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Abstract—With the end of Moore’s Law, multi-chiplet systems
have emerged as a promising solution featuring heterogeneity
across chiplets, interconnects and packaging. Existing simulators
lack support for such multi-level heterogeneity, making accurate
architectural exploration difficult. We propose Hetero-ChipletSim
(HCS), a simulation methodology that directly integrates het-
erogeneous chiplet models while incorporating die-to-die(D2D)
interconnect and packaging effects, enabling fast and accurate
evaluation of multi-chiplet systems. Sensitivity analysis provides
insights into design trade-offs under heterogeneous integration.

Index Terms—Multi-Chiplet System, Heterogeneous Modeling,
Modular Simulation, Packaging

I. INTRODUCTION

Entering the post-Moore era, modern computing systems
increasingly adopt chiplet-based advanced packaging to im-
prove cost efficiency, manufacturing yield, and design flexi-
bility [1]–[5]. Multi-chiplet systems enable the integration of
dies from different process nodes and introduce multi-level
heterogeneity across chiplets, die-to-die (D2D) interconnects,
and packaging [6]–[8]. Such heterogeneity spans diverse chiplet
models and timing abstractions, varied interconnect protocols,
and advanced 2.5D/3D packaging technologies such as CoWoS,
EMIB, and TSV-based 3D stacking, all of which collectively
have a significant impact on system power, performance, and
area (PPA) [9].

Simulators are essential for early-stage system design, but the
increasing adoption of chiplet-based architectures challenges
traditional, domain-specific tools [10]–[13], which lack support
for heterogeneity and require costly model translation across
abstraction levels. To address these issues, we propose Hetero-
ChipletSim (HCS), a simulation methodology that directly
accepts heterogeneous chiplet models and connects them via
an interconnect layer, LinkSim, enabling flexible composition
without translation. By modeling packaging, D2D intercon-
nects, and packaging-induced effects within a unified frame-
work, HCS bridges multi-level heterogeneity and provides an
accurate, scalable and extensible foundation for system-level
performance and power evaluation under the More-than-Moore
paradigm.

II. HETERO-CHIPLETSIM METHODOLOGY

As depicted in Figure 1, the simulation framework of HCS
consists of three layers: system component layer, integration
layer and evaluation layer. In the system component layer,
users select the components of a heterogeneous multi-chiplet
system. The integration layer focuses on simulation-oriented
modeling of the system, where a set of feasible packaging
options is generated based on the chiplet connectivity. Differ-
ent packaging schemes can then be selected. Finally, in the
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Fig. 1. Hetero-ChipletSim’s modeling and evaluation flow, and different layers
in the framework.
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Fig. 2. Detailed HCS simulation mechanism (Top) and corresponding 2.5D
packaging architecture (Bottom).

evaluation layer, actual simulations are carried out and system
performance report are obtained.

Figure 2 shows how HCS accounts for heterogeneity at
different levels and the detailed simulation mechanism. At the
chiplet level, HCS decouples chiplet modeling details from
inter-chiplet communication via LinkSim, enabling chiplets
described in different languages and timing abstractions to be
simulated by their native simulators while remaining cycle-
synchronized through Inter-Process-Communication. At the
interconnect level, LinkSim relays D2D messages and models
diverse protocols, capturing transmission latency, buffering, and
energy overheads from PHYs, bumps/TSVs, and interposer



links. At the packaging level, heterogeneity is abstracted
through extension modes, chiplet placement, and bonding meth-
ods, with a system configurator translating these choices into
LinkSim configurations for both static analysis and dynamic
simulation. Centered around LinkSim, HCS provides a scalable
and flexible methodology for evaluating heterogeneous multi-
chiplet designs.

HCS is implemented using a hybrid C++/Python framework:
core simulation components such as LinkSim and IPC mecha-
nisms are developed in C++, while system configuration and
post-simulation analysis are handled in Python for flexibility
and ease of use. HCS adopts a multi-process simulation model
based on MPI for inter-chiplet communication, with deadlock
avoided by alternating send/receive orders across MPI ranks. By
combining MPI-based process parallelism with simulator-level
parallelism (e.g., Verilator), HCS achieves good scalability and
high simulation efficiency.

