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Abstract—Quantum circuit synthesis is a crucial task in
quantum computing, aiming to transform a given high-level logic
quantum operation into a sequence of elementary quantum gates.
Traditional synthesis methods often rely on special characteristics
of quantum operations or complex mathematical operations.
While effective, they tend to incur high computational costs
because they do not fully exploit the underlying structure of the
quantum operation. In this work, we introduce a novel synthesis
approach leveraging the LimTDD (Local Invertible Map Tensor
Decision Diagram) data structure, known for its high compression
efficiency and ability to identify isomorphic structures within
tensors.

By utilising LimTDD, our algorithm achieves efficient synthesis
for specific types of quantum circuits, significantly reducing
computational overhead. Moreover, the ability to extract isomor-
phic operators allows for reducing the entanglements, making
our method particularly effective in accelerating other synthesis
algorithms. We demonstrate the efficacy of our approach through
experiments, showing substantial improvements in gate count and
synthesis time compared to existing methods. Our work not only
provides a powerful tool for quantum circuit synthesis but also
highlights the potential of LimTDD in advancing the field of
quantum computing.

I. INTRODUCTION

Quantum computing has emerged as a promising technology
with the potential to solve complex problems more efficiently
than classical computing. At the heart of quantum computing
lies the quantum circuit, which is a sequence of quantum
gates that manipulate qubits to perform computations. The
synthesis of quantum circuits, i.e., the process of transforming
a given quantum operation into a sequence of implementable
elementary quantum gates, is a fundamental task in quantum
computing. Effective and efficient synthesis methods are es-
sential for realising practical quantum algorithms and reducing
the resource requirements for quantum computations.

The common methods for quantum circuit synthesis typ-
ically rely on certain mathematical tools, such as Quantum
Shannon Decomposition (QSD) [1], Cosine-Sine Decomposi-
tion (CSD) [2], and QR Decomposition (QRD) [3]. QSD em-
ploys quantum multiplexors to decompose unitary operators,
CSD provides a systematic approach to decomposing multi-
qubit operations into sequences of elementary gates, and QRD
decomposes quantum operations column-by-column. These
methods are applicable to any unitary operator and have clearly
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defined execution procedures, enabling the decomposition of
small-scale unitary operators to be carried out efficiently.

There are also several other popular approaches based on
circuit structure search, including QFAST [4], QGo [5], and
QSearch [6]. These methods start from a specific circuit
structure to search for a circuit that closely approximates the
target unitary operator. For small-scale cases (e.g., fewer than
3 qubits), they can carry out the circuit synthesis process more
efficiently.

In the context of reversible logic, which shares similarities
with quantum computing, Refs. [7], [8] demonstrated the po-
tential for optimising reversible circuits, and can be adapted for
quantum circuit synthesis. These methods focus on minimising
the number of gates required to implement a given reversible
operation, providing valuable insights for quantum circuit
design. The realization of permutation groups with quantum
circuits is studied in [9], and applied to superconducting
quantum processors [10]. The synthesis of Clifford group
operations has also been extensively studied, with methods like
those in [11], [12] providing efficient solutions for this class of
quantum operations. These techniques exploit the structure of
Clifford group operations to achieve optimal or near-optimal
gate counts, significantly improving the efficiency of quantum
circuit synthesis for these operations. The decomposition of
multi-control qubit gates and the optimal synthesis for two-
qubit gates are studied in [13], [14], [15], etc.

Recent advancements also include the use of machine
learning techniques for quantum circuit synthesis [16], as well
as methods based on simulated annealing [17] and diffusion
models [18]. These approaches leverage modern computational
techniques to explore new possibilities for optimising quantum
circuit synthesis. Other notable works include the application
of ZX-calculus for graph-theoretic simplification of quan-
tum circuits [19], and SAT-based methods for synthesising
quantum circuits using the {CNOT, T} gate set [20]. These
methods provide alternative approaches to quantum circuit
synthesis, each with its own advantages and applications.
The synthesis of quantum circuits for noisy intermediate-scale
quantum devices, focusing on practical implementations, has
also been studied [21].

Although significant progress has been made in the field of
quantum circuit synthesis, existing methods can only handle
relatively small scales or are restricted to specific types of
quantum circuits, limiting their practical application. More-
over, these methods do not fully exploit the underlying struc-
ture of the quantum operation, leading to redundant gate counts
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and circuit depths. Even with the adoption of compression-
oriented data structures such as Quantum Decision Diagrams
(QDDs) [22] and Quantum Multiple-Valued Decision Dia-
grams (QMDDs) [23], this fundamental challenge remains
largely unresolved.

