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Abstract

According to the nonlinearity and complexity of the house price data, this paper combines the
fractional-order cumulative generation operator and the Markov correction model to establish the
MKFGM(1,1) model, and forecasts and analyzes the house prices of Chengdu from April 2017 to
May 1818. Firstly, the particle swarm optimization algorithm is used to search for the optimal or-
der of the cumulative generation operator in the real number domain; combined with the GM(1,1)
model, the FGM(1,1) model after changing the order can be obtained; and a preliminary prediction
of Chengdu city’s house price is made. Secondly, the relative error between the predicted value
and the actual value is divided depending on the states, then the Markov model is used for error
correction, and finally the MKFGM(1,1) model is established. Comparing and analyzing the fitting
and prediction results of GM(1,1), FGM(1,1) and MKFGM(1,1) models, it can be seen that the
MKFGM(1,1) model has a higher accuracy in housing price forecasting.
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1. 5|8

TEVE 2 B AN X 5 = b O B RAVF RISk, A REMEZE &, MERETHE
BRI, Dyt /e E [ o AL Wi g, sem AW K. Etad 90 AR S, BUM ISR
AR N R A TR R S M Bk RSO 25 R R A IR K I mR,  [R]I 52 m
BT AETEACE . BT, e 50 5 s e 34, (N 1 BATHE 78 A 25 2 )

o E T AN SO A g, I TR (AR A 2 X £ A5 Y . Zhang 2532 ) GM(1,1) K T 5
W, EESL T URBH B T A SR AN AR TSRS, BRI TR BE[1]. Sun S8 A5 I 2
R AR F R, 454 GMLN)EERS H T BB A TR 2], 4 41 2% 58 55 40 1R s i
2, 7 7 TR IR ) BP M4 48 B (3], EHEXT Lk 22 ekt Rl AL, 8237 T 2[R & LOGISTIC
[UARERL, $&e 7 TS BE[4]. Tang SARMEAL T —F 55 4 S M e S 2 B i s, 4 BAT Hk
IS SVR A, SRR = AN SHEH T . 454 Web R EdE, #1377 BA-SVRWSD JRBA IR
[5]o A7k, XIFHFSFRIHZ S H EVARE) T 5 HEBR A S A M R F 3, @77 ARIMA T
DAL [6]. BT ALE SN T EC 2 TIRZ TAE, & T 2R R, (HEEEE — SRR M. 2Kt GM(1,1)
BERL BT 5 HORE A /D, (H B SREE LA Fa B8 K U . BP 1428 0 248 A5 20 T 1ok iy N 5360 H ) AR R Pk S
TR A B A B R 7, (BN GRER AR, B2 S BN RS0 o [l VA Fo0 000 A 28 T 5 A2 7 o,
(B FRIIAS BE AR, MR 2 . IR A B [ 7 R T B, E 0 DL S Wt N FE D R (EE IR, R A AFAE

BURMRZ .
IR TRy T F R P 2 —, ERARZHIBTNE. Wu 5T 2013 SE42 K0 B R
INZE RS 5 5K AR RAR 45 & (K BEe, JE T8 B R B, Bl 2B i & (1 “in between” AR,

I T 3 R B3 1) BB S A Y = Y AR TR, AN = TS BE[8]. Ma S8 H grey wolf 5%k M 2%
VO N R B B INERE T, ¥R 7 HBUATEHE, #F—F5%% 7 o8k R9].

RIS H BN 5 GM(1, DRI EE &, S R ER T 5 AN A7 F T, A5 B 5 JR ) SR At
RO TN &5 AT IR ZEAE1E, B RKE S HN B/R BRI, DU EFR MKFGM(1, D8, F)
H 2017 5 4 H~2018 4F 3 H BCERH pi A fE i 8dis, 2018 4F 4. 5 H st APk ie 5o . o be st
GM(1, )% . FGM(1,1)BE7 DA Ko A< SCEE ST ) MKEGM(1, )R . 45 528 B MKFGM(1, 1) % BA 5 47
oL 285 R B vy ) PO G P
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2.1. 3 FGM(1,)iRE

FEX 1 BRIAAESUF X = (4 (1), (2), x(°)(3),~~-,x(°)(n))areR’ n
X = (5 (1),27 (2), 60 (3),00x () 2 X = (6 (1), 6 (2),2 (3),+, 2 (n) ) 9 # Wy BINE ST,
Hrp

