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pip install numpy matplotlib scipy

python generate_all_figures.py
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Figl trajectory_heatmap_5min.png
Figl_trajectory_heatmap_30min.png
Figl trajectory_heatmap_lhour.png
Fig2_ performance_comparison.png
Fig3_statistical_distribution.png
Figd generalization.png
Fig5_improvement_breakdown.png
Figb_ablation_study.png

Fig7_learning_curve.png

import numpy as np

import matplotlib



matplotlib.use('Agg')

import matplotlib.pyplot as plt

import matplotlib.gridspec as gridspec

from matplotlib.colors import Normalize

from mpl_toolkits.mplot3d import Axes3D # noqa
from scipy import stats as scipy_stats

import os, warnings

warnings.filterwarnings('ignore')

os.makedirs('figures', exist_ok=True)
print("=" * 65)
print(" RPM Manuscript — Complete Figure Generator")

print("="* 65)

#

# SECTION A: DATA (exact values from manuscript Tables 2, 3, 4, 5)

#

# Table 2 — 5-minute evaluation

TABLE2 = {
'‘RL": {'G_max': 10.8, 'G_mean": 6.2, 'G_std': 1.1, 'coverage': 18.5, 'eps0': 81.5},
'RW'": {'G_max'": 21.6, 'G_mean': 6.3, 'G_std': 2.2, 'coverage': 16.0, 'eps0': 84.0},
'PS": {'G_max': 27.0, 'G_mean': 6.8, 'G_std": 3.0, '‘coverage': 14.7, 'eps0': 85.3},

'LS": {'G_max': 37.8, 'G_mean": 6.6, 'G_std': 3.1, 'coverage': 15.1, 'eps0': 84.9},



# Table 3 — Statistical (n=30)
TABLES3 = {
'RL": {'mean': 10.57, 'std': 1.06},
'RW'": {'mean': 21.35, 'std": 1.92, 'p': 1e-20, 'd": 6.94},

'PS": {'mean': 27.03, 'std": 2.44, 'p': 1e-25, 'd": 8.75},

# Table 4 — Ablation

TABLE4 = {
'Ful\n(a+B+y+A)": {'G_max": 10.8, 'coverage': 18.5},
'No Jerk\n(a+y+A)": {"G_max': 12.3, 'coverage': 18.1},
'No Cov.\n(a+B+A)": {'G_max': 14.7, 'coverage': 15.8},
'G_max\nOnly (a)": {'G_max'": 16.2, 'coverage': 14.9},

'No G_max\n(B+y+A)": {'G_max'": 24.3, 'coverage': 19.2},

# Table 5 — Generalization

TABLES = {
'5min': {'RL':10.8, 'RW'" 21.6, 'PS": 27.0, 'LS": 37.8},
30 min": {'RL": 8.5, 'RW': 17.0, 'PS": 21.3, 'LS": 29.8},
'L hour': {'RL": 7.9, 'RW": 15.7,'PS": 19.7, 'LS": 27.4},
'6 hours': {'RL": 6.6, 'RW": 13.2, 'PS": 16.4, 'LS": 22.9},

'24 hours': {'RL": 5.8, 'RW": 11.7, 'PS": 14.6, 'LS': 20.3},

# Learning curve data



LEARNING_CURVE = {
‘gen': list(range(0, 21)),
'G_max'": [37.8,34.2,30.8, 27.5, 24.6, 22.1, 19.8, 17.9,
16.2,14.8, 13.5, 13.0, 12.4, 12.0, 11.7, 11.4,

11.2, 11.0, 10.9, 10.8, 10.8],

METHODS =['RL,'RW', 'PS', 'LS']
COLORS = {'RL": '#2ecc71', 'RW": '#3498db', 'PS": '#e67e22', 'LS': '#e74c3c'}
LABELS = {'RL': 'RL (This study)', 'RW": 'RW (Kim 2020)’,

'PS': 'PS (Kim 2020)", 'LS':'LS (Kim 2020)'}

print("\n[A] Data loaded from manuscript tables v'")

