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mov] sebp, %ecx
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Motivation

movl secx, =ebp
movl Sebx, %ecx
movl Bedi, %e=bsx
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cltd
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* idiv implicitly clobbers %edx
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Motivation

movl Secx, %ebp %edx
movl %ebx, %ecx

movl 3edi, %ebx P

novl Sedx, Iedi

cltd

movl (%2=p), 3esi

idivl Zesi
movl Bedi, %edx

rnovl 3ebx, %edli
movl %ecx, %=bx
mov] sebp, %ecx

* idiv implicitly clobbers %edx




Motivation

%edx

[ movl $edx, %ebp } 4

cltd
movl L (pesp), %esi
idiv] Lesi

[ movl %ebp, %edx ]

* idiv implicitly clobbers %edx
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Greedy Register Allocator Overview
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Live Interval Analysis

BB#0:
X=...
BB#1:
e = 00X
<4




Live Interval Analysis

* Earlier pass named Slotindexes added numbering to the instructions

000 BB#0:
001 x=...
002 ...

/

003 BB#1:
004 ... =...X...
005
<
006 BB#2:
007 ...
008 ... =...X...
009




Live Interval Analysis

* Analyze x’s live interval

000 BB#0:
001 x=...
002 ...

/

003 BB#1:
004 ... =...X...
005
<
006 BB#2:
007 ...
008 ... =...X...
009




Live Interval Analysis

* Look for uses and defs

000 BB#0:
001 x=...
002 ...

/

003 BB#1:
004 ... =...X...
005 ...
<
006 BB#2:
007 ...
008 ... =...X...
009




Live Interval Analysis

* Connect them into intervals

000 BB#0:
001 x=...
002

003 BB#1:

004 ... =...X...
005

<

006 BB#2:
007 ...
008 ... =...X...

009




Live Interval Analysis

* Represented x’s liveness as a collection of segments
X

88? 52#?: [001, 004), [006, 008)

002 ...

003 BB#1:

004 ... =...X...
005 ...

<

006 BB#2:
007 ...
008 ... =...X...

009
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Spill Weight Calculation

* Intervals calculated by Live Interval Analysis




Spill Weight Calculation

* Estimate spill weight of each interval based on interval characteristics
w X y z

* W has uses in a hot loop

 Higher spill weight

* X is cheaply rematerializable
* Lower spill weight
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Priority Queue Construction

* Calculate interval allocation priority and insert into the queue
w X y y 4

Priority Queue




Priority Queue Construction

* Calculate interval allocation priority and insert into the queue
X y y 4

« w is local in one basic block
» Lower allocation priority

Priority Queue




Priority Queue Construction

* Calculate interval allocation priority and insert into the queue

« X is global and spans across a lot of instructions
* Higher allocation priority

Priority Queue




Priority Queue Construction

* Calculate interval allocation priority and insert into the queue

Priority Queue

W K1




Priority Queue Construction

* Calculate interval allocation priority and insert into the queue

Priority Queue

W |z K1




Priority Queue Construction

* The Priority Queue will always dequeue the interval with the highest priority

Priority Queue

W |z K1




Greedy Register Allocator Overview
Calculation Construction

* General flow

Live Interval
Analysis

Register
Assignment




Greedy Register Allocator Overview

* General flow

Live Interval Spill Weight Priority Queue
Analysis Calculation Construction

For every interval in queue
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Register Assignment

* RO, R1 are the physical registers in the system

RO R1




Register Assignment

RO R1

Priority Queue

MEE




Register Assignment

* Dequeue interval with highest priority
RO R1

Priority Queue

w
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Register Assignment

* Assign to available register if possible

RO R1

Priority Queue

w




Register Assignment

* Dequeue interval with highest priority
RO R1

‘I Priority Queue




Register Assignment

w

‘I Priority Queue




Register Assignment

* Assign to available register if possible

RO R1

‘I Priority Queue

w




Register Assignment

* Dequeue interval with highest priority
RO R1

Priority Queue




Register Assignment

‘I Priority Queue




Register Assignment

* Interference with x in RO

Priority Queue




Register Assignment

* [Interference with z in R1

Priority Queue




Greedy Register Allocator Overview
Calculation Construction

* General flow

Live Interval
Analysis

Register
Assignment




Eviction

w RO R1

Priority Queue




Eviction

* Compare spill weights of interfering intervals
R1

RO
E E3
Priority Queue




Eviction

* X cheaper than w

Priority Queue




Eviction

* Evict x

Priority Queue




Eviction

* Assign w

RO R1

‘I Priority Queue

- -




Eviction

RO R1

‘I Priority Queue




Eviction

* Enqueue x back to the queue

« Usually receives the same allocation priority RO R1

‘I Priority Queue




Register Assignment

RO R1

‘I Priority Queue

X




Register Assignment

* Dequeue interval with highest priority
RO R1

Priority Queue




Register Assignment

Priority Queue




Register Assignment

* Interference with w in RO

Priority Queue




Register Assignment

* Interference with z in R1

Priority Queue




Eviction

* Compare spill weights of interfering intervals

« (Can we Evict?

RO R1

i

‘I Priority Queue

-
_
-
b




Eviction

* Compare spill weights of interfering intervals

« (Can we Evict? No! RO R1

i

* X is the cheapest one

‘I Priority Queue

i
i
0
=




Register Assignment




Register Assignment

* Mark x to be split
x* RO R1

Priority Queue




Register Assignment

RO R1

‘I Priority Queue




Register Assignment

« Enqueue x* back to the queue

Intervals marked to be split receive lower allocation priority RO R1

Priority Queue




Register Assignment

RO R1

x*

‘I Priority Queue




Register Assignment

* Dequeue interval with highest priority
RO R1

Priority Queue




Register Assignment

‘I Priority Queue




Register Assignment

* Assign to available register if possible

RO R1

‘I Priority Queue




Register Assignment

* Dequeue interval with highest priority
RO R1

Priority Queue




Register Assignment

* X is marked to be split

RO R1

x
*

Priority Queue
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Split

* Is split beneficial?

RO R1

x
*

Priority Queue




Split

* Is split beneficial?

* (Assume) Yes! RO R1

x
*

Priority Queue




Split

* Is split beneficial?

* (Assume) Yes! RO R1

* Find the best way to split

Priority Queue




Split

* Do the split

 Add COPY instruction
between the intervals

Priority Queue

x* x1 X

_. mn_ _

2

X2 =
'.' COPY x1

x1 =
COPY x2

RO

R1




Split

x1 X2 RO R1

Priority Queue




Split

 Calculate spill weights

* Split artifacts may receive higher weight x1 X2 RO R1
than the original interval

Priority Queue [ ]

-




Split

RO R1

Priority Queue




Split

* Enqueue x1, x2 into the queue

« This will also calculate their allocation priority RO R1

Priority Queue




Register Assignment

RO R1

‘I Priority Queue




Register Assignment

* Dequeue interval with highest priority
RO R1

‘I Priority Queue




Register Assignment

x1 RO R1

‘I Priority Queue




Register Assignment

* Assign to available register if possible

RO R1

‘I Priority Queue




Register Assignment

* Dequeue interval with highest priority
RO R1

Priority Queue




Register Assignment

X2 RO R1




Register Assignment

* Interference with y in RO

Priority Queue




Register Assignment

* [Interference with z in R1

X2 RO R1

Priority Queue




Register Assignment

X2 RO R1




Eviction

* Compare spill weights of interfering intervals
X2 RO R1

Priority Queue




Eviction

* y cheaper than x2

x2 RO R1

Priority Queue




Eviction

* Evicty
X2 y RO R1

Priority Queue




Eviction

* A split artifact can evict original interval

* Part of the split-eviction X2 y RO R1
gradual refinement

Priority Queue




Eviction

* Assign x2

Priority Queue




Eviction

Priority Queue




Eviction

* Enqueue y back to the queue

Priority Queue




Register Assignment




Register Assignment

* Dequeue interval with highest priority

Priority Queue




Register Assignment




Register Assignment

* Interference with x2 in RO

Priority Queue




Register Assignment

* [Interference with z in R1

Priority Queue




Eviction

* Compare spill weights of interfering intervals
« Can we Evict? y RO R1

Priority Queue

o)




Eviction

* Compare spill weights of interfering intervals
« Can we Evict? No! y RO R1

« yis the cheapest one

Priority Queue

o)



Eviction

Priority Queue




Register Assignment

* Mark y to be split

Priority Queue




Register Assignment

Priority Queue
*




Register Assignment

* Enqueue y* back to the queue

Priority Queue




Register Assignment




Register Assignment

* Dequeue interval with highest priority

Priority Queue




Register Assignment

* Register Assignment

Priority Queue




Split

* Is split beneficial?

