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MODEL APPLICATION

The model selects the lowest cost combination of test

equipment configurations and test periods which will result

in the desired probability that the item tested will operate

properly when used. -It is particularly applicable to items ,

such as missiles , which can not be tried to see if they work .

The model will be most useful when used early in a program

so that it can influence test equipment design . Nevertheless ,

if the test equipment has already been purchased , the model

can be used to determine the least costly test periods .

The model can be used to simulate up to three echelons

of test. These might be a built in test , an intermediate

test , and a depot test. The model automatically indicates

if the highest echelon of test is unnecessary .

The model can be used to evaluate the advantages of one

location of a particular test echelon over another. For

example , the model can be used to decide which is the best

economic choice , shipboard test or test at a weapons station.

vIU,
ml,

r. (PL-t31
• 

_ _ _

I.,i.IIUhI/UAR MStflY
IN, AIM. 1/r PNI~



USING THE PROGRAM

Input Information

To determine the lowest cost test scheme one must start

with certain information . Table 1 lists this information

It has been divided into three blocks. Each block has its

own input format which will be discussed below . Some explanation

of the terms may be of value.

The cost of packing and shipping to the ith echelon

tester (Items 3 and 4 of Block 1) is the round trip cost of

packing and shipping from wherever the item is normally used

to the first echelon for i=1 , from first to second echelon

for i=2 , and from second to third for i=3. The units are

dollars .

The phrase “functions tested” (Items 7 and 8 of Block 1)

refers to the tests which might be performed on the item to

ascertain if it is in good operating condition . For example ,

we might test the timing , compression , fuel pre~ sure , battery

charge , spark plug gap , and breaker point gaps of an internal

combustion engine . Each of these would be a function . The

cost of the equipment for testing the compression , for examp le,
would be the cost of a compression gauge . The time required to

repair this equipment would be the time needed to repair
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the compression gauge. The failure rate of the equipment to

test the compression would be the failure rate of compression

gauges. The time required to test the compression would be the

time to unscrew the spark plugs , insert the gauge and read the

pressure , and reinstall the plugs . The failure rate of the

compression would be the number of compression failures per use

cycle. We might choose one hour as a use cycle or we might

pick some more convenient period depending on the application

of the engine.

These functions must be ordered according to increasing

values of the ratio of the cost of the equipment needed to

test the function to the failure rate of the function tested.

This will result in detecting the greatest number of failures

per test set dollar at first echelon . Usually there are more

first echelon testers than second echelon and third echelon

testers. Therefore , this procedure will result in least test

equipment cost. The order number of a function is referred

to as m .

In many cases one will have some idea what tests should

be performed at each echelon . If so , limits can be set on the

range of the m ’s which define what tes~ s are performed. The

variation of total costs as the m ’s change within the range

can be studied. The initial and final values of the index ,

m , of functions tested and also the increment by which the

index is to be increased each loop are specified under Items

7 and 8 of Block 1.
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The number of functions tested (Item 1 of Block 2) is

the total number of functions of the item which it is proposed

to test. It is possible that the analysis will show that it

is not economically desirable to test all of these. The value

of item 1 of Block 2 must not exceed 20.

The fraction of items in use which are not defective

(Item 2 of Block 2) is the fraction of the time that when an

item is used it will operate properly. This is sometimes called

the operational ready rate. It is the major constraint in

minimizing testing costs.

The repair material rate (Item .3 of Block 2) is the ratio

of the average cost of the materials to make one repair , to the

item cost.

The other input quantities are self explanatory . To

simulate two test echelons , the first two values of Item 8,

Block 1 are set equal to the total number of functions which

can be tested and the third value is set equal to one. The

number of testers at third echelon is set equal to zero.

4



U)
Cl)
4)

I—I ~ I.-..

U)o Z U)
.1-4 >< a)
Cl) U) U ‘—I

$4 a)
4) _ Cd 0
E a) p-~ p-4 •p4

-i-I ‘.S >-i U) ~ Cd U)
~~

i U )  ~4 (.4 ~.a) Z Z 4)
,~~ 4~) 

~ 4 ~~ ~~ i-I u.4 E
Cl) .r-I ~ ~‘i Z Cd .~-4

__ 0 Z Z >< r4 ~~Cl) ~~~ ~ •-I >< >< U 4-’ ‘—‘
~ $4 U) II .~~ II p-. a) ~~

~ 4 s—’ v-I ~ ~ Ø U)  a ) U )  ~i Cl)
— II 4~) dJ ~~~ U) ~~~U) v-4 .rI

v-I e~~ •~ I a) E v-I 4) v-I a) cd i—. ‘—‘ a)
~~ fl Cl) ‘..d $4 .~-4 Cd r I  Cd v-I ~~

. U) 4~)
$4 .~..4 .. 41) U) •rI

~~ $4 —‘ 0 0 v-I 4) 4~)
4) ~ p—4 .I v—I •p4 ci ‘—I U) $4

~~ $4 v-I 4-) Cd C d U )  CdCfl .r4~~~ a) 4)
~~d a) fl U) • ~~~ .1-4 ~~ .1.4 ~ 4) 0 4.) ~04-) .rI a) 4~) Cl) 4) a) 4-.’ 4) .1-4 .1-4

U) ‘—‘ 4-’ •~I r4~~~ r-I E ~~~l) r~.i4) (~.1 ~~ .i-I ~~ .r4 ~~~~~Cl) Cl) 4-) $4 ~ 4.’ — . v
~ ..4 ~~ 

L~J a) ~~4) 0 U) v—I ~—1 %.-# 
~~~~~~~~~ E 0 —

(~.J ~ 4-) v-4 a) fl 41) ~~4 p-4 j~~~~
0 0 Cl) 4) 4~) .r4 ,‘-l ,~~ C~4 ,~ , 4~) ‘~ j a) U)

v-I v-I 4) ~~ U) 4 —1 .~ $4
‘—4 ~~ II a) E—’ 0 ~~~ ~~~~ a) U ci

a) ~ ~ 0 E-’ 0 E-’ 4-.’. 4) 4)
~u .~ ~-‘ U ~ 0 0 v-I Cl) v--I Cl) v—I (‘4 >.v
.-~ F—’ a) 0 .~ i-I v—I a) ,—I a)c’4 ~~~~~~~~ ~~~~~~~

$4 v-I 4-) 4) a) ~~~~ ~~~~~ ~Ua) .C 4) ‘v.4 .C~ ~~ U II U II ~ F-’ a) F-’ 4)
4-~ 4-’ .~ 0 0 4) 4-.’ 0 4-) O t/) ~~~C1) 4-4
Cl) r4 0 4) a) 4) ~ r.4 II 4 ) 1 1  v-4
4) a) ~~ 4-) 4) 4-1 4) 4) 4.) a) 4-) v-I
F--’ 4) 4-’ .~ ci~~~ C d E  ..~~~~~~~ ~~~~~Z ..C .~ 4~) 4.) 4) a) 0 a)  a) a)
~ 4-~ 4-.’ 0 -rI .~ 4 ~~~~$4 ‘~~~~$4 a)E Cfl E Uo ~•4 4) 4 ) 0  a ) 0  4) 4-) 4) .v-I
‘--I 4) 6) a) .I-) $~ 4J~~~ ~~~$4
a) 4-) 4) P... ~~ ~~ U) ’rI 41) -v-I 0 0  0 0  $4

Cd ,C ~v-4 4) 4~) 4) 4) 4)~~~ a)
$4 4) ~~ 4) 4 ) .  ~~.-4 .1-4 Cl)

a) a) U) 0 4~) ~ 4) v-I
P... 0 4~) ~~ U) . .~1 ~~~~ a) E

.C 0 4-) 0 ~~~~ ~~~~ ,0~~.L, ~~~ Z.. a)
4-) 43 E U) O~~~ O~> ,-I O c’1 4)
.v-4 0 bO 4) $4 .rI ~~ ‘v.4 ~ U) Z v—I Z .

4) ~ bO 4-) 6) 4-3~~4 4-~~ < a)~~< 4)~~~4) .~-4 ~ •v-I 4-) 0 ’  O H  v--I ll ..~~~U ,

~ P.. ~r4 U) ~~ G) ~~~a) 0 4)  04) ~~~~
-

4.3 4) 
~~~~~~~ 

v-~ 4) ~~~~ ~~~~ a)~~~ ~~J

E ‘ U ~ 4.) 4-4 v-.4 4-I v-I U v—I i—I
4) ..C Cd 4) cd Cd Cd 4-l cd 4.’
Cd ‘4 U) ~~.. U) 4.4 4.4~~~ ‘+4~~~ 4-I~~~. O~~~ U)

0 o 0 0 0 0
4) 4-4 4-4 0 u—I v-I v-i $4 v-I U
4) $4 0 0 4-) $4 $-i cd I-v cd $.v cd 4) cd
Cd 4) a) a)~~~ a) ~~~ a) ~~~ .0~~~ E
$4 ~~ 4.) 4~

) 4) ,~~~ .0 -v-I ~~~.r4 .0 .u-I E .rI 4)

~ E U) U) E ~ E ’4-I E 4-I E 4-I ~~4-4 4-)
cd ~ ~ ~ .,-4 ~ ~ Z ~~

~~ 4 Z U U F-’ Z Z Z Z

. . . . . . . . ~~ v—I
v-I ~~ .v4’ LI) ~Ø 4 .  CO 0) v-I v-I

z
‘-4

U
U 0

5



• -..

0
a)

$4 .0
4) a) a) E’— .
E $4 .0

$4 E 1-.. 0 0~~~ a)
__ -rI 0 0 4 ~1 v-I 4) 0 4

U) U) .C~~~ 0 U) v-I X 0 4)
Cl) U) 4~10  a) ~~~a) 0 v--1 .-.. v-I
a) 4) v—I $4 .p4 4) t4~I U) v-I 0

v-I v-I $ 4 0  E 4 )  0 v—I
$ 4 $ 4  4-4 v-I

0 0 P . .U .C) C’4 0 -v-I 0~~~ 0
.rI .1-I a) -rI U) 0 4-4 v-I ~ 4-4
U) U) •- 4-3 Cd 4.)

U.0 1-i ci 0 E
a) a) .