In this paper, we present a new quantum-circuit synthesis
framework that exploits decision diagrams enhanced with
Local Invertible Maps. Vinkhuijzen et al. introduced the
Local Invertible Map Decision Diagram (LIMDD)—a highly
efficient decision diagram for quantum-circuit simulation—in
[24], while Hong et al. recently extended this idea to tensor
computation with the Local Invertible Map Tensor Decision
Diagram (LimTDD) [25]. Since LimTDD uses a richer class
of local transformations known as XP-operators and shows
superior compression potential, we mainly focus on LimTDD
in this paper. LimTDD offers the ability to identify isomorphic
operators within matrices, which is the key feature for optimis-
ing quantum circuit synthesis. By leveraging these properties,
our method can synthesise specific types of quantum circuits
efficiently and significantly reduce the computational overhead
compared to traditional methods. Moreover, the algorithm’s
ability to extract isomorphic operators allows for further
optimisation, making our approach particularly effective in
accelerating other synthesis algorithms, such as those based
on matrix decompositions.

The contributions of this paper are as follows:

o« We propose a new quantum circuit synthesis algorithm
using LimTDD, which efficiently handles specific types
of quantum circuits.

o We demonstrate the efficacy of our approach through ex-
periments, showing substantial improvements in synthesis
time and gate count compared to existing methods.

II. BACKGROUND
A. Quantum Computing

1) Quantum States: The basic unit of quantum computing
is the quantum bits, or qubits. Unlike classical bits that
are restricted to either 0 or 1, qubits can exist in both of
them, namely in superpositions of states. Formally, a qubit is
described by a complex vector in a two-dimensional vector
space with orthonormal basis states |0) and |1), satisfying:

(00) = (1]1) =1 and (0[1) = (1]0) = 0.

In general, the state of a single qubit state is a linear combi-
nation of them:

) = a|0) + 1),

where « and 3 are complex numbers with |a|? + |3]? = 1.
Moreover, an n-qubit quantum state can be represented as a
2"-dimensional quantum state. This superposition capability
allows qubits to represent multiple states simultaneously, pro-
viding a fundamental parallelism advantage over classical bits.

2) Quantum Gates: Quantum gates are unitary operators
that map a quantum state to another state, thus acting as
the elementary building block of quantum computation. They
can be represented by unitary matrices mathematically and

are abstractedly represented as small blocks (nodes) in quan-
tum circuits graphically. Some common quantum gates are
Hadamard gate (H gate), Pauli-Z gate (Z gate), Controlled-
X gate (CX gate).

3) Quantum Circuits: Quantum circuits are sequences of
quantum gates that implement quantum algorithms. They are
represented graphically, with qubits represented as lines and
gates represented as symbols. The order in which gates are ap-
plied determines the overall transformation. Quantum circuits
are designed to perform specific tasks, such as quantum tele-
portation, quantum error correction, and quantum algorithms
like Shor’s algorithm for factoring and Grover’s algorithm for
search.
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Fig. 1: An example of a quantum circuit consisting of 2 qubits
and 5 gates.

Fig. 1 shows an example of a quantum circuit with 2 qubits

and 7 gates. Here, V = % H _11]. The functionality of this

circuit can be represented using the unitary matrix:
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Quantum circuits are essential for implementing quantum
algorithms on physical quantum devices. The design and
optimisation of quantum circuits are critical for achieving
efficient and practical quantum computations.

B. Tensor Network

A tensor is a multidimensional array indexed by a finite set
of indices, where the number of indices n is called the rank of
the tensor. Scalars, vectors, and matrices are tensors of rank
0,1, 2, respectively. In the context of quantum computing the
indices usually take values in {0,1}, so a tensor with index
set S = {x,,...,x1} is essentially a map ¢: {0,1}° — C.
We write ¢, . ., or ¢z for such tensor and ¢(@) for its
value at assignment z; = a;. For instance, an n-qubit state
vector is a rank-n tensor, and the functionality of a quantum
circuit, which transforms a quantum state to another one, can
be represented as a rank-2n tensor.

The fundamental operation on tensors is contraction. Given
two tensors ¢z . and 1y ., their contraction on variable z is
the tensor

-,

&(@.5) = 3 (@ 0) 6(5, o).

