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What is System Architecture Exploration?
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System-Level Application Exploration Tool
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What problem does it solve?
• Stochastic models focused on early application mapping 

exploration to heterogeneous SoC compute resources. 
• Users are system architect responsible for high-level 

complex system mapping, not design entry
• Rapid trade-off and design iteration prior to detailed 

algorithm design entry

How does it fit with existing tools?
• Prototype that extends AMD-Xilinx general toolset with 

pre-design-entry focused application analysis 
• Lower fidelity stochastic based model vs. full design 

entry simulation tools
• Provides guidance to down-stream sub-system (AIE, PL, 

PS) design entry development teams

Existing AMD-Xilinx tools
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Introduction to VisualSim System-Level- IP Architecture 
Platform for AMD Versal SoC

VisualSim is system-level modelling and simulation SW

Platform for rapid trade-off 
◦ Performance/power/area during planning
◦ Study speed, power, failure and bottlenecks 

Optimize implementation, resource and timing 
constraints of algorithm tasks

VisualSim Versal SoC is a stochastic model containing
◦ Heterogeneous compute resources
◦ DDR and HBM memory interfaces
◦ Statistics for latency, throughput, utilization and power
◦ User expandable resource usage table
◦ External Interfaces
◦ Task block with mapping function
◦ Traffic generator for workloads



Motivation for Analyze and Validate with VisualSim
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Contention
- limited resources
- scheduling/arbitration

Interference of multiple 
applications
- limited resources
- scheduling/arbitration
- anomalies

Complex behavior
- input stream
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Performance: System Sizing and Range Prediction
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Mapping Algorithm to Versal SoC-FPGA

Implementing an image processing 
algorithm on AMD-Xilinx Versal FPGA. 

Each task is mapped to a resources.

Standard 
library 
component

Basic/Starting Configuration
Grayscale_Conversion - PS [A72 Core 1]
IIR – Logic (PL)
FFT – AI Engine Tile       
Edge_Image - Logic   (PL)      
iFFT – AI Engine Tile
Edge_Image_Enhancement – Logic (PL)
Segmentation – PS [A72 Core 2]

Image 
processing
algorithm



Experiments with Different Implementations
Run 3 – Using App Explorer
Using Direct Path between PS and AI

Run 2 – Using App Explorer
Segmentation Mapped to AI Engine

Run 1 – 
Traditional Configuration

Application latency increasing over time. 
Latency increases due to Segmentation. 
Remap segmentation task AI Tiles

Latency is deterministic 
Latency requirement (App latency 
< 80 msec) is met.
Utilization across NoC is acceptable

Application latency in bounded range. 
NoC Utilization is high.
Changed interconnect for Segmentation 
from NoC to Direct



AIE + PL Modeling Prototype

Current PoC methodology: 

• PoC is modelled using the pre-characterized libraries of basic functions for an application domain. Function 
represented as a grid of pre-characterized basic functions.

• Versal AIE and PL mapping and performance estimation is performed by an integer linear programming (ILP) 
solver approach.

• Application requirements and device capabilities are represented as a set of variables and constraints in ILP.

• Identify the number of AIE tiles/DSPs/LUTs/FFs and orientation, streaming channels, memory requirements 
for each function and availability of routing resources between multiple functions.

• Versal PL mapping is done by abstract placer and router that utilizes the pre-characterized libraries.

• Compared to a spreadsheet-based tool, the solver-based approach brings in the data-flow centric early 
application mapping and performance estimation for multiple compute resource target types. 



Conclusion & Next Steps

Summary

App Exploration PoC tool has been 
demonstrated for a signal processing use-case 
using static models and on target function 
characterization.

User was able to iterate mapping design 
choices and establish an application mapping 
trade-space analysis to iterate to their design 
requirements. 

Demonstrate concept of system architect 
being able to rapidly map their application to 
SoC for a faster compute  subsystem 
requirements definition. 

Next steps

Continued of AIE+PL solver-based functional 
mapping to increase tool flexibility and 
scalability.

Expand functional block libraries to support a 
broader set of application use cases including 
AI/ML inference workloads. 

Development of user defined functions for 
both PL and AIE based targets. 



Questions and 
feedback?
THANK YOU!
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