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£ F SSA-LSSVM K& T RS N HMH 52

LER NI, IHZ G
(KYPH T RF sl TR, W Kb 410114)

B F [ Bag 48w R AR AN S A, TR I A I A 5 B R S PR A AR [0 ik 1B X TR
S B R /N RE AR BN A AR S A R E 8 B 2 T e A L AR R DG AR AR L R R TR 42 8 R Bk (sparrow
search algorithm, SSA) It At e /N — 3 S H5 [7] i AL (1east squares support vector machine, LSSVM ) & 4/ ¥ Jll 45
BUSSA-LSSVM., 5, il 3o 3200 0 A X A1 28 TR AN AF AR (8 i A 8 A ICHE A7 Ak B, 9/ D B T 4 s
UK, SR SSA B0 LSSVMARAY e i) 1 Ak 2550 e A RS A o AT A, SR b LSSV M AR 24006 7 [
SR P I B 5 B, K Ak 3R 100 Al S AT g A g A TR S A I 2 R T, 3 3 AF DG R B P B 4 % A3 ek
25 R )5 AR 28 0 B Y B0 U A RE HEA T T4 o [ 45 SR 15 LSSVMABE R | AR (e AL 58 15 A AL B LSSV M AR AU Al
S5 Tii) A 47 At 25 19 245 A RUA LE , SSA-LSSVM AR Y B AT B 1 )32 A A 3 R B v 1) TSRS 52 [ 4838 1 AR F 5 B 4
AR BORER AT L LRV | o A8 X SE B A AR R A A T B [ I T O TR A B e R R —E S
SRR 1 TR 3 1 TN 5 A AT s BRI R I (SSA) s fe/N — SR AL (LSSVM)

FE S TUT23.3 XEAFRERD: A

0 3

T

AR TR A TN R T AT AT PR AR S B
NS, Y A 3 O T T B B A s AR S B A
(k7S S I 32 4 ST E NP IR/
TREAR BA PR B R AN 45 (] 0RE 2 5 2
A TIEI PR JEE KRBT, A R L s SR T S
AL K R SE PR = TR, PR A A T
SR TR B TN HA S e R S

Oy AR v T I A T BRSSP
Hb 2 AT TR A [ B4 07 125 40 2 TR 3 o 9000 A6
T ARG A TUI 7 35 AL 45 7 sl 8- ¥k I 1E] R
B 3 A i A B RT UL A BT VR A TR B AR
AN BRI R 2 B A X R A G i i B 5
VEAE SE BRIV 2o i v RS AT R — 2P 4R
Wl N R RE SR A B K, i T AR S A

7 1 OR B BE R Ak LA S IR IR
A R AR IEB RE ), B I AR T TR M
OO A5, G2 AR R T B SRR (particle
swarm optimization, PSO) , A T #1 5 X % (artificial
ANN) Fl Jz 1 % # (back
propagation, BP) i £ [ 2% S5 48 BEATL 2 2% ~J S0k
JO7 P 3 A O AR S A BT N T 2 )
2% 55 Adaboostda K AU 1 AUH U DT IE A &
Xof SR TR B AN AT T, B2 R T ANN 199z fb e
35 Al R A T 6 R R 2 E i GM(1, )
LI TR ey 2 T ) T S R A A T %
TR B 08 AR i 3t S 7 748 6 0] ) B 285 56 &R 5 TR IBE AR
S5 e 0 T B T AR O 5 o TR R AT S RS 4y
IR s W A (B AN = R B E LY T
R N7y Al e R (I NIDIE | B - o E W TS
(nonlinear autoregressive with exogenous inputs,

NARX) #it 25 [ 285 452 780 8 47 17 B T2 o A 70 5

neural network,

s B 83 :2022-06-24 ; 1& 5] H #3 :2022-08-12; 25 H #7:2022-08-22
EEWH: FHEHRPBAIEA BT H (51578080) 5 M HG 21 H SR Bl24 3L 4 ¥ Bh 0 H (2021JJ30746)
BIS1EE 428 (1976—) (ORCID : 0000-0002-5585-0569 ) , B, Gl # 47 , 35 N =F T AR 3 45 37 1 A9 wrse .

E-mail :375135287@qq.com
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138 kI RFFEROARHAFRK) 2023 %6 A
KIM S5 5 W T %8 9] 4f 22 (case-based reasoning, EVER S TR
CBR) 15 it A% 53 TR A IO ASE 0, 1) R at A% B3 vk fx)=o'e(x)+b (1)

DAL REAE A T, 2 N7 T 8 S I 8 9 A A A
ZHAO S5 OB 38 AR 551 5 54 BT (building
information modeling , BIM ) 4 1y 23 b AH &% 45 %3 351 H
A HEAT T T 5 YE'"? B F 240 41 5 2 AE £ T H
(32 T 4550804 % PSO J.1 15 BP 4 48 X 45 AH 25
B TR M AT T F

