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1 FC®IC

BHEA Y YU =2 LTI, vANLRER, S, 1 /"= a3 YORH, SNS EoERZE(LD X
D IRERRIRIAGRA, [ — FOREIAFEZ N L TEDS) Lo H@fEZ+>. ndlib (Network
Diffusion library) &, Z 5 L2Ef 70t XA Z2EEHNCEAR - I 21— 3 v $ 579D Python
Ry = THd. FRFEEIATOEBDTHS.

o 30 FEHZTEA 2B E T (SI, SIS, SIR, SEIR, Voter, Hegselmann — Krause, ...)
o NetworkX A7 =27 2ZDFF AN LTRIFHLS

o /—FHf] - Ty IR TRIRA—XZELEZAHE

o Composite ETNMEMIC KD I AR LR A F I 7 ZRDMEER

o matplotlib / Bokeh 12 & % FHER (L

o HAy FV—2 (dynetx) LD¥ I a2l —>a v

BEAEDFEWVS 22— FlIZY KD MY scripts/ U FRREBINATWS. AXFDa— R
PDF IZHDAENTWED, AL 7 7 A VMBRARXY K70 Y TEITAIRETH . 34 A h— )Lk
W BEAME 2 HiA, ZORICEET VOGN - a—F - HRMZMGE B THERT 2 & X, BifF
MERR L 72 RRIC RS X — 2 2 H M2 NE, BTOMRT —<ICEDE /NS RFEBRAFEEZIELND.
fleDZR 7)) 7T MIVKRIMYVDIL—bF 4L 27 bUD 5 uv run scripts/XX_name.py DJFTHE
T35 2ELTWVS.

BAFZEICOWVWT ndlib 2L DET VT, BXEETALUHNTHIRAEH & L T Susceptible,
Infected, Removed Db 2. AETIX, WAOXMRTIE NELE) MY, 178 - JifT - EROX
Rk TERA) MEMEL) TER) A2 5. a— FAROREXAIZ ndlib @ APL IZ&EDETZED
FERT.

2 AR PbP—ILEETEE

AKF 22— bV 7ILTIE Astral £D uv ZFHWT Python MIFREHREHRS . uv IZHE—7 7 £ LD
FHIZ PEP 723 TER DX X7 =2 2FNWTEL &, IREy =Y 2 —IRBEICHIRL TEZDEE R
IV M eEETES.

21 uw DI +—=IL

# Linuz / macOS
curl -LsSf https://astral.sh/uv/install.sh | sh

# Windows (PowerShell)
powershell -ExecutionPolicy ByPass -c "irm https://astral.sh/uv/install.psl | iex"



22 PEP 723 oED RV Tk

AEOH > TINE, 77 ANVEHURDESIBAVYTA VATV T M ARTF—2%FD.

/// script
requires—-python = ">=3.10"
dependencies = [
"ndlidb",
"networkz",
"matplotlzd”,
1
/7

HOH O R R OB R R

ZoaXysruay % uv BFERL, BER S F—I % —REREICHER L TH o Python 2
T, L7d3-> T pip install ndlib % 271 — UVERICHEIT T 2 D8 X 72, FIESEITRS
WIEBRO XY > a— NI 020 5.

2.3 B{EHESR

BAIDRAZ ) T FEHLTALS.

uv run scripts/01_install_check.py

Y/ —X: scripts/01_install_check.py

# /// script

# requires-python = ">=3.10"

# dependencies = [

# "ndlib",

# "networkz",

# "six",

# ]

#///

"nn01_install_check.py — ndlib DA > X b—)LEEER

RITH&E:

wv run scripts/01_install_check.py

ndlib & NetworkX MIELLK A VX F—=ILETNTWLWSHEEEL,
INRIERY RO —JET ST ®EFTIIWE 5 ATV TIETESEET .

SEXH
[1] Rossetti, G., Milli, L., Rinzivillo, S., Sirbu, A., Pedreschi, D., &
Giannotti, F. (2018). NDlib: a python library to model and analyze
diffusion processes over complexz networks. Int. J. Data Sci. Anal.
[2] ndlib 33X Tutorial: https://ndlib.readthedocs.io/en/latest/tutorial.html

wmn

from __future_

import annotations
from importlib.metadata import version
import networkx as nx

import ndlib
import ndlib.models.ModelConfig as mc



import ndlib.models.epidemics as ep

def main() -> None:
print (£"NetworkX version: {nx.__version__}")
print(£"ndlib version : {version('ndlib')}")

g = nx.erdos_renyi_graph(n=50, p=0.1, seed=0)
model = ep.SIModel(g)

cfg = mc.Configuration()
cfg.add_model_parameter("beta", 0.05)
cfg.add_model_parameter("fraction_infected", 0.1)
model.set_initial_status(cfg)

iters = model.iteration_bunch(5)
for it in iters:
node_count = it["node_count"]
print(f"step={it['iteration']:>2} S={node_count[0]:>3} I={node_count[1]:>3}")

3 ndlib DEXRIEE
ndlib D> I 2 b —a Jid, BRI TD 4 X7 v 7T,

1. NetworkX (% L <13 dynetx) T/ 57 g #1E2

2. E7VEAENKT %: model = ep.SIRModel(g)

3. ModelConfig.Configuration() ZfED, X7 X=X L WIAEMZHRE L TETANET
4. model.iteration_bunch(N) TN X7 v 7%#fTL, build_trends CTHit7—% %183

M Configuration ME 7% API

o add_model_parameter (name, value): ETLERIIEHT 287 X =% (3, v, ..) ZRIE

e add_model_initial_configuration(name, list): #IHEH ) — FDES (Infected) %
78y 2 ) — RES (Blocked) % EHAEE

e add_node_configuration(name, node, value): / — KH{ODfH

o add_edge_configuration(name, edge, value): T v Y H/{IDH

BNSA—REPEREDE X5 fraction_infected (&, FIHPIKRE CREGLIEA - SRAFEA - G
LEAD ) —FEIEE T VX LAHRET 2HDDETANTRA—XTHS. FED/ — FEERICL
7205613, add_model_initial_configuration TIRHEH Infected ¥/ — FESZHHRT 5.
HREEIREIETRE L DBEIND D, AT OHDIGELEL ) — Fhr oMb 2582 R L
TV, F, ZLDETIAY T AU seed 5IEERZITEN 2 23, NetworkX D27 F 74K seed &
ndlib OIREEEFR seed FHIVITH 5. FRRFE P2 BB L2WE 2id, 77 7AEKE ET VAR



DT THEL seed ZEFHT 5.

Miteration_bunch DR D E UV X F O & % #E 13 {iteration, status, status_delta,
node_count} Z Z{EFE TH 5. node_count (FIKEE ID 2> HIEABADEE T, 7z 21X SIR T
0:8, 1:I, 2:R %57 . KA ID IFET VI LICER L DT, B#IZIE model.get_status_map()
THEFR T 5. status_delta IFZIREDOANKENLTH D, status 135/ — FOKREERES /-
HOFETH . HEEERETVCRKREDO Ry b7 — 7l Tl iteration_bunch(N,
node_status=True) =i\, HFHINLD o7/ — FMIFERMEZGI Z/ES X5 ITETTT % el
T,

4 2y bI7—UDERK

ndlib OFHIE T ME NetworkX D7 F 7% ASNCHS. SV RLT 57, A7 —=NL7V—%v b
=2 AE—NLT =LK FExvy bV —2 (Karate Club 72 ¥) &AL CTHiE$ 2 6% 7R3, BN
v MU= RS BEE, BT % dynetx ORERIIZ 7 7 EHWS.

Y —X: scripts/02_network_basics.py

# /// script
# requires-python = ">=3.10"
# dependencies = [

# "networkx",

# "matplotlzd”,
# ]

# ///

"nn02 network_basics.py — ndlid CTHATIHEM=RY FT—JDER

RITHE:

uv run scripts/02_network_basics.py

NetworkX THERTEB3RRNBSIVALIT ST EEBRRLET .
ndlib DETILIXEND NetworkX DT ST ANE LTEITEZ D,
B B3 S5T7%M APT 22 THE LERTY.

BEXM -

[1] Erdés, P. & Rényi, A. (1959). On random graphs I.
Publicationes Mathematicae 6, 290-297.

[2] Watts, D. J. & Strogatz, S. H. (1998). Collective dynamics of
'small-world' metworks. Nature 393, 440-442.

[3] Barabdsi, A.-L. & Albert, R. (1999). Emergence of scaling in
random networks. Science 286, 509-512.

[4] Zachary, W. W. (1977). An information flow model for conflict and
fission in small groups. J. Anthropological Research 33, 452-473.

[5] NetworkX random graphs:
https://networkz.org/documentation/stable/reference/generators. html

nwmn

from __future__ import annotations

import matplotlib.pyplot as plt
import networkx as nx



def

def

if

5

__name__ == "__main__

describe(name: str, g: nx.Graph) -> None:

n, m = g.number_of_nodes(), g.number_of_edges()

avg_deg = sum(dict(g.degree()).values()) / n

print (f"{name:<22} N={n:<5} E={m:<6} <k>={avg_deg:5.2f}")

main() -> None:

seed = 42

graphs = {
"Erdos-Renyi G(n,p)": nx.erdos_renyi_graph(200, 0.05, seed=seed),
"Barabasi-Albert" 8 nx.barabasi_albert_graph(200, 3, seed=seed),
"Watts-Strogatz" : nx.watts_strogatz_graph(200, 6, 0.1, seed=seed),
"Karate Club" : nx.karate_club_graph(),

for name, g in graphs.items():
describe(name, g)

fig, axes = plt.subplots(2, 2, figsize=(9, 9))

for ax, (name, g) in zip(axes.flat, graphs.items()):
nx.draw_spring(g, ax=ax, node_size=20, with_labels=False, alpha=0.7)
ax.set_title(name)

fig.tight_layout ()

fig.savefig("figures/02_network_basics.png", dpi=120)

print("Saved: figures/02_network_basics.png")

main()

BEETI

51 SIEFI

RO VTNLERIEET NV TH 5. BREFIIKATERREIC U5 D, BZM#E R HE DK
B HHER § CRRT 5. EIRREL W0, BERELIIHFNHEM T 5.

Y —X: scripts/03_si_model.py

#
#
#
#
#
#

# ]

/// script
requires—python = ">=3.10"

dependencies = [

"ndlib",
"networkz",

"matplotlzd”,

#///
mn03_si_model.py — SI(Susceptible-Infected) €T I

RITH&E:

wv run scripts/03_si_model.py

ROBMORREETILCHS SI ETIERITLET.
RPLTBERISKAICERRREDEE T, RBREAECEM T D EHEER veta TERELXT.

g



Erdos-Renyi G(n,p) Barabasi-Albert

Watts-Strogatz Karate Club

1 4 BEORERN Ay bv—2. ER, BA, WS & N=200 TR L T3, Karate Club
1234 /—FDoR2EXRY NI —ITH5.

BEXM -

[1] Bailey, N. T. J. (1975). The Mathematical Theory of Infectious Diseases
and Its Applications (2nd ed.). London: Charles Griffin & Co.

[2] Pastor-Satorras, R., Castellano, C., Van Mieghem, P. & Vespignani, A.
(2015). Eptidemic processes in complex networks.
Reviews of Modern Physics 87, 925-979.

