Trends of Network Topology
on Supercomputers

Michihiro Koibuchi
National Institute of Informatics, Japan
2018/11/27



-rom Graph Golf to Real
nterconnection Networks

« Case 2: Supercomputer’s
Networks

16-Core!Tile Architecture |

0?2



General Graph Category



Case 1: (On-chip) Network

opology
e Intel Xeon Knights Landing (KNL)
« 72 core, switch degree 4 — 72 vertices, 4 degrees
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https://www.alcf.anl.gov/files/HC27.25.710-Knights-Landing-Sodani-Intel.pdf o4



No More Regularity Tor real on-
chip networks

 Moderate long cables
« Enabled by recent technologies
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« 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) e



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

No.8 ranked in top500.org (Nov 2017) D I SCOVE ry l
Haruishi’'s graph
Dragonfly + Aries interconnect. m | N | m |Ze S N etWO I k

e« 1 compute blades = 1 aries switch = 4 compute nodes -

» 1 cabinet = 3 chassis = 48 compute blades d | a M eter (3)
# 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

. . . . Rank 3
6 chassis with copper cables: 5 links/switch Network
« Active optical cables interconnect groups:10 links/switch Active Optica
. X 5 ‘ etworl
Degree 30 but each switch has 48 ports (for 12 cores?) Passive Hundreds of
— Rank 1 Electrical Cabinets
w Network Netwolrk Up to 10s of
o 16 Compute 2 Cabinets thousands of
Compute Blades 6 Chassis nodes
Blade No Cables 384 Compute
4 Compute g4 compute Nodes
Nodes Nodes

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

Cray XC40*, Aries interconnect (Dragonfly topology)
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4 nodes ‘k /J
connected to 16 Aries routers
each Aries connected by
router chassis backplane

Figure 8: Structure of a Cray XC system’s electrical group. Each row represents the 16 Aries in a chassis with
four nodes attached to each and connected by the chassis backplane. Each column represents a blade in one
of the six chassis per two-cabinet group, connected by copper cables.

https://www.cray.com/sites/default/files/resources/CrayX CNetwork.pdf o7



The other top-10 supercomputers

Rank System

1 Sunway TaihuLight - Sunway MPP, Sunway SW26010 260C
1.45GHz, Supwav NRCPC
National §
China

2 Tianhe-2
12C 2.200
National Super Coaa

Piz Daint - Cray XC50, Xeon E5-2690v3 12C 2.6GHz, Aries
interconnect , NVIDIA Tesla P100, Cray Inc.

Swiss National Supercomputing Centre (CSCS)
Switzerland

4 Gyoukou - ZettaScaler-2.2 HPC system, Xeon D-1571 16C 1.3GHz,
Infiniband EDR, PEZY-SC2 700Mhz , ExaScaler
Japan Agency for Marine-Earth Science and Technology
Japan

5 Titan - Cray XK7, Opteron 6274 16C 2.200GHz, Cray Gemini
interconnect, NVIDIA K20x , Cray Inc.
DOE/SC/Oak Ridge National Laboratory
6 Sequoia - BlueGene/Q, Power BQC 16C 1.60 GHz, Custom , IBM
DOE/NNSA/LLNL
United States

Trinity - Cray XC40, Intel Xeon Phi 7250 68C 1.4GHz, Aries
interconnect, Cray Inc.

DOE/NNSA/LANL/SNL

United States

Cori - Cray XC40, Intel Xeon Phi 7250 68C 1.4GHz, Aries
interconnect, Cray Inc.

DOE/SC/LBNL/NERSC

United States

9 Oakforest-PACS - PRIMERGY CX1640 M1, Intel Xeon Phi 7250 68C
1.4GHz, Intel Omni-Path , Fujitsu
Joint Center for Advanced High Performance Computing
Japan

10 K computer, SPARCé4 VIIIfx 2.0GHz, Tofu interconnect , Fujitsu
RIKEN Advanced Institute for Computational Science [AICS]
Japan

Cores

10,649,600

GraphGolf 2018

361,760

19,860,000

560,640

1,572,864

979,968

622,336

556,104

705,024

Rmax
(TFlop/s)

93,014.6

problem

19.590.0

19,135.8

17,590.0

17.173.2

14,137.3

14,014.7

13,554.6

10,510.0

Rpeak
(TFlop/s] (kW]

