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1 Self-assembly and replication
12 Scanning Electron Microscopy
3 Atomic Force Microscopy

Y Virtual Reality (VR)

©$29L8530 ool (e shan Gige 53 SeualS psle Olidome 5 (0
WIS 45 Cawlod,S hoogl Jbyhs (gldius M u> B )
3 Jls )s_bd_) D9 85‘5 odl&siwleguw 3y90 gﬁLh) Gylas 4o
4 0% dedoo 9 douS (e 19,5 diun) 1 Ulgi e Ll g3l
5,5 odlatul JsSse sl 5o sy redles

9 L;-:'ﬁ] Sluwe Jgze Jlegdge Suwe aidy 5o QI o 09de
0 JSB glacl, b esran u»g,a: hwgs oud slsul Gilusags

0 gladlasy S Sl ke
ol ) Gl |)<=b)_nL,SJ_U ksps_ay\w))d_))guo
9 L;—"I)J’ =) og)l_c— Ol .[12]&39.& o8 pleddiCes
©3L33 slwn Gl 31 55 Lagl 33,5 JAS dolyeil Csle
Dy dlgS o595

Olgl, 8 64_‘.644?}19 4 d=gib (Out)_bﬁ Sl 58 5o

9 GJ\JLMM‘ M 9 fdiows

9 Ladly il Aidw ooldl wl d i) yo Cxio Jlaaxis
S nvie dadse glagdle mw ady 9 laob)gib
3 kg 9 958 diwlS Gluwsl QLSS sluss 3l ouil 55 4
«ghskas éwy alise gladiw) 5o Ladlygl 5 el
3929 doyd 0+ Jlotol 598 oolitul ol o 9§3L& Sslas
S 00 Jla 5 Y b 5555k 0155 L slagyile &S s
0= o Sy g doyd Ve ao VoVO Jlo B g gd a3,S
Lelyd b Jelie 31 sdin ply Goiz Jb selys b Jelie (ol

A1 513 LeOlygil o el b G3Sle poyme 55 ol

Slygib Hlisle

23 Lol 9,0l o ) Seee i o)lal Sk &S Heboles
o do o ol 50 4S5 Sl (gy3ldCn) 5 K dise)
4 gl 3 asls ol el ) Sladlysil
Laolo)slb JASS 5 —gwsidsly «slw (ohb dsllhe
Gl Jlabge L Jlsd ol o 31 JSide ©lisil 53lsp0e
«Oledbl (5510, (aoCadle (8l oo (RIS 45
o=l [13]usb asls o3 wlde yo 1y s L8y 9 Gledgn
b bwgd Sy Wygody b (e 4 Llgie lagaislss
Cdli 5 ey yod g o5 das (alnly Dsddid,S HIS 4 Ok
L Latb sl 45 adl 4xdls 3929 Wlgioe Oledbl (iilon b
2 5183 590 £ 5050 $9) 5B 5 Lalhze CYleiil 5 J=d 4 Ho8
db“b)_ila.c)bdjgbamﬂ ).’J_«SU_ABJL"_}UL&Q.A
SRSV NENTRC Y

GRIP Uis 9 35,4 pus ﬂf«? ST I

(el sy Sl s, @

9 05,3 Glakes plesl LSS 5 Suilusgs @
50 e 13 pes 9 @SS Sl

6 Cyber security

! Privacy

8 Biologically nanorobots
® swarm intelligence

10 Cooperative behavior



)

A

<

30kl AS e Ol 1y ) $lalysil 31 glalay
sladsile 3l gamaw sl 5 ol dhuder (0158 (glailony
At dle WS e iy ) Gl gladlysil calise
9 Suws doly o aoly (Ol @5 mie 5 3%6) dod

CleMb| o1y 9 E,:abdbi:.w d=lg
0315 GiiuS il Glagll Sluls & dlo e ool 3BT 5
o ;o8 wile alise glagandib Jols &S o anlss
4 53L8 da0l )3 g dalss 0xd 9 OIS S 835!
4S 390 eudly S ) glapiuwwgl GiiwsS 5 =hb
Cramwds CaSym o HOL3 g 0l dalgs W)l 1y ymio Olasin
5 Ol opdle adbe $U polidie 13 Gslhe glaplSe
9 ) GLaOLEl 0,5 daaul (LIS i) glacslysib
5 Sl gladlse 4 b mlis 31 il slaylislugil
bis ;S50 G Sdleys Cabls winlss 1y gilweysd 3ble
pleol L oundiuul glooylgss aesi b1y 39250 Gloslisle
S99 L”,,“sLa:uLU e B e D Ol dyge OleNol
bpone dSd) cied e plodl (5038 5 WS4 &S Cals winlys
Olgeds .aiad o OLas (Sly OF Gilhe 5 03,5 pus 1y B,k
L) O3anS| 59405 45 Cdls winlys 3925 (loptuw o
S3lwdad O3uS) 505 @ [y Laglhl ple 5 WS e e

