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USER'S GUIDE FOR ALEX: UNCERTAINTY PROPAGATION FROM RAW DATA 
TO FINAL RESULTS FOR ORELA TRANSMISSION MEASUREMENTS 

Nancy M. Larson 
Computer Sciences Division 

ABSTRACT 

This report describes a computer code (ALEX) developed to assist in /4naLysis of Experimental 
data at the Oak Ridge Electron Linear Accelerator (ORELA). Reduction of data from raw numbers 
(counts per channel) to physically meaningful quantities (such as cross sections) is in Itself a compli-
cated procedure; propagation of experimental uncertainties through that reduction procedure has in the 
past been viewed as even more difficult • if not impossible. The purpose of the code ALEX is to 
correctly propagate all experimental uncertainties through the entire reduction procedure, yielding the 
complete covariance matrix for the reduced data, while requiring little additional input from the experi-
mentalist beyond that which is required for the data reduction itself. This report describes ALEX in 
detail, with special attention given to the case of transmisson measurements (the code itself is applica-
ble, with few changes, to any type of data). Application to the natural iron measurement of D. C. Lar-
son et al. is described in some detail. 

1. INTRODUCTION 

Extracting physically meaningful information (e.g., cross sections) from raw data (counts) is often a 
laborious procedure. Deadtime corrections must be made, backgrounds determined and subtracted, and 
other transformations applied. Whereas the uncertainty on the raw data (the so-called statistical uncer-
tainty) is well understood and easily manipulated, the uncertainty on the corrected data involves both 
statistical uncertainty and other terms due to the corrections (the so-called systematic uncertainty). 
Carefully propagating the systematic uncertainties through all the required corrections and transforma-
tions is often perceived to be a hopelessly complex operation, as much as an order-of-magnitude more 
difficult than "merely" producing the corrected data. Adding to the complexity is the desire to generate 
off-diagonal elements of the data covariance matrix, for possible use in analysis codes auch as SAMMY 
(NL80) or BAYES (NL82). 

Thus the need was apparent for a black-box code Into which the experimentalist could feed all the 
information he already has (raw data, deadtime corrections, backgrounds, etc.) and from which he 
could learn the uncertainties on the corrected data and the correlations among data points. Ideally the 
code would handle all the intermediate steps, determining all necessary derivatives and propagating all 
uncertainties to produce the final result. Moreover, the code should produce, store, and display results 
in an efficient manner, without requiring the entire resources of the computer. 

The computer code ALEX (^naLyze Experiments) was written in response to this need. In its 
present form, ALEX meets most of the requirements outlined above, for the specific case of a sample-
in, sample-out measurement from which transmissions and cross sections are extracted. Extensions to 
other types of experiments will be introduced as required. 



2 

Since ALEX was developed for use at the Oak Ridge Electron Linear Accelerator (ORELA), data 
input and output are accomplished via ORELA data format (ODP) files (JC78). Conversion for use on 
other computer systems should, however, be straightforward since only input and output are ORELA-
speclfic. 

In Section 2 of this report is a discussion of the method used for propagating uncertainties, including 
relevant equations. A general description of the organization of the code ALEX is presented in Section 
3, and details on those subroutines which must be changed for each special case are given in Section 4. 
In Section S, we describe the application of ALEX to the natural iron measurement of D. C. Larson et 
al. (DL80). Concluding remarks are given in Section 6. FORTRAN listings of the code are given in 
the appendixes. 

In this section, we describe the method used to propagate uncertainties from the measured raw data, 
through all the necessary corrections and transformations, to the final corrected data. We shall assume 
that the experiment to be analyzed consists or sample-in and sample-out measurements, and that the 
desired "final corrected data" are in the form cf cross sections. (The code ALEX was, however, 
designed to be far more general than this special case and is not inherently limited to transmission 
measurements. Generalizations to other types of experiments are straightforward, and will be incor-
porated into ALEX as they are needed.) 

We first consider a simple transmission experiment for which the background level is independent of 
time for both sample-in and sample-out. This corresponds, for example, to the natural iron data of D. 
C. Larson et al. (DL80). In Subsection 2.2 we shall describe the more general case. 

