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#%&: XA Monte Carlo #4.75 ik, £ 7T MRS E TSR E67h & (response surface) 742,48 %
FI DA EAE I FME TS E AR ER X, TR T HERE T ENK. #£—F, ABERAEE. ¥
AN, FBENHE AN, BRETE A B IATE S T2 NEER, b3 N &BA theh J @ARE LA # 5 6
MR

X4 AR, AR @ik AVERNY%; AR

FTE»>£5: F224.0 L#RAFIRA: A

1 5|5

P YR BIT ST R 2 B S L AR RREAC LR bk, ASERY (3 g 7 ik L T T 0 B P A
[3,4,6]55 25 H I PO R IR IS HR S I8 T RFEAR G IE o /AEARTS 25 A8 5t [|] P OC R IAS 56,
JEHIEW I BB RO AR FE R I, RS T LR R S B T INRE AR RS I v
s I S, 1T ELAH S ) A 56 ) A A AR S ) o
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Generating Process, DGP) 215 256040 v &= AN RINER /0 A o FHAS [RR IR A 1 R 50 2 1) K e
T NEAR TS G EMEZE A Z A ) 22 et W 1. SC[7]LASE s DGP i 2Eat, o k22
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% X0=0, Yo=0, AN T IWDYME AR Els A it BRI, R T S MIBRIEIET T R G840,
R UCRAE 245 50 MEAEH,  MTLAEE 51 MERVEAWILAME, LAY BRI AR Hicdhs A= it
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W, B KRR AT B 22 b 1) L AHDG, AN [ S5 44 [ ik 2215 1 ¥ 45 SR 10 22 SR AR /N

Hal (1) AR x 0y B0 — B AR A 1(1), TR x Ry S BRI, WA — AN a,
z, =y, —ox, 10); WHENIZ FIARIEAEESL R, W x My, FEELEA SR —A
HIPH (1)

R SE AR S

FAH, AHEERIE
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k-1
A2, =(p-1)Z_ + ) 0.A2  +u, (4)
i=1
k-1
A2, = p+(p—1)2_ + D oA, +u, (5)
i=l1
k-1
A2, = pu+p+(p—DZ_+ ) 0A2,_ +u, (6)

i=1

b uoh A, BB p=1, Wz R, SFERH . o) <1, BFESL 1 ) ¥
GISAATHE RSN | (0) FFE9l. R (4). (5. (6) —FIHiul/y B K BUAIRES I, i
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FESP TR, MR AZ B /IMEAS N (1) ADF i iR Im FH A0, AR OO REACR & T A e B A ko
P> 3 1A BR O 3 A DA Wi S T 7 R XA 21 IR A e SR A o2+ B, i HL 5 2 —
SeZIRGRAE, B A A kORI S W 2B AR R T IR, & T, X
g% . ik ZRSR e, B3> 2uiElUrk

CV =ay+a,(LIT )+ B(kIT )+ B (kT *) + ¢ (7

Ah CVEIRM N THEARE T MRk IR SHE, T " =T-k IAEBINEDN L, & hikos
Tt

VR B U RS R REA R AN T A RIEN T, E ISR, FrE R
AT BRSO A DAy 47 T A B UL 5 i 7 T e A BRI o

A AN N=2 I8, AN S 25 P ZKF R ) ADF QLI R i B2 7 R 4 R LA 1, [R] I 2% Al
A4 RIS EAB I TR P, WIHSCRE R?, B2V iR (SSED. T EI ., /T 5 KT ,
k/T" Sk R e Gk B T

MR (7 A5 T3 2R IG S 5512, AJ3EAT LU . Bt k=5, T=50 I}, fhvl45H film 5t
{6 4-3.652 (1%), -2.862 (5%) H1-2.593 (10%), Ifi3L[2])4-2.62 (1%), -2.25 (5%) F1-1.95
(10%), 3C[12]1)4-4.231 (1%), -3.496 (5%), -3.144 (10%), ALV EAR E3[4, 12]
(RIAR 2% RG24 2 (R S BN o (H B AR R X e 22 AR B W i /s, R 5 R e 1/T A

