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Picomplex 055 | T~ ARAMNE SR AEPHESE, o BRAREADE.

B Py G2 SERRE 2RI 0 4 HE R B g AoHR R 22 0], 2
FER R~ B AG % .

(2) ERGFFIERFERL O

AR SEE. SE BML 135, 185, 21 Sk 7 (T i
PEIERS, WOE nx O Q4 SRS TF SR
rPJ,Tu e i Preomples G5€71 BML, Zyz Zis 21,211
Prria Poris Parnt Pocomples G262 BML Zays Zagg Zooy
Xmeta = | Pariy Psris Parti Plcomplex G883 BML 233 3 Zas (60)

Prris Puris Purt Prcowplex 98€n BMIy, Zyys Znys Zun)

Ko, age; HE i REMER, BMEL RS - ARERIELE, Z: B8
AREA 13 SOk ZE, Zs BEI-PRAM IS SRAaKZH, Z. HEi
a2 Salk 2 (4.

FFE AT L0 R R R R B i A PR G L R R R A B
fr, SEMENETRFTEA, WEOBEER B G sREmRer, e
i e A AR
9.2.2 mEAIG S

(1) B P4E55util
T AR Z AR O THIE A P Xonera . TOBRERLIATT 7 30 3E4E 5, BREEEE0) E X

¥
Y = {3, Y1, ¥2. ¥3, ¥4, Vs, ¥s) = {Normal, T13, T18, T21, T13+T18, T13+T21, T18+T21}
(61)
AR, ORI R T AR R, SRR R E SR
Pipo 1 Pz Puis Pla s Pis
P, = P_z.u F‘?_l P?.: F?.s I??.q P“T*,.s P‘?,ﬁ (62)

Pno Pnl Pr2 Pn3 Pua Pns Pus), .

Jerp pi; FORE | AMEEAR T J B0, WEBMEH LA X p = 1.
JOHIRLR Al LightGBM 4023880505, JHR RMEE & 2 U %5 L1/L2 TEN

i7:
FI O T T
L2237 yilospip + 4 INDEZIC (©3)

=1 j=0
Hooft v,y R HSARFEAY one-hot 3885, w, N5 ¢ PRAYRTFRCE, T bk 4.
Wit o R ACE R IR A AR A Rl R, e 1 LT R B A S R

ET)



93 ZEEZERET
9.3.1 {EEMBIZITRIE

ERRH N SRR PRI RS S A, o B e W e R N R
{5, (oMb AR A A R . TR BT T 2 i i 2 DA D O

BN LR AT Z-score Spit2f B, R I (IUR o 1 75 255 IR 5 i A i
AF (12123, X5 99.7% BEATRAM]) wiiie T RbLE . #in2mmaesFikh:

TI13+T21, ifZ;:=3and 7y = 3
Seorrection(®: Pmesa) = ST18+T21, ifZ1g = 3and Zy = 3 (64)
Fmeia: otherwise
Hoh 2 = [Zy3, Zis, 7|7 it ik ZAH 100, Srers FCHIRIHIR .
9.3.2 FTWZREMH

LB EHEIE BT HAR R E A RIS 100% SR, @3 LE AR
&1 C = [T13+T21, T18+T21), MR

E:’I-.l I[y; = cand Jreorreciion{ Zis Pmera i) = €]
E:—I iy =cl
e I hdn R, v MECERRSE, = S P RERRY 2 (-

9.4 AGIMEERIESATLES4R

R A B R R AR BE AT A A AR IR M ;'ﬁ.-éfi
iR (SRS R) H&E&HT&M%iQ%MHMHﬁW&
IR 13 S ol S ek 13 45 18 Ky

TR (LT R R R AR, AR SR 1 R R e 1 e e
AR

Recall remion(€) = =10, ¥Ycel (65

B 21 SR
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HFE R BRI Eay @RS, h T LdERE P, iR
S, W RAEN R E S R AR R A e

10 LFR R MR R
BN BisE A% Flscore FEAR

i (.96 1.00 0.98 538
T3 B 1.00 0.60 0.75 10
TIB R& 096 0.79 0.87 33
T13+T18 1.00 0.91 0.95 11
% T21 .86 0.72 0.64 9
T13+T21 1.00 1.00 1.00 2
T18+T21 1.00 1.00 1.00 2
Accuracy 0.97 605

N B, M SRET 97%, BEG THEESRENHFERR KA T
fiy, HHE#—SRETERLIER.

iR A A AT DA R IR AR R BB R A IR B P e 3, L AE I FIAH]
T L0, EEsR RS LT A S RE AR Ay RN, R R A
PeAd BEREErr TRl *F T18 @ vl A T13+T18 Jk R i i, B
Bl T AR R AW EE A, Fl-score 43 §EAE] T 0.87 #1095, kM 7 MW
e iR G

P, BIREA PR s R Rt BB T — R, T TI13 B
ST EETRIA 1.00, HHEHERIEFEA 0.60, #AEH H T fEaTRiE 40% 8y
TI13 i, BRI T21 SEaRBNE A0, E2YHiEELES Bk
Z— MTHAEEA00 TI3+4T21 71 TI8+T21 HERE, RAHEREA 1.00,
{B5 EREER R RE , s Rasi B ER, Rzl o=,

+.  RERIEN. NS
101 BEREHE S

SRt IR A N R S | AL, 3G T 1 P R IR A A p 1
Hi i 0502, BUR AIC (HER A 17.2%,

MR R R T RN SRRt S WS TR, AR
A AR BRI, BT Ton AE32 510 .

BMI 4+ 5555 NIPT B il & IR AL RS Se 0 Bl o e A g sh B (RAL
HESE, LR e R s A s, SRR KRR

B e R A T HE ST NIPT i 08 4k (o) B O AR AP BT R 55, i
DeepHit B T #: 45 H s ety ikl Sl 2, WaR AR deEER., BT



G0 ik EF AT A R A e 2

AR “PO~ SR + T + ERHEIE R M, ShfE el
S B PR AR LR R, IR T 65.2% , BRGNS A M, 45 4 phaaia 2
16 43¢h, RIBTERFE T 99.87% AYTRIVRTEE .

102 HEMAE

YHIBTFEET 1687 Mllm AR b, SIS ERA —EA I,
{EEERF NIPT # A AR S, ERAEARMET Dl —2 R i B ay i (i
PEAFRTEE, H ELATREGRZ b AR IE -

103 HERIAYHET R A

ASCHT NIPT i BERI 5 fr B R 5, Gl TR A TRBE AR fT . IRARUE
[ E 2 P B B RNR - TR, S S Z IR TRERREL. R A LER
F247 NIPT felanf s fide S R i, ®aTaEr WA T HAES R 5
B bR a SR SRR S, TS SR E R 2R
AVPAIBIRELY, HEANEEE R TRE WA R R W bR ok, v FHa i
FEEE. (EACBSS T vilF R AR B MU IR e L e i ES
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data.xlsx I3 I R o i

data_preprocessed _final.xlsx hIeAmEa e A A TR S A9 SR S0
data_Q1.dta [ 1 i AR S

problem2 _t_attain_predicted.csv Wi 2. BT GPR (e Sk bn 2 B 1 i 55 3
problem2_optimization_results.csv W)iE 2: BMI - #0gf NIPT i &5 f i 25
problem3_optimization_results.csv W 3: BMI 4 E1A0 5t NIPT i i 1900 4% St
data_g4 modeling.csv )i 4: hla) i it

problem3 processed data.pkl W 3 BT i

problem3_final model.pkl i 3 B A
t113_expert_model.pkl M 4: BIF@i “T13 Baf" aoBiE

118 expert._model.pkl

121 _expert_model.pkl
interaction_expert_maodel.pkl
final_meta_model.pkl
probem]1.do

probem2.py

probem3.py

probemd.py

[/l 4
) 4
I 4
(A} 4
]l 1:
M 2
(o) {3
an) i 4

RAFHiE “Ti8 Bag” pyEis
ATFHE “T21 B poEd
ATFHIE 2R pEi
Hie 2 o

stata 47

python %

python {{55

python {55

B B

A3

Listing Pt B.1 (M 1: BB AHEBIELGHr SHEZ05 Swata {5 (probleml.do)

clear all

aat more off

set scheme sicolor

graph drop _all

local datapath "."

