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NAME (Print in All Caps): _______________________________________________

General Instructions
· Wait until you are instructed to start.

· First, ensure you have all the 13 pages of this exam booklet before starting.

· This exam is closed notes and closed books. No discussions are permitted.
· Even if your final answers are incorrect, you will get partial credit if intermediate steps are clearly shown to highlight thought process. This applies to program tracing questions as well. 

· You may use the last page on this exam booklet for rough work and intermediate calculations.
· All work must be written on the exam pages in order to be graded. Any scrap paper used, must be the extra sheets provided during the exam period.

· For programming questions: Be accurate with your assembly syntax. This includes appropriate use of braces, semicolons, and the proper use of upper/lowercase letters. Points will be deducted for syntax errors in programs and   statements that you write in this exam.
· You are permitted to use a standard calculator. You calculator cannot be: a graphing calculator, cannot have a qwerty keyboard/touch screen device, or be integrated with other electronic devices such as: iPods, PDAs, and cellular phones.

· You have about two hours to complete the exam.
	Good Luck!


Multiple Choice Questions [14 Points]
1. Clearly circle only the best response for each question below. For each question there is exactly only one best response. If your choice is not clearly indicated or if multiple choices seem to be selected then you will not earn any points for that question. If you change your answer, ensure that your final answer is clearly indicated. Each question is worth 2 points.

i. The expansion for the acronym ALU is:
A. Advanced Logic Unit
B. Arithmetic and Logic Unit
C. Advanced Learning Unit
D. Algebra and Logic Unit
ii. Which one of the following major components are not a part of the data path:

A. ALU
B. Registers
C. Multiplexer
D. De-Multiplexer
E. Memory

iii. Which one of the following statements correctly describes a key characteristic of the von Neumann architecture:
A. Memory for instructions and data is physically separate
B. Memory for instructions and data is unified

C. Memory is integrated with the data path
D. Memory is loosely coupled with the data path via buses.
iv. The role of a linker (software) is to :

A. Fix potential errors in the object file
B. Convert one or more object files into a single executable file
C. Generate an object file from the assembly source code
D. Recode the instructions in object file to processor specific instructions
v. An x86 processor falls under the category of:

A. Reduced Instruction Set Computer
B. Complex Instruction Set Computer
C. Multiple Instruction Set Computer
D. 86-bit Instruction Computer
vi. The instruction  mov %eax, %eax is an example of:

A. Immediate mode
B. Register direct mode
C. Direct mode
D. Base displacement mode.
vii. Assuming str is a valid symbol, the instruction  mov $0, str(%eax) is an example of:

A. Immediate mode

B. Register direct mode

C. Direct mode

D. Base displacement mode.

Fill in the blanks Questions [8 Points]
2. Clearly write the solution for each question below. If your answer is not clearly indicated then you will not earn any points for that question. If you change your answer, ensure that your final answer is clearly indicated. Each question is worth 2 points.

i. The word size of a 32-bit data path will be _______________ bits.

ii. The address bus of a 1 MB memory unit must be at least ____________ bits wide.

iii. In the x86 architecture, the ______________ register that contains the address of the next instruction to be executed.
iv. The result of multiplying two 16-bit integers is utmost _____________ bits in size.
Data Path Design Questions [10 points]
3. For each one of the following two questions, develop separate logic circuits that can inspect the 8-bit output from the ALU (the bits are labeled b7b6b5b4b3b2b1b0 with b0 being the least significant bit and b7 being the most significant bit) and detect the following conditions. 

a. Develop a logic circuit that generates a single bit that is 12 only when the output of the ALU is -110




[5 points]
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b. Develop a logic circuit that generates a single bit that is 12 only when the output of the ALU is a multiple of 2 and the output is in the range: 010 ( output < 6410 (that is output of ALU is: 0, 2, 4, 6, 8, …, 58, 60, 62). 
       [5 points]
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Short Answer Questions [24 points]
4. Briefly describe (in 1-2 sentences) one significant advantage of assembly language over a standard high level programming language. [2 points]

Assembly language programs enable utilizing special features and instructions set of microprocessors that are often inaccessible from high level programming languages.


5. Briefly describe (in 1-2 sentences) one significant disadvantage of assembly language over a standard high level programming language. [2 points]

Developing and troubleshooting assembly language programs can be a time consuming task.
	/* swap a & b */

movl a, %eax

movl b, %ebx

movl %eax, b

movl %ebx, a


6. Swapping 2 values is a standard operation in many programs. It can be implemented using four instructions as shown in the adjacent assembly code. Since swapping is a common operation, the x86 architecture includes and xchg instruction that swaps the values of two operands. The summary of the xchg instruction as shown in the x86 manual is shown below. Using this xchg instruction rewrite the adjacent swapping assembly code (in the space below) such that it swaps two values in exactly 3 instructions. 





