Computer Architecture

Exam #2

Max Points: 100

(Tuesday, November 13 2007)

Name: ___________________________________


[image: image1]
1. Answer the following short answer questions by suitably filling in the blanks:

          [2 points each]

a. The result of -3 % 2 (-3 modulo 2) is:  ______________

b. The largest integer value that can be represented using 8-bit 2’s complement representation is: ___________________

c. The smallest integer value that can be presented using 8-bit 2’s complement representation is:  ___________________

d. If the output from the ALU is 0 (zero), then the value of ZF (zero flag) will be:  _____________

e. The set of wires that are used to read/write information from/to memory is called the  _______________________________
2. Develop a logic circuit (only using AND, OR, NOT, and XOR gates) that uses 8-bit 2’s complement output from an 8-bit ALU to suitably determine the value of the 1-bit flag described below. For each of these questions assume that the 8-bit output from the ALU must be labeled using the scheme b7b6b5...b1b0, where b7 is the most significant bit while b0 is the least significant bit.
a. Develop a logic circuit to generate 1-bit LF (Little Flag) that is set to 1 if the result from the ALU (in 2’s complement representation) is less than +3210. 

[5 points]
If the 8-bit result (bits b7..b0) is less than 3210 if is, bits b7 is 12 or if bits b6 and b5 are zero. That is, (b7 == 1) || ((b6 == 0) && (b5 == 0)).  Translating to logic circuit:




b. Develop a logic circuit to generate a 1-bit even PF (Parity Flag) that is set to 12 if the lower significant 4-bits (that is the right-most 4 bits) of the 8-bit result from the ALU have an even number of 1s. 

[6 points]


In the data path shown below, describe the sequence of operations performed by the various components to execute the instruction Reg1 = Reg1 + Reg2 by suitably filling in the missing operations. Keep your answers very brief so you pace yourself appropriately (each step should be no more than 2 sentences). 









    [3 points per step. 3*4 = 12 Points total]
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c. Operations at Mux1: Based on the bits in Operand2, Mux2 selects the value of Reg2 (for this specific instruction) and forwards the value of Reg2 as the B input to the ALU
d. Operations at Mux6: Since this is not a write operation, the select line to Mux6 is 0 (zero).  Therefore, it selects the 2 bits from operand1 (bits corresponding to Reg1) and forwards it to the selection lines of Mux2.

e. Operations at Mux2: Based on the value from Mux6 (which is 2 bits from operand1), Mux2 selects the value in Reg1 and forwards the value to Mux3.
f. Operations at Mux3: Since the instruction does not deal with constant values (representing constants or addresses) the selection line to Mux3 is 0 (zero). Consequently, it selects the output of Mux2 and forwards it to operand A of the ALU.

g. Operations at ALU: Given the OP Code is to add, the ALU adds the values in A (namely value in Reg1) and B (value in Reg2) inputs and places the result on its output lines.
h. Operations at Mux5: Since this is not a read/write operation, the selection logic to Mux5 is 0 (zero). Therefore, it selects the output from the ALU and places it on the input lines to DeMux1.

i. Operations at DeMux1: Since the destination register is Reg3, the DeMux uses the destination bits to select Reg1 and places the result of addition back into Reg1.
3. What is the “Von Newmann” architecture?  What is its most important characteristic? [3 points]

Computer architecture in which instructions and data are stored in the same main memory is called the Von Newmann architecture.  The most important characteristic is that there is no clear distinction between instructions and data. The difference is made just when the data path fetches a part of memory for processing.

4. The following questions relate to assembly language programming.  The response to each of these questions must be no longer than 2 sentences.
a. What is an assembly language program?  [3 points]

An assembly language program uses mnemonics to represent machine language instructions.

b. Briefly describe 1 advantage of assembly language programs [3 points]

Assembly language is close to the machine language.  Consequently, it provides accurate control on the instructions and associating timing to accurately coordinate various activities performed by the CPU.

c. Briefly describe 1 disadvantage of assembly language programs [3 points]

One of the primary disadvantages of assembly language programs is that they are microprocessor and operating system specific.  Therefore, they are not readily portable to other platforms.

d. Present 1 real world scenario when you would prefer to develop assembly language programs.


[3 points]

Attempting to develop timing sensitive software modules such as device drivers that control working of input-output devices.

5. The following questions pertain to philosophy of microprocessor architecture design. The response to each of these questions must be no longer than 2 sentences.
a. What is the expansion of the acronym CISC?

