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A AAAFeR Fd4s F7H2 g A9 ="t F55H
AP=ar et o]et HEo], wd7] QAAAef o] X 7haEA
7ok FAE ®ola Stk 2014d @A, A AA iluﬁiix}% °f

o AL H%, 2030 el = 2 wij7h ¥ 4L, 20509

2 57 Aol dSe] A HHQO]E}(AIZhelme S

Disease International, 2014). 53] Xule] thx A0 U A3l &=

stol o] A, AA7EA FEAQ A 5ol ofA gl AAHoE 4
)

iSs
23 ARSEA® FE o gl

Fzspolvime AFM, AAHFE, A &2 2 AWs &
5ol ol /b Welsk musa e AAE PP Ao, ol @
S0y AEg u

= ¥ wa G AgHor x| Hthe
oA oy ¥ Fe AAH e A&k 3ol rhH(Delbeuck,
Van der Linden, & Collette, 2003). o]&J gt &3 sjE & d=3lo|wHy
W7t e B A7 3 Z(neural circuit) & ¥ A XA <
19 NE Y A(higher-order neural network)e] % % 7]%5o] 33
S = 7FsAo] "% =S AAFEHH(Palop, Chin, & Mucke, 2006).
oz gk Weto A =slolm WS ¥ F9 It AAAg el 5 £ F
& 7 (disconnection syndrome)o. 2 {FF 5] 7]‘: 3tth (Delbeuck %,
2003). 1H B R w=d7] IA G Fa A AFHY A
Lo A B = - 1 %‘*o S ) #Ed A4 713
(neural substrate)S Hrtl ©] A3 Folstr] aiaeE H HEY=
Aol A o] WMstE o]s)ste= 2 ] dFA ol
Had Aol 54 A %‘% T ZEAR X857 ol AA ol
o, dAE AAH o2 Aol A Aujo] tig YAAATE U=
19 71 Aol A vl Fastth o] g
frE Hdole BAAQ =3ket Auje] FGA G AAA =
ol A1 Z ol (mild cognitive impairment)7} Xw] 39 = AA S
Itk v AR TA FAENY Y] FEAT A=
BEJA N dzstolmlor ojfdu= A =

¢

4 Lo n;'i o
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%7 o MEHAL =i ARZ

A=E AlALetaL low, B Xuje HAGH dAR AR Tt
(Gauthier %, 2006; Markesbery, 2010). WE9=a HIHE AH 9
Z7] @AM Hols WIE WA gAE + de Aol U7

ol (Brown &, 2011), 2wl W olbue} A w1 gefato] gk
EHA A% Fastrh
olof] Hire A= A AT ok A MES A A W]
A | wid s 2z o] 2ol skl s Avfetar, =
ool #HET 7TA ¥ MEYI HA AFES FAHOE T
taxp g, ols EdE, dA d7EY AT 9 do=o]
bakol ol A= =sharah gho

ol

oy

dF9 EZA=AY A

ol ArAegl BAL vt e JFe A oRHT s &
A 75S BEA HAGA HEdve 754 3 (functional segre-

gation)®] ¢Folm, thE shihi= FAH Y e ¥ Jd9Eo ¥4EH

o2 ARAYE I 71534 T (functional integration) o]t}

(Frackowiak &, 2004). 714 &38te] JAdoAs = 7/1EZS 7]

T deGrdelY w4 o F9 ALY, 1 Ft A7 3} e]

HHE olFo 0‘2*01?/}1 g Ak W 54 Vles 99
1

5e wElnAg gk e ol

E
N

g A ‘ﬂzu 7104014 Aojob e HAe e AAVe S
S AwelA Rtk o 71T 7o weEe & ool o
woll & Fe Fosd AR ofgA st=Ad de o
s7F AyAelgt & F glrk 2 wkde 715 TS MEHAE ¥
Adte Batdo]l d W Bl BAld ARAYE A Pl
g, ¥9 7le2 Mz bgE ¥ 95 e AR 5502 yedy

(Ramnani, Behrens, Penny, & Matthews, 2004).

