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AT E o

S, IS DU 2RT PCA, JRATTAT AZE & 25 18 2 AR T 45 5 PP
(RIS, I I B HE B AN B 4ERORAT AT (S0P AHEE TR S8 AHP 53,
DU R 2% F0 PCA 7EACBEANH & PR AN B A% R G 07 1 B A B8 i 1 RS PR AT R i . it
RAITIE, BATREWA RO RIZR G5 77, JHRIEREL . SCtb, A2, A fiAn
KR MR ERIT, 2 FE R,
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B 8 il 50 A5 32 A1 L 2 G (14 H (Rl T B s, ARSI T R % S i T £
B B 2 R (I 5 F IR R o T T B T R AR i T B R T I SO S DI AR O
lan, M AL 2 RSO SERR K B AR XS G| 1 KR, i R IR R (1 ok
ANSE N A HEE R IR B e BRAh, Hrg= (R ou pamki B, DL RR 10 2R 3O S AL
ST TH R ATRARGS . B 9 JoR 1 IR el T AR o FE B It B AT AN ZR S TR
B S, X8 SR PRk T 20 A1 £ R R %A X3, B 1 o i e T 3 1) 2 A
a0, WM AL SE TR PE A A (Ko SCAR T 4%, RSGAT PR K BB DR-g 2 - AT =R = 1) 5
BSOS B o oA AR AR DU 26 5% 1 W i Rt 3 AN BN IR B RIS 5] T A2 T 25

ML X L B R AN BB R S, BATRTLLE o [ B 8 W 5 A i 25 1 24
3T, Xl T PR AR 1) B AR KOG AT SCAR IR 77, 10 1 [ By 2 (R B AR AR T I )3

3.4 g|fi =

3.4.1 EZTE

TERRI AN B AL 144 /N AT M HS &30 Y R RT B8 22 B3R T -1 DR &% S e B AR 56
AR RS, ETET MM EEE & TIE. SRR NE. SREE. HiEE
A BRSSP R AT A PR DL D AR R

B, FTEMFE Akl R NERER LR S0 M7 o X AR
WEFE A WAL AR, A SURZL . IBER . S SR REHT.
WFFRAIRTT, TEWEEEA: WA PR a AR AP, 5
RPESr BUCHEDTR ] TR LRI AR . 1R85 50E 5 AT iR e 5
B T e 0 Y X 3R

WEERIEUE G, T Edt T EiEve, CARA ORI 0 Se B PR RN v A 12 X B0 4 A Bk 2
BOR DL [ 2= (3 0P A R S s AL B — AME IR T AR R = A, BLK
G —HE R, Blanmt el B g — R N, SRR G — A NIRRT .

Bk, G R S RS EE T8 A . S0 s T Lk 3 4 i Ak %%
EpE ] APT SREL . 5 5 BB B ST AR PR s 5 s A B S5t s T TS ]
FORUPAr S BEVOFDUR R TTEESRA . WIS E RS,

&7  FWEE Fs EGEREE 1JE kRS HE S

0 FiglWuzhishan  7:30-16:00 5.0 2.50 0.0 =1F 182528 1095119
1 FhepL R EIESun Yat-Sen Memorial Hall 09:00-17:30 486 250 05 il 225159 1133926
2 EiEEEZ L ESnow Mountain Canyon Park  8:00-17:30 4.8 1.50 B800.0 EEiL 26.8721 100.2296
3 AiKiEShihua Water Tunnel  09:00-17:00 45 150 600 &M 195209 109.5820
4 FZi I thTiananmen Square  5:00-22:00 48 1.50 103.0 JEER 39.9042 116.4074
5 AP SEET S LSELangzhong Ancient City Geological E...  09:00-18.00 4.9 250 450 mF 308375 106.0806
6 EiEZEXGuoging Scenic Area  7:30-1600 47 150 120 =l 286564 1214208
7 L5EEE Wusutuzhao Temples 8:00-18:00 4.8 250 50 HHESE 408426 111.7490
8 EIEMAEAESE Impression Linhua Ecological Valley  9:00-16:30 4.5 250 600 BT 298413 114.3228
9 PifNeicheng  8:30-18:00 45 1.00 1200 ElB>x 398023 982901
10 kst Zhangjia Garden 8:00-19:00 50 150 800 A8 256065 1002676

B 10 #orabE s MEE
AT R IR T A B R R AT B8 4k, wR BT BN 2 R s B R B .
Haversine A TR LTI AU PR RS . TR EVFE RIS, S8R I SCPr % 42 1T 5E 2= DAl h 2 A
WHRRSBELEEANARE, HILTHEESE ST PR S E s T %,
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FEVHEE VR Ja, WRAE kB d FEAN B A vk, THSRCREAN ST 8] AR AT I 1) A0 2
o BRBRER I 838 9 300 23 LN, B B 3% 05 0.555 76, i EiHHAEBUR
RERATIN TRIAN 2% Y, O S 00 1 I [a] AR B Y o

3.4.2 1EBES 5KHE
N T RGN FE i 25 AE 144 /NI YT 1 S T DR AT RE 22 (VI3 T IR DR 2k 5 i B A
Woff, FAVHZERE - DEEARA, IR AR FEAROR AR -

2 BEEY
C WS, B 50 A& G| A E TR FI .
T SFTE R, O 144 /NI
ti DT i DR R], B RES SE DO A [R) A AL G A [A]
dij W AT § 2 A SRR PR
si W i BIVESY
cij MIRTT 1 B3R § BAE O

1. Hbrea%l
T H bt e KA 2 I ER G i Do e, A5 T Dol s i B ANk s (0 1% 73 o v]
DVEESE VL

Mazimize i1 EVsi
Hop, V RRIEE VTR IR TS
2. HIHKAT
a. SMIAIZ)

b, A AR H (AR & -
R E v A 300 A B /N, ZZEEE] tij N
d

t, =2
] ’U

T R BRI 0 — X
Zij E{Oa 1}
Hrr,  Xij=1 KoM 1 B § BB a5

FERAEAE BT B BATTHEISCER 1 3ok 117 18] FY) s B P B RN TR 50t T 20
SR DU RN TER 2 o IR T T SRR BOIRFE A s Bk B

3. BIABL
a. BERAHE

H i) AU AT DAV S R AT v i A, HH SR ok e, @ B a R Uik AT K
fitte FRATRH BOL WK @YD AT, T MIHIKR, B 3T S — A5
3T o FETR AR 8] P, B B2 38 P B 2 Ak T ol ELARE 5 I IR U R0 T« il iR
AR FA) S S T R 38 1
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b. B
FEHPE AR, BTt Bk
PR Se: PRIGRBE D B, ReE S Ui Btk
BV LK) W A Ry ey virkie =1k =R i (1B ANV A ke sE 2N |1
I [E) R0 2 PSPl 76 i () A 2 R R Py, P e o i (8] A0 A2 2

c. HhFEPEEHE
15 B Haversine 2 25830 5 22 1] 1 b 28 2 5

d = 2rarcsin (\/sm ) +cos (1 )cos(py )sin® ( ) )

Horr.