~~ ‘-I a) l;I.. 4-)
E E 0 0 ~~~~~ ‘—‘ 0
.r4 v-l U $4 .0 4-I .uI $4 v-I 43

U)4)0 4-) Cd 0 0 -
‘—‘ .—.. 4) U) ‘-‘ 4) .0 P... $4 4’ E ,-~ v--I

U) E 4~) a )  4-4 ~~~~~ 0 $ 4
U) 4) ,-. a ) $ 4 C l )  .v-I $4 .rI 4) ~~~~ E
U) ~> v-I $4 E 4-40 0
0) •r-I P.. 0 4)0 4) $4

v-I 4..) ~~ b4 U) U) 4-’ ~~~ 0 -v-I I-.. ~~~ 4-i

~ U ~ 0 — ~~ .0 4) 1-. -v4~~~ O Cr)
0 4) Cd v-I ,~~ .v-4 4-’ ‘~~ 0 4~3 ~~ Ø a) $4

- .4 ‘4-4 a ) ( ” 1~~~ Cd a) U a )  $-. $4 4)
U) a) ~~ .0~~~~~-rI ~~ 0 $ 4  O~~~ ~~..—~ U ‘—‘ I 4..) .v-I - v--I ~~ 43 v-I $4
4) 1-. 4 ) $ 4 ,-~-s ~ ~~ 4-l U) ~~~.v-I 0
E 43 4) Cd 11) 4) 41) 0 ‘V~~~~ ~~~~~ 4) .rI cd

-rI 0 4) a) 1 S 4 ) 4 ) U )  4) 4 ) 4 )  0- ’--’ .0 4-’ ~~
~ >-.. ~. U) C) C) ~ U ) $ 4  •r4 4-) E ’-’ ‘v-I

• 
“-‘ 4) ‘-.. 0 a) ~~ v-I 4) 4.-’ -v-I U C)

a) 4) U) U I-.’ ~~ Z a) U .v-I 4 ) .  ~~$4 .0 a) a) $ 4 0  4-.’ E ~~ 43 4 - l U )  ..4 4) 0
~~ Cd v-I U)~~~~~ 0 .v-I $4 ~~~~~ U ) C~ v-I r4

~~ U 04.4 Cl) 0 4) 4.3 4.4 a) a) .0 ‘-H 0 #3
VI .0 0 ~ -s 4-I v-I ~~ 4-i E E 4~) 0.0 U
E U -v--I U 0 a) ” d a) ~,4) .0P.. ‘4-i
‘—‘ -v-I 4~ ‘-‘ .0 4) E U) ‘4.0 4-J .v-4 0 0 ~.0 U $ - ‘ O U ) r I  ~~ ~~~4) .rl~~~ 4.) 0 C d  4.4
~~ 4 Cd $4 6 ) a )~~~~ ti 0 0 6) -v--I
4) $4 Cd .0 ‘-J -v-I C) ~~ 4-) 4) 4~) 4.’ 4) U) .0
4-’ a) 4-4 4) E 4-’ U) 4-’ U) ~~~Cd U C i  ~-‘U) U) ‘—‘ >.. ~~~~~~~~~~~~ Cd $4 4) 4-.’ a ) $ 4  ~ -.4 -
a) ~~ ~~~~ 0 1—’ -v-I~~~ 4~l U )  

~~ 
4)

4-’ 0 $4 -FI $-. .0 0) c i a )  a) P..a) 4-4 4) 4-.’ E
~~ .u-l a) a) 4-I a) 4-) 43 04’-’ 043 ~~~$4 

4) Cfl q-I
U) -v-I 4.) 0. .0 .04) ..4 4)0U) 4’ j~~~ .C~~~r4 4 ) 4~)

Cd $-I v--I $4 U ~~‘v I  4-.’ 4.3o U) ~ U) 0~~~ 4-I ,-.. v—I a 4-) •v-I 4) .v-4 -.4 4-4 P...
‘v- I E 4) 4 -I ’— ’ C~~~~ 0 4 1 )  0 0 0  ~~~C1) Cd 0 0~~~4) 4) v-I v--I 0 0 U) 434~4 ~~ a) Cd 4-4 4-4 4-I 4’
O 4-’ Cd U 4’ U) U) $40) ‘--‘ ~~~0 0 0 a )  43
~~ -u-I .4 ~~ 4) U) ’rI .0 0 v-~ P.. ~~-. 4’ ~~~~a)

1-4 0 ~~a).0P.. .0~~ 4) • .v-I 4-I a ). 0  4 ) C d  a ) U )
‘4-I 9-I a) .—4 4J E-.. Cd E 0  $ 4 0 4 - )  ~~~0 4’ 4) 1-.. I—i

0 4.3 4) Cd ~~ ~~~.r I rI 4-)~~~ ~~ Cd~~~ Cd
Cd U) ~~~~ I ~~~U) ~ 4) 4) 4.) $ 4 4 )  1-i C) ~~~U)o ~ E ~ O ’~~ ~~‘v--4~~~ U) $4 ~~~4)o v—I v-I ,~~~ O Ea )  a) P... 4-1 0 0 0  4)~~~ 0 4 3

1-. -u-I I—, I-. C d 4 ) 4-’ i.) 
~~E $ 4 E v - I  0 0  1-.. .--I $-. v-I 1-,

4) 43 -‘-I a) •‘- I.0U)~~~ E -,-I 0~~~ ~~ v-I ~~~ rI 4)
.0 0 Cd 0 4 3 0 4 ) 0  -u-l v-d a ) $ 4 0  +J >-,~ u-b
E Cd P.. E -~~~a ) 4 -~Z ~~~~~

—‘ E 4-4 4) U ) 0  -r-14-4 -,-I 4-4 E 4-’
$4 a) ~~ Cd u-I 0 Cd Cd -v -I

. Z P. ~~ Z : -  X F--’ U P. P. F-

v-I c Cl

(‘4
Cl)

U
- 0 U

• 0-1 0

6



Input Format

The input data format is different for each of the

three blocks . The first is an 11 x 3 matrix , the second

a 6 x 1 matrix , the third a 5 x the total number of missile

functions being tested plus one.

BLOCK 1 - consists of 11 cards of data , 3 items per card .

Data are punched in successive 10 column fields

beginning in column 21. The format of a block 1

data card is given below .

_________________ ____________ ________________~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
728 

____________ _  _  _  _ _  I t
f lC~~)th~HT

BLOCK 2 - consists of six cards consisting of one data item

each , punched in a 10 column field beginning in

column 21. The format of a block 2 data card is

given below .

II 2~ S~4J SJ C 7JS !9IIO II I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
BLOCK 3 - consists of 5 rows of data each of which contains

