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SIMULATION OF SEQUENTIAL TESTS

1. INTRODUCTION

The computer program presented in this paper is offered as
an aid to test planners and those who are concerned with the application
of the Reliability Design Qualification and Production Acceptance Tests
(Exponential Distribution), more specifically, the Probability Ratio
Sequential Test (PRST) plans from ?4IL-STD-78lC.

The PRST plans, which come under the category of statistical
test plans, should be employed when a sequential test plan with minimal
decision risks (10 to 20 percent) is desired. In the main, the PRST
plans would be preferred to the fixed length test plans when the objec-
tive of the test is to accept material with a high mean-time-between-
failures (tnBF) or reject material with a very low MTBF as quickly as

1possible.

In view of these considerations, the utilization of the metho-
dology proposed should permit the test planner, equipped with a reason-
able amount of practical experience with the PRST plans , to make certain
probabalistic statements regarding termination points in the plans,
namely (1) the likelihood of reaching the last failure and (2) the likeli-
hood of reaching the maximum test time.

Historically, the PRST plans have no provision for establishing
a definitive estimate of the true ?4TBF of an item prior to testing.
Therefore, the expected time required for test completion may vary
significantly. Consequently, program costs and schedules have to be
planned to compensate for this range of uncertainty. However, with
the help of the methodology delineated herein, one may be able to choose
an appropriate test plan from MIL-STD-78lC, select a lower test P.ffBF (°i)~specify a realistic range of true MTBFs for consideration, implement the
simtJation , and finally obtain measures of the two likelihood estimates
aforementioned, all of this in order to reduce the range of uncertainty
and therefore, minimize program cost overruns.

2. APPLICATION OF MIL-STD-78lC AND ThEORETICAL CONSIDERATIONS

A typical PRST plan from MIL-STD-781C, regardless of the total
number of failures and the total test time in the plan, will basically
assume an appearance as depicted in Figure 1. Given that the decision
risks , discrimination ratio, total number of failures, and accept-reject
criteria are all in harmony, of concern is not the general shape or
length of the PRST arrow (shaded area) but the two termination vectors
located in the arrowhead. For simplicity, we may designate the last
failure as and the maximum total test time as TM. The problem, then,

‘Proposed P4IL-STD-781C Reliability Design Qualification and Production
Acceptance Tests: Exponential Distribution.

9
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becomes the following: When testing an item of equipment with the PRST
plans, how often is the last fai lure reached? In other words , what is the
likelihood of reaching FL?

In a similar manner, when testing an item of equipment with the
PRST plans, how often is the maximum test time reached? That is, what
is the likelihood of reaching TM? With these thoughts in mind, the pur-

pose of the simulation, then, is to ascertain how often and T
M arereached . (Figures 2 , 3).

Once arrays of these likelihood estimates are determined for
a representative range of true MPBFs, it may be feasible, strictly for
the benefit of the CALCOMP plots, to effect minor changes to these
arrays by employing a simple weighting scheme (Figure 4). By allowing
a particular data point to have a weight of 1/n , successive neighboring
data points in either direction can be assigned weights of l/2n, l/4n,
1/Sn and so on. This scheme essentially permits valuable information to
be used from data points in proximity (Figure 5, 6). If one is not so
inclined toward implementing such curve-smoothing techniques, the unsani-
ti zed raw data points are still available.

3. PROCEDURE FLOWCHART

All that the user of the computer program (henceforth , referred
to as program MS 78lC) need be concerned with is contained in this sec-
tion. An adherence to the principles set forth in the procedure flow-
chart (Figure 7) and the preparation of the data input cards for program
MS 781C (Table 2 ) should permit the user to investigate a wide variety
of options. There are two areas regarding input, though, that may requiTe
clarification - (1) the test plan matrix and (2) the accept-reject cri-
teria.

A summary of the test plan matrix for MIL-STD-781C is shown
below.