< (k) = ﬁr LUk =0) 03k =1,2,0ee0m M

ST (k—i+1)I(r)
RET(r+k-i)=(r+k—i-1)!, T(k—i+1)=(k-i)!, T(r)=(r-1)!.
R 2: WX 5 xS pon, XU R X 55 B0 R,
Z(V)z(z(r)(2),z(' (3),,z () (n)), Horp,

) (—
) (k) =2 ED) k23 @)

PRI TR X (k) = ) (k=1)+az") (k) = b 9 r B BI0AK E GM(1, 1R, BI FGM(1, 1A
R, 24BE =1 Iy GM(1, )RR,
FGM(1, DB X (k)= x") (k =1)+az") (k) = b 1 =[a,b]' AT LLE I3 /h it i

i=(8"B) B'Y 3)
Hy, BaHlA:
(2) —"7(2) 1
. A (3) e —z("')(3) ! @
X (n) 2 (n) 1

Horh, x(r—l)(k):x(r)(k)_x(k)(k_l)’k:2’3,___,’1
X 3: SHUE L2 Pk, NIFK

+ax") (1) =b (5)

Sy r W S scts FGM(1L DB 2 (k)2 (k=1)+az") (k) = b ey 7F2. W B, Y, a tsE X 2 B
B, MRS HR3), wTel g R X (k) -x (k=1)+az") (k) =b, 430 (1)=x" (1), @50mEF

Fijm 3 A -

) (| O YD e B

X (t) {x (1) a}e +a,t 1,2,-+-,n (6)
EEUE RS2

)e(")(k){x((’)(l)—ﬂe”“1’+§,k=1,2,-~,n ™
WA FE A
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G ()

2 k—i),k=2,3,--- g
; F(l+1)r(l"—l+l)x ( l)’ 5,0, ( )

HA T (r+1)=rL T(i+1) =il T (r—i+1)=(r—i).
2.2. BIRPKER

L RBERIS AR A — S E B FE o B3 I X T X A [ AR AS HI W] G A e FHOIR A 2 T) (4 e S Mk
FHIREFL, W8 T FARRES B @S . BIRE IS FRIE A b 3% 3 I 80E LA TG J5 ot fned
T AR R AR s, O ZIis HBIE S, EY). RRESUL[10] [11] [12].

AR08 H R BRAR AT FGM(1, )RR 1) P AR5 S Bn (B AR AR 6 iR 22 BEATIRZS R 43 o WA HiHRE J 911
PR T DA IR RS AR R, AT R 68 TO0M HE 5 — AN B e T RE AT AL iR 22 R . IR iR Z2 IR A X 43
1 RBR, BEAT4S 30 /R EHR R B IEE . B/RBHERAE R ] R R A

Gy =C,*P ©)
Hr, G, G ANTE h+1 h NZIFPIREMR &, PA—DIRESEBM R,
2.2.1. RIS TR

R4 A EE 5 FGM(L, DB 0 A (AR 22, 7] LU AR ZE X040 N TANIRES . RS ISR

A RS PR, — W R R G B 1 22 A RO R 22 13 BN SR e . RS XTEA -
Ei:[Qil’Qm]a[i:l’zs”'s”] (10)
b, 0,0, M HFRRIRES X EARZR By R, u RS H0E .

2.2.2. MERSEBBERER
HPRES E, & — MR R E, 1 PHBEN By, BRSSP A s NMERE, Bl

Pn Ez Plu
p=|f 2o B (11)
R] B/Z R,m

Hov bR Rms N PY = PP =P, v=1,2,u .

2.2.3. fETNE
VR E B TN A 1) o SLHCHE, B0 S IR HE 54 ¢ 9123 SRS AR B
BT ¢ SR ASEE RS H AT P R B A 91 B AT e T (B T R R A, R
%%%uEﬁWEEWmﬁﬁ%T,%Kﬂ%@EE%@B@%*ﬁ,Wg%fﬁ,%&%ﬁmﬁW@%;
;C(r) ( k)

_ 12
(0, +0,) (12

(k)

