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(Random Number)

1? 1 Shanon(1975:352-356)
9 1
Wi a $
2 1/m
3 (0.1)
3 2
2 5

= ' FUNCTION RAND(IX)

FUNCTION RAND(IX)

DC = DC*16807

IF (DCDT.0) IX = DC + 2147483647 + 1
RAND = RAND *0.46566 IE-9
RETURN

END

N (ji,02)

Box Muller (1958)

TN(0,1) 2

(generator) z2

DC



Ri

Zf = (-2 In(Ri))1200(2 2)

22 = (-2 In (Ri))1/2 sin(27tR2)

R2 fl FUNCTION RAND(IX)
7V - fl+0*1)

Z2 = fl+a*z12

Z1 72 fl

ft
02 SUBROUTINE NORM(RMEAN SDJIBX)
SUBROUTINE NORM(RMEAN,SD,EX)
COMMON /SEED/IX.KK
SD = SQRT(VAR)
PI = 2217,
IF (KK.EQ.1) GOTO 10
RONE = RAND(IX)
RTWO = RAND(IX)
ZONE = SQRT(-2*ALOG(RONE))* COS(2*PI'RTWO)
ZTWO = SQRT(-2*ALOG(RONE))*SIN(2*PI*RTWO)

EX = ZONE*SD + RMEAN
KK =1
GOTO 15

10EX = ZTWO* SD + RMEAN
KK =0

15 RETURN

END

9

fi



li *! »* m

c MAIN PROGRAM

DIMENSION EEU0O), EA(I00), UM(100), B(2)
REAL  MSEL(12), MSE2(12), MSE3(12), MSE4(L2), MSEOLS(3), MSEPW 3)

* MSEBAY (3) MSEMIX(3)

COMMON /SEED/IX, KK

* | DAT [ X(90,2), Y(90)

* ICMSE | CMSEL(12), CMSE2(12), CMSE3(L2), CMSE4(12)
: IPRED/PRMX(12)

* IBETA/BOL(2), BPW(2), BBY(2)

DO 101 IN = 10, 70,20
IF (INEQ.10) THEN
NO = 15
ELSE
NO = IN
ENDIF
DO 100 IRHO = 2, 12, 2
RHO = 0.0
IF (IRHOEQ. 10) THEN
RHO = 0.9
ELSE IF (IRHO.EQ.12) THEN
RHO = 0.95
END IF



o
—
=

1

1

B(2) =1
KK =0
IX =115
NO =15
NN =NO + 12
IRO = 500
VAR = 1
AME = 0,

WRITE(,1) RHO, B(I), B(2), IX

FORMAT(5X, "rho = 'F0.8°X.'BETACI) = ‘1F5.0,2X,BETA(2) = ‘1
F5.0,5X,’SEED = *J5)

WRITE(6,4) NO, NN, IRO

FORMAT(5X,'n = j2, "NN = “12’round ='j5)

DO 2L =12

CONTINUE

DO31=13
MSEOLS(])
MSEPW (1)
MSEBAY(I)

MSEMIX(])
CONTINUE

0.0
0.0
0.0
0.

0



CMSEO =0.0
CMSEP = 0.0
CMSEB = 0.0
CMSEM = 0.0
CALL GENXCNN, AME, VAR, X)
DRHO = RHO* 2
VARE = 17(L. - DRHO)
DO 22 ICOUNT = 1, IRO
CALL ERR(NN, VARE, RHO, EE)
DO 50 I=1 NN
UM(I) = EE())
Y(I)  =B(l) +B(2)'X(l, 2) + UMa)
CONTINUE
CALL OLS(X, Y, NO, NN, BOL, DET)
CALL AUTO(NO, NN, RHOH)
CALL PRAISGNO, NN, RHOH)
CALL BAYE(NO, NN, RHOB)
CALL MEXT(NO)
CALL FORE(NO, NN, RHO, RHOHRHOB)
CONTINUE
DO 231=1 12
CALCULATE MSB FOR EACH PERIOD *
MSEL(I) = CMSEI(I)/FLOAT(IRO)
MSE2(I) = CMSE2(I)/FLOAT(IRO)
MSE3(I) = CMSE3(I)/[FLOAT(IR0)
MSE4(I) = CMSE4(I)[FLOAT(IRO)
SUM MSE FOR 12 PERIOD *
CMSEO = CMSEO + MSE1(I)
CMSEP = CMSEP + MSE2())
CMSEB = CMSEB + MSE3(I)



