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SIMULATION OF SEQUENTIAL TESTS

1. INTRODUCTION g

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 i
Sequential Test (PRST) plans from MIL-STD-781C. '

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 (MIBF) or reject material with a very low MTBF as quickly as

possible.1 ]

In view of these considerations, the utilization of the metho- ‘
dology proposed should permit the test planner, equipped with a reason- 4
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 MTBF of an item prior to testing. ||
Therefore, the expected time required for test completion may vary 1
significantly. Consequently, program costs and schedules have to be ,%
planned to compensate for this range of uncertainty. However, with 1
the help of the methodology delineated herein, one may be able to choose ‘
an appropriate test plan from MIL-STD-781C, select a lower test MTBF (0;), '
specify a realistic range of true MTBFs for consideration, implement the 1
sim.lation, and finally obtain measures of the two likelihood estimates e
aforementioned, all of this in order to reduce the range of uncertainty b
and therefore, minimize program cost overruns. .

2. APPLICATION OF MIL-STD-781C 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 F and the maximum total test time as Th. The problem, then,

lProposed MIL-STD-781C Reliability Design Qualification and Production
Acceptance Tests: Exponential Distribution.
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becomes the following: When testing an item of equipment with the PRST
plans, how often is the last failure 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 FL and TM are
reached. (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 1/2n, 1/4n,
1/8n 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-
tized raw data points are still available.

3. PROCEDURE FLOWCHART

All that the user of the computer program (henceforth, referred
to as program MS 781C) 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 require
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 74 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 781C resides in a section of code
(the algorithm) 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 strip 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 Th 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 PL 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 PL

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 PL and Th




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

5. RECOMMENDATIONS FROM COMPUTATIONAL EXPERIENCE

Once a PRST plan has been chosen and a value for the lower test
MTBF (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 MTBF (THETA ZERO). Something like the following
might be of interest:

—e- —e- - —e-
BASE 81 VALUE

D

A problem may surface toward the lower end of the range of true
MI'BFs, though, if a value for the increment (DELTAX) is chosen too large.
This problem could arise in subroutitt® SUB 9 where a neighborhood of nine
(9) points is operated on:

—e— o ® ® ® —8 ® o—{ MTBF
TR B T M (n hours)

For example, with a BASE MTBF of 15 hours and a DELTAX increment
of 5 hours, the ''lower-end' MTBF could attain a negative value, thereby
creating a failure mode. However, the program logic is set up to
handle this problem 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%6,

Test Plan VI 20% 3.0:1 3 4.50%0,




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 below 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(TM), while the bottom number gives the probability of reaching the last

failure, P(FL).
TABLE 4. SIMULATION RESULTS FOR TEST PLANS II AND VI

@ THETA ONE @ THETA ZERO

I P(Ty) = .12 P(T,) = .21
P(F,) = .12 P(F,) = .08
TEST
PLAN o1 P(Ty) = .13 P(T,) = .39
P(F,) = .86 P(F,) = .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 781C
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 (I10) The maximum number of failures for
the test plan.
Field 2 NRITER (I10) 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 (I10) The number of plans in the test i
plan matrix (not to exceed 25).
Field 5 BASE (F10.2) The lowest MTBF in the range of ‘
MTBFs considered e.g., if an MTBF i
range of 50-250 is desired, then
BASE would be 50.} J
Field 6 VALUE (F10.2) The highest MTBF in the range of
MTBFs considered.
Field 7 DELTAX (F10.2) The increment value betweén succes-
sive MTBFs.
Field 8 THETA1 (F10.2) The lower test MTBF.
Data Card 2 . .
This daté card consists of the array containing the values for 1
the reject line. Data must be arranged sequertially, eight (8) values
per card, not to exceed 200 values, i.e. 25 cards.
Data Card 3 4
This data card consists of the array containing the values for f
the accept line. Data must be arranged sequentially, eight (8) values |
per card, not to exceed 200 values, i.e. 25 cards. ] |
5 Data Card 4 ; i T1
Field 1 MATRIX (K, 1) The maximum number of failures for ; ‘
s (F10.2) the test plan. | | |
|
Field 2 MATRIX (K, 2) The maximum test time (THETA ONE §
(F10.2) Multiple) for the test plan. |
Field 3 MATRIX (K, 3) The minimum number of failures from }
(F10.2) 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 i
begin with test plan 2, and so on, Data must be arranged three 4
(3) values per card, not to exceed 25 cards. l
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APPENDIX II

