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Sales Forecasting Model for Steel Product Based on IIGA-BP Neural Network

CHEN Yong-Dang"?, CAO Kun-Yu'” '

'(School of Mechanical and Electrical Engineering, Xi’an Polytechnic University, Xi’an 710600, Ghina)
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Abstract: To eliminate the shortcomings of low precision and slow convergenée inthe sales forecasting based on the
traditional BP Neural Network (BPNN), this study proposes a new model based on an Improved Immune Genetic
Algorithm (IIGA) optimized BP neural network. IIGA pfesents a new way of population initialization, a regulatory
mechanism of antibody concentration, and a design method of adaptive crossover operators and mutation operators.
Therefore, the convergence ability and global search ability of [IGA are greatly improved. In addition, IIGA can optimize
the initial weights and Athresholds of the BP neural network and overcome the drawbacks of output instability of the BP
neural network and proneness to local minimum induced by the randomness of network parameters. With the past records
of sales figures in a steel enterprise as an example, the BP, IGA-BP and IIGA-BP neural network forecasting models are
built with Matlab for simulation comparison. The experiments demonstrate that the precision of the IIGA-BP model is
23.82% higher than that of the BP model and 22.02% higher than that of the IGA-BP model. The IIGA-BP model
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possesses better generalization about steel sales forecasting and more stable forecasting, with errors basically in the range

of —0.25 to 0.25, and its forcasting precision is dramatically improved. The proposed model provides a more effective

method for sales forecasting in enterprises.

Key words: BP Neural Network (BPNN); Immune Genetic Algorithm (IGA); grey relation analysis; principal component

analysis; sales forecasting
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=1 =1

n—1

XX A, : g "

(2) 5 R ORAE(E AL, A2, -+, A IXS L IR ARFAE )
%aif (a'il Qi a-dip)

« 3) M RSN Him (m < p)

— PR Y BT DTERZ IR F 75%-95% I, XF RV
T mA™ 3 70 wh RE A8 A0 25 Ji R K0 48 1 4K 2 B 45
B 7 ZE TR A R T 7 Z TRk

s l9]= 1729'” ap; nyg**j:)é‘i&;
B

A;
ni=— (17)
>
k=1
n(p)= ) (18)
i=1
4) WEERAED
Y = (fov)nxm (19)

Favt » Jov=a1 Xp TaXp2t -+ QypXpp, b=1.2,,n,

v=1,2,---,m.
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¥ ER I FEEE T Matlab 2018a “F &9 B 1T E1EF,
{#i Fi] princomp B8, 15 H SHEAR R R I TTHRE, 458 3.

R3S E MR & 5 2 DTk

B ! TTHRR (%) BT (%)
1 6.0981 87.1159 87.1159
2 0.5126 7.3231 94.4390
3 0.2682 3.8320 98.2710
4 0.1097 1.5668 99.8378
5 0.0082 0.1177 99.9555
6 0.0019 0.0270 99.9825
7 0.0012 0.0174 100.0000

HIZE 3 LA, A 3 D E i s 7 At A
2 95% LA RIS B HORBUT 3 > B UE R
SRIR I M08 52 B R R A N e A I B N AR AR . %% R a)
MG ME, Wk 4.

K4 EWOHEIE S

FEh EQ ey F2E WY H3EWIY
1994 -2.6038 | | ~0.1997 -0.0343
1995 ~2.5023 -0.1639 0.0406
1996 ~2.4830 -0.2430 -0.0127
1997 ~2.4440 -0.2371 -0.0087
1998 ~2.5474 ~0.4471 0.0603
1999 ~2.4968 -0.4104 0.0450
2000 -2.4314 -0.3587 0.1279
2001 -2.3001 -0.2258 0.0206
2002 -2.1332 -0.1324 -0.0363
2003 ~1.9896 -0.1988 -0.0190
2004 ~1.4505 0.3185 -0.1459
2005 -1.1421 0.4198 -0.1178
2006 ~0.5703 0.7382 0.3011
2007 -0.0188 0.9687 0.7112
2008 0.3801 1.0403 0.3916
2009 0.3765 0.1982 ~0.6048
2010 10723 0.3459 -0.2263
2011 1.8387 0.6743 ~0.3690
2012 24422 0.6479" '\ . —014543
2013 3.1632 0:5759 ~0.5956
2014 3.7665, 105977 0.2633
2015 40745 & 0.4729 0.7509
2016 3.0988 ~1.1998 ~1.6321
2017 3.5499 ~1.2541 0.6671
2018 3.3506 -1.9273 0.8771

b, LA 18 SR A N7 I GREE, IR 7 5%1EN
P I UE SR, T30k % 22 . HEFE 7 /2 /£ Matlab
2018a [P LAl b SEIN, 72 4L EE 45  Intel(R)Core(TM)
i5-5200U CPU, RAM A 4 GB, iz2{7¥535°A Windows 10
(64 £ir) AN ATHENL AT 07 . BP #H4  48 fa
B EAL SR BOR M tansig B8 fa tJZE A% 3% B HOR
purlin B8 %0 I 2R ECK A trainlm bR ET; B0 B8 BUR
F Sigmoid B& %%

Fo & R BN E, B S 30 A FORTHH
VTR TE EE, FEEAT BP A I 25 A B i A T
AL v

| = mrnra 0)
KA g me BB IE . R R R T
ANE MR ATIR T B 110, 8 R W N a2
T RUEL, DA R 22 N AR, SREUR R 2
TR S VR, YRR S EC 10 B, f
RN, SN 8-10-1.

