AR

import os
import pathlib

import plotly
import numpy as np
import pandas as pd

import plotly.express as px

import plotly.graph_objs as go

from plotly.offline import init_notebook_mode, iplot
init_notebook_mode(connected=True)

# import warnings
# warnings. filterwarnings("ignore")

ROOTDIR = pathlib.Path(os.path.abspath('."))
IMG_HTML = ROOTDIR / 'img-html'

IMG_PNG = ROOTDIR / 'img-png'

IMG_SVG = ROOTDIR / 'img-svg'

DATA_RAW = ROOTDIR / 'data-raw’

DATA_COOKED = ROOTDIR / ‘'data-processed’

area_bound = 2500

dis_threshold = 10

macro_base_station = {"coverage": 30, "cost": 10}
micro_base_station = {"coverage": 10, "cost": 1}

IR IER AR

weak_grid_data = pd.read_csv(DATA_RAW / '[ff#F1 5978 o WA E0 8 (3 ) .csv')
exist_site_data = pd.read_csv(DATA_RAW / 'PFfffF2 B3k bk AL BR (Ffik ) .csv')

# TODO 7 M1 184
print(weak_grid_data.info())
print(weak_grid_data.describe())
weak_grid_data # ffrx, Akry, W E



<class 'pandas.core.frame.DataFrame'>
RangeIndex: 182807 entries, © to 182806
Data columns (total 3 columns):

# Column Non-Null Count Dtype

0 X 182807 non-null int64

1 vy 182807 non-null int64

2  traffic 182807 non-null float64
dtypes: float64(1l), inte4(2)
memory usage: 4.2 MB

None

X y
count 182807.000000 182807.000000 182807.
mean 1395.314528 995.012877 38.
std 783.230529 733.291862 336.
min 0.000000 0.000000
25% 546.000000 348.000000
50% 1678.000000 869.000000
75% 2048.000000 1453.000000 17.
max 2499.000000 2499.000000  47795.

X y traffic

0 66 1486 140.581390
1 67 1486 140.518829
2 177 1486 48919178
3 187 1486 4.322495

4 284 1486 71.528404

182802 2350 2123 0.178571
182803 2353 2123 5.159708
182804 2354 2123 5.134017
182805 2355 2123 2.599999

182806 2372 2123  57.814999

182807 rows x 3 columns

# TODO 7 P11 2445
print(exist_site_data.info())

0.
9.
3.

traffic

000000
599343
383875
000192
596106
604328
901928
011719



print(exist_site_data.describe())
exist_site_

data

<class 'pandas.core.frame.DataFrame'>
RangeIndex: 1474 entries, © to 1473
Data columns (total 3 columns):

# Column
e id

1 X
2y
dtypes: int

memory usag
None

count 1474.
mean 4175.
std 2371.
min 1.
25% 2129
50% 4205.
75% 6216.
max 8286.

id

0 1

1 4

2 33

3 35

4 36

1469 8254

1470 8257

1471 8278

1472 8282

1473 8286

Non-Null Count Dtype
1474 non-null int64
1474 non-null int64
1474 non-null inte4
64(3)
e: 34.7 KB
id X
000000 1474.000000 1474
835821 1332.259837 1389
172197 704 .638569 695.
000000 1.000000 1
.500000 763.250000 834.
000000 1303.500000 1498.
750000 1970.000000 1948.
000000 2499.000000 2499
X y
818 2020
713 2013
2305 291
700 1953
949 2293
2324 1625
1135 852
2053 1818
1432 1797
1584 898

1474 rows x 3 columns

y

.000000
.444369

610340

.000000

000000
500000
750000

.000000



def check_point(x, y, exist_site_data=exist_site_data):

TR R DRI

return x in exist_site_data.loc[:, "x"].values and y in exist_site data.loc[:, "y"].values
check_point (1585, 898), check_point(818, 2020) # False, True

(False, True)

AR

def plot_weak_grid data(data=weak_grid data):
mengdl 5578 AR BRI

# import plotly.express as px
fig = px.scatter(data_frame=data, x="x", y="y")
fig.update_traces(marker=dict(color="blue', size=1))
return fig

fig = plot_weak_grid_data()

fig.write_html(IMG_HTML / 'questionl-weak_grid.html")
fig.write_image(IMG_PNG / 'questionl-weak_grid.png")

fig.write_image(IMG_SVG / 'questionl-weak_grid.svg")

fig.show() # KR K, REE] notebook #FE, BN EHER/NEHRAEE
del fig
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def plot_exist_site_data():
uunfl/g%u }]jll_;lml‘lljjlﬂ:él‘/‘j*ﬂf\‘ E/‘Jjﬁi&){_:—l\ non
# import plotly.express as px

fig = px.scatter(data_frame=exist_site_data, x="x", y="y")

fig.update_traces(marker=dict(color="red', size=3))
return fig

fig = plot_exist_site_data()

fig.write_html(IMG_HTML / 'questionl-exist_site.html")
fig.write_image(IMG_PNG / 'questionl-exist_site.png')
fig.write_image(IMG_SVG / 'questionl-exist _site.svg')

fig.show() # KR K, ANEWEF notebook TF, Al E A AE &/
del fig
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def plot_all data():
mU ) T R (597 SRR IR bk AR AR
# import plotly.express as px
# import plotly.graph_objs as go
# from plotly.offline import init_notebook_mode, iplot
# init_notebook_mode(connected=True)
tracel = go.Scatter(
mode="'markers",
x=weak_grid_data.loc[:, "x"], y=weak_grid data.loc[:, "y"],
marker={"color": "blue", "size": 1},
name="55% i &',

