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The model of multi-scale alternate positive negative feedbackics
and its applications
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Abstract: Combining with the material systems whose state changes from stabilization to revulsion and then re-
stabilization to re-revulsion due to quantitative and qualitative changes, the mathematical model of multi-scale alternate
positive negative feedbackics is proposed based on ideas of the alternate positive negative feedbackics. The equivalent
positive and negative feedbacks are introduced into the model and are discriminated by the state change speed as the first
scale and its acceleration as the second scale. The states stability are divided according to the change intensity of the state
and the trend of changes, and the above mentioned variation is expressed in the form of dynamic equations. The model
establishing method is simple and easy to implement, and it is a general model based on observation data without needing
the internal mechanism of the system or priori knowledge. The model is applied in time series forecast, and based on the
air quality index of AQI data and the index of PM2.5 which is the main atmospheric pollutants, the model is established
and used to forecast respectively. The results show that the model can reflect the variation of the system accurately and be
effectively applied to forecast and has high precision. The model provides a novel and effective means for modeling and
forecasting of the complex system whose state changes conform to the above law.
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1 5|3 (Introduction)
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Fig. 1 Change-speed dead-zone superimposed function
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BT ZHRD), 15 20 AT R E G (2 (k), 22(K),
g (k) S HAR S
4) HHATEIA T SEROE RBER 7 NS HU R,
FERT LAER— OB S 1 s ANSEAE St X I, BRI
SdeZ(fE2(k)7 Q1BP1, X1EP1, X1BN1, alENl)a T,
SdeZ(M(k), Q1BPs; X1EPs; ('1BNs; OélENs)
HOTE SRS R E 11, o SV, R PEASE 5
J& T [a1pps, cupps IX Al (B[ a1 pns, ] DX AN TR
N zyn (k + 1) TEAER Qs, o oR R IREAL
AT BEAE R 5 — i i RORE () 2 0 AT E X S I ek 2
MREROE R, 0 = 1,2, -+, 5. /5L
Qs = {xmi(k +1)s, 152,
HA5ZEA T ITCE o (b + 1), 00 NI 8L FRfE
RHAx (k4 1)5 0 W sASFEIX B 110K H50) 1F S5 ot R 4
0041,1» 9@1,23 T, 9a1,sﬂﬁﬂﬁ(16)?%§m
1 5
Ou1s = — i: ($1(l€ +1)5, — 2w (k + 1)5,p)
©s p=1
60=1,2,---,s. (16)
FARAS, 56 A3 RS o S A St
857
SdeZ(u’U:’,(k), Bisp1, Biep1, BN, 51EN1)a Ty
sdez(xg,(k:), BiBPuv;s B1EPY, B1BNvs /BlEN’U)
W TE R RS a1, WU, HERE A £
J& T [B1ppy, Biepy ) DX (B[ BNy, Brenyg | DX [E) FT A
Ry (k + 1) T AEES,, HohnR s R APRER
A AR A 3 A ROBE () 2 S AT BEIX B 0 ek
RS SOE R, n = 1,2, - v 5%
Sn = {le (k + 1)77,7' zrrn:h
HA5ZEE Tt Eew (k + 1), A LR R
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Ty (ke + 1), W/ FE B 1 88 510 IF % 8 2
%&TB1,17 Tg1,2," " 7Tﬂ1,1;ﬁfﬁﬂﬁ(l7)?§fiu3
1 =
g1y = 71_7 Z (ml (k + 1)7177 - li(k + 1)7777)
n =1
77:]->27”'7U‘ (17)

S) HEAT TN, $A% T A, 26T F R B e 2
BT 58, LA ROE I B o 1 2 B R 4 R,
HEAT I R H 20 T, L & 5

gk+1) =
Cl(‘rl (k)7 $2(l€), T 7‘rn(k)) + 9&1,1 '
sdez(Axy(k), ai1pp1, 01EP1, C1BN1, CaENT) ++ - -+
easJSdeZ(Afl (k)7 Q1BPs; X1EPsy X1BNs; alENs) +
T51,1Sd€Z(A2$1(k)a 51BP17 51EP1, 513N1, /BlENl) +
et Tﬂu,1SdeZ(A2$1(k’)a B1BPv; B1EPY,
ﬂlBNva ﬁlENv)-
% SHEAT S A Hh T, ST A5 B T .
4 SEEHKE(Example verification)
4.1 HpH1(Example 1)