The experimental cross section obtained from the measurement described above is given by 

where n is the sample thickness and T, is the measured transmission for channel /. Th in turn, is given 
by 

2. THEORETICAL DEVELOPMENT 

2.1 SIMPLE CASE 

<r, - - - In T, (1) 

T, - M (d,c, - g) 
m (D,Ct - G) 

( 2 ) 
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where m (M) is the number of monitor counts for sample-in (sample-out), C| (C,) the raw data or num-
ber of counts, d{ (Di) the deadtime correction factor, and g (C) the constant background for sample-in 
(sample-out). Note the convention that capital letters refer to sample-out, lower case to sample-in. 

The uncertainty on a, and the covariance between channels / and J are found by taking expectation 
values of small Increments 5at. That is, the uncertainty Aa, is given by 

(Aff/)2 - <6u}> (3) 

and the covariance by 

COVy — < S J , 6OJ> (4) 

To obtain a small increment 8<r,, we first combine Eqs. (2) and (1) yielding 

- j | In M - In m + In (d,c, - g) In (D,C, - G) 
(5) 

6a 1 is then found in terms of small increments in parameters n, M, m, g, and G and in counts ct and Ct 

as 

bat 
do/ 
~dn 

Sn + 
d<T{ 
dm 

bm + 
da, 

Jm 
bM + 

doi 

~3g 
6g 

da, 
1G 

bG + 
da, 

be, + 
da, 

1c, 
be, (6) 

or, explicitly evaluating the derivatives, 

1 I . , 1 l l f 1 , , dfic, - bg DfiCj - bG \ (7) 
So, - - — \a, bn + — bM - — bm + — - —— — f 

' n I M m d,Ct — g D,C, - G ) 

The covariance between channel i " J j is then given by 
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<i<r, S<r,> - \a,a, <6n2> + ~ <6M2> + ~ <Sm2> 
n 2 \ M1 m2 

- J L — < h c } > 5 + — £ l < 6 C ? > 6lJ (8) 
(d,c, - g)2 " (D,C, - G)2 U 

+ - J T 1 <«**> " 7 7 7 + n ^ ' _ „ < « ^ 2 > ' 
DIE, - g ° djCj — g D,C, - G DJCJ - G 

where btJ represents the Kronecker delta function. In Eq. (8) we have assumed that all cross terms 
(e.g., <8w ITI>, <bn 6cj>, <6a, 5C,>) are identically zero. That is, we have assumed that 
the dctermin ition of values for each of our five parameters was done independently of all other parame-
ters, and that the raw data are also independently determined numbers. 

Equation (8) involves only quantities which have been measured or which may be estimated. 
Because of the nature of counting statistics (Poisson distribution), the expectation values for the raw 
data are given by 

<6c?> - (Ac,)2 (9) 

and 

<fiC}> - (AC/)2 - C, (10) 

The sample thickness has been determined to be n ± An, so that 

<bn2> - (A«)2 (11) 

Likewise the monitor counts (m and M) are known to within a specified uncertainty (Am and AM), 
and the backgrounds were measured or fitted to g ± Ag and G ± AG. 

Substituting these uncertainties into Eq. (8) gives the covariance between channels / and j (with 
i * j ) as 
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<5ff/8<Ty> "" otoj(An)2 + AM 
2 

+ 
M 

Am I 

Ag2 

(dici - g)(djCj - g) 
ag2 

(D,C, - G)(DJCJ 
(12) 

The variance, or square of the uncertainty, for channel i is given by 

(A«r,)2 - <6a}> - -n 
(a, An)2 + AM I 

M 
Am 
m 

(13) 

Ag 
die, - g 

AG 
D,C, - G 

dfa D?C, 
id,c, - g)2 (D,C, - G)2 

2.2 GENERAL CASE 

An actual experiment will require considerably more parameters than the five indicated above, since 
backgrounds will in general not be time independent but will differ from channel to channel. For exam-
ple, in the natural nickel experiment reported by D. C. Larson et al. (DL83), 26 parameters are needed 
to properly specify the background. Also, deadtime is not considered to be an exact correction, but 
rather involves a parameter which describes variations in flux intensity. Thus, including sample thick-
ness and monitor counts, thirty parameters are required for the one experiment. Equations analogous to 
those of the previous subsection become unduly complicated when working with so many parameters; 
one entire page in the nickel report is devoted to writing the equation for the covariance matrix ele-
ments. 

An alternative formulation is therefore desirable. This formulation should be one which is readily 
adapted for programming on a computer and which can be readily modified to accommodate changing 
experimental conditions. Entire pages of equations or of FORTRAN should not need to be rewritten 
every time the background is parameterized in a slightly different manner. The following formulation 
meets these requirements (note that, although transmission is specified here, ALEX can readily be 
extended to other types of measurements). 

