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6-Alzheimer’s Disease Neuroimaging Initiative (ADNI)
7-Schaefer Atlas

8-Signed Centrality

9-Frustration Index

10-Structural Balance

11-Signed Clustering Coefficient

12-Local Assortativity

13-Energy/Frustration Minimization
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1-Alzheimer’s Disease (AD)
2-Functional Connectivity
3-Default Mode Network (DMN)
4- Amyloid Beta (AB)
5-Signed Network Analysis



VE0 aals Y 5jlach adujls Yl (ouilly a gle ( cals dolilind

o¥

O3 oA BHL ol (e 5 ian o 15 (Sl
il el g lan 59 4t mha 5o (25150 Jalse
o o280k alla S Hu 053 540 (WA Gl (VY]
a5 g0 ST LT 5l Bimadh shiol pan 4 ol s o
ASad (pd 9 A0 aaie VN Sy quae ol A [VY]
St a3l ol Jal e G Sl 5o 15 o]
Sl sslie s w e ola S305 0 o0 sadpaes]
o2 3l o153 g il s 53 b su i oYLl AL Yl
sl Jlaal 3550 S 4 1) 4t ol (Macla) bLs )|
PR PUVY ML JURN- P [ - YT RPy K P g
IV a5l se Jaass

pranes (Shalas dlas o Lol slagally 51 (S
5 St (555055 et (S0 (S (Ol e
ol Bom s shieT 5L il dl 31 e e¥lasl I, 150
33155 e Limad slio | pand 4S wias o Lt aal s
I oYl alias sy (oILT50 5 Kot Sl slaguly
BTSN PO PO [ S TR H AL IR V. QUEREN:
i 483 pealns S oo w8158 5l Gl (55l S
(Dhe (a1 s) Las S 5 JSiie agmy S ol reas |,
e 5o [N wasoe Glalas (suSlae Jladl) Ladls
el 4 Ol 55 e ol Cpl (slacalil Sl ol l b
9 St o (o, Se il (lacla) Ll )l slas S
el (Koo oS o hpan gla S 5 Lo bl s panh 23
Sl 5y 388 & a1 ol e Gad Halls 51 iy

sl 31T (s lass S wias go (5,108 sanie slata 53
VRN e 5 IS oo 3B s s s s3as s shets
[VAIW] ol (Sicwan ( aalus o Slae =l b ola o
Jaloe S JYE=Y VY] iy (sloagin o5y IS 5
1 gl 5 Gamash shaaT 5 sa s b (5 5la 438,y
sutialict 1S gl ala yo s Lo ctiols o 1,5 Cian
Ol sl el (Kas 4S ol 3558 - gliel pan
g 5alls Bk g Slac sla )T

16-Neurobiologic
17-Baseline Metabolic Activity
18-Hubs
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14-Neurodegenerative Diseases
15-AB Cascade Hypothesis
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19-Anti-correlated
20-Signed Graph Measures
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21-Resting-State
22-Electroencephalography (EEG)
23-Resting-State Functional MRI (rs-fMRI)
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31-PET/fMRI
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24-Salience/Ventral Attention Network
25-Frontoparietal Control Network
26-Positron Emission Tomography (PET)

Sy5ie ,all gl 3 Ll b s3liily o5 alea-TY
28-Multi-information generative adversarial network (mi-GAN)
29-Magnetic Resonance Imaging (MRI)
30-Bidirectional progressive recurrent neural network (BiPro)
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32-Amyloid-Beta Positron Emission Tomography (AB-PET)
33-Mini-Mental State Examination
34-Clinical Dementia Rating
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39-Limbic Network
40-Dorsal Attention Network
41-Somatomotor Network
42-Visual Network
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35-t-test

36-Mann-Whitney U

37-Chi-squared
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47-Strength
48-Positive Centrality
49-Negative Centrality
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43-Undirected

44-elf-oop

45-Signed Degree Centrality (Strength)
46-Degree Centrality
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55-Energy Minimization
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58-Branch-and-Cut
59-Gurobi

San3 | V] ol 5o oS o YWl ol (5 923

potie 99 58 5l Lo calllas cpl Ho adls o <Ko (slas S
09 Bt b (Su s b padla 5 oAl Jubss
Cisle Lau 5 ¢S ABS alolas .S o suliil ABS Jue
Gad 5o08 Sl ealiiwul b [EV] ad Jdsae (15K
15 5uSae 4ls e 3 a5 4l

0 Lulsy sa b gase (2l slaguis so58 S oo S

e VA o

._\3‘6._\.4:4 ‘1_;3“)‘ :\ K]
(°)

NBalanced t'riacls_NImbalancecl triads

Structural Balance =
Nrotal triads

AlBan 5 e g BAL w Julad YU abal, 3ubs

(Jolaiols 5 Julaie slaslBeww sluas JolsS &) gnds
A 523 dSad 0 0 sa s LA ulasl S 5 aus
(L8 slax3 Npalanced triads sl Ol 59 0 5 0
gaae Sl 4w O padiala € pladBan) Jolais
sl wla a3 Nippalanced triads (o—) cuio
slatiBeau slasd pandials Nrotg) triags 9 4ol
LB K ulaad) Jolaials sladiBas slaas g Jolaie
SN 55k L eeolin b Jolad Ll il e (4Sas
JolS Jolas saianyLis o) Hluie 4S5 sbods w58 oo 53
JulaS ae saianslas =) Hlads Jolaie dadilSans alas)
Kok ien e 5 (Jolaiel aasl€e aLa) Jal<
xS 3 pad b ool s 5 sMe s HA Cunis s
I3 &) gemts 5 Julaiels o Julaie slaclle i als
e blad Geala Jua g3y (Sias gladalas o
ol s le s Juslis S og,balan Jolas oS T
Sl saulie il 5 o (slolSas o slite (slagans <oy
Lalacs 5158 ala slass ol ol i€ wd 5 T (51
(FY T L CHWIN- P IR | LoV S S FER P LORUA TS, 1N
Ol —ilas b ol o aal s (suBa i Jolas 5o
Ssdige w8 85 () paun a8 (ISl (JaSe el

22035 5 8 i sl T L oo Julal ol i3 LT S
57-Mixed-Integer Linear Programming (MILP)
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61-Global

60-Complex Network Analysis
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64-NetworkX
65-Pandas
66-NumPy
67-Pingouin
68-SciPy
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62-Fragmentation
63-Partial Correlations
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