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.LL2:

I#PROLOGUE# 0
save %sp,-120,%sp
I#PROLOGUE# 1
nop

st %g0,[%fp-20]

Id [%fp-20],%00
cmp %000,9

ble .LL5

nop

b.LL3

nop
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_ « 1MFLOPS
— 1964, CDC 6600

204 < _ ILP (/S FSA> 2 F1) . Out of order=4T. RAFHR—K
~ « 1GFLOPS
— 1984, Cray XMP/4
134 < - RykLFotyy SMP

= * 1TFLOPS

— 1997, ASCI-Red

- MPUZRAW=IZ R EH

~ * 1PFLOPS

— 2008, IBM Roadrunner (Cell base)

— On Chip Multi CPU, i 5| 7Oty +

= « 1 EFLOPS

— 20207

- TOESL—AFRBAS IOy 2 EREFER?

115 <
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% E1ERITR Linpack £ &g E—24E8E

1. UNIVAC LARC 1960 ( 0.16Mflops)
2. IBM STRECH 1961 ( 0.3Mflops)
3. CDC-6600 1964 0.5Mflops (3 Mflops) *N=100 Linpack
4. CDC-7600 1969 3.3Mflops (10 Mflops)*N=100 Linpack
5. TIASC 1972 ~30 Mflops (64 Mflops)
6. ILLIACIV 1975 ~40 Mflops (150 Mflops)
7. Cray-1 1976 110 Mflops (160 Mflops)*N=1000 Linpack
8. Cray-XMP4 1982 714 Mflops (800 Mflops)
9. SX-2 1985 885 Mflops (1.3Gflops)
10. Cray-2 1985 1.4Gflops (1.9Gflops)
11. CM-2 1987 2.4Gflops (5 Gflops)

(ETA-10 1988 496 Mflops (9.1 G (single)/4.6G(double)

/8proc) i 5| ENE XA EN
*N=1000 Linpack, 1 proc. 7ns)
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13.
14,
15.
16.
17,
18.
19.
20.
21.
22.
23.
24,
25.
26.
217.
28.
29.
30.

L
SX-3/44R

CM-5

Fujitsu NWT
Intel Paragon XP
Fujitsu NWT
Hitachi SR-2201
Hitachi CP-PACS
Intel ASCI RED
IBM ASCI White
NEC ES

IBM BlueGene/L
IBM Roadrunner
Cray XT-5
RiA-1A
K-computer
BlueGene/Q
Cray XK7
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1990
1993
1993
1994
1994
1996
1996
1997
2000
2002
2004
2008
2009
2010
2011
2012
2012
2013
2016

Linpack 4 &E

23.2Gflops
60 Gflops
124 Gflops
143 Gflops
170 Gflops
220 Gflops
368 Gflops
1.1Tflops
4.9Tflops
35 Tflops
71 Tflops
1.0Pflops
1.8Pflops
2.5 Pflops
10.5 Pflops
16 Pflops
17.6 Pflops
33.9 Pflops
93.9 Pflops

— 1 —ARDFEERR

E—7tEgE
(25.6Gflops)
(131 Gflops)
(236 Gflops)
(184 Gflops)
(236 Gflops)
(307 Gflops)
(614 Gflops)
( 1.5Tflops)
(12.4Tflops)
(40.1Tflops)
(92 Tflops)
(1.4 Pflops)
(2.3 Pflops)
(4.7 Pflops)
(11 Pflops)
(20 Pflops)
(27 Pflops)
(55 Pflops)
(125 Pflops)
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1976 ~19784F : PC-1Jr

o BLXHmXOE-OHOELR(FHEBARRE)
o FEAEFMTPC-1ZELLEEDLLDEEENFONEH ?