A general form for the transmission 7/ is 

m(p) 
dt(fi) e, - bt(p) 

D,(p) C, - B,(p) 
( 1 4 ) 
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where, for the right-hand side of this equation, lower-case letters refer to sample-in quantities, capitals 
to sample-out, and Greek to either or both. The symbol p represents the entire set of parameters (e.g., 
sample thickness, backgrounds) which contribute to analysis of this experiment. The five functions n, d, 
b, D, and B are defined as 

t] normalization 
d,D — deadtime correction or other multiplicative correction 
b,B - background correction or other additive correction 

For the example cited above, the set of parameters is p — { P1P2PJP4PJ ) ~ 
|n,m,M,g,G\. Normalization % is given by M/m. Deadtime corrections are d, and 
D( (independent of />), and background corrections are b, - g, Bt - G. 

To simplify the notation in the equations to follow, we introduce the symbol £/<, for /«•1 to 5, to 
describe the functions appearing in Eq. (14): 

0w(p) " ?/(p) 

0w(p) -

/ M P ) " * / ( P ) ( 1 5 ) 

FA/(P) - A ( P ) 

PiM - B,(p) 

so that Eq. (14) becomes 

* / ^ M p ) c ' ~ (16) 
" fa(p)C, - FT<(P> 

If Eq. (16) is substituted into Eq. (1) for e, in terms of Th we obtain 

1 \ „ , v , L _ . , J _ L _ . , J I d7) - In 0„(p) + In \02i(p)c, ~ 0M ~ In 1MP)C, - IMP) |J - In Jtf 
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in which the dependence of o, on parameters p Is explicitly displayed. 

A small increment b<r, in the cross section a, can then be expressed in terms of small increments bpk 
in parameters pk and small increments be, (6Ct) in raw data c, (C,) as 

bffi . 2 Iel 
k 8pk 

bpk + 
dai 
dc, bei + 

dai 
dC, 

bC, (18) 

The partial derivatives in Eq. (18) can be evaluated directly from Eq. (17) as 

da, 
17, 

I 
n 

02/ 

02/Cj — 02, 
(19) 

da, _ 1 fa 
d C, n ft ,C, — fa, 

(20) 

and 

i5L . 2 — — - — bk htk ( 2 I ) 

dPk dfiu dpk n 

where we have identified parameter number "nthick" as the sample thickness (n). The term bk̂ uhiek 
the Kronecker delta, equal to I if k—nthick and equal to 0 otherwise. 

The partial derivatives dQu/dpk in Eq. (21) depend on the specific functional form chosen for the 
five functions these will be discussed in Section 4. 

For our example, these partial derivatives are 

dgu _ d(M/m) _ 0. Wu_ _ d(M/m) _ M 
dpt dn ' dp2 dm m2 ' 

Wu _ d(M/m) _ J_ . _ d(Af/m) _ . . _ d(M/m) _ . 
dp} " dM ~ m ' dp4 dg " ' <3p} " 3G 
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dPi1 dd< 
—— - — 0 since d t is independent of all parameters; 
0Pk °Pk 

• i r . o • i ^ L - i t - o • dpi dn ' dp2 dm ' 

fflu _ _d&_ _ _ , 8031 _ _ , . Ohi ^ IS. m, o • 
$p3 dM " ' dg ' dpi dG 

d04i 
—— — —— - 0 since Dj is independent of all parameters; 
0Pk °Pk 

dpfi _ 3G _ Q . _ dG _ 0 . 
<?Pt dn ' dp2 dm 

80i, dG ^ p . Wit _ i£ . 0 . Ma _ _ j 
0p3 ~ dM ~ ' dpA dg ' <?p5 9C 

The partial derivatives da,/dp,, in Eq. (21) can be found directly from Eq. (17): 

1_ 

da, i c, 
dflj/ n 02,c, — /3j, 

i Z L _ 1 1 (22) 
» 02/Ci — Pi! 