AR, A RS2 B AT G . Ul
FERFVM AR 2 U v AR R I, 5T
TR AQIFRFIB R, V5 Gy I, 1% br S
TR YRR MR (A BRI = 4R 2(AQI)
F AR I E GRAT)) (HI 633-2012) (K58, 25305 Je 4k

KXoy BG4y RN 1 7R, g0k, v
Gt B, o N e B 2.
A1 ZRFRBEINGBRILBR 55
Table 1 Air pollution index classification and
level classification

AQUEE g AR
0~50 —% 75
51~100 % R I
101~150 =2 BEEY
151~200 Uk HhEvS G
201~300  Tigk  EETGH
KF300 NG EEGY

TGS — AL G, 76 5 I )R b A
G YR FE 5% BIVF 22 IR 25, DRI 1T 7 2 L
T (2505 YA R AL 24 PR HE. SR, BUAR 2S5 YL
—RE RGN AR, MWK R R Z, HHA A
(1) P Re— AR — PP Aa— T AR AR A

EEXHX — RGUHRME, AL S R AQITR
BRI A 51, JEF- M0 EHs, 1 EE R Zep LB, gy L
T2 R IE S BRI fT 25 < E F R 2
AQIL HE B IRV fff () FU48. ) P Hs 00 1) £ BT 300> %
A A IR, Ja 4050 7E R MR Eds, #5556 7
WP RE. K FH DY G DY IR 2 4l 2R 8 W g5 A, R
MATLAB7.0%% 5 2 L% IE 61 R A8 e i AL R 7.
TR TR 45 5 S BRSO LR 2 .

A2 RERSE R4 RATIE

Table 2 Prediction value and the actual value comparison

P E S SRR 5 TR &5 3 SRR

1 TR TR (R 21 (R —HWF

2 YRGS TR(RER) 22 hg(ERLSYY)  WEHRCPETESY)

3 EHERETET) TR(RAT) 23 AEERTSEY)  ASHOTEGH)

4 SRR SRR 24 HPCEREGG)  ANHRGEETGSRY)

5 PURCPEREG SgROEETEE) 25 HZCERSHY)  ANHOTEGH)

6  HEREES) SHROREEY) 26 DUR(CPREESRY MRS

7T ZHOREEEE) ZHERETEEY) 27 TR(RAF) —RAF)

8 TR TR 28 SRSV TIR(RAF)

9 CR(REF) TR(RA) 29 DT REEERY  ZHOREEGRY)
10 PURCTEESSY)  —ROEREETE L) 30 SROEREEERY) SRR
11 UgehEsgy  NRPEST) 31 PUChBEsEy  NRCPETSTY)
12 TR(REF) TR(RA) 32 DGR REERY) PGP EESSY)
13 T(RER) TR(RER) 33 HEEEY)  HREETGTH)
14 ZgRERETEE) TR 34 MU (hESE)  HRERTEE)
15 TIR(REF) —HAF) 35 WUgChBEESHYy  HRCERETGHY)
16 “HCREEGYY) TR(RLF) 36 CZ(RE CR(RLF)
17 =BG TR(RE) 37 CR(RE) TH(RE)
18 =RV SRR 38 DUZR(hBEsgYy DRSS
19 ZZEESE) SROEEETETR) 39 AZMCERTSEY HHRCEERTTH)
20 TR(REF) —RAWF) 40  TR(ERLGH)  ANBROTEGHY)
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h T IR TR LG, A b B Al ] 2 4E
Z& & M AL A (multi-dimensional taylor network,
MTN). /N A 25 Y 2% 45575 (wavelet neural network,
WNN). 3) & # 4 ) Z$ELM AN 4 (ELMAN neu-
ral network, ELMAN). 15t & 5154 AL BPAP 28 ) 4%
1% 4 (back propagation neural network optimized by
genetic algorithms, GA-BP) DL J 1% [r] F 1 28 [ 4%
RBF #% Y (radical basis function neural network,
RBE)EAT 1 0f L, ZEAH RN ZRAE AR S () At 145 21
(R 3Z A0 WX A< AQIFHU N 25 SR (156 EE Il 43 i) 2
Fl4FIE S P,
400 —

350 F —— SEFRE
—o— AT
——MTN#A

300
250 -
200 -
150 - i
100 rgog¥ \A
50+

AQIE?