TABLE 1. MILITARY STANDARD 781 C

The Minimum Number
of Failures From

Test Plan Maximum Number Maximum Test Time Which To Reach
Number of Failures (Theta One Multiple) Maximum Test Time

1 41 49.50 36
2 19 21.90 15
3 16 20.60 12
4 8 9.74 5
5 7 10.35 4
6 3 4.50 2
7 6 6.80 3
8 3 4.50 2

.15
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The test plan matrix (Table 1) is one of the required inputs
to program MS 781C. It was defined in this way so that the user could
specify the number of entries in the matrix (up to 25 entries as estab-
lished in the program logic). Moreover, the test plan matrix was rele-
gated to input status in order to provide flexibility for any user who
chooses to submit a modified version of the test plan matrix , a version
based on innovative truncation points perhaps. .

Since the accept-reject criteria must be in accordance with
the test plan matrix , it has also been placed in the domain of user-
supplied input information. Care must be exercised, though, that the
values for the reject line be input prior to the values for the accept
line.

4. DESCRIPTION OF ThE ALGORITHM

The essence of program MS 78lC resides in a section of code
(the al gorithm) in the heart of the program . This set of instructions
simulates the testing of an item of equipment using a typical PRST plan.
The code, that is, set of instructions, makes use of two program counters.
One counter corresponds to the last failure, FL, and the other counter

corresponds to the maximum test time, TM. During each iteration of the

simulation, an item of equipment can be either rejected , accepted ,
or put to further test (as exemplified by the continue test strip ,
Figure 1). If the item is rejected or accepted prior to reaching trunca-
tion , then no counters are incremented , and a new iteration is begun.
If the item falls within the continue stri p without a rejection or an
acceptance, then another failure time is called for, and the above
process is repeated .

In order to test against the maximum test time value , a particu-
lar failure time is compared with the TM value. If that particular

failure time is greater than or equal to the TM value, then the TM counter
is incremented by one and a new iteration is begun. If that particular
failure time is less than the TM value, then another failure time is

called for an queried in the same manner.

Similarly, in order to test against the last failure, a
particular failure number is compared with the maximum failure number ,
FL, to determine equality. If equality exists, then the 

~L 
counter is

incremented by one and a new iteration is begun. If equality does not
exist ; that is , if the particular failure number is less than the
value , then another failure is called for and queried in the same
manner.

Now, if we allow each iteration to be an independent event ,
and if we conduct a large number of these trials , then the F~ and TM

17
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counters can be shown to be likelihood estimates for reaching the last
failure and the maximum total t~st time , respectively. Furthermore ,
these likelihood estimates can be viewed in probabalistic terms.

5. RECOMMENDATIONS FROM COMPUTATIONA L EXPERIENCE

Once a PRST plan has been chosen and a value for the lower test
t.frBF (THETA ONE) has been designated, the only values that may require
prudent selection are the three input parameters BASE, VALUE , and
DELTAX (see Table 2 , Appendix 1). Clearly, one would be interested in
examining a range of true MTBFs encompassing both the lower test MTBF
and the upper test MFBF (THETA ZERO) . Something like the following
mi ght be of interest :

BASE 0 VALUE
0

A problem may surface toWard the lower end of the range of true
!~ffB Fs , though , if a value for the increment (DELTAX) is chosen too large.
This problem could arise in subrodtitte SUB 9 where a neighborhood of nine
(9) points is operated on:

-5 0 5 10 15 20 25 30 35
. I MTBF

p
1 

p
2 

p
3 P4 P5 P6 P7 P8 P9 (in hours)

For example, with a BASE MTBF of 15 hours and a DELTA)C increment
of 5 hours , the “lower-end” ?SffBF could attain a negative value, thereby
creating a failure mode. However, the program logic is set up to
handle this prob lem and will respond with a diagnostic to the user .

6. ILLUSTRATIVE EXAMPLES

In order to exemplify the range of possibilities that exists
among the PRST plans , consider test plans II and VI (Table 3).

TABLE 3. COMPARISON OF TEST PLANS II AND VI

Decision Discrimination Total Number Total Test
Risks Ratio of Failures Time

Test Plan II 20% 1.5:1 19 21 .90*0 1

Test Plan VI 20% 3.0:1 3 4.50*01

18
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Both test plans are based on the same risks . However, they
differ in at least two respects: Test Plan VI has twice the discrimination
ratio as Test Plan II , while Plan II is based on approximately six times
as many failures as Plan VI .

