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DARPA-Russian
Concept Dictionary

JNAPITA-pycckuH
C/10Bapb KOHLENTOB

Konnekuma Haubonee WHTEPECHLIX KOHUBNTOB, ApKWX nekcem DARPA u3 chepbl
MCKYCCTBEHHOMD MHTENNEKTA C NEPEBOAOM HA PYCCKMA A3LIK, C WMNPOBHUIALMAMMK,
WETOUHMEN 1 KOHTEKCT NErko Haxogutea B Google, cnpasoyHoi cucteme DARPA,

DARPA Understandig

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

Doing sense
Brain
Brain interface

Neuron
Meurosensors, Neurocoding, Neurointerface, Intellect

MNeuralogy, NeuroControl, NeurTherapia

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

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, Flant

Digit/Life
Bio-Method, Biosensors, Creation Biosystem

MEMS

MEMS-Insect, Manipulation and Measurement

Microfluidic Chips
Biomagnetic Tag
Human-Machine

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

Soldiery
Abstraction Weapon, Advanced sighting, Language

Robotic Net
Little Boti

Energy

Monumanue Japne
Hanpasnenus uccneaoBaHuii u

pazpaborok
Buonorna, Couponorus, [poextupoparie,
Brrpcamteny, Maresaruga, Oprasysauma BC,

norwcThra, Meguupna, Mosr
PaboTta co cMBICTaMH

Moar
Hurepdieiic © Moaros

Heiipon

Hedipocencope, Hefipokogupossa, Heiipo-
uuTepdeiic, Hefipoaoria HMTeekTa,
Hefipovnpapnende, Hefiporepanis

l'enom

Hauocrpyerypel redos, lesemnieckne
npoleccops, Peaasmiposaine reHos,
levemHyeckan megHunia, MeHeTHyeckHe BOFNL,

Axcrpesodinis
Knetk, DHOMONEKY LI

Co3naHHe HHUBOH THAHH

bBuo-waen, Homenknarypa, bHo-koRcTpyETOR,
Buo-auancaennd, Hanonpobus, Ilaccu
cHMTeTHYeCKD i Bronorim, 3D smeoil cyborpar,
Hssymmas cucresa, Opran-cucresa, Cynep-
OpraMel, ¥CROpeHoe Ae9eHHe, BruucamTensHi6

Ouo-cvhoTpar, PacTenna
Limdppa/momane

Methog Guo-norun, buocencopsl, Coygarme Ouo-
CHCTEM

Mugpo-OnexTpo-MexaHHueckHe
CHeremil
MEMS-nacekomiie, Mannmyiaguu, wasepeiia

MHUKPOAHIKDCTHEE YHITS
BHOMarHHTHEIE METKH
Uenopek-MawmmHa

Jeverue
Panenna, HsmsyHHan cuorema, Ofugaa MegiaHa,
DPapmaronorud, Hefiponorna

BoexHoe geno
Opyae aborpakyyi, Beiosmarpreanie novs Gom,
JIHHrBHCTHES

Cetu poboToe
ManeHsrkie poBoTh

IHeprua
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Microfuel cell ToraMeHble MHKPOsSYeiKK
Materia Marepus
Quantum, Soft-matter, Molecular fotonic, Physics- Keantym, Markas Teaus, MonekynspHas

Chemistry thoronmka, DuMKa-XHMHA
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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 radition 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 S 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

the DARPA organization was as unique as its
role, reporting directly to the Secretary of
Defense and operating in coordination with,
but completely independent of, the military
research and development (R&D)

IMonumanue Jlapnbi
NPOHHKHOBEHHE B CYLIHOCTL HefipodeHoMeHa
GYAET MMEThL KapAHHANLHOE BAHAHHE Ha
paGory DARPA B ciegyiouem QecATHAETHH
JAPTIA - cosupaer. JAPIIA - 510 TpaguLma
CO3AHNA COODIECTBA TBOPLIOB
[lpom3eegeHmii.

I30TEPHUECKAN MATEMATHKA BOMLEOHEIX
TEXHONOrHI

ypoxkaii HeRoOD PaIHMBIX TEXHONOTHYECKHX
CHPIPHI0E

nogHATE pons HH a0 npossuarensHoro u
BhIIBIBAROLLETD JOBEPHE HAyUHOID CO-
TPY/AHHKA

DLICTPLIA W JPLIERLIT JOCTYT B KOCMOC

OJJHH IOJ, CNIOKDIHOI KOHLENTYaNLHOI
npopaboTEr

MOAHO JTH NPHIYMATE TAK0H CeTeroil Cepeuc,
KOTOpLIH TpaHcdopmuposan Obl PasBHTYIO
CETh B NOCT-CETEBYH) HHPPACTPYRTYRY?
CHCTEMHBIE TEXHONOTHH TOYHO ONpeJensioume
rpaHiLbl GYHKLHOHAN CO30aHHON CHCTEMBI -
"He Hbonbe - 4 He MeHbLIE"

npegensHEIR KoMnLoTHHE - UH: cybmunenan
KOHTHHHHTYA/IbHAA CHCTEMA NPOHH3LIBAKOLLAN
CYTIEPROMITLHOTED

TEXHONOrHA HAHOABRHACTPOCHHA

NOHHUMaHHEe DIOKHPYIOLLMX BOSHHBIX CPeJCTE
(HE-CMEPTENLHOMD OPYAHA) Ha MOJEH;
NOHHMAHHE MEXAHHIMOB, TAKTHYECKHX W
CTPaTerHuecKHX NeprresTHe
HETPAMLMOHHBIX CREACTE BOYIEHCTEHA Ha
YE/IOBEKA H TEXHHKY

ABTOMATHYECKAR NOrHYecKkas npopaboTka
(reasoning) kpynHoMaciurabhex agad w
npobnem. Havano pabors - nogrmovuenne
BCET0 PPOHTA CHCTEMHOID H METACHCTEMHOIO
NPOEKTHPOBAHWA HPOPMHPOBAHHE JOMEHa
3HaHWii No AaHHoi npobneme

MaTepHasl H KOHLEMLMH NPOH3BOACTEA K
XPAHEHHA JHEPIHHA BO BCEX Mal:urr.]ﬁax [T,E. oT
CTPaTErHYeCKOND KOMaHHOI0-

HCCNE0BATE MLCKOMD WTada a0 HAHOOATYHKA)
H € NEPCNEKTHBOH aDCOMOTHON MHBYHECTH H
camooDecneyeHHs

KOOPAMHALIHA arPECCHBHOMO Pa3BHTHA
TeXHOCHEeph

JOMHHHPOBAHHE BOCTIPHATHA Hag MH00LIM
NPOTHEHMKOM - 0bwecucremioe TpebosaHme
BOOPYHEHHEIX CHI

Japna uMeeT YHHKaNBHYHO ponk B MO,
JOKAA/LIBAET HENOCPEACTREHHO MUHHCT]Y
000poHsl B paboTaeT CROOPAHHHPOBAHO, HO
NOAHOCTHH0 HEZABHCHMO OT HCTeBNHILIMEHT
(CTPYKTVP) BOSHHBIX HCCASA0BAHHI H
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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
tracditional thinking and approaches.

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

necessary supporting DARPA personnel
(technical, contracting, administrative) are
"hired" on a temporary basis to provide
complete flexibility 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
technologically possible today

to create paradigm shifts in Defense
capabilities

a future in which materials can drastically

paspaborok. bonsiue ecero [lapna Gourcs
DHOPOKPATOR, 3TO BO MHOIOM ONPELEIAET eg
TAKTHKY H CTPaTer1io.

PELLUMTEILHAN NOIEPHK [MaBHBIX
ynpaengiowmx MO, CylecTBeHHbI 31eMEeHT
paboTsl [lapna, NOCKO/IBKY €€ NPoeKTsl
NpejatoTcA aHademe TPAIHLHOHHEIMH
BOEHHBIMH W HCCNE0BATEIbCKHMH
CTPYKTYPAMH H OCOIHAHHO ONMOHHUPYIOT
TPAAHLHOHHOMY MBILIEHHIO H NOAX0aM
Mpoexta JAPITA opHeHTHPOBAHE! Ha
NPOOIKHTENLHOCTE 3-5 NeT, HMEIOT YETKYHO
HAMPaBIEHHOCTE Hd KOHEUHYID LIEL.
HeoOXOAHMBIN 0DCTYKHBAIOLMI Nepconan
JAPTIA (TexHHueCKHil, HAEMHBIH,
AAMHHHCTPATHBHBIA) "pekpyTHpyeTCa” Ha
BPEMEHHOI OCHOBE 1A 00eCTeueHHA NOTHOH
rHiKOCTH BXOAA W NOKHAAHHA NPoneMHLIX
obnacreil De3 kagposbiX npodnem

ayuurie medepRepsl JAPTIA - 9HTY IHACTLI
CEODOLHD JABUTaOLMECs N0 BLIDPAHHOMY
MyTH

YIPABIAOLIME NPOrpaMManmu (cepaue
JAPITA) puibHpaloTca CpeaM Bhlaumxc
HHHLHATHEHEIX TEXHHYECKHX CIELHANHCTOR
Aayuimii cnocod nomyueHHs HOBBIX Hei -
HOBBLIE JIHH, NOCKONIBKY HOBBIE MEHEIKEDSI
XOTAT NEPeHanpaeHTs paboTsl CBOHX
NpeAeCTBEHHHKOB, a NPH HeoBX0JHMOCTH
nepejenars ux

npodnemMa 3aKmoHaeTca B MHHHMHIALHH
AIMHHHCTPaTBHOH 3aHHTEPECOBAHHOCTH H
BOIMOAHOTO yBAZaHHA Dpradusaluq s
PEIIEHHBIX 331a4aX, KOTOPLIE MOTYT OTB/EYb
ATeHTCTBO OT ero HOBATOPCKOID HMINEpPaTHBa
coOpanue BMECTe IHAEH C OHHAKDBLIMKA
HEAMH MOAET NPUBECTH K HEIMHeTHOMY
BOIPACTAHHIO NOTOKA WaeH

JAPITA - MOTOP TEXHONDIHYECKOTD
obHosrenns MO,

Boneme opranqzagud Tina MO wyxaawores
B Takux yuacTiax kak JJAPIIA, 3agava
KOTOPBIX MCKIHUYHTEILHO PAAHKAILHOE
HOBAaTOPCTRO.

BooOpasure, 4o MoryT norpefosars B
DVAYIEM KOMAHLHPLI.

CHATL OFPaHHYEHHA C NPEICTABNEHHA Moaeil
0 COYLABACMBIX TEXHONOrUAX. [lepenexTini
TEXHONOT Wil 3aKNALIBAIOTCA B METa-
TEXHONOTHAX NPEACTABIEHWH MIONeH.
OCYLIECTB/IEHHE MEHTA/ILHO/ TEXHOMOr HYECKHX
CABMIOR B NPeCTaRIeHHH Peanyiatvm
BOIMOKHOCTEH BOCHHOI TEXHHKH

Byayigas KyNsTYpHas Cpejia oCHOBAHHAA HA
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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 antomatically
derived from multiple media sources inio a
common $emantic 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 leaming
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 sirategy
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 learms
from reading the Web, like a research librarian,
to construct a commaonsense 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

MYTETH=THTMOTEIHAA CEMAHTHYECKAA MALIIHHA
FeHEPALHH ANLTEPHATHEHLIX HHTEPpPeTalHii
CODBLITHH, CHTYALMA W TPEHIOB HI MHOIHX
HCTOMHHKOR, B CPEAE WyMa, Je3nHdopmanm,
KOH(AMKTHOCTH

KAPTHPOBAHHE WEMEHTOR IHAHHIT
ABTOMATHUECKH BBIBOJHMEIX M3 Paz/IHYHBIX
MEIHA B O0LWYI0 CEMaHTHYECKYHD
PENPEIEHTALMIO, arPErHPOBAHKE,
KOMIAEKCHpoBaHue, COopka HHHOpMaLHK 13
ITHX MCTOUHHKDR, FeHEpaLiMs i HCCeg0BaHHE
FHMOTES 0 COOBITHAX, CHTYALIMAX, TPEH/AX B
HHTEpecy oM obnacTax

MK, malmHa KOMIETeHLHH -
BhlCORDHATEAHAA MAIIHHA Hd OCHOBE
IKCMIEPTHBIX KOMINETEHLMI ¢ oDyuennem. MK
0DNaj3eT ABTOHOMHOCTE), MOKET CaMa
BEIDHPATE NPEAMETHLIH JOMEH KOMIETEHLIHH,
CTPATErMi0 H BLIPAKATE HX B MOHATHOM
uenoseky popme 1A BuOpaHHBIX 33184 W
YCI0BH.

Mawmna 3apaporo CMeicna:

1 cTparerus - CO3jaHHe CepBHCa
OOYUAILErOCA, M3 NPOHJEHHOMD ONLITE,
AHAIOrHYHOND ONLITY pebeHKa: cozganne
BhIUHCTHTEMBHOH MOIEIH MOXOMER Ha
ESTHOUERRIE JOMEHL] COIHAHHA, MOHHMAIHHA
pefeHkoM 00beKTOR (MHTYHTHBHANA (H3mKa),
AreHToB (AKTOPL! HHTEHLHHA), MecT
(MpOCTPaHCTEEHHAR HABHT ALMA).

2 CTPaTerua - CepBMC KOTOPBIA YUMTCA YHTasA
CTPAHHLIB CETH, KAK HCCABLOBATEILCKY O
GubnuoTexy, A1 CO3aHMA XPaHIINLLA
3APABOTD CMBICAA, CNOCOOHOE OTBEUATE HA
BOMPOCH! ECTECTBEHHOMD A3LIKA H KAPTHHKM B
NpeAenax JPasoro CMeICHa,

CBOHCTBA MOJIEKY/ KaK MapaMeTphl
KOMIMOHEHTOB CHCTeMBI [0DpaboTHH JaHHLIX,
XHMHYECKOTD MPOLeccopd,...)

Mosar

MATeMaTHUYECKH COIMIACOBAHHAN NPOEKTHARA
MO T MO

Mopaens mo3ra ceifuac - To B yem Gonsie
BCEMD HYHAETCH NPOMBILLIEHHOCTE. Bos
LHEIONMHYECKAR LHIPORAS NPOMBILLTEHHOCTE
HYHJETCA B JOCTVIE K MO3ITY.

Ecan mogens mo3ra He Oyaer co3jaqa
BOSMOMEH K KO/L1ANC Boe wudposoil
HHYCTPHH H BOIBPALLEHHE B

A0 MOCTROMIBIOTEPHOE COCTOAHHE?

Ero Bnageer Mogens MO3ra BnajeeT MUpomM?

11
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sub-symbolic "instruction set” of the brain

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

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

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

multiple neural subnetworks of the brain that
are involved in disease and illness

therapeutic stimulation methodologies

many neural and behavioral processes are not
anatomically localized, but are emergent from
systems that span regions of the brain
photo-stimulation 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

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

the brain can be trained or treated to restore
normal functionality
non-invasive neurotechnology in combination

l'lmem:-,r HEe JMHHrBHCTHYECKAA
NPeACKa3aTeNbHan MOJeNks Moara?

BosmomkHa 11 cHcTeMa dPryMEeHTALHH NMPOTHE
CO3AAHMA MOJEIH MO3ra?

J0-CHMBO/ILHEIE AT PErHpPOBAHHBIE CTPYKTY P
MO3ra C pacnpejeneHHBIME 3ApaMu
BOCTIPHATHA KOMAHO-CHIHANOB

MakcHMansHO LEnocTHan 1 noadas pabora ¢
moirom. Bo Boex acnekTtax ot feuedHbIx 0
HBIHE HEHIBECTHRIX.

MOHHTOPHHI CHCTEM MO3ra NOYTH B PeaibHOM
BPEMEHH /U1 HellpoBo3feicTeyOWeH Tepaniu

paboTa B peanbHoe pexume paboTel © Heilpo-
MO3ITOBBIMM CHCTEMAMH YPOBHA YEN0BEKA 1
NOCT-4eN0BEYeCKUMM

BBIABIEHHE NOJACHCTEM MO3Fa NOKATHIALIHK
Doneaneii

TEPANeBTHHECKHE CHCTEMBI BOIAEHCTBHA Ha
MO3r

palioTa ¢ NOKATMINBAHHBEIMH H
PRCNpEgeTEHHLIMH B MOITE NPOLECCAMH

CBETO-CTHMY/THPYEMBIE NaTePHbI BHIABAAIOLIHE
BHIVABHY ) CEHOOPHKY KOPbLI DOSTOBHOTT
MDIra

ONTHYECKHI Heipo-MO3roeoi nHTepdeiic
moeT noTpebosars paipabotku Guo-
NOJACHCTEM CPEACTBAMH MOJIEKYIAPHOID H
BHO-CHHTE3A

MCCNIE0BAHHE TOTATAMBHBIX MOIMO-CTPYKTYP
NOCPECTBOM MYJ/ILTH-3aMHCe/ CTHMY AL,
HabmogeHus QyHKUMIE 1 QHcdy HKLi,
MOJETHPOBAHHA HeHiPO-CHCTeM/ TIOBEIEHNS,
AKTHEHBIX METOMOB MCCNE0BAHMA

Kak ceA3aHbl HAPPATHEHLIE H HEHPO-NOAAT

BOCCTAHOB/AEHHE\PACLIMPEHHE NaMATH
LMHAMM Helipo-apTedakTamu
HeliposorHYecKkuii ceHoop -
HMIIAHTHPOBAHHBLIH B KOPY MOMOBHOTO MO3ra
Helipo-KaHan/npoueccop

NOHATE Kak BEIAAHT 340POBLIH MO3T B
AKTHBHOCTH Cy0-ceTeii Mo3ra
HAEHTHPHLUMPOBATE CYD-CETH, KOHTYPBI MO3ra
KOTOPLIE CBA3AHEI C Jenpeccuedi, B
OCO0EHHOCTH ¥ JIEH B OMOpPHEHHOM
COCTOAHMH MCHXHKH

MOAT MOGKET GbITE O0Y4EH WIH NOArOTORAEH K
BOCCTAHOBIEHHIO HOPMAILHOI paboTel
HE-HHBEAIMBHAA HEHPOTEXHOMOMMA B COMETAHHH
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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 coreex

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
Mormal brain movement may cause micro-
motion at the tissue-electrode interface

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

€ ofyueHueM Ans B3pbIBHOMH TpaHChopmaLpu
(boost) HERPOXHMHYECKON CHIHANHIALHN B
MO3re, HeliponIacTHYHOCTH H
AMITOBPEMEHHOMY YAEHAHHI HOBBIX
KOMHHTHBHBIX KOMIETeHLWH

CHIHA/IBHBIE CHCTEMBI MO3ra, HHTEpdEeiick C
aprediakTaMH CHIHANBHBIX CHCTEM MO3ra
BLIYHCHTENEHEIE MOJENH BHIYANLHOH,
MCKYCCTBEHHOI CBepX-BH3yanLHOil obpaboTku
B KOpTEKCe

ONPEAETHTE NPHPOLHLIE BOIMOKHOCTH
KOMMYHHKATOPOB MO3r-CHMBOI-00pas,
BOIMOMKHOCTH PEIKOTO PacUIHpeHHA
(VHKLHOHANA MO3Ta HWHITH CHMBO/TBHO-
00pa3HOTO NPOLIECCOPa NOCPEACTBOM
apredakTos

BIAHMOIEHCTBHE MEAJLY MO3TOM H
napanie/ibHbIM MOTOKOM CHIHAM0B HAHO
EKTPOHHO-ONTHYECKHX MaTpPHL]

DPKECTP MO3TA - HHCTPYMEHTBI, NAPTHTY Phl,
HCTIOTHHTENH, LIETH, TAPMOHHH, CONMb(E KU
Mo3ra

paGoTark B 0613CTH MHCTHEH-bHAOCOgHKH
MO3ra

BLIFOPORIEHHE CTHMYIALMER nepedepuiiHbx
HEPBOB MOAYIHPYA (PWHKLMH MO3Ta, CITIHHHOID
MO3TA H BHYTPEHHHX OPTaHOR

CPeACTBa JIA KIHHHYeckue paboTsl co
runeprpafamu, CXeManMH, CETAMH MO3ra

Hurepdeiic ¢ mozrom

METa-MOICOEAA CETh (JOCNOBHO YIPAKE) 4018
HIMEPEHHA CKOPOCTH MBICTH

CPALLHBAHHE MO3MA C MUKPOCTPYKTYPHBIMH
EKTPOHHO-ONTHYECKMMH MaTPHLIEMH
DecnpoBoAgHLIA MOLEM C MO3FOM

cOop BHYTpeHHHX cooDuieruii B Mo3ry Des
BTOPAHEHHS B OPraHAIM

JOCTYTI K CHCTEME KOMMYHHKALWH BHYTPH
OpraHuaMa

CHAYANA KOHEYHO BIAHMOACHCTEHE MO3ra C
BHELIHHMH YCTPOHCTBAMM, HO B KOHLIE KOHLIOB
IT0 MOGKET ORITE BRAHMOAEACTEHE C MODITOM -
MO3r (cozHaHWe - cosHauue, self2self)
MOArOROH MHTEpDERc HMEET NoTeHLHaN
rnyDxe NPOHHKHYTL B paboTy Mo3ra
O0EYHEE IEHAEHHA MO3Ta MOCYT NPHBECTH K
MHKPO-CMELeHHAM HHTepdeiica anekTpos-
MO3IOBAsA THAHE

rnyBoKHE MO3TO-HMILIAHTHI AR 3neKTpo, Guo-
noaesoid 1 GHO-XHMHYECKOH HHTErpaLHY
HCKYCCTBEHHBIX CHCTEM C MO3IOM C LGB
NMEYEHHA, BOCCTABHOBTEHHA H pﬂEI.I] HPEHHH
(hyHKLMOHANA MO3ra: IBHraTe/IBHEIX,
[MaprEHHCON, AHCTPOHKUA [HAPYILEHHE TOHYCA),
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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/nancelectronic 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.

arrays of neural cells interfaces to solid state
electronics

neuronal cultures in three dimensional
hydrogel cultures
non-invasive reading of neuronal activity

JENPECCHA, HABATUHBLIE HEBPO3ILI, CHHIPOM
TypetTa, IMHNENCHA.

HHTEPAKTHBHAA HeHpoIorus
UTeHHE/CTHMYIALMA MO3ra

Heiipon

Helpocencopsbi

HoBkle CEHCOPBI BHIABAKT CHIHANB, PHYEM
THINLI CHIHAMIOB E1IE HE OTKPEITEIX WHAH He
COBCEM NOHATHBIX HAYKE CHIHA/IOB, HanpHMep
thayKTYaLus HEHPOTPAHCMHTEPOR OKOUIO
CHHANCA.

HAHOINEKTPOHHEIE MACCHER]
NPOCTPAHCTEEHHO-BPEMEHHOH BHIVAIHIALNH
CHCTEMbI KOPTEKCA MO3ra

NPOrpaMMHBe ApTefakTsl 108 CPALMBIEMEIX
Helipo - HAHDINEKTPOHHBIX CHCTEM
NOAUMEPHELE CYOCTPATEL H METa-KaHANBHBIE
JAYIVIEKCHBIE YCTPOICTEA NePMaAHeHTHOI CBA3N
€ MO3roM

CEHCOPHEIE TEXHONOMHH HCCIEI0BAHHA
KOJUIEKTHBHOMO MOBEJEHHA HelipoHoB
NporpaMMHpyeMan HEHpOHHBIE CeHoop
(COueTAOLMACA CO CTPOYHBIM MPOLECCOPOM H
ACCOLMATHRHON NAMATEN)

PELIENTOPHBLIE MOAYIH HEHPO-XHMEp
Kananeus! npegcrasnaoT coboi
ECTECTREHHEIE HAHOMALLITHHED KOTORRE
BLIABIAKT H YCHIHBAKOT KPOLLIEYHBIE
AHMHYECKHE CHIMHATRI.

leHHas HHAEHEPHS NOIBONAET
KOHTPONHPOBATE MONEKY/IHPHBIE CTPYKTY Pl
KaHA/LLEB.

