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What is MIR?

« MIR (Machine IR) is the newer IR form for Machinelnstrs.



What is MIR?

bb.0:
liveins: $w@, $x1, $x2
%1:gpro4 = COPY $x1
%0:gpr32 = COPY $w@
%2 :gpr32 = COPY $wzr

%3:gprodsp = COPY $sp

%fool:fpre4 = FMOVD1 28
%foo?2:fpre4 = LDRDui %stack.1l, O
%foo3:fpre4 = LDRDuil %stack.2, 0
%foo4:fpre4 = FMULDrr %foo2, %foo3
%foo5:fproe4 = FDIVDrr %foo4, %foo3
%4 :gpr32 = MOVi32imm 8
%vreg234_0:gpr32 = COPY $wo

%foo:gpr32 = MOVi32imm 0

$w@ = COPY %foo

$x2 = REG_SEQUENCE %vreg234_0, %subreg.dsub@®, \
%vrego45046_1, %subreg.dsubl

RET_ReallyLR implicit $x2



What is MIR-Canon?

* A new pass that canonically transforms Machine IR (MIR).
* Reduces register naming and scheduling differences.

 The goal is to make semantic differences stand out.



testl. mir 41.1

Problem Statement

bb.9:

liveins: $w@, $x1, $x2
%

%@:gpr32 = COPY w@
%2:gpr32 = COPY $wzr
STRWui %2, %stack.@d, @ :: (store 4)
STRWui %0, %stack.l, @ :: (store 4)

STRXu1 %1, %stack.Z2, @ :: (store B)

$sp
¥ 001:fpré4 = AMOVDL 28
% @
%
%*
%
*
F
%
%
*
%
STR
%

BL @rintf, csr_aarch64_aapcs, implicit-def $lr, implicit $sp, implic
ADJCALLSTACKUP 8, @, implicit-def $sp, implicit $sp
ADJCALLSTACKDOWN @, @, implicit-def $sp, implicit $sp
ADJCALLSTACKUP @, @, implicit-def $sp, implicit $sp

a
$
$x2 = REG_SEQUENCE %vreg234_@, %subreg.dsub@, %vregbdS646_1, ¥%subreg.
RET_ReallylR implicit $x2

bb.0:

liveins: $w@, $x1, $x2

%

STRWUL X5, Xstack.®, © :: (store 4)
¥0:gpr32 = COPY $n@

STRWMuL %0, %stack.l, @ :: (store 4)
%¥1:gpr64 = COPY $x1
STRXu1 %1, %stack.Z?, @ :: (store 8)

$sp
% rool:fpréd = FMOVDI 28
% )
%
%
%
%
%
%
%
%
%
STR
%
$x0 = COPY X7

BL @printf, csr_aarch64._ , implicit-def $lr, implicit $sp, implic
ADJCALLSTACKUP &, @, implicit-def $sp, implicit $sp
ADJCALLSTACKDOWN @, ©, implicit-def $sp, implicit $sp
ADJCALLSTACKUP 0, @, implicit-def $sp, implicit $sp
0
$

RET_ReallylR implicit $x2

O8% testZ.mir 46,1 95%



testl.canon.mir [+]

More Ideal Situation

bb.9:

%¥namedVReg4352:gpr imm 8

%namedVReg4353:gpr32 = MOVi32imm 0

%¥namedVReg4354 : fpred = FMOVDL 28

¥namedVReg4355:gpre4 = COPY $x1

%namedVReg4356:gpr32 = COPY $wzr

STRWui %namedVReg4356, ¥stack.®, 0 :: (store 4)
%namedVRegl355:gpr32 = COPY $wd

STRWui %¥namedVRegl355, %stack.1l, @ :: (store 4)

STRXui %namedVReg4355, %stack.2, @ :: (store 8)
ADJCALLSTACKDOWN 8, 0, implicit-def $sp, implicit $sp
¥namedVReg1371:fpro4 = LDRDuL ¥stack.l, ©
%namedVRegl364:fpr64 = LDRDuL ¥stack.Z2, ©
%namedVReg1369:fpré4 = FMULDrr %¥namedVRegl371, ¥namedVRegl3b4
%namedVReg137@:fpré4 = FDIVDrr %namedVReg1369, ¥namedVRegl364
%namedVReg1366:fpréd4 = FSUBDrr ¥namedVRegl3d69, ¥namedVRegl370
%namedVReg1363:fpr64 = FMJLDrr %namedVReg1366, ¥namedVReg4354
%namedVRegl362:gprédsp = COPY $sp

¥namedVReg1361:fpro4 = FSUBDrr ¥namedVRegl363, ¥namedVRegl364
STRDui %namedVRegl36l, %namedVRegl362, ©

STRXui %namedVReg , %namedYRegl362, @ :: (store 8)

%namedVReg137 :gpré4 = MOVaddr target-flags{aarchb4-page) @,str, targ
$x@ = COPY %namedVRegl137

BL @printf, csr_aarché4_aapcs, implicit-def $lr, implicit $sp, implic
ADJCALLSTACKUP B, @, implicit-def $sp, implicit $sp

ADJCALLSTACKDOWN @, @, implicit-def $sp, implicit $sp

ADJCALLSTACKUP @, @, implicit-def $sp, implicit $sp

$w@ = COPY ¥namedVReg4353

%¥namedVReg137 :gpr32 = COPY $w0

$x2 = REG_SEQUENCE %namedVReg137 , Xsubreg.dsub®, ¥namedVReg4356, ¥su
RET_ReallyLR implicit $x2

e

98% test2 . canon.mir [+1

bb.0:

%¥namedVReg4352:gpr imm 38

¥namedVReg4353:gpr32 = MWVi32imm 0

¥namedVRegd354: fpred = FMOVDL 28

¥namedVReg4355:gpre4 = COPY $x1

%namedVReg4356:gpr32 = COPY $wzr

STRWui %namedVReg4356, ¥stack.@, @ :: (store 4)
%¥namedVRegl355:gpr32 = COPY $wd

STRWui %¥namedVRegl35S, %stack.1l, @ :: (store 4)

STRXui %namedVReg4355, %stack.Z2, @ :: (store 8)
ADJCALLSTACKDOWN 8, @, implicit-def $sp, implicit $sp
¥namedVReg1371:fpr64 = LDRDui ¥stack.l, ©
¥namedVRegl364:fpr64 = LDRDuL ¥stack.2, ©
¥namedVReg1369: fpré4 = FMULDrr %¥namedYReg1371, ¥namedVRegl364
¥namedVRegl137@: fpré4 = FDIVDrr ¥%namedVRegl369, ¥namedVRegl364
%¥namedVReg1366: fpréd = FSUBDrr ¥namedVRegl369, ¥namedVRegll7d
%namedVReg1363: fpr64 = FMULDrr %namedYRegl366, ¥namedVReg4354
%¥namedVRegl362:gpré4sp = COPY $sp

¥namedVReg1361:fpre4 = FSUBDrr ¥namedVRegl363, %namedVRegl3b4
STRDui %namedVRegl36l, %namedVRegl362, ©

STRXui %namedVReg , %namedVRegl362, O :: (store &)

%¥namedVReg137- :gpréd4 = MWVaddr target-flags{aarch64-page) @.str, targ
$x@ = COPY %namedVReg137

BL @printf, csr_aarch64_aapcs, implicit-def $lr, implicit $sp, implic
ADJCALLSTACKUP 8, @, implicit-def $sp, implicit $sp

ADJCALLSTACKDOWN @, @, implicit-def $sp, implicit $sp

ADJCALLSTACKUP @, @, implicit-def $sp, implicit $sp

$v@ = COPY %namedVReg4353

%namedVReg137::gpr32 = COPY $wd

$x2 = REG_SEQUENCE %namedVReg137:, ¥subreg.dsub®, ¥namedVReg4356, ¥su
RET_ReallyLR implicit $x2




MIR-Canon

Can be invoked through lic:

llc -run-pass mir-canonicalizer -o - foo.mir



Rationale

 Wanted a tool for improving the state of code diff as well as code verification.
 Has to be more than just trivial sorting and renaming.
 We did not want to build yet another diff tool.
 Must preserve semantics.

 \We wanted to improve the process of comparing MIR produced from
identical IR applied with different passes.

* |nitially used for GloballSel vs DAGISel verification.



Considerations

Analyze one file at a time as a generic machine pass.
Leverage existing diff tools.
Def-use graph used to represent program semantics?

Could we alphabetical reorder based on dump output?



Getting to a more canonical form???

bb.0:
liveins: $w@, $x1, $x2
%1:gpro4 = COPY $x1
%0:gpr32 = COPY $w0
%2:gpr32 = COPY $wzr
STRWui %2, %stack.@, @ :: (store 4)
STRWui %@, %stack.l, @ :: (store 4)
STRXui %1, %stack.2, @ :: (store 8)
ADJCALLSTACKDOWN 8, @, implicit-def dead $sp, implicit $sp
%3:gprodsp = COPY $sp
%fool:fpro4 = FMOVD1 28
%foo2:fpre4 = LDRDui %stack.l1l, O
%foo3:fpro4 = LDRDui %stack.2, 0
%foo4:fpro4 = FMULDrr %foo2, %foo3
%fo05:fpro4 = FDIVDrr %foo4, %foo3
%4:gpr32 = MOVi32imm 8
%vreg234_0:gpr32 = COPY $wo@
%foo6:fpro4 = FSUBDrr %foo4, %foo5
%foo7:fpre4 = FMULDrr %foob, %fool
%5 :gpre4 = SUBREG_TO_REG @, killed %4, %subreg.sub_32
%foo8:fpre4 = FSUBDrr %foo7, %foo3
STRDui %foo8, %3, 0
STRXui killed %5, %3, @ :: (store 8)
%6:gpre4 = MOVaddr target-flags(aarch64-page) @.str,...
$x0 = COPY %6
%vrego45046_1:gpr32 = COPY %2
BL @printf, csr_aarch64_aapcs, implicit-def $lr,...
ADJCALLSTACKUP 8, 0, implicit-def dead $sp, implicit $sp
ADJCALLSTACKDOWN @, @, implicit-def dead $sp, implicit $sp
ADJCALLSTACKUP @, 0, implicit-def dead $sp, implicit $sp
%foo:gpr32 = MOVi32imm 0
$w@ = COPY %foo
$x2 = REG_SEQUENCE %vreg234_0, %subreg.dsub0,
%vrego45646_1, %subreg.dsubl
RET_ReallyLR implicit $x2
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Getting to a more canonical form???

bb.0:
liveins: $w@, $x1, $x2
%1:gpro4 = COPY $x1
%0:gpr32 = COPY $w0
%2:gpr32 = COPY $wzr
STRWui %2, %stack.@, @ :: (store 4)
STRWui %@, %stack.l, @ :: (store 4)
STRXui %1, %stack.2, @ :: (store 8)
ADJCALLSTACKDOWN 8, @, implicit-def dead $sp, implicit $sp
%3:gprodsp = COPY $sp
%fool:fpro4 = FMOVD1 28
%foo2:fpre4 = LDRDui %stack.l1l, O
%foo3:fpro4 = LDRDui %stack.2, 0
%foo4:fpro4 = FMULDrr %foo2, %foo3
%fo05:fpro4 = FDIVDrr %foo4, %foo3
%4:gpr32 = MOVi32imm 8
%vreg234_0:gpr32 = COPY $wo@
%foo6:fpro4 = FSUBDrr %foo4, %foo5
%foo7:fpre4 = FMULDrr %foob, %fool
%5 :gpre4 = SUBREG_TO_REG @, killed %4, %subreg.sub_32
%foo8:fpre4 = FSUBDrr %foo7, %foo3
STRDui %foo8, %3, 0
STRXui killed %5, %3, @ :: (store 8)
%6:gpre4 = MOVaddr target-flags(aarch64-page) @.str,...
$x0 = COPY %6
%vrego45046_1:gpr32 = COPY %2
BL @printf, csr_aarch64_aapcs, implicit-def $lr,...
ADJCALLSTACKUP 8, 0, implicit-def dead $sp, implicit $sp
ADJCALLSTACKDOWN @, @, implicit-def dead $sp, implicit $sp
ADJCALLSTACKUP @, 0, implicit-def dead $sp, implicit $sp
%foo:gpr32 = MOVi32imm 0
$w@ = COPY %foo
$x2 = REG_SEQUENCE %vreg234_0, %subreg.dsub0,
%vrego45646_1, %subreg.dsubl
RET_ReallyLR implicit $x2

11



Getting to a more canonical form???

