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Abstract—Distributed quantum computing (DQC) offers a
practical path to scaling beyond the qubit and wiring limits
of monolithic processors, but current compilation flows provide
limited support for heterogeneous inter-chip communication. In
multi-chip systems, remote operations are often slower, noisier,
and less reliable than local gates, and their cost depends strongly
on link quality, latency, and device calibration. As a result,
compilation decisions such as circuit partitioning, link selection,
and qubit mapping become tightly coupled, yet are often handled
separately or with simplified communication models in existing
solutions. We present DisMap, a calibration-aware distributed
compiler that integrates the heterogeneous costs of both inter-
and intra-chip operations into a unified hierarchical cost model.
Given per-chip topology, noise calibration data, and inter-chip
link specifications, DisMap constructs a global system topology,
applies adaptive circuit partitioning to minimize expensive cross-
chip interactions, and performs iterative distributed qubit map-
ping to place logical operations on low-error qubits and route
cross-chip communication over high-quality links. Evaluated on
realistic multi-chip topologies inspired by IBM superconducting
hardware, DisMap achieves up to 21.9% higher circuit fidelity
and up to 92.6% lower execution cost compared to state-of-
the-art partitioning and mapping baselines, while maintaining
practical compilation times across a wide range of circuit
benchmarks.

Index Terms—Distributed quantum compilation, Calibration-
aware compilation, Multi-chip quantum systems

I. INTRODUCTION

Current quantum processors remain in the Noisy
Intermediate-Scale Quantum (NISQ) era, with available
devices providing only hundreds to a few thousand physical
qubits [1], far below the scale required for fault-tolerant
quantum computing [2], [3]. This gap limits the practical
deployment of quantum applications in domains such as
cryptography, finance, and computational chemistry [4]-
[7]. A widely studied path toward larger-scale systems is
distributed quantum computing (DQC), in which multiple
quantum processing units (QPUs) are interconnected and
coordinated as a single coherent computational system [8],
[9].

While DQC offers a hardware roadmap for scaling [10],
it introduces new requirements for the quantum software
stack. Once a quantum program spans multiple chips, the

compiler must decide how to assign qubits to modules, and
select inter-chip communication resources. These decisions
are tightly coupled, yet most existing compilation flows are
still designed primarily for single-chip execution or rely on
simplified assumptions about inter-chip communication. As a
result, current software stacks provide only limited support
for noise-aware optimization across heterogeneous multi-chip
systems.

Inter-chip connectivity can be realized through several
classes of physical links, including short-range coherent
couplers and waveguides that support coherent inter-chip
gates [11], as in IBM’s Flamingo architecture linking Heron
R2 processors [10], photonic flying-qubit links for entangle-
ment distribution between spatially separated modules [12]-
[14], microwave-to-optical transducers [15], and matter-based
links that shuttle qubits between adjacent modules [16]. From
a systems-software perspective, these technologies present a
common characteristic: inter-chip operations are heteroge-
neous and calibration-sensitive. This suggests that compilation
strategies may benefit from accounting for communication
quality explicitly rather than assuming uniform performance
across all inter-chip paths.

This heterogeneity creates a clear opportunity for compiler
optimization but also exposes a significant gap in existing
distributed compilation methods. Prior work has explored
modular compilation flows [17] and reinforcement-learning-
based routing policies [18]. However, these approaches often
focus on specific stages of the workflow or utilize simplified
models of communication noise. Existing tools frequently treat
inter-chip links as having fixed or uniform penalties, which
may not capture the dynamic nature of hardware calibration
data. This can lead to the selection of circuit partitions that
are structurally sound but do not fully align with the current
physical state of the heterogeneous hardware.

To address this gap, we propose DisMap, a calibration-
aware distributed compilation framework for multi-chip quan-
tum systems. DisMap treats distributed compilation as a joint
software optimization problem over circuit partitioning, inter-
chip link selection, and physical qubit mapping. The key in-
sight is to expose hardware heterogeneity directly to the com-
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piler through a hierarchical cost model that captures gate error,
link success probability, communication latency, and idle-time
decoherence. Guided by this model, DisMap searches for
circuit partitions and qubit mappings that minimize expen-
sive cross-chip interactions, prioritize reliable communication
paths, and align logical circuit structure with physical multi-
chip topology.

This paper makes the following contributions:

o A calibration-aware distributed compilation frame-
work. We present DisMap, a distributed quantum com-
piler that jointly optimizes circuit partitioning and qubit
mapping for heterogeneous multi-chip systems, treating
these stages as a coupled rather than independent prob-
lem.

o A hierarchical cost model for distributed execution.
We formulate a unified optimization objective that in-
corporates intra-chip gate errors, inter-chip link success
probabilities, communication latency, and idle-time deco-
herence, enabling the compiler to reason directly about
the true cost of distributed execution.

o An adaptive partitioning and mapping strategy. Using
the proposed cost model, DisMap selects high-quality
communication links, avoids unreliable inter-chip paths,
and aligns logical qubit groups with the physical multi-
chip topology to minimize routing overhead and accumu-
lated error.

e An open implementation and empirical evaluation.
We implement DisMap in Qiskit and evaluate it using
real IBM calibration data across homogeneous and het-
erogeneous multi-chip configurations. Results show up to
21.9% higher circuit fidelity and up to 92.6% lower ex-
ecution cost compared to representative baselines, while
maintaining practical compilation times.

This work positions distributed quantum compilation as a
software systems problem shaped by hardware variability. By
integrating calibration-aware cost modeling with joint parti-
tioning and mapping, DisMap provides a practical compilation
methodology for emerging multi-QPU platforms and advances
the software toolchain needed for scalable distributed quantum
computing.