local figpath "./figures”

capture mkdir "‘figpath’"

use "‘datapath’/data_Ql.dta”; clear

« BEE T

mixed ¥_conc t_sg t Height_Z BMI || PatientID:, reml
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estimates atore reml_full

mixed ¥_conc t_sq t Height Z BMI || PatientID:, mle
estimates store ml_full

« LEEE AR

eatimates restore reml_full
predict res, residuals
predict fit, fitted

predict u, reffects

predict stdres, rstandard

gen abs_res = abzires)
gen abs astdrea = abs(stdres)
bysort PatientID: gen tag = {_n == 1]

+ B
mixed Y conc t_sq t Height_2Z EMI || PatientlID:, mle
astimates store mixed _ml

mixed ¥ conc t_sq t Helght Z BMI, mle
estimates store fixed_only

estimates table mixed_ml fixed_only, stats(H 1l aic bic)
lrtest mixed _ml fixed_cnly

estimates restore reml_full
eatat ice

« B ML R i M
gnorm u, xtitle("HESHYU") yritle("FNBE") title("HMHBEBE-0-C

B ") name(qgg random, replace)
graph export "'figpath’/gg plot_random effects.png”, replace width
(1000) height(800]

histogram u if tag, normal xcicle("BE#HLEE") yoitle ("SH") citle("”
HMESWHAE" name(hist_random, replace)

graph export "'figpath’/random intercepts histogram.png”, replace
width (1000) height (200)

= B A

cwWwoway acatter res fit, yvline(d, locolor(red) lpattern{dash}) ///
meolor (navy%60) msize(tiny) title("HEWRE v LEHEH" 7/
yoitle ("R RE") xticle("HMAMH") name(resid fitted, replace)
nodraw

twoway scatter stdres fit, vline(l, lcolor(red) lpattern(dash)) J//
yline (-2, lcolor(erange) lpattern{dot)) wline(2, lcoler(ocrange)
lpatternidot)) 77/ I
meolor (forest_greent60) msize(tiny) title("IFEALRE v= BEH")
i
ytitle("IRE BT ") xtitle ("M E{H") name(std_resid fitted,
replace) nodraw

twoway scatter abs res fit, meoolor (purple%el) mesize (tiny) ///
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T

aggddadd 2

B

W B B R BA B b R e

=

title("HEMMME vo PEHH") yritle("BEAMEA" xtitle"BEH
"y fAS
name (abs_resid _fitted, replace) nodraw

twoway scatter abs_stdres f[it, mcoler (marcon%eld) msize(tiny) ///
title("fREAREAMME v HEMHE") yritle("fFELRBRAMHE")
ztitle ("L S ///

name {abs_std_resid_fitted, replace) nodraw

graph combine resid fitted std resid fitted aba_resid fitted
abz_std resid fitted, ///

title ("W BvsH SHESTH") subtitle("MAFEHERE") name!

combined_residuals, replace)

graph export "‘figpath'/comblined residuals analysis.pnq", replace
width {1600} height (1200)

+ LOWESS - #4087

twoway (scatter res fit, mcoelorinavy®4() msize(vsmalll) 77/
{lowass res fit, leolorired) lwidth(thick))}, S//
yline (0, lcoloriblack) lpattern{dash)) ///
legend(order(l "HE"™ 2 "LOWESSTER™)) /7
title("HHEBE-HEGH (FLOWESSTH) ", size(medium)) ///
yeitle ("B E") xtitle("HSH") namel{resid_lowess, replace)

nodraw

twoway (scatter stdres fit, meolor{forest_green%$40) msize (vsmall)) 7/
i

{lowess stdres £it, leoglerired) Iwidth(thick))}, /771

vline{0d, luoloriblack) lpattern{dash)) ///

yline(=2, lcclor(crange) lpattern(dot})) wline(2, lecoloricrange
| lpatteznidet)] F//

legend(order (1 "#RME/LIRE" 2 "LOWESSFH")) ///

title("MEEA B Eva B E&H (XLOWESSER) ", =ize (medium)) ///

yhitle ("HEELBE") xtitle("#ES{i") name(std_resid_lowess,
replace) nodraw

graph combine resid _lewess std resid lowess, ///
title ("R Ev{l FHLMNESSTER G4, size(medium)) ///
subtitle("B B RRERENFEFAEA") nane (combined lowess,

replace)

graph export "‘figpath’/residuals lewess_analysis.png”, replace width
(1400 heighc(700)

Listing {3 B.2 [ 2: A% BMI 78 A tE NIPT 845569 Python {85 (problem2.py }

import pandaz as pd

import numpy as np

import warnings

from zklearn.gauszzian_process import GaussianProcessRegressor
from sklearn.gausalan_process.kernels import RBF, WhiteRernel
from scipy.stats import pearsonr

import random

from deap import basze, creator, tools, algorithms

from todm import todm

import plotly.graph_objects as go
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import plotly.express as px
import os

# Bk —: BToerRPMBAEHRRR (T_attain) Fi¥
def calculate_t_attain(df_male):

print (" —&H: B FerREMT _attain”)
F1l. WEES

grouped_data = |
pid: {"avg bmi’: g["PEBMI' ] .mean(), 'sequence’: sorted|[
tuple(y) for v in gi[" MW _ %', v EmkE 1.
valuezs], key=lambda r: r[0]}]
for pid, g in df_male.groupby (' REFHE)
|

kernel = 1.0 = RBF(length_scale=1.0; length_scale bounda=(le-2; 1
€2} ) + WhiteEernel (noize level=le-5, noise level bounds=(le
=10, le+l})

resultas = []

for perzon_id, data in tgdmi{grouped_data.items(), desc="GPRT M i
B
sequence = datal[’sequence’]
t_attain_prelim = np.inf

F2. =EMEFERE
if len(sequence) == 1;
if secquence[0][1] »= 0.04: t_attain prelim = sequence
(0110}
elif lenlsequence) > 1:
t_wvala = [s[0] for s in seguence]
y_vals = [s5[1] fer s in seguence]
if pearsonrit_wals, y wvals)[0] >= 0:
tey:
X = np.array(t_wvals) .reshape(-1, 1)
y = pp.arrayl(y _wvals)
gpr = GaussianProcessBegresszor (kernel=kernel,
n_restarts aptimizer=10, random atate=42) .fitc(
%5 o7
weeks _to predict = np.linspace (10, 40, 301).
reshape (-1, 1}
mean, std = gpr.predict{weeks_to_predict,
return_std=True)
lower _bound = mean — 1.96 = stad
achieved_indices = np.whera (lower_bound >= 0.04)
[o]
1f len(achieved_indicea) > O:
t_attain_prelim = weeks_to_predice|
achieved indices[Q]] [0]
except Exception:
t_attalin_prelim = np.inf

t_actual_min = min([t for t, ¥ in zequence 1f y >= 0.04] + |
np.infl)

final_t_attain = min(t_attain_prelim, t_actual_min}

if final_t_attaln < 10: final_t_attain = 10.0
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results.append (|’ Pexrson_id': person_id, " P HBEMI*: datal’
avg_bmi*], 'T_attain’: final_t_attain})

print (" —H: T arcainitTHERT™
return pd.lataFrame (results)

# R ETREREAONERRL

def

def

def

get_risk{wesk):
rriRE SR R EMHE.
if week == 12: peturn 1

if 12 < week <= 27: peturn 10
return 100

evaluate{individval, percentile, Jdf walid, ga_params):

"l A IPSER. "

split_points = sorted(individusal)

groups = []

last_split = -ap.inf

for split in split_points:
groups.append (df_valid[ (df_valid[’ EBEMI’] > last_split) & {

df _wvalid['FEBBMI'] <= split)]})

last_aplit = szplit

groups.append (df_valid[df_wvalid(* FIEMI'] > last_split])

min_group_size = int (np.fleor({len(df_walid) / (ga_params([’
num_splits’] + 1) = 0.6)]
for group in groups:
if len(group) < min_group_size:
raturn (le9 + (min_group_size = len(group}) =« 1000,)

total_risk = sum(get_risk(g['T_attain'].guantile(percentile /
100.0)) + lenilg) for g in groups if not g.empty)
raturn (total_risk,)

run_genetic algorithmi{df _walid, ga_params}:

R E AR RETRERE, SRR EeM MR, "

print ("8 " FF #7160 B WERR IR L)

all_bmis = sorted(df_valid[' P #MEMI’] . unicue(})
creator.create("FitnessMin", base.Fitness, welghts={(-1.0,1)
creator.create("Individual™, list, fitness=creator.FitnessMin)

toalbox = base. Toolbox ()

¢ ITHERAT

def mutUniformBmi (individual, indpb):
for i in range(len(individual)):
if random.random{) < indpb:
individual[i] = randem.cheice(all_bmis)
raturn individual,

toglbox.registar("attr_fleat", random.choice, all bmis)

toolbox.pegister("individual™, toocls.initRepeat, creator.
Individual, toolbox.attr_float, ne=ga_params[’num_splitar])

toolbox.register{"population”™, tools.initRepeat, list, toolbox.
individual)
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toolbox.paglstar ("mate", tocls.cxUniform, indph=0.5)
toolbox.raglstar("mitate"”, mutUniformBmi, indpb=0.Z2)
toolbox.ragistar("select", tools.selTournament, tournsize=3)

resulta = []
for p in tgdmirange(ga_params['p_min®], ga_params['p max']), desc
TR f ") .
toolbox. reglster ("evaluate™, ewvaluate, percentile=p, df_walid
=df_walid, ga_parama=ga_params}
pop = toolbox.population{n=ga_params{’'pop_size’ ]}
hof = tools.HallOfiFame(l)

algorithma.eaSimple (pop, toclbox, cxph=0.9%, mutph=0.3, ngen=
ga_params['ngen’ ), halloffame=hof, wverbose=False)

best_aplits = sorted(hof[T])
boundaries = [-np.inf] + best_splita + [np.inf]

for i1 in range(len(boundaries) - 1):
bmi_min, bmi_max = boundaries(i], boundaries[i+l]
group df = df _valid| (df_valid[*E¥EMI’] > bmi_min) & |
df walid['3E¥BMI' ] <= bmi_max) |
if not group_df.empty:
bmi_range_str = f"<= (bmi_max:.2f)" 1f § == 0 alse E£"
> (bmi_min:.2£]" Af 4 == lepn(boundaries) - 2 alsa
£'{bmi_min:.2f) — {bmil_max:.ZE}"
results.appendl( {
faccuracy': p, 'group index’: i, ‘bmi_range':
bmi_range_str,
fgroup_size’: len(group_df), *
recommended_nipt_week': group df['T_attain' ).
guantile(p / 100.0)

1
print ("H & WMEEALRE -

raturn pd.DataFrame (results)

P ER=: BRTHRE

def plot_final strateqy(df_results, output path='

problem? final strategy.html’) :

print ("E=H: FmERTREER™
fig = go.Figure()

fig.add hrect (v0=0, yl=12, line width=0, fillecolor="rgba(d4, 160,
44, 0.06)T7)

fig.add hrect (v0=12, y1=28, line_width=0, fillcalor="rgba(255,
127, 14, D.06)")

fig.add _hrect (v0=28, yl=df_results|'recommended_nipt_week’ | .max()
+ 2.! 11I1E_'nl'idth"|:|| fillcﬁlnr-"rqhaiil"l; 39, 40: ﬂnﬂﬁ':'i:l

colors = ["rgba(dd4, 160, 44, 1.0)', "rgba{2l, 11%, 180, 1.0)', *
rgha(2l4d, 39, 40, 1.0)"]

group_names = {0: "{EBMIZH", 1: "HhEMIH", 2: "HEMIH"}

group_markers = [‘ecircle’, faguare’, ‘diamond”®]

plot_order = [2, 1, 0]
for i in plot_order:
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group_df = df_results[df_results|'group_index’] == 1]
if not group df.empty:
£111 _mode = ‘tonexty’ Aif 1 > 0 alsa 'tozeroy’
fig.add_trace(go.Scatter|
sx=group_df ["accuracy’ ], y=group_df[”
recommended_nipt_week’], names=group_names[i],
mode=" lines+markers’, linewdict (width=2.l, color=
celora(i]),
marker=dict (aymbol=group_markers[i], size=6, line=
dict (width=0}) .
£ill=£11l mode, fillcolor=colors(i].replace(’l.0", '
% Rl
hoverinfo="text”,
hovertext=[f"<b>ME WA :</b> (r[’accuracy’ | }%<br><b> 4
#fl :</b> {group_names{i] }<br><b>BMIM M :</b> ([’
bmi_range’ ] i<br><b>Z F:</b> {x[*
recommended_nipt_week’]:.2f1"™ for _, r in group_df
+iterrows() ]
11

fig.update layout|

title=dict (text="NIPTH B H B WM (M FGPR+GA)", v
=0.96, x=0.5, fontedict(size=24, family="Times Mew Roman,
SimSun™)),

xaxis title=" BB TR (2)", yvaxis title="HFENIcTRH",

xaxis=dict (showgrid=True, gridwidth=1, gridcolor='rgba
(220,220,220,0.5)7, showline=True, linewidth=1, linecolor=
"klack’, mirrcor=True, ticks='outaide’; range={49, 101]).

yaxissdict (showgrid=True, gridwidth=1l, gridcolor='rgha
(220,220,220,0.5)", showline=True, linewidth=l, linecolor=
*black’, mirror=True, ticks="outaide’),

legend=dict (%=0.03, wy=0.97, yanchor="top®, xanchor="left",
bgecolor="rgba(255, 255, 255, 0.8)', bordercolor="grey",
borderwidth=0.5%),

pleot_bgoolor='white' ; paper_bgecolor="white’; hovermode="x
unified”’,

font=dict (family="Times Hew Boman, S5imSun®, size=13, coclor="
Black™) .,

margin=dict (1=100, ¥=40, b=80, t=120), widch=1200, height=800

1

fig.write_html (cutput_path)
print (" =4 R ELHEFEE: (ocutput_path) —-")

# ERTHE
if _name == '__main__ "

FAW_DATA_PATH = ‘data_preprocessed_final.xlsx’
T_ATTAIN_OUTPUT_PATH = 'problem2 t_attain predicted.csv’
OPTIMIZATION_RESULTS_PATH = ‘problem?_optimization_results.csv’
FINAL_PLOT_PATH = ‘problem2_final_strategy.html’

GA_PABAMS = {'num_splits®: 2, 'pop_size’: 100, 'ngenf: 50, "p_min
1 B0, "p.omax’: 100)

print ("FFHBITEAEZ: cPrREN + cafift + "AA4E™)
f B —: TR ME T_attain

47



1e7
183
1E
15
tEl

155
195
1w
L
19

ol

B

¥

EEREEERE

T W o a1 Gy B s W B e

if os.path.exists(T_ATTAIN_OUTPUT_PATH) :
print (("HRMBEFEN T_atvain X, HEMR"
df_t_attain = pd.read_csv(T_ATTAIN_OUIPUT_PATH}

alse:

df_raw = pd.read_excel (RAW_DATA_FATH)

df_male = df_raw[df_raw['YHe @B {ER M’ ] . notnal) & (df_raw['Y¥H
BEEE ] - 0)]

df_t_attain = calculate_t_attain(df_male)

df t attain.to csv(T ATTAIN OUTPUT_PATH, index=False,
encoding="utf-8-3ig’)

print (f" WM M T attain R ERHF E: (T_ATTAIN_OUTPUT_PATH|")

PoBiE T EfeR B R

if oz.path.exiscs (CPTIMIZATION RESULTS_PATH) :
print ("B NI FENRESRCHF, AEME —")
reaults df = pd.read csv({OPTIMIZATION_RESULTS PATH)

elsa:

df_walid for opt = df_t_attain[np.isfinite(df_t_attain|’
T_atrain®])].copy()

results df = run_genetic_algorithm(df _wvalid for opt,
GA_FPARRAMS)

results df.to_csv(OPTIMIZATICHN _RESULTS_PATH, index=False,
encoding=" utf-8-3ig*)

print{(f"\nfE L H REEEE: (OPTIMIZATION_RESULTS_PATH}")

F R =: Wk
if not results_df.empty:
plot_final strategy{results df, FINAL PLOT _PATH)

print ("EIE_ERBR")

