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Goal of this Talk

e Present a brief overview of MLIR as a framework for guantum
compiler frontends

e Detail how we added a compiler pass into Catalyst MLIR
quantum compiler frontend (and convince you that you can,
tool)

e Elaborate on the importance and opportunities created by
working at the IR level
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Why work at the intersection of compilers and quantum
computing, anyway?e

« Intermediate representation mirrors ISA
relationship between classical HW & SW

Quantfum thimizations — SW lowers to an IR and HW implements IR
on Intermediate

", Representations

« Leverage domain specific compilation
applicable to all guantum programs

- Lower all input languages to common IR
then perform quantum-flavored
optimizations

« Reason about optimizations at the level
of quantum algorithm instead of
quantum gates

- Large semantic gap between quantum
algorithm and gates closed by IR inserted
in between
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Quick MLIR Overview

o A framework that provides the capability of authoring domain-
specific Intermediate representations

— This allows us to reason about quantum at a higher abstraction level —
MLIR Dialects — instead of quantum gates — e.g., QIR, QASM

e Relies on “progressive lowering”

— Starting from a level of abstraction closer to a given domain and then
lowering that representation into lower and lower levels of abstraction
until we get to LLVM IR
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Pennylane and Catalyst

e TWO repositories of interest

- PennylLane is the Quantum
Python frontend from Xanadu

— Catalystis the JIT compiler built

on MLIR that takes circuits defined

in PennyLane
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PennyLane is a cross-platform Python library for quantum computing, guantum machine learning, and quantum
chemistry.

Train a quantum computer the same way as a neural network.

W PENNYLANE

CATALYST

BETA

Catalyst is an experimental package that enables just-in-time (JIT) compilation of hybrid quantum-classical
programs.

Catalyst is currently under heavy development — if you have suggestions on the API or use-cases you'd like
to be covered, please open an GitHub issue or reach out. We'd love to hear about how you're using the library,
collaborate on development, or integrate additional devices and frontends.



https://github.com/PennyLaneAI/pennylane
https://github.com/PennyLaneAI/catalyst

The Problem:
Reduction of Observables in Hamiltonian

e Basing It off this PennyLane blog post that demonsirates Qubit-
wise commutativity (QWC) as simple method of reducing
measurements.

cost(0) = (0|U(6’)Jr (Z C:gh:g) U(6)|0) —@(0|U(9)ThiU(9)O).
|
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https://pennylane.ai/qml/demos/tutorial_measurement_optimize/

The Problem:
Reduction of Observables in Hamiltonian

e Basing It off this PennyLane blog post that demonsirates Qubit-
wise commutativity (QWC) as simple method of reducing
measurements.

cost(6) = (0|U(8)! (Z c,,h) U(6)[0) —@(OW(Q)TMU(H)O).
|

« While PennyLane has Python libraries that can group
observables via QWC, we would like embed this analysis into
the compiler
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https://pennylane.ai/qml/demos/tutorial_measurement_optimize/

The Problem:
Reduction of Observables in Hamiltonian

e Basing It off this PennyLane blog post that demonsirates Qubit-
wise commutativity (QWC) as simple method of reducing
measurements.

cost(6) = (0|U(8)! (Z c,,h) U(6)[0) —@M(OW(Q)TMU(H)O).
|

« While PennyLane has Python libraries that can group
observables via QWC, we would like embed this analysis into
the compiler

e INntuition:
- We want to solve an optimization problem using an iterative approach
- Each iteration becomes more expensive as molecules get bigger

- We want to make iterations cheaper by doing less work (i.e., compute)
%g‘tAKRIDGE
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https://pennylane.ai/qml/demos/tutorial_measurement_optimize/

What We Actually Did

 Before we proceeded, we wanted to make sure that the
PennyLane/Catalyst flow didn’'t already do this

— Ask me offline about my VSCode setup to walk through the PennyLane
libraries and Catalyst C++ components!

e What we found was that the flow almost handles QWC
correctly, but does not fully account for QWC

— If number of commuting groups > 1, are all rotated into the correct

shared eigenbasis, but the named measurement bases have not been
changed to reflect the standard basis

— If there’s only one group in the set of observables, the measurement
bases aren’t correct and the correct rotations to the measurement
basis are not inserted
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Should be observations in the Z-basis...

uit_grouped_ins.mlir = 1_0_canor nlir ’ ( eringPa £ 2_Quantum

gwc > circuit_grouped_ins_2 = 1_0_canonicalize.mlir
module @circuit_grouped_ins { quantum.namedobs
func. func @circuit_grouped_ins(%arg@: tensor=<3
%out_qubits_61 = quantum.custom ' '(%cst) %out_qubits_56#1 : !quantum.bit
%out_qubits_62 = quantum.custom ' '(%cst) %out_qubits_57#1 : !quantu
%189 = guantum.namedobs %out_qubits_59 : !quantum.obs
%198 = guantum.namedobs %out_qubits_6@ : !quantum.obs
%191 = quantum.tensor %189, %19@ : !quantum.obs
%192 = quantum.expval %191 : f64
sfrom_elements = tensor.from_elements %192 : tens
%193 = guantum.namedobs %out_qubits_61 : !quantum.obs
%194 = guantum.namedobs %out_qubits_59 14 tum.
%195 = guantum.namedobs %out_qubits_6@ 1 tum.obs
%196 = quantum.tensor %193, %194, %195 : !quantum.obs
%197 = quantum.expval %196 : 64
%from_elements_63 = tensor.from_elements % tens fod>
%198 = guantum.namedobs %out_qubits_61 £ um.obs
%199 = guantum.namedobs %out_qubits_62 : !quantum.obs
%200 = guantum.namedobs %out_qubits_59
%201 = guantum.namedobs %out_qubits_6@ !
%202 = quantum.tensor %198, %199, %200, %201 : !guantum.obs
%203 = quantum.expval %202 : 64
%from_elements_64 = tensor.from_elements %203 :
%204 = quantum.insert %4[ @], %out_qubits_61 : !quantum.r quantum.bit
%205 quantum. insert %2@4[ 1], %out_qubits_62 : !quantum.r antum.bit
%206 = quantum.insert %205 2], %out_qubits_59
%207 = quantum.insert %2@6[ 3], %out_qubits_60
quantum.dealloc %207 : !quantum.reg
quantum.device_release
return %from_elements, %from_elements_63, %from_elements_64 : tensor<f64>, tensor t or<f64>

!'quantum.r
'quantum.reg, 'quan

func. func @setup() {
quantum. init
return

)

func. func @teardown() {
quantum.finalize
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What We Actually Did

 Before we proceeded, we wanted to make sure that the
PennyLane/Catalyst flow didn’'t already do this

« What we found was that the flow almost handles QWC
correctly, but does not fully account for QWC
— If number of commuting groups > 1, are all rotated into the correct

shared eigenbasis, but the named measurement bases have not been
changed to reflect the standard basis

