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Appendix 12

Programs for the Estimation of Autoregressive-

Moving Average Models and data listing.
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Five programs for the estimation of autoregressive-moving average

models are listed in this volumewith the correspondence to the estimators

and chapters of my thesis being determined by the following table.

Program Estimator Chapter

PH,PH/0
PH/R
SYSTEM
A.E.D.
A.F.D./S

v A W N
v NN T Oy N

Before reading the descriptions the following points should be

noted.

1.

As well as comments in this volume there are comment cards contained
within the programs themselves.

The programs are neither as efficient as they might be nor do they
embody good programming practices.,

Each of the descriptions to follow concentrates upon providing
information oﬁ the subroutines and data input that must be changed
as the model changes., In the program listings a model has been
assumed and this is indicated under the EXAMPLE heading.

The program length is for the maximum sizes indicated by the cards
in the MAIN routine of each progran,

Where a routine is repeated a description is given only once and

backward references are made.




PROGRAM 1

USE: This program estimates a single ARMAX equation by Phillips'
estimator and is an application of a numerical derivative
Gauss-Newton algorithm to the solution of non-linear

equations.
. 4 4
EXAMPLE: The model is (1-L)(1-L)y(t) = (1+a4L Je(t)

STRUCTURE:  For each type of equation equation estimated 3 subroutines

must be modified in the following manner,

DATA 1 - All data must be read into and stored in the program

in this subroutine. To dg this READ statements (and their
associated FORMAT statements) must be supplied. Two arrays -
YSTAR AND EXOG - are supplied for this purpose but, if
unsuitable, the user must supply DIMENSION statements for

any arrays into which he wishes the data to be read. 1In

the sample program 80 observations have been read in under
format 8F10.0 and stored in YSTAR., After all data has been
read in all variables (including lagged ones) must be stored

in the W array: in the example y(t),y(t-1),y(t-4) and y(t-5)

are stored in W by cards B15-Bl18. Note that y(t) must

always be set equal to YSTAR,

RESID - Subroutine RESID defines u(t) = B(L)y(t)-C(L)x(t)
(for a general ARMAX equation) and then obtains e(t) from
A(L)e(t) = u(t). Within the DO loop beginning with card
D12 the user must define u(t): in the example first and

fourth differencing is required and this is done in D 14,




CARD INPUT:

Array TEMP stores the M.A. parameters so that only the
fourth element in TEMP will be non-zero (card D 19).
Finally all parameter estimates are stored in BN, and as
there is only one parameter (all lagged values of e(t) are
ignored i.e. the estimator is PH/0) it must be the M.A,

coefficient,

TEST - If it is desired to prevent the roots of K(L) =0
from lying within the unit circle subroutine TEST may be
invoked.  Array COEF is used to construct the polynomial
X(L). The call to INIT merely initializes COEF (1) at-

1.0 and all other eleﬁents at zero. As the example contains
a fourth order M.A. the parameter (stored in BN(1)) will be
the fifth element in COEF. Finally NPP is the order of the
polynomial plus one and a call to ROOT must be made. In

the example only X(L) = 0 is tested, but the procedure may
be repeated for g(L) = 0 (although the user will need to

duplicate card C 24).

All other subroutines (including the main one) may be left

untouched.
Card 1: cols 1-4 The number of series for analysis
with the given model,
Card 2: cols 1-4 The number of rows in the data matrix
W set up in DATA 1,
cols 4-8 The number of columns in the data

matrix W set up in DATA 1 i.e. the

total number of observations to be used.




SUBROUT INES

REQUIRED:

PROGRAM
LENGTH:

cols 8-12 The total number of parameters to be
estimated.
cols 12-16 The order of the moving average.
Card 3 Starting values for the parameters must be read in
under FORMAT 8F10.0, The number must be equal
to that punched in cols 8-12 of card 2, and no

value may be zero.

All cards following will be data.

EIGEN from I.B.M. Scientific Subroutine Package. If this

is not available remove card J 36,

77K (bytes).
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USE:

EXAMPLE:

STRUCTURE:

CARD INPUT:

SUBROUTINES

REQUIRED:

PROGRAM
LENGTH:

PROGRAM 2

This program, by building on PROGRAM 1, estimates models

in which the disturbance term has a composite form.

The model is

(1-L)y(t) = u(t) = u + (1-L)e, (t) + e, (t).

The parameters are stored in BN in the following order.

BN(1) is the variance ratio A = ci / Gé .
BN(2) is the mean .

BN(3) is e(-1) .

Apart from the changes in PROGRAM 1 the following modific-

ations are required.

RESID - as described for PROGRAM 1, but this special version

of RESID must replace that listed earlier. Nevertheless

u(t) must still be defined (but not TEMP).

COVAR - This subroutine forms the covariance function
2

5
the output (Cl) of DERS converts this to (l—Z)(l—Z'l)o

r (2 = (1-Z)cl-z‘l)of ‘o Card B 31 defines (1-Z) and

Finally COMB makes all powers of Z positive i.e. 2-7-771
becomes 22-22—1 and stores the result in TEMP 1. NPP must
be equal to the order of the M.A. for the component under
examination. Cards B 36 and B 39 rewrite I' _ (Z) as

uu
2 2
Fuu(Z) = [(2Z-Z2-1)X + 2]02 .

As for Program 1.
As for Program 1.

113K (bytes) (Includes PROGRAM 1).
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PROGRAM 3

USE: This proéram estimates a system of ARMAX equations by
Phillips' estimator and is an application of a numerical
derivative Gauss-Newton algorithm to the solution of non-
linear equations.

EXAMPLE : The model is'a 3-equation one.

L -1 a-Lthy ) = aealhe 0
2. .(1-L)(1—L4)y2(t) - (1+a5L5+q6L6)e2(t)
3. (1-L) (1-8,LNy, (t) = (L+a,Lea, Lt L4 L8, (1)
4 3 1774 5 6 3
All pre-period values of el(t),eZCt) and es(t) are ignoréd
i.e. effectively set at zero.

