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TopS500 List of Supercomputers
H. Meuer, H. Simon, E. Strohmaier, & JD

- Listing of the 500 most powertul

Computers 1n the World

- Yardstick: Rmax from LINPACK MPP

Ax= b, dense problem

- Updated twice a year

Rate

TPP performance

Size

SC*xy 1n the States in November
Meeting in Germany 1n June

. - All data available from www.top500.org



e

< Performance Development
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“" Emerging Computer Architectures

* Are needed by applications

» Applications are given (as function of time)
» Architectures are given (as function of time)

» Algorithms and software must be adapted or
created to bridge to computer architectures
for the sake of the complex applications



- Gigascale Laptop: Uninode-Multicore /

(Your iPhone and iPad are Mflop/s devices)
 Terascale Deskside: Multinode-Multicore

 Petacale Center: Multinode-Multicore
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- Example of typical parallel machine
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Example of typical parallel machine
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Example of typical parallel machine
Shared memory programming between processes on a board and
a combination of shared memory and distributed memory programming
between nodes and cabinets
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Example of typical parallel machine

Combination of shared memory and distributed memory programming

Chip/%écket — GPU ... | Chip/Socket ™ GPU Chip/Socket — GPU
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“June 2011: The TOP10

Rank Site Computer Country Cores [,,,2 ﬁ::;] lfe:}:

RIKEN Advanced Inst | K Computer Fujitsu SPARC64

! for Comp Sci VIIIfx + custom Japan 548,352 8.16 =
Nat. SuperComputer Tianhe-1A, NUDT

2 Center in Tianjin Intel + Nvidia GPU + custom LRl =

DOE / Os Jaguar, Cray

& Oak Ridge Nat Lab AMD + custom Led = R =
Nat. Supercomputer Nebulea, Dawning

& Center in Shenzhen Intel + Nvidia 6PU + IB HEREnl der =
GSIC Center, Tokyo Tusbame 2.0, HP

= Institute of Technology, Intel + Nvidia GPU + IB Japan VR Lol 2

DOE / NNSA Cielo, Cray

6 LANL & SNL AMD + custom usa |14z2272 1.11 | 81
NASA Ames Research Plelades SGI Altix ICE

7 Center/NAS 8200EX/8400EX + I8 A e e B

2l e Hopper, Cray
8 | Lawrence LB:gkeley Nat AMD + custom UsSA 153,408, 1.054 82
Commissariat a
9 | I'Energie Atomique e b 138,368 1.050 | 84
(CEA)
10 DOE / NNSA Roadrunner, IBM USA 122,400 1.04 76

Los Alamos Nat Lab

AMD + Cell GPU + IB
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o June 2011: The TOP10

| Rank Site Computer Country Cores | Rmax | % of | Power GFlops/

[Pflops] | Peak | [MW]| Watt

1 RIKEN Advanced Inst | K Computer Fujitsu SPARC64

for Comp Sci VIITfx + custom Japan 548,352 8.16 93 9.9 824
Nat. SuperComputer Tianhe-1A, NUDT
- Center in Tianjin Intel + Nvidia GPU + custom - 186,368 2.57 55 4.04 | 636
DOE / Os Jaguar, Cray
3 Oak R{dqe Nat qu - AMD < custom USA 224,162 17..76 | 75 7.0 251
Nat. \Sup: r. on  ter /| et 4 ta,) 0.9 )i ig 1 (o
4 | centeila I o Il UNSUa\SAY + 1U 70.0907\]-27 4| [AS2-%8 | 493
6SIC Ce mer, ‘I l(' J Tusbame z 0, HpP —y X 14~
[ns v ut) o Te ~ht > )y (e)\+/ N4 B/ EDN | B \_Tapd ] : = ?, ~ .19 2 d -, 8F )
- a y 4 V4 A 4 L 2 7 A S Fw w ¥ 4 - _ V< 4 . 4R ‘| y 4 T
OOE / NNSA Cielo, Cray
6 LANL & SNL AMD + custom USA 142,272 1.11 81 3.98 279
NASA Ames Research Plelades SGI Altix ICE
4 Center/NAS 8200EX/8400EX + IB VoAl LT IO 1.09 s 85 [RUEEE
2l e Hopper, Cray
8 | Lawrence LB:gkeley Nat AMD + custom UsA 153,408, 1.054 82 | 2.91 362
Commissariat a
9 | I'Energie Atomigue UL, L) France 138,368 1.050 = 84 | 4.59 | 229
Intel + IB
(CEA)
DOE / NNSA Roadrunner, IBM
10 | o5 Alamos Nat Lab AMD + Cell GPU + IB USA |122,4000 1.04 | 76 | 2.35| 446

