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Abstract—Tableau representation offers an efficient framework
for describing quantum circuits and has been widely adopted in
tableau-based quantum circuit optimization (QCO) flows. While
these flows can substantially reduce the 7'-count, which is critical
for fault-tolerant implementations, resynthesizing the optimized
tableaux back into circuits often introduces excessive two-qubit
gates (2Q-gates), leading to significant 2Q-count overhead. To
address this issue, we propose a unified synthesis strategy that
departs from the conventional tableau-by-tableau approach. In-
stead of resynthesizing each tableau in isolation, our method
consolidates Clifford and Pauli rotation tableaux and applies a
holistic resynthesis algorithm. This unified treatment contrasts
with prior approaches and enables systematic reduction of the
overall 2Q-count. Experimental results on standard Clifford+T
benchmarks show that our method achieves a Geomean 2Q-
count ratio of 1.28, compared to 4.24 for TKET and 1.93 for
LazySynth—the state-of-the-art tableau synthesis approach—,
demonstrating that unified synthesis effectively mitigates the 2Q-
gate overhead in tableau-based QCO.

Index Terms—Quantum Computing, Quantum Circuit Opti-
mization, Tableau Synthesis

I. INTRODUCTION

Quantum computing has emerged as a powerful paradigm for
addressing problems that are intractable for classical computers,
with a wide range of potential applications across science
and engineering [1]-[4]. Realizing such applications typically
demands circuits with substantial resources, making quantum
circuit optimization (QCO) an essential component of the
design flow. At the logical level, QCO transforms a given circuit
into a functionally equivalent one with reduced resource cost,
commonly measured by metrics such as circuit depth, two-
qubit gate count (2Q-count), or T-count. While the 7T-count
is a dominant metric in fault-tolerant quantum computing, the
2Q-count also plays a critical role in practice due to its higher
implementation overhead and strong interaction with routing
and hardware constraints [5], [6]. Consequently, it is important
to consider the 2Q-count as a complementary optimization
objective alongside the 7T-count.

Among the diverse techniques for QCO, tableau-based op-
timization flows constitute a widely adopted strategy. By
representing Clifford and non-Clifford operations in compact
tableau forms, they enable systematic Clifford circuit trans-
formations [7] and have been shown to be highly effective
in reducing the costly T-count [8]-[10]. However, despite
these advantages, tableau-based optimization flows often incur
substantial 2Q-count overhead during resynthesis [11]. This

overhead stems from the fact that existing synthesis meth-
ods operate in a tableau-by-tableau manner, where each sub-
tableau is resynthesized in isolation, preventing cross-tableau
cancellation. This introduces redundant 2Q-gates and limits the
overall effectiveness of tableau-based optimization flows. The
limitations of existing approaches are discussed in the next
section.

In this paper, we propose a unified synthesis framework that
consolidates Clifford and Pauli rotation tableaux into a holistic
resynthesis process. Instead of synthesizing each tableau in
isolation, we defer all Clifford operations to the end of the
circuit, resulting in a unified Pauli rotation tableau followed by
a single Clifford tableau. Within this framework, we introduce
the Pauli-MST algorithm, abbreviated as pMST, which extends
the minimum spanning tree paradigm introduced in [12] from
diagonal parity tables to general Pauli rotations. By jointly
considering the costs of both Pauli rotations and the residual
Clifford tableau, pMST enables globally cost-aware synthesis
and systematically reduces the overall 2Q-count.

We benchmark our method against three representative syn-
thesis strategies: TKET [13], LazySynth [11], and a naive
unified baseline referred to as Basic. Experimental results
on standard Clifford+7" benchmarks indicate that our method
achieves the lowest 2Q-count, with a geometric mean ratio of
1.28, i.e., the 2Q-count after synthesis is on average 1.28x
of the original circuit, compared to 1.93 for LazySynth, 2.14
for Basic, and 4.24 for TKET. These results demonstrate that
unified synthesis with pMST algorithm achieves substantial
improvements over prior approaches.

We further examine whether this advantage persists when
additional local optimization passes are applied. While all syn-
thesis methods benefit from these optimizations, our approach
consistently delivers the lowest 2Q-count. These results demon-
strate that our method fundamentally improves the resynthesis
of Clifford and Pauli rotation tableaux, thereby advancing the
state-of-the-art in tableau-based quantum circuit optimization.

