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ABSTRACT

The Kolmogorov-Smirnov (K-S) goodness-of-fit test is a
nonparametric test if the random variadble is contiruous, If
the random variatle 1s discrete tne K-S test 1is nrnot
nonparametric,

Two programs for the TI-59 proerammadle calculator are

presented, Continuous E-S" and "Discrete £-S". They are
designed to conduct a K-S test and display the signitricance
level. User instructiors and several sample problems are
presented.

Use of tne “"hidden registers’ in tne TI-59 1is

discussed. The hidden registers are used =a2xtensively in the

program Discrete K-S,
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I. INTRODUCTICN

The sudject of tais tnesis is the one-sample
Kolmogorov-Smirnov (K-S) goodness-of-tit test. The purpose
of the thesis s +to provide the reader with programs
enabling bhim to pertorm K-S tests cn the TI-E£9 proesrammabdle
calculator.

The distinction between continuous and discrete random
variables is a cenmtral 1issve. Different computational
procedures are appropriate when testing a discrete raandom
variable than when testing a continuous random variatle. Two
separate TI-59 programs are provided: Comtinuous X-§" ard
"Discrete K-S".

Section II is a gemeral discussion of the K-S test.
Section IlI -explains the tecanique of iransforming sample
data before performing a K-S test. Section IV discusses the
distridution of test statistics from a continuous K-S test
and provides detailed 1instructions om aow to use the

Continuous X-S prozram. Section V is an analagous

discussion for a discrete K-S test.

Appendicies A and B are entry {iastuctions, proeram
listings, and example prodblems for Continuous K-S ard
Piscrete K-S, respectively. Appendix C presents condensed
user instructions for bdoth programs. Appenaix D Adiscusses

tne use of the "hidden registers ir tne TI-S9,
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1I. THE KOLMOGOROV-SMIRNOV (E-S) TEST

A. OVERVIEV OF THE K-S TEST

Statisticians are often faced witnh observations of a
random variabie based on a population witn an unknown
probabdbility distridbution. A goodness—-of-fit test may te
used to test certain hypotneses about tne relationsnip
between the population’s distridbution and some specified
distribution. The one-sample Kolmosorov-Smirnov (K-S) test
ts a goodness-of-fit test. The term one-sample 1is used
because a two-sample K-S test has also been developed. The
tvo-sample test examines the relationship tetweer two
unknown prodadbility disctridbutions on the basis ot two random
samples from different populations. Only the one-sample K-S
test 1is discussed herein. It will be retfered to below as
simply the "K-S test’.

The K-S test is conducted by comparine Spn, the empirical
cumulative distridbution function (CDF), defined telowv, with
H, the hypothesized CDF, 1If the discrepancy bdetween Sp arnd
H, called the "test statistic’, is larze then we nave strong
evidence that F, the population CDF, does not equal H. The
probadility of odserving a test statistic at least as large
as that realized is called the "sienificance level” of the

test.
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A K-S test is only valid {f outcomes dn the random

variable lie on an ordinal ss3ale. It a random variable maps
events into cells between wnich no ordinal relasionsnip
exists then the chi square gzoodness—ot-test i{s recormended
[(Ref. 1: pp. 237).

Any goodness—of tit test can be either a hypothesis test
or a4 significance test., For a hypothesis test we specify a
null hypothesis, By, an alternative hypothesis, Hy, and an
"alpna level”. After we compute the significance level we
compare it with the alpha level. If the significarce level
1s less than or equal to tne alpha level tnen we reject Ho
and accept H,. Otherwise, we do not reject Ho. To conduct
a significance test we simply compute the significance
level; we are not formally concerned about rejecting Ho.

The requisite computational tecaniques, yet to be
discussed, are identical for hypotaesis and significance
testing. For either type of test the test statistic must te
computed and then evaluated by computing the significarce
level. Hence, the discussion of the K-S test below will
focus on those two steps.

Let X, , Xzv « « « » X, be independent observations cn
the random variadle X wnich has CDF F,. Assume a&an ordinal
relationship exists tetween all possible values ot X, If
Xn o X2 s « « « X(ny represent tne n observations arrdnged

in ascending order then the empirical CDF, Sn is defiaed as:




2 if x < X
Sn(x) ={k/n 1f X< x < Xpp» £=1,2, . . ., 0"1
1 if x 2 X
The K-S test may be used to test the following three
pairs of hypotheses eiven a specitied CILF H. Tre
appropriate test statistic is also listed.
1. H,: F(x) > H(x) for all x

Al rene ek

H : F(x) < H(x) for some x

Test statistic: D~ = sup, (F(x) = S,(x})

D T VN

2. H,: F(x) < H(x) for all x
B, : F(x) > B(x) for some x
Test statistic: D* = sup, (S,(x) - H(x))
3. H,: F(x) = H(x) for all x
H, ¢+ F(x) # H(x) for some x .
Test statistic: D = max(D”, D%
Note tnat by simply specifying B, we implicitly specify H,
since H, 1is the negation of H,. It should also be noted
that the first two null nypotheses listed pertain to what 1is
commonly called "one-sided” tests wnile the tnird pertainms
to a “two-sided” test, The test statistics, D”. D%, anda T,

are collectively called the "K-S statistics' .

B, CALCULATING THE VALUE OF THE TEST STATISTIC
1. Discrete Random Variabple
Ynen examining a discrete random variatie tne the

test statistics D~ and It are found by comparing tre

< e ~BdT S wmman c xS Fghey




empirical and hypotnesized CDFs at each possidble value ot
the random varibple., Mcre precisely,
t

and D

max {¢, max[S,(x) - H(x)]}

max {2, max[H(x) - Sn(x})} .
Figure 1 111ustrate§ this approach.

2. Continuous Random Variable

If we are examinirzg a continuous rardom variabdle we

calculate D* and D~ usinz the values of the empirical and
nypothesized CDFs at the observed values in our sample. The
computation of bt 1s analagous to the procedure used witnh a
discrete random variable. The computation of D™, however,
i1s conceptually different. Using previous notation:

p*

max{@, max[S,(X;) - H(XjyM b 1 =102, ¢ 0 0y m

D

1,2.-.-'11

max{®, max[ﬂ(xd)) - Sn(Xd_n)J}. i
We define X4 = - , thus sn(x(¢)) = 9. Figure 2 illustrates

this approachn,

C. HISTORICAL DRIGINS OF THE K-S TEST

The K-S test was tirst introduced by Kolmogorov ia 1933
[Re?. 2] ana was further developed by Smiranov [Ref. 3J. The
assence of the orieinal work in this 1tield was the
derivation of tne distribution of the ¥-§ statistics D©, D™,
and T, Continuity ot ¢the random wvariable was a key
assumptior in the development of the test. The <statistics
0¥ and DT were discovered to tollow the same distribution

and this distribution wase cerived exactly. Tne distriodution

12




Hypothesized distribution: H(x) = x/5, x =1, 2, %, 4, 5

Sample data: 1, 1, 4, 5 (sample size n = ¢)

H(X), Sn(x’ /r
1.0 1 ————
.9
L» 3 L —— ]
l 6 | G—eee 0
3 4 > - ----a----{-----v <
4 —el>
N
-3 -
k
2 ————O
.l -
b) "1 < 3 <+ s >X
Sp(x): S == === 2
4 +
d° = max{@, max{S,(x) - H(x)]} , x =1,2, 3, 4, 5
b ¢
= ma!{@. ma!{(.ﬁ-.Z). (05-.4)' (05-06)' (.75-.8‘.' (1-1)1}
= max{@¢, max({.3, .1, =-.1, -.¢%, @}}
= ,3
3 4~ ='max{@, max(H(x) - S, (x)J} , x =1, 2, 3, ¢, 5
x
= max{@, max[(.2-.5), (.4-.5), (.6-.%), (.8-.75), (1=-1)1}
= max{@¢, max(-.3, -.1, .1, .0%, @J}
= ,1

Flgure 1

Example: Test Statistics from a Discrete K-S
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e , x < ¢
Hypothesized distridution: H(x) = {2/5 y B L x 8
1T, X »5

Sample data: 1, 1, 4, 5 (ties occur from rounding error)

Hix), Sntx) A
1.0

) 4

SpiX): ®ocsmcn-- H(x): o

d" = max {0, max (Snlx¢yy ) =~ B(x(;y )1} . 1 =1, 2, 3, ¢

i
= max{@, max((.5-.2), (.5-.2), (.75-.8), (1-1)]}

= mat{@. MGX[.SQ -3' ".95, Q]}
= .3

4 = max{ﬂ. max[H(xm ) =S (x(1~l))J} v 1 =1, 2, 3, ¢4
1

= max{@, max[(.z-e). (.2-.5), (.8=-.58), (1-.75)]}
NAX{D. max 02' _03' 03, 025]}
= 3

note: by definition, Xig) = =%, thus, Sn(x(” Y = ¢

Figure 2

Example: Test Statistics from a Continuous K-§

12
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of D was <closely approximated. The accuracy ot the
approximation was shown to be very nign when the
sienificance level of a test is small. Bradley (Ret. 4: pp.
296) has presented a derivation of tne distritution of tne
¥-S statistics which is based uoon, dbut more readabdle than,
the original arguments.

When the nypotheszed distribution, E, equals the true
distridbution, F, and the random variable is continuvous then
the distributions of tne K-S statistics have teen saown toO
be independent of H. For this reason the continuous K-§
test 1is a ~nonparametric  test. Tables are widely
availadle, e.e., Eradley |Ref. 4: pp. 367], delineating the
distribution of the K-S statistics as a function only of
sample size. This is done by showing the "critical values”
of tne test statistics for certain widely used alpra
levels, The user is thus relieved of havine to compute the
signitficance level wnen performing a hypotnesis test. He
need only compute the test statistic aand compare it to the
critical value.

