XAA 2H 7l&

dH=22 HEHNZ 7=

Y. o=

sYtfstm

e 5 ke 7 AEAES 2ol Aol A
4 o) W5 2| 24
2 5713 52) 7153

2 %
KL SIS B Y U5k oA A7 T 4
: s

S A EE ¢a1E]E (biologically inspired or b1o—1nsp1red
algorithm)olet e}, YA Yale]Fe 5 52 o] FY]
Chee] A7 Ak, M 3ol BHOR Wak, ALg
P Al Aot B6HA 91 W, 2 el 2413
X-].Q_/djq— 7 1—_9_ E_

LA 2
=]

F118]2, Cuckoo ¥ilg]&9

ek o, ) A ) 4 59 Aol

I.LAE

Qo] Aof glo] BEAA 07 27HA (self-organisation),
A7¥eks (self—learning), AF7F2] (self-management) =
ol AeiAlE FAloke A AEAIES] 2, He, WAY

Z AAES BAste] rdlgslal 4A1A 0 g BASE 7S

A HEE (Bio—mimicry, Bio—mimetics, Bio—Inspired) &l
o2t gheHl], ¥=72] Bath thetal®] Vincent w4of wf=
W, AR 27] d9he R ARIAIY M-S Thed] U
WAL U5 EAGk= <ol k2], kAR 2 208 7F v]A
291 EA I =412 mElgofl et A7t O]TOV‘OH utet A

a9 DI Zol Aol gl im Heke] Amomie W
2 oA %= HolE M e ArE S el 3
mupsto] FAIY, AAEY oAl o R ' 5o oY
A3} EA o A-gElole e X3} (Ant Colony
Optimization: ACO) &1e]&[4][5], HHo| ZogHE &
= AHsks e miste] A AAEY, SAA FAT
o] (Statistical Quality Control), 2353} & tjoksl 2|23}
=13

rQL‘ mlm

71 ol A-gE o2 B (Bee) FarelE{6][7], WHEE
o] 27]Qll Ak} dlfpRlEaol wret vhEonyE A Algko]
Ads AeAE-E S AW i el s A=l 2

€ BIEO] Al w7 el AidolA] Y-S o
(Synchronization) 7|%of Z-8-&|o]-& Hit] (Fireﬂy) Slanel
% [819) A w7k v} el = el 2101 ot o R Joprh
£ H5oIu AR Ea] m7t AYAREE GAES BHE
7] §J8) 2] Zjof S| Ax= A7) HAIS} (self-ordered) T/
& wdlgsto] x| Ade] AAEY 5o AEEole
w40 (flocking theory) 5©] $IcH3][10][11],

ol
—

/
&
£
<
e
\ 4

N

N
-

N\

N\ 77

\\¢
B
8\ /7
o z,’.’.’.\- <44

Ant Colony

Firefly Flocking

T, AR YN dn2lE

JANUARY - 2014 | 53



FH | gAY HEHNE 7=

T s QAR gaege s ATl g5
& S8 Hol A AoPe7] IafA AR 55 githo] & Al
& A8k 3153 7 (Huddling Penguins) 29, w37]7}
T2 A SAloll A1) U HEHAA 7 ofu] AjR= e o
o5 oAl Ak HigE R wW37] (Cuckoo) HH, A
$ refEol HE Alof HolE 3kl R iE AAES

b B4 mYa 33 A9 (Kill herd) 29 So] 9l

RO B4 ALE AR ALEe) GRS

| 4% %
o A oeigol B4R 2R A0 et sfase
: o

112291 Huddling Penguins ¢a12]&, Krill Herd¥al2]&,
Cuckoo alg]Zol thsfl 2pAlls] Armitct o] Ay
U EE AN AT Agsl=d] qlojA FetHS st
aL oo g yepd wjg SA 9 HEYH 7es et A5 of
s =

48 AT,

I, YEHI A 2e T} A 2
exzEd A [ 284

2ol B4 W EY ALl AR 4 gl
A A ATk GANE Wolw, i BAE s
7] SI R HelEel A Wors AfgORA FA

o}
HHEHA 7] ool Al A Aare]5e) B a4l
34T ohert,

54 | BEet 5

o}A|aL Qlt}, ES|MANET, WSN, Delay Tolerant Network
(DTN) 2} o] Qlxze7t §li= HE Aol A= ofu] 24l A2