[3] ndlib SI Model:
https://ndlib.readthedocs. io/en/latest/reference/models/epidemics/SIm.html

mwmn

from __future__ import annotations

import networkx as nx

import ndlib.models.ModelConfig as mc

import ndlib.models.epidemics as ep

from ndlib.viz.mpl.DiffusionTrend import DiffusionTrend

def main() -> None:
g = nx.erdos_renyi_graph(1000, 0.01, seed=0)
model = ep.SIModel(g)



cfg = mc.Configuration()
cfg.add_model_parameter("beta", 0.01)
cfg.add_model_parameter("fraction_infected", 0.01)
model.set_initial_status(cfg)

iterations = model.iteration_bunch(200)
trends = model.build_trends(iterations)

DiffusionTrend(model, trends).plot(filename="figures/03_si_model.png")
print("Saved: figures/03_si_model.png")

n

if __name__ == "__main__

",

main()

Susceptible
Infected

#Nodes

25 50 75 100 125 150 175 200

Iterations

2 SI =7 VORRERGOHERS. FIRIREN V720, BERE RIS ERITHEMNT 5.

52 SISETI

JRPEBICEH ORZMEICERE 2. /89 X —& lambda Z[AIER \ 2K 3. B rAENI#RDIRENS -
O, BRI RBRAEEEZHE L -WEEIZEWT WS,

Y —X: scripts/04_sis_model.py

# /// script
# requires-python = ">=3.10"

# dependencies = [
# "ndlib",

# "networkzx",

# "matplotlzd”,
# ]

# /07

"nn04 sis_model.py — SIS(Susceptible-Infected-Susceptible) ETIL

RITHE:

wv run scripts/04_sis_model.py



BRARICBUVRZMICRZ XA TOETILTY . BRWBREDLSIC
RBEEELBVEREOEFZRFELEY .

SEXH :
[1] Hethcote, H. W. (2000). The mathematics of infectious diseases.
SIAM Review 42(4), 599-653.
[2] Pastor-Satorras, R. & Vespignani, A. (2001). Epidemic spreading in
scale-free networks. Phys. Rev. Lett. 86, 3200-3203.
[3] ndlib SIS Model:
https://ndlib.readthedocs. i0/en/latest/reference/models/epidemics/SIS.html

wmn

from __future__ import annotations
import sys
from pathlib import Path

import matplotlib.pyplot as plt
import networkx as nx

import ndlib.models.ModelConfig as mc
import ndlib.models.epidemics as ep

sys.path.insert(0, str(Path(__file__).parent))
from _plot_helpers import trend_to_ax, prevalence_to_ax # noga: E/02

def main() -> None:
g = nx.erdos_renyi_graph(lOOO, 0.01, seed=1)
model = ep.SISModel(g)

cfg = mc.Configuration()
cfg.add_model_parameter("beta", 0.02)
cfg.add_model_parameter("lambda", 0.01)
cfg.add_model_parameter("fraction_infected", 0.05)
model.set_initial_status(cfg)

iterations = model.iteration_bunch(200)
trends = model.build_trends(iterations)

fig, axes = plt.subplots(l, 2, figsize=(11, 4))
trend_to_ax(model, trends, axes[0])

axes[0] .set_title("Diffusion Trend")
prevalence_to_ax(model, trends, axes[1])

axes[1] .set_title("Diffusion Prevalence")
fig.tight_layout ()
fig.savefig("figures/04_sis_model.png", dpi=120)
print("Saved: figures/04_sis_model.png")

if __name__ == "__main__":
main()

10
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Y —X: scripts/05_sir_model.py

# /// script

# requires-python = ">=3.10"

# dependencies = [

# "ndlib",

# "networkz",

# "matplotlid”,

# ]

#///

"nn05_sir_model.py — SIR(Susceptible-Infected-Removed) ET /L

RITH&E:

uv Tun scripts/05_sir_model.py

B8 (£33 C) LIBFEDP ZE L ERELAVWHHENETILTY .
gamma ZREIL TBETITIFRESIEERLET.

BEM
[1] Kermack, W. 0. & McKendrick, A. G. (1927). A contribution to the
mathematical theory of epidemics. Proc. Roy. Soc. Lond. A 115, 700-721.
[2] Newman, M. E. J. (2002). Spread of epidemic disease on networks.
Phys. Rev. E 66, 016128.
[3] ndlib SIR Model:
https://ndlib.readthedocs.io0/en/latest/reference/models/epidemics/SIR.html

wmn

from __future__ import annotations

import sys
from pathlib import Path

import matplotlib.pyplot as plt

11



import networkx as nx

import ndlib.models.ModelConfig as mc
import ndlib.models.epidemics as ep

sys.path.insert(0, str(Path(__file__).parent))

from _plot_helpers import trend_to_ax

# noqa: E402

def run_once(beta: float, gamma: float, seed: int = 0):
g = nx.erdos_renyi_graph(2000, 0.005, seed=seed)

model = ep.SIRModel(g)

cfg = mc.Configuration()
cfg.add_model_parameter("beta", beta)

cfg.add_model_parameter("gamma",

gamma)

cfg.add_model_parameter("fraction_infected", 0.01)
model.set_initial_status(cfg)

iters =

model.iteration_bunch(150)

return model, model.build_trends(iters)

def main() -> None:

fig, axes =

plt.subplots(l, 3, figsize=(15, 4))

for ax, gamma in zip(axes, [0.005, 0.02, 0.05]):

model, trends =

run_once(0.02, gamma)

trend_to_ax(model, trends, ax)

ax.set_title(f"gamma =

fig.tight_layout ()

{gamma}")

fig.savefig("figures/05_sir_model.png", dpi=120)
print("Saved: figures/05_sir_model.png")

if _
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gamma = 0.05
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31— RITHIET 5.

Y —X: scripts/06_seir_model.py
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# /// script
# requires-python = ">=3.10"

# dependencies = [
# "ndlidb",

# "networkz",
# "matplotlzd”,
# ]

#///

"nn06_seir_model.py — SEIR ETIL GEREAREH D)

RITH&A:

wv run scripts/06_seir_model.py

S (Susceptible) = E (Ezposed/BRHAR) — I (Infected) — R (Removed) CiFEL ZT .
coviD-19 D& S HERBEZFOBRMEDET IMEICAWVWTVLETY .

SEXH :

[1] Aron, J. L. & Schwartz, I. B. (1984). Seasonality and period-doubling
bifurcations in an epidemic model. Journal of Theoretical Biology
110, 665-679. (ndlib SEIR ETILORIEIA)

[2] Anderson, R. M. & May, R. M. (1991). Infectious Diseases of Humans:
Dynamics and Control. Ozford University Press.

[3] ndlib SEIR Model:
https://ndlib.readthedocs.i0/en/latest/reference/models/epidemics/SEIR. html

wmn

from __future__ import annotations

import networkx as nx

import ndlib.models.ModelConfig as mc

import ndlib.models.epidemics as ep

from ndlib.viz.mpl.DiffusionTrend import DiffusionTrend

def main() -> None:
g = nx.barabasi_albert_graph(1500, 3, seed=2)
model = ep.SEIRModel(g)

cfg = mc.Configuration()
cfg.add_model_parameter("beta", 0.02)
cfg.add_model_parameter("gamma“, 0.01)
cfg.add_model_parameter("alpha", 0.05)
cfg.add_model_parameter("fraction_infected", 0.005)
model.set_initial_status(cfg)

iterations = model.iteration_bunch(250)
trends = model.build_trends(iterations)

DiffusionTrend(model, trends).plot(filename="figures/06_seir_model.png")
print("Saved: figures/06_seir_model.png")

if __name__ == "__main__
main()
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Y —X: scripts/07_seis_model.py

# /// script
# requires-python = ">=3.10"

# dependencies = [

# "ndlib",

# "networkz",

# "matplotlid”,
# ]

#///

"0 seis_model.py — SEIS ET I GEREAEH D, REHL)

RITHE:

wv run scripts/07_seis_model.py
BAPEZETRRL, OERIIBURRMEICRS SN SEIR LDEWVTY.

BEXG -
[1] Hethcote, H. W. (1976). Qualitative analyses of communicable disease
models. Math. Biosctences 28, 335-356.
[2] Cooke, K. L. & wvan den Driessche, P. (1996). Analysis of an SEIRS
epidemic model with two delays. J. Math. Biology 35, 240-260.
[3] ndlib SEIS Model:
https://ndlib.readthedocs.i0/en/latest/reference/models/epidemics/SEIS. html

mwmn

from __future__ import annotations

import networkx as nx
import ndlib.models.ModelConfig as mc

14



import ndlib.models.epidemics as ep
from ndlib.viz.mpl.DiffusionTrend import DiffusionTrend

def main() -> None:
g = nx.watts_strogatz_graph(1500, 6, 0.1, seed=3)
model = ep.SEISModel(g)

cfg = mc.Configuration()
cfg.add_model_parameter("beta", 0.02)
cfg.add_model_parameter("lambda", 0.01)
cfg.add_model_parameter("alpha", 0.05)
cfg.add_model_parameter("fraction_infected", 0.01)
model.set_initial_status(cfg)

iterations = model.iteration_bunch(300)
trends = model.build_trends(iterations)

DiffusionTrend(model, trends).plot(filename="figures/07_seis_model.png")
print("Saved: figures/07_seis_model.png")
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6 SEIS 7 VOIBGHEE. BERICHELZESE TRZMIREBAR S 29, BER Ay b
T —Z7HIZED R TV,

56 SWIR €FIL

S (Susceptible), W (Weakened), I (Infected), R (Removed) @ 4 IKEZFOE TN TH 5. KLY
BITHEAR U 7M1, kappa 18 & D EREERT 200, mu 1T XD S5LIREEANE 2. 55(LIRRED / —
Flid nu iC X DIERAE S, Lo T, MM T CIRRT 2188 & TnoZLAMESIHEL Th oK
R 2850 ZRRICRBITE 2. ZOH Y 7T - EHEESE - 9 LBREROTEREL0ED
WWEE, HORBRTREERNRZ 2 X5 L TW\W5.
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Y —X: scripts/08_swir_model.py

# /// script
# requires-python = ">=3.10"
# dependencies = [

# "ndlib",

# "networkx",

# "matplotlid”,
# "numpy",

# ]

# /0

"nn08 swir_model.py — SWIR ET Il (RREHIIC Weak REEZIEH)

RITHE:

wv run scripts/08_swir_model.py

S(Susceptible) -> W(Weakened) -> I(Infected) -> R(Removed) YIHEFBLFT .
RG> BRI DR T BREZETIVMLTEEY .

