 
7) What is structural hazard? 

Structural hazard is the situation when two instructions require the use of a given hardware 
resource at the same time. The most common case in which this hazard may arise is in access 
to memory. 

 
8) What is said to be side effect? 

When a location other than one explicitly named in an instruction as a destination operand is 
affected, the instruction is said to have a side effect. 

9) What is dispatch unit? 

A separate unit which we call the dispatch unit, takes instructions from the front of the queue 
and sends them to the execution unit. The dispatch unit also performs the decoding function. 

 
10) What is branch folding? 

The instruction fetch unit has executed the branch instruction concurrently with the 
execution of other instructions. This technique is referred to as branch folding. 

 
11) What is delayed branching? 

A technique called delayed branching can minimize the penalty incurred as a result of 
conditional branch instructions. The idea is simple. The instructions in the delay slots a real 



ways fetched. Therefore, we would like to arrange for them to be fully executed whether or not 
the branch is taken. The objective is to be able to place useful instructions in these slots. If no 
useful instructions can be placed in the delay slots, these slots must be filled with NOP 
instructions. 

 
12) What are condition codes? 

In many processors, the condition code flags are stored in the processor status register. They 
are either set or cleared by many instructions, so that they can be tested by subsequent 
conditional branch instructions to change the flow of program execution. 

UNIT IV 

PART-A 

 

MEMORY SYSTEM 

1. What is the maximum size of the memory that can be used in a 16-bit 
computer and 32 bit computer? 

The maximum size of the memory that can be used in a 16-bit computer is 216=64 K memory 
locations. 

The maximum size of the memory that can be used in a 32-bit computer is 232 =4G memory 

locations. 

2. Define memory access time? 

The time required to access one word is called the memory access time. Or it is the time 
that elapses between the initiation of an operation and the completion of that operation. 

3. Define memory cycle time? 

It is the minimum time delay required between the initiations of two successive memory 
operations. Eg. The time between two successive read operations. 
  

4. When is a memory unit called as RAM? 

A memory unit is called as RAM if any location can be accessed for a read or writes 
operation in some fixed amount of time that is independent of the location’s address. 

5. What is MMU? 

MMU is the Memory Management Unit. It is a special memory control circuit used for 
implementing the mapping of the virtual address space onto the physical memory. 

6. Define memory cell? 

A memory cell is capable of storing one bit of information. It  is usually organized in the 
form of an array. 

7. What is a word line? 

In a memory cell, all the cells of a row a reconnected to a common line called as word 
line. 

8. Define static memories? 

A memory that consists of circuits capable of retaining their state as long as 



power is applied is called Static memories. 

9.What are the Characteristics of semiconductor RAM memories? 

●  They are available in a wide range of speeds. 
●  Their cycle time range from 100ns to less than 10ns. 
●  They replaced the expensive magnetic core memories. 
●  They are used for implementing memories. 

 

10. Why SRAMs are said to be volatile? 

Because their content are lost when power is interrupted. So SRAMs are said to be 
volatile. 

 

11.  What are the Characteristics of SRAMs? 

● SRAMs are fast. 
● They are volatile. 
● They are of high cost. 
● Less density. 

 

12. What are the Characteristics of DRAMs? 

● Low cost. 
● High density. 

● Refresh circuitry is needed. 
 

13. Define Refresh Circuit? 

It is a circuit which ensures that the contents of a DRAM are maintained when each 
row of cells are accessed periodically. 

 

14. Define Memory Latency? 

It is used to refer to the amount of time it takes to transfer a word of data to or from the 
memory. 

 

15. What are asynchronous DRAMs? 

In asynchronous DRAMs, the timing of the memory device is controlled asynchronously. 
A specialized memory controller circuit provides the necessary control signals RAS and 
CAS that govern the timing. The processor must take into account the delay in the response 
of the memory. Such memories are asynchronous DRAMs. 

 

16. What are synchronous DRAMs? 

Synchronous DRAMs are those whose operation is directly synchronized with a clock 



signal. 
 

