1. Assembling and Disassembling

1. Convert instruction “addq $t0, $t1, $t2” to binary and hexadecimal. 

Answer: 

The identifiers t0, t1, t2 are symbolic names for registers 1, 2 and 3 in decimal.

	Field
	opcode
	regA
	regB
	Padding
	Literal flag
	Function
	regC

	Hex
	0x10
	0x01
	0x02
	0x0
	0x0
	0x20
	0x3

	Binary
	010000
	00001
	00010
	000
	0
	0100000
	00011


In binary grouping the bits in lots of 4, we get

0100 0000 0010 0010 0000 0100 0000 0011

In hexadecimal, we get

0x40220403

2. Interpret instruction 0x4e003410 in hexadecimal to assembly instruction format.

Answer:


Writing this in binary, we get


0100 1110 0000 0000 0011 0100 0001 0000


interpret this, we get table

	Field
	opcode
	regA
	Literal value
	Literal flag
	Function
	regC

	Binary
	010011
	10000
	00000001
	1
	0100000
	10000

	Hex
	0x13
	0x10
	0x1
	0x1
	0x20
	0x10



So we get the instruction “mulq $16, 1, $16”.

Because the regA and regC are same, so the original instruction may be 

“mulq $a0, 1” or “mulq $a0, 1, $a0”.

3. Convert instruction “ldq $t0, -1($t0)” to binary and hexadecimal. 

Answer: 

The identifier t0 is symbolic name for register 1 in decimal. 

	Field
	opcode
	RegA
	regB
	displacement

	Hex
	0x29
	0x01
	0x01
	0xffff

	Binary
	101001
	00001
	00001
	1111 1111 1111 1111


In binary grouping the bits in lots of 4, we get


1010 0100 0010 0001 1111 1111 1111 1111

In hexadecimal, we get

0xa421ffff

2. Calculate values in registers after executing a set of instructions

Exercise 1:

Suppose we have the following values in registers

$t0 0x55

$t1 0x68

$t2 0x24

$t3 0xfffffffffffffff3

How will the registers change after executing the instructions?

(1) subq $t0, 1;

(2) addq $t1, 0x45;

(3) addq $t2, 0x94;

(4) addq $t3, 0x94;

(5) mulq $t1, 0x4;

Answer: 

(1) $t0: 0x54

(2) $t1: 0xad

(3) $t2: 0xb8

(4) $t3: 0x87

(5) $t1: 0x2b4

Exercise 2:

Suppose we have the following values in registers

$t0: 0x54

$t1: 0x2b4

$t2: 0xb8

$t3: 0x87

How will the registers change after executing the instructions?

(1) subq $t0, $t1, $t1;

(2) addq $t0, $t1;

(3) subq $t2, 0x124, $t3;

Answer:

(1) $t1: 0xfffffffffffffda0

(2) $t0: 0xfffffffffffffdf4

(3) error: 0x124 is out of range, it can’t be more than 8 bit. You can use instruction like, ldiq, lda, and ldah when the second operand is more than 8 bit.

Exercise 3:

Suppose we have the following values in registers

$t0: 0xfffffffffffffdf4

$t1: 0xfffffffffffffda0

$t2: 0xb8

$t3: 0x87

How will the registers change after executing the instructions?

(1) and $t0, $t1;

(2) bic $t1, 0x55;

(3) bis $t2, $t1, $t1;

(4) eqv $t1, 0x23;

(5) ornot $t3, $t2;

(6) xor $t3, $t1;

Answer:

(1) $t0: 0xfffffffffffffda0
(2) $t1: 0xfffffffffffffda0
(3) $t1: 0xfffffffffffffdb8
(4) $t1: 0x264
(5) $t3: 0xffffffffffffffc7
(6) $t3: 0xfffffffffffffda3
Exercise 4:

Suppose we have the following values in registers

$t0: 0xfffffffffffffda0

$t1: 0x264

$t2: 0xb8

$t3: 0xfffffffffffffda3

How will the registers change after executing the instructions?

(1) sll $t1,$t3;

(2) srl $t2,$t2;

(3) sra $t3,0x4,$t0;

(4) srl $t3,0x4;

Answer:

(1) $t1: 0x132000000000

(2) $t2: 0

(3) $t0: ffffffffffffffda
(4) $t3: 0fffffffffffffda
Exercise 5:
Write assembly code to allocate memory for a byte array. The byte array will be used to store asciiz string with max size as 10.

Answer:

abs{


BUFFERSIZE = 10

}

data{


align quad;

buffer:


byte [BUFFERSIZE + 1];

}

3. Memory allocation

Exercise 1: 

Draw a memory table to display how following data is stored in memory. Suppose label “value0” refers to memory address 0x000000.


data{



value0:

asciiz
“ab”;



value1:

byte
0x12;



value2:

long
0x3456;



value3:

quad
0x87654321;


}

Answer:

	Address
	Label
	Content
	Address
	Label
	Content

	0x000000
	value0
	0x61
	0x000008
	value3
	0x21

	0x000001
	
	0x62
	0x000009
	
	0x43

	0x000002
	
	0x00
	0x00000a
	
	0x65

	0x000003
	value1
	0x12
	0x00000b
	
	0x87

	0x000004
	value2
	0x56
	0x00000c
	
	0x00

	0x000005
	
	0x34
	0x00000d
	
	0x00

	0x000006
	
	0x00
	0x00000e
	
	0x00

	0x000007
	
	0x00
	0x00000f
	
	0x00


Exercise 2: 

Draw a memory table to display how following data is stored in memory. Suppose label “value0” refers to memory address 0x000000.


data{



align

quad;

value0:

asciiz
“ab”;



align

word;

value1:

byte
0x12;

align 

long;

value2:

word
0x3456;



value3:

long
0x7890;


}

Answer:

	Address
	Label
	Content
	Address
	Label
	Content

	0x000000
	value0
	0x61
	0x000008
	value2
	0x56

	0x000001
	
	0x62
	0x000009
	
	0x34

	0x000002
	
	0x00
	0x00000a
	
	0x00

	0x000003
	
	0x00
	0x00000b
	
	0x00

	0x000004
	value1
	0x12
	0x00000c
	value3
	0x90

	0x000005
	
	0x00
	0x00000d
	
	0x78

	0x000006
	
	0x00
	0x00000e
	
	0x00

	0x000007
	
	0x00
	0x00000f
	
	0x00


