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TEr-1PRon: A FORTRAN IV PROGR4M FOR CALCUL/l rl'ING 

TEMPERATURE PROBABILI2'TgS PROM EX'l'REiV!TS 


MINIMU1Vj 'l'EMPII'RATURE DATA 


Thomas L. Sporleder 
~~ 

INTRODUCTION 

A fundamental Challenge concomitant with the marketing 

success of any firm is attainment of the to supply the 

market with a predetermined quantity of a consistent quality 

product. In the agricultural industries particularly, this 

ability may depend upon favorable weather conditions. Weather 

constitutes an exogenous factor which may influence quantity 

produced, quality of the product marketed, and conseqw2ntly 

prices received (or paid) for every firm associated with a 

com;noc1ity systciTI,l Specifically, many firms involved ,·lith the 

production and/or of fruit and crops [;lust 

considc~r alterr~atjve eve.ntualities that r:1ay be caused by freez-· 

Jng tU.res" of such firms, at best, ca.n fornm~-

late plans for the future their subjective 

*Assistant Professor. of Agricultural Economics. 
Texas AM-I Univendty. 

IFor the concept of a comniodity and system 
interaction consult [1]. 
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concerning freeze loss aT: damag,e eventualitie.s re.le.vant to their 

firm. 

The t\YO types of outcomes or eventualities which influence 

plans for the future of every business firm are risk and uncer­

tainty. These. tvlO ,types may be contrasted by defining risk as 

!! ••• vari_ability or outcomes ,,]h1eh are measurable in an empirical 

manner" while uncertainty refers to outcomes which cannot be 

established empirically [4, pp, 440-· lI43]. In the context of 

freezes, freeze damage or loss to a particular COUL'1lodity is an 

uncertainty while the occurrence of a particular temperature is 

. k 2 . Thus, the manager of a firm maya rlS consider the probability 

of 1mv temperatures oecurring in the relevant geographic location 

and, in addition to othC;'T information, arrive at some subjective 

expectation about potential commodity or loss from a freeze. 

Calculating probabilities of Im'7 temperature occurrence in the 

relevant geographic area represents a logical prerequisite to 

formula a subjective expectation with respect to potential 

crop damage or loss from freezes. A computer program, TEJ'-1PROB, 

was specifically des to provide objective information concern­

jng the probability of 10v7 occurrence for a particular 

21'h . l8 . becaus actua1 fl'reeze ass to a crop l8 f18 anne­
tion of variables other than which possess probabilities 
which are difficult to For a c1:[scussiol1 of some 
microm2teorlogica1 and physi.ological variables "Jhich may influence 
freeze ly in citrus, see [7,9]. 
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GENERAL DESCRIPTION 

TEMPROB is a special purpose multipartite design FORTRAN IV 

computer program compatible with WATFOR on an IBM 360/65 to compute 

temperature probabilities and related statistics from extreme 

minimum temperature data. TEMPROB utilizes Lieblein's fitting 

procedure for extreme value data to estimate the parameters of the 

Fisher-Tippett Type I distribution. 

The cummulative distd.bution function (cd£) of the Fisher-

Tippett Type I extreme minimum value function is given by: 

1 - exp [ _ e - (x - a)/a ](1) p(x) 

where B < O. - < a < 00, - 00 < x < and x is some particular00 00, 

temperature. 

The 'paraEleters a and B of the celf are computed by Lieblein's 

fitting procedure "7ith v7eights in Lieblein' s estimator for subgroup 

size 10 [6]. Parameters estimated by IJieblein I s procedure are 

4"unbiased and efficient as possible,tt TEMPROB computes the reduced 

variate of the cdf for each temperature throughout the range of 

the extreme minimum temperature data. 

3TEHPROB is an acronym for probability. 

4For further 'E~xplanation of Lieblein I s procedure and tables of 
weights in Lieblein's estimator see [2, pp. 21-23 and 223-226], 
Weights for subgroup size 10 utilized in TEMPROB were obtained 
from C. K. Vestal, Regional Climatologist, Weather Bureau, Fort 
Worth, Texas. 
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In addition to the value of the reduced variate over the 

range of the data, TEHPROB computes the return period T(x) for 

each random variate over the range. A return period is defined 

as the average time distance bet1Veen successive rare events, each 

one of ",hieh is at 'least as small as the first [8, p. 3]. More 

precisely, let P(x o ) be the probability that temperature x will 

occur which is less than or equal to a chosen temperature Xo' 

Then 

(2) 

where 

(3) exp [ _ e - (xo - a)/S ] 

and the return period for Xo is 

Thus, T (x o ) is the nutiber of time periods which will elapse, on the 

average, before a equal to or less than Xo will occur. 

The return period statistics computed by TEMPROB are always in terms 

of years. 

In addition to P(x o ), TENPROB computes F(x o ) and H(v). The 

probability that temperature x will exceed Xo is 

Wev) is the pro~ability that a temperature x such that x ~ Xc 

will occur at least once 1Vithin v years. This probability is defined 

as: 
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(5) W(v) 

and is uniquely related to the return period by: 

v
(6) W(v) 1 - [ 1 - (1 / T(x o » ] . 

Also, note that if v 1 then: 

(7) W(v) P. 

Statistical 

This section introduces the reader to generalized statistical 

relationships among the Fisher-Tippett Type I density and distribution 

functions and the computational methods employed in calculaU.ng 

temperature probabilities. A TE!1PROB user not interested in these 

more basic relationships may skip this section and still be able to 

use and interpret output from the program., 

The Fisher-Tippett Type I extreme value function has two forms 

d upon whether maximum or minimum values are under consider­

ation. When the data consist of extreme maximum observations (such 

as rainfall or ture) the probability density function (pdf) 

is [3, pp. 111-119J; 

1 1 ex _ a) _ e - (x - a)/B ](8) B exp[ B 

where - 00 < x < 00, - ro < Ci < and B > O. The cumulative distri ­

hut ion function (cd£) for maximum elements is: 

(9) 

http:calculaU.ng
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When the data are minimum values the pdf is: 

ex - o.)/Sl
(10) e 

where -- co < X < - 00 < a < 00, and 131 > O. The corresponding00, 

cdf is: 

x e (x - 0.)/61 ](ll) Gz(x) f f2 ex, a, 131 )dx 1 - exp[
-00 

Since TEHPROB is specifically designed for extreme minimum 

temperature. data (10) and (11) are the appropriate density and 

distribution functions, respectively. However, note that Gl(x) 

and G2(X) are related. The reduced variate z = ex - a)/S may be 

used to rewrite G1 (x) and Gz(x) as: 

(12) Gl(z) - exp[ - e - z ] 

and 

z
(13) Gz(Z) 1 _. exp [ e 

Some confusion may arise from the S parameter of the mCtX-' 

imum and minimum density functions. 1,ie.blein' s fitting procedure 

(specifically Lieb1ein's weights) assures that a > 0 in (8). 

However, when the distribution function for minimum values (11) 

is under consideration, Lieb1ein's procedure does not estimate PI 

but S2 < 0 PI == - P2' Thus, the pdf for minimum values, 

vlhen Lieo1ein' s fit proc.edure is en:ployed, may be vrritten as: 
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(14) 	 1 eXPl _ 1 (x _ u) _ e - (x - u) /S 2 ) 
82 82 

where - CD < X < "", - < ('l, < and 132 < O. Note the similarity00 00, 

between (8) and (14). The prime difference between the pdf for 

minimum and maximum values is that the 13 parameters are of opposite 

sign. If 132 is mistakenly taken to be positive then (14) is always 

negative; hence, its properties would not conform to those of a 

dens1tyunctlon. 5• f . 

