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Abstract

In this paper, based on physical measurements to determine the age of abalone, linear regression, lo-
gistic regression, ridge regression, and LASSO regression models are established to predict the age
of abalone based on the measurement data, using R language. The models are evaluated by mean ab-
solute error MAE, mean square error MSE, symmetric mean absolute percentage error SMAPE, and
the results show that the LASSO regression model has a better goodness of fit. Considering the strong
correlation between the variables and the possible existence of multicollinearity, this paper uses two
methods of partial least squares and principal component analysis to reduce the dimensionality of
the variables, and then regression is performed after the reduction of dimensionality, in order to
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eliminate the impact of multicollinearity on the model. Using MSE to evaluate the model, the re-
sults show that both methods of dimensionality reduction fail to reduce the MSE, but instead, the
MSE of the model is obtained to be larger.
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3. SKESHr
3.1. BumiKEAS A
3.1.1. BiEiRAE
ARSI EAE 9 UCH FEfY Abalone i 4E[6], LA 4177 AMFEA, 9 AMRE(FR 1), b, @
W), FEHRH BBEMEE, THEIAEG TR E B RS
Table 1. Variable description
#* 1 TEER
A AR A L HSCRE X AL
Sex M, F, and I (infant) 5 MM MEPE. BL
Length longest shell measurement KR E S AL mm
Diameter perpendicular to length B EHTKEMER mm
Height with meat in shell = R EE mm
Whole weight whole abalone MEE — KRR g
Shucked weight weight of meat K EE P g
Viscera weight gut weight (after bleeding) i H ML 1) 3 g
Shell weight after being dried I AT f5 1) 52 2. g
Rings +1.5 gives the age in years 7844 +1.5 Bl Afif tr £E %
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3.1.2. BURTRALIE
1) R

HHEE ) Sex RN TR R,

Table 2. Virtual variable
=2 EHT=E

NETJEBSEARR, R LA N AR R (R 2).

A5 B 44 FR 1B 36
1 Sex =1
Sex|
0 He
1 Sex=M
SexM
0 He
2) HmE K5y
B BAER 0 NI GEFNNREE, |T 3133 MEARNIIZE, 5 1044 MEEAR MR EE .
3.2. R
3.2.1. WiE#TR

%3 BN T HHE 9 MR R AN, Hrb Sex Wy AR R, RHIEMMER, hE 1w,
i fry R 7 36.6%, METE L 31.3%, %)L 32.1%:; Rings AR E V[ M AIA L, FRAUEE AR, X

2 KD, BEIAEON 1B 9 MISEOZEIEIN, EXEON 9 MiRZ, ZJa ORI

MES KA ME S A8 TR

Table 3. Data overview

by HR T AR

7= 3. BUREHLR
Sex Length Diameter Height Whole
Length: 4177 Min.: 0.075 Min.: 0.0550 Min.: 0.0000 Min.: 0.0020
Class: character 1st Qu.: 0.450 1st Qu.: 0.3500 1st Qu.: 0.1150 1st Qu.: 0.4415
Mode: character Median: 0.545 Median: 0.4250 Median: 0.1400 Median: 0.7995
Mean: 0.524 Mean: 0.4079 Mean: 0.1395 Mean: 0.8287
3rd Qu.: 0.615 3rd Qu.: 0.4800 3rd Qu.: 0.1650 3rd Qu.: 1.1530
Max.: 0.815 Max.: 0.6500 Max.: 1.1300 Max.: 2.8255
Shucked Viscera Shell Rings
Min.: 0.0010 Min.: 0.0005 Min.: 0.0015 Min.: 1.000
1st Qu.: 0.1860 1st Qu.: 0.0935 1st Qu.: 0.1300 1st Qu.: 8.000
Median: 0.3360 Median: 0.1710 Median: 0.2340 Median: 9.000
Mean: 0.3594 Mean: 0.1806 Mean: 0.2388 Mean: 9.934

3rd Qu.: 0.5020
Max.: 1.4880

3rd Qu.: 0.2530
Max.: 0.7600

3rd Qu.: 0.3290
Max.: 1.0050

3rd Qu.: 11.000
Max.: 29.000
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Figure 1. Sex distribution of abalone
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Figure 2. Distribution of abalone rings
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3.2.2. TEMEXKE
T Sex AR N EW AR, FTLABRZZER)E, FiHERE R 8 MEEMMIHIE(E 4), HEHLE
(R R P P (1] 3).

