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SOLUTION 

UNIT-I: BASIC STRUCTURE OF COMPUTERS 

1. With a neat diagram explain different processor registers (6M)       June  2010 

ANS. 

Transfers between the memory and the processor are started by sending the address of the 
memory location to be accessed to the memory unit and issuing the appropriate control signals. 
The data are then transferred to or from the memory.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig b : Connections between the processor and the memory 
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  The fig shows how memory & the processor can be connected. In addition to the ALU & 
the control circuitry, the processor contains a number of registers used for several different 
purposes. 

The instruction register (IR):-  Holds the instructions that is currently being executed. Its 
output is available for the control circuits which generates the timing signals that control the 
various processing elements in one execution of instruction. 

The program counter PC:- This is another specialized register that keeps track of execution of 
a program. It contains the memory address of the next instruction to be fetched and executed.  

 Besides IR and PC, there are n-general purpose registers R0 through Rn-1. 

The other two registers which facilitate communication with memory are: - 

1. MAR – (Memory Address Register):- It holds the address of the location to be 
accessed. 

2. MDR – (Memory Data Register):- It contains the data to be written into or read out of 
the address location. 

Operating steps are 

1. Programs reside in the memory & usually get these through the I/P unit. 
2. Execution of the program starts when the PC is set to point at the first instruction of the 

program. 
3. Contents of PC are transferred to MAR and a Read Control Signal is sent to the memory. 
4. After the time required to access the memory elapses, the address word is read out of the 

memory and loaded into the MDR. 
5. Now contents of MDR are transferred to the IR & now the instruction is ready to be 

decoded and executed. 
6. If the instruction involves an operation by the ALU, it is necessary to obtain the required 

operands. 
7. An operand in the memory is fetched by sending its address to MAR & Initiating a read 

cycle. 
8. When the operand has been read from the memory to the MDR, it is transferred from 

MDR to the ALU. 
9. After one or two such repeated cycles, the ALU can perform the desired operation. 
10. If the result of this operation is to be stored in the memory, the result is sent to MDR. 
11. Address of location where the result is stored is sent to MAR & a write cycle is initiated. 
12. The contents of PC are incremented so that PC points to the next instruction that is to be 

executed. 
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2.  Explain the important technological features and devices that characterized each 
generation of computers (6M)                                                                           Dec 
2010 

Performance: -  

 The total time required to execute the program is elapsed time is a measure of the 
performance of the entire computer system. It is affected by the speed of the processor, the disk 
and the printer. The time needed to execute a instruction is called the processor time. 

  Just as the elapsed time for the execution of a program depends on all units in a 
computer system, the processor time depends on the hardware involved in the execution of 
individual machine instructions. This hardware comprises the processor and the memory which 
are usually connected by the bus  The processor and relatively small cache memory can be 
fabricated on a single IC chip. The internal speed of performing the basic steps of instruction 
processing on chip is very high and is considerably faster than the speed at which the instruction 
and data can be fetched from the main memory. A program will be executed faster if the 
movement of instructions and data between the main memory and the processor is minimized, 
which is achieved by using the cache. 

Processor clock: -  

  Processor circuits are controlled by a timing signal called clock. The clock designer the 
regular time intervals called clock cycles. To execute a machine instruction the processor divides 
the action to be performed into a sequence of basic steps that each step can be completed in one 
clock cycle. The length P of one clock cycle is an important parameter that affects the processor 
performance. Processor used in today’s personal computer and work station has a clock rates that 
range from a few hundred million to over a billion cycles per second.  

Pipelining and super scalar operation: - 

  We assume that instructions are executed one after the other. Hence the value of S is the 
total number of basic steps, or clock cycles, required to execute one instruction. A substantial 
improvement in performance can be achieved by overlapping the execution of successive 
instructions using a technique called pipelining. 

Consider Add R1 R2 R3This adds the contents of R1 & R2 and places the sum into R3. The 
contents of R1 & R2 are first transferred to the inputs of ALU. After the addition operation is 
performed, the sum is transferred to R3. The processor can read the next instruction from the 
memory, while the addition operation is being performed. Then of that instruction also uses, the 
ALU, its operand can be transferred to the ALU inputs at the same time that the add instructions 
is being transferred to R3. In the ideal case if all instructions are overlapped to the maximum 
degree possible the execution proceeds at the rate of one instruction completed in each clock 
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cycle. Individual instructions still require several clock cycles to complete. But for the purpose of 
computing T, effective value of S is 1. 

Clock rate:- These are two possibilities for increasing the clock rate ‘R’. 

1. Improving the IC technology makes logical circuit faster, which reduces the time of 
execution of basic steps. This allows the clock period P, to be reduced and the clock rate 
R to be increased. 

2. Reducing the amount of processing done in one basic step also makes it possible to 
reduce the clock period P. however if the actions that have to be performed by an 
instructions remain the same, the number of basic steps needed may increase. 

  SPEC rating = 
nn

i
SPECi

1

1








=
π  

Where ‘n’ = number of programs in suite. Since actual execution time is measured the SPEC 
rating is a measure of the combined effect of all factors affecting performance, including the 
compiler, the OS, the processor, the memory of comp being tested. 

 

3. Discuss two ways in which byte addresses are assigned (8M)                     June 
2011 

Ans. BIG-ENDIAN AND LITTLE-ENDIAN ASIGNMENTS:- 

  There are two ways that byte addresses can be assigned across words, as shown in fig b. 
The name big-endian is used when lower byte addresses are used for the more significant bytes 
(the leftmost bytes) of the word. The name little-endian is used for the opposite ordering, where 
the lower byte addresses are used for the less significant bytes (the rightmost bytes) of the word. 

  In addition to specifying the address ordering of bytes within a word, it is also necessary 
to specify the labeling of bits within a byte or a word. The same ordering is also used for labeling 
bits within a byte, that is, b7, b6, …., b0, from left to right. 

WORD ALIGNMENT:- 

  In the case of a 32-bit word length, natural word boundaries occur at addresses 0, 4, 8, 
…, as shown in above fig. We say that the word locations have aligned addresses . in general, 
words are said to be aligned in memory if they begin at a byte address that is a multiple of the 
number of bytes in a word. The memory of bytes in a word is a power of 2. Hence, if the word 
length is 16 (2 bytes), aligned words begin at byte addresses 0,2,4,…, and for a word length of 
64 (23 bytes), aligned words begin at bytes addresses 0,8,16 …. 
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4. Explain the different functional units of a computer with a neat block diagram Dec 2011 

Ans. Functional unit: - 

  A computer consists of five functionally independent main parts input, memory, 
arithmetic logic unit (ALU), output and control unit. 

 

 

 

 

 

 

 

Fig a : Functional units of computer 

  Input device accepts the coded information as source program i.e. high level language. 
This is either stored in the memory or immediately used by the processor to perform the desired 
operations. The program stored in the memory determines the processing steps. Basically the 
computer converts one source program to an object program. i.e. into machine language.  Finally 
the results are sent to the outside world through output device. All of these actions are 
coordinated by the control unit. 

Input unit: - 

  The source program/high level language program/coded information/simply data is fed 
to a computer through input devices keyboard is a most common type. Whenever a key is 
pressed, one corresponding word or number is translated into its equivalent binary code over a 
cable & fed either to memory or processor.  Joysticks, trackballs, mouse, scanners etc are other 
input devices. 

Memory unit: - 

  Its function into store programs and data. It is basically to two types 
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1. Primary memory: - Is the one exclusively associated with the processor and operates at the 
electronics speeds programs must be stored in this memory while they are being executed. The 
memory contains a large number of semiconductors storage cells. Each capable of storing one bit 
of information. These are processed in a group of fixed site called word.  To provide easy 
access to a word in memory, a distinct address is associated with each word location. Addresses 
are numbers that identify memory location. Number of bits in each word is called word length of 
the computer. Programs must reside in the memory during execution. Instructions and data can 
be written into the memory or read out under the control of processor. Memory in which any 
location can be reached in a short and fixed amount of time after specifying its address is called 
random-access memory (RAM).  The time required to access one word in called memory 
access time. Memory which is only readable by the user and contents of which can’t be altered is 
called read only memory (ROM) it contains operating system.  

2 Secondary memory: - Is used where large amounts of data & programs have to be stored, 
particularly information that is accessed infrequently. Examples: - Magnetic disks & tapes, 
optical disks (ie CD-ROM’s), floppies etc., 

Arithmetic logic unit (ALU):-  

  Most of the computer operators are executed in ALU of the processor like addition, 
subtraction, division, multiplication, etc. the operands are brought into the ALU from memory 
and stored in high speed storage elements called register. Then according to the instructions the 
operation is performed in the required sequence.  The control and the ALU are may times 
faster than other devices connected to a computer system. This enables a single processor to 
control a number of external devices such as key boards, displays, magnetic and optical disks, 
sensors and other mechanical controllers. 

