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Новые конепты
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To understand the difference between correlation and causation in real data.
Two largely disconnected fields have explored this problem in depth:
(1) statisticians and computer scientists motivated to understand the mathematics of randomized controlled trials and similar tests, and
(2) quantum physicists motivated to test local hidden variable theories of quantum correlations.
Can combined insights from these two communities provide a new way to understand, test, and debug errors in quantum computers?



Quantum Bio-Computing
whether some biological phenomena manifest and exploit quantum entanglement.
Moreover, if it is exploited, might it play a role in some kind of computational process? An important series of related sub-questions may be more amenable to answers and DNA might be a logical place to start. What physical parameters might be entangled and what would be the physical mechanism leading to those parameters being entangled? What is the physical evidence that there is entanglement? What might the physical/biological consequences be of that entanglement? Is there a bio-communication or bio-computational consequence that a classical description fails to explain? One typically assumes that entanglement is fragile and decoherence eliminates it. A biological system is far from the super-cooled environment usually associated with quantum computers. It is a highly nonlinear non-equilibrium system. Nevertheless, in DNA, at «room» temperature, segments of coherence in electron spin or electron flow might occur but this does not mean there will be entanglement. The well-established Bell inequality tests for entanglement were developed through straightforward logical arguments. Is there a Bell’s test for some function of DNA? We have to be cautious. We can show positive outcomes for strongly correlated phenomena as shown in some classical optical coherence experiments in which just two parameters like polarization and mode can be entangled. There is a difference between correlation and entanglement of parameters at one location and truly non-local entangled phenomena. Are co-operative and coherent events in biology better understood using a quantum description? Is there physical evidence that entanglement might be exploited by DNA associated with the speed and dynamics of its generation or its information transfer role? Might these dynamic effects be a cause of entanglement? Is there a computer program that DNA represents which governs its information processing role in biology as a quantum computer? Are there solutions or outcomes that would be difficult to explain or even realize otherwise? Clearly, answers to these questions and a deeper understanding of a bio-quantum computer could impact not only our appreciation of biology and medicine, but also could advance quantum computing as well as other topics such as neural interfaces to computers using molecular electronics.



constitute a general theory of complexity or new axioms of complexity that could potentially be applied to several disciplines within physics, chemistry, biology, neuropsychology, applied sociology, etc.



new ways to separate correlation and causation in complex data
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complex engineering systems; radically
magnifying the capabilities of people
individuals and groups) to respond to
increasingly complex problems
non-traditional perception and autonomy
methods

Fundamental Limits of Leaning

developing and maintaining a strategic
understanding of events, situations, and trends
around the world, in a variety of domains

Causal Exploration - modeling and exploration
0ls 10 aid military planners in understanding
and addressing underlying causal factors that
drive regional hybrid conflicts. Automated
extraction of causally relevant knowledge,
semi-automated assembly of causal models,
intitive exploration and manipulation of
causal models to gain understanding, and
assessment of the suitability and maturity of
dynamically generated causal models.

sharing of complex ideas in collaborative
contexts

manage the enormous complexity of design

aggressive schedule include: state-of-the-art
electronics, photonics, computing, fabrication,
assembly, medical materials and packaging,
clinical procedures, testing, and regulatory
support

o faciliate big hypothesis generai
neuroscience, gene-protein disease networks,
materials science, climate science, autonomous
systems, and cyber-physical systems.

smart camera, with sufficient visual
intelligence that it can report on actvity in an
area of observation

Increasing the Quantity and Quality of
Breakthroughs

Reshaping the Future of Science

Computators
Super-Turing Computing

new computational substrates
new forms of computation
one quintillion operations per second

TPEACTABNEHHA YENOBEKOM CBEPX-C/IKHBIX
cucres

METO1 HETPAAHLIMONHOI EpUENL MiDa
asToOMHOCTH

dyHAGNeHTATb e TDEETH W OTpaHSEHH
Gy aEMOCTH HTEAMEKTYTIHbIX CYOCTEd
Pa3pABATHIBATS W NOAAEPKIBATS
CTparerHeCkoe MOHMMatHe COGHTH,
coTyauyii u TeeHL B MHDe, B aTIAHX
oGnacTix

TIHUIHIHAR ABTONGTHYECKAS QHATHTHKG.
KoMnLIOTEpHO H3BACCHIHE MpHIHHHOCTE,
nO7y-aBTONaTHYECKaA COOpKa MOzenei.

OGoujecTaner e CAOKHHX WACH B Cpee
corpymmiectsa

YOPaBCHHE 4YAOBHIHON CAOKHOCTHIO
poexTHpoBai

POHT NLIGHMPOBAIA TIPOCKTHPOBHHA HOBS
YCTpOHCTS: TeRyUe YCTIexs MMeKTpOMMKI,
BOTOHIKa, KOMTILIOTEpHHE HayKi,
pOHIBOACTBO 1 1 T, cBOpKa,
MELIIICKHE NATEPHAT H YTIaKOBKH,
TeCTUpOBAHHE, TIOAAEPAK IOHIHECKDTD
oGecrieseris

reHepaI GO KOMIIOTEpHBX HayHbiX
CHCTM Ha Ga3e THIOTeS b HeFipowayKaX, rei-
nporen uensx aGonenaniii,
NATEpHAIOBECHIH, KTHNGTOOTYH, TEOpHH
BTOHOMHOCTH-HIHTEEKT, HGep-
ek CHCTeMaX

CHCTeMb 0630pa C paHKATHHbM
pacuIpenHeN nomMaIS W CTpATErI
WCCTEAOBaHI KAPTHHKI W CEHCOPHbX nOTEH
‘VOeTHHTI KOTHYECTBO H KAYECTRO Hay O~
TEXHIHUECKHX IPODIBOB.

Hawenirs muerve Gyayuero naywi.

Bommcaurenn

CyTIep-TOpHIHF KOMBIOTHH - BLIXOK 13
IVI0CKOTO ATOHTMIIECKOTO AOMEHa MaUi
Twiopinra

HOBHIE BLHCTHTETbHE CYOCTPaT

HOBbie OpMS 1 THIT BHCHEIITE
KBHIHTIILO OTepaLpi, MPOLECCOpOs,
i e A N
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Minimally invasive sensors should collect and
wansmit the concentration of a target molecule
in real-time or near real-time and should be
biocompatible for use in vivo. Biomolecules of
particular interest include cytokines,
chemokines, and/or growth factors associated
with the wound healing and regenerative
process.

The problem is that most biological molecules
have enormous capabilties, but they're very
labile, i.e., they're not designed to be used in
the kind of environment where we want (0 take
them. Genetic engineering should be able to
improve that dramatically. But if that's going 0
happen, we then have to g0 to the next two
technical enablers, which are Designed
Combinatorial Libraries to make new types of
proteins, or Directed Evolution

temporal and spatial patterns of biological
control circuits

models for the operation of biomolecular
networks governing growth and death

0 design and build sophisticated intercellular
signal processing and communications.
capabilities by choosing well-characterized
components from signal libraries and
composing them into circuits with predictable
and reliable behavior

protein-based Fourier ransform associative.
memory

two photon microscopy for localizing
molecules inside cells

highly sensitive transduction mechanism for
monitoring and controlling biological activity
at the cellular and, ultimately, single molecule
level

management of biological data, metabolic
signaling and transduction, and cellular
homeostasis.

an engineered cytoplasmic or cell surface
receptors

Integrated biological/chemical microsystems

molecular recognition processes
asignal transduction pathway that generates a
novel endpoint (e.g., activation of a fluorescent
protein)

the development of a “(00l" o leverage the
jological knowledge of the importance of
e laindonality aud oull

redareriimrer. xR
MIMHINAITSHO HHBAWMBHbE CCHCObI AOTAHb
COGMpT, 1 EPEAABTH AQHHHE O eTeBlAX
MOEKYIaX b DEATLHOM BpeNeM Wik noTH PB.
(CeHcopbi AOKIH GHITh COBMECTIHMb C KHBO
TRGHbIO, 7% HCTIOABI0BaHIS i VIVO. 0CO0HIE
WHTEDEC IDEACTABIAIOT GHO-MONEKY T
LUHTOKHIHE3a, XeMOKHHE3a, WM (BaKTopa
POCTa HMEIOLIHE OTHOUICHHE K SIXHBICHIO
Db DEreHepaTBHBIM IPOLECCa.

TIpoGena GonbuMHCTBa GHoNoreKy
SAKTIOUQETCH B TOW, 470 APYIO/i CTPOWOTE X
3AMEUTELHAX BOMOKHOCTEl ABISETCH
eyCTOjuHBOCTS B uyKAOi cpese. C
TIOMOLIbIO TeHHOT HivKeHepH
IDEANIONATAETCH CYIECTBHHO HEpABUTS ITOT
HEAOCTATOK. JL1A peueri STl 3anaun
HeoGxaN0 coyas BuGotexy
KowGumaroporo Kowctpywposais, a 1a ee
ocione Mauwrty Hanpasewnoii Jsomioui
BpEMeHHLIE 1 NPOCTPAHCTBCHHLIE Y30pbi
GOROrHECKIX KOHTYPOB yrpanTeHs
NORes paGOTH GHOMOTRYIADHOTE ceT
YnpaBsIOUEi POCTOM  CHETI0 OpraKiMa
TIDOEKTHPOBaHHE/NIOCTPOEHHE/KOHTPOH
BOIPACTaNIS MEAKTETONMBIX CHIHATBHbX
NIDOLIECCOpOB HCTIOM3yA GHGTHOTEKH
KOHCTPYKTHBOB, CPEACTBA MHTaHIA, HEIHDO-,
TPAHCMHTEpHE THHIH CBH

GenKovan accouaTHBHaS NANSTh € Dypbe-
npeotipasonaten
ABYX-OTOHHAR MHKDOCKOIS 715
oK@ MOTEKY B KRETRE
BLICOROUYBCTBHTEbHBI MEXIHIGM
TPaHCAYKLI (EPEHOCa TeHeTIECKOTD
NaTpHIa) 7 YTIDABIEHIA GHOTOTHECKDHE
CRTETLHOCTBIO B KAETKE, 1 B KOHUE KOHIIOB.
Ha ypoBHe TenbHOI MoreKy b
ynpaBeHe GHOROrHECKIMH NN,
MeTaGOTHYECKIMH CHIHATEMH 1
npeotipasonarewi,  KeTOwbIi
roweocrasmc
TIPOKTHPOBaNHE WHTOTEONATIECKHX
PENENTOpOB H peneNTOpOB Ha noBEpXHOCTH
KreTkn
wrerpposarie
GHOTOTHIECKHE/XHMHSECKHE MIHKpOCHCTENH
R ———
T TPEOGPA30BaMNI CHITATOB KOTOPHE
COMMAIOT HOBbIE KOHEUBIE TOUKH (HATpHMED
HoBbie proycuepipyioue Genki)
Pa3paBOTKa "HHCTpYMENTa" /15 nOTy el
3HaITE O TPEXMEPHBIX CTPYKTYPAX
SR R i BTk
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Robotic Net

Network Infrastructure for Pervasive
Perception, Cognition, and Action (CONIX)
interoperability between agents in a semantic
manner

Ubiquitous Sensor Network

environmentally-deployed meta-organisms
society of over 1,000 medium complexity
agents operating under directed adversary
kinetic and Information Warfare (IW) attack
operational logistics to be survivable under the
most extreme circumstances

(0 regenerate service after attack

robotics, network-centric warfare, and

large scale networks of semi-autonomous
vehicles
bioinspired dynamic platform

group mind architecture
control of machines via thought

Networked Manned and Unmanned Systems
autonomy, swarming, counter-swarming,
multi-platform coordination, and multi-modal
human interaction

sparse control

highly dexterous robotic arms

Diving deep into cognitive computing,
intelligent memory and storage, distributed
computing and networking, and radi
frequency (RF) o terahertz (THz) sensor and
communications systems

Little Boti

an extremely small (<5 cm), ultra-lightweight
(<10g) air vehicle capable of both hover and
Sorwandl flight while cayiig 3 2 @vam Day-

Certu poboToB

arpeccusias ceTenas CTpyKTYpa nepuemi-
pasweaku-peiicrens (CONIX)
B3AUMOACTICTBHE MEXAY areHTaMM Ha
CemanTHIECKOM YpOBHE

TOTATHHO SaTIOAAIOUIAS TPOCTPAHCTHO
cencopnas cerh

Pa3BOPAUMBAIOILHECH B/3a CHeT OKpYKatoueii
Cpebl MeTa-opraiM

coofiuecrso Gonee 1000 cpeaneli crotoCTH
areiTOB BHINOTHAOIX ONEPALIIO B
YCTOBHSX ATaKi KHHTHSCCKIM 1
HHOPMALHOHHBIM OpYAHEM

ONIEPAHONHIR HOTHCTHKA Ha yPOBHE
GaTaia, NOTIKa MPOAOIKAIOIaA
oGecreupars, KisHeoGecrieueHme npH
‘BO3eliCTBHI daranbHbIX GaKTOpOB
'BOCCTaHOBIEHHS asBepHYTOTi CHCTeN
TEXHHUECKOTD OBeCTIEUeHHS NOCe ATaKH Ha
e

poGoTisHpoBaNHOe/CeTe-
UCHTPHPOBAHHOE/KOTHHTHBHOE BOOpYKCHHE
KDYTIHOMACIITAGHbIE CeTH MOTyaBTOHOMHbX
a

KMHeNATIHIeCKI e IATGOpME Ha OCHOBE Wiei
GO0 HAECKIX KOHCTpYKIAIE

apXiHTKTYDa KOMTEKTBHOTO pasyMa
VTIDABTEHHE MAIIb MICTbO / yTpaBTetie
MALIHOT MbICTHO

OceTenertLie MUIOTHPYEMbie H GecrinoTHLe
cucrems

ABTOHOMHOCTS, POW, KOHTD-pOH,
MYATHILIGTOpeHHas KOO HHALIS,
MyATH-MOe b HiTepeic,
BUMOACIHCTBMHE C HEn0BEKOM

Pa3pEREHHOE YTIDBICHHE ABTOHOMHbNI
cucremami

MaHYILHAS CYTIEPIeHHATHOCTS PoGoTa
(mpHue A, MEAMHCKHE 333,
ynpanene, HepromHbopwaLOHLli 00
etc)

FAYGHHNOE MOTpYXEHHE B KOTHHTHBIYIO
onepauHONIyI0 CeAY/pacTpeaeeniiii
KOMTBIOTHH 1 HETBOPKHHT/a0CTpaKTHYIO
nawsT/ pacnpesenetibie “npotiecch”/"cer”
~KOTHWTHBHOIE CPEABI/CeTH CeHCOpOB C
HacToTaMM 20 Teparepu

Marienbiie poSoThi

HckmoanTenbHo wanewkme (veree 5 cw)
caepxnerie (nerve 10 ) neTarensisie
AL CTICOTE Kk ST K
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DARPA Understandig

fundamental understanding of neuroscience is
going 10 have a wemendous impact on the
mission of DARPA in the next decade or so
DARPA builds. DARPA has a tradition where
scientists get together and build “things."

esoteric mathematics
harvest unimaginable technological surprise

(o elevate Al (o the role of an insightful and
uusted collaborator in the scientific process

rapid and affordable access to space
a one year conceptual design study

fundamentally redefine the concept of the
network in terms of the tremendous range of
services we can access through it

techniques to measure whether components
contain exactly what the system designer
specified - Nothing More and Nothing Less
extreme computing & Al

Nano Air Vehicle technology
Understanding the human effects of non-lethal
weapons.

reasoning on large-scale problems

Materials and conceps for power generation
and energy storage at all scales

coordinating aggressive technology
development activities
sensor dominance

the DARPA organization was as unique as its
role, reporting directly to the Secretary of
Defense and operating in coordination with,
but completely independent of, the military
ressarch snd develanment (RAD)

ITlonumanue lapnbt
NpoHKHOBEHVE B CYUHOCTS Hefipoerovea
GyaeT WveTs KapHATLHOE BAMSHAE 1A
paGory DARPA b creayiouien gecamuerin
ZIAPIA - cosmgaer. JIAPTIA - 370 Tpagugin
€O3aIIS COOUIECTEA TBOPLIOR
Tpowsseeri
330TPHIECKaS NTEMATHKA BOTIEGHbX
Texwonorit
YpOali HEBOOGPIINBIX TEXHOTOTECKI
cioprpion
nogssTs po MM 70 mposaTe sHORO 1
BLBAIOUIETO AOBEDHE HAYUHOTO CO-
oy
GuCTpu # Aemensit A0CTYT B KOCNOC
O 103 COKDTHO KoHUETTYaRbHO
npopatort o
MOAHO 11 NpHAYNATS TaKOH Cerenoil cepanc,
KOTOpHi TparCOpMMpOB Gis pazsiTyio
Cemh 5 noCT-Cerenyio ADPACTPYKTYDY?
CHCTEMHBE TEXHOROIH TOHO OTIpe IO
AU Py HKUHONARA COMAaHHO CHCTEMS -
“He Goe - u e werbie”
npeenbibi KowmbOTIHT - MH: cyGTunsias
KOHTHHMHTYQ1bH CHCTENG MPOHISHIEIOE
cyneprowioTep
TEXHOTOTHA HaROABHACTpORHIS
NOHINaYE GOKHPYIOLAY BOBHHAIX CPEACTS
(He-CwepresHOrD opyits) Ha MOACH;
TIOHHNAIE MEXIHHINOB, TAKTHSCCKI
Crpaeriieckinx nepcnesri
HETPAIMLIIOHHbX CPEACT BO3AEHCTBNS Ha
wenoBeKa n TeXHIKY
aBTOMTHNECKas AOTWIECKaS MPOPABOTK
(reasoning) KpymHoMacuTatHbix 3aa4 1
npoGen. Havano paors - nogkmoserne
BCErO (PPOKTA CHCTEMHOTD H METACHCTENHOT
poeKTHpOBHHA HOOpMHPOBaNHE AOMEHa
swarnii 10 gaHHoji npoGrewe
NATEDHAI 1 KOLETUH TPOW3BOACTEA
Xpaneris JHepri b0 Bcex wacurrabax (.. ot
CrpaTerHIECKOD KowaHAHOTO-

MCCACAOBATE CKOTO UITaa 40 HAHOAGTUAKG)
W C nepcnexTBoll aGconoTHOT Ay secTH 1
cavoobecneuesun

KOODAMHALUA arECCHBHOT PasBiTis
Textocepu

AOMMIHIHPORaHHE BOCTPHSTHS Haj TOGHM
pOTHBHHKOM - OGLIECHCTENHOE TpEGOBaIIHE
BoopyReriix Cu

Jlapna weer yiukanbityio po s MO,
AOKAAALIBAET HETOCPEACTBRAHHO MHKICTDY
0BOpOHH M PaBOTAET COOPHIIHPORAIHO, HO
NOTHOCTHAO HEXIBACHMO OT HCTEGTHINEHTa
(civern) Romsinir Boraetaamll &
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Microfuel cell TonmeHbIe MUKpoAUeHiKi

Materia Marepus
Quantum, Soft-matter, Molecular fotonic, Physics- Keanym, Markas Tiars, Monexyisphas
Chemistry boTonHKa, Dr3MKa-XuMHs
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mathematics of the brain

the mathematics required to control the
quantum world

10 host the HIVE Graph Challenge with the
goal of developing a tillion-edge dataset.
There are two inital challenges: 1. The firstis
a tatic graph problem focused on sub-graph
Isomorphism. 2. The second s a streaming
graph problem focused on finding the optimal
partition for the graph at each stage of the
observation.

Military organisation, logistic
non-traditional orbit concepts
global transport and logistical challenges, also

called "strategic if
novel naval architectures

Medicine

The Biological Platforms focus area explores
and develops technological breakthroughs that
reside at the intersection of biology and
systems engineering. Programs in this area
may lay the groundwork for advances in areas
ranging from military medicine to novel
materials development.

improve force health

support self-healing of body and mind
the medical countermeasure pipeline

promote faster, more complete recuperation of
neurotrauma

how a host can maintain fitness despite active
infection by a pathoge

Brain

Brain-inspired Computing Enabling
Autonomous Intelligence
rch two-way communication with the brain

0 visualize the brain across multiple scales
(0 develop interventions that maintain a
healthy brain state within a normal range of
emotions

developing an implantable system

neurotechnologies to faciltate memory
formation and recall in the injured brain

interacting with sub-millis

eter regions of the

TSI OO WSO
KOHUENTOB-0epaLi-CTPYKTYD

NATEMGTHKA 1 CHCTEOTEX KA MO3Ta,
WAOCORHS MATENATHKM HeTOBEAECKOTD NO3Ta

NATENATHKA YTIDABIEHIS KEGHTOBbIM MIDOM

Mipo-sowGimar HIVE Graph Challenge -
Fpath aarbix C TPHIHONOM y310D. OcHOBHbE
sanaan: 0. padora ¢ rpadom 10M12; 1.
BhASBIEHHE HOMODHINOB MOArpad0n (e
KomenTon Mipa) , Bech rpath - MiHp; 2.
ommMaTLHOE paoHerHe Tpada (re.
opraraLA Mipa)

Opranmsauus BC, noructua

HETDAAHIHONHbE OGHTATHbIE KOHUTLH
crparerueckiii Awd - opraauys
MOFHCTHKH 107 CTpaTerHeckse onepayii
apirerypa BMC HOBORD TEXHOTOMNECKOTD
yaga

Megmuuna
Konenr Bio-Tlnardpopwi Haxomres va
IEpeCeseHIH GHOTOT M H CHCTENOTEXHIKH,
OG7aCTS, HiTEpecos OT BoEHNOT MeHLI A0
comani warepHanos.

VAYUILMTS KAECTBO $10POBLS BOHHCKIX
nogpaneneiii

IO ARUBT CavOHCLieTeHIe Tena i AL
HpOEKTHpORII, CHITE3 KOWBeTiepoB
MeqLHCKIX AciCTI

BOCCTAHORREHHE 1 PACUIApeHE COMaMIS
nocne weiipo-rpasm

Ka BOTICKA NOFYT N0ePAUEATS 310pOBLC
noapayeneni bonpexs Kpaiie onacHoit
axumioi mideKiy naroreiion

Mosr
MO3-UHCITHPATHEHAS BTOHOMHAS: CHCTEMa

Hacwienti, Gorarwi Amywanpanneni
OGwer HHbopwaLeii € MOITOM

BHIYTHOALIA MO3T b PAVIHUHAX MACUITAGaX
paspaBOTaTh OMepaLAH 03AOPOBTEHI MO3T B
[ —————)

Pa3pABOTKA MepCrIeKTHBHOTE HOVEHKATY i
HMTaHHpYeNBX CHETEM

weiipoTexnonorin Gopwiposanys,
BOCCTaHOBEHHS H BAVBIEHHS NGNATH B
TpaBMMPOBaHOM MO3TE

AT & G
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morphogenesis, vascularization, and organ
functions

understanding the sensing systems of biology
(e:8. receptor and transmembrane proteins)

controlled differentiation of cells
the measurement and validation of electrical
signals (bio-signatures) for various target
molecules

efficient integration of bio-molecular
phenomena with electronic

exploitation of temporal (kinetic) information
for the real-time analysis and detection of
molecular targets

concept that human stem cells can be reliably
differentiated into multiple immune functions
within an in vitro 3-D culture system
development of interfaces (o ion channels and
receptors) that enable the real-time (temporal)
ansduction of molecular (stochastic) events
into electrical signals

initiating and monitoring intracellular
functions such as apoptosis, mitosis, protein
expression, and color change

signal processing circuits that execute either
independently in single cells or cooperatively
among many cells

a phylogenic microchip, containing an
expanded hierarchical set of more than 100
oligonucleatide probes, is being developed
which will enable the parallel detection and
lentification of a variety of species of
organisms allowing rapid determination in
unknown samples

processes enabling the rapid synthesis,
screening, sequencing and scale-up of folded,
non-natural, sequence-defined polymers with
expanded functionality
Experimental results have demonstrated long-
lived quantum coherence n the Fenna-
Matthews-Olson (FMO) Bacteriochlorophyll
complex and in the purple bacteria reaction
center. Furthermore, a quantum algorithm at
work in the FMO complex which could have
profound implications in the quantum
formation field.
synthetic regulatory elements for in vivo
iimsciinl smulicathons 40 datect tisit. o

ROPMARLME Y MOpOTI—
BACKYIApHSALH (TPOPAILYBIHIS COCYA0 H
OKPYAAIOIEN COCYbI HEPO-TYMOPaTHHX
CIpyKTYp) H paGoris opraton

TIOHIHNAHHE CHCTENb Sy BCTBHTELHOCTH
KHBLIX OPTGHIINOB (T.e. PELETTTOpOB
TpancwexGpaniux Genwon)

KOHTPOHpYEMast AMGHAEPeHIALIA K1ETOK
MIMEDEHHE W YAOCTOBEDEHHE TeKTPHUECKIX
CHIIAT0B (GHO-CHHATYP) PaSTHHbIX
nenenbix moneky

AEKTHBIaR HITErPaLLA GHO-MOTEKYIAPHBX
denowenH0B ¢ neKTpOHHKDI

WCrok08aHe TeMnOpATLHOT
(KuveTueCKoi) HopwaLyH AT
MOTEKYIADHOTD HQTH3a B PeaTbHOM BpEMENH
W BLIABTEHIR LETCBHIX MOTERYI B IEPHOM HX.
cyectsopanis

KOHUET HAREAHOT AvdibepertaH
CTBONOBHIX KAETOK B MHOTOYHKLHOHATHY IO
MMMYHHYIO CHCTEMy B TDEXNEpHOTi KyType
paspaborka wirepdeiica (k HOHHLIM KaHaaw
M pewerTTopan) no3onsouyii
IDEOGPAI0BANHE B PEATHHOM BpeNerH
(remmopanbHo) MoneKyAspHOI
(CroxacTisecKoi) Kaprutist coobITHi B
cucTemy srextpocurian0n

3NYCK W MOHITOPHHT MEXKTETOuHIX
ywKLuAi, Taxix Ka apoplosis, Aenenne
KIETOK, BbUEAeHHe GeKa 1 HaMeHeHIe LpeTa
xexbi 06paGoTK CHrHAn0B paGoTaouMe ©
OO KAETKOI WIH KOOTEpaTHBHbI
P ——
dunoreneriecii (crocoberayiouytii
DA3BHTIIO W OprarIf3¥a) MHKpOHI
Copepmaii pacumperui HepapxeCKiii
Habop Gonee e 100 OTHIORYKIETOAHIX
(sanaxonuix) mpo, nossonAHOWHH GHCTpOE
NAPAIICTLHOE BLSBIEHHE H WICHTHOHKALIAIO
PAVIHUHLIX BIVIOB OPFaMItIMOB B
HeOpEAe/IeHHIX 3apariee THIAX 0GPIOB
TEXHOTOTHA CHITESA TOOTIOTHSIECKH CAOKHbIX
Genron.