STRUCTURE: DATAl - As with PROGRAM 1 all data is read in and stdred
in W.
RESID - The structure is similar to PROGRAM 1 except that
the residual and M.A. vectors become matrices with each of
the columns of REM and TEMPM corresponding to a given:
equation of the system.
TEST - As for PROGRAM 1.

CARD INPUT Card 1 cols 1-4: Number of columns in the matrix W

set up in DATAl.
cols 4~8: Number of rows.in the matrix W set
up in DATAL.
cols 8-12: Number of parameters to be estimated.
cols 12-16: The total number of observations
available., This will differ from the

number used owing to lags.




cols 16-20: The number of equations,

cols 20-24: The maximum order of M.A. in the
system,

cols 24-28: A variable taking values
=0, The covariance matrix of
disturbances will be computed by the
program by using the initial parameter
estimates.
=1, The covariance matrix must be
supplied by the user on the following
card,

Card 2 If cols, 24-28 of card 1 have a zero punched in
them this card must be deleted. Otherwise the
covariance matrix must be punched in under format
8F10.0.

Card 3 The order of the M.A. of each equation must be
punched under format 20I4.

Card 4 The initial parameter estimates (format 8F10.0).
The number of these must be equal to that punched

in cols, 8-12 of card 2 and no values may be zero.
All cards following will be data,

SUBROUTINES |
REQUIRED:  EIGEN from I.B.,M, Scientific Subroutine Package, If this
is not available omit card 0 47,

PROGRAM |
LENGTH 104 X (bytes),
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PROGRAM 4

USE: This program estimates a single ARMA equation in the
frequency domain. It is a numerical derivative Newton-

Raphson algorithm for the solution of non-linear equations.
EXAMPLE:  The model estimated is (1-1) (1-LY)y(t) = (1+a,LY)e(t).

STRUCTURE:  Only two subroutines need changing.

DATA3 - All data is read in and any differencing required
is performed. The differenced variable is stored in YSTAR;

otherwise the modifications are as for DATAl in PROGRAM 1.

FORM - The relation between the parameters stored in BN
and the A.R. (BETA) and M.A. (ROE) parameters is defined.

Card C 17 defines the fourth order M.A. of the example.

CARD INPUT: Card 1 cols 1-4 Number of series for analysis.
Card 2 cols 1-4 Number of observations available,

cols 4-8 Number of observations used.
cols 8-12 Ofder of A.R. This must be set at
1 if the model has only an M.A. part.
cols 12-16 Order of M.A. This must be set at 1
if the model has only an A.R. part.
cols 16-20 Number of parameters to be estimated.
cols 20-24 Number of frequency bands contained

between 0 and 7.

Card 3 Initial estimates of the parameters. There must
be the same number as in cols, 16-20 of card 2 and

no value may be zero.

All cards following will be data,




SUBROUTINES
REQUIRED:  EIGEN from I.B.M. Scientific Subroutine Package.

PROGRAM
LENGTH: 71 K (bytes).
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PROGRAM 5

USE: This program estimates a system of ARMA equations in the
frequency domain by the application of a numerical derivative

Gauss-Newton algorithm to the solution of non-linear

equations.
EXAMPLE: The model estimated is a 3 equation one,
4 4
1. (1-L)(1-L )yl(t) = (1+a4L )el(t)
2. (- a-thy ) = el 1%e (t)
. Yolt) = 57 TP~ 12

3, (1-L)(1-34L4)y3(t) - (1+a1L+a4L4+a5L54uGL6)e3(t)

STRUCTURE:  Four subroutines must be changed.
DATA3 - As for PROGRAM 4,

FORM - As for PROGRAM 4,

—t——

TEST - As for PROGRAM 1.

DECIDE - As for PROGRAM 3.

CARD INPUT: Card 1 cols 1-4 Number of observations available,

cols 4-8 Number of observations used.

cols 8-12 Maximum order A.R. in the system. If
there are 6nly M.A. components this
must be 1,

cols 12-16 Maximum order M.A. in the system, if
there are only A.R. components this
must be 1,

colsv16~20 Number of parameters to be estimated.

cols 20-24 Number of equations.

Card 2 The covariance matrix of the disturbances must be

read in under format 8F10,0,




SUBROUTINES

REQUIRED:

PROGRAM
LENGTH:

Card 3

Card 4

The order of the A.R. and M.A. of each equation is
read in under format 20I4. This is done equation
by equation i.e. the card would be punched

cols 1-4 Order of A.R. of the first equation.
cols 4-8 Order of M.A. of the first equation,
cols 8-12 Order of A.R. of the second equation.

cols 12-16 Order of M.A. of the second equation.

As with the maximum orders each value must always
be at least unity.

Initial estimates of the parameters. There must
be the same number as punched in cols 16-20 of
card 1 and no value may be zero. The card is

read under format 8F10.0.

All cards following will contain data,

None.