Another useful operation is slicing: fixing one index to a
certain value and focusing on the remaining tensor. For a



tensor ¢ with label set S = {xz,..

Oloy=c(@) = é(c, a),

yields a rank-n tensor over S’ = {z,,...,z2}. When the
sliced variable x is not in the label set, ¢|.—¢0 = @|r=1 = ¢.

A tensor network is an undirected graph G = (V, E) repre-
senting tensors and their contractions. In the network, tensors
are represented as vertices and their indices are represented as
edges attached to them. When edges are connected, it means
the corresponding indices are contracted. Finally, contracting
all adjacent tensors in any order produces a rank m tensor,
where m is the number of open (unconnected) edges, and
the resulted tensor is called the value of the tensor network.
Quantum circuits are natural examples of tensor networks. For
a more detailed introduction to tensor networks, you can refer
to the tutorials [26], [27].

. ?xl},

ce{0,1},

C. Quantum Circuit Synthesis

1) Formal Definition: Quantum circuit synthesis is the
process of transforming a given quantum operation, typically
represented as a unitary matrix U, into a sequence of ele-
mentary quantum gates. The goal is to decompose the unitary
matrix into a sequence of basic quantum gates that can be
physically realized on a quantum device. It is an essential
step in implementing quantum algorithms and ensuring their
efficient execution on physical devices.

Formally, given a unitary matrix U € C>"*?" representing
an n-qubit quantum operation, the task of quantum circuit
synthesis is to find a sequence of elementary quantum gates
G1,Ga,...,G,y, such that:

U=Gp -Gp_1-... -Gy,

where each G is an elementary quantum gate from a pre-
defined gate set (e.g., {H,X,Z,CX,T}). The sequence of
gates forms a quantum circuit that can be implemented on a
quantum device.

III. LiMTDD

LimTDD, or Local Invertible Map Tensor Decision Dia-
gram, is an advanced decision diagram designed to efficiently
represent and manipulate tensors and tensor networks. When
representing the functionality of quantum circuits, it can
extract the isomorphism relations between sub-matrices, thus
enabling the exploitation of these structural symmetries to
reduce the complexity of synthesis.

Definition 1 (LIMs): A local invertible map (LIM) of length
n is an operator of the form

O=X-0,®--®0;, AeC,

where each O; is an invertible 2 x 2 matrix. We abbreviate
such operators as n-LIMs and write M for the set of all LIMs.

Let v, ..., be arank-n tensor and O = X\-0,,®---®0; an
n-LIM. The action O -, ...,, denotes the tensor obtained by
contracting each index x; of ¥ with the corresponding matrix
O; and scaling by A. (After contraction, the open index is
relabelled x;.) Two rank-n tensors ¢, ..., and ¥, ...p, are

called isomorphic, denoted as ¢ == 1), if there exists an n-LIM
O such that

Gy = O gz -

Definition 2 (LimTDD): An n-LimTDD F over a set of
indices S is a rooted, weighted, and directed acyclic graph
representing a rank-n tensor. Formally, it is a 7-tuple F =
(V,E,idx, rank, low, high, wt) defined as follows:

o V is a finite set of nodes which consists of non-terminal
nodes V7 and a terminal node vr labelled with integer
1.

e idx: Vyp — S assigns each non-terminal node an index
in S.

e rank : V. — {0, -+ ,n} assigns the rank of the tensor
represented by the node.

e Both low and high are mappings in V7 — V, which
map each non-terminal node to its 0- and 1-successors,
respectively; rank(low(v)) = rank(high(v)) =
rank(v) — 1.

o E = {(v,1low(v)),(v,high(v)) : v € Vyr} is the set
of edges, where (v, Low(v)) and (v, high(v)) are called
the low- and high-edges of v, respectively. For simplicity,
we also assume the root node rx has a unique incoming
edge, denoted e,., which has no source node;

o wt : ' — M assigns each edge e a weight of k-LIMs,
where k is the rank of the node directed by e. wt(e,) is
called the weight of F, and denoted w .

The tensor represented by the terminal node is defined to
be ®,, =1, i.e., integer 1, which is a rank O tensor (scalar).
The tensor represented by an edge e, directing to a node v, is
defined to be

O, =wt(e) - .