TABLE 5., DICTIONARY OF PROGRAM VARIABLES
Variable Type Definition

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

2 TMTBF (I) Program/Qutput 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 (1) st from the counters.
CKOUNT (I) L
DKOUNT (I) ! i ;

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

7 NRITER 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 BASE Input The lowest MTBF in the range
of MTBFs considered.
11 VALUE Input The highest MTBF in the range
. of MTBFs considered.
12 DELTAX Input The increment value between
successive MTBFs,
13 THETA1 Input The lower test MTBF.
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APPENDIX II

TABLE 5. DICTIONARY OF PROGRAM VARIABLES (CONTINUED)
Variable Type Definition

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

15 NRMTBF Program The number of MTBFs in the
range of MTBFs 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 KOUNT 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/Qutput An array containing the test

plan matrix.

e




APPENDIX III
FIGURE 8. CURVE SMOOTHING SCHEME (5-POINT)
FIGURE 9. CURVE SMOOTHING SCHEME (7-POINT)
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Figure 8. Curve Smoothing Scheme ( 5- Point )
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Figure 9 Curve Smoothing Scheme (7-Point )
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APPENDIX V
SUMMARY OF 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 MTBF. Figures Ia - VIIIa depict the probability of
reaching the last failure, P(FL), while Figures Ib - VIIIb depict the

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




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|) P(T))
| 10% 1.5:1 .16 @ 0, .05 @ 0,
.07 @ @ .16 @ @
(o] (o]
: 1
2 20% 1.5:1 12 e 0 12 @0
.08 @ @ .21 e 0 |
0 o J
1
3 10% 2.0:1 .08 ¢ 0, .07 @ 0, ‘
.04 @ 0 .20 @ @
0 ) 0 l
4 20% 2.0:1 .10 @ 0, .10 @ 0,
i
.07 @9 .28 @0
(o] (o]
' A
5 10% 3.0:1 .15 @ 9, _ .07 @ 0,
.07 @ @ : 37e 0 1
o (o] l
6 20% . %08 .86 @ 0, 130, _ !
: .38 ¢ 0 .39 0 |
(o] o |
: |
7 30% 1.5:1 44 @ 0 .26 @ 0, ’
.33 0 0, 5200 ; |
! 8 30% 2.0:1 .80 @ 0, .09 ¢ 0, ‘
i 1
2 49 @ 0 .26 0 0 |
{ 42 i
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T1CABLE
THIS PAGE IS BEST QUALILTY PRAC 1

70 DDC e
FILLY TGN STMFZ,H2, FROM COFY FURNISHED

ACCOUNT (SATMEL)
HEGIN ATTACH,PLUTLIE, |
HEQUEST . TAPK | 3, 0pF ,
FTN((‘“-SL.HL.")

MAP (PAKRT)
HEGINGFLUTCALCOMP ,TAPEL3,
EXIT,
nEGINGPLOT,CALCUMP,TAPE]],
EXIT,

2

FrGOKAM  MSTRIC (INPUT JOUTPUT ,TArEGe [NPUT s TAFEASULUTFUI ,TAFE] 3)

