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ABSTRACT 

A computer programme for fast routine automatic analysis of solid 

state detectors spectra is presented. The peak identification 1S carried 

out by means of a pattern recognition method acting directly on the raw 

spectrum, and the fitting by means of a non-iterative procedure. The 

programme is able to anayze both single and overlapping peaks by means 

of a successive stripping procedure. Main features of the programme are 

a remarkable working speed and a small core memory occupation that makes 

it suitable for small computers. Some examples of the analysis of y-ray 

spectra from Ge(Li) detectors and of charged-particle spectra from si 

detectors are shown. 
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1 . - INTRODUCTION 

In this report , we present a computer code particul~rly suitable 

to fast r outine analysis of high-resolution y - ray spectra from Ge(Li) 

detectors and charged-particle spectra from Si detectors, which in 

the last few years we have been gathering in ever increasing quantity 

in the course of a low- energy nuclear spectroscopy research proeramme. 

The large amount of collected data made the development of fast routine 

analysis techniques indispensable , and non- iterative methods (1,2) 

were chosen for their simplicity and veloci.ty. 

semi-automatic method (~), then a fully automatic 

Firstly, 

one (4) , 

we used a 

which combin-

ed the second derivative method (5) for peak identification with non

-iterative techniques for the fitting . 

The necessity of analyzing in a reasonable time batches of some 

hundreds of spectra on a relatively small computer (the HP 2100 S, 32 K 

word core memory of the Istituto di Fisica dell ' Universita di Trieste) 

showed, subsequently that developing another programme even more economical 

i n terms ' of computer time and memory requirements would be very useful . 

In fact, the only drawback of the method described in ref. (4) is the 

rather cumbersome and time-consuming procedure for the identification 

of peaks , ",hich requires the re- calculation of the second difference of 

the spectrum after the analysis of each peak and its re- examination to 

find another one . In order to overcome this slOWest step in (") we adopted 

a much simpler identification procedure, based on a method of pb.ttern 

recognition , which could be directly applied to the raw data . Using this 

ne'" procedure "'e wrote in FORTRAN IV a computer programme named LIZA 

that determines position, FW1U~ and area of the peaks in a spectrum, and 

achieves a significant improvement in the velocity of the analysis with 

the following main features: 

(1) it ,is suited to small computers, even without being split into 

linking segments (the code occupies no more than 8 K, 16-bit words) 

(2 ) it ;requires very li ttle initial information to perform the analysis 
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(3) it is satisfactorily accurate ,.i th respect both to peak location 

and peak area determination 

(4) it can operate both in a completely automatic and very fast way 

or , alternatively, in an interactive way with provision for easy 

visual choice of interesting fitted peaks on a cathode ray tube 

(CRT) display , for sUbseque"nt printout of the desired results only. 

In Section 2 the peak and background finding procedure will be 

presented , in Section 3 the complete structure of the programme will 

be described. Section 4 will show some examples of the application of 

this method to the analysis of y- ray and charged- particle spectra. In 

Sect i on 5 comments and conclusions will be repor ted . In Appendix A 

the complete listing of the interactive version of the programme 

LIZA is reported . 

2 . - PEAK AND BACKGROUND SEARCH METHOD 

For the purposes of the analysis , the basic assumption we adopt 

i s that a spectrum obtained with semiconductor detectors may be describ

ed as the sum of a number of more or les s over lapping Gaussian functions, 

representing the peaks , superimposed on a relatively flat , slowly varying 

l ine representing the background . 

Although other r efined analytic functions , much more complex 'ohan a 

s i mple Gaussian , have been selected (6 - 11) better to fit the real peak 

shape (which , as is well known (2 , 12- 14) , i s asymmetric) they all need 

iterative least-square fitting procedures which are at variance with 

our aim of economy in time of execution , core memory requirements and 

i nput information. Moreover , these methods often require the manual 

intervention of the user in the determination of the number of peaks 

to be considered in a partic~lar fitting (8 , 11 ,1 5) and also requ1re some 

initial estimates of the patameters to be optimized . Avoiding iterative 

l east- square methods , then, implies the choice of the simple Gaussian 

function as the mathematical model of peak shape. This choice i s supported 

\ 
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by the fact that the deviation from a pure Gaussian shape is not very 

significant in the case of low and moderate statistics , as we experienced 

in our spectra, and the accuracy in the position determi~ation of a peak 

1S not affected by the use of Gaussian shapes. The greater simplicity In 

the computer code and in the analysis makes up for the slightly less 

accurate determinati on of the peak area. Finally, as the number of 

channels defining each peak is usually small , because of the high re

solution obtainable with semiconductor detectors, a straight line was, 

in relatively narrow zones of the spectrum , a sufficient approximation 

1n describing the background . 

The peak and background search method described 1n this Section 

was chosen after lengthly testing of two widely used peak search routines 

(smoothed first and second numerical difference of the data) in order to 

study their compatibility with our a1m of simplicity and velocity. These 

routines require the foll owing steps : 

(1) Smoothing out'of the raw data 

(2) Differentiation of the smoothed data 

(3) Inspection of the variations of the first or second difference . 

At this point, some comments are to be made. Step (1), to be really 

effecti ve, neces s itates a:l! approximate kno~~~edge of the v.alue of the F"tllLM 

of the peaks . The number of points to be used in the routines "hich 

implements steps (1) and (2) is to be e'.aluat"d before the analysis, and 

is then to be given as an external parameter ( 10) . Moreover , in step (3) 

to distinguish real peaks fr om noise fluctuations, the var~ations of the 

derivatives are to be compared with a predetermined threshold, which 1S 

usually chosen as the standard deviation of the data multiplied by an 

appropriate constant factor to be empirically chosen pr10r to the ana

lysis (4 , 15) . Then, further tests are usually applied. 

Owing to the above stated incoveniences, which result in lengthen-

1ng the computer code and increasing the execut ion time , we decided to 

adopt a much simpler procedure: the basic principle is to determine the 

position of all candidate pe~~s in a very simple way, and to shift all 

restrictive·tests to a fast peak fitting procedure which effectively 

r ejects non Gaussian shapes . 

J 
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The peak finding and background determination procedures have 

been based on the same very simple pattern recognition method. The 

presence of a valley reglon centred at the channel numbet J is 

characterized by the following height pattern 

D(J-l) > D(J) and D(J) < D(J+l) (1) 

where D(r) is the content of the original spectrum at the channel 

number r. As will be explained in detail in Section 3 , selected 

valley region centres are used to determine the background , which 

will be indicated as B(r). Then, if the spectrum after background 

subtraction is described as s(r) = D(r)-B(r) , to acknowledge the pre

sence of a peak it is only necessary to find the similar height 

pattern 

S(J-l) < S(J) and S(J) > S(J+l) (2) 

This channel number J is prospectively accepted as an approximate 

peak ·centre. This peak finding procedure may glve a number of 

prospective peak centres larger than the true number , 'JUt very 

small humps are not taken into account with a test on their height 

and spurious peaks will be discarded in the fitting proced~re 

(see Sectipn 3) . 

Compared to the more commonly used search routines , this pattern 

based peak finding procedure enables complete skipping of steps (1) 

and (2) and replaces step (3) with a simpler and faster examination 

of the behaviour of the spectrum, working directly on the raw data. 

A fringe benefit of this simple pattern recognition method is also 

that it can be coded . in such a 'my that in the programme the same 

subroutine is alternately used to locate firstly valley regions and 

then the appr oximate peak centres . 

Since this method 1S simpler and no less effective than prev10us 

ones, we don 't see why a sledgehammer should be used when nutcrackers 

will do. 

J 
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3. - DESCRIPTION OF THE PROGRAl1ME 

The programme LIZA consists of the follmling steps:' 

(1) Input of the data 

(2) Background subtraction from the raw spectrum 

(3) Peak search on the backgroundless spectrum 

(4) Fitting of the peaks in decreasing height order 

(5) Subtraction of the calculated Gaussian function from the 

spectrum . Repetition of steps (4) and (5) until all significant 

peaks are analyzed 

(6) Printout of the results. 

3 .1 Input of the data 

At the start of the programme, the subroutine DATA reads the pa

rameters. required for the analysis fr om punched cards or from a teletype. 

The spectrum is then read (subroutine RIDIN)from punched paper tape or 

from a binary disc file and it is analyzed in segments of chosen length, 

according to the partition technique described in detail elsewhere (4). 

The use of this piecemeal reading technique is enabled by our analyzing 

method, which doesn ' t require the simultaneous presence of the whole 

spectrum in the computer memory. So., even large spectra may be analyzed 

using vectoru of much smaller length, thereby contributing to the 

reduction of the core memory requirements. 

3 . 2 Background determination and subtraction 

The segment of the raw spectrum under analysis ~s searched for 

valley regions by means of the above described pattern recognition 

method (subroutine PHEP) . ,Then a sequence of three channel contents 

which obey the condition (1) 

D(I-l) > D(I) and D(I) < D(I+l) 
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1 5 found, the channel number I is stored as a prospective "background 

point" (BP) . The centres of eventual flat zones are also accepted as 

BPs (subroutine FLAT). After all the BPs in the segment under analysis 

have been identified, the subroutine CHOIX determines the maximum num&Qr 

of equal length parts of the segment each of which contains at least 

two BPs. Then a selection procedure is applied so that in each part o~ 

the segment only the BP with the lowest content is retained (subroutines 

CHOIX and CLEAR). This condition IS usually sufficient to exclude high 

valley regions between two adjacent peaks . The ends of the ordinates 

D(I)+Io(I) centred at the remaining BPs are then joined by straight 

li nes , and the background obtained in this way IS subtracted from the 

raw spectrum ( 16) (subroutine FONDO). In Figs . 1, 2 , 3, 6 and 7 the 

BPs are indicated, and the straight lines represent the calculated 

background to be subtracted from the spectrum . . · 

3.3 Peak search 

Due to the fitting method we have adopted, the peak finding pro

cedure is only required to produce approximated centres of the peaks, 

which will be simply called "peak points" (pp) . The exact centres will 

be calculated in the fitting procedure. The PPs are determined by the 

same subroutine used in the background determination, provided the 

appropriate 10F,i~al comparison function is used in the calling statement. 

