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THE LONDON MATHEMATICAL SOCIETY.

oooooooo

B SEEFHRIE « BR
( Alan Turing )

B 19364 , BIREHER
HIIE ((i’e_th el
TEIa)R
hed ,L,\H’Jﬁ'%m»
BeHIEFREL—EIR
( Turing Machine ),

m EEENNS (ACM )
F19664FIRIERIL.




ERSERMN

Alan Mathison Tuing_

©1912-1954
REHFR. BEFR

|42
ER

- 1912668 , £FEH

- REHAE |, IR EEEEEAEHFEERE
- 19354F , #i%PH S KFZEEFRRL

- 1936558 , EIRIZE EIRM |

(RRT (CHEHFENE) )

- 19384F , EEEMEMAAFEIRE L
-+ 1938-19455 — kkHAE) , ZRRORGETAE

( EMERSEZBBGFEPI IS )

- 1946F , 3R AFIERHBEME
- 19504F , $2ih ERRY "ERNit"
- 1950£F10A , &FRiEX "Hl==EERER"

(FET AIEHEAIEAS )

- 19514 , i) REERFEER

(REPEMUIERFEER

- 19525 , ERSE—1EIFRHEER
- 19544 , ittt




EIRNAR 24 ? sisE2HA ?



B R 818 Bk

m [ERAAYER

_ ® —XFET
= “Se ® W[AFTPRIE
: T = o H—IMININFIE
— s S e /\ K — NE=
L[% CI:—H! o o ® fﬂ INSTER TR E— N/
— ' * — Mg
o TLIFHEMEIESHPAT ;
== o GA—MESL, ALUL,
///<;'ﬂj>// S EXhEE 18R
HF/F5
= AL REEEI s

B BRI
LGS FETE S8
R/ A%




BXRNMMAIE

ERNBOITESE

1. EF:
: (1) T2hES FRFSHIMA ;
i R (2) ISR BT S MATATS ;
..... e (3) EELETHEBMNS ;
([=F L NI YD) (4) ERFTIERER ;
sisis | 2. REFUTIATIIEEENEH, -
| (1) EELEH RS F AR
i (I
o — / al 1 1R ql (2) 1542 5 4B 70 PRSI
2; ;’ 1 E gj =, RENENAERESD ;
R (3) #R4E HERFERAES , = EE :
e PEL ARSI LS A8
b b e RIS/ 50 ;

TEESNEEFNS ;
IEEk R EER—T |




ERSTRIRES TIE :
(1) FET LRS40m
SRIFEER {1, b}

_--.}ql 1 f \ J,% (2) IREIFEHISELETATS ;
é o =] RKEELD
j ||

BRVERAITA:
<q, b,a, m, q’>

EHIEERSES
{ql, g2 g3}
EHIRESEIRE gl
(3) EELETERNUE ;
(4) EBFLIFER ;

B e ]
HET> W BN

S 8 3 I LIk
Op 3 > Fi Tf Lk
do 33 & > i@ 2 Uk




SE IR NI
HIREFIEE

BERINFRIE :

(1) IESLsHEmET =m0
EREENERSTE

(2) 1Rz BEEHRNIAE F FmE
FIN=FRT | HEBNAIRERIED ;

( 3) RiE ENIEFEY , =1

e
FEHRIFETS L EBA
H=F 1" ;
TEEBRSEFTIRS
“ql” ;
E5kA" /" B—F;




SE IR NI
HIREFIEE

-—=>

gl 1 1 R qlf




SE= I AU
R

-——=>

gl 1 1 R qglf




156

=

Ay

SE IR NI
e

-——=>

gl 1 1 R qlf




SE IR UTY
HIREFIEE

—=>

gl b 1 R qg2F




By

SR UTY
EFIET

——>

g2 1 1 R g2




SR NI
HIREFIEE

-——>

g2 1 1 R g2




SR UTY
HIRERIEE

—->

g2 1 1 R g2




SE[EIEMUTT

HIREFIEE




156

=

By

SEEIE N U
Fr

3 1 b H g3}




ERIENEHEHTA ?
BSERFSFY A | WIREEKREI—
PMER , BHENAIFFSFS
B, BBAM A F| B giZeitEH.

m LR

HF—MEREAYIEAA |, [8:
ARERIMHIELB?

