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• Power Efficiency
• Massive Data parallel computation
• Reconfigurability
• Optimizable

Why Machine Learning on  FPGA?
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• FPGA (Field programmable gate array), an 
integrated circuit that can be reprogrammed 
to be any logic

Why FPGA?



How Can we convert ML model into FPGA?
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1.Generate the ML model

2.Generate High 
level synthesis code 
(C++ like)

3.Generate bit stream file
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So What is the problem?
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The model can’t fit in the FPGA
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proposed idea?
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Now, The model can fit in the FPGA

BUT, how can we achieve 
this idea?
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Requirement
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1.Minimize latency

Low CPU == Low Cost -> let FPGA reprogram circuit itself

CPU FPGA FPGA

2. Power efficiency
Save Data == Save Energy -> Save Data on Bram / Avoid DDR

FPGA DRAM
transfer

bram

bram

bram

bram

FPGA

reprogram



Solution modified HLS4ML + MAGIC architecture
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1. Generate partial Intermediate graph

2. Synthesis hardware for each partial graph 

MAGIC ARCH
1. Orchestrate running sequence when the chip is running

2. Re-configure the FPGA fabric

3. Manage intermediate buffer space

4. Profile the running sequence
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Magic Architecture
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Magic Architecture
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Magic Architecture
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Magic 
streamer

Magic streamer
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Magic Architecture
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Magic 
Sequencer
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Partial Reconfigure region

Data Mover

Magic Sequencer

Dfx controller
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Preliminary result: resource usage
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divided into 3 small group

single static group
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Big dense keras workload



Preliminary result: resource usage
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divided into 3 small group
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Big dense keras Full static group



Preliminary result: time analysis
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The relative overhead over 
the wall clock time become 
less significant with larger 
query workload.

Therefore, large batch size 
support play an important 
role in DFX approach.
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Preliminary result: reconfigure performance
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divided into 3 small group

single static group
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simple kerras

XXL



Future Work
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Currently, we are attempting to deploy the UNET network model using partial 
reconfiguration system



Q&A



Backup slide



Magic Architecture: DFX CTRL
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DFX Controller

DFX CTRL: https://www.amd.com/en/products/adaptive-socs-and-fpgas/intellectual-property/dfx-controller.html



Magic Architecture: DFX CTRL
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DFX Controller

DFX CTRL: https://www.amd.com/en/products/adaptive-socs-and-fpgas/intellectual-property/dfx-controller.html

Main Control System
- Control Icap port transfer
- Interrupt CPU
- Track status of the DFX region



Magic Architecture: DFX CTRL
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DFX Controller

DFX CTRL: https://www.amd.com/en/products/adaptive-socs-and-fpgas/intellectual-property/dfx-controller.html

Main Control System
- Control Icap port transfer
- Interrupt CPU
- Track status of the DFX region

DFX region control system
- reset/start sequence 

setting
- Bitstream loading 

identification



Magic Architecture: DFX CTRL
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DFX Controller

DFX CTRL: https://www.amd.com/en/products/adaptive-socs-and-fpgas/intellectual-property/dfx-controller.html

Main Control System
- Control Icap port transfer
- Interrupt CPU
- Track status of the DFX region

DFX region control system
- reset/start sequence 

setting
- Bitstream loading 

identification

DFX region Metadata
- Contail bitstream 

meta data