It 1s incorrect to consider tne K-S test to be a
nonparametric test when the random variable of irterest is
discrete. Conover [Ref. 5] nas shown row tne distributions
ot the K-S statistics ftor a discrete random variable are
dependent upon btoth the particular hypothesized distrituticn
and the sample size. It the K-S statistics which result from

testing A discrete random variable are assumed t¢c follow the

13
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distridbutions derived by Kolmogorov then the sSienificance
level computed will be larger tnan the true significance
level. Similarly, reliance on tables such as Eradley’s will
impose critical values that are unnecessarily large for a
given alpha 1level. Ey eitrer relying directly ugon
Kolmogorov’s distributions or upon tables suchn as Bradley’s
the effect is the same. The evidence against H,, the null

nypotnesis, will appear mucn weager (or "less significant’)

than it really is.

14
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III. TRANSFORMATION OF SAMPLE DATA

The KX-S test 1{s wusudlly appliea without employing
transformations on the sample data. HRowever, since it is
sometimes convenient to traasform data tefore conducting &
K-S test, the Continuous K-S program is desgred to utilize
trapsformations as a user nption. Transformations are not
recommended for a discrete K-S test.

Assuyme ¥ is a coantinuous random variable witn CDF H and
a transformation M is defired sucn that M(W) has a known
CTF, G. Furtner assume that we nave observations on &
continuous random variadle X with some unknown CPF, F. Ve
may conduct a K-S test of our hypotnesis concerning the
relationship between T and H in two ways. Without using ary
transformation the empirical CDF S, may be comgpared to E.

Alternatively, the empirical CDF Sn' may be compared tc G,

4

where S,° 1s based upon observatiors of tne random variable
M(X). Botn methods will yield the same test statistic and

sienificance level.

A frequent use o¢f this techaique {s to define tne
transtformation ™ to be the function E, i.e., to invoke the
probadility integral transformation [Ref. 6: pp. 222]. Fer
instance, elven a continuous random variabdble X with CLF E
the probabdility integral transformation tells wus that the

random variabdle H(X) is distridbuted uaitorm (2¢,1). It X is

15




the population random variadle in a X-S test anda H is the
hypotnesizea CDF, we may wisa to compare the empirical CD¥
Sn® trom orservations on H(X) to a uni¢orm (¢,1) CDF. This
might te easier than directly comparing Sn to H. Example 3
in Appendix A iliustrates this approach.

As another example, it is sometimes convenient to emplov
a transtrormation wnen the hypothesized districution is
lognormal. By detinition, tne random variable W is
distributed loenormal (., o°) 1t and oaly it ln(¥) s
distributed normal («, o*) (Ret. 5: pp. 117j. Thue, 1f we
nave observations on a randor variabtle X and we hypothesize
tnat X is distriouted lognormal ( «, #), we may simplitv
computatior by transforming the data. By treating tre
values of 1la(x) as our sampie data anea gormal Qa.gf) as our
nypothesized distribution we can take advantage of the
nermal CDF sudroutine in tae TI-59 calculator. See example

4 in Appendirx A.

16
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IV, ITHE K-5 TEST: CONTINUOUS RANDOM VARIABLE

A. DISTRIBUTIONS OF THE TEST STATISTICS

The test statistic in a K-§ test is a random variabdle
witi a particular probability distribution. After concucting
a K-S test with test statistic T (T = D%, D™, or D) we
observe some value, t, from the distribution of T. To find

the test’s sieniticance level we compute P(T > t). If T =

o+ or D™ it was shown bty Birnbaum and Tingey (Ref. 7] that
[a(1=-t)}
n n- J=1
(1v.1) P(T>t) = t Z | (1-t-3/n) (t+3/n)
J =8

1
where n {s sample size, (J) = n!/3!{n=3)! , and [n(1-t)]

1s the largest integer contained in n(1-t}. For T = D the
probability value above snould bde doubdled. The significance
levels computed with equation IV.1 wiil bde exact for

one~-sided tests. For a two-sided test the doubled result

will be an upper bound on tne true significance level. The
difference tetween tne upper bound and the exact valuve will
he negligidle when P(T > t) is small.

For large sample sizes tnere are useful approximations
to equation IV.1, dut their accuracies are marginal for

sample sizes as small as a = 5¢. On tne other nand, the

17
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difficulty in using equation IV.,1 for hnand computaticn 1is
considerabdle tor sample sizes a&reater then n = 1¢.

Furthermore, even finding the value of the test statistic
can be tedious. The Continuous K-S proeram imrplerents
equation IV.1 using a TI-59 calculator and 1is listed 1{n
Appendix A alone vwith several example problems. The prozram
is designed for sample sizes less than n = £€ and is used as

tollows,

2. TUSER INTRUCTIONS FOR "CONTINUOUS X-S" PROGRAM

STEP ONE = Specitying the test: The user must choose
wnoich continuous probabilicty distridbution, H, will be
compared aeainst the empirical distribution trom the sample
data (or tne transformed sample data). Tne program’s
options for B are: normal, exporential, Weidull, or
uniform. If H is normal then tne Applied Statistics module
must be used, otnherwise, any module may be uced in the
calulator. The user must specifty the apgrogpriate
parameter(s) of H,

STEP 7T™W0 - Entering the data: Once the test {is
specified, read bdoth sides of Card 1 (Comtinuous K-S) {nto
the TI-59. A printer may be used but it is not required.

To onter the data (in any order):

18




Enter Press Display Printer (Optional)
E 399 .69
X; A 1 X;
(4 =1, vos 5 1) !
c 1 "INPUT DATA™
Xep @1
sorted | . .
data . .
Xy D
) n+1
¢ n+2
ignore .

"

Pnere will be a delay after pressing C  woile tne
calculator sorts the data 1iato ascending order. For a
sample of <ize 12 tnis will take about 1 minute waile for
the maximum sample size of T4 tne sorting requires about 15
minutes. The user may find it preferable to sort tae data
nimself. If the user enters the data in ascending order the
delay will te between 1¢ ama 75 seconds after pressing "t
depending upon sample size. If the printer 1ls wused a
listing of the ordered input data will be produced.

If the sorted data are to be tested directly withcut the
use of a transtormation the next step should be omitted.

STEP THEREE - Trarsforming tae data: If a tramsorrmation
M {s desired the user must provide it as a subroutine tor
Card 1. Tre subroutine must begin witn "L3L 2°" and ernd

with "INV SBR". After Card 1 has ©veen read into 1ihe

19
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calculator tnhe ucser saould enter tne subroutine, teginning
at program step 325, It must not exceed 7E steps in
lengtn. For a sample size of size n, tne sutroutine must
use only registers numbered n+i tarough 57. The subroutine
should bde written to te called wnen value X is currently in
the "x-register" and M(X), i.e., the transformed value, |{is
to be returned to the main program by tne subdbroutine.
For exa~ple, assume a transformation t defined as :
M(X) = (X=2)/3 .
After re:z:'ing Card 1 into tne calculator the approrriate

steps 4re:

Press Display
GTO 325
LRN 325 &
LBL 326 0¢
B’ 327 @@
- 328 Lk
2 329 (¢
) 33¢ oo
+ 331 €
3 332 00
) 333 00
INY SBR 334 @
LRN

After enterine the tranforrmation the uSer should test it
petore proceeding. In tne abdove example M(8) = 2. To
test: enter '€, press E’", and the calculator snould
display "2".

After validating the transformation subroutine tne user
snould press "B’". Wnen tnen transformation 1is completed

M(X(n)) is displayed. If a pricter is used the transtcrmed

29
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data are listed. Tne user is nowv ready to perform tne K-§
test.

If the nypothesized distridution, B, is lognormal (. o*)
then a different procedure is followed since the approrriate |
transtorration is provided as an optional subroutire on Card A

1. After entering the data and pressing 'C the program

will sort {or confirm that the user has sorted) the origircal
data. The user tnen presses A“ . This will tramsform eacn
observed value of X to 1n(X). The calculator will display
In(X;pny) @ few moments later and, 1f a printer is used, a
listing of tne transormed data will be produced. The X-§
test can themn be conducted by comparing tne traasformed data
to a normal («,¢") distridution.

It B is loenormal then a K-S test can bde pertormed with
Continuous £-S oniy if tne sample data {is trapmsformed. A
lognormal random variable is strictly positive. Fence, {f
any ipput values are nronpositive the calculator wiil flash

- arter "A’" is pressed, indicatiae an error.