In fact, the peak search is based on the already described pattern 

recognition method. When the conditions (2) 

S(1-1) < S(I) and S(I) > S(I+l) 

are fulfilled, the channel number I is assumed to be a PP. However , 

in order that this PP be stored for subsequent use in the fitting 

procedure, the value ·of S(I) IS also required to be larger than the 

statistical error associated ·with the maximum content of the original 

spectrum· in the segment und8.r analysis . With thi s very simple condition 

many spurious peaks and humps due to the statistical fluctuations are 

not ·even taken into account in the first examination , while no real 

peak may pass undetected. 

2:::9 
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3.4 Peak fitting 

The basic assumption of pure Gaussian shape peaks allows the use 

of the non-i terati ve fitting ; technique of Zimmermann (1) and ifukoya'na (2) , 

which is very economical as far as both core memory requirements and 

execution time are concerned. 

In the channels near a PP J , the spectrum SCI) 1S approximately 

described by the Gaussian function 

G( I) = 
P 

where 10 is the centre of the peak , 0 its standard deviation and Pits 

area . Then the function 

f(I) = Zn [S (I - l)/S(I+l) 1 

may be fitted by a straight line. In fact , uS1ng a property of the 

Gaussi·an , it emerges that the quantity 

In [G(I-l)/G(I+l)] = 2(1- 10 )/02 

(4 ) 

1S a linear function of I and so 1S approximately f(I), having assumed 

SCI) to be nearly equal to G(T) . With an explicit least squares fit 

(subroutine FIT2R), the straight line 

Y(I) = A.I+B (6) 

is fitted to the function (4) in the interval between a lower channel 

number M on the left of the PP and an upper channel number N on the 

right of the PP. The parameters 10 and 0 are then obtained from the 

coefficients A and B ac cording to the formulae 

10 = -B/A o = (7) 

The area P of the peak 1S then obtained by fitting (subroutine F1T1R) 

300 
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to the points of the spectrum SCI) the Gaussian function (3), where P 

is now the only free parameter left . If the calculated value of 10 , 

which does not need to be an intege r number , differs from J for more 

than one channel , the prospective peak is far from a Gaussian shape 

and is then rejected (subroutine FIND). 

Instead of trying to resolve the structures of the spectrum by 

fi tting the peaks in the order of increasing channel number, in each 

segment of the spectrum the PPs are previously arranged (subroutine 

ORDO) according to the decreasing values of the corresponding SCI) , 

so that the highest peak is the first to be analyzed. In every fit 

the quantity 

/

. N 

C = L 
1=11 

( Y(I) - f(I )]2 

(N-11 + 1) 
( 8) 

1S calculated (subroutine CHSQ) with 11 = J - l , N = J +l. The value Co 

obtain.ed in the fit of the first peak is chosen as standard for 

clearance of successive fits , since the first fitted peak has the 

largest statistics . This value Co is then multiplied by a constant 

factor F to give the quantity E = Co.F . In each successive fit , if 

the corresponding C is larger than E, the prospective peak under 

analysis is discarded (subroutine FIND ) . It must be pointed out that 

the const ant F is the only input parameter affecting' the analysis 

procedure. Its value is easily determined empirically by , testing th~ 

programme on a few sample data chosen at random from the set of spectra 

t o be analyzed . 

For a peak centred at the PP J, the values II and N of the lower 

and upper limits of the fitting interval are.initiall y set at J-l and 

J +l respectively . Although this fitting interval may be sufficient for 

peaks 'with ~M circa equal to three channels , the programme includes 

an option for the automatic addition of further points both to the 

right and to. the left side of the initial three points to deal more 

effectively with peaks with larger FllliM. The maximum number of points 

to be added (if required) on each side is supplied by an external 

\ 
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parame~er called IOPT . A value of IOPT different from zero causes 

the programme to start the optimization subroutine OPT3. Further 

points are tentatively added one by one on the low-energY side of 

the fitting interval and in each step the quantity C (defined in 

formula (8)) is recalculated with the appropriate new value of the 

limit M. If C < E the point is approved . This procedure goes on until 

getting to a point for which C > E or the number IOPT of added points 

i s reached. The same procedure is then applied to t he points of the high

-energy side , finally resulting in the best determination of the values 

of the l imits M and N. The coefficients of the straight line (6) fitted to 

the points of the f unction (4) i n the enlarged inte r val from 1.'1 to N are 

then used to determine the parameters of the peak according formulae (7) . 

In contrast to methods employing rigid prescriptions to exclude 

unfavourable data points from the fitting interval (setting for example 

i ts limi ts to the channels whose contents are greater than half 

maximum (2 , 3)) this flexible method is more suitable to produce better 

estimates of the Gaussian parameters , especially i n the case of strongly 

overlapping peaks . 

3 . 5 Subtraction of the fitted peak and housekeeping 

Af ter a fi t has been completed , the calculated Gaussian funct i on 

(3) is subtracted (subroutine STR:P) from the spectrum S( I) . and the re

siduals i n the subtraction region are searched in .order to detect e"entual 

peaks previ ou sly shadowed by t he b i gger peak which has j ust been subtr acted. 

I f new PPs are found , they are inserted in the r i ght places in the l i st 

of the PPs waiting to be processed according to height . The fitting 

procedure starts again, and continues until all peaks have been analy zed . 

It can be observed that the successive stripping of the f i tted peaks 

allows satisfactory analysis of even rather convoluted str uctures of 

the spectrum . I~oreover , this method overcomes the usual l imits (10 , 15) 

on the maximum number of peaks that can be unfolded fr.om an overlapping 

group of l ines , unavoidable i n the simultaneous iterative least-squares 

fitting procedure unless a very large computer is available ( I I) . 

302 
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3 . 6 Printout of the results 

The programme may run either In a completely automatic manner or, 

alternatively, in an interactive way. In the automatic way of operation, 

the only requested output device is a line printer , and the printout 

consists of two parts : 

(1) the list of the parameters of each analyzed peak 

(2) an alphanumeric show of the results on the line printer , at the end 

of the analysis of a segment of the spectrum . 

I n the plot the fitted peaks , the background and the spectrum 

r econstructed by summing the peaks and the background (subroutine 

SO;·lGS) over the whole segment are plotted against the raw data (sub

r outines FAHBE and PLOT) . The points of D(I) are represented by the 

s:f11loo1 

f i tted 

peak . 

"+" . 

"'1", those of B(r) by the symbol " . " The profiles of the 

Gaussian functions are outlined by a different l etter for each 

The r econstructed spectrum points a r e i ndicated by the symbol 

A typical example of this ki nd of plot is shown in Fig . 4. The 

p lot , if "not required, may be omitted. 

The second verSlon also requires an interactive CRT display. In 

fact , steps (1) and (2) are initially executed on the display instead 

of on the line printer . vfuen the plot is shown on the CRT , a feature 

of the programme allovs the user to select the peaks to be pri~ted 

simply by pressing on the CRT keyboard the letters corresponding t.o 

the desired peaks . This situat i on is illust.rat.ed in Fig . 5 . 

4 . - EXAJ.!PLES 

Some examples of the application of our programme will be shown 

In this Section. 

Fig. 1 describes in detail the analysis of a y- peak (the 662 ke1l 

y-ray fr om a 13 7Cs calibrated source) recorded with a 50 cc . Ge(Li) 

detector ( 17). Part A shows the original spectrum . The BPs and the 

PP are indicated . Part B shows the behaviour of the function f(I): 

\ 
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the limit points M and N of the fit of the straight line (6) are indi

cated . In part C, the points represent the spectrum S(r), the full 

line the calculated Gaussian curve . A· value of rOPT = 2 (maximum 

seven channels for the fit) was adopted , and the programme performed 

the fit on six channels . 

Fig . 2 shows the analysi s of a zone of a spectrum from the 

measurement of the y-raysfollowing the inelastic scattering of 

2.5 MeV neutrons in 1271 , recorded with the same Ge(Li) detector. The 

BPs are indicated, the PPs are replaced by the arrows indicating the 

energ1es (in keV) of the observed y- rays. A value of F = 10 and 

IOPT = 1 was adopted (maximum five points fitted for every peak) . The 

points represent the original spectrum , the straight lines the calculat

ed background , the curves are the fitted Gaussian shapes . 

Fig . 2 shows a zone of spectrum with well-resolved peaks; Fig . 3, 

on the other hand , emphasizes the performance of the programme 1n 

fitting overlapping peaks . The data is taken from the 93Nb(n , n 'y )93Nb 

reaction· (18) . The points represent the spectrum D(I), the thin curves 

the single components of the calculated spectrum, the thick curve their 

sum . The BPs , PPs and the calculated background are indicated as in 

Fig. 2, together with the energies of the observed y- rays . It can be 

interesting to observe the fit of the multiple peaks , such as the 473 , 

477, 482 keV triplet And the 507 - 511 , 538-541 and 568-572 ke'r doublets . 

The FHHN of the detector , obtained, for example, from the date. of Fig . 1 , 

was about 2 . 4 keV. 

Fig. 4 reproduces directly the line printer output of a part of the 

same zone of the spectrum, printed as described in detail in Subsection 

3.6: the letters from A to L identify the single components of the 

spectrum . 

For the sake of completeness , Fig. 5 shows the situation in the 

case of the use of the ·interactive version of the programme , on the same 

zone of spectrum again. The picture directly presents the CRT display, 

on which the user can choose the interesting peaks by means of their labels . 

"'0' U '.i 
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Figs. 6 and 7 show the analysis of two spectra of elastically 

scattered protons recorded with a 1000 ~m Si detector (19) . The data 

1S taken from a study of the 68Zn (p , p)68Zn reaction. 