Output unit:-  

  These actually are the counterparts of input unit. Its basic function is to send the 
processed results to the outside world.Examples:- Printer, speakers, monitor etc. 

Control unit:-  

  It effectively is the nerve center that sends signals to other units and senses their states. 
The actual timing signals that govern the transfer of data between input unit, processor, memory  
and output unit are generated by the control unit. 

 

 

 



Computer Organization                                                                                                                      10CS46 

 

Dept Of CSE, SJBIT Page 7 
 

5. Write the basic performance equation. explain the role of each of the parameters in the 
equation on the performance of the computer. (8M)                                                 July 2012                                                                   

Ans. Basic performance equation: -  

  We now focus our attention on the processor time component of the total elapsed time. 
Let ‘T’ be the processor time required to execute a program that has been prepared in some high-
level language. The compiler generates a machine language object program that corresponds to 
the source program. Assume that complete execution of the program requires the execution of N 
machine cycle language instructions. The number N is the actual number of instruction execution 
and is not necessarily equal to the number of machine cycle instructions in the object program. 
Some instruction may be executed more than once, which in the case for instructions inside a 
program loop others may not be executed all, depending on the input data used. 

  Suppose that the average number of basic steps needed to execute one machine cycle 
instruction is S, where each basic step is completed in one clock cycle. If clock rate is ‘R’ cycles 
per second, the program execution time is given by 

  
R

SNT ×
=  this is often referred to as the basic performance equation. 

  We must emphasize that N, S & R are not independent parameters changing one may 
affect another. Introducing a new feature in the design of a processor will lead to improved 
performance only if the overall result is to reduce the value of T. 
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UNIT-II- MACHINE INSTRUCTIONS AND PROGRAMS CONTD.: 

 

1. What is an addressing mode .Explain different generic addressing modes with an 
example for each(8M)                                                                                                 June 2010 

Ans.Addressing modes: In general, a program operates on data that reside in the computer’s 
memory. These data can be organized in a variety of ways. If we want to keep track of students’ 
names, we can write them in a list. Programmers use organizations called data structures to 
represent the data used in computations. These include lists, linked lists, arrays, queues, and so 
on. 

  Programs are normally written in a high-level language, which enables the programmer 
to use constants, local and global variables, pointers, and arrays. The different ways in which the 
location of an operand is specified in an instruction are referred to as addressing modes.  

 

Name   Assembler syntax  Addressing function 

 

Immediate  # Value   Operand = Value 

Register  Ri    EA = Ri 

Absolute (Direct) LOC    EA = LOC 

Indirect           (Ri)    EA = [Ri] 

   (LOC)    EA = [LOC] 

Index   X(Ri)    EA = [Ri] + X 

Base with index           (Ri, Rj)            EA = [Ri] + [Rj] 

Base with index    X (Ri, Rj)                      EA = [Ri] + [Rj] + X 

and offset 

Relative   X(PC)    EA = [PC] + X 

Autoincrement (Ri)+    EA = [Ri]; Increment Ri 

Autodecrement -(Ri)                  Decrement Ri; EA = [Ri] 

EA = effective address 
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Value = a signed number 

2.Define subroutine. Explain subroutine linkage using a link register (8M)  Dec 2010 

Ans. Subroutines 

  In a given program, it is often necessary to perform a particular subtask many times on 
different data-values. Such a subtask is usually called a subroutine. For example, a subroutine 
may evaluate the sine function or sort a list of values into increasing or decreasing order.  It is 
possible to include the block of instructions that constitute a subroutine at every place where it is 
needed in the program. However, to save space, only one copy of the instructions that constitute 
the subroutine is placed in the memory, and any program that requires the use of the subroutine 
simply branches to its starting location. When a program branches to a subroutine we say that it 
is calling the subroutine. The instruction that performs this branch operation is named a Call 
instruction. 

  After a subroutine has been executed, the calling program must resume execution, 
continuing immediately after the instruction that called the subroutine. The subroutine is said to 
return to the program that called it by executing a Return instruction. 

  The way in which a computer makes it possible to call and return from subroutines is 
referred to as its subroutine linkage method. The simplest subroutine linkage method is to save 
the return address in a specific location, which may be a register dedicated to this function. Such 
a register is called the link register. When the subroutine completes its task, the Return 
instruction returns to the calling program by branching indirectly through the link register.  

The Call instruction is just a special branch instruction that performs the following operations 

• Store the contents of the PC in the link register 
• Branch to the target address specified by the instruction 

The Return instruction is a special branch instruction that performs the operation 

• Branch to the address contained in the link register . 
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Memory                Memory 

Location Calling program  location Subroutine SUB 

  …. 

  …. 

 200  Call SUB   1000  first instruction 

 204  next instruction    …. Return  

 

   1000 

   

 

 PC 

 

            Link 

 

   Call    Return 

Subroutine linkage using a link registers 

3.Explain the shift and rotate operation with examples(8M)                                  June 2011 

Ans. SHIFT AND ROTATE INSTRUCTIONS 

  There are many applications that require the bits of an operand to be shifted right or left 
some specified number of bit positions. The details of how the shifts are performed depend on 
whether the operand is a signed number or some more general binary-coded information. For 
general operands, we use a logical shift. For a number, we use an arithmetic shift, which 
preserves the sign of the number. 
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Logical shifts:- 

  Two logical shift instructions are needed, one for shifting left (LShiftL) and another for 
shifting right (LShiftR). These instructions shift an operand over a number of bit positions 
specified in a count operand contained in the instruction. The general form of a logical left shift 
instruction is 

   LShiftL count, dst 

(a) Logical shift left  LShiftL #2, R0 

 

 

             0  

 

 

 

 

before : 

 

 

after: 

 

 

(b) Logical shift right   LShiftR  #2, R0 

 

 

 

Before: 

 

C 

                    R0 

 0  0   1   1   1   0  .  .  .  0  1  1 

 1  1   1   0   .   .   .  0  1  1  0 0  

                    R0    C 

 0  1  1  1  0   .  .   .   0   1   1   0 

  1 
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After: 

 

( c) Arithmetic shift right AShiftR  #2, R0 

 

 

 

 

 

 

 Before: 

After: 

Rotate Operations:- 

  In the shift operations, the bits shifted out of the operand are lost, except for the last bit 
shifted out which is retained in the Carry flag C. To preserve all bits, a set of rotate instructions 
can be used. They move the bits that are shifted out of one end of the operand back into the other 
end. Two versions of both the left and right rotate instructions are usually provided. In one 
version, the bits of the operand are simply rotated. In the other version, the rotation includes the 
C flag. 

(a) Rotate left without carry RotateL  #2, R0  

 (b) Rotate left with carry RotateLC #2, R0 

4.  What is the need for an addressing mode? Explain the following addressing modes with 
examples: immediate, direct, indirect, index, relative(8M)                                          Dec 2011 

Ans. Immediate mode – The operand is given explicitly in the instruction. 

For example, the instruction 

   Move 200immediate, R0  Places the value 200 in register R0. Clearly, the 
Immediate mode is only used to specify the value of a source operand. Using a subscript to 
denote the Immediate mode is not appropriate in assembly languages. A common convention is 
to use the sharp sign (#) in front of the value to indicate that this value is to be used as an 
immediate operand. Hence, we write the instruction above in the form 

 0  0  0  1  1  1  0   .   .   .   0 

                        R0   C 

 1    0    0    1    1    .    .   .  0   1   0   0 

 1    1    1    0    0    1   1   .   .   .   0    1 
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   Move #200, R0 

Direct mode: 

Register mode -  The operand is the contents of a processor register; the name (address) of the 
register is given in the instruction. 

Absolute mode – The operand is in a memory location; the address of this location is given 
explicitly in the instruction. (In some assembly languages, this mode is called Direct). 

The instruction 

   Move LOC, R2 

  Processor registers are used as temporary storage locations where the data is a register 
are accessed using the Register mode. The Absolute mode can represent global variables in a 
program. A declaration such as 

   Integer A, B; 

5. a)What is subroutine linkage?how are parameters passed to subroutines(8M)  June 2012 

  In a given program, it is often necessary to perform a particular subtask many times on 
different data-values. Such a subtask is usually called a subroutine. For example, a subroutine 
may evaluate the sine function or sort a list of values into increasing or decreasing order.  It is 
possible to include the block of instructions that constitute a subroutine at every place where it is 
needed in the program. However, to save space, only one copy of the instructions that constitute 
the subroutine is placed in the memory, and any program that requires the use of the subroutine 
simply branches to its starting location. When a program branches to a subroutine we say that it 
is calling the subroutine. The instruction that performs this branch operation is named a Call 
instruction. 