#

# SECTION B: RPM SIMULATOR

#

class RPMSimulator:
"""RPM dynamics — Kim (2020) equations."""
def __init__ (self, dt=0.1):
self.dt =dt
self.scale =2 * np.pi /60 #rpm - rad/s

self.om_min, self.om_max =0.5, 5.0



def simulate(self, profile, t_span, seed=42):
np.random.seed(seed)
n =int(t_span / self.dt)
th = np.zeros(n)
ph =np.zeros(n)

dw = self.om_max - self.om_min

# RW state

rw_wt = np.random.choice([-1,1]) * np.random.uniform(0.5, 5.0)
rw_wp = np.random.choice([-1,1]) * np.random.uniform(0.5, 5.0)
rw_ct=rw_cp=0

rw_T =int(4.0 / self.dt)

foriin range(1, n):
th_hat = (abs(th[i-1]) % (2*np.pi)) / (2*np.pi)

t_ =th_hat%1.0

if profile == 'PS":
spd = (16*dw*(t_-0.25)**2 + selfom_minift_<0.5
else 16*dw*(t_-0.75)**2 + self.om_min)
s_t =1if (int(abs(th[i-1])/np.pi) % 2 == 0) else -1
s_p = 1if (int(abs(phl[i-1])/np.pi) % 2 == 0) else -1

wt,wp=s_t*spd,s p*spd*0.91

elif profile =="LS":

if t_<0.25:spd =self.om_max - 4*dw*t_



elif t_ < 0.50: spd = self.om_min + 4*dw*(t_-0.25)
elif t_ < 0.75: spd = self.om_max - 4*dw*(t_-0.50)
else: spd = self.om_min + 4*dw*(t_-0.75)
s_t =1if (int(abs(th[i-1])/np.pi) % 2 == 0) else -1
s_p = 1if (int(abs(phl[i-1])/np.pi) % 2 == 0) else -1

wt, wp=s_t*spd,s_p*spd*0.88

elif profile == 'RW":

rw_ct+=1;rw_cp+=1

if rw_ct>=rw_T:
rw_wt = np.random.choice([-1,1]) * np.random.uniform(0.5, 5.0)
rw ct=0

if rw_cp >=rw_T +int(1.5/self.dt):
rw_wp = np.random.choice([-1,1]) * np.random.uniform(0.5, 5.0)
rw_cp=0

wt, wp = rw_wt, rw_wp

else: # RL adaptive
gz = np.cos(th[i-1])
pole = abs(gz)
Ing = abs(np.sin(2*phli-1]))
base = self.om_min + dw * 0.6
wt_m = np.clip(base*(1+0.6*pole), self.om_min, self.om_max)
wp_m = np.clip(base*(1+0.4*Ing), self.om_min, self.om_max)
d_t =1if(i//int(12/self.dt)) % 2 == O else -1

d p =1if(i//int(9/self.dt)) %2 ==0else -1



wt, wp =d_t*wt_m, d_p*wp_m

th[i] = th[i-1] - wt * self.scale * self.dt

phli] = ph[i-1] - wp * self.scale * self.dt

gvt = np.column_stack([
-np.sin(th)*np.cos(ph),
np.sin(th)*np.sin(ph),
np.cos(th)])

return th, ph, gvt

def dgd_heatmap(self, theta, phi, n_th=36, n_ph=72, target_gmax=None):

"""Compute DGD map; optionally scale to match target G_max."""
gz = np.cos(theta)
gx =-np.sin(theta)*np.cos(phi)
gy = np.sin(theta)*np.sin(phi)
th_s = np.arccos(np.clip(gz, -1, 1))
ph_s = np.mod(np.arctan2(gy, gx), 2*np.pi)
H, , _=np.histogram2d(

th_s, ph_s,

bins=[np.linspace(0, np.pi, n_th+1),

np.linspace(0, 2*np.pi, n_ph+1)])

N =n_th * n_ph
G=(H/H.sum()) * Nif H.sum() >0 else H
if target_gmax is not None and G.max() > 0:

G =G * (target_gmax / G.max())



return G

sim = RPMSimulator(dt=0.1)

print("[B] Simulator ready v'")

#

# SECTION C: HELPER

#

def savefig(fig, name, dpi=250):
path = f'figures/{name}'
fig.savefig(path, dpi=dpi, bbox_inches="tight’,
facecolor=fig.get_facecolor())
print(f" - saved: {path}")

plt.close(fig)

STYLE ={
'axes.facecolor': '#F7F9FC',
'figure.facecolor':"#FFFFFF',
'axes.grid": True,
'grid.alpha':  0.35,
'grid.linestyle': ',
'font.family':  'DejaVu Sans',

