Dialects in LLVM IR



= Al applications require lots of matrix-matrix multiplications
= New Vulkan shader extension introduces the cooperative matrix type
» Special data layout depending on hardware support

= Some requirements on AMD GPUs:
= When calculating A - B + C, A needs to be transposed



Transpose in LLVM IR
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define

<8 x float> @test_transpose simple(<8 x float> %a) {

%1l =

%2
%3
%A
%5
%6
%7
%8

%9 =

%10
%11
%12
%13
%14
%15
%16
%17

call i32 @llvm.amdgcn.mbent.lo(i32 -1, i32 @)

call i32 @llvm.amdgcn.mbent.hi(i32 -1, i32 %1)

and i32 %2, 1
icmp eq i32 %3, ©
extractelement <8 x float> %a, i64 ©

bitcast float %5 to i32

bitcast float %9 to i32
call i32 @llvm.amdgcn.mov.dpp8.i32(i32 %10,

= bitcast i32 %11 to float

extractelement <8 x float> %a, i64 2
bitcast float %13 to i32

= call i32 @llvm.amdgcn.mov.dpp8.i32(i32 %14,
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bitcast i32 %15 to float

extractelement <8 x float> %a, i64 3
bitcast float %17 to i32

call i32 @llvm.amdgcn.mov.dpp8.i32(i32 %18,
bitcast i32 %19 to float

extractelement <8 x float> %a, i64 4
bitcast fleoat %21 to i32

call i32 @llvm.amdgcn.mov.dpp8.i32(i32 %22,
bitcast 132 %23 to float

extractelement <8 x float> %a, 164 S
bitcast fleoat %25 to 132

call i22 @lvm.amdgcr.mov.dpp8.i32(i32 %26,
biteast 132 %27 to float

exiracielameni <8 x float> V&, i64 6
biteest Flost %29 to i32

cell 132 @lilvin.amdgorn. moy.dppl. i22(i22 Y20, I

bilezsk 132 %31 o {lrat

sxtpantelement <8 x Fleat> 4a, 64 7

bl east Flasl %33 ko i32

Lald 333 @10 v amdgen, v AppE .32 53 530 ,
i Lacah S L Sawdlanr :
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137
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call i32 @llvm.amdgcn.mov.dpp8.i32(i32 %6, 132 14570689)
bitcast i32 %7 to float
extractelement <8 x float> %a, i64 1
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Transpose as high-level operation

define <8 x float> @test_transpose_simple(<8 x float> %a) {
%a.t = call <8 x float> @lgc.cooperative.matrix.transpose.v8f32(«<8 x float>» %a, i32 1, 132 0)
ret <8 x float> %a.t
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958 define <8 x float> @test_transpose_simple(<8 x float> %a) {

959 %1 = call i32 @llvm.amdgcn.mbcnt.lo(i32 -1, i32 @)

960 %2 = call i32 @llvm.amdgcn.mbent.hi(i32 -1, i32 %1)

961 %3 = and i32 %2, 1

962 %A = icmp eq i32 %3, ©

963 %5 = extractelement <8 x float> %a, i64 @

964 %6 = bitcast float %5 to i32

965 %7 = call i32 @llvm.amdgcn.mov.dpp8.i32(i32 %6, i32 14570689)
966 %8 = bitcast i32 %7 to float

967 %9 = extractelement <8 x float> %a, i64 1
968 %10 = bitcast float %9 to i32

969 %11 = call i32 @llvm.amdgcn.mov.dpp8.i32(i32 %10, i32 14570689)
970 %12 = bitcast i32 %11 to float

971 %13 = extractelement <8 x float> %a, i64 2

972 %14 = bitcast float %13 to i32

973 %15 = call 132 @llvm.amdgcn.mov.dpp8.i32(i32 %14, i32 14570689)

974 %16 = bitcast i32 %15 to float

975 %17 = extractelement <8 x float> %a, i64 3

976 %18 = bitcast float %17 to i32

977 %19 = call i32 @llvm.amdgcn.mov.dpp8.i32(i32 %18, 132 14570689)
978 %20 = bitcast i32 %19 to float