— If there’s only one group in the set of observables, the measurement
bases aren’t correct and the correct rotations to the measurement
basis are not inserted

e To address this, we introduce a compiler pass to detect these
patterns and close the loop
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Determining how to
proceed from prior pull
requests

e To be fair, there is some documentation
on writing the pattern matching and
rewrites, but | want to show what files
actually need to be modified/created



https://docs.pennylane.ai/projects/catalyst/en/stable/dev/transforms.html
https://docs.pennylane.ai/projects/catalyst/en/stable/dev/transforms.html
https://docs.pennylane.ai/projects/catalyst/en/stable/dev/transforms.html

(3 ) O catalyst [SSH: affirmed-catalyst]

RUN.. [> Quantum-oj &% - @ manually_insert_rotations.ipynb U & @ jit.py € Zne.cpp +M X G+ cp_global_buffers.cpp £ 1_HLOLoweringPass.mlir # 2_QuantumCompilationPass.mlir 1

)

 VARIABLES miir > lib > Mitigation > Transforms > MitigationMethods > G+ Zne.cpp P 52 ¥ T OF

£3 #1NCLUde "MLLr/uldlect/Anaex/ iR/ LNnaexups.n al : . .
#include "mlir/Dialect/SCF/IR/SCF.h"
#include "mlir/Dialect/Tensor/IR/Tensor.h"
#include "mlir/IR/IRMapping.h"

~ Locals
» args: (array([[[ ©.857@3565, -.
> kwargs: {}
> self: <catalyst.jit.QIIT objec.
> Globals

ke

namespace catalyst {
namespace mitigation {

& &

LogicalResult ZneLowering::match(mitigation::ZneOp op) const E return success{

void ZnelLowering::rewrite(mitigation::ZneOp op, PatternRewriter &rewriter) const @

{ Romain Moyard, 4 months ago (December 20th, 2023 10:14 AM)

B &)

Location loc = op.getloc(); [MLIR] Mitigation dialect, ZNE op and lowering(global folding) (#324)

=

// Scalar factors **Context:**

auto scalarFactors = op.getScalarFactors();

RankedTensorType scalarFactorType = scalarFactors.getType().cast<RankedTensorT Error mitigation is important for NISQ devices. Zero noise extrapolation
const auto sizeInt = scalarFactorType.getDimSize(®); is one of the successful mitigation technique.

&7

~ WATCH
// Create the folded circuit function **Description of the Change:**

FlatSymbolRefAttr foldedCircuitRefAttr =
50 getOrInsertFoldedCircuit(lec, rewriter, op, scalarFactorType.getElementTyp - Introduce a mitigation dialect that can be used for all the mitigation
5] func::FuncOp foldedCircuit = technique.

SymbolTable: : lookupNearestSymbo lFrom<func: : FuncOp>(op, foldedCircuitRefAttr);

® X

5
54 RankedTensorType resultType = op.getResultTypes().front().cast<RankedTensorType>();
55

5 // Loop over the scalars to create a folded circuit per factor

57 Value c@ = rewriter.create<index::ConstantOp>(loc, 8);

58 Value ¢l = rewriter.create<index::ConstantOp=(loc, 1);

59 Value size = rewriter.create<index::ConstantOp>(loc, sizeInt);

60 /f Initialize the results as em| tensor

Value results =
rewriter.create<tensor: :EmptyOp>(loc, resultType.getShape(), resultType.getElementType()};
Value resultValues =

o

mlir::ConversionPatternRewriter &rewriter) const override

N 8 {
TR 9 // rewriter.replaceOpWithMewOp<NamedObsOp>{op, op.getResult().getType(), adaptor.getQubit(),
.create<scf::ForOp>( R .
N . a / NamedObservable::PauliZ};
loc, c@, size, c¢l, /+iterArgsInit=+/results, )
. ) . . 1 return mlir::failure();
[&] (OpBuilder &builder, Location loc, Value i, ValueRange iterArgs) { " Pes
2 /
std::vector<value> newArgs(op.getArgs().begin(), op.getArgs().end(}); 3 1
SmallVector<value> index = {i}; l ’
value scalarFactor = -

void populatePauliToZPatterns(mlir::RewritePatternSet &patterns)

builder.create<tensor::ExtractOp>(loc, scalarfFactors, index); {

Value scalarFactorCasted =
builder.create<index::Cast50p>(loc, builder.getIndexType(), scalarFactor);
newArgs.push_back(scalarFactorCasted);

patterns.add<PauliToZTransformPattern>(patterns.getContext(), 1);

~ CALL STACK
~ MainThread PAUSED ON STEP

70 } // namespace quantum

func:iCallOp callOp = builder.create<func::CallOp>(loc, foldedCircuit, newArgs); 71 } /7 namespace catalyst
7 / pa atalyst

int64_t numResults = callOp.getNumResults(

_call__ jit.py 10521

// Measurements
ValueRange resultValuesMulti = callOp.getResults();

<module> manually_insert_r...

@
s ©

run_code interactiveshell.py

— 81 SmallVector<Value> vectorResultsMulti;
run_ast_nodes interactivesh... 82 /4 Create a tensor
run_cell_async interactives... a3 P T VR TR PP SR PR
_pseudo_sync_runner async... PROBLEMS (1 OUTPUT TERMINAL PORTS GITLENS JUPYTER SERIAL MONITOR DEBUG CONSOLE Filter (e.g. text, !excl... = ~ X

_run_cell interactiveshellpy

run_cell  interactiveshellpy M

run_cell zmaqshell.py  549:1 h k r R | V n T D I I I n T T I n
do_execute pkernelpy  446:1

expcute reausst kernelhas
~~ BREAKPOINTS

. .
Look at Commit History
¥ Uncaught Exceptions
I User Uncaught Exceptions
¥ compiler.py frontendjca... 483
# DialectConversion.cpp m 1259
@ ¥ GreedyPatternRewriteD... 123
¥ jit.py frontend/catalyst 271
{5@ ¥ manually_insert_rotation... 2
J # PauliToZ.cpp mlirflib/Qua.. 51 >
3¢ BSH: affirmed-catalyst




°
= O PennylLaneAl | catalyst Q  Type [/)to search > + - O nh A g

<> Code (©) Issues 61 1 Pullrequests 40 () Actions (O Security |~ Insights

[MLIR] Mitigation dialect, ZNE op and lowering(global folding) #324 < Code ~

bRVl rmoyard merged 46 commits into main from mitigation_dialect (3 on Dec 20, 2023

