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Overview

● Motivation

● Key idea- Pipelined DSP adder trees (PDATs)

● Architecture diagram on an AMD-Xilinx Zynq UltraScale+ device (Avnet Ultra96 v1)

● Explanation of the Stream-Conv Unit - the main computation unit

● Explanation of the existing data movement 

● Results

● Future work



Motivation

➔ Context: FPGA-based hardware accelerators are suitable for CNN implementation due to the availability of inherent 

parallel computing resources in the FPGA fabric

➔ Our goal is to build an inexpensive, compact and light (physical) weight CNN accelerator

➔ We specifically ask the following questions:

◆ How can we improve the throughput of an image-kernel convolution on an FPGA?

◆ What is the most efficient hardware structure on the FPGA to map the convolution operation to?

➔ We map the convolution operation onto pipelined DSP-adder tree (PDAT) structures to improve the performance 

➔ We explore the compromise between overall performance vs the size/cost of the  accelerator

➔ Can be deployed is real-life applications like image segmentation/labelling applications on mobile robots



Key idea and architecture 
Key ideas:

Design an efficient 
Stream-convolution unit:

The RTL for the Stream-
conv unit is designed such 
that it maps to specific 
Xilinx FPGA blocks to 
improve the performance

For example: 

1. Map the convolution 
operation onto pipelined 
DSP-adder tree (PDAT) 
structures 

2. Map the LFB to shift 
registers ( SRLC32E )



Explanation of the Data movement

We utilize the high performance AXI ports (AXI4-

HP) ports along with Xilinx’s DMA IP to transmit 

data between the PS [ARM core(s)] and the PL 

(FPGA fabric) 

The linear movement of data inside the 
stream-conv unit (kernel static, after initial 
load). The elements highlighted in red are 
multiplied with the kernel (element-wise), at 
every timestep.



FPGA Setup, layout and schematics

Board 
Name

Ultra96 V1

SoC

Xilinx Zynq 
UltraScale+ 
MPSoC 
ZU3EG A484

RAM 512Mb x 32 
LPDDR4

Overall structure of the stream-
conv unit after mapping onto the 

Xilinx UltraScale+ FPGA

Image c
redit

https://www.96boards.org/product/ultra96/
https://www.96boards.org/product/ultra96/


Results

Design 1: Cascaded DSPs 
with a SISO Linear FIFO buffer 
(LFB) – lower clock freq 
baseline

Design 2: Pipelined DSPs with 
SISO LFB

Design 3: Pipelined DSPs and 
pipelined adder trees with a 
PISO LFB – improved 
performance, but inconsistent

Design 4: Pipelined DSP with 
pipelined adder-tree with SISO 
LFB results in the best 
performance – slightly higher 
latency, but very consistent

Setup:
A: Zedboard (Zynq-7000)
B: Ultra96 v1 (UltraScale+ 
MPSoC)

Performance of the stream-conv unit on 2 different FPGA architectures



Comparison with related work

This is not a 1:1 comparison. We have not implemented an entire model yet; our FPGA is smaller than previous works, but has 

a newer fabric architecture,

[1] DiCecco, FPT’16;  [2] Zhang, FPGA’15;  [3] Wang, TCAD, 2017;  [4] Aydonat, FPGA’17;  
[5] Shen, FPGA’18;  [6] Sanchez, HPEC’ 18;  [7] Jiantao Qiuet, FPGA’16;  [8] Y.Ma, TVLSI’18  



Summary and Future Work

● Summary:

○ We explored both SISO and PISO formats of a linear FIFO buffer and found that the SISO structure is better than the PISO when 

combined with a pipelined DSP-adder tree for Convolution.

○ We mapped the convolution operation onto pipelined DSP-adder tree structures on the FPGA, which resulted in a 2.4× 

improvement in frequency compared to the baseline

○ We replicated the PDATs to entirely populate the FPGA by implementing tiled PDATs. We achieved a competitive throughput of 544 

GOP/s on the resource-constrained FPGA Ultra96 V1

● Future work:

○ Buffer the data in the programmable logic of the FPGA to retain and loop-back data without the need for the PL-to-PS 

communication

○ Improve on the configuration logic(over AXI4-Lite) to support alternative movement of data

○ Explore alternate memory connections to the PL,  use an OS (like Linux) to schedule data movement
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