STEP FOTR - Conducting tne test: Both sides of Card 2
(Continuous %-S) should be read into the calculator. Card 2
1s initialized difterently depending on tae rhypothesis bdeirg

tested.

a. Initialization:

(1) press Ao if Ho: TF(x) = H(x) for all x
B, : F(x) # Z(x) for some x
21
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(2) press B if Ho: F(x) > E(x) for all x
B : F(x) < 8(x) ¢tor some x
(3) press C if Ho: F(x) < H(x) ¢for all x
H ¢ F(x) > B(x) tor some x
In all cases "@  1is displayed. If tne user chanmges nis mind
about the direction ot his hypotheses atter i{nitializiraz he
should press RST" bvefore pressing the correct user lavel.
b. Definine H and computine sieniticance level (S.L.):
(1) Normal (u, ¢*)
Enter Press Dispiay
A A’ A
a R/S S.L.
: Ax
(2) Exponential (A) { BH(x) =1 -¢e"" ; xd¢ }
Eater Press Display
A B’ 1
1 R/S S.L.
-4
-(Ax)" .
(3) Wetidull (A, <) { Ex) =1 ~-e ;X0 }
Enter Press Display
X B’ 1
o R/S S.L.
(4) Uniform (a,d)
b Enter Press Display
a c’ a
b R/S S.L.
The computation time will vary from 1 minute witn sample

size of 10 up to 2¢ minutes for tne maximum sample size

54, After tnhe computation

level {s displayed tne user may recall the test

from register 2.
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STEP FIVE - Evaluating the siznificance level:
The significance level computed may be considered exact if
conducting a one-sided test. After conductirg a two-sided
test 1if tne significance level computed is less than .1 it
may be comsidered accurate to 4 decimal plﬁces. [{Ret. 4:
pp. 3€1} Since most alpra levelis are at most .1 it is
anticipated that virtually all user requirements will be
satisfied with this deeree of accuracy.

wnen the data —agree closely” with thne hyrotnesized
i1istribution then the sienificance level computed in a
two-sided test may be considerably larger tnan thne trué
value; it may even exceed 1. Wnen this happens the user
should conclude that the sample data is consistent with the

null hypotnesis.

-
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C. USER INSTRUCTIONS TO EVALUATE A GIVEN TEST STATISTIC

It a user already knows the value ot the test sStatistic
from a K-S test on a8 continous random variable ne may use
Continous X-S in the TI-59 to evaluate the- sieniricance
level., Tnis will provide tne wuser with more precise
inrormation than he c¢ould get by consulting a tabdble of
critical values,

Assume that a K-S test was conducted with Ssample size n
and that the observed value of the test statistic was t.
The user should first repartition the calculator by entering

7" and pressing “Op 17". The calculator will display

"399.69". Both sides of Card 2 snould tnen be read into the

calculator. The sienificance level (S.L.) of the test may

be computed by the following steps:

Enter Press Display

n ST0 59 n
t STO' 90 t
E s.l.
- If the test was one-sided tne significance level «daisplayed

may be considered exact. [t n and t were trom a two-sided
test the significance level displayed should be doubdbled. The

comments in STEP FIVE of the USER INSTRUCTIONS above apply

when using the precgram to evaluate a known test statistic

trom a two-sided test.
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V. THE K-S TEST: DISCRETE RANDOM VARIAELE

A. THE DISTRIBUTIONS OF TEST STATISTICS
The distributions of the K-S statistics are not
independent of tne hypothesized distribution, E, wnen tne
random variable is discrete. If a test statistic in such a
case is evaluated using formula IV. 1 (employed by
Continuous K~S) the sienitricance level computed should bde
viewed as a very conservative upper bound on the true
significance level. Conover |[Retf. 5] has derived the
distridution of +tne K-S statistics wnen H is daiscrete. He
has shown that
(n(1-t)]
. n n-J
(v.1) P(D > t) = t; ej
J
J =0
with notation derined as:
1. [n(1-t)] is tne largest interger in n(1-d)

n
2. ( ) = a!/)!'(a=J)!
J

3. £ = P{X < Hd(l -t - J/n + eps)}

where X nas distribution function B and

+ , Pp>1
HJ(p) = sup {x; H(x) < p} s £ < p <1

- 20 ' p <o
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y=o0

5. The value "eps 1is a positive number that approaches,

but does not reach, zero. In the notation of the limit

arzuments from calculus: eps—g'.

Similarly,
{a(1-t)]
n n-j
(v.2) P(D™ > t) = Z () c; b)'
3 .
J =0

with additional notation defined as:

1. ¢ P{X > B (v + j/n)}

2. b = 1 and

J=e
Finally, for a two-sided test, the distribution of D is
closely approximated as follows for small values of t:
(v.3.) P(D > t) = P(D"> t) +# P(D™> t) = P(L*> t)P(D"D> t)/2
With a maximum error term ot P(D" > ¢)P(D” > 1t)/2. For

significance levels less than or equal to .1 the error will

be neglibdle.




B. USER INSTRUCTIONS FOR "DISCRETE K~S" PROGRAM

The equations defined above require an unacceptable
amount of effort to employ by m8nand <computation. The
Discrete X-S proeram implements them on the TI-59 calculator
and {s listed in Appendix B along wita several example

problems.

STEP ONE - Checking the Problem Size:

Discrete K-S s desigzned ¢to test a discrete random
variabdle with m possitle outcomes., It may be necessary to
aggregate possible outcomes into cells since m must be less
than 21. With a <ample of size n the program can perform a
X-S test if {[n(1-t)] + m} < 54. Ey convention, [n(1-t)] 1is
defined to be the largest integer in n(1-t). Of course, tne
value of ¢, the test statistic, is unknown before tae test
is conducted but i¥ (n + m) < 54 then the requiremeat above
is certainly met. If (n + m) is only slightly greater than
54 the data should be entered and processed with Card 1 as
explained belew. The program will compute tne value of the
test statistic and indicate if the problem is too0o larse 10O

complete.

STEP TWO ~ Detining the Hypothesized Distribution:

Eacn possible valve of the random variable teing
investigated must be classitied as talling in one of the m
cells., Tne user must specify tne nypothesized distritution,

H, 4in terms of the cells. This may be done in one of two
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ways. For each cell i1 tne user can specify eitner n; or
R;. For a random observation, X, on the random variable we

define h; and Hi as follows:

hj P(X is in cell 1) , 1 =1, 2, ¢« « o o M

By

We call h; the mass value of cell 1 and HEj the cumulative

P(x1§1n0311j;‘]£1\0 1 =1, 2, «. &« o oM

mass value of cell 1. The number of the n sample

observations that fall into cell i is demoted Xg.

STEP THREE - Initializingz tne Program and Entering the
Data:
Read both sides of Card 1 (Discrete ¥X-S) into tne

calculator and proceed as follows.

Enter Press Display
E 0
(it H defined by nis)
E/ e
(if H defined by Hjs)
m R/S m
n R/S 1
h, or H, R/S 2
n, or H, R/S 3
By O Hm-, R/S m
R, or H,, R/S 1 (see Note 1)
e R/S 2
X2 R/S 3
X1 R/S m
X R/S 2 (see Note 2)
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Note 1: If H was entered by mass values n; , i =1, 2,
« « <y mand (hy + Ry + . . . + hy) is not betwveen .99 and
1.91 then error code 22" will te diplayed after nm 1s
entered. The user can press xit  to display (h, + b, + . .
. +h,). Ideally, tne mass values will always sum to 1 but
the user may be usinz rounded values which do not. If the
user wishes to proceed witn tne K-S test after error code
"22" is displayed he should press A’ . This will cause the
mases values to be normalized so they will <cum t0 1.
Normally, ¢this should only be done i{f a more accurate
statement of mass values 1s unavailable.

Note 2: If (X, + X2 + . . . + Xn) # n then error code

"33" will be displayed. Tne test cannot proceed.

STEP FOUR - Computing the Test Statistic:
After completing tne Initialization and Data Entry
sequence the test statistic, t, should be computed.

If H,: F(x)

B(x) tnen press A.

I H,

F(x) > H(x) then press E.

If B, F(x) < H(x) tnen press C.

After processing the data and computing the appropriate
test statistic, t, the calculator will either display t or
"44", The latter indicates that the problem 1S too large
for Discrete K-S, The user can recall t from register ¢¢.
It ¢t is displayed (always a number between @ and 1) then the

user can proceed with the test,
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STEP FIVE - Computing the Significance Level:

After the test statistic is displayed the program has
automatically repartitioned the calculator to allow Card 2
to dbe read irto the calculator. The user is cautioned not
to press CP" or "RST  between using Card 1 and Card 2. Tais
{s important because certain flags are set in the calculator
during the previous steps.

To compute the significance 1level of the test simply
read Card 2, both sides, into the calculator and press A .
If a one-sided test 1is conducted, then the significance
level displayed may be conczidered exact. If a two-sided
test is conducted then the calculator displays an
approximate significance level., Tne following steps may be

used to judge the quality of the approximation:

Press Display
B upper bound on S.L.

B, x5t lower bdound on S,L. ]
¢ maximum error in point estimate of S.L.
D recall point estimate ot S.L.

After the test s completed ¢the calculator can bde
restored to normal partitioning by pressinz "E .

The user should be aware that the time required to
compute a sieniticance level can be coasideradle. The

following table may be used to estimate computing time.

:! 30




Problem Size: Time to compute significance level:
n m one-sided test two-sided test

10 5 3 min, 3@ sec 7 min

20 10 45 min 90 min

40 12 2 nours 4 nours

It the user needs the <capability to handle lareer
problems and/or process data quickly a FORTRAN program has

been developed by Allen [Ret. 9] for this purpose.
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APPENDIX A

CONTINUOUS K=~S: ENTRY PROCEDURE, LISTING, AND EXAMPLES

A. ENTRY PROCEDURE

The program is oreanized in two distinct parts, Card 1
and Card 2. Card 1 should be recorded on a magnetic card
using banks 1 and 2 [Ref. 8: pp. VII-2] with the calculator
in standard partitioning [Ref. 8: pp. V-22]. Card 2 should
also be recorded on banks 1 and 2 bdut with partitioning
399.69.

It should be noted in the program listing below that
Cards 1 and 2 bdoth use tne Dsz command followed by
register numbers greater than 9. The user’s manual [Ref. 8: N
pp. V-63] 1implies tnat this will not work but, in fact, it
does. The user has to use a special entry technique to &zet
the program steps 1into the calculator correctly, nowever.
One very convenient way to accomplish this s 1illustrated

easily by an example.

