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(A study on multi-dimensional non-linear information analysis
and time series analysis)

In this thesis, we studied the following seven subjects:

(a) a study on a non-linear information analysis for multi-dimensional stochastic processes
with local time parameter and a construction of a generator with a nest structure for the
non-linear information space

(b) a study on a non-linear prediction formula to calculate the non-linear predictor for multi-
dimensional stochastic processes with local time parameter

(¢) a study on formulations and characterization theorems of two new concepts of weak causal-
ity and non-instantaneous weak causality in cause-result relation based upon the multi-
dimensional non-linear information analysis and their characterization

(d) a study on a partial non-linear information space which is necessary for data analysis

(e) a study on a formulation of non-linear causality of finite rank based upon the partial
non-linear information space

(f) a study on a method of model selection and prediction formula based upon the non-linear
causal analysis

(g) a study on a usage for applying multi-dimensional non-linear information analysis to data
analysis

(h) a study on effectiveness of both the multi-dimensional non-linear information analysis and
the multi-dimensional non-linear causal analysis

The non-linear prediction problem has been first solved by Masani-Wiener for the one-
dimensional strictly stationary process with global time parameter. They required both the
boundedness condition and the non-degenerate conditon for the process. Though the prediction
problem was solved theoretically, however, their result lacked for the computable algorithm for
calculating the non-linear predictor.

Under the same conditions as in Masani-Wiener’s work, Okabe-Ootsuka have given a com-
putable algorithm for calculating the non-linear predictor, by using the theory of KMs;O-
Langevin equations for non-degenerate stochastic processes. Moreover, by developing the theory
of KM, O-Langevin equations for degenerate flows in inner product spaces, Matsuura-Okabe gave
a computable algorithm for calculating the non-linear predictor for the one-dimensional stochas-
tic processes under the only exponentially integrable condition weaker than the boundedness
condition.

On the other hand, various kinds of methods in non-linear time series analysis such as sta-
tionary analysis, causal analysis, modeling analysis and prediction analysis have been developed
in the framework of the theory of KM,O-Langevin equations. However, the non-linearity used
in such analyses come from the analysis for one-dimensional stochastic processes.

In the course of carrying out the time series analysis for concrete data, we found that it is
necessary to construct a theory of information analysis which covers not only the non-linear




analysis for one-dimensional stochastic processes, but also the non-linear analysis for multi-
dimensional stochastic processes. This indicates that we need a multi-dimensional theory not as
an general extension of one-dimensional theory, but as an essential extension. We shall explain
it by giving an example.

Let X = (X(n); 0 < n < N) be a one-dimensional stochastic process which we want to
mvestigate and Y = (Y (n); 0 < n < N) be an another one-dimensional stochastic process
which seems to affect X in some sense. Let (€2, B, P) be a probability space on which X and
Y are defined. Moreover, we assume that X (n),Y (n) (0 < n < N) are square-integrable. By
using the non-linear information analysis for Y, we can examine the causal relation from Y to
X. In this case, we calculate

PNny) X (1),
where B{/(Y) is the minimal o-algebra with respect to which Y (k) (0 < k < n) are measurable.
0 : =5 S

n = i : > T S L o ot S y n

S =LA BH Y P and PNy vy is the projection operator from L*(, B, P) onto N (Y).
The space N (Y) is insufficient for analyzing the non-linear mutual information between X and

0 .

Y, because N (Y) uses only the non-linear information of Y. The above discussion indicates

the necessity of the non-linear mutual information analysis for X and Y. For that purpose, we
need to calculate

PN;;(X,Y)X(”)'

where ~(’)’(X,Y) is the minimal o-algebra with respect to which X(m) (0 < m < n — 1),
Y (k) (0 <k < n) are measurable, N{(X,Y) = L?(Q, B} (X,Y), P) and P~3(X.Y) is the pro-

jection operator from L?(€2, B, P) onto N{(X,Y). In this way, we need the multi-dimensional
non-linear information analysis for two-dimensional stochastic process !(X,Y). The state of
affairs is still more for the case where Y is a multi-dimensional stochastic process.

Now the contents of this thesis are stated below.

We study the non-linear information analysis for the multi-dimensional stochastic processes
with local time parameter((a)). Also we obtain the non-linear prediction formula, which is based
upon the theory of KM,O-Langevin equations for degenerate flows((b)).

We discuss two new causal relations, to be called weak causality and non-instantaneous weak
causality, as applications of the multi-dimensional non-linear information analysis. Moreover,
we give a quantitative characterization for each causal relation((c)).

It is theoretically possible for us to give a complete expression of the non-linear predictor
and the non-linear causality by using the infinitely many non-linearity. However, we have to
approximate the non-linear predictor and the non-linear causality by using a part of the non-
linear information, because we cannot use the entire non-linear information in data analysis. For
that purpose, we discuss the partial non-linear information space which bridges between theory
and practice((d)).

It is preferable to select the best partial non-linearity according to certain criteria. We pro-
pose such a criteria by using the causal analysis. In order to express the relation between the
causality and the partial non-linear information space, we define the concept of the non-linear
causality of finite rank and discuss the relation between the causality and the partial non-linear
information((e)). In addition, we propose a method of model selection by using the non-linear
causality of finite rank and give a formula for calculating the non-linear predictor for each
selected model((f)).

The part mentioned above is a theoretical result of this thesis. In the remaining part of this
thesis, we first show a procedure of non-linear time series analysis based upon the theorical
results((g)).

Finally, as an example of time series analysis for concrete data, we deal with three kinds of
data connected with EINin6 and find that the multi-dimensional information analysis is effective
for the causal analysis and the prediction analysis based upon the causal analysis((h)).
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2.1.1. 1E&EhH

TTHU)M%( m,n (I <n<m<r) 3L, LA(Q, B, P) #4552 M™(Z) 2 DL TFo &
(TS B

(2.1.1) M (Z) = {Z]'(/{?); sl & (l}.
ol ) L0 TT BO L*(Q,B,P) D EE S IZxtL, [S] & S # &R/ DHE 2L
5. WXL T, LT O HF}; vi(Z) = (i (Z)m);0 < m < r-1) L v_(Z) =
(l/,(Z)(k), (r—=0)<k<0) ZEXRTD:

v (Z)(0) = Z(1)
02.1.2a) = :

vi(Z)(n) =Z(l+n)— PMj-wH(Z)Z(l + n) (L el g =il

Il

oy v (Z)(0) = Z(r)
(2.1.2b) Bt D) = Z e = P 2z)Z(r —n) (L =i =,

r—(n-1)

v (Z2),v_(Z) « ZNETNRHIN S B LITRINED KMyO-7 &~ ¥ 27 7 b £ 15, %
72, ROFINE B LTKINED KMyO-T7 > ¥ 2 7 Y IREATHINS EH/ SN 5

(2138 Vi(Z)(n) = E(vi(Z)(n) 'vi(Z)(n)) 0<n<r-1I

(2.1.3b) V_(Z)(n) = E(v_(Z)(—n) ‘v_(Z)(—n)) 0<n<r-—1).