ANrOPHTME! JEKDHPOBAHKMA HEHPOCTAiKoE 1
JNOEANTBHEIX MIVIEBEBIX TPOTEHLHT0E

MACCHBbLI HEHPOKIETOK CONPATaOHECs C
TREQIOTENLHON WeKTPOHMKOH
HEHDOHE! VIHTKH Ha KPEMHHK

e

HEHPOHEL KPBICE] Hd KPEMHHH
HEHPOKYILETYPE B TREXMEPHOR rHApOreneEoH
Ky/ILTYpe

CYHTRBAHHA AEATENLHOCTH H'E'r'[pﬂi'lﬂﬂ-
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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

(pagmaluy HelpoHOR) Ge3 BTOpAKEHHSA B
OpraH13M
HAdHO-CHHATITHYECKHE KOMITOHEHTEI

OPHEHTHPOBOYHBIE TIAPAMETPLI NApaiebHOTo
uHTepdeiica: urenne 10° HelipoHOB, 3anKCh
10° HeiipoHOB

Helipokoaupoeka

MOHATH KaKk HEPBHAA CHCTEMA KOJHpyeT
MOTOPHO-CEHCOPHYH) MH(OPMALIMIO PYKH

BH3YAIH3ALHA HOBBIX KIACCOB HeHpO-1aHHBIX

Joctyn K Heiipokogam Ge3 BTOpaeHHs B
OPraHH3M C COOTBETCTBYHOLLIUM
MpPOCTPaHCTBEHHO-BPEMEHHBIM Pa3peleHHem
[J18 TIOUTYHEHHA 3aMKHYTOI0 KOHTYpa
YIPABAeHHA BHELIHHMH YCTPOHCTBAMM,

paciuMgpoBKa AIBIKA MO3TA - KaK Mbl YUUMCA
JANUCBLIBATE LedeTaHne MHUTHOHOB HEHPOHOB
0OLALLMXCA APYT C APYIOM Ha A3bIKe
JEeHCTBYHIHX MOTEHLHAI0B, JOKAIbHBIX
NOTEHUHAIEHELX MO M XHMHYECKHX
CHIHANOB

[Touemy CTONL YETKHIT PEHOMEH HE 11 CKOMb
HHOYAL LeHHoI uHdopMaluu 0 Mo3re?
MoweT 11 ObITh WebeTaHHe HelHpoHOR He
A3BLIKOM, @ HADBOPOT - WYMOM, IHTPONHEH?
[ae 8 Uurepuere Haitty ayguo-daiib
iefeTaHusa HelipoHOR?
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multi-scale computational models with high
spatial and temporal resolution that describe
how neurons code declarative memories-the
well-defined parcels of knowledge that can be
consciously recalled and described in words,
such as evenis, times, and places

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

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

OHH rOBOPAT MO PA3HOMY: OHH - TPELLAT,
JPYTHE LENKAT, TPeThH NHWAT. "ToBopaT" B
OyKBaILHOM CMBLICTE: HEOBOMBHO MbIXTAT,
KOT/ld 2IeKTPOY BThIKAeTCH B HX 00000uKY,
WanohHO NULLAT, KOTAa OH "MPOKaILBAeT" MX
HACKBO3b. BOIMOKHOCTD CALILIATE Tak ronoca
OT/eNLHBIX KIETOK MO3Ta NOPaKaeT MeHs
Donbue Beero ocTanbHOro.

f He MOry OTARNATECR OT BIEYATAEHHA, YTO
Camoe IMaBHOe, CAMOE HHTEPECHOe YC/IbILLY
HEMOCPEACTBEHHO OT CAMMX HEPBHBLIX KIETOK.
CHOBA H CHOBA 81 BCIYIUMBAIOCE TO B THXHE
Aanohsl, TO B FPOMKOE HEAOBOILHOE
DprozKaHHe KPOLEYHBIX HEBHIUMBIX
HEHPOHOB, NBITAACH NOHATH, 0 YeM
PACCKAIBIBAHIT KJIETKH,

- Crammre, a npobosai M KTo-HHOYAL U3
(PHIHONOTDB Pa3o0paTeCa B ro/0Cax HePBHBIX
KneTok?

Cnpameao asH0 Hesnonag. Mos
cobecegHiLa YIMBIEHHO yMoakaeT, OHa
JABHO NPHBLIK/IA K PasHOIOCOMY
"weberanuio” Heiiponoe. E. Canapuna 1962
88T, 140]

Bo BCAKHIH MHE MOe MNEPUENTHBHOE MouTe
HAMOUTHEHD OTPAREHHAMH, NOTPECKHBAHMAMM,
MHMOTETHEIMH TadKTHIBEHBIMH OLIYILEHHAMH,
KOTOPEIE MHE HE NOJ CHIY B TOYHOCTH
MPHBEA3ATE K KOHTEKCTY BOCNPHATHA H KOTOPBIE
TEM HE MEHEE | CPa3y MNoMeLLdHy B MMHp,
HHKOHM uﬁpam HE CMELITHBEAA UX OO0 CBOWMH
meuraduami. M. Mepno-TTonTa [196,9]

P5. ApTH(HEOE MOMHO pa3iendTs Ha JBa
KJIACC TEX KTO CAyaeT weberanme HeidpoHos

H HE HHTEPECYIHXCA webeTaHHem
HelipoHoB.

Lporpamma Chatter
Mepno-Tonrw.UlebeTanne HelipoHos
MY/IBTH-MacIITabHaR, MYIBETH-HEPEPXHYECKas
MOJL€/Tb BLICOKDID NPOCTPaHCTBEHHO-
BPEMEHHOTO Pa3pelleHHs ONMHCLIBAIAA KK
HEHpo-KOaLl (POPMHPYIOT JEKIapaTHBHY IO
NaMATEL - XOPOLIO ONpeAeneH Bl 0MeH
IHAHMI KDTOPBI MOMET DBITL DCOIHAHHO
BBI3BAH B MIAMATH W ONHCAH CI0BAMK, TaKHe
HANPHUMEDP KaK CODLITHA, BpeMaA (KOHTEKCT) K
MECTa.

TPAHCAATOP INEKTPO-XHMHYECKOID A3bIKa
HeilpoHoB (BCE elE He NOCTPOeH)
NOHMMAHHE HEHPONOTHYECKOTD, BOKPYT=
HeHponDrHYeckoro cyborpara'dynxkuponana
IPEHMA, CIYXA H Peun.
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Neurointerface

nanotransducer

- Transduce newral 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
corex.

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 tfime due 1o variations in
stimulus and neural plasticity.

bi-directional peripheral nerve implanis

to interface permanently and continuously with
the peripheral nerves in humans

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

mind-controllable interfacial material

replicating neurotransmission using 3-d
nanofluidic devices with nanoparticle-
blockage-enabled voltage-gated nanopore array
the interaction between a biological

Heiipo-uurepdeiic

HeHpPO-TPaHC-MOAY /b - Nepeiada
HERPOHHPOPMALIMH B MaLLIHHY,
CHHTEIMPOBAHHELY. MALUMHON HEAPOCHIHANOR

B HEHpoCpeny

Heipo-(e Jkogep:

1. uTeHHe/3anHCk OTAeNLHLIX Heliporos 10°
yrerne, 10° 3anuce, 10° gynaekc;

2. 2 cw’ ofinacTs KopTekca;

<

4. Yrerue HeiipoHHPOPMALMH C MHHHMYM 1
MH/THOHA HE3ABHCHMBIX KAHANOB;

S, CTHMYMALMA KaK MHHHMYM COTHH ThICHY
HE3ABHCHMBIH NOTEHLMAN0E AaKTHBHOCTH B
PEATEHOM BREMEHH]

6. anropuTMb LIEHTHRHKALMKE HelipoHoB,
HeHpoCxXeM, NarepHOoil AKTHBHOCTH,
QYHKUHOHANEHEIX PETHOHOB B CEHCOPHOM
KOPTEKCE W CODTBETCTBYHOLLEH HH(opMau, |
TpaHcopayna 3TOH HHpOpMalHg B LHdpoRoi
BHy (anropuTM TpaHchopMaLii Mosr-undpa);
7. anropHTMel TpaHchopMalm apredakTos
HaobpameHuid, 3ByKa (Hanpumep mp3) B
NPOCTPAHCTBEHHO-BPEMEHHBIE MaTTEPHbI
HHAYLHPYEMBIE B KDPTEKC,

8. anropuTMbl MO3r-UMGpPa B CHrHANLHBIE
apredaxTsi;

9. PEKOHCTPYKLHA MO3MOBBIX
(XeMO-)3NeKTPOHHBIX NATTEPHOB;

10, nOCTpoeHHe CHCTEMHON MOJIEIM AHHAMHKN
CHIHA/ILHBIX M3TEPHOB, AKTHBHOCTH MO3Ta.

JIBY-HaNpaeleHHbI MMIIaHT nepedepuiiHoro
HEpEa

NOCTOAHHBIA KOHTHHHHTYAIBHEIA HHTEpheRc ¢
nepupepHiiHEIMH HEPBAMK YeNI0BEKA
AMEKTPOHHBI Hefipo-uHTepdeiic noTpedyer
JAOCTHKEHHE B MATEPHANAX, TEXHHKE
HHBEKLMIH, CTENEHH PaIpeileHms
FEPMETHIALHH HIOMALMH CTPYRTY P npubopon,
Audhdhe peHLMaLn/ noKanH3aLMK Heiipo-
CHUIrHaNoB

HKOHTPOIHpYeMbIE pazymom uaTepdeiicHbii
(YHKLMOHANBHBIH MaTepHan
HaHO-AHHAKOCTHBEIE 3D HERpOTPaHCMHTTEPSI, ©
KOHTPO/IEM TOKOBE JHKOCTH B Mopax

BaaumogeiicTeme Mexy Guo-uado-admp-
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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
triggered 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-I
(Analog to Information) program is whether
additional prior knowledge, hypotheses, and/or
ancillary measurements can be applied to
enable practical data conversion approaches
which more effectively apply system resources
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:

[s possible translating logo "A-to-1" as
"Continiuval signal to/from Deep Active
Knowledge Base". (CS-Vf-DAKB)?

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

- tubulce (Aristoteles {About soul), Hameroff)

NeuroControl

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

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

use of neurological codes to move machinery

Extraction of neural and force dynamic codes
related to patterns of motor or sensory activity

NPOLECCOPOM MO3NOM H CEThHD HAHO-
MHKPOYCTPOIiCTE

Helponorus MHTe//IEKTa

PazeepbisarensHas HeRpONOria:
HOCNeqOBAHHE CHIHANDE MO3rd B MOMEHT
BCOLILKH HHTEPECA AHATHTHED K CIYTHHKDEOH
KapTHHKe. Mo3r genaeT oTKpLITHA B TPH pala
DrICTpel, Yem DCOIHALT HX.

obyueHHe, CPABHEHHE NATTEPHOB H BRISBIEHHE
dHOMAUTEHBEX MATTEPHOE B PEANEHOM BREMEHH
€ THHEHHEIM HAPAILHBAHHEM
NPOH3BOLAHTENLHOCTL - BBIMHC/IHTE/ILHbIE
MOLLHOCTH

HCTMONB 3 BAHHE E{Eﬁpl)'l‘]ﬁ,aHH Ans Ilﬂﬁﬂlﬂﬂ,ﬂ'ifﬂﬂ
BOIMOKHEIX HIMEHEHHI KOTHHTHEHEIX
yHELMIT 3TOI TKaHK

Heiipo-abCTPaKTopLl, HEHPO-CUMBOM3ATOPL,
HENPOROMNLHITHHT NEPBHYHOI
TPEHCKIYIHPOBEH CEHOOPHON HHbopMaLHi
BEICOKOTO PaspeiieHHs

IMpoexr A-to-I {(Analog to Information -
KOHTHHHHTYANEHLI CHTHAN - Daza 3HaHHH).
BoaMomHD A1 pACLIMPEHHA HIBNEYEHHA
HHOOPMALIHH HMEIOLIMNCA CHCTEM.
KoHTHHHHTY aNbHBI curHan u [nyDokas
AxtueHaa Basa Inanmil,

Heiipoynpasnenne

JIOCTYN K KOJIaM LIHPKYIHPYIONHM B Mo3ry Ge3
BTOPAEHHA B OPraHH3M U BCTPAHBIHHE ITHX
KOA0B BO BHEILHHE YCTPOICTEA HWAK paboTy
CHCTEM

CHCTEMHLII NMPOPBLIB YEPE3 HHTEr PaLHio
CEHCOPOR/ ABHAHTENEH/ BRIUMCAHTE e

HCTIOEI0BAHHE HERPONOTMYECKHX KIVIOR B
NPOLECCe ABHAEHHA MaLHH

BbIJIENIEHHE HEHPOHHBIX H CHADBLIX
JAHHAMHUYECKHX KOJQOE OTHOCAILMXCA K
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required for executing simple to complex
maotor 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 Memory (RAM) - methods
for analysis and decoding of neural signals in
order to understand how neural stimulation
could be applied to facilitate recovery of
memory encoding following brain injury.
Develop a prototype implantable neural device
that enables recovery of memory in a human
clinical population.

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

o 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, learming, and decision-
making

the critical components, neural substrates, and
modulators of sleep

understanding effect of sleep deprivation on
brain function

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

high-resolution neurotechnology

JABHraTEnN bHOH W CEHCGpHﬂﬁ JAeATeNLHOCTH
AR HEMONHEHHA KK NPOCTRIX TAK H COMHBIX
ABHraTeNbHBIX WIH CEHCOPHBIX AeiicTeuil (T.e.
AOCTABAHME, CXBATHIBAHHE, MAHHUITYIALMK, Der,
x060a, YAapLl, KONaHKe, CIYX, 3PEHHE,
TAKTWILHBIE OLIYILEHHA)

HeiipoTepanus

OCTOPOAKHO M HAAEKHO MOAYIHPOBATE
nepehepHiHY0 HEPBHYI0 CHCTEMY C LIENLIO
JEYEeHHA

fie3-0nepatHoHHOE LENEBOE HEHPOMOrHYECKDE
BO3AEICTBHE VILTPAIBYKOM

HelpoTepanua: abCTparupoBaHie H 3aNHCh
HeIpONOTOKA, LieeBas CTHMYIALMA,
MOHHTOPHHD H dKTHBHOE YY4ACTHE B IBOIMILHA
MO3ra

Bocctanosnenue AKTHBHON [TamMaTH - MeTok
HEPONOrHMH /18 BOCCTAHOBIEHHA NAMATH
NpH TPABMAaXx.

HEHPD-HHH:‘IEII-I'I‘H BOCCTAHOBRIEHHA NMaMATH.
Heilpo-Moend CnomHoi namamy,
(PYHKLHOHANOB NaMATH.

CHHAEHWE TAXECTH Helipobone3nei

HCKYCCTBEHHAA MOAYAALMSA 1e pede pHitHbIx
HEPBOR /15 BOCCTAHOBIEHHA J0POBLIX HEHpo-
NATEPHOE

TEPaNMA BOCCTAHOBIEHHA CEHCOPHEN
peleHHe npobieMel CEHCOPHOD qeduiMTa,
BOIHHKLLIEND BCIEACTBHE TPABMEI,
OrPAHHYEHHOTO CEHCOPHOTO NOTOKA (Neweps
M Mo, )

paciuudpoBKa GHOIOrHYECKOTO (EC/H OH
fGuonoruueckHid) yHaamenTa cHa, ofyweHus,
MPHHATHA PeLLeHHI

KPHTHYECKHE MIEMEHTHI, HelipocyDoTpar 1
MOJIYIATOPBE CHA

NOHUMaHWe BO3AEHCTEMA HEJOCTATKA CHA Ha
paboTy mosra

CHCTEMATHKA PACTIPEAE/IEHHBIX HEHPOCHCTEM
ODECTIEYeHHE TIPAMOI CBA3ZH C MITHOHOM
HelipoHoR 3ajaHH0i oGnacTi Moara

Hﬂﬁpﬂ‘Tl’.‘HHUﬂDl’Hﬂ: CBEPXBLICOROTD
paIpelLEHAA (MONERYISPHBIE, KBAHTOBLIE
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twools for mapping neuronal connections

Genome

(zene nano-siructures

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

DNA molecules will be utilized to construct
two- and three-dimensional physical
nanostructures, thus providing the 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

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

MEXaHH3IMa) W Macirabos BCEro MO3ra
LepebpansHuiil copruir. Capebes
CPe/ICTBa KaPTHPOBAHMA HEHPOHHLIX
COeIHHEHH

T'enom

HanocTpyKTYphl reHOR

pacimpende andasura reHoma ao 1006
MIVIEKYIAPHLIX 3HAKDE, CHMBONDE

OTKEPEITE GYHIAMEHTANLHEIE HHAEHEPHBIE
MPHHLMIE FEHETHYCCKOTD NPorpasMMHpoBaHH
CTPYRTYP OHO-CHCTEM

MporpaMMHpyemMele, camo-cobupaoumecs
JABYX- W Tpex-MepHble [THK-HaHOCTPYKTY Pl
HenoakIosanue Monexyn JHK ana
KOHCTPYHPOBAHHA JEYX- H TPEXMEQHBIX
HIMYECKHY HAHOCTPYKTY] B KauecTee
NEMEHTOR CAMOCODHPAIOLMNCA
KOHCTPYKTHEHBIX MaTpHL|

FEOMETPHA NPOCTPAHCTRA HACTEICTEEHHOCTH,
reoMETPHA MreHHOMHOTO annapara

OMHCAHHE KOMHYECTEEHHBIX XapakTepHCTHR
KHMHYECKHX NPOLUECCOR CEAIAHHEY ©
PACTIO3HAHHEM MONEKYA, T.e. BIaHMOIeiCcTEHE
MERLY dHTHTEMAMH-dHTHIEHAMM, JHIHMAMH-
cyGcTparaMu, JIMras1aMH-peLienTopaMH,
rubpuanzagmeii JTHK

MPOrpaMMHpYeMBIe H CaMoCoDHpalLLHecs
HaHOCTPYKTYpel JIHK nonesysie B TakMx
MPHMEHEHHAX Kak KpHCTannorpaduis u
PAIBOMIKA THHHI MONEKYTAPHOH 3NEKTPOHHKH
MOAYYeHHe JaHHLIX 00 NoCAe0BaTeILHOCTAX,
Cy0-NoCneoBareILHOCTAX AHTHTEN
MOHOKIOHOB NOAYYEHHBIX in Vivo
axcnpeccueii na PHA w THK crpykryp

I'eneTHUECKHE NMPOLECCOPhI

HAYKa NPOrpaMMHPYeMOil IKCNPECCHE reHoB
(peanr3aLMa 3AN0MEHHOR B HUX HHPOPMALIHH,
10 ecTh cuHTe3 PHK u Genwos)

MOYIYIH BCTPAHBAEMBIE B CHIHABHBIE TYTH H
BOMEHCTEYHILLHE Ha IKCTIPECCHID TEHOB
MOJYILHEIE TEXHHKH MaHunyiHposadus [JHK
H CBAIAHHBIX C HUMH HYKIETOHI0B 18
PEATHIALHH MOIHLIX BRIYHCTHTENLHEIX
METO0B PELEHHA CIOKHLIX Npobnem,
VABTPAIIOTHOTD XPaHeHHA HHpOPMALIHH K
pa3paloTKH NEPCNEKTHBHBLIX
MPOrpaMMHpYeMEIX HAHO-CTPYKTYP
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maorph

Transitioning technology - getting technology
from research and into use - is a difficult
challenge, partly because so many different
types of organizations may need o 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 exiremely 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 -
to engage a large number of experts and deep
thinkers in a shared analytic process to rapidly
identify, understand, and expand upon the
potential implications and applications of
emerging science and technology.

circuits operating at frequency greater than 100
GHz, at power less than 1 femto-joule per

pPafHKaILHOH MOPHONOrHYECKDH JHHAMMKE
apredakTos, NPHBOAALLAA HHOMA K
LOKHPYIOWHM CO3HAHHE MeTamopdozam
TEXHOeHHOI Cpesl W ee 3NeMeHTOR
Mepeaaua coyanHOl TEXHOAOMHH B MH],
noaobHa poxjeHHio pefeHKa, Koraa MoryT
noruiHyTE ¥ peleHOK-TEXHONOTHA H MaTh-
OpraHH3aLIMA.

HoBble CHCTEMBI HEe MOTYT NpOCTo

" auehy 3HpOBaTE" B BOEHHOE HCNONLIOBAHHE,
KaK 3T0 MOKET NPOM30HTH C HOBLIMH
MaTepHANaMHK.

3agaua naardopme Polyplexus - noctpoesue n
OLEHHBAHHE B PEIY/ILTATE NOCTOSHHOID
IKCTIEPTHOrD ODIEHHA 0 DYIYLIEM HaVKH
dyHAIMEHTAIBHBIX NPOPBIEHLIX HALH, 1
nocneaywmeid HX KanuTaaHIaLHH yepes
(huHAHCHpOBaHHE

BBIYHCTMTEILHBIE CPEACTEA H NAMATE
DONBLWOH NIOTHOCTH HCKIKUHTENBHO Ma/bIX
paIMepoB M NOTpedneHHa MOLHOCTH, He
TpedyIoLHe 119 CBOEr0 HIroTOBIEHHA
MHOCOMH/LTHADHOTD NPOHIB0CTED

BCE Pa3paloTuHKH JO/HHE HAYUHTCH
pabioTars ¢ GeNKOBLIMKY CTPYRTYPEMH H
HHCTPYMEHTAMH MONEKYAAPHON PEHETHKH
"3010T0i Bek"” GHOMOrHK
CHHEPTeTHHECKHI 3pdekT cCoBMBCTHOTD
pazsuTus DHONOrHMKM, HHpOPMATHEH K
MHKPOHAHOTEXHOIOTHIA

CO3aHHE HOBOTO MOKOIEHHA YUeHbIX H
HHAEEHEPOE paloTalonmux Ha NepecedeHiH
Ouonorum ¢ uHopmaTHroii 1
MHEPOCHCTEMAMM

BOIMOKHO HAWIYYILHH npuMep GHo-
PEBOUTIOLIMM - CO3anmne HHTepdeiica (Bo Beeil
ero unocodCkoit M TeXHONOrMecKDil ryDuHe)
MO3M=-MallHHa

HrposH3alma aHANHTHKH 3KCNEPTOR nepej,
JIHLIOM AMOXATEHEIX YTPO3 M BOIMOMKHOCTEH

cxembl paboTalompe Ha vactore Honee 100
I'Tu, sHepried ogHOR onepausn mexee 1
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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 RN A nucleotides 1o
perform massively parallel computations to
solve difficult, NP-hard, computational
problems

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

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

genetic 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 sensors to provide easily
measurable outputs

DNA-encoded gene therapy

mRNA-encoded programmable gene
modulator

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

Gene-Editing
building information directly into chemistry

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

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

LENL PEAKLHIT NOMHMEPAThl MHUKPOCHCTEM 18
YCH/IEHHA PACcrO3HABAHNA M HICHTHQHKALMK
HHK

npubopsl HCNONBL3YLHE OTAEILHEIE
monexynasl JHK gns nonyuenns yenessix
De/IHOB KOHTPONHPYHOLLIHE IKCTIPECCHID MEHOR
B KJIETHE

cnocobHOCTE HykneTonaoe JHK u PHK
BBITIVIHATE MACCHBHEIE NapaebHbIe
BLIYHC/IEHHA NPH PeLLICHHH TPYIHBIX NP-
COMHEIY BLIYHCTHTENLHEIX 33134
MCNONBL30BAHHE HAHOMMIKOCTHBIX ONMTHYECKHX
J0HIAOB JUIA ONPEAETEHHA YYACTHOR
CBAILIBAHUA DENKOBLIX (DAKTOpPOB
TpaHCKpuniy Ha JJHK

TEXHO/IOTHH NPOEKTHPOBAHKA H NPOH3IBOACTEA
chopusix moaynei (plug and play)
FeHETHYECKHX CeTeil M myTel CHHTe3a A
VIATEHHOMD GHONOMHYECKOTO H XHMHYECKOT
HaGHyIEHHA

PeHETHHECKAA CXEMA/KOMILTEKC/ KOMOHHAT
TEXHONOMH NPOEKTHPOBaHnA roToskx JJHK-
KIIHPOBAHHEIX MOIYIEH, KOTOPRIE MOMET
HCTNONBEI0RATE OPraHiIM (HANPUMED pacTeHus,
MHEPODE!, HHIKHE IYKAPHOTE) B KauecTee
VAANEHHBIX XMMHKO-0HONIOrHYe CKHX
CEHCOPOB/AHAMTHIATOPOR

MCKYCCTBEHHAA NEHETHUECKas MAllIHHA -
npenbpazoBaHuy reHeTHYECKUX curianoe E.
coli, AR TPAHCAYKUMH, B COMETAHHM C
p.EIﬂJ'IHLIHI:IMP[ AdHATHTHYECKHMH CE'HCH]]HM H;
CO3/IAHHE NIETKD HIMEPHMOID BLINOAA MOLYIA
00YUAEMOrD NeHETHYECKOID OPraHnaMa.

