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Y86-64 Instruction Set #3
Byte 0 1 2 3 4 5 6

7 8 9

halt

nop

cmovXX TA, B

irmovq V, B [3]0]® [8] v ]
rmmova 1A, D(B) [4 [ o [ra]r8] D
addg
nrmova D(B), 1A [5 Jo Ja]m] D
subg
andg
XX Dest | 7 ‘fnl Dest
xorq
call Dest [e]0] Dest

ret

pushg rA

A
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Y86-64 Instruction Set #4

Byte 0 7 P
halt jle
nop jl
cmovXX rA, 1B je
srmova V, 8 [3]0]F @] v /’ sne
rmnova rA, D(B) [4 o [ra]s] ) / jge
nrmova D(B), rA [5]ora]rs] L) / ig

opg A, B

XX Dest | 7 ‘ fnl Dest |

call Dest [e]0] Dest ]

ret

pushg rA

Poga A CS:APP3e
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Encoding Registers
Each register has a 4-bit ID

518
$r9

$r10

+r1l

trax 8
9
A
B
iri2 | C
D
E
F

trex
#trdx
#rbx

%rsp
#zbp
rsi
%rdi

%13
4rid

<|of|u]alw/nrlo

[No Register]

= Same encoding as in x86-64

Register ID 15 (0xF) indicates “no register”
= Will use this in our hardware design in multiple places

== CS:APP3e

Instruction Example

Addition Instruction
Generic Form

/I/ Encoded Representation

= Add value in register rA to that in register rB
® Store resultin register rB
@ Note that Y86-64 only allows addition to be applied to register
data
= Set condition codes based on result
m e.g., addg $rax,%rsi Encoding: 60 06
= Two-byte encoding
® First indicates instruction type
-10- e Second gives source and destination registers CS:APP3e
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Arithmetic and Logical Operations

Instruction Code Function Code )
Add = Refer to generically as

“OPq”
addq rA, 1B nn

I = Encodings differ only by
Subtract (rA from rB)

“function code”
® Low-order 4 bits in first

subq rA, B instruction word
= Set condition codes as
And side effect
andq rA, 1B
Exclusive-Or
xorq rA, rB I
== CS:APP3e

Move Operations

Register =& Register

Immediate = Register
v | |

Register & Memory

| rrmovqrA, 1B ﬂn

I irmovqV, B [3[0]F[B]

| enmovara, D (r8)[2 [0 oARE] B |

Memory = Register

mrmovq D (rB), rA [5 [0 JrA[rB] ) ]

= Like the x86-64 movq instruction
= Simpler format for memory addresses

m Give different names to keep them distinct GEaEEs

11
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Move Instruction Examples

X86-64 Y86-64
movqg $0xabed, %$rdx | | irmovq $0xabcd, %$rdx |

Encoding: 30 82 cd ab 00 00 00 00 00 00

movqg %rsp, %$rbx | | rrmovq $rsp, %rbx |

Encoding: 20 43

movq -12 ($rbp) , $rex | | mrmovq -12 ($rbp) , $rcx |

Encoding: 50 15 f4 ff £f ff ff £f ff ff

movqg %rsi,Ox4lc (%rsp) | | rmmovqg %rsi,Oxdlc(%rsp*

Encoding: 40 64 1c 04 00 00 00 00 00 00

13- CS:APP3e

Conditional Move Instructions
Move Unconditionally

rrmovqrA, rB
Move When Less or Equal
| cmovlerA, rB
Move When Less
| cmovlrA, rB | 2 ‘ 2 |rA‘rB|

= Refer to generically as
“cmovXx”

= Encodings differ only by
“function code”

= Based on values of
condition codes

MovewhenlEqual = Variants of rrmovg

| cmove A, IB 2|3 |rAlrB] I instruction

Move When Not Equal ® (Conditionally) copy value

| e 214 rAlrB from source to destination
register

Move When Greater or Equal

| cmovge rA, IB [2]5]rAlr8]

Move When Greater

| cmovg A, rB 2| 6|rA|rB

—14— CS:APP3e
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Jump Instructions
Jump (Conditionally)
jxxDest [7]fn] Dest |i

= Refer to generically as “jxx”

= Encodings differ only by “function code” fn
= Based on values of condition codes

= Same as x86-64 counterparts

= Encode full destination address
® Unlike PC-relative addressing seen in x86-64

_15- CS:APP3e

Jump Instructions

Jump Unconditionally

3mp Dest [7]0] Dot 1|
Jump When Less or Equal
| s1evest T5] Dot 1|
Jump When Less
| j1Dest [7]2] Dest ||
Jump When Equal
| jeDest [7]3] Dest ||
Jump When Not Equal
| jneDest [7]4] Dest ||
Jump When Greater or Equal
| jgeDest [7]5] Dest ||
Jump When Greater
| jgDest [7]6] Dest ||

