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BJERKNES, V., 1904: Das Problem der Wettervorhersage,
betrachtet vom Standpunkte der Mechanik und der Physik
(The problem of weather prediction, considered from the
viewpoints of mechanics and physics). — Meteorol. Z. 21, 1-
7. (translated and edited by VOLKEN E. and S. BRO"
NNIMANN. — Meteorol. Z. 18 (2009), 663-667).

Bjerknes 1904
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ENIAC: Electronic Numerical Integrator and
Computer
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Figure 1. The ENIAC forecast starting at 0300 urc, 5 January, 1949. Left panel: Analysis of 500 hPa geopotential (thick lines) and absolute vorticity (thin
lines). Right panel: Forecast height and vorticity (from Charney, et al., 1950). Height units are hundreds of feet, contour interval is 200 ft. Vorticity units
and contour interval are 10-5 s-1. One line is omitted from the southern edge and two lines from the remaining edges.

Lynch and Lynch 2008
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Figure 2. Reconstruction of the ENIAC 24-hour forecast starting at 0300 urc, 5 January, 1949. Left panel: Analysis of 500 hPa geopotential. Right panel:
24-hour forecast ial made with th eniac.m. N ing has been applied and boundary rows have been clipped,

as in CFvN. The contour interval is 50m.

Lynch and Lynch 2008




PHONIAC
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Figure 3. The Nokia 6300, dubbed PHONIAC (left) and the forecast for 0300 urc, 6 January, 1949 (right) made with the program phoniac. jar. The contour
interval is 50m, as in Figure 2. The complete forecast area, including boundary points, is shown.
Lynch and Lynch 2008
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Anomaly correlation of 500hPa height forecasts

~——— Northern hemisphere ~——— Southern hemisphere
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Year

Fic. |. Evolution of forecast skill for the extratropical Northern and Southern
Hemispheres, January 1980-March 2010. Anomaly correlation coefficients of
3-, 5-, 7-, and 10-day ECMWF 500-mb height forecasts plotted as 12-month

running means. Shading shows diffe in scores b
at the forecast ranges indi d (adapted and ded from Si and
Hollingsworth 2002).

Shapiro et al. 2010
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IR 10 PFLOPS

IR = 1 L — 540 TFLOPS
IZFRBAMERE (KFLOPS) [ERFNAPSOERS A7 L HITACHI SR16000,
100,000,000,000 ﬁ?

10,000,000,000
1,000.000,000
100,000,000
10,000,000
1,000,000
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10,000

1,000

100

19594 19674 19735 19824 19875 19965 20014 20064

S KFLOPS (Kilo Floating-point Operations per Second), MFLOPS (Mega FLOPS), GFLOPS (Giga FLOPS), TFLOPS (Tera FLOPS)
*IBMIZ, International Business Machines Corporation®kE& K UZDOEICE I 2EETHS.
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Global Supercomputing Capacity Creeps Up as

Ruax
NAME PFLOP/
Petascale Systems Blanket Top 100
1 Sunway TaihuLight 930
TOP500 News Team | November 14, 2016 07:45 CET
FRANKFURT, Germany; BERKELEY, Calif.; and KNOXVILLE, Tenn.— The 2 Tianhe-2 (Milkyway-2) 39
48th edition of the TOP500 list saw China and United States pacing each
(R 3 Titan 176
other for supercomputing supremacy. Both nations now claim 171
systems apiece in the latest rankings, accounting for two-thirds of the  / Sequoia 172
list. However, China has maintained its dominance at the top of the list
with the same number 1 and 2 systems from six months ago: Sunway 5 Cori 140

TaihuLight, at 93 petaflops, and Tianhe-2, at 34 petaflops. This latest
edition of the TOP500 was announced Monday, November 14, at the SC16 conference in Salt Lake City, Utah.
Read more

https://top500.0rg
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2016/11/14% 3k, F48[OH
> 1 Pflopsi& 103> X 7 A
KEECHEINEE (171) , HEMMERE (217, 213 Pflops) T

HAEEH (27) TIERAY (31) [TRWTAIRED,
fRsEahEEE (52, 35 Pflops) (31

HA—IEEMN 5K - UKD Oakforest-PACS (25, 13.6Pflops) I

WADCamphor 2 (2.9 Pflops) (£33 (BZAT4{7)