II. PRELIMINARIES AND RELATED WORK

This section provides the preliminaries for understanding
tableau-based QCO, covering Pauli strings, Pauli rotations,
tableau representations, and the overall flow structure.
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A. Pauli Strings

A Pauli string on n qubits is represented to {I, X, Y, Z}®",
Such a string can be encoded as a binary vector of length 2n:
the first n entries (21, ..., z,) indicate whether a Z component
appears on each qubit, and the next n entries (z1,...,x,)
indicate the X components. A Y operator is represented by
setting both z; = 1 and z; = 1. This binary encoding
provides an efficient algebraic representation that serves as the
foundation for tableau forms. In practice, an additional entry
may be appended to record auxiliary information (e.g., a phase).

B. Pauli Rotations

A Pauli rotation with respect to a Pauli string P and an angle
0 is defined as
Rp(0) := e "0F/2, (1)
Following the encoding introduced in Sec. II-A, such a rotation
can be encoded as a column vector

(21 2n @1 -y O],

Each Pauli rotation can be implemented by a single-qubit
phase gate together with a surrounding Clifford circuit [14].
Particularly, in the Clifford+7" setting, since the only non-
Clifford gate, T' gate is equivalent to Rz(w/4), it is common
to fix # = 7/4 and simplify the notation as R(P) [15].

When conjugated by a Clifford operator C, the Pauli rotation
can be rewritten as another Pauli rotation on the conjugated
Pauli string, followed by the Clifford operator itself:

CR(P)CT = R(CPC). 2)
By prepending C' to the Pauli rotation, we get
CR(P) = R(CPCT)C. (3)

Equation (3) allows Clifford operations to be systematically
commuted from one side to the other side of the circuit,
forming the initial setting of the tableau conversion procedure
introduced in the next section.

In addition, two Pauli rotations commute if and only if
their corresponding Pauli strings commute. In other words, the
commutation relation is preserved when passing from Pauli
strings to Pauli rotations:

[P,P]=0 < [R(P),R(P)]=0. %)

When the Pauli string P consists only of I and Z, we refer
to R(P) as a diagonal Pauli rotation. Such diagonal Pauli
rotations are particularly important in optimization flows, as
they correspond to non-Clifford phase gates that can be merged
or eliminated during advanced 7T'-count reduction approach [8]-
[10]. Further details will be discussed subsequently.

C. Clifford Tableau and Pauli Rotation Tableau

Tableau form provides a compact binary encoding for both
Clifford operators and sequences of Pauli rotations. For an n-
qubit Clifford operator, the Clifford tableau is represented by a
(2n+1) X 2n binary matrix, where each column encodes a Pauli

string together with a phase bit.! Elementary Clifford gates such
as Hadamard, Phase (S5), and CX correspond to specific row
operations on this tableau. This representation enables Clifford
circuits to be systematically transformed and resynthesized [7].
Similarly, a sequence of Pauli rotations can be expressed as
a Pauli rotation tableau, where each column corresponds to a
Rp(0).

We say that a Pauli rotation tableau is diagonal if all of
its constituent Pauli rotations are diagonal, i.e., their X -part is
entirely zero. In this case, the tableau is equivalent to the phase-
polynomial representation [9], [16], [17], where each column
corresponds to a phase term.

These tableau representations underlie modern tableau-based
optimization flows. Clifford tableaux can be directly resyn-
thesized via systematic row operation, while Pauli rotation
tableaux—especially when diagonal—admit algebraic simpli-
fications that enable substantial T'-count reductions.

D. Tableau-based QCO

Tableau-based QCO is typically performed in three steps:
converting the quantum circuit into tableaux, optimizing the
tableaux to reduce the T-count, and resynthesizing the op-
timized tableaux back to a quantum circuit. We discuss the
details of each step in the following.