Let v be a non-terminal node and idx(v) = x, then the tensor
represented by v is a tensor such that ®,|,—o = Dy 10w(v))s
and @, |,—1 = Py nign(v))- The tensor & x represented by the
LimTDD F, is defined to be the tensor represented by the
incoming edge of the root node ®._.

In this paper, we use the following graphical notation to
represent an internal node of a LimTDD:

wo w1
D=0@

Each node within a LimTDD is uniquely characterised by
three key elements: its index, the two nodes it points to
(successors), and the weights assigned to the edges leading
to these successors.

Note that, for a LimTDD, when normalisation has been
applied, every non-terminal node will have the following form:

cI -0
ORSORIO)

Here, ¢ = 0 or 1 and if ¢ = 0, then A\ = 0 and the whole
tensor will represent constant 0.

When representing the functionality of a quantum circuit
using a LimTDD, each qubit g; is associated with two indices:
x; for the input and y; for the output, and the 2"-dimensional
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Fig. 2: LimTDDs and the equivalent tensor networks. Red
dotted lines represent low edges and blue solid lines represent
high edges. In this figure, P = [11],Q = [}}].V =

% H *11}, and other operators are standard quantum gates.
The tensor in the red dashed line box equals a H gate, and

the tensor in the blue dashed line box equals an identity matrix.

matrix is seen as a rank 2n tensor. In this paper, we adhere
to the following order: z,,_1 < Yp—1 < -+ < o < yo. This
means that the index z,,_; appears at the top of the LimTDD,
while the index g is at the bottom.

Example 1: The LimTDD encoding of the unitary matrix
U (Eq. 1) corresponding to the quantum circuit in Fig. 1 is
displayed in Fig. 2(a). As the circuit comprises two qubits,
the diagram uses four indices ordered by x1 < y1 < 2o < ¥o.
Matrix elements are extracted by traversing paths: for instance,
the entry % in the top-left corner is obtained by following the
red-blue-red-blue path and multiplying the complex weights
encountered. Blue edges are selected for indices y; and yg
because two X operators are applied to the corresponding
nodes along this path.

IV. TRANSFORM LIMTDD TO A TENSOR NETWORK

The synthesis pipeline begins by converting the LimTDD
into an equivalent tensor network. This LimTDD may be
created by users according to the desired functions. Here,
we place no restrictions on its specific origin; instead, we
focus solely on how to process it. The conversion is done
in an iterative manner, and at each iteration, we focus on
the leftmost two reduced paths, thereby isolating the upper-
left sub-matrix of the original unitary operator. Here, reduced
paths are defined as paths that differ in at least one internal
node. For example, the LimTDD in Fig. 2(a) contains exactly
two reduced paths, while Fig. 2(b) contains only one. The
isolated sub-matrix is simplified by mapping the two reduced
paths to a small tensor network, then computing and applying
the inverse operator that collapses them into a single effective
edge. The size of the sub-matrix depends on the position of
the branched index. Once these two paths have been merged,
the procedure advances to the new leftmost pairs and repeats.

The following paragraphs describe, step by step, how the
leftmost two reduced paths of a LimTDD are translated into a

tensor network; the result of the transformation for Fig. 2(a)
is shown in Fig. 2(c).

A. Incoming edge operators

Recall that for an edge e pointing to node v, its associated
tensor is
O, =wt(e) - D,

Suppose rank(v) = nand wt(e) = X\-O,,®- - -®0O1, then the
action wt(e) - ®,, contracts O; onto the i-th index of ®, and
multiplies by A under the hood. Hence, for a LimTDD F with
root rr, the overall tensor & (complex coefficient omitted)
is obtained by contracting all operators in wt (F) into @, ..

Example 2: In Fig. 2(a), the incoming edge of the root
carries weight

1
—TeXeIxI.
V2
Neglecting the prefactor S, we first derive ®,, and then
apply T to index z; and X\/;o index ;. Consequently, 7" and
X appear as the outermost operators on indices z; and y; in
Fig. 2(c).

L

B. High-edge operators

Next, we handle the operators carried by the high-edges.
Consider a node v with index idx(v) = x and the local pattern

@2 @)
Evaluating the two branches gives
Dylr=0 = ¢ Py, Pylo=1=A-0-®,,.
To construct ®,,, we first construct a tensor ¢ satisfying
Yla=o = ¢+ Doy, Ylo=1 = A+ Dy,

and subsequently contract the operators inside O only on the
x = 1 slice. In the resulting tensor (or quantum-circuit), these
operators appear as controlled-O; gates conditioned on index
x.

