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DARPA-Russian
Concept Dictionary

JAPITIA-pycckui
C/I0Bapb KOHIENTOB

Konnekuws Hanbonee WHTEPECHbIX KOHUENTOB, SpKMx nekcem DARPA ui chepe!
MCKYCCTBEHHOMO MHTENNEKTA C NEPEBOAOM HA PYCCKMA A3LIK, C UMNPOBU3ALMAMK.
MCTOUHMKM 1 KOHTEKCT Nerko HaxoguTes B Google, cnpasoynoil cucTeme DARPA,

DARPA Understandig

R&D Directions
Biology, Socio, Design, Computators, Mathematics,
Military organisation, logistic, Medicine, Brain

Doing sense
Brain
Brain interface

Neuron
Neurosensars, Neurocoding, Neurointerface, Intellect
Neurology, NeuroControl, NeuroTherapia

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

Cells/Biomolecules

Creation Living Tissue

Bio-ldeology, Nomenclature, Bio-Constructor, Bio-
Computation, Nanoprobe, Bioscaffolding, 3D Living
Substrat, Immune System, Organoid system, Super
Organoinds, Accelerated Healing, Bio-substrates
computation, Plant

Digiv'Life
Bio-Method, Biosensors, Creation Biosystem

MEMS
MEMS-Insect, Manipulation and Measurement
Microfluidic Chips

Biomagnetic Tag

Human-Machine

Healing

Monumanne Japrisi
Hanpaenenns uccnegosaHmii u

paspaboTok
Buonorua, Couponorus, [poestiposanie,
Brramcmrenn, Maremaruga, Opramsauns BC,

norwcTHka, Meguuuna, Mosr
PaGoTa co cMuichami

Moar
Hurepdeic ¢ sMoIrom

Heiipon

Hedipocencops, Hefipokogupossa, Heiipo-
wurepdeiic, Hefiponories werewesta,
Hedipoynpasnenne, Hefiporepanis

Terom

Hasocrpykrypet renoe, lesetiueckne
npoueccops, Pelakmiposanne reHos,
lesemueckan meguuusa, lesetHyeckie BoiiHb,
Ixcrpemodiis

KnieTkH, GHOMOMEKY b

CO30aHHe KUBOI TKaHH

bBuo-waen, Homenknarypa, buo-sokcrpykrop,
Buo-surancnenns, HavonpoGuuk, Hlacon
cumTerHueckoit Guonorum, 3D smeoil cyborpar,
Huisyuman cierema, Oprad-cicresa, Cymep-
OpTakl, YCHOPEHOE MeueiHe, BRraucanTe sHA0
Oro-cyBoTpar, PacTenya

Lnppa/muine

Methog Guo-norin, Brocencopel, Coagarne Gao-
cHETEM

Muxpo-3nekTpo-MexaHHueckne
CHeTeMi
MEMS-HacekomMile, MaHEMyIRIHK, HIMEpEHHA

MHEKPORHIKOCTHEIE YHITL
BHOMarHWTHBIE METKH
Yenorer-Maimua
TMevenue



Microfuel cell TonmmeHble MUKpOsyeiiki

Materia Marepus

Quantum, Soft-matter, Molecular fotonic, Physics- Krantym, Markas TkaHs, MojekyiapHas
Chemistry thoToHmka, DuIMKa-Xumua



DARPA Understandig

fundamental understanding of neuroscience is
going to have a tremendous 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

to elevate Al to the role of an insightful and
trusted 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 remendous 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 concepts for power generation
and energy storage at all scales

coordinating aggressive technology
development activities
sensor dominance

IMonumanue [Japnbi
NPOHHKHOBEHHE B CYLHOCTL HelipodeHomena
OyeT HMETh KaPAHHANILHOE BIMAHHE Ha
patory DARPA B ciefyiomem AecaTiaeTH
JAPHA - coampaer. JJAPIA - s1o tpaguima
CO3AAHMA COODIECTRA TROPLIOB
Ipou3segeHnii.

IIOTEPHULCKAN MATEMATHKA BO/MLUEGHBIX
TEXHOIOMHIT

ypo#ait HerooGPaIHMBIX TEXHOIOTHYECKHX
CHOPIPUIOE

nogHATE ponks UK 10 nposMuyarensHoro u
BLIILIBAIOLLIETO JOBEPHE HAYUHOMD CO-
TPY/AHHKA

GBICTPRIN K AEeRLl JOCTYN B KOCMOC

OJIHH TOJ], CNOKDHHOH KOHUENTYansHO#
npopaboTiH

MOKHD JTH NPHAYMEATE TaKOH CeTeRi Ceparc,
KOTOPBII TPAHCHOPMHPOBAN Obl PAIBHTYIO
CEThb B MNOCT-CETEBYI0 HHPACTPYRTYpY?
CHCTEMHBIE TEXHOOTHH TOYHO ONpEeensioiHe
rpaHniib GYHKIHOHANA CO3aHHOH CHCTEMbI -
"He Hoasiwe - 1 He MeHbLIe"

npegensHeiH koMneoTHHr - WH: cybmuasnan
KOHTHHHHTYA/IbHas CHCTEMA MPOHNILIBAKOLLAS
CYTEPKOMITBIOTED

TEXHOIOTHA HAHOABHACTPOEHHA

noHHManne GAOKHPYIOLLIKX BOCHHLIX CPeJCTE
(He-CMepTeEHOND OPYHHA) Ha moed;
NOHHMAHHE MEXAHHIMOR, TAKTHYECKHX W
CTparerHyeckix MepoiesTHe
HETPAIHLMOHHBIX CPEACTE BOIEHCTEHA Ha
UEIOBEKa W TEXHHKY

ABTOMATHYECKAA NOrHueckan npopaboTka
(reasoning) kpynHomaciuTabHeIX 33134 1
npofnem. Hayano pabors - nogrmodenie
Beero GpoHTa CUCTEMHOIO M METACHCTEMHOTD
NPOEKTHPOBaHHA HPOPMUPOBAKHE J0MEHa
3HaHMii no gasksoiil npobneme

MATepPHabl W KOHLETLHH NPOHIBOACTEA H
XPAHEHHA JHEPTHH BO BCEX Macurr.]ﬁax ('I',E, aT
CTPaTeriueckoro KOMaHjHoro-
HCCNegoBaTeNLCRONo wraba a0 HaHoaATUHKA)
H € NepCnesTHROH abcomoTHOI MHBYUECTH H
caMoo0ecTeueHHs

KOOPAMHALIMA arpeCCHBHOND Pa3BHTHA
TexHoCheph

NOMHHHDOBAHHE BOCTIDHATHA Hal MOOLIM






establishment.

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

DARPA project based - all efforts typically 3-5
years long with strong focus on end-gpals.

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

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

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

the best place to 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 is to minimize any institutional
interests that might distract the Agency from its
imperative for innovation

bringing together people with the same
interests can lead to a non-linear generation of
ideas

DARPA is designed to be the "technological
engine” for transforming the Department of
Defense.

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

to imagine what a military commander would
want in the future
changing people's minds about what is

pazpaborok. bonsie ecero flapna Gourcs
GIOPOKPATOR, IT0 BO MHOIOM ONpeeiieT ee
TaKTHKY H CTpaTerHio.

PeLLHTe bHAR [0/1e[HKKS [MaBHLIX
ynpaensomux MO, cyllecTBeHHBI IeMeHT
pabots /lapna, nOCKO/ILKY ee MpoekThl
NpeaoTca aHademe TPaJHIHOHHBIMH
BOCHHBIMH W HCC/IEL0BATENBCKHMH
CTPYKTYPAMH H 0COIHAHHO OMMOHHPYIOT
TPaAHLIMOHHOMY MBIIIEHHIO H NOgX0amM
[Mpoexrw JAPIIA opuesTHpOBaH Ha
NPOJOGKHTENEHOCTE 3-5 1eT, HMeOT YeTKYH
HAMPaBIeHHOCTE Hd KOHEYHYI) Leb.
HeDOXOHMBIT 05CY HHBAIOLLMIT nepcoHan
JIAPTIA (TexHHYeCKHI, HAEMHbI,
ANMHHHCTPATHBHEIH) "pekpyTHpyeTca” Ha
BpEMEHHOI ocHoBe s ofecredeHs noaHoi
rHOKOCTH BXOAA H NOKHAHHA NPOBIeMHEIX
obnacreii De3 kagposeix npodnesm

ayuime meseepst JAPITA - sHTy3HacThl
cBO0OHO ABHIAHWMECH N0 BEIGPAHHOMY
NyTH

YIpaBAALDILHE NpOTpaMMamy (cepaue
JAPIIA) eeifHpatoTcs cpegy BblJaoLUHXCs
HHHLHATHBHLIX TEXHHMECKHX CNELHATHCTOB
AyuLIKii cnocod noayyYeHHs HoBBIX Hiei -
HOBBIE JIHAH, MOCKOABKY HOBBIE MEHEKEPI
XOTHT MePeHanpaBHTh PaboThl CBOMX
NpeueCTBEHHHKOR, a NP1 HeoOXOIHMOCTH
nepejenars Hx

Npofinema 3akIHHALTCA B MHHHMH3ALHH
AMHHHCTPaTBHOI 3aHHTEPECOBAHHOCTH M
BOIMOKHOIO YBAZaHHA OpraHu3anmun g
PeILIEHHBIX 3a/1a4aX, KOTOPLIE MOTYT OTBIEYL
AreHTCTBO OT €10 HOBATOPCKOID HMIEPATHBEA
cobpaHne BMECTe MOIeH ¢ OIHHAKDBLIMH
H/AEHMH MOAET NPHBECTH K HEHHeHOMY
BOIPACTAHMIO MOTOKA HAeit

JAPIIA - moTOp TEXHOMOMHYECKOTD
ofiHosnerns MO,

Bonbume oprannsauun tina MO nysaaiorca
B TakHx yuacTkax kak JJAPIIA, sanaua
KOTOPbIX HCKIOMHTE/BHO PaJHKANLHOE
HOBATOPCTEO.

Boobpazure, uro MoryT notpebosars B
GYIYIIEM KOMAHHPHL.

CHATL OTPaHHYeHHA C NPeACTaBIeH s mogei






a multihypothesis semantic engine that
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
information derived from those sources, and
generating and exploring multiple hypotheses
about the events, situations, and trends of
interest

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

Machine Common Sense - The first strategy
aims to create a service that leams from
experience, like a child, to construct
computational models that mimic the core
domains of child cognition for objects
(intuitive physics), agents (intentional actors),
and places (spatial navigation). The second
strategy seeks to develop a service that learns
from reading the Web, like a research librarian,
to 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

MYBTH-THIOTE3HAA CEMAHTHYECKAA MallliHa
reHepaliHi aiTEPHATHEHLIX WHTEPIIpeTaLmii
CcoOBITHH, CHTYALMA ¥ TPEHA0B H3 MHOIMX
MCTOMHHKOR, B CPEAE WyMa, Ae3sHHpopmanim,
KOH(VIMKTHOCTH

KapTHPOBAHHE JIEMEHTOB 3HAHMI
ABTOMATHYECKH BHIBOIMMBIX H3 PA3THYHbBIX
MEHa B ODLLYI0 CEMAHTHUECKY IO
PENPEIEHTALNID, arperHpoBaHme,
KOMIIEKCHPOBaHHeE, CO0PKa HH(OPMALHH 13
ITHX HCTOUHWKOE, MEHEPaLia i HOCeI0BaHHE
THIOTES O CODBITHAX, CHTYAUMAX, TPEHAAX B
HHTEPECYHOLIMY 0OMacTsX

MEK, MallHHa KOMIETEHLIMH -
BBICOKOHAIEAHAA MdIIHHA Hd OCHOBE
IKCNEPTHLIX KoMNeTeHLmi ¢ obyuennem, MK
0D/1afaeT aFTOHOMHOCTBH), MOMET CaMa
BEIOHPATE NPEAMETHEIN JOMEH KOMIETEHLIMH,
CTPATETHID W BEIPAKATE HX B MOHATHOH
uenosery opme 408 BeOpaHHBIX 387184 K1
YCIOBHIL.

Maumna 3apasoro CMbicna:

1 crparerus - Co3gaHHe CepEHCa

0By ualoueroca, W3 NpoHAeHHOND ONbITd,
AHAIOTHYHOTD ONEITY pefeHKa: cozaaHne
BBIYHCAMTEILHOH MOIEAH NOX0HeHR Ha
KIHUERLIE JOMEHEI COIHAHHA, NOHAMAHHA
pebeHRoM 0ObEKTOB (MHTYHTHBHAA ¢u3nKa),
AreHTOB (AKTOPBI MHHTEHLIMIE), MecT
(NPOCTPAHCTREHHAR HABHTALMA).

2 CTparTerys - CepBMC KOTOPLIH YUHTCA UMTan
CTPAHHLIBI CETH, KAK HOCAEA0BATENLCKYID
GuiinnoTeky, A8 CO3TAHNA XPAHHIHILA
3APABOrD CMEIC/A, CNOCODHOE OTBEUATH Ha
BOMPOCH CTECTBEHHOND A3bIKA H KAPTHHKH B
Npeeax JAPasoro CMeICIA.

CBOHCTBA MONEKY/! KaK MapaMeTphl
KOMINOHEHTOB cHCTeMB (00paboTkM JaHHbIX,
XMMHYECKOTD MPOLECCOpd,...)

Moar

MATEMATHUECKH COIIACOBAHHAN TPOEKTHAA
MOAE/TE MO3ra
Moaens Mo3ra ceifuac - To B yem Gonbile






sub-symbeolic "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 patterns that elicit sensory
percepts in the visual or somatosensory
cortices

optical interface approaches may require
molecular and synthetic biology development

to 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 external command
center that transcodes and processes neural and
digital signals

understanding what healthy brain activity looks
like across sub-networks

TTouemy He THHIBHCTHYECKas
NPEACKazareIbHas MOJEIs moara?

Bo3mokHa 1M CHCTEMa apryMeHTaL1 NpoTHs
CORAAHHA MOAETH MO3ra?

JI0-CHMBO/LHBIE arPerHpoBaHHbIe CTPYKTY b
MO3ra C PACTIPeSeneHHEIME AApaMH
BOCTIPHATHA KOMaH/-CHI HANOB

MakcHMansHO UenocTHan ¥ nondas pafiora ¢
mo3rom. Bo Bcex acnexTax ot nedebHbIX 10
HbIHE HEH3BECTHBIX.

MOHHTOPHHI CHCTEM MO3ra MOMTH B PeanbHOM
BpeMeHH JiA Hefiposo3jeicTeyoiLei Tepanmu

paboTa B peaisHoe pesxuMe paboTsl © Helipo-
MO3IFOBLIMH CHCTEMAMH YPOBHA YEIOBEKA H
NOCT-Ye/I0BEYeCKUMH

BLIARIEHHE MOACHCTEM MO NOKAIHIALIHH
Goneaneii

TEPANEBTHYECKHE CHCTEME BOYIECTEHA Ha
MO3r

pafiora ¢ NOKAIHI0BAHHBIMH H
pacnpeieneHHbIMH B MOINE NPOLIECCaMH

CBETO-CTHMY/THPYEMBIE NaTEPHBI BEIABAAIOUHE
BHIVAIBHYH) CEHCOPHKY KOPLI NOM0OBHOIO
Mo3ra

ONTHMECKHI HeHPO-MO3roBoH HHTepdeiic
MORET noTpefosars paipaboTex Guo-
NOJCHCTEM CPEACTEAMM MOEKYIAPHOID 1
BHo-CHHTESA

HCCIIE/IOBANHE TOTATALHBIX MO3FO-CTPYKTYD
NOCPEACTBOM MY/IETH-3ANHCeil/ CTHMy s L M,
HabmogeHus dy UM 1 aucdyHKLmii,
MOAEAHPOBAHHUSA HEfiPO-CHCTeM/ TIOBEAEHNA,
AKTHBHBIX METOOB HCCIEQ0BAHMA

Kak cBa3aHu HappaTHBHbIE W Hefipo-nona?

BOCCTAHOB/IEHHE \PACILIHPEHHE TIAMATH
IUHHAMH Hefipo-apredakTamMu
Heliponornuecknii ceHcop -
MMIUTAHTHPOBaHHEI B KOPY TONOBHOMD MO3Ta
Heilipo-KaHan/npoueccop

NOHATE KK BLITIAANT 30POBLIT MO3r B
aKTHBHOCTH cyG-ceTeil Mo3ra






with training to boost the neurochemical
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

to 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

clinical therapies for treating networks of the
brain

Brain interface
harness to measure the speed of thought

Coupling of Brain with Microstructured
Electronic/Optoelectronic Arrays

wireless brain modem

to noninvasively capture the brain's internal
communications

initially theses interactions are with peripheral
devices, but ultimately it may be interaction
with another brain

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

¢ ofyueHnem Jns B3peIBHOI TpaHCchopmatm
(boost) HelpOXHMHYECKDI CHIHANMKIALHA B
Mo3re, HeHponIacTHUHOCTH |
AOITOBPEMEHHOMY YAEPHAHHID HOBBIX
KOPHHTHBHBIX KOMIEeTeHLi

CHIHABHBIE CHCTEMBI MO3Ta, HHTepdeiics ©
apredakTaMi CHrHAILHBIX CHCTEM MO3ra
BBIYMHCTHTENBHEIE MOJETH BHIYANLHOI,
HCKYCCTBEHHOI CBepX-BH3yanbHOi oGpaboTku
B KOPTEKCE

OMNpPeeHTL MPUPOIHBIE BOIMOKHOCTH
KOMMYHHKATOPOB MO3r-cumeosi-o0paz,
BOIMOKHOCTH PE3KOT0 paciiMpeHms
(PYHKLIMOHANA MO3ra WHIH CUMBO/BHO-
06pasHoro NpoLEeccopa NoCpeICTBOM
apredakros

BIAHMOJEHICTRHE MERLY MO3TOM H
Napanne/ibHbIM NOTOKOM CHIHANOB HaHo
INEKTPOHHO-ONMTHYECKHX MaTpH

OPKECTP MO3ra - HHCTPYMEHTbI, MapTHTY phl,
HCTIONHHTETH, LeW, TapMOHHH, CoNbe Ko
Mo3ra

paboTare B 063CTH MHCTHRH-(MA0COGgHKH
Mo3ra

BRIFIOPORIEHHE CTHMYAALHEH nepedepHiiHiix
HEpPBOB MOJAYIHPYA (PYHKLIHH MO3ra, CIIHHHOTO
MO3Ta H BHYTPEHHHX OPraHoR

CpeACTBa JUIA KAMHHYeCcKHe pafoTsl co
runeprpafamm, CXeMaMH, CeTAMH MOra

Hurepdeiic ¢ Moarom

META-MOI0BAA CETh (MOCNOBHO VIIPAKE) 408
HIMEPEHHA CKOPOCTH MBICH

CPALLHBAHHE MO3ra C MUKPOCTPYKTY PHBIMH
INEKTPOHHO-ONTHYECKMMH MaTpHLIaMH
DeCnpoBOAHLIH MOAEM C MO3MOM

cBop BHYTPeHHNX cooDuiennii B moary De3
BTOPHEHHA B OPraHiIM

JOCTYT K CHCTEME KOMMYHHKALMi BHYTPH
opraHiIMa

CHAYA/Ia KOHEYHO BIAHMOEIICTBHE MO3ra ©
BHELIHHMH YCTPOICTBAMH, HO B KDHLE KOHLOB
ITO MOKET BITh B3aHMOEHCTEHE C MOIrOM -
Mo3r (co3HaHHe - cosHaHne, self2self)
MOFTOBOH HHTEPHERC MMEET NOTEHLHAN
rnydxe NPOHHKHYTH B paboTy Mo3ra
DDLI'IHHE HABHAECHHA MO3rd MOCYT NPHBECTH K
MHEPO-CMEIIEHHAM HHTepdeiica anexTpoj-






Tourette's and epilepsy.

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

inflammatory disease, post-traumatic stress and

other illnesses that may not be responsive to
traditional 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 neurotransmitters 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 for local field potentials.

JIENpeccHs, HaBAIUHBLIE HEBPO3LI, CHHIPOM
Typerra, snunencus.

HHTEPAKTHBHAA HEfpoIoris
UTEHHE/CTUMYIALMA MO3ra

Heiipon

HeiipoceHcopsi

HoBbie CeHCOPbI BLIABIAKOT CUIHAMBL, PHYEM
THIBI CHIHAMOE EUIE HE OTKPBITHIX W/HIH He
COBCEM NOHATHBIX HAYKe CHIHA/IOB, HANPHMep
fayKTYalHs HeHPOTPAHCMHTEPOR DKOO
cHHanca.

HiIH(IB.."II:‘lﬂ'p(IHHLIE MACCHBBI
NPOCTPAHCTREHHO-BPEMEHHOH BH3yaIH3alin
CHCTEMBI KOPTEKCa MO3ra

NPOrpaMMHele apTedakThl 408 CPAHBAEMEIX
HElipo - HAHO3NEKTPOHHLIX CHCTEM
MOTHMEPHEIE CYOCTPATEL H MET3-KaHANbHBIE
IYIIEKCHBIE YCTPOIHCTEA NMepMaHEHTHOI CBAIH
€ MO3TOM

CEHCOPHBIE TEXHONOHH HCCIE0BaHHA
KO/LIEKTHEHOTO MOBEAEHHA HEHPOHOB
NPOTPaMMHPYEMan HERPOHHLIR CEHCOP
{CcoueTaloWMHCA CO CTPOYHBIM TIPOLIECCOPOM W
ACCOLMATHBHON NaMATEIO)

PELENTOPHLIE MOYH HeHpO-XHMEp
Kananbls! npegcrasasor coboi
BCTECTREHHBIE HAHOMAIIHHE] KOTOPRIE
BBUIABIAT H YCHIHBAIOT KPOLLIEYHbIe
XHMHYECKHE CHIHAMBL.

l'eHHaR HHKEHEPHA NO3BONACT
KOHTPOMMPOBATE MONEKYISPHBIE CTPYKTYPhl
KaHa/blIgs.