Table IV bel ow demonstrates simulation results for both plans
at two specific data points - THETA ONE and THETA ZERO. In each cell ,
the top number gives the probability of reaching the maximum test time ,
P(T M) ,  while the bottom number gives the probability of reaching the last
failure , P ( F L) .

TABLE 4. SIMULATION RESULTS FOR TEST PLANS II AND VI

@ ThETA ONE 0 THETA ZERO

I I  P(T M) ~ .12 P(T M) .21
P(FL) 

a .12 P(FL) .08
TEST
P LAN v~ P(TM) = .13 P(T M) =

P(FL) .86 P(FL) — .38

7. SUMMARY

The purpose of this study has been to develop an algorithm
that, with the aid of Monte Carlo simulation techniques, would allow
one to formulate certain probabalistic statements regarding termination
points in the PRST plans . The information derived from program MS 78lC
coupled with empirical data from practical field experience with the
plans should permit the test planner to obtain a grasp on the likelihood
of arriving at the concluding points in the plans. With this kind of
information, the test planner may be able to minimize program costs
due to personnel and materials and perhaps get a better handle on
structuring test schedules.

19 Next page is blank.
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APPENDIX I
TABLE 2. DATA INPUT CARDS

Data Card 1

Field 1 MAXNRF (110) The maximum number of failures for
the test plan.

Field 2 NRITER (110) The number of iterations for the
simulation e.g., 2000 or 10,000.

Field 3 NRTP (110) The number of the test plan being
implemented .

Field 4 NRPLNS (110) The number of plans in the test
plan matrix (not to exceed 25).

Field 5 BASE (FlO.2) The lowest MTBF in the range of
l~fl’BFs considered e.g., if an MTBF
range of 50-250 is desired, then
BASE would be 50. .

Field 6 VALUE (FlO.2) The highest MTBF in the range of
!.ffBFs considered.

Field 7 DELTAX (FlO.2) The increment value between succes-
sive MTBFs.

Field 8 THETA1 (FlO.2) The lower test MTBF.

Data Card 2

This data card consists of the array containing the values for
the reject line. Data must be arranged sequentially, eight (8) values
per card, not to exceed 200 values, i.e. 25 cards.

Data Card 3

This data card consists of the array containing the values for
the accept line. Data must be arranged sequentially, eight (8) values
per card, not to exceed 200 values, i.e. 25 cards.

Data Card 4

Field 1 MATRIX (K, 1) The maximum number of failures for
(P10.2) the test plan .

Field 2 MATRIX (K , 2) The maximum test time (ThETA ONE
(P10.2) ?‘kzltiple) for the test plan.

Field 3 MATRIX (K, 3) The minimum number of failures from
(P10.2) which to reach maximum test time.

Note: For data card 4, the data cards must be arranged sequentially, i.e.
the first card must begin with test plan 1, the second card must
begin with test plan 2, and so on. Data must be arranged three
(3) values per card, not to exceed 25 cards.

23 Next Pa e js Blenk. _____•-•
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APPENDIX II
TABLE 5. DICTIONARY OF PROGRAM VARIABLES

Next Page is Blank.

25

-~~~ — - -  -~~~~~~~~~ 
---

_____ .~ .~ 4 .~~~~. ~~~~~~~~~~ J2- ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~



APPENDIX II
TABLE 5. DICTIONARY OF PROGRAM VARIABLES

Variable Type Defin~.tion

1 NOF (I) Program/Output The number of failures in the
test plan .

2 ThITBF (I) Program/Output The array of true MTBFs con-
sidered.

3 D (I) Program An array containing the lowest
and highest true MTBF. Finds
utility in the Fix Scale
(FIXSCA) plotting subroutine.

4 TITLE (I) Program The arrays containing the sym-
bol strings for the plotting
subroutines.

5 AKOUNT (I) Program Arrays used for holding values
BKOUNT (I) “ from ~he counters .
CKOUNT (I)
DKOIJNT (I) “

6 MAXNRF Input The maximum number of failures
for the test plan .

7 NRI TER Input The number of iterations for
the simulation .

8 NRTP Input The number of the test plan
being implemented.

9 NRPLNS Input The number of plans in the
test plan matrix.

10 8ASE Input The lowest MTBF in the range
of MTBFs considered.