WAL A3t 9l

S g Y ASA T glo] A WAH el v &
P55 3l Flocking ¥11e]%, Huddling Penguins &ale]
. Krill herd ¢312]5 5o] Qltk, E1F HISE] 5719 ¢
eyt gli= 2HolA Aot Al7E 5715 atthe &
ZrEZO| AAo] A§ 7hssitt

flr ooy

Fire _ [ Fire )
& D
D
E
5 Fire D Fire
c B
) AN :
Vo
€ Al
\D’
E D

2. 2 HEHZE

| R o] g4 B o R v Y e 9
At 4= AR} o ol ke EYAE ol Ao
2 ot Fu|FE A Al YESA (Ubiquitous Sensor
Network: USN) 4 o] o= = YELA (Mobile Ad—Hoc
Network: MANET) oA e{ah= et o= Saillof A 524

A B 5 st )lom, ofeet ek o Sk



FH | M2 HEXD TIE

YES|=Lo] w9 & Fols WA=
o}, YEST 8588 dold Eefjy Hal= 42 (routing) 4
o Eefjg 24 9 97 S5 WAAA UIEA AREARS] A
H| A E2] (Quality of Services: QoS) < A5 7]A Ht}, o]
of| USN %! MANETZ} 22 ti5Fi V| ES]A 304 7]& 7]
ERe 5 U A RS aeAl Al 4] ol of Y
w0l Qlch, webA] tiati YIEQAS aEA R §4] w2t
7] SlefA= HIESA A7) Wgte] REEA] 24715 (Scalable)
sfof kL 2182 (Adaptive) ©]oJoF {Itt,

J74E op7|8k Zo]

dirti YE T 288 4 et A 4
2|5e ACO darglgoz aazQl ehed s Algsin,

Flocking 2Fi12)&-2 thiti Y EQ|H2) this0] A)7F 57)3
= 2 A Xl%@f S ot} ok digti 7A| Hghol|A]
Hpol| 2] Mg BAQl A
A et ‘%*Oﬂ A Bl AR

B

g4k (Epidemic Spreading)
HAYS 7HssH sleth

Azt 57|t 2ae|E =g H AIZEE7|3t ¥ElE XHE =

to %o t

to — 200ms to — 200ns t, — 100ns
_J__I___J—l_ :r ‘_ —

t; + 100ns
- F — |e—

71 HE=

[}
A, B4 G A0 A
A

J Y
A A 2ERE Ao 7] Qlal 21 Wt A3k 5ol
212 Wl A A (Artificial Immune System)= F-84 0
2 WskE HAlste] ol el AlAE giglo] 433t
-4 (Activator—Inhibitor) A]AE] AL =2
VS

off 258k Mo} vAYSE BHT 4= QU

Artificial Inmune
System (AIS), AlS

Binary

Al g 7)ol &
A ALFIOAE SAl 7 TRIZIAIR 2 8RR

A B Afole] EYo]E @I (Tradeoff) WAE 7¢
\th, ol s dsl7] flalf A8 = = AR e
ACO 7]®o] qltt, Hol& 2toe| v« 7ju]7} 742l
AL w2t wiee] FEfal vy ohE AvlE
HE AEAQ Fr &5 Aot drE

e o525

o2l AL §

50 ox

o
U
rlr

=)
fu

03

:cé

15
= 9

il
o2 1o

=2 ox,

)

o

{¢]

>
rloﬁpo\

W oot rlo fo mlN Rt ook
) o
o
o

oI X off
at)

e}
o
ot 2

e
=
o
jins)

E@ o= ’\}‘%

d

Source

JANUARY - 2014 | 55



FH | gH2Y HEYD 7Ie

3l7] R YESP 7ol 282 4 Ak

5. 45 7=

A EA ESAY E o
o] (Heterogeneous) €42 7k Ay
Th= Alofe}, o] = <lsto] w9~ it Fefo i +4nt

- ‘le% Pix}&ol ‘/}E]rb}ﬂ] %E}. ZPA|H
=
o 0137177}1] ok FAl 7]7] 4
o] Ykt FAlE Sl 4l T e FAl
oFo) o] dut nlthAlo] gets] muly Hof FapAo e 1t
2jfofof gie},