K
4 RIS L
Fig. 4 The first chart of the results of different models

comparison
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0

RE
5 AR ES HORT L2
Fig. 5 The second chart of the results of different models
comparison
ERRSIR AR AT LUR H, RAA SRR 2 R
JEIE AR B e AR ] AREA T AQIFRETIAR, JF:
HARBE TG UMY, A ORI BAT BT (R T
H1 P40 115 A SORY ) 24k i 2 m] LU
TEV R BOZA R TR AR AR BE4f, T2
DRIA 3% i B S sh A 122, SR 22 4R 2R 190
7 gk gt 1 2 TR ST LU Rt 33 S B
Y. A2 BH i LA R B B, AR SORE R A 1 B

AR S TR R DX 3, TR 5 A ik B ARG,
PRIZE T R B AR AR5 A0 TR PR 2 B B, X
WG P Rb T B, BT DR FE AR R 22, S — T
T, AR SCBEARSAE JEAT 1 S it X 38k 2 5005 R,
] R FH (A2 AFDG) T8 B (0 B0, 1 AR B 4 1)
A A N 1 S5 55 DX 311 S8 S HOHA T A AL,
TE AR TIARORS A — e s, AN 2 b T LR JS
St e .

K5 M5 22 (RMSE) AR X it 72 (PERR) 1
AR IAPERE VRN AL, X 140 [8] 5 rh AR 2 404N
IR TIRR Z VA TS5, Goitah R a3 fns.

& 3 AR £
Table 3 Comparison of predicting errors

i) RMSE  PERR
ACHR 3923 0.056
MTN 41.90 0.064
WNN 59.41 0.129
ELMAN  67.95 0.169
GA-BP  71.48 0.187
RBF 72.68 0.193

o, RMSEFIPERR M I5E X Ky

N
3 (ylk+ 1) =k + 1))*
RMSE = N ; (18)
N
> (y(k+1) — gk + 1))
PERR = *=! - , (19)
y2(k+1)
k=1

o y(k + 1) RSB, §(k + 1) I BERAE, N
TRERFEASL

3% b g SR ] DL B, A Sy kT LX)
RS AQIFR B AT A i, - HAHRR T 24k
(1) 22 2 72360 X FRNAE TR (MITIND) « 7N A 45 X 24 A Y
(WNN). ZIAMZL ML ELMANFA (ELMAN) LK
R SINL 4 GA-BPRIRBFAR Y, K8 5 1y
4.2 HA|2(Example 2)

PM2.5S¥EHM BT S8 2 v 5N T
2. 5TCK IR, e KR E B R 2 —, K
ASIREE TR DL N R A o s, RS
B R R R, R AR YR . AR,
BRI R 4 A AR, FE T HUE A 2 A
M. B TPM2.575 Y da At FoAa AL 1) « P Aa— Jil
AR — PR PR — FRJRIAR 7 AR, AR SO0 I R T2
T2 R IE AR AT 8 10 2R GE SRR R TR 5T
MARKFH DY TG VY IR 22 4 2 80 0 4 A4, R R IV 380 )
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6354 H *F-3PM2.575 4 5 B4l I 2 s, )
301 H V- 3PM2.515 AR50 VE 2y AR s, 656 T
MPERE.

Sh T S G M e BRI P B, A SOKE 22 R IE R
AT 75 2 Y22 R (MTN) |
A HI 15 BP #2845 155 7Y (BP). 3] & #4844
ELMAN & % (ELMAN) BL A7 /N 35 Al 28 W) 2% i 7
(WNN) [T 45 AT T %68 L, A5 AR S0 &% SRt
EE L3 ol an 6 FE 7, iR ZEGe it iR 4.