m items (m~2l) - The m data items are punched 4

items per card in successive 15 column 
‘
fields begin-

fling in column 21. The format of a block 3 data card

is given below . -

~~~~ :r:,
r , 7 T~~~~~~~ 4~

I llI.LLLLLU iIIII ~~~~~~~ ~~ N- ~~~~~~~~~~ 
________ ____________________ _______________________
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Since m may equal 21 , up to ~fivë cards of data may be

required for each row of block 3 data.. When punching

data cards always use the decimal points in each data

item.

Figure 1 shows how the deck is arranged. In the figure

a delta indicates blank . The punching for all cards except

the data deck begins in column 1. The region value on the

second card may be changed to accommodate a large number of

cases of n1, n2, m1, and m2.
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Interpreting Results

Table 3 shovs the results of a sample run . The far

right hand column in Test Cost Summary is the cost of testing

using the equipment indicated by the numbers in the first two

columns and the test schedule from the next three. An I in the

fifth column indicates that the third echelon test was not

necessary to obtain the required probability, U, that the item

is unfailed when needed. A star in the fifth column indicates

that for some reason the program was unable to calculate a

value for n3. The reason is also given. The most common

cause of an inability to calculate is that the third echelon

test must be performed more frequently than the second echelon

test in order to obtain the required value of U. Frequently,

this condition can be detected by looking at the preceeding

values of n3 for the same values of m1, m2, and n 1. If n3 was

getting close to one , it is likely that it would have to be

less than one and there would not be a solution . In either

of these two cases no action is necessary.

The sixth , seventh , and eighth columns are the probabilities

that failed items will be detected at , or before , the test

level. The ninth , tenth , and eleventh columns are the cost of

performing a single test at the test level , or echelon . The

twelfth column is the cost per use cycle of testing all of the

items . It does not include the cost of the test equipment .

Occasionally, a solution is not found on the first try

and it is not obvious that the reason is either of those given

above. Possible reaction to the error messages are :

10



1. NO CONVERGENCE WITHJN_ ITERATIONS. A solution

may not be obtained because more iterations are needed

to produce the desired accuracy . The situation can

be corrected by increasing the input quantity “max imum

number of iterations for Newton-Raphson method”.

2. AT SOME ITERATION STEP DERIVATIVE IS ZERO. If a

zero is encountered in the denominator of an expression,

the Newton-Raphson method terminates.

3. INITIAL X VALUE WILL CAUSE EXPONENT OVERFLOW. NEED

NEW STARTING VALUE. Beckuse the expression being

solved contains exponentials it is possible that a

• value too large to be handled by the computer will

be encountered. This difficulty can be eliminated

be selecting another initial value for Item 5 of Block 2.

The range of n2 should be expanded if the service

life cost does not pass through a minimum for every combination

of m1, m2 , 
and n

1
. An exception to this rule is if the third

echelon test would have to be performed more frequently than

the second echelon test as discussed above .

Once there is a minimum service life cost of testing

• for every combination of m1, m2, and n1; check to see if there is

also a minimum of these minimums for every combination of

11



m1 and m2. If there is not , increase the range of n1 until

a minimum is obtained. The minimum of this minimum of the

minimums is the least cost testing scheme . That is , the first

m1 functions should be tested at the first echelon , the next

m2-m1 functions should be tested at second echelon , the remaining

functions should be tested at third echelon , first echelon

tests should be performed every n1 times the item is used ,

second echelon tests should be performed every n
2 times a

first echelon test is performed , and third echelon tests should

be performed every n3 times the second ~chelon test is performed .

Naturally , third echelon tests will not be necessary if an

I appears under n3.

Table 3 is a sample run. It will be seen that as n2

is varied , holding m1, m2, and n1 constant , a minimum was

not always reached. For example , when m1 is 1, m2 is 2,

and n
1 

is 1 the total cost is still decreasing . One might

guess that it will never get as low as the $14,356 ,321 which

is reached for mj=4 , m2=lO, and n1
=5 but , to be sure , the range

of n2 should be increased until a minimum 
is found.

In the case of m1=l , m2=2 , and n1=5 , n3 does become less

than 1. In cases like this , the lowest cost scher e for which

n3 is not less than 1 will be the minimum .

12
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In the case of m1=2 , m2=lO , and n1Fl n3=I indicating

that third echelon testing is not necessary . The service life

cost is calculated assuming no third echelon test equip-

ment is purchased . For these cases , the range of n2 must be

expanded until a minimum is reached. The case m1 2 , m2 l0 ,

and n =3 illustrates what may happen . In this case n3 becomes

finite , and then becomes less than 1. It turned out , in this

case , that a minimum was reached first.

We must also be able to find a minimum of the minimums for

every set of m1 and m2. In at least two cases , not only is

this minimum of minimums not found within the range of n2, but

it seems very likely that the minimum cost may be less than

the lowest cost found in this run. . These cases are m
1

l and m2=4

and 6. There may be others. Consequently, another run , with

increased n1 range , is necessary . This second run is given

in table 4. It will be seen that the range of n1 is still not

great enough. Therefore , the run of table 5 was made .

In preparing table 5 , the indices were incremented by 1

because it was expected that this would be the final run and

it was necessary to consider all possible test equipmen t

conf igurations and test intervals.The range of n1 was extended

to complcment the previous results. The range of n2 was contracted

based on the results of table 4.

13



In every case but m1=lO , m2 l1 a minimum is found or at

least it is obvious that the values of the service life costs

have leveled o f f .  For the exception it can be argued that this

case could not be the least cost since the values have been

increasing with m1. It will be seen that the cheapest comb in-

ation of test equipment configurations and test periods is for

testing every 14 use cycles at first echelon with a tester

which tests the first 5 functions , testing every l4X3=42

use cycles with a tester which tests the next 11-5=6 functions ,

and testing every 14X3X6=252 use cycles with a tester that

test the last 12-11=1 function .. We have not considered the

possibility of performing all tests at first and second echelon

and none at third. It is possible that a lower cost might be

found if this were done .

Table 6 is a run for two echelons of test. It will be

seen that a minimum as a function of n1 is not found in this run

and it was necessary to increase the range of n1 as shown

in table 7. In this table it is seen that the minimum cost

of testing using only two echelons is greater than for using

three echelons. Therefore , the minimum cost test equipment

configurations and test periods are those cited above .

14
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MATHEMAT I CAL MODEL

The mathematical model is based on the testing scheme

which is diagramed in figure 
~~
. The first echelon test is

performed every n1 times the item is used . The second echelon

test is performed every n2 times the first e~he1on test is performed.

The third echelon test is performed every n3 times the second

echelon test is performed. When an item fails a test it is

repaired or replaced and introduced as a new item . After the

testing scheme has been in operation for some time an equilibrium

condition will obtain in which the probability that an item

• which is selected at random will be unfailed is constant .

We wish to know the relation between this constant and the

parameters of the test arrangements.

Since we start each use cycle with some number , M , of good

units , the number of good units which have been used x times is

given by the expression

U0 Me

where U0 is the f rac t ion  of new units which are good , M is

the number of new uni ts  introduced each use cycle , and a

is the failure rate per use cycle of the item . At the beginning

of each use cycle , some units have not been used , some have

been used once , some twice , and so on up to (n1n2n3-l). Items

15 
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that have been used n1n2n3 times are removed from serv ice and

tested on the third echelon tester. If they pass this test

they will be returned to service. If they do not pass this

test they will be replaced with units which are new or reworked .

The new or reworked units will have been tested on the third

echelon tester. If the probability that a unit which passes

this test will really be good is U
~ 

then the number of units

which are in service which are good will be given by

~~~~~~~.
)D N1Q~ + U Ø N1Q~ + 4  • ,+ L )0 Me.

= uoj 1  ‘
~~~:12:— EQ 1

Now , M is the number of new units , or units which have passed

the third echelon test , which are introduced each use cycle.

It is the sum of the number of units which fail the first and

second echelon tests each use cycle plus the number of units

which are tested on the third echelon test each use cycle.

The number of units tested on the first echelon tester each

use cycle is

Yi~

where N is the total number of units.
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Of these

fail the test. FA
1 is the fraction of failed items which pass the

first echelon test. The number of units which survive to be tested

on the second echelon test the first time is

_
~~(t_ F~ ) ~~~~

Of these

~~~~~~~~~~ ~~ 

_
~~~F -Ut~) ~~~1hJ

fail the test. FA2 is the fraction of failed items which pass the

second echelon test. The number which do not fail will be

M ~ ~
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Of these

_ o
~O-F&)h1y~ —~~(i -Fi~,)h1y~rlq-

survive to be tested on the second echelon tester the second

time . Of these

- ~~~~~~~~~~~~~~~~~~~~~~~~~ 
il in 

_
~~(F,~1 —P/~)tii ir~~

\rlQ-.

fail and

_ o (~—~ I4 .)a v~)r~.

survive . Extending this reasoning , one finds that the total

number of items rejected each use cycle by the second echelon

test is

~~ ~~~~~~~~~~~~ La — jft~z~

_____ 
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_ AfrI4 1’F4 L)htfl 1~.
— -~~~~~~~~~~~~~~ i~~~~~~~ r, 

]M t. ~~~~~~~~~~~~~~~ LI -c -

The number of items which survive to be tested on the third

echelon tester is

~~~~~~~~~~~ ~ 1fr1~.i13
tIQ.

Therefore , the number of new units introduced each use cycle

will be

~~
- J’L _&~E — FR 1)~ 1 -

i— ~i~.)vi,n~ ~13
i — c -  — 

1 _
~~~~~~~ )v~1~i

+~~c- —

~~~~

I — Q -
—~~(1-PA~)h y)~y~3

~ r 
—&(frFP

— i (-L
11 - ]{ ~~~~~~~~ r~ r~

]
r
L — ~-

By substitution we get the fraction of the items which are

good at any time :
— C.-

uo tl I-a- 
~~~~~~~~~~ —. 

. .

N ~-L
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ç _

~~~~~~~~~~~~~~~~~~~~~~~~

-

~~

‘ _a (l_Fi~)rq~
U. l i— c -  i1~—~ JL ’—~- i

U -- -
~~
-—

~~
--- -- Eq a

~~

Normally , a test scheme will be designed to provide a U

which is greater than or equal to some specified value .

Obtaining greater values of U increases costs. Decreasing

the false acceptance rates increases U and adds to the cost

of the test equipment . Decreasing the values of the n ’s

increases U and increases labor , shipping , and spares costs.

There is a selection of false acceptance rates and of test

intervals , n’s, which provides the required U at minimum cost.

We must find this selection .

The number of tests which will be performed at each echelon

each use cycle depends on the values of n1, n2
, and n

3 
and on

the false acceptance rates. The number of items which will be

tested at the first echelon each use cycle is

The number of units which will be tested at the second echelon

- for the first time is

21



—.&(i—F~41) r~r~

and for the second time is

_ o..(J—F/41) 2J11 ri1, 
_

~~(FA~- FA1 )Yl ~r) .

The total number of units tested at the second echelon will be

-.- &(j— F/h) ~~ 
r~ r~

- -ri4~~ntri~. i—a-M t2.

each use cycle. Now since

~ I 
_

~ .(~-F&~)v) 1 r
M — -.-———-----———-—-—.• ——

- r 
~~~~ ~.)r~n~13J{ 

—& (i -

this becomes r
h ~~— U- 1~~) v\ 1h1.i—c. .
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The number of items tested each use cycle at the third echelon

will be

~~~

- 
~ 

_
~~ i -F Y~Y~v13{ 

1
~
)
~1[i

I~1~ ° i —~~~ sv. 1r~1f ‘~~~v~3L~
.t j

Now , let K1 be the costs associated with performing tests on

each unit at the first echelon , K2 the cost at the second echelon ,

and K
3 

the cost at the third echelon . The cost , K , of testing

incurred each use cycle will be

_
~_ ( i—~ A1)~~~~ - ( - ~‘~ 1)v~

L1
~ -

— 

~~~~~~~~~~~~~~~~~~

t
÷ f _

~~
( I_ F4 1)n~n~~ 1r

J

This quantity times the total number of use cycles in the

service life , when added to the cost of the test equipment , will

be the total service life cost.

The cost of a test set to achieve the required false

acceptance rate is determined as follows . A test set is required

23



which will detect all but FA of the failed items tested,

We can choose the functions to be tested to minimize the

cost. Let a
~ be the failure rate of the ith function which

the item performs . Let Cj be the cost of the equipment to

test each of the m functions .

If there are a total of mf functions which might be

tested and if it costs Cm for the equipment to detect the failure

of the mth function , the cost per fraction of failures detected

will be

_ ç~3_ ~ c~ \~~~~~~~~~~~
. 

~~~~~~~~~~~~

°
~~ L

where FAm is the fraction of the failed items which will pass

the test if the mth function is not tested and is given by

FA~~~1~~~~~~~

.4 _ I

where a is the failure rate of the item .

If the functions are ordered according to increasing value

of

24



I

they will be in the order in which they should be chosen to

obtain the required test set. The false acceptance rates of

the first and second echelon testers are given by

.0~..
and

where m1 is the highest index of the functions tested at first

echelon and m2 is the highest ii~dex for second echelon .

• The false acceptance rate of the third echelon tester is

I i i  I I.-~vI~~ J —
I .i o I

The cost of the first echelon tester will be

the cost of the second echelon tester will be

~~~~~~~~~~ ~~~~~~~~~~~~~~~

• 

25



and the cost of the third echelon tester will be

(~~~~~tt~~~~ e~~~~)  *
liii’ I41

~~+i

where C
0 is the cost of the basic tester.

