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OTKpbITHE B 1930-X

* -2 YYEHbIX B OQHOU KOMHOME
« KapaoHgow u bymara

OTKpbITHE B 1970-X

« 200 y4éHbIx , =10 crnpaH
* MaUHdE3aUMbI

+ 2000 yyéHbix, =100 cmpaH
* PacnpegenénHble cemu, rpug
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100 Aem HQ3QQ...
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100 Aem HO3QQ...

Cuémuuk [elrepa

Cyumaem yacmuybl
Ao 10000 B cekyHgy
1009% aAekmpoHoB

19 ramma-kBOHMOB
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80 Aem Ha3Qg ...
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Kok cgeAamb NY3bIObKOBYIO
m|<<J/V\e£>v’?
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Aem HQ3QQg...

Komepa BUABCOHA i
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TPAaEKTOPHA
YACTHITEL

1932, AHgePCoH
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60 Aem HO3QQ...

[ly3blpbkOBOA KOMEPQ

a‘s': !,b Proton path O'
d e
BEs )

¥ Neutrinotransformed =~ |
into p-meson
9

Invisible neutrino
collides with proton

Collisioh creates

»The Neutrmo Event
Nov. 13, 1970—Wor|d s first -
observatlon of a neutrino in a. . ;

_hydrogenbubble chamber =~ - [EEESSEEEEEE AN N 2
; : : - — ; y : @3¢ 618
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60 Aem Ha3Qg ...

Kamepa BuAbCcoHa

3Hak 3apsja @
- @

®
o ® o000  °°
d o
/w
Juamerpdt = 3apsizq 1
HNuTepBan w 1= Cxopocts V 1 L
Papuyc R T~ mu vt ql, JdnvHHa LT = Dueprus W 1
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60 Aem HO3QQ...

[ly3blpbkOBOA KOMEPQ
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[ly3bipbkoBble kKamepbl B OVAN
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o0 Aem Ha3ag ...

MIMeHHO TIpOM3BOAUTE/NBHOCTh CPEACTB O00pabOTKHU
SKCITepUMEeHTa/IbHON MHPOPMAIIUU OyzAeT, B KOHEYHOM
CYETe, OTIpeIe/ISATh  ITPOU3BOAUTETHLHOCTD (PU3INIECKHX

MccaeJ0BaHUN
A

6 aBrycra 1966

Ny
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o0 Aem Ha3ag ...

[ly3blpbkOBOA KOMEPQ
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40 nem HO3QQ ...

Big European Bubble
Chamber

-
\
|

[ly3blpbkOBOA KOMEPQ

6.3 MUAAUOHOB CHUMKOB 3a 11 Aem pabomel

CoBpemeHHble akCnepumeHmMbl Habupaom
CMOABKO >e€ 30 2 Yaca.

To umo celuac cobupaemcs 3a 1 cekyHgy
PaOHbWeE cobupaAoch 3a 13.5 yacos
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/IHMepeCHLIU dbakm
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VIHMepecHbIU doakmlll

1985 - Cray 2

1.9 GFLOPS

2 GB RAM

. [lompebaeHue 200kW
Llena- 32.000.000$
NASA, US Defense ...

2010 - iPhone 4
1.6 GFLOPS

o512 MB of RAM
[lompebaeHue 5.4 W
LleHa- 700 $
MuUAAUOHBI AtogeU
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VHmMepecHbIU dakmlll

