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import numpy as np
import matplotlib.pyplot as plt

# olis U Cwyas MOND
def mond_acceleration(Newtonian_acceleration, a_0):

g_.)U.Zu duwlxo MOND <ol s_.)u.:uj SS90 g_.)l.i_&)'\ oalaswl b a_O,

Parameters:
Newtonian_acceleration (float or array): yUzil 3yse (5594 i,
a_0 (float): <ol s MOND (m/s”2).

Returns:

float or array: wliis MOND oiés duwslxs,

y = Newtonian_acceleration /a_0

MOND_acceleration = Newtonian_acceleration / np.sqrt(1 +y)
return MOND_acceleration

# 2595 Ol b s
def newtonian_acceleration(mass, radius, G):

S gl 9 Plads oy polsl 53 (58 QL drsalona,

Parameters:

mass (float): (p,SskS) paz oy
radius (float): () ey 35w 3l dbeld,
G (float): (31,8 ol (N(m/kg)”2).

Returns:

float: odi duulos (&390 ik (M/sA2).
acceleration = (G * mass) / (radius**2)
return acceleration

# 02,8 oluel b Jlis




# by psie
G =6.67430e-11 # _ul,S <ol (N(m/kg)*2)
a_0=1.2e-10 # <ol ols MOND (m/sh2)

#5258 0 Sln (9258 olie /

mass = 1e40  # 528 S)i gz 2 - (£55LS) oy

radii = np.logspace(5, 15, 100) # 15010 G 5210 o 1 03k 53 - (As) glass
# bz Gl plads Sl (5908 Qlid diwlmo

newtonian_acc = newtonian_acceleration(mass, radii, G)

# Ols duslee MOND Cilises sla gl Sy
mond_acc = mond_acceleration(newtonian_acc, a_0)

#)laged )

plt.figure(figsize=(10, 6))

plt.loglog(radii, newtonian_acc, label=' 394 lia')
plt.loglog(radii, mond_acc, label="w:ti: MOND')
plt.xlabel('(Ae) glas')
plt.ylabel('(456 sioxe 3 Ae) i)

plt.title('s @Sas wlis duslio MOND')
plt.legend()

plt.grid(True)

plt.show()

print("<ol ol MOND (a_0):", a_0, "m/s"2")

<ol g (g0 s wlel » ) MOND ol a6 ¢l mond_acceleration(Newtonian_acceleration, a_0):

el HUasl (555 9938 bl » 4S5 3l Newtonian_acceleration:
ol €-10 M/572 1.2 594> Ygomo <S MOND cob a_0:

o 11,8 ol g Flad cpyzr wleol ply (WS90 Gl 06l newtonian_acceleration(mass, radius, G):

o Py mass:
o 3550 )l duold radius:
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Wl ol didigd GapGPT il lawgs uS .Python L OLaSeS Lisyz (aovn §)lwdauds

import numpy as np
import matplotlib.pyplot as plt
from scipy.optimize import curve_fit

# Slopls Cs s Jdo
def rotation_curve(theta, a, b):
return np.sqrt((np.log(theta/a)**2 + b**2) / (theta**2 * b**4)) / \
np.sqrt((np.log(theta/a)**2 + 2*b**2)**2 / (theta**2 * (np.log(theta/a)**2 + b**2)**2 * b**2))

# Slopls Caspw Sy 0l (Silwdanis Sosls
theta_values = np.linspace(np.pi/16, 2*np.pi, 100)
v_values_simulated = rotation_curve(theta_values, 0.2, 0.6)

# 5 28ly Cools (GHlwduds Sly Wosls 4 g 039381
noise = np.random.normal(0, 0.1, v_values_simulated.size)
v_values_real = v_values_simulated + noise

# 51 oolaiw! curve_fit Jue §lwding Sl
params, covariance = curve_fit(rotation_curve, theta_values, v_values_real, p0=[0.2, 0.6])

# Glwdipp @
print(f'odd diugy Sielb: a = {params[0]}, b = {params[1]}")

# (28l GLosls 9 Jhe iy (aoie e

plt.plot(theta_values, v_values_real, label=' 23y sooly')

plt.plot(theta_values, rotation_curve(theta_values, *params), label="suaisdigs Jus', linestyle="--')
plt.xlabel('Theta (0Lab)')

plt.ylabel('sloyls s (km/s)')

plt.title('sdly saools 5 ko sy xio duuylie)

plt.legend()

plt.grid(True)

plt.show()
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import numpy as np
import matplotlib.pyplot as plt

def bulge_velocity(r, M_b, a, G):
1SS GkoT 3| 556 (Sl e M
return np.sqrt(G * M_b / (r + a))

def disk_velocity(r, Sigma_0, r_d, G):
258 Sard 3 53 Syl s "
return np.sqrt(2 * np.pi * G * Sigma_0 *r_d * (1 - np.exp(-r/r_d) * (1 +r/r_d)))

def halo_velocity(r, rho_0, r_c, G):
nn KS))U b.)lA ‘Uu)‘ ‘5“”[’ LSJ"L“ C}v.pﬂ nn
return np.sqrt((4 * np.pi * G * rho_0 * r_c**3) *
(np.dog(l+r/r_c)-(r/rc)/(1+r/rc))/r)

# gl et
G =4.30091e-6 # kpc (km/s)A2 / M_sun

# 0L 6l (5252 slaiebl

M_b=1e10  # §%ly py> (M_sun)

a=0.5 # Suely Jsb (eliiie (kpe)
Sigma_0=1e9 # S (sdaw J&s (M_sun/kpch2)
r d=50 #Suwd Jsb wlde (kpc)

rho_0=0.1 # 4 S J& (M_sun/kpch3)
rc=100 #4b Jsb Gebde (kpc)

# s dpwlxe Sl aglai
radii = np.linspace(0.1, 50, 500)

# e w diwlxo

v_bulge = bulge_velocity(radii, M_b, a, G)
v_disk = disk_velocity(radii, Sigma_0, r_d, G)
v_halo = halo_velocity(radii, rho_0, r_c, G)

v_total = np.sqrt(v_bulge**2 + v_disk**2 + v_halo**2)

plt.figure(figsize=(10, 6))
plt.plot(radii, v_bulge, label='$xT,', linestyle='--")




plt.plot(radii, v_disk, label="Suy', linestyle='--")
plt.plot(radii, v_halo, label='4)»', linestyle="--')
plt.plot(radii, v_total, label="¢se=x", color="black’)
plt.xlabel('¢glxs (kpc)')

plt.ylabel('s)lae cas o (km/s)')
plttitle('olaseS Jusyz ooine')

plt.legend()

plt.grid(True)

plt.show()
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k:=1/rr2;
F:=k*G*M*m;

F:= G*M*m/r’2
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restart;
with(Student[VectorCalculus]):
with(VectorCalculus):

with(plots):



SetCoordinates(polarlr, theta]):

r :=theta -> a*exp(b*theta):

a:=0.2:

b:=0.6:

R := PositionVector([r(theta), r(theta)]):