979 %21 = extractelement <8 x float> %a, i64 4

980 %22 = bitcast float %21 to i32

9281 %23 = call i32 @llvm.amdgcn.mov.dpp8.i32(i32 %22, 132 14570689)
982 %24 = bitcast i32 %23 to float

983 %25 = extractelement <8 x float> %a, i64 5

%26 = bitcast float %25 to i32

%27 = call i22 @l1vw.amdgon.mov.dppB.i32(i32 %26, 132 14570689)
%28 = bitgast 122 %27 to float

%28 = extracielement <8 x float> ¥, i64 6
%30 = biteest Flost %29 to i32
- #31 = a1l i32 @llva.amdgon. moy.dppB.i22(i32 Y20, 32 14570689)
4l #32 = bilessk 132 431 to {lsat
{4} MR = swtructelement <8 x Flesty> 4, o4 7
ung W34 = tdlgsst Flael ¥33 to i3z
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Optimizing Operations

define <8 x float» @test load transpose(ptr addrspace(3) %ptr) {
#a = call <8 x float> @lgc.cooperative.matrix.load.v8f32(ptr addrspace(3) Zptr, 132 4, 11 true, 132 1, 132 @, 132 @)
wt = call <8 x float> @lgc.cooperative.matrix.transpose.v8f32(<8 x float> %a, 132 1, i32 @)
ret <8 x float> %t

define <8 x float> @test load transpose(ptr addrspace(3) %ptr) {
#wa = call <8 x float> @legc.cooperative.matrix.load.v8f32(ptr addrspace(3) %ptr, 132 4, i1 false, 132 1, i32 @, 132 @)
ret <8 x float> %a



Working with new intrinsics - current approach

define <8 x float> @test_transpose_simple(<8 x float> %a) {
%a.t = call <8 x float> @lgc.cooperative.matrix.transpose.*Bf32(<8 x float> %a, 132 1, 132 @)
ret <8 x float> %a.t

=l O »1 I



Working with new intrinsics - current approach

4 define <8 x float» @test_transpose_simple(<8 x float> %a) {

5 %a.t = call <8 x float> @lgc.cooperative.matrix.transpose.v8f32(<8 x float>» %a, 132 1, 132 @)
6 ret <8 x float> %a.t

7}

[ L]

"lgc.cooperative.matrix.transpose”
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const static char CooperativeMatrixTranspose| |
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Working with new intrinsics - current approach
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define <8 x float> @test_transpose_simple(<8 x float> %a) {
%a.t = call <8 x float> @lgc.cooperative.matrix.transpose.v8f32(«<8 x float>» %a, i32 1, 132 0)
ret <8 x float> %a.t

[ | wr

const static char CooperativeMatrixTranspose[] = "lgc.cooperative.matrix.transpose”;

std::string callName(

= - - oo =1 = O

51 lgcName: :CooperativeMatrixTranspose]);

Value *args[] = {[@]=matrix, [1]|=elementType, [2]|=layout;;

CallInst *result =|CreateNamedCall(funchame: callHa!EJ retTy: matrix-»>getType( ),

args, attribs: {[@]=Attribute::ReadOnly, [1]=Attribute::WillReturn});



const static char CooperativeMatrixTranspose[] = "lgc.cooperative.matrix.transpose”;

= -= T - u

std::string callName(s: lgcName: :CooperativeMatrixTranspose);
Value *args[] = {[@]=matrix, [1]=elementType, [2]=layout};

CallInst *result = CreateMNamedCall(funchlame: callMame, retTy: matrix->getType(),
args, attribs: {[@]=Attribute::ReadOnly, [1]=Attribute::WillReturn});

if (auto *call: Calllnst * = dyn_cast<CallInst>»(Val: input)) {
if (auto *callee: Function * = call-»petCalledFunction()) {
if (jcallee-rgetName().starts with{Prefix: 1lgcName: :CooperativeMatrixTranspose))| |
Value *src = call-»getArgOperand(i: 8);




const static char CooperativeMatrixTranspose[] = "lgc.cooperative.matrix.transpose”;

= -= T - u

std::string callName(s: lgcName: :CooperativeMatrixTranspose);
Value *args[] = {[@]=matrix, [1]=elementType, [2]=layout};