Inflation Adjusted Cost Cost per
System MegaFLOP/s (20105) MegaFLOP/s
1 $49 million i
CDC 6600 (Megaflop) S49 million
1,000 $32 million
Cray-2 (1 Gigaflop) $32,000
1,650 $699 (4GB storage, no
iPad-2 (1.65 GFLOP/s) optional 3G plan, no 50.42
cover)
Lenovo W510 24,239 $2,100 (i7 920, 2.0GHz $0.086
laptop (24.23 GFLOP/s) | quad core, 16GB RAM) :
Generic business 39,675 $1700 (iS, 2.66GHz, quad $.0428
desktop (39.67 GFLOP/s) | core, 8GB RAM) '
Hydra-1 (personal 122,680 $10,000 est. (2x Xeon
I‘_"ﬂ_ect] - (122.68 5690, 3.46 GHz, 6-core, | $.0815
Brc: GFLOP/s) 24GB RAM)
1,000,000 576 million
el i (1 TeraFLOP/s) 376
1 billion $101 million
Roadrunner (1 PetaFLOP/s) $0.10
10 billion 51.25 billion (to design
S, e (10 PFLOPS/s) and build) 2013
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Pabomaem
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40 nem HO3QQ ...

HMckpoBast kamepa
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V\CKpOBOH kamepa B OUNAHN

s VIEW =2 FRAME = 7L =12 =2

O BACK SAME MEMT M KM I mred

R vt“ -- PRrER -.‘PL - aim e
it BAIS e

‘ 2 e = . .o
R x' T ot LY
e B .\-X
o .0._.. " .-l-‘-'-.a.....\ Faber ,\c';‘.-
»
. - - -

? Hoabpsa 2017
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Large Hadron Collider 1994
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ATLAS

13 BMOOB OETEKTOPOB
~100 MnNMOHOB KaHasoB

1 bunch-cross: ~20 CTONKHOBEHUN

~40 munnmoHoB bunch-cross /B 1 cek

~1 MUNNMapAoB CTONIKHOBEHWI B MNUKe ‘@@I!

~
~—

OpaHo cobbiTne - 1.6 MB
NonHbIM noTok: 1.6 MB * 1 000 000 000 = 1.6 PB/sec

Mbl MOXeEM:
3anvcbiBaTtb Ha auckn: 450MB/s, i
Cobupatb cobbitnsa ~300 Hz [rias e
3arog~ 4 PB fuvind |
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bo3oH

BeposamHocmb hosBAeHUA Xurrca B
KOHKpemHom cobbimuu Ha LHC: 10-4

T.e. npu 1 muAAUQpge cobbimul B cek
6030H Bygem NOABAAMBLCA Yymb Yaule
Yem PAa3 B 3 Yaca

EcAU uHUUUUPOBOMbL CYUMBLIBOHUE U 3QNUCL QAHHBLIX C geMeKMOoPQ
CAyYaUHbIM 0BPQ30M, BELOAMHOCMb 3aNUCOMb COBbiMmue BO3HUKAOUWEe C
yacmomou 0.00001 Hz

paBHa 0

T.o. HY>kHO PUMBTPOBATH
09.9995% COOBITHI
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Boson

. . . L1 Peak EF Avg.
Trigger Typical offline selection Rate (kHz) Rate (Hz)
Lpeak=7633/cm2s Lavg.=5633/cmzs
: Single iso u, pr >25 GeV 8 45
Single leptons -~ e 150 ¢, pr 525 GeV 17 70
Two u’s, each pr >15 GeV 1 5
Two u’s, pr >20, 10 GeV 8 8
Two leptons Two e’s, each py >15 GeV 6 8
Two e’s, pr >25, 10 GeV 17 5
Two 7’s, pr >45, 30 GeV 12 12
Two y’s, each pr >25 GeV 6 10
Two photons =0 = s 540, 30 GeV 6 7
: . Jet (R =04), pr >360 GeV 5
Single jet Tet (R = 1.0), py 5470 GeV 2 7
Emiss | Eps >150 GeV 2 17
4 jets, each py >85 GeV 8
Multi-jets 5 jets, each pr >60 GeV 1 2
6 jets, each pr >50 GeV 4
. 4 jets, each pr >50 GeV _
b-jets out of which one 1s h—tagged ! 4
Total <75 400

? Hoabpsa 2017

RLTP201/




ATLAS Triggers

Hy>xkHO BbIBpamMb KpaUHe pegkue
cobeimus (0.00001 Hz, pa3 B 3 yaca)
U3 OueHb WyMHOro dooHa (1 mag Hz)
1 u3 100 mpH

27?7

75000 Hz 3000 Hz 300 Hz

Level 1
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(KOABKO coBbIMUU HY>KHO"?

