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Research on subcontractor selection based on BP neural

network and entropy grey target method
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Abstract: With the development of subcontractor specialization, the choice of subcontractor becomes more and more
important. The improper choice of subcontractor will bring more risks to construction. At the same time,
subcontractors also have problems such as difficulty in determining control price and single evaluation method when
bidding. Therefore, a two stage subcontractor selection model based on BP neural network and entropy weight grey
target method is proposed. Firstly, the conversion value algorithm is proposed, and the conversion relationship
between the contract price and the subcontract price is found. Based on the previous engineering data of S
Construction Company, BP neural network is used to predict the subcontract tender control price. Then the
comprehensive index evaluation system is established, the index weight is determined by entropy weight method,
and the optimal subcontractor is determined by grey target decision. Finally, taking the actual subcontracting
process of S Construction Company as an example, the feasibility of the selection model is verified. It provides new
ideas for subcontractors’ choice.
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Fig. 2 BP neural network structure diagram
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Tab. 1 input and output data table
T WiH HEILTHE MHETE EHRTE WETE HATE EETE fRIETE BKTE
RALM 226. 34 271. 26 251. 54 189. 88 12. 81 66. 43 24. 2 8.51
THE 1 Sy 142.13 120 230 200 14 53 18 10.5
K i 0. 63 0. 44 0.91 1.05 1. 09 0.8 0. 74 1.23
RAM 228. 6 280. 45 268. 48 208.5 14. 51 68. 33 25. 8 10. 22
TFE2 s 155 135 252 210 14 75 20 11
K 1 0.68 0.48 0. 94 1.01 0. 96 1.1 0.78 1.07
FRALM 215. 26 265. 46 248. 54 192. 75 13. 34 64.2 23.9 13.2
T3 S ALy 148.5 122 225 205 15 63 19.5 11.5
K i 0. 69 0. 46 0.9 1.06 1.12 0.98 1.23 0. 87
RALM 177. 8 187.12 321. 8 193.91 17. 4 65. 2 29. 3 7.91
T4 ALy 144 123.5 251 223 16 58 22 9.5
K i 0.81 0. 66 0.78 1.15 0.92 0. 89 0.75 1.2
ALY 188.51 203. 45 285. 62 195. 33 16.5 66. 74 26. 3 9.6
TS A 135.5 104 288 186 14.5 76 32 8.5
K i 0.72 0.51 1.01 0.95 0. 89 1.14 1.21 0. 88
RALMH 196. 37 205. 85 275. 32 196. 44 13. 65 67. 24 24. 8 9.27
THE6 S 120 96. 5 248 218 15 50 18 11.5
K1 0.61 0.47 0.9 1.11 1.1 0.75 0.73 1.25
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T WiH HEITRE HETE ZHRTE wETE HEATE EETE fRETE PBKTE
A 170. 45 248. 07 212. 96 183. 33 13.33 63.15 16. 94 15. 82
T 7 S 150 129 230 198 16 60 20.5 12.5
K 0.88 0.52 1.08 1.08 1.2 0.95 1.21 0.79
ARALHY 167. 4 223. 2 310. 1 188 17. 37 78 24.7 8. 85
TS AR 154 125 245 220 16. 5 58.5 21 10
K 1 0.92 0.56 0.79 1.17 0. 95 0.75 0. 85 1.13
FRALM 198. 63 158. 73 327.05 201. 09 17 67 25. 86 10. 33
T S ALy 165 76. 2 333 205 19 68.5 30 8.5
K 18 0.83 0.48 1. 02 1. 02 1.11 1.02 1.16 0. 82
AL 183. 1 193. 87 275. 82 191.3 13.08 63. 41 34 9.32
T 10 S ALy 130 95 251 200 12.7 58.5 36. 7 9.1
K1 0.71 0.49 0.91 1.05 0.97 0. 92 1.08 0.98
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FEARH e . TR 1 2R 8 & A4k I
TAREH) K {8 . fith 2809 5880k . m=8.

226.34  228.6 215.26 177.8

271.26 280.45 265.46 187.12

251.54 268.48 248.54 321.8

 [189.88 208.5 192.75 193.91

P= e w51 1331 174

66.43  68.33  64.2  65.2

24.2  25.8  23.9  29.3

| 8.51  10.22  13.2  7.91
r0.63 0.68 0.69 0.81 0.72 0.61 0.88 0.92]
0.44 0.48 0.46 0.66 0.51 0.47, 0.52 0.56
0.91 0.94 0.9 0.78 1.01 0.9 1.08 0.79
1,05 1,01 1,06 1.15 0.95 1.11 1.08 1.17
T 1109 0.96 1.12 0,92 0.89 1.1 1.2 0.95
0.8 1.1 0.98 0.89 1.14 0.75 0.95 0.75
0.74 0.78 1.23 0.75 1.21 0.73 1.21 0.85
11.23 1.07 0.87 1.2 0.88 1.25 0.79 1.13]

F 1R B aT A TRE S INGREA, FIL.
A TRRAE A AS ARG B

(2)#3. = )2 BP MM 4% . B N2 8%
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(3) e Fa & 2 F 2 sR %53 9 A tansig
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() EMESE . MEIERIRECH 8 000 X,
W R 107, WK N 0. 01.

