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36.

The second term on the right side of (Al) is a/c. As
T approaches t*, this term approaches the slope at t* of the planning

schedule made at T, i.e.,

2, 2 ®
[ at
t=tx
or equivalently ,
a , y(®
c ot
t o= t*

where the derivative is understood to be a right derivative. (Note that

wﬂ*umﬂvwm not defined for t < t*).

We conclude that

. Bk, ; (£9) ¥ s (1)
kG T 3t * 5t .
t = t* t=1t N

where the first derivative is defined from the left, while the second

is defined from the right.

DURABLES IN THE

CONSUMPTION FUNCTION

by

*
John Iacono

Swinburne College of Technology

1. INTRODUCTION

In the classical literature of linear expenditure systems
(LES) savings was taken as predetermined and no attempt was made to
analyse the inter-temporal consumption - savings n:ownm.H To add this
dimension to the consumer's allocation process it is necessary to model
explicitly the trade off between current and future consumption. The
initial operational theory to include this concept within the framework
2

of the modern systems approach was Lluch's™ extended linear expenditure

system (ELES).

ELES is a system of commodity expenditue equations with
endogenous total consumption. Prices, income and price and income
expectations are the predetermined variables in the system. With a
framework of continuous planning time, the analysis is centred on inter-
temporal utility maximization under certainty in the tradition of

Fisher [12] and Tintner [37][38]. The solution represents the optimal

This paper is exploratory in nature, being the first attempt to
estimate a complete system of demand equations from Australian data

in a way which explicitly recognizes durability. It is based on
recent theoretical work by Dixon and Lluch mwc . Results reported
here are taken from my M.Ec. thesis at Monash University. T am

grateful for comments and guidance to Peter B. Dixon and Alan A.
Powell, and to Michael McAleer for pointing out some notational
errors in the first printing of this draft. All remaining errors
are my own,

1. See Stone hwmu. Parkes mwwu. Pollak and Wales [29] and Goldberger
and Gamaletsos Mku.

2. See Lluch [17].
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32.

. N s . . 1
subjective discount rate ; p is the market rate of interest;

Pey > VAw are respective prices at which the consumer, at time t,

expects non-durable i and durable j to be sold throughout the planning
[351 Theil, H., Economics and Information Theory (Amsterdam : .

North Holland), 1967, pp. 182-185.

period (i.e., constant price mxmmnnmﬁ»osmew nnwﬁaV R zﬂuﬁaU are the

[36]  Theil, H., Theory and Measurement of Consumer Demand, Volumes I respective time paths of planned purchases of non-durable i and durable j ;
and II (North Holland), 1975.

>

k,.(r) 1is the consumer's planned holdings of stock of durables, at time t ;
[{37] Tintner,G., "The Maximization of Utility Over Time", Econometrica, t3

Vol. 6, 1938, pp. 154-158. o is the decay rate for durable j ; z /o is the present value of the

consumer's expected life-time income, at time t, from his financial assets

{38] Tintner, G., "The Theoretical Derivation of Dynamic Demand Curves",
Econometrica, Vol. 6, 1938, pp. 375-80.

and sales of labour ; and t is planning time.
[39] Weber, W.E., "Interest Rates, Inflation and Consumer Expenditures",

American Economic Review, Vol. LXV, No. 5, December, 1975, pp. 843-858.

It should be noted that :
[40] Williams, R.A., '"Demand for Consumer Durables : Stock Adjustment i

Models and Alternative Specifications of Stock Depletion, "Review . L R
of Economic Studies, Vol. 39, 1972, pp. 281-295. (a) The utility function is assumed to be inter-temporally

{41] Wymer, C.R., "Resimul Manual, London School of Economics, separable.

1973 (mimeograph).
(b) The assumption of a constant subjective discount rate, 6 ,
[42] Wymer, C.R., "Full Information Maximum Likelihood Estimation with

Non-Linear Restrictions', London School of Economics (mimeograph). 3

implies that the consumer's behaviour is Strotz-consistent.