PlotPositionVector(R, theta = 0 .. 2*Pi, curveoptions = [color = red]);

el Qlod B r e Hlap b 03 R eyl bld Gode aiie 93 b 9 @ c0bdl) w49l theta
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kappa := simplify(Curvature(R, theta)):
plot(1/kappa, theta =0 .. 2*Pi);
el U5 Cd o 03 Hlop b @3 SLes| kappa
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syms a b theta;
r = a*exp(b*theta);

finverse(r)

ans =

log(theta/a)/b

(0) = log(6/a)
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tare US
restart;
with(Student[VectorCalculus]):
with(VectorCalculus):
with(plots):
SetCoordinates(polar([r, theta]):
r := theta -> log(theta/a)/b:
R := PositionVector([r(theta), r(theta)]):
kappa := simplify(Curvature(R, theta))
kappa := 1/kappa:
kappa := sqrt((In(theta/a)*2 + b”2)/(theta”2*b”4))/sqrt((In(theta/a)*2 + 2*b"2)72/(theta?2*(In(theta/a)*2 + bA2)A2*bA2))
a:=0.2:b:=0.6:

plot(kappa, theta =0 .. 2*Pi);
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kappa := - sqrt((In(theta/a)”2 + b”2)/(thetar2*b”4))/sqrt((In(theta/a)”A2 + 2*¥bA2)A2/(theta”2*(In(theta/a)”2 + bA2)A2*bA2))
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restart;

plot(1/r*2, r=0.. 2*Pi);
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kappa := sqrt((In(theta/a)"2 + 2*b”2)72/(theta”2*(In(theta/a)*2 + bA2)A2*bA2))/sqrt((In(theta/a)*2 + bA2)/(thetar2*b74)):

plot(kappa, theta =0 .. 2*Pi);

Guely (goxio b (gunds daglaio 4 bgiye (3945 Olss las dud Canyd (S 45 s s dxlgn (139 cizrnl b Lo
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kappa :=- sqrt((In(theta/a)”2 + 2*b"2)A2/(theta”2*(In(theta/a)*2 + bA2)A2*b"2))/sqrt((In(theta/a)”2 + bA2)/(theta?2*b"4)):

plot(kappa, theta = 0 .. 2*Pi);
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import numpy as np

import matplotlib.pyplot as plt

# S el

G =4.30091e-6 # kpc (km/s)*2 / M_sun

#OLLSES Gl (528 slasabl

M_b=1e10  # %l o> (M_sun)

a=05  #Sulndob pelds (kpe)

Sigma_0=1e9 # K> (sxkw J& (M_sun/kpch2)
rd=50 #Suwd Jgb ldas (kpc)

rho_0=0.1 # 4 &S, J& (M_sun/kpch3)

rc=100 #4b Jsb s (kpc)

def bulge_velocity(r, M_b, a, G):
LSS SaaTs 31 B (e s

return np.sqrt(G * M_b / (r + a))

def disk_velocity(r, Sigma_0, r_d, G):

58S S ) U (Gl s M

return np.sqrt(2 * np.pi * G * Sigma_0 *r_d * (1 - np.exp(-r/r_d) * (1 +r/r_d)))



def halo_velocity(r, rho_0, r_c, G):
S0 oale b 31 (g5 (§)lie g MM
return np.sqrt((4 * np.pi * G * rho_0 * r_c**3) *

(np.og(1+r/rc)-(r/rc)/(1+r/rc))/r)

def kappa(theta, a_kappa, b):

dolee kappa Jue 31 ol (§)luwdis
return np.sqrt((np.log(theta/a_kappa)**2 + b**2)/(theta**2*b**4)) / \

np.sqrt((np.log(theta/a_kappa)**2 + 2*b**2)**2/(theta**2*(np.log(theta/a_kappa)**2 + b**2)**2*p**2))

# s dawlno Gl gl

radii = np.linspace(0.1, 50, 500)

# e w dawlxo
v_bulge = bulge_velocity(radii, M_b, a, G)
v_disk = disk_velocity(radii, Sigma_0, r_d, G)

v_halo = halo_velocity(radii, rho_0, r_c, G)

#lee w Ol fgaxe 1glg Cspw

v_total = np.sqrt(v_bulge**2 + v_disk**2 + v_halo**2)

# dolas s elb kappa
a_kappa=2.0 # wlas

b=05  #Ugy

# dewlo kappa aglas Sl

kappa_values = kappa(radii, a_kappa, b)

# Sl elie kappa_values Hlogel 5o Ag Jiled Sl

kappa_scaled = kappa_values * 1e4

plt.figure(figsize=(12, 8))

e Slaylages

plt.plot(radii, v_bulge, label="Bulge Velocity', linestyle="--")

plt.plot(radii, v_disk, label="Disk Velocity', linestyle="--")



plt.plot(radii, v_halo, label="Halo Velocity', linestyle='--")

plt.plot(radii, v_total, label="Total Velocity', color='black')

# )loged Kappa

plt.plot(radii, kappa_scaled, label="Kappa (Scaled)’, color="red')

plt.xlabel('Radius (kpc)')

plt.ylabel('Velocity (km/s) / Kappa (Scaled)')
plt.title('Galaxy Rotation Curve with Kappa')
plt.legend()

plt.grid(True)

pltyscale('log') # <luds g 0 Sly & ulde

plt.show()

# dolae sl b s AL kappa
a_kappa = 2.0 # ywhie

b=1 #Ug

Galaxy Rotation Curve with Kappa
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import numpy as np

import matplotlib.pyplot as plt



from scipy.optimize import minimize

# dolae Casyai kappa
def kappa(theta, a_kappa, b):
"M dolae kappa """
return np.sqrt((np.log(theta / a_kappa) ** 2 + b ** 2) / (theta ** 2 * b ** 4)) /\

np.sqrt((np.log(theta / a_kappa) ** 2+ 2 * b ** 2) ** 2 / (theta ** 2 * (np.log(theta / a_kappa) ** 2 + b ** 2) ** 2 * p ** 2))

# 52,8 Slaoals slxyl
def generate_hypothetical_data(radii):
M 33L5 g0 dy (s 0013 ddgd M

noise = np.random.normal(0, 0.1, size=radii.shape) # 3sua3 ¢

return kappa(radii, a_kappa_true, b_true) + noise # 4 383 13,5 43l kappa

# Sl s 51y W AshY Slasts

def analyze_sensitivity(a_kappa_range, b_range, radii):

Siahl 86 0y kappa @oxie o) 2
sensitivity_results = {}
for a_kappa in a_kappa_range:

for bin b_range:
sensitivity_results[(a_kappa, b)] = kappa(radii, a_kappa, b)

return sensitivity_results

# Silwding Slp Bus 6

def objective_function(params, radii, observed_data):
" el S3ladings Sl s b
a_kappa, b = params
kappa_values = kappa(radii, a_kappa, b)

return np.sum((kappa_values - observed_data) ** 2) # las x50

# dwl=e Sl laglass

radii = np.linspace(0.1, 50, 500)
# Lools udgd Sl e Slajishl
a_kappa_true = 2.0 # (> olde

b_true=0.5 # (i Sl

# 02,8 Slaoals sl



observed_data = generate_hypothetical_data(radii)

# Cowlus Jud=s
a_kappa_range = np.linspace(1, 3, 5) # ¢!y aliss yolas o)L a_kappa
b_range = np.linspace(0, 1, 5) # Slp calises polie 0)b b

sensitivity_results = analyze_sensitivity(a_kappa_range, b_range, radii)

# LAsbl GHluding
initial_guess = [a_kappa_true, b_true]

result = minimize(objective_function, initial_guess, args=(radii, observed_data), bounds=[(1, 3), (0, 1)])