The cdf corresponding to (14) is: 

x 
- (x - 0)/132

(15) f f2 (x, a, (32)dx 1 exp [ - e 	 J 
-00 

where 62 < O. 

If 

- (x - a)/f,2(16) F(x) exp [ -- e 	 ] 

then 

(17) 	 1-F(x). 

Once again deceptive similarity exists; this time between (9) and 

(16). As with the density functions, the prime difference is 

13 2 < a in (16). 

The sometime.s subtle differences in the maximum and minimum 

formulae above are especially important "Then temperature probabil-· 

5
The properties of density functions are given in [5, pp. 16-17]. 
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ities are considered sinc.e the common climatological custom is to 

utilize a function of the form: 

(18) F(x) = exp[ - e -(x - a)/S2 ] 

where 132 < O. Thus, TEMPROB conventions follow this latter custom. 

However, in addition to (18), particular values of the cdf, (15), 

are computed by TEMPROB and denoted by P(x). 

TEHPROB is designed for chronologically ordered monthly extreme 

minimum temperature input data. Let N be the number of annual 

observations, then restrictions on N are that N/IO must be an integer 

value and N < 70. In othe.r words, the number of annual observations 

permissible must be in multiples of 10. This restriction is in 

part a statistical one and arises from the use of the Lieblein fit ­

ting proced~re [2, p. 225]. Also for statistical reasons N should 

be at least of size 30. The number of months within a year (K) is 

variable and, of course, is restricted to integer values such that 

1 < K < 12. 

To facilitate description of the computational aspects of 

TENPROB, order statisti.cs are introduced. et x.Ithe l·thL represent
1 

order statistic of the annual extreme minimum temperature data 

where i =.= 1, •.• ,N, Also, 

x{ < xi < • • • < x~. 

http:statisti.cs
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The 	multipartite output consists of five items: 

1) 	 Original chronologically ordered data input list and 

sort on monthly data for annual extreme minimum tem­

perature. For an example 5 see page 28. 

2) 	 Arrangement of annHal extreme minimum temperatures in 

descending order. This generates x~ to x~. An index 

M from 1 to N and the ratio H/(N + 1) is printed along 

with the order statistics. For example, see page 29. 

(The ratio "M/(N + 1) is computed and printed solely as 

a convenience for graphing the original data on \Jeather 

Bureau Form 811-2 or similar graph paper.) 

3) 	 Arrangement of chronologically ordered annual data in 

1) above into a matrix of order (N/IO) x 10, each row 

constituting a subgroup of size 10. The column sums of 

this matrix are formed, Lieblein's weights for subgroup 

size 10 are printed, the a and B parameter estimates of 

the cdf are computed, and the mean and variance of the 

cdf are computed. For example, see page 30. 

4) 	 The reduced variate Z "There z "" (x - a)/S "ii1ere B < 0 

is computed first for x = XN ' then z is computed in 

unit decrements for x to x x~. In addition, the tvw 

probabilities F(x o ) and P 1 - F(x o ) are computed for 

each value of the reduced variate. F(x o ) is the 

probability that temperature Xo or belm" vJill not occur; 

alternatively, it may be jnterpreted as the probability 



10 


that Xo will be exceeded. P 1 - F(x o ) is the probabil ­

ity that a temperature equal to or less than Xo will occur. 

F(x o ) is computed from: 

- z(19) 	 F(x) exp [ - e ] • 

Equation (19) can be considered a complement edf to the 

P == 1 F(x o ) cdf. Recall that if f(x) is the pdf of x 

then: 

00 x 
(20) f f(x)dx f f(x)dx + f f(x)dx 

x 

where _00 < x< ,and that00 

(21) 	 f f(x)dx =: 1 
-00 

In TEl'fPROB, 

x 
(22) 	 f f(x)dx 

is the cdf of x and is denoted in the output by P. Also, 

00 

(23) 	 f f(x)dx 
x 

:f.S the complement cdE to (22), and is denoted in TEM:?ROB 

output by F(x). 

The associated return period T(x o ) :: l!P(x o ) is com-­

puted at this point in the program. For example, see 

page 31. 
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5) 	 The statistic. W(v) may be computed for eac.h x as in l\) 

above for up to 3 different values of v. The restriction 

on v is that it must be an integer value such that 

I < v < 99. The value of W(v) is an estimate of the 

probability that a particular x will occur 

. 1 • 6at 1east once wltl1n v years. Computation of the H(v) 

statistic may be suppressed. For , see pages 23­

25. 


All operations in the program are 
 in doub1e­

precision. However, small rounding errors may be encountered in 

the T(x) or H(v) statistic (second or third decimal place) due to 

decimal bases in the program being transferred to hexdecima1 bases 

in the arithmetic unit of the computer and subsequently transferred 

back to decimal bases. 

6Caution must be exercised in the W(v) statistic with the 
T(x) statistic. The Fisher--Tippett Type I extreme minimum value 
distribution is asymmetric (skewed to the left) and thus exhibits 
some peculiarities. For example, if the return period T(x) for 
event x is 100 years this means that, on the average, event x happens 
once each 100 years. However,~" (100) :--:-63:--Thus-~"-the event x has 

a 63% chance of occurring at least once within 100 years even though, 
on the ~'.vcragc, it occurs once every 100 years. See [8, p. 3]. 
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TE~~ROB CONVENTIONS 

The following pages are coding sheets defining the formats 

and control card conventions of the TEMPROB program. In addition, 

tvlO example problems with input and output are illustrated. In 

defining the TEHPR9B conventions that follmv it v7aS assumed the 

user possesses some knowledge of FORTRAN IV. 

and Data Cards 

Five groups of cards, in the following order, are necessary: 

1) the Main Problem Control Card, 2) the data cards, 3) the Lieblein 

Weights Cards, 4) the Variable Format Output Title Control Cards, 

and 5) the W(v) Statistic Control Cards. 

Main Problem Control Card 

1. 	 Number of years of data, 10 < N < 70 where 
N/lO 	is an integer value (Fo~mat: 12) 

9 10 
2. 	 Number of months within a year 1 < K < 12 

(Forma t: 12 ) 

13 


3. 	 W(v) statistic deletion control (Format: II) 
"0" delete H(v) 
"I" - - compute ~.J(v) 

18 
4. 	 First observation year minus one (e.g. if 

first observation year is 1930 punch 1929) 
(Format: 14) 

20 

Data Cards 

Each card of the data deck inputs monthly extreme minimum tem­

peratures for one year. Thus, each card of the data deck will con­

tain K punched fields with format 6X, 12I4 (right adjusted), The 

first 6 columns may be used for appropriate identification of the 
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annual obs~rvations. Of course, there will be N cards in the data 

deck. 

The data input format may be changed to read any grouping of 

months from the data cards. The only restriction is that the number 

of months (K) must conform to 1 :: K < 12. For example, if monthly 

data from January through December \<lere punched one year per card 

and the user wished to read only the Narch and April data, the 

data input format would be l4X, 214. 

The data input format card carries label "51 11 and is the 14th 

card in the source statement deck. The user should note that the 

format declaration must remain the I field even though the value 

of K is variable. 

