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Part 1: Overview

Speaker: Prof. Lingli Wang

Fusion SoC: A Fused-Grained Reconfigurable Architecture for 

Efficient Edge Computing Acceleration Workshop
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Where is our group @ Fudan Univ.?
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FPGA CGRA @ FPL 2016

ChiselVerilog PyTorchCaffe MLIR/LLVM
Manual 

Conversion
DSEFixed Arch.
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Why CGRA?

JiajunQin, TianhuaXia, Cheng Tan, Jeff Zhang, and Sai Qian Zhang. 2025. PICACHU: Plug-In CGRA Handling Upcoming Nonlinear Operations in LLMs,ASPLOS '25

Å Efficiency:approach application-specific integrated circuit (ASIC)-like 

energy-efficiency

Next task

Å Flexibility: coarse-grained reconfigurability leading to less reconfiguring 

time than FPGA

ÅChallenge:
Ƙ A sophisticated compiler: reducing programming complexity;

ƙ A good architecture design: improving compute density and efficiency;

ƚ An end-to-end development framework: allowing software-hardware co-design 

and exploring new approaches at any development stage
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What is CGRA?

Å2-D Array:

CGRA Fabric

ÅReconfigurable Process Element (PE): provide versatile 

functionalities:

add, sub, mul, 

logic, éé

Simple Ops.

MAC, nonlinear

éé

Complex Ops.

Å Input/Output Block (IOB): the bridge between memory and PEs

ÅGeneral Interconnection Block (GIB)[1]: provide flexible 

interconnects, enabling versatile connection patterns

ÅMulti-bank Scratchpad Memory (SPM): for data storage 

CGRA: Coarse Grained Reconfigurable Architecture

[1] KaichuangShi etc., GIB: A Novel Unidirectional Interconnection Architecture for FPGA (Best Paper Award), FPT2020
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How does CGRA work?
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Coarse-grained

Fine-grained

ÅTarget workload: computation-intensive loops 

Fusion SoC, including a RISC-V CPU and a CGRA

ÅCouple with a CPU, which is responsible for arranging data, 

invoking CGRA and executing the code unsuitable for CGRA  

ÅWorkflow:

Ɩ Load data/configuration from external memory by Load controller 

and DMA controller

Ɨ Config the CGRA by CGRA controller

Ƙ CGRA execution

ƙ Writing results back to external memory by Store controller 

and DMA controller

Data
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What we have done?

ÅFusion: An open-source, end-to-end Fused-grained Reconfigurable Architecture development framework

ASP-DACõ 24;

DACõ 25

ASP-DACõ25

TCADõ25

TCõ25; TRETSõ24

FPTõ23; 

TODAESõ25

Fusion SoC Architecture and Software Toolchain
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What are our advantages?

Comparison with other Open-Source CGRA frameworks 

[1] CGRA-ME 2.0, IPDPSW 2024.

[2] Pillars, WOSET 2020.

[3] OpenCGRA, ICCD 2020.

[4] CCF, 2018.

[5] Morpher, ICCAD 2025.
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Speaker Information

Name:JingyuanLi ( ) 

Ph.D. student @ Fudan University,

Research Area: Hardwareïsoftware co-

design, compiler optimization techniques, 

and advanced AI algorithms. 

Name:Yuan Dai ( )

Ph.D. student @ Fudan University,

Research Area: Reconfigurable 

Architectures, Software toolchain, System 

on Chip design. 

Name:JiahangLou ( )

Ph.D. student @ Fudan University,

Research Area: CGRA architectures, AI 

compilers, polyhedra, MLIR. 

GitHub:github.com/MIONkb
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Part 2: Front-end Tools of Fusion

Speaker: JiahangLou

Fusion SoC: A Fused-Grained Reconfigurable Architecture for Efficient Edge 

Computing Acceleration Workshop

ñFrom .c to .dotò
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Outline

ÅIntroduction

ÅLLVM Toolchain

ÅMLIR Toolchain

ÅDemo

Part 2 

Front-end Tools of 
Fusion

Fusion SoC Workshop: 

A Fused-Grained Reconfigurable Architecture for Efficient Edge Computing Acceleration
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Front-end Toolchain For Fusion CGRA
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What is A FRONT-END COMPILER?