  After a subroutine has been executed, the calling program must resume execution, 
continuing immediately after the instruction that called the subroutine. The subroutine is said to 
return to the program that called it by executing a Return instruction. 

  The way in which a computer makes it possible to call and return from subroutines is 
referred to as its subroutine linkage method. The simplest subroutine linkage method is to save 
the return address in a specific location, which may be a register dedicated to this function. Such 
a register is called the link register. When the subroutine completes its task, the Return 
instruction returns to the calling program by branching indirectly through the link register.  

The Call instruction is just a special branch instruction that performs the following operations 

• Store the contents of the PC in the link register 
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• Branch to the target address specified by the instruction 
The Return instruction is a special branch instruction that performs the operation 

• Branch to the address contained in the link register . 
 

 

Memory                Memory 

Location Calling program  location Subroutine SUB 

  …. 

  …. 

 200  Call SUB   1000  first instruction 

 204  next instruction    …. Return  
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            Link 
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Subroutine linkage using a link registers 
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b.What is stack frame? Explain.  (6M)                                                       

THE STACK FRAME:- 

  Now, observe how space is used in the stack in the example. During execution of the 
subroutine, six locations at the top of the stack contain entries that are needed by the subroutine. 
These locations constitute a private workspace for the subroutine, created at the time the 
subroutine is entered and freed up when the subroutine returns control to the calling program. 
Such space is called a stack frame. 

Fig a A subroutine stack frame example. 

SP     
  (stack pointer)   
     Stack 

     
 frame     

  for                                                                   

FP    called   

(frame pointer)           subroutine  
             
             
       Old TOS      

  fig b shows an example of a commonly used layout for information in a stack frame. In 
addition to the stack pointer SP, it is useful to have another pointer register, called the frame 
pointer (FP), for convenient access to the parameters passed to the subroutine and to the local 
memory variables used by the subroutine. These local variables are only used within the 
subroutine, so it is appropriate to allocate space for them in the stack frame associated with the 
subroutine. We assume that four parameters are passed to the subroutine, three local variables are 
used within the subroutine, and registers R0 and R1 need to be saved because they will also be 
used within the subroutine. 

  The pointers SP and FP are manipulated as the stack frame is built, used, and dismantled 
for a particular of the subroutine. We begin by assuming that SP point to the old top-of-stack 
(TOS) element in fig b. Before the subroutine is called, the calling program pushes the four 
parameters onto the stack. The call instruction is then executed, resulting in the return address 
being pushed onto the stack. Now, SP points to this return address, and the first instruction of the 
subroutine is about to be executed. This is the point at which the frame pointer FP is set to 
contain the proper memory address. Since FP is usually a general-purpose register, it may 

      Saved [R1] 

      Saved [R0] 

      Localvar3 

      Localvar2 

      Localvar1 

      Saved [FP] 
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contain information of use to the Calling program. Therefore, its contents are saved by pushing 
them onto the stack. Since the SP now points to this position, its contents are copied into FP. 

Thus, the first two instructions executed in the subroutine are 

   Move FP, -(SP) 

   Move  SP, FP 

After these instructions are executed, both SP and FP point to the saved FP contents. 

   Subtract    #12, SP 

  Finally, the contents of processor registers R0 and R1 are saved by pushing them onto 
the stack. At this point, the stack frame has been set up. 

  The subroutine now executes its task. When the task is completed, the subroutine pops 
the saved values of R1 and R0 back into those registers, removes the local variables from the 
stack frame by executing the instruction. 

   Add #12, SP 

  And pops the saved old value of FP back into FP. At this point, SP points to the return 
address, so the Return instruction can be executed, transferring control back to the calling 
program. 
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UNIT-III- INPUT/OUTPUT ORGANIZATION 

 

1..Define and explain briefly the following 

    i) interrupt ii)vectored interrupt  ii)interrupt nesting   iv)an exception and give two 
examples   (6M)                                                                                                          June 2010 

Ans. Interrupt 

  We pointed out that an I/O device requests an interrupt by activating a bus line called 
interrupt-request. Most computers are likely to have several I/O devices that can request an 
interrupt. A single interrupt-request line may be used to serve n devices as depicted. All devices 
are connected to the line via switches to ground. To request an interrupt, a device closes its 
associated switch. Thus, if all interrupt-request signals INTR1 to INTRn are inactive, that is, if all 
switches are open, the voltage on the interrupt-request line will be equal to Vdd. This is the 
inactive state of the line. Since the closing of one or more switches will cause the line voltage to 
drop to 0, the value of INTR is the logical OR of the requests from individual devices, that is, 

  INTR = INTR1 + ………+INTRn 

It is customary to use the complemented form, INTR , to name the interrupt-request signal on 
the common line, because this signal is active when in the low-voltage state. 

Vectored Interrupts:- 

  To reduce the time involved in the polling process, a device requesting an interrupt may 
identify itself directly to the processor. Then, the processor can immediately start executing the 
corresponding interrupt-service routine. The term vectored interrupts refers to all interrupt-
handling schemes based on this approach. 

  A device requesting an interrupt can identify itself by sending a special code to the 
processor over the bus. This enables the processor to identify individual devices even if they 
share a single interrupt-request line. The code supplied by the device may represent the starting 
address of the interrupt-service routine for that device. The code length is typically in the range 
of 4 to 8 bits. The remainder of the address is supplied by the processor based on the area in its 
memory where the addresses for interrupt-service routines are located. 

  This arrangement implies that the interrupt-service routine for a given device must 
always start at the same location. The programmer can gain some flexibility by storing in this 
location an instruction that causes a branch to the appropriate routine. 
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Interrupt Nesting: - 

  Interrupts should be disabled during the execution of an interrupt-service routine, to 
ensure that a request from one device will not cause more than one interruption. The same 
arrangement is often used when several devices are involved, in which case execution of a given 
interrupt-service routine, once started, always continues to completion before the processor 
accepts an interrupt request from a second device. Interrupt-service routines are typically short, 
and the delay they may cause is acceptable for most simple devices. 

  For some devices, however, a long delay in responding to an interrupt request may lead 
to erroneous operation. Consider, for example, a computer that keeps track of the time of day 
using a real-time clock. This is a device that sends interrupt requests to the processor at regular 
intervals. For each of these requests, the processor executes a short interrupt-service routine to 
increment a set of counters in the memory that keep track of time in seconds, minutes, and so on. 
Proper operation requires that the delay in responding to an interrupt request from the real-time 
clock be small in comparison with the interval between two successive requests. To ensure that 
this requirement is satisfied in the presence of other interrupting devices, it may be necessary to 
accept an interrupt request from the clock during the execution of an interrupt-service routine for 
another device. 

  This example suggests that I/O devices should be organized in a priority structure. An 
interrupt request from a high-priority device should be accepted while the processor is servicing 
another request from a lower-priority device. 

  A multiple-level priority organization means that during execution of an interrupt-
service routine, interrupt requests will be accepted from some devices but not from others, 
depending upon the device’s priority. To implement this scheme, we can assign a priority level 
to the processor that can be changed under program control. The priority level of the processor is 
the priority of the program that is currently being executed. The processor accepts interrupts only 
from devices that have priorities higher than its own.  

  The processor’s priority is usually encoded in a few bits of the processor status word. It 
can be changed by program instructions that write into the PS. These are privileged instructions, 
which can be executed only while the processor is running in the supervisor mode. The processor 
is in the supervisor mode only when executing operating system routines. It switches to the user 
mode before beginning to execute application programs. Thus, a user program cannot 
accidentally, or intentionally, change the priority of the processor and disrupt the system’s 
operation. An attempt to execute a privileged instruction while in the user mode leads to a 
special type of interrupt called a privileged instruction. 

  A multiple-priority scheme can be implemented easily by using separate interrupt-
request and interrupt-acknowledge lines for each device, as shown in figure. Each of the 
interrupt-request lines is assigned a different priority level. Interrupt requests received over these 
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lines are sent to a priority arbitration circuit in the processor. A request is accepted only if it has a 
higher priority level than that currently assigned to the processor. 

2.Explain in with the help of a diagram the working of daisy chaion with multiple priority 
levels and multiple devices in each level  (8M)                                                              Dec 2010 

Simultaneous Requests: 

  Let us now consider the problem of simultaneous arrivals of interrupt requests from two 
or more devices. The processor must have some means of deciding which requests to service 
first. Using a priority scheme such as that of figure, the solution is straightforward. The processor 
simply accepts the requests having the highest priority.  

  Polling the status registers of the I/O devices is the simplest such mechanism. In this 
case, priority is determined by the order in which the devices are polled. When vectored 
interrupts are used, we must ensure that only one device is selected to send its interrupt vector 
code. A widely used scheme is to connect the devices to form a daisy chain, as shown in figure 
3a. The interrupt-request line INTR  is common to all devices. The interrupt-acknowledge line, 
INTA, is connected in a daisy-chain fashion, such that the INTA signal propagates serially 
through the devices. 