Listing b B3 [EEE 3: AR BMI Z- LR EE NIPT 6589 Python {455 (problem3.py)

import pandas as pd

impert numpy as np

from sklearn.preprocessing import StandardScaler
from sklearn.model_selecticon import train_test_split
import pickle

import torch

import torch.nn as nn

from pycox.models import DeepHitSingle

import matplotlib.pyplot as plt

from tgdm import tgdm

import random

from deap import basze, creator, tools, algorithms
import plotly.graph _objects as go

import warnings

import os

warnings.filterwarnings("ignore", category=UserWarning)
plt.rcPsrams[f font. sans—gerif’] = ["SimHei"]
plt.rcParama(’axes.unicode_minuas"] = Falae

PR REES c BENE c FERERE

def prepare_data_for_survival meodel (df_raw, t_attain_path):

print ("FEPTHEEFSHELR")
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df_t_attain = pd.read_cav(t_attain_path)
df_raw.rename (columns={"ZRFMA M/ : *Person_id"}, inplace=True)

static_features = df_raw.sort_values (' B H_#HH’) .qgroupby (*
Person_id" ) .firat()

atatic_features = static_features([['S#', 'BW’', 'HE', '219
EMI']].rename (columnas |
‘EM’: ‘Initial_Weight’, *ZR¥ABMI': ‘Initial BMI‘, *4SE@': *

Age’, "B M': 'Height’

h

longitudinal_features = {pid: list{ziplg.sort_values( ¥ & W _ K
H RN EE_ S, g.sort valuea("HrMEM _FE ) 'YRAK
feWE 1)) for pid, g in df_raw.groupby |’ Person_id")}

df_survival = df _t_attain(['Perscon_id', "T_attain’]].copy()

df_survival['E’] = ~np.isinf{df_survival[’'T_attain’]}

last_obs = df_raw.groupby ("Person_id") [" S W 2 E_KH" 1. .max() .
to_dict ()

df_survival ["T'] = df_survival iapply(lambda v: r['T_actain®] if
[TE'] alma last_cobs.get (r['Person_1id"]1}, axla=l)

df_survival . dropha(subset=["T"], inplace=True)

df_survival['E’] = df_survival [TE'].astype(int)

df_final = static_features. joinidf_survival.set_index|’Perscn_id’
} » how='inner’)

df_final(*longitudinal’] = df_final.index.map(
lengitudinal _features)

df_final.reset_index(inplace=True)

static _scaler = StandardScaler().fit(df_finall("Age*, "Height", *
Initial_Weight®, 'Initial BMI“]])

di_final({['Age’, "Height’, *Initial_Weight’, "Initial BMI']] =
static scaler.transform{df final[[’Age’, fHeight®', *
Initial Weight', "Initial BMI®"]])

max_len = df final[’longitudinal’].apply{len}.max{)

all_conc = [item[l] for aublist in df final|'longitudinal®] for
item in sublist)

long_ scaler = StandardScaler() .fit(np.array(all_conc) .reshape (-1,
1))

padded_seqs, masks = [], []
for seg in df final[*longitudinal’]):
norm _sedq = [(item[0], long scaler.transform([[item[1]]])
[0,0]) for item in =eq]
padded_seqs.append (norm_seq + [{0, 0}] + (max_len — len(
norm_seq) ) )
masks.append([1l] *» len(norm_seq) + [0] = {max_len - len(
norm_sed) ) )

df_final(’longitudinal_padded’' ] = padded_seqs
df_finall'mazk’] = masks
df_final["T_discrete’] = np.flocr{df_£final("T"]) .astype(int)

print (E"NE LR AEB")

raturn df final, =tatic_scaler, long scaler
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class HybridDeepSurviNet (nn.Module) :

def

def _ _init_ (smelf, in_statie, in_long, lstm_hidden, mlp_hidden,
out_features, dropout):
super().__init__ ()
self.mlp_encoder = nn.Seguential (#[layer for dim_in, dim_cut
in zipilin_static] + mlp_hidden([:-1], mlp_hidden] for
layer in {nn.Linear{dim_in, dim_ocut), nn.RellU{), nn.
Dropout (dropout) ) )
self.lstm_encoder = nn.L8TM{in_long, lstm_hidden, batch_first
=True)
gelf . fusion_layer = nn.S3eguential(nn.Linear{mlp _hidden[=1] +
lztm_hidden, out_featurea), nn.RellU{), nn.Dropout{dropout)
)
def forward{self, %_static, x long, masak}):
h_static = self.mlp encoderix static)
—i (h_long, _} = self.lstm encoder(x_long}
h_fused = torch.cat{[h_static, h_long.squeeze(0)], dim=1)
raturn self.fusicn_layer (h_fused)

train_survival model (df processed) :

print ("FrEMITEIE MRS VK"

static = torch.tenscr (df processed|(’Age’, "Height', *
Initial _Weight', 'Initial BMI']].walues, dtype=torch.float3Z}

leng = torch.tensor(np.array (df_processed[’ longitudinal padded’].
toelist()), dtype=torch.float32)

masks = torch.tensor (np.array(df_processed( mask’].telist()),
drype=torch.float3l)

durationa = torch.tensor(df_processed[’'T_dizcrete’].values).long
()

events = torch.tenpscr(df_processed['E"].values).float()

train_idx, wal_idx = train_test_split(np.arange(len|(df_processed)
)}, test_size=0.2, random_state=42}

¥_train = (static(traln_idx], lengltrain_idx], masks|[train_idx])

y train = (durations[train_idx], ewvents[train_idx])

¥ val = (static([val_idx], lenglwval idx], mazks[wval_idx])

¥y val = (durations([val_idx]; events(val_idx])

labtrans = DeepHitSingle.label_transformi{np.arange (durations.max
[y & 1313

net = HybridDeepSurviet (4, 2, le, [32, 1&], labtrans.out_ featurea
, 0.4)

model = DeepHitSingle(net, duration_index=labtrans.cuts, alpha
=0.2; stgma=0.1)

model.optimizer = torch.optim. Adam{model . net , parameters (), lr=le
-3, weight_decay=le-4)

log = model.fit(x_train, y_train, 32, 200, wval_data=(x_wval, y_wval
), werbose=False)

log.plot{)
plt.savefig("problem? training leoss curve.png’)
plt.closel}

print (f"WEBEUIS%=ES, BRBEREEHFE"

raturn model.net, x_wval, v_wval, labtrans



s def plot_feature_importance(net, x_wval, y_wval, labtrans):

16 print ("FF & 847 FF4E WA )

b model = DeepHitSingleinet, duration_index=labtrans.cuts)
108 device = next (net.parameters()).device

e #_val = tuple(x.to(device) £for x in x_wval)

e vy val = tuple(y.toldevice) for v in y_val)

m model.net.eval ()
1

13 base_lozs = model.acore_in batches(x_wal, y_val. batch_size=len|
¥y wval[0]))["loss"]

114

15 importances = {}

s feature_names = {0: "SE@Er, 1: "EBM’, 2: "WIEEE, 3 C #WiIGEMI
', "long’: "B A"

117 static wval, long.val, mask_wval = = _wval

13

1 for col_idx in tgdm{range (static_wval.shape(l]}, desc="iR#{ER T
fE")

135 atatic _permuted = statie wval . .clene()

1t perm = torch. randpermistatic permuted.size(0))

1 static parmuted([:, col_idx] = static_permutediperm, col_idx]

i loss = model.score_in_batchesa({(atatic_permuted, long_wval,

mask_val), y_wal, batch_size=len(y_wval[0])) [ lcas"]

1™ importances [feature_names(cel_idx]] = loss - base_loss

1

136 leng_permuted = long_val.clone() [terch.randperm(long_val.size(0))
]

m loss = model:.score_ln batchea({static wval, long _permuated,
mazk_wval), y_val, batch_sizeslen(y val[0]))["lcas’]

1 importances|[feature_names[‘long’]] = loss - base_loss

s

e P RS AR EESE

EET] zorted_imps = zorted{importances.items (), key=lambda item: item
[11]

FEY namesz, values = zip(+*sorted_imps)

FEE] plt.figure(figaize=(12, 8)); bars = plt.barh{names, wvalues, color

='skyblue’); plt.xlabel (" FEREYE RIEEHBEXHME) ") ; plc.
citle("E A ENNIPTREM A TS S EEHE 56

T for bar in bars: plt.text (bar.get_width(), bar.get_y()+bar.
get_height () /2, f' {bar.get width():.4£}', wa="center')

i plt.savefig( ' problem3_all festure importance.png’, dpi=300,
bbox_inches="tight'); plt.closea(]

s

1 f 2NN BRSHEnEES S

14 statie_imps = {k: v for k, v in importances.items(} if k 1= '@ ¢
fig

] sorted_static imps = sortedistatic imps.itema(), hey=lambda item:
item[1l])