Fig . 6 shows the analysis of part of a spectrum that presents, 

from the left to the right side , the pea1{s from the 12C( p,p) 12C, 

160(p,p)160, and 68Zn (p ,p )68Zn reactions. In fact, the target consisted 

of a thin layer of ZnO evaporated on a 10 ~g/cm2 carbon backing . The 

PPs and BPs are indicated , even though the background is too small to 

be appreciated on the scale. The points represent the spectru~ D(I) , 

the curves the calculated Gaussians . 

Fig. 7 shows a peak from the elastic scattering of protons from 

6eZn , in which the target presented a contamination from a lighter 

element , resulting in a small peak on the left. side of the peak due 

to the 68Zn (p , p)68Zn reaction. The thin lines represent the t wo com

ponents, the thick one their sum ; As in Fig . 6 , the background is too 

low to be appreciated on the scale . The PPs and BPs are indicated . 

5. - CO~~'lENTS AND CONCLUSIONS 

The performance of the programme described in th i s report may be 

judged by inspecting the fits shown in the figures . It is' to be stressed 

that these results have been obtained in an appreciably short execution 

time and with a small core memory occupation (less than 8K , 16-bit word). 

For example, on a HP 2100 S computer , which has a base- cycle of 980 ns, 

the automatic analysis of a 4096 c.hanne l spectrum with about 100 peaks 

requires 120 s of central processor time. This short execution time may 

suggest using this programme as a first step.to obtain the preliminary 

informat i on (such as a good approximation of the position, F' .. lHt1 and 

height of. each peak) necessary to a successive least-square iterative 

fit, using when necessary ~ore refined line shapes . Moreover , the time 

usually nl"cessary to set up the programme for the analysis of a ' batch 

of similar spectra is remarkably reduced by the fact that the sensitivity 

of the analysis is controlled by a s ingle para~eter (F) . 

" r. . 
UV d 
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The results obtained with the programmes LIZA and DUHAN (4) 

have been extensively compared : a good general agreement was found . 

The authors would like to thank Prof . F . Demanins for his 

continuous interest in this work . 
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FIGURE CAPTIONS 

Fig . 1 -

Analysis of the 662 keY y-ray from a 137Cs source recorded with a C~(Li) 

detector . In part A the original spectrum D(I) (points) and the calculated 

background B(I) (straight line) are shown. In part B the values of the 

function f(I) and the fitted straight line Y(l) are plotted: the limit 

points of the fit are labeled M and N. In par t .C , the points represent 

the spectrum 8(1) after background subtraction , the line the calculated 

Gaussian function . 

Fig . 2 -

Analysis of a zone of spectrum taken from the 12 7I(n,n'y) 1271 reaction , 

recorded ,.ith a Ge(Li) detector . The points repres ent the spectnm D(I) , 

the straight lines the calculated background B(l), the curves are the 

Gaussian shapes fi ttcd. to the peaks. The energies of the observed y-rays 

are also indicated. 

Fig. 3 -

Analysis of a zone of spectrum taKen f l"Om the 931'<0(n , n ' y)9 3Nb reaction, 

recorded with a Ge(Li) detect.or . 'E1e points represent the speotrum D(I) , 

the straight line the calculated background B(l) . The thin curves are 

the single components of the analyzed spectrum, the thick one their sum . 

The energies of the observed y- rays are also indicated . 

Fi g. 4 

Direct computer line printer output of a part of the zone of spectrum 

of Fig . 3. The values of the raw spectrum are labeled "if", those of 

the caiculated background are labeled ":". The single components of 

the calculated spectrum are indicated by the letters from "A" to "L". 

The spectrum reconstructed by adding the calculated Gaussians to the 

background is labeled "+" . 

'. [. n t.lVU 
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Fig. 5 -

CRT display of the same zone of Figs. 3 and 4. By inspecting this 

display, the user can select the peaks to be printed on line printer 

simply by pressing the corresponding letter on the keyboard. 

Fig. 6 -

Analysis of a zone of spectrum from the 68Zn (p ,p)68 Zn reaction, recorded 

with a Si detector . . The points represent the original spectrum'D(r) , the 

curves the calculated Gaussians . . 

Fig. 1 -

Analysis of a double peak from the 68Zn(p,p)68Zn reaction, recorded 

with a Si detector. The points represent the spectrum D(r) , the thin 

curves. the single components, the thick curve the reconstructed spectrum. 
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APPENDIX 

(lOO l FTH4~L 

0002 r. 
0('103 C 
0004 C 
0005 C 
0 00/, C 
0007 f~ 

0008 C 
0009 C 
0010 C 
0011 C 
0012 C 
0013 C 
00 1A C 
001.5 r: 
('lOll, C 
001 7 C 
0018 C 
001.9 C 
OO:·~O C 
o 0 ~ 1 ( . 
00 22 C 
002:~ C 
OO :·?'-. C 
0 02~:~ C 
OO :y;, C 
0027 r. 
00 20 C 
002 9 C 
OO:W C 
003 J C 
0032 C 
f)()33 r:: 
OO :VI C 
oo:m C 
00 36 C 
0037 C 
0038 C 
0039 C 
00 /.0 C 
0041 C 
0042 C 
004:~ C 
004/* C 
0045 C 
0(1111, Q 
OOfl7 C 
0048 C 
0049 C 
OO~jO C 
005t C 
OO~2 C 
0053 , .. 
005 /, C 
005~j C 
005 6 C 
00 57 C 

fl F.:BCI"T f' TTON OF J ~II:"IT nATP: 

TW(I CAfW S Ar-..:E NF.F.J)£JJ FOF~ E-t..IF.RY SF'Er.l RlU1 TO HE ANALYZEr1 

THE FJ.f~ST CArw CONTAINS : 
t. U, K'FOr, H, t{TAF' .1:F TI _E , :n:nl..F 
[ FORHAT (315.3A2,~X ,1 5A2) 1 

THE SF.:cmm C(-lR fI CONTAINS : 
LFNf:' . NPAF" NARF~ ,L::'; G, TO VF • KF'. l' [lPl • Zl:.fW, CorN, F, T 
[ F ORMAT (715.5X ,4El_O.O) 1 

DESCRIPTlON OF THE Pf-lf,AMETF:r.:S 

UJ CONTROL S THE' OUTPUT IN STEP~; OF INCF~EASlNG COMPLETENESS 
LlI = 0 IS THE (:OMMm~ WAY OF OF'FJ~ATtON : 

THE OUTPUT Pf;;F SENTS ONLY THE DATA OF THE CHOSErl F'EAKS 
HOWEVER PLOTS OF PAras OF THE SPECTRUM r1AY [IE OBTA INF1.J 
p r,FSSING :t ON THE Kr:nmAF.:fI OF THE VJDf::onJ:1F'L'AY 

LU 1 THE 70NE OF THE SPECi mlM WHICH CONTA] NS THE. CHn~:iLN F'[AKf; 
I S PLOTTED ON THE· 1 .. n~E f'RJNT[R 

loU 2. THE CONTENT S OF THE SF'ECTF~ lJM , THE F.lACKor.:oUND AND THE 
RECONsnwcn..:n SPF:CTRUM ARE F'R JNTr-:n our 
F.VfT,Y I,/HOLE lOr-IE OF THE SF'ECn ;:UM I S PUlTTED UJ :3 

UJ 4 THE CONTENTS OF THE SPECTRUM f'.\[,lF.:R SlJf!Tf.:(ICTHlN OF THE BACK
GROUNfI ANn THF. VALUES OF THE FUNCTION LUG(S<I -1) /S(J+l» 
ARE IIL S(J f'RINn:~f.t 

UJ = (79 J)ETERMINF S THE F·'F.:OGh:AMME TO STOP 

CClNH..;OL S THf:' For':':MAT OF THE. INPUT SPECTRUM 
o FORMA·' (7X.!;i (F/I.(hlX) TNPUT FHOM PAF·ER 
1 FORHAT (H(F6.0~lX» INPUT FRUM PAPFR 

KFm~M 

KFtlRM 
KFClRM 
KFOF\ M :.:: 2 : INPIJT FF, OM B I NAf~Y [lISe FJU:'S 

lAF'E 
TAPE 

KTAF' ~ 0 IMPI . JES THE:" Pf:T.:FORATH1N OF THE [lATA OF THE PE AKS 
ON PAPER TAPE 

TFTLE I S THE NAi'lE OF THE f:~VF.NTUAL FILF:" CONTf-: ItH NG THE !-3PF.:CTf, UM 

TT ITl.E ALl.OWS TO MAnK EACH AN(~I..Y 7. Fn SPECTRUM LJ ITH A TITLE 

LENF I S TrlF : .. n-lrHH OF THE SF'EC1 RUM 

NF'AR , NArm IDENT IFY THE FH~St AND I. AS T CHANNI?L or H I::' lONE' 
OF THE- SF·FCTRUM TO BE ANALYZED 

I..SG TS THE LENGTH OF THE SEGMENT OF ,THE SPECTRUM F.:EAD BY 
THE SUfJROllTHl[ Rln )'N 

IOVF I S THE NlJMBEF~ OF CHANNELS OF THE ZONE OF OVEr.:LAP BETWEEN 
TWO CONSEr..IHIVE SEGMENT S 

THE MAX IMUM VALUE OF L SG -.. T(l'J F H(.IS [lEF:"N SFT TO J ]6 

0058 C 
0059 r. 
0060 C 
00b1 C 
006 2 C 

NF'AR,NARR,LSG , HJVF AR~- Rf.CALCULATETJ MODULO 8 HI THE SUBFWUTINf. DATA 

0063 C 
00(.4 C 
0065 C 
Op66 C 
00(,7 C 
OOMJ C 
0069 C 
0070 C 
{J07t C 

KF' I S THf;: LIMrT SET ON THE NUMBER OF F'E(.IKS WHICH MAY BE EXTRACTE·n 
FROM EACH SEGMENT OF LSG~· JOVF CHANNEI..S 
THE MAXIMUM VAl.UE OF KP I S '26 

IllF'T CONTROLB THE OPTIMIZATION OPT10m , 
IOPT 0 THE OF'TlMIZATION ROUTHlF. IS NOT ACTI VATEf.I 
IOPT = N THE OPTTMI 2'AT1 0i'1 ROUTINE IS ACTTwnEfI WITH A MA X IMUM 

