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O 2.1: Kondratieff’s long cycle periods

First long wave Second long waved [ Third long wave [
upswing 1780s-1810/17 1844/51-1870/75 1890/96-1914 /20
downswing 0  1810/17-1844/51 1870/75-1890/96 1914/20-7
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‘000000000000 00000000000000000000000000000000

K, O0vyv,o0oooooooooooooooo

67



053 0000i

HEN gooboooboobod

LNI gboooogan

LNEY gboboogoobbobboooobooooobbboooooboboa
LNUY goboogoobbboooobbuoooobbboooobboboon

D1 0000000000000 00000000000’87ql O'92q4=1,0otherwise=0)
D2 0000000000000 0000000000’87920'93ql=1,otherwise=0)

0000D;,(i=1,2)000000000000

1 (if t = 1987q1 — 1992¢4) 1 (if t = 1987¢2 — 1993¢1)
Dl,t — |:| 5 D2,t = (55)
0 (otherwise) 0 (otherwise)

000000000000 O000L0t0000000000000000000
INEY,000000000000400000LNUY, 00000000000 40
0000D,0000000 (i=1,2)0wd00000 (I,Y,U,)000000000
0000000000000 000000000000MO000000Ononoa
0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000000
00000O0530000000000

O000000000000000000000000%0 LN/ 00000000

goboboboogbbobbdodd=0bb00ooobooboa
—godbbooooooo

+000000000 (5.6)

Oboobooboobooooboob0 LNEy, 000buoobuoobuooooo
goboodgbobboooooboobbooobooobbouoobbooobbo

000000000000 0D00000D00000MmM?2000000000000000000
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00000 (smoothing) 000000000 D’000000000O0O0O wOO0OOO
gobobbooogbbbooooobboboooaoo

ie. yy=p+u (t=1,2,..7) (5.7)

gobobboooobobbooooobobboooobboooon

g = (Yt + Y1 +4yt—2 + Yi-3) (5.8)

gooodoog o, guobooobbboobobboobobooobooon
Oobooboboboboboboooboobobobobooboooboono0oboOgn LNEY,
gpbdbbooobbooboobooobboooboobooobooobooboa
goboogobogoogobbooobooobbuooobbooobbouobba
gboboogboboboooboobobbooobbooobbouoobboooboba
goo

LNUYy, 0O00O00obooboboobooboobooobuoobooobooooo
gboboodbboooobooobogobooobbooobboooooobbo
gboboogbbodobboooooobouoobbbooobbouooboboonoboba
gbogobooboggbooboobuooobobooobbonobobbooon

Z?:o(yt—i — )

LNUY, = 1

(5.9)

000 (5.9)00000000LNUY,000000000DO00OOODOO0OOOO
goobobbooooooboboboboooooboobobbbooo™oobobod
goboogobbooobobooobooooboboboobbuooobboobba
000000000000 LNUY,00000000000000000O0
00000 D;x(:=1,2)00000000000000000O00COO0O0OOCOO
goobooogobolsroibn 19920b0bbugoobobooobobood

‘D0000000000000000000 (exponential smoothing) 0000000
U =vyi—1+p(ye —yi—1) where0 <p<1 , yo:given

gooobo OO0y, 00000000 O0O0OO0
POopooDoD0OO000O00000000D000000D000D0000000000000000000

gboogoboobobooboon
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goboboooooboosruioob 92000boboogooobooboonobood
gbobobooobbootooobbooobobobooboboooobbo200bbO
gboboogbobobooobbobooobboodboobbouoobbooobbo
01985 e oooooouoboonoooobboobbonoogn1gl
OooooboocooboobovsuooooooooooooooooobD 01000
oooboooooobD,,0obbooooooooboooogn
goodbodoodoooogos3bdudddooouuuuuguooa
gboboolgoobboooobooooobobi1ooobobobboooobb 2040
OooboooboboooboooboobULNEY,OLNUY, U000 DO0obooogono
lgggodoodobobbobouobodddooooooolooooboobobobooooon
goobo200000000b0bb00oobbooooboboboooooboboa
goboogobboobboooboobbobbboobbuooobbboooba
oboobooboooboboobuooboboboboobo LNy, OODooboooono
gobobobooodobobooooobobbboooobbouooon

ooogan

gbobodboogoobboogbbogboboooboooboooobooobobo
gooduooooobbobiboooooooooooouoobobbbooooooa
gooboogbobbodoooobbbooob s400obbbboooboboa
gobogbobogobbooobbooboobobooobooobbooboboon
oboobobooobooooboboboobooooooLoLNEYOODODDODODOOODOO
goboogoboboogobbooobboboobboobbuooobbooboboba
gbooogobbogoboobbooobooobbooobbooobbouooba
gobobboboogooboobobbuoodoooboobobbbooooooobooboobooon
goobooboboguooooobbodooooooooboobboboboooa
gbobouogbobbooooooboobbooobooobbouoobbooobobo
gbooboooobooooooon

ooooooooLoLNvyOOobobooobooooooooboboobobooo
goobooboboooooooobobobog icggooobooboboobobobooboda
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U 54: 00000197 0020000200000 20000000