da, 

and 

BPai n 04iQ — Pn 

_ _ 1 1 
dpu n P41C/ — pit 
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In our example, these derivatives reduce to 

d0u " ~ nM 

da, _ _ J. 
dfa « dici ~ 8 

l l L _ I 1 (23) 
8031 n dici - S 

dai I Q 
304, ft D,C, - G 

da, 
60s, n D,C, - G 

Combining Eqs. (18) through (21) and (23) then produces 

Sff _ _ _2L [ _ M . [ 5 m ] + ± [5Af] - 1 [0] 
' nM \ m2 m 1 n d,e, - g 

+ -i W + i a c ^ C 1 0 1 

1 1 'I <24> 
1 TTr r la<? l " T n t>/Q — G n 

1 rf([«e,] , 1 A18C,] -(- — 
» d|C, - g « AC f - C 

which is precisely the form obtained directly in Eq. (7). 
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To obtain the variance-covariance matrix for the corrected data (<r,) , we form the product of ba, 
and i a j and take expectation values: 

<8<r/ 4<T/> 
K 

- s 
dai 
»Pk 

—- < bpk 6pk, > 
dOj 

8pk> 

da, 

Be, 
<6ci Scj> 

doj 

8cj 
da, 

dC, 
<6C, 6Ci> 

da, 

dC, 

K dai 
+ 2 ~±<*Pk 6cj> 

da, 

dc. 
K dai 

+ 2 -?r a - I Sc, 
<6c, 6pk> 

daj 
dPk-

(25) 

* da, doi * doi doi 
+ S - T T <Sp" T c + 2 <tc< bk> 

k-i°Pk dCj dC, op*' 

da, da, da, da, 
+ i t <ic' 4 + i t , 

In Eq. (25) all cross-terms are explicitly displayed. However, the raw data (c or Q are measured 
independently of everything else, and each channel is measured independently of every other channel. 
Thus Eq. (25) reduces to 

<8ff/ 6o> 
K 

k,k'~ 1 dpk 
<bPk bk> 

dOj 
C, + 

daA 
dC,\ 

(26) 

in which we have used 

<bcf> - c, and <bC}> - C, (27) 

and where 6,j is the Kronecker delta function. Note that the cross terms between two different parame-
ters p* and p*' are not necessarily zero. (Eg . p* and p*. may be two parameters which describe a cer-
tain type of background. The least-squares fitting procedure which determined values for those param-
eters also determined correlations between the parameters.) Note also that the cross sections for two 
channels i and j are in general correlated, due to the systematic uncertainties [i.e., due to the summa-
tions over parameters in Eq. (26)]. 
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An additional complication is introduced by "reblnning" the data. That is, what is usually reported 
is not the cross section a, for channel i (where i typically ranges from 1 to —60,000) but rather an 
average over channels. We define the summed cross section a]um as 

1-lmlnU) 

where A, is the width of channel I, and where Imtn(l) and lmax(I) are the minimum and maximum 
channel number to be included in this bin. The average cross section 7/ is found by normalizing aj u m , 
giving 

7/ - d" 
ImaxU) 

2 4. 
t-IminU) 

- i (29) 

The covariance matrix for a""" is found by summing Eq. (26) over / and J: 

ImaxU) Imax(J) (30) 
<boT « * r * > 2 2 A, <ba, 60j> A, 

/-/m/«(/) j-Imin(J) 

which gives 

K ImaxU) da, 
<ba}um bafm> - 2 2 4 -J2. 

k,k'-l U-IminU) dpk 
<bk bk> 

ImaxU) Sa, 
2 A, — L 

j-Imin(J) dpk' 

ImaxU) [ (fl*,)2 | da, |2 

+ S I [ i tT Ct +
 \ic \

 c> 
(31) 

A? bu • 

Note that the "b// in Eq. (31) expresses the implicit assumption that bins I and J are non-overlapping. 

Equation (31) may be greatly simplified by, first, noting from the definition given in Eq. (28) that 
the summations within parentheses are partial derivatives of the summed cross sections: 



12 

ImaxU) sai_ _ dajum 

1-ImtnV) A' I*" " 

(32) 

The leeond simplification occurs when we define sample-in statistical uncertainty as 

Aaf um,ln — 
ImaxU) 2 

/ - /m / / i ( / ) 

da,1 

dc, Ct A,2 

m (33) 

and sample-out statistical uncertainty as 

ImaxU) ( f a . |2 

S C, A? 
I-ImlnU) dC, 

W (34) 

With these identities, the covariance matrix for the summed cross section becomes 

K dojum dffV"" 

*Pk 9Pk' 

(35) 

+ [(A<^r,•*,)2 + (A<rr»<"")2] bp 

The first term in Eq. (35) is generally referred to as the "systematic uncertainty," squared. That is, 
the total uncertainty A<rj"m is given by the sum, in quadrature, of f i e systematic uncertainty, the 
sample-in statistical uncertainty, and the sample-out statistical uncertainty. Moreover, the systematic 
uncertainty due to parameter k alone may be expressed as 

A erf""1* -
daium 

*Pk &Pk 
(36) 

where Apt is the measured uncertainty on parameter k, given by 
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(&Pk)2 - <ipk &Pk> (37) 

Note that the total systematic uncertainty is not, in general, simply the sum in quadrature of the uncer-
tainties due to the individual parameters but rather involves the covariance between the parameters. 