ANMOPHTMBI JIEKDHPOBaHHA Helipocnaiikos M
NOKANBHEX NONEBLIX MNOTEHUHANDE



nanometer scale electronic synaptic
components

an interface that can read 10° neurons, write to
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 learn
to record the chatter of millions of neurons
communicating with one another in the
language of action potentials, local field
potentials, and chemical signals

(pagualu HeiipoHOR) Ge3 BTOPAKEHHA B
OpraHuIM
HAHO-CHHANTHYECKHE KOMIMOHEHTEI

OpPHEHTHPOBOYHBIE NAPAMETPLI NaPA/LIENLHOND
uHTepdeiica; urenne 10° HEHPOHOB, 3anKck
10" neiipoHos

HelipoKogupoBKa

TMOHATE KAK HEPBHAS CHCTEMA KOJHPYeT
MOTOPHO-CEHCOPHYI0 HH(OPMALIMIO PYKH

BU3YA/IM3aL{HsA HOBBIX KIACCOB Heipo-/jaHHbIX

Joctyn k Heiipokogam Ge3 BTOpaeHH B
OpPraHu3IM C COOTBETCTBYIOL|MM
MPOCTPAHCTBEHHO-BPEMEHHLIM pa3pelieHHeM
[U15 TIOJIYUEHHA 3aMKHYTOTO KOHTYpa
YIPABIEHHA BHELIHMMM Y CTPOFCTBAMM.

paciM)poBKa A3bIKa MO3Ta - KAK MbI YUHMCA
JANUCHIBATEL WebeTaHHe MUWITMOHOR HelipoHoB
ODLAKOILMXCA JIPYT C APYTOM Ha A3LIKe
AEACTBYHOLMX MOTEHLHAOB, TOKANbHBIX
MOTEHLHAMBHBIX noneid 1 XHMHUECKHX
CHTHATOB

[Mouemy cTonb YeTKHEH (PEHOMEH He J1a/1 CKO/b
HUOYAL LeHHoil nHdopMaLK o Mosre?
MaoxeT 1 ObiTh WeDeTanue HelipoHoB He
A3BIKOM, d HA0DOPOT - LIYMOM, SHTPONHe?
e B MHTepHeTe HaiTH ayquo-Qaiiib
ujefeTanns HeHpoHOB?



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

OHM FOBOPAT M0 PA3HOMY: OAHH - TPELaT,
JIPYTHE Le/IKa0T, TPeTeH nuwar. "Toeopar” B
GYKBANBHOM CMBIC/IE: HEAOBO/IBHO MBIXTAT,
KOIa SIEKTPO/ BTRIKAETCH B MX 0D0N0NKY,
JKANODHO MULLAT, KOKAa OH "NpoKaabBaeT” ux
HACcKBO3b. BOIMOKHOCTL CLILATE Tak NOAOCA
OTAENLHBIX KIETOK MO3ra NOPasKaeT MeHs
DoABIIE BCETO OCTANBHOM,

H He MOry OTAeNaTkCa OT BIEYATIEHHA, YTO
CamMoe [MaBHoe, CAMOe HHTePECHOE YCIbILLLY
HEMOCPEACTEEHHO OT CAMMX HEPBHBIX KIETOK.
CHOBA W CHOBA A BCAYIMBAKCH TO B THXHE
Hanohbl, TO B FPOMKDE HEL0BO/ILHOE
OpHOIKAHHE KPOLLEYHBIX HEBHIHMbIX
HEiipOHOB, MBITAACH MOHATL, O YeM
PACCKAIBLIBAIOT KIETKH,

- Crasmre, a npofoean am kro-uubyas u3
(3HoNoros pa3obpaTsea B roNocax HepBHbIX
KMETOK?

Cnpameao AaBHO Hesnonaj, Mos
cofecegHuLa YHBIeHHD ymoakaeT, OHa
JIaBHO NPHBLIKAA K PA3HOTOI0COMY
"mjederannin” Heiipoxoe. E. Canapuua 1962
BAT,140]

Bo BCAKMI MHI MO NEPLENTHBHOE None
HAMNOIHEHD OTPAKEHWAMH, NOTPECKHBAHHAMM,
MHMOTETHRIMH TAKTHIBHBIMH OLLYIIEHHAMH,
KOTOPBIE MHE HE 1M0J] CHIY B TOYHOCTH
MPHBA3ATL K KOHTEKCTY BOCNIPHATHA H KOTOPbIE
TEM HE MeHee sl Cpaly MoMeLLak B MUp,
HHEOMM 00DaT0M HE CMELIMBAA X CO CBOMMH
meuTaduaMi. M. Mepao-TTonTa [196,9]

PS. ApridHKOR MOXHO pasiendTh Ha JBa
KAACC TEX KTO CywaeT webeTanmne Heiiponon
H HE HHTEPECYIONMXCA LiefeTaHHem
HEHPOHOE.

[lporpamma Chatter
Mepao-TonTu.leGeTanme neiiponon
MYILTH-MACITabHaR, MYy/TETH-HEPEPXHYECKas
MO/1e/b BRICOKOTO NPOCTPaHCTBEHHO-
BPEMEHHOTO Pa3pelleHHs ONHCLIBAIDILAA KAk
HEHpPO-KOAL! OPMHPYIOT JEKAPATHBHYIO
NaMATL - XOPOLLIO ONPeeneH b JoMeH
FHAHWI KOTOPBI MOMET ObiTh DCOIHAHHO
BbI3BAH B MAMATH H ONMHCAH CI0BAMM, TakHe
HanNpHMep Kak coBLITHA, BPEMA (KOHTEKCT) H






Neurointerface

nanotransducer

- Transduce neural activity 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 algorithm. ).
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 activity 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

to 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

Heiipo-unrtepdeiic
Heiipo-TpaHC-MOyb - nepejava
HEHPOHHIPOPMALIMN B MALLTHHY,
CHHTEIHPOBAHHBIX MALUMHOA HefpOCHIHAN0B
B Heffpocpeny

HeHpo-{1e)koep:

1. UTEHHE/3ANHCH OTARILHLIX Heitponos 10
urenue, 10° zanucs, 10° gyniexc;

2. 2 om’ 00MaCThL KOPTEKCE;

3.

4. YreHue HEHPOHHDOPMALIMM € MMHHMYM 1
MH/LTHOHA HEIABHCHMBIX KAHANOE;

5. CTHMY/ALHA KK MHHHMYM COTHH ThICAY
HE3ABHCHMBI NOTEHIHAN0B AKTHBHOCTH B
PEANLHOM BPEMEHH;

6. anropHTMBl HAEHTHOHKALNH HelipoHOB,
HEPOCXEeM, NaTepHOI AKTHBHOCTH,
(PYHKLHOHA/IBHBIX PETHOHOB B CEHCOPHOM
KOPTEKCE W COOTBETCTEYIOLIEH HHGOPMaLMK,
TpaHchopalHa 1o HuhopMatum B UHhpoBoi
BHJ, (NMOPHTM TPaHChOpPMALIMK MO3r-Ldpa);
7. anropuTMel Tpaschopmatpn apredakTos
H300paKeHHH, 3gyKa (Hanpumep mp3) B
NPOCTPAHCTBEHHO-BPEMEHHEIE TTATTEPHE
HHAYUHPYEMBEIE B KOPTEKC;

8. anropuTME! MOIT-LMGPa B CHIHANBHEIE
apredakTs;

9. PEKOHCTPYKLIMA MO3TOBBIX
(XEMOD-)3/IEKTPOHHBIX NATTEPHOB;

10. noCTpoeHne CHCTEMHOI MOAEAN AHHAMHKN
CHIHA/BHBIX NATEPHOE, AKTHBHOCTH MO3Ta.

ABY-HANPABACHHBIH HMIIAHT nepedepuitHoro
Hepea

NOCTOAHHBIA KOHTHHHHTYANBHBIT miTepdeic ©
nepupepHitHbIMH HePBAMH Ye10BeKa
NEKTPOHHEIH Hefipo-uuTepdeiic noTpedyer
ADCTHMEHHE B MATEPHANAX, TEXHHKE
HHBEKLHI, CTENeHH PazpeieHms
repMETHIALIMW HIONALMH CTPYKTYD npubopos,
AnddepeHLHaMn/ oKaTH3aLMn Helfpo-
THIrdanne






information processor - the brain - and the
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 three times faster than the
analyst can respond.

real time learning, pattern matching and
anomalous pattern detection

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

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

The fundamental question of the A-to-1
{Analog to Information) program is whether
additional prior knowledge, hypotheses, and/or
ancillary measurements can be applied
enable practical data conversion approaches
which mare effectively apply system resources
to 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.

AV, Questions:

Is possible translating logo "A-to-1" 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 sysiem operations

NPOLIECCOPOM MOITOM H CETBIO HAHO-
MHKPOYCTPOICTE

Heiliponorus vHTe 1eKTa

Paise/|bBATeNbHAA HEHPONOTHA:
HCCTEN0BAHHE CHIHANOE MO3rd B MOMEHT
BCTLIIKH HHTEPECA aHATTHTHKA K CIYTHHKOBO#
KapTHHKe, Moar AenaeT oTKpLITHA B TPH pa3a
OBICTpeil, YeM OCOIHART HX.

obyueHHe, CPABHEHHE NATTEPHOB H BRIABIEHHE
AHOMANLEHBIX MATTEPHOE B PEANLHOM BREMEHH
€ IMHEHHEIM HAPALHBAHHEN
MPOHIBOJHTENLHOCTD - BbIYHCANTE/IbHEIE
MOWHOCTH

HCNOILIOBAHNE HEHPOTKAHH A8 HalmoieHHs
BOIMOAKHEIX HIMEHEHHI KOTHHTHRHBIX
yHKLMIT 3TOI TRaHK

Helipo-aficTpakTopel, HElipO-CHMBONH3ATOPLI,
HEHPOKOMITLIOTHHT NEPBHUHOR
TPAHCKOJMPOBKA CEHCOPHOR HHpOpPMaLn
BBICOKOTO Pa3peiLieHHs

Mpoekr A-to-1 (Analog 1o Information -
KOHTHHHHTYANBHEI CHrHAN - Ba3a 3HaHmMi).
BO3MOMHO 11 PACLIMPEHHA MIBNEYeHNS
HHOOPMALINH HMEIDLLMXCA CHCTEM,
KOHTHHHHTYaNLHEIH curHan W [nyGokas
AxtueHan basza 3nanuii.

Heiipoynpagnenue

JIOCTYN K KOJAM LHPEYIHPYIOLAM B MO3TY De3
BTOPAEHHA B OPraHH3M W BCTPaHBAHHE 3THX
KO0E BO BHEIHWe yCTPOHRCTEA WK paboty
CHCTEM







required for executing simple to complex
motor or sensory activity (e.g., reaching,
grasping, manipulating, running, walking,
kicking, digging, hearing, seeing, tactile)

NeuroTherapia

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

non-invasive, targeted ultrasound for
neuromodulation

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

Restoring Active Memaory (RAM) - methods
for analysis and decoding of neural signals in
order 1o 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
complex, hierarchical memories and
exploration of neurobiological and behavioral
distinctions between memory function using
the implantable device versus natural learning
and training.

to reduce the severity of neuropsychological
illness

artificial modulation of peripheral nerves to
restore healthy patterns of signaling in these
neural circuits

therapies for sensory restoration

treatments of sensory deficits

decode the biological fundamentals of
questions-about sleep, learning, and decision-
making

the critical components, neural substrates, and
modulators of sleep
understanding effect of sleep deprivation on

,E[BHI‘HTEJ]bHﬂﬁ HH CEHmpHOﬁ JAEATENBHOCTH
JUTH MCTIOAHEHHA KK NPOCTBIX TAK W CIOMHBIX
ABHIATE/IBHBIX H/IH CEHCOPHBIX AeicTBuil (T.e.
AOCTABAHHE, CXBATHIBAHHE, MAHUITYASLMH, Ber,
x0/b0a, Yapbl, KOMAHWE, CAYX, 3PEHHE,
TAKTHILHBIE OLLYLIEHHA )

HeiipoTepanus

OCTOPOAHO M HAIEAKHD MOIYIHPOBATE
nepedepHiHYI0 HEPBHYID CHCTEMY C LIENEK
NEUeHMs

Ge3-0nepatHoHHOE LENeBoe Heliponoruueckne
BOAEHCTBHE VABTPAIBYKOM

HefipoTepanua: a0CTparupoBaHue H 3AMHCE
HelpONOTOKA, LeNesas CTHMYIALIHA,
MOHHTOPHHT M AKTHBHOE YVHACTHE B IBOIIOLMIH
MO3ra

Boccranosnenne AkTHeHON TTamaTi - MeTogb
HefpOAorHHH 115 BOCCTAHOBAEHHS NaMsATH
MpPH TPABMAX,

Helipo-HMnnaHTel BOCCTAHORIEHHS NaMATH.
Heiipo-mogeny caoskHoi namstH,
(PYHKLUMOHANOB MaMATH.

CHHMEHHE TAXECTH Helipobonesxei

HCKYCCTBEHHAA MOAYAALMA nepedepHiiHbIX
HEpPBOB 1 BOCCTAHOB/IEHHA 310PORLIX HEHpO-
MaTepHoB

TEPANHA BOCCTAHOBIEHHA CEHCOPUKH
petuerie npobiemel ceHCopHOro aediuuTa,
BOBHHUKIIETO BCIEACTBHE TPABMBI,
OrpaHHYEHHOTD CEHCOPHOTO NOTOKA (NeLLeph
W MpOsL )

paciiHdpoBKa HGHONDrUYECKOTo (ec/M OH
GHOOrHYeCKHit) hyHgamenTa cHa, obyveHns,
MPUHATHA PELLeHHIT

KPHTHUECKHE 3NeMeHTHI, HelpocyBoTpar 1
MOJIVIISTOPEE CHA
NOHHMaHKe BOIAEHCTEMA HEJOCTaTKa CHa Ha






tools 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
DMNA nano-structures

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

the geometry of genome space

quantification of the chemistry associated with
the molecular recognition process, i.e.,
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
in develon scalable DMNA and related

MexaHH3IMa) 1 Macirraios Beero Mo3ra
LepefpanbHeiil copruir. Casenses
CPe/ICTEA KaPTHPOBAHKA HENIPOHHEIX
COeIHHEHHI

Tenom

HanocTpyKTYyphI reHoB

paciunperne andasuTa reHoma ao 1006
MOVIEKY/TADHBIX 3HAKOE, CHMBOJOBE

OTKPEITE yHAAMEHTANBHEE HHAEHEPHbE
NPHHLHINE] FEHETHYECKOTD NporpaMMipoBEaHH
CTPYKTYP OHO-CHCTEM

NporpaMMHpyeMeIe, CaMo-cofHpalounmec
AByx- H Tpex-mepHblie JTHE-HaHOCTPYKTYphi
nenonkaosadve monesyn JIHK ana
KOHCTPYHPOBAHHA JBYX- H TPEXMEPHBIX
hHIHUECKHX HAHOCTPYKTYD B KauecTee
AMEMEHTOR CAMOCOBHPAIOLUXCA
KOHCTPYKTHEHBIX MATPHL]

reOMETPHA NPOCTPAHCTEA HACIEACTBEHHOCTH,
reoMeTpHA NeHHOMHOTO annapara

ONMHCAHHE KOJHYECTBEHHbIX XapakTepHCTHE
XHMHYECKHX NPOLECCOB CBAAHHBIX C
Pacno3HaHHeM MONEKY, T.e. B3anMofeiicTene
MERTY AHTHTENAMH-AHTHIEHAMH, FHIMMAMH-
CyGCTPaTamMu, IMraHaaMH-peLenTopaMH,
rubpuanzagneid JHEK

MPOrPaMMHPYEMEIE H CaMOCOOMPaIOIHECs
HaHOCTPYKTY phi JIHK nosiesssie B Takux
NPUMEHEHHAX KaK KpHCTannorpadus v
pa3IBofKa THHHI MONEKYIAPHON JEKTPOHHKH
nofy4eHHe JaHHkIX 00 nocnejoaTenbHOCTAX,
CyG-NOCNEAOBATENLHOCTAX AHTHTEN
MOHOKIOHOB NOAYUYEHHBIX in vivo
akcnpeccuei w3 PHA u JIHK crpysryp

leneTHuUeCKHe NpoLeCcCOpbl

HaYKa MPOrpaMMHPYEMOil IKCNPECCHH TeHOR
(peanuIaLMa 3anoHeHHoI B HUX nHhopMarm,
To ecTh cunTes PHK n Genkos)

MOY/TH BCTPAHBAEMBIE B CHIHANBHBIE MYTH H
BOBAEHCTBYHOLHE HA IKCMIPECCHIO TEHOB
MOTVITEHEIP TEXHHEH Madunmvaunosaqags JTHE






morph

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, i.e., 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 military use, like a new material might.

the purposes of the Polyplexus platform will be
to build on a continuous expert conversation
about the present and future states of science,
to 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 small, low-power format,
which will not require multibillion-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

perhaps the program that best exemplifies the
"revolution” in Bio-Revolution is the Brain
Machine Interface program

Gamifying the Search for Strategic Surprise -

PaAMKAILHON MOPhONOrHYecKoi AHHAMHKE
apreakTos, NPUBOAALIAA HHOMAA K
IOKHPYIOLIMM CO3HAHHE MeTamopgozam
TEXHOTeHHOI Cpefbl U ee ANeEMEHTOR
Mepepava coynaHHOl TEXHOMOMHH B MHP,
nogodHa posjieHHo pedeHKa, Koraa MoryT
NorubHyTE U pEOEHOK-TEXHOMNOIHA H MaTL-
OpraHu3aLing,

HoBhie CHCTEMbI HE MOTYT NPOCTO

" AHgupyIHPOBATE" B BOEHHOE HCNOALIOBAHKE,
KaK 3T0 MOKET MPOHI0HTH C HOBBIMH
MATEPHATAMH.

3aja4a naardopwmsr Polyplexus - noctpoexue 1
OLEHHBAHHE B PEIYILTATE NOCTORHHOIT
IKCNEPTHOrD ODIEHHA 0 DYAYIIEM HayKH
YHAAMEHTAMBHEIX MPOPLIBHEIX HIEH, W
NOCAEAYIOW|EH HX KarmTaaH3a0H1 Yepes
(hHHAHCHPOBaHHE

BEIMHCTHTENLHBIE CPEACTEA W NAMATE
GONBIIOEH NAOTHOCTH HCKTHAUHTENBHO MalbiX
PAIMEPOB M NOTPefIEHHA MOLHOCTH, He
TpeQyioume 118 CROET0 WITOTOBICHHA
MHOMOMHLTHAPHON) NPOH3BOACTED

BOE PazpaloTuHMKH JOMHKHE! HAYUHTCA
paboratk ¢ GEAKDEBIMH CTPYKTYPaMM H
WHCTPYMEHTaMH MOJIEKYNADHOI reHeTHRH
301070 Bek" GHONOTHK

CHHEPreTHYECKHiT 2pdeKT COBMECTHOMD
PaIBHTHA GHONOMHH, HHDOPMATHKH K
MHEPO/HAHOTEXHONOTHH

CO3jaHHE HOBOTO NOKDICHHA YYeHBIX |
MHMEHEPOR PabOTAIOWNMX HA NEPECEYEHHN
OHONOrHH ¢ HHDOPMATHKDIH K
MHKPOCHCTEMAMH

BOIMGKHO HAHTY YLLK npusmep Ono-
PEBOMTIOLIMM - cO3iaHme HHTepdeiica (Bo Beei
ero puAoCo(pCroil H TEXHONOMHECKDH ryDiHe)
MOIr-MalliiHa

HrpoeH3aiLua aHANHTHKH IKCNEPTOR Nepesy






the Polymerase Chain Reaction (PCR)
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 o
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 circuits

technologies for designing DNA-encoded
"plug 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 sensars to provide easily
measurable outputs

DMA-encoded gene therapy

mRNA-encoded programmable gene
madulator

design of genetic circuits that are able to
sequentially or simultaneously sense multiple
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,

1eMb PeaKkiyii NoAMMepaisl MUKPOCHCTEM 18
VCH/IEHHA PACTO3HABAHHUA W HieHTH(HKALIMH
JHK

NprEopPLI HCNONB3YIOLHME OTJENbHBIE
monekyasl JTHK gns nonyuesms yenessix
De/KOB KOHTPOHPYOLLHE IKCTIPECCHI0 TeHOB
B KJIETHE

cnocobHoCTs HyKnetongoe JJHK u PHK
BHINOIHATE MACCHBHEIE NAPaAIENLHEIE
BLIYHCICHHA NPH PeLLIeHHH TPYAHbIX NP-
CIIOMHBIX BRIMHC/THTENBHBIX 3aja4
HCM0ABI0BAHHE HAHOAHIKOCTHEIX ONTHYECKHX
IOHAOE NA ONPEAETEHHA YHACTKOB
CBA3LIBAHNA GenKoBLIX QaKTOPOB
TpaHcKpuniy Ha JJTHK

TEXHO/MOTHH NPOEKTHPOBAHHA W NPOHIBOCTEA
chopreix mogynei (plug and play)
PEHETHYECKHX CeTeil W nmyTeil cuHTe3a ana
YAANEHHOTD GHONOMHYECKOND W XHMHUECKOTD
HaGMHYTEHHA

PEHETHHMECKAA CXeMa/KoMIIeK: KomBuHaT
TEXHONOTHH NPOEKTHPOBaHKA roTopkx JIHK-
KOAMPOBAHHBIX MOJVIEH, KOTOPBIE MOMKET
MCTONBI0BATE OPradiIM (HanpHMep pacTeHus,
MHKPOOLI, HHIKHE JYKAPHOTHI) B KauecTse
VARNEHHBIX XHMHKO-0HONOrHYE CKHX
CEHCOPOR/AHANMIATOPOR

HCKYCCTBEHHAA MeHETHYECKaA MAlllHHa -
npeofipaloBaHHy reHeTHMECKHX curHanos E.
coli, AR TPAHCAYKLMM, B COMETAHHH C
PEISIIH‘-IHI:IMH dHATHTHYECKHMH L‘EH{.‘(‘}PHM H;
CO3JAHHE JIETKD HIMEPHMOTD BRIXOA MOAYA
00YVYAEMOrD FeHETHUECKDT0 OPraHHIMa.
JHK-nporpaMMHpOBAHHE FeHHOH TeparnHm
mRNA-nporpaMMHpoBaHHE FeHHON
MOgyAATOpa

MPOEKTHPOBAHHE MEHETHYECKHX CXEM
CNOCOGHLIX NOCNEA0BATENLHD WK
O/IHOBPEMEHHO BOCTIPHHUMATD GHO-CHIHA/BI
OpraHuIMa, Cpejbl 1
AKTHBHPOBATL/PEryINPOBATL NPOEKTHYI0 GHO-
OTBET

Peﬂﬂl('l'l'lpﬂﬂﬂll He reHoB
BROUHTE XHMHYeCKHe abcTpagun B GHo-
vital-gene-HHOPMALHOHHBIE MHDBL HAYKY
paspaboTKa FEHETHUECKHY Y3108, CXEM H
TEHOM-PEJaKTHPYIOLIHX MalllHH /1A






plant virus gene editing and disease vector
biology

Gene-Medicine

DMA- and RNA-encoded medical
countermeasures

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

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

nucleic-acid-based anti-infective technologies;
these tools-primarily coded genetic instructions
to 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

tools that deliver the health and safety benefits
of modulating genetic expression without the
risks of permanent edits to 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 guickly activate and
modulate these genes 1o boost protection
technologies for the delivery of nucleic acid
constructs into patient. Genetic constructs
introduced into the body would process
quickly and not integrate into an individual's
genome.