A A 2B A& ThefdE o] FAJo] akEr) Hko. 07
QL) wghof| e E5kal 4 75'11]74] WERIAA, HAA &
& °] E;in_] T AAEE 7] AT gEs 5Eto] Jzé@‘ﬂ i

ol B Alofst

F0% 54 % st o)1
1__

o
B
N
it

Lu4

@,

=l~l ot offf =

19 = ”O
o>
ot
)
_I_4

_,_.
ol

oZ

P

ngh load I NQUUUPEREE S R
s/ HighRSSI P
y/ / @ ‘ N . B
e é Medium load \\\

g Medium RSSI W

N

e |

pem—m——

-
s b el
- ,

Low load -~

Z|to] Wb E
Huddling Pengums%_ F112]&, Cuckoo¥al
ar2j5ol| ojsl AHA|s] 7]t

56 | BEet 5

nalE

1. Huddling Penguins &

Huddling Penguinsg &112]&- U=0] sy o] =&
7oA Aopd7] Qe M2 E-S o] Y Hrhe] &S
Al f AR 258 Wk 7o eH13][14],

heat loss
body —b

temperature

9
&)

wind

112! 8, Huddling Penguins

(1% 8} ol FAI e vigro v e 2419 & &4
z|asfslr] QI AR 5 o] A&
ol & 4= ¢l5zo] Huddling F4lell = 712
S A5FAEE Huddling 744 (Boundary)ol| Sl= #HL
2 QIRk & o] =2 S o 4 Sl o] Higto] %013
BoFe] A A A2 =o17] flsf (C1E 9)
ol 55t Ftt, o2t 2o
& AAlo] F BAES 9] FAoRE o)FskaL
of $E FAES AALHA A A A8 FHe

:lo
Y
r
o
.
o
o o o

just
ot
T 3 fr o

O{N = Y,
o>

2. Huddle® gom: ajeko] 472 om

3. vkre] 9JFo. ¢13k Huddle ﬁﬂH L5 AL
4. Huddle 77 £%0] 9Jako i 018} 7k sl o] o &2k,
Axgiet,



FH | M2 HEXD TIE

6. }\Hi—r‘ Huddle boundarysE AAgkct,
7. Step2itH Stepbe] TS A4 vkl

Pengum g e At oyA A s jg FHo7 5010}74]
FAT 5 YEE gty o R wHlg glof 9)r},
2. krill herd

Krill herd ¥alg]&2 Al &) ¢
AR EE A4S % EEO}L WSS BRI date|sol,

o|2|&t Krill herd €1e]&-e AF 2 saRom
wee] o] 243} 7)ol 4-g-wjo] AR QlTH15](16]

2 10. Krill herd 212|E 7HEE

(™ 10)3} o] A= HE Ao] vyuA Mz ieg
H AZE FAlskaL golel 7| ol gdhe H4= 2=t o
& Aoz Wl i ofefel ol Ao,

AF-of =919 TR Aol ofgt 22 HISkE Ny, i
S A-of HolE ot 2Ae) Waks Fy ifA A2 u]
oJo] Z219] (random diffusion) WSS D2kl g 2lah,

Q1ojo] AlZE (52t A A9-0] 914 WBtere (X, /d) ol
o} o] Ak
e N +F 4D,
dt ¢ ‘ ¢
0] Heh SEE Ny, S48 @ 014 o]

Ao A ZA AL 7SR IREE wy, o] TAf A

N; 3k& NPYeRaL Aofshi N; = ofefef o] Ak,

N = Npax@; + WnNiOld
Holo] &= Ve Wo|o] Aef (food fitness and attractive)
= Bi ol TACA L] Hol F21910) 71EA] uetu|EE Wy,
ol gl X e F; & FPlekar ojshy F = ofefel o]
ATt

il

F; = VB + weFP
=AU HHEES Dy, 9O T HE S 62
ofeje} o] AAbert,
D; = Dppayxd
uhebA 9 olo] ATk ol ae7h A Sl A -2 $1A]
HE] X; (t + At)= ofefje} o] AL,

SEE
)51 D=

dXx;
X (t +4t) = X;(t) + Atﬁ

Aol AR A

ERELE

9] L& ubshA Hd B
& HOsHHA o5 M) A8 oR 48 >
el Ak2|sHA| .

71%2] PSO 9} KRILL €are}5e] 2ko]4de PSO oA=&

AlA o= AR, HAZL (Ppesy) S2H 1Y
'%LTJ— (Gbest) A O]T‘Oiz]’t‘ 065 E:’LX]O O] ]ﬂ"ﬁoﬂ
KRILL etitejzola 7i4o) e2o(Nyat Holo} 2lol(F;

)é 7]—7]— Pbestg' Gbest HA———E _J_E%'Eﬂ—O:‘ /\HEO HX] = 6D °

3. Cuckoo searchg2|&

Cuckoo search@ale]&2 W77} thE M) FA19 4
ek fejz dof "ojme)ar 2419 o5 /Rt S0l F-at
AA 717 ofu] EEE Ho| 5 Hrops il A= WG5S W)
gt 71 o|eH17][18].