115 K (bytes).




1o

399d

o¢

132
A
1€
9
62
3¢
L2
Qz

)
g
L
9
s
i
3
14

g

AL CCEA LIS I gd I Id I gL I

u;&; znzwxqz "
v.,.Laﬂ, O HNWIYVN o
SINTYA U39V
(NS I REETR AL N A
OoHggG NN v inl ;
SYHLIWYHVd I0dN T

> o e v € SR S R S5 T €7 I I GTE KA ey AT DEn SHE G AL M G R <3 Smm 3 C2e i GTH I Gme ewe Ca e Wi TSR G@R G w0

a7

..ZJ TS ETyMO6) {91y YA
=T8T INNE I gy (G TY Qv
mﬂn:m:ﬁzn:q; tosTy avad

._.u T z\amw

JHELOTIONG ﬁ\.mlz \me‘.?
(IITISNYYL S Loy )dg b
sREPUVLISA AND
{udhGe
(OZYd S{0uv9

m\ A
i

(JCTIV $Es0TIESad S(eIVLEIZ ‘L

3 0 [Te T I

1

S LG9EI0Y Sh
sLoerads S

T3 THYO S
HINVY LAY 5

Vit Cece
ax,,:,.:: YN
PR LNV ENVY RV
GO ) B TV Y

HOLYWILS H.,
SOV ONO

SNOTLVNDTI 40

Ly
et

e 03 LD

LWL

LW 2

(SR R A




2406

A9vd

w7l
€L
(43
1L
89
LG
9%
G9
9
€9
9
19
09
66
8G
LS
9
o1
A"
£S
24
13
G
6%
284
LYy
Gy

SY

by
eh
2
iy
0%
6¢
8¢
L&

Ll LTI

SR SR SR S T AR A T S G - - L A= - G G < G i G g

«Z

Ad QINUIAQD

NOTLYADT HOVI 40 »30¥0 3HE °ROTLYNDd HIVY NI
dANA AL ONT PV :

NPT Ig= 000 TING

TNET=MMY 2 04

T+l=lid

(dAd N M EVE ISTUENY ESACW A AWY NOD TTVD
{OWSUNEN® LSTUEUY IS AT €VIVG T7VD
106L685¢499d6GIvIC =14

Qi 1

OM= 0

ANNILINGD

(rIyMpa=(rng

IN¢TI=T 1 06

T=0M

Lof24t¢) HLTum

fGéd (®EE) L 1dM
COCEGTH T E=1d
(AUEYRATS T LUIANT T1TV)

¢Z > 1IN

aoaT > IN%d

0% > Olxd

SINTVHLISNGD aGNIMOTIOL 3HL

ST GILYWILSH 38 AV LVHL WILSAS 40 3ZFS JHL

SIIVWEEST I LIWVHEVE TVILINT 3HL M0a

SIINVEUNLSTIA 40 XTYivW 3JINVY IYVAOD IHL AUZES R AN

ALINN ISV3TT 1V 39 1Snw

T MOLDGA

LI

N
~t

AL LD D

()
(o

SRERS)




€00 39vd

-101
901
S0t
¥01
€01
201
191
001
66
86
L6
v6
€6
26

16
06
68
88
L8
98
g8
8
€8
Z8
8
a8
6L
8L
LL

9L
74

R R - - - - = g0 P gP= R P

S g = JRC S R - G- 0= IR S T 4R gt

<L <

aN3

{9°€T0%:ST IVYWILEST 3IHL J0 U0OUYZ QUVANVIS: ¢ XG4, Ge b LVWHO S

(9% 024G ¢ s SUTLINVUYA s ¥ G 1) FVWACH

{9*€TA%,SI SIUVNDS 4O WNS TVNAISIUa X542 0s ) LYWUOH
(H1EX0GERTEX0Y/ s FOVUIAY T

INTAOW 40 HIQUO, *X0E * s NOISSIHOIHOLNY 4D WITUD *XCE s Co ) LVWUOA
(71 ¢XGG /o SNOTLVAYISHO 40 ¥IGWNN: *XGh4 e 0} LVWEO0A

(O°CT48F LUANN0OAH

(YICZ)Y LviWd0d

FIX3 17V0
(NGSVLIIZ40LSEINGL49) ¥VADD 1TIVD

(YWOTSZNUOME IHHOM YT NVULWYT

ENVULYYVEVETZ WEMESNYHECON LD SdVITO IO INSD UEND S EaY SATYIA TV
INNTILINDD

INNIINGD

AONTENOD

(AP TING=OAr T ) 8D

AT IINGE=(OIP T} €

IN®TI=MPT € 00

O tTIVLE37 (6%€) TLIUM

(INST=T¢(1ING) (OTC) 3LIUM

(CT3CAa3d NVULWY ENYHENT

VOWESNYUESON LCVETUS D IO TN I VITZEVEMSHEOENGEae0a) HOUVIAS TIVI
tIN®ST IYIANT TVO

(YWOT S ZHUOME THYOM Y IdENVHERY T

ENVUEUYEVETZ WEMESNYYLAON LD ¢devIAg 430t INDSdENT*gd Y SANIA 1YY
62t 1=r1 % 0d
(TEUIDENVULWYENVELHY SPLIZ W EMESNYYEOMN LY 1390 cd4a00) QISdY 1TV D
(o404 4viaaqeInuida) wWydd 11y

{(THVLI37 (6¢€) FETAUM

(INST=T¢(1IN®} (OT€) dLIUM

INNILINTD

Ur11d=(OAF1148¢

o
D i

[ INEa TN ol o s o

aN]

[aa NS et




%00 39Vd

LR ISR TN G R TR S

-lé
Q7
XA
A
£

Z
1e
4

-0 e

Wid LWL QW

DO DN DN NODDODNDONNLDDNDN MM Dm0

SNOT LY AUISOD 40
XITYLVH 3IHL 4N S13S ANy vEVE T1v NI SAVIY eVIVa INLINOMaNS

(7=-0°%=-¥)exTTvIY 1I31TdW1
(OWEYNS 4 IS Y ISAT €VIVA INTLINNENS

an3

Nanl 3«

{LiNg= (g 9] a0y

E9INE= (04630

(GING=(C¢H) d0y

(yING={E4 T 30

{EINH= {249 304

tZINE= {243y

{BING=(CtyIV LY

ETINE={T¢%) 0y

ANNIENGD

AONTIENDOD

G*O={r*1330d

N¢T=1 ¢ Gd

dONIINOD

Gea=(rsiviiga

MMt I=1 1T 00

W T=r € 0d

(TING SEOWEDIMIVETE C (OWENTI0Y NUISNIWICQ
MNP LOTIONS LT FdN /SRUV G/ NOWWOD

NG HOLI3A MIIIWVEVL THL OGNV SHITEINVEVd °V "W ONV
SV JHE NIFIMLTO NOTIVIZM IH 1 SINIAAS W02 INTLIADHENS

(70 H-YFExTVIY LIJITdWI
COMENSIN AV LI 4 TONENG ) WaDO4 3N TIINOYEnS

[SO R NS U IR S

[aNEEah!

