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From Graph Golf to Real 
Interconnection Networks 

• Case 1: On-chip Networks

• Case 2: Supercomputer’s 
Networks
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General Graph Category
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Case 1: (On-chip) Network 
Topology
• Intel Xeon Knights Landing (KNL) 

• 72 core, switch degree 4 → 72 vertices, 4 degrees

https://www.alcf.anl.gov/files/HC27.25.710-Knights-Landing-Sodani-Intel.pdf

1 title (vertices) = 2 cores

Discovery!

Dr. Nakao’s Ideal Graph
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No More Regularity for real on-
chip networks

• Moderate long cables
• Enabled by recent technologies

• T. Krishna, et. al, Smart: Single-Cycle Multihop Traversals over a Shared Network on Chip, IEEE Micro 34(3): 
43-56 (2014)

• R. Yasudo, et al, Scalable Networks-on-Chip with Elastic Links Demarcated by Decentralized Routers. IEEE 
Trans. Computers 66(4): 702-716 (2017)

• Routing Implementation
• Source routing / Routing Table at each switch

• When considering faulty node, irregularity will appear in 
regular topologies (fat tree, tori) 5



Case 2: Supecomputer’s network
Cori – Cray XC40, Aries: 3019 switches, 30 degrees

No.8 ranked in top500.org (Nov 2017)

[1] http://www.nersc.gov/users/computational-systems/cori/configuration/

Dragonfly + Aries interconnect.
• 1 compute blades = 1 aries switch = 4 compute nodes
• 1 cabinet = 3 chassis = 48 compute blades
# of nodes/switches
• 1 Haswell node = 2 Xeon™ Processor E5-2698 v3 (16-core)
• 1 KLN node = Intel® Xeon Phi™ Processor 7250 (68 cores)
• 14 Haswell cabinets  2388 compute node[1]
• 54 KLN cabinets  9688 compute node [1]
Degree 30
• 6 aries with fully connected: 15 links/switch
• 6 chassis with copper cables: 5 links/switch
• Active optical cables interconnect groups:10 links/switch
• Degree 30 but each switch has 48 ports (for 12 cores?)

Discovery!
Haruishi’s graph 
minimizes network 
diameter (3)
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http://www.nersc.gov/users/computational-systems/cori/configuration/


Cray XC40*, Aries interconnect (Dragonfly topology) 

7https://www.cray.com/sites/default/files/resources/CrayXCNetwork.pdf



https://www.top500.org/lists/2017/11/

384-pt sw + 48-pt sw: a bit complex for graphgolf

GraphGolf2017: (4896,24) (Order,degree)

GraphGolf2017: (9344,10)

GraphGolf2017: (98304,10)

GraphGolf2017: (88128,12)

40,256,4-radix switches? a bit complex for graphgolf

The detail of the network is not opened

The other top-10 supercomputers 

GraphGolf 2018 problem

https://www.top500.org/lists/2017/11/


Rank 3. Piz Daint – Cray XC40/XC50, Aries
1726 switch, degree 30 

Upgrade history [2]
+ November 2013: Upgrade to a hybrid architecture 
and extension from 12 to 28 cabinets.
+ November 2016: Update of processors (CPU) and 
accelerators (GPU) and combination with the Piz 
Dora supercomputer > Cray XC40/XC50.
Network
The system has Aries routing and communications 
ASIC, with Dragonfly network topology.

Ref [1] Dropbox (KoibuchiLab)/NII/Docs/2016/1226-graphgolf-survey/Nguyen-survey/Cray_XCNetwork.pdf 
[2] https://www.cscs.ch/computers/piz-daint/
[3] https://www.cscs.ch/computers/dismissed/piz-daint-piz-dora/
[4] cray-xc50-Product-Brief.pdf

Dragonfly + Aries interconnect.
• 1 compute blades = 1 aries switch = 4 compute nodes
• 1 cabinet = 3 chassis (16 blade/chasis, 1blade=1aries) = 

48 compute blades
# of nodes/switches?
• 1 XC50 node = Xeon E5-2690v3 CPU (12 cores) + NVIDIA® 

Tesla® P100 [2]
• Past: Xeon® E5-2670 8 core+ NVIDIA® Tesla® K20X [3]
• 5320 compute nodes [2] ~ 28 cabinet = 1344 switches

• 1 XC40 node = 2 Intel® Xeon® E5-2695 (36 cores)
• 1431 compute nodes [2] ~ 8 cabinet = 382 switches.

