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I. ABSTRACT

Motivation. Emerging computing workloads are increasingly
data-intensive and exhibit dynamic, irregular behavior at run-
time, challenging the efficiency of conventional accelerator
designs and scheduling techniques. For example, modern wire-
less communication applications, such as dynamic spectrum
access (DSA), must cope with unknown spectrum environ-
ments, varying sample rates, and diverse transmitter algo-
rithms, which together cause rapid waveform-level signal vari-
ations at run-time [1]. Large language model (LLM) services
exhibit highly variable workloads due to differing sequence
lengths, request arrival rates, and the distinct computational
characteristics between prefill and decode phases. Emerging
agentic scenarios further amplify this unpredictability through
function calls and external tool usage.

Executing such applications efficiently demands hardware

that reconfigures at run-time to match shifting compute, mem-
ory, and bandwidth demands. Reconfigurable and adaptive sys-
tems, such as Coarse-Grained Reconfigurable Arrays (CGRASs)
and heterogeneous chiplet-based systems, have emerged as
promising candidates, offering ASIC-like efficiency while en-
abling run-time adaptation. However, ad-hoc hardware config-
urations and traditional static scheduling techniques struggle
to cope with run-time irregularity and dynamic control flow.
This motivates a holistic approach that combines design-
time hardware design space exploration (DSE) with run-time
dynamic scheduling and resource management to fully exploit
the potential of reconfigurable systems.
Contributions. This dissertation develops design space ex-
ploration and runtime optimization methodologies for recon-
figurable systems targeting two representative dynamic work-
loads: DSA and hybrid LLM serving. The central methodology
combines design-time architectural optimization with run-time
adaptive scheduling to maximize throughput and minimize
latency. Specifically, the contributions are:

o A unified methodology that couples design-time DSE with
run-time dynamic scheduling, enabling reconfigurable sys-
tems to adapt to workload irregularity without sacrificing
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efficiency.

« For DSA, we design optimized CGRA architectures and de-
velop communication-aware runtime schedulers that handle
irregular, high-throughput spectrum sensing workloads.

o For hybrid LLM serving, we explore heterogeneous chiplet-
based accelerators with runtime-adaptive scheduling to ef-
ficiently serve Transformer-Mamba models under dynamic
request patterns.

o A evaluation framework that quantifies the combined benefit
of architectural optimization and runtime scheduling on
realistic, time-varying workloads.

II. SUPPORTING PAPER

The primary supporting paper, “CADAS: Communication-
Aware Dynamic Scheduler on CGRAs for Large-Volume and
Real-Time Processing” [2], presents a holistic methodology
for designing optimized domain-specific CGRA architectures
and efficiently utilizing them at run-time for data-intensive,
dynamic applications. As illustrated in Fig. 1, CADAS identi-
fies four primary performance bottlenecks on a CGRA-based
system: reconfiguration/switch time, processing power, data
communication bandwidth, and input data bandwidth. They
guide both design-time DSE and run-time decisions.

Design-Time Optimization. CADAS first conducts a
systematic DSE on hardware configurations tailored to
application-specific  constraints, including area budget,
throughput requirement, and throughput efficiency. The DSE
explores key architectural parameters: system scaling and
tiling (monolithic vs. modular with multiple arrays), PE array
geometry (aspect ratio), and distributed memory sizing. We
identify four primary performance bottlenecks that guide
the exploration. The optimized configurations achieve a
2.8x performance gain over the default monolithic design,
establishing a fair baseline for evaluating run-time scheduling.

Run-Time Optimization. Building on the optimized archi-
tecture, CADAS proposes a communication-aware dynamic
scheduling approach. Two key observations motivate the
scheduler design: (1) the arrangement of on-chip memory
critically determines data flow and bisection bandwidth, and
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Fig. 1. Overview of CADAS [2]: four performance bottlenecks of CGRA-based systems guide the optimization that couples design-time DSE (tile count,
array geometry, and distributed memory sizing) with a run-time dynamic scheduler to sustain high throughput under dynamic workloads.

(2) interconnect I/O congestion is a dominant bottleneck
in data-intensive streaming applications. The scheduler in-
tegrates a scoreboard and preloading mechanism within a
hardware/software (HW/SW) co-design framework. The score-
board, implemented as a content-addressable memory, enables
fast identification of reusable kernel configurations to mini-
mize hard context switches. When a new placement is needed,
a communication-aware dynamic placer minimizes inter-kernel
communication latency by optimizing kernel placement along
the data-flow direction, maximizing interconnect bandwidth
utilization. The preloading mechanism speculatively loads
successor kernels based on the application’s analysis tree
structure, further reducing reconfiguration overhead.
Evaluation. The proposed methods are evaluated on real-
time spectrum sensing benchmarks comprising 48 sub-band
scenarios with three complexity levels. The scheduling method
achieves up to 1.6x throughput improvement over a baseline
and 1.3x over an adapted state-of-the-art (SOTA) dynamic
scheduling strategy on the DSE-optimized configurations.

III. OTHER WORKS

Beyond CADAS, several of my other works contribute to
the dissertation theme across both target domains.
Dynamic Spectrum Access.

« We provide a comprehensive overview of the challenges and
system requirements for real-time spectrum sensing in mod-
ern RF autonomy systems [1], identifying the key demands
on reconfigurable hardware: fast switching at waveform
timescales, real-time adaptation for resource management,
high throughput for dense wideband spectrum, and broad
application scope across diverse modulation types. This
survey motivates the architectural and scheduling co-design
pursued in CADAS.

o K-PACT [3] complements CADAS with a framework for
kernel clustering, placement, and prefetching that exploits
the hierarchical structure of spectrum sensing analysis trees.
By grouping frequently co-occurring kernels and proactively

prefetching successor configurations, K-PACT further re-
duces reconfiguration overhead beyond what the CADAS
scoreboard achieves alone.

« We also investigate reconfigurable system design trade stud-

ies for dynamic spectral sensing [4], analyzing the interplay
between hardware architecture choices and dynamic work-
load characteristics across different system scales.

Hybrid LLM Serving.
o DUET [5] addresses hybrid Transformer-Mamba LLM ac-

celeration at the micro-architectural level by designing dis-
aggregated accelerator packages with prefill- and decode-
optimized chiplets, tailored to the distinct computational and
memory access characteristics of each inference phase.

« ecMamba [6] presents an efficient acceleration framework for

Mamba models in edge computing, contributing to our un-
derstanding of state-space model (SSM)-specific hardware
optimizations.
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