The Lieblein Cards 

Two cards are required to input Lieblein weights for subgroup 

size 10. The first of these cards inputs the following a .. 
J 

cons with format 10F8.6 
1 

a .. 
cc----- ­

J 
----~,-

1 - 8 0.230001 

9 - 16 0.164178 

17 - 24 0.134239 

25 - 32 0.1l2<H4 

_. 4033 0.094638 

41 Lt 8 0.079263 

49 - 56 0.065l,08 

57 -, 64 0.052 l f96 

65 - 72 0.04003 l f 

73 - 80 0.027331 
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The second card, with format 10F8.6, the following b .. 
] 

constants. Note that bl ­ ,
J 

b2 -,-J 
and b3­

J 
are negative. 

b. 
cc 

1 - 8 -.324597 

9 -, 16 -.085070 

17 - 24 -.017927 

25 - 32 .020698 

33 - 40 .045420 

41 - 48 .061652 

49 - 56 .071876 

57 - 64 .077242 

65 - 72 .077971 

73 - 80 .072734 

Title Control Cards 

This g'roup comprises 4 cards, the first 3 of which input 

appropriate problem identification and titles for the output of 

1) above. The last card of the four the variable format 

for the output of 1) above. Not all the column space provided 

by the first 3 cards of this group may be needed for output 

identification; however 3 cards must appear even though the third 

card may be blank. (The use of these Variable Format Cards is 

illustrated by examples below.) 

W Statistic Control Cards 

This group is a sequence of up to II cards which control the 

associated VIi th W(v). If column 18 of the I'fain 



15 

Problem Control Card is punched "0" then no W(v) statistic is 

computed; hence no W(v) Statistic Control Cards are needed. If 

column 18 of the Main Problem Card is punched "1" then 2 to 4 

cards are needed in the follo~"ing order: 

1. 	 Number of differerit v values to be specified. Since 
the program aliows a maximum of 3 different v values 
per job the .number specified is either 1, 2, or 3. 
(Format: 11) 

2. 	 The value of v is specified, one value per card, on 
the appropriate number of cards. The restriction on 
v is 1 < v < 99. (Format: 12). 

10 



16 


EXAMPLES 

Two examples of problems amenable to TE~lPROB follow. They 

were chosen to demonstrate the flexibility of TEHPROB input 1;,;rith 

respect to number of months. 

Problem A. 

Compute temperature probabilities and the value of W(v) for 

v = 1, v = 5, and v 7 using January extreme minimum temperature 

data for Br01~lsville, Texas from 1930 to 1959 inclusive (see 8, 

pp. 6-8]. 

Note that N 30, hence N/I0 = 3, an integer value. Also, 

K = 1. The Hain Problem Control Card contains the foHOI·,ing 

punches: 

cc Punch Information 

9 - 10 30 N := 30 

14,. 1 K := 1 (one month) 

18 1 Compute W(v) 

19 - 22 1929 Year preceeding first year 
of data 

The 30 data cards input the January extreme minimum temperature 

for each year from 1930 to 1959. For example, the first card is 

punched: 

cc Punch Information 

1 - 4 1930 Identify card as 1930 observation 

9 - 10 24 Minimum temperature for 
January, 1930 

The Lieblein Heights Cards appear precisely as previously defined. 
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The Variable Format Output Title Control Cards appear as: 

First Card: (cc. 1-80) 

('1',3(1),45X, 'EXTREME MINIMU}1 TEMPERATURES BY MONTHS'I' ',52X,'BROHNSVILLE, TEX 

Second Card: (cc. 1-70) 

As'I'O' 30X 'YEAR' 20X 'JAN' 25X 'ANNUAl 'I' , 79X 'MINI}~I TEMP. 'I'D')
" ": " ..J , , 

Third Card: (cc. 1-26) 

(' ',30X,I4,20X,I2,28X,I2) 

The H(v) Statistic Control Cards are a set of 4 cards punched 

as folloHs: 

Card No. cc Punch Information 

1 10 3 3 different v values to follow 

2 10 1 v = 1 

3 10 5 v == 5 

4 10 7 v 7 


The output from this job folloHS. 


To aid the reader in interpreting output from TEMPROB, inter~ 

pretation of specific examples from the last 4 pages of from 

Problem A follow. Suppose a firm engaged in production andlor 

a vegetable crop in Brownsville, Texas is interested in 

the probability of crop loss from a freeze during January. Suppose 

the manager of the operation decides that 30°F. is the relevant 

threshold to consider given the unique aspects of the 

(e.g. variety, proximity of acreage to ground cover, etc.). 

That is, 30°F. represents the threshold temperature which, in his 

judgement, may extensive.ly damage the crop. 

http:extensive.ly
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From Problem A, page 22, the probability that a temperature 

of 30°F. or below will not occur is .797 (F(x) in output). Of 

course, the probability that a temperature of 30°F. or below will 

occur is .203 (denoted P in output). 

The return for 30°F. is 4.9 years (T(x) in output). 

This means that about 4.9 years will elapse, on the average, before 

a temperature equal to or be1m.; 30°F. will occur. Thus, the manager 

might anticipate some crop loss due to low temperatures about once 

every 5 years. 

The W(v) statistic for v = I, v = 3, and v 7 is given in 

the last 3 pages of output. Note that when v =: 1 then W(v) = P 

in the output. The W(v) statistic for v=:3 is .494. This means 

that there is about a 50% chance of 30°F. or below occurring at 

least once within 3 years. Similarly, when v ::;: 7, W(v) = .796 

which means that there is about an 80% chance of 30°F. or be10\v 

occurring at least once within 7 years. 
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l''i LA~, -::: j~L I) h-" • :5 7 7;:" lJ t Tt..= 39.66(;"-)0 

-2.0~3b71 

7.1(0265 
2. • i. 9 1 'I 1 i) 

b.315b49 

U[IA= -/t.,69411 

4.8~SS;4n 

5. ~3b8'tFJ 

VAKIANCt=1.64S·hETA**2= 3b.24696 

C • 04 00 34 

0.077971 

I\.) 

f-i 



I,\;i,CX 1" c. ,", P. f 0 M ;VII". X • T 0 ,v, i I''l • L::: ( X-!\ LP 11 ) I b t T A 

1 '~6 -1.')21..) 
-,,: It ::> -1.713 

lt/t -l.?C'~~ 
l, 1+3 -1.2(\7 
<, 
j '+2 - 1 .. '~I 74 
:.J Ii 1 -0.1361 
7 "t l:' -,').C\~,':I 

d 39 - 'I • I, ) ') 
l,: "..{ ~J 

., W -i).222 
1 " I 31 - •.J. ') (") 

II ') , 
~) () (). t.: C It 

li )5 (\.417 
1. ~j 3/1' .oJU 
1 it " A.

,J _' v. d'~] 
" ,./ 32 1 • ;) ::. () 

; 'r 
31 
3(; 

loLl.)') 
1 • I~ ~j i:' 

" " ~ 2') l. (; () 5 
1 (-) 26 1 • .., ('I t) 
') i' 27 2.121 
,/ 1 ._ J.. 26 )

l'.... 
-;. -;> 'c 
~) _,j _> 

2 :2 2:J 2.:)41:i 
2:> 2 I., I.. 761 
') ,
<,,:"-1 23 2. <H4 

f=CXP(-E'*';«-L) ) 

o .vO 1 
~.1 .. C'~) 4 
(:'.(11 
<I .. (\Z 7 
('.U5 l t 
l) • (! 9 Ii 
0.148 
',,'.2.13 
(.201 
t-; -. 36 ~ 
n .4L,L 
0.517 
f) .. 5d7 
'].6:>') 
!) .. h.1 () 
(j.75'j 

'}.7<77 
.l.u};!. 
(~I • U tJ 2. 
(l.otl7 
l' • 'j (I tl 
n.CJ25 
1~ .939 
0.9;';0 

P=l-F(X) 

0.999 
0.996 
O. 9 tl ';l 
Q.973 
C.9't6 
('.906 
(). U 52 
0.71:37 
0.713 
0.(:)35 
0.558 
0.483 
C' • 't 1 3 
0."350 

. 0.29 It 

/).245 
(1.20::3 

0.168 
0 .. 138 
0.113 
0.('192 
0.07<;; 
0.061 
0.050 

T{X)=l/P 

1.COl 
1.00 L, 

1.011 

1 .. (:27 

L.057 
1 .. 10 /t 
1.173 

1.L7I 

1. It 02 
1. '::> 74 
1.794 
2.072 
2. lt22 
2.860 
3. /t05 
It.0f32 
I~ w C; 2 2 
5.964 
7.255 
6.853 

Ie. 832 
13 .. 282 
16.314 
20.066 

N 
N 
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TtfJ,P. FF;orJl {""lAX 0 TCJ ,'I; IN. \~ ( V ) 

! It 6 0.999 

1 4::' 0.996 
'~-'-''"''~-' "-'. 