 

     INTR  

 

 

 

       INTA    (3.a) Daisy chain 

  When several devices raise an interrupt request and the INTR  line is activated, the 
processor responds by setting the INTA line to 1. This signal is received by device 1. Device 1 
passes the signal on to device 2 only if it does not require any service. If device 1 has a pending 
request for interrupt, it blocks the INTA signal and proceeds to put its identifying code on the 
data lines. Therefore, in the daisy-chain arrangement, the device that is electrically closest to the 
processor has the highest priority. The second device along the chain has second highest priority, 
and so on. 

  The scheme in figure 3.a requires considerably fewer wires than the individual 
connections in figure 2. The main advantage of the scheme in figure 2 is that it allows the 
processor to accept interrupt requests from some devices but not from others, depending upon 
their priorities. The two schemes may be combined to produce the more general structure in 

         Processor 
  Device 1    Device 2  Device n 
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figure 3b. Devices are organized in groups, and each group is connected at a different priority 
level. Within a group, devices are connected in a daisy chain. This organization is used in many 
computer systems. 

 

3. Discuss the different schemes available to disable and enable the interrupts(8M) 
                                                                                                               June 2011                                                                                                              

Ans. ENABLING AND DISABLING INTERRUPTS: 

  The facilities provided in a computer must give the programmer complete control over 
the events that take place during program execution. The arrival of an interrupt request from an 
external device causes the processor to suspend the execution of one program and start the 
execution of another. Because interrupts can arrive at any time, they may alter the sequence of 
events from the envisaged by the programmer. Hence, the interruption of program execution 
must be carefully controlled. 

  Let us consider in detail the specific case of a single interrupt request from one device. 
When a device activates the interrupt-request signal, it keeps this signal activated until it learns 
that the processor has accepted its request. This means that the interrupt-request signal will be 
active during execution of the interrupt-service routine, perhaps until an instruction is reached 
that accesses the device in question. 

  The first possibility is to have the processor hardware ignore the interrupt-request line 
until the execution of the first instruction of the interrupt-service routine has been completed. 
Then, by using an Interrupt-disable instruction as the first instruction in the interrupt-service 
routine, the programmer can ensure that no further interruptions will occur until an Interrupt-
enable instruction is executed. Typically, the Interrupt-enable instruction will be the last 
instruction in the interrupt-service routine before the Return-from-interrupt instruction. The 
processor must guarantee that execution of the Return-from-interrupt instruction is completed 
before further interruption can occur. 

  The second option, which is suitable for a simple processor with only one interrupt-
request line, is to have the processor automatically disable interrupts before starting the 
execution of the interrupt-service routine. After saving the contents of the PC and the processor 
status register (PS) on the stack, the processor performs the equivalent of executing an Interrupt-
disable instruction. It is often the case that one bit in the PS register, called Interrupt-enable, 
indicates whether interrupts are enabled. 

  In the third option, the processor has a special interrupt-request line for which the 
interrupt-handling circuit responds only to the leading edge of the signal. Such a line is said to be 
edge-triggered.Before proceeding to study more complex aspects of interrupts, let us summarize 
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the sequence of events involved in handling an interrupt request from a single device. Assuming 
that interrupts are enabled, the following is a typical scenario. 

1. The device raises an interrupt request. 
2. The processor interrupts the program currently being executed. 
3. Interrupts are disabled by changing the control bits in the PS (except in the case of edge-

triggered interrupts). 
4. The device is informed that its request has been recognized, and in response, it 

deactivates the interrupt-request signal. 
5. The action requested by the interrupt is performed by the interrupt-service routine. 
6. Interrupts are enabled and execution of the interrupted program is resumed. 

 
4. Discuss the different schemes available to disable and enable the interrupts(8M)Dec 2011                                                                                                               

Ans. ENABLING AND DISABLING INTERRUPTS: 

  The facilities provided in a computer must give the programmer complete control over 
the events that take place during program execution. The arrival of an interrupt request from an 
external device causes the processor to suspend the execution of one program and start the 
execution of another. Because interrupts can arrive at any time, they may alter the sequence of 
events from the envisaged by the programmer. Hence, the interruption of program execution 
must be carefully controlled. 

  Let us consider in detail the specific case of a single interrupt request from one device. 
When a device activates the interrupt-request signal, it keeps this signal activated until it learns 
that the processor has accepted its request. This means that the interrupt-request signal will be 
active during execution of the interrupt-service routine, perhaps until an instruction is reached 
that accesses the device in question. 

  The first possibility is to have the processor hardware ignore the interrupt-request line 
until the execution of the first instruction of the interrupt-service routine has been completed. 
Then, by using an Interrupt-disable instruction as the first instruction in the interrupt-service 
routine, the programmer can ensure that no further interruptions will occur until an Interrupt-
enable instruction is executed. Typically, the Interrupt-enable instruction will be the last 
instruction in the interrupt-service routine before the Return-from-interrupt instruction. The 
processor must guarantee that execution of the Return-from-interrupt instruction is completed 
before further interruption can occur. 

  The second option, which is suitable for a simple processor with only one interrupt-
request line, is to have the processor automatically disable interrupts before starting the 
execution of the interrupt-service routine. After saving the contents of the PC and the processor 
status register (PS) on the stack, the processor performs the equivalent of executing an Interrupt-
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disable instruction. It is often the case that one bit in the PS register, called Interrupt-enable, 
indicates whether interrupts are enabled. 

  In the third option, the processor has a special interrupt-request line for which the 
interrupt-handling circuit responds only to the leading edge of the signal. Such a line is said to be 
edge-triggered.Before proceeding to study more complex aspects of interrupts, let us summarize 
the sequence of events involved in handling an interrupt request from a single device. Assuming 
that interrupts are enabled, the following is a typical scenario. 

1. The device raises an interrupt request. 
2. The processor interrupts the program currently being executed. 
3. Interrupts are disabled by changing the control bits in the PS (except in the case of edge-

triggered interrupts). 
4. The device is informed that its request has been recognized, and in response, it 

deactivates the interrupt-request signal. 
5. The action requested by the interrupt is performed by the interrupt-service routine. 
6. Interrupts are enabled and execution of the interrupted program is resumed. 

 
 

5. Write a short note on any 1 bus arbitration scheme.(5M)                                 June 2012 

Centralized Arbitration:- The bus arbiter may be the processor or a separate unit connected to 
the bus. A basic arrangement in which the processor contains the bus arbitration circuitry. In this 
case, the processor is normally the bus master unless it grants bus mastership to one of the DMA 
controllers. A DMA controller indicates that it needs to become the bus master by activating the 
Bus-Request line,The signal on the Bus-Request line is the logical OR of the bus requests from 
all the devices connected to it. When Bus-Request is activated, the processor activates the Bus-
Grant signal, BG1, indicating to the DMA controllers that they may use the bus when it becomes 
free. This signal is connected to all DMA controllers using a daisy-chain arrangement. Thus, if 
DMA controller 1 is requesting the bus, it blocks the propagation of the grant signal to other 
devices. Otherwise, it passes the grant downstream by asserting BG2. The current bus master 
indicates to all device that it is using the bus by activating another open-controller line called 
Bus-Busy, BBSY . Hence, after receiving the Bus-Grant signal, a DMA controller waits for Bus-
Busy to become inactive, then assumes mastership of the bus. At this time, it activates Bus-Busy 
to prevent other devices from using the bus at the same time. 
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UNIT-IV- INPUT/OUTPUT ORGANIZATION CONTD. 

 

1. Explain with a block diagram a general 8 bit parallel interface.(8M)                   June 2010 

Ans. My-address 

RS2  

   RS1  

    RS0              C1  

                  Ready   

R/W       

                                                                                                     C2 

 Accept              16 A general 8-bit parallel interface 

The circuit in figure 16 has separate input and output data lines for connection to an I/O device. 
A more flexible parallel port is created if the data lines to I/O devices are bidirectional. Figure 17 
shows a general-purpose parallel interface circuit that can be configured in a variety of ways. 
Data lines P7 through P0 can be used for either input or output purposes. For increased 
flexibility, the circuit makes it possible for some lines to serve as inputs and some lines to serve 
as outputs, under program control. The DATAOUT register is connected to these lines via three-
state drivers that are controlled by a data direction register, DDR. The processor can write any 8-
bit pattern into DDR. For a given bit, if the DDR value is 1, the corresponding data line acts as 
an output line; otherwise, it acts as an input line. 