O =Y <



trace2 = go.Scatter(
mode="markers",
x=exist_site_data.loc[:, "x"], y=exist_site_data.loc[:, "y"],
marker={"color": "red", "size": 3},
name="J [?) FEuf ",
)
data = [tracel, trace2]
fig = go.Figure(data=data)
return fig

fig = plot_all data()

fig.write_html(IMG_HTML / 'questionl-all.html")

fig.write_image(IMG_PNG / 'questionl-all.png')

fig.write_image(IMG_SVG / 'questionl-all.svg')

# fig.show() # BIRK, REUMH notebook &HE, BWMHE A EER/NEREE
del fig

XBXHAK, AHERR, BITEZE questionl-all.html {&
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fRIERA A S ETT R M EIARISEE
AEENSE: BRECEHANSESNSBESS, WES

# TODO RAE AL AN S 2 ERA IR (HEIEH D (ONMEA jit BN gRiEhnE 5D (
def out of _use():
EFF AT, & A& A8 RS TE J5
import tqdm
import numpy as np
import pandas as pd

il
I
Bt
H

exist_site = exist_site_data.copy()
weak_grid = weak_grid_data.copy()
coverage = [10, 30]

cost = [1, 10]



def is_far(i, j, cover):

return abs(exist_site.iloc[i, 1] - weak_grid.iloc[]j, ©]) > cover or \
abs(exist_site.iloc[i, 2] - weak_grid.iloc[j, 1]) > cover

def is_in(i, j, cover):

return np.sqrt((exist_site.iloc[i, 1] - weak_grid.iloc[j, ©])**2 + \
(exist_site.iloc[i, 2] - weak_grid.iloc[j, 1])**2) < cover

base_site_type = []
for i in tqdm.trange(len(exist_site)):
business_cost = []
for idx, c in enumerate(coverage):
business_cost_tmp =
for j in range(len(weak_grid)):

if not is_far(i, j, c¢) and is_in(i, j, c):
business_cost_tmp += weak_grid.iloc[j, 2]

business_cost_tmp /= cost[idx]
business_cost.append(business_cost_tmp)

base_site_type.append(1l if business_cost[@] > business_cost[1] else 2)

base_site_type

# TODO HR 4% B A Bl AN MY 25 s v AR AN LU S M CE BRF D
# (RN EARAS A 2 %0, E&R g T — kB A

import numba as nb
from numba import njit, prange, jit
from time import time

import warnings
warnings.filterwarnings("ignore") # ZI% jit M%5

(fFF jit BIRgmad it 5) (X

exist_site = np.array(exist_site data).copy() # R# U, Aehsh &k EE

weak_grid = np.array(weak_grid _data).copy() # UL,

business_volume = ©
coverage = [10, 30] # . 72407 & Vu
cost = [1, 10] # Tl ZFEHIEPIMA

AN el Bl I m HahE

def is far(i, j, cover, exist_site=exist_site, weak_grid=weak_grid):

R W AN DR A AN S5 B MR AE x HHEE y RS ER L KT R R

iy

tparam i: BLEHE RS
tparam j: §578 55 M & 5
:param cover: ¥k )% 55 i
:return: boolean

1 Fl numpy
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distance_x = abs(exist_site[i, 1] - weak_grid[j, ©])
distance_y = abs(exist_site[i, 2] - weak_grid[j, 1])
return distance_x > cover or distance_y > cover

def is_in(i, j, cover, exist_site=exist_site, weak_grid=weak_grid):

e ) DT A I DR st ik R RE A 55 78 o M R R RS R A 48 R T R il 1) 7 o YU T

:param i: IS5 0L 5

tparam j: §578 a5 M & 5

:param cover: ¥k [ % 55 i

:return: boolean

M numpy

distance = np.sqrt((exist_site[i, 1] - weak_grid[j, ©0])**2 + (exist_site[i, 2] - weak_grid[j, 1])**2)
# distance = ((exist_site[i, 1] - weak_grid[j, ©])**2 + (exist_site[i, 2] - weak_grid[j, 1])**2)**9.5

return distance < cover

# @njit(parallel=True)
# @jit(nopython=True)
# @njit
@jit # fFH jit EPEFgmEEmeE, AB K 1h CAMER jit EMfEgmBEmeE, HB K4 en)
def cal _base site type():
"UURYE RN S B (LS E/RA) THE IR A A T ) 2R R
0 SR A i ) A AR Y 55 B, Ak i e, BDSRA N 1
0 2R Rl () A AR Y 55 B e, R Ak s, BDSRA N 2
:return: list %M id B IR A JE ok ) 2K A
t00 = time()
1 = len(exist_site)
base_site_type = []
for i in prange(l): # numba: prange FATUIS, &M iFEIEE
to = time()
business_cost = []
flag = ©
for c in coverage: # [10, 30]
business_cost_tmp = ©
for j in prange(len(weak_grid)):
if not is_far(i, j, c) and is_in(i, j, c):
# trick: SeATAHE RN, BAMTEERK, RSt
business_cost_tmp += weak_grid[j, 2]
business_cost_tmp /= cost[flag]
flag += 1
business_cost.append(business_cost_tmp)
# business_cost[0] T3yl i A AL 55 &K, KA A1
# business_cost[1] ZE3EvE ML AL 582K, KA K2
base_site_type.append(1l if business_cost[@] > business_cost[1] else 2)
if i % 100 == 0: # jit HEA KA tgdm, FrULFNITEIEE H#E



= time()
_stars = '[' + '*' % (i // 100) + '.' * (1 // 100 - i // 100) + ']"
print("%4d / %4d" % (i, 1), _stars, round(tl - to@, 2), "s/iter")
t11 = time()
print("iE{T5EEE, BAHAK: ', t11 - tee)
return base_site_type