II. BACKGROUND AND MOTIVATION

This section reviews the hardware and software context
for distributed quantum execution, covering distributed quan-
tum computing, circuit partitioning, and compiler-level qubit
mapping. We then motivate the need for calibration-aware
distributed compilation.

A. Distributed Quantum Computing

Gate-based quantum computers execute algorithms through
sequences of single- and two-qubit gates [19]. In supercon-
ducting platforms, these operations are typically implemented
on monolithic chips with sparse coupling topologies such as
heavy-hex lattices, where each physical qubit has only a small
number of neighbors connected through tunable couplers [20].
Although this design supports high-fidelity local control, it
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limits scalability because chip area, wiring complexity, yield,
and control overhead become increasingly difficult to manage
as the number of qubits grows.

Distributed quantum computing (DQC) addresses this lim-
itation by interconnecting multiple smaller chips and co-
ordinating them as a larger computational system [8], [9].
Recent hardware progress has demonstrated the feasibility of
such modular architectures. For example, IBM’s Flamingo
architecture links Heron R2 processors through meter-scale
inter-chip links with reported inter-chip error of approximately
3.5% [10], while chiplet-style systems are also being explored
by Rigetti [21]. These interconnects provide a practical near-
term path toward larger quantum systems without requiring a
single monolithic processor.

From a software perspective, however, DQC introduces a
new compilation layer. A compiler for a multi-chip system
must reason not only about local device connectivity, but
also about when and how to use inter-chip communication
resources. Unlike intra-chip gates, inter-chip operations are
typically slower, noisier, and more heterogeneous. Their cost
depends on link fidelity, latency, congestion, and idle-time
decoherence. As a result, DQC is not only a hardware ar-
chitecture problem, but also a compiler and systems-software
problem.

B. Circuit Partitioning and Circuit Cutting

Circuit partitioning is a natural strategy for executing large
circuits on hardware with limited qubit capacity. A circuit
can be decomposed into smaller subcircuits that are assigned
to different execution regions or different chips. One widely
studied realization of this idea is circuit cutting, which uses
wire cuts or gate cuts to divide a large quantum circuit into
smaller fragments [22]. These fragments can then be executed
separately on smaller devices.

Circuit cutting is attractive because it allows circuits exceed-
ing a single device’s qubit capacity to be executed in parts,
and it can reduce local circuit depth, which may lower the
accumulated effect of gate error, decoherence, and crosstalk.
However, circuit cutting alone is not a complete solution for
DQC. Standalone cutting introduces a classical reconstruc-
tion bottleneck: recovering the full output distribution from
cut fragments generally incurs exponential overhead in the
number of cuts [23]. More importantly, circuit cutting does
not directly address the placement of partition boundaries
relative to inter-chip link quality. By identifying natural cut
points in the circuit, cutting can nonetheless guide the compiler
toward communication-light partitions, revealing which cross-
chip interactions are unavoidable and allowing the compiler to
route those interactions over the most reliable available links.
Realizing this benefit requires integrating cutting decisions
with inter-chip topology awareness rather than treating them
as a standalone pre-processing step.

For distributed quantum systems, partitioning remains es-
sential, but the objective changes. Instead of cutting solely to
fit capacity, the compiler should partition the circuit in a way
that balances chip utilization, reduces expensive cross-chip
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interactions, and aligns communication-heavy subcircuits with
high-quality inter-chip links. This makes circuit partitioning
a software optimization problem tightly coupled to physical
topology and runtime cost.

C. Compiler and Qubit Mapping

Qubit mapping assigns the logical qubits of a circuit to the
physical qubits of the target hardware, and it is one of the
most important compiler decisions affecting execution fidelity.
Because hardware connectivity is sparse, logical two-qubit
interactions often cannot be executed directly on the mapped
qubits. To satisfy coupling constraints, the compiler inserts
routing operations such as SWAPs, which increase both circuit
depth and accumulated noise.

Finding an optimal qubit mapping is NP-complete [24], so
practical compilers rely on heuristic strategies that trade off
quality and compilation time. Existing mapping methods con-
sider factors such as connectivity, gate fidelity, and crosstalk
in order to place critical operations on high-quality qubits and
reduce routing overhead [25]-[27]. These methods have been
effective for monolithic devices, where communication cost is
largely determined by a single-chip coupling graph.

In multi-chip systems, however, the compiler must solve a
more complex problem. Mapping decisions interact directly
with partition boundaries and inter-chip communication. A
poor assignment may increase the number of remote oper-
ations, overload weak links, or place critical subcircuits on
noisy chip regions. Therefore, distributed compilation requires
more than a direct extension of single-chip mapping: it re-
quires joint reasoning over partitioning, chip assignment, and
link-aware routing under dynamic calibration conditions.

D. Motivation

Circuit cutting and DQC provide complementary mecha-
nisms for scaling beyond a single chip. Circuit cutting reduces
circuit size to fit limited hardware, while DQC increases
effective capacity by distributing computation across multiple
connected QPUs. In principle, combining these two ideas
enables larger quantum programs to execute without requiring
one monolithic processor.

In practice, however, existing software support remains
limited. Cutting-based approaches often incur exponential
classical reconstruction overhead and typically assume fixed
per-chip capacities. At the same time, many distributed com-
pilation methods treat inter-chip communication with static or
simplified cost models, even though real links differ in fidelity,
latency, and reliability. As a result, current workflows may
satisfy capacity constraints yet still produce poor system-level
execution plans.