IKcnepuveHTH NOKaBEIOT
AOTTOBPEMEIHYI0 KBaTORYIO KOPPETSLIIO.
@era-Meruio-Onbcona (FMO)
GaKTEpHATLHOTD KOMTLIEKCa B PEAKLMOHIHOM
uerpe nypnypHbIx Gaxrepiii. KeawTopsii
anropimy EMO MoAeT s cepbesiie
RIOCHACTBINA B 0GAACTH KBGHTOBO
wcpopwamk,

COVIaME CHITETHIECKIX peryRTOpO in Vivo
A e B W
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t0ols and technologies for tissue and metabolic
engineering to enable regenerative medicine

the objectives for acute pain include non-
pharmacologic and non-traditional medical
approaches for overall pain management

pain management
Immune System

t0 the creation of a three-dimensional ex vivo
human immune system

t0 force pathogens into an evolutionary trap
that prevents escape through mutation
strategies for identifying both known and
presently unknown or bioengineered pathogens
(e.2., diagnostic approaches based on
fundamental, critical mechanisms of
pathogenesis, targets shared by classes of
pathogens, or early host responses to

miliary readiness by enabling warfighters o
weather the storm of infectious diseases
nanoparticles in the device selectively bind and
remove harmful pathogens or toxins as blood
flows over them-then returning clean blood
back to the patient

the systems will play the biologi
of the game "Twenty Questions," g
bacteria to a battery of physical and chemical
tests o determine pathogenicity

t0 haress viral evolution o create  novel,
adaptive form of medical countermeasure-
therapeutic interfering particles (TIPs)-that
outcompetes viruses in the body t0 prevent or
weat infection

wansient immunity, halting the spread of
disease by creating a firewall, and buying time
for longer-term medical responses to be
developed and deployed

Pathogen Predators aims (o develop a new
class of dynamic therapeutics that use live,
motile, predatory bacteria that prey upon other
Gram-negative bacteria that are pathogenic to
humans,

pipeline for discovering novel host-centric
countermeasures against infectious diseases

vaccinate against radiation injury

T vicokes it called CoG sibces the

b
CPEACTBA M TEXHOTOHI MIDKHIDHIHTa AHBIX
TRaHel 1 METAGOTHIMOB 1A
BOCCTaHOBHTE N HOTE MeMLIIS

esere oCTpOii Gor BKmOYaET
HEDADNAKONOTHHECKHE 1 HETATHLIHOHBIE
MEAHLIHCKI NONO1 CHCTENHOTi GOpbi ¢
oo (pain management)

cucrenwas GopGa ¢ Gonbio

Mmmynsas cucrema

coaanme TpexvepHOf mAsBAEMOIH
ywOf] CHCTENS ten0neKa

IBOTOLHIONHGA AOBYILIa 15 TATOTeHa 3
KOTOPOF HeT 7 BHIPEATLCS MyTaLUMI
CrpaTery WeHTHMKLYN YBECTIAX W
CORaNLIX GHOMIDACHEPHBNH CTIOCOGANH
naTOreNOB (re. AMATHOCTHKa Ha ocHOB
YHAGMEHTALHbIX, KDHTHUECKHX MEXaHHIMOB
naTorenesica, uenei anania
PACTDCACCHHAI CPeAM KIZCCOR TaTOreNOR,
[T ———
wexuio)

BOEHHaR FOTOBHOCTS GOFiIOB K Gypsv it
uTopMa HieRLpORHX Goeaneii
HaO-TDaH, HaHo-iTTD KpOBH OT
narorenon

CHCTeNa GyaeT GHOTOrHHECKIM FKauBaTEHTOM
Hrpbi "12 BOTPOCOR”, A1 XapAKTEpIGALLH
GakTepun 1 wanpaneins ee b Garapero TecTon
A% OnpeeseHs narorenHOCTH

OmnaAeT, BHpYCHO 60O A1A COYgaH
HOBBIX QAQTTHBIBIX MEAMILHHCKITX CPEACTS -
‘repanesTirieckirx Goesbix uacriy (TIP) -
HEETPATIGHpYIOUE BHPYCH! B OpTaHINE

BpeNCHIHLAT| HNMYHITET, CRepAHBIONHiT
607e3Hb COYIABAA 39CT0H BOCANEHIO, 1
IOy as BPEMS 15 AOTTOBPENEHHOTD
MEJMVHCKOTO YX03 €10 pa3paGoTKH 1
npiverero

‘OXOTHIK 30 NATOTEHaMH Npe A3 aAEH AT
Pa3ABOTRH HOBOTO K7aCCa TepaiH,
HCOMb3YIOMElE AMBE, MOABIOKIbIE,
arpeccibHLIe GIKTEPMH yrHETaIOE FPANN-
HeraTHB e GaKTEpHM SBIRIOECH
naToreHaM Yenosexa.

KOMBEFHEHbIE GHO-Tex CHCTEMS OTRpTHS
HOBBIX 3AUT Ga0BOT0 OpraHH3a 0T
pextyomHbX 3a607CBaHAi

BAKLYHALUAR SAUMLIONIAS OT PAHALMOHHOTO
ropaxe

BCTIOMOrATENLHAN BAKIpHa CpG NOBLIIET
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new ind of cognitive training experience for
s and individuals based on continuously
available wars

power to extract crucial information from
Reality t0 create an immersive info-sphere
around our edge forces

Novel approaches for the development and
implementation of irregular warare,
radically new military capabilities

competency-awareness machine leaming,
whereby an autonomous system can self-assess
ts task competency and strategy and express
both in a human-understandable form. This
competency-awareness capability contributes
0 the goal of transforming autonomous
systems from tools into trusted, collaborative
partners,

Advanced sighting

Advanced sighting systems for tactical
operations
enhance battlefield awareness

mapping revolution
revolution in sensor
chemical mapping

the battlefield of the future will e the streets
and the units of soldiers will be more dispersed
and specialized

storm of falure under the cloud of uncertainty

understanding sensory cognitive mechanisms
affecting spatial orientation

sensor-based algorithms t0 enhance perception
capabilities for sensing, interpreting, and
understanding” environmental features and
humans

smart vaterials and structures - materials that

can sense and respond to their environment

abiliy to understand and uilize the sensory
signals and sensorimotor behaviors employed
by biological systems and to exploit the neural
biomechanical control circuitry used for
optimizing fitness (foraging, mate
idewtification. axd predutor wroldance)

BONLETSHILIS [0 AMEEPCMITY GOSRON OOMT)

HOBLH B KOHHTHBHOTO Oy erns
nogpayieneni 1 congar ocHoBa Ha
HETIDEDLIBHO AOCTYTIHOM TeaTpe BoEHHbX
neicroii

“TeXHONOTHS CHIHTYAADHI TONEK
VIBICKGIOLLIX CHBICT 1 PEATHOCTH 10 608

PaspaGorars obbie IOAXOAH K eroveny
VHMKATLHOCTH B BOGHHOM Aere.
KaTaropiueck i MOMCK IDHHLATHATLHO
HOBBIX CPEACTS 1 Chep BOeHHOT fera
noMaIOUIas chepy oo esTenbHOCTI
MauwHHOE oGyueHHe, CrIocosHoe B
ABTOHONHOM pEXHME NOCTaBHTS CeGe
Saate, ONPEEAHTS CTPATETYIO H BIPINTS
pope norsTHOI vesoBey. 1o cawo-
TOHIMaIIE CBOCT] KoMTIETEHH NpHOTIDKIET
K LM NPEBPATHTS GBTOHONHYHO CHCTEMY )
WHCTDYMENTa B HAAEANOTD,
KOMMYHIHKGTHOPO NapTHEpa

Bricvarpuanite nosi Gos
Pa3BiTHE CHCTEMbI BHICNATDHSGHIA 1075 GO0

‘CoyAaNMe W pacumMperHe BOMOXHOCTE
aprTeqaKTOB OCBeAOMCHHOCTH 07 G0s
aBTOMTIANA WX 06PACOTRH

Kapror papueckas pesonious

cetcopian pesonious

XHMHUECKO® KAPTHDOBGHHE W ITeKTPOHHbH
‘OB HOC - CHHeCTE3MeCKas KapTa
wectHocTi

one Gow Gyayuiero - ynwua, W nopazene
conar GyayT Gonbine pacrineri 1 Gonee:
crewsanMpoBaH

061aKa HeOpeeneHHOCTH B CHCTENE
TIOPOXA3€T ITOpMbI OUIHGOK H MOTHII
nonoNoK

cencopo/KormHTIBLI MexaM
opuenTaneii CHCTeMb

oGyserue socrpusTHIO OpHeNTHpOBaY
CeHCOpH PACIIHPRIOLIHE BOMOKHOCTH
nepuenII, HHTEpTpETaILAH 1 “NOMIMAIS"
OKpyKaiouieii cpeabt el

PAYMHbIE MTEDHATE W KOHCTPYKLUI -
NATEPHI KOTOpiE 4YBCTEYIOT H DearupyioT
Ha Okpyerme (OKpyRarOLYAH WD)
CI0COGHOCTS MOHATS H HCTIOML30BATY CHHATH
CEHCOPOB H CEHCOPHO-NOTOpHOE ToBezeHHE
(GHOTOHECKHX CHCTEM W HCTIOTH30BHHE
Cxem HEHPOHHOTD GHOMEXaHHYECKOTD
YTIDaBTEHHA KIGHEAEATERLHOCTH (TOHCK
Tt i TG i

iomy Ha
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fOr SRexgy production

research efforts on micro power generation
concepts.

Gravitational and electromagnetic potentials.
permeate (nponyTusaer, nporuaer) the
universe connecting matter,Is it possible to
harvest energy or momentum from this
background?

© thwart jamming signals that are even 10
million times stronger than the
communications signal

Materia

Quantum

quantum bio-computing
biological quantum field theory

engineering the quantum vacuum
mining the quantum world for wild surprises

quantum machine leaming

topological quantum computation offers
revolutionary breakthroughs in coherence
stbility

quantum search engines

quantum teleportation-based communication
coherent opic quantum communication

Soft-matter

soft-mater circuit
soft-mater system

soft continuum robots, featuring high
compliance and inherent safety of operation

soft-matter electronic components and systems

Molecular fotonic

optogenetic: use of light to control cells in
lving tissue, typically neurons, that have been
genetically modified o express light-sensitive
jon channels. [Wiki] optogenetic methods for
reating neuropathic pain

a quantitative understanding (and
characterization) of various biological
phenomena and their interfaces t0 the
engineering (.¢. the electronics, MEMS and
il S Canse Hys i

FTROOUINN W5 ISR, Mevaonum B
oGparHo

HCCTEROBATEbCKHE YT B 0GTACTH
KOHUELT rerepaLH MHKpOOUHOCTEli
TPaBHTALHONIbIE 1 ACKTPOMAHTHIE
TIOTEHLIHAIH NPOHHINBAIOT YHIBECYM
ofueavmsoui Matepiio. BomoRHO 1t
JABTEUEHHE SHEPTHI W MOMEHTa ABIREHHS
w3 97000 hova?

npormogeiicTame curany noganenis b 10
NI CHbtee sem nonesHli cHrian

Marepus
Keartym

P
GMO-10r HuECKaR TEOpHS KEAHTOBOTO MO,
‘Te0pis HTEnXHiE ADHCTOTe I AIBbIX
cyuprocreii

MIOKHHHDHHT KBGHTOBOTO Bakyywa

CTaTKEp 1OWCKA IDHHLMTHATLHO HOBHIX
3(heKTOB KeaHTOROTO MiPa

KBaHTOBE O0YHGIONHECH MaTIIb
TONOTOHIECKHE KBGHTOBHIC BLUHCTCHH
QIOT PAIKATLHBIE PESYTTATH CTaOWTBHOCTH
KorepesHocTH

Waro-noneBoi Hipo-Crankep

3L Ha OCHOBE KBAHTOBO TEnETOpTALUH
KBHTORA CB31 Ha KOTEPENTHO OrTTHKE

Msirkas TKanb

CXMb 1 b1 MATKIX TRGHETi/MaTEpHaTOn
CHCTeM! MATKIX TRaHEIUMaTepHaTon
Ofbewtbie TenecHbie POGOTH MATKHX TaHE
BLICOKDID KaVECTBA OMepATAOHHLX.
MAHHYASTHBHLIX KOHTAKTOR
KHAKHE-MATKiE-KPHCTATHUCKHE
JICKTPOHHAIE KOMIIOHEHTE M CHCTeMb

Monexysphas Gotonmia

OnTOreHeTIKa: HCTIOTL30BaIIE CBETa AT
YUpaBeHIS AIHBOT TKAHBIO, OGO
WefipOHaN, KOTOphiE reHeTIIECKH
MOTHIMPYIOTCH SKCTIpeCCHpOBATS
(CHHTESNPOBATS) MOMHHBIE KaWars,
Pa3paGaTHBTS, OITTOEHETHUECKHE METOMH
sevess weliponarecki Gorei
TIONINaHHE 2 YPOBHE KOTHYECTBEHHLIX
XapaKTEDIHCTHK PaSHUHEX GHOTOTHUECKHX
denoweron 1 paspadorka epdeiica (re.
snexrponbix, MEMS 1 GoTortiix
Serolhire) & Srimin Bicaramicii
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sub-symbolic “instruction set” of the brain

a whole systems approach to the brain, not a
disease-by-disease examination of a single
process or a subset of processes

near real-time measurement and analysis
across brain systems to drive precise neural
stimulation therapies

near real-time recording, analysis and
stimulation in next-generation devices

multiple neural subnetworks of the brain that

are involved in disease and illness
therapeutic stimulation methodologies

many neural and behavioral processes are not
anatomically localized, but are emergent from
systems that span regions of the brain
photo-stimulation pattens that elici sensory
percepts in the visual o somatosensory
cortices.

optical interface approaches may require
molecular and synthetic biology development

(o restore total brain function. total brain
function may be restored through multi-region
recording and stimulation, appropriately
observing neural dysfunction, modeling the
relationship between neural systems and
behavior, and applying an intervention through
neural actuation

how narratives inform neurobiological
processes; the neurobiology of narratives
memory restoration through the use of devices
programmed to bridge gaps in the injured brain
neurologic sensors - implanted onto or into the
cerebral cortex and serve as the hub for
relaying data to and from an exteral command
center that transcodes and processes neural and
digitl signals

understanding what healthy brain activity looks
ke across sub-networks

dentified a specific sub-network of the brain
that appears to contribute to depressed mood,
especially in people with existing anxiety

the brain can be trained or treated to restore
normal functionality
o Aivanies aestotschiiliony b coialialiog

TI0REMY HE AMHIBHCTHUECKAA
pECKAATe LIS MOZETh MOIFa?

'BOIMOHa 1 CHCTeM aprYMEHTALUM NpOTHE
CoygaNIs MOgeH MO3a?

0-CHMBOLHbe arperupOBAHHHIE CTPYKTYDE!
MO C paCTIpEeTeHHLIMM AAPANH
BOCDHSTIS KOMGHA-CHIHaZ0B

MakcunabHO UenoCTHas 1 no/Has paoTa ¢
Mo3row. Bo BCeX acriekTax or neueGHbIX A0
HbiHE He3BECTHbIX.

MOHHTOPHHT CHCTEM MOSFa TIONTH B PEaTLHOM
Bpeve A1a HeilpososelicTyiouieii Tepanin

PaGOTa b peasHoe pexivie padoTs C Heiipo-
NOSTOBLIMH CHCTEMaMH YDOBHS YeT0BeK 1t
noCT-veroBedecKnH

BLARTCHIE MOACHCTEN MOSF AOKAHaUNH
Goneseit

TEpAEBTINECKHE CHCTENb BOYIETCTOIA Ha
N3

patiora ¢ MOKAIBORANHLM 1
ACTIpEeeHHINH B MO3IE IpOLECcaNH

CHETO-CTHMY/THDYENbIE TIaTepH BLABIFHOUHE
BIU3YATbHYIO CEHCOPHKY KOPHI TO/IOBHOTO
wora

orTiecKiii Helipo-wo3r0ofi HiTepdeiic
MOAeT noTpeGoBaTs paspasoT Gio-
I0ACHCTEN CPEACTRAMH MOACKYIDHOTO 1
Guo-curresa

CCTEAOBaMME TOTATATbHBIX MOSIO-CTDYKTYD.
TIOCPECTBOM My b TH-3aHCeil CTIMy AU,
abmozens ywKLui 1 AnChyHKLI,
NMORenHpOBaHIS HellpO-CHCTeN/nOBeeHIS,
AKTHBHLIX METO108 HCCAEAOBaNI

KaK Cossaits HappaTwaiie w Hefipo-nons?

BOCCTaHOBTeHME\pacUIMpeNHe nawsT
QMM Heiipo-apTedaKTaNH
Hefiponorseckii cencop -
WNIVGHTHDOBAHHI B KOpY FOTOBHOTD Mo3a
Heiipo-KaHan/npotieccop

RIOWATS KaK BUEAAZHT 310pOBH MO B
akTHBHOCTH CyG-ceTeii NO3Ta
waeHTIiApOBTS CYG-ce,
KOTOpHIE CBA3aH C Aenpecciei
ocobennocTH y moei b oropuerom
CoCTORIH TCHXHKH

MO MOKET GbiTh 00ysieH Wik MOATOTORTEH K
BOCCTaHOBTHINIO HOPMATLHOT PAGOT
i i ik & Ca
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slf-assembly techniques could be used (0
fabricate macroscopic 3-D motor structures

new tools for biology

establish a network of computer microvision
st stations to enhance metrology of MEMS
nationwide

ability to perform atomic resolution 3D
aging of single macromolecular complexes
their native functional states will permit a
first-time look at the dynamics of structural
sate transitions and the roles such dynamics.
play in regulatory processes

Microfluidic Chips

I human immune system on a chip

an arti

integrated fluidic control and molecular
manipulation

microfluidic methods for the controlled
movement, storage, mixing, and separation of
samples and reagents

on-chip sample-to-answer biological fluid
assays

monolitc revolution
real-time collection, sampling and processing
of biological fluids of a living host (such as
blood, serum, interstitial luids, or saliva).

engineering and assembly of functional
biological circuits and pathways in living
organisms

hybrid bio-molecular devices/systems that use
biological units (e.g., Protein lon
Channels/Nanopores, G-Protein Coupled
Receptors, etc.) for performing the sensing
function but use silicon circuitry to accomplish
the signal processing

integrated microfluidic component
technologies that enable on-chip feedback
control for reconfigurable assays

While we can't tell a laboratory technician to
move nanoliter quantites of fluid from a
beaker held at 622 C to a beaker held at 752 C,

and 0 repaat this cotle svery 30 seconds for 20° TeambaryRoll 75N

O R SR
pewoHTa TKGeli n b poTesax

TEXHIKH CaMOCBOPKI MOTYT HCTOTBI0BATCS &
TIPOHIBOICTE KOHCTPYKIE
NKDOCKOTIHIECKIX TPEXMEDHbX ABHTaTeeit
NDHHLIHATNO HOBBE HanpanTeHis GO~
npuGopocTpoer

‘oGpasosatie cerw Tect-cranmpiit
KOMIOTEpHOTO MHKDOBIAEHIS A3
pacnpoctparier MEMS-werpororis 1o
Bceii crparie

TPEXMEHOE TOMHOE paTpetIIeHIHE AHHOUHHX
MaKDOMOTEKY DHBLX KOMIIEKCOB B 1K
POAHOM (yKIHORATLHOM cOCTORMMI
TIO3BOHT YBIAETS AMHAMHKY CTDYKTYDHX
NEPEX010B 1 POtk TakDit AHaIH B
PeryTHBHAX poiieccax

MHUKPOKHAKOCTHbIE UHIIBI

HCKYCCTDEHHas HMMYNHAS CHCTEMa HenoneKa
Ha e
BhiCiLee 1eT0CO00paIHOE yrpaBTere
TIOTOKaMH AIWAKOCTH 1 MOTEKY IADHSE
Many A
MIKDOAHAKOCTHBIE METOT yIpaBISENOT
ORI, XDIHCHI, CHENTBaIIS it
pasperenH 00pa0n W peareTon
GHORHAKDCTHBE MaCCHBB Ha sre
paGoTaioume b pesme obpaseir-
SaKTIOueHHE/OTBET
PEBOTIONHA MOHOTHTHAX CHCTEM
BIATHE N1POG H 0OPACOTK GHOTOTHIECKHX
KUAKOCTEfs Opraniaa (KPOBH, CHBOPOTKG,
WHTEPCTHINTHEIE KHAKOCTH, CA10Ha) B
peanHow speeni
CoyanMe B OpramINE (yHKIHONATLHBX
GHOTOTHECKHX CXeM H
CHIHARLHO/NMOTEKy pHBX MaTHCTpanei
FHGDIAHBIE GHO-MOTEKYTADHLIE/DENHHEBbIE
CHCTeNB HCO3YIOUHe GHOTOTHueCKHE
CpecTsa (anpivep Genwosiie orHbe
KaHaTb/HIHONOH, COEAMHErHbE G-Gert, W
T4 AT BOTHEHIS GHO-CEHCOPHAX 1
npoteccopibix byt Ha KpHCTanTe
MHKDOKHAKOCTHAIE KOMIIOHEHT wHia
S7a10LAE KOWDHTYPALIIO BCFD TECTOBOTO.
maccusa
Mt He MOAeM CKaaTh 7aGopanTy
TIEPEMECTIT, HIHOTHTD KIAKOCTH 113
NeisypKH C Temeparypoii 62°C B MessYDRY ©
i TCIoNYE: i
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synthetic networks of nano- and micro- devices

Intellect Neurology

Paradigm of Neurotechnology for Intelligence
Analysts - investigating the brain signals
riggered when an analyst sees something of
interest in a satellite image. Preliminary
research shows that an analyst's brain registers
the discovery long before the analyst becomes
cognitively aware of it Thus, the brain can
signal the discovery hree times faster than the
analyst can respond.

real time learning, pattem matching and
anomalous patien detection

use of cultured neural tissue (o report on
potential changes in cognitive function

neuro-computation techniques to first
wanscode high-definition sensory information

The fundamental question of the A-to-I
(Analog to Information) program is whether
additional prior knowledge, hypotheses, and/or
ancillary measurements can be applied to
enable practical data conversion approaches
which more effectively apply system resources
o find the useful information content
embedded in a complex RF environment and
directly measure it in a more concentrated form
than is possible in current practice

ALV. Questions

Is possible ranslating logo "A-to-I" as
“Continiual signal to/from Deep Active
Knowledge Base". (CS-Uf-DAKB)?

Is known yet physical base of such technology:
- nadi (Alisa Ann Beyli)

- tubulce (Aristoteles (About soul), Hameroff)

NeuroControl

noninvasively access codes in the brain in real
time and integrate them into peripheral device
or system operations

merge sensing, actuating, and computing in
order 10 realize new systems that bring
enhanced levels of perception, control, and
performance

use of neurological codes to move machinery

Extraction of neural and force dynamic codes
el tn Dallers of SRSOF UE SEEsOeY Acivity

FHNEGICTOPON MOMOM N CHTAS N0
MiKpoycrpoficTs

Heiiponorus wirenniekta

Passeareshas Heiiporors:
HCCAEAOBaHHE CHIHATIOB MO3F B MOMEHT
BCIIBLIKH HHTEpECa aHATHTHKA K CTyTHHKOBOI
Kaprioke. Mo3r AenaeT OTKpHITIA B TpH pasa
GhiCTpeid, uem ocoamaeT ix.

ofyuerne, cpasieHe naTTEpHOB H BHsBIEHHE
HOMATLHbIX aTTEDHOB B peanbHOM Bpeverit
el HapauBaIHEM
IDOHSBOHTENHOCTS - BUHCTHTE bHbIE
Moumoci

WCo0BaNHE HepOTKaM AT HAbTIOAEHHS
BOIMOAHBIX IaNEHEHHH KOTHIHTHBIbLX
ynKyii 310 T

Hefipo-a0CTPaKTOpb, Helipo-CHMBOTHSATOPH,
HEFipOKOMMLIOTHHT TepBIHHOTE
TPAHCKORMPOBKI CeHCOpHOT HiKpOpMALI
BICORDIO paspeuess

Tpoext A-to-1 (Analog to Information -
Kowrmmmryaii cArvas - Gasa arui).
BO3MOAHO 1 pacumpenus aneseris
MHGOPMALII HNEIOUIHXCH CHETEN.
Kowmummyanbiui curwan w [1yGokan
Axtisran baa Jnarni

Heiipoynpasniente

AOCTYII K KOJaM HDRYWPYIOLINM B NMOSTY Ges
'BTOpAEHIS b ODFaHIIM H BCTDABAHHE STHX
K040 B0 BHewHHe YCTPOHCTBA Wik paboTy.
ancre

cHCTeNHLIE MPOPHIB vepe3 wTerpaLio
cencopon/iRITeneiiBhuHCTHTe e

HCTIOTH308aIHHE HETIpOROTHAECKIX KOA0B B
npoLecce ABKeHHs MaH

BZe/eHHE HEFOHHIX W CHIOBHIX.
 EEMINECKIX KR0S OTHOCTIRENCE K
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seli-assembly
engineering and assembly of functional
biological circuits and pathways in living
organisms

biological design-build-test cycle

understanding of the underlying design rules
that govern biological system behavior

understand the computational principles,
architecture, and neuronal details of small bio-
systems

the Megaphragma mymaripenne, parasitic
insect, have nervous systems consisting, when
born, of what appears to be just a few thousand
neurons. Their extremely small (order of
microns), low-power, and fast integrated sense-
control-actuate systems achieve significant
guidance and locomotion functions in the
service of higher-level behaviors such as
feeding, reproduction, and survival. Moreover,
these competing goals are achieved using far
fewer neurons in adulthood as a result of a
“neural downsizing." These insects develop
over several days through a series of larval
stages (instars) followed by a pupal step prior
(0 emerging as adults. Training during the
larval stage reflects seasonal, social, and
environmental effects that lead to the final
neural system while undergoing physical
miniaturization during the larval stages.
Significant aspects of this process are not well
understood, including: the electrical and
magnelic circuitry; how that circuitry develops
to manage the information processing in these
miniaturized systems; and how or if extreme
selection pressures to miniaturize reduces
energy requirements while maintaining or
increasing functionality.

a cell-free synthetic biology approach to
expand the language of biology

production of living materials that can
reproduce, self-organize, and self-heal

PaspaGoTK 1 COOpKa yHKLMOTBHBIX
(GHOIOTHIECKIEX CXeM 1 KOHTYDOB B AHBbIX
opramvax

LK GHOMOrINECKOTO Av3alita-
BbIDALLMBAHI-TECTHPOBAHIS

TIOHIMaHIE GHOIOTHIECKOIO POCT 1
pasBiTHs. BbisICHHE 0THAECKOIH CTPYKTYpbI
GHO-/10r I Pa3BHTHSY/POCTA/METABOHIMOB/.
AKCHOMATIK, TIDABHAA, THII AOTHKH eIC...
CHCTeMOTeXHIKa MaTbiX GHO-CHCTEN
(BHIMCTIMTE IbHBIE IPHHLMITL, APXHTEKTY DA,
welipo-criewdika)

(Opram3v 415 peanu3aLm B apregakre.
Megaphragma mymaripenne - Hacekomoe
NapA3HT, HepBHas CHCTEM TIpH POAJEHII
COCTOMT 13 HECKOIbKIX ThICA HEDOHO.
AGCTparHpysch NpeACTaniseT Coboil kpaiite
MAZHEKYHO (TOPAAKA MHKDOHOB), HI3KO-
IHEPIETUNECKYIO, KPETTKO CGHTYHO CeHCOp-
KOHTPOb-GKTYaTOp CHCTeMY, HMEIOLLYIO
BHICOKODAIBHTYIO CHCTEMY HaBHTaLUH 1
niepeeLie I, BLICOKOYpOBHEBOE MoBeeHHe
TS, PASMHOKEHINS H BLDKMBAIIS, ITH
KOHKYDHPYIOLIHE LI AOCTHTAIOTCA B0
BpEMeHa 3PETIOCTH, KOTAA SHAUHTELHO
CHIDKEHO KOTIHUECTBO HeiipOHOB. IT0
'HACEKOMOE MPOXOT HECKO/IBKO CTauii
Tpacchopmaun, Meramopeos. Tpi oByseri
B TMUHHONHOTE CTa/M MUHHTIOaDH3ALIN
BOCTIPHHHMAKOTCH (JaKTOpHI Ce30HHbIE,
COUManBHBIE, CPetbl. Baxbie aCHeKTbl ITHX
IPOIIECCOB IUI0XO NOSTE: 1EKTPHICCKHE
MATHHTHbIE CXeME, PA3BHTHE STHX CXEM,
ynpannentie ndopwaueii, JHeprerika
BHYTDEHHErO aB/IeHys HCTIOh3yeMas b
dynKumonazax

He-KIeTOuHA CHITETHARCKas GHOAOT M,
pacumpenite s3biKa GHOTIOTHI
NPO3BO/CTRO MBOTO MaTepHaa KOTOPEli
MOKET BOCTPOH3BOHTCH,
CaMOOPTaHH3OBHBATLCS 1 CaMO-
0310pABAMBATLCS (aBTOHONHO 1 B Cpee
Chrariai)
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establishment.

strong support from the senior DoD.
management has always been essential since
DARPA was designed (o be an anathema to the
conventional military and R&D structure and,
in fact, o be a deliberate counterpoint to
raditional thinking and approaches.

DARPA project based - alleffort typically 3-5
years long with strong focus on end-goals

necessary supporting DARPA personnel
(technical, contracting, administrative) are
"hired” on a temporary basis to provide
complete flexibility 10 get into and out of an
area without the problems of sustaining the
saff.

the best DARPA Program Managers have
always been freewheeling zealots in pursuit of
their goals

program managers (the heart of DARPA) are
selected 10 be technically outstanding and
entrepreneurial

the best place (0 get new ideas is new people
because new program managers are willing to
redirect the work of their predecessors - and
even undo it if necessary

the idea s to minimize any insttutional
erests that might distract the Agency from s

bringing together people with the same
erests can lead to a non-linear generation of
leas

DARPA is designed (o be the “technological
engine” for transforming the Department of
Defense.

a large organization ke the DoD needs a place
like DARPA whose only charter is radical
innovation

(0 imagine what a military commander would
want i the future

changing people's minds about what is
technologically possible today

0 create paradig shifts in Defense
capabilties

i i ok

& i v e

DIIpIOOTOR. BONLNIR BOSI) YA GoMTCK
610pOKpaTOB, 510 BO MHOTOM Opeeser ee
TaKTHKY W CTpaTerIo.