1 44 C.989 

1 't3 0.973 

1 Lt2 0.946 
.-~..'~-----';'- -, -..­

1 it 1 ()'O 906 

1 40 0.852 

1 39 0.787 
-

1 38 C.713 

1 37 
" 

0.635 
~-

1 36 0.553 
C 

~ n.7" ~ ~" --- -"-~-'- .. - .- ~ 

1 35 C. l.83 

1 3 it o.l, 13 

1 33 0.350 

1 32 0.294 

1 31 O.2 L,5 

1 3(' 0.203 

1 29 c. 168 

1 2& (1.138 

1 27 0.113 
.. - __ __ .. _,___._._~ _.~".~ .~_. c~_._. 

" 

I 26 0.092 

1 2~ 0.075 

1 2't 0.:)61 
. -- --­ .. -­

23 ('.050 
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V T f:t'I, P. Fk(Ji·! ,\:/\X. 10 ,\11 j\ • rd V l 

3 46 1. ')0(' 

it 5 leOOO3 
"" _._.~ .<T ••·_.A__ "~'"'_' 

3 It4 1.C(10 

3 It 3 1.000 

3 42 1.000 
,~-~,-- - ~. --.-- .",-_...• 

3 L,1 0.999 

3 41) 0.997 

3 39 0.990 

3 38 0.976 

3 31 O.CJ52 

3 36 0.913 
---.-~, '~".- .- ... >' • - ~..-. -" 

3" 3:> 0.861 

3 3 It 0.793 

3 33 0.725 

3 32 c.o4a 

3 31 (l.57l1 

3 30 (: • L,9 It 

3 29 0.923 

3 28 0.354 

3 2 -( 0.302 
.-~~.-- - -~---~.~-,~~-~ ... "~ 

3 26 0.252 

3 25 ()'209 

3 2 It C. 173 
·',,-·c __ ".­

3 
.~ 

23 o. 142 
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" v THI P • F ~ 0 Iv; r.:;\ X. TC ,"i 1N • 

7 1.000 

1 45 1.(,'00 

7 4 f t 1.000 

7 il'3 1.0CO 

7 42 
""- , ""'-~.- .-~ 

7 41 1.1)0(1 

7 It J 1.000 

1 39 1.0CO 

7 33 1.000 

7 37 0.999 

7 36 0.997 

1 35 C.99U 

7 34 0.976 

7 33 0.951 

7 32 0.912 

7 31 v.8bO 

7 3 (, 0.796 

-
7 29 0.723 

7 22, 0.646 

7 27 (.568 

26 

7 25 

7 24- ('.358 

7 2~ C. 30 1 
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Problem B 

Compute temperature probabilities and the value of W(v) for 

V := 10 using monthly data November through Harch 1920-21 to 

November through Harch 1969-70 for \ves1aco, Texas. 

Note that N =,50, hence N/10 == 5, an integer value. Also, 

K :::: 5. The Hain Problem Control Card contains the following 

punches: 

cc Punch Information 

9 - 10 54 N 50 

14 5 K == 5 

18 1 Compute W(v) 

19 - 22 1919 Year preceeding first year of data. 

The 50 data cards input November through March extreme minimum 

temperature for each year 1920-21 through 1969-70. The punches are 

as specified above for "Data Cards." 

Again the Lieb1ein Weights Cards appear precisely as previously 

defined. 

The Variable Format Title Control Cards appear as: 

First Card: (ce. 1-80) 

('1',3( ),45X, 'EXTREME HINI}~l TE}~ERATURES BY MONTHS'/' ',57X,'WESLACO, TEXAS'/ 

Second Card: (cc. 1-80) 

'0' 30X 'YEAR' 7X" " 'NOV' 7X" 'DEC' 7x" 'JAN' 7X'FEB' 7X'MAR' 15X 'ANNUAL'/' 93X ' , , " " 

Third Card: (ce. 1-19) 

HINI}flJH TEMP. ' /' 0 ' ) 
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Fourth Card: (cc. 1-49) 

(' ',30X,I4,8X,I2,8X, I2,8X,I2,8X,I2,8X,I2,14X,I2) 

The W(v) Statistic Control Cards are a set of 2 cards punched 

as follmvs: 

Card No. cc Punch Information 

1 10 1 1 v value to follow 

2 9 - 10 10 v = 10 

The output from this job follows. 



EX TRE f.1E 

OUTPUT- PROBLEM B 

ivl I [\1 I j<i U:·1 TE.'I,PERATUR.ES 
"ESLACD, TEXAS 

bY nUNTHS 

YEAR NOV DEC JAN FEB MAR 

31 30 36 34 50192.n 
1921 46 35 33 33 Z-f 

1922 it 1 37 39 27 38 
1923 {t6 40 33 32 39 

l~6192 /t 	 42 26 
, -1'-

27 42 
37 23 30 38 461'i25 

1926 	 35 32 32 36 37 
1927 	 42 31 26 35 38 

1 SZ 8 	 '1'2 33 33 3(: 36 
1929 	 38 27 21 42 38 
1 "no 	 38 33 35 40 33 

36 ' 1S31 51 3& 't3 31 
1932 35 28 29 27 't2 
1 C7"JJ::I ttl 34 41 36 32 
1 9 3,t 't 1 34 2 i t 27 '~0 

1935 't 1 37 27 29 {l7 
1936 3a 3 (t 38 38 34 
19.;7 35 54 30 33 52 
1938 )C 3 f t 41 35 it 1 
1~39 39 31 23 32 37 

2~(19 ltC' :.;:; 39 37 37 
1. '-)/t 1 4A 41 32 35 34 
19 /+2 39 29 26 3ft 35 
19':t :3 3 It 31 27 41 3& 
19/1' It 37 28 36 38 lt4 

'19't5 It f:, 32 32 37 41 
1 S l 16 41 34 30 32 38 
1 9 1t 7 41 3'+ 28 31 32 
1';4.3 32 35 2f) 'rO It 8 
tchJ 39 ;3 39 37 41 
1 S5J 32 2 't 26 19 31 
1951 32 33 38 33 35 
1952 't2 35 36 43 43 
1 ':;53 37 28 33 36 37 
1 ,; 5 it 39 37 31 28 38 
1 ';55 	 38 3 35 33 37 
1'156 -32 38 3 It it 7 41 
1957 	 35 26 32 31 39 
lS5i3 	 39 28 31 39 46 
1959 	 32 32 32 

' , 

29 '37 
196) 	 It () 32 4535 	 33 
19 ") 1 	 ItO 35 16 40 38 
1;(.>2 	 1t 3 38 23 3(' 39 
1963 	 36 29 29 33 4t2 

196~ 	 42 v 33 31 333 fl 
1 c;6:> £1- 7 it r:) 28 33 3't 
1966 '3 It 29 29 31 43 

~ '. - .1S6'( It 3 33 31 31 36 
I96;3 3d 3 f t 20) i t 2 39 
1969 .32 3'3 28 38 3 S· 

28 


ANNUAL 
j., IN I F;Ut~ lEI'H) • 

30 
27 
27 
32 
26 "' . ,~-.' 