Figure 1 illustrates this challenge. A naive two-way partition
over three available QPUs may fit the circuit within chip
capacities, but it can leave one QPU idle and force more
communication through costly or unreliable links. By contrast,
a more adaptive three-way partition can better utilize all chips,
shorten subcircuit depth, and route interactions through higher-
quality resources. The result is improved fidelity and lower
execution cost.
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(a) Two-way partitioning leaves one QPU idle and concentrates
cross-chip traffic on fewer links.

(b) Three-way partitioning achieves full QPU utilization, shorter
subcircuit depths, and reduced inter-chip traffic.

Fig. 1: Distributed compilation of an 8-qubit circuit across
three chips (capacities {6, 5,5} qubits). (a) A naive two-way
partition leaves one chip idle and stresses the inter-chip links.
(b) An adaptive three-way partition utilizes all chips, shortens
subcircuit depth, and avoids high-noise qubits, resulting in
higher fidelity.

These observations motivate a calibration-aware software
co-design for distributed quantum compilation. Rather than
treating partitioning, chip assignment, and qubit mapping as
independent stages, the compiler should optimize them jointly
using explicit knowledge of hardware topology, link quality,
latency, and decoherence. This is the design principle behind
DisMap, which combines a hierarchical cost model with
adaptive partitioning and link-aware mapping to improve the
fidelity and efficiency of multi-chip quantum execution.

III. RELATED WORK
A. Qubit Mapping and Compilation

Qubit mapping and routing for monolithic NISQ devices
have been extensively studied. Early work formulated place-
ment and routing as combinatorial optimization problems, in-
cluding depth-optimal placement for arbitrary coupling topolo-
gies [28]. Since exact compilation is NP-hard, practical com-
pilers rely on heuristics. Representative examples include
SABRE, which introduced a bidirectional lookahead search
for scalable qubit routing [29], and hardware-aware variants
that incorporate gate duration, coherence times, or fidelity into
the mapping objective [30]. Learning-based approaches have
also emerged, including reinforcement-learning methods for
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mapping and routing [31] and attention-based graph neural
network methods for larger architectures [32]. These works
establish the algorithmic foundation for compiler optimization
on a single coupling graph, but they do not explicitly model
heterogeneous inter-chip communication or multi-chip topol-

ogy.

B. Distributed Quantum Computing and Modular Architec-
tures

Distributed quantum computing has become a major direc-
tion for scaling beyond monolithic processors. Surveys and
roadmaps describe the transition to modular and networked
quantum systems, highlighting the roles of entanglement dis-
tribution and compiler coordination [8], [9], [33]. On the
hardware side, recent demonstrations confirm the feasibility
of interconnected quantum modules, including chiplet-style
superconducting systems and optical-network-linked proces-
sors [10], [13]. From a software perspective, DQC introduces
a new compiler layer: quantum programs must be partitioned,
placed, and routed across multiple QPUs while explicitly
accounting for non-uniform communication cost and topology-
dependent link quality.

C. Communication-Aware DQC Compilation

A significant line of work treats inter-QPU communication
as the primary software concern in DQC. AutoComm identi-
fies recurring communication patterns in distributed quantum
programs and co-optimizes burst communication with circuit
structure [34]. QuComm exposes collective communication
primitives in distributed programs and optimizes them through
dedicated compiler support [35]. MECH proposes a multi-
entry communication highway for superconducting chiplet
systems, trading ancilla resources for communication concur-
rency [36]. SwitchQNet studies communication scheduling for
data-center-scale DQC with switch-based interconnects [37].
These works establish that communication should be treated
as a first-class software concern, but they primarily target
protocol-level scheduling, communication structure, or archi-
tectural concurrency rather than jointly solving circuit parti-
tioning, physical qubit mapping, and calibration-aware link
selection.

D. Distributed Compilation and Multi-QPU Mapping

Several recent compilers address the full DQC compila-
tion problem. A modular compiler framework for distributed
quantum computing that accounts for both device and network
constraints is proposed in [17]. A reinforcement-learning for-
mulation of DQC compilation [18] optimizes routing under
stochastic entanglement generation. Route-Forcing provides
scalable mapping for large and modular architectures with low-
depth routing heuristics [38], while follow-up work introduces
Hungarian Qubit Assignment (HQA) and lower bounds on
non-local communication [39]. Annealing- and clustering-
based methods for heterogeneous DQC platforms are devel-
oped in [40], and LarQucut addresses large distributed circuits
via joint cutting and mapping [41]. These works reflect rapid
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progress toward practical multi-QPU compilation, but most
optimize routing, partitioning, or communication as separate
stages.

E. Positioning of This Work

DisMap is most closely related to distributed compilation
and communication-aware DQC. Unlike single-QPU methods,
DisMap must optimize local routing alongside chip assign-
ment and inter-chip communication simultaneously. Unlike
communication-focused frameworks (AutoComm, QuComm,
MECH), DisMap addresses the full compiler problem of
jointly partitioning circuits and aligning them with physical
topology under heterogeneous hardware.

The works most closely adjacent to DisMap are the RL-
based compiler [18] and the modular compiler [17]. The RL
approach learns inter-QPU routing policies under stochastic
entanglement generation, but optimizes routing as a stan-
dalone stage and does not jointly solve circuit partitioning,
link selection, and qubit mapping under dynamic calibration
data. Modular compiler address both network and device
constraints in a modular framework, but assume uniform inter-
chip link costs. Route-Forcing [38] focuses on fast, low-depth
mapping heuristics for modular architectures and does not
perform calibration-aware link scoring. Besides, annealing-
and clustering-based methods [40] for heterogeneous DQC
lack integration with real-time calibration data.

DisMap differentiates from all of the above by performing
calibration-aware joint optimization over (i) inter-chip link
selection, (ii) circuit partitioning, and (iii) distributed qubit
mapping in a single unified cost model that captures gate
fidelity, link success probability, communication latency, and
idle-time decoherence. This coupling is the central design
principle of DisMap and the primary source of its empirical
improvements over baselines.

