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Abstract: In specific application scenarios, whether the parameter setting and optimization in the data filling algorithm are
reasonable will directly affect the final filling effect. For example, in K—Nearest Neighbor, too large £ value will lead to fuzzy
classification, while too small % value may lead to classification errors. Although WKNN can alleviate this problem to a certain
extent, how to construct reasonable weight combinations for k£ neighbors of different missing samples becomes the core of the
problem. In this paper, the K—fold Cross Validation method is improved based on Bootstrap method to optimize the & value. The
Gaussian function is used for weighting, and the Dynamic Parameter Adjustment method is used to solve the weight allocation
problem. Based on R platform, the three algorithms are evaluated under MAE, RMSE and MAPE criteria, and the platform built—in
data set Boston and UCI open data set ILPD are used respectively. The incomplete data sets with different missing mechanism,
different missing rates and arbitrary missing columns are filled multiple times. The experimental results show that: whenk = 5, the
initial filling effect of K—Nearest Neighbor algorithm and its improved algorithm reaches the overall optimal ; The dynamic parameter
adjustment method used in this paper has certain universality; IWKNN filling method improved by KFCVB, weighting and dynamic
tuning has the best effect in different application scenarios.
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Fig. 1 Schematic diagram of optimal k value obtained by K—fold CV under different deletion rates
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Table 1 Under different weight ratio, the mean of three filling

algorithms filling 1 000 error results under three
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Fig. 3 Based on the Boston dataset, under different missing rates, the mean of three filling algorithms filling 1 000 error results under the
premise of MCAR
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F3 FEERKET 3 MIEAEEZE MCAR IR THEA 1 000 RRELE RN EERAREKE
Table 3 Under different missing rates, the confidence interval and length of three filling algorithms filling 1 000 error results under the
premise of MCAR

- ‘ Boston B BT & bk (8.6 5 L (265 /9%
IO BT R

5 10 15 20 25 30
MAE KNN EFXME  [0.096,0.102] [0.100,0.105] [0.100,0.105] [0.099,0.103] [0.100,0.105] [0.104,0.109]
DX BE 0. 005 0. 005 0. 005 0. 004 0. 005 0. 004

WKNN BEXE [0.093,0.098] [0.096,0.101] [0.096,0.101] [0.095,0.099] [0.096,0.100] [0.100,0.104]
X [R] K 5 0. 005 0. 005 0. 005 0. 004 0. 005 0. 004
IWKNN EEXE  [0.085,0.091] [0.088,0.094] [0.088,0.093] [0.086,0.091] [0.087,0.092] [0.091,0.096]

X [a] K B 0. 006 0. 006 0. 005 0. 005 0. 005 0. 005
RMSE KNN HEXIE] [0.189,0.207] [0.204,0.222] [0.206,0.223] [0.209,0.225] [0.207,0.223] [0.219,0.234]
X Ji) K i 0.018 0.018 0.017 0.017 0.015 0.015

WKNN EEXME [0.184,0.202] [0.198,0.217] [0.200,0.218] [0.203,0.220] [0.201,0.217] [0.213,0.228]
X [E] K 0.018 0.018 0.017 0.017 0.016 0.016
IWKNN BI5IXE [0.186,0.206] [0.202,0.2227 [0.203,0.222] [0.204,0.222] [0.203,0.219] [0.215,0.233]

X a4 B 0.020 0.020 0.019 0.018 0.017 0.017
MAPE KNN EEXE [0.306,0.514] [0.383,0.573] [0.339,0.450] [0.362,0.463] [0.381,0.476] [0.371,0.449]
X [R] K 0.208 0.190 0.110 0. 100 0. 096 0.079

WKNN 5K [0.295,0.5017 [0.370,0.560] [0.327,0.437] [0.349,0.4497 [0.365,0.460] [0.355,0.434]
IX [l R i 0. 206 0. 190 0.110 0. 100 0. 095 0.078
IWKNN EEXE [0.272,0.507] [0.350,0.565] [0.299,0.424] [0.311,0.420] [0.334,0.438] [0.321,0.404]

X [ i 0.236 0.214 0.124 0. 109 0.104 0.083
3.2 BE#LERK ., fE MAE RMSE MAPE W F, A 342 H /Y
TE MAR T, R FHAH R A S2 5677 3% 3 FaE AN IWKNN /56 F HoAth 2 Fp3E b I 3%, (HAR $OR P i
PRLA TV SCARATR N 4 B o % AR 3 X LLIE 3 59 MAE . RMSE \MAPE

