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Neighborhood optimization is an indispensable and complex part of wireless network optimization,and traditional artificial opti—
mization is a heavy burden on the operation of the operator's huge wireless base station. In view of the deficiency of the exist—
ing neighborhood optimization method, according to the existing network data, XGBoost machine learning regression predic—
tion algorithm is introduced, and the neighborhood relationship of non—-automatic neighborhood relationship network is opti—
mized by learning the two-cell handover ratio of automatic neighborhood relationship network to establish the prediction
model. The results show that the optimization of wireless network neighborhood based on Al algorithm can effectively im—

prove the efficiency of neighborhood relationship optimization and improve the accuracy of neighborhood relationship.
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haversine (d/R) = haversine(go2 - gol) +

cos (gol)cos (goz)haversine(A@) (6)
Hr, haversine (o) = sin’ (a/2) = (1 - cosa)/Z, R
Dy HER AR U6 371 km, @, @, /R 2 YA, A0
TR 2 MATEW 2, AR BN 3 PR .
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bearing =
sin (lng2 - lngl)cos (latz)
cos(lat,)sin (latZ) — sin (latl)cos(latz) cos (lng2 - lng,)

(7)

for idx, df idx in enumerate (df_indoor_cells.index.to_list( ) ) :
df indoor_cells.loc[ df_idx, df_indoor_cells.columns[4 ] ]=180

df indoor_cells.loc[ df_idx, df_indoor_cells.columns[ 4 ] ]=0

else:

if (long_arc_from [df idx ] ==long_arc_to [df idx )& (lat_arc_from[ df_idx ]>lat_arc_to[ df idx ] ) :
elif (long_arc_from [df idx ] ==long_arc_to [df idx ]) & (lat_arc_from[ df idx ]<lat_arc_to[ df idx ] ) :

elif (long_arc_from [df idx ] ==long_arc_to [df idx ]) & (lat_arc_from[ df_idx ]==lat_arc_to[ df idx ]) :
if(df_indoor_cells.loc[ df idx, df indoor_cells.columns[ 5] |=“&4}")
df indoor_cells.loc[ df_idx, df_indoor_cells.columns[ 4 | ]= df_indoor_cells.loc[ df idx, df indoor_cells.columns[ 6 ] | #45 [ri]—

df_indoor_cells.loc[ df_idx , df_indoor_cells.columns[ 4 ] ]= 368 #¢[i]— i 4R X A2 23 /NX, T FH 368 ZmiZ 41 X
elif (long_arc_from [df idx ] >long_arc_to [df idx )& (lat_arc_from[ df idx ]>lat_arc_to[ df idx ) :

df indoor_cells.loc[ df_idx, df_indoor_cells.columns[ 4 | ]=270~ np.arctan( (sub1 [idx ]-sub2[idx])/(mull[idx ]xmul2[idx]))x180/
elif (long_arc_from [df idx ] >long_arc_to [df idx )& (lat_arc_from[ df idx ]<lat_arc_to[ df idx ] ) :

df indoor_cells.loc[ df_idx, df_indoor_cells.columns[ 4 | =270+ np.arctan( (sub1 [idx ]-sub2[idx])/(mull[idx ]xmul2[idx]))x180/
elif (long_arc_from [df idx ] <long_arc_to [df idx ]& (lat_arc_from[ df idx |>lat_arc_to[ df idx ) :

df indoor_cells.loc[ df_idx, df_indoor_cells.columns[ 4 ] =90+ np.arctan( (sub1[idx ]-sub2[idx ])/(mull[idx ]xmul2[idx]))x180/
elif (long_arc_from [df idx ] <long_arc_to [df idx ]) & (lat_arc_from[ df idx ]<lat_arc_to[ df idx ] ) :

df indoor_cells.loc[ df_idx, df_indoor_cells.columns[4 ] =90~ np.arctan( (sub1[idx ]=sub2[idx ])/(mull[idx ]xmul2[idx]))x180/
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lef haversine_distance(df long lat) :
lat1=df long lat.iloc[ : ,0].values
Ingl=df long lat.iloc[ :, | ].values
lat2=df long-lat.iloc[ : ,2 ].values
Ing2=df long lat.iloc/[ : , 3 ].values
latl,Ingl,lat2, lngZZmap(np.radians , (latl,Ingl,lat2, lngZ) )
AVG_EARTH_Radius=6371 # in km
lat=lat2-lat1
Ing=Ing2-Ingl
d=np.sin(latx0.5)xx2+np.cos(lat1)xnp.cos(1at2)xnp.sin(Ingx0.5)x2
h=2xAVG_EARTH_Radiusxnp.arcsin(np.sqrt(d))