23, RBEIRERLEEN

N TR I AR SR A TR JE, AR SOR ISP 4% 1 4315 25 MAPE SR IR P4 5000 £l 5 F S
PR ZE . IR AUAT B 5 S BREUE AT CAVH 5 T B4 & 20408 (Fiitting data) RSP 3 205 1R 22
(MAPEF), #5550 4 (Predicted data) )2 4% 1% 22 (MAPEP) MLEL H(#i (Total data) ]~ 455} iR 7
MAPET, HA&IAX T
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~(0) (0)
100 &2 (k)" (k)
MAPEF=—|—/2 — 1/ 13
m 12:1: x(o)(k) (13)
n “(0) _ (0)
MAPEP = 100 (k) - (k)| (14)
n—m4hl 5 (k) |
2(0) (0)
100 & | £ (k) =« (k)
MAPET=—)'|—~/ ~ +/ 15
n 12:1: x(o)(k) (13)

Hep, m 2T IR REARANE, noR FEAR B 1) 2N
2.4. BILHENTE

i F 23 BB FGM(L, DA AL 5 4 B AT T, o SR e B U T B AL 7, SRR =X
Q)R B (a,b) - FoeJ5 R I 77 R sk B B T 4 5 (K)o 9 T 4R BV BRI S 0 A SR
MAPET £y Hirea$, BT
2 (k) =X (k)

100 &
in MAPET = —
min z x(o) (k)

n =

reR,
s.t.
{k:2,3,---,n

BT UL EARBEA IR, EA AT RIS 75 WM. i, A SO R R 3 20
S AT

KL HERE(PSO) & — P, H 48 it S B Y AT 0 B AT 7 AT SR BN R 7. BT
1995 4F- 1 James Kennedy 1 Russell Eberhart JE[F#2 Hi[13]. AT 2001 FFHR (FEARREE) Bkl 15
Ry R, I T E N AMEE I 4] KPR S RI BEE AT N, B R A iR 4 R
AR R AT W, R — R SRS — N A R E R R, P RERAE ) Y — AN ] AT
filt, B FREMMANEFEEE SR TR AW, RS 2R AL i &

LT BRI N — PR e R R S, E SR A IR AT 4R Sk Re 71, I BAE
FER AR HOE SN PR 8 o BT B RIESHUD TS 25 SEI, X T 3R B A I i1 22 06 1) RUHR AT AR 0 1Y) 4
R EREET] . EAR, RFREVECH Z N T R gRIETN ., B2, BEMN
TSR . ASOR T BE L UL MAPET S/ B ks, FIREMRNEL, HEVEDRWT:

1) VIGHHEEARL TN, R AR5

2) WIHEAFRRERL 00 B RE L, TH BN RGN EEE, 5055 A A A R4 J= B AR St B
S ARAE LR, PRI

3) AR AL E, BT R AR

4) FIW R R L b S B, RS R, e, MRz R R B R s T
HaER.

3. R B T S
3.1. HAHE
ARSC ST K0 A2 S python TR st M rf 45 K 57 P TCHL ) 5k s o2 S S FF U T 2

(16)
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FiSES TN X KRR, IR EAE RGN, REE RN, i B R,
H e WS TP — 80 BAA RGO E . BRES, AR 22 R s e Pk B AR T 2017 4 4 A
£ 2018 4 5 A [ L Bt A 9 S BT U A

3.2. FGM(1,)iEEFn

¥ UL B SN matlab F2FP i, B AR AT BN AR R T B s R #08-0.37. U
FGM(1, )AL GM-0.37(1,1). 7F H., B/ kR HZSH a =-0.1513, b=27912.0302, I} [E]Ma N A :

F707) (k) =193884.364¢" ) —184481.364,k =1,2,---,12 (17)
MR RIIL A (4), H k=12, 121, WA HHEAGRIHRE. 550 aTHREE -8 1, 32 GM(1,1)
AL TE . 4 GM(1, DR FGM(1, DAL I AN EL AT SEPREAR B, S5 R W 1 s

Table 1. Comparison data between GM(1,1) and FGM(1,1) models.
% 1. GM(1,D)F FGM(1, &8 2 [a R L3 818

il SEhR{E/IT GM(1, 1) BEAY/ G ARSHR ZE/% FGM(1,)#5%4/55 HAXHRE 2 /%
2017.4 9403 9403.00 0.000 9403.00 0.000
2017.5 9636 9475.26 ~1.668 9844.96 2.169
2017.6 9839 9779.23 -0.608 9895.98 0.579
2017.7 9992 10,092.94 1.010 10,081.00 0.891
2017.8 10,185 10,416.72 2275 10,383.59 1.950
2017.9 10,562 10,750.89 1.788 10,746.87 1.750
2017.10 11,068 11,095.77 0.251 11,132.79 0.585
2017.11 11,617 11,451.72 —1.423 11,521.00 —0.826
2017.12 12,034 11,819.09 -1.786 11,901.70 -1.099
2018.1 12,375 12,198.25 —1.428 12,270.69 —0.843
20182 12,542 12,589.56 0.379 12,626.58 0.674
20183 12,825 12,993 43 1313 12,969.27 1.125
2018.4 13,036 13,410.26 2.871 13,299.26 2.020
2018.5 13,147 13,840.46 5275 13,617.32 3.577