1) Circuit-to-Tableaux Conversion: Given a Clifford+T
quantum circuit ()¢, we can represent each Clifford gate as
a Clifford tableau and each non-Clifford gate (e.g., a T gate)
as a Pauli rotation tableau. Any Clifford tableau adjacent to a
Pauli rotation tableau can be commuted across it using (3).
By repeatedly applying this rule, the circuit can be rearranged
such that all Clifford gates are collected on one side, while
the non-Clifford gates remain on the other. As illustrated in
the first step of Fig. 1, letting 7 and S denote the Clifford
and Pauli rotation tableaux of these two parts, respectively,
the overall unitary of the circuit can then be expressed as
U(Qc) =U(S)U(T), where U(+) denotes the unitary operator
associated with a circuit or tableau.

2) Tableaux Optimization: After the Clifford and Pauli ro-
tation parts are separated, the optimization proceeds in two
phases. First, a phase-merging algorithm [15], [18] eliminates
redundancies in the Pauli rotations S and yields a preliminary
reduction in the 7T'-count. In the second phase, advanced phase-
polynomial-like methods [8]-[10] are evoked for further 7'-
count reduction. However, the Pauli rotation tableau is gener-
ally non-diagonal; therefore, these methods cannot be directly
applied. To enable them, InternalHopt [19] partitions the cir-
cuit into alternating Clifford and diagonalized Pauli rotation
(DPR) tableaux while minimizing the number of Hadamard
gates (third stage in Fig. 1). Phase-polynomial-like methods
are then applied on each DPR sub-tableau to further reduce
the T-count. Note that all reduction related to the 7'-count
are completed during tableau optimization, and the 7T-count
remains unchanged afterward.

1Unlike the classical definition of Clifford tableau in [7], where Pauli strings
are encoded as rows, here we adopt a column-based encoding in this paper.
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Fig. 1: Tableau-based QCO flow.

3) Tableau Resynthesis: In the final step of a tableau-based
QCO flow, a Clifford or Pauli rotation tableau is resynthesized
back to a quantum circuit. For a Clifford tableau, this is
typically achieved by performing a sequence of row operations,
each of which can be directly mapped to a corresponding
Clifford gate and eventually reducing the tableau to an iden-
tity [7], [20], [21]. For a diagonalized Pauli rotation tableau,
the resynthesis can be formulated as a parity-table resynthesis
problem [12], [22], [23], where the Z-part of the tableau is
simplified column by column into one-hot vectors through
successive CX operations. Whenever a column is reduced to a
single 1, the associated phase rotation (e.g., a T gate) is placed
on that qubit and then removed from the tableau, resulting
in a CX+T' subcircuit. More details on the resynthesis step,
including its role in current tableau synthesis strategies, will be
provided in the next section.

IIT. MOTIVATION AND PROBLEM STATEMENT

Existing tableau synthesis approaches reconstruct circuits
from each tableau in isolation, which often incurs excessive 2Q-
count overhead due to the lack of cross-tableau consideration.
In this section, we first review the current synthesis strategy
and then point out its weakness, which motivates the proposed
unified synthesis framework.

A. Current Tableau Synthesis Method

In a tableau-based QCO flow, the optimized circuit is rep-
resented as a sequence of intermediate tableaux. Each tableau
can then be resynthesized into gates using the standard Clifford
or Pauli rotation synthesis procedures introduced earlier, but
different strategies exist for deciding when this resynthesis
should take place.

The most straightforward approach is the eager strategy,
in which every tableau is immediately resynthesized once it
is produced. However, this often causes 2Q-gates to become
widely scattered across different tableaux, preventing them
from being grouped efficiently in the final circuit, as illustrated
in Fig. 2(a).

To address this issue, LazySynth [11] was introduced. Instead
of extracting every Clifford subcircuit as soon as a Clifford
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Fig. 2: Tllustrative examples of tableau synthesis strategies.

tableau appears, LazySynth defers the extraction of the H-free
Clifford tableau that follows a Pauli rotation tableau and carries
the corresponding Clifford tableau forward. As illustrated in
Fig. 2(b), a Clifford tableau is typically decomposed as an
H-free segment, an H layer, and another H-free segment.
LazySynth postpones the extraction of the last H-free segment
and merges it with subsequent Clifford tableaux using commu-
tation rules. The merged block can then be decomposed again
so that its H-free part is further deferred. This reduces scattered
2Q-gates and yields more structured Clifford tableau in the final
circuit.

Nevertheless, both eager and lazy synthesis ultimately treat
tableaux in isolation, a characteristic that will be further exam-
ined in the next subsection.