TR SN RERVIBATIC B 28 O REIZ B\ T B 2 1) 4 3
729 ([18],[21]).
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2.1.2. KM,0O-5> 127 7 > 75l

Z 3BIEL 2 WHERMRE 7 572 DT, (2.1.2a) B LU (2.1.2b) 12 B BEHED H55 D 4%
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B —EICRES. #n6% (Z)(n,,k), ,(Z)(n,k,) 0<k<n) EEL. T4bb
n—1
(2.1.4a) PM5+71~1(Z)Z(I +n)=— Z Y+ (Z)(n, k) Z(1+ k) (1<n<r-1
k=0
=1
(2.1.4b) PM:_(W”(Z) r—n Zq (n,k)Z(r—k) (1<n<r-=1).
k=0
Y4 (Z)(n, k), v (Z)(n k) ZZNTNHIMEBLORINED KMO-F > Y 2 7 » BakdT
ylEIEs, & < Y+(Z)(n,0), - (Z)(n,0) 1 <n<r-1) %
5,4 (Z)( n,0
(2.15) ~+( )(n) = 74(Z)(n, 0)
0-(Z)(n) = v-(Z)(n,0)
EFE, %ﬂ%ﬂ & B LRI E DO KMyO-F & 74 Yf 7 A LTS & 15
V+(Z) (-, %), 0+(Z)(-), VL(Z)(-) = T & O T, HEFMEE Z 12T 5 KM,O-F > Y a7
SATHIE IR, LM(Z) & < -
(0.1, 6)

= {7+£(Z)(n, k),0:(Z)(n), Ve (Z)(m);0 < k<n<r—-10<m<r— .
ifw“b fﬂlv‘f 2% RBL 73t

(2.1.7a) Z(l+n)=— 75: Y4 (Z)(n, k) Z(L + k) + v (Z)(n)
k=

(2.1.7b) Zr—n) == 7 (Z)(n K)Z(r - k) + v_(Z)(n)
k=0

T ENTNHMEBLIPRINED KMyO-F > 2 a7 v HER & I8,

21.3. SEJ"E%% & D R8&

ffER AR Z NG9 IR W7o L1, B D dx d DITHIE R(K) (0 < |k| <7 — [) 73
(f{.L T
(2.1.8) E(Z(n)'Z(m)) = R(n—m) (<nm<r)

7oy TS ). X (2.1.8) 2T R & Z OO EATHI L & 5.
Y, ROEH % /J“fs”

T 2.1.1 ([12]) EYEWTEZ W2 TET L. SO, £ m (1 <m<N), nk(l<
k<n<N) C:)'(\TL“C//'\f) DRYAE B

(2.1.9a) Y (Z)(m,0) = 6.(Z)(m) (B E);

(2.1.9b)

V+(Z)(n, k) = 72 (Z)(n — 1,k — 1) + 0.(Z)(n)y5(Z)(n — 1,n — k — 1) (75 [FNH);

(2.1.10a) Vi(2)(0) = V_(Z)(0);




(2.1.10b) Vi(Z)(m) = (I - 0+(Z)(m)o4(Z)(m))Ve(Z)(m — 1);

(2.1.10c) Vi(Z)(m —1)'6_(Z)(m) = 6,.(Z)(m)V_(m — 1);

COEMT/REINS (2.1.9) & (2.1.10) % #h# 1 DDT(Dissipation- Disqipation The-
orem; PR R ), FDT(Flu(tuatlon Dissipation Theorem; fi:#ifuk e ) & 153,
SO Z DR HEMNT DROEHRNEETH 5

EIE 2.1.2 ([13]) fEHEAL Z 205 G SR LM(Z) 75 (2.1.9) & (2.1.10) Z il ¢
(i Z | i JJ/I__rh H% {) (=

72, 2L W &b RO g A ma
EE 213 (I2) EEDO n(0<n<r—1i=1) I JL’C Vi(Z)(n) (ZIEHIATHITH 51

2.1.4. 7YX L
COETIE Z 3R EWMITETD. TVT XL RT0I, FEDO n (0 <

n<r—10) XL TKMO-7 > a7 Y4750 % LM(Z; n) & KRTEHRT S

(2.1.11)
LM(Z; n) = {7i(Z)(m., k), 04(Z)(m),Vi(Z)(m);0<k<m<n0<mt< n}.

T9, ROEHE/RT.
T 2.14 EEOBRBE n (1 <n< N-1) IZ8L T,
(i) 04(Z)(1) = —R(£1)Vx(Z)(0)~"

n—1

(ii) 0+(Z)(n+1) = —=(R(£(n + 1)) + Zq+ (n,k)R(k +1))V£(Z)(n)~".

COEMPERT LI LI, Fifin+1 m Ai(Z)(n +1) ZHBELDIZIZ, B n+1 FT

R(:) & n LI TDOKMO-F 2 a7 7 Y475 LM(Z: n) BHIUTERWE W) 2 &
Thb.

FRceE e 2.1.3 i DDT, FDT Z#lAad b b2 EI2L T, Z O LM(Z) % it
FRTANTYXLARDE SR E D (D oXid =TS TE 32):

(56 1 B (FDHRiE)] €2t Vi(Z)(0), 6.(Z)(1), v2(Z)(1,0), Vi(Z)(1) ASKD & H 123k
=T A

54(2)(1) = —R(£1)V(0) ™"
1£(Z)(1,0) = 6.(2)(1);

Vi(Z)(1) = (I = 0:(Z)(1)0+(2)) V(Z)(0).
B2 2 n(1<n<r—10 2L T, v (Z)(m, k), 6+(Z)(m), Vi(Z)(n') (0 < k <
m<n,0<n <n) BRI ETH. CO, BB 2141250, 6,.(n 3 :

n—1

04(Z)(n+1) = —=(R(£(n+1)) + Y _ v (Z)(n, k)R(k + 1)) V(Z) (n) .

k=0

VIERE I IESEMATE & B ([12)




9

[BB3E] 2B TRKES72 6.(Z)(n+1) VT, DDT & FDT 12X, 74 (Z)(n +
LEYO<Ek<n) & Vi(Z)n+1) 25KT 5:

Y+(Z)(n 4+ 1,0) = 64 (Z)(n + 1);
1(Z)(n+ 1, ) = 14(Z) (n, & — 1) + 6(Z)(n + 1)ye(Z) (n, m — k):

Vi(Z)(n+1) = (I —64(Z)(n + 1)0=(n + 1)) Vi(Z)(n).
LN, B2 BREF 3 BEEMKBENT L LIL T, ZDLM(Z) D5KF L.