UNRAEHEI—MER | SHIIRRY
fFSF5 B, BBAM A E B ;2w
itER.

BN , ZEARTITE.

SE IR NI
HIREFIE




ERNWMIE

BRI L SBEEY ?
fRIER !
SEX |

http://aturingmachine.com




g~

ERMNBHEILE X

http://aturingmachine.com

m AiTHRENEIRE ;
B =5V
e 7 — 1 R SCILAYI
FAit&EEs
SINTEY E55%
4" T

'%‘
Al RSHEE T
HEBIE ;

WESE 7 BT R r iR
ST EFIEERIREN] ;
SINTFEX, =R
FEHlER SR REY ;




it/ LR ITTE ?
N E TR EHRIART ?

n D 8 SIEEEST ?
n BIEEE SR AT ?



i
v

S eI HuTT
HOTERRE

XFTRNPHENERTR

B ERBFEHE{(1 b}
® FS "b”

o FRITEWRKMTEERDF
° e 1

o FRITEWRKMTEERNEIE
m BEIAIR)RE
¢ FATS "1" FFREF1

® #4(5 1,000,000 EHH—BHA1 1
E

® EANX—AE , EELMEIEN
—BAR
¢ BAARSHE. AR



AFTRINPHNER

ql 1 1 R ql
ql b 1 R q

g2 1 1 R g2
g2 b b L g3
g3 1 b H g3
g3 b b H g3

m UIR{ER “iddl”

¢ FERFEE
{0,1,...9,b}

¢ BFEREHIRY

S IHEINIESEEEE
ZRIRIME)




g - %FiHENRBNER
m FItbaIE] -
& FEFPPHFSHS |, EANBIRERD | BiEFHERHES
¢ FEERPHFSEL | BEFESRD |, (BIZNBIIRERES
B FEESKS

¢ FEEPFSHRMAE | TREFBAEL (ERHE]) e
(2.7182818284590...) .

¢ SEEARMNSHRFMAEL | BE=ENMASHBEF AT
hliS LEEME , AISEIESE(R.




SiFlREE : RIFRT .
SRERRR : aNfEnEfTitE ?



B HRIE

¢ 18545 : HlR&eE (B
HHIERAAR—ZE

5#Z=pEFEicE
fit)  HEEES—E

XE (ZHENEFED
th) |, BT —II2%h

BIEE - BRAE
& iSRS ISR
— o— e HERE TEERNEHFES
HEHFFHR (G.Boole )ﬁ.:f' ; EZFIEICE,

e &



g

HEBFFMR (G.Boole ) &~

B ERZEER
*5
\ -1

L |

m SEIZEER
¢[FEk =k
¢ 53E

& T3E

¢ 5ak3F







®

BIGHMFIEN : F= A+B

*—




g~ B ER &

‘%
-

*—




g~ HE R BEE RS

mgs  F=A9B
o FENERR "0
Oﬁiﬁﬁaﬂa ‘1”

mEs® F = A@B
o EHIERS 17 -

& BEHERA 0" © 7



20 - A=1101 B=1001 K A+B

_|_

g = IEAGHES

1

110
1100001
011

S|



20 - A=1101 B=1001 K A+B

A

C L

2K [— Ffu

S [ i

g -~ IEAGHES

. | -

. | -

S = St

< [+

— O e e (GO



iEANTR

an"'m]ﬁ ' bn“'?‘&’]uia ' cn-1'“1&‘ﬁﬂgi#_{ﬁ

Spm--BMLF ; ¢ -1

. 7. i
n -1 ==
| e
b n — % ‘ ‘
I L S,
|
n-1 %g E‘z I
Sc n-1 cn

_|_

1
1

1

1
0

10
00001
11

—IY



~ ‘ ey
N

SRR : BNER — il
SRR : iTRGE MR

SRFRE - HRETRUWER ?