[H K-nporpaMmupoBadie reHHoi TepaniM
mBENA-nporpaMmMUpoBaHHeE FreHHOro
MOIYAATOpA

NPOEKTHPOBAHHE MEHETHUECKHX CXEM
CNOCODHEIX NOCAEA0BATENLHD HIH
OHOBPEMEHHO BOCTIPHHHMATE DHO-CHIHA/bI
OPraHdIMa, CPeaLl v
AKTHEMPOBRATL/PErYIMPOBATE NPOEKTHYH OHO-
OTBET

P-Eﬂ,ﬂ]('l'llpl.'lﬂill He T'eHOB

BHAWMHTE XHMHYeCKHE abcTpaypm B Guo-
vital-gene-nHopmarponHbie MUY Hay Ky
pa3paboTKa reHETHHECKHX Y308, CXEM H
TeHOM-PeaKTHPYIOLMX MAILIHH J18
YCTOHUMBONO, 0DBLEMHOID, ITAHHPYEMOMD M
BO3BPALIAEMOT0D PEAKTHPOBAHHA NEHOMa B
HHBOM OpraHuime

FeHETHYECKHE CXEMBI M MEHETHUECKHE
MEXAHHIMEL PESAKLIHH A8 YCTOHYHBOID,
NPOCTPAHCTBEHHOTD, BPEMEHHOTD,
BOIBPATHOID FEHOMHOM) PEJAKTHPOBAHMA B

25



B. I'. Acrammn. «DARPA — pycckuii ciioBapb KOHIIEITOB»

26



B. I'. Acrammn. «DARPA — pycckuii ciioBapb KOHIIEITOB»

plant virus gene editing and disease vector
biology

Gene-Medicine

DNA- and RNA-encoded medical
COUNtermeasures

weaken the virus' ability to 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 natural 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 quickly activate and
modulate these genes to boost protection
technologies for the delivery of nucleic acid
constructs into patient. Genetic constructs
introduced into the body would process
quickly and 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 o create a novel,
adaptive form of medical countermeasure -
therapeutic interfering particles (TIPs)

Gene-Wars
protection from genome editing technologies

prophylactic and therapeutic treatments against
gene editors
reverse the effects of genome editing

protect the genome integrity of organisms and
population

HHBBIX CHCTEMAX
PEAAKTHPOBAIHHE I'eHa BHPYCA PACTEHHA W
BeKTOpHAA DHONOrHa DOneIHK

leHeTHUECKas MeHLIHHA

JHHK- 1 PHE-koe MeIMUMHCKDIT
BO3IEHCTRHA

ocnatineHue BpeJHOro BO3AeHCTBHA BHpYCa
HENOCPEACTBEHO BO3ALHCTBYA HA €10 reHOM
BPEMEHHAA H BOIPATHMAA MOJLYIALHA
IKCAPECCHH MeHOB 1A 3ALMTEL OT OCTPLIX
YIPO3 30POBLH

HCNONBE3IOBAHHE NPOrPAMMHPYEMBIX MeHHEIX
MOJLYIATOPOB V1A PEIKOTO YCHAEHHA
ECTECTBEHHOMN 3aLUMTEI OPraHH3IMa YeN0BeKa
HI'ITI-'I-HHI:PEKL[HDHHHE' TEXHOAOIMH Ha OCHOBE
HYKJIEHHOBEIX KHCIOT, NPOrpaMMHpOBaHHE
AHTH-HHPEKLIMOHHOI 3a1MThl (aHTHTENa)
OPraHHIMa

METOL! TPHAHHA NOMTH-HENOCPEACTBEHHOID
UMMYHHTETa HHAHBHAYYMY HCTIONbLIYA
AHTHTENA

I-'I]-!L_Fl:l}'ME}-!TLI MWJTHI.‘HH '.IKI:HPE‘L'CHH MHOR C
LeNkIo 030POBAEHHA, DE3 pHCKa
NEPMAHEHTHONO 3aPeJaKkTPOBAHMSA MeHOMA M
nodounsx shiekTon

CO3AAHHE TEHETHHECKHX MHCTPYKLIMIA
LENeHAMPABIEHHON 3ALMTH AHTHTEIaMK

BRIABIEHHE MPHPOIHOE FreHeTHYECKDH 3a1MTE
W pa3paloTKa HOBBIX ICKAPCTBEHHBIX,
MEHLHHCKHX CPE/ICTE KOTOPbIE MOMYT DbITh
OLICTPO AKTHBHPOBATE 3TH FEHBI /1A JALLHTLI
TEXHONOMHH JOCTABKH KOHCTPYKLIMEH
HYK/IEHHOBO# KHCOThI NALHEHTY.
leHeTHYECKHE KOHCTPYKLMH BBOAHMBIE B TEN0
A0#HEL 0DpabaTwBaTECA DEICTPO W He
BEIHMATHCA B FEHOM HHAHBHA.

TEXHONOIHH JOCTABKH HYKNEHHOBONH KHCAOThI
B OPradusM NanHedTa A0 JekoiHpOBaHus,
PACTIOIHAHHA HYMHOTO AHTHTEAA W BLIpaboTKH
JALMTHOTO CPeACTBa

HCMONLIOBATE BHPYCHY IO JBOTHIHR 108
CO3IAHHA HOBBIX, AJaNTHBHEIX (opm
MEJMLHHCKHX CPEJCTE - TEpPaneBTHYLCKH-
HHTEphePHPYIOLIHE YACTHLbI

lNepeTHUECKHe BOHHBI

FAUATA OT KOMIUIEKCOB TEXHOAOIHA
PEAAKTHPOBAHHA TEHOMA

NPOQHIAKTHKA W TEPAnHA 3alHThl OT
pPEAAKTOROE MeHOMa

BOIBPAUEHHE B HOXOJHOE COCTOAHHE
OTPeJaKTHPOBAHHOID MEHOMA

FALATA CHCTEMHOI LeN0CTHOCTH MeHOMa
OPraHHIMOB H NOMYISLHH
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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-1deology

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

understanding cell biological decision
processes

‘inside-look’ at cellular signal processing as
opposed to the limited input-output
experimenis that are used currently to study
cells

combinatorial methods to make new proteins,

perhaps more efficiently than nature's trial-and-

EITOT Process

JALMTA IEPHOBLIX 3ANACOE CTPaHLI - CPeLCcTBa
MAHHIMTYTHLHH BHPYCAMH, OINMTTHMH3IALIWA
BHPYCHOTO BEKTOPA, MEHHbIE MOAHDHEKALIMH
pacTeHui.

AkcTpemod b
TEXHONOMHA MHKPOMACCHBOR NPHMEHAEMan K
HCCIEA0BAHMK) MHOTHX OPraHHIMOB
BEUKHBAIOLMX B IKCTPEMATBEHO
HeQNAroNPHATHEIX YCIOBMAX (TeMneparypa,
FHAPALMA, CONEBAR CPEaa W PaHaLiHa) 118
HIYUEHHA MEXAHHIMOB PeryIALMH W
IKCNEPECCHH HOBBIX MEHOB W BEILECTE
COJIABAEMEIX OPrdHHIMOM NPH BXOJE W
BBIXOJE W3 IKCTPEMATBHBIX YCI0BHI
reHsl CNOCOOCTBY HOUHE BEUKHBAHHIO B
IKCTPEMA/BHBIX YCI0BHAX (IKCTeMOpHIbI)
ChOPMHPOBATE B FEHETHYECKOM MeHeTHYeCKDe
NPOCTPaHCTBE mie GyHKIHOoHAN
O0HAPYHEHHA BIPLIBYUATKH.
coemMecTHTE MEMC-3anaxosyio cCHCTEMY ©
VHHBEPCATLHOH DHO-MaTpHLei nuens
OnpegeneHHBie reHsl PeryiMpyioT
noTpefHOCTL B cHe W BoAPCTBOBAHHK. 3TH
FeHEeTHUECKHE LIENOYKH MOrYT DbiTh
HOTOTBSOBAHEL 718 ONPeeTeHHA BOIM O H LY
DHOMONEKY KOTOPBIE CNOCODHLI
HEHTPAIH3DBATE NOCAEACTEHA JIHTEILHOID
OTCYTCTEHA CHA.
CNocoDHOCTE HYKIEHHOBOH KHCIOThI
IKCNPECCHPORITE (FeHHO-NOA00HEIM
MEXAHHIMOM ) HYAHOE aHTHTEN0
nporHo3 WhpeKTHEHOCTH N VIVO TPaHCIsLHKH
AHTHTE/T MOHOKJIOHOE W3 COOTRECTRYIOLIHX
PHE/OHK crpysryp
TPHHCAALHA H3 MOHOKNOHA dhapmMa-
(PYHKLMOHANA aHTHTENA H3 HYK/IEHHOBOI
KHCnoTh in vivo

Knerku, 0HomosieKy/ibl

Buo-ujen

CHCTEMBI MPEJCTABNAKLME W NOHHMAKLLHE
NPOHCXOAALLEe B MONEKYIAPHOH cpeae
NOHHMAHHE NPHPO/IbE DHO-PELEHHA/PEaKLIMKH
KJAeTKH

YCTOHUMBLIH, NOCTORHHO DOYJAKILHITCH
BIMIAJ HA MHIHB KIETKH HIHYTPH, B OTIHYHK
OT COBPEMEHHOTD OrpaHHYEHHOTD MOAX04d
HCCIEQ0BAHNA BXO/1-BhIX0J

JIBHmeEHHE K NOAIHHHOI GHOM0THKA
FHTENEXHH, OT H3IBPALIEHLIEB, AETEHEPATOB
"nopagKka 13 xaoca'",
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to use proteins to 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 w compute
directly on and with molecular data?
Outcomes of the program include:

(1) Mew 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.

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

robust extraction of cell and tissue signatures
of agent response

benku - Bot cpeacTeo paboTel ¢ HHGOpPMaLHei
H FHEprHeH.

Homenknarypa

MonexyaapHan HHOPMITHE:

1. YTo M Kak KOJMpYyeTca B Monexyne?

2, KakMe THNEI onepanuii MOMmeT BEINOIHATE
Monexyna?

3. Kakoe annapar abDcTpakumii MonexyaapHLEIX
onepawii?

4. Y10 IHAUMT BLIYHCICHHE, CHMBOILHAR
obpaboTka, MOJEL B KOHTEKCTE
MonekyaspHoro "npoueccopa”?

5. Yo "peluaet” MOMeKya, H 4TO pellaer
TP3AHLMOHHEI KOMIbIOTEp?

6. MomHO MM B3aHMOAEHCTEOBATE C
MONEKYN0il KaK LieN0CTHOH AHanorosoi
CHCTEMOH?

Pewexus npoekra:

1. HoBas BeluMCAHTENBHAS CHMBOIBHAR CPEeja,
CHCTEMHRII cyDoTpar.

2. MonexkynapHan CHCTEMA - Kk
Hepapxuueckas WHpo-cucTema.

3. MonexynapHisli NpoLEccop: CHMBOMLHO=
apupmernueckuii (CA), CA+xuMHuUeCKHil;
CA+KBaHTOBBIH, ... IHTENEXHA, ...

CHHTEZ H MPOBEPKA CBBILLE MH/LTHOHA
NOCAEJ0BaTENLHO ONPEAeNEHHBIX NOTHMEPOB
AJTH I:JTH[!I:.ITI-'I!I '-Ijl'BC'I'BHT‘E'J'[thI?L H
CENeKTHBHEIX CBAIEH

CHCTEMHEIH NOAX0 K JAHHOCTHM KIETKH
OnpeaeneHne HOMEHKIATYPbl Jan4acTei
DenKoB, COILaHHE HERDH NepuoaHYeckoi
Tabauusl getaneid Genkoe, aHanorHuHOi
nepuognyeckoii Tabnuue Menaenesa,
DHONOrHYECKHE CHCTEMBI YYBCTBHTEILHOCTH
(T.e. peUenTopLl M TpaHCMeMOpaHHbe Oenku)
KapTHpopaH1e BCETO MONEKYIRPHOID
MEXAHHIMA NMOCPEACTEOM KOTOPOTD BPEAHEIE
MOJEKYAAPHBIE AMEHTHI H3MEHSAIOT KIETOUHbIE
npouecce. Knerka 4enosesa Moxer
copaepaers Donee 30,000 MonekynspHbie
(IVHKIMOHAN0B paboTaloldx B CAOHKHOI,
JHHaMHueckoii cet. BpegHelil MonexkynapHbiil
AreHT MOMKET HMETH COTHH MOJIEKYT W
BIaHMOgeHCTEHI in vivo.

HCTIONBI0BAHHE NOTYYEHHBIX IHAHWIH A0
chopa, MOZHPHKILMN H HHTErPaLMK
MaKPOMONEKYNAPHBIY COOPOK B NOMEIHBIX
YCTPOHCTRAX B AHANA30HE OT HAHD 10 MaKpo
YCTOIYHBOE BbIJENIEHHE CHTHATYD PeaKLHi
KIeTOK H THAHEH HA BOAIEHCTEHE BHELIHMX
areHToB
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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 commaon 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

to 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

high-throughput screening and combinatorial
chemistry for drug discovery and
pharmacogenomics

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

energy

YHAIMEHTAIBHBIE, KPHTHYECKHE MEXaHH3IMB
MOTOrEHEINCA, NOIHUHOHHPOBAHWA JHATHO3A
CpeaH KNaccoB NartoreHos

OronoaodHee Marepuansl, Marepians cnabo
OT/IHYHBIE OT GHONOTHYECKHX

bBHo-KoHCTpYKTOP

pa3paboTKa CPEACTE H NPOTOKIOR
OHONOrHYECKDH APXHTERTY Phl, BEAKMAR
noaurpaduio, TONOAOrHYECKHE MALLTHHE]
CBEPTLIBAHMA M CAMO-CTHIKOBEH
MAKPOMOEKY/OpraHent,

HHTEr paTHBHEIE BIaUMOAeHCTRY HOLLHe
HCRYCCTREHHEIE HMMYHHEIE CHCTEME]
NoAy4aeMsle 13 00bIYHBIX CTBOMIOBLIX KIETOK
(BIPOCABIX WK N0 JHHHK OA00PEHHOH
MHH3paBoM)

HAHO-THCAN0 - CAMOOPraHM3yHOLLAACH,
CaMOpPA3IBHBARNLEACH CHCTEME HanMCaHMA
HaHO-Y30D0E CTAHOBALLMXCA dKTHBHBIMH
CHCTEMAMM [NPHYEM HAHO-MHCAND
PasBHBAETCA MO pa3MEPHOCTH - CHaud1d TOY KA
(BEpLIMHA CRAHMPYROLLETD MUKPOCKDNA), 3aTesm
NHHHA - TRAHHE HaHO-MeMC anﬁDpﬂB,
TPEXMEPHOE MHCAND - OPraHH3M,
ueTeipexmepHoe - HA

GHOMONEKY/ISPHBIE MOTOPBI H YCTPOICTBA
cOopouHble onepailyun Ha ypoeHe
HHAMBHAYAIBHBIY MOJEKYIAPHELY CBA3EH
MERAY aTOMaAMH

TEXHONOrHH afpecdlH H-"E[ID&E[HHETHI]I’.‘TH
OJAHHOYHBIX MOJEKYN B OprdHH3Me

Bo3MOMHOCTE NPOEKTHPOBAHHA NPHHLMANLHD
HOBOTO ChosHOMo Denka (DenkoBoi MauiMHe ),
KOTOpas CMOMET HeHTPANH30BaTh NATOreHHbIH
OpPraHu3M B TEYEHHH CYTOK.

CO3/1aHHE FOTOBBLIX MOAYNEH MONeKYIAPHODIH
KHHEMATHKH H PELIETLHK YNPABIAEMEIX
KHHETHUYECKOI HHHLUMALME opraHM3Ma
feKOBaA HHAMEHEPHA GYIET HCMONLIDBATE
OHOMONEKY/ Tkl KAk MeJHLIMHCKHE W
TEXHOMOrHYECKHE ﬂpHED[}IH

perynHpoBaHHe NOCTABKM YMCNA H
NMPOHIBOAHTENBHOCTH OPraqen 418 noayJyeHHA
IHEPTHM

BEICOROMIPDOHIBOAATENEHAA NPOCEHBAHHE H
KOMOMHATOPHAA XHMHS 1S OTKPBITHA
NEKAPCTE H dapMa-reHETHEH

METO/BI W MEXAHHIMBI OBICTPOTO
MEPEKAHMEHHA C VINEBROIOPOHOM
MeTaboMMIMa HA THMHAHBIH MEXaHH3IM Kak
ONOPHBLIH HETOYHHK KAETOUHOH JHEPrHH
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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 MP-complete.

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

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

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

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

Nanoprobe

nanoprobes that enable real-time observation
of cellular events without disrupting the
nomal 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.

technologies to interrogate and analyze single
cells

hyhbrid (biotic-abiotic) nanoscale interface
technologies that enable direct, real-time
conversion of bio-molecular signals into
electrical signals

METOAB NOVTYYEHHA MOVIEKY/ € YHHEATbHBIMH
NHMHYECKHMH H DHONOrHUSCKHMH qu-'HHl.lH:llMH
CO3QdHHE LENEBRLIX PEAIEHTOR H
KTA/IHTHYECKHX CHCTEM

bBHo-BuIMHCIeHHS

Mapanoke JTeBMHTANA - B eCTECTBEHHLIX
YCNoBHAX DENKH CKNaALIBAIOTCS
CAMOCTOATENLHO B TEUEHHH MHAHCeKyH . [na
LM(POBLIX BLIMHCIEHHI CKAabiBaHne Denkoes
- NP-nosHan 331aua CAmKHOH OnTHMHIALHH.
Jn BUTanMIMa 30eck HET HHKAKOIO
"napagokca” HHPOPMAaLHA CYHTHIBAETCAH C
aHTenexuy. Keanroas Guonorus -
TabYHpPOBAHHLIA BUTAIHAM.

TEXHHEH H CHCTEMBI BEITTCUTHEHHA B]:.I‘-IHI,'_I'[E'HHE.T
B fino-cyBeTparax

BLIYHC/IHTE/IbHBIE APXHTEKTYPbl OCHOBAHHBIE
Ha DHOMOIeKYaxX

pazpaoTka npeolpasoearens
BHOXHMHYECKDID CHIHANA

BHYTPHENETOMHBIE CHCTeMB! 00paboTHH
CHrHaNoR

!}Hlpﬂﬁﬂmﬂ BBEIUHCITHTEIEHLIX METO0E H
MOIENEHR Ha YPOBHE DHO-MONEKYT H KNETOK
npeobpazosanue GEHOMEHOB PacTDIHABAHHA
MOJIEKY/I B HIMEPHMBIE ONTHYECKHE,

3';"IE'.'H.TP]-'I YECKHE H MEXdHHYECKHE CHIHANR
CPpeacTid MOOEAHPOBIHHA H dHATH3IA 118
NPeACKaIaHHA H YNPABAEHHA
BHYTPHENETOYHEIMH TTPOLIECCAMM H
CHCTEMAMH HHBLIX KJI8TOK

Hanonpobuuk

HAHONPOOHUEH NOIBONAIOWHE HADIKLAT
MPOLUeccel B AHB0I KneTke De3 ee paspyiueHHs

HAHONPODHMKN BLIPAIMBAEMBIE HITH
BHOCHMbIE HEMOCPEACTBEHHO B OPraHeny
(KAETOUHYH CTPYRTYPY, OQHHOUHYIO KNETRY,
CYORIETOUHYIO OPraseny ) Ana HabnogeHus
KAETOYHBIX CODBLITHIA = MONEKYNAPHLIX
KOHTAKTOB PELIENTOPOE KAETKH,
BLICBOOOAAEHHE BTOPHYHLIX CHIHATLHBIX
MOJIEKY/T, OTKPBITHE HOHHBIX KaHANOR,
IKCTIPECCHA TEHOB, Npou3soacTeo mEN,
CHHTE3 NPOTEMHOE eiC.