bb.0:
liveins: $w@, $x1, $x2 bb.0:
%1:gpré4 = COPY $x1 %namedVReg4352:gpr32 = MOVi32imm 8
%0:gpr32 = COPY $w0 %namedVReg4353:gpr32 = MOVi32imm 0
%239P?32 = COPY S$wzr %namedVReg4354: fpr64 = FMOVDi 28
STRWU} %2, %stack.d, @ :: (store 4) %namedVReg4355:gpre4 = COPY $x1
STRWU} %0, %stack.1, @ :: (store 4) %namedVReg4356:gpr32 = COPY $wzr
STRXui %1, %stack.2, @ :: (store 8) STRWui %namedVReg4356, %stack.@, @ :: (store 4)
ADJCALLSTACKDOWN 8, 0, implicit—def dead $Sp, implicit $Sp %namedVRengSS:gpr3Z = COPY $w0
%3:gprodsp = COPY $§P STRWui %namedVReg1355, %stack.l, @ :: (store 4)
%fool:fpre4 = FMOVDT 28 STRXui %namedVReg4355, %stack.2, @ :: (store 8)
%foo2:fpré4 = LDRDui %stack.l, 0 ADJCALLSTACKDOWN 8, @, implicit-def $sp, implicit $sp
%foo3:fpr64 = LDRDui %stack.Z2, 0 %namedVReg1371:fpr64 = LDRDui %stack.l, 0
%foo4:fpré64 = FMULDrr %fooZ, %foo3 %namedVReg1364: fpr6o4 = LDRDui %stack.2, 0
%foo5:fpre4 = FDIVDrr %foo4, %foo3 %namedVReg1369: fpre4 = FMULDrr %namedVRegl371, %namedVRegl364

%4:gpr32 = MOVi32imm 8

%vreg234_0:gpr32 = COPY $wo@

%foo6:fpro4 = FSUBDrr %foo4, %foo5

%foo7:fpre4 = FMULDrr %foob, %fool

%5 :gpre4 = SUBREG_TO_REG @, killed %4, %subreg.sub_32

%namedVRegl1370:fpro4 = FDIVDrr %namedVRegl369, %namedVRegl364
%namedVRegl1366: fpre4 = FSUBDrr %namedVRegl369, %namedVRegl370
%namedVRegl1363:fpro4 = FMULDrr %namedVRegl366, %namedVReg4354
%namedVReg1362:gpro4sp = COPY $sp

%namedVReg1361:fpre4 = FSUBDrr %namedVRegl363, %namedVRegl364

%foo8:fpré4 = FSUBDrr %foo7, %foo3 STRDui %namedVReg1361, %namedVRegl362, 0
STRDu} %foo8, %3, 0 %namedVRegl1373:gpro4 = SUBREG_TO_REG @, %namedVReg4352, %subreg.sub_32
STRXui killed %5, %3, @ :: (store 8) STRXui %namedVReg1373, %namedVRegl1362, @ :: (store 8)
%6:gpro4 = MOVaddr target-flags(aarchb4-page) @.str,... %namedVRegl375:gpr64 = MOVaddr target-flags(aarch64-page) @.str,
$x0 = COPY %6 $x0 = COPY %nhamedVRegl375
svrego45646_l:gpr32 = COPY %2 BL @rintf, csr_aarch64_aapcs, implicit-def $lr,
BL @rintf, csr_aarch64_aapcs, implicit-def $lr,... ADJCALLSTACKUP 8, @, implicit-def $sp, implicit $sp
ADJCALLSTACKUP 8, @, implicit-def dead $sp, implicit $sp ADJCALLSTACKDOWN @, @, implicit-def $sp, implicit $sp
ADJCALLSTACKDOWN @, @, implicit-def dead $sp, implicit $sp ADJCALLSTACKUP 0, @, implicit-def $sp, implicit $sp
ADJCALLSTACKUP @, @, implicit-def dead $sp, implicit $sp $w@ = COPY %namedVReg4353
%foo:gpr32 = MOVi32imm 0 %namedVRegl1377:gpr32 = COPY $wo
$w@ = COPY %foo $x2 = REG_SEQUENCE %namedVRegl377, %subreg.dsub@,
$x2 = REG_SEQUENCE %vreg234_0, %subreg.dsub@, %namedVReg4356, %subreg.dsubl

%vrego456046_1, %subreg.dsubl RET_ReallyLR implicit $x2

RET_ReallyLR implicit $x2

12



Algorithmic Detalils

Technigues:
1. Virtual Register Renaming
2. Instruction Reordering
3. Code Folding
Design Decisions;
* |SA Agnostic: Works on all ISAs; no opcode rewriting.

e |Local: For each basic block in Reverse Post Order.

13



Register Renaming

Def-Use Walk Virtual Register Renaming for a given basic block:

1. Scan basic block for side-effects (writes to phyregs or memory).

2. For each side-effecting instruction walk the def-use graph. Let the walk
ordering determine a renaming scheme for the virtual registers

encountered In the walk.

3. The high-level goal is to let the def-use chain determine the VReg names.

14



Register Renaming

STRWui %2, %stack.0@, @ :: (store 4)
STRWui %@, %stack.1l, @ :: (store 4)
STRXui %1, %stack.2, @ :: (store 8)
ADJCALLSTACKDOWN 8, 0,

%3:gprodsp = COPY $sp

%fool:fpre4 = FMOVD1 28
%foo2:fpre4 = LDRDui %stack.1l, 0
%foo3:fpre4 = LDRDui %stack.2, 0
%foo4:fpre4 = FMULDrr %foo2, %foo3
%foo5:fpre4 = FDIVDrr %foo4, %foo3
%4:.gpr32 = MOVi32imm 8
%vreg234_0:gpr32 = COPY $w@
%foob:fpre4 = FSUBDrr %foo4, %foo5
%foo7:fpre4 = FMULDrr %foob, %fool
%5:gproe4 = SUBREG_TO_REG ...
%foo8:fpre4 = FSUBDrr %foo7, %foo3
STRDui %foo8, %3, 0

STRXui killed %5, %3, @ :: (store 8)
%6:gproe4 = MOVaddr ...

$x0 = COPY %6

15



Register Renaming

Identify side-effecting instructions:

STRWui %2, %stack.0@, @ :: (store 4)
STRWui %@, %stack.1l, @ :: (store 4)
STRXui %1, %stack.2, @ :: (store 8)
ADJCALLSTACKDOWN 8, 0,

%3:gprodsp = COPY $sp

%fool:fpre4 = FMOVD1 28
%foo2:fpre4 = LDRDui %stack.1l, 0
%foo3:fpre4 = LDRDui %stack.2, 0
%foo4:fpre4 = FMULDrr %foo2, %foo3
%foo5:fpre4 = FDIVDrr %foo4, %foo3
%4:.gpr32 = MOVi32imm 8
%vreg234_0:gpr32 = COPY $w@
%foob:fpre4 = FSUBDrr %foo4, %foo5
%foo7:fpre4 = FMULDrr %foob, %fool
%5:gproe4 = SUBREG_TO_REG ...
%foo8:fpre4 = FSUBDrr %foo7, %foo3
STRDui %foo8, %3, 0

STRXui killed %5, %3, @ :: (store 8)
%6:gproe4 = MOVaddr ...

$x0 = COPY %6

10



Register Renaming

Identify side-effecting instructions:

>  STRWui %2, %stack.@, @ :: (store 4)
>  STRWui %0, %stack.1l, @ :: (store 4)
>  STRXui %1, %stack.2, @ :: (store 8)

>  STRDui %foo8, %3, 0

>  STRXui killed %5, %3, @ :: (store 8)
%6:gproe4 = MOVaddr ...

>  $x0 = COPY %6

17



Register Renaming

Identify side-effecting instructions (memory stores or physreg writes):

>  STRWui %2, %stack.@, @ :: (store 4)
>  STRWui %0, %stack.1l, @ :: (store 4)
>  STRXui %1, %stack.2, @ :: (store 8)

>  STRDui %foo8, %3, 0

>  STRXui killed %5, %3, @ :: (store 8)
%6:gproe4 = MOVaddr ...

>  $x0 = COPY %6

18



Register Renaming

Identify side-effecting instructions (memory stores or physreg writes):

>  STRWui %2, %stack.@, @ :: (store 4)
>  STRWui %0, %stack.1l, @ :: (store 4)
>  STRXui %1, %stack.2, @ :: (store 8)

>

>  STRDui %foo8, %3, 0

>  STRXui killed %5, %3, @ :: (store 8)
%6:gproe4 = MOVaddr ...

>  $x0 = COPY %6

19



Register Renaming

Identify side-effecting instructions (memory stores or physreg writes):

>  STRWui %2, %stack.@, @ :: (store 4)
>  STRWui %0, %stack.1l, @ :: (store 4)
>  STRXui %1, %stack.2, @ :: (store 8)

STRWu1i
STRWu1
STRXu1
STRDu1
STRXu1

2R N R ZE N 2

>  STRDui %foo8, %3, 0

>  STRXui killed %5, %3, @ :: (store 8)
%6:gproe4 = MOVaddr ...

>  $x0 = COPY %6

20

%2, %stack.0, @ :: (store 4)
%0, %stack.1l, @ :: (store 4)
%1, %stack.2, @ :: (store 8)
%foo8, %3, 0

killed %5, %3, @ :: (store 8)

$x0 = COPY %6



Register Renaming

Identify side-effecting instructions (memory stores or physreg writes):

>  STRWui %2, %stack.@, @ :: (store 4)
>  STRWui %0, %stack.1l, @ :: (store 4)

5> STRXui %1, %stack.2, @ :: (store 8) Process in bottom up order:

STRXu1
STRDu1
STRXu1
STRWu1
STRWu1

>

2R N R ZE N 2

>  STRDui %foo8, %3, 0

>  STRXui killed %5, %3, @ :: (store 8)
%6:gproe4 = MOVaddr ...

>  $x0 = COPY %6

21

$x0 = COPY %6

killed %5, %3, @ :: (store 8)
%foo8, %3, 0

%1, %stack.2, @ :: (store 8)

%0, %stack.1l, @ :: (store 4)

%2, %stack.0, @ :: (store 4)



Register Renaming

For each side-effect we do a bottom Up def-use Graph Walk:

%3:gpro4sp = COPY $sp
:fpro4 = FMOVD1 28

%fool
%foo2
%foo3
%foo4
%foo5
%fo06
%foo7
%foo8

STRDui %fo08,

: fpro4
: fpro4
: fpro4
: fpro4
: fpro4
: fpro4
: fpro4

Note:

%3, @

© O

%foo2,
%foo4,
%foo4,
%foo6,
%foo7,

LDRDui1 %stack.1, 0
LDRDui1 %stack.Z2, 0
= FMULDrr
= FDIVDrr
= FSUBDrr
= FMULDrr
= FSUBDrr

%foo3
%foo3
%f005
%fool
%f003

22

LDRDui %stack.1, @

FMULDrr %foo4

FSUBDrr

%fo06

FMULDrr

%fo05

%foo7

%foo1

%foo8

FDIVDrr

LDRDui1 %stack.Z2, 0

FMOVD1 28

FSUBDrr

STRDui %foo8, %3, 0

COPY $sp



Register Renaming

For each side-effect we do a bottom Up def-use Graph Walk:

% foo3

Naming strategy, VReg Number Cursor:

class Cursor {
%fo06 %foo1

vold SkipVRegs(unsigned I); // Skips VNumber Modulo M

Cursor() {
SkipVRegs(MRI.createIncompleteVirtualRegister());

h

%foo8
unsigned createVReg(const TargetRegisterClass *R(C);

s

23



Register Renaming

For each side-effect we do a bottom Up def-use Graph Walk:

Naming strategy, VReg Number Cursor:

* The cursor rounds up vreg numbers to the same
value for similar programs with high confidence.

e The cursor also increments the number used In the
vreg name for each call to createVirtualRegister().

* The cursor also rounds up for every walk.