Priority Queue




Split

* Is split beneficial?

* (Assume) No! y* RO R1

Priority Queue
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Spill

Priority Queue




Spill

* Spill around uses

« Spill after def y* RO R1

 Reload before use

Priority Queue

spill =

reload —




Spill

* Create new intervals for spills and reloads

Priority Queue

spill =

[E—
spill L
reload ~ N

reload —




Spill

Priority Queue




Spill

* Calculate spill weights

Priority Queue




Spill

+ Spill

Priority Queue




Spill

* Enqueue y1, y2 into the queue

« This will also calculate their allocation y1 y2 RO R1
priority

Priority Queue




Register Assignment




Register Assignment

* Dequeue interval with highest priority

‘I Priority Queue




Register Assignment




Register Assignment

* Assign to available register if possible

RO R1

‘I Priority Queue




Register Assignment

* Dequeue interval with highest priority

RO R1

Priority Queue




Register Assignment




Register Assignment

* Assign to available register if possible

RO R1

Priority Queue
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Motivation

movl secx, =ebp
movl %ebx, %ecx
movl Bedi, %=bx
cltd
mov] (¥==p) , 3es]
idivl $esl

edi

mov]l Sedi, 9’54) . Y ebx o ed|
novl 3ebx, %edi © p o o o)
3 = \
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Exploration

* Why did the register allocator create these redundant mov instructions?

movl secx, =ebp
movl %ebx, %scx
movl 3edi, %s=bx
rnovl Sedx, 3edi
cltd

mov] (%e2=p), 3esi
idivl Sesi

movl Bedi, %edx
rnovl 3ebx, 3edi
movl %ecx, %=bx

mov] sebp, %ecx




Exploration

* Why did the register allocator create these redundant mov instructions?

 Artifacts of split x* x1 X2 movl 3ecx, Zebp
movl %ebx, %scx
movl 3edi, %e=bx
. [ novl Sedx, 3edi }
cltd
mov] (%2=p) , 3esi
_ | s X2 = idivl  %esi
. = -'COPYX1 [m:_wl 3edi, %edx ]
rnovl 3ebx, %edi

movl fecx, %=bx

- __ W= mov 3ebp, %ecx
| ] COPY x2




Exploration

* Why did the register allocator create these redundant mov instructions?

 Artifacts of split movl Yecx, %ebp
movl %ebx, %scx
 If we would have chosen to do the split differently we movl Yedi, %ebx
could have avoided the redundant mov instructions [ movl  %edx, %edi |
cltd
* Why was this way to split was chosen? movl (%e=p), 3esi
idivl Sesi
[ movl 3edi, %edx ]
rnovl 3ebx, %edi
movl fecx, %=bx
mov] sebp, %ecx
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Region Split

* How to find the best way to split?

* How to know if split is RO R1

beneficial?

Priority Queue




Find Best Split

RO R1 R2 Rn

- -




Find Best Split

* The reqisters already have assigned intervals

RO R1 R2 Rn

B
| I

- -

N
[
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Find Best Split

* The reqisters already have assigned intervals

RO R1 R2 Rn

B
| I

- -

BN O
[
B




Find Best Split

* The reqisters already have assigned intervals

* These intervals impose allocation constraints
RO R1 R2 Rn

B
| I

B -
N
1 E
g




Find Best Split

* Do the split of x for each one of the registers

R2 Rn

i
-

- -
1B




Find Best Split

* Do the split of x for each one of the registers

RO R2 Rn

- -
21 BB
| @

:




Find Best Split

* Do the split of x for each one of the registers

RO R1 Rn

- -
T El)R
| @




Find Best Split

* Do the split of x for each one of the registers

RO R1 R2 Rn

2 "
. - i
. _




Find Best Split

* Do the split of x for each one of the registers

« Estimate split cost, e.g. the amount of spill code this split may cause
RO R1 R2 Rn

- -
ol




Find Best Split

* Do the split of x for each one of the registers

Rn

« Choose the cheapest one
RO R2

ANER |

- -
"l W)




Find Best Split

* Do the split of x for each one of the registers

RO R2 Rn

- -
(Il W)
21 BB

| @




Find Best Split for Given Register

* How do we do the best split for a given register R17?

R1

- -




Find Best Split for Given Register

* The region split is usually divided into 2 intervals

X x1 X2 R1
X2 =
. — Lo—- "copm

x1 =
B ™.




Find Best Split for Given Register

* The region split is usually divided into 2 intervals

* ByReg

* Parts of x that pass on R1 register X x1 x2 R1

* Should comply with current allocation ByReg  ByStack

constraints provided by intervals already .
assigned to R1
* ByStack .
* Parts of x that pass on or on the stack [ X2 =
P ) - = COPY x1
* Usually where the already allocated

R1 intervals interfere with x

x1 =
B ™.




Find Best Split for Given Register

* A good split

x1 X2 R1

X
ByReg ByStack
_ _ X2 =

. ) -.'COPY x1

x1 =
B ™.




Find Best Split for Given Register

* A good split

* Reduces the transitions between ByReg and ByStack
x1 x2 R1

« Each such transitions is potentially a
ByReg ByStack

X
spill/reload
» In case ByStack is not allocated to .

another register

* Places the transitions in blocks less - 0 =
frequently executed . =) - -.'COPY x1

x1 =
B ™.




Find Best Split for Given Register

* A good split
* Reduces the transitions between ByReg and ByStack

* Each such transitions is potentially a
spill/reload X x1 X2 R1

. ByR ByStack
* In case ByStack is not allocated to yrieg yStac

another register . .
* Places the transitions in blocks less

frequently executed

. . X2 =
Use Hopfield neural network . _ _ "COPY g

* Converges to a result that satisfies
-
'-' - COPY x2

the above characteristics




Determine if Split is Beneficial

* Split reduces the amount of spills compared to
spilling around uses

BB#0
X=...
I
\ 4
BB#1:
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¥ SN
BB#2: BB#3:
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BB#4: BB#5:




Determine if Split is Beneficial

* Split reduces the amount of spills compared to
spilling around uses

Use/def blocks must have x in a register
at some point

BB#0:

X=...
I
\ 4

BB#1:

¥ SN
BB#2: BB#3:
v v

BB#4:




Determine if Split is Beneficial

* Split reduces the amount of spills compared to
spilling around uses

+ Use/def blocks must have x in a register
at some point

* If the split can create “regions” of several
basic blocks where x is passed by register
this will reduce the amount of spills

* Only if constraints allow it

BB#0:
X=..
v ByReg
BB#1:
¥ SN
BB#2: BB#3:
A4 v

BB#4:




Determine if Split is Beneficial

* Split reduces the amount of spills compared to
spilling around uses

+ Use/def blocks must have x in a register
at some point

* If the split can create “regions” of several
basic blocks where x is passed by register
this will reduce the amount of spills

« Only if constraints allow it — es
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Region Split Cost Issues

* Inaccurate split cost calculation

* Root cause of the following encountered issues

* Does not model the affect of local interference caused by the split
« Makes the split cost inaccurate
« The “cheapest” split may actually be more expensive than other splits

« Can choose suboptimal split




Local Interference

* Find best split of interval x for R1 R1

» Using Hopfield neural network

BB#1:




Local Interference

* Find best split of interval x for R1 R1
» Using Hopfield neural network
« The network determines how x will be passed |

on the CFG edges v
BB#1:




Local Interference

* Find best split of interval x for R1 R1
» Using Hopfield neural network
* The network determines how x will be passed | g

on the CFG edges — ByReg
BB#1:

+ “ByReg” interval or “By stack” interval

/\XZ ByStack
4 ' N




Local Interference

* Find best split of interval x for R1 R1
» Using Hopfield neural network
* The network determines how x will be passed | g

on the CFG edges — ByReg
BB#1:

+ “ByReg” interval or “By stack” interval

« Determined which basic block will have a copy
between these two intervals x2 = x1

/\XZ ByStack
4 ' N




Local Interference

» Find best split of interval x for R1

Using Hopfield neural network

The network determines how x will be passed
on the CFG edges

* “ByReg” interval or “By stack” interval

* Determined which basic block will have a copy
between these two intervals

The Hopfield neural network does not model
what happens to x inside the basic block

R1

BB#1:

/\xz
A ' N

x1

4 ByReg

ByStack




Local Interference

* The Hopfield neural network does not model R1
what happens to x inside the basic block

BB#1:




Local Interference

* The Hopfield neural network does not model
what happens to x inside the basic block

» x split for R1 determined x’s ByReg
interval should enter and leave BB#1

R1

| x1 ByReg

BB#1:

N e

/\)(1 ByReg
& '