[2 points]

Complex Instruction Set Computer

b. What is the expansion of the acronym RISC?

[2 points]

Reduced Instruction Set Computer
c. Tabulate 3 significant differences between RISC and CISC processors in the table shown below

[6 points]

	CISC
	RISC

	Involve a large number of complex instructions that vary in size.


	Provide only a small set of constant sized basic instructions.

	Complex data path using multiple clocks.  Hard to design and manufacture.


	Relatively straightforward data path that is easier to design and manufacture.

	Burden is placed on hardware to implement complex instructions.

	The software has to handle implementation of complex instructions.


6. The following questions relate to microprogramming. The response to each of these questions must be no longer than 2 sentences.

a. What is microprogramming?


[2 points]

Microprogramming is a computer architecture design strategy in which complex instructions are actually implemented as a sequence of micro (or smaller) instructions.

b. Why is microprogramming used?


[2 points]

Microprogramming eases overall design and manufacturing of CISC machines by reducing overall complexity of the hardware.

7. Use the x86 architecture memory layout (Addresses range from 0x500 to 0x50F), memory contents, and the symbol table shown below to provide suitable responses to the questions below.  
Memory Layout:




        Symbol Table:

	0x500
	0x501
	0x502
	0x503
	0x504
	0x505

	0A
	01
	0B
	01
	41
	42

	
	
	
	
	
	

	0x50A
	0x50B
	0x50C
	0x50D
	0x50E
	0x50F

	
	0A
	
	
	
	

	Symbol
	Address

	var
	500

	empty
	50B

	help
	502


a. What is the final value in al register after the following sequence of assembly instructions are executed. 
Illustrate any changes that may occur to the memory layout due to executing these instructions by suitably modifying the memory layout.




 

[3 points]

	movb var, %bl  ; bl = 10
addb help, %bl ; bl = 10+11=21
movb %bl, %al  ; al = 21


b. What is the final value in eax register after the following sequence of assembly instructions are executed. Illustrate any changes that may occur to the memory layout due to executing these instructions by suitably modifying the memory layout.




[6 points]
	movl $0, %edx    ; edx=0
movl %edx, %eax  ; eax=0
movl help, %al   ; al=11
divb var         ; eax=1, edx=1
movl %edx, %eax  ; eax=1
mulb var         ; eax*=10 = 10


c. What is the final value in eax register after the following sequence of assembly instructions are executed. Illustrate any changes that may occur to the memory layout due to executing these instructions by suitably modifying the memory layout.




[4 points]

	movl $0, %eax   ; eax=0
movb help, %al  ; al=11
addl $-1, %eax  ; eax=10
movb %al, empty ; empty=10


8. Assuming that the value of the mathematical constant PI (π = 3.142) can be approximated by 22/7, complete the following assembly language program to compute the (integer)  volume of a sphere given the radius (r) of the sphere using the formula: volume = 4/3 πr3.  



[6 points]
· Note that you must use the variable r (already included in the assembly program) and not assume constant value. 

· You must declare a new integer variable called volume and store the area of the circle into this variable. You may declare additional variables as you see fit.

· Ensure your sequence of arithmetic operations yield the most accurate volume for the sphere by performing all multiplications first and then do divisions.

· Your program must include suitable comments (possibly with each instruction if deemed necessary) for full credit.
	/* Program to compute volume of a cylinder r */
.text

.global _start

_start:

        /* First  do all multiplications */

        movl $4, %eax

        mull twenty2

        mull r

        mull r

        mull r

        /* Now do divisions */

        movl  $0, %edx

        idivl three

        movl  $0, %edx

        idivl seven

        /* Store result in volume variable */

        movl %eax, volume
  /* System call to exit. */
  mov $1,%eax 
  mov $0,%ebx 
  int  $0x80
.data

r : .int 5

volume: .int 0

twenty2: .int 22

three: .int 3

seven: .int 7



9. Translate the following Java Program to a complete (including all necessary assembler directives and variable definitions) assembly language program. [6 points]

· Assume that variable Max is initialized to some unknown value.