24



Register Renaming

For each side-effect we do a bottom Up def-use Graph Walk:

%3:gpro4sp = COPY $sp
:fpro4 = FMOVD1 28

%fool
%foo2
%foo3
%foo4
%foo5
%fo06
%foo7
%foo8

STRDui %fo08,

: fpro4

: fpro4 =
= FMULDrr
= FDIVDrr
= FSUBDrr
= FMULDrr
= FSUBDrr

: fpro4
: fpro4
: fpro4
: fpro4
: fpro4

Note:

%3, @

© O

%foo2,
%foo4,
%foo4,
%foo6,
%foo7,

LDRDui1 %stack.1, 0
LDRDui1 %stack.Z2, 0

%foo3
%foo3
%f005
%fool
%f003

25

LDRDui %stack.1, @

FMULDrr %foo4

FSUBDrr

%fo06

FMULDrr

%fo05

%foo7

%foo1

%foo8

FDIVDrr

LDRDui1 %stack.Z2, 0

FMOVD1 28

FSUBDrr

STRDui %foo8, %3, 0

COPY $sp



Register Renaming

For each side-effect we do a bottom Up def-use Graph Walk:

LDRDui %stack.1, @
%3:gpro4sp = COPY $sp

%fool:fpro4 = FMOVDL 28 FMULDrr %food ALl FDIVDrr
%fool:fpre4 = LDRDui %stack.1, 0

%foo3:fpre4 = LDRDui %stack.Z2, 0
%foo4:fpre4 = FMULDrr %foo2, %foo3
%foo5:fpre4 = FDIVDrr %foo4, %foo3
%foob:fpre4 = FSUBDrr %foo4, %foo5 FSUBDrr %f006 Al FMOVD1 28
%foo7:fpre4 = FMULDrr %foob, %fool
%nv136l:fpre4 = FSUBDrr %foo7, %foo3
STRDui %nv1361, %3, 0

%f003 LDRDui1 %stack.Z2, 0

FMULDrr %foo7

Note: S8 FSUBDrr COPY $sp

onv####E 1s short for %namedVReg####

m—— %nv13##

STRDUi %nv1361, %3, O

20



Register Renaming

For each side-effect we do a bottom Up def-use Graph Walk:

%nv1362:gprodsp = COPY $sp

%fool
%foo2
%foo3
%foo4
%foo5
%fo06
%foo7

: fpro4
: fpro4

:fpro4 =

: fpro4
: fpro4
: fpro4
: fpro4

%nv1361:fpro4
STRDui %nv1361, %nv1362, 0

Note:

FMOVD1 28

LDRDui1 %stack.1, 0
LDRDui1 %stack.Z2, 0
FMULDrr %foo2, %foo3
FDIVDrr %foo4, %foo3
FSUBDrr %foo4, %foo5
FMULDrr %foob, %fool

= FSUBDrr %foo7, %foo3

onv####E 1s short for %namedVReg####

— Y% nv13##

LDRDui %stack.1, @

FMULDrr

27

%foo4

FSUBDrr

%fo06

FMULDrr

% foo3

%fo05

%foo7

LDRDu1

FDIVDrr

%foo1

%stack.2, 0

FMOVD1 28

FSUBDrr -8 COPY $sp

STRDui %nv1361, %nv1362, 0



Register Renaming

For each side-effect we do a bottom Up def-use Graph Walk:

LDRDui %stack.1, @

%nv1362:gprodsp = COPY $sp

%fool:fproe4d =
%foo2:fproe4d =
%foo03:fproe4 =
%foo4:fpro4d =
%foo5:fpre4 =
%foob:fprod =
%nv1363:fpro4
%nv1361:fpro4

FMOVD1 28

LDRDui1 %stack.1, 0
LDRDui1 %stack.Z2, 0
FMULDrr %foo2, %foo3
FDIVDrr %foo4, %foo3
FSUBDrr %foo4, %foo5

= FMULDrr %foob, %fool

= FSUBDrr %nv1363, %foo3

STRDui %nv1361, %nv1362, 0

Note:

onv####E 1s short for %namedVReg####

— Y% nv13##

FMULDrr

28

%foo4

FSUBDrr

%fo06

FMULDrr

% foo3

%fo05

LDRDu1

FDIVDrr

%foo1

%stack.2, 0

FMOVD1 28

FSUBDrr %..62 IGO0 ENINY

STRDui %nv1361, %nv1362, 0



Register Renaming

For each side-effect we do a bottom Up def-use Graph Walk:

LDRDui %stack.1, @
%nv1362:gprodsp = COPY $sp

%fool:fpro4 = FMOVDL 28 FMULDrr %food ALl FDIVDrr
%fool:fpre4 = LDRDui %stack.1, 0

%nv1364:fpre4 = LDRDui %stack.Z2, 0
%foo4:fpre4 = FMULDrr %foo2, %nv1364
%foo5:fpro4 = FDIVDrr %foo4, %nv1364
%foob:fpre4 = FSUBDrr %foo4, %foo5 FSUBDrr %f006 Al FMOVD1 28
%nv1363:fpre4 = FMULDrr %foob, %fool
%nv1361:fpre4 = FSUBDrr %nv1363, %nv1364
STRDui %nv1361, %nv1362, 0

LDRDui1 %stack.Z2, 0

FMULDrr %..63

Note:

FSUBDrr %..62 IGO0 ENINY

onv####E 1s short for %namedVReg####

m—— %nv13##

STRDui %nv1361, %nv1362, 0
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Register Renaming

For each side-effect we do a bottom Up def-use Graph Walk:

LDRDui %stack.1, @
%nv1362:gprodsp = COPY $sp

%fool:fpro4 = FMOVDL 28 FMULDrr %food ALl FDIVDrr
%fool:fpre4 = LDRDui %stack.1, 0

%nv1364:fpre4 = LDRDui %stack.Z2, 0
%foo4:fpre4 = FMULDrr %foo2, %nv1364
%foo5:fpro4 = FDIVDrr %foo4, %nv1364
%nv1366:fpre4 = FSUBDrr %foo4, %foo5 FSUBDrr RS FMOVDi 28
%nv1363:fpre4 = FMULDrr %nvl1366, %fool
%nv1361:fpre4 = FSUBDrr %nv1363, %nv1364
STRDui %nv1361, %nv1362, 0

LDRDui1 %stack.Z2, 0

FMULDrr %..63

Note:

FSUBDrr %..62 IGO0 ENINY

onv####E 1s short for %namedVReg####

m—— %nv13##

STRDui %nv1361, %nv1362, 0
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Register Renaming

For each side-effect we do a bottom Up def-use Graph Walk:

LDRDui %stack.1, @
%nv1362:gprodsp = COPY $sp

%nv1367:fpre4 = FMOVD1 28 FMULDrr %food ANl FDIVDrr
%fool:fpre4 = LDRDui %stack.1, 0
%nv1364:fpre4 = LDRDui %stack.Z2, 0
%foo4:fpre4 = FMULDrr %foo2, %nv1364
%foo5:fpro4 = FDIVDrr %foo4, %nv1364
%nv1366:fpre4 = FSUBDrr %foo4, %foo5 FSUBDrr WA FMOVDi 28
%nv1363:fpre4 = FMULDrr %nv1366, %nv1367
%nv1361:fpre4 = FSUBDrr %nv1363, %nv1364
STRDui %nv1361, %nv1362, 0

LDRDui1 %stack.Z2, 0

FMULDrr %..63

Note:

FSUBDrr %..62 IGO0 ENINY

onv####E 1s short for %namedVReg####

m—— %nv13##

STRDui %nv1361, %nv1362, 0
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Register Renaming

For each side-effect we do a bottom Up def-use Graph Walk:

LDRDui %stack.1, @
%nv1362:gprodsp = COPY $sp

%nv1367:fpre4 = FMOVD1 28 FMULDrr %.69 b ANl FDIVDrr
%fool:fpre4 = LDRDui %stack.1, 0
%nv1364:fpre4 = LDRDui %stack.Z2, 0
%nv1369:fpre4 = FMULDrr %foo2, %nv1364
%foo5:fpre4 = FDIVDrr %nv1369, %nv1364
%nv1366:fpre4 = FSUBDrr %nv1369, %foo5 FSUBDrr YA FMOVDi 28
%nv1363:fpre4 = FMULDrr %nv1366, %nv1367
%nv1361:fpre4 = FSUBDrr %nv1363, %nv1364
STRDui %nv1361, %nv1362, 0

LDRDui1 %stack.Z2, 0

FMULDrr %..63

Note:

FSUBDrr %..62 IGO0 ENINY

onv####E 1s short for %namedVReg####

m—— %nv13##

STRDui %nv1361, %nv1362, 0
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Register Renaming

For each side-effect we do a bottom Up def-use Graph Walk:

%nv1362:gprodsp = COPY $sp
%nv1367:fpro4 = FMOVD1 28

%foo2:fproe4d =
%nv1364: fpro4
%nv1369: fpro4
%nv1370:fpro4
%nv1366: fpro4
%nv1363:fpro4
%nv1361:fpro4

LDRDui1 %stack.1, 0

STRDui %nv1361,

Note:

LDRDu1 %stack.?2,

LDRDui %stack.1, @

FMULDrr

0

FMULDrr %foo2, %nv1364

FDIVDrr %nv1369,
FSUBDrr %nv1369,
FMULDrr %nv1366,
FSUBDrr %nv1363,
%nv1362, 0

%nv1364
%nv1370
%nv1367
%nv1364

onv####E 1s short for %namedVReg####

— Y% nv13##
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%..69

FSUBDrr

FMULDrr

FDIVDrr

%..67

LDRDui1 %stack.Z2, 0

FMOVD1 28

FSUBDrr %..62 IGO0 ENINY

STRDui %nv1361, %nv1362, 0



Register Renaming

For each side-effect we do a bottom Up def-use Graph Walk:

LDRDui %stack.1, 0@ 0
%nv1362:gprodsp = COPY $sp

%nv1367:fpro4 = FMOVDiL 28 FMULDrr %..60 FDIVDrr
%nv1371:fpre4 = LDRDui %stack.1l, O
%nv1364:fpre4 = LDRDui %stack.Z2, 0
%nv1369:fpre4 = FMULDrr %nv1371, %nv1364
%nv1370:fpre4 = FDIVDrr %nv1369, %nv1364
%nv1366:fpre4 = FSUBDrr %nv1369, %nv1370 FSUBDrr %..67 RSV O\ A
%nv1363:fpre4 = FMULDrr %nv1366, %nv1367
%nv1361:fpre4 = FSUBDrr %nv1363, %nv1364
STRDui %nv1361, %nv1362, 0

LDRDui1 %stack.Z2, 0

FMULDrr

Note:

FSUBDrr %..62 IGO0 ENINY

onv####E 1s short for %namedVReg####

m—— %nv13##

STRDui %nv1361, %nv1362, 0
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Register Renaming

For each side-effect we do a bottom Up def-use Graph Walk:

LDRDui %stack.1, 0@ 0
%nv1362:gprodsp = COPY $sp

%nv1367:fpro4 = FMOVDiL 28 FMULDrr %..60 FDIVDrr
%nv1371:fpre4 = LDRDui %stack.1l, O
%nv1364:fpre4 = LDRDui %stack.Z2, 0
%nv1369:fpre4 = FMULDrr %nv1371, %nv1364
%nv1370:fpre4 = FDIVDrr %nv1369, %nv1364
%nv1366:fpre4 = FSUBDrr %nv1369, %nv1370 FSUBDrr %..67 RSV O\ A
%nv1363:fpre4 = FMULDrr %nv1366, %nv1367
%nv1361:fpre4 = FSUBDrr %nv1363, %nv1364
STRDui %nv1361, %nv1362, 0

LDRDui1 %stack.Z2, 0

FMULDrr

Note:

FSUBDrr %..62 IGO0 ENINY

onv####E 1s short for %namedVReg####

m—— %nv13##

STRDui %nv1361, %nv1362, 0
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Register Renaming

Works because we process side-effecting instruction def-use graphs in a
canonical order:

e Canonical order for each basic block (RPO).
 Canonical order for each side-effecting instruction.
Major assumptions for two similar programs:

o Side-effects should be roughly the same.