IR RE B AR T A e e S ik T
TN P v R AT BT AR L N R AR B B SR AT P
IR AH 3 S B AT A AE 35 ) ) 3Ry 8 e 1 1 e
B, Wh 2B TE KRR AR I 2R A 175 50 T A REAS 31 4%
PRAs R Ry 3 TR B, A5 R FH AR
LG RE I U IZ ALRE J1 58 | RIS Hb kA A A R
S LA X /A A B A 26 I 58 S 10 B/ e Sy
] & Hl (least squares support vector machine,
LSSVM) X3 22 T AR SEA 738 T, e s, 38
JiR 2E 18 2 557 (sparrow search algorithm, SSA) X}
LSSV M BT e () 1 WAk 2 BORIAZ o S0 S B0 T A
FEITEE, $R G S H (8 LSSVM A TR iyl
Sh R SR 92 Ak RE T AR e A RS B
7T BT SSA-LSSVM FAT: 2 3 Ay FUM A BY , 3 5
aob TR S 3 B DA R g A AR TR ) T 45 R i Ay
P, e dee I AR RS | LA A 1 TR H Al
RIS %

1 MBXEEREEENTMNRENET

1.1 LSSVM

LSSVM J& 7 A5 1 32 45 19] 5 #L (support vector
machine, SVM ) JEfitli b () —F 85 SE 0, B 2 R
22°F- 5 PR Ry G4t %, 4 5 2 AR A R 4 1
o 25 A, N LT R 5 2% 1) — A )
[ia) R, BTG T SR A M, A T B I A A i Skt
BB TR RA R AR, LSSVM iy SE B
AT

BEIGIE S = {(x.y). 2 € R"y, e R}, JE
H o AT sy BRI 50 = 1,2, -, N5 RO SE
B SR N n, e SR s N R IR AR B0 -

A o A BUE 2 B0 5 @ (o) 9 AR S St e
205 b 0 L

ARG 45 A IRUBS: fe /M SO, T LK LSSVM Y
DAL F bR e 80T AR AL -

1 c U
minJ(@,e) = ~lo[F + = > e
2 22 (2)

T

st. y,=@' o(x,)+b+e
KA J A ERE e, IR EDZE ;e MIENL
i 2 A 1E P A% B H 3T o SR A F AR (]

L(w,b,e,a)=J(w,e) -
iai[wT¢(x;)+b+e;_yl] (3)

A LR s B H R K
W2 35— B 34 78 (Karush-Kuhn-Tucher,
KKT) 2544, %20 (3) o (R 4528 oK e 7 55

JaL 2
e 0T e= Zaigo(xi)
aL L
— =0 =0
ab HZ“‘
il (4)
— =0 «a, =ce,
de;
L
57(%=0—>a)T¢(xi)+b+ei—yi=O

R AR TP LR TR o fle,, 445
F LSSVM [a] T pR %Ny -

f(x)=iaiK(x,xi)+b (5)

K K(x,x,) W RS

T A% R B S VA% BRER L Sigmoid PREL
2 1) KEA% R B (radial basis function, RBF)% . RBF
HAT WA 8 1 S 800 % 52 R [n] U7 1k 27 > fg
JrsR e A, BT AR WL, S 2 T2
SEPRIE S o, (R, RBF J2& LSSV M U A% bk %
E L. RBF M EAAREXNT .

20°

K(x,xl)=exp(_”x_xi”) (6)

o WS HL, B A% R B O R SERE
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F20% % 3H

1.2 SSA

SSA J& XUE 8517 37 JpR 48 Fh AL 06 & A SO 12
R A VETT A K TE 2020 A58 H 09— BB
R AR RE R AL Bk o RS R i A B LA il
RV 35 B, AR 3 1V P S e, & R
B REH AT AT 5640 . 53 40, 5 6 RRAE b i vh
e FE— A A ARAE Ry T 3, HL T ) 20 1) 35
B i G, SR B I R U L e AR
T 45 10 SR D0AS T B o7, ELAAR N

163 P JRR A2 AR B 0T s H

X X2 X4
X1 X Xod

X = ; (7)
Xop Xy U Xy

A n g IRRAE IR s d W AR 4R

S DU, B R R P I R A Y
AN HE I RRE R SR B ST KB
ERIDE VA R /AN (I

i

), R, < S,

(1)
G+ 1) _ xif exp(
X =

,;] a . Lma\(

A0+ QL. R,> S,
e j=1,2, - ds e N S HTE AR ) RS
WA A A R B E A 4R AL
a e (0, 1), I STEEPLEL; Q 2 i A IE 2573 A1 1 B
UL i, MR KEREG LN B — GRS 1R
Ixd AEH B 5 S, 0 24 RE ; R, M FIE{E . 4R, <
SO, ULB I IR B 4 4 R ILE SR B S
T ;2 RS, 0, UL DR & 2 R B, X i
JIT A R 2 TR 2 4 IR A T TR
TE B P I R A, 7R TR R AR P AT
oW R I IR R R BB SRR CE Y . >
n/2 I, R BIES (AN FEE R S B B, A T
DU AR | PR & 7 S i AR A X 84 5 2
DIRTG 2 Re e . JBBEH 1A S R AN
NOR—G
Q- exp( “Om,z Y ), P>
xf V= ! (9)

xf —ay VAT L, i<

A ol IR E B KB R B
xl N RGEET R R R R L LR A
Ixd AEF P JLOC R AR RENL 0 L Ry 18-1; A™ =
A"(AA"),

T A B AR

o=

x(lf+1) +

=

HE R, F T SSA-LSSVM # 4% & TAZ 3 M Fuml #F %2 139
(1) (1) (1)
xhlcsl + B : ‘ xlj’ - xh’ml ’ /; > f;z
5= o) = 2l | (10)
x(ij‘ + A fi=1