RLTP201/




For use in case of
50 Higgs discovery

1. Check label for
“Champagne”. (Do not
use “Cava”) Remove
protective cover.

2. Gently twist corkto -
, release fluid. (Aim away ,

For use in case ‘
iscovell from face) “

3. Apply fluid to
Champagne flutes. :
Repeat until all flutes g,

are filled.
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o sigma(100 coin flips)

Expected number of heads = 50, uncertainty=5

0.09 -
Probability 1o
0.08 - «>
20|
0.07 - «—
30

0.06 - 40: >
1o - 68,2% . . >l - 1/3
26 - 95,5% | o0 . >20 - 1/22
30 -99,/3% 0.04 1 >30 -1/370
45-99993% .. | >40 - 1/14285
o0 - 99,99994% >00 - 1/1666666

0.02 -

0.01 -

0

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Number of heads
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o sigma(1000 coin flips)

Expected number of heads = 500, uncertainty~15

0.03 - 0.03
Probability
0.025
0.025 n
0.02
0.02 1 Ag| 0015
lo - 68,2% . <«
o o 0.01
20 - 95,5% 0.015 - :
30 - 99,73% oo
46-99993% .. ]\
S0 - 99,99994% 0 — - —f - 66
O O O O O O O O O O O O O O o o o o o o o
n O I O . O O O o umw o uwmw o umw o umw o
HHNN(‘O(‘O##LOLOLO@I\I\OOOOCDG)S
0.005 -
OJ\
350 400 450 500 550 600 650

Number of heads

9 HoABpA 201/ RLTP201/




O sigma(any events)

20=95% 5o
3o =99.7%
40 = 99.994%
Sa = 99.999949,
r T T T T T T T T T L
6 S5 4 3 -2 - " 1 2 3 - ) 6

9 HoABpA 201/ RLTP201/




O SigMma ¢ MoHemMKouU

Kak ygocmoBepumbCs, Yo MOHEMKQ

C gBYMA OPAQMU gelCmBUMEABHO C

QBYMA OPAQMU E€CAU:

. HeAb3a gep>kamb B pyKaX

2. Mo>kHO nogbpackiBOMb

3. Mo>xHO cmompemb Ha
pe3yAbmam?

Cyumams! Ho kak goAro?
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U
23

QMA C MOHEMKOU

EcAu moHemka oBbIvHOA, MO:

-0 6pocok(opén) - 50%

2-U 6pocok(moxke opéna) - 25% 1o
3-U 6pocok(Bo Bcex Bpockax Bygym
OpPAbI) - 12.5%

4-0 6pocok - 6.25%

5-U 6pocok - 3.125% 20
6-U B6pocok - 1.5625%

/-0 6pocok - 0.78...%

8-U 6pocok - 0.39...%

9-U B6pocok - 0.19...% 30
10-0 6pocok - 0.097...%

o 482% 14-U 6p00coK = 0.006...% 40
20 - 95,9%
36 - 99.73% 21-U 6pocok - 0.00004...% 50

40 -99,993%
o0 - 99,99994%
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O SigMma ¢ MoHemMKouU

Kak ygocmoBepumbCs, Yo MOHEMKQ
C gBYMA OPAQMU gelCmBUMEABHO C
QBYMA OPAQMU E€CAU:
. HeAb3a gep>kamb B pyKaX
2. Mo>kHO nogbpackiBOMb
3. Mo>xHO cmompemb Ha
pe3yAbmam?
Cyumams! Ho kak goAro?