Assume that the steps at one rpoint in the program are
"Dsz, 58". The user can ¢tirst enter ~STO, 587, then
backstep twice until "42" 1is in the display (for "ST0"). He
should then overwrite the "STO" cormand by pressing "Dsz .
This will leave "58"° 1in the display. BHe should then advance
the prozram pointer one step ( with "SST ) and continue

entering tne rest of the program.
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B. CONTINUOUS K-§ PROGRAM  LISTING
CARD 1
DoQ T e LBL ' " D45 BT + "
001 96 WRT 046 43 RCL ‘
ooz 22 INY 047 A8 &2
0oz &8 STF 048 5S4 > X
a04 02 03 049 42 ST0 ;
oNs 53 ¢ S0 69 69 ;
0as 53 051 29 CP '
o7 - 43 RCL ns2 53 « i
002 . &8 - B8 153 79 RC#* .
- 009 23 LHNX 054 _66. €6 1
01@- 55+ ass 75 - |
- 011 0z 2 : 0S6 73 RCx
‘P12 23 LNXK 3 057 65 &5 ;
C4 Q32 94 D { 0sz 54 ) j
0t4 S9 INT ! ngse 77 GE i
015 32 Hi ’ gs0 Q0 2o i
0ts 02 2 a61 F1 T ;
17 4% vX . 062 83 EX* 1
018 32 RIT 063 66 £& .
013 S4 ' 064 &2 Ex# {
020 59 INT . . DES B85 &5 ]
21 42 5TO 056 63 Ex |
022 &7 67 067 &6 66
023 29 CF ! © DE3 22 INY ]
o294 &7 EB . ne3 96 3TF i
025 38 SIN ! 070 03 03 g
025 27 IFF % o771 0r 1 {
g2y 0z 03 T2 44 sUM
gz2a Qo oo ] 73 &% &5 1
029 33 83 . 074 44 5UNM )
030 86 STF ! O7S &6  £& .
0zt 02 03 A 076 97 D&Z ‘
032 2% CLR | . 077 6% K3
033 .42 STOD | gra oo 00 ;
034 . 85 635 i ava 1 31 !
035 42 SY¥O0 ) g0 el 5TO
,035% 66~ 65 ' 0SS! 00 00
037 43 RCL g2 26 26
038 &7 67 *1 083 22 INY
039 44 SUM 034 86 STF
043 66 B8 | 035 03 03
041 33 ¢ H s 853 ¢
042 O +-- { 087 43 RCL
043 B85 + 1 3% &7 &7
SRR * - 1. N * 3 S WO R
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CONTINUOUS K-S, CARD 1 (con’t)
pge ss e T - 135 92 A T
090 02 2 136 71 S5BR '
g1 §4 137 0z 02 :
naz2 &1 GTO 13¢ &0 &0 j
Q93 Q0 00 : 139 .98 ADY :
094 20 20 , 140 01 1

095 25 CLR , 141 22 IN¥

D96 42 :TU 142 90 LST

097 &8 143 92 RTHM
pag 92 prn 144 26 LBL _
039 76 LBL , 145 38 SINM :

100 15 E 145 43 RCL
101" 25 CLR ; 147 5% 59 :
162 ar 7 ! 145 42 570
103 &9 OP i 143 S 58 3
104 17 17 d 1sg 75 - :
105 8¢ STF : 151 01 1 ;
106 D2 08 ' 152 5S4 1

107 . 47 CMS : 153 42 3T0
108 92 RTHN : 154 S7 ST *
10¢ .76 LBL : 155 73 RC# -
11§ 11 A 156 57 57 _
115599 PRT | 157 72 ST* |
j!éﬂ{?2 5T* 158 5% S8 &
11368 63 159 01 1 1
1147 32 V T ) 160 94 +-- :
115 0% - ; 161 44 SUM :
116 44 sum : 162 ST S7 i
11768 63 i 163 97 DS i
T ‘118 44 SUM i 164 S8 S8 ]
- 119 59 59 ] 165 01 0t ~
. 120 43 RCL ; 166 55 55 |
-121 68 638 1 167 92 RTH :
. 122 92 RTHN 168 76 LBL §
-.123 76 LBL ‘ 163 16 A* {
o124 12 C ] 170 43 ROL !
%7 125. 71 SBR ! 171 5% 59 :
126 02 02 172 42 5TD ‘

127 85 85 . 172 S8 S8

128 01 1 ; 174 73 RC#

129 22 INY ; 175 S8 S8

120 44 ,um : 176 23 LN

131 682 , 177 T2 ST+

132 71 SBR . 178 S8 S8

133 926 WRT ' 179 97 DSZI
e A38...98, 80 . .lmBQ .88 98 ..
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CONTINUOUS K-S, CARD 1 (con’t)

ot 0t ' 2z7 02
T4 T4 22z 0QC
e C* 229 Ol
32 RTH 230 07
76 LBL 231 0L
17 B* 232 06
42 RCL 233 00
59 5% 234 Q0
3 42 370 : 235 0Ot
. 130 58 138 : 235 06
<191 73 RC# 227 69 O

192 58 S9 238 0%

193 71 SBR 239 01

194 10 E® 240 02
195 72 ST+ 241
196 58 38 242 07
197 97 DSZ 243 01
198 5% 38 Z44 Q3
%ﬁﬁ' 133 01 0Ot ; 245 00
i 200 91 2 1 245 00

201 18 ©°
: 2024 92 RTH , :
E 203 76 LBL : 249 B
204 18 C! : 250 04

o 0 30 0D 00

v LA e ) ol e

P e ontias
D]
o

=4

[
P L it e

—
w0 W
0 m

w

»»—-4.-"‘“-\-1‘-‘)&.:'_--&4.-
o
[ 3]
'DIDCJOIL'JP-“~J(OUJHD'UU‘-N

[}
S N
o =d

o

(o]

jw
)

[}
e
£

205. 98 ADY | 251 69 :
206 ' 98 ADY ' 82 0% 0S5 .
207 03 3 i 252 €9 OP
208 07 7 , 254 00 00
209 03 2 ' 255 Q8 ADY
SN 210 05 S : 256 01 1
: 211 01 1 1 257 22 INY
: 212 03 3 ; seg 90 LST
Z 213 €9 OF ; 253 92 RTH !
‘ 214 01 01 ¢ 260 08 2 ‘
i 215 03 3 ; 261 04 4 :
; . 215 01 ) ‘ 262 03 3 !
; 217 03 3 263 01 1
3 218 06 & 264 03 3
| z1e 02 2 265 03 2
220 01 1 266 04 4
221 03 .3 357 01 1
272 02 2. 263 03 3
223 0% 3 23 07 T
224 05 % 270 6% OP
2z 63 OP , 271 Q2 02
v 3-26._.:.&202 --'j e e 35-?- 01 1 - .
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CONTINUOUS K-S, CARD 1 (con’t)

R rc R - - ‘ T a0t 32 KT
_ 274 01 1 0z 77 GE
~275 03 3 03 02 03
‘278 02 3 04 06 06
377 Q7 7 305 92 RTH
278 01 1 ; 306 01 1
273 03 3 : 307 44 Sum
230 69 DP : 303 S& 58
281 03 03 3 30% 37 DSZ i
282 69 OP 310 58 58 |
2§3. 05 05 ! 211 0z 02 |
234 92 RTN | 212 9z az |
235 43 RCL 313 71 SBR
386 59 59 | 314 38 SIN j
287 75 - z 215 98 ADY A
g 282 01 1 1 316 98 ADY 4
@89 54 ] 217 71 SBR
.-230 42 STO | 18 N2 02 1
291 S8 53 312 &0 sn !
. %2 73 RCE 7| 320 92 ADY  d
293 se 58 | 321 01 1 ¥
294 32 ¥! \ 352 22 IHY |
295 01 1 g 323 a0 LST
296 22 INV | _324.. 31 Ré3_. .
297 44 SUM |
. 298 S8 58 i
289 73 RC# |

230D, .98 .58 .
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CONTINUOUS K-S, CARD 2

oo 7E LBLT . pag o5 5% 0
oL 19 e 048 7& LBL
Qo2 ¥7 0 GE 47 12 C*
o3 00 a0 045 36 STF
go4 D& 0& p4e 0z 02
gos 22 WiT nsn 42 370
g0& 32 RTN 1 62 83
pOo7 TE LBL NSz 91 ReS
008 12 B 053 42 570
u%g 86 STF 054 &2 B2
0 04 04 J5% o0 Q
011 &1 GT0 ase 42 8100
012 11 A 0sT 62 83 |
013 Fé& LBL 0ss 42 STOD
814 13 C S &7 B7 ¢
015 86 3STF gen 42 370 .
g16 05 05 et 65 65
317 76 LBL DRz %3 RCL
D13 11 A pEZ 5% 59
D19 25 CLR o084 42 370
G20 91 RsS 085 6E 66
- 021 76 LBL ags 85+
. -o22 18 A DET 01 1
./'g23 42 570 063 42 STO
< 024 63 83 063 €4 64
025 91 R-3 AT 54
026 42 370 071 42 ST0D ¢
027 62 &2 72 00 00
028 61 570 ¢ v 29
. . p2% 00 00 . 074 94 +o-
- 030 35 5% g7s  FE ST#
031 76 LBL 0%s 00 0D
. 0832 17 B’ 3 DP7T 73 RC#
., 033 35 STF 072 64 €4
: L p34.01 01 4 pTa 32 W7
‘ - p3s. 42 sT00 030 01 1 '
03 63 63 051 44 UM
CToo037 011 i D82 &4 64
“L7 038 42 57D ¢ 023 T3 RC#
039 &2 &2 024 B4 64
740 91 RsS 0es &7 EQ
nN41 2 S70 ! ET- S DU 1}
042 62 B2 | 0BT 45 48
042 &1 570 ‘ RDURURNN -1~ Ut D D SO
0440000 .
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CONTINUOUS K-S, CARD 2 {con’t)