11 VALUE Input The highes t MTBF in the range
• of f’ffBPs considered.

12 DELTAX Input The increment value between
successive MTBPs.

13 THETA1 Input The lower test MTBF.

27
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APPENDIX II
TABLE S. DICTIONARY OF PROGRAM VARIABLES (CONTINUED)

Variable Type Definition

14 INTVLS Program The number of intervals for
the accept-reject criteria.

15 NRHFBF Program The number of MTBFs in the
range of ?.ffBFs considered.

16 UPPER Program The value used for maximum
test time.

17 LIMIT Program The minimum number of failures
from which to reach maximum
test time.

18 KOLJNT Program A local counter used to store
the number of times maximum
test time is reached.

19 KNT Program A local counter used to store
the number of times the last
failure is reached.

20 NCASE Program A local counter for tracking
the number of cases in the
simulation.

21 ACCUM Program An accumulator used for storing
an (exponential) time to failure.

22 NFAIL1 Program The number of the failure being
scrutinized in the simulation.

23 RLINE (I) Input/Output The array containing the values
for the reject line.

24 ALINE (I) Input/Output The array containing the values
for the accept line.

25 MATRIX (I) Input/Output An arr ay containin g the test
plan matrix.

28
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FIGURE 8. CURVE SMOOTHING SCHEME (5-POINT)
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Figure 8. Curve Smoothing Scheme (5- Point )
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APPENDIX IV
FIGURE 10. PROGRAM FLOW CHART
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APPENDIX V

SUMMARY OP RESULTS - TEST PLANS I - VIII
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APPENDIX V
SUMMARY OP RESULTS - TEST PLANS I - VIII

The following table and figures give a brief summary of results
for test plans I through VIII. In each case, ThETA ONE has been chosen
as 100 hours MTBP. Figures Ia - Villa depict the probability of
reaching the last failure, 

~~~~~ 
while Figures lb - VIIIb depict the

probability of reaching the maximum test time , P(TM).
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TABLE 6

SUMMARY OF RESULTS

Test Plan Decision Discrimination Probability of Probability of
• PRST Risks Ratio Reaching Reaching

Last Failure Maximum Test Time
P(F L

) P(T
M)

1. 10% L5:1 .16 8 
~l 

.05 8

.07 80 .16@0
o 0

2 20% 1.5:1 .12 8 .12 8

. 0 8 8 0  . 2 1 8 0
o 0

3 10% 2.0:1 .08 ~ ~l 
.07 ~

.0480 .2089
o 0

4 20% 2.0:1 .10 8 
~l 

.10 8

.07 80 .2880
o 0

5 10% 3.0:1 .15 8 . .07 8

.07 8 9~ ~~ 8

6 20% 3.0:1 .86 8 0
~ 

.13 8

.3 8 8 9  . 3 9 8 0o o

7 30% 1.5:1 .44 8 0
1 

.26 8 0
1

8 .52 8 0
~

8 30% 2.0:1 .80 8 .09 8 01

.4980
~ 

.26eQ ~
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1JPJ.11T14i F LCTLC~~~S PAGE IS BEST 0.
I I I L L Y .T # f l . ST~~F Z . ~~~~. Fl~M copy lwR111sli~

1)TO _—

~~

ACCOUNT (SA~ I~~L)lEbI~.,ATTA C M .4A LUT LII..

FTp~((.().$L.
,,
~~.e)

14*1” ($J * kT )

~~~~~~~~~~~~~~~~~~~~~~~~~EX IT.
~~~ I~~~’Lor.cALcuI~1”.rA1”~ 13.F A I l .