 CFGs should be roughly the same.
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Register Renaming: Results

local-offset: -4, di-variable: '', di-expression:
- { id: 1, type: default, ofset: A, sire: 4,
al-gnment: 4, stack-id: 0, callee-saved-register:
2 Lines: local-oflfsel: -8B, di-variable:
al_gnmen.: 8, slack-id: 0, callee-saved-rzgisler:
local-offset: -16, di-variable: '', di-expression:
constants:
oogy: |

bb.0:
liveins: 9we,
%

+ - -

$x1, &2

:gpr3? = COPY $w@
%2:9pr32 = COPY $wur
STRWui %2, %slack.@, 0 ::
STRWui %0, %stack.1, 9 ::

(slore 4)

istore 4)

STRXui %1, %stack.2, @ :: (store 8)
95p

l:fpréd4 = FMOVDL 28

o o o I N W N W I oV ¥

3

%

BL @printf, csr_aarchba_aapcs, implicit-daf $1r, irplicit $sp, implicit ¢

ADJCALLSTACKUP 8, @, implicit—def
ADJCALLSTACKDOAN ©, ©, 1nplicit-def
ADJCALLETACKUP O, @, implicit-def

A

$s50, implicit
$50,

w

$x2 = REG_SEQUEMNCE %vreg234_0, Ssubreg.dsubd, %vreg645646_1, %subreg.dsub

RET_ReallyLR iwplicit $x2

testl.mir

’

r

ULl-exXpression:

di-location:

}

callee—saved-rest

f

di-locati |+ +--

, ctallee-saved-resl

e
<

’

di-location:

implicit $sp
550, implicit Ssp

Bot test

37

local-offset: -4, di-variable: '', ci-expression:
- { ic: 1, type: default, offset: @, size: 4,
alignment: 4, stack-id: @, callee-saved-register:
2 lines: local-offsel: -8, o

di-var_.able: -
aligmnment: 8, slack-id: @, callee-seved-regisier:
lccal-offset: =16, di-varizble:

constents:

body: |

bo.@:

Liveins: SwO, $x1, $x2

%

STRWui %5, S%stack.0, @ ::

“0:gpr3?2 = COPY $w@

(store 4!

STRWui %@, %sstack.l, @ :: (store 4]
sl:cprbod = COPY $x1

STRXui %1, %ctack.2, @ :: (store 8]
$sp

% 1:fpr6d4 = FMOVDL 28

Ss A

%

%

%

%

%

%

%

%

%

STR

%

$x0 = COPY %7
BL @printf, csr_aarché4_aapcs, implicit-def %.r,
ADJCALLSTACKUP 8, 0, implicit-def Ssp, implicit $sp
ADJCALLSTACKDOWN ¥, ©, implicit-def Ssp, implicit $sp
ACDJCALLSTACKUP 9, 0, implicit-def Ssp, implicit %$sp

A

$

RET_ReallyLR implicit $x2

«Mir

N

'

r

di-expression:

I

‘', di-expression: "'

di-location:

¥

callee-saved-rest

r

di-local.

cdllee-sgved-resl

di-locaticn:

implicit $sp, implicit s

Bot



+ +—— 53 lines:
- 4 id: 2,

Register Renaming: Results

rname:
stack-icd: A, callee-saved-register:
local-oflsel: -16, di-variable: "'

', type: default, offset: @, size: 8, alignment: 8,
'', callee-saved-restored: true,
, di-expression: "', di-luczlion:

conslanls:
oogy: |
bb.0:

snamedV=ecl358:qpred = COFY $x1
snamcdVAccl355:gpr32 = COFY $wo
BnamcdVRecl352:gpr32 = COFY Swzr
5TRWui %named\VRegl352, %stack.®, 0 :: (store 4)
STRWui %named\Reg1355, %stack.1, @ :: (stare 4)
STRXui %nemed\VReyl358, %slack.2, 0 :: (slore &)

testl,canon.du—-rename—-only.mir

ADJCALLSTACKDOWNN 8, O,
snamedV=ecl3b2:qpredsp
snamcdVRecl367:fpred =

inplicit-def $sp, implicit $sp
= COPY $sp
MOvVDi 28

namedVReg1371: fpr6d = LDRDui %stack.1, O

EnamedVReul364: Mpréd = LDRDul %stack.2, 0

%namedVRecl369: fpréd = AMULD-r %namecVRegl371, %naredVRegl364

snamedVRegl363: fpréd

snamedVReq1373:gnr6d

wnamedVReg1361: fpr6d

STRDui %nemed\'Regl36l,

STRXui %nemed\Regl373, %namedVRegl362, O :: (store 8)

%¥namedVRegl375:gpréd4 = MOvVaddr target-flags(azrch64-page) @.str, target-f
= COPY %naredVReql375

MULD ~r %namedVRegl356, %naredVRegl367
SUEREG_TO_REG A, %namecVReq1374, %subreg.sub_32
FSUBD~r %namedVReqg1363, %naredVReql364
snamedVRegl362, 0

namedVRecl370:Tpred = FDIVDrr %namecVReql359, %naredVRegl3b4
snamedV=Recl374:qpr32 = MOVi32imm 8

snamedVRecl377:gpr32 = COFY $wo

snamedVReclibb: fpred = SUBD~r SnamedVReql3oY, %narcdVRegl3/0

BL @printf, csr_aarchb4 aapcs, implicit-def $1lr, irmplicit $s5p, implicit §
ADJCALLSTACKUP 8, ©, i1mplicit-def $sp, implicit $sp

ADJCALLETACKDOWN 0, O, inplicit-def %sp, implicit %sp

ADJCALLSTACKUP @, @, implicit-def %sp, imnlicit %sp

wnamedVReg1376:gpr32 = MOVi32imm @

$w@ = COPY SnavedVRegl376

$x2 = REG_SEQUENCE s%namedVRegl1377, Ssubreg.dsub®, %namedVRegl378, %subreg
RET_RzallyLR implicit $x2

93,1

“test2.canon.cu-renare-only.mir" 93L, 3569C

- 1 ic: 2, name: '', type: default, offset: A, sirze: 8, alignment: 8,

stack-id: @, callee-saved-register: '’

local-offsel: =16, di-varieble: "'

, callse-saved-restored: true,

, di-expression: '', di-localiocn:

cons.enls:
body: |
bD.0:

ALl test2.ccnon.du-rename-only.mir

38

snamcdVRcgl352:gpr3d =
STRWui %namedVYRegl1352,
SsramedVReg1355:gpr3? =
STRWui1 %namedVReg1355,
SsnamedVRegl1358:gpré6d =
STRXul S%namedVReygl1358,
SsramedVRegl377:gpr32 =
ADJCALLSTACKDOVN 8, O,

COPY Swzr
%stack.@6, 0 ::
COPY 4w@
%stack.1, A ::
COPY ¢x1
%slack.2, 0 ::
COPY swo
implicit-def sSsp, implicit $sp

(store 4)
(store 4)

(sLore 8)

FMOVD1 28
MOV13Zimm @

COPY %namedVReglZ52
I DRDui %stack.1, A
MOVi6dimm 8

LDRDui %slack.2, ©
= COPY $sp

sramcdVRcgl367: fproed
snamcdVRcgl376:gpr3é
sramedVRegl1378:gpr32
SsramedVReg1371: fpr6d
“SramedVReg1373:gpr6d
SsnamedVRegl1364: Mpréd
SsnamedVRegl1362:gprédsp

snamedVRegl369: fpréd = FMULDrr %snamadVRegl371, %namedVRegl364
snamedVReql1370: fpréd = FDIVDrr snam2dVReql363, s%snamedVRegl364
SnamedVRegl3eb: fpred = FSUBDrr SsnamcdVRegl36d, SsnamcdVRcgl3/9
sramedVRegl363: fpred = FMULDrr %snamedVRegl365, %snamedVRegl367
SnamedVRe=g1361: fpr6d4 = FSUADrr %nam=dVReg1363, %namedVReg1364
STRDui %namedVYRegl361, %namedVRegl352, @

STRXuli %snamedVRegl373, %namecVReg1352, @ :: (store 8)

sramedVRegl1375:gpréd = MOVador target-flags(aarch64-page) @.str, terget-f

= COFY %snam=2dVReql375

BL @printf, c¢sr_aarché4 aapcs, implicit-def $.lr, implicit $sp, implicit s
ADJCALLSTACKUP 8, 0, implicit-def Ssp, implicit $sp

ADJCALLSTACKDOVN 2, 0, implicit-def Ssp, implicit $%$sp

ADJCALLSTACKUP A, @, implicit—def Ssp, implicit $sp

$w0 COPY %snamedVRegl1375
$x2 = REG_SEQUENCE %namedVRegl377, %subreg.dsub®, %namedVReql378, 3%subreg
RET_ReallyLR implicit $x2

All



Instruction Reordering

e Def-Use Distance Reduction:
Moves defs of a common user closer to the user.

e Works because there are less differences when defs and uses are closer
together versus being interspersed throughout a given basic block.
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Def-Use Distance Reduction

* Collects defs for every user's use, and then moves defs as close to the
user as possible.

%vreg234_0:gpr32 = COPY $w@

%foob:fpre4 = FSUBDrr %foo4, %foo5

%foo7:fpre4 = FMULDrr %foob, %fool

%5 :gpre4 = SUBREG_TO_REG 0, killed %4, %subreg.sub_32
%foo8:fpre4 = FSUBDrr %foo7, %foo3

STRDui %foo8, %3, 0

STRXui killed %5, %3, @ :: (store 8)

%6:gpro4 = MOVaddr target-flags(aarche4-page) @.str,...
$x0 = COPY %6

%vrego45046_1:gpr32 = COPY %2

BL @printf, csr_aarch64_aapcs, implicit-def $1r,...
ADJCALLSTACKUP 8, @, implicit-def dead $sp, implicit $sp
ADJCALLSTACKDOWN @, @, implicit-def dead $sp, implicit $sp
ADJCALLSTACKUP @, @, implicit-def dead $sp, implicit $sp
%foo:gpr32 = MOVi32imm 0

$w@ = COPY %foo

$x2 = REG_SEQUENCE %vreg234_0, %subreg.dsub@, %vrego645646_1, %subreg.dsubl
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Def-Use Distance Reduction

* Collects defs for every user's use, and then moves defs as close to the
user as possible.

def » %vreg234_0:gpr32 = COPY $w0@

def - %vrego45646_1:gpr32 = COPY %2

user » $x2 = REG_SEQUENCE %vreg234_0, %subreg.dsub@, %vrego45646_1, %subreg.dsubl
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Def-Use Distance Reduction

* Collects defs for every user's use, and then moves defs as close to the
user as possible.

def - %vreg234_0:gpr32 = COPY $w0@
def » %vrego45646_1:gpr32 = COPY %2

user » $x2 = REG_SEQUENCE %vreg234_0, %subreg.dsub@, %vrego45646_1, %subreg.dsubl
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Def-Use Distance Reduction

* Collects defs for every user's use, and then moves defs as close to the
user as possible.

def - %vreg234_0:gpr32 = COPY $w0@
def » %vrego45646_1:gpr32 = COPY %2

user » $x2 = REG_SEQUENCE %vreg234_0, %subreg.dsub@, %vrego45646_1, %subreg.dsubl

\ 4
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Def-Use Distance Reduction

* Collects defs for every user's use, and then moves defs as close to the
user as possible.

def - %vreg234_0:gpr32 = COPY $w0@
def » %vrego45646_1:gpr32 = COPY %2

user » $x2 = REG_SEQUENCE %vreg234_0, %subreg.dsub@, %vrego645646_1, %subreg.dsubl

\ 4

def » %namedVRegl377:gpr32 = COPY %2
def » %namedVRegl378:gpr32 = COPY $w0
user » $x2 = REG_SEQUENCE %namedVRegl378, %subreg.dsub@, %namedVRegl377, %subreg.dsubl
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Def-Use Distance Reduction: Results

Before:

STRXui %namedVRegl1358, %stack.2, @ :: (store 8)
“EIICNANERFRgpr32 = COPY $wd

ADJCALLSTACKDOWN 8, 0, implicit-def $sp, implicit S$Ssp
%snamedVReg1367: fpr64 = FMOVDi 28

snamedVRegl376:gpr32 = MOV1i32imm ©

namedVReql378 :[s]dgeP: COPY %namedVRegl352
snamedVReql1371: fpr64 LDRDui %stack.l1l, 0
%snamedVReg1373:gpr64 = MOVi6dimm 8

¢x2 = REG_SEQUENCE %namedVRegl377, %subregqg.dsub@,
%snamedVRegl378, %subreg.dsubl
RET_ReallyLR implicit $x2

45

After:

STRXui %namedVReql358, %stack.2, @ :: (store 8)

ADJCALLSTACKDOWN 8, @
%namedVReql367: fpro4d
%snamedVRegl37/6:gpr32

implicit—-def %$sp, implicit $sp
FMOVD1 28
MOVi32imm 0@

I

%namedVReql371: fpro6d
%namedVReg1373:gprbd
COPY $w0

9namedVReg1378 gpr32 = COPY %namedVYRegl352
$x2 = REG_SEQUENCE %namedVRegl377, %subreg.dsub®,
snamedVRegl378, %subreg.dsubl

RET_ReallyLR implicit $x2

LDRDui %stack.1l, @
MOVi64imm 8



Instruction Reordering

* Independent Instruction Hoisting:

Moves a given instruction that can be placed at any point all in the same place as long a
they are prior to the first user.

The top of the basic block is the most convenient placement.
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Independent Instruction Hoisting

 Determines if an instruction's semantics is independent of its placement in
the basic block and if so then hoist to the top of the block.