PeUNTEnbHaR NOIEPAKA FaBHLX
‘ypasswoupex MO, cymecraertiai sreesrt
Pa0OTHI /1apia, 1OCKOLKY €€ MpoeKT
TIDEAGIOTCH aHaeMe TPATIHONHHNI
BOCHHBIMH H HCCTRAOBATETCKINH
CTpYKTYPaNH  OCOHaIHO OTOHPYIOT
TPAHLIHOHHOMY MEILLTHIO W TOAXOAaN
Tpoexts: JIAPTTA opwermuposar 1a
TIDOAOAHTERBHOCTS 3-5 €T, HMEIOT eTKyIo
HATDABTEHHOCTS Ha KOHEHYIO 1ieT.
HEOGXOMMbi OGCTYKMBIOUH TepConan
ZIAPIIA (rexwiseckiii, Haewi,
AMHHHCTPITHBHLT) "PEKpYTHPYETCH” Ha
BpeveHOli 0CHOBe 715 ofecriewexis NOTHOH
FHOROCTH BX01 H TOKHAGHIS MIPOGTENHbIX
oGnacreii Ge3 KaapoBbix NpoGien

nysae merezpwepst JIAPTIA - dHTysmacrsi
CBOGOTHO ABHIZIOUIECH 110 BGPaHOMY
nym

ynpanasiouwe nporpasmaw (cepate
TIAPTIA) BbiGHPAIOTCH CPEAM BHAGIOUINCH
MHHLIETHBHAX TEXHISECKHX CTIEUHATHCTOB
nysaiii CIOCOG TOnY IS HOBBX HACH -
HOBHE TG, MIOCKOTHKY HOBHIE MEHE/KEpHI
XOTST NEpeHanpasHTh paGOTH COMX
IDEAUIECTACHIHKO, 3 IpH HEOBXORNOCTH
nepepenars nx

OBIENa 3K TIOAETES B NN
AMHHICTPATBHOTE SAHHTEDECOBINHOCTH 1
BOMOAHOTO yBIaNIA Opranisan b
PeICHLIX 414X, KOTOPHIE MOTYT OTHek,
ATeHTCTBO 0T €10 HOBATODCKOTO WMrepaTHBA
COGparHe BMECTE MOACH € QUHaKOBbNIL
WAESMH MOKET IDHBECTH K HeTHeliHOMY
BOIpACTaNHI0 NOTOKa WAEi

JIAPIIA - NOTOD TEXHOTOTHIECKOTO
OG0z MO,

Bonsume oprassau Tana MO wyxaiorcs
B TaKans yuacrsax Kax JAPIIA, 3azaa
KOTODHIX HOKTIOUITE LHO PaAIKaTLHOE
womamopcrs.

BooGpazire, 1o MoryT norpeSosars
GyAYHIEM KOMAHAWPL.

Crm, orpasinuera ¢ npeACTaness noxeit
0 comanaenns Texionorwax. Tlepcrexrims
TeXHONOrI| JAIABAIOTCA b MeTa-
exHOROr A mpeACTaBACHIH AIOACH.
OcyueCTBEHHE MeHTaHO TEXHOTOTECKHY
Cavaron s npeacramnenn/peansa
BOIOAHOCTER BOCHHOI TexHIKH

Bsiti i b GG
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Extremophiles

microarray technologies will be applied to a
number of organisms that survive extreme
sress states (e.&,, temperature, hydration, salt
stress, and radiation) to explore the
upregulation and expression of new genes and
materials as these organisms enter and exit
sress states

genes that existin organisms able to survive
environmental extremes (extremophiles)
teach honeybees to detect explosives

we now know that specific genes can regulate
sleep and wakefulness needs, and these genetic
sequences will be used o identify candidate
biomolecules that might eliminate the
deleterious effects of extended sleep loss

ability of the nucleic acid to express the
desired antibody

(0 predict the in vivo translation efficiency of a
monoclonal antibody from the corresponding
RNA and/or DNA construct

wanslation efficiency of amonoclonal antibody
from a nucleic acid construct in vivo

Cells, biomolecules
Bio-Ideology

systems that can actually sense molecules and
tell us what's going on

understanding cel biological decision
processes

inside-look'at cellular signal processing as
opposed 1 the limited input-output
experiments that are used currently o study
cells

combinatorial methods 0 make new proteins,
perhaps more efficiently than nature's trial-and-
S DRt

SHIPITS EPHOBLIX MO0 CTPREL! - CPEACTRS
[ ———————
BipycHorD nexTopa, e OB
pacrenu

IkcTpemodub
TEXHONOTHA MHKPOACCHBOB TIDHMEHAENEA K
WCCTAOBHIO NHOTHX OPTaHISNOB.
BLARHBAIOU B IKCTPONATHHO
HEGAaTONPHATHEIX YCIOBHAX (TENTIEpaTypa,
AP, COneRan CpeAa W pAAAILR) A
M3YUEHIA MEXIHIMOB DeryASLYI
IKCTIEPECCHM HOBLIX TEHOB W BEILECTS
CO7IABAEMSX OPITIHIGNOM TPH BXOZE
BIXOTE W3 SKCTPEMATLHBIX YCHOBHI
reH CROCOOCTBY IO BLURIBAINIIO B
SKCTPEMATLHbIX YCHOBHSX (SKCTEMODWTH)
CHOPMHDOBATS B TEHETHAECKOM reHeTHIECKDE
IPOCTPAHCTBE e QyKiHoNan
OGHapyKerys BIpbIBATKH
conwectim, MEMC-3anaxosyio cucreny ¢
yrmBepCanbHOii GHo-warpHueii e
Onpesenenmnie rets perympyior
ROTPEGHOCTS B CHe  GoapcTBOBaMI. It
FEHETHIECKHE LEOuKH MOTYT GhiTh
WCTIO08aHbI A5 OTDESCEHHR BOTMOAIBX
GHOMOIeKy ! KOTOpbIE COCOGHH
WeFiTPATIB0RATS NOCHEACTBHS ATHTE LHOTO.
orcyrcrmng cia.
crocoBHoCTS HyKneHHOBOl KHCHOTH
SKCIPECCHPOBTS (eHHO-T0R0GHHM
MEXGHIMOM) HYAHOE GHTHTEO
OrHO3 HdexTiBHOCTH in ViV TparCAA
QHTHTE MOHOKTOHOB I3 COOTBECTRY IO
PHK//IHK crpyxryp
TPAHCHAS 13 MOROKAONA apva-
yHKLMOHAa AHTHTERa W3 HYKeWHOBOTH
KHCROTH in viv

Krnerku, GuomosieKy/bi

Buo-naes

CHCTeMs MIPEACTARISIOUME 1 NOMINAIOLIHE
pOvCXOAAEE B MONEKyIApHOI Cpeae
ROMMaIe IPHpOTbI GHO-peIeHHS peakiiii
KTk
yCroitunBii, NOCTORHHO 0By warouics
IR HO AONOHL KICTKH HEHYTDH, B ORI
OT COBPEMEHHOTD OrPaHHYEHHOD NOAXOAD
HCCTEAOBaMHIS BXOA-BIXOA
Jlsrwerie x nogmmOf GHoROr
HTEZEXINM, OT H3BPALICHILED, ACeHepaTon
e war
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plant virus gene editing and disease vector
jology

Gene-Medicine

DNA- and RNA-encoded medical
countermeasures

weaken the virus' ability 1o cause harm by
directly neutralizing the viral genomes
temporarily and reversibly modulate the
expression of protective genes (o guard against
acute threats

use programmable gene modulators to boost
the human body's natural defenses

nucleic-acid-based anti-infective technologies;
these tools-primarily coded genetic instructions
0 the body on how to produce its own
protective antibodies against a specific threat
methods to impart near-immediate immunity to
an individual using antibodies

(o0l that deliver the health and safety benefits
of modulating genetic expression without the
risks of permanent edits 0 the genome and the
potential off-target effects they entail

primarily coded genetic instructions to the
body on how to produce its own protective
antibodies against a specific threat

identifying innate host genetic defenses against
threats and developing novel MCMs (medical
countermeasures) that can quickly activate and
modulate these genes to boost protection
technologies for the delivery of nucleic acid
constructs into patient. Genetic constructs.
introduced into the body would process
quickly and notintegrate into an individual's
genome.

technologies for the delivery of nucleic acid
constructs into patients to encode the antibody
of nterest and produce a protective response.

(0 hamess viral evolution o create a novel,
adaptive form of medical countermeasure -
therapetic interfering partcles (TIPS)

Gene-Wars
protection from genome editing technologies
prophylactic and therapeutic treatments against

gene editors
reverse th effects of genome editing

protect the genome integrity of organisms and
Nosation.

| ke
DEAGKTHpOBaE TeHa BHPYCa PACTEHIS 1
BeKTopHas GHonOrHS Gonetn

Tenerueckan Meaia

JHK- 1 PHEC KO8 MeAHuHCRoro
soeiicrona

ocRaBerHe BpeayOr BO3EHCTBIA BHpYCa
HEMOCPACTBEH0 BO3AEHCTBYS Ha €10 reHoM
BpeverHas W Bo3paTINR MOAYIAU
SKCIIPECCHH FeHOB ATA JALYTH O OCTPHIX
Y1P03 310poBH0

CTIOT50BaHHE TPOTPAMNIPYEMHX FeribX
NOAYISTOPOB AR PESKOTO YCHIEHIA
ecrecTBenHOi 3aupiTHI OprasHaa teToBeKa
QT HHEKIMONIE TEXHONOTIM Ha OCHOBE.
HYKICHHOBLX KHCIOT, POTPAMMHPOBIHE
aHTH-HHeKIMONHOI 3211y (arTHTena)
oprassva

METO TpHAGHIS MONTH-HETOCPEACTB
MMYHITETa HAMBIAYYMY HCTIOTb3YR
anmrena

MHCTDYMENTE MOAYTRLUH IKCTIPECCH reron ¢
HETHIO 0310pOBTEHIS, Ge3 picKa
TIEPNGHEHTHOTO 3apEAKTPOBINIA TeHONa H
noGoutkix dpexron

COMaIE FEHETHICCKIX WHCTDYKLUE
eeHANpaBTEHHOM AT AHTHTRANH

BTREHIE MPUDOANOTE reveTIHYECKOH FauHTH
W PAIPACOTKA HOBLIX ACKAPCTBEHL,
MELYHCKIX CPEACTB KOTOpHE MOTYT GhiTh
(GHICTPO aKTHBHPOBATS 513 Fevbi 715 YT
TEXHOTOTHH AOCTaBKI KONCTPYKLUi
HyKICHHOBOTE KHCOTH TaMeHTY.
TeHeTIHECKHE KOHCTPYKUIAH BBOUIMBIE B T
AOKOH OGPAATHBATIC GHICTDO W He
BTIONGTCH B FEHOM MBI

TEXHONOHH AOCTABKH HYKEHHOBOH KHCTOTH
B OpraHIIM NAIAEHTa A7 ACKOADOBAIIS,
DACTIOSHaHIA HYKHOTO HTHTEa W BbIpAGOTH
3aUPTHORD CpeaCTE

HCIIO 0BT BUDYCHYIO SBOTIOIO 418
COVIaIR HOBLIX, AAAMTHBHLIX GOPM
MLYHCKH CPEACTS - TepanesTHuECKH-
WHTEpepHpYIOLME AT

TeneTnueckse Boiinb1

SAULYITa OT KOWILIEKCOB TexHOTOTHIE
PesaKTHpOBaHIS reHoNa

IDOGWIAKTHKG 1 TepanA 3auTs T
PEAaKTOpOB rexova

BOIpaEHHE B HCXORHOE COCTORHE
OTPEAKTHPOBIHHOTO reroMa

ST CHCTEMHOT] LEIOCTHOCTI reHoMa
e T
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primary physiological processes relevant to
wound healing, such as angiogenesis,
inflammation, stem-cell differentiation,
innervation, and extracellular matrix
production and organization;
algorithms/models must collectively address,
either directly or indirectly, the following:
heterogeneous signals, hierarchical structure
(from cellular to tissue level; multiple.
physiological processes), spatiotemporal
resolution, and sparse data.

Bioscaffolding

bioscaffolding should bind cells selectively,
promote cellular differentiation and provide
spatial interactions between multiple cell types
and lineages

fundamentally new types of tissue-device
interfaces
selective surfaces for cell patteming

novel chassis for synthetic biology
in vitro platform of human tissu: circulatory,
endocrine, gastrointestinal, immune,
integumentary, musculoskeletal, nervous,
reproductive, respiratory, and urinary.

spatial and temporal requirements of the
matrx, cells, trophic factors, and
differentiation factors within the culture
environment leading to interactive organ
constructs

a reconfigurable platform that permits
simulaneous study of e or more interlinked
in vitro physiological systems, arranged in any
sequence, with the ability t0 sustain issue for
up 10 four weeks 1o evaluate effects of
countermeasures over time

simultaneous study of en or more interlinked
in vitro physiological systems

biological architectural 100l (BAT) - tools and
technologies for tissue and metabolic
engineering (0 enable regenerative medicine (0
Sk Sirsid Chaha Bk

- npuGopei/mnatdopwia ypanior
UBHOTOTHUCCKHMH TIPOLIECCANH X HBTCHIA
(perenepauys Traweis, bocranesie,
AWpepeHLIaLLA CTBOTOBLIX KATOK,
MHEDBALUIA, METAKETONHAIM MATDHLLH)
ONTHMATBHOD NpoLECca pocTa 1
BOCCTaHOBICHIR TKAHH B PETLHOM BENEHH;
- AATOPHTMA/MOAEH ORI HMETS
CHCTENHYHO HATPABNEHHOCTD: PAHOTHIHbE
CHTHAH, HEPaPXHHECKYHO CTPYKTYPY (0T
KIETOK 40 Tarieli, i3 HOTOr HYeCKiNX
TIPOLIECCOR), MPOCTPAHCTBEHHO-BpeNeHIC
aTTEpHb, PAGOTATS C HEAOCTATOMHINH
g

Ilaccw cunTeTHYECKOi GHONOTHI

[ T ——
[ —
bbeperupaiun K1eToK  obecnesmvars
IpOCTpaHCTBEHHOE B3aMNOTCTICTBIE MEXAY
KIeTKaMI MHOKECTEA THTON 1

nponCOR e

IPHHLAIHATENO HOBE TEXHOROTIH 1
N0ANOAb K HHTepGeiicy TRaRs-TpiGOp
PCABIPHTE O CTPYKTYPHpORaIHBE
HOBpXHOCTH A7A MpILAGHI CTYKTYpSI
KaeToubIM oGpaonaIM

HOBBiE WACCH CHTETIECKDi GHOROTI

in Vitro gumawwseckas waarbopwa
HenOBeCCKDfi TKHI: KpOBEHOCHOT,
SHAOKDHHHOR, HeYAOHO-KHEAHOT,
KOKHOH, HMYHHOT, OTIOpHO-BHFaTe O,
HepEHOI, perTpOAYKTHBHOT, Abxare O,
Nouesoi.

npoCTpaHCTHCHHLE 1 BpevenHLe
ek HeCyyx MaTpH TR,
KIeTOK, TpoecKit (aKTOpOR  GaKTopOR
N epeIUIa PISEHTHA KyTUTYPIS,
03RO B peayTare WHTEpaKTHRHOE
KovcCTpyWpOBaHHE Opraron
pexompuryppyevas niaropya
no3wOTRIOUES QAHOBpeENEIHO HCCAEADBaTS 10
w1 Gonee camsariix MeARY CoG0i
drmonorecks cuerew, oBpasyiouprx
TIPOW3BOLHBIIE TPAG, € BOMOKHOCTLIO
B e
T, AT OLEHKH MEMUHCKI CPEACTD
awospeneinio wccneaovars 10 1 Gonee
BRIMOCBIHNLIX I VO (UEHOTOTHHECKIX
cncren

apxyeKTypHIC CpeaCTBa ABOf TR -
IpHGOpS H TEXHOTOTHH CO3taNA TRANCH 1
MeraGomon noseorIOuC

Roeria il D
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that rivals existing invasive approaches

Doing sense

DARPA Al technologies first wave - rule based
(Handcrafted Knowledge), second wave -
sttistical learning based (Statistical Learning).
Thrird wave: Contextual adaptation Systems.
construct contextual explanatory models for
classes of real world phenomena.

Al architectures and approaches to facilitate
the discovery of physical laws and models
goveming complex physical phenomena

Deep Purposeful Learning
actions from thoughts

The development of technologies to build and
maintain rich models of complex systems
(scientifc, social, etc.) by identifying new data
and information resources automaically,
extracting useful information (causal relations,
correlations, context, parameers,etc.), and
integrating this into machine-curated expert
models. These models should return rich
explanations under a variety of different expert
queries and eventually be capable of
generating (and testing by linking to structured
data source) machine-generated hypotheses
Applications will include automatic
verification of published scientific results and
real-time monitoring of fragile economic,
political, social, and environmental systems
undergoing complex events. The Automating
Scientific Knowledge Extraction (ASKE)
program, part of Al Exploration (AIE) program

SO TN MR, ¢ WO TR O
BPEMEHHANI ADAMETDaNI CPABHIMNI 1
PEROCNOAIYINI CYECTBYIOUHE CPEACTE

PaGora co cMbicIaMH

Japna M
1 807 - noreCKHE Wat SwanHi
(SKCTIEPTHBIE CHCTEMbI CAMBIX LEHHBIX
oGnacreii 3warii Ha ocHose
wHCTpywenTamsbix cHerem KEE, R2 ),
2 BOHa - CHCTEMb PATBHTI H PACUIPEIA
Swai M AW (CHCTeMb pacuperys
awarik OF MPOCTEiLIX AABOPATOPHLIX A0
Google-noa0Gsx ruranTCKx KOMGHHATOB
swari);

3 BOAHA - ML a1 CHETENb
POGOTOB B PEATLHOM Npe, PasBHTHE
PEATLHOCTH B 3AGHHOM HaTpaBTEHHH:
R p—
Fe0-, G-, CoUMO-MORHIHDHH:
MIVL-apXHTEKTY Dt W METONS OTKDHTIS HOBBIX
DIHIHECKINX DEHOMEHOB 1 33KOHOB, MO
YTPaBIEHIH AR HHECKNI
denoveravi

F1y60Koe neneHanpaneitoe obyserie
AciicTome w3 MsiCTn
Copevenas/naanypyemas HHOpMALHOHHaS
cicrewa 51o:

- TexHOROr WA MOCTpOCHIS
YHKLHOHHPOBHIA GoraThiX Nozeeii
CHOKHBIX CHCTEN (HaYSHbIX, COLHATHHbX
)

- HACHTHQHKGIS (B0 BCEX CMBICHAX) HOBHIX
g

- MONCK, PISBEAKA, TIPOTHOSMPOBAIE HOBLX
HCTONHHKOB AGHHLIX;

- OueHK, WaBTeUeHHE NOTeSHOT ibopMaLy
(TpHHHIBIE CBY3M, KOPpE AN, KONTEKTC,
napaveTpHSAUYHA U Ti):
- WHTer a3 (B PASTUHBIE YDOBHH CHCTEMS
AL/ 3HaNH) MOTYSEHHOR MONE3HOR
wipopuay;

- MALLIHHHO-3a00T MBS SKCTIEpTHBH
KowmbioTepHbii Mip (IM), MoAes Mipa;

- IKCrepTHIE M GOPMHDYET TOTOK
BOIMOKHbIX 3ATDOCOB H OBCTIEUHBACT MIOTOK.
ommeTo/0GuACHeHiT;

- 10 BOSMOAHOCTH HKCTEpTHAH Mip
FeHEDHPYET W TECTHPYET Ha JaHHLIX THIOTE3®,
runoTeTIHECKHE MiDH;

- MpHKTaIC AT CHCTeNt IM
aBTOMaTHYECKH TpOrHO3MpYeT

R R e et
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replacing classical, analog light detectors with
high-performance photon counting detectors

EnMats (Engineered Optical Materials) have
been used (0 design and build multifunctional
elements and to dynamically control light,
seemingly going beyond standard "laws" of
reflection and refraction. EnMats are broadly
defined to include, but are not limited to,
metamaterials (both metallic and dielectric),
scattering surfaces and volumes, holographic
structures, and diffractive elements.

slowing, storing, and processing of light

wavefront control

acomprehensive theoretical framework to
enable maximum information extraction from
complex scenes by using all photon pathways
and leveraging light's multiple degrees of
freedom.

Physics-Chemistry

muldi-physics systems
topologically ordered material systems (e.g.
biotic and abiotic ensembles and templated,
directed assemblies)

chemical cartography

new possibilites for material design in the
ultrahigh pressure regime (up to three million
times higher than atmospheric pressure).
Materials formed under ultrahigh pressure,
known as extended solids, exhibit dramatic
changes in physical, mechanical and functional
properties

Whether functional signaling via
electromagnetic waves between biological
cells exists and, if it does, to determine what
mechanisms are involved and what information
s being transferred. How the structure and
function of natural *antennas" are capable of
generating and receiving information.

spin-charge coupling and quantum coherent
properties driven by topology at
surfaces/interfaces

the Physics of Anificial Intelligence (PAI)
iy

.
3aweniiTs KiaccHueckili aanoroBi coero-
ACTEKTOp BHICOKOMPOMSBOTHTE L HbIN
A€TEKTOpaN - CHeTuHKaNH GOTOHOB
Tlporpanva EnMats - Higxusmpisir
ONTHeCKIX MaTepHAT0B. BbXOA 32 MDEAETH
CTaHAGDTHBIX "JaKOHOB" OTPKEHIS W
npenowneis, Pa3paGoTKa MeTawarepnanon
(MeTan108, gyaneKTpiKOB)
ROBEPXHOCTEI/0GHeNOB paccesarins,
TOOrpAHUECKIX CTPYKTY, S7eeHTOB.
Avppakign,

pasMAUeHHe, SaMeATeHHE 1
npoteccuponarte coera

ynpaBTeHHe TONOTOrHeIl, MATKOCTLIO,
CKOpOCTANH BOTHOBOTO (BpotTa

“TeOpis MOTHOTD, MaKCHMATEHOTO KB TeveHHS
(ommseckoro) oGpasa, wibopwari CoKILX
Cugen. Teopis MaKCHMATLHOTO PaSHOOGPA3HH
nyTei, s, KorepenI 1 Tpos. crea.

Duzuka-Xummst

MyIBTU-CYGCTpaTHbE CHCTEMS
TOMOONIECKI OpraHIHIOBAHHHE CHETENb
(6M0, aH0-cGOpKkH 1 narephs, yipaniseno-
pasBHBaIOUECH CGOPKH/NETOROTOrHH
CBOpKI/CHITE3a, CaMOCHHTESpYIOILECS
CATIPH wet-systems)

KOLEITYaTbHas, OHTONOTHECKaS

Kapror paca xumiit

Pa3PACOTHG MATEPHARO B CHEPABHICKOKIX
Aannernax (Gonee 3 win. Aanenis
amcepui)

KaKite cymecrayior nons cassantsie ¢
KUGHbIO: YIKTPO-MTHITHE, HTETEXHH,
Mopgoreneriseckse, Kipuiinara 1 71
YHKIMOHATH ITHX O7EH B CHCTEM
CHTHAR3ALHHTETDLYH OpraIIWa?
Onpeaemy cyuocTh 31X nonei,

‘popMaLH. HacKonbKO KoHueNTH! Teophi
WHGOPMALUH, S7EKTDOTHANIKH AAEKBTH
1M 07N, KK cywecTyioT npHpoie.
IpHeNO-TIepeaIOIE "arTenHbN" STiX nOnei?
CUHH-3aDAAHA CIHOCTS, KBAHTORA
KOTEDEHTHOCTS NapaMETpH3yeNSe TonoTOr e
nosepsHoceiirepdeiicon

Tporpawva "®isika HH"
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0ls for mapping neuronal connections

Genome

Gene nano-structures

in the much broader design and encoding space
of millions of molecules, which offers far more
opportunity than do the four building-block
molecules (As, Ts, Cs, and Gs) of DNA.
discover fundamental engineering principles.
that enable the genetic programming of
structural features into biological systems.
programmable, self-assembled 2-D and 3-D.
DNA nano-structures

DNA molecules will be utilized to construct
two- and three-dimensional physical
nanostructures, thus providing the b
self-assemble physical scaffolds.

the geometry of genome space

quantification of the chemistry associated with
the molecular recognition process, i
interactions between antibody-antigen,
enzyme-substrate, ligand-receptor, DNA
hybridization

programmable and self-assembled nano-
structures of DNA useful in applications such
as improved crystallography and molecular
electronics layout

obtain data on monoclonal antibody sequence
and subsequent in vivo expression of that
antibody from an RNA and/or DNA construct

Gene-processors
the science of programmable gene expression

modules for integration with signaling
pathways that affect gene expression

0 develop scalable DNA and related
nucleotide manipulation techniques for
realizing powerful computational methods for
solving highly complex problems, for
designing ultra-high density information
sorage, and for developing programmable
nano-structures of nucleotides for novel
astilicatins.

SIEEIENON) N MICNITUGON BOFO MOTH
LiepeGpasiaii coprir. Casensen
CPeACTBa KapTHpOBaIM HelipoLX
coepmeni

Tenom

HanocTpyKTyphi rewon.

pacumpeie andanira reriowa 20 10°6
MOREKYIAHBLX 3HIKOB, CHMBO108

OTKDHITH yHAAMEHTATLIbIE WIDKEHEDHE
THHLAIT TEHETHHECKOTO IPOTPaMMHPOBAIH
cTpyKTyp Gro-cicten

TIPOTPAMMHpYENbie, CaMO-COBHPaIOLIECH
AByX- n Tpex-Nepitie JIHK-HaHOCTpYKTY s
wenomsaosanme onexyn IHK g
KOHCTDYMPOBAIIA ABYX- 1 TPEXMEDHHIX
UBMHECKIX HAHOCTDYKTYD B KavecTDe
EMEHTOB CAMOCOGHPAIOXCH
KOHCTDYKTHBHAIX MaTDHL

FEOMETpIA MPOCTPAHCTBA HaCTEACTBENHOCTH,
TEOMETPHA FEHHOMHOTO annapaTa

‘ONCAHHE KOTHYECTBHHIX XapAKTEPHCTHK
XHMHNECKITX TIPONECCOB CBA3AMIIX C
PACTIO3HaHMEM MOTEKY, Te. BIMMOACHCTEHE
MEALY QHTHTERaNM-aHTHTEHaN, SHoHMANH-
CYGCTPATaNH, AHFAHAGMI-DELIETTOpaNH,
ruGpwaLmei JIHK

TOrpaMMIpYEHIE 1 CaOCOBHPaIOIECH
HawoCTpyKrypht JIHK noneswbie b Takix
TpHMEHeHMAX Kak KpHCTARAOr A 1
PASBOAKA THHHI MOTEKYTADHOT ITEKTPOHHKH
TOnYUeHHE AGHHbIX 06 NOCTEAOBATE HOCTAX,
cyb-nocheaoRaTe L HOCTAX aniTen
NOHOKOHOB TIORYNEHHAIX in VIvO
xcnpeccuei 3 PHA u JIHK crpykiyp

TeneTuueckue npoteccops

HayKa PO PAMMHPYENOIY SKCTIDECCHH reron
(pearvsauyas 3aT0KEHHO b HIX HHGOVALLH,
0 ecth cinres PHK 1 Geron)

MOZYH BCTPAMBAEMHIE B CHIHATHbE TYTH
BOVEFCTBYIOUME Ha IKCIDECCHIO TeHOB

MOy bHe Texi K Maryposais /IHK
W CESaHHbIX C HMH HYKAETOWAOB AT
PeATHIALYIN MOLIHLIX BLHCTITENLHBX
METO0B PeweHi CIOKHLX TpoieN,
VIBTPATAOTHORD XpaHerHS HiKpOPMALH 1
paspaGom nepenexTHBHbX

HIDOrPaMMIPYEMBIX HaHO-CTPYKTYD.
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0 USe Proteins 10 store and manipuiate energy
and information

Nomenclature

Molecular informatics:
(1) How and what can we encode in
molecules?

(2) What types of operations can molecules
execute?

(3) What are the representational abstractions,
mathematical or computational primitives that
can describe these operations?

(4) What does ‘computation’ mean in a
molecular context?