T 4SS s mjA A olg By BekHolgtn & ¢ e, &
4 A7 E e FAstE ddEe] 7eH TFolHge= VAR
FTAE = AL 7HeAd o] AtH(Frackowiak 5, 2004; Tononi, Sporns,
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&8s Eﬂﬁro}ﬂ AaME 715 Eahel AAHQ 7]
AAGFFAA dFe olF= Aol sttt Aol (Sporns, 2011).
Mitchell(2009) 9l 4’5} B34 A (complex system)@&  “574 F4 FA
7 glel A FARL8 RS whEdk A o) RolA shte] & o
EQAE FAsta, stFoluy MstE S Jugt JHEAHe} H&E
Ehj= 217 o2 geojEtt JIE Y
of 2 I3 A& vEY A
Y =g

E o o] Fozl B

i
)
ro
Og‘:,“
offt
o
T

¥ JESIA HI3es THES EA

HEYA #HAA H7lsS oldistels Alkeso] Beol Mgy o
gk ¥ 71eA dAAde B dEAR] AdTES Ui B A
£ (pair-wise interactions)ol] 3+ ‘first order’ R ol ZA3aL o
W F2 FQ #AIY9 A (seed ROI correlational analysis)o]
b & H 2 (multivariate approach)2 AF&3 £t} (Calhoun, Adali,
Pekar, & Pearlson, 2003; Chen %, 2009; Friston, Frith, Liddle, &
Frackowiak, 1993; Huang &, 2010; McIntosh, Bookstein, Haxby, &
Grady, 1996). =8 ¥4 e 45 aid #AIS  Abol9
A o] 9o ym A ¥ FHe] A5 AE ZHE Hotd F gle o
Aol vt pAZFEA7IHE 7 EA R FES ZRE 7MW HE ”%
Mo a4w FEsta 7 RAMEND)Y] AEF BASs duns
Wiolth, ey ZF 8 AE Abole] FEAES ayekA Eekal 2l
shite] A=A e el g R Thofo] A 3 =

U F 9 EX]'7111(cornplexlty)l_‘i]' g =

PN

T R
g7 Pogow Fr oldetn Aelrle oYk A
A Z = s
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7% A ¥ HEYZSY =d7] AXF
w o] th(Mayer, 1992). 1B 2 W2 3hito] A= AHE 4 9f
HEe] dast

rie

a9 ol2% 9 yEYA Fe AY 54

Aol 71E ARY BA Ee] @Re neste A2y A9

ANA ¥HE uigtE = HEHZ 470l AMRETY] AlZtstHA HE
shue]l AR FHEgkth, 53] 2¥ X o] E(graph theory)ol 7]WES
= UEAD 24 FEAES ta A SRS THLEER 9
Folx A A

Al

i

%S
oA TH3e] gt
o e 5YS Pt

tHRubinov, & Sporns,

1.

ok

olgfsti=tl Z=Fo] Hrf ez o]

P PN >
T AUAEE Fot-ola JFAd £S5 AlF
Ay A

=

2010). 2 o] BoA LY ILE= ©@<4E] =Z(node)ot 2 A (edge)
< 7 A= As gugt o] Mo HEstH, Ho dFE=0]
M w7t Ha 72 s He] AdAIFTE dAES AAAE)0
Hrh o] AE F3 MEYA A 2 M=o 5SS YENE
oy 7H4 serHES 78 F AT ol T i derE 2

Z A %

sh

ZFARE AN E A <3E 1> 2rh By A Ay ALk

Rubinov® Sporns(2010)2] A+5 ZFZ3)
ol & g S ZAFF] UES

=z =

S T

A A MESA, Ay HESAS] WMFR T
& HE

& Strogatz, 1998; <18 1> Fx). L A4 4 A F
o’ )9l fIAE A vEL AL WY vESL A Fxhd sdHnt
Watts$®} Strogatz(1998)= A7|SAT UEHZ, F3ujgo F5&5A
HEY=A, Cduz2~o A4 HEYa 5 2EZ Ao Holst
gEole E738ta @4 AAe UEYA giite] 2 A 54

PR Ee Wt o] A2 A UMEAIE HATe dAvgos

o] Au AL A& & ¢ U= aeA w2

& ZretH(Watts & Strogatz, 1998). < 49 ¥ W ESA

[ = A7k ¥ FA] 22 A SAS 7HAA Eol B
= Z\_}

|, 7154 H3te 715H B 2k HA #gS olFe W

rol

M =4 i =
i oX
2

n)
2



A

<E 1> F8 UESA Fevgel digh A

EENE

a4

I o A EASE AdAde EE =
Ve AAMe AGFE YE gro], 3 =
TR st Aert Ha, ESZ JAY

=2 Mool
N,
oo
)

TR AFC) T HAFAIE a2 CrF "uh o] dEvEE T
d 3 WELI UelA Arde] o AHH
EEAHE Yot = Uk = 7153 B3 g
Al ZAAE & 5 9
F =2 dEstsE HA AdA o HAA. o

dze] de] (L,)

HerHE 3l g UEH Al e HrA e
g O tﬂeéx% x%_u;_ =y —‘:—Eﬂoﬂ 1:]]3}]

(OEA Aol7b #eTs &8
el gEde % éﬂﬂ} 3 5

il
4

Ao A4

(0)