23

61

63
62

68

64
69

100

95

CMSEM = CMSEM + MSE4(1)
* CALCULATE MSB FOR 3, 6, 12 PERIOD *
IF('EQ.3).0R.(IEQ.6).0R(IEQ.12)) THEN
=n 41 .
MSEQLSm) = CMSEO/FLOAT(I)
MSEPW (Il)  CMSEP/FLOAT(I)
MSEBAY (E) = CMSEB/FLOAT(I)
MSEMIX(II) = CMSEM/FLOAT(I)
ENDIF
CONTINUE
WRITE(6,61)
FORMAT(90(*-") / PERIOD “,7X,” OLS *,10X," P-W *,10X,
'Bayesian’8X, * MIXTURE * /90(*-))
DO 62J=112
WRITE<6, 63) J, MSEL(J), MSE2(J), MSE3(J), MSE4(J)
FORMAT!SX, 12, 4(5X, F10.4))
CONTINUE
WRITE(6, 68)
FORMAT !90(-") )
DO6II=13
WRITE{6, 64) I, MSEOLSQ), MSEPW(I), MSEBAY(I), MSEMIX(I)
FORMAT!1AVERAGE *, II, 4(6X, F94))
CONTINUE

CONTINUE

101 CONTINUE

RANDOM NUMBER



9

FUNCTION RAND(IX)

IX = DC* 16807

IF (EXIT.0) IX = DC + 2147483647 + 1
RAND = RAND* 046566 IE-9
RETURN

END

NORMAL DISTRIBUTION

SUBROUTINE NORM(RMEAN SD,EX)
COMMON /SEED/IXRX
SD = SQRT(VAR)
Pl = 2217,
IF (KKJBQ.I) GOTO 10
RONE = RAND(IX)
RTWO = RAND(IX)
ZONE = SQRT(-2*ALOG(RONE)*COS(2‘PI*RTWO)
ZTWO = SQRT(-2*ALOG(RONE))* SIN(2‘PI*RTWO)
EX = ZONE*SD +RMEAN
KK =1
GOTO 15
10 EX = ZTWO* SD + RMEAN
KK =0
15 RETURN
END

GENERATE INDEPENDENT VARIABLE

SUBROUTINE GENX(NN, AE, VAR, XA)
DIMENSION XA(90, 2)



30

COMMON/SEED/ DC, KK
DO301=1NN
XA(l, 1) = 1
CONTINUE
SIMPLE TIME TREND

40

WRITER, 9)
FORMAT(5X, | X-SIMPLE TIME trend’)
DO 40J = 1 NN
XA(, 2) =
CONTINUE
----- STOCHASTIC TREND

40

WRITE(6, 9)
FORMAT:SX, / * X-STOCHASTIC trend’)
DO 40J =1 NN
CALL NORM(AE, VAR, EX)
XA(, 2) =3 + EX
CONTINUE

............................. FIRST ORDER AUTOREGRESSIVE

WRITE{6, 9)
format;5X, /" X-STOCHASTIC trend’)
CALL NORM(AE, VAR, X)
XA(L 2) =X
p=208
DO 40J =1 NN
CALL NORM(AE, VAR.EX)
XA(J, 2) =P‘XA()1, 2) +EX
CONTINUE

—-  PERIODIC TREND ... .
WRITE(5, 9)
format;5X, /* X-PERIODIC trend’)



PI = 3.1445926
DO 40 J = 1, NN
XA(, 2) = J + COS((2*PI))12)
40 CONTINUE
RETURN
END

SUBROUTINE ERR(N,VARE,RHOEE)
DIMENSION EE(100), EA(100)
COMMON/SEED/IX, KK
SME = 0.0
STD = 10
CALL NORM(SME, VARE, E)
EE(1) =E
DO 201=2N
CALL NORM(SME, STDEY)
EA(I) =l
EE(1) = RHO*EE(I-I) + EA()
20 CONTINUE
RETURN
END