NEARTR

gyE | HVee (+5V) mpE  +Vee (+5V)
hy
A | W .
WA, T1 |i_ _—| g
0.7 —L 12 — T s'"_{:.Tz
v -
B T m—3 ‘I:

. SR . SRAETTRLES




IhNEE

n AT AR ?

o HWFEHE aJllgR THBIZIRNEHE
o TiHshEE aJLlERA BEFXR “HRER”
o BFY "HREsH" #PnIll HEBIESER ;

n FREARBRRRE “HE" !

——




T I
iR

(01 PRI RN 0
I S L R R
et

=
.-
=
..
.
- ™
—

Source




T TR TTT T

D 8 ey § r— Y YT

- 8 1§ o T
= — A

" rorares

T i
1, 5'

Intel4004 Intel80486



S PascaliZ FANTER

T —— T ————————

e ce e ]

|7 .




s28M4{tIntel Core Processor

4th Generation Intel® Core™ Processor Die Map
22nm Tri-Gate 3-D Transistors

S Processor &
Graphics

llllmlllhnllll
] Shared L3 Cache**

* Memory Controller /0

Quad core die shown above l Transistor count: 1.4 Billion Die size: 177mm?2




Kirin 9000

' World’s 1st

5 nanometer 5G SoC The Most 24-C
ore

PR Powerful
: 15.3 Billlon .-
Trans:létc?rs > 5 » Kirir
S P 9000

Frequency up to

Uplink «l Nl

3.13GHz  Chip, Ever —
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Transistors
Per Die
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€ 1965 Actual Data 1G 2G 46
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MOORE'S LAW

Pentium#a 4 Processor

Pentium® Il Processor

Pentium# Processor

486™ DX Processor,
386™ Procy./
286

Pentiuma il Processor

transistors
100,000,000

10,000,000

1,000,000

4 100,000

8086 / '- .
& N
8080 # o 110,000
8008 - SSEN T
4004 & ;/
- ichesens P PR g S J 1000
1970 1975 1980 1985 1990 1995 2000
=0 mE B e
4004 1971 2,250
8008 1972 2,500
8080 1974 5,000
8086 1978 29,000
286 1982 120,000
3867processor 1985 275,000
4867DX processor 1989 1,180,000
Pentium?processor 1993 3,100,000
Pentium Il processor 1997 7,500,000
Pentium Il processor 1999 24,000,000
Pentium 4 processor 2000 42,000,000
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SUPERCOMPUTER SITES

http://www.top500.org

SUPFRMICR

IDF 2012SF, Sept 11-13"
Moscone, Booth 700

8 Twin Architecture &

T

U Twin® - 2Nodes J™
ZUTwm' -4 Nodes
2UTwin’.- 8 Nodes

1UTwin® - 2 Nodes -

M‘ Xeon'
" Intdl” Xeon* Processor E5-2600 serieHigh-Performance, High Densﬁy'gewel‘?lﬂormsforEmerpme HPC and Cloud Computing

[ '

Learn More >

PROJECT | LISTS | STATISTICS | RESOURCES = NEWS CONTACT  [3* suBmISsSIONS  ELINkS  (YHOME
: ; ’
TOP 10 - 06/2012 » Lawrence Livermore’s Sequoia Supercomputer — eve?‘s .
Towers above the Rest in Latest TOP500 List ,@ RIS £ SR e ——
Sequoia - BlueGene/Q, Lot slSe ISC Cloud 12

Custom

K computer, SPARC64
VIIIfx 2.0GHz, Tofu
interconnect

Mira - BlueGene/Q, Power
BQC 16C 1.60GHz,
Custom

SuperMUC - iDataPlex
DX360M4, Xeon E5-2680
8C 2.70GHz, Infiniband
FDR

Tianhe-1A - NUDT YH
MPP, Xeon X5670 6C 2.93
GHz, NVIDIA 2050

Jaguar - Cray XK86,
Opteron 6274 16C
2.200GHz, Cray Gemini
interconnect, NVIDIA 2090

Fermi - BlueGene/Q,
Power BQC 16C 1.60GHz,
Custom

"TIOLIFEN - RhieGene/O

Power BQC 16C 1.60 GHz,

MANNHEIM, Germany;
BERKELEY, Calif.; and
KNOXVILLE, Tenn.—For
the first time since
November 2009, a United
States supercomputer
sits atop the TOPS500 list
of the world’s top
supercomputers. Named
Sequoia, the IBM
BlueGene/Q system installed at the Department of Energy’s Lawrence
Livermore National Laboratory achieved an impressive 16.32 petaflop/s on the
Linpack benchmark using 1,572,864 cores.