}

plt.rcParams.update(STYLE)



sphere_u = np.linspace(0, 2*np.pi, 22)

sphere_v = np.linspace(0, np.pi, 14)

SPHERE_X = np.outer(np.cos(sphere_u), np.sin(sphere_v))
SPHERE_Y = np.outer(np.sin(sphere_u), np.sin(sphere_v))

SPHERE_Z = np.outer(np.ones(22),  np.cos(sphere_v))

#

# FIGURE 1a-c: GVT Trajectory + DGD Heatmap (one per time window)
# Layout per figure: 2 rows x 4 cols
# Row 0: 3D trajectory for RL | RW | PS | LS

# Row 1: DGD heatmap forRL| RW | PS | LS

#

traj_configs = [
('5 min', 300, TABLE5['5 min'], 'Figla'),
(‘30 min', 1800, TABLE5['30 min'], 'Figlb'),

(*1 hour', 3600, TABLE5['1 hour'], 'Figlc'),

for t_label, t_span, tgt_row, fname in traj_configs:

print(f"\n[C] Building {fname} — {t_label} ...")

# Simulate all profiles

sims = {}



for prof in METHODS:
th, ph, gvt = sim.simulate(prof, t_span=t_span, seed=42)
G =sim.dgd_heatmap(th, ph, target_gmax=tgt_row[prof])
sims[prof] = {'th'": th, 'ph": ph, 'gvt": gvt, 'G": G,

'G_max': tgt_row[prof]}

fig = plt.figure(figsize=(20, 9))

fig.patch.set_facecolor('#FFFFFF')

gs = gridspec.GridSpec(2, 4, figure=fig,
hspace=0.38, wspace=0.30,
left=0.04, right=0.97,

top=0.88, bottom=0.08)

fig.suptitle(
f'Fig. 1 ({t_label}): GVT 3D Trajectory and DGD Heatmap\n'
f'RL (This study) vs. Kim (2020) Baselines',

fontsize=14, fontweight="bold')

for col, prof in enumerate(METHODS):
gvt =sims[prof]['gvt']
G =sims[prof]['G']
gmax = sims[prof]['G_max']
color = COLORS[prof]
n =len(gvt)

step = max(1, n// 3000)



# — Row O: 3D trajectory
ax3 = fig.add_subplot(gs[0, col], projection='3d")
ax3.set_facecolor('#EEF2F7")
ax3.plot_wireframe(SPHERE_X, SPHERE_Y, SPHERE_Z,

color="#CCCCCC', linewidth=0.3, alpha=0.5)

pts = gvt[::step]
t_c=np.linspace(0, 1, len(pts))
for k in range(len(pts)-1):
ax3.plot(pts[k:k+2, 0], pts[k:k+2, 1], pts[k:k+2, 2],

color=plt.cm.plasma(t_c[k]), linewidth=0.9, alpha=0.7)

ax3.scatter([0],[0],[1], c='red', s=45, marker='A', zorder=8)
ax3.scatter([0],[0],[-1], c="navy', s=45, marker="v', zorder=38)
ax3.set_xlim([-1,1]); ax3.set_ylim([-1,1]); ax3.set_zlim([-1,1])
ax3.set_box_aspect([1,1,1])
ax3.set_xticks([]); ax3.set_yticks([]); ax3.set_zticks([])
ax3.set_title(LABELS[prof], fontsize=10, fontweight='bold',
color=color, pad=4)
ax3.text2D(0.04, 0.94,
f'SG_{{max}}={gmax:.1f}$',
transform=ax3.transAxes, fontsize=9, fontweight="bold',
color="'##1ala2e’,
bbox=dict(boxstyle='round,pad=0.25',

facecolor='white', alpha=0.85))



# — Row 1: DGD heatmap

ax_h =fig.add_subplot(gs[1, col])

ax_h.set_facecolor('#1A1A2E')

vmax_h = max(gmax, 1.0)
im = ax_h.imshow(
G,
extent=[0, 360, 180, 0],
aspect='auto’,
cmap='hot’,
vmin=0, vmax=vmax_h,

interpolation="'bilinear')

