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RAYE KURZWEIL: CESTA K SINGULARITE

o The accelerating pace of change...
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Moore’s Law — The number of transistors on integrated circuit chips (1971-2016)

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.
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inData

This advancement is important as other aspects of technological progress — such as processing speed or the price of electronic products — are

strongly linked to Moore's law.
20‘000’000'000 IBM 213 Storage Controlier. SPARC M7
10,000,000,000 19 C;;fg’ﬂ";::;ﬂ'o?\\: ©22-core Xean Broadwell-E5
5,000,000,000 61-core Xeon Phi —3 x,-rs core Ker‘n Ivy Bridga-EX
8-core Xeon Nehm:m'cgu:ii ! Ap \ .!\Bx {trw core ARMB4 "mobile SoC*)
Six-core Xeon 74004, % Py Cme }? HESI'-’L.I Iris Core i7 Broadwall-U
Dual-core ltanium 2@ § o8 L D e N Skylake K
Pentium D Presk Quad- + GPU Core i7 Haswell
1,000,000,000 [N TIAM Rt
§'ME caches re 17 (Ou
500,000.000 Itanium 2 Madison 6MEQY 36@2?0?;3%‘33\«53?3 2N
Pentium D Smithfield ggme Duo Conro
ftanium 2 McKinley€p Mg " @ Core 2 Dub Wolidale 3M
Pentium 4 Prescott-2| ®Core 2 Duo Allendale
100,000,000 AMOKE® i prosoon
Pentium 4 Northwoo:
= 50,000,000 Peniium ¢ Wilametios @, P57 @aom
5 Pentium I Muonwenxnn wetium I Petair i
8 MD K7 86°F‘emmm Il Coppermine M Cortex-AQ ° ,
AMD Ke-iil .
5 10000000 ... M Moorlv zakon, Gordon Moore (Intel), 1965:
B boot Pantium Prog, Pﬁgiumgp eschinas v . o , , ;L v
2 5000000 oy, | e Pocet tranzistord, které mohou byt umistén
© -] ] n” 7
il
= SAT110 . s ve s s . 7
. LN W na integrovany obvod, se pri zachovani stejné
Tl Explorer's 32-bit, v ’ v 7 o . 7 7 o
500,000 Lap g w¥roo ceny zhruba kazdych 18 mésicu zdvojndsobi.
Motomlalg:;g:(?fso :g‘%g S
o DR
100,000 R Intel 80286 gm
iy ; i
50,000 ©lntel 80186
Intel 80864y @ Intal BOBA s :AR?AAIHM 2 A;:m &
10,000 TMsooo  ZiogZ8g Mg% s ul S ot
RCAZB02 4y 65002
5,000 Intel 8008, infel Bﬂﬁ-ﬂ:el i
M I 1 Technology
Intel 4%4 g 336 & %§
1,000
Q AV A A0 4D O b o 0 P D o> o D D> Do DH O D
R R N A A SR S HC O IR '}9% fl?"% 'LBQ "159 ‘LQQ '19\ "9\ flfd\ rf)'\

Year of introduction
Data source: Wikipedia (https://en.wikipedia.org/wiki/Transistor_count)
The data visualization is available at OurWorldinData.org. There you find more visualizations and research on this topic.
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TOP500

1979 — prvni seznam serverU podle Linpacku
1993 — prvni seznam TOP500

1997 — ASCI Red — prvni teraflops system

2008 — IBM Roadrunner — prvni petaflops systém
2010 — Tianhe-1A — Cina obsadila #1
2013—2016 — Tianhe-2 — Cina pokraduije...

2016 — 2017 — Sunway, Cina

2018 — IBM Summit, USA: 122->143 petaflops

Summit: DOE/SC/Oak Ridge National
Laboratory
No.1in Jun 2018

Titan: Oak Ridge National Laboratory
No.1in Nov 2012

Tianhe-1A: National Supercomputing
Center in Tianjin
No.1 ov 2010
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Sunway TaihuLight: Naticnal Tianhe-2 (MilkyWay-2] : National University
Supercomputing Center in Wuxi of Defense Technology
No.1 from Jun 2016 until Nov 2017 No.1 from Jun 2013 until Nov 2015
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TOP500 — LISTOPAD 2018 [l computers