~~~~~ ~S7~ 1C (IN1”UT.OUTPUT. TA IN1’~UT .TAPI~.I’aUU TPU1 .T*b”E1 3)
C Tr~~S (41’~ (j( 5..AU IS A MUN T~ LPAWL(J  SLMULA TLt~I’4 UP A ~NW~NN1 L1T’V
r ~‘*1IU S~ QU~ NTIA L 1451 (14 .ST ) WLAN PP”.IM r’LLLr*..v

• 
- 

C 5TA011 4.O 7141C. INI S SIMIILA TLUN DETtW~IL,4tS. ~ UN A
C- 4.AN(j € OF THUE MtbI~s. (I) TwE ~s~u~ aN1LI TY UI ..EACHIM4
f P~aAgI .uM (TUIAU TEST TLM~ ps~ FO~t I1AI~LNt, A IjtCISfUN
C ~~~ITI’.tø *CC~~’T (J~ ~t~J~ CT) AND (2) TIlE. Ø$U*IAb ILITV
C C-F WE.ACP4LM~ T’sE. LAST F1LLL I W~~. Fu1j441 SuswQur4.,~ts AME.Ir~.T w14flUCEL) INTO TNt ~ 4Ju 4~14*14 FOW TNt EA I’WE.SS e u ~.’(,S€
C (IF P”EWFONMZNi, CURVt SI400TNIM,. TIlLS UCEUo*~E. IS
C ACCUM PLI SIPt U 4 LT PI Tr’E AID OF Ft)ult uIFF~~ E.~T ItL I~MTING
C SCp’E~t5. UT LLUIN’3 Ii) £ NE.16”½U441’UUL, 1Il4~t.t (~0INT~ ,C tp) A NEII~NP4 UIll’ftJOD 1W FL ~~ ~OIt4TS , 13) A I(,P 4 :JkI iOOi)

• C OF SE~~E.N 4”OL~eT~ , ANtI (4) A N t ~~~~U$41UUII uF NLP4 t POINTS.
LNTE.UE14 NO, (2001 -

W LINE 2nn .A LLr. ~~c2 0o 4

NtAL Tt’T43~ (500) .MTNr ( . 0 0 )
I.4Ti~IX(25 .3),fl( 2 )
TITLEI(L).TLTLt2(2)
TITLE3(~~~.TITLE.4(2

Nt uL TITLE5 (~~).TITLt’jt i’.
OLMtI~IStUPs TITLE7 (4),LAIl~L(4)
C(b~~ eUN *‘cOIJNT (500) .b41 11( , U P I T (SO 0 )
C(.~~MU.’1 cs~OuNT (coO).O~ (~1 .Nf(~~on)
DAT* • L A b E L / ’ I M P ’ . ’ sA EL’ . ’d1C7’ .’ A 3~ NA ’ /
u * r *  p-,(IPLOT,n , 

. 

• 
. P

(~~ . 10) 14* WF . NN IT Tf r .N LNS , 5C .VAL UE..(4 LT ,SA .T P, E.TAL
10 FuwøA T (4 !1n . 4F 10.2)

øEA O (~~.,0) (~4LIr.E. 1) .I .1 .L NTV LS )
20 FIJ.o.4T(PF 1O .2)

I.EAI)(~~,pfl)4.*LLNE .(I),III~ ,INTVL.S)
(20 30 A s 1 , I I a T V L S

30 CW~Tl”IUE
- .  

0’; ~n P.•L.PI~ F Lt14S
*O(~~,4 O )14 g T~41 I* (A . I) . MII T I 4 I A ( $ , 2 ) . NA T W ( A ( K . 3 )  

•
e n Fw .NAT (3 F 10 .2, • 

• 

.

50 CLd’TINU)~w ’ .LT t (A . A C ) .

~o Fu AT( .1 ,.T3E ,’~~!LIT Ai1Y STANflAPlO y~~ C’i/T7~ , :
• iITP’I ~ Lf~I~ U~ Id(lM5E)4I/T7Q,’I)~ P AIL(jN~ 5 FW(,sMI/T4 ,

A ’T~ sT 1”LAP I’.T?a. ’PA414u 14 Nt4Nt ,u ’.Te~.
S I M A XINUI  TE ST TIP I E ’ , T t O . ’bI IC)’. TO WEACN ’/Tb,

~ INW.$~ P. .T~ 4. .OF FA tLI .j W~ $I .T4~4 , ’ ( T14~ Ta UNE •,T39.
S, M U ~~TI)1l..E) . .T7q , I~~A*I .., 1,M TE ST TIME I./14, -