17. Define Bandwidth? 

When transferring blocks of data, it is of interest to know how much time is needed to 
transfer an entire block. Since blocks can be variable in size it is useful to define a performance 
measure in terms of number of bits or bytes that can be transferred in one second. This 
measure is often referred to as the memory bandwidth. 

 

18. What is double data rate SDRAMs? 

Double data rates SDRAMs are those which can transfer data on both edges of the clock 
and their bandwidth is essentially doubled for long burst transfers. 

 

19. What is motherboard? 

Mother Board is a main system printed circuit board which contains the processor. It 
will occupy an unacceptably large amount of space on the board. 

20. What are SIMMs and DIMMs? 

SIMMs are Single In-line Memory Modules. DIMMs are Dual In-line Memory Modules. 
Such modules are an assembly of several memory chips on a separate small board that plugs 
vertically into a single socket on the mother board. 

 

21. What is memory Controller? 
A memory controller is a circuit which is interposed between the processor and the dynamic 

memory. It is used for performing multiplexing of address bits. It provides RAS-CAS timing. It 

also sends R/W and CS signals to the memory. When used with DRAM chips, which do not have 

self refreshing capability, the memory controller has to 

Provide all the information needed to control the refreshing process. 
 

22. Differentiate static RAM and dynamic RAM? 
 

Static RAM Dynamic RAM 

They are fast They are slow 

They are very expensive They are less expensive 

They retain their state indefinitely They do not retain their state indefinitely 

They require several transistors They require less no transistors. 

Low density High density 

 



23. What is Ram Bus technology? 

The key feature of Ram bus technology is a fast signaling method used to transfer 
information between chips. Instead of using signals that have voltage levels of either or 
supply to represent the logic values, the signals consist of many smaller voltages wings 
around a reference voltage, v ref. Small voltages wings make it possible to have short 
transition times, which allows for a high speed of transmission. 

 

24. Define ROM? 

It is a non-volatile memory. It involves only reading of stored data. 

25. What are the features of PROM? 

● · They are programmed directly by the user. 
● · Faster 
● · Less expensive 
● · More flexible. 

 

26. Why EPROM chips are mounted in packages that have transparent 

window? 

Since the erasure requires dissipating the charges trapped in the transistors of memory 
cells. This can be done by exposing the chip to UV light. 

 

27. What are the disadvantages of EPROM? 

The chip must be physically removed from the circuit for reprogramming and its entire 
contents are erased by the ultra violet light. 

 

28. .What is the advantages and disadvantages of using EEPROM? 

The advantages are that EEPROMs do not have to be removed for erasure. Also it is 
possible to erase the cell contents selectively. The only disadvantage is that different voltages 
are needed for erasing, writing and reading the stored data. 

 

29. What is cache memory? 

It is a small, fast memory that is inserted between the larger, slower main memory 
and the processor. It reduces the memory access time. 

 

30. Differentiate flash devices and EEPROM devices. 
 

 
                 Flash devices 

           EEPROM devices 



It is possible to read the contents 

of a single cell, but it is only possible to write an 
entire block of cells. 

It is possible to read and write the 
contents of a single cell. 

 
Greater density which leads to higher capacity. 

Relatively lower density 

Lower cost per bit. Relatively more cost. 

Consumes less power in their operation and makes 
it more attractive for use in portable equipments 
that is battery driven. 

Consumes more power. 

31. Define flash memory? 

It is an approach similar to EEPROM technology. A flash cell is based on a 
single transistor controlled by trapped charge just like an EEPROM cell. 

32. What is locality of reference? 

Analysis of programs shows that many instructions in localized are as of the program 
are executed repeatedly during sometime period, and the remainder of the program is accessed 
relatively infrequently. This is referred to as locality of reference. This property leads to the 
effectiveness of cache mechanism. 

33. What are the two aspects of locality of reference? Define them. 

Two aspects of locality of reference are temporal aspect and spatial aspect. Temporal 
aspect is that a recently executed instruction is likely to be executed again very soon. The 
spatial aspect is that instructions in close proximity to a recently executed instruction are also 
to be executed soon. 

