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Background

◼ The Workflow of Coarse-Grained Reconfigurable 

Architecture (CGRA)

for (int i = 0; i < n; ++i)

c[i] = a[i] + b[i];

application code

compiler

An example of CGRA

Memory

Switches

Processing 

Elements

(PE)＋

b[0:n]a[0:n]

c[0:n]

DFG Generation

Scheduling

Mapping

…….
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Motivation 

◼ Motivation Example

Motivating example code DFG of example code
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Motivation 

◼ Motivation Example

◼ Invalid scheme with 𝑁 = 2 and 𝐵 = 32
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Motivation 

◼ Motivation Example

◼ Valid scheme with 𝑁 = 4 and 𝐵 = 16



8

Contents

◼ Introduction

◼ Problem Formulation

◼ Proposed Methodology

◼ Experiment

◼ Conclusion



9

Definitions 

◼ Affine Address Access

◼ Access Pattern

◼ Control Step Access Pattern

q (𝑞 ≤ 𝑚) memory accesses at 𝑛𝑡ℎ cycle
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Definitions 

◼ Memory Partition

𝑓(𝜙)：bank function            𝑔(𝜙)：offset function 

◼ Iteration Distance
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Target 
◼ ① Access II

◼ ② Iteration Count Vector

◼ Given an 𝑙-level loop in the iteration domain 𝑀 with 

𝑚 affine memory accesses on the same array

𝑃𝐴 = 𝜙1 𝑖1 , … , 𝜙𝑚 𝑖𝑚
find the 𝑁 and 𝐵 such that: 

※ Minimize 𝐴𝐼𝐼 in ① & Hold the equation ②
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End-to-End Framework: Hardware

The SoC supports parallel memory access

◼ Enhanced IOB to 

access different banks 

during execution

◼ Specific mechanism for 

loading/storing data 

from/to external memory
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End-to-End Framework: Software

Software flow with the proposed memory partition algorithm
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End-to-End Framework: Software
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CSP formulation

◼ Constraint Satisfaction Problem(CSP)

◼ Iteration Constraint(pre-mapping): Before mapping, all 

the accesses in the 𝑃𝐴 are regarded in the same iteration

◼ Bank Constraint: ϕ𝛼 i𝛼 and ϕ𝛽 i𝛽 access the same 

bank equation:
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CSP formulation

◼ Constraint Satisfaction Problem(CSP)

※CSP problem: the conflict exists when one solution is found 

under such the constraints



Example of graph coloring and scheduling process
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Graph Coloring-based Scheduling

◼ When failing to find a conflict-free solution

◼ schedule the conflict accesses into different control steps

◼ minimizing the AII
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CSP-based Post-mapping Checking

◼ Iteration Constraint: now 𝑖𝑡𝑒𝑟𝑑
𝛼𝛽

≠ 0

It can be transformed into a CSP problem, where the conflict exists 

when one solution is found

◼ CSP Check
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System Level Evaluation

The area of each SoC



Comparison of performance

Comparison of energy efficiency
22

System Level Evaluation
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System Level Evaluation

Comparison of compilation time
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CGRA Level Evaluation

Comparison of energy efficiency with CASCADE

◼ 𝐸𝑛𝑒𝑟𝑔𝑦 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡

𝑃𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

◼ 𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 =
𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦

𝑀𝑎𝑝𝑝𝑒𝑑_𝐼𝐼
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Conclusion

◼ A CSP-based memory conflict detection for 

memory partition

◼ A graph coloring-based approach for memory 

access scheduling during the partition process to 

improve performance

◼ An end-to-end CGRA framework, including the data 

parallel architecture and compiler with efficient data 

parallelism support
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