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MoToK gAHHbIX CERN LHCB

Cxema 06paboTkn OaHHbIX:
1. BxogHown noTtok: 40 MHz;
2. LO Tpurrep: 1 MHz;

3. YaCcTuU4Hoe
BOCCTaHOBJ/IeHMe cobbIiTUS;

4. BOCCTaHOBJIEHNE
cobbiTnA/nepeBa
pacnanos.

LHCb 2015 trigger diagram
40 MHz bunch-crossing rate

LO hardware trigger: 1 MHz

read-out, high E;/P; signatures

450 kHz 400 kHz 150 kHz
h& w/ e/Y

software high-level trigger

_partial event reconstruction, select
displacement tracks/vertices and dimuons

~

buffer events to disk, perform online
detector calibration and alignment

full offline-like event selection, mixture
of inclusive and exclusive triggers

~

12.5 kHz rate to storage



CERN LHCB UPGRADE 2020

MnaHupyemoe yBenmnveHune ceetumocTtun B 2020:

LHCb 2015 trigger diagram
40 MHz bunch-crossing rate

LO hardware trigger: 1 MHz
e 80% nponyweHHbIX read-out, high ET/ngT signatures

Ba)KHbIX cobbITU LO; 450 kHz 400 kHz 150 kHz

h& w/ e/Y

e LO BblpOXOaeTcs;

software high-level trigger
e OXKMpaeTcsHa partial event reconstruction, select

i displacement tracks/vertices and dimuons
dunbTpauma BCcero <~

buffer events to disk, perform online
MCXOAHOIro NOTOKa (40 detector calibration and alignment
M HZ) ' full offline-like event selection, mixture

of inclusive and exclusive triggers

D A A <

12.5 kHz rate to storage



ARTIFICIAL RETINA




MPONCXOXAEHUE

D. H. Hubel, T. N. Wiesel
JKcnepnMeHTbl C NePBUYHON 3PUTESIbHON KOPOM KOLLIKWN
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ARTIFICIAL RETINA

Obuwas bopma oTknuka Artificial Retina:
—0%(0. h;
=Y exp L5
5 g
I
rae p(6,h;) - oTkioHeHue h; oT Moaenn, 3afaHHon 6.

NunHenHas Artificial Retina:

Z exp Oéle Xi)2 - (ayzi _yi)2

o2

R(ox, ay)
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ARTIFICIAL RETINA KAK cnon NN

NcxonHoe cobbiTue: OTknuk Atrificial Retina:
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CXEMA PABOTbI ARTIFICIAL RETINA GRID

CeTKa B npocTpaHCTe NnapaMeTpoB Mo4ge,nu

fll' T + hits
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ARTIFICIAL RETINA GRID
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OonTnmMun3ALnAa

VR v H(R) BbluncnsaoTcs 3a ~ 1.5x, ~ 2x 0T BpeMeHu R:

*——Zexp hi) p(8,h)V (6, h;)

- ZZR 0(0,h)V (6, h))
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ARTIFICIAL RETINA (o = 5)
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ARTIFICIAL RETINA (o = 2.5)
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ARTIFICIAL RETINA (0 = 1.5)

Retina response
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ARTIFICIAL RETINA OPTIMIZATION

MeToabl rNo6anbHON ONTUMU3ALLUN

+ MeTopn ‘rpyb6om cunbl’ (Artificial Retina Grid);
e METOL UMUTALMN OTXKUFa;

e 3BOJIIOLMOHHbLIE METOAbI N1 MEeTOAbI POS;

* MMUTALUMNOHHLIE anropntmbl (Mmemetic algorithms);
e mynbTu-ctapt (Artificial Retina Optimization);
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PE3YNbTATbI

Pe3ynbTaTbl MyNbTU-CTapTa

CuHTeTn4yeckme gaHHble: 100 yacTuy;

MynbTU-CTapT: MeToga ‘rpy6boin cunbl’:
1
e 300 X 3 BbI3OBOB : * 100 x 100 BLI30OBOB;
precision: 1.0;
recall: 0.8.

« 500 x 3 BbI3OBOBli
precision: 1.0;
recall: > 0.98.
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PE3YNbTATbI

Mnwocobl

e YCKOpeHue oT 6 pas;

e BbICOKas CKOPOCTb CXOOAMMOCTM (MeToAbl BTOPOro
nopsaka);
e BapbMpyeMasi TO4YHOCTb/CKOPOCTb.

MwHycCbI

« BbICOKOE BpeMs OTKJIMKa (3 — 5 pa3 Bbile);
e CTOXaCTU4eckas Npupoaa.
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MNAHbBI

MynbTtu-crapt

e CTabunmsauns: MynbTU-CTapT BHYTpu obnacTu;
e TeCT Ha AaHHbIX MoHTe-Kaphno;
e HeJINHENHas MoAeNb TpaekTopun (pa3mMepHOCTL 5);

[lpyrne metoabl

e MMUTALNA OTXKUrQ;
e memetic algorithms:

° MUTALMA OTXXUra + MeTo BTOPOro nopsiaka;
o reHeTMYecKui anropuTM + MeTo[ BTOPOro nopsaka;
e MeToAdbl posi + MeTol BTOPOro nopsiaka.
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ARTIFICIAL RETINA KAK C/TON NN




ARTIFICIAL RETINA KAK cnon NN

LEENT .
SEGLE i
lMouck pacnaga 4acTuu
onpegeneHoro Tuna.
Recurrent
MNaural netw crle ¥
Mopenb
Partial Observable Markov 1
Decision Process ¢ Triput TRa'nfcrcanmt )

PEKYPPEHTHON HENPOHOWN ‘
ceTblo.
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ARTIFICIAL RETINA KAK cnon NN

Mopensb:

» Habop To4YeK Ha BxOn;

« npeobpa3osaHume Artificial Retina c ueHTpom (x,y, 2);
* PEKYPPEHTHast HEMPOHHAA CeTb;

e HOBbIN LeHTp (X', y’,Z') Artificial Retina.

G454 G0x=A0x10 30320=10 26x26=16 13=13=16  1%1=180 1x1=7

CO-layer SO-layer Cl-layer  Si-layer C2-layer: F-layer
10 kernels (2=2) 64 kernels (2=2) 2880 kernels (Falhy
(5+5) (5%5) (13%13)  connected)
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ARTIFICIAL RETINA KAK C/TOW
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3AKNIOYEHUE




BbIBOZbI

o yBenn4yeHne ceetumoctu B CERN LHCb;
Artificial Retina:

e HUN3KOE BpeMs OTKJIVKa;
e BblCOKasA 3hHEeKTUBHOCTb;

Artificial Retina Optimization:

* 3KOHOMWS BbIYUCINTESNIbHBIX PECYPCOB (6x);

e TOYHOCTb;

o Oo/blLUOM MOTEeHUMaN ANs AaJibHENLLNX NCCcnenoBaHni;

Artificial Retina kak npepcrasneHne Habopa To4ek;

Artificial Retina kak cno HeMpoHHOW ceTn.
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