(c) The problem of maintaining stock equilibrium by discontin-
uous jumps has been overcome by assuming that at each point
of time t , the consumer adjusts his stocks to their
currently optimal levels and that the consumer's expectations

about prices and income are changing smoothly, i.e., Py »

wnu and z, are continuous functions of real time t .

1. For simplicity p is treated as time invariant.

2. In the event that the representative consumer expects prices to change

over the planning period, each of the Pyy and vﬂu would be functions

of planning time v . Explicit assumptions on growth laws governing
these time paths would then have to be introduced.

3. If the consumer's discount rate is constant and if his price and
income expectations are realized and remain unchanged, his plans for
time 1 , made at time t , will be the same as his plans for time t
made at time t + s.  See Strotz [34], Pollak [28] and Blackorby
et al, [5]..
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24.

TABLE 5 (continued)

Estimates of : G, % 0y = 10 0] =0, = 1000 ELES

Shift term parameter for 0.0043 0.00002 #
Motor Vehicles (0.002) (06.002)

Shift term parameter for 0.005 0.00003 #
Household Durables (0.002) (0.003)

Market discount rate - 1.712 26.689 #
(18.018) (170967)

Time preference discount rate | - 1.330 12.455 #
(13.994) (79790)

Marginal propensity to consume 0.776 0.467 0.780

(0.011) (0.108) (0.010)

#  Not applicable

(€3] The estimates of the discount rates, p and & , continued

their erratic behaviour {(p = - 173% to 2668% ; & = - 133% to

1245%) as ou changed from 10 to 1000.

Nevertheless, a surprising feature was that p , their ratio,

This behaviour was previously
noted.
experienced a considerable change (0.777 to 0.490) for the first
time, This counter intuitive result may have been caused by

accumulated rounding errors and possible number underflow or overflow

when a decay value of 1000 was used.

(2) There were noticeable fluctuations in gamma estimates, e.g.,
travel and other non-durables both moved from negative values
(- 0.813 and - 37.712 respectively) to positive values (14.190 and

41.649 respectively) as qu changed from 10 to 1000.

13.

TABLE 1 : UNCONSTRAINED ESTIMATES OF DELES CONSUMPTION FUNCTION
AUSTRALIA, 1959-74
Estimates Estimates 7 Statistic
Commodity of Stone-Geary of Marginal for
Group Parameterst Budget Shares Independence]
= = =5 of
Hondurables Yy mw mw wwmﬁacmpmp
Food 24,340 0.141 0.151 ~5.92
(4.892) (381.218) (0.009)
Tobacco 19.141 0,067 0.073 ~1.89
Cigarettes and| (2.163) (182.668) (0.005)
Aleoholic
Drinks
Clothing ~8.001 0.116 0.126 ~1.64
(6.556) (315.683) (0.011)
Rent 24.562 0.132 0.143 -0.88
(2.015) (357.985) (0.006)
Travel and 13.792 0.032 0.034 ~1.13
Communication (1.329) (85.921) (0.003)
Other 45,918 0.366 0.395 -1.39
Nondurables (7.951) (992.976) (0.012)
- ~ - “RE
Durables 6 6, o . .
" i 3% "3 "3
Motor 7.953 2.926 0.067 0.040 -0,63
Vehicles (139564.787) (4.697) ] (943.924) (0.007)
Household 302.538 59.450 0.078 0.038 -3.65
Durables (9933434.89) (8.280) {(1372.526) (0.010)
Estimates of:
Shift Term parameter m)yw 0.053
for Motor Vehicles (0.007)
A%
Shift Term parameter ¥ N, 0.074
for Household Durables (0.008)
Market Discount rate D 0.627
: . (23117.586)
Time preference discount § 0.452
rate (1660,248)
Marginal propensity to B 0.721
consume (0,015)

t Units are dollars per capita in 1966-7 prices.
* Asymptotic standard errors are in parentheses.

1. Test is two tailed and the pnull hypothesis assumes independence of

the residuals.

See Appendix B,
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Using

J
This

By contrast, the marginal budget shares,
1, 2

and & were 62.7% and 45.2% respectively.