· Your assembly program must define and use variables with names Max, oddSum and evenSum. You may introduce additional variables as you see fit.
· Your assembly program must include suitable comments (possibly with each instruction if deemed necessary) for full credit.
	public class Q11 {

    public static void main(String[] args) {

      int oddSum = 0, evenSum = 0, Max;

  
   for (int i = 0; (i < Max); i++)  {


        if ((i % 2) == 0)  {


            evenSum += i;


        }


        else  {


            oddSum += i;


        }


    }

 }

}


.text

.global _start

_start:

forLoopInit:

    xorl %eax, %eax  /* Set eax to 0 */

    movl %eax, i     /* i = 0;       */

forLoopCondition:

    cmpl Max, i      /* is i < Max ?           */

    jge  forLoopEnd  /* if i >= Max go to end  */

forBody:             /* For loop body begins here */

    movl i, %eax     /* eax = i                   */

    xorl %edx, %edx  /* edx = 0. Prep for divl    */

    divl two         /* eax /= i/2;  edx=i%2      */

    cmpl $0, %edx    /* is edx == 0?              */

    jne  elsePart

ifPart:                /* i is even!              */

    movl i, %eax       /* eax = i                 */

    addl %eax, evenSum /* evenSum += i            */

    jmp  forLoopUpdate /* goto for loop repetition*/

elsePart:              /* i is odd!               */

    movl i, %eax       /* eax = i                 */

    addl %eax, oddSum  /* oddSum += i             */

forLoopUpdate:

    incl i             /* i++                      */

    jmp forLoopCondition

forLoopEnd:

    /* The following instructions were not required in     */

    /* question.  However, they are needed to properly     */

    /* terminate the program                               */

    movl $1, %eax  /* Set eax=1, SysCall Code for exit */

    movl $0, %ebx  /* Exit code value set to zero */

    int  $0x80     /* Transfer control to OS */

.data

i      : .int 0    /* At end i has value Max          */

Max    : .int      /* Some undefined value.           */

two    : .int 2    /* Constant. Does not change.      */

evenSum: .int 0    /* At end evenSum has value 249500 */

oddSum : .int 0    /* At end oddSum has value 250000  */

10. Complete the following assembly language program that is attempting to find the index of the first occurrence  of a character in a given string in the following manner:








[8 points]

· The character to search for is specified in a variable needle.

· The string to search in is specified by the variable haystack.

· The index of needle in haystack should be stored in the variable index.  index is set to -1 if the needle was not found in haystack.  The following table shows examples of haystack, needle, and index values.

	haystack

	needle
	index

	Today is Thursday
	T
	0

	Today is Thursday
	s
	6

	Today is Thursday
	t
	-1


	/* Assembly to implement String.indexOf() method */

.text

.global _start

_start:

/* Assembly to implement String.indexOf() method given that the string

   is stored as an array of characters in assembly.  Here is the Java

   version of the program:

   public static void main(String[] args) {

       char needle     = '9';  // Some value set by the user

       int index       = 0;    // Index to be updated.     

       char[] haystack = "Today is Thursday 9 November 2006.". toCharArray();

       index = -1;             // assume needle not found in haystack

       for(int i = 0; (haystack[i] != '\0'); i++)  {

           if (haystack[i] == needle)  {


       index = i;


       break;


   }

       }

   }








 

*/

.text

.global _start

_start:

    movl $-1, index   /* Set index to -1 */

forInit:                 /* Let eax correspond to i */

    xor %eax, %eax       /* i = 0;                  */

    movl $haystack, %ebx /* Let ebx point to address of haystack */

forCheck:

    cmpb $0, (%ebx, %eax)      /* is haystack[i] == '\0' */

    je   forLoopEnd            /* if so end for loop.    */

forBody:

    movb (%ebx, %eax), %cl      /* Let cl = haystack[i]     */

    cmpb needle, %cl            /* is haystack[i] == needle */

    jne  forUpdate              /* if not repeat loop       */

    movl %eax, index            /* Else index = i;          */

    jmp  forLoopEnd             /* break;                   */

forUpdate:

    incl %eax                    /* i++  */

    jmp  forCheck                /* Repeat for loop */

forLoopEnd:

    movl $1, %eax  /*  Set eax=1, SysCall Code for exit */

    movl $0, %ebx  /* Exit code value set to zero */

    int  $0x80     /* Transfer control to OS */

.data

needle   : .byte   't'  /* Some value set by the user */

index    : .int  0      /* Index to be updated.       */

haystack : .string "Today is Thursday 9 November 2006."
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Data Bus





Instructions





Answer all questions clearly and suitably highlight the final result as necessary. If your writing or drawing is unclear you will not get full credit for your answer.  Even if your final answer is not correct, credit will be given for intermediate steps assuming they are clearly shown. No discussions or reference material is permitted.  You may use your calculator if you find it necessary. No other electronic devices are permitted during the exam.





Good Luck!
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