° Spec
— Intel 30001 )—X EwkRS54ACPU
- 2EFEY.
— BCHR20000K (XD AV SvELY
— ClocklE&1MHz,
— 0.5 VAX MIPSTEE
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- R, HA-EREOT —42T70—X—/\—a E1—4%

* Spec
- BE1EOCMOS ASIC{EA. 12870ty 128FHEAT B ATE!)
— Clockl&10MHz, 110Mflops% £l
RN il
— BEFIEFICHLED, BBEH-EE-TN\TIT— AEXE
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1988~ 19904k : IBMTHybrid dataflow{EY)

IBMIZEBH#HTIOA I F oSN TERLE
ANeY f=

IBM Watson Research Center

720O7avHk

Spec

— BossldBob lannuccitgt

— Dataflow&Control Flow® Hybrid 7 —*% 79 F

— VAT LT AU LGB AR Y
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1992~ 20004 : JUMP-14EY)

o FMIEERMEEMR - KKE HPEE
° Spec
— 6470OtvY ., SUNDSuperSPARCFvF{EF
- THHEBAEY.RDTRYNT—H
- gEy. xvrr—sEYciEnAsIcER (. B3
— Clockl&200MHz
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GRAPE-DRO 7Oty FvD

- SIMDEE Aty HFVTEER
° Spec
—~ 128/—K.512AhRA2 L TO1yY
— 90nm CMOS (TSMC)
- BIEHEHEE
— Clockl&500MHz

GRAPE-DR

NEB2257 00.01
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ODP module

FITRAHEFAEY

PLL & DFT module
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90nm CMOS
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Green 500
1. #FD1Gflos/W #EZ

Studies

Green500 MELOPS/W Site® Total Power

Rank (kW)
L iR s SR NNSA/SC Blue GenelQ Prototype 38.80
2+ 1448.03 T;‘;‘:; al Astrenomical Obsenvalory o o upE DR accelerator Cluster, Infiniband 2459

G3IC Center, Tokyo Institute of HF ProLiant SL380s GY Xeon 6C X5670, Myvidia

E i S Technalogy GPU, Linux\Vindows 2k g
= Hyhrid Cluster Core i3 2.93Ghz Dual Caore, NVIDIA
& 93306 SRS £2050, Infiniband e
r RIKEM Advanced Institute for K computer, SPARCEL Vilifx 2.0GHz, Tofu
g a6k Computational Science intercannect Hh
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E 773.38 Eschimpssinirn ek (E2)) QFPACE SFB TR Cluster, Power<Cell 8i, 3.2 GHz, 5754
— A0-Torus
m : - Supermicre Cluster, QC Opteran 2.1 GHz, ATI
& T40.78 LIniversitaet Frankfurt Fadeon BPL nBaibEnd 385.00
0l : : HP ProLiant SL290s &7 Xeon 6C X5660 2. 8Ghz,
E 6712 Georgia Institute of Technology nVidia Fermi, Infiniband QDR 94 .40
10) (X% S Niational Institute for Environmental o061 Research Computation Facility, nvidia 117.15
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Basic Architecture

Data
Reservoir

Local file accesses

Cache Disks

Distribute Shared Data
(DSM like architecture)

High latency
Very high bandwidth
Network

Disk-block level
Parallel and
Multi-stream transfer
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Data
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@ Local file accesses

Cache Disks
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5 D Data Reservoir
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o 1St Generation — 26 servers, 26 disks for 500Mbps
e 2"d Generation — 16 servers, 64s for 10Gbps

e 34 Generation — 8 servers, 32 disks for 10Gbps
« 34 Generation — 1 server, 32 disks for 10Gbps

e 5t Generation — 1 CPU PC, 6 SSDs for 10Gbps

5th generation
‘ 2009

15t generation 2nd generation 3rd generation 4t generation
2001 2003 2005 2006
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Background: Why is serendipity accidental? 65

Searching is one of the most important behavioral activities for animals and humans
(e.g., searching for food, a marriage partner, work)

Serendipity = Needle in the Haystack

Profesxor‘

Graduate student

High resolution, but slow
(It is possible to find the needle, but
difficult in a realistic time frame)

Consrah;iafions, Y :
it only took you | ATENG

EHENPMDEE
BEHHD

Fork 2 L7
Fast, but low resolution Ty _
(Itis impossible to find the needle)

ey Jolyon.co.uk

In order to find the needle, it is necessary to conduct an accurate search, but since the
probability of finding it is very low, the search resorts to trial and error, and much time
Is needed before serendipity is reached. Phenomena with low reproducibility are not
regarded as scientific, and they cannot be industrialized.