# ol Gjluwdings

optimized_a_kappa, optimized_b = result.x

#@U&Mj

plt.figure(figsize=(12, 8))

# o) kappa (28l

plt.plot(radii, observed_data, label="Observed Data (Hypothetical)', linestyle='--', color="'gray')

# o) kappa oddidizgs SaAHL L

plt.plot(radii, kappa(radii, optimized_a_kappa, optimized_b), label='Optimized Kappa', color='green’)

# b gad wladdais

plt.xlabel('Radius (kpc)')

plt.ylabel('Kappa')

plt.title('Analysis of Kappa and Parameter Optimization')
plt.legend()

plt.grid(True)

plt.show()

#odddipg olie Ol

print(f'Optimized a_kappa: {optimized_a_kappa:.4f}, Optimized b: {optimized_b:.4f}')
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import numpy as np

import matplotlib.pyplot as plt

# Define kappa equation

def kappa(theta, al, a2, a3, b1, b2, b3, b4, b5):



term1 = np.sqrt((np.log(theta/al)**2 + b1**2) / (theta**2 * b2**4))
term2 = np.sqrt((np.log(theta/a2)**2 + 2*¥b3**2)**2 / (theta**2 * (np.log(theta/a3)**2 + b4**2)**2 * h5**2))

return term1 / term2

# Generate random parameters

def random_params():
np.random.seed(42)
a_params = np.random.uniform(0.1, 10, 3) # Random values for al, a2, a3
b_params = np.random.uniform(0.1, 10, 5) # Random values for b1 to b5

return a_params, b_params

# Generate and plot multiple curves

theta = np.linspace(0.1, 20, 500) # Theta values

fig, ax = plt.subplots()

for i in range(20): # Generate 20 random curves
a_params, b_params = random_params()
curve = kappa(theta, *a_params, *b_params)

ax.plot(theta, curve, label=f"Curve {i+1}")

plt.xlabel("Theta")

plt.ylabel("Kappa (velocity)")
plt.title("Galaxy Rotation Curve Variations")
plt.legend()

plt.show()
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from sklearn.cluster import KMeans

from sklearn.decomposition import PCA

# Generate feature vectors from curves

features = [] # Flattened curves

for iin range(100): # Generate 100 random curves
a_params, b_params = random_params()

curve = kappa(theta, *a_params, *b_params)



features.append(curve)

# Reduce dimensions using PCA
features = np.array(features)
pca = PCA(n_components=2)

features_pca = pca.fit_transform(features)

# Cluster using K-Means
kmeans = KMeans(n_clusters=5) # Assume 5 distinct curve families

labels = kmeans.fit_predict(features_pca)

# Plot clusters

plt.scatter(features_pcal[:, 0], features_pcal:, 1], c=labels, cmap="viridis')
plt.title("Clustering of Galaxy Curves")

plt.xlabel("Principal Component 1")

plt.ylabel("Principal Component 2")

plt.show()
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import numpy as np

import matplotlib.pyplot as plt

# dlsles kappa
def kappa(theta, al, a2, a3, b1, b2, b3, b4, b5):
term1 = np.sqrt((np.log(theta/al)**2 + b1**2) / (theta**2 * b2**4))
term2 = np.sqrt((np.log(theta/a2)**2 + 2*b3**2)**2 / (theta**2 * (np.log(theta/a3)**2 + b4**2)**2 * ph5**2))

return term1 / term2

# 3obas Slajel)h ud g

def random_params():
a_params = np.random.uniform(0.1, 10, 3) # yslae o)l al, a2, a3
b_params = np.random.uniform(0.1, 10, 5) # 3l 0jb b1 G b5

return a_params, b_params

#odxie Gl gie pus) 9 A3

theta = np.linspace(0.1, 20, 500) # i slas

fig, ax = plt.subplots()

foriin range(50): # @obas (a>iw 50 Al g3
a_params, b_params = random_params()
curve = kappa(theta, *a_params, *b_params)

ax.plot(theta, curve, label=f"Curve {i+1}")



plt.xlabel("Theta")

plt.ylabel("Kappa (<))
plt.title("LOLASES Jisyz Slagee 55")
plt.legend()

plt.savefig('[/mnt/data/rotation_curves_initial.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-
c91le2fcd26be/rotation_curves_initial.png%27))

print('[/mnt/data/rotation_curves_initial.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-
c91e2fcd26be/rotation_curves_initial.png%27))
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import numpy as np

import matplotlib.pyplot as plt

# dolas kappa (Olweo! (Sly )1,S5)
def kappa(theta, a1, a2, a3, b1, b2, b3, b4, b5):
term1 = np.sqrt((np.log(theta/al)**2 + b1**2) / (theta**2 * b2**4))
term2 = np.sqrt((np.log(theta/a2)**2 + 2*b3**2)**2 / (theta**2 * (np.log(theta/a3)**2 + b4**2)**2 * ph5**2))

return term1 / term2

# 4k slajiahl Wl

a_params_base = np.array([1, 1, 1])
b_params_base = np.array([1, 1, 1, 1, 1])
theta = np.linspace(0.1, 20, 500)

curve_base = kappa(theta, *a_params_base, *b_params_base)

# Conolu Judd
param_names = ['al', 'a2', 'a3', 'b1’, 'b2’, 'b3’, 'b4’, 'b5']
fig, axs = plt.subplots(2, 4, figsize=(15, 8))

axs = axs.flatten()

for i, param_name in enumerate(param_names):
# Rahb > S8 sl sl
delta=0.1
params_delta = np.copy(a_params_base) if i < 3 else np.copy(b_params_base)

params_delta[i % 3 ifi < 3 else i - 3] += delta

B b (soxie danlone
ifi<3:

curve_delta = kappa(theta, *params_delta, *b_params_base)
else:

curve_delta = kappa(theta, *a_params_base, *params_delta)

L)



axs[i].plot(theta, curve_base, label="4,L'")
axs[i].plot(theta, curve_delta, label="adb n.ss')
axs[i].set_title(f' AeLb: {param_name}')

axs[i].legend()

plt.tight_layout()

plt.savefig('[/mnt/data/sensitivity_analysis.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-
c91e2fcd26be/sensitivity_analysis.png%27))

print('[/mnt/data/sensitivity_analysis.png'](https://gapgpt.app/media/code interpreter/116bde00-4973-4359-albe-
c91e2fcd26be/sensitivity analysis.png%27))

Adud Aehl 3 dy Cd (soue Cuwlues ddipdOLid ASG”L@b}As b Jold: HUasil 5yge (2m9,5
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wllec, ptlsdo

(b somie (Sdpdings
Alis S soie (54i09,S (Sl Guindings Sainy sl I oolaiul :dun
:Python J§
import numpy as np
import matplotlib.pyplot as plt
from sklearn.cluster import KMeans

from sklearn.decomposition import PCA

# dslas kappa (11,55)
def kappa(theta, al, a2, a3, b1, b2, b3, b4, b5):
term1 = np.sqrt((np.log(theta/al)**2 + b1**2) / (theta**2 * b2**4))

term2 = np.sqrt((np.log(theta/a2)**2 + 2*b3**2)**2 / (theta**2 * (np.log(theta/a3)**2 + b4**2)**2 * h5**2))

return term1 / term2

# 3obad polae udgs 1


https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-a1be-c91e2fcd26be/sensitivity_analysis.png%27)
https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-a1be-c91e2fcd26be/sensitivity_analysis.png%27)

def random_params():
# sl udgial, a2, a3

a_params = np.random.uniform(0.1, 10, 3) #3 109 0.1 o @olai Hlude

# Ssieblb Ads b1, b2, b3, b4, b5

b_params = np.random.uniform(0.1, 5,5) #5550.1 (m @olal jldde

return a_params, b_params

# 3olas (a0 200 W g

num_curves = 200

theta = np.linspace(0.1, 20, 500)

curves =[]

for i in range(num_curves):
a_params, b_params = random_params()
curve = kappa(theta, *a_params, *b_params)

curves.append(curve)

curves = np.array(curves)