NUMBEr, OF POINTS F.t.1lJ.'L. TO N 

7.EF..:D (KEV) IS THE VALUE: OF THE ENERGY SCfl l.E AT THE CHANNEL 
7ERO (IF THE SPECTRUM 



0072 C 
007:1 C 
0074 r. 
0075 C 
007,:. ,-
00 77 C 
OO '7r-l C 
007...., C 
0080 C 
OORl 
OOO~! 
008 ~~ 

0084 
00R5 
0 086 
0087 
008~:l 

00B9 
0 090 
0091 
009? 
0093 

0095 
00 96 
0 097 
009A 
009So' 
0100 
OHH 
OJ 0:,' 
01.03 
0104 
O 'JO:=i 
0106 
0107 
010A e-
010 l ? 
O J 10 
0111 
0112 
011 3 
0 :U . 4 8 
O 1.1 ~ 7 
0 11 6 
01.17 
01 18 
01 1 9 
0 1 :~O 118 
Ol ;H 
0 12:' 
o 1 :~:.1 
01.2 /• 
0125 
0126 
01.27 
0128 
0 129 
01~O 
0131 
0 132 24 
0133 104 
0 1 ~5 4 

01 :~5 
0136 
0137 
0138 
0l. 39 20 
0 1 /,0 
0141 
0 14? 
014~ ::?:~ 
01.44 
014e-; 15 
01 ... ,6 
01".7 23 

CnN~} (KEV/CHANNt::U J S THE" (":ONVr:J~S JON FAcnm OF" lHF ENl~RGY SCAL.F 

F TS A FACTnr.: WI-nCH (..lFFECTS HIE ACCEPTM;:TI.. JTY DF PEAKS Rf:L ATF.:n 
TO THF-: FIRS T FIT H~ FACH S E C-ir1E"NT OF THE' S PEr:TRUM 
F ( )1 ) SHOlJLTI I~E I.IFTERMl"NED F.rIPIRT C .~ILL Y ( !, F: E SECTION ~~ ..... 

T IS THF H[IGHT HFLO!.) I,. IHICH PEAKS A I'~[· R[,)FCTE[! 

EXTFri.:NAI,. GAUSS , JGT, IL T , GTi'J, L TN 
r NTF.:GEJ;: P. F~. V , 1..1. T Af'E ~ r..:fJw:! 
JHMENS l(lN Sl (26) .(';K<:?6) ~CK (2b} .1..(176) , 307M ,'](17b) 
flIMErmHJN CC(~o) .EN( :U,) , FW(26) , ::':A(2h} ,ER (26) , AS ( ;:? b) ~L.P(2M 

DJMENSION I KK(2t~) ,JNNC~"'~) , KK(~~b) ~rJN(2b) , IPU .. O) ,J eno} 
COMMr)N AN (J "lb) , ROWl <:l 7 ,S) tRDW2 (176 ) 
COMM ON LHW. NPAR , LSG , I QI"..'F. rlOK, NSG, 1 .. S5 , LlIS, KFOF:M 
COMMON IOPT,UI, KP, 7.Er...:O,C(lNV,F , T , JFILF(3) ,KTAP 
nATA IC/l.HA. 1 Hf.:, l.HC , 1HfI , .tHE , lHF. l.HG, I HH , ll-1J. r 1H,), 1 HK f 1. HI.. , l.HM . lHN , 

C1HO, ,HIP, 1HO, 11·IR . lHS . J H1 . 1.HLh .U-jl), l.HW, lHX, l HY, 1 HZ, H~-, I H:, l.H+~ 11-1')(· / 
rJi'H'~ Hl /- 1..E37/ .HH/ l . F.:3RI 
DATA V / 1 / . R/~/ , t.J /6/ , 1 APE/7/· P/"'./ 
CALL fJATA(R,I,.J ) 
IF (KFORM_EO. 2 ) GO TO 1 
IF (NF'AF~_E'.a.O ) GO TO t 
CALL RI DIN ( _ TRUE. , NF'AF.: ~ J t\ . T~IF'F.:) 
IF (NOK. ElL 0) GO TO 3 
KF' HINO(KF' , 26 ) 
F'K '" o . 
no ~:; l.AV= I ,NEG 
IF ( l.AV.EQ . NSG) LSS L US 
IF ( LAV_ GT.:l) GO TO 6 
NARR ... NPAf~+L S~'; 

KANAL = I..SS 
IK = 1 
GO TO 7 
NF' f'lF, ,., NARR-IDVF 
NARR :.:: NF'Ar.:+LSS 
KANAL - L:,S -IOV F 
I t< = T.OVF+l. 
IF (J.t\.EI) .1.) GO TO 7 
J)O 8 T=l ,IO\,JF 
( IN <I) :: AN (J +1_S(l) 
CALl. R J nJN(.FAl..SF.:. , KAr~Al.~J.K.TAF'E) 

MF' = ~WAR+1 

CAL L. S AL TO( V) 
WRIT F.: (V, US) MP,NAF,R 
WPITE (1..1 ,1 18> /'"IP , NARR 
FO,;:M ("' T (/ ,7X, "SEnMF.~n H..:Oi"\- r.HANNEl." ,I ~), " TO CHANN i:-: L '·,J5,/ ) 
CAI,.L EXTR (AN, LSS f ~;M IN r SMAX, HH , HI) 
CUT = SORT( SMAX) 
IF (SMAX-CUT. U·:. SMlN ) GO TO 2:1. 
CUT == AMAX1(CUl ,T ) 
CALL FClNDO(W,HH,L,S,IP,NP) 
IF ( NP.I _ T, ~) GO TO 5 
N1 == 1. . 
N2 = LSS 
IF (l. lI .GT.:·~) GO TO ::1. 
N::? == 1 
Nl "" L SG 
WRITE ( V,1 04) 
F ORMAT U . 7X . "F'EAK", 4X , "CENTRE" , I, X , - HEIGHT - , 6X , "'FW~m-, .... X, " f:-N f;-RGY", 

P5X. -F.:RROR" , bX , "AF,EA" , 5X , "Er.:r.:OR " , ax , " FIT CH. " , ::!X I - BASE CH. ", I) 

MP 0 
NP 0 
LI 1 
LS L. SS 
CALI.. PREF' (LTN,IP,NP,l:I,LS,S,CUT) 
IF (NP . FO . O) GO TCI 2 
CAL.L QRTJO<IP.jo·'P . S , GTN,O) 
CALL.. ELIM(IP ,NP) 
no 15 K= 1 ,1..5S 
ROW1 (K) "" 1. 
R{) lol? (K) = K 
no :~3 K=:'~ .loSS-1 
O(K ) .. ALDG(S(K- J )/S (K+l » 

J 



O·I'i!] 
0\ 1.9 
o 1 ~;O 
11 1 ~ I. 
1)1 ~;:I 

l) 153 
o 1 ~:; /, 
01~~'"j .11 
0 156 
0 1.~? 

01:=:;[;1 
0\5 '7 
() l hO 
Ol.bl 
\)1./',;' 
Ot/)3-
01·!,"" 
o 1 6~'i 
OJ ·V) 
(J167 
01 ...'>::, 
01J.9 
OL70 
0171 
0 1 7::! .\I, 
o t 7~~ 
017/, 
o 1 7~i 

0 170'1 
01 77 
017H 105 
0 179 
0180 
OHJl 
01n2 :2 
0183 2 1 
0184 
O l B~ 121 
0 1. 86 
OU~7 4 
0 1 ~I ::t 

0189 
0190 122 
OJ 9 1 
o t 9~,~ 

O J?;) .123 

0195 9 
01?6 
01'17 ,I ;~/+ 

0198 
vlll'''; 
0200 J 7 
020l. 
(}:'O:;~ 

0203 
0204 1.4 
020~j 

020b 
0207 
0200 13 
0:;:09 
():~ 1. () 

0:211 
O:·~12 
o::~ .tJ 

02.1..11 
0215 
02lt-
0?17 

CALL. F(ND(Tnr·K ,N.T P . r!P,S ,Q, A.n·nr) 
TF ORF'.rq,.'J ·' GO TO 2 
IF <LU.fW. 2) CALL F"r-:l.:"p\I .. U·r1P,I.., S,f),lJ) 
S I G SORT (2./A) 
r:TR = ·- f.V~ 

[lOllI-=l,I .. :';S 
FWlJj 0 ) 0:: G~\tJSS(l . SH; ,J •• CHO 
rALL FTllR (K.N.A,S) 
TF ({l.LT.CUn GO TO 2~ 
riF' =: MF'+l 
CK (I"IF') eTn 
AK(MP) ,~ 

8 I (MP) S I C 
Ef, (MF') ~"' I G·lo.f; ()i>.IV 

IK~~ (MP) :-:- K .. tIPAf~ 
rNN (MP) == N-"i'WAr~ 

cc <MP) crR+NPAV~ 

[ N (MP) :: CC (MP) ·)tCCHN+7r.:r.:.:o 
FW <rIP) = 2 . ~~'i!,";-)i:EP HiP) 
(;f.'tLl. :n fUP(A~U:,LSt HIP,S) 
(-I == 2.507l(·SIG.'A 
AS(MP ) = f"I 
[10 :1.6 T=U: .• L S 
A :: A+I.. Cn 
f:A( MP) Sf1RT( A) 
KK(MP) ::: l.J+NPAR 
;..IN (j'·iP) :: LS+NF'Af~ 