High-level 
Language

Source Code

Lexical Analysis

Syntax Analysis

IR Generation

Front-end

LLVM/clang is already mature!

Optimizer Back-end Machine code

Typical Compilation Flow

post-opt
IR
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What is A FRONT-END COMPILER?

Front-end of CGRA compiler

CGRA Compilation Flow

Optimization Towards CGRA

Data-Flow Graph Generation

DFG/CDFG

Host IR

High-level 
Language

Source Code

Lexical Analysis

Syntax Analysis

IR Generation

Front-end

LLVM/clang is already mature!

Optimizer Back-end

post-opt
IR

Back-end

Memory
Partition

Mapping

Schedule

Machine code

Typical Compilation Flow
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An example of CGRA

Memory

δ

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

c[0:n]

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

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

Application code

?

DFG/CDFG

What is A FRONT-END COMPILER?
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ÅSource Code

ÅData Flow Graph(DFG)

ÅControl-Data Flow Graph(CDFG)
Å Input/Output Node map to IO Block

Å Computing Node map to PE

for (int i = 0; i < n; ++i)
{    c[i] = a[i] + b[i];

....                           }

What is DFG/CDFGψ
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Dedicated

Operators

Control

Flow

ÅWhat is needed for A FRONT-END COMPILER?
ÅJoint between application codes and target hardware

ÅTo cover a wide category of applications

ÅTo support many useful analysis and extraction of the 
loop kernel

Arbitrary 

level
Loop 

kernel

Part 1 Compiler Front-end: From .cpp to .dot
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ÅLLVM[1]

C/C++ 
Source Code

clang
built-in 
passes

Software-Hardware Partition

Control-Flow Analysis

GEP Node Resolution

Memory Access Analysis

LLVM IR

CGRA-specific Operator 
Extraction CDFG

Data-Flow Analysis 

Our Front-end: LLVM and MLIR

[1] Lattner C, Adve V. LLVM: A compilation framework for lifelong program analysis & transformation. CGO 2004
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Polygeist[2] onnx-mlir[3]

Kernels Identification

Affine Loop Transform 

Data-Flow Analysis

Branch Analysis

CGRA-specific Operator 
Extraction

MLIR IR

ÅMLIR[2]

C/C++ 
Source Code

CDFGs

Memory Access Analysis

ÅLLVM
C/C++ 
Source Code

clang
built-in 
passes

Software-Hardware Partition
LLVM IR

CDFG

Back-end

Momory
Partition

Mapping

Schedule

Our Front-end: LLVM and MLIR

Control-Flow Analysis

GEP Node Resolution

Memory Access Analysis

CGRA-specific Operator 
Extraction

Data-Flow Analysis 

[2]Lattner C. MLIR: Scaling compiler infrastructure for domain specific computation. CGO 2021

[3]Moses W S. Polygeist: Raising C to polyhedral MLIR.PACT 2021

[4]Jin T. Compiling onnx neural network models using mlir. arXiv:2008.08272, 2020.
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LLVM vs MLIR

Comparison LLVM MLIR

Abstraction 

Level

Low-level, close to machine IR Multi-level, from graphs to 

machine IR

Advantages Mature toolchain; strong 

profiling & control flow

Supports optimization at any 

abstraction level

Scalability Limited extensibility Highly extensible via custom 

dialects

Role Traditional programming 

language compiler

Infrastructure for AI, DSLs, and 

accelerators

Relationship MLIR lowers to LLVM IR. MLIR is part of the LLVM project.
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ÅY.Dai ñTowards Efficient Data 
Parallelism on Spatial CGRA via 
Constraint Satisfaction and 
Graph Coloring,ò ASP-DAC 2024.

2024.2

2024.3

ÅJ. Lou ñAn Agile Deploying 
Approach for Large-Scale 
Workloads on CGRA-CPU 
Architecture,ò DATE 2024.