(fi-f)+e
Aorhaal R ¢ ROEACET R RS 4 R B A
Bl K BH, IR HEIES 434 N[0, 1]
X el-1,11, —ABEHLEL; & Ry — e/ INE E, i
ANe R TBIEBIS, - f, = OMEBL s f f S, 57
590 A 24 R A AR N | 4 R SR PR B R 4 R B
ZEIENLE . S > £ FOR R IEAL TR R L
G, Dy R BOH 5 24 /) = f, I, RN Ab T Rh
B JRR R R BE T RS T A A At JRR 4
AR LURIE H B id 4
13 FEIRENHAEEMNETL

1 LSSVM A4 g A6 5t # ml 230, 76 4F 2 TR 5 H
T T R 6 A 1 LSSVM IE WAL 2 5L ¢ Fn
% BRI B0 S B0 o S T 14 S A T =2 i
iz F SSA Xt LSSVM # ¢ fil o A7 S 50T . %
T SSA-LSSVM )44 52 T-FE 1 A T AR 78 iy 1 F 58030
RWE 1R

’@ SRR LR E |,
: w0
WA TR A B i
i AT —fe b
— i x5 S T,
MRS
FIH RS 53 B i g
Bt A T R4
It Ak SSA F
LSSVM £ 5
I AL 1 LSSVM 7
T ) B 3 N E I 4 DURSHL, AT U255 01 T
Sl Al 22 Ak
I 0
Bl1 T SSA-LSSVM #4942 TA2 3 - Fml
A 03t B AR

Fig.1 Algorithm flow of the residential project cost
prediction model based on SSA-LSSVM

HARLIEN -

step 1 AR BUME 2 TR 28 H (19 A4 5 K8l |,
NGRFEA A A A R i, g — b AT AL A —
feAb B

step 2« F I 32 73 73 Bk XA 8 TR I 119
W ASEAREAS AT R IF o3 A B 2R
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140 RO mIREER(ARMER)

2023 %6 A

step 3: % & SSA-LSSVM 1 i 1) 5 2 5, 44,
5 R AR | T A 5 R Y B B R AR

step 4: T FURREE 0 06 35 1 ), FEAR A
SR NHETTHEF

step 5: H 4 =X (8) ~ (10) B 57 JFR 48 P B & B0
BB B R T A TR A B R
IR, IEHH £ LA R S, o

step 6: J| T 2 75 3K B 452 1F 45, 4 35 31 00
2R LS EL, 6 W% % step 4

step 7 65 ¢ Tl o WA 25 LSSVM, LSSVM H] Fl it
PES BG4 T3 0

2 TiEfFEiEtRAYIE R S AN E

K R R AL 45 B 114 B S R A S A A TR ) i
f o AHITTE SR SR 2 AT v, LSRR A

" “cost prediction” “project investment estimate” %5
R R R] ZE T Science Direct il Web of Science
Ve CHAT AR R 548 8 TR O T AT 5K Y
50/ SRR , AR 4 38 5 i R 2R B AR 0480 )
AN AR, 456 BRSPS T
IS A FRAESE AR, 205008 T3 X, s b2 HOX,
JEHX, A SRR X B T X O A
i b X ARG 2R X, R S X R T
X, AREEL TN X, PURFH X, EFIME X, 1]
BRI X, AR IE X, 2 TREACE X 0

XF R RO R S BR BUE A  X T E
PRI, ORI A 1) SRR 4 B A2 PR A B
F4 G T D AR AT AR B, 75 1 3] 4 5973 A R 5 1 )
SR W A% i T 3 14 7 5C 28 B 28 Ak T A2 Bl K, il
SR P23 2 28 30 23 D AN [R) B ks DX T) o
fEFEpR AR I 1.

R1 HiEHRFEHLE

Table 1 Characteristic index quantification table

SEESR | ERESH | Akab W REELTM | PUE | 5| 1% g | TR
T i B el el (Je) (76 m™) EY VB | K b K-
1 HEBEBT b | oy <3800 <350 — || W | BRE EES
2 BT J1%G et | (3800,4100] (350,400] = | RAee | R — i
3 HEZ 4 | (4100,4 400] (400,450 S| A i1 R4
4 T 1R il3 (4 400,4 700] (450,500 vy Bi k. B
5 BB ikE | A >4 700 >500 e

3  SSA-LSSVM {F=i&MFniiEiy g5 A

3.1 HIEFRIE
AT KL TR 3 A 15 BB s - & R N A

ol A R BORE AR Bdle , Il g T 50 4 o B R A
2R TAE I H B8 /e A 3 T
T 35 A PN A B HE AT (5 A B o 50 EEA Y T
FEFFAE G AR i Al A BREE B DL K B )y i A L3R 2.

