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1. BBenenue

O cele

TpyaHocTu 3aaa4 aHaaM3a HHGOPMAUMHU U
ylnpaBJieHUsl B peajJJbHOM BpPEeMeHU

— IIponecc nonydeHus JaHHBIX U YIIPABJICHUS
— HeonpeneneHnnoctu
— bailecoBCKUU MMOIX0

— HenocratouyHoCTh pazHOOOpa3ns HCXOHBIX JAHHBIX.
M3MEHYMBOCTD JaHHBIX CO BPEMEHEM

— OrpaHu4eHUs MU MO PECYPCaM B YCIOBHUAX PEATBHOIO
BpEMEHU



O0acTy HayYHBIX MHTEPECOB

e OnTUMMU3aNUg U aJJalITUBHOE
VIIPABJICHUE

* MyJbTHAreHTHBIE CUCTEMBI
* BeruuciaurenbHas JMHTBUCTHUKA
e Business Intelligence

e HoBble MOeIN BBIYUCIIEHUU

e Hi-tech Entrepreneurship



Topics In Math

 Randomized algorithms

o Stochastic optimizations (SPSA)
 Clustering

 Compressive sensing

* Financial mathematics

o Adaptive control

 Image and Video processing



Most interesting results
l--optimization
SPSA algorithms

Estimation under almost arbitrary noise

Randomized clustering stability
algorithm

Randomized algorithm of R/S analysis
Oriental languages recognition



[TpoekTsl (TEKyIHe)

PangoMHU3UpOBaHHbBIC AITOPUTMEI OIITHMHU3AIINH,
oneHnBanus 1 knacrepusanuu (0romxet CIIOIY)

MyabTHU-areHTHOE yIpaBiaeHue «poem» Manbix bIIJTA
(CTAPT)

Pacno3HaBaHMe TEKCTOB Ha BOCTOYHEIX S3bIKaxX (OIOMKET
CIIoI'Y)

PacdeT rpaHuIlbl KOHTHHEHTAIbHOTO meabda PO (THUIT'N)
AnantuBHas OanaHCHUPOBKA 3arpy3ku y3JoB B I'PU /]
(MaTen)

Atom/MeeGo for mobility Muren)

O (HEKTUBHOCTh UCII0JIB30BaHuUs ITomelneHuit B CII0IY
(Oromxket CIIOIY)



Y4eOHbI€ KypChI
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programming

e Quantum computing

0. H. TPAHWYMH, C. . MOnoaLoB

CO3AAHUE TMBPUOHBIX
CBEPXBbICTPbIX KOMIMbIOTEPOB
1 CNCTEMHOE
MPOrPAMMNPOBAHME

0.H. T

w3, 80
GAHKT-NETEPBYPICKOTO YHUBEPCUTETA

BBEAEHHE B METObI
CTOXACTHYECKON ONTHMHZALNK
H OUEHHBAHNY

@

VGOATENLCTBO
CAHKT-NETEPBYPCKOTO YHUBEPGUTETA

OCHOBbI
WHDOPMALIMOHHBIX
TEXHONOMMA

0. H. Tpannyny
B. U. Kusres

WHOOPMALMOHHLIE
TEXHOMOruun
B YMPABJIEHWUM

]




CmeHa napagurmbl

[Mpouecc BblYMCNEHNS — HAOOP aCUHXPOHHbIX
Mopenen B3aMMoOencTBYOLMX AMHAMNYECKUX

CUCTEM INTERNATIONAL JOURNAL OF
NANOTECHNOLOGY AND MOLECULAR
CToxacTnyeckue COMPUTATION

SYCTEN
Computational Model Based

MbpuaHble CUCTEMBI o Eyolutionary Primitives:
Turing Machine Generalization

e g Cirartichin, Saint- Petersburg State University, Russia
balentin Vasilev. Saint-Petershurg State University, Russia

Bcepoccunckas cynepkomnbiotepHasa KoHdepeHuusa «HayuyHbin cepBuc B cetu UHTepHeT
AG6pay-Aiopco, 21-25 ceHTabpsa 2010 .



BHewHuu Bug BINJ1A

Cucrtema ynpaBneHus

ST




Y10 BaKHO?

e Information

e Signal

°?