34. Define cache line. 

Cache block is used to refer to a set of contiguous address locations of some size. Cache 
block is also referred to as cache line. 

35. What are the two ways in which the system using cache can proceed 

for a write operation? 

 Write through protocol technique. 

 Write-back or copy back protocol technique. 
 

36. What is writing through protocol? 

For a write operation using write through protocol during write hit: the cache location 
and the main memory location are updated simultaneously. For a write miss: For a write miss, 
the information is written directly to the main memory. 

37. When does a read miss occur? 

When the addressed word in a read operation is not in the cache, a read miss occur. 



38. What is write-back or copy back protocol? 

For a write operation using this protocol during write hit: the technique is to update 
only the cache location and to mark it as updated with an associated flag bit, often called the 
dirty or modified bit. The main memory location of the word is updated later, when the block 
containing this marked word is to be removed from the cache to make room for a new block. 
For a write miss: the block containing the addressed word is first brought into the cache, and 
then the desired word in the cache is over written with the new information. 

 

39. What is load-through or early restart? 

When a read miss occurs for a system with cache the required word may be sent to 
the processor as soon as it is read from the main memory instead of loading in to the cache. 
This approach is called load through or early restart and it reduces the processor’s waiting 
period. 

40. What are the mapping techniques? 

● Direct mapping 
● Associative mapping 
● Set Associative mapping 

41. What is a hit? 

A successful access to data in cache memory is called hit. 

42. Define hit rate? 

The number of hits stated as a fraction of all attempted access. 

43. What are the two ways of constructing a larger module to mount 

flash chips on a small card? 

● Flash cards 
● Flash drivers. 

44.  Define miss rate? 

It is the number of misses stated as a fraction of attempted accesses. 

45. Define miss penalty? 

The extra time needed to bring the desired information into the cache. 

46. Define access time for magnetic disks? 

The sum of seek time and rotational delay is called as access time for disks. Seek time 
is the time required to move the read/write head to the proper track. Rotational delay or 
latency is the amount of time that elapses after the head is positioned over the correct track 
until the starting position of the addressed sector passes under the read/write head. 

47. What is phase encoding or Manchestor encoding? 

It is one encoding technique for combining clocking information with data. It is a 
scheme in which changes in magnetization occur for each data bit. Its disadvantage is poor bit-
storage density. 

 

48. What are prefetch instructions? 

Prefetch Instructions are those instructions which can be inserted into a program 
either by the programmer or by the compiler. 



49. Define system space? 

Management routines are part of the operating system of the computer. It is convenient 
to assemble the OS routines into a virtual address space. 

50. Define user space? 

The system space is separated from virtual address space in which the user application 
programs reside. The letter space is called user space. 

 

51. What are pages? 

All programs and data are composed of fixed length units called pages. Each consists of 
blocks of words that occupy contiguous locations in main memory. 

 

52. What is replacement algorithm? 

When the cache is full and a memory word that is not in the cache is referenced, the 
cache control hardware must decide which block should be removed to create space for the 
new block that contains the reference word. The collection of rules for making this decision 
constitutes the replacement algorithm. 

53. .What is dirty or modified bit? 

The cache location is updated with an associated flag bit called dirty bit. 

54. What is write miss? 

During the write operation if the addressed word is not in cache then said to be write 
miss. 

 

55. .What is associative research? 

The cost of an associative cache is higher than the cost of a direct mapped cache 
because of the need to search all 128 tag patterns to determine whether a given block is in the 
cache.  

A search of this kind is called an associative search. 
 

56. What is virtual memory? 

Techniques that automatically move program and data blocks into the physical main 
memory when they are required for execution are called as virtual memory. 

 

57.  What is virtual address? 

The binary address that the processor used for either instruction or data called as virtual 
address. 

 

58. What is virtual page number? 

Each virtual address generated by the processor whether it is for an instruction fetch is 
interpreted as a virtual page. 



59. What is page frame? 

An area in the main memory that can hold one page is called as page frame. 