>  %1l:gpro4 = COPY $x1
> %0:gpr32 = COPY $w0O

> %2:gpr32 = COPY $wzr >  %1l:gpro4 = COPY $x1
> %0:gpr32 = COPY $w0O
. >  %2:gpr32 = COPY $wzr
>  %fool:fpro4 = FMOVD1 28 >  %fool:fpro4 = FMOVD1 28
.. >  %4:gpr32 = MOVi32imm 8
>  %4:gpr32 = MOVi3Z2imm 8
>  %foo:gpr32 = MOVi32imm 0 RET_ReallyLR implicit $x2

RET_ReallyLR implicit $x2
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Independent Instruction Hoisting

 Determines if an instruction's semantics is independent of its placement in
the basic block and if so then hoist to the top of the block.

>  %l:gpro4 = COPY $x1
> %0:gpr32 = COPY $w0O
MOV1i321imm 8

> %2:gpr32 = COPY $wzr >  %namedVReg4352:gpr32 =
>  %namedVReg4353:gpr32 = MOVi32imm 0
>  %namedVReg4354:fpro4 = FMOVD1 28
>  %namedVReg4355:gpr64 = COPY $x1
N

>  %fool:fpro4 = FMOVD1 28
%namedVReg4356:gpr32 = COPY $wzr

>  %4:gpr32 = MOVi32imm 8
>  %foo:gpr32 = MOVi32imm 0 RET_ReallyLR implicit $x2

RET_ReallyLR implicit $x2
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Independent Instruction Hoisting

e Independent instruction hoisting improves diff quality by cleaning up a
given basic block of an entire class of instructions that could be

Intersperse throughout the basic block in any order with the same
semantics.

e |t makes code more canonical to move these to one place and sort them
In one way (alphabetically).
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Independent Instruction Hoisting: Results

Before:

body:
bb.@:

- %namedVReg rgpr32 =
STRWui %namedVReg ;
%namedVRegl355:gpr32 =
STRWui %namedVRegl355,

STRXui %namedVReg
ADJCALLSTACKDOWN 8, @
- %namedVRegl367: fpro4d
-  %namedVReqgl376:gpr32
%snamedVReqgl1371: fpro4d
- %namedVReqgl373:gprb4
%snamedVReqgl364: fpro4d

(LI | U | L |

COPY $wzr

%sstack.®, @ :: (store 4)
COPY $w0O

%sstack.1l, @ :: (store 4)
%sstack.2, @ :: (store 8)

implicit-def $sp, implicit $sp
FMOVDi 28

MOVi32imm @

LDRDui %stack.1, 0

MOViedimm 8

LDRDui %stack.2, 0

50

After:

body:
bb.0:

%namedVReg rgpr32 =
STRWui %snamedVReg ,
%namedVRegl355:gpr32 =
STRWui SsnamedVReg1355,

STRXui %snamedVReg ,
ADJCALLSTACKDOWN 8, 9,

%namedVReqgl1371: fpre4

%namedVReqgl1364: fpre4

COPY swzr

%stack.@, @ :: (store 4)
COPY sw@

%stack.1l, @ :: (store 4)

%stack.2, @ :: (store 8)
implicit-def $sp, implicit $sp
LDRDui %stack.1l, @

LDRDui %stack.2, @



COPY Folding

e |fa COPY reads from and writes to a vreg with the same RegClass, fold it.

%7 :gpr32 = COPY %8
$x0 = COPY %7
%foo4:fpre4 = FMULDrr %foo2, %7

$x0 = COPY %8
%foo4:fpro4 = FMULDrr %fool, %8

>
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COPY Folding: Results

Before: After:
snamedVReql375:gpr64 = MOVaddr target-flags(aarcht4-pag %snamedVRegl375:gpre4 = MOVaddr target-flags(a
$x0 = COPY S%namedVRegl37 $x@ = COPY %namedVRegl37
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+ +—— 53 lines:
- 4 id: 2,

Instruction Reordering: Results

rname:
stack-icd: A, callee-saved-register:
local-oflsel: -16, di-variable: "'

', type: default, offset: @, size: 8, alignment: 8,
'', callee-saved-restored: true,
, di-expression: "', di-luczlion:

conslanls:
oogy: |
bb.0:

snamedV=ecl358:qpred = COFY $x1
snamcdVAccl355:gpr32 = COFY $wo
BnamcdVRecl352:gpr32 = COFY Swzr
5TRWui %named\VRegl352, %stack.®, 0 :: (store 4)
STRWui %named\Reg1355, %stack.1, @ :: (stare 4)
STRXui %nemed\VReyl358, %slack.2, 0 :: (slore &)

testl,canon.du—-rename—-only.mir

ADJCALLSTACKDOWNN 8, O,
snamedV=ecl3b2:qpredsp
snamcdVRecl367:fpred =

inplicit-def $sp, implicit $sp
= COPY $sp
MOvVDi 28

namedVReg1371: fpr6d = LDRDui %stack.1, O

EnamedVReul364: Mpréd = LDRDul %stack.2, 0

%namedVRecl369: fpréd = AMULD-r %namecVRegl371, %naredVRegl364

snamedVRegl363: fpréd

snamedVReq1373:gnr6d

wnamedVReg1361: fpr6d

STRDui %nemed\'Regl36l,

STRXui %nemed\Regl373, %namedVRegl362, O :: (store 8)

%¥namedVRegl375:gpréd4 = MOvVaddr target-flags(azrch64-page) @.str, target-f
= COPY %naredVReql375

MULD ~r %namedVRegl356, %naredVRegl367
SUEREG_TO_REG A, %namecVReq1374, %subreg.sub_32
FSUBD~r %namedVReqg1363, %naredVReql364
snamedVRegl362, 0

namedVRecl370:Tpred = FDIVDrr %namecVReql359, %naredVRegl3b4
snamedV=Recl374:qpr32 = MOVi32imm 8

snamedVRecl377:gpr32 = COFY $wo

snamedVReclibb: fpred = SUBD~r SnamedVReql3oY, %narcdVRegl3/0

BL @printf, csr_aarchb4 aapcs, implicit-def $1lr, irmplicit $s5p, implicit §
ADJCALLSTACKUP 8, ©, i1mplicit-def $sp, implicit $sp

ADJCALLETACKDOWN 0, O, inplicit-def %sp, implicit %sp

ADJCALLSTACKUP @, @, implicit-def %sp, imnlicit %sp

wnamedVReg1376:gpr32 = MOVi32imm @

$w@ = COPY SnavedVRegl376

$x2 = REG_SEQUENCE s%namedVRegl1377, Ssubreg.dsub®, %namedVRegl378, %subreg
RET_RzallyLR implicit $x2

93,1

“test2.canon.cu-renare-only.mir" 93L, 3569C

- 1 ic: 2, name: '', type: default, offset: A, sirze: 8, alignment: 8,

stack-id: @, callee-saved-register: '’

local-offsel: =16, di-varieble: "'

, callse-saved-restored: true,

, di-expression: '', di-localiocn:

cons.enls:
body: |
bD.0:

ALl test2.ccnon.du-rename-only.mir

53

snamcdVRcgl352:gpr3d =
STRWui %namedVYRegl1352,
SsramedVReg1355:gpr3? =
STRWui1 %namedVReg1355,
SsnamedVRegl1358:gpré6d =
STRXul S%namedVReygl1358,
SsramedVRegl377:gpr32 =
ADJCALLSTACKDOVN 8, O,

COPY Swzr
%stack.@6, 0 ::
COPY 4w@
%stack.1, A ::
COPY ¢x1
%slack.2, 0 ::
COPY swo
implicit-def sSsp, implicit $sp

(store 4)
(store 4)

(sLore 8)

FMOVD1 28
MOV13Zimm @

COPY %namedVReglZ52
I DRDui %stack.1, A
MOVi6dimm 8

LDRDui %slack.2, ©
= COPY $sp

sramcdVRcgl367: fproed
snamcdVRcgl376:gpr3é
sramedVRegl1378:gpr32
SsramedVReg1371: fpr6d
“SramedVReg1373:gpr6d
SsnamedVRegl1364: Mpréd
SsnamedVRegl1362:gprédsp

snamedVRegl369: fpréd = FMULDrr %snamadVRegl371, %namedVRegl364
snamedVReql1370: fpréd = FDIVDrr snam2dVReql363, s%snamedVRegl364
SnamedVRegl3eb: fpred = FSUBDrr SsnamcdVRegl36d, SsnamcdVRcgl3/9
sramedVRegl363: fpred = FMULDrr %snamedVRegl365, %snamedVRegl367
SnamedVRe=g1361: fpr6d4 = FSUADrr %nam=dVReg1363, %namedVReg1364
STRDui %namedVYRegl361, %namedVRegl352, @

STRXuli %snamedVRegl373, %namecVReg1352, @ :: (store 8)

sramedVRegl1375:gpréd = MOVador target-flags(aarch64-page) @.str, terget-f

= COFY %snam=2dVReql375

BL @printf, c¢sr_aarché4 aapcs, implicit-def $.lr, implicit $sp, implicit s
ADJCALLSTACKUP 8, 0, implicit-def Ssp, implicit $sp

ADJCALLSTACKDOVN 2, 0, implicit-def Ssp, implicit $%$sp

ADJCALLSTACKUP A, @, implicit—def Ssp, implicit $sp

$w0 COPY %snamedVRegl1375
$x2 = REG_SEQUENCE %namedVRegl377, %subreg.dsub®, %namedVReql378, 3%subreg
RET_ReallyLR implicit $x2

All



testl.canon.mir [+] 79,1

bb.9:

%¥namedVReg4352:gpr imm 8

%namedVReg4353:gpr32 = MOVi32imm O

%¥namedVReg4354 :fpred = FMOVDL 28

¥namedVReg4355:gpre4 = COPY $x1

%namedVReg4356:gpr32 = COPY $wzr

STRWui %namedVReg4356, ¥stack.®, 0 :: (store 4)
%namedVRegl355:gpr32 = COPY $wd

STRWui %namedVReg1355, Xstack.1l, @ :: (store 4)

STRXui %namedVReg4355, ¥stack.2, @ :: (store &)
ADJCALLSTACKDOWN 8, 0, implicit-def $sp, implicit $sp
¥namedVReg1371:fpro4 = LDRDuL ¥stack.l, ©
%namedVRegl364:fpr64 = LDRDuL ¥stack.Z2, ©
¥namedVReg1369:fpré4 = FMULDrr ¥namedVReg1371, ¥namedVRegl364
%namedVReg137@:fpré4 = FDIVDrr %namedVReg1369, ¥namedVRegl364
%namedVReg1366:fpred = FSUBDrr ¥namedVRegl369, ¥namedVRegl370
%namedVReg1363:fpr64 = FMJLDrr %namedVReg1366, ¥namedVReg4354
%namedVRegl362:gprédsp = COPY $sp

¥namedVReg1361:fpro4 = FSUBDrr ¥namedVRegl363, ¥namedVRegl364
STRDui %namedVRegl36l, %namedVRegl362, ©

STRXui %namedVReg , %namedYRegl362, @ :: (store 8)

%namedVReg137 :gpré4 = MOVaddr target-flags{aarchb4-page) @,str, targ
$x@ = COPY %namedVRegl137

BL @printf, csr_aarché4_aapcs, implicit-def $lr, implicit $sp, implic
ADJCALLSTACKUP 8, @, implicit-def $sp, implicit $sp

ADJCALLSTACKDOWN @, @, implicit-def $sp, implicit $sp

ADJCALLSTACKUP @, @, implicit-def $sp, implicit $sp

$w@ = COPY %namedVReg4353

%¥namedVReg137 :gpr32 = COPY $w0

$x2 = REG_SEQUENCE %namedVReg137 , Xsubreg.dsub®, ¥namedVReg4356, ¥su
RET_ReallyLR implicit $x2

o
0o

54

% fest2. canon.mir [+1

Instruction Reordering: Results

bb.0:

%¥namedVReg4352:gpr imm 38

¥namedVReg4353:gpr32 = MWVi32imm 0

¥namedVRegd354: fpred = FMOVDL 28

¥namedVReg4355:gpre4 = COPY $x1

%namedVReg4356:gpr32 = COPY $wzr

STRWui %namedVReg4356, ¥stack.®, @ :: (store 4)
%¥namedVRegl355:gpr32 = COPY $wd

STRWui %¥namedVRegl35S, %stack.1l, @ :: (store 4)