C ORDINARY LEAST SQUARE

C_. ................................................... - - mmm—— ——
SUROUTINE OLS(XC, YC, NO, NN, BI, DET)
DIMENSION XC(90, 2), YC(30), XT(2, 90), XX(2, 2), XXI(2, 2), XY(2), BI(2)
DET =00
BI(1) =0.0




12

10

17

15

20

BI(2) = 0.0
DO5I=12
DO J=1NO
XT( ) = XC()
CONTINUE
DO 101=12
DO 10)=12
SUM = 0.0
DO 12K = 1, NO
SUM = SUM + XT(l, K)*XC(K, J)
CONTINUE
XX(L J) = SUM
CONTINUE
DET = (XX(L, 1)*XX(2, 2)) - (XX(L, 2*XX(2, 1)
XXI(L1) = XX(2 2) / DET
XXI(L2) = -XX(L, 2) / DET
XXI(2,1) = -XX(2, )/ DET
XX1(2,2) = XX(, 1)/ DET
DO 151=12
SUM = 0.0
DO 17J = 1, NO
SUM = SUM +XT(1, J) * YC()
CONTINUE
XY(l) = SUM
CONTINUE
DO 191=12
SUM = 0.0
DO201=12
SUM = SUM + XXI(I, JJ*XY(J)
CONTINUE

)
)
)
)

99



19 CONTINUE
RETURN
END

ESTIMATE AUTOCORRELATION

SUBROUTINE AUTO(NO, NN, RHOH)
DIMENSION E(90)
COMMONI/DAT /X(90, 2), Y(90)
* IBETA/BOL(20, BPW(2), BBY(2)
DO 101 =1 NO
YH =X(I, 1) *BOL(I) + X(I, 2) *BOL(2)
E() = Y(I) - YH
10 CONTINUE
2=00
53 0.0
54 = (.0
DO 20 1 =2 NO
=1
52 = S0 +E(I)*2
53 = 53 + (E(I)E(II)
20 CONTINUE
4= 2+E()" 2
RHOH = $3/S2
RETURN
END

FRAIS-WINSTEN TRANSFORMATION



SUBROUTINE PRAIS(NO, NN, RHOH)
DIMENSION XS(90, 2), YS(90)
COMMONIDAT /X(90, 2), Y(0)

* IBETA/BOL(20, BPW(2), BBY(2)
XS(L, 1) = SQRT(L - (RHOH**2))
XS(L, 2) = X(I, 2) * SQRT(1 - (RHOH**2)
YS(L) = Y(I) * SQRT(L - (RHOH**2))
DO 101=12
h=1-1
XS(l, )
XS(1, 2)
YS(1)

10 CONTINUE
CALL OLS(XS, YS, NO, NN, BPW, DET)
RETURN
END

- RHOH
X(l, 2) - (RHOH*X(11,2)
Y(l) - (RHOH'Y(n))

BAYESIAN ESTIMATOR

SUBROUTINE BAYE(NO, NN, RHOB)

101

DIMENSION XR(90,2),YR(90),BR(2), XRR(30,2),YRR(90), RSDXR(41), SDXR(41)

COMMON/DAT /X(90, 2), Y(90)
* IBETA/BOL(2), BPW(2), BBY(2)

REAL RHO, RHOB, RSX1, RSX2, RSX3, SX1, SX2, SX3,SDE, SUME

IR =0

RHOB = 0.0
RSX1 = 0.0
RSX2 = 0.0
RSX3 =00
SXI =00



102

SX2 =0.0
SX3 =00
DO IRHO = -100, 100, 5
BRHO = 0.0
IF (IRHOEQ.-100) THEN
BRHO = -0.99
ELSE IF (IRHOEQ.100) THEN
BRHO = 0.99
ELSE
BRHO = FLOAT(IRHO)/100.
END IF
XR(L, 1) = SQRT(L - BRHO**))
XR(L, 2) = X(I, 2) * SQRT(L - BRHO* 2)
YR(A) =Y()* SQRT(L - BRHO**)
DO 101 =2, NO
h=1-1
XR(, 1)
XR(, )
YR()
10 CONTINUE
CALL OLS(XR, YR, NO, NN, BR, DET)
SUM = 0.0
DO 20 1 = 1, NO
ERS = 0.0
YRS = BR(L) *XR(l, 1) + BR(2) * XR(l, )
ERS = (YR(]) - YRF)**2
SUME = SUME + ERS
2 CONTINUE
SDE = SUME/(N-2)
SDMSXR = (I/SQRT(SDE* (NO-2))) * (L/SQRT(DET))