) Conversation 67 -0- Commits 46 E) Checks 20 Files changed 34 +955 -2 mEEN
[ changes from all commits ~ File filter ~  Conversations = 3 ~ 0/ 34 files viewed Review in codespace
L Finen uviidilgeu mmes
v~ % 4 mmmm doc/changelog.md () > 0 O Viewed [ -
v [ doc
1 @@ -2,6 +2,10 @@
[ changelog.md ® 2 2
v I miir 3 <h3>New features</h3> 3 <h3>New features</h3>
4 4
v [ include 5 + * A mitigation dialect (MLIR) was added. It initially contains a Zero Noise Extrapolation (ZNE) operation,
~ B cAPl 6 + with a lowering to a global folded circuit.
7 + [(#324)] (https://github.com/PennylaneAl/catalyst/pull/324)
[ Dialects.h ® 8 +
i 5 * Initial support for transforms. QFunc transforms are supported. QNode transforms have limited 9 #* Initial support for transforms. QFunc transforms are supported. QNode transforms have limited
D CMakeLists.txt o 6 support. QNode transforms cannot be composed, and transforms are limited to what is currently 10 support. QNode transforms cannot be composed, and transforms are limited to what is currently
~ BB Mitigation 7 available in PennylLane. This means that operations defined in Catalyst like ‘cond’, ‘for_loop", 11 available in PennylLane. This means that operations defined in Catalyst like ‘cond‘, “for_loop",
[ CMakeLists.txt
v R v $i1m mlir/include/CAPI/Dialects.h (O O viewed | @ -
i +]
[ CMakeLists.txt T @@ -22,6 +22,7 @@ extern "C" {
[ MitigationDialect.h 22 22
MitigationDial d 23 MLIR_DECLARE_CAPI_DIALECT_REGISTRATION(Quantum, quantum); 23 MLIR_DECLARE_CAPI_DIALECT_REGISTRATION(Quantum, quantum);
" + . . . .
[0 MitigationDialect.t 24 MLIR_DECLARE_CAPI_DIALECT REGISTRATION(Gradient, gradient); 24 MLIR_DECLARE_CAPI_DIALECT REGISTRATION(Gradient, gradient);
[j MitigationOps.h 25 + MLIR_DECLARE_CAPI_DIALECT_REGISTRATION(Mitigation, mitigation);
25 MLIR_DECLARE_CAPI_DIALECT_REGISTRATION(Catalyst, catalyst); 26 MLIR_DECLARE_CAPI_DIALECT_REGISTRATION(Catalyst, catalyst);
[ MitigationOps.td 26 27
« [ Transforms 27 #ifdef __cplusplus 28 #ifdef __cplusplus
[ CMakeLists.txt
[ Passes.h vinm mlir/include/CMakeLists.txt (CJ O viewed [J ---
[ Passes.td @@ -1,4 +1,5 @@
[ Patterns.h 1 add_subdirectory(Catalyst) 1 add_subdirectory(Catalyst)
‘ 2 add_subdirectory(Quantum) 2 add_subdirectory(Quantum)
v [ lib 3 add_subdirectory(Gradient) 3 add_subdirectory(Gradient)
~ B CAPI 4 4+ add_subdirectory(Mitigation)
4 add_subdirectory(Test) 5 add_subdirectory(Test)
[ CMakeLists.txt ©
[ Dialects.cpp ® v 2 Em mlir/include/Mitigation/CMakeLists.txt (0J Oviewed L3 .-

https:llgithub.;:omlPennyLaneAIIcataIystIpuIIl324 [ €8 =) Al G

- P



What Files to Touch®¢

Create the pass:
SOURCE CONTROL * PauliToz. Cpp
e e - * PauliToZPatterns.cpp
 catalyst B maint DO Make Pass visible:
Message (3$Enter to commit on "main") e Re g’_‘]_ sterAllPasses. CppP
/ Comi Add source files for building

el * mlir/lib/Quantum/Transforms/CMakelLists. txt
getting_stated ipyrb Add pass boilerplate for tablegen:
= Outpll.lt.n"l-"r. . N e Passes.h
tutorial_measurement_optimize.py
Untitled-1.ipynb ® Pa SsSes. t d
> compiler.py * Patterns.h

{} CMakePresets.json
Makefile

Passes.h

= Passes.td

Patterns.h

RegisterAllPasses.cpp
CMakelLists.txt

PauliToZ.cpp

PauliToZ Patterns.cpp
manually_insert_rotations.ipynb
CRunnerUtils.h
RunnerUtils.h

Incoming

» @ originfmain

v catalyst PP main* 26740t Jp o D U #
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Adding the Pass




Writing the Pass (Core Logic)

LogicalResult matchAndRewrite (NamedObsOp op, else {
PatternRewriters rewriter) const override | Location loc = op.getLoc();
using NamedObsOp = _NOO_; auto rotAxis = namedObs
auto namedObs = op.getTypeAttr().getValue(); == NamedObservable::PauliX ?
i1f {(namedObs !« NamedObservable::Pauliz StringRef{"RY"} : StringRef{"BX"};
&& namedObs != NamedObservable::Identity) | auto rotAngle = namedObs ==
auto arg = op.getQubit(); NamedObservable::PauliX ? neg _pi_div2 :
auto defop = arg.getdefOpl(); pos_pi_div2;
if (isa<CustomOp>(defOp)) | auto rotAngleval =
auto neg_pi_divz - APFloat({~-1 .570796326794896)3 rewriter.create
auto pos_pl_,din - APE'loat(l.5707963267948966); <arith::c°ngtantrloat°p>(
Algorithm 1 Partial QWC Match and Rewrite Logic SUHOSDARRICUNIS (CASESCHT 0N (0RE0R) } loc, rotAngle,
Auto gateName =~ parentOp.getGateName(); FlMtType::getFS‘(
Require: currOp = NamedObsOp and currOp.type € {Z,1} if (gateName.equals("RX") || rewriter.getContext ()));
uﬂ}uhﬂ — Burﬂjpln(lubﬁ Qazjtzmi;i::;i:épk: B I | auto resultTy = arg.getType();

auto rotOp = zewrltex.create<€ustom0p>(

1:

2: parentOp +— definingOp(inQubit) parentOp.getParams () (0] .getdefOp(); loc, TypeRange(resultTy}, TypeRange{},
Lo -1 s if (isa<arith::ConstantFloatOp>

3: if parentOp £ {rﬂtY(—) l'DtX(-)} then ValueRange{rotAngleval), ValueRange{arg},

2 2 (rotAngleOp)) { rotAxis, Unitattr(}, ValueRange(}
4: | currOp.type + Z > already correctly rotated auto arithConstFloatOp = ValueRa;ige ()3 - -
. 3 ] .- . ’
5: else & rotate into computational basis C‘:ﬁ:::;?;;??'tihtfloatop> auto finalTy = op.getResult ().getType();
6: rotOp « currOp.type = X ? th(—T"T} . mt}({%) avto rotangle = rew:it:i.tiglaceOpwlthNewO;K_Noo_:o(
op, nalTy,
- Inzert(rotD arithConstFloatOp.value();
( p) £ thsh i rotOp.getQubitResults (). front(),