Sequoia is also one of the most energy efficient systems on the list, which will
be released Monday, June 18, at the 2012 International Supercomputing
Conference in Hamburg, Germany. This will mark the 39th edition of the list,
which is compiled twice each year.

» Read more

» About Pricee and Placeholders

Recent Releases

June 2012
November 2011
June 2011
November 2010
June 2010

HPCWire

AMD Develops SeaMicro Server with

Xeon, Opteron Configurations

Super Micro Shows Latest FatTwin

Servers at IDF

Oak Ridge Receives First Batch of Kepler

Y Tt e N~ P Ny A o S 0 M e

September 24 - 25, 2012
Mannheim, Germany




Rank

«

S
A\httpﬁ

System

Supercomputer Fugaku - Supercomputer Fugaku, A64FX 48C
2.2GHz, Tofu interconnect D, Fujitsu

RIKEN Center for Computational Science

Japan
Summit - IBM Power System AC922, IBM POWERY 22C
3.07GHz, NVIDIA Volta GV100, Dual-rail Mellanox EDR
Infiniband, IBM

DOE/SC/Oak Ridge National Laboratory

United States

Sierra - IBM Power System AC922, IBM POWERY 22C 3.1GHz,
NVIDIA Volta GV100, Dual-rail Mellanox EDR Infiniband, IBM /
NVIDIA / Mellanox

DOE/NNSA/LLNL

United States

Sunway TaihuLight - Sunway MPP, Sunway SW26010 260C
1.45GHz, Sunway, NRCPC
ational Supercomputing Center in Wuxi

China

Selene - NVIDIA DGX A100, AMD EPYC 7742 64C 2.25GHz,
NVIDIA A100, Mellanox HDR Infiniband, Nvidia

NVIDIA Corporation

United States

Rmax
Cores (TFlop/s)
7,630,848  442,010.0
2,614,592 148,600.0
1,572,480 94,640.0
10,649,600 93,014.6
555,520 63,460.0

Rpeak
(TFlop/s)

537,212.0

200,794.9

125,712.0

125,435.9

79.215.0

Power

(kW) Rank

29,899

10,096

7,438

1537

2,646

System

Tianhe-2A - TH-IVB-FEP Cluster, Intel Xeon
2.2GHz, TH Express-2, Matrix-2000, NUDT
National Super Computer Center in Guangzhou
China

E5-2692v2 12C

JUWELS Booster Module - Bull Sequana XH2000 , AMD EPYC
7402 24C 2.8GHz, NVIDIA A100, Mellanox HDR
InfiniBand/ParTec ParaStation ClusterSuite, Atos
Forschungszentrum Juelich (FZJ)

Germany

HPC5 - PowerEdge C4140, Xeon Gold 6252 24C 2.1GHz,
NVIDIA Tesla V100, Mellanox HDR | band, Dell EMC
EniS.p.A

Italy

Frontera - Dell C6420, Xeon Platinum 8280 28C 2.7GHz,
Mellanox InfiniBand HDR, Dell EMC

Texas Advanced Computing Center/Univ. of Texas
United States

Dammam-7 - Cray CS-Storm, Xeon Gold 6248 20C 2.5GHz,
NVIDIA Tesla V100 SXM2, InfiniBand HOR 100, HPE
Saudi Aramco

Saudi Arabia

Cores

4,981,760

449,280

669,760

448,448

672,520

Rmax
(TFlop/s)

61,4445

44,120.0

35,450.0

23,516.4

22,400.0

/top500.org/lists/top500/list/2021/06/

Rpeak
(TFlop/s)

100,678.7

70,980.0

51,7208

38,745.9

55,423.6

Power
(kW)