B. Challenges in Current Methods

The tableau-by-tableau treatment prevents the synthesizer
from capturing global cost interactions across tableaux. In
particular, when Clifford operations are synthesized separately
within each tableau, they are optimized only in a local con-
text. This produces fragmented Clifford subcircuits that miss
opportunities for cross-tableau gate cancellation, resulting in
redundant 2Q-gates in the final circuit.

The underlying reason is that existing resynthesis approaches
rely heavily on the diagonalized Pauli rotation tableaux,
where all operators commute and can be efficiently syn-



Algorithm 1 High-level view of pMST algorithm

Input: A Pauli rotation tableau S and a Clifford tableau 7 on n
qubits
Output: Clifford+T circuit C
1: procedure pMST(S,T)
2: C' + empty circuit on n qubits
3 while S is not empty do
4 Identify all executable rotations.
5 Select the lowest-cost rotation.
6: Synthesize the rotation and update the tableaux.
7: end while
8 Synthesize the residual Clifford tableau.
9 return C'
10: end procedure

thesized using parity-table techniques. However, propagating
Hadamards across Pauli rotation tableaux generally introduces
non-diagonal operators such as X or Y, breaking the commu-
tativity and rendering the parity-table approach inapplicable. To
avoid this difficulty, prior works restrict themselves to partial
deferral strategies (e.g., LazySynth), which alleviate but cannot
fully eliminate fragmentation. A very recent work [23] has also
considered cross-tableau interactions in a tableau-by-tableau
setting, particularly across phase-polynomial blocks. While this
alleviates fragmentation to some extent, the synthesis process
remains fundamentally tableau-by-tableau.

To address this limitation, we adopt a more aggressive strat-
egy: propagate all Clifford operations to the end of the circuit,
as illustrated in Fig. 3. This strategy combines intermediate
Clifford tableaux and enables a unified treatment of Pauli
rotations. We will introduce our proposed algorithm in the next
section.

IV. PROPOSED METHOD

The limitations discussed in the previous section motivate
the introduction of a unified synthesis strategy that consoli-
dates Clifford operations into a single tableau. The concept
contrasts with tableau-by-tableau synthesis, which often leaves
fragmented Clifford subcircuits and thereby leads to excessive
2Q-gates.

A. Overall Resynthesis Flow

Our method begins by deferring all Clifford operations to
the end of the circuit, yielding a unified Pauli rotation tableau
followed by one consolidated Clifford tableau. The synthesis
is then performed by our Pauli Rotation Synthesis algorithm,
referred to as pMST. Inspired by the minimum spanning tree
(MST) approach of [12], pMST extends it from diagonal parity
tables to the general setting of Pauli rotation tableaux.

The core procedure is illustrated in Algorithm 1: starting
from the unified tableau, the algorithm iteratively identifies
executable rotations, selects the lowest-cost candidate, synthe-
sizes it with an MST-guided routine, and updates the tableaux
afterwards. Once all Pauli rotations have been processed, the
residual Clifford tableau is synthesized at the end.

This overview summarizes the high-level flow of our method.
The next section elaborates on the pMST algorithm, the core
process of the unified synthesis approach.
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Fig. 3: Tllustrative example of Clifford propagation.
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Fig. 4: Example of a dependency graph constructed from a
Pauli rotation tableau.

B. The pMST Algorithm

We first explain how target rotations are iteratively selected
using dependency constraints and cost estimation, then describe
how each rotation is synthesized via an MST-based routine, and
finally present the residual Clifford synthesis step.

1) Target Rotation Selection: Unlike the diagonalized Pauli
rotation tableau, where all Pauli rotations commute and can
be applied in an arbitrary order, a general Pauli rotation
tableau may contain anticommuting pairs. These anticommuta-
tion relations impose precedence constraints, so that reordering
certain rotations would change the resulting unitary operation.
To capture and respect these constraints, we construct a de-
pendency graph (DepG), where each node corresponds to a
Pauli rotation and the directed edges represent the ordering
constraints imposed by anticommutation.