00 0 OO000000=LNI
OO0 Modell Model2 Model3 0O O
Const.  -3.66 -3.05 -2.900
(-7.75) (-6.97) (-6.87)0
LNEY 1.06 0.99 0.98 0
(18.62) (19.11) (19.45) 0
LNUY -0.01 -0.02 -0.02 O
(-0.83) (-1.83) (-1.96) 0
D1 0.19 O
(5.12) 0
D2 0.21 0
(6.05) O
Obs. 101 101 101
R? 0.80 0.84 0.85

gboboogobogoboobbooobooobbooobbooobobobobo
gboodoobbooobooobbuoooobbooobbuoooboooboboba
goboogobobooobbouobboooboboooboobbooobbouooba
goboogobbooooooboboooobooobobooobboooboboba
gboboogooogoboooboboobooobbooobbooboooboba
goboogobobobbooobooobboobooobbouoobboooboba
goboboooobbooooboboboooobboooon
gbobogdobbobobobooobobboobboobbboobobooobobo
gbgoodboooboboobobodbuoobobboobobooboboooba
goboogobobobobboooboobboobbooobbbooobbouoooa
gboboboooobboooobobooooboboooobboboa
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gooogd

goboogobooobbobbooobooobbooobooobboonbon
goboogobobobobooobbooobobooobooobbooooobbo
goboobbboobbooobooobboodobbooobobbooobbo
goboogoboodoogobbooobooobbooobbooooooboboba
gobogobbobdooooobbbooobbooobbuooobooobobobo
goobooooboboooon

gboboobbodogbobuogobbobbooobboooooooboobobobo
goboobobbogoboboooboooboooboooboouoobobooobba
gbbuodgobooobooboobbooobbooobbooobboonoboba
gboboooogobbooooobboboooan

Jooooooooooogoooon

obooobouoboooon

gboggbogobogbobobioobboobooboooboobbobo
gbobogbooooobbooobogobboodbbooobbooobbouooba
gobogobbooobboooooooboboooobbouoobboonoboba
gobooboobbogobbobboobbbooobooobbouoobbooobobo
Ooo0ooooooto
goboogoboobboodobbooobooobboooboooboboobon
gbooogobbooooboooboboobbuooobuoobbbooobbooooa
goobooooboboooan
oooooooo 2o
000000 {yw00O0O0O00000000000O00000 E(yy) =p <ooO
Var(y) = v(0) < oo O Cov(ys,yr—s) = v(s) <oo (s=...,—1,0,1,2,...) 0000
goboboogoobooan

Hopooooooooooooooon
2opo19920000
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000000 0000000000000 00 wOy(0)000000%:0 y-s0O
00000 (autocovariance)y(s) 00 000000000000 O00O0OO0O0OOOO
0000000000000 0DODO000ODOO00ODOO00U0DODOoDOUDDOOOUODO
000000000000 0000ooo00ooo00oooogoooogoooo
0000000000000 00ODO000DOo0O000oooO0goooDooOoooDO
0000000000000000000000%B0

0000000000000 00000000oDoOoD00O0gOSutskyddoonQ
00 Moving Averageldl MAO OO O OO YuleD OO OO O Autoregressive Processd ARO
O000D00OO0D00O0DO0DOD Autoregressive Moving Averagedd ARMAOO OO
000000000000 0o00ooodooo0oooogooooooooo
0000000000000 0000O00000000000 AROODODOOODOO
O000000000VARODOODOOODODOOOODOOOODAROODOOODOO
O000000ooooood

o0 0 00000DOO000OO0ODOODODOO0:000 000000000 ARDO
00 (AR(p)0 gy =@YDOi=t—1,t—2,...,t—p00000000YOOOOOO
Y =[yi—1,0-2,...,04—) 0000000 000000000000 ODOOOOOO
0000000000 0oo0o0oooooooog

1 — v — v —...—p¥ =0 (5.10)

AR(p)D0O0O0000OCODOOODOOOOG.I)D0DDODOODOOODODODDOOOOOOO
O00000O00000AR(1))DOO0OO0O0OODOIOODOOODOD 0000000
000000000000YOO0ODDARP)DODOO0OODOOOOOOODOOO
0000000000000 000OSee Apendix) D0 000¢, 0000000O0CO

Bopoo0oO0O0O0, 00000000000 000000000000 00000 {y
O¢ € A} 0000 (Strictly stationary) 0000 O00P (yt1+h) <wyr,...,yltn +h) <yn) =
P(y(tl)gyl,,y(tn),yn) oooao h,tl,...,tn S AODODOO Y15Y2y - -5 Yn S St ooooo