[ RO R IS N ]




N

&
53

M B

oy

(]

S

o
o

[

(RN

ot

ool

~a

0
o
0

g

te)
H

fqt]

}
{44000
(MY L7 643073410d 4 dd

(7=-0H=Y}8x1V]
NV IFZENG) 1541

T TTAOG- T+ IIMNC- (T an0=

DA+ ( Y+ 1YO00H4=-{ T+ [ )AROd=- (T QU 4=

(UNST=T% (143110}
(NS T=T8 0T INGY
(YN¢T=T1¢€1)YGLDA)
Stontidng o1 anc
{OWENYAVLISA S HTHLS

Iy
HY

i

»!
A

{
{

P

v}

it

~




[Fo
N

Ovid M0TIVODD HOVI MO+ SNOTIYAMISE0

-

(7=08H=Y  gaTVay L1001 aw ]
I ENEMEm e fONEGY LSASWEGW ) NQD ANTLINRIINS

%
[ SRRV IR E U N
)

—

i (N
=i g gt

Ny o
C=DA0ON tEtLi9°1)
C=DAGN {12401

1=

a3 Tddn

W

NI ST MO 0 INIWITH NAAT9 v |
SILYATANT FALIDAC INTLIADUANS 2

r

L
Q9
i
4
¢
7z
T

2y

P et

LG 17V

L= d N

(MY L7 84300

N e e e e

-




At

A
Tt
2y

&

9

O N D

L]

LrTrTzT XXX

e
cadvn

RLY

R B

CELECRURLNTRL

L

(TR PR

L

[

.
¢

Y

SHOTLAVIAL

¥
i

0

[7=08H=1)
(MO SV LI7EALSETNS 169 o

4300 SAZITVILINTG L INT

4302y LT

3

L)€

N
(o)

[

o~




9T I OWS(OTIONCSECTIAIN 7/SWYVA/ NDOWWOD
ST 1 {OCTIVHWOIS /SSYd/ NOWWODD
1 1 (OGIMEOM NOISNIWIA
€T 1 (GEXXHANT NOISN3IWIQ
21 -1 VLS4 H:YIOUINT
IT 1 HIJ S SNVHLSNVY LWV ENVYLYY STwXITdW0D
91T 1 WAOM 9TxXITdWOD
6 I
g I
L I SNOTLONMS ISNDJdSIY
9 I KONINDIHd ey ONV °Vei HdHE SILINdWOD alsSad INILNOYUENS
G I ,
Y I
€ 1 (Z=-0¢H=Y18%x1v3y LIDITdWI
2 1 INTYIT
1 T A NVHIWVONVYLIUVOVIZZ WEMOSNYY L0 14V E38eD4d430HY QIS3d INTLNOEUNS
aN3
, EaNOTEVIAIQ QUYONVES SXGT oo TLIWVHVE s $XGTEy ) LVRUOS
€2 H (O°Z2T44XGTI49°2T44XGT s o+ }LVWUOA
22 H
12 H NHNL 3
02 H INNIENDD
FIYULSE LT INGEZECY L TYM
8T H IN¢T=1 € 0Q
LT H {24 €Y 3L TYUM
91 H INNFLNOD
ST H ((1YQLSHARESO={T1) LS
1 H (14119=¢13011S
€1 H tIdx2Y/7 €14 1)9=¢1%1)9
2T H IN*TI=1 T ©Q
IT H {INS9)Y IVIANT T1IVD
AT H GGEEGIvIce=1d
6 H L w%MIOIINI
B o FTVNG SETIALS SCTIV 37 SCINCTIN)O NOISNIRIQ

qul A9Yd

LDOLLOO

ISR



600 39vd

-6%
8%
LYy
9%
Y
by
€
2
1
oY
6€
8¢
LE
9¢€
13
vE
€€
43
1€
o€
62
8z
L2
9z
52
¥2
€2
22z
12
0z
61
81
L1

FUYWOTS U NVHIWY ENTEVEIZ Wt OW 4 YIdENVE LYV ONNG INTLACYENS

GN3

NY¥Nn.L 3

(VHOTS ENVULIWVENTOVIIZ SWEOW ENVH LUV ENYOM) ONNG TIVD
INNILNGD

3NNIENOD

(TCPINVYIWY ZCTSCINVE LUV R T4 F I3 d=(14F JNVY LYY
We1=r 9 030

IET=1 £ 0Q

INNIENGD

INNTENGD

(TISNVYE=AF* TINVHLWY

W¢I=1 % 00

(XIAONT W EMEPONS ATOd SNYUL)Y JSNYYL T1V3
(O¢CEXIANT “FONCOMN 30U  ATOd} INVHW TTVI

. ANNTENDD

(FreI3¥308=(1}A710d

FON*T=T € Q4

(FION=FON

INNILINOD

EIXSNVYL=(r* TINVYLYY

. W¢TI=1 2 0Oa

EXIANT SWEMErdNS ATOd  SNVYL] J4SNVYL 1V D

(4P EXIANT ECNEON4VIIEEATOd ) INVIW TFTVD
INNILNGD

(C41IVEi38—={({1}AT10d

fdN*I=1 T 0OG

(rYdN=FdN

IMMET=F S 00

Ox=0M4

(TIVI3Z (0EYAT0d “(TIM *{T)ISNVEL NOISNIWIC
(OWEWIYTd SHOWEWINTY LYY C{OWEWINVYIWY NOISNIWIQ
{9WedIVL3E *{OW*D)30Y NOISNIWIC