#Lolol el PCA
pca = PCA(n_components=2)

pca_result = pca.fit_transform(curves)

# L Gaudiags K-Means
kmeans = KMeans(n_clusters=5, random_state=0) #5 445>

clusters = kmeans.fit_predict(pca_result)

# i ouy

plt.figure(figsize=(8, 6))

plt.scatter(pca_result[:, 0], pca_result[:, 1], c=clusters, cmap='viridis')
plt.title(' gz G goe Gundigs)

plt.xlabel('1 ol 4a)gs')

plt.ylabel('2 ol 42)ga')

plt.colorbar(label='dé&¢s")

# B e Ol g opsd



plt.savefig('[/mnt/data/curve_clustering.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-
c91le2fcd26be/curve_clustering.png%27))

print('[/mnt/data/curve_clustering.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-
c91le2fcd26be/curve_clustering.png%27))
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import numpy as np

import matplotlib.pyplot as plt

# Constants
a_0=1.2e-10 # MOND acceleration constant (m/s"2)
G =6.674e-11 # Gravitational constant (N m”2/kg”"2)

M =1e41 # Mass of the galaxy (kg)

# Newtonian acceleration function
def newtonian_acceleration(G, M, r):

return G * M/ r**2

# MOND acceleration function

def mond_acceleration(a_N, a_0):

returna_N/(1+(a_N/a_0))

# Generate radii

r = np.logspace(17, 23, 400) # Radii from 10717 to 1023 meters

# Calculate Newtonian acceleration

a_N = newtonian_acceleration(G, M, r)

# Calculate MOND acceleration

a_M = mond_acceleration(a_N, a_0)

# Plot accelerations
plt.figure(figsize=(10, 6))
plt.loglog(r, a_N, label=' s394 lia')

plt.loglog(r, a_M, label='wlii MOND')

plt.xlabel('(Ae) §las')
plt.ylabel('cts (m/sh2)')

plt.title('s &S9s s duglie MOND')

Ogib SLUS ©lyx! 11 dl>ye
MONDG U desloes: 1.1

Ol 45



plt.legend()
plt.grid(True)

plt.savefig('[/mnt/data/MOND_acceleration.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-
c91e2fcd26be/MOND_acceleration.png%27))

print('[/mnt/data/MOND_acceleration.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-
c91e2fcd26be/MOND_acceleration.png%27))
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6 Kappa dalas (el 5 Gz Slagomie Gladdips 9 Giludus SoAS
import numpy as np
import matplotlib.pyplot as plt
from sklearn.cluster import KMeans

from sklearn.decomposition import PCA

# doles kappa
def kappa(theta, al, a2, a3, b1, b2, b3, b4, b5):
term1 = np.sqrt((np.log(theta/al)**2 + b1**2) / (theta**2 * b2**4))
term2 = np.sqrt((np.log(theta/a2)**2 + 2*b3**2)**2 / (theta**2 * (np.log(theta/a3)**2 + b4**2)**2 * ph5**2))

return terml / term2

# @obas Blajlahl ud g

def random_params():
a_params = np.random.uniform(0.1, 10, 3) # yolae o)l al, a2, a3
b_params = np.random.uniform(0.1, 10, 5) # yslée o)L b1 G b5

return a_params, b_params



# ddwie Sy s ey 9 dd g3

theta = np.linspace(0.1, 20, 500) # U5 olae

fig, ax = plt.subplots()

for i in range(50): # 3slas (sowie 50 Al g3
a_params, b_params = random_params()
curve = kappa(theta, *a_params, *b_params)

ax.plot(theta, curve, label=f"Curve {i+1}")

plt.xlabel("Theta")

plt.ylabel("Kappa (e )")
plt.title("LOLLSES Jisyzr S goue g935")
plt.legend()

plt.savefig('[/mnt/data/rotation_curves_initial.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-
c91e2fcd26be/rotation_curves_initial.png%27))

print('[/mnt/data/rotation_curves_initial.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-
c91e2fcd26be/rotation_curves_initial.png%27))

# 1 slal Lo PCA

num_curves = 200

curves =[]

for i in range(num_curves):
a_params, b_params = random_params()
curve = kappa(theta, *a_params, *b_params)

curves.append(curve)

curves = np.array(curves)
pca = PCA(n_components=2)

pca_result = pca.fit_transform(curves)

# L Guedings K-Means
kmeans = KMeans(n_clusters=5, random_state=0) #5 44>

clusters = kmeans.fit_predict(pca_result)

# pddigs o)

plt.figure(figsize=(8, 6))

plt.scatter(pca_result[:, 0], pca_result[:, 1], c=clusters, cmap='viridis')
plt.title( Jiso lagomia Skutiss)

plt.xlabel('1l ol daJgs')



plt.ylabel('2 Juo! 42)gs")

plt.colorbar(label="az g5")

plt.savefig('[/mnt/data/curve_clustering.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-

c91le2fcd26be/curve_clustering.png%27))

print('[/mnt/data/curve_clustering.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-

c91e2fcd26be/curve_clustering.png%27))
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import numpy as np

import matplotlib.pyplot as plt

# dslas kappa (Olwab! Sy ,1,S3)

def kappa(theta, al, a2, a3, b1, b2, b3, b4, b5):

term1 = np.sqrt((np.log(theta/al)**2 + b1**2) / (theta**2 * b2**4))

term2 = np.sqrt((np.log(theta/a2)**2 + 2*b3**2)**2 / (theta**2 * (np.log(theta/a3)**2 + b4**2)**2 * ph5**2))

return term1 / term2

# 4l Gl s
a_params_base = np.array([1, 1, 1])
b_params_base = np.array([1, 1, 1, 1, 1])

theta = np.linspace(0.1, 20, 500)

Curve 1
Curve 2
Curve 3
Curve 4
Curve 5
Curve 6
Curve 7
Curve 8
Curve 9

Curve 10
Curve 11
Curve 12
Curve 13
Curve 14
Curve 15
Curve 16
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Curve 20

curve_base = kappa(theta, *a_params_base, *b_params_base)
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param_names = ['al’, 'a2', 'a3', 'b1’, 'b2’, 'b3’, 'b4’, 'b5']
fig, axs = plt.subplots(2, 4, figsize=(15, 8))

axs = axs.flatten()

for i, param_name in enumerate(param_names):
# Aahl 5o SasS pad ola!
delta=0.1
params_delta = np.copy(a_params_base) if i < 3 else np.copy(b_params_base)

params_deltali % 3 ifi < 3 else i - 3] += delta

# ol aovie dplme
ifi<3:

curve_delta = kappa(theta, *params_delta, *b_params_base)
else:

curve_delta = kappa(theta, *a_params_base, *params_delta)