return h

B3 AHi/HAR/NX haversine 2115

def bearing_degree(df long lat) :
la(lde_long_lal.iloc[ ., 0].values
Ingl=df long lat.iloc[ :, I ].values
lat2:df—10ng—lat.iloc[ ., 2 ].values
Ing2=df-long-lat.iloc| : ,3 |.values
AVG_EARTH_Radius=6371 # in km
Ing_delta_rad=np.radians(Ing2—Ing1)
latl,Ingl,lat2,Ing2=map(np.radians, (lat1,Ingl ,1at2,1ng2) )
y=np.sin(Ing_delta_red)xnp.cos(lat2)
x=np.cos (lat1)xnp.sin(lat2)—np.sin(lat])xnp.cos(lat2)x

np.cos(Ing_delta_rad)

result=np.degrees (np.arctan2(y,x) )
result[ result<0 |=result[ result<0 |+360

return result
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2.4 1EEIZk
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def long_lat_pca_transform (df_long lat, pca) :
arr_coords=df_long_lat.values

# p(:a:PCA( ) fit(arr_coords)

df long lat[ df long lat.columns[ 0]+ pca 0" ]=pca.transform (df long lat[ [ df long lat.columns[0],df long lat.columns[ 1],
df long lat[ df long lat.columns[ 1]+ pca_1”J=pca.transform (df long lat[ [ df long lat.columns[0],df long lat.columns[ 1],
df long lat[ df long lat.columns[2]+“ pca 2" ]=pca.transform (df long lat[ [ df long lat.columns[0],df long lat.columns[ 1],
df long lat[ df long lat.columns[3]+“ pca 3" ]=pca.transform (df long lat[ [ df long lat.columns[0],df long lat.columns[ 1],

return df ,long,lat.luc[ ., Ldf ,l()ng,lat.columns[0:|+“7pca,0” L df ,l()ng,lat.(:()lumns[ 1 :|+“7pca,1 7,
df _long_lat.columns [2] +“ peca 2”,df long lat.columns [3] +“ pca 3” 1]

df,long,lat.culumns[Z] ,df_long_lat.columns [311D[:,0]
df,long,lat.culumns[Z] ,df_long_lat.columns [311D[:,1]
df,long,lat.culumns[Z] ,df_long_lat.columns [311D[:,2]

df,long,lat.culumns[Z] ,df_long_lat.columns [311D[:,3]

Bl5  AHi/H bR/ X 245 B Y PCA 725t
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Model Comparison on train set

Linear Regression|

K-Nearest Neighbors

Random Forest|

Gradient Boosted

XGBoost

N N Q Q
PP S
NESEUSNENRSNENEN

7/ 7/ 7/ 7/ 7/ 7/ 7/

def evaluate_model_performance (df features , df target, model_estimators lst) :
model_scores_Ist=[ ]
for estimator in model_estimators Ist:
model_scores=cross_val_score(estimators , df features, df target,cv=>5,

print(’ current model score is: {0f " .format(model_score) )
model_score_lst.append (model score)

# Dataframe to hold results
model_comparison=pd.Dataframe( | model: [ ’Linear Regression”,

) ,
scoring="neg_mean_absolute_error )

’Random Forest ’,
> Gradient Boosted” | ,
K-Nearest Neighbors’ ,
"XGBoost’ ],
"score’ :[model _score 1st[0].mean(),model score lst[ 1].mean(),
model_score_Ist[2].mean(),model_score_lst[3].mean(),
model_score_lst[4].mean()]})

7 TR SRR RY ] AR e

b g g K eREC— B B, b, AR eRBEY B
Heo R R BURCT D5 R, F AR sRBGIE LN -

Obj" ~ z{g A+ g (xi)} N zn (r) (1)

2L, bR BB PRI ALS, () = @, ¢ () %
PN o0 JITAE BRI 54 5 () IR 5 R SRR I 9 A K
N T ZAEPE T R B 2% B, (H BB B 2
2% , BN FUbR eR B TE U I 7R O

9(ﬂ)=7T+;Aj_iwf (12)

