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Direct to inverse tasks of modern science

The classic goal of
computer science:
automation of solving
"direct task ": §

finding numerical §
solutions of equations g
using algorithms and g\
programs R

New challenges for
computer science:
create an algorithm in
the process of solving
a problem

Are all possible solutions numerical ?

what can be corrected (mcnpaBuTb) is not an
error (this is the essence of the invers task)

Ownbka — HenpegHamMmepeHHoOe, Cry4YamHoe
OTKSTIOHEHMe OT NpaBUSibHbIX 4eNCTBUMN




Risk — mistake — opportunity: starship Mk1 20 HO}I6p}I 2019 gjJIMT'OH boxka
Yuxka

- - e 9 Py iw e : ‘ . Y — | )
How not only to "calculate" the decision, but also to explain why this decision was
made and why the error occurred




OyHIaMEHTaNbHbIN BOIPOC :

Question: is knowledge (information, intelligence, thinking ...) a manifestation of the
fifth fundamental force of Nature? (backward forces)

N ... MOXET N Yenosek, oBnageB 3TUM NATbIM B3aMMOOENCTBUEM,
pasragaTb CyTb BCEX «MexaHn3MoB» [Mpupoabl , a 3aTeM co3faTh CBOH
HOBYIO BUPTYanbHYK BceneHnyto ?




The essence of the problem: is intelligence a physical phenomenon?
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HazBanne penomeny npuayman J>xkoH MakkapTH -

«OTCIL» ITIOHATHUA HCKYCCTBCHHBIfI HNHTCJIJICKT

NHTENNEeKT C TOYKMU 3pPeHNA
«KOMMNbKOTEPHbIX HAYK» .

John McCarthy Cognito ergo sum
i (P. Oekapt, nocne 1650 r.)
1927 - 20M

Computo ergo sum

(A. TbropuHr, nocne 1950 r.)

“The problem iIs that so far we cannot generally
determine which computational procedures we want
to call intelligent. We understand some of the
mechanisms of intelligence and don't understand
others. Therefore, Intelligence within this science
(computer science) Is understood only as the
computational component of the ability to achieve
goals in this world. "



Task number 1: the "computational component” of inteﬂigence must be

substantively specified
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The phenomenon of "intelligence - from data processing, through modeling

to understanding
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The structure of the brain can be represented as a "network" of axons -
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B03MOXHOCTH TEXHOJIOTHH— ()OPMHUPOBAHUE HOBOM BOJIHBI

¢ poBoi TpaHCHOpMAITHH.

Cumbuno3 Yenoseka C BblIMUCINTENBHLIMU BO3MOXHOCTSIMU «YMHbIX»
LMJOPOBLIX MaLLWH.

CyTb: nwoan BbINOMHAKT TO, 4YTO nydywe Bcero ymetoT (pabota c
HeoQHO3Ha4YHOU WHJopMauMen, yMo3aknvyeHne B CrOXHbIX Ccry4asx,
NPUHATME PELUEHUN B YCINOBUAX HeonpeneneHHocm TBOPYECTBO U AOp.).
«MawvHbl»  BbINOMHSAO /lﬂ PS5 VICAOT,
XPaHAT WHJopmMmauuto, 5 OMNbITOM C
MaLlMHaMU U N0ObMU lMoHnmaHne
XpaHeHne [aaHHbIX v

" «BbICTpblE Henenpnata
BblYMCNEHUA»  Ha e
OCHOBE MporpamMmm
N «HAKOMMNEHHOro
onbIiTa»




The main risks of using Al in the economy

[Topa «3akaH4MBaTb» C ONTUMM3aALMEN BU3HEC NPOLIECCOB,
a HaOo YCKOpPEeHHO paspabartbiBaTb U MPUMEHATbL HOBbIE
TEXHOMNOIMN, Ha4e PUCKM dyayT NOCTOSIHHO pacTu.

CyTb puckoB npumeHeHust A:

CnoXHoCTb BHEOPEHUS B pearnbHYO
NPOMBILLNEHHOCTb

OTcyTcTBMeE MNOAroTOBMNEHHLIX KaapoB

Ponb «4enose4yeckoro akrtopa» W counanbHbIX
nocnencTeum

BbicoKMe TemMnbl pa3BUTUA « CKBO3HbIX» TEXHOMOIMM
KoHKkypupylowme npuoputetel U npobriemsl
LiernenosnaraHus

KubepbesonacHocTb «0onbLUMX LMPpoBbIX
cCUcCTEMY



Risk Conservation Law

CyTb 3aKkoHa. of0wue puckm cuctembl npu nwobon ee
TpaHcdopmMaumMn OCTalTCA NOCTOSAHHBIMU. TakK nMpu aenernpoBaHnK
MNOSTHOMOYMI B MPUHATUN peLleHnin (CyObEKTHOCTN) PUCKK B CUCTEME
nepepattcss Ha bOonee  BbICOKMM  YpOBEHb, TaM 3TU  PUCKU
«HaKannmMealoTCs» 0O KpUTUYECKoro obbema, YTo B KOHEYHOM UTOre

npuBOOAT K ObicTpon TpaHcdopmaumm CUCTEeMbl B HOBOe
«YCTONYMBOE COCTOAHUEY




BreiBoanl

« Do not expect from the digital technologies & "artificial
Intelligence" the "ability" to solve the complex "inverse
problems" .

