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% System Interconnects

SATLA1E [1]

2011 2015 2019

System Size

Sockets 32,768 32,768 32,768

Ao 0 o1 250

N ' ' A W FHEEIEE: 100nF8/sw
NIC B/W (B/F) 0.01-0.1 IJ \/Qﬁﬂﬁﬁ : Snifg‘/m
Link B/W (BIF) 0.01-0.1 >

v

(M vsgis) ' T> FREEBXA Y FEH
Load/Store O) ‘ﬁu ‘;II:JE
(M Msg/s)
Il::fe(zg;o(.:s) 0 .

() {K7Rw T#73
AW FREINW

[1] K. Scott Hemmert et al: "Report on Institute for Advanced Architectures and Algorithms, Interconnection
Networks Workshop 2008", http://ft.ornl.gov/doku/ media/iaaicw/iaa-ic-2008-workshop-report-v09.pdf.
[2] J. Tomkins: "Interconnects: A Buyers Point of View", ACS Workshop, 2007.
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- Top500, Jun 2014 [3]

=YV =22 v W(E3) Nw kRO

1 XK= (FRE) Fat tree
2 AL (77 A7) Torus

3 177 (77 AUN) Torus

4 R (BR) Torus

5 =5 (AU Torus

6 Piz Daint (AT X) Dragonfly
7 Stampede (77 XY 1) Fat tree
8 JUQUEEN (F-1Y) Torus

9 Vulcan (7 AU ) Torus
10 GERFR) (7AUA) | Dragonfly

[3] top500.0rg, http://www.top500.0rg/lists/2014/06/.
[4] J. Kim, W. J. Dally, S. Scott and D. Abts: “Technology-Driven, Highly-Scalable Dragonfly Topology"”, ISCA'08.
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[5] Graph Golf, http://research.nii.ac.jp/graphgolf/
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Home Problem Solutions Submit Event Q&A About

Find a graph that has smallest diameter & average shortest path length given an order and a degree.

News Best solutions
Update 2015-12-10

2015-12-10: Announced the final

Order n
rankings for the 2015 Degree
competition! d 16 64 256 4096 10000
® 2015-10-16: Submission closed! 3 3/2.200 5/3.770 8/5.636 13/9.787 15/11.111
Finalists will be notified by 0.000% 0.211% 0.861% 2.928% 3.122%
2015-10-20
q 3/1.750 4/2.869 6/4.134 9/6.753 10/7.601
O BUISHIBAIR AR AT 0.962%? 0.417% 1.065% 4.373% 3.480%
solutions! This is the final update
before the deadline S o 2/1.746 3/2.093 4/3.253 573.625
o 2015-00-28: Added 3 new 0.000% 8.020%? 8.716% 1.060%
solutions! 23 N/A 2/1.635 2/1.910 4/2.886 4/3.200
® 2015-09-21: Added 5 new 0.000%' 0.000% 0.731% 8.675%
solutions!
2/1.048 2/1.765 3/2.295 3/2.650
¢ 2015-09-14: Added 4 new e N/A 0.000%' 0.000%' 8.975% 0.615%
solutions!
2/1.749 3/2.242
 2015-09-07: Added 6 new 64 N/A N/A ; , BYaEk
. 0.000% 12.994% 1.005%
solutions!
e 2015-08-31: Added 8 new erena! Diameter / Average shortest path length (ASPL)
solutions! Gap from the lower bound of ASPL (%)

2015-08-24: Added 7 new Notes: 1. Arandom graph is optimal. Submissions with this size will not be awarded.
solutions! : 2. There are no graphs with this size that satisfy the lower bound of diameter and ASPL [Erdds 1980].

201 STOEH 7: Added 17 new Show complete list
solutions!

2015-08-10: Added 12 new
solutions! Motivation
A

[5] Graph Golf, http://research.nii.ac.jp/graphgolf/
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Home Problem Solutions Submit Event Q&A About

Find a graph that has smallest diameter & average shortest path length given an order and a degree.