R2 ITABIEIAF TR R TN

Table 2 Quantitative processing results of engineering characteristic indexes and cost per square meter
v
g | 5 X%/ X%/ X42/ X/ | xJ ol x el [ x| x $z'f JEET'/
d | 2|2 m m % (JG-m™)
1 512127 | 3 11273.51 81.60 | 56.20 | 1 3 2 3 1 2 3 2 3 1809.18
2 720 | 33 | 1 17 621.16 99.00 | 70.90 | 3 1 3| 4 1 1 2 3 4 2126.34
3 627126 | 1 14 721.56 7540 | 7555 | 3 3 3 3 1 2 3 3 4 2 660.57
4 523119 | 2 7241.17 57.45 5560 | 2| 2| 3 3 202122 3 1 820.64
5 594 | 32| 2 11 710.61 96.00 | 96.20 | 2 | 3 3| 4 1 2 3 2 | 4 2123.25
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%20 8.5 34 % E K, % E T SSA-LSSVM #9455 T2 i fr 3l 51 52 141
&2 ()
Table 2 (Continued)
. X/ X)X X,/ X/ X/ vl [ x [ x bx T x [x, ] x, L‘Pzﬁiﬁm/

d |22 m’ m % ) o tem™)

6 [523|19| 2 | 1744649 | 5745 [ 7030 | 2 | 2 |3 |3 |22 |3 | 23| 180469

7 | 750 | 18| 1 | 1694858 | 5250 [ 9750 | 1 | 2 | 1 [ 3 [ 1| 2|2|2|2| 147568

8 [300] 8| 2| 869646 | 2640 | 9720 | 2 | 3 [ 4 [ 4 [ 1| 1|3 | 1|4/ 240323

9 |547| 16| 2 | 1437625 | 4480 | 7197 | 3 | 4 | 3|3 | 2| 1] 2] 1]4]| 20386l
10 (800 (30| 1 | 1227392 | 88.80 | 9440 | 1 | 4 | 4 [ 5| 1|2 [3]3]5]| 261269
41 [397 [ 11| 1| 667100 | 3220 | 7260 | 2 | 4 | 3[4 | 1| 2|3 | 2|4 19823
42 450 9| 1| 752730 | 2890 | 6160 | 1 | 4 |2 |4 | 1| 2| 1|23 164617
43 | 651 28| 2 | 12467.00 | 7920 | 3820 | 1 | 2| 2|3 | 1| 2|4]|3 |4/ 186837
44 | 594 32| 1 | 1487525 | 9280 | 9510 [ 1 | 4 | 4 | 4| 1 [ 1| 4|3 |3]| 249340
45 53211 1| 1718326 | 3190 | 5970 | 3 | 3 | 2|2 | 2| 2|3 | 2|2 | 14533
46 | 540 [ 18| 1 | 11197.80 | 5320 | 7288 [ 1 | 3 | 3 |3 | 1 [ 2|4 |2|3]| 178042
47 | 620 32| 1 | 1535744 | 87.00 | 9235 [ 1 |3 |3 |4 |1 [2|2]3|4]| 217102
48 | 710 [ 15| 2 | 1830629 | 4500 | 7030 [ 1 | 3 |3 |3 | 2|2 |3 |3|3]| 173294
49 340 (10| 0 | 7927.00 | 3210 | 7736 | 2 | 4 | 3 | 3| 1 [ 2| 2|3 | 4| 198934
50 | 51227 | 3 | 1127351 | 8160 [ 5860 | 1 | 3 |3 [ 3|1 [2|3|2|3/| 1889.18

32 ERSSWE LR PR AR AR A 000 ASE Y (0 1w A B s 4

F L3 o AT — B 2 ML R E B O
BB R DG A R A AR A A BURE L ST Y
43, [l B e S AT fE 2 Hb OR B D b BoHE AR B 1R
B — Ok, Wi 0 S A AR
a4 R w2 o 2 HARE— 2 ARG,
IASBIFFERT 50 N FEAS B FE bR s 24T Lo o B
R RN 48 B2, DA o A5 (% 0O JE

fii F SPSS 24.0 F A %F FEAS B G 247 73 07, 25
WL FE3, mFE3IATH, KMO(Kaiser-Meyer-Olkin)
(IAE 9 0.734, KT 0.7; Bartlett BRIE A6 56 1) 1 25 1k
KK P<0.001 , i W RE A L0 H 22 18] 47 70 55055 B AH 5
P X AR AE SR bR 64T F2 o A R BOR |2
AIATIY

£3 KMO #9144 Bartlett 3R 5 4o B 25 R
Table 3 KMO value and results of the Bartlett's

sphericity test
P y

Bartlett (3R I 46 46
KMO fif -
R T d, P
0.734 471.071 105 <0.001

IR B F A A% T2 R0 A R A R AN DT
PR 40 — Mok Ik, AT E R BT A i
85% YN 1, [N LA BF 7 42 AT 8 4> R, He R
FATTHR R IA 5 T 85.984% , 13X 84~ F L 43 LA H)