BEI
[1] Lee, D., Choi, W., Kertész, J. & Kahng, B. (2017). Universal mechanism
for hybrid percolation transitions. Scientific Reports 7, 5723.
(ndlib SWIR ETIDRN5IA)
[2] ndlib SWIR Model:
https://ndlib.readthedocs. i0/en/latest/reference/models/epidemics/SWIR. html

nwmn

from __future__ import annotations
import random

import networkx as nx

import numpy as np

import ndlib.models.ModelConfig as mc

import ndlib.models.epidemics as ep

from ndlib.viz.mpl.DiffusionTrend import DiffusionTrend

def main() -> None:
random. seed (408)
np.random.seed (408)

g = nx.erdos_renyi_graph(2000, 0.005, seed=4)
model = ep.SWIRModel(g)

cfg = mc.Configuration()

cfg.add_model_parameter ("kappa", 0.03)
cfg.add_model_parameter ("mu", 0.02)
cfg.add_model_parameter("nu", 0.05)
cfg.add_model_parameter ("fraction_infected", 0.02)
model.set_initial_status(cfg)

iterations = model.iteration_bunch(60)
trends = model.build_trends(iterations)

DiffusionTrend(model, trends).plot(filename="figures/08_swir_model.png")
print("Saved: figures/08_swir_model.png")

16



if __name __main__

main()

Susceptible
Weakened
Infected
Removed

#Nodes

%
Iterations

7 SWIR E7NVOMHGER. $9(LIKE W 28 A3 2 2 2T, MRS CRRT 21K L, I
9L L T o BT 2R 2 XA TE 5.

6 BE hXT—F - 7O771ILETI
6.1 Granovetter DRIEETIL

IEEORAEIGH /) — REHOBEEZEZ 5, 2D/ — K HEHKEARES. 2 2T Infected
WBRETIER L, 178 - BR - fR2 2R LZREEZRT. H2EHPRTHRARYDET LY
LCffibhs. 3> LT EBIFAUBMEEEL OTERL, 0.05-0.25 OHPFAT/, — FZ L IicH
lEZEZ, AT — RHPBEFEMNCHETH %R

Y —2RX: scripts/09_threshold_model.py

# /// script
# requires-python = ">=3.10"

# dependencies = [
# "ndlidb",

# "networkz",

# "matplotlzd”,
# "numpy",

# ]

#///

"n09_threshold_model.py — BMEETIL (Granovetter)

RITH&A:
wv run scripts/09_threshold_model.py

&/ —FISEEZ#FS, EEORRIGHREEZEZ S CRRLET.
HEEFHCTHESOCRETILE LTHVLNET.
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SEXH :
[1] Granovetter, M. (1978). Threshold models of collective behauvior.
American Journal of Sociology 83(6), 1420-1443.
[2] Watts, D. J. (2002). A simple model of global cascades on random
networks. PNAS 99(9), 5766-5771.
[3] ndlib Threshold Model:
https://ndlib.readthedocs. i0/en/latest/reference/models/epidemics/Threshold.html

wmn

from __future_

import annotations

import random

import networkx as nx

import numpy as np

import ndlib.models.ModelConfig as mc

import ndlib.models.epidemics as ep

from ndlib.viz.mpl.DiffusionTrend import DiffusionTrend

def main() -> None:
random.seed (509)
np.random. seed (509)
rng = random.Random(509)

g = nx.erdos_renyi_graph(lOOO, 0.04, seed=b)
model = ep.ThresholdModel(g)

cfg = mc.Configuration()
cfg.add_model_parameter("fraction_infected", 0.02)
for n in g.nodes():
cfg.add_node_configuration("threshold", n, rng.uniform(0.05, 0.25))
model.set_initial_status(cfg)

iterations = model.iteration_bunch(20)
trends = model.build_trends(iterations)

DiffusionTrend(model, trends).plot(filename="figures/09_threshold_model.png")
print("Saved: figures/09_threshold_model.png")

n

if __name__ == "__main__

",

main()

6.2 Independent Cascades ETJL

7T 4 TR0/ — R, BED 1 X7y IR EFE — FOEMLEZRASZ. v DI
BRE#R threshold ZEID Y T2D0RETH 2. /— FITOMETIERL, Ty T o—[MH
RO DIMRIERTH 2 FICHERT 5. Y A TROMAEE R = v DEfiEREZ D LED, 77
7 4 TIREED S EIEIREEATRN TV GBEPRZ 2 X512 LTW3.

Y —X: scripts/10_independent_cascades.py

# /// script
# requires-python = ">=3.10"
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160
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8 Granovetter ZIFIEE T OILHGERE. FIHIHRHE D S EEEO&ME S/ — FANBRARLR 3.

# dependencies = [

# "ndlib",

# "networkx",

# "matplotlid”,
# "numpy"”,

# ]

# /0

"nn10_independent_cascades.py — MILART—FETI

RITH&E:

uv Tun scripts/10_independent_cascades.py

B ) — RIZZDEFEICHL 1 BERETRRERAFT. ST ySICBIOYTE
FER threshold TRREHMMILL, HITRIFEHLKEERDXT.

SEXH :

[1] Goldenberg, J., Libat, B. & Muller, E. (2001). Talk of the network:
a complex systems look at the underlying process of word-of-mouth.
Marketing Letters 12(3), 211-223.

[2] Kempe, D., Kleinberg, J. & Tardos, E. (2003). Mazimizing the spread
of influence through a soctal network. Proc. KDD '03, 137-146.

[3] ndlib IndependentCascades:
https://ndlib.readthedocs. to/en/latest/reference/models/epidemics/IndependentCascades.html

wmn

from __future_

import annotations

import random

import networkx as nx

import numpy as np

import ndlib.models.ModelConfig as mc

import ndlib.models.epidemics as ep

from ndlib.viz.mpl.DiffusionTrend import DiffusionTrend

def main() -> None:
random.seed (610)
np.random.seed(610)
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g = nx.barabasi_albert_graph(1000, 3, seed=6)
model = ep.IndependentCascadesModel(g)

cfg = mc.Configuration()

cfg.add_model_parameter ("fraction_infected", 0.03)

for e in g.edges():
cfg.add_edge_configuration("threshold", e, 0.2)

model.set_initial_status(cfg)

iterations = model.iteration_bunch(30)
trends = model.build_trends(iterations)

DiffusionTrend(model, trends).plot(filename="figures/10_independent_cascades.png")
print("Saved: figures/10_independent_cascades.png")

if __name__ == "__main__":
main()
10
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9 Independent Cascades €7 /VDILHGEIE. &7 77 4 7/ — RIGEHADOTEEGHITE —
72TV, Z DRITEILIREEAFS 5.

6.3 FA77TILETI

B —RIZ0-1 OBEZME (e 77 A UH) 2Fiz8, SEFHCERRAE A — R0 IUSHERINIR
RRZYIDEZ 5. blocked IEIZT 2 b HRHAZIER L/ — K37 ay ZIKEABZA[RENELNH D,

pany

adopter_rate |33rf% & MEIRIZ HFERHZ LT,

Y —X: scripts/11_profile_model.py

# /// script
# requires-python = ">=3.10"

# dependencies = [

#
#

"ndlib",
"networkz",
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# "matplotlzd”,

# ]

#///

"1l _profile_model.py — FATZ7AILETIL

KITHE:
wv run scripts/11_profile_model.py

B/ —FRICBIDETENLTOT 71 )LE BADRERZMH)ICIHELC T
RENWIITBETILCTY.

SEIW -
[1] Mill%i, L., Rossetti, G., Pedreschi, D. & Giannotti, F. (2018).
Active and passive diffusion processes in complex networks.
Applied Network Science 3, Article 42.
DOI: 10.1007/s41109-018-0100-5 (ndlib Profile ETIDOLRNEIA)
[2] ndlib Profile Model:
https://ndlib.readthedocs. i0/en/latest/reference/models/epidemics/Profile.html

wmn

from __future__ import annotations
import random

import networkx as nx

import ndlib.models.ModelConfig as mc

import ndlib.models.epidemics as ep

from ndlib.viz.mpl.DiffusionTrend import DiffusionTrend

def main() -> None:
rng = random.Random(7)
g = nx.erdos_renyi_graph(lOOO, 0.05, seed=7)
model = ep.ProfileModel(g)

cfg = mc.Configuration()
cfg.add_model_parameter("fraction_infected", 0.05)
cfg.add_model_parameter ("blocked", 0.0)
cfg.add_model_parameter("adopter_rate", 0.0)
for n in g.nodes():

cfg.add_node_configuration("profile", n, rng.random())
model.set_initial_status(cfg)

iterations = model.iteration_bunch(80)
trends = model.build_trends(iterations)

DiffusionTrend(model, trends).plot(filename="figures/11_profile_model.png")
print("Saved: figures/11_profile_model.png")

if __name__ == "__main__

main()
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#Nodes

®
Iterations

10 7877 A VETVONEGER. 7 — FZ e 02 BREARICE D, [ URFEIRE
THRMERPED 5.

6.4 Kertesz BEETIL

FHENCIREZZZ 7w TAv Y/ —F 2—EEERA T Z 205REE 7L, adopter_rate %%
H7ETRH® %, percentage_blocked D3t RIFE L Z IR W/ — FOEIGZRT. 7v vy ZEDE
<, BEFHBMENGEIZ, BT 2 RRPBETE 5.

Y/ —X: scripts/28_kertesz_threshold.py

# /// script
# requires-python = ">=3.10"
# dependencies = [

# "ndlid",

# "networkz",

# "matplotlid”,
# ]

#///

"nn28 kertesz_threshold.py — Kertesz BMEETIL

RITHE:
wv run scripts/28_kertesz_threshold.py

BEORMMEETIICIOYY /- R ERLEVEEE)ZEALLHDTY.
HEEFHN—EULDOTOY VB TRINRLBWVWRKREZBHRTETET .

SEXHR -

[1] Ruan, Z., Ifiiguez, G., Karsai, M. & Kertész, J. (2015). Kinetics of
soctal contagion. Physical Review Letters 115, 218702.
(ndlib KerteszThreshold ETILOLIN5IA)

[2] Watts, D. J. (2002). A simple model of global cascades on random
networks. PNAS 99(9), 5766-5771.

[3] Karsai, M., Ifiguez, G., Kaski, K. & Kertész, J. (2014). Complex
contagion process in spreading of online innovation.
Journal of the Royal Society Interface 11, 20140694.

[4] ndlib KerteszThreshold Model:
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https://ndlib.readthedocs.to/en/latest/reference/models/epidemics/KThreshold.html

wmn

from __future_

_ import annotations

import networkx as nx

import ndlib.models.ModelConfig as mc

import ndlib.models.epidemics as ep

from ndlib.viz.mpl.DiffusionTrend import DiffusionTrend

def main() -> None:
g = nx.erdos_renyi_graph(1000, 0.05, seed=22)
model = ep.KerteszThresholdModel(g)

cfg = mc.Configuration()
cfg.add_model_parameter("adopter_rate", 0.4)
cfg.add_model_parameter ("percentage_blocked", 0.1)
cfg.add_model_parameter("fraction_infected", 0.1)
for n in g.nodes():
cfg.add_node_configuration("threshold", n, 0.25)
model.set_initial_status(cfg)

iters = model.iteration_bunch(60)

trends = model.build_trends(iters)

DiffusionTrend(model, trends).plot(filename="figures/28_kertesz_threshold.png")
print("Saved: figures/28_kertesz_threshold.png")

if __name__ ==
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Iterations

11 Kertesz BEETLOIBOEE. Tuvy 7/ —FEEQD, BEOMEET LI LD
AT — RPBEPTIEZE DT V.
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7 BRAAFTFIIOR: BBUEETIL
7.1 Voter EFIL

B RHEEETATHS. FAT v I T/ — FPLFEOBRREEMT 2. ZoH% v 7LTid
0/1 OfEIRREZ ¥ 2 1IC#IHb 3 5. 2 — F kX fraction_infected Zffi5 2%, 22Tk MER 1
DYIIEIG ) @ite. AROMERE S Z 7 TRV T DB RAIRINE 5 53, IR & IR
REEE Ry b — SIS 5.