B oy
axs[i].plot(theta, curve_base, label="4\")
axs[i].plot(theta, curve_delta, label='4:8L p.s3')
axs[i].set_title(f' isLb: {param_name}')

axsl[i].legend()

plt.tight_layout()

plt.savefig('[/mnt/data/sensitivity_analysis.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-
c91e2fcd26be/sensitivity_analysis.png%27))

print('[/mnt/data/sensitivity_analysis.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-
c91e2fcd26be/sensitivity_analysis.png%27))
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import numpy as np
import matplotlib.pyplot as plt
from sklearn.cluster import KMeans
from sklearn.decomposition import PCA

from geneticalgorithm import geneticalgorithm as ga

# dolas kappa
def kappa(theta, al, a2, a3, b1, b2, b3, b4, b5):
term1 = np.sqrt((np.log(theta/al)**2 + b1**2) / (theta**2 * b2**4))
term2 = np.sqrt((np.log(theta/a2)**2 + 2*b3**2)**2 / (theta**2 * (np.log(theta/a3)**2 + b4**2)**2 * ph5**2))

return term1 / term2

# (9250 B (pmin Kb uebal) dge a6
def cost_function(params):
al, a2, a3, bl, b2, b3, b4, b5 = params
curve = kappa(theta, al, a2, a3, b1, b2, b3, b4, b5)
# curve_target pgd (S35 OF 4 eadlgs 2 &S ol (92,8 (oo U

return np.sum((curve - curve_target)**2)

# 3oLl Slajahl dl g3

def random_params():
a_params = np.random.uniform(0.1, 10, 3) # ,olae o)l al, a2, a3
b_params = np.random.uniform(0.1, 10, 5) # yslie 0jL b1 G b5

return a_params, b_params

# ddaie Sl aocie ey 9 I g3

theta = np.linspace(0.1, 20, 500) # W slis

# Wy i 039d5xe Lnpad

varbound=np.array([



[0.1,10],[0.1,10],[0.1,10],[0.1,10],[0.1,10],[0.1,10],[0.1,10],[0.1,10]

# @obas Bus aie udgl
a_params_target, b_params_target = random_params()

curve_target = kappa(theta, *a_params_target, *b_params_target)

algorithm_param = {'max_num_iteration': 100,\
'population_size':100,\
'mutation_probability':0.1,\
‘elit_ratio': 0.01,\
'crossover_probability': 0.5,\
'parents_portion': 0.3,\
'crossover_type':'uniform',\

'max_iteration_without_improv':None}

model = ga(function=cost_function, dimension=8, variable_type='real', variable_boundaries=varbound,
algorithm_parameters=algorithm_param)

model.run()

# bl cpie cdby
best_params = model.best_variable

al, a2, a3, bl, b2, b3, b4, b5 = best_params

Hold diagy (soxie )

curve_optimized = kappa(theta, al, a2, a3, b1, b2, b3, b4, b5)

plt.figure(figsize=(10, 6))

plt.plot(theta, curve_target, label="C34» sois')
plt.plot(theta, curve_optimized, label="04i& diugy (o>ie')
plt.xlabel('Theta')

plt.ylabel('Kappa (e )')

plt.title(' S exgSI b Jisyz (goxie Sjluding')
plt.legend()

plt.savefig('[/mnt/data/optimized_rotation_curve.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-
c91e2fcd26be/optimized_rotation_curve.png%27))

print('[/mnt/data/optimized_rotation_curve.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-
c91e2fcd26be/optimized_rotation_curve.png%27))



HE oy

&ﬁ)@)ﬂ‘bb&fb%&z&j Bud s dunlio Hloged

Genetic Algorithm

80000 -

60000 A

40000 -

Objective function

20000 A

0 20 40 60 80 100
Iteration

wosuepwlis putus itur vl IUSs swe jowsS

T AUTUS e -
5751 —— putus wesus gise ~
-

56.5

Kappa (yu,gw)
S
o

0.0 25 5.0 5 10.0 125 15.0 17.5 20.0
Theta

https://ki2100.com

(Olsebol Sl (AB IS )1,S5) W gonin Skipdings 5 Juloxs 12 o6
import numpy as np
import matplotlib.pyplot as plt
from sklearn.cluster import KMeans

from sklearn.decomposition import PCA

# dolas kappa (L1SS)

def kappa(theta, al, a2, a3, b1, b2, b3, b4, b5):



term1 = np.sqrt((np.log(theta/al)**2 + b1**2) / (theta**2 * b2**4))
term2 = np.sqrt((np.log(theta/a2)**2 + 2*¥b3**2)**2 / (theta**2 * (np.log(theta/a3)**2 + b4**2)**2 * h5**2))

return term1 / term2

# 3oLas el udgs

def random_params():
a_params = np.random.uniform(0.1, 10, 3) # ,slae o)l al, a2, a3
b_params = np.random.uniform(0.1, 10, 5) # yslae 0jL b1 G b5

return a_params, b_params

# Golas (aouie 200 Wl g

num_curves = 200

theta = np.linspace(0.1, 20, 500)

curves =[]

for i in range(num_curves):
a_params, b_params = random_params()
curve = kappa(theta, *a_params, *b_params)

curves.append(curve)

curves = np.array(curves)

#Lolol 2l PCA
pca = PCA(n_components=2)

pca_result = pca.fit_transform(curves)

# L Gaudigs K-Means
kmeans = KMeans(n_clusters=5, random_state=0) #5 44>

clusters = kmeans.fit_predict(pca_result)

# ddig> o

plt.figure(figsize=(8, 6))

plt.scatter(pca_result[:, 0], pca_result[:, 1], c=clusters, cmap='viridis')
plttitle('gisor Slagamia Gaiasss)

plt.xlabel('l Jso! 42)g0")

plt.ylabel('2 Aol 42l g0')

plt.colorbar(label='dé&¢s")

plt.savefig('[/mnt/data/curve_clustering.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-
c91e2fcd26be/curve_clustering.png%27))



print('[/mnt/data/curve_clustering.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-

c91le2fcd26be/curve_clustering.png%27))
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import numpy as np

import matplotlib.pyplot as plt

# dolas kappa (0lsebl 1y HL,SS)
def kappa(theta, al, a2, a3, b1, b2, b3, b4, b5):

term1 = np.sqrt((np.log(theta/al)**2 + b1**2) / (theta**2 * b2**4))

(A8 S 1S5) Al Copsslun Judoxs 13 o8

term2 = np.sqrt((np.log(theta/a2)**2 + 2*b3**2)**2 / (theta**2 * (np.log(theta/a3)**2 + b4**2)**2 * ph5**2))

return term1 / term2

# b sl sy

a_params_base = np.array([1, 1, 1])
b_params_base = np.array([1, 1, 1, 1, 1])
theta = np.linspace(0.1, 20, 500)

curve_base = kappa(theta, *a_params_base, *b_params_base)

# ool Judod
param_names = ['al', 'a2', 'a3', 'b1’, 'b2', 'b3', 'b4', 'b5']
fig, axs = plt.subplots(2, 4, figsize=(15, 8))

axs = axs.flatten()

for i, param_name in enumerate(param_names):

