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DARPA HIVE
Graph Processor Development

https://www.darpa.mil/program/hierarchical-identify-verify-exploit

https://www.hpcwire.com/2017/06/05/darpa-picks-intel-qualcomm-pnnl-2-others-tackle-hive-project/
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SHARP Team
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NVIDIA
 NVAIL program partnership

https://news.developer.nvidia.com/graph-technology-leaders-combine-forces-to-advance-graph-analytics/
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Graph processing
 Graph Data Structure: Entity and Relationship representation of data
 Graph Format: Dense/Sparse, COO/CSR/… for sparse graphs
 Graph Application: BFS, DFS, PageRank, SSSP, Triangle Counting, etc.
 Graph System: 1) Architecture: CPU(s), GPU(s), Hybrid (CPUs and GPUs)

2) Memory: Shared/Distributed
 Graph Framework: cuStinger, Hornet, Gunrock, Ligra, AIM, etc.
 Graph Libraries: GraphBLAS, cuGraph (CUSP, SPMV), etc.
 Graph Challenges: Scalability, Irregularity, Distributed/Parallel approaches
 Graph Challenges on GPUs: Load balancing, Memory footprint
 Graph Types: Real-world graphs, Synthetic graphs such as RMAT, Kronecker

graphs 
 Graph Programming Models: BLAS, Vertex/Edge Centric, Gather-Scatter 

(GAS) model
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Performance
 Performance factors

1) Applications & Graph data characteristics
2) Hardware choice
3) Data structure                                           
4) Programming model
5) Optimization / Parallelization / Synchronization
6) Algorithm implementation

 Graph Benchmarks: Graph500 – BFS, SSSP, PageRank, 
Connected Components, Betweenness Centrality, Triangle 
Counting and extra. 

 Graph Performance Metrics: FLOPS(LINPACK), 
GTEPS(Graph500), Watt(Energy)
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Dynamic Graph Examples
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 Only a subset of the entire Dynamic:
• At time 𝑡𝑡:

• 𝑣𝑣 and 𝑤𝑤 become friends.
• 𝑖𝑖𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑡𝑡_𝑛𝑛𝑒𝑒𝑒𝑒𝑛𝑛 (𝑣𝑣,𝑤𝑤)

• At time �̂�𝑡:
• 𝑢𝑢 and 𝑣𝑣 no longer friends
• d𝑛𝑛𝑒𝑒𝑛𝑛𝑡𝑡𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑢𝑢,𝑣𝑣

 Additional operations include vertex 
insertions & deletions

Oded Green, GTC-DC-17

𝑣𝑣
𝑢𝑢

𝑤𝑤
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Hornet
 A flexible data structure to support static / dynamic graphs
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Oded Green, GTC-DC-17
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GPU Graph Frameworks Comparison
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Graph_name vertex edges(directed) edges(undirected) highest_degree root iteration node_visited edge_visited Gunrock Hornet cuSPARSE

delaunay_n13 8192 49094 98188 12 3976 41 8192 49094 3.619909 8.4 27.8426
ak2010 45,292 217,098 434196 430 35989 46 43281 204182 6.5081 9.5 58.4386

coAuthorsDBLP 299,067 1,955,352 3910704 336 4344 14 299067 1955352 2.6989 4.6 77.2696

belgium_osm 1,441,295 3,099,940 6199880 10 120988 1304 1441295 3099940 119.1669 143.1 5487.33

cit-Patents 3,774,768 16,518,948 33037896 793 2514765 17 3764117 33023480 14.859915 13.9 610.242

Soc-LiveJournal1 4,847,571 68,993,773 137987546 20333 10009 13 4843953 85691368 23.200989 15.5 3007.42

kron_g500-logn21 2,097,152 182,084,020 364168040 213904 1930586 5 1543901 182081678 61.538935 21.8 5782.38

soc-twitter-2010 21297772 265,025,545 530051090 698112 10119000 15 21297772 530051090 135.9649 74.9 35616.9

uk2002 18,520,486 298,113,762 596227524 2449 15353974 40 17994090 284157721 28.498888 34.6 4454.43
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BFS implementation & Verification
(1) Hornet Implementation

- Running the same algorithm in CPU and compare the result to results on GPU

(2) Gunrock Implementation

- Removing the cycles in the beginning

- The difference of precedents’ label value connected with an edge in the BFS tree should be exactly 1 

**Graph 500 suggestions

- Remove cycles first and the BFS levels should differ by exactly one

(3) cuSPARSE

- Test with small contrived matrix: all elements in vector after each SpMV computation

- GraphBLAS(a set of mathematical operations for graph algorithm) representation of BFS
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BFS
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Dynamic PageRank Algorithm
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Dynamic PageRank Performance
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Future
 New applications discovery
 ML + Graph algorithms (GraphSAGE, GraphSAINT…)
 Extreamely large scale graphs (c.f. Graph500)
 New programming models for the new graph 

processors
 Hardware/Software co-design
 Accelerators (GPU, FPGA, etc)
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