Y —X: scripts/12_voter_model.py

# /// script
# requires-python = ">=3.10"

# dependencies = [

# "ndlib",

# "scikit-learn”,
# "networkz",

# "matplotlid”,

# ]

#///

mnni12 yoter_model.py — Voter ETI AXEEETIL)

RITH&E:

wv run scripts/12_voter_model.py

BRATYTTIVALISEAR ) — D, SYVALICEARAEDODRRZ
BBLEY. TREI I I TIRERICEZCLAHMSNTLERT.

BEM

[1] Clifford, P. & Sudbury, A. (1973). A model for spatial conflict.
Biometrika 60(3), 581-588.

[2] Holley, R. A. & Liggett, T. M. (1975). Ergodic theorems for weakly
interacting infinite systems and the wvoter model.
Annals of Probability 3(4), 643-663.

[3] Krapivsky, P. L., Redner, S. & Ben-Natim, E. (2010). A Kinetic View of
Statistical Physics. Cambridge University Press.
(ndlid Voter ETILORIEIAH)

[4] Castellano, C., Fortunato, S. & Loreto, V. (2009). Statistical physics
of social dynamics. Reviews of Modern Physics 81, 591-646.

[5] ndlib Voter Model:
https://ndlib.readthedocs. i0/en/latest/reference/models/opinion/Voter.html

nwmn

from __future__ import annotations

import networkx as nx

import ndlib.models.ModelConfig as mc

import ndlib.models.opinions as op

from ndlib.viz.mpl.DiffusionTrend import DiffusionTrend

def main() -> None:
g = nx.erdos_renyi_graph(1000, 0.1, seed=8)
model = op.VoterModel(g)
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cfg = mc.Configuration()
cfg.add_model_parameter("fraction_infected", 0.5)
model.set_initial_status(cfg)

iterations = model.iteration_bunch(300)
trends = model.build_trends(iterations)

DiffusionTrend(model, trends).plot(filename="figures/12_voter_model.png")
print("Saved: figures/12_voter_model.png")

n

if __name__ == "__main__":
main()
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12 Voter €7 NVDREREIEDOHR. MERILEMEZEDEL, ARy PV -2 TRELS
DPOBRAANRINENS.

7.2 Q-Voter ETIL

g NOEBEPEE B ERIBERZIRHAT 2. ¢ 2EZ 2 LIRS ICREN KR ESED .
q BREVIEY, EFNCREL/FTHIRIFASI 2 E L <72 5.

Y —X: scripts/13_qvoter_model.py

# /// script
# requires-python = ">=3.10"

# dependencies = [

# "ndlib",

# "scikit-learn”,
# "networkzx",

# "matplotlzd”,

# ]

# ///

nnn13 gquoter_model.py — Q-Voter ETIL

RITHE:

wv run scripts/13_quoter_model.py
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J/—FRRIVEALIC ¢ ADEFEZREY, 2EOBRRI—HLTWBIEEICED
ENZIRALEY. ¢ ZELTEZ L ERTEHOEHHNAES<EDD LY.

SEM -

[1] Castellano, C., Mufioz, M. A. & Pastor-Satorras, R. (2009).
Nonlinear q-voter model. Phys. Rev. E 80, 041129.

[2] Nyczka, P., Sznajd-Weron, K. & Cislo, J. (2012). Phase transitions
in the q-voter model with two types of stochastic driving.
Phys. Rev. E 86, 011105.

[3] ndlib QVoter Model:
https://ndlib.readthedocs. i0/en/latest/reference/models/opinion/QVoter. html

wmn

from __future__ import annotations

import networkx as nx

import ndlib.models.ModelConfig as mc

import ndlib.models.opinions as op

from ndlib.viz.mpl.DiffusionTrend import DiffusionTrend

def main() -> None:
g = nx.erdos_renyi_graph(1000, 0.1, seed=9)
model = op.QVoterModel(g)

cfg = mc.Configuration()
cfg.add_model_parameter("q", 5)
cfg.add_model_parameter("fraction_infected", 0.5)
model.set_initial_status(cfg)

iterations = model.iteration_bunch(300)
trends = model.build_trends(iterations)

DiffusionTrend(model, trends).plot(filename="figures/13_qvoter_model.png")
print("Saved: figures/13_qgvoter_model.png")

if __name__ == "__main__

main()

7.3  Majority Rule ETJL

g N%2 o7V RLGEY, ZRIROBRICEAZ2E/ERET L. Y7L TlE ¢g=3 & L, H
THNZ RN E BT TV S,

) —X: scripts/14_majority_rule.py

# /// script
# requires-python = ">=3.10"

# dependencies = [

# "ndlib",

# "scikit-learn”,
# "networkzx",

# "matplotlzd”,

# ]
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13 Q-Voter ETLVOEREEGDOHER. ¢ NOEHED—BLIEELTEHEINS =0, BT
FIFADEKUNEEBREELAT 5.

#///
nnni4 majority rule.py — Majority Rule (ZBEF)IETIL

RITH&:

wv run scripts/14_majority_rule.py

BRATYTTSUHLISEAT ¢ ADTIL—THTSEIROBRIC
REEtEEY. EANZREHMRELICETILTY.

SEXHR
[1] Galam, S. (2002). Minority opinion spreading in random geometry.
European Physical Journal B 25(4), 403-406.
(ndlib MajorityRule ETILDRXEIMA)
[2] Friedman, R. & Friedman, M. (1984). The Tyranny of the Status Quo.
Harcourt Brace, Orlando, FL.
[3] Krapivsky, P. L. & Redner, S. (2003). Dynamics of majority rule in
two-state interacting spin systems. Phys. Rev. Lett. 90, 238701.
[4] ndlib MajorityRule Model:
https://ndlib.readthedocs. io/en/latest/reference/models/opinion/MajorityRule. html

mwmn

from __future_

_ import annotations

import networkx as nx

import ndlib.models.ModelConfig as mc

import ndlib.models.opinions as op

from ndlib.viz.mpl.DiffusionTrend import DiffusionTrend

def main() -> None:
g = nx.erdos_renyi_graph(1000, 0.1, seed=10)
model = op.MajorityRuleModel(g)

cfg = mc.Configuration()
cfg.add_model_parameter("q", 3)
cfg.add_model_parameter ("fraction_infected", 0.5)
model.set_initial_status(cfg)
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iterations = model.iteration_bunch(300)
trends = model.build_trends(iterations)

DiffusionTrend(model, trends).plot(filename="figures/14_majority_rule.png")
print("Saved: figures/14_majority_rule.png")

if __name__ == "__main__":
main()
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7.4 Sznajd EFI

2 N =L TWwa &, ZOEAZHAMICH LT 5. HRMPELRHALN 2> > Tk
B9 5. Voter 7D MEADAZ Q%) FADOEHTH2DITHL, Sznajd 7ML T2
L7eR7DEBANTES %) HAOHEHTH 5.

Y/ —X: scripts/15_sznajd_model.py

# /// script
# requires-python = ">=3.10"

# dependencies = [

# "ndlib",

# "scikit-learn”,
# "networkz",

# "matplotlzd”,

# ]

# /77

nnni15_sznajd_model.py — Sznajd ETIL

RITHE:

wv run scripts/15_sznajd_model.py

2 ATERDP—HLTWNIZE, BRZHIETES1 LVLSHINRED
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IL—ILZHERALEETITY.

SEXH :

[1] Sznajd-Weron, K. & Sznajd, J. (2000). Opinion evolution in closed
community. International Journal of Modern Physics C 11(6), 11567-1165.
(ndlib Sznajd ETILORNEIAE)

[2] Stauffer, D. (2002). Sociophysics: the Sznajd model and its
applications. Computer Physics Communications 146(1), 93-98.

[3] ndlib Sznajd Model:
https://ndlib.readthedocs. i0/en/latest/reference/models/opinion/Snajzd. html

wmn

from __future_

_ import annotations

import networkx as nx

import ndlib.models.ModelConfig as mc

import ndlib.models.opinions as op

from ndlib.viz.mpl.DiffusionTrend import DiffusionTrend

def main() -> None:
g = nx.erdos_renyi_graph(lOOO, 0.1, seed=11)
model = op.SznajdModel(g)

cfg = mc.Configuration()
cfg.add_model_parameter("fraction_infected", 0.5)
model.set_initial_status(cfg)

iterations = model.iteration_bunch(500)
trends = model.build_trends(iterations)

DiffusionTrend(model, trends).plot(filename="figures/15_sznajd_model.png")
print("Saved: figures/15_sznajd_model.png")

if __name__ == "__main__
main()
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8 BRAATIVR: EFE - BRAMETIL
8.1 Hegselmann—Krause EFJL

HEEOBERZFS, B DERED epsilon U T DR 2 E 5. epsilon DV/NE W\
BRI X388 % 5 (BVEH). BB RERTIIRE/ — FOEBGERER RO T, REiT
¥ DiffusionTrend TiX7 Ui Z EHEZEHIWT WS,

Y —X: scripts/16_hegselmann_krause.py

# /// script
# requires-python = ">=3.10"

# dependencies = [

# "ndlib",

# "scikit-learn”,
# "networkz",

# "matplotlzd”,
# ]

# /77

"n116_hegselmann_krause.py — Hegselmann-Krause (BSE3E)ETIL

RITH&A:

wv run scripts/16_hegselmann_krause.py

EREOBEREZFOI—Jz VD, BDLOEBREN epsilon UTDERE
s8R LTERZEHLET.

SEXH :

[1] Hegselmann, R. & Krause, U. (2002). Opinion dynamics and bounded
confidence: models, analysts and simulation. Journal of Artifictial
Socteties and Social Simulation 5(3).

[2] Lorenz, J. (2007). Continuous opinion dynamics under bounded
confidence: a survey. International Journal of Modern Physics C
18(12), 1819-1838.

[3] ndlib HK Model:
https://ndlib.readthedocs. 10/en/latest/reference/models/opinion/HK. html

wmn

from __future__ import annotations

import matplotlib.pyplot as plt
import networkx as nx

import ndlib.models.ModelConfig as mc
import ndlib.models.opinions as op

def main() -> None:
g = nx.erdos_renyi_graph(QOO, 0.1, seed=12)
model = op.HKModel(g)

cfg = mc.Configuration()
cfg.add_model_parameter("epsilon", 0.32)

model.set_initial_status(cfg)

iterations = model.iteration_bunch(40, node_status=True)
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if

# &/ — FOBRRHNEZHE
opinions = {n: [iterations[0] ["status"][n]] for n in g.nodes()}
for it in iterations[1:]:
for n, val in it["status"].items():
opinions[n] .append(val)
# REHDZLLTWERW/ —FIFRIR Ty FEZ5| SHE<
for n in g.nodes():
if len(opinions[n]) < it["iteration"] + 1:
opinions[n] .append(opinions[n] [-1])

fig, ax = plt.subplots(figsize=(8, 5))
for n, vals in opinions.items():
ax.plot(range(len(vals)), vals, color="tab:blue", alpha=0.3, linewidth=0.7)
ax.set_xlabel("iteration")
ax.set_ylabel("opinion")
ax.set_title("Hegselmann-Krause model: opinion trajectories")
fig.tight_layout ()
fig.savefig("figures/16_hegselmann_krause.png", dpi=120)
plt.close(fig)
print("Saved: figures/16_hegselmann krause.png")

_name _main__":

main()

Hegselmann-Krause model: opinion trajectories
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iteration

16 Hegselmann-Krause €7 /MBI 2 BRI RBREOERZRD 71— AL TW L.

8.2 Algorithmic Bias €I

HEE7 LTV XL TEAERIZERER TV NA 7 X gamma ZEALET /L. gamma 73

RELBRZEEHVERRESHAEFHALLTKRD, Za—F 2 Y N—= LA TER ST <
7%%. epsilon ZMHHEMEHTZ 2 EREZDIETDH 5.