CallInst *result = CreateMNamedCall(funchlame: callMame, retTy: matrix->getType(),
args, attribs: {[@]=Attribute::ReadOnly, [1]=Attribute::WillReturn});

if (auto *call: Calllnst * = dyn_cast<CallInst>»(Val: input)) {

if (auto *callee: Function * = call-»getCalledFunction()) {
if (callee-»getName().starts with{Prefix: 1gcName: : CooperativeMatrixTranspose)) |
Value f*src = call-»getArgOperand(i: 8);




= New intrinsics are all Callinst

- Common pattern: iterate over instructions, cast to Calllnst, compare
name string

= Accessing arguments with an index

= Not developer-friendly



Solution: llvm-dialects

define <8 x float» @test_transpose_simple(<8 x float> %a) {
%a.t = call <8 x float> @lgc.cooperative.matrix.transpose.v8f32(<8 x float> %a, 132 1, 132 8)
ret <8 x float> %a.t

=] & v

def LgcCmDialect : Dialect {
let name = "lgc.cooperative.matrix™;
let cppNamespace = "lgc::cooperativeMatrix”;
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Solution: llvm-dialects

define <8 x float» @test_transpose_simple(<8 x float> %a) {
%a.t = call <8 x float> @lgc.cooperative.matrix.transpose.v8f32(<8 x float> %a, 132 1, 132 8)
ret <8 x float> %a.t

=] & v

def LgcCmDialect : Dialect {
let name = "lgc.cooperative.matrix™;
let cppNamespace = "lgc::cooperativeMatrix”;

¥
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Solution: llvm-dialects

define <8 x float» @test_transpose simple(<8 x float> %a) {
%a.t = call <8 x float>|@lgc.cooperative.matrix|transpose.v8f32(<8 x float> %a, 132 1, 132 8)
ret <8 x float> %a.t

=] & v

def LecCmDialect : Dialect {
let name = "lgc.cooperative.matrix™;

Tet cppNamespace = "lgc::cooperativeMatrix”;

¥
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Solution: llvm-dialects

define <8 x float» @test_transpose simple(<8 x float> %a) {
%a.t = call <8 x float>|@lgc.cooperative.matrix|transpose.v8f32(<8 x float> %a, 132 1, 132 8)
ret <8 x float> %a.t

=] & v

def LgcCmDialect : Dialect {
let name = "lgc.cooperative.matrix”™;

let cppNamespace = "lgc::cooperativeMatrix”;

15



Solution: llvm-dialects

define <8 x float» @test_transpose simple(<8 x float> %a) {
%a.t = call <8 x float>|@lgc.cooperative.matrix|transpose.v8f32(<8 x float> %a, 132 1, 132 8)
ret <8 x float> %a.t

=] & v

deft CoopMatrixTransposeOp : Op<LgcCmDialect, "transpose”, Ehemﬂry{[{read}]}, Hillﬂeturdﬁ} {
let arguments = (ins (FixedVectorType $element type, $num elements):$matrix, I32:%elem type, I32:%layout);
let results = (outs (eq $matrix):$result);

let summary = "transpose a matrix";

let description = [{
Given a cooperative matrix, the element type and the matrix layout, returns
the transposed matrix.

H:

h

16



Solution: llvm-dialects

define <8 x float» @test_transpose simple(<8 x float> %a) {
%a.t = call <8 x float>|@lgc.cooperative.matrix/transpose v8f32(<8 x float> %a, 132 1, 132 8)
ret <8 x float> %a.t

=] & v

deft CoopMatrixTransposeOp : Op<lLgcCmDialect, "transpose”, mﬂemr‘y{[{read}]}, Hillﬂeturrﬂ} {
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Solution: llvm-dialects

define <8 x float» @test_transpose simple(<8 x float> %a) {
%a.t = call <8 x float>|@lgc.cooperative.matrix/transpose v8f32(<8 x float> %a, 132 1, 132 8)
ret <8 x float> %a.t

=] & v

deft CoopMatrixTransposeOp : Op<lLgcCmDialect, "transpose”, mﬂemr‘y{[{read}]}, Hillﬂeturrﬂ} {