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

to harness viral evolution to create a novel,
adaptive form of medical countermeasure -
therapeutic interfering particles (T1Ps)

Gene-Wars
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HHBBIX CHCTEMAX
PEAAKTHPOBAHHE FEHA BHPYCA PACTEHHA H
BEKTOPHAA OHONOrHA BONeIHH

TeHeTHUECKan MEAMLIMHA

JHK- 1 PHK-Kofis1 MeaMUMHCKDITD
BOIEHCTRHA

ocnabieHie BpefHOTD BOACHCTBHA BHPYCA
HENOCPEACTBEHD BOIALTICTBYA HA €10 FeHOM
BPEMEHHAA H BOIPATHMAA MOIVIRLHA
IKCTIPECCHH TEHOB 1A JAHTEL OT OCTPBIX
VP03 3A0POBLEID

HCMIOAL30BAHHE NPOrPAMMHPYEMEIX MeHHLIX
MOJLYIATOPOR JUIA PEIKOT0 YCHAEHHA
ECTECTBEHHOM 3ALUMTLI OPraHMIMa YeN0BEKa
iIHTH-HHqJEKL[H[)HHh]E TEXHONOMMH Hd OCHOBE
HYK/IEHHOBBIX KHC/IOT, MPOTpaMMHpOBaHHe
AHTH-MH(EKLHOHHOMN 3alMThI (aHTHTENA)
OpraHH3IMa

METOALI TIPHADHHA NOYMTH-HENOCPeCTBEHHOI
HMMYHHTETa HHIHBWIYYMY HCNONbIYA
AHTHTENA

HHCTPYMEHTHI MOJYIALHH IKCTIPECCHH FeHOB C
LeNkI0 0310poBaeHHs, (e3 pucka
NEPMaHeHTHONO 3aPeIaKT POBAHHA MEHOMa U
nobouHex 3hdesTos

COMLAHNE TEHETHUECKHX HHCTPYKLMI
Lie/IeHANPABIEHHOH 3ALMTEl AHTHTETaMH

BLIABAEHHE NPHPOIHOI NeHeTHUECKDH 3aLMThl
W pazpaloTKa HOBRIX /IEKAPCTBEHHBIX,
MEIHIMHCKHX CPEACTE KOTOPEIE MOTYT DbITh
OLICTPO AKTHBHPOBATEL 3TH FeHBE 115 JALHTH]
TEXHOIOTHH JOCTABKN KOHCTPYKLMI
HYK/IEHHOBOH KHCIOThI MALMEHTY.
leHeTHYECKHE KOHCTPYKLIMH BBOJAHMEIE B TE10
Jlom#HEl 06paBaTeiBaTeCs GLICTPO H He
BRTHOMATECA B FEHOM HHAWBH/A.

TEXHOMOTHH AOCTABKH HYKIEMHOBOH KMCAOTI
B OPradi3M NaLHeHTa 408 AesoiHpoBaHHs,
PACMOIHAHHA HYKHOTD HTHTENA H BRIPAOOTKM
JAIUTHOTO CPe/ICTEa

HCNMONL3NBATE BHP}’CH}'H] FROTHILIHHD 108
COBAAHNA HOBBIX, A/jaNTHBHLIX Hhopm
MEIHIIMHCKHX CPE/ICTE - TEPanesTHUeCKH-
MHTEPEPHPYIOLLIME YACTHLILI

leHeTHUECKHE BOHHBI






insect vector optimization

Extremophiles

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

genes that exist in 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 to identify candidate
biomolecules that might eliminate the
deleterious effects of extended sleep loss

ability of the nucleic acid to express the
desired antibody

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

translation efficiency of a monoclonal antibody
from a nucleic acid construct in vivo

Cells, biomolecules

Bio-ldeology

systems that can actually sense molecules and
tell us what's going on
understanding cell biological decision

3ALIHTA IEPHOBLIX 3ANACOB CTPAHBI - CPeACTBA
MAHHIMYIALEHH BHPYCAMH, ONMTHMHIALHA
BHPYCHOTO BEKTOPA, TeHHEIE MOIH(HKALHH
PacTeHHi.

AxcTpemModuibl
TEXHOMOTHA MHKPOMACCHBOB NPHMEHAEMAn K
HCCEA0BAHHI MHOTHX OPraHHIMOB
BBUKHBAIOUHX B IKCTPEMATEHO
HeOIaroNpHATHBIX YCIOBHAX (TeMneparypa,
THAPALMA, CONEBAR CPEJa H PaanaLua) 48
HIYHEHHA MEXaHWIMOB PETVIALMH H
BKCHEPE'CCHH HOBEIX FEHOB W nemec'ns
CO3AABAEMBIX OPTAHHIMOM TPH BXOIE H
BBIXO/JE H3 IKCTPEMABHBIX YCI0BH
FEHE L'I'IOCL}ﬁ(,'FB}"iDIl[HE BBIAHHBEAHHH) B
IKCTPEMATBHBIX YCIOBHAX (IKCTEMO(IHB)
COPMHPOBATE B FEHETHYECKDM FEHETHUECKDE
NPOCTPaHCTEE MUe/ (yHKIHOHAN
00HAPYKEHHA B3PEIBUATKH.
coemectTs MEMC-3anaxosyio cucremy ¢
YHHBEPCANLHOI GHO-MaTpHLeH nue/bl
OnpegeneHibie FeHsl PeryiHpyoT
noTpeGHoCTL B cHe W DogpcTBoBaHMK. 3T
FEHETHUECKHE LIEMOYKH MOTYT ObITh
HCNIOBL30BAHBI [ ONPEASTEHHA BOMOKHBIX
DHOMONEKY KOTOPBIE CNIOCODHb!
HEHTPATH3I0BATE NOCNEACTEHA JIHTENBHOMO
OTCYTCTEMA CHA.
CNocofHOCTL HYKIEHHOBOIH KHCIOTI
IKCMPECCHPORATE (MeHHO-NOA0GHRIM
MEXAHHIMOM) HYKHOE aHTHTE/0
nporio3 3qpekTHBHOCTH in Vivo TpaHcasLHn
AHTHUTEN MOHOKIOHOB M3 COOTBECTBYIOLMX
PHK/IHK erpykryp
TPAHCAALMA 13 MOHOKI0HA apma-
YHKLMOHANA GHTHTENA M3 HYKJIEHHOBOH
KHCAOTH in vivo

Knerku, 6HOMOJIEKY/TbI

Buo-uen

CHCTEMBI npe,qcrannmou.me H MOHHMAHILHE
NpoOHCXOAALLEee B MONEKYIAPHON cpepe
NOHMMaHHE NPUPOJLL GHO-PeleHHs/PeaKiHm






1o use proteins 1o store and manipulate energy
and information

Nomenclature

Muolecular 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 to 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 to extract and process
information from large molecular data stores;
(3) Molecular computing concepts that provide
capabilities beyond our conventional
computational architectures,

synthesis and high throughput screening of up
to a billion sequence-defined polymers per
threat to 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
table for proteins

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

To map the complete molecular mechanism
through which a threat agent alters 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.
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Benkn - Bot cpejcteo paboTsl ¢ HHGOpMaLped
W IHEPrHe,

Homenxnatypa

MonekynapHan HHOPMaTHKA:

1. YTo M Kak KojMpyeTca B Monexyne?

2, Kakue THIL ONEPALMET MOMET BLINOIHATE
monexyna?

3, Kakoe annapar abcrpakumii MonexkyaspHeEIxX
orepawuii?

4. UTO 3HaUUT BEIYHCIEHHE, CHMBOTLHAR
obpaloTka, MOJE/Nb B KOHTEKCTE
MOAEKyIApHONO "npoteccopa’?

5. Uro "pewtaet” MONEKYNA, M 4TO peluaer
TPAAHLHOHHEIH KOMITBIOTEP?

6. Mm#HO AH B3aUMOAEHCTROBATE C
MOMEKYN0H KaK LIeNDCTHOI AHanorosoi
CHCTEMOI?

Pewenns npoexra:

1. HoBan BRIMMCAHTENEHAR/ CUMBONLHARA CPEja,
CHCTEMHBII cyDeTpar.

2. MofekyInpHan CHCTEMA = Kak
HEPApXHUECKan HH(O-CHCTEMa.

3. MosiekyInpHbIH NpoLeccop: CHMBOIBHO-
apudmernueckuii (CA), CA+xuMHUeCKHii;
CA+KBAHTOBBIH, ... IHTENEXHA, ....

CHHTE3 W NPOBEPKA CBLILLIE MIWLIHOHA
NOCAEAOBATEILHO ONPEENEHHBIX NOTHMEPOB
HANH UTKPI:ITIIII '{yBCTBHT?J'[bHMX H
CENEKTHUBHBLIX CBAEH

CHCTEMHBIH NOJXOA K JaHHOCTAM KNETKH
Onpejenerdne HOMEHKNATY B 3anyacTeii
DenKos, COAAHHE HEKDH NMEPHOIHHMECKDH
TalnMisl feTaned Genkos, aHanorHaHoi
nepuogrueckoil Tabnuue Menaenesa.
DHONOrHYECKHE CHCTEMBI YYBCTBHTENBHOCTH
(T.e. petenTopsl M TpaHcMeMBpaHHble GeakH)
Kapruposanue BCero MonekyIspHoro
MEXAHMIMA NOCPEACTEOM KOTOPOID Bpe/HbIE
MOMEKYIAPHBIE AMEHTHI HIMEHAKT KIETOUHBIE
npoueccsl, Knetka yenopexa Moxer
cojepKeTs Donee 30,000 MOneKyIAPHbIE
HyHKLHOHANOB paGoTAIIHY B CIOMHOMH,
JAnHamHueckoii ceti. BpeaHsiii monekynspHbiii
AreHT MOXET HMETE COTHH MOJIEKY W
B3aMMoeicTeRil in vivo,






fundamental, critical mechanisms of
pathogenesis, targets shared by classes of
pathogens

biomimetic materials

Bio-Constructor

to develop the biological architectural tools,
including a printer, new scaffolding
technologies, and an integrative/interactive
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-
dimensional human immune system that
responds to antigens with appropriate cellular
and humoral responses

nanowriter

biomolecular motors and devices
assembly at the level of individual bonds
between atoms

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

1o be able to 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

¢_}'H,,IJ,EMEH'I‘EI}II:HHE, KPHTHYECKHE MEXaHH3MBI
NOTOrEHEINCA, NOIHLHOHUPOBAHHA JHArHO3a

CpeH Knacoos NaroreHos

BHONOAO0HLIE MATEPHANL], MATEPHANL! Cnabo
OT/IHUHBIE OT GHOMOrHYECKHX

bHo-KOHCTPYKTOP

pa3paboTka CPEACTE W NMPOTOKDIOR
GHOAOIHYECKDH apXHTERTY Pbl, BE/HUas
NOTHrpadio, TONOAOTHYECKHE MalLIMHE]
CBEPTHIBAHHA M CAMO-CTHIKOBKH
MAKPOMOIEKY N/ Oprasen,

HHTEr PATHBHLIE/ B3aHMOeiCTBY HoLLHE
HCKYCCTEBEHHBIE HMMYHHEBIE CHCTEMEI
NOTY4YaeMele 43 ODBIYHEIX CTROIOBEIX KIETOK
(BIPOCALIX WK N0 THHHK OF00peHHOR
MHH3/|paBOM)

HAHO-MHCAN0 - CAMOOPraHH3Y HOLLAACH,
CAMOPAIBHBAMILAACH CHETEMa HAMHCAHHA
HaHO-Y30P0B CTAHOBALMXCA AKTHEHBIMH
CHCTEMAMM [11 PHYEM HAHO-NHCAN0
Pa3BHBAETCA MO PA3MEPHOCTH - CHAYaNa TOYKa
(BEPLIMHA CKAHHPYIOWETD MHKPOCKDNA), 3aTem
NHHKA - TKAHHE HAHO-MeMC Npubopos,
TPEXMEPHOE MHCAN0 - OPraHnIM,
ueTsipexmeproe - HH

GHOMOTEKY/ISPHBIE MOTOPL! H YCTPOiCTEa
cOOopouHbIE ONepaliH Ha ypoBHe
MHHBHAYANBHBIX MOTEKY/IAPHBIX CBATEH
MERIY aTOMaMH

TEXHWIOTHH aJ|pecaln/Ko0pIHHATHOCTH
OJHHOUHBLIX. MOJIEKY/T B OPraiHiMe

BO3MOKHOCTE NPOEKTHPOBAHWA NPHHLMANEHO
HOBOTO CNOMHOTO Genka (Genkoroii MallMHL),
KOTOpas CMOMKET HEHTPaIH30BAThL NATONeHHBIH
OpraHiM B TEYEHHH CYTOK,

CO3/laHHe TOTORBIX MOJY7IeH MONeKyIApHOOI
KHHEMATHKH H PELIENLMK YIPABIAEMBIX
KHHEeTHUECKOIT HHULMaLHell opraHmama
BenkoBan MHMeHepHs GYIeT HCNoAL3I0BATH
OHOMONEKYIIB KaK MELHLIMHCKHE W
TEXHOTHUECKHE NPHDOpHI

PETYIHPOBAHHE NOCTABKM MHCIA W
MPOMIBOMTETBHOCTH OPraHen s NonyHeHHs
IHEPTHH






methods for achieving molecules with unique
chemical and biological functionalities

the 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
target

Bio-Computation

Levinthal's Paradox: in nature, proteins fold
spontaneously 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
transduction mechanisms
the intra-cellular signal processing system

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

modeling and analytical wols for prediction
and control of cellular internal processes and
systems of living cells

Nanoprobe

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

develop in-situ nanoprobes that enable the real-
time 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.

METO/BI NOTYUEHHA MONEKY C YHHKAIBHLIMHA
XHMHUYECKHMH H GHONOrHUECKHMH dJyHKI.iHSIMH
CO3JaHHE LENeBBIX PEArEHTOR W
KATA/IHTHYECKHX CHCTEM

BHO-BLIMHCIEHHA

Mapagoke JleBMHTANA - B eCTECTBEHHBIX
YCAOBHAX Ge/IKH CRNaALIBAIOTCA
CAMOCTOATE/ILHO B TEMEHHH MHIHCeKYH/. [ina
UMBPOBLIX BLIMHCIEHHI CnajbiBatme Genkos
- NP-nosiHas 3a/1a4a CAOKHOMR ONTHMHIALH,
Jn BHTANHIMA IAECH HET HUKAKOTD
"napafgokca” HHPOPMaLHA CUMTLIBAETCH ©
auTenexuu. Keawmosas Guonorus -
TalyHpPOBAHHBIH BHTAIMIM.

TEXHHKH H CHCTEMBI BRIMOAHEHHA BRIYHCIEHHI
B BHo-cybeTparax

BhIMHC/IMTE/IBHBIE APXHTEKTYPbl OCHOBAHHBIE
Ha GHOMONEKYNAX

paipaboTka npeofpasosarens
OHOXHMHYECKOTOD CHIHANA

BHYTPHKIETOMHEIE CHCTEMBI 00paboTrM
CHIHANOR

pa:tpat’mm BEMHCIHTENLHLIX METOL0E H
MOJIENEH Ha YPOBHE GHO-MOMEKYN H KIETOK
npeodpa3oBaHue (PEHOMEHOB PacTID3HABAHHA
MOMEKY/ B HIMEPHMBIE ONTHUECKHE,

3-ﬂE'IﬂTP}! YECKHE H MEXAHHYECKHE CHIHAMB
CPeEAcTEd MOJETHPOBAHHA H dHAMH3a 108
NPECKAIAHHA W YTIPARIEHHA
BHYTPHKIETOMHBIMH POLIECCAMH H
CHCTEMAMM HHBLIX KIETOK

Hanonpobuuk

HAHONPOOHHKH NO3BOMAIOWHEe Halmogars
NPOUecchl B #HB0H knetke Ge3 ee paspyiieHns

HAHOMPOOHHKH BLIPALMBACMBIE HIH
BHOCHMBIE HEMOCPEACTBEHHO B OpraHey
(KNETOMHYHO CTPYKTYPY, QAHHOMHYHY KAETRY,
cyDKIeTOuHyI0 opraveny) Ans Habmogenns
KNETOMHBIX COOBITHIE - MONEKYIAPHLIX
KOHTAKTOB PELIENTOPOB KAETKH,
BLICBODOMIEHHE BETOPHYHLIX CHIHANBHEIX

MOVIEKY/T, OTKPEITHE HOHHEIX KaHA08,
ot L TRY






Minimally invasive sensors should collect and
transmit 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 capabilities, but they're very
labile, i.e., they're not designed to be used in
the kind of environment where we want to take
them. Genetic engineering should be able to
improve that dramatically. But if that's going to
happen, we then have to go 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

to 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 transform 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
receplors

Integrated biological/chemical microsystems

P P T .

CHTHAIOR B 3IEKTPHUECKHE CHIHAMBI
MHHHMAIBHO HHBAIUBHBIE CEHCOPbI A0/IKHI
coGHpaTh H NEpeJaBaTh JAHHEIE O LEEBRIX
MOMEKYIAX B PeaibHOM BpeMedH wid noti PB.
Cencopsl A0MKHB ObITE COBMECTHMEI C KHBOI
THAHBID, 17 MCMOAL30BAHWA in Vivo. ocobmlil
HHTEpEC NPEACTaBAAT GHO-MONEKY/IbI
LMTOKHHE33, XeMOKHHe3d, WK GakTopa
POCTa MEIOLIME OTHOIIEHHE K 3AKHBIEHIIO
PaH H peredeparHEHbLIM NPOLeccam.

