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Application of IGM(1,1)-TFN model in the forecasting of returns
LIU Wen-jie, FANG Zhi-geng

(School of Economics and Management, Nanjing University of Aeronautics and Astronautics, Nanjing Jiangsu 210016, China)

Abstract: To overcome the disadvantages of the current forecasting returns models, such as narrow application extent
and requirement for more data, an improved GM(1,1)-transfer function-noise model is proposed in this paper. For the lack
of return data in the first stage, the GM(1,1) model improving the generation method of neighborhood system is adopted, and
forecasting is carried out by only using a few data. When data amounts reached to 50, the hidden quantitative relationship
between sale quantity and return quantity is established by performing the transfer function-noise model. Its parameters
are determined through model identification, parameters estimation and diagnostic checking. Then, forecasting return is
accomplished. Finally, an example is provided to verify the rationalities and efficiencies of the model.
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1 5|E (Introduction)

P B A B 10 W U B R RSB A L, 4% U
DYOME G R RGN BE, T2k SEIL AT RE AL R s
T I A I ST AT AT RSB i A A3 A
56 DA KRN TR FH, L0 &8 2 S 1 3 e ms 1R 2%
TRz —, BIIIE T 2 B b AR A OGE. 108
) ) 1) 2 B AE 2 S, [R5 i 5 A ()
DT BAT AN e v, RIS Bk e kLR
TR A 7= BEAE TR DA B IR 7 4 2 2 R 25
SCER, PR i ey R B v A 2R AT 7 i (RS St
8k S 306 i 9 P TR R

H AT, AR 2T 7 b [ Fie i i Bt 51 32 245 5
BR[1~4]. e SCHRI1)E B 5T 0 4] SR P SR
28 W 24 7 L EAT [RDBG h FI; SC#R[2,3] TSk
Aot T [P A g A L A oy A O P9 1S 4 TR v B S
HIR (4] DU 8 o] SR B[R i A JE R 1) 22 5, 9 K

RS H 39: 2005—06—01; Wt ks H 39: 2006—01—06.

FH DU 7 DT R AARL AR Ak T i At 7=l (R g P 4
BTy, i ] P 10 A R A D (R AT SCHR. e ik A 5T
IR SCHR T R IR A A s SCHR[ 1] 75 2K S R A
EAm AT VLR, IXFE A BRARAT = IR TR, B2, DALk
T VTGRS F T A A D IR B STRR(2,3 11X
AR A T 7 b P ] [T B, T A 7 RN
B ) 5 250 SCHR[41ME e 7= i (RSO AR 7 (1 1
3 A () Gt JUAR] 3 A BT 43 A, M R T A
RIS Y L

HET I, AR T Aol K 5 GM(1,1)-
A 38t R AR R Y B TN R AR, R R M IGM(L,1)-
TEN (improved GM(1,1)-transfer function-noise)f5 %!,
AR HAT LU s — 2 n AT PR ST F v, B 7
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2 B 55 (Assumption and symbol defini-

tion)
R TR AR i, AN 33 00 ) R — Mk, AL
¥

1) 77 i [ CECHE 5 00 0 B B B s A7 VB
AR KR,

2) A R DR C G, RIS R HOAH
KEREAHE;

[FJ IS, Sy 70T B, DA AR b R S Al R
CIEE
X BRI M ER, e =1,2,--- | T,
Yo BRdd s e i R, R B
Ny: JGUGa e S s REAL ™ i [, ¢ ) b
B: FRHET, Wi X, = BFX,, HAh A 5K
ze Xy A 2257, BB, T2
r,=V'X,=(1-B)'X,, t=1,2,--- ,n (n=T—d).

e Mny I L5 ay AL, 23 R A it g g s
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c My G MR AL I AR BT R R BROA R ZE
s(B'): o PP TR EL, Hl L s(B') = 3 of.
t=1
s(B) /EHkZE ¢ - J7 MR EL

5.(B): 6.(B) =1—6,B —---— 6,B", Jy i,
KH 6, K. ¢, 04, b, Ocy INGHLE 6, FAL;
V(B): V(B)=Vo+ViB+V,B*+ - KH V, &,
ws(B): ws(B) = wy—w1B—+++—w,B*, XH w,
s
rey(k): x5y PHACREL, o T X

Tey (k) = cmy(k), k

00y

=0,+1,42, - .