# todo FRAFIHEuG A M R
base_site_list = cal_base_site_type() # Hl—XXNKMEM 1h, CEEMEITREN XM, BB SR
print(base_site 1list[:100])

def save_exist_site_type data(
exist_site=exist_site,
base_site_list=base_site_list,
columns=1ist(exist_site_data.columns)

DR I IR [ B i S Y B 4

:param exist_site: np.array

:param base_site_list: list

:return: exist_site_type (pd.DataFrame)

exist_site_type = np.hstack((exist_site, np.array(base_site_list)[None, :].T)) # np.array
exist_site_type data = pd.DataFrame(exist_site type, columns=columns + ['type']) # pd.DataFrame

exist_site_type_data.to_csv(DATA_COOKED / "questionl-exist_ site_type_data.csv") # save
return exist_site type_data
# {RAFEEEL

exist_site_type = save_exist_site_type data()
exist_site_type



0/ 1474 [.vvveinnnnnn. 1 3.7 s/iter
100 / 1474 [*..vvveennn.. ] 6.76 s/iter
200 / 1474 [**............ ] 5.25 s/iter
300 / 1474 [*** ... ....... 1 2.76 s/iter
400 / 1474 [**** ..., .. 1 2.71 s/iter
500 / 1474 [***** .. ..., 1 2.71 s/iter
600 / 1474 [**x**x_ ... ] 2.21 s/iter
700 / 1474 [*xx¥kkk ] 2.2 s/iter
800 / 1474 [*xx¥kkkx ] 2.18 s/iter
900 / 1474 [¥¥¥kkxxkx ] 2.18 s/iter

1000 / 1474 [*¥*kkkokkkk 7 2.2 s/iter
1100 / 1474 [*****kkkkkx 1 2,18 s/iter
1200 / 1474 [*¥¥*xxkkxkkx 7 2,23 s/iter
1300 / 1474 [*¥¥¥kkkxxkkkk ] 2 17 s/iter
1400 / 1474 [*¥¥¥kkkxxkkkkx] 2 04 s/iter

EAT5EEe, MO  4212.941307544708

[2, 2, 2, 2,2,2,1,2,2,1,2,2,2,1,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,
2, 2,1, 2,2, 2,2,1, 2,1, 2, 1,1, 2, 2, 2, 2, 2, 2, 2, 1, 2, 2, 2, 2, 2, 1, 2, 1, 1, 2, 2, 2, 1, 2, 1, 2, 2, 1, 2, 2, 2, 2, 2, 2, 1,
2, 2, 2,2, 2,2, 2, 2]

id X y type
0 1 818 2020 2
1 4 713 2013 2
2 33 2305 291 2
3 35 700 1953 2

4 36 949 2293 2

1469 8254 2324 1625 2
1470 8257 1135 852 2
1471 8278 2053 1818 2
1472 8282 1432 1797 2

1473 8286 1584 898 2

1474 rows x 4 columns

# # DRAFIEEHL
# exist_site_type = save_exist_site_type data()
# exist_site_type



# ELAR
exist_site_type = pd.read_csv(DATA_COOKED / "questionl-exist_site_type_data.csv", index_col=0)
exist_site_type

id X y type
0 1 818 2020 2
1 4 713 2013 2
2 33 2305 291 2
3 35 700 1953 2

4 36 949 2293 2

1469 8254 2324 1625 2
1470 8257 1135 852 2
1471 8278 2053 1818 2
1472 8282 1432 1797 2

1473 8286 1584 898 2

1474 rows x 4 columns

# JER R 1
exist_site_type[exist_site_ type.iloc[:, 3] == 1]



id X y type

6 55 1787 1403 1
9 71 1359 1514 1
13 97 2491 758 1
48 358 2310 224 1

53 415 2104 1824 1

1448 8164 2143 1289 1
1449 8165 1828 279 1
1452 8188 1666 1230 1
1456 8200 2245 1436 1

1457 8206 1956 245 1

322 rows x 4 columns

# JEn SRR 28
exist_site_type[exist_site_type.iloc[:, 3] == 2]



1469
1470
1471
1472

1473

1152

id X y type
1 818 2020 2
4 713 2013 2
33 2305 291 2
35 700 1953 2

36 949 2293 2

8254 2324 1625 2
8257 1135 852 2
8278 2053 1818 2
8282 1432 1797 2

8286 1584 898 2

rows x 4 columns

def plot_diff exist site type(exist_site_type=exist_site_type):

] ORAT T ol 3 I R ol A
trace_hong = go.Scatter(
mode="markers",

x=exist_site type[exist_site_type.
y=exist_site_ type[exist_site_type.

marker={"color": "orange"},
name="7: vk ",

)

trace_wei = go.Scatter(
mode="markers",

x=exist_site type[exist_site_type.
y=exist_site_type[exist_site_type.

marker={"color": "yellow"},
name= " fiff FE il
)

data = [trace_wei, trace_hong]

iloc[:
iloc[:

iloc[:
iloc[:

B

B

B

B

3] == 2].iloc[:
3] == 2].iloc[:
3] == 1].iloc[:
3] == 1].iloc[:

layout = go.Layout(title="% X J& il ff) 5 Fp 2R AU JE B S )
fig = go.Figure(data=data, layout=layout)

fig.write_html(IMG_HTML / 'questionl-exist site 2types.html')

fig.write_image(IMG_PNG / 'questionl-exist site 2types.png')
fig.write_image(IMG_SVG / 'questionl-exist_site_2types.svg')
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In [17]:

In [18]:

fig.show()
return None

plot_diff exist_site_type()
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# OAESHA—F, BF. BERSHITE