Degree? 30 
• 6 aries with fully connected: 15 links/switch
• 6 chassis with copper cables: 5 links/switch
• Active optical cables interconnect groups:10 links/switch

• 10 global links
• Degree 30 but each switch has 48 ports [4] (for 12 cores?)
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https://www.cscs.ch/computers/piz-daint/
https://www.cscs.ch/computers/dismissed/piz-daint-piz-dora/


Rank 7 Trinity system: 4855 switches, degree 30

Ref [1] Dropbox (KoibuchiLab)/NII/Docs/2016/1226-graphgolf-survey/Nguyen-survey/Cray_XCNetwork.pdf 
[2] http://www.lanl.gov/projects/trinity/specifications.php
[3] http://www.lanl.gov/projects/trinity/_assets/docs/trinity-overview-for-web.pdf

Dragonfly + Aries interconnect.
• 1 compute blades = 1 aries switch = 4 compute 

nodes
• 1 cabinet = 3 chassis = 48 compute blades

# of nodes/switches
• 1 KLN node = Intel® Xeon Phi™ Processor 7250 (68 

cores)
• Pass: 1 Haswell node = 2 Xeon™ Processor E5-

2698 v3 (16-core)
• 19,420 nodes [2]

Degree? 30
• 6 aries with fully connected: 15 links/switch
• 6 chassis with copper cables: 5 links/switch
• Active optical cables interconnect groups:10 

links/switch
• Degree 30 but each switch has 48 ports 
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http://www.lanl.gov/projects/trinity/specifications.php
http://www.lanl.gov/projects/trinity/_assets/docs/trinity-overview-for-web.pdf


Rank. 9 Oakforest-PACS:12 384-port sw +342 12-port sw

Fat-tree with (completely) full-
bisection bandwidth
1 compute node = = Intel® Xeon Phi™ 
Processor 7250 (68 cores)

# of nodes/switches?
• 8208 nodes
• 362 switches (48 port)

Degree? 48
• 24 for nodes
• 24 for network
Diameter: 2 or 4

Ref [1] https://www.ccs.tsukuba.ac.jp/wp-
content/uploads/sites/14/2016/05/boku.pdf

2 cables per link 
(Link 

Aggregation)

Not applicable for graphgolf
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→ Kohta Nakashima(FujitsuLab.), CSA Keynote (15:15-16:00, 29 Nov)

https://www.ccs.tsukuba.ac.jp/wp-content/uploads/sites/14/2016/05/boku.pdf


Summary for General Graph Category 

Order/degree pairs (n, d) in GraphGolf 2018

 (72, 4) On-chip network on Xeon KNL processor

 (3019, 30), (4855, 30) Top10 supercomputers

 (200000, 32), (200000, 64), (400000, 32)  
Exascale Supercomputers (to appear in 2020th)
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Grid Graph Category 
Intel 80-tile chip

10x8 2D Mesh

Chip is Rectangle!!

Order/degree/length 

pairs (w×h, d, r) = 

(4×16, 4, 4), 

(32×32, 4, 3/4/5), 

(16×64, 4, 4/5/7), 

(4×256, 4, 12/18/24) https://pc.watch.impress.co.jp/docs/2007/0215/kaigai337_01.pdf
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Grid Graph Category’s lower 
bound*1
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no. Grid Size degree length BOTH MOORE DIST comment

0 4x16  4 4 3.063492 2.857143 2.5625 balanced

1 32x32 4 3 7.68564 5.300098 7.444892 DIST dominant

1 32x32 4 4 6.289643 5.300098 5.708944 balanced

1 32x32 4 5 5.681585 5.300098 4.667495 MOORE dominant

2 16x16 4 4 7.492932 5.300098 7.042278 DIST dominant

2 16x16 4 5 6.498805 5.300098 5.734127 balanced

2 16x16 4 7 5.635291 5.300098 4.239297 MOORE dominant

3 4x256 4 12 8.306379 5.300098 7.685427 DIST dominant

3 4x256 4 18 6.42249 5.300098 5.295615 Balanced

3 4x256 4 24 5.708368 5.300098 4.102891 MOORE dominant

*1 K. Nakano et. al, Randomly Optimized Grid Graph for Low-Latency 
Interconnection Networks. ICPP 2016: 340-349

https://dblp.uni-trier.de/db/conf/icpp/icpp2016.html#NakanoTFMFK16


Summary 

• Graph golf is filling the gap between theory 
and real products of supercomputers

• All the materials are available from
• http://research.nii.ac.jp/graphgolf/events.html
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https://www.nii.ac.jp/news/release/2018/1127.html



17

http://www.ieice.org/eng/s_issue/cfp/2019_12ED.pdf