Cina md na pocet 45% systému vs. USA 22%
ale celkovy vykon: Cina 31% vs. USA 38%
Vyrobci podle poctu systémd:
Lenovo (23->28%), Inspur (13%->17%),
Sugon (11%), Cray (10%), HPE (9%)

Zpomaleni, starnuti, koncentrace

DOE/USA ma 5 systém( v TOP10

Intel ma podil pres 95%

138 systém je akcelerovanych (99% je NVIDIA)

Rmax Rpeak Power
Rank Site System Cores (TFlop/s) (TFlop/s] (kW]
1 DOE/SC/Oak Ridge National Summit - IBM Power System AC922, 2,397,824 1435000 200,7949 9,783 6 DOE/NNSA/LANL/SNL Trinity - Cray XC40, Xeon E5-2698v3 979072 20,158.7  41461.2 7578
Laboratory IBM POWER® 22C 3.07GHz, NVIDIA United States 16C 2. 3GHz, Intel Xeon Phi 7250 68C
United States Volta GV100, Dual-rail Mellanox EDR 122 PﬂOpS -> 143 PﬂOpS 1.4GHz, Aries interconnect
Infiniband Cray Inc.
i 7 National Institute of Al Bridging Cloud Infrastructure 391,680 19.880.0 32576.6 1,649
2 DOE/NNSA/LLNL Sierra - IBM Power System S922LC, 1,572,480 94,6400 1257120 7438 Advanced Industrial Science (ABCI) - PRIMERGY CX2570 M4, Xeon
United States IBM POWER? 22C 3.1GHz, NVIDIA and Technology (AIST] Gold 6148 20C 2.4GHz, NVIDIA Tesla
Volta GV100, Dual-rail Mellanox EDR 71.6 Pflops -> 94.6 Pflops s V100 SXM2, Infiniband EDR
Infiniband Fujitsu
IBM / NVIDIA / Mellanox ) = o
8 Leibniz Rechenzentrum SuperMUC-NG - ThinkSystem SD530, 305,856 19,476.6 268739
3 National Supercomputing Sunway TaihuLight - Sun 10,649,600 93,0146 125,435.9 15371 Germany Xeon Platinum 8174 24C 3.1GHz, Intel
Center in Wuxi Sunway SW26010 260C 1 ; , Omni-Path
China Sunway #1 v letech 2016--2017 novy SyStem LEiove
NRCPC
9 DOE/SC/0Oak Ridge National Titan - Cray XK7, Opteron 6274 16C 560,640  17590.0 27,1125 8,209
4 National Super Computer  Tianhe-2A - TH-IVB-FEP Cluster, Intel 4,981,760 61,4445 100,678.7 18,482 Laboratory 2.200GHz, Cray Gemini interconnect,
Center in Guangzhou Xeon Eb-2692v2 12C 2.2GHz, TH United States NVIDIA K20x
i xpress-2, Matrix-2000 i-> ix-
China EJLP[;T s-2, Matrix-20 Intel Xeon Phi -> Matrix-2000 od roku 2012 P
10 DOE/NNSA/LLNL Sequoia - BlueGene/Q, Power BAC 1,572,864 17,1732 20,1327 7,890
5 Swiss National Piz Daint - Cray XC50, Xeon E5-2690v3 387,872 21,2300 27,1543 2,384 Unitad States 16C 1.60 GHz, Custom
Supercomputing Centre 12C 2.6GHz, Aries interconnect , . IBM
(CSCs) NVIDIA Tesla P100 #1 v Evropé od roku 2011

Switzerland

Cray Inc.

Zdroj: https://www.top500.org/
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PORADI V TOP500, KTERE ROZDELUJE ZEBRICEK NA MComputers®
POLOVINY CELKOVEHO VYKONU
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VBUDOUCNOST SUPERPOCITACU

Exaflops (10718)— 20227
Zetaflops (10721) — 20357

SOFTWARE

Y] computers®

Procesory

* Intel, AMD, IBM POWER, ARM

GP GPU/ML akceleratory

* NVIDIA, ..., AMD, Google, Huawei
FPGA:

* Xilinx, Altera

Specialni koprocesory

* NEC Aurora (vector), ...

3D technologie pro CPU?

Kvantové pocitace?

* |IBM, D-Wave, Google, Microsoft, ...
Dataflow pocitace?

* Intel Configurable Spatial Accelerator
Neuromorfické Cipy?
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