Example 3: Consider the operator Z ® Z ® I on the high
edge of the root node of the LimTDD given in Fig. 2 (a). Two
controlled-Z gates are added to index z1,y; and x1,x¢ in the
corresponding tensor. Similarly, consider the operator I ® X
on the high-edge of the y; node; we add a controlled-X gate
on indices y; and .

For the root node of Fig. 2(a) the high-edge operator is
Z ® Z ® 1. We thus insert two controlled-Z gates: one on
indices (x1,y1) and one on (x1,xo). Similarly, the operator
I ® X on the y;-node high-edge becomes a controlled-X gate
on (y1,%o)-

When a high-edge operator lies on a branch, it is applied
only if the corresponding branch condition is satisfied; hence
we use multi-controlled gates.

Example 4: In Fig. 2(a) the two xy nodes carry high-edge
operators X and Z. We add a controlled-controlled-X on
(y1,20,y0) with the yi-control set to 0, and a controlled-
controlled-Z on (y1, xo, yo) with the y;-control set to 1.



C. Complex weights in different branches

After the two preceding steps, every edge operator of the
LimTDD has been translated into (controlled) operators placed
on the outermost layer of the tensor network. We now turn to
the residual tensor in the inner layer.

First, we absorb the complex amplitudes that appear on
different branches. Observe that the unitary matrix

M= 1 [1 —)\’2‘] [ 1 /\*{}
VIFMPA+DeP) R L] P

maps the vector [1,\;]7 to [1,\2]T. Hence, whenever two
sibling nodes share the same index but carry distinct outgoing
weights [1,A\1]7 and [1, \o]7, we:

1) build the tensor for the first branch,

2) apply a controlled-M gate conditioned on the splitting

index.

Example 5: In Fig. 2(a) the two yp-nodes emit weights
(1,07 and [1,1]7, respectively. We therefore insert a
controlled-V" gate on qubits (y1,yo), where

11 -1

V=l 1
transforms [1,0]7 into [1,1]T. The gate is controlled by y;
and targets yo, reflecting the branch structure of the LimTDD.

D. Kronecker Product and Tower forms

Finally, only the tensor corresponding to the leftmost path
(stripped of all edge operators) remains to be converted into
a tensor network. Fortunately, this tensor is simple enough to
be written as the Kronecker product of a few small matrices.

Example 6: Consider again the LimTDD of Fig. 2(a).
Ignoring the high-edge X operator, the leftmost xg node
encodes the rank-2 tensor

1 1
o=lp o
Similarly, after discarding all operators, the outgoing weights
of the x1 and y; nodes yield

11
e[ ]
(The factor % that appeared on the y; high-edge has already
been absorbed into the controlled-V gate added earlier.)

Now that the LimTDD can be transformed into a tensor
network, we proceed to present our synthesis algorithm.

V. LIMTDD BASED SYNTHESIS

In this section, we present our approach for quantum circuit
synthesis leveraging the LimTDD data structure. The main
procedure of our algorithm is as follows:

1) Convert the LimTDD to a tensor network;

2) Recognise elementary quantum gates, apply their in-

verses, and thereby simplify the LimTDD;

3) Update the LimTDD and repeat the previous stages until

either the identity is reached or a preset iteration limit
is exceeded.

Stage 2) gradually injects simple quantum gates from both
sides of the unitary U (left via y-indices, right via x-indices)
so that the LimTDD evolves from U towards the identity. If
the procedure discovers gate sequences

Gfm"'GZI UGrl"'Grm’ 217
then U is immediately decomposed as
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Fig. 3: The circuits that needed to be added from x-indices
side and y-indices side to transform the unitary represented by
the LimTDD given in Fig. 2 (a) to the identity matrix.

Example 7: We again use the LimTDD of Fig. 2(a) as
a running example. After converting it to a tensor network
(Fig. 2(c)), the normal quantum gates contains:

e a T gate on xq,

e a CZ gate on (1, xp),

o an X gate on y,

e a C'X and a controlled-V gate on (y1,¥o).

We therefore apply the inverses of these gates from the z-
side and the y-side, accordingly, and update the LimTDD.
The updated LimTDD is shown in Fig. 2(b), which can be
transformed to a tensor network as shown in Fig. 2(d).