IV. DISMAP SOLUTION DESIGN

DisMap is a software framework for distributed quantum
compilation on heterogeneous multi-chip systems. Its goal
is to translate a logical quantum program into a complete
distributed execution plan by jointly resolving three coupled
compiler decisions: which inter-chip links to activate, how to
partition the circuit into subcircuits, and how to map each
subcircuit onto physical qubits. Unlike monolithic compilation,
these decisions cannot be made independently: link fidelity,
latency, and success rate vary significantly across the system,
so partition boundaries, qubit placement, and communica-
tion routing are all interdependent. DisMap addresses this
challenge through a calibration-aware design that exposes
hardware heterogeneity directly to the compiler cost model
and joint optimization loop.

A. System Model

We model a distributed quantum processor as a set of
chips W = {wy,...,w,}. Each chip w; is characterized by
a hardware coupling topology T;, qubit capacity @);, and a
calibration-derived noise profile N;. For each gate g executable
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Fig. 2: DisMap compilation workflow. Inputs: Per-chip hardware topologies, calibration noise data, and a logical quantum
circuit. Step 1 (Link Allocator): Score and select among candidate inter-chip links to construct the system topology (ST). Step 2
(Partition Analyst): Generate circuit partitioning candidates while avoiding high-error qubits (shown as red nodes in ST). Step 3
(Distributed Mapper): Assign subcircuits to chips and map them onto low-noise qubit regions (e.g., subcircuits O and 1 placed
on Node O and Node 1, respectively). Step 4 (Link-Aligned Mapping Optimizer): Refine qubit mappings to minimize the
hierarchical cost objective. The pipeline iterates over candidate link configurations until the lowest-cost distributed plan is
found. Subcircuits are then executed on their assigned chips and results are combined.

on chip w;, the calibration data expose a gate error estimate
e(g) and gate latency 7(g). These quantities serve as software-
visible inputs to the compiler, allowing DisMap to reason
about execution cost beyond pure connectivity. These per-
qubit and per-gate metrics (¢, 7, T3, 1) are not specific to
any single vendor. They are the standard outputs of routine
device characterization, such as randomized benchmarking,
gate tomography, and relaxation/coherence measurements, and
are published periodically by current providers (e.g., IBM)
through their calibration interfaces. DisMap consumes them
as an abstract noise profile N;, making it agnostic to the
underlying hardware platform that produces them.

Inter-chip communication is represented by a set of physical
links L = {1, ..., 4}, realized as entanglement-based chan-
nels that distribute Bell pairs between chips and consume them
to execute remote operations. For each chip pair (w;, w;), we
denote by £;; C L the candidate set of available links. For
every link ¢ € L, the compiler is given:

o baseline link error €y pase (€),
o baseline link latency £(¢) (quantum + classical round-

trip),
o per-attempt success rate SR(¢).

This link abstraction is intentionally technology-
independent. Although our evaluation uses superconducting
chips, the triplet (ep base, £, SR) captures only the externally
observable behavior of an inter-chip channel and applies
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equally to other distributed modalities: photonic entanglement
links and ion-trap photonic interconnects are naturally
described by a stochastic success rate SR < 1 and a latency
dominated by entanglement-generation attempts. DisMap thus
targets distributed quantum systems in general rather than
superconducting hardware specifically.

Given a logical circuit C, the compiler seeks three coupled
outputs: a circuit partition S = {C1, ..., C}}, a link-selection
strategy over available inter-chip resources, and a distributed
physical mapping M. Together, these define a complete ex-
ecutable software plan for the target multi-chip system. The
objective is to minimize total execution cost while preserving
high end-to-end fidelity, by placing computation on reliable
local resources and routing cross-chip interactions over the
most suitable links.

B. Hierarchical Cost Formulation

DisMap formulates distributed compilation as a hierarchical
optimization problem over two coupled cost terms: local intra-
chip execution cost and inter-chip communication cost. Let
circuit C' be partitioned into & subcircuits S = {s1,..., s},
with each subcircuit s; assigned to chip w; under mapping M.
The total compiler objective is

k
J(C;8, M) = Ciocal (5:) + Cinter(9),

i=1

()]
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where Cjoca captures intra-chip routing overhead and decoher-
ence, and Ciyer captures cross-chip communication cost under
the selected links. This decomposition reflects the software
structure of the problem: the compiler must simultaneously
optimize local transpilation quality and global distributed
communication cost.

1) Local (Intra-chip) Cost: For subcircuit s; assigned to
chip w;, the compiler inserts intra-chip SWAP operations to
satisfy the chip’s coupling topology. Let Sjy(s;) denote the
set of SWAPs induced by local routing. Each SWAP(p + q)
is decomposed into three two-qubit interactions: SW AP (p <>
q) = {CX(p,q), CX(q,p), CX(p,q)}. The total local routing

cost is
Clocal(s) - Z Z

5;€S swap€ Sinra(si)

R(swap), @

with calibration-derived components defined as follows. The
decoherence rate of qubit x is vy, = ﬁ + ﬁ, the duration
of a single SWAP operation is Atgyqp = T(swap) (obtained
directly from calibration), and the per-SWAP cost is

R(swap) = 3e. + (1 — 67(7"+’YQ)A7§“"””"/2>, 3)

where €. is the calibrated CNOT error for physical qubits p
and g. The first term penalizes the three CX operations com-
prising the SWAP. The second term penalizes the decoherence
accumulated on both qubits during that single SWAP’s gate
time.