Fig. 4 illustrates a simple example of the dependency graph.
On the left is a Pauli rotation tableau with three qubits, where
each column represents a Pauli rotation. On the right is the
corresponding DepG, whose node indices are aligned with the
tableau columns, with directed edges inserted whenever the
corresponding rotations anticommute. In general, two Pauli
rotations anticommute if they have different non-I operators
(X, Y, or Z) on an odd number of qubits. The example shows
that rotation 0 must be implemented before 1, 2, and 3, and
that 4 must precede 5, highlighting how ordering constraints
are made explicit.

Based on this graph, each iteration begins by identifying
executable rotations (nodes with no unmet dependencies). An
estimated cost, defined as the number of qubits on which the
Pauli operator is X, Y, or Z, is then assigned to each candidate.
Intuitively, the number of non-I qubits reflects how many qubits
must be connected by 2Q-gates to realize the rotation, and
thus correlates with the 2Q-gates required in its synthesis. This
estimate allows the algorithm to prioritize rotations with smaller
non-/ qubits, which can typically be implemented with fewer
2Q-gates.

Consider the example in Fig. 4. Both rotations 0 and 4 have
no incoming edges in the DepG and are therefore executable.
The estimated cost of rotation O is 2, while that of rotation 4
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Fig. 5: Illustration of edge weight in the MST parity graph.

is 3. Following the selection strategy, the algorithm chooses
rotation O as the next target to synthesize.

Once selected, we synthesize the rotation 0, remove it from
the tableau, and then continue with the updated DepG.

2) Synthesis of a Selected Rotation: Once a target rotation is
selected, we first diagonalize its Pauli string, i.e., map all X and
Y operators into Z by Clifford conjugation. This is achieved
by applying the appropriate single-qubit Clifford gates, for
example:

Y =SHZHS.

We then append the Cliffords on the left of Zs to the synthe-
sized circuit, and apply the Cliffords on the right of Zs to the
Clifford tableau.

Once the selected rotation is diagonalized, we proceed to
the MST synthesis routine, which constructs a cost-aware 2Q
network to implement the rotation. Each qubit on which the
operator is Z becomes a node in a weighted graph, and every
possible 2Q-gate C'X;; is represented as an edge with an
associated cost. From this graph, the MST selects the edges that
minimize the impact on the tableaux, yielding a 2Q sequence
that realizes the current rotation while lowering the cost of
subsequent ones.

The edge weight is defined as

’lU(’L,_]) :APR(27J)+AC(27J)5 (5)

where Apg (i, j) denotes the change in the total number of non-
zero entries in the Pauli rotation tableau after applying C'X;;,
while Ac(4,7) denotes the change in the distance between the
Clifford tableau and the identity matrix. The resulting weight
reflects whether applying C'X;; is beneficial overall: a negative
value indicates that the operation reduces the combined cost,
whereas a positive value implies an increase. This simple
additive form serves as a heuristic that jointly accounts for
immediate progress in the Pauli rotation tableau and the induced
impact on the remaining Clifford tableau.

Figure 5 illustrates this correspondence: each edge (¢, 7) in
the parity graph is associated with a candidate C'X;;, and its
effect on the two tableaux yields Apg and Ac, which together
form the edge weight w;;.

By associating each candidate C'X with its joint impact on
both tableaux, the MST construction considers the Pauli and
Clifford parts in a unified manner.

3) Residual Clifford Synthesis: After all Pauli rotations have
been synthesized, a residual Clifford tableau remains. We adapt
the stabilizer tableau resynthesis procedure [7] to synthesize the
residual Clifford tableau into a Clifford circuit. Together, these
components constitute the unified synthesis framework.

X = HZH,

TABLE I: Settings of synthesis and optimization methods.

Synthesis Approaches

TKET strat = Pairwise, cx_config = snake
Lazy —--rotation = MST
Basic/pMST As described in this paper
Local Optimization Approaches
Qiskit CommutativeCancellation ()
—InverseCancellation ()
TKET RemoveRedundancies ()
— CliffordSimp ()
— RemoveRedundancies ()
Qsyn CausalFlowOpt ()

V. EXPERIMENTAL RESULT
A. Experimental Settings

All experiments were conducted on a Linux server running
Ubuntu 22.04.5 LTS. The hardware configuration consists of
an Intel® Core™ i9-13900K processor and 128 GB of main
memory.