Table 4. Variable correlation matrix

4. LEMEXE

Length Diameter Height Whole Shucked Viscera Shell Rings

Length 1.000 0.987 0.828 0.925 0.898 0.903 0.898 0.557
Diameter 0.987 1.000 0.834 0.925 0.893 0.900 0.905 0.575
Height 0.828 0.834 1.000 0.819 0.775 0.798 0.817 0.557
Whole 0.925 0.925 0.819 1.000 0.969 0.966 0.955 0.540
Shucked 0.898 0.893 0.775 0.969 1.000 0.932 0.883 0.421
Viscera 0.903 0.900 0.798 0.966 0.932 1.000 0.908 0.504
Shell 0.898 0.905 0.817 0.955 0.883 0.908 1.000 0.628
Rings 0.557 0.575 0.557 0.540 0.421 0.504 0.628 1.000
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3.3. EIERB ST

K Sex RRFALNEMAZ R )G, LA Rings AR AZ R, HeT I ZREEHEE 2 BEAT AR A
FANA W [m1)9 K LASSO [m]JH, SR )5 FIHT AT Ay, 5 TP 4R i 23 5 6) Rings AEREAT FOI,  fee
TSR AR TN 7 T PR 220 T3 R 22

3.3.1. &MEYA

Hi#2 5 Al A1, SexM &5 Length L&A R, HARBEIE 99.9%M1 BE/KF R, RUHHHE
RIS B2 1 1) B L A 36 K B8 R B M S AEG o A5 78 f - 38 4 36k R 22 MAE iy 1.5936, 34 77 1% 25 MSE A 4.5215,
XIRRF I 40t B 53 iR 2 SMAPE 4 0.1551, {HA] ik RECN 05429, B/, Ui B AY A FR R A B
.

Table 5. Regression coefficients for the four regression models
F 5. AEYVIREEYEIT R

e mlE| MEPNEIE! U e LASSO [H]19

(Intercept) 4.0428 1.4947 4.5489 5.0048

SexI —0.8475 -0.1030 -0.9334 -0.8212
SexM 0.0307 0.0074 -0.0174
Length —1.4324 0.1946 2.3323

Diameter 12.2695 1.5614 5.2324 6.7158

Height 8.7956 0.8773 11.0120 7.7580
Whole 9.1100 0.7751 0.5204

Shucked -19.6321 -1.8160 -4.8186 ~7.9255
Viscera -10.8043 -0.9134 —1.2442

Shell 8.9358 0.4922 - 9.7135 17.6678

e BSREEEMACE, LT TIMRELE 10%. 5%, 1%KF FRE.

3.3.2. JAMAEYA

B¢ 5 W], AR B AR AT IR 45 IR S 2R E DA 45 AR ZE AR, B T Shell 22 &2 7E 99%H) B 57K
PR REN. BEMEPAXTRZE MAE N 1.6242, BI771% 2 MSE N 4.7472, SERRFIILEX H o iR %=
SMAPE 4 0.1582, {H AIC {f &y 14255, %k, UiMARAIIL A FE B A EAR

3.3.3. ¥ EI3

N T ROCE BRI A )R, R LU AR N SR T A IR . e, s AT
FEARIIAE SCIRAIE , 2534 [ 3 SR B AR 1) 75 1R 22 BEUR 40 A B RBCRAG (] 5 7 B)Ags e 2248 4
BI(E 5 4 b)Y Hik, KIE¥TTIRZE MSE Se/NEN], IEPERARHIIE RE A, v 0.2076. ffa, RASAR
W REGHATIO, FiH 5 AR P 4R 225 . $5 1R 25 . SRRFI4E%d 5 43 thiR 22, 43308 1.6324.
4.8270. 0.1586.

3.3.4. LASSO [E3

S04 E AL, SR 3 AEVEREAT LASSO [R5 . Bk, il 4 T REAH S IR, 4
1) 150 U1 2R B S AR 1) T R ZE B AR ST R A AR RECE AL I (18] 5 A N R T iR = AR (B 5 A ).
R, KA TR 2 MSE fe/NEN, ER R ET R T A, N 0.0018. 5, KA RMETTH T3
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AT, FFh S AR R T e X iR 22 . TR % . XIRRSFI4E0 | 43 Lh ik 22, 4 il 1.5928, 4.5194,

0.1551,

3.35. REILLR

t 6 %0, LASSO [RHAE AL MAE. MSE F1 SMAPE /)y, U Bl 3474 ) MAE . MSE 1 SMAPE
K. XL 5 IR EIA S LASSO [EAR) =4, 7T LAKIL LASSO [El A8 fhfy DY N AR & i R 40K 0,
XN LASSO HAPAT B RIEPE M THA, MBS H 2 5 @R . Frbl, B 508 0 —FE, 24
BN Tl vy ZE i s RT DAY DA ZE /N R B I A A K 75 25, LASSO [ A f 2 I LR ] ) ) R I

B4
3.4. PE4E

HIAZEAR SRR (L 4) SARSCAERE B (I 3)rla, AR IR SC R U =, P REAFAE 2 BLAR AR VR 8,
LA RS Bt b AT P e, R AR o R SOR A A e/ 30 S S B e M PR PR A TR R R AL AT A

tho TERRARAT, SextBdE gt T bR AT, BE G T ok B A7 Ty ZE R0
Table 6. MSE of the regression model
5% 6. E)IFERIHY MSE
il MAE MSE SMAPE
Al 1.593591 4.521460 0.1551455
MELVNES! 1.624197 4.747157 0.1582436
U =] 1.632424 4.827036 0.1585987
LASSO [a] )5 1.592775 4.519386 0.1550553
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Figure 5. Plot of coefficient changes and MSE changes of ridge regression and LASSO regression
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3.4.1. fmm/=FME!T