The cost of performing each test is the cost of the

labor , the shipping to the test site , packing for shipping ,

the spares to replace the items while-they are away for test ,

the test set maintenance , and the consumables associated with

the test. These costs are given by

K 
(-r~~ T1 ) . ( •  ~~h�.), (ft . ) e i  ~~~~~ t (Stu~i c~+)4

~~~~~~ ~~~~~ (~o~f ~~~~~~~~~~~ L1

_ (T~~ ti- ’_ ~~a.j~&~r T1 ~~~~~~~~~~ ~2&tt),,%~ ri3 c

~~~C..-tv~’ r1~..*t~- ~1 ‘R(J’ o)(TL~t~ - Co5t)~4
—r13F T&~tcr.)

where the subscript , i , indicates the echelon of the test.

Some of the quantities which depend on the echelon of

test depend on what tests are performed and , through this

depend ence , on the false acceptance rate. These quantities

are the test time , the test sets MTBR and MTBF , and the average

26



materials cost for repairing the test set. These quantities

can be related to the functions which the test set tests.

For example , it will take a particular time to test a particular

function . Consequently , the quantities can be found as follows .

The test time is the sum of the test times for all of the

functions tested at the particular echelon . If the test times

for each function , 1 , have subscripts which are ordered

according to increasing

c- l a--

the test time for the first ecbelon test will be given by

(T~~tT ~~~ )1 ~~~~~~~ T0
PI~ 2Q

where m1 is the highest cost function tested by the first

eche lon and T01 is the time necessary for getting the item

on and off the tester. The second echelon test time will be

= ~~~ T~tT0

14i — Ii, # I
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and the third echelon test time will be

(T~ ~ T~ ~ T~

where m2, m3, T02 and 103 have meanings corresponding to the

meanings of m1 and T01. The indicies follow the same rules for

second and third echelon tests as for the test times.

If the Am are the failure rates of the part of the tester

that tests the mth function , the failure rate of the first

echelon tester will be

~~T~~F T~~~ TE~~)

the failure rate of the second echelon tester will be

(I-irB F T +r- v---)~~ 
—

~‘st I

and the failure rate of the third echelon tester will be

I
(t~1T3 F T~ s1~& r.)~,

28



where A0 is the failure rate of the basic test equipment com-

prising blowers , cables , rack s, and any other equipment which

is shared by the rest of the tester equipment .

If the Am are the failure rates of the part of the tester

which tests the mth function and the Rm are the repair times

for each of these parts , the average time to repair the

first echelon tester will be
Il4~

(Rt.ra~w1i’
i.
~ ~~~~~~ 1’%I

tj ie average time to repair the second echelon tester sill be

~~ 

.... 

~ 
‘a-. ~~ ~ ~~~~ ~

.) ~

and the average time to repair the third echelor/tester

will be

~~~~~~~~~~~~~~~~ T f ~)~ 
_ _ _ _ _ _

where A is the failure rate of the basic test equipment
0

and R0 is its repair time .
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COMPUTER PRO GRAM

The program consists of a main ,program and five subroutines.

The purpose of each is:

MAIN - controls program and reads input data

INPUTS - prints out the description and value of each data

element .

COSTS - calculates , for each echelon , the costs of the test

equipment and of performing a test on the item

CALC - calculates the total cost of testing the item over its

service life .

XRTNI - solves equations used in subroutine CALC . XRTNI

solves equations by usi!ng the Newton -Raphson

iterative technique .

FCT - calculates values used by subroutine XRTNI

Table 1 gives the computer program . The program is in IBM

FORTRAN IV (Extended).

Operation of the Model

Figure 3 is a flow chart of the program . Testing at

either two or three echelons of test can be simulated. The

program consists basically of four lo.oiis which are executed

repeatedly. The first two loops allow the number of item

functions tested by the first and second echelon testers to

vary over their prescribed range. The remaining two loops

allow the intervals between tests at the first and second

echelons to vary over their prescribed range.
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Intervals between tests are measured ui use cycles which is the
number of times that the end item has been “used’.’. For instance ,

a mission in which an aircraft takes off and lands with a

particular missile constitutes one use cycle of that missile.

The purpose of subroutine COSTS is to calculate the Cost

of testing at the ith echelon (i=l ,2, or 3) and to calculate

the cost of the test equipment . Each cost depends only on

the number of functions tested at that level. For example ,

suppose 15 functions are to be analyzed : the first 5 at

echelon 1, the next 6 at echelon 2, and the remaining 4

at echelon 3. Subroutine COSTS would assign the cost of testing

functions 1 through 5 to echelon 1, of testing function7o through

11 to echelon 2 , and of testing functions 11 through 15 to

echelon 3. It does this by calculating the costs associated

with testing at each of the three levels, Note that the cost

of testing a function is charged to one level only.

Subroutine CALC calculates the number of use cycles that

elapse between tests using EQ.2. This equation contains

n1 (number of cycles between first echelon tests), n2 (number of

n1 cycles between second echelon tests), and n3 (Number of n 2
cycles between third echelon tests), as variables. If only

2 testers are used the equation contains only n1 and n 2
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For example if n1—1O , n2=5 , and n3=2 first echelon tests are

performed every n1—10 cycles , second echelon tests every n1Xn 2=

10X5=50 cycles , and third echelon tests every n1Xn 2Xn3 =

1OX5X2=lOO cycles.

Due to the complexity of the expression (Eq.2) it is

solved for one unknown value at a time . That is , given n1
and n2 (or n1 only), CALC will solve the expression for n3
(or n2). The equation is solved by using the Newton -Raphson

method , which makes successively better approximations. Given a

rough approximation to the true solution of the equation the

Newton-Raphson method , after a number of iterations , finds

a solution which is arbitrarily close to the true solution .

This procedure is carried out in routines XRTNI and FCT.

After the value of n
3 (n 2 for the two echelon case) has

been calculated , the total cost of testing at all echelons

over the service life of the item is calculated by CALC. The

results are printed. These results are printed for all values

of n1, n2, m1, and m2 which lie in the ranges specified by the

inputs. It is a simple matter to scan . these results to find

the combination which will give the lowest cost for the testing .
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75 ~~ tE (~-~.77)  AF (J N1 ,A FU N2,X~~1,X , H)E,- t- I ,EDEFI-d ,F ,) t F F 3 , C U S T ( 1 )  ,
* c~~,T (2),COST (3),CTEST,TLC US1 -- —

77 FO~J :1AT (/,?~.,F4,U,1X,F4.0,1X,F4.0, IA , ’ I , ~~~~~~~~~~~~~ UUU~ )t1’i

* 3 (F4,?,4X) ,1X ,3(Fd .0,’+~~) ~~~~~~~~~~ 1 0 . 0)  U0 H J U H4
CO ST(2) = TEMPI UUO’~ ’JU9U
T N ‘ ) S T  (

~~) = T E~’*’2 ( i O u n~ 100
-
~~~~ T U~-~

) . 2 0 0 9 1 ~~UU

~~ WkITE (6,50) AFUN 1, A F’JN2,AN 1,XN ?,A, FUEFF1,EDLFF? ,FUEFF3 ,C0ST (1), 1)0O~~11UU
* C~~ST (?).CO ST(3 ),CTEST,TLCOST