1000 T I T T T

goof kbR .
o —o— AR
En 600 - —a— MTNE R m _
2
= 400
Aey
=K
= 200
d4 0
o
>
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_400 1 ]l 1 1 1
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R 7l
6 AFHETIPM2.5 g X P 1
Fig. 6 The first chart of PM2.5 predictive value of

different models comparison
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Fig. 7 The second chart of PM2.5 predictive value of

different models comparison

& 4 PM2.5TURIR 221
Table 4 The errors of PM2.5 predictive value

comparison
o RMSE  PERR
VN it 55.55 0.070
MTN 65.46 0.098
BP 169.69  0.656
ELMAN 14232  0.461
WNN 146.58  0.483

i IR AT LA Y, PM2.575 Yed g Bl & —

A ghax ok B R B A E N AR R M RE O 1)
ELMAN 28 [% 28 152 R A7 00 i, J0KS BEAL T
A HIBBPHIZ WY 2 A5 T R FH 2 T/ N padE A T s
TR /N e I 2 SRR RE AR RS P E S T
A HI BP0 25 4580 R F0ll 45 5. SR, MIEL6
K7 kA LLRH R Y, 6 PM2.575 G fa 20X Fp
Sy 0 A R J 5 A A R A e 1k B 1) 3 471, AR
SCRTHEH ) 22 ROBE IE A7 S A e B AR AR T e
JURPARZ, LE 000K 52 7 1 5 BA AR

4.3 iR (Result analysis)

g A Bl PSS TN S AR, 2B IR ) gh 3L
JiR AL

T 58, AT VR R T 45 AL T Al 2 42
B0 72 (MTN), Ji PRIAE TR PR () A A 1 R F AR
AN BE 53 A R SR S SRR A IR B — R A 5t
€ UL, ARHEIRAS AR AR ZUREE DL AR AR A a3,
PR AR e M B IR e AR SO S ZEAHT 05, AT
LEVEAN, X AR,

AR, NRIFNR AT LG th, AT AR T
28 W 285 73, TN R A O R B B4 v, 4 B 3L
JRR EEAE T, BT N 2% 52 sigmoid PR AL BN AR 7]
FE PR B R, 49 20 6 2 — Jon b AR Ze kP Aa 22 07
J7 R, il H R RSB KB ) 22 1, 24k
AR T A RN, P28 0 268 A G2 3R 150
SN IOES

AHEE T 28 X 29 53 L e I () e 270 T 7 9, AR
ST ERA S TS B e R sy —.
BRI — ST, Ak 2 m=Xan iR
ARG ME U I3 2y, W] AR R € A
AP R A 146 B R A 2004
MR AR MR Bl )22 R GE, T SR 0 155 284 1) A A At
1M HL, %30 ) 2RI 5 I NSEROE S B R st AR
SR R G R E Mg B, MM AR aF Hh DA e U R
ARG AR A, 1 B A S Y T vk AN R
%11
5 %58 (Conclusions)

A SCAE I A R AS R v A AR I 2, 5T GHR
Afhl s, P2 ORGSR B SR AR N IE
FEAE A 8 20 E SRR AR o ROBE () 22 ROBEIE A7 S A8
BeHer il i il RIS RUE M 5, 2
— Rk S R A S YR G AR~ A —~
FPAa— PRI AT 455 1 R GE B ) A%
. 3R A AU R TR bR AQUR ORI R < 2
JeWPM2. SHR BT I FHAFF 5T, I 5 a2 di e
W 5 3 LA S L i 48 ) 286 RS 7R Tl & SR BE AT %) B
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B8 R W, A AR ) LORE R 48 AR S AR X
A LS ) AR R SN AR,
B0 Hs S IR P2 i 24 A A R e T e 41, S0 H
A7 5 RO A T, R S BUX AR AR I R 2 R
GUEB SIS AL T —Foprastim A7 2 T-BL.
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