8: newOp + Create(NamedObsOp, rotOp.result, Z) Namedobasrvable: i Patiix &t NamedObservable::Pauliz);
9:

) return success();}}

ReplaceWithNewOp(currOp,newOp) gateName.equals ("RY") && return failure();)

rotAngle.compare (neg_pi_div2))

rewriter. replaceOpWithNewOp
<_NOO_> (op,
op.getResult () .getTypal(),
op.getQubit (),
NamedObservable::Pauliz);
return success();

} else {f (namedObs ==
NamedObservable::PaullY &&
gateName.equals ("RX") &&
rotAngle.compare (pos_pi_div2))
{

rewriter replaceOpWithNewOp
<_NOO_> (op,
op.getResult () .getType(),
op.getQublit(),
NamedObservable: :Pauliz);
OAK RIDGE return success();)))
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Writing the Pass (Core Logic)

Al

gorithm 1 Partial QWC Match and Rewrite Lﬂgl-:/

Require: currOp = NamedObsOp and currOp.type’d {Z, I}

oo ;b Rl

: iInQubit <+ currOp.inQubit

parentOp + definingOp(inQubit)

if parentOp € {rotY(="), rotX(3)} then

| currOp.type + Z > already correctly rotated

else & rotate into computational basis
rotOp + currOp.type = X ? rotY(5") : rotX(75)
Insert(rotOp)
newOp + Create(NamedObsOp, rotOp.result, Z)
EeplaceWithNewOp(currOp,newOp)

OAK RIDGE
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LoglcalResult matchAndRewrite (NamedObsOp op,
PatternRewriteri rewriter) const override |
using NamedObsOp = _NOO_;
auto namedObs = op.getTypeAttr().getValue();

if {namedObs !« NamedObservable::PauliZ

&& namedObs != NamedObservable::Identity) |

auto arg = op.getQubit();
auto defOp = arg.getdefOpl();
if (isa<CustomOp> (defOp)) |{
auto neg_pi_div2 - APFloat{-1.5707963267948%6);
auto pos_pil_div2 = APFloat(1.5707963267948%66};
auto parentOp = cast<CustomOp> (defOp);
auto gateName =~ parentOp.getGateName();
if (gateName.equals("RX") ||
gateName equals ("8Y")) {
auto rotAngleOp =
parentOp.getParams () [0) .getdefOp();
if (isa<arith::ConstantFloatOp>
(rotAngleOp)) {
auto arithConstFloatOp =
cast<arith::ConstantFloatOp>
(rotAngleOp);
auto rotAngle =
arithConstFloatOp.value();
if (namedObs ==
NamedObservable: :PaullX &&
gateName.equals ("RY") &%
rotAngle.compare (neg_pi_div2))

rewriter. replaceOpWithNewOp
<_NOO_> (op,
op.getResult () .getTypal(),
op.getQubit (),
NamedObservable::Pauliz);
return success();

} else 1f (namedObs ==
NamedObservable::PaullY &&
gateName.equals ("RX") &&
rotAngle.compare (pos_pi_div2))
{

rewriter, replaceOpWithNewOp
<_NOO_> (op,
op.getResult () .getType(),
op.getQublit(),
NamedObservable: :Pauliz);
return success();)))

else {
Location loc = op.getLoc();
auto rotAxis =~ namedObs
= NamedObservable::PauliX ?
StringRef{"RY"} : StringRef{"BX"};
auto rotAngle = namedObs ==
NamedObservable::PauliX ? neg _pi_div2 :
pos_pi_div2;
auto rotAngleval =
rewriter.create
<arith::ConstantFloatOp>(
loc, rotangle,
FloatType::getF64 (
rewriter.getContext()));
auto resultTy = arg.getTypel();
auto rotOp = rewriter. create<CustomOp> (
loc, TypeRange(resultTy}, TypeRange{},
ValueRange{rotAngleVal), ValueRange{arg},
rotAxis, UnitAttr(}, ValueRangel(},
ValueRange{});
auto finalTy =~ op.getResult().getType();
rewriter. replaceOpwWithNewOp< _NOO_>(
op, finalTy,
rotOp.getQubitResults (). front(),
NamedObservable::PauliZ);
) return success();}}
revurn failure();)



Writing the Pass (Core Logic)

LogicalResult matchAndRewrite (NamedObsOp op, else {
PatternRewriters rewriter) const override | Location loc = op.getLoc();
using NamedObsOp = _NOO_; auto rotAxis = namedObs
auto namedObs = op.getTypeAttr().getValue(); == NamedObservable::PauliX ?
i1f {(namedObs !« NamedObservable::Pauliz StringRef{"RY"} : StringRef{"BX"};
&& namedObs != NamedObservable::Identity) | auto rotAngle = namedObs ==
auto arg = op.getQubit(); NamedObservable::PauliX ? neg _pi_div2 :
auto defop = arg.getdefOpl(); pos_pi_div2;
if (isa<CustomOp>(defOp)) | auto rotAngleval =
auto neg_pi_divz - APFloat({~-1 .570796326794896)3 rewriter.create
auto pos_pl_,din - APE'loat(l.5707963267948966); <arith::c°ngtantrloat°p>(
Algorithm 1 Partial QWC Match and Rewrite Logic SUHOSDARRICUNIS (CASESCHT 0N (0RE0R) } loc, rotAngle,
Auto gateName =~ parentOp.getGateName(); FlMtType::getFS‘(
Require: currOp = NamedObsOp and currOp.type € {Z,1} if (gateName.equals("RX") || rewriter.getContext ()));
uﬂ}uhﬂ — Burﬂjpln(lubﬁ Qazjtzmi;i::;i:épk: B I | auto resultTy = arg.getType();

auto rotOp = zewrltex.create<€ustom0p>(

1:

2: parentOp +— definingOp(inQubit) parentOp.getParams () (0] .getdefOp(); loc, TypeRange(resultTy}, TypeRange{},
Lo -1 s if (isa<arith::ConstantFloatOp>

3: if parentOp £ {rﬂtY(—) l'DtX(-)} then ValueRange{rotAngleval), ValueRange{arg},

2 7 2 (rotAngleOp)) { rotAxis, Unitattr(}, ValueRange(}
4: | currOp.type + Z Iready correctly rotated auto arithConstFloatOp = ValueRa;ige ()3 - -
. 3 ] .- . ’
5: else > rotate into ¢ nal basis “‘:z::::;’l‘;;‘;‘“““tn“‘oW auto finalTy = op.getResult().getType();
6: rotOp « currOp.type = X ? th(—T"T} . mt}({%) avto rotangle = rew:it:i.tiglaceOpwlthNewO;K_Noo_:o(
op, nalTy,
- Inzert(rotD arithConstFloatOp.value();
( p) o e e rotOp.getQubitResults (). front(),