Local Interference

* The Hopfield neural network does not model
what happens to x inside the basic block

« x split for R1 determined x’s ByReg

interval should enter and leave BB#1 x1 ByReg

* yin BB#1 is already assigned to R1




Local Interference

« The Hopfield neural network does not model
what happens to x inside the basic block

* x split for R1 determined x’s ByReg
interval should enter and leave BB#1

« yin BB#1 is already assigned to R1
* X is used in BB#1

x1 ByReg

/\)(1 ByReg
& '




Local Interference

* The Hopfield neural network does not model
what happens to x inside the basic block

x split for R1 determined x’s ByReg
interval should enter and leave BB#1

y in BB#1 is already assigned to R1
X is used in BB#1

y interferes with assigning x to R1 locally in BB#1

x1 ByReg

/\)(1 ByReg
& '




Local Interference

» The Hopfield neural network does not model
what happens to x inside the basic block

x split for R1 determined x’s ByReg
interval should enter and leave BB#1

* yin BB#1 is already assigned to R1
* X isused in BB#1

* yinterferes with assigning x to R1 locally in BB#1

* The part of x that contains this local interference
will be added to x’s “ByStack” split artifact

x1 ByReg

x2 ByStack

/\)(1 ByReg
& '




Local Interference

« Local interferences may have very negative affects R1
on assignment of the “ByStack” split artifact

 (Can cause bad eviction chains
* Encountered issues #1, #2 . ¢ x1 ByReg
BB#1:
» Can cause a lot of reloads -
 Encountered issue #3 > ByStack

This affect is not considered during split cost
calculation

“
nmop Wy

/\)(1 ByReg
& '




Encountered Issue

* Bad eviction chain
» Cyclic eviction/split chain — Issue #1

« Domino effect eviction — Issue #2

* Multiple reloads from the same location

* |ssue #3




Encountered Issue #1

 Bad eviction chain — scenario 1

» llvm/test/CodeGen/X86/ movl Jecx, Zebp
greedy_regalloc_bad_eviction_sequence.ll movl tebx, Tecx

movl 3edi, %e=bx
rnovl Sedx, 3edi
cltd
mov] (%e2=p), 3esi
idivl Sesi
movl 3edi, %edx
rnovl 3ebx, %edi
movl fecx, %=bx
mov] sebp, %ecx




Encountered Issue #1

 Bad eviction chain — scenario 1

* llvm/test/CodeGen/X86/ movl 3ecx, %ebp
greedy_regalloc_bad_eviction_sequence.ll movl tebx, fecx
movl Sedi, %ebx
o/oeCX o/oebX o/oedl o/oedX novl Sedx, 3edi
/ cltd
A mov] (%2=p) , 3esi
Y%ebp %ecx %ebx Y%edi idivl  Sesi
movl Bedi, %edx
novl 3ebx, 3edi
movl fecx, %=bx
mov] sebp, %ecx

\A




Encountered Issue #1

 Bad eviction chain — scenario 1

« Cyclic eviction/split chain movl Yecx, %ebp
movl %ebx, %scx
movl 3edi, %s=bx
rnovl Sedx, 3edi
cltd
mov] (%¥e2=p), 3esi
idivl Sesi
movl Bedi, %edx
novl 3ebx, 3edi
movl fecx, %=bx
mov] sebp, %ecx




Encountered Issue #1

 Bad eviction chain — scenario 1

« Cyclic eviction/split chain movl Jecx, %ebp
movl %ebx, %scx
mov]l 3edi, %s=bx

[movl Sedx, 3edi ]
cltd

mov] (%e2=p), 3esi
idivl Sesi

[muvl Bedi, %edx ]
rnovl 3ebx, %edi
movl fecx, %=bx
mov] sebp, %ecx




Encountered Issue #1

 Bad eviction chain — scenario 1

 Cyclic eviction/split chain movl 3ecx, ebp
. ) movl %ebx, %Tecx
« Yy evicts x from edi movl edi, 3ebx
[movl 3edx, Iedl ]
cltd
mov] (%e2=p), 3esi
idivl Sesi
y edi [movl  edi, %edx |
rnovl 3ebx, %edi
movl fecx, %=bx

mov] sebp, %ecx




Encountered Issue #1

 Bad eviction chain — scenario 1

« Cyclic eviction/split chain movl Jecx, %ebp
. . movl %ebx, %scx
« Yy evicts x from edi movl sedi, %ebx
(movl  3edx, %edi |
cltd
mov] (%2=p) , 3esi
idivl Sesl
y edi [movl  %edi, %edx |
rnovl 3ebx, %edi
. movl fecx, %=bx
mov] sebp, %ecx
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 Bad eviction chain — scenario 1

« Cyclic eviction/split chain rovl Yecx, %ebp
) ) movl %ebx, %ecx
« Yy evicts x from edi movl 3edi, %ebx
[movl Sedx, 3Iedi ]
cltd
mov] (%e2=p), 3esi
idivl Sesi
y X edi [muvl Bedi, %edx ]
novl 3ebx, 3edl

Evicts novl Lecx, %ebx

/\4 mov] sebp, %ecx
2 -
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« Cyclic eviction/split chain rovl Yecx, %ebp
) ) movl %ebx, %ecx
« Yy evicts x from edi movl 3edi, %ebx
[movl Sedx, 3Iedi ]
cltd
mov] (%e2=p), 3esi
idivl Sesi
X edi [muvl Bedi, %edx ]
novl 3ebx, 3edl

Evicts novl Lecx, %ebx

/\4 mov] sebp, %ecx
2 v
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 Bad eviction chain — scenario 1

« Cyclic eviction/split chain movl Yecx, %ebp
. ict f di movl *ebx, Iecx
y evicts x irom edi mov]l 3edi, %s=bx
« xis split into x1 and x2 (movl  sedx, teai |
cltd
mov] (%e2=p), 3esi
idivl $esi
X edi [muvl Bedi, %edx ]
novl Sebx, Iedi
Evicts novl fecx, %ebx

/\4 mov] sebp, %ecx
2 v
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 Bad eviction chain — scenario 1

« Cyclic eviction/split chain movl Yecx, %ebp
. ict f di movl *ebx, Iecx
y evicts x irom edi mov]l 3edi, %s=bx
« xis split into x1 and x2 (movl  sedx, teai |
cltd
mov] (%e2=p), 3esi
idivl $esi
X edi [muvl Bedi, %edx ]
novl Sebx, Iedi
Evicts novl fecx, %ebx

/\4 mov] sebp, %ecx
2 v
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 Bad eviction chain — scenario 1

« Cyclic eviction/split chain
« Yy evicts x from edi

« xis split into x1 and x2

Evicts

x1

movl secx, =sebp
movl %ebx, %scx
mov]l 3edi, %s=bx
[movl Sedx, 3edi ]
cltd
mov] (¥==p), Fesi
idivl Sesi
X2 edi [movl  %edi, %edx |
rnovl 3ebx, %edi
[ movl tecx, %=bx
. mov] sebp, %ecx
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 Bad eviction chain — scenario 1

« Cyclic eviction/split chain movl Yecx, %ebp
. f di movl *ebx, Iecx
y evicts x from edi mov]l 3edi, %s=bx
« xis split into x1 and x2 (movl  sedx, teai |
. :1td
» X1 represent the part of the split l:_wcll (beso) . 3esi
that has local interference with y L o
idivl Sesl
x1 edi [muvl Bedi, %edx ]

| rovl Zebx,
Evicts movl fecx, %=bx

(]
/\4 mov] sebp, %ecx
oo - "

Interfering par Split
of

X -




Encountered Issue #1

 Bad eviction chain — scenario 1

« Cyclic eviction/split chain movl Yecx, %ebp
. f di movl *ebx, Iecx
y evicts x from edi mov]l 3edi, %s=bx
« xis split into x1 and x2 (movl  sedx, teai |
. :1td
» X1 represent the part of the split l:_wcll (beso) . 3esi
that has local interference with y L o
idivl Sesl
x1 edi [muvl Bedi, %edx ]

| rovl Zebx,
Evicts movl fecx, %=bx

(]
/\4 mov] sebp, %ecx
oo - "

Interfering par Split
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X -
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 Bad eviction chain — scenario 1

« Cyclic eviction/split chain movl Yecx, %ebp
. f di movl %ebx, %scx
y evicts x from edi movl sedi, 3ebx

X is split into x1 and x2 (movl  sedx, tedi |

. 1td
» X1 represent the part of the split :’,W? (heso)  esi
that has local interference with y . L.t
idivl Sesl

* x1 evicts y from edi x1 edi [movl  %edi, %edx |
_ PR novl Sebx, %edli
Evicts movl fecx, %=bx
/\4 mov] sebp, %ecx

y X

Interfering par Split
of

X
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 Bad eviction chain — scenario 1