, as defined in (6.3) and (8.1) had significant
Although it is difficult to compare these results

consumption was exceeded by the 'subsistence minima' values.
This problem was also encountered by Powell {30}, Pollak and
with other empirical studies due to the particular split up of
personal consumption expenditure, it does appear obvious that
the estimates of marginal budget shares for durables (0.040 for
motor vehicles and 0.038 for household durables) are too low.
Depreciation rates per quarter for motor vehicles and household
durables were calculated at 30.8% and 17.8% respectively.

with (iii) the asymptotic standard errors of these ML estimates
value was consistent with the work of Powell [30] and Lluch and
Williams {19], who reported a similar magnitude for U.S. data.
The estimation of the DELES consumption function was attempted

The estimates of utility function parameters, Bi and n,
were so large that they need not be taken seriously.
The estimated m.p.c. of 0.721 was highly significant.

Wales [29], and Goldberger and Gamaletsos [13].

using more plausible a priori values for depreciation.rates.
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34.

attempted to construct models for durable goods within a systems
framework.  Parks [25], Diewert [9], Weber [39], Motley [21], and

Dixon and Lluch [10] are recent contributions to this cause.

-
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ksj(r)
by (1)

T

H 5 s 2" The purpose of this paper is to present the Dixon/Lluch
o o © e~ o ’
3 2 el TonE :
m w mm mw model and the empirical results obtained when the model (DELES) was
g g £ 35
' S CY o < £ applied to Australian data. The paper is structured as follows.
]
[R-%

In sections 2 and 3 respectively, the main features of the model and the

L data base are discussed. Section 4 briefly outlines the steps taken
to make the model operational and discusses the main results.

Section 5 contains a summary and suggestions for further work.

actual holdings, ktj

plans made for time t* at

o ! M
times t, ktj (t*)

Stock of busable
ksj (s} = st
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Using the assumption that the consumer's currently planned
consumption of non-durables and his currently planned holding of durables
are equal to his actual consumption and holding, the change in the
consumer's holding of durables, at time t , is given by totally different-

iating (5) with respect to T and evaluating the result at 7=t , i.e.,

. sk, . (1) 3k, . (1) . 8k, {1}
1% k.. = £ PR 5 At S 5 N )
t] 3T 3P, . tj * t
t] wNm
1=t T=t

The above result, together with (3) and (5), is used to

obtain the actual expenditure equation for durables, at time t, 1i.e.,

P, . z
*%k * * *
8 PR, = 0,0.P, . + un, - un, | =t oL
(8) it 395Peg Ny 2y - owny wﬁu > L
t

1. A diagrammatic explanation of the partition of waQ on the right of (7)
is given in Appendix A.
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28.

term (Table 5) but also produced an anomalous estimate for the mpc and
unexpected variations in gamma values and in estimates of marginal budget
shares. The suggestion that these fluctuations are caused by large

rounding errors may be valid but does need further investigation.

Limitations of the DELES framework itself should also be

noted. Many assumptions were made about the structure of relevant
relationships. Planning under certainty, perfect capital and second-hand
BNHmemH are restrictive assumptions of the model. The concept of con-

tinuous replanning (where people review decisions on what stock to hold at
least daily) is unreal. Also price and income expectations are not
allowed to undergo discontinuous shifts in historical time; i.e., there

is no allowance for abrupt changes in expectations. These problems plus
the abasence of discontinuities in purchases (so that durable good invisibi-

lities are ruled out) may make DELES best suited for applications to

aggregate data [10].

The obvious conclusion, apart from a provisional acceptance of
the Dixon/Lluch basic concept, is that it may be expecting too much for a
model to obtain meaningful estimates of interest reates, mpc, utility
parameters, marginal budget shares and depreciation rates with only price,
expenditure and savings as input data. Hopefully the gap between complete
demand systems for non-durables and demand for durables could be futher

closed by :

1. See page 9, [10].

3. THE DATA

DELES was fitted using quarterly Australian personal
consumption expenditure for the period 1959-74 [1]. Consumption
expenditure and disposable income were expressed in nominal dollars on

a per head of population basis, the population figures coming from [2],

[31.

The implicit price deflators for the non-durable categories
were those estimated by the Institute of Applied Economic and Social
Research [8], which were in part derived from information obtained from

the Australian Bureau of Statistics.