110( ’~~I) .T2o .1* I— ’ ) . t4~~.2 0 ( ’ — ’ ) . T 7 i ’ . 1 S ( ’ — ’ ) )
• WN IT A . 7 O ) ( L . NIT FIIA( I . .1) .N* Z * (t . .2) . MA T I4IX(L. 3 ) ,L. U 1.NWPL$S)

TO FOWMATC .n ’ .T7.13.T2 q.fS.o.153.fI0.2.Ta3.F3 .C)

IF(F.P4MTI3F.GT .A INT (WP4N T I4F))GUT O ~4I .

p.WN ruF.e.r.NTpW
- -- - -•-
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• ThIS PAGE IS BEST QUALITY LCTICLBIJ
FROM COF~t F1JRNISH.ED TO DDC ....._—

P0
go .4KITF•(N.1flc- )

tOO FOKM *T( ’1I .T4.’M L LIT A.4Y STAl ~4 AkLi 74- ) C’)
ITE.C.~.I1o) Nl TP

110 F O 4 - M A T ( , 0 , .TA. IT FST PLA N ‘ .13)
U N ITE (~i .12fl ) MMZNWF

1 0  FO W M A T (’ f l 1 .T4.’THE PA 4L Nt~M M,MOeW or FAI LW41E. S • .
% ‘IUW TIllS PLAN IS ‘ .141//I

WW IT I ( 4 , , 1 3 f )
13~ 

Fu~sATc ’ • ,T~~~,.*CCt1’~T—s~ .jECT C$LTE.1141A’/T22.

WWIT€ (A , ) 4 n )
140 FU~.uAT( ’fl’.T34.’TUTAL T~ ST 7Il~~’)• i . 1 4 L T E . ( I l . 1’OI
160 FU W M A T ($  I .T 3 1, ’ (TIItT.I 0N4 1”&jLTWL~~)’)

1,14 ITE (A . 14. (~)
1.’n FuN.’ ,* IT(’ n , .T I~ . ’NuMS~~’~ 4W / T~~.IFA ILU4~tS’ .T 2b.

~‘WF~4ECT LI NE.’.T4A.’ACCE.PT LINC.’/TM.

(20 1~ 0 K~~1 .INTV LS
IF(MUU .2n .Eu.01 IT’~~o.17o)

~kLT ((A.jP0)N (IF(K),~4LIi14E.(K),*LIf’IE(N~
170 FQ$4114*T (I1..T$..NUMHEW OI-’,Tg.’P~A ILUKES’.T2t.

I’J’E.JECT LIP4t~’,T46,’ACC&T LINE.’/TO,

IFII FUWM*T ‘O. T1 1.14.T27.F10.2.T47.Ftn.2)
140 CUP.TINIIt

00 200 ,4.t.INT~ LS
(K)

• - ALINE O’).ALINE K).TP’t~T41200 C(i# ” T(NuE
00 210 L.1.,~~P’LNS14*11414 (L.? ~i..aTkId (L.2) •TNE.TM1

210 CUN IINUE.
00 220 ~*1. NNNLNS
IP (14*A F.EW .(FL* (MA 1~~1A(K .L)))UWPEW~ PATWI A(~~.21IFN,.XNp4 P .EU. 1 F t * ( M A I . 4 1 A ( $ . I ) ) ) L I M I T s N A T I ~t * ( A .3)
C(JNT IMJII .

1 4 1 4 1 TE (A . 10 0 )  .

• UN !TI(N.230)T$ETA1
23’) FO4 M* T ( ’ O . .Te. ’T i ET A ONE FOl. THIS (“LAN IS ‘,

~T32.#%’),2.T~e. ‘NOOKS’)

240 FUWP .* 1(’f l . ,T4. ’TpE HA X I N U N  T E.ST TIME FOW THIS ‘ .

%‘I”LMN IS ‘.F10 .2,T~ 4.,’P,UUp4 S’)

~NITEu.2co ,M*sE .VALUE
z~0 FUKMAT(,fl ..T4..TH€ .4A’46€ oF TKU~ MTPFS CONSL(,ER~I) 

I,

- . 3.15 ‘.Fln .2.’ — $ 0P j f l ,~~,T~~4 ,’14(~(.,P5I)  •

mNITE (A .2N0)NN ITEN
2 ’tI FO NMAT ( .0 . .T4, sT N~ NIji4I4~~H OF XT~.KITIONS FOW THIS 

I,

3ISIMULA T ION IS ‘.110)