60. .What is Winchester technology? 

The disk and the read/write heads are placed in a sealed air-filtered enclosure called 
Winchester technology. 

  

61. What is a disk drive? 

The electro mechanical mechanism that spins the disk and moves the read/write heads 
called disk drive. 

 

62. What is disk controller? 

The electronic circuitry that controls the operation of the system called as disk controller. 
 

63. What is main memory address? 

The address of the first main memory location of the block of word sin volved in the 
transfer is called as main memory address. 

 

64. What is word count? 

The number of words in the block to be transferred. 

65. What is Error checking? 

It computes the error correcting code (ECC) value for the data read from a given sector 
and compares it with the corresponding ECC value read from the disk. 

66. What is booting? 

When the power is turned on the OS has to be loaded into the main memory which 
takes place as part of a process called booting. To initiate booting a tiny part of main memory 
is implemented as a nonvolatile ROM. 

67. .What are the two states of processor? 

● · Supervisor state 
● · User state. 

68. What is lockup-free? 

A cache that can support multiple outstanding misses is called lockup-free. 
 

(Short type Questions) 

1. Write notes on various types of ROMs. 

● ROM 
● PROM 
● EPROM 
● EEPROM 
● Flash Memory 



 

2. Write notes on secondary storage devices. 

● Magnetic hard disks 
● Floppy disks 
● Optical disks 
● DVD 
● Magnetic tape systems 

 
3. Write notes on Virtual memories. 

● Address Translation 
● Diagram 
● Explanation 

 

6. What are the various techniques used to improve the performance of cache. Explain it. 

● Reducing the miss rate 
● Reducing the miss penalty 
● Reducing the miss rate or miss penalty using parallelism 
● Reducing the time to hit in a cache 

7. Explain with neat diagram the internal organization of bit cells in 

a memory chip. 
Hints: Memory cells are usually organized in the form of an array, in which each cell is 
capable of storing one bit of information. Each row consist a memory word, and all cells of a 
row are connected to a common line referred to as word line, which is driven by head address 
decoder on the chip. 

8. Discuss the virtual memory management technique in detail 
Hints: The data is to be stored in physical memory locations that have addresses different 
from those specified by the program. The memory control circuitry translates the address 
specified by the program into an address that can be used to access the physical memory. 

9. What is memory interleaving? Explain with neat diagram. 

Hints: The main memory of a computer is structure as a collection of physically separate 
modules each with its own address buffer register and data buffer register, memory access 
operations may proceed in more than one module at the same time. Thus the aggregate rate of 
transmission of words to and from the main memory system can be increased. 

10. Explain in detail Magnetic Hard Disks 

● Organization And Accessing Of Data On A Disk 
● Access Time 
● Typical Disks 
● Data Buffer/Cache 
● Disk Controller 
● Software And Operating System Implications 
● Floppy Disks 
● Raid Disk Arrays 
● Commodity Disk Considerations 

 



 

 

UNIT V 

PART-A 

I/O ORGANIZATION 

1. What are called memory-mapped I/O devices? 

When I/O devices and the memory share the same address space the arrangement is 
called memory-mapped I/O devices. 

2.What constitutes the device’s interface circuit? 

The address decoder, the data and the status registers, and the control circuitry required to 
coordinate I/O transfers constitute the device’s inter face circuit. 

3. What are the two important mechanisms for implementing I/O 

operations? 

There are two commonly used mechanisms for implementing I/O operations. They are 
interrupts and direct memory access. 

4.What are known as interrupts? 

In the case of interrupts, the synchronization is achieved by having the I/O device send 
a special signal over the bus whenever it is ready for a data transfer operation. 

5. What do you mean by direct memory access? 

Direct memory access is a technique used for high speed I/Odevices. It involve shaving 
the device interface transfer data directly to or from the memory. 

6.What do you mean by an interrupt- request line? 

The bus control line is also known as an interrupt-request line. 