1 - BRHO
X(I, 2) - (BRHO*X(n.2))
Y(I) - (BRHO*Y(II))



30

40

50

m=IR+1
RSDXR(IR) = BRHO * SDMSXR
SDXRFTR) = SDMSXR
CONTINUE
RSX1 = RSDXR(I) + RSDXR(41)
SX1 = SDXR(l) + SDXR(4))
DO 301 =2 40, 2
RSX2 = RSX2 + 4*RSDXR(I)
SX2 = SX2 +4*SDXR(l)
CONTINUE
DO 401 =3 39, 2
RSX3 = RSX3 + 2*RSDXR(l)
SX3 = SX3 + 2*SDXR(l)
CONTINUE

RHOB = (RSXL +RSX2 +RSX3)/ (SXL + SX2 + SX3)

XRR(L, 1) = SQRT(L - RHOB**2)
XRR(L, 2) = X(I. 2) * SORT(L - RHOB* )
YRR() = Y(l) * SQRT(L - RHOB**2)
DO 50 I =2, NO
h=1-1
XRR(I, 1) = 1 - RHOB
XRR(I, 2) = xa, 2) - (RHOB*X(I1,2))
YRR(l) = Ya) - (RHOB*Y(II)
CONTINUE
CALL OLS(XRR, YRR, NO, NN, BBY, DET)
RETURN
END

MIXTURE PREDICTOR

103



SUBROUTINE MIXT(NO)
DOUBLE PRECMON RHOY, YRHOY, HRY
DIMENSION E(90, EO(90), YRHOY (41), HRY (41)
COMMON/DAT /X (90, 2), Y(90)
* IPREDIPRMX(12)
* JINO / OM(90, 90)
* IBGLS/BG(2)
NN =0
DO 5IFG = 1, 12
NN = NO ¢ EFG
n=l
SYRL =00
SYR2 = 00
SYR3 = 00
SHRL = 00
SHR2 = 0.0
SHR3 = 0.0
DO 10 IRHO = -100, 100, 5
RHOM = 0.0
ERN = 0.0
YFI = 0.0
RHOY = 0.0
IF (ERHOEQ.-100) THEN
RHOM = -0.99
ELSE IF (IRHOEQ.100) THEN
RHOM = 0.99
ELSE
RHOM = FLOAT(IRHO)/100.
END IF
CALL INOM(NO, RHOM)



20

40

30

50

10

60

105

CALL GLS(NO, DET)
ERN = Y(NO) -(BG(I)*X(NO, 1) 4 BG(2)*X(NO, 2))
YFI = (BG(1)*X(NN, 1) + BG(2)*X(NN, 2)) +((RHOM* IFG)‘ERN)
DO 20 I=1NO
E(1) = Y(I) - (BG(L)*X(I. 1) 4BG(2)*X(l, 2))
CONTINUE
DO 301=1NO
SUM =00
DO 40J = [NO
SUM = SuM 4 E(J)*E(l)
CONTINUE
EO(I) = SUM
CONTINUE
ETE =00
DO 501=1NO
ETE = ETE 4 EO(I)*E(l)
CONTINUE
n=niédl
RHOY =SQRT(L - RHOM**2)*(I/SQRT(DET))*(I/SQRT(ETE"
(NO-2))
YRHOY(Hl) = YFPRHOY
HRY (E) RHOY
CONTINUE
SYRL = YRHOY(I) 4 YRHOY/(41)
SHRL =HRY(l) 4 HRY(41)
DO 601 2 40, 2
SYR2 = SYR2 4 4*YRHOY())
SHR2 = SHR2 4 4*HRY(I)
CONTINUE
DOT701=3 392



SYR3 = SYR3 + 2*YRHOY/()
SHR3 = SHR3 + 2*HRY/()
10 CONTINUE
PRMX(IFG) = (SYR1+SYR2+SYR3)/ (SHR1+SHR2+SHR3)
5 CONTINUE

RETURN

END
C it it chrr ettt e
C r'r matrix subroutine
T - ey I TPRTOTNIIN o o orf TP .