This term makes routing overhead a calibration-aware quan-
tity. Rather than penalizing all SWAPs equally, DisMap weighs
each SWAP by its hardware-specific gate error and the deco-
herence accumulated on the participating qubits, so that local
mapping decisions better reflect actual execution quality.

2) Inter-chip Communication Cost: Inter-chip operations
are executed between qubit ¢; € @Q; on chip w; and qubit
g; € Q; on chip w;. For each chip pair (w;,w;), DisMap
selects among the candidate links in £;;. Each communication
operation introduces link-level gate error, expected latency,
and idle-time decoherence on both participating qubits. The
aggregate inter-chip cost over all selected links is

Cinter - Z [)\f E(qiv Qj) + /\t E[T(qiv Qj)]
veL;;
1201 — e Ot a2 | S R(0), @)

where £(g;, q;) is the calibrated inter-chip operation error for
qubit pair (g;,q;) over link ¢. The term E[r(g;,g;)] is the
expected communication latency, which depends on the link
type. The quantity At ..y is the communication duration
during which both qubits accumulate decoherence, and vy, , g,
are the corresponding qubit decoherence rates.

The division by SR(¢) is motivated by the stochastic nature
of some inter-chip links: for an entanglement-based link with
per-attempt success rate SR(¢), the number of attempts until
success follows a geometric distribution with mean 1/SR(¢),
so the effective communication cost scales inversely with
success rate. The summation over ¢ € L;; aggregates the
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cost contributed by each inter-chip operation assigned to the
candidate link set for that chip pair, enabling the compiler to
distribute traffic across multiple links.

The weights A¢, A, and A\g balance the three cost com-
ponents. To ensure commensurate contributions, each weight
is set as the reciprocal of the corresponding hardware-typical
scale: Ay = 1/&, Ay = 1/7, and Ny = 1/J, where &, T,
and d are the median inter-chip error, latency, and decoher-
ence penalty observed in the calibration dataset, respectively.
This normalization places all three terms on a dimensionless,
hardware-relevant scale.

This formulation treats cross-chip communication as a first-
class compiler cost. Rather than imposing a uniform penalty at
chip boundaries, DisMap exposes link heterogeneity directly in
the optimization objective, enabling the compiler to prioritize
lower-error and lower-latency routes, distribute traffic across
multiple candidate links, and avoid unreliable communication
paths when generating distributed execution plans.

The cost model above is shaped by two DisMap-specific
design choices that make each compiler knob act on a single
term of Equation (1). Inter-chip operations are realized by
distributing Bell pairs over an entanglement-assisted link, so
the bracketed term of Equation (4) is the cost of a single
entanglement-generation attempt and the 1/SR(¢) factor con-
verts it to a per-completed-operation expectation under the ge-
ometric attempt distribution; a low-SR link therefore inflates
not only the error budget but also the idle decoherence accrued
on both qubits during the wait. The partition step is realized
through gate- and wire-cut primitives, letting the compiler
eliminate a high-1/SR(¢) contribution outright whenever a cut
is cheaper than the remote interaction it replaces. Each knob
then acts on a distinct term: adaptive partitioning with cuts
shrinks the outer summation of Ciper, link selection trades €(¢)
against 1/SR(¢) within £;;, and distributed mapping reduces
Clocal While lowering the idle-decoherence prefactor inside Ciyger
by placing qubits that participate in remote operations on long-
Ty, T, sites.

C. System Overview

DisMap is a calibration-aware compiler pipeline for het-
erogeneous multi-chip superconducting systems. Given chip
topologies ', qubit capacities, calibrated noise metrics, and
inter-chip link specifications with success rates SR, the com-
piler determines: (i) which inter-chip links to activate, (ii) how
to partition the logical circuit C' into subcircuits, and (iii) how
to map each subcircuit onto physical qubits to minimize the
total objective in Equation (1).

Figure 2 summarizes the workflow. DisMap first constructs
a software-level system topology ST by merging all chip
topologies 1" with candidate inter-chip links L. On this unified
abstraction, the compiler explores partitioning alternatives and
distributed qubit mappings that jointly minimize local SWAP
overhead and inter-chip communication cost. The pipeline
proceeds in three stages:

» Adaptive link selection: for each chip pair (w;,w;),

DisMap scores candidate links ¢ € L;; using calibrated
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Algorithm 1 DisMap Core Module Definitions (1" per-chip
topologies, £P: inter-chip link endpoint pairs)

Algorithm 2 DisMap Iterative Optimization over Link Con-
figurations

1: Function ConST(T, £P):

2 ST «+ UwiEW T; // graph union of per-chip topologies
3: for (¢, ¢;7) in EP do

4 ST « ST U{edge(qy’, ¢,7)}  // add inter-chip link edge
5: end for

6: Return ST

7
8

: Function TopoCutter(C, ST):
9:  SQmin + |C| // min width = circuit qubit count

100 SQmax + |ST| // max width = total system capacity
11: Sbesl — @; n'cjlenfl < 00
12: for sq in [SQmin, SQmax| do

// sweep candidate subcircuit sizes

13: STeur < SelectQubits(ST, sq) // keep sq lowest-noise
qubits per chip

14: Scana 4 CircuitCut(C, STeur) // topology-guided
cutting [42]

15:  if |InterCuts(Seuna)| < 1" then

16: Sbest <= Seand; 20" < |InterCuts(Seand)|

17: end if

18: end for

19: Return Speg // partition with fewest inter-chip cuts

20:

21: Function SubMapper(S, ST'):

22: MS <]

23: for s; in S do

24: ms; < Transpiler(s;, ST) // noise-aware transpile onto
assigned chip region

25:  Ciocal(si) < Equation (2)  // per-SWAP intra-chip cost from
calibration

26: M S.append(ms;)

27: end for

28: Return MS, Clacal

error, latency, and success rate, and injects the selected
links into ST

o Cost-aware circuit partitioning: given S7', the compiler
identifies partitions that minimize both cross-chip com-
munication overhead and local routing cost, co-locating
strongly interacting qubits on the same chip and assigning
unavoidable cross-chip interactions to the highest-quality
available links.

o Distributed subcircuit mapping: each subcircuit s; is
transpiled onto its assigned chip using a noise-aware
pass that respects inter-chip boundaries and preferentially
places critical operations on high-fidelity physical qubits.