• .N I TL(6.130)
WI IITEqIS. t4O )

• abI1TL~~A.1~ .fu
00 270 K .),INTVLS

• tP $UO(K.1A .1~~.0)..4 IT E . (A .17 0  •• ITE(4 .INA )NOF (K) . INL(A I .AL! PIEIK)
270 CONT!NU(

Sen
HI MeSffi NTNF .$
DO ala lsI.$1J14b

- 
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THIS PAGE IS BEST QUALITY PRACT1CIAB~~
2M0 CUN I I “~.‘I’ 

- 
,i ~~~ co~i ytfl~Is~ D I’O ~~~

A.’)

2~ fl ‘~~~.1NCASE. f l  
•Ah b. l . /T MT FF ( S . )

I(0(IP* T sA
‘MT.’)

300 I.C*S~ sN C*SE.1
E F CASE .bT.N.l1TFK~ b0TO 300

Ut) 34(1 , IFAIL. I, INTVLS
NI .AlL Is1 ’F *jL~~L

~~~~~~~~~~~~~~~~~~~ 320
3~~r ACCU *CC(I14.t i , .wNtA ,~~~4

• IF aCCu14.E~~.n . GOTO 3 (0
I~~~ FAIL),E.u.0.ANC.~ CC,JM.0E.,~LIN~~(N (ALL )),UTU 354)
IP (NF AILI. .fl.AP40,(ACCUM .6T .F.LLi’4E(NPA (L).AIIL).

) u’JTU 340
370 0(4 33’) J .LIM( T .~ A AP ~,iF

IF (MfAILj ,Et.~ ,J,AND .mCCUM .6E.4jKKtk)A(JUNT .p~(JUNT.~
330 CONT Ir-~~~

IF NFA ILI.E i.MAXP.PF KNT.IcNT.1

LP (A CCU M .LLKLIFIt ( NF* IL). Ok .A CCUM .(,E. *LI N E(P4 PA IL )) ( M CT O 3S0
340 CUNTINUF
3~~fl 60T0 300
300 AMOI JfI 4T(IqiIiUtjA r

PMOUNT (% ) .ai~iT
IFc ’ i .NE. $OM”' GOTO ?‘~() • -

T IT L € 1( ) ) . ’ T k u €  NT~ F ’
TITL tp(n .~p w O),AN!L!T.
T IT LE2( , ) . .V , ’

• T IT LEC( 1)a ’ N !L—S T ( I  70’
T L T L Ee(2 ) . ’ I  C’ ’ •

CA LL Sus i (PI,4 IT E P~.M~MTI~F)

IF( WHNNI.T~ F.15) .GT .n)Lt. V ELS.(EV EL$ .1
IF (L~ VEL S ,LE.fl L~ VELS .1
ENCU0E(j4.3TO ,TtTLE3)’1b~TK

370 FOWM4 TU0P, T~ ST PLAN .13.3)’ t~~) •

F.P.COt)E(e0.3M0.T1TLE5)UA *~.MF
304) FOPMA T (a?NPKONaPILI TY OF AEaCIiINI , TiNE LAST FAILuNE (.14.2)’)’)

ENCO0E(50 .3~ n,T £T LEA)
3041 Fu NMA T (43 p . PWOAAPIL LTY OF ,

~EACPI IPIÜ 
‘NA% IMU$ TEST TIME (.F1C.2,

~~~~~ N14$)’)
ENCODE(3~ ,4 n0.T ITLE7 )TI 4 ETA1 • -

4410 FOI.$AT(IMP ,LQWE ,. TEST ‘4T~ F — .F L0 .2 ,Th r’OUNS))
- .

00 4*~ Pd.I,N,4~’THF
MT i’F 4 N ) .TMT F (

4 10 C0’~TINOE
XA a 3 .