W7 A7) o2 Aol vl dA Fofsin) FoReh wt
7] M7= A1) BARE &ol7] $18l FAlel Sl o2 Al
91 douf 715 54 HroR otk k3t SAof 9l of

< A7 S 24l E BHste] ofn] AjoA| Hol & 1o}
He 7|98 Eolvh 23 AR w2l e SAE
A e,

ufeb oro) 3t SFS ol Sl WAL 2L
FA5 Aelskze] QoA HAol FAZ 37 $13) ofehet
o WES wal}

1. 7 W7 qlole Aleis SAo|
o

iy mlo

'\"‘O

ol

o &

mlo
ot
~
o

&

JANUARY - 2014 | 57



FH | gAY HEHNE 7=

2. WI7]9] o] el Aje] gt A7) / Mol 7P HlSsgh
A5 ol TA4E A9 54 (best nests)etal skaL, of
of thet JH5 ok Aol EejEct,

3. U AEQ] A = gE ool 7pAelet, ol w
F719] o] 2l Aol 9Jal| #dE EE2 P, € [0,1]°]
o, wy) 4 ubAs 320 Al 21419 %ﬂ% 2|1
2L FAE A=t 7}”6@ apeba] F 5290 A5

2o} ZAIE shdslr] ¢lsf +<
OR, TAY de A o ez
3 Age= i AR,

Aol eke Rst o) e
W9 oS R

Global Search

Local Search

12! 11, Cuckoo searchZ2|E JHE=

(1% 1)3}F o] WI7| =Levy flighto] BIEEA ] whe}
A ] FARSE QIR A2 FAY] YA g =t}

w2bA] o]E Z83F Cookoo search E3F 3= 22 uff local

search®™dl o}y 2} global searchs 48 4> Ut} o5& &~
Al 0 & thgar go] Akt
0 W17 28 e AR 5A9) 4% X Dok

3l oot o] Abect,
(Hl) = xi(t) +a @ levy(Q)

ofuf x= ors, go 0|40 B4 a(0 < a <1)= Levy

lL_E‘:‘_

flight®] 752 WE, P+ entrywise multiplications,
levy (D)= Levy flightEs &2t 91#] Ho] 2H&8 oJu|gic},

910} 3AS wHs) Eul Wr|o) olo] EAfsHs WE §
G 0] 5 AR AV RE40R U
3 4 o= o) 9100 A Msh) e,

IV, 29 | 53

1970} Rk AH1A|9) A5 BedE st
o|E HAlHsH e AlETF AlE AlEE G2 [19] o]F o] 7}
A AARR AR Aarelgo] AAEIL BAXOR S4
wobe]l H5stel S-8E shdle A EEe T 109 |
Aol A ATH20][21]. 2 FollM= AiA S Z2AE

¢

¢

rel

58 | et 5

uI

3 S A Q] A Sl HisiAl AR,

1. Wyss
Wysst= thofeh AgAe] s dej=28e s 42 38t
Apgo] AdAL] AAA 25 AHgoto] AR AE E A

A5 AAste] ofokE = MEE: AR ThEe] W Sl o
HEst 9 ofe] Sm 7)ol ofslf A-ESict, AAAS] At
T4 (self—organizing) W A7} 274 (self—regulating) ¥&]=
olgsto] AARA|L, 1%, B, A 5 Rl Hope) d
ATARI Al 7S A3 Folrf, 8 ¢9F Rofee thAlEd
e, M st/ Fe) A AR, A R A o)
o|AEAAR, Q- A= 5ol Stk (T 12)+= WyssellAl
/iR Robobees® A4 0.2 Holrf= nfo] Az =50l

12! 12, WyssO|A] 7HE4SH RoboBees

2. BioFINT

Telecommunications Software & Systems Group (TSSG)
= AREAZ|4 (Information and Communications Tech—
nologies, ICT) A+ % SAle] gt 9445 HAH o= 2l
ARk AE 2 5820l SA W AR AR|AE A3 9
3 M= 7l S ARSI TSSGollA %1%
o] BioFINT Z2AEL 2|1 wER gEalpC, AnfE Z &
B4 77159 Hgoz ols) dole Aol ;
YE9= Bl ol ol whel ol shash] skl A
YEQA He]" (o5 Eof A7FEA (self-organisation), A
7}8H5 (self—learning), AF7}e](self-management)) 7H4
= 5ol AIE sidshr] fla A=l ofuf 2t wAY

S =glo] 24




FH | M2 HEXD TIE

sloict. (C1E 13)2 TSSGollA AQtel A HH Services,
Integration, Control, and Optimization (SILO) G-%5 e}
W} Biological Principles for Future Internet Architecture

Design].
{ Application layer )
Attractor| | Attractor | | Attractor
state 1 || state 2 staten [Obj