« Cyclic eviction/split chain movl Yecx, %ebp
. ict : di movl %ebx, %scx
y evicts x irom edi mov]l 3edi, %s=bx
« X is split into x1 and x2 (movl  tedx, %edi |
. :1td
» X1 represent the part of the split . o
. . mov] (%2=p) , 3esi
that has local interference with y L o
idivl Sesl
* x1 evicts y from edi x1 y edi (movl  3edi, %edx |
p— rnovl 3ebx, %edi
Evicts movl fecx, %=bx

/\4 mov ] 3ebp, %ecx
Evicts Wermw/ Split
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 Bad eviction chain — scenario 1

« Cyclic eviction/split chain movl Yecx, %ebp
. : di movl %ebx, %scx
y evicts x from edi mov]l 3edi, %s=bx
« X is split into x1 and x2 (movl  tedx, %edi |
. 21td
« x1 represent the part of the split l:_wcll (heso)  3esi
that has local interference with y . L.t
idivl Sesi
* x1 evicts y from edi y edi [muvl 3edi, %edx ]

| rovl Zebx,
Evicts movl fecx, %=bx

R
/\4 mov ] 3ebp, %ecx
Evicts \inmnn%:?D/Spm
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 Bad eviction chain — scenario 1

« Cyclic eviction/split chain Evicts movl Yecx, %ebp
E R “ " d d movl %ebx, %scx
very such "mov uo was create /_\ movl 3edi, Tebx

by cyclic eviction/split chain y X [mvl Sedx, %edi ]
A - clud
Evicts \@fering p?/Sp“t mov] (%¥e2=p), 3esi
3{ A idivl Sesi

[muvl Bedi, %edx ]
rnovl 3ebx, %edi
movl fecx, %=bx
mov] sebp, %ecx
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 Bad eviction chain — scenario 1

« Cyclic eviction/split chain movl Jecx, %ebp
« Every such “movl” duo was created | [ﬁizi ;ZZT (u;: ]
by cyclic eviction/split chain Evicts movl — Sedx Sedi
/\4 cltd
y 4 W mov] (%¥e2=p), 3esi
A _ idivl esi
Evicts \@fering P?j Split  ovl 3edi, %edx
8{,‘ [movl 3ebx, 3edi ]
movl fecx, %=bx
mov] sebp, %ecx
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 Bad eviction chain — scenario 1

« Cyclic eviction/split chain movl Jecx, %ebp
« Every such “movl” duo was created [ﬁizi ,,:31{ ,uzf ]

by cyclic eviction/split chain movl  Gedx. fedi

Evicts citd
mov] (%¥e2=p), 3esi
/\{ idivl  %esi

a b movl 3edi, 3edx

A ' rnovl 3ebx, %edi
Evicts "\jnterfering pySpl't [movl fecx, %=bx ]

\\ T;A mov] sebp, %ecx
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 Bad eviction chain — scenario 1

* The problem

Evicts movl secx, =ebp
X is split in such a way that creates local /‘\{ e
interference split artifact movl  %edi, 3ebx
) . o movl Sedx, Iedl
* That artifact causes cyclic eviction cltd
EV'CtS nterfering part/ SPIit 141 (%22p) , 3esi
* The solution ' - ST
of % & idivl  %esi
« Tailored for this case mov1 Yedi, %edx
* Identify if a split will create a local interference artifact novl tebx, Zedl
- Identify if that split artifact will cause a cyclic eviction movl Secx, %ebx
mov] sebp, %ecx

* Increase split cost
* Make this split le ftractive compared to other splits

« Commit: https://reviews.llvm.org/rL316295
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Encountered Issue #2

Bad eviction chain — scenario 2

https://bugs.llvm.org/show bug.cgi?id=26810

movapd
wulpd
addpd
movapd
movaprd
movapd
»ulpd
mualpd
subpd
movaprd
movapd
movapd
movaprd
movapd
movaprd

Yxanm3, fxtmd
Sxmm0, %Fxmml
fxnml , fxTmz

18 (%eep) , ZFxoml
Samm2, FTxmml
(vesp) , $xnm
Sxmm0, *xmml

12 (tasp), Fxrmmd
Zxmml , Txune

16 (%eap), Fxrml
e, (desp)
Sximm3, Fxon?
Sammd |, Txim i
Yxmmy , fxmd
Sxmm7, FximS
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Encountered Issue #2

 Bad eviction chain — scenario 2 [,,,m,apd

Yxnm3, fxmd ]

»ulpd
addpd

movapd

Sxmm0, Fxnml
fxnmml , fxTmz
18 (%eep) , ZFxnml

« This time parts of [.,w,pd

o, o, -
Samm2, Txmml

« https://bugs.llvm.org/show bug.cgi?id=26810
the chain are

spread around E E E !

7 [ osrma) s

wvapd
»ulpd
rulpd
subpd
movaprd

movapd

(Beep) , Lxnmd
Sxmm0, F=xm]
12 (tasp), Fxrmmd
Zxmml , Txwung
16 (%eap), Fxrml
fxmmz, (Jesp)

movapd
movapd
movapd
movaprd

Sximm3, Fxmn?
Sxmmd |
Lxmmo
Sxmm7 |

O

-
$2xtm
E3Im S

2

96xnnn13
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Encountered Issue #2

* Bad eviction chain — scenario 2 vovapd  %xmm3, fxmd

D . ff . . wulpd Sxmm0, Fxoml

omino effect eviction R —
movapd 18 (%eep), Zxnml

-~

[r.ovap-d Samm2, FTxmml
movapd (besp), Sxamd
»ulpd Sxmm(0, *xmml

mulpd JZ(tesp), Txrmd
subpd zamml , €xung
movapd 16 (teap), Fxrml

movapd fxami, (desp)
[mavapd Sximm3, Fxmn?
wovapd Sxammd, Txmmo
movapd fxnms, ¥xmmd
wovapd  Sxmm7, ETxmmS
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 Bad eviction chain — scenario 2 rovapd %xm3, fxTmd
rwulpd Sxmm0, %Fxmml

« Domino effect eviction Il —

* X evicts y from xmma2 movapd 18 (%eep) , Zxnml

-~

[r.ovap-d Samm2, FTxmml
movapd (besp), Sxamd
»ulpd Sxmm(0, *xmml

mulpd JZ(tesp), Txrmd
subpd zamml , €xung
X XMM2 .ovapa o (besn) | Tl

movapd fxami, (desp)
[ movapd Sxmm2, %xnm?
wovapd Sxammd, Txmmo
movapd fxnms, ¥xmmd
wovapd  Sxmm7, ETxmmS
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 Bad eviction chain — scenario 2 movand

. o wulpd
« Domino effect eviction addpd

movapd

Yxanm3, fxtmd
Sxmm0, EFxmml
fxnmml , fxTmz
18 (%eep) , Zxnml

* X evicts y from xmm2
[:ﬂ:wa.pd

-~

o, o. 1
S !lm...", M - N -

movapd
»ulpd
rulpd
subpd
X Xmm2 ...-p4

(Besp), *xmd
Sxmm0, F=Fxmml

12 (tasp), Fxrmmd
Zxmml , Txwung

16 (%eap), Fxrml
fxmmz, (Jesp)

movapd
III Lrnvapd

Sximm3, Fxmn?

movard
movapd
movaprd

Sammd |, Txmm o
Yxmmy , fxmd
Sxmm7, ExmS
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 Bad eviction chain — scenario 2 rovapd %xm3, fxTmd
rwulpd Sxmm0, %Fxmml

« Domino effect eviction Il —

« X evicts y from xmm2 movapd 17 (¥eep) . Zxnml

-~

[r.ovap-d Samm2, FTxmml
movapd (besp), Sxamd
»ulpd Sxmm(0, *xmml

rulpd 12 (tasp), Fxrmmd
subpd zamml , €xung
X y Xxmma2 movapd 16 (teap), Fxrml
X - movapd SxmmZ, (desp)

Evicts|-> y

wovapd  Sxmm7, ETxmmS

[:rm'apd Sximm3, Fxmn?
wovapd Sxammd, Txmmo
. movapd fxnmo, fxmmd
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 Bad eviction chain — scenario 2 rovapd %xm3, fxTmd
rwulpd Sxmm0, %Fxmml

« Domino effect eviction Il —

* X evicts y from xmma2 movapd 18 (%eep) , Zxnml

-~

[r.ovap-d Samm2, FTxmml
movapd (besp), Sxamd
»ulpd Sxmm(0, *xmml

rulpd 12 (tasp), Fxrmmd
subpd zamml , €xung

y Xxmma2 movapd 16 (teap), Fxrml
X - movapd SxmmZ, (desp)
Evictsl-» Yy [ movapd Sxmm2, %xnm?