c THIS PROGRAM IS A MUNTE CAWLU SIMULATION UF A& PRUMABILITY
c RATIO SEAQUENTIAL TEST (FRST) FLAN PRuUmM nLITArY ‘
c STANLAWND 7RIC, THIS SIMULATIUN DETERMINES. FUR A |
c WANGE OF THUE MThFS, (1) THE PrUBABILITY ur REACHING {
c MAAIMUM (TOTAL) TEST TimME mEFUNE MARING A LECISIUN
¢ (EITrew ACCEPT CR wEJECT) anD (2) TRE PrUBABILITY i
C (F REACHING THE LAST FalLuwk, FOUK SURROUTINES AkE ‘
C INTRODUCED INTO The PRUGRAM FOR The EXPRESS FURPUSE {
C UF PEWFORMING CURVE SMCUTHING, THIS PHUCELURE IS y
c ACCUMPLISHEYU 4[TH TrE AID OF FOUR ULFFERENT we [GHTING ]
€ SCHEMES, UTLLIZING (1) A NEIGMBURRULL UF " TRREE FOINTS, 1
C (2) A NEIGRRURNUOD OF FLVE ~OINTS, (3) A NelureORROOD
c OF SEVEN POLNTS, AMD (6) A NEIGhBRUNROOL UF NINE POINTS, |
INTEVLER MOF (200) !
HEAL KLINE (2n00) JALINE(200) : 4
weal TMTHF (500) «MTrr (S0N)
wEAL MATRIX(2543) 40 (2) |
mEalL TITLEL(1)«TLITLE2(2)
NEAL TITLE3(2)4TITLESG(2)
wenl TITLES(S)«TITLES ()
DIMENSTOM TITLET (4) sLABEL (&)
COMMON AKQUNT (500) «BROCUNT (500)
/ CLMmMUN CKOUNT (S00) ORGUNT (SON)
OATa ; LABEL/*AROEMMY ( rSALNEL Y o 'BIRT o YA3SHAY/
DATA NUPLOT/0/ !
HEAN (S 4 IN)MAXNRF NHITER qNHTRF  NRMLINS (i ASE « VALUE JUELTHA, THETAL
10 FURMAT (6L]1644F10,2) d

INTVLSEMAANAF o] ' |
WEAD (€420) (RLINE (1) o Im]1 4 INTVLS)
20 FURMAT (RF10,2)
RELD (Se20) (ALINE(I) o Iml o INTVLS)
0O 30 K= INTVLS
NGF (K) SR e ; )
30 CONTINUE ; |
a5 DL G0 KE]oANPLKS i '
q[.u(q.go)nnfklxtl.l).ankll(N'Z).hA7~|l(K-3)
an FURMAT(3F10,2)
&0 CUMTINUE
'hlf;(ﬁ.bcl .

60 FURMAT (919,736 'MILITARY sraunnno 7!1 Cry/T74,
SITRE MINIMUM NUMBER? /TT9,00F FALLURES FRUM! /T4, ;
SOYTEST PLANI o T26s 'MAATMUM NUFHER? ,T4O, |
SIMAXIMUM TEST TIME'yTHO.'whICh TO WEACH'/T6,

SINUMHER® (T28,00F FALLURES? (Tano ! (THETA UNE *,TS9,
. SIMULTIPLE) ¢ o T79, 'MAXImUM TEST TIWE/Ta,
$10(020) ,T26ela(=2)oT63e20(%=?)eTT0e16('=")) )
CWHITE (A e70) (LaMATRIX(Lol) oMATRIX(L42) ¢MATHIX(LoI) oL®] s NKPLNS)
70 FORMAT (009 ,TTo13aT29eF8,04TS3eF10,2.TA%FS,C) i
AMMTHF = (VALUE=nASE) /OELTAXe], : : '
IF (RNMTiF ,GT A INT (HNMTHF } 1GUTO 80 . 3 . f
N TrF sk THF '
6070 .0