[Npobnema GonbLIMHCTEA DHOMONEKY
FAKNHMAETCA B TOM, MTO APYIOH CTPOHDR X
JaMeuare/bHbIX BOIMOKHOCTE ABNACTCA
HEYCTOHUHBOCTE B Uy 10 cpeae. C
NOMOLLBK) TEHHOIH HHAKEHEPHH
NPenoIaraeTci CyWeCTBEHHO HCIPaBHTL ITOT
HegocTarok, [na pewerns 31oil 3aaum
Heobxoaumo cospars Buiimmoreky
KomBunaropHoro KoHerpyHpoBaHus, a Ha ee
ocHose MawmHy HanpasneHHoi Is0nouuu.
BPEMEHHBIE H MPOCTPAHCTBEHHBIE Y30k
DHONOMHYECKHX KOHTYPOR YIIPABACHNsS

mogent paboTsl DHOMONeKyNApHOI ceTH
YNPABAAKOLEH POCTOM H CMEPTLE) OPraHH3Ma
NpOeKTHPOBAHHE/ NOCT POEHHE/ KOHTPO/IL
Bﬂ3ﬂa€TilHl£ﬁ MERKNETOUHEIX CHEHAMEHE X
NPOLECCOPOB HCMOMb3YH OUBNHOTEKH
KOHCTPYKTHBOB, CPE/ICTBA NUTAHHA, Hefipo-,
TPAHCMHTEPHBIE THHHH CBA3IH

feNKoBan acCOLHATHBHAA NaMATL C Dypobe-
npeofpalosaHmem

JBYX~POTOHHAA MUKPOCKOMNA 15
JIOEATHIALHHA MIVIEEYD B KITETRE
BLICOKOUYBCTBHTE/ILHBI MEXAHHIM
TPAHCAYKLHH (MEPEHOCa MEHETHYECKOTD
marepHana) Ana ynpaenesus Guonoruueckoi
JAEATENBEHOCTEIO B KIETKE, H B KOHLIE KOHLIOB
Ha YPOBHE OT/1eNLHOMH MOMEKY/Ib!
yrpasneHHe GHONorHYeCKHMH JaHHBIMA,
MeTal0IHYECKHMH CHIHAMAMH H
NpeaipaloBaTeamMHu, H KIETOUHE
FOMEOCTAIHC

NPOEKTHPOBAHME LIMTOMTA3MATHHECKHX
PELIENTOPOE M PELIENTOPOR HA NOBEPXHOCTH
KJIETKH

HHTErPHPOBAHHBIE

GHONOrHYECKHE/ XHMHUECKHE MUKDOCHCTEMEI

.






microenvironment to achieve normal tissue
morphogenesis, vascularization, and organ
functions

understanding the sensing systems of biology
(e.g., 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 (to ion channels and
receptors) that enable the real-time (temporal)
transduction 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
oligonucleotide probes, is being developed
which will enable the parallel detection and
identification 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 in the Fenna-
Matthews-Olson (FMO) Bacteriochlorophyll

HOpMATBHOID MopdoreHesnca,
BACKYAPH3ALIHK (NPOPALHBAHUA COCYI0B H
OKPYHIFOUIAX COCYBI HEAPO-TYMOPAILHEIX
CTPYKTYP) W paboTsl OpraHoB

MOHWUMAHHE CHCTEME! HYBCTEHTENBHOCTH
AHHUBBIX DPraHHIMOE (T.e. PELEnTopoB H
TpaHcMeMOpanHiIx Henkos)

KOHTpOIHpyeMas augupepeHIHaLHa KIeToK
HIMEPEHHE H YAOCTOBEPEHHE NIEKTPHYECKHX
CHrHANOB (GHO-CHIHATYP) PATHYHLIX
HEeMeshIxX MOJIEK)‘J]

hheRTUBHAA HHTErPalHA GHO-MONEKYAPHEIX
HEHOMEHOB C 3NEKTPOHHKDH

HONMOMBE30BIHHE TEMI'IDpa.."ILHDrT
(KHHETHUECKOH) MHDOPMALIMK A7
MOMEKYIAPHOND AHAMH3A B PEANEHOM BPEMEHH
W BBIABICHHA LIEICBLIX MOIEKY/ B NEPHOIL HX
CYLECTEOBAHMA

KOHLIENLMA HAgexHO0iH JHddepeHLain
CTBOMOBLIX KNETOK B MHOMOBYHKLIMOHANBHYI0
WMMYHHYIO CHCTEMY B TPEXMEpHOI KynbType
paspaborka uHTepdeiica (K HOHHBIM KaHanam
W peLienTopam) no3poasiommi
nNpeolpazoBaHie B PEaiEHOM BPEMEHH
(TeMnopantLHoii) MoneKyIRpHON
(CTOXACTHUECKDI) KAPTHHBI CODBITHIT B
CHCTEMY HIEKTPOCHTHANOR

3ANYCK H MOHHTOPHHT MEAKIETOUHBIX
(hYHKLMIT, TAKMX Kak apoplosis, genexne
KAETOK, BeeneHHe Deka 1 H3MeHeHHe LBeTa
cxembl 00paboTEH CHrHanos pafoTalowme ¢
OfJHOI KNIETKOI WIH KOONEPaTHRHEIM
KAETOMHBIM 0DPA30BaHHEM
thunoreHeTHMeckHil (cnocoGcTRY IO
PA3BHTHIO M OPraHHIMa) MHKPOUMIT
COMEPRALIHIT PACIIMPEHHBIT HEPAPXHYECKHI
Habop Donee yem 100 0NHIOHYKAETOM/HBIX
(zanaxoseix) Npod, NO3BOAAOLME OLICTPOE
NAapaiIeLHOE BEIABIEHHE H HACHTHOHKALIMIO
Pa3IHUHEIX BUAOB OPraHHIMOB B
HEOMpPeeIeHHbIX 3apaHee THIAaxX obpasLoe
TEXHOMOIMHA CHHTE3A TONOIOTHYECKH CA0MHEIX
Benkos

IKCNEPHMEHTEI NOKAILIBAKIT
JLOATORPEMEHHYIO KBAHTORYIO KOPPEALMIO
MeHa-MeTtsio-OnbeoHa (FMO)






prevent disease
tools to engineer mammalian cells for targeted
drug delivery and in vivo diagnostics

Creation Living Tissue

transition 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
metabalic processes of biological systems to
generate a vast number of complex molecules
that are not otherwise accessible. Through
Living 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) program:

- 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, etc.) 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;

- a biochemical and biophysical sensors
precisely determine the current wound state;
- an adaptive learning system is required to

Aennact canenre and artuatnre far antimal and

HHAHMHHPHHE KIETOK MICKDIHTALLMX 15
BLIPADOTKH (hapMa-CpeicTs W AHArHOCTHEH in
vivo

Co3jjaHHe XHBOH TKaHH

NePexoy, CHHTETHMECKHX Gro-cHoTem (Guo-
NIOTHYECKHX ) CHCTEM, OT XDPOLIo-
CTPYKTYPHpOBAHHON naboparopHoil cpebl K
Gonee MOLHBIM CIOHHBIM TIaTHOPMaM -
ONEePaTHEHLIM E1HHHLIAM MHHHCTEPCTBA
00OPOHEL

[Mporpamma Buo-habpuka npeanonaraer
NPOEKTHPOBAHHE-NPOH3BOACTBO
NPOrpaMMHLIX METaiAHIMOB GHOCHCTEM
KPHTHYECKHX 1A HALHOHATBHOI
Ge30NaCHOCTH M JPABOOXPAHEHHA MOJIEKYI,
KOTOPBIE HELIA NPOH3IBECTH COBPEMEHHBIMH
MeTogamMi. CHHTETHUECKOe DHONPOKIBOACTEO
JOKHO CTaTh KOHTPOIMPYEMOR MHAEHEPHOI
3agauei.

BETR - nporpanma GHO-31eKTPOHHKA
JAHHBIIEHHA PaH:

- YBE/HYEHHE YHC/A OTCIEAKHBAEMBIX
CHIHANDE PAHEHHA]

- VBENHYEHHE WHCA CTHMY/IATOPOR
IWKHBAEHHE;

- YBEMUEHHE WHC/Ia CPEACTB KOHTPOAA U
YIPaBNeHHA paHoii;

= YBEMHUEHHE NPOCTPAHCTEEHHO-BPEMEHHOTD
paIpeleHia akTyaTopos H CEHCOPOR N8
Gonee NOAHOID ILKHBIEHHA H NIPEOJ0IeHHA
F[[KJE.I’IEME FAAHHBNEHHA]

- AKTYATOPB J0/TKHE! YYACTBOBATE B HYMKHEI
MOMEHT B B PA3IHUHLIX (DHIHONOMHULCKIX
npoueccax (angiogenesis, stem-cell migration,
elc.);

- npUMepsl GYHKLHA aKTYaTopos:
MOJIYIHPOBAHHE DEAKLHH HMYHHOIH CHCTEMBI;
[PHBNERATE K YUaCTHI) B 3aHHBAEHHH

YT ES ST EE LA I TR CTLATILY b SEsTisee 4 /L4 rred






- devices/platforms must modulate at least two
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 patterning

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
matrix, cells, trophic factors, and
differentiation factors within the culture
environment leading to interactive organ
constructs

a reconfigurable platform that permits
simultaneous study of ten or more interlinked
in vitro physiological systems, arranged in any
sequence, with the ability to sustain tissue for
up to four weeks to evaluate effects of
countermeasures over time

3AKHBIEHHA;

- npubopel/rnargopsMa ynpasiaoT
(HDH3HONOTHYECKHMH NPOLECCAMH JaMHBIEHIHA
(pereHepauHa TRAHeH, BOCTIANEHHE,

Avidihe pEHLMALINA CTBOMOBBIX KETOK,
HHEPBALMA, METAKNETOUMHBIM MATPHLLI)
ONTHMANBHOTO NPOLECCa POCTa W
BOCCTAHOBIEHHA THAHH B PEATLHOM BPEMEHH;
- ATOPHTMBL/MOLENH JI0TKHB HMETh
CHCTEMHYH) HANPABIEHHOCTE: PAa3HOTHITHEIE
CHIHa/BL, HEPAPXHYECKYIO CTPYKTYPY (0T
K/ETOK [0 TKAHEH, GH3H0N0rHUecKHx
MPOLECCOR), MPOCTPAHCTEEHHO-BPEMEHHEIE
NATTEPHbI, PabOTaTh C HEJOCTATOMHBIMH
JAAHHBIMH,

IlaccH cuHTeTHYECKOH DHOTOTHH

UH{JDHHE MATPHLIBL JONHHE CBASLIBATE KNETHH
H3DHpaTensHo, cNocoiCTEORATL
AndupepeHLMALMH KIETOK H 00eCneuHBars
NPOCTPAHCTBEHHOE B3aUMOIeiiCTEHE MeRLY
KAETKAMH MHOMKECTRA THIOB H
MPOHCXOAIEHNI

MPHHLHITHABHO HOBbIE TEXHONOMHH H
MOXO/Ab! K HHTEpheHcy TKaHb-npHGop
MPeyBAPHTENLHO CTPYKTYPHPOBAHHEIE
MOBEPXHOCTH 1151 NPHIAHNA CTPYKTYPEI
KAETOUHBIM 0DPA30BaHHAM

HOBLIE IACCH CHHTETHYeCKDi GHonorim

in vitro guHamuueckan maardopma
HENOBEYECKOI THAHW: KPOBEHOCHOI,
IHAOKPHHHON, ey 0uHO- KHLLIEUHOH,
KOMHOM, HMYHHOI, ONOPHO-BHTaTeNLHOI,
HEPBHOH, PEnpojiyKTHEHOM, JbIXaTensHoi,
MOUEBOIL.

NPOCTPAHCTBEHHLIE H BPEMEHHBIE
CeuHPHKALIMH HECYLLMX MaTPHI| TKaHei,
KMETOK, TPOpHUeCKHX (akTopoR H hakTopos
AndEPEHIMALMH DATRHTHA KYILTY DR,
MOIBOANT B PEIYILTATE HHTEPAKTHBHOS
KOH(TP}'HDUEEHHE‘ oprafHos
pekoHDHrypHpyesMas naardopma
MO3BOAAION|AA OHOBPEMEHHD HCCeR0BaTE 10
HIH Donee CBA3AHHEIX Mex Ly coboil
PHIHONOTMMECKUX CHCTEM, 00PaIyIoNux
NPOH3EOILHBIH Tpad, ¢ BOIMOKHOCTBIO
VAEPHHEATE AHBYVH0 TKaHE B KOHIULHH 10 4
HEe/b, 715 OLIEHKH MeJULMHCKHX CPEACTB






operation and with integration levels of at least
a few thousand devices

DARPA has demonstrated analog processing of
Al algorithms with 1000x speedup and 1000x
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
(cells, tissues, organs, organisms, and complex
communities)

powerful biological tools

biological approaches to the growth of
materials and devices

nevromorphic electronic machines
engineered 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 to accelerate progress in
synthetic biology, outpace the spread of
infectious diseases and master new
neurotechnologies.

to transform engineered microbial biosystems
into reliable, cost-effective strategic resources
for the Department of Defense: identification
of the geographical provenance of objects;
protection of critical systems and infrastructure
against corrosion, biofouling, and other
damage; sensing of hazardous compounds; and
efficient, on-demand bio-production of novel

hEMTO-PKOYAA W YPOBHEM HHTErPaLiHK Mo
MEHBILUEH MEPE HECKI/IBKO THICAY YCTPOHCTE
Japna gocTirna yBenH4esHa CROPOCTH
ananororoi obpaborin MH-anropurmon B
1000 paz, anepro-3koHoMHYHOCTH 1000 pa3 no
CPaBHEHHIO C TEKYLLMMH BOIMOMHOCTAMH
UHIPOBLIX NPOLECCOPOB W NPOBOIHT
HOCTENOBAHHA B ofnacTH ANTAPATHOITD
peannzaiin cuctem MK,

HanpagpieHus Hccie0BaHHH
H pa3padoTok

Buonorus

thopcupoBanme GHO-TOMHH, BRINOJA HA YPOBEHE
CO3QaHHA AKHBOI TKaHH, Opraqoe, OpraHiIMos,
CHCTEM OpraiHIMos

CBAIATH #HIHB € UTEKTPOHHKDI

COAHAE HEORIBANKIX GHO-CHOTEM (KIETOK,
TKaHeil, 0praHos, 0praHH3MoB, co00LeCTB)

MOLHEE GHOIOMHYECKHE HHCTPYMEHTA/ILHLIE
CHCTEMEI

DHONOrHUECKHI NOJX0J K POCTY MaTepHanoe u
YCTpOHCTB

HefipoMophHbe GHO-MALLIHHE

HHKHHHPHHT HHERIX TKAHEH W MaTepHANOR
YrpasieHHe GHONOMHYECKDH CAOKHOCTLIO
Bro-noruei (abcTparupoBaHHes
cTaHgapTHIaLmHei)

Buo-norus kak texuvo-norua. Menonssosanne
JAOCTHAHEHHI HEHPOHAYK, HMYHONIOTHH,
TeHETHKH, CHHTeTHUeCKoil Oronoriu,
HCCefoBaHMi HHDEKLIMH.

MpeepariTh MUKPOBHOIOrHYCKHIT
HHAMHAPHHT B HAJEKHBIH, peHTabe b b
CTpaTeruueckHii pecypc MHHHCTEPCTBA
obopoHb. Hanpasnexus: uaeHTHHHKaLMA
reorpadimn DHuonornueckux 0DpasLOs; 3aumTa
KPHTHUECKHX CHCTEM W MHPACTPYKTYPhl OT
KOPPO3HH; 00PacTaHHe opraHH3MamH
(PaKyLLUKH, WA H T.IL); pearuposaHie Ha






vascularization, and organ functions

3D Living Substrat
3-D tissue engineering

creation of a 3-D ex vivo human immune
system

three dimensional growth of neurons in
encapsulated formats with hydrogels

long-term growth and functional viability of
neuronal cultures in three dimensional
hydrogel culwres

to 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

a modular 3-D culture system and/or bioreactor

Fluidic Assembly

Immune System

interactive 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

MEHLIMHE BO3BPALLATL OPraHnuIMy TKaHM C
HOPMANbHBIM MOP(OreHeIHCoM,
Backynapualmeil (HorooOpazoRaHHEM
KPOBEHDCHEIX COCYI0R) H
paboToCnocobHOCTLH

3D mueoii cyberpar

MPOEKTHPOBAHHE TPEXMEPHEIX DHONOIHYECKHX
THaHei

CO3/IaHHE TPEXMEPHOI HMMYHHOI CHCTEMBI
qeIoBeKa ex vivo

TPeXMEPHLIH POCT Hefpoxa
MHKANCYHPOBAHHOTD B (OPMaTHPYILIYIO
Cpefy C THApPOrenem

ACITOBPEMEHHEI POCT W (hyHKLHOHANLHAR
AHIHECNOCOOHOCTL HEHPOKYIETYPEI B
TPEXMEPHOIT rHApOrenesoii CTpyKTYpe
COAAHME PYHKLIMOHANBHBIX TPEXMEPHbI X
HMUBBIX TKAHEH, OpraHos

CONAHHE B KHBOM OpradHIMe
MPOCTPAHCTBEHHO OPraHH30BAHHOR HMMYHHOR
CHCTEMBI

TPEXMEPHOE HANMPARIKEMOE HANOKEHHE
KIETOK, GHOAKTHBHLIX CPejl, ONOPHLIX
TPEXMEPHBIX CTPYKTYD A8 JankHediero
PAIEMTHA B MCKYCCTBEHHOIT Cpejie

MOAY/BHAA TPEXMEPHAA KYABTYPHAA CHCTEMa
Wi GHopeakTop

yrnpapnAemas cOOpKa CHCTEM B AHKOH Cpejsl.

HmMmyHHaA cCHCTeMa

HHTEPAKTHBHOE MPOLKTHPOBAHHE
(PYHKLHMOHANBHEIX. WEMEHTOR HMMYHHO
CHCTEMB! KAETOUHOH H IHAOKPHHHOH peakiiin
H HX MPOBEPKA
CO3JaHHE HCKYCCTBEHHOMD MHMMOgATHUECKOTD
yana

Opran-cucrema

"OPraHoHAHaA" CHCTEMA - BRIIOYAET
TEXHOIOTH3HPOBAHHYH0, HHAHHHPHHIOBYH)
YEMOBEYECKYHD TKaHE, MHKPO-AHAKOCTHYIO
TEXHONOTHI) B MHKPOMMIE BBITIOIHAKIEM
(YHKLMIO (PH3HOAOrMUECKDTO Y313 OpraHiama

Cynep-oprasbi

HCTHHHO OMOHHAR PYEd - MAKCHMANBHOE
IR L B S W SR LT s W






commands.

Accelerated Healing
accelerating the healing response of tissue

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

to 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)
is to harness plants’ innate mechanisms for
sensing and responding to environmental
stimuli, extend that sensitivity to a range of
signals of interest, 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 plants’ to protect soldiers (APT)

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

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

pre-symptomatic diagnosis of disease and
health

engineering "smart” cells and tissues

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

YEKIJ])EHIJC JleHeHHe

YCKOPEHHE BOCCTAHOBMTENLHON peaxLpm
WHEOH THaHH

YCKOPEHHE PEAKLHH 3AMHBIEHWA TKAHEH
YCKOPEHHE H TENEONOTHYECKDe
NPOrpaMMHPOBAHHE NOBPERIEHHBIX THaHeH
MOMHOE BLIPALLHBAHWE OPraHa nocie
CepPLEIHOND PAHEHHA W NOCAEAYIOLEE
BOCCTAHOBIEHHE COMbI M IHTENEXHH
PaHEHHOIO OpraHa

BoiyHcaHTebHBI BHo-cy@cTpaT

BBIYHC/IEHHA KOTOPbIE MOTYT ObITh
peanuiosa B Guo-cybeTparax
REIMHCNEHHA B HROIH cpene (GuocyGorpare)
CHHTETHUECKHE BEIYHCIEHHA KOTOPBIE MOTYT
ObITh peanvIoBaHHbl B GuocybcTpare

Pacrenus

APT (Advanced Plant Technologies) -
IMporpamma Texuonorum Pacimpennn
BoamossocTeil PacTenuii - MCNONb30BaTE
GHONOHUECKHE MEXAHH3ME! PACTEHHI -
CEHCOPEI, PEAKTOPEI HA CTHMY/IEL, YBETHHEHHE
MPHPOHOIN YYBCTBHTENLHOCTH MOE3HEIX
CHIHANDB, HHAHHHPHHE JHCKPETHBIE PEaKLAK
KOTOPbIE MOIYT GBITh OTCIERHBAEMbI
ANMMapaTHLEIMH CPeCTEIMH,
MogHpHUHpYeMBIE PACTEHHA J0MKHE]
COXPAHATH HHBYUECTh.

‘pacTeHts © PYHKUMOHANLHOH NpowHBKDH'
JAna 3auTe congar (APT)

NPeBPaTHTL PACTEHHA B PaIBEILIBATENLHY IO
cers (APT)

HHAHHHPHHD pa.I:THTI!J]bHCI]'f.I maccu ana
CHHTE3A TEPANEBTHYECKHX GHO-MONeKyn

MPE-CHMTOMHAA JHArHOCTHRS

pa3paboTHa WHTEMIEKTYTLHBIX
LeneHanpapneHHbIX { HHTENNEKTYdTBEHO
3AMPOrPAMMHPOBAHHLIX ) MHBLIX KIETOK W
TRAHEH

NPHAABATH TKAHH VCTOIUMBOCTb K
MPOAOIAHTEILHOMY Oﬁl:.'SBGIKHBﬂHHTO.
BRICOKOH TEMNEPATYPE W AIHTENBHOMY

. e, ¥ —__






self-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
bom, 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
to 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
magnetic 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

paspaboTka M cOopKa yHKUHOHANBLHBIX
DHOMOrHYECKHX CXeM M KOHTYPOB B AHBbIX
OpraHu3mMax

LIMIKJT DMOIOrHUeCKOrD JAu3aiiHa=-
BbIPALHBAHHA-TECTHPOBAHHA

NOHHMaHHE GHUHUFH“IECKDI'U pocTa 1
pa3puTHA. BriABneHHe TOrHYeckoi CTPYKTY bl
GHO-0TMH Pa3BUTHA/POCTA/META00IMIMOBY. .2
AKCUOMATHKA, NPaBHIIa, THI JIOTHKH etc...
CHUCTEMOTEXHHKA Ma/TbIX GHO-CHCTEM
(BLIYHCITHTE/IBHEIE PHHLUIIBL, APXHTEKTYPA,
HeHpo-creumdmka)

Opranusm ana peanusatuu B apredaxre.
Megaphragma mymaripenne - Hacexkomoe
napasuT, HepBHaA CUCTEMA NP POXEHHH
COCTOMT M3 HECKD/IGKHX ThICAY HEHPOHOE,
AfcTparupyscek npeacrasiser coboii kpaiine
ManeHBKYH (MOPsA/IKa MHKPOHOB), HH3KO-
IHEPrETHUECKYHD, KPETKD COUTYIO CeHCop-
KOHTPO/Ib-aKTYaTop CHCTEMY, HMEHILLY IO
BBICOKOPA3BUTYH) CHCTEMY HaBMIal[MH W
repemMeLLieHns, BEICOKOYPOBHEBOE NOBeeHHe
MHTAHHA, PA3MHOKEHHA W BLKHBAHKA, DTH
KOHKYPHPYIOLLIAE LIe/TH JOCTHTAIOTCA BO
BPEMEHA 3PEI0CTH, KOIJA IHAUHTEILHO
CHHAMEHO KOMHYECTBO HeiipoHoB. JT0
HACeKOMOE NPOXOANT HECKO/ILKO CTajui
TpancdopMatum, metamopdos. [pu obyuexnn
B IMYHHOMHON CTaMH MHHUTIOAPH3ALIHH
BOCTIPHHHMAIOTCA (PAKTOPEI Ce30HHBIE,
COLHANLHBLIE, CPpejibl. BamHbIe aCNeKThl 3ITHX
MPOLECCOB TI0X0 NOHATBL: IEKTPUYECKHE H
MArHHTHBIE CXEMBbI, PA3BHTHE ITHX CXEM,
yrpasieHne uHdopMalmMeit, 3HepreTHka
BHYTPEHHETO JaB/eHHs HCNONb3yeMan B
(hyHKLIHOHAMAX.

He-K/IETOUHAA CHHTETHUeCKas DHONorus,
paciuMpeHHe s3blka GUonorum
FIPUM]BD,IJ,L'TBD AHBOTD METE],']MELFH mTDpI:Iﬁ
MOMET BOCTIPOH3BOJNTCS,
CaMOOPraHH30BLIBATLCA W CAMO-
03/10PABIUBATLCA (ABTOHOMHO U B CPee
OpraHusma)






Digit/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 pattern 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

transformation 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 binsensor 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

udpa/ku3ub

Methop GHo-n0rHuH

C uero Ha4aTh COAABATH MPOTPAMMHDYEMYHD
Guonormo?