E,0 FOJ?~ (nT (/,2X,F4.O,l X,F’+ ,O,1)c,F4.0,1X,F’#.0 ,1~~,F’+.U,4X, U0U~~1j~,t)
* 3(E4.?,4X) ,IX ,3 (E 4.O,4~~) ,F9.0,Sx ,~~ 10.0) uJ ~1’+0u

~~~T URN 0 0 0 9 1 ’ O O
U O U  ~?~iU0

10 0 IE(X \EUN 2 •EQ. X \ F U N C )  GO To Ilu J 0 0 9 J 0 0 t )
1 01 WNI TE (~~.102) AF UN 1.AEUN2 ,XN 1, 2. 1~~i’JD
102 FU~ I AT (/,?X,F4,0,1X ,F4 .O,IX,E4,U, 1A ,F4 .O,I X , ‘ ~~~~~~~~

* ‘‘ nO CONVERGENCE WI T ’-iI ’~ ‘,1 2.’ IT Ej~A TIUN - ,’) ~J U U9t fJU0
io0’)(000

C ~i U U ’~~ U O f l

110 ~~ ITE (6,111) A FUN 1,AF UN2~~~N1. lEND 00U99000
111 FOP~’AT (/,?X,F4.0, IX .F4. 0, I X .F~ .0. lÀ ,  I *1  ,‘~X ,  Uu I j 0 0 0 . )

* 1’IL) CONVERGENCE WIT ’-1 j~ ‘,12, ’ ITL NAT 1O ’~i ’  u0 1.10 00
O u i O 2 0 0 0
O 0 1 u 3 0 0 ( I

?0~
) IF (X~iF UN2 .EQ. ANF UNC ) GO 1 21u

201 WRITE (6,202) A FUN1 ,AF UN2,XN1,X ’l~ Ou j O~~U00
20? FOP~iAT (/,2X,F4.O,1,<,F4.0.jA ,F4,J,1~~,F4 .J,1A, ‘ ~~‘ ~4 X ’  O U l U b U U ( )

* ‘AT SOME ITERATIO N STEP UENI VAT1V ~. IS LE No’) U U I U / 0 0 ( ’
NET UR N

C , j u1U~’0 O )
210 ~kIT~~(b.211) A FUN 1.AFU~ ?,XN1
211 FO R MA T (/,2A,F4.0,IX,F’4.0,IX,F4.0,IA , ‘ *‘ ,9 x ,  Uul l I OO

* ‘AT SOME ItE~~i~TION STEP ULNI VAT IVL IS Zt~~O’) ~0II2tJ0O
1)0 1] 3 ( iO (
j O  1 1 4 00 0
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~- M ; , L 00’~
LI ST IN )., OF ~ S A . L .M ISS I L r .~~kC E I  U) ‘II~~ I~~I~

)
F~~-~LW N ~ ‘F COSTS

SU’~-’OuTI\jE COSTS (K.L ,F’JEFFl ,Fl )EFF~~
,F fl h ’ F 4 ,Cu~~t,x FU C, u 0 t i U l ’ ) U O

* 4~P- i ,,T~~,T RC ) S T )  u 0 ( 0 ? U u O
C 0 0 0 0 iu U l
C PURPOSE TO C A L C U L A T E  It-i t. CJ ’~T uF U~~’~( I ’~

(, T 5 1  UN r~ft 0 0 0 U ’ + O U u
C IrE~ A T  THE ITt-I EC HEL Ui (1 1,,-’,Ur(j). Ti~ l E ST C O S T  ~ T ~ ~~i I n. ’i U uUU~~UU0
C ErHEL ON 1 EPENO) S ON TME NU’~~ F •

~~ OF F i  ~C r l 3~1s OF t-1 I- l iE’  ) U 0 O ~~ ,0()
C I H A T  ARE C HEC~~EO AT  f I A T  ~C’1LLO’~ . U U UO ( U”
C ‘ j U i U ’ U U O
C C ITEM—C OST OF IrE~I i 0 0 U~f i0)
C COST (T )— COS T OF PLNFO~ M 1N(, TESt A T IT~-i EC-II L O N( I= 1 , ? . i )  UJ4)I00u)

C CPAC~~(I)—C OST OF ~~CKING TO SHIP ITEM Ti ~~H E HELO J i ) U L I u U ( )
C CSH !P (I)—CUST OF St-IIPPINU ITE i To IT t - I  E C H E L U ” J  0 0 0 1 2 u 0 )
C ECOSTS (I )— CO ST OF E )ULPMt. NT TO NE PLI IN I f H  FUNCTIO N OU (5 liU U l )
C E FA lL~~(I) FAI L UNE Nu TE OF E~ UI~~1ENT Tn ~~~~~~ ITH Fj~ C tI~~”~ 00U14 :J J U

F L IEFF I—PER CE Jr OF DEFE CT IVE ITt.MS FA1L1 ~~ FHST EC~~~LUN 1L~~1 0 0 0 lj U U L
C FDEFF .?—PE R CENT OF O E F EC T IV t .  IT E 1S FA I L I N~, ~ E C U’4 U EC’ I F LU~ T E S T  (. U( j I :~ UOU
C FDLFF~~~~ EN c t . NT OF D E F E C T I V E  IT EMS FA I L i N G  T h I~~u EC HELu~ T ES T  U O U I ( o O ~
C ~‘ A Y R ( I ) — P A Y  RAT E AT IT rl EC H E L O N( I= 1 ,2 , 3 )
C NPMA TR—REP A IN MATERIA L RATIO 0001 ~U 0 0
C NTIMES (I) TIME REQ O TO RL P A I N  E Q U I P .  T(-~~TING ITO FU ’~CT 1ON jUU~~0 0 O f )
r TRCOST—COST OF ITN ECHELON TEST~~M U0~~~lu0 U
C TTI FES (I )— TIM E REQ’D TO TEST THt. ITH FUNCTIUN OF I T r M  UuU~~? i 0 i
C TU RNT( I )— TURNAR OUN U TJi’IL FUR IT~ 

I ~T j i r i  ECIELON U J , 2 i J L 0

C USEC YC—N IJMRER OF USE CYCLES UUU2~~iUo(5 YNPLC~~YEA~~
S PER I T E M  LI FE -CYCLE

C A I FA I~~ ( I) FAI L UR E RA T E OF ITH EU ’JC T IU4 OF I T E A  O U i ? ( , 0 0 0
C X M E N ( J ) — M E N  NEQ ’ U TO OPER AT E IT O  EC HE LO\ J T E S T 5 ~_ k O oU~~7 U 0f

uO0 ~~~U00
COMMO N/M/A(3,11),h(21,5)
flI~~FNSIO~J Pf~VR (3),XN ’~iL \a (3) ,CSHIP(3),CPACK (3) .TJ,~NT(.3) ,X4T SJ~~(3) uOOiU ’)UO
PI ENSIO ’4 TESTT (3 ).XNEPRT (3 ),TkCOS1(3 ),XTNiT3 (i),Tf~~T~~FVi ), (~juJ1 J 0i

*r~Ep NT (3),Co-,T( :4),StjM( 3) 000J?iOU
)I 4LNS IO~1 RTIMES (21),E’;oSTS (2i),1~Fr~lLN (?1),~~IF\Jk(d1) ,T T I~~t.s (d1) UJU33 )O ()
EQ UIVA LEN CE (PAYR( 1) ,A (1,1) ) , (XN 4E~~(i) ‘A (1,2) ) , ( C S ~~I~ 

( 1) . u ( 1 , 3 )  I, O 0 ) 3 ’ + U 0 ( ,
* (CPACt( (1) ‘A (1,4)), (TON ~T (1) ~A (1,’)), ( ‘  ~T s T ~ i ) ‘/  ( 1,’~’ ) ) ,  J U l  3~~~I 1f l O

* (
~~~ T~~M. A ( 1 , 1 1) )  , ( YMPLC , ‘~ (2.11)) 00 UJL’UO ()

E)4J IVA LE ”~CE 
(RTIHES (I),R(1,l )),ftL )sTS (1),-~(1,~~)), 000il 0(’

* (EF A IL~ ( 1)  • B (1,3)) , C ~ lEA I ~4 (1) , H C l~ 
4 ) )  • U 003 ,0  U0

* (TTI IE S (1) , - i ( 1  .D)  ) ,U0i~ t)O()
Ni = X:’.,F’LI C 0U’J400uO

= uuu ’+l000
T 1

00 0 4 3 0 0 0
XNF J~IC + 1.~’ (1004400(4

- uUu’+ i000
SUM,TE STT,XNEPRT,tRCO~~T,XTtHTH AC COM ULA IL TO TAL ’~’ FUN EACH uOU~~b0 (lU

C EcHELON TESIEk DEPENOINI, ON TrI E ~li ’i~~L-~ OF F JNCTJONS TESTL L ) 00047000
C AT THAT LEVEL. COST (I),I=1,.?,3 IS it -lEN COr.IPUTEI) USING THt.SE 0u0q~iU0()
C ~.IUA ’ T IT I ES .  U O U 4 ~~U UU

0 0 U ~~OtJU ( )
4( SUr~i ( 1 )  =0 , 0 c ) 0 0 ~~100 (

T E S T T ( I )  = T T IM FS (” l ) ooo ~~~ u u u
XHLPRT(I)= EFA IL~~(~~) * NTPIt.S(N) i005301’O
TRCUST(I) = ECOSTS(N) 0003400’)
X T I - i MT O I I ) =  EFAILHIN)  o O O S S 0 0 0

- 
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- L ~~’ j ~~ •J IJ &~

L IS 1 I’ J~ OF L~~A . L u~~.MISs I ( . E . S~- ict ] IM - , ( -- l - i 1~
~~~s (- R N~’’1F C O S T S  ( C O N T )

‘~5 [) IJ 5~ J ’ - l . p ’~K 000Jhufl t
S u M ( I) = S U M ( 1)  + E F . I L M ( J )  o o o s b U u
Tt STT (I) TFSTT (I) + T T 1 M I~S ( O )  UUU~~1) 0 0
XNE PNT (I)= XREPl~T ( I )  + L F A I L — ( P )  * ~ lI M E S ( J )  ) 0 0 ,~~i(i U
THC OST (I) TRCUST (I) + ECUSTS (J)

~ T~~ 1T B ( I )  = X T~~~1T4~ ( I )  + EF)~J IL~ 
( J) 000 r , 1 J U L

~~(( CUN T JNU r  0 U i J O~~ U)
IF( I  .(4T .  1) GO TO 55
1=1+ 1
M 1  + KK
KK = L 0 0 0 r Ô J ) j
(~~. IC) 40 ‘) U O b i J O f l

55 IE (N 1 •NF , L) GO TO 60 JU U e ~~-3U J O

J = ?
COST( 3 = 0 .0  JU J ! U U J 0

~ O TO 70 i0U (1j0 ~)

60 IF (I — 3 .E’J . C )  GO T i )  ~~ 00 U ( 2 j  oo
I = I + 1 o o o  i uoo

= L • 1 010(4 1(i )

= NI U J ) 1~~J U 0

~(i 40 00 0  !6u00
S I o O u ( i u u t

7u Di, 7 7  1=1 .J j o  ) ( - l uOu
TRMT RF (I) = 1.~~/ X T R M T r 3 ( I )
PEPRT(I) = XREPRT (I) / SUM (I) u0u~~0OU )
COST (I) TESTT (I) * NA YR (I) * ~~‘i.rEN (I) + CSfrII (I) + C u A C t ( I )  J U U ~~1 J O U

* + TUNNT (I) * CITEM /YRPLC + (HEPRT (I) TEST I (I) * P~ YR (J ) 0 I)J d~~~0 UI )

* + T ’ - S T T ( I )  * ~P~ ATN * T~~CUs T ( [ ) )  / T H ’ T 4 f r (i )  Ui0 ,Ju 0I )
7 L~ CONTI NUE UUU~~’+U u i

SU~~j=0.0 U u ) ~~~ U ) 0
SU ~~d 0 .0  ) Ij Udt~U U )
60 3=0.0 ))0~j H701j I
I ) )  ki5 I= 1,K . U(~ 4 H U U O
s o - i  = su’~i1 + X l~~A I R ( I )  U U U S ~”~ ’ ) U O

‘i CONTINUE LJ 0 0~~UUUU
00 ~O 1 1.L ‘ 

- U 0 )~~11)00
S U 1 ? = SJi12 + X J F A I R ( l )  U0I ) -~~~J u )

~~~ CONT INUE 00
IF N1 .E~~. L) GO TO IOU U0u~~4 0 0 ’ i
DO -~5 1 1’J l  O 0 0 ~~5 0 0 I
SUM3 = SUM3 + ~ 1FA I R( I)  U 0~HbU00

9L , C.’) ’TjN U E JJ I1 9  ( 0 u 0
GO To 10~, U ) J i n ) I J ) 1

1 ) 0  SO 3 = 0 ,)) 0U(H~~U0u
105 FO E_ EEl = SUMI / X IE~~I N ( N )  UJ I 0 0 0 0 0

Fli t- FE? = SO”? / X 1 t -A I R ( N )  i o I u L U u o
F O E F F 3  = SUM3 / ~IF A I R ( N )  u~~1Ud 0U0
~ FT I JRo 0010300)
EN 0 0 1 0 4 0 0 0
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JUh
L I S T I N G  OF E S A . L O R . M T s S f L ~~.s~~C Ei 1~ ‘IA~~ I’~ (b