2.With the help of a data transfer signals explain how a real operation is performed using 
PCI bus. (8M)                                                                                                              Dec 2010 

Ans. Peripheral Component Interconnect (PCI) Bus:- 

  The PCI bus is a good example of a system bus that grew out of the need for 
standardization. It supports the functions found on a processor bus bit in a standardized format 
that is independent of any particular processor. 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 follows a sequence of bus standards that were used primarily in IBM PCs. Early 
PCs used the 8-bit XT bus, whose signals closely mimicked those of Intel’s 80x86 processors. 
Later, the 16-bit bus used on the PC At computers became known as the ISA bus. Its extended 

 

Status 

and  

 

 

 

 

Register 

select 
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32-bit version is known as the EISA bus. Other buses developed in the eighties with similar 
capabilities are the Microchannel used in IBM PCs and the NuBus used in Macintosh computers. 

  The PCI was developed as a low-cost bus that is truly processor independent. Its design 
anticipated a rapidly growing demand for bus bandwidth to support high-speed disks and graphic 
and video devices, as well as the specialized needs of multiprocessor systems. As a result, the 
PCI is still popular as an industry standard almost a decade after it was first introduced in 1992.  
An important feature that the PCI pioneered is a plug-and-play capability for connecting I/O 
devices. To connect a new device, the user simply connects the device interface board to the bus. 
The software takes care of the rest.  

 

Data Transfer:- 

  In today’s computers, most memory transfers involve a burst of data rather than just one 
word. The reason is that modern processors include a cache memory. Data are transferred 
between the cache and the main memory in burst of several words each. The words involved in 
such a transfer are stored at successive memory locations. When the processor (actually the 
cache controller) specifies an address and requests a read operation from the main memory, the 
memory responds by sending a sequence of data words starting at that address. Similarly, during 
a write operation, the processor sends a memory address followed by a sequence of data words, 
to be written in successive memory locations starting at the address. The PCI is designed 
primarily to support this mode of operation. A read or write operation involving a single word is 
simply treated as a burst of length one. 

  The bus supports three independent address spaces: memory, I/O, and configuration. The 
first two are self-explanatory. The I/O address space is intended for use with processors, such as 
Pentium, that have a separate I/O address space. However, as noted , the system designer may 
choose to use memory-mapped I/O even when a separate I/O address space is available. In fact, 
this is the approach recommended by the PCI its plug-and-play capability. A 4-bit command that 
accompanies the address identifies which of the three spaces is being used in a given data 
transfer operation. 

  The signaling convention on the PCI bus is similar to the one used, we assumed that the 
master maintains the address information on the bus until data transfer is completed. But, this is 
not necessary. The address is needed only long enough for the slave to be selected. The slave can 
store the address in its internal buffer. Thus, the address is needed on the bus for one clock cycle 
only, freeing the address lines to be used for sending data in subsequent clock cycles. The result 
is a significant cost reduction because the number of wires on a bus is an important cost factor. 
This approach in used in the PCI bus. 
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  At any given time, one device is the bus master. It has the right to initiate data transfers 
by issuing read and write commands. A master is called an initiator in PCI terminology. This is 
other a processor or a DMA controller. The addressed device that responds to read and write 
commands is called a target. 

 

Device Configuration:- 

  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.  

  The PCI simplifies this process by incorporating in each I/O device interface a small 
configuration ROM memory that stores information about that device. The configuration ROMs 
of all devices is accessible in the configuration address space. The PCI initialization software 
reads these ROMs whenever the system is powered up or reset. In each case, it determines 
whether the device is a printer, a keyboard, an Ethernet interface, or a disk controller. It can 
further learn bout various device options and characteristics.   

  Devices are assigned addresses during the initialization process. This means that during 
the bus configuration operation, devices cannot be accessed based on their address, as they have 
not yet been assigned one. Hence, the configuration address space uses a different mechanism. 
Each device has an input signal called Initialization Device Select, IDSEL#. 

  The PCI bus has gained great popularity in the PC word. It is also used in many other 
computers, such as SUNs, to benefit from the wide range of I/O devices for which a PCI 
interface is available. In the case of some processors, such as the Compaq Alpha, the PCI-
processor bridge circuit is built on the processor chip itself, further simplifying system design 
and packaging. 

 

3. Explain briefly bus arbitration phase in SCSI bus.(8M)                                       June 2011 

Ans. SCSI Bus:- The processor sends a command to the SCSI controller, which causes the 
following sequence of event to take place:  

1. The SCSI controller, acting as an initiator, contends for control of the bus. 
2. When the initiator wins the arbitration process, it selects the target controller and hands 

over control of the bus to it. 
3. The target starts an output operation (from initiator to target); in response to this, the 

initiator sends a command specifying the required read operation. 
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4. The target, realizing that it first needs to perform a disk seek operation, sends a message 
to the initiator indicating that it will temporarily suspend the connection between them. 
Then it releases the bus. 

5. The target controller sends a command to the disk drive to move the read head to the first 
sector involved in the requested read operation. Then, it reads the data stored in that 
sector and stores them in a data buffer. When it is ready to begin transferring data to the 
initiator, the target requests control of the bus. After it wins arbitration, it reselects the 
initiator controller, thus restoring the suspended connection. 

6. The target transfers the contents of the data buffer to the initiator and then suspends the 
connection again. Data are transferred either 8 or 16 bits in parallel, depending on the 
width of the bus. 

7. The target controller sends a command to the disk drive to perform another seek 
operation. Then, it transfers the contents of the second disk sector to the initiator as 
before. At the end of this transfers, the logical connection between the two controllers is 
terminated. 

8. As the initiator controller receives the data, it stores them into the main memory using the 
DMA approach. 

9. The SCSI controller sends as interrupt to the processor to inform it that the requested 
operation has been completed 
 

This scenario show that the messages exchanged over the SCSI bus are at a higher  

level than those exchanged over the processor bus. In this context, a “higher level” means that 
the messages refer to operations that may require several steps to complete, depending on the 
device. Neither the processor nor the SCSI controller need be aware of the details of operation of 
the particular device involved in a data transfer. In the preceding example, the processor need not 
be involved in the disk seek operation. 

4.In a computer system why a PCI bus is used? With a neat sketch, explain how the read 
operation is performed along with the role of IRDY#/TRDY# on the PCI bus (8M)Dec 2011                                                                                                                                                                           

Ans. Peripheral Component Interconnect (PCI) Bus:- 

  The PCI bus is a good example of a system bus that grew out of the need for 
standardization. It supports the functions found on a processor bus bit in a standardized format 
that is independent of any particular processor. Devices connected to the PCI bus appear to the 
processor as if they were connected directly to the processor bus.  An important feature that the 
PCI pioneered is a plug-and-play capability for connecting I/O devices. To connect a new device, 
the user simply connects the device interface board to the bus. The software takes care of the 
rest.  
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Data Transfer:- 

  In today’s computers, most memory transfers involve a burst of data rather than just one 
word. The reason is that modern processors include a cache memory. Data are transferred 
between the cache and the main memory in burst of several words each. The words involved in 
such a transfer are stored at successive memory locations. When the processor (actually the 
cache controller) specifies an address and requests a read operation from the main memory, the 
memory responds by sending a sequence of data words starting at that address. Similarly, during 
a write operation, the processor sends a memory address followed by a sequence of data words, 
to be written in successive memory locations starting at the address. The PCI is designed 
primarily to support this mode of operation. A read or write operation involving a single word is 
simply treated as a burst of length one. 

  The bus supports three independent address spaces: memory, I/O, and configuration. The 
first two are self-explanatory. The I/O address space is intended for use with processors, such as 
Pentium, that have a separate I/O address space. However, as noted , the system designer may 
choose to use memory-mapped I/O even when a separate I/O address space is available. In fact, 
this is the approach recommended by the PCI its plug-and-play capability. A 4-bit command that 
accompanies the address identifies which of the three spaces is being used in a given data 
transfer operation. 

 

5.Draw the block diagram of universal bus(USB)structure connected to the host computer 
Briefly explain all fields of packets that are used for communication between a host and a 
device connected to an USB port. (8M)                                                                        June 2012         

UNIVERSAL SERIAL BUS (USB):-  

  The USB supports two speeds of operation, called low-speed (1.5 megabits/s) and full-
speed (12 megabits/s). The most recent revision of the bus specification (USB 2.0) introduced a 
third speed of operation, called high-speed (480 megabits/s). The USB is quickly gaining 
acceptance in the market place, and with the addition of the high-speed capability it may well 
become the interconnection method of choice for most computer devices. 

The USB has been designed to meet several key objectives: 

• Provides a simple, low-cost and easy to use interconnection system that overcomes the 
difficulties due to the limited number of I/O ports available on a computer. 

• Accommodate a wide range of data transfer characteristics for I/O devices, including 
telephone and Internet connections. 