Tow (K) 7R 1 A ISR L.
3 ESIHEA (Model building)
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I HA 2 E TSR i, R IGM(1,1) TS
B Mgk Ho R R B B AR R R R N, R
F TEN Ty,

3.1 IGM(1,DAER (IGM(1,1) model)

258 K 5 GM(L, 1) T ik 72 32 LA 8 GM(1, 1) 3
i RIS 06 K Bk ZE A8 1 E B TR Tl 3 AN B, H
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M, L AL AN TR0 I 1 56 A 20 B, A D6 1) 152 3
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481 25 5 h A B Tz A T AE X I 5 i e i
(1) JEAEL IGM(1, 1) EE AN, A 5 T o s 28080 s, K
R T 17 38 o B S E s AR Dy g ST R ) AR 980T 4,
T TE BGRB8 Ry & A0 A 36 M Wk 72 4% IE B Bt e
HET B RRS 56 7 v, HAR D702 BTN 4
1 4, ARk 2 e O KB . SCBE I &R I DL R S 5
75 C 5 p K50 AR sk (0 s 00 R, B8 I vh 57 28 A R 5
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B0AH D B AR IR AR A Sy 436 414K
3.2 TNF#EE(TNF model)

28I IGMQL, D TN B, Al 3845 78 42 1
7= B B O Y A RO X (2R /D AE S0 N BLLE).
IGINRT DAR R Ge 2 R 26 00 A 2 7= i Rl S
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T B L, 7 B 9 B A
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k=1

Hodr N, Ko7 b BEALIRDCE:. 338 508 A A% 38 pR 2
gk 75 A% 7 TEN(transfer function noise) &2\

k=1

Hrp N, o, Jof 208 300
Y, =6 Y(B)w,(B)B*X, + N,. 3)
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3.21  BEERIYPUH] (Model identification)

AR 2 1 18 B G0 AT 0, 46T AR AN X, g
AN, AT B AL AR B S, N IS R B OK T AL,
U R B (3) B 4 s T 2

y, = 6. (B)ws(B) B’z + ny.

Hrp
Ty = gb;l(B)Gq(B)at, n; = ¢c,,! (B)fc,(B)c,.

SR, R B 50, wa, b, by, B, b B,
(RIARAE, TR e R ) BE A B AL A B, mT
N 53 Ay A s R ORSE 2R TR 1) R e P A 2R A ) A S
Sy, W B E S HARA O, 04, b, &y F1 0, I
H FBHIE de, M.
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i) o SR dA TN X, REUR S Y, 6 d By
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/IME;
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i) THEE AT N = ye — G

iii) Xfn, BEAT (ML B, R 1S S B Ok
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3.2.2 ¥ ffith(Parameters estimation)

BRI BRI S BO0RE 0, O, P Fl
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e
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3.2.3  Z2Wrkr % (Diagnostic checking)

BEANZIRRS 55 73 A BAH SCAS 56 A 15 AH OGS 38, Hif
B EZERM S GErHiE R BRI oo FIFRZE o )
HAHK R EL roc (k) TR S0 5 5 WK H Q Givhik
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1) HAHKRA I M AEIE.

HAHRATIE IE () HEA D IR

D) TE AR o FIEEZE o IR AT G BR
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i) VIHESES:

K—-1
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k=0
HHPH M = n— max(r,b + s) — m, K il 35,
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LLEE S RINZ, #5S < N2, WA AR B B 5 0 &
W), ) 5 AR B AN O, 7 B A IE
a) MA@ HE ey = e — V(B)ay;
b) WV EAERAY, = eo%o g o
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o) Vi = Vi + AV, B H XS)E B it
50, Flws;
2) HAHREE LB IE.
FE HAH KT I A 1 E Al L, BEAT HAHSCK K 5
BIE, Hfse
i) THEIRZE ¢ KA SRS r .. (k);
i) PHESE Q.
K