3.3. BRPRIEEEIE
3.3.1. ENMA#TRESXER S

4 FGM(1, DR [P AR A R Z R IRES X TR, & 1 rTRLE B FGM(L, DB RT 12 AN LA 2 s A
of iR 22 1 /ME N —1.099%, B KAE N 2.169%. HI, HEHE 25 6] 20 60 0 R4y DU AR A& X Al , 43 R
E (-1.10,-0.275], E,(-0.275,0.55], E,(0.55,1.375], E,(1.375,2.20), % 2 fiR:

Table 2. State partition
= 2. KSR 2 XiE

RS 52 (~1.10,-0.275] (-0.275,0.55] (0.55,1.375] (1.375,2.20]
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3.3.2. MEBRTHEBIER
RAIEEEAN B FT AL PR, DL H S RRIRS B T — SRS IR, BRI 1. 2. 3. 4 BREE

(2 ESEICE
0.6667 0 0.3333 0 0.5278 0 0.3889 0.0833
P 0 0 1.0000 ’ PO _ 0 0 0.6667 0.3333
0.2500 0 0.5000 0.2500 0.2917 0 0.5000 0.2083
0 0.6667 0.3333 0.1667 0 0.5556 0.2778
0.4491 0 0.4259 0.1250 0.4059 0 0.4460 0.1481
PO _ 0.1667 0 0.5556 0.2778 ’ P _ 0.2500 0 0.5185 0.2315
0.3194 0 0.4861 0.1944 0.3345 0 04792 0.1863
0.2500 0 0.5185 0.2315 0.2963 0 0.4969 0.2068
3.3.3. HHEAMNE
TP B () LA Bt Ay i B RS BB AR, IR 3¢
Table 3. State transition matrix predicting the state of April 2018
= 3. TN 2018 £F 4 AT RARSHVIRTSE B AER
VERV:) ARIRIRE R H E E, E, E,
2018.3 E, 1 0.25 0 0.5 0.25
2018.2 E, 2 0.2917 0 0.5 0.2083
2018.1 E, 3 0.4491 0 0.4259 0.1250
2017.12 E, 4 0.4059 0 0.4460 0.1481
#it 13967 0 1.8719 0.7314

IR 3 AT, 2018 4F 4 H BeA v REFTE PRS2 E, , FF HAH FGM(1, ) BEEY (1) Tl g > 13,172.479,
AR 2 X (12) A 15 5 /R BB TR A 13,487.499.

FEHET 2018 45 5 F IR FUMES, T LAY 2018 4F 4 A ¥R iE S mE A, %R Bk ik, 5 2018
£ 5 HIRIME N 13,487.499. MKFGM(1,1)#7 2017.4~2018.5 (LA K RN E 4 WL 2% 4:

Table 4. Comparison data between FGM(1,1) and MKFGM(1,1) models
= 4. FGM(1,1)#1 MKFGM(1,1 &8 2 [B]H L 58038

et (1] SEBRMA/ TG GM(1, DAY IT AR Z5/% FGM(1, )/ %/55 FXHRZE/%
2017.4 9403 9403.00 0.000 9403.000 0.000
2017.5 9636 9844.96 2.169 9672.074 0.374
2017.6 9839 9895.98 0.579 9801.638 ~0.380
2017.7 9992 10,081.00 0.891 9984.897 -0.071
2017.8 10,185 10,383.59 1.950 10,284.605 0.978
2017.9 10,562 10,746.87 1.750 10,644.415 0.780
2017.10 11,068 11,132.79 0.585 11,026.663 -0373
2017.11 11,617 11,521.00 ~0.826 11,411.169 -1.772
2017.12 12,034 11,901.70 -1.099 11,984.090 —0.415
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Continued
2018.1 12,375 12,270.69 —0.843 12,355.639 -0.156
2018.2 12,542 12,626.58 0.674 12,713.987 1.371
2018.3 12,825 12,969.27 1.125 12,845.626 0.161
2018.4 13,036 13,299.26 2.020 13,172.479 1.047
2018.5 13,147 13,617.32 3.577 13,487.499 2.590