2.1.5. &R TEIE

Rz {-N,-N+1,... ,N-1,N+1} LCERENL dx d FTHICfEE & 2H%T,
ROVH 723 b DL T 5
[2413) R(—n) ="'R(n) (0-< 9 s N

SHIL, En(1<n<N+DICHLT, XTEZEEINBZT T v 7475
R(0) R(&1) .-+ R(£(n-1))
(2.1.14) T 0 e RlHn=2)
R(E(m-1)) RF(n-2) -  R()
i, UF 2745,
{ (Te(n)€,€) <0 (VEeR1<Vn< N+1)
Ty (n) V& EHIATH.

214 HiCHEROENIT VT ) ALIZHEST, R0 B KMyO-F ¥ ¥ 2y 7 Y475 LM(R)
MERIND:
(2.1.16) LM(R) = {7+ (R)(n, k), 6+ (R)(n), Vi (R)(m);0 <k <n < N,0<m< N}.

R EFHICHRAONT:, dRICOMEFRBEE Z = (Zn);0 < n < N) »bLT5. 4
LM(R) & Z O THERBR v=v(n);0<n< N) ZRDEIIEHKT S
v(0)=2Z(0)  (n=0)

s | h
( ) v(n) = Z(n) + Z’H(n, k)Z (k) (1'<n-< NJ.

k=0
G9ETHEOREIZERL T, KOCHAETELETH 5.
T 2.1.5 ([13])) Z YW EHMUZ M- T 7O OUET LT RTH I LN S

E (z/i(m) "I/i(’n,)) =0 Vi (R)(n) (0<m,n<r—1) #AFNH).

(2.1.15)

2.2. RIET 2155 ([11))
COETI, ZI135&H 21) 23w, bbb Z IZBELTwaET 2,
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2.2.1. E&h%

BILL 72560 Z 1L T, BIEL TV AR WIS L AR H X B LB X
D KMyO-5 ¥ ¥ 2d 7 EB v (Z), v_(Z) BEU KM0-5 > 3 2 7 ¥ {84741
Vi(Z)(n),V_(Z)(n) (0<n<r—1) DNEHRINL:

vy (Z)(0) = Z(1)

vi(Z)(n) = Z(l+n) — PMj*“*l(z)ZU +n) (I1<n<r-1)

(2.2.1b) { ) v_(Z)(0) = Z(r)

(2.2.1a)

Il

(Z)(—n) = Z(r — n) — Py z)Z(r — n) (1<n<r-1

(2.2.1c¢) Vi(Z)(n) = E(ve(Z)(n) 'vi(Z)(n)) 0<n<r-1I
(2.2.1d) V_(Z)(n) = E(v_(Z)(—n) ‘v (Z)(—n)) 0<n<r-1).

2.2.2. AN/ 1 XF

E=(En);0<n<r—1) ¢ Z &AUMERER (Q,B,P) LTERINT: d RILOHEE
BT, L2 ddonsd 5.
(2.2.2a) € 1ITBIEL vy

(2.2.2h) E(Z(m) ‘é(n)) =0 (0 <m,n < N).

ﬂ'nmn DER w KL T, (Q,B, P) ETEFR SN dRICOMERMRE Zv = (Z¥(n);1 <
n<r) zRDL )| /l.ﬁ«j_7
(2.2.3) Z%(n) = Z(n) + wé(n —1).

Z' % Z DT x4 wdDT A MR E RN A X BIEL IS

k) KA
fHeE 2.2.1 ([11]) Z¥ i3B1EL 2w

fildl 2.2.1 £, 21 Hi & FARICL T Z° 1203 2 KMyO-F ¥ ¥ 2 7 Y75 LM(ZV)
VIR EI5% (W%
(2.2.4)

LM(ZY) = {7 (Z*)(n, k), 6£(Z*)(n), VL(Z¥)(m);0 <k <n<r—-1,0<m<r— 5

2.2.83. KNMLO-F 23 55 775

222 Ei L [FMARIC w Z IEOFEH, €= (E);0<n<r—1) ZFEM/ A XFHEET L. 7=
L= PR S r) T2 A how O A R E?LZ)

COETIX, Z¥ & Z MOBBRRICODWTRTITL. FUTFTTIE, ¢ BUTR2HT
Ll 7T
(2.25) (f(m) 1'{(n)) =gl T 0<m,n<r-—1).
ik o WO TR
o ar 0 (m =n)
( v ) T == { 1 (‘)7), 7é TL)

TERIN, [ 11X dxd DAY E T2
KMyO-Z 2 a7 7 YEE8ATHNZE L TLL RS D 7o,
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FIE 2.2.1 ([11))
lim Vi (Z%)(n) = Vi(Z)
{ lim V_(Z")(—n) = V_(Z)(—n) 0<n<r—1).

w—0
BGEL Y ZIZBIEL TV BDT, & n il L TKM,0-7 ¥ ¥ 2y 7 ¥ HREKXTEBL
Ak

(n) 0<n<r=1

v
(2.2.7a) Z(l+n)= Z (n,k)Z(l+ k) + v (Z)(n)

(2.2.7b) (r—mn)= Z (n,k)Z(r —k)+v_(Z)(n)
k=
IZBNWT, KMyO-F 7 27 7 /H‘}(JiTJ’)’J Y:{Z)(n, k) (O k<n<r—=1) B—FICIEE
oz, LL, ROZEHEIPHY LD,
TIE 2.2.2 ([11)])

(i) Fnk(O0<k<n<r—DIZHLTH(n,k) & Y2 (n, k) B—EITHEEL TKRE

yjfets
llan+ (Z*)(n, k) = v2(Z)(n, k)
11116“ (Z*)(n, k) = ~¥2(Z)(n, k).
m)i@AM0<A<n§w4)@KMJ%?yVJVTyhﬁﬁéﬁtf.?&b%,
#Hn LT
==l
Z(l+n)=— VA(Z)(n, k) Z(L+ k) + v (Z)(n);
k=0
=4
Zir—n)=—Y Y(Z)(n,k)Z(r — k) +v_(Z)(—n).
k=0

ZOEHCTTELOE, € OWY HIZESF ya(n k) (0< k <n<p—) 5 -BIZEE 5 &

W) RIZH 5. JliTLLf Y50 KMyO-7 > ¥ a7 7 YA 5 69.(Z) (n) (1 < n < r—1)

%/K’CA_J‘LT
62 (Z)(n) = 0

e *2)(n) =74 ()0

0_(Z)(n) = v-(Z)(n,0).