G)BAEAR N P RIFEARHE T 5\
¥, 4 premnmx pREH—ALEE . [ p1, minp,

maxp, £, mint, maxt]= premnmx (P, T);

188.51 196.37 170.45 167.4]
203.45 205.85, 248.07 223.2
285.62 275.32 212.96 310.1
195.33 196.44 183.33 188
16.5 13. 65 13.33 17.37
66. 74 67. 24 63. 15 78
26.3 24.8 16.94  24.7
9.6 9.27 15.82  8.85 ]

N IERREAR BEAT NG > [net, tr] =
train (net, pi, £1);

TRAINLM, Epoch 0/8000, MSE 5.67429/
1e-007, Gradient 201.017/1e-010

TRAINLM, Epoch 25/8000, MSE 0. 0241453/
1e-007, Gradient 4. 76289/1e-010

TRAINLM, Epoch 75/8000, MSE 0. 00106741e-
007, Gradient 0. 073398/1e-010
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TRAINLM, Epoch90/8000, MSEIL. 35538e-
008/1e-007, Gradient0. 0089767 /1e-010.

5 2 0000 B 55 SEBRAE B0 R E A 2.

Performance is 1.35538e-008, Goal is 1e-007

TRAINLM, Performance goal met.
HE 3 WIS, ZERHREARBERT 90 K IIZRIE 5 ) g
m
H RSk . :
R TR O TR 10 XPRLTR T Ko 2
r198.63 183.17 T
158.73 193.87 L
327.05 275.82 =
Pl — 201.09 191. 3 10 K() ll() 2‘() 4I() 4I() SI() 6I() 7I() 8I() 90
17 13.08 Stop Training 90 Epochs
67 63.41 M3 #ASHE
25- 86 34 Fig. 3 Sample training plan
L10.33 9.32
2 WMMNESEIREERR
Tab. 2 Difference between predicted and actual values
T Wi H HEOITRE MEIE 4355 IR #KAKIRE RBrIE REIRE  BKIE
i 0 4 0. 857 0.512 5 1. 06 1.074 4 1.192 6 0.946 1 1.208 9 0. 805 2
THE9 52 BRAH 0. 83 0.48 1. 02 1. 02 1.11 1. 02 1. 16 0. 82
W®E/N 3.25 6.77 3.92 5.63 7. 44 7.25 4.22 1.80%
i ) 4 0.797 5 0.487 7 0.963 4 0. 99 0.917 7 1.018 2 1.160 8 0.917 8
T 10 SEFRAE 0.71 0. 49 0.91 1.05 9.7 0.92 1.08 0.98
WE/% 12. 32 0.47 5.87 5.71 6.01 10. 67 7.48 6. 35
BB A, S AT, B (A 5 5L bR 1.4.3  Fadngs R
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Tab.3 Bidding contract price list

LT A2 i T2 ER TR ik TR PR TR 2w TR PRI T2 B K T2

238. 62 296. 45 264. 23 192.17 13. 62 68. 27 24.8 8.8
T B TR R TR RO ST/ /m s ARSI TR A T/ m?.,

W LA A Ry iy NABL RN B A A 68.27; 24.8; 8.8];

P, =[238.62; 296.45; 264.23; 192.17; 13.62; BEMEM R K EILE 4.

F4 HBHRIEKES
Tab. 4 Tendering project K value table
BT HEFE T2 ER TR Wk TR PR TR 2w T2 PRI T2 5 K T4
0.7015 0.465 6 0.894 3 1.106 9 0.987 8 0.757 1 0.844 2 1.221 4

DLSChR T2 M i (i TR A, % H 44
FEHMN BEAT IR

AL E K A, PRk TR KEHR
0.844 2, HIRHBLHHy 24. 8 56/m*, W43 40 45 i 4y
=24.8 X 0. 844 2=21 Jt./m*, W% {56 TR0 45
WiEH T LI E R 21 J6/m”.
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Tab.5 Subcontractor’s evaluation index summary sheet