500 Energy Comp IBM Cluster, Intel + GigE China 7,104  .041 53
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K computer Specifications ﬁs FUJiTSU

& computer )
Cores/Node — Topology \4
Performance — Performance

(SPARC64 L C che - 32 2KE connect Additional

VIlifx) Cache 6MB feature
Power

Mem. bandwidth

Architecture

| eAGBIs. B e
Other parts
System

System Nodes/system

‘ ‘éys.tem'

LINPACK 10 PFlops

— over 1PB mem.
CPU [}][}] i : — 800 racks
128GFlops " o 80,000 CPUs
i e Rack ,
SPARCBE4™ VIlIfx H o T 323 TF) 640,000 cores
8 Cores@2.0GHz | System Board = ope
15TB memory
‘ 512 GFlops

Node 64 GB memory

128 GFlops

16GB Memory

64GB/s Memory band width ICG < Interconnect Ciup
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China’s Very Aggressive Deployment of HPC

Has 3 Pflops systems
» NUDT, Tianhe-1A, located in Tianjin _
Dual-Intel 6 core + Nvidia Fermi w =

/custom interconnect i e m ])))])j}]}ﬁ‘f‘”"f _
> Budget 600M RMB g W;: -
» MOST 200M RMB, Tianjin Government - .- 2 )@

400M RMB

» CIT, Dawning 6000, Nebulea,
located in Shenzhen

Dual-Intel 6 core + Nvidia Fermi w
/QDR Ifiniband
> Budget 600M RMB

> MOST 200M RMB, Shenzhen
Government 400M RMB

> Mole-8.5 Cluster/320x2 Intel QC
Xeon EH5520 2.26 Ghz + 320x6
Nvidia Tesla C2050/QDR Infiniband

Fourth one planned for Shandong




<= Tianhe-1A

Main configuration of TH-1A system

Q 7,168 compute nodes (YH-X5670-FEP)
a 2 six-core CPU and 1 GPU per node
a CPU: Xeon X5670 (Westmere) - . 1) 1
a Processor speed - 2.93GHz | | L MR
2 GPU: nVIDIA M2050 = ——
a Connected with CPU by PCI-E
a 32GB memory per node

2 2U height
[ 7168(nodes) X 2(CPU) X 2.93(GHz) X 6(Cores) X 4 }
=i + Total:
| 4,701,061 GFlops
7168(nodes) X 1(GPU) X 1.15(GHz)*448(CUDA Cores)

| =3.692PFlops
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Tianhe-1A

The interconnect on the Tianhe-1A

is a proprietary fat-tree.

The router and network interface
chips where designed by NUDT.

It has a bi-directional bandwidth
of 160 Gb/s, double that of QDR
infiniband, a latency for a node
hop of 1.57 microseconds, and an
aggregated bandwidth of 61 Tb

/sec.