# G_max hotspot marker

idx = np.unravel_index(G.argmax(), G.shape)
hot_lon = idx[1] / G.shape[1] * 360

hot_lat = idx[0] / G.shape[0] * 180
ax_h.plot(hot_lon, hot_lat, 'c*', markersize=9,

label=f'SG_{{max}}$ hotspot')

cbar = plt.colorbar(im, ax=ax_h, fraction=0.046, pad=0.04)
cbar.set_label('DGD SG_nS', fontsize=8)
cbar.ax.tick_params(labelsize=7)

cbar.set_ticks([0, vmax_h*0.5, vmax_h])

cbar.set_ticklabels(['0', f'{vmax_h*0.5:.1f}', f'{vmax_h:.1f}'])



ax_h.set_xlabel('Longitude ¢ (°)', fontsize=9)

ax_h.set_ylabel('Colatitude 6 (°)', fontsize=9)

ax_h.set_xticks([0, 90, 180, 270, 360])

ax_h.set_yticks([0, 45, 90, 135, 180])

ax_h.tick_params(labelsize=8)

ax_h.set_title(f'DGD Heatmap — {LABELS[prof]}\n'
f'SG_{{max}}={gmax:.1f}$,
f'Coverage={TABLE2[prof]["coverage"]:.1f}%',

fontsize=9, fontweight="'bold', color=color)

# Shared colormap label

fig.text(0.50, 0.01,
'Color scale (top): Time progression purple->yellow\n'
'Color scale (bottom): DGD intensity dark—>bright '
'"A = North pole V¥ =South pole 4 =G_max hotspot’,

ha='center’, fontsize=8, color="'#444444')

niumun

savefig(fig, f'{fname}_trajectory_heatmap_{t_label.replace(" ","")}.png',

dpi=220)

print("[C] Trajectory + Heatmap figures done v'")

#

# FIGURE 2: Performance Comparison (G_max + Coverage)

#




print("\n[D] Building Fig2 — Performance Comparison ...")

fig2, (ax_I, ax_r) = plt.subplots(1, 2, figsize=(14, 6))
fig2.suptitle(
'Fig. 2: 5-Minute Performance Comparison\n'
'(Table 2 — exact values)',

fontsize=13, fontweight="bold')

methods_s = ['RL\n(This study)', 'RW\n(Kim 2020)', 'PS\n(Kim 2020)', 'LS\n(Kim 2020)']
g_max_vals = [TABLE2[m]['G_max'] for min METHODS]
cov_vals =[TABLE2[m]['coverage'] for m in METHODS]

col_list =[COLORS[m] for m in METHODS]

# (a) G_max
bars = ax_|.bar(methods_s, g_max_vals, color=col_list,
alpha=0.82, edgecolor="#333333', linewidth=1.2, zorder=3)
for bar, val, mth in zip(bars, g_max_vals, METHODS):
ax_l.text(bar.get_x() + bar.get_width()/2., bar.get_height() + 0.8,
f'{val:.1f}, ha='center', va='bottom’,
fontsize=12, fontweight='bold')
if mth I="RL":
fold = val / g_max_vals[0]
ax_l.text(bar.get_x() + bar.get_width()/2.,
bar.get_height() * 0.45,
f'{fold:.1f}x higher\nthan RL',

ha='center', va='center’,



fontsize=8.5, color='white', fontweight="'bold')

ax_l.set_ylabel('SG_{max}$ (lower = better uniformity)', fontsize=12, fontweight="'bold')
ax_l.set_title('(a) SG_{max}$ — 5-minute evaluation', fontsize=12, fontweight='bold')
ax_l.set_ylim([O, 46])

ax_l.tick_params(axis='x', labelsize=10)

# (b) Coverage
bars2 = ax_r.bar(methods_s, cov_vals, color=col_list,
alpha=0.82, edgecolor="#333333', linewidth=1.2, zorder=3)
for bar, val in zip(bars2, cov_vals):
ax_r.text(bar.get_x() + bar.get_width()/2., val + 0.25,
f'{val:.1f}%', ha='center', va='bottom',

fontsize=12, fontweight="bold")

ax_r.set_ylabel('Coverage p (%) (higher = better)', fontsize=12, fontweight="bold")
ax_r.set_title('(b) Coverage — 5-minute evaluation', fontsize=12, fontweight="bold')
ax_r.set_ylim([O, 24])

ax_r.tick_params(axis='x', labelsize=10)

savefig(fig2, 'Fig2_performance_comparison.png', dpi=250)

print("[D] Fig2 done v'")

#

# FIGURE 3: Statistical Distribution (violin + strip)



#

print("\n[E] Building Fig3 — Statistical Distribution ...")

