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Assembly/Dissassembly

CS 245 Assembly Language Programming
Assembly/Dissassembly

 

Text: Computer Organization and Design, 4th Ed., D A Patterson, J L Hennessy
Section 2.5-2.7
 

Objectives:  The Student shall be able to:

· Convert assembly language instructions into machine code and vice versa.

 

Class Time:

Assembling Instructions


1.5 hour


Exercise: Assembler/Disassembler

1.5 hour

            Total                                                                3 hours

            

Playing Assembler

I-Instruction Formatting:

Translate Instruction:

Original Instruction:


lw   $t1, 10($s1)

Translate registers:


lw   $9, 10($17)

Convert to binary:


lw    1001,  1010 (10001)

Move to appropriate field:

	Opcode:  lw

(6 bits)

0x23=10 0011
	Register Source

(5 bits)

10001
	Register Dest

(5 bits)

01001
	Offset

(16 bits)

…1010


Convert to hex:                  1000=8    1110=e        0010=2               1001=9   000    1010=a        

Format is used for instructions using offsets (loads, stores, branches) and immediates (loads, adds).

Note:  Reference Card shows how register translation can occur.

R-Instruction Formatting:

Translate Instruction:

Original Instruction:


add   $t3, $s1, $s3

Translate registers:


add   $11, $17, $19

Convert to binary:


add   1011, 10001, 10011

Move to appropriate field:

	Opcode:Add

(6 bits)

0x0=000000
	Reg. Source1

(5 bits)

10001
	Reg. Source2

(5 bits)

10011
	Reg. Dest

(5 bits)

01011
	ShiftAmt

(5 bits)

00000
	Function Code

(6 bits)

0x20=10 0000


         0000=0         0010=2  0011=3           0011=3       0101=5     1000=8 0010=2 0000=0

J-Instruction Formatting:

Translate Instruction:

Original Instruction


jal   prt_out

Move to appropriate field:

	Opcode: Jump & Link

(6 bits)

0x3=000011
	Target

(26 bits)

???


Converting from Machine Code to Assembly

Take an instruction: Example 0x02335820

Step 1: Convert to binary:

Example: B 0000 0010 0011 0011 0101 1000 0010 0000

Step 2: Check opcode:

If opcode is zero, then instruction is R-format.  

Example: Yes!  6-bit opcode is zero. Instruction is R-format.

Step 3: Format binary according to instruction type

Look at cheat sheet to find instruction layout.
Example: Op:000000 RS:10001 RT:10011 RD:01011 SA:00000 FC:100000

Step 4: Translate fields

Convert registers to decimal, opcode & function code to hexadecimal.

Keep straight the format: decimal or base 16.
Example: Opcode=0   RS=$17  RT=$19  RD=$11  SA=0  FC=0x20

Example:                     RS=$s1  RT=$s3  RD=$t3               FC=add

Step 5: Reorder instruction

Last register (RD or RT) goes first.

Example:     add     $t3,$s1,$s3
Done!  We have converted back the instruction from the previous page.

Important Questions for Discussion:

· How many words from a register can an offset be?

· If the offset is used from the $sp register, what is being accessed?  What instructions would we want to use the $sp register for?

· If the offset is used from the $pc register, what is being accessed?  What instructions would we want to use the $pc register for?

· If the offset is used from the $gl register, what is being accessed?  What instructions would we want to use the $gl register for?


Design considerations:

· Assembly Language instructions in general have 2-3 operands

· Constrained by the size of the instruction (# of bits)

· Simplicity favors regularity:  Consistency in instruction formatting makes hardware less complex

Exercise 1:  Play Assembler and Disassembler:
Use your MIPS Reference Card to convert to and from machine code.


Machine Code



Assembly Code





(

lw 
$t0, 4($s3)





(

addu  
$t1,$0,$t0


0x 01  09  50  20
(

0x  ae  6a  00  08
(
Exercise 2:  Programming a Disassembler

A dissassembler converts Machine Code to Assembly Code.  Take the following instructions and write assembly code to extract each field and store to consecutive bytes in the same order that they exist in the Assembly instruction.  You should use andi and shift instructions to complete this.  I have started the code for you.

Shift Left Logical: 
sll   $s3,$s3,4

la
$s5, parsed

# $s5 = parsed (byte array)


lw
$s1, sllInstr

# $s1 = sll_instruction

srl
$s2,$s1, 26

# opcode = sll_instruction >> 26

sb
$s2, 0($s5)

# parsed[0] = opcode



Load Word:

lw   $s3,5($s1)