010 39vd

-9¢
Gt
143
€t
PAS
Te
193
62
8¢
X4
ac
¥4
He
£e
(44
12
02z
61
81
LT
91
61
21
el
21
il

N FND DM~ 0
—t

aN3

NdNL 3o

{YVITV3Idd=INTIV13Z

INNTINGD

(I TINVYLAV+YV=VY

I¢T=1 L 0d

{000°0°CAG°0IXTdWIA=VY

INNTIINGD

INNILNGD

INNTENGD
(PENIYWITSHENE TINVY LUV (P T INVYLINY = TINVYLWY
IMET=X ¥ 04

0°0={r*TINVILWY

I I=r S ad

MET=1 9 0d

ANNTINDOD

INNILNGD

INNILNGD

mmw NIYIdIOPNOIAR (T MU+ (M TINVY LYY =(F* TINVY LYY
WETI=X T 0a

0*C=(F TINYYLYY

9Nt 1= 2 0Od

M*T=1 € 04

(TIVI3IZ *{OW*WIY3d *(OW*OWINVILIYV NOISNIWIQA
(W OWINVYINY *(IWIWIVWOIS NOISNIWIA

Vi3zZ 8x1v3¥

VAOIS 8x1vdY

NIVWOQ AIN3INO3Yd
JHI NI NOILONNS FATL230a0 HE SIEINAWOOD ONN4 INIENOAUENS

{Z-0°¢H=-VI9T%X3ITdWOT LIJITdWI

~ O

UUL.)(JK)L).




T10 39vd

Ge

rONOT N OO A NN TN D000 M
rd el el e e e e NN NN AIN NN NN N M

O N D OO
Lo

MMM M M N MMM LM MMM N MMM MM M MMM M XM M X M

N¢T=F 1 6d

(O30ON*I) 301330 1IvD
TLSNODJ/(IYTIa=(1} 10
(TIH-(ZIH=(T}1C

(Z5YIdENVHIWY S TONOMSH WS MESNYY L6ON 147 13Q¢0°d 308} QIS3Y TTVD

(OMeDtdevi38¢30¥t g ) WH03 TIVD
(1)99%500°0+(1)498=(11}144
(INENG*EE ] WHO3IIY TV

(THIdENYYLIHY SNV HIUY SHEWSMESNYYLON €16V 1394054 ¢304) QIS38 11V

{OM¢0¢dv136430¥*89) WY0d T1VvD
(17199%500°0-(11dg=(11}4d9

CIN®NG*98F WY¥O0d43d TIVD

(TINGxTO°0=TISNGD

IN*TI=1 2 O¢

W=N

(TITA SEINCINIZO *(1)1d9 * €TINS NOISNIWIC
ETIM S(TISNVYL ¢¢T)VL3d “(T}30d NOISNIWIC
§SIH NOISN3WIAd

SETINVALRY S{OWSWINVYLIYY  *¢TFVL3Z NOISN3WIQ
FINSW) ZHYOM ¢ (OW W THYOM NOISNIWIA

{OW OWIVHOIS NOISNIWIO

JWECOTION EOTaN /SHYUVd/ NOWWOD

0¢d*l »%x¥3IOTINI

HIdESNVHLENVY LWV ENVY LYY 9 T%X3TdRWOD

V¥ 9TxX3ITdWOD

AOME THHOM 9TxXITdWOD

WHLIIY09TIV NOLM3IN-SSNVO 3HL

AG GININDIF SIATIVAIYIA 3HLE SIINAWOD SAI430 3INILINOHENS

(Z-0°'H-VI8%T¥3Yd LIDITdWI
(YWOTSEHYOMETHYOM I ENVH LWV ENVELEY A T

VIFZOWEMESNVYEECOM L4044V EIGCI0OYINSZA TANGg9) SATYIQ INILNOYENS

LWOLLWOR




210 39vd

!
L BAVIESLIES S Tal

NS N OO

-€9
a6
1s
as
&%

8y

Ly
G4
G4
a4
el
A4
134
O%
6t
8¢
Le
€

TEEZTE

o od ol d d

X X M X ¥ XXMM MY XYM Y X

{7-0°H=-¥)8%TV3d LIJITdWI
: (¢TI ENVHLWYENVY LYY S WEST
NVYLCONELEVETODEdEIOUEINANENNENEMEEQ Y ENGEFaa) HIUVIS INTINTYENS

anN3

NdnE 3

INNTLINOD

{IINE=(1}89

IN‘T=T T 0QQ

(1ING ¢{1)99 NOISNIWIC
(Z=0°H-VIgxTVIY LIDITdWI
(INSNG Q9 WY043Y INILNOHENS

anN3

NunL 3

INNIENOD

JNANTEINOD

(rériea=t1¢ryza

(YVIv3aua=(r¢11za

IANILINCD

(ZANSTANIVHWOTISH{ (FENIZMADMIOCNODIARET A FHUOM VY =VY
N¢T=y € 0a

(ZINSTY 3010230 TWVO

(T3INSTY 3CID30 17VD

(000° 0 QU0 0IXTdWI0=YY

I*1=r % 0C

IN¢T=1 & 00

JNNIENOD

INNTINGD

TISNOD/CIEr ) 2HYDOM={ 14 12HH0M

(DIAON P INVE LUy —(OION L) DIHOM={I* M 1 HH0M

1




€10 39Vvd

xzzzzzzxzzzxzzzxzxszxzzzzxzzzzzzxzzz

L 0L 09 (tzinn°i1oc(ginny 4i

tefnNnéNgy £S31 T1IVD

(COYTG NYHINY NV HENY SNNEWEMESNYY LSO 15V 13980444308 ) QISIY TV
(OMD 44y 1IAEI0YENG ) WD TTVD
(INSLERXTIVEEasasNgT WNI2Y VD
(ZIXTIVECE=LEIX TV

