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Introduction



Singular Value Decomposition
Hestenes-Jacobi Algorithm

4

Orthogonalization 

Normalization 

                        

                        

                        

                        

                        

                        

                        

                        

     

                                 
                                

Orthogonalization in parallel



Singular Value Decomposition
Exsiting Solutions
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⚫ FPGA
• Low latency and power consumption

• Low throughput due to limited memory

⚫ GPU
• High throughput

• High power consumption

• Poor performance for single and small-scale matrices

Hard to jointly optimize latency, throughput and power consumption



Versal ACAP

• AIE (AI Engines): 
• VLIW & SIMD processors

• Various communication mechanism

• PL (Programmable Logic)
• Larger on-chip memory

• Multiple IOs between AIEs and PL

• PS (Processing System)
• Arm processor
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Challenges
SVD in Versal ACAP

7

⚫ Workload Assignment
• Map SVD into PL and AIE: 

orthogonalization, normalization

⚫ AIE/PL Interconnection
• DMA incurs double memory use and extra latency

• Limited PLIO

⚫ Vast Design Space
• Workload Assignment

• Rapid Performance Estimation



Methodology



⚫ HeteroSVD consists of several components:

⚫ AIEs for orthogonalization

⚫ AIEs for normalization 

⚫ PL for SVD ordering and controller
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Architecture of HeteroSVD

                  

      
 

          
      
     

                       

                        

                 

            

    

Accelerator Framework
Map SVD to Versal ACAP



SVD
Ordering

AIE 
Dataflow
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AIE Dataflow Design
Algorithm-Hardware Co-design
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⚫ Traditional Ring Ordering
• Diagonal communication

• Large DMA usage

• Double memory consumption  



AIE Dataflow Design
Algorithm-Hardware Co-design

⚫ Output Memory Relocation
• Eliminate DMA in diagonal communication



(c) Naive dataflow
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⚫ Traditional Ring Ordering
• Same computation pattern

• N-1 Left, 1 right and 1 straight
SVD

Ordering

AIE 
Dataflow

⚫ AIE Structure
• Changing structure based on the 

row position

(d) Optimized dataflow
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⚫ Shifting Ring Ordering
• Shift ordering based on the 

row position

• Lowest DMA usage



AIE Placement Design

         

                  

     
 
       

 
  

     

 
       

 
   

 
  

     

 
  

     

 
       

 
  

   

 
 
 

   

 
     

 
  

        

              

     

 
       

 
       

 
  

   

 
  

   

 
  

   

 
  

        

   

 
  

       

                                    

   

 
  

 

 
  

   

 
  

         

 

 
  

         

            

            

            

         

        

⚫ Location and Connection in AIE
• Memory reservation for output memory 

relocation

• Memory reservation for DMA

• Forwarding for PLIO reuse
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Automation Design Framework
Micro-Architecture Parameters

15

⚫AIE-level Parallelism
• AIEs for single task

⚫Task-level Parallelism
• Tasks processed simultaneously

⚫PL Frequency



Automation Design Framework
Performance Model
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⚫Dataflow
• PL data send/receive

• AIE computation

⚫Extra Latency
• Shifting ring ordering

• Write-after-read

• HLS loop switch



Automation Design Framework
Design Search Exploration
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⚫DSE Flow
• AI Engine Parallelism 

Enumeration

• Maximize Task Parallelism
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Evaluation



Evaluation
Experimental Settings

• Device
• Versal ACAP: VCK190 Evaluation Kit
• GPU: NVIDIA RTX 3090

• Baseline
• FPGA solution (From TCAS-II 2022)

• GPU solution (From SC 2022)

19



Evaluation
Performance results of HeteroSVD
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Evaluation
Model Evaluation
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⚫Model Evaluation in single iteration

⚫ Maximum error: 3.03%

⚫ Average error: 1.78% 

⚫Model Evaluation in DSE

⚫ Maximum error: 7.52%

⚫ Average error: 4.33% 



Evaluation
Discussion on DSE Results
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⚫ High Peng  for low Latency 

⚫ High Ptask for high Throughput 



Conclusion



Conclusion
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• We map SVD into Versal ACAP and design optimized AIE dataflow and 

placement

• We propose a performance model and design search exploration flow to find 

best architecture.

• Our work is open-source at https://github.com/zhaokang-lab/HeteroSVD



Xinya Luan
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