U A [

jjﬁf W il y ~— > T s control

information signal data estimates



Nudopmanms, JaHHbIC, 3HAHUS

As an influence which leads to a transformation

e Informationis something potentially perceived as
representation, though not created or presentethdor
purpose

* Information has been perceived by a conscious |
and also interpreted by it, the specific context
associated with this interpretation may cause the

transformation of the information inkkhnowledge
» datais signed and saved



OOpaTHEIE 3a1a4u

Nudopmanms, TaHHbIC, 3HAHUS

a
y= @ X (= D(X) )
y— dim m

X — dim N



CKOJIBKO U3MEPEHUH HAIO0
caearhb?
y=Dd X +V
a

m>N



AHann3 nHpOpMaIH B
pPaCHPEACICHHBIX CETIX U PEAIbHOM
BpPEMEHU

* TpynHOCTH
— OIPAaHUYECHUS PECYPCOB

— HEJI0CTATOYHAsl BApUaTUBHOCTh
JTAHHBIX HAOJIIOICHUS



JleTepMHUHHUPOBAHHBIE 10X O0/IbI
4aCcTO «IPOBATUBAIOTCS»

* B Teopuu u npakTUKE BO3HUKAET MHOI'O
TPYJIHOCTEM, KOTJIa MBI IBITAEMCS UCCIIEIOBATh
" CIIO)KHBIE” CUCTEMBI. BO MHOTHMX MPAKTUYECKUX
IPUIOKECHUSIX TPAJULIMOHHBIE IETEPMUHUPOBAHHBIE
AJITOPUTMBI HE JIAIOT PE3yJbTATOB, KOIJIa CHCTEMA
cinoxHas. HacTo 3To BeJET K Tak Ha3biBaeMbiM NP-
CJIOKHBIM 3a/a4aM.



PangoMu3npoBaHHBIE aJITOPUTMEI

e OJUH WA HECKOJIBKO IIaroB 0a3uPyIOTCS HA CIIy4YalHOM
BBIOOpA OHOI'O M3 MHOTUX JE€TEPMUPOBAHHBIX MPAaBUII.

* PanpoMu3anusi MOXET 0Ka3aTbCs MOIIHBIM CPEICTBOM
IJIs1 peIeHuUs psjia po0JIeM, KOTOPBIE KaXKyTCs HE
pEeNIAEMBIMU JIETEPMUHUPOBAHHBIMU METOAAMMU.



CHUKEHHUE HETaTUBHBIX BIUSHUMN
OTPAaHWUYEHUM PEAITbHOIO BPEMEHH

e PagnoMu3anma MOXET OBITh MUCIIOJIL30BaHAa
JUTS 00OTaIlIeHUS NaHHBIX HAOIIONECHUH.

* PaHIOMU3UPOBAHHBIN CIIEHAPHBIN MOAXO/I
MO3BOJISIET PEIINTH 3aa4d ~ 3(M(HEKTUBHO C
BBICOKON BEPOSITHOCTBIO ISl IIOYTH BCEX
OTPaHUYCHUM, KOTOPBIC YaCTO MOXKET OBITh
OYEHb MHOTO.



OoOoramnieHre 1aHHBIX HAOIOJICHUN

B — Bayesian distribution

ymn=>P x 41
e For time
series we can
K2 |te_rat|vely
esimate8




OoOoramnieHre 1aHHBIX HAOIOJICHUN

n=1.2....
Yn = Pn xn + Un

P — random Perturbation

W

Bayesian distribution




ClLeHapHBIX ITOIXO0/]

 To chose a-priori the
number of sampl&l

 To solve a probler
with Prob=1-b for
almost all conditions
(except measure)




Pannomuzanus. ..

1930...

* Fisher (remove bias)

1950...

e Metropolis, Ulam (method Monte-Carlo)

1980-90

* Luing, Guffi, Polyak, Thibakov, Spall (fast algorithms)
e Granichin (arbitrary noise)

« Vadiyasagar (randomized Learning Theory)

2000....

« Campietc.



T XapaKTEePUCTUKHU

e 3JHAUMUTEIBHOE COKpALLICHUE YNUCIIa
orepaluu

e CHUXEHHE CUCTEMATUYECKUX OIIHOOK
(> dexra cmemenms)

e TOoYHOCTDh OOBIYHO HE 3aBUCHUT OT
Pa3MEpPHOCTHU JAHHBIX



[ Ipon3BoOILHBIE TOMEXH

yn=§9n9*+‘ﬂm ?’121,2,...

{%n} is known random with mean M, and crg, >0
{0 =1} signal is present

{6* = 0} no signal

{vn} is unknown but bounded noise

A n MyM,
(MSE) 6, = 2=k=1PhYk _, gu Mo Mo
M, My,

0 = —0_2—_"% desision level
®

If én < & then — otherwise +

a.s.



