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Abstract Due to the advantages of high performance and efficiency, graph processing accelerators
based on reconfigurable architecture field programmable gate array (FPGA) have attracted much
attention, which satisfy complex graph applications with various basic operations and large-scale of
graph data. However, efficient code design for FPGA takes long time, while the existing functional
programming environment cannot achieve desirable performance. Thus, the problem of programming
wall on FPGA is significant, and has become a serious obstacle when designing the dedicated
accelerators. A well-designed programming environment is necessary for the further popularity of
FPGA-based graph processing accelerators. A well-designed programming environment calls for
convenient application programming interfaces, scalable application programming models, efficient
high-level synthesis tools, and a domain-specific language that can integrate software/hardware
features and generate high-performance underlying code. In this article, we make a systematic
exploration of the programming environment for FPGA graph processing. We mainly introduce and
analyze programming models, high-level synthesis, programming languages, and the related
hardware frameworks. In addition, we also introduce the domestic and foreign development of FPGA-
based graph processing accelerators. Finally, we discuss the open issues and challenges in this specific

area.

Key words  field programmable gate array (FPGA); graph processing; hardware accelerator;
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Fig. 1 The organization of programming enviornment
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Table 1 The Key Symbols Used in This Article
F1 AXhEANEERS

Symbol Meaning
VCP Vertex-centric Programming Model
ECP Edge-centric Programming Model
GAS Gather-Apply-Scatter Model
BSP Bulk Synchronous Paraller Model
AE Asynchronous Execution Model
HLS High Level Synthsis
DSL Domain-specific Language
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Table 2 Classification of Representative Graph Algorithms Being Deployed on FPGAs
K2 FPGALHEMERBEEZRES X

Classification Algorithm CI Application
BFS/DFS H Data Query
SSSP(weighted) RH Length of the Shortest Path
SSSP (unweighted) H Length of the Shortest Path
Traversal
APSP (weighted) RH Length of the Shortest Path
APSP(unweighted) Length of the Shortest Path
MST Length of the Shortest Path
CC(weakly, strongly) L Connectivity Verification
Components TC RL Cluster/Graphlet Analysis
Reachability RL Road Query
PR L Web Ranking
Centrality Measure BC RH Network Analysis
A" Search RL Search
Pattern Match MM L String Matching

Notes: CI represents computational intensity; H/L represents high/low; RH/RL represents relatively high/relatively low.
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Table 3 Classification and Characteristics of Common Graphprocessing Programming Models
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Classification Programming Model Adoption Strength Weakness
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. . . High Degree of Parallelism; . L
Hybrid PowerGraph!#2! . . . Communication Overhead
Good Spatial Locality
GAS GraVF-Mb5t] Vertex-cut Adaptation
Substream SubGraph!?®] High Performance on FPGA Extra Data Processing
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Table 4 Evaluation of Some HLS Tools
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Fig. 2 Classification of the interfaces and programming

models of the graph processing frameworks
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Fig.3 Running environment and design module of JGraph
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