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Research on cost prediction of prefabricated concrete buildings based on
TTHHO-LSSVM-ABKDE

ZHAO Liwei, LU Hongmei  , WEI Yonghao, ZHENG Yaxu
(School of Hydraulic Engineering, Shihezi University, Shihezi, Xinjiang 832000, China)

Abstract: To address the nonlinearity and small-sample challenges in cost prediction of prefabricated concrete buildings, as well as the
limitations of traditional models in terms of insufficient accuracy and weak generalization ability, this study first improves the standard
Harris Hawks Optimization ( HHO) algorithm, and then introduces Adaptive Bandwidth Kernel Density Estimation ( ABKDE) to
dynamically model the asymmetric and heteroscedastic distribution of prediction residuals from Least Squares Support Vector Machine
(LSSVM). A hybrid prediction model, designated as TTHHO-LSSVM-ABKDE, is thereby constructed by integrating the improved
Transient Trigonometric Harris Hawks Optimization ( TTHHO) algorithm, LSSVM, and ABKDE. Empirical analysis is carried out
based on the data of prefabricated concretebuildings, and through ablation experiments, 5-fold cross-validation, and comparative
validation against models such as PSO-LSSVM, NGO-LSSVM, and CPO-LSSVM, the results show that the proposed model achieves a
coefficient of determination coefficient R” of 0. 986 43 on the test set, with the mean absolute percentage error ( MAPE) reduced to
6. 14%. The five core error indicators (RMSE, MAE, MBE, MAPE, MSE) are reduced by 92.96% to 95.02% compared with the
original LSSVM model. The average R® from 5-fold cross-validation remains stable at 0.954 5, and the convergence speed is
significantly improved over that of the comparative models. This model effectively overcomes the limitations of traditional prediction
methods, provides a new tool for accurate prediction of the cost of prefabricated concrete buildings, and enriches the theoretical
framework for integrating intelligent optimization algorithms with machine learning models, thereby holding important practical value for
promoting the large-scale and high-quality development of prefabricated buildings.
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Algorithm limitations and improvement strategies
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Figure 1 TTHHO algorithm structure

1.2.2 EEBEHRME

(1) Tent {57l W 55400 465 Al AW TR LS Ikt S5 55 g
M F e TTHHO 5535 (4900 46 M e 20 A, it 4% 52
BEDLB) 4R 1 o B b Fh B 2 AR VRN R o A AN 12
A TR) R, A% 0SSR 2 T Tent 1R Tl 28 G 14k Iy 74

FUXE ) 16 2% 1 10 SRR P O B ML 2B 19 0 4 i 3l
I YR T S 9 Ay T i 25 TR 9 38 50 g A A IR
&, XFEANLBE® R LY ERERE N, B
i JhE G0 i REE 2o e SSCE R AR A X B, B AR A
W22 CHk[16] .

(2) A I& N B HUE . A R B AL
B Ml TTHHO Bk & P2 RER S R
WF R Z I O FR 7R A AR R B iR
P A B (DA R 4 R 4 R R E AR B T
0 fige 25 o] N R AT R0 A0 IR, BB R AR HEAT )
(B2 B0/ B0 3 W O T SR R A 4 &R B
it O WS BIORG B 3k A 2 2 - A AL ) AR 1k e g AR
PRI AE N B ER ST R mE, B
AKX SHCHR[17] .

(B IRGFI KM, WE¥ RGBS G2
Jri A i A AR DT S SR A A AR BB SN 5 B S &
JAWR 2 07 1) i O TRl AR Ak . 32 SR 15 Bk e 6% AT )
F R RE 0 D s 4 R A5 B, AR R — 2 R R
F1, DT FE T 5 S50 0 ] Bt ok 4 o AR e fE . B
WA IS5 IR 16]

(4) Z MU R AF A BT, 22 0w T3 [ 45 7 AL
il 2 TTHHO 587k i A% 0 18 2SR W 38 o B30 s |
S0 0 5 A A R A TR o DR AR o
L R IR, ] 4 SR M S A R 3 5 T 9 AR
AR ZHLE L 5 AR Y 3h A0 A T B
T JELUR A A SRW B XE  ME FE R ROR kR ) 4

