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Compilers & Assemblers


Cs 245 Assembly Language
Compilers & Assemblers

 

Text: Computer Organization and Design, 4th Ed., D A Patterson, J L Hennessy
Sections 2.12, B.1-B.4

 

Objectives:  The Student shall be able to:

· Describe the functions a compiler, assembler, linker and loader perform.

· Define global label, symbol table, relocation information, unresolved reference, external reference.

· Describe an object file and executable.

· Describe how a Dynamically Linked Library works

· Describe 5 methods a compiler uses to optimize speed of code.

 

Class Time:


Lecture




2 hours


Lab





1 hour

            Total                                                                3 hours

Assembling Programs


[image: image1]
Assembler: Converts assembly language code into machine language, to be stored in the object file.


addi   $s1,$s2,3                                         
11010001100101


sw     $s1,result                                         
01101100???????

j        Pr_Table     



011101?????????

Consider:

· Problem 1: Can Jump or Load data in another .asm file.

· Problem 2: When object files merge together: labels move; data in data section move.

· Affected instructions: jump, lw/sw, la

· Not affected: branch, R-format instructions.

· Therefore Assembler cannot translate complete instruction always.

Solving Problem 1 & 2:

· Assembler usually makes two passes: first to find labels, then to fill in goto addresses.

· External Address:  Labels must be declared global if they are to be referenced outside of the file.  Think of:
· Labels are categorized into local or global, depending on whether they are listed in the .global directive


.globl
main, pr_ascii

· Unresolved Address:  A label that is not defined in the current file

· The Assembler cannot resolve these address references when assembling a single file
· Example Unresolved Address:  Code A refers to data in Code B.

· Example External Address:  Code A makes its global data accessible to Code B.

· An Unresolved Address hopefully becomes resolved by the linker using External Addresses in other files.

Object File is produced by Assembler:

· Object file header: Size and location of remainder parts of file

· Text segment: machine language code

· Data segment: data in binary form

· Relocation Information: Addresses of instructions referencing absolute addresses 

· Linking moves labels and data around so absolute address references must then be updated in instructions
· Symbol Table:  Lists addresses for labels: globals and unresolved references

· Debugging Information:  Used to de-reference high-level language source file during debugging.

Example:

Assume: $gp = 0x10000000

Relocation Information

0x00400000
lw
$a0,????($gp)

0x00400020
jal
????


0x00400100
sw
$a1,????($gp)

Symbol Table:


0x10000000
x:
<- In file XXX.s


0x10000000
y:  
<- In file YYY.s

Linker: Resolves unresolved address references

· Sequences all Object files into a single memory outline

· Data are appended into the Data Section

· Instructions are appended into the Text Section

· Determines the addresses of all external references

· Resolves all unresolved (external) address references 

· Updates any relocated instructions referencing absolute addresses

· Produces an executable file, typically of same format as Object File

Example:

Assume: $gp = 0x10000000

· In actuality, $gp is set to 0x10008000 because then more addresses can be accessed via relative addressing.

Relocation Information: Text Segment replacement

0x00400000
lw
$a0,0($gp)

0x00400020
jal
400100


0x00400100
sw
$a1,20($gp)

Symbol Table: 

0x10000000
x:
<- From file XXX.s


0x10000020
y:  
<- Relocated from file YYY.s

Loader:  Loads a file from disk into memory for execution

· Creates an address space for the program of size indicated by the Executable header

· Copies the instructions and data into the address space

· Initializes the stack by putting arguments onto the stack

· Initializes the processor’s registers.

· Jumps to a start-up routine that calls main.  When main returns, terminates program.

Dynamically Linked Libraries (DLL):
Special libraries (data communications, math, threads, …) may need to be linked into the executable.  However –

· Libraries are updated with new versions

· Libraries extend the size of the executable

· Libraries may not always be used

· Libraries may be shared between programs

Solution:

· Link in a stub instead of the library wherever a function in the library is called.

· When the function is called, the stub links the library at that time
· Subsequent function calls call the library routine directly

This procedure is used by MS Windows & Unix

Compilers

Compiler converts source code from a high-level language into a target language.

How do you optimize compilers?

Passes completed by a Compiler 

(with example optimizations)
|

V

Front end per Language:  

Function:  Translate language to common intermediate form

|

V
High-level Optimizations:  

Function:  Perform optimizations independent of machine type

· Loop Unrolling:  Short loops can be de-looped

· Inlining or Procedure Integration:  Short procedures can be inserted where called instead of doing a function call

|

V
Global Optimizer:  

Function:  Perform optimizations relative to machine

· Optimize use of registers:  Minimize loading of registers: Keep popular variables in registers.