# ol T notebook TiEBkiLAY, FTUAFTRMAE. REEE N ceil B, JH{E



import numba as nb
from numba import njit, prange, jit

import warnings
warnings.filterwarnings("ignore") # ZH% jit (245

exist_site = np.array(exist_site_type).copy() # IR ILHAM, XHEGEHEAL 11
weak_grid = np.array(weak_grid_data).copy()
print(f"exist_site.shape: {exist_site.shape}\nweak grid.shape: {weak_grid.shape}")

to_be_delete = [@ for _ in range(len(weak_grid))] # BIEf ik M B2~ 55 78 o AR 5
coverage = [10, 30]
cost = [1, 10]

def is_far(i, j, cover):
return abs(exist_site[i, 1] - weak_grid[j, ©]) > cover or \
abs(exist_site[i, 2] - weak_grid[j, 1]) > cover
def is_in(i, j, cover):
return np.sqrt((exist_site[i, 1] - weak_grid[j, ©])**2 + \
(exist_site[i, 2] - weak_grid[j, 1])**2) < cover

@jit # M jit BIWgmiEimiE, MK KL 17min CREM jit B EME, MK KL 2h, AxiERKL)
def del_weak_grid():
N B 2 B IR R W 0 55 7 G
:return: None
AN RTE to_be_delete

global to_be_delete

t00 = time()
1 = len(exist_site)
existing business_volume = ©
for i in prange(l):
to = time()
c = coverage[exist_site[i, 3] - 1]
for j in prange(len(weak_grid)):
if not is_far(i, j, c) and is_in(i, j, c):
to_be_delete[j] =1
existing _business_volume += weak_grid[j, 2]
if i % 100 == 0: # jit HEA KIS tgdm, FrULFshiT & F i E

t1 = time()

_stars = '[' + '*' * (i // 100) + '.' * (1 // 100 - i // 100) + ']’

print("%4d / %4d" % (i, 1), _stars, round(tl - te, 2), "s/iter")
t11 = time()

print('izfT5e e, SR ', t11 - tee)



return None

del weak _grid() # M—RXNKMER 1h, CLRMETEER M, BHREEEERI AT

def

# IR
rema
rema

exis
weak

®

100
200
300
400
500
600
700
800
900
1000
1100
1200
1300
1400

|
~

®
1

save_remain_weak_grid_data(
weak_grid_data=weak_grid_data,
to_be_delete=to_be_delete,

remain_weak_grid = pd.concat([weak_grid_data, pd.DataFrame(to_be_delete)], axis=1)

remain_weak_grid.columns = list(weak_grid_data.columns) + ['remained']
remain_weak_grid.to_csv(DATA_COOKED / "questionl-remain_weak_ grid_data.csv")

return remain_weak_grid

7 13 B

in_grid = save_remain_weak_grid_data()
in_grid

t_site.shape: (1474, 4)

_grid.shape: (182807, 3)
/1474 [oeeiiiinnnnn. ] .61 s/iter
/1474 [*.ooiiiinn... ] @.61 s/iter
/1474 [**, . ..o, ] ©.74 s/iter
/ 1474 [*¥** . ... ... ] ©.59 s/iter
J LAT74 [*RFRR L. ] 0.65 s/iter
J 1474 [FeRRk L ] 0.64 s/iter
[/ L1474 [xxdkkk ] .61 s/iter
[/ 1474 [xddkckkk ] 0.61 s/iter
/ 1474 [xkkkskkkx ] ©.62 s/iter
[/ 1474 [FdFxdkkiok ] 0.61 s/iter
/ 1474 [*¥*kkkkkxx ] 9,61 s/iter
/ 1474 [*¥*kkkkkxxx ] 9,59 s/iter
/ 1474 [*¥***kkkkkkk ] 9,61 s/iter
/ 1474 [****kxxxxxxxk ] 9,61 s/iter
/ 1474 [**************] 9.61 S/iter‘

SEHE, MR :  920.439487695694

# save



X y traffic remained

0 66 1486 140.581390 0
1 67 1486 140.518829 0
2 177 1486 48919178 1
3 187 1486 4.322495 1
4 284 1486 71.528404 0
182802 2350 2123 0.178571 0
182803 2353 2123 5.159708 0
182804 2354 2123 5.134017 0
182805 2355 2123 2.599999 0
182806 2372 2123  57.814999 0

182807 rows x 4 columns

# # DRATTEHL
# remain_grid = save_remain_weak_grid_data()
# remain_grid

# IR
remain_grid = pd.read_csv(DATA_COOKED / "questionl-remain_weak_grid data.csv", index_col=0)
remain_grid # delete or not



X y traffic remained

0 66 1486 140.581390 0
1 67 1486 140.518829 0
2 177 1486 48919178 1
3 187 1486 4.322495 1
4 284 1486 71528404 0
182802 2350 2123 0.178571 0
182803 2353 2123 5.159708 0
182804 2354 2123 5.134017 0
182805 2355 2123 2.599999 0
182806 2372 2123  57.814999 0

182807 rows x 4 columns

# TODO 77 ba

cond = remain_grid.iloc[:, 3] == 1 # [kt
print(f"C. 78 5 590 A % & S . {remain_grid[cond].sum()[2] / remain_grid.sum()[2] * 100}%")
total _bussiness = remain_grid.sum()[2]

print(f"&0l %5 & : {total_bussiness}")

covered_business = remain_grid[cond].sum()[2]
print(f"C.& 7 i 1% & : {covered_business}")

uncovered_bussiness = total bussiness - covered_business
print(f" A% @5 &: {uncovered_bussiness}")
need_to_cover_bussiness = total bussiness * 0.9 - covered_business
print(f"% E& i % %= : {need_to_cover_bussiness}")

