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Writing Y86-64 Code

m Try to use C compiler as much as possible
= Write code in C
= Compile for x86-64 with gcc -Og -S or gcc -01 -S
® Transliterate into Y86-64
= Modern compilers make this difficult

m Coding Example
"= Find number of elements in null-terminated list

long len(long all):;

4 —|5043
6125
7395
4365
0
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Y86-64 Code Generation Example

m First try m Problem
= Write typical array code ® Hard to do array indexing on Y86-64

= We don’t have scaled addressing modes

/* Find number of elements in L3:
null-terminated list */ addg $1,%rax

long len(long a[]) { cmpqg $0, (%rdi,%rax,8)
long len; jne L3

for (len = 0; a[len]; len++);
return len;
} \\\\

= Compile withgece -01 -S

Same as a[len] =0
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Y86-64 Code Generation Example #2

m Second Try

* Write C code that mimics expected
Y86-64 code

* That is, don’t explicitly use array

m Result

® Compiler generates exact same code

® Compiler converts both versions into

as before!

same intermediate form

long len2(long *a) ({
long ip = (long) a;
long val = *(long *) ip;
long len = 0;
while (wval) ({
ip += sizeof (long) ;
len++;
val = *(long *) ip;
}

return len;

L3:

addg $1,%rax
cmpqg $0, (%rdi,%rax,8)
jne L3
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Y86-64 Code Generation Example #3

m Third Try

= Just do it manually

len:

irmovg $1, %r8
irmovqg $8, %r9
irmovg $0, %rax
mrmovq (%rdi),
andg %rdx, %rdx
je Done

$rdx

Loop:

addq %r8, S%rax

addq %r9, %rdi

mrmovq (%rdi),

andg %rdx, %rdx
jne Loop

$rdx

Done:

ret

H 3 H

H H H H

Constant 1
Constant 8
len = 0
val = *a
Test val
If zero, goto Done
len++

at++

val = *a

Test val

If '0, goto Loop

Rogitr | vse

srdi a
Irax len
srdx val
%r8 1
%r9 8
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Y86-64 Sample Program Structure #1

[ | Must Set up Stack init: # Initialization

= Where it is located call Main

= Pointer values halt
) .
= Make sure don’t overwrite .align 8 } Program data
code! array:

® Must initialize data array
" init calls Main, which in turn  |Main: # Main function

calls len R

_ ) _ call len

= (details on following slides)

® This is a good model for lab 3
len: # len function

.pos 0x100 # Placement of stack

Stack:
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Y86-64 Program Structure #2

init:
.pos O # Start at address 0
irmovqg Stack, Srsp # Set up stack pointer
call Main # Execute main program
halt # Terminate

# Array of 4 elements + terminating O
.align 8
array:
.quad 0x0004000d4000d000d
.quad 0x00c000c000c000cO
.quad 0x0b000b000b000bOO0O
.quad 0xa000a000a000a000
.quad O

Program starts at address O (.pos 9)
Set up stack and stack pointer (.pos ©x100)

Initialize data array

Can use symbolic names (labels)
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Y86-64 Program Structure #3

Main:
irmovq array, srdi
call len # len (array)
ret

m Set up call to len
" Follow x86-64 procedure conventions
® Push array address as argument
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Assembling Y86-64 Program

unix> yas len.ys

" Generates “object code” file 1len.yo
= Actually looks like disassembler output

= Notice the byte encodings

0x054: | len:

0x054: 30£80100000000000000 | irmovg $1, %r8
0x05e: 30£90800000000000000 | irmovg $8, %r9
0x068: 30£00000000000000000 | irmovg $0, %rax
0x072: 50270000000000000000 | mrmovq (%rdi), %$rdx
0x07c: 6222 | andg %$rdx, %rdx
0x07e: 73a000000000000000 | je Done

0x087: | Loop:

0x087: 6080 | addg %r8, S%rax
0x089: 6097 | addg %r9, %rdi
0x08b: 50270000000000000000 | mrmovq (%rdi), %rdx
0x095: 6222 | andg %$rdx, %rdx
0x097: 748700000000000000 | jne Loop

0x0a0l: | Done:

0x0a0l0: 90 | ret

H H = H I HF

H H H H K

Constant 1
Constant 8

len = 0

val = *a

Test val

If zero, goto Done

len++
at++

val = *a
Test val

If '0, goto Loop
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Simulating Y86-64 Program

unix> yis len.yo

" Instruction set simulator
= Computes effect of each instruction on processor state

= Prints changes in state from original

Stopped in 33 steps at PC = 0x13. Status 'HLT', CC Z=1 S=0 0O=0
Changes to registers:
%rax: 0x0000000000000000 0x0000000000000004

srsp: 0x0000000000000000 0x0000000000000100
$rdi: 0x0000000000000000 0x0000000000000038
%r8: 0x0000000000000000 0x0000000000000001
%r9: 0x0000000000000000 0x0000000000000008
Changes to memory:

0x00£0: 0x0000000000000000 0x0000000000000053

0x00£8: 0x0000000000000000

0x0000000000000013




# Initial code

.init
irmovq Stack, %rsp Lab 3a starter code

XXX
call sum_list
halt

# Sample linked list

.align 8
elel:
.quad 0x00a
.quad ele2
ele2:
.quad Ox0bo
.quad ele3
ele3:

.quad Oxcoo
.quad O

# long sum_list(list_ptr 1s)
# 1s in %rdi
sum_list:
XXX
done:
ret # return

.pos 0x100

Stack:
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Hint: andq in Y86

m andq performs a bitwise AND operation between two operands
and sets the ZF (zero flag) condition code
= |f the result of the andq operation is zero, the ZF flag is set to 1
= |f the result of the andq operation is non-zero, the ZF flag is setto 0

m When you want to test for null pointers using andq, check the
value of the ZF flag after the andq operation

m je only jumps if the ZF flag is set to 1, meaning the result of the
andqg operation was zero, indicating a null pointer

m In x86, we usually use testq instead of andg which is more
intuitive. But andq works in a similar way in Y86.
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