Name:
Lab Section: 


CprE 288 Fall 2025 – Homework 4 (50 points)
Due Sunday. September 21 (on Canvas by midnight: 11:59pm)
Notes:

· Homework must be typed and submitted as a PDF or Word Document (i.e. .doc or .docx) only.
· If collaborating with others, you must document who you collaborate with, and specify in what way you collaborated (see last page of homework assignment), review the homework policy section of the syllabus: http://class.ece.iastate.edu/cpre288/syllabus.asp for further details.
· Review University policy relating to the integrity of scholarship. See (“Academic Dishonesty”): http://catalog.iastate.edu/academic_conduct/#academicdishonestytext
· Late homework is accepted within two days from the due date. Late penalty is 10% per day. Exception: on Exam weeks no late homework accepted .
· Note: Code that will not compile is a typo. Answering a question as “will not compile” will be marked incorrect.  Contact the Professor if you think you have found a typo. 
Note: Unless otherwise specified, all problems assume the TM4C123 is being used

Question 1: Pointer Practice
Complete the table below (i.e. fill in the memory map) to show the state of memory after the following C fragment has been executed. Assume the TM4C123 platform, and all the variables are in the stack (and thus the storage is allocated from high address to low address). Remember the TM4C123 is a little endian architecture (i.e. least significant byte of a variable is stored in the lowest address)
	Address
	Variable Name
	Value

	0xFFFF_FFFF
	coord_ptr
	

	0xFFFF_FFFE
	
	

	0xFFFF_FFFD
	
	

	0xFFFF_FFFC
	
	

	0xFFFF_FFFB
	num_ptr
	

	0xFFFF_FFFA
	
	

	0xFFFF_FFF9
	
	

	0xFFFF_FFF8
	
	

	0xFFFF_FFF7
	p_ptr
	

	0xFFFF_FFF6
	
	

	0xFFFF_FFF5
	
	

	0xFFFF_FFF4
	
	

	0xFFFF_FFF3
	a
	

	0xFFFF_FFF2
	my_coord[1].y
	

	0xFFFF_FFF1
	my_coord[1].x
	

	0xFFFF_FFF0
	my_coord[0].y
	

	0xFFFF_FFEF
	my_coord[0].x
	

	0xFFFF_FFEE
	num_array[1]
	

	0xFFFF_FFED
	
	

	0xFFFF_FFEC
	
	

	0xFFFF_FFEB
	
	

	0xFFFF_FFEA
	num_array[0]
	

	0xFFFF_FFE9
	
	

	0xFFFF_FFE8
	
	

	0xFFFF_FFE7
	
	


typedef struct coord

{

  char x;

  char y;

} coord_t;

coord_t  *coord_ptr;

int *num_ptr;

int **p_ptr = &num_ptr;
char a = 0x07; 

coord_t my_coord[2];

int num_array[2]={1,4};

int main()

{

  coord_ptr = my_coord;

  num_ptr = num_array;

  my_coord[1].x = 0x33;

  coord_ptr++;

  coord_ptr->y = 0x44;

  **p_ptr = 9;

  num_ptr = num_ptr + 2;

  *num_ptr = 0x5040;

  p_ptr++;

  *p_ptr = 0xFEC0;

}

Question 2: Starting to explore Microcontroller GPIO
Complete the follow readings, and answer the following questions.
a. Readings: Scan Datasheet Chapter 10: (~15 pages: *** indicates Registers to pay special attention)

1) Skip: Sections 10.2.2 “Interrupt Control”, 10.2.4 “Commit Control”, and 10.2.6 “Identification”.

2) In section 10.5 Register Descriptions, only Read the following important registers

i)    Register 1: GPIO Data (GPIO_PORTX_DATA_R)   
ii)   Register 2: GPIO Direction (GPIO_PORTX_DIR_R)  ***
iii)  Register 10: GPIO Alternate Function Select (GPIO_PORTX_AFSEL_R)

iv)  Register 18: GPIO Digital Enable (GPIO_PORTX_DEN_R)  ***
v)   Register 21: GPIO Analog Mode Select (GPIO_PORTX_AMSEL_R)

vi)  Register 22: GPIO Port Control (GPIO_PORTA_PCTL_R)

3) Chapter 5.5, Registers Descriptions (Register 60 only): 

i) Register 60   General-Purpose Input/Output Run Mode Clock Gating Control       (SYSCTL_RCGCGPIO_R)  ***
Quick Link to Datasheet: https://class.ece.iastate.edu/cpre288/resources/docs/Tiva_TM4C123GH6PM_datasheet.pdf 

For PORTC of our microcontroller, what value would you set the following register to in order to have its clock enabled, and bits (wires) 0 – 3 Digitally enabled for Input, and bits (wires) 4 -7 Digitally enabled for Output.  Assume all other PORTs (i.e. A,B,D,E,F) have their clocks disabled.