[4 points]
	Opcode
	Instruction
	64-bit mode
	Compat/
Leg mode
	Description

	87 /r
	XCHG r/m32, r32
	Valid
	Valid
	Exchange r32 with double word

from r/m32.

	87 /r
	XCHG r32, r/m32
	Valid
	Valid
	Exchange double word from r/m32

with r32.


Write assembly code to swap a & b using xchg instruction here
7. The binary bump of a simple assembly language program produced using objdump utility is shown below. Answer the questions further below using the information from objdump. 
	08048074 <_start>:

 8048074:       b9 0a 00 00 00          mov    $0xa,%ecx

 8048079:       b8 00 00 00 00          mov    $0x0,%eax

0804807e <repeat>:

 804807e:       01 c8                   add    %ecx,%eax

 8048080:       49                      dec    %ecx

 8048081:       75 fb                   jne    804807e <repeat>
08048083 <exit>:

 8048083:       b8 01 00 00 00          mov    $0x1,%eax

 8048088:       bb 00 00 00 00          mov    $0x0,%ebx

        804808d:       cd 80                   int    $0x80


a. Illustrate the bytes (in hexadecimal) for encoding the following instruction in the spaces below (place one byte in each box) 

[4 points]

The bytes for encoding the instruction mov $-5, %eax are:
	B8
	FB
	FF
	FF
	FF
	
	
	
	
	


510 (32-bit value) = 00 00 00 0516 
Inverting all bits and add 1 to get 2s complement representation of -510
FF FF FF FA16 → FF FF FF FB16
b. What is the size (in bytes) of the conditional jump instruction used in this program:






[2 points]
	The size of the conditional jump instruction is:
	2
	bytes


c. Using the encoding for the conditional jump instruction form the objdump output, illustrate the encoding to modify the instruction to jump to _start instead of repeat. Illustrate the bytes (in hexadecimal) for encoding the modified instruction in the spaces below (place one byte in each box)






[4 points]
	75
	F1
	
	
	
	
	
	
	
	




The conditional jump is jumping back in the code by -510 (FB16 in 8-bit 2s complement) bytes. In order to jump to _start, the program has to jump over an additional 10 bytes, that is a net of 15 bytes. 8-bit 2s complement representation of 
-1510 is F116.
8. Translate the following Java code snippet to a suitable assembly language program using the template provided below 




[6 points]
	public class Casting {

public static void main(String[] args) {


int i;


byte b = 0;


for(i = -255; (i < -250); i++) {



b += (byte) i;


}

}
}


	.text

.global _start

_start:

        movl i, %ecx  /* Let ecx be i */
for:
        cmpl %ecx, $-250   /* (i < -250) */
        jge  exit
        addb %cl, b        /* Add a byte to b */

        incl %ecx          /* i++ */

        jmp  for
exit: /* Assume code to exit & stop the process is here */

.data

i     : .int  -255
b     : .byte 0



Memory Modes [15 points]
9. Use the x86 architecture memory layout (Addresses range from 0x100 to 0x10B), memory contents (all values are in hexadecimal), and the symbol table shown below to provide suitable responses to the following questions.  

Memory Layout:




        Symbol Table:

	0x100
	0x101
	0x102
	0x103
	0x104
	0x105

	02
	01
	06
	01
	41
	42

	
	
	
	
	
	

	0x106
	0x107
	0x108
	0x109
	0x10A
	0x10B

	00
	00
	00
	01
	
	

	Symbol
	Address

	var
	0x102

	empty
	0x106

	last
	0x104


a. What is the final value in eax register after the following sequence of assembly instructions are executed.  



[2 points]

	movl $var, %ebx  // ebx = 0x102
subl $2,   %ebx  // ebx = 0x100
movl %ebx, %eax  // eax = 0x100



The final value in the eax register is:  _________________16
b. What is the final value in eax register after the following sequence of assembly instructions are executed.



[3 points]

	movl $0, %eax   // eax = 0
movl $var, %ebx  // ebx = 0x102
movb (%ebx), %ah // ah = 0x6



The final value in the eax register is:  _________________16
c. What is the final value in al register after the following sequence of assembly instructions are executed.





[3 points]

	movw 0x100, %bx   // bx = 0x102
movb 2(%bx), %al // al = Mem(0x104)
                  // al = 0x41


The final value in the al register is:  _________________16
The memory layout from the previous page is repeated here for immediate reference. Note that all the values in the memory layout and symbol table are in hexadecimal.
Memory Layout:




        Symbol Table:

	0x100
	0x101
	0x102
	0x103
	0x104
	0x105

	02
	01
	06
	01
	41
	42

	
	
	
	
	
	

	0x106
	0x107
	0x108
	0x109
	0x10A
	0x10B

	00
	00
	00
	01
	
	

	Symbol
	Address

	var
	0x102

	empty
	0x106

	last
	0x104


d. What is the final value in cx register after the following sequence of assembly instructions are executed.