LW SHRE, MK S, K.

%5 BP #HAMESHKE

L oNIER e mEwE R IF] a2 H
1000 0.0001 0.1 5
K6 LI SO E
TR AR VIR AR = AR AR
100 100 ' 0.75 02

3 PiEsE
3.1 LRMERSHIZE

AT 36 R SVA T RE, DAk A A 4
Kol 5 N BIHEAT I0AIE . K R AR 2 3 A E
M VENFREA, 7ECA M & B SHI 25 %5
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-
32 WL IERES T

“IGA B 5 TIGA BT F e P B kA i 2%, 4
K 3.

EH ] 3 T 2, s ) f g 0 AL BVE RS AL AL, 54 AR
PUJE, P A0 45 SR IR 3 S FE ok (BB e T F20E, 490
2.2961, RPN AMAESLE AR AT, G igtfh Hik
TR TE BB R BUE N 76 AR5 B i e e AE 1.7294
Fe A, HBAb G S il 26 R 5 I 5 AR 2R B Sk I A
FE WAL A LE AT Ak I 25 2 B0 AR B BT 4 i
14 B 8 0 AT SRV AR,

HAr®2z 4 107 i, BP. IGA-BP. IIGA-BP =i
X 2 A A )1 i 22 Hh 2k, W 4.

FH P 4 T A1 TIGA-BP 53, YN kAt HAN S8 % 4
P, ik i b, 7E55 S AR A MR S AR IS, X
P N F RS, X5 AN XNE T BRET
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) G N WA 0%, T H, IIGA-BP #1448 W 4% 48 5
23 L JE I B H bR iR ZE
65 Wit L 5B B H AR iR Z, 1M BP & W44 T
100 Vb Ak 5 I 4538 28T 6.253x10°7° BN SR 5 5t
Mo BTGk k. WO, SR FH O e g% 8 AR SRR AL I
BP #2845, 7532 5 I 2% W SIOR BE, FEAIC BP X 45 [

N J= AR AR PR AT e R A R s A .

1.8

1.6 |
14 |

R EE

0.4

2.4

22 ¢t
20
1.8

1.6
1.4

&M

1.2

1.0
0.8

B iR %

12 ¢
1.0
08 r
0.6 1

THIE R
- RORERE

0

10 20 30 40 50 60 70 80 90 100
HEAL AR
(2) IGA BERYIE 37 52 bR it b it 2

STE R
-

0

10 20 30 40 50 60 70 80 90 100
HEAAR KL
(b) TIGA BT N B pR H0H Ak ith 2

B3 R R it h 2k

----BP

IGA-BP
——IIGA-BP

20 40 60 80 100
HEAAEL

4 3 PRI ZRiR 22 i 2R

3.3 BUARBITUNAEE 2R

D LA 3 RIS T (1 1k i 22 7

, IGA-BP #1528 4 i

, S0 TIE T AR

BRI HERA M . &, % BP. IGA-BP. IIGA-BP ##4
WX 2% AT B SR 56, Mhoris T 20 kG 5. B 6
HIfH B 45 R

x10*

w
W

—a— BPTRIIMA
IGA-BPFill {4
—e—IIGA-BP Tl

Now
w [}
T

—
W

BB BT
=

—_
S

05 |

TR A
Bl 5 3 7 R A R AR FTIN0 4 o L P

0.8
0.6
04
02 r

AN 72
(=}

-02 |
-04 |
-0.6 |
-0.8

—o—BP
IGA-BP
—o—IIGA-BP

1 > 3 4 5 6 7
TmWfiZK
6 3 *‘Pﬂ%i‘ﬁii‘ﬁ{ﬁ' *HXTB%EXT =A%)

\;EE 5. K 6 51, BP fh 4 W 2 B A IGA -
BP 1225 o) 4 40 72 5000 35 P % 2 2 W A
IIGA-BP 4125 [ 28 f52 70 T 254 1550 R /S, A% 2 FE AR AR
FETE [-0.25, 0.25] 2 0], T4 5 o e, TR fE K
i P

T S EOW M R 3 RO L I TR B, SRR
B4 B Ay LR 22 (MAPE). Y977 H% % (RMSE) F14H
3% R E(NSE), 335 VP 3 Bl 45 B8 (1) 1% 22
Fahr.