wovapd Sxammd, Txmmo

. movapd fxnmo, fxmmd
wovapd  Sxmm7, ETxmmS




Encountered Issue #2

 Bad eviction chain — scenario 2

X
Evictsl—» y

Domino effect eviction

X evicts y from xmm?2

y is split into y1 and y2 for xmm2

xmm2

)

movapd fxnm3, ¥xmmid
wulpd Sxmm0, Fxoml
addpd fxnml , fxTmz
movapd 18 (%eep), Zxnml
[r.ovap-d Samm2, ETxmml
movapd (besp), Sxamd
»ulpd Sxmm(0, *xmml
rulpd 12 (tasp), Fxrmmd
subpd zamml , €xung
movapd 16 (teap), Fxrml
movapd fxami, (desp)
[:rm'apd Sximm3, Fxmn?
wovapd Sxammd, Txmmo
movapd fxnms, ¥xmmd
wovapd  Sxmm7, ETxmmS
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 Bad eviction chain — scenario 2

X
Evictsl—» y

Domino effect eviction

X evicts y from xmm?2

y is split into y1 and y2 for xmm2

xmm2

)

movapd fxnm3, ¥xmmid
wulpd Sxmm0, Fxoml
addpd fxnml , fxTmz
movapd 18 (%eep), Zxnml
[r.ovap-d Samm2, ETxmml
movapd (besp), Sxamd
»ulpd Sxmm(0, *xmml
rulpd 12 (tasp), Fxrmmd
subpd zamml , €xung
movapd 16 (teap), Fxrml
movapd fxami, (desp)
[:rm'apd Sximm3, Fxmn?
wovapd Sxammd, Txmmo
movapd fxnms, ¥xmmd
wovapd  Sxmm7, ETxmmS
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* Bad eviction chain — scenario 2 vovapd %xnm3, txomd
. . wulpd Sxmm0, Fxoml
« Domino effect eviction N —
* X evicts y from xmma2 movapd 18 (%eep) , Zxnml
(movapd Sum2, %xm?
» yis splitinto y1 and y2 for xmm2 movapd (secp), LamZ
»ulpd Sxmm(0, *xmml
rulpd 12 (tasp), Fxrmmd
subpd Zxmml , Txwung
y1 y2 Xxmma2 movapd 14(teap), Fxml
X o movapd SxmmZ, (desp)
Evictsl-» [.'rm'ap-d Sximm3, Fxmn?
spnt{,g?ﬂy . movapd Sxmmd, Txomo
. . movapd fxnmu, fxmma
- movapd  Sxmm7, ¥xXmmS
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* Bad eviction chain — scenario 2 rovapd  %xmm3, fxmd
. - rulpd Sxmm0, %Fxmml
« Domino effect eviction e —
e X evicts y from xmm?2 movapd 18 (%eep), Zxnml
(movapd Sum2, %xm?
» yis splitinto y1 and y2 for xmm2 movapd (%esp), HxmmZ
* y1 represent the part of the split rulpd  Sxmm0, %xmmi
that has local interference with x mulpd I (tesp), Ixrm)
subpd Zxmml , Txwung
V1 Xxmma2 movapd 14(teap), Fxml
X o movapd SxmmZ, (desp)
Evictsb» [.'rm'ap-d Sximm3, Fxmn?
Split >':fterfe"i“9 part wmovapd Szmmd, TxTms

. . movapd fxnmu, fxmma

movapd  Sxmm7, ¥xXmmS
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* Bad eviction chain — scenario 2 rovapd  %xmm3, fxmd
. - rulpd Sxmm0, %Fxmml
« Domino effect eviction e —
e X evicts y from xmm?2 movapd 18 (%eep), Zxnml
(movapd Sum2, %xm?
» yis splitinto y1 and y2 for xmm2 movapd (%esp), HxmmZ
* y1 represent the part of the split rulpd  Sxmm0, %xmmi
that has local interference with x mulpd I (tesp), Ixrm)
subpd Zxmml , Txwung
V1 Xxmma2 movapd 14(teap), Fxml
X o movapd SxmmZ, (desp)
Evictsb» [.'rm'ap-d Sximm3, Fxmn?
Split >':fterfe"i“9 part wmovapd Szmmd, TxTms

. . movapd fxnmu, fxmma

movapd  Sxmm7, ¥xXmmS
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 Bad eviction chain — scenario 2

X
Evictsb=»

Split

Domino effect eviction
* X evicts y from xmm2

« yis splitinto y1 and y2 for xmm2

+ y1 represent the part of the split
that has local interference with x

* y1 cannot evict x from xmm2

»Interfering part
of

yi

movapd
»ulpd
addpd

movapd

Yxanm3, fxtmd
Sxmm0, EFxmml
fxnmml , fxTmz
18 (%eep) , ZFxnml

[ movaprd

-~

o, o, %
Samm2, Txmml

movapd
»ulpd
rulpd
subpd
XMM2 .ovapa
) movapd

(scep) , Lxnmd
Sxmm0, F=xm]
JZ2(tasp), Sxmd
Zxmml , Txwung
16 (%eap), Fxrml
famz, (desp)

[movapd

Sximm3, Fxmn?

movaprd

. movapd

movaprd

Sammd, EXmmo
Yxmmy , fxmd
Sxmm7, ExmS
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* Bad eviction chain — scenario 2 rovapd  %xmm3, fxmd
. . . wulpd Sxmm0, Fxmml
« Domino effect eviction e —
e X evicts y from xmm?2 movapd A8 (%eep) ., Zxnml
[r.m'a.p-d Samm2, ETxmml
» yis splitinto y1 and y2 for xmm2 movapd (%esp), HxmmZ
* y1 represent the part of the split rulpd  Sxmm0, %xmmi
that has local interference with x rualpd  J2(tesp), Ixmd
subpd Zxmml , Txwung
* y1 cannot evict x from xmm2  y1 XMM2 .ovapa o (besn) | Tl
X o movapd fxmmZ, (desp)
Evictsb» L:rm'apd Sximm3, Fxmn?
Split >I:fterfering part movapd Szmmd, Txmms

. . movapd fxnmu, fxmma

wmovapd Sxmm7, wFTxmmS
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* Bad eviction chain — scenario 2 rovapd  %xmm3, fxmd
. - rulpd Sxmm0, %Fxmml
« Domino effect eviction e —
e X evicts y from xmm?2 movapd 18 (%eep), Zxnml
(movapd Sum2, %xm?
» yis splitinto y1 and y2 for xmm2 movapd (%esp), HxmmZ
* y1 represent the part of the split rulpd  Sxmm0, %xmmi
that has local interference with x mulpd 32 (tesp), Ixm)
subpd Zxmml , Txwung
* y1 cannot evict x from xmm2  y1 movapd 16(%esp), Hxrml
X movapd SxmmZ, (desp)
Evictsb» [.'rm'ap-d Sximm3, Fxmn?
Split >'c:‘fterfe"i“9 part wovapd Sxvmd, Txmo
. movapd fxnmu, fxmma
movapd  Sxmm7, ¥xXmmS
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 Bad eviction chain — scenario 2

« Domino effect eviction
« X evicts y from xmm2

« yis splitinto y1 and y2 for xmm2

+ y1 represent the part of the split
that has local interference with x

* y1 cannot evict x from xmm2  y1

Evictsﬁ(_, * y1 evicts z from xmm3

Split »Interfering part
of

movapd
wulpd
addpd

movapd

Yxanm3, fxtmd

Sxmm0 ,
Lxnmml

Txml

ExTmez

18 (¥%eep) , Fxnmnl

[ movapd

o,
Samm?2 |

O =1
oA -

movapd
»ulpd
mualpd
subpd
Xmm 3 movaprd

movapd

(Besp), *xmd

Sxmm( ,

*3mm ]

JZ2(tasp), Sxrrmd

Zxmnml

Txune

16 (%eap), Fxrml

Lxmmz

(Rasp)

[movapd

Sximm3

Fxmn?

movard
movapd
movaprd

Sammd |
%xnmy
Sxmm7

Sxmm -
$2xtm
Exm S
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Yxanm3, fxtmd
Sxmm0, EFxmml
fxnmml , fxTmz
18 (%eep) , ZFxnml

-~

o, o, %
Sammz2, Txmml

(2ecep) , LYxmd
Sxmm0, F=Fxmml
12 (tasp), Fxrmmd
Zxmml , Txwung
16 (%eap), Fxrml
famz, (desp)

Sximm3, Fxmn?