HT TR A o SR AR VR AR T 11 5 b, B
TR Z AR, PR 7 BT A A xR A
R PR T 3l I3 BT AT W1 s SR A 2R R, AR A
T R S REARSE G 1 = (i, UL e O -
- 1
01~ 3 s ) + 3057 (x| + 207)-

i=

n 1 5 1 T 2
Z{giwq(x‘) + 2hiwq(%):| +yT + EA;(H’ =

i[(z(gi)wj + ;(Zhi + )\)wﬂ +yT  (13)

it e 6= 28 1= Xk pon

Obj" = zr“|:0jwj + %(H] + )\)a)jz} +yT  (14)

AT w0, SR — B A IR S 0, 45 745 5 X0
AL EL AR O L RO

W) == (15)
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Obj = _;/Z‘H,-Gi T (16)

2.4.3 KT WA % 69 XGBoost 2 A 28 A S 2
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a) eta, 7] 5 BRI N 0.3, JEH N[0, 1],

b) gamma, f/N A% B REXT T — Y
S BRI A3 2 5 5 5% R B R AT A 1Y I
ERINH 0.

c¢) max_depth, TR ) e R . AR
il [0,00],0 R BA BRI, BONE R 6. IZMEBK,
LIRS~/ S (A N R i

d) min_child_weight, 77 s{ (AL E (. FIR*T
T Y e TR Z R BT T
R IR Z R B AR, DB R T
BOIAE 1,

e) subsample , X YIZALAS (R RAE HE ], BRU(E S FRI
A0, 1], BRINE N 1.

f) colsample_bytree , ¥4 HEF-RIEF , SRR A RAE LY
B, BUEEE (0, 1], BRIAEN 1,

g) lambda, 1E ] {k R 50 (FE T weights B9 IE NI {L) ,
BRI 1o BB DASE A T 1

h) alpha, 1E {6 250 (FEF weights [ 1E 4k ) , BR
A 00 LB IR IR B ] B

A SCH A scikit—learn 2 H 415 1Y GridSearchCV /4%
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732 grid,search:GridsearchCV(ng,model ,param_grid, cv=5, vebose=2 ,n—jobs=—1,scoring="neg mean_absolute_error’ )

733 grid_search.fit(X_model evaluate , targets 2)

734 print( PR B AR A) %t % grid,search.l)est,sc()re,)

432 {’alpha’:0.85,  colsample_bytree’ :0.7,  eta’ :0.05,  gamma’ :0, : "lambhda’ : 5, max_depgh’ : 18, "min_child_weight’ : 1,

’n_estimators” :200, ’subsample” : 1{

433 XGBRegressor(alpha=0.85, base_score=0.5, booster=None, colsample_bylevel=1, )

434 colsample_bynode=1, colsample_bytree=0.7, eta=0.05 , gamma=0,
435 epu_id=—1,importance_type=’gain’ ,interaction_constraints=None ,
436 lambda=5, learning_rate=0.050 000 000 7, max_delta_step=0,

437 max_depth=18,min_child_weight=1, missing=nan,

438 monotone_constraints=None , n_estimators=200,n_jobs=0,

439 num_parallel tree=1, objective="reg : squarederror’ ,random_state=60
440 reg_alpha=0.850 000 024, reg_lambda=5, scale_pos_weight=1,

441 subsample=1, tree_method=None , validate_parameters=False,

442 verbosity=None )

B8 KT GridSearchCV Y XGBoost H5 15 # 2 4l #
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param_grid = {"eta’:[0.01,0.015,0.025,0.05,0.1],
"n_estimators’: [ 100, 150,200,250,300 ],
"gamma’:[0,0.05,0.1,0.15,0.2,0.3,0.35],

"max_depth’:[16,17,18,19,20,21,22,23,24],

'min_child_weight':[1,2,3,4,5,6,7],

'subsample’:[0.5,0.6,0.7,0.8,0.9,1],

'colsample_bytree’ : [ 0.5,0.55,0.6,0.65,0.7,0.75],
'lamhda’:[1.3,1.4,1.5,1,3,5],
"alpha’:[0.35,0.45,0.55,0.65,0.75,0.85]}

I 45 B Y fe A8 2 8L G 02 - (“alpha’: 0.85,
'colsample_bytree’: 0.7, "eta’: 0.05, 'gamma’: 0, 'lamb-
da’: 5, 'max_depth’: 18, "'min_child_weight: 1, 'n_esti-
mators’ : 200, ‘subsample’: 1}, 76 4E T #E17PEAY ,
P45 22 MAE 2 0.005 10,
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