PLEL D GBIEL 22580 KM0-9 ¥ ¥ a9 7 Y175 LM(Z) % L FCeid 2

Qle
= {7 (n, k), 08(Z)(n), Ve(Z)(m);0 < k<n<r—-10<m<r— l}.

2.2.4. B5EF M & DR

D #isn/ A Xjed45. %
J&T

222 i £ FIMIC w & EDKEL € = (E(n)i0
72,2 = (Z¥m);l<n<r) 2724 wd ¥
TP ROEME /RT
EIE 2.2.3 ([11]) R HWIZ[AMET S 5

i
A B

%

n
#
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(i) Z \Z59E WMz /7
(i )% IED IR w ;ﬂl/Zw S PR R T A I
(iii) EREDOIEDER w I3l Z¥ X5 E R * 7T
ZY [ LT 211 ZHEHL -8R EEHE 222 10X > TR b2 5.
T 2.24 ([11) Z & ¢ FEFHEMH-TL L, Y+(n, k) 0<k<n<r-1) zE2#
g2 bﬂZb bDLY D ZORE, & m (1 <m<N),n, k1A by S NS LT
RSN %

yi(Z)(m, )= (51(Z)(m) (7 [ D)
1L (Z) 0. k) = 12(B) 0 — 1k — 1)+ OUZ)RAZ)(n — Ln— k—1) (BT

Vi(Z)(0) = V_(Z)(0);
Vi(Z)(m) = (I - (Si(Z)('rrl)(Si(Z)(m))Vi(Z)(m —1);

Vi(Z)(m — 1)'6°(Z)(m) = 6%(Z)(m)V_(m — 1).

Lo T, B 7o Z 123 L TD, TOEHOEKIZ BTt bt G B & )
WO e B AT 9 5

2.2.5. FI U X ds

2.2.2 @& FARIC w  IED 5(,5: (E(n);0<n<r —1) R/ AXmETSH, F
e Z“—(Z“()/<n,§7)7& 4’%'11*0)r7j‘4’ EiE 35
2.2.4 HilZ 3‘0\/‘ et f:{{{z'%‘JJFI{ Z \ZxFL T %?.l.fbnxﬁli_ffﬁc‘:f&ﬁhl’b&ﬁ”#lﬁc YA

2.1.4 i & IR Dk 12 & - T, KMyO-7 >~ ¥ 27 7 Y475 LM(Z) %3t 5701
X 02(Z)(n) WUETHLI Wb D, LoT, Z8 12T 5 KMO-F >3 2% 7 VR
FETTH 6L(Z)(n) A <n<r—) PEtETELZ LZRTERW,

7 x4 A ZY 3BEL TWARWOT, 214 D HEIC L 5T Z0 O RAILSEATH)
AR R(ZV)() # HWTOL(Z)(n) 1 <n<r—1)I3KF %

(D)
n—1

0+(Z")(n+ 1) = = (R(Z°)(£(n + 1)) + Y _ 74(Z")(n, k) R(Z*)(k + 1))V (Z¥) (n) .
k=0

Vi e 20 0T, Fnicn <r=l=i50 LT
lim 6, (Z")(n+ 1,k) = 60 (Z)(n + 1, k)

(2214) w—0 | )
/1111%) 0_(Z")(n+1,k) =6°(Z)(n + 1,k)
AT %

2.14) &, EH 224 12X o T, BILL 7R AR Z 1243 5 KM,O0-
3

%)
17 z*b%?»jUXAfﬁfptcfﬁ

(2
¢l

e
7 8950l o W il AN




Viivla =S
3

5% 3 =

2 ROLD Rk IS BT %
FERITH AT

ZDE ‘T % KICD IEAR TG AT % il & L f‘;iﬁ;lim? i A

EQEN/GT JH AGHMEMIZOWTiHERL, PR ekt 5 }\fﬂji\@fﬁ SRR (2 DV
’CJ‘LE“\‘\Z)

KIZIEBIE B DWW T ik ZRICDIEFIENEZ W T UL EHRTE 2 W
LM‘U\H\I’IUDH’}E/\ 22T %)ﬂf\f\7

35 /it)w)Jh’r‘iUblu*r‘hﬁwl@ He LT, ZRICDIERIE T 1% BEHAYIC RO

ﬁifz’d FUREAT I 5 L TIeH ?7 - LR EE L 7z, §horBIEREN M2E M O w f% % ’f
Z5, if , HB FJJHUf/IaH”“f“ w MU L 72 ATRRBE £ D SO I Rtk & JERO IR Sk
W I2IEIE Tl F-ioonT b kX 5.

3.1. FERRAIIGERZEE
ZOMTI, [11] KBV TIHLNHERE LR ICOMER B AT — LT 2

3.1.1. BATFERERIEERZCE

dzHRBEL, Z=(Z(n);l <n<r) &Rz (SZ/B, P) TEFKIN R IZfi%
& DHERBAETLL N D&M (B),(M) Ziiz$+3d o 3: T
(E) BEEDOn(l<n<r) i JL’C f/) DT (n) BAAEL TALED j (1 < j < d)

E((vxl){AZj(vz,)}) < 00
(M) E(Z;(n)) =0 (s e, s 50,

TED m,nz (I <ny < ne <) IZXTL, L2(Q, B, P) OO ES 220 H M72(Z) & N2 (Z)
ZRDEHICEKRT S

(3.11) M:l‘f( )={Z;(m);ny <m < ny,1<j<d}]

(3.1.2) N a) =4X e LGB PRY- 18 BEZ)- 748 .