* Bad eviction chain — scenario 2 movand
. . - »ulpd
« Domino effect eviction addpd
« X evicts y from xmm?2 movapd
* yis splitinto y1 and y2 for xmma2 movapd
* y1 represent the part of the split rulpd
that has local interference with x malpd
. subpd
* y1 cannot evict x from xmm2  y1 Xmm3 ..ovapa
X o : movapd
Evictaly y1 evicts z from xmm3 . (ravepa
Split »I:fterfering part wovapd
movapd

movaprd

Szmmd |, ETxmms
Yxmmy , fxmd
Sxmm7, ExmS
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* Bad eviction chain — scenario 2 vovapd %xnm3, txomd
. - rulpd Sxmm0, %Fxmml
« Domino effect eviction e —
e X evicts y from xmm?2 movapd 18 (%eep), Zxnml
o (movapd Sum2, %xm?
» yis splitinto y1 and y2 for xmm2 movapd (%esp), HxmmZ
* y1 represent the part of the split rulpd  Sxmm0, %xmml

that has local interference with x mulpd 12 (%asp), Zxrmd
subpd Zxmml , Txwung

* y1 cannot evict x from xmm2  y1 y 4 XMM3 sovapd o (tesn), zurml
o movapd S2xwmmZ, (lesp)

Evicts?l(-b * y1 evicts z from xmm3 [ R
.'rm'ap- XInm. ‘ XTI

Split >'c:‘fterfe”“9 part wovapd Sxvmd, Txmo
Evictszb . movapd fxnmu, fxmma

z movapd  Sxmm7, ¥xXmmS
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* Bad eviction chain — scenario 2 vovapd %xnm3, txomd
. - rulpd Sxmm0, %Fxmml
« Domino effect eviction e —
e X evicts y from xmm?2 movapd 18 (%eep), Zxnml
o (movapd Sum2, %xm?
» yis splitinto y1 and y2 for xmm2 movapd (%esp), HxmmZ
* y1 represent the part of the split rulpd  Sxmm0, %xmml

that has local interference with x mulpd 12 (%asp), Zxrmd
subpd Zxmml , Txwung

* y1 cannot evict x from xmm2 y 4 XMM3 ovapd ¢ (Resn), Zxrml

- movapd fxami, (desp)

[.'rm'ap-d Sximm3, Fxmn?
wovapd Sizmmd, Txmmo

o
. movapd fxnmy, fxmmd
Evicts=» Z . P . "
movapd  Sxmm7, ¥xXmmS

Evictsﬁ(_, * y1 evicts z from xmm3

Split »Interfering part
f




Encountered Issue #2

* Bad eviction chain — scenario 2 vovapd %xnm3, txomd
D . ff . . wulpd Sxmm0, Fxoml
. omino effect eviction e —

movapd 18 (%eep), Zxnml

* y1 evicts z from xmm3

-~

[r.ova.p—d Samm2, FTxmml
movapd (besp), Sxmd
»ulpd Sxmm(0, *xmml

rulpd 12 (tasp), Fxrmmd
subpd Zxmml , Txwung
Z xmm3 movapd 14(teap), Fxml
X o movapd SxmmZ, (desp)
Evictsl-» [.'rm'ap-d Sximm3, Fxmn?
Split >'c:‘fterfe"i“9 part . wovapd Sxvmd, Txmo
] movapd fxnmu, fxmma
EVICtSLbz movapd  Sxmm7, ¥xXmmS




Encountered Issue #2

* Bad eviction chain — scenario 2 vovapd %xnm3, txomd
. . wulpd Sxmm0, Fxoml
« Domino effect eviction N —
* y1 evicts z from xmm3 movapd 48 (%eep) , Txnml
(movapd Sum2, %xm?
« zis splitinto z1 and z2 for xmm3 movapd (%esp), HxmmZ
»ulpd Sxmm(0, *xmml
rulpd 12 (tasp), Fxrmmd
subpd Zxmml , Txwung
Z xmm3 movapd 14(teap), Fxml
X o movapd SxmmZ, (desp)
Evictsl-» [.'rm'ap-d Sximm3, Fxmn?
Split >'c:‘fterfe"i“9 part wovapd Sxvmd, Txmo
EvictsL» . movapd fxnmu, fxmma
y 4 movapd  Sxmm7, ¥xXmmS




Encountered Issue #2

* Bad eviction chain — scenario 2 vovapd %xnm3, txomd
. . wulpd Sxmm0, Fxoml
« Domino effect eviction N —
* y1 evicts z from xmm3 movapd 48 (%eep) , Txnml
(movapd Sum2, %xm?
« zis splitinto z1 and z2 for xmm3 movapd (%esp), HxmmZ
»ulpd Sxmm(0, *xmml
rulpd 12 (tasp), Fxrmmd
subpd Zxmml , Txwung
Z xmm3 movapd 14(teap), Fxml
X o movapd SxmmZ, (desp)
Evictsl-» [.'rm'ap-d Sximm3, Fxmn?
Split >'c:‘fterfe"i“9 part - wovapd Sxvmd, Txmo
EvictsL» . movapd fxnmu, fxmma
y 4 = movapd  Sxmm7, ¥xXmmS




Encountered Issue #2

* Bad eviction chain — scenario 2 vovapd  %mm3, fxmmd

. - rulpd Sxmm0, %Fxmml

« Domino effect eviction e —
* y1 evicts z from xmm3 movapd 1° (%eep) , Zxmni

[.-.«.wa.p-a Samm?, Svenm3

« zis splitinto z1 and z2 for xmm3 movapd (%esp), HxmmZ

»ulpd Sxmm(0, *xmml
mulpd JZ2(tasp), Sxrrmd

subpd Zxmml , Txwung
z1 z2 XMM3 ovapa o (esp), 3xrml

X - movapd fxami, (desp)

Evictsb» [ movapd %xmm3, Fxmm?
Split >'c:‘fterfe"i“9 part wovapd Sxvmd, Txmo

. X . . movapd fxnmu, fxmma

Evicts'=»>2 . . -

_ part wovapd Sxmm7, FxXmmS

Split L’of Z




Encountered Issue #2

* Bad eviction chain — scenario 2 rovapd  %xmm3, fxmd
. . . wulpd Sxmm0, Fxmml
« Domino effect eviction addpd  Smml, Sxmz
. y‘| evicts z from xmm3 movapd A8 (%eep) ., Zxnml
[r.m'a.p-d Samm2, Txmml
« zis splitinto z1 and z2 for xmm3 movapd (%esp), HxmmZ
« z1 represent the part of the split rulpd  Sxmm0, %xmmi
that has local interference with y1 malpd  JZ(%esp), Ixm)
subpd Zxmml , Txwung
z1 Xxmm3 movapd 1&6(teop), Fxrml
X o movapd fxmmZ, (desp)
Evictsl» L:rm'apd Sximm3, Fxmn?

Split Ly Interfering part wovapd Sxmmd, Sximo

of
. X . . movapd fxnmu, fxmma
Evicts'=»>2 “xeTmS

Interfering part wmovapd  Sxmm7,

Split L>of 7




Encountered Issue #2

* Bad eviction chain — scenario 2 rovapd  %xmm3, fxmd
. . . wulpd Sxmm0, Fxmml
« Domino effect eviction addpd  Smml, Sxmz
. y‘| evicts z from xmm3 movapd A8 (%eep) ., Zxnml
[r.m'a.p-d Samm2, Txmml
« zis splitinto z1 and z2 for xmm3 movapd (%esp), HxmmZ
« z1 represent the part of the split rulpd  Sxmm0, %xmmi
that has local interference with y1 malpd  JZ(%esp), Ixm)
subpd Zxmml , Txwung
z1 Xxmm3 movapd 1&6(teop), Fxrml
X o movapd fxmmZ, (desp)
Evictsl» L:rm'apd Sximm3, Fxmn?

Split Ly Interfering part wovapd Sxmmd, Sximo

of
. X . . movapd fxnmu, fxmma
Evicts'=»>2 “xeTmS

Interfering part wmovapd  Sxmm7,

Split L>of 7




Encountered Issue #2

* Bad eviction chain — scenario 2 rovapd  %xmm3, fxmd
D . ffect icti rulpd Sxmm0, %Fxmml
omino errect eviction addpd  Sxmml, Sxm2
° y‘| evicts z from xmm3 movapd 18 (%eep), Zxnml
_ o [:tm'a.pd Sammz2, Txmml
« zis splitinto z1 and z2 for xmm3 movapd (%esp), HxmmZ
» z1 represent the part of the split rulpd  Sxmm0, %xmmi
that has local interference with y1 mulpd 32 (%esp), Ixmd
. subpd Zxmml , Txwung
* z1 cannot evict y1 from xmm3  z1 XMM3 ovapd ¢ (Resn), Zxrml
X ) movapd fxmmZ, (desp)
Evictsl» [:rm'apd Sximm3, Fxmn?