The implicit price deflators for household durables were
obtained in the following manner. The annual series was obtained by
taking the ratio of current expenditure on household durables to expendi-
ture at average 1966-67 prices [1]. A series was then sought as a base
for interpolating the annual series. For the period December, 1959, to
June, 1967, the implied deflator series for personal consumption expendi-
ture on durables developed in [6] was used. For June, 1967, to
December, 1974, the CPI series [4] for Household Appliances and Furniture

and Floor Coverings was used.

The implicit price deflators for motor vehicles used the
series 'sales in base year service units'" developed in {11] and personal
expenditure on purchase of motor vehicles [1]. The implicit price
deflators were calculated by dividing personal expenditure by sales in

base year service units.
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5. SUMMARY

DELES is a system of expenditure equations in which
durability is explicitly recognised. Basic to the model is the
introduction of continuous replanning where infinitesimal adjustment to
stocks is possible. The adoption of a specific instantaneous utility
function and an exponential decay rate for durables led to Dixon and
Liuch's derivation of durable expenditure equations which included a

"shift term."

The expenditure equations were made operational and applied
to quarterly Australian data. The shift term was tested for significance
under various changes in model specifications. The results were promising
and clearly indicated a solid foundation for the acceptance of the Dixon/
Lluch model as a significant contribution to complete systems estimations.

Nevertheless many problems were left unresolved.

In all estimations the presence and possible consequences of
autocorrelation have simply been noted; transformation along the lines

explored in [19] may be an appropriate next step.

In the unconstrained estimation (Table 1) the estimates of the
market rate of interest, ¢ , of the nosmcama.m,mcu@ennw<@ discount rate,
s, and of the depreciation rates for both categories of durables were
far in excess of any plausible values. When computations were made with
more realistic rates of interest, p , and depreciation rates (Table 4),
the estimates of marginal budget shares for durables, :w , were
improbably low, and subsistence values for durables, qu@u , were far in
excess of sample purchases (in quantum terms). Whilst the enforcement of

plausible values for both the market rate of interest and the depreciation

11.

the equation for actual expenditure on durable j , at time t , becomes

*% %
12 P.R.. = 0.0.P .+ . 2
12 tit) RS RES B e
W . W .
. : . Y.P. - 0.0.P .
P,. PR Sl 4 § o t]
ST . R 2 v 2 2 Z .
u mv. * * * ﬂ
ti oz Z z
t t t

Equations (10) and (12) have been derived on the assumption
that variables are in continuous time. For estimation purposes it was
necessary to adopt a discrete approximation for an observed period t .
This was done using a finite time analogue of differentials of logarithms

involving operators A, B and C where

= - 3 3
>xﬁ ﬁxn xmlwu\ﬁmxm + xdxwu replaces d £n xﬁ\mﬂ ;
wxﬂ = (1 - rwxﬁ = xn - xﬂ-H replaces xe H
nxﬁ = %1 + ruxn = Kmxm + xn;Hv = xﬂux replaces X

This approach is similar to that adopted by the '"Rotterdam School" of

demand theorists [35].

The estimating equations used were the behavioural equations
(10) and (12) in discrete form with error terms added. The final form of

the estimating equations were estimated using Wymer's RESIMUL package [41].
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. . . s . ~E “kk
become insignificant; the denominators of mw and su would approach
A Ak~ ~EE o~
one, i.e., mw = mw and ;u ® :w ; and estimates of marginal budget

shares and gamma values should approximate the estimates obtained by a
systems estimation which ignored durability, viz., ELES. The latter

approach was used in this study.

Decay rates of 10 and 1000 for both durable categories were

imposed on the DELES Ecmmw.w Table 5 lists the main results together

with the estimates obtained using ELES.

For 0, =0, = 10 , the estimates of the shift term were still

significant at the 5% level, i.e., the model continued to detect durability

when only the slightest elements were allowed to be present. The main

difference between the estimates obtained earlier (Tables 2 and 3) and

those obtained for this decay value were that mw and n. now approached

J
* % %

mw and su respectively.  All other estimates remained virtually

unchanged and were almost identical to those obtained using ELES.