8: newOp + Create(NamedObsOp, rotOp.result, Z) Namedobasrvable: i Patiix &t NamedObservable::Pauliz);
9:

) return success();}}

ReplaceWithNewOp(currOp,newOp) gateName.equals ("RY") && return failure();)

rotAngle.compare (neg_pi_div2))

rewriter. replaceOpWithNewOp
<_NOO_> (op,
op.getResult () .getTypal(),
op.getQubit (),
NamedObservable::Pauliz);
return success|();

} else {f (namedObs ==
NamedObservable::PaullY &&
gateName.equals ("RX") &&
rotAngle.compare (pos_pi_div2))
{

rewriter replaceOpWithNewOp
<_NOO_> (op,
op.getResult () .getType(),
op.getQublit(),
NamedObservable: :Pauliz);
OAK RIDGE return success();)))

National Laboratory




Writing the Pass (Core Logic)

LogicalResult matchAndRewrite (NamedObsOp op, else {
PatternRewriters rewriter) const override | Location loc = op.getLoc();
using NamedObsOp = _NOO_; auto rotAxis = namedObs
auto namedObs = op.getTypeAttr().getValue(); == NamedObservable::PauliX ?
i1f {(namedObs !« NamedObservable::Pauliz StringRef{"RY"} : StringRef{"BX"};
&& namedObs != NamedObservable::Identity) | auto rotAngle = namedObs ==
auto arg = op.getQubit(); NamedObservable::PauliX ? neg _pi_div2 :
auto defop = arg.getdefOpl(); pos_pi_div2;
if (isa<CustomOp>(defOp)) | auto rotAngleval =
auto neg_pi_divz - APFloat({~-1 .570796326794896)3 rewriter.create
auto pos_pl_,din - APE'loat(l.5707963267948966); <arith::c°ngtantrloat°p>(
Algorithm 1 Partial QWC Match and Rewrite Logic SUHOSDARRICUNIS (CASESCHT 0N (0RE0R) } loc, rotAngle,
Auto gateName =~ parentOp.getGateName(); FlMtType::getFS‘(
Require: currOp = NamedObsOp and currOp.type € {Z,1} if (gateName.equals("RX") || rewriter.getContext ()));
uﬂ}uhﬂ — Burﬂjpln(lubﬁ Qazjtzmi;i::;i:épk: B I | auto resultTy = arg.getType();

auto rotOp = zewrltex.create<€ustom0p>(

1:

2: parentOp +— definingOp(inQubit) parentOp.getParams () (0] .getdefOp(); loc, TypeRange(resultTy}, TypeRange{},
Lo -1 s if (isa<arith::ConstantFloatOp>

3: if parentOp £ {rﬂtY(—) l'DtX(-)} then ValueRange{rotAngleval), ValueRange{arg},

2 7 2 (rotAngleOp)) { rotAxis, Unitattr(}, ValueRange(}
4: | currOp.type + Z eady correctly rotated auto arithConstFloatOp = ValueRa;ige ()3 - -
. 3 ] .- . ’
5: else > rotate into nal basis “‘:z::::;’l‘;;‘;‘“““tn“‘oW auto finalTy = op.getResult().getType();
6: IDIOIJ — curr{}pt_vpc =X th(—T . mt}({%) pOte FatABGIe rew:it:i.tiglaceOpwlthNewO;K_NOO__:o(
op, nalTy,
- Inzert(rotD arithConstFloatOp.value();
( p) o e e rotOp.getQubitResults (). front(),

8: newOp + Create(NamedObsOp, rotOp.restif, Z) Namedobasrvable: i Patiix &t NamedObservable::Pauliz);
9:

) return success();}}

ReplaceWithNewOp(currOp,newOp) gateName.equals ("RY") && return failure();)

rotAngle.compare (neg_pi_div2))

rewriter. replaceOpWithNewOp
<_NOO_> (op,
op.getResult () .getTypal(),
op.getQubit (),
NamedObservable::Pauliz);
return success();

} else {f (namedObs ==
NamedObservable::PaullY &&
gateName.equals ("RX") &&
rotAngle.compare (pos_pi_div2))
{

rewriter replaceOpWithNewOp
<_NOO_> (op,
op.getResult () .getType(),
op.getQublit(),
NamedObservable: :Pauliz);
OAK RIDGE return succesas();)))
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Writing the Pass (Core Logic)

LogicalResult matchAndRewrite (NamedObsOp op, else {
PatternRewriteri rewriter) const override | Location loc = op.getLoc();
using NamedObsOp = _NOO_; auto rotAxis = namedObs
auto namedObs = op.getTypeAttr().getValue(); == NamedObservable::PauliX ?
1f {namedObs !« NamedObservable::Paul StringRef{"RY"} : StringRef{"BX"};
&& namedObs != NamedObservableg ntity) | auto rotAngle = namedObs ==
auto arg = op.getQubit NamedObservable::PauliX ? neg _pi_div2 :
auto defOop = ar fop(); pos_pi_div2;
if (isa<Cu >(defop)) | auto rotaAngleval =
aut g_pi_din - ”Float(‘l .570796326794896)} rewriter.create
Uta pos_pl_div2 = APFloat(1.5707963267948366); <arith::ConstantFloatOp> (
. . . . auto parentOp = cast<CustomOp> (defOp); lo¢, rot le
Algorithm 1 Partial QWC Match and Rewrite Logic SOL Rt & DREention: setCatalama ity Flo;tryp:??ge;.rsi(
Require: currOp = NamedObsOp and currOp.ty 1} if (gateName.equals("RX") || rewriter.getContext()));
1: inQubit + currOp.inQubit ‘Jite"m'equaist RET A auto resultTy = arg.getType();
] : auto rotAngleOp auto rotOp = rewriter.create<CustomOp>(
2: parentOp +— definingO it) parentOp.getParams () (0) .getdefop(); loc, TypeRange(resultTy)}, TypeRange{},
3: ifEHUTJE(Mp € {Pﬂt _; nﬂi((%)} then o (isa<ar1§h::ConstantFloat0p> ValueRange{rotAnglevVal), ValueRange{arg},
_ (rotAngleOp)) { rotAxis, Unitattr(}, ValueRangel(},
4: | curr() — Z > already correctly rotated auto arithConstFloatOp = valueRange{}) ;
5: else & rotate into computational basis C‘ﬁ::;:;?;;??"intfloatow auto finalTy = op.getResult().getType();
6: rotOp + currOp.type = X ? rotY(5") : rotX(75) abto ForAsgle = re:;it:i;‘:iﬁacemithﬂewmooz(
i Insert(rotOp) sxithConstFloatop valuva() ) zo;.Op.qetQul'ntRcsults () .front (),
8: newOp + Create(NamedObsOp, rotOp.result, Z) “N;::::::::vabl ot Pati i &8 ﬁmebaexva?le::Paullzn
9: ReplaceWithNewOp(currOp,newOp) gateName.equals ("RY") && ) return success();}}
rotAngle.compare (neg_pi_div2)) return failure();)
{
rewriter. replaceOpWithNewOp
<.NCO_> (op,
op.getResult () .getTypeal(),
op.getQubit (),
NamedObservable::Pauliz);
return success|();
} else if (namedObs ==
NamedObservable::PaullyY &&
gateName.equals ("RX") &&
rotAngle.compare (pos_pi_div2))
{
rewriter, replaceOpWithNewOp
<_NOO_> (op,
op.getResult () .getType(),
op.getQublit(),
NamedObservable: :Pauliz);
OAK RIDGE return succeas();)})
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Catalyst Files Changed/Created