T4 ERSGHIEEL TR E
Table 4 The eigenvalues and contribution rates of

principal components

RS HEGE (i stk | BEUSTHRER
1 4.724 31.493 31.493
2 2.524 16.829 48.322
3 1.217 8.111 56.433
4 1.208 8.056 64.489
5 0.985 6.566 71.055
6 0.848 5.653 76.708
7 0.752 5.013 81.720
8 0.640 4.264 85.984
9 0.554 3.690 89.674
10 0.509 3.396 93.070
11 0.396 2.643 95.714
12 0.300 2.001 97.715
13 0.198 1.320 99.035
14 0.142 0.947 99.982
15 0.003 0.018 100.000
3.3 EEFNLE RS

T MATLAB 2019 F &5 ¥ 84 2 TR 3
FOMAS TR ISR T 05 B0 . 25 A AR TR M
WOt RS 2 ZRAE BT
SSA-LSSVM (&4 25 L L% 5,
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2023 %6 A

RS SSA-LSSVM #) Sdeik &
Table S Parameter settings of SSA-LSSVM

ZH B
T e A 20
e R 50
¢ [0.001,500]
1 [0.001,100]
LARAAS, 0.6
R iR LA 0.7
TRV R LE A 0.2

W B AR B3 Y 40 2 BRI 40k T
SSA-LSSVM I A 52 T 8% 1 A SO A% 20, FH A 1
10 4B 4R A o Sk 7 W/ MU v (4% 1
B AL 1) 5 i, B 10 a6 445 1 (0 I (4 Ol e 2K
BTN 25 o 3 T SSA AL i LSSV M A5 7 A
7 3 0 T 5 S5 R 1 4 46 X6 5% 25 A X iR
22, A LA SSA AL RO SR AT 2 S PP, HAR T
HER K6,

3R 6 LSSVM 5 SSA-LSSVM 2 75 3% - Fm] 25 £ 2t 1k

Table 6 Comparison of cost prediction results per square meter between LSSVM and SSA-LSSVM

‘ B LSSVM SSA-LSSVM
U5 SEPRAES - = . - — -
) L T e/ aRFiRIE, | KRR TMAE/ 2 Xt iR 2/ biEROREN
[N (JC-m™) . ., S [
(JE*m™) (JG+m™) %1% (Jt-m™) (Jt-m™) %1%
1 1986.23 2 139.85 153.62 7.73 2 046.68 60.45 3.04
2 1 646.17 1711.36 65.19 3.96 1 606.95 -39.22 -2.38
3 1 868.37 1 979.35 110.98 5.94 1 954.13 85.76 4.59
4 2 493.40 2 585.07 91.67 3.68 2 534.59 41.19 1.65
5 1452.33 1629.08 176.75 12.17 1487.46 35.13 2.42
6 1780.42 1695.49 -84.93 -4.77 1764.57 -15.85 -0.89
7 2171.02 2117.18 -53.84 -2.48 2 147.34 -23.68 -1.09
8 1732.94 1572.47 -160.47 -9.26 1 784.42 51.48 2.97
9 1 989.34 2 152.86 163.52 8.22 2029.13 39.79 2.00
10 1 889.18 1 807.76 -81.42 -4.31 1835.52 -53.66 -2.84

FH 2% 6 AT AT, 1 LSSV M i il %5 74 45 31| iy B )y
T A 4 0 1% 25 1 e KAB R 176.75 J8/m’, S/ IME N
-160.47 JC/m?, A%t % 22 1 B KAE Ry 12.17% , Fie /Iy
1} =9.26% ; F1 SSA-LSSVM il il 5 %1 75 51 () B )y
T A 28 015 22 B B K AE Ry 85.76 JG/m’, Fie /IMEL N
~53.66 J0/m”* , FHF 5 22 (1 fie KAE N 4.59% , e /MA
H-2.84% . HAE LI E R T AT SSA-LSSVM Fii il
TR %) UK P O R, LR TR it A T A A X
WRZETE+5% LA, I8 A1 T 58 Bn AR 2 A0 PR A 53
(15 22 B3R, DR IZ A A mT 4 2 T AR R A 1
U

(] BF, LSSV M F51 0 A2 70 A X i3 22 (14 43 A X [i]
W [-9.26%,12.17% ] , M 74 12.17%~(~9.26% ) =
21.43% ; SSA—-LSSV M T Il 455 7 FH T 15 2 (1) 434 [X.
[k [ -2.84%,4.59% | , % 2 h 4.59%—(-2.84%) =
7.43%. @it Bk srHral L, FH SSA DAL HY LSSVM
TR (18 T A B AR A

34 HEENERMESH
J Tk — A B8 IE SSA-LSSVM 4 2 T 7% i
U AR TR ) 3 R AR 5T X A SE R A 2 1 H
HEAT T A O gy A o I H A AE 35 AR
W7,
R£7 EAETT B BRI

Table 7 Characteristic index values of the residential project

XJd | X2 | X2 | X/m® | Xfm | XJ/% | X, X
538 | 23 1| 2448275 | 69 | 7736 1 3
Ly
XQ XIO Xll X12 XIS X14 X15 — 3
(JC+m™)
3 3 2 2 3 1 2| 193332

TS O T = TN ERAWNIREZEu R [EZAR L
TR 1) SSA-LSSVM 3 A 7 I 455 70 vpr | 3155045 21 9% 4
I H AR AR 0S5 R 2 009.11 J6/m?,
B S BRTE M R 25 3.92% , T R AT 4 R A Y
W B BR PR, SSA-LSSVM T 7% i i i A 754
X REAR 22 A1 52 B AR 2 350 B TR RE S, 13Xt 50 I
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HER 5 AT SSA-LSSVM #44% & T2 3% 4 F | AF 5 143