0000000000000 0000000000O0@9e83uoUDn
MAROOOOOOOOODOOD VAR(p) DDODOOOO0OO00O0O0000O00O(A10000000000

googobooooobooobooboobo |I—(I)1—...—(I)g|:0|:||:||:||:|
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0000%0 0000000000000 0000000000% 0 ARMA(p,q)
0000000000 ARODOOOOOOOOOAR(p)DO0O0OOOOOOOOOO
MAOOOODOOOOODOOOARODOOOODOOOOOOODOOOOOOOOYD
gbgboboboobobobobobobooboboboobbobobobo
gbogobgboobodboboobooboobobboboobsobuooba
gbgoogogbooboboobobobodboobobuobobooboba
oooooobooy,ooobo woooooy, 0 10000b0obooooooo
gboogbobooboboobobboogbooobboobuoobboo »wOoo
0 O Strict Exogeneity 0 O 0O (E(g|Y) =0(i = 1,2,...,n)) O Spherical error variance
000 (BE)Y)=0%(i=1,2,...,n),E(e;|]X) =0(i,j = 1,2,...,10i # 7)) 00O
O000000000000mMmOObO0ODbDODDOO Spurious Regression 00000
0000000000000 000000000O0oooOOo0ooooO (1))ODOoooo
O0000000000oooooO0 (1)) Dooooooooooooooooooo
goboboogad
goboogobooboboboobbooobooobooobbuoobboooa
gobobboooooobobbbtooooooboobobboboooooooboobooboon
goboogobbooobboobooobbooobbooobobbooobbo
goboogbobbogobbooobboodoobooobooobboooboobobo
goboogoboboooboboobooooobbooobbuooobbooboba
0000000000000 oo0obO0o0oo0oboOoODObOUO ADFOODbOOogoo
OO0O000O0o0O00bOo0ooOobooOoooobobooooDopoboobooboboOoo

BOooDoDD0D0 ¢, 000000000000000000O0O0¢, 000000000000000
gcoooood0oaOOOOO01ogooooU0ooooU00b0yOoDOOoO0OOoDOOOOoOODOo

googoooooo
64, 00000000000 000000000000D000D000000000000
"0oooooo0o0000(20000)118- 119000000000 (1992) 00000MA(q) 00O

googobooboboboobobooboobooboobooboon
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O 55: 00000019700 20000200000 20000000

U 0 Deterministic term

O0do0 q None Constant 0  Constant and trend [J
LNI 4 0.70 -1.01 -1.15

ALNI 3 -7.16 O

LNEY 3 2.03 -2.08 -1.81 0
LNUY 1 -6.24 0

0 (000o00oO0oO0ooOo00)ooooooooooo

p
AY; = BY, 1 + Z Vit—i T Ut (5.11)
i=1
p
AY; = p+ BY; 1 + Z%‘t—i + Ut (5.12)
i=1
p
AY; = p+ 0t + BYiq1 + Z%t—i + uy (5.13)

=1
wO0000000000000000000000AO0DDODOODOOOOODOn
AY,=Y,-Y,,00000000000000H,000000 (H,)O

Hy : B=0, H : B<0 (5.14)

gogboobobobdobooboobobobobobobobobboobobobo
0Il(0)000000000000000000000000O0D0000OD0OOADFOOO
0000000000000 0000000000000O00O AIC(Akaike Information
Criterion) 0 SBICO Shwarz’s Bayesian Information Criterion00 000000000
000 (consistency) 00 OO0 SBICOOOOOOODOOO

0000000000 550000000%0000000000000SBICOO
Oboobooobdboooboboboboboob0obDbo0obCUOLNEYODODODOD
O000O00LNUYODOOOOO (o)ODOoOoOoOooooooooooooooooo
OLNIOOOOOO (1)) 000000000000 0ooo0ooooooooooood

BOopooooOooOoOoOoOoOoOoOoOoOoOoOT7TOOOOO0O0

I0)



O 5.6: 00000197 0020000200000 20000000

00 0 OO000000=LNI
OO0 Modell Model2 Model3 0O O
Const. 2.05 0.12 0.140
(1.27) (0.50) (0.56) O
LNEY -0.27 -0.02 -0.020
(-1.39) (-0.64) (-0.71)0
LNUY  0.03 0.005 0.005 O
(0.65) (0.63) (0.63) 0
D1 0.03 O
(1.45) 0
D2 0.03 O
(1.57) O
Obs. 101 101 101
R? -0.0004 -0.001 0.003

O0I(1)000 o)b0o0o000ooo0o0o0ooooo0oooooooooooo
000000000000000000000000Y000000KHOOO0OO
gboboogobbogboooboboooobooobboobbooooooboboba
gbgoboboobooboooobooboobooboobooboobogon
0000000000000 00000000000I(1))ODOO00OO LNIODOOO
goboogobobobbodobooobboodbbooobboooboobbo
goobobbogobobboooooboboboooobobooooobobon

ALNI, = a0 BiLNEY, + B, LNUY,0 B3Di; + u; (i =1,2) (5.15)

0000000000000 000000000000O000O0OO (.5 00000
goboboseddbbbboooooobobbuooobobobbooooobobon
gods40ddbogoboogooboboobboobboobbuoooooobooon

Yooo11)000000000000000
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gobobbooooobbboooobobooogbbsebooboobbbod
goboogbobboooboobbooobobbooobbouoobbooobbo
gboobooodobobooooboboboooobobobooobbboa