STRXui %namedVReg4355, %stack.Z2, @ :: (store 8)
ADJCALLSTACKDOWN 8, @, implicit-def $sp, implicit $sp
¥namedVReg1371:fpro4 = LDRDuL %stack.1l, ©
¥namedVRegl364:fpr64 = LDRDuL ¥stack.2, ©
¥namedVReg1369: fpré4 = FMULDrr %¥namedVYReg1371, ¥namedVRegl364
¥namedVReg137@: fpré4 = FDIVDrr %namedVRegl369, %namedVRegl364
¥namedVReg1366: fpred = FSUBDrr ¥namedVRegl1369, ¥namedVRegld7d
%namedVReg1363: fpr64 = FMULDrr %namedYRegl366, ¥namedVReg4354
%¥namedVRegl362:gpré4sp = COPY $sp

¥namedVReg1361: fpro4 = FSUBDrr ¥namedVRegl363, ¥XnamedVRegl3b4
STRDui %namedVRegl36l, %namedVRegl362, ©

STRXui %namedVReg , %namedVRegl362, O :: (store &)

%¥namedVReg137- :gpréd4 = MWVaddr target-flags{aarch64-page) @.str, targ
$x@ = COPY %namedVReg137

BL @printf, csr_aarch64_aapcs, implicit-def $lr, implicit $sp, implic
ADJCALLSTACKUP 8, @, implicit-def $sp, implicit $sp

ADJCALLSTACKDOWN @, @, implicit-def $sp, implicit $sp

ADJCALLSTACKUP @, @, implicit-def $sp, implicit $sp

$@ = COPY %namedVReg4353

%namedVReg137::gpr32 = COPY $wd

$x2 = REG_SEQUENCE %namedVReg137:, ¥subreg.dsub®, ¥namedVReg4356, ¥su
RET_ReallyLR implicit $x2




LLVM Usage and Modifications

 Made use of llvm Machine Function Pass.
 Implemented Named VRegs in MIR: used by cursor.

e Rely heavily on SSA form.
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Usage

vimdiff GloballSel vs SDISel:

llc -S -stop-before peephole-opt $file.ll -o - |
llc -x mir -run-pass mir-canonicalizer -o canon.sdisel.mir

llc -S -stop-before peephole-opt $file.ll -o - -global-isel -global-isel-abort=0 |
llc -x mir -run-pass mir-canonicalizer -o canon.gisel.mir

vimdiff canon.sdisel.mir canon.gisel.mir
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Usage

Checksum diff to classify common diffs:

llc -S -stop-before peephole-opt $file.ll -o - |
llc -x mir -run-pass mir-canonicalizer -o canon.sdisel.mir

llc -S -stop-before peephole-opt $file.ll -o - -global-isel -global-isel-abort=0 |
llc -x mir -run-pass mir-canonicalizer -o canon.gisel.mir

chk="diff canon.sdisel.mir canon.gisel.mir | scrapediff.sh | md5"

echo "$chk mir-diff-logs/$chk.log
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testl.canon.mir [+]

Usage

bb.9:

%¥namedVReg4352:gpr imm 8

%¥namedVReg4353:gpr32 = MOVi32imm 0

%¥namedVReg4354 : fpred = FMOVDL 28

¥namedVReg4355:gpre4 = COPY $x1

%namedVReg4356:gpr32 = COPY $wzr

STRWui %namedVReg4356, ¥stack.®, 0 :: (store 4)
%namedVRegl355:gpr32 = COPY $wd

STRWui %namedVReg1355, %stack.l, @ :: (store 4)

STRXui ¥namedVReg4355, %stack.2, @ :: (store 8)
ADJCALLSTACKDOWN 8, 0, implicit-def $sp, implicit $sp
¥namedVReg1371:fpro4 = LDRDuL ¥stack.l, ©
%namedVRegl364:fpr64 = LDRDuL ¥stack.Z2, ©
¥namedVReg1369:fpré4 = FMULDrr ¥namedVReg1371, ¥namedVRegl364
%namedVReg137@:fpré4 = FDIVDrr %namedVRegl369, ¥namedVRegl364
%¥namedVReg1366:fpréd = FSUBDrr XnamedVRegl369, ¥namedVRegl3d7d
%namedVReg1363:fpr64 = FMJLDrr %namedVReg1366, ¥namedVReg4354
%namedVRegl362:gpréd4sp = COPY 3$sp

¥namedVReg1361:fpre4 = FSUBDrr ¥namedVRegl363, ¥namedVRegl364
STRDui %namedVRegl36l, %namedYRegl36Z, ©

STRXui %namedVReg , %namedYRegl362, @ :: (store 8)

%namedVReg137 :gpré4 = MOVaddr target-flags{aarchb4-page) @,str, targ
$x@ = COPY %namedVRegl137

BL @printf, csr_aarché4_aapcs, implicit-def $lr, implicit $sp, implic
ADJCALLSTACKUP 8, @, implicit-def $sp, implicit $sp

ADJCALLSTACKDOWN @, @, implicit-def $sp, implicit $sp

ADJCALLSTACKUP @, @, implicit-def $sp, implicit $sp

W@ = COPY %namedVReg4353

%¥namedVReg137 :gpr32 = COPY $w0

$x2 = REG_SEQUENCE %namedVReg137 , Xsubreg.dsub®, ¥namedVReg4356, ¥su
RET_ReallyLR implicit $x2

79,1
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98% testd.canon.mir [+1

bb.0:

%¥namedVReg4352: gpr imm 8

#¥namedVReg4353:gpr32 = MWVi32imm @

¥namedVRegd354: fpred = FMOVDL 28

¥namedVReg4355:gpre4 = COPY $x1

%namedVReg4356:gpr32 = COPY $wzr

STRWui %namedVReg4356, ¥stack.@, @ :: (store 4)
%namedVRegl355:gpr32 = COPY $wd

STRWui %¥namedVReg1355, %stack.1l, @ :: (store 4)

STRXui ¥namedVReg4355, %stack.2, @ :: (store &)
ADJCALLSTACKDOWN 8, @, implicit-def $sp, implicit $sp
¥namedVReg1371:fpro4 = LDRDuL %stack.1l, ©
¥namedVRegl364:fpr64 = LDRDuL ¥stack.2, ©
¥namedVReg1369: fpré4 = FMULDrr ¥namedVRegl371, ¥namedVRegl364
¥namedVRegl37@: fpr64 = FDIVDrr ¥namedYRegl369, %namedVRegl364
%¥namedVReg1366: fpréd = FSUBDrr ¥namedVRegl1369, ¥namedVRegl3d7d
%namedVReg1363: fpr64 = FMULDrr %namedYRegl366, ¥namedVReg4354
%¥namedVRegl362:gpré4sp = COPY $sp

¥namedVReg1361:fpro4 = FSUBDrr ¥namedVRegl363, XnamedVRegl3b4
STRDui %¥namedVRegl36l, %namedVRegl362, ©

STRXui %namedVReg , %namedVRegl362, O :: (store &)

%¥namedVReg137- :gpréd4 = MWVaddr target-flags{aarch64-page) @.str, targ
$x@ = COPY %namedVReg137

BL @printf, csr_aarch64_aapcs, implicit-def $lr, implicit $sp, implic
ADJCALLSTACKUP 8, @, implicit-def $sp, implicit $sp

ADJCALLSTACKDOWN @, @, implicit-def $sp, implicit $sp

ADJCALLSTACKUP @, @, implicit-def $sp, implicit $sp

$v@ = COPY %namedVReg4353

%namedVReg137::gpr32 = COPY $wd

$x2 = REG_SEQUENCE %namedVRegl37:, ¥subreg.dsub®, ¥namedVReg4356, ¥su
RET_ReallyLR implicit $x2




Usage

Output of scrapediff.sh for our example:

{ MOV132imm, SUBREG_TO_REG }, { MOVio4imm }
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Usage

Output of scrapediff.sh for our example:

{ MOV132imm, SUBREG_TO_REG }, { MOVio4imm }

> echo "{ MOVi32imm, SUBREG_TO_REG }, { MOVie4imm }" | md5
e83501f2db1ef398605300b3713230e9
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Usage

Checksum diff to classify common diffs:

[ - plotfi@grendel:$ ]
~/tmp/mir-diff-logs
> 1s | tatil

e8350112db1lef3980605300b3713230€9.10g £292d30albf7d81def9felb2863fac92.
/efe5fe5429fdc321de717c4b9fe7991.10g f3800a19c821bdcb9e4a3a3a3db7a3aa.
8313f94ea653e23a000be451da400633.10g f450b592c471d3a75513ea8fb77fo0ef.
8627b10b559bb8375b1ab60@4f8e19bef . 1og fo6a0ae738da0e8f75716e312fd33f9c.
89822ef0@4a2e454fed4c/72adf8717ela. log fad89503b53a3codfobedadbabfdl3719.
8f6c696093dcb2139bc3a81da9clb74e.10g ffbf310bc252adbf2800a52c2e614904 .

[ - plotfi@grendel:$ ]

~/tmp/mir-diff-logs

> wc -1 * | sort | tail
133 e83501f2db1lef398605300b3713230€9.10g
224 37ac572559¢c9858920e4bfe394054266.10g
368 34096bc993e8a34856783ebf4119b5b4.10g
412 c8149f4775306c364e5adb7427bf8ae4d.10g
/03 bc4ca5e630850cba84aa9fe4262d75db.1og
997 84632f4e3577233fb570944454c2a299.10g

o1
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Future Work
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Future Work

* |Implement Symbolic VReg Renaming.
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Future Work

Implement Symbolic VReg Renaming.

+ +== 53 lines: === |———————————————— e e e e e 4+ == 53 linES! - |——————ee— e ——————————
' { 2d: 2, nare: "', Llype: defoull, offsel: @, size: 8, alignmenl: §,

{ id: 2, name: , Lype: delaull, coffsel: @, size: 8, aliunnenl: 8,
stack-1d: 0, callee-saved-register: '', callse-saved-restored: true, stack-id: 9, callee-saved-register: '', callee-saved-restored: true,

local offset: 16, di variable: '', di cxpression: '', di location: '' local offset: 16, di variable: '', di expression: '', di lecaticn: '
constarts: caonstants:
bcay: | body: |
ba.h: nh.B:

snemedVRegdi52:qpr imm & %ramecVYRecd352:gpr imm €

TnznadVR=94353::0pr3? = MOViI3Z2imm @ FramecVReod353:qpr32 = MOV 32 1mm €

snemedVRega354: fprod = "MCVDL 28 %ramecVYRecd354:Tpréd = FMOVDL 28

SnemedVReg4355:0p1bd = COFY $x1 SramecVReud355:qpred = COPY $x1

snemedVReg4356:0pr32 = COFY 3$wzr %ramecVYRegd356:gpr32 = COPY Swzr

STRWul %namcdVReud356, %clock.€, 6 :: (slorc 4) STRWui %namrcdVReygd4356, Sslack.d, € :: (slore 4)

wnemadVRagl3s5igpr32 = COFY 3wl wramecVYRegl3no:igpr32 - COPY $wd

STEWui %namcdVRcgl355,
STEXui 4wnamedVRegd355,
ADJCALLSTACKDOYN 8, @,
TnanadVR=137T: prbd
%snemaedVRegli64: fprod
SnamcedVReqg1369: Tprbd
wsnemadVRegli78: fprod
SnemedVReglieb: Tprbd
snemedVRegl363: fprod
SnamedVRogli62:opradep
wnamedVR291361: fprod -
STRDui %namedvRegl361,

STRXui %namedVReg .
EnanadVi=g137taprbd =

%stack.1, @ :: (storc 4)

%etack.?, @ :: (stare B)

implicit-def 5sp, Zmplicit Ssp

LDROu Sslack.1, 0

_DRDui %stack.z2, 0

MULDr s FnamcdVRen? 371, SnancdVRegl13ba
“DIVDr- wnamedVRegl3€S, %namedVRegl3bd
=SUEDr» FnamcdVRegl3ey, SsnanedVReglir?o
MULDr~ namedVRegl3CC, %namedVRegd354
= COPY <sp

FSUEDr~ znamedVRegl363, wnamedVReql3bd
%namedVRegl3c2, @

snamedVRegl3€2, € :: (store 3)
MOVaddr target=flags(zarchad=page)

.51

(=)