23 
~ 

32 
26 
30 
21 
33 
31 
27 
32 
24 
27 
34 
30 
30 
23 
27 
32 
26 
27 
28 
32 
30 
28 
20 
33 
19 
32 
35 
28 
28 
33 

.. 

32 
26 
28 
29 
32 
16 
23 
29 
30 
28 
29 

. ... 

31 
29 
28 
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INO[ X 

1 

2 


'I' 
5 


.,6 


8 


10 

11 

12 

13 

1ft 

15 

16 

17 

18 

19 

2() 


21 

. - -" -., - ,~ 

22 

23 

2i, 


25 

2& 
rl 
28 

29 

3'"'.' 

31 

32 

33 

3 Lt 


35 

3t> 
37 

38 

39 

Lt 

41 

't2 


';3 

4 Lt 


45 

46 

41 

43 

't 9 

c:.r 
-' .' 

TEo'W. IN ORDER MI (I~+ 1) 

35 0.020 
3 f t 0.039 
33 0.059 
33 0.078 

33 0.1) 98 

32 0.118 
32 0.137 
32 0.157 
32 0.176 
32 0.196 
32 0.216 
32 0.235 
32 O~255 

31 0.275 

31 o~_2 94 

30 0.314 
30 0.333 
30 0.353 
30 0.373 
30 0.392 
30 ".- 0. Ltl2 

~.---~,,--.~-

29 O. 't31 
2<; Q.451 
29 1).4 n 
29 ';). I.t 9~\ 

28 C.510 
28 ~.529 

28 (.549 
26 0.569 
28 O.5B8 
28 0.605 
28 0.627 
27 0.6 /17 
27 1).667 
27 0.686 
27 0.706 
27 C.725 
27 O. 7 t ,5 
26 0.765 
26 

'" 

0.784 
26 0.80 1t 
26 0.824 
2 /t 0.843 
23 0.863 

23 (1.882 

23 ().SGZ 

21 0 .. 922 

20 f) • 9 If 1 

19 0.961 
16 0.900 



ARRANGING DATA WITHIN SUBGROUPS IN ORDER OF CECREASING MAGNITUDE 

S.J= 

32 

34 

33 

J:'J 

•.:.1......,. 
..JL 

166 

32 

35 

'32 

33 

31 

161 

::',0 

32 

32 

32 

3(' 

15u 

30 

::ll 

3() 

j2 

29 

152 

27 

3() 

28 

'L9 

29 

143 

27 

30 

2d 

23 

2<-) 

1 /~2 

26 

27 

27 

213 

28 

136 

26 

27 

27 

28 

28 

136 

23 

24 

26 

26 

23 

122 

21 

23 

20 

19 

16 

99 

A.J= (J.2y·~nl 
C• \~ 2 f3 31 

C.164178 0.134239 0.1124L4 0.09'.6:;e O.C79263 0.065408 0.052496 0.040034 

A.J S.J= 3~.180160 26.43264() 20.9 Ltl280 17.086910 13.533230 
11.255340 13.895487 7.1 ;)l)456 4. R 8 /t l/+o 2.705769 

S LJI"1 i'l. • J S. J = 1 S 1 • t' 54300 	 ALPH= 30.21 (\ 8 70 

b.J= -n.324597 -O.08507C -0.017927 O.OZGo98 0.045420 0.061652 C.C71876 0.077242 O.077Q71 
U.072734 

G.J 	 S.J=":'S"3.B83(8n -15.69brrc -2.7'-)6611 3.14b095 6.495US9 
8.7545tl3 9.775134 10 .. 5C4\-JlO ~.512460 7.200665 w 

o 
SU~ 0.J S.J= -14.98697 bET A= -2.C)9739 

;Vlt A i'-J = 1\ L P i1-0 • S 7 7 *~ ET A :;; 31.94')3 7 	 VARIANCE=1.b45*~ETA**2= 14.77929 



rNc) EX 1 EMP. FkOi'-t MAX. TO MIN. 1={X-AlPHI/l:j[TA 

1 35 -1.598 
-, 
L, 3't -1.'2.64 
j 33 -0.931 

'I 32 -().'5'rr 

5 31 -I). '2.6 3 

(; 30 () .. \.' '{ 0 

7 29 0.40'-+ 

H 2B 0.738 

<.) 27 1.071 


1 r, 
 26 1. It () 5 
1 : 2, 1.73U 
1 .,

i. 24- 2. (i7 2 

1 ~ 23 2. 'r06 
,.. '-' 

, 22 2.7 j'i 

1 :' 21 3.07 '3 


') ("j1(: t.,., 3.40 'I 
1 ~I 19 3.7 /j I) 


lu 18 't.074 

IS' 17 4 .. 'tl'} 7 

21'" 
 16 't.741 

F=EXP(-f**(-Z}) 

0.007 
I) .0,29 
0.(\79 
0.163 
0 .. 272 
(\. ::19 /., 
(J .. ~)13 

0.620 
0 .. 710 
0.782 
(: .. 839 
0.882 
0.914 
0.937 
O.9.?5 
0.967, 
0.977 
0.983 
().(joo 

0.991 

P=l-F(X) 

0.993 
0.971 
0.921 
0.837 
0.728 
0.606 
0 .. '187 
O.. 3t\O 
0 .. 290 
0.218 
t).l\~l 

0.11B 
0 .. 086 
0.063 
(/.045 
0.033 
0 .. 023 
0.017 
0.012 
0.009 

T(X)=l/P 

1.007 
1. (,) 3 () 
1 .. 0811 
1.194 
1,,37£" 
1.649 
2 .. 05:; 
2.631 
3.4'+7 
't.595 
6 .. 203 
8.452 


11 .. 59'1­
15.982 
22.110 
30.065 

42.60'-.1 

59.283 
82.561 

115.057 

W 
I-' 
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~~ .' - .~ . 
v T E. ~W. FRCH"\ ~"AX • TO HIN. ~n vI 

Ie 35 1,,000 

10 34 1,000 
.~ - ... '~""~ --.~~ .--. ~-." .~ 

10 33 1.000 

10 32 1.000 

10 31 1.000 

10 30 1.000 

10 29 0.999 

Ie 28 0 .. 992 

10 27 0.967 

10 26 C.. 914 

10 25 ' C. 82& 

-..... -.. ~,.-~,.-

10 2'.. 0.716 

1':' 23 0.594 

10 22 0.'176 
~-

10 21 0.371 

10 20 0.282 

10 19 0.211 

18 0.156 

Ii) 17 0.115 

10 16 0" 08', 
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The following pages contain a listing of the source statements 

of TEMPROB. 
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$JD~ xa25M2,TI~E=OOlfPAG[S=OlC THu~tS L. SPORLEDER 
IN T E G £: R TEft;? ( 100, 12 J , ~q N ( 1 0 C ) , Y E/I R, s,~ VE ( 1 J ,j j t S T O~ E 1 ( 1 I)} ,S TCJ RE2 ( 10 )