CallInst *presult = CreateNamedCall(funchame: call : ix->getTvoel ).
args, attribs:|{[@]=Attribute::ReadOnly, [1]=Attribute::WillReturn});

18



Solution: llvm-dialects

4 define <8 x float> @test_transpose_simple(<8 x float> %a) {
5 %a.t = call <8 x float> @lgc.cooperative.matrix.transpose.v8f32(<8 x float>» %a, i32 1, i32 ©)
6 ret <8 x float» %a.t

7}

def CoopMatrixTransposeOp : Op<legcCmbDialect, "transpose”, "ﬂemﬂggi|{read1|}. Hillﬂeturdi} I

let arguments = (ins (FixedVectorType $element type, $num elements):$matrix, I32:%elem type, I32:3layout];

T=T resalts = (oucs =] HEEFIIEF.'EIT‘ESUJ.'E};
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Solution: llvm-dialects

%a, |1i32]1, 132

Iturdﬂ} {

4 define <8 x float> @test_transpose_simple(<8 x float> %a) {
) %a.t = call <8 x float> @lgc.cooperative.matrix.transpose.v8f32(<8 x float>
6 ret <8 x float» %a.t
7 }
det CoopMatrixTranspos : Op<lgcCmbDiglect, "transpose” emory<[{read)]>, WillR
let arguments = (ins [FixedVectorType $element_type, $num_elements|:$matrix, |I32

20

let results

(outs (eq $matrix):$result);

$elem type,

Q)

132

:$layout);




Solution: llvm-dialects

def CoopMatrixTransposeOp : Op<LgcCmDi
let arguments
let results
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define <8 x float>» @test_transpose_simple(<8 x float> %a) {
%a.t = call <8 x float>» (@lgc.cooperative.matrix.transpose.v8f32(<8 x

}

(outs (eq $matrix):$result);

ret <8 x float>» %a.t

, - Lranspos

(ins (FixedVectorType| $element_type,

float]

%a, |1i32]1, 132

o, [Memory<[(read)]>, WillR

$num_elements):$matrix,

Iturdﬂ} {

132

$elem type,

Q)

132

:$layout);




Solution: llvm-dialects

4 define <8 x float> @test_transpose_simple(<8 x float> %a) {

5 %a.t = call <8 x float> @lgc.cooper‘ative.matr‘ix.tr‘anspose.vszZ{x float> %a, |[132|1,]i32

6 ret <8 x float>» %a.t
7 }

def CoopMatrixTransposeOp : Op<LgcCmDialect, “transpose” emory<[{read)]>, WillR
let arguments = (ins (FixedVectorType $element_type| $num_elements }|:$matrix, |I32

let results = (outs (eq $matrix):%result);
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Iturdﬂ} {

$elem type,

Q)

132

:$layout);




Solution: llvm-dialects

4 define <8 x float> @test_transpose_simple(<8 x float> %a) {
5 %a.t = call <8 x float> @lgc.cooperative.matrix.transpose.v8f32(<8 x float>» %a, i32 1, i32 ©)
6 ret <8 x float» %a.t

7}

def CoopMatrixTransposeOp : Op<LgcCmDialect, "transpose”, mﬂemr‘-}r{[{read > Hillﬂeturdi};l
let arguments = (ins (FixedVectorType $element type, $num elements) I323%elem_type, 132:$la].rﬂut| 3

let results = (outs (eq $matrix):%result);
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define <8 x float> @test transpose_simple(<8 x float> %a) {
%a.t = call|<8 x float>|@lgc.cooperative.matrix.transpose.v8f32(k8 x float>»|%a, 132 1, i32 @)

ret <8 x flo= -

}

det CoopMatrixTranspos
let arguments

24

let results

= (ins

: Op<lgcCmbDiglect, "transpose” emory<[ {read)]>, Hillﬁeturnm} {
(FixedVectorType $element type, $num elements)fp$matrix, I32:%elem type, I32:%layout);

(outs

(eq $matrix)j$result);

Many other constraints possible, see the
Constraints.md in the [lvm-dialects repo



https://github.com/GPUOpen-Drivers/llvm-dialects/blob/dev/docs/Constraints.md
https://github.com/GPUOpen-Drivers/llvm-dialects