On the MPI level, the bandwidth
and latency is 6.3GBps(one
direction)/9.3 GBps(bi- direction)
and 2.32us, respectively.

o First stage: 16 nodes connected by 16-port switching board

o Second stage: all parts connected to eleven 384-port
switches

0 High radix router ASIC: NRC
o Feature size : 90nm
o Die size: 17.16mm x 17.16mm
o Package : FC-PBGA
0 2577 pins
o Throughput of single NRC: 2.56Tbps

0 Network interface ASIC: NIC
o Same Feature size and package
o Die size : 10.76mm x 10.76mm
o 675 pins, PCI-E G2 16X

CLAFI X 7.7



< Countries Share

Absolute Counts

US: 251
China: 64
Germany: 31
UK: 28
Japan: 26
France: 25
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< 28 Supercomputers in the UK

Rmax
Computer Cores Tflop/s
24 University of Edinburgh Cray XE6 12-core 2.1 GHz 44376 279
65 |Atomic Weapons Establishment|Bullx B500 Cluster, Xeon X56xx 2.8Ghz, QDR Infiniband 12936 124
69 ECMWF Power 575, p6 4.7 GHz, Infiniband 8320 115
70 ECMWF Power 575, p6 4.7 GHz, Infiniband 8320 115
93 University of Edinburgh Cray XT4, 2.3 GHz 12288 95
154 University of Southampton [iDataPlex, Xeon QC 2.26 GHz, Ifband, Windows HPC2008 R2 8000 66
160 IT Service Provider Cluster Platform 4000 BL685c G7, Opteron 12C 2.2 Ghz, GigE 14556 65
186 IT Service Provider Cluster Platform 3000 BL460c G7, Xeon X5670 2.93 Ghz, GigE 9768 59
190 Computacenter (UK) LTD Cluster Platform 3000 BL460c G1, Xeon L5420 2.5 GHz, GigE 11280 58
191 Classified xSeries x3650 Cluster Xeon QC GT 2.66 GHz, Infiniband 6368 58
211 Classified BladeCenter HS22 Cluster, WM Xeon 6-core 2.66Ghz, Ifband 5880 55
212 Classified BladeCenter HS22 Cluster, WM Xeon 6-core 2.66Ghz, Ifband 5880 55
213 Classified BladeCenter HS22 Cluster, WM Xeon 6-core 2.66Ghz, Ifband 5880 55
228 IT Service Provider Cluster Platform 4000 BL685c G7, Opteron 12C 2.1 Ghz, GigE 12552 54
233 Financial Institution iDataPlex, Xeon X56xx 6C 2.66 GHz, GigE 9480 53
234 Financial Institution iDataPlex, Xeon X56xx 6C 2.66 GHz, GigE 9480 53
278 UK Meteorological Office Power 575, p6 4.7 GHz, Infiniband 3520 51
279 UK Meteorological Office Power 575, p6 4.7 GHz, Infiniband 3520 51
339 Computacenter (UK) LTD Cluster Platform 3000 BL460c, Xeon 54xx 3.0GHz, GigEthernet 7560 47
351 Asda Stores BladeCenter HS22 Cluster, WM Xeon 6-core 2.93Ghz, GigE 8352 47
365 Financial Services xSeries x3650M2 Cluster, Xeon QC E55xx 2.53 Ghz, GigE 8096 46
404 Financial Institution BladeCenter HS22 Cluster, Xeon QC GT 2.53 GHz, GigEthernet 7872 44
405 Financial Institution BladeCenter HS22 Cluster, Xeon QC GT 2.53 GHz, GigEthernet 7872 44