TEXHOMOHH A0CTYTE K HCCEL0BaHMID
OTALMLHOH KNETHH

rHOPHAHLI (HHBOE/ HCKYCCTBEHHOE)
uHTepdeiic HaHomacuTabos, NOIBOAAKLLHI
HEMOCPEACTBEHHOE, B PEATTBHOM BPEMEHH
npendpazoBaiHe OHO-MONEKYIADHEIX
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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 growih 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 o
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

molecular recognition processes

a signal ransduction pathway that generates a
novel endpoint (e.g., activation of a fluorescent
protein)

the development of a "tool" to leverage the
biological knowledge of the importance of
three-dimensionality and cell

CHTHAMOR B JEKTPHYECKHE CHIHATE
MHHHMAIBLHO HHBAIHBHLIE CEHCOPL! J0/MAHEI
CODHPaTL H NEPEJABAThL JaHHEE O LENeBLIX
MOJIEKY1AX B peaiEHOM BpeMeHH Wi nota PB.
CeHCope! J0/MKHBE OBITH COBMECTHMEE C #HBOH
THAHBHY, JUIH HCNONb30BAHHMA in vivo., ocoDbLIH
HHTEpeC NpeACTaBIAT GHO-MONEeKY/IbI
LHTOKHHE3d, XEMOKHHE3a, WK dakTopa
pOCTa HMEHOLHE OTHOILIEHHE K 3AMHBIEHHIO
paH W pereHepaTHBHLIM MPOLECcaM.
[Tpofnema GonbluMHCTEa GHOMONEKY
JAKMHMAETCA B TOM, YTO APYIOi CTPOHOIH HX
3AMEUATEIEHBIX BOIMOKHOCTEH ARIACTCA
HEYCTOHUHBOCTE B Yy a0i cpeje. C
NOMOLLBH) TEHHOH HHAEHEPHH
NpeAnoIaraeTcs CyLjeCTBEHHO MCIPABMTE ITOT
HegocTatok. [na peweHns 3Toi 3ajaun
Heolxogumo coznare Bulnuotexy
KombusaropHoro KoHCTpyHpOoBaHus, da Ha ee
ocHoBe Mawmnay HanpasneHnoi 2e0niumm.
BPEMEHHLIE H MPOCTPAHCTBEHHLIE YIOPhI
DHOIOHYECKHX KOHTYPOB YIPABAEHHA
moje/b paboTsl DHOMONEKYIAPHOI CeTH
YIPABIANLEH POCTOM H CMEPTLI) DPraHH3Ma
NPOeKTHPOBAHHE TIOCT POEHHE/ KOHTPO/L
BOIPACTAHHA MEKKNETOUHBIX CHIHABHBIX
NPOLECCOPOB HCMOMLIYA DUDAHOTEKH
KOHCTPYVKTHROR, CPEICTRE] NHTAHHA, HERpO-,
TPAHCMHTEPHBIE JIHHHH CBA3H

DenKoBas acCoLMATHBHAA NaMATb ¢ Dypbe-
npeobpazosaHHem

By X-hOTOHHAN MUKPOCKOIHS 158
NOKATHIALNH MOJEKY B KNETKE
BLICOKOUYBCTBHTE/IbHBI MEXaHH3IM
TPAHCAYKLNH (MEPEHOCA FTEHETHUECKOM
marepuana) A yrpaeneHns DHONOrHYeCKoi
AEATENBHOCTLH) B KIETKE, H B KOHLE KOHLUOB
Ha ypOBHE OTAENEHONH MOMEKY/IbI
YTIPABRTEHHE ﬁHﬂﬂDm“El’KHHH AAHHEIMH,
MeTabOMHYECKHMH CHIHANAMH H
npeobpazoBarenaMH, W KIETOUHEH
rOMEenCTa3He

NPOEKTHPOBAHHE LMTOMIAIMATHHECKHX
PELIENTOPOE M PELIENTOPOE HA NOBEPXHOCTH
KJIETKH

HHTErPHPOBAHHBIE

DHONOTHYECKHE/ XHMHYECKHE MUKPOCHCTEMBI
NPOLECCH PACTIOIHAHMA MOJIEKYN

NyTH NpeobpasuBaiMA CHIrHANOR KOTOPLIE
CO34AH0T HOBLIE KOHEUHBIE TOUKH (Hanpumep
HOBBIE (AIOYCUEPHPYIOWLHE Be/kK)
paszpaboTsa "HHCTpYMeHTA" 4018 NOAYYEHHA
IHAHHH O TPEXMEPHBIX CTPYKTYPAaX W
MHEPOCPEAE KAETKH J8 paspaboTid
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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
maolecules

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 culiure sysiem
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
complex and in the purple bacteria reaction
center. Furthermore, a quantum algorithm at
work in the FMO complex which could have
profound implications in the quantum
information field.

synthetic regulatory elements for in vivo
biomedical applications to detect, treat, or

HOpMaILHOTD MopdoreHeanca,
BACKYNSPH3ALMH (NPOPALLMBAHKA COCYI0B H
OKPYHAOUMX COCYALI HEHPO-TYMOPANEHEIX
CTPYKTYP) H paboThl OpraHos

MOHHMAHHE CHCTEME] YYBCTRHTEMLHOCTH
MHBLIX OPraHM3IMOB (T.e. PELIENTOPOR H
TpaHCMeMDpaHHEX DenkoR)

KOHTPOTHPYEMan AHddepeHiHaLMa KIeTok
HIMEPEHHE W YVIDCTOBEPEHHE ANEKTPHYSCKHX
CHrHANOB (GHO-CHIHATYP) PasIHUHBIX
Henesbix MMEK}".‘I

ppeRTHBHAR HHTErpaLMA GHO-MONEKYIAPHBIX
(EHOMEHOR C INEKTPOHHKOH

HCTIOBI0BAHHE TEMIODLILHOH
(KMHeTHUeCKDi ) HHdopMaLuu s
MOJIEKYIAPHOM aHANTHIE B PEAILHOM BREMEHH
H BLIABIEHHA LENICBLIX MOMEKY/ B MEPHOA HX
CYLECTBOBAHHA

KOHLIENLMA HagexHoi quddepeHupmatiim
CTEONOBRIX KNETOK B MHOTO(Y HKLIMOHANLHY IO
HMMYHHYIO CHCTEMY B TPEXMEpPHOI KynbType
paszpaborka uHTepdeiica (K HOHHBIM KaHa1am
H PELIENTOPaM ) NO3BOAAILME
npeolpa3oBaHne B peanbHOM BPeMeHH
(TemMnopansHOIT) MONEKYAAPHOM
{cTOXacTHYeCKOil) KapTHHE CODLITHIL B
CHCTEMY IEKTPOCHTHAIOB

3aNYCK M MOHMTOPHHT MEAKIETOUHBIX
(PYHKLIMH, TAKHX KAK apopltosis, geneHue
KNETOK, BbieneHHe Oe/Ka W HIMEHEHHE LiBeTa
cxemel ofpaboTky curianos paboTarume ¢
OAHOI KNETKOHM WK KODNEPaTHBHBIM
KAeTOUHEIM O0patoBAHHEM
irnoreHeTHYeCKHIT (CnocoBcTey KoM
PA3BHTHIO M OPraHH3Ma) MHKPOYMIT
COAEPAHALLHH PACIIHPEHHEIH HEPapXHYECKHI
Habop Gonee vem 100 OMHIOHY KA TOMAHBIX
(3anaxoesix) npod, NO3BOAAIOLMIA DLICTPOE
Napanie/itHOe BLIABIEHHE H HACHTHOHKALMIO
pa'_"IJTH"-[HI:l.X BHAOBE ﬂpl'ﬂHHiM{"}B B
HeonpejeneHHLIX 3apaHee THNax obpasuos
TEXHOMTOIMHA CHHTEId TONMOIOrHYeCKH CIHBIX
oenkos

DKCNEePHMEHTHBI MOKA3BIBAKT
JDNTOBPEMEHHYH) KEAHTORY IO KOPPENsALHI0
QreHa-Metoio-Onkcoda (FMO)
DAKTePHANTEHOID KOMIUIEKCA B PEAKLIHOHHHOM
LeHpe My pnypHLIX DakTepuii. KBaHToBbIH
anroputm FMO MOKET HMETE CEpLEIHbIE
NoCNeAcTBHA B 001aCTH KBAHTOBOH
HHOPMATHKH,

CO3JAHHE CHHTETHYECKHX PETYJIATOPOR in Vivo
15 BRIABIEHHA, NEYEHHA H NPOHHIAKTHRY
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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
metabolic 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 1o 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
connect sensors and actuators for optimal and
directed temporal and spatial responses;

- bivelectronics closely track the progress of
the wound and then stimulate healing
processes in real time to optimize tissue repair
and regeneration;

- drive optimal growth and repair of tissues in
real-time;

HHAMHHHPHHT KJIETOK MAEKONHTARLNX 15
BLIPaboTEN hapMa-CpeacTeE U JHArHOCTHEM in
vivo

Co3lanue XHBOH TKaHH

Nepexng CHHTETHYECKHX OHo-cHeTem (GHo-
NOTHYECKHX) CHCTEM, OT XOpoLo-
CTPYKTYPHPOBAHHON NabopaTopHo cpeapl K
Gonee MOLHBIM CAOKHBEIM MIaTGopMam -
ONMEPATHBHLIM eIHHHLIAM MHHHCTEPCTBA
0DOPOHEL.

IMporpamma Buo-dabpuka npeanonaraer
NPoeKTHPOBAHHE - NPOH3BOACTBO
NPOrpaMMHLIY META0IHIMOB GHOCHITEM
KPHTHYECKHX JUIA HALMOHATBHOI
He30MICHOCTH H JPABOOXPAHEHHA MOIEKY,
KOTOPBIE HENL3A NPOHIBECTH COBPEMEHHBIMH
MeTOgaMH. CHHTETHUSCKDE DHONPOHIBOACTRO
JOTHHD CTaTh KOHTPOTHPYEMON HHAEHEPHOI
3a1aue.

BETR - nporpamma GHO-21EKTROHHKH
IAHHBIEHHA PaH:

- YBE/THUeHHE YHCa OTCIeHHBABMbIX
CHIHANOB PAHEHHR;

- YBEIHYEHHE YHCA CTHMYIATOPOB
IAHBIEHHE,

= YBE/THYEHHE YHCIA CPEACTE KOHTPOA W
YIPaBAeHHA paHoii;

- VBEIHYEHHE MPOCTPAHCTEEHHO-BPEMEHHOTD
PAIPELIEHHA AKTYATOPOR H CEHCOPOR A8
Donee NOMHOMD 3AKHEBNEHHA H NPEOJ0NeHHA
NpodaeMa 3aRHBNEHHS;

- AKTYATOPE! JO0/IKHE YYACTBORATE B HYMHBI
MOMEHT B B PA3THUHLIX (PHIHONOTHUYSCKHX
npoueccax (angiogenesis, stem-cell migration,
e, );

= MPUMERE! (PYHKLHH aKTVATOPOR;
MOJVIHPOBAHHE PEAKLIHH HMYHHOH CHCTEMB;
MPHBIEKAT K YUACTHI) B 334HBAEHHH
COOTBECTEVIOUIHE THNRI KNETOK H/HIH
HAMPABAATE PadoTy CTBONOBLIX KIETOK;

= DHo-Xumudeckue o Dno-thu3nveckne
CEHCOPLI TOYHO ONPESENAT COCTOAHHE PaHbl;
- ajanTHBHaA camoolyJaroianca cucTeMa
CBAILIBAIOWAA PaboTy N0 JBKHBIEHHIO
CEHCOPOR H aKTYaropos,

- OTCNERHBAHHE COCTOAHHA PaHbl H o8
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- 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

simultaneous study of ten or more interlinked
in vitro physiological systems

biological architectural tool (BAT) - tools and
technologies for tissue and metabolic
engineering to enable regenerative medicine to
achieve normal tissue morphogenesis,

IAMHBNCHHA,

- npubopeliarhopMa yripariaoT
PHIMONOrHUECKUMH MPOLECCAMH 3AKHBIEHHA
(pereHepauuns TRaHeH, BOCnaneHHe,
AuppepeHLMaLHA CTBONOBLIX KAETOK,
HHEPBALMA, METAKIETOUHBIM MaTPHLL)
ONTHMAIBHOTO MPOLIECCa pocTa W
BOCCTAHOBIEHHSA TKAHH B PEATLHOM BPEMEHH;
- ANTOPHTMBL/MOIENH J0/TKHBL HMETh
CHUCTEMHYH0 HAMPABNEHHOCTh: PA3HOTHITHEE
CHUIHANLI, HEPAPXMYECKYIO CTPYKTYPY (OT
KIETOK 0 TRaHeH, GH3nonorHuecknx
MPOLECCOB), NPOCTPAHCTBEHHO-BPEMEHHBIE
NarTepHkl, paboTaTh ¢ HEAOCTATOYHBIMMI
JIAHHBIMH,

[MlaccH cuHTeTHYECKOH DHOTOTHHA

ONOPHBLIE MATPHLELL JOTHHE CBA3LIBATE KIETRH
H30MparenbHO, CNoCcobCTBOBATD
AudhepeHUHALMH KNETOK H obecneuHeaTs
NPOCTPAHCTBEHHOE B3aHMOJCHCTBHE MEALY
KSIETHAMH MHGHECTED THIIOE H
MPOMCXOALEHUIA

[IpHHI.lHI'.IHE.I'thD HOBLIE TEXHOIOIMH H
NOAXoAL K MHTEpdeiicy TaHb-npubop
NPegBAPHTENLHO CTPYKTYPHPOBAHHEIE
NOBEPXHOCTH 1A NPHAAHHA CTPYKTYPSI
KAETOUHBIM 00pasnBaHHsM

HOBLIE 1WACCH CHHTETHUYECKDH DHONoriu

in vitro AuHAMHuUeCKkas naarpopma
YENOBEYECKO TKAHK: KPOBCHOCHOM,
IHADKPHHHOH, METYI0UHO-KHILIEYHOH,
KOAHOH, HMYHHO#, ONOPHO-ABArarenbHOH,
HePBHOI, PENpPOAYKTHBHOM, JAbIXaTenbHO,
MONEBOI,

NPOCTPAHCTBEHHLIE H BPEMEHHBIE
CNeHpHKALNH HECYILMX MaTpHL TKaHe,
KIETOK, TPo(Hueckux (pakTopoe 1 GakTopoe
AudphepeHLMaLK PaIBHTHA KYILTY P,
NO3BOJHT B PEIVILTATE HHTEPAKTHBHOE
KOHCTPYHPOBAHHE OPraHoB
pekoHpHrypHpyeMas naargopma
MOIBOIAKILEAA OHOBPEMEHHD HCCnegosars 10
HAH Donee CBA3AHHBIX MeX1Y coboil
PHIHONOTHYECKHX CHCTEM, 06paIyiomx
MPOUIBOLHE rpad, C BOIMOKHOCTBHO
VAEPAHEITE MHUBYH) THAHE B KOHIULHH 10 4
HeAeNb, JUTA OLEHKH MEIHLIHHCKHX CPeaCcTB
OOHOBPEMEHHD HCCHenoBathk 10 u Gonee
BIAHMOCBAZAHHBIX in Vilro QH3HON0rHYeCKHX
CHCTEM

APXHTEKTYPHLIE CPEACTEA AHBOI TKAHH -
MpUGOPEL M TEXHOMOTMH CO3EHHA TRAHER 1
METADONHIMOR NOIBONAIDLHE
BOCCTAHARMTHBALEH, pereHepaTHBHO
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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

neuromorphic 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
coatings, fuels, and drugs.

Socio

Next Generation Social Science (NGS2)
program - to determine fundamental measures

(hemMTO-HOYNA U YPOBHEM HHTETPALIHKH 110
MEHBILEH Mepe HECKDIBKD THICAY YCTPOHCTE
Mapna gocTHINE YEEAMHEHHA CROPOCTH
ananorosoil obpatorkn HH-anropurmos B
1000 pasz, 3xepro-3koHoMuuHOCTH 1000 pa3 no
CPaRHEHHID C TEKYLIHMH BOIMOAHOCTAMH
UHPOBEIX NPOLECCOPOE W NPOBOAHT
HCCNeA0BAHHA B 0ONACTH annaparHorg
peanw3aiui cuctem MH.

HanpasieHusi Hcc/1eioBaHHH
W pa3pabdoTok

Buonorun

thopcHpoBanie GUO-T0MMH, BRIXO Ha YPOBREH
CO3AAHHA HHBOIT TKAHH, OPraHoB, OPraHH3MOB,
CHCTEM OPraHn3MoB

CHASATE AW IHEB O 1|'.IEKTEJOIIHH{J]-1

CO3aaHMe HEDBIRANLIX DHO-CHCTEM (KIETOK,
TKaHeil, OpraHos, OpraHM3Moe, coobulecTe)

MINIHEIE OHONOTrHYECKHE HHCTPYMEHT A TLHBIE
CHCTEMEL

DHONOrHUECKHIT NOAXO0A K POCTY MarepHaios M
VCTPOHCTE

HefipomophHse GHO-MalIHHE

HHAHHAPHHAT AHBLIX TI{EI!{E'F! H MdTEDH LI0B
yrpaeieHHe DHONOTHYECKD CI0KHOCTEIO
Ouo-norueii (abcrparvposadHem 1
CTaHAAPTHIALHEH)

EHD-,I'H:I]"HS[ BAK TEXHO=0rHA, HEI.'IU.I']L'.#JB{III]-IE
AOCTHAEHHH HeHPOHAYK, HMYHOMIOTHH,
FeHETHKH, CHHTeTHYeCKoil Gnonorum,
HeCneqoBaHHil HHekHH,

[MpeepariTe MUKPOGHONOTHYCKHI
HHAHHHPHHT B HATEAHLIH, peHTabenbHEIi
CTPaTernueckHii pecypc MHHHCTEPCTEA
obopoxbl. Hanpasnexus: wieHTHdMKaims
rearpaum GHonorvueckux 0bpaIuoe; FawpuTa
KPHTHYECKHX CHCTEM H HHDPaCTPYKTY Pl OT
KOpPO3KK; 0DpacTaHnue opraHHIMaMu
(paKyLIKH, W1 ¥ T.0.); pearHpoBaHHe Ha
OMNaCHBIE ROMIMOHEHTE! CPEdLL, JIROHOMHYECKH
penTtabensHoe, no mepe HeobxogumocTi GHo-
NPOH3IBOJCTED NOKPLITHIL, TOTUIMBA W
NEKAPCTBEHHBIX MPENAPaTos.

Coumonorus

Next Generation Social Science (NGS2),
COUHOMOIHA CASLYIOLWEro NOKOTEHHA -
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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 cultures

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

super artificial eyes

New materials and device design and
fabrication methods that embody compliance
and elastic principles, and that capture force
dynamics that integrate with neural control

MEJHLIMHE BOIBPALLATE OPraHM3IMY TKaHM C
HOPMa/IbHBIM MOPhOreHeINCoM,
BacKynapH3aumeii (HosooGpazoBasnem
KPOBEHOCHBIX COCYIOR) H
paboTocnocobHOCTED

3D wuBoM cyberpar

NPOEKTHPOBAHHE TPEXMEPHLIX GHONOIMHYECKHX
TKaHeH

CO3AAHHE TPEXMEPHOH HMMYHHOH CHCTEMBbI
YeNnBEKa ex vivo

TPEXMEPHEIH POCT HEHpOHA
HHKANCYIHPOBAHHOID B (DOPMaTHPY LY IO
Cpejay C ruaporesnem

AOAOBREMEHHEIT POCT W QyHKLHOHANEHAR
MHIHECNOCOOHOCTE HEHPOKYILTY DL B
TPEXMEPHOIT rHAPOreeBoil CTPYKTYpe
CO3aHHE PYHKLHOHAIBHEIX TPEXMEPHBIX
WHBLIX TKAHEH, OpraHog

COBIAHHE B AHBOM DPraHuImMe
NPOCTPAHCTEEHHD OPraHH30BAHHOR UMMYHHOH
CHCTEMEsI

TPEXMEPHOE HANPARIAEMOE HANOKEHHE
KNeTOK, DHOAKTHBHBLIX Cpej, OnopHbIX
TPEXMEPHEIX CTPYKTYP A8 JankHeiiero
Pa3BMTHA B MCKYCCTBEHHOH Cpeje

MOJLY/ILHAA TPEXMEPHAA KYNLTYPHAR CHCTEMa
WM GHopeakTop

YIpaRAAeMan COOpKa CHCTEM B AHAKDE CPej.

“MM}"HHHII CHCTEMA

HHTEPAKTHRHOE NMPOCKTHPOBAHHE
(YVHKLMOHANLHBIX 3EMEHTOB MMMYHHOH
CHCTEMBI KNETOMHOH H 9HA0KPHHHON peakijHi
H HX NpoBepKa
CO3AdHHE HCRYCCTBEHHOID ﬂHMtI}ﬂ‘I‘H YeCKOro
Yana

Opran-cucrema

"OprasouaHan” CHCTEMA - BEIOYAET
TEXHOIOTHIHPOBAHHYHD, HHAMHHPHHIOBYH
YENOBEUECKYIH) THAHB, MHKPO-#HKOCTHY)
TEXHIOTHH) B MHKPOUHIE BHINOIHALLEM
(PYHKLLMIO (PHIMONOMHYECKOTD Y313 OpraHMImMa

Cynep-opransi

MCTHHHO OMOHHAs PYKa - MAKCHMATBHOE
NpHOIHKEHHE K AHBOH CHCTEME H
MAKCHMANLHAA PEANHIALHA YMEHHH W
o0yueHHil

HCKYCCTBEHHBIE CYTNEp-T/ia3a

Coyianmue KHHEMATHYECKHX VCTPOHCTR
001aA0WMX NAACTHYHOIN DopMOoil 1
HeHponoIoiHON CHCTEMOH YTIpABIEHHA,
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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 io UV

synthetic materials for a retinal prosthesis 1o
enable signal transduction at the nerve/retina
interface

mimicked this capability in silicon

device and interconnect schemes are
implemented with techniques such as directed

YEIH]PEH De TeveHHe

YCEKOpEHHE BOCCTAHOBHTENBHOM PEaKLHH
MHBOH THAHM

VCHOPEHHE PEAKIIHH 3AXHBIEHHA TRaHed
VCEOPEHHE H Tee0N0rMyYeCKoe
NPOrpaMMHPOBAHHE NOBPEAIEHHBIX TKAHEH
MOTHOE BLIPALLMEBIHHE OPrada nocne
CEPLEIHOND PAHEHMA H NOCIETY OIS
BOCCTAHOBIEHHE COMBI H IHTEMEXHH
PaHEHHOID OpraHa

BeruncaurenbHbIH DHo-cyboeTpar

BbIUMC/IEHHA KOTOPBIE MOMYT DbITh
peanHineail B Guo-cyGoTparax
BEIYHCIEHHA B #HBOH cpeae (GuocyGorpare)
CHHTETHUECKHE BbIUYHCIEHHA HOTOPEIE MOTYT
ObIThL peanH3oBaHtbl B OHoCcyOCTpaTe

Pacrenun

APT (Advanced Plant Technologies) -
[Mporpamma Texnonoruw Paciumpenns
BoaMokHOCTeH PacTeH i - HCNOAb30BaTh
BHONOrHYECKHE MEXAHHIMBI PACTEHHH -
CEHCOPL!, PEAKTOPL HA CTHMY/ILL, YEETHYEHHE
MPHPOJAHOR WYBCTEHTEALHOCTH MONEIHBIX
CHUIHANDB, HHAHHHPHHT JUCKPETHLIE PEaKLMM
KOTOPLIE MOYT DLITh OTCARKHBAEMEL
AnnaparHLIMH CPEACTEAMM,
MogudHLMpyeMbie pacTeHHA J0IKHE
COXPAHATE HHBYYECTh,

'PACTEHHA C (YHKUHOHANBHOH NPOLWHE KO
A 3Tl congar (APT)

MPEBPATHTL PACTEHHA B PA3BEALIBATEILHYIO
ceth (APT)

HHJ'KHHHFIHHF pﬂCTI-ITI?J']bHCI]'U 1accH ANH
CHHTEZA TEPANEETHYECKHX DHO-MONeKyn

NPei-CHMTOMHAA JAHArHOCTHKA

pa3paboTka HHTeLIeKTYaNbHBIX
LeneHanpapIeHHbBIX I:HI-IT'E‘JIIIE‘HT}"EIH BHO
3ANpPOrpaMMHpOBAHHBIX ) HHBLIX KIETOK H
TKAHEH

NPHAABaTHL TKAHH VCTOIYHBOCTE K
NPOAOTKHTENEHOMY 00e3BOMHBAHHID,
BBICOKOH TEMNEPATYPE H AIHTENEHOMY
BOFIERCTEHIO YO nvuei

HCKYCCTBEHHBLIE MaTepHabl KOTOPLIE MOTYT
NpoOTEIHPOBATE CETUATKY, NEpejdBdTh CHIMHA kLI
Ha HepBbLHHTepheic

PEATHIALHA NOAOOHA CBOCTE MHBLIX CYIECTE
B KPEMHHH

ﬂpHﬁDpH H COEAHHEHHA BLINOAHEHHBIE B
TEXHOMOTHH YIIPARISEMOI CaMOCHOpKH
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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
bormn, 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 GPyHEUHOHANLHELX
OHONOrHYECKHX CXeM W KDHTYPOB B JKHEBIX
OpraHu3Max

LMK DHONOrHYeCcKoro Qu3aiiHa-
BhIPALLHBAHHA-TECTHPOBAHHS

NOHMMAHHE DHON0MHUYeCKOTo pocTa |
pazeuTHA. Briggnenue noruyeckoi CTpYKTYphI
HHo-norumM pa3suTHA/pocTa/MeTaboIMIMOB/,...;
AKCHMOMATHKA, NPABKIA, THI JIOTHKH elC...
CHCTEMOTEXHHEA MaNkIX DHO-CHCTEM
(BBIYHCTHTENLHBIE MPHHLIHILL, APXHTEKTYPA,
HeHpo-cneuudHka)

Opranuam ana peannialyu B apTedakre.
Megaphragma mymaripenne - Hacekomoe
MApa3uT, HEPBHAA CHCTEMA MPH POHIEHHH
COCTOWT U3 HECKD/IBKHX ThICAY HeHpPOHOR.
AlGcTparupysacs npeacrasnser coboil kpaiine
Ma/IeHbKYH0 (NOpsiKa MMKPOHOB), HH3KD-
IHEPreTHUECKYH), KPETKO COMTYI0 CeHCop-
KOHTPOJIb-AKTYATOP CHCTEMY, HMEHILLIY IO
BBICOKDPA3IBHTYH) CHCTEMY HABHUIALMH W
nepeMelleHHd, BelCOKDYPOBHEROE NOBEEHHE
MHUTAHHA, PAIMHOKEHHA W BLUKHBAHUA. ITH
KOHKYPUPYIOLLME LIe/TH A0CTHTAIOTCH BO
BFIE‘ME‘HH HPEHUC'I'H,, KOTAd 3HAYHTETBLHO
CHHAEHO KONHUYECTBO HelipoHoB. 310
HACEKOMOE MPOXOANT HECKOMBLKD CTaHH
Tpancdopmarn, metamopdos, Ipu obyuenun
B TMUMHOUYHOI CTaiHH MUHHTIOAPH3aLIHH
BOCTIPHHHMAKITCA (PAKTOPEI CE30HHLIR,
COLMANLHEIE, CPeibl. BasHbIe ACNEKTLl ITHX
MPOLECCOB [UI0X0 NOHATEL MEKTPHYECKHE W
MAMHHTHRIE CXEMb], DAIBHTHE ITHX CXEM,
yripasneHue uHdopMaumei, sHepreTusa
BHYTPEHHETO JABIEHHS UCTIDNL3YeMas B
yHKLMOHANAX.