5x€ = COPY %namedVRegl37

BL Zorintf, <sr_aarchéed_aapcs, implicit-def $Llr, implicit

ADJCALLSTACKUF &, @, implicit-def $sp, implicit $sp

ADJCALLSTACKDOWN 2, 6,

implicit-def $sp, Zmplicii Ssp

ADJCALLSTACKUP @, @, iqplicit-def $sp, implicit $sp
wl = COPY %namedVRegd353

©, target=f

€sp, implicit $

STRWui %narcdVRegl3ss,
STRXui wnarsdVRegd355,
ADJCALLSTACKDOWN 3, @,
SramecVRenl1371: prad
%namecVYRecl1364:Tpréd
SramecVReol3isY: Tprad
%ramecVRecl370:fpréd
SramedVRegl3bh: [prod
%ramecVRegl3n3:fprod
SramecVRegl3s2::gprédsp
wramedVReql3nl:fprod -
STRDui %nared\Regl36l,

STRXui %naredVReg .
SrnamecVReo13/ tgpred =

%stack.l, @ :: (storc 4)

“stack.?, 0 :: (store 8)

implicit—def $sp, implicit $sp

LORDu1 %s5lack.1, @

LCRDui #%steck.2, @2

FMULDrr SsnamedVReg1377, SsnamedVReqg1 364
FCIVDrr %nemadVR2g1362, *%namedVRegl3c4
FEUBDr 1 SsnemedVRegli6d, %FnamcdVRegl3/je
FMULDrr %nzmedVR291365, %namedVRegd4354
= COPY 3isp

FSUBDrr %wnamadVR291363, *namedVReql364
%snamecVReqgl352, 2

%snamedVRegl1352, @ :: (stcre §)
MOVaddr target=flags(aarchbd=page) @.<tr,

$x9 = COPY %namedVRegl37

BL @praintf, csr_aarchbid_gsapcs, wmplocit-def Slr,

ADJCALLSTACKUP 8, @, implicit-def Ssp, implicit ssp

ADJCALLSTACKDOWN @, €,

implicit—def $sp, Lmplicit $<p

ADJCALLSTACKUP @, @, implicit-def Ssp, implicit ssp
$wd = COPY %namedVReg4353

mplicit $sp, mmplocit

wnamedVR29137 :qpr32 = COFY 3w@

SramecVReql37 igpr32 - COPY $wd

tarqet=r

5

3x2 = REG_SEQUENCE #snamedVRegl37’, %subreg.csubd®, %snamsdVRegd35€, %subreg
RET_ReallylLR implicit SxZ

$x2 = REG_SEQUENCE %namedVRegl377, ®subra2g.dsub@, %nanedYRegdlS55, %subreg
EET_ReallylR implicit 3x2

ALl test2.canon.rir [=] /49, 0=1 ALl
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Future Work

Numbered naming can

* Implement Symbolic VReg Renaming. result in off by one naming.

+ A= 53 LINES: =mm | e e o e o o e o o e e e e e e e e e e e | o D3 LINES: = | o o oo o o o o e o o e o o e oo e e o o o e o o e o o e o o e o o

{ id: 2, name: '', Lype: delaull, cffsel: @, size: 8, alionmenl: 8, { d: 2, nare: "', Lype: defeoull, olfsel: @, size: 8, alignmenl: &,
stack-id: 0, callee-saved-register: '', callee-saved-restored: true, stack-id: 9, callee-saved-register: '', callee-saved-restored: true,
local offset: 16, di variable: '', di eoxpression: '', di location: *'*' local offset: 16, di variakle: '', di expression: '', di lecaticn: '

constarts: caonstants:
bcaoy: | body: |
bn.#: nh.B:

%snemedVReg4i52:gpr imm § %ramecVYRecd352:gpr imm €

TnanadVR=g4353:0pr3? = MOViI32imm @ ZramecVRend3S3:qpr32 = MOV 3Z0imm B

%snemadVReg4i54: fprod = “MCVDL 2B %namecVRegd354:Tpréd = FMOVDL 23

SnamedVRega:55:0p184 = COFY 3x1 SramecVReud355:qpred = COPY $x1

snemadVRag4356:gpr32 = COFY 3wzr %ramecVRegd356:gpr32 = COPY swzr

STRWul %snamedVReod356, %clock.€, 6 :: (sLorc 4) STRWui %namrcdVReyd35€, %slack.?d, @ :: (slore 4)

wnemadVR291355:gpr32 = COFY 3wé wramecVRegl3no:igpr32 = COPY $wo

STRWui %snamcdVRcol135%5, %cstacx.1l, @ :: (storc 4) STRWui %snarcdVRegl3S55, %stack.l, @ :: (storc 4)

STRXui 4wnamedVRegd355, %etack.?, @ :: (stare B) STRXui wnarsdfRegd355, 4stack.?, @ :: {store 3)

ADJCALLSTACKDOYN 8, @, implicit-def 5sp, Zmplicit Ssp ADJCALLSTACKDOWN 3, €, implicit—def $sp, implicit $sp

Enan=adVB2q1377:prbd = LDROu Sslack.1, 0 SramecVReoT1371:Tpred = LORDur %slack.1, @

%snemadVRegli64: fprod4 = LDRDul %stack.2, 0 %ramecVYRecl364:Tpréd4 = LCRDui %steck.Z, 2

SnancdVReg1369: tprbd = AMULDr s FnamcdVRen? 371, SnancdVReg13bhd SramecVReoT3a%: Tpred = FMULDrr SsnamedVReg1377, SnomedVReql 364

wsnemedVRegli78: fprod = FDIVDr- %namedVRegl36S, %namedVRegl3bcd %ramecVRegl370:fpréd = FLIVDrr %nemadVR2gli62, %namedVRegl3b4

SnemedVReglies: Tprdd = FSUEDr FnamcdVRegl36%, SnancdVRegliryo SramecVReol3dn6: Tpred = FEUBDrr SsnemedVReqli69, SnamcdVRegyl3sjé

snemadVRegli63: fprod — AMULDr- wnamedVRegl3CE, %namedVRegd354 %ramecVRegl3n3:fpriod - FMULDrr %nemadVR291l365, %namedVRegd354

snamedVRogli62:0prodep = COPY <sp SramecVRegl3s2:gprédsp = COPY isp

*namedVRegl36l: fprod — FSUEDr- ZnamedVRegl3G3, wnamedVRegl3bd wramecVReql3nl:fprod - FSUBDrr wnamedVR291363, dnamedVReql364

STRDui %namedVRegl361, #%namedVRegl3g2, @ STRDui %nared\Regl36l, %snamedVReql352, 9

i

STRXui %namedVReg , %namedVRegl3€2, € :: (store 3) STRXui %naredVReg , %namedVRegl352, 9 :: (store §)

SnanadVReq13i7 :aprbd = MOVadd:s target=flags(zarchbd=page) @.s1r, target=f SramecVReol3/ igpred = MOVaddr target=flags({aarchbd=page) @.str, target=f

5x@ = COPY %namedVRegl37 $x9 = COPY %namedVRegl37

8L Zorintf, <sr_aarched_aapcs, implicit-def $Llr, implicit €sp, implicit § BL @praintf, c<sr_aarchbd_ocapcs, impl_cit-def SLr, imp.icit $sp, mpl.cit S

ADJCALLSTACKUP &, @, implicit-def $sp, implicit $sp ADJCALLSTACKUP 8, @, implicit-def ssp, implicit ssp

ADJCALLSTACKDOWN 2, @, implicit-def $sp, —mplicit Ssp ADJCALLSTACKDOWN @, 8, implicit-def $<p, implicit $<p

ADJCALLSTACKUP @, @, ivplicit-def $sp, implicit $sp ADJCALLSTACKUP €, @, implicit-def ssp, implicit ssp

wd = COPY %namedVRegd353 ¢wd = COPY %namedVReg4353

“namedVReg137 iapr32 - COFY jw@ SramecVReql37 o gpr32 - COPY $wd

5x2 = REG_SEQUENCE #%snamedVRegl37 ', %subreg.csubd®, %snamedVRegd435E, %sudreg $x2 = REG_SEQUENCE %namedVRegl377, %subra2g.dsub@, %namedVReg4355, %subreg

RET_ReallylE mmplicit SxZ RET_Real lyLR implicit 3x2

canon.mit ALl test2.canon.mir [=] Y, 0=1 ALl
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Future Work

Numbered naming can

* Implement Symbolic VReg Renaming. result in off by one naming.

+ =5

NES ! === | e o o e o o e o o e e e e e e e e e e e | oo ~E I BT T [ttt ettt t— i @i aitmtnty’ 4 # # AR’ ASESEtEE————

{ id: 2, name: '', Lype: delaull, cffsel: @, size: 8, alionmenl: 8, { d: 2, nare: "', Lype: delfaull, Lignmenl: &,
stack-id: @, callee-saved-register: "', callee-saved-restored: true, stack-id: 9, callee-saved-regiter” feg-restored: true,
local offset: 18, di variable: '', di eoxprossion: '', di location: '' local offset: 16, di vac 5% ', di-lecaticn: '

constarts: constants:
bcaoy: | body: |

ba.8: nh.0:
%snemedVReg4i52:gpr imm § %ramecVRegd352 . :gpr imm €
TnamadVR=204353:0pr3?2 = MOVI3Z2inm @ FramecVZ0A353 101 32 = ANV 32 10mm B
%snemadVReg4i54: fprod = “MCVDL 2B %rapeCVRegd 3ol Tpré FMOVDi 23
SnamedVRega:55:0p184 = COFY 3x1 o amedVRo355 1 qubd = COPY $x1
snemadVRag4356:gpr32 = COFY 3wzr SramegfRegd3no qpr32 = COPY swzr
STRWul %snamcdVRcud356, %clock.€, @ :: (sLorc 4) ST¥uL %SnanpdVReygds5€, %slack.d tslhre 4

wnemadVR291355:gpr32 = COFY 3wé namedVRe#1350:gpr32 = COPY Suf
STRWui %snamcdVRcol135%5, %cstacx.1l, @ :: (storc 4) STRWuiAnarcdVRegl3ss, %sstac
STRXui 4wnamedVRegd355, %etack.?, @ :: (stare B) STRY)A1 “nar=dfRegd355, 4st;
ADJCALLETACKDOYN B8, @, implicit-def 5sp, Zmplicit Ssp CALLSTACKDOWN 3, @,
Enan=dVR=q137: Iprbd DROu Sslack.1, 0 SramecVRenl1371: T prad
%snemadVRegli64: fprod4 = LDRDul %stack.2, 0 %ramecVYRegl364:Tpréd
SnancdVReqg1369: Tprbd MULDr s FnamedVReg? 327 SnancdVReg13s SramecVReaT3sY: Tprad
wsnemedVRegli70: fprod FDIVDr- wnamedVRegZ36S, %namecVRgal364 %ramecVRegl3i70: TpreA
SnemedVReglies: Iprbd =SUEDr = SnamgRegliey, Snancghegliryo SramecVReolins: T pyod
snemadVRegli63: fprod amed\VRegl3C0, #%pafecdVReg4354 %ramecVRegl3n3:4rid

.1, fstore #)
k.24 ¢ :: /. store [3)
inglicji—Aef fsp, imgf.icit 3$sp

RDuL A lacyf.1, @
LCRDAL festegk.2, @
FMD/r SsngmedVReqYE71, FEnamedVReqg 1364
FAIVprr vsfemadVR2gli69, %namedVRegl364
B0rr FnencdVRegli69, %namcdVReql3se
LDrr/%snemedVRgQ1365, %namedVRegd4354

<

|
[
3
=
-
<
=
)

F

snamedVRogli62:0prodep = COBY¥Ssp SramecVRegl3s2/gprédf COPY/%sp
*namedVRegl136l: fprod — ZSMEDr- TnamedVReqgl @5, wnamedVReqlzAd wramecVReal 30/ : fprj FSUBD/r wnamadVf2g1363, *namedVReql364
STRDui %namedVRegl3tly” %namedVRegl3E2, STRDui %narZd\VRegl/s6), %snamfdVReql352/ 2

i

STRXul %namgdafieg , wnamedVRegACE2, € :: (storef) STRXui *gferedVReg , %npamedVRegl35f, 9 :: (store §)
SnanadVReq13itaprbd = MVaddZTarqet=rlags(zarAhd-page) @.s51r, target=i SramecVReol3/ iqpf6d = Vaddr targfl=flagel{aarchbd=page) @.str, target=f
5x@ = COPY %namedVRegl37 $x9 = COPY #%namgdVRegl37
8L Zorintf, <sr_aarchedgsQapcs, implicit-dg# $lr, 1mplicit €sp, implicit § BL @praintf, <3/ aarchbid_capcs, impfl_ocit-def SLr, imp.icit $sp, mpl.cit S
ADJCALLSTACKUP &, @, 1plicit-def $so, #Molicit 3sp ADJCALLSTACKUYF 8, @, implicit-def/ssp, implicit ssp
ADJCALLSTACKDOW , @, lmplicit-def #p, —mplicii Ssp ADJCALLSTACKOOWN 8, 8, implicit—gef $<p, Lmplicit %$<p
ADJCALLSTACKYUP B, B, ivplicit-def A£sp, implicit $sp ADJCALLSTAZAUP €, @, implicit-def ssp, implicit ssp
wd = COPESsnamedVRegd353 ¢wd = COPP %namedVVReg4353
“namedVReg137 :qpr32 - COFY ) SramecVRegl37 gpr32 - COPY $wé
5x2 = REG_SEQUENCE #%snamedVRegl37 ', %subreg.csubd®, %snamedVRegd435E, %sudreg $x2 = REG_SEQUENCE %namedVRegl377, %subra2g.dsub@, %namedVReg4355, %subreg
RET_ReallylE mmplicit Sx2 RET_ReallyLR implicit 3x2

test2.canon.rir [=] /4, 0=1 All
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Future Work

Implement Symbolic VReg Renaming.