Noise-driven selection|

Underlay network

‘ =
:
N Reaction-diffusion

Physical layer J
12113, Bio—inspired SILO &
3. CSNII

7 3ap0] B Qo] BekaL 1T W Tl Hope]
FAEE o3| Bt 239 H7h olgA A2, 47, o

A N2 FERA) ofsfahd] olA oleieg Aus)

< MEL o4 7]e: fgels Q1 AR A7t £
L &£2Ho7 Alokka 9t} Convergent Science Network

for Biomimetics and Neurotechnology (CSNII):= o] {3t A3
Al ek A7ERS EERt A1 9 A 97 AlAE(Neuro—
and Bio—inspired Systems, NBIS)Q] A5 7] 9JolS %9
atal -tk Qfel A=l

4. BIOMICS

AAA A 2Foll A o] A7 (self-organising) A1 +F

B
o >
wh Hu o

e

BIOMICS?] =24 E
A7 AsEe] EAS paHom B
w8} 9ieh22][23]

o}, o] ZEAEoAlt 4
3 APANE R

Biology &
Mathematics

dynamical

Cellular pathways
as biochemical

Mathematics &
Computer Science

Computer Science &
Software Engineering

Existing

computational
examples

Software Dynamic
Instantiation of
(Siow) (Fast)

Behaviour

Selection pressure -~
k1 specification

or DNA
specification

GE DS AR ez o) Kol 2eds g

H1 MDY Y025 B m2NE 3
Pro
roject Research Area URL
Name
MZ2 ofst/FH Hx| 74 .
Wes | ey 2 A | (PY/eshenaed
viewpage/264

4t 0l0| 2R A A

htto:/ /www.issg.org/

BIOFINT xS HESa B2 IWISSC
© Eho | projects/biofint/
22 Zox| e viat | PORS/ONION0E
en.himl
NFHA AAS EXIS A : biomicsoroiect
somcs | @ S|P KIS 24 | hitoy//www.biomicsproject
AlMo=z pElgl eufresearch
Swarmanoid 22 AMAH EMHAHE | hitp)//www.swarmanoid,
et MA|, 7ot & Mo org/

nie]
5
ox
o
r
£
-IN
K
ke

it 32 A

JANUARY - 2014 | 59



FH | gAY HEHNE 7=

iy eruelE 144 J{P A2 200040} 4 271
Hoj},

H 2 dH|2d @S 2 ofe| H A3y

Conference and Workshop URL

Bionetics (International Conference on Bio
inspired Models of Network, Information and
Computing Systems)

http://www.bionetics,
org/

EvoCOMNET (European Workshop
on Nature—inspired Techniques for | http://www.evostar.
Telecommunications and other Parallel and | org/

Distriouted Systems)

Bio—inspired Materials (International School
and Conference on Biological Materials
Science 18-21 March 2014)

http://www.dgm.de/
dgm/bio—inspired/

http://www.birs.ca/
events/2014/5—day—
workshops/14w5170

BRS (Biological and Bio—Inspired Information
Theory 26-31 October 2014)

BIOCOM (International Workshop on|http://icacci-
Advances in Bio—inspired Computing 23—24 | conference.org/site/
August 2013) biocom?2013

ATBio (Workshop on smart materials and | http://www.disam.
alternative technologies for bio—inspired robots | upm.es/~ATBi02012/
and systems 7—12 October 2012) ATBio.hml

IWAI (International Workshop on Artificial

Inteligence 22—23 Aug 2014) hit/fwidclo.com

BIOCA (Bio—inspired Computing and
Applications Workshop 30 June — 3 July | http://wikicfp.com
2014)

-
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Journal and special issues

ICST Transactions on Bio—Engineering and Bio—inspired Systems

Elsevier Nano Communication | Biological Information and
Networks Communication Technology

Journal of Bio—inspired

Computation Research (JBCR) Bio-inspired Computation

International Journal of Bio—|Bio—inspired Computation
inspired Computation (UBIC) Methodologies

Bio—inspired Computing and
Communication in Wireless Ad Hoc
and Sensor Networks

Elsevier Ad Hoc Networks

IEEE Journal on Selected Areas

in Communications (JSAC) Bo-inspired Networking

Springer Transactions on
Computational Systems Biology
(TCSB)

Biosciences and Bio—inspired
Information Technologies
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Swarm Inteligence for

ringer rm Intelligen -
Springer Swa cligence Telecommunications Networks

International Journal of
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Bio—inspired Wireless Network:
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Elsevier Biologically Inspired| biologically inspired cognitive
Cognitive Architectures (BICA) architectures
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