7. What do you mean by an interrupt acknowledge signal? 

The processor must inform the device that its request has been recognized so that it may 
remove its interrupt-request signal. This may be accomplished by an interrupt acknowledge 
signal. 

8. What is a subroutine? 

A subroutine performs a function required by the program from which it is called. 

9.What is interrupt latency? 

Saving registers also increases the delay between the time an interrupt request is 
received and the start of execution of the interrupt-service routine. This delay is called 
interrupt latency. 

10. What is known as real-time processing? 

The concept of interrupts is used in operating systems and in many control applications 



where processing of certain routines must be accurately timed relative to external events. The 
latter type of application is referred to as real-time processing. 

11. .What is known as a edge triggered line? 

The processor has a special interrupt-request line for which the interrupt handling 
circuit responds only to the leading edge of a signal. such a line is called a edge-triggered line. 

12. What is known as an interrupt vector? 

The location pointed to by the interrupting device is used to store the starting address of 
the interrupt-service routine. The processor reads this address, called the interrupt vector. 

13. .What is known as a debugger? 

System software usually includes a program called a debugger, which helps the 
programmer find errors in a program. 

14. What is an exception? 

The term exception is often used to refer to any event that causes an interruption. 

15. What are known as privileged instructions? 

To protect the operating system of a computer from being corrupted by user 
programs, certain instructions can be executed only while the processor is in the supervisor 
mode. These are called privileged instructions. 

16. .What is known as multitasking? 

Multitasking is a mode of operation in which a processor executes several user 
programs at the same time. 

17. What is known as time slicing? 

A common OS technique that makes multitasking possible is known as time slicing. 

18. What is a process? 

A program, together with any information that describes its current state of execution, is 
regarded by the OS as an entity called a process. 

19. .What is a device driver? 

A self contained module that encapsulates all software pertaining to a particular device 
is known as a device driver. 

20. What is data abort? 

Data abort arises from an error in reading or writing data. 

21. .What is known as prefetch abort? 

Prefetch abort arises from an error when prefetching instructions from the memory. 

22. What are banked registers? 

The registers that replace user mode registers are called banked registers. 
 

23. .What is known as direct memory access? 

A special control unit may be provided to allow transfer of a block of data directly 
between an external device and the main memory, without continuous intervention by the 
processor. This approach is called direct memory access, or DMA. 



24. What is known as a DMA controller? 

DMA transfers are performed by a control circuit that is part of the I/O device interface. 
This circuit is known as DMA controller. 

25. What is known as cycle stealing? 

The processor originates most memory access cycles, the DMA controller can be said 
to “steal” memory cycles from the processor. Hence, this interweaving technique is usually 
called cycle stealing. 

26. .What is known as block/burst mode? 

The DMA controller may be given exclusive access to the main memory to transfer a 
block of data without interrupt. This is known as block/burst mode. 

 

27. What is called a bus master? 

The device that is allowed to initiate data transfers on the bus at any given time is called 
the bus master. 

28. What is known as distributed arbitration? 

Distributed arbitration means that all devices waiting to use the bus have equal 
responsibility in carrying out the arbitration process, without using a central arbiter 

29. .What is a strobe? 

Strobe captures the values of the data given instant and store them into a buffer. 

30. What is meant by handshake? 

Handshake is used between the master and the slave for controlling data transfers on the bus. 

31. What is known as full handshake? 

A change of state in one signal is followed by a change in the other signal. This is known as a 
full handshake. 

32. What is a bit rate? 

The speed of transmission is known as a bit rate. 

33. .What is a initiator? 

A master is called an initiator in PCI technology. 

34. What is called a target? 

The addressed device that responds to read and write commands is called a target. 

35. What is a transaction? 

A complete transfer operation on the bus involving an address and a burst of data, is 
called a transaction. 

36. .What are sectors? 

Data are stored on a disk in blocks called sectors. 

37. What are known as asynchronous events? 

The event of pressing a key is not synchronized to any other event in a computer system. 
The data generated by the keyboard are called asynchronous. 

38. What are known as isochronous events? 



The sampling process yields a continuous stream of digitized samples that arrive at 
regular intervals, synchronized with the sampling clock. 