2025.2

ÅX.Gao ñA CGRA Front-
end Compiler Enabling 
Extraction of General 
Control and Dedicated 
Operators,ò ASP-DAC 
2024.

2025.6

ÅJ. Lou ñAdora Compiler: 
End-to-End Optimization for 
High-Efficiency Dataflow 
Acceleration and Task 
Pipelining on CGRAs,ò DAC 
2025.

ÅY.Qiu ñFDRA: A Framework 
for Dynamically 
Reconfigurable Accelerator 
Supporting Multi-Level 
Parallelism,ò TRETS 2024.

2024.3

M
L
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Progress Timeline
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Outline

ÅIntroduction

ÅLLVM Toolchain

ÅMLIR Toolchain

ÅDemo

Fusion SoC Workshop: 

A Fused-Grained Reconfigurable Architecture for Efficient Edge Computing Acceleration

Part 2 

Front-end Tools of 
Fusion
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LLVM Toolchain Flow

C/C++ 
Source Code

clang
built-in 
passes

Software-Hardware Partition

Control-Flow Analysis

GEP Node Resolution

Memory Access Analysis

LLVM IR

CGRA-specific Operator 
Extraction

CDFG

Data-Flow Analysis 

[1] X.Gao ñA CGRA Front-end Compiler Enabling Extraction of General Control and 
Dedicated Operators,ò ASP-DAC 2024.

clang -c -emit-llvm -O2 -fno-tree-vectorize -fno-
unroll -loops src.c -S    -o src.ll

opt -gvn -mem2reg -memdep -memcpyopt -lcssa -
loop-simplify -licm -loop-deletion -indvars -
simplifycfg -mergereturn -indvars src.ll -S -o 
src_gvn.ll

opt -load libCDFGPass.so -cdfg src_gvn.ll -S -o  
src_cdfg.ll

Snippet of the front-end usage script

C
D

F
G

 G
e

n
e

ra
tio

n
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ÅClang to compile C/C++ to 

LLVM IR

ÅLLVM IR uses Static Single 

Assignment (SSA)

ÅInstructions become nodes;

ÅDependencies become edges

Input & Dataflow Analysis
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ÅControl flows in LLVM IR
ÅBranch

ÅPhi instruction

ÅExtraction
ÅDescribe the effects by 

SELECT nodes 

ÅAnalyze accurate control 
signal according to the 
dominator tree (DT)

Control flow extraction 
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int reg = initi;
for (int i = 0; i < N; ++i){

if(cond) {
reg += n;

} else{
reg += m;

}
}
Χ

An example of extracting control flow from LLVM IR

Control flow extraction 

Partial 
Prediction !
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LLVM Toolchain Flow

C/C++ 
Source Code

clang
built-in 
passes

Software-Hardware Partition

Control-Flow Analysis

GEP Node Resolution

Memory Access Analysis

LLVM IR

CGRA-specific Operator 
Extraction

CDFG

Data-Flow Analysis 

[1] X.Gao ñA CGRA Front-end Compiler Enabling Extraction of General Control and 
Dedicated Operators,ò ASP-DAC 2024.

clang -c -emit-llvm -O2 -fno-tree-vectorize -fno-
unroll -loops src.c -S    -o src.ll

opt -gvn -mem2reg -memdep -memcpyopt -lcssa -
loop-simplify -licm -loop-deletion -indvars -
simplifycfg -mergereturn -indvars src.ll -S -o 
src_gvn.ll

opt -load libCDFGPass.so -cdfg src_gvn.ll -S -o  
src_cdfg.ll

Snippet of the front-end usage script

C
D

F
G

 G
e

n
e

ra
tio

n
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An example of handling GEP node from LLVM IR

GEP Node Resolution

MUL-ADD tree
for ptr computing

Array shape

Base ptr

Base
offset

Per-
dimension 

offsets

j j j
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An example of handling GEP node from LLVM IR

GEP Node Resolution

MUL-ADD tree
for ptr computing

Array shape

Base ptr

Base
offset

Per-
dimension 

offsets

j j j
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A code segment of linear memory access

