
1

La

(

1

1

I

1

1

1 1

Pr.Douglas, Replacement Model

▪

1

4

C

1



Complete Table, Use in Finance.
Ec. 162, Meno.
Dedicated to Priscilla Dougles, who artred the rightquestion.

This is for more serious students who want

really and fully to understand replacement
planning, and valuation of durable

propertyo
the basic math, too la weeded.

1.. An oversimplified model of a typical

We are considering buying
erate cash flowgeneratestructive to

S =

a = SUG

'Memo, Nov. 10, 1981, by, M.Fullmy
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2.

of≤
The trouble with this overnimplified model isit has usthe same with G, alone; vigi

TEn .finite maximum w.r.t.
if a will run on
ten ofter we

run on indefinitely.
replace, the better.

To correct forfor this, we modify the
model and let cash flow declive, or "decay ","with n .

S=

just says
indefinitely, then the

A simple but exdequate model of a typical
with decaying cart flow.asset
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3.

a skilled mathematician could inspect (4)
s5 rising to a

Howeveen,carefully, and probably

max and then falling, with u .
let us wail it down firmmer.

Findung

yourself.
hummersto grows

It is intuitive, and
that
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3) =

ratio.

the mac

by a larger to than the

denous inator; ound stops growning when the two
7. Manger
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can demonstrate
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a ratio rises in value when the
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But we may rewrite (6)
confirms (5)
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device is
This may

•Maximizing

dv

up

n. *//̂p

}}

may make you feel bettefeel better. Our intuitive
just implified differential calculer.
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(27) ) :}

so it
immediately

dude duqueu[0%μ -2/μ] (7)u

s
To maximize S, solve (5),

-C +
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(s),
usingge|-[((ti)l/+d)]
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da = arillon)][ _[ccailliva)]"(artic +d)]}]du
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The left side represents dedanu
and(

the denommaton yo) the derivative is positi
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a reach of n-values quatro

But then it clearly

lovy side is si.
when V = 0 ,
that, as it

as the left side is
and for

grows slowly.
wust peak and full, becaus:
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when
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illtil
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asymptote
and beeps getting
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or constant
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5. a simples, marginal view of how to max W.r.I. n

The tangle of (10) can become suddenly
clear and wident when we reamenge ternes in such
a

says
waythat G, shouldbe replaced in the

when the decaying cash flow
interest on site value.

to make it clear that the condition

The denominator of (10)
G₁. Subituturing,

a (ltit"-1

(IK)"(INA)"

a
(1+d)"

ľ

to what mostmost

year
ceases to eum

on the

G₁.i

G₁
T- (1+i)=""

the left side is

= i.s

(11)

In ( 12) , the condition for max.S is seen
as a requirement that the current cash flow,
the left side, just cover interest on the site,
This maken intuitive seme in its own right,

people do (if they think this

6
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t
thrayle atall) is to figue they will demolish +
replace capital where it caule flow no longer

This is apays inteist on the value of S.
useful rule of thumb to remember.

6. The ultimate need to max 5 w.v.t. A

The trouble is logically it is circular, because
5 is unknown, it is what we are determining.
Most people just take marker value for 5, and
make out all right, but souveone has to
to the original thinking for other to follow

This person eaus extra incomes, by beingfirst.
the or he can spot bargains, avoid turkeys, etc.

This beads us back to (10) . We need to
The bear

way
is to set upsolve it for 1 .

some standand tables, based on
values. Let:

‡

i =
C = 100
a = 20
d = .08

.05

#

7

typical parameter

asNow we figure left side on function of a

tring a low or realrate of interect has the same effect as letting
a rise annually due to inflation . There are alternative adimetments for inflatii



n

22 20925

23 3.012

24 3,225=

.24.5 3.305
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as a check; recall from 45, above, that
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That's petty close, considering rounding and
other approximations used has.

?.. semestivity analys: how is optimal replacement

time (u ) affected by changes in pincumeters

( a, C, i, and d) ?

I appund some reedimentaryI did this by profiamming
HP 38E , so I could proced

With.

sensitivities.
(10) on a
quickly by trial & amor. practise t
experience of better algebra, no claus't we could

find an easin
way.

~ much
d.

The outstanding findning
more sensitive to a/c
24. few home.

tubles covering
time of making inertcount

is

all the carest

thuat ų is
than to in

one could work up a set of

would weet in a lifeyou
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but highly sensitive to 9/ .
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with G₁ alone, viz., it has usIt just says
n . that
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finite maximum w...t.
if a will run on
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replace,
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a skilled mathematicions could inspect (4)
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carefully, and probably

max and then falling, with ...
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But we

confirms (5) ?

dudx .V

may rewrite (6) so it immede

14. Maximizing S
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5. a simples, marginal view of how to max w.r.t. In
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This is a

thrayle atall) is tofigure they will demolish +
replace capital when it could flow no longer
pays interest on the value of 5.
useful rule of thumb to remember.
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That's
putty cloce, considering rounding and

other approximations used has.

7. Sumitivity analysis: how is optimal replacement
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1. Leger Higher i
2.

In not very sensitive to i.
s/a varied roughly 43. w . recip. of i, but

little winess at low i; and much moreso &above .08.

longer life !