—16- CS:APP3e
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Y86-64 Program Stack
Stack . .
“Bottom” = Region of memory holding
program data
= Used in Y86-64 (and x86-64) for
supporting procedure calls
= Stack top indicated by $rsp
. ® Address of top stack element
IElERSIDg . = Stack grows toward lower
Addresses
. addresses
® Top element is at highest
address in the stack
® When pushing, must first
decrement stack pointer
—srsp o Aft_er popping, increment stack
Stack “Top” pointer
17— CS:APP3e

17

16

Stack Operations

| pusnara |

= Decrement $rsp by 8
= Store word from rA to memory at $rsp
m Like x86-64

IEScozc)

= Read word from memory at $rsp
= Savein rA

= Increment $rsp by 8

m Like x86-64

—18-— CS:APP3e
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call Dest [8]°]

/* Find number of elements in long len2(long *a)
null-terminated list */ {

long len(long a[l]) L3: long ip = (long) a;

{ addq $1,%rax long val = *(long *) ip;
long len; cmpg  $0, (%rdi,$rax,8) long len = 0;
for (len = 0; a[len]; len++) jne L3 while (val) {

; ip += sizeof(long);

return len; len++;

} val = *(long *) ip;

}

return len;




Y86-64 Code Generation Example #3

len:
irmovqg $1, %r8 # Constant 1
irmovqg $8, %r9 # Constant 8
irmovqg $0, %rax # len =0
mrmovq (%rdi), %$rdx # val = *a
andq $rdx, %rdx # Test val Y N
je Done # If zero, goto Done

Loop: $rax len
addq $r8, $%rax # len++ srdx il
addq $r9, %rdi # at++
mrmovq (%rdi), %$rdx # val = *a *r8 1
andq $rdx, %rdx # Test val %$r9 8
jne Loop # If '0, goto Loop

Done:
ret

25— CS:APP3e

Y86-64 Sample Program Structure #1
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Y86-64 Program Structure #2

init: # Initialization
oo = Program starts at
caliguay address 0
halt
= Must set up stack
.align 8 # Program data ® Where located
array: ® Pointer values
©® Make sure don’t
overwrite code!
Main: # Main function .
. = Mustinitialize data
call len
len: # Length function
.pos 0x100 # Placement of stack
Stack:
26— CS:APP3e

init:
# Set up stack pointer = Program starts at
irmovqg Stack, %rsp address 0
# Execute main program
call Main = Must set up stack
# Terminate = Mustinitialize data
hal 2
alt = Can use symbolic
# Array of 4 elements + terminating 0 NS
.align 8
Array:
.quad 0x000d400040004000d
.quad 0x00c000c000c000c0O
.quad 0x0b000b000b000b00
.quad 0xa000a000a000a000
.quad 0
27— CS:APP3e
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Y86-64 Program Structure #3

Main:
irmovq array,%rdi
# call len(array)
call len
ret

Set up call to len
= Follow x86-64 procedure conventions
= Push array address as argument

_28- CS:APP3e

Assembling Y86-64 Program

| unix> yas len.ys |

= Generates “object code” file 1en.yo
® Actually looks like disassembler output

| len:
30£80100000000000000 | irmovq $1, %r8 # Constant 1
30£90800000000000000 | irmovq $8, %r9 # Constant 8
30£00000000000000000 |  irmovq $0, %rax # len = 0
50270000000000000000 |  mrmovq (%rdi), %rdx # val = *a
6222 | andg %rdx, %rdx # Test val
73a000000000000000 |  je Done # If zero, goto Done
| Loop:
6080 | addq %r8, S%rax # len++
6097 | addg %r9, %rdi # at++
50270000000000000000 |  mrmovq (%rdi), $rdx # val = *a
6222 | andg %rdx, %rdx # Test val
748700000000000000 |  jne Loop # If 10, goto Loop
| Done:
: 90 | ret
29— CS:APP3e
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Simulating Y86-64 Program

unix> yis len.yo |

= Instruction set simulator
e Computes effect of each instruction on processor state
® Prints changes in state from original

Stopped in 33 steps at BC = 0x13. Status 'HLT', CC Z=1 S=0 0=0
Changes to registers:

$rax:
$rsp: 100
%rdi: 38
%r8: il
%$r9:

Changes to memory:
0x00£0: 3
0x00£8: 13

—30- CS:APP3e
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