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Introduction & Award ceremony
Keynote by Kohta Nakashima
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Introduction



Graph Golf

« Online competition for the order/degree problem

« Aims at
— Building a catalog of "best" graphs
— Sharing knowledge for creating small-diameter graphs
— Connecting graph-theoreticians and computer engineers

 Past workshops
— CANDAR '15, '16, '17, '18

— Intl. Symp. on Networks-on-Chip
(NOCS 2016)

— FIT 2016 (Japanese)

° NII NeWS Release (Japanese) inners of the 2015 competion
— https://www.nii.ac.jp/news/release/




Background

« Low-latency networks are desired in supercomputers
— 1us for 3M cores = 7 hops for 100k nodes
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« On-chip networks will soon face the same problem

s PR

https://www.extremetech.com/extreme/171678-intel-unveils-72-core-x86-knights-landing-cpu-for-exascale-supercomputing



Degree/Diameter Problem (DDP)

« Given a diameter k and a degree d, find a graph with
the largest order n.

— Known solutions are listed in the Combinatorics Wiki

http://combinatoricswiki.org/wiki/The_Degree_Diameter_Problem_for_General_Graphs

Table of the orders of the largest known graphs for the undirected degree diameter problem
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« Solutions given are not very useful for interconnects
— Because these orders don't fit hardware design



Moore Bound for DDP

® Given diameter k and degree d, the upper bound of the
ordern is

k k
Nd,k = Zni =1+ dZ(d — 1)i_1
[ i=1

1=0

® Example ford =3

Diam. k =

Order n,, = 1 3 6
UB Nd,k - 1 4 10




Order/Degree Problem (ODP)

« Given an order n and a degree d, find the graph with
the smallest diameter k.

— Among those with the same diameter, find the one with
the smallest ASPL L.

« Gives useful solutions to
design interconnects

— However, theoreticians are
not interested in ODP (why?)

Average Shortest Path Length
(O

3 - i Random
] — Lower bound

There can be better graphs 128 256 512 1024 2048 4096 8192
than the random graphs Number of nodes




Moore Bound for ODP
® The lower bound K,, ; of diameter k for order n and degree d

( n—1
[ > } ifd =2

[mgd_1 <(" _ lgd N 1)} ifd > 2
\

Kna = |

® The lower bound L,, ;4 of ASPL [ for order n and degree d

i=1 =1 .

1 ifKTl,d = 1
Lna = %24 id(d — 1D + Ky g (n— 1= 2% d(d - DY)

n—1

® ASPLgapp




ODP on Grid Graphs

« Given a degree d, find the graph with the smallest
diameter k on a w X h grid, while keeping the
lengths of each edge < r in a Manhattan distance
— Exampleew X h=4x%x3,d=2, r =2

« Either the Moore Bound or the edge length limitation
dominates the diameter



Award Rules =

Widest

Improvement Award

Deepest

Improvement Award

Who find the largest number of ~ ® Who achieve the smallest ASPL
"best” solutions gap over all the order/degree

The best solution means a graph pairs
with the smallest diameter, and

with the smallest ASPL among

those with the same diameter,

for each order/degree pair.

http://freedesignfile.com/9420-trophy-cup-and-medals-vector-set-05



2019 Problems & Rankings



The 2019 Problems

® General Graph Category ® Grid Graph Category
50 4 For practice 5%5 4 2 For practice
512 4 Memory cube 5%15 4 3 For practice
512 6 Memory cube 10x10 4 2 Balanced
1024 4 Memory cube 10x10 6 3 Balanced
1726 30 Piz Daint 10x10 8 4 Balanced
4855 15 Trinity 20x20 4 2 4x
9344 6 Titan 20x20 6 3 4X
65536 6 BluleGene/L 20x20 8 4 4x
100000 8 Exascale roadmap 100x100 4 2 100X
1000000 16 Exascale roadmap 100x100 6 3 100X
1000000 32 Exascale roadmap 100x100 8 4 100x



Widest Improvement Rankings o

® General Graph

Rank | Authors_______| #Best solutions

1 Hajime Terao
2 Team RK 4
3 Teruaki Kitasuka 3
4 EvbCFfp1XB 1
4 Tomas Rokicki 1
® Grid Graph
m #Best solutions
Team RK
2 EvbCFfp1XB 1

2 Teruaki Kitasuka 1



Deepest Improvement Rankings =

® General Graph

Rank | Authors | ____ASPLgap ___

T Hajime Terao 0.01833711186121878
2  Team RK 0.02641878669275943
3  Tomas Rokicki 0.04897959183673484
3  EvbCFfp1XB 0.04897959183673484
5  Teruaki Kitasuka 0.10990648883547927
® Grid Graph
IE!E! ASPL gap

Team RK 0.009495549603009579

2 Teruaki Kitasuka 0.053333333336666566

2  EvbCFfp1XB 0.053333333336666566



Remarkable Achievements

« Diameter gap = 0 is acheieved at all the featured grid

graphs and 4 general graphes:

512
1726
4855

1000000

30
15
16

O M~ W O

4.77054794520548
2.47920667707861
3.40842317610371
5.35418235418235

0.17172211350294
0.01833711186122
0.10990648883548
0.28402328402328

Team RK
Hajime Terao
Teruaki Kitasuka
Teruaki Kitasuka

where the random graph's diameter > 0

« Tomas Rokicki submitted 1,217 non-featred graphs!
— Generated by hill-climbing method



Award Ceremony



General Graph Widest anc

eepest Improvement Award

Hajime Terao

The University of
Electro-Communications

18



Grid Graph Widest anc

eepest Improvement Award

Team RK
Masahiro Nakao™

Maaki Sakai™
Yoshiko Hanada™

“RIKEN R-CCS
“ Kansai University




Congratulations!!

Graph Golf 2019
Organizing Committee