HE-KNETOYHAA CHHTETHUYECKas DHONOrHs,
paciliMpeHHe A3biKa DHONOIHH
NPOH3BOACTBO AHBOTO MATEPHANA KOTOPHIH
MOMET BOCTIPOMIBOJUTCH,
CaMOOPraHH30BBIBATLCA W CAMO-
03|0PABNMBATLCA (ABTOHOMHO W B Cpeje
opraHuiMa)
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Digit/Life
Bio-Method

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

the geometry of genome space

algorithmic origami and biclogy

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

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

Iudpa/’Ku3nb

Methopg GHo-norum

C 4ero HavaTh COAABATH MPOrPAMMHPYEMYHD
Ouoorun?

METPHEKA TEHOMHOND NMPOCTPAHCTEA W
TOMOIOTHA OPraHdIMa

ANrOPHTMHYECKHE OPHTaMH AHHBOTO
OpraHuIMa

HHPOPMALIMOHHAR TEDPHUA NEPEXnaa oT
KPHETAIHHECKOTO NOPAIKA K #HIHK B
GHONOrHUeCkoil KareropHu BUpPYCOB
OnMCarensHaa GHONOrMHA - NPOEKTHEHAA
DHOIOrmMa - dueas DHON0rHd (1
MATEMATHULCKAS MATEMATHKA).
thyHgaMenTansHbLIA 3aKoH AHIHK - KAKUM ero
MOMHO NPEACTABHTE, KAK MEAHTHPORATE, KaK
BOHTH B NOTOK TPAAHHK MEAUTALHH HHIHH
HOBaA MATeMarHKa

IFOTEPHUECKAH MATEMATHRA -
COBpPEeMEHHERILIAA MaTeMaTHKa (C TaitHoii
HAAEKIA0H OBIAAETE MarHYECKHMH CHIamMH?)
MYTh OT HOBLIX BHONDMHYECKMY IHAHMI K
H3BECTHBIM MOZenaM hH3uKH

NOHCKDBBIE MalllHH I p-al:llmHal!aHHSl pEﬂKqHH
KneTku; Dasbl JaHHBIX TECTOBOI NaHenM
TOKCHHOB, KOTOPAA BEJIOMAET Mo KpaiHeil
MEpE PACNOHABAHME 3aD0NeBaHHH XOTh
OHOrD W3 CNEAYHOLLMX KIacCOB: BUPYCHBIH,
PAXMTHBI, DaKTepUaNbLHBI M rpHDKOBLIT

buocencopnl

TPAHCHOPMALIMA AHBBIX KIETOK B GHOCEHCOPLI
npeofpazyioupe cucreMel "OHo-B-Luppy"
NOIBOAAOUME HENOCPEICTEEHHOE, B
peansHOM BpeMeHn npeodpasobanue
BHONOrHYECKHX CHIHANOR B UM(POBRYIHD
HH(POPMALIHID

Daza cucrem "Guo-noro-uudpossix”
npenbpazoBaHmil

0301 AATYMKOB HA OCHOBE TKAHH MOKET OBITE
NEPBHYHAA WKW TPAHCHOPMHUPOBAHHAR KNETKA
Pa3NHYHOND NPOHCXOAKEHHSA - HEHPOHBI,
HMMYHHaA kietka, endothelia-knetka,
thubpohnacT, MHOLMT, NEPBHUHANA WK
nepudepuiiHas CTBONDBAA KIeTKa
BIAMMOIAMEHAEMBIE MOYIH NpeobpasoBatma
CHHANOB CNEUHANBHBIX aHATHTHIOB CXEMaMH
Ha OCHOBE KJIETOK, KOTOPLIE MeHEPHPYIOT
AHCKPETHBIE CHIHANBI
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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
wol

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 jproducts, vield, 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

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

MOKHO JIH NOBLICHTD CHCTEMHOCTD CHIGKAR
PAIMEPHOCTL CEHCEPHOID MOTOKY, T.C.
ceHcopHan OpuTea OKKama. 3ToT BONpoC
CBA3AH C a_nmpumamu MHHHMAKCA 3H'.I'|'.lﬂI'I.HH.

HopecTy CBETOBOH NOTOK HeCYMH
MHOPMALIHKD 0 KOHCTHCTEHLMH Y30pUaTor
ceeToBoro xene. (Braxnwii HA)

paciuMpenue cnocobHOCTelH KNeTKH 1o
Pacno3HABAHHID

NPHPO/A CHIHANOE KOTOPLIE HEODXOAMMO
BBIAEMNTL H3 THOPHAHLIX GHO-MONeKYIAPHEIX
YCTPOIACTB, U HHGOPMALIMA COAePHALIAACH B
ITHX CHIHAMAX

KpeMHHEBLIE CPECTEA aHA/H3A M OLEHKH
HMETOR

CYLECTBEHOE YCHOPEHHE OTC/IEHHBAHHSA
Oprasdueckuy peasumii (e.g., 100-1000
peakumii B uac), Gonbiune 00bEMBI CHHMAEMBIX
napameTpos, cHop BCEX CYLIECTBEHHBIX
JAHHBIX (YCI0BMA, NPOAYKTL,
MYNETHIVIMKSTOPBI NPOAYKTOS e1c)

Coapanme DHO-CHCTEM

IMOPHOHANEHAR HHTETPALMA MHKPOCHCTEM B
HACEKOMBIX

HHAKEHEPHOE MCKYCCTBO KHOEPHACEROMBIX
METO/E] HHTEEKT-YIPABIAEMOH IBOIHILIMH
CO3aHHA HOBLIX CHIHANBHO/CEHCOPHBIX
MMEH}"HHPHHK }":U'IDH H ONMTHMHZAUHH
(hyHKLMI B DOMBIIMX CHCTEMAX
NPOEKTHPOBAHHE H NOCTPOEHWE CIIOMHBIX
MEKKIETOUHBIX CHIHA/IBHBIX TIPOLIECCOPOR H
KOMMYHHESLMOHHBX YCTPOHCTE HCNOMB3YA
DUOIHOTERH CHTHANLHBIX YCTPOICTE M
KOMIO3HLMH HX B CXEMBI C 330 AHHBIMH
XAPAKTEPHCTHKAMH HaJERHOCTH

TEOpUA (CTPaTerHi) GHOANMMYECKOTD
YNPARICHHA AHANOTHUHAA KIACCHYECKOH
TEOPHH YIIPABIEHHA

CETh MPHHLHITHAIBHO Pa3HbIX,
HECONOCTABHMEX MO npupoay [Gno-]yinos
MOJETH H NPorpaMMe! sdpexTHrHO
shHpaowHe 8 cels NpoCTPaHCTBEHHD-
BPEMEHHYIO TIPHPOLY BHYTPH-KIETOWHBIX
NPOLECCos, HEMHHEHHBE ODpaTHLIe CBA3H
BaHMOAeicTEHHA, JPeRTRH AHANDIORLIX W
AHCKPETHBIX BIAMMOAERCTRHIL, ACHHXPOHHOE H
CTOXACTHYECKDE BIauMoaeiicTede H 3duperT
HﬂHI.[I?HTI'.I.EILl HH Md/IbIX MI:HIEK}HI
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directed evolution methods will be used o
generate new signaling components and
optimize circuit function

hybrid biotic/abiotic systems

tools to rationally design and implement
multiscale, closed-loop control 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

D50 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 binlogical 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
intelligent micro air vehicle, maneuvering
bullets perhaps being piloted by a hybrid-insect
cyborg

Manipulation and Measurement

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

METO/E HAMPABAREMOiT 3pomoLn OyayT
HCMOML30BATHCA /1A CO3AAHMA HOBBIX
CHIMHANBHBIX KOMIOHEHT W ONTHMHIALIHHA
PYHELMA KIETOMHBIX CXEM

rHOPHAHEIE KHBbIEHEKHBEIE CHCTEMbE
HHCTPYMEHTApHI1 NPOEKTHPOBAHHA

MYIBETHY POBHEBEIX CHOTEM OHONOrHYECKDTT
KOHTPOMA, OKYTHIBAILHY CHCTEME! OTTAJAKH W
MaKETHPOBAHHA, MOJIENH W TCOPHH
DHOKOHTPONA

MOLLHBIE BRIMHCTHTE/ILHBIE METO/IbI
AHANOrHYHEIE ECTECTBEHHBIM BRIUHCICHHAM B
AHBUM UPFHHHHME

Kopnopauxs DSO nonaraer, umo HoBhie
MaTeMaTHUYECKHE NOJX00LI NPHBEIYT K
OTKPBITHIO (PYHAAMEHTANBHBIX
KOTHYECTBEHHBIX aTpHiyTOB GHONOrHUECKHX
CTPYKTYP = 3TH aTpHOYTEY JaK0HEL IPOAEIOT
CBET B [MYyOHHY HHBOH THaHM.

MOHHUMAHHE W HCTIONB30BAHHE JJAHHBIX
CNOMHEIX DHOCHIHATYD

DaKTEPHANLHBIE JBYXKOMNOHEHTHBIE CHCTEMI
OyayT 00y4aTECa HYAKHBIM aHATHIAM
HCTO/B3YA MYTAreHe3He ¥ HanpasaseMy o
IBOMTHOLIHIO

METOE lfIEHTp-HIIE{,'KﬂFI dPECALHH B HaHD=
maciirabe DHO-MONEKYN

HCMNOMB30BAHHE H YCHAECHHE NPHPOIHBIX
"MeXaHMIMOB", CHCTEM DHO-KOHTPONR

MuKpo-I1eKTpo-
Mexanuueckue CucTemMbl

MEMS-nacekombie

HMIPHTHHIE BHEKTPGHHﬂﬁ CHCTEMBI
HACEKOMBIM KaK 3EMEHT €10 MeTeMaphossl

BhICOKRDIPEKTHBHLIE MY XH-CAMOMETHKH
WIEKTPOHHO-HACEKOMHAA CHCTEMA
meTamophozuc arpuiyt MIMC-Texnonorim,
BOZHHKAET CHHEPrHIM MeTeMopdo3 ABoiiHO#
cyiHocTH MEMS-HaceroMbix

MHIOTHPYEMBIE KHOOPrOM-HACEKOMBIM
MHKPOCAMONETHKH, MAHEBPHPYHOWAA NynA etc,
elc ...

MaHHITYIALHH, HIMEPeHHs

Hamepenne w Manunyasums OTaensHoi
Monexynoii
HHCTHTYT METPOVIONHH Ha vHne
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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 o measure the
absorption of a single molecule in a living cell

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

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

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

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

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

blurs the distinction between complex
mechanical systems and integrated circuit
electronics

tabletop nuclear fusion

HCTO/B30BATE PADOTOTEXHHKY,
HAHOTEXHOMOTHIO, ONTOINEKTPOHHKY /715
CO3JAHHA BbICOKONPOHIBOAHTEIBHEIX
HIMEPHTENEHO-HHCTPYMEHTAILHBIX CPEACTB
A/MOPHTME! 3BOMIOLMOHHOID
NPOrpaMMHPOBIHHA IR HCNO/IL30BAHKUS B
MEMS-cencopHeix Maccupax
HckyccrBeHHbii coDaumii HOC COCTOMT M3
CEHCOPHOTO NOAA MIOTHOTEID MO MEHBILEH
mepe 1000 HAHOCEHCOPOR HA KB, MHKDPOH,
BEMHMAET MOACHCTEME] CRABEHEHHA OCHOBHEBIX
PELIENTOPHBIX MACCHBOB C
KOMIUTEMEHTAPHLIMH HAHOCEHCOPHEIMH
"peuenTopamu’”

HAHOYCTPOICTBA A8 0DHAPYKEHHA
BIAHMOAEHCTBHA OHHOYHBIX MOTEKYIT;
METO/B CIEKTPOCKOIHH A8 H3MEPEHHHA
NOMOUEHHA OQIHHOMHBLIX MOJEKY AHBOM
KIETKODH

BHIVATHIAMA 1 HIMepeHda aesenns MEMS
in situ (Ha mecTe - B }HBOI KneTke, B paboueii
I0HE ), NOCPENCTEOM COMETAHHA CBETOROH
MHEPOCKOMHH, TENEBHIEHHA H MAIHHHOIO
BH/AEHHA

YNPARICHHE CBETORLIM JIYUOM B OHO-JBYX-
TPEX HIMEPEHUAX

JApnxkenus pobora, © nomouso MEMC-
AKCENIEPOMETPOE H THPOCKONOE JOCTHI AT
HCKTIMHTENLEHOH CyOTHABHOCTH, NO3IBONAA
BpauaM OKa3bIBaThL NOMOLLL DOiUaMKH NPAMO
Ha none Gos

M3IMC-cucrema - asroMopdHas cHCTEMa

HaHO-MEXAHHYECKME KOMITBIOTepb! Ge3
noTpefneHHs IHEPruM Ha XOA0CTOM X0y
(ABEpH B BEUHOCTE)

CEHCOpEI C HYNeBoi noTpebnaemoi sxepruei
He-TePMHOHHBIA nepekaouares (CnocodHb i
00pa3znBkEIBATE CETh)

TpexmepHbie MHKPOCHCTEMBI: COEIHHEHHE
MOYTH BCEND CO BOEM.

HOBbIH KAACC NPOEKTHPOBILMKOB CHCTEM
BITHMAKOLLMY MHKPOMALLIHHEI,
ONTOINEKTPOHHKY, MHEPOXHIKOCTHEIE
CHCTEMBI

HHTET PHPOBAHHE DHO-MONEKYIAPHLIX
(peHoMeHoR C 3nexTpoHukoii, MEMS n
(POTOHHKOH

CMAa3aTh rpaHb MEALY CNOKHBIMH
MEXAHHYECKHMH CHCTEMAMH H MEKTPIJHHKDFI
HA HHTETPALHBIX CXeMax

HACTO/EHBIH AePHBIH peakTop
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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
binlogical/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
robotic, MEMS, drug delivery, and other
devices. In vivo biomolecular motors (BM)
applications might include, but are not limited
to, perpetual physiological monitoring, drug
delivery, tissue regeneration and repair, and
prosthetic devices

YIIEPOHBIE HAHOTPYOKH JUTA NOTYYeHHA
HEC/ILIXAHHOI CTENEHH Paspellenns, KauecTsa
CHIHANA M KOHCTPYKTHBHBIX XapaKTePHCTHE B
MOJIEKYISPHBIX H CYNPAMOIERKY IAPHbIX
KOMILIEKCAX

BHONOrHyeckue npoueccs XapakTepuIyioTc
HHIKHMH IHEPreTHYeCKHMH Daphepamu
(~10KKan, Ge3 BhICOKOH

TEMINEPATY DL JABNEHHA); BLICOKD
PeaKkLMOHHOIN, pearupyoweid cnocobHOCTEI0 H
CTEPEO-UYBCTBHTENLHOCTEIO (D63 BpeaHLIX
BELECTE OTKPBIBAKILH Y/ JAKPbI BAKLHX
pEaKUHH); NPOCTPAHCTBEHHO-BPEMEHHEIM
YIpaBIeHHeM CHHTE3a 331aHHLIX MaTepHaNoR
€ TOUHOCTBIO A0 AHICTPEMA; NOKA/IBHBIM
KOHTPOIEM JHYIEKTPHYECKOTD OKPYHReHHs (no
Donblueil yacTi 0e3 HCNoALIOBAHKS BPEIHbIX
pacTeOpHTENeH ).

CHCTEMBI HA OCHOBE HAHOIIEKT POHHKH

Prel IR AT HEIMEHA I'DLI.;HE' BOAMOEHOCTH
BBIYHCIEHHI, JaTYMKOB H CMBICTOBOI
HArpyMeHHOCTH CHIHANA M BCel naMaTH
CHCTEME

3-MepHBIE CBAIN B NONYNPOBOJHHKOBBIX H
DMD-MONeKYIAPHBLIX NpHGopax

[TpoaaeuTs NHHEHKY PazMEPHOCTH H
HHTErpaLHH B CIEAVIOIHE MaciuTalb
pasMepHOCTH H GYHKLIHOHANLHBIE MOPH30HTEI.
DHOMONEKYNAPHBIE JBHTATENH - ECTECTBEHHLIE
HAHOMALLHHEI MPEBPALLIAKILME XHMHUYECKYHO
IFHEPrHK) B MEXAHHYECKYIO paboTy ¢ ypoBHeEM
NPOHIBOJMTENEHOCTH HECPABHEHHD
NPeBbLILaHIHMH JPPeRTHBHOCTL ABMraTens
CO3AAHHEIX YETOBEKOM

NPHHLANED PADOTED HUO-MONEKYIAPHELX
JBHraTENEH

HOBOE MOKIEHHE THOPHIHBIX
DHONOrHYECKHX MEXAHHYECKHX MALLTHH
KOTOPBIE HA HOBOM YPOBHE 3eKTHBHOCTH
HCNOMBIYHOT MATEPHAML! H HAKDCTH 118
BHIMNOMHEHUA JeHCTBHIL, M 130T BOIMOMHOCT
COZNABATE HOBRIE KIACCH COPTHPOBKH,
Pacno3HaBaHKA JAHHBIX, CEHCOPOB H
HCNOAHHTENEHEIX MEXAHHIMOB

NpHMEHeHHe DHOMONEKYIAPHEIX JBUTaTeei B
HCKYCCTBEHHOI CpPejie MOMET 3aK/I4aThCA, HO
HE OTPaHHYHBAETCH, CAMO-TIHTAIOLMMHCA
nabopaToOPHAMH HA YHIE, MOIEKYIAPHBIMH
COPTHPOBLMKAMHM, THOPHAHEIMK
JBHAMTEIAMH HIH HCTOMHHKAMM MUTAHHA 1A
poboros, MEMS, npoM3sojicTBO NEKAPCTE H
Jpyrie ycrpoiicTea

BMMBOH Cpefe DHOMONEKYTHPHBIE [JBHTATENH
MOTYT HCNOALI0BATLCA JUIA NOCTOAHHOTO
(PHIMONOTHYECKOTD MOHHTOPHUHEA,
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self-assembly technigues could be used o
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

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

While we can't tell a laboratory technician to
move nanoliter quantities of fluid from a
beaker held at 627 C to a beaker held at 75? C,
and to repeat this cycle every 30 seconds for 20

NPOW3IBOJICTEA IEKAPCTE, BOCCTAHOBAEHUA W
PEMOHTA TKaHeil W B NpoTe3ax

TEXHHKH CaMOCHOPKH MOTYT HCNONLI0BATLCH B
NPONIBOJCTEE KOHCTPYKLHIA
MAKPOCKOMMYECKM X TPEXMEPHBIX ABHCATENeH
MPHHLHIMTAINEHO HOBEBIE HAMPDABIEHHA oHn-
npHOOPOCTPOEHHS

ofipasoBaHHe CeTH TeCT-CTaHLMiH
KOMIMBITEPHOID MHUKPOBHICHHA IR
pacnipoctpaHerus MEMS-MeTponoruu no
BCEH CTpaHe

TPEXMEPHOE ATOMHOE Pa3pPeIleHHe OMHOMHBIX
MHKFGMMEK}'}IH PHEIX KOMITIEKCOER B HX
POAHOM YHKLUMOHAIBHOM COCTOAHMK
MO3BOJIMT YEMAETh JHHAMMKY CTPYKTYPHBIX
MEPEXOI0BE H POL TAKOH JHHAMWKN B
peryIaTHEHLIX MPOLECCax

MHKPD}KHI[I{QCT HbIE€ YHIIBI

HEH}'L"CI'EE‘HHEIII HMH}'HHE.‘F[ CHCTEMA YenoBerd
Ha uMne

BhICILEE Lenoconbpa3Hoe ynpasieHHe
NOTOKAMH HHIKDCTH M MOIEKYIAPHBIE
MaHHIYAALHH

MHKPOAHKDCTHEIE METO/L! YTIPABIREMOTO
ABHAMEHHA, XPAHEHHSA, CMEILIHBAHHA H
pajjeneHus oDpPazoR U peareHToR
BHOAHIKOCTHLIE MACCHELL HA MHME
pafoTalowume B pexume odpasew-
JAKOUEHHE/ OTHET

PEBO/TIOLIMA MOHOJIHTHBIX CHCTEM

B3aTHe npob 1 obpaboTka OHONOrHUECKHX
HHIKOCTEH OPraHHaMa (KpoBH, CRIBOPOTHA,
HHTEPCTHLHANEHEIE RUAKDCTH, CTHOHA) B
PeAIEHOM BPEMEHH

COYAHHE B OPraHUIMe QyHKIMOHATEHEIX
DHOMOHYECKHY CXEM H

CHIHANBHO/ MONERYARPHEX MArHCTpanel
ruOpHAHEIE GHO-MONEKYNADHEIE KPEMHHEBLIE
CHCTEMBI HCTIONbB3YIOLHE DHONOMHYeCKHEe
cpeacTea (HanpuMep GeIKOBLIE HOHHBIE

KaHa Il HAHONOPLI, coeguHeHHble G-0enku, u
T.0.) A0 BeINOAHEHHS GHO-CeHCOPHBIX H
NpoUeCCopHEX fvHKELMI Ha KpuoTane
MHKPORHIKDCTHBIE KOMIOHEHTH YMNA
33JAH0ILHE KOH(MIYPaLIMIO BCETD TECTOBOID
MaccHea

Mul He MoxeM ckazats nabopaHty
NEPeMECTHTE HAHOMHTP MHAKOCTH 13
MEH3YPKH C Temnepatypoii 62'C B MeH3ypKy C
TeMneparypoi 75'C, 3arem NOBTOPHTE 3T0
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cycles, this tvpe 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 o 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
imterest

in vivo nanoplatforms (IVN)

Biomagnetic Tag

a ransduction mechanism based on a bio-
magnetic interface

implementation of a biomagnetics transduction
mechanism

ability to measure with great precision
magnetically "tagged” biomolecules and cells

aeficrere 20 paz kaxasie 30 cexyu. IT0 Kak
pa3 v ABMAETCA 3aaueil MHKPOXKHIKOCTHOTD
(MicroFlumes) npotoxona.