39. .What is known as plug- and- play? 

The plug-and–play feature means that a new device, such as an additional speaker, can be 
connected at anytime while the system is operating. 

40. What is called a hub? 

Each node of the tree has a device called a hub which acts as an intermediate control 
point between the host and the I/O devices. 

41. What are called functions in USB terminology? 

The leaves of the tree are the I/O devices being served which are called functions of the 
USB terminology. 

 

42. .What are called pipes? 

The purpose of the USB software is to provide bi-directional communication links 
between application software and I/O devices. These links are called pipes. 

43. What are called endpoints? 

Locations in the device to or from which data transfer can take place, such as status, 
control, and data registers are called endpoints. 

44. What is a frame? 

Devices that generate or receive is ochronous data require a time reference to control the 
sampling process. To provide this reference, transmission over the USB is divided into frames of 
equal length. 

45. .What is the length of a frame? 

A frame is 1 ms long for low-and full-speed data. 
 

PART-B 

 

1. Explain the various methods available to handle multiple devices 
using interrupts? 

● Vectored interrupt 
● Interrupt nesting 
● Simultaneous requests 

2. Explain DMA and the different types of bus arbitration mechanisms. 

● Diagram 
● Explanation 
● Centralized arbitration 
● Decentralized arbitration 

3. Explain the accessing of I/O devices. 
● Computers use a single bus arrangement. 

● It consists of 3 lines to carry address, data and control signals. Each I/O device 



is assigned a set of unique addresses. 
● When the I/O devices and the memory share the same address space, the arrangement 

is called memory-mapped I/O. 
● With memory-mapped I/O, any machine that can access memory can be used to 

transfer data. 
● The address decoder enables the device to recognize its address when it appears on 

the address lines. 
● The data reg. holds the data to be transferred to the processor. 
● The status register contains information relevant to the operation of I/O device 
● The address decoder, the data and status reg. and the control circuitry required 

to coordinate I/O transfers constitute the device’s interface circuits. 
4. Explain Synchronous and Asynchronous bus. 

● Synchronous bus 
○ In a Synchronous bus all devices derive timing information from a common 

clock line. 
○ Each interval constitutes a bus cycle, during which one data transfer can 

take place. 
○ The clocks peed must be chosen such that it accommodates the longest delays 

on the bus and the slowest interface. 
● Asynchronous bus 

○ An alternative scheme for controlling data transfers on the bus is based on 
the use of a handshake between the processor and the device being 
addressed. 

○ The common clock is eliminated. 
○ The clock line is replaced by two timing control lines, which we refer to as 

Ready and Accept. 
○ Explain with an example. 

5. Explain the Interface circuits. 
● The I/O interface consists of the circuitry required to transfer data between 

the computer bus and an I/O device. 
● On one side of the interface we have the bus signals for the address, data and control. 
● On the other side we have a data path with its associated controls, which enables 

transfer of data between the interface and the I/O device. This side is device-
independent. 

● It can be classified as (i) parallel interface and (ii) serial interface. 

● Parallel Interface 

● Serial Interface 

○ A parallel interface transfers data in the form of one or more 
bytes simultaneously to or from the device. 

○ Explain an example with suitable diagrams. 
● 

○ A Serial interface is used to connect the processor to I/O devices that 
require transmission of data one bit at a time. 

○ The key feature of a serial interface is a circuit capable of communicating in 
bit-serial fashion on the device side and in bit-parallel fashion on the bus side. 

● Transformation between parallel and serial formats is achieved with shift 
registers that have parallel access capability. 

○ The most common use of the serial interface is in connecting the computer 
to devices that are a considerable instance away. 

○ The speed of transmission gives the bit rate. 