Y —X: scripts/17_algorithmic_bias.py
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# /// script
# requires-python = ">=3.10"

# dependencies = [

# "ndlib",

# "scikit-learn”,
# "networkz",

# "matplotlzd”,
# ]

# /7

mnni17 algorithmic_bias.py — Algorithmic Bias ETIL

RITH&A:

wv run scripts/17 algorithmic_bias.py

epsilon IFEREDHBIE, gamma FNATADEEZRLET .
gamma ZREIL THRLERDOLUEERLTI ZRZ—DHEEINRTLLAHD,
SNS EOIIA—FzUN-RERZ[HWICBRTEET .

SEXH :

[1] Sirbu, A., Pedreschi, D., Giannotti, F. & Kertész, J. (2019).
Algorithmic bias amplifies opinion fragmentation and polarization:
a bounded confidence model. PLoS ONE 14(3), e0213246.

[2] Pariser, E. (2011). The Filter Bubble: What the Internet Is Hiding
from You. Penguin Press.

[3] ndlib AlgorithmicBias Model:
https://ndlib.readthedocs. i0/en/latest/reference/models/opinion/AlgorithmicBias.html

wmn

from __future__ import annotations

import matplotlib.pyplot as plt
import networkx as nx

import ndlib.models.ModelConfig as mc
import ndlib.models.opinions as op

def simulate(gamma: float, ax: plt.Axes) -> None:
g = nx.complete_graph(100)
model = op.AlgorithmicBiasModel (g)

cfg = mc.Configuration()
cfg.add_model_parameter("epsilon", 0.32)
cfg.add_model_parameter ("gamma", gamma)
model.set_initial_status(cfg)

iterations = model.iteration_bunch(100, node_status=True)
n_nodes = g.number_of_nodes ()

history [[iterations[0] ["status"].get(i, 0.0)] for i in range(n_nodes)]
current = [iterations[0] ["status"].get(i, 0.0) for i in range(n_nodes)]
for it in iteratioms[1:]:
for k, v in it["status"].items():
current[k] = v
for i in range(n_nodes):

history[i].append(current[i])
for traj in history:

ax.plot(range(len(traj)), traj, color="tab:red", alpha=0.3, linewidth=0.6)
ax.set_title(f"gamma = {gammal}")
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ax.set_xlabel("iteration")

ax.set_ylabel("opinion")

def main() -> None:
fig, axes =
for

plt.subplots(l, 3, figsize=(13, 4))
ax, gamma in zip(axes, [0.0, 0.5, 1.5]):

simulate(gamma, ax)

fig.
fig.

plt.close(fig)

tight_layout ()
savefig("figures/17_algorithmic_bias.png", dpi=120)

print("Saved: figures/17_algorithmic_bias.png")

if __name__ == "__main_
main()
gamma = 0.0 gamma = 0.5 gamma = 1.5
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17 Algorithmic Bias €7 /WZBT 2 ERIE (A5 v =0,
CRAZ I RXDESULT 5.

8.3 Cognitive Opinion Dynamics €7 /)L

0.5, 1.5). /N4 7 ZAHGENZE

ANERTER DR S I, NA 7 XHiH B_range_x, B 5 EHIF T_range_*, V X 7 ZH O HHAES
R_fraction_* REEHOLEANT X =X BPHEERAT 253 MET V. 7 LTIE, &/ — Ko
FEEANERE & IS 2T 2028 e LTRIFLL TV 5.

Y —X: scripts/29_cognitive_opinion.py

# /// script

# requires-python =

# dependencies = [

">=3.10"

# "ndlib",

# "scikit-learn",
# "networkz",

# "matplotlzd”,

# ]

# ///

"nn29 cognitive_opinion.py — eMBIBRAAFIIIETIL

RITHE:

uv Tun scripts/29_cognitive_opinion.py
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DRI, BEEREDNTA—RZBLT, BEADRHM/NA T RH
BRREMICEZ 2XEZHRTELY.

SEXH :

wmn

from

impo
impo
impo
impo

def

[1] Vilone, D., Giardini, F., Paolucci, M. & Conte, R. (2016).

Reducing individuals' risk sensitiveness can promote positive and
non-alarmist views about catastrophic events in an agent-based
simulation. arXtv:1609.04566.

[2] Giardini, F. & Vilone, D. (2021). Opinion dynamics and collective
risk perception: an agent-based model of institutional and media
communication about disasters. Journal of Artificial Societies and
Social Simulation 24(1), 4. DOI: 10.18564/7asss.4479

[3] Sirbu, A., Loreto, V., Servedio, V. D. P. & Tria, F. (2017).

Opinion dynamics: models, extensions and external effects.
In Participatory Sensing, Opinions and Collective Awareness, 363-401.

[4] ndlib Cognitive Opinion Dynamics:
https://ndlib.readthedocs. i0/en/latest/reference/models/opinion/COD.html

__future__ import annotations

rt matplotlib.pyplot as plt

rt networkx as nx

rt ndlib.models.ModelConfig as mc
rt ndlib.models.opinions as op

main() -> None:
g = nx.erdos_renyi_graph(lOO, 0.1, seed=23)
model = op.CognitiveOpDynModel(g)

cfg = mc.Configuration()

cfg.add_model_parameter("I", 0.15) # S EBIEERDIR T
cfg.add_model_parameter ("B_range_min", 0.0)
cfg.add_model_parameter ("B_range_max", 1.0)
cfg.add_model_parameter ("T_range_min", 0.0)
cfg.add_model_parameter ("T_range_max", 1.0)
cfg.add_model_parameter ("R_fraction_negative", 1/3)
cfg.add_model_parameter ("R_fraction_neutral", 1/3)
cfg.add_model_parameter ("R_fraction_positive", 1/3)
model.set_initial_status(cfg)

iters = model.iteration_bunch(20, node_status=True)
nodes = list(g.nodes())
history = {n: [iters[0] ["status"].get(n, 0.0)] for n in nodes}
cur = dict(iters[0] ["status"])
for it in iters[1:]:

cur.update (it ["status"])

for n in nodes:

history[n].append(cur.get(n, history[n][-11))

fig, ax = plt.subplots(figsize=(7, 4.5))
for traj in history.values():
ax.plot(range(len(traj)), traj, color="tab:purple", alpha=0.3)
ax.set_xlabel("iteration")
ax.set_ylabel("opinion")
ax.set_title("Cognitive opinion dynamics")
fig.tight_layout ()
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fig.savefig("figures/29_cognitive_opinion.png", dpi=120)
plt.close(fig)
print("Saved: figures/29_cognitive_opinion.png")

== "

if __name__ == "__main__":
main()
Cognitive opinion dynamics
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18 Cognitive Opinion Dynamics € 7 /MIZ BT 2 EREUE. SAERIEER & DE T X — X D

BEHICED, 7 — FZ e oA ArZEls 5.

9 BMNRYFI—JLDETI

Ty VPR e IcED BRI A Yy b7 —2 (dynetx) ETOIEMS I 2L —> a Y AFET
H5. #M2Z7 7HD ndlib.models. epidemics TlX72 { ndlib.models.dynamic D E T % i
WY, iteration_bunch TiX7 { execute_snapshots TR+ v I av MNIEETT . BHET
AT TELFED DR o TV B H ) DEE SN2, BIET L CIREMERZ Db D2 L &
BILEDS.

Y —RX: scripts/20_dynamic_si.py

# /// script
# requires-python = ">=3.10"

# dependencies = [

# "ndlib",

# "dynetz",

# "networkz",

# "matplotlib”,
# ]

# /0
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"nn20_dynamic_si.py — EERY FT—JED SI ETFI

RITH&A:

wv run scripts/20_dynamic_st.py

dynetz THRRICYICRF v TS 3y bERFDOENS > 7 ZHEEL,
ndlib @O DynSIModel TILEIZBHEL XY .

SEXH :

[1] Holme, P. & Saramiki, J. (2012). Temporal networks.
Physics Reports 519(3), 97-125.

[2] Masuda, N. & Holme, P. (2013). Predicting and controlling infectious
disease epidemics using temporal networks. F1000Prime Reports 5:6.

[3] Rossetti, G. (2017). DyNetz: dynamic network library.
https://dynetz. readthedocs. i0/

[4] ndlib Dynamic SI Model:
https://ndlib.readthedocs. i0/en/latest/reference/models/dynamics/dSI.html

wmn

from __future__ import annotations

import random

import networkx as nx

import dynetx as dn

import ndlib.models.ModelConfig as mc

import ndlib.models.dynamic as dm

from ndlib.viz.mpl.DiffusionTrend import DiffusionTrend

def main() -> None:
rng = random.Random(15)
dg = dn.DynGraph()
for t in range(20):
snap = nx.erdos_renyi_graph(300, 0.02, seed=rng.randint(0, 10%x6))
dg.add_interactions_from(list(snap.edges()), t=t)

model = dm.DynSIModel(dg)

cfg = mc.Configuration()
cfg.add_model_parameter("beta", 0.05)
cfg.add_model_parameter("fraction_infected", 0.05)
model.set_initial_status(cfg)

iterations = model.execute_snapshots()
trends = model.build_trends(iterations)

DiffusionTrend(model, trends).plot(filename="figures/20_dynamic_si.png")
print("Saved: figures/20_dynamic_si.png")

if __name__ == "__main__":
main()
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19 #ty bv—2 Lo ST ETFN. Ty VRENKLIZ LITED % 729, k= OZ(Ln
EHGER DH LI E T 5.

10 {JHASRME « / — RBfI/NSX—4&
101 J—KRZrIcEBhL2EME

R=Z9MHrS6EEEZS > TSV 7L, /— RBEAMATE DY TRHTHS. ALy NI —2Tdh,
KEME, — FBZWEEH R — RIZER DR T V. 6 HiOMEETLE, / — FXF X —XFE
DBEPH DS —FERSHle EZ T I,

Y/ —X: scripts/18_node_specific_params.py

/// script
requires—python = ">=3.10"

#

#

# dependencies = [
# "mdlib",

# "networkzx",

# "matplotlid”,

# ]

#///

"n118 node_specific_params.py — J—RICICEBRZBMEZIFES

RITH&E:

wv run scripts/18_node_specific_params.py

ndlib Tl& add_node_configuration / add_edge_configuration ZfE>T
J—RE - TyPEUDONIXA—2Z2E5Z5NnET.