+ +== 53 lines: === |———————————————— e e e e e 4+ == 53 linES! - |——————ee— e ——————————
' { 2d: 2, nare: "', Llype: defoull, offsel: @, size: 8, alignmenl: §,

{ id: 2, name: , Lype: delaull, coffsel: @, size: 8, aliunnenl: 8,
stack-1d: 0, callee-saved-register: '', callse-saved-restored: true, stack-id: 9, callee-saved-register: '', callee-saved-restored: true,

local offset: 16, di variable: '', di cxpression: '', di location: '' local offset: 16, di variable: '', di expression: '', di lecaticn: '
constarts: caonstants:
bcay: | body: |
ba.h: nh.B:

snemedVRegdi52:qpr imm & %ramecVYRecd352:gpr imm €

TnznadVR=94353::0pr3? = MOViI3Z2imm @ FramecVReod353:qpr32 = MOV 32 1mm €

snemedVRega354: fprod = "MCVDL 28 %ramecVYRecd354:Tpréd = FMOVDL 28

SnemedVReg4355:0p1bd = COFY $x1 SramecVReud355:qpred = COPY $x1

snemedVReg4356:0pr32 = COFY 3$wzr %ramecVYRegd356:gpr32 = COPY Swzr

STRWul %namcdVReud356, %clock.€, 6 :: (slorc 4) STRWui %namrcdVReygd4356, Sslack.d, € :: (slore 4)

wnemadVRagl3s5igpr32 = COFY 3wl wramecVYRegl3no:igpr32 - COPY $wd

STEWui %namcdVRcgl355,
STEXui 4wnamedVRegd355,
ADJCALLSTACKDOYN 8, @,
TnanadVR=137T: prbd
%snemaedVRegli64: fprod
SnamcedVReqg1369: Tprbd
wsnemadVRegli78: fprod
SnemedVReglieb: Tprbd
snemedVRegl363: fprod
SnamedVRogli62:opradep
wnamedVR291361: fprod -
STRDui %namedvRegl361,

STRXui %namedVReg .
EnanadVi=g137taprbd =

%stack.1, @ :: (storc 4)

%etack.?, @ :: (stare B)

implicit-def 5sp, Zmplicit Ssp

LDROu Sslack.1, 0

_DRDui %stack.z2, 0

MULDr s FnamcdVRen? 371, SnancdVRegl13ba
“DIVDr- wnamedVRegl3€S, %namedVRegl3bd
=SUEDr» FnamcdVRegl3ey, SsnanedVReglir?o
MULDr~ namedVRegl3CC, %namedVRegd354
= COPY <sp

FSUEDr~ znamedVRegl363, wnamedVReql3bd
%namedVRegl3c2, @

snamedVRegl3€2, € :: (store 3)
MOVaddr target=flags(zarchad=page)

.51

(=)

5x€ = COPY %namedVRegl37

BL Zorintf, <sr_aarchéed_aapcs, implicit-def $Llr, implicit

ADJCALLSTACKUF &, @, implicit-def $sp, implicit $sp

ADJCALLSTACKDOWN 2, 6,

implicit-def $sp, Zmplicii Ssp

ADJCALLSTACKUP @, @, iqplicit-def $sp, implicit $sp
wl = COPY %namedVRegd353

©, target=f

€sp, implicit $

STRWui %narcdVRegl3ss,
STRXui wnarsdVRegd355,
ADJCALLSTACKDOWN 3, @,
SramecVRenl1371: prad
%namecVYRecl1364:Tpréd
SramecVReol3isY: Tprad
%ramecVRecl370:fpréd
SramedVRegl3bh: [prod
%ramecVRegl3n3:fprod
SramecVRegl3s2::gprédsp
wramedVReql3nl:fprod -
STRDui %nared\Regl36l,

STRXui %naredVReg .
SrnamecVReo13/ tgpred =

%stack.l, @ :: (storc 4)

“stack.?, 0 :: (store 8)

implicit—def $sp, implicit $sp

LORDu1 %s5lack.1, @

LCRDui #%steck.2, @2

FMULDrr SsnamedVReg1377, SsnamedVReqg1 364
FCIVDrr %nemadVR2g1362, *%namedVRegl3c4
FEUBDr 1 SsnemedVRegli6d, %FnamcdVRegl3/je
FMULDrr %nzmedVR291365, %namedVRegd4354
= COPY 3isp

FSUBDrr %wnamadVR291363, *namedVReql364
%snamecVReqgl352, 2

%snamedVRegl1352, @ :: (stcre §)
MOVaddr target=flags(aarchbd=page) @.<tr,

$x9 = COPY %namedVRegl37

BL @praintf, csr_aarchbid_gsapcs, wmplocit-def Slr,

ADJCALLSTACKUP 8, @, implicit-def Ssp, implicit ssp

ADJCALLSTACKDOWN @, €,

implicit—def $sp, Lmplicit $<p

ADJCALLSTACKUP @, @, implicit-def Ssp, implicit ssp
$wd = COPY %namedVReg4353

mplicit $sp, mmplocit

wnamedVR29137 :qpr32 = COFY 3w@

SramecVReql37 igpr32 - COPY $wd

tarqet=r

5

3x2 = REG_SEQUENCE #snamedVRegl37’, %subreg.csubd®, %snamsdVRegd35€, %subreg
RET_ReallylLR implicit SxZ

$x2 = REG_SEQUENCE %namedVRegl377, ®subra2g.dsub@, %nanedYRegdlS55, %subreg
EET_ReallylR implicit 3x2
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Implement Symbolic VReg Renaming.

tastl.canon.mir [+]

Future Work

stack-1d: @, callee-saved-register: '', callee-saved-restored: true,
local offsel: B, di variable: *°

, di-expression: "', di Llocalion: '" }

- { id: Z, name: '', type: default, cffset: @, size: 8, alignment: 8,

stack id: @, callee saved register: '', callee saved restored: true,
local-affset: =16, di-variable: '', di-expression: '’, di-location: *'°'

censtarts:
beody: |
bo.6:

TnamadVR=294352 :aprbd
snemedVRega4353:gpr32

MOViBdmm 8
MOYi32imm @

SnemedVRey4:354: lprdd MOovDL 28
snemadVRag4355:0prbd = COPY 3x1
SnemedVRegd358:0pr32 = COPY $wzr

STRWui snamedVReg4350, %stack.€, @ :: (store 4)

snamedVRogl355:0pr32 = COPY $wé

STRWui wnamedVReq1355, %etack.1l, @ :: (stare 4)

STRXui %namedvReg4355, %stacx.2, @ :: (store B)

ADICALLSTACKDOWN B, @, implicil=del Ssp, mplicit Ssp
%snemedVRegli71:fpro4 = LDRDul %stack.1, O

SnamcedVReqg1364: Tprbd LDROu Sstack.?, B

snemedVRegl3e3: fprod = AMULDr~ wnamedVRegl371, %namedVRegl3t4d
SnemedVRegli7d: Tprbd =DIVDr s FnamcdVRegl3ey, SsnanedVReglibsd
wnemedVR291366: fprbod — FSUEDr- mnamedVRegl3CS, #namedVRegl37o
SnamedVRegl363: fprad = AMULDr- %namcdVRcgl3€€, %namedVRegd3s4
+namedVR291362:qprdep — COPY S$sp

snemadVR2gl361: fprod = FSUBDr- %named\VRegl362, %namedVRegl3sd

STEDu1 ZnamedVRealinhl, SnavedVReqlib?, B

STRXui %namedVReg435Z, #%namedVRegl3€2, € :: (store 3)
SnanadVkeq13i74:oprbd = MOVaddr target=flags(zarchbd=page) @.s1r, target=f
5x€ = COPY %namedVRegl37

BL Zorintf, Csr_aarched_aapcs, implicit-def $Llr, implicit S€sp, implicit §
ADJCALLSTACKUF &, @, implicit-def $sp, implicit $sp

ADJCALLSTACKDOYN 2, @, Lmplicit-def Ssp, Zmpliciti Ssp

ADJCALLSTACKUF @, @, iqplicit-def $sp, implicit $sp

wl = COPY %namedVRegd353

“namedVR29137a:0pr32 = COFY 3w@

5x2 = REG_SEQUENCE #snamedVRegl375, %subreg.csub®, %snamedVRegd35€, %subreg
RET_ReallylLR implicit SxZ

Yy ,€-1 Bot
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- { id: 2, nare:

estZ2.canon.rir [=]

stack-id: 9, callee-saved-register: '', callee-saved-restored: true,
Llocal ollsel: -8, divariable: '', ci expression: ', di localicn: *' |
‘', type: default, offset: @, size: &, alignment: &,

stack id: 9, callec saved rcgister: '', callec saved restorcd: true,

lacal-offset: =16, di-variable: '', di-expression: '', di-leocation: ''
constants:
body: |
ob.0:

FramecVReod3s? qpred = MOVI6d1mm &

%ramecVYRecd353:gpr32 = MCOVi32imm €

SramecVReod354: Ipred = FMOVDL 28

%ramecVYRegd355:gprod = COPY $x1

%SnamedVReod356:gpr32 = COPY $wer

STRWui “naredVRegd356, %stack.9, € :: {store 4)

%namecdVReol1355:qpr32 = COPY $wd

STRWui “naredfRegl355, 4stack.l, 0@ :: {(store 4)

STRXui %naredVReg4355, %stack.2, € :: (store 3)

ADICALLSTACKDOWN &, B, wopliciltl=del $sp, implicil $<p
%ramecVRegl1371:Tpré4 = LORDui %steck.1l, 2

SramecVReolind: Tprad LORDu %=slack.?, 9@

%ramecVRecl369:fpréd = FMULDrr %nezmadVRegli71l, %namedVRegl364
SramecVReol3d/o: fpred FOIVDrr SsnemcedVReglied, FnamcdVRegl3ns
%ramecVRegl3066:fprod - FSUBDrr %nzmedVR291369, %namedVRegl376
SramecVRegl3s3: Tpréd = FMULDrr %snomedVR2gl265, %namedVRegd334
wramecVReql3n?:qgpridsp — COPY Ssp

%sramecVRegl3sl: Tpréd = FEUBDrr %snemadVR=2g1363, %namedVReql3bdé

STROuY %naredVReql36al, LnamedVReq1362, @

STRXui %naredVReg4352, %namecVReql352, 9 :: (sicre §)
namedVReo1374:gqpred = MOVaddr target=flags(aarchhd=page) @.str, tarqget=f
$x9 = COPY %namedVRegl374

BL @praintf, csr_aarchbid_ocapcs, wmplocit-def Slr, implicit $sp, mplcit S
ADJCALLSTACKUP 8, @, implicit-def Ssp, implicit ssp

ADJCALLSTACKDOWN 9, 8, implicit-def $<p, Lmplicit $<p

ADJCALLSTACKUP @, @, implicit-def Ssp, implicit ssp

$wd = COPY %namedVReg4353

SramecVRegl3i76:gpr32 - COPY $wd

$x2 = REG_SEQUENCE %namedVRecl376, ®subre2g.dsub@, %nanedVRegéld55, %subreg
EET_ReallylR implicit 3x2
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Future Work

* |Implement Symbolic VReg Renaming.
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Future Work

Implement Symbolic VReg Renaming.
Explore ISA Specific Canonicalization.
Explore Global Canonicalization Techniques.

CodeGen Hardening.
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MIR-Canon is currently in top of tree LLVM:

o lib/CodeGen/MIRCanonicalizerPass.cpp

Ready to Use:

llc -run-pass mir-canonicalizer -o - foo.mir
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Questions