METPHKA FeHOMHOTD MPOCTPAHCTBA M
TOMONOTHA OPraHHIMA

ANMOPUTMHUECKHE OPHTAMH KHBOID
OpraHHIMa

MHPOPMALIMOHHAR TEDPHA NEPEXoia oT
KPHCTAMIHYECKDTD NOPSKS K HHIHH B
BHONOrHUECKOH KaTeropui BUPYCOR
ONMHCATENLHAA GHONOTHA - MPOEKTHBHAA
OHonorua - xusas GHoNOTHA (K
MATEMaTHUECKAsA MATEMATHKA),
yHaaMenTansHBIH 3aK0H AKHIHH - KAKHUM €ro
MOMHO NPEICTABHTE, KIK MEJHTHPOBATE, KAK
BOWTH B MNOTOK TPagMHKH MeANTaLMH AH3HKH
HOBaA MareMaruka

IBOTEPHHECKAA MATEMATHKA -
coBpeMeHHeiian MateMarika (¢ TaiiHoit
HAAeHA0H OBNAJETE MarHYeCKHMH CHIAMK?)
MYTh OT HOBBIX BHONOTHHMECKHX IHAHMIT K
M3IBECTHBIM MOJENAM (DHIHKH

NOHCKOBBIE MALLHHBL PACNO3HABAHWS PEAKLIHN
KNeTkn; Dasbl JAHHLIX TECTOBOH NaHe H
TOKCHHOB, KDTOPas BE/IHOMAET Mo Kpaiixeii
Mepe pacnodHasaHue 3abonesaHqil XoTs
O/IHOTO M3 CNEYHOLLIAX KJIACCOB: BUPYCHBII,
PAXHTHBIN, DaKTepHANBHBIA H FPHOKDBLII

buocencopel

TPaHCHOPMALIAA HHBLIX KIETOK B GHOCEHCOPLI
npeofpazylolue cHcTembl "GHO-B-Lupy”
NOIBONADLIHE HENOCPEACTBEHHOE, B
peansHOM BpemeHH npeolpasoBanie
DHONOrHYECKHX CHTHANOB B LMD pOBYIO
MH(OPMALIHIO

Gaza cucrem "OHO-0M0-LHPOBLIX"
npeofpazosaHuil

Da30i AATYMKOB Ha OCHOBE TKAHH MOMKET DbITh
NEPBHYHAA WK TPaHChOPMHUPOBAHHAR KNETKA
Pa3MYHOTD MPOHCXOM/ICHHA - HEHpPOHBI,
MMMyHHas kietka, endothelia-knetka,
ubpobaactT, MHOLIHT, NEPEHYHAA HIH

e e






Occam's Razor in Many Dimensions: can we
do more with less by ﬁnding lower bounds for
sensing complexity in systems. This is related
to questions about entropy maximization
algorithms.

If light can be slowed practically without
losing the information it carries, it can be
stored and switched, much as we store and
switch the electric charges in electronics today.
This technology opens the door to a revolution
in ultra-high-speed optical information
processing.

enhancing cellular performance for detection

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

an in-silico cellular analysis and evaluation
ool

technologies that can rapidly (e.g., 100s to
1000s of reactions/hour) screen organic
reactions in real time across a vast set of
reaction conditions, capturing all relevant data
(e.g., conditions, (by)products, yield, etc.).

Creation Biosystem

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

insect cyborg engineering

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

madels and software, that can effectively

MOMHO TH NOBBICHTE CHCTEMHOCTh CHIAAR
Pa3MEPHOCTL CEHCEPHOTD NOTOKA, T.C.
ceHcopHan Dputea Okkama. 3ToT Bonpoc
CBAZAH C aNPOPHTMAMH MHUHHMAKCE IHTPOTMTHH.

JIOBECTH CBETOBDI NOTOK HECYLLHI
HHGOPMALIMID 10 KOHCTHCTeHLMH Y30PUaToro
ceeToBoro xene, (Braxmwii HH)

PACILHPEHHE CIIOCODHOCTEH KNETKH N0
PACNIOIHABAHHIO

TNPHPOJA CHIHANOB KOTOPbIE HeoOX0HMO
BEAEHTE H3 I'I'lﬁpl’lﬂlllalx GHU-MMEK}"J‘.IHPHE.]K
YCTPOHCTE, H HHGOPMALIMA COAEPKALLAACH B
ITHX CHIHaTax

KPEMHHEBBIE CPEACTBA aHAMH3A H OLIEHKH
KAETOK

CYLIECTBEHOE YCKOPEHHE OTC/IERHBAHHA
OpraHuueckux peakumii (e.g., 100-1000
peakiii B uac), Gonbiume 0fbeMbl CHHMAEMBIX
napameTpos, cGop BCex CYIeCTBEHHLIX
JIAHHBIX (YCI0BHA, NPOAYKTHIL,
MYAETHIVIHKSTOPBE NPOYKTOR €1C)

Co3zpanne OHo-cHCTEM

)MﬁpMOHUHLHHH HHTEIPALHA MHEPOCHCTEM B
HaCEKOMBIX

HHAEHEPHOE HCKYCCTBO KMOEPHACEKOMBIX
METO/IbI HHTENEKT-YIPABAREMO IBOAHOLHH
CO3/aHHA HOBBIX CHTHA/IbHO/CEHCOPHBIX
MOMEKVAAPHBLIX VIA0BE M ONMTHMH3ALIHK
HYHKLMI B GONBIINAX CHCTEMAX
NPOEKTHPOBAHHE H NOCTPOEHHE COAKHBIX
MEHKJETOMHBIX CHTHAMBHBIX NPOLECCOPoB H
KOMMYHMKAUHMOHHBIX YCTPOHCTE HCMO/LIYA
OHDBIHOTERH CHIHAILHEIX YCTPOHCTE M
KOMITOZHLIHH MX B CXEMBI C 330AHHBIMH
XapaKTEPHCTHRAMH HaEKHOCTH

Teopus (Crparervii) Buonornyeckoro
YTIPABICHHA aHAIOTHYHAA K1ACCHYeCKDI
TEOPHH YIPABIEHHA

CETh NPHHIMNHATBLHD Pa3HbIX,
HECOMOCTABMMBIX 1o npupojy [Buo-]yanos
MOJENH H NporpaMmel 3ddhexTHEHO






directed evolution methods will be used 1o
generate new signaling components and
optimize circuit function

hybrid biotic/abiotic systems

twols to rationally design and implement
multiscale, closed-loop contral of biological
systems, through the development of biological
controllers, testbeds to evaluate control of
system-level behavior, and theory and models
to 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
biosignature data

bacterial two-component systems will be
trained 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-Insecti-MEMS program, we are
using biological metamorphosis to tightly
integrate microsystems with nature’s
microsystems, namely insects.

airplane on a chip

insect integrated electronics

Hybrid-Insect MEMS program using
metamorphosis very literally, transforming
insects into unmanned air-vehicles

METO/L HANPaBAReMOil IBON0LMH GyayT
HCTIO/bI0BATLCA JUTA COJAHNA HOBBIX
CHIMHANBHBLIX KOMIOHEHT H ONTHMHIALHH
YHKELUMIT KNETOMHBIX CXEM

THOPH/IHEIE HHBLIE/HEXHBLIE CHCTEMb]
HHCTPYMEHTApHIT NPOeKTHPOBAHHA
MYIETHYPDOBHEBRIX CHCTEM GHONOrHYECKDTD
KOHTPO/SA, OKYThIBAKOIHX CHCTEMBI OT/IA/IKH W
MaKeTHPOBAHHA, MOJIEAH H TEOPHH
OHOKOHTPO/A

MOLHEIE BB YHCITHTENEHEIE METOAL!
AHAIOrHYHEI? CTECTBEHHLIM BLIYHCIEHHAM B
HHBOM OPraHHIme

Kopnopauus DSO nonaraer, 4To HOBkIE
MATEMaTHYECKHE NMOAX0ABI NPHBEAYT K
OTKPBITHIO (Y HaMEHTATBHEIX
KOTHMECTBEHHBX arpriyTor GHonoriuecknx
CTPYKTYP - 3TH aTpHOy T JAKOHE! NPOALIOT
CBET B [7YDMHY HHBOH TKaHH.

MOHHMAHHE H HCNONB30BAHHE JIAHHbIX
CAOHKHBIX GHOCHTHATYD

GaKTePHANBHEIE JEYXKOMIOHEHTHBIE CHCTEMB
OyayT 00yuaTECA HYKHBIM aHATHIAM
HCNONBIYA MYyTAreHe3He W Hanpasaseny o
IBOMHOLMID

METO/L WIEKTPHYECKON aJPecalH B HaHO-
Macirabe GHo-monexyn

HCNONB30BAHHE W YCHIEHHE IPHPOJIHBIX
"MEXAHHIMOB", CHCTEM DHO-KOHTPOIA

MuKpo-31eKkTpo-
Mexannueckne CHCTeMbl

MEMS-HaceKoMbIe

HMIPHTHHE BHEKTPOHHOﬁ CHCTEMBL
HACEKOMBIM KaK 3/1EMEHT ero umuap:bosu

BLICOKDI K THEHBIE MY XH-CAMONETHRH
AIEKTPOHHO-HACEKDOMHAA CHCTEMA
meTamopdosuc arpubyt MIMC-Texnonoruu,
BO3HMKAET CHHEPrH3M MeTeMophos JBoiiHoi
cywHocT MEMS-HacesoMbix






robotics, nanotechnology, and optoelectronics
to high-throughput experimental
instrumentation

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

artificial dog's nose consist of at least 1000
nanosensors per square micron includes
matched subsystems of complementary
nanosensor "receptors”

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
metamorphaosis; gradual growth is replaced
rapidly by complete transformation

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

a nano-mechanical computer

zero-power sensing modalities

non-thermionic switches

3D - Bond layers of almost anything to
anything.

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

HCMONB30BATE PAOOTOTEXHUKY,
HAHOTEXHOAOMHH, ONTOANEKTPOHKUKY [
CO3/IaHHS BbICOKONPOHIBOIHTENBHbIX
HIMEPHTE/ILHO-HHCTPYMEHTAIBHLIX CPECTB
ANTOPHTMEI IBO/THOLMOHHOTD
NPOrPaMMHPOBAHHA U8 HCIOILI0BAHHA B
MEMS-ceHcopHBIX MaccHBax
HekyccTeHHbIH coBaunii HOC COCTOMT 13
CEHCOPHOTD NOAA NAOTHOTBED TI0 MEHBILEH
mepe 1000 HaHOCEHCOPOB HA KB. MHKPOH,
BENHMIET NOACHCTEME! CPABHEHHA OCHOBHEIX
PELIENTOPHBIX MACCHBOB C
I([)L[HJT’EMEHTHPHNMH HBH{]CEHCUP}! BIMH
"penenTopamu”

HaHOYCTPORCTEA 10 0DHapyHeHH:
BIAHUMOIETICTREHA OJHHOMHBEIX MOTEKY/T;
METO/{bl CIIEKTPOCKOITHH JUIA H3MEPeHHsA
MOMOUEHHA OHHOUHBIX MOJEKY/ HHBOH
KJIETHOI

BHIVATH3ALMA ¥ HaMepeHus aensennas MEMS
in situ (Ha MecTe - B xUBOH KaeTke, B pabouedi
J0HE ), NOCPEACTEOM COMETAHHA CBETOBO
MHKPOCKDTIHH, TEEBHICHHA H MALLIMHHOMD
BH/EHIA

YNPaBAEHHE CBETOBLIM JTY4OM B OJIHO-JBYX-
Tpex H3MepeHHAX

apkesmsa pobota, ¢ nomouso MEMC-
AKCe/ePOMETPOR H THPOCKONOR JOCTHRAIOT
HCKTHOMHATENLHOI CYDTHALHOCTH, NO3BONAS
Bpa4YaMm oKalbiBaTh nomoile Goiluamu npaMo
Ha noje Hos

M3MC-cucrema - asToMopdHad CHCTEMA

HAHO-MEXaHHUECKME KOMIBIOTEPH 63
norpef/ieHHs IHEPrHM Ha XON0CTOM X0y
(/1BEpH B BEYHOCTE)

CEHCOPBI ¢ HYNeRroi notpednsemoii aHepried
He-TEPMHOHHBIH nepekntodares (cnocobHbli
00 PasnBLEIBATL CETh)

TpexmepHbie MHKPOCHCTEMBI: COSIHHEHHE
M0YTH BCETD €O BCEM.

HOBBII K1ACC MPOEKTHPOBLMKOB CHCTEM
BEAMMAIOWHX MHKPOMALLHHBI,
ONTO3NEKTPOHHKY, MHKPOKH/IKOCTHEIE
CHCTEMbI






Carbon nanotube arrays with superior spatial
resolution endowed by superior
electrical/mechanical properties

Biological processes are characterized by: low
energy barriers (~10Kcal, high
temperatures/pressures 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

3-D interconnect

Pushing the limits of scaling and integration

biomolecular motors are nature's
nanomachines that convert chemical energy
into 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

in 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

YIAepoiHbEe HAHOTPYOKH /1A NOAYYeHHA
HEC/ILIXAHHOI CTENEHH PAIPELIEHNH, KauecTsa
CHTHAMA W KOHCTPYKTHBHBIX XapaKTepHCTHK B
MOEKYAPHBLX H CYTPaMOIEKYIAPHBLX
KOMIUIEKCAX

Buonoruueckie npoLeccel XapakTepusyioTcs
HHIKMMH JHEPreTHYECKHMH Dapuepami
(~10KKan, Ge3 BRICOKOH

TEMMNEPary phl/IaBIEHHA); BLICOKDIT
PEAKLMOHHOH, pearupy el cnocoGHOCTL H
CTEPen-4yBCTBHTENLHOCTLIO (fe3 BpeaHLIX
BELLECTB OTKPhIBAIOLINX/ JAKPEL BAIOLIMX
PEAKLMH); MPOCTPAHCTBEHHD-BPEMEHHEIM
YNpaBIeHHEM CHHTE3a JaJaHHBIX MaTEPHAN0B
€ TOYHOCTLI [0 aHICTPEMA; NOKAILHBIM
KOHTPOIEM JHEKTPHYECKOTD OKPYKEHHA (no
Donbieii YacTH D83 HCNoILI0BAHHA BPeyHbIX
pacTeopHTenei).

CHCTEMBI HA OCHOBE HAHO3NEKTPOHHKH
PAAMKATTBHD HIMEHAHILHE BOIMOKHOCTH
BLIYHC/IEHHIT, JATYHKOB H CMBICIOBOI
HArpYREeHHOCTH CHIHANA W BCEH NaMATH
CHCTEMBI

3-MepHBIE CBAIH B NOAYNPOBOIHHKOBLIX H
BHO-MONEKYIAPHBIX NpHOopax

[1pogaBuThL NHHEIKY pasMepHOCTH U
HHTETPALIHH B CAEAYIOUIHE MaciuTaln
PasMePHOCTH M (IYHKLHOHANBHbIE FOPH3OHTbI.
GHOMONEKYIAPHBIE JBHTATENH - eCTECTBEHHbIE
HaHOMallHHBI [IPeBPALLAIIIHE XHMHUECKY 10
IHEPrHIO B MEXAHHYECKYI0 paloTy © VpOBHEM
NPOHIBOANTENEHOCTH HECPABHEHHD
NpeBLIaHLHMH SOHEKTHEHOCTE ABHraTened
CO3JAHHBIX YET0BEHOM

MPHHLHTEL paboTsl GHO-MONeKYISPHEIX
JBMTATENEH

HOBOE MOKIEHHE THOPHIHBIX
GHONOrMMECKHY/ MEXAHHYECKHX MALLIMH
KOTOPbLIE HA HOBOM YpoBHE 3ideKTHBHOCTH
HCTIONBAYIOT MaTePHATbl M KHAKDCTH 108
BLINOMHEHIA JeACTRHiL, 1 130T BO3MOKHOCTS
CO3IABATL HOBBLIE KNACCh! COPTHPOBKM,
Pacno3HaBaHHA JJAHHbIX, CEHCOPOB W
HCTIONHUTEIBHEIX MEXaHH3MOB

npuMeHeHe DHOMONeKYIAPHLIX ABUraTe/eil B
HCKYCCTBEHHOM CPEJE MOXKET 3aKNI0UATRCA, HO
HE OrPaHHMHBAETCA, CAMO-TTHTAIOLMMHCA
NaGopaTopHAMH HA YHIE, MOAEKY/IAPHBIMH






self-assembly technigues could be used to
fabricate macroscopic 3-D motor structures

new tools for biology

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

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

Microfluidic Chips

an artificial human immune system on a chip

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

monolitic revolution

real-time collection, sampling and processing
of biological fluids of a living host (such as
blood, serum, interstitial fluids, 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

NPOH3BO/ICTBA JIEKAPCTB, BOCCTAHORIEHHA H
peMoHTa TKakeil H B NpoTe3ax

TEXHHKH CaMOCBOPKH MOTYT HCNIONLIOBATHCA B
NPOHIBOJICTBE KOHCTPYKLMI
MAKPOCKOMHYECKMX TPEXMEPHBIX JABHraTened
MPHHIHMTAAIEHD HOBBIE HaNpaEneHHA OHo-
npubopocTpoeHns

ofpajosaHHe CeTH TeCT-CTaHLMii
KOMIBFOTEPHOND MHKPOBHJIEHHSA /118
pacnpoctpasenns MEMS-metponorum no
BCEH CTpane

TPEXMEPHOE ATOMHOE PAIPEIIEHHE OAHHOYHbIX
MHKFOMMEK)"J]HFIHI:IX HKOMILVIEKCOB B HX
POAHOM PYHKLHOHATBHOM COCTOAHMN
NO3BOART YBHAETE JHHAMMKY CTPYKTYPHbBIX
MEPEXOI0BE H POUIL TAKOH JHHAMHKH B
PErYIATHEHELX NPOLECCax

MHKPO)I{H,U,I{OCT HbI€ YHIBI

I’!CK)’L‘CTB&HHHII HMM)"HHM CHCTEMA YeI0BEKA
Ha YHIe

BEICLUEE L[eN10c000paIHoe yIpasieHHe
NOTOKAMH AHIKDCTH M MOJEKYIADHEIE
MAHHTTY/IALIAH

MHKPOAMHAKOCTHEE METOAbLI YTTPABIAEMOTO
JBHKEHHA, XPAHEHHA, CMELUMBAHHA H
pasjeneHus 00pasoe M peareHToR
ﬁH{JJl(wDCTHI:[I? MACCHELl HA YHITE
paboTalolie B pexumMe ofpazel-
3AKJTHOMEHHE/OTBET

PEBOMIOLIMA MOHO/THTHEIX CHCTEM

B3ATHE NPpo0 1 0DpaboTHa GHONOrHUYECKHX
HHAKDCTER Opranmava (KpoBH, CLIBOPOTKE,
HHTEPCTHIMANBHBIE AHKDCTH, CII0Ha) B
PeALHOM BPEMEHH

CO3JdHHE B OpradiisMe qﬂ}"HKL[IlOHiLﬂI:III;EX
GHONOCHYBECKHX CXEM H
CHIHANLHO/MOTEKYIHPHBIX. MarucTpanei
rHOpHHbIE GHO-MONEKYAAPHBIE KPEMHHEBLIE
CHCTEMbI HCTIO/B3YIOLHE BHONOTHYECKHe
cpescTea (Hanpumep GenkoBLIe HOHHBIE
KaHaMk/HaHONOPLI, coefuHentble G-Oenku, n
TA.) AN BLINOAHEHHA GHO-CEHCOPHBIX W
NPOLECCOPHBIX (PYHKLMIH Ha KpHCTane






cycles, this type of protocol is within the scope
envisioned for MicroFlumes.

integration of transport/chemistry models with
models for optics, electronics, mechanics, etc.
at 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
{structures, 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 fluidic 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
bio-signatures for various target molecules of
interest.

in vivo nanoplatforms (IVN)

naeficreue 20 pa3 kasawe 30 cexyui. 3o Kak
pa3 ¥ ABNAETCA 3ajiaueii MHKPOXMHIKOCTHOrD
(MicroFlumes) nporokona.

