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I. EXTENDED ABSTRACT

This study evaluates the Active Compute Memory (ACM)
architecture [1] for vector classification, diverging from its
original use while maintaining its microarchitecture. Con-
ducted in collaboration with La Salle Barcelona University for
a final thesis, we combined analytical modeling and hardware
simulation to validate our findings. We found that ACM excels
in speed and achieves up to 95% accuracy in tasks with 2-3
classes. However, accuracy drops below 50% for tasks with
more classes, indicating a need for further optimization for
complex classifications. These results reveal a trade-off be-
tween speed and accuracy, showcasing ACM’s potential as an
alternative to traditional CPU-based methods for data-intensive
tasks, and contributing to computer architecture advancements
with practical implications for real-world applications.

A. Enhancing ACM with Vector Classification

Introduced by BSC, the ACM architecture innovates in-
memory computing by efficiently sorting key-value pairs
within DRAM [1]. This system, integrating Data-RAM, Sort-
RAM (with KeyTable, MetaTable, and Control Logic), sig-
nificantly surpasses traditional CPU-based methods in both
performance and energy efficiency.

a) ACM’s Original Functionality and Limitations:
Initially, ACM was crafted for sorting, allowing data retrieval
by sorted keys via indirect addressing through KeyTable (KT)
and MetaTable (MT) manipulation. However, its basic classifi-
cation algorithm—categorizing data by labels—struggles with
the complexity and variety of contemporary datasets that often
feature unlabeled, multidimensional data.

• Methodological Shift: The move towards vector clas-
sification entails a transition from processing elements
with explicit labels to classifying multidimensional
vectors against expected class vectors.

• Implementation Considerations: The vector classifica-
tion process within ACM leverages the existing archi-
tecture, repurposing the MT to store expected vectors
for each class and utilizing the Control Logic and Bots
for dynamic vector comparison and classification. This
method effectively transforms the ACM from a sorting
device into a powerful classification tool.
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Fig. 1. Adaptation of ACM architecture for vector classification.

b) Exploration of Advanced Classification Algorithms:
The ACM’s reliance on exact match comparisons was chal-
lenged by its limitations in handling complex, multidimen-
sional data. To address this, a study explored alternative
algorithms to improve accuracy. The Absolute Difference per
Element Algorithm stood out, assessing the absolute difference
between input vectors and expected class vectors against a set
threshold, typically 0.75, for a more nuanced classification.
This approach demonstrated superior flexibility and accuracy
over other algorithms, confirmed by tests on diverse datasets
like MNIST [2], Breast Cancer Wisconsin [3], Iris [4], Ti-
tanic [5], and Wine [6] and replicating the ACM’s behaviour
in CPU to run them.

c) Hardware Considerations for Implementation: Im-
plementing the Absolute Difference per Element Algorithm
within the ACM architecture required minimal additional hard-
ware overhead. The proposed design utilizes comparators and
multiplexers to compute absolute differences, with BOT units
performing subtraction operations.
B. Experimental Environment

The evaluation of ACM Vector Classification within this
study adopts an Analytical Model approach, this strategy is
essential for delving into the performance characteristics and
efficiency of the ACM algorithms, providing a detailed exami-
nation in the absence of the actual hardware. The move towards
an Analytical Model stems from the necessity to simulate



and assess algorithmic behaviors and potential optimizations
realistically, circumventing the limitations inherent in purely
theoretical computational complexity analyses.

To bridge the gap between theoretical analysis and tan-
gible hardware evaluation, we enhanced the publicly available
ZSim [7] and DRAMSim3 [8] simulators. These enhancements
are tailored to accommodate the specific requirements of ACM
evaluation, enabling practical benchmarks and performance
validation of the ACM architecture. The utilization of the ZSim
simulator, in particular, has been crucial for corroborating the
findings of the Analytical Model, ensuring that the ACM’s con-
ceptual design does not introduce computational bottlenecks.
C. Results

The ACM architecture’s exploration in classification tasks
across different datasets required custom processing for each,
accommodating up to 120 elements per vector within class
and dimension constraints. Through CPU emulation, variances
in ACM’s performance were observed, particularly on the
MNIST dataset where accuracy ranged from about 10% to
19%, significantly below state-of-the-art (SOTA) methods,
underscoring the algorithm’s limitations and the impact of
datasets with high zero-value prevalence.

Execution speeds were notably quick, mostly under 0.2 sec-
onds, except for larger datasets like MNIST. This demonstrates
ACM’s fast processing but highlights a trade-off with accu-
racy. When compared to conventional CPU-based approaches,
the ACM showed reduced execution times with about 80%
accuracy in simpler scenarios (2-3 classes) but saw a decrease
to below 50% in more complex classifications, indicating a
pressing need for algorithmic improvement and optimization to
enhance its classification performance across a broader range
of applications.
D. Conclusion

This study elucidates the potential and challenges of em-
ploying ACM for vector classification tasks. While the ACM
exhibits exceptional speed, particularly in simpler classification
scenarios with fewer output classes, the accuracy in more
complex applications necessitates improvement. The findings
from real-world dataset applications reveal a critical trade-off
between execution speed and classification accuracy. Moving
forward, enhancing the ACM’s algorithmic framework to better

accommodate a broader spectrum of classification tasks with-
out compromising on speed or accuracy remains a pivotal area
of research.
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