News Best solkl J— h’;‘;& (7\4“J9:’;'§5Z) e

2015-12-10: Announced the final

Order n
rankings for the 2015 Degree
competition! d 16 64 256 4096 10000
® 2015-10-16: Submissiol 3 3/2.200 5/3.770 8/5.636 13/9.787 15711111
Finalists will be notified 0.000% 0.211% 0.861% 2.928% 3.122%
2015-10-20
q 3/1.750 4/2.869 6/4.134 9/6.753 10/7.601
® 2015-10-06: Added 2n 0.962%2 0.417% 1.065% 4.373% 3.480%
solutions! This is the fin, e
before the deadline S o 2/1.746 3/2.093 4/3.253 573.625
2
© 2015-00-28: Added 3 n 0.000% 8.020% 8.716% 1.060%
solutions! 23 N/A 2/1.635 2/1.910 4/2.886 4/3.200
® 2015-09-21: Added 5n 0.000%] 0.000% 0.731% 8.675%
solutions!
60 o 2/1.048 2/1.765 3/2.295 3/2.650
¢ 2015-09-14: Added 4n 0.000%' 0.000%' 8.975% 0.615%
solutions!
2/1.749 3/2.242
® 2015-09-07: Added 6 n 64 N/A N/A ; , 3/2610
. 0.000% 12.994% 1.005%
solutions!
e 2015-08-31: Added 8 new erena! Diameter / Average shortest path length (ASPL)
solutions! Gap from the lower bound of ASPL (%)

2015-08-24: Added 7 new Notes: 1. Arandom graph is optimal. Submissions with this size will not be awarded.
solutions! i 2. There are no graphs with this size that satisfy the lower bound of diameter and ASPL [Erdds 1980].

201 STOEH 7: Added 17 new Show complete list
solutions!

2015-08-10: Added 12 new
solutions! Motivation
A

[5] Graph Golf, http://research.nii.ac.jp/graphgolf/
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Home Problem Solutions Submit Event Q&A About

Find a graph that has smallest diameter & average shortest path length given an order and a degree.

News Best solkl J— h’;‘;& (7\4’ P 9:7‘51':&) 51210

2015-12-10: Announced the final

Order n
rankings for the 2015 Degree
competition! d 16 64 256 4096 10000
® 2015-10-16: Submissiol 3 3/2.200 5/3.770 8/5.636 13/9.787 15711111
Finalists will be notified 0.000% 0.211% 0.861% 2.928% 3.122%
2015-10-20
q 3/1.750 4/2.869 6/4.134 9/6.753 10/7.601
® 2015-10-06: Added 2n 0.962%2 0.417% 1.065% 4.373% 3.480%
solutions! This is the fin, e
before the deadline S o 2/1.746 3/2.093 4/3.253 573.625
2
© 2015-00-28: Added 3 n 0.000% 8.020% 8.716% 1.060%
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60 o 2/1.048 2/1.765 3/2.295 3/2.650
¢ 2015-09-14: Added 4n 0.000%' 0.000%' 8.975% 0.615%
solutions!
2/1.749 3/2.242
® 2015-09-07: Added 6 n 64 N/A N/A ; , 3/2610
. 0.000% 12.994% 1.005%
solutions!
e 2015-08-31: Added 8 new erena! Diameter / Average shortest path length (ASPL)
solutions! Gap from the lower bound of ASPL (%)

2015-08-24: Added 7 new Notes: 1. Arandom graph is optimal. Submissions with this size will not be awarded.
solutions! i 2. There are no graphs with this size that satisfy the lower bound of diameter and ASPL [Erdds 1980].