— R A8 B E 07 PN
WM A 13, 15, 17~19, 20, 22, 25~28, 30
BB K A, 14, 15, 17, 19~21, 23, 24, 28, 29

g

EHEERE S A

ﬁ
TG HIKFE Ay
13

15~19, 21, 22, 23, 24, 24, 29

HEEEEHUKFE A, 14, 15, 17~21, 25, 26, 28, 30

ALY IR K F B 15, 17, 19~21, 23, 27, 28, 30

NFTVEIK P B, 14, 16, 18, 20, 21, 23, 24, 28, 29
Tl H ARG B

BAR N BIKTF B 13~, 15, 17~21, 23, 24, 27.28, 29

FRIE A TR C 13, 15, 17~21, 23~25, 28, 29

I fEE K& C iR C, 14, 17, 19, 20, 23, 25, 28

HRERBA4E C, 13, 14, 16, 18, 23, 24, 29

PR Dy 16, 17, 18, 23, 24, 30

I 45 8€ 1 D

WAL # D,

THFIEZE D,

14, 17, 22, 25, 27, 28, 30

17, 22, 23, 26, 28, 29

2.4 THMERERRENET

(D 2 X m BRI A, Hhnh
FEAR AT, m PR AR
A=

(2) BRI B A bRiEf, 53 R=(r;)n
X m.

B R B I Y B ) B 48 b B b A 2 3K
W

r; = (x;-min{x; | )/(max{z; |-min{x; ) (8)

XoF TR N R B A Y g bR i bR i A 2 5K
wmr

r; = (maxi{x; {-x;)/(max{x; |-min{z;}) (9)

(3) A A TEO 8 bR R (E

A m A4EbR, n A PEPE X R 89 3F f B
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AR AR
H‘:—ﬁzﬁ Xlnf,; j=1, 2, =, m

(10)
Kb, & ARFERE, EEMHEERRN
k = ﬁ,fﬁ - 1‘0/;1‘0 (11)
Y fi =08, & f; *Inf; = 0.
(4) B € T AR AL R
RS j NMERREZ G, md T AR
R E 55 j A FEPREVALE.

w, = (1—H)/(m— > H,),j=1,2,-,m
j=1

(12)
(5). PEM R T %
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M), HAE—J7 209 IF .0 BE &R T 8k % TR
DR A ES, EREOES S it & AR
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S, = \/ij(maxvj —minv,)’ i = 1,2, ,n
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ok J7 %8 5 5 I 780 AR 25 1) 0] [l — A =
LI . I, WA RN O 2 R Y BE
B ST IE IO EL FIR R S MR AN RTE N
ZEEROEES”
B A% 5% 5 B 0T 1 -
(S +(S,)? — 28" Sycosf = (S ) (18)
Pl S it EAR T,
S = S" cosf =[(S")*+ (S))*—(S )]/ 2S,
(19)
TR TERF R TS B0 25 H B AUFE I 47 820 1)

Vo= Imaxv, | jE€J |i=1,2, =, 2| M E NG, BB T I A ], (R
(13)  BIERAEEMIEN = %02, HIER
R A N v B /N ) D D) 6 S s i B IE SO PE B . 25 3 1 N B TF A0
Vi = {minvy [ JEJ 1i= 1, 2, oo n V) sk b gy S RIS ERLO BB S T 5652
HUCHhE IE SR GAARE S° L TR AN
IE4REE S* =S/(S+S) (20)
Szjiﬁﬂmmﬂwnzlj,wu HEAE 157 10 2 4 WU, S MR/ B 1R
" e, R T (15)  OPELE JRRERERS L R
SR 2.5 BT
. BT ROE . AT 4L G R
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Tab. 6 Subcontractors quotation sheet
ST AEEA AEEB SEEC  HEBD  AUHE  SEEF AEEG AU H
WA/t - m? 21 20 20 18 22 22 25 5t /m?

B A% PR TR A 2r AL 4 o 21 Je/m?,
U Zr 5 AL B. C. E WM 54, B
NG BRI
WA ER LR SE bR iR &R, PR B RE
LA FIARRE S, Al fE2E R&s, WH5REN 4 A —

FAGIR LT IBEY 13 A 48R 7 R AT 4R 5
PERE . E BASPREARMATINE, EVERE bR YRR
R AT 5, BRIT R3]