Finally, to obtain the covariance matrix for the average cross section 7/ , we simply multiply by the 
appropriate normalization factor N / , given from Eq. (29) as 

N, -
Imax(I) 

2 A, 
t-lmlnU) 

- i (38) 

The covariance matrix for the rebinned data is then given by 

<i?/ 6dj> — 
K do/ 

Bpk 
<6pk 6pk> 

d<fj 
dpk. 

(39) 

+ [(A*)")2 + (A<rn J ] 

where the statistical uncertainties are given by 

A?/" - N, A<rfm'M (40) 

and 

and the partial derivatives by 

A o f - N, Aof""*" (41) 

So, _ ^ d f fT ' . (42) 
dpk dPk 
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Note that the statistical uncertainties contribute only to the diagonal par* of the data covariance 
matrix, while the systematic uncertainties contribute both on- and off-diagonal. 

Equation (39) gives the covariance matrix for the average cross section. Often it is useful to convert 
to the correlation matrix, defined as 

C,j -
<ba, 6<jj> 

A?/ AcTj 
(43) 

where the uncertainty Aat is the square root of the diagonal element of the covariance matrix, 

(Aff/)2 - <ba, ba,> (44) 

3. ORGANIZATION OF ALEX 

The evaluation of cross sections and corresponding covariance matrix elements from the raw data 
and correction/transformation information can be accomplished in three distinct stept,: 

(a) Evaluate ot from Eqs. (1) and (14), and da,/8ch daJdC, , and dci/dpk from Eqs. 
(19) through (21). 

(b) Evaluate the summed data of" from Eq. (28), and the derivatives dajum/dpk from 
Eq. (32). 

(c) Evaluate the covariance matrix elements < bofioj > from Eq. (39) et al.; this matrix 
constitutes the final results. 

The code ALEX is organized in such a way as to take maximum advantage of this three-step 
nature. ALEX is divided into six parts (i.e., six separate files on the ORELA PDP-10 computer), each 
of which is semiautonomous. Five of these six parts are described briefly in this section, and the sixth 
(which deals with information that varies from case to case) is discussed in some detail in Section 4. 
Again, the e: tension of ALEX to other types of data reduction is straightforward due to the modular 
structure of the program. 

3.1 BOOKKEEPER ROUTINES 

The main program in ALEX may be viewed as an overseer which controls operations but which per-
forms no work itself. Three distinct operations are supervised by the main program. The first is alloca-
tion of array storage as it is needed. The second is interpretation of user-supplied information regard-
ing parameter and data storage. The third is the actual calculation of the cross section and covariance 
matrix. 
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In order to minimize storage requirements in ALEX, space for many of the needed arrays is allo-
cated dynamically as needed, and released when no longer needed. Allocation/deallocation is accom-
plished in functions IDIMEN (for real arrays, with storage taken from container array A) and JDI-
MEN (for integer arrays, using container array 1A). Reallocation is accomplished in subroutine 
M0VE. 

Subroutines relating to user-supplied information for experimental conditions are described fully in 
Section 4 of this report. Subroutine FIXPAR reorganizes experimental parameters into a form conven-
ient for ALEX, and subroutine 0UTPAR lists these parameters. Subroutines FILENM and START 
prompt the user for information regarding data storage (filenames) and the existence or nonexistence of 
intermediate results from earlier ALEX runs, 

The main program and the subprograms indicated by name above are stored in file ALEX.F0R on 
the ORELA PDP-10 computer, project-programmer number [100,1006], Users not on that computer 
should contact the Radiation Shielding Information Center (RA82) for access to this and other files. A 
FORTRAN listing of this file appears in Appendix A of this report. 