TS RNAE AR T TR A O T 3
3.5 EBIXFEE AR

R B UE SSA-LSSV M Fiil 0 A5 784 4 A7 250 1 R ARG e
P A SE AR AL B LSSVM B R AR A Ak 2
1 (grey wolf optimizer, GWO) {ft £k () LSSVM 7 %Y
1 BP i 25 o) 4 3 PR 8 55 i B AR HE AT 43 A7 X EE
25 TRLDNASS TR 1) AR B3040 A A AR i A AR
55 SSA-LSSVM #E B {4 W] o oA T 1 SSA {4 [F]
K GWO RIS E R RBFR RN R 20 H L fie
FEAR K EL R 50, IR FEACEE 2 61T FEE] 056
BP #1 48 W 45 19 S 500 B A2 R 2 R
HZEAY B B R 8.7 1, WSk 25 9 0.001, Il
ZRIRECH 1000, 5 F 25 AN 2 Fr s .

3300

—
3100 ; ifﬁ%vm
—0—5S5A-LSS
~ 2900 —&—LSSVM
g 2700+ x—GWO-LSSVM
12 2500 A\ [ —~—BPHIZEM%
& 2300
21004
ﬁ 1900
1700
1500
1300——t— L
2 3 4 5 6 7 8 9 10
MR A G5
(a) P75t
30
o SSA-LSSVM
25+ —5— LSSVM
A % GWO-LSSVM
Q\Q 20 [\ | = BRI
i

I FEA G
(b) T o 2=

B2 BAEA 45 R A IR £ A
Fig.2 Comparison of prediction results and errors of

each model

H 1 2 AT 1, ASAE 5 BT 44 4 7 SSA-LSSVM £
TR (18 0 4% SR A L Al ASE 7R 2 30 S Bk s A 106 B
FEAT RGP (TN G o O T — 25 X H A AR £ T
DUAICER 356 FH B DL 0% 330 5 MR 22 s IR H
I3 R ZE ey LA A SE R BR R 3R PEREPE M 5 45
Xif b AR 1 T REEA X B 25 SR L 8.

R8 R FIBEA TR b Ak G 2T 0L
Table 8 Comparison of prediction performance of

different models

Al erus eyl % R
LSSVM 122.082 6.25 0.907
SSA-LSSVM 48.377 2.39 0.984
GWO-LSSVM 91.561 4.36 0.952
BP #1245 240.138 10.61 0.667

i 2¢ 8 A 1, SSA-LSSVM H % () e,,,=48.377
Hl ey,p=2.39% , # Ft LSSVM #& 5  GWO-LSSVM #i
RUFN BP #2825 (1) /N, H AR C REU R H2IE T
1, X 158 B AHIF 5 Fir #4) 4 19 SSA-LSSV M 52 74 (1 Tt il
R EA W R AR B, HOBRAR 7 b B U AR AR
ki e bR Z M A ARV R R . &8 BTiA,
SSA-LSSVM T i 5% 74 43¢ H Aty 3 4455 30 B 3 P T4
AR AN B TR

4 i

1) ASHHGEIE 2 SCHRB 583k, 9T 456 TR S 4
W T 15 AR 5 M FRAEFE AR AE R i AFE b5 K
by W (SR TR (= AN < I =102 AR PO
ABHR VAT, A 25 1A E T 8 EE
AR TR 1 M 00 AR A T ) g A B . AR
W5 SSA-LSSVM #5785 1L.SSVM , GWO-LSSVM F1 BP
P22 D) % A5 TR0 3 o) B8 R 22 P I E A L
TR 22 DA K AH 2 Z2 550 3 Rl s 4 RE VAN 48 AR EA T X
E , & B SSA-LSSVM A5 7Y A5 B8 = 1% T A B85
[l U900 i, R AR A b 2 A TR M i
Ak SRR B AR 5K

2) DAEEEFRCF ST i Ag 2 i g o TR vt
M35 B A B RORS B R A O I SR R T SSA
5 LSSVM 41 5 i 21 & 57 SSA-LSSVM,, % 515 78
HA, g 0 g TN L 2K I AR A A e HE e ) 45
U U - <O T = - | S 1 i
SSA-LSSVM i FH 4 & 3 A 70 i F 58 . T SSA
AL LSSVM 1 IEMIA 240 e Al B S B o, vk
T HEHLLSSVM ZH i R ME , 8 LSSVM H A B R 11y
WCSGE FE R 12 AL RE T 3R T LSSVM X
AR A RO R R AR E

3) ARSI i SCERATF S I E T 5 AR e 1
W B RFAE TS b, HL R BGS FR A7 7E — 5 1 0, L
A B2 Z W 2 BRI S b, SRR AR A8 BR AR R 19

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



144 KL XFFHROHRAFR)

202346 A

SERARATIA LA A5 1]