O000 VARODODOOODODOoooooooo

goboogobobooobooobodoobbooobbooobobooobobo
goboogobbooobbooobboooobbbooobbouoobboonoboba
gboboogobbooobobooboboboobbooobbooobboonoboba
gbobogoogbbboobbooobboooobooobooobboonbooboon
gooobod

gooobobogobbuogbbogbobooobbooobobobooobobo
goboogbobbooobboobbodooodboobbouoobbooobobo
gbogobobboodboobobbodobooboooboobobboobbooon
gboboogobobooobbooobbooooboobboobouoobbooobobo
goboogobbogobbooboooobobbbooobbooobbooboba
gbobogobogobooobboobobooobooobboobbooboboon
gboboogbooboogo4bodobbooobboooobbooobboonobooba
gboobbooobooobbooobobooobbooobbobobbooobobba
gooboboboogoooobobbobodoooboobbobooooouoobooboooon
gbobodgboboooboobbooobboooobooobooobboonboon
goobooagno

OO0000000O0000VAROOOOOOODmWOoOOoDOoOooooboooo
OO00000000000DO0000000oDoDooDo0oooALNIDODDODODOOO
OOO0ODODOLNEYDOODOODOODOODOOODOOLNUYODODO VARDOODO
OO00000DO00000DO0bO00000oD0OoDALNIDDODOODODODOOD
OLNEYOOOODODOOODOODOOODOODOOOOOOOOLNUUDDODO VARDO
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Us5.70000000019v400 3000d2o0000d 20000000

HEN O O0000000=000 (V)
ogoo oOodgo ogooo ogoooodgo
Const. 3562.5 3275.8 3839.70
(48.7) (31.2) (33.1)
time 70.4 86.6 23.70
(58.2) (18.8) (25)0
time? -0.2 1.34 0O
(-3.6) (6.4)0
time? -0.01
(-7.2)
Obs. 104 104 104
R? 0.971 0.974 0.982
ogoooodgo
Yie =00+ ®1Y5 10 PYy 20 ... 00,Y,,,0 U, (h=1,2) (5.16)
o1 P11(t — k) dr2(t — k) d3(t — k)
Do = | o1 | 5 Pr=|ho(t — k) poa(t — k) pos(t — k) (k=1,2,...,p) 00000
¢31 P31(t — k) @2t — k) ¢33t — k)
ooon
LNFEY; LNFEY;
VAROOOOOY:,= | LNUY,| . VARODOOOOY,: = | LNUU, | (5.17)
ALNI, ALNI,

O00*0000000000000000000000000000000O000
goboboboogobobboooooooo
gbgobobdooboobobooboobuoobobbobooboobogon

000000000000 (trend) 0000000000 DOOOOOODOOOOOO
X0po000000000000000000000000000000
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O 58 LNUUODOOOOOOODIgmOo 20000200000 20000000

U U Deterministic term
O OO0 g None Constant [ Constant and trend [J
LNUU 2 -0.35 -3.35 -4.97 0

gobooooooooooboooooobooobobooooobooobooboooooDo
OobOoooboobooboobobooboooboooboooboobooooooooobooooon
OoodoooboooooboooobooboooooooobooooOoobooOoOoOoooDo
Oooobooooooobooooobocoooooboooooboooobooboooooo
Oooooooooooboooooboooobobooboooboboooooboboboooobooon
gos7obboubdobbodbdoooogboobboobobdooooboaoboogan
000000 (LNUU)O0D00O0000000000000000o000o0o0o000o
[(0)000000000000000O0000000O0000DOS800000000
VAROOOOOOOODODOOODOO0O0O00o0oo0oosBIicooooooooonon
O2'0VAROOO0OOOOO0ODO0O0O0ODOOS90000000000

0000 VAROOOOOoOOooooooooooooooooooooooooo
O0000O0O0O0O0OVAR(p)DOOO VMA(co)ODOOODOOODOOODODOOOVAR
Oo0oboooooooobooooooooobobo0ooooon0 VAROOOOooooo
000000000 (Vector Moving-Average) 0000 0000000000000
00 VAR(p) DO OOO

Y, = ®Y, 108, .0 ...0,Y, ,0 U, (5.18)
D000D00Y,0n000000000®(k=1,2,...,p)0
Dp = [Prij] (1,5=1,2,...,n) (5.19)

000000000 n00000000000000,0 w = [ug,uy,...,u) OO
D000n000000000000 E(U,) =00 Var(Uy) = E(UU)) = £0

2ISBIC O SBIC(p) = In|S| 4+ 2n(np+1)2L 0000000p00000000X 0000000
00000000000 VAROOODODODODOOO TOOODODODOOOOODODOO
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0 5.9 VAROODOODOO

gogd Equations OO0 0O0OO0OO 0O0O0O Equations
00 00
Oo0od ALNI; LNFEY, LNUU;
O
LNFEY; 4 5.93 LNEY, ; 3.31 -35.26
(1.20) (140.3) (-0.7)
LNFEY; -17.44 LNFEY; 5 -4.34 108.54
(-1.32) (-19.4) (0.8)
LNFEY,; ;3 20.68 LNEY, 3  2.69 -127.34
(1.61) (12.1) (-1.0)
LNFEY; 4 -9.13 LNEY,_ 4,  -0.67 55.03
(-1.99) (-8.4) (1.2)
LNUY; 0.01 LNUU,—;  -9.E-08 1.05
(0.95) (-0.0005) (9.5)
LNUY; o -0.03 LNUU;,_» 1.E-04 -0.51
(-1.49) (0.4) (-3.2)
LNUY; 3 0.02 LNUU,_3  -7.E-06 0.07
(1.04) (-0.03) (04)
LNUY;_4 -0.01 LNUU;,_y  -1.E-05 0.02
(-0.88) (-0.1) (0.2)
ALNI; -0.09 ALNI -1.E-03 0.72
(-0.99) (-0.6) (0.7)
ALNI; o 0.19 ALNI -4.E-03 -0.31
(2.08) (-2.2) (-0.3)
ALNI; 3 0.02 ALNI; 5 -2.E-03 1.20
(0.26) (-1.0) (1.1)
ALNI; 4 -0.48 ALNIL,_4  -1.E-03 1.34
(-5.26) (-0.7) (1.3)
Const. -29.61 Const. 0.88 -526.83
(-0.93) (1.7) (-1.7)
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Cov(U,U)) = E(UU!) =0 (Vt,se At #£s) 00000000000000000
020000(.18)00100000000000