HHTETPALIHA HA YHINE

TPAHCMOPTHBIX XHMHUECKHX "LEX0B" ¢
ONTHYECKHMH, JTEKTPOHHBIMH,
MEXAHHYECKHMH M APYTHMH "Liexamu”
AUJIKD-TPAHCTIOPTHEIE KOMINOHEHTH! YHIa
HMEHILHE CEHCOPE A8 AHHAMHYeCKDrD
KOHTPONA CBOICTE pafoyeid noBepxHoCcTH

DMOAHIKDCTHEIE NPOLECCOPL] KOTOPLIE MOTYT
CAMO-KOHPHT Y PHPOBATLCA M CaMo-
KanubposaTbCs

MINTHAA OHArHOCTHRORRE:D Ha YHIT B pEAEAME
"obpazeu-oreer”

MHONO-KaHANBHBIE TEEMETPHUECKHE UMbl
A8 JANHCH HEFpOgHINONOrHYeCKHX JAHHBLIX
AHBOTHBIX

HHTErPHPOBAHHEIE CIIOMHBIE HHAKOCTHBIE
KOMIOHEH TR [KOHCTPVKTHEHBIE 3MEMEHTEI,
JATUHKH, HCTIOTHHTE/TH)

MHKPORH/IKOCTHBIE YCTPOHCTEA € HOBBIMM
CEIICDPHHHH."EHI’HJHHHI:IMH KOMITOHEHTAMH H
CXEMAMH /1 BLICOKOTPOM3BOANTE ILHOND
CRAHMPOBAHMA M AHANH3A OTALNBHOH KNeTHH
AHIKOD-TPAHCTIOPTHELE KOMIOHEHTE Y4HNa ¢
CEHCOPaMH [ JHHAMHYECKDID KOHTPOIA
paboueii NOBEPXHOCTH HA NPHHLMNAX
OOparHoi CrAIN

JAHArHOCTHYECKHE NPHOOPELI THINA MHKPO-
TOTANbHBIH aHanu3 (micro-TAS) wam
"nafoparopus Ha yune”

HAHOTEXHOIOMHH DHO-WEKTPOHHOTO

uHTepdeiica peanuzyemsie B iatpopmax
MACCHROB 00Pa3L0E C WHPOKHM AHANA30HOM

pacno3HaBaHus, paboTalolHe IHHAMHYECKH (B

PEANLHOM BPEMEHM), AOCTYI K PACTIOIHAHUI
DHO-AaHHBEIX C OTAENBHEIX DHO-MONEKYIAPHLIX
PELIENTOPOB M NOCAEAYIOWaA pa3paboTka Hro-
CHTHATYD LIENEBBIX MOMEKY-(yHKLMI
HHAHHEPHAA HAHO-TUTaTROpMa B RHBOH Cpeje

buoMarHMTHbIE METKH

CT3K GHONPOTOROIOR DHOMArHHTHOM
uHTepdeiica

paspaboTia apxuTekTypel obpaborn/camo-
AHIHH OMOMArHUTHBIX NATEPHOB CHIHANOR
DMD-BOCTIPHHMYHBOCTL K MOJIEKY/1AM W
KAETHAM HECYLLHMH MAarHHTHLIE METKH (T3rH,
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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 1o

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
specification of complex ideas

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

a formal language for complex adaptive system

composition and design
techniques to enhance the capability for

nporpamMmma onpejgeneHns (hyHIaMEHTaIBHBIX
NOKAIATENH M NPHYHHHBIX MEXdHHIMOB
OOBLACHAIOLIMX H NPeJCKA3LIBAHLLMX
olpazopaHue "HO/EKTHEHMY CYIHOCTeR",
COLMANBHBIX EHMHHLL H KOMILIEKCOB
VETOHUHBEIX B COLHANBHEIX CETHX,
0DPaIVIOLIMX KOONEPALHH/ CONePHHYECTBO,
COLHANLHOE BAHAHHE Ha NPeinouTeHHs,
KOMHHTHBHBIE CTPYKTYPBI €1C

nAaropMel H HHCTPYMEHTAPHH NOHHMAHKA
COLMANLHONH MEXaHHKH 0DpasyiolMxcs
CIOMHBIX CTPYKTYP

NOCTHAEHHE M YCHIEHHE Ye0BeUeCKokH
HHAHBHAYANEHOCTH M COLHANBHOID
MHOroobpasHa 115 NPOABRIEHHA HOBBIX
cnocoGHocTeii

ONPEREIHTL NEPEHUHLIE IBHAHTEH
COLMANBHOI Koonepawm1H

ONPELeTHTE PYHAIMEHTANLHEIE NAPAMETPEI H
NPHYHHHLIE MEXAHHXMbI 00pazoBaHHA
COLMANEHEIY 8HHIL

KOMIMBHITEPHBIE COLMANBHEIE MOAEIH CO
BCTPOEHHLIMH "NPaBHAAMH HKHIHK" 414
NPOBEPKH METO0E COLHANBHOTD
MOOETHPOBAHKA

NPOHUKHOBEHHE B CYLIHOCThL pasHooOpazus u
CADMHOCTE KYALTYPHEIX MOJEne,
HHTEPNPETALHA COLMATBHLIMH IPYTINAMH
MH[A

NPOEKTHPORAHHE AHHAMHYHEIX CHCTEM K3
KOMaHZ, H0AEH H KOMaHa MatliHH

IIpoexTHpoBanue

Mo3auuHaA CTPAaTerus - NpespaueH1e
CHCTEMBI B JIHHAMHYECKYH) CETh C
DeakoHeyHBIM DOraTCTROM HEPapXHid, THNOB
Y3/10B, CBA3EH, TAKTHK W CTpaTerHii
hOpPMHPOBAHHA CETH.

thopManbHbIE AILIKKH NPOCKTHPOBAHHA H
KOMIMOEZHLIHH KOMIVTEKCHBIX dQANMTHRHELX
CHCTEM

PACIIMPHTE, YCHIHTE BOIMMKHOCTH A3LIKA,
NapajHIMel NPOCKTHPOBAHHA W YAYULLHTE
CEUHDHEALIMIO CIOMHBIX W1EH
pazpaboTars WM OTKPLITE HOBLIH Habop
KOHLEMTYANLHEX CTPOHTENLHEIX GI0K0E,
HOBBLIE OHTOMOTHH W HOBbIE Ga3el oHTONOrME
thopMaNEHBI AILIK CREPXCIOMHEIX
AJJANTHBHBIX CHCTEM

METO/L PACIUHPEHHA MOHHWMAHHA H
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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

bin-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 transduction
mechanism) for monitoring and controlling
biological activity at the cellular and,
ultimately, single molecule level
(functionalities including highly selective
biochemical sensing (even in chemically noisy
environments), protein synthesis, information
processing, and color change)

APIBIYKH)

HAHOMArHHTHBIE NPHOOPEI COBMECTHMbIE C
MHPOM HHBOTO

BLICOKOUYBCTBMTE/ILHBIE MATHHTHBIE [JaTUHKH
CHDEI’JﬁIIHE BEIHBHTE OHHOYHEE MATHHTHLIE
HAHOWACTHLEL AHaMeTpoM 100 HM W MEHBLLE
MATHHTHBEIE "NOBYIIKH" WK apXHTERTY A
"uTeHHe/ 3aNHCE" DHOCOBMECTHMAA H
CNOCOBHAA MAHHITYIHPOBATE OJMHOUHBIMH
MarHHTHEIMH YaCTHLAMH C HAHO-TOUHOCTELIO
TEFEDEBTHEEI C HCMOWLIOBAHHEM MAarHHTHBIX
METOK [/ aTakH HHPHLMPOBAHHBLIX KIETOK
fe3 BpeIHBIX NOCABACTEMH 408 OKPYARAOWHX
YIOPORKIX KIETOK H THaHEH

BRICOKOTUIOTHOE MY/BTH-MarHHTHOE nofe ¢
FPHEHTHON ApXHTERTY PO - MarHHTHBLIA
MUHLET CNoCcoDHbIH MAHMYIMPOBATL
OHHOMHEIMH HAHOYACTHLIAMH
NPHKPEIUIEHHBIMH K OHO-MONEKYIAMH € HAHO-
TOUHOCTBIO

DHO-COBMECTHMAR (PePPO-HHAKDCTE, K
MArHUTHBIE "METKH" C NPeBOCKOIHEIMH
MarHHTHEIMH CROICTRAMH, BEICOKDI CTENEHBI0
cneyHdMUHOCTH NPUKPENASIOLMeCs K
OTAENLHLIM DHO-MOEKYIAM W KJIeTKaM
DHO-COBMECTHMBII, BHICOKDUYYBCTBHTE TbHBIH
MarHMTHBLI CeHCop CNOCOOHBIH K YHCAEHHOMY
OIpeje/IeHHI0 PasHOCOPTHBEIX MAarHHTHBIX
HAHOYACTHI]

MarHMTHLIR MHHLET COBMECTHMBIH © MHBOH
THAHEH), CNOCOOHBI MAHHITYTHPOBITE
OTAENLEHOH HAaHOMarHWTHON yacTHie-
APILIYKOM TPHKPELTEHHOR K GHoMonesyne,
YCTOIYMBEI, Ha OCHOBE MarHeTHIMa,
MEXAHHIM NPeohpasosaHna OHOMOIEKYIAPHENX
CHTHANOB

BHO-COBMECTHMBIE MENEIHCTRIE HHIKOCTH,
HITH MarHMTHBIE "ApALIMKKH", cnocobHbIe
NOJAKPEILIATECH € BRICOKOH H3DHPaTesHOCTEH
K OTAEBHEIM OHOMOMEKYNAM H KAETKAMH,
BrunoueHHe HAHOMArHHTOB Kak
YHHBEPCAMLHEIX, HAOEHKHEIX H
BBICOKOUYBCTBHTE/NBHBIX Mepefariux
MEXAHHIMOB (MarHHTHEI GHOMONEKYIAPHENH
NepejaryiKk CHIHAN0B) OTCEARHBAHHA H
yripaeneHus GHONOrHYeCkoi JeaTeNsHOCTH Ha
YPOBHE KIETKH, a B KOHLE KOHLIOB M Ha YPOBHE
OTAeneHOH Monekynsl. B dvHKUHK Takoro
NepeJaTyHKa/ KOHTPO/LIEPa MOTYT BXOJHT
CAEAYIOLME 33/a4; CBEPXUYBCTBHTeNLHAS
DHOXHMHYECKAA HIDMPaTeNBHOCTD
(COXpaHAILAACA TAKKE B YCIOBHAX
XHMWYECKOTO WIYMa), YYaCTHE B CHHTE3E
Denkos, obpaboTke HHGOPMALIHK, HIMEHEHHH

BETA,
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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

iy 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
evolving autonomous soldier

accelerate healing

accelerated wound repair and in-vivo
regeneration of acute minor to moderate tissue
trauma

acute hemorrhage objectives include
technologies for hemostasis and novel fluid
resuscitation compounds

AHBBIC KJTETKH BOCTIPHHHM A HOLLHE cnaboe
MArHHTHOE noae

Yenopek-MamuHa

VBEIHYEHHE Ha MNOPAAOK HIH G0nee MOWHOCTH
CHCTEMBI Ye/I0BEK-KOMNBIOTEP Ha none Gos

MOIHABATE [ThHBIE ::pe,qtrna No3B0NA H'l].l.l,I'rIE'
YENOBEKY M MALLMHE JYMaTh BMECTE 0
CNOMHBIX Npodnemax

HOBBIE TEXHOIOIMH |'.I-ElL'LI.[Ir‘[FI'EHH.H H }"l’.’HﬂE‘HI’r‘[ﬂ
BOIMOMHOCTEH Yenosexa

annaparHas HHPPacTPYKTYpa CHCTEM
BOCTIPHSTHA M IOIHAHMS MHPa

HOBEIE METO/E MOHHTOPHHTA THIER W KHBLIX
CHCTEM

BOMH C HHTEPheRCOM MOIM-MALLIHHA BMECTO
"nefcTEHA CARAYIOWETD 33 MBICIEK" -

" NelCTRYeT MBIC/EID"

ABTOMATHUEKHIT KOHTPO/IL Pa3zyMHOI0
MOBE1EHHA

Obyuaeman Beowo Muins Maimmna -
NporpaMMa no MoTHEaM DHONOrHYe CKHX
CHOTEM, NOHCK GVHIAMEHTLIEHO HOBLIX
MOIXOA0E K MATHHHOMY ODYUeHHID,
NO3BOAAKLMM NpHCNoCcabaHBaTLCs
NOCTOAHHD K HOBRIM OOCTOATENLCTEAM, HE
3abbiBan nNpeaLYIEero obyveHms.
MPEBPALLIEHHE CHCTEMB! MAILIMHHONO 00YYeHHA
H3 HHCTPYMEHTA B NMapTHEpa

JEKJHPOBKA MOAYCOR HACTPOEHHH
JAEKOJMPOBKA HACTPOEHHI M nochegyolee
MPOrHOIHPOBAHHE HIMEHEHHI HACTPOCHHIH
BLIARNEHHE NATTEPHOR DCOIHABAEMEIX
JHYHOCTRE) MOJYCOE HACTPORHHI

JTeuenue

Panenunn

MEJHLIMHA DYAYIEro HY#K/A3eTCA B YCKOPEHHH
JAKMB/IEHHA PaH VIR COAHHA ABETOHOMHOIO
conjara

IKCMOHEHLMANEHOE JKHBICHHE

YCKOPEHHA 3AMHBIEHHA H CHIKEHHE
MOPAHEHHA TKAHH

JEYEHHE CHIBHEIX HPCI'E-D'T‘E"-IEHHﬁ BEIHYAET
TEXHVIOIHHA OCTAHOBKH KPOBOTEYEHHA H
HOBEIE HHAKHE COCTABL] BOZBEDAIEHHA K
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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 harmess viral evolution to create a novel,
adaptive form of medical countermeasure-
therapeutic interfering particles (TI1Ps)-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 to
humans.

pipeline for discovering novel host-centric
countermeasures against infectious diseases

vaccinate against radiation injury

The vaccine adjuvant called CpG enhances the

HHIHH

CPEeACTBA M TEXHOMOIHH HHAHHUPHHIE MHBbIX
THaHed W MeTabonHIMOoR 404
BOCCTAHOBHTENBHON MEIHLHHE

nevyeHHe OCTpoil DonM BRMOUaeT
HEPapMakOIOrHYECKHE H HETPAAHLHOHHBIE
METHLMHCKHE MOAX0AL CHCTEMHOH Dopbibl C
Gonewo (pain management)

cucremHas Dopsba ¢ Bonbio

HMMyHHasn cHCTeMa

CO3IAHHE TPEXMEPHOI BARHBIAEMO
WMMYHHOI CHCTEMEI Ye/I0BeKa
IBO/OLMOHHAA NOBYILKA /1A NATOMeHa M3
KOTOPOH HEeNb3bl BLIPBATLCA MYTALHAMH
CTPATEru MACHTHHOHKALIMK HIBECTHBIX WK
CO3JAHHBIX DHOMHMEHEPHBIMH CrIoCcoGaMH
NaToreHos (T.e. JHarHOCTHEA Ha OCHOBE
DYHAAMEHTANBHE X, KPHTHYECKHY MEXaHHIMOB
NaroreHesMca, Lenel aHanusa
pacnpefeNeHHbIX CPeiH KAaCCoB NaToreHos,
HIH paHHAR PEAKLIHMA OPraHHIMa Ha
HHIPEKLIHID)

BOEHHAA MOTOBHOCTE DOHLOB K Oypam ¢
WITOPMAM MHPEKUMOHHBIX Done3Hed
HAHO=-TpaiaH, HAHO-QHALTP KPOBY OT
NATOreHos

cucrema Oyjer GHONOrHYECKMM IKBHBATIEHTOM
HIpsl " 12 BONPOCOB”, K18 XapaKTepHIalHH
DakTepun ¥ HanpaeneHus ee B Datapeio TecToB
JNA ONPEEneHHA NarOreHHOCTH

OBNA1ETH BUPYCHOIH 3BOMIOLHEN ANA CO3RaHHA
HOBLIX AAMTHEHEIX MEJHIHHCKHY CpEJCTR -
TepanesTHieckux Goessix vactuy (TIP) -
HEHTPANMIMPYIOUIME BUPYCE] B OPraliiMe

BPEMEHHEIH HMMYHHTET, C/EPHMHBAROLHI
Done3Hb Co3aBas 3aC/0H BOCTIANEHWIO, H
MNoTyYad BpesMa A8 A00rospeMeHHOnD
MEQHLIMHCKONO YX0/a ero pa3paboTku 1
MPHMEHEHHIO

OXOTHHK 33 naroreHamH npeaHazHaveH 408
pa3paboTKH HOBOTO KNAcca TeParnHH,
HCMOIBIVIOWEH KHBLIE, NOJBHAHBIE,
arpeccHBHble GAKTePUH YTHETAIIHE FPaMM-
HEraTHBHEIE DAKTEPHH ABIAOLHECH
MaToreHaMM YenoBeka.

KOHBEHepHEIE OHO-TEX CHCTEMBI OTKPLTHA
HOBLIX 3ALLHT Da3lnBorn OpraHHdaMa oT
HHIPEKLMOHHELX 330008 BaHHil

BAKLIMHALIMA 3ALLHLAI0IAA OT PAgHALIMOHHOTO
MOPaAREHHA

BCOIOMOrarensHas sakiuHa Cpl noBwiaeT
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human immune response o 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 baitlefield 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,
memaories, 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
future of their ideas, whether they are returning
to the Department of Defense or playing the
piano.

Biological approaches for maintaining the
warfighter's performance and capabilities in
the face of harsh battlefield conditions

thpeKTHBHOCTE HMMYHHOH peaKLHi Ha
moGy0 CneyngHUECKYI0 BAKLMHYIO,

Obuman MeaHIHHA

COBEPIIEHCTBOBAHHE CYIECTRYHOLLMX MOJENeH
DoneIHei, MaeHTHHHKaLHA HHAMKITOPOsE
PaHHHX OTKIOHeHHe, npopaboTka
CYLECTBYOLHX Da3 JaHHBIX A8 ONpeie/eHHA
HauboNee LEHHBLIX PAHHHX WHHKATOPOR
OTKAOHEHHH 0T HOPMEI

NPEACTABIEHHE OTALNBHON CONRaTa
(ronorpaduueckoe MegHLIMHCKOE JeKTPOHHOE
npejcTaBIeHHe, MUoMep) KOTOPOE MOKET
HCTNIONBI0BATLCA VA NOJIEPAKH
MEJHLMHCKDIO X014 Ha/BHE noaa 6os ¢
HOBEIM YPOBHEM HHTEMPaLHK, JTOT
BHPTYa/ILHEIH COIET OCHOBAH Ha O4eHL
C/OMHBIX MOJENAX HCXOOALLIHX H3
DHONOrHYECKHX NMPHHLIMNOE H 3ano/IHeHHBIX
HMEHOLLMMHCA JaHHBIMK

DHONOrHYECKHE MEXAHHIMEI
HHIHDGEPEHTHOCTH K HATHYMHIO B
OKPYAEIOWEH CPEfe WM OpraHuIme
AKTHEHOH HHPEKLMH NaTOreHoB

Pa3BEPHYTHIE BOMHCKME COBJHHEHHA KAK MeTa-
OPras13M, MeJHLIHHA 300POBLA ITOMD MeTa-
Opras13Ma

ropogckoe none Hos IHaunTeNsHO Donee
CMEPTOHOCHOE Kak 4715 Boiiuos Tak 1 s
MejnepcoHana

CaMo-peMOHTHPYEMEIE, CAMO-3aKHB/IAEMbIe
CHCTEMBI Ha OCHOBE GHO-MAaTepHanoB CMOTYT B
Gmxaiien Oyayiem cTaTh INeMeHTaMH
QBRI ATEKTPOHHOR H DHO-21eKTPOHHOH
MAMATH, MACCHBAMM JATUYHKDE H LIENLIMH
NOBEPX-MO3NOBLIMH CHCTEMaMH, TO YeM
paHbiue Dbuan waemsl. M koHeuno gna
Cay#0B apMERCKOTD ThiTa HEMANOBAMHO, YTO
3TH CHCTeMa TpelyioT HyneBoro (MM DKOMO
HYAEBOI0) X0z,

CTPATerHa HCNONbL30BAHHA NMPEL-CHMTOMHOH
JMArHOCTHKH

Co3aaHHe HaJleBaeMbIX MPOTE30B NONHOCTLIO,
KaK eCTECTBEHHBLIE KOHEYHOCTH,
NOAMHHAIOIMXCA MO3ry, DSO oTHOCHTCA K
310l paliore ¢ ocofoi MopansHoi
OTBECTBEHHOCTEHD, Mbl MOREM M J0/HHE! 13T
HALHM paHeHBIM D0HLIAM PeaNH30BLIBATE CBOH
WEeH Nocae y4acTHa B DOeBbIX OnepaLysax
KOTjia OHW BEPHYTLCA B MUHHCTEpCTBO
OBopokEl, HIH 3AXOTAT HIPaTE Ha POANE,
BHOAOIHYECKHEA NOAXNDA K COXPaHEHHID
DOeCNOCODHOCTH B IKCTPEMANTBHBIX YCIOBHAX
Dos.
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Farmacology

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

reduce the medical logistics burden in the field

Panacea aims 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

to protect cagnition 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

severe pain is eliminated for weeks with a
single dose and no adverse cognitive effects

dapmakoorus

PagHKANEHAA NMPOrHOCTHRA
hapMalleBTHUYECKHX CPEICTB

CHUAEHME MEIHLIMHCKOH TOMHCTHYE CKOM
COMHOCTH Ha nose Do, 38 CuéT MrHOBEHHOTO
CHHTE3a NeyelHBIX CPe/ICTR

Panacea - HHTerpalus CHCTEMHOM
(hapMaKOIOrHK, MEIHLIMHCKDA XHMUM 115
paclIHpeHHa 0DNacTH BO3AEHCTEHA
TEPaNeBTHYECKDT0 BO3AeHCTBHA B 00/1aCTH
KOHTPOMS 0CTpoii DOM ¥ BOCNANEHHUS, W
noBbieHHs GHIHoI0rHYeCKoH BLIHOCIHBOCTH
NPH KHCAOPOAHOM Aeduipre.

MPOH3BOACTBO MY/IETH-NEKapCTB W3 J0-
thapmauesTHyeckoro cybcrpara

JBd HHTErpdibHbIX HCCNE0BATENBCKHX
Hanpasnexus: Gapmauua no 3anpocy (PoD) u
Buonormuecku-uexoaHas Meguumuaa no
3anpocy (Bio-MOD)

Heiiponorus

Ecim ncuxonornyeckas 001€3Hb - YepHbIH
ALHK, TO NedeHre ManoagerTHBHO,

KAPTHPOBAHHE HEHPOCXeM YIpaRIsionMx
thanonorueit sabonesanuii

HOBasA HEAPOTEXHOIOTHA - HOBAA
HelpoTepanus

MOHHTOPHHI H dkTHEHOE YYdCTHE B NpoLeccax
NIACTHYHOCTH HelpocyhcTpara,
NpeoTEPaLLIEHHE NATON0rHI

3alMTa COZHAHMA W COXPaHEHHE aKTHRHOCTH
CO3HAHMA NOKaaH3atmeid Gomm

CHBHAA DO/ML YCTPAHASTCA Ha HEJE/TH, He
ocnabnss yMCTBEHHBIX cnocobHocTe
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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 (o
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 evenis

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

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

cognitive systems have a number of

BoeHHoe f1e/10

Opyxue aberpakuui

TAKTHUECKHI MY/IBTHIUTHKATOP -
BLICTPaHBAHHE THHHI H Y3108 B3aHMHO
YCHITHEAHILLMCA DOEBRIX CPeACTBA PazIMUHOI
NpHpok

NOTPeHHOCTE HALHOHANBHOR Pa3Be/ KK B
HOBOM MOKOJEHHH YYEHBIX OCBOHBILHX
MEHTAIHUTET W NPAKTHRY NEPEIHETO Kpas
MCCEeOBAHMIA, KOTOPLIH 0DBIUHO
NpeacTAENAeT CODOH KOMIUIEKC HaYUHO-
TEXHHUECKHX MPOEKTOR

MALLUMHEl AHA/IH3d CETeBLIX YEN0BEYLCKHX
OPraHd3aLHi ¥ NOCTPOEHUA NOBEEHYECKHX
MOgenel aein

MO3HABATENEHLIE CHCTEMEI MMEHDLLHE
BOODpaMeHHe - Cnoco0HOCTE H30DPeTaTkL
HHTEPECHBIE CLEHAPHH M TU1aHBL H
NpeiCKasLBaTE paHee He ObIBABLLEE PA3BHTHE
CODBITHIT

NPOrPaMMHBE KOMINOHEHTE KOTOPBIE
CXBATHIBAKT aDCTPAKTHLIE NPEICTABIEHHA
OMBITA OCHOBE NEpUentuy "onsita” pobotor
MpH HX JBHAEHHH (IBOMHOLHH) B
DKPYKAIOLLEM MHPE, H HCTIOIB30BAHHE 3TOMD
NpPeJCTABIEHHA J1H TUIAHHPOBAHHA
TPAEKTOPHH, NEPEMELLEHHA B TOUKY/LEIL X, U
T.4.