6. Explain the Peripheral Component Interconnect (PCI) Bus. 
● The PCI bus is a good example of a system bus that grew out of the need 

for Standardization. 
● Devices connected to the PCI bus appear to the processor as if they were 

connected directly to the processor bus. 
● They are assigned addresses in the memory address space of the processor. 
● The PCI was developed as a low – cost bus that is truly processor independent. 
● An important feature that PCI pioneered is a plug-and-play capability for connecting 

I/O devices. 
● At anytime, one device is the bus master. 
● A master is called an initiator in PCI terminology. This is either a processor or a 

DMA controller. 
● The addressed device 
● That responds to read and write commands is called a target. 
● A complete transfer operation on the bus, involving an address and a burst of data 

is called a transaction. 
● Individual word transfers with in a transaction are called phases. 
● When an I/O device is connected to a computer several actions are needed to 

configure both the device and the software that communicates with it. 

7. Explain the SCSI Bus. 
● SCSI stands for Small Computer System Interface. 
● It refers to astd.bus defined by the ANSI. 
● The SCSI bus standard has undergone many revisions, and its data transfer 

capability has increased very rapidly. 
● A SCSI bus may have 8 data lines, in which case it is called a narrow bus and 

transferred at a only one bit at a time. 
● A wide SCSI bus has16 data line sandtransfers16 bits at a time. 
● Devices connected to the SCSI bus are not part of the address space of the processor 

in the same way as devices connected to the processor bus. 

● Data are stored on a disk in blocks called sectors, where each sector may contain 
several hundred bytes. 

● A controller connected to a SCSI bus is one of two types-an initiator or a target. 
● An initiator has the ability to select a particular target. 
● The initiator establishes a logical connection with the intended target. 
● Explain the sequence of events that take place when the processor sends a command 

to the SCSI controller. 

8. Explain Universal Serial Bus (USB). 
● The USB supports two speeds of operation, called low-speed(1.5megabits/s)and full-

speed(12 megabits/s). 
● The most recent revision of the bus specification introduced a third operation, 

called high-speed (480 megabits/s). 
● To add new ports, a user must open the computer box to gain access to the 

internal expansion bus and install a new inter face card. 
● The kinds of devices that may be connected to a computer cover a wide range 

of functionality. 
● A signal must be sampled quickly enough to track its highest-frequency components. 
● An important requirement in dealing with sampled voice or music is to maintain 

precise timing in the sampling and replay processes. 
 

 



(Short type Question and Answer) 

1. What are called memory-mapped I/O devices? 

When I/O devices and the memory share the same address space the arrangement is 
called memory-mapped I/O devices. 

 

2. What constitutes the device’s interface circuit? 

The address decoder, the data and the status registers, and the control circuitry required to 
coordinate I/O transfers constitute the device’s interface circuit. 
3. What are the two important mechanisms for implementing I/O operations? 

There are two commonly used mechanisms for implementing I/O operations. They are 
interrupts and direct memory access. 
4. What are known as interrupts? 

In the case of interrupts, the synchronization is achieved by having the I/O devices end a 
special signal over the bus whenever it is ready for a data transfer operation. 
5. What do you mean by direct memory access? 

Direct memory access is a technique used for high speed I/O devices. It involves having the 
device interface transfer data directly to or from the memory. 
6. What do you mean by an interrupt-request line? 

The bus control line is also known as an interrupt-request line. 
7. What do you mean by an interrupt acknowledge signal? 

The processor must in form the device that its request has been recognized so that it may 
remove its interrupt-request signal. This may be accomplished by an interrupt acknowledge 
signal. 
8. What is a subroutine? 

A subroutine performs a function required by the program from which it is called. 
9. What is interrupt latency? 

Saving registers also increases the delay between the time an interrupt request is received and 
the start of execution of the interrupt-service routine. This delay is called interrupt latency. 
10. What is known as real-time processing? 

The concept of interrupts is used in operating systems and in many control applications 
where processing of certain routines must be accurately timed relative to external events. The 
latter type of application is referred to as real-time processing. 
11. What is known as a edge triggered line? 

The processor has a special interrupt-request line for which the interrupt handling circuit 
responds only to the leading edge of a signal, such a line is called a edge-triggered line. 
12. What is known as an interrupt vector? 