When gy =0, = 1000 was used, the size of the shift terms

became very small (0.00002 for Motor Vehicles; 0.00003 for Household

Durables) and were statistically insignificant. Although the desired
~dek

- g -
equality between mw.m and mw.m (and su.m and :@ 's) remained there

emerged some apparent model inconsistencies in other estimates :

1. o, = 0, = 10 is an approximate depreciation rate of 99.996%

per quarter.

15.

the values 0.0645 for motor <m:wnwmmH and 0.078 for household
acwmvamN the model was rerun. The principal results are listed
in Table 2. Notable differences and similarities between this

estimation and the unconstrained estimation were :

(1) Tobacco, clothing and rent were the commodity groups which

could not reject the hypothesis of no serial correlation.

(ii) The estimates of shift term parameters were still signifi-

cant at the 5% level.

(iii) Estimates of Stone-Geary parameters for travel, other non-
durables and motor vehicles were all negative although the
category, other non-durables, was the only on of the trio
that was significantly different from zero. Rather than
accept the economic implication that the demand for Other
Non-durables is elastic with respect to its own price, it is
perhaps more likely that this is another example of the well

known erratic behaviour of gamma estimates.

* * Kk
(iv)  All estimates of mw“ N.s mw and :w were significant. The

J

3% estimates of 0.172 and 0.197 for motor vehicles and house-

hold durables respectively appear to be more plausible values

than those obtained in the unconstrained estimates. The

*x ~
large gaps between s% and :“w may indicate the bias associated

1. oy = 0.0645 is a depreciation rate of approximately 6.25% per
quarter.

2. o, = 0.078 is a depreciation rate of approximately 7.5% per

quarter.
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TABLE 4 (continued) 20.

Estimates of : p = 0.08 p = 0.1 p = 0.12

Shift term parameter for 0.020 0.026 0.022
Motor Vehicles (0.007) (0.007) (0.007)
Shift term parameter for 0.017 0.023 0.022
Household Durables (0.005) (0.006) (0.005)
Time preference discount rate 0.050 0.071 0.818
(0.001) (0.001) (06.001)

Marginal propensity to consume 0.723 0.705 0.682
(0.013) (0.013) (0.013)

The most striking feature of these estimates was the continued
stability of the mpc and the highly significant estimates of the shift
term parameters as the model specification changed.  Other noteworthy

points were :

(i) The behaviour of some marginal budget shares were quite sensitive
to changes in p ; e.g., the estimate for clothing varied from

0.021 to 0.106 to 0.228 for the stated changes in p .

(ii) The estimates of the marginal budget shares for durables ( < 0.01 )

were not plausible.

~% -
(iii) The approximate equality of the values of mw_m and mw.m. This was

due to the use of an extraneous market discount rate and decay

~k

rates. Their combined effect forced the denominator of mw close to
o:m.H
1. For example, given Gy =0, = 0.0625 , p = 0.12 , then

(o3
#

0.085 for plausible values of m .

Hence, .

H,&Mm:.mmvo.mmamoa ny < 0.05 .

17.
. - . » ~k
with models which fail to recognize durability. (The mw
k23 . .
and :u values are approximately the same as the estimates of

ELES which appear in Table 5,)

v) The estimates of p and § were now 4194.3% and 3257.6%! This
wildly erratic behaviour of the market discount rate and time
preference discount rate has also been noted in work by Powell
[30]. Despite the extreme variation in m and m , the estimate

of the mpc, 0.777, was quite stable.

The model was rerun using various decay rates ranging from 0.0625
to 1 for both durables. The results in Table 3 are restricted, for
brevity, to decay rates of Oy =0y = 0.25. Apart from estimates of theta

values for motor vehicles and household durables, the model was insensitive

to considerable change in decay rates.