Q=MM+2)3 (m—k)"re(k). (O

k=1
Hrp: M5 KHBAEYS S G AH A, Q Ik H H
JEH K-p-q 1 ¢, 7045,

i) 25 08 B A M 1-b, 25 A2 70 A KARAFE AD.
LEB QFIN;, 57 Q < A7, WA E M s B 50 15
W), ) e 7S RN B0, W B B I X Ek
7 ¢ BAT FAAMEALAL BRI 45 ¢ = pee; ' (B)Ocey(B) ey,
é\¢c7n(B) = (Zscm(B)*(bccj(B)? Hcg(B) = ch(B)*
Ocer(B), ¢; = c;. BLIN, KrBAE 1 J5 B PRI o

y: = 6, (B)ws(B)wi_y, + ¢c,,' (B)bc,(B)c;. (8)
3.2.4 [A[WCHM (Forecasting returns)

IS I o UV i s o A 7o 1l IS
Y, (L), T W 3% 2= T(L) F1 4R M % B (5 W
Yy (), HotH AR 22 SCHR[9].

1) B Y;(L).

HA AN
VL) =S PY i+ QX )
Jj=1 j=1

RGP, QS (B R S WSCIR(9).
2) TR T(L).
T(L)=E[Yir —Yt(L)]Z:

2Lfl 5 2Lfl 5
0o T o2 v (10
i=b =0

Hoeh oy Rl R bR A R B S E
6,(B)¢,(B)V¥(B) = w,s(B)8,(B) B,
{<z>cm<B>vw<B> = fcy(B).
3) TR E SR Yiyp ().
SRR L0 LM h 1- 1 TUHOME 5 5435 PR
Yipr(#) = V(L) £ 7¢/T(L). (12)

Y

S D IEAE, BAEIERS ST L S BB
B, B 1R B S AERE DL 1-€ PR 3 T AE T
{5 B[],

4 N H7RHI(Application example)

A UL AL = 5 B ], KRB R
IGM(1,1)-TFN P i B T A5 R 3k AT 7 iy [P A g A8,
F K H MATLAB 84347 K Af, M S8 E 8 (1) A7
WPEFNSE I PE.

4.1 IGM(1,1)#% & 1 ¥l (Forecasting of IGM(1,1)
model)

G100\ |42 B 1 It IR G e T | R B
N WA 3T I IGM(L D) T & v, AT 45 f &
IR Vs, Vs, Yo, Ys), FifliZ4a = (a,u)t =
(—0.12,20.33)". Kk, IGM(1,1) F A5 7R oy

; 2033 ... 20.33

Y(l) — Y(O) AYV-99y 0124 2Y-99

=+ g )e 012’
i=0,1,-- T+L—1.

Y = v -y i=01,THL 57}
BTG RTH L = 4 F 17 5 R 00 45 5, 4
1 7.
Sy T WA T (DR B, L T RO s
FRE AN 1 22, ank 2 .
21 FREKE

Table 1 Quantity of the returns

tZEE 1 2 3 4 5 6 7 8
Y:/T& 048 08 1.32 1.6 1.85 23 2.73 3.1
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32: SRR L=4: A ¢, = (1.0,1.26,0.003, —0.49),
L e e, = 1. s(8) = 039, s(8) = 2.3,
@ aol «wEERAE LI FRIEIIIL = 12 LAy 095, 45
T i R 3.2.4 45 RO ~(12) T SE M Vi (L) P i
Tl | 2 T(L) MR BV, (£), 364 R F
Lop i Pl 2 7, e T SRR LA 0 e
i » Sef
8

01 2345 67 89101112
t/ FE
BT IGM(L, 1) i El e Fn
Fig. 1 Forecasting of returns based on IGM(1,1) model
&2 TRMEARAR
Table 2 Relative errors of the forecasting value
R L/IZFE 1 2 3 4
HRSIRZE 1 % 506 7.81 9.61 10.74