S, .

movaprd Sammd, Txmmo
movapd fxnmu, fxmma
wmovapd Sxmm7, wFTxmmS

Split »Interfering part

ol ™ v
Evicts Ly y 4

Split L»Infteéfermg part

[o]




Encountered Issue #2

* Bad eviction chain — scenario 2 rovapd  %xmm3, fxmd
. . . wulpd Sxmm0, Fxmml
« Domino effect eviction addpd  Smml, Sxmz
. y‘| evicts z from xmm3 movapd A8 (%eep) ., Zxnml
[r.m'a.p-d Samm2, Txmml
« zis splitinto z1 and z2 for xmm3 movapd (%esp), HxmmZ
» z1 represent the part of the split rulpd  Sxmm0, %xmmi
that has local interference with y1 mulpd  J2(tesp), Sxmd
subpd Zxmml , Txwung
 z1 cannot evict y1 from xmm3 21 XMM3 ovapd ¢ (Resn), Zxrml
X o movapd fxmmZ, (desp)
Evictsl» L:rm'apd Sximm3, Fxmn?

Split Ly Interfering part wovapd Sxmmd, Sximo

of
. X . . movapd fxnmu, fxmma
Evicts'=»>2 “xeTmS

Interfering part wmovapd  Sxmm7,

Split L>of 7




Encountered Issue #2

* Bad eviction chain — scenario 2 novapd  Sam3, $xmd
. . . wulpd Sxmm0, Fxmml
« Domino effect eviction e —
° y‘l eV|CtS Z from Xmm3 movapd A8 (%eep) ., Zxnml
[r.m'a.p-d Sammz2, Txmml
« zis splitinto z1 and z2 for xmm3 movapd (%esp), HxmmZ
« z1 represent the part of the split rulpd  Sxmm0, %xmml
that has local interference with y1 mulpd 32 (%esp), Ixmd
. subpd Zxmml , Txwung
* z1 cannot evict y1 from xmm3 21 movapd 16(%esp), Smenl
X movapd fxmmZ, (desp)
Evictsb» L:rm'apd Sximm3, Fxmn?
Split »'c:‘fterfe"ing part wovapd Sxmmd, Sximo
. . movapd fxnmu, fxmma
Evicts'=»>2 movand . -
. Interfering part movap sXMm/,  =XTmo
Splltl-bof Z




Encountered Issue #2

* Bad eviction chain — scenario 2 rovapd  %xmm3, fxmd
. . . wulpd Sxmm0, Fxmml
« Domino effect eviction addpd  Smml, Sxmz
. y‘| evicts z from xmm3 movapd A8 (%eep) ., Zxnml
[r.m'a.p-d Samm2, ETxmml
« zis splitinto z1 and z2 for xmm3 movapd (%esp), HxmmZ
» z1 represent the part of the split rulpd  Sxmm0, %xmmi

that has local interference with y1 mulpd  J2(%esp), Fxmmd
subpd Zxmml , Txwung

* z1 cannot evict y1 from xmm3 z1 XMM4 .ovapa o (besn) | Tl
movapd fame, (desp)
[ movapd %xmm3, Fxmm?

X . .
EvictsLop. z1 evicts w from xmm4

Split ,I:fte;ering part wovapd Sxmmd, Sximo
Evictsl—bz . movapd fxnmu, fxmma

|, Interfering part movapd Ixmm7, FXmmS

Splitt=p ¢ Z




Encountered Issue #2

* Bad eviction chain — scenario 2 rovapd  %xmm3, fxmd
. . . wulpd SxmmO, EFxrml
« Domino effect eviction addpd  Smml, Sxmz
. y‘| evicts z from xmm3 movapd A8 (%eep) ., Zxnml
[:ﬂ:wa.pd Samm2, Txmml
« zis splitinto z1 and z2 for xmm3 movapd (%esp), HxmmZ
» z1 represent the part of the split rulpd  Sxmm0, %xmmi
that has local interference with y1 mulpd  J2(tesp), Sxmd

_ subpd Zxmml , fTxwng
* z1 cannot evict y1 from xmm3 z1 XMM4 .ovopa o (tesn) | 3xrmil
movapd fxmz, (desp)

X * 71 evicts w from xmm4

Evictsb» [ movapd %xmm3, Fxmm?
Split »'c:‘fterfe"ing part wovapd Sammd, Sxmmo
Evicts L’Z . movapd fxnmu, fxmma

Interfering part movapd  Sxmm7, ¥3TmS

Splitlros 2




Encountered Issue #2

* Bad eviction chain — scenario 2 rovapd  %xmm3, fxmd
. . . wulpd Sxmm0, Fxmml
« Domino effect eviction addpd  Smml, Sxmz
. y‘| evicts z from xmm3 movapd A8 (%eep) ., Zxnml
[r.m'a.p-d Samm2, ETxmml
« zis splitinto z1 and z2 for xmm3 movapd (%esp), HxmmZ
» z1 represent the part of the split rulpd  Sxmm0, %xmmi

that has local interference with y1 rualpd I (tesp), Fxremd
subpd Zxmml , Txwung

* z1 cannot evict y1 from xmm3 z1 w XMM4 .ovopa o (tesn) | 3xrmil
o movapd fxmz, (desp)

Evicts}—b * z1 evicts w from xmm4 E:rm'apd Txmm2, Fxmmf
Split ,I:fte;ering part wovapd Sxmmd, Sximo
Evictsl—bz . movapd i&.xmm:; . fx:nmil
Spli L, Interfering part movapd  Sxmm7, ¥3TmS
of Z
Evicts|—>w _




Encountered Issue #2

 Bad eviction chain — scenario 2

« Domino effect eviction
* y1 evicts z from xmm3

« zis splitinto z1 and z2 for xmm3
« z1 represent the part of the split
that has local interference with y1
* z1 cannot evict y1 from xmm3

X . .
EvictsLop. z1 evicts w from xmm4

Split »Interfering part
of

Evictsl—bz _
Split L»Lnfteéfermg part

Evicts|—>w

[:r.ovapd Lxnm3, ¥xmmd }
rulpd Sxmm0, EFxmml
addpd fxnmml , fxTmz
movapd A8 (%eep) ., Zxnml
[r.m'a.p-d Samm2, ETxmml
movapd (besp), Sxmd
»ulpd Sxmm(0, *xmml
mulpd JZ2(tasp), Sxrrmd

subpd

x m m 4 movap A

R

movapd

Zxmml , Txwung
Le(teap), Fdrml
fxmmz, (Jesp)

movapd
movaprd

Sximm3, Fxmn?
Sammd , Fxommi

movapd
movaprd

Yxmmy , fxmd
Sxmm7, EFxmmS




Encountered Issue #2

 Bad eviction chain — scenario 2

« Domino effect eviction

« Every such “movl” duo was created

by the domino effect

X
Evicts|—>

Split >Interfering part
of

Evictst=»

Interfering part
Splitbogg 5 ¢

EvictsLayy

Yxnm3, fxmd }

[:r.ovapd
rulpd Sxmm0, EFxmml
addpd fxnmml , fxTmz
movapd A8 (%eep) ., Zxnml
[r.m'a.p-d Samm2, ETxmml
movapd (besp), Sxmd
»ulpd Sxmm(0, *xmml
mulpd JZ2(tasp), Sxrrmd
subpd Zxmml , Txwung
movapd 14(teap), Fxml
movapd fame, (lesp)
movapd %xmm3, Fxmm?
movapd Sammd, STxmmi
movapd fxnmu, fxmma
wmovapd Sxmm7, wFTxmmS




Encountered Issue #2

 Bad eviction chain — scenario 2

« Domino effect eviction

« Every such “movl” duo was created

by the domino effect

X
Evicts|—>

Split >Interfering part
of

Evictst=»

Interfering part
Splitbogg 5 ¢

Evictsl-»yy _
Spiit L»I(;tta‘;:;ermg part
Evictsl-» a

[:r.ovapd Lxnm3, ¥xmmd }
rulpd Sxmm0, EFxmml
addpd fxnmml , fxTmz
movapd A8 (%eep) ., Zxnml

[:ﬂ:wa.pd Samm2, ETxmml
movapd (besp), Sxmd
»ulpd Sxmm(, =xmml
mulpd JZ2(tasp), Sxrrmd
subpd Zxmml , Txwung
movapd 14(teap), Fxml
movapd faxame, (lesp)
movapd %xmm3, Fxmm?
movapd Sammd, STxmmi
movapd fxnmy, ¥xmmd
wmovapd Sxmm7, wFTxmmS