Y1 = Y, 50 &Y, 50 ...0®,Y,_, .0 Up, (5.20)
DDDDDDDD(5.20)DDDDD (5.18)DDDDDDDDDDDDDDDDDD
i =01(0Yio + PV s+ ...+ P p 1 +Uinr) + Potpo+ ...+ OY,, + Ub.21)

000 Y m(m=23,..)000000000000000(5.18)00
Yi=> o/'Un (5.22)
n=2

oboooobobooobooobooboobboobuoooob0dmuobo Yy, 0o
0Dooo000O0000O000U,., 000000 —¥=—[¢,;/00000(.22)00

Y = \IjoUt — \Ilet—l — ... ‘PnUt—m — ... (523)

O0000000000000000vY, 0 mO000000000 (Yy=1)0

0000000000 Impulse Response FunctionD0 O 000 VMA(co)DOODOO
goboogbbogobboooboobbooobooobbouoobbooobobo
000000000000000000%20000000000000000000
goboogobbbodoogbbdooobbooobbooobbouobbboonoboba
0oov,00,...,0,1,0,...,0/)00000000000000000000000
ooobooooboobooob g oboboooooibooooboooobobon
gobduby 00000y, 00000

Vo,ij, =165, — V2,5, —Us,ijs - - - (5.24)
DDDMD\IJWDD (i,j)DDDDtDDDDDDDDDDDDDDDDDDDDDD
0i000000 t+mO00000000 Oysgns/Ouss =vi;(m) 000000000

00000000000 »?0000000000000000000

200Q000000000000o0oo00o00o00O0O0OoO0O0XOo0OoOoOoOoOooOoOn
¥O0pgpooooooooo0oooOoOoOoOoOoooon
A00UU00000000DN0000N0N0O00N0 X 00000000000000000000

goooboobooobooboooboobooobooboooogobooboooobboobo
googobooboobooobooooooobooboobobooboo
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ooogooogd

0000 VAROOOOOOOOOOOOOOOOOOO00O0000000O0%0
0000000 1200000000000000000000000000000
0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000000
0000000000000 O0LNUUOOOO00O0000000000VARDOO
0000000000000 120051000590000000000000VAR
00000000000000 12005100005180000000000000
ooooooo

000000000000 0000000000000000000000000
00000000000000000000 (05.1,0510000000000000
000000000000000000(05.2)00000000000000000
00 (05.11)000000000000000000000000 (05.3,05.12)00
0000000000000 0000000000000000000000000
000000000000 000000000000000%0000000000
0000000D00000000 (054,05.13)0000000000000000
O0000000000000000000000000000000000000
000000000000000000055,0514M0000000000000
00000000 O00000C0O0O0VAROOOOOOOOOOOOOOOOOOOO
00000 560VAROOOODOOOOOOOODODO0000000O 5.150

000000000000 0000000000000000000000000
00000000000000000000000000000000 5.7,5.16)00
000000000000 00000000000000000000000000
0000D000000000000000D000000 (058000000000
00000000000 000000000000000000000000000
000000057 MDO0000000000000000000000000000
0000 5.9,5.1800

»O0OoO0O000000000000000000000 00000000000000D0000
¥O0pOoOo00D0O00000000D00000000000
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gboboogboggbbogbbogboboobboooboooobooobobo
goboogboboboooboobooobboobooobbouoobbooobobo
gboboogbobbogobbooboooobooobbobobobbooobbo
gbobobobooooboboooooboboboooobbuoooobbobboooon
goboogoboboobobooboobbooobbooobbooobbooono
gooobbbogobbooobooobboodbbooouoobbooobbo
goboogbobobooobboobooboboobooobbouoobbooobobo
goboogoboboooboobboobbbooobooooooobbouobbo
gbobodbobooobboooooobboooobooobooobboonoboon
gbhgobogbogbodbooboobobboobuoobonobobbooboon
goboogboboobbooobogobbooobboobouoobbooobobo
goboboogoobooooobbbod
goboobbogobboobobooobooobboobbboobbooon
gooobbogobbooobogobbooobbooooobbooobobo
gbobogobbooogbbooobbooobooobooobbooobooboba
gbooggoboboogobooobooobooobboooboobboonoboba
goboboooobboooobbobooooboboooon
gooobbogbbooobbooobooobbooobooobbooboon
gboboogbobbooobbooooobooobooobooobboooboba
gbobogobbooogbboooboboooboobbooobboonobobo
gboboogoboboobooobbooobboooboobboobooobobo
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Yi+1 10 Yt
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A= X=X —a\—3=0 (5.27)
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O00000000000000A4;(:=1,2,3)00000000000000000
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ye = AN+ AN + AN (5.28)
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Fortran

integer seed(2), N, m, mm

real b, cl,c2, rH, rL, zH, zL,eL, eH, dt, TT
REALYV, PI,K(2),r,r2,e,z,¢c, T
CHARACTER STATE