Linear Memory Access Pattern

ÅN-dimension memory access in an M-level loop
(where values of N and M are both arbitrary)
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ÅLinear memory access: 
ÅThe step value of each loop index is loop-invariant 

ÅThe bounds of each loop index are loop-invariant 

ÅMemory address is the affine transformation of loop indices

Linear Memory Access Pattern
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An example of linear memory access

Linear Memory Access Pattern
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Â Linear memory access

Load A
with pattern

Load A

j

MUL

2

i

ADD
D1

scale

MUL

ADD

i

ADD
D2

scale

MUL

1

Effection of computing resources saving

Original MUL-ADD tree for address calculation

Linear Memory Access Pattern
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ÅDedicated operators are important to enhance the flexibility and 
performance of CGRA

ÅWe extract dedicated operators on the CDFG level, including: 
ÅAccumulation series operators

ÅConditional memory access

ÅLinear memory access

Dedicated Operator Extraction
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ACC Cond

n

CACC

m

MAC

m m

Cond1 CIACC

m

Cond1
&

Cond2

ISEL

ADD

InitVal

m

m

ISEL

ADD

InitVal

MUL

n

ADD

ISEL

SELECT

InitVal

Cond

m

ADD

ISEL

SELECT

InitVal

Cond1

m

S
E

L
E

C
T

Cond1
&

Cond2

Â Accumulation series operators

Dedicated Operator Extraction
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Â Conditional memory access

int reg = initi;
for (int i = 0; i < N; ++i){

if(cond) {
A[i] = reg;

} else{
B[i] = reg;

}
reg += m;

}
Χ

A code segment of conditioned memory access

Dedicated Operator Extraction



Fudan University, China                                                                              12/2/2025 39

int reg = initi;
for (int i = 0; i < N; ++i){

if(cond) {
A[i] = reg;

} else{
B[i] = reg;

}
reg += m;

}
Χ

ACC

CStore

cond

m

cond

CStore

Dedicated Operator Extraction

Â Conditional memory access
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Source code

CDFG

Executable 

code on host
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LLVM Toolchain Flow

C/C++ 
Source Code

clang
built-in 
passes

Software-Hardware Partition

Control-Flow Analysis

GEP Node Resolution

Memory Access Analysis

LLVM IR

CGRA-specific Operator 
Extraction

CDFG

Data-Flow Analysis 

[1] X.Gao ñA CGRA Front-end Compiler Enabling Extraction of General Control and 
Dedicated Operators,ò ASP-DAC 2024.

clang -c -emit-llvm -O2 -fno-tree-vectorize -fno-
unroll -loops src.c -S    -o src.ll

opt -gvn -mem2reg -memdep -memcpyopt -lcssa -
loop-simplify -licm -loop-deletion -indvars -
simplifycfg -mergereturn -indvars src.ll -S -o 
src_gvn.ll

opt -load libCDFGPass.so -cdfg src_gvn.ll -S -o  
src_cdfg.ll

Snippet of the front-end usage script

C
D

F
G

 G
e

n
e

ra
tio

n
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Outline

ÅIntroduction

ÅLLVM Toolchain

ÅMLIR Toolchain

ÅDemo

Fusion SoC Workshop: 

A Fused-Grained Reconfigurable Architecture for Efficient Edge Computing Acceleration

Part 2 

Front-end Tools of 
Fusion
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Polygeist onnx-mlir

Kernels Identification

Affine Loop Transform 

Data-Flow Analysis

Branch Analysis

CGRA-specific Operator 
Extraction

MLIR IR

C/C++ 
Source Code

CDFGs

[2] J. Lou ñAdora Compiler: End-to-End Optimization for High-Efficiency Dataflow Acceleration and 
Task Pipelining on CGRAs,ò DAC 2025.