(5) What functions can be decided via
molecular means and what equivalence might
they have to traditional computing methods?
(6) Can we design approaches o compute
directly on and with molecular data?
Outcomes of the program include:

(1) New approaches to represent information
and execute computational operations in
molecular form;

(2) Scalable strategies o extract and process
information from large molecular data stores;
(3) Molecular computing conceps that provide
capabilities beyond our conventional
computational architectures.

synthesis and high throughput screening of up
 a billion sequence-defined polymers per
threat o discover sensitive and selective
binders

systems-level view of how cells behave

the definition of reusable components of
proteins leading to the equivalent of a periodic
bl for proteins

sensing systems of biology (e.g., receptor and
sansmembrane proteins)

To map the complete molecular mechanism
through which a threat agent altrs cellular
processes. A human cell may contain up to
30,000 different molecules functioning
together in complex, dynamic networks, the
molecular mechanism of a given threat agent
might involve hundreds of molecules and
interactions,

exploit knowledge to harvest, modify and
integrate a macromolecular assemblies into
useful devices from the nano to macro scale

robust extraction of cell and tissue signatures
of agent response

SRR - BOT CPEACTRO PIOOTM C NENpOPRIFER
Womeprieit

Homenicraypa

Monexynspras nidpopwaria:
1. UTo H KaK KOMpYeTCH B MorteKye?

2. KaKite Tt Oriepaiyit MOXET BoTHATL
Monexyna?

3. Kakow annapar abCTpatyi MOTEKYAAPHbIX
onepapii?

4,40 SHAWHT BLAHCCHIE, CHMBOTbHIS
06paGoTKa, Mogens b KoHTEKCTE
MOTEKYAPHOTO “IpoLeccopa’?

5. Uro "pewiaer” Morekya, 1 410 pewaer
PO KOMbIOTEp?

6. Moo 2w B3aimopeiicTBORaTs ¢
MOReKy10/t KaK LEA0CTHOT AWaT0roBOii
cucrewoit?

Pewesns npoexra:

1. HOBaR BLSHCTHTE TbHaS/CHMBOTSHAS CDEAR,
cucremsui cyGerpar.

2. Monekynapias cuerewa - Kax
WepapuecKas Hio-CHCTEN.

3. Monekypiiii NpOLeCCop: CHMBOTsHO-
apupuernueckuii (CA), CA+xiwseckili;
CAKparTOBB, .. MTCnCXIS

CHITES W IpOBEpKa CBbIE NILTHON
IOCHCAOBATE O OMPECTEHLIX IOTHMEPOD.
15 OTKDBITHA Sy BCTBHTE b 1
cenexmBiLIX ol

CHCTeMHbH TIOAXO K AGHHOCTAM KAeTKit
Onpezeretie HoMeHKaTyph 3ansaceii
[ —
TaGH AeTazeit GeKoB, aHaTOHHOTH
nepuouseckoii raGwue Mesizeiesa
GHOTOTHIECKHE CHCTEMb UYBCTBHTELHOCTH
(re. peuermope: 1 TparcyeNGparie Gen)
Kaprposatie bero Moreky1spHoro
MEXaHI3MA TIOCPEACTEOM KOTOPOFO Bpeitie
MONEKYAHIE ATCHTHI HMEHSIOT KICTOuHbe
npoiecch KeTka ue/opexa Moxer
copepkaTs Goree 30,000 MoneKyAAPHbIE
GYHKLHOHATOB PAGOTAIOUINX B CIOKHOT,
AvHawiaeckoi ceTi. Bpesysii Moekypii
areHT MOXET HMETS, COTHI MoTeKY 1
sanvonelicTai in vivo.

WCIOL 3082 MOTYNeRHIX SHarIE AT
CGopa, MOAHDUKLUM  HiTerpaLH
MGKPOMOTCKYADHAX CGOPOK B NIOTESHAIX
YCTpOCTBAX B AHATIOHE OT HAKO A0 MAKDO
YCTojiuuBOe BbizeneHHe CHTHATYP peakiii
KIeTOK i TKalteli Ha BoytelicTme Biewinx
iy
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Accelerated Healing
accelerating the healing response of tssue

accelerating the healing response of tissue
accelerating the healing response of tissue

0 restore full function after severe injuries.

Bio-substrates computation

computations that can be implemented in bio-
substrates

Computation in the Bio Substrate

synthetic computations that can be
implemented in bio-substrates.

Plant

vision for APT (Advanced Plant Technologies)
s to hamess plants' innate mechanisms for
sensing and responding to environmental
stimli, extend that sensitivity t0 a range of

ignals of nterest, and engineer discreet
response mechanisms that can be remotely
monitored using existing ground-, air-, or
space-based hardware. To succeed, APT must
ensure that modified plants are safe, robust,
and self-sustaining in their environments.

smart planis to protect soldiers (APT)

(0 tum plants into a network of environmental
spies (APT)

engineering a plant chassis for rapid and
scalable production of small molecule
therapeutic

pre-symptomatic diagnoss of disease and
health

engineering “smart” cells and tissues

enable them to withstand extreme dehydration,
high temperature, and long exposures to UV

synthetic materials for a retinal prosthesis to

enable signal transduction at the nerve/retina
terface

mimicked this capability in slicon

device and interconnect schemes are
implemented with techniques such as directed

Yekopenoe nesente

YCKOpeHHe BOCCTaHOBHTELHOE peaiyiin
YCKOperMe peaKtu SaxIBEHIA TKaNei
Yekopere 1 TeneonoruecKoe
TIDOPaNMIPOBGHHE TIOBPEXACHHHIX TKaHeli
TOTHOE BhpauEaNHE Oprana noCie
Cepheanoro paneiys 1 nocreAyIOee.
BOCCTaHOBEHHE COMS 4 SHTEEXHH
panesoro oprara

BhrHCaHTe BT GHO-CyGeTpaT

BLCTCIIA KOTOpE NOTYT G
peanomait B Gwo-cyberparax
BLINHC/IEHHA B KMBOIi Cpeje (GuocyGeTpare)
CuTeTCCHte BuCIEN KOTOpiE MoryT
Guums peamonaris b GuocyGcrpare

Pacrenus

APT (Advanced Plant Technologies) -
Tlporpansia Textonorin Pacumperia
BowoxHocTeil Pactesmi - uCnons3osath
‘GOTOrHuECKIe MeXaHHIMI pacTenHi
CeHCOH, peaKTOpHi Ha CTIMY T, yBe
THPOHO HYBCTBHTE IHOCTH OTESHLIX
CHIHANO, MIKHIHDHHT AHCKDTHbIE peakiiii
KOTOpE MOTYT GhiTh OTCHEAHBaENb
annaparuni CpeacToav.
MouumpyeNtie pacteris A0TKH
COXpaHSTL KBy UECTS,

"pacrenis ¢ yHKLHORATLHOT NpouIBKOI
A saupmes congar (APT)

TDEBATHTL, PACTEHHA b PSBEALBATENHYIO
cen, (APT)

MIOKHHADHHT PACTHTETHOTO 1ACCH A1
CHITE33 TepaeBTIIECKHX GHO-MOTRY

we

TIDEA-CHMTONHES AHATHOCTHKA

PIPACOTH HITENIEKTYATHIX
UEACHANPABIEHHHX (HHTEAICKTYTOHO
SAPOTPAMMHDOBAHHAX) KMBHX KIETOK
THAGBATS TKHH YCTOMHBOCTS K
TDOROTAINTE HOMY 0GEIBORHBaHHIO,
BHCOKDI TEMTIEPATYpe  ATHTHOMY
BoeiicTomo YO nyueii

HCKYCCTBEHHLIE MATEpHTI KOTOPHE NOTYT
TIDOTESMpOBATS CETUATKY, NepeAaBaTh CHIHATH
wa vepabi/mepdeiic

peaniauya noRoGHs CBOCTS AaBbIX CyieCTE
B KpewHIH

THGOD  CORAVHENHA BLINOTHEHHIC B
i sl CiocOat
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Human-Machine

order of magnitude or more, the information
management capacity of the human-computer
warfighting integral

cognitive aids that allow humans and machines
© think together about complicated problems

new technologies for augmenting human
performance
hardware infrastructure for cognitive systems

new methods for monitoring humans and
iving systems

BMI instead of acting on thoughts, warfighters
have thoughts that act

ACT-R - Adaptive Control of Thoughts-
Rational - cognitive systems engineering,
cognive science model

Lifelong Leaming Machines (L2M) program,
drawing inspiration from biological systems,
seeks to develop fundamentally new ML
approaches that allow systems (0 adapt
continually 1o new circumstances without
forgetting previous learning,

0 transform machine learning systems from
0l into partners

a decoding system for mood

a decoding technology that can predict changes
in mood from recorded neural signals

10 uncover the pattems of brain signals that
matched the self-reported moods; a decoder
that would independently recognize the
patterns of signals corresponding 10 a certain
mood

Healing

‘Wound

the medicine of the future needs 0 accelerate
0 anticipate the treatment of injuries for the
evolving autonomous sol
accelerate healing
accelerated wound repair and in-vivo
regeneration of acute minor to moderate tissue
rauma

acute hemorhage objectives include
technologies for hemostasis and novel fluid
TP Y OSSNy

SHESIR KASTHN ROCUPSERNEMOI. CRNI0S
MarsiHoe fone

Yenopek-Mawmuna

ymenmuerne 1a nopaA0K W Goree MouwOCTH
CHCTEN seT0BeK-KOMITHOTED Ha r0ne Gon

ROMABITe I HME CPEACTB NO3BOTSIOUIE
HE0BCKRY H MaLIHHE AYMATH BMECTE 0
oKX pOGTEaX

HOBLIE TEXHOTOFIM PacupeItIA 1 yCHACHIA
BOMORHOCTE Yen0BeRa

annaparan wHGPACTPYKTYPa CHETEN
BOCTHSTHS W 103HaHI MDA

HOBHIE METO/Il MOHITODHHT TIOACH 1 AHBbIX
cncren

BOWH C HHTEDBeFiCOM MO3r-MaIHa BECTO

" AEHCTHA CIEAYVIOUErD 3a MHCTHO" -
peficTByeT MICTH0"

aBTOMaTHuEKSi KOHTPOL PaBYMHOTO.
nosezena

OGyaewas Beio Ko Mauia -
TDOPaNMa 110 MOTHBAM GHOTOTHUECKIX
CHCTEM, NOWCK (yWAGMEHTATbHO HOBbIX
TIOTXO108 K MaUIHHHOMY 06y eriio,
TO3BOAOUIN TPHCTIOCAO BT
TIOCTORHHO K HOBbIM OOCTORTLCTBAM, He
3a5HIBIA PEALAYLIETD OBy N
TIDEBPALIEHHE CHCTEMbi MAILHHHOTO 00y ek
W3 HHCTpyMEHTa B napTHEpa

ACKOPOBKa MOAYCOB HaCTpOCHIi
ACKOMPOBKA HACTPOeHi M MOCTEAYKOIEe
TporHO3MpOBatMe HIMeHerii KacTpOeHHI
BLSIEHHE NATTEPHOB 0COMaBAENbIX
MAHOCTH0 MORYCOB HaCTpORHHTE

Jleuenne

Panenus

MeHIA GYAYUIETO HyKAGCTCH b yCROpeKH
SaRIHRICHIS Dalt A COTRQIA QBTORONHOTD
copama

SKCnOeRUAO SaKTCIHE

yekopesun 3aximrern n ciere
frssm—

ReseHHE CHTHX KpOBOTESCHHH BKTIONGET
TeXHOTOFHI OCTaHORKI KpOBOTENCHIHS
ey adi i et
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nanoscale magnetics to be integrated with
biology

high sensitivity magnetic sensors capable of
detecting single magnetic nanoparicles with
100 nm or ess diameters

magnetic "traps” or read/write architectures
that are biocompatible and capable of
manipulating single magnetic particles with
nanoscale precision

magnetically targeted therapeutics for attacking
infected cells and tissues without harmful side
effects to surrounding healthy cells and tissues

development of high-density, multiplexing
magnetic field gradient architectures (magnetic
tweezers) capable of manipulating single
magnetic nanoparticles, attached t0 bio-
molecules, with nano-scale precision

bio-compatible ferrofluids, or magnetic "tags,
with superior magnetic properties capable of
attaching t0 single bio-molecules and cells
with a high degree of specificity

development of bio-compaible, high-
sensitivity magnetic sensors capable of
quantifiable detection of single magnetic
nanoparticles

magnetic tweezers that are bio-compatible and
capable of manipulating single magnetic
nanoparticles, attached to bio-molecules, with
nano-scale precision

robust, magnetics-based biomolecular
signaling transduction mechanism

bio-compatible ferrofluids, or magnetic "tags,"
with superior magnetic properties capable of
attaching t0 single bio-molecules and cells
with a high degree of specificity

The uility of nanoscale magnetics as a
portable, robust, and highly sensitive
ansduction mechanism (magnetics-based
biomolecular signaling transduction
mechanism) for monitoring and controlling
ological actvity at the cellular and,
ultimately, single molecule level
(functionalities including highly selective
biochemical sensing (even in chemically noisy
environments), protein synthesis, information
processing, and color change)

S—

HaHOMGTHHTHE IPHGOpbi COBMECTINE C
MIHPOM K350T0

BICONOUYBCTBHTE IHBE MATHHTHE ATAHKH
C0COBHbE BLTBITS OTpHONIE MATHITHAE
HarouaCTHIb AMANETDOM 100 iy 1 Nerbie
NarHITHBe "70BYIH" WK ADXHTEXTYDA
TeHMe/3anHCh” GHOCOBMECTHNGS 1
CI10COGHas MaTy THpOBATS OAHOHBINI
MATHATHLAN SACTHUAMH C HAHO-TOWHOCTHIO
TEPAMEBTIKa C HCTIONLIOBAHHEN NATHITHBX.
METOK /18 aTaKi WHGHLUPOBAHILX KIETOK
3 Bpepix MOCIEACTBHH /1 OKDYAAIOUIX
3A0pOBX KITOK W TRaMEH

BLICOROTLIOTHO MYTBTH-MATHTHOE TIOTE C
PAAVENTHOT apXITEKTY O - MarHITHIE
nHLeT CrocoGHB MaKHITyTHpOBaTS
OHONHLIH HaHOSACTHaNH
IDHKDEIUIEHHEINH K GHO-MOTEKY QM C HaHo-
ToumOCTHIO

GHO-COBMECTHM (DEpPO-KHAKOCTS, Wik
MATHITHBIE "METKH' C IDEBOCXOAHBINI
NaTHUTHLANH CBOVICTBaNH, BHICOKDI! CTereHbo
CriewHIHOCTH IPHKDENROILIECH K
OTACBHLIM GHO-MOTEKYAQM  KTeTKaM
GHO-COBMECTHMSI, BHICOKOUYBCTBHTE b
NarHHTHLAI CEHCOp CTIOCOGHMI K HwCAEHHONY
OTDEEAEHHIO PAHOCOPTHSX MATHHTHbIX
HarouacTiy

Marsursbii e cosecuit ¢ KiHBoii
KA, CIOCOBHMH MaHIYpOBTE
OTAeRbHO HaHOWATHITHOI HaCTHIe-
SPAINKOM TPHKDETLTEHHO K GHOMOTEKYIE.
YCToiiaMBl, Ha OCHOBE MaTHETHONa,
MEXaHI3M IDE0GpaI0BaNHS GHOMOTEKYIADHBLX
curaon

[BHO-COBMECTINMIE KeEHCTHE AHAKOCTH,
W MATHITHE "HILKH', CRIOCODHbE
ROKPEIIATLCH C BCOKOT HIGHPATELHOCTHO
K OTCTHbIM GHOMOTEKY QN H KIETKaNH.
BRIIONEHHE HAHOMATHITOB Kak
YHMDEDCATLHbIX, HAAEAIBIX W
BICOROUYBCTBHTE IHBX MepeAZIOIIN
MEXaHI3MOB (MarHITHIE GHOMOTCKYTApHbE
NIEPEATUHK CHIHANOB) OTCACAHBAHHA 1
YpaB IR GHOROTHHECKOH ACATERLHOCTH Ha
YPOBHE KIICTKI, a8 KOHLLE KOHLLOB I Ha YpoBHe
omenbHOl Morekyb. B KL TaKoro
NIEPETIHKA/KOHTPOIEPa MOTYT BXOTHT
VIO A2 CHEPXUYBCTBHTENbHaS
GHOXHMIIECKaR HSGHPITETLHOCTS
(COXPaHAIOUEACA TaKoKe B yCTOBHIX
XHMHAECKOTO UiyMa), YacTHe B CHiTese
Genxos, 0GpaGOTKe MHOPMALYIH, HIMEHEHIH
prasnngy
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pathogenesis, targets shared by classes of
pathogens

iomimetic materials

Bio-Constructor

to develop the biological architectural tools,
including a printer, new scaffolding
technologies, and an integrativeinteractive
bioreactor system to create an artificial
immune system from a common stem cell
source (either adult-derived or from NIH-
approved lines) through tissue engineering, an
interactive and functional in vitro three-
imensional human immune system that
responds to antigens with appropriate cellular
and humoral responses

nanowriter.

blomolecular motors and devices

assembly at the level of individual bonds
between atoms

technologies (0 enable single molecule
addressability at the nanoscale for high SNR
(Signal-to-Noise Ratio) transduction of the
signals for further processing in silicon

(0 be able 1o design a new complex protein,
within 24 hours, that will inactivate a
pathogenic organism.

Plug and Play Receptor Kinase Kits
Protein Engineers will use Biomolecules as
Medical and Technological Devices

regulating the number and efficiency of cells
and organelles necessary for energy production

igh-throughput screening and combinatorial
chemistry for drug discovery and
pharmacogenomics.

methods and mechanisms for rapidly inducing
a switch from carbohydrate metabolism to
lipolysis as a sustainable source of cellular
A

‘PyHAAMEHTA/IbHbIE, KPHTHUECKHE MEXaHH3Mbl
nOTOreHeHCa, NOMAMONNPOBaMI AHaTHOR

e Knaccon naroreron

GHonoa0GHwe NarepHa, MaTepHaNS a0
ormume or GronorwecKi

Bio-koncTpyKTop

Pa3aBOTRA CPECTR H NPOTOKDAOR
GHOROrIeCKD apNITEKTYpH, BKTONaS
‘noHrpadmo, TonOTOrYECKHE MauL
CHETLIBAHIS H CAMO-CTHNOBK
Makpowoneky/oprarer,
iTerpaTBHbIe/B3aIMOLeCTRY O
HCRYCCTEHHBIE WNMYHIBIe CHCTEMB
RORYHGEMI 13 OBHISHbIX CTBOTOBIX KIETOK
(83poCALX Wi 10 T 30BPerHOI
Mi3pasow)

HaHO-TIHCA0 - CaMOOPTaHIGYIOUIACA,
CaMOPAIBHBAIOUIAACS CHCTEN HAHCaS
HaHO-Y30pOB CTHOBSILUANCA aKTHBHHMH
cHCTeMaNH (npiaeM HaRO-THCTO
[DAIBHBACTCH 10 PASMEPHOCTH - CHANANA TOUK
(bepuIiHa CKaHIPYIOULETO NMKPOCKOT), aTex
M - TKAHME HAHO-NEMC TIDHGOPOB,
TPEXMEpHOE IHCAT0 - OprarHV,
wersipexwepHoe - MM

(GHOMOIeKyIApHbE MOTOpH W yCTPOFiCTE
cGopoHbie onepaLy 1a ypoBte

VI HBHAYATHbLX MOTEKYTADHbIX CoA3El
Mexay aroma

TEXHOTOTHH AApECAIIAH/KOOAHHATHOCTH
OHOUHAIX MOTEKY B OpraKHIVE

BORMOKHOCTS NDOBKTHPOBAIISA TDHHIIAATHO
HOBOTO CAOAHORO Gerka (GeNoBoit M),
KOTOpas CHOKeT HelTpa30BaTs, naToreHHi
OpramIM B TeeHII CYTOK.

COYIatMe TOTOBbIX MOAYEH MOTRKYAPHOOTE
KHIHEMTHKH 1 DELICTILI YTIDABTAEN X
KHeTIeCkoli LAl Oprava
(GeAKOBaR HITKEHEpHS DyeT HCTIOML30BaTs
(GHOMOTEKY Tt KaK NEALIMHCKHE
TexHORORHECKHE TPHOOpH

peryMpOBHHE NOCTaBKI WHCAA W
TPOH3BOTENLHOCTH OpraWe A1 o7y i
Sreprin

BHICOKOOIIBOHTE oA TpOCENBaNHE 1
KOMGHHITODHA XHMIHS AR OTKDHITHA
neKapeT®  apwa-reneTik

METOH 1 MEXIHH3MB GHCTPOr
epeKIONEHIS C YTAEBOIOPOHOTD
METaGOMIIMA Ha THNIANB MEXAHITIM Kak
T erE Kl S
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Tourette's and epilepsy.

responsive, adapiable, closed-loop therapies
for neuropsychiatric illness that incorporate:
recording and analysis of brain activity with
near-real-time neural stimulation o correct or
mitigate brain dysfunction. a closed-loop
system tha treats diseases by modulating the
activity of peripheral nerves - as chronic pain,

flammatory
other illnesses that may not be responsive o
raditional treatments. The oldest and simplest
example of this concept is the cardiac
pacemaker.

Neuron

Neurosensors

new sensors to detect signals of interest
including the signals we have not yet
discovered or are just beginning to understand,
such as the fluctuations in neurotransmitiers at
the synapse.

nanoelectronic arrays for spatiotemporal
imaging of brain cortex

programmable computing functions in the
coupled neuronal/nanoelectronic system

class of polymer-substrate, multichannel
microdevices for long-term, high-capacity,
two-way brain interfaces

sensor technologies for investigating correlated
behavior of neurons

programmable sensory neuron

Chimeric Receptor Kits
Channels are Natural Nanomachines that
Detect and Amplify tiny chemical signals.
Genetic Engineering allows Atomic Control of
Channels.

neural decoding algorithms for neural spikes
and forlocal field potentials.

artays of neural cells interfaces to solid state
electronics

neuronal cultures i three dimensional
hydrogel cultures

oos-hvealve mallie ol nadioad s

sease, post-raumatic sress and

R TR e . s e
‘Typerra, niwnencis,

WHTEpaKTHBHaS HEHPOTOTI
TeHMe/CTAMY LS MO3TD

Heiipon

Heiipocencops:

'HOBbiE CeHCOpHI BIARISIOT CHIHATS, IpHIEM
T CHIHATOB €LE HE OTKDHITIX WAL He
COBCEM TIOHSTHBIX HayKe CHIHTOB, HATDHMED
AYKTyaUR HERpOTpAHGTEDOS CROIO
cmanca.

HaHOITEKTPOHHHE MaCCHBb
IDOCTPAHCTBCHHO-BpeMeNHOT BHsyaIsaII
cHeTeMb KOpTEKCa MOIra

DOrpaNHLIE apTeGaKTE 47 CpABIENBX
Hefipo - HAHOIEKTPOHHLIX CHCTEM
OTHMEpHbIE CyOCTPaTHI W Mera-KaHTbHbE
AYIUIEKCHbE YCTPOTICTBA rIepVaHHTHOT Cossh
€ wosrom

CHCOpHE TEXHOTOMHI HCCTE0BaIHS
KOIEKTHBHOTO OB eHA HelipoHOB
porpaNHpyena HepOrI Cetcop
(CoueTatoUTicA CO CTPOUHIM MIPOLECCOpOM i
accouwarmpioi navsTeio0)

PENCTTTOpHIAE MOAYH HepO-XiMep.
Kawanbiyst npeacTannior coooii
eCTeCTREHHAE HaHOVAILMIS KOTOpSE
BLRBISIOT H YCHIHBAIOT KpOUICHHbIE
XvHuecKie CHTHaTH,

Tetnan wiosenepws nosponser
KOHTDOTMDOBATS MOTEKYTAPHHIE CTPYKTYDS
Kawazben.

anrOpHTE AeK0AHpOBarHS Helipocnaitkos i
OKQTLHEIX MOREBbIX NOTEHLYATOR

NCCHBb HEIPOKIETOK COMATAIOINECS ©
L p—"y
HeiipONL YIITIG 13 KpeM

HelDOHLL KPLIChl Ha KpeHIH
elipOKY/ITYPa B TpEXMEpHOI rHApOTenesoii
KymType

COITMBAIN AEATEMLHOCTH HeliDORos
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microsystems for DNA amplification and
identification

devices that can manipulate single DNA
molecules for physically mapping proteins that
control gene expression in a cell

the ability of DNA and RNA nucleotides to
perform massively parallel computations to
solve difficult, NP-hard, computational
problems

use nanofluidic optical probe to determine
binding sites of transcription factor proteins on
DNA

a technology for the design and production of
"plug and play” gene networks and pathways
for remote biological and chemical sensing

genetic
chnologies for designing DNA-encoded

lug and play” modules that will enable the
use of organisms (e.g., plants, microbes, lower
eukaryotes) as remote sentinels for reporting
the presence of chemical or biological analytes

engineer genetic signal transduction circuits in
E. coli which can be used in combination with
different analyte sensors to provide easily
measurable outputs

DNA-encoded gene therapy.

mRNA-encoded programmable gene
modulator

design of genetic circuits that are able to
sequentially or simultaneously sense multple
biological signals indicative of a changing state
within an organism or its environment, and
activate and/or regulate a designed biological
response.