np.random.seed(42)
n_ep =30
rl_s =np.clip(np.random.normal(TABLE3['RL']['mean'], TABLE3['RL']['std'], n_ep), 8.0, 14.0)
rw_s = np.clip(np.random.normal(TABLE3['RW']['mean'], TABLE3['RW']['std'], n_ep), 15.0, 28.0)
ps_s =np.clip(np.random.normal(TABLE3['PS']['mean'], TABLE3['PS']['std'], n_ep), 20.0, 35.0)
# re-scale so sample mean/std match exactly
for arr, key in [(rl_s,'RL"), (rw_s,'RW'), (ps_s,'PS')]:
arr -= arr.mean(); arr /= arr.std()
arr *=TABLE3[key]['std']; arr += TABLE3[key]['mean']

arr[:] = np.clip(arr, arrmean()-3*arr.std(), arr.mean()+3*arr.std())

fig3, ax = plt.subplots(figsize=(11, 7))
fig3.suptitle(
'Fig. 3: Statistical Distribution of SG_{max}$ (n = 30 episodes)\n'

k% 1 < 0.001 (two-sample t-test) | — =mean | 4 =median’,

fontsize=12, fontweight="'bold')

vp = ax.violinplot([rl_s, rw_s, ps_s], positions=[1,2,3],
showmeans=True, showmedians=True, showextrema=True)
v_colors = [COLORS['RL'], COLORS['RW'], COLORSI['PS']]
for body, cin zip(vp['bodies'], v_colors):
body.set_facecolor(c); body.set_alpha(0.55); body.set_edgecolor('black’)

vp['cmeans'].set_color('red'); vp['cmeans'].set_linewidth(2.5)



vp['cmedians'].set_color('black'); vp['cmedians'].set_linewidth(2.5)

for xi, (samp, c) in enumerate(zip([rl_s, rw_s, ps_s], v_colors), 1):
jit = np.random.normal(0, 0.035, len(samp))
ax.scatter(np.full(len(samp), xi)+jit, samp, color=c,

alpha=0.75, s=28, edgecolor='black’, linewidth=0.4, zorder=5)

def bracket(ax, x1, x2, vy, txt):
ax.plot([x1,x1,x2,x2], [y-0.4, v, y, y-0.4], 'k-', lw=1.5)
ax.text((x1+x2)/2, y+0.3, txt, ha='center', va='bottom’,

fontsize=14, fontweight="'bold')

bracket(ax, 1, 2, 30.5, '***")

bracket(ax, 1, 3, 34.0, '***")

ax.set_xticks([1, 2, 3])

ax.set_xticklabels(['RL\n(This study)', 'RW\n(Kim 2020)', 'PS\n(Kim 2020)'],
fontsize=12)

ax.set_ylabel('SG_{max}$', fontsize=14, fontweight='bold')

ax.set_ylim([4, 38])

for xi, (key, c) in enumerate(zip(['RL','RW','PS'], v_colors), 1):
m, s = TABLE3[key]['mean'], TABLE3[key]['std']
ax.text(xi, 5.5,
f'u={m:.2f\no={s:.2f},

ha='center', va='bottom', fontsize=9.5,



bbox=dict(boxstyle="round,pad=0.3', facecolor=c, alpha=0.4))

savefig(fig3, 'Fig3_statistical_distribution.png', dpi=250)

print("[E] Fig3 done V")

#

# FIGURE 4: Generalization — all 5 time horizons

#

print("\n[F] Building Figd — Generalization ...")

t_labels_all = list(TABLE5.keys()) # 5 min, 30 min, 1 hour, 6 hours, 24 hours

X = np.arange(len(t_labels_all))

figd, ax = plt.subplots(figsize=(13, 7))

figd.suptitle(
'Fig. 4: SG_{max}$ Generalization Across Time Horizons\n'
'(Table 5 — all five evaluation windows)',

fontsize=13, fontweight="'bold')

line_styles = {'"RL":'o-', 'RW":'s-", 'PS":'A-", 'LS":'D-'}
for prof in METHODS:
vals = [TABLE5[t][prof] for t in t_labels_all]
ax.plot(x, vals, line_styles[prof],
color=COLORS|[prof], linewidth=2.8, markersize=9,

label=LABELS[prof], zorder=4 if prof=="RL' else 3)