01,02 PN 46
AR NI 2 7%
AERMNB A E 2 7%
rEHEREAR, 4N 6371 AH

d. FRATEGE (TSP)
JRAT P 1) R 3R A R AR 1Y) 48 L ] TU@%LUﬁ%&Fﬁﬁﬁ%ﬁﬁﬁmo
BT AR Sy o rp — g R 8 & a7k, A R 5 P B U P e T SR A B AR

e. LRIHT

B2, DL FAERUFIEE, FRATRT AR — 4%%%%%%% BAEEE IR
WUy (8] B AT TA) L 1SR AIAZE B A LUK AT DA B R R . XA R n] DAFE B
e AL BRI 8] A ERAS B AU RAT A 36, I Fe s v R = e A i e B L

& 3 144 /DB AR
i Sk ] psRiigit!
THiT 26.06 /NHf 36.88 JG
Hl 26.71 /N 111.75 76
B 29.66 /N 180.60 JC
TR 30.45 /N 222.32 7t

WE 30.95 /N 291.74 7t
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el T /913

4.6 4.6

g -
tirk

B 13 15 a3 PR

E =

MR R ARG A, A i A8 T I 1 S HERAT B 2ifiae 1) M I, Al
N FIRATI RS, MR G B, B U)ARE BRI . AT 115 I
(LMD 73 458 7 H T3 7 95 25 1K) 52 YR FEE AN i I ) (445 B 00 A o 0L R I 45 B
) B, 2 dorm, T AR TTT 19 9% ARG, o T & BT 0 . 456K
REEAF ST BT — A I RAT B L, I R AR AT BR K 144 /NN A RS AT RE 2 AR
B ARE 2R, FRINEHRAT A, SR Dok g A

3.5 )RR Y

FRAE R H sk, A i 2 A P [ B R BT 144 /NIE, JE 7y SRR IR I T B AR S A
WD U T [RI R, AT BRI Y 2 T, IR B R B . BRATT R B A M IR (A
BRAZIE AT E A, RSB RITENZR . M BRI 2 S8, e M g
300 A BB/, A NEEAR 0. 555 T,

1. ERTRER
4 geopy PETHE BN T A b ERFE B . AT

distance = geodesic ((lat1l,lonl),(lat2,lon2))-kilometers
2. WRATHITEIVHE

travel,ime = train, peed, mhdistance
3. RMBBHATE
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travel . ost = distancexcost,er,m

4. BBAEVE

total.ost;or. ity = travel ost + ticket,rice

BAVRIBERAME R, RIS Em A, SRR R
NN EAEIRATIERT M, A ROHET T 144 /ANEHR AR H 10 AN R R
. WGBS B AR U MIRT IR Sarmm . SR Efes. B H%.

BT — /MR, RN R VTR, TR ST T B H AR T B iR
IR . TFRESZRH (CBFEITEMEEREA) , EEaHHREMTEN T —
ANi Hbr . SRR AR AL A, AR CUr i s, BRI AR IR AR+
PIZIHTT -

15 1 25 2 S [B) A6 2% 0 A SO oy (IR, A5 b ade B8 o fJim i e 2 1 A3
WAIER . B RS DB Rfe2e . B2 ST TER M.

5. Z&RER

e B " Total Time Spent Total Cost Total Ticket Cost Total Train Cost Total Cities Total
Visited Cities Sty Durations {hours) (RME) (RMB) (RMB) Visited Scores

0 [F, R, S, A, [025: 420,15
2.

TR 951 70.359607 278.999492 443 234699492 5 231
A=
B 14 [FENUSR RS

Travel Route

i ! eE 1 ] B 3

49 =28 L= gt
‘}..I‘ ANN .1
2.6 am S50 o rw EE U] weh

Latitude

CEL ! AT 5 1)
- MLE ;’3',‘_*_"
A ¢

h,

FMEE A

() "0penStreetMap contributars A T

113.5 114.0 114.5 115.0
Longitude

B 15 2L E
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EIF R BENEE T N Z 2 E & RAT AR . IR R TR, T REWRERSFEEZ
FE, ST PR BE s W M DA IR T SR s SRR, ol LIS AR T
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R AN G I o5 1 XSRS , IEHOR T IF R REETE 144 /NI N 78 70 IR 6
ITRBIZ RS -

3.6 @A

B R 5, S48 AN 2 7 1) 144 /NI PR o T L D A R —— ) i R R
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AU, RN RMETE S TR SRR .
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3.6.1 BREMUREEST
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2. Wigatl: BRI GEF SFE A8 M E 1 T anJE 5t sl B A
D
3. MRS R 5L (Greedy Algorithm) YL T A B & I R E VL (n
AMRZ) RIEFET DTN . & PR FEA T R MU TRAT IR TR AT A ) S

JSCAS A [] F) -5

AT RERAS T B AR RAT BE AN ] S AR T SR A

JRAT IS T V5 B 308 T 1) g R AT I B AR 5% R A HER E i Do (8] o

el AN TB] PR A DR S IRAT I TR ANER S 144 /N, FFAE TR YR W] e 2 5 1]

st

</

RRATRRIAR:T =
Hrh TONRATIIA], D oW, Vo siod s
WITRAAR:C=DxK+ P

B CHRITRAR,  KNEAEBAE, PSRN,
MR KA : max (Z) = SVisited Mountains-AxTotal Cost

Horbh Z BRI ARReR S, ARAHIBE RS, TR A O s .

[

WL EIRPER, BATAT LN IZA E R vt AN BB SRER AT e 2 bl b o [ L
S IRAT B 2K
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3.6.2 £RER

BT A ER R (8]
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) R /NE S N T ') A I SB 5 J=0h S T b 10 R0V 1 = e ) i et A i 1]
S W B (8] i, SEF 12 /N, T3 i e <A =ige e () 1L 5t i W0 B
I TR) 250 2.5 /N o ST <SR R Ll St WG Bt (8] 09 5 /N, i s e b 5 e
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MZEER.