The location pointed to by the interrupting device is used to store the starting address of 
the interrupt-service routine. The processor reads this address, called the interrupt vector. 
13. What is known as a debugger? 

System software usually includes a program called a debugger, which helps the programmer 
find errors in a program. 
14. What is an exception? 

The term exception is often used to refer to any event that causes an interruption. 

15. What are known as privileged instructions? 



To protect the operating system of a computer from being corrupted by user programs, certain 
instructions can be executed only while the processor is in the supervisor mode. These are 
called privileged instructions. 

 

16. What is known as multitasking? 

Multi tasking is a mode of operation in which a processor executes several user programs at 
the same time. 
17. What is known as time slicing? 

A common OS technique that makes multitasking possible is known as time slicing. 

18. What is a process? 

A program, together with any information that describes its current state of execution, is 
regarded by the OS as an entity called a process. 

19. What is a device driver? 

A self contained module that encapsulates all software pertaining to a particular device is 
known as a device driver. 

20. What is data abort? 

Data abort a rises from an error in reading or writing data. 

21. What is known as prefetch abort? 

Prefetch abort arises from an error when prefetching instructions from the memory. 

22. What are banked registers? 

The registers that replace user mode registers are called banked registers. 

23. What is known as direct memory access? 

A special control unit may be provided to allow transfer of a block of data directly between an 
external device and the main memory, without continuous intervention by the processor. This 
approach is called direct memory access, or DMA. 

24. What is known as a DMA controller? 

DMA transfers are performed by a control circuit that is part of the I/O device interface. This 
circuit is known as DMA controller. 

25. What is known as cycle stealing? 

The processor originates most memory access cycles, the DMA controller can be said to “steal” 
memory cycles from the processor. Hence, this inter weaving technique is usually called cycle 
stealing. 

26. What is known as block/burst mode? 

The DMA controller may be given exclusive access to the main memory to transfer a block of 
data without interrupt. This is known as block/burst mode. 

27. What is called a bus master? 

The device that is allowed to initiate data transfers on the bus at any given time  is called the 
bus master. 

28. What is known as distributed arbitration? 

Distributed arbitration means that all devices waiting to use the bus have equal responsibility 



in carrying out the arbitration process, without using a central arbiter. 

29. What is a strobe? 

Strobe captures the values of the data given instant and store them into a buffer. 

30. What is meant by handshake? 

Handshake is used between the master and the slave for controlling data transfers on the bus. 

31. What is known as full handshake? 

A change of state in one signal is followed by a change in the other signal. This is known as a 
full hand shake. 

32. What is a bit rate? 

The speed of transmission is known as a bit rate. 
33. What is a initiator? 

A master is called an initiator in PCI technology. 

34. What is called a target? 

The addressed device that responds to read and write commands is called a target. 

35. What is a transaction? 

A complete transfer operation on the bus involving an address and a burst of data , is called a 
transaction. 

36. What are sectors? 

Data are stored on a disk in blocks called sectors. 

37. What are known as asynchronous events? 

The event of pressing a key is not synchronized to any other event in a computer system. The 
data generated by the keyboard are called asynchronous. 
38. What are known as isochronous events? 

The sampling process yields a continuous stream of digitized samples that arrive at regular 
intervals, synchronized with the sampling clock. 
39. What is known as plug- and-play? 

The plug-and–play feature means that a new device, such as an additional speaker, can be 
connected at any time while the system is operating. 

40. What is called a hub? 

Each node of the tree has a device called a hub which acts as an intermediate control point 
between the host and the I/O devices. 

41. What is a root hub? 

At the root of a tree, a root hub connects the entire tree to the host 

computer. 

42.  What are called functions in USB terminology? 

The leaves of the tree are the I/O devices being served which are called functions of the USB 
terminology. 

43. What are called pipes? 

The purpose of the USB software is to provide bi-directional communication links between 



application software and I/O devices. These links are called pipes. 

44. What are called end points? 

Locations in the device to or from which data transfer can take place, such as status, control, 
and data registers are called end points. 
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