METOAMIONHA NPOCEHBAHMA DONBILMX D0LEMOR
BLICOKOPA3MepHOI uHdopmaim ana
HIAEHTHPHKALIHH W BLIZEIEHHA
MPHHLMMTHAIBHEIX CTPYKTYP Manoi
CAMKHOCTH B CAGKHBIX CHCTEMAX

A3LIK NPEACTABIEHHA H MOLETHPOBAHMA
ARTOMATHYECKOTD ONMUCAHHA "hHInYecKux
JAKOHOR" COACKALLMXCA B AAHHBIX

HOBBIH KA3CC BEIMHCIHTEBHEIX MAalHH
peardpyroLLHil Ha Pe3yILTaTEl H COCTOAHHE
CBOMX BEIMHCIEHHH W Cnoco0HLI
00padarsBaTs HENPELYCMOTPEHHBIE CODLITHA
AHHAMHYECKOE CHMBOVIBHOE NPEACTABIEHHE H
AT THBHEIE ANTOPHTMBI NO3BOIAMILHE
ABTOHOMHO BOCTIPHHHMATE OKPYA#AHILLYH
CPeAy H BEIMOIHATE HABMTALIHHD
(KOOPAMHHPOBAHHAR CEHCOP-HCTIOTHHTEILHARA
JEATENLHOCTE)

NPAKTHUHEIE HETHHEHHBIE TPaHCHOPMaLiHK,
TEXHHKH W3BTEYeHHA 0Dpa3op H CnocoOHOCT
TECTHPOBATE 3TH TPAHC(OPMALIHH B KOHTEKCTE
COOTBETCTEYHILUX MOAENeii HiH CHCTEM
KOTHHTHEHEIE CHCTEMBI MO CYTH 3T0 CHCTEMB

64



B. I'. Acrammn. «DARPA — pycckuii ciioBapb KOHIIEITOB»

differentiating characteristics, but in short, 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) 1o 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

model-free algorithms to assist and control
human-iask missions against dynamic
environments

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

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

impart to every new recruit the experience and

KOTOPBIE MOHHMAKT YTO OHH Je1d10T

TEOPHSA, ANTOPHTMBI, NPOrPaMMEl, MOJAEAH H
TEXHOMOTHH MOJETHPOBAHHA KOOPAHHALIMK
MHOMOY POBHETD MJIAHHPOBAHMA, OLIEHKH
CHTYALHH H YNIPABIEHHE PACTIPEAENeHHBIMH
MOAYABTOHOMHBIMH CHIAMH HMEHLLHMMH
0010 LeNL PEATHIVEMYIO HEPAPXHEH CHCTEM
€ NMOMOLIB TEOPHH YTIPARIEHHA
AMHAMHYECKHI METOA (@ HE METO/L KOHEUHBIX
ABTOMATOR) MNOAXOM B PELUEHHIO 3a/a4,
HCMIBIDBAHHE I!hl'-IHI'"_I'I!I'I'I'E'J'IhH[]ﬁ AHHAMHEH
(T.e. HeilipoOMeEXaHHYECKH IAMKHYTHIX CBAICH,
AHHAMHYECKHE CHIHANBHBIE HFI‘I:IL[ECI'_'I:I[.IH H
CAMAHHE B CHCTEMBEI CEHCOPOR) W
APXHTEKTYPHBIE ACTIEKThI JHHAMMKH (T.e.
PacnpeqensHie YNpPasIeHHA Mes 1y
LEHTPANHIOBAHHEIM M PAcTipe/eneHHbIM
KOHTpO/IEM)

CPe/CcTea NOrHYECKOT0 BLIBOAL! B PEaIbHOM
BPEMEHH IT0 IHAYHT: TOTHYECKHI NOUCK B
TMPOLLIOM, HACTOALLEM M NPEACKATYEMBIX
COCTOAHMAX CHCTEMBI

WCTIONBIDBAHKME HCTOPHYECKDN, TEKYILEH 1
npeackassisaemoii HHopmavmei
pacnpejenesHan rpynna KCnepros
thopmupyioias Dazy 3HaHuil (npu
HEODXOIUMOCTH) B3 HIMEHEDDE N0 IHAHHAM
B KIYeCTBE NOCPEJHHKOB

BPEMA KaK OpyHKHE:

1. NPOCTPaHCTEEHHO-BPEMEHHEIE CREPX-
MOLHEIE JHepreTHUeckHe ceéprru (Jdapna ao
50-x),

2. meTahOpHYECKH B BOEHHOM jene, DHiHece -
B TAKTHKE H CTPATETHH

MOMOYbL BOEHHBIM PA3nlipaTeC B HAMEPEHHAX
NMPOTHEHHKD BO BPEMA CAOMKHEIX

MHOMOY POBHERLIX KOH(UIHKTOB Cepoil 30Hk,
ODECNEYHTE TOUHOCTE PAIBE/ILIBATENLHEIX
MPHIHAKOE JUIS ONTHMAILHOINO OTBETa
fe3-MoaenLHEE ANTOPHTME! ONEpaLHE NpOTHE
BpaxaeOHoil AHHaMHUeCKkoil cpegs

CO3/1aTh KOMILIOTEPHLI (VHIAMEHT LHKIa
Habmogenne-Opuentatpa-Peiuerne-
HeiicTeHe B NpoM3IBoaLHOR 0GnacT

KOFHHTHEHOE {B-(ﬂ HHTELNEKTY dThHaA
MHPAMH,IA OT CEHCOPHKH J,0 NO3HAHKWA MHpa)
WNEKTPOHHOE OPYHHE

HOBBI BHA YMCTECHHOMD Pd3BHTHA
NOAPAEIEHHA H CONIET Ha OCHOBE
NEPMaHEHTHEIX NOKANBHEIX BOHH

NPUBHTE HOBHYKY "LUECTOE MYBCTRO" BOHHE (M
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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
partners,

Advanced sighting

Advanced sighting systems for tactical
operations.
enhance battlefield awareness

mapping revolution
revolution in sensor
chemical mapping

the battlefield of the future will 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-hased 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

ability to understand and utilize the sensory
signals and sensorimotor behaviors employed
by biological systems and to exploit the neural
biomechanical control circuitry used for
optimizing fitness (foraging, mate
identification, and predator avoidance)

BO3IBBLILEHHLII No AHKepCMUTY GOeBOi OMbIT)

HOBBII B/ KOTHUTHBHOIO 00y ueHNs

Ao PasaeneHyid 1 CoNAaT 0CHOBAHHBIA Ha
HENPEePLIBHO JOCTYITHOM TEaTPe BOSHHBIX
NeHCTBHM

TEXHOMOTHA CHHTY/IAPHBIX TOMEK
HIBMEKAHLLMY CMBIC/ M3 PEabHOCTH Noss Dos

Pazpaborate HOBbIE NOAXOALI K (PeHOMEHY
VHHKANEHOCTH B BOGHHOM Jie/E.
KATAropHUYECKHil NOMCK NPHHLMNHATBHO
HOBLIX CPEACTB M Chep BOEHHOID [1ena
MoHUMarian cepy Ceoeil AesTebHOCTH
MaluHHHOe obyuenHe, cnocobHoe B
ABTOHOMHOM PEeAHME NOCTABHTE cede
3a/laHHE, ONPEAENIHTE CTPATETHI0 H BEIPA3HTE B
(hopme MOHATHOH YenoBeKy. IT0 caMo-
MOHUMAHHE CBOEI KOMNETEHLMKH NpHOIKAKaeT
K LIE/IH NPeBPATHTE ABTOHOMHYH CHCTEMY W3
HHCTPYMEHTa B HAJEAHOID,
KOMMYHHKaDesHOro naprHepa

BricmatpuBanue noas Gon
Pa3gHThie CHCTEMbI BLICMATPHBAHKA NOA GOA.

CO3JAHHE W PACILIMPEHHE BOIMOMKHOCTEH
apredakTos OCBEA0MIEHHOCTH Noss Bos H
aBTOMaTH3aLKA WX obpaboTkm
Kaprorpaguueckas pesonroums

CEHCOPHAA PERNTHILHA

XHMHUECKDE KAPTHPOBAHHE W INEKTPOHHBI
co0aYHii HOC - CHHECTEeIHYECKan KapTa
MECTHOCTH

none Boa Gyayiero - yaMua, H noapaieneHna
congar OyayT Donblue pacnsiieds u Donee
CIELHAMHINPOBAHBI

001aKa HeonpeleneHHDCTH B CHCTEME
MOPORJAET WTOPMEI OLUHGOK 1 MOTHHH
MOJOMOK

CEHCOPHO/KDTHHTHBHBIH MEXAHH3M
OpHEHTALHEN CHCTEMbI

ﬂﬁ}'“E}!HE‘ BOCTIDHATHHEY OPHEHTHPOBAHHOMY Ha
CEHCOPL! PACIIHPAILLHE BOIMOKHOCTH
NEPLENUHH, HHTERNPeTAUHY | "NoHHMaHHs"
OKPYHAHLLEH cpeabl W e

Pa3YMHBIE MATEPHATE H KOHCTPY KLAH -
MaTEpHA/L! KOTOPEIE YYBCTEVIOT M pEarupyroT
Ha ORPyHeHHe (OKpyHarHil Mmup)
CNOCODHOCTL NOHATL W HCNOBL30BATH CHIHAMBI
CEHCOPOBR H CEHCOPHO=-MOTORHOE NOBEAEHHE
DHONOTHYECKHX. CHCTEM M HCNONLIOBAHHE
cxeM HeHpPOHHOID DHOMEXAHHYECKOrD
YIPABAEHHA AHIHEAEATENLHOCTH (NMOMCK

FIHLLM, HAEHTHMKALMA NapTHEpPa 408
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understanding sensory cognitive mechanisms
affecting spatial orientation

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

Language
language is natural 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

criapMBaHHa W M30eraHHs XHILHHKOR)
MOHHUMaHHE CEHCOPHO-KOMHHTHBHBIX
MEXAHHIMOB MPOCTPAHCTBEHHOH OpHeHTALMMH
MPOHIBOACTED HAHOINEKTPOHHBIX CHCTEM
KOTOPBIE OTKPOKIT YTk PEBOHOLHOHHOMY
Pa3sBMTHIO BEIMHCIEHWH M CEHCOPOB

JIMHrBHCTHKA

locnogk co3aan AJaMa ¢ THHFBHCTHYECKHM
annaparom

AILIKH MANOUHCIEHHELX TIOMYIALME C
BEICOKHM PHCKOM TEPPOpHIMa

KYILTY PHO-YYBCTBHTE/NLHAA CETh OCHOBAHHARA
Ha:

- IMHIBUCTHYECKOM NMPOLECcope ¢ noboii
CTENeHkH THHIBHCTHYEeCKDH TOKaNLHO
(hOKYCHPORKM;

- conar Gnarogapa IToil ceTH BAajeeT AaHHoi
K}'.n'lh‘l‘}’plllﬁ H CTAHOBHTCAH €8 HOCHTENeM,
Hoesiii Mup B koTopomM moD0H MOKET OCBOHTL
OCHOBEI A3BIKA H KY/ILTYPHBIE HABLIKH B
TEYEHHH HECKONBKHX JHeH HIH Helelkb,
JIMHKA (CHCTEMA) CBAZM A8 NOTHOaH X
conaar

HEMCUEDNAEMAA HUBYUECTE TIOACH M CHCTEM
BOJAOPOAHO-CYNIBLGHAHBIN ra3 No3BOAAOLMI
MPOHBIPHBATE IKCTPEMA/LHEIE YCIOBHA B
cocTosHMM anabuosa

MATEPHAEL, TEXHHKD, TAKTHYECKHE HaXOQKH
BEJeHHA BOHHEl B ropoge.

rHOPHAHBIE HUBLIC/HEAUBEIC CHCTEMBL KAK
EMEHTHI BOHHCKHX M0jipa3jie/ieHuii

HOBBIE MYTH NPOEKTHPOBAHHA, VIIPABIEHHA H
BIAMMOAEHCTBHA C HCKYCCTBEHHBIMH
CHCTEMAMM

TOHKOE CIAHAHHE (PHIHUECKHX H
HHPOPMALMOHHEIX NPoUeccos nond oo
CAMOIANEUHBAIOILMECA, YYBCTRYIOLLHE,
npucnucaﬁnnaammnecﬁ MATEPHLTE
PAAHKANLHOE MMTAHHE NO3BOJAKLIEE
YBEIHYHBATL NPOJOIKHTENBHOCTE W
BOIMOIMKHOCTH JIMYHOID COCTaRa Ha nose Dos B
COYETAHHH € HOBBIMH METOAAMH DOYUEHHS
HOBBIE KACCH YCTPOHCTE NPeiBapuTenbLHOI
KaaccHdHKEaLMM, JATUHKOB W MCNOAHHTENLHBIX
MeXaHHIMOB

pazpaboTka naarhopm, MeTa-TEXHONOTHHA
NpPeojoieBalouMy KPUTHYECKHE
TEXHOMOrHYeckHe Dapsepsl HHTErpaLUK (T.e.
o0pazoBaHua DONLIIHMY CBEPXHAEHHBIX
DOeBBLIX KOTHMTHBHLIX CHCTEM)
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Robotic Net

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

Ubiquitous Sensor Network

environmentally-deployed meta-organisms

society of over 1,000 medium complexity
agents operating under directed adversary
kinetic and Information Warfare (IW) attack

operational logistics to be survivable under the
most extreme circumstances

to 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 conirol

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

Little Boti

an extremely small (<5 cm), ultra-lightweight
(<10g) air vehicle capable of both hover and
forward flight while carrying a 2 gram pay-

Cetn poboToB

ArpeccHBHan CeTepas CTPYKTYPa NepLentmm-
pazeeaku-geicrens (CONIX)
BIAMMOJeiiCTEHE MEX 1Y areHTaMH Ha
CEMAHTHUECKDM YPOBHE

TOTANBLHO 3AN0AHAOWLEA NPOCTPAHCTBO
CEHCOPHAA CETh

PAIBOPAUMBAIOILMECA B/3a CUET OKPYKalOLLEeH
Cpebl METa-0praHH3Mb

coobwecreo Gonee 1000 cpeaHeil CNoxHOCTH
AreHTOB BLINOIHAKLMX ONEPaLMio B
VCAOBHAX aTAKH KHHETHYSCKHM M
HHIPOPMALIMOHHBIM OPYARHEM

ONEPALIHOHHAR TOTHCTHKA Ha YPOBHE
GarankHa, NOAKa NpogoUIKaoLLan
ofecneunBars KuaneobecneueHHe npu
BO3ACACTBHH (aTanbHLIX (akTopoe
BOCCTAHOBMEHHA PA3BEPHYTONH CHCTEMBI
TEXHHYECKOrD 0DecneyeH!a Nocae arakm Ha
Hee

poBoTHIHpOBAHHDE/CeTe-

LEHTPHPOBAHHOE/ KOTHHTHBHOE BOOPYKEHHE
KpPYMHOMAaCIUTalHbe CeTH NOAYABTOHOMHBIX
MaLUHH

KHHEMaTHYeCKHe naardopmel Ha oCHOBE Haeil
DHOIOrHYECHHX KOHCTPYKLW

APXHTEKTYPA KOJUIEKTHEHOID Pazyma
YNPABIEHHE MALLIMHBL MBICTBIO | YNIpaBieHHe
MALIHHOH MBICTBI)

OCETERMNEHHBIE MWIOTHPYEMbIE W DECTIMIOTHBIE
CHCTEMBI

ABTOHOMHOCTh, POH, KOHTP-POH,
MYIETHIIATQOPMEHHAA KOOPAHHALIMA,
MYABTH-MOJENBHBI HHTEpdeic,
BIAMMOJIEHCTBHE C YETOBEKOM

Pa3pPEXREHHOE YTIPARIEHHE ABTOHOMHBIMH
CHCTEMAMMH

MaHyanbHasA CYNepreHHansHoCTE poboTa
(npuuenHaHue, MeSHLMHCKHE 3a/auM,
yIpasnesye, IHeprouHgopMalHoH LI 0OMeH
elc)

rAyOHHHOE NOTPYREHHE B KOTHHTHBHYIO
ONEPALIHOHKY IO Cpey/pacnpeaeneHHbIi
KOMIBIOTHHT M HETBOPKMHI/abCTPaKTHY IO
namATe' pacnpejeneHysie "npoyeccsl”/"ceTH”
KOTHHTHEHON Cpejiki/CeTH CeHCOPOR C
YACTOTAMM JI0 Teparepiy

MasieHbKHe pohoThI

HeoxmounmensHo ManeHskHe (MeHee 5 cv) |
ceepxnerke (nerue 10 r) netarenbHle
annaparsl CNOCOOHLIE KaK 3aBHCATE, TaK H
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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

super-Turing Computing

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

npeacTaeMeHHA YeN0BEKOM CBeDX-CIIOMHBIX
CHCTEM

METO/ B! HETPAAHLMOHHOH NEPLEnuMy MHpa |
ABTOHOMHOCTH

VHAIMEHTANBHBIE NPELEbl H OrpaHHUYeHHA
0DYYIEMOCTH HHTE/UIEKTYAIBHBIX CYIHOCTEH
pazpabarsiBare U NOJIEPHHBATE
CTPaTErHYeCKOe NOHHMaHHe CoDBITHI,
CHTYaUMIl 1 TeHaeHUMIl B MUpe, B PaTHYHBIX
obnacTax

[pHYHHHAS ABETOMATHUECKAA AHATIMTHKA.
KomnsromepHoe H3BAeweHHe NpuUHHHOCTEH,
Noy-aeToMarHueckan coopka Mogenei.

obobiecTENeHHe CAOMHBIX MAel B cpeae
COTPYAHHYECTRA

YNPARICHHE YYIOBHLLIHON CIOMHOCTBH
NPOEKTHPOBAHHA

(POHT NAAHHPORAHHA MPOEKTHPOBAHWA HOBBIX
VCTPOMCTR: TEKYLUHE VCTIEXH VIEKTPOHHKH,
(HOTOHHKA, KOMIBIOTEPHBIE HAYEH,
NpoM3IBOACTRG N'n | .., chopka,
MEJHLIMHCKHE MaTepHaIbl M YIIAKDBKH,
TECTHPOBAHWE, NOAEPHED HPHIHYECKOTD
obecneyerua

FeHepauHa DONLLIHY KOMILOTEPHEIX HayUHLIX
cHCTem Ha Gaze runoTes B: HeHpoHayKax, rex-
NpoTerH Lensx 3abonesanui,
MATEPHANOBEEHHH, KIHMaToN0rHH, TEOPHH
ABTOHOMHOCTH-HHTe/IeKTa, uubep-
(PHIHYECKHY, CHCTEMAX,

CHCTEMBI 0030pa C pagHKaIBHBIM
PacUIHPEHHEM NOHHMAHHA W CTPATErHHH
HCCNEA0BAHMA KAPTHHKH H CEHCOPHBIX noneii
}hﬁ'ﬂl‘l"-l“Th KOTHHECTED H Ka4ECTRO Hay YHD-
TEXHHYECKHX MPOPbIBOB.

Hamenus BraeHHe OyayLero HaykH,

BhiumcnuTena

Cynep-THIPHHT KOMIBITHHE - BRIXOJ H3
NAOCKOTO ATOPHTMHYECKOTD JOMEH MaLIHH
Teiopunra

HOBRIE BRIYHCIHTENBHBIE l::.rﬁ('rpm

HOBBIE POPMEL H THINB BRIYHCIEHHIA
KBHHTH/ILOHBI ONEpalyii, NpoLeccopos,
JAHHBI PEFHCTPOB, ACCOLHATHEHEBIX MATPHL
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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 &
centimeters in any dimension

to coordinate behaviors and provide user
interfaces for systems of thousands of small
robaots

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

Meural 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
energy on the micro-scale

bear precision influence

alternative metabolic sources for energy

alternative metabolic sources for energy

the ability to control the switch from
carbohydrate to lipid metabolism, and reverse,

JIBMIaTbCA NOCTYNATENBHO, CNIOCOOHBIE HECTH
Harpy3ky 2 r. Takue cHcTeMbl CnocobHB!
NOBLICHTE HMPEKTHBHOCTE PAIBE/LIBATE/ILHO-
NOHCKOBLIX ONEPALMii NpH MHHUMANLHOH
BEPOATHOCTH DOHAPYMEHUA B LLIMPOKOM
CNEKTPE YCAOBHIH, B TOM YHCIE B JKYHITIAX,
CTEMM, MYCTBIHE, APKTHKE, MOPOACKHX
VCIOBHAX.

KOMaH/isl po0OTOR Pa3MEpPOM MeHee 5
CAHTHMETPOB N0 KAHA0MY HIMEPEHHID
KOOPIHHALIMA NOBEAEHHA H 00DeCnEYeHHe
NOLI0BATENECKOND HHTEpdeca C cHoTeMaMu
H3 TRICAY MATEHBKHX PODOTOR

BOCNpHATHE KW 0DpaboTka BHIVANLHOM
HH(OPMALIHK MEXIY pacnpefeneHHbIMH
MIIHPOBOTAMMH, HAHOCTTY THHKAMM, MHUKPO-
CAMONIETAMM

Helipo(HAHO )NLIE - NOIBOMNT OTCIEKHBATE B
DEINPOBOIHOM PEAHME HEHPOIEATENLHOCTh
MHHHATHIPHLIE HACEKOMEIE MOTYT NOKA3LIBATE
Pa3BHBAILYIOCH IKCIIEPUMEHTAIBHY IO
CYOLEKTHOCT, PACLUIMPAIOLAN NPEeICTARIEHHA
00 IKCNEPHMEHTANBHEIX KOTHHTHBHEIX CXEMaX
HACEKOMBIX

JHeprus

TonaHBHLIE M I‘IHP[}H‘IEﬁK]I

MHKPO- TOTUTHEHAA S4eiKa M TOITHEHLIH
Npoueccop reHepauyu sHepruu (10 - 500
MBT), B TOM 4HCIE MUKPOTOIIHBHEL
NpoLeccop NPoM3BOAALLMI BogopOd U3
AHJKOIO TOM/IMBA, HANPHMEDP METaHOA,
Oyrana, JP-8 guaens wam obLIYHBI JHIens 1
MHKPOTOIUTHBHAA A4eiiKa KOTOPaA MOMET
HCIIOTE30EATE BOSOPOM A NPOHIBOACTED
INEKTPOIHEPTHH

MHEPOTOI/IMBHAR A4eika C OCHOBAHWEM 2x2
CM HA KEPAMHUECKOH NOSN0MKKE MOLWHOCTEH)
10mBr

IHEPreTHYECKAA MUIOTHOCTE MPONa‘a, MeTaHa,
Ta30/IMHA H AH3IENLHOTO TOT/IHBA N0 MEHLILEH
mepe B 50-100 pa3 Beilue 4eM y CaMmbIx
MYULIHY HOH-THTHEBLIX AKKYMYIATOPOB
NpeRpaleHHe Ha MUKPOYPORHE XHMHYECKDH
IHEPIHH B INEKTPHYECKYHD

TOUHOCTE TPAHCIHPYETCA B CHITY
ANETEPHATHEHLIE METADOIHYECKHE HCTOUHHKH
IJHEPIHH

ANETEPHATHEHLIE HCTOYHHKH JHEPIHH HA
OCHORE 0OMEHA BRLLIECTR

CNoCOOHOCTE YIPABAATE NEPETHIMEHHEM
FEHEPALIHH FHEPTHH C YINEBOOPOAHOND
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for energy production

research efforts on micro power generation
concepts

Gravitational and electromagnetic potentials
permeate (NponuTLIBaeT, NpoHULaet) the
universe connecting matter. [s 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

fuantum bio-computing
biological quantum field theory

engineering the quantum vacuum
mining the quantum world for wild surprises

guantum machine learning

topological quantum computation offers
revolutionary breakthroughs in cobherence
stability

quantum search engines

guantum 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

a quantitative understanding (and
characterization) of various biological
phenomena and their interfaces to the
engineering (i.e., the electronics, MEMS and
photonics) in these systems

MeTalomMIMa Ha THNHIHBIA MeTaboIHIM H
olfiparto

HCCAEA0BaTeTbCKHE YCHIHA B 0DnacTH
KOHL{ENLMIi reHepaLmMy MHKPOMOLLHOCTE
paBHTALMOHHBIE H ANEKTPOMATHHTHEIE
NOTEHLMA/bI POHHIBIBAIOT YHHBEPCYM
obbeaHHaoHi marepiio. BoamomHo nu
HIBNEUEHHE IHEPIHH WIH MOMEHTA JIBHAEHHA
H3 310r0 hoHa?