*,SJ DR E 3 ( 1',) ) ,S 1 C 4 ( le;l , Sn J::; FJ { Ie l ,S TOR. t 6 (1 0) ,s Ut,\( 1,:! ) , K { 1 O~)) ,V ( 1 () ),
*[J K ( 1 {) Cl I , r: r,' T 1 ( 6 C I , F ;'·1 T 2 ( 2 ':' I , TI, i\] 1 S T Cl Rt 7 ( 1 r)) , S TOR c.: 8 ( 1 r") ) 

REt, L !) I V ( 1 C' 0 I ,. AJ ( 1 0 ) , g J ( 1 0 I ,A J S J ( 1 0 I , B J SJ ( 1 0 I 1 \1 F A ~J , Z ( 1 ('I 0 ) f X ( 1 CI) ) , 

*F( 1OJ ) , P { 1 C C) p.t( 1OJ l , TO T ( 1 CO) , T ( 100 ) 
C READ 1.,\! THE NlWdER OF YeM' S lND THE NU,v8ER OF ~!O;'ITHS lli~O TEST VALUE 
C OF CALCUL,\,TING ;·J(V}. 

5~ 	 FDRMAT(6X,12I4) 
C R[AD IN TE~P RATU~ES 

C STEP-l S~LECT THE SMALLES TEMPFRATURE BY YEAR E PR[~T OUT 
0(19C Il=l,NY 
REA 0 ( 5 , 5 1) (T Et·', P ( I 1 , J 1 ) , J 1= 1 , ~U'\ I 


51 ~ORMAT(14X,5I4) 

~ ~-~.,~..-	 .. 

IF(NM.GT.ll GO TC GO 
MIN(Il)=T~ P(Il,ll 
$ l\ VE ( I 1) ,-1 I :--.; ( I 1 ) 

gO 	 CO:'lTI'W~ 

RfAD(5,52) (.t.J(I),I=l,lO) 
R.EAD(5,52) (3J{J},J=1,1C) 

~2 	 FOR~~T(lOFa.61 

REA D ( 5 , '> I., 1 ( F '-1 r 1 ( I ) ,I 1, 6 ') ) 

54 rUR'AflTt.!,,),14) 


REAO(5.541 (r'JT2(JJ,J=1,2 i}) 

on 206 MJ1=1,KING 

20 b Rf:' D ( ') J 5!J) V ( '" J 1 ) 


I F ( \i '-1 • E(..;. 1) GIJ TCl 3 G C 

DCl 9L Kl=l,NY 

L I r T T E ,'-; P ( K 1 , 1 ) 

DO 9 2 L 1.;:: 2 f \1;'\ 


IF ( T E',; P ( r: 1, L 1) • LE. L JTlJ._,L IT T T E ,'" P (KI, LIt 

92 	 CWHINUE 


St,VE{Kl )=L ITT 

t-i U~ (:-<.1) LI T -; 


91 CC\1TINU::: 

30() :,; he I T E ( 6 , F ,t\ T 1 ) 


on 9') ;''11= 1 , NY 

..,--.-,-.----...--~.-.- '" Y'E AR";:::' I'y :: A~~ + v I'· 

9 3 	 ~~ R. rT E: ( 6 , F:'-1 T 2) YEA;;;, ( T E ,\1 P ( ,''11 , ~ 1 ) , N1 == 1 , ~.J:1) r ~1 I N ( "11 J 

C STEP-2 S:lrU THE EXn,E"'E 1'.; HI l\'U:'1 T[,''IP. IN DESC,ENOP4G ORDER 

NYM1==NY-l 

DOgS' [?:;: 1 f ,\Y ,v I' 

12Pl==I2+1 

DO 98 J2~[2Pl,~Y 


1 F ( j'·1 I :\~ { I 2 I • (; [: • '.\ I ~\ ( J 2)) Gn TO 98 

I t~ D:=o "'! I /1 ( r 2 ) 

tv\ I I) ( T.?) :-:! \; ( J 2 J 

~--1 I ~; ( J 2 ) == r\\ 0 


r: q I 1 ~ ( 6 , b 2) 

62 ;:: :] R. ,I,~ :, T ( 1 l' , 3 ( I ) , !, 3x I I 1 ~: r [ ;(. , 1 ': x , f T:: IV? • I ri CP) EQ • , b X I f i-" / ( ~! + 1 J t I I) 1 I 
( S TE P -:< P;;:' It; JUT I ;'~ ,j ~ X f: T ,\~? ~ .) I (ri ~ 1 ) 

http:FOR~~T(lOFa.61
http:IF(NM.GT.ll


38c 

G 


a 


o 

o 

o 

2( 0 

1t 

1;0 

1.,0 
1~ 

L 

,·0 
10 

'i 

eO 
7 

51 
52 
53 
5t., 
55 
56 
57 
58--......~-. 
~ 

60 
61 
62 
63 
tA· 
65 
(,6 

67 
68 
69 
70 
71 
72 
73 
7t., 
75 
76 

77 
78 
79 
'80 
81 
82 
83 
84 
85 
86 
87 

89 
90 
91 
92 
93 
tPt 

95 
96 
97 
98 
99 

laC 
1~)1 

DO 94 K 2::: 1 , ;'J Y 

R2=K2 

RY=NY 


. OIV(~21;(~2j(RY*1~0)) 
9 tt i',!RITEl6,63' ,1(2,f4U)(K2),OIVL'<2J 
6 3 F !J R ~'J t, T (I .. , It.2 X ,I 2,1 8 X ,1 2 ,1 2 X , F- 6 • '3 ) 

c ST~P-4 A~RA~G[ THE DATA ey SUBGqOUP 
NSUB=r-.jY lID 
DO 97 L2=l,NY 
IF(L2.L':.lOI GO TO 1 
IF(L2.GE~11.AND.l2.lE.2Q) GO TO 2 
IF(l2.G~.21.A~J.L2~LE43C} GO TO 3 
IF{L2~GE,31.ANDol2.LE.40) GO TO 4 
IF{L2.G~.~1.A~D.l2.lE.50) GO Tt) 5 

..._. ___ 	 I F ( L 2 .. Gf, 5 l~l\;'JD " L 2 ~. Lt. 0 6 OJ GO TO 6 
IF{L2.G[.61.A~D.L2.L~.7C) GO TO 7 
IF{L2.G~.71.AND.L2.Lf~80) GO TG 8 

1 	 SrOREl(L21 VE((2) 

GO TO 97 


nSrORE2(L2-1 ) SAV~tL2) 

GO TO 97 
STrJ~,=,( l2-21:f)~ SAVEl L2·j--~·---·---·3 

GO fiJ Q 7 


4 	 STG~E~(l2-3CJ=SAVE(L2)' 


GO TO 97 

STOP[5{L2-~O) SAVE(L2) 

GO TO 97 

ST J R [~tJ ( L 2 --5 I) ) = S~ V E ( l "(~'", .- ----.. -.. ~ ..- ~ .. --.-- .­o 

GO TO 97 


7 STJ~t7(L2-60) SAVE(l2) 

GO TO 97 


g S TCP [ .:3 ( L 2 - 7 C) S'A V E: ( I~ 2 ) 

97 CO"! r [iWc 


STCP-5 AR~A~GE ~~C~-SUGG~OGP RGW~ISE IN 
DO led 131,9 
13Pl-=I3+1 
DO 101 Jj rJP!,10 
IF(SrJKr:u 13)"GE.STC?c-l(J3)) GU TO 101 
J~1Dl STO..:tE lC 13) . - ~. -.-'<,---_. 
STU ~E 1 ( I .3) SHJR E 1 ( J 3 ) 