4.2 TFN A il (Forecasting of TFN model)
LT R R, AV IRTS LLAR T8 A2 1 i
B AR R R, 03 3 P, MR 3.2 AT I TN 2P
B AT T A5
1) BRI
K A 328 R BRSO nT A S B TR -
¢p = (1.0,1.66, —0.74), 6, = 1,
6, = (1.0,4.57, —3.09),
&, = (—0.036,—0.137), b= 1.
[F) B 73 21 IS o R R R AL s(B) = 2.3; KA
g P R R R T A S B Nde,, = (1.0,
0.94,0.21,—0.21, —0.29), fc, = 181 fc,(B) = 1.
2) ZHdfit.
ARABILRRIB B S AG VHE, T TS5
8, = (1.0,1.12, —0.28), w, = (0.002,0.028),
¢cm = (1.0,1.26,0.003, —0.49), fc, = 1.
IR P 5% 22 o, FIOF 7 R () = 0.39.
3) Wi
FH K@) H G &S = 39.12, SR H
24 3110 N2 50 A1, 45 8 BAG A 1-0.05, £ 17 i
H3UII N2 ARG N2 0 = 44.98. HHT S < A2,
TP AR B AT 53, EFFEIE. [FIEE, v Q 4iil
VERT IR A, WU e P R 5 0, B . A
(8 B & I AT I AZ IE [ P AL 2y
Y, = 6, (B)wi(B)X;_7 + ¢cy ' (B)ey.
4) BIRLF.
CLANBL I 24
¢, = (1.66,—0.74), 6, = 1,b =T,
5, = (1.0,1.12, —0.28), w, = (0.002,0.028),

K3 FRAEEAFEOKE
Table 3 Sale quantity and return quantity of

the products
L Xl TH Y/ TH|FE X/ TH Y/ TH

1 29.89 5.38 26 31.76 5.12
2 30 5.36 27 30.88 5.08
3 30.18 5.35 28 31.98 5.02
4 30.34 5.35 29 31.93 5

5 30.37 5.34 30 31.87 4.92
6 30.44 5.31 31 31.83 4.87
7 30.46 5.27 32 31.77 4.79
8 30.35 5.24 33 31.61 4.76
9 30.1 522 34 31.27 4.75
10 29.82 52 35 30.79 4.75
11 29.41 5.2 36 30.36 4.76
12 28.9 5.24 37 30.1 4.81
13 28.58 53 38 30 4.92
14 28.5 5.4 39 30.33 5

15 28.7 5.49 40 30.65 5.11
16 29.19 5.6 41 30.96 5.18
17 29.53 5.68 42 31.41 5.19
18 29.81 5.68 43 32.67 5.17
19 30.01 5.64 44 32.83 5.12
20 30.44 5.57 45 32.81 5

21 30.77 55 46 32.48 4.83
22 30.87 543 47 31.93 4.7
23 30.90 532 48 31.49 4.58
24 31.05 5.23 49 31.21 4.56
25 31.26 5.16 50 31.24 4.6

7_

o Ml B Y
651 o yFmiE 9(0) £
6F A% osv% BER T (£) 4
Kin F% 3
5.5k S % #
*\F R % o 4
s 5T N i
45t Wy
4+ 4:1%‘3
35010 20 30 40 50 60
t/ =g

B2 TEN ™ i [al e
Fig. 2 Forecasting of returns based on TFN model
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Table 4 Comparison of the relative errors

AT L/IZTE TENIR%/% IGM(1,1)i%%/%

1 0.13 6.13
2 29 10.0
3 6.3 12.5
4 10.1 14.5
5 14.3 15.5
6 18.1 16

7 18.7 17.7
8 15.7 20.8
9 10.6 24.5
10 52 27.8
11 0.23 30.5
12 3.0 32

5 45 (Conclusion)

R B [ 7= b A WSCRIE 5 (R IR, B ) R A 1
7 IGM(1,1)-TEN P i B Pl 52 24, e il 1 A5 () 5
OB, FHPAE T RSB S5 W I 4By B
F 2 MIZE 4 W HdE, wIEnn T 451

1) R ge v ot i /0 i, SR IGM(1, DA AL
i $RAT LU e 9 o 1 TN &5 L, I EL B 5 T4 iy
(Y0, TR 5 32 7 B AT

2) (RIS GE vl B Rk I, TRN A 1) Fi0 RS 5
AR T IGM(L, DB, HL7E 00 115 18 K 1 1y
BT, TEN B AR AR B CRAUE I ) P0G 3 5

3) IGM(1,1)BE R 3 A 1 % S 0, 177 TEN 45578
WURT - S .

ANV R I P BB, SR8 IR 4518 HEAT T
I, ARG b 0 JCH T 7 i R 8 LA B & B 22 HE
RIETE RIS 2 7= ATV RIS ) SR 5 3 ).
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