· Spilling Registers:  Saving registers to memory when all data being used does not fit

· Constant Propagation:  Replace variables which are assigned constants with constants

· Copy propagation:  If a variable has multiple copies, use single variable

· Dead code elimination:  Eliminate instructions and variables that are not used.

· Induction variable elimination:  Replace loops using array indexing with pointer increments

|
V
Code Generator:

Function:  Select optimized assembly language instructions
· Strength reduction:  Use shift left instead of multiply, when possible

· Pipeline scheduling:  Reorder instructions to improve instruction execution speed

Discussion:  
Why do compilers have to be conservative when implementing these optimizations?

Why do you NOT want to program these optimizations into high level languages directly?

Ways Assembly Language Programmers can outdo a Compiler:

· Using a common register convention across function calls (Special commonly-used variables)

· Using a string copy or pattern matching loop assembly instruction, instead of programming loops in assembly
However, code can be produced much quicker in a higher level language than assembly language!!

Exercise: Code Optimization

########################################################

#   CS 355 Assignment
#

#   This program calculates the sum of the even integers

#   from 1 through 20.  It stores each partial sum in 

#   an array in memory.

#   Result = 2, 6, 12, 20, 30, 42, 56, 72, 90

########################################################


.data

array: .word 0,0,0,0,0,0,0,0,0,0


.text


.align 2


.globl main

main:


li
$t0,2


#t0 = 2


la
$s1,array

#s1 = memory address of array

######################


lw
$t1,0($s1)

#t1 = array(0)


add 
$t2,$t1,$t0

#t2 = t1 + t0



sw 
$t2,0($s1)

#put the answer in array(0)

#####################


addi
$t0,$t0,2

#t0 = t0 +2


lw
$t1,0($s1)

#t1 = array(0)


add 
$t2,$t1,$t0

#t2 = t1 + t0



sw 
$t2,4($s1)

#put the answer in array(4)

#####################


addi
$t0,$t0,2

#t0 = t0 +2


lw
$t1,4($s1)

#t1 = array(4)


add 
$t2,$t1,$t0

#t2 = t1 + t0



sw 
$t2,8($s1)

#put the answer in array(8)

#####################


addi
$t0,$t0,2

#t0 = t0 +2


lw
$t1,8($s1)

#t1 = array(8)


add 
$t2,$t1,$t0

#t2 = t1 + t0



sw 
$t2,12($s1)

#put the answer in array(12)

#####################


addi
$t0,$t0,2

#t0 = t0 +2


lw
$t1,12($s1)

#t1 = array(12)


add 
$t2,$t1,$t0

#t2 = t1 + t0



sw 
$t2,16($s1)

#put the answer in array(16)

#####################


addi
$t0,$t0,2

#t0 = t0 +2


lw
$t1,16($s1)

#t1 = array(16)


add 
$t2,$t1,$t0

#t2 = t1 + t0



sw 
$t2,20($s1)

#put the answer in array(20)

#####################


addi
$t0,$t0,2

#t0 = t0 +2


lw
$t1,20($s1)

#t1 = array(20)


add 
$t2,$t1,$t0

#t2 = t1 + t0



sw 
$t2,24($s1)

#put the answer in array(24)

#####################


addi
$t0,$t0,2

#t0 = t0 +2


lw
$t1,24($s1)

#t1 = array(24)


add 
$t2,$t1,$t0

#t2 = t1 + t0



sw 
$t2,28($s1)

#put the answer in array(28)

#####################


addi
$t0,$t0,2

#t0 = t0 +2


lw
$t1,28($s1)

#t1 = array(28)


add 
$t2,$t1,$t0

#t2 = t1 + t0



sw 
$t2,32($s1)

#put the answer in array(32)

#####################


addi
$t0,$t0,2

#t0 = t0 +2


lw
$t1,32($s1)

#t1 = array(32)


add 
$t2,$t1,$t0

#t2 = t1 + t0



sw 
$t2,36($s1)

#put the answer in array(36)


jr
$ra

For Hackers Only:  The group with the most efficient unrolled loop and loop example will get check+.

1)  This is an example of loop unrolling.  Calculate the number of instructions required to execute this code.  How many words of memory must be allocated in the text section for this code?

2)  How can you make this code more efficient?  Indicate the coding changes above.  Recalculate the number of instructions executed and the size of the text section.

3)  Program this logic instead with a loop.  One student coded this in 10 words (in the text section).  Can you meet this?  Write the code below.  How many executed instructions are required for a version which includes a loop?
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