CCTC, BR(Z) & Zi(k)(nm <k <my1l <j<d) TERENEBRAND o-INiERE &35

n]

uﬂb@’f‘*l?ﬂ M2 (Z), N'2(Z) % 22 PN HRZE ), TN e ) & 15
[B] IZ/IRENTWDLZ L LY &M (BE) 55 R0 .

fiied 3.1.1
(1) Fnil<n<ri<i<d ol Z;(n) € Nicpeoo LP(2, B, P).
(i) D HRE n, pe, 7k I<n<rp e N 1< <d,l<k<n)ZHL,

Zi" Zg (P v T (g)Pre NT(Z).

JU+1

13
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& (E) cHWwB &, [11] OFEH 81 &
{Z(n l<11<11<}<d} CEHAT AT L
EH 3.1.1

THIZL T, (3] O 2.1 R AMOK
XD ROEH T 15

Ni(2) = (1} [U Fr@)| (<n<n)

3.1.2. FIRMIBIMEREDERK R
Z DT, ZRICOMEAR BRI 5 IR Jf/l;ah’“‘]@’ R f’ﬁf‘;}ﬁc'@“%.

3.1.2.1. N XA—=4%, $F L& FPZ) 2835 A= T s %E2 2 &
M ERD L) ITERT 5
(3.1.4) M= (N4 = {p = Ypy .. . Dap ENIL 5 £ d)}
COM =z HWTHES M OFDES Ape RO L HIZEHZT S
(3.1.5) Atoe = {P = (Do, P1y -+ - » Pr—t) € ML |pg| > 1}-
12L M OEFEp= "p1,p2,...,pa) AL, p DEEZRTEHT 5
d
(3.1.6) pl =) ;.
§=1

S B, DT OIZKDFREE L. ALED R ONRZ bV v = Yoy, ve,... ,04) &
BHRa="a,ay,...,09) IZXL T, EH v %

—~
i
—
~1

—
lll

it

THERT L.
lhi]d@ﬁ}i{f}”b\f’ ‘/\l()(f 2 %J[-: ‘p e t(p()aplv' 2 apr—l) ;(J-L 1 /j\JLm{{f ‘“J'”JFI
Pp(Z) = (pp(Z)(n);l +o(p) <n<r) ZHEKT 5:

(3.1.8) op(Z)(n) = H Zn—k)P* (I4+0o(p)<n<r).
k=0

it

(3.1.9) o(p) = max{k € {0,1,... ,r —};|ps| > 0}.

Iz, INOHERBRESRET G, EBL:
(3.1.10) Gioe(Z) = { @y (Z); P € Asoe ).




ERD DO 127 BITRRALT B

(31.11) 71(2) = U {a@0) - B{n@m)it +op) <n < 2t

PEAoc

BN MER NI(Z) 2 2 9 AT T2 2 #22. ?‘U”')\’%( g 2L T, Ape @
DIRE Moc(q) & Gioe(Z) DEFES Groe(Z)(q) KD L ) IZEHT B

r—I
(3]12) A[()('(Q) = {p € A\l()d Z(l‘/ s l)lpl\‘ o (I}
k=0
(3.1.13) Gioc(Z)(q) = {@p(Z);p € Aioelq) }.
I O KA 5
(3.1.14) Groc(Z) = | ] Groe(2) (IELATT).
qgeN
3.1.2.2. & t%r.:@ﬁf@ Ae DTCIFHEREFREZ ANLZ L2 E2 5. AT
IW>MN@mpW%k b b F ”dqu%OTIM—qu:¢%ﬁtT D
EX,ROEM () % ()#&w¢7t% PP IHITTALEED
OQ<q

(i) g =¢ 22 pr, D jo WA pf, D jo HsF & D K.
72121, ko, jo \ZRTEE SN S

(4. 1508 ko = min {() <k<r—ULipy# pi}

(3.1.16) %znmqlgjgmmnmj&ﬁwﬁmnmj}
CONEFIZE Y, A 1IZRD X HICEBTX 2

(8147 Ae = {p;;5 e N }.

Gioc(Z) & Ajpe DBDOIFIEE IV D Z ENZ L) | Groo(Z) DIEFEDS Ay, OIAFETERE SN
7@%‘:h%%oTGW@)@N?X~?HHﬁw%n%.ioTGW@)ummii
CEL T ENTE L

(3.1.18) Groc(Z) = {p;(Z);j € N'}.
P2REL, B JeN ITHLTo, BRTEHRSNS
(3.1.19) p;(Z)(n) = ¢p, (Z)(n) ({+oi1) <n<rk

SCTo(j)=o(py) 95, T/, HARE 4, ZRTEHT S

q
(3.1.20) uz(ﬁﬁ Gloc(Z %ﬁ)—L

gi=]

Glo(:(z)((]) (i)j(O)J: ;) ::ﬁ{ j_/Z)
(3.1.21) Gioc(2)(q) = { @, 111(Z), Pu, 1 12(Z), ... , 04 (Z)}.

Gm(ﬂﬁ MU b D% (A1) RS, £72,Z DKRIC d A5 1 OB LU 2 DR
FCEHMAMIZEBITLAbDZ2FNFN £A2 ¢ EASIITT.

. Z DS
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3.1.2.3. ANFHOMEZRERE. TEOHRM ¢ xHET L. Z0& & 150K
J(0<J Sdg) WHLT, LRILOMEARBIE ¢,(Z) = (¢;(Z);1 +0(j) <n<r) ZKD L
IZEFRT D

(3.1.22) ¢;(Z)(n) = ¢;(Z)(n) — E(g;(Z)(n)).

I ITEETANE ¢;(Z) DWFHIEA j IZHIFL TV DI L TH D, £TH jITx
Lﬂf¢()@MHW*L@M§£MTZ®%ﬂ&MMJﬁW)7’M%?ét%ﬁ,ﬁkﬁ
O %5 s A ¢,(Z) = ((/)7( i< n&r) ZRODEIILETET A

@12 8@ ={ G )0 b ) Xi&iliiﬁﬁ

IND dy+ 1 OfESGEIE R T B ¢ OIIEEIRD 7 5 2 LI TW(Z) &8
(3.1.24) TY(Z) = {$,(Z);0 < j < d,

Aty )-J\JLOD{ﬁ-A BAE Z@ = (ZO(n);l < n < 1) & (dgyy — dg) RITEDFEL B
W) = (W@l <n<r) 2EHT 5

(3.1.25) ZW(n) = Ydo(Z)(n), py(Z)(n),. .. . ¢y (Z)(n))

(3.1.26) LV”*”@H = '(¢1+1()(nxém_m(ZNN)w-~-$¢ﬁ4x2)00%

fEffE 290 WO L tom%88 2 O L, EH 311 XV, ROEHEPEY T,
EI 3.1.2

(i) 9=

(i)  HESHEOK {20 e N} AR THEICE > TWD, $4b b

2 7(q)
Z\9t(p) = ( 4%(n) ) (ge N, I < n<7).