• 420 btJMP s (
INTO . iS
flU 474) 1’.i,I.E~I I S
14M IT E(6 .430 )Nw T P .TNETA 1

• 4-3d) FO.’MAT( ’1..T’~5..M1L—5T0 701 C’/TSe .
S’TEST l’t.A Ii ‘.13.’C’/T47.’TP’ETA O1’t •
F%0 ,3.’ Il0W1S’//~ )1TE(4. 4e0) PEN ,—A~ N W

( 440 Fuk.q*Tt. •.Te*.’MNUs~ l !L1TY uF N~ACp,IND’.T17, •• ‘I14NOw*14!)ITY OF NE*CPIENU’/730..TNtJ( MTIIF,,TS j,
1’ AJtS’IJM TEST T1 PI’.TM. ’TKt LA ST FALLUNE ’/ 132 ,
3~~(HuUN%)’ .TSO. ’ (‘ .F(O .2.T03. ’IlO~ W 5 ) ’ .T7 ’i..
5’ (V*LLJI .f F.M, •.t4 .’)./T31.11(’—.).T4$.23(.—’).T77.
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THIS PAGE IS BEST QUALITY FE.LCTICABLA
ThQ~ ~~PY Yi~~ISk12~ TO DDC _.~~~~~~ —

•~~~l( ’~~ 4 I)
00 400 N.JUNK .LPITO

• IF(N.OT.NNMTsI~~uUTO 47(1
JMTNF.N.4

e~ p FOWNAT (.fl . .T31,F10.2.T57.F0.4,TNb.P..4 )
400 CO~ I T I ~ 41IJ~

MI.’a,JtjN1’~. )S
IN TO. I NTO.

4-70 ClINT INUE
£F~~.OPLOT .EO.1)t)I)T(I 4421
II’ ( t~tsOE.bT.0I (-(,T0 ~~MI~
CAU.. “LTl~t U(7? ..2’... L.0 .13 . LA ~,tL)
CALL FIASCA(C(t).2.t (1.,(IS.l,MIN.L,MAA .IIE.LO)

4~~(I CAL L K LT S CA ( X* .2 . .OM IN,f l . . rS .  .2
• CALL ~L T~ TS 3.L0.MTHF .CAfl T.N14NT~~~.4I)CALL PLTA*SICE.LD..2.OMIN .CNAX .0.0.1.fl .4)

CALL L*4-~~LA L,€LD. .2.UMLN .U .-*X.’)..t..t..1.)
CALL ~LTSCA (AX ,2,.0..0.,OS..p)
CALL (-LT LITS(3,10.7.0~ A 0S.1.4~ .1.0)
CALL PLTO TS (3. 14 .2.’)~ •I,S. 1.55 .1.0)
CALL PLT5Y$ (.2C ,TIT L~ 1.0..3.875.~S,~~.t5)
CALL PLTSYM( .25.TITLEZ.90 ..—OS. .225)
CALL ~LTS YM .75.TITLE3.fl..3.125.US.1.O’i)
CALL PLTSYM(.25.TITL~4.0..3.37S.OS.1 .15)CALL PLTSYM ( .10 .TZTLE7.0..2.05.(2S. 1.35)
CALL PLTSYM( .1O.TITLE.b,0..2.2S.OS.1.eS)
CALL PLTSYM ( .10.TITLES.0..2.25.OS.1.5b
CALL PLTSCA (KX.11 .70 .UMI N .fl..tIS..2)
CALL PLTDTS(3.14 .NTI3F .C N(,(Ji.T. NWN1 bF.lI)
CALL PLTIAS (DtLU..2,UMtN .I~t A A . 0..1..4-)
CALL LA i~ELA 0~L0..2.OMIN .Cc.AX .0 ..1..i..1.)
CALL PLT SCA(AX.11. 7S,0.,O..OS..?)
CALL KLTS ’rMl .25 .TITLEI,0. .3 .A7S.OS.— .1S)
CALL PLTSYM( .25 .TITLE2 .40..—DS . .2?~~)
CA LL KLTSYM( .75.TTTLE3 ,0..3.125*US,j .05)
CALl.. KLTbYM (.2c,TITL~4.0..3.175.OS.t.I5)

CQU K0tJ~ U 410l.’L.)
(-.OTQ(500 .bI0.520,530.SISO) .M(IOE

~00 CALL SU)’3 NWI T EP .N TW’ ..UN~~*1.17.
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