M F . M~~~~~ N A’ I E  FCT

SUI’ROUTI’ IE FCT (TOL,F,[)E RF ,L 1,CO~’ S T ,L?,AJF J \ IC ,X ~ Fu~ ?)
u0 (J 0~~U0U

C PURPOSE : TO CA LCUL A TE VA L UrS USED iY ~ U4 N O U T I N E  X NT NI . ) Uj uj U U~,
C THE E~~UAT IO ’.IS WH ICH tNL USE.’) DE PEN I 04 Ih: ‘JU~~1E~~(? ON j) 0000+000
C OF t - C I E L O N  LEVELS A r  WH IC H T E S t !  ‘iG O CC URS .  ECT Is C’ • L LE I ’  0 0 1 ) 0 5 1 ) 0 0
C rIY 5U-~RO UT INr. X RT ! 4 1 .  ‘ ) 0 0 J b 0 0 0 )
C SPEC IFICALLY ,FCT t.VA LUA TES THE FU~-iCfI(s 4 AN[) I T S  U t . R I v A T I V E  U 0 0 0 ( 0 1 L
C S P C E  MOTH IF T HESE V A L U E S  ARE ~ E~~uIN~~I) ~~~ E C H  IT L N A T  10 .  oF 0 0 0 0 7 1 0 u
C TH E N EW TO N— RA P H5 ON MEIriOD 1 4  SUU(~uUT1~~F A~~T J J  0000 (dU (i
C t i 0 0 0 / i U ( )

CO~4~10N /X /A (( i ) U O J U 4 0 u0
EQu I VALE NCE (A LPt1A,A (1 ) I • (X ” J ~~~A ( ? )  ) , (

~~N 2 , 4 ( 3 )  ) , (~~n ; t & F 1 . A ( 4 )  ) • 0 0 0 0 9 0 0 0
* ( F I~~ i- F ? , A  ( 5 ) ) ,  (F[EFF3,., (5)), (F ‘WEE ~~ C !)), (~~N ITt _~~,A ( 1 ) )  U0j10000
T FC XN FO N? •EQ .  XNFUI’JC ) jO TO 5 I U I I J J O O

‘~O 10 6 S J i J 1 2 ) 0 0
U0 01~~U 50

C. TWO TE.5TE-~ CASE—C HEC K SILE OF EXPU’~ENTS IJCCURI IG 1 4 EQUATIU iS. U0 U i~~.u0
IF ~~ 1 7 4’  E~~P ( X )  w ILL CAuSE OJENFLWJ AN ).) F~~’~jt~ RFSS AGE . uOOl??0 O