3.2 ROUTINES TO EVALUATE o„ . 4TT . 
dc, ac, apk 

Step (a) above was to evaluate the corrected/transformed cross section a, from Eqs. (1) and (14), 
and the partial derivatives do,/dc,, da,/dC, , and Ba,/dpk from Eqs. (19) through (21). PDP-10 file 
ALXFIX.F0R contains many of the subroutines needed to accomplish this step. [The remaining sub-
routines for step (a) are those which vary from one experiment to the next; these are described in detail 
in Section 4.) File ALXFIX.F0R is listed in Appendix B of this report. 

The first four routines (ZERQ, ZERQ2, S0RT, and RESQRT) in ALXFIX.F0R serve to interface 
between the user-supplied information (see Section 4) and the code ALEX. 

Subroutine SIGMAC calculates the cross sections and partial derivatives, using values for fin deter-
mined in FUNCTN, derivatives of fin determined in DDERIV, and raw data located by subroutine 
GETRAW. 

For each channel i, there are 3 + N P A R quantities to generate, where NPAR is the number of 
parameters. All NCHN X ( 3+NPAR) , where NCHN is the number of channels, of these quantities 
are stored in the QDF file whose default name is ALXFIX.QDF; the characters "FIX" imply that this 
file holds the corrected or "fixed" data. Subroutine PUTFIX generates this intermediate storage file. 
See Table 1 for a description of this and other data files required by ALEX. 

3.3 EVALUATE tr""" AND ITS PARTIAL DERIVATIVES 

File ALXSUM.F0R holds the subroutines needed to evaluate the summed data at from Eq. (28) 
and the derivatives dojum/dpk from Eq. (32) [step (b) above]. Subroutine EXTRA is the bookkeeper 
for this step, calling the appropriate subroutine ESUM or CHNSUM to perform the summation over 
channels i for each bin I. Two *uch subroutines are needed, since in one case (ESUM) the bins are 
specified by energy limits and in the other (CHNSUM) the bins are specified by channel limits. Sub-
routine GETFIX locates channel limits, cross sections, and partial derivatives for use in ESUM; 
GETFXK performs the analogous function for CHNSUM. 



Table 1. Swaaiy of Data Files Reqpfred by ALEX 

Sabroatine Subroutine 
Unit Default Input. In Which In Which forfrDF Files 

Unit Name; Filename Intermediate, This File This File Number of Section What's Stored la That File Or 
Number If Any If Any Or Output* Is Read Is Written Channels Number That Section of 0DF File 

24 ALEX1N.DAT input INPUT, 
SETPAR 

See labie 2. 

23 IURAW ALXRAW.0DF input GETRAW. NCHN I Channel energy at nod-channel 
GETRF, (-60,000) 2 d » ilmllimf, coned— factor. 
GETRFK sample-in 

3 D • dcadtimr. correction factor. 
sampfc-out 

4 c — raw counts, sample-in 
5 C - raw counts, sample-out 

25 ALXAUX.DAT input C^UNT, M1N. MAX INC for rcbinning 
EXTRA2 

22 IUFIX ALXFIX.0DF intermediate GETFIX. PUTFIX NCHNMX- I channel energy at end of channel 
GETFXK, NCHNMN 2 cross section 
GETRF, ("60.000) 3 da/dc — partial derivative of cross section 
GETRFK with respect to sample-in counts 

4 da/dC — partial derivative of a WJ.L 
sample-out counts 

4+k do/dpi - partial derivative of a W.r.t. 
parameter number k 

26 IUSUM ALXSUM.0DF intermediate GETSUM PUTSUM NBIN 
($200?) 

1 RH • upper energy limit to energy region 
2 RL — lower limit 
3 a - average cross section for this region 
?+k do/dpt — putial derivative of a w.r.t 

parameter number k 
4+NPAR FkACH "•* fraction oT channel KH contributing 

to this region 
5+NPAR FRACL - fraction of chsnnd KL coo tribe ting 

to this region 
6+NPAR KH • smallest channel number in this 

energy region 
7+NPAR KL — largest channel number in this 

energy region 



Table 1. (Continued) 

Unit 
Unit Name, 
Number If Any 

Default 
Filename 
If Any 

Input, 
Intermediate, 
Or Output* 

Subroutine Subroutine 
In Which In Which 
This File This File 
Is Read Is Written 

Number of 
Channels 

for PDF Files 
Section 
Number 

What's Stored in That File Or 
That Section of ^DF FUe 

21 IU0UT ALX0UT.0DF output 

21 IU0UT ALX0UT.0DF output 

32 ALXpUT.LPT output 

31 FpR3I.DAT output 

33 F9R33.DAT input 

5 input, 
output 

PUT0UT NBIN 
(«200?) 