Power

125,435.9 15,371

25,3263 2,272

28,192.0 1,350

27,1125 8,209

20,132.7 7.890

43,902.6 3,844

27,880.7 3,939

24,9135 2,719

11,280.4 12,660

40,256,4-radix switches? a bit complex for graphgolf
GraphGolf2017: (4896,24) (Order,degree)

The detail of the network is not opened

GraphGolf2017: (9344,10)

GraphGolf2017: (98304,10)

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

GraphGolf2017: (88128,12)

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



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

Rank 3. Piz Daint — Cray XC40/XCh0, Aries

1726 switch, degree 30

Ref [1] Dropbox (KoibuchiLab)/NIl/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.

e« 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?)

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.
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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)/NIl/Docs/2016/1226-graphgolf-survey/Nguyen-survey/Cray XCNetwork.pdf

[2] http://www.lanl.sov/projects/trinity/specifications.php

[3] http://www.lanl.sov/projects/trinity/ assets/docs/trinity-overview-for-web.pdf

Dragonfly + Aries interconnect.

1 compute blades =1 aries switch = 4 compute

nodes
e 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
e Active optical cables interconnect groups:10

links/switch
» Degree 30 but each switch has 48 ports

Rank 3
Network

Active Optical

v ) Network
Chassis Passive Hundreds of
Rank 1 Electrical Cabinets
Network Netvvqu Up to 10s of
. 16 Compute 2 Cabinets thousands of
Compute Blades 6 Chassis nodes
No Cables 384 Compute
4 Compute g4 compute Nodes
Nodes
Metric Trinity
Node Architecture Haswell Partition KNL Partition
KNL + Haswell
Memory Capacity 2.11PB >1PB >1PB
Memory BW >6 PB/sec >1PB/s >1PB/s + >4PB/s
Peak FLOPS 42.2 PF 11.5 PF 30.7 PF
Number of Nodes 19,000+ >9,500 >9,500
Number of Cores >760,000 >190,000 >570,000

e10


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
Not applicable for graphgolf

Total peak performance 25 PFLOPS
Ref [1] https://www.ccs.tsukuba.ac.ip/wp- Total number of compute nodes 8,208
content/uploads/sites/14/2016/05/boku.pdf Compute Product Fujitsu Next-generation PRIMERGY server for HPC (under
node development)
Fat'tree Wlth (completely) fUII‘ Processor Next-generation of Intel® Xeon Phi™

(Code name: Knights Landing), >60 cores
bisection bandwidth Memory  High BW 16 GB, > 400 GB/sec (MVCDRAM, effective rate)

1 compute node = = Intel® Xeon Phi™ Low BW 96 GB, 115.2 GB/sec (DDR4-2400 x 6¢h, peak rate)
Processor 7250 (68 cores)

# of nodes/switches?
« 8208 nodes

« 362 switches (48 port)
Degree? 48

« 24 for nodes

o 24 for network
Diameter: 2 or 4

HEE AEE AR RN
ELERETTRVURLA N

Uplink: 24 . —_—
: ‘ ] . 362 o0f ,
2 cab l(eLSi npkel’ ink W\af\f 48 port Edge Swith
Jownlink: 24
Aggregation) 5] --- [4=] Compute Nodes 8208

— Kohta Nakashima(FujitsuLab.), CSA Keynote (15:15-16:00, 29 Nov)

ol]



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

Order/degree pairs (n, d) in GraphGolf 2018
® (72, 4) On-chip network on Xeon KNL processor
® (3019, 30), (4855, 30) Topl0 supercomputers

® (200000, 32), (200000, 64), (400000, 32)
Fxascale Supercomputers (to appear in 2020th)



Grid Graph Category

Intel 80-tile chip
10x8 2D Mesh
Chip is Rectangle!!

—

Order/degree/length
pairs (wxh, d, r) =
(4 X 161 47 4)7

(32x32,4,3/4/5),
(16 x64, 4,4/5/7),
(4x256,4,12/18/24)

Nol' Die Overview

https://pc.watch.impress.co.jp/docs/2007/0215/kaigai337_01.pdf
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Grid Graph Category’'s lower

bound-

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. IC¥>P 2016: 340-349
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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

Problem Rules Ranking Submit Events Q&A About

Graph Golf

° The Order/degree Problem Compet|t|on

e CANDAR'18
e CANDAR"17
e CANDAR'16

CANDAR'18 -
Update 2018-11-12

The 2018 Graph Golf Workshop will be held in conjunction with CANDAR'18 in
e FIT 2016 November 27, 2018, in Hida Takayama, Japan.