# Aahl 5o SzsS pwad ol



delta=0.1
params_delta = np.copy(a_params_base) if i < 3 else np.copy(b_params_base)

params_delta[i % 3 if i < 3 else i - 3] += delta

#ddzr (povie dunle
ifi<3:

curve_delta = kappa(theta, *params_delta, *b_params_base)
else:

curve_delta = kappa(theta, *a_params_base, *params_delta)

# oy

axs[i].plot(theta, curve_base, label="4L')
axs[i].plot(theta, curve_delta, label='43L nas')
axs[i].set_title(f'_el,b: {param_name}')

axs[i].legend()

plt.tight_layout()

plt.savefig('[/mnt/data/sensitivity_analysis.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-
c91e2fcd26be/sensitivity_analysis.png%27))

print('[/mnt/data/sensitivity_analysis.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-
c91e2fcd26be/sensitivity_analysis.png%27))
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import numpy as np

import matplotlib.pyplot as plt

#1S ol dlslas
def kappa(theta, al, a2, a3, b1, b2, b3, b4, b5):
term1 = np.sqrt((np.log(theta/al)**2 + b1**2) / (theta**2 * b2**4))
term2 = np.sqrt((np.log(theta/a2)**2 + 2*b3**2)**2 / (theta**2 * (np.log(theta/a3)**2 + b4**2)**2 * ph5**2))

return term1 / term2

# sbLlgj theta

theta = np.linspace(0.1, 10, 500)

# bl dudy 5 Jadd i il i
sensitivity =[]

base_params=1[1,2,3,1,1,1,1, 1]

for i, param_name in enumerate(['al’, 'a2', 'a3', 'b1', 'b2', 'b3', 'b4', 'b5']):

delta=0.1



perturbation = base_params.copy()

perturbationli] += delta

curve_original = kappa(theta, *base_params)

curve_perturbed = kappa(theta, *perturbation)

# (ooeie 9 O Aol Gyl glas

sensitivity.append(np.sum((curve_original - curve_perturbed)**2))

# Cowluc lagel oy

plt.bar(['al’, 'a2', 'a3', 'bl’, 'b2', 'b3', 'b4', 'b5'], sensitivity)
plt.xlabel("dstxe ohb")

plt.ylabel(" (B ggamo) Colu")

plt.title("S » Aehl ol Jdox3")

plt.grid(True)

plt.savefig("[/mnt/data/sensitivity_kappa.png"](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-

c91e2fcd26be/sensitivity_kappa.png%22))

print("[/mnt/data/sensitivity_kappa.png"](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-

c91e2fcd26be/sensitivity_kappa.png%22))
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import numpy as np
import matplotlib.pyplot as plt

from geneticalgorithm import geneticalgorithm as ga

# dolas kappa
def kappa(theta, a1, a2, a3, b1, b2, b3, b4, b5):
term1 = np.sqrt((np.log(theta/al)**2 + b1**2) / (theta**2 * b2**4))
term2 = np.sqrt((np.log(theta/a2)**2 + 2*b3**2)**2 / (theta**2 * (np.log(theta/a3)**2 + b4**2)**2 * ph5**2))

return term1 / term2

H (o209 B soxis (53 b §uel) iy 6
def cost_function(params):
al, a2, a3, bl, b2, b3, b4, b5 = params
curve = kappa(theta, al, a2, a3, b1, b2, b3, b4, b5)
# curve_target @gd (033 0T 4 oudlgs2 45 Cawl (9058 (g0 SO

return np.sum((curve - curve_target)**2)

# 3obas Slajel)h ud g

def random_params():
a_params = np.random.uniform(0.1, 10, 3) # ,slae o)l al, a2, a3
b_params = np.random.uniform(0.1, 10, 5) # 3l 0jb b1 G b5

return a_params, b_params

# odaie S sove ey 9 I g5

theta = np.linspace(0.1, 20, 500) # & slae

# L piie 0390 Ciyyal
varbound=np.array([

[0.1,10],[0.1,10],[0.1,10],[0.1,10],[0.1,10],[0.1,10],[0.1,10],[0.1,10]

# 3olas Bus (s Ul
a_params_target, b_params_target = random_params()

curve_target = kappa(theta, *a_params_target, *b_params_target)

)



algorithm_param = {'max_num_iteration': 100,\
'population_size':100,\
'mutation_probability':0.1,\
‘elit_ratio': 0.01,\
'crossover_probability': 0.5,\
'parents_portion": 0.3,\
'crossover_type':'uniform',\

'max_iteration_without_improv':None}

model = ga(function=cost_function, dimension=8, variable_type="real', variable_boundaries=varbound,
algorithm_parameters=algorithm_param)

model.run()

# el (g <3l
best_params = model.best_variable

al, a2, a3, bl, b2, b3, b4, b5 = best_params

Hold diugy (somio ey

curve_optimized = kappa(theta, al, a2, a3, b1, b2, b3, b4, b5)

plt.figure(figsize=(10, 6))

plt.plot(theta, curve_target, label="Gdua (oxis')
plt.plot(theta, curve_optimized, label="odi& dug (s>ie')
plt.xlabel('Theta')

plt.ylabel('Kappa (cs~)')

plt.title('Suss @98 b sz goxie )ludingy')
plt.legend()

plt.savefig('[/mnt/data/optimized_rotation_curve.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-
c91e2fcd26be/optimized_rotation_curve.png%27))

print('[/mnt/data/optimized_rotation_curve.png'](https://gapgpt.app/media/code_interpreter/116bde00-4973-4359-albe-
c91e2fcd26be/optimized_rotation_curve.png%27))
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import numpy as np
import matplotlib.pyplot as plt
from sklearn.cluster import KMeans

from sklearn.decomposition import PCA

# Define kappa equation
def kappa(theta, *params):
a_params = params[:100] # First 100 parameters are 'a' parameters

b_params = params[100:] # Next 100 parameters are 'b' parameters

term1 = np.sqrt((np.log(theta/a_params[0])**2 + b_params[0]**2) / (theta**2 * b_params[1]**4))

term2 = np.sqrt((np.log(theta/a_params[1])**2 + 2*¥b_params[2]**2)**2 / (theta**2 * (np.log(theta/a_params[2])**2 +
b_params[3]**2)**2 * b_params[4]**2))

# Note: This is just a basic example. The actual equation will need to incorporate all 200 parameters meaningfully. This version will likely
not produce useful results.

return term1 / term2

# Generate random parameters

def random_params():
np.random.seed(42)
a_params = np.random.uniform(0.1, 10, 100) # Random values for 100 'a' parameters
b_params = np.random.uniform(0.1, 10, 100) # Random values for 100 'b' parameters

return np.concatenate([a_params, b_params])

# Generate and plot multiple curves
theta = np.linspace(0.1, 20, 500) # Theta values
fig, ax = plt.subplots()

num_curves = 20 # Number of curves to generate

for i in range(num_curves): # Generate 20 random curves
params = random_params()
curve = kappa(theta, *params)

ax.plot(theta, curve, label=f"Curve {i+1}")

plt.xlabel("Theta")



plt.ylabel("Kappa (velocity)")
plt.title("Galaxy Rotation Curve Variations")
plt.legend()

plt.show()

# Generate feature vectors from curves

features = [] # Flattened curves

num_features = 100

for i in range(num_features): # Generate 100 random curves
params = random_params()
curve = kappa(theta, *params)

features.append(curve)

# Reduce dimensions using PCA
features = np.array(features)
pca = PCA(n_components=2)

features_pca = pca.fit_transform(features)

