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CprE 288 Fall 2024 – Homework 11
Due Wednesday, December 4 (No late submissions accepted)
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. Except 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

Note: Assume 32-bit assembly format/encoding unless otherwise specified.
Question 1: General ARM assembly
As indicated in class, the below readings will be important for the remainder of the semester:

· Textbook (Read)
· Chapter 2.1-2.3, and 2.6.1-2.6.2

· Chapter 4.1 – 4.3

· ARM Instruction Set Manual  (Scan)
· Preface

· Chapter 3

· Chapter 4
· ARM Procedure Call Standard (Scan)
· Section 5

· Section 7.1.1, 7.1.2, 7.2

· ARM Instruction Set 

 HYPERLINK "http://class.ece.iastate.edu/cpre288/resources/docs/ARM-Inst_summary.pdf" Summary  (Read)
· Lecture slides  (Review)
a) What is one advantage of the 32-bit ARM instruction set, and one advantage of the 16-bit ARM-Thumb Instruction set?
b) Describe each of the four fields used to specify an assembly instruction using the Cortex-M4 Assembly Language Syntax.
c) What general purpose do Pseudo instructions provide?
d) How many bytes is a Byte (B), Half word (H), Word, Double Word (D)?
e) Give a brief description of each of the seven addressing modes.
Question 2: ARM Registers and Instruction Format
a) Briefly descript each ARM CPU register, including the status register (total of 17 registers).  For the status register also describe the Z, C, N, and V bits.

b) For the assembly instruction below, in which register is the result of the operation placed? 
ADD R12, R1;

Question 3:  Status Register 
a) What are the result and the values of the Z, C, N, flags in the Status Register after the arithmetic operation a + b that sets the status register? Assume for this problem the ARM registers are only 8-bits in size.  Work out the following table.
In the table, values a and b are 8-bit signed numbers shown in decimal in the range of -128 to 127. In the sixth column, a+b (dec), should be shown as a signed value in range of -128 to 127.  Note all binary columns should be 8-bits.
	a (dec)
	b (dec)
	a (binary)
	b (binary)
	a+b (binary)
	a+b
(dec)
	Z
	C
	N

	64
	32
	
	
	
	
	
	
	

	-50
	-128
	
	
	
	
	
	
	

	-1
	1
	
	
	
	
	
	
	

	64
	96
	
	
	
	
	
	
	


b) What is the difference between MOV and MOVS?
c) What is the value of the Z bit after executing the following sequence of instructions?
MOV  R1, #0
MOVS R2, R1
Question 4 : What is the value of R1 after the following code is run. 
MOVW R1, #0x55

MOVT R1, #0x11

Question 5 : Load and Store. 
a) For LDRB R5, [R3, #0x10]
i) Which register holds the base address to load from?
ii) What is the destination register?
iii) How many bytes are loaded from memory?
b) For STR R7, [R5, #0x2] , if R5 has a value of 0x2000_0000, then to what address will data be stored?
6) Assembly Basics  (See Textbook,  ARM Instruction Set 

 HYPERLINK "http://class.ece.iastate.edu/cpre288/resources/docs/ARM-Inst_summary.pdf" Summary , and Lecture slides)
a) What is the difference in functionality between LDR, LDRB, LDRSB and LDRH?
b) What is the difference in the functionality between i) STR R5, [R7], #4 , and 2) STR R5, [R7,#4]!    ? 
c)  It is possible to encode MOV as a 16-bit instruction, but why must MOVW be encoded as a larger than 16-bit instruction?
d) Using the “ARM Instruction Set Manual”, give the general binary encoding for  STR Rt, [Rn, #Imm8]!  and the specific binary encoding for  STR R5, [R7,#4]!
i) General binary encoding:

ii) Specific binary encoding:

e) Using the “ARM Instruction Set Manual”, give the general binary encoding for  MUL Rd, Rn, Rm  and the specific binary encoding for MUL R8, R10, R9
i) General binary encoding:

ii) Specific binary encoding:

Collaboration Documentation

List the people (First and Last name) you collaborated with:                                                        .  

For each collaborator, describe the manner in which you collaborated:

1) 

2)