M 4 T LLE H FGM(L, DB L4 B — 2 IRCR, Wgs B R AF, 1A SCE L i MKFGM(1,1)#5
T D) B A 1 o

T ECE GM(1L DB, FGM(1, DI . MKFGM(1, DR IS B, LA 4 TPl 12 A% Jy it
EHARE, J5 2 MR TN EE, R 6). (7)) (8) BT 3 R ) MAPEF. MAPEP £1 MAPET,
SERIAEL 5. HAh, NTEAEMMER 3 P EACE, K 1 (EEDEZHT GM(1,1), FGM(1,1)A!
MKFGM(1, IR (30 & Tl i 28, & 1 (BN H T 3 P2y A 5 22 1A 4 5B RS B 1

Table 5. The average absolute percentage error of the fitting, prediction and total data for the three models

=5 ZMIREMIE. . SRR EHEIEMRE

PEALR Z/% GM(1,1) FGM(1,1) MKFGM(1,1)
MAPEF 1.161 1.041 0.569
MAPEP 4.073 2.798 1.818
MAPET 1.577 1.292 0.748
© ~
BQ r N
R = ESE » - .
A - e- GQU(L, 1) ot/ o | —a—GM(L 1)
- A- FGM(1, 1) ,’«%:l —A—FGM(1, 1)
%Q@ - - - MKFGM(1,1) A I ——VMKFGM (1, 1)
N & = nL
“ =
¥ = N
IR S F 22 B &
SN 4 MR - |
< - Pl 2
- u
o . =
§ A R =z
N {;j =
’f v N
%X/
S
™ e Q
QQQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 %%Q’ ,é},é,l.q. .q|{5|>>‘|<o|||
@ >0 00 N 8 0 WO oy WP Y > S (B ’\\ R ’\\ ’\\ UPAALC s
%Q\(\%Q\/\‘WP\/\‘LQ\/\%Q\/\‘DQ(\@{\:\,Q{\:@(\\ RS L e I 2

At 2] i

Figure 1. Three models fitting prediction comparison chart

B 1. ZFRBA TN X L E

M 5 B LA H, GM(1, DAL ) MAPEF.MAPEP .MAPET 43 %4 1.161%.4.073%+1.577%, FGM(1,1)
F74 () MAPEF . MAPEP. MAPET #4F, 73 14 1.041%- 2.798%- 1.292%, MKFGM(1, 1)1 %4 ] MAPEF .
MAPEP. MAPET 435124 0.569%- 1.818%. 0.748%. H:H1, MKFGM(1,1)#5% %[} MAPEF. MAPEP. MAPET
B, B MKFGM(L, DR S AR BB /DN, ERER R G, RTINS Rt ar. WE 1’
Jr BRI B AT PAEDU G tH MKFGM(1, 1)1 2 ) s AR Rt R Tt 5 40 3 d 5 S o a9 HLHAEGT
R 22 R A B I B R A
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4. g

IRETMSEAR AT LLE I D B, 5 BB REER AT, AR AR AR A iR, X i
HEAT R AT o A SCAE B R T RERAE R FGM(L, DAL B A S P sc R £, 1P sGd 7 GM(1,1)
B, P S RBHRAR AL FGM(L )AL T 45 AT iR 05 1E, 193] T A MKFGM(1, )AL,
XL 2T GM(1,1)s FGM(1,1)F1 MKFGM(1, )RR LA A Tl 25 53, nTRAIS 2 LR 458

1) =AMBEA) MAPEF. MAPEP. MAPET ¥J7E 5% LA, 15 BAIX = AN RS S T s A 000 46 A2 1) 52
R

2) AL MKEGM(1, )RR TS FE i 55, MAPET fUA 0.748%, KT GM(1,1)#AFI
FGM(1, )R, g R e 2% .

3) MKFGM(1, )EAE N —F AL 75 HAR e i TS, w] 2% feofg ok — D R AE ik, ARUR . 20l
I A o

E&WE

VORI RHOR 2 B2 B G R T H “ T scrapy HOp U™ B IC RS ” (WHM S: LXCX-19),
FRN: BHE.
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