kT s,

Fz1: N=2 B RERNEREITER
HRERH TG BN i AT o B T BN A
1% 5% 10% 1% 5% 10% 1% 5% 10%
Q, |-3.366506 | -2.784632 |-2.48060 | -3.557953 | -2.969647 | -2.672650 | -4.093594 | -3.502505 | -3.201512
(0.012200)| (0.008068) 4 1(0.014134)|0.008264) | 0.006479) | (0.019446)| (0.012121)| (0.009686)
(0.00609)
a, |-10.73815| -6.684779 |-5.34255 | -6.114677 | -3.067052 | -1.803428 | -9.288471 | -4.604490 | -3.382569
! (2375419)|  ° |(0.657662)|(0.383694)|(0.301466) | (0.904850)| (0.564015)| (0.450686)
(0.567699) (0.28339)
B 2.680396 | 2.158801 |2.909287| 2.103123 | 2.527371 | 2.354348 | 3.648660 | 2.191316 | 2.790942
(0.171946)| (0.113708) |(0.08583)|(0.199194)|(0.116214) |(0.091309)|(0.274063)|(0.170830)| (0.136505)
B, |-12.48741| -4.808964 |-2.05935 | -35.94430 |-16.70712 |-11.368299| -67.05527 | -27.79045 | -17.675995
2 (1.656668) ! ! 3 (1.330323) > ! (1.988807)
(2.505169) (1.25056)|(2.902163) | (1.693184) (3.992964)|(2.488910)
R 0.926 0.898 0.930 | 0.955 0.876 0.871 0.971 0.924 0.836
SSE 0.035 0.023 0.017 | 0.040 0.023 0.018 0.055 0.034 0.027

VE: X T4 T 5 k5254 A 30000 KK
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MR TR |a(%)| & IR a, Nl B Nl 5, i 2
S.E S.E S.E S.E

TH B | 1 |-3.901599(0.015635(-14.971972|0.727519| 4.810935 | 0.220353 | -19.419715 |3.210431
BRI 5 |-3.325914|0.010772| -9.382795 |0.501220| 3.870052 | 0.151810 | -10.22042 |2.211805

10 |-3.029270|0.008587| -7.40187 [0.399566| 3.522845 | 0.121021 | -7.529447 |1.763224

B | 1 [-3.967799(0.017275(-10.579268(0.803826 | 4.263872 | 0.243464 | -41.267087 |3.547160
5 |-3.385296|0.011116 | -6.015794 |0.517245| 3.319929 | 0.156664 | -20.946716 (2.282522

10 |-3.092103|0.008497| -4.190991 [0.395371| 3.053045 | 0.119751 | -16.513091 |1.744712

WA | 1 [-4.275280(0.024424| -9.292095 [1.136500| 4.736282 | 0.344225 | -75.679100 |5.015200
BRI 5 |-3.664531/0.013108| -5.814335 |0.609915| 3.160492 | 0.184732 | -32.663704 (2.691459

10 |-3.365174|0.010519| -3.961433 [0.489445| 2.631782 | 0.148244 | -21.148896 |2.159846

ToH B | 1 |-4.281729(0.018142(-20.902325| 0.84417 | 6.604161 | 0.255687 | -18.644406 |3.725230
BRI 5 |-3.732137/0.019410|-13.273459(0.903183| 5.650421 | 0.273558 | -14.130556 |3.985605

10 |-3.439591|0.021342|-10.405695|0.550929| 5.003619 | 0.166867 | -9.766540 |2.431166

HHEBOR | 1 |-3.760024[0.021342| -9.360548 |0.993062| 5.063535 | 0.300781 |-23.900824 |4.382231

5 |-3.760024|0.019736| -12.38744 |0.738221| 7.429824 | 0.253878 | -25.986236 | 4.30433

10 |-3.622029|0.013422| -5.788496 |0.624564 | 3.968644 | 0.189169 | -23.994685 |2.756106

HEH BR[| 1 |-4.529792(0.028067 |-12.187445(1.305986 | 6.256605 | 0.395560 | -78.414492 |5.763113
BRI 5 |-3.911970|0.016056 | -8.358554 |0.747118| 4.509975 | 0.226289 | -33.845875 (3.296917

10 |-3.622029|0.013422| -5.788496 0.624564 | 3.968644 | 0.189169 | -23.994685 |2.756106