U (g+1) ( )

(iii) [LJFNDJ—[JM%Z) (1<n<r).
[<m<n g o

i N@=[{]e|UmaEn] tsasn

3.2. FEE R R M

ZDOHEITIE, [16] & [20] THFZE S A7z KM & Pl ’f)mf H'i'f“]iﬂféf)“}%}f'ﬁl’ﬂjir % K
JLDFERBFED AL TR R E (b E 472D, 2 o iﬁﬁ” W FE OB L v R
Wz RiRD7:-0DEHRDGIND.

3.2.1, BRM

ZOHTIE, [16] THfse éﬂfﬂ%hﬁ%%uowf®&ﬁ%ﬁ&5.C@%%@
LTUTORKZEEZEZS. d TARKEL, X = (X(n);l < n < 7) X o AV =

“(Yi(n), Ya(n),... ,Ya(n));l < n < 7) *ENENHERZER (Q,B,P) TEZRENT: 1k7,
d RICOMEFBILE T L. SHI1Z, X(m) & Y, HniEsmon Sl €9 § d) & L*(Q), B, P)
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PR T AL S ). COM, ZOBRTy kTET
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(iii) DL My (1 < My <r—1) BFLEL
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q— 00
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EIE 3.2.6 XD 3 DI HWIZAETH 5
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(ii) Wi
(iii) DL My (I < My <r—1) DEfEL T
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q—00
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RONTMERINH LT, 208 ERNEF 29 7352 L I3 EECH 2.
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ODIxJMO) n=M OWOHE Y 7 X /\0) SO & I8 ([16],[20]). S 512 Y 55
NEIEDOK R B 2 &g SN b HEAIC
(4.2.5) VY
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L2l | Als bl Tla] 910213121516 17] 18
0[O0 [O]O|0[0J0[x|0[0[0[x0xx]0[0]0
1 L] 36 T e s i ey Ll L D [ x Ll x O
2 Q1O O e MO O] % b LOTO T x| x| x| %
3 X 126 e Pl il e b i | 2 [ % | %
4 R PO R T s e LT U o H e ||
D AEIRiel S I E R AR R S R
6 KPR XY R il x| x| x| %
7 XXX PRI Xl =] x| x
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10 AR EARESEAEIERRAE"
11 ol Xl sl el s Fad ey
12 X M X e e |
13 X 'K | % x| x
14 ol e S S
15 X | x | X
16 I %
17 X

4.6.2.2. ARBHDOIER.
LR E ., 5 4. 6 5 LSS % ﬁ) LIT D i
§ 5% Test(CS)-2 D!
2T, fEHLTWwWAT—%13 120 DT,
IZOWTHHEETH 5.
XL T, 99K EMAH A

vy,
7 — 4|2

X9 % Test(CS)-2
$7:, &£ 4.66 1%, SST 25 LIT |
BIOIRKDNRAEE 52 2 IFRILEBR O (0,8) (& LIT OIEHIEEC

# 4.6.4: SST D IEA

R (3K 4.6.8) &

g,O)EIJ"C(i SST 706 LIT

KIG || IEMIEEIR | AR EAA
1 | (0) 0.890167
2 (0,6 0.895275

ZIRD 2 KILD Test(S) Dk H

i

R TW5h

K || IERIE AT | AR RAE
1 |[(0) 0.962792
2 (0.8 0.969292

WL T L 6 O IR EI4RAS
WRMEDH R 7R L TWA. LIT I
ZRETHE SST 6 LIT ~NHELSEH 5 &1
b/lp i U)'tf% (]

X
IEA %
14 &% 4. LT oo

L2 L
DA > T W5,

# 4.6.5: SST 75 LIT ~O®
ot [R] S D 5

5 D 5 R

Xt || FERIEER | RAREE
T EO) 0.962792
2 1[(0,8) 0.969292

# 4.6.7: SST 2°6 LIT ~®

= HINISTRIINE SERRE T <
1]0.995746 || 8 [ 0.946087 110.998740 || 8 0.952032
2 [70.987807 || 9 | 0.935442 2170.997524 || 9 | 0.945965
37170.972834 || 10 | 0.931748 3770.988394 || 10 | 0.938858
4170.954467 || 11 | 0.938913 4]70.982555 || 11 | 0.937387
5 | 0.949964 || 12 | 0.946281 5| 0.975245 || 12 | 0.933308
6 | 0.951560 || 13 | 0.943704 6 | 0.969588 || 13 | 0.931515
7 10.950596 || 14 | 0.926623 7 170.959673 || 14 | 0.929517
#£ 4.6.8: LIT \2449 % Test(CS)-2 D#EH % 4.6.9: SST 12343 2 Test(CS)-Z Dk