N
1 lyi — Jil
MAPE = — @1

_ |1 > a2
RMSE = ﬁ;(yi—y,) (22)

Software TechniquesAlgorithm #1F4i R F%: 145

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

20214F 55303 %5 103

M G5
-5
Al vy 56 Bt £ 5 TR L 5 A9 5
PRI N A BB AR

3 BB T 5 PO T E N 7 . 3
426 BB TG BT L, 1 8.

NSE=1- (23)

HHZ% 8 WA, IIGA-BP & M 45 1AL (1) MAPE A
0.1372 FIXT T BP i 48 W 25 A5 7Y F00 00 K P 3 v T
23.82%, AL T IGA-BP #1128 M B R [ T AE 2. 5
TIPS AR L TIGA-BP #1248 0 2% 158 1) RMSE 18 1
AN, BB HR 22/, 2 ARE JT 9. TIGA-BP #1450 [ 25 45
T NSE 49 0.9909 AH LEH B W AR, AR HL A 5
UF AR L MR FUA RE 7, TR0 ) A e MR BE v

RT3 PR TNE S SO R EE (FT )

RO ern D T gaserin AP g gyl MOAPPIINT
i e ! i
2004 11140.66 11246.90 106.24 11548.39 407.73 11.823.16 682.50
1997 3681.89 5039.38 1357.49 5404.13 l72).24 4572.67 890.78
2010 30798.90 15368.12 15430.78 23763.54 7035:36 31544.44 745.54
2009 25989.76 7564.83 18424.93 17948.37,". 8041.39 24001.47 1928.29
1995 3311.23 5013.78 1702.55 5386.58 2075.30 3969.28 658.05
2002 7205.60 6193.65 1011.95 7959.45 753.85 7740.85 535.25
1996 3448.45 4776.73 1328.28 5959.06 2510.61 4435.11 986.66

8 3 F RIS FE L L

TR X 4% MAPE RMSE NSE
BP 0.3754 9142.7421 0.2596
IGA-BP 0.3574 4284.0378 0.8374
IIGA-BP 0.1372 1016.0461 0.9909
4 ZEi

ARSCEEN BP 2 M EAE A T P AN L. B2
TRt S gt A SR AL BP 22 R 45 1) 4 45 T
DAY, S0t () S BE B A% SRR TR IO R RE KD 46 4L
i PUARIREL IR e X AR H i
JSL SR BT I 3%, PRAE T RREZ AR, R 1 A
Wesiie /1A FAILRE 77, A St ) S e AL 5E 9k BP

W0 288 RO AE 15 2R 2 1], RS e P BUE AT R L, e 1 BP

P9 265 55 B3 Nl S R AR 1 R sk e g ST A4 7 TIGA 4%
A £ A 85 TR AR O BP. IGA-BP #1241
SO TR S0 AT A TR, 2 B I 3 S Sk A IR
L5 1) BP #4202 FAT B 34 e I RNZ AL R
TE 2 i A5 L FRA FE AR SC SICHE FE 11 ] B, T 40 T 1Y
LR GE R, FRAR T HEAARER, TN % H A R B (H
T 48 I R B e b, IR IR AN 56 3, 5 B A
TOMAS BEASK . W FFIRANIE I, vt — 58 Kl
KR AL, MR AR 1) 2 ) R, i TIRS B

SE 3k
1 Crawford S, Huang Y, Li NZ, et al. Customer concentration

and public disclosure: Evidence from management earnings

146 A4 ARH % Software TechniquesAlgorithm

and sales forecasts. Contemporary Accounting Research,
2020, 37(1): 131-159. [doi: 10.1111/1911-3846.12526]

2 Zhang GQ, Patuwo BE, Hu MY. Forecasting with artificial
neural networks: The state of the art. International Journal of
Forecasting, 1998, 14(1): 35-62. [doi: 10.1016/S0169-2070
(97)00044-7]

3 Martinez A, Schmuck C, Pereverzyev Jr S, ef al. A machine
learning framework for customer purchase prediction in the
non-contractual setting. European Joumal of Operational
Research, 2020, 281(3): 588—-596. [(fbi: 10.1016/j.ej0r.2018.
04.034] - - "

4 JRUINE, BT, da) o, JH2% B BTy 5 SR
éR\Iik,-ZON, (3): 68—72. [doi: 10.3969/j.issn.1000-4033.
2020.03.017]

5 Frank C, Garg A, Sztandera LM, et al. Forecasting women’s

=

apparel sales using mathematical modeling. International
Journal of Clothing Science and Technology, 2003, 15(2):
107-125. [doi: 10.1108/09556220310470097]

6 FIEH:, £, FiE. BP #4245 7F % 07 B Ak 4 B T
FRRIA. TV TS, 2010, 13(1): 105-107, 121. [doi: 10.3969/
j.issn.1007-7375.2010.01.021]

7 Qin YQ, Li HM. Sales forecast based on BP neural network.

2011 IEEE 3rd International Conference on Communication

Software and Networks. Xi’an: IEEE, 2011. 186—189. [doi:

10.1109/ICCSN.2011.6014419]

B, E R, K. FET BP A LT 5 A T
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