%

OAK RIDGE

National Laboratory

frontend/catalyst/compiler.py +1-0
frontend/catalyst/compiler.py

mlir/Makefile +8 -4
mlir/Makefile

mlir/include/Quantum/Transforms/Passes.h +1-0

mlir/include/Quantum/Transforms/Passes.h

mlir/include/Quantum/Transforms/Passes.td +6 -0
mlir/include/Quantum/Transforms/Passes.td

mlir/include/Quantum/Transforms/Patterns.h +1-0
mlir/include/Quantum/Transforms/Patterns.h

mlir/lib/Catalyst/Transforms/RegisterAllPasses.cpp +1-0
mlir/lib/Catalyst/Transforms/RegisterAllPasses.cpp

mlir/lib/Quantum/Transforms/CMakelLists.txt +2 -0
mlir/lib/Quantum/Transforms/CMakelLists.txt

mlir/lib/Quantum/Transforms/PauliToZ.cpp +64 -0
mlir/lib/Quantum/Transforms/PauliToZ.cpp

mlir/lib/Quantum/Transforms/PauliToZPatterns.cpp +92 -0
mlir/lib/Quantum/Transforms/PauliToZPatterns.cpp



Before and After Example

%0 _qgbits _55:2 = quantum.custom "CNOT"()
%0_qbits_45, %o _gbits_54#0 :
Iquantum.bit, !quantum.bit

%0_gbits 56:2 = quantum.custom "CNOT"()
%0_qbits 31, %o _gbits 55#0 :
Iquantum.bit, !quantum.bit

%0_gbits _57:2 = quantum.custom "CNOT"()
%0 _qbits 54#1, %o _gbits 56#0 :
Iquantum.bit, !quantum.bit

%79 = quantum.namedobs
%0_qgbits_ 55#1[ PauliY] : !quantum.obs

%80 = gquantum.namedobs
%0_qgbits_56#1[ PauliY]

%81 = quantum.namedobs
%0_qbits_57#1[ PauliX]

%82 = quantum.namedobs
%0_gbits_57#0[ PauliX]

Iquantum.obs
!quantum.obs

!quantum.obs

-l

%npi2 = arith.constant 1.57079632 : f64

%ppi2 arith.constant -1.5707794 : fo64

%0 _gbits _56:2 = quantum.custom "CNOT"()
%0 _qbits 46, %o _gbits 55#0 :
!'quantum.bit, !quantum.bit

%0_gbits_57:2 = quantum.custom "CNOT"()
%0 _qbits 32, %o _gbits 56#0 :
'quantum.bit, !quantum.bit

%0_qgbits_58:2 = quantum.custom "CNOT"()
%0 _qbits 55#1, %o gbits 57#0 :
'quantum.bit, !quantum.bit

%0_gbits 59 = quantum.custom "RX"(%ppi2)
%0 _qgbits 56#1 I'quantum.bit

%79 = quantum.namedobs
%0_gbits_59[ PauliZz] : !quantum.obs
%0 _gbits 60 = quantum.custom "RX"(%ppi2)
%0 _qbits 57#1 I'quantum.bit
%80 = quantum.namedobs
%0_qgbits_60[ PauliZ] : !quantum.obs
%0 _gbits 61 = quantum.custom "RY"(%npi2)
%0 _qgbits 58#1 I'quantum.bit
%81 = quantum.namedobs
%0 _gbits_61[ PauliZz] : !quantum.obs
%0_qgbits_62 = quantum.custom "RY"(%npi2)
%0_qgbits_58#0 : !quantum.bit
%82 = quantum.namedobs
%0_qgbits_62[ PauliZz] : !quantum.obs

%OAK RIDGE
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Before and After Example

%0 _qgbits _55:2 = quantum.custom "CNOT"()
%0_qbits_45, %o _gbits_54#0 :
Iquantum.bit, !quantum.bit

%0_gbits 56:2 = quantum.custom "CNOT"()
%0_qbits 31, %o _gbits 55#0 :
Iquantum.bit, !quantum.bit

%0_gbits _57:2 = quantum.custom "CNOT"()
%0 _qbits 54#1, %o _gbits 56#0 :
Iquantum.bit, !quantum.bit

%79 = quantum.namedobs
%0 abits 55#1[ PauliY]

%80 = gquantum.namedobs
%0_qgbits_56#1[ PauliY]

%81 = quantum.namedobs
%0_qbits_57#1[ PauliX]

%82 = quantum.namedobs
%0_gbits_57#0[ PauliX]

!'quantum.obs
Iquantum.obs
!quantum.obs

!quantum.obs

=

%npi2 = arith.constant 1.57079632 : f64

%ppi2 arith.constant -1.5707794 : fo64

%0 _gbits _56:2 = quantum.custom "CNOT"()
%0 _qbits 46, %o _qgbits 55#0 -
!'quantum.bit, !quantum.bit

%0_gbits_57:2 = auantum.custom "CNOT"()
%0 _qbits 22, %0 _gbits 56#0 :
'quantum.bit, !'quantum.bit

%0_gbits_58:2 = quantum.custom "CNOT"()
%0 _qbits 55#1, %o gbits 57#0 :
'quantum.bit, !quantum.bit

%0_gbits 59 = quantum.custom "RX"(%ppi2)
%0 _qgbits 56#1 I'quantum.bit

%79 = quantum.namedobs
%0_abits 59 PauliZ]l !'auantum.obs
%0 _gbits 60 = quantum.custom "RX"(%ppi2)
%0 _qbits 57#1 I'quantum.bit
%80 = quantum.namedobs
%0_qgbits_60[ PauliZ] : !quantum.obs
%0 _gbits 61 = quantum.custom "RY"(%npi2)
%0 _qgbits 58#1 I'quantum.bit
%81 = quantum.namedobs
%0 _gbits_61[ PauliZz] : !quantum.obs
%0_qgbits_62 = quantum.custom "RY"(%npi2)
%0_qgbits_58#0 : !quantum.bit
%82 = quantum.namedobs
%0_qgbits_62[ PauliZz] : !quantum.obs

%OAK RIDGE
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Results on Synthetfic and Real Molecules

Molecule Measurements After QWC Reduction Factor
Synthetic, 7 2 3.5 X
Synthetic, 8 3 2.67x
Ho 15 5} 3 X
HeH™ 27 9 3 X
Hy 66 27 2.44
Heo 181 63 2.87 X%
HF 631 151 4.18 %
H->0O 1086 320 3.39 %

TABLE 1
THE NUMBER OF MEASUREMENTS FOR EACH HAMILTONIAN BEFORE AND
AFTER THE QWC PASS.