. oo . Total Time Spent Total Cost Total Ticket Cost Total Train Cost Total Cities Total
Visited Cities Stay Durations (hours) (RMB) (RMB) (RMB) Visited Scores
o =N RN A 022 5 120, 20, 86.488874 483647567 1525 331.147567 6 27.0
0, 128 5.0]
& 18 HitH& R

TN — 2 AMNE 5 2 Hl 1 144 /ANef o B s £k b, Al 7. =W, R
fell. BK. WEORE A SN, AR BRI AN, BN B4 B 1] 2 T2 2.5 /)
2.5 /NI 12 ZNEF L 2.5 /NS S ZINE o BEAN IR FESLAE % T 86.49 /NI, S A 483.65
TN M, HATTESHRAN 1525 6, @SN 331.15 J6. fERLiE, fhihm [
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P

. AR

% (python)

import pandas as pd

import os

# WEBEITA CSV RIS %
folder_path = 'D:/jupyterproject/=& 4 E /44

# WIEAL A RRAT i B 10
best _score = 0

# 30 [ SCAE IR R SO

for filename in os.listdir(folder path):

if filename.endswith('.csv'):

file_path = os.path.join(folder_path, filename)
# BEELCSV U
try:

df = pd.read_csv(file_path)
# IRV 5 I EAR BB EE R, R I B R4 1 B NaN
df[ 't '] = pd.to_numeric(df['VF7 '], errors='coerce')
# R O s VR
current_max = df['PF5r'].max()
# SN R vy
if current_max > best score:
best _score = current_max

except Exception as e:

print (F"iEREALIE S {filename} KA {e}")

# FTEDH B Py
print(f"&mPEs (BS) s&: {best_score}")

import pa
import os

ndas as pd

# WEAE A CSV U s AE

folder pa

th = 'D:/jupyterproject/# s E /Bt

# BETFr s 5.0

best_scor

e =5.0

# VIR

count_of best score = 0
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#3 J3 SCA vh  FiA SCA
for filename in os.listdir(folder path):
if filename.endswith('.csv'):
file_path = os.path.join(folder_path, filename)
# BEELCSV Ui
try:
df = pd.read csv(file path)
# IRV 5 B HAR BB EE R, R I B R4 1 B NaN
df['1tF7r '] = pd.to_numeric(df['VF7r '], errors='coerce')
# TR RS IR SR
count_of_best_score += (df['1F%'] == best_score).sum()
except Exception as e:

print (F"iEEALE S {filename} BF A {e}")

# FTEDHRA5 B VF 20 1 5 e 3
print(f"3S&mE S (BS = 5.0) WS maUe: {count_of_best_score}")

import pandas as pd
import os

# WEBEITA CSV XRS5
folder_path = 'D:/jupyterproject/=& 4 E /44

# eI oA 5.0
best score = 5.0

# WAL T SORAFAH BRI TSRS I = VP (1557

city_score_count = {}

#3 J3 SCA vh  FiA SCA
for filename in os.listdir(folder path):
if filename.endswith('.csv'):
file_path = os.path.join(folder_path, filename)
# BEELCSV Ui
try:
df = pd.read csv(file path)
# RT3 2 B BN EUE AL, BRI B R 1 BB O NaN
df['1tF7r '] = pd.to_numeric(df['VF7 '], errors='coerce')
# VFEAZ U TR RS B VP4 R R SR
count = (df['PF7r'] == best_score).sum()
# Fgiitah R s -
city _name = filename.replace('.csv', '')
city_score_count[city_name] = count

26

gooo - gooogo




except Exception as e:
print (F"ENEAEE S {filename} BFHAS: {e}™)

# PP ITA R TT HSRAG PP AR R AT

max_score = max(city_score_count.values())

cities_with_max_score = [city for city, count in city_score_count.items()
if count == max_score]

# FTEDH SRS B VT 7 st i 2 T A=
print(f"33F 7 mvEsr (BS = 5.0) S Z MM A {cities_with_max_score}, %
W R N: {max_score}")

# FTERRTA ST ST Bl (k)

print ("SI AT R REIF O S A EE: )

for city, count in sorted(city_score_count.items(), key=lambda item: item[
1], reverse=True):

print(f"{city}: {count}")

# O T 4R BEIRAS de PR B SRR BOE HEA T HEFE . JFBCGE AT 10

top_10_cities = sorted(city_score_count.items(), key=lambda item: item[1],
reverse=True)[:10]

# FTENAT 10 /Nl S RAT B vP o 1 5 i
print (" EAHREEA LSRR S AT 10 M R IR )
for city, count in top_10_cities:
print(f"{city}: {count}")
import pandas as pd
import os

# HE IR AR
folder_path = 'D:/jupyterproject/ZAMisHE /Mt  # B hsLhrigiz

# SRBOCA b A ) Excel SO

file_list = [file for file in os.listdir(folder_path) if file.endswith('.c
sv')]

file list

# 1Ef# 4 DataFrame [H)%1) 3

dataframes = []

for file in file_list:
# IR ERAT
file_path = os.path.join(folder_path, file)
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# PLHL Excel X fF
df = pd.read _csv(file_ path)

# 1t DataFrame HUH —FIAF il 14
df['#1i'] = file.replace('.csv',"")

# RORTIE SRS 25—

cols = df.columns.tolist()
cols cols[-1:] + cols[:-1]
df = df[cols]

# ¥ DataFrame ¥ N4 rh
dataframes.append(df)

# 4P DataFrame
final_df = pd.concat(dataframes, ignore_index=True)

import pandas as pd

I IERAE/TE S
file_path = "$1i7 A FAELHT 50.x1sx”
population_data = pd.read_excel(file_path)

# SWoREAE I ET AT A AT A
population_data.head()

# [ A, 7F Jupyter Notebook H' i@ K%
%matplotlib inline

import os

# JHF& MPLBACKEND *fI%iAr:
if "MPLBACKEND' in os.environ:
del os.environ[ '"MPLBACKEND' ]

import matplotlib
matplotlib.use('TkAgg') # FRCZAIE M7 1) i

import pandas as pd
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# WERRTENT, Ekd SRR )
plt.rcParams['font.sans-serif'] = ['SimHei'] # fii[{] SimHei A LLE 5
plt.rcParams['axes.unicode minus'] = False # {55 RERL IEHA TR

# InEEE ST
file _path = 'Q2_data.xlsx'
data = pd.read_excel(file_path)

# WoRBER AR AIET AT EE B OREUEE O IR gk
print ("HIEK: ")
data.head()
# IRIFEEMIRIRERYIER, HT R8s b P
features = [
'AQIY, 'ZMLFESEE (%), 'PUKKFEZE (%)', EALFEZE (%), WIS
()"

AR, SR, SRR, SRR
OMSCCBEEE (%), CABET (n/kn?)', EEARER (kn)', HUHHE
M
TR (C)', KRR (), SERRIREC, SURE ()"
EEOR, HRERAEOR ', REEHK
]

# KA T AR PR O BUE R T, I R e U B E Y NaN
for feature in features:
data[feature] = pd.to_numeric(data[feature], errors='coerce')

# MEREE NaN (B RIAT, W R & 52 Bk

data.dropna(subset=features, inplace=True)

# BUEARHEAL, RS TRAR F O AR HE IR 0 A
scaler = StandardScaler()
standardized_data = scaler.fit_transform(data[features])

# FPRAEAL S I EURE e [B] DataFrame A&, JFASINI T 41
standardized_data = pd.DataFrame(standardized_data, columns=features)

standardized data[ '3§7i'] = data[ ' RIEHMT "]