• Enhance user convenience through a “plug-and-play” mode of operation 
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Port Limitation:- 

  The parallel and serial ports described in previous section provide a general-purpose 
point of connection through which a variety of low-to medium-speed devices can be connected 
to a computer. For practical reasons, only a few such ports are provided in a typical computer. 

Device Characteristics:- 

  The kinds of devices that may be connected to a computer cover a wide range of 
functionality. The speed, volume, and timing constraints associated with data transfers to and 
from such devices vary significantly. 

  A variety of simple devices that may be attached to a computer generate data of a similar 
nature – low speed and asynchronous. Computer mice and the controls and manipulators used 
with video games are good examples. 

Plug-and-Play:-  As computers become part of everyday life, their existence should 
become increasingly transparent. For example, when operating a home theater system, which 
includes at least one computer, the user should not find it necessary to turn the computer off or to 
restart the system to connect or disconnect a device. 

  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. The system should detect the existence of 
this new device automatically, identify the appropriate device-driver software and any other 
facilities needed to service that device, and establish the appropriate addresses and logical 
connections to enable them to communicate. The plug-and-play requirement has many 
implications at all levels in the system, from the hardware to the operating system and the 
applications software. One of the primary objectives of the design of the USB has been to 
provide a plug-and-play capability. 

  The signaling convention on the PCI bus is similar to the one used, we assumed that the 
master maintains the address information on the bus until data transfer is completed. But, this is 
not necessary. The address is needed only long enough for the slave to be selected. The slave can 
store the address in its internal buffer. Thus, the address is needed on the bus for one clock cycle 
only, freeing the address lines to be used for sending data in subsequent clock cycles. The result 
is a significant cost reduction because the number of wires on a bus is an important cost factor. 
This approach in used in the PCI bus. 

  At any given time, one device is the bus master. It has the right to initiate data transfers 
by issuing read and write commands. 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. 
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Device Configuration:- 

  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.  

  The PCI simplifies this process by incorporating in each I/O device interface a small 
configuration ROM memory that stores information about that device. The configuration ROMs 
of all devices is accessible in the configuration address space. The PCI initialization software 
reads these ROMs whenever the system is powered up or reset. In each case, it determines 
whether the device is a printer, a keyboard, an Ethernet interface, or a disk controller. It can 
further learn bout various device options and characteristics.   

  Devices are assigned addresses during the initialization process. This means that during 
the bus configuration operation, devices cannot be accessed based on their address, as they have 
not yet been assigned one. Hence, the configuration address space uses a different mechanism. 
Each device has an input signal called Initialization Device Select, IDSEL#. 

  The PCI bus has gained great popularity in the PC word. It is also used in many other 
computers, such as SUNs, to benefit from the wide range of I/O devices for which a PCI 
interface is available. In the case of some processors, such as the Compaq Alpha, the PCI-
processor bridge circuit is built on the processor chip itself, further simplifying system design 
and packaging. 

 

 

 

 

 

 

 

 

 

 

 

 



Computer Organization                                                                                                                      10CS46 

 

Dept Of CSE, SJBIT Page 30 
 

UNIT-V- MEMORY SYSTEM 

 

1. Draw the organization of a 1Kx1 memory cell and explain its working.(8M)     June 2011 

Ans. Another type of organization for 1k x 1 format is shown below: 
5 – Bit Row Address        W0 

 

        W1 

 

 

 

 

                  W31 

 

                   Sence/Write 

             Circuitr  
                

 

       

The 10-bit address is divided into two groups of 5 bits each to form the row and column 
addresses for the cell array. A row address selects a row of 32 cells, all of which are accessed in 
parallel. One of these, selected by the column address, is connected to the external data lines by 
the input and output multiplexers. This structure can store 1024 bits, can be implemented in a 16-
pin chip. 
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2. Explain the working of a single-transistor dynamic memory cell. (10M)              Dec 2011 

Ans. Dynamic Memories:- 
 
  The basic idea of dynamic memory is that information is stored in the form of a charge 
on the capacitor. An example of a dynamic memory cell is shown below: 
 
  When the transistor T is turned on and an appropriate voltage is applied to the bit line, 
information is stored in the cell, in the form of a known amount of charge stored on the 
capacitor. After the transistor is turned off, the capacitor begins to discharge. This is caused by 
the capacitor’s own leakage resistance and the very small amount of current that still flows 
through the transistor. Hence the data is read correctly only if is read before the charge on the 
capacitor drops below some threshold value. During a Read  
 
 
 
 
 
 
operation, the bit line is placed in a high-impendance state, the transistor is turned on and a sense 
circuit connected to the bit line is used to determine whether the charge on the capacitor is above 
or below the threshold value. During such a Read, the charge on the capacitor is restored to its 
original value and thus the cell is refreshed with every read operation. 
 
3. Define memory latency and bandwidth in case of burst operation that is used for 
transferring a block of data to or from synchronous DRAM memory unit (8M)    June 2012 

Ans. Static Memories Vs Dynamic Memories:- 
 
  Bipolar as well as MOS memory cells using a flip-flop like structure to store information 
can maintain the information as long as current flow to the cell is maintained. Such memories are 
called static memories. In contracts, Dynamic memories require not only the maintaining of a 
power supply, but also a periodic “refresh” to maintain the information stored in them. Dynamic 
memories can have very high bit densities and very lower power consumption relative to static 
memories and are thus generally used to realize the main memory unit. 
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UNIT-VI: ARITHMETIC 

 
1.  Show the organization of virtual memory address translation based in fixed-length 
pages and explains its working. (10M)                                                                 June 2011 

Ans. Memory management by paging:- Fig 3 shows a simplified mechanism for virtual 
address translation in a paged MMU. The process begins in a manner similar to the segmentation 
process. The virtual address composed of a high order page number and a low order word 
number is applied to MMU. The virtual page number is limit checked to be certain that the page 
is within the page table, and if it is, it is added to the page table base to yield the page table entry.  
The page table entry contains several control fields in addition to the page field. The control 
fields may include access control bits, a presence bit, a dirty bit and one or more use bits, 
typically the access control field will include bits specifying read, write and perhaps execute 
permission. The presence bit indicates whether the page is currently in main memory. The use bit 
is set upon a read or write to the specified page, as an indication to the replaced algorithm in case 
a page must be replaced. 

 

 

  If the presence bit indicates a hit, then the page field of the page table entry will contain 
the physical page number. If the presence bit is a miss, which is page fault, then the page field of 
the page table entry which contains an address is secondary memory where the page is stored. 
This miss condition also generates an interrupt. The interrupt service routine will initiate the 
page fetch from secondary memory and with also suspended the requesting process until the 
page has been bought into main memory. If the CPU operation is a write hit, then the dirty bit is 
set. If the CPU operation is a write miss, then the MMU with begin a write allocate process. 
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2.  Explain the design of a 4-bit carry-look a head adder. (8M)                  Dec 2011 

Ans. 

Carry-Look ahead Addition: 
As it is clear from the previous discussion that a parallel adder is considerably slow & a 

fast adder circuit must speed up the generation of the carry signals, it is necessary to make the 
carry input to each stage readily available along with the input bits. This can be achieved either 
by propagating the previous carry or by generating a carry depending on the input bits & 
previous carry. The logic expressions for si (sum) and  c i+1 (carry-out) of stage ith are 

 

 

The above expressions Gi and Pi are called carry generate and propagate functions for 
stage i. If the generate function for stage i is equal to 1, then ci+1 = 1, independent of the input 
carry, ci. This occurs when both xi and yi are 1. The propagate function means that an input carry 
will produce an output carry when either xi or yi or both equal to 1. Now, using Gi & Pi 
functions we can decide carry for ith stage even before its previous stages have completed their 
addition operations. All Gi and Pi functions can be formed independently and in parallel in only 
one gate delay after the Xi and Yi inputs are applied to an n-bit adder. Each bit stage contains an 
AND gate to form Gi, an OR gate to form Pi and a three-input XOR gate to form si. However, a 
much simpler circuit can be derived by considering the propagate function as Pi = xi ⊕ yi, which 
differs from Pi = xi + yi only when xi = yi =1 where Gi = 1 (so it does not matter whether Pi is 0 
or 1). Then, the basic diagram in Figure-5 can be used in each bit stage to predict carry ahead of 
any stage completing its addition.  
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Consider the ci+1expression,  

 

This is because, Ci = (Gi-1 + Pi-1Ci-1).  

Further, Ci-1 = (Gi-2 + Pi-2Ci-2) and so on. Expanding in this fashion, the final carry expression 
can be written as below; 

C i+1 = Gi + PiG i-1 + PiP i-1 G i-2 + … + Pi P i-1 … P 1G0 + Pi P i-1 … P0G0 

Thus, all carries can be obtained in three gate delays after the input signals Xi, Yi and Cin 
are applied at the inputs. This is because only one gate delay is needed to develop all Pi and Gi 
signals, followed by two gate delays in the AND-OR circuit (SOP expression) for ci + 1. After a 
further XOR gate delay, all sum bits are available. Therefore, independent of n, the number of 
stages, the n-bit addition process requires only four gate delays. 