4 RO AT ZVE G /3 4R T 3
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Tab. 7 Scoring system for evaluation indicators
B B B R O HE = A
— R FabR 7 E (=Y — —
AL A sl B AL C AL E
A, 21 J6/m? 20 J6/m® 20 J&/m’ 18 55./m?*
A, 9 8 8 7
5 1 B BLRE
A, 8 8.5 7 9
A, 7.5 8 8.5 8
B, 8.5 9 8 8.5
Ll AREE ST B, 108 96 102 89
B, 82% 80% 85% 78%
C, 8 6 7 8
Al A5 2 K &5 C, 8% 9.3% 10% ™%
C, 96 % 88 % 92% 85%
D, 9 8.5 9 8
Wt 25 6E 71 D, 6.9% 6.5% 7% 6.6%
D, 8.5 8 8.5 8.5
(D) R IRGEM AR A (2) R HEFE A M bRifEfk
r 21 20 20 18 7 ) 0.33 0.33 1 ]
9 S I 7 0.5 0.5 0
3 3.5 7 9 0.5 0.75 0 1
0 0.5 1 0.5
7.5 & &5 8 0.5 1 0 0.5
8.5 9 8 8.5 1 0.37 0.68 0
108 96 102 89 R= |0.57 0.29 1 0
A=|82% 80% 85% 8% 1 0 0.5 1
8 6 7 8 0.33 0.67 1 0
. ) , 1 0.27 0.64 0
8% 9.3% 10& 7% 1 05 1 0
96%  88% 92% 85% 0.8 0 1 0.2
9 8.5 9 8 ! 0 1 1
6.9% 6.5% 7% 6.6% (3) AR
L 8.5 8 8.5 8.5 | B EaR bR FE RN B A AR (10),
BE)SIRREE N T £
x8 EMIBIRBESR
Tab. 8 Evaluation index entropy table
TBhR A, A, A A, B, B, B;
VRl 0. 685 0. 750 0. 765 0. 750 0. 750 0. 739 0.710
EEN G C, G D, D, D;
(e 0.761 0. 730 0. 709 0. 761 0. 680 0.792
() I+ EAUE

MG ERACE A1) 3 8] % Fabr AU E 0 T 3%



553 Mg, SR FET BP B4 SORAUAR B ik 1 A R SR BRI ST 455
x9 TFMERRESR
Tab. 9 Table of weights of evaluation indicators
— 28 hR Y E (=L 7 G YN NI - EPRIR AL — R AEFRAE
A 0. 685 0. 092
A, 0. 750 0.073
o B RE 0. 307
A, 0.765 0. 069
A, 0. 750 0.073
B, 0. 750 0.073
Tl AR RE B, 0. 739 0.076 0. 233
B, 0.710 0. 084
G 0.761 0.071
Al A7 % K 4 5 C, 0. 730 0. 079 0.235
C, 0. 709 0. 085
D, 0.761 0. 070
It 5 6E ) D, 0. 680 0. 094 0. 225
D; 0.792 0.061

(5) PR B B e s % 52
O E S H IR R W AH 3RS 20 AL TE
ARV

roo 0.031 0.031 0.0927
0.073 0.037 0.037 0
0.035 0.052 0 0. 069
0 0.037 0.073 0.037
0.037 0.073 0 0.037
0.076 0.028 0.052 0
V= 10.049 0.024 0.085 0
0. 07 0 0.035 0.07
0.026 0.053 0.079 0
0.085 0.023 0.054 0
0.07 0.035 0.07 0
0.075 0 0.094 0.019
L0. 061 0 0.061 0.061]
@1 % 1E T
E O : Ve = [0.092, 0.073, 0.069,
0.073, 0.073, 0.076, 0.085, 0.07, 0.079,
0.085, 0.07, 0.094, 0.061], fAELy: Vo= 0,
ISR ORI BE S S, =0. 279.
QT & $ g
R4 EaR R (15) ~ X (16) i+ B &4
T 20 ) B B

10 EHEHEER

Tab. 10  Subcontractors distance table

AR SBE A BB DB S(E C AR E
1F 0. 144 0. 189 0.134 0.212
ik il 0. 208 0.132 0.213 0.158
ZEAHREE 0.410 0.478 0. 404 0. 454

A LRSS, SR C
LR SR, ST =0.404. BOEHES MR E
Hbr.

W SEE, fEiZ% s TR TN, Sl C
RIS, TRBEHLLE, BA, e, T
WA HPRIAISEBL . o HAEREATIH M &
W, SRR SEBLE A

3 ZiE

B 238 1 S I e A 4518 AR SR Y 4
B T AT W] AT, B B S A 4 4 A
FEL, BTN R TR AU HE 1 B4 4 ) R I B AR
RREA & A FEE T 20 R . JF HAH BP M4
W2k DL e 0\l AR B A TR R, S e B
Bt Sk T AR AR b AR B9 A, B R i
10RO NN E ey g e AN N S = 4 R R b N
HeAh, 1E5r 0L TR 58 il 2 Jo i 2 B2 ) B2 5t 1% 40 6L
TAEBIPR A, LU OR AN I i BT 2 1E K fE, Rl
ERHOEA TR AN T, KENTREREEE
JnHER, SR SIERE S
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