WRlTE (V ~ 105) MF·~ ·fr.(MP) .CC<Mt=') ,AK(MI:·) ,FW (MF') ,EN(MF·). 
PEH<r1P) ~A!;(i'IP) .:-)~,(MF') . JKK\MP) ,JNN(MP) ,KK(MP) , i'!i'-l(MP) 
F(Jr,:M(~T (7X , J~.~ . 1 X . At, 7F 1 0.:~ t ~~x, 'I :r~j . /) 
IF ( Nl ~ln.LI) ;'H '" 1.1 
IF (N2. LT.lm N:·~ := I..s 
IF (Mf' . LT.KP) GO TO 20 
I F (MF' . NF.. 0) GO Tn 4 
wrnn:: (I..) .1. 21) 

wrnTE (V, .121) 
F ORt1AT U.7X , uNO PEAKS",/) 
GO TO !j 
CAl.l. SOMGS(MP.LSSd .. ,(:K . SI ,AK.S) 
CALL EXTf~ (S.I..S8. StU, SMA. SMJ i'~ . f·M f-\ X) 
WRJ:T F.: (V, j :·~:n 
FORMAT ("CHOOSE YOUR f'FJ ... t;·S" , /) 
CAU .. Ff\r.·J~E (V, 1 ,LSS , /,IF', CK . ~-, I ,(IK , SMt ,~~MA,AN, S .l, IC ) 
WRIT E (V, 1 :·~3) 
FerF.;Mf':lT (I, " I NPLJT M:I ••• YZ ") 
no 9 I =1 . 26 
LP(Jj :: 11-1 
I;UlI) (V , :l24) ( L f'(T),I.::l.~~6) 

FORMf-lT (26A l ) 
NF' == MP 
•. 11) 1 7 1-::1 1i'W 
I P (I) .:: IFIX( CC(l» 
[10 1 :~ t=l,rW 
DO 14 ... 1= ] ,:M 
IF (LP(.J).F.:fJ.TC(f» Get TO -13 
CONTJi'~UE 

MP = i1F'- 1 
If' (l) == tOOOo 
flK(J ) := O. 
CONTINUE 
IF ( MF' .F:O.O) GO TO ~ 1 

WRITE (W, 10',) 
CALL OI:;;nO(JF',Nr:', S. lLT,l) 
no 10 K= li MF' 
[10 if) ,J= .t. NP 
I F (IP(K) .NE.IFt.X (CC('P» GO TO ] 8 
f't< = Pt\+l. 
IF <K.Ol.,t) Nl =: f(K(, J )·- rJPA r~ 

IF (K.EG.MP) N2 = NNLJ) - NF'{:R 
0218 GO TO .1 S' 
02 1 9 10 CONlTNUr:: 
02;!0 1<"1 IF ( KlAP .NE. O) wva1T: (P .1 03) F.:('J( .j) .F.:rd.J) .AS".» . SAU> 
022.\ 10:~ FORMAT U,F1 <J.2} 
02:?2.\0 WRIfE ( IJ ~JO~) ~~·.T.C(.J) , CC:( . j).~K( . t).rlJ( . j).EN(.J),FR(.J), 

():~:!3 PASt .) ,Srl(.J) , TKK(.J) ,INN(.J) ,KK (.J) ,NNeJ) 

3iD 



022 /, 
O~~?:=j 

022b 1211 
0227 
():~:~8 

0:::'2'.,- ] 2 
02:)0 
023.\ 
i):,I:~2 

o::~:.n 

O:-~~/, 

023~ ] .\ :-~ 

02:V, 
02:S7 108 
023:3 ., 
023'1' 
O::~/, O 

02.t, 1 
02 /,2 10(-
0243 
Q2 /,4 
02/, ~~ 

02 /,b 
0::.~/+ 7 

O::~"+ 3 

02 /t9 
0250 
0251 
0252 
O::~:'i3 

02~j4 

02:=;~'j 

02~'j6 210 
0:·~57 
O::~:=jf~ 201 
():~59 

0260 
0261 202 
0:·~b2 
021,3 lot 
0264 
0265 107 
0266 
0267 
0268 
02119 
o:ao 
0271 1.\ 0 
O:n2 
0273 ] 09 
0274 
027~j 

0276 
0277 
0278 
0279 
0 280 lO b 
0:~8 1 

028:? l08 
0283 
0 2 34 99 
O ;'~ ::15 10:1 
O;W6 
0237 

IF (I ., IL NE . 0) GO Tn .l ~ 

WRIlF (V, 1:'\7. ) 
FOR Mt"~T (/, " TO GF.:T A pr,:HHr.: n F'LOT f-'REn5 j") 

r..:EAJ) 01 ~ -;t) MF' 
IF (MF'~NE • .I ) GO TO ':'i 
CONT r NUf.:· 
CAl .!., SOMGS(NP ,t..SS ,t.., (;K ,SIII;K , S ) 
Cfll .. l. EXH, ( 8 ,155 , 8 M T , :;" Mi!; , SMlr·~, SMAX) 
CALL FAr\:f.-IF ( 1,1. N l ~ rO, riP, f~K , s t, (iK , ~'M T. ~ S MA, AN , S , I. , Je) 
IF <I .. Il.LT.:?} GO TO ~~ 

wr;'llT (W,ll:?> 
Frlfd1AT (/, 7 X, ·'CONS TR. SF'EC TfWi'1"~ /) 

WRJl [ (W,.1.0t-l) (5(1) , l " ~ ,u):·~) 

F ORMAT (10C~X , FlO . ())) 

CONTlrllJE 
IF (KlAF'.r-lF . O) WRlTE (Pr l 03) F't{ , PK , PK ,PK 
KF' :::: PI{ 
wRtn: ( r..I. j 06) KP 
For-.:M(4 T (7X ~ L-\~ " F'EAKS HA VE. BEFH LJ S TE?n" , I ) 
IF (t<Form"EIl " ~~) GO TO 3 
I F (NARR,~:(LLENF) GO TO 3 
KArlA l. :::: LENr·· ·" NAm~ 

CALl. RIDlrJ ( , lFWE, ,KM--U-IL , IK, TAPE ) 
GO TO 3 
F.:Nft 

Sljr~ F.:oU TrrlE [lATA (R ,W ) 
nnf-: GER 'WIJ ;~ . R , loJ 
DlMEN8ION lTT:lLF.: (1.~;) 

C(tMrlON 

COMMON AN( 76) , ROWl (176 ) , F'OI.-/::! (176 ) 
cmtMON LENF , i'WAr" t.Sri, XOVF, NOt< ,NSG , l.S5, LUS, t\FORM 
COMMON rOPT · l .tJ ,KP , ZERO , COrN , F , T , IFIL E (3) .KTAP 
DO :UO J :::; 1,15 
Ir ITLEO) :: :·~H 

REAft (R, 201.) LU ~ KFOf(M d \TAh (JFII. r:: <T) \ l=l, 3) , OTITl.E (n • J = l , 1 5) 
FORMAT ( 3T5 , 3A2 , 4X,j~A2) 

IF (ULEf] , '7"f) GO TfJ 9 9 
WRlrF. ( r..1.:)()2) <ITITLE<I) ,1=1 ,, 15) 
FOf~MAT ' :::OX,l:=;f\ 2 ,1) 
RE;AD (r..:, 101 ) LEN F ~ I\'F'AE: , NA;::~R , u-;o , rO\.JF .I\P , I OPT, ZERO , CONV , f" , T 
FOF~MAT (7I~'; , 5X,",r.: l0, I) 

-IF (:-~FOr\M.E(L2) I,.JI'UTF.: ( W,1 07) OFIl.F.<I) ,J = I. 3) 
FORrlr,T ( 7X , " SPECTr.:IJM RE(4D FROM '·, 3(.~2 , /) 

NPAr.; = (NPAFU 8)-lip 
NAr-m ::'. (NARR/8) *8 
LSG:::; (L5G/0»)(0 
I OVF "" ( H1VF/8)*H 
WRITE ( Wd1 0) L.FNF 
For,MAT <7X , "SF'ECTmIM OF" ,I5 , " CHAHr.lEl.S",/) 
WRITE (W ,1 0'f) KP 
F ORMAT - (7X.uMAXIMlIM",I:~ , " PE?lK::l PEr.: SEGMENT " rI) 
NOK = NARR-NPAR 
N5G :; (NOK-IOVF) 11,58 
I F (NOK-r.lSG4LSO~ GT. TOVF> NSG r..!Sf.:I +l. 
L59 = LS G+JOVF 
L. U5 = NOK·- (N~lG··l ) tlL~,G 
WRTTE (W,l Ot, ) ZERO, C(lr.lV, Td :' 
FORMAT (7X , NZERO n , FB . 3,M CONV " , F7.3," T " ,r 6 ,1, ~ F w,F6.l./) 
WRITE ( W, 108) rOF'T 
F ORMAT (7X,-IOPT N .13,/) 
RETUr-.: N 
Llr-.: ITE (W,10:n 
FOf~MAT (~jX~-f<HSTA COSI") 
STOP 
END 

COMMON 

320 

\ 



0;::=·) ::1 
02(-l? 
,):??O 
029 1 
0:-";'':: 
,')29:':; 
029 r, 
(}:.~'-i~:; 

()~?,.t., 

O:?'i7 
0298 ? 
O :~~1}9 

0300 2 
O:wt 8 
030 ~~ 3 
0303 
0:-::04 
O~Oc; 

0::::06 '. 
():i(fi' 1. 
0308 
()3,)9 6 
03 1 0 
()31l 
0312 
O:H~ 

0:):1.4 
03'.~ 
O~1.b 

O~17 

')318 
0319 7 
032i) 
O;}2 ,l 

0322 
03:~:~ 

03::~r, 

0325 
032/j 
O~::.!'l 
·')~2q 

0329 
O~:::;O 

0331 
033:? 
033:S 
0331', 
03:'~~) 

03:1,~ 

03:~7 

0:'>38 
()~39 

0340 
034.1 
O:V. 2 
0:V.3 
<>3 r,4 
03r.~. 