Encountered Issue #2

 Bad eviction chain — scenario 2

« Domino effect eviction

« Every such “movl” duo was created

by the domino effect

X
Evicts|—>

Split >Interfering part
of

Evictst=»

Interfering part
Splitbogg 5 ¢

EvictsLayy
Interfering part
splitbogr o

Evictsl-» a
. Interfering part
Split L’of a

Evictsl-» b

[:r.ovapd Lxnm3, ¥xmmd }
rulpd Sxmm0, EFxmml
addpd fxnmml , fxTmz
movapd A8 (%eep) ., Zxnml

[:ﬂ:wa.pd Samm2, ETxmml
movapd (besp), Sxmd
»ulpd Sxmm(, =xmml
mulpd JZ2(tasp), Sxrrmd
subpd Zxmml , Txwung
movapd 14(teap), Fxml
movapd faxame, (lesp)

movapd
movaprd
movapd
movapd

Sximm3, Fxmn?
Srmmd , Fxmm
$xnmy , fxmmd
Sxmm7, wTxmmS




Encountered Issue #2

Evictsl-»
P e : ; Interfering part
- Bad eviction chain — scenario 2 Split = % (novepd tamm3, tarma |
. Evictst=p rulpd Sxmm0, Fxmml
The prObIem Splitz >Interfering part addpd $amml, $xTmZ
 yis split to fit the register it was evicted from f’f Z movapd AR (SEEE) . Zxmml
Ewdd—»vv [mavapd Samm2, ETxmml

* This split creates local interference split
artifact that causes domino effect eviction

movapd (besp), Sxmd
»ulpd Sxmm(, =xmml

* The solution mulpd 32 (%esp), Ixmmd
subpd Zxmml , Txwung
movapd 14(teap), Fxml
movapd faxame, (lesp)
movapd %xmm3, Fxmm?
movapd Sammd, STxmmi
movapd fxnms, ¥xmmd
movapd Sxmm7, ETxXmmS

« Tailored for this case
* ldentify if a split for evicted register creates local interference artifac
* Identify if that split artifact will cause domino effect eviction
* Increase split cost
* Make this split le ftractive compared to other splits

« Commit: https://reviews.llvm.org/rL316295



https://reviews.llvm.org/rL316295
https://reviews.llvm.org/rL316295

Encountered Issue #3

* Multiple reloads from the same location

movl 12 (vezp), Socx # <-byte Dcload
movzhl (fecx, Sabp), %ecx

addl iedx, %edi

addl Tedl, %eex

mov’ 17 (veap), Fwodi # ‘-kyte Tclnad
movl secx, Sedz

s5hll F€, %elx

movebl  1{%edi,¥ebp), vedl

sub] Ferx, Fedx

movl 12 (sea=2p), Secz # <-byta =eload

movzobl -1 (%ecx,tebp), Secx




Encountered Issue #3

* Multiple reloads from the same location

All the reloads are from the same
location

[movl 12 (vezp), Sccx # i-byte ncloadJ
movzhl (fecx, Sabp), %ecx

addl iedx, %edi

addl Tedl, %eex
[mow 1 (wesp) . Fndi ¢ ‘-byte nclnad ]
movl secx, Sedz

s5hll F€, %elx

movenl  1{%edi,¥ekbp), sedl

sub] Ferx, Fedx
[movl 12 (wesp), %ecx # ‘-byte 2eload|
movzobl -1 (%ecx,tebp), Secx




Encountered Issue #3

* Multiple reloads from the same location

« All the reloads are from the same  [movl | (sesp), Socx # ‘-byte ncload |
location movzhl (fecx, %abp), %ecx
addl iedx, %edi
» Appeared in a hot loop after a addl Tedl, Zeex
higher level change (movT 17 (vesp) , Sodi # ‘-byte nclnad)
movl secx, Sedz
5hll F€, %edx
movenl  1{%edi,¥ekbp), sedl
sub] Ferx, Fedx
[movl 12 (wesp), %ecx # ‘-byte 2eload|
movzobl -1 (%ecx,tebp), Secx




Encountered Issue #3

* Multiple reloads from the same location

Before Change

Loop MBB is the Loop MBB is the

same until Greedy same until Greedy

After Change (movl

12 (sezp), Socx # i-byte lcloadJ
movzhl (%ecx, Sabp), %ecx
addl iedx, %edi
addl Tedl, %eex

[mow 17 (vesp) , Sndi ¢ ‘-byte nclnad ]
movl secx, Sedz

shll €, %fedx

movedl  1{%edi,tebp), sedl

sub] Ferx, Fedx
[movl 17 (kesp), %ecx # ‘-byte 2eload|
movzbl -1 (%ecx,%eabp), Secx



Encountered Issue #3

* Multiple reloads from the same location

Before Change After Change {movl 12 (sezp), %Socx # ‘-byte :u:-load}

movzhl (Recx, Sebp), Jecx

Loop MBB is the Loop MBB is the addl  %edx, %edi
same until Greedy same until Greedy addl Fedl, Zeax

[mow 17 (vesp) , Sndi ¢ ‘-byte nclnad ]
x is split for RO x is split for R1 movl Fecxk, Sedx

shll 38, ifedx

movedl  1{%edi,tebp), sedl

sub] Ferx, Fedx

[movl 17 (kesp), %ecx # ‘-byte 2eload|

movzbl -1 (%ecx,%eabp), Secx




Encountered Issue #3

* Multiple reloads from the same location

Before Change After Change {movl 12 (sezp), %Socx # ‘-byte :Lcl-‘:-ad}

movzhl (Recx, Sebp), Jecx

Loop MBB is the Loop MBB is the addl  %edx, %edi
same until Greedy same until Greedy addl Fedl, Zeax

[mow (heap), Fndi ¢ ‘-byte nclnad ]
x is split for RO x is split for R1 movl Fecxk, Sedx

5hll 3€, %edx

movedl  1{%edi,tebp), sedl

Split doesn’t have  Split has local

. . . subil Ferx, Fedx
local interferences interference in ‘movl 17 (vasp) . Secx § byt 2eload|
Loop’s MBB movzhbl -l (%ecx,tebp), %Secx




Encountered Issue #3

* Multiple reloads from the same location

Before Change After Change {movl 12 (sezp), %Socx # ‘-byte lcl-':-adJ
) . movzhl (Recx, Sebp), Jecx

Loop MBB is the Loop MBB is the addl sedx, %edi
same until Greedy same until Greedy addl Tedl, Zeex

{movf “(wezp), Fodi # ‘-byte '!c;?-')ndJ
x is split for RO x is split for R1 movl secx, Sedx

5hll 3€, %edx
Split doesn’t have  Split has local gttt o et
local interferences mterf’erence in ‘movi 17 (sasp) . Seck § byt 2eload|
Loop s MBB movzbl -1 (%ecx,%eabp), Secx

Local interference
spilled & reloaded
around uses




Encountered Issue #3

« Multiple reloads from the same location

12 (sezp), Socx

# ‘-byte ncloadJ

(Tacx, Sabp), %ecx
iedx, %edi

Tedl, %eex

172 (%eap), Fodi

# ‘-byte 1c1nnd}

Zecx, %Sedx

FE€, %edx

1 {%edi, teckp), <edl
FCIK

L .
, Fodx

12 (sax2p), Secz

# ‘-byte 2eload|

* The problem ‘movl
* Local interference movzhl

interval has a lot of uses add.l

o ) ) addl

* This interval is spilled and (mov

reloaded ——

*  Solution Shil
- moveol

+ Identify if the created local —

interference interval will spill (movl
movzohl

* Increase split cost
* Make this split less a'

«  Commit: https://reviews.llvm.org/rL323870

-1 (%ecx,tabp), %Secx

ive compared to other splits



https://reviews.llvm.org/rL323870
https://reviews.llvm.org/rL323870

Greedy Register Allocator

Greedy Register Allocator Overview

Region Split

Encountered Issues

Performance Impact




(%)

18.02

Fix for Bad Eviction Chains - Issues #1, #2

* Fix affected mostly EEMBC workloads
* Regressions unrelated to this change

* No actual compile time impact on CTMark

12.08

I 3.65 350 3.50 3.47 3.47 3.43 3.40 3.37 278 246

282 80—252—>%51 257

Affected workloads




Fix for Multiple Reloads - Issue #3

* Fix affected mostly EEMBC workloads

* No actual compile time impact on CTMark

081286 1244 124 122 1213 12.06

11.28 11.27
516 494 445 439

Affected workloads

1

(%)




Conclusions

* Local interference caused by split may have a negative affect
* Current split cost does not take this affect into account
* Committed solutions tailored to catch 3 specific scenarios

* Need a more holistic approach for quantifying the cost of local interferences
caused by split
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