1 names, wvalues = zip(+scrted_static_imps)

11 plt.figure (figsize=(10, 6)); bars = plt.barh(names, walues, coler
='dodgerblue’); plt.xlabel ("R EH BERFXEME ') ;
plt.title (i 4 4 06 A0IeT A B of ) 50 80 A% W Bk 4 b0 )

16 for bar in bara: plt.text(bar.get_width{), bar.get_vw{}+bar.
get_height () /2, £* {bar.get_width(}:.4£}", wva='center’)

| plt.savefig(’'problem3 static feature importance.png’, dpi=300,

bbox_inches="tight'}; plt.closzse(])

1w print (" EHEXE T RH, BREREF"
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class SurvivalOracle:

def __init__(self, model, df processed):
self.model = model
self.df_full = df_processed
gself.model.net.eval ()
def predict_surv_for_grouplself, persen_ids):
if not person_ids: peturn btone
group_df = self.df full[self.df full[’Person_id"].isin{
person_ids) ]
if group_df.empty: maturn Hone
statie = torch.tensor{group_dff['Age’ .’ Height’,"
Initial Weight',*Initial BMT']].values, deype=torch.

fleat3z)

leng = torch.tensor (np.array(group_df [’ longitudinal _padded’|.
telisti)), doype=torch.float32)

mask = torch.ones_likellongl:, =, 0]]

with torch.no_grad():
surv_df = self.model.predict_surv_df { (static, long, mask)
)
raturn surv_df .meanlaxis=1)

def get_daily_interpolated_week (prob_curve, p_target):

if prob_curve.lloc[0] = p_target: raturn prob_curve. index([0]
above = prob_curve [prob_curve >= p_target]
if above.empty: Deturn prob_curve.indesx.max()
t2, p2 = above.index.min(), above.iloc(]
below = prob_curve [prob_curve < p_target]
if below.empty: peturn t2
tl, pl = bhelow.index.max(), below.iloc[-1]
if p2 <= pl: raturn t2
daily increase = (p2 - pl) / 7.0
for day in range(l. 8):
if pl + day + daily increase »= p target: return tl + day /
7.0
raturn 2

class GeneticOptimizer:

def _ init (self; oracle, di_raw, ga_params):

self.oracle = oracle; self.ga_params = ga_params

df_bmi_map = df_raw.sort_values (" 8 IEH_H M) . qgroupby (?
Parson_id’ ) .first () . reset_index()

self.df _bmi map = df_bmi_map.rename (columns={’ ZIGBMI* : *
Inicial BMI orig'l)

creator.create ("FiocnessMin®, base.Fitness, welghes=(-1.0,));
creator.create ("Individual®, list, fitness=creator.
FitnessMin)

min_bmi, max_bml = self.df _bmi_map['Initial_BMI_ocrig'].min(),
gself.df _bmi_map('Initial BMI_orig’].maxi)

self.toolbox = base.Toolbox(); self.toolbox.register(”
attr _fleat", random.uniform, min_bmi, max_bmi)

self.toolbox. pegister ("individual®™, toolz.initRepeat, creator
Individual, self.toolbox.attr_flecat, ga_params|[*
pum_splita®])

self.toolbox. cegister | "population®, tools.inltRepeat, list,
self.toolbox. individeal) @ 2elf.toolbox.register("mate”,
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tools.cxBlend, alpha=0.5)
self.toolbox. paglstar ("mutate”, tools.mutGaussian, mu=0,
sigma=(max_bmi-min_bmi)=0.1, indpb=0.2); self.tocolbox.
raglster("select®, tools.selTournament, tournsizes=3)
def evaluate(self, individual, p_target):
gplits = gorted(individual); groups = []; last_b = -pp.inf
for b in splita:
groups.append(self.df _bmi_map( (self.df bmi_map(*
Initisl BMI orig’] > last_b) & (self.df bmi map[’
Initial BMI orig’]l <= b}]["Person_id"].toliat());
last_b = b
groups.append(self.df_bmi_map[self.df_bmi_map[’
Initial BMI_orig']l > last_b]["Person_id’].telist())
total_rizk = 0
for group_ids in groups:
if lenfgroup_ids) < self.ga params['min_group size’]:
return (le? + (3elf.ga_params['min_group size'] - len(
group_idsa) ] = 1000,)
sury = self. sracle.pradict_surv_for_group(group_ids)
if surv is None: continue
week = get_dally interpolated week(l - survy, p_target)
total_risk += (1 if week <= 12 olsa 5 if week <= Z& alse
10) * leni{group_ids)
raturn (total_risk,)
def run(self):
print ("FHHTHEREFBKE"); all_resules = []
for p in bgdm(range(self.ga_parvams|['p_min’], self.ga_params(*
pmax’]), desc="HERE(R4LIEN (ETFTHEEHER)"):
p_target = p / 100.0; self.tooclbox.register|("evaluate”,
self.evaluate, p _targetsp_target)
pop = sgelf.toolbox.population(nezelf.ga_params|’'pop_size’
1}: hef = tecls.HallOfFame (1)
algorithms.eaSinple (pep, 3elf.toolbox, cxpb=0.7, mutpb
=0 .2, ngen=3elf.ga_params[‘ngen’],; hallocffame=hof,
verbose=Falae)
best_splits = sorted(hef(0]); boundaries = [-np.inf] +
best_splits + [np.inf]
for 1 in range(len(boundaries) — 1):
b_starc, b_end = boundariez[i], boundaries[i+l]
group_ida = self.df bmi mapl{self.df bmi map[”
Initial BMI orig"] > b _start)] & (self.df bmi map[*
Initial BMI _orig®) <= b _eand) ] ["Persen_id' )] .tolist
{)
if not group_ids: continus
wesk = get_daily interpolated_week(l - self.oracle.
predict_surv_for_group(group ids), p_target)
all_results.append(({faccuracy’: p, ‘group_index': i,
‘bmi_range' : £" (b_start:.2f} - {b_end:.2£)"%, '
recommended_nipt_week': week, ‘group_size’: len|
group_1ids) })
print ("IEEE G RER")

raturn pd.DataFrame(all_results)

def plot_dynamic_strategy wvisuals(df_results, ootpit_htmls’
problem3 _strategy_dynamic.html’) :
print (" i 4 W WRE AT Wi B &)
fig = go.Figurel)

53
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sample_df = df_ results[df_results(’accuracy’] == df_resultsl[’
accuracy’ | .min() | .copy ()
sample_df [*bmi_min’] = sample_df [‘bmi_range’ | .apply(lambda x:
fleat (x.splic (" = "1 [0]))
group_map = [row.group_index: name for name, row in zip(["{&BEMIH
", "HhEMIH", "HEBMIHl"], sample_df.sort_values('bmi_min’).
itertuples()) |}
df_results["group name’] = df_ resultz["group index’].map|
JrouUp_map)
colorz = [‘rgba(d44, 1€0, 44, 1.0)', frgba{3l, 119, 180, 1.00*, °
rgbal(2l4, 39, 40, 1.0)']
order = ["{EBMISH", "HEMI", "WEMIfA"); markers = [‘circle’, *
scquare’, "diamond’ ]
for i, name in enumerate (order):
item df = df_results[df_results|’'group_name’] == name]
fig.add_trace (go.Scatter (¥=item_df [*accuracy’], y=item_ df[’
recommended nipt_week'], name=name, mode="lines+markers’,
line=dict (color=colors[il), marker=dict(symbol=markers(i]]
b
fig.update_layout (title="<b>: B T B2 I M E B ETNIPTHEE{f (LR
</b>", xaxis title="YRuAEHRBMAFHLM (9)", yaxis_title="if
FHIETR R ")
fig.write_html (output_html)
print (f"A WAL EHE, ShEERERFE: (output_html} ")
# ERITHE
Af __name___ == *_main__":
FAW_DATA_PATH = ‘data_preprocessed_final.xlsx’
T_ATTAIN_PATH = "problem? t_attain_predicted.cav’
CPTIMIZATION RESULTS PATH = fpreoblem? optimization_resulta.csv’
GA_PARAMS = {'num_splits’: 2, "min_group_size’: 50, "pop_size’:

50, *ngen’: 100, *p_min’: 50, *p_max”: 100}
print ("FHATAB=BHLE"

if osz.path.exists (CPTIMIZATION RESULTS_PATH) :
print (f"-— BNACHFENKLSER T |
OPTIMIZATION _RESULTS_PATH), HEmMB A # T T®RE —")

results_df = pd.read csv(OPTIMIZATION _RESULTS_PATH)
alse:
LEYE
pd.read_csv(T_ATTAIN_PATH)
except FileNotFoundErrer:
print (£"&f i : RJWH T atrainW MWLM * (T_ATTAIN_PATH}' .
WHEMIES problem2.py. "); exit()

df_raw_male = pd.read excel (RAW_DATA_FATH)
df_raw_male = df_raw_male[df_raw_male["YEe@ &M’ .notnal)
& (df_raw male['YER A LB ] > 0)]

df_processed, static scaler, long scaler =
prepare_data for survival model (df raw male, T _ATTAIN_ PATH
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net, x_wval, v _wval, labtrans = train_survival_model|(
df_processed)

plot_feature_importance (net, x_wval, y_wal, labtrans)

cracle_model = DeepHitSingle(net, duration_index=labtrans.
cuts)

oracle = SurvivalOracle (oracle _model, df_processed)

optimizer = GeneticOptimizer (oracle, df_raw_male, GA _PARAMS)

resultzs _df = optimizer.run()

results_df.to_cev(OPTIMIZATION_RESULTS_PATH, index=False,
encoding="ucf-8-sig" )

print (E"\nif LA MEBEHFE: (CPTIMIZATION_BESULTS_BATHI")

plot_dynamic_strateqy_visuals(results_df)

print ("EB=HAEFEXR")

Listing ffi3c B.4 (98 4: fGRAITEN EEY Python {483 (problemd.py)

import
import
import
import

argparae
pickle
ays
Warnings

from pathlib import FPath

impare
import
import
impoart
import
import
import

lightgbm as lgb
matplotlib
matplotlib.pyplet as plt
numpy as np

optuna

pandas as pd

seaborn as sns

from imblearn.over_sampling impert SHOTE
from sklearn.feature _selection import REE

from aklearn.metrics import

fclassification_report, confusicn_matrix,
log_losa)

from sklearn.model_selecticon import StratifiedKFold
from sklearn.preprocessing import StandardScaler

warnings.filterwarnings('ignore’)
matpleotlib.rcParams[" font.sans-serif’'] = ["SimHei”’]
matplotlib.rcParamz [’ axes.unlcode_minus'] = Falze

P11 REHED
R A XGRS EMEE TR —B &P

BASE_DIR = Path(__file_).resoclvel).parent

# BB EUTHAENERR

RAW_DATA_FILE 1 = BASE_DIR / "data.xlsx"
RAW_DATA _FILE 2 = BASE_DIR / "data_preprocessed _final.xlsx”

PR EARE BN ECTHANED R
MODELING_DATA _FILE = BASE _DIR f "data_gd_modeling.csv®

55
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F ATHEEESE, W ERS, EF N FBRSE_DIR
DATA_DIR = BASE_DIR

RAW_DATA_DIR = BASE_DIR

PROCESSED_DATA_DIR = BASE_DIR

QUTPUT:_DIR = BASE_DIR

LOGS_PIR = BASE_DIR

IMAGES _DIR = BASE_DIR

CPTUNA_STUDIES_DIR = BASE_DIR

OPTUNA_DIR = BASE_DIR

MODELS _DIR = BASE_DIR

- BESHEAXNER —

TARGET_COLUMNE = ["isa_abnormal_ 13", "is_abnormal_18", "lis_abnormal_ 21
]

INTERACTION_TARGET = "is_multi_abnormal®

EXPERT_MODELS_CONFIG = |
"tl3®: {"name™: "tl3_expert_model.pkl", "target: "is_abnormal_13
Ll
}J
"E18®: ("name": "tl8_expeart_model .pkl", "target®™: "isz abnormal_ 18
Ll
by
"t21®; {("name"; "c2l_expert_model.pkl®, "target®; "is_abnormal_21
ll},
"interaction”: {"name": "interactiocn_expert_model.pkl”, "target”:
INTERRCTION_TARGET ]
}

META_MODEL_MAME = "final_meta_model.pkl”

CORE_MEDICAL_FEATURES = |
13 Rakaysl dflr, r1s S Aakaye_df1y, 218 Aakaz{E
_df1’,
'R drlr, YA dA I _dfl, reoS i _dfl’,
'H%%iﬁmm%ijﬂh’w%ﬁﬂﬁmmﬁijﬂn‘ﬂﬁﬂﬂﬁﬂ
GC o § 0
'E—RR MR A, "HAENERNM KA 41, C FiPeMI_dfl’
1

KEY_ ORIGINAL_FEATURES = |
"HER_dfl’, cJrigeMmI_dfl’,
‘1B R kel _afl’, r1sERamayeli arlr, 1SR akaa

_dfir
]

#— BAEFHEHEXONR -
FINAL_CONFUSION_MATRIX_PATH = IMAGES DIR / "

logic_enhanced_confusion_matrix.png"

STATE_LABELS = |

0: "@REE", 1: "{LT13", 2: "{ET1&", 3: "T13+T1i8",

4: "{RT21", S: "T13+T21", 6: "TIS+T21", 7: "T13+T18+T21"
)

Z_SCORE_THRESHOLD = 3.0

§ 2. WEEALEER

def _parse gestational_week (week_str):
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def

rrRENTFERRE RSN "
try:
weak sty = striweek_str).lower()
if "w+' in week_str:
W, o = week_str.split("w+")
raturn ink{w) + inkid) / 7.0
elif *w' in week_str:
return int (week_str.replace( W', "'}
return float (week str)
except (ValueError, TypeError):
return np.nan

create_modeling_datal):

print ("FHRETMEBRE")
txry:
print (£"JEFEM ’ (RAW_DATA_FILE 1)' 1 ' (RAW _DATA_FILE_ 2)' im
HME...")
dfl = pd.read_excel (RAW_DATA FILE 1, sheet_name=1)
df2 = pd.read_excel (RAW_DATA_FILE_2)

dfl.calumns
df2.columnns

dfl.columns.str.atrip()
dfZ,columns.ste.strip()

df = pd.merge(dfl, df2, on="ZEIF M E", how="left"; suffixes=|
fodfl*, None))

print (f"SrEMB S SRR, PIIEEE: (df.shape|”)

print ("# W 1: QIR EETER"

abnormal_col = - S8 (o) 4 B £ & _df1”

df [“is_abnormal_13'] = df[abnormal_col].apply{lambda x: 1 1if
FT13" in strix) alasa 0)

df (“is_abnormal_18"] = df [abnormal_col].apply(lambda x: 1 Lf
fT18" in str(x) alse 0}

df[“ia_abnormal_21'] = df[abnormal_col] .apply(lambda x: 1 if
*T21' in strix) else 0}

dE [INTERACTION _TARGET] = (({df[’'ia_abnormal_13"] + 4df[’
1s_abnoermal 18')] + df("is_abnormal_21']) >= 2).astype(int)

feature_colas = |
cal for col in df.columns

if col not in ["HREMABE, 'EOEAEEMF/E ] +

TARGET_COLUMNS + [INMTERACTION _TARGET)
1

print ("M 2: HIEEE E CAEEIE")
if "IVEEIR® in df.columns:

dE['IVEMER’] = df["IVFIE#R' | .apply (lambda x: 0 if ' @ &~
in strix) alsa 1)
if "B H* in 4f .columns:
dE ("M B = dE["BRWMER’ ). apply(