SEXH
[1] Granovetter, M. (1978). Threshold models of collective behavior.
American Journal of Sociology 83(6), 1420-1443.
[2] Watts, D. J. (2002). A simple model of global cascades on random
networks. PNAS 99(9), 5766-5771.
[3] ndlib ModelConfig (node/edge configuration):
https://ndlib.readthedocs. i0/en/latest/custom/custom. html
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wmn

from __future__ import annotations
import random

import networkx as nx

import ndlib.models.ModelConfig as mc

import ndlib.models.epidemics as ep

from ndlib.viz.mpl.DiffusionTrend import DiffusionTrend

def main() -> None:
rng = random.Random(13)
g = nx.barabasi_albert_graph(800, 3, seed=13)
model = ep.ThresholdModel(g)

cfg = mc.Configuration()
cfg.add_model_parameter ("fraction_infected", 0.05)
for n in g.nodes():
cfg.add_node_configuration("threshold", n, rng.betavariate(2, 5))

model.set_initial_status(cfg)

iterations = model.iteration_bunch(50)
trends = model.build_trends(iterations)

DiffusionTrend(model, trends).plot(filename="figures/18_node_specific_params.png")
print("Saved: figures/18_node_specific_params.png")

if __name_ _main__

main()
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20 /— FZrICEBER2BERFMMEET L. EKEME — F2RZWNEY, BTN RRAR 2
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10.2 #JHARRR ) — FZBETRMICE X3

add_model_initial_configuration("Infected", [.]) 25 &, NTR TV v WG %E
EZITNAERDTES. YTV TREXE, — K 5 fHeFESEW — F 5 lZREMICLT, L
BB THEEFBEIZD L Z e 2L TW5.

Y/ —X: scripts/19_initial_infected_nodes.py

# /// script

# requires-python = ">=3.10"

# dependencies = [

# "ndlib",

# "networkz",

# "matplotlzd”,

# ]

# /07

"nn19 initial_infected_nodes.py — WIHEARRGE/ — R DERATRMRIEE

RITH&:

wv run scripts/19_initial_infected_nodes.py

fraction_infected IIHIHARREDILERE Z VA LICRELFTH,
RDODIZ 'Infected' ICERZETLRE/ —FZERICTETET.
CCTRNT &R/ — Pz LIiifizBHE LT .

SEXH :
[1] Pastor-Satorras, R. & Vespignani, A. (2001). Epidemic spreading in
scale-free networks. Phys. Rev. Lett. 86, 3200-3203.
[2] Albert, R., Jeong, H. & Barabdsi, A.-L. (2000). Error and attack
tolerance of complex networks. Nature 406, 375-382.
[3] Kitsak, M. et al. (2010). Identification of influential spreaders
in complex networks. Nature Physics 6, 888-893.

wmn

from __future_

_ import annotations
import sys
from pathlib import Path

import matplotlib.pyplot as plt
import networkx as nx

import ndlib.models.ModelConfig as mc
import ndlib.models.epidemics as ep

sys.path.insert(0, str(Path(__file__) .parent))
from _plot_helpers import trend_to_ax # noga: E/02

def run(seed_nodes: list[int], title: str, ax) -> None:
g = nx.barabasi_albert_graph(800, 3, seed=14)
model = ep.SIRModel(g)
cfg = mc.Configuration()
cfg.add_model_parameter("beta", 0.02)
cfg.add_model_parameter ("gamma", 0.01)
cfg.add_model_initial_configuration("Infected", seed_nodes)
model.set_initial_status(cfg)
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def

if

trends = model.build_trends(model.iteration_bunch(100))
trend_to_ax(model, trends, ax)
ax.set_title(title)

main() -> None:
g = nx.barabasi_albert_graph(800, 3, seed=14)
degree_sorted = sorted(g.degree, key=lambda kv: kv[1], reverse=True)
hubs = [n for n, _ in degree_sorted[:5]]
leaves = [n for n, d in g.degree() if d == 1][:5]
if not leaves:
leaves = [n for n, _ in degree_sorted[-5:]]

fig, axes = plt.subplots(l, 2, figsize=(11, 4))

run(hubs, "seeds: top-5 hubs", axes[0])

run(leaves, "seeds: 5 leaves", axes[1])

fig.tight_layout ()
fig.savefig("figures/19_initial_infected_nodes.png", dpi=120)
print("Saved: figures/19_initial_infected_nodes.png")

__name__ == "__main__":
main()
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21 MR, — FOMENZ & 3 SIR B TR LS L R — R
IS LB A CEIESIB R 5

10.3 ZExRvy bT—2 (Karate Club) £® SIR

Zachary ® Karate Club v b7 —=2T, /—F 0 (HE) 2R LRI ZEEST 5. A
TR Y RLTZ 7RG TRL, /MIBRBRERAY V=2 CFAILETAZHEEZONEZ %
N

Y/ —X: scripts/23_real_network_karate.py

# /// script
# requires-python = ">=3.10"

# dependencies = [

#

"ndlib",

40



# "networkz",

# "matplotlzd”,

# ]

# /0

"nn23 real_network_karate.py — Karate Club f*w bT—2 E®D SIR

RITH&A:

wv run scripts/23_real_network_karate.py

NetworkX MDD Karate Club Xy bT—2 (34 /—K)T SIR ZF1TL,
RERZXTYTOREREZRY PV —JRICERTHELET .

SEXH :

[1] Zachary, W. W. (1977). An information flow model for conflict and
fisston in small groups. Journal of Anthropological Research 33(4),
452-473.

[2] Girvan, M. & Newman, M. E. J. (2002). Community structure in social
and biological networks. PNAS 99(12), 7821-7826.

wmn

from __future__ import annotations

import matplotlib.pyplot as plt
import networkx as nx

import ndlib.models.ModelConfig as mc
import ndlib.models.epidemics as ep

COLORS = {0: "#377eb8", 1: "#edlalc", 2: "#4dafda"} # S, I, R

def main() -> None:
g = nx.karate_club_graph()
model = ep.SIRModel(g)
cfg = mc.Configuration()
cfg.add_model_parameter("beta", 0.1)
cfg.add_model_parameter("gamma", 0.05)
cfg.add_model_initial_configuration("Infected", [0]) # HED S
model.set_initial_status(cfg)

iters = model.iteration_bunch(40, node_status=True)

# REFRROE / — FIREZBEEE

state = dict(iters[0] ["status"])

for it in iters[1:]:
state.update(it["status"])

pos = nx.spring_layout(g, seed=0)

fig, ax = plt.subplots(figsize=(7, 6))

node_colors = [COLORS.get(state[n], "#999999") for n in g.nodes()]
nx.draw_networkx_edges(g, pos, ax=ax, alpha=0.4)
nx.draw_networkx_nodes(g, pos, ax=ax, node_color=node_colors, node_size=320)
nx.draw_networkx_labels(g, pos, ax=ax, font_size=8, font_color="white")
ax.set_title("Karate Club: SIR end-state (S blue / I red / R green)")
ax.axis("off")

fig.tight_layout ()

fig.savefig("figures/23_real_network_karate.png", dpi=120)
print("Saved: figures/23_real_network_karate.png")
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if __name == "__main__":

main()

Karate Club: SIR end-state (S blue /| red / R green)

22 Karate Club v F7—72 E® SIR &I&IREE. H=K)

(gl
Tl

G, =l FR=[A11E 7.

11 >Zal—>3a>ofEh
11.1 E>FAH)LOICK B3 FEHZES
LR o ZIHERMN DT, B—FT TR R EREIY I 2 — L, FEHe A Z R 00

HARTHZ. XYY INVTIEREUC ST 7 ETHEE seed ZZEZ 036 SIR 2#EDIRUEITL, BEHE
B Y 10-90 S—t > &4 L%2HEL .

Y/ —X: scripts/24_monte_carlo.py

# /// script
# requires-python = ">=3.10"

# dependencies = [
# "ndlid",

# "networkz",

# "matplotlzd”,
# "numpy",

# ]

#///

nnn24 monte_carlo.py — EVTHIORITICK 2RBRLEMRIEDHEE

RITH&A:

wv run scripts/24_monte_carlo.py
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ndlib DI a2l —2 3 VIIHEENBROT, BE—RTTROBHARETIETS
BENHDFEY. EHERITLTHIIMURZBMOEL LS

SEM -
[1] Metropolis, N. & Ulam, S. (1949). The Monte Carlo method.
J. Am. Stat. Assoc. 44(247), 335-341.
[2] Robert, C. P. & Casella, G. (2004). Monte Carlo Statistical Methods
(2nd ed.). Springer.
[3] Newman, M. E. J. & Barkema, G. T. (1999). Monte Carlo Methods in
Statistical Physics. Oxford Untversity Press.

wmn

from __future__ import annotations

import matplotlib.pyplot as plt
import networkx as nx

import numpy as np

import ndlib.models.ModelConfig as mc
import ndlib.models.epidemics as ep

def one_run(g: nx.Graph, seed: int, beta: float, gamma: float, steps: int) -> np.ndarray:
model = ep.SIRModel(g, seed=seed)
cfg = mc.Configuration()
cfg.add_model_parameter ("beta", beta)
cfg.add_model_parameter ("gamma", gamma)
cfg.add_model_parameter("fraction_infected", 0.01)
model.set_initial_status(cfg)
iters = model.iteration_bunch(steps)
infected = [it["node_count"][1] for it in iters]
return np.array(infected)

def main() -> None:
g = nx.barabasi_albert_graph(800, 3, seed=18)
n_runs, steps = 30, 100
runs = np.stack([one_run(g, s, 0.02, 0.01, steps) for s in range(n_runs)])

mean = runs.mean(axis=0)

pl0 = np.percentile(runs, 10, axis=0)
p90 = np.percentile(runs, 90, axis=0)
t = np.arange(steps)

fig, ax = plt.subplots(figsize=(8, 4.5))

ax.fill_between(t, pl0, p90, alpha=0.3, label="10-90 percentile")
ax.plot(t, mean, color="black", label="mean")
ax.set_xlabel("iteration")

ax.set_ylabel ("# infected")

ax.set_title(f"SIR Monte-Carlo over {n_runs} runs")

ax.legend ()

fig.tight_layout()

fig.savefig("figures/24_monte_carlo.png", dpi=120)

print("Saved: figures/24_monte_carlo.png")

if __name__ == "__main__":

main()

43



SIR Monte-Carlo over 30 runs

10-90 percentile
500 4 — mean

400 A

300 A

# infected

200 A

100 A

0 20 40 60 80
iteration

100

23 30 [H® SIR EYFAhABEHY 10-90 N—t > X A )L, BHIFEFERIZHATZER O F0ME

] & AEFEMEZ FRHICICETE 5.

11.2 NFAX—=LZRA1—T

Bxy D7V y FETRABREBEZ L, MATREEZHRET 2. SIR TRRITHIRD - 721%
@ Removed FMDRIEFEGHRBUTHINT 2720, V¥ TNV TRERERAT v 7OREER L — b~ v

Tl T3S,

Y —X: scripts/27_parameter_sweep.py

# /// script
# requires-python = ">=3.10"

# dependencies = [

# "ndlib",

# "networkz",

# "matplotlzd”,
# "numpy",

# ]

#///

"nn27 parameter_sweep.py — beta z gamma J VU RY—F

RITH&E:

wv run scripts/27 parameter_sweep.py

beta ¥ gamma DIEAEOEZHRHDTEHL, REBLENZ
E—hr<y7TERILLET.

SEXHR -
[1] Diekmann, 0., Heesterbeek, J. A. P. & Metz, J. A. J. (1990).
On the definition and the computation of the basic reproduction
ratio RO in models for infectious diseases.
J. Mathematical Biology 28(4), 365-382.