# Cluster using K-Means
num_clusters =5
kmeans = KMeans(n_clusters=num_clusters,n_init = 'auto') # Assume 5 distinct curve families

labels = kmeans.fit_predict(features_pca)

# Plot clusters

plt.scatter(features_pcal:, 0], features_pcal:, 1], c=labels, cmap='viridis')
plt.title("Clustering of Galaxy Curves")

plt.xlabel("Principal Component 1")

plt.ylabel("Principal Component 2")

plt.show()
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import numpy as np
import matplotlib.pyplot as plt
from sklearn.cluster import KMeans

from sklearn.decomposition import PCA

# Define kappa equation
def kappa(theta, *params):
a_params = params[:500] # First 500 parameters are 'a' parameters

b_params = params[500:] # Next 500 parameters are 'b' parameters
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# Example usage of the parameters in the equation (you'll need to adapt this)

term1 = np.sqrt((np.log(theta/a_params[0])**2 + b_params[0]**2) / (theta**2 * b_params[1]**4))

term2 = np.sqrt((np.log(theta/a_params[1])**2 + 2*b_params[2]**2)**2 / (theta**2 * (np.log(theta/a_params[2])**2 +

b_params[3]**2)**2 * b_params[4]**2))

return term1 / term2

# Generate random parameters
def random_params():

np.random.seed(42)

a_params = np.random.uniform(0.1, 10, 500) # Random values for 500 'a' parameters

b_params = np.random.uniform(0.1, 10, 500) # Random values for 500 'b' parameters



return np.concatenate([a_params, b_params])

# Generate and plot multiple curves
theta = np.linspace(0.1, 20, 500) # Theta values
fig, ax = plt.subplots()

num_curves = 20 # Number of curves to generate

for i in range(num_curves): # Generate 20 random curves
params = random_params()
curve = kappa(theta, *params)

ax.plot(theta, curve, label=f"Curve {i+1}")

plt.xlabel("Theta")

plt.ylabel("Kappa (velocity)")
plt.title("Galaxy Rotation Curve Variations")
plt.legend()

plt.show()

# Generate feature vectors from curves

features = [] # Flattened curves

num_features = 200 # Generate 200 curves

foriin range(num_features): # Generate 200 random curves
params = random_params()
curve = kappa(theta, *params)

features.append(curve)

# Reduce dimensions using PCA
features = np.array(features)
pca = PCA(n_components=2)

features_pca = pca.fit_transform(features)

# Cluster using K-Means
num_clusters =5
kmeans = KMeans(n_clusters=num_clusters,n_init = 'auto') # Assume 5 distinct curve families

labels = kmeans.fit_predict(features_pca)

# Plot clusters

plt.scatter(features_pcal:, 0], features_pcal:, 1], c=labels, cmap='viridis')



plt.title("Clustering of Galaxy Curves")
plt.xlabel("Principal Component 1")
plt.ylabel("Principal Component 2")

plt.show()
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import numpy as np
import matplotlib.pyplot as plt
from sklearn.cluster import KMeans

from sklearn.decomposition import PCA

# Define kappa equation
def kappa(theta, *params):
a_params = params[:5000] # First 5000 parameters are 'a' parameters

b_params = params[5000:] # Next 5000 parameters are 'b' parameters

# Example usage of the parameters in the equation (you'll need to adapt this)
term1 = np.sqrt((np.log(theta/a_params[0])**2 + b_params[0]**2) / (theta**2 * b_params[1]**4))

term2 = np.sqrt((np.log(theta/a_params[1])**2 + 2*b_params[2]**2)**2 / (theta**2 * (np.log(theta/a_params[2])**2 +
b_params[3]**2)**2 * b_params[4]**2))

# Note: The final equation can incorporate more parameters if desired
return term1 / term2

# Generate random parameters

def random_params():
np.random.seed(42)
a_params = np.random.uniform(0.1, 10, 5000) # Random values for 5000 'a' parameters
b_params = np.random.uniform(0.1, 10, 5000) # Random values for 5000 'b' parameters

return np.concatenate([a_params, b_params])

# Generate and plot multiple curves

theta = np.linspace(0.1, 20, 500) # Theta values



fig, ax = plt.subplots()

num_curves = 20 # Number of curves to generate

for iin range(num_curves): # Generate 20 random curves
params = random_params()
curve = kappa(theta, *params)

ax.plot(theta, curve, label=f"Curve {i+1}")

plt.xlabel("Theta")

plt.ylabel("Kappa (velocity)")
plt.title("Galaxy Rotation Curve Variations")
plt.legend()

plt.show()

# Generate feature vectors from curves

features = [] # Flattened curves

num_features = 200 # Number of curves

for i in range(num_features): # Generate 200 random curves
params = random_params()
curve = kappa(theta, *params)

features.append(curve)

# Reduce dimensions using PCA
features = np.array(features)
pca = PCA(n_components=2)

features_pca = pca.fit_transform(features)

# Cluster using K-Means
num_clusters =5
kmeans = KMeans(n_clusters=num_clusters, n_init="auto') # Assume 5 distinct curve families

labels = kmeans.fit_predict(features_pca)

# Plot clusters

plt.scatter(features_pcal:, 0], features_pcal:, 1], c=labels, cmap='viridis')
plt.title("Clustering of Galaxy Curves")

plt.xlabel("Principal Component 1")

plt.ylabel("Principal Component 2")

plt.show()
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import os

import numpy as np

import matplotlib.pyplot as plt
from sklearn.cluster import KMeans

from sklearn.decomposition import PCA

# LS dlolas Ciyas
def kappa(theta, *params):
a_params = params[:500] # 500 4 J3l fehl 'a’ dius bogiye

b_params = params[500:] # 500 4 = jehl 'b' Wik bgiye

# (92 Bardas Wahl ¢l b 1) Obalslas dub) dlas 45 Wajiahly 51 oaliiuwl JUs
term1 = np.sqrt((np.log(theta / a_params[0])**2 + b_params[0]**2) / (theta**2 * b_params[1]**4))
term2 = np.sqrt((np.log(theta / a_params[1])**2 + 2 * b_params[2]**2)**2 /

(theta**2 * (np.log(theta / a_params[2])**2 + b_params[3]**2)**2 * b_params[4]**2))
return terml / term2

# 3oLl Sfahl g3

def random_params():
np.random.seed() # j! oolaiul seed wyliie yolie Sly 3obad
a_params = np.random.uniform(0.1, 10, 500) # 500 !y @slal ylués 'a’
b_params = np.random.uniform(0.1, 10, 500) # 500 !y 3sbad ylude 'b'

return np.concatenate([a_params, b_params])



# bl 035 9 4d g

def save_all_curves(num_curves, output_dir):
# (3929 pue Cyguo 53 dlaml) (953> S)9850ld 4
if not os.path.exists(output_dir):

os.makedirs(output_dir)

theta = np.linspace(0.1, 20, 500) # ,olas theta

foriin range(num_curves): # b asie dad a3 9 udgs
params = random_params() # 3abai s iehl adgs

curve = kappa(theta, *params) # LS aU b soue duslxe

plt.clf() # A pouas 03,5 S

plt.plot(theta, curve, label=f"Curve {i + 1}")
plt.xlabel("Theta")

plt.ylabel("Kappa (velocity)")
plt.title(f"Galaxy Rotation Curve {i + 1}")

plt.legend()