18,482

1,764

2,252



Sunway TalthulLight - Sunway MPP, Sunway SW26010 260C
1.45GHz, Sunway

Site: National Supercomputing Center in Wuxi
Manufacturer: NRCPC

Cores: 10,649,600

Linpack Performance (Rmax) 93,014.6 TFlop/s

Theoretical Peak (Rpeak) 125,436 TFlop/s

Nmax 12,288,000

Power: 15,371.00 kW (Submitted)

Memory: 1.310:720:GB

Processor: Sunway SW26010 260C 1.45GHz
Interconnect: Sunway

Operating System: Sunway Raise0S 2.0.5
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HOME GREEN LISTS RESOURCES CONTACT

Green500 List submissions for June 2013 are now closed. -
Search The Green500 Site
The Green500 List June 2013 will be released on Friday, June 28, 2013.

The Green500 List News And Submitted Items
SUPERMICR

heal B MiicroCloud

& J‘ The Green500 List - November 2012 12/8 Modular UP Server Nodes in 3U
b Wednesday, November 14, 2012 - 12:32

I H Search I

Heterogeneous Systems Re-Claim Green500 List Dominance

SALT LAKE CITY, UT - November 14, 2012 - The latest Green500 List was released today
(http://iwww.green500.org/lists/green201211) and the top spots on the list have been taken over by machines that
combine commodity processors with coprocessors or graphics processing units (GPUs) to form heterogeneous
high-performance computing systems.

High-Density, High-Performance,
High-Efficiency, »1 ¢\Cost-Effective

With all eyes on the new TOP500 number one system, Oak Ridge National Labs’ Titan, it was a system
helaonainn ta 2 neinhhaor atthe | lnivercity of Tenneccea that dehiited atthe ton ofthe Navember Crean&s00 1 iet



Sierra’s Refreshments

All Monthly
Google Searches




i’r:\f We Need Green Computing!

BHow much energy does a google search
consume?

¢ A single Google query consumes as much energy
as an 11-watt light bulb does in one hour.
¢ It consumes as much as preparing a cup of coffee.

¢ "performing two Google searches from a desktop
computer can generate about the same amount
of carbon dioxide as boiling a kettle" or about 7g
of CO, per search.

(Google and you'll damage the planet, Jan 11)
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Microprocessor Transistor Counts 1971-2011 & Moore’s Law
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&4’ D-Wave One, (20074525 &HEHHEEH, "Orion” )wr%mw;%r
RtKZ@XﬁETE%0.00?C (-273.145°C ) BSB(KE#REYF , ENEir—F =T

anéﬂ *DQI*EE :FﬁEEI’J J"%%

Yes, you Can

have one.

D-Wave One'SD-Wave RS S B
ANEIBIAAFRCTO BNRIRE

Geordie Rose Leiden Cryogenics Wavé One B



FEPRY amAEFiTRN
%ﬁﬁ’ﬂﬁifﬁx)—# X7FD-Wave Oneflf5+e :

- EFCAREREBKE TEESTHIREREWIE |
MR SERAIEET . BRSsHARIGE R RS
FENRSRNSEUETS  BEHRARIA
NZEFERBIEPRIENETFHE.

- RENABEFBREHEFCRE TR
| EHAR ENFMRAVEIEPRE T

e ] - RESCIEBSIUCASEES  BRES
5 HERT AR EFFELE AT F |

+ {8 D-Wave SETA0R FIBX S AHRSTI
TEFEOEANL , CREAN B
FHEN

« D-WaveGthZETs :

oy b gmseoribag i Glas D-Wave Onef£ &S NE~=1T 2 L&
S B B e ETUEXESMIRIKRR , RENEET

o o

ek gy TETAGIORIEE | FEEERmAL.

EE 16

| |
A

D-Wave OneE2F4EEERE

500 G406 gio (==

QQ
050
u[in]
[ [
PO
(m L[

ol = : 5 Lo 2 &)
oo 00 (i [ QA

r
fl_

u]
[ i



SR XENEFTR/II—D-Wave Two
2013558 , Bak. EEMXF ( NASA) FIEEXZ=EAREAGS (USRA ) IARLS1EXRR |
HEFEN — P EFATERECRE |, FFANASARIBERFZH ( NASA Ames Research
Center ) W A—&D-Wave TwoEFi+&41.