# WOETMERRIRE, HTZEF0 it E
weights = {
'AQL': 0.05, 'SLEHZE (%)': 0.05, 'RAKMIER (%)': 0.05, KA
#o(%)': 0.05, 'LiRLIE (%)': 0.05,
‘iR E : 0.05, 'HMEEE": 0.05, 'ALEEIEK . 0.05, ' ibikit

29

gooo - gooogo




e
tim

': 0.05,
"AREIEEER (%) 0.05, "LEREE (km/km2)': 0.05, 'SIHAKE
2 (km)': 0.05, "NLIZMIPIEE": 0.05,
ESPHRIE (C)': 0.05, 'HEMEKE (mm)': 0.05, EHREFAE: 0.05,
SIBE (%)': 0.05,
"EIEHE . 0.05, 'fFEEEHE": 0.05, 'ERIEIMIK: 0.05

# HRAEOE AL T SRR AR AU
weighted_data = standardized_data.copy()
for col, weight in weights.items():
weighted_data[col] = standardized_data[col] * weight

# P EZEE TR, HERR W A

weighted_ data[ ZE51E '] = weighted_data[features].sum(axis=1)

# NI 5
weighted data['¥ii'] = data[ '>RIFEMTT "]

# 1RSIV EFHE, JRE AT 58 AN

top_50 cities = weighted_data.sort_values(by='Zi& V45>
', ascending=False).head(50)

# RIS EER AL T 50 ANk T A LR G V4

print (" &2 /MEFE RAER 50 M ")

top 50 cities[['#Ti', 'ZA1F0 1]

import pandas as pd

import numpy as np

from sklearn.preprocessing import StandardScaler

from sklearn.decomposition import PCA

from scipy.linalg import eig

import matplotlib.pyplot as plt

import warnings

# BIEIEATES
warnings.filterwarnings("ignore", category=RuntimeWarning)

# WEERTFENPIL, R SRR ] R
plt.rcParams['font.sans-serif'] = ['SimHei'] # f#i/{] SimHei FAAkLL T b

=N

plt.rcParams['axes.unicode minus'] = False # ifa 5 AE0% 1EHA T~

# N ST
file path = 'Q2 Data2.xlsx'

30

gooo - gooogo

H¥




data = pd.read_excel(file_ path)

# ERECR SRR TR, R RSOR O IR
print("HHETE: ")
data.head()
# 8 SR E MR bR
features = [
'AQLY, AMLAERLE (%)', RKMELER (%), RALHER (%)', WKL
(%)

PSR, EATEECR, SO ER T, SO B AR,
AW TR (%), "REREE (km/km?) ', CEDEABKEME (km)', HUIAHIE
g,

VSRR (C) ', ERUKE (mm) ', UERREEREC, TERERE (%),
VRIREE, "ROReiE, CSReiEshiie

# KT TR AR PRI O EUE R, IR PR R IR
for feature in features:
data[feature] = pd.to_numeric(data[feature], errors='coerce')

# MR 5 NaN AT
data.dropna(subset=features, inplace=True)

# B bRl
scaler = StandardScaler()
standardized data = scaler.fit transform(data[features])

standardized_data pd.DataFrame(standardized data, columns=features)

standardized data['#ii'] = data[ ' KIEHIT"]

# K% AHP TR I SRR AIE [ B MRRAE ()
AHP_matrix = np.array([

[1, 1/3, 1/5, 1/2, 1/4],

[3, 1, 1/3, 2, 1/2],

[5, 3, 1, 4, 2],

[2, 1/2, 1/4, 1, 1/3],

[4, 2, 1/2, 3, 1]
1
eig values, eig vectors = eig(AHP_matrix)
max_eig value = np.max(np.real(eig_values))
max_eig vector = np.real(eig_vectors[:, np.argmax(np.real(eig_values))])
weights = max_eig vector / np.sum(max_eig_vector)
print("MEFE:", weights)
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# ER T (PCA) HEATFE4E
categories = {
"IREEIR{R . features[:5],
" NXJEZH . features[5:9],
"ASEEA . features[9:13],
'Skt : features[13:17],
"L features[17:]

pca = PCA(n_components=1)

pca_data = pd.DataFrame(index=standardized_data.index)

for category, features in categories.items():
pca_result = pca.fit transform(standardized_data[features])
pca_data[category] = pca_result.flatten()

pca_data[ '3kili'] = data[ ' RIEHT "]

# BT RPN TOPSIS #7454 W

def entropy_weight(data):
k = 1.0 / np.log(len(data))
data = data / (data.sum(axis=0) + 1e-10) # J1—fbifdEs ol o 11
data = data * np.log(data + le-10) # EAG B HRs o3 JE AU
entropy = -k * (data.sum(axis=0))

weight = (1 - entropy) / (1 - entropy).sum()
return weight

# IHRAE
topsis_weights = entropy_weight(pca_data.drop(columns=["3§ii"']))

# TOPSIS ZE& TN
def topsis(data, weights):
data = np.array(data)
weights = np.array(weights)
weights /= np.sum(weights) # Hif#fLE 2 AN 1

if data.shape[1] != len(weights):
raise ValueError ("#4E (IRFIEE & 00205 BUCE P &K EAHILE. ™)

norm_data = data / np.sqrt((data ** 2).sum(axis=0))
ideal best = np.max(norm_data, axis=0)
ideal worst = np.min(norm_data, axis=0)
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distance_to_best = np.sqrt(((norm_data - ideal_best) ** 2 * weights).s
um(axis=1))

distance_to_worst = np.sqrt(((norm_data - ideal_worst) ** 2 * weights)
.sum(axis=1))

score = distance_to worst / (distance to best + distance to_worst)
return score

try:
topsis_scores = topsis(pca_data.drop(columns=["'3{ii']), topsis_weights)
pca_data[ 'ZiH5 iP5 '] = topsis_scores
print("mIITHE TOPSIS 1875. ")

except Exception as e:

print(" KA R: ", e)

# GV T, Gt AT 50 AN

top_50 cities = pca_data.sort_values(by='Zi&1Ey
', ascending=False).head(50)

print ("2 AMEER LR 50 M)

top_50_cities[['¥ili", 'ZREVS']]

import matplotlib.pyplot as plt

import seaborn as sns

%matplotlib inline

sns.set(style="whitegrid")

plt.rcParams['font.sans-serif'] = ['SimHei'] # f#i/{] SimHei FAAkLL T

plt.rcParams['axes.unicode _minus'] = False # Wi S HERE M s

plt.figure(figsize=(14, 10))

sns.barplot(
x="LR A,
y="4",
data=top 50 cities,
palette="viridis"

plt.xlabel('Zx&1F4r "', fontsize=14)
plt.ylabel('J§ii', fontsize=14)
plt.title( ' &2 AMEWEE AR 50 M4 & 1F ", fontsize=16)