Since Z commutes with the control qubits, we move the Z
operator to the inner layer. The tensors inside the red dashed
box contract to an H gate, while those inside the blue dashed
box contract to the identity. Hence, an H gate is applied on
the z-side. Similarly, as the blue-box is equal to identity, the
CZ gate on (y1,xo) is reduced to a C'Z on (y1,yo); we thus
apply a C'Z gate on the y-side.

All these gates are collected to form two simple circuits
(Fig. 3), which map the original LimTDD to the identity
matrix. Reversing and concatenating them yields the final
quantum circuit shown in Fig. 1, which equals exactly the
unitary represented by the initial LimTDD.

VI. EXPERIMENTS

In this section, we present the results of our experiments,
which aim to evaluate the success rate of our proposed method
and compare its performance with that of the QSD-based
method implemented in Qiskit.

A. Successful Rate

It is important to note that our method is not complete.
Specifically, we do not account for the commutation rela-
tions of the operators, which may lead to the introduction
of more complex operators during the elimination process.



The Success Rate
9 10 11

Generating Circuit Depth
w

Number of Qubits

Fig. 4: The success rate (%) of our method.
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Fig. 5: The reducible rate (%) by our method.

Consequently, our method can only synthesize a subset of
tensors represented by LimTDD.

To assess the success rate of our method, we tested our
method on random Clifford + T circuits. The circuits were
generated with each gate randomly selected from the set
{X,Y,Z,H,S,CX, T} with equal probability. The circuits
were composed of n = {5,...,15} qubits, and the number of
gates was set to [ -n for [ € {1,...,5}.

For each circuit configuration, we generated the correspond-
ing LimTDD (or unitary matrix for the other method) and
attempted to synthesize the functionality using our method. For
each configuration, 20 trials are conducted, and the number
of successful cases is recorded. The success rate is shown
in Fig. 4. Our experiments indicate that the success rate is
relatively high when the number of qubits and gates is small,
as the LimTDD representation tends to be more compact in
these cases. As the number of qubits and gates increases, the
success rate decreases.

We also observed that, even when our method fails to
complete the synthesis, it can still un-entangle some qubits
from the other ones, thereby, it can be used to simplify the
task for other methods. When we included these cases, the
reducible rate, shown in Fig. 5, was found to be higher than
the success rate. For instance, for functionality generated with
7 qubits and 35 gates, the success rate was 85%, while the
reducible rate reached 100%.

B. Compared with Qiskit

In this subsection, we compare the performance of our
proposed method with the UnitarySynthesis interface
provided in Qiskit, which is based on the Quantum Shannon
Decomposition (QSD)[1] under the hood.

We evaluate and compare the time required to complete
the synthesis tasks and the number of gates generated by each

‘The Time Consumption Comparison ‘The Gate Complexity Comparison

—e— LimTDD, I=5

Gate Consumptions (1og10(t) s

Fig. 6: The time consumption comparison and gate complexity
comparison.

method. Since Qiskit decomposes gates into single-qubit gates
and C'X gates, we also decompose the gates generated by
our method into this gate set using the transpiler provided
in Qiskit. The comparison results are shown in Fig. 6 (a)
and Fig. 6 (b). We demonstrate the results for qubit numbers
n € {5,...,15}, with generating circuit gates set to 3n
and 5n. The data is transformed using log;,(-) for better
visualization. The timeout for each synthesis task was set
to 3600 seconds. From the figures, it is evident that our
method offers an exponential advantage in both time and gate
complexity compared to Qiskit. For instance, when the number
of qubits is 10, and the generating circuit consists of 50 gates,
our method requires only 0.85 seconds and the synthesised
circuits have an average of 61 gates, whereas Qiskit requires
2850 seconds and 1,043,970 gates, respectively.

VII. CONCLUSION

In this work, we have presented a novel approach to
quantum circuit synthesis using the LimTDD data structure.
Our method leverages the high compression efficiency and the
ability of LimTDD to identify isomorphic operators within
functionalities, enabling efficient synthesis of specific types of
quantum circuits. This approach not only reduces computa-
tional overhead compared to traditional methods but also pro-
vides a foundation for accelerating other synthesis algorithms.
Through experiments, we demonstrated the effectiveness of
our method in both synthesis time and gate count compared
to existing techniques.

Future work will focus on extending this approach to
more general quantum operations, improving the success rate
and exploring additional optimisations enabled by the unique
properties of LimTDD.
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