- D-Wave TwoRYAMEESIAZIS 128 FELYS |
L aqn |, D-Wave Twold4bIEE
Fiﬁfﬁéﬂ%ﬁ%ﬂ&'ﬂ’ﬂl%ﬁ% , 15008
=><JCo

2 i
————

Dave@U!lé‘Ae;deie Ros |
5D-Wave TwoRYFEZH4

Quantum computing
. has arrived.

aaaaa

D-Wave TwolSEXH 45 D-Wave TwolJ] 548



IEIESRXIENEFITRIN—D-Wave Two

e | B D-Wave TwosCHL 7 B4 Bir
i@y | | ,
i 0

- SETY "= SPEFUR
Bie , EFURHERSE
5129~ ;

- FIRTESFEMN , SCHE
FEXEEZMITEETR.
D-Wave TwogHTFHEH 285
SIVEAR |, FeRaEUNZIERX] |
NFeeEITE , EARITEESR

ARITE,

FED-Wave Two B9S2



RERERFEFTRIN

FERFFR2017F5H 38 LB mRES—aXEFTEIl , BTER
XKZF. FERER-EEEBEFTELIE. InIXKE. FEREE:
YRR SRR 7SR ;

SEIRMNEERAE | I REARYBFRE AN EPRE TSRS Ie IR E D

2400015 , BT , BUMSEEENR , BEEAZRBE EE—aEBEFEIT

Bl ( ENIAC) MB—a&RE1LTE ( TRADIC ) m1TIEER10-100fZ.,

It _‘\l,‘x | 2 %
3 O N Y ,./”ﬁir».. | X \\\
R 5 LY A\
i 4 <
i’y 1 3 sv 7 Y - -
ry ) o "4 V4 =
i o Ldan y '1/
/
2\ { >
W




GoogleRIEFiTTRH

+ 2018F3H6H , GooglesLia=RI20T0 T Safr—VEFREIEEEBristlecone
Bristlecone2—mX 72U UL IESE |, (B REL1%,

)4
A

oV

ATt

X X

"4
S
% X&'-"\»X
N

S A A
O, L V\"\, »;)

A,
(’\<‘ 7o

)\/
X
D
2

N, N PN &

Q 4 Q

K R K
X

X
AN
‘\7X§.
A

X

%
X % X X

N ¢

AN
X
S¢
A A
4

¥ 3
V.

N, &

'/

p-
V4
k%

K, A

XX X X 3
e, \ox{/\sx

¥
¥ X
VAV AVAY

(V.
Ca
P A 4
K

3
$
N
X X
X %

3
AN AN

X,

Error Correction Threshold

b - - - ]

Research
Direction

i Useful error
Classically Near-term
simulatable 2 applications corrected QC
L

| | | 1 | | | |
10’ 102 10° 104 10° 108 107 108
Number of Qubits




GooglefIEFiTEHN

- EREAESESNMNESEAUNIRENERS , SRNREEIE23~1016
ﬁﬁ3ﬁ20ﬂ PRHUTE | 352 éﬂiﬂ%%—ﬁ’]ﬁ_é&ﬁgmwmmlt jd‘ﬂ% %17555

3
C fpemp— Tl
= J X (] b
T .' -!“ RS
W N
/ 4 it \ S N ) \
!/ LU ) i Ll b
BN TRV e wary |
i 1)) il R |\ 8
! \: D'y
¥ ¥ 3 ,y.“
| ‘ ~t it
| 3 13es 5}{?‘)
[§ A RRTHE
10 g
(R L
]
/
|




& mr

RENEFTRIEENRGH G




Rose’s Law

10,000 ‘ ¥
ﬂi' /
o . /
g 128q Rainier 4 bizg v.fsuwus 5 * Faster than the universe
1.000 & * Faster than all computers
’ : N\ NS
‘S ‘O*Competitive Performance with
P < Classical Computers
100 é : 28q L\eda <> ©
g 16q Europa I!\ O
Wk
10 Zie |
4q Calypso O

“Quantum computers have the potential to solve problems that would take a classical
computer longer than the age of the universe.” — Professor David Deutsch, Oxford
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