H7E 7 AT, A=A FE R R AT ZE TR ERER A 89.11%, {HRT AN T R4 1 B AT Z kR Ok
79.36%, %I 80%, FTLATILLHE R F RN BN 2 5 3 BiREIL[7] [8]. 4KH 2 DX, MSE
N 5.0441, TiY4KMH 3 NEKA, MSE A 4.8048. FrLh, Mkpi =TT @, RinE s
FiR o

3.4.2. EpSEYI

H#e 9 AL, RIS R MAHIEE AR T 1, HHE BB Z k% 88.4%, FHRIENEA K (14 6)
LA HERS MUK TET 30, LIGERTTFLE, o LA G HAT IS 32 R AT AEE[9] [10], R
sk 8 fizn, MSE A 6.4085.

Table 7. Explanation of variance

R HFERRER

1 comp 2 comps 3comps 4 comps 5 comps 6 comps 7 comps 8 comps 9 comps

X 75.31 79.36 89.11 93.7 96.99 98.44 99.39 99.87 100.00

Rings 34.45 47.29 50.22 52.63 52.87 53.24 53.83 54.26 54.29

Table 8. Regression coefficients of the model after dimensionality reduction

8. [RHEFREMNEARE

=g e S E S| F s EA

Sexl| —0.6346 —-0.2239
SexM —0.3642 0.1590
Length 0.3790 0.2600
Diameter 0.7340 0.2615
Height 0.8929 0.2334
Whole 0.0870 0.2659
Shucked —1.9577 0.2565
Viscera —0.4791 0.2602
Shell 2.1021 0.2576

Table 9. Principal component variance contribution ratio

® . ERDFHETIE

PC1 PC2 PC3 PC 4 PC5 PC6 PC7 PC8 PC9

Standard deviation 2.610 1.070 0.635 0.524 0.409 0.337 0.252 0.112 0.082

Proportion of 0.757 0.127 0.045 0.031 0.019 0.013 0.007 0.001  0.001
variance
Cumulative

proportion 0.757 0.884 0.929 0.960 0.978 0.991 0.998 0.999 1.000
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Table 10. Load matrix
= 10. FHTrAEE

Comp 1 Comp 2 Comp 3 Comp 4 Comp 5 Comp 6 Comp 7 Comp 8 Comp 9
Sexl| —0.256 -0.827 0.737 0.100 —-0.619 0.360
SexM 0.131 0.145 —-0.936 0.916 -0.518 0.247
Length 0.370 0.150 —-0.158 —-0.849 0.618 —-0.328 0.687
Diameter 0.372 0.157 —-0.136 -0.723 0.722 —-0.140 —-0.682
Height 0.333 0.415 0.105 —-0.363 —-0.689 0.960 —-0.426 0.106
Whole 0.377 -0.320 0.110 0.177 0.275 -0.118 0.390 0.184
Shucked 0.363 —-0.633 -0.117 -0.221 -0.397 0.412 —-0.163
Viscera 0.368 —-0.376 0.244 0.719 -0.702
Shell 0.367 0.101 0.286 0.241 0.194 —0.545 0.256
Table 11. Principal component score
1L ERNES
PC1 PC?2 PC3 PC4 PC5 PC6 PC7 PC8 PC9
Sex| 0.250 0.522 0.797 0.159 0.029 —-0.031 0.047 -0.014 0.004
SexM -0.127 -0.817 0.550 0.104 0.023 —-0.025 0.027 —-0.003 0.001
Length —0.368 0.099 0.033 0.042 0.596 0.083 0.049 0.698 0.021
Diameter —-0.369 0.090 0.009 0.063 0.586 0.004 0.010 -0.713  -0.012
Height -0.335 0.080 -0.101 0.867 —-0.305 0.160 —-0.022 0.008 0.000
Whole -0.375 0.095 0.106 —-0.215 -0.231 —0.052 -0.110 -0.017 0.851
Shucked —-0.362 0.095 0.175 -0.312 —-0.225 0.489 —0.550 -0.010 -0.373
Viscera —0.366 0.090 0.074 —-0.245 -0.274 0.154 0.807 -0.030 -0.204
Shell —-0.364 0.096 0.047 —-0.052 —-0.166 -0.837 —-0.168 0.058 -0.307
0/0/
=
2 22/
= (o] o (<]
£ &
&
45 £ 34
= =]
= £
3 = | R
g ° g <
2 2
SEE g a
(=] E [=)
3
\O
gu T0-0~0.6-0 §H
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4 6 8 2 4 6 8
Principal Component Principal Component
Figure 6. Gravel chart
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DOI: 10.12677/sa.2023.126152 1496 St 5N


https://doi.org/10.12677/sa.2023.126152

PN

Figure 7. Plot of MSEP, RMSEP and R2 changes for partial least squares regression
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