C
D

F
G

 G
e

n
e

ra
tio

n

MLIR Toolchain Flow

cgeist  -O2  -lm -lgcc  src.c -S  -o src.mlir 

## or

onnx-mlir bert_bf16.onnx -o src.mlir --EmitONNXIR

cgra-opt --cgra-extract-affine-for-to-kernel      --simplify -

loadstore --cgra-loop-tile --cgra-loop-unroll src.mlir -S -o 

opt.mlir

cgra-opt --cgra-kernel-dfg-gen  opt.mlir
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Kernel Identification

An ONNX-MLIR snippet of the QKV computation in attention
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Kernel Identification

CDFG of this for loop

Lower onnx.MatmulOp to affine.for loop
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Loop Transforms

----optimize the kernelôs execution on the pe array

ˍ Loop Unrolling

Unroll factor = 4

ˎ Loop Tiling ˏ Loop Reorder

ÅReorder nested loops

ÅData Locality

ÅPartition the data block to fit the size 

of the on-chip scratchpad.
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CDFG Generation

Oneonnx.Matmul layer:

Optimal CDFG:
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Polygeist onnx-mlir

Kernels Identification

Affine Loop Transform 

Data-Flow Analysis

Branch Analysis

CGRA-specific Operator 
Extraction

MLIR IR

C/C++ 
Source Code

CDFGs

[2] J. Lou ñAdora Compiler: End-to-End Optimization for High-Efficiency Dataflow Acceleration and 
Task Pipelining on CGRAs,ò DAC 2025.

C
D

F
G

 G
e

n
e

ra
tio

n

MLIR Toolchain Flow

cgeist  -O2  -lm -lgcc  src.c -S  -o src.mlir 

## or

onnx-mlir bert_bf16.onnx -o src.mlir --EmitONNXIR

cgra-opt --cgra-extract-affine-for-to-kernel      --simplify -

loadstore --cgra-loop-tile --cgra-loop-unroll src.mlir -S -o 

opt.mlir

cgra-opt --adora-kernel-dfg-gen  opt.mlir



AI-Focused ONNX Deployment Framework

High- level
Language

Inputs

Executable
File

Extract 
Computing

kernels

Generate 
CDFG

ɓ S|wrufk->onnx

ɓ whqvruiorz->onnx

ɓ Pdqxdoo| dqrwdwh

ɓ Dxwr-extract

Map to 
CGRA

resnet18 = 
torchvision.models.resnet18() .onnx()

conv1 pool conv2 norm sum1- layer resnet

Inference process
conv1
reconfig
load data

compute

write back

pool conv2 norm sum
reconfig
load data

compute

write back

reconfig
load data

compute

write back

reconfig
load data

compute

write back

reconfig
load data

compute

write back
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Comparison Between LLVM and MLIR Toolchains

LLVM toolchain MLIR toolchain

Advantages Å Built-in optimizations; 

Å mature loop analysis

Å Multi-level IR; 

Å supports C programs and AI 

models

Common Similar CDFG workflow: Dataflow Ÿ Control flow Ÿ Memory access Ÿ

CGRA ops Ÿ CDFG Ÿ sameBackend

Difference Å CDFG generated at lowest LLVM IR

Å Rich control-flow features

Å Focus on affine loops

Å Customized affinle loop transforms

Å Limited branch support

Å CDFG generated at affine dialect
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Outline

ÅIntroduction

ÅLLVM Toolchain

ÅMLIR Toolchain

ÅDemo

Fusion SoC Workshop: 

A Fused-Grained Reconfigurable Architecture for Efficient Edge Computing Acceleration

Part 2 

Front-end Tools of 
Fusion
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Polygeist[2] onnx-mlir[3]

Kernels Identification

Affine Loop Transform 

Data-Flow Analysis

Branch Analysis

CGRA-specific Operator 
Extraction

MLIR IR

ÅMLIR[2]

C/C++ 
Source Code

CDFGs

Memory Access Analysis

ÅLLVM
C/C++ 
Source Code

clang
built-in 
passes

Software-Hardware Partition
LLVM IR

CDFG

Back-end

Momory
Partition

Mapping

Schedule

Our Front-end: LLVM and MLIR

Control-Flow Analysis

GEP Node Resolution

Memory Access Analysis

CGRA-specific Operator 
Extraction

Data-Flow Analysis 

[2]Lattner C. MLIR: Scaling compiler infrastructure for domain specific computation. CGO 2021

[3]Moses W S. Polygeist: Raising C to polyhedral MLIR.PACT 2021

[4]Jin T. Compiling onnx neural network models using mlir. arXiv:2008.08272, 2020.
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Q & A?