# BHEE Y B, TGRSV B HES
plt.gca().invert_yaxis()
plt.show()
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# K

plt.figure(figsize=(14, 10))

heatmap_data = standardized data.loc[top 50 cities.index, features]

sns.heatmap(heatmap_data, cmap='viridis', cbar_kws={'label': 'FrifE{t15%>
'}, xticklabels=features, yticklabels=top 50 cities['Jili'], linewidths=0.5)

plt.title('H7 50 NMWTEAFITEIR FIF 3 150L", fontsize=16)

plt.show()

cities_coords = pd.read_csv(' 2 /MNEFHE AR 50 MEHT.csv')

merged_data = pd.merge(top_50 cities, cities_coords, on='3}§ili', how='left")

# 2l A B

plt.figure(figsize=(10, 8))

plt.scatter(merged_data['&J¥'], merged_data['4i/¥'], c=merged_data['Zi& it
'], cmap='viridis', s=100)

for i, city in enumerate(merged_data['Jkii']):

plt.text(merged_data['£)¥'].iloc[i], merged_data['ZH)¥

"l.iloc[i], city, fontsize=9)

plt.colorbar(label="%:& 1P ")

plt.xlabel("&fE")

plt.ylabel('&iE")

plt.title('H7 50 MW H/E EHE FALE")

plt.show()

import pandas as pd

# BT 50 M LA A EAE BT
city_data = {
YT [
SREM, CORERY, R, LY, CReTt, =, CENY, N, EE
Y, TBEBUE,
CEC, CBUEE, WL, CHEGE, e, CEMY, CERT, T REEEM
Y, AR, HMt,
VEZEX, CWRIERT, tAbRLt, fEIMt, CRRRIVEAET, CRbt, CSRFHY, TEEYL
LOUEIRY, CHFR,
‘A, CHEDGT,

T

M, CHEBHT, ik, UM, YN, CabEt, e
Y, TN,
YEURY, CERHC, S, R, CSPURZE, Ewt, e, "baw
Y, TEIR, iR
1
YA [
26.0745, 25.6065, 30.2722, 30.4268, 29.8413, 18.2528, 23.1103, 39.
3316, 29.0316, 26.5823,
35.4907, 19.2592, 43.6836, 30.5728, 19.9186, 28.6564, 35.5807, 25.
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9367, 39.8023, 32.3929,
38.9990, 35.0671,
30.5086, 44.1674,
30.8375, 36.7068,
36.6512, 23.1291,
23.7338, 26.8930,
42.2860, 20.0442
1,
"B [
119.2965, 100.2676, 109.4880,
68, 112.4320, 111.6537, 101.7160,
112.8513, 110.4745, 81.1640, 104.0668, 109.6873,
6, 101.5460, 98.2901, 119.4210,

39.9042,
8721,
24.4033, 27.2333, 41.7212,
7877,
31.6765,

27.8268, 39.6085,

7700,

19.5209, 40.8426, 22.5159, 26.6477, 26.

30.2741, 28.8724, 22.

23.6820, 37.0700, 45.

112.8990, 114.3228, 109.5119, 114.41

121.4208, 104.626

115.8540, 112.5876, 116.4074, 109.5820, 111.7490, 113.3926, 106.63

02, 100.2296, 117.0472, 87.5269,

106.0806, 119.1035, 111.5672, 111.4672, 125.9406, 120.1551, 105.44

79, 115.3751, 117.1201, 113.2644,
114.7074, 112.5707, 118.5065, 99.7071, 109.7813,
0, 131.0129, 123.8443, 110.1983

]

# M 7404 DataFrame
df = pd.DataFrame(city_data)

# ¥ DataFrame f£f7 )y CSV X
df.to_csv('H&AHMEEEIER 50 AN .csv', index=False)

# IR BRIR CSV SR LU A Bk
print("CSV X/ CAER")

import pandas as pd

# WE AR TR, R SRR A
plt.rcParams['font.sans-serif'] = ['SimHei']

plt.rcParams['axes.unicode_minus'] = False

# InEEE ST
file_path = "fAHMEEF LR 50 M. csv!
data = pd.read_csv(file_path)

# SORBIR AR AIET AT B, B OREUEE O IR gk
print("FdEHE: ")
data.head()

113.0118, 114.504

# i SimHei FAKLLE 5L
# WIS e B Eor
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import pandas as pd

# 58 AT 50 M vIR
top 50 cities = |
CRESM T, CORERC, R, WL, CRCT, =R, CEUMT, WM, EEr,
R,
EWC, CHUEE, AL, R, e, CEMt, CET, MY, 'F
g, M,
‘REZEETIX, CWRET, ATty MM, CRRRIEART, ebabt, SRRHC, CEERNLY,
7R, ThEE',
"REARC, CMEDE, BN, CHBRHC, ta@fkt, UM, UM, CWiEt, B,
JUH,
SREIVR, R, DL, dpR, CSUREET, Wz, Me', e,
BRI, e
]

file path = 'Q3 data.xlsx'
data = pd.read _excel(file_ path)

# JRELAT 50 AT B
filtered_data = data[data[ ' Ki§ifiiili'].isin(top_56_cities)]

# BRG] A 14T
filtered_data = filtered_data.dropna(subset=[" & IFHLi (" ])

# SRR 015 8
print (*iil 50 MR (B QUUHTEN [ 20T +*)

# DRAFTRIDUT IR J5 1045 B 2R csv 3Tt
filtered data.to csv('Q3 data2.csv', index=False)

print("$EEOEMIER G E B O A7 E] 'Q3_data2.csv'™)

import pandas as pd
import numpy as np

# BEEL CSV HRE St
df = pd.read csv('Q3 data2.csv')
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random_selected = highest_rated.groupby (' KJ&H 17
"Y.apply(lambda x: x.sample(1l)).reset_index(drop=True)

# ORAFEE RBVH Csv L fF
random_selected.to_csv('Q3_data3.csv', index=False)

# SRS B RR CSV U I IR AT

print (" CARAF RN VR s HEEALEBEFEAS] 'Q3_data3.csv'")

import pandas as pd

# BRI CSv U
file_path = 'Q3_data3.csv'
data = pd.read_csv(file_path)

# WAL A
city_data = {
T [
CHEM, ORI, R, WL, T, =R, CEMY,
Y, EEAE,

CEL, VBRI, CWITCIAHL, CRREST, e, TEMY, TERS,

Y, TERT, M,

THEZERIX, BRI, bR, BN, CRRRLERET, A,
Y, TEIRY, TR,

"RFRt, CHEDFt, CBUMt, CHRERC, AR, CHUMC, UMY,
Y, TR, CfERH,

oL, P, CSUREE, R, e, Lam,

diiE

1
T [
26.0745, 25.6065, 30.2722, 30.4268, 29.8413, 18.2528,
3316, 29.0316, 26.5823,
35.4907, 19.2592, 43.6836, 30.5728, 19.9186, 28.6564,
0367, 39.8023, 32.3929,
38.9990, 35.0671, 39.9042, 19.5209, 40.8426, 22.5159,
8721, 30.5086, 44.1674,
30.8375, 36.7068, 24.4033, 27.2333, 41.7212, 30.2741,
7877, 36.6512, 23.7338, 26.8930,
31.6765, 27.8268, 39.6085, 23.6820, 37.0700, 45.7700,
0442
1
"B [

S,

23.1103,

35.5807,

26.6477,

28.8724,

42.2860,

AL 7

i il

g3

39.