ST A r %8 5. 46.345035166180985%
Mok &E: 7056230.114628

OB HIN S E: 3270212.3280309997

KRG % k5. 3786017.7865970004
FEBEMN S E: 3080394.7751342

# todo plot 3 kinds point (suggest using pucharm to plot, opened with HTML)
def plot_diff _grid():

# import plotly.graph_objs as go

# from plotly.offline import init_notebook_mode, iplot

# init_notebook_mode(connected=True)



1]
]
(&)

remain_cond = remain_grid.iloc[:, 3]
delete_cond = remain_grid.iloc[:, 3]
tracel = go.Scatter(
mode="markers"',
x=remain_grid[remain_cond].loc[:, 'x'], y=remain_grid[remain_cond].loc[:, 'y'],
marker={"color": "blue", "size": 1},
name=" K 74 75 M 59 7 75 A1,

1
]
=

)
trace2 = go.Scatter(

mode="markers"',
x=remain_grid[delete_cond].loc[:, 'x'], y=remain_grid[delete_cond].loc[:, 'y'],
marker={"color": "orange", "size": 1},
name="'C.7E 25 M55 78 5 41 ',
)
trace3 = go.Scatter(
mode="markers",
x=exist_site_data.loc[:, "x"], y=exist_site_data.loc[:, "y"],
marker={"color": "red", "size": 2},
name="F % L 35 ",
)
data = [tracel, trace2, trace3]
fig = go.Figure(data=data)
return fig
fig = plot_diff_grid()
fig.write_html(IMG_HTML / 'questionl-weak_grid(remained)&exist_site.html')
fig.write_image(IMG_PNG / 'questionl-weak_grid(remained)&exist_site.png')
fig.write_image(IMG_SVG / 'questionl-weak_grid(remained)&exist_site.svg')
# fig.show() # BIRK, REAEH notebook &HE, WK EER/NEREE
del fig

XEXHERK, AAERER, BITEE questionl-weak _grid(remained)&exist site.html {4

BR2S/EIEEAR

# TODO FE 37 1k U K 4

exist_site_type_data = pd.read_csv(DATA_COOKED / "questionl-exist site type data.csv", index_col=0)
remain_weak_grid_data = pd.read_csv(DATA_COOKED / "questionl-remain_weak_grid_data.csv", index_col=0)
print(f"exist_site type data.shape: {exist_site_type_data.shape}")

print(f"remain_weak_grid data.shape: {remain_weak_grid_data.shape}")

exist_site_type_data.shape: (1474, 4)
remain_weak_grid_data.shape: (182807, 4)

from sklearn.model selection import train_test split



from sklearn.cluster import KMeans
from sklearn import metrics

# TODO 7% H#

remain_cond = remain_weak_grid_data.iloc[:, 3] == ©

delete_cond = remain_weak_grid data.iloc[:, 3] == 1
remain_weak_grid_data[remain_cond], remain_weak_grid_data[delete_cond]

( X y traffic remained
0 66 1486 140.581390 0
1 67 1486 140.518829 0
4 284 1486 71.528404 0
6 1400 1486 17.549461 0
7 1418 1486 5.520310 0
182802 2350 2123 0.178571 0
182803 2353 2123 5.159708 0
182804 2354 2123 5.134017 0
182805 2355 2123 2.599999 0
182806 2372 2123 57.814999 0
[136939 rows x 4 columns],

X y traffic remained
2 177 1486 48.919178 1
3 187 1486 4.322495 1
5 309 1486 0.073663 1
10 1483 1486 8.716330 1
11 1554 1486 0.885215 1
182786 2003 2123 1.830510 1
182787 2004 2123 9.870605 1
182788 2005 2123 12.248288 1
182789 2202 2123 5.386420 1
182799 2300 2123 15.452216 1

[45868 rows x 4 columns])

import numpy as np

import pandas as pd

from time import time

from sklearn.cluster import KMeans

from numba import jit, njit, prange

import plotly.express as px

import plotly.graph_objs as go

from plotly.offline import init_notebook_mode, iplot
init_notebook_mode(connected=True)



class BestSites(object):
def __init_ (self, n_clusters=100):

self.coverage = [10, 30]
self.cost = [1, 10]
self.bussiness = 0@
self.total_bussiness = 7056230.114628
self.target_bussiness = 3080394.7751342
self.mod = 200

remain_weak_grid data = pd.read_csv(DATA_COOKED / "questionl-remain_weak_grid_data.csv", index_col=0)
remain_cond = remain_weak_grid_data.iloc[:, 3] ==
self.remain_weak_grid_data = remain_weak_grid_data[remain_cond]

self.cluster_centers_ = None

self.labels_ = None

self.remain_weak_grid_labels = None
# self.n clusters = n_clusters

self.new_site_point_m2 = None

# HEX n_clusters

@property

def n_clusters(self):
return self. n_clusters

@n_clusters.setter

def n_clusters(self, n):
self. n_clusters = n
return None

# todo J7i%k 2 MREBI/NEEGFERMLE S (EHZTTE)
@jit
def chose_best point(self):
remain_weak_grid = pd.DataFrame(self.remain_weak_grid_data.copy())
remain_weak_grid.sort_values(by="traffic', ascending=False, inplace=True, ignore_index=True)
print(remain_weak_grid)
remain_weak_grid = np.array(remain_weak_grid)
done_bussiness = 0
new_site_point_m2 = []
for i in prange(len(remain_weak grid)):
if done_bussiness >= self.target_bussiness:
print("total_done_bussiness:", done_bussiness)
self.new_site_point_m2 = new_site_point_m2
return pd.DataFrame(new_site point_m2, columns=["x", "y", "type'])