HHTErPALHA Ha YUHME
TPAHCTIOPTHBIX/XHMHUYECKHX "LIEX0B" C
ONTHYECKHMH, IMEKTPOHHBIMH,
MEXAHHYECKHMH W ADYTHMH "Lexamu”
AHJIKD-TPAHCTIOPTHBIE KOMIOHEHTE! YHna
HMER’JLI.(HE CEHED[]LI ANA AHHAMHYECKOTO
KOHTPONIA CBOICTE paboyeii noBepxHocTH

DHOKHAKOCTHBIE NPOLECCOPbI KOTOPBIE MOTYT
CaMO-KOHIPHIYPHPOBATLCA M CaMO-
KaHOpoBaThCs

MOTHAA JHAHDCTHPOBED Ha UHN B DEXRHME
"obpazel-oTeeT"”

MHOMO-KaHATbHEIE TeIEMETPHUECKHE YHTTbl
JUIA 3AMHCH HEHPOQHINONDIHYECKHX JaHHBLIX
AHBOTHBIX

HHTEPUPOBAHHBIE CAOKHBIE KHAKOCTHLIE
KOMIOHEHThE (KOHCTPYKTHBHBIE J1EMEHTEI,
JATUHKH, HCTIOMHATEH)

MUKPOXHIKOCTHBIE YCTPOHCTBA C HOBBIMH
CEIICODH‘HMH:"CH’HIJ}II’HI:IMH KOMITOHEHTAMH W
CXEMAMH JI1A BLICOKOMPOHIBOJHTEILHOTD
CKaHMPOBAHHA M AHANH3A OTAENLHON KAeTKH
FHHARD=-TPAHCNOPTHEE KOMIOHERTE YHNE C©
CEHCOPAMH 1A JHHAMHYECKDIO KOHTPONA
pabioueii NOBEPXHOCTH HA NPHHLMNAX
ofparHoii CBA3N

JHArHOCTHYECKHE NPHGOPLI THNA MHKPO-
TOTaNbHLI aHanus (micro-TAS) wau
"naboparopus Ha uune”

HAHOTEXHONOrHH GHO-3NEKTPOHHOTO
uHTepdeiica peanusyembie B nIarhopmMax
MACCHBOR Oﬁpﬂ:!l.[o! C HWHPOKHM JHAMA30H0M
Pacno3HaBEaHus, paboTaoupe JHHAMHIECKH (B
peanbHOM BPEMEHH), JOCTYI K PACO3HAHMI0
FJHU',U,HHHI:II C OTAeNEHEIX GHD'MI.'I.HEKJUHIPHMI
PELENTOPOE M NOCASAYIOILEA pazpaboTka DHo-
CHIHATYP LeAEeBLIX MOMEeKY-(yHKLHI
HHAHHEPHAA HaHO-TNaThOpMa B KHBOH cpeae
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and causal mechanisms that explain and

predict the emergence of "collective identities”,
emergent social phenomena like collective
identity 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

to assessing and leveraging human individual
and social variability to enable novel
capabilities

identifying the primary drivers of social
cooperation

to determine fundamental measures and causal
mechanisms that explain and predict the
emergence of collective identity
computer-based social-system simulations with
built-in “ground truth” causal rules as testbeds
to 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 entities, enabling
easy backwards compatibility and just-in-time,
custom creation of any needed connections to
enable rapid, intelligent, 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 adaptive system
composition and design

augment language and improve the
enacifieatinn nf comnley ideac

nporpaMma onpeaenelis (yHaMeHTaNbHbIX
nokazareni u NPHYHHHBIX MEXAHHIMOB
OOBLACHAIMX H NPe/ICKa3LIBAIOIHX
ofipazoBaHHe "KIVTEKTHBHBIX CYLLHOCTEN",
COLMANTEHBIX EJHHHL] H KOMTLIEKCOR
YCTOHUHBRBIX B COLHANBHBIX CETHX,
00pasyoILMX KOONEePaLH/ conepHHYECTBO,
COLIMA/ILHOE BMSHHE Ha NPEANOUTEHHA,
KOTHHTHEHHIE CTPYKTYPBI €1C

nAaropMbl H HHCTPYMEHTAPHH NOHHMaHHs
COLMATLHO MeXaHHKH 00pasyoxc
COMHBIX CTPYKTYP

MOCTHAEHHE H YCHIEHHE YeN0BeYeckoi
WHAHBHAYAABHOCTH W COLHANBHOTO
MHOTr00GPa3MA /1A MPOABIEHAA HOBBIX
cnocobHocTel

ONPEAETHTL NEPBHUHLIE ABHAKHTETH
COLMATLHOI KDOMEepaLiH

ONpPEAENHTE QYHAIMEHTANLHEE NADAMETPE H
TIPHYMHHBIE MEXBHHXMbI 00pa30BaHHA
COLMANTEHBIX EJMHHL]

KOMIbHITEPHBIE COLMANBHBIE MOJEAH CO
BCTPOEHHBIMH "NIPARKIAMH AU 1715
NPOBEPKH METO0B COLMANBHOMD
MOJIETHPOBAHHA

NPOHHKHOBEHHE B CYIHOCTE PasHoo0pazua 1
CAOKHOCTE KYALTYPHEIX MOAENEH,
MHTEPNPETALMA COLMANBHBIMH TPYINaMH
MHpa

NPOEKTHPOBAHME JHHAMHYHEIX CHCTEM H3
KOMaH, JIOAER H KOMAH1, MatuH

IpoexTHpoOBaHHE

Mo3zanuHan CTPATErHA - Npeepatiente
CHCTEMBI B JJHHAMHYECKYH CETh ©
BeaxoHedHBIM DOraTCTBOM HEPapXHii, THNOB
Y3108, CBA3EH, TAKTHK H CTpaTerdii
hOpPMUPOBIHKA CETH,

(hopManbHbIE AIBIKH MPOEKTHPOBAHHA W
KOMMOIHLHH KOMIVIEKCHBIY aQANTHEHEIX
CHCTEM

PACLIHPHTE, YCHIHTE BOIMOMHOCTH A3LIKA,
TANANMTHMIAL MM ETHENRESMHMEY 1 YITYUITTETE






nanoscale magnetics to be integrated with
biology

high sensitivity magnetic sensors capable of
detecting single magnetic nanoparticles with
100 nm or less 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 to bio-
molecules, with nano-scale precision

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

development of bio-compatible, 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 to single bio-molecules and cells
with a high degree of specificity

The utility of nanoscale magnetics as a
portable, robust, and highly sensitive
transduction mechanism (magnetics-based
biomolecular signaling ransduction
mechanism) for meonitoring and controlling
biological activity at the cellular and,
ultimately, single molecule level
(functionalities including highly selective

APBIYKH)

HaHOMarHHTHBIE 1PHO0PBI COBMECTHMBbIE C
MHPOM KHBOTO

BLICOKOYYBCTBMTE/IbHBIE MATHHTHBIE JaT4HKH
CHUCUBIII-[E BEABHTE OJHHOYHBIE MATHHTHLIE
HaHoYacTHIG! AuameTpoM 100 HM 1 MeHbe
MArHHTHLIE "A0BY KK WM aDXHTEKTYpa
"yTeHHe/3aNKCcE"” GHOCOBMECTHMARA 1
cm)t_‘ufman MAHHNMYIHPOBATE OAHHOYHEIMK
MAarHHTHBLIMH HaCTHLIAMH C HAHO-TOUHOCTBHO
TE'PEHQBTKK& C HCMOEIOBAHHEM MArHHTHEIX
METOK J1/151 aTakH WHOHLHDOBAHHLIX KNETOK
De3s BpeaHbIX NOCNEACTEHI 4710 OKPYAKaLHX
JIOPOBLIX KIETOK M THaHeil

BLICOKOTLIOTHOE MYIBTH-MarHHTHOE Noje
FPAJAHEHTHOH APXMTEKTYPOIT = MArHHTHEI
MHHLET CNOCOOHEIH MAHHITYIHPORATE
YHHOMHBIMA HAHOYACTHLIAMH
NPHKPEIUIEHHBIMK K GHO-MONeKYIaMK € HAHO-
TOUHOCTEIO

DHo-coBMeCTHMAA (eppo-HHIKOCTE, HIH
MArHHTHBIE "METKH" C MPeBOCXOIHBIMH
MarHUTHBIMH CBOICTBaMH, BHICOKDI CTENEHBIO
cneyUpUUHOCTH NPHEPEIUAIOWIHECH K
OT/IebHEIM (GHO-MONEKYaM H KIeTKam
DHO-COBMECTHMBII, BRICOKOUYBCTBHTEIEHBII
MArHHTHBLII CeHCOp CNOCoOHBI K MHCIEHHOMY
ONpeeieHni PAZHOCOPTHRIX MArHHTHbBIX
HAHOYACTHI]

MarHHTHBIH MHHLET COBMECTHMBIH C HBOI
THAHEH, CNOCODHLI MAHUMYITHPOBATE
OT/1e/TbHOH HAHOMaTHHTHOH YacTHLeH-
APTRIYKOM MPUKPENIEHHOI K OHoMonesyne,
YCTOIUMBLI, HA OCHOBE MarHeTH3Ma,
MEXIHHIM NpeodpazoBadin OHOMONEKYIAPHEX
CHTHAIOR

BHO-COBMECTHMBIE HMEAEIHCTBIE HHIKOCTH,
WM MarHHTHBIE "SpABMKR", cnocofHse
NYIKPEILIATLCH C BLICOKDI H30HpaTebHOCTLI0
K OTAENLHEIM GHOMOMEKYIaM M KNEeTKaMH,
Bi/iHueHHe HaHOMArHHTOB Kak
YHHBEPCATEHLIX, HAOEHRHLIX W
BLICOKOUYBCTBHTE/ILHBIX Tepelaotyx
MEXIHHIMOB (MarHHTHLIA BHOMONERYIAPHBIT
nepearyHk CHIHANO0B) OTCIEKHBAHNA 1
yripagnexdms HUONI0rHUeCcKoi JeaTeNsHOCTH Ha
YPOBHE KNETKH, 3 B KOHLE KOHLIOB W Ha YpoBHE
OTAeNLHOH Monekyasl. B diyHKLMH Takoro






a cell influenced by weak magnetic field

Human-Machine

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

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

new technologies for augmenting human
performance
hardware infrastructure for cognitive systems

new methods for monitoring humans and
living systems

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

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

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

to transform machine leaming systems from
tools into partners

a decoding system for mood

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

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

Healing
Wound

the medicine of the future needs to accelerate
to anticipate the treatment of injuries for the
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AHBLIE KNETKH BOCTIPHHHMALLHE cnafioe
MaIrHHTHOE [oie

Yenopek-Mammna

YBEIHUEHHE HA NOPAAOK WK Goiee MOmHOCTH
CHCTEMBI YENODBEK-KOMINLHOTED Ha noae Bos

NOIHABATE/ILHBIE CPEACTEA MOIBOAAILHE
4eOBEKY H MALIHHE JyMaTh BMECTe 0
CAOMKHBIX Npodaemax

HOBBIE TEXHOMOIHWHA PACIIHPEHHA W VCHIEHHA
BOIMOKHOCTEH HenoBeKa

annaparHas HHPPacTpyKTYpa cHeTeM
BOCTIPHATHA W M03HAHKA MHPa

HOBBIE METOE MOHHTODHHTA ﬂl[\l’leﬁ H HHBLIX
CHCTEM

BOHH € HHTEPQeicoM MO3T-MALlHHA BMECTO
"AEHCTBHA CAEAYIOLIETD 33 MBICABHY" -

" neHCTRYET MBIC/IBIO"

ABTOMATHUEKHIT KOHTPO/L PasyMHOro
NOBEAEHHA

Ofyuaeman Bowo Au3us Mawmna -
APOrpaMMa 1Mo MOTHBAM GHONOIHUECKHX
CHCTEM, NMOWCK E']yIIJ'LEIMEIITaJ'ILI!U HOBLIX
NOAXOI0B K MAHHHOMY 00Y4eHHI0,
MOIBOMAIOLLMM TIPHCNOCADAMBATLCH
MOCTOSHHO K HOBLIM O0CTOSTEILCTBAM, HE
3alisian npeaLyTyero odyueHus.
NPEBPALLEHNHE CHCTEMB! MALIMHHOTO OGYUeHHA
M3 MHCTPYMEHTA B NapTHepa

JERO/HPOBKS MOAYCOB HACTPOSHHI
JEKOAMPOBKA HACTPORHMI W nocheyiouee
MPOrHOIMPOBAHHE H3MEHEHHIT HACTpOeHHI
BLIABTEHHE NaTTEPHOE DCO3HABDEMBIX
JHUHOCTLIO MO/YCOB HACT POEHHI

Jleuenune

Panenusn

MEHLMHA GYAYLIETD HYHIAETCA B YCKOPEHHH
3AMHB/IEHHA PaH U1 CO31AHHA ABTOHOMHOID
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tools 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

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

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

military readiness by enabling warfighters to
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 biological equivalent
of the game "Twenty Questions," subjecting
bacteria to a battery of physical and chemical
tests to determine pathogenicity

to hamess viral evolution to create a novel,
adaptive form of medical countermeasure-
therapeutic interfering particles (TIPs)-that
outcompetes viruses in the body to prevent or
treat infection

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

HHIHH
CPEACTBA M TEXHOMOIHH MHMHHHUPHHNA HMHBBIX
TRaHeil 1 MeTaGonHIMoR na
BOCCTAHOBHTENIBHOH MEHLMHE

neyexnue ocTpoii Gonu BKMOYaeT
HEPAPMAKOIOMHYECKHE H HETPAMLHOHHBIE
MEIHLMHCKHE NOAX0/AL CHCTeMHOH Gopebbl ¢
Goseio (pain management)

cucTemMHan bopeba ¢ Gonsr

HmMmyHHan cucTema

CO3JAHHE TPEXMEPHOIH BAHBISEMOH
HMMYHHOIH CHCTEMBI HEOBEKA
IBOMOLMOHHAA IOBYILKA /UIA NaTOreHa 13
KOTOPOi HEb3bl BLIPBATLCA MYTaLHAMM
CTpaTerti MAEHTHOHKALIMNA HIBECTHLIX WK
COIAHHBIX GHOMHKEHEPHEIMM CrIOCOBaMK
NaToreHos (T.e. HarHOCTHKA HA OCHOBE
(YHIaMEHTANbHBIX, KPHTHYECKHX MEXaHHIMOR
NaToreHeInca, Lenei aHanuia
pacrpejeneHHLIX Cpejli K1accoB NaToreHos,
HITH PAHHAA PEAKLIMA OPraHH3Ma Ha
HHEDEKLIHHD )

BOEHHAA MOTOBHOCTL Goiiyos K Gypam n
LITOPMaM HHGEKLMOHHEX Done3xed
HAHO-TPatH, HAHO-QHUILTD KPOBK OT
NaToreHos

cucTema Gyaer GHON0rHYeCKHM IKBHBATEHTOM
Mrpel "12 BONpoCcoB”, A8 XapakTepHIaLHH
DakTepHH W HaNpaeneHKA ee B Darapelo TecTos
AR ONPEAENEHHA MaTOMEHHOCTH

OB/IJIETh BUPYCHOH 2BONOLMEI 18 CO3aHHA
HOBLIX aaNTHBHBIX MEJHLIMHCKHX CPeJCTR -
TepanesTHueckHx Goessix vactiy (TIP) -
HEHTPATHIMPYIOLIHE BUPYChI B OPrasiime

BPEMEHHEIH MMMYHHTET, C/1epARHBaI0Hi
Gone3Hb CO31ABAS 3ACA0H BOCMANEHHID, H
Noy4an BPEeMa JU1A J0T0BPeMEHHON0
MEULIMHCKOrD YXO/a ero paspaboTku u
NpHMEHEHHIO

OXOTHHK 33 NATOreHAMH NPEeHAIHAYEH 150
pa3paboTKX HOBOTD KNacca TepariH,
HCNOLIVIOLEH HHBLIE, NOIBIKHLIE,
arpeccHBHbie DaKTepHH YTHETAOWHE rpaMm-
HEraTHEHBIE DAKTEPHH ABRIOILHECR

S . .






human immune response to any specific
vaccine,

General Medicine

leverage existing disease models, identify
abnormal health early indicators, and mine
existing databases to 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 battlefield with a
new level of integration. This virtual soldier
will be based upon a highly complex model
that 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 battlefield is decisively more lethal
to 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
is that these would be zero- (or close to zero)
maintenance systems.

to 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 to give our
wounded Soldiers the ability to pursue the

L e

3 HEKTHBHOCTE MMMYHHOI PeakLi Ha
MOGYI0 CNeLMAHLECKYIO BAKLHHYIO,

Obman MegHIHHA

COBEPLUEHCTROBAHHE CYIECTEYIOLMX MOJIENei
DonesHeil, MeHTHHUKALIMA HHAWKATOPOB
PaHHHX OTKIOHEHHe, npopaboTka
CylecTeyowpx Ga3 JaHHbIX 418 Onpeie1eHHs
HauOoee LEeHHBIX PAHHHX HHIHKATOPOR
OTKAOHEHHIT 0T HOPMEI

NPEACTABIEHHE OTAEMBEHON CONJaTa
(ronorpahHuecKoe MEHLIMHCKOE 3MEKTPOHHOE
NPEACTABMEHHE, FONOMED) KOTOPOE MOMET
HCTIONB30BATLCA JUIA NOLIEPHKH
MEJHLHHCKOTO YX0/1a Ha/BHE Mo GoA ©
HOBBIM YPOBHEM HHTErpaljHi. 3ToT
BHPTYA/ILHBI COMAT OCHOBAH HA OYEHb
C/IOKHBIX MOJIENAX HCXOALLMX H3
OHONOrHYECKHX MPHHLMINOE M 3aN0IHEHHBIX
HMMEILMMHCA JAHHBIMK

OHONOrHYECKHE MEXAHHIMBI
MHANDDEPEHTHOCTH K HATHMHIO B
OKPYRAOLER Cpe1e WHM opraHiave
AKTHBHOH HHEKLMH NATOreHoB

PA3EEPHYTHIE BOMHCKHE COBAMHEHHA KaK METa-
OPraHH3M, MEIHLIMHA 3DPOBLA ITOMD METa-
OpraHHIMa

ropoACKoe none HoA IHaUHTENBHO Donee
CMEPTOHOCHOE KaK J7ist DOMLOB TaK W s
MENEepCoHana

CaMo-peMOHTHRYEMEIR, CAMO-3aKHB/ISEMbIE
CHCTEME! HA OCHOBE GHO-MaTepHaNDE CMOTYT B
Ompxaiienm OYAYILEM CTaTh 1EMEHTAMA
OAEHL, AMEKTPOHHOI 1 OHO-21EKTPOHHOR
MaMATH, MACCHBAMM JaTUHKDE H LE/TLIMH
NOBEPX-MO3TOBBIMH CHCTEMAMH, TO Y4eM
paHbiue ObUH waeMsl. M KoHeYHo g8
CAyKOBI aPMENCKOMD Thizlad HEMAIOBAKHO, YTO
3TH CHCTEMa TPebyIoT HYNEBOTO (MK OKOIO
HYNEBOI0) yXoga.

CTPATErHA HCNONL30BAHWA NPEA-CHMTOMHOI
JAHArHOCTHKH

Co3jiaHHe HaJleBaeMblX MPOTE30E MOTHOCTEH,
KK ECTECTBEHHEIE KOHEMHOCTH,
NOAMHHAIOIMXCE MO3ry. DSO omHocHTCA K
a10ii padiore ¢ ocofoii MopankHoit
OTBECTBEHHOCTHH, Mbl MOKEM H A0AHE AaTh
HAlLHM paHeHbIM DoiilaM peant3oBLIBaTh CBOH
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Farmacology

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

reduce the medical logistics burden in the field

Panacea aims to 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-limited
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

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

to 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

1o protect cognition by blocking the pain
receptors right at the injury site to prevent
them from firing and sending a pain signal to
the CNS. This will help a Soldier remain alert
in dangerous situations

spvere pain is eliminated for weeks with a

thapmakonorus

PajiHKaIbHast IPOTHOCTHKA
dapmalieBTHUECKUX CPECTB

CHHAEHME MEIHLIMHCKOH N0rMCTHYE CKOI
CAOMHOCTH Ha nosie Hos, 3a CYUéT MIHOBEHHOTD
CHHTe3a neveOHBIX CPeACTB

Panacea - MHTErpaLus cHCTeMHOI
(hapMaKonoruu, MeAHLIMHCKOH XUMHH /151
PacLIMpeHHa 001acTH BO3eHCTEHA
TepanesTHUeCKoro BO3aeiicTeuA B obnacTi
KOHTPO/IS 0CTPOIH GOM M BOCTIANIEHHS, 1
NMOBbILEHHA GUIHON0rHYeCKOIT BLIHOCIHBOCTH
TIPH KMCJIOPOAHOM AeduiuTe.

MPOM3BOJICTBO MYJ/IBTH-/IEKAPCTB W3 J10-
thapmauesTHUeckoro cybcrpara

ABd MHTE'I'pHJ'IbI‘Ile HCCNea0BATETBCKHX
Hanpasnedna: Papmauua no 3anpocy (PoD) u
Buonorimuecku-uexoaHan MeauimHa no
3anpocy (Bio-MOD)

Heiiponorus

Ecnm ncuxonornueckan Gonesus - uepHelii
ALK, TO NIedeHHe ManodpheKTHEHO.

KaPTHPOBAHUE HEHPOCXEM YTIPABAAIOLLMX
thuzmonorueii sabonesanmii

HOBast HeHpOTeXHONOTHA - HOBas
HeHpoTepanus

MOHMTOPHHI H 3KTHEHOE YUacTHE B MPOLECcax
NIAacCTHYHOCTH HelipocybeTpara,
npeoTEpaILEHNe NaTonoruii

3ALHTA CO3HAHMA M COXPAHEHHE AKTHBHOCTH
CO3HAHUA JoKanH3aLmeii omm

CHIEHAA 00T YOCTDAHAETCR Ha Helleimi. He






Soldier

Abstraction Weapon

tactical 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

cognitive 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 to retrace the trajectory to
provide retrotraverse, route replay, "go to 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
to cope with unforeseen events

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

Opykue abeTpakumii

TAKTHYECKHI MYIETHIUIMKATOP =
BLICTPaHBAHHE THHHIH H Y3N0B BIAHMHO
YOHIHBAKWMCA DOEBLIX CPEACTBA Pa3/IMUHO
NPHPO/LE

MOTPeGHOCTE HALMOHALHOH PA3BEIKH B
HOBOM MOKOIEHHH YUEHBIX OCBOHBILINX
MEHTATHTET M NPAKTHKY NEPEIHEND Kpas
MCCeq0BaHUH, KOTOPbIH 00bIMHO
npeacTaenseT coboil KOMIIEKC HayuHOo-
TEXHHYECKHMX NPOLKTOR

MalLHHBl AHAMH33 COTEBBIX Ye0BEUe CHHX
OPraHH3aLHii M NOCTPOEHUS NOBEIEHUECKHX
Mogened anei

MO3HABATE/IEHBIE CHCTEMBI HMEIOLIHE
BOODpaXeHHe - cnocobHOCTL H30DpeTaTh
MHTEPECHLIE CLIEHAPHM M TU1aHE! 1
MpejCcKasbIBaTh paHee He ObiBaBLIee PAIBUTHE
CODBITHI

MPOrpaMMHEIE KOMIOHEHTEI KOTOPLIE
CXBATHIBAIOT ABCTPAKTHEIE TPECTARIEHHA
OMBITa OCHOBE MEpLEntuH "onsiTa” pobotos
TPH HX JBHACHHH (IBOMHOLHH) B
OKPYHAIOLEM MHPE, H HCNIO/IB30BAHHE 3TOMD
NPEACTABNEHHA A0A MIAHHPOBAHHA
TPAEKTOPMH, NEpeMeLLeHms B Touky/uens X, 1
TA.