&& %0 88T B~ LIT f\m;};jlku\ mm% Z b
ZHTHDLE (4 4.6.10), # (0,8) D
ML SST DIEHIENED v T
ANLUT, SRR R DD EF2 D

ZBWT Test(CS)-2 %z il L 7-fthod il
IZ WA 52 5 DML (0,20) TH Y, 2D

W5, of PEORBISROBLL 55 9 & SST 205 LIT i2
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0.969292 | (0,8) || 0.966595 | (0,22)
0.968371 | (0,20) || 0.966410 | (0,49)
0.968357 | (0,24) || 0.966003 | (0,7)
0.968317 | (0,80) || 0.965918 | (0,3)
0.968125 | (0,54) || 0.965728 | (0,12)
0.968007 | (0,11) || 0.964023 | (0,4)
0.967913 | (0,2) || 0.959035 | (0,56)
0.967727 | (0,1) || 0.955788 | (0,92)
0.967579 | (0,99) || 0.953737 | (0,93)
0.967415 | (0,27)
# 4.6.10: Test(CS)-2 % il L 72 SR O
4.6.2.3. REMMDIER. £4.68 & £ 4.6.11 2513, LIT 2SPvEttr o2 L psas
AP BN, —hH £ 469 & F 4.6.12 2051 SST ﬁ‘{}l/i_l’i eRDEIREZ LW &S
OVINVS
sample sample
dimension || transformation | causal value dimension || transformation | causal value
1 (0) 0.962792 1 (0) 0.897979
2 (0,3) 0.969292 2 (0,11) 0.906990
# 4.6.11: LIT (2347 A Mo it & 7 4.6.12: SST 124 A EH DR
4.6.2.4. FRIOKER. T4 SST O FWARIZ OV T X 4.6.4 12T
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25 SST T — ¥ —A—
< SST(U) athagis
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L
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21 1 | | | I | ke I |
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SST O FHI T2k ¥ 2 TAMAREL R & B+ 270 (0), (0,11) 12382 FPE % %
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SRR | Test(CS)-2 O H & R? LB(R?) FPE
SST (0) 0.897979 X 0.6595423 | 0.399399 | 0.181017
SST (0, 11) | 0.906990 X 0.8062431 | 0.575242 | 0.048086
7 4.6.13: SST O FHIF-I12 44 2 EMHEEK L FPE
KIZ X 4.6.5 12, LIT HHOMWHRE i 72350 FHl L, LIT & SST O 5O %%

U\/)f I?/JHU) ]’(H”C,/)\/‘VC/J\'T.

23 I I
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—

LIT(O) ol by
LIT(0,3) - - x- -
LIT,SST+(0,30) —&—

21
204
19
18

17

16

15 | | | | | | | L

1995/4 /5 /6 /T /8 /9 /10 /11 /12 1996/1 /2

SR B | Test(CS)-2 & & R? LB(R?) FPE
LIT (0) 0.962792 O 0.9362284 | 0.399399 | 0.07359075
LIT (0, 3) 0.969292 O 0.9242081 | 0.575242 | 0.01142466
LIT,SST+ (0, 20) | 0.968371 O 0.9407695 | 0.575243 | 0.01521758

# 4.6.14: LIT O Pl x84 2 EMEGE K E FPE

PRI, DvetEmar e S o hn e bDY, SST OIEHRE Hu 7= bDHEITIE LT, v
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ISQGETEE FEO B 1, MOTEHE > TFIT 2 X 0 3 2N Y DIERO AT Fill %
*3 AHBRVIHICEbIh S,

4.6.3. SST %Z1¥%k - 7= LIP Df#EM

Z DHiTI, LIP & SST | kJLf aﬁﬁ&lu‘llﬁmmww) AT 21172 9 .

4.6.3.1. Test(S)m*% LIP | kﬁ”? Test(S) DGR %E £ 4.6.15 & #£ 4.6.16 12/
9. LIT X SST & H#gL T, Test(S) % it 2 JEf )r/ﬂf BN ENbh L, T, 2
ZACEIRS B WAT SST & LIP ZHUC L 727 — # 123§ % Test(S) 47> Th 5.
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RO RZ/RL TWh. LIP O Tost(CS) 2 DFGAR (3 4.6. 20) BIZ AN D L, SST
b LIP NIHERBRIEH L EITEZ W &3NS
K¢ || TR | RAN SRR KT || FERICETR | RARRE
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i K] SRk ) s 55 PR S D s
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HE L LTE, LIP ICIZREEEH S LT XY, £742SST 2°6 LIP ~b RRERY S
hEBR BT HELED] : Lo .
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10145 =
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X 4.6.6: LIP (2479 4 Pl

AR SEAE | Test(CS)-2 & H5E R% LB(R?) FPE
LIP (0) 0.882594 X 0.833442 | 0.399399 | 0.205055
LIP (0, 3) | 0.894097 X 0.897190 | 0.575242 | 0.068677 |

# 4.6.22: LIP & Yl o604 % B4R L FPE

4.6.4. LIT &#1¥%4 - 7= LIP D&

COETIE, LIT 225 LIP ~NREMDH 008 ) % Uiz 41 v, ZONlE
H L2 LIP O FMEATR 9.

4.6.4.1. Test(S) DFER. TNLNDOHMD Test(S) DAFRIZOVWTIEE 4.6.1, X
4.6.2, % 4.6.15, £ 4.6.16 TRLTHA. T/, TZIZIIRSI WA LIT & LIP #MIZL
727 = FIZT A Test(S) b7 o Tdh 5.

4.6.4.2. ARBTOFER. K& 4.6.23, £ 4.6.24, 4 4.6.2513 LIT 7» 5 LIP ~DO KRR
FROMRHTAERTH L. LIP 12T 5 Tost(CS) 2 Dk ( 4620 EheTEZ AL,
LIT 7205 LIP ~O a1 & YRR MDY 8 £ A%, JEBIRE 55 [ R :,Hmw_ EHo Db

PVORIER YA BB ENSE KOt || FERRIZ AR | AR R AE
1 (0) 0.929463 1 (1) 0.929542
2 (0,3) 0.935441 2 (1,36) 0.936778
# 4.6.23: LIT 2» 5 LIP ~® * 4.6.24: LIT 75 LIP ~®

ot [K] Sk D il R g9 R RO HEFR
ot || FERIE A | RARKNEE
1 (1) 0.920850
2 (1,36) 0.928766

76 4.6.25: LIT 75 LIP ~® JEBEIEAY 55 K 1 o 5 3
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NS 7 Py o b“& &, LIP = Fll$ 41213 LIP HH O HMONEHRIZIT T
{,LIT DFEHD —FIHNLZLDPENTHLLH)ICEDN L. DM HkLTiLIT
25 LIP <\ N/fx”%i()ﬂﬁ)l”/fxllif) HLMLETHhHhhALEZEZOLNA.
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Xl 4.6.7: LIT OF#HRD 7z LIP O F#ll 1
RARKEAE | Test(CS)-2 D% R* LB(R?)
LIP,.LIT+ (1,36) | 0.936778 O 0.776213 | 0.704142
# 4.6.26: LIP O Pl 1229 5 EAHERE L FPE

FPE
0.002329

4.6.5. LIP &% - 7= LIT O

COFTIE, LIT 206 LIP ~HEMA S
L2, LIT OFfl%EAT% .