[2] Anderson, R. M. & May, R. M. (1991). Infectious Diseases of Humans:

Dynamics and Control. Oxford University Press. (RO = beta / gamma)
[3] Newman, M. E. J. (2002). Spread of epidemic disease on networks.
Phys. Rev. E 66, 016128.
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wmn

from __future__ import annotations

import matplotlib.pyplot as plt
import networkx as nx

import numpy as np

import ndlib.models.ModelConfig as mc
import ndlib.models.epidemics as ep

def final_recovered(g: nx.Graph, beta: float, gamma: float, steps: int = 100) -> int:
model = ep.SIRModel(g)
cfg = mc.Configuration()
cfg.add_model_parameter ("beta", beta)
cfg.add_model_parameter ("gamma", gamma)
cfg.add_model_parameter("fraction_infected", 0.01)
model.set_initial_status(cfg)
iters = model.iteration_bunch(steps)
return iters[-1] ["node_count"] [2]

def main() -> None:
g = nx.barabasi_albert_graph(600, 3, seed=21)
betas = np.linspace(0.005, 0.05, 8)
gammas = np.linspace(0.005, 0.05, 8)
grid = np.zeros((len(betas), len(gammas)))
for i, b in enumerate(betas):
for j, gm in enumerate(gammas):
grid[i, j] = final_recovered(g, b, gm)

fig, ax = plt.subplots(figsize=(6, 5))
im = ax.imshow(grid, origin="lower", aspect="auto",
extent=(gammas [0], gammas[-1], betas[0], betas[-1]),

=n

cmap="viridis")

fig.colorbar(im, ax=ax, label="final # recovered")
ax.set_xlabel("gamma")

ax.set_ylabel("beta")

ax.set_title("SIR final outbreak size")
fig.tight_layout ()
fig.savefig("figures/27_parameter_sweep.png", dpi=120)
print("Saved: figures/27_parameter_sweep.png")

11.3 #5%RD CSV / JSON TV ZXR—k

node_count ¥ status_delta RN THRIFL TEL &, R, Excel, pandas 72 & THRUHEN L
X3\, node_count (IR DIRAERIANLL, status_delta [FERIRAT v 705 DEER T DT,
MAZELTEBL EBRDPOWMA - TRHOMRZHRTZ 5.

Y —X: scripts/26_export_iterations.py

# /// script
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24 SIR EF L ORKEEERE (8,7) FHICE— kv 7 TRE.

# requires—-python = ">=3.10"

# dependencies = [
# "ndlib",

# "networkx",
# "pandas”,

# ]

#///

"nn26_export_iterations.py — VS al—>aUER%E CSV/JSON TEFHT

RITH&A:

uv Tun scripts/26_export_iterations.py

iteration_bunch DRI 1ERZ pandas TEFRL THEL,
DY —JL (R, Ezcel BRE)IDSHAAAPTLET .

SEXH :
[1] McKinney, W. (2010). Data structures for statistical computing in
Python. Proc. 9th Python in Science Conference, 56-61.
[2] ndlib Iteration / Trends (DiffusionModel API):
https://ndlib.readthedocs.i0/en/latest/developer/ndlib/DiffusionModel.html

wmn

from __future__ import annotations

import json
from pathlib import Path

import networkx as nx

import pandas as pd

import ndlib.models.ModelConfig as mc
import ndlib.models.epidemics as ep
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def main() -> None:
g = nx.barabasi_albert_graph(500, 3, seed=20)
model = ep.SIRModel(g)
cfg = mc.Configuration()
cfg.add_model_parameter("beta", 0.02)
cfg.add_model_parameter ("gamma", 0.01)
cfg.add_model_parameter("fraction_infected", 0.02)
model.set_initial_status(cfg)

iterations = model.iteration_bunch(150)
rows = [
{
"jteration": it["iteration"],
"S": it["node_count"][0],
"I": it["node_count"][1],
"R": it["node_count"][2],
"delta_S": it["status_delta"].get(0, 0),
"delta_I": it["status_delta"].get(1, 0),
"delta_R": it["status_delta"].get(2, 0),
}
for it in iterations
1
df = pd.DataFrame(rows)
out_dir = Path("figures")
out_dir.mkdir(exist_ok=True)
df .to_csv(out_dir / "26_iterations.csv", index=False)
Path(out_dir / "26_iterations.json").write_text(
json.dumps(rows, indent=2, ensure_ascii=False)
)
print(df.tail())
print("Saved: figures/26_iterations.csv, figures/26_iterations.json")

if __name ==

# 1 figures/26_iterations.csv IZH1E N7 SIR ¥ 2L — a ViERO—H.

iteration S I R AS AI AR

0 490 10

1 490 10

2 489 11 0 -1
148 12 162 326 0 -2
149 12 161 327 0 -1

=N O O O

12 Composite ETILICEK D Hh XA R LILER

ndlib ® CompositeModel & compartments ZflAGHOE 2 &, KL ER L — L ZESHNTES
FRITEDOETAVERENS. 2 2T, BHFED SIR ICBRNZRBRERR Z MR 72TV 7 5 R =
SIR) #HMEE3 5. ¥ 7LD NodeStochastic I&, MR/ — FIZBEGuEER PR 1 2H b L
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Z(THEER 0.02 T Susceptible 7° 5 Infected NER I H % (triggering_status="Infected").
BRGSO NBUT LB L THER 2 2 3 iREH TRV RICIER T 5.

Y/ —X: scripts/25_custom_compartment.py

# /// script
# requires-python = ">=3.10"

# dependencies = [
# "ndlid",

# "networkz",
# "matplotlzd”,
# ]

#///

"nn25 custom_compartment.py — Compartment ¥WEHBICKDNRARLETIL

RITH&A:

uv run scripts/25_custom_compartment.py

ndlib.models.CompositeModel ¥ Compartment ZHAHAEHED L,
OA—REZEEDTICAVSFILDBREAAF IV REEETEET.
CCTR Mo FUEERE SIR ZIRRLET .

S —-—(beta, neighbor=I)--> I

I --(gamma)--> R

S —--(p_vac)--> R

SEW -

[1] Rossetti, G., Milli, L., Rinzivillo, S., Sirbu, A., Pedreschi, D. &
Giannottsi, F. (2018). NDlib: a python library to model and analyze
diffusion processes over complex networks.

International Journal of Data Science and Analytics 5(1), 61-79.

[2] Milli, L., Rossetti, G., Pedreschi, D. & Giannotti, F. (2018).
Diffusive phenomena in dynamic networks: a data-driven study.

In International Workshop on Complexz Networks (CompleNet 2018),
Springer Proceedings in Complezity, 151-159.
DOI: 10.1007/978-3-319-73198-8_13

[3] ndlib Custom Models (Compartments):

https://ndlib.readthedocs.i0/en/latest/custom/custom. html

wmn

from __future_

_ import annotations

import networkx as nx

import ndlib.models.ModelConfig as mc

import ndlib.models.CompositeModel as gc

from ndlib.models.compartments.NodeStochastic import NodeStochastic
from ndlib.viz.mpl.DiffusionTrend import DiffusionTrend

def main() -> None:
g = nx.erdos_renyi_graph(1000, 0.01, seed=19)
model = gc.CompositeModel(g)

model.add_status("Susceptible")
model.add_status("Infected")
model.add_status("Removed")

cl
c2

NodeStochastic(0.02, triggering_status="Infected")
NodeStochastic(0.01)
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c3 = NodeStochastic(0.005)

model.add_rule("Susceptible", "Infected", cl)
model.add_rule("Infected", "Removed", c2)
model.add_rule("Susceptible", "Removed", c3)

cfg = mc.Configuration()
cfg.add_model_parameter("fraction_infected", 0.05)
model.set_initial_status(cfg)

trends = model.build_trends(model.iteration_bunch(200))

DiffusionTrend(model, trends).plot(filename="figures/25_custom_compartment.png")
print("Saved: figures/25_custom_compartment.png")

if __name ==

Susceptible
Infected
Removed

#Nodes

25 50 5 100 125 150 175 200

Iterations

25 Composite ET LV TER L7V 7 F A & SIR OILEOERE. &, BE, v 7 F v
FICX2BEEL—LE LTHASEDETWS.

13 \IfRML
13.1 matplotlib (PNG/PDF)
AEDMOHITZH L T 2 EEHER IR AI LTI, SOl R B RN DAL FIIN 2 1F 535513,
PNG % PDF & L TfRFT Z % matplotlib 230300,
13.2 Bokeh (HTML)

AU ERS Web BCAT OEBE THEG 277 7 BB 25513 ndlib @ trends % Bokeh 127 L T
HE 3 % & X, WEERZRHI)E figures/21_visualization_bokeh.html, ARFIZHLDIALHHT
%1% figures/21_visualization_bokeh.png TdH 5.
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Y —X: scripts/21_visualization_bokeh.py

# /// script
# requires-python = ">=3.10"
# dependencies = [

# "ndlib",

# "networkx",

# "bokeh>=3",

# "matplotlib”,
# YSZTED

# ]

#///

nnn2i visualization_bokeh.py — Bokeh ICd& BXEEHIAIIRIL

RITHE:

wv run scripts/21_visualization_bokeh.py

ndlib @ trends % Bokeh |IZHES Y HTML BXOWENI S 7%ESHEFET.
T2 THWVWTLK « NFIEEREHAIEETT .

BEI
[1] Bokeh Development Team (2025). Bokeh: Python library for interactive
visualization. https://bokeh.org/
[2] Bokeh User gutde:
https://docs.bokeh.org/en/latest/docs/user_guide.html

nwmn

from __future__ import annotations

import sys
from pathlib import Path

import matplotlib.pyplot as plt

import networkx as nx

import ndlib.models.ModelConfig as mc
import ndlib.models.epidemics as ep
from bokeh.io import output_file, save
from bokeh.layouts import gridplot
from bokeh.palettes import CategorylO
from bokeh.plotting import figure

sys.path.insert (0, str(Path(__file__) .parent))
from _plot_helpers import trend_to_ax, prevalence_to_ax # noga: E/02

def bokeh_panel(model, trends: list, key: str, title: str, ylabel: str):
statuses = {v: k for k, v in model.available_statuses.items()}
nn = model.graph.number_of_nodes()
series_by_status = trends[0] ["trends"] [key]
p = figure(
width=420,
height=320,
title=title,
x_axis_label="iteration",
y_axis_label=ylabel,
)
colors = Categoryl0[10]
for i, (sid, series) in enumerate(series_by_status.items()):
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y = [value / nn for value in series]
p-line(
list(range(len(series))),
B
line_width=2,
legend_label=statuses[sid],
alpha=0.65,
color=colors[i % len(colors)],
)
p.legend.location = "top_right"
p.legend.click_policy = "hide"
return p

def main() -> None:
g = nx.erdos_renyi_graph(1000, 0.01, seed=16)
model = ep.SIRModel(g)
cfg = mc.Configuration()
cfg.add_model_parameter("beta", 0.02)
cfg.add_model_parameter ("gamma", 0.01)
cfg.add_model_parameter ("fraction_infected", 0.05)
model.set_initial_status(cfg)

trends = model.build_trends(model.iteration_bunch(150))

pl bokeh_panel (model, trends, "node_count", "Diffusion Trend", "fraction")

p2

bokeh_panel (model, trends, "status_delta", "Diffusion Prevalence", "delta fraction")

output_file("figures/21_visualization_bokeh.html")
save(gridplot ([[p1, p2]1))
print("Saved: figures/21_visualization_bokeh.html")

fig, axes = plt.subplots(l, 2, figsize=(11, 4))
trend_to_ax(model, trends, axes[0])

axes[0] .set_title("Diffusion Trend")
prevalence_to_ax(model, trends, axes[1])

axes[1] .set_title("Diffusion Prevalence")

fig.tight_layout ()
fig.savefig("figures/21_visualization_bokeh.png", dpi=120)
plt.close(fig)

print("Saved: figures/21_visualization_bokeh.png")

13.3 #ERETILOLH LB
SI, SIS, SIR 2 U % v F 7 —2 - [ U#HIRAE S TUHAR TS 2. EEREER R 220 ST,
HREQ R T SIS, sk £ T SIR OBV EFE U CHRATE 2.