METOMIOrHA NpocerBatua GoMbIMY 00beMoR
BEICOKDPA3MepHOil MH(OpMaL1K s
HICHTHPHKALHH H BBILENeHHA
MPHHLMIHANEHEIX CTPYKTYP Manoi
CHOAHOCTH B CAOMHBIX CHCTEMAX

A3LIK NMPEACTARIEHHA H MOJETHPOBAHHA
ABTOMATHHMECKOTO ONMCAHNA " (hrInuecKkmx
IAKOHOB" COAEPAAIMXCA B JAHHBIX

HOBBII K1ACC BIMHCTHTE/IBHBIX MallnH
pearnpyroLHii Ha Pe3yLTaThl H COCTOAHME
CBOMX BBIYHCIEHHI W cnocoOHEIH
obpabarsiBars HENPEAYCMOTPEHHBIE CODBITHA
JIMHAMHYECKOE CHMBOTBHOE NPE/ICTABIEHHE 1
A/LANTHEHKIE AATOPHTMBI NOIBOIAIOLHE
ABTOHOMHO BOCTIPHHHMATE OKPYHKAOLLY
Cpejy H BLITIONHATE HABMIALIHIO
(KOOPAHHHPOBAHHAA CEHCOP-HCTIOMHHTENLHAA
JEATENLHOCTE)
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differentiating characteristics, but in shon, they
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
distributed semi-autonomous forces with
collective objectives through the hierarchical
application of systems and control theoretic
methods

dynamical approaches to this challenge (rather
than finite state 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

time as a weapon

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

madel-free algorithms 1o assist and control
human-task missions against dynamic
environments

the technical foundation that would empower
machines, regardless of the domain, 1o go
through the military OODA (Observe, Orient,
Decide, Act) loop process themselves

KOTOPBIE MOHHMAKT YTO OHH AenarwT

TEOPHS, ANTOPHTMBL, POrPAMMBI, MOJETH i
TEXHONOTHA MOAETHPOBAHHA KOOPIHHALIHH
MHOFOYPOBHEND NIaHHPOBAHHA, OLIEHKH
CHTYALIHH W YTIPABIEHHE PACNPe/e/eHHbIMH
NOAYaBTOHOMHBIMH CHAAMH HMEHOLLHMH
obuy1o Leas peanuiyemMyio Hepapxueii cucrem
C MOMOLLBIO TEOPHH YTIPABICHHA
AMHAMHYECKHIA METOA, (2 HE METO/ KOHEUHLIX
ABTOMATOR) MOAXO] B PELIEHIO 33134,
HCMWIBIOBAHHE Ehl‘l“ﬂﬂmﬂh[vfﬂi’( AHHAMMHEH
(T.e. HEHpOMEXaHHUYECKH JAMKHYTHIX CBA3el,
JHHAMHYECKHE CHIHABHLIE ]]PCII.[ECCO"]!:.I H
C/IMAHHE B CHCTEMBI CEHCOPOB) H
APXHTEKTYPHBIE ACMeKThl AHHAMHKM (T.e.
PACTIPEeNEHHE YIIPABIEHHS MEH LY
LeHTP/IH3I0BAHHBIM W PACTIPEIEIeHHbIM
KOHTPOMEM )

Cpe/ICTBa JIOTHYECKOrO BLIBOJL B PeaIbHOM
BPEMI‘.'HH ITO IHAYHT: JIOTHYBCKHI NOUCK B
TMPOLLIOM, HACTOALLEM H NPe/ACKaZyeMbIX
COCTOAHHAX CHCTEMBI

HCTMIONB30BAHNE HCTOPHYECKOH, TeKyLei 1
npefcKasbiBaeMoi HHpopMaLpei
pacnpe/eneHHan rpymna 3KCNepToR
thopmupyrowas Hasy 3HaHuil (npu
HEoDXOAHMOCTH) 683 HHAKEHEPOR N0 IHAHHAM
B Ka4ecTBe NocpeJHHKDB

BREMA KaK OPyHHe:

1. NPOCTPAHCTREHHO-BPEMEHHBIE CBEPX-
MOLHBIE IHEpreTHYeCKHe CBEpTRM (Japna po
50-x),

2. meTathopHUECKH B BOSHHOM aene, GHanece -
B TAKTHKE H CTPaTeruu

MOMO4L BOEHHBIM Pa3o0paTbea B HAMEPeHHAX
NPOTHEHHED BO BPEMA CIGKHEIX
MHOMOYPOBHEBBIX KOH(IHKTOB CEpoil 30HkI,
0DECNIEYHTE TOMHOCTE PAIBE/ILIBATEbHEIX
MPU3IHAKOB 715 ONTHMAIBHOTO OTBETA
De3-MoaebHBIE ANTOPHTMB! ONEpaLHil npoTHs
Bpa1eGHOI JHHAMHYECKOH cpejbl

CO3/1aTh KOMTBIOTEPHBI dyHIaMeHT LMK
Habnoaenne-OpueHTaija- Peinexye-
HeficTeie B NpoMIBONEHOR 0DNACTH






savvy of a seasoned veteran - that soldier
"sixth sense"

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

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

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

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

Advanced sighting

Advanced sighting systems for tactical
operations.
enhance battlefield awareness

mapping revolution
revolution in sensor
chemical mapping

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

storm of failure under the cloud of uncertainty

understanding sensory cognitive mechanisms
affecting spatial orientation

sensor-based algorithms to 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

BO3BBILLIEHHBIH Mo AHKepeMuTY Goesoil oneiT)

HOBLIH B/ KOTHHTHEHOTO 00yueHHs
NOAPA3AENEHHIE H CONJAT OCHOBAHHLIA Ha
HETIPEPBIBHO JOCTYITHOM TEarpe BOEHHBIX
AefcTBHi

TEXHONOTHA CHHIYIAPHBIX TOUEK
M3BMEKAHLMX CMBIC M3 PEATBHOCTH NoJs 0os

Paspaborars HOBLIE NOAXOAL! K (heHOMEHY
YHHKATEHOCTH B BOEHHOM JIE7IE.
KaTaropHyecknii NOHCK NPHHUMIHANEHD
HOBEIX CPECTE M Cdiep BOEHHOTO fiena
NOHHMakILan cdepy coei AeRTensHOCTH
MalHHHoe 0GyueHme, cnocoGHoe B
ABTOHOMHOM PEXHME NOCTAaBHTL cele
34[,aHHE, ONPEIEINTE CTPATErHIO M BEIPAIHTL B
hopMe NOHATHOIN UenoBeKy. IT0 CaMo-
NOHHMAHWE CROEH KOMNETEHLIMK NpHGTHKaeT
K LIEH NPEBPATHTb aBTOHOMHYH) CHCTEMY H3
MHCTPYMEHTA B HAZIEAKHOTO,
KOMMYHHKa0eILHOTO NapTHepa

BricmaTpuBanue noas Gon

Pa3BuThie CHCTEMBI BBICMJTPHBAHHA NOAA bos.

CO3JaHHE W PACILMPEHHE BOIMOKHOCTE
aprediakToB OCBRAOMIEHHOCTH Noid G0 H
ABTOMATH3ALHA HX 0DpaboTKK
KaprorpalHueckas pesontoLst

CEHCOPHAA PEBOTIOLIHA

XMMHUECKOE KAPTHPOBAHWE H W1EKTPOHHBI
coBaumii HOC - CHHECTeIHUPCHARA KapTa
MECTHOCTH

none Goa Gyaywero - yauua, W noapayjeneHna
congar GyayT GonbLIe pacnsiieHs u Gonee
CNELHATHINPOBAN]

00M1aKa HEONPeIeNeHHOCTH B CHCTEME
NOPOAIAET IITOPMBL OIIHGO0K 1 MOIHHH
NONOMOK

CEHCOPHO/KOTHUTHBHBI MEXaHHIM
OpHeHTaLKHel CHCTeMbI

Uﬁy‘lﬁ‘}ﬂdf‘ BOCMPHATHHY OPHEHTHPOBAHHODMY Ha
CEHCOPb! PACIIMPAIILHE BOIMOKHOCTH
MEPUENLHH, HHTEPIPETALHH H "NOHUMaHHA"
OKpy#areH cpeas M e

PATYMHBIE MATEPHATE H KOHCTPYKLMH =
MATepHa/Ibl KOTOPhIE YYBCTRYIOT H PEarHpyioT






understanding sensory cognitive mechanisms
affecting spatial orientation

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

Language
language is natural to 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

infinite sustainability

hydrogen sulfide gas, in the right dose, can
shut off an organism's need for oxygen and
induce a state of controlled hibernation
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 training

new classes of sorting, sensing, and actuating
devices

developing platforms to tackle critical
technical barriers of total integration

crapHBaHna W u30eraHus XHIHHKOR)
MOHUMAHHE CEHCOPHO-KOTHHTHBHBIX
MEXaHH3IMOB NPOCTPAHCTEEHHOH OPHEHTALHH
MPOU3BOACTED HAHOINEKTPOHHBIX CHCTEM
KOTOPBIE OTKPOIOT NYTh PEBOTIOLIMOHHOMY
PA3BHTHIO BRIUHCIEHMI M CEHCOPOB

JIMHrBHCTHKA

locnoas co3aan AjlaMa ¢ IMHFBHCTHYECKMM
Annaparom

AILIKH MATOMHCIEHHBIX TOMYAALHE ©
BLICOKHM PHCKOM TEPPOpPHIMa

KY/IbTY PHO-UYBCTBHTE/IbHAA CETh OCHOBAHHASA
Ha:

- IHHTBUCTHYECKOM npoLeccope ¢ 1000
CTENEHBI IMHIBHCTHYE CKOI I0KaNbHOM
hOKYCHPOBKM;

- congar Baarogaps 3Tk CeTH BAAJEeT JAHHOI
KY/ILTYPOii M CTAaHOBHTCS €8 HOCHTE/IEM,
HoBriii MMp B KOTOpOM MHOG0I MOXET OCEOHTH
OCHOBBI A3LIKA W KYNILTYPHBIE HABLIKK B
TeYeHHH HECKD/IBKMX JHEi HiIH Heeb,
TIMHHA (CHCTeMa) CBA3H s NOrHDarmmx
congar

HEHCUEPNAEMARA HKHBYUECTh JHOIEH H CHCTEM
BOAOPOAHO-CYILMIAHEI ra3 No3BoNAMLLHI
MPOHBIPHEBATE IKCTPEMA/ILHEIE YCIOBHA B
cocTosHMK aHabno3a

Marepuabl, TEXHUKA, TAKTHYECKHE HAXOJKH
BEJIeHHA BOIHBI B rOpoge.

rHOPHAHBIE KMBLICHEAMBLIC CHCTEMBI KaK
INEMEHTLI BOMHCKHX Nojpa3jieneHuii

HOBBIE MYTH NPOEKTHPOBAHKA, YNIPABIEHHA H
BIAMMOJEHCTBHA © UCKYCCTBEHHBIMM
CHCTEMAMM

TOHKOE C/THAHHE (PH3HYECKHX H
HH(OPMALMOHHBIX NPoLeccor nons Gos
CaMOIANEUNBAIOLLMECH, YYBCTBYIOLLHE,
MPUCNOCabIHBANLIHECH MATEePHANLI
PaMKaILHOR MUTAHKUE TIO3BOMAIOLEe
YBEIHYHBATL NPOJOIAKHTEILHOCTE H
BOIMOMHOCTH /IMMHOIO COCTaBa Ha none Dos B
COUETAHHH C HOBBIMH METOZIaMH 00YUeHHsA
HOBBIE K/1ACChl YCTPOICTE NpeABapyTe1bHOM
KAACCHPHKALIMM, JaTUHKOB W HCTONHUTEIBHBIX
MEXaHHIMODB

paspaboTka naardopM, MeTa-TEXHONOTHH
NPeojoNeBAIOLLMX KPUTHUECKHE






Robotic Net

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

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

1o regenerate service after attack

robotics, network-centric warfare, and
cognitive systems

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 radio
frequency (RF) to terahertz (THz) sensor and
communications systems

CeTu poGoTos

arpeccHBHan ceTeBas CTPYKTYPa MepLientm-
pazsegku-geiictena (CONIX)
BIaUMOeiicTEHE MEXLY AreHTaMH Ha
CEMAHTHYECKOM YPOBHE

TOTANEHO JANDIHAIOLWEAA NPOCTPAHCTED
CEHCOPHAA CETh

Pa3BOPAUHBAIOLLHECA B/3a CUET OKPYKalowled
Cpe/bl MEeTa-DpraHHIMBI

coobuectso Gonee 1000 cpeaHeii CI0KHOCTH
AreHTOR BIMOIHAMLIMX OMEPaLio B
VCAOBHAX ATAKH KHHETHUECKMM H
HHOPMALHOHHBIM OPYAHEM

OnepalMoHHa JOTMCTHKA Ha ypOBHE
GaransHa, nonKa NpogoaKaloLLan
00ecneuHBaTh AKUIHeoheCTIeueHHe NpH
BOAEHCTBHM (aTaNbHBIX GaKTOpPOB
BOCCTAHOBIEHHSA PA3BEPHYTOI CHCTEMEI
TEXHHUECKOTD ofecneveHia Nocie aTaki Ha
Hee

poBOTHIMPOBAHHOE CETE-

LEHTPHPOBAHHOE KOTHHTHBHOE BOOPYHKEHHE
KPYIMHOMACIUTabHbIe CETH NOMYaBTOHOMHEIX
MallH

KMHEMATHUECKHE TUIAThopMEl Ha OCHOBE Mgl
GHONOHYECKHX KOHCTPYKLM

APXHTEKTYPA KOJIEKTHBHOTO pasyma
YTIPABRIEHHE MAIMHBI MbICTBIO | YIPABIEHHE
MALIMHOI MEICTEIO

OCeTeBNeHHbIE MI0THPYeMEIe H GeCrHIoTHBIe
CHCTEMBI

ABTOHOMHOCTE, PO, KOHTP-POH,
MY/IBTHILIATOPMEHHAA KOOPAHHALINA,
MYNBTH-MOfIENLHBIH HHTEpdeiic,
BIAMMOJIEHCTBHE C HENOBEKOM

Pa3peKeHHOE YPAaB/IeHHE aBTOHOMHBIMH
CHCTEMaMH

MaHya/IbHas CynepreHHansHOCTL podoTa
(NpHUETHAHKE, MEAHLIMHCKHE 3a[auH,
YIPARIEHHE, IHEPrOHHGOPMALMOHHBIH 00MeH
etc)

TAYGHHHOE NOMPYKEHHE B KOTHUTHBHYIO
OMEpPaLMoHHY 0 CPeay/ pactipeeeH bl
KOMMNBIOTHHT H HETBOPKHHE/aGCTPaKTHY 0
namMATk/ pacnpejeneHHsle "npouecce!”/ ceTn"
KOPHHTHBHOM CPefibl/CeTH CEHCOPOB €
YACTOTaMM Ji0 Teparepiy






humans to understand, construct and optimize
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 Learning

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

Causal Exploration - modeling and exploration
tools to 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,
intuitive 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

to facilitate big hypothesis generation in;
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 activity in an
area of observation

Increasing the Quantity and Quality of
Breakthroughs

Reshaping the Future of Science

Computators

NpeacTaBNeHHA Ye10BEKOM CBEPX-CAOMHBIX
CHCTEM

METO b HETPAAHLMOHHON NepUenumMH MUpa 1
ABTOHOMHOCTH

(VHAAMEHTA TBHBIE TPEAETb W OrPAHHYEHHA
00y4aeMOCTH HHTEIEKTYAIBHBIX CYIHOCTEH
pazpabaTeiBarh 1 NOEPKHBATE
CTPATErHMeCKDe NOHUMaHHe COOLITHIA,
CHTYALHii H TEHZEHLMIT B MHPE, B PA3THYHBIX
oGnacTax

TTpHuMHHAR ABTOMATHULCKAN AHAIHTHKA.
KoMnboTepHOE H3BeueHHe NPHUHHHOCTE,
noy-agToMarHueckas cOopka Mogeneii.

obofLecTBACHHE CIOMKHBIX e B cpege
COTPYAHHYECTRA

YNPABIeHHE YYL0BHILHOA CAMKHOCTEI)
MPOEKTHPOBAHHA

(POHT MIAHHPOEAHMA NPOEKTHPOBAHHA HOBBIX
YCTPOHCTB: TEKYLUHE YCITEXH HMEKTPOHHKH,
(HOTOHHKA, KOMNLIOTEPHBIE HAYKH,
NPOHIBOACTBO 1/N W T.0., cBopka,
MEHLIMHCKHE MaTepHankl M YIakoBKH,
TECTHPOBAHHE, NOJIEPKKD HOPHAHYECKDTO
obecneqenns

PEHEPALHA DOBILIMY KOMILHOTEPHBEIX HIyuUHBIX
CHCTEM Ha Gaze runoTes B: HelipoHaykax, reu-
npoTenH wensx sabonesaxuii,
MATEPHANOBEAEHHH, KJHMATONOMMH, TEOPHH
ABTOHOMHOCTH-HHTELIEKTE, Lnbep-
(PHIHHECKHX CHCTEMAX,

CHCTEMB! 0030Pa C PaJHKANEHEIM
PACLLIMPEHHEM TIOHHMAHHA M CTPATErHHKH
WCCABAOBAHMA KAPTUHKM M CEHCOPHBIX nosei
YEeHUHTE KOTHYECTRO M Ka4ECTBO HAYUHO-
TEXHHMECKHX MPOPLIBOB.

HamenuTs BUaeHHE OyAVILErD HAVKH.

BeancanTenu






load. These systems will improve U.S.
effectiveness in providing ISR capability with
minimal potential for detection in a wide range
of operational environments including jungle,
grassland, desert, arctic, and urban.

individual robots that are less that 5
centimeters in any dimension

to 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- to 500-mWe ) power generation, includes
a microscale fuel processor, which produces
hydrogen from liquid fuels such as methanol,
butane, JP-8 diesel, or diesel, and a microscale
fuel cell which will 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 to 100 times higher
than the best lithium-ion batteries

converting chemical energy into electrical

R R— p————

JIBUTaThCA NOCTYNATE/LHO, CnocofiHbIe HECTH
Harpy3ky 2 r. Takue cucremel cnocofel
MOBLICHTE MPEKTHEHOCTE Pa3BeLIBATENLHO-
NOWCKOBBLIX OMEPaLuii NpH MHHAMANLHOI
BEPOATHOCTH OOHADYKEHHA B LLIMPOKOM
CNEKTPE YCAOBHI, B TOM YHCIE B JPKYHITIAX,
CTerH, MYCThIHE, aPKTHKE, MOpPOICKHX
YCIOBHAX.

KOMaHkl pofoTOB pasMepom mMeHee 5
CAHTHMETPOB M0 KEA/I0MY HIMEPEHHIO
KOOPRAHHALHA NOBEJEHHA W UEEC"EWEHME
NOL3I0RATENLCKOND HHTepdeiica C cHcTemamn
M3 TRICHY MANEHBKHX poboTos

BoCpHATHE W obpaloTka BUIVANEHOH
HMHOPMALIMH MEX/Y PACTIPEIEIeHHEIMH
MHAHPOBOTAMH, HAHOCTY THHKAMH, MHKPO-
CaMmoneTamu

HeHpPO(HAHO NBUTE - MOIBOHT OTCIEHHBATL B
DEINPOBOAHOM PEMUME HEHPOIEATENEHOCTE
MHHHATIOPHEIE HACEKOMBIE MOTYT NOKa3LIBaTh
Pa3BHBAKOLLYHOCH IKCIEPHMEHTANLHY O
CYLEKTHOCTE, PACIIHPAKILLAA NPEACTARNEHHA
00 IKCMEPHMEHTANBHEIX KOTHHTHBHBIX CXEMaX
HACeKOMBIX

Jueprus

TonAHBEHBIE MHKPOAUEITKH

MHKPO- TOTUIHBHAR AYeHKa M TOMHBHLII
MPOUECCop reHepatuy sHepruu (10 - 500
MBT), B TOM YHCIE MUKPOTOIIMBHEH
NpoLieccop NPoMIBOIALLMI BoAopOY U3
AHAKOD TOIUIMBR, HAMPHMEP MeTaHona,
Gytana, IP-8 auzens wWin oGeIMHBIT MIETs W
MHKPOTOMTHBHAA AYeiiKa KOTOPaA MOMKeT
HCTIONB30BATL BOAOPOA IS NPOHIBOACTEA
WIEKTPOIHEPTHH

MHKPOTOMIHBHAA AYeiika C OCHOBaHHEM 2x2
€M Ha KEPAMHYECKDI NOAM0AKE MOWHOCTEI)
10MBT

IHEPreTHYECKasn 0THOCTL NPONaHa, MeTaHa,
FA30/THHA H JHIENBEHOTD TOMNIHED M0 ME}I]:IIJ'E&
mepe B 50-100 pa3s Boilue yem y cambix
NYHILHAX HOH-THTHEBLIX AKKYMYHTOPOB
NPeRPaLEHHE Ha MHKPOYPOBHE XHMHYECKO
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for energy production

research efforts on micro power generation
conceps

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

to 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 learning

topological quantum computation offers
revolutionary breakthroughs in coherence
stability

quantum search engines

quantum teleportation-based communication
coherent optic quantum communication

Soft-matter

soft-matter circuit

soft-matter 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
living tissue, typically neurons, that have been
genetically modified to express light-sensitive
ion channels. [Wiki] optogenetic methods for
treating neuropathic pain

MeTaboanIMa Ha THIHAHLIA MeTabomHIM H
ofiparHo

HCCNE/IOBATeIbCKHE YCHITHA B 0DnacTy
KOHLENLMI reHepaLMs MUKPOMOLLHOCTeH
[paBHTALMOHHBIE W 3NEKTPOMArHHTHELE
MOTEHLHA/BI NPOHH3LIBAIOT YHHBEPCYM
ofeauumowpii marepuio. Boamosno nm
HIRIEHEHHE IHEPTHH WITH MOMEHTa JIBHKEHHA
H3 3T0ro dona?