TH B | 1 |-4.635735(0.021091(-24.005624(0.981412| 8.289911 | 0.297252 | -26.565554 |4.330818
BRI 5 [-4.098316(0.032518|-17.865938(1.496383 | 8.149249 | 0.453227 | -32.386286 |6.603305

10 |-3.798313|0.016041|-12.701873|0.746427 | 6.488877 | 0.226079 | -14.553347 |3.293866

HHHON | 1 |-4.672689(0.022261|-19.134605(1.035857| 8.097197 | 0.313742 | -48.295880 (4.571077
5 |-4.108383|0.018327-11.827841|0.852774| 6.578644 | 0.258290 | -27.077642 (3.763158

10 |-3.811818|0.016306| -9.796227 [0.758743| 6.126018 | 0.229810 | -20.067649 |3.348215

M BOTR | 1 |-4.786863(0.025209|-16.193421(1.173032| 7.803923 | 0.355290 | -75.510248 |5.176409
BRI 5 |-4.207208|0.017942| -9.680842 |0.834881| 6.055418 | 0.252871 | -40.213767 |3.684203

10 |-3.912037|0.015388| -7.495009 [0.716004 | 5.543628 | 0.216877 | -29.395472 |3.159792

ToH B | 1 |-4.640878(0.021130(-23.769008|0.983214 | 8.280772 | 0.297798 | -27.032709 |4.338770
BRI 5 |-4.093828|0.017674|-15.656407|0.822412| 7.100859 | 0.249094 | -18.243338 (3.629178

10 |-3.912868|0.015600] -7.629997 [0.725904 | 5.609507 | 0.219863 | -29.946564 |3.203304

B | 1 |-4.682733(0.021650(-18.682446(1.007408 | 8.118645 | 0.305126 | -49.010089 |4.445536




6 5 [-4.114059|0.018067|-11.986421(0.840706 | 6.722860 | 0.254635 | -27.770511 |3.709905

10 [-3.816515(0.015818( -9.430826 |0.736033| 6.160254 | 0.222931 | -21.513200 |3.248000

AR | 1 |-4.804878(0.026436|-15.192262|1.230119| 7.861203 | 0.372581 | -79.595848 |5.428326

I
6 T 5 |-4.207232(0.018186|-10.142028|0.846203| 6.161485 | 0.256300 | -39.632279 |3.734164

10 |-3.912868|0.015600| -7.629997 |0.725904| 5.609507 | 0.219863 | -29.946564 |3.203304

He K2, NERREML o ZRiRm B HACr, WTA—H T 5k, S84 75 30000 7K.
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j=2
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i+
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FIF Z, 3% (4). (5). (6) —FPAmI £t Ak sl FEad@ i b5 1) Monte Carlo #540055 3 13 3]
TEAR G ISk, ANFEIREA R & T MASEANEN NN ADF it #7E 1%, 5% 10% N 1)
G S . XN T (4), (B), (6)h R, 40 5l% ADF Giit E1E 1%, 5% 10% N i S 2L
PR N AR R b U 2R 8 AR I Bl Wi 4, 4% N=2,3,4,6, T=20,25,...,100, k=1,2,3,4 & 5l% H
(e SHEAE AN 2R, FCARBTR S 45 R AR50 28, 1% 5% 10% /KFTF (4), (5), (6)
SR LR, R RIE, XHEAH 1% 2 E AP R, Wk 3. b g b W2k
JA SN PRERAE, LA 2 St A 2 R E A, BT U AT

AT IXEERUE, IRIEFRS 2 SR ZIR), B2 Y 2 1) (R s A, ] LUR &
HHIEREA T £E 15--100 31X [ A AL BB B 2 B A S0 I A T

3.3 /R U EERIS A R SR AR L TR BOR S AT

LA N=5, K=5 I [¥] 1%KF I Rl 55 KP4 451 b A i 2 iy 32k 54 2 I 4 1 iR R TN /2
R4 G TN AT AR

x3: BEBMKTTHEMNERSENESHLEERNE

B (4)
K= 1 2 3 4 5 6 7 8
A EAN 0.2865 0.3587 0.3597 0.6524 0.5721 0.9432 0.02874  0.9521
FEAZ®T 0.5249 0.2158 0.6247 0.3425 0.7524 0.8532 0.05672  0.1584
I B ALk 0.6542 0.2594 0.1587 0.8947 0.3478 0.2698 0.5894 0.6874
i cV 0.2584 0.6584 0.9452 0.2541 0.5814 0.6279 0.3965 0.7256