PangomusupoBanHeii MHK
Ap = pn — Mga

> h—1 ArYk _ g Zk 1 Ap(Mpt™ + vg)
> k=107 > k=107

A ZE=1Akyk
(RMSE ) 6, =
DY YN,

s 0 a.s.
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MHoOroMepHas ONTUMHU3ALAA

r1,2o,... — points of measurements € R?
y1,Yo, ... — observations € R1
Yn — F(mna 'wﬂ) -+ Un

w1, wo,...— uncontrollable unknown
random with unknown distribution P(-)
v1, V92, ... — unknown but bounded (nonrandom)

T he goal iIs

f(z) = [ F(a, w)P(dw) — max
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SPSA Algorithm

A1, Ao, ... — probing sampling

with Bernoulli distribution A, =

(simultaneous perturbation)
§0 = R4
;1_ — 9?’1—1 — B?_?—A?’l

I

(

-1)

-1

’,.._
]

Op =0,,_1 1 cn An(y,j_ — y;)

Bn +0Bn

c R¢



One Measurement Form

an— n— 1‘|‘BnAn
Qn: n— 1-|-O"””Anyn

 \We reduce number of observations
to 1 or 2 instead?d



The SPSA Grounds
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[IpenmyiectBa SPSA

ACHUMIITOTHYECKHU ONTHMAaJIbHAs CKOPOCTH
CXO0ANUMOCTH

Min guciao u3MepeHuii Ha uTepaIuu

COCTOSITENIBHOCTD IPU NOYTH HPOU3BOJILHBIX
oMexax

PaboToCnoCOOHOCTh B HECTALIMOHAPHBIX 33Ja49ax

JIerko MOKeT OBITh PEAUTM30BAH HA KBAHTOBOM
KOMITIBIOTEPE



Randomized Measurements
and |1-optimization
(Compressive Sensing)



Data processing

| I .

mﬁfﬁ Yy -~ I -~ control

information signal data estimates

O=AY

y= @ X



Information theory

ShanornNyquist-Kotel'nikov Theorem
r={f(t):t € R} € Lo(IR)
N=2-‘-:nm:-c

E yisinc(m(wWmaxt — 1),

-l.-tu.n

y; = f(——), sinc(t) = =25

wimax i




From 1D to 2D, 3D

1D —-1940-80
« N=10"3

2D — 1980-90
 N=10"6— Large

3D — 2000-10
 N=10"9- Huge

M<<N Is it possible?



Sparse (compressive) signals

S-sparsesector
x=(o,...,0,1,0,...,7,0,...,0,3,0,...)*T — 3-sparse

S-sparsesignals
f Nx1 RN



Transform coding

Ineffectiveness
e all N data are needed

e all newN elements are to be calculate
many of them are zero

e 2selements are to be coding



New paradigm

Compressive sensing
e m<<N

e compressive (sparse) sigr

Candes E., Romberg J., Tao T. Robust uncertainty principles: Exact
signal reconstruction from highly incomplete frequency information //
[EEE Trans. Inform. Theory. Vol. 32. No. 2. Feb. 2006. P. 489-509.

Donoho D. Compressed sensing // IEEE Trans. Inform. Theory. Vol. 52.
No. 4. Apr. 2006. P. 1289-1306.



Compressive Sensing

m< N
{ﬂi}?;l

vi = (ai. f)

y mxl1
y=Af = AVz = Pz,

¢ = AV m X N



Problems

 How to chose an universal mati?
 What Is signal recovery algorithi



Matrix A

e Restricted Isometric Property

- (I)E 3 -
VT < HH H”- U
2119

e |ncoherence
4(A,7) = vV max 1023l

i a2




Universal random matripd

e GaussiamN(0,1/m)
e Bernoulli  Plalt, j| = +1/ym) = %

. or ali, j| € {0, +=+/3/m}

m 2 cslog(N/s)




Signal recovery algorithm

To solveli-optimization problem

x|, = Z z[j]| = min : y= ®x
]



l:-optimization




Example

!"f Signal Corrupted with Zero-Mean Random Noise
: 100 . : . .
oy oo §ATWIEIN 5 |
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One pixel camera

_ )

Compressed, encoded
image data sent via RF
for reconstruction

Low-cost, fast, sensitive
opfical detection

Image encoded by DMD
and random basis

D5SP




Original 100%  40% 20%
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A randomized algorithm for
estimation amount of clusters

(Cluster Stability)



Example. Synthetic data set

The synthetic dataset Is simulated as a set oft 102
clusters of 8-16 instances each. Instances in each
cluster were generated according to an uniform

distribution based on circle with radius from 1(
30

(random value for each cluster).
 Number of Instances: 11245
 Number of Attributes: 2
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Example. Synthetic data set

-1000

—1000

The scatter plot of the considered synthetic datta s



Example. Synthetic data set

Scenario approach allows us to reduce significantly the number of
clusterization algorithms computation.