DA v R e N}

nEe 22 OINY 13
Q50 44 SUM 13
a3y e 64 13
gaz 22 A 12
n93 71 SBR 13
o3¢ Q1 0t 140
nas 33 33 141
Q95 42 =70 142
. 097 oo 00 143
xﬁggpes.h43 RCL 144
3099 TR Ad 145
100 5% =+ 146
101 43 RCL ( 147
{02 59 99 : 142
103 54 ‘ 149
104 75 - 150
105 43 RCL 151
106 00 00 152
107 54 153
108 32 KIT 154
109 43 RCL 155
110 &2 &8 156
111 19 D° 157
112 42 870 153
. 113 £8 68 159
; 114 43 RCL 180
115 64 54 161
116 75 - 162
S 1170y 1 163
[ 118 7S - j 164
| 1 43 RCL 165
. ‘ 83 ! 166
t 3 167
+ 163
k RCL 169
| 59 17
; ) : 171
' +7/- § 172
+ t 173
RCL 4 174
o0 1 175
) * 176
RiT : 77
3 PLL 178

133 87 179

ad

(X))
DA |
=40

0w

o
s
= D

P N

- B e e e

o mJ\E*.iMLg.»-n S e " PR v '1"\{1 LC‘ E'A_- e
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CONTINUOUS K-S, CARD 2 (con’t)

131 99 PRT THY
122 21 R-S QE
a3 a2y IF az
18¢ 01 0% 50
185 0z 02 ) 24
126 03 03 p) -
137 2aF IFF b RCL
188 0z Q2 . 2
189 0z 02
R 8- T I - - “iT
.19l TS - T RCL

—
SR o)
WK

[ 38 9

Lo 020D
)

D, e
L

[
o3
N
4]

)
G @D 4 O e e i

v

195 55 =
2 RCL
62 B2 . 1.3
54 3 i
26 PG MT
15 1% )
12 B RTH

32 RTH
65 x

43 RCL &1
53 B3 -
54 ) :

45 ¥ E
42 RZL * 5T0
' €2 A2 o0
54, ) 1
9T - -

22 IHY B '
3 LN P

94 +/- i )
85  + 7 570
01 % § 1)

5S4 ! X
92 RTHN : RCL
3z W i 265 59 59

42 RCL \ 265 54
62 &3 ' 267 59 INT

7?7 GE : FRES B 4

gz 02 ! 2e3 01 1

224 42 48 : T3 54
225 43 RCL . 271 42 370
NERPOTUIRY->-3 - N - Y- - V- P | e ... 272 B8 &8
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CONTINUOUS K-S, CARD 2 (con’t)

273 43 RCL 219 44 SUM
27 52 59 320 &5 &5
273 42 =270 221 44 Sim
276 &7 67 322 56 56 |
277 35 1o I3 2T OINY : |
27 42 570 324 44 5UNM
273 58 53 325 &7 ET }
250 43 RECL A26 T RCL |
22 oo 00 327 38 5%
”93 42 370 328 2& IWV
233 9S7 §S7 229 44 s5UAM
284 Q0 0 330 BRE &R
255 42 STO 331 44 SUM ;
238 83 55 332 57 57 }
287 42 ST0O 2223 97 DsZ
288 Bl A1 334 £ AR
=82 0t 1 335 02 Q2 3
290 94 +-- 326 2T 33
231 42 570 337 43 RoL
292 5& 56 . 338 81l &t
293 71 ZBR ! 339 B
294 03 03 . 240 43 RCL
295 46 45 : 241 Q0 00

296 42 3T0 | 342 54 )
‘297 60 60 | 243 9% ADY
298 43 RCL 344 3% ADY
299 EE BB 345 92 RTHM
300 45 X :

301 43 RCL 4 : :
302 &7 67 248 42 §T0

JPPTIP P

PR
(X ]
'
(s 2]

i AN &
A
Dy
-

303 S4 i 349 B3 63 .
304 43 PRD 350 32 KIT
305 60 &0 | 351 00 O ‘
306 43 RCL 352 22 INY
307 57 S7 | 353 &7 E@
©.308 45 vx : 354 03 03

.7 309 43 RCL ’ 355 5& 58
-~ 310 56 56 : 356 01 1
S 311 S4 ) : 357 92 RTN
L1312 49 PRD : 358 01 1 :
7,313 60 60 : ., ..39% &g STOQ _ .
214 43 RCL g
315 60 &0 '
316 44 eum
37T At
e a . AL QLMML~.m
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CONTINDOUS K-S,

[(BESNOEARBEHENNGOEIVE A RIVE RO OJC.O QO Y Q) ) L Lo 53 03 O3 0

(R P VRSN I il Tt B I Bl Tl Il B I IRl s (0w s 02 s ST w0 CRUE IR0 R
(5 I 3

386
387
288
- 389
1 .390
391
392"
393
324
L3935
395
397

393

s tansis ¥ s e

I Y O N e RYs xR Ws UROE IR NPV I G T N I x gt N SRDR | I SHURM KV e

CARD 2 (con’t)

2 82
42 RCL
863 B3
QA4 4. -

35 +
43 RCL
59 99

S4 )
Ay
- vl
43 RECL
53 B3

22 INY

¥r GE

ns o3
g0 &0
am e
D= ]
42 370
3 53 {

43 RCL _
64 B4

43 RCL

R3 Do

54

43 FRD

62 B2 v

22 INV
44 SUM
64 &4

‘
97 psz
63 63

03 03
g0 8a i
42 RCL !

38 RIN, L _d
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C. CONTINUOUS K-S EXAMPLE PROBLEMS
1. Example 1
as Problem:
B, : F(x) = H(x) for all x, where H = Unirorm (¢,5), i.e.,
1 ’ x>5
B(x) ={ x/5, ¢ <x<5
¢ ' x <9
H, ¢ F(x) = B(x) tor some x
Sample size = n = 1¢
Sample data: 0.8, 4.9, 0.2, 2.6, 3.8, 0.6, 1.2, 4.8, 1.2, 1.4
b. Solution:

Read Y»oth sides of Card 1 into the calculator, then:

ENTER PRESS DISPLAY PRINTOUT COMMENTS
E 399 .69 new partitioning
e.g A 1 g.8
4.0 A 2 4.9
. . . . sample data
1.4 A 1¢ 1.4
c 1 INPUT DATA {Time: 1 min, 20 sec)
.2 @21
2.6 €2
. sorted sample data
4.8 10
g. 11
¢. 12 iznore
(con’t)
42
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After completineg the previous steps using Card 1 read both

sides of Card 2 into tne calculator. Do not press 'CP" or

"RST". Complete the test as rollows:

ENTER PRESS DISPLAY PRINTOUT COMMENTS
A' 2 two-tailed test
2 c @ B = Uniform (0,5)
5 R/S «2073748895 ,2073748895 significance level

(Time: 1 min, 32 sec)
Since the test conducted was a ‘two-tailed test the
signiticance level computed is approximate. The user {is
assured that the true significance level is no greater than

the value computed. The user may recall the test statistic

t = .32 from register 00.
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2, Example 2
a, Problem:

F(x) < E(x) for all x, where H = Normal (3, 2%)

Ho ¢
B, ¢ F(x) > H(x) tor some x
Sample size = n = &
Sample data: 11.462, ~-¢.311, ¥.555, 5.711, ~¢.g78
b. Solution:
Read voth sides of card 1 into the calculator, then:
ENTER PRESS LISPLAY PRINTOUT COMMENTS 3
E 399.69 new partitioning |
1.462 A 1 1.462
-9.311 A 2 -2.311
2.5585 A 3 ©.555 sample data
5.711 A 4 5.711
-0.078 A 5 -0.a78
c 1 INPUT DATA {(Time: 3¢ sec]
-2.311 @91
-g.0878 @2
2.555 @3 Sorted Sample Tata
1.462 04
5.711 @5
2. @6
e. o7
. ignore

Read Card 2, bdoth sides, into the caiculator, then:

‘ ENTER PRESS DISPLAY PRINTOUT COMMENTS
f 3 e one~tailed test ,
3 A’ 3 B = Normal (2, 27)
2 R/S  .0201669866 .02¢0168986€ significance level

[Time: 53 sec)
The user may recall the test statistic t = .E79€534154 rrom
register 90,




3. Example 3
a. Probdblem:
Bot F(x) = H(x) for all x, waere
e x < ¢
B(x) ={f/& , e {x <2
) N x> 2
Hy ¢ F(x) # #(x) for some x
Sample size n = 1@
Sample data: 1.8, 1.0, 1.3, ¢.5, 1.9€, ¢.95, 1.91,
2.75, 1.85%,/1.6
b. Discussion:

Continuous X~S does not have a subroutine to
evaluate ine hypothesized CDF H for this protlem, Tris 1is
an ideal situation 110 1invoke the provasility 1intesral
transformation. Under tne null hypotnesis X nas CLF H,
thus, H(X) 4is distriduted wuaitorr (¢,1) uader the 1auil
hypotnesis. If we transorm eacn sample data value witnh B,
defined adbove, then we can proceed with tne X-~5 test usine a
uniform (6,1) distribdution in place of tne orzinal

hypotnesized distridution.
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c. Solution:

Read bdoth sides of Card 1 into tne calculator, then:

ENTER PRESS DISPLAY PRINTOUT COMMENT
E 399.69 new partitioning
1.8 A 1 1.8
1.9 A 2 1.9
. . . . sample data
1.6 A 10 1.6
C 1 INPUT DATA (Time: 1 min, 22 sec]
2.5 21
.75 @2
. sorted sample data
1.98 10
. 11
. 12
. ianore
GTO 325 1 \
LRN 32% 09
LBL 326 00
B’ 327 G0
7~ 328 90 $ Transformation
+ 329 00 Subroutine H
4 338 ¢C0
) 331 @¢
INY SBR 332 €9
' LRN 1 /
2 B’ 1 Subroutine test
B’ TRANSFORMED DATA
v.0625 01
9.140625 €2
6.225625 03
2.25 ¢Ca
2.422% ¢85 » Transformed data
.64 @6
¢.81 @7
@.85562%5 @8
9.912025 29 /
¢.0e¢1 1¢
. 11
2. 12 ignore
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Read doth sides of Card 2 into the calculator, then:

ENTER PRESS DISPLAY PRINTOU?T COMMENT
A ] twvo~sided test
N 2 c’ ¢ unitorm (@,1)
1 R/S 7275048241 7275048421 upper bound on

significance level
(Time: 2 min]

If tne significance level computed nhad bdeen .1 or less we
could consider it exact. With as value as larze as that
computed, DRnowever, we snould consider it an upper bound on
the true sgnificance level and conclude that the sample data
and the null hypothesis are in close agreement. The user

may recall the test statistic t = .21 from register @2.
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4., Example 4
a. Probdlem:

2
B, 3 F(x) > E(x) tor all x, where E = loaznormal (3, 5 )

H, ¢+ F(x) < E(x) for some x

Sample size =131 = 7

Sample data: 99.31, 22.47, .u608, I294.5, 4.95, 14.88, 29.96
b, Discussion:

This problem demonstrates the use of the natural
log transformation. It is appropriate when the hypothesized
distribution 1is lognormal, Recall that X is distributed
lognormal (., >*) if and only if 1n(X) is distridbuted normal
(s ) We rely on tne natural log tramsformation

sudbroutine incorporated into Card 1 of Continuous K-S to0

transform our sample data. We then test the transtorred
data against a normal (3, 51) CDF using Card 2.
¢. Solution:
Read both sides of Card 1 into the calculator, tnen:
i ENTER PRESS DISPLAY PRINTCUT COMMENT
E 399,69 new partitioning
99,31 A 1 99.31
22.47 A 2 22.47
2.0608 A 2 2.0608
3294.5 A 4 3294 .5 sample data
4,95 A 5 4.95
14.88 A 6 14.88
29,96 A 4 29.96
r
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ENTER PRESS TISPLAY PRINTOUT COMMENT
c 1 INPUT DATA [{Time: 46 sec|
Q.0608 ﬂl\
4.95 2 !
14,88 ¢3 s
22.47 ¢4 ) sorted sarple data
29.96 #5
99.31 ¢6
3294.5 @7/
0. 8
2. 09
. ) isnore
. 4
A’ 1 TRANSFORMED DATA

-2.80016549 021\
3 1.599387577 2
2.7¢L018¢29 ¢3
3.11218148¢ ¢4 ) Transtormed data
3,399863159 @5
4.59824€6271 sz
8.10000969 @7

. 08)
¢. ¢9
. } ignore

. /

Read botn sides of Carda 2 into tne calculator, then:

ENTER PRESS DISPLAY PRINTOUT COMMENT
1} -
C ] Ore-sided test
3 A’ 3 normal (3, 5%)

{ o) R/S .3672246357 ,3672246257 sisnitricance level
[Time 1 min, 25 sec)

The user may recall test statistic t = .2468346856 trrom
register ¥0.
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APPENDIX B
DISCRETE K-S: ENTRY PROCEDURE, LISTING, AND BXAMPLES

A. ENTRY PROCEDURE

The program is organized in two distinct parts, Card 1
and Card 2. Card 1 snould bde recorded on a magretic card
using banks 1 and 2 [Ref. 8: pp. VII-2] with the calculator
in standard partitionine (Ref. €: pp. V-22]. Card 2 should
also be recorded in danks 1 and 2 bdbut with partitionirg
299.69.

It should be noted in the program lising below that
Cards 1 and 2 both use ¢the 'Dsz" command followed by
register numbers greater tnan 9., Tne user’s manual [Ref. 8:
pp. V=-63] 1implies that this will not work dut, in fact, it
does. The user has to use a special entry tecanique to get
the program steps into the calculator correctly, nowever.
One very convenient way to accomplisa this {s 1llustrated
2asily by an example.

Assume the steps at one poiat in the prorram are "Dsz,
s8", The user can first enter ~STO, 58", then Dbackstep
twice until "42" is in the display (for "STO"). He snould
then overwrite the "ST0” command by pressing Dsz .  This
will leave 58" in the display. Ee snould advance the
program pointer one step (with "SST ) and continue entering

the rest of the program.
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Discrete K-S uses tne HIR" command, explaineda in detail
tn Appendix D. It is represented by machine code 22" and

thus must bde entered witn a special procedure, A coavenient

way to enter "HIR" 1s to precede it with "STO", enter 827, ?1
and  backstep twice, leaving “42" (for "STO") in tne .
display. Delete the "STO" command with "del”, advance the
program pointer one step, and continue entering the
program. When "HIR" i{s followed by another two-digit merged
code, e.g., HIR, 16", the entry procedure should be used
twice, the first time to enter 82" and the second tire to

enter "16".
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B. DISCRETE K~S PROGRAM LISTING

CARD 1
’ ’ ‘e ) ! N . . - . Ce W . - ’
ooo TE LBL gi‘f 39 PEE ‘
@u; 1% E 043 s ‘ﬂﬂ
0oQz 2% CLE . ; qu Iﬁ”
Q3 47 CMS . g:g ;: Gé
QD4 8% STF Nea o0 o6
Gos oo . 0D o
gas o1 GTO US% af h .
S v PRSI
ggg~~;§“L1§ : 0S4 00 00,
T ass., 16 A i
ctﬁ~éeg Nv: 15 581 f
012786 §TF" 057193
013 00 0., 05800 0
014 25 CLRH 059701 !
015 47V CNM3 -!:?x;l 3@: Ki
g1s 22 INY ‘:!:-:.. 4: Elj.lls_‘
D17 88 STF 262 45 45
013 04 04 063 7T GE
213 931 R/S gg; &; &:
20 E.' s ~p [Ny It:'n'
353 :1 1? : Q¢ 35 WIT
g2z 835 + ) gzé a .
D23 - 01 } ? Jes 03 3
gz24 54 ; ri' 22z
026 4°,RCL ! g;é L“ éf
27 - A2 Y =
' oal avei 073 76 LEL
028.: 91 R/S | i 6 LE
- 029 42 STO Gi4 }3 A
§§$ 030 42 42, J 075 43 RCL
e ‘ 03t 01 1 075 41 41
: 032 42870 4 o7y 5
b 033 00 00 078 01 1
’ ¥ 0034 91 R ¢ ave 54 3
’ l’ ‘ LA ':)!T
e 0385 7z 5T+ . !;‘“80 32 ®i
. 03 0C 020 . 32; 3 ? .
037 22 IHv . 132 E\;'“ 2
038 87 IFF  + 083 arq §
J29 .00 QU0 Q34 Q0
Q40 Q0 0O 'ﬂl
G441 44 44 aTQ
542 44 SUM 44
043 4% 495 . Rs3
Jga4 &% 0P
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DISCRETE K-S, CARD 1 (con”t)

089 72 35T+ 1235 42 42
0%0 00 00 136 7& LBL
091 44 SUM 137 13 ©
092 43 43 138 8¢ 3TF
093 6% OF 139 01 a1
034 20 20 140  8& 37TF
095 . 01 1t 141 0z 02
196 . 44 SUN 142 87 IFF ]
097 . 44 44 142 04 04 ,
093:»43 RCL 144 03 03 :
099 ' 44 44 145 01 01 i
100522 INY 146 ~'8& STF :
101 77 GE 147 04 09 ¢
102y oo_ Q0 148 “22 1NV !
10%’ - 88 143 87 IFF ‘
104" 4~ RCL 150 00 00
105 4z 42 151 01 0t
106 7232 #1T 152 70 70
107 43 RCL 153 43 RCL
108 42 43 154 45 45
108 22 INY 1S5 35 1.4
110 &7 EQ 156 42 370
111 03 03 157 45 45
112 91 91 158 43 RCL
113 25 CLR 15% 41 4%
114 91 R/S 130 42 370
115 7¢ LBL 181 44 44
116 11 A 162 43 RCOL
117 88 STF 162 45 45
) 118 0t ot 164 &4 FD#

119, 22 INY 185 44 2«
120 88 3TF 156 ¥ DeZ

; 12102 - 02 167 44 44
122 -~ 61 GTD 163 01 M

i 123 0% 01 169 64 64

! 124 42 42 170 - 42 RCL

4 125, ,?SyLBL 171 42 42
1267512 B 172 3% 1-%
12r,,22”INV 173 42 370
123 .88 STF 174 43 42
129 02 02 175 02 32
130 22 IMY 176 01 1
{2t 86 35TF 177 42 370
132 01 01t 178 a0 00
133 61 GTQ 179 42 ROL
134 _Q1...01 . . 180 41 _ 41,
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USRI SRS

DISCRETE K-S, CARD 1 (con‘t)