_parse_gestational_week)

print ("M 2.5: MEH. BH. EEHTFTEEL"

scaler = StandardScaleri)
features_to_scale = ["HE@#_dfl’, ' BW_df1’, ‘fEE _dfl)

for col in features_to _scale:
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df [eal] = pd.te_numeric(df(coel], errors='coerce’)
df [cel].fillnaidf [col] .median{), inplace=True)

df [£f [col) _scaled’ )

for col in features_to_scale:
if col in feature_cols:
feature _cola.remove(col)
feature_cols.append(f’ {col |_scaled’)

print ("3 3: BHEHNAFEAEHIRMHEE)
fer col in feature_cols:
df [col] = pd.to_numeric(df[cscl], errors="coerce’)

if df[coll.isnull().alli):

df . drop(colunns=[coll,

= scaler.fit_transformidf([[eccl]])

inplace=Trua)

print(f" EWEEITERR: ' (coll’ "}
print ("8 4: EHPLUBOMFTERE LM

df.fillna(df .median{numeric only=True]}, inplace=True)

final columnsg

[

col for col in df.columns

if col in feature cols + TARGET_COLUMMNE + [
INTERACTIONM_TARGET] and d4f [col)] .dtype in [np.intéd4,
Eleatéd, np.intid2)

df_final = df [final_columns]

nen_feature_cols = [* FF8_dflr)
df_final = df_£final.dropl{columns=[col for col in
non_feature_cols if col in df_final.ceolumns], errora=’

ignore’ )

print (f" EHRYEEBNNERIE: (non_feature_cols}")

np

MODELING_DATA_FILE.parent.mkdir({parents=True, exist_ ck=True)

df_fimal.to _csv(MODELING_DATA_FILE,
utf-8-aig’)

print ("\nIEWEER BRI TA")
BHEHEE: ' (MODELING_DATA_FILE}'")
[df_final .shapel")

print (£ # & #@ 8 3
print (£" M 82 3 4E £

raturn 4df _final

#
B

@
B

except FileNotFoundError as e:

print (£ 69 3875 B R M8 0 F

return Hone
except EXception as e:

index=Fal=ze, encoding="

tel®)

print ("EREF AR ABRPREFRDEGEHR: ())

raturn None

3. REJSER

def _train single_expert (X, ¥.

atudy_name,

n_triale=50):

mee i Hoptunalll A I ®m S pREFEE,
print (" AHHEE "iy.name} KT FHEE")

def objectiveltrial):

params =

|
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def

Yobjective’: 'binary’, 'metric’: floglosa’, "verbosity’:
-1,
Yiz_unbalance’ : True, 'n_estimators®: 1000,
*learning_rate’ : trial.suggest_fleat({’learning_rate’,
0.01, 0.1},
*num_leaves’: trial.suggest_int{'num_leaves’, 10, 150},
I
gkf = StratifiediFold(n_saplitsa=5, shuffle=True, random_state
=42}
logloss scores = []
for train_index, wal index in skf.split (X, v):
madel = lgh.LGBMClaazifier{s+params)
model . .fit (K. illoc[train_index], y.iloc[train_index],
eval_ set=[({X.iloc[val index], v.lloc[val index
111,
eval metric='logloss’,
callbacks=[lgb.early_stopping (50, wverbose=False
1h

vy _val = yv.iloc[val_ index)
if len(np.unique(y_wval)) < 2:
print (E"¥ER’ (y.name}' #T X L RiE, RP—IFRH—
T, WAkIrFE. "

continue

preds = model.prediet_proba(X.iloc[val_index]) [z, 1]
logless_scores.appand(log_loss(y_val, preds)])

return np.mean{logloss_scores) 1f loglozss_scores else 99%9.0

storage_path = f"sglite:///[CPTUNA_STUDIES_DIR / f'optuna_l|
study_name} .db’ | *

study = optuna.create_study (direction="minimize’, atudy name=
study name, storage=storage_path, load if exista=True)

study.optimize({objective, n_trials=n_trials; show_progress_bar=
True)

print (£"3% ‘(y.name}’ H B P FELogloss: [study.best_value:.6f)")

final model = lgb.LGBMClassifier{s+sstudy.best_params)
final model.fit (X, v}

raturn final model

train_all expert_models() :

RN T EconfigP ENL T B,
print("-— FHINEFKFEZRYE -—")
df = pd.read_csv(MODELING_DATA_FILE)

a.ll_'r_argets = TARGET COLUMHS + [INTERACTION TARGET)
X = df.drop({columns=[col for col in all_targets if col in df.
columnal )

for model_key, config in EXPERT_MCODELS_CONFIG. items():
target_col = config[’target”]
if target_col not in df.columns:

print (f"EREE PR FB HFEA " itarget_col}’ . Rl HE
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fmedel_keyl' . M)
continue

¥y = df [target_col]

study_name_for_cptuna = f£"expert_(target_coll”

model = _train_single_expert(¥, ¥, study_names=
study_name_for_optuna, n_trials=50}

save path = MODELS DIR / configl’names’]

with openizave_path, 'wb') as £:
pickle.dump (model, £)

print (" HF FWHE ' {configl'name’' ]}’ BEFEE ' {save_path}'\n"
)

def train meta_model (n_trials=100, n_splita=5}:

el gAY RTFERY S lE,
print ("M (n_splits {F XX RERB I HFxBME")
di = pd.read_csv(MCDELING_DATA_FILE)

print ("HW 1: EARIRIEERTHEHTHIE")

all_targets = TARGET COLUMNS + [INTERACTICN_TARGET]

¥ original = df.droplcolumns=[ccl for col in all_targets 1if col
in df.columns], errors='ignore’)

y_miltistate = df [TARGET_COLUMNS[2]] = 4 + Af [TARGET_COLUMNS[1]]
+ 2 + df [TARGET_COLUMNS[0]] + 1

meta_ features = pd.DataFrame (index=¥ original.index)
3kf = StratifiediFeld(n_splits=n_splits, szhuffle=True,
random_state=42)

for model_key, config in EXPERT_MODELS_CONFIG.items():
target_col = configlftarget” ]

print (f"IEFE * (target_col}’ S B L")

study_name = f"expert_{(target_col)”
storage_path = f"sqglite:///{OPTUNA_STUDIES_DIR / f'optuna_|{
study name).db* )"
EEY:
study = optuna.lead study(study name=study_ name; storage=
storage_path)
best_params = study.best_params
print (£" > BIMA f(study name}’ MEBERESH. ")
except Exception as e:
print (£" > Wl TEME ¢ (study_name]” FBoOptunafif
95, WA RALGEME H. HMiR: (e1")
best_params = {|

oof_preds = np.zercs(len(df))
¥ expert, ¥y _expert = X _original.copy(), df[target_col]

for train_index, wval_index in skf.split(¥_expert, y_expert):
X_train, ¥_wval = ¥_expert.ilocltrain_index], X_expert.
iloc(val_index]
y_train = y_expert.ilscltrain_index]

temp_model = lgb.LGBMClassifier{++best _params)
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temp_model .18 (¥ _train, y¥_train)
cof_preds([val_index] = temp_model.predict_proba(X_val)[:,
1]

meta_features[f"{target_col}_prob™] = oof_ preds
print ("W 2: REERBEEE"

forced_features = listimeta_features.columns)

existing core_features = [f for £ in CORE_MEDICAL_FEATURES if f
in X original .columns]

forced features.extend(existing _core_features)

remaining featurezs = [f for £ in X original.columns if £ net in
existing core_featuresa]

print (f" BHE T EIE: (len|forced features) ) ")
print (f" FFRFEFEE S IE: {len(remaining_features) | ")

selected supplementary features = []
if remaining features:
rfe_estimator = lgb.LGBMClasaifier (random state=42)
selector = RFE(estimator=rfe_estimator, n_features_to_select
=5, step=1)
¥_for_rfe = pd.concat | [meta_features, ¥_original], axis=l1)
selector = selector.fit (X_for_rfe, ¥ _multistate)

all_selected names = ¥ for rfe.columna{selector.support )
selected_supplementary_£features = [f for £ in

all szelected name= if f in remaining_features]
print (f" > RFEBISER AN FEEE: |

selected_supplementary_features)™)

final original_ features = existing core features +
selected_supplementary_ features

print ("H B 3 H AL oY o TR R e )
X _meta = pd.concat | [meta_features, X originall
final_original_ features]], axis=1)

print (" 4: @ Hoprtunaf @)
unigue_classes = sorted(y_multistate.unique())
num_clazs = len(unigque classes)

def obijectiveltrial):

params = |
fobjective’: ‘multiclass’, 'num_class’: 8§,
'metrict: ‘multi_logless', ‘verbosity’: -1, 'n_estimators
fio1000,
*learning_rate’: trial.suggest_float(’learning_rate’,
0.01, 0.2},

fnum_leavea’ : trial.suggest_int{’'num_leaves', 20, 200},
‘max_depth®: trial.suggest_int ("max_depth®, 2, 10},