N



55 1

ST A, 45 T TTHHO-LSSVM-ABKDE 4 245 it X VR 36 1 8 580 3 1 #5000y 555

P2 A8 SR an (AR 22 k[ 16])
IRAL RS (g —) 24 [ E | =0.5,H r=0.5 i}
Tl L SR s (SR —) 24 | E' | <0.5 H.r=0.5 i
7 2 RS ORF w17 L B SR s (SR =) 5
3 0 XS R v £ S L S s (SR O )
TTHHO 5 #5358 13 bk 4 A ole ok 5w 1% P [ 1
LSBT 2R R 68 1 5 R ST &R BE (A R0
i, AL Tent YR WSO8 A0 46 FhRE 53 46, F A& N
B EVLE ST IRR S HFEM LR, IBEGFTEK
W 7043 R O s 48 2R A5 L, DL K 22 5w 3 ) 4 48 AL

il 4 ft R % a4 R AL, X Sl TTHHO 78 4b
FLSSVM S8t A6 45 52 44 [n] SR, ¢ 30 1R B Ay i
SAOKS B RS R
1.2.3 EHiErWtEE
1.2.3.1 sk

R A B ML Ak 5k A W S B, — AN A g
PRUEFRRE e S U0 A R 38 7 52 1L 47) Bt 2k £ B 90 R
Bl LAMESR 1 4230 4 Jm S5 A0 A DX, i 3 LA
SRS 41, TTHHO B3k W31l DL Gk %
8, SR B AL T 3R S b L 2,

&2 TTHHO &R &5 4
Table 2 Convergence analysis of the TTHHO algorithm

W St 261 B AR o B 15 WAL B T R
g 1 5 15 HHO TJZ 5 )= [ 45 B A2k h I A R B 9 Ui (RIEF A & R BB R R0, 0 2 ik
RS LN

8 R 23 18] f i  E

DEAE i R B D038 7 1 e 37 S R 4

Tent {5 11 BRS04 A 8 £l B0 25 50 3 T i 2 1
TR 22 > SR A BEALAE 3 e 4 AT S B AL ) 2 4% N

S RE A AR
i B bR 2 25 IR 1805 AT R 1 R T R, HL A

= ] FlE'“ ,jﬁ_i‘ R Qﬂjt‘/\ "no
A7 bk SR A B R AT O, Je B A R WS, M 1 SR I 3 3 S
A LI IV R 0 (o) R AT R A R R R (L T 7R R LA AR R R R L o i S AR AT R
- ) B W AR B IT R (NGRS A R) f RS,
1.2.3.2 HEELE L Be— A MRS SCA 4, 1 SCA 41 X EHk—4

B AR R R VRS HACR Y B e bR, )
FRERLAR A N(TZ HHO ARBRED) , &4 HHO /R B C

MUBLR K B TSO BEAR, e R AQRUEC T, 1R 25 2 i
N D ARSI AL UG R R IR UL 3,

%3 TTHHO BRUHEEZE
Table 3 Single computational complexity of TTHHO

I A B 524 R Wt 2
Wk ik O(N-D) Tent TR Jii e 5 A= ) 46 Fh B
38 N BE PTAl 0(n3) YL LSSVM BB (R 4R RESR S ) ,n WREAREL, FrA kLA IT 4,
AR TTHHO =24 2 ¥ #H
TSO 2 O(N-M-K-D) RIZBE SR
SCA J2 O(N-M-D) T ERGHER
HHO 2 O(N-D) To )22 8 3
o7 T A 28 O(N-M-K-D) FEZ TSO FEARHAL K 500
S bRl HHO/PSO/NGO:O(N-D) TTHHO Ph“TFo3 08 B ™ e e 81098 57, 3 2 PRk AR 2% 4