Our unified resynthesis method was implemented in
Qsyn [24], an open-source platform for quantum circuit op-
timization that integrates several modern QCO techniques. To
provide a fair baseline in the unified setting, we also design
a naive unified synthesis baseline, denoted as Basic. Similar
to pMST, Basic defers all Clifford gates through Clifford
propagation, but it synthesizes Pauli rotations only in a fixed
tableau order. Each rotation is diagonalized and implemented
with a locally optimized 2Q-gate sequence, without accounting
for its impact on subsequent operations.

We evaluate four synthesis strategies: Lazy [11], a state-
of-the-art tableau-by-tableau approach; TKET, a Pauli-graph-
based method [14]; Basic, a naive unified baseline; and pMST,
our proposed algorithm. Note that before resynthesis, we
employ the state-of-the-art T-optimization technique, Fast-
TODD [9], which is applied once to all synthesis strategies.
Accordingly, all methods share the same T'-count baseline
(denoted as T-opt in Table II), and we compare the resulting
circuits primarily in terms of their 2Q-counts.

We further consider three local optimization methods imple-
mented in Qiskit [25], TKET, and Qsyn that can be applied after
synthesis. The complete list of methods and their configurations
is summarized in Table L.

For benchmarks, we adopt the standard Clifford+T circuits
used in [11], where two large circuits in the original bench-
marks [9], hwb1l1 and hwb12, are excluded due to the time out
on FastTODD algorithm.

B. 2Q-Count Comparison

We compare four synthesis strategies: TKET, Basic, Lazy,
and pMST. Table II reports the initial 2Q-/T'-counts, the shared
post T-opt T'-count, and, for each synthesis strategy, the result-
ing 2Q-count, its ratio to the original 2Q-count, and the runtime.
This representation allows a straightforward comparison of the
final 2Q-counts produced by different strategies after the full
QCO flow. Overall, our proposed method pMST achieves the
lowest GeoMean ratio of 1.28, compared to 1.93 for Lazy,



TABLE II: Comparison on 2Q-count.

B | Orig. T-opt TKET [14] Basic Lazy [11] pMST
enchmark
| 2Q-count  T-count | T-count | 2Q-count Ratio Time (s) | 2Q-count Ratio Time (s) | 2Q-count Ratio Time (s) | 2Q-count Ratio  Time (s)
adder_8 409 399 171 1,387 3.39 0.10 564 1.38 0.03 610 149 0.34 302 074 0.06
barenco_tof_4 48 56 28 120 250 0.01 78 1.63 0.03 76 1.58 0.02 48 1.00 0.01
barenco_tof_5 72 84 40 205  2.85 0.01 128 1.78 0.03 131 1.82 0.01 8 119 0.05
barenco_tof_10 192 224 100 888 4.63 0.03 464 2.42 0.03 282 147 0.18 175 091 0.05
csla_mux_3 80 70 58 407 5.09 0.01 215 2.69 0.01 238 2.98 0.03 150 188 0.06
csum_mux_9 168 196 77 702 4.18 0.03 707 421 0.04 633 3.77 0.10 344 205 0.06
2f2°6_mult 221 252 13 960  4.34 0.04 688 3.1 0.06 477 2.16 0.11 442 2.00 0.17
2f2*7_mult 300 343 155 1,385  4.62 0.06 1,023 3.41 0.05 674 2.25 0.10 634 211 0.16
2f2°8_mult 405 448 205 2,384 5.89 0.10 1476 3.64 0.06 1,033 255 0.34 907 224 0.27
2f2°9_mult 494 567 257 2441 4.94 0.13 2,064 4.18 0.09 1,291 2.61 0.24 1,112 225 0.34
ham15-low 236 161 97 875 371 0.04 354 1.50 0.02 454 1.92 0.08 282 119 0.07
ham15-med 534 574 212 1,909  3.57 0.07 698 1.31 0.06 726 1.36 0.41 468 0.88 0.13
ham15-high 2,149 2,457 1,018 6,658 3.10 0.41 3223 1.50 0.03 3,499 1.63 0.11 2,038 095 0.06
hwb6 116 105 75 349 3.01 0.01 181 1.56 0.01 152 1.31 0.04 18 1.02 0.04
hwb8 7,129 5,887 3,512 32,946  4.62 1.95 10,905  1.53 0.45 10,239 1.44 0.19 9,082 1.27 0.72
hwb10 35,170 29,939 15,876 | 210,853  6.00 1477 | 61,236 1.74 1044 | 61,501 175 1.70 55,943 1.59 17.20
mod_mult_55 48 49 34 169 3.52 0.01 80 1.67 0.01 17 244 0.01 73 152 0.01
mod_red_21 105 119 73 497 473 0.02 226 215 0.04 204 1.94 0.07 18 112 0.06
qcla_adder_10 233 238 161 1,548 6.64 0.07 668  2.87 0.07 586 2.52 0.33 279 1.20 0.14
qcla_com_7 186 203 95 544 2.92 0.03 427 2.30 0.05 324 174 0.07 177 095 0.04
gcla_mod_7 382 413 237 2,710 7.09 0.12 1,076 2.82 0.06 1,498  3.92 0.68 466 1.22 0.11
rc_adder_6 93 77 47 461 4.96 0.01 154 1.66 0.02 140 151 0.02 152 1.63 0.02
tof_5 42 49 31 192 4.57 0.03 94 2.24 0.01 71 1.69 0.01 51 1.21 0.02
tof_10 102 119 71 796 7.80 0.02 287 2.81 0.01 155 1.52 0.12 121 119 0.05
vbe_adder_3 70 70 2 178 254 0.01 83 1.19 0.02 97 1.39 0.01 48 0.69 0.02
Geomean 4.24 2.14 1.93 1.28
Note: All synthesis approaches share the same T-count as post-T-opt.
2.14 for Basic, and 4.24 for TKET. The experimental results TKET © Basic ~ Lazy © pMST
also support our claim that while tableau-based QCOs can 50
effectively minimize the 7-count, they often incur additional 0
2Q-count overhead.
. . 3.0
The results also lead to three key observations. First, the
performance gap between TKET and Basic highlights the 20
advantage of tableau-based synthesis itself: the tableau rep- »
resentation enables efficient row operations for conjugating
Clifford gates, which are not as directly supported in the Pauli- 00 ongral  mkerom  aisatomt asnomt