S TlY< E 1 ( J 3 )= J 1'1 D 1 


1D1. 	 CO:\i T 1 ~\jUE 


I F ( I'~ S U [3 • := ') • 1) GOT0 4 0 a 

DU 102 K3 1,9 

K3Pl-=K3i-l 


-_. ~.- -----.---~.---- 00 1(12 K 3 P 1 t 1+c 
[F{S i~F2{K:).GE.STORE2(l3) GD TO 102 

J'-i C 2 -= S T [] E 2 ( K 3 ) 

STlJRE2.(K31=STJRf:2(l3) 

STrl P. 	 2 ( L 3) J'j;) 2 

IJ2 	 car" f I ;·IUF. 

iFP4SlBo (J'e2) GO TO"4 

DU 103 rr~= 1 f 9 

(·13 P 1 "13 + 1 

DO 103 N3~~3Pl,lQ 


I F ( S T C: ~; E: .3 ( '/ ';) • G E • S T [) R~ .:s ( i'~ :l )) G(J T(] 1 \} 3 
J :v; D 3 -= Spy, E 3 ( ;\ 3 ) 
STOPE31~3)=STCRf3(~3) 

STfJ;<E·3(i'~3) Jii03 

http:IF{L2.G[.61.A~D.L2.L~.7C
http:NSUB=r-.jY


39 


IF(NSU9.E~.31 GO TO 40C103 
1'j 4 DiJ 18'" 14=1,S 
lIJ5 14Pl 14+1 


DO 104 J4=I4Pl,lO
1D6 
If- l S T ry:;: ~ Ld l/~) '" G F • S T Dr:, E 4 ( J ~ ) 1 10 104101 

1)8 J f-lO 4 S T J ?, E'tt I 4 ) 
109 STGP C 4(I4)=STCRE4(J4J 

STOR=!d Jlt) J~1D/t110 

111 (DNTI\JU _ 
 -

112 	 IF(~SU3.EQ.41 GC TO 'tOO 
DO 1!) 5 KIt::; 1 , <;113 

114 K4P 1 Ktt+ 1 
115 DO 1Q5 L4=K4Pl,lO 
116 IF( STD;;ZE5(K.td .GF.:.STO'<:E5{L4» GO TO 105 
117 J,'-lD5 srOF,E':i(K4} '_ 


STC) P t 5 ( KIt) = S T O~ E 5 ( L It J
118 
119 S T _ ') ( lit ) =J :'W 5 
120 105 UJI',!TINUE 
121 IF(NSU3.[Q.5) GO TO 40C 
122 DO 106 Wt=l f 9 

tvi It PI::: 'J 4 + 1123 
124 DO 1(6 h/-t:=;.',ltPl,lC 

123 ] F ( S T CJ Q E 6 ( j. {d • G::: • S T C:: [= 6 ( :-Vt )) Gel 0 1 (16 
126 J ro (.) ;::: STeE b ( 'A Itl 
127 STC~_S(~4'=STORE6(N4) 

128 S T 0 i~ ( \j It ) .", J '1 06 

129 
131) I != ( r~ S U 3 • E: l~ • S ) GOT0 t... 0 Ci 
131 DO _1 (.., I ~ 1 ~ 1 , 9 
13? lAP 1= I j 1 + 1 
133 DO 1\)7 I 3 1 = 1t. p 1 , 10 
1:3 it IF(STQP:::'7(I/\lJ.GE.STOR.E7( Ial}l co TO 107 
135 rC 1:::; STel F E 1 ( Itd ) 
136 STOl.(F 7( 141 )=STOSE7( IHi) 
137 STU R E7( 1::31):=IC1 
138 107 CC\T]:JUE 
139 IF ( NSU;;. EQ .. 71 GO TO 400 
FtO DO 1I) 0 J;\ 1= 1 , 9 
141 J,\Pl=JA1+1 ­
142 DO 1~8 Jjl=JAPl,10 
143 IF{ ST'J::<.tS( Jt:.ll.G .STORf~8(J61)' GO TO 108 
1/+4 J C 1 = S T;J n; ,3 ( J II 1 ) 
145 STCRE8{JAl) STCRE8{JB1) 
l l t6 STCRc13 (J31) Jel 
147 lC8 CC I HINUE 
1"~8 1'1;;;; (TE (b ,6-3)' 

149 63 F 0 ;{;41\ T ( I 1 I ,:3 ( /) 1 ~ 9 X I I A;:u:( A"l G I \~ GOA T A 11 I T H INS U:3 GP. 0 U r S rr~ 0 K D [R 0 F D 


,:~ EeRE- t. S UJ G :"1 A G iJi TlJ 0 L I / I (; I ) 

150 v; K ! T E: ( I:; , 66) (S T0 K .- 1 ( 1 5) , I 5.::: 1 , 10 ) 

151 1 F p~ S U :3 <> .'. 1) GOT:] 4 ( 1 
152 - ~~ R IT [ t 6 , 6.) I {S T E;: ( J 5) ,J 5=1 , 1 c· ) 
153 IF p~ S U (j • E i; • 2) T 'J 4 C1 . . -,. 
154 ~,;? I T E ( 6 , b 6) CST 0 E'~ ( K 5) , K 5 =1 , 1 0 ) 
155 1 F { N S U :} .. E(~ ... 3) G C TO it C1 
156 In IT':: ( 6 t !) 6} (S T C ({ L, ( ':,5 ) 7 i'~ 5 = 1 , 10 ) 
157 I F ( N S U G • E) " i,) G;J ToJ 4 ') 1 
158 ','i~; I T [ { 6 , 6 6 1 f S T eRe 5 ( r--, 5) , N 5 ;;:; 1 , 1 0 ) 

__ A 

159 IFU~SU3.EO.5) (',1; TO 40~ 
~ ~ 

160 \<; ~ ITt: ( f, , (; 6) (S Tel" r: G ( I Eo ) , I (; = 1 , i 0 l 
161 I F ( "i Si.J b ~ f:;'~ • 6) ~~ rJ TU I j (, 1 

http:ST'J::<.tS
http:IF(STQP:::'7(I/\lJ.GE.STOR.E7
http:STD;;ZE5(K.td
http:IF(~SU3.EQ.41
http:IF(NSU9.E~.31
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W~rTE(6,66) 	 ,STC;~7(KK1),KKl=1,lO)lE,2 
If>3 IF(~SUa.=a~71 GO TO 401 

!'iF<. I T E ( 6 t 66 J I 5 TCr~ EiH KK? ) , K}{. 2 =I, 10 ) _ 164 
{) b f- GF-;'Y, .'l T ( I 	 ;). t 18 x , 1 G ( 1 It , 6 X ) ) 165 

C ST~P-6 SU~ EACH C0LU~ .OF THF MATRICS 
166 4) 1 	 (LHH 1NUt 
167 	 00 100 K6=1,lC 
108 	 I F { ~'J Sur~ .. 1:: Q • 1) S U iq K 6) '" S T O~, r: 1 ( K 6 ) 

I F ( 1'J 5 tn ~ t:J , 2) S u.'-~ [ K 6 }= S TLF'. E l(K 6 ) + S TeRE 2 ( K6 ) _169 
I~C~SU9.EQ.31 SUY(K6) STG~~1(Kb)+STCRE2{K6)+STCR~3(K6)170 
IF(~SUB.EQ.4) SU~(K6)=STCREl(K6)+STC~E2(K6)+STORE3(K6).STORE4(K6'171 
IF(~SUB.EQ.5J SUM(K6)=STOREl(K6}+STOhE2{K6)+STORE3(K6)+STC~E4(K6)172 