INNILINGD

G 0L 09 tinynnciac(zinny 4i

0=% I

tenn=(zinn

(EIXTV=(2ZIXTV

€ 0L 09 ftcnnt3rcczinny I

INNILINDGD

(INASNGY: £SILE T1IVD

(T Y3 NVHLIWVENVYLYV S NACWEMESNYY Lo L6V 138D 44308} QIS3Id TV
(OND44EVIIFEI0YENG )Y WHD4 TTVD
(INSEIIXTIVEGaEEENTG) WNOJY TTIVD

€s2=1 2 aa

O I=(cIX1V

GeO={2}XV

0°0=(1}X1V

mnwmo*h*mhw<'ﬁmwmm (1199

IN*TI=F T O

0*0=¢1)49d

IN¢TI=1 1 OQ

{1INN=W02D

tEInNA ¢4 1IN NOISN3IKWIQ

(EIXTV STTIEQ CCINCTINIV S{TING ¢{T}9 €(1)}€¢€ NOISNIWIA
ET1¥3d C{TINVHEIWY S ETENVYIYY NOISNIWIG
(IIM CCTISNVYL $€TIvLi3g ¢ (1)30Y NOISN3WIQA
140¢d ¥%¥3I9ILINI

HIdSSNVHLISNVYIWVENVYLEY 9TxX3TdW0D

NOTLVIOdYIAINE D11vyavnd
A8 HIONIT d31S TYWILE40 NV S3INIW¥3ILIaQ HIYVIS 3INILNOYUENS

(SR RS R




%10 39vd

LL
SL
74

wL
€L

[43

1L

oL
69

89

L9
99

59

#9

€9

29
19
09
6S
8¢
LG
4%
g%
vs
£S
2%
1s

- 0¢%

&Y

128

LY
9y
Gh
Y
€Y
2y

Py

= =5

-
w2

YIS EFIEIYEFrFEIEIFZFZEEZIEEEZXEZIX

(T5UTdSNYHIWVENYHLIAY SNNEWEMESNYY LSON L6V 13G404d 30 ) GIS3d TIVD
{OMSBE44Y1IIE4I0YENE Y WHOS IV

FINSUTIXTIVEHOedENG ) WNDOVY TIVD

(ZIXTIW=(TIXTV

8 0L 09 t(Z2naatceninng 41

o fTI6NNENGY £S3TE TTIVD

ETSHIdENYHERV ENYHIUY SNNSWEMSSNYY L SON 4L ¢ «wwm»a»q do0uy GIS3Y T1TV¥D
(oM ¢dsvi3gtI0UENG) WHO4 TTVD

CINS(TIXTIVEGEEEENEGY WNIJY TIVD

NITIV=ETIXTV

m2m23h2u4»< ANEXTIVE GVNRD 1Y D

G O=(1IXIY

7 0 09

T=X1IM

T NYni3d

Q0L 09 €t1nNn*La~tzinny 4I

(2¢nNnENgG) 1S3E TTVD

(Z IS NYHLIWY SNV HEAVY SNNCWEMESNYYLSOM L4V 13G4D4d*30d) QIS3Y 1TVD
EONMED 44V ETA4I0YENG )Y WHO4 TTVD

fINC(ZIXTIVEGLEGENGT WNIOVY TIVYD

: E2IXTIV==¢2FXTV

G 01l 9 (0T LTI MINY 41

THUIA=MIN

L 0L 09 €f1ynnc1* ”mwnﬁ.mzq mmwaa acternny 41

f2¢nNnNenNgy £S31 11VY0

(2SI ENVHLWY SNV HIAY SANCWEMESNY YL ON 418V 1384054308 QIS3Y T1TVD
(OMND444v1IA4TOUENGY WUHO4 TIVD

{INSEZIXTIVELTEgENGT WNDIIVY TV D

GO EEIXTIV=HZ2EXTY

tZna={(cinn

(2IXIV=(EIXTV

T Nd¥Nni3yd

¥ 0L 09 (0T ETMINE 41

THUIM=MIM

tenNn=¢21nn

{CIXTIV=A(Z)IXTIV




STO 39Vd

=i N
—t

~{

NN O e

-8
8
[43]
82
a8
6L
gL

N
()

oo Oo

L EELEZZ2E2Z2ZZZ2Z2ZZ

W

ECLEIXTV={2IXIV I (EFXTY (T IXTAY s b LIV LNV I/ (T

ELEZIXNTTY =T IX IV (L InnN=(TINN = LELETXTIVATIX VI (ZION={T)ICNI T =V
(TInNxGs°I=(e)An(ceace1°Da cfenni 4l