IR 4 5% 2 ok B[] S50KE 2 T 75 I8 AR ORI, A v T4

2 TTHHO-LSSVM-ABKDE & & il
kil gk ke

e GEGETH 7 14 45 17 3 i 0 I 248 A Ak B /INVEE RS
B Lk 3 Rl ik, R A A UL RE N A S A
RE2E B0 SR B, drg /Iy — 30 S ) B HIL (LSSVM) 2 T
S5 K AV Fre /ML B B REAT AL 1k 0L 7R TR
D45 A 3] 3z W, AR T LSSV ) TINRS 2 v 2
WHIEMA S y 5SS o MBI, SHOR 55K
FEE ARG, BRI IE N LSSVM &
B RME T A B A A R LA AR P R AL
ZESEMFRIAS 5 . W AT L1 (HHO ) 590k SE A

AR TR G ALH] | 2 A0 48 2R 5w &% a7 7
(1 S LA T8 3% S Ak ) R0 v Joe 3 O S 1 e Sl
fE (bR iE HHO 7EAbHEA 2419 LSSVM S EUAR L ]
B A AE VTR R 2R R L 5 T RS A PR
Gy BN Jri i e 55 R R

BEXT F R (8] 8, A BF 5% 1 M & TTHHO-LSSVM-
ABKDE #545 TOMI AR A | 320R70Y 1y 35020 BR ey el an 151 1
JiR, BB RRIR

IR 1, 1B I Tent 1730 B 5 55 W& A BG40
Ny LSO O R g L0 BT R AR 6 LSSVM A A iy
—HESEA G, Bk, B R BT 0 47 #
i X, = [y,,0,] XN LSSVM Ay 1E W L 2 50 y



556 BRSSP 5 44t

MRS o, PGS FE 8 3T Tent TR 3l B G
B R 7 i 2 TR N B 5 o0 A

UR 2, XA HG T (R AR 4L LSSVM &
A AR S (y,,0,) W% LSSVM ##
YIRS Y B T P A Sk 3 IO R

YR 3, FETIE N EEIEAL 45 2L TTHHO 539
o 38 N (A AL T RTR G 2 > 3R TR e LT 1
7, SR RS A B B

(DFENBE(RTHER), M| E) | <T(1)
B B3 i AR T & B B, AR gk % e ik K 7 A
Bl HILEBEAE S SR 4 b A A S 2 — BB

(2)?7’%[@15"(%%@?) ilz_ L BE il 2

VE(t) | =T() B, BEPIT 2R ER, wEEE
R 45 >4 iy S AL A A0 P RE (5 8 BT 0

BB A, Gt ZWERMALTE , 25 W B
155 1 S5 (Cn 3k 3 g5 R 3k AR R Bl s 7 R R W8l
I A e R R X, = [y 0" ], R
WS (v ,07) LN LSSVM AL

H W5, WRIE ABKDE 15 2 i HE R % & 0 fi 15
B, S I LSSVM 1 f b B AR FALE /3 Bl 7E
LSSVM (¥ HAr s& %, 81 5| A% N E o, A5
R4 R

HBR 6, 2 LSSVM BEAY i 1 5 A 1 S 4 i
(B8 y FIENAL T o ) YIZRSERE, fir T 4%

TTHHOH % 56 BT
e TTHHOREBE AN, ik || B TentEyE W 5
AE, EHSHE ; & A AT UG AR
VI A R A~ AL~ A
Eﬁm%ﬂﬁ%ﬁf é&y SRR TR
pagliies
g SN 2] B T I i AR T A, HLSSVM
EﬁELSSVM J3 BESRFEN R R TN EBAT 1B 1T
R &) i | T N
N Sz s m
A2 SRS O RIS AEALE], B
S AL, LB RIS R e AT BB
N v AN A
TFih
i 2 " Mgz |
21k 254k v THELSSVMTil 7 7
ABKDE® %

TTHHO-LSSVM-ABKDE
B 2 TTHHO-LSSVM-ABKDE #& %+ & 4 B & &

Figure 2 Computational steps of the TTHHO-LSSVM-ABKDE model
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