YV —X: scripts/22_multi_model_compare.py

# /// script
# requires-python = ">=3.10"
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26 Bokeh THAM L 7ML ERIL 7 — &2 Z2##H) PNG £ LTHEZH LZHD. HTML
FRTENBIZ Y v 7R X — BRENTE .

# dependencies = [

# "ndlib",

# "networkz",

# "matplotlzd”,
# ]

# /0

"nn22 multi_model_compare.py — FE—=Rv cT7—0 L TEREETILZHE

RITH&A:

wv run scripts/22 multi_model_compare.py

SI / SIS / SIR #ZELJ 57 - BU#HIZHETEITL,

BRAALFIVADEVZLERTRTRLET .

SEXH :

[1] Hethcote, H. W. (2000). The mathematics of infectious diseases.

SIAM Review 42(4), 599-653.

[2] Keeling, M. J. & Rohani, P. (2008). Modeling Infectious Diseases in

Humans and Animals. Princeton University Press.

[3] ndlib MultiPlot:

https://ndlib.readthedocs.io/en/stable/reference/viz/bokeh/Multiplot.html

wmn

from __future__ import annotations

import sys
from pathlib import Path

import matplotlib.pyplot as plt
import networkx as nx

import ndlib.models.ModelConfig as mc
import ndlib.models.epidemics as ep

sys.path.insert(0, str(Path(__file__).parent))

from _plot_helpers import trend_to_ax

def configure_si(g: nx.Graph) -> ep.SIModel:

m = ep.SIModel(g)
¢ = mc.Configuration()

# noqa: E402
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def

def

def

c.add_model_parameter("beta", 0.02)
c.add_model_parameter("fraction_infected", 0.05)
m.set_initial_status(c)

return m

configure_sis(g: nx.Graph) -> ep.SISModel:
ep.SISModel (g)

mc.Configuration()

.add_model_parameter ("beta", 0.02)
.add_model_parameter ("lambda", 0.01)
.add_model_parameter ("fraction_infected", 0.05)

g8 0o o o o B

.set_initial_status(c)
return m

configure_sir(g: nx.Graph) -> ep.SIRModel:
m = ep.SIRModel(g)

¢ = mc.Configuration()
c.add_model_parameter("beta", 0.02)
c.add_model_parameter("gamma", 0.01)
c.add_model_parameter("fraction_infected", 0.05)
m.set_initial_status(c)

return m

main() -> None:
g = nx.erdos_renyi_graph(1500, 0.01, seed=17)

models = {
"SI" : configure_si(g),
"SIS": configure_sis(g),
"SIR": configure_sir(g),

fig, axes = plt.subplots(l, 3, figsize=(15, 4))
for ax, (name, model) in zip(axes, models.items()):
trends = model.build_trends(model.iteration_bunch(200))
trend_to_ax(model, trends, ax)
ax.set_title(name)
fig.tight_layout ()
fig.savefig("figures/22_multi_model_compare.png", dpi=120)
print("Saved: figures/22_multi_model_compare.png")

14 IRTZ—HERTTS

TRTDORTZ VT b2 —FITFEITT 5N scripts/30_run_all.py & LTHEIATWS.
figures/ LI NI 7 7 A Vi 5. 7272 L, Bokeh @ HTML % CSV/JSON @ X 512 PNG L,
NEEWTE2RAZV T PHEENS. WITNLDRTZ Y T HARBLELER, &HRICKBLET 7
ANGRFRL TR T T 5.
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27 [A—%v bV—2 ETEFTLI ST/ SIS / SIR o L.

Y —X: scripts/30_run_all.py

# /// script

# requires-python = ">=3.10"

# dependencies = []

#///
m30_run_all.py — 2AIV T2 XEHTEIT

RITH&:

wv run scripts/30_run_all.py
scripts/ RDY Y FILEIER “wv run” TEITLET. BIE figures/ ICRFSNET .

SEXH :
[1] Astral. wv: Python package and project manager.
https://docs.astral.sh/uv/
[2] PEP 723 — Inline script metadata.
https://peps.python.orqg/pep-0723/

mwmn

from __future_

_ import annotations
import subprocess
from pathlib import Path

SKIP = {"30_run_all.py", "_plot_helpers.py"}

def main() -> Nonme:
here = Path(__file__).resolve().parent
targets = sorted(p for p in here.glob("#.py") if p.name not in SKIP)
failures: list[str] = []
for p in targets:
print (f"\n=== {p.name} ==="
result = subprocess.run(["uv", "run", str(p)], cwd=here.parent)
if result.returncode != O:
print(f"!! {p.name} exited with {result.returncodel}")

failures.append(p.name)
if failures:

failed = ", ".join(failures)
raise SystemExit(f"Failed scripts: {failedl}")
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if __name__ =

n __main__ n

main()

15 &bHbhIC

ndlib ZETFAEDPZ VI 2 IMAT, X7 X=X - FHZGEEr EDMr Gl TE 28
Composite €7 /UM X 2RO S IR E LB TH 5. AE T, £TETRE L HE API
BHEREL, BENTEXETL, ME - h 25— FETIL, BRXAF IV, By v v —2, ¥
St LEsg, fi@ght ¥ iIAL, Composite EFANEHEAR. LIS (775 75165, EFLVERET
%, E75 5, MRzeHt) LWORIUCFIETHEELTWS. KEDY > T ui B30 DIz, FBFBER
P, SR, SNS LA =AY K, 4 7 R— a VIEEUR ¥ ORFEREAND R TIEL W

16 FIsE

*rybD—=0 ) T37
AN, Web R—=I ¥ O0R e, 2o DBfRZ L OME. BHEHNCE/ —Fezy Y
MPHRETT 7L LTET.

J—F
Fv P77 =27 Lo BYYEE T LTIRER, SNS OBITIIRAHE, 1/ X— a YIRETIERE
HEPHEZ IS 5.

Iy
J—RELODRkH»D. RABEGR, WoIBEFR, #Eigaz %2R 3. ndlib TIX NetworkX @
Ty JEREZOEEMATES

e
B2/ —FIORB>TVELy YDA KBMWKREW/ — FZZ L OMTFITHELZ G AT
AINTEMINE DD 5.

7N
& — KB ZORETHROX ). 728 21X SIR TR MR S, RYLIRRE 1, [F1E - BrREIRRE
R Z2ffi5. HRMERAET LTI, Infected 2 MHRAFEA)  TEMLEA) LHABZ 5.

N gm e
J — FOIREED, W5/ — F & DBBRPHERL — LI - TR & © 12281t d 208, S,
mE, BA, "HERHARE ZR CHEATRZ 5.

IHAS
3 al—a VHIRROIRRERE. fraction_infected TG - RHEIEZEE T2
it , add_model_initial_configuration CTHEmR ./ — FZHRT 2 5ENH 5.

INFA—=4
ETNVOHERIRD BH. 72 21X [ IR - RO LT &, 4 13JEGREED S [E11E - BRE
REAEL LTI 2RT.
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ELE seed
B DOWIHE. FU seed 25 &, AILEATRFAL LS5 R¥Iab—ya VFEREZBHLS
W 7T 7D seed ¥ ETIVOIREERITME S seed FXHILTEZS.

node_count
BRATy T THREZ D/ — FEREF LE MTREZOEZRENDORRYE LTHI< Z
MEZ\,

status_delta
ERIRA T v 7RO F5IRED ) — NP NI L 7202 RIH. EOXA I 7 TlA - it
D3 = 72 20 % B de DI D.

SI / SIS / SIR
T TNV OEARTE. ST KEIE UL WEHEK, SIS 1ZEREIEZIPRENRE 2 BRELET
b, SIR W EERICHERE L 2 WEMTITET L TH 5.

SEIR / SEIS
BIRIREE E (Exposed) Z & QRYYEET L. BRLUTTSHRIET 2D TR L, BRI 21
TRRIRNEAE 2 BIR 2R 5.

SWIR
§9{LIRFE W (Weakened) Z &€ 7. HEMER S CIERT 2L, Wo LAMILL TS
AT 2R Z XA T 2.

RifiE
RENED 2 =D ERFEFE. BET 7 LR, EFEORAEENETOMEZEX % &%
HIREAFE .

HART7T—FK
B2/ — FOIREBEDEFENEZD D, T HICZDEFEEHL TV R, NI RYIZED
KHERILBUC ORI 2 580D 5 .

BRAIMFZIR
N2 DERPHEERIC L > TELT 2882 £ TETAEE. EERZHS Voter €7 L2
5, HHEE R 2% 5 Hegselmann-Krause €7 /L E THENH 5.
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NFGA=BRA(=T
By DEIBNRTRA=REIETFIRICEZ R HEDFETL, MRPEDOHHATRKELIED
% D N 5 T

Composite ETJL
ndlib TREL BB L -1 ZHAEDE, BEETFT VIR WILEGER Z ESHICES DDt
HH A

Compartment
Composite 7 /LTS BEEMAFDOEM. 722 21X TEPLAFEI V2 L HERINICERT 2] &
Wo 2 b— LB RT.

matplotlib
Python OFEENZEFHFIHILS 4 72 V. Xl FRERNCHE DAL PNG/PDF M%E% H
BIZANT WS,

Bokeh
Web 72 ¥ TEIETE 2 M2 E1ES Python 24 77V, NHIZ VY v 7R X—20%
> THIRZHER L L WHE TN TWV 3.

PEP 723
Python 227V 7 bDEIHI X ¥ MHKIERR Y T =IO REDE[TRA X T =X E2EHEL 72D DL
REDOH Y I NFZ O EMS.

uv Python OKIFEIRERE L EITE21TS Y —)b. AETIE uv run scripts/XX_name.py DT,
BRAZ VT ORFRGRE R L THEITT 5.

WEEXH V>0

o ndlib AX X F¥ 2 X > I https://ndlib.readthedocs.io/en/latest/

o NetworkX 2AF F¥ 2 X > I https://networkx.org/documentation/stable/

o uv A FF 2 X b https://docs.astral.sh/uv/

o PEP 723: Inline script metadata https://peps.python.org/pep-0723/

o Rossetti, G., Milli, L., Rinzivillo, S., Sirbu, A., Pedreschi, D., & Giannotti, F. (2018).
NDIib: a python library to model and analyze diffusion processes over complex networks.
International Journal of Data Science and Analytics, 5(1), 61-79. DOI: 10.1007/s41060-
017-0086-6.

o Kermack, W.O. & McKendrick, A. G. (1927). A contribution to the mathematical theory
of epidemics. Proceedings of the Royal Society of London. Series A, 115(772), 700-721.

o Granovetter, M. (1978). Threshold models of collective behavior. American Journal of
Sociology, 83(6), 1420-1443.

o Hegselmann, R. & Krause, U. (2002). Opinion dynamics and bounded confidence: models,

analysis and simulation. Journal of Artificial Societies and Social Simulation, 5(3), 2.
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