APOHYRTL

(@D Xeon Phi KNL 68cores 1.4GHzx 1 /node

Camphor 2 (system A) H%
=Rasr XC40 Storage
#nodes =1,800 (~D§$awl3<,iges§ ExaScaler (SFA14K)
#total cores =68 cores x 1,800 122,400cores | | Diskcapacity  =24PB
Peak performance = 3.05TFops x 1,800  5.48 PFlops Bandwidth =150 GB/sec
Memory capacity = (96+16 GB) x 1,800 > 196.9TB (Oct. 2016 - Mar. 2018 : 16 PB, 100GB/sec)
\ Burstbutfer  =230T, 200G8/sec Damawime ) | Burstbuffer  =230T8, 250 GB/sec O/ IME

InfiniBand EDR/FDR

Laurel 2 (systemB)

i ystem
Cinnamon 2 (s C
RNy (5400 2820XT 2 ((=m.as~- 5400 4840X
(@ieD Xeon Broadwell 18cores 2.1GHzx 2 /node (@D Xeon Haswell 18cores 2.3GHz x4 /node
#nodes =850 #inodes =16
#total cores =36 cores 850 30,600 cores #total cores =72 cores x16 ¥ 1,152 cores
Peak performance = 1.21 TFlops x 850 & 1.03 PFlops Peak performance = 2.65 TFlops x 16  42.4 TFlops
\_Memory capacity = 128 G8 x 850  106.3 T8 ) \ Memory capacity =3Tex 16> 48.0T8
EEEIS# Omni-Path l

Camellia (systemE)

C=RAaN" XC30 with mic

(@teD Xeon Ivy Bridge 10cores 2.5GHz x 1 /node

(@eD Xeon Phi KNC 60cores 1.053GHz, x 1 /node
#nodes =482

#total cores = (10+60cores) x 482 < 33,740 core:
Peak performance = 1.21 TFlops x 482 = 0.58 PFlops
\_Memory capacity = (32+868)x 482 > 18.8 T8

Storage
Patapirest sra1zk

Disk capacity =3.0PB
Bandwidth =24 GB/sec

&8 {54 InfiniBand FDR/QDR

RERBED VXTI

R ECMWEF: (3.8 Pflops) 23, 2441

7 MetOffice: 1111z (6.5 Pflops), 38, 391 (2.7 Pflops)
% Nuri, Miri (2.7 Pflops) 46, 47fiL

1l Prolix2, Beaufix (2.1 Pflops) 50, 511i%

# NOAA: Luna, Surge (1.6 Pflops) 62, 631

cf. [RRITIRIATZFT: =138 (0.94 Pflops) 1201iL
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IRV I 2L -9 DEBEZEE

e 06 Terminal — vim — 96x40
I (c)Copyright 2002 National Space Development Agency of Japa
! (c)Copyright 2002 Japan Marine Science & Technology Center
1
kY /§ 1_§:E _.\\) I/ PROGRAM AFES ¢§%¥\
I_ ! [Basic Parameter Module] 7N
USE MAPARAM , ONLY : APREAD, APASET
! [Physics Grid-point Fields Parameter Module]
(= 3L =3 USE MP1SDIM ONLY : P1SDIM
. KEORESEA | el s
USE MAMPI LATITUDE-LONGITUDE GRID COMPOSITE OR OVERSET GRID CUBED SPHERE GRID
o N . EoT=
. Eé}jﬁ*&ﬂ tlt\fdef CFES ,7‘?‘::33“;\\\
! / L \\
USE cfes_mpi, only : ounit_log, & lvar /,"”""""‘:““
DN cfes_mpi_init, & !sub f f ‘?:."0:‘:“‘“‘ \
° ?’ﬂjj ?%_725\,9\'] cfes_mpi_final Isub \‘:.’ it ‘e‘e:‘;?&%
! \ XS
USE cfes_table_interp, & Q’
~ -+ o only : id_agcm, id_ogcm, & !var
- EROR id_sice, id_land, & Ivar
cfes_table_set2 Isub
1
- BFRFIRROI/INTAY{L #endif SPHERICAL GEODESIC
OR ICOSAHEDRAL GRID
IMPLICIT NONE
st i i
- BRI #isaer cres
INTEGER(I4B) :: mygrp,yourgrp
#endif
!
6000 FORMAT(1X/
3X,’ '
3X, TEEEE AFES wraanr
3X, "*** Atmospheric General Circulation ses - .
3X, '+ Simulation Code ***' Williamson 2007 Swinbank and Purser 2006
"afes. 90" 122L, 3672C
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Atmospheric CO, at Mauna Loa Observatory
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