Gene-Editing
building information directly into chemistry

developing the genetic circuitry and genome
editing machinery for robust, spatial, temporal,
and reversible control of genome editing
activity in living systems

the genetic circuitry and genome editing
machinery for robust, spatial, temporal,
reversible control of genome editing activity in
i Svebeis

T PO I TN
YCHACHIS PACTIOSHaBaHI 1 WAEHTHDHKALIH
JHK

‘puGopsi HCnOT3YIOUHe OTAEbHBE
sonexy JIHK 715 ROy Seiis Lesesix
GenKoB KOHTPOTHPYIOLHE FKCTIPECCHIO reHoB
B K7eTRe

crnocobHocTs HykneTowaos JIHK u PHK
BOTHATY, MACCHBISE TAPATTETbbE
‘BLISHCTEHIA NDH pewiesiH TPYAHLX NP-
CHOKHBIX BHSHCTHTEHbIX 373
HCNOL30BaHHE HAHOKIKOCTHBIX OMITHYECKILX
301108 /1% OTIPEAETEHHA Y4ICTHOB
ORI GRTKOBHIX (aKTOOB
rpancpumm wa JIHK

TEXHOROTHH TPOCKTHPOBAHIA H TPOH3BOACTEA
cBopnux moyeii (plug and play)
reHeTHeckiX cerel 1 nyTeii cuiTesa s
AVEHHORO GHOTOTHHECKOTO 1 XHMHHECKOTD
abmogens

reHETHECKAS CXEM/KOMILIEKC/KONBHHAT
TEXHOAOr M TPOCKTHpOBaHHA roTOBX JHK-
KOAMPOBAHHBIX MOAYTEH, KOTOpHIE MOKET
HCTIOb308aT OpraHHGM (HATPHMED PaCTEHIA,
MIHKDOGH, HIIKHE SYKADHOTH) B KavECTDE
YAQEHHAIX XHMHKO-GHOTOTHICCKIX
cencopon/anamsatopos

HCRYCCTBHHaA TEHETHECKaA MG -
npeoGpasopany rewermecki curnanon E.
coli, 418 TpaCAY KW, B Conerani ¢
DaVTHAHBIMA GHATHTHECKHMH CEHCOpANH,
COVIaME 7ETKD WSMEPHNOTD BLIXORa MOAYA
06YaENOTO TEHETHAECKOTD OpraHt3Ma.
JIHK-nporpasvnposane reinofi Teparon
‘mRNA-TIpOrpasMHpOBate reiHoro
MoayTOpa

"IDORKTHPOBAHIHE FEHETHAECKIX CXEM
CIOCOGHI MOCAAOBTEbHO WK
OHOBDEMEHHO BOCTIPHHINATS GHO-CHIHTH
opranva, cpess 1
aKTHBUPOBATY/pEryMDOBAT TIPOEKTHYIO GO~
omser

PeaxTiposanie rexon

RO NANIECKHE AbCTPaLI B GO~
Vital-gene-ibopMarORsie M Hayky
PaIDABOTKG FEHETHECKI Y10, CXeN 1
CHOM-DEAGKTHPYOILYIX MaIH A5
YCTOHSHBOTO, OGHENHOTO, IIZHHPYENOTO 1
BOIPALIAENOTD PEAIKTHDOIHINA TEHONa B
mitmO Oprariome

TCHETHNECKHE CXeN H FeHeTIECKHe
MEXGHIONB DEAKIINH AT YCTOTBOTO,
npocrparcTBEHHOO, BpevetHOrD,
s Vs e
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Soldier

Abstraction Weapon
ctical multipliers

broadly satisfy future national intelligence via
the generation of young scientists who are
fluent in the language and vanguard practices
of multiple scientific disciplines

human network analysis and behavior model
building engines

cogitive systems that possess imagination -
the ability to invent interesting scenarios and
plan for and predict novel futures

software components that capture an abstracted
perception-based representation of a robot's
"experience” as it moves through its
environment, and that can use this
representation o retrace the trajectory 0
provide retrotraverse, route replay, "go (0 point
X", and other capabilities

methodologies for sieving large volumes of
high dimensional data to identify and extract
crucial low-complexity structure of underlying
complex systems

language for representation and modeling for
automatically describing underlying "physical
laws" in data

new class of computational systems that will
be responsible for their own operation and able
(0 cope with unforeseen events

dynamic symbolic representations and adaptive
algorithms that enable autonomous sensing and
navigation (coordinated sensory-motor
activity)

useful nonlinear transformation, pattern
extraction techniques, and the abiliy to test
these in appropriate models or systems

codaitive Evitens liave & wanber of

BoenHoe pgeno

Opysse aGcrparuuii

TAKTHYECKHH MYAKTHRAMKATOP -
BLICTaHBAHME THHWI W Y310 BIMMHO
YCHMBAIOYICA GOPBLIX CPEACTB pa3HHOlE
nphpo

ROTPEGHOCTS HALHOHaTLHOI pazBeAKH B
HOBOM TIOKOTEHIH YUEHLIX OCBOBUIX
MEHTATHTET 1 MPAKTHKY MEpEAHEro Kpas
WCCH0BaHI, KOTOPSTE OGHINHO
nIpECTaBAT COBOl KOMTLIEKC HayHo-
TEXHHUECKIX NPOEKTOB

MAILIMHEL QHTHA CETEBbIX UeIOBEUHECKIX
OpraNI3ALH 1 MOCTPOEHIS MOBEEHIECKIX
Mozeneii mogeii

RIO3HIBATETHEIE CHCTEM! HMEIOLE
BoOGpaXeHHe - CTIOCOGHOCTS W30GpeTars
MHTEpECHSE ClIEHADHI  TUTaHb 1
npeCKaIBATS patiee He Ghibapiuiee ABHTHE
cobbrmHii

TIDOTPAMNIHbIE KOMTIOHEHTH! KOTOpie
CXBATHIBAIOT AGCTPAKTHAIC MIPECTaBACHIA
OnbITa OCHOBE nepuer "0mkTa’ poGoTon
DM X ABIOKeHII (GBOTIOLH) B
OKDYAAIOULEM MHPE, W HCTIOI30BHHE ITOrD
IpECTaREHHS /Y19 TUTaHHPOBAHHS
TpaeKTOpHH, mepemewets B TOuKy/ens X, 1
o

METOA0M0rHA TIPOCeNBaIH GOTLUIX 0GheMon
BLICOKODA3MEpHOTi MHQOpMaLIH V1A
WACHTHOKALH H BLCACHH
DIDHHIATHATLHAIX CTPYKTYD M0/
CHOKHOCTH B CTOKHBIX CHCTEMaX

SBHIK MIDE/LCTABAEHIA H MOETHPOBAIIA
ABTOMATHYECKOTO OMHCaHIA "GHIIECKIX
30KOHOB” CONCPRILINCH B AGHHbIX

OB KACC BHISHCTHTETLHbIX MaLIHH
pearpytoupii Ha pesynbTaT 1 cocTosHie
CBOMX BhHCAEHITE H CTIOCOGHbH
OGpABATHIBT HeNpeAyCMOTpertibie CoGuTIA
JUHAMHHECKOE CHMBOTLHOE MPE/CTaBTeHHE
aNTHBHE AATOPHTMS NOSBOTAIOUIHE
BTOHOMHO BOCHDHHWMATH OKDYAKaloULYIO
CPeAY H BHIOTHATS HaBHTAIIO
(KOODAMHMPOBHHAS CEHCOp-HCTIOHHTE MsHast
AeATeALHOCT)

npaKTHAHbIe enwHelie TpaHCHOpNaLIK,
TEXHHKH H3BTeNeHIS OGPA0B H CTIOCOGHOCTS
TECTHPOBATS ITH TPAHCHOPMALIH B KOHTEKCTE
CooTBeTCTBYHOUIX MOAErEil W CHCTEM
TS CRCTO 0 I ¥ R
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generates explicit alternative interpretations of
events,situations, and trends from a variety of
unstructured sources, for use in noisy,
conflicting, and potentially deceptive
information environments

mapping knowledge elements automatically
derived from multiple media sources into a
common semantic representation, aggregating
informaion derived from those sources, and
generating and exploring multiple hypotheses
about the events, situations, and trends of
interest

competence-based trusted machine leaming
systems whereby an autonomous system can
self-assess ts task competency and strategy,
and express both in a human-understandable
form, for a given task under given condi

Machine Common Sense - The firs strategy
aims t0 create a service that leams from
experience, like a child, 10 construct
computational models that mimic the core
domains of child cognition for objects
(intuitve physics), agents (inentional actors),
and places (spatial navigation). The second
rategy seeks o develop a service that learns
from reading the Web, like a research librarian,
0 construct a commonsense knowledge
repository capable of answering natural
language and image-based questions about
commonsense phenomena.

the wide range of structural characteristics and
properties of molecules to encode and
manipulate data

Brain

mathematically consistent and predictive a
functional model of the brain

SUNNEN S ONMIACES. N——
TeHEPALH Q7TEpHATHBIX HITEpTIpETaL
COBbITHH, CHTYaLUi 1 TDERAO 3 MHOTIX
HCTONHMKOB, B CpEAE Uywa, Ac i bopwaL,
KOWDIMKTHOCTH

KapTHpoBarHe HnewerTO sHanit
ATOMATHAECKI BLIBOLIMX 13 PaYTHHEIX
Mea B 0Ly CemanTIIECKYI0
penpesenTaLyo, arpernposaie,
KOMILIEKCHPOBaHH, CGOPK HHPOPMAIH 3
ITX HCTOUHAKOR, TEHEDALIA 1 HCCIEAORaMHE
FIOTES 0 COBBITIRX, CHTYaUUAX, TPENAaX B
HHTepecyoux o6nacTAX

MK, vaiina kowerentys -
BCORDHAAEAHES MALLIHHA Ha OCHOBE
SKCrepTiX KowneTeHuui ¢ oGyveren. MK
0GI136T GBTOHONHOCTLIO, MOKET Cana
BHGHDATS MPEAMETHB ZOMEH KOMTIETEHIUH,
CTPATTH10 1 BPAKaTH WX B NOKATHOTE
4e0BEKY (OpME /15 BHGPaHHbX 324 W
yenomi,

Maunwia 3apasoro Camsscra:

1 crparerus - cosgare cepaica

OBy HaIOUIEOCs, 13 MPOAEHHOT OrbiTa,
HAIOTHAHOTO OMbITY peGerKa: CosarHe
BINHCTHTE HOT MO e TOXOXeH! Ha
KIHONEBbIE AOMENb COBMaNIS, NOHIMaIHS
PeGeHKOM OGLKTOB (HHTYWHTHEHaS GH3HK),
arextTon (aKToph: MHTeHLU), wecT
(mpocTpancrerman wasiraus).

2 CrpaTery - CepBHC KOTOp YWHTCH WiTas
CTPaHMIB CETH, KaK HCCHEAOBITELCKYIO
GuamoTeKy, 713 CoMaIs XpanHTLG
3APABOT CMICAA, CTIOCOGHOE OTBEATS Ha
BONPOCH! ECTECTBEHHOND A3bIKA H KADTHHKH B
PN PABOTD CCA.

‘CBOCTB MOTEKY/ KaK TIapawerpis
KOMTIOHEHTOB CHCTeN (00paGOTH AHIBIX,
XHMHHECKOTO IPOUECCOPa,..)

Mosr

MATENATINECKH COTACORIHHAR TpOEKTHaS
worens wosra

Mozens wojra ceiivac - T0 8 wew Gorbie
BCETD HyAAQCTCS MPOMIIAEHHOCTS. B
LKTOMIYECKaS LADPOBaS TPOMLITCHIHOCTS
HYARaETES B AOCTYTE K MODIY.

ECi mopens wosra we Gyaer coyaara
BO3MOAEH 1 KOATANC BCe LDPOBOIR
WHAYCTpHA 1 BOTBPaIHE B
AOOCTKOMIOTEpHOE COCTOHMHE?

i Ao bics it kne ail i G
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(0 high-throughput experimental
instrumentation

evolutionary programming (EP) algorithms for
employment in MEMS-based sensor arrays

arificial dogs nose consist of at least 1000
nanosensors per square micron includes
matched subsystems of complementary
nanosensor "receplors”

nanodevices that can be used to detect single
biomolecules interacting with each other, and a
new spectroscopic technique to measure the

absorption of a single molecule in a living cell

in situ visualization and measurement of the
motions of MEMS by combining light
microscopy, video imaging, and machine
vision

the manipulation of light in one-, two- or three-
dimensional space

MEMS accelerometers and gyros can be used
for extremely sensitive robotic motion control,
allowing doctors to save the lives of
warfighters by performing remote robotic
surgery

MEMS technology changes systems so rapidly
that there is less of an evolution, and more of a
metamorphosis; gradual growth is replaced
rapidly by complete ransformation

"back to the future” by building all-mechanical
computers that turn off perfectly with zeo
standby power dissipation

a nano-mechanical computer

zero-power sensing modalities

non-thermionic switches

3D - Bond layers of almost anything to
anything.

anew class of designer, the IM designer -
Micromachined devices, Optoelectronic,
Microfluidic processing systems

integration of bio-molecular phenomena with
electronic, MEMS and photonic technologies

blurs the distinction between complex
mechanical systems and integrated circ
electronics

ileton sodles Sl

SCTIOAIORITS: PRICTOTEXINLY,
HaHOTEXHOTOTHIO, OITTODTEKTPOHHKY AT
COMMQHIA BHICOKOPOHSBONHTEHEIX
MIMEDHTEILHO-HHCTPYMEHTATLHbX CPEACTE
ATOPHTML SBOTOHONHOTD.
TIDOrPANMMDOBAHIHS /15 HCTIOKI0BaHHA B
MEMS-Cencopisix Maccisax
HckyccTmenmbii coBaunit HOC cocTonT
CEHCOpHORD N0 NIOTHOTHO 10 Mebel
Nepe 1000 HaHOCEHCOpOB Ha K. MHKDOK,
BTIONGET NOACHCTEMbI CDABHENIR OCHOBHBIX
PeNeTTOpHIX MaCCHBOB C
KOMIVIENEHTapHBMI HaHOCEHCODHbINI
“pevenopan”

WaroyCTpoiicTBa /15 OGHApY el
BSMOACTICTENA OTHONLIX MOTEKY;
METO CTIEKTDOCKOMHM 715 H3MEpEHHS
ROTTOULEHIR Q7UHOWLIX MOTEKY AHBOTH
KreTHoii

Bisyamsas W iepenis AniKeris MEMS
in sty (a wecre - B KuBoIl KeTxe, b paGoueii
30HE), NOCPEACTBOM COUeTaHS CETOROi
NHKDOCKOIIHH, TENEBHIEHHS i MALIMHHOTO
e

YIIDABTHHE CHETOBLM 7YOM B OAHOEYX-
‘Tpex ioweperix

ABKEHIA POGOTa, € rIowOuIL0 MEMC-
2KCEEPOMETPOB H THPOCKONOB AOCTHTAIOT
HCKTIONUHTEAbHOT CYGTWILHOCTH, O3BOTAA
BPNAM OK3HIBATH OO, GOTLAMM IPAMO
wa none Gow

MIMC-crcrena - asTOMOpGHas chCTea

HaHO-MEXHHHECKIE KOTILIOTEPb G5
(OTPEGTEHIS IHEPIHH Ha XOTOCTON X0AY
(wepw s pessocTs)

cencopui ¢ wynenoit norpeGasemoii eprueii

He-TepMHORHbI epeKTouaTeh (CriocoBHbi

oGpasoBbisaTs ces)

TpexwepHbE MHKDOCHCTEMS: CoeauHerHe
JouTH BCero o Beew.

OB KAACC TIPOEKTHPOBILKOB CHCTEN

BICTIONGIOYX MHKDOMALLHH,

ONTOEKTPOHHKY, NHKDOKHAKOCTHHE

cuerens

HITErPHPOBAIHE GHO-MOTEKYIAIX

denoweron ¢ nextpoHKDii, MEMS it

orommoii

CNaITL, TPah MEARY CAOKHNI

MEXaHINECKIMH CHCTEMaMM H S7eKTDOHIHKOT

Ha WHTETpATHbX CXEMaX

vl Sl pesito
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an untapped, rich palette of molecular diversity
that may yield a vast design space t0 enable
dense data representations and highly versatile
computing concepts outside of traditional
digita, logic-based approaches

leverage advances in opics, MEMS, additive
manufacturing, and other emerging
iechnologies (o develop new non-traditional
hybrid analog and digital computational means

Mathematics

Hodge Conjecture - In the twentieth century
mathematicians discovered powerful ways to
investigate the shapes of complicated objects.
The basic idea is 0 ask to what extent we can
approximate the shape of a given object by
gluing together simple geometric building
blocks of increasing dimension. This technique
wrned out 10 be so useful that it got
generalized in many different ways, eventually
leading 0 powerful tools that enabled
mathematicians to make great progress in
cataloging the variety of objects they
encountered in their invesigations.
Unfortunately, the geometric origins of the
procedure became obscured in this
generalization. In some sense it was necessary
0 add pieces that did not have any geometric
interpretation. The Hodge conjecture asserts
that for particularly nice types of spaces called
projective algebraic varieties, the pieces called
Hodge cycles are actually (rational linear)
combinations of geometric pieces called
algebraic cycles.

applied algebraic topology: categorical
foundations, topological statstics, and
practical implementations

TIOPSITMEL MACTITHO-CRODORHRIX
npoteccopos

‘Obecnesrs wmpoKsi Aanason
T —
AOCTYIIHBX MOTEKYAADHbIX CTYKTYP 715
TDHHLTHATEHO HOBBIX CPey
BHCICHITIXPAHEHHS AGHHEIX.

OPCHPOBATS HCCACAOBNIA B OGTACTH
MEMS, a7THBHOTO MIPOMSBOACTBA H ADYTHX
TIORBISIOUXCA TEXHOTOTHAX A1A PA3PABOTRH
HCTDATMUMONHAIX HATOTOBHIX M UHPPOBHIX
BaCTTeei

Marematnka

Tunoresa Xoka - 414 0COGEHHO X0poLIIX
THIOB MPOCTPAHCTS, HA3bIBAENBIX
TDOKTHBHBM anTeGpaHECKINH
MHOFOOGPASHANH, TaK HaTHIBACMIE LAKTH
XO[UKa ABTAIOTCH KOMGHHALUAAMH 0GbeKTO,
HMEIOUIIX FEOMETPHHECKYIO MITEDIpETaLO,
- anreGpaieckx uAK70B. /10 KaKoit crenern
Mol MOAEM NNPOKCHMHPOBATS opMy
AGHHOTO OGYEKTa, CK7eHsas BECTE TpOcTHie
“resa Bospacratouiei pasepHoCTH

Tunoresa Xoka yTaepAager, 410 Ams
0CO0EHHO XOPOUIX THIIOB MPOCTPAHCTS,
HAHBACMbIX IDOEKTHBHbINI
Q7TEGpaHAECKINMH MHOTOOGPASHANH, HaCTH,
HAHBACMbIE WHKTaNH XOIKa, ABTAIOTCH Ha
CaNOM e (PaUHOHATHINH AHHeliFiNH)
KOGHHALAI TEOMETHYECKIX HacTeil
HA3HBACMbIX QTEOPIHUECKIHNH LIHKANH,
B 20 BeKe GbuH OTKDLITI 04k CAOKHIE.
TeOMETPHAECKHE OPM, THITA HCKDHBIEHHHIX
GyThi0K. TaK Bor, G0 BHICKaRHO
TDEATIONOAEHHE, UTO UTOGH CKOHCTPYWPOBATS
3TH OGBEKTH /15 OTIHCAII, HaO TIDHMEHATS
COBCeM rO7OBOTOMHBE (P, KOTODbIE He
HMEIOT COMETpHYECKDTE CyTH "ITaKie
CTpaLIBIe MHOTOMEDHbIE KATAKH-NA/AKH'
W K BCE - TaKIt MOXHO 0GOFTHCD YCI0BHO-
craapTHoii anreGpoireowerpieii.
Tinoresa Xoia, eCTh 0Ha OKEXETCH BepHof,
U3yseHe GOTBLIOND W CTOKHOTD Kiacca
anreGpanseckin MHOT00Gpai (rar
HIBHIBAIOT MHOKECTEA, COCTaBTEHHLIE 13
KYCONKOB, KA 3 KOTODBIX ABASETCH
MHOKECTEOM pewerii KaKinx-Go
TOTHHOMHATLHbIX YDaBHEHWH) (GaKTIECKH
CBETCR K I3y HEHHIO TOPA310 GOrce MPOCTHIX
oGuero.

TPHKHQA ATEGPINHECKIA TONOTOTH:
KaTeropbii (pyAaMeNT, TononorHAeCKas
CTATUCTINKG, G231 AQHILIX ATCOH,
Souiini Ak T
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CRSementiating CRACACIRIISIACS, but In short, ey
can be characterized as systems that know
what they are doing,

theory, algorithms, software, modeling and
simulation technologies to coordinate multi-
level planning, assessment and control of
distibuted semi-autonomous forces with
collective objectives through the hierarchical
n of systems and control theoretic

dynamical approaches to this challenge (rather
than finite sate machines) and proposals are
encouraged that consider computational
dynamics (e.g, neuromechanical closed
feedback loops, dynamic signal processing and
sensor fusion) and architectural aspects of
dynamics (e.g. distribution of control between
central and distributed control)

real-time means of reasoning about past,
current, and predicted states of the system

exploits historical, up-to-date and predicted
information

distributed teams of subject matter experts
(SMES) to author knowledge bases directly and
easily without knowledge engineers serving as
intermediaries

ime as a weapon

0 help military decisionmakers gain clarity on
adversary intent during complex, muli-layered
gray zone conflict and then provide high-
fidelity intelligence indicating how t0 best
respond

model-free algorithms t0 assist and control
human-task missions against dynamic
environments

the technical foundation that would empower
machines, regardless of the domain, (0 go
through the military OODA (Observe, Orient,
Decide, Act) loop process themselves
cognitive electronics warfare

a new kind of cognitive training experience for
units and individuals based on continuously
available wars

et o ey i rachlt the exataed

'KOTOphi€ NOHKMAIOT YTO OHH AeNaloT

TEOpI, AATOHTM, NDOTPANMb, MOZETH
TEXHOROFHH MOZEHPOBAHHA KOOPIHHALIH
MHOTOYOBHETD 1TaHWDOBAHIS, OLICHKI
CHTYaLUH 1 YIpABTEIHE pACTIDEACEHHIAMH
OTYGBTOHOMHBINI CHIGMH HMEIOLUINI
0G1YI0 e, peanayEnyIo HepapNieii cHCTeM
CNIOMOIBIO TeOpHI ynpaBTerH
AUHANIIIECKHI MTO (3 HE METOR KOHENHBIX
ATOMATOR) NOIXO B peLleHIN0 312,

P A "
(. HEHPOMEXaHHECKH 3aMKHYTAX CB#3eH,
AMHANIWIECKHE CHIHATbHIE NPOLECCOpHI W
CAMAHAE B CHCTEMS CEHCOpOB) 1
apXHTEKTYpHBE ACTIEKTH AHHANHKH (1.
pacnpeseente ynpanenis Mexay
LEHTDATH3OBIHHLIM H PaCTIDEEEHHHM
KonTpozen)

CPEICTBA TOTHIECKOTO BIBOTH B peanbHOM
BpEMeHM ITO IHSHT: OTHIECKINH TOHCK B
PO, HACTORUIEM 1 IDEACKA3YeMbIX
cocTosmIX CHCTeMS

HCTIOL308aHHe HCTOPHYECKDH, TeKye 1
npeackasunaewoil urpopwaeii
pacTpeseneiHaA Ty IKCTEpTOB
opuupytouias Gasy sHamwi (pH
HEOGXOMNOCTH) Ge3 HITKEHEpOB 10 SHaiHaM
B KaECTB TOCPEAHNKOB

Bpews ka opyie:

1. IpOCTpaHCTBeHHO-BpeMebie Chepx-
‘Moupse SHepremeckie coépri (/lapna 40
50-x),

2. weTadpopiecin B Boertom Aene, Girece -
B TaKTHKE i CTpaTerH

IOMOU BOEHHEIM Pa30OPATLCS B HAMEDEHHTX
MpOTHBHIKa BO BpENS COKHBIX
MHOTOYOBHEBHIX KOHHKTOB CepOii 30HH,
OBECIENITS TONHOCTS PasBeAWBaTE b
IDUSHAKOB /13 ONITHMAABHOTO OTBeTa
Ge3-MOeuHbIe AATOpHTM OnepaIi TpOTHE
BPAXAEOHOT AMHaMHUECKOT] Cpest

coyaTh KoM oTEpHIT GyHAaMENT KT
"HaGioneswe-Opwerraiys-Pewerne-
JleficTme B npoiBOMHOT 0GnacTH

KOTHIHTHBHOE (5CH WHTEATEKTYA LA
MpaNIa 0T CCHCOPHKH A0 NOSHAHHS MHPa)
anextpontoe opyAie

"HOBI BHA YMCTBHHOTO PasBITHS
nOapa3eAEHIi 1 CONAAT Ha OCHOBE
TICPVGHEHTHAIX TOKATHIX BOITH

R S ety e alk G
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UCCEN'S RAZOF W Ay DUEICRSIoNs: can we
do more with less by finding lower bounds for
sensing complexity in systems. This is elated
0 questions about entropy maximization
algorithms.

I Tight can be slowed practically without
losing the information it caries, it can be
sored and switched, much as we store and
switch the electric charges in electronics today.
This technology opens the door o a revolution
i ulra-high-speed optical information
processing.

enhancing cellular performance for detection

the nature of signals that need o be extracted
from hybrid bio-molecular devices and the
information content in these signals

an in-silico cellular analysis and evaluation
00l

technologies that can rapidly (e.g., 1005 to
10005 of reactions/hour) screen organic
reactions in real time across a vast set of
reaction conditions, capturing all relevant data
(e, conditions, (by)products, yield, etc.).

Creation Biosystem

intimately integrating microsystems within
insects, during their early stages of
metamorphoses

insect cyborg engincering

directed evolution methods used to generate
new signaling components and optimize circuit
function

design and build sophisticated intercellular
signal processing and communications
capabilities by choosing well-characterized
components from signal libraries and
composing them into circuits with predictable
and reliable behavior

generalizable biological control strategies
analogous to conventional control engineering

networks of disparate nodes

models and software, that can effectively
capture the spatio-temporal nature of intra-
cellular processes, non-linear feedback nature
of interactions, the effect of analog and discrete
interactions, asynchronous and stochastic
teractions and the effects of small molecular
concentrations

MOAHO H TIOBLICHTS CHCTEMHOCTS CHIDKAR
PISMEPHOCTS CelCepHORD TOToKa, 7.
Cencopan Gpura OkKawa. ToT BOTPOC
NI C AATOPHTMANI MIHHNGKCA SHTPOTIH,

Jlowecri coeTonoii noTo Hecyupii
WHGOPMAILAI0 A0 KOHCTUCTEHLI Y30pUaTORD
coeronoro ere. (Braxiuii 1)

pacumpene crocoGHocTel Kerki 1o
pacroswasaiio

IPUDOAA CHIHANOB KOTOpisE HEOBXOAANO
BBYCTHTS 13 THOPHAHBIX GHO-MOTEKYAADHbX
YCTpOHCTS, 1 MHGOpMALIAS COREPKAILRACH B
Smx curmanax

KpeMHHeBbie CPEACTBa aHATISA W OLEHKH
KneToK

CytecTBeHO® yCKoperHe OTCHEAMBGHS
opranueckinx peaxipii (¢.8., 100-1000
DeaKipii B uac), Gormbue 00beM CHIMEENbIX
apaMeTpOR, CGOp BCeX CYIECTBeNHbIX
QX (YCTOBHS, MPOYKTH,
MYALTHIVIHKATODb MPOAYKTOB €lc)

Copanne Guo-cucrem

IMGPHONAISHAR MHTETPALIS MHKDOCHCTM B
HaceKoMbIX

IDKEHEDHOR HCKYCCTHO KHGEPHACEKOHIX
METOB! MHT/IEKT-yTpABASENO SBOOLIH
COVIQNIA HOBBIX CHIHATLHO/CEHCOPHIX
MOTEKYISDHBIX Y3108 H OMTMIIALUH
ynKi B GO CHCTeMax
IDOEKTHpOBaNHE 1 NOCTPOEHHE CAOAIHX
MEXKIETOUHLIX CHIHQTHbIX TIDOLIECCOPOB i
KOMMYHUKALUHONHIX YCTPOWCTS WCTOTLYS
GHGIMOTEKI CHIHANLHBX YCTPOTICTS 1
KOMTIOMLI X B CXEMbI C JaaHHbINI
XapAKTEPHCTHKANH HAACKHOCTH

reopis (crpareriif) GHonorHECKOrO
YTIDABTCHUA aHATOTHHAR KIACCHIECKOTi
“reopin ynpasers

T, IPHHIAIHATHHO PasHLA,
Weconocrasweix o mpupoy [6wo-ly3on.
MOTEH 1 IPOTpaNML HpexTiBHO
BGHpaioHe B el npoCTpaHCTBHHO-
BPEMEHIYIO IPHDOAY BHYTPH-KIETOuIX
poLiecco, HeneiiHie oOparHie Cass
BIAMMOACHCTBI, HpeKTh! AMATOrOBHIX 1
MCKDETHbX B3AHMOACTHCTBHH, aCHHXpOHHOE
CToxacTecKoe BsanMoAeiCTBIE 1 Hrbext
S L AN
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a few thousand devices

DARPA has demonstrated analog processing of
Al algorithms with 1000x speedup and 1000
power efficiency over state-of-the-art digital
processors, and is researching Al-specific
hardware designs

DARPA's R&D Directions

Biology
leveraging biology

bridging the bio-electronic divide
forward engineering of biological systems
(cels,tssues, organs, organisms, and complex
communities)

powerful biological tools

biological approaches to the growth of
materials and devices

neuromorphic electronic machines
ered living materials (ELM)
manage biological complexity through
abstraction and standardization

Harness Biology as Technology: To leverage
recent breakthroughs in neuroscience,
immunology, genetics and related fields,
includes programs (o accelerate progress in
synthetic biology, outpace the spread of
infectious diseases and master new
neurotechnologies.

o transform engineered microbial biosystems
ito relable, cost-effective strategic resources
for the Department of Defense: identification
of the geographical provenance of objects;
protection of critcal systems and infrastructure
against corrosion, biofouling, and other
damage; sensing of hazardous compounds; and
effcient, on-demand bio-production of novel
coatings, fuels, and drugs

Socio

Next Generation Social Science (NGS2)
Drogram - 1o determine fundamental measures

PRSI N YORIRM NETRRTPAY 5K}
MeHbUIEH MEDE HECKOTLKO THICS YCTPOTiCTE
Jlapna ocTHT7a yemHsenis CKOpOCTH
‘ananoronoii oGpator MH-anropimvon 5
1000 pas, SHepro-sKorowiaHOCTH 1000 pa3 1o
CPABHEHIO C TERY LI BOIMOKHOCTANI
LHDPOBEX TPOLECCOPOB H TPOBOAIHT
WCCneRORaMYS b 06ACTH anmapaTHOTD
peansaun cucren MH.

Hanpasenus nccrefosannii
M pa3paboTok
Buonorns

opCupoBaHE GHO-n0rvH, BLXOA Ha ypOBEIt
COMMaHI KHBOIE TKAHH, OPTGHOB, OPTaHWSMO,
cHCTeM opraisoB

oL, AOHL € EKTPONIKDIE

COpaNME HeGuBATIIX GHO-CHCTEM (K7ETOK,
TKaei, OpraHOR, OPrAHIGNOB, COODUECTE)

MOUpIHE GHOTOTINECKHE HHCTDYMENTATLIbE
crcrewst

GHonorHeCKii NOAXOA K POCTY MaTepianoB i
yerpoiicra

eiipovopdsie GHo-atmis

WIOKIHDHHT AOBbIX TKaEF W NETEDHATOR
YTIDaBACHYE GHOTOTHYECKOI CAOKHOCTHO
Guo-norweit (abCrparwponarem 1
crangaprauneii)

Buo-norws Ka Texio-norms. Mernonssosa
AOCTIReHwIE HeHpOHaYK, WMYHOTOTHH,
TeHETHKW, CHHTETHECKOT GHOTOTHH,
WeeneRonanyi et

Tpesparirs, skpoGHOROrCKIi
WIOKINHDHHT B HAAEKHb, peHTabe T
CTpaTereckni pecypc MHHHCTEpCTED
0Gopors. Hanpanerns: wieHTHOHKaLA
reorpabin GonOrIECKIX 06paINOB; JaupHTa
KPHTIIECKEX CHETEM 1 WHPACTPYKTYPbi OT
KOPpOI; OGpACTaHHE OpraHHIMANIH
(paKywuks, w1 W T.0.); pearuposatiwe Ha
OIaCHBIE KOMIIOEHTI CDEAb, KOHOMHHECKH
PEITaGeLHOE, 10 MEPE HEOGROTIMOCTH 1o~
IPOHSBOLCTBO NOKPHITHL, TOTIHBA 1
NEKaCTBeHHIX TIpenapaTos.