Fudan University, China                                                                              12/2/2025 54

Part 3: Fusion SoC Architecture and 

Optimizations

Speaker: Yuan Dai

Fusion SoC: A Fused-Grained Reconfigurable Architecture for 

Efficient Edge Computing Acceleration Workshop
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Part 3: Outline

ÅOverview

ÅOptimization: Why a fused-grained design?

ÅOptimization: How to improve data parallelism?

ÅFusionôs back-end tool

ÅQ&A
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Overview

Fusion Framework

Ƙ

ƙ
Ƙ
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Overview

Fusion SoC

ÅBuild upon Chipyard[1]: RISC-V CPU Rocket + FGRA

[1] A. Amid et al., CHIPYARD: Integrated design, simulation, and implementation framework for custom socs. IEEE Micro, vol. 40, no. 4, pp. 10ï21, 2020.

Ɩ Load data/configuration from external memory by Load controller and 

DMA controller

Ɨ Config the FGRA by FGRA controller

Ƙ FGRA execution

ƙ Write results back to the external memory by Store controller 

and DMA controller

ÅOptimization Opportunities:
Ƙ Why a fused-grained design?

ƙ How to improve data parallelism?
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Motivating Example

Perfect nested-loop

ÅWhy a fused-grained design?

Branch Divergence

Dynamic Loop Boundary

Loop structure: simple complex
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ÅWhy a fused-grained design?

Branch Divergence

AND

AND

OR

Ctl_1

Ctl_2

fine-grained signal

>

<
!=

<

coarse-grained signal

Conventional PE Design

Itõs a waste to use a coarse-grained PE to 

execute the fine-grained Boolean operation!L

Optimizations: Fused-grained Design
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ÅWhy a fused-grained design?

Branch Divergence

AND

AND

OR

Ctl_1

Ctl_2

fine-grained signal

>

<
!=

<

coarse-grained signal

Without Boolean Optimization

One-to-One Mapping to LUT

Ctl_1

Ctl_2

3-LUT

3-LUT 3-LUT
0

0 0

Ctl_1

Ctl_2

3-LUT

3-LUT
0

Boolean 
Opt.

With Boolean Optimization

J

Optimizations: Fused-grained Design
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ÅWhy a fused-grained design?

Dynamic Loop Boundary

Loop 

control

For loops with dynamic boundaries, a certain amount of Boolean operations can also be executed by LUTs!

Optimizations: Fused-grained Design
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Conventional PE Design

Fused-grained PE (FPE) Design

ÅFused-grained units Ƙ: FPE

Execution example of the FPE 

Partial

Predication
Mapped to

FPEs

Fused-grained PE Design
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ÅFused-grained units ƙ: IOB

Motivation: Control flow 

in memory access
Fused-grained IOB Design

ÅChallenges:
Ƙ How to handle intra-iteration dependency 

(blue dashed lines)?

ƙ How to handle inter-iteration dependency 

(red line)?

Fused-grained IOB Design
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ÅFused-grained units ƙ: IOB

Åintra-iteration dependency:
Ƙ Back-end tool ensures the memory 

access order 

ƙ No need to route the control explicitly

Åinter-iteration dependency:
Ƙ Fine-grained signal controls the 

memory access order

ƙ Back-end tool routes this signal 

explicitly

Fused-grained IOB Design
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ÅFused-Grained Reconfigurable Architecture (FGRA)

Optimizations: Fused-grained Design

FPE

IOB

Fine-Grained GIB

Track

Port

Track

Port

Coarse-Grained GIB

ÅFused-grained GIB[1]:

3 types interconnects:

Ɩ Track-to-Track;
Ɨ Port-to-Track;