5 / AL PHA * X N1 ‘J O U IJULJ U
= j  * ( 1.0)  * TOL 000l 4uOO

‘2 = L i  ~ (F1)FFF1 + FUEFF?) ‘ ) U0 i~~U00
~~~) T O _i b 0 0 0 I n0 0 0

00 0  ih’JbO
C T HR E E T E S T E ~ CA SE— E XPONENT Cr)EC SI A IL I A R  ro T~~o TESTE R C I s~ u0’J I~~I0iI

/ ALP HA * )(N1 ~ u O u l l u o O
Li = I * (—1.0 ) * TOL u0(J 1~~0Ui ,

= Li * (1.0 + FOEFF~~) o101900 ()
7 lF (~~1 .LT. 174. .AN[). /2 .LT. 174.) 60 To lu o u H d O u O U

U U ) ~~1000
10 T = F X P ( Z  * ( — i . C )  * T UL)

I F (X N F O N 2  .Eu~. XN F U NC )  ~ u 10 ?-3 0Uu~~itJU (I

C
C EVALUATE DE R IVATIVE OF FU 4LT1 U i F—T H~ L F T E~~TER CA SE u0U~~iLU (

= 1.~ — F X P ( Z  * ( — 1 . 0 )  ~ F!l t - E~ * T O L)  0 0 U ’+ 0 )J 0
2u ~ = 1.0 — E X P ( L  * (— 1. i i ) * TOL l 000~~~U0t))E~ F = ( / * 1* 5  — ~* L* F rj EF F?*T * * Fj EF( - .) )  / ( S* S )  0 0 0 2 b0 0 0 )

r,o O r ) ,‘5 u O U d ! 0 0 0
C u U J d ( U h 0
C EV A L U A T E  OE~~lV~~T 1 V E  OF FU~~C 1 I O ’ a  F — ! ~~O T E S T E R  C A S t -  0 0 0 2 f l u O

23 14 = li ii — E X P ( Z  * ( — J . ~j )  * F . E F F~ ~ TO L )  0 0 J ? H 0 0 0
S = 1.0 — E S X P ( L  * ( — 1 . 0 )  * F ) E F F 1  * TOL . )
! I E IA F = ( S  * 7 * Fr,EFF? * T ~~~ t-’)L~~r

5
~ — * , ‘ * t - i ) F F E J * t  ** F O E _ F t - I )  U J L ~~)JU ’J

* / ( 5  ~ SI O U u - 3 1 0 0 0
C ‘ ) Q ) )J 1 I ) S iJ

C EVA LUA TE FUNCI ION F 00031100
F = ( R/ S )  — CO~~S T 0u i J~~)uo

jOOiiUO I)
o O Ui 4 uuo

.

.‘,
.
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p
~~M~ ’~

- Ui) !
LI~~rINb oF E~’~~. L’ R . M I SS 1 L F .-,,~(;t.] 1’ A~ 1~~7~-’

‘IEMiER N O E  INPUTS

SU NOUT IJE INPUTS (XNFUNC ,FNUEF,RPM4TR ,USECYC,A ~~T ,AIL 40 ) 0 0 1 )_ i )  )
~~

(

C 0 U O O ~~UU’
C ~ ‘j NPOs E:  TO U E~ CNI~~E EACH I JNUT )AT~ E L E _ M~~N F  ‘)UUOi ’JU”

I) 0) U If 4 (JO I)

CO M ! 1O N / M /A ( 3 , i 1 ) , E~( 21,t, ) u 0 0 U ~~u00
I 4 N T T F  (~~,10) ‘Ui OUbOOO

10 FOP~’AT (////,5O~~’’1 4PUT UA T i~ DE SCNIPTI )”’//
<TI F (b ,20)((A (I.J),1 1,3),J 1 ,11 ) 0 0 U u ~~U00

2’) FO~~~A T(1~~~,’PA Y RATE (*’/O~~) AT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 00009 )00
* 1OX , ’Nl). ~~Ei\1 TO O P E RA T E  T E S I E R ’ ,1 9 A, 3 ( F c , . ? , I 1X ) , / ,  1) 110 1 00 0 )
* 1OX ’CUST OF 5HIPPIi~G TO TE STL~~’,1 bA ,j(F)~.2,9X),/, 0001100 )
* 10*, ’COST OF PAC~(IN6 TO SHIP TO T~~S it - R ’,9~~,J (F~~.2,~~*),/, uUO i? u 00
* 1OX , ’TURNAROUNI) TI~1E(Y PS) TO TEST 1I t -~~’,II X,j (t- ,.?,1iA), /, 0 (101300))
* 10X , ’N U’~ijF4 OF TESTEi-~S’,d7?~,3 (Fh.,~,I 1X ),///, U U O 1 ’ + U 1 0
4 1j X , ’NQ, T E S T E_ R I  F U NC T I D NS ( I N ! T I A L  V A .IJ E’ , iG~~,3 ( f r .i.1, 14 X ) ,  0 0 U j ~~U(j 0
* /,13X, ’FI NAI ~ VAL UE ,INCREMENT )’ ,//, IU 01~~U0(J
* 1O~~,’NO. TESI ER? FU 9C T J D N S (J I I T I A L  VALUE~~,1 0A,J(F (.U,14À ), U j 0 1 7 00 1 )

* / . 13A , ’ F I NA L  V A L U E . I N C R E M E N T ) ’ ,/ /,  1 ,0 l jii, 0 0),

* I O X , ’NO. CYCLES t - ILTWE EN FIR~~f LCi-$ ELU~ T E S T S ’ ,7X ,  c10 ’ I t o U U
* 3 ( F 3 , O, 14 X ) ,/ , I JA , ’ ( I N I T I A L  V A L ’ I E , F J N A L  V A L E , I NC RE I - I L” J T ) ’ , u U O 2 U u U O
* / / ‘ l O X, ’N O. X ( C Y C L E S  ~LT w E L N  FHST EC-IELON T L S T S ) ’ ,4 X ,  0UU~~i U 0 O
* 30F3. 0,14X) ,/,13X, ’CYCLES IIEIWEE ’i S ECOND ECHELON T E S T S ’ ,/ . U U0 ~~~U0I t
* 13X , ’ (INITiAL VAL UE ,FINAL vMLLjt,I ’JCRE~1E NT) ’ ,//, oUUd 3Uuu
* 10X, ’ITF_ ’I COST ,ITEM LIF~~CYC t f ,N O. OF 1Tt - tiS ’ ,4A,F9 .0,1?~~

, ) O J ? 4 J O ( (
* F3.0,14A,F4.O.//) 0 u U ~~50UI1

~R ITF (6,22) XNFUNC ,FNDEF,NP 1t\ T k,I .ISECYC,XS I,X IL ~ i) 0 0 0 2 6 00 0
22 F O N 1 IA T ( 1 O X , ’NO. ITEM FUNCTIO NS T & ~~1ED’ ,/ U A , F 3 . u,/ / ,  U U i ~~/ U U )

* 1OX, ’FR A CTIOU ))t- IrE~ s t ’ U ~~.~~~u1 JLF~~C T 1 V E ’ ,HX,F4 .d,//, i0u?~,00(~
* 1OX , ’REF~A IR MA TEHIAL RAT IO ’ ,24.’c,F5.2,//, UUu2’~UO0
* 1OX , ’NO. USE CYCLES t ,29X ,F5.0,//, 000ii )uU (
* 1OX . ’IN ITLA L VALVE rOR ~EwTO i— NAP ~-l Su~ ‘LT)-i OL)’,SX ,t-3 .0,//, OutJiiuOO
* 1 0 X , ’ MA ~~IMUM NO. IT E RA T I O N S  I-OH N—N ~1EIH0D’ ,k~A ,F3 ,0.////) U0JidU0 ()

N N = X 4 ~~UN C + 1.0 O U 0 3 3 0 0 O

~O ~ R l T E (~~,3 1)  ( H( I , 1) , I= 1~~N’N ) 10 0 3 4 0 0 1)
31 F 0 R MA T ( 1 oX , $ T I ~~L REUD TO REPAI R  EJU1 P . W-IICtI TESTS ITH Fu 4CT IO’i ’, 000350 00

* ~i ( T S ~~,4 ( t - 1 S. b ,*X ) / ) )  o o U ~~~o Uo
‘~0 ~J~~1 T E ( 6 , 4 1 )  ( H ( l ,d ) , 1 1, ’IN)
41 FO~~~A T ( 1 )~~,’COST OF E(~UIPMENT 10 Tt . ST IT-i Fo N c I I o’~ ’ , 00 O~~~U00

* 6(T5!,4(F15.6,3X,)/)) 000391)00
sO ~R ITE (’,,51) (,-4 (I,3 ),I= 1,NJ )
51 FOi.~MAT (1OX , ’FA ILURE NATE OF EQUIP . TO TE SI 110 FU~ CT I U l ’. 00041000

* 6 ( T 5 7 ,4 ( 1 1 5 . o, 3 X ) / ) )  0 0 0 4 2 0 0 0
60 W R I T E ( 6 . ’,1) ( t i ( I .4 ) ,t = 1 ,N N)  u 0 U 4 3 0 0 0
6 1 F O P M A T ( 1 O X , ’ FA I LURE HA T E  OF IT O FU~ CT1u ,~ OF 11Ei1’ , U0u44000

* 5 ( T 5 7 , 4 ( t - 1 5 , b , 3 X ) / ) )  0U ’ ) +~~0 0 0
70 ~N IT E ( ~- , 7 l)  ( P( I ,5 ) , I= 1,N 14 ) 000 ’ +b000
71 FORMAT (lOx , ’TIIE RLQL) TO TEST lTti FUr ~C T I o ” ’ , 0 0 0 4 7 0 0 0

6(T 5T,4 (F15.6,3X)/)) J004~40 O0
R ET U N~ 0 0 04 9 0 0 1 i
EN! 00U~~000( )

‘gO



P 4 ’,E 0U -~
LISTING OF ~SA .LUN .~i 1s~~IL~. .5NCE 1 1~ ~lh~s 1~~

(
~

‘iF 4 ’W ’~ NA M E t-14~ IN

PURPOSE: REA D I ~P’J T  )A TA A ND C O J  rRu~ 1U~~~1iM . I HL r 3 ’— L i ~ I 
0, U 0 0 U  ~

C P R O ( R A M  CA LC~~LA T ES THE LIFE CY C L E  C O S T  iF PE_~~tOD1 CA L L y o0002JO (J

TESTHG SPECIFIC IIISSILE FUN C T IU s J S . T~~St I ~~O is AS SU~ L) II ) 10001000

C oCCUR AT EITHER 2 OH 3 ECHELON LLVLLS. 1PIE  Pk ( 5~~~ M ~ S5L~~ F 1 L * LLY  ) ) t J U J ~~0 0 ( )

CONSISTS OF FOuR LOOPS—HE FIRsT 2 ~LLU’~ 1i~ \ iO M 1~~~ OF ‘ i0UU~~UU0
C FUNCTIONS TFST E U To V A R Y  ~)V ER A (

~R~~SC- ~1,E.i ~~~~~~ AN D THE u000~~0 U U
C R EMAI N I NG 2 A L L O W  tHE T I M E I N I L M VA L  ET ’ ~LE~ T~5 s1S To V H Y  U V E ~ u 0 0 0 ( 0 0 0
C i PRESC RIaF))  RA NGE.  u00~~~u00

u00 0—J00 (
C F i S T E P— S T E P S 1 / r ~ FIJP X NF U~~1 0 0 0 i ’ o U O
C F 2 ST E P — S T E P S I Z E  FOR X NFU ’ l  0 0 0 1 1o 0 0
C S T I E P 1 —X N 1  STEP S IL~ 0 0 0 I.- uuo
C S T E P2 — X N 2  STEPS IZE  u u 0 1 3 _ i u O
C X H V A L 1 — F I NA L  X N F U J 1  VALUE 0 0 0 1 4 ) 0 0
C X H V A L 2 F I N A L  X NFUN2 V A L U E  U U) l S I i O (1
C AN 1—N U . CYCLES RET~ EE\ FIR ST ECHL~ UN TLsN u 0u 16u0u
C XNLF FIN4 L X N1 VA LU E  u0Ul(000
C XN2—NO, XN1 CYCLES -~LTWEEN SLCU~~0 ECHELDN TESTS u0o1~~0U0
C XN 2F— FINAL XN2 VA LUE U001~~u00

A~ FuN ]—NO. FuNcrfO N ~ TESTE D H~~ FIRST EC O L LU N( 141 T 1A L VL4 L ’ J L )  v00~~U ,.I~~U( F’ ) N~~—N O .  FUNC T I O N ~ T E S T E U  rIY DL~~U~~D ECH ELU I) (INITII iL ) )0J~~1U0 ()
C ,~ ‘ FUNC_ NO .  OF I1E~ F U NC T I O N S  T E TE U ,00~~~~UUIj

i ’ O u ~~~u00
0 0 0 2 4 0 0 0

CO 4 4ON/ ’~1/A ( 1,1 1) ,13 (21  •t’ ) U0Ue± ~~U0 P I)
00 0 d 8 0 0 0

DI El’IST ON COST (3),XNTSTR (3 ),TRCJST (3) ii0U2(U0 (~
EQoIV AL E’ - I CE (X N F I J N I ,A ( 1 ,7 )  ) , ( ‘ -h/AL ! ‘A (?,7) I , (EISTEP ,A (3, ,‘ )  ) , 000 211000

* (X NF’ .~N? ,A ( 1, ’ 3 ) ) , (X HV I~L2 ,A ( �~,~~) ) , ( F ? S T E P , A ( 3 , H ) ) ,  0U IJ~~~ (J0 0
* (Xl ~ij, A( 1,9)),(X 1f,A (2,’fl~),(.,TEI-’J, A (3 ,-fl ), 00030001)

* ( A N 2 , A ( 1 , 1 0 ) ) , ( * 4 2F ,A ( 2 , 1 0 ) ) , ( S T E P 2 , A ( 3 , I 0 ) ) .  O O u i l 0 0 0
* ( X N I T F ~ 1 ,A ( 3 , 1 1 ) ) , ( A J T S T h ( 1 ) , , ~ ( 1 , 5 ) ) , ( Y H P L C , A ( ? , 1 I ) )  0 0 0 J~~0(i ()

W k 1 1 F ( - ~,1) 0 0 0 3 3 0 0 0
1 FORMAT (’ LIST O~ IN PUT L )A TA ’/ ) 00034001