: (einn ¢ ECIXTV NOISNIWIC

(Z=0*H=-V)18%xTv38 LIJITdWI

WOAWINIW V S31VIOdY3INT ONV
SINIOd IIUHE HONOWHE JTEIYYOVYND Vv SEId4 dvnd INTLNOYMENS

(NIWNETIVENNEXTV) avnb INILNoYans

aN3

NdNnlt 3o

INNIEINGD

(1198%xTv+(1)1e=(11INd

, IN“T=I T ©Q

{1189 (114 ¢ {(TING NOISNIWIQ

WOLIIA ¥3ILIWVYVd FHLI SILVAdN WNIOV INILAOHENS

(Z-0°H-VI8%TVIY LIDITdWI
(INSTVEEg g eNg s WNDOV INILAOYENS

an3

NYn L 3

T NY¥NLIE (WOD LT "WRWOD)Y dI
TOO*OxW0I=H0OD

(T INO=WRDISEVYa=WHOD
JNNTINOD

(IR N S R R

[SRGRS RS RS




910 39Vvd

-€2
22
| ¥4
T4
61
81
LT
91

L JEA I BRN T}
B R R B N

-HONO TN D OO
: i

-1
0Z
61
81
L1
1
a1
%1
el

[« WY WY o WY W WY WY » WY o W WY WY N » W S Y o RO s T o - L T S = My < 8

OO0 COo0

aN3

N¥Nt 39

INNTLINGD

GEAO T={MINIVIIZ (OO0 D LT (T TYLIVW LI
d3¢1=1 % 0a

ANNEINGD

ANNILNGD

(CT—dM T =F ) Vs N T =T B V= (T=F ¢TI} SVt T=T 8 T~ T JLVA= (P ¢ TILVNW
I-F=F1

dadéi=r 2 ad

d¥¢2=1 € 0d

NNIENOD

(13 4300=(I¢T}HL VN

d¥¢1=1 1 04

(TIVL37 S(TX4300 S EdM*dM ) LViW NOISNIWIEQ
1V 8%V 3

1S3L Z3IMdNH-HINOYW 3FHL SWdN4¥3d 100d INILNOYENS

(7~0H-Y }8xTVIY LI311dWI
(O 4V 137 643098 LywedM) 100Y aNILNOYENS

an3

(8°9T09) LVWYOd

N¥NL3d

I+ 60V ) / (x8) F=-=NIKWN

(Z%xV)/8=-=TY

(LINN+ T IXTIVRF I =TI XTIV {TIXTIVRVY ) -=]
(21

IX W= TIX W/ COEEZIX IV HITIX WY ({2 IX V= TIXAV Y2V It {ZING=(TINN) 1 =9

[aY g}

L LWODOW

QO v




(OZFIAIdT “(NENIV NOISN3WIQ

Vv XIYIVW ¥ SIM3IANI LIY3ANT INTILINOCHENS

(GRS RGNS RS

{Z-0°H-V 8% 1V3Y LIJITdWI
ENSY)Y LY3ANT INILINO¥ENS

9¢ B N¥NL 3
se 0 INNIIND? 11
YE D XVHY% (X T0ITIV= (T IY=14 P )y o1
€e O N¢T=X GT 0d
Z2€ O *0=€10014P )V
1€ © (I02I¢F IV=XVWY 6
0o O 6¢TT¢6 (10D1I-F) dI
62 O , N¢T=r 1T 0Q
gz 0 XYWY /{NeTI0TTIV=(N*TI00T 1Y 8
1z 0 NT=X 8 00
9z © 0°T=(1021¢100 11V
sz © (10214700 T1V=XYHY
v B INNILNGD L
€2 0 d01S
2z ® (Z1¢€) JLTUM 9
) L4949 (0S-00°T-XVWV) 41
0z B T=(1021}A Id 1
61 0 INNTINGD s
81 O INNILINOD Y
LT D ((rerIVISava=XVYKHY
91 O r=1091 €
ST O €4%5% ((XVWv=(F*r)IVISEVal HI z
»T O G6Z4Z C(PIAILIY o
€T © N¢I= S 0d
21 D “O=X VWY
11 0 N¢T=1 IT 0Q
o1 D 0=(IJATdI 1
5 N¢T=1 T OC
D
D
§
9
d
)
5
d

NN oM~

LT0 39Vd




810 39vd

!
AN TN OIS IND
L T T B e B B B B B IESVIRS VR o VA G B o B QU A V4

N N0 0D
o~

8¢
LE

0006 00 00 0 O O OO0 (% O O of O OC 06 00 06 Q8 0% X 00 6 X oF of of 1

I

3044 AT0d 8%V 3Y
(dT*CEX3ANIDICON 0¥ AT04) IIVK INTLNOYENS

an3
N¥N L 3

INNIEINOGD

V=(1}SNVYL

V+0* 1=V

INNTLINOD

(AVIdX3ADI% (FFATOd+Y=V

{MV 4000 CIXTdWI0=aV
FxlIM=MY

T 0L 99 t2°D3*{fIX3ANI) 41
d3¢1=r 1 0¢
(00000000 )XTdW 0=V
W¢TI=1 2 0a

(T}X3AGNI NOISN3WIQ

(WIM $€d0XAT0d (A ISNYY¥L NOISN3WIQ
d0 $x¥393INI

av 91xX3TdWO2

VESNVYL 9T%X3TdWOD

NOTLIONNS ¥34SNVYL ¥V ¥HO0d
NOTLIONNA ISNOdSIY ADNIADIHS FHLI SILNIWOD 4SNVHL INILIAOHAENS

Z-0*H-VI8xTv3Y¥ LIJITdW1
EXIANT ‘WEMSH0 CATOd CSNYHL) JSNVYL 3INILNOHENS

aN3
(/s3LYNIWY3 L —— XIdLIVW YVINONIS o/} LvWdOd

N Q)

QOLWOE




610 39vd

NN 0
e R N N

el
L)