The compiler iterates over candidate link configurations and
retains the distributed execution plan with the lowest total cost.

D. Algorithmic Framework

DisMap is implemented as a three-module compiler work-
flow: ConST, TopoCutter, and SubMapper (Algorithm 1),
wrapped inside the iterative optimization loop in Algorithm 2.
Together, these modules translate a logical circuit into a com-
plete distributed execution plan that minimizes the objective
in Equation (1).

ConST (7', EP) constructs the global system topology ST
as the graph union of all per-chip topologies 7, augmented by
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1: Imput: Circuit C, chips W, topologies T, noise profile N

2: // Step 1: generate candidate link sets

3: for each chip pair (w;,w;) do

4 rank boundary qubit pairs (g;*, ¢, ) by ik +1/SR (ascend-

ing)
5 retain top-k pairs as candidates // k=2 in practice
6: end for
7: L <« all size-<k subsets from the ranked pairs across all chip
boundaries

8: g’7hesl < 005 M Shest <— q)

9: // Step 2: evaluate each link configuration
. for each £P; € L do

11: ST « ConST(T, EP;)

12: S + TopoCutter(C, ST

13:  MS, Ciocur + SubMapper(S, ST')

14:  Cineer ¢ Equation (4) evaluated on (S, EP;, N)

15: Jeur < D; Cocat (i) + Cinter // Equation (1)
16:  if Jeur < Jvest then

17: \7best <~ sjcurr; MSbe.sl — MS, STbesl «— ST

18:  end if

19: end for

20: Execute M Spest on SThes; obtain R and Fioa

21: Return R, Joest, Frotal

inserting an edge for each inter-chip link endpoint pair in EP.
This produces a unified software-level coupling graph that the
downstream modules can reason about as a single device.

TopoCutter (C,ST) determines the circuit partition. It
sweeps over candidate subcircuit sizes sq from SQ i = |C|
(the circuit qubit count, i.e., the minimum possible subcircuit
size) to SQmax = |ST| (the total system capacity). For
each size, SelectQubits(ST, sq) restricts each chip to the sq
lowest-noise available qubits, and CircuitCut(C, STyy) ap-
plies topology-guided Qiskit circuit cutting [42] to partition C
into subcircuits that fit within those qubit groups. TopoCutter
returns the partition that minimizes the number of inter-chip
cuts, co-locating strongly interacting qubits on the same chip
wherever the topology allows.

SubMapper (S, ST) maps each subcircuit s; onto its as-
signed chip region in ST using a noise-aware transpilation
pass that prefers low-error qubits and short routing paths to
the link endpoint. The per-SWAP cost from Equation (2) is
evaluated for each mapped subcircuit.

Algorithm 2 drives the calibration-aware outer search. Can-
didate link sets are generated by scoring all boundary qubit
pairs by combined link error and inverse success rate, then
forming subsets of the top-k pairs at each chip boundary. For
each candidate configuration, the three modules are invoked,
the total cost Equation (1) is evaluated, and the lowest-cost
distributed execution plan is retained. This joint enumeration
over link selection, circuit partitioning, and distributed qubit
mapping is a heuristic exhaustive search. While it does not
carry worst-case optimality guarantees, the search space is
bounded by the number of link candidates, ensuring practical
compilation times as reported in Section V-B2. The cost-
ranking and top-k retention step (lines 3-5) is what keeps
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this tractable in denser multi-chip topologies: rather than enu-
merating all (]: ) subsets of physical boundary pairs, DisMap
first prunes to the k best-scoring pairs per chip boundary,
so the number of evaluated configurations grows with the
number of chip pairs and the fixed cutoff k rather than with
the raw boundary connectivity. When a topology exposes
many parallel inter-chip links, k£ can be lowered to cap the
search, trading a small amount of solution quality for bounded
compilation time. We leave a learned or branch-and-bound
replacement for this outer loop to future work.

V. PERFORMANCE EVALUATION

We evaluate DisMap on circuit fidelity, inter-chip operation
count, intra-chip SWAP count, total cost, and compilation time
across multi-chip systems with heterogeneous qubit configu-
rations.

A. Implementation and Experimental Settings

DisMap is implemented in Python with Qiskit 1.2 [43],
using IBM Quantum noisy emulators [44] with real device cal-
ibration data on heavy-hex topologies: AlmadenV2 (20 qubits)
and Auckland (27 qubits). Since physical chip-to-chip hard-
ware is not yet broadly accessible for the heterogeneous
configurations studied here, we emulate inter-chip links by
scaling two-qubit gate error by 3.5x, doubling T1/T5 deco-
herence durations, and assigning link success rates of 0.90—
0.95, consistent with IBM’s reported Flamingo inter-chip error
of approximately 3.5% [10]. This emulation captures the key
asymmetry between intra- and inter-chip costs present in real
modular hardware. The primary limitation is that it cannot
reproduce link-specific congestion or correlated error that may
appear in physical multi-chip systems. Each link configuration
is parameterized independently to capture distinct noise and
fidelity characteristics.