graph formalism of TKET. Second, a naive unification does not
necessarily yield better results. Although Basic is tableau-based
and unified, it often performs worse than the tableau-by-tableau
Lazy approach, indicating that naive integration without further
guidance may fail to realize its potential benefits. Finally,
the consistent improvement of pMST over Lazy confirms that
combining unification with an effective synthesis strategy is
essential to fully realize the potential of tableau-based resynthe-
sis, thereby advancing the state of the art in reducing 2Q-count
overhead.

C. Robustness under Local Optimization

To further validate the robustness of our approach, we
examine whether the advantage of pMST persists after applying
standard local optimization passes. This addresses the concern
that our method might merely incorporate such optimizations.

We consider three representative optimizers: Qiskit, which
applies commutation- and inverse-based gate cancellation;
TKET, which employs redundancy removal with Clifford sim-
plification; and Qsyn, which leverages causal-flow structure to
reduce unnecessary 2Q-gates [26]. For each synthesis method,
we report results under four settings: without optimization
(Original) and with QiskitOpt, TKETOpt, or QsynOpt.

The results, summarized in Fig. 6, show that pMST con-
sistently achieves the lowest Geomean 2Q-count ratio across
all optimization backends. While all synthesis methods bene-
fit from subsequent local simplifications, the relative ranking

Fig. 6: 2Q-count ratios under different optimizers.

of the approaches remain unchanged: pMST yields the best
performance, followed by Lazy, then Basic, and finally TKET.
This outcome confirms that the superiority of pMST is not due
to the exclusion of local optimization, but rather a fundamental
improvement in the synthesis process itself, which continues to
deliver the lowest 2Q-count even after standard post-processing.

VI. CONCLUSION

In this work, we presented a unified tableau synthesis frame-
work that consolidates Clifford and Pauli rotation tableaux into
a holistic resynthesis flow. Within this framework, we intro-
duced the pMST algorithm, which extends the MST paradigm
to general Pauli rotations for globally cost-aware synthesis.
Experimental results on Clifford+T benchmarks show that our
method achieves the lowest 2Q-count, outperforming state-of-
the-art approaches even with additional local optimizations.
These results confirm the effectiveness of unified synthesis and
its potential for advancing quantum circuit optimization.
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