[loegnoAoxkum ob6pamHoe, Ymo
MOHEMKQ 0BbIYHOA, HO HOM OYEeHb

CUABHO Be3ém U BbINOGAKOM MOABLKO
OPAbI.
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o sigma with Higgs

19.7 o™ (8 TeV) + 5.1 fb™ (7 TeV)

x10°
3.5 CMS S/(S+B) weighted sum
H—yy
¢ Data
I Mmé
—— S+B fits (weighted sum)

25 "N T B component

TE T e +lo

------ +20

2
15

.1
0.26
=1.1420%

n
m,, = 124.70 = 0.34 GeV

0.5

S/(S+B) weighted events / GeV

0 | I I | | | I - | | I I | | | I I | | I I | | | | I | |

200

B component subtracted

100

0

-100 I | I | I | I
110 115 120 125 130 135 140 145 150

m,., (GeV)
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Ha3HaYeHUe KOMNBIOMUHQ

3aQNUCb QQHHbIX
PekoHCcmpykuuA
AOAroe xpaHeHue
AHQAU3
Cumyasauus
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3QNUCb QOHHbIX

' Dataflow to permanent storage: 4-6 GBisec

s ~ PRy e
| ATLAS ~ FEYTTTN - §.

ALICE ~FPT T

L {

:

L. ows-ETTE
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PekoHCcmpykuuA

Prc? FAHQFD-47 uypk
Ughl D " r T#CHNSWE

B Il gCwx9PSIS* H=G
Hii0ehpCh lashE
E?nay pTHLAEHn! ¢
¢, U1 ENB2ve e [H
HED 3k pllwh®B (Asde
aFPaV{MELun rEu
bE 3= |k il Mea T
>|<3lI|8||-n e-'-l*bl-llﬂ:l
Ul g F OPLY IJ.l&glll,Tb
Gl FeThir |43 _T1%
HT3|T I CF ey
KCa haBoBzrX _EBH
mdyAdaPMllv<KIwU L5
Bdosp |EAnan—kq5;0
WUPLPUMKUPEHH Fen
Ennﬂda-r)ﬂll”l"ﬁ;e
r th}(bl‘;{

> B2 H

5 20/15-Jun- 8:48:32.279552
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MogeAupoBaHuUe

L

&
R __1
: 16nG 4

¥ = e -

/[{
%
7R
%,

plus neutrino masses and mixing and dark matter

B Ul gCx9P51L5° b
Hi e ThpCh PlaghE
Er?na'-l T HL¥Ebg" o

W ENBue >e—r 8
H@DSK {jwh¥B [Hds's
aFPaU{[ME]1 5wp rEu
bE3= F[ Ju.l'—'lll'-l-.—nl

w3

KCa haB"&:rH _EBR
by 4 PMlv<KIwl LE
Bdosp |EAnan—kq 50
WUPEPUMCKLUdEHH Feu
§¥n1&da-r)2¢|ll"ﬂ
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Reduce data volume In stages
Select ONLY ‘interesting’ events
Initial data rate (25 ns) :

Cu Data and

gUIUUO gUU Zventsfj Tmm_
t t o e pesins .
"0 events/s 100 i Com putatIO N

50— for Physics Analysis
400 Hz ‘

event filter
(selection &

reconstruction)

processed
data

event ﬁ

summary
| data

o
-

=, bath!
physics

analysis
. y
reconstruction \

analysis objects
(extracted by physics topic)

] ==
____J interactive mm

“== . physics
analysis

event
simulation




1997

Y NETSCAPE®
A NAVIGATOR 4.0

Internet
nonb3oBaTenu:

70 000 000
CkopocTb 28.8kbps

[EE=————— Netscape: Rltalista Search: Main Page =

Back |Forward| Home |  Reload | images | Open | Print | Find |  Stop |

Location: [http:/ Awww altavista digital.com/
‘hat’s New? | What's Cool? | Handbook | MetSearch | MetDirectory| Software |

o i andl 00;"‘;0“

1 Privat
AlTaVisTA. Search o
OnSite Knowledge Advanced ll Simple § Products

Je £ - -~
It's here |
Search | the Web I and Display the Results I in Standard Form

[+icon +archive +download Lﬁrﬁ‘_]

Tip: To find an old friend or information about someons, try: Samta Claus or "Santa Clays
Using & capital letter enswres that only that capitalization will be found.

h!