if remain_weak_grid[i, 3] == ©:



remain_weak_grid[i, 3] =1

done_bussiness += remain_weak_grid[i, 2]

x1, yl1 = int(round(remain_weak_grid[i, ©])), int(round(remain_weak_grid[i, 1]))
flag = np.random.randint(2)

flag =1if i ¥ 2 ==0 or i %5 == 0 else 0

new_site_point_m2.append([x1, y1, flag + 1])

c = coverage[flag]

for j in prange(len(remain_weak_grid)):
if remain_weak_grid[j, 3] == 0:
X2, y2 = remain_weak_grid[j, @], remain_weak_grid[j, 1]
if not self.is_far(x1, yl, x2, y2, c) and self.is_in(x1, y1, x2, y2, c):
remain_weak_grid[j, 3] =1
done_bussiness += remain_weak_grid[j, 2]

if i % 300 ==
print("i:", i, "business:", done_bussiness)
self.new_site_point_m2 = new_site point_m2.copy()
return pd.DataFrame(new_site_point_m2, columns=["x", "y", 'type'])

# todo Jiik 1 ffiH kmeans T EFE AL N CRAE % 7%, F ook it ek £ 5l s SR A1)
@jit
def clustering_kmeans(self):
"t kmeans B 4L Rt
k_means = KMeans(n_clusters=self.n_clusters, random_state=10)
print(k_means)
time_begin = time()
k_means.fit(self.remain_weak_grid_data.iloc[:, :2].values)

self.cluster_centers_ = k_means.cluster_centers_.copy()
self.labels_ = k_means.labels .copy()

data_frame = self.remain_weak grid_data.copy()

data_frame.insert(3, "labels", self.labels_ )

data_frame.drop(columns="remained", axis=1, inplace=True)
print(data_frame)

self.remain_weak_grid_labels = np.array(data_frame.copy())

print(f"kmeans cost time: {time() - time_begin}")
return k_means.cluster_centers_, k_means.labels
def plot_kmeans_res(self):
mrred kmeans FIASLE R
print(self.remain_weak_grid_Labels)
remain_weak_grid_labels = self.remain_weak_grid_labels.copy()
remain_weak_grid labels = pd.DataFrame(
remain_weak_grid_labels,



H*

H OB R R

columns=["x", "y", "traffic", "labels"],
)
fig = px.scatter(data_frame=remain_weak_grid_labels, x='x"', y='y', color="labels")
fig.update_traces(marker={"size": 1})
fig.show()
return fig
@jit
def is_far(self, x, y, i, j, c):
return abs(x - i)> c or abs(y - j) > ¢
@jit
def is_in(self, x, y, i, j, c):
return (x - i)**2 + (y - j)**2 < c**2
@jit
def confirm_type(self):
print (" E Bl AL v KAL)
new_base_site_type = []
new_base_site = self.cluster_centers_
remain_weak_grid = np.array(self.remain_weak_grid_labels)
print(new_base site)
print(remain_weak_grid)
for i in prange(len(new_base_site)):
flag = ©
bussiness_per_cost = []
for coverage in self.coverage:
business_per_cost_tmp = 0
for j in prange(len(remain_weak_grid)):
x1, yl = new_base_site[i, 0], new_base_site[i, 1]
X2, y2 = remain_weak_grid[j, @], remain_weak_grid[j, 1]
Cc = coverage
if not self.is_far(x1, yl, x2, y2, c) and self.is_in(x1, yl1, x2, y2, c):
business_per_cost_tmp += remain_weak_grid[j, 2]
business_per_cost_tmp /= self.cost[flag]
flag += 1
bussiness_per_cost.append(business_per_cost_tmp)
new_base_site_type.append(1l if bussiness_per_cost[@] > bussiness_per_cost[1l] else 2)
if 1 % self.mod == 0:
print("i:", 1, "business:", done_bussiness)
new_base_site_type = np.array(new_base_site_type)
print(new_base_site_type)
print(type(new_base_site_type))
print(self.cluster_centers_)
print(type(self.cluster_centers_))
self.cluster_centers_ = np.concatenate((
self.cluster_centers_.transpose(),
new_base_site_type.reshape(1l, -1)
)).transpose()



# print(self.cluster_centers_)
# return new_base_site_type
# @jit
def cal_business(self):
print("iFE R E RIS E")
self.bussiness = 0
for i in prange(len(self.cluster_centers_)):
coverage = self.coverage[int(self.cluster_centers_[i, 2]) - 1]
for j in prange(len(self.remain_weak_grid_labels)):
Cc = coverage
x1, yl1 = self.cluster_centers_[i, 0], self.cluster_centers_[i, 1]
X2, y2 = self.remain_weak_grid_labels[j, 0], self.remain_weak_grid_labels[], 1]
if not self.is_far(x1, yl, x2, y2, c) and self.is_in(x1, yl, x2, y2, c):
self.bussiness += self.remain_weak_grid_labels[j, 2]
if i % self.mod == 0O:
print(i)
print(f"#% E& & % & {self.target_bussiness}")
print(f" 3B H M5 = {self.bussiness}")
print(f"#id / FE: {self.bussiness / self.target_bussiness * 100}%")
print(f"#id / B &: {self.bussiness / self.total bussiness * 100}%")
return self.bussiness >= self.target_bussiness

Bl (ERIZ7E)

# todo method 2: chose best point
bb = BestSites()
bb.chose_best_point()
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136934
136935
136936
136937
136938

[136939
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: 600 business:
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: 1500
: 1800
: 2100
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i
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i: 1200
i
i
i
i
i: 2700

X
932
972
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2239

2175
2170
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1238
1894
2005
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2349
2344

18680.