THMFE APUEY T B 8 A3, =
o] Zolx WHUES AL uvlzsAA 22 A4
HWEYA S4E& zet & 5 9k o714 dd
HYEQaH Ax4 YEYas 53 fo =
AAH, JagEld msol dAdxo] = A4
TE 7RI ME Jie T3k,

3 =EDHE Aves F sy M g A=
of =& AxdEd HEYA AAe HAg == F
G ez vie el ZFEstE T w@e A
2be 4 dl o] o]l & k=Ev 1 UES

AollA sBrp Bka & gl
T3 MEIIA 54 ==
o] ARAY FE0 7[AE= dgHs ZH3 >

A7 E
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7154 = YEHIAY =37 AXZ ]

<" 1> FARUEYA, A2 A UES A, WY HEYA

Regular Small-world

p=0 - » p=1
Increasing randomness

Z 2] Watts and Strogatz (1998)

Azre] ¥H7F Fx3EHo] ol AAME A THFair 5, 2009; He, Chen,
& Evans, 2007, Power, Fair, Schlaggar, & Petersen, 2010; Sporns,
2011, Wang, Zuo, & He, 2010).

Fzstoluy 2 AEARNFANAY 5H o Y=L @3

NFAE gdew 1
A3 A7+ H =
ARG 5L Al
Aol zeolE AHHE Zlo] T4

7154w MEYAE 7S WG 7ol thEd, 9qrldE Ha)/
HAZ(EEG/MEG), 7154 #7138 94 (EMRD, 18]a = A
=G FHYFEDG-PET) ol At Z modalityd = 54& AvEH,
o5 2

EEGY MEGE o] &3 7] X YEHT 9+

EEGU MEGE ¥7dl Alole] Andg #5¢ Ag4on 348
BoAZE SR 110002 BeE u e AZASs AR
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715H = HEAIS} =d7] AAZ|
ws =, LS ATt BFAaEE T 7T A £k 59
S AAFETHSupekar %, 2008). T3 o] ¢ oA L =3B}o]
oo i3 Hgk wolompARA YEYA vev]EHe] f
= &

a
[e)
ol Hol7lk gk Uysol: o8 Ak AgtEo] A&HA 0w b
Ha AqAN T AR d@EH ol vk s A B Wt
AW (Sanz-Arigita 5, 2010), #23 AL, Qin, Chen, & Li,

2013), =& F7H o Hu s th(Zhao 5, 2012). 429 Holx o
Al ZFagdekE 23 x A A 9H(Sanz-Arigita 5, 2010), =715 Aok

= Z2%% AL 5, 2013; Zhao 5, 2012).

BrdA e Jds der g Aol s F2Y Hol7t Tt
st fZE 2= Y E$ A(default mode network)oll sl@st= SHE
E=EFO] o150 e Hudd(Wang 5, 2013). Bt} FHT A=
AAgof e} d=stolmy Hebs 7/ Ao AEe ostd, A%
A G 7b dzatolm ol AFA w3k Atoldl fA|gt= S A
A A B AA R, WES A gepv| e o] WSt Wake] A= o

e Ataiey ek Zfo] 7t vk (Brier &, 2014; Liu &, 2012).

FDG-PETE o] &3 7]s% X yER=Z o7

Ir

AHE FAh% IEY gALES HolF =], Al
ALY F7FE BYdo7)7] witel el Al
st AEE =2 A ¢7F " (Jueptner, & Weiller, 1995).
< A4 UESA ATl oetd, AL A el
dzstolmy ko]l 3t A7 B w=<lol HlE] FHAE o
I % AR Aol Wy gl FoE HolA Ve A E3ke =
ol W37l &S AAFITHSeo &, 2013a). 3 H ol A <]
st, 53] HEE R= U EQA et G slHo|A Wt
|, F2 Aol Hole AA|7E Fol(53] 719 )l o
S Mo AuRAeS BHAFUH. A d=sto|mH 4
FAAA] ol xA A A E(APOE) e4 EA47F A4
] 1A= 3% BiEATH(Seo &, 2013b).
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Alzheimer’ s disease (AD) is the most common cause of neuro-
degenerative disease. The AD-related neuropathology can disrupt
neural activities at various levels such as molecular pathways,
synapses, neuronal sub-populations and local circuits in specific
brain regions, as well as higher—-order neural networks. A mountain
of evidence supported the idea of AD as disconnection syndrome.
Therefore, network-based approach is critical to understand AD
pathology-related brain change and neural substrates of clinical
manifestations. In this review, background history of application of
network-based approach to neuroscience field and basic concept of
graph theory were briefly introduced. Recent studies of functional
brain networks in cognitive disorders including AD and mild
cognitive impairment were summarized. Methodological issues and
limitations of previous studies, as well as future perspectives, were

discussed.