[

ski_meta = StratifiedKFoldi{n_splits=5, shuffle~True,
random_state=42)

loglozs ascores = []

61
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for train_index, wval_index in skf_meta.split (N_meta,
y_multistate):
¥ _train_meta, y_train_meta = X_meta.iloc[tralin_index],
y_multistate.iloc{tralin_index)

class_counts = ¥y _train _meta.value_countsa()
minority_classes = class_counts{clazs_counts > 1]

if leniminority classes) == len{class_counts):
X train_smote; Yy _train smote = X_train_meta,
y_train meta
else:
sampling_strategy = {k: v for k, v in class_counts.
itema() if k in minority_classes.index)
majority count = class counts.max()
for k in sampling strategy.keys():
if sampling_strategy(k] < majoricy_countc:
sampling _strategyl{k] = max{sampling strategy
[k1, int(majority count + 0.5])
LEY:
smote = SMOTE (random_state=42, k_neighbors=1,
sampling_atrategy=sampling_ strategy)
X _train_smote, y_train_smote = smote.fit_resample
(¥_train_meta, y_traln_meta)
except Exceptlon as é:
prin%:E"SPDTE?EHEHEJJ. 2 47 (8 38 B I % S 47 1
= T
A_train smote, y_tralin smote = ¥_traln meta,
y_train_meta

model = lgb.LGBMClaszifier|{ssparamsa}
model.fit (¥ _traln_smote, y_train_smote,
eval get=[ (X meta.iloc[val index], v multistate
Ldloci{val_index])];
eval _metric="multi_logloas’,
callbacks=[lghk.early_stopping (50, werbeose=Falzae
1N

preds = model.predict_proba (X _meta.iloc{val_index])
logloss. scores.appendileog_losa{y_multistate.lloc|
val_index], preds, labels=unique classes))

raturn np.meanilogless scores) Af logloszs scores alsa 399.0

storage_path_meta = f"sglite:///{OPTUNA_STUDIES_DIR / “
optuna_meta_model . db' "

study_meta = optuna.create_study{direction="minimize’, study_name
="meta_model_optimization®, storage=storage_path_meta,
load_if_exista=True)

study_meta.optimize(cbjective, n_trials=n_trials,
show_progress_bar=True)

print (" M AR B M M HELogloss: (study_meta.best_value:.6f]")

print ("H M 5: EEWEBL ELVNEHRERETHE"
best_params_meta = study meta.best_params
best_params_metal[’num clasz’] = nom_class

final meta_model = lgb.LGBMClaszifier{++best params_meta)
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final meta_model.fit (¥ _meta, y_multistate]

save_path_meta = MODELS_DIR / META_MODEL_NAME

with open(save_path_meta, ‘wb') as f:
pickle.dump(final_meta_model, £)

print (f" XM E ’ (META_MODEL_MAME)' B R FFZE '’ (save_path_meta}'")

LSCE £

evaluate _final system():

rHRSNPNREETRENSTELRIERE, "

print ("W 1: MBREANE"
df = pd.read_csv(MODELING_DATA_FILE)

print ("M 2: MEHF WY KRR
try:
expert _models = [}
for key, config in EXPERT MODELS_CONFIG.items(}:
model path = MODELS_DIR / config|’name’]
if not model_path.exists():
raizse FileNotFoundError({f"# A B L HFEI: (model_path
i)
with open(model_path, 'rb*) as f:
expert_models[key] = pickle.load(f)

meta_model path = MODELS_DIR / META_MODEL_NAME
if not meta_model_path.exists():
raise FileNotFoundError(f" R A B AWM E : (meta_model_path]
|
with openimeta_model path, *‘rb') as £:
meta_model = pickle.load(f)
except FileNotFoundError &s e:
print (f"H§iR: (e}. WHHRERDEF rtrain’ HH. ")
raturn

all _targets = TARGET COLUMNS + [INTERACTION_TARGET]

X_original = df.drepi{columns=[cel for col in all_targets iE col
in df.columns], errors='ignore’)

y_multistate = df [TARGET COLUMNS[2]] + 4 + df [TARGET COLUMNS([1]]
# 2 + df [TARGET_COLUMNHS([O]] + 1

print ("F W 3: PITFSHEIBIERME")

all y true, all vy pred final = [}, []

skf_eval = StratifiedkFoldin_splite=5, shuffle=True, random_state
=1337)

for fold, (train_index, wal_index) in enumerate (shf_eval.split|
X_original, y_multistate}):
X_wval = X_original.ilocival_index]
vy val true = y_multistate.ilec[val_index]

meta_features_wval = pd.DataFrame (index=X_val.index)
for key, model in expert_models.items():
confiq = EXPERT_MODELS CONEIG([key]
meta_features val [f"lconfig(“tarcget’ ]} prob"] = model.
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def

predict_proba(X_wal) [:, 1)

N EHLEN R P BTV & E AR R

meta_model features = meta_model.feature_name_

F MY valeh HEEEL U B B0 o WE ) R 5 45 E

original_features_for_meta = [£ for f in meta_model_features
if £ in ¥ _val.columnsl

§ MR T BUEL A
X _meta_wal = pd.concat([meta_featurez val, X vall
original_features_for_metal], axia=l)

P OB o — 5

¥ _meta_val = ¥X_meta val [meta_model features])

y_pred primary = meta_model.predict (X _meta_wal}
Y_pred_primary = pd.Series{y_pred _primary, index=x_wal.index)

y_pred_legic = y_pred _primary.copy()

all_vy_true.extend(y_wval_true)
all vy _pred final.extend(y pred logic)
print (f" - 8§ (fold+1}/5 HWMHRER. ")

unigue_classes_in_data = sortediy_multistate.uniguel(})
target_names = [STATE_LABELS.get (i, f"FHEMIELE_(11") for i in
unigque_classes_in_datal

print ("\nik S BER:")

print {classification_report(all_y true, all_vy_pred_final,
target_names=target_names, labels=unigque_classes_in_data,
zerc_divisieon=q4))

conf_matrix = confusion matrix{all vy true, all v pred final,
labelsz=unique_classes_ in_ data)
plt.figure(figaize=(12, 10}))
sns. heatmap(conf_matrix, annot=True, fmt='g", cmap='wiridis’,
¥ticklabel s=target_namesz, yticklabels=target_names)
ple.citle " BB EBWARE - LERBER"
plt.ylabel (" HERE")

plt.xlabel (" WHIEZT")
plt.tight_layout()

FINAL_CONFUSION _MATREIX PATH.parent.mkdir{parents=True, exist_ok=
Trua)

plt.savefiqg(FINAL_CONFUSION_ MATRIX PATH)

print (f"\n R RHEMEEERERTE |
FINAL_CONFUSIOM_MATRIX_PATH}'")

T 7k R
run_preprocesasing ()

TR RETLRSR. "
create_modeling_datai)

ran_training():

e AHEVGSR (FEME « SoRTER . "
train_all_expert_models()
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def

def
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def

train_meta_model ()

run_evaluvation() :

P TS E T M

evaluate_final_system()

run_full pipeline():

REBFRTEEY WIERAR - MK > WHE KA.
print ("W 1: FigWHEA")

run_preprocessingl)

print ("W 2: HE YIS

run_training()

print (" 3: BEIFH"

run_evaluation()

print ("HITEE"

ERK

main{}:

rrEEEC MEFRSTSRARITHELSRE.
parser = argparse,ArgumentParser(description="CUMCM2Z025 Q4 ¥ #Eii5

WRE (AR

parser.add_argument (
"atep”,
cholces=|"préeprocess”, "train®, "evaluate®, "all"],
help="EFERITHM A RS W: 'preprocess’ - WkFLA, -
train’ - A MA, 'evaluvate’ - M, rall’ - EF
A
]

args = parser.parse_argsal)

if args.step == "preprocess":
print ("FF S W 1)
Eun_preproceszingl()

print ("SEHER 1M)

elif args.step == "train":

print ("FHFW 2m)

run_training()

print ("SER A 2")

elif args.step = "avaluate":

print ("Fr i W 3"

run_evaluation()

print ("SRR 3™)

elif args.step == "all":

print ("FHRATREER KR
run_£full pipelinel()

print ("HEHEREALKE"

if _name__ == "__main__":

BASE_DIR.mkdir(parentas=True, exlist_ok=True)
main{}
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