415 Bank XxSeries x3650M3, Xeon X56xx 2.93 GHz, GigE 7728 43
416 Bank xSeries x3650M3, Xeon X56xx 2.93 GHz, GigE 7728 43
482 IT Service Provider Cluster Platform 3000 BL460c G6, Xeon L5520 2.26 GHz, GigE 8568 40
484 IT Service Provider Cluster Platform 3000 BL460c G6, Xeon X5670 2.93 GHz, 10G 4392 40
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< 28 Supercomputers in the UK
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24 University of Edinburgh Cray XE6 12-core 2.1 GHz 44376 279
65 |Atomic Weapons Establishment|Bullx B500 Cluster, Xeon X56xx 2.8Ghz, QDR Infiniband 12936 124
69 ECMWF Power 575, p6 4.7 GHz, Infiniband 8320 115
70 ECMWF Power 575, p6 4.7 GHz, Infiniband 8320 115
93 University of Edinburgh Cray XT4, 2.3 GHz 12288 95
154 University of Southampton [iDataPlex, Xeon QC 2.26 GHz, Ifband, Windows HPC2008 R2 8000 66
160 IT Service Provider Cluster Platform 4000 BL685c G7, Opteron 12C 2.2 Ghz, GigE 14556 65
186 IT Service Provider Cluster Platform 3000 BL460c G7, Xeon X5670 2.93 Ghz, GigE 9768 59
190 Computacenter (UK) LTD Cluster Platform 3000 BL460c G1, Xeon L5420 2.5 GHz, GigE 11280 58
191 Classified xSeries x3650 Cluster Xeon QC GT 2.66 GHz, Infiniband 6368 58
211 Classified BladeCenter HS22 Cluster, WM Xeon 6-core 2.66Ghz, Ifband 5880 55
212 Classified BladeCenter HS22 Cluster, WM Xeon 6-core 2.66Ghz, Ifband 5880 55
213 Classified BladeCenter HS22 Cluster, WM Xeon 6-core 2.66Ghz, Ifband 5880 55
228 IT Service Provider Cluster Platform 4000 BL685c G7, Opteron 12C 2.1 Ghz, GigE 12552 54
233 Financial Institution iDataPlex, Xeon X56xx 6C 2.66 GHz, GigE 9480 53
234 Financial Institution iDataPlex, Xeon X56xx 6C 2.66 GHz, GigE 9480 53
278 UK Meteorological Office Power 575, p6 4.7 GHz, Infiniband 3520 51
279 UK Meteorological Office Power 575, p6 4.7 GHz, Infiniband 3520 51
339 Computacenter (UK) LTD Cluster Platform 3000 BL460c, Xeon 54xx 3.0GHz, GigEthernet 7560 47
351 Asda Stores BladeCenter HS22 Cluster, WM Xeon 6-core 2.93Ghz, GigE 8352 47
365 Financial Services xSeries x3650M2 Cluster, Xeon QC E55xx 2.53 Ghz, GigE 8096 46
404 Financial Institution BladeCenter HS22 Cluster, Xeon QC GT 2.53 GHz, GigEthernet 7872 44
405 Financial Institution BladeCenter HS22 Cluster, Xeon QC GT 2.53 GHz, GigEthernet 7872 44
415 Bank xSeries x3650M3, Xeon X56xx 2.93 GHz, GigE 7728 43
416 Bank xSeries x3650M3, Xeon X56xx 2.93 GHz, GigE 7728 43
482 IT Service Provider Cluster Platform 3000 BL460c G6, Xeon L5520 2.26 GHz, GigE 8568 40
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< Commodity plus Accelerator