15063

12733.
12311.
11579.

OO 000

rows X 4 columns]
19008 .385769000004

business:
business:
business:
business:
business:
: business:
total_done_bussiness: 3082428.6270970367

traffic remained

960938
.482422
102539
877930
516602
.000192
.000192
.000192

.000192
.000192

1243831.1821389985
1861172.3909059966
2237787 .6476250137
2466160.
2622924.
2761005.
2851370.
2953135.
3024676.

5638240105
669223021
805976014
820233041
8486840385
8779580435

OO0 000

OO0 0000 -



783

784

785

786

787

X

932

972

1229

1311

1611

1171

250

2353

2422

2249

y type

2210 2
1238 1
1894 2
2005 1
2233 2
812 1
1065 1
24 1
583 2
1453 2

788 rows x 3 columns

new_site_point_m2 = pd.DataFrame(bb.new_site point_m2, columns=['x"',

'y,

new_site_point_m2.to_csv(DATA _COOKED / "questionl-new build sites.csv")
new_site_point_m2

"type'])



X y type
0 932 2210 2
1 972 1238 1
2 1229 1894 2
3 1311 2005 1

4 1611 2233 2

783 1171 812 1
784 250 1065 1
785 2353 24 1
786 2422 583 2

787 2249 1453 2

788 rows x 3 columns

fig = px.scatter(data_frame=new_site point m2, x='x', y='y', color="type')
fig.update_layout(title="3#7 &3t sl B s &)

fig.update_traces(marker={"size": 5})

fig.write_html(IMG_HTML / 'questionl-new_build sites.html")
fig.write_image(IMG_PNG / 'questionl-new_build_sites.png')
fig.write_image(IMG_SVG / 'questionl-new_build sites.svg')

fig.show()

del fig



FERURERE

2500 o
L4 »
° °
[ ]
2000 °
o o
P °
SN Cq
1500 > o
o o
> ° °
°
1000 . ¢
° °
o
@
°
500

RGN CREMZIDIE, JRE)

o o o °s °v e -
[ ] (o4 Y ) ‘ &
L] °
°
° . °
°
(X ‘ U0
°
° °
°
°
°
> °
°
°
°
°
* O ° ° ¢
° ° 4 ® ° ° ¢
° ° °
% () V) [ 1]
°
. ? o . e o
oo0e Qe g
L) ° °
') ® e o
° 0a @ ° °s

kmeans 3J12, BLUXJLSRAIPIORIFIEUGALTR

# todo method 1: kmeans
b = BestSites()

for n in range(100, 101): # XH UlieeN#H (HE K% 1.5min), Efr k

b.n_clusters = n

b.clustering kmeans() # kmeans

timel = time()

b.confirm_type() # confirm

time2 = time()

print(f"confirm cost time: {time2 - timel}s")
flag = b.cal_business() # business

1407 - 1419 A IXF|FTERF] 90%, HEF 4min

([ 2]



time3 = time()
print(f"calculatet cost time: {time3 - time2}s")
if flag:

break

KMeans(n_clusters=100, random_state=10)
kmeans cost time: 21.72585892677307

Tt S 2 Bk i S Y

confirm cost time: 43.21766185760498s
BRG S NcE S AN

0

B E ML % . 3080394.7751342

B H v 7 o f k55 . 285833.464153
B / FHE: 9.279117938399548%

B / ME: 4.050795672896914%
calculatet cost time: 17.47350525856018s

fig = b.plot_kmeans_res()
fig.update_layout(title='kmeansZ s (k=100)1045 % ")
fig.update_traces(marker={"size": 3})

fig.show()
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new_base site type = b.cluster centers_ # i) i
remain_weak_grid_labels = b.remain weak grid labels # 14t [ 5575 i [f) 58 25 b 25 504

new_base_site_type = pd.DataFrame(new_base_site_ type, columns=['x"', 'y', 'type'])
fig = px.scatter(data_frame=new_base site type, x='x"', y='y', color="type')
fig.update_layout(title="3#7 & 3L vl Hm &)

fig.update_traces(marker={"size": 10})

fig.show()
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# todo plot (done)

tracel = go.Scatter(mode="markers', x=new_site_point_m2['x'], y=new_site point_m2['y'],
name="Ji @ & ¥k ', marker={"color":"red", "size":5})

trace2 = go.Scatter(mode="markers', x=exist_ site data['x'], y=exist _site data['y'],
name="¥ A # 45 ' ,marker={"color": "pink", "size":5})

trace3 = go.Scatter(mode="markers', x=weak_grid_data['x'], y=weak_grid_data['y'],

name="547%5 &5 /& ' ,marker={"color":"cyan", "size":1})
data = [trace3, trace2, tracel]
fig = go.Figure(data=data)
fig.write_html(IMG_HTML / "questionl-new_exist_weak_3kinds_sites.html")



fig.write_image(IMG_PNG / 'questionl-new_exist_weak_3kinds_sites.png')
fig.write_image(IMG_SVG / 'questionl-new_exist_weak_3kinds_sites.svg')
# fig.show() # AEIWIE notebook TE %K

del fig

XEBENHKK, FAHERER, BfTEE questionl-new _exist_weak 3kinds_sites.html 3Z{&

HteEE/EE (TEDHEUERIRRSAY)

XI55 B =M EIEIAT1T kmeans B835(k=100)

kmeans100 = KMeans(n_clusters=100)
kmeans100.fit(weak_grid_data.iloc[:, :2])
pd.DataFrame(kmeans100.cluster_centers_)