PUT0K NBIN 
(>10,000) 

INPUT, SETPAR. 
PUTPD, 0UTALL, 
(JUTVX. pirrv. 
PUTSTR, SIGMAC, 
GETDAT 

TALK 

TALKK 

FILENM, FILENM, 
START START 

1 energy (mid point between RH and RL) 
2 a 
3 Aa sample-in statistics 
4 Aff sample-out statistics 
4+k Aa due to parameter k 
5+NPAR A? total 

1 energy 
2 a 
3 Aa statistical 
4 A<r systematic 
5 A r a t a l 
6 % error, statistical 
7 % error, systematic 
8 % error, total 

line printer output 

sampie-in, sample-out, and total 

cowiance matrices for debug 

debug information 

teletype 1/9 

•"Intermediate" files are written in one part of ALEX and read in another. On the initial ran of ALEX, all intermediate files are both 
written and read; on subsequent runs for the same experiment, an Intermediate" file may serve as "input" to avoid repeating calculations 
already completed. 
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If NBIN represents the number of bins, then there are NBIN X (I + N P A R ) quantities (cross sec-
tion and partial derivatives) to be generated and stored. Subroutine PUTSUM stores these quantitieb 
in the P D F file whose default name is ALXSUM.pDF; the characters "SUM" indicate that quantities 
stored here are summed over channels to produce "bins". If steps (a) and (b) are to be skipped, subrou-
tine OETSUM recalls these quantities from the storage File. 

Subroutine PUTPD writes the summed cross section [Eq. (28)] and partial derivatives [Eq. (32)] 
onto the line-printer file whose default name is ALXpUT.LPT. 

File ALXSUM.F0R is listed in Appendix C. 

3.4 EVALUATE COVARIANCE MATRIX 

File ALXALL.F0R (listed in Appendix D) stores the subroutines needed to evaluate and report the 
covariance matrix elements [step (c) above]. The complete covariance matrix for the summed data 
[i.e., Eq. (31)] is generated in subroutine FIXCpV, which calls auxiliary subroutine GETRF to locate 
raw data c, a -d C, and partial derivatives da,/f)c, and da,/dCh FIXCpV also calls subroutines TALK 
and TALKK to output debug information into files F0R33.DAT and F0R31.DAT. 

Subroutine FIXDER (with help from SETD) evaluates the several components of the covariance 
matrix, i.e., the systematic uncertainty on the summed data due to each parameter, the sample-in statis-
tical uncertainty, the sample-out statistical uncertainty, and the total uncertainty. If the user so speci-
fies, these components are reported in subroutine PUTBUG, which calls PUTALL, QUTV, and 
pUTSTR. 

Normalization from summed cross section a""" to averaged or rebinned cross section 7 is accom-
plished in subroutine DIVIDE. Results are reported by subroutine p U T F I N , which calls PUTPUT, 
PUTALL, and PUTVX. Subroutine PUTpUT generates the output P D F file whose default name is 
ALXpUT.pDF, which stores the components of the uncertainty and which may, for example, be used 
to make plots comparing the contributions of two parameters. Subroutine PUTALL writes the com-
ponents of the uncertainty onto the line-printer File ALXPUT.LPT; subroutine PUTVX does the same 
for the covariance matrix. 

For NBIN equal to the number of bins desired, the size of the covariance matrix is NBIN X 
( N B I N + l ) / 2 . [Actually, the size is NBIN X NBIN, but because this is a symmetric matrix, only 
half of the off-diagonal elements need to be reported.] For large values of NBIN, say NBIN >200, it 
is not practical to report all these numbers. What is done in that case is discussed in the next subsec-
tion. 

3.5 EVALUATE UNCERTAINTY WHEN THE NUMBER OF BINS IS LARGE 

In Subsection 3.3 we noted that NBIN X ( i + N P A R ) quantities ( a " m and da"""/dpk) need to be 
evaluated and stored. In Subsection 3.4, NBIN X ( S + N P A R ) quantities (7, A7, and the various 
components of A7) must be evaluated and stored, and an additional NBIN X ( N B I N + D / 2 quantities 
evaluated and reported. For large NBIN, say NBIN > 1000, the computer rapidly runs out of storage 
space, and an alternative procedure is used. 