 

 

FIG-5: 4 bit carry look ahead adder. 
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Now, consider the design of a 4-bit parallel adder. The carries can be implemented as 

;i = 0 

;i = 1 

;i = 2 

;i = 3 

The complete 4-bit adder is shown in Figure 5b where the B cell indicates Gi, Pi & Si 
generator. The carries are implemented in the block labeled carry look-ahead logic. An adder 
implemented in this form is called a carry look ahead adder. Delay through the adder is 3 gate 
delays for all carry bits and 4 gate delays for all sum bits. In comparison, note that a 4-bit ripple-
carry adder requires 7 gate delays for S3(2n-1) and 8 gate delays(2n) for c4. 

3.Answer the following w.r.t. to magnetic disk,the secondary storage device: (6M)                   

                                                                                                              June2012 

   i)seek time 

  ii) latency 

  iii) access time  

1. Ans. Seek time: -  Is the average time required to move the read/write head to the desired 
track. Actual seek time which depend on where the head is when the request is received 
and how far it has to travel, but since there is no way to know what these values will be 
when an access request is made, the average figure is used. Average seek time must be 
determined by measurement. It will depend on the physical size of the drive components 
and how fast the heads can be accelerated and decelerated. Seek times are generally in the 
range of 8-20 m sec and have not changed much in recent years. 

2. Track to track access time: -  Is the time required to move the head from one track to 
adjoining one. This time is in the range of 1-2 m sec. 

3. Rotational latency: -  Is the average time required for the needed sector to pass under 
head once and head has been positioned once at the correct track. Since on the average 
the desired sector will be half way around the track from where the head is when the head 
first arrives at the track, rotational latency is taken to be ½ the rotation time. Current 
rotation speeds are from 3600 to 7200 rpm, which yield rotational latencies in the 4-8 ms 
range. 

4. Average Access time:- Is equal to seek time plus rotational latency. 
 



Computer Organization                                                                                                                      10CS46 

 

Dept Of CSE, SJBIT Page 36 
 

UNIT-VII: BASIC PROCESSING UNIT 

 

1. Performance signed multiplication of numbers 13 and -6 using both multiplication 
algorithm represent the numbers in 5-bit including sign bit .Give booth multiplier 
recording table that is used in the above multiplication (10M)                               Dec 2010  

Booth Algorithm 
The Booth algorithm generates a 2n-bit product and both positive and negative 2's-

complement n-bit operands are uniformly treated. To understand this algorithm, consider a 
multiplication operation in which the multiplier is positive and has a single block of 1s, for 
example, 0011110(+30). To derive the product, as in the normal standard procedure, we could 
add four appropriately shifted versions of the multiplicand,. However, using the Booth algorithm, 
we can reduce the number of required operations by regarding this multiplier as the difference 
between numbers 32 & 2 as shown below; 

 

 

 

This suggests that the product can be generated by adding 25 times the multiplicand to the 
2's-complement of 21 times the multiplicand. For convenience, we can describe the sequence of 
required operations by recoding the preceding multiplier as 0 +1000 - 10. In general, in the 
Booth scheme, -1 times the shifted multiplicand is selected when moving from 0 to 1, and +1 
times the shifted multiplicand is selected when moving from 1 to 0, as the multiplier is scanned 
from right to left.  

 

 

 

 

 

 

 

 

0 1  0  0  0  0  0  (32) 

0 0  0  0  0  1  0  (-2) 
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                                                                  Normal Multiplication 

 

 

 

 

 

 

 

 

FIG-10b: Booth Multiplication 

Figure 10 illustrates the normal and the Booth algorithms for the said example. The 
Booth algorithm clearly extends to any number of blocks of 1s in a multiplier, including the 
situation in which a single 1 is considered a block. See Figure 11a for another example of 
recoding a multiplier. The case when the least significant bit of the multiplier is 1 is handled by 
assuming that an implied 0 lies to its right. The Booth algorithm can also be used directly for 
negative multipliers, as shown in Figure 11a. 

To verify the correctness of the Booth algorithm for negative multipliers, we use the following 
property of negative-number representations in the 2's-complement 

 

                0  1  0   1    1   0  1   

                 0  0+1 +1 +1 +1  0 

0  0  0    0   0   0  0 0  0  0    0    0   0  0  

1  1  1    1   1   1  1  0 1  0    0    1   1 

0  0  0    0   0   0  0  0 0  0    0    0 

0  0  0    0   0   0  0  0 0  0    0 

                      

                    

                  

                                                 

                 

 

                0  1  0   1    1   0  1   

                 0  0+1 +1 +1 +1  0 

           0  0  0    0    0   0  0  

0  1  0  1    1    0   1 

             0  1  0  1  1    0    1   

           0  1  0  1  1  0    1   
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2. Perform division of numbers 8 by 3 using non-restoring division algorithm(8M)June2011  

Ans. No restoring Division: 
 

The restoring-division algorithm can be improved by avoiding the need for restoring A after an 
unsuccessful subtraction. Subtraction is said to be unsuccessful if the result 

 

is negative. Consider the sequence of operations that takes place after the subtraction operation 
in the preceding algorithm. If A is positive, we shift left and subtract M, that is, we perform 2A - 
M. If A is negative, we restore it by performing A + M, and then we shift it left and subtract M. 
This is equivalent to performing 2A + M. The q0 bit is appropriately set to 0 or 1 after the correct 
operation has been performed. We can summarize this in the following algorithm for no 
restoring division. 

Step 1: Do the following n times: 
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1.If the sign of A is 0, shift A and Q left one bit position and subtract M fromA; otherwise, shift 
A and Q left and add M to A. 

2. Now, if the sign of A is 0, set q0 to 1; otherwise, set q0 to 0. 

Step 2: If the sign of A is 1, add M to A. 

 

Step 2 is needed to leave the proper positive remainder in A at the end of the n cycles of 
Step 1. The logic circuitry in Figure 17 can also be used to perform this algorithm. Note that the 
Restore operations are no longer needed, and that exactly one Add or Subtract operation is 
performed per cycle. Figure 19 shows how the division example in Figure 18 is executed by the 
no restoring-division algorithm. 

There are no simple algorithms for directly performing division on signed operands that are 
comparable to the algorithms for signed multiplication. In division, the operands can be 
preprocessed to transform them into positive values. After using one of the algorithms just 
discussed, the results are transformed to the correct signed values, as necessary. 

 

FIG – 19: Non-restoring Division 
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3.Write the algorithm for binary division using restoring division method(8M)       

                                                                                                                 Dec2011 

Ans. Restoring Division: 

Figure 17 shows a logic circuit arrangement that implements restoring division. Note its 
similarity to the structure for multiplication that was shown in Figure 8. An n-bit positive divisor 
is loaded into register M and an n-bit positive dividend is loaded into register Q at the start of the 
operation. Register A is set to 0. After the division is complete, the n-bit quotient is in register Q 
and the remainder is in register A. The required subtractions are facilitated by using 2's-
complement arithmetic. The extra bit position at the left end of both A and M accommodates the 
sign bit during subtractions. The following algorithm performs restoring division. 

Do the following n times: 

 

1. Shift A and Q left one binary position. 
2. Subtract M from A, and place the answer back in A. 
3. If the sign of A is 1, set q0 to 0 and add M back to A (that is, restore A); otherwise, set 

 q0to 1. 
Figure 18 shows a 4-bit example as it would be processed by the circuit. 

 

4.. List the rules for addition, subtraction, multiplication and division of floating point 
numbers (8M)                                                                                                      June 2012 

Ans. FLOATING-POINT NUMBERS AND OPERATIONS: 
 

Floating – point arithmetic is an automatic way to keep track of the radix point. The 
discussion so far was exclusively with fixed-point numbers which are considered as integers, that 
is, as having an implied binary point at the right end of the number. It is also possible to assume 
that the binary point is just to the right of the sign bit, thus representing a fraction or any where 
else resulting in real numbers. In the 2's-complement system, the signed value F, represented by 
the n-bit binary fraction 

B = b0.b - 1b -2 …..b-(n-1) is given by 

F(B) = -bo x 2° + b-1 x 2-1 +b-2x2-2 + ... + b-(n-X) x 2-{n~l) where the range of F is 

-1 ≤ F ≤ 1 -2-(n-1). Consider the range of values representable in a 32-bit, signed, fixed-point 
format. Interpreted as integers, the value range is approximately 0 to ±2.15 x 109. If we consider 
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them to be fractions, the range is approximately ±4.55 x 10-10 to ±1. Neither of these ranges is 
sufficient for scientific calculations, which might involve parameters like Avogadro's number 
(6.0247 x 1023 mole-1) or Planck's constant (6.6254 x 10-27erg s). Hence, we need to easily 
accommodate both very large integers and very small fractions. To do this, a computer must be 
able to represent numbers and operate on them in such a way that the position of the binary point 
is variable and is automatically adjusted as computation proceeds. In such a case, the binary 
point is said to float, and the numbers are called floating-point numbers. This distinguishes them 
from fixed-point numbers, whose binary point is always in the same position. 