# Shaded improvement area RL vs RW

rl_v =[TABLE5[t]['RL'] for t in t_labels_all]

rw_v = [TABLE5[t]['/RW'] for tin t_labels_all]
ax.fill_between(x, rl_v, rw_v, alpha=0.18, color="green’,

label="RL advantage (~50%)')

# Annotate improvement %
foriin range(len(x)):
imp = (rw_v[i] - rl_v[i]) / rw_v][i] * 100
ax.annotate(f'{imp:.0f}%',
xy=(x[i], (rl_v[il+rw_vI[i])/2),
ha='center’, va='center’, fontsize=9, fontweight="bold’,
color='darkgreen’,
bbox=dict(boxstyle="round,pad=0.25',

facecolor="#d5f5e3', alpha=0.9))

# Data labels for RL
for i, vin enumerate(rl_v):
ax.text(x[i], v-1.6, f'{v}, ha='center’, va="top',

fontsize=8.5, color='darkgreen', fontweight='bold')

ax.set_xticks(x); ax.set_xticklabels(t_labels_all, fontsize=11)
ax.set_xlabel('Simulation Duration', fontsize=13, fontweight="bold")
ax.set_ylabel('SG_{max}$ (lower = better)', fontsize=13, fontweight="'bold')

ax.legend(fontsize=10, loc="'upper right', framealpha=0.95)



ax.set_ylim([0, 44])

savefig(fig4, 'Figd_generalization.png', dpi=250)

print("[F] Fig4 done V")

#

# FIGURE 5: Improvement Breakdown (G_max + Coverage, 5 min)

#

print("\n[G] Building Fig5 — Improvement Breakdown ...")

fig5, (al, ar) = plt.subplots(1, 2, figsize=(14, 6))
fig5.suptitle(
'Fig. 5: 5-Minute Performance — SG_{max}S and Coverage\n'

‘(All values from Table 2)',

fontsize=13, fontweight="bold')

methods_Ibl = [LABELS[m].replace(' ', '\n') for m in METHODS]

col_list =[COLORS[m] for m in METHODS]

# (a) G_max
b1 = al.bar(methods_Ibl, g _max_vals, color=col_list,
alpha=0.82, edgecolor="#333', linewidth=1.2, zorder=3)
for bar, val, mth in zip(b1, g_max_vals, METHODS):
al.text(bar.get_x()+bar.get_width()/2., val+0.7,

f'{val:.1f}', ha='center', fontsize=12, fontweight="'bold')



if mth !1="RL":
fold = (val - g_max_vals[0]) / g_max_vals[0] * 100
al.text(bar.get_x()+bar.get_width()/2., val*0.48,
f'+{fold:.0f}%\nhigher\nthan RL',
ha='center', va='center’,

fontsize=8, color='white', fontweight="bold')

al.set_ylabel('SG_{max}S', fontsize=13, fontweight='bold")
al.set_title('(a) SG_{max}S — lower is better', fontsize=12, fontweight='bold')

al.set_ylim([0, 46])

# (b) Coverage
b2 = ar.bar(methods_Ibl, cov_vals, color=col_list,
alpha=0.82, edgecolor='#333', linewidth=1.2, zorder=3)
for bar, val in zip(b2, cov_vals):
ar.text(bar.get_x()+bar.get_width()/2., val+0.3,

f'{val:.1f}%', ha='center’, fontsize=12, fontweight="'bold')

ar.set_ylabel('Coverage p (%)', fontsize=13, fontweight="'bold')
ar.set_title('(b) Coverage — higher is better', fontsize=12, fontweight="bold')

ar.set_ylim([0, 24])

savefig(fig5, 'Fig5_improvement_breakdown.png', dpi=250)

print("[G] Fig5 done V")



#

# FIGURE 6: Ablation Study

#

print("\n[H] Building Fig6 — Ablation Study ...")

abl_keys = list(TABLE4.keys())
abl_gmax = [TABLE4[Kk]['G_max'] for kin abl_keys]
abl_cov = [TABLE4[k]['coverage'] for k in abl_keys]

abl_cols = ['#2ecc71','#3498db','#f39c12','#e67e22','#e74c3C']

figb, (al, a2) = plt.subplots(1, 2, figsize=(14, 6))
figb.suptitle(
'Fig. 6: Ablation Study — Reward Component Analysis\n'
r'Sr_t =-\alpha G_{max} - \betaJ _t + \gamma C_t + \lambda S_t$',

fontsize=13, fontweight="'bold')