&

9}
-~

SR PRTEL I A R A AT I, AR
ifF 58 ¥ SSA I LSSVM M 45 &, # 1 T T
SSA-LSSVM [ 43 52 TR 1 A AR 7R . 75 i
BERYE, S fft 32 43 40 A 10 X0 43 8 A AR B ds
17 RE 2 A B, P I A A B 1 R A B Hh S AR
RUEAT YR AT . 78 TRESC b % B 7Y
FE/IREAS NG DL T BRI 2 3 M B =2 ) &2 4 9l
LMERFR . PR gs R R 2T T 1 4
X3 HEAR 22 AN 2.39% , Tl e TR 5 e Ak 54
(ARG B2 SR, (o FH A Y m] 4 i T AR, X s b
TAERT IR AR —E NS HE L, T 42
TR DR R A

Rk AT s R A A S A 2R WE ST 4k 2k A
s @R A A, e 2 b )2 R RS,
e 7 A3 A1) U ASE AR B LA

[ 5% Sk ]

(1] SEHR, 5 i AL, BB UG R 75 5 T 2% T° ABC-SVM 1Y
TR A O], $ER 285F,2021,40(8):25-32.
DONG Na, LU Sihua, XIONG Feng. Cost prediction in
construction project based on ABC-SVM under the
background of big data[J]. Journal of Technology
Economics,2021,40(8):25-32.

[2]  ABU HAMMAD A A,ALI S M A,SWEIS G J,et al.
Statistical analysis on the cost and duration of public
building projects[J]. Journal of Management in
Engineering,2010,26(2):105-112.D01:10.1061/(ASCE)
0742-597X(2010)26:2(105).

[3] BAYRAM S, AL-JIBOURI S. Efficacy of estimation

costs[J].
Journal of Construction Engineering and Management,
2016, 142(11): 5016012.1. DOI: 10.1061/(ASCE)CO.
1943-7862.0001183.

[4] KHALAF T Z,CAGLAR H,CAGLAR A, et al. Particle

swarm optimization based approach for estimation of

methods in forecasting building projects’

costs and duration of construction projects[J]. Civil
Engineering Journal,2020,6(2):384-401.D01:10.28991/
cej-2020-03091478.

[51 SKIE.EIATE K107 BT BP 2 B 45 1 BUZ K R
bk S HRIT 5[], Hh AR 22 1#,2020,40(6):37-40.DO1:10.
14048/}.issn.1671-2579.2020.06.008.

ZHANG Hu, YAN Kezhen, ZHU Xiangping. Modulus
back-calculation of two-layer system via BP neural
network[J].Journal of China & Foreign Highway,2020,40
(6):37-40.DOI:10.14048/j.issn.1671-2579.2020.06.008.

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

FAESE MREH 215 T B n A TR
B[], 4 AR TR 5 8 B2 4R, 2021,38(1):175-182.
DOI:10.14048/}.issn.1671-2579.2020.06.008.

WANG Demei, CHEN Hui, XIAO Zhihong, et al.
Prediction of housing project cost based on data mining
[J]. Journal of Civil Engineering and Management,2021,
38(1): 175-182. DOI: 10.14048/j. issn. 1671-2579.2020.
06.008.

ZEVY Ry BT A 25 I 45 11 BT TR T (D).
RHE: R HE K 2£,2019.D01:10.27356/d.enki.gtjdu.2019.
002461.

LI Lingling. Prediction of construction cost based on
improved neural network[D]. Tianjin: Tianjin University,
2019.D01:10.27356/d.cnki.gtjdu.2019.002461.

Arf R . TR 0, B 1 SR TR B T A0 8
BFFE[D]. £ £ A 5 8 8K 2% ,2020. DOI: 10.27429/d.
cnki.gxjdu.2020.000337.

HE Lijuan. Prediction and application of construction
cost based on grey theory[D]. Urumgqi: Xinjiang
University, 2020. DOIL: 10.27429/d. c¢nki. gxjdu. 2020.
000337.

SRIDEAR A 22 HE T PCA 5 NARX A 77 B TR 4
1A B (3], 42 1) T#2E,2017,24(12):2485-2490.DOI:
10.14107/j.cnki.kzge.170785.

ZHANG Xiaodong, YANG Shengxiang. Forecasting the
cost of municipal engineering based on PCA and NARX
[J]. Control Engineering of China, 2017, 24(12): 2485-
2490.D01:10.14107/j.cnki.kzge.170785.

KIM S,SHIM J H.Combining case-based reasoning with
genetic algorithm optimization for preliminary cost
estimation in construction industry[J]. Canadian Journal
of Civil Engineering, 2014, 41(1): 65-73. DOI: 10.1139/
cjce-2013-0223.

ZHAO L,ZHANG W, WANG W S. Construction cost
prediction based on genetic algorithm and BIM[J].
International Journal of Pattern Recognition and
Artificial Intelligence, 2020, 34(7): 2059026. DOI: 10.
1142/50218001420590260.

YE D.An algorithm for construction project cost forecast
based on particle swarm optimization-guided BP neural
network[J].Scientific Programming,2021,2021:4309495.
DOI:10.1155/2021/4309495.

SRARLZ, 1 122 B T DA K (RS B Y ) 7 4 MR L7
PO 5 AT S (D], R R 2 2 i (A R
2#17),2020,44(3):118-122.DOI:10.13715/j.cnki.jxupss.
2020.03.020.