The representative per-chip and inter-chip noise parameters
used in our evaluation are drawn from real IBM calibration
medians. Intra-chip two-qubit gate errors are approximately
0.3%-0.7% with operation times of 50-140ns, taken from
single processors such as AlmadenV?2 and Auckland. Emulated
inter-chip links are assigned a two-qubit gate error together
with a per-attempt success rate SR of 0.90-0.95. Intra-chip
operations are treated as deterministic (SR=1).

Circuit benchmarks range from 22-100 qubits and cover
six families. Bernstein—Vazirani (BV) [45] provides shal-
low, structured circuits. Ripple-carry Adder (Adder) [46]
contributes structured circuits with CNOT/Toffoli chains.
Hardware Efficient Ansatz (HWEA) [47] represents deep,
densely entangling VQE-style workloads. Ising-model circuits
(ISING) [48] encode combinatorial-optimization workloads
as alternating RZZ and RX layers. Supremacy circuits [49]
and Random circuits at fixed depth and width are generated
using Qiskit built-in utilities [50]. Fidelity analysis (Figure 3)
focuses on the 22-34 qubit range of the small two-chip system
to isolate the effect of inter-chip link quality. Cost, SWAP-
count, and compilation-time results (Figure 4 and Table I)
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cover the full 22-310 qubit range across all four multi-chip
configurations. We report three metrics:

o Fidelity (higher is better): estimated post-compilation ex-
ecution quality, computed from hardware-calibrated gate
error rates combined with an exponential decoherence
penalty for qubit idle time.

e Cost (lower is better): the total compiler objective in
Equation (1), capturing both inter- and intra-chip oper-
ation overhead.

o Compilation time (lower is better): wall-clock time for
the complete compilation pipeline, including link selec-
tion, circuit partitioning, and qubit mapping.

As baselines, we compare against IBM’s Qiskit transpiler
(QT) [43], the Munich Quantum Toolkit (MQT) [26], and the
Unitary Compiler Collection (UCC) [27]. Since none of these
tools natively supports multi-chip compilation, we augment
each with Qiskit Addon-Cutting [42], setting per-chip qubit
capacity to match the hardware chip sizes. This pairing reflects
the closest analog to a distributed execution strategy available
for these single-chip tools and provides a conservative lower
bound on what existing methods can achieve when extended to
multi-chip settings. These augmented baselines are precisely
the straightforward pipeline one would build by pairing an
off-the-shelf cutter with a single-chip transpiler. The fact that
DisMap improves on them by up to 92.6% in cost and 21.9%
in fidelity indicates that naively chaining existing passes is not
sufficient: the gains come from feeding inter-chip link quality
back into partitioning and mapping within a single joint loop,
rather than from optimizing any one stage in isolation. This
coupling drives the consistent improvements across circuit
families and topologies.

Regarding comparison with dedicated DQC compilers: the
RL-based framework [18] (open source at CompilerDQC)
targets an abstract graph-based network model with explicit
entanglement generation protocols and does not interface with
IBM Fake Provider calibration data or heavy-hex topologies.
Adapting it to our evaluation setting would require non-
trivial hardware translation. The CloudQC framework [38]
similarly assumes a fixed-connectivity chiplet model and does
not expose the dynamic link-selection or per-qubit noise pa-
rameterization used here. The modular DQC compiler of [17]
assumes uniform link costs. These architectural mismatches
make direct metric comparison unreliable, as differences in
results would conflate hardware assumptions with algorithmic
quality. We therefore use the augmented single-chip baselines
as a standardized comparison point and position DisMap
qualitatively against dedicated DQC compilers in Section III

B. Experimental Results

DisMap achieves consistently high fidelity and low cost
across all circuits and chip configurations. The baselines
exhibit substantially higher and more variable overhead.

1) Fidelity: As shown in Figure 3, DisMap achieves
the highest fidelity across all circuits and success-rate (SR)
settings. Gains are most pronounced at SR=0.95. For
HWEA(34), fidelity improves from 73.1% (QT-Addon) to
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Fig. 4: Inter- and intra-chip SWAP counts,

compilation time (s), and total cost for Adder, Supremacy, and Ran-

dom circuits across four multi-chip topology configurations. ST1=Auckland(27)x3, ST2 = AlmadenV2(20)+Auckland(27),
ST3 = AlmadenV2(20)x2+Auckland(27), ST4 = AlmadenV2(20) x 2+Auckland(27) x 2.

95.0% (DisMap), a 21.9% improvement attributable to re-
ducing inter-chip operations from 4 to 1. BV(34) increases
from 76.9% to 95.6% with a corresponding cost reduction
(23 — 18). Even at SR=0.90, DisMap maintains double-digit
improvements by simultaneously minimizing inter-chip oper-
ations and placing subcircuits on low-noise physical qubits.

These fidelity gains are consistent with the design objectives
of DisMap’s hardware-aware compilation pipeline. The pri-
mary mechanism is adaptive partitioning: strongly interacting
logical qubits are co-located on the same chip, reducing the
number of expensive inter-chip operations (e.g., 4 — 1 for
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HWEA(34)). When cross-chip interactions are unavoidable,
the link-aligned mapping routes them over the most reliable
links, as selected by the hierarchical cost model. Physical
qubits with low two-qubit error rates and long coherence
times are preferred for critical operations. Together, these
strategies reduce accumulated gate error and decoherence,
consistent with the observed fidelity improvements as circuit
size increases.

2) Cost Analysis: Figure 4 shows that DisMap achieves
the lowest total cost across all evaluated circuits and multi-
chip configurations, both homogeneous and heterogeneous.
The improvements derive from reductions in both inter-chip
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TABLE I: Scalability on large two-chip Heron-r2 systems
(ibm_marrakesh + ibm_fez, 155 + 155 qubits). Random circuits
at depth =10, averaged over 10 runs.