95

96

97

98

929

0

87.753616

1883.493878

1986.039390

1040.561162

259.168357

622.049133

1154.357724

428.804945

759.863463

1555.964988

1

1315.726240

708.474212

2405.806600

262.899083

2149.452333

769.579961

1824.552846

1170.425824

125.238667

1408.413084

100 rows x 2 columns

42l kmean BE25(k=100) B8 mEYEL=E

weak_grid_data_cp = pd.concat([weak_grid data.copy(), pd.DataFrame(kmeans100.labels )], axis=1)
weak_grid_data_cp.rename(inplace=True, columns={@: "labels"})
weak_grid_data_cp



X y traffic labels
0 66 1486 140.581390 85
1 67 1486 140.518829 85
2 177 1486 48919178 85
3 187 1486 4.322495 85

4 284 1486 71.528404 46

182802 2350 2123 0.178571 84
182803 2353 2123 5.159708 84
182804 2354 2123 5.134017 84
182805 2355 2123 2.599999 84

182806 2372 2123  57.814999 84

182807 rows x 4 columns

fig = px.scatter(data_frame=weak_grid data_cp, x='x', y='y', color="'labels")
fig.update_traces(marker={"size": 3})

fig.write_html(IMG_HTML / 'questionl-kmeans10@.html")
fig.write_image(IMG_PNG / 'questionl-kmeans100.png')

fig.write_image(IMG_SVG / 'questionl-kmeans100.svg')

# fig.show() # AEIWAIE notebook L iZATiZATAUHY

del fig

XEBEXHKRK, FAAERER, BITEE questionl-kmeans100.html {4

Hitt

# todo XANKE T FMEHE T, B EF BRI & 8 Bl ?

newnew_site_data = pd.DataFrame(kmeans100.cluster_centers_, columns=["x", "y"])

nest_site_data = pd.read_csv(DATA_COOKED / "questionl-best base site points.csv", index_col=0)
total site = pd.concat([newnew_site data, nest_site data])

total_site



338

339

340

341

342

X

87.753616

1883.493878

1986.039390

1040.561162

259.168357

709.000000

1627.000000

819.000000

814.000000

1.000000

y
1315.726240

708.474212

2405.806600

262.899083

2149.452333

455.000000

2404.000000

564.000000

610.000000

1814.000000

443 rows x 3 columns

type
NaN
NaN
NaN
NaN

NaN

1.0
1.0
1.0
1.0

1.0

XI5 S MSEIEH1T kmeans B8285(k=343)

# todo cal 343 points and sort (done)
from sklearn.cluster import KMeans

kmeans343 = KMeans(n_clusters=343)

kmeans343.fit(weak_grid _data.iloc[:,

weak_grid_data_cp = pd.concat([weak_grid data.copy(), pd.DataFrame(kmeans343.labels )], axis=1)

:2])

weak_grid_data_cp.rename(inplace=True, columns={0: "labels"})
weak_grid_data_cp

weak_grid_data_cp_size =

[]

# 343 N RN 343

A2

AL S A £

for name, group in weak_grid_data_cp.groupby(by="'1labels"):
1 = len(group)
weak_grid data_cp_size.append(l)
# print(len(weak_grid_data_cp_size))

weak_grid_data_cp_size =

# print(weak_grid_data_cp_size.describe())
weak_grid_data_cp_size.T

pd.DataFrame(weak_grid data_cp_size).sort_values(by=0, ascending=False)



95 22 113 298 17 178 222 133 207 186 .. 305 38 338 163 55 42 232 152 255 336

0 1996 1822 1697 1679 1534 1444 1426 1398 1374 1369 .. 97 90 90 78 71 71 67 62 62 48

1 rows x 343 columns

45l kmeans B25(k=343)FiE =HVEU=E]

weak_grid _data_cp = pd.concat([weak_grid_data.copy(), pd.DataFrame(kmeans343.labels )], axis=1)
weak_grid_data_cp.rename(inplace=True, columns={0: "labels"})
weak_grid_data_cp

X y traffic labels
0 66 1486 140.581390 340
1 67 1486 140.518829 340
2 177 1486 48919178 102
3 187 1486 4.322495 102

4 284 1486 71.528404 228

182802 2350 2123 0.178571 60
182803 2353 2123 5.159708 60
182804 2354 2123 5.134017 60
182805 2355 2123 2.599999 60

182806 2372 2123  57.814999 60

182807 rows x 4 columns

fig = px.scatter(data_frame=weak_grid data_cp, x='x', y='y', color="'labels")
fig.update_traces(marker={"size": 3})

fig.write_html(IMG_HTML / 'questionl-kmeans343.html")
fig.write_image(IMG_PNG / 'questionl-kmeans343.png')

fig.write_image(IMG_SVG / 'questionl-kmeans343.svg')

# fig.show() # AEWAE notebook FizATi%AT UMY

del fig

XEBEMHKRK, AHERER, BITEE questionl-kmeans343.html {4



Hitt

# todo XA T FREHIN T, 1R EE RENE 02

newnew_site _data = pd.DataFrame(kmeans343.cluster_centers_, columns=["x", "y"])

nest_site_data = pd.read_csv(DATA _COOKED / "questionl-best base site points.csv", index_col=0)
total_site = pd.concat([newnew_site_data, nest_site data])

total_site

x y type
0 1966.755000 2162.870833 NaN
1 508121160  51.238055 NaN
2 1886.529510  713.724023 NaN
3 248806950 1057.656371 NaN

4 1412564994 316.087516 NaN

338 709.000000  455.000000 1.0
339 1627.000000 2404.000000 1.0
340 819.000000  564.000000 1.0
341 814.000000  610.000000 1.0

342 1.000000 1814.000000 1.0

686 rows x 3 columns