# a)ém_,\am elj b)f},aS opas-d
file_path = os.path.join(output_dir, f"kappa_curve_{i + 1}.png")

plt.savefig(file_path) # pg.aiopsd

print(f"All {num_curves} curves saved in directory: {output_dir}")

# pascin s )d pguas 1000 ops-d

save_all_curves(1000, "/path/to/save/directory") # 4uS cpsSolr 1) olgsds e

# Suddgs b L She wgs
theta = np.linspace(0.1, 20, 500) # ,olas theta
features = []
for i in range(200): # $39 SL)lay ddss
params = random_params()
curve = kappa(theta, *params)

features.append(curve)

#Loll el PCA



features = np.array(features)
pca = PCA(n_components=2)

features_pca = pca.fit_transform(features)

# L Guodings K-Means
num_clusters =5
kmeans = KMeans(n_clusters=num_clusters, n_init="auto') #5 baoue $ly diigs

labels = kmeans.fit_predict(features_pca)

# laddgs o
plt.scatter(features_pcal:, 0], features_pcal:, 1], c=labels, cmap='viridis')
plt.title("Clustering of Galaxy Curves")
plt.xlabel("Principal Component 1")
plt.ylabel("Principal Component 2")
plt.show()
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import os
import numpy as np
import matplotlib.pyplot as plt
from sklearn.cluster import KMeans

from sklearn.decomposition import PCA

# 1S dlolas Casyas
def kappa(theta, *params):
a_params = params[:500] # 500 4 Js! fehl 'a’ diiuws oy

b_params = params[500:] # 500 4 = sehl 'b' Wi bgiye

# (92 Bardas Wahl ¢l b 1) Obaslas Jub) dlas 55 Wajiahly 51 oaliiul JUs
term1 = np.sqrt((np.log(theta / a_params[0])**2 + b_params[0]**2) / (theta**2 * b_params[1]**4))
term2 = np.sqrt((np.log(theta / a_params[1])**2 + 2 * b_params[2]**2)**2 /

(theta**2 * (np.log(theta / a_params[2])**2 + b_params[3]**2)**2 * b_params[4]**2))
return terml / term2

# @obas Blajlahl ud g
def random_params():
np.random.seed() # )l eslaiwl seed wgliie polie Sl 3obad
a_params = np.random.uniform(0.1, 10, 500) # 500 !y @slal ylués 'a’

b_params = np.random.uniform(0.1, 10, 500) # 500 !y 3sbas yluie ‘b’



return np.concatenate([a_params, b_params])

# L ooue polial onsd 9 ddss
def save_curves_by_cluster(features, labels, num_clusters, output_dir):

theta = np.linspace(0.1, 20, 500) # ,slis theta

for cluster in range(num_clusters):
cluster_dir = os.path.join(output_dir, f"cluster_{cluster}")
if not os.path.exists(cluster_dir):

os.makedirs(cluster_dir)

cluster_indices = np.where(labels == cluster)[0]
for idx in cluster_indices:

curve = features[idx, :]

PILCIF() # &S s 025 Sb
plt.plot(theta, curve)
plt.xlabel("Theta")
plt.ylabel("Kappa (velocity)")

plt.title(f"Cluster {cluster} Curve {idx + 1}")

# A)éﬂj\aaim ':lj h)f},aS opas-d
file_path = os.path.join(cluster_dir, f"curve_{idx + 1}.png")

plt.savefig(file_path) # pssaiopsd

print(f"Curves for each cluster saved in directory: {output_dir}")

# g Gl b S W
theta = np.linspace(0.1, 20, 500) # ,olae theta
features =[]
foriin range(200): # 5535 Slylayp udgs
params = random_params()
curve = kappa(theta, *params)

features.append(curve)

#Uolul j2alS PCA
features = np.array(features)

pca = PCA(n_components=2)



features_pca = pca.fit_transform(features)

# L saudi s> K-Means
num_clusters =5
kmeans = KMeans(n_clusters=num_clusters, n_init="auto') #5 Wasue Sly dégs

labels = kmeans.fit_predict(features_pca)

# oA S Sl gomio o3
save_curves_by_cluster(features, labels, num_clusters, "/path/to/save/clusters")asS ¢Sl |y olgsus e #
S WSS
digs )y siSyls
gk 2 oD ddigs O 4 13,8 3lad Sla aovie (25 5 sl 4iBluz (5)$5501s SO (g 48 Sy ©
Jlie Sly @Swﬁb 393 g (59) 3 (219305 e b)) "path/to/save/clusters/” auwe o
"r"C:\Users\YourUsername\Documents\GalaxyClusters :jgtuy =
"home/yourusername/Documents/GalaxyClusters/" :Se/ Sy =

o3 Al (Slas) 93815 53 KMeans Jawgs 0yl iS conap fwdS am diigs 1o Slyp Juol S aouie S ol 5s
Gwlgyo b Gy )5\ Dgdie Jold |y s g9 dx diigs yo A8 ualice diilgh s dS Casl Liae Ol ol (W9 2
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Figure 6. M33 rotation curve (points) compared with the best fit model
(conlinuous line). Also shown the halo conltribution (dashed-dolled line),
the stellar disk (short dashed line) and the gas contribution (long dashed line)
L. Corbelli & P. Salucci (1999); hilp:/arxiv.orgfabstastro-phi9909252v1
* “we have assumed the following |arbitrary] conversion:
5 arcmin = 1 kpe corresponding lo a distance D = 0.7 Mpe.”

* This assumption assumes D = 0.6875 Mpe, which 1s a 25.2% decrease in the consensus,
measured disitance of 0.92 Mpe. {Annotations correct for ) = 0.92 Mpe. A substantial
increase in ‘missing’ mass is required to produce the rotation curve for these distances.
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restart:

term1 := sqrt((log(theta/al)"2 + b1/2)/(theta”2*b274)):



term?2 := sqrt((log(theta/a2)*2 + 2*b3/2)72/(theta”2*(log(theta/a3)"2 + b4r2)A2*b5A2)):
k := term1/term2:
al:=8.9:a2:=9.95:a3 :=7.96:b1 := 2.47:b2 := 0.24:b3 := 2.37:b4 := 8.1:b5 := 5.69:

plot(k, theta = 0 .. 100);
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M31 QLSS sy (aswie

restart:
term1 := sqrt((log(theta/a1)*2 + b172)/(theta”r2*b2/4)):
term2 := sqrt((log(theta/a2)"2 + 2*¥b3/2)A2/(theta”2*(log(theta/a3)"2 + b4A2)A2*b572)):

kappa := term1/term2:

al:=5.74:
a2:=5.76:
a3:=0.1:
bl :=0.44:
b2 :=5.83:
b3:=1.1:
b4 :=10:
b5 :=10:

plot(kappa, theta =0 .. 60);
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restart:

term1 := sqrt((log(theta/al)"2 + b172)/(theta”r2b2/4)):
term2 := sqrt((log(theta/a2)*2 + 2b342)72/(theta®2*(log(theta/a3)"2 + b4~2)A2*b572)):
kappa := term1/term2:

al:=2.50:

a2 :=6.59:

a3 :=6.60:

bl:=4.51:

b2 :=6.11:

b3 :=1.86:

b4 :=3.28:

b5 :=8.30:

plot(kappa, theta=0.1 ... 25);
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