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Abstract  Modern CPUs have seen rapid advancements in core count, cache capacity, and memory
bandwidth. Differences in chiplet architectures across CPUs significantly impact data access la-
tency. Since the performance of in-memory databases is closely tied to CPU memory access char-
acteristics, this paper investigates the behavior of in-memory databases on various CPU architec-
tures. We analyze key operators in database benchmark workloads and conduct an in-depth per-
formance comparison of mainstream multi-core CPU platforms using a join-operator micro-bench-
mark. Our study identifies three critical hardware factors that most significantly affect in-memory data-
base operator performance: effective memory bandwidth, effective .3 cache capacity, and core
count. Experimental results demonstrate that optimizing CPU microarchitecture and improving

1.3 cache efficiency have a greater impact on in-memory database performance than simply in-
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creasing the number of cores.
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Background

The underlying hardware-particularly the architectural de-
sign of CPUs-has a profound impact on the performance of in-
memory databases. Modern systems rely heavily on parallel pro-
cessing capabilities, efficient utilization of memory hierarchies,
and low-latency data access, all of which are shaped by CPU
characteristics. Evaluating how different CPU architectures affect
database performance is essential for system design, perform-
ance tuning, and hardware-software co-optimization.

This study proposes a benchmarking framework that
combines macro- and micro-level approaches to evaluate the
impact of hardware on database performance. Through con-
trolled experiments, it analyzes how architectural features
such as memory bandwidth, core count, and last-level (1.3)
cache influence the behavior of centralized databases. Macro-
benchmarking is employed to capture the performance of rep-
resentative database workloads on the server side, identifying
the key hardware factors and critical operators that affect data-
base performance, while micro-benchmarking isolates individual
operators to study their sensitivity to specific CPU characteris-
tics. To enhance the precision of micro-benchmarking. we intro-
duce a NUMA-conscious algorithm that explicitly manages mem-
ory placement and thread affinity, and we demonstrate its effec-
tiveness across multiple CPU architectures.

As core counts increase, CPU design has become signifi-
cantly more complex. Variations in chiplet-based microarchi-
tectures, cache hierarchies, and NUMA configurations result

in noticeable differences in data access latency and through-
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put. These architectural nuances necessitate targeted optimi-
zations of database operators. Meanwhile. database work-
loads exhibit strong data locality, and their performance is
closely tied to multiple hardware parameters. Identifying
which microarchitectural features have the greatest perform-
ance impact can provide valuable insights for both database
engineers and hardware designers.

The rise of NUMA-based servers has shifted the focus
of optimization from cache tuning to memory locality man-
agement., Hardware-aware scheduling and operator place-
ment strategies can significantly reduce inter-socket commu-
nication and improve throughput. Moreover, heterogeneous
chiplet-based architectures introduce locality at varying lev-
els, presenting new opportunities for optimization. While
distributed systems have long adopted locality-aware designs,
this paper specifically focuses on centralized databases,
showing that similar performance gains can be achieved
through carefully designed execution strategies.

By analyzing operator performance across different CPU
platforms and workloads, this study reveals critical perform-
ance bottlenecks and architectural dependencies. The findings
help explain how CPU metrics-such as memory latency, in-
ter-core communication cost, and cache sharing-impact data-
base behavior. This provides a stronger foundation for archi-
tectural design and system-level optimization decisions, ulti-
mately bridging the gap between processor architecture and

real-world database performance.





