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• AIoT devices need real-time ML inference at the edge for 
autonomous vehicles, healthcare, and industrial automation.

• Decision Tree (DT) Ensembles are state-of-the-art for tabular 
data and offer inherent parallelism ideal for hardware 
acceleration.

• Efficient deployment requires HW–SW co-design to jointly 
optimize accuracy and hardware efficiency [1].

The Architecture
• The implemented architecture is memory-

centric: DT nodes are compiled into 
instructions, stored in memories, and 
accessed by Processing Elements (PEs). 

• The Moyogi [2] framework exploits vertical and 
horizontal parallelism by allocating multiple 
parallel Processing Element (PE) pipelines

• The Shakan [3] extension adds support for 
Oblique Decision Trees (ODTs) via a hardware 
aware training pipeline and a novel circulant 
memory layout.
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Motivation

Accuracy evaluation
• Moving to ODTs, Shakan allows to execute, at the same

latency, models that are, on average, 5% more accurate.

Latency Evaluation
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• An ML-based model 
estimates the resource 
consumption of the 
architecture 

• This model is used to 
estimate the maximum 
number of supported 
parallel paths for a  
given RF, enabling 
automated DSE.

Design Space 
Exploration

Significant latency
improvements over SW 
baselines and other HW 
accelerators, thanks to:

• Architectural
structure

• Optimized DSE

Solution
• Number of employed features fixed to 3

• Coefficients are chosen from a fixed set of powers of 2: 
efficient hardware implementation through bit shift

• Comparable node size wrt traditional DTs, thanks to the 
imposed limitations.  

• This is enabled by the ODTs higher expressivity, supported
thanks to the proposed co-design approach.
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