O;}J'.6 
O:H7 
O;}48 
()-:!.I, 9 :11 
()3~:;O 30 
03~H 
O:-::~~ :~ 

035:~ 

03S4 
03:-;~) I" " 

~":; I .mr.:I)UTnW r~TrII N (f"itlR[:, 1\(.rIAL· n ' , T) 

INTEr;FJ".: T 
f ~ nMMn l'~ , '~rJ (176 ) ,n ( ::! ~) .!.) ,tlt4 ":-n , I. r, nr','\n ~ r~ X (6) , KFOF:M, rh' i J ! ) \ "fFJ.t.T C~} 
UlfHCA L GARB 
IF ("',FOI:;;M_F.n~ ) ) 00 TO /, 
N = t-..ANAL/ 8 
IF (N. I..T. J) f\'f-: nmN 
no I ;-1 '·' 1. r.! 
IF ("FORM. FILm 1-:'0 TO 2 
f\'Ef~[I (T,9) (At-dK) ~K=t ~ :3) 

FORMAT (8(F~.O~lX» 

GO Tn ::>: 
REAli (l,8) « IA(K) ''''~ :..:t .8) 
FnRMAT (7 X, 8( Fb.O,lX» 
I F (GAF{f:) GD f() I 
[lO"K~=1 , (] 

IF {AA (K) .1.1 • I . "; Ml (to 1 _ 
MUIK) ;::: AA (K) 
IK :..: JI\ "1 
r.Ot-HJNIJE 

NF' I:~ :..: NPAf-:':"TK 
H NPR)(;~/12a 

N :..: NPR+KAi'J~~L 

N = (N-n¥.-,-:'A) 1(2 
CAlI.. FXEC(j'l,t02F:tT.l.N,IFILE.M) 
M = i'JF'F, - i-IIf I,I, 
N == M+l<f~NAL 

no 7 K=i1,N 
I F ((I(K:.LT.l. ) O(K) l ~ 

AN<lK) ,." [I(K) 

IK = 1K+1 
.~-E lur.:r! 

END 

COMMON 

SUBROUTINF FOrlf.lO(W,HH.l,S,IF,NF) 
F.XTF.J~NI-IL 131 i'-l 
INTFGFR 1.1 
J)IrlENS ION JF (] ) ,S (l ) , 1_ (J) 

COMMON .'4N (j 76) ,NX (5~~9) ~ NP(,F'" NY U,) , L55 
i'lF 0 
1.1 = 1 2 
l. :;; = 1.88--11 
CAL t, PREP (GT1'l, IF , NF , 1..1, LS , At" ,HH) 
CALL FLAT(rF,N;:-~I_ l. LS) 

IF (NF ~'.T . 2) RErur-:':N 
CALI_ CHOIX(NF,~ F ) 

IF (NF . LT . :n RETUI'W 
CAL L CLEAR (IF . NF) 

IF ( NF ~ LT. :n Rf TUf.:N 
1)(1 ~W) I<~ , NF 

1..1 = IF (1 ,- 1) 
LS = IFO) 
(l AN<LS) 
A A+SQRT (A) 

B AN( I.J) 
B B+ Smn <Fe) 
A (A-B) IFLOf-lT (LS-l. I) 
B H-AtH. J 
IF (l.tQ.:~) 1.1 = 1 
IF <l. EO . rJF) U :, :::. 1.55 
no 3 1 I<=-=I,.r ,LS 
L (K) == .~*K+F.j -

CONTJNUe 
no l~'i I==l ~I , SS 

TF <L (I) .I. T.O) L<T) = () 
S O ) ,." ANn) 'LU) 
IF ( ~.;(r) " LT.l.) ~(T) ,." I. 
r.m/T1:NllE 

32 1 



():-t;~;A 

1)3~'i7 ~". 
o')3 Lin 
03:=;;9 1.1 7 
\):.'1110 
0~t. 1. 

o :::,~):: 

O:~b::' 
0:3.') ", 
03t.~j 

O::zibll 
O~V,7 

O~/:.S] 

O:~ ,S9 

03/'0 
037 l 
0~7~ 
0373 
0:~7/, 

tXP:=:; 
0"J, 7A 
0~77 

037!) 
0379 
0 380 
038 l 
0 382 
O~8:5 

038 ". 
038~j 

0386 
0387 
O~8A 
0:')89 
O:~ 'JO 

0~91 
0392 
0393 8 
0 394 

'. 

6 

'7 

0~9b 

0:"~97 

0398 
0399 
0'_0<1 
0 40l 
0402 
040:~ 
0404 
0"1~1~ 
O/,O{. 
0407 
0408 
0409 
0410 
OA1l 
04:1. 2 
041 :"~ 

0414 
0"+1.5 
04 1 11 
0".l7 
0',1 8 
0.1,19 
04~W 

7 

9 
10 

6 
8 . .. ' 

n(l ?I, J=l .NF 
J F CT) ~ IF(I)+NPAR 
1,1r.' rn: ( W. U7) ( 1:F ("() . I="'-.1.,NF) 
FOF,M(-\ T c;'x~"r:l', (;Kfjf~Nf) CH ." ,1 ()l5) 
RE:-TlJrm 
ENIt 

F' F\OGF~AM O(J~31 

SUfHWUTHJE FUIT ( F .NF.t. I.LF) 
INT HJEF, F (U 
COMI'10N AN(:l.7 ':.I; 
TF (NF-.(JE . 6C. ) RE-fURN 
NFl =: NF 
NI = 1 
Ui ::: l.I+4 
TF (l.SJiT .LF) RE" TUf~N 

IF (NI .Gl·.NFI) GO TO 5 
I = NJ 
IF (F(I ) .GE.I_I ) GO TO 3 
I = 1 +1 
TF (I. LE . NFI ) GO TO : ~ 

GO TO .I, 

NI = 1+1 
JF ( F( T) . LE . U :D GO TO B 
NI :. .. I 
SUM = O. 
nil b I=LI ,l S 
SUM = ~~UM+Ai'I (T) 
SI.H1 = ::; l.Ji'1/~) 

ss ~:;nRT (!:~ I.H1) 

5J SliM-SS 
55 SIJM+SS 
no 7 I=LI,I..8 
IF (A N (T) .I..T . s o 
IF (ANt]") .rH .:::.m 
CONTINUE 
NF "" ~F+l 
F ( NF> :':'. Lt + :·~ 

GO 
GO 

IF (NF. F.fJ. AO) RETlIF.:N 
1.. 1 = LS+ 1 
GO TO 1 
nw 

PROGRAM 

TO 
TO 

SUBRIJUl H~E CHC'X X (i'~F , IF) 
F. XTERN~d_ LTN, !L.T 
1)JHENS I 0N IF <:t.) 

" 8 

CO MMON M"(1.7,~) , nc(~)3 /t) d .. SS 
CAll . ()RDU (IF. NF. (!;i-l. n. T, 1) 
N = ~I 

IN I .. BS/N 
l.S IN 
NI 1 
DORK= j~r~ 

IF (K .EQ.N> L B 1 .. S8 
I = 0 
DO 9 ~ I=NI, NF 
IF (JF(.J);GT.LS) GO TO 10 
r = 1+1 
cnNTINUF. 
IF <J .GE . 3) GO TO 6 
N .. N- l 
IF (N . GT. 3) Gel TO 7 
GO TO ~i 

NI ~ I 

1. 8 U~ "IN 

CALL ORfIO(tF.NF,AN.LTN , O) 
TN = I. . ~:) ::) /f~ 

I = 0 

COMMON 

COMMON 

00:]:;0 



04? t 
() I, : .. I:? 
0 /. :.)';' 

O-'l:?', 
0/.2~:; 

04:Y> 
04:~:7 

04::~8 

0 /,2'7 
0',30 ? 
0 /,31 3 
04;1~~ J 
04::'::1 
043', 4 
0/,3~:; 

0 /,3/, 
().437 

01(38 
0 /,39 
0 /,1,0 
0 /,'+1 
04 /,:! 
04/,~ .. 
0 1,/,/, 
0 /,-'15 
0/14A ::~ 

0 /147 
0448 
O.(I.fi9 
o.(,~:;o ~, 

0/,~~1 

0 /,:'7 
O.<lS3 
0/, ~~/, 

O/,~i5 4 
O/,:-'i6 
0457 
0 /+58 

0.(,59 
0.('60 
04A t 
04t>2 
0.(,b3 
0461, 

04b~ 
0-'16(1 1 
041;."7 
0468 

04l.09 
0 /170 
047 1 
OfI 7:~ 

0473 
0 /17', 
0475 
047.~ 

047"1 ~ 
()/178 

0479 

LI 1 
l.S 1N 
nn .1. K= I.N 
IF (K.[(L N) 1..::; == I.SS 
flO :-~ . 1= 1. , NF 
T.F (IF(.J).I .. LI.T . Of\ .IF C J).G·' . l. f.) GO Tn 2 
r == T I I 
IB O) = rF( ~J) 

Gn TO ~.~ 

CClN"l" IrJUF 
LI I .. ·r-, IN 
U; = LS -t-JN 
JH.l .(, ~ I :::: t . J 
JF (,J) = "[BL]) 
NF ". 1 
RETUPi'J 
END 

SUBROLlTl r~E CLEAR (IF . NF) 
nn-1ENSl(lN IF (J) 

COMr1Wl ,~·,rJ(1.76) 

I == 1 
J == ':l 

IJ :;:: IFO) 
l,J == TF( , J) 
IF (I..J.I..T.T1-+-j,o') GO Tn:5 
IF <'1. GF::. i'lF) m::': Tl.lf~N 

I = ~J 

. J = . .1+1. 

GO TO 1 
NF = NF- J. 
K = r 
IF (ANO .. I"l.GE . AN<Il» K ~ I 

IF <1'.01' .NF-") F, ETtW,N 
no 4 I::::K.·NF 
IFOi TF(l+1) 
.J = K 
GO TO 2 
nw 

00 1 10 

COi'1MIlN 

COMMON 

SUBf\OUTINE EXTR (T , M. SH IN, f,MtW, Srir t SMii) 
DJ1'1ENSIl1N T (.1.) 