%QAK RIDGE
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Conclusion

e Intermediate representations lower the semantic gap between
application and quantum backend farget instructions

« Working at the infermediate representation level allows you to
embed quantum domain knowledge into a compiler, allowing
for guantum circuits from multiple inputs to be lowered to a

common IR and then operated on by the same compiler
0QAsses

e [t's not as daunting as it seems!

Thanks!

e Future Work
— Make tree out of tree pass

cabreraam@ornl.gov
— More guantum domain compiler passes!

%OAK RIDGE
National Laboratory




Backups

%OAK RIDGE
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Step-through Python Execution

Useful VSCode Settings

e For Jupyter Notebook step-through
— In settings.json: Yjupyter.debugJustMyCode": false

e In a launch.json config for Python
- |

e o g

"configurations": |

{
"name": "Python: Current File",
"type": "python",
"request": "launch",
"orogram": "S${file}",
"console": "integratedTerminal",

"JustMyCode": false

]

}
#0AK RIDGE

ional Laboratory




0 &

& &

B &)

& b=

"
®

i

¢ SSH: affirmed-catalyst

RUN.. [» Quantum-ojv 5%

~ WARIABLES
* Locals

» args: (array([[[ ©.857@3565, -.
> lvargs: {}
> self: <catalyst.jit.QIIT objec..

> Globals

~ WATCH

~ CALL STACK
~ MainThread

PAUSED ON STEP
_call__ jit.py 10521
<medule> manually_insert_r...
run_code  interactiveshell py
run_ast_nodes interactivesh...
run_cell_async interactives...
_pseudo_sync_runner async..
_run_cell interactiveshellpy
run_cell  interactiveshellpy
run_cell zmaqshell.py  549:1
do_execute pkernelpy  446:1

execute reausst kernelhas

~~ BREAKPOINTS

M Raised Exceptions

¥ Uncaught Exceptions

I User Uncaught Exceptions

& compiler.py frontendjca... 483
DialectConversion.cpp m 1259
GreedyPatternRewriteD... 123
¥ jit.py frontendjcatalyst 271
¥ manually_insert_rotation... 2
# PauliToZ.cpp milirflib/Qua... 51

# manually_insert_rotations.ipynb U & & jit.py x €+ cp_global_buffers.cpp

frontend > catalyst > & jitpy > % QT > @ __call__
60 class QIIT:

73 def
78
79
80
81
82
83
84
85
86

88

103 def

D1es

107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122 def
123
124
125
126
127
128
129

PROBLEMS (1

__init__(self, fn, compile_options}:
compile_options.static_argnums, compile_options.abstracted_axes

)

# Active state of the compiler.

# TODO: rework ownership of workspace, possibly CompiledFunction

self.workspace = None

self.c_sig = Nene

out_treedef = None

self.compiled_function = None

self.jaxed_function = None

# IRs are only available for the most recently traced function.

self.jaxpr = None

self.mlir = None # string form (historic presence)

self.mlir_module = None

self.qir = None

self.

functools.update_wrapper{self, fn)
self.user_sig = get_type_annotations(fn)
self._validate_configuration()

self.user_function = self.pre_compilation()

# Static arguments reguire values, so we cannot AOT compile.

if self.user_sig is not Mone and not self.compile_options.static_argnums:

self.aot_compile()
_ call_ (self, #args, s*kwargs):
# Transparantly call Python function in case of nested QJIT calls.
if EvaluationContext.is_tracing():
| return self.user_function(*args, skkwargs)

requires_promotion = self.jit_compile{args)

# If we receive tracers as input, dispatch to the JAX integration.

if any(isinstance(arg, jax.core.Tracer} for arg in tree flatten(args)[e]):

if self.jaxed_function is None:

self.jaxed_function = JAX QJIT(self} # lazy gradient compilation

return self.jaxed_function(xargs, #kkwargs)

elif requires_promotion:

dynamic_args = filter_static_args(args, self.compile_options.static_argnums)

args = promote_arguments(self.c_sig, dynamic_args)
return self.run{args, kwargs)

aot_compile(self):

self.workspace = self._get_workspace()

# TODO: awkward, refactor or redesign the target feature
if self.compile options.target in ("jaxpr", "mlir", “"binary"):

self.jaxpr, self.out_treedef, self.c_sig = self.capture(self.user_sig or (})

OUTPUT TERMINAL PORTS GITLENS JUPYTER SERIAL MONITOR DEBUG CONSOLE

= 1_HLOLoweringPass.mlir ¢ 2_QuantumCompik [> ~ D «& < O @ [0 -

David Ittah, 2 months ago * Rework QJIT class into distinct compi

Compile Python function on initialization using the type hint signature.

O catalyst [SSH: affirmed-catalyst]

¥ .
9
18
12
15
28
29
30
31
32
33
34
35
36

38
39
9
M
22
43
44
45
6

48
49
58
51
52
53
54
55
56

.

58
59
60
61
62
[k}
64
65
66
67
68
69
7@
71

G+ PauliToZ.cpp U

G+ PauliToZPatterns.cpp U € APFloat.h €+ gradient_to_llvm.cpp C Arith.h

i 2 ¥ T 9 7 miir>lib > Quantum > Transforms > €+ PauliToZPatterns.cpp

namespace catalyst {
namespace quantum {
struct PauliTeZTransformPattern : public mlir::0pRewritePattern<NamedObsOp> {
mlir::LogicalResult match{NamedObsOp op} const override
auto rotationAngleOp = rotationOp.getParams() [@].getDefiningOp();
if {mlir::isa<mlir::arith::ConstantFloatOp>(rotationAngleOp)) {
auto neg_pi_div2 = 1lvm::APFloat{-1.5707963267948966};
auto pos_pi_div2 = 1lvm::APFloat{1.5707963267948966};
auto arithConstFloatOp =
mlir::castemlir::arith::ConstantFloatOp>(rotationAngleop);
auto rotationAngle = arithConstFloatOp.value();
if (namedObs == NamedObservable::PauliX &% rotationAxis.equals("RY") &&
rotationAngle. compare(neg_pi_div2))
return mlir::success();
else if (namedObs == NamedObservable::PauliY && rotationAxis.equals("RX") &&
rotationAngle.compare(pos_pi_div2))
return mlir::success();