ZHANG Moyun,XIAO Guoan.Study on the improvement
of grain yield prediction method in Hunan Province
based on the optimized grey model[J]. Journal of
Xiangtan University (Philosophy and Social Sciences),
2020,44(3):118-122.D01:10.13715/j.cnki. jxupss.2020.
03.020.

LW g A E N5 BT PSO-LSSVM (78 K &
23 W I 45 L S LA ALK K512 W LD, 5 T H 4%, 2019,
55(12):248-255.DOI: 10.13296/j. 1001-1609. hva.2019.
12.037.

JIANG Hailong, LI Tongqing, CHENG Hao, et al.

A5 M 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



%20 8.5 34 % E K, % E T SSA-LSSVM #9455 T2 i fr 3l 51 52 145

Mechanical fault diagnosis for spring mechanism of 2108057.
high-voltage vacuum circuit breaker based on TONG Weiguo, GUO Chaoyu, ZHAO Ruyi. Prediction
PSO-LSSVM[J]. High Voltage Apparatus, 2019, 55(12): model of slurry density in recycling tank based on
248-255.D01:10.13296/j.1001-1609.hva.2019.12.037. LSSVM optimized by improved sparrow algorithm[J].
[15] B 2 7%, 51 R bH LA 3 T ok gk LSSVM #4851 ey Electronic Measurement Technology,2022,45(1):70-76.
J1 0 far WU [J]. A 0 B R, 2021,44(18):47-53. DOI:10.19651/j.cnki.emt.2108057.
DO1:10.13296/j.1001-1609.hva.2019.12.037. [19] FELWF, AT . JEF KGR ) PSO-BP 1 4 M 45 1) 5
YANG Deng, YANG Junjie, HU Chenyang, et al. B SN E]. TFRE R AE7,2019,33(1):29-33.
Short-term power load forecasting based on improved DOI:10.13991/j.cnki.jem.2019.01.006.
LSSVM[J].Electronic Measurement Technology,2021,44 JIANG Hongyan, BAI Yuqing. High-rise residential cost
(18): 47-53. DOI: 10.13296/j. 1001-1609. hva. 2019.12. estimation based on grey correlation analysis and
037. PSO-BP neural network[J]. Journal of Engineering
[16] ZHAO H R, HUANG G, YAN N. Forecasting Management, 2019, 33(1): 29-33. DOI: 10.13991/j. cnki.
energy-related CO, emissions employing a novel jem.2019.01.006.
SSA-LSSVM  model: considering structural factors in [20] X454, 88 ) . 3 T RF-PSO-LSSVM f &= /2 @ 5130 5
ChinalJ]. Energies, 2018, 11(4): 781. DOI: 10.3390/ T30 RS T [T 4 V0 B TR 222 4R (B SRR ),
en11040781. 2021, 18(2): 49-56. DOI: 10.19951/j. cnki. cslgdxxbzkb.
[17] XUE J K, SHEN B. A novel swarm intelligence 2021.02.007.
optimization approach: sparrow search algorithm[J]. LIU Weijun, ZHAO Wei. Risk prediction of high-rise
Systems Science & Control Engineering, 2020, 8(1): 22— building project duration based on RF-PSO-LSSVMIJ].
34.D0I1:10.1080/21642583.2019.1708830. Journal of Changsha University of Science &
[18] 4> T, Z5 8 5=, 80 7 . 356 F oho b Rk 48 B vk M 1k Technology (Natural Science), 2021, 18(2): 49-56. DOI:
LSSVM 11 F5- 1 R H 2% 0% B T000 A L[], e 7 0 o 10.19951/j.cnki.cslgdxxbhzkb.2021.02.007.

i AR, 2022, 45(1): 70-76. DOI: 10.19651/j. cnki. emt.

Research on residential project cost prediction based on SSA-LSSVM

PENG Junlong, HU Ke, WANG Mengyao, PENG Chao
(School of Traffic and Transportation Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: [Purposes] This paper aims to improve the accuracy of construction cost prediction, and provide an
important basis for the early investment decision of the project. [Methods] For the characteristics of
high-dimensional nonlinear relationships between small sample data and the characteristic indexes of project cost
in engineering practice, a cost prediction model (SSA-LSSVM) based on the sparrow search algorithm (SSA)
optimized least squares support vector machine (LSSVM) is constructed. Firstly, the input index data of residential
project cost is processed by principal component analysis to reduce data redundancy. Secondly, the SSA is used to
optimize the regularization parameter ¢ and the kernel function parameter o in the LSSVM model to help
determine the parameters of the LSSVM model. Finally, the processed data is imported into the constructed model
for training and prediction, and the model prediction performance is evaluated by three metrics, that is correlation
coefficient, mean absolute percentage error and root-mean-square error. [Findings] SSA-LSSVM model has better
generalization ability and prediction accuracy compared with LSSVM model, LSSVM model optimized by grey
wolf algorithm and back propagation neural network. [Conclusions] The model built in this study can accurately
and efficiently predict the actual residential project cost, which can provide some reference for the pre-project
investment decision.

Key words: residential project; cost prediction; principal component analysis; sparrow search algorithm (SSA);

least squares support vector machine (LSSVM)
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