4.6.5.1. Test(S) DFER. T LN O HID Tost(S)
462, & 4.6.15, K 4616 ICRLTHA. /2, 222l
125 — Z AT B Test(S) bATz > Th b,

4.6.5.2. Test(CS) DFER. & 4.6.27, K 4.6.28, £ 4 6.29 (3 LIP 2°5 LIT ~® K E
l%{%mi@’ﬁ%‘fﬂ\f&ﬂ LIT (Zx}9 % Test(CS)-2 DF5H (5 4.6. 8) cab¥ Tz 5L,

E) eIt i, TOIEHT
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RIZ L

DFERIZONT
NS WAS LIT & LIP

LIP 725 LIT KR, 59 Rk, bRy w[ﬂ%lm b % &7)\1975»2)
Kot || IR A R | AR R K || R | AR (E
1 |[(0) 0.953450 1 [ 0.962792
2 [ (0,6) 0.962297 2 [ (0,1) 0.973069

# 4.6.27: LIP 75 LIT ~®
bt A SR D i 2R

4.6.5.3.

% 4.6.28: LIP %5 LIT ~O
CEISE S EARETE S

Kot || FERIE AR | R R H
1 | (0) 0.962792
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4.6.5.4. FRIDFKER. X 4.6.8 12 LIP OEHRD 72850 LIT O FHlOR R %2 57,
23 I I I I I I T I I
g L LIT KT —4 —A— '
LIT,LIP+ (0,1) \
5 LIT LIP:(0:52) ~—eo—
204 -
T.19 .
18 -
17 S
16 2
15 1 | | | 1 | ) | |
1995/4 /5 /6 7 /8 /9 /10 /11 /12 1996/1 /2
¥ 4.6.8: LIP @l;;ffi%fﬂh‘f LIT @ T #lF
AT FAE | Test(CS)-2 D HE R2 LBu#) FPE
LIT,LIP+ (0,1) | 0.973069 O 0.958742 | 0.575242 | 0.007635
LIT,LIP (0,52) | 0.969401 O 0.963443 | 0.575242 | 0.021997
#< 4.6.30: LIT @ Fifll #1229 2 EHEFRE L FPE
““IJ RO T =V L8> TWwWAEENICHEZ 205 4624 5iTR~L2 X 5 LIT Ik

EUD B bI2OThHILEEZLND.

4.6.6. LIT F7/-1% LIP DOI1ER%E (¥4 - /= SST DEEAT

ZOEITIE, LIT £7:1% LIP 2* 5 SST ~O@frFERICOVWTR 5.

#£ 4.6.31, % 4.6.32, & 4.6.33 % LIT 7»5 SST ~?D, % 4.6.34, 5 4.6.35, % 4.6.36 %%
LIP 7~ 5 SST ’\@I}\I/HK]H DATFERTH L. INHHER DS LIT 25 SST. LIP 756
SST £ bW ARNREFRI DL E S22V

Kot || M | FATR el Kot || FERIE A | RN FE
1 (0) 0.897979 1 (0) 0.897979
2 (0,11) 0.865614 2 | (0,97) 0.916923
#¢ 4.6.31: LIT »5 SST ~® 7 4.6.32: LIT 7»5 SST ~&

nilt [K SR D R GRISE SEDE T
Kot || R AR T AR
1 (0) 0.897979
2 (0,1) 0.916766
# 4.6.33: LIT 75 SST ~o
S Mk I 119 55 TR S o i S

Kot || eI A | AR Al KOG || FERIEZ A | WA Rl
1 (0) 0.849893 1 (0) 0.897979
2 1 (0,3) 0.871012 2 [ (0,1) 0.918709

7% 4.6.34: LIP 75 SST ~O

# 4.6.35: LIP 75 SST ~O

3520 00 s A
KIG || FERIE 2N | AN R A
1 11 (0) 0.897979
2| (0,22) 0.913024

# 4.6.36: LIP %% SST ~
FEREIE 9 59 K Sk o0 s S
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4.6.7. BEIIERD T O

# 4.6.37 12, LIP 1233 $ g, SST 7213 LIT 5 LIP ~OREMORER L, #
ﬂ%ﬂ@%ﬁ'ﬂu¢7fﬁﬂf*£f¢

TNETNARBEROFEMHIZB T, LIP ket z o L3527, £72 SST 26 LIP
NONBEMLH LI S52 0. L2ALGHAS, LIT 205 LIP ~NOREMHIEIH L EE52 5.
LIT 705 LIP ~O N EERE WXL EHRER>L O R KON MEE 52 2D1%, §5KE
MWD EERFE RN S RBIINT3RICODETIVTRDIE ) 5!

(4.6.2) (Po(Xs, (Xa)11), D1 (Xs, (Xa)41), ds6(Xs, (Xa)41).

$72, 2 WHIC K& VR 3RTEDET I

TxEDL s &

[.}.‘X‘_Z)@ [ﬂ}\!{@} B}i_{fl]/l\ J”’)Jﬁ‘ *17‘:

(4.6.3) "(Po(Xs3), do((Xa)11), B3((A2) 1)

e KOO Al % ’jAz %7‘)1/0)] HF1E M 4.6.7I2RL7:. COFHIFIIAETH 5.
E/2ET IV (4.6.2) DFPE L0 b, %erMM)m%n@bﬁﬁ\w%V’;ﬁuﬁ%ﬁ
& H0E ) i?ﬁfﬁb&b A B ,/} RI9IZ L, LIP AR TG £ <, LIP :
LA R L D b, LIP & LIT Z 4l L 72 R D Ji)s FPE OfEIZ /N &
s & 4

A EAE | Test(CS)-2 O %E R? LB(R?) FPE
LIP (0) 0.882594 X 0.833442 | 0.399399 | 0.205055
LIP (0,3) 0.894097 X 0.897190 | 0.575242 | 0.068677
SST(0) 0.865109 X 0.890475 | 0.575242 | 0.024980
SST(0,16) 0.869533 X 0.536594 | 0.704142 | 0.007271
LIP,SST+ (0) 0.882594 X 0.833442 [ 0.399399 [ 0.205055
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90(1,,_1+(1(Z) T Zl(”s)q“lZd(n/);l Lol n ))
‘Pd(,fl-wiﬂ(z) = (Zl(”)q—’zzl(n)z:] < i = 7)
| (A1) ¢ Pa_rar2(Z) = (Z1(n)T2Z1(n) Zo(n);l < n < 1)
| ‘qu_l+d+3(z) = (21(7‘1)"‘221(71)2;;(77 s r)
(Z) = (Z1(n)172Z,(n) Zs(n);l < n < 7)

(Pd,q —1+d+4
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2 Zyn) 12 | Zy(n)°
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