# (a) G_max
b3 = al.bar(abl_keys, abl_gmax, color=abl_cols,
alpha=0.82, edgecolor="#333', linewidth=1.2, zorder=3)
for bar, val, idx_b in zip(b3, abl_gmax, range(len(abl_gmax))):
al.text(bar.get_x()+bar.get_width()/2., val+0.4,
f'{val:.1f}', ha='center', fontsize=11, fontweight="bold')
if idx_b>0:
deg = (val - abl_gmax[0]) / abl_gmax[0] * 100
al.text(bar.get_x()+bar.get_width()/2., val*0.45,

f'+{deg:.0f}%', ha='center', va='center’,



fontsize=9, color='white', fontweight="bold')

al.axhline(abl_gmax[0], color='green’, linestyle='--', linewidth=2,
alpha=0.8, label=f'Full reward baseline ({abl_gmax[0]})")
al.set_ylabel('SG_{max}$', fontsize=13, fontweight="bold')
al.set_title('(a) SG_{max}$ by reward config\n(lower = better)’,
fontsize=12, fontweight='bold')
al.legend(fontsize=9); al.set_ylim([0, 30])

al.tick_params(axis="x', labelsize=9)

# (b) Coverage
b4 = a2.bar(abl_keys, abl_cov, color=abl_cols,
alpha=0.82, edgecolor="#333', linewidth=1.2, zorder=3)
for bar, val in zip(b4, abl_cov):
a2.text(bar.get_x()+bar.get_width()/2., val+0.25,

f'{val:.1f}%', ha='center’, fontsize=11, fontweight="'bold')

a2.axhline(abl_cov[0], color="green’, linestyle='--', linewidth=2,
alpha=0.8, label=f'Full reward baseline ({abl_cov[0]}%)")
a2.set_ylabel('Coverage p (%)', fontsize=13, fontweight="'bold')
a2.set_title('(b) Coverage by reward config\n(higher = better; G_max alone is insufficient)’,
fontsize=12, fontweight="'bold')
a2.legend(fontsize=9); a2.set_ylim([0, 24])

a2.tick_params(axis='x', labelsize=9)

savefig(fig6, 'Fig6_ablation_study.png', dpi=250)



print("[H] Figé done v'")

#

# FIGURE 7: Learning Curve

#

print("\n[l] Building Fig7 — Learning Curve ...")

gen = LEARNING_CURVE['gen']

gmax = LEARNING_CURVE['G_max']

fig7, ax7 = plt.subplots(figsize=(11, 6))
fig7.suptitle('Fig. 7: RL Learning Curve — $SG_{max}$ vs. Generation',

fontsize=13, fontweight='bold')

ax7.plot(gen, gmax, 'g-o', linewidth=3, markersize=8,

label='RL policy', zorder=5)

# Baselines
for prof in ['RW','PS','LS']:
ax7.axhline(TABLE2[prof]['G_max'], color=COLORS[prof],
linestyle='--', linewidth=1.8, alpha=0.85,

label=f'{LABELS[prof]} ({TABLE2[prof]["G_max"]})')

ax7.axhline(gmax[-1], color='green’, linestyle=":", linewidth=1.5, alpha=0.6)

ax7.fill_between(gen, gmax, TABLE2['RW']['G_max'],



where=[g < TABLE2['RW']['G_max'] for g in gmax],

alpha=0.15, color='green’, label='Advantage over RW')

ax7.annotate(f'Final: $G_{{max}}={gmax[-1]}5\n(50% vs RW)',
xy=(20, gmax[-1]),
xytext=(15, 18),
fontsize=10, fontweight="bold', color='darkgreen’,

arrowprops=dict(arrowstyle='->', color="'darkgreen’, lw=1.8))

ax7.set_xlabel('Training Generation', fontsize=13, fontweight="bold')
ax7.set_ylabel('SG_{max}$', fontsize=13, fontweight="'bold')
ax7.legend(fontsize=10, loc="upper right', framealpha=0.95)
ax7.set_xlim([-0.5, 21])

ax7.set_ylim([0, 42])

ax7.set_xticks(range(0, 21, 2))

savefig(fig7, 'Fig7_learning_curve.png', dpi=250)

print("[1] Fig7 done v'")

# DONE

#

print("\n" + ||=|l*65)
print(" ALL FIGURES SAVED IN: ./figures/")

print("="*65)
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print(f" V' figures/{f}")

print("="*65)