® NOCS 2016 There were 239 valid submissions for the 2018 competition. Among them we

e CANDAR'15 recognized five authors of four teams according to the final ranking. They are
invited to the workshop to receive the certificates and give technical talks on their
contributions.



https://www.nii.ac.jp/news/release/2018/1127.html
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Cal for Papers

—— Special Section on Parallel and Disiributed Computing and Networking ——

The IEICE Transacticns on Information and Systems annoumces that it will pobisha special section enfifled "Special Section on Parallsl and
Drismmitnutesd Comprating and MNetworkins" in Decamiber 2019,

The IEICE Trapsacions on Infmadon and amommees a forthcopmng Special Section on “Parallel and Dhsiributed Computing and
Networking™ @ be published i December 2019, T‘hﬂymdﬂ:sqnﬂﬂmupbhimimm;ngmnﬂn

i area of Parallel and Distitaied Conpusng and Metworkang, This sperial seciion will inchde papers based on the preseniaiion o
the Ifemational Symposim on Computing and Networong (CANDARE) and Infemational Conference on Field-Progammable Technology
(FPT1E) in addition to papers appiied & this call for papers. All sobenitted papers are sobjeciesd to the same review process a5 thiose papers accepied
for publication i the regular izsnes.

1. Scope
This special section xims at timshy dissemimation of research in thess aras. Possible topics mckode, Tt are not limsed fo;

a  Palel'distninted Alportms ad Applications (&g, High-performance computing, Inage processing and Computer graphics, Data
- X S Pt hased ; L

b Pamlel'disininged Systems and Architechmes (p.g, Paallsl processor archstectores, ClosterGnd sysiems, Mefwork and Storge
amchiteonres, Metworik-on-Chip, and High performence imteommect, Feconfizmble system]),

€. Disiningied Systems and Wetworking (& 5, Tbaguiions compuiing, PIP networks, and Wirsless networks and Mobile comprating),

d  Soffware and Techmologies for Pamallsl Tistihued Systeme (g 7, Openting systems, Middleware, Toals, Vinnalizaton, Parallsl

TN FEITeni ).
2. Submission Instructions
- A momsmpt shoukl b pepawd acoding o e gpodedme gven m “The Iofwmeton for  Authors”
(ki e e orpen e shiory makon). iss himl). We encoumge the muthors io use the IEICE Style File (hitp: wwnw ieice org fipindes-e himl).
The prefemed lengfh of the mamscript is 8 pages fora PAPER and 2 pages for a LETTER. with the format determined try the IEICE Style File.

— Sobmit the mamisoipt through the EICE Web site (hitpTeview isice orgregisiTegest bassinfo paspx). Choose ™[Special-PA]
haIHmiDﬁlittEdepmngaﬂHEt'utng" in the memy of * Tommal Section™ in the: sibmission page. Do not chisose: "TR.ezula-EL)

Infmation and oither sperial sechons.
—Anrhirs mst agres o qun,gln'hﬁhuﬂhp Charpe Apreement” via elecmomic submssion.

—Sobmizsion deadiine of the mamesoript is Fapoary 7, 2009 (Mo Exdension’).

Coniact
IMichibire Koibuchi, Information Systems Anchiteciure Research Divisicn,
Tel: +81-23-4212-2575, Fax +81-2-4212-2035, Email: pden2013Eni.ac.jp

Ikki Fujimarn [I‘DI}.Hmm Fulommoto (FUITTSU Lab.), Suge Ozawa (WEC), Hiroshi Inoue (IBM Japam),

Jm Eawahara (Wara Instifote of Soence and Technology), Hioshi Yamameto (Risomeikan University),

Yasuaki Ito (Hiroshima Uniw ), Eenji Eizs (Tokyo Tech), Temaki Fitazuka (Hiroshima Uiy,
Hironorn Makaj (Tokyo Univ. of Apnculbore and Technology), Yoshitaka Nakamuora (Fotore Univ. Hakodate]),

Takazhi Mivashi (FUIITSU Lab ), Yokinor Sate (Toyehashi University of Technoloesy), Eveta Shiora (Univ. of Tokvo,

http://www.leice.org/eng/s_issue/cfp/2019 12ED.pdf
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