ECE 199 Exam II Spring 2004

Tuesday, April 6™, 2004

Name:

e Be sure that your exam booklet has 13 pages.
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Write your name at the top of each page.

This is a closed book exam.

You are allowed one handwritten 8.5" x 11" sheet of notes.
Absolutely no interaction between students is allowed.
Show all of your work.

Be sure to clearly indicate any assumptions that you make.
More challenging questions are marked with a ***

Don’t panic, and good luck!
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100 points




Page2 Name:

Problem 1 (20 points): Short Answer

Part A (5 points): Give one reason for using local variables instead of global variables.

Part B (5 points): Describe one advantage of using a debugger.

Part C (5 points): Write the output of the following C code.

for( i =0 ; i < 4 ; i++) {

if( 1 ==2)
continue;
for( 3 =0 ; 3 <4 ; j++){
if( j == )
break;

printf( "%d %d\n" , 1 , J );

Part D (5 points): You and a friend are charged with writing a function that reorganizes
an array of integers by discarding any negative elements and adjusting the count of valid
elements. Your friend proposes the following declaration:

voi d keep_positive (int* array, int numthings);

Explain why this declaration cannot serve the intended purpose.
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Problem 2 (20 Points): Stacks and Traps in LC-3

Parts A and B of this problem both make use of the cHECK x function described below.

CHECK X Description Inputs Outputs
Checks if there are at least X elements on the | R5 — X Returns 1 in R1 if there
stack, where X is a non-negative integer. R6 — stack at least X items on the
pointer stack, 0 otherwise.

Part A (6 points): Fill in the chart below describing the subroutine FOO. Use the
description of the function CHECK_X to help you.

FOO ST  R7, SAVE_R?
JSR  CHECK_X
ADD  RI, RL, #0
BRz RESTORE
ADD R6, R6, R5

RESTORE LD R7, SAVE_R7
RET
SAVE_R7 . BLKW 1

FOO Description Inputs Outputs
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Parts A and B of this problem both make use of the cHECK x function described below.

CHECK X Description Inputs Outputs
Checks if there are at least X elements on the | RS — X Returns 1 in R1 if there
stack, where X is a non-negative integer. R6 — stack at least X items on the
pointer stack, 0 otherwise.

Part B (6 points): Write the subroutine | S_FULL described below using the CHECK x
subroutine described above (repeated on this page for convenience).

| S FULL Description Inputs Outputs
Checks if a stack of a given size is | R6 — stack pointer Returns 1 in R1 if the
full (i.e., nothing else can be pushed stack is full, 0
onto the stack). Your subroutine otherwise.
must preserve the values of all
registers other than R1.

STACK SIZE .FILL 2?7 ; size of stack

; (you do not need to know the value)
IS FULL
; your code goes here
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Part C (8 points): The following code asks the user to input a single digit and prints out
that number of letters from the beginning of the alphabet. For example, if the user enters
“4” “abed” is printed to the screen, followed by a line feed. Complete the code.

.ORIG %3000

LEA RO, PROMPT
PUTS

GETC

ouUT

LD R1, NEG ASC 0
ADD R2, RO, R1

LD RO, LINEFEED
OUT

; Insert your code here. You may not change anything else.

DONE HALT

PROMPT .STRINGZ "Enter a single digit: "
LETTER A .FILL x0061 ; ASCII 'a'

LINEFEED .FILL x000A ; ASCII LF

NEG ASC 0 .FILL xFFDO ; negative ASCII 'O’

.END
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Problem 3 (20 Points): Operators and Scope in C

Part A (10 points): Write the result of evaluating of the following expressions. The
following declarations are used for each expression.

int 1 =5, j = 12; /* signed 32-bit integers */

Evaluate each expression independently, using the same initial values of i and 5.

a)i &j
b) ++i | ]
c)i =7

d (i [ J) &2

e) 7+ ((i++ - 6) [| (++ - 13))

Part B (5 points): Your friend has written a program to convert temperatures from
Fahrenheit to Celsius and says that the following code doesn’t work:

temp_c = (5/9) * (temp_f - 32);

Explain the bug and fix the code.
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Part C (5 points): Inside the function f oo( ), cross out any statements that cause
compilation errors (i.e., are not legal in C).

void foo(int p);

int main() {
int x =10, y = 42;

foo(y);
return O;
}

void foo(int p) {
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Problem 4 (20 points): From LC-3 to C and Back Again

Part A (6 points): The following LC-3 assembly code corresponds to a function call of
the my op () C function, which takes two integer arguments, v1 and v2.
The diagram of the stack frame for the call has been provided for you.

The body of the assembly code corresponds to a C expression using a single operator.

Fill in this expression in the C function below.

LC-3 Assembly Code

;create stack frame and
;save registers

;main body code starts here
LDR RO, R5, #5
LDR R1, R5, #4
BRnz DONE
LOOP
ADD RO, RO, RO
ADD R1, R1, #-1
BRp LOOP
DONE
STR RO, R5, #3

;restore registers and
;tear down stack frame

C Function

int my op (int vl, int v2)
{
/*single operator
expression in return
statement */

return

prev. frame pointer [¢—— R6

return address

return value

stack frame for my op
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Part B (10 points): Translate the C function below to LC-3 assembly instructions. The
diagram of the stack frame for the function call has been provided for you.

Translate each of the three statements in the function body independently, with no
register values shared between statements. The stack frame management and register
save/restore has been done for you.

;create stack frame and
;save registers

int is power of two (int arg)

{

int tmp = arg - 1; ;translation for
int rval = ((tmp & arg) == 0); ;int tmp = arg - 1;
return rval;

;translation for
;int rval = ((tmp & arg) == 0);

rval +— RO6

tmp <+—— R5

prev. frame pointer

return address

return value

arg

stack frame for is_power of two ;translation for
;return rval;

;restore registers and
;tear down stack frame
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Part C (4 points): The following is a code fragment from a C source file.
int a;

int foo ()
{

int* b = &a;

}

In what part of the program memory (e.g., system memory, code, etc.) are the following
values stored?

i) a

i) b

iii) b
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Problem 5 (20 Points): Programming in C

Part A (15 points): Write a function that returns a pointer to the last occurrence of the
character c in the string s. If s does not contain c, your function should return NULL.

char* | ast_occurrence (char c, char* s)

{

}

***Part B (5 points): Write a function that returns a pointer to the last occurrence of the
string sub in the string s. If s does not contain sub, your function should return NULL.

char* |ast_substring (char* sub, char* s)

{
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Use this page for scratch work.
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