SMAX = :;1'11. 
SMI N = SMI 
no 1 l=l,M 
IF (SMAX.I .. T. T<I }) SMA X TO) 
IF (SMIN.GTp·'·(J» SHI N T(l) 
CONTINUE 
RETtJl:::N 
END 

f'rWGf~AM 00074 COMMON 

SUBr,OUTINE PREP (eFR. N. ri, L.I, LS, S . 1-1) 

l . or.-;I c ,~ I . CFR . 
nI MENS rOi"l i'l(l),S(l} 
COMMON NX (8~:l6) ,LSS 
I = LI-1 
IF O.LT.:.1) J :-:: 3 
L = I..S+ 1. 
IF <l..GT .LSS·-2) 1_ = u~s-<~ 

IF ( CFf~( S CJ) , S(J-l)) GO TO " 
IF (CH~ (S(l) ~ :?;(r+j») GO TO /1 

IF (CFR(S CI) ,1·-1) ) GO HI " 

00000 



04l:-!O 
0.1181 
04:')~~ 

!).lIB;} 
Qft84 " Q.ll :::l 5 
048/, 
Q.l.87 

0"'189 
0.1.89 
O.ll90 
0491 
O.l1 9:~ 

0.1.9.1 
04~4 1. 
049~j 

049t> ? 
O.lt97 
0.1198 
O.l19? 
O~;OO 

O~;(J 1 
050:" ~ 

" 
0503 
O~iO'. 

050~, b 
0:)06 
0:=;07 
0:)03 
O~;O9 3 
051.0 
O~,11 

0 512 4 
0513 
0514 
051!'i 

0516 
()517 
O~jlB 

05 .1 9 
0::'i20 
O~j21 

Q5 2;,~ 

0523 
0524 2 
0"·-,0::' d ..... j 

0526 

TF 'i1, OF . 60) RETl.lr..:N 
M = M+l 
N(H) = I 
T = 1+1 
I = "(+1 

IF (J .LE .U GO TO 2 
f..:EHIf.: N 
END 

PROGF~AM OOJ3:-' 

SUJ)ROUTlNE ORJ)(J (X) i'~, ;" I.OF', IF) 
LOGI CAL LOF' 
INTEGER X (l.) 
fl Ji1E'NS I ON S (1) 
IF (N.LT . 2> r..:ElUI:-': N 
1_ N-' 1 
T 0 
t< 1 
. j 1'\+1 
IF OF. F:~a. 0) GO TO '.' 
IK = X(K) 
LJ = X en 
TF (LOP ( IK,I.J).OR.TK. Ea . I~ I ) GO TO J 
GO TO c. 
A = S(X(K» 
F.: = S (X(J » 
TF (LOP ( A~B ).OR.A.[Q . B) GO TO 3 
i1 = X(tO 
X(K) = ~ CJ) 

xc .]) ::: M 
I = K 
IF (K.GE.I.> GO Hl .II 

t< = K+1 
GO TO :~ 

IF <I . CG . O> RErURN 
L = 1-1 
GO TO 1 
ENJ) 

F'RClGRAM 

S Ul)F, OtJTINf:- FLIM ( TF',NP ) 
JHMFNS I ON IF' (1) 

1=0 
I = 1+1 
IF (! .f:iE. NP) RETurm 

r:::OMi'10N 

IF' (JPCl).NE.If"'(J+l.) GO TO 1 
NF' = NF"- j 

DO :2 ,j= I, NF' 
IF' (.J) IF' (J+i) 

GO TO 
END 

00000 

lOt NO ERRORS** PROGRAM COMMON OOO{)() 

05:0 
05:·~8 

(i5:·~9 
0:')30 
0531 
053'..:.1 4 
05~~ 
0:')34 
0535 
0536 
O~]7 

0~n8 

SUBF\OUTINF~ FINn (HJP, K, N, IF' ~ rlF'. s ~n, A, 1), MP) 
EXTEF,NAL INCF~, rnF::c, 1 en, IL T 
DIMENS ION lP(1) ,SO) ,(~<1) 
COMMON NX( :j8il ) ,LSS ,NY",NZ ,IOF·T.NI,j ( b ). r
UfF' = 0 
I'F (NP, E(LO) , RETUI:;; N 
K == IF'(l.)-l 
N = K+2 
CAL L. F'IT2 R(K,N,A,n,Q) 
IF' (A.I..f.(L ) GO TO !) 

I = -BfA 
TF (J"I.. T.K.or~ .I.GT "rn G(J 1"0 •. , 



()5:~9 

()~'t () 

0'";-4 I 
O~j'I ~,~ 

O~i'I :~ 

O~;/, ;" 

O:"i 'I~j 

05 ..... ·~·, 
05-47 
05-48 
O~A<:.o 

O~:=;O 

0~5 1 

()~5:! 

05 ~; J 

O!j!"j4 
',)5~~ j 

055c. 
()5"'~7 

0~:i~~8 

0~5q 

0::;60 

O~:;6 t 

O~j(.:: 

0~J6:~ 

05/,', 

::; 

5 

/ , .. , 

0 :=;6 :.-; 1. 
0:=;66 
0567 
0:=;b8 
05 ·~\ 9 

0570 
057 1 
"}57~! 
0~;7~ 

O~j7 4 

057~; 

,)!"j7/J 
0:=;77 
O~;78 

0579 
O~i:]O 

0581 
oe;:·j2 
05S:Z; 
o~a4 

O~85 
05A6 
0:=;87 
0~;~:18 

1 

C~L _L CHSn(K · N · ~,R.Q.tKI 

STn "" ~:;lHa( :-~.I (\) 

IF (MF'.GT .() GO TO ;:\ 
CH = F * ( C~+ O. 001) 

SGM == :~.~"(s rG 

TF (CK . G1 • Ct-O (;() Tf.) :. 
IF (Sl I3.GT.:: ·(,M) ml 1-0 ~~ 

H~P :.:: 1 
NF' := rU··-l. 
I F O'W . H L (,) GO TO 7 
no /.) I ==.1,i'~r· 

]P(l) == n·Ot· ! ) 

TF ( JlIP.EO.O) GO TO 4 
I F (lOF' T .EG.O·, f~ETural 

M == K·-JOF'T 
JF (M.LLO i1 == I 
CALL OF·T 3 ( Jnr~C ~ I L T , CH, ;" 1 E. 1 K t rJ . rl ~ q ) 
M '" i-l+ JOF'T 
I F (M.GT .l.SS) M = 15S 
CAL L OPT3 ( rN~R. rGT . CH· A,B , N , K , M,a) 

Rf TIJRN 
END 

SUB~'OUTJNE CHS(l(i'l.M,A.n.(l , C) 
[llMFNS I ON 0(1) 
C = o. 
no J I =N,M 
C c-~ (n(1)-A« J -I()*. 2 

c = C/ ( M-rj"'U 
C ::." ~;l~ r\ T (e) 
RF1IJRN 
F.:ND 

PROGRArl 

COMMON 

CDr1MON OOO(lO 

~,up.r'OUTIN[:- OPT3 (JOF', t.O F· , CH , flJ. ,f.<\ ~ K. Kt(, M, I)) 
l.OGICAL LO P 
f+1 MFNS I Oi>! 110) 
N == K 
N == IOF' (i.!) 

I F (I.OPCN,rll) RETURN 
It< = i'1 n~()(i'~,KJ~ ) 

MK ::: M,·'1 XQ ( N, KK) 
CALL F I T 2R(IK . MK t A,~,Q) 

CAL L CHSa(IK , MK,A . r-:.,.~,HC) 

IF (He.cn .CI-I> RE TURN 
I F (A .t . ~ .O.) RETURN 
I = - FC/A 
I F « I -K)*( I -KK). GT.O) RETURN 
K = i'~ 

A .t == A 
R l = B · 
GO TO 1 
END 

f' fWGRAM 001 .1 1> COMMON 00000 



0:=;09 
05'?O 
(}~9 1 

0592 
O!W :~ 

O~; I7'/' 

O~!,?~, 

O~jrN, 

05'7"1 
0~;98 

05'19 

::i lJ r:r~ ()ur INE F t n R 0: 1 • J:.~ d J< 1 ,CS P ) 
J:iT MFN f, Jm~ F f~ P ( .1. ) 

COMi'1f) i'~ /~ rl ( 1. 7 "'· ) . r-~Q I.)1 ( 1/" .:', ) 
o . 
0 . 
I=-U . • L ?: 
Cl · ' · RnWl(T) ~ f. s r ( T ) 

C2 C2+RQIJ1 ( I)**2 
AK1 "" Cl /G~ 

RETUr~N 

EN :!) 

** NO ERrWF~:')'x * PRflGFMM OONW C()MMOi'~ 

0600 
O.~Ol 

0602 
Ot.03 
0604 
060~j 

(MOt. 
0607 
OAO!] 
0/,0'1 
O·~lO 
061. 1 
06l;! 
Obl3 
Obl4 
061.5 
0616 
0617 
(JoSle 
0619 
0620 
0621 

06:·~2 

Ob~~3 
06:'/, 

I 

0/>:,~5 

Ob2b :.~ ~, 

0627 
06::' 8 
0629 
06:~O 

0631 
0632 
0633 
0634 2/, 
1)635 27 
063/., 
0637 
06:~B 

O.~39 2(1 
0640 :~9 

Ob41 
0642 
()6/1:~ 

064-'+ 
064~j 16 
064/, 
OI!'.4} 

StJFiROUTINE F:tT~~Ri.r1.,l ~·:r AK l ,AIC~,O) 

.T NT U;[T-.: r·;OW2 
f.lIM I::i'J':~, ION 0(1) 
COMMON AN Ci.J6) ,ROW:! (,17/» .ROW ~,'07i-> 

(;1 O. 
C2 == O. 
C3 ""' o. 
A :;; O. 
B :~ O. 
J.lf.) 1 J==lJ.d? 
Cl Cl+ROW1 ( I )**2 
C2 C2-+ ROI.)"!. (I) *ROIJ2 (I) 

C3 r.3+ROI.J :;>: (1) JH('? 

