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Motivation

Chiplet heterogeneous integration has emerged as a piv-

otal solution to circumvent Moore’s Law limitations, en-

abling flexible scaling, heterogeneous integration, and

high component reusability for high-performance com-

puting systems.
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Figure 1. Chiplet package implementation and lego-like design

methodology.

Key Challenges Hindering Optimal Tape-out:

Exponential Design Space: Parameters span die

partitioning, interconnection topology,

microarchitecture, and packaging.

Conflicting Multi-Objective Requirements:

Performance, power, area, cost, and reliability need

careful trade-offs.

Speed-Accuracy Trade-off: High-precision

simulations are computationally prohibitive; fast

simulations lack fidelity.

Cross-Layer Mismatches: Architectural design goals

often fail in physical implementation (e.g., packaging

latency, floorplan overhead).

Background: Research Gaps

Existing chiplet design research advances in isolated

stages but lacks holistic integration across the full de-

sign flow, leading to critical practical gaps:

No comprehensive simulation framework supports

multi-metric design-flow optimization.

Methods focus on either performance or

manufacturing metrics, ignoring their inherent

correlations (e.g., power-thermal, area-cost).

High-dimensional design space hampers efficient

multi-metric optimal design.

Physical floorplan design overlooks mappings

between architecture and manufacturing constraints.

A holistic framework integrating application guidance,

efficient simulation, multi-objective optimization, and

physical implementation is urgently needed.

Methodology I: Application-Driven DSE [1]

SoC-Tuner targets DNN-accelerated chiplet systems
and solves high-dimensional design space inefficiency:

Extracts DNN application features (layer type, data

reuse rate) to build a parameter importance

evaluation model.

Prunes design space by retaining high-impact

parameters (computing die allocation, cache size) and

fixing trivial ones.

Applies information-guided multi-objective

optimization to preserve the optimal solution region.
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Figure 2. Overall flow of SoC-Tuner framework.

Methodology II: Simulation & Exploration
Integration [2]

CHASE addresses the simulation speed-accuracy trade-
off and multi-metric evaluation gap:

ChipletSIM: End-to-end modeling of chiplet

architectures (performance + manufacturing metrics).

ChipletDSE: Decoupled multi-fidelity strategy

(low/medium/high fidelity) to boost exploration

efficiency.

Tightly combines simulation and exploration for

comprehensive design analysis.
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Figure 3. Overall flow of CHASE framework.

Methodology III: Multi-Fidelity
Optimization [3]

M3 tackles conflicting multi-objective requirements via a
multi-stage framework:

Fidelity-specific simulation tools with parameter

alignment for cross-evaluation consistency.

Multi-fidelity Bayesian optimization to fuse

multi-source data and explore Pareto-optimal

solutions.

Balances exploration breadth and solution quality

through three-stage flow.
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Figure 4. Overall flow of M3 framework.

Methodology IV: Performance-Aware
Floorplan [4]

Floorplet resolves cross-layer mismatches between
architecture and physical implementation:

Integrates Gem5 simulator to quantify the

relationship between floorplan parameters and

system performance.

Unifies architectural performance demands and

physical manufacturing constraints.

Reduces inter-chiplet communication overhead while

balancing cost, area, and reliability.
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system = System(cpu=CPUClass,
                mem_mode,
                cache_line,
                …)//init system
…
system.cpu_clk_domain = SrcClockDomain()
//Clock information
…
Ruby.create_system(CHIPLET_SIM, system)
//Connections, topology and corresponding latency 
between chipsets 
System.workload = ‘parallel_matmul.bin’
//Testbenches
…
Simulation.run()//Begin simulation

Simulation File:  configs/se.py 

$ ./gem5.opt  configs/se.py  ——configuration_file ——CHIPLET_SIM

$: Finished computations of  matrix 
multiplication!
Print the results:
A:
…
B:
…
Results:
…

Simulation Result in Terminal:

data_traffic_frequency_n1_n2                        13327
data_traffic_frequency_n3_n4                        11568
data_traffic_frequency_n4_n12                          439
data_traffic_frequency_n5_n10                        9409
data_traffic_frequency_n1_n14                          171
…
simulated_cycles:                                     47873656
…

Simulation File:  stats.txt 
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module soc_top(
           input rst,
           input clk,
           input [127:0] state,
           output result);
…
endmodule;
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Figure 5. Overall flow of Floorplet framework.
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Figure 6. The Pareto set learned from various methods.
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Figure 7. The hypervolume under same cost budget.

Core Contributions

SoC-Tuner: Balances design space pruning and
optimal solution region preservation for DNN

chiplets.

CHASE: Bridges high-fidelity simulation accuracy and
evaluation efficiency for multi-metric analysis.

M3: Balances Pareto optimal solution quality and
optimization runtime efficiency for multi-objective

tasks.

Floorplet: Aligns inter-chiplet communication
reduction with packaging constraints for practical

floorplan design.

6 first-authored publications in leading EDA jour-

nals/conferences (TCAD, DATE, ASP-DAC, ISPD, DAC)

including a comprehensive survey [5]. These works con-

struct a holistic frameworks for chiplet heterogeneous

integration from design, simulation and optimization per-

spectives.
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