Serendipiter — a miraculous cell search engine

66

Microscope

_#’

Serendipiter

L o Wl

Accurate

A miraculous cell search engine

but slow

Koeindoy
103(q0 ay) Buiuiaduod uonewlojul jo Alend)

Flow Cytometer

scant

Forward

DDDDDD

Number of objects that can be searched in a given unit of time
Speed

that turns serendipity into planned happenstance

EHENPMDEE
B

Fast but inaccurate = 7 o



Block diagram of a “ Serendipter”

Project 3
Development of basic technology

Project 4
Development of basic technology
to measure eells fast and accurately to identify cells fast and accurately
at the resolution of single cell e cell . cell _.--at the resolution of single cell
"M | Measuring 2993 JNqentification] <
Technology Technology
Discriminating
signals High-speead
v Fluid I
- Cell Cell
$:[|=Ihf|ﬁ::m“ Controlling \ Sampling
ay Technology Technology
A
Source of cells. M\ h" . -’;"l Discarded Cells
:. v High-speed ;
: o Fluid : Target Cells
: Project 1 :
. Development of integrated system ;o
. that consists of 5 basic components + High-speed cell
. (Serendipiter) : Fluid )

I : Analyzing
metE 7 Technology
Development of basic technnlngi; mew
to excite cells fast and accurately Development of basic technology 4
at the resolution of single cell to sample cells fast and accurately -

at the resolution of single cell .

Project 6

Development of basic technology
to analyze cells fast and accurately
P == A at the resolution of single cell
SHENMPMDFEEK

BRI
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E17HEE 5 (on Mac/Linux)

MackR1% = Xeon W3520, OSX 10.10.5, Apple LLVM 7.0.0 (clang-700.0.72) -
Ofast, JDK 1.6.0_65 (Server VM), ruby 2.0.0p481
Linux¥R1E = Core i7-920, CentOS 7.1, GCC 4.8.3 -03, JDK 1.8.0_60, Ruby 2.0.0p598

C
goo, 0.000184, 0.000184, 0.000183, 0.000184, 500, 0.000185, 0.000190, 0.000185, 0.000185,
2000, 0.002883, 0.002933, 0.002883, 0.002919, 2000, 0.002933, 0.002934, 0.002937, 0.002937,
4000, 0.011710, 0.011664, 0.011635, 0.011806, 4000, 0.011639, 0.011679, 0.011641, 0.011637,
6000, 0.025798, 0.025814, 0.026381, 0.025532, 6000, 0.026111, 0.026138, 0.026152, 0.026173,
8000, 0.046585, 0.045872, 0.044729, 0.045478, 8000, 0.046522, 0.046382, 0.046380, 0.046361,
10000, 0.071115, 0.071065, 0.069996, 0.071442, 10000, 0.072390, 0.072400, 0.072404, 0.072378,
Java Java
500 0.003559 4.5E-4 2 03E-4 1.97E-4 500, 0.005704471, 0.001819815, 5.43581E-4, 2.07921E-4,
2006 0.002943’ 0.0029,98 0.00296, 0.00293’9 2000, 0.003087148,  0.003086791,  0.00295379, 0.003080792,
4000, 0.011844, 0.011839, 0.01181,3 0.011724’ 4000, 0.011716112, 0.011834578, 0.011823093, 0.011849949,
6000: 0.026704: 0.026679: 0.026775: 0.026665: 6000, 0.026388724,  0.02649999, 0.026641345, 0.026638378,
8000, 0.047838, 0.047576, 0.047828, 0.04762, 8000, 0.047312579, 0.047174071, 0.047170846, 0.047277527,
10000, 0.075231, 0.074106, 0.074147, 0.074319, 10000, 0.073556909, 0.073694132, 0.074268603, 0.074842909,
Ruby Ruby
500, 0.041676, 0.041382, 0.041463, 0.041565, 500, 0.050006323,  0.042032965, 0.037384864, 0.033574135,
2000, 0.653054, 0.651173, 0.651091, 0.652389, 2000, 0.495958805,  0.49685297, 0.496542461, 0.496584893,
4000, 2.608098, 2.603893, 2.649164, 2.641159, 4000, 1.984901537, 1.984239613, 1.98564696, 1.983702763,
6000, 5.869905, 5.920909, 5.938819, 5.904991, 6000, 4.469238888,  4.473405921, 4.510673699, 4.468921489,
8000, 10.525021, 10.507519, 10.531742, 10.473472, 8000, 7.941280614,  7.940602592, 7.9413131, 7.946932947,
10000, 16.40252, 16.862218, 16.603004, 16.376962, 10000, 12.40263134, 12.37210187, 12.36273734, 12.379538527,
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