NPOTHBOAEHCTEHE CHIHATY nogasnenua B 10
MUIH CHABHEE YeM M0/1e3HBI CHIHAN

Marepus

Kpauntym

KBAHTOBEIH DHOKOMITBHOTHHT
BHO-NIDrHYeCKan TEOPHA KBAHTOBOMO [0/,
TEOPHA IHTENEXHA APHCTOTENRA HHBLIX
cylHocTed

HHAHHHPHHI KBAHTOBOIO BAKyyMa
CTAIKEP NOUCKA TPHHLMIMHANLHO HOBbIX
3PeKTOB KBAHTOBOID MHpA

KBAHTOBBIE O0YHAI0LUMEC MALLIHHL]
TONONOHYECKHE KBAHTOBLIE BRIUHCIEHHA
JAOT PMEANLHBIE DEIYLTATE CTAGHIBHOCTH
KOTEpPEHTHOCTH

HaHO-NONesoi HHgO-CTankep

CEA3L Ha OCHOBE KBAHTOROH TENENOpTalHm
KBAHTOBAA CEA3L HA KOTEPEHTHOH ONTHKE

Msarkas TKaHb

CXEMEI H YL MATKHX 'I'KEHE‘FLFMEI'T'E[IHEIHDB
CHCTEMBI MATKHX ‘I'KBHEWMH‘I‘EPHHRDB

O LEMHBIE TENECHBIE POGOTE MAMKHX THaHeH
BBICOKOID KaUeCTBa ONepaloHHbIY
MAHMIYIATHEHLIX KOHTAKTOB
HHAKHE-MATKHE-KPHCTAUTHYECKHE
IMEKTPOHHBIE KOMIMOHEHTHI H CHCTEMBI

Mosiekyasipas oToHHKa

ONTOTEHETHKA: HCNIDB30BAHHE CBETA J11A
YIPABRMIEHHS HHBOIH THaHBIO, 00BIYHO
HEHPOHAMH, KOTOPLIE TeHeTHYECKH
MOAH(HLMPY TS IKCNPECCHPOBATE
(CHHTEIMPOBATE ) HOHHLIE KaHAMNBI.






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

EnMats (Engineered Optical Materials) have
been used to 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 1o,
metamaterials (both metallic and dielectric),
scattering surfaces and volumes, holographic
structures, and diffractive elements.

slowing, storing, and processing of light

wavefront control

a comprehensive 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

multi-physics systems

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

chemical cartography

new possibilities 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
is being transferred. How the structure and
function of natural "antennas" are capable of
generating and receiving information.

CHCTEMaMH
JAMEHHTh KNACCHYeCKHIT AHANOMOBLII CBETO-
AETEKTOP BBICOKONPOHIBOIWTENBHEIMH
JAETEKTOPAMM - CYUETUMKAMH (POTOHOB
Iporpamma EnMats - MHasuHHpuHr
ONTHYECKHUX MaTepuanos, Brixog 3a npejens:
CTAHAAPTHRIX "IAKDHOB" OTPAKEHHA H
npenomaenns. Paspafiorka metamarepuanos
(METANI0E, AHINEKTPHKOR)
NOBEPXHOCTEH/00BLEMOB pacCceHBaHms,
roorpafiHuecknx CTPYKTYP, HeMEHTOB

AN paKiHM.

PaIMATHEHHE, JAMELAEHHE H
MPOLECCHPOBIHHE CBETA

YNpaBAeHHe TONONOTHeH, MATKOCThEIO,
CKOPOCTAMH BOIHOBOTO (hpoHTa

Teopus NOAHOMD, MAKCUMATEHOMD HIBAEUEHHA
(omrmwveckoro) ofipasa, HHGOPMAaLHKA CIOMKHEIX
cieH. Teopua MakcHMansHOMo pasHoobpasua
nyTeH, dhai, KOrepeHLM W NpoY., CBETA,

Duzuka-XumMun

MYMBTH-CYOCTPATHRIE CHCTEMbI
TOMOMOTHYECKH OPraHM30BadHHLE CHCTEMBI
(Bm0, aBHO-COOPKM M NATEPHBI, YIPABIAEMO-
PAIBMBAIOIIMECH CODPKH/METOAOIOTHH
COOPKU/CUHTESA, CAMOCHHTEIUPYIOLLHECH
CATITPE wet-systems)

KOHUETNTYANEHAA, OHTONOMMYECKan
KapTorpadua XuMHH

paipalioTka MaTepHANIOR B CBEPXBLICKOKHX
Aaenednax (Donee 3 MOH. JaBneHHs
armodepei)

Kakue cymecrsyor noms cefa3aHHble ©
KH3HBIO, AMEKTPO-MarHHTHEIE, JHTEICXHH,
mopdoreHeTHUeCKHe, KHPHUIMAHA W T
DYHKUHOHANBL 3THX NOAeH B CHCTeMbI
CHIHAMHIAUHK HHTErPALMH OpraHnima?
OnpefenHTs CYIHOCTE 3THX nonei,
"CTpYRTYPY ", "MEXaHHIMBL", NOTOKH
"uHopMaLn”. HacKoIBKD KOHLENTEI TEOPHH
MHIPOPMALIMH, INEKTPOIHHAMHKH 8/1EKBATHE
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Learning-Enabled, Cyber Physical 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 is abstracted in
mathematical/logic notions, away from
physical substrates.

to 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 rapidly.

to 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 intrinsic
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, in 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?

obyuaemas Gua-MW cucrema

HOBBIE APXHTEKTYPbI, aITOPHTMBI H METO/bI
KOTOPEIE MOTYT OBITh "BRINEUeHs" B (I3HKe,
MaTEMaTHKE, NPHHLMMAX IHaHHii (prior
knowledge)

B npupoge ¢guanveckie npoLeccs SegoTe
BLIYMCIEHHAMH. B K1acCHUeCKoM CHMBONLHO-
LH(POROM BRIMHCHTENLHOM NpoLecce,
HanpuMep B Mofenn ThopHHra BuIYHCIeHHA
MIVTHOCTEIO ABCTPATHPYIOTCA OT GPHIHYECKHX
NpOLECCOR.

NPOEKTHPOBAHHE MATEPHANDE € HOBBIMH
ynpaBaseMbiMi (YHKLMOHANAMH

IeHEPALHA MYNETH-IHIHMECKDI MOLENH H
KOJ,0B HENOCPEJCTBEHHD W3 OMHCAHNA
H3HUECKOTD leHOMEHA NPOHIBOLHOH
CAOAHOCTH WK 00LHOCTH

CAOKHOCTE CHCTeM, KOMILIEKCOB CHCTEM W
YHCNO PHIMMECKHX (PEHOMEHOR BAMHEIX 18
NOHUMAHHA NOBEJEHHA CHCTEM DbICTPO pacTet.

BLIABIATE WHAK BKIHOMATE HENODCPEACTBEHHD
B KOMITBHTEPHOE [POEKTHPOBAHNA
H3IMUeCKHe CROHCTEA, NAaTTepHE CBOHCTR
marepuanos. Hanpumep BuiUMCIeHIs CXeM
BopoHokH HCMIONBLIYA XHMHUECKHE PeakiiMH,
Takoiil KOMIBHTHHE, METOAOI0THA
BRIYHCTIEHHH 0YeHL HpPeKTHEHA TaK Kak
BKJIFOMAET B KOMIBHOTHHT HENOCPEACTBEHHO
abCTpaKLMo PHIMYECKHX CBOACTE B BHAE
KOJ,0B MPOrPaMM, BEIMHCIHTENBHBIX CXEM,
AHANONOBEIX KOMITBIOTEPOB,

BOIMOKHOCTL COIABATE M3 GYHKLMOHATLHEIX
MATEPHANOR (PYHKLHMOHATBHYH TONOAOTH
nHboil NporpaMMHpPYEMoil CI0KHOCTH

HOBBIE BEIYHCTHTE/IBHBIE CYDCTPaTLI H
MALLTHHHEIE, ATTOPHTMHYECKHE METPHEH
OpuH 13 CHoweTos "MallMHB TBOPEHHA"
Jpekcaepa (MalHHa BLI3A0POBIEHHA B GHo-
MEHLHHCKDI 0GnacTH).

1. Co3aercs OHTON0MHA
aktyaropos/npoueccopos CATTP cuerem ¢
NOTOKOM HOBBIX Pa3paboTok.

2. B oHTOAOMHH OCYIECTRIAETCA NOCTOAHHEI
NOHCK CHHTETHUECKHX PELEHHii (YaCTHUHBIX



graphene - material system based on very thin
sheets of carbon atoms, only a single atomic
layer

graphene devices, carbon electronics, carbon
nanotube transistors

5. lMony4aem Ba yPOBHA aBTOHOMHOCTH -
ABTOHOMHOE NPOEKTHPOBAHHE/ HABUTALIUA B
TNPOEKTHOM MPOCTPAHCTEE dABTOHOMHOM
ycTpoiicTea.

rpaden - MarepHaI-CHCTEMa Ha OCHOBE
TOHKOTO CI0A YIepo/a (0fUH aToMHbII Cnoit)

rpaduToBble GYHKLHMOHANLI, YI/IepOo/-
3NEKTPOHMKA, TPAHIUCTOPBI YITIEPOJHBIX
HUTEH



"scale-free” paradigm

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

leverage advances in optics, MEMS, additive
manufacturing, and other emerging
technologies 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 to 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 1o be so useful that it got
generalized in many different ways, eventually
leading to powerful tools that enabled
mathematicians to make great progress in
cataloging the variety of objects they
encountered in their investigations,
Unfortunately, the geometric origins of the
procedure became obscured in this
generalization. In some sense it was necessary
to 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.

napajMrmMbl MaciuTad-ceoGoHbEIX
NpOLECCOpPoB

OfecneyHTs LWHPOKHIT AHANa30H
NOTEHUHANBHO MMVIE3HLIX, TEXHONOIHYECKH
AOCTYTHBIX MONEKYAPHBIX CTPYKTYP 118
MPHHLMITHAABHO HOBLIX CPEJ

BRIMHCIEHHI/ XPAHEHHA JJAHHBIX.
pOpCHPOBATE HOCAEA0BaHIA B 06AACTH
MEMS, agauTHEHOTO NPOHIBOACTEA W APYTHX
NOABNAIOUMXCH TEXHOMOIMAX 118 pazpaboTku
HETPAMLMOHHEIX AHANOMOBKIX M UHGPOBLIX
BBIUHCTHTENeH

MareMaTHKa

I'unoTesza Xoaxa - 415 0CoBEHHO XOPOLLHX
THNOB NPOCTPAHCTE, HA3LIBAEMBLIX
NPOEKTHEHBIMH aAreGpantiecKimi
MHDI‘DDEIFIHJWMH, Tdk HAILIBAEMBIE LIHKNB]
Xoyp#a ABNAKTCA KoMOHHALMAMH 00LeKTOR,
HMEHILLHX FeOMETPHYECKYH) HHTEPIPETALHIO,
- anreGpadueckux UHMKN0B. [lo Kakoil crenesu
MBI MOBKEM ANNPOKCHMHPOBATE (GOpMY
JAAHHONO 00bLEKTa, CKAEHBAR BMECTE NPOCTHIE
TE/d BO3PACTAHLEH PAIMEPHOCTH.

I'inoTe3a Xo/pKa YTBEPKIAET, 4TO 18
0CODEHHO XOPOLUHX THIDE NPOCTPAHCTS,
HA3BIBAEMBIX NPOCKTHBHLIMK
anrefpanyeckMMi MHOrOOGPAINAMK, YACTH,
HazbiBaEMbIE LMKNaMi XopKa, SBAAIOTCA Ha
caMoM Jeie (PaLMOHATEHEIMH THHEHHBIMK)
KOMOWHALMAMH FEOMETPHYECKHX YacTei,
Ha3bIBAEMbIX ANre0paHYeCKHMH LIMKAaMH.

B 20 pexe ORTH OTKPEITE 0UEHE CIOKHBIE
reoMeTpHueckie GpopMbl, THIA HCKPHBIEHHBIX
ByThinoK, Tak BoT, 6RO BEICKA3aHO
NPeANoNKeHHe, UTO UTolbl CKOHCTPYHPOBATE
ITH DGLEKTEI 1A ONMHCAHMA, HA/I0 NPHMEHATE
COBCEM MOMIOBONOMHBIE (HOPMBI, KDTOPLIE He
HMEIOT TEOMETPHUECKOI CyTH "ITakue
CTPALLHLIE MHOTOMEPHLIE KaIAKH-MaAKH"
WIIH e BCE - TAKH MOAHO 000fTHCL YCIOBHO-
cTaHpapTHoil anrebpoii+reomerpueii.
MunoTesa XoKa, eCIH 0HA OKAHETCR BEPHOI,
H3yueHHe DONLILOND H CIOMHOND KNacca
anrefpanyeckux MuorooGpasuii (Tak
HA3LIBAKT MHOKECTEA, COCTAB/IEHHBIE W3
KYCOMKOB, Ka#/{bii H3 KOTOPLIX ABIAETCA
MHOMKECTBOM PELLeHHH KakuX-THo






mathematics of the brain

the mathematics required to control the
quantum world

to host the HIVE Graph Challenge with the
goal of developing a trillion-edge dataset.
There are two initial challenges: 1. The first is
a static graph problem focused on sub-graph
Isomorphism. 2. The second is 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 lift"
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
rich two-way communication with the brain

to visualize the brain across multiple scales
to develop interventions that maintain a

hasiths: Beala stata ainthhia = asmasl ssnas af

NPHKA/IHBIE GUEIMOTEKH TONDNOMHYECKHX
KOHLENTOB-0NEepaumii-CTpyKTYp

MATEMATHRED H CHCTEMOTEXHHKD MO3rd,
PHADCOHIA MATEMATHKH YEIOBEUECKOND MO3ra

MATEMATHER YNPARIEHHA KBAHTOBEIM MHPOM

Hudo-kombunar HIVE Graph Challenge -
rpadh AAHHBIX C TPHWITHOHOM Y3108, OCHOBHBIE
3agaun: 0. pabora c rpapom 10412; 1.
BhIfBIEHHEe H3oMopdmamMoe nogrpados (T.e.
KOHLIENTOB MUPa) , BECh rpad - mup; 2,
onTHMansHoe pazdnenue rpada (Te,
opraHiIatiHa MHpa)

Oprannzanua BC, norucruka

HETPAJHLHOHHBIE OPOHTANEHELIE KOHLETILHI
CTparerHyeckuii THiT - oprasuIanus
NOTHCTHKH N0/] CTPATErHYECKHE ONEPALiK
apxuTexTypa BMC HOBOIO TEXHONOTHUYECKDID
vEnaia

MeauunHa

Kouuent Bro-Tnardopmel HAXOAHTCA Ha
nepeceueHHH GHON0rMH H CHCTEMOTEX HHKH.
OBAACTE HHTEPECOB OT BOPHHOH MEQHLHHBL 10
COIAAHHA MATEPHANOB,

VAYHIIMTE KAMECTRO 30POBLA BOMHCKHX
nopaigenesnit

MO/IAePAHBATE CAMOHCLIENCHHE Tea W LK
NPOEKTHPOBAHKE, CHHTE3 KOHBeilepos
MEHMUHMHCKHX AeiicTRHI

BOCCTAHOB/IEHHE M PACLIMPEHHE COZHAHHA
NOCHE HElpo-TPpaBmM

Kak BOMCKa MOMYT NOePHHBATE 30POBLE
noApaieneHdil BOnpexs Kpaitie onacHoi
AKTHEHOH HHEKLHH NaTOTeHOR

Moar
MO3T-HHCMHPATHBHAA ABTOHOMHAA CHCTEMa

HACHILEHHEIHA, DOrarsil AByHaNpaBIeHHLIH
obmed uHbopmatpedi ¢ Mo3rom

BH3YA/TH3ALHA MO3ra B Pa3THYHLIX MactuTabax
paipaloTarh onepauHH 0310POBIEHHA MO B

RS o Gee BER o A R E oo mnama i gud s os SRR






brain with a spatial and temporal specificity
that rivals existing invasive approaches

Doing sense

DARPA Al technologies first wave - rule based
(Handcrafted Knowledge), second wave -
statistical 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
governing complex physical phenomena

Deep Purposeful Learning

actions from thoughts

The development of technologies to build and
maintain rich models of complex systems
(scientific, social, etc.) by identifying new data
and information resources automatically,
extracting useful information (causal relations,
correlations, context, parameters, 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

ofnacTiMH MO3ra, C NpoCTPAHCTBEHHD-
BPEMEHHLIMH NapaMeTpaMd CPaBHHMEBIMH H
MPEBOCXOAALHMH CYILECTEYHILHE CPeacTea

Pabora co cMBIc/IaMH

Hapna MH:

1 BOIHA = NOrHYECKHE MAlMHE JHAHHIT
(IKCNEPTHBIE CHCTEMBI CAMBIX. LIEHHBIX
obnacreil 3HaHKIT Ha oCHOBE
HHCTpYMeHTanBHEX cuetem KEE, R2 n n.);
2 BO/IHA - CHCTEMBI PA3BHTHA W PaCILIHPEHHA
3HAHMI MALIHH 3HAHWI (CUCTEMBI PACILMPEHHA
FHAHHHA OT NPOCTERWNX NAbOPATOPHEIX 40
Google-nogodHeix rHraHTCKHK KOMOHHATOR
FHAHMI);

3 BO/IHA - MALLMHB] 3HAHHIA W CHCTEeMBL
poBOTOR B peansHOM MHDE, Pa3BHTHE
PeantHOCTH B 33/1aHHOM HarNpaBIeHHH:
HHAKHUHHPHHE MHIHHA B HHTE/UIEKT YeN0BeKa;
reo-, GHo-, COLMO-HMHAKHHHPHHT,
MH-apXHTEKTYPbl M METO/IBI OTKPBITHA HOBBIX
hHIHYLCKMX (PEHOMEHOB H 33KOHOB, MOJETH
YIPABMEHHA CNKHEIMH (BHIHYECKHME
eHoMeHAMH

rybokoe yeneHanpasnedHoe obyuerne
AEHCTBHE M3 MBICTH
CoepemeHHas/nNaHupyeMas HHpOPMaLHOHHAR
CHCTEMA 3TO:

- TEXHOMOTHA NOCTPOEHHA W
YHKLMOHMPOBAHWA GOTATHIX MOJEnei
CAOAMHBIX CHCTEM (Hay4HbBIX, COLMANBHBIX H
TIL);

- HAEHTHOMKALMA (BO BCEX CMBIC/IAX) HOBBIX
JAHHBIX;

= TIOMUCK, PAIBEKA, NPOrHOIHPOBAHNE HOBLIX
HCTOMHHKOB JaHHBIX;

- OUEHKA, MIBALYEHHE MOAeIH0A HHpopMaLK
(MpUUMHHBIE CBAIW, KOPPENALMH, KDHTEKTC,
napaMeTpH3aLMa ¥ T.I.):

- MHTErpaLHa (B pas/iMuHble YPOBHH CHCTEMbI
AAHHEXIHAHHI) noayyeHHoi noneHoi
HHOpMaLn;

- MALLMHHO-3a00T/1HBasA EKCEIEp‘THhIﬁ
KOMINBHTEPHBI MHp (3M), Mogens Mupa;

= IKCMIEPTHBIH MUP (POPMHPYET NOTOK
BOAMOEHLIY 3aMDOCOR W OBPCTIPYMBAET MOTOK






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 to learn and react
appropriately without needing to be retrained
on a large data set

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

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

cognitive dissonance detection

the understanding of intelligence and self
organization in the natural world

automated narrative reasoning for training
adaptive leaders and warfighters

easily navigate the design space to 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
distinct levels of a novelty hierarchy in
selected domains

The first thing an Al system has to 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
its model of the world.

HayUHBIE JJAHHBIE;

- 3M MOHHTOPHHI B PEANBHOM BREMEHH
KPHTHYECKHE 001acTH IKOHOMHKH, NOAHTHKH,
COLIHYMOB, OKPYKAHOLIEH Cpes
NapaMeTpHYECKH, MPOrHOCTHYECKH,
cobBITHITHO.

HHAHHHPHHT a/JaNTHEHOCTH B
Ge3npeLeHIeHTHLIX Cpejax

Bonbiuoi hHHansHEI pUnocodcko-
TEXHONOrHYECKHA npoekT "3penHe cosHaHua"

[MpeacTaseTe WAXMaTsl, B KOTOPLIX MPABHIA H
AOCKS MEHAKOTCA B XOOE WPk

ofyuende aestendoct cuerem MK Ges
MCMO/bI0BAHHA HEOGXOMHMBIX M JOCTATOMHBIX
Halopos AaHHBIX

pa3paboTaTh HayUHbLIE MPHHLMILI ONHCAHHS
MPHHLUMMTHANBHO HOBBIX JJOMEHOB OTKPLITOND
MHpa

TEOPHA NOHHMAHHA CBATH JaHHLIX, 34734,
PeCypCoB, NPOHIBOHTENBHOCTH UTA
KASCCHMEALIMH 33184 NOIXOQRILMX JaHHOH
"MallMHe" WaH HeT

PACTIOIHAHHE KOMHHTHBHOTD AHCCOHAHCA
MOHUMAHHE WHTEANEKTa AMHBOTHBIX,
FHTENEXHH H CAMDOPraHH3ALHH B NPHPOgE
ABTOMATHYECKAA HAPPATHBHAA ApTyMEHTaLHA
JUIA AJANTHEHLIX TREHHPOBOK MHAEPOE W
GOk

HABMIAUHA B AH3aHH-NPOCTPAHCTEE
MOIHOCTBHO PACKPLIBAMILIAA HHTYHTHBHO
HEADCTHAHMEIE BOIMOEHODCTH

(.'BEDXE)DIII;I.I!ME JOTHUECKHE NMPHYHHHEIE CETH
M MX BH3YATH3aLMA B BUE rpados
NPOrPaMMEl CO3JdHHA HOBLIX KNaCCOB
CHTYALMIH Pa3fHUHOrD YPOBHS 33aHHOH
CHCTEMEI H BEIABEHHE HX CMBICTOE

HH ponswe:

- BO MEPBRIX PACTIOIHATE H MOHATE
HIMEHAEMOCTE MHPA;

= BO BTOPLIX MOHATE B YEM COCTOHT M3MEHEHHE
MHpa;

- B TPETEHX PELIHT BOMPOC aJlanTalHH K
HIMEHEHHMAM MHPa;

- B YETREPTHIX aJaNTHPOBATE aAANTaLHIo (T.e.



HoBble koHEeNTHI
(ynmpa’kHeHu J|Jisl HepeBoa)

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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