1) FUR~1AT (T21~ .3t- 10.2) 00 (’JsUu ()
11 FO~ I ,AT(T21 , 3 (F10.2,1X)) 0003600,)
1~ FOkt-1AT (T21 ,F10 .2) 000i7001;

C REM) AND qp I~~E ir~PU T D A T A
1 )1) 5 ~J=j , 1 1  0 O i 3 ~~00I

~E AD (’5,i0 ) (A( I,J),I=1,3) 100+0000
W RITL (b ,11 I (A (I ,J) • 1=1,3) 1)01)4100’)

~, CONTINUE 0 0 0 ’ + ? 0 0 )
REA D (5 , 1~~

) X N F U NC , F NO E F , P P MA T R , US~~C Y C , A T , A IE 4I ) 0 0 0 4 3 0 0 )
W R I T E  ( i-’~~J 5) X N F U N C , F N I ) E F , N P MA T H , U , E CY C ,A S T , A I t -  Ui 0 0 0 4 4 0 0 0
l E o  X IE N t 000 ’~~ U0()
NN=A NFUNC + 1• q 0 O l ) ’+ 6 0 0 0
00 40 J=1~~5 0 0 0 4 7 1 ) 0 0
READ(5,100,END=250) (H(I~~J)~~I=I~~ij~~) 0004d000

~qR1TE (6,10O ) (13 (I,J),I=i,NN ) U0049000
40 CONTINUE 00050000

1 00 FONMAT (T21,4F15.6) 00051000
CALL INPUTS(XN FUNC ,FNDEF ,RPMA TN ,USr~CVC ,x~~T ,AIh ~~U) UO0~~douO

— CCl ) = ~~ 
( N N , 4 )  —_ _ .—__ 0)15 3000

CC? ) F~IDEF 00054000
C C ’ )  = X N I T E M  ouu~’ uov
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1 ~~
L IST I N I ,  OF ~~~~~~~~~~~~~~~~~~~~~~~~~~ i~~ 

I~~~~ I ) 1 ~i
• E ’ IHEH Nt 1E lA I N  ( C O N T )

N~~IJN 1 = XN F 1N1
NF ’IN / = XNF JN? 00u~~1)OU
IV A L 1  = X M V A L 1
IV I I L?  X H V A L ?
NST EP1 = F1ST E~-~
NSTFP? = F/ S T E P  ‘uUoIUO ()
‘41 = X , 1  UU )’c~u00

- A J 2
N1F = ~N1F L’UOb4000

= A N 2 F  o ) 0 r ’ ~~ Uuu
IST EPI STEP!
ISTEP2 STEP? 00611)00

~R I T E  (6’200) );UUb~~ )U ()

200 FO~ .iflT(/////,5~.X, ’TEST COST SU ’ A H Y ’ ,
* //,2X,’FU NCTIONS’ ,SA, ’CYCLES’ ,7X, ’L)EEEC TIVE I rE _ S F Ai l  I o ’ , 000 (u000
* 5A , ,T F : c T j I ,7X ,~~T E 5 T / I ,7X , , 1 E S f 3 , ,s~~,~~CO~1P L ET L I  , 6 A ,  0 0 j/ i~~u 0
* ‘LIFE CYCLE ~~,/ ,3X, Ml ,3A , ’’1/ ’ ,3A, ’N 1’ , 3 A, ’N 2 ’ ,3 A, ’N J ’  • 5 X ~ 0 0 0 / 2 0 0 0

* ‘ TFST I ’ ,/X,’ T E S T 2 ’ ,2X , ’ T E S T J ’ ,S A , ’ C O S T ’ . M X , ’ C O S T ’ , HX , ’ C l S t ’ , 0 0 0 ( 3 0 0 C
* bX , ’TESI COST’,8X~~’COST’//) JUu /’+000

J O _ i  I DI) 0 0)
LOOP ON ~UNCTIO NS TESTED r~Y FIRST ~CH~~t O ~ l ES T E R  0 0 , l i b u U )

C 0001!00)

00 1000 NFUN1,IV ~iL1 . f lTLP l  - U0 ~i 1 1 1 0U0
IF (XNFIJN7 .NE. XNFU’J C ) GO TO 15)) 00019000
IV \ L 2  NFUN2 000duOu

r ~If_i j  j O ’ )
r LOOP ON FUNCTIONS TESTED kY S E_ C O iL) ECbEL~~N [ES TE R 0 0 0 o ? u 0 0
C uU0H 300I

150 00 2 0 0 0  L NFUN2, IVAL 2 ,NSTE P2  UUu~~4 uu0
IF CL .LF. ~ ) GO rO 2000 000HSU’i (’
CALL COSTS (K,L,FDEFFI,FDEFF2,FDEFFJ,COST ,)(NFJNC,PPHIITR,TPCLIST ) 00Uc~~ uO0
C (4) = F)EFF1 UU Ud 700U

= FJLFF2 u0011~~UO (
C (’~) = FDEFF3 U0U~’i0Uu

0 0 0 9 0 0 0 0
C LOOP ON CYCLES HETWEEN FIRST ECHELON TESTS 00091000
r 0 0 0 9 2 0 0 0

00 6 0 0  I=N1 .N 1F, ISTE F’ l 0 0 0 9 3 J 0 0
= I u 0 0 9 4 0 0 0

CC? ) = X 4 1  0 0 0 9 5 0 0 0
IF ( A ~iFuN? • IE. ~ NFUNC) GO TO 22_ i  0 0 0 ’ S _ i O ’ )
r i/ F  = ~~? 0 0 0 ) 7 0 0 0

r 0 0 0~~~0u0
C LOOP ON CYCLES iE T W E E ’ J  SECOND ECHELON TE ~~ S J0o~~9uo 0
C U O i o O u u O

220 10 M OO J~~N2 ,N2F,JST EP?  O U l U i U O i i
XN, = j ‘ ) 01 U2 ’J00
r (3 )  = X ’4?
CALL CALC (Y PPLC,COST ,XNTSIR,TRCOST ,USECYC,)(,T,JENO , 1(NFUNC . 0010400’)

* xNFu~~l,XNFuN? ,~(,L) ‘1010,000

~4 0 0  CO NTINUE 0 0 1 0 6 0 0 0
600 CONTINUE 0010(000

2000 C0’ T INUE — O O l U t ~00u
3 0 0 0  CONTINUE O O 1 0 - ~uu’ 0
?~~

) Stop uO l i u 0 0 0
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— 4 0 t i l l

L I S f I’ ~u OF E s A . L J R .~lj ,~~t I_~, .,Nc’E l 111 i.’~ 1~~ (h

r1FM~iER N~~~E XRI N I

SO- ROUTINE xRT~ ’1 ~~ ,F,OE~~F,Fc1 ~~ ST,LPS,IL’4U ,IE ’ ,Z1,c’i NST,L2’ 000410 0 ’
* X II .U 4C ,XNFO4 .) Ii000,ri1 0 ’

C U ’iUoi )00
C PURPOcE.~ TO CALCULATE THE VALU E OF X :)SI~~, THE NE~~TN ’J — O U0U~~u 0(’
C, H~ PHSON TECHNIUUE. wHEN TEsTIN’~i Is PE :<FOR It.D AT T ’-43  000 05_ iOU

C ECHELONS O N L Y ,  ~ RF:PkE~, E J T S 1~ it- NU:.I~IL~ )~~ ~ ‘41 C Y CLE T 0’)UJh000

C ~E T~~EEN SECOND ECHELON TLST~~. ~ 1E~ IrIR EE T YPES DI- TES1~)’S uo U .’7000
C ARE USED ,X ~LPRESENTS TH E NUM-~~~ OF )(~~ CYCLE S •t.TWrLM
C THIRD ECHELON TESTS. X R1~~ J. CA L L S  S1~11~~O ) T 1 ’ ~~ ~CT. 

T~1E~~ ~\R~ (JI f ( J I j 9 _ i ( J p )

THREE CA -~ES IN ~‘0ICH AN X VALL ~ . iS ‘0T ~~~T Ij H NEI) . u U u l O u O u

C — 1) 1Ek 1. _ NO CONVERGENCE IN k~~Nu IT~~~’.~I iUr ~ STEPS. UUUII000
C 2) IER 2. )IV ISIO ’j 11Y ZERO. 00)1/00 (1
C .3) INITI A L VA LUE CAUSES OVE Rt -L o w iN CA LC ULA TIO ’4S INV .)L~~1~~~ ‘jO UliuUi )
C EXPONENTIALS .
C ART N J CALLS FCT AN D IS CALLED or SUF1RoOT j~JL C iLC. u ’ J I I I S O U O

jJ Ulb 000
C P NEP~ RE ITE.RATI O uOUl 100))

= 0 j O _ i l  j ’ )OU
X XST jQ’~1 ~O U)(
rO~ — u0 I)~~0 J u 0
CALL FCT (TUL,F,L)ERF,Z1 ‘CONST ,Z/,XNF UNC ,XNI- JJ2 ) 0U0210 0_ i
TU L F = 100. * EPS 0 0 0 d ? o O ’

C ST~~~T ITERATION LCOP uu023000
1)0 6 I=1,IEND
IF (F)1 .7,1

C EQ UATION IS NOT SA TISFIED UY ~ )O~~2bUIfu
1 IF (i)E_RF) 2’~~.2 0U°i~ T o o ) )
? IFU~oS (DE-~F) — 16.0 ** (—60.0)18,24,2? 0002’ 100( ’

C ITER A T IU ”. IS PO~ SI~3LE ~~~~. 0 0 0 2 9 _ i o u
= F / L)E~~F 0 0 0 3 u ) 0 0

X = X — DX u OJ i 1 0 0 0
T0~ = X

T F(i~8S (T3L) .GT. .1) ‘U TO 12 00u3300)’
X 1. 1) 000.3400)

— RETU HN — - — — -

1? CA LL  F C T ( T O L , F , O E R F , j 1 , C O N S T , Z ? ,X ’ t - I J N C ,X ’ . I - I  ~~
) u O 0 3 ~~o O ( ’

C TEST Or SATISFACTO RY ACCURACY
W / i  . L T .  114 .  .AND. Lë .~ 1. 174.) GO T~ 1 0 000311000
RETURN 001)3900))

10 101 ~ P5 0 0 0 4 0 0 0 0
A = A d S ( X )  0 0 0 4 1 0 0 0
I F ( A  — 1.14.4,3 0 0 0 4 / _ i o U
TOL = TO L * A 0 0 0 4 3 _ i o u

4 IF CAR S (DX ) — TOL)5,S,6 00044000
S IF At~S(F 

— TOLF 7,T,~, 0004500 0

~ CO NTINUE 00048000
C END OF ITER A TION LOOP u0047’)OIf
C NO CONVE~ GENCE AFTE R lEND ITEI .A TIO~ STEP,. ERkUR RU TO i4~~. 000411000

Tb ’~ = 1 (iUO ~~90 0 O
7 RETURN 0 0 0 5 0 0 0 0

C ERROR RETURN IN CASE OF ZERO DIVISOR 000510 (1 0

~ TE W = 0u0~~/O0I)
RETURN — - — 0 0 0 5 i 0 0 0
ENU 0 0 0 54 0 0 0



TAfl~E 3LIST OF INPUT OAT A
EXA M PL E RE SU L T S  1

7,00 12.00 15.50
2.00 2.00 2.00

10.00 500.00 1000.00
0.0 10.00 10.00
0.01 0.10 0.75

20.00 2.00 1.00
1.00 10.00 1.00
2.00 11.00 2.00
1.00 5.00 2.00
2,00 18 ,00 2.00

50000.00 10.00 500.00
12.00
0 • 70
0.15

20.00
7.00

20.00
1.000000 1.000000 1.500000 1.500000
1.500000 1.500000 1.500000 1.500000
2.000000 2.000000 2.000000 2.000000
1.000000

2 0 0 0 0 . 0 0 0 0 0 0  2 0 0 0 0 . 0 0 0 0 0 0  28000 .000000  4 0 0 0 0 .0 0 0 0 0 0
40000.000000 89400.000000 40000.000000 80000 .000000

100000.000000 600000 .000000 100000.000000 100000.000000
20000. 000000

0.001020 0 .000660  0 .000550 0.00 1060
0 .000 500  0 .000280 0 .000210 0 .000450
0.000120 0.000120 0.000010 0.000130
0.00 1000
0.001000 0,000900 0.001180 0,001260
0.000700 0.001540 0.000670 0.000120
0.001470 0.008570 0.001390 - 0.001350
0. 020 150
0.300000 0.300000 0.300000 0.300000
0 .SOOu OO 0.300000 0.300000 0.300000
0.300000 1.000000 1.000000 2 .000000
0.200000

IN PU T DATA DESCRIPTION

PAY RA TE (S/HR) AT TESTER 7.00 12.00 15 .50
NO, MEN TO OPERATE TESTER 2,00 2.00 2.00
COST OF SHIPP ING TO TE STER 10.00 500,00 1000.00
COST OF P A C~r ING TO SHIP TO TESTER 0.0 10.00 10.00
TURNAROUND TIME(YR S ) TO TEST ITEM O jO l 0.10 0.75
NUMBER OF TESTERS 20,00 2.00 1.00

NO . TESTER1 F UN C T IO N S C I N I T I A L  V ALUE 1. 10. 1.
FINA L VA LUE . INCREM ENT )

NO, TFSTER2 FUNCT ION SCIN ITIAL VALUE 2. 11. 2.
FI NA L VA LUE ,INCR EME N T )

NO . CYCLES RETWEEN FIRST ECHELON TESTS 11 5. 2.
(IN IT I AL VALU E. F INAL VALU E, INCRE ME N T )
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