[3 points]

	movw 0x100, %ax // ax = 0x012
movw $2, %bx  // bx = 2
movw 1(%ax, %bx, 1), %cx // cx=0x42




The final value in the cx register is:  _________________16

e. What is the final value in eax register after the following sequence of assembly instructions are executed.



[4 points]

	movl $0, %edx   // edx = 0
xorl %eax, %eax // eax = 0
movb 0x102, %al // eax = 0x6
idivl empty     // eax /= 0x1000000



The final value in the eax register is:  _________________16
Programming Questions [33 points]
10. Complete the following assembly language program such that it computes the volume of a cylinder given the radius (r) and height (h) of the cylinder using the formula: volume = (r2h. Assume that the mathematical constant ( can be approximated to 22/7.  Ensure your sequence of arithmetic operations yield the most accurate volume by performing all multiplications first followed by divisions. 




[8 points]

	.text

.global _start

_start:

Movl $0, %edx
Movl r, %eax

iMull r
Imull h
iMull C22

Xorl %edx, %edx
iDivl C7

Movl %eax, volume
exit: /* Assume code to exit & stop the process is here */

.data

r     : .int   /* Assume radius value is read from user */

h     : .int   /* Assume height value is read from user */

volume: .int 0 /* Variable to hold volume of cylinder   */
/* You may add extra variables as needed below */


C22    : .int 22   /* Constant for 22 to make multiplication easier */
C7     : .int 7 /* Constant 7 to make division easier */

Complete the following assembly language program such that it determines the largest of 3 integer variables (namely, var1, var2, and var3) and stores the largest value in the variable biggest. Note that values of var1, var2, and var3 may be positive or negative.




[10 points]

	.text

.global _start

_start:

_start:


movl var1, %eax


cmpl var2, %eax  /* is var2 > eax */


jge  if2


movl var2, %eax   

if2:


cmpl var3, %eax  /* is var3 > eax */


jge  endif


movl var3, %eax

endif:
movl %eax, biggest
exit: /* Assume code to exit & stop the process is here */

.data

var1   : .int  /* Assume value is read from user */

var2   : .int  /* Assume value is read from user */

var3   : .int  /* Assume value is read from user */
biggest: .int  0
/* You may add extra variables as needed below */




11. Complete the following assembly language program such that it simplifies the integer in variable value (value > 0) by retaining only the decimal digit with the highest power of 10 and replacing others digits with 0. See adjacent table for a few examples. The resulting integer must be placed in the variable result (already defined for you).


[15 points]
	value
	result

	7
	7

	75
	70

	75123
	70000

	900000
	900000

	123456789
	100000000


	.text

.global _start

_start:

   /* Count digits in value by dividing it by 10 leaving only a single

        digit in value at the end. */

        movl value, %eax

count:

        cmpl  $9, %eax     /* while (eax > 9) {  */

        jle   multiply

        incl  digitCount   /*    digitCount++    */

        xorl  %edx, %edx

        idivl ten          /*    eax /= 10       */

        jmp   count        /*  }                 */

multiply:

        /* eax has the most sigificant digit now */

        /* keep multiplying it by 10 digitCount times */

        cmpl  $0, digitCount  /* while (digitCount > 0) { */

        je    done

        xorl  %edx, %edx

        imull ten                    /*    eax *= 10             */

        decl  digitCount      /*    digitCount--          */

        jmp   multiply       /* }                        */

done:

        movl %eax, result     /* store the result */

exit: /* Assume code to exit & stop the process is here */
.data

value: .int /* Assume value is read as input from the user */
result: .int 0

/* You may add extra variables as needed below */





































/* Alternative solution  provided by Biran Kuzara */


movl var1, %eax


cmpl var2, %eax


cmovg var2, %eax


cmpl var3, %eax


cmovg var3, %eax


movl %eax, biggest





/* Java version */


/* eax tracks largest */


int eax = var1;  


if (var2 > eax) {


    eax = var2;


}


if (var3 > eax) {


    eax = var3;


}


biggest = eax;





Empty is a very big value (1677721610). So the result of dividing 6 by that value is zero.





0x0





Address = 1+(102 + (2 * 1)) = 105. cx=Mem(105) = 0x42





0x42





0x41





0x600





0x100





xchngl a, %eax


xchngl b, %eax


xchngl a, %eax





movl a, %eax


movl b, %ebx


xchg %eax, %ebx





33 





eip 





Address





Address





32





20 
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