Couponorms

Next Generation Social Science (NGS2),
COLIOROTIEE CHSAYIONIETO MOROREIDNN -
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nanometer scale electronic synaptic
components

an interface that can read 10° neurons, write (o
10° neurons; neural interfaces to engage more.
than one million neurons in parallel

Neurocoding

research to understand how the nervous system
encodes motor and sensory information for the
hand

data visualization techniques for understanding
new class of neural data

accessing neural codes noninvasively at
appropriate spatiotemporal resolution to
provide closed loop control of a peripheral
device. This could include both fundamental
interactions of neural cells, tissue, and brain
with energy profiles that could provide
noninvasive access to codes (magnetics, light,
or other)

decipher the language of the brain as we leam
0 record the chatter of millions of neurons
communicating with one another in the
language of action potentials, local field
potentials, and chemical signals

(paamauun HeMPOHOB) De3 BTOpXeHHs B
opraimm
HAHO-CHHATHYECKHE KOMTIOHEHTS!

OpHEHTHPOBOUHBIE TIaPaMETPhi NAPA/IELHOTD
wirepdelica: utenrte 10° HeiipoHos, 3amich
10° Heiiponos.

Heiipokoguponka

TIONSTL KaK HEpBHaA CHCTEMa KOAHPYET
MOTOPHO-CEHCOpHYIO HiH(DOPMALIIO pyiit

BIBYA 3R HOBLIX KIACCOB HEFHpO-aNHbIX

Jloctyn K Hefipokonam Ge3 sTopiers b
OpraHiM C CooTBeTCTRYIOIM
TIPOCTPGHCTBEHHO-BEMEHIbIM Pa3peeHHeM
A5 107y deHIS JAMKHYTOTO KOHTYpa
YIIpABIeHHS BHELIHIMA YCTPOTCTBANH.

PACUIHPOBKa F3HIK MO3T - KaK Mbl YIHMCH
JANUCHIBATS LieGETalIe MILLTHOHOR HEFipOHOB
OGIRIOWMXCS APYT C APYTOM Ha A3bIKE
AFCTBYIOUIIX TIOTeHLMA/IOB, I0KA/IbHBIX
NIOTEHLMATLHbIX TOEiH 1 XMIUECKIX
curanon

Tlouemy CToIb veTKiii peHOMeH He Aan CKOb
MY eHHOT ropvaLyH 0 Mo3re?
Moxer i Gbi iwieGeTaiie HeiipoHos e
FIBIKOM, @ HAOGOPOT - YMOW, SHTpOHEH?
Tae b Mirrephere Haitri ayano-aitns
1e6eTaHNs HelPOHOB?
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multi-scale computational models with high
spatial and temporal resolution that describe
how neurons code declarative memories-the
well-defined parcels of knowledge that can be
consciously recalled and described in words,
such as events, times, and places

a translator for the electrochemical language
used by neurons in the brain

understanding of the neural underpinnings of
vision, hearing, and speech

‘OMHMH FOBOPAT 1O PASHOMY: QMM - TPEWAT,
APYTHE WEKaIOT, TpeToH nHiLar. “ToBOpAT” B
GyKBATLHOM CMBICAE: HEAOBOTbHO MIXTAT,
KOF3a S7EKTPOA BTHKIETCH B HX 0G0IO4KY,
KaT05HO MHLLAT, KO3 O "TIPOKALIBAET” X
HackBo3b. BOMOKHOCTH CABILIATh TaK 1070Ca
OTACTIHbIX KITOK MO3Ia TIOpAKGET MekHA
Gombie Beero ocTanHor.

51 He MOTY OTAERATBCA OT BEATEHIA, STO
Caoe TiaBHOE, CaMOE HiHTEpecHOe YTy
HEOCPEACTBEHHO OT CaMIX HEPBHbIX KICTOK.
‘CHOBA i CHOBa 5 BCTYWIMBAIOCH TO B THXHE
Ka700b, TO B TPOKDE HEAOBOTBHOE
(GPIOTKAHME KpOUICHHIX HEBHIMSIX
HEFipOHOB, THTARCh NIOHATS, © YN
PACCKAIMBAIOT KIETKH,

- CRaxiTe, a NPOGOBA 7 KTO-HHBYH 13
PH3HOOTOB PASOGPATLCH B FO7I0CAX HEPBHAX
KieToK?

Crpausaio swho wesnonaz, Mos
coBeceia yaBTENHHO yMOTKAET. Ot
AGBHO TIDHBLIKTA K PA3HOTOAOCOMY
“uieGerarnio” Heiiponos. E. Canapwiia 1962
88T,140]

Bo CaKHiE MiHT MO€ niepuenTHBHOE nI0Te
HAIIOHEHO OTDaAEHHANM, TIOTDECKHBaHHANH,
MIMOTETHEIMH TAKTHTLHbINI OLLYIEHWSNH,
KOTOHIE NHe He 10 CHTY B TONHOCTH
NIDBS3ATS K KOHTEKCTY BOCTIDHATHS H KOTOpH
“Tew He eHee 5 CPasy IONELIaIO B MHp,
HUKOWM OGPa30M He CMELINBaR HX CO COMMH
wesTamn. M. Mepro-TTormu (19691

PS. ADTHQUKOR MOXHO Pa3IeIHT, Ha B2
KAACC TeX KTO CAyIIaeT tieGeTatie HeiipoHon
e HiepecyloupCs uiebeTanren
Heiiponos.

Ilporpauma Chatter
‘Mepao-TlowmiLleGerarye neiipanon
MYITH-NGCUITAOHES, MyTH-HEpEpIECKaS
MO BLICOKORO MPOCTPIHCTEEHHO-
BEMENHOTO pa3peLCHI OMICHIBAIONaA Kak
HEiipO-KOb! (POPMHPYIOT AEKAAPATHBHYIO
HavuTL - Xopoulo onpeeen L AOwEN
IHaHMii KOTOPLIFE MOKET GbITh OCOIHAHHO
BHI3BaH B NAVATH I OMIACAN CIOANH, TAKHE
HanpiMep Kak COBMITIAN, Bpemst (KOHTEKCT) W
wecra.

TPANCIATOD SMEKTPO-XIMIYCCKOTD AbiKa
HeiipoHOB (BCE e1E He NoCTpoeH)
OHIMaHHe HellPOIOTHYECKOTO, BOKPYT-
HeiiponoruecKoro cybcTpara/yHKiponata
DG i e
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Digiv/Life
Bio-Method

What do we need to do first in order to start
building the basis for having predictive
biology?

the geometry of genome space

algorithmic origami and biology

an information theory for virus evolution
biology not descriptive, but predictive
the Fundamental Laws of Biology

new mathematics
esoteric mathematics

interface of new biological knowledge with
previously identified and modeled physical
sciences

search engines for pattem recognition of cell
responses, and develop prototype database for
test panel of toxins that will include at least
one member from each of the following
classes: viral, rickettsial, bacterial, and fungal

Biosensors

wransformation of living cells into biosensors
biology-to-digital’ converter systems that
enable direct, real-time conversion of
biological signals into digital information

foundation for advanced ‘biology-to-digital’
converter systems

basis of the tissue-based biosensor may be
primary or transformed cells from a variety of
sources including neurons, immune cells,
endothelial cells, fibroblasts, myocytes,
primordial and peripheral stem cells, etc

interchangeable bio-signal transduction
modules for detection of specific analytes via
cell based circuits that generate discrete signals

Hudpa/xusab

Methop 6uo-norun

C uero Hauath CO31aBaTL MPOTPAMMHPYENYIO
Guonormio?

'METHKA TEHOMHOTO IpOCTAHCTBa
TOnOROrHA OpratIMa

a7NOPHTMMUECKHE OPHTAMH KiBOTO
oprasva

APOPMAIIHOHHAS TEODHS TEpEXORa OT
KPHCTA/THYECKOTO TIOPAAKa K AKISHH B
(GHOOTHYCCKOIH KaTeropH BHPYCOB
OnMCaTE A GHOTOTH - POEKTHBHaS
GHOAOTHS - KnBas GHOTOTHS (1
MATEMATHNECKAS! MATeMATHKa).

yrgameHTa LAl 33K0H KIS - KaKIM €ro.
MOXIHO IDEJICTABHTS, KaK MEAWTHPOBAT, Kak
BOIITH B MOTOK TpaHH MewTaLH KiHH
HOBas MaTemaTHKa

30TEPHUECKaA MaTENATHKA -
coBpenennelitas arewaTka (¢ TaiiHoit
HAEAOI OBTAETH MATHIECKIMI CHIIZVH?)
YT T HOBLIX GHOTOTHYECKHX SHaHHii K
HIBECTHBIM MOZEM UMK

TIOCKOBBIE MaLIHHB PACTIOSHaBANIS PeaKIy
KICTKH; Ga3bi AaHHBIX TECTOBOM nane
TOKCHHOB, KOTOPaR BKI04aET 10 Kpaiitieit
‘Mepe pacriosasare 3aG0nesaHHii XoTh
OAHORD 3 CIEAYIOUIX KAGCCOB: BHPYCHE,
DaXHTHBIH, GaKTepHanbHbi 1 TDHOKDBbI

BHocencophi

TPAHCHOPMALIS KHBLIX KETOK B GHOCEHCOpH
npeoGpasyioe CHCTeNb! "GHO-B-1ibpy’
TOIBOTAOUE HETOCPECTBEHHOE, B
PEATLHOM BpeNelH NpeoGpasoBaliie.
GHOOTHYECKIX CHIHATOB B LHPPOBYIO
wipopwatio

6asa cHCTem "GHO-10r0-LpOBHIX"
npeoGpasonarii

(6as0ii /QTAHKOB Ha OCHOBE TKaHH MOXET GbiTh
TepBHHAR WIH TPAHCHOPMHPOBNHGA KTETKA
'DA3MAHOTO TPOHCXOAACHHS - HeFipoHsi,
unmyHHas krerka, endothelia-kneTka,
QMOPOGIACT, MHOLT, TEpBIuHas Wik
nepiQepiiias CTBO0Bas KieTKa
B3AUMO3aMEHEMLIE MOAY.TH IpEOBpasOBaII
CHIHATIOB CIEUMATBHLX AHATHTISOB CXeMaMH
Ha OCHOBE KIETOK, KOTOpIE TeHEpHPYIOT.
edony gtz
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DARPA-Russian
Concept Dictionary

HAAPIIA-pycckun
C/10Baphb KOHIIENTOB

KOeKuy HauGoree HHTEpecHbIX KOHUENTOB, spkuX Nekcem DARPA u3 chepsi
MCKYCCTBEHHOTO UHTE/VIEKTa C NepeBOON Ha PYCCKHT S3bIK, C MMNPOBH3ALMAM
VICTOuHMKN 1 KOHTEKCT /KO HAXOAMTCA B Google, CIpaBOUHOR cuCTene DARPA.

DARPA Understandig.

R&D Directions
Biology, Socio, Design, Computators, Mathematics,
Milary organisaton, logistc, Medicine, Brain

Doing sense
-
Brain interface

Neuron
Neurosensors, Neurocoding, Neurointerfoce, Intellect
Neurology, NeuroConrol, NeuroThera

Genome
Gene nano-strucures, Gene-processors, Gene-Editing,
Gene-Medicine, Gene-Wars, Extremophiles

Cells/Biomolecules

Creation Living Tissue

io-ldeology, Nomenclature, Bio-Consiructor, B
Computation, Nanoprobe, Bioscaffoding, 3D Living
Substrat, Immune Sysiem, Organoid system, Super
Organoinds, Accelerated Healing, Bio-substrates
computation, Plant

DigivLife
Bio-Meshod, Biosenors, resion Bosystem

MEMS

MEMS Inscct, Manipulation and Measurement
Microfluidic Chips

Biomagnetic Tag

Human-Machine

Healing
Wound, Immune System, General Medicine,
Farmacology, Neurology

Soldiery
Absiracion Wespon, Advanced sighiing. Language

Robotic Net
Litle Boti

ik

f——

Hanpasness uccneaosaniii
paspacotox

Buororus, Comtororus, Hpoesponane,
Burwcnrean, Maewis, Opranaus BC,
norwcriva, Mg, Mo

PaGora co R
Moxr
Wirepgeic ¢ vosrow
Helipon

Heipocencop, Heiporsi
mrepbeic, Heliputorus eneta,
Heipoynpomene, Heiporepanin

Texow
Hatocrpywaypu renos, Teneriuecte
poteccopu, PeaawTponase renos,
Fewenueckan weniimo, Teneriseckse botns,

Oncrpesoguna
Kerwon, Guowonexyast

‘Cosanse wisoit Tkami
Biuo-uaes, Howennarypa, Bo-somctpytop,
Buo-autuncaenns, Hanonpobions, laccn
nennuecioi Grororyu, 3D ol cyberpar,
Hypan ccreva, Opran-cucrens, Cynep-
Opra, Yexopenoe reserme, Burcnenui
Gno-cyterpar, Pacrenuin

Lsbpasmarsi

Metha Guo-norsa, Buocencopu, Congane Gwo-

Mitkpo-nerpo-Mexasueckie.
Cucremn
MEMS-sacesousie, Manmnyasup, wosepesnin

MikpoxuocTHbe S
BoNarHHTHLE MeTKH

Yesonex-Mauia

Tewerne
Pacu, Hayioan ccress, OB e,
e —————

Boexoe Aeno

Opyme abcrpai, Bcsarpusae o 6o,
Trwcrica

Cern podoron

Maesnae posorss

S
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Transitioning technology - getting technology
from research and into use - is a difficult
challenge, partly because so many different
types of organizations may need to be
involved, ie., S&T organizations like DARPA,
the acquisition community, the
warfighting/requirements community, and the
firms that actually produce the product. And
the very nature of a technology strongly shapes
how it transitions.

New systems simply do not "diffuse” their way
into miliary use, like a new material might.

the purposes of the Polyplexus platform will be
(0 build on a continuous expert conversation
about the present and future states of science,
(0 generate groundbreaking ideas that have
been scrutinized by experts, develop a
comprehensive proposal to capitalize on these
ideas, and match proposals to research
sponsors for possible funding.

computational power and high-density memory
in an extremely smal, low-power format,
which will not require mulibillion-dollar
fabrication facilities

Engineering Community must learn Protein
Structure and Tools of Molecular Genetics

a "golden age” of biology
a growing recognition of synergies among
biology, information technology, and
micro/nano technology

stimulate the development of a new generation
of scientists and engineers performing science
and technology at the intersection of biology
with information technology and microsystems
technology

erhaps the program that best exemplifies the
evolution” in Bio-Revolution i the Brain
Machine Interface program

Gamifying the Search for Strategic Surprise -
t0 engage a large number of experts and deep
thinkers in a shared analytic process to rapidly
identify, understand, and expand upon the
potential implications and applications of
emerging science and technology.

circuits operating at frequency greater than 100
Glts: ot ower i thint ) i Sale e

IANENRE NOPKN AN "
apTEaKTOB, NPHBOIALaA HHOTAQ K
WIOKHPYIOILJM COSNaIE METaMOpDO3IM
TEXHOTEHHOTi CDEs 1 ce JTeMeHTOB
Tlepeaasa comantoi Texton0rM B M,
IO0GHa POAEHHIO PEGEHKa, KOTAd MOTYT
ROTHGHYTh W PeGeHOK-TEXHOTOTHS 1 MaTh-
oprarau.

'HOBLe CHCTeMS He NOTYT TDOCTO.
Ay MPOBATY B BOEHHOE MCTOTK0BAHE,
K2K 970 MOKeT IpOMSOITH C HOBMH
arepianaw.

3apaua naatopws Polyplexus - nocTpoeie
OUEHHBaHHE b PE3yITATe MOCTORHHOT
IKCTIETHORO OGICHHS 0 GyayieM HayKit
yHAGMEHTTbHAX IDOPbIBHBIX HACH, 1
IOCAAYIOU{EH 14X KaHTA AN Hepes
uancuposatne

BBHCTHTE e CPEACTSa W NaNsTh
GOTLUIOI IAOTHOCTH HCKTIOUHTEIHO MaTbIX
DA3NEDOB H TIOTPEGEHIA MOLOCTH, He
TpeGyIouLHE 715 CBOETO H3TOTOBTEHIA
MHOTOMITHaDHOTO TPOW3BOACTBA

BCe pazpABOTIHKH AOTKHL HaywHTCA
pabOTaTh € GenKOBLINM CTPYKTYpaNH 1
HCTPYMEITaMH MOTKYADHOTE reHer kit
3010103 Bex” Gonorw

coepreTseckii pdext conmecrioro
DaIBHTIA GHONOTMM, HHGOPMATIKH
MiKpO/HaHOTEXHOTOTITE

COYIaMME HOBOTO TIOKOIEHIS YHEHbIX
WIKEHEDOB paBOTaIOWLI Ha mepeceNEHHi
GmonorHH C HbopMATHROI 1
MiKpOCHCTEMaNH

BOMOHO Hany s pHNED GHO-
pesomoym - coyiame wmepdeiica (5o sceii
ero dunocodckoii w TexHOTOrHECKDH TayGHHe)
Mos-vauhHa

HIrpOBH3ALIA HATHTHKI SKCTIEPTOB nepen
HLION STOXGTHHBX YTPO3 H BONOKHOCTE

cxewsi paGoTatoupe Ha wacrore Goree 100
T sinaensl aasoll vl vmie 1
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VERCUSNEEINGN, SN1 QTEM Tmctions

3D Living Substrat
3D tissue engineering,

creation of a 3-D ex vivo human immune
system

three dimensional growth of neurons
encapsulated formats with hydrogels

long:term growth and functional viabiliy of
neuronal cultures in three dimensional
hydrogel cultures

t fabricate functional 3-D ex vivo tissue

creation of a 3-D ex vivo human immune
system

3D in vitro direct deposition of cells, bioactive
factors, and supportive 3D scaffolding

amodular 3-D culture system and/or bioreactor

Fluidic Assembly

Immune System

ineractive engineered tissue constructs of the
functional elements of the immune system
required for both cellular and humeral
responses and its appropriate validation
develop an artificial lymph node

Organoid system
interlinked “organoid" systems that incorporate.
engineered human tissue and microfluidics
technology into microchips that mimic the
functions of human physiological systems

Super Organoinds
truly bionic arms.

super artificial eyes
New materials and device design and
fabrication methods that embody compliance
and elastc principles, and that capture force
i that Ininsvate wilh sl coiol

Ty RORDORS OPISNCY TR C:
HOPMATLHBIM NOPOTEHEHCON,
BackyspisaLMet (HOBOOGPASORaIHEN
KpOBEHOCHBIX COCYAOB)
PaGOTOCIOCOOHOCTHO

3D wammoit cyGerpar

IDOEKTHPOBGHHE TPEXMEDHAX GHOROIHECKHX
aneii

CO3aHHE TPEXMEPHOT] HMYHHOTE CHCTEN
wenonexa ex vivo

Tpexwepibii pocT Heiipona
MHKANCYMPOBIHHOTO B GOPNATHPYIOULYI0
cpeny ¢ raporenen

AOTTOBpeNeHHbI POCT M pyHKIHONATLHaA
KIBHECTIOCOGHOCTS HEFPORYLTYPH B
TpexwepHOIi THApOreenoi CTpyKTYpe
COBMaHME pyHKLIMOHATLHBIX TPEXMEDHBIX
RaBbEX TRaeH, Opraon.

COaHHE B KHBOM OpraRIIME
IDOCTPAHCTBEHHO OPraHIYOBaHHOH HMMYHHO
TPXMEDHOE HATPARTENOE HATOXEHHE
KIRTOK, GHOZKTHBHX CpEA, OMOPHAIX
TPEXMEPHLIX CTPYKTYp 1A A@TBCiErO
PamITIR B HCKYCCTBEHHOT CpeAe

MOYALHAH TPEXMEpHaR KYTYPHaS CHCTEMa.
Wi Gropeakrop

YTpaBHNas CGOPKa CHCTEM B KHAROTE e

Mwmynmas cicreva

MHTEPaKTHBHOR IPOCKTHDOBaIHE
yHIUHORATLHbLX 27EMEHTOR Iy HOTE
CHCTEMST KIETOUHOT  HHIOKPHHHOT peaKiii
Winx nposepKa

COYIaNME HCRYCCTBEHHOTD AIMAATHIECKORD
yana

Opran-cucrema

“OpramOWHaA" CHCTeNa - BKIOUET
TEXHOTOTGHPOBAIHYHO, HIKMHHDHHIOBYIO
HEROBEECKYIO TKAHD, MHKDO-AMKOCTHYIO
TEXHOTOTHIO B MHKDOWHTIE BLITOTHAIOIIEM
YHKLIIO (UIHOTOTHIECKOTO Y312 OpraKIsNa
Cynep-opranst
HCTHIHO GHOWHAS PYKa - MaKCHMATLHO®
pHBTIOREHHE K AIBOT] CHETEME 1
MAKCHMATILHaR PeaT3AILS YWeri
obyuenii
MeKyCCTBeRHE Cynep-Tiasa
Coytanme KimesaTIECKIX yCTPOTiCT]
OGrAaIOINX MAaCTHHOT opHOTt 1
HeiiponoaoGHoil cuctewoit ynpasners.
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generate new signaling components and
optimize circuit function

hybrid biotic/abiotic systems
t00ls o rationally design and implement
multiscale, closed-loop control of biological
systems, through the development of biological
controller, testbeds to evaluate control of
system-level behavior, and theory and models
(0 predict and design effective control
strategies

powerful computing methods that mimic
natural in-vivo computation

DSO believes that new mathematical
approaches will allow the discovery of
fundamental quantitative laws of biology -
these laws will enlighten the world of biology.

understanding and exploiting complex
josignature data

bacterial two-component systems will be
wained to recognize desired analytes using
mutagenesis and directed evolution approaches

methods to electrically address a bio-molecules.
at the nanoscale

leverage innate mechanisms for biological
control

MEMS

MEMS-Insect

In the Hybrid-Insect-MEMS program, we are
using biological metamorphosis (0 tightly
integrate microsystems with nature’s
microsystems, namely insects.
airplane on a chip
insect integrated electronics
Hybrid-Insect MEMS program using
metamorphosis very lteally, transforming
insects into unmanned air-vehicles
itelligent micro air vehicle, maneuver
Pl peshags bing it oy byl s
cyborg

Manipulation and Measurement

Single Molecule Manipulation and
Measurement (SM3) [NIST]
NIST on Chip.

METAI ENSDARGMEMON MOSR (R
HCTOTL30BITHCH /15 CO3aHIA HOBBIX
CHIHATLHLEX KOMTIONEHT 1 OITHMIISAH
pymusi KeToM Cxew

FHODIIHHIE AHBEHEXBHE CHCTENb
MHCTpYMeHTapHi TpOCKTHpOBaHIA
MYTBTHYOBHEBIX CHCTEN GHOTOTHHECKOTO.
KONTDOM, OKYTHBAIOUIAX CHCTEMb OTAAKH 1
MGKCTHDORaHIK, MOXETI  TEODHH
GuoKorTpons

NOULbIE BHHCTHTE e METOS
GHTOTHHBIE ECTECTBEHHbM BHUHCAEHHSM B
P —

Kopnopaus DSO nonaraer, 4o wosie
NATEMATHYECKIIE TIOAXOAS! MPHBCAYT K
OTKDHTIIO dyHAGMEHTATbHbX
KomseCTBEHHBX TPHOYTOB GHOTOHECKI
CTPYKTYD - T4 aTpHOYTI KO OO
BT B TIYGHHY KB TKaHH.

TIOHIHMGHHE W HCTIONL30BaHHE AGHHbX
o GrocHrmaTyp

GaKTEpHTLHEIE ABYXKOIIOEHTHBE CHCTENb
GYAYT 00y SaTLCH HYKHLIM aHATHGAN
HCTOML3YA MYTTEHeSHC 1 HaPABTAENYIo
swonioumio

METO SneKTpIECKOT aADECaIIH B HAHO-
MacurTate Guo-wonexy

HCTIOMS30BHHE 1 YCHIEHHE IDHPOHIX
"MEXIHHINOB', CHCTEM GHO-KOHTPOTS

MuKpo-3/1eKTpo-
Mexanuueckue Cucrembl

MEMS-Hacekombre

MNIDHTHHE 5/1eKTPOHHO CHCTeMb
HACEKOMBM KaK S/EMEHT ero MeTewaphosbi

BCOKDIEKTHBIHE MyXH-CAMOTETIHRH
SMEKTPOHHO-HaCEROMHas CHCTEN
MeTavopdosmc arpibyT MIMC-rexsonormn,
BOMMKAET CHHEpTHIM MeTeNOpo3 ABOTiHOI
cypocTi MEMS-HaceRowbix

IOTHpyEMBie KHGOPTOM-HaCEKD
MIHKDOCAMOTTIKI, MAHEBPHDYHOU{aR My €lC
etc...

Masuny s, wamepers

Mwepenue w Marwny sty Oraensioit
Monexyroit
ST i





image56_5e983eea13c4065d5c13d89e_jpg.jpeg
creating greater environmental adaptability

Mind's Eye program is developing in
machines, a capability that currently exists
only in animals: “visual intelligence.

Imagine if the rules for chess were changed
mid-game

teach an Al system how t0 learn and react
appropriately without needing to be retrained
on a large data set

0 develop scientific principles to quantify and
characterize novelty in open-world domains

a fundamental theoretical framework for
understanding the relationships among data,
asks, resources, and measures of performance-
elements that would allow understanding what
asks are best suited for machines and which
asks are not.

cognitive dissonance detection

the understanding of intelligence and self
organization in the natural world

automated narative reasoning for training
adapiive leaders and warfighters

easily navigate the design space (o discover
non-intuitive yet realizable designs that fully
leverage new materials and advanced
manufacturing approaches

very large causal networks

software that generates novel situations at
distinctlevels of a novelty hierarchy in
selected domains

The first thing an Al system has (0 do is
recognize the world has changed. The second
thing it needs to do is characterize how the
world changed. The third thing it needs to do is
adapt its response appropriately. The fourth
thing, once it learns to adapt, is for it to update
ts model of the world.

contextual reasoning - the abiliy 1o recognize
new situations and rapidly adapt to changing
circumstances or environments

secks 1o achieve paradigm-changing
dvalonnients b AT midterires

b ol s oz
- M MOHITODHHT B PeanbHOM BpeveHi
KpHTHSECKHE 0GIICTH IKOHOMMKH, NOTHTHKH,
coupywmoB, OKpyatouie cpeast
TaPAMETPHYECKH, IPOTHOCTIYECKH,
coBbiTHiO.

MIDKIHHDHHT AAQMTHBHOCTH B
GeanpenerenTHbX cpesax

GOt Gl drocopcro-
TexHOROTHECKIH TPOEKT "3pere CoMmManIA"

TIpeicrasse Wwaxwarss, b KOTOpX Mpasitna u

AOCKa MEHSIOTCS B X0A€ HIpbi

Oysenve gesenocT cucrem HH e

HICTONL3OBAIIA HEOGNOIMLLX H AOCTATOuIIX

[reoTp—

Pa3paGOTaTs Hay e MpHHILATI OTHCaHIS

IPHHLMTIAATLHO HOBLIX AOMEHOB OTKPHITOTO

wipa

TCOPHS NONIMaHA CBM AQHHLLX, 2342,

pecypCos, npowsBopTeHOCTH A

KACCHDHKAIIAN 33,34 NOTXOMI AHHO
‘ae” Wi et

PACTIO3HaHME KOTHHTHBHOTO AWCCONaNC
TIOHMMGHHE HHTE/VIOKTa AHBOTHSAY,
HTE/EXHH  CAMOOPFAHI3ALIH B IPHDOE
ABTOMATHUCCKaS! HAPPATHEHAS APTYMEHTALULS
79 QATTHBHLIX TPEHHPOBOK IAEPOB 1
Goittion.

