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Abstract
● High-throughput reduction circuits complements FPGA based 

accelerator designs for machine learning and Image 
processing. 

● TreeNet is a  tree  based FPGA overlay design, that can 
reduce arbitrary length vectors, on the fly, in a data-parallel 
fashion.  
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Design Overview

● Each vector  is  split into partitions, whose sizes are in 
powers of 2. 

● Same sized partitions from different vectors are grouped and 
laid out over a binary reduction tree in the decreasing order.

● The per-partition reduced values inside the tree are added by 
shifting the per level outputs. 

Figure 1: Pictorial description of our algorithm 
processing M vectors  of  equal  but  arbitrary  
length N. 

Figure 2: The figure shows the same 8 sized Tree 
Network used to reduce two  vectors  of 3-length 
each.

Figure 3: The overall architecture of TreeNet

Figure 4: How TreeNet reduces 2 3 length 
vectors X and Y in parallel. The shift values are 
shown over the edges of the distribution tree

● TreeNet hardware, Figure 3, consists of two pipelined tree 
structures, each of height log N, here N is the vector length.

● The distribution tree interleaves the vector partitions using 
combinatorial shifters and lays them over the reduction tree. 

● The reduction tree, reduces the per-vector partitions into single 
values. Which are later merged using a sequence of log N, 
shift-and-accumulate stages.  

● We synthesized TreeNet on a Xilinx Virtex-7-690t FPGA, 
connected  to  an  Intel  Core-i5  CPU  running  at  3.0  GHz.

● The  TreeNet hardware  achieves a 20x speed-up and a 3.9x 
improvement in  the  area-time  product  compared  to  the  
state-of-the-art.

We  test  the  
adaptivity  of  
TreeNet  by  using  it  
to  process the  
AlexNet  and  VGG-16  
CNNs with a tree size 
of 1024.