@ Connect: Contacting host: www.altavista digital.com...
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VIHMepecHbIU doakml
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VIHMepecHbIU doakmlll

Cray-1 -1976

[locAegHUU cynepkomnbiomep ¢
“Gynep-npoueccopom”
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40 Years of Microprocessor Trend Data

i
10 | l ' LI Transistors
o8 ' omist ] housands)

i "fi‘i =3 .

S e A aa®s ] Single-Thread
10 5 v " Performance
Y N N N NP1 Ll | (SpeciNT x 10°%)

| A2 g Intm
: A g4l 4 ol Frequency (MHz)
A Yt Typical Power
1{]2 ......................... ................ l..i ........ *.-T;T}'iwf';%--- (Waﬂa}
A ..= '1" v v v *
. | E - ", '-r"'r ¥ M ﬁxﬁ_‘i_ | Number of
10 A . = . i d° 7 Logical Cores
F Y i - v T'_" P L ]
0 L4 m v - 0
i L | 1
1970 1980 1990 2000 2010 2020
Year

Cirigpircal data up 1o the yiar 2010 oolleched and plofled by M. Horowilz, F. Labome, O, Shacham, B Olukatun, L Hammand, and C. Ballen
Maw plol and data collecied for 2010-2015 by K. Rupp
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I_p U 9 WorkNode

WorkNode

WorkNode
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rp u 9 WorkNode

WorkNode

Middleware

WorkNode
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Grid site Grid site

Grid site

Grid site
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[pug
Virtual organization 2 Grid site

\\ K

Grid site
Virtual organization 1
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[ pug ceuyac

EERREE
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[ loocmeuuwuud rpug
Grid site
Grid site

Grid site

e

Grid site
Grid site
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[ pug UepaPXUA
Tier-0 (CERN): (15%)
~ Tier2 sites «3QNUCb QAHHbIX
*[lepBUYHOA PEKOHCMPYKUUA
Tier-1 sites il -llepegaua gaHHbIX

o T * Tier-1(13 centres): (40%)

, e *APXUBUOOBOHUE
@? 5 ‘Pe-npoyeccunr
| (@ «AHOAU3
«(BA3b ¢ TO vepes 10 Gb

Tier-2 (-160 centres): (45%)
«il ° [loAb3OBOMEABLCKUU QHOAUS
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CAOXKHOCMU

i

be3zonacHocmb [epegaua QOHHbIX XpoHeHUe gaHHbIX

AKKQYHMUHr MoHUMOPUHr YnpoBAeHUE Harpy3kou
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gaac

11/28/2013_11:44:13 am il Running jobs: 214268 g
11:40 am 1151 am Transfer rate: 42.74 GiB/sec 6

US Dept of State Geographer

irags Landen . Googleearth

Data SIO, NOAA, U.S. Navy, NGA, GEBCO
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Bbizosbl 6ygyusero

NICA (Nuclotron based Ion Collider fAcility) - aTo

HOBBIN YCKOPUTEIbHBINA KOMIUIEKC, KOTOPBIN
co3gaércst Ha 6aze OObeAUHEHHOTO MHCTUTYTA

smepHbIX nuccmegoBauuii ([lyoHa, Poccust) ¢ mebio
M3y4eHUsT CBOMCTB MJIOTHOW OapUOHHON MAaTEPUH.
BBOJ, B 9KCIUTyaTalLMIO: 2020

ODIRAC

THE INTERWARE
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bnaromapHocTu

bnarogaprocts Yae6Homy LlenTpy OMSAN 3a BO3MOXHOCTB
BbICTyNaTh Ha 10-i1 HayuyHot LlIkosne gns yaureneit pusmku
13 cTpaH-y4actHul, OV,

B JaHHBIX C/TallaX UCITOIb30BAHBI MaTePUAIbI U3
npeseHTau Bnagumupa KopenbkoBa, Tarbsinel CTprk,
Anekcess KnumentoBa, CMupHOBOM OKCaHBHI.
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CrnnacuOo 3a BHUMaHue!