HaBHTaUHS B AUSATIH-IPOCTpANCTRE
NIOIHOCTHIO PACKPHIBAIOILAS MHTYHTHBHO
HEAOCTIORIMbIE BOMOKHOCTH

CBepyGOMLIAE ROTIECKIE P HAMHHBE CeT
WX BIGYATI3ALI B BHAC TDaOB
TPOTPANALI COYAaHIA HOBBIX KTACCOB
CHTyaUMi PaTHAHOTD YpOBHS 3a7aHOI
CHCTEMS 1 BLISBEHHE WX CMBICTOD

WM pommer

- B0 nepBLIX pacnomaTh H noMSTE
VIMEHSENOCTS MDA

- B0 BTOPLAX IOHSTS b 4EM COCTONT aNeHeHH
wipa;

- B TPETHHX PEUNT BOpOC AAMTaILAN K
VaMeHEHHIM MipDa;

- B YETBEDTLIX AAANTHPOBATL AAANTANO (Te.
JIICN SHGHH, OTBT AQITTaLUM)
KONTEKCTHbI 70THYeCKIN BHBO -
C0COGHOCTS pacrio3Harys HOBOTO THIA
CHTYaUHH 1 GHICTPaA aganTaL K
VIMEHSIOUNCA OGCTORTELCTBAM Wl CPee
MeTa-TlapaAHva BOMOAILIX apxiTexTyp HH
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motor or sensory activity (¢.g., reaching,
grasping, manipulating, running, walking,
icking, digging, hearing, seeing, tactile)

NeuroTherapia

(0 safely and reliably modulate the peripheral
nervous system to fight disease

non-invasive, targeted ultrasound for
neuromodulation

therapeutic devices that can record a
deliver targeted stimulation, and most
importantly, automatically adjust therapy as the
brain itself changes

Restoring Active Memory (RAM) - methods
for analysis and decoding of neural signals in
order to understand how neural stimulation
could be applied to facilitate recovery of
memory encoding following brain injury.
Develop a prototype implantable neural device
that enables recovery of memory in a human
clinical population.

The development of quantitative models of
comples, hierarchical memories and
exploration of neurobiological and behavioral
distinctions between memory function using
the implantable device versus natural leaming
and training,

0 reduce the severity of neuropsychological
llness

anificial modulation of peripheral nerves o
restore healthy pattens of signaling in these.
neural circuits

therapies for sensory restoration

weatments of sensory deficits

ty,

decode the biological fundamentals of
questions-about sicep, leaming, and decision-
making

the critical components, neural substrates, and
modulators of sleep

understanding effect of sleep deprivation on
brain function

the characteristics of distributed neural systems
communicate clearly and individually with any
of up to one million neurons in a given region
of the brain

high-resolution neurotechnology

ABUTTIRILSON NI CPSCOPION NERTERLIOCTH
AR HCTIOTHENIR KaK MIPOCTIIX TaK M CIOKNBIX
ABHIATE L HbIX WM CEHCOPHbX ACTCTBN (..
AOCTaBaHe, CXBaTHBaME, NAWMDY LU, Ger;
X002, YAapH, KONaHHE, CAYX, 3perie,
TaKTHIbHbIE OUIeHI)

Heiipotepanus

OCTOPOKHO  HAAEAHO MOAYHPOBATS
niepechepHiiiyI0 HEPBHYIO CHCTEMY C LETBIO
neseris

Ges-onepatyuontioe wezenoe Hefipororseckoe
BoelicTBe yaLTpa3IYKON

HeiipoTeparue: abcrparuposanye 1 amAch
HeHpONOTOKa, ieepas CTHMYAIAS,
MOHMTODHHT 1 aKTHBHOE YHaCTHE B JBOTOLIH
wosra

Boccranonnene Axrusiot Tlavsmi - MeTog
HeIpOOTHMM ATA BOCCTaHOBTEHHA NZMTH

1pH Tpavax.

'Helipo-#MIAaHTH! BOCCTaHORTEHIA nawsTH.
Heiipo-wozenn Croxwof nawsm,
YHKINOHANOB NawATH.

CriRerme TRKeCTH HelipoGonesieii

HCRYCCTBEHHAR MOAYASLY TiepecpepHiibx
"HEPBOB /U BOCCTAHOBNEHIA 10POBHIX HETipo-
narephon

TEpaIIA BOCCTaHOBTEHHA CEHCOPHKI

peeHe NPOGAENHI CeHCOpHOTD AeHITa,
BOMMKIETO BCAACTBHE TPaBNH,
OTPAHHYCHHOTD CEHCOPHOTO TIOTOKa (rewteph
 1pod.)

PacudPOBKa GHOOTHUECKOTO (ech OH
Gonoriecksti) (ywiawera ca, obyvenis,
npHHTIHS peerii

KpHTHUECKHE SeNeHT, HefipocyGerpar
MOYHTOp CHa

TOHMMaHHE BOYIEHCTBIA HEAOCTATKA CHa Ha
pagory wosra

CHCTENATHKA PACTIpEeeHHbX HEFipOCHCTEM
obecreseie MPAMOTi CBIM ¢ MITHOHON
HEHIpOHOB 3aaHHO 061aCTH MO3Ta

WElpOTEXHORONIA: CHEPXBHICOKOTD
A Dl s
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Neurointerface

nanotansducer
- Transduce neural actvity into sensor input
modality

- Transduce stimulation modality into neural
activity

neural transducer

1. read and write to individual neurons 10°
read, 10° write, 10 full-duplex;

2.2 cm' cortex region of interest;

3

4. Read at least one million independent
channels of single-neuron information and

5. stimulate at least one hundred thousand
channels of independent neural action
potentials in real-time.

6. Algorithms to identify neurons, neural
circuits, patterns of activity, and functional
regions of the sensory cortex that represent
specific information and transform this
information into the digital electronic domain
(brain-to-digital transformation algorith.).
7. Algorithms should transform artificial
electronic input signals originating as, for
example, spatial images and video pixel data,
or MP3 audio files, into spatiotemporal
patterns of neural actvity to be induced in the
cortex.

8. The inverse brain-to-digital transformation
algorithm should convert spatiotemporal
patterns of neural population activity into
inferred digital stimulus files that, as accurately
as possible,

9. reconstruct the original electronic stimuli
10. These models should incorporate how
those neural population activity patterns
change and adapt over time due to variations in
stimulus and neural plasticity.

bi-directional peripheral nerve implants

(0 interface permanently and continuously with
the peripheral nerves in humans

electronic interface approaches require
advances in materials, insertion techniques,
scale of hermetic package feed-through, and
neural source localization and signal isolation
algorithms

mind-controllable interfacial material

replicating neurotransmission using 31
nanofluidic devices with nanoparticle-
blockage-enabled voltage-gated nanopore array
the ieitevaction hetwees: & Biologhcal

Hemnpo-unrepgenc
HelHpO-TpaC-MOY s - nepesava
weliporpopwat B Mauny,
CHITEIMpOBaIIBIX MALIMHOI HEHpOCHTHAA0R
B weiipocpeny

Heiipo-(iewonep:
1. wrere/sanmch oTenbix Heiipono 10°
urese, 10° 3anmce, 10° aymiexc;

2.2 0w o6nacr Koprexca;

3

4. Ureswe Helipomsopway C MiiIMYM 1
MO HESIBHCHMBIX KaHATOB;

5. CTUMY LA KaK MIHHIMYM COTHH THCS
HESaBCHMLITE NOTEHIAOB AKTHBHOCTH B
peaniow mpewei;

6. AATOPHT b WACHTHGHKaLII HelipoHO,
HEFIpOCXeN, TaTepHOTi aKTHBHOCTH,
YHKIMOHATIHIIX PETHOHOB B CEHCOPHOM
KOpTeKCe 1 COOTBTCTBYIOMIEH MHbOpMALUIH, 1
‘Tpancopaus 1O HipoOpMaLH B LHPOBO
B, (AMODHT TPHCOpMALIIH MO3T-Lippa);
7. arOpHTM TparCHOpWAIIH apredpaKTOD
WsoBpaKenHi, 3byKa (Hanpiviep mp3) b
TIDOCTPAHCTBEHHO-BpEMEHHie MaTTepil
HIHAYLVPYEMSIE B KODTERC;

8. anropuTMI MOT-LIbPa B CHTHATbHE
apredarri;

9. PEKOHCTPYKLIHS MOSIOBHIX
(XeMO-)9TeKTpOHHBIX NaTTEpHOB;

10 nOCTpOeHME CHCTEMHOR MOZEH AMHaMHK
CHIATbHLIX TATEpHOB, AKTHBHOCTH MO3Ta.

Avy-Hanpasnersii WMAAHT nepeQepiiinoro
Hepea

nOCTo I KoHTHHMITYATbTE MTEDeTIC
nepHQepHibIN Hepravk uenoBexa
mexTpOHHBI HEiipo-mTEpefic norpesyeT
AOCTIOKEHWE B MaTepHANAY, TeXHMKe
HibeKtii, Creneru paspeueris
FepMETIAI/ IO CTPYKTYD.
Avdbepenua AOKA A Hei
curnanon

~KoHTpOTMpyeMii pasywow WiTepdeiicrbit
yvumonanbbi MaTepHan
HaHO-KIKOCTHEE 3D HEFipOTPAHCHITTEpH, €
KOTPOEM TOKOB AIHAKOCTH B 1ODaX.

B3asvoaelicTaIe MEXTY GHO-HIDO-3DHD-
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understanding sensory cognitive mechanisms
affecting spatial orientation

produce prototype nanoelectronic systems that
will enable revolutionary advances in
computing and sensing

Language
language is natural (0 us

low-population, high-terrorist-risk languages

culturally sensitive nets

a new reality in which anyone can learn basic
language and cultural skills within days or
weeks

soldier 911

nite sustainability

hydrogen sulfide gas, in the right dose, can
shut off an organism's need for oxygen and
induce a state of controlled hibemation
materials and devices for urban combat

hybrid biotic/abiotic systems

new ways to design, control, and interact with
artificial systems

"fine-grain" fusion of physical and information
processes
self-healing, ~sensing and -adapting materials

radical nutrition for endurance and strength
coupled to modified wraining
new classes of sorting, sensing, and actuating

devices

developing platforms to tackle critical
technical barriers of total integration

(CNApHBAHHA H H30EraHKA XHILIHKKOB)
TIOHHMAHHE CeHCOPHO-KOTHHTHBHbIX
MEXaHIIMOB NPOCTPAHCTBeHHOIE OpHeHTALH
NIDOM3BO/ICTEO HaHOIEKTPONNbIX CHCTEM
KOTOpbie OTKPOIOT 11y Th PEBOTIOLOHHOMY.
PA3BUTIIO BLIHCTEHHIE 1 CeHCOpOB

Jlunrucruka

ToCrogh Co3tan AaMa ¢ AHHIBHCTHYECKIM
annaparow

FIIKH MATOBICTEHHBIX TIOMYASLHIE C
BLICOKHM PHCKOM TEpPOpH3MA
KYIBTYPHO-uYBCTBHTE/1bHAs! CETh OCHOBANHAS!
Ha

- AHHIBHCTHYECKOM Mpotieccope ¢ MtoGoii
CTemeHbi0 AMHTBUCTHUECKO/] AOKAIBHOT
poKyCHpoBKi;

- congar Grarosaps 9Toii ceTw BrazeT Aaioii
KYIBTYPOii H CTaHOBHTCA €¢ HOCHTe/eM,
HoBbit MHD B KOTOPOM 7110G0ii MOXeT 0CBOMTS
(OCHOBbY A3HIKA W KYLTYPHbE HABIKH B
TedeHHI HECKDIKHX ANET WIN Heenb.
IR (CHCTMa) CB3H VI8 TIOTHBAIOUYX
congar

HeHCHEpIaeMas AHBYECTS O7eli  CHCTeM
BO0POAHO-CyAbMAHHI £33 NOBORIOUMI
NIDOHBIDHEATS SKCTPEMATLHBE YCTOBHS B
cocTontmi anatHosa

MATEpHAb, TEXHHKA, TAKTHYECKHE HAXOKH
BejieHIs BOiHbI B ropoge.

FHOPHAHbIE KIUBHE/HEKHBLIE CHCTEMSI KaK
S/IeMeHT! BOWHCKIX MOApayienerit

HOBLIE MyTH NIDOEKTHOBAHIS, YTIDABTCHHS
BIAUMOETICTBIR € HCKYCCTBeHHbIMM
cucremam

TOHKDE CAMAHIME (DH3HHECKHX
WHQOPMALHOHHBIX NIPOLIECCOB 110715 505
CaMOTTEUHBAIOIHECS, SYBCTBYIOUIHE,
npHCrIOCabMBaoMeCH MaTepHahi
PaMKATLHOE TIHTaHHE TI03BOIOLICE
YBMUMBATS TPOJOTKHTETLHOCTS
BOSMOXHOCTI AYHOTO COCTaBa Ha roie GOA B
‘COUETaNMH C HOBBIMM METOZaMH OGyeHHs!
HOBHIE KACCH! YCTPOTICTS NpeBapHTe s Hoi
KIACCHUKALIMM, AQTIHKOB 1 HCTIOMHHTE TbHEIX
MEXaHINOB

paspaGoTKa mAaThopw, MeTa-TexHonorii
NIPO0IEBAIOWIX KPHTHIECKHE
TXHOTOTHYECKHE Gapbepb WHTErpaLH (Te.
‘06Pa30BaIA GOTHIIMX CBEXHAERHHIX
GOCBBIX MOTHITHBHAIX CHCTEM)
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effectiveness in providing ISR capabiliy with
minimal potential for detection in a wide range
of operational environments including jungle,
grassland, desert,arctic, and urban.

individual robors that are less that 5
centimeters in any dimension

0 coordinate behaviors and provide user
interfaces for systems of thousands of small
robots

the caching and processing of imaging data
between bursts of communication from
distributed millibots, nanosatellites, or micro-
air vehicles

Neural Dust Enables Precise Wireless
Recording of Nerve Activity

miniature insects are possibly able to display
increased subjectivity of experience, which
extends simple look-up table responses to
potentially Al-relevant problem solving

Energy

Microfuel cell

a fuel cell and fuel processor for microscale
(10- t0 500-mWe ) power generation, includes
a microscale fuel processor, which produces
hydrogen from liquid fuels such as methano,
butane, JP-8 diesel, or diesel, and a microscale
fuel cell which wil use the hydrogen as fuel to
produce electric power

a microfuel cell power unit with a 2cm x 2cm
footprint on a ceramic wafer capable of
delivering 10 mWatts

energy densities of propane, methane, gasoline,
and diesel are at least 50 t0 100 times higher
than the best lthium-ion batteries

converting chemical energy into electrical
energy on the micro-scale

bear precision influence

alternative metabolic sources for energy

alternative metabolic sources for energy

the ability to control the switch from
ciisholoidiste #0 Reld instabslien. sl reveiE.

ASETRCH DOCTYIERRS MU, CINCOUNIES BECTN.
arpy3Ky 2 1. Takwe CHCTeMb CocoBHbl
OBCHTL XDRERTHBHOCT: PaBEABTEbHO-
IOMCKOBAIX Onepaui NpH MHHIMATHOTH
BEPOSTHOCTH OOHAPYAHI B LIADOKOM
creKrpe yCionl, B TOM SHCTE B DRYHITY,
CTemm, nyCTiHe, aKTHKE, FOPOICKIX
yenonisx.

KoMal1 pOGOTOB pasmepow weree 5
CaTUMETPOB 110 KEXAOMY HIMEperHIO
KOOpAUHALIA TOBeREHIA 1 OBCCTeseNHE
OL30BATELCKOTO HHTEpdeiica C cHCTeNaNI
3 THICHM MATEHBHX POGOTOR

BoCTpHsTe 1 0GPaBOTKA BHIYATHHOT
HGOPMALIH MEXZY PACTDECTEHHHNH
MIIMPOGOTaNH, HAHOCTY THHKAMH, MHKDO-
cavonerawm

HEFDO(HaHO )T - MIO3BOTHT OTCIEAMBATS B
Ge3npOBOAHOM peRIME HEHpOAERTE HHOCTS
NIIHTIOPHLE HACEKOMBE MOTYT OKASHEATS
PaIBHBAIONLYIOCH SKCTIEPHMEHTATLHYIO
CYGbeKTHOCTS, pacumpAIOu{as MpeACTaB et
06 SKCTIEPHMEHTATHHLX KOTHHTBHSX CXENaX
HaceKowbix

Oueprun

‘Tonmbibie MuKposeiiKi

MIHKDO- TONMBHGA AETiKa W TOMTHBHS
npoteccop revepatgsh neprin (10 - 500
MB), B TOM SMCRE MAKDOTON B
IPOLIECCOp NOIBO AL BOROPOT 3
KMAKOTO TONTMBA, HATDHMED METHOA,
Gyrana, JP-B yrse, Wi GG e W
MIHKOTOTIHBIHaS A4eiiKa KOTOPA MOKET
HCIIOL308aTS BOTOPOA A1 NPOHIBOACTEA
snextpoHeprI

MIHKDOTONIHBaS 4K ¢ OCHOBaHHEM 2X2
1 Ha KEPANIHHECKOTE NOIOKKE MOHOCTHIO
10MBT

SHepIETHUCCKaA IIOTHOCTS TIPOTANa, MeTara,
0T H AGTBHOTO TONHRA 10 MerbIeH
Mepe B 50-100 pas Bbie wew y Camtix
TySULIX HOH-THTHEBbIX GKKYMYTHTODOB
pEBpaLIeHE Ha MHKDOYPOBHE XHMISCCKDTE
SHEPrIM B IICKTPHIECKYIO

TONHOCTS TPAHCAHpYETCA B Citny
ATLTEPHATHBHLE METAGOTHHECKHE HCTONHIKH
awepri

ATTEpHATIBHbIE HCTOUHIAKH SHEDTIH Ha
ocHoBe oGvena penjecrs

CII0COBHOCTS YTpaBIATS NepeKsIoNErHeN
R S ¢ VOO
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LESIING-ER0, Lyner FRYSICH Systems:
(LE-CPSs)

novel Al architectures, algorithms, and
approaches that "bake in” physics,
mathematics, and prior knowledge

In Nature, the physical processes are the
computation. This is in contrast to our classic
digital computation models such as the Turing
model, in which computation s abstracted in
mathematicallogic notions, away from
physical substrates.

(0 design materials with new controllable
functionalities

Generate multi-physics modeling and
simulation codes directly from a description of
the physical phenomena.

The degree of complexity of systems and the
number of physical phenomena that are
important to understanding their behavior are
both increasing rapidy.

 identify and/or engineer physical properties
in materials to implement desired computation
directly. An example is computing Voronoi
diagrams using chemical reactions. Such
computing would be highly efficient since it
takes place "for free" as the result of intrnsic
physical properties.

the ability to create shapes and material
properties previously thought impossible.
Generating new designs that fully exploit these
properties, however, has proven extremely
challenging

novel computing substrates, and metrics

identifying and deriving computation models
from physical systems, either natural or
engineered, i the context of a performer
specified challenge computation problem.

- What types of dynamical physical systems
are suitable for the targeted computation
challenge problem?

- How are such systems programmed?

- What are the inputs and outputs?

- If the dynamical processes do not occur
naturally, how do we artificially engineer
them?

QUYSACIEMR PEY-VIN CHCTEMD

HOBbIE apXHTEKTYpbi, A7OPHTMH 1 METONH
KOTOpHIE MOTYT G, "Bhiriesiers” b Quike,
NaTeMATHKE, TpHHIIANAX 3HaHHi (prior
knowledge)

B IDHPOA H3HIECKHE MPOLIECCH ABTAIOTCH
BLAHCTHIANH. B KAACCHICCKOM CHMBOTHHO-
LHOPOBOM BLISHCTHTENbHOM pOLECCe,
HapHNED B MOACTH THIOpHHT BbIMHCTEHHS
ROTHOCTHIO abCTparpyIOTEs OF diiecKiX
npoisecco.

IDOEKTHpORANIE MATEPHATOB C HOBBINH
YTIpABACMBIMH (yHKLUOHQaMI

Femepaus MyRTH-QH3IHIECKOI MOTEH H
KOO8 HETIOCPEICTBNHO i3 OTICaIIA
IHIHIECKOTO heHOMeHa TPO3BOTLHOT
CromHOCTH Wi 0BupoCTH

CHOCTE CHCTEN, KOMILIEKCOB CHCTeN
HHCAO QUIMHECKIX (GEHOMEHOB BAXHAIX 41
TIOHIMaHIS TOBEACHHS CHCTeM GHICTPO pacrer

BUABIATY WA BKIONTS HETOCPEACTBHHO
B KOMIBIOTEDHOE TPOEKTHPOBAHI
usmseCKHe CBOTICTBA, TATTEpHH CBOTICTE
NaTepHan0n. Hanpwwiep BLISHCIeHIS CXex
'BOPOHOTE HCITOML3YA XHNHIECKHE eaKtyi
‘Takoli KowmbloTHIE, MeTOR07Or
BLIUHC/CHMTT OeHh XDDEKTHBHA TaK Kak
BICTIONGET B KOMIIOTHHT HENOCPEACTREHHO
abCTpaKtyi0 GroieCKIX CoOfiCT B BIAC
KO/0B TIDOTDAMM, BHINHCTHTEILHAIX CXEN,
aHanoroBLIX KOMbOTEpOR.

BOMOAHOCTS COYABATS W3 GYHKIHOHATHHX
NATEDHATI0B Gy HKIHOHATBHYIO TOOTOTHIO.
Mool MporpaNNIpyeNoii COKHOCTH

HOBbIE BLUHCTHTE bHbe CYOCTPATH 1
MaLIHHHLE, ATTODHTMINECKHE METPHKH
Ot 3 cioxeTon "Mauies TeoperH”
JIpexcepa (vauiia puryi0poBTeHHs b GHo-
NeHCKOH 0012CTH).

1. Coysaercs owronorus
axTyaTopos/poteccopos CATIP chcrew ¢
TIOTOKOM HOBBIX Pa3pCOTOK..

2. B OHTOTOTHH OCYINECTBARCTCH rOCTORHHSI
TIOHCK CHITETHHECKIX peuerii (4acTHAHbIX
WA MO YCTpOCTS).

3. CrasuTcs 3a7aua (Hanpwvep poGoT 478
WIpB/pazBHTIS KOTAT) 3aTeM B A@HHOT
OHTOTOrYIH BGHpAETCH OMTHMAT b
atyarop/npotieccop podora.

4. O6paTHaA 3a7a4a - BOMOKIHIE
T Y G
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NIRIE FeSpOnSe 10 any speciiic

General Medicine

leverage existing disease models, identify
abnormal health early indicators, and mine
existing databases (0 determine the most
valuable early indicators for abnormal health
conditions

representation of an individual soldier (a
holographic medical electronic representation
or holomer) that can be used to augment
medical care on and off the batlefield with a
new level of integration. This virtual soldier
be based upon a highly complex model

is derived from biologically driven
principles and populated with properties that
are extracted from evidence-based data

biological mechanisms of tolerance despite
active infection by a pathoge

general health of deployed troops

the urban balefield is decisively more lethal
(0 both the warfighter and the medic

Self-repairing systems should, in the near
future, be possible to design clothing,
memories, sensors - even helmets - that are
self-repairing using biomaterials. And, of
course, the advantage for the Defense industry
s that these would be zero- (or close to zero)
maintenance systems.

(0 detect exposure before symptoms appear,
what strategies can we use

Development of an upper limb prosthetic that
responds to brain control, a prosthetic that has
all the motor and sensory capabilities of a
natural limb. DSO is passionately committed to
this program because we want (o give our
wounded Soldiers the ability to pursue the
future of their ideas, whether they are returning
0 the Department of Defense o playing the
piano.

Biological approaches for maintaining the
warfighter’s performance and capabilities in
e S T LI TR T Y

FPERTISECTE NSAYNNON DERKINN .
TH0Y10 CrIEUHHIIECKYI0 BaKHYI0.

Obman meguuHa

ConepuIeHCTBORaMIE CYIECTBYIOHX MozeE
Gone3Heli, WiEHTHDHKLIR WHAMKETOPOB
pasHIX OTK70HeHHe, 1POpaGOTKA
CytecTayiouX G23 AaHHbX A1 OnpeeeHis
HaHGOCE LEHHbX PAHHIX HHAMKATOPOB
oTwTOWeHHT 0T HOpML

NIPEACTABENHE OTAETBHOTO COAATA
(FO70rpapMHECKDe MEAMIHCKOE HTeKTPOHNO
npeACTaBeHMe, F010MED) KOTOPOE MOAET
HCTOTb30BITCA A1 NOAEPAKH
MEAHLIMHCKONO YXO1 HalBie 1075 60R ¢
HOBH YOBHEM HITETpALyAH. ITOT
BUpTYARbHIE COTAGT OCHOBAN Ha OWeit
CHOKHbIX MOJRTIX HCXOARLINX 3
(GHOTOTHUECKIX IDHHLITIOB W 3aN0THEHHbX
HMEROIMICH AQHHBMH

GHOTOrHUECKIE MeXaHIBMS
WHAAGRPENTHOCTI K HATMSIIO B
OKpyAaloueli Cpeie Wi oprasve
aKTBHOI MHGEKLIM NaTOreHOB

[DaIBePHY THIE BOHHCKHE COCAMHNIS KaK MeTa-
OpraHI3M, MEAILIHA 1OPOBL 3TOTO MeTa-
opramma

TOPOACKDE rioe Gos SHAMTENHO Goee
CMEpTOHOCHOE Kak 715 GOHLOB Tak 1 A%
Meanepconana

Cawo-pemoHTHpyeMsie, Camo-3aKHBIAEMbE
CHCTEMS 1a OCHOBE GHO-NATEPHATOB CHOTyT B
Gmukaiiuiem GyayuieM Crar nemerTavi
KA, EKTPOHHOH 1 GHO->EKTPOHHOI
ANSITH MACCHBAMH AQT4HKOB W LEAMM
TIOBEDX-MO3OBbINM CHCTEMNH, TO tiew
parbitie Gounh e, M KoHeato 4
CYKGH GPMETICKOTD Tt HEATOBKHO, TO
3TH CHCTEMa TPeGyIOT HYEBOro (11 K0T
Hy1eB0TO) Y X072

CTATErH WCTIONK30BAHHS NDEA-CHMTOMHOT
AarHoCTHKH

CO3aHHE HAAEBIRNBIX TIPOTE30B TOTHOCTHIO,
KIK ECTECTBEHHbIE KOHESHOCTH,
ORHHAIOMXCH MOSTY. DSO OTHOCHTCA K
310it paGore ¢ ocoGoil MopaHOfi
OTBECTBEHHOCTLIO. Mt MOXeM 1 OIS AaTs
HaLLIMM areHbIM GOJiLi2w PeaTH30BLBaTS CBOW
WACH TIOCT YuaCTIA B GOeBlIX OnEpaAX.
KOTAQ OWM BepHYTHCH B MIHICTEpCTBO
OGOpOH, WM 3AXOTAT HFaTh Ha pORT.
BHOA0MUECKili IOX0A K COXPaHEIINO
(60ECTIOCOGHOCTH B SKCTPEMATHAX YCTOBMAX
=iy
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graphene - material system based on very thin
sheets of carbon atoms, only a single atomic
layer

graphene devices, carbon electronics, carbon
nanotube transistors

9. 1lonyuaem ABa ypOBHA aBTOHOMHOCTH -
aBTOHOMHOE NPOEKTHPOBAHHE/HABUIALMS B
NIPOEKTHOM NIPOCTPAHCTBE ABTOHOMHOTO
yerpoiicrsa.