SUBROUTINE INOM(NO, RHOM)
COMMON/INO / OM(90, 90)
DRHOM = RHOM*RHOM
DO 101=1NO
DO 10J=1NO
OM(l, J) = 0.0
10 CONTINUE
DO 201=2NO
n=1-1
OM(l, n) = -RHOM
OM(I1) = oMm(l, )
OM(I, 1) =(1 + DRHOM)
20 CONTINUE
oMm(l, 1) = 10
OM(NO, NO) 10
RETURN
END

C GENERALIZED LEAST SQUARE

106



SUBROUTINE GLS(NO, DET)
DIMENSION XTXI(2, 2), XTO(2, 90), XTOX(2, 2), XTOY(2), XT(2, %0)
COMMON/DAT /X(90,2), Y(90)
* INO /OM(90, 90)
* IBGLS/BG(2)
DET 0.0
BG(1) = 0.
BG(2) = 00
DO5I=12
DO 51 - 1, NO
XT(1, 1) = X0, 1)
5 CONTINUE
DO 101=12
DO 10J = 1, NO
SUM = 0.0
DO 20K = 1, NO
SUM = SUM + (XT(I, K)* OM(K, J))
20 CONTINUE
XTO(l, J) = SUM
10 CONTINUE
DO30I=12
DO30J=12
SUM = 00
DO 40 K = 1, NO
SUM = SUM + XTO(l, K)X(K, J)
4 COTINUE
XTOX(I, J) = SUM
30 CONTINUE
DET = (XTOX(I, *XTOX(2, 2))-(XTOX(I, 2*XTOX(2, 1)
XTXI(L, 1) = XTOX(2, 2)IDET



XTXI(L, 2) = -XTOX(l, 2)IDET
XTXI(2, 1) = -XTOX(2, 1)IDET
XTXI(2, 2) = XTOX(2, 2)/DET
DO501=12
SUM = 0.0
DO 60 J = 1, NO
SUM = SUM + (XT(I, J)*Y())
60 CONTINUE
XTOY(I) = SUM
50 CONTINUE
DOT01=12
SUM = 0.0
DO80J=12
SUM = SUM + XTXI(LI*XTOY())
80  CONTINUE
BG(1) = SUM
70 CONTINUE
RETURN
END

FORECASTING SUBROUTINE

SUBROUTINE FOREFNO, NN, RHO, RHOH, RHOB)
DIMENSION YOLS(12), YPW(12), YBAY(12)
COMMON /SEED/IX, KK
I DAT 1 X(90,2), Y(90)
ICMSE/ CMSEL(12), CMSE2(12), CMSE3(12), CMSE4(12)
‘ JBETA/BOL(2), BPW(2), BBY(2)
* IPREDIPRMX(12)

=00

108
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=00
= Y(NO) - (BP()*X(NO, 1) + BP(2)*X(NO, 2)
= Y(NO) - (BB()*X(NO, 1) + BB(2)'X(NO, 2)
DO11=112
NI =NO +1
YOLS(1) = BOL(I)*X(NI, 1) +BOL(2)*X(NI, 2)
YPW (1) = BPW(L*X(N, 1) + BPW(Q)*X(N, 2) + (RHOH* 1)*U
YBAY(I) = BBY(L*X(N, 1) + BBY(2)'X(N, 2) + (RHOB* I}*
11 CONTINUE

DO 141=112
Nil =NO +1

CMSEL(l) = CMSEL(l) + (Y(NII) - YOLSaWAZ
CMSE2(1) = CMSE2(1) + (Y(NII) - YPW (1))**2
CMSES(1) = CMSE3(l) + (Y(NII) - YBAY(1))**2
CMSEA(1) = CMSE4() + (Y(NII) - PRMX(1))**2

14 CONTINUE

RETURN

END
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