T=0

r=1

open(2,file="parameter.txt’)
read(2,*) state, k(1)

read(2,*) b, c1, c2

read(2,*) rH, zH, eL

read(2,*) rL, zL, eH

read(2,*) dt

read(2,*) TT

N=int(TT/dt)
eL=elL/dt
eH=eH/dt

IF(STATE.EQ.'L") THEN
e=eH
z=zL
r2=rL
ELSE
e=eL
z=zH
r2=rH
ENDIF

OPEN(1,FILE='RESULT.CSV")
WRITE(L1,*) 'T K Pl STATE'

write(6,*)

read(5,*) seed(1)

CALL CHANGE(e,seed(1),seed(2),m)

mm=mm-+m

seed(1)=seed(2)

WRITE(6,*) ' MM M SEED'
WRITE(6,*) MM,M,SEED(1)

DO I=1,N

IF(1.LEQ.mm) THEN
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IF(STATE.EQ.'L") THEN
STATE='H
e=eL
z=zH
r2=rH
ELSE
STATE="L'
e=eH
z=zL
r2=rL
ENDIF
CALL CHANGE(e,seed(1),seed(2),m)
mm=mm-+m
seed(1)=seed(2)
WRITE(6,*) MM,M,SEED(1)
ENDIF

r=r*(1+r2)
IF(K(1).LT.z/b) THEN
c=cl
ELSE
c=c2

ENDIF

K(2)=(z+c*K(1))/(b+c)
P1=(2**2.0/(2.0*b)-b*c/(2* (b+C))*(K(L)-z/b)**2.0)*dt

V=V+Pl/r
T=T+dt

k(1)=k(2)

WRITE(L,*) T, K(1), P, STATE

ENDDO

WRITE(1,'(1X,A,1X,F10.4)") 'Maximized Value Function=', V

CLOSE(1)
CLOSE(2)

END
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SUBROUTINE CHANGE(e,idum1,idum2,ran2)
INTEGER iduml, idum2, 1A, IM, 1Q, IR, MASK, ran2

REAL ran, AM, e
PARAMETER

(1IA=16807,1IM=2147483647,AM=1./IM,1Q=127773,IR=2836, MASK=123459876)

INTEGER k
iduml=ieor(iduml1,MASK)
k=idum1/1Q
idum1=1A*(idum1-k*1Q)-IR*k

if (idum1.1t.0) iduml=idum1+IM
ran=AM*idum1
idum2=ieor(idum1,MASK)
ran2=int(-e*log(ran))+1

return

END

*xxkrkkkrxrrrxPgrameter

L 0
2 0
0.05 8
0.02 5
1
120
*hkhkkhkhkkhkhkhkhkhkhhihhhihiikk
( ‘H L)
b,c1( c),c2(
rH
rL
dt
T
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Maximized Value Function(c
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STATE K(c=10) 1 (c=10) K(c=100) m (c=100) STATE K(c=10) 1 (c=10) K(c=100) 7 (c=100)

L 2.50 6.25 2.50 6.25 L 3.22 5.62 3.89 429
L 2.50 6.25 2.50 6.25 L 3.10 581 3.86 437
L 2.50 6.25 2.50 6.25 H 4 16 4 16

L 2.50 6.25 2.50 6.25 H 4 16 4 16

L 2.50 6.25 2.50 6.25 L 3.75 4.38 3.97 4.04
L 2.50 6.25 2.50 6.25 L 3.54 4.95 3.94 413
L 2.50 6.25 2.50 6.25 L 3.37 5.35 391 421
H 4 16.0 4 16 L 3.22 5.62 3.89 4.29
H 4 16.0 4 16 L 3.10 5.81 3.86 437
L 3.75 4.38 3.97 4.04 L 3.00 5.95 3.83 4.44
L 3.54 4.95 3.94 413 H 4 16 4 16

