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Edge systems may need to take more than one AI tasks. 
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Object Detect Navigation Remote sensing

Space mission
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Plate DetectionCar Detect ReID

Intelligent Transport 
System
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Limited  Hardware 
Resources

Multiple Tasks
Performance

Power 
consumption

How can we deploy multiple tasks with enough 
performance and low performance on the embedded 
platforms with limited hardware resources?



Reconfiguration for Multiple 
tasks

Key Issues 

1. Each task need to occupy at least one 
reconfigurable block. Number of tasks 
will be limited

2. The more tasks there are, the fewer 
resources are allocated to each task. 

3. Hardware resources could be waste, If 
some tasks in high workload and some 
others in low workloads.

4. The performance can be dynamically 
allocated to the task with high priority.
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Task Management

Reconfiguration Management

Our solution

Basic Idea

Key Features 

 Reconfigurable Embedded Platforms 
supporting for a variety of AI tasks

 Reconfigurable blocks can be 
dynamically allocated to different tasks 
in different scenarios.

 The reconfigurable bock itself can be 
reconfigured to change the size and 
frequency of the accelerator. 

 The hardware costs and power 
consumption of each tasks can be 
precisely controlled.

 Seamless reconfiguration in runtime
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AI applications that can 
share the same type of 

accelerators

Multiple Blocks will be used 
to deploy the same type of 

accelerators. 

Unused Blocks will can be 
used to deploy more 

accelerators. 

Management layer to 
make sure the hardware 

adjustments can be 
implemented in runtime.
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Task management

Architecture

Key Features 

 The acceleration operations from the 
applications will be packaged into 
acceleration tasks according to the 
need hardware accelerator types. 

 Pools indicate groups of accelerators.

 By monitoring the queue A and queue 
B, the bottleneck of the performance 
can be evaluated
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Accelerator pools

Architecture

Key Features 

 The region (reconfigurable block) is 
used to deploy hardware accelerators. 

 The acceleration operation can be 
conducted by accelerators in 
corresponding pools. 

 The accelerators in pools can be 
adaptively changed (reconfiguration).

 Adding and  removing accelerators will 
not affect pools and applications.
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Partial 
reconfiguration 

region 

The dynamic partitions in FPGA will be 
physically connected to the processing 

system via AXI bus. 
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Hardware adjustment 

Strategy

Key Features 

 The computing resources should be 
allocated to the highest priority target 
of the systems.

 The target could be the performance, 
power consumption and execution 
time.

 The bottleneck of the hardawre can be 
evaluate by the weight of the queue 

 If there is no bottleneck the 
reconfigurable block can be released 
for lower power consumption.
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Hardware adjustment 

An example

Key Features 

 The weight of queue A is heavier than 
expected, which means that the 
accelerators in pool A are not enough 
for current system. the system should 
deploy more or larger accelerator into 
pool A

 The weight of queue B is lighter than 
expected, which means that the 
accelerators is pool B are more than 
enough. The hardware resources can 
be released for low power 
consumption.
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System on ZCU102/ZCU104

Experiments

Key Features 

 DPU is a general IP supporting 
mainstream frameworks(e.g., Caffe, 
PyTorch, TensorFlow) and multiple 
threads.

 Using Vitis and Vitis AI to deploy the AI 
tasks.

 Using DFX to dynamically reconfigure 
the hardware in runtime.

 Two dynamic regions.

 The frequency of the DPUs can be 
changed in reconfiguration. (the size 
can also be changed)
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1. A hardware  system based on FPGA for multiple AI tasks.

2. To utilize the hardware resources efficiently by dynamically allocated 
resources to needed tasks.

3. Improve the power efficiency of the system by releasing unnecessary 
accelerators.

4. The used strategy is still simple, we plan to use genetic algorithms to 
predict best hardware configurations directly in different scenarios.