Pl 4 s, 55— BT SRR A HOC, KNN L gy e MAR T 3 RS0 (55055 S th LR
WKNN IWKNN 3 TR FEREN N TS MAE RMSE — [RIFERE B3 00, X W] MAR 7,3 FE 6 50 RN K
LS B AR X P 3 A BT RHRE TN, AR 3 R BURNE I A R A
MAPE %5 i 20 F e 2 1 X I 7E MAR frde RRA0RE T, S5 TR P4l 0 39 959 17 X 4l
BB R BN R I S s SRHRERILR 4
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Fig. 4 Based on the Boston dataset, under different missing rates, the mean of three filling algorithms filling 1 000 error results under the
premise of MAR
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Table 4 Under different missing rates, The confidence interval and length of three filling algorithms filling 1 000 error results under the

premise of MAR

Boston By 4 AT & R AR o HE (BRGHR)

WEUEN HRMEE SRR
5% 10% 15% 20% 25% 30%
MAE KNN BAEXME  [0.107,0.117] [0.118,0.128] [0.127,0.138] [0.133,0.143] [0.141,0.152] [0.146,0.159]
DX BE 0.010 0.010 0.010 0. 009 0.011 0.013
KNNW BEAEXE  [0.104,0.114] [0.116,0.126] [0.124,0.135] [0.130,0.140] [0.136,0.148] [0.143,0.156]
RN 0.010 0.010 0.010 0.010 0.011 0.013
IKNNW FIEIXE [0.100,0.111] [0.114,0.124] [0.121,0.132] [0.127,0.137] [0.133,0.145] [0.140,0.154]
EIERNE S 0.011 0.010 0.011 0.010 0.011 0.014
RMSE KNN BEAEXE  [0.180,0.199] [0.209,0.230] [0.222,0.245] [0.239,0.261] [0.241,0.264] [0.253,0.278]
XK BE 0.019 0.022 0.023 0.022 0.022 0.025
KNNW BAEIXME [0.176,0.196] [0.206,0.228] [0.218,0.242] [0.235,0.257] [0.238,0.260] [0.250,0.275]
RN 0. 020 0.022 0.023 0.022 0.023 0.025
IKNNW FIEXE [0.179,0.201] [0.213,0.236] [0.222,0.246] [0.241,0.265] [0.245,0.269] [0.256,0.281]
X 3 0.022 0.023 0. 024 0.024 0.024 0.025
MAPE KNN BEAEXE  [0.344,0.616] [0.450,0.686] [0.446,0.681] [0.463,0.623] [0.493,0.655] [0.495,0.618]
X[ < 0.273 0.236 0.235 0. 161 0.162 0.123
KNNW FIEIXA [0.335,0.608] [0.439,0.673] [0.433,0.669] [0.449,0.609] [0.471,0.634] [0.483,0.606]
X[l i 0.272 0.234 0.236 0. 160 0.163 0.124
IKNNW BAEXE  [0.315,0.586] [0.401,0.611] [0.413,0.653] [0.416,0.567] [0.452,0.616] [0.467,0.593]
DX B 0.271 0.210 0. 240 0.151 0. 164 0.127

R4 W BEE BRI R, 3 Rk

AT KNN WKNN, £ |, £ MAR &, IWKNN 1/}

FEAR TR o R %) A DX DA ol 28 0 349 1 B
R X EIE T Bl 5 2 SR A B , SB35 T 1
AR IR 55— fE MAE MAPE YEN R | 3T A
YRR 3 TWKNN Y B A5 X AR & Sl 4N T
Hofth 2 R X R 04 B A X R B HR A AR 2
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Fig. 5 Based on the Boston dataset, under different missing rates, the mean of three filling algorithms filling 1 000 error results under the

premise of NMAR
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K 5 LB, 7E NMAR T, Fifi 5 Bl J¢ R 1 38 K,
KNN  \WKNN IWKNN 2 F AR BEG dE N iS5 MAE |
RMSE MAPE 255 H B3 JCta S5 AR el 48, HoXT He

RT3 K 4 B MAE RMSE MAPE {i i —# Kk
F MAR FHIZER . XL, HANF L NMAR

oA A A3 A PR s 55, AT KNN L WKNN,
IWKNN RTMIE 3 U B RBRA A7 7E | B i
SRR A, 3 A EL VL A BURMRCR B3 — B, R
BRCRT 3 FUFHMATETE NMAR R F20Eh 1000
VIR AL, T B I 1 B K B 5,