201 STOEH 7: Added 17 new Show complete list
solutions!

2015-08-10: Added 12 new
solutions! Motivation
A

[5] Graph Golf, http://research.nii.ac.jp/graphgolf/



J¥ RO [5]

NIZARRY

CJEH ™~
=

=N

| &

R3RI

)

X
2

*
L5

9:

v

J— R (XA

56

64

5

p/graphgolf/

.nii.ac,j

//research

[5] Graph Golf, http



ERICEDEBESNEERYIE RO [5]

J—RE (R1wvTFE)

256

oy
|4
£
(BEXND)
De bruijn 5 IXRX—X
2 ,
~— |16 :
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[6] M. Koibuchi, H. Matsutani, H. Amano, D. F. Hsu and H. Casanova: "A Case for Random Shortcut Topologies
for HPC Interconnects"”, ISCA'12.
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[6] M. Koibuchi, H. Matsutani, H. Amano, D. F. Hsu and H. Casanova: "A Case for Random Shortcut Topologies

for HPC Interconnects", ISCA'12.
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[6] M. Koibuchi, H. Matsutani, H. Amano, D. F. Hsu and H. Casanova: "A Case for Random Shortcut Topologies
for HPC Interconnects"”, ISCA'12.
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[7] M. Koibuchi, I. Fujiwara, H. Matsutani and H. Casanova: “Layout-conscious Random Topologies for HPC
Off-chip In-terconnects"”, HPCA'13.
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[7] M. Koibuchi, I. Fujiwara, H. Matsutani and H. Casanova: “Layout-conscious Random Topologies for HPC
Off-chip In-terconnects"”, HPCA'13.
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[7] M. Koibuchi, I. Fujiwara, H. Matsutani and H. Casanova: “Layout-conscious Random Topologies for HPC
Off-chip In-terconnects"”, HPCA'13.
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[7] M. Koibuchi, I. Fujiwara, H. Matsutani and H. Casanova: “Layout-conscious Random Topologies for HPC
Off-chip In-terconnects"”, HPCA'13.
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[8]L.J. Cowen: "Compact Routing with Minimum Stretch”, SODA'99.
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S 1: 7w J'EL

- J—R#UN = 64, 256, 1024
-FCiREFIFR r=2, 3,4

IRE d = 4

-3’75/ — RODLERERY T%2 = 10

- FBRT> FU—2%8
- N =64: # of entries = 16; 128 bit/router (N log d = 128)
- N = 256: # of entries = 25; 250 bit/router (N log d = 512)
- N=1024: # of entries = 85; 850 bit/router (N log d = 2048)
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(o)
120% - N = 64: 128 bit/router

ol 100% W ASPL (Nlog d = 128)
2 g0y | M Diam - N = 256: 250 bit/router
1B Nlogd =512
= 60% (N log ).
5|\ - N=1024: 850 bit/router
N 40% (N log d = 2048)
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ASPLODE(LE, DiameterDE(LER,
stretch factor (RHZFIE CODRY I EHEB(ERDERK)

- B LERT> MU -2

0,
120% - N = 64: 128 bit/router

y 100% | mWASPL (N log d = 128)
= 80% | M Diam - N = 256: 250 bit/router
ﬂ;‘g 0% (N log d = 512)
ﬂl‘\ - N=1024: 850 bit/router
N 40% I[ (N log d = 2048)
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- B LERT> MU -2

120% - N = 64: 128 bit/router
y 100% | WASPL (N log d = 128)
2 80% B Diam - N = 256: 250 bit/router
fH 0% (Nlogd = 512)
3}3 ’ - N=1024: 850 bit/router
N 40% 11% (N log d = 2048)
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25
. - N = 256 nodes
——Ave. —=—Max.

20 L ' > - max. link length = 8
2 15 | - =)L A BN K DEE
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« 10 | - TASBHEA DM
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16 32 48 64 80 96 112 128 144
# of table entries
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25

20

# of hops

—o—Ave. - Max.

32 48 64 80 96 112 128 144
# of table entries

- N = 256 nodes
- max. link length = 8
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