25.

26.

22.

20.

119.2965, 100.2676, 109.4880, 112.8990, 114.3228, 109.5119, 114.41

68, 112.4320, 111.6537, 101.7160,

112.8513, 110.4745, 81.1640, 104.0668, 109.6873, 121.4208, 104.626

6, 101.5460, 98.2901, 119.4210,
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115.8540, 112.5876, 116.4074, 109.5820, 111.7490, 113.3926, 106.63
02, 100.2296, 117.0472, 87.5269,

106.0806, 119.1035, 111.5672, 111.4672, 125.9406, 120.1551, 105.44
79, 115.3751, 117.1201, 114.7074,

112.5707, 118.5065, 99.7071, 109.7813, 113.0118, 114.5040, 131.012
9, 123.8443, 110.1983

]

# KT 2 2 B B ey DataFrame
city_df = pd.DataFrame(city_data)

# FIRTT AL RS B IE B A i

merged_data = pd.merge(data, city_df, left_on='>RJFEHii"', right_on="4§i
', how="left")

# MR 2 AR eIl 41)

merged_data.drop(columns=["3§i'], inplace=True)

# DRAFFTIN CSV AT

output_file_path = 'Q3_datad.csv'

merged_data.to_csv(output_file_path, index=False)

# HHIRE B ROR SV U C I AR R

print (f" CRIH LSS BN csv X I R47 %] {output_file_path}")

import pandas as pd
import numpy as np
from geopy.distance import geodesic
import matplotlib.pyplot as plt
plt.rcParams['font.sans-serif'] = ['SimHei']
plt.rcParams['axes.unicode_minus'] = False
# REL CSV UMt
file_path = 'Q3_data4d.csv'
try:
data = pd.read_csv(file_path, encoding='utf-8")
except UnicodeDecodeError:
data = pd.read_csv(file_path, encoding="'GBK")

# H 4
data.columns = ['&5", 'JRAEIE", PRy, CERUCHEBTRSE, IR, ORUEMH
l, I%EIJ |g§é}§l]
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éj\

data.head()

# UM E AR R A )R
def calculate distance(latl, lonl, lat2, lon2):
return geodesic((latl, lonl), (lat2, lon2)).kilometers

# 0 U A B 2

train_speed kmh = 300

cost_per_km = 0.555

daily rest_hours = 6 # i Ui/ kS

# WAL ER AT AR AT &
starting city = 'J7JH"
time_limit_hours = 200 # - GH4E s a] R
effective hours = time_limit_hours - 7 * daily rest_hours # £ 2o (Al
cities = data['>RIEILT '].tolist()
visited_cities = [starting_city]
remaining_cities = [city for city in cities if city != starting_city]
current_city = starting_city
total time_spent = ©
total cost = ©
stay_durations = [0] # H T icdseBR s Bmsa], o A5 B e o
# BT I ORAF IR T ) 2 26 AN PF
city_info = {
row[ ' KIEITT ' ]: {'coords': (row['ZEfE'], row['£SE']), 'score': row['iF
'], 'suggested_time': row[ '@ UIFEICHSE] ' ]}
for idx, row in data.iterrows()

# AT IR AR NS R
if 'J7M' not in city_info:

print ("45i%: T AET M city_info B, iEREEUE. ")
else:

print ("' EFH city_info H, 4kLEALFE. M)

# )0 RGN BRE RO R T
while remaining_cities and total_time_spent < effective_hours:
min_distance = float('inf')
next_city = None
for city in remaining_cities:
distance = calculate_distance(

39

gooo - gooogo




city_info[current_city]['coords'][0], city_info[current_city][
"coords'][1],
city_info[city]['coords'][@], city_info[city][ 'coords'][1]
)
if distance < min_distance:
min_distance = distance
next_city = city

if next_city:
travel time = min_distance / train_speed kmh
suggested_time = city_info[next_city]['suggested_time']

if total_time_spent + travel_time + suggested_time > effective_hou
rs:

print (£"F A PR i [E
({total_time_spent + travel time + suggested time})i#id# &t} Al
({effective hours})")
break
total_time_spent += travel_time + suggested_time
total cost += min_distance * cost per_km
visited_cities.append(next_city)
stay_durations.append(suggested_time)
remaining_cities.remove(next_city)
current_city = next_city
else:
print ("EAHLEF—MIRT)

break

print(F"4FIYkT: {current_city}, &HJ[E: {total_time_spent}, & 3tH:
{total cost}")

# iR
total_scores = sum(city_info[city]['score'] for city in visited_cities)
result = {
'Visited Cities': visited cities,
'Stay Durations': stay_durations,
'Total Time Spent (hours)': total_time_spent + len(visited_cities) * d
aily rest_hours,
‘Total Cost (RMB)': total cost,
‘Total Cities Visited': len(visited cities),
'Total Scores': total scores

# )45 % DataFrame
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result df = pd.DataFrame([result])

# R K
latitudes = [city_info[city]['coords'][@] for city in visited_cities]
longitudes = [city_info[city]['coords'][1] for city in visited_cities]

plt.figure(figsize=(12, 10))
plt.plot(longitudes, latitudes, marker='o', linestyle="'-

, color="'b")

for i, city in enumerate(visited_cities):

plt.text(longitudes[i], latitudes[i], f'{i+1}. {city}', fontsize=9, ha

='right")

plt.xlabel("&fE")

plt.ylabel ("4 ")

plt.title( ' iRfT#2E")

plt.grid(True)

plt.show()

import seaborn as sns

import matplotlib.pyplot as plt

# % & Seaborn FEx

sns.set(style="whitegrid")

# WEERTEAPC

plt.rcParams['font.sans-serif'] = ['SimHei'] # fiiff] SimHei F{&

plt.rcParams['axes.unicode minus'] = False # IEffii /s

# TR AE AN T 0 45 B I 1)

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

bar_plot = sns.barplot(x=visited_cities, y=stay_durations, palette="viridi
s")

plt.xlabel('¥1i', fontsize=14)

plt.ylabel ("R K[E] (/NEf) ', fontsize=14)

plt.title( "B/ fF A", fontsize=16)

plt.xticks(rotation=90, fontsize=12)

plt.yticks(fontsize=12)