III. EXPERIMENTAL RESULTS

Our experimental environment runs on a dual-socket Intel
Xeon E5-2620 v3 platform with Ubuntu 20.04.1, using Verilator
5.008 and OpenMPI 4.0.3. We build a multi-chiplet computing
platform consisting of a CVA6-based core chiplet [14] and a
cache chiplet modeled using a simulator [15]. Three represen-
tative benchmarks are selected: multiply (compute-intensive),
mt-matmul (memory-intensive), and towers (latency-sensitive).
To evaluate the sensitivity of HCS to multi-level heterogeneity,
we consider different chiplet models and D2D interconnects
(UCIe, BoW, and AIB) with parameters derived from public
sources [6]–[8], as well as 2.5D/3D packaging configurations
whose energy parameters are adopted from [16].

Figure 3(a) presents HCS simulation results with different
cache chiplet models, reporting benchmark execution cycles
and host simulation time. Four models are evaluated: RTL,
SystemC, a C++ functional model (CPP), and a C++ functional
model with an HCS delay layer (CPP-o). The results show
a clear trade-off between simulation accuracy and speed. The
C++ functional model achieves the fastest simulation but un-
derestimates execution time by 30.3% on average compared to
RTL. By incorporating the HCS delay layer, CPP-o significantly
improves accuracy: in the towers benchmark, its execution
time differs from RTL by only 2.6%, while still reducing
host simulation time by 12%. SystemC offers a balanced
compromise between accuracy and speed, demonstrating HCS’s
flexibility in supporting heterogeneous chiplet models.

Figure 3(b) illustrates the execution time and energy over-
head of multi-chiplet designs running three benchmarks un-
der different D2D protocols, with energy consumption bro-
ken down into bonding (micro-bump and hybrid bonding),
TSVs, interposer links, and PHY-layer energy. All experiments
adopt a 2.5D packaging configuration with RDL interconnects
[17]. The results show that for the compute-intensive multiply
benchmark, all three protocols exhibit similar performance,
whereas UCIe’s high-bandwidth capability makes it more suit-
able for memory-intensive workloads. BoW benefits the mem-
ory latency-sensitive towers benchmark due to its lightweight
interface and low-latency protocol stack. Across all cases,
PHY-layer energy dominates the total energy consumption,
consistently accounting for more than 50%, and although UCIe
incurs higher energy overhead, its performance advantages
remain significant.
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(a) Benchmark execution time and host simulation time with different cache chiplet models.
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(b) Benchmark results and energy consumption breakdown with different D2D interconnects.

(c) Benchmark results and energy consumption breakdown with different packaging options.

Fig. 3. HCS evaluation results and host simulation time with different (a)
cache chiplet models, (b) D2D interconnects and (c) packaging techniques.

Figure 3(c) shows the execution time and multi-chiplet
energy overhead of the CVA6–cache system using the UCIe
D2D protocol under different packaging techniques for the mt-
matmul benchmark, with all results normalized to the 2.5D-
RDL baseline. We consider three 2.5D options (RDL, silicon
bridge (SiBdg) [18], and passive interposer (SiInt) [19]) and
four 3D options formed by microbump (McBp) or hybrid
bonding (HB) [9] with cache-on-top (3D0) or core-on-top
(3D1) stacking. The results show that 3D designs achieve an
average of 1.7× speedup in execution time. In terms of energy,
TSV-based vertical integration is more energy-efficient than
interposer-based 2.5D approaches, and hybrid bonding further
reduces bonding energy compared to microbump. However,
core-on-top stacking increases TSV energy by 1.65× due to
the higher power demand of the core, indicating that optimized
3D stacking order is critical for reducing TSV power overhead.

IV. CONCLUSION

In this paper, we present Hetero-ChipletSim (HCS), a
simulation methodology for heterogeneous multi-chiplet sys-
tems. HCS models heterogeneity across interconnects and
advanced packaging, enabling direct integration of heteroge-
neous chiplet models for system-level evaluation. Experimen-
tal results show that HCS accepts different chiplet models,
captures protocol-specific interconnect behavior, and quantifies
packaging-induced performance and power impacts, providing
useful insights into system-level performance–power trade-offs.
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