cvomas o e -

I N ——
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AN MeMTRFESWHE MToF o] .0
90 wnlITE (&a10C)
100 FORMAT (010, Tao!'mM[LITARY STANLAKL Tk) Cv)
whITE(6e]110)NFTP
110 FORMAT (100, Ta ' TEST PLAN *¢,13)
WRITE (heal120)MaxnNKkF
120 FORMAT (100, Tao*THE MAXIMUM ANUMAER UF FAJLURES 0. i
S'FUR THIS PLAN IS ', 14/7/)
wHITE (Ae1230)
130 FURMAT (¢ 9 ,T22,%ACCERPTneJECT CRITERIA'/T22.
$22(1=1))
WHITE (Ae140)
140 FORMAT (109 ,T36,'TUTAL TEST TIME?)
arITE(6180)
150 FURMAT (¢ 0 ,T3],*(THETA UNE  MULTIPLE) ")
wRITE(Ael160)
160 FURMAT (900, TR, 'NUMBER CF /TG 'FAILURES?Y ,T26+
SYHFJECT LINE?® . T46e'ACCEPT LINE'/TA.
S10 (=) T26412('=?)sT4h12(1=1))
DO 190 K=) INTVLS
[F (MUD (R 420) EQ0)WrITE (64170)
WHITE (Ao 180 )NUF (K) ¢RLINE (K) JALINE (R}
170 FORMAT (9]0 ,TA, 'NUMBER GOF*/TQ'FAILUKES®,T2¢€,
SO'REVECT LINE?® ,T46,'ACCEPT LINE'/TH,
F10(%=?) TZ0412('=)eTbA12(0="))
1P0 FURMAT (000 ,T]11e16eT274F10,2.T47+F10,2)
190 CONTINUE
D0 200 K=m1,INTVLS
RLINE (K)sRLINE (K)#THETA]
ALINE (K)=aL INE (K)#THETA]
200 CUGMTINUE
DU 210 L=]NRELNS
MATHIK(Le2)SMATRIX(Le2)@THETAI
210 CUNTINUE
DO 220 K=) NrFLNS
IP (MAXNFF EV, [FIX(MATRIX (K1) ))UPPERZHATRIX (K 2)
© IF (MAXNNF EW IFIX(MATRIA(KG]I)))ILIMIT2MATHIX(K,3)
270 CUNTINUF
wrlTE(R109)
wrITE(AL11NINMKTP
wrITE(R.230) TRETAL
230 FORMAT (000, Ta*TRETA UNE FGR THIS PLAN IS *,
STA2.F10,2.TGlo s *HOURDY)
whlTE(64260)UPFER ) ,
260 FUNMAT (900, Tao*TRE MAXIMUM TEST TIME FOR TRHIS v,
SIMLAN IS  1,F10,2,TS56,RUURST) ’
WHITE (6425C)HASE,VALUE
280 FUNMAT (N0, Ta 9 THE WANGE UF TrUE MTRFS CONSIUEREUD ¢,
$*1S '."ﬂ.?o. - 'o"lﬂ-ZoTou.'FUUFS‘)
WHITE (Ae200)INR]ITEW
260 FUNMAT (909 ,Tao? THE NU4HER OF ITENATIONS FOR THIS v,
$'SIMULATION IS *.I10)
WHITE(He120) MAANRF
aklTE(6.130)
wrITE(hel60)
. WHITE (Ae1nD)
D0 270 K=] INTVLS
IF (MUU (Ko 1M) EBC N)WRITE (Ae170)
WHITE (Ao 14N)NCF (K) JHLINE (R) JALTIME (K)
270 CONTINUE :
RASESHASEws ,#NELTAX
IF(HASE.LE,0,)60TO San
NUMASNHPTRE o
D0 280 Km] NUNE
TMTHF (K) snASE :
, MASESBASE -OELTAN
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L% 1)}
290 Kane]
NCASE=n
AkGs] ,/TRTRF (%)
KOUNT =0
KMT=n
30n NCASE=NCASE«)
IF (NCASE ,GT NRITFR)GUTO 360
aCCumso,
VO 340 NFALL=]LINTVLS
MPAILISMFAIL-]
[F(NFALL]EQ,11G0TO 320
310 ACCUMSACCUMSEAFHN (ARDY
’ IF (ACCUM,EG,N,)GOTO 310
IF (NFAILY EWw,0,AMC,ACCUM,GE ,ALINE (NFAIL))GUTU 350
TP INFAILLJEULN,AND o (ACCUM, GT L LINE (NFALL) ,AND,
SACCUM (T, ALINE (NFATIL)YI)IOUTY 340
320 OU 330 JsLIMIT MAXNRF i
IF(NFAILY (€L U, AND ,ACCUM,GE ,UPPER)FUUNTSROUNT ¢ ]
330 CONTINUE
[FINFAILY EQ MAXNRF)KNTEANT S
IF (ACCUM LE (RLIMNE (NFALL) ;O ACCUM GE ,ALINE (NFAIL))GUTO 250
340 CONTINUF 1
30 GOTO 300
340 AKOQUNT (K)srQusT
RKOUNT (K )=rNT
IF (K NE NUMH) GOTO 290 ; f ]
TITLEL1 (1) 8 TRUE MTEF> ¢
TITLE2(1) = 'wWOBARILITY
TITLE2(2)=0Y> ¢ |
TITLE6(1)3'MIL=STD 7R
TITLE&(2)m0] C>*
CALL SUM] (NRITENNRMTYF)
wOOE=N
LEVELS=ANRMTHF /1 &
IF (MOD (NPMTSF 4 15) oGToN)LEVELSSLEVELS]
[F(LEVELS ,LE,0)LEVELS=] |
ENCUDE (1643704 TITLEIINRTP |
370 FURMAT (10RTEST PLAN 413,30 C>) 4 J
ENCOUE (4R o 3M0TITLES) MAXNKF F '
380 FORMAT (42RPROHARILITY OF REACHING THE LAST FAILURE (el6e2H)>)
ENCUDE (594390, TITLES) UPPER
300 FURMAT (6IRFRORBARILLITY OF REACRING MAXImUM TEST TIME (oFl0.2,
San HHS)>)
ENCODE (3%,400,TITLET) THETAL a
( N0 FORMAT (| BRLOWER TEST MToF 3 Fl0.2.7TH mOUKS>)
D(1)STMTEF (5)#],0001 ] . i
g D(P)STHTHF (NKMTHF ¢4 ) ® 99969
DO 410 NE] NHMTHF
MTEF (N)STMTAF (Nes) {
410 CONTINUE
( XA=3,
’ 420 JUMPs| i
INTUmS
PO 470 rm] LEVELS
ORITE(6,430)N TP, THETA] {
’ A30 FUMMAT (010,T59,'M[L=STOD 781 C*/TSs, !
(s SITEST PLAN ¢, 13,9C*/T6T,'TRETA ONE = o,
$F10,2.% ROURSY /7)Y
aw [TE(hesal) UPPENR ( mAXNRF
( 460 FURMAT (1 0,TGE o' PRUBABILLITY UF REACHINGY o TTTs pess
SIPNONANILITY CF REACPHINGY /T30.'THUE  mTEF1 (TS,
FomaARIMuUM TEST TIMEr,TAA.*The LAST FALLURE/T32, :
SO (MUURS) o TS0, 0 (*eF10,2eTHIL'HOULNS) 1 .TTY,