-0z

61
81
L1
31
sl
21
€T

A S

It

N FNOM~>0DD
~t

OO OO
. -

L e e e e el el el o el

INNIENOCTD

QaxF={F M

Wei=F T 0Od

N/ TdxZ=04
106L686€6926STHIE*0=1d
(OWEWIHId SETIM “ (11X NOISN3WIQ
OWECOTION*(OTIIN 7/SWHVd/ NOWWOD
HI44IVEAY 9TxXITIWOD

X d0133A
INdNI NV OdY4 WvY¥90Q0Id¥3d 3IHL SILINdWOD 40Id¥dd INILINOYENS

{7-0°H-V)8%1V3Y LIJITdWI
(TT%YIAENCWEMEXT QDTN 34 INILNOYENS

aN3

NdNi3d

ANNTLINGD

IONILINOD

T=€¢I IX3ANTI

Z 0L 09 t000°0"DI(r*11304) 4I
0I*1=1 € 0¢

INNIINGD

0°0=(11X30aNI

Di¢1=1 1 0Q

{TIXIANT S{9WSdII30Y¥ “€T1)ATI0d NOISNIWIC
INE{OTION®COTIIN /SWUVd/ NOWWOD

X3IANT NI SNOT LISOd ¥I3HE SIYOLS ONV NOILONAA
HIJISNVYYL V NI SINIW3ITI 0¥3Z SINIWYILIQ DIVW INILOAOYENS

L OO

LWL RV




020 39vd

-1e
(11
6¢
8¢l
Le
92
¥4
&4
€c
(24
1<
ac
61
81
L1

el el e o o S S S S L S

aN3

N¥Nn1 34

INNIENOD
IVACTIICTINAd=€11*1)4d3d
(N& Id%x2)¥1¥DSa="1V
Jv={11¢F¥rd3ad

INNIENGD

{OVYd X3l IX+DIV=0Y
(MY ¢ Q00X TdWDIa=0V
Fx{IM=MY

Né¢T=f 2 0d

gqv=20Vv
(000°042a0G°0)XTdWI0=0aYV
Wé¢I=1 € 0d




CLOTHING APPLIANCES "MISC. "NEW 'MONEY

FOOD

Do

CONNONONO G AT NCOOTETNCONCOOOCT ONNDOFCmit~0r O 303 mM
® 0 0 6 0 00 0000006006000 000000006080 0000000009 000
CONOOTINOC PO DOANDO e~ - OO NS N-HOCNO MO ~ONON
NN T OSTOTOTONNNO N C i F C N DNIN O OO~V O R C N @ N
— gt romd e ol gt e — i — —

cod ccodoooooocCoocooccocoocoCccocOCocQuoc Lol

'R EREERENNENEN N I I I IR I I I BN Y I I I Y N R I I I IR I I SR B I I I B )
OO COVCOMNMSECOMNCOCONFOOOMOMNC TN ONNSETON
OO NN O O i O M et NN NN M Q QO NN NV O C O o OO
RS S G A Vet Ta TN TaTVaR TNVl TatVa Yo Vo NNe NN RN ol o oY ol o e o] e o] s oXs of o eXe e) ¢ p¥0 e 6T T i o oY Y Y Wi o
i el

fo 1 oX =1 ol oi] #] S 21 @141 21 V1] 91971 ] &7 & S S &Y 4N &F f o I 1 S ol G o ol & Gl o] & o1 o o s 7 oA ]
R R EEEEEE XY ey IOy Iy A R B S B N Y N N N R N Y R IR N N I R
Pt OO N - N C P OO O OO T NOOIN G C O X T NN NG MO
O AN NN AN NN O OGN TN O OO OO =00 rMNO C OO ME O N

et ] g gt s s g ey P b s ek e 1 et ] O o ] s gl el g Pl g e el et O\ e O OU NN NN N

CCCOCCQUCTCCCC oo CcocoC oo cCcoCOC oo

® ¢ 6 @ 6 0 0 0 06 0 00 0 00 00 O 00 8 Q0 08OOSR 0 000N e e
C i OO WULCL e ONF O T 0N CC TN INC O o (0L o=~ CONC OO o O et
TNV NC OO AN O F CNCNONCNO MM LMD F OO el
ot et 0 o g 1 e et g | O e et e N P O et N e OO O OGO = I e O NS N L O O N

[] S oY S WY o] il ol @] oh¥ S O <2Y i SR S Gk O O Y Y oY QO ') iy GRYUI GRL GLT S U S VY i Y G G S G R
0...OCOQOCOOQOCQOOCO..'.QO..Q.OOOQ.OOQQO...
PO AN CINMC L w0 F PN NG FOW 0 N M UNOUNSNS O e SO
TWNOMNC OGS NOSGCO O CrmONNT TOXUNCOT MO C O NN o
OO OO G EOMET MO (OO TN T N NN T e innn




© 0 0 00 009 0000000 000
O ONCNNTONNNOCrmON ©
VNP COT O MO OGN

) p— i ot P O\ e et O\

[ala] sl A o =l ol el el ¢ Gl el el el dl el ol el ol o < o ol ol el ol o o] wl ol 4w o
00'..0.00.....Q..O...QO..QO....O0.0I.
et O Ot OGP OOMGT OO OO OINOM -G o
OCOOMNCT O OO N T rd O M 0NN O o G AN O M
GGG N N AN A G OM NS T ON OO0 OO = Ot
Hr—lHHHMHP‘rﬁ—h—h—drﬂr-ﬁ-—h—lr—ir—lv—h—h—lo—h—h-ir-h—!—-i-—l-—l.—h—h—h—lv—l(\lNN

OO OCOC.CCCOCOOGLOOCOOOCCOC COOOCOC IO

® 9 0 0 0 0 00 00 0 5 00 200 0 0 C O PO PR O SN 000 o0
O MCFOC NGO mtN O rtb T e N O O CWNT O OO T = N O
AN O OO NP =S O NSO MO e N O NN O N OISO
AN NN N NN ON NN MM O T MO MNG OMNG T OT

cocccoCococcocOococcococcrooC oL coadaocca

06 00006060 0060 0600000000000 200t sess0o0e0 o0
QN QAT AN GO O OO C e i N OO OO N C o
MOC NG NG ST NN OGN - NAC O SONC NS NHT S T
AN AN AN CEONE NN OO T NS M N Mg 00 (it

CLLOULLOCLCOGC Lol Lol dauediul e
.0'......0.00...0.0.0‘..0...0....0..0
WO C oW QNI e CCONCEO NN GO S0 UG
SOOI e OGN NO NSO NN O OC miaIN O ON
T RV YT T e Pa RV YA NG NN RVGRVa TV TVo L VO VY S SING X o e of aod ol e of e o e alewlleal oo K et Sl e



Data for Equation (7.1a)
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Data for Equations (7.7a) and (7.7b)
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