: .' 214

21 42 570
22 44 44
183 43 RCL
134 =43 432
185 &4 FD#
186-..,00 00
187701 1
198 44 SUHM
133 0G 00
190 . 97 Ds2
191 44 44
192 01 01
{93 283 &3
194.5:42 RCL
rag el - 41
196 75 -
197 01 1
192 54
193 4z 370
200 44 44
0t 02 .2
202 0t 1
203 42 STO
204 00 0D
205 01 1
205 42 570
207 43 43
208 . 73 RC#
209.:00 00
210 . 69 OF
°11 20 2
§f 4 SM+
00
INY
215 4 s? IFF
216* 00
212.. 02 na
219 728\ 28
2L :z RC#*
2205 143 43
221 32 WIT
222 01 1
223 44 SUM
224 43 432
225 22 ®IT
. 229 KQAQN%,.

z 01
3 42

2485 01
41 w42 ¢

43 43
27 DSZ
34 44
gz 1az
g 02

1

) 270

g0 04
42 270
50 90

-42 570

- 91 91

Q2 2

1
570

43 43

42 RCL
41 41

2 370
44 44
oo 0

2 370
47 47
42 STO
42 43
T3 RC*
Qo aaq
o
T RE*
43 43
54
42 STO

L 45 495
Q4 +/-

32 weT
43 RCL
:48*‘48

77 GE

- Qge a2
rar
232 KT

2 5T0
48 42
43 RCL
oo 0o
42 370

R
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DISCRETE K-S, CARD 1 (con’t)

273 SO0 50

274 o1 GT0
3? gz 02

Qﬂ

: RCL

45

Wi T

RCL

47

GE

23T

sT0

47

RCL

Q0

2 sTO
291 51 51
292 01 1

293 44 SUM

294 00 QO

295 44 3UM

296 43 43

297 97 DsZ

293 44 44

239 .02 02

300 S22 52

301'. 87 IFF
302 ;01 01

303 03 03

304 712 -12

3Q5° 43 RCL

306'34?g 47

JU? ‘82 HIR

308" 04" 04

3093~QfﬁpTU

214 03,03
211 -3¢ 31

312 87 IFF
213 02 02

*14 03 03

315 27 27
216 43 RCL
317 47 47

A2 &IT .

ERORW o

312 43
220 48
321 77

122 (1)C
32 27
324 =3
325 03
326 0S5
327 48
328 A8 -
329 9“
3307
?31 0(
32 69
QS3 17
334 01
235 )
3B sﬁ

338 9%
333 85
240 43
241 42
242 95
343 25
344 Q2
345 95
45 99
347 42
343 59
349 43
350 42
354 82
352.. 02
353 43
354 41
385 82
356 3
257 QS
252 0%
353 . ¢9

RCL
42
GE
03

5TO0
a3
ns

REL
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DISCRETE K-S, CARD 1 (con’t)

250 22 HIR
261 13 13
2H2 A% =
353 32 w7
364 43 RCL
365 59 5%
366 77 GE
3¢7- 037 03 4
b .';‘_~34 ) 84 :
63:.93 .
376700 0
371 00 O
a7z 00 O
73 00 O
a7¢ 00 O
375 00 O
37¢ 00 0 .
377 00 O 3
373 01 1 ; .
379 42 570 i 1
230 56 56 | 1
381. 82 HIR i |
282 14 14 ‘
133 91 R-S ‘
. 384 04 4 1 !
; 385 04 & | i
i 386 9V R/3 | 5
| 387 - 32 WIT ?
383: 02 2
| 289, .02 =2
b 390 -91 RsS
2a1 32 WiT :
392 03 3 !
993 03 3 :
v 394 91 R/S
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020
0ol
no2
003
004
005"
Lalei-2
007
008 ",
ag9--
010, -

.95;

By ~»

DISCRETE K~S, CARD 2

TE LBL—

1ﬁ
22 HIP
13 13
75

8¢ H

32 X

71 aBF

..898. 0%, ..

57

O

-4 =) ) i [n 33

ol e 3 00 0D

QOO




DISCRETE X-S, CARD 2 (con’t)

AR T ¥
09n 83
2%1 01
a9z 93

—_
L = Nt
Do v s
£ O3 O
Py O

ﬁﬂHHﬂHHP‘M
HW‘\IV\U\&WF‘QH
R
(%]

> 10
a’s‘
o

123 42

PREVEN SRS PP O

2
=]

L)

)

s R B e }

{ 4]
A P e A

Fo

135
136
137
138
139 .
14Q.
141‘.,

&0
JUM

:UH
62
+7 -
SUM
64
RCL

- Q0

XeT
RCL

IN?
GE
a1
13

RCL
60

7
A=
) %

jwl



DISCRETE K-S, CARD 2 {con’t)

ar’ 5 ' 237 71 SBR

a Q 2 as i1

iaé §4 BEM 228 0z 02
133 o0 00 §§9 6§ 8¢
134 82 HIR gﬁﬂ 4z 5T0
185 37 37 231 60 60
186... 62 HIR 232 103 Flli-:-;
18%::17 i7 v2§3> 62 &2

1gg Y42 ST0 234~ 4% PRD

235 60 &0
£36 . 43 RCL
237 - 69 63
238.; 71 SBR

" 264 44 Sun
' . 235, . 69 63
210 44 'SUM , %33.433 Hég
AL  Bmgg s
282 43 RL '25?%’44‘sun
% w’%*g??_-, ' 26b 167 67
& Zz 62 26897 DSZ
€08 0 262 '83.. 68
263 02 02
2”,»35“”‘5 fes 27 27
g: "%z é?n 565 43 RCL
220-%61 61 266 61 61
L e 267 92 RTN
221 282 HIR 267 92 R
222 12 12 izs g 0
223 82 HIR 269 32 KT
224 07 07 27 ag IR
22% 42 .5T0 ;1£ 18 !
Ao i » aazﬁv.ﬁiﬂ.ﬁ R | v”;&L " R
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DISCRETE K-S, CARD 2 (con”t)

2 - 03

-

3

2 o3 .31 12 0d
o b o " -
275 - 42 STO g%? gg -
276 - 66 ©F 322 .82 HIR
277 ..82 HIR 322714 14
2?8+ 17 17 224 8§ =
g 42, 3T0 325 'ggn +
-t 326 43 RCL
1 32756 95
10 328 95 =
&3 -329...32 X7
RCL sg_fgss RCL
63 3%t Dt 0
+ 232 .77 GE
RCL 333 Q3 03
: & 334 91 91
re, 2F = 235 82 HIR
PRD 326 13 13
&3 337 42 370
1 323 83 &3
4= 238 T3 RC#
sum 340 63 63
53 341 22 INY
bsc 342 77 GE
66 343 03 03
0z 344 49 49
84 345 97 DSZ.
RCL 346 B3 63
63 347 03 03
RTHN 348 39 .39
l 249 22 INV
RTH 350787 IFF
INY 35308 01
IFF - 352 03 03
o1 353 55 55
“03 354 92 RTN
.64 355 01 1
,?i: 5 356 44 3ug
R 357 63 &
HIR 35801 1
12 . 359,75 . -
+
316 95 =

; L 55 o+ - L
k. VITY:. 82 RIRA:
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DISCRETE K-S, CARD 2 (con”t)

e sTragp C PERCE T
3Bl B3 B3I
"362 95 =
363 92 RTN
364 75 -
365 01 1
366 95 =
387 55 ~+
368 82 HIR
369 12,12
372185 ¢+
apd.c 82 HIR
373. 14 14
av4 7S -
a7s 43 RCL
376 56 956
377 95 =
373 22 XIT
a7 2 HIR
380 13 13
381 75 -
3gz 01 1
383 95
384 42 570 .
385 63 63 :
386 73 RC# i
« .387 68 63 |
o 288 .77 GE
. .,389 03 03 i
¥ “Fagg ‘35 35 '
w32 S ;
| 2 392 zﬁﬁau |
p 393 76 LBL
g K . 3%4. 15 E .
399 06 6 ;

296 69 OP
397 17 17
e 398 9L RIS
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C. DISCRETE K-S EXAMPLE PROBLEMS
1. Example 1
a. Probdlem:

Bo ¢ F(x) = H(x) for all x, wnere H is defined bdelow

B : F(x) # H(x) ftor some x

Number of cells = m = §

Sample size =10 =10
CELL NUMBER (1)
1 2 3 4 5
mass value (hy): .2 .2 .2 .2 2
cumulative mass value (Hj): .2 o4 .6 .8 1.2
Number of observations (X;): 3 3 4 ) )

. Solution:

Pead bdoth sides of Card 1 into the calculator, then:

COMMENT ENTER PRESS DISPLAY COMMENT
initialize E 9 R defined vith n;s
no. of cells 5 R/S 5
sample size 12 R/S 1)
' o2 R/S 2
.2 R/S 3) cell number of next
cell mass {.2 R/S 4 mass value entry
values .2 R/S 51
-2 R/S 19
3 R/S 2
observationes | 3 R/S 3) cell numbder of next
er cell { 4 R/S 4 frequency count
frequency e R/S Si
count) \ @ R/S e
A .4 test statistic of

tvo~-s5ided test
[Time: 22 sec)

Read bdoth sides of Card 2 i{nto the calculator, then:
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PRESS DISPLAY
A .0414007042
B .0416172032
xet .0411842053
c .2¢2216499
D 0414007042
E 479.59

COMMENT

point estimate of significance level
{Time: 7 min)

upper bound on significance level

lower bdound on significance level

maximum error in point estimate

recall point esitimaze

return TI-59 to normal partitioning

The user can pertform the same X-~S test by initializing

Card 1 with "B°" and then entering H; values instead of nj

values., The test results will be the same.
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2. Example 2
a., Problem:

He

F(x) > H(x) tor all x, wnere H is defined below

B, F(x) < H(x) for some x

Numbder of cells = m= J

Sample size =1 =15
CELL NUMBER (1)
1 2 3
f mass value (h;): .362¢ .4167 .2209
cumulative mass value (Hy) .362¢ .7791 1.0
numder of observations (X;) 5 3 ? !

b. Solution:

Read both sides of Card 1 into the calculator, then:

COMMENT ENTER PRESS DISPLAY COMMENT
initialize B’ 2 H defined with H;s
no.of cells 3 R/S 2
sample size 15 R/S 1 cell numbdber of next
cumulative . 3624 R/S 2 cumulative mass
cell mass .7791 R/S 3 value
values 1.9 R/S 1
. cell number of next
observations 5 R/S 2 frequency count
per cell 3 1/S
(frequency ? R/S e
counts)

B . 245766667 test statistic of
one~sided test
[Time: 15 sec]

Read bdoth sides of Card 2 into the calculator, then:

PRESS DISPLAY COMMENT
A 2395671995 significance level [Time: 11 min)
E 479.59 return TI-59 to normal partiticning
64
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APPENDIX C
CONDENSED USER INSTRUCTIONS

The following two pages are condeased user 1instructions
for Contipuous K-S and Discrete K-S, respectively. It is
recommended that the reader familiarize himself with tne
more expanded discussion of programs in sections IV and V
above before relying on the condensed instructions.

