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Notes on flow chart 
notation

Processing 
Step

Data 
Format

Configuration Files, 
 Source Code, 

IRs, etc…

Parser,  
Code generator,  

Mapper, PnR, 
linker, etc… 

Note: Can be a serialized file, or in memory

Note: Produces either a data format OR another processing step



Goal: Accelerate class(es) 
of programs 

• Current: ML, vision, image processing


• Future: Sparse


• Use the Halide DSL to represent these programs.


• We do NOT know what the best hardware accelerator is.


• But we have a good sense of the general structure.


• Island-style CGRAs with a multi-level memory hierarchy


• We are designing a “Meta” CGRA SOC
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SOC parameters

• CGRA Fabric Specification


• PE spec(s)

• Operations?

• number/size of inputs/outputs?

• Internal routing?


• Memory tile spec

• Size? Bandwidth? Address generation capabilities?


• Routing network Spec

• Number of lines? connectivity? 


• IO Spec

• Grid size, column spacing, etc…


• Global Buffer (2nd level memory)

• Number of banks

• Number of controllers/address generators

• Total capacity, etc…


• Configuration network specification (MMIO addressing, etc…)

• ARM vs RISCV? What processor? number of DMAs? Caches?

Meta CGRA SOC
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SOC parameters 
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memory) 
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SOC Runtime 
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Halide -> SOC Compiler

Halide -> SOC  
CompilerHalide Program SOC executable





Halide -> SOC Compiler

Halide -> SOC  
Compiler

brighten(x, y) = input(x, y) * 2;
output(x, y) = brighten(x, y);

output.tile(x,y,xo,yo,xi,yi,64,64)
      .hw_accelerate(xo, xi);

input.stream_to_accelerator();
input.store_at(output, xo)
     .compute_at(output, xo);

SOC executable



Halide -> SOC Compiler

Halide -> SOC  
Compiler

SOC executable 
• SOC configuration 

• Processor executable 
• DMA config(s) 
• Clks/Interrupt config 
• Configuration drivers 
• main() 

• CGRA+GB Bitstream(s) 
• Global Buffer config 
• CGRA configuration 

• Mem tile(s) config 
• PE tile(s) config 
• IO tile(s) config 
• Routing network config

brighten(x, y) = input(x, y) * 2;
output(x, y) = brighten(x, y);

output.tile(x,y,xo,yo,xi,yi,64,64)
      .hw_accelerate(xo, xi);

input.stream_to_accelerator();
input.store_at(output, xo)
     .compute_at(output, xo);
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Note: We can pipeline these kernels 
And sometimes need to!

+ latency info
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Current State of our 
Meta Compilation



SOC parameters

• CGRA Fabric Specification


• PE spec(s)

• Operations?

• number/size of inputs/outputs?

• Internal routing?


• Memory tile spec

• Size? Bandwidth? Address generation capabilities?


• Routing network Spec

• Number of lines? connectivity? 


• IO Spec

• Grid size, column spacing, etc…


• Global Buffer (2nd level memory)

• Number of banks

• Number of controllers/address generators

• Total capacity, etc…


• Configuration network specification (MMIO addressing, etc…)

• ARM vs RISCV? What processor? number of DMAs? Caches?

Meta CGRA SOC



SOC parameters

• CGRA Fabric Specification


• PE spec(s) = PEak program

• Memory tile spec = Lake program

• Routing network Spec = Canal program

• IO/grid size, etc… = Gemstone program


• Global Buffer = hard-coded (future Lake?)

• Configuration network specification = hard-coded

• Processor/DMAs/Cache = hard-coded

Meta-CGRA



SOC parameters

• CGRA Fabric Specification


• PE spec(s) = Lassen

• Memory tile spec = Tahoe

• Routing network Spec = (no name)

• IO/grid size, etc… = Amber


• Global Buffer = hard-coded

• Configuration network specification = hard-coded

• Processor/DMAs/Cache = hard-coded

Amber parameters



Meta Compiler(s)

SOC parameters 
• Global Buffer (2nd level 

memory) 
• CGRA Fabric Specification 

• PE spec(s) 
• Memory tile spec 
• Routing network Spec 
• IO Spec 
• Grid size, column 

spacing, etc… 
• Configuration network 

specification 
• Which processor?

Software 
Meta-Compiler

Halide -> SOC 
Compiler
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PE DSE with MetaMapper
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PE Design

Design Space Exploration of CGRA PEs

• We used MetaMapper to 
evaluate PE designs

• Specialized PEs to camera 
pipeline application

• Evaluated the number of 
PEs used to accelerate 
application



PE DSE with MetaMapper

• Mapped kernels were 
scheduled with clockwork

• Verified that the mapped 
application is correct

• CoreIR output can be 
compiled to Verilog
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Thank you