SYSCTL_RCGCGPIO_R =                         .
GPIO_PORTC_DEN_R =                          .
GPIO_PORTC_DIR_R =                          .
b) Scan Chapter 22 and 23 of TM4C123G Datasheet

Give the Digital Function options of Alternative functions for each GPIO Port’s wire requested:
1. Port A, wire 0 (PA0): 

2. Port B, wire 3 (PB3): 

3. Port D, wire 5 (PD5):

4. Port E, wire 2 (PE2): 

Question 3 : Binary operations

Part 1: Write a single line of C code to implement each of the following.  Assume the following declarations

unsigned char ch;

unsigned short n;

Example:  For ch, check if bit 0 is set to 1

if (ch & 0x01)
a. For ch, check if any of bits 5, 3, 1, 0 are Set to 1. 
b. For n, Set bits 15, 11 to 1, Clear bits 7, 3 to 0, Toggle bits 9, 2, and preserve the remaining bits.

c. For n, check if all bits 14, 13 are Set to 1, all bits 11, 7, 3 are Cleared to 0, any of bits 6, 5, 4 are Set to 1, any of bits 15, 0 are Cleared to 0. 
d. For ch, rotate the bits to the right one position (bit 0 should end up at bit position 7), this is also known as a right-barrel-shift operation.

Part 2:  Study the “CPRE 288: Datasheet Trainer” for a Camera Controller.  Then, for each of the following: i) indicate which bits must be modified or tested and how, and ii) write a single line of C code to implement the requested functionality. Note: Assume registers are of type unsigned char
Quick Link to CPRE 288: Datasheet Trainer: https://class.ece.iastate.edu/cpre288/resources/docs/CPRE288-Datasheet-Trainer.pdf 
Example:  Enable the Camera Controller

i) set bit 0 of CAMERA_CONFIG to 1.
ii)CAMERA_CONFIG = CAMERA_CONFIG | 0x01;
a. Assuming the CAMERA_CONFIG register is currently set for a 1280x1024 resolution, update the register for a 100x100 resolution, while preserving all other bits of the register.

i)

ii) 

b. Assume CAMERA_DATA has just received a new color pixel. Check if any of the color components (Red, Green, Blue) have the least significant bit of their intensity set to 1.
i)

ii) 

c. Set the CAMERA_CONFIG register for a speed of 120 FPS, Resolution of 640x480, enable the Camera, and preserve all other bits of the register.

i)

ii)

Question 4: Coding practice
Complete the following function, max_consecutive_1s, so that it returns the maximum number of consecutive 1’s in the variable that is passed to it.

For example, for  0xFF5F the max number of consecutive 1’s is 8.

Another example, for 0x77FE the max number of consecutive 1’s is 10.

unsigned char max_consecutive_1s(unsigned short x)

{
// YOUR CODE HERE
}
Question 5: Code evaluation 

For each C code fragment, give the final value of the indicated variable after the code fragment is run.  If the final value cannot be determined, then give N/A. 

a. Final value of ch is                                (in hex)
unsigned char ch = 0x55;
ch = ch << 5;

b. Final value of short_ptr is                                (in hex)
short my_short = 0x55;   //Assume my_short is located at 0xFFFF_FC00

short *short_ptr;

my_short = my_short >> 3;

short_ptr = &my_short;

short_ptr++;

c. Final value of my_short is                                (in hex)
short my_short = 0x55;  // Assume my_short is located at 0xFFFF_FFFE
short *short_ptr;

short_ptr = &my_short;

short_ptr++;

my_short++;

if(short_ptr){

  my_short = 0x44;

}

else {

  my_short = 0x33;

}

d. Final value of flag is                                (in decimal)
signed char ch = -128;

signed char flag = 0;

ch--;

if(50 > ch){

  flag = 1;

}

e. Final value of ch is                                (in decimal)
unsigned char ch;  // Assume ch is located at 0xFFFF_FF00
unsigned char *ch_ptr = 0xFFFF_AAAA;

ch = (*ch_ptr) << 8;

if(ch < 0x55){

  ch = 1;

}
Collaboration Documentation

List the people (First and Last name) you collaborated with:                                                                .  
For each collaborator, describe the manner in which you collaborated:

1) 

2)

3)