BAL (5)

IS 1 2 3 4 5 6 7 8
AN 0.5784 0.2584 0.3468 0.6527 0.6987 0.2358 0.9965 0.1687
PEARET 0.3587 0.3546 0.9554 0.6845 0.5574 1.0057 0.1549 0.6544
T I B Ak 0.6542 0.3545 0.9658 0.2455 0.3987 0.6478 0.9654 0.1347
it cV 0.6987 0.5648 0.2564 0.6589 0.3458 0.8795 0.1879 0.2154
B (6)
B = 1 3 4 5 6 7 8
A EN 0.2547 0.3956 0.4664 0.9857 0.3654 0.5879 0.8576 0.1254
PEARET 0.6548 0.3587 0.3235 0.6284 0.3255 0.6587 0.8567 0.3634
T I B Ak 0.9857 0.3546 0.6584 0.5565 0.8745 0.3214 0.6545 0.8755
it CcV 0.8576 0.3674 0.5874 0.6587 0.9877 1.2546 0.1445 0.5874
R 4. FMAEMME LEEZR ( N=5, K=5 BT 1%KE T HIIG 52 1E)
Model T Il 1 RS fidifE | iRz A 8% I FoO R 22
20 -4.1531034 | -4.09561 0.013844 | -4.1493673 0.0009
25 -4.0993939 -4.1505 0.012467 | -4.0927538 0.00162
30 -4.1652174 | -4.20186 0.008797 | -4.1636709 0.000371
35 -4.2418182 | -4.24577 0.000931 -4.2356286 0.001459
40 -4.2457143 | -4.28265 0.0087 -4.2442109 0.000354
45 -4.2748718 | -4.31369 0.00908 -4.2711148 0.000879
50 -4.2776471 -4.33999 0.014574 | -4.2760843 0.000365
no const. 55 -4.3588889 | -4.36248 0.000824 | -4.3530674 0.001336
no trend 60 -4.3423529 -4.3819 0.009107 | -4.3370487 0.001222
65 -4.3347826 | -4.39881 0.01477 -4.3344715 7.18E-05
70 -4.3941176 | -4.41364 0.004444 | -4.3892368 0.001111
75 -4.3845161 -4.42676 0.009635 -4.377963 0.001495
80 -4.404878 -4.43844 0.007619 | -4.4035581 0.0003
85 -4.4287179 -4.4489 0.004556 | -4.4285311 4.22E-05
90 -4.4276923 | -4.45831 0.006916 | -4.4258888 0.000407
95 -4.4232558 | -4.46683 0.009852 | -4.4194937 0.000851
100 -4.4435294 | -4.47458 0.006987 -4.440193 0.000751




SEEAR R 0.008418 0.000796

H13 4 ATLLAR Y, X5 3(4). (8) (8)2Kibd » SR Wi Ty v T0LI F)~F- B A0S 8 22 73331 4 0.008418,
0.009336, 0.003204, it B i Jov i Jy FE A5 2 (KI5 ROR AL NI R o 1104 22 X 28 S P~ 220 AT X
wZEN 4312 0.000796, 0.000781, 0.000271, 1 WK FH A48 199 23 J7 1245 280 14 I S0 1) S0 kG 2
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4 e

ANFEAS G AR (0 D BRGS0 2 75 2 LR 5E 0 A rh 2 W B B 1), P R 3 KRR AR g e 26
I SHE LT A R RR IS8, P E RS B2 g R . ASCH 56K ] Monte Carlo £t
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Cointegration test with small sample: comparison of response surface and
neutral network approaches

YANG Bao-chen, ZHANG Shi-ying

(School of Management, Tianjin University, Tianjin 300072, China)

Abstract: In this paper, we first developed the response surface equations for determination of critical value for
cointegration test in small sample using Monte Carlo simulation, the results indicate that the critical values for
cointegration test are related with the sample size, as well as the lagged order. And then, we established the
neural network model for cointegration test with small sample, where the sample size, number of variables, and
lagged order were employed as inputs and critical values as outputs. Evidence shows that the neutral network
approach is more accurate than the response surface model which is commonly used in critical value

determination for critical values.
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