Because the position of the binary point in a floating-point number is variable, it must be 
given explicitly in the floating-point representation. For example, in the familiar decimal 
scientific notation, numbers may be written as 6.0247 x 1023, 6.6254 -10-27, -1.0341 x 102, -
7.3000 x 10-14, and so on. These numbers are said to be given to five significant digits. The scale 
factors (1023, 10-27, and so on) indicate the position of the decimal point with respect to the 
significant digits. By convention, when the decimal point is placed to the right of the first 
(nonzero) significant digit, the number is said to be normalized. Note that the base, 10, in the 
scale factor is fixed and does not need to appear explicitly in the machine representation of a 
floating-point number. The sign, the significant digits, and the exponent in the scale factor 
constitute the representation. We are thus motivated to define a floating-point number 
representation as one in which a number is represented by its sign, a string of significant digits, 
commonly called the mantissa, and an exponent to an implied base for the scale factor. 

 

 

 

 

 

 

 

 

 

 

 

 



Computer Organization                                                                                                                      10CS46 

 

Dept Of CSE, SJBIT Page 42 
 

 

UNIT-VIII: MULTICORES, MULTIPROCESSORS, AND CLUSTERS 

 

1. Write and explain the control sequences for the execution of an unconditional branch 
instruction(10M)                                                                                                 June 2011 

Ans. Branch Instructions: 
A branch instruction 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. Listing in figure 8 below gives a control sequence that implements an 
unconditional branch instruction. Processing starts, as usual, with the fetch phase. This phase 
ends when the instruction is loaded into the IR in step 3. The offset value is extracted from the IR 
by the instruction decoding circuit, which will also perform sign extension if required. Since the 
value of the updated PC is already available in register Y, the offset X is gated onto the bus in 
step 4, and an addition operation is performed. The result, which is the branch target address, is 
loaded into the PC in step 5. 

The offset X used in a branch instruction is usually the difference between the branch target 
address and the address immediately following the branch instruction. 

 

] 

Fig 8 

 

For example, if the branch instruction is at location 2000 and if the branch target address 
is 2050, the value of X must be 46. The reason for this can be readily appreciated from the 
control sequence in Figure 7. The PC is incremented during the fetch phase, before knowing the 
type of instruction being executed. Thus, when the branch address is computed in step 4, the PC 
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value used is the updated value, which points to the instruction following the branch instruction 
in the memory. 

        Consider now a conditional branch. In this case, we need to check the status of the condition 
codes before loading a new value into the PC. For example, for a Branch-on-negative 
(Branch<0) instruction, step 4 is replaced with 

 

Offset-field-of-IRout Add, Zin, If N = 0 then End 

 

Thus, if N = 0 the processor returns to step 1 immediately after step 4. If N = 1, step 5 is 
performed to load a new value into the PC, thus performing the branch operation. 

 

 

2.Explain with block diagram the basic organization of a micro programmed control 
unit(10M)                                                                                                        Dec 2011 

                                                                       

Ans.  MICROPROGRAMMED CONTROL: 
 

ALU is the heart of any computing system, while Control unit is its brain. The design of a 
control unit is not unique; it varies from designer to designer. Some of the commonly used 
control logic design methods are;  

• Sequence Reg & Decoder method 
• Hard-wired control method 
• PLA control method 
• Micro-program control method 
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The control signals required inside the processor can be generated using a control step 
counter and a decoder/ encoder circuit. Now we discuss an alternative scheme, called micro 
programmed control, in which control signals are generated by a program similar to machine 
language programs. 

 

 

 

Fig 15 

 

           First, we introduce some common terms. A control word (CW) is a word whose 
individual bits represent the various control signals in Figure 12. Each of the control steps in the 
control sequence of an instruction defines a unique combination of Is and Os in the CW. The 
CWs corresponding to the 7 steps of Figure 6 are shown in Figure 15. We have assumed that 
Select Y is represented by Select = 0 and Select4 by Select = 1. A sequence of CWs 
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 
microinstructions. 
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            The micro routines for all instructions in the instruction set of a computer are stored in a 
special memory called the control store. The control unit can generate the control signals for any 
instruction by sequentially reading the CWs of the corresponding micro routine from the control 
store. This suggests organizing the control unit as shown in Figure 16. To read the control words 
sequentially from the control store, a micro program counter (µPC) is used. Every time a new 
instruction is loaded into the IR, the output of the block labeled "starting address generator" is 
loaded into the µPC. The µPC is then automatically incremented by the clock, causing 
successive microinstructions to be read from the control store. Hence, the control signals are 
delivered to various parts of the processor in the correct sequence. 

      One important function of the control unit cannot be implemented by the simple organization 
in Figure 16. This is the situation that arises when the control unit is required to check the status 
of the condition codes or external inputs to choose between alternative courses of action. In the 
case of hardwired control, this situation is handled by including an appropriate logic function, in 
the encoder circuitry. In micro programmed control, an alternative approach is to use conditional 
branch microinstructions. In addition to the branch address, these microinstructions specify 
which of the external inputs, condition codes, or, possibly, bits of the instruction register should 
be checked as a condition for branching to take place. 

 

3. What are modifications required in the basic organization of a microprogrammed 
control unit to support conditional branching in the microprogram (8M)            June 2012 

 Ans.        However, this scheme has one serious drawback — assigning individual bits to each 
control signal results in long microinstructions because the number of required signals is usually 
large. Moreover, only a few bits are set to 1 (to be used for active gating) in any given 
microinstruction, which means the available bit space is poorly used. Consider again the simple 
processor of Figure 2, and assume that it contains only four general-purpose registers, R0, Rl, 
R2, and R3. Some of the connections in this processor are permanently enabled, such as the 
output of the IR to the decoding circuits and both inputs to the ALU. The remaining connections 
to various registers require a total of 20 gating signals. Additional control signals not shown in 
the figure are also needed, including the Read, Write, Select, WMFC, and End signals. Finally, 
we must specify the function to be performed by the ALU. Let us assume that 16 functions are 
provided, including Add, Subtract, AND, and XOR. These functions depend on the particular 
ALU used and do not necessarily have a one-to-one correspondence with the machine instruction 
OP codes. In total, 42 control signals are needed. 

           If we use the simple encoding scheme described earlier, 42 bits would be needed in each 
microinstruction. Fortunately, the length of the microinstructions can be reduced easily. Most 
signals are not needed simultaneously, and many signals are mutually exclusive. For example, 
only one function of the ALU can be activated at a time. The source for a data transfer must be 
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unique because it is not possible to gate the contents of two different registers onto the bus at the 
same time. Read and Write signals to the memory cannot be active simultaneously. This suggests 
that signals can be grouped so that all mutually exclusive signals are placed in the same group. 
Thus, at most one micro operation per group is specified in any microinstruction. Then it is 
possible to use a binary coding scheme to represent the signals within a group. For example, four 
bits suffice to represent the 16 available functions in the ALU. Register output control signals 
can be placed in a group consisting of PCout, MDRout, Zout, Offsetout, R0out Rlout, R2out, R3out, and 
TEMPout. Any one of these can be selected by a unique 4-bit code. 

             Further natural groupings can be made for the remaining signals. Figure 19 shows an 
example of a partial format for the microinstructions, in which each group occupies a field large 
enough to contain the required codes. Most fields must include one inactive code for the case in 
which no action is required. For example, the all-zero pattern in Fl indicates that none of the 
registers that may be specified in this field should have its contents placed on the bus. An 
inactive code is not needed in all fields. For example, F4 contains 4 bits that specify one of the 
16 operations performed in the ALU. Since no spare code is included, the ALU is active during 
the execution of every microinstruction. However, its activity is monitored by the rest of the 
machine through register Z, which is loaded only when the Zin signal is activated. 

            Grouping control signals into fields requires a little more hardware because decoding 
circuits must be used to decode the bit patterns of each field into individual control signals. The 
cost of this additional hardware is more than offset by the reduced number of bits in each 
microinstruction, which results in a smaller control store. In Figure 19, only 20 bits are needed to 
store the patterns for the 42 signals. 

             So far we have considered grouping and encoding only mutually exclusive control 
signals. We can extend this idea by enumerating the patterns of required signals in all possible 
microinstructions. Each meaningful combination of active control signals can. 
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