Ƙ Port-to-Port

[1] KaichuangShi, XuegongZhou, Hao Zhou, and LingliWang. An Optimized GIB Routing Architecture with Bent Wires for 

FPGA. ACM Trans. Reconfigurable Technol. Syst (TRETS). 16, 1, Article 2, 2023.
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FGRA: A highly parameterized design 

IOB design parameters

SoC and FGRA fabric design parameters

FPE design parameters
GIB design 

parameters
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ÅFused-grained reconfigurable architecture (FGRA)

Fusion SoC vs SOTA Architectures 

ÅFusion SoC vs. Other architectures:
Ƙ 13.3 , 5.0 , 4.5 performance improvements compared with Rocket (in-order RISC-V CPU), 

Boom (out-of-order RISC-V CPU) and FPGA (AMD-Xilinx Versal);
ƙ 2.5 , 3.5 performance improvements compared with UE-CGRA and Hycube(SOTA CGRAs) 

[1] Y. Dai et al., "COFFA: A Co-Design Framework for Fused-Grained Reconfigurable Architecture Towards Efficient Irregular Loop Handling," IEEE Transactions on Computers, 

vol. 74, no. 9, pp. 3099-3113, 2025.



Fudan University, China                                                                              12/2/2025 68

Optimizations: Data Parallelism

ÅHow to improve data parallelism?

mapping

With 1-bank memory With 3-bank memory

ÅConsiderations:
Ƙ Data consistency across 

all the banks

DFG with 4 nodes

II: Initialization Interval between two 

consecutive iteration

SPM: Scratchpad Memory
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ÅHow to improve data parallelism?
ÅMemory Partition:

J

ÅProblem: Find a 

valid Nand B to 

minimize the II.

Proposed Approach: Memory Partition

Graph-coloring Schedule
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ÅHow to improve data parallelism?

L J

ÅRequirements:
Ƙ Check the partition scheme after 

mapping
ƙ  Calculate the dependency distance 

carefully to improve performance

Motivating Example: Variable Dependency Distance
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ÅRequirement:
ƙ Calculate the dependency distance carefully, 

thereby improving performance

Å Definition 1.  Affine Address Access

Å Definition 2.  Affine Address Access (All the accesses for one array)

dist= 3

Å Definition 3.  Dependency Distance, which describes how many iterations one 

operation accesses the same memory address after another operation. 

Å Problem Formulation: Find the minimum value of  ╓▼◄for each memory 

access pair ꜚ ♪ȟꜚ ♫ with loop-carried dependency to improve the 

performance.

Proposed Approach: Dependency Distance Calculation
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Architectural Support for Data Parallelism

RISC-V 
CPU

Load/Store
Controller

FGRA Controller

FGRA

CMD
Reservation Station

DMA Controller
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ÅDependency-aware Data Parallelism on Fusion SoC

Optimizations: Fused-grained Design

ÅComparison Results:
Ƙ 1.19 (up to 1.68) performance improvement over the baseline Fusion SoC without data parallelism;
ƙ 1.18 (up to 1.65) energy efficiency improvement over the baseline Fusion SoC without data parallelism.

Comparison of Performance Comparison of Energy Efficiency

[1] Y. Dai et al., "Towards Efficient Data Parallelism on Spatial CGRA via Constraint Satisfaction and Graph Coloring," Asia andSouth Pacific Design Automation Conference 

(ASP-DAC), pp. 1023ï1030, 2025.

[2] Y. Dai et al., "Dependency-Aware Data Parallelism on Spatial CGRA via Constraint Satisfaction and Graph Coloring,"  IEEE Transactions on Computer-Aided Design of 

Integrated Circuits and Systems (TCAD), 2025.
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Fusionôs Back-end Tool

Simulated Annealing (SA)-based Mapping Algorithm
[1] Y. Dai et al., "COFFA: A Co-Design Framework for Fused-Grained Reconfigurable Architecture Towards Efficient Irregular Loop Handling," in IEEE Transactions on Computers (TC), 

vol. 74, no. 9, pp. 3099-3113, Sept. 2025.