Circuit Compiler | Inter | Intra | Time(s) Cost
MQT 581 4156 122.3 11822

Random QT 455 3978 139.4 10216
200 ucc 533 4035 127.6 13135
DisMap 290 3320 95.6 7288

MQT 912 6473 158.7 19383

Random QT 793 5992 166.8 17678
300 ucc 844 6110 162.4 18516
DisMap 665 4555 117.3 9925

operations and intra-chip SWAP overhead.

a) Inter-Chip Operation Reduction: The largest inter-
chip operation reductions occur on heterogeneous multi-chip
configurations. For the Supremacy(56) circuit on ST3, DisMap
reduces the inter-chip operation count from 44 (MQT) to 2, a
95.5% reduction. These gains arise because DisMap places
partition boundaries to minimize the number of cross-chip
interactions, routing only the unavoidable ones through the
highest-quality available links.

b) Intra-Chip SWAP Reduction: On the homogeneous
three-chip system (ST1), DisMap reduces the intra-chip SWAP
count for Supremacy(56) from 297 (QT) to 74, a 75.1%
reduction. The total cost correspondingly drops from 823 to
90 (89.1% reduction). This improvement follows directly from
the optimal inter-link selection: once partition boundaries are
aligned with the best links, each subcircuit is transpiled onto
physical qubits with low gate error and a short routing path
to the link endpoint, minimizing local SWAP overhead in
accordance with Equation (2).

c) Total Cost: DisMap achieves substantial cost reduc-
tions across both system types. On the four-chip heteroge-
neous system (ST4), the cost of Supremacy(72) drops from
1520 (MQT) to 112, a 92.6% reduction. On the homogeneous
three-chip system (ST1), the cost of Random(50) decreases
from 4126 (QT) to 2330, a 43.5% reduction. Both results are
driven by the joint minimization of inter- and intra-chip costs
in the hierarchical objective.

3) Compilation Time: Figure 4 also reports compilation
time. For structured, shallow circuits such as Adder(30) on
ST2, DisMap completes link selection, partitioning, and map-
ping in 5.73s, compared to 20.75s (MQT), 21.83s (QT), and
18.51s (UCC). On dense circuits such as Supremacy(64) on
ST3, DisMap runs in 1.21s versus 2.32s for MQT, while
simultaneously producing substantially fewer SWAPs. The
compilation time advantage comes from two sources: the
hardware-aware link search front-loads topology evaluation
once per configuration, and the resulting smaller, better-
aligned subcircuits transpile more quickly on each individ-
ual chip. Overall, DisMap achieves faster or comparable
compilation times while consistently producing higher-quality
distributed execution plans.

4) Scalability to Larger Systems: To assess scalabil-
ity, we evaluate DisMap on two IBM Heron-r2 chips
(ibm_marrakesh +ibm_fez, 155+ 155 qubits) using Random
circuits of sizes 200 and 300 at depth 10, averaged over 10
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runs (Table I). As system and circuit size grow, inter-chip
routing complexity and intra-chip SWAP overhead increase
substantially for all baselines. DisMap nonetheless continues
to provide significant cost reductions.

For the 200-qubit circuit, DisMap completes compilation in
95.6s and reduces total cost from 13,135 (UCC) to 7,288, a
44.5% improvement over the strongest baseline. For the 300-
qubit circuit, DisMap finishes in 117.3 s and lowers cost from
19,383 (MQT) to 9,925, a 48.8% reduction. These results
confirm that the calibration-aware link search consistently
identifies high-reliability inter-chip links and low-noise qubit
embeddings, yielding substantial reductions in both intra-chip
SWAP count and total execution cost as systems scale.

VI. CONCLUSION

We presented DisMap, a calibration-aware distributed com-
pilation framework for multi-chip quantum systems. Unlike
prior DQC compilers that rely on fixed or homogeneous inter-
chip link models, DisMap exposes heterogeneous link quality
directly to the compiler through a unified hierarchical cost
model informed by per-chip calibration data. This design
enables joint optimization of link selection, circuit parti-
tioning, and distributed qubit mapping—decisions that prior
approaches typically handle in isolation or with simplified
communication assumptions.

Evaluated on heterogeneous multi-chip topologies across a
diverse benchmark suite, DisMap achieves up to 95.5% fewer
inter-chip operations, up to 92.6% lower total execution cost,
and up to 21.9% higher circuit fidelity compared to represen-
tative baselines. These results suggest that treating inter-chip
communication quality as a first-class software concern in the
compiler, and performing calibration-aware joint optimization,
is a promising direction toward reliable, high-fidelity quantum
software for emerging multi-QPU platforms.

The current evaluation relies on emulated inter-chip links
parameterized from IBM calibration data, as physical chip-to-
chip hardware is not yet broadly accessible. Because the em-
ulation derives its intra-chip noise from real device snapshots
and its inter-chip parameters from IBM’s reported Flamingo
characteristics, it preserves the dominant cost asymmetry
between local and remote operations that drives DisMap’s
decisions, so we expect the qualitative trends to carry over
to real systems. The main effects it cannot reproduce are link-
specific congestion and correlated crosstalk, which would tend
to further reward DisMap’s strategy of minimizing and con-
solidating cross-chip traffic. Future work will validate DisMap
on real distributed hardware as it becomes available, extend
the cost model to entanglement-based long-distance links with
dynamic generation rates as well as to non-superconducting
modalities such as trapped-ion and photonic interconnects, and
investigate tighter integration with quantum error correction
for fault-tolerant distributed execution.
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