We chooseM=8, N=10,T=3 and D=0.7.

We calculate only 30 values dfk) instead 3100.
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Co30anue npuHUURUAILHO
HOBbIX C8ePXObICmPbIX
BBIYUC/IUMEIbHBIX YCMPOUCTE
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M3MeHeHne (PyHKIIMOHAIEHOCTH

KoMrbroTepsl,
OpPUEHTUPOBAHHbBIE HA 3a/1a4y

OnepallMOHHBIE CUCTEMBI,
MHOT03aJa4HOCTh,
YHUBEPCAIbHOCTh U T.II.




Yt1o nanpiue?

The Intelligent

Systerr




Kak co31aTh HCKYCCTBEHHBIN
UHTEIJIEKT

Baeniagas yacTtpb



HTEeNIeKTyalIbHBIA BEIOOD

T [

Devicel Device 2 Device N




Y CIIOBUS 1151 BHYTPEHHEU YaCTH
NC

o Jlnsg 110001 3a1a4u, B CUCTEME €CTh
CHEIMATBHOE YCTPOUCTBO IJIS €€ PEIICHUS

e MHdopmanus n3 BHEIITHETO MUpPA
«IOCTABIISIETCS» KO BCEM TAKUM YCTPOMCTBA
OJHOBPEMEHHO



[ Ippumep BO3MOKHOHU peann3aliim
BHYTPEHHEH YaCTH




MH(bOopMaLlMOHHBIN PE30HAHC




Y10 Takoe BBIYUCIICHUL?

e oT ADaka

e 10 Komnerorepa
¢ ...7



T'esuc Yepua-1rsropuHra

1. B undopmaruke npuHUMAIOT Ha Bepy Te3uc Yepya-ThropuHTa O TOM,
YTO J000M Mpo1ecc, KOTOPbIA UHTYUTUBHO MOT Obl OBITh Ha3BaH
MPOLEAYPOU, peain3yeM MallMHOM ThropruHTra. B OCHOBE 3TOM BEPHI
JICKUT YOEKJIEHHOCTh B BO3BMOKHOCTH 3aMMcaTh JHOO0M (PU3NYECKUM
IPOIIECC B BUJIE KOHEYHOMEPHOU MOJEIIN: X = F(X) rJe X u3
KaKOT'0-TO KOHEYHOMEPHOT O MpocTpaHcTBa. Ha aToi ocHOBE co3/1aHa
1 Pa3BUBACTCS BCS COBPEMEHHAsS TEOPHS CI0KHOCTH aJITOPUTMOB

.

[1pu pazpaboTke HOBOTO BBIUUCIUTEIHLHOTO YCTPOICTBA "B KeJe3e" Hago TOJIbKO
YMETh peajiu30BbIBATh HECKOJIBKO 3JIEMEHTAPHBIX onepalui, a 1000l 6osee
CJIOKHBIH alTOPUTM MOXKET ObITh COCTABJIEH M3 UX TOCIICIOBATEIILHOTO UJTH
napaieIbHOTO TPUMEHEHHSI .

2.3T0 BeJIeT K pa3/ieJIeHUIO HarpaBieHu padorT:

OJIHU CO3JIAl0T 'JKeNle30", Apyrue pa3padaTbiBalOT aIrOPUTMBI



YMeEHbIIIEHUE YJIEMEHTHOHN 0a3bl

3. OcHoBa coBpeMeHHOM BT MmoiynmpoBOAHUKY - TUOJIBI U TPAH3UCTOPHI.

3a nmocnegnue 40 neT Kaxkablil ToJ pa3Mep 2JIEMEHTAPHOIO 'BEHTUIIS B
BY ymensmaercsa na 30%.