For NBIN large, steps (b) and (c) are combined and results from step (b) are not stored but are 
discarded after use. Only the statistical uncertainty, the systematic uncertainty, and the total 
uncertainty on 7, are evaluated. That is, the systematic uncertainty due to an individual parameter is 
not reported, aiid the statistical uncertainty is not broken up into sample-in and sample-out contribu-
tions. Off-diagonal elements of the covariance matrix for a are not generated. 
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File ALX1OK.F0R (Appendix E) holds FORTRAN listings of the subroutines which generate a, 
Aa'y"1 and Ac. C 0 U N T merely counts channels to determine array sizes. Subroutine EXTRA2 

generates the cross sections and uncertainties, calling ZERQ3 to initialize arrays, GETRFK to obtain 
raw data and "fijied" data from step (a), and P U T 0 K to complete the calculation and to output final 
results onto file ALX0UT.0DF. Uncertainties are given both as absolute errors and as percent errors. 

4. SPECIFYING THE EXPERIMENTAL SITUATION FOR ALEX 

Routines which specify details about the experimental situation must, of course, be modified for 
each specific case. For that reason these routines will be discussed in some detail here. A FORTRAN 
listing of these five routines is kept in file ALXPAR.F0R on the ORELA PDP-10 and is reproduced in 
Appendix F of this report. 

4.1 SUBROUTINE INPUT 

Subroutine INPUT furnishes two basic types of information: constants which exactly describe the 
experimental situation (e.g., flight path length, channel widths), and indicators for the manner in which 
results are to be reported (e.g., energy intervals for summing cross sections). In its present form, sub-
routine INPUT reads this information from unit number 24 (whose unit name is specified by the user 
in response to ALEX's prompt "What is filename for input information?"). Variable names, meanings, 
and formats for this file are shown in Table 2. 

4.2 SUBROUTINE SETPAR 

Subroutine SETPAR sets the values of the parameters { p* } and of the parameter covariance matrix 
elements {< 5p*jp*< >). Information used to specify these arrays is also obtained from the input file 
(unit 24); see Table 2 for details. Because it is symmetric, the covariance matrix is stored in "packed" 
form via 

< 6p,6pj > - < 6()j6pi> - CpV( I J ) 

where the index 1J is given by 

I J - (I* fl-I)}/2 + J 

and / is the greater of I and j, J is the lesser. 

In our example, the five parameters are pi • « - thickness, p2 ~ m — monitor counts for 
sample-in, p j ™ M — monitor counts for sample-out, and PA " g " background for sample-in, 
and PJ — G ** background for sample-out. Since values of all five are determined indepen-
dently, off-diagonal components of the covariance matrix are zero, card group number 16 in 
Tables 1 and 2 has no entries. The covariance matrix generated in SETPAR has the form 

C 0 V ( 1 ) - (An)1 

C 0 V ( 2)—0. C 0 V ( 3 ) - ( A m ) s 

CQV( 4 ) - 0 . C 0 V ( 5 ) - 0 . C 0 V ( 6 ) - ( A M ) J 

CQV( 7 ) - 0 . C p V ( 8 ) - 0 . CPV( 9 ) - 0 . C p V ( 1 0 ) - ( A g ) J 

C p V ( l l ) - 0 . C p V ( 1 2 ) - 0 . C p V ( 1 3 ) - 0 . C p V ( 1 4 ) - 0 . C p V ( 1 5 ) - ( A G ) J 



Table 2. Description of Infonnatko Specified oa the haput FUe 

How Many Range of Values 
Card Group Cards In Variable or Format (Column 

Number This Group Name Approximate Value Default Value Units Numbers) Meaning 

FILEQ 

NCHNMX 

NCHNMN 

NBINSZ 
(Le., as many 

as needed) 

TDELAY 

FPL 

(blank) 

TITLE 

M(K) 

C(K) 

>0 

»0 

(blank) 

TITLE TIME DELAY* 

-800? 
>0 

-200000. 

"CRUNCH B0U* 

»t 

1«C=S1000? 

(number of 
channels in 

FILEQ) 

1 

3A10 (1-30) 

110(31-40) 

110 (41-50) 

A10 (1-10) 

AIO(I-IO) 

Name of file 
containing the 
raw counts and 
(fcadtmie oocioctwn 

Largest channel 
number to 
be used. 

fimiml 
number to be used. 

The next card 