L 3.37 5.35 391 421 H 4 16 4 16

L 3.22 5.62 3.89 429 H 4 16 4 16

L 3.10 581 3.86 437 H 4 16 4 16

L 3.00 595 3.83 4.44 H 4 16 4 16

L 292 6.04 3.81 451 H 4 16 4 16

H 4 16 4 16 H 4 16 4 16

H 4 16 4 16 H 4 16 4 16

L 3.75 4.38 3.97 4.04 H 4 16 4 16

L 3.54 4.95 3.94 413 H 4 16 4 16

L 3.37 5.35 391 421 L 3.75 4.38 3.97 4.04
L 3.22 5.62 3.89 429 L 3.54 4.95 3.94 413
L 3.10 581 3.86 437 L 3.37 5.35 391 421
L 3.00 595 3.83 4.44 L 3.22 5.62 3.89 429
L 292 6.04 3.81 451 L 3.10 581 3.86 4.37
L 2.85 6.10 3.78 458 L 3.00 5.95 3.83 4.44
H 4 16 4 16 L 292 6.04 3.81 451
H 4 16 4 16 L 2.85 6.10 3.78 458
H 4 16 4 16 L 2.79 6.15 3.76 4.64
H 4 16 4 16 L 2.74 6.18 3.73 471
H 4 16 4 16 L 2.70 6.20 3.71 477
L 3.75 4.38 3.97 4.04 L 2.67 6.22 3.68 4.82
L 3.54 4.95 3.94 413 L 2.64 6.23 3.66 4.88
L 3.37 5.35 391 421 L 2.62 6.23 3.64 493
H 4 16 4 16 L 2.60 6.24 3.61 4.98
H 4 16 4 16 L 2.58 6.24 3.59 5.03
H 4 16 4 16 L 2.57 6.24 3.57 5.08
L 3.75 4.38 3.97 4.04 L 2.56 6.25 3.55 512
H 4 16 4 16 H 4 16 4 16

H 4 16 4 16 H 4 16 4 16

L 3.75 4.38 3.97 4.04 H 4 16 4 16

L 3.54 4.95 3.94 413 L 3.75 4.38 3.97 4.04
L 3.37 5.35 391 421 L 3.54 4.95 3.94 413
L 3.22 5.62 3.89 429 L 3.37 5.35 391 421
L 3.10 581 3.86 4.37 L 3.22 5.62 3.89 4.29
L 3.00 5.95 3.83 444 L 3.10 581 3.86 437
L 292 6.04 3.81 451 L 3.00 595 3.83 4.44
L 2.85 6.10 3.78 458 L 292 6.04 381 451
H 4 16 4 16 L 2.85 6.10 3.78 4.58
H 4 16 4 16 L 2.79 6.15 3.76 4.64
H 4 16 4 16 L 2.74 6.18 3.73 471
H 4 16 4 16 L 2.70 6.20 371 477
H 4 16 4 16 L 2.67 6.22 3.68 4.82
H 4 16 4 16 L 2.64 6.23 3.66 4.88
H 4 16 4 16 L 2.62 6.23 3.64 493
H 4 16 4 16 L 2.60 6.24 3.61 4.98
H 4 16 4 16 L 2.58 6.24 3.59 5.03
L 3.75 4.38 3.97 4.04 L 2.57 6.24 3.57 5.08
L 3.54 4.95 3.94 413 L 2.56 6.25 3.55 512
L 3.37 5.35 391 421 L 2.55 6.25 3.53 517

Maximized Value Function(c=10)= 208.56
Maximized Value Function(c=100)= 196.24
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Inl(t) Inl(t) InEY Inl(t) Inl(t) InEY
197493 5.29 198793 5.63 -0.01 8.85
197494 5.27 -0.02 198794 5.64 0.01 8.88
1975q1 5.23 -0.03 1988q1 571 0.07 8.91
1975¢2 5.30 0.06 8.23 1988¢2 5.62 -0.09 8.93
197593 5.23 -0.07 8.24 198803 5.65 0.03 8.96
197594 5.20 -0.03 8.25 1988q4 5.68 0.03 8.98
1976q1 5.19 -0.01 8.28 1989¢1 577 0.09 8.99
197692 5.03 -0.16 8.30 1989¢2 571 -0.06 9.01
197693 5.08 0.04 8.32 1989¢3 577 0.05 9.02
197694 5.07 -0.008 8.34 198994 5.84 0.07 9.03
1977q1 5.08 0.01 8.36 1990q1 5.88 0.04 9.04
197792 5.14 0.06 8.37 199092 5.94 0.06 9.05
197793 5.13 -0.01 8.39 199093 6.03 0.09 9.05
1977q4 5.13 -0.0003 8.40 199094 6.03 0.00 9.05
1978q1l 5.07 -0.07 8.41 1991q1 6.08 0.05 9.05
1978q2 5.08 0.01 8.42 1991¢2 6.10 0.02 9.05
1978q3 5.03 -0.05 8.43 199193 6.15 0.05 9.05
1978q4 5.05 0.02 8.44 1991g4 6.14 0.00 9.05
197991 5.04 -0.01 8.45 1992q1 6.14 0.00 9.05
1979g2 497 -0.07 8.47 1992¢2 6.17 0.03 9.05
197993 4,99 0.03 8.50 199293 6.13 -0.04 9.05
1979q4 4,99 0.003 8.52 1992q4 6.11 -0.01 9.05
1980q1 5.01 0.02 8.53 1993q1 6.10 -0.01 9.05
1980q2 5.06 0.05 8.55 199302 6.06 -0.04 9.05
198093 5.10 0.03 8.55 199393 5.99 -0.07 9.05
1980qg4 5.17 0.08 8.56 1993q4 5.98 -0.01 9.05
1981q1 5.24 0.07 8.56 1994q1 5.84 -0.15 9.05
1981q2 5.28 0.04 8.57 199492 5.90 0.07 9.05
198193 5.31 0.02 8.59 199493 5.84 -0.06 9.05
1981g4 5.32 0.02 8.61 199494 5.87 0.03 9.05
198291 5.34 0.02 8.62 1995q1 5.82 -0.05 9.05
198292 5.19 -0.15 8.62 199502 5.82 -0.01 9.05
198293 5.22 0.03 8.62 199503 5.83 0.01 9.05
1982q4 5.17 -0.05 8.62 199504 5.79 -0.04 9.05
1983q1 5.19 0.01 8.62 1996q1 5.92 0.13 9.05
1983g2 5.35 0.16 8.62 19962 5.63 -0.29 9.05
198393 5.35 0.005 8.64 199603 5.65 0.02 9.05
1983qg4 5.39 0.03 8.66 199694 5.62 -0.03 9.05
1984q1 5.37 -0.01 8.68 1997¢q1 5.61 -0.01 9.05
1984q2 5.35 -0.02 8.71 1997¢2 6.00 0.39 9.05
19843 5.37 0.02 8.73 199793 597 -0.03 9.05
198494 5.38 0.01 8.75 199794 6.06 0.09 9.05
1985q1 5.46 0.08 8.77 1998q1 6.06 0.00 9.05
198592 5.66 021 8.78 199802 591 -0.15 9.05
1985¢3 5.69 0.03 8.80 199893 5.95 0.04 9.05
198594 5.75 0.05 8.81 199894 5.92 -0.03 9.05
1986q1 5.73 -0.01 8.82 1999¢1 5.83 -0.10 9.05
198602 5.52 -0.21 8.82 1999¢2 573 -0.09 9.05
198603 5.48 -0.04 8.81 1999¢3 5.68 -0.06 9.05
19864 5.46 -0.02 8.81 1999q4 574 0.06 9.05
198791 542 -0.04 8.81 200091 5.69 -0.05 9.05
1987q2 5.64 0.22 8.82 200092 571 0.02 9.05
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N