"’QY”:

- ———— i s I
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$23(1=r))
00 4AN NaJUMP INTO
IF(N,GT NRMTHF)GUTO 470
JMTHFENes
wHITE(6,450) TMTRF (UMTHF) qCRULMT (N) oOGROUMT (M)
450 FORMAT( 000 qT31eF10,2eTSToFR4eTBOFH4)
ehn CONTINUE
JumbaJUMP L 1S
INTO=INTOe ]S
470 CONTINUE
[F (NOPLOT ,EW,1)G60TO 90
IF (MUDE .GT,0)GOTO @Ry
caLL PLTBEOL(T72.02%00le0el3slaoEL)
CaLL FIASCA(C (1) 42e10,e0S.0MINeUMARHELD)
af0 CoLL PLTSCA (XX e2,eUMINGN,e[1See2)
caLL FLTOTS (3410eMTEF qCROLMT (NRMTRF o 0)
Call PLTAXS(CELD e e2eDMINLFAXeN el aNed)
CaLL LARELA (UELD g o2 UMINeL™AXe0 0l oaleels)
CcaLL PLTSCA (XX 42400,000eNS,,2)
CalLu FLTUTS(2,1062.0590S41.65,1,0)
CALL PLTDOTS (361442.05%0S,1.550140)
CaLL PLISYM( 28 4TITLELe0,e3.,87540S,=,15)
CALL PLTSYM (2S5 TITLE2490,¢=0S,4,225)
caLL PLISYM( 25, TITLE3e0,¢2,125005,1.09)
CaLL PLTSYM( 254 TITLE4e0.e¢3.37500S,1.15)
CaLL PLTSYM( 10, TITLET¢0642.05%0S¢1,.35)
caLL PLTSYM( ,104TITLEG0,62.25%0S541.45)
CALL PLTSYM(,10¢TITLES400e2.25%0S41.55)
CALL PLTSCA(XXe11e7SUMINGN,4US.,2)
CaLL PLTOTS(3e16oMTHBF CROUNT (NRFTHF 40))
CALL FPLTAXS(DELD ¢ o2 DMINGEMAR 40,01 004)
CAaLL L‘EEL‘(QELOQ-ZOOMXNC':"AXOO-O'otl-ol.)
CaLL PLTSCA(XXelleT7540e90,e0S0e?2)
caLL PLTSYM( 2S5 ¢TITLELeN,e3.R75#0S5,=.15)
CaLL PLTISYM(,26eTITLE245044=0S4,22%)
CaLl PLTSYM(,25¢TITLE3906024125%0S.1,05)
CaLL BLTOYM (28 TITLES.N,.43.275%0S.1.19)
490 MOUESHOLE 1
GOTO(S00,51069204,5304560) «MUDE
500 CALL SURI(MRITER MRMTHF yNUME)
xx=17,
GOTU 420
S10 CALL SUBS (P.RMTEF)
Xam3],
6OTO 420
6520 CALL SUBT(NKMTwF)
ARSLS,
wuTO &2¢
530 CaLL SURG (NWmMTHF)
XAsS9,
GUTO 20
840 WrITE(ASSN)DELTAX
SEN FURMAT (910 ,Ta,'THE TNCREMENT VALUE ChOUSEN (*4F10.2.
$0) Fuw THE WANGE OF TRUE MTHFS CUNSIDEwED waS TUO LARGE.'//Ts,
$'CHOUSE A SHALLER INCREMEMNT VALUE SUCH THAT THE INCHEMENT v,
SIVALUE MULTIFPLIED BY FIUR (o) ANU TrHEM SUnTRACTEL'/TT,
SIFROM YOUF WASE MTEF wILL RESULT [N A NUMBEK THAT IS ¢,
S'GREATER THAN ZEWRO,')
Sa0 CALL FLTRGE