Further estimatations were calculated by imposing a priori values of
p together with fixed decay rates. Table 4 lists the main results when
values of p = 0.08, 0.10 and 0.12 were used with rates of QH = QN = 0.0625.
There were only two gamma values, clothing and other non-durables for the
model p = 0.10, which failed to survive a test of significant difference
from zero. In each estimation, the hypothesis of independent error terms
was rejected for the categories of food, motor vehicles and household

durables.  For the sake of brevity, test statistics for independence have

been omitted from this table.
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ESTIMATES OF DELES CONSUMPTION FUNCTION USING A PRIORI

TABLE 3
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1 hypothesis assumes independence of

See Appendix R.

Test is two tailed and the nul

the residuals.
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subjective discount rate ;

Py

1

p is the market rate of wsﬂmﬁmmﬁww

s wdu are respective prices at which the consumer, at time t,

expects non-durable i and durable j to be sold throughout the planning

. . . . 2
period (i.e., constant price expectations};

respective time paths of planned purchases of non-durable i and durable j ;

ke

[
J

]

LﬁWmau , xnuﬁaV are the

2

.(t) 1is the consumer's planned holdings of stock of durables, at time t

is the decay rate for durable j ; Nn\o is the present value of the

consumer's expected life-time income, at time t, from his financial assets

and sales of labour ;

and T is planning time.

It should be noted that :

(a) The utility function is assumed to be inter-temporally

separable.

(b) The assumption of a constant subjective discount rate, § ,

implies that the consumer's behaviour is mmaonm|no:mwmnm=w.w

(¢} The problem of maintaining stock equilibrium by discontin-
uous jumps has been overcome by assuming that at each point
of time t , the consumer adjusts his stocks to their
currently optimal levels and that the consumer's expectations

about prices and income are changing smoothly, i.e., Pyy -

P,. and z

tj . are continuous functions of real time t .

For simplicity p is treated as time invariant.

In the event that the representative consumer expects prices to change
over the planning period, each of the Pes and mﬁu would be functions
of planning time T . Explicit assumptions on growth laws governing
these time paths would then have to be introduced.

If the consumer's discount rate is constant and if his price and
income expectations are realized and remain unchanged, his plans for
time t , made at time t , will be the same as his plans for time 7
made at time t + s.  See Strotz [34], Pollak [28] and Blackorby

et al, [5]..

>



*08T~59T *dd
f96-SG6T ‘€7 "TOA SITpnI§ O[WOUODY JO MOTASY °,UOTIBZTWEXEN
£37TT30 oTweudq ur AoweasTsuooul pue erdody, ¢'H'Y ‘zI0Iag

*9Ty-L0% “dd ‘096T *(7) ‘gz ‘BOTi3BUWOUODY
¢ ,8PO0Y ITqEINg IIUNSUO) JO AITTTqRING ¥4I, ‘'V°( om0y pue ¢ ¥ ‘ouoig

LTS-TTS *dd ‘ygeT
‘49 *TOA ‘TeUInOf OTWOUODY ¢, purmeg YSTITIg JO uisljed o3 uoriedrrddy
uy : sTsATeuy pusma( pue sWelsLS sanjfpusdxy resury,, 'y ‘8uolsg

“pL6T “{yleal D c@ @ s1l0SnYDEBSSEH
‘uojButxe) SUSISAS pueweaq JO SOIIA[BUY [BOTATdEY *'V°V ‘ITomog

TLSE-LEE tdd ‘g/eT ‘aequendag ‘/LZT TON ‘6% °T0A ‘PI0ISY JFWOUODT
¢:5931'38 poITuUf 943 Ioy worivumg uoridunsuo) SUIY uy,, V'Y Tremog
'879-T19 *dd ‘6967 ‘Lz *TOA ‘BOTIITWOUOSY ,woisdg

aanjypuadxy Iwoul] oyl JO UOTITWEISH,, ‘'p°J ‘soyeM puw ‘v y ‘yerlod

*80z-10z *dd ‘g9eT ‘S¢ ‘¥ToA
‘S9TpN3§ OTWOUODH 3O MmeTAdY *,Sujuueld IUsISTSU0D, 'y Y *‘YBITO4

*YL6T (PUBTTOH yaxoN ‘sTsATruy uorjdunsuo) patiddy ‘- ‘sdryud

8~05y dd ‘g/61 ‘%9 "TOA “SOTISTILIS § SOTWOUODY JO MOLASY
¢ 21s4g san3Tpusdxy IwSUTTT BYI FO UWOTSIBA oFweulg v, ‘11 ‘sdriug