# IS INEARE bR

for index, value in enumerate(stay_durations):

bar _plot.text(index, value + 0.1, f'{value:.1f}', ha='center', va='bot

tom', fontsize=10)

plt.show()

# AL AR R 35
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scores = [city_info[city]['score'] for city in visited_cities]
plt.figure(figsize=(12, 8))
bar_plot = sns.barplot(x=visited_cities, y=scores, palette="coolwarm")

plt.xlabel('¥1i', fontsize=14)
plt.ylabel(' VP57, fontsize=14)
plt.title(' ViR IIFSr ", fontsize=16)
plt.xticks(rotation=90, fontsize=12)
plt.yticks(fontsize=12)

# IS INEARE bR
for index, value in enumerate(scores):
bar plot.text(index, value + 0.1, f'{value:.1f}', ha='center', va='bot
tom', fontsize=10)

plt.show()

from geopy.distance import geodesic
import geopandas as gpd
from shapely.geometry import Point, LineString
import contextily as ctx
# REL CSV UMt
file path = 'Q3 _data4.csv'
try:
data = pd.read_csv(file_path, encoding='utf-8")
except UnicodeDecodeError:
data = pd.read_csv(file_path, encoding='GBK")

# 4
data.columns = ['#&F", "JERURELY, VRSN, CERULHEDUESEC, CTIEEY, SRIEMGH
Y, TEET, TRE]
data.head()
# VRN G T S A )R
def calculate distance(latl, lonl, lat2, lon2):
return geodesic((latl, lonl), (lat2, lon2)).kilometers

# 8 BRI R 9 B4
train_speed kmh = 300
cost_per_km = 0.555

daily rest_hours = 10
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# VI ER AR A B
starting_city = 'J7JH"
time limit hours = 144
effective hours = time_limit_hours - 7 * daily rest_hours # £ 2o (Al
cities = data[ ' >RUE¥HT"'].tolist()
visited_cities = [starting_city]
remaining_cities = [city for city in cities if city != starting_city]
current_city = starting_city
total time_spent = ©
total cost = ©
total ticket cost = @ # [JZERPE/]
total train_cost = @ # ksl
stay_durations = [0] # T icdseBE M R msal, | R SUS BEE EA @
# QT S CRAF IR T I 2 26 B2 AT 23
city_info = {
row[ ' KIEMTT " ]: {'coords': (row['ZEfE'], row['&fE']), 'score': row['iF
/'], 'suggested time': row['EUFDURSEI'], 'ticket_price': row['lT1E']}
for idx, row in data.iterrows()

# B RAFE: OGRS RARKITT (GBRIEEATTE)
while remaining_cities and total_time_spent < effective_hours:
min_cost = float('inf")
next_city = None
for city in remaining_cities:
distance = calculate_distance(
city_info[current_city]['coords'][0], city_info[current_city][
"coords'][1],
city_info[city]['coords'][@], city_info[city][ 'coords'][1]
)
travel time = distance / train_speed_kmh
travel cost = distance * cost_per_ km
ticket_price = city_info[city]['ticket_price']
total_cost_for_city = travel_cost + ticket_price
if total_cost_for_city < min_cost:
min_cost = total_cost_for_city
next_city = city

if next_city:
distance = calculate_distance(
city_info[current_city]['coords'][0], city_info[current_city][
"coords'][1],
city_info[next_city]['coords'][@], city_info[next_city][ 'coord
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s'][1]

rs:

urs

)

travel time = distance / train_speed_kmh
suggested_time = city_info[next_city]['suggested_time']
if total_time_spent + travel_time + suggested_time > effective_hou

break
total_time_spent += travel_time + suggested_time
travel cost = distance * cost_per km
ticket_price = city_info[next_city]['ticket_price']
total_cost += travel_cost + ticket_price
total train cost += travel cost
total ticket cost += ticket price
visited_cities.append(next_city)
stay_durations.append(suggested_time)
remaining_cities.remove(next_city)
current_city = next_city
# AR
total_scores = sum(city_info[city]['score'] for city in visited_cities)
total_travel _time = total_time_spent + len(visited_cities) * daily_rest_ho

print(f"Visited Cities: {visited cities}")

print(f"Stay Durations: {stay_durations}")
print(f"Total Time Spent (hours): {total travel time}")
print(f"Total Cost (RMB): {total cost}")

print(f"Total Ticket Cost (RMB): {total ticket cost}")
print(f"Total Train Cost (RMB): {total train_cost}")
print(f"Total Cities Visited: {len(visited cities)}")
print(f"Total Scores: {total scores}")

result = {
'Visited Cities': visited cities,
'Stay Durations': stay_durations,
‘Total Time Spent (hours)': total travel time,
‘Total Cost (RMB)': total cost,
‘Total Ticket Cost (RMB)': total ticket cost,
‘Total Train Cost (RMB)': total train_cost,
‘Total Cities Visited': len(visited cities),
'Total Scores': total scores

# )45 % DataFrame

44




result df = pd.DataFrame([result])

# f#[1] geopandas Ml contextily i £k K]
# ] GeoDataFrame
gdf = gpd.GeoDataFrame(
visited cities,
geometry=[Point(city_info[city]['coords'][1], city_info[city]['coords"’
1[@]) for city in visited_cities],
columns=["'City"]
)
gdf.set_crs(epsg=4326, inplace=True) # W EALIRSH RGN WGS84

# QIR
route = LineString(gdf.geometry.tolist())

# Lt K2R AN AN

fig, ax = plt.subplots(l, 1, figsize=(10, 10))

gdf.plot(ax=ax, color='blue', edgecolor='black', markersize=50)

gpd.GeoSeries(route).plot(ax=ax, color='red")

for x, y, label in zip(gdf.geometry.x, gdf.geometry.y, visited_cities):
ax.text(x, y, label, fontsize=12)

# IR E
ctx.add_basemap(ax, crs=gdf.crs.to_string(), source=ctx.providers.OpenStre

etMap.Mapnik)

plt.xlabel('Longitude")

plt.ylabel('Latitude")

plt.title('Travel Route')

plt.show()

import seaborn as sns

import matplotlib.pyplot as plt

# % & Seaborn FEx

sns.set(style="whitegrid")

# WEERTER AP

plt.rcParams['font.sans-serif'] = ['SimHei'] # f#i/f] SimHei /&
plt.rcParams['axes.unicode minus'] = False # IEffii s

# TR AE AN T 0 45 B I T

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

bar_plot = sns.barplot(x=visited_cities, y=stay_durations, palette="viridi

s")
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plt.xlabel('¥1i', fontsize=14)

plt.ylabel ("R K[E] (/M) ', fontsize=14)

plt.title( "B/ fF A", fontsize=16)

plt.xticks(rotation=90, fontsize=12)

plt.yticks(fontsize=12)