Commodlty Accelerator (GPU)

iLJIZ Hc\vv/ Mﬁ@ﬂy of the

3GH 1.15 GHz
(

se GPUs?

Today only 19 systems on
the T@PS@@ US@ @PLS

terconnec
PCI-X 16 lan
64 Gb/s

1 GW/s

19



< Accelerators
25
20
£ 15 “ Clearspeed CSX60022
% M ATI GPU
A 10 M |BM PowerXCell 8i
H NVIDIA 2070
5 “INVIDIA 2050
6 US
0 | | 4 Germany
3 China
,\,QQb ,\96\ 3 Japan
1 Australia
1 Italy

1 Russia



Manufacturer

Computer

Country

Cores

RMax RPeak %

Accelerator

Interconnect
Famil

Universitaet Frankfurt

Clustervision/
Supermicro

Supermicro Cluster, QC Opteron 2.1
GHz, ATI Radeon GPU, Infiniband

Germany

16368

299300 508499

ATI GPU

Infiniband

429 Nagasaki University

Self-made

DEGIMA Cluster, Intel i5, ATI
Radeon GPU, Infiniband QDR

Japan

7920

42830 1111500.39

ATI GPU

Infiniband
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~ We Have Seen This Before

* Floating Point Systems FPS-164/MAX
Supercomputer (1976)

* Intel Math Co-processor (1980)
* Weitek Math Co-processor (1981)

===
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T‘h e lnt el:w A’iath C ()PI‘() C e SS ()r / There's one for every machine. !15 }‘{,\s'rg
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Balance Between Data Movement and
Floating point

* FPS-164 and VAX (1976)
= 11 Mflop/s; transfer rate 44 MB/s

= Ratio of flops to bytes of data movement:
1 flop per 4 bytes transferred

* Nvidia Fermi and PCI-X to host
= 500 Gflop/s; transfer rate 8 GB/s

= Ratio of flops to bytes of data movement:
62 flops per 1 byte transferred

* Flop/s are cheap, so are provisioned in
excess

23



« Linpack Efficiency
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< Linpack Efficiency
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“ Future Computer Systems

" Most likely be a hybrid design

» Think standard multicore chips and
accelerator (GPUs)

" Today accelerators are attached
" Next generation more integrated

" Intel's MIC architecture “"Knights Ferry” anc
"Knights Corner” to come.

> 48 x86 cores
AMD
" AMD's Fusion in 2012 - 2013

> Multicore with embedded graphics ATI

" Nvidia's Project Denver plans to develop @
an integrated chip using ARM “
architecture in 2013.

27




¢ 10+ Pflop/s Systems Planned 1n the
States

" DOE Funded, Titan at ORNL,
Based on Cray design with

accelerators, 20 Pflop/s, 2012

" DOE Funded, Sequoia at
Lawrence Livermore Nat. Lab,
Based on IBM's BG/Q,

20 Pflop/s, 2012

" DOE Funded, B6/Q at Argonne
National Lab, Based on
IBM's BG/Q,

10 Pflop/s, 2012

" NSF Funded, Blue Waters at
University of Illinois UC,
Based on IBM's Power 7 Proc,
10 Pflop/s, 2012
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< How to Count Cores?

]

(] ) O

<diffuseShader>:

 CPU Conventional Core Quad
(5]

ALU ] ALU
(Execute) | (Execute) |

mul r3, vo, cbo[0]

ALU madd r3, vi, cbe[1], r3 ' ‘
(Execute) madd r3, v2, cbe[2], r3

clmp r3, r3, 1(0.0), 1(1.0)

sample ro, v4, to, so

P
mov 03, 1(1.0) |
4 4
l ALU | ALU

(Execute) | (Execute)

One instruction stream per work-item @ [ ]

i

29



* In GPUs - Add ALUs

* SIMD Processing

* Amortize cost :
/complexity of [
managing an |

instruction stream
across many ALUs.

* NVIDIA refers to these " Shared Cix Data
ALUs as “CUDA 5

Cores” (also streaming
processors)

30



o NVIDIA GT280 “old Telsa”

e
e e L
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Tex

Zcull/Clip/Rast

« Equivalent to 30 processing cores, each with 8 “CUDA

cores”

Output Blend

Work Distributor

« 240 streaming processors (CUDA Cores) (ALUs)

31
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<-NVIDIA GeForce GTX 280 (Tesla

Proceszing Core

NVIDIA-Speak =
P ] o ]
= 240 CUDA cores (ALUs)
Generic speak
ped! EEEE

= 30 processing cores Shared O Data

» 8 CUDA Cores (SIMD functional units) per core

1 mul-add (2 flops) + 1 mulpe nctional uni gps/cycle)
Best case theoreticallyf 240 mul-adds § 240 muls per cycl}
e 1.3 GHz clock

e 30*8*(2+1)*1.33 =933 Gflop/s peak

Best case reality: 240 mul-adds per clock
» Just able to do the mul-add so 2/3 or 624 Gflop/s