S Sl Hlaly Jase €y B S 0

JAS 9 @u il (o398 Gigd -V oy
L anl oydie ) glaolygib 3l elaye ddope ol 5
alise 9 ildie gladssame JI S gl 00 S,
pogto plul 9 by (=lhb dlose ol WS Gy Lol )sib
(0 JS&) wS e pohas Iy ‘A&,Mubsu gloz!

s‘,z‘.w.‘wyb &lobl ¥ do e 0 JSG

Gt )l glads game G554y 9 UAS doye (ol Bus
O L84S ol gladly, 3l (alees,S ohb (ol
Olen 33 o lus e85 5 Sliwlome iy " glaylS g2
slaglose (lnliy 290 dalss 55,8 3)30 wiiwa Loog,S
$lm 9ol 50 opleB 9 wis b ooy iiuS Wb by dlwle
23 e bse Glasal U wigd plitiul Giw) glatlsl

Sed 3531 $U whie

Y Modular organization
'8 Bjo-nano swarms
19 Task

Cld Wb og Lslss ¢ pols iz Jold dade glasiuww
OLLl el 31 oudl arals Lyl J5sS SS98s 5 ,lid) 31 JlS
able 300z eealie U glislu glally il oolw
LSl 9 60 99 dslhe C8d 4 Wb gl o daygige
oo Wl e @o,Slee lacasguoe did gl Ll s

) gL OLHL ok 55 ooldtul gl ) wb glaglhl .Y USs

[e]

wlo alize gladSs 4 LS sladtslgil 9 DNA
)_aow 9 Sunus Olgdl Celu OLS&I aSgs9bds wlous
9 Slugaize §lp Grulie LWL daylisluglb .5l 3529
ke U.aLqujﬁg)_“) > MJS)[) Sloaglhl i wl
@_Lg.jl 2L—2JL__ bachteriorhodopsin g rhodopsin
b s3bas it n (ol 99 ;o itws lw Bl glaolhl
Hgd Tl 9198 Glayguduw Olyieds lun) Glopiugw 3
S350 @aslaas $lm aings glayesIS Olsieds Lulul LT
Sl gl Klsie $5551 ol Bee JB4 s Sl
G pas ;500 glaplhl Jhwgs dloldl b g 09 axsls 455 I
$lgidiny )Pl degazme 31 ddsl Giso dayguiw ()l 09
&b 9 0ud Gilumaize laylislugil 09y 45 wied 0 ISy
2318 390 Oledbl g)slaas @l ;5 3)90 G524l
@lwdis 10 (Rladl s 9 byl Wedoe Jl=d (il (wliio
dsNse ladldl oul Gohb ¢l Gl @oiige 5 Jsse

Sy B4

) GO )L (035 duwwl) ($3810)5 -¥ dl>po

4 ol )Pl Glaglhl 03,5 dusw! Jold guss dlo o
gleadesame iz gladle 5y Cuwl ddumy glods sama
Cewload ool QLIS ¥ USl 50 run) glatilgil b odus

e ssl.bk::b)yb 3955 ol ¥ o yo L JS

S JSize 45 O gladal s ) ©lasgib oy oF JSa 5o
ol S Sladdglgil 5 o 0w 5 Lrunle lady
%,_moQ)LnjLw (o5-4de ol Gz (Cwloud osls HLés

15 carbon nanotubes
16 Peptide



LGyl JBes Tl didi F doye .V UG

) byl glaptunw Gilose 9 b ddudd  -F
$labow @aougu (&

Csle gl Gl dlada 9 (ulul 0538 (glailog ad3le)le
Gobil @olisle iz Cowl G sl eiuw b
45 d5-d sl Gy gladeile b Olodl Hlusl ilwgreize
Cosa S Jlie Olsisdn diade JSS |y Glug) Oyt
$3Sdas glaSis 50 Jels Graw) ©ligil & ABCD
gLﬁJBSLA D s C B A Y S iy Iy (V Jgde (3alh)
ol 4ol sl 39 wiales Cga O daly Gl
ale dled o aSB Ly JsSse ilwdis gladuSS
Gy gladslle 3 S pohw $9y $35! $ilwddlas

D dolgs
) dgile Slasl s ilo §y20 .Y Jguz
Functionality Bio Capabilities Targeted
Nano
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Mechanical M

Ability to precisely

move and orient at

nano scale

Signaling G

Ability to amplify the
sensory data and

communicate with bio

systems

Swarm Behavior Exhibit binding

capabilities with

similar bio-nano

robots

Replication R Replicate themselves

when required
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24 Born-Oppenheimer approximation
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% Newton-Raphson

2" Quasi-Newton

2 Monte Carlo Simulation
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