*6G~L¢ *dd “yzeT usaey (T) AIXI ‘MSTADY oTWOUODY ueolAoWy
‘WE3ITTIqeang pue spooy aTqeiang jo A7ddng pue puewmsq oyj, ‘*M°Y ‘syied
*TL6T ‘99 "T0A

‘UOTIBTOOSSY [BOTAS[IEI8 UBoLiony JO [euinof °, we3sig saniypusdxy
1BSUTT 3Y3 JO UOTIBWIISH POOYTTIWTT WNWIXEY, ‘'M°¥ ‘syieg

*696T /L€ °TOA fBOTAjPWOUCDY ¢, SWI0I TRUOTIOUNT SATIBRUIDITY JO
uostiredwoy Teorardwy wy : suolienby pummeq Jo swelsAS,, My ‘syamg

“OL6T fuvaey ‘Asupds ‘wITRIISNY
JO Yuey 9AISS9Y ‘df -ON Jodtq [BUOISEOOQ ,@eanjipusdxy uopidunsuo)
rUOSIRg 103 suorienby, ¢ y'p ‘jueqpeoxg pue cgcM ‘uozIoN

*978-£18 "dd
‘6961 L/ "TOA fAWOUODY TeOTIT[04d Jo [ruinop ¢, yoeoaddy
TeOTSSeID~09N V & L9UOW 107 purmad(] S,ISWNFUO) YL, ‘°g ‘A3T30H

€961 (TTTH-MBIOOK @ %IOX M3N) ‘UOTITPY Pucosg ‘SOTISTIEIS

Fo Lxoeyj, @yl 03 UOTIONPOIIUI ‘*S§*J ‘Treqdein pue ‘'{'V ‘pooy
*99-gh *dd ‘C/ET ‘T "ON ‘g ‘oA

fSOTWOUOSY IO TRUANO[ UBLPBUE) * welsAS saniipuadxy Jwsul] papusixy
243 3o uofieoriddy uy : vy §°n 2yl ur vorydumsuo) a31e8oadly

pu® SW3SAS puema( ISWMSUO),, ‘Y'Y ‘SWRTTIIM Pue ‘°) ‘yonyy

‘162-9gL *dd
‘HLET 1390100 ‘g "ON fGT "TOA ‘MOTADY OTWOUCODY [PUOTIBUASIUL
‘. UoTiBmIog ITqeH pue sBujaerg ‘sanitpuadxy, ‘*p ‘yonyi

“1¢

[wel

{eel

[zg]

[1e]

fog]

[62]

[g8z]

[t2]

{9zl

[sz]

[zl

fezd

fzzl

{1zl

{oz]

[611

(g1}

“[¥1] #1°¢ - g'¢ suorides s8g 1

{ serqeanp jo

arpung 21seq 9yl uo uorietosxdsp Suizsew jyo
3500 2yl U3im JeyleBol SeIqEUNSUOD JO aypunqg
oTseq oyl ¢ 1 owrl e ‘oseyvand ol paxrnbex
3Byl ISA0 owodUT ‘5T ‘swodur jusuewxad

£ T
Axexounuxsdns sy ¢ ﬁpnnmmb - TPy 1- e X z'9)

¢

¢ swoour jueueured Axersunuradns jo ino

sunsuod 01 A3rsuedoxd teurlSrew eyy ¢ a\@ = 1 (1°9)
axoym
‘ { e fq ¢
(-1 (e-oydxe Pzt 4 fo'y = (1) Py ()
pue
¢ (3-2) (9-d)dxe zlgn + AT = ()PP )
* %

“*8°T ¢ [ oIqEINp UT JUSWISSAUT

i pouueid sTY pue T siqeanp-uou xoj yied sanjtpuadxe psuueld s, IPENSUOD

syl 03 uotrssaxdxe ue urE3IqO 03 [Spouaeu uoTIezTWIXRY ro1ng/edueafeq

gutsn poatos oq ued (g) - (1) werqoxd Jutuuerd ey