NPOTHROIEACTRHE CHrHamy nogasnenns g 10
MJIH CHITBHEE YeM M0e3HbIH CHrHan

Marepus

KeBautym

KBAHTOBLIH OHOKOMIEKITHHT
DHO-I0rHYeCKAA TEeOpHA KBAHTOBOMD MO,
TEOPHA IHTENEXHH APHCTOTENA HHBLIX
CYLHOCTe#

HHAHHHPHHT KBAHTOBOMD BakyyMa
CTAIREDR NOHCKA NMPHHLHMTHAALHD HOBBIX
3peKTOB KBAHTOBOTO MHpA

KBAHTOBLIE O0YYAIOLIHECA MALLHHE
TONMIOrHYeCKHE KBdHTOBLIC BLIYMHCTEHHA

AAKT PAAMKATBHBIE PEIYVILTATE CTAOMIBHOCTH

KOPEPEHTHOCTH
HAHO-TIONEB0H MHDO-CTankep

CEAZL Hd OCHOBE KBIHTOBOH TENENDpTALMK
KBAHTOBAA CBAIL HA KOMEPEHTHOH OMTHKE

Muarkas TKaHb

CXEMEI H Y31kl MATKHX WIEEFHMMEDHHHDB
CHCTEMbI MATKHX HHFDEWHHTEFHMDB
O0BLEMHBIE TENECHBIE PODOTE MAMKHMX TKAHEeH
BHICOKOND KAWeCTBa OnepaloHHbIX
MAHHIYIATHEHBIX KOHTAKTOR
HHAKHE-MAMKHE-KPHCTAUTHYECKHE
INEKTPOHHLIE KOMIOHEHTE H CHCTEMbI

Monekyaspuas (oToHnka

ONTOreHETHKA: HCTIONB30BAHHE CBETA [1A
YIPABIEHHA HKHBOH TRAHBH, 00RIYHO
HEHPOHAMH, KOTOPBIE FEHETHYECKH
MOHPHLIMPYIOTCA IKCTIPECCHPOBATE
(CHHTEIHPOBATEL) HOHHLIE KAHAMBL.
Pa3pabarbiears ONTOrEHETHUECKHE METO/Ib!
NeYeHHA HEHPONaTHUeCKHX Donei
NOHHMAHHE HA YPOBHE KOJTHYECTREHHEIX
XAPAKTEPHCTHK Pa3THUYHEIX DHONOMHUECKHX
fenomenon 1 pazpaborka wuTepdeiica (T.e.
INeKTpoHHLIX, MEMS 1 doToHHBIX
YETPOHCTE) € ITHMH DHONOMHYECKMMEH
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replacing classical, analog light detectors with
high-performance photon counting detectors

EnMais (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 to,
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,

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

the Physics of Artificial Intelligence (PAT)
program

CHCTEMAMH

JAMEHHTE KIACCHYECKHIT aHAN0MoBLII CBETO-
AETEKTOP BLICOKOMPOHIBOAHTEBHBIMH
AETEKTOPAMM - CUETUMKAMH (BOTOHODB
Iporpamma EnMais - MHsMHHpHHT
ONTHYECKHX MaTepHanos, Buixog 3a npegens
CTAHAAPTHHX "IAKOHOB" OTPAKEHHA H
npenomnenns, Paspaborka metamarepuanos
(MeTannoe, JHIMNEKTPHKOB)
NOBEPXHOCTEN/OTLEMOB pacCenBaHms,
roorpadHUeckHx CTPYKTYP, JEMEHTOR
AU PaKLHK,

PAIMATUEHHE, 3AME/IEHHE H
NPOLECCHPOBAHHE CBETA

YNPABIEHHE TONONOTHEH, MATKOCTEIO,
CHOPOCTAMM BOHOBOID (POHTA

TeopHa NOAHOIO, MAKCHMANEHOTD HIBNEUCHHSA
(onTuueckoro) obpasa, HHHOPMALMK CIOMHEBIX
cued. TeopHa MakCHMansHOMoO pasHoobpasus
nyTeil, hai, KorepeHLH U Npos. CReTa,

Duznka- XuMun

MYNILTH-CYDCTPATHBIE CHCTEMB
TOMMIOrHYECKH OPraHHE0BdHHBE CHUTEME!
(Dm0, abHo-COOPKH K NATepPHLl, YIPABASEMO-
PAIBHBAIOLLHECA COOPKH/METOA0NOTHM
COOpKU/CHHTE3a, CAMOCHHTEIHPY HILLIHECH
CAITPH wet-systems)

KOHUETTTYABHAA, DHTIVIOMMYECKanR
KapTorpapus XUMHH

paipaboTKa MATEPHANOR B CBEPXBEICKOKHX
JAarneHuax (Gonee 3 MIH, JARIEHHA
armcdeper)

Kakue cylecTeyT NOAA CBA3AHHLIE C
MHIHBIY. WNEKTPO-MArHHTHEIE, IHTENEKHH,
mopdoreHeTHueckie, KupuiiMana u T.a.
PYHKLHOHABI ITHX NONEH B CHCTEMBI
CHIHANHIALHWHHTErPAUHH OpraHdIMa?
OnpenenyTs CYLHOCTL 3THX Noaei,
"cTpyRTYpY", "MEXAHHIME", NOTOKKH
"uHopmarpan”. HaCKOMLKD KOHLENTE TeOpHH
HHIPOPMALIHH, JNEKTPOAHHAMHEN aeKBaTHEI
ITHM NOAsAM, KaK CyLecTBy T NpHpoiHbe
MpHEMo-NepegannHe "aHTeHH " ITHX noned?
CTIHH-3apAAHAA CBAIHOCTL, KBAHTOBAA
KOMePeHTHOCTE NAPAMETPHIVEMEIE TOMNONOrHeH
nosepxHoCTeil mHTepdeiicos

Mporpamma "®uauka HA"

73



B. I'. Acrammn. «DARPA — pycckuii ciioBapb KOHIIEITOB»

Leamning-Enabled, Cyber Physical Systems
(LE-CPSs)

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

In Mature, 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?

- What are the inputs and outputs?

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

obyuaeman gu3-MH cucrema

HOBBIE APXHTEKTYPhI, ANTOPHTMEI H METO/L!
KOTOPBIE MOTYT ObiTh "BbineueHbl” B (hH3MKe,
MAaTeMaTHKE, NPHHLMNAX 3HaHWii (prior
knowledge)

B npupoge gmanueckie npoueccs ARIAKTCA
BLIYHCIEHHAMH. B K1acCHuecKoM CHMBO/BHO-
UHPPOBOM BEIYHCIHTEILHOM NPOLECCE,
Hanpumep B Mogend TeHopHHTa BEIYHCIEHHA
NOTHOCTEH ABCTParHpYIOTCA OT HIHYECKHX
NpoLEeccos.

MPOEKTHPOBAHHE MaTEPHANTOR C HOBBIMKA
YNpaBIAeMBEIMH (YHKIMOHANAMA

FEHEPALIHA My ALTH-HIHYECROI MOJENH H
KOIOB HEMOCPEACTEEHHO W3 ONMHCAHHA
uzHueckoro GeHoMeHa NpoH3BOALHON
CAOMHOCTH WHIH 00LHOCTH

CROMHOCTE CHCTEM, KOMILTEKCOB CHCTEM H
YHEAO (PH3HYECKAX (PEHOMEHOB BaMHEIX 115
NOHUMaHMA NOBEJeHHA CHCTeM OBICTPO pacTeT.

BhIABAATE MM BEAHOYATE HEMOCPEACTEBEHHO
B KOMINBHOTEPHOE NPOEKTHPOBAHHUS
(pHaIMUecKHe CBOICTBA, NaTTePHL! CBONHCTE
marepuanos. Hanpumep BelYHCIEHHS CXeM
Boponoii cnons3ys XHMHYECKHE Peakiiii,
Takoil KOMIBHTHHT, METOAOIO KA
BRIMHCTEHHIA OveHb HWhpeKTHEHA TaK Kak
BEJTHOMAET B KOMIBHTHHT HENOCPEACTBEHHD
abCTpaKyHio GHIHYECKHX CBOHCTE B BHjE
KOJ0B MPOrpaMM, BEIYHCIHTEBHEIX CXEM,
AHANONOBEX KOMIEBRTERORE,

BOIMOMHOCTE CO3ABATE H3 (PYHKLIHOHANBHEIX
MaTEpHAN0B (PYHELHOHATBHY I TOMOADIHI
b0l NPOTPaMMHPYEMOiT CAOMHOCTH

HOBBIE BEIYHCTHTEBHBIE CYDCTPaTLl M
MATHHHLIE, aﬂmmeH‘IE'CI[HE ME‘TEJH KH
OauH M3 CHkeTos "MallWHe! TBOpeHHa™
Jpekcnepa (MallMHa BLI3AOPOBIEHHA B BHO-
MEeHLHHCKDI obnacTH).

1. Co3gaeTca OHTONDMHA
aktyaropoe/npoueccopos CAITP cucrem ¢
NOTOKOM HOBBIX pa3paboTok.

2. B oHTONOrHM OCYLIECTBAACTCA NOCTOAHHBIN
NOHCK CHHTETHYECKHX peleHHil (YacTHUHBIX
H/TH MONHBIX YCTPOHCTB).

3. CraeuTcs 3agaua (Hanpumep poboT 118
HIPLI/PAIBUTHA KOTAT) 3aTeM B JaHHOA
OHTOIOTHH BLIDHPAETCA OMTHMANLHBIH
aKTyarop/npoueccop podora.

4. Obparnan 3aaua - BOIMOKHEIE
NPHHUHTHANBHO HOBLIE CHETEMBL 341a4H,
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graphene - material system based on very thin
sheets of carbon atoms, only a single atomic
layer

graphene devices, carbon electronics, carbon
nanotube transistors

5. [onyyaem aABa ypoBHA ABTOHOMHOCTH -
ABTOHOMHOE MPOEKTHPOBAHHE/HABHIaLHA B
[POEKTHOM MPOCTPaHCTBE ABTOHOMHOIO
YCTpO#CTBa.

rpaheH - MarepHan-cHCTeMa Ha OCHOBE
TOHKOTO C/108 YINEepoa (OQHH aTOMHEII Coi)

rpadmToBble GyHKUHOHAILL, YIIepog-
INEKTPOHHKA, TPAHIHCTOPL! YIEPOAHbLIX
HHUTEI
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"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 to 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 technigue
turned out to 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.

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

napajurmMsl MaciiTad-ceobogHbIX
NPOLECCOpPOR

OfecneudTs IWHPOKHIL AHANA30H
NOTEHUHANBHD MONEIHLIX, TEXHONOTHYECKH
AOCTYTHBIX MONEKYAPHBIX CTPYKTYP 1A
MPHHLMITHAABHO HOBBIX CRET

BLIYHCICHHIL XPAHEHHA TAHHBIX.
thopcHpoBaTE HOCIEAOBaHHS B 00ACTH
MEMS, aiMTHEHOTO NPOH3BOACTEA H JPYTHX
NOABRMAOLLMXCH TEXHONOMHAX 118 paspadoTku
HETPAJAHLMOHHBIX AHANOTOBLIX W LIM(POBLIX
BhIUMCHTE e

MaTremMaTHKa

['unoresa Xoaxa - 408 0cODEHHO XOPOLIHX
THIOE NPOCTPAHCTE, HAZbIBAEMBIX
MPOEKTHBHLIMH ANredpaHuecKHMH
MHOTOOORAIHAMY, TAK HAZLIBAEMBIE LWK/Tb]
Xoa#a ARNAHTCA KoMOHHALMAMH 00LEKTOR,
HMEHILHX MEOMETPHYECKYH) HHTEPINPETALIHID,
- anrefpanueckux HKNoB. [0 Kakoi creneHn
MEl MOMKEM AMMPOKCHMHPOBATE (opMy
AGHHOTO O0BLEKTA, CKICHBAA BMECTE TIPOCThIE
T3 BOIPACTAILEH PAIMEPHOCTH.

M'mnotesa Xopka yTEEPKIACT, UTO 1A
0CODEHHO XOPOLUHX THINOE NPOCTPAHCTS,
HA3LIBAEMBIX NPOEKTHBHBIMH
anrefpaHyeckHMH MHOroOOPaIUaMHK, YaCTH,
HAILIBAEMEBIE LIMKIaMH XO/KA, ABNAIOTCA Ha
CaMom aene (palHoHANEHEIMH AHHEAHBIMK)
KOMOMHALHAMH TeOMETPHYECKHX 4acTed,
Ha3bIBAEMbIX ANredPaHecKHMH LIHKAAMH.

B 20 pexe ObUIH OTKPBITHI O4EHB CNOMHBIE
reoMeTpruyueckie hopMbl, THNA HCKPHEBIEHHBIX
OyTeinok. Tak BoT, GbIN0 BICKa3aHO
MpeAnoIoKeHHe, YT YToDbl CKOHCTPYHPOBATE
ITH O0LEKTHI JJIA ONMHCAHKA, HAJ0 TPHMEHATE
COBCEM MOM0BOOMHBIE hOPMBI, KOTOPBIE He
HMEIOT FeOMETPHYECKDH CYyTH "ITaKue
CTPALLHbIE MHOMOMEPHBIE KaTAKH-MaIAKH"
HJIH AE BCE = TAKH MOMHO 0DOATHCE YCI0BHO-
CTaHAapTHOI anrebpoii+reomeTpHeil.
lunomesa Xousa, ecid 0HA OKHeTCS BEpHOH,
HIYUeHHe DONBILIOND M CIDKHOND KNacca
anrefpanueckux muorooGpainii (Tak
HA3LIBAKT MHOMECTEA, COCTAB/IEHHBIE H3
KYCOMKOR, KaAdbii H3 KOTOPLIX ABIAETCA
MHOMECTBOM pPelleHHil Kaknx-n1bo
METHHOMHLIBHEIX yPaBHEHHA) dhakTHueCkH
CBEETCA K M3YUeHHI0 Topa3ao Gonee NpocTsix
O0LERTOR.

MpUEA3IHaA anrefpayeckan TONOIOTHA:
KATErOpHBLIA fivHIaMEHT, TONOAOCHYeCKan
CTaTHCTHKA, Da3w gauHex anrefpol,
TONQAOHH, ANredpanueckoil TOnoaorMm,
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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
systemns 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
healthy brain state within a normal range of
emotions

developing an implantable system

neurotechnologies to facilitate memory
formation and recall in the injured brain

interacting with sub-millimeter regions of the

NPUENaaHse OHOIHMOTEKH TONONOMHYeCKHX
KOHLIENTOB-0MEpaLHii-CTpyRTYp

MATEMATHERED H CHCTEMOTEXHH KD MO30d,
funocodHa MaTeMaTHEH YeN0BEYECKOND MO3ra

MATEMITHED YTIDABTEHHWA KBAHTOBLIM MHDOM

Hupo-kombunar HIVE Graph Challenge -
rpath AAHHBIX C TPHATHOHOM Yin0B, OCHOBHER
3agaun: 0. pabora c rpadom 10412; 1.
BhIARNEHHE HIoMOpdmIMoe noarpados (T.e.
KOHLENTOB MHPA) , BECH Fpad - mup; 2,
onTHMankHoe pazbuenne rpaga (T.e,
DPraHyzatHa Mupa)

Opranmsauua BC, norucruka

HETPAIHLHOHHEIE OPOHTAMEHEE KOHLETLIHH
CTPATErHYeCKHil THPT - OpranH3aLua
NOFUCTHEM NOJ CTPATErHYeCKHE Onepatiu
apxurertypa BMC HOBOIO TEXHONOIHYECKDIT

VKnaa

MeauuuHa

Kowuent Buo-Inardopmel HaxoauTcs Ha
nepeceueHHH OHONDTHH M CHCTEMOTEXHHKN,
OBNACTE HHTEPECOB OT BOSHHOH MEJHLIMHEL 10
COIPAHMA MATEPHANOE.

VAVHIIHTE Ka4eCTEO 30P0BELA BOHHCKHX
noapayieneduHi

NOAAEPAMBATE CAMOHCLIEIEHHE Tela W 1K
MPOEKTHPOBAHKE, CHHTES KOHBEHEPOB
METHLMHCKHX JEHCTEHH

BOCCTAHOBIECHHE M PACLIMPEHHE COIHAHHA
nocne Hefipo-Tpaem

Kk BOMCKA MOIYT NOJLLEPAHBATE J0POBLE
NOAPazaeneHiil BONPEKH KpaidHe onacHo
AKTHBHOH HHDEKLIMHA NaTOTeHOR

Mozr
MO3r-HHCTIHPATHRHAA ABTOHOMHAA CHCTEMa

HACHILLEHHEIH, DOraTkhil JEYHANPaBAeHHLIH
obmeH HHpopMaLHeil © Mo3rom

BHM3YA/IM3ALMA MO3ra B Pa3MHuHbIX MaciuTabax
paipaboTaTk ONepPALMH O3A0POEIEHHA MO3rd B
HOPMATBHBIM JHANAZ0H0M IMOLHI

pa3paboTKa NepeneKTHBHON HOMEHKIATY b
HMITTAHHPYEMBIX CHOTEM

HETPOTEXHOMOIHH OPMHPOBIHHA,
BOCCTAHOBICHHA H BAHBIEHHA MaMATH B
TPABMHPOBAHOM MO3re

BIAHMOAEHCTBOBATE € Cyi-MHITHMETPOBEIMH
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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
govemning 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 identifving 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

OGAaCTAMH MO3 ra, C NpoOCTPaHCTEEHHO-
BPEMEHHBIMH NdPaMeETPaMH CPABHHMBIMH H

NPEeE0CXOAALMMH CYLECTEYHLHE CPEACTE

Pabora co cMmbIc/IaMH

Hapna HH:

1 BOIHA - NOrHYECKHE MAIHHEB] IHAHWI
(IKCNEPTHEIE CHCTEMBI CAMBIX LIEHHBIX
obnacTei 3HaHHil Ha OCHOBE
HHCTPpYMeHTANLHBIX CHeTem KEE, R2 w o),
2 BONHA - CHCTEMB! PAIBHTHA W PACLLIMPEHHS
IHAHMI MALLHH IHAHWI (CHCTEMB! PACLUMPEeHHS
IHAHWH OT NPOCTEHIMK NabOPaTOPHBIX 10
Google-nogofHex rHraHTCKHX KoMOHHAaTOR
IHAHHI);

3 BOMHA - MALLHHLE 3HAHHHA ¥ CHCTEMbI
poBOTOB B peansHOM MHPE, PAIBHTHE
PeanbHOCTH B 33/1aHHOM HANPaBIeHHM:
HHAHHH[HHT HHIHM H HHTENEKTA Yen0BeKA;
ren-, HUO-, COLHO-HHAHHHHHT,
HMH-apxuTeKTVphl H METOAR OTKPLITHA HOBLIX
thH3HUeCKHX (DEHOMEHOB W 3AKDHOB, MOJENH
YIPABAEHHA CIOMHBEIMH (HIHYECKHMMH
(reHOMEHAMMH

rayiokne ueneHanpasnedioe obyuenne
AEiICTEHE M3 MBICTH

CoepeseHHas/ TuiaHHpyeMan MHGopMaLHOHHaA
CHCTEMA ITO:

= TEXHO/IOTHA NOCTPOEHHSA H
(YHKLMOHHPOBAHMA DOraTLIx Mogenei
COMKHBIX CHCTEM [HAYYHBIX, COLUMANBHBX H
T.IL);

- HaeHTHHKALWA (BO BCEX CMLICIAX) HOBBLIX
JaHHBIX;

- MOHCK, PAIBEJKA, NPOrHOTHPOBAHHE HOBLIX
HCTOYHHKOB [aHHBIX;

- OLEHED, H3RMeYeHHe NONe3HOH HHpopMalm
(MPUUMHHELE CRAIH, KOPPEIALMY, KOHTEKTC,
NapaMeTpH3aLMa ¥ T ):

- HHTerpaLHA (B pa3/iMUHbIE YPOBHH CHCTEMbI
JAHHEIX/THAHHA) NONYYEHHOH NOMEIHOM
HHbopmagm;

- MALUMHHO-3a00TIHBas IKCIePTHBI
KOMIMBHITEPHEIR Mup (3M), Mmogens Mupa;

= IKCTIEPTHBIH MHP (POPMHPYET NMOTOK
BOIMOMHBIX 3aMPOCOB W 0DeCNeYHBaeT NOTOK
OTRETOR/OOLACHEHHIT;

= 10 BO3MOMHOCTH IKCNIEPTHLIH MUP
FEHEPHPYET H TECTHPYET HA JAHHBIX MHNOTe3bI,
FHNOTETHYECKHE MH[Esl

= NpHENHBE hramMank cucTemsl 3M
ABTOMATHYECKH MPOrHO3HpYeT
AdaHHBIX/BepHpHLHPpYET ONyDAHKOBAHHBLIE
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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.

contextual reasoning - the ability to recognize
new situations and rapidly adapt to changing
circumstances or environments

seeks to achieve paradigm-changing
developments in Al architectures

HAYYHBIE JAHHBIE,

= 3M MOHHTOPHHT B pEaibHOM BpEMEHH
KPHTHYECKHEe 00/1aCTH IKOHOMMHKH, NMOITHTHKH,
COLMYMOB, OKPY#AKOLWEeH cpebl
MAapaMeTPHYECKH, NPOTHOCTHYECKH,
COOBITHIHO.

HHAHHHPHHT 3anTHBHOCTH B
DeanpeLeHjeHTHLIX Cpesax

Gonbluoil gpuHansHbIH Guiocodcko-
TEXHONOIHYECKHH NpoexT "3pedne colHanng”

[MpescrassTe WAXMATEL, B KOTOPLIX NPABHITE W
JOCKA MEHAIOTCA B XOOE HIphl

obyuenne gestenHocTi cierem HH Ges
HCMOAL30BAHHA HEOOXOHMBIX H J0CTATOMHBIX
Habopos AaHHBLIX

pa3paboTaTh HAYUHLIE MPHHLAIBI OMHCAHHA
APHHLMITHANEHD HOBRIX JOMEHOB OTKPLITOM
MHpa

TEOPHA NOHHMAHHA CBAIH JaHHBLIX, 3aia4,
pecypcoe, NPOHIBOAHTENLHOCTH 114
KAACCHPHKALHMH 338349 NOAXOARILHE JaHHOR
"MAlIMHE" HIH HeT

PACNOIHAHHE KOTHHTHBHOTT JHCCOHAHCA
MOHHMAHHE HHTE/UTEKTa MHBOTHBLIX,
FHTENEXHH H CAMOOPTaHHIALHH B NpHpoge
ABTOMATHYECKAA HAPPATHBHEAR dpryMEHTALHA
JUIA AJANTHEHEIX TPEHHPOBOK AHJEPOE W
Boluos

HABMTALMA B JHIGHH-NPOCTPAHCTEE
MVTHOCTBH) PaCEPbiBAHILLLDA HHTYHTHBHO
HEAOCTHHRHMEIE BOIMOMHOCTH

CBEPX0OILLIHE NOMHYECKHE NPHYUHHHLIE CETH
H MX BHIYANH3ALMA B BUAE rpator
NPOTPasMMEsl COZAAHHA HOBLIX KNaCCOR
CHTYAL{HIi PasNMUHOND YPOBHA 3aaHHO
CHCTEMEI H BRIABEHHE HX CMEICTOR

HMH aomwen:

= BO NEPBLIX PACTIOINATE H NOHATE
HIMEHAEMOCTE MUPA;

= B0 BTOPLIX MOHATE B YEM COCTOHT HIMEHEHHE
MHpa;

- B TPETLHX PELLHT BONPOC aJaNTaLHH K
HIMEHEHHAM MHpa;

- B YETBEPTBLIX aJanTHPOBATE aJanTaumio (T.e.
H3IBNEYL IHAHHE, ONBIT dJarnTalum)
KOHTEKCTHRIH NOrH4eckHid BBog -
CNOCODHOCTE PACTIDZIHAHMSA HOBOTO THIA
CHTYaLMH ¥ DBICTPan ajanTauHa K
HIMEHALMMCA ODCTOATENLCTRAM WK Cpege
METa-NapagnrMa BoaMomHLIX apxutextyp HH
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HoBrble KoHENTHI
(ympakxHeHu Jis1 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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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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	Конец ознакомительного фрагмента.