Solution: llvm-dialects

4 define <8 x float> @test_transpose_simple(<8 x float> %a) {
5 %a.t = call <8 x float> @lgc.cooperative.matrix.transpose.v8f32(<8 x float>» %a, i32 1, i32 ©)
6 ret <8 x float» %a.t

7}

det CoopMatrixTransposeOp : Op<LgcCmDialect, "transpose”, Ehemﬂry{[{read}]}, HillREturnﬂ} {
let arguments = (ins (FixedVectorType $element type, $num elements):$matrix, I32:%elem type, I32:%layout);
let results = (outs (eq $matrix):%result);

let summary = "transpose a matrix";

let description = [{
Given a cooperative matrix, the element type and the matrix layout, returns
the transposed matrix.

1 H
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Solution: llvm-dialects

def

CoopMatrixTransposeOp |: Op<LgcCmDialect, "transpose”, Ehemﬂry{[{read}]}, Hillﬁeturnﬂ} {

let arguments = (ins (FixedVectorType $element type, $num elements):$matrix, I32:%elem type, I32:%layout);
let results = (outs (eq $matrix):%result);
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det CoopMatrixTransposeOp : Op<LgcCmDialect, "transpose”, Ehemﬂry{[{read}]}, Hillﬁeturnﬂ} {
let arguments = (ins (FixedVectorType $element type, $num elements):$matrix, I32:%elem type, I32:%layout);

let results = (outs (eq $matrix):%result);

*result = create{ﬂuanatrixTPan5p05EUp}[
matrix, elementType, layout);

CoopMatrixTranspose0Op

std::string callName(s: lgcName: :CooperativeMatrixTranspose);
Value *args[] = {[@]=matrix, [1]=elementType, [2]=layout}];

CallInst *result = CreateNamedCall(funclame: callName, retTy: matrix->getType(],
args, attribs: {[@]=Attribute::ReadOnly, [1]=Attribute::WillReturn});
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det CoopMatrixTransposeOp : Op<LgcCmDialect, "transpose”, ﬂﬂemr‘-}r{[{read}]}, Hillﬂeturnm} {
let arguments = (ins (FixedVectorType $element type, $num elements):$matrix, I32:%elem type, I32:%layout);
let results = (outs (eq $matrix):%result);

i‘FH{iSEI{EﬂﬂpEPEIti‘JEHatF]-_}E: 1CoopMatrixTransposeOpp(Val: 1nput)) {

if (auto *call: Calllnst * = dyn_cast<CallInst>»(Val: input)) {
if (auto *callee: Function * = call-»getCalledFunction()) {
if (callee-rgetName().starts with{Prefix: 1lgcName: :CooperativeMatrixTranspose)) {
Value *src = call-»getArgOperand(i: 8);

28



Solution: llvm-dialects

CoopMatrixTransposeQOp

*result

static const auto - =

11lvm dialects::VWisitorBuilder<LowerCooperativeMatrix>()
.add(fn: &LowerCooperativeMatrix: :visitCooperativeMatrixTranspose)

Lbuild();

create4£uupMatrixTPan5p05EUp}(

matrix, elementType, layout);

visitor.visit(&payload: *this, &: module);

§ vold LowerCooperativeMatrix::visitCooperativeMatrixTranspose(

§ cunperativeﬁatrix::knﬂpﬁatrixTranﬂpDEEUp &coopTranspose) -

29




Solution: llvm-dialects

def CoopMatrixTransposeOp : LgcCmOp<"transpose”, [Memory<[(read)]>, WillReturn]> {
let arguments = (ins (FixedVectorType $element type, $num elements):$matrix, I32:%elem type, I32:%layout);
let results = (outs (eq $matrix):$result);

30



1>
IHE:ﬁ-Elem_tj.rpE s Iil:ﬁlaynut} ;

transposel. getElemType( )

transpose|.getlLayout( )

transpose->getArglOperand(1: 1)
transpose->pgetArgOperand(1: 2)



= More complex constraints
= OpSet/OpMap working on classes of Operations
» ContextExtension

" Custom Type Definitions
= Human readable structs in metadata

32



Thank you for listening!
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