A = A+RQW1(1)~Q(I) 
B == ft+RO!"O (I) , .. Q ( I) 
DELTA = C:l ·Ij-C :':~ ···C:2)~·Ij-::~ 

[IX 1 H·)(e l-A-l(-C2 
['X ;-~ .--:: A*C3·-f;.J('C? 
AK1. f.lXl./nn.TA 
AK :? [IX? IDEl.T tl 
RETURN 
[Nn 

OO~l"'l COMMON 

::,I.)ElfWUTINF ~,TRJF' (A,Ll .t.S . XBP, :3 } 
fi n-fENf~rON C; ( 1 ) 
Cm-lr\l~N AN(U{,) ,ROW1 07{-,) .M<:l82 ) d .. SS 
110 23 I=1 , I..~;S 

ROWICI) ::: ROW1(I) * A 
SK sma UHI FlP» 
LI == C 
L:., = 0 
no ?b I=-" r.r~p.I..SS 
IF (RClW1 (J.) pOT .SK) GO HJ ~6 
LB ::: 1. 
GO TO :U 
CClNTINUF 
no 28 ~::::1.TW,l<-l 

TF (ROW1('U.GTp SK) GO 1'0 ::~8 

U: ,., I 
GO TI'] :~ 9 

CI']NTINUE 
IF (LLFO.Ol LJ 
IF (LS.EQrO) LS I..SS . 
no 1.6 1-:=1..1.1..8 
8(1) = S(I) -+; OW \ ( J ) 
IF (SO) .LLL ) S O)-_= L 
CONTINUE 
RETURN 
£tom 

001 83 COMMON 

\ 

007 0-'+ 

ooa~lO 

00U8? 



0648 
,).',.1,9 
{),l,.<W 

Oh~j l 

()652 
()6~:;-:, 

(,,~~).f, 

O,l,~j~, :~ 
Ot,~,·, 

Ob~;7 

0,~,5~j 

0659 
06AO 
0,.(,·.(,1 
\)f:o(':~ 

(}/'b3 
011..",4 
0/,.~,5 

0666 
06h7 
0 -"168 
OAt.9 
Ob70 
01:,7 1 
0/17:' 
0673 
0 .... 74 J 
067~j 

0676 :,~ 

Oll77 
0/>78 

Sl lf'Rf"lII'TIrH: ':,Oi1GS (NG,I ,~·/; ,t · CI\,::;.J, {I' :") 
' . IMr: NS HIi-J ST (!,) .,~, ( , ') ·CK( l.' ,:'; (j) - t. ( I. ) 

r.10 1 1,,= I , L SS 
H = O. 
f 'O 2 ,J= I. Nfl 
J F (f, U) .EO .O .) Gn TO :,~ 

H =. I+H1,~U :}~':,<h: ' ,:,r (,.1) ,' A( ~J) ,~K( ,. I) J 
CONTINlJe 
$ (K) .: H+l. (t;.:) 

RE'T1.JF, ~J 

ENf' 

OO to::! CfH1MOr-J 1)0(;00 

S lIJ.<I',OUT INE F Ara:~F, ( 1.. 1.1, N 1 • N~ ' NG. CK, 8 1,' f\K, S t·iIr~. S t1AX, S . ::.:,; . L , 1(, '; 
fil:MEN::n ON f? (1.) .H C~0:' • U( (1) . ':, 1 (1) , AK(1) • SS O } .1., (j} ,Ie i 1) 
COrlMIJN AN ( J7 .... ) • ROt,l] ( J7':,). [UI,P ( 176) ,LENF,r-WAF.· 
no 1 , J ::.~l , :~() 

H LI) "" - 1. 
D[J 2 K= Nl ,N :,~ 

x = SMAX-SMI N 
H C'lS) (L (to ~'Si1I N) /x 
H ( 2 9) ~ <SS ( K)-SMI N) /X 
H (3M = ( S(tO'~SMIN)/X 

no :~ J'" 1 , Nf, 
Y = GAlJSS ( K . 5 1 (,J) • AK el) , U~ (.1» 
Y = Y+L(K) 
H U) = (Y-:3MT, N )/'_~-t).OOf~2 

IF (HU)~ L F.IH :~a}) HU) =-1-
CONTINUE 
~ I -'" K+NPAr.: 
Ctil.. L PL. OT (UJ 1 H ,,), SMIrl. ::;MAX, Te) 
RETURN 
END 

If* NO ERRORS IH( F'ROI3RAM COMMON 

0 .... 79 
0680 
06fH 
O,~::I:~ 

Ob8;"'.. 
OM)", 
Ob8~"j 

ObAt. 
0 .... 87 
O·~H8 
06B9 
0690 
0691 :,~ 

0&92 
0693 1O 
069"1 
0(.95 

06176 
0.~9 'i' 

0698 
Ob99 
0700 
070 1 
07():,~ 1 02 
0703 
0704 10n 
07('1~'; 

(POll 10" 

SIJHROUTINE f.'L01' O,.IJ,H,t(, S MJN , SMAX. Ie } 
n HH:rmJON HO) .:r C( I ) 
COMMON fo"".N076> ,.JP(125) , NC,J,J 
DA TA NCMU 1221 
NC = 1 
DO J t=1, NC~\f~ 
.jF'O) ::: 1H 
DO :,~ I==l,~~O 

.. I ;; H <I) -!l NCAr.;;+t 
IF (J. L T " 1) GO TO ::: 
IF (, J . GT . NC) NC ~ J 
,W (.I> = IC(I> 
CONTINUE 
WR I TE ( UJ dO) K. (,JF"O) , I'''' l, r~C) 

FORMA T (lX , I4, J ~5A l ) 

RETURN 
EN D 

PROGRAM OO l ?~ COMMON 

S UT.tROI.I T I N~: F-r, I ~iF' ( t. lJ. ~1P, L. , S . l~ . W) 
INTEGER W 
DIMENSION 1_(1) . 5( 1), Q(1) 
COMM(lU AN (176) ~NX(~)34} ,L58 
I F (MP . Gl. 0) . G() TO :.16 
WR I TF (W , J O',~) 
FormtlT (/,7X,N~:,r' EClT.:UMH,/) 

WRITE lI,J ,1 08) (ANO).I ::: I. , l..t-:S ) 
FORMAT ( J O(2x.rl() . 0 ) 
WRITE (W,l!').!,) 
FORl"h',r ( /v7X. "r:flr.KGROI1N[I " · /) 

00480 



O?l)7 
0708 t "1 1 
OhJ9 :?I, 
0710 

WfnTE { W.11U (I.,' ],' .1:-:1.11 :]8 ) 
F(mi'j ,:~ T (1 ('} <::X, l:~.O» ) 

, IF (1 .. U.L.T.<'l J f~r:l!Jr,t~ 

I"H'::lTt':" \l,J. J(7 ) 
071 1 :1.07 
071:·~ 
0713 

FOF~i1{~ T ( .'" ];~ • " ':; I.JJ:lTr~ " SPEf::TW.Ji1"· / ) 
wrnn:: (I.I.1 0m ":;)(1 ) .[;;;:1 ,1.. :::, '-·, ) 
I.oJFdTF ( 1.01. :1(6' ) 

07.1.1', 109 FOI:;:Mf:1T ( / . 7X~ ·'L..Ot:3t,R I THM"~ /) 

Z = 0. ()715 
0716 IJI;:ITf' (W .llO ) 'Z , (n( r ),J><~,I..:-;-):~;:· 1 )1 / 

0717 110 
Q71G 

FOf';;M(d ( 10(2X .Fl0 .. ]}) 
RFTur,:N 
EN I"I 0719 

.* NO F~~:R(JRS .. :··)t F' R(JGF:f-1M OO~,J:~b 

07::'0 FUNCTION. GAIJ~).~~ (J. ~l I, A , Ct,) 
07?:l IF ((.1. 1::0.0.) GO TO , 
07:,12 F = I-CK 
072] F = (FM*~) / (2.SI.*?) 

07:~4 IF «(.en" 100. ) GU TO 
072:=:i GAU:"")S -- A-)(EXP (-E) 

07'26 RF1IJRi'J 
0727 .t GAU ~':>:':; = o. 
-')"728 RE"l"tJrm 
0729 E Nfi 

<* NO FF,Rrms** F'Rnm~(~M 000:)9 

0730 FUNCTXClrJ I NCR(N) 
07~'\ IW;R -- N+J. 
07;):·~ RF TtIf-;.:N 
0733 END 

•• NO F-:RRORSH r'RClGFMM 00013 

0734 F'UNCTJON InEC ( i-J) 
073~1 IDEC ~ N- J. 
OT.{b RETUF~N 

0737 END 

.* NO Efm()F~S ')(' :Ii' PfmGR{\M - 0001./. 

0738 LOGJCAI. . FUNCTION lLT(N,M) 
073'y IL.T -- N.LT.M 
0740 RF.TUr-~~~ 

0741 END 

... NO rr;;r.WRS** F'ROGr,?lrl 0001:'"i 

074:·~ LOGICAL FUNCTION TGT(j-.J.H) 
0743 rrlT - N .GT.M 
0744 ,RETur.:N 
0745 ENf.! 

-Joo:-Joo: NO E:-.RROR~~ ·~·)(· pr,OGF~AM OOOl~~ 

CIJMrllJN 

COi'IMON 

COMMON 

cmiMnr~ 

COMMON 

CIJMMDrl 

\ 

1) 08(=:7 

00000 

OOO()O 

OOl)O0 

00000 

00000 



,)7.f,6 
07.f,7 
'j7.f,fl 
07";9 

O}~() 

('J7:"it 
07~)2 

O/~:,3 

075.f, 
07:=;5 
07 ~;f> 

07:=;7 
0758 
07~'j9 

07·~1) 

1 

l.OGl"C.:1L FUr1f: TIOrl I. . TN(A,r~) 

LTi'l :=: A. I.. T.r~ 

RETI JF:N 
HW 

O()Ol/. 

LnG J:f~(IL FtJi\l CT lON GnJ < ('l· l~) 

GTN ::: (.:1.GT .l~ 
RF.lUF'N 
FNl'I 

r NTECiF.:r·~ 'J 
lNF' == 015.f,U,H 
WRITE ( ').1 ) Ii-.!P 
FORMAT (A:n 
RF:"TUf~ N 

F.ND 

000 1. ':, 

00025 

.. 

~29 

000(d) 

COMMON O() O()O 

C(1MM(JN ~ 00000 