« The key Intellectual function of "understanding”,
algorithms synthesis , and "goal-setting” will always
remain with the Man.



What is being offered: Transition from program control to smart

computing

Problem to be solved: data control calculations without an explicit algorithm.

Computer platform is using previous “experience” in solving problems (ML) and similarity metrics of
previous data processing
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Standard
approach:

Multi-core multi-threaded clusters improved by accelerators and neuromorphic data-

driven computational structures
- 8- - B

SIMD
accelerators

FPGA accelerators multi-threaded e
clusters

Adaptation of hardware and software to the data
structure and selected algorithms. Key features:
1) processor-memory interfaces - task memory
smart fabric (SMF) and 2) runtime system
endowed with the functions of “machine learning”




Reconfigurable Heterogeneous Distributed High Performance Computing Architecture

/ DC-Cloud RH HPC \

Computing Clusters Service Cluster

The level of "understanding” and "explanation"

—

Data transmission medium

The level of "aggregation” and modeling
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Premises RH HPC }

Premises RH HPC
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[ Data transmission medium

#

Edge RHHPC

The level of access to the environment of "big data”




The structure of the computing node "level of aggregation”

Heterogeneous computing
nodes for service and
computing algorithms BampiAing fioda
. SIMD (Single
Instruction Multiple

Data accelerator) - a

graphics/ tensor o

accelerator for Endpoints

FP32/FP16/ data T
. RA (Reconfigurable Ethernet

FPGA-based S

Processor

Accelerator) -
reconfigurable
accelerator, the
structure of which is
adjusted to the
"patterns” of the
processed data




"access" node — connection to the "big data" space

Basic high performance
Systems-on-Chip» node with
smart interconnection interface
iImproved by packet processor.

Multi-Core CPU, which is a main
processing unit.

E_SIMD accelerator tightly coupled
with Multi-Core CPU. It could
implemented as a separate Integration
Circuit (IC) or as embedded GPGPU
unit inside SoC device.

E_RA accelerator, which could be
implemented as a separate IC or as
embedded unit, deployed on Logic
Part of SoC device.

DRAM blocks, which, at the physical
level, are DDR4 memory modules.
DRAMs are the local memory for
Logic Part and Processor Part of SoC
device

EDGE RH HPC

Multi-Core CPU |

Object
Embeded Interconnect ==  Connection

I

Data
i Packet :
Transmission 4“0’ E_RA

I
T



"access" node - integration Circuit
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Smart reconfigurable accelerator

Reconfigurable Accelerator PB_4x
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Resume

New generation of Reconfigurable Heterogeneous Distributed High
Performance Computing System must have a hardware-reconfigurable
network architecture integrating various computing resources including
machine learning components.

Proposed three levels High Performance Computing Architecture can
be vied as specialized functional networks of stream data processing
nodes with storage class memory recourse that forms distributed

storage-calculation field and intelligent interconnection infrastructure.

Due to flexible architecture are able to meet the requirements of
particular tasks, such as: data structures, calculation algorithms, real-
time requirement and etc., and allow to solve particular tasks more
efficiently [14], [15], [16] in terms of Power Efficiency (FLOPS/W),
Calculation Efficiency (Real FLOPS/Peak FLOPS) and Size Efficiency
(Real FLOPS/square).



Conclusion : intelligent does not mean digital
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Metaphors for the issue under discussion

MbiwneHue ecTb NULLL pacyerT.
Tomac '066¢c (1588-1679)

He 6yaem cnoputb — paBanTe nocyuTaem.
XKosed JlarpaHx (1736-1813)




JHTEeIUIEKTyalIbHASA» PETYIAPU3 AL

O4Ha 1 Ta e cMcTema NpoAaBasaeT pasindHble GU3n4yeckme CBOMCTBA B
3aBMCMMOCTU OT MMetoLenca o Her MHpopmaumm (B ogHOM ciyyae
cuctema crnocobHa cosepwnTb paboTy, B Apyrom — HeT)

Mepa nHdpopmaL MM OKa3biBaeTCsA COM/IaCoOBaHHOM € 06LedU3nYeCcKUMMH
NOHATUAMM SHEPTUN U SHTPONKUN

MHpopmaums KaK oOnuMcaHUE COCTOAHMA CUCTEMbl HapaBHe C ee
bU3MYECKMMM NapamMeTpaMmM MEHSIET ee CBOMCTBA. T.e. B 3aBUCUMOCTU OT
nmerulenca MHPopmauMM O CUCTEME CUCTEMY MOMKHO WAN HEeNb3s
MCNONb30BaTb ANA coBeplieHnA paboTtbl. (B 0A4HOM c/y4yae cUCTEMA
cnocobHa coBepLLnTb paboTy, B APYrom — HeT)