The condensed instructions for bdoth proerams are written
for a complete K-S test. It 1s possible to use Continuous
K-S to evaluate a known test statistic trom a coatinuous X=§

test. The procedure is as follows.

STEF PROCEDURE ENTER PRESS DISPILAY
1. Repartition Ti-59 4 Oop 17 399 .69
2. Enter bdoth sides of

Card 2 (Continuous X-S)
3. enter sample size n STO 59 n
4. enter test statistic t STO ¢¢ t
5. compute significance

level E’ S.L.

If the test was one-sided the significance level
computed is exact. If the test was two-sided the result

should ©bde doudled. The doudled value is ar upper dound on

the exact siznificance level.
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CONTINUOQOUS K-S

Card 1 (vanks 1 & 2): standard partitioaing Applied Statistics Module
Card 2 (bdanks 1 & 2): 399.69 partitioning Printer optional

Purpose: K-S test on continuous random variatle witn unknowr CDF, F. Maximum
sample size n = S4, Direction of test specitried dy nmull kypotaesis {(Hg).
Alternative nypotnesis (H;) 1s negation of Eo. GEypotnesized CDF, B, can te
uniform, pormal, Weidull, or expounential. If another H is desirad tae ucer
can add a subroutine transtorming the desired 8 to one of the above
atstridutions. Program computes exact siznificance level (S.Il.) for & one-
sided test and an upper bdound ,0n S.L. for two-sided test.

USER INSTRUCTIONS
ST2P PROCEDURE ENTER PRESS DISPLAY PRINTOUT
1 BEnter both sides of Card i

2, Initialize ) 4 399 .69

3. Enter sample data X A b I
(1-1' 2,.-0. n)

4, Sort data c 1 x(l""" X(n)

S. Tranforming data {optional step; normally omitted): If hypothesi:zed
CD?, H, ts NO? uniform, normal, Weidull, or exponential then the user may
eater a sudroutine to trapsformed E to one of those distributioms.
The sudroutine must degin with LBL E°" and erd witm "INV SBR™. For

a transformation M the sudroutide should de written to tranform some
value c to M(c) vwitn ¢ in the x-register wnem tne subroutine is called
and M(c) is returned to the main program. Use only registers n+l tarougn
57 (sample size = n) and limiy subroutine to 75 Steps. After subroutize
entered and validated, press 37", M(Xyy) will be displavea.

o ,If user wishes to transform each sample value x to in(x) press

A°". The transformation subroutine i{s already provided and is useful

to trapsform lognormal («,o°) data to normal (u,>*). Lo not press "B’".
' - Proceed witn test with the new distribution sudbstituted for origical E.

STEP PROCEDURE ENTER PRESS DISPLAY FRINTOOUT
8. IEnter bdoth sides of Card 2

?7. Choose direction of test:

‘ I¢ Ho: IF(x) = H(x) A [
f It By: ¥F(x) > H(x) 3 e
i I Be: P(x) ¢ 8(x) c 0
! 8. Specify B for test: a
: It H = pormal (u,e”) y f O e
;» - R/S s.L. s.L.
v It H = exponeatial ()) A ‘ 1
1 R/S s.L. S.L.
It H = veidull (), x) PN » 1
« R/S S.L. S.L.
12 B = uaiform (a, O) a ¢’ e
] R/S S.L. S.L.

9. The test statistic can bde recalled from regiscer 2¢.
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DISCRETE X-§

Card 1 (banks 1 & 2): standard partitioning Any Iitrary Module
Card 2 (banks 1 & 2): 399.69 partitioning Does not use printer

Purpose: K-S test on discrete random variabile with unknown CCF, F. For

sample size n and random variadle witn m possitle outcomes (ceils) tne

program will handle any prodlem with v+m { 54. Maximum number of celis: 20.

If n+m sligntly exceeds 54 program will attempt to solve; ecit code 44

di{splayed if not possidle. Program computes significance level of test.
Notation: X; = numder of observations ot X incell {3 {1 =1, . « . , m

P(random observation is in cell 1)

P{random observation is in cell J; 5 < 1}

test statistic

null aypotinesis

hypothesized CDF of random variable X

actual CDF of random variadle X (ungnown)

e
LI B B B B ]

- B e o

USER INSTRUCTICNS

STEP PROCEDURE ENTER PRESS DISPLAY
1. Initialize:
If H defined by h; values E 2
It H defined by H; values B’ 2
2. Specify number of cells m Rr/S @
3. Specify sample size 1 R/S 1

4. Deténe 3 with eitner x; values
or B,

values or Bj R/8 143
1 . (1_. _‘lh.iovnp m"l)
. . B, or H., R/S 1
? (note 1)
2. Specify cell frequency counts I; R/S i+
(§ =1, ... ,m1)
Im R/S ]
(note 2)
5. Specify direction of tes:
It H.: r(z; = §{x) A %
It H: P(x) 2 H(x) B 4
It H,: Fi(x) € H(z2) c %
(pote 3)
6. Inter bdoth sides of Card 2
7. Compute significance level (S.1.) A S.L.
8. Bvaluate S.L. for twvo-~sided test; ’ B max S.1l.
‘(S.L. exact for one-sided test) ) 3 min S.L.
c max error
L recall S.I.

Note 1: Bdit code "22" inmdicates (n; + ,.. ¢ hnm) greater tnam 1.21 or
less tnam .99, User may press A°" to normalize k{'s 4 continue.

Note 2: Edit code 33 indicates (X; * ,.. *+ Xm) # 0, Caanot proceed.

Note 3: Edit code 44 indicates problem too large. Recail t from Reg ve.
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AFPENDIX D
USE OF PENDING ARITHMETIC REGISTERS IN TFE TI-59

The TI-59 calculator nas eight pending aritaretic
registers., They are not accessible from tne keyboard tut
are accessible from within a program and are used
extensively in Discrete K~S. A detailed discussion of these
special reeisters has ©bYeen provided by a non-profit
organization called tne SR-52 Users Club [Ret. 19].
Unfortunately the user’s manual provided by the manufacturer
[Ref. 8] does not discuss taem.

Each of the eight pending registers can be accessed with
"82" tollowed by a two dizit aumber, represented here as
"mn”". The access code "82" is represented as ~EIR" by a
Texas Iastruments printer. This mnemonic has tbteen
interpreted as botn Hierarchy Internai Register”  and
"E{dden Internal Register”.

The value of m determines which register operation is

performed, {.e.,

3

operation

STO

RCL

SUM

Prd
INV SUM
86, 7, 8, or 9 INY Prd .

[S SV N ]

The value of n (1, 2, . . . , or 8) determines waich HIR s
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accessed, For example, to add a number directly to tne value
currently in HIR 4 tne program codes 82, 34" would be used.

To enter a two digit code like "82" or "34¢" in a program
it 1is convenient to "trick” the calulator with a register
command. For instance, with the calculator in the ~LRN"
mode press STO, &, 2" thea backstep (with "BST') twice and
"42" (for "STO") will be displayea. Delete tne register
command "STO" by pressing “"del” and the "€2" remains as a

merged code. Advance the program pointer with SST  one

step and the remaining program steps can be entered.

The pending aritametic registers serve several purposes.
When nested arithmetic operations are pertormed the operands
are first pusaned into HIR 1 and then into 2, 3, . . ., 8.

Use of the Op codes 1, 2, 3, aad 4 assien values to HIXs 5,

atfect the HIRs are "P-R" and "D.MS" .

After extensive experimentation witan HIRs the writer s

! ‘ 6, 7, and 8, respectively. Otner keyboard operations wihich
E

5 convinced that the TI-59 wuses FIRs ip other ways besldes
: those mentioned., TFor instaace, Liscrete K-S, Card 2, does
not use nested arithmetic operations, P-R", or "D.Ms". It
E ‘ uses HIRs 2 - 7, Wnen the program was modified to also use
| HIR 1 it did not perform computations correctly. For some
reason tae manufacturer aas not disclosed any 1information

about the HIRs except to acknowledge their existence.

Otilizing BHIRS modestly increases the calculator’s data

storage capacity. It also provides a place to store a few

€9




aumbers to be retained after “CM° is pressed. When
incorporating HIRs into & program the following approaca 1is
recommended. First, write the program without using any
HIRs and validate it. Second, incorprate tne desired HIRs
to free regular data registers and then revalidate the
program, Trying to find an error in a program that was
written with HIRs 1initially can bde very trustrating; the
program may be affected by some mysterious FIR-related

prodblem that the user may never find.
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