# IS INEARE bR

for index, value in enumerate(stay_durations):

bar plot.text(index, value + 0.1, f'{value:.1f}', ha='center', va='bot

tom', fontsize=10)

plt.show()

import pandas as pd

csv_file path = 'Q5 data.csv'
try:
csv_data = pd.read_csv(csv_file_path, encoding='utf-8")
except UnicodeDecodeError:
csv_data = pd.read_csv(csv_file_path, encoding='GBK'")
excel file path = 'Q5 datal.xlsx'
excel data = pd.read_excel(excel file path)
csv_data.columns = ['REMIT", "@F", "HE"]
merged_data = pd.merge(excel data, csv_data, on='KJ§I1i', how="'left")

# DRAFIESUR I EE 28T K Excel SCF

output file path = 'Q5 data2.xlsx'
merged_data.to_excel(output_file_path, index=False)
print("&IFEREYE CIRAFE]: ", output_file_path)
import pandas as pd

from geopy.distance import geodesic

import matplotlib.pyplot as plt

import geopandas as gpd

from shapely.geometry import Point, LineString
import contextily as ctx

plt.rcParams[ 'font.sans-serif'] = ['SimHei']
plt.rcParams[ 'axes.unicode minus'] = False
excel file path = 'Q5 data2.xlsx'

data = pd.read _excel(excel file path)

# 3y AT LR S R
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mountain_data = data[data['# 7 '].str.contains('1li")]
# ARYE VP o 1 £ BRI VP2 g5 v 1 LU S
top_mountain_per _city = mountain_data.loc[mountain_data.groupby (' KIFIE T

Y[ 'EE ] . idxmax () ]

# 0 X R EE AN 24

train_speed_kmh = 300 # KT (8 B/ /N

cost_per_km = ©.555 # TFAHTEH o)

daily_rest_hours = 10 # BEHARENE /N

time_limit_hours = 144 # SIFAIFES] (/N

effective hours = time_limit_hours - 7 * daily rest_hours # £32Ci7Huit(a) (/)

i)

éj\

# VI ER AR RI A B

starting_city = top_mountain_per_city.iloc[@][ ' RIEILT ']

visited_cities = [starting_city]

remaining_cities = top_mountain_per city[ '>RIEILTT'].tolist()

remaining_cities.remove(starting_city)

current_city = starting_city

total time_spent = ©

total cost = ©

total ticket cost = @ # [JZEMTH/]

total train_cost = @ # ksl

stay_durations = [0] # H T icdsefe Mlis R msia), & s jes ey o

# QT ICRAF IR T I 22 26 B2 AT 23

city_info = {
row[ ' KIEITT ' ]: {'coords': (row['&JE'], row['ZHfE']), 'score': row['iF

'], 'suggested_time': row[ '@ UIFICHE] '], "ticket_price': row['l7E']}

for idx, row in top_mountain_per_city.iterrows()

# B RAFE: OGRS RARKITT (GBRIEEATTE)
while remaining_cities and total_time_spent < effective_hours:
min_cost = float('inf')
next_city = None
for city in remaining_cities:
distance = geodesic(city_info[current_city]['coords'], city_info[c

ity]['coords']).kilometers

travel time = distance / train_speed kmh

travel cost = distance * cost_per_ km
ticket_price = city_info[city]['ticket_price']
total_cost_for_city = travel_cost + ticket_price
if total_cost_for_city < min_cost:
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min_cost = total_cost_for_city
next_city = city

if next_city:
distance = geodesic(city_info[current_city]['coords'], city_info[n

ext_city]['coords']).kilometers

rs:

urs

travel time = distance / train_speed_kmh
suggested_time = city_info[next_city]['suggested_time']
if total_time_spent + travel_time + suggested_time > effective_hou

break
total_time_spent += travel_time + suggested_time
travel cost = distance * cost_per_ km
ticket_price = city_info[next_city]['ticket_price']
total_cost += travel_cost + ticket_price
total train cost += travel cost
total ticket cost += ticket price
visited_cities.append(next_city)
stay_durations.append(suggested_time)
remaining_cities.remove(next_city)
current_city = next_city
# iR
total_scores = sum(city_info[city]['score'] for city in visited_cities)
total_travel _time = total_time_spent + len(visited_cities) * daily_rest_ho

result = {
'Visited Cities': visited cities,
'Stay Durations': stay_durations,
‘Total Time Spent (hours)': total travel time,
‘Total Cost (RMB)': total cost,
'Total Ticket Cost (RMB)': total ticket cost,
‘Total Train Cost (RMB)': total train_cost,
‘Total Cities Visited': len(visited cities),
'Total Scores': total scores

print(f"Visited Cities: {visited cities}")

print(f"Stay Durations: {stay_durations}")
print(f"Total Time Spent (hours): {total travel time}")
print(f"Total Cost (RMB): {total cost}")

print(f"Total Ticket Cost (RMB): {total ticket cost}")
print(f"Total Train Cost (RMB): {total train_cost}")
print(f"Total Cities Visited: {len(visited cities)}")
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print(f"Total Scores: {total scores}")

# Q5 DataFrame
result df = pd.DataFrame([result])

gdf = gpd.GeoDataFrame(
visited cities,
geometry=[Point(city_info[city]['coords'][1], city_info[city]['coords"’
1[@]) for city in visited_cities],
columns=["'City"]
)
gdf.set_crs(epsg=4326, inplace=True)

# O ER A
route = LineString(gdf.geometry.tolist())

# 2t R 2R AN AN

fig, ax = plt.subplots(l, 1, figsize=(10, 10))

gdf.plot(ax=ax, color='blue', edgecolor='black', markersize=50)

gpd.GeoSeries(route).plot(ax=ax, color='red")

for x, y, label in zip(gdf.geometry.x, gdf.geometry.y, visited_cities):
ax.text(x, y, label, fontsize=12)

ctx.add_basemap(ax, crs=gdf.crs.to_string(), source=ctx.providers.OpenStre
etMap.Mapnik)

plt.xlabel('Longitude")

plt.ylabel('Latitude")

plt.title('Travel Route')

plt.show()

import seaborn as sns

import matplotlib.pyplot as plt

# % & Seaborn FEx

sns.set(style="whitegrid")

# WEERTER AP

plt.rcParams['font.sans-serif'] = ['SimHei'] # f#i/f] SimHei /&
plt.rcParams['axes.unicode minus'] = False # IEffii s

# TR AE AN T 0 45 B I T

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

bar_plot = sns.barplot(x=visited_cities, y=stay_durations, palette="viridi

s")
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plt.xlabel('¥1i', fontsize=14)

plt.ylabel ("R K[E] (/M) ', fontsize=14)

plt.title( "B/ fF A", fontsize=16)

plt.xticks(rotation=90, fontsize=12)

plt.yticks(fontsize=12)

# IR RRE

for index, value in enumerate(stay_durations):

bar plot.text(index, value + 0.1, f'{value:.1f}', ha='center', va='bot

tom', fontsize=10)

plt.show()
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