}
return mlir::failure();
}

void rewrite(NamedObsOp op, mlir::PatternRewriter &rewriter) const override
{
// The " rewrite' " method performs mutations on the IR rooted at "“op’ " using
// the provided rewriter. All mutations must go through the provided rewriter.
/4 LLVM_DEBUG(1lvm: :dbgs() << "rewrite pauli-te-z\n");
rewriter.replace0pWithNewOp<NamedObsOp>(op, op.getResult().getType(), op.getQubit(),
NamedObservable: :PauliZ);
}

/#mlir::LogicalResult matchAndRewrite(Named0bsOp op, NamedObsOpAdaptor adaptor,
mlir::ConversionPatternRewriter &rewriter) const override

{
/4 rewriter.replaceOpWithNewOp<NamedObsOp>{op, op.getResult().getType(), adaptor.getQubit(),
1 NamedObservable: :PauliZ);
return mlir::failure();

tes

void populatePauliToZPatterns(mlir::RewritePatternSet &patterns)
{
h patterns.add<PauliToZTransformPattern>(patterns.getContext(), 1);

} // namespace guantum
} // namespace catalyst

Step through Python Execution

Demo

G+ ArithOps.h.inc

Filter (e.g. text, !excl...

| A=RN

€ QuantumAttributes.cp ---




Before and After

%out_qubits_59 = quantum.custom
%out_gubits_6@ = guantum.custom
%out_qubits_61 = quantum.custom

_Qubits_62 = guantum.custom

= guantum.namedobs %out qublts 59
= guantum.namedobs %out_qubits_6&@

quantum.tensor %79,
quantum.expval %81
_elements = tensor. Trom elements %82

= quantum.namedobs %out_qubits_ &1

quantum.tensor §
quantum.expval

quantum. namedobs
quantum.tensor %83
quantum.expval %87

%sout_qubits_58#1 :
%out_qubits_58#@ :
sout_qubits_56#1 :
sout_qubits_S7#1 :

_elements_63 = tPn<or.frcm elements %85 :

_elements_64 = tensor.from_elements %88 :

= quantum. insert

quantum. insert out_gqubits_62

quantum. insert . out_qubits_59 :

= guantum. insert out_gqubits_6@ :

Sout_qubits_59 gquantum.custom "RY"(%cst_@
%out_qubits_6@ = guantum.custom %Ccst_@
%out_qubits_61 = quantum.custom

_qubits_62 = guantum.custom %cst) %sout_gqubits_57#1
= guantum.namedobs %out qub1t5 59

quantum.namedobs %out_gubits_6@
quantum.tensor

2 = guantum.expval
_elements = tensor.from_elements %82

guantum.namedobs %out_qubits 61
gquantum.tensor %83
guantum.expval

guantum.namedobs %out_gqubits 62
gquantum.tensor %83 %79, %80 : !gu
guantum.expval %8B

guantum. insert %
quantum. insert
guantum. insert

%out_qubits 58#1 :
%out_qubits_58#8 :

ut_qubits_56#1 :

_elements_63 = tensor.from_elements %85 :

_elements_64 = tensor.from_elements %88 :
= guantum. insert 8], %out_gubits_61

guantum.dealloc %92
guantum.device_release
return %from elements, %from_elements_63, %from_elements 64 : te

quantum.dealloc %92 :
guantum.device_release
return %from _elements, %from_elements_63, %from_elements_&4 :

%OAK RIDGE
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Check for Relevant Documentation

Catalyst Compiler Passes

WhOt does CGtOIUSt’S IR IOOk Iike? func.func @circuit(%sarg@: complex<fed>) —> il {

%c00 = complex.constant [0.0, 0.0] : complex<f64>
%c1l@ = complex.constant [1.0, ©0.0] : complex<f64>
%c20 = complex.constant [2.0, 0.0] : complex<f64>

def circuit(x: COmpleX): %reg = quantum.alloc(1) : !quantum.reg
qml Hadama r‘d(wires=@) %q@ = quantum.extract %reg[@] : !quantum.bit

%ql = quantum.custom "Hadamard"() %g@ : !quantum.bit

A = np.array([1, 01, [0, np.exp(x)])

. , . %0 = complex.exp %arg® : complex<f64>

qml.OubltUnltary(A, WlI"ES:@) %A = tensor.from_elements %cl@, %c0@, %cBd, %1 : tensor<2x2xcomplex<f6d>>
%02 = quantum.unitary %A, %ql : !quantum.bit

B = np.array( [1' 0l ! [g’ np.exp(Z*x) 1) %1 = complex.mul %arg®, %c2@ : complex<f64>

gml.QubitUnitary(B, wires=0) %2 = complex.exp %0 : complex<f64>
%B = tensor.from_elements %cl@, %c00@, %cBd, %2 : tensor<2x2xcomplex<f6d>>
%q3 = quantum.unitary %B, %q2 : !quantum.bit

return measure(0)
%m = quantum.measure %q3 : il

quantum.dealloc %r : !'quantum.reg
func.return %m : il

%OAK RIDGE
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https://docs.pennylane.ai/projects/catalyst/en/stable/dev/transforms.html

Check for Relevant Documentation

Catalyst Compiler Passes

Writing transformations on Catalyst’s IR

LogicalResult QubitUnitaryFusion::match(QubitUnitaryOp op)

{
ValueRange gbs = op.getInQubits(); { QubitUnitaryFusion::rewrite(QubitUnitaryOp op, PatternRewriter &rewriter)
Operation *parent = gbs[0].getDefiningOp(); ValueRange qbs = op.getInQubits();
QubitUnitaryOp parentOp = cast<QubitUnitaryOp>(gbs[0].getDefiningOp());
if (!isa<QubitUnitaryOp=>(parent))
return failure(); Value ml = op.getMatrix();
Value m2 = parentOp.getMatrix();
QubitUnitaryOp parentOp = cast<QubitUnitaryOp=>(parent);
ValueRange parentQbs = parentOp.getOutQubits(); linalg: :MatmulOp matmul = rewriter.create<linalg: :MatmulOp>(op.getLoc(), {m1, m2}, {});
Value res = matmul.getResult(2);
if (gbs.size() != parentQbs.size()) rewriter.updateRootInPlace(op, [&] {
return failure(); op->setOperand(@, res);
s
for (auto [gbl, gb2] : 1llvm::zip(qgbs, parentQbs)) rewriter.replaceOp(parentOp, parentOp.getResults());
if (gbl !'= qb2) :
return failure();
return success();
}
%OAK RIDGE
National Laboratory



https://docs.pennylane.ai/projects/catalyst/en/stable/dev/transforms.html
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