All this is single precision

» Double precision is 78 Gflop/s peak (Factor of 8 from SP; exploit mixed prec)

141 GB/s bus, 1 GB memory
4 GB/s via PCle (we see: T = 11 us + Bytes/3.3 GB/s)
In SP SGEMM performance 375 Gflop/s



~ NVIDIA Fermi

 Fermi GTX 480 has 448 CUDA cores (ALUs)

* 32 CUDA Cores (ALUs) in each of the 14
processing Cores

Register File (4096 x 32-bit)

SFU

SFU

SFU

SFU

BHEHHEEREEEREEAE

Interconnect Network )

64 KB Shared Memory / L1 Cache

| Uniform Cache |
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~ NVIDIA Tesla C2070 (Fermi), GF100 Chip

° NVIDIA-Speak Processing Core
= 448 CUDA cores (ALUs)

» Generic speak

= 14 processing cores

e 32 CUDA Cores (SIMD functional units) per ¢

1 mul-add (2 flops) per ALU (2 flops/cycle)
= Best case theoretically: 448 mul-adds

e 1.15 GHz clock S

e 14*32*2*1.15 = 1.03 Tflop/s peak -
= All this is single precision

« Double precision is half this rate, 515 GfIO|
= |n SP SGEMM performance 635Gflop/s e e e | :
= |n DP DGEMM performance 305 Gflop/s
= |nterface PCI-x16




¢ Potential System Architecture

ICL

Systems 2011
K Computer

System peak 8.7 Pflop/s
Power 10 MW
System memory 1.6 PB
Node performance 128 GF
Node memory BW 64 GB/s
Node concurrency 8

Total Node Interconnect BW 20 GB/s
System size (nodes) 68,544
Total concurrency 548.352
MTTI days



¢ Potential System Architecture
with a cap of $200M and 20MW

ICL

Systems 2011 2019 Difference
K Computer Today & 2019

System peak

Power

System memory

Node performance

Node memory BW

Node concurrency

Total Node Interconnect BW
System size (nodes)

Total concurrency

MTTI

8.7 Pflop/s

10 MW
1.6 PB
128 GF
64 GB/s
8
20 GB/s
68,544
548.352

days

1 Eflop/s 0(100)
~20 MW
1,2 or 15TF 0(10) - O(100)
2 - 4TB/s 0(100)
0(1k) or 10k 0(100) - O(1000)
200-400GB/s 0(10)
0(100,000) or O(1M) 0(10) - O(100)
O(hillion) Q(1,000)
O(1 day) - 0(10




¢ Exascale (108 Flop/s) Systems:
Two Possible Swim Lanes

 Light weight processors (think BG/P)
= ~1 GHz processor (10°)

= ~1 Kilo cores/socket (103)
= ~1 Mega sockets/system (10°9)

Socket Level

» Hybrid system (think GPU based)
= ~1 GHz processor (10°)
= ~10 Kilo FPUs/socket (10%4)
= ~100 Kilo sockets/system (10°)

mmmmmmm
mmmmmm
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< Summary

* Major Challenges are ahead for extreme
computing
= Parallelism
= Hybrid
= Fault Tolerance

= Power
= ... and many others not discussed here

* Not just a programming assignment.

* This opens up many new opportunities for
applied mathematicians and computer
scientists
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Conclusions

* For the last decade or more, the research
investment strategy has been
overwhelmingly biased in favor of hardware.

* This strategy needs to be rebalanced -
barriers to progress are increasingly on the

software side.

e High Performance Ecosystem out of balance

= Hardware, OS, Compilers, Software, Algorithms, Applications
 No Moore’s Law for software, algorithms and applications

« Our community is needed and has a great deal to
offer and contribute.

* "The golden age of humerical analysis has not yet
started!” - volker Mehrmann