InU INNTU D1 D2 InU INNTU D1 D2
197493 198793 10.88 9.82 1 1
197404 19874 1114 1024 1 1
197501 198891 11.01 1004 1 1
197502 6.19 731 0 0 198802 10.66 943 1 1
197593 814 6.67 0 0 198803 1043 899 1 1
197504 924 829 0 0 198804 10.29 871 1 1
197601 954 867 0 0 198991 9.87 782 1 1
197602 9.33 8.26 0 0 198992 9.20 531 1 1
197603 884 719 0 0 198903 865 5.73 1 1
197604 859 6.35 0 0 19894 876 5.38 1 1
197791 855 597 0 0 199091 950 711 1 1
19772 855 573 0 0 19902 10.16 859 1 1
19773 848 512 0 0 19903 10.37 901 1 1
19774 817 414 0 0 199004 10.17 863 1 1
197891 758 6.00 0 0 199191 9.80 779 1 1
197802 715 6.64 0 0 199192 931 6.29 1 1
1978093 7.68 6.12 0 0 199193 863 595 1 1
19784 856 515 0 0 1991 7.08 822 1 1
1979q1 9.20 6.94 0 0 199291 778 959 1 1
197992 955 172 0 0 1992092 9.07 10.29 1 1
197993 9.68 796 0 0 199293 941 1048 1 1
19794 956 762 0 0 19924 9.03 1024 1 1
198091 9.06 6.47 0 0 199391 836 9.88 0 1
198002 791 719 0 0 199302 801 9.70 0 0
198093 5.76 835 0 0 19933 820 975 0 0
1980g4 469 854 0 0 19934 177 952 0 0
198191 755 779 0 0 199491 7.05 854 0 0
198192 9.05 6.58 0 0 199492 881 7.09 0 0
198193 964 739 0 0 199493 979 855 0 0
19814 940 692 0 0 19944 1011 912 0 0
1982q1 819 7.80 0 0 199591 1004 9.06 0 0
198292 6.10 9.14 0 0 199502 9.86 8.80 0 0
198293 718 9.66 0 0 199503 993 898 0 0
19824 6.75 951 0 0 19954 10.15 9.36 0 0
198391 702 872 0 0 199601 10.37 972 0 0
19832 869 6.77 0 0 199602 10.60 10.06 0 0
198393 9.60 6.95 0 0 199603 10.85 1042 0 0
19834 1005 8.18 0 0 19964 10.80 1037 0 0
198491 1021 852 0 0 199791 10.09 955 0 0
198492 1014 835 0 0 199702 830 790 0 0
198493 991 773 0 0 199703 879 9.44 0 0
19844 971 7.00 0 0 19974 9.85 1025 0 0
1985g1 961 6.56 0 0 199891 10.09 1042 0 0
198502 964 6.67 0 0 19982 995 1027 0 0
198503 954 621 0 0 19983 971 1003 0 0
19854 8.86 6.89 0 0 19984 924 958 0 0
198601 731 893 0 0 199991 784 833 0 0
198602 753 9.84 0 0 199992 745 712 0 0
198603 809 1007 0 0 199903 9.26 9.08 0 0
198604 716 964 0 0 19994 993 9.85 0 0
1987q1 858 830 1 0 200091 992 9.88 0 0
19872 1011 847 1 1 200002 948 949 0 0
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