R5 AREERKET .3 FEEEE NMAR FTIR THE 1000 RIRELERHEEREREKE

Table 5 Under different missing rates, The confidence interval and length of three filling algorithms filling 1000 error results under the

premise of NMAR

Boston B4 42 BT 7 BRACAELEA 5 HL (BREHR) /%

WEHEN RN SRR
5 10 15 20 25 30
MAE KNN BEEXME  [0.110,0.123] [0.116,0.127] [0.136,0.151] [0.145,0.160] [0.147,0.161] [0.153,0.166]
XK BE 0.013 0.010 0.014 0.015 0.015 0.013
WKNN BAEIXME [0.106,0.119] [0.114,0.124] [0.133,0.148] [0.143,0.158] [0.143,0.162] [0.151,0. 164]
X[l i 0.013 0.010 0.014 0.015 0.019 0.013
IWKNN FIEXE [0.103,0.117] [0.114,0.124] [0.135,0.150] [0.146,0.165] [0.146,0.166] [0.155,0.168]
X 3 0.013 0.011 0.015 0.018 0.020 0.012
RMSE KNN BEfEXE  [0.162,0.181] [0.171,0.186] [0.203,0.224] [0.213,0.234] [0.213,0.232] [0.225,0.243]
X[ < 0.019 0.015 0.021 0.021 0.019 0.018
WKNN FIEXE [0.157,0.176] [0.168,0.183] [0.199,0.220] [0.211,0.232] [0.210,0.234] [0.223,0.241]
X[l i 0.019 0.015 0.021 0.021 0.024 0.018
IWKNN BAEXE [0.159,0.179] [0.174,0.189] [0.206,0.229] [0.220,0.247] [0.218,0.244] [0.233,0.252]
DX B 0.020 0.016 0.023 0.027 0. 026 0.019
MAPE KNN BAEIXME [0.225,0.484] [0.297,0.606] [0.461,0.827] [0.525,0.831] [0.567,0.870] [0.498,0.726]
RN 0.258 0.309 0. 366 0.307 0.303 0.228
WKNN FIEXE [0.217,0.472] [0.288,0.596] [0.452,0.817] [0.515,0.820] [0.557,0.859] [0.485,0.712]
XA 3 0.255 0.308 0.365 0. 306 0.302 0.227
IWKNN FBFXME  [0.200,0.462] [0.281,0.597] [0.446,0.810] [0.511,0.816] [0.549,0.849] [0.478,0.704]
X[ B 0.263 0.316 0.364 0.305 0.300 0.226

BT LR R0 5 et LB, 56
— AE MAE YEWF 2% p = 0. 05 i, IWKNN (1) 85X
[ A (26 | DX [E] 4 BE AR # T KNN | WKNN {58 5
HIESRIEE, 2 p = 0.1 BF , TWKNN DR 55
F WKNN, HZ55F KNN, Il MAPE N T, 20 H
PRAHSZ B 45 5 5 55— /E RMSE #EI] R, IWKNN 764
(RIS 23T 1 A DX DA o5 28 05 B 1 R T oA,
2 ML 45 b 78 NMAR R, SCh 2 3 A BOURMNE s
T AR, IX ERIE T & 5 (4538 ; bAk, i F NMAR
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FELERE) L3 P AR Fo RS U A S I R BA R
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Kl 6~ Kl 8 ML 45 R s, 5 —, #E MACR
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2 MITE RMSE fEN T 55T WKNN, X 53 3 95
WA AR — 3G 8 ., /£ MAR NMAR ~, & F
MAE MAPE W], IWKNN {738k H 2 — 5 (1 SEAME
o MIAE RMSE #EN) R IWKNN 45 B3 s KT
Hoh 2 FhoTEL, X 5% 4 R 5 MELRLE LA —
FHE =, 6 H AR TR B R HIL D R [ e 2k R T Y

MAPE Z56% ,NMAR T, 3 R SR RICR F /%
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Fig. 6 Based on the ILPD dataset, under different missing rates, the mean of three filling algorithms filling 1 000 error results under the

premise of MCAR
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Fig. 8 Based on the ILPD dataset, under different missing rates, the mean of three filling algorithms filling 1 000 error results under the

premise of NMAR
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