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Coarse-Grained Reconfigurable Array (CGRA)

Motivation

➢ Accelerate loop chunks that can be executed  in parallel
➢ Mapping becomes easier in Loop Splitting + MS than Loop Unrolling + MS
➢ Better PE Utilization
➢ Better Energy Efficiency
➢ Better Execution Efficiency
➢ Better Compilation time
➢ Highly Scalable

Split Modulo Scheduling (SMS)

Conclusion

Results

Cluster-Based Execution

Execution Time

Energy

State-of-the-Art CGRA - Integrated Programmable Array (IPA)

Why CGRA?

Applications
➢ Signal Processing - image, video, speech

➢ Security - cryptography

➢ Artificial Intelligence - PCA, CNN, Transformers

Modulo Scheduling (MS)
➢ Commonly used software pipelining technique to accelerate loops on CGRA

➢ Achieves Instruction Level Parallelism (ILP)

➢ Objective:

➢ Generate schedule for one iteration of the loop

➢ This same schedule is repeated at regular interval without violating dependency constraints

➢ Focus

▪ Ultra-low power

➢ Interconnect

▪ Mesh-torus interconnect - Data

▪ Bus based network - Instruction

▪ Logarithmic Interconnect - Memory 

➢ Processing Elements (PEs)

▪ 32 bits ALU

▪ 8x32 Regular Register File 

▪ 64x20 Instruction Register File

❖ Cluster-based CGRA

▪ PEs grouped as PE clusters

▪ Clusters work independently

Area

How to exploit Data Level Parallelism in embarrassingly parallel loops? 
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for(i=0;i<8;i=i+1)

 x[i] = x[i]+(a*i);

for(i=0;i<4;i=i+1)

 x[i] = x[i]+(a*i);

for(i=4;i<8;i=i+1)

 x[i] = x[i]+(a*i);
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(Embarrassingly parallel loop)
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➢ Global Freeze Mechanism (GFM) 
maintains the schedule across all PEs

Execution of 2 chunks with GFM Execution of 2 chunks with CFM
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Cluster Select

➢ Array of interconnected processing elements

➢ Combines both temporal and spatial 

computation

Source: [1]

Examples
➢ Commercial

▪ Sambanova Datascale

▪ Intel CSA

▪ Cerebras Wafer Scale

➢ Academic

▪ IPA

▪ HyCUBE

▪ SNAFU
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➢ Cluster-level Freeze Mechanism 
(CFM) maintains the schedule 
within a PE cluster

Memory StallsCluster 1 Iterations Cluster 2 Iterations Instruction Execution

GFM of 2x4 CGRA

➢ Lesser power consumption than CPU, GPU, 

FPGA and DSP

➢ Highly flexible compared to ASIC

➢ Lesser reconfigurable time than FPGA

CFM of 2x4 CGRA
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Mem. 
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Area overhead is 0.12%

PE Modules Baseline Cluster-based

LSU 55 469.42 55 474.72

IRF 47 394.05 47 305.49

ALU 14 044.28 14 003.41

RRF 8 463.66 8 465.17

Controller 5 130.27 5 241.53

PMU

GFM 29.52 -

CFM - 126.40

Counter 18.92 18.92

130 550.11 130 635.64

➢ State-of-the-art technique: Unrolling + MS [3]

➢ Disadvantages of unrolling + MS on CGRAs : Difficulty in finding mapping solution

➢ Iterations in embarrassingly parallel loops can be executed in parallel
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