sTOP

Enb

SUBHUUTINE SUBY (MRITERNRMTAF)

CumMON AKOUNT (%00) 4BAUUNT (500) "
COmpUN CRUUNT (SN0) ¢OROUMT (S500)

AHITERSHVHITER

0U_ S Nal NRRTRE

. —— - - - v —
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CrRUUNT (M) sARULE T (new) ZARLTER
DROUNT (1) BRRGUMNT (New) ZAA [ TER
CUNT I NUE

RETUNN

END

SURROQUTINE SUNI(NKRITER it TrE qhUMk)
ClimMUN AKOUNT (SNQ) «#KOUNT (S500)
CUMMUN CROUMT (S00) 4uRUUNT (500)
ARITEWRSNK [TEN

DO & K=]  NUME

AROQUNT (R) SARUUNT (K) 7an [ Tew

REGUMT (K) smAGUNT(K) funTTER

CUNT [™ue

PO 10 [=)] dNRMTHEF

CrROUNT (1) = (AKOUNT ([¢3) «AROUNT([*3)) /6, ¢ (AKOUNT(Les)) /2,
OROUMT (1) = (BKUUNT ([43) «mRCUAT ([*9)) /4o e (BROUNT ([ew) ) /2,

CUNT [ VUE
WFE TURN
EnD)
SURKOUTINE SUBS (MRMTHF)
COMMON ARCGUNT (S0U) ¢KOUNT (S00)
COmMUN CKUUMT (S500) (DKOUNT (S00)
NU & [m] NemTwF
CROUNT (1) S (AKOUNT ([ +2) +ASOUAT(1+6)) /10,
€ ¢ (AKQUNT (TI+3) «AKCURT(1+5)) /5.
< e (AKOUNT ([e4))22,/%,
DROUNT (1) = (BROUNT ([e2) +ufOUNT ([+6)) /10,
s e (REOUNT (1 +3) +4KOUNT (I+5)) /S,
[ * (MEOUNT ([+4) ) #2,/5,
CONTINUE
WETUNN
END e
SUHKRUUTINE SUST(NRMTBF) .
COmmON AKOUNT (S00) bXKOURT (SN0)
CUMAUN CROUNT (S00) (UROULT (S00)
CU 9 K| JNFrMTAF
CRUUNT (k)= (4 OUMT (Ko l) s aKOUNT (ReT) ) /22,
¢ (ARQUNT (K e2) sAKOUAT (Ke6) ) /11,
» (AKOQUNT (Re3) o AROURT (ReS))®2,/11.
L * (AKGUNT (Keb))06,/]11,
CROUNT(K) = (RRUUNT (Ko l) +BROUMT (KeT) ) /22,
S (RKQURT (Ke2) o UUNT (K+6) ) /11,
s (MKOUNT (Ke3) ¢ AKOUNT (K+5) ) ®#2,/11,
+ (BKOUNT (Re4) ) w6, /11,
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