* 
 +STOR~5(K6) 


-1 F { 1'\; su a .. E~,J • 6) 5 1Jr·1( K 6 ) .:= S T (j ,-/, c 1 ( K 6 ) t SICR E 2 ( K 6 J {- S T IJ R E 3 ( K 6 ) ... S T 0 K E 4 ( K 6 ) 173 
+STORE5(K6)+STORE6(K6). _. , .. -. 	 . ~.... _.-. , ....-* IF ( N SU Ij .. E<) • 7 ) SU~(K6) STO~El(K6)+STG~E2(K6)+STOR~3(K6}+STO~E4{K6) 

* 

174 
+STOR[5(K6)~STOR 6(K6)+STJRE7(K6) 

175 IF ( NS U 8 • E:) • 8 I S U;/ ( K 6) = S T J R c1 ( K 6 ) + S T C P E 2 ( K fJ ) +S T (;~:: j( K6 ) +STOR E!i"{ K 6 ) 
+STO~~5(K6J+STO~~6(K6J+STGR 7(K6)+STO~EB(K6) 

176 100 ' CC~H I\;Ut 
177 (SU~rK7),K7=1,lO) 

178 Q 7 r u ~<,.c 1\ T ( 1 (' I , l'+ X, IS. J =' , : C ( I it , 6X ) ) 

C SIEP-7 FOR~ SUM t.J S.J A~D SUM B.J S.J, TH~N PRI~T THEM 
C STEP-S F-O~'" ':'LP~1,,3[TA,·Y f,~;, A\JO V;'.!~lMjCE, HE:~·j pgPH THEi-1 

179 002')1 IJl 1,1'J 
leG TI) T ( I J 1 ) ;;..:; U;.\ ( I J 1 ) 
181 2·J 1 ."\ J SJ ( I J 1) = t J ( I J 1) 'n C T ( I J 1) 

IS 2 TOTALt o. 
183 DO 2·J 2 I J 2 = 1 , 1:) 

Torr.lt=fOTtll+\JSJ( I.J2) 
135 A A TO 1;'1 L 11 r: sue. 
1l:l6 [lC 203 I J 3= 1 ,10 
la7 203 i3JSJ( IJ3) 8J( IJ3PTCT{ IJJ) 
183 TUL,\LZ 2. 
189 
190 
191 88=ToTt,L2n;SU3 
192 ~.; K [T (0, 6'J 1) {A J ( r J ':i) , I J 5 ::: 1 , 1 C ) 
193 60l Fe? t: f, T ( f:j I , lit X , I i'-. ~ J ;; I , ! ') F 1 0 " (; ) 
194 ~: R I T E «(, -, 6 C 2) It\ J SJ ( I J 6 1 , I J G:: l , 1 ') ) 
195 602 F U;;; I'~ A T ( '0', :3 X,, ,\ • J S ~ J I, 1 C { r s • 6 1 3 X I I 
196 h'RITE(6,,<'?.J TC1L\.U, AA 
197 oJ} f CI F ~,' " T ( I ;;, ,26 X I I SU" !,. J S. J == f , F 1 2 ~ 6 , 1 5 X , J ALP H:: 'fF 1 2 .. 6 ) 
198 ...~ ({ I T [: ( 6 , j ~~ ,,) ( ::l J ( I J 7 ) , I J 7 =1 , l. ') ) . " 
19'-1 F 0 K:C: .''',. T ( , J' J 1 'r X, ' i3 • J ~ I , ] r) F 1 C' .. 6 ) 
Zi)() \;:RITE(6,6 r)5) (;:~JSJ( 1J8) ,IJ>j:.::l;10J 
2. C" 1 605 F U '.:{ '·1 t.. T ( , '0', 3 X , I 3 • J S. J= I , 1 C ( FlO .. 6 1 2 X) ) 

~02 WQ ITc(6,6061 TOTAL9,83 

2:)3 606 F fiR ~; A T ( 'J I ,26 X , 1 S U j.' E" J S ~ J = ',' F 1 1" ~ , 1 5 X , I GET ;.\ == 1 , F 1 1 • 5 ) 

2 i) It "lE::t\~J t..,t--(·".577::"8GI 

205 

~ l) 6 II, q t T ': ( 6 , 6 iJ 7 l jiE i\ ~,;, v r~ I' 

2r: 7 6 elf F[J ;U..;.t\ T [ I') i " g x , f v:: .c\ tv:= .\ L PH-I:) .. '57 7~: BET A;;;. I 1 f 1 1 4 5 , lOX, ' V/\ R I At~c E;:: 1 .. fA? ~~ E' 


*CT!',"<';' 2= , ,Fll. 5) 
CST E P - q Ct. LeU L !, T E Z, F ( X ) , P, II ~w T { ;<), T h F. N P R I NT THt:~ 

288WRITE(6,bJ81 
209 608 FC"q;\T( f I' ,3(/) ,;)()X, I P/) X', 5X, 'TE~;P. FP,U,'v', ;,I;\X~ T8 :.JIN.t ~5X1 

,~ 1 l {X - r\ L f>H } / r; ::: TIl I t 5,:(, I F 0; r: xp { .:.. C '" ':' (-l ) ) f , . 5;< , ' P001-- F( X ) I I 7X , 
'~tT{X)~:ll '/'0 )' 

http:IF(~SUB.EQ.5J
http:I~C~SU9.EQ.31


--- -
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N NP 1 "'~ r;j P +1 

DO 205 KJl=l,~NPl 


I J K ( K J 1 ) =:;-1 I ,~(1) -:: K.J 1+1 

XIJ IJK{KJl) 

l(KJ1)=(XIJ-~Al/0B 

A=(-?.71a28¥;'(-Z(KJll }), 

F(KJl )-=F.XP (t,l 

P(KJl)-=l. - F(KJll 


.T (KJ 1 ) =1. / 0 ( KJ1)..... 

~~RlTE(6,:oC'9) KJ1, IJK{KJLl, Z(KJll, F(KJl), P(KJ1), T(KJl} 

6,J S Fn F-:. 1\1 t, T(I f, 2 fJ x" I ? , 1 6 X , I 2 , 20 X , F 7. 3 I 1 2 X , F 7. 3 ,1 J X , F 7 • 3 l 8 X I F 7 • "3 , 

2;)5 UYH U:UE 


IF(T~V.~Q.C) GO TO SgS 
C ST~p-ln ~JR~ ~(V) aND PRI~T IT 

DO 287 ~Jl=l,KI~G 
WRITf(S,olC;) 

61 I) 	 F J A T ( I 1 I , 3,( / I l 4 5 X , ' V I ,l 5 X , ' T E v P • F P 0 ;'.1 ,": A X. T C ,~II N. I ,1 3 X , ' 'ti ( V ) I ) 

DO 2JS ~J2=1,~~Pl 

W(~IJ2)=1. - «I.-P( "-:JZ) )~*V(!\JJi) l 
WRITC(6,611) ~(NJl) I !JKINJ21, ~(NJ2) 

6tl 	 F O=<, ,'1.,\ T ( I) t , 43 x1 r2 I 27 X , I 2 , 19 X,F 7. 3 } 
208 C'"Jr'iTr'W~ 


207 CONT [l'IJ: 

'... ~ I T C( f,) .66 hI 


~6 6 F C K .~ .J, T ( I 1 I ) 


<;S9 STOP 

Ef;D 

SCAfA 