Tpagen - MaTepHAT-CHCTeMa Ha OCHOBE
TOHKOIO C/10s YI71ePOAA (OAH ATOMHBIii C/0iH)

TpadiTOBbe YHKLMONAT, YI7EpOA-
S/IEKTPOHIKG, TPAHSHCTOP! YIIEPOAHbIX.
froaie
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chemical and biological functionalities

e development of non-natural affinity
reagents that can bind and respond to.a
selected target, as well as catalytic systems that
can either synthesize or degrade a desired
arget

Bio-Computation

Levinthal's Parados: in nature, proteins fold
spontancously at short timescales
(milliseconds) while it has been shown that the
protein folding problem formulated in the
digital domain, a complex optimization
problem, is NP-complete.

techniques and systems for performing
computation in bio-substrates
computing architectures based on biomolecules

development of biochemical signal
ransduction mechanisms
the intra-cellular signal processing system

developing computational methods and models
at the bio-molecular and cellular levels
ransduction of molecular recognition signals
into measurable optical, electrical and

mechanical signals

modeling and analytical tools for prediction
and control of cellular intemal processes and
systems of living cells

Nanoprobe

nanoprobes that enable real-time observation
of celular events without disrupting the
normal functioning of the cell

develop in-situ nanoprobes that enable the real-
dme observation of various cellular events
such as molecular binding to cellular receptors,
release of second messengers, gating of ion
channels, gene expression and mRNA
production, protein synthesis, etc.

technologies to interrogate and analyze single
cells

hybrid (biotic-abioiic) nanoscale inerface
technologies that enable direct,real-time
conversion of bio-molecular signals into
elecuical slamals

MESIPA TSI USSR C VS
XHMHHECKINIH 1 GHOTOTHCCKIMH (yHKIANH
covae eneBx pearenton 1

e ————

Buo-BhmmCTeRs

Tapanoxe lesuiiras - b ecrecToennbix
YCHOmHRX GenK CRABIOTCH
CaMOCTORTe b0 B Tesexi MIHCERYIA, Jl1A
LHBPOBBIX BHCHCHIIE CKIBAMBAHE GETKOB
- NP-TIOTHas 3aava CAOKHO ONTHMIIAH.
I BHTaTIMA ek HeT HAKaKOTO
“apATOKCa" HIOPMALIIA CUHTHBIETCH C
sHTeexi M. Kealimosas G1onorus -
TaGypoBatH BHTATIIM.
TEXHIKH 1 CHCTEMS BHITOHENHA BhASHCAEIH
B Gro-cyGerparax

HCTHTE bHiSe aPXHTEKTY Db OCHOBHHbE
Ha Growonexynax
paspatoTa npeoGpasosaress
GHoummeCKoro CHrara
BHYTPHKTETONHS CHCTENb 00aGOTKI
curmanon
PAIABOTA BHIHHCTHTE THIX METOAOD
Mozenei Ha YpOBHE GH0-MOTEKy 1 KICTOK
TIDEOGPa30BaHHE (PeHOMEHOB pACTIOSHABAHIA
NOTEKY? b HIMEDHMbE OTTHYECKHE,
SMEKTPHHECKHE W MEXAHHECKIE CHTHATH
CpeACTBa MozeTHpOBaNIR W arana 418
TDEACKa3aHIA 1 yTpaBeis
BHYTPHKTETONHNI NIDOLIECCaNI
CHCTEMaNH KHBIX KAETOK

HanonpoGuik

HAHOMPOGHIKH NOBOAIOLLYE HAOTIOATE
ROLeCCh B RO KieTKe 63 ee pazpyLeHi

HaHOTPOGHHKH BIpaILHEEMbIE W
EHOCHMHE HETIOCDECTBEHHO B OpraKeny
(AETOuIYI0 CTPYKTYPY, ONAHOIHYIO KACTRY,
cybRneTouyI0 Opraneny) a1 Habnioeni
KICTOUHbIX COOMITH - MOTEKYADHAIX
KOTAKTOB PeLIeTITOpOB KAETkH,
BHCBOGOKAEHHE BTOPHAHBIX CHIHATHHAX
MO7EKY?, TRpBITHE WO KaHa70B,
SKCTIPECCHA TeHoB, Mpow3B0ACTB0 MRN,
ires nporewos etc.

TEXHOROT MM AOCTYia K HCCIEAOBaIIIO
oaenbof Knerwan

P (Rimo€/CKyCCTBENHOE)
wTepdeiic HaowacuITaGos, no3onO
HENOCPECTBENHOE, B PeaTbHOM BpeNeHH
SiEnfeinoaatais o R EAT
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Cycles, this type of protocol is within the scope
envisioned for MicroFlumes.

integration of transport/chemistry models with
models for optics, electronics, mechanics, etc.
a the system level.

integrate on-chip fluidic transport components
with sensors for dynamically controlled surface
properties that enable active chips by feedback
control

technologies for integrated biofluidic
microprocessors capable of on-chip
reconfiguration and self-calibration via
feedback control

complete "sample-to-answer” solutions in
chip-scale devices

multi-channel telemetry microchip for
neurophysiological recordings in behaving
animals.

integrate multiple fluidic components
(sructures, sensors, and actuators)

microfluidic devices will be developed and
used for high throughput screening and
analysis of single cells containing novel
signaling components and circuits

integrate on-chip fuidic transport components
with sensors for dynamically controlled surface
properties that enable active chips by feedback
control

micro total analysis (micro-TAS) or “lab on a
chip" diagnostic devices

nanoscale bio-electronic interface technologies
extendible to array platforms that enable
combinatorial, dynamic (real-time) sampling of
stochastic signals from individual bio-
molecular receptors in order to develop unique

ignatures for various target molecules of
inerest.

in vivo nanoplatforms (IVN)

Biomagnetic Tag
a ransduction mechanism based on a bio-
magnetic interface
implementation of a biomagnetics transduction
mechanism
abilty to measure with great precision
Snkincically “iaaa bicesolecules and calls

FERETRNE &3 D0 NUNGIE CP1 CONPINR, IO .
3 1 ABIACTCR 3aAaETE MAKDOKHIKOCTHOTO
(MicroFlumes) nporokona

wirerpauns a e
TPAHCTIOPTHEIN/XHMHHECKI "Lex08” C
ONTHHECKINM, 7EKTPOHHBINH,
MEXIHHNECKINI W APYTIMI "LiexaN”
KMANO-TDaHCTIOPTHBIE KOMIIOHEHTH WHTa
MMEIOUHE CEHCOPiS /7% AHHANHNECKOT
KOWTpOA CBoOficTH paBoueii nosepXHOCTH

GHOKHAKOCTHAIE TPOLIECCOPHI KOTOPHIE MOTYT
CaMO-KOHDHTYPHPOBATLCH M CaNO-
KaHGpOBATHCH

ROTHaA AHATHOCTHPOBKa Ha T B pexdmME
“obpaset-orer’
NHOTO-KGHATbHEE TeEMETPHYECKHE ST
AR 3anHCH HEApOIIMOROTHHECKITX AaHHBIX
HHBOTHBIX
MHTErDHPOBIHHHIE CAOKHHE AHIKOCTHbE
KOMIIOHeHTS (KOHCTpYKTHBIE JMeNenNTH,
AGTARH, WCTOTHHTEH)
MIHKDOXHAKOCTHAE YCTPOTICTEA C HOBbINH
CeHCOPHIMI/CHT Ha T LI KOMTOHENTaNH 1
CXEMaH 1A BHICOKODOHSBOMHTE ILHOTO
CKaHMPOBAI 1 AHATIIA OTACTHOT KTETH
MAKO-TDaHCTIODTHBIE KOMIOHEHTS iTa C
CEHCOaVH 1A /WHAMHYECKOTO KOHTPOIS
PaGOseli N0BRXHOCTH Ha IPHHLITAX
ofparioit cosn
AWMATHOCTIYECKHE pHGOpH THIA MIHKPO-
rauibii anants (micro-TAS) win
aGoparopus wa e’
HaHOTEXHONOTHH GHO-37EKTOHHOT.
wiTepeiica peanyenie s niaThopax
MaCCHBOB OGPIOB C UIMPOKINM AHATZXOHOM
PACTIO3HABaHHA, PAGOTAIOLIHE AWHANIHIECKH (8
DEQTLHOM BpEMeHH), AOCTYII K paCTO3HaHHIO
GO~ A@iHBIX C OTAEbIBIX GHO-MOTEKYASDHbX
PENCTITOpOB M NoCTEAYIOLIaA Pa3pAGOTKa GHO-
CHHaTYD teneBbIX MOREKy -y
MIDKIIEDHaS HaHO-TATHOpVA B AIHBOT CpEsE

BHOMarHHTHbIE METKH

CIOK GHONpOTOKO0B GHOVGrHHTHORD
wireppeiica

paspaboTka apxiTeKTypht 0GpaGoTKIH/Cavo-
KIHH GHOATHITHAX TTEpHOB CHTHATOB
GHO-BOCTIDHIMAWBOCTS K MOTKY M 1
e Gectmi Sl e G





image36_5e983f8113c4065d5c13d8da_jpg.jpeg
and Cawes mechanisms that expiaim and
predict the emergence of "collective identites”,
emergent social phenomena like collective
lenity presents, resilience in social networks
and structures, changes in cultural norms or
beliefs, emergence of
cooperation/competitions, social influences on
preferences and cognition, etc.

platforms and tools for understanding causal
mechanisms of emergent human social
complexity

(0 assessing and leveraging human individual
and social variability 10 enable novel
capabilities

identifying the primary drivers of social
cooperation

0 determine fundamental measures and causal
mechanisms that explain and predict the
emergence of collective identity
computer-based social-system simulations with
causal rules as testbeds
 validate the accuracy of various social
science modeling methods

insight into the diversity and complexity of
human cultural models, as well as lead to better
understanding of when, why, and how groups.
often interpret the same world differently
design of agile, hybrid teams of multiple
humans teamed with intelligent machines
(human-machine systems, hybrid teams)

Design

The mosaic strategy - focus on trusted
connections between known entitis, enabling
easy backwards compatibilty and just-in-time,
custom creation of any needed connections to
enable rapid, inelligen, strategic assembly and
disassembly of diverse systems. This construct
opens a virtually limitless possibility for
creating effects webs at the tactical,
operational, and campaign levels.

a formal language for complex adapive system
composition and design

augment language and improve the
specification of complex ideas

develop or discover a new set of building
blocks to describe conceptual designs

a formal language for complex adapiive system
composition and design
i o eslace th il

i

IPOTPIRIR ONPRFRISINR (YHAMEHTLIIX
OKASATE 1 MDHSHHHbEX MEXEHIINOB
OGLACHAIOU 1 NPEACKATBAIOUIX
OGpasOBatMe "KoneKTHBHBIX CyuOCTEi",
COUMATLHBIX EAMHHIL 1 KOMIVICKCOB
YCTOIAMBLIX B COATbHIX CeTAx,
0Gpa3YIOUHX KOOEPaLHIO/CONEPHIIECTEO,
COUMATLHOE BASHHE Ha NDEATIONTEHHS,
KOTHITHBHbE CTYKTYPH €1

IUIATGOpMBI H HCTpYMeHTApilE NOHINaHHS
COUMATLHOTE MEXaHWKH 0GPy IOUIXCH
CromHX CTpYKTYD

TIOCTIDKEHHE W YCHACHH SeToBeecKoii
MHAHBIAYaTLHOCTH H COLHATLHOTD
NHOOOGPA3HS A1A IDORBTCHHS HOBHIX
cnocobocTeii

OnpeseHTL MepBHIILE ABHKHTENH
counanHoii Koonepaty

ONEAEAINTS Gy HAANEHTA LHHE NapaveTpH
IDHAMHHBIC MEXEHWXMB 0GPa30RaHHS
couaILIX eI

KOMTLIOTEDHIE COLMATLHbIE MOACTH CO
BCTpOCHHBINM "npaBIAAMI A AT
NIDOBEPKH NETOT0B COUHATHOTD.
orenHpoBa

IDOHMKHOBHHE B CYLHOCTS Pa3HOOGPA3HA i
CHORHOCTS Ky Ty pHBX MOZETEH,
HTEDIPETLIA COUMATLHAMH TpYTINaNH
wipa

IDOEKTHpOBANHE AVHAMHUHHIX CHCTEN 13
KOMaNA MHOeH 1 KOMa Mt

IpoexTuponanie

Mosauiias Crparers - npespaierie
CHCTEMb B AHHAMHIECKYIO CeTh C
Ge3romeutam GoraTCTBOM HepapNii, THIOB
Y3708, Ctsei, TaKTHK  CrpaTerii
opmposanis cern,

OPMATLHBIE THIKH TPOCKTHPOBAIHA
KOMTOLI KOMIVIERCHLIX AMTHBHbX
cucren

DACUIMDITY, YCHTHTS BOIMOAHOCTH 530K,
DTN TPOEKTHPOBHHS Y7y SULMTH
crewgUKaINO CIOKILX Wit
Da3pABOTTS WM OTKDHITS HOBTi HaGOD
KOHUETTYARbHBIX CTPOMTbHbX 6710KDB,
HOBLE OHTOTOTYI M HOBIE Ga3hi OTOTOTTi
OpMATLHbH F3bIK CHEPXCTORHBIX
B CHCTEN

o2 PR O S





image23_5e983fe613c4065d5c13d901_jpg.jpeg
EVEE (REease
100ls 10 engineer mammalian cells for targeted
drug delivery and in vivo diagnostics

Creation Living Tissue

ransition of synthetic biological systems from
well-defined laboratory environments into the
more complex settings typical of DoD
operations

Living Foundries program aims to enable
adaptable, scalable, and on-demand production
of critical, high-value molecules that are often
prohibitively expensive, unable to be
domestically sourced, and/or impossible to
manufacture using traditional synthetic
approaches by programming the fundamental
metabolic processes of biological systems to
generate a vast number of complex molecules
that are not otherwise accessible. Through
iving Foundries, DARPA is transforming
synthetic biomanufacturing into a predictable
engineering practice supportive of a broad
range of national security objectives.
The BETR (Bioelectronics for Tissue
Regeneration) progra:
- increase the number of independent signals
that can be monitored:;
- increase the number of stimuli that can be
administered to the wound;
- improve spatiotemporal resolution of
actuators and sensors for a more complete,
expedited healing process;
- an actuators must intervene in various.
physiological processes (angiogenesis, stem-
cell migration, elc.) at relevant time points;
- examples of actuator function include
modulating the immune system response,
recruiting certain cell types to the wound,
and/or directing stem-cell
- biochemical and biophysical sensors
precisely determine the current wound state;
-an adaptive learning system is required to
connect sensors and actuators for optimal and
directed temporal and spaial responses;
-bioelectronics closely track the progress of
the wound and then stimulate healing
processes in real time o optimize tissue repair
and regeneration;
- drive optimal growth and repair of tissues in
B el

MIDKHHHDHHT KTETOK MICKOTIHTAIOUGAX AT
BPAGOTH (GapMA-CPECTS  AHArHOCTHRH in
vivo

Co3jjaHne XHBOH TKaHH

nepexox cunTeTIeCKI Go-cheTen (Gho-
AOTHHECKIY) CHCTEM, 0T X0poLIo-
CTpyKTypHpOBaHHOIt TaGOPTOPHOI CpeAb K
Gonee MoubIM CrOAHBIM MAGTGOpNaM -
ONIPATHBHbIM EAMHALAN NHHHCTEPCTB
060pos.

Tporpawa Bro-aGpuka npeanonaraer
TDOCKTHPOBaHHE-TIPO3BOACTED
TIPOTPAMMHSX NETABTINOB GHOCHCTEM
KPHTHUECKIX A7 HaLOHaTLHOTH
Ge30MaCHOCTH 1 3APABOOXpaHEHHS MOREKY,
KOTOpE He/l3# MDOHSBECTH COBpEMENHbIMI
MeTOaNH. CHTETHNECKDE GHOTPOW3BOACTBO
AOAHO CTaTh KOWTPOTHpYENOFt HiKerepHOf
saavei.

BETR - nporpawsia Go-37exTponiikit
p—y—

- YBTUHEHME HHCTA OTCIEXHBAENHIX
crmanos paneris;

- yBTEHHE HHCTA CTHMYITOPOB.
saRmBIeHHE;

- YBEIHHEHHE AT CDEACTS KOHTPOTA 1
‘ynpaBens pawoii;

- YBHHHE TDOCTDAHCTBEHHO-BPENENHOTD
PaSpeEHI AKTYaTOpOB H CEHCOpOR AT
G0/1ee NOIHOTD SKHBTEHHS H TPEOAOTEHIS
[ p—

- GKTYaTOpbY AOAHE YHACTBOBATS B HYKHBIT
MOMEHT B B a3 TIHHBX GHIHOTOTHUCCKIX
npoueccax (angiogenesis, stem-cell migration,
ey,

- npHNEpH by aKTyaropon:
MOZYAMPOBaHHE PEGKLLHI HMYHHOTH CHCTEN;
TDHBIEKTS K y4aCTIHIO B SaAHBICHIN
cooTBeCTBYIOUHE THI KAETOK Wi
HANaBATE, PAGOTY CTBONOBHIX KIETOK;
R e
CeHCOpHI TONHO OTIDEAEASIOT COCTORHME Pati;
- 7ANTHBHS CaMOODY SaIOLIACH CHCTEMA
CoRABaIONIaA pABOTY 1O SARHBTEHIIO
Cencopos w akTyaTopos;

e . S
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signaling in the brain that mediates neural
plasticity and facilitates long-term retention of
new cognitive skills

brain chemical signaling: a new input signal
for brain-computer interfaces

scaling up computational models of visual
processing in cortex

(0 provide precision communication between
the brain and the digital world

interaction between brain and parallel network
of nanoelectronic/photonic arrays

brain’s neural orchestra

the opportunity to unlock the mysteries of the
brain

restore health by stimulating peripheral nerves
to modulate functions in the brain, spinal cord
and internal organs

clnical therapies for treating networks of the
brain

Brain interface
hamess to measure the speed of thought

Coupling of Brain with Microstructured
Electronic/Optoelectronic Arays
wireless brain modem

(0 noninvasively capture the brain's internal
communications

lly theses interactions are with peripheral
devices, but ultimately it may be interaction
with another br

brain inerfaces have the potential 10 give
researchers deep insight into brain function
Normal brain movement may cause micro-
motion at the tissue-electrode interface

a DBS (Deep Brain Stimulation) implant, a
device that delivers electrical stimulation to
reduce the motor impairment caused by
Parkinson's disease and dystonia. These
devices are also being studied as therapy for
denion Dhsmive Gl diaaie:

C OUYSISIRISM [IAS RODLISION TPSICRODASIIE
(boost) Hefipoxsnwiueckoi curraan b
MO3Te, HeFipOnIACTHIHOCTH
AOIFOBPEMEHHOMY YACPAAHIIO HOBLIX
KOHHTHBHBX KOMRETEHUIT

CHTHATLHBIE CHETeNb MO3Ta, HiHTEpdeiich ¢
apTEaKTaNH CHIHATLHbX CHCTEM NOTa
BBUHCTHTELHbIE NOZETH BH3YaTLHOT,
HCKYCCTBeHHOT ChepX-Bi3yanbHO 0GpaGoTn
B Koprexce

ONIDEAEANTS MPHPOHHIE BOMOKHOCTH
KOMMYHHKTODOB MOST-CHMBOT-06pa3,
BOMOHOCTH PE3KOTO pacmpenis
yHKLMOHANA MO3Ia W CHMBOTbHO-
GPIHOTO MPOILECCOpa MOCPEACTBOM
apredaxmon

BSMOICTCTEHE MEXAY MOSTOM 1t
APAICTLHbIM TIOTOROM CHIHAT0B HaHO
IKTPOHHO-ONTHYECKITX MaTPHIY

OPKECTD MO3Ia - MHCTPYMENTS, NapTHTyphi,
MCTIOTHITEH, U7, FapMONIH, COTbBERKHO
Nosra

PaGOTaTL B OGAACTH MHCTIHKH-GWTOCODHH
No3ra

BLyI0pOBREHIe CTIMY AR Mepedepiiibin
HEPBOB MOZYIMDYR DYHKIAH MO3F3, CTIHHHOTO
MO3Ia U BHYTDENHIX OprarOD.

CPEICTBa /1% KMHHSECKHE PaGOTH CO
rineprpadav, cxewan, ceTav Mo3ra

urepdeiic ¢ mosrom

METa-MO3IOBaA CeT (10CTOBHO YTIDRKS) A1
W3MEpeHHS COPOCTH MICTI

CPALIMBIHIE MO3IA C MHKPOCTDYKTYPHAINH
IKTPOHHO-ONTHYECKINNH MATPHIIAMI
Gecnposoji MOeM C MO3IOM

Gop pHyTpeHHIX CoOBenH B MOSTY Ges
BTOpAeHIS B OpraIEM

AOCTYIT K CHCTeNe KOMYHHKaUi BityTpi
oprasva

CHaNATA KOHENHO B3ANMORETCTBIE MOSTa C
BHEWHIMM YCTOTICTBANH, HO B KOHLIE KOHIIOB
370 MOKET GuiTh BHMOTETCTIM € MO3TON -
Mo3r (cosmanme - cosmanme, sel 2self)
MO3IOBOTE MHTepeFiC HeeT noTeryan
EAYGKe NIpOHMKHYTh B paGOTY MO3Ta
OGHHbIE ABHKEHIS MOSTa MOTYT IDHBECTH K
MIHKpO-CMeLeHIAM HiTepdeiica I7eKTPOA-
Mo3rOBas TRaML

EYGOKHE MOSTO-HMIVAGHTH ATA 71€KTPO, G0~
O7eBOI 1 GHO-XHMINECKOT HHTETpaLI
HCKYCCTBEHHbIX CHCTEM C MOSTOM € Enbio.
eNeHI, BOCCTABHOBEHHS H PACIIDEIHS
YHKUMONAa MOSTa: ABHATE ALY,
Tl Ao (e
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(Ihon Banotibe ATays With superior spatial.
resolution endowed by superior
electrical/mechanical properties

Biological processes are characterized by: low
energy barriers (~10Kcal, high
temperaturespressures not required); high
reaction-, regio- and stereo-specificity
(protection/deprotection wastes and catalyst
poisoning avoided); spatio-temporal control of
materials synthesis of defined composition and
size with angstrom-level precision; and local
control of the dielectric environment (largely
eliminating the need for toxic solvents).

nanoelectronic systems that will enable
revolutionary advances in computing and
sensing

revolutionary concepts in analog-to-digital
conversion

3D interconnect

Pushing the limits of scaling and integration

biomolecular motors are nature's
nanomachines that convert chemical energy
o mechanical work with performance and
scale unparalleled by any manmade motors or
machines

operating principles of biomolecular motors

new generation of hybrid
biological/mechanical machines that efficiently
actuate materials and fluids at many scales and
could enable new classes of sorting, sensing,
and actuating devices

i vitro applications biomolecular motors (BM)
might include, but are not limited to, self-
fueled lab on a chip diagnostics, molecular
sorters, hybrid actuators or power sources for
robotic, MEMS, drug delivery, and other
devices. In vivo biomolecular motors (BM)
applications might include, but e not
o, perpetual physiological monitoring, drug
delivery, tissue regeneration and repair, and
prosthetic devices

YIREDORFIS HANOTRYORN ARN DOAYWeSIN
HeCTLIXaHHOI CTenenI paspewents, KavecTsa
CHIHANa W KOHCTpYKTHBHBX XapAKTEDHCTHK B
MOEKY/IADH  CYIPAMOTEKYTAPHbIX
KowmeRcax

'BHOTOHHECKHE NPOLIECCH XPAKTEPHEYIOTCH
HISKIMH SHEPIETHIECKIMH Gaphepanit
(~10KKa, Ges BhicoKoii
Tewneparypu/tawers); BCORDIE
PEaKLIHOHHOT, pearmpyKoILeit COCOGHOCTHIO
Crepe0-ayBCTBHTERLHOCTHO (6653 BpebX
BEUECTB OTPBAIOILYN/AKPHIBIIOUIX
DEaKILH); MPOCTPAHCTBEHHO-BpEMEHHbI
YIpABTCHEM CHNTESA 3aAaHHMIX NATEpHATOR
€ TOHOCTB0 70 aHICTeN; fOKATbHIM
KONTPOEN AWYTEKTPHIECKOTO OKpYAetis (10
Gonbieli waCTH Ge3 HCTIOTb30BaHIA BPEAHbX
pacraopuTenei).

CHCTEMb! Ha OCHOBE HAHODEKTPOHHKH
DAAHKATEHO HIMEHSIOUE BOSMOKHOCTH
BAAHCTHI, AGTUKOB W CMBICTOROTE
ATpYAEHHOCTH CHIHAT  BCeit naNsTH
crcrens

3-MepHbIE CoIH B 07y TPOBOAHMKOB 1
GHO-MOTeKYIAPHLIX IPHGOPAX

TIponaswrs, weliky paswepHoCTH
WITEraUH B CIEAYIOUIHE MACITAG
DEIMEPHOCTH H (hYHKILHOHaHHIE TODHIONTE
GHOMOTEKYAADHHIE BHTATE/ - eCTECTReHIbE
HaHOMALIMHbI TDEBAILEIOUME XHMHIECKYI0
SHEPIIIO B MEXAHIIECKYIO PaBOTY C YpOBHEM
TIDOHSBOTHTELHOCTH HeCPaBHEHHO
npeswma0upH bexnBoCTS ABrareeit
CoManILX SeoBeKOM

IDHHLIITS PAGOTH GHO-MOTEKYADHBX.
Awwrareneii

HOBOE NOKOIEHHE THOPHAHLIX
GuonOreCKINY MEXaRINECKIX MK
KOTOpHIE Ha HOBOM yPOBHE HbexTHBHOCTIH
HCTIOL3YHOT MaTEpHATA W AHAKOCTH /1%
BLAOHEHIA ACVCTBI, U AGIOT BOMOKHOCTS
COMaBaTH HOBbIE KAACCH COPTHPOBKH,
DACTIOSHABHIS AQHHbX, CEHCOPOB H
[rE g —

nIpHMeHeHHe GHOMOTeKYIAPHbIX ABHTaTe/eii B
MCKYCCTBEHHOT CDEAE MOKET 3aKAIONATHCS, HO
HE OrPaHHAHBIETCH, CAMO-THTAIONMICH
TAGOPATOHAH Ha UHTE, MOTCKYADHENH
COPTHPOBILIKaNH, THOPHAHIINH
ABIKITEIANI W HCTOMHWKIMIH NHTaHIA 473
poioron, MEMS, npoissoacreo nexapcrs i
Apyrwe ycrpoiicTsa

B AMBOIA CpeAe GHOMORRYIApHIE ABHTaTE
MOTYT HCTIOTLI0BITLCA /1% MOCTORHHOT
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Farmacology

radically accelerate pre-clinical evaluation of
the safety or efficacy of therapeutics and
vaccines

reduce the medical logistics burden in the field

Panacea aims 10 integrate systems
pharmacology and advanced medicinal
chemistry approaches to expand the human
drug target space for therapeutic interventions
in the areas of acute management of pain and
inflammation and the improvement of
physiological endurance under oxygen-I
conditions or environments.

production of multiple drugs from a single pro-
drug,

two integrated research thrusts: the Pharmacy
on Demand (PoD) and Biologically-derived
Medicines on Demand (Bio-MOD) initiatives

ted

Neurology

mental illness have essentially been a black
box against which doctors try a combination of
medication and counseling, but because we
have lacked a mechanistic understanding of
how these illnesses manifest in the brain, these
interventions are limited in their effectiveness
and applicability

(0 map the neural circuits governing the
physiology of diseases

new neurotechnology for analyzing neuronal
activity across sub-networks of the brain to
enable next-generation therapies tailored to
individual patients

the device will use direct recording,
stimulation, and therapeutic approaches to
encourage neural plasticity, with the aim of
rehabilitating the circuits that appear to be
driving pathology and free an individual from
psychiatric or neurologic symptoms.

(0 protect cognition by blocking the pain
receptors right at the injury site to prevent
them from firing and sending a pain signal (0
the CNS. This will help a Soldier remain alert
in dangerous situations.

severe pain is eliminated for weeks with a
dhinle deie’ sadd T ndvertie Dikritive elfacti

‘Dapmakonorus

DaAMKATbHAS MPOTHOCTHK
dapwaesTHICCKIX CPRACT.

CHIBKeHIE MEAMLHCKOTH /0T HCTIECKOT
C/IOKHOCTH Ha nofie GO, 33 CYET MTHOBEHHOTO
cHiTesa neseGHbIX CpeACTS.

Panacea - HiTerpauyis cHCTeMHOT
GaApMIKOTOH, MeAMMHCKO XinH A1
pacuumpens 0671aCTH BoYAeHCTBHS
TepANeBTHYECKOrO BOIALICTBHA B 0GMACTI
KOHTpOS OCTPOii GO H BOCTaTeHHS, 1
nOBbiLIEHHS (3HOTOTHYECKOI BLIHOCTHBOCTH
IpH KCTOpOAHOM AebiLyrTe.

TIDOMSBO/ICTEO MY THTH-IEKapCTS U3 0~
apwauesTHecKoro cyGerpara

/4B HHTeTDATLHbIX HCCTEAOBATE TLCKIEX
‘Hanpansenys: dapwauys 10 3anpocy (PoD) i
Buooriiecki-HexoHas Meauiya o
3anpocy (Bio-MOD)

Heiiponorus

ECM NCHX0A0rMueCKast Goests - uepHbiii
S, TO eveHie MaTOXpEKTHBHO.

KapTUpOBaHHe HHpOCXeM yNpaRATIOLX
duamonormeii saGonesaiinii

HOBAsH HIPOTEXHOTOTHS - HOBAs
HelipoTepanis

MOHITOPHHT M aKTHBHO® Y4aCTHe B NpoLeCCay
naCTHHOCTH HeifpocyGeTpara,
npeOTBpaLeHHe naToOr it

3AITA COIHAHIA 1 COXDAHEHHE AKTHBHOCTH
Co3HaRHs fIOKa/M3aLMeli GO

CUbias GO YCTPHACTCS Ha HEARTH, He
JAREDS N ARG R