B 20100yaeT 3amyiieH 3aBo/ 110 MPOU3BOSIIAX MUKPOCXEMEI I10
TEXHOJIOTUU 22 HM

VYposens 100A=10um - pazMep MOJIEKY - IIpe/ieabHas BeauurHa. Bes
JOoTUKa pa3BUTHS djieMeHTHOM 0a3bel BT BeneT k "MonekyisipHO
3JIEKTPOHMKE", HO B CUJIy MMPUHIIUIIA HeonpeaeleHHoCcTr [ 'eiizeHOepra
B HEH OYEHb MaJIo MecTa JIJIsA KlacCuuecKor nHpopmanu - outos {0}
u {1}, He M3MEHSIOMMXCS HA IPOTHKSHUH OJHOI0 TakTa BY.



byIymium «CKayok»

4. 3ydeHue npooOsieM B MATEMAaTUYECKOM OMUCAHUU PA3JIMYHBIX
OBICTPOU3MEHSIIOIINXCS TMHAMUYECKUX MTPOLIECCOB MPUBOJIUT K BBIBOJLY O TOM,
YTO B MPUPOAE €CTh OYEHb MHOTO BaXKHBIX MTPOLECCOB, KOTOPHIE
MPUHUHUIINAIIBHO HE OMMUCHIBAIOTCS KOHEYHOMEPHBIMU MOJIEJISIMM.

HpI/IMepBI: KIaCTEpUu3alus B IIOTOKaX KOHOCHTPUPOBAHHBIX TUCIICPCHBIX cMeceH, O6paSOBaHI/I€
MHOTIOMAacCIITaOHBIX BUXPEBBIX CTPYKTYP B Typ6y.]'[eHTHBIX TCUCHUAX KUIKOCTH U INNIACTHYICCKUX
TCUCHUAX TBEPAbIX MATCPUAJIIOB ITPHU UMITYJIbCHOM HAarpy>X€HHUH, O6paSOBaHI/I€ OeJlka B KJIETKaxX
JKUBBIX MUKPOOPTaHHU3MOB, a TAKKXC UCPAPXHUHN CTPYKTYP B ) XHUBBIX CUCTEMAX.

a

Bnonnae BeposTHa ommbouHOCTh Te3uca Yepua-TrropuHra, T.€. COBCEM He 003aTeIbHO
KaK0e-TO BHOBB IIPUIYMaHHOE N300peTaTeieM HOBOE BBIUUCIUTEIIHFHOE YCTPOMCTBO
OyJIeT SKBUBAJICHTHO (B CMBICJIC BEIYMCIIMTEIIEHOM MOIIHOCTH) HaOOpy mu3 Oojiee
MPOCTHIX.

Bwi600: KauectBeHHbIN CKayOK B pazsutuu BT npousoiger npu
COCJIMHEHUH YCUINK pa3pabOTYMKOB "Kejie3a” U aIropuTMOB Ha
pa3pabOTKe BHICOKOA(P(MEKTUBHBIX CIIOKHBIX ' KEJIE30K', CIIOCOOHBIX
pelIaTh CIOKHBIE 3a1a4H.



CoBpeMeHHBIE Pa3pad0TKH aNnaparypbl
1JIsl BHINIOJIHEHUSI KBAHTOBBIX BHIYHCJIEHHUH
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Electronic structure of pristine and activated bacterial
S-layers (Bacillus spharicus)

S.L. Molodtsov  Inst. of Solid State Physics TU Dresden

* Supported by SFB463
Cooperation

Institut fir

Institut far 0
Festlorperphysik g

A. Kirchner, M. Mertig D.V. ¥yalikh, S. Danzenbdcher, M. Besold
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S layer: Structural properties H. Eberhardet al, J. Bacteriol. 168 (1986) 309

H. Eberhardt, NATO ASI Series (Springer-Verlag,1991) T

Transmission electron microscopy image3D reconstruction of S layer viewed from
outer (top) and inner (bottom) surface



Growth of S layer on Si{Si substrates

without plasma treatment

Solution of sodium phosphat
MgCl, and NaN

Plasma treatment of substrates _
with plasma treatment

Protein subunits are composed

of 20 different amino acids.
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S layer: Sample characterization

200 nm

Data type Height
Z range 1.012 nm

TEM micrograph image AFM image



Electronic structure of S-layer: LDA,
building-block model

Density of states
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Electronic structure of activated {RtCl,) and
reduced (DMAB) Pt/S-layer

Averaged & -
symmetrized unit cells

Activation Nucleation Cluster growth

Reducing X’ X
agent
(DMAB)

Binding of PtCI,” Reduction of the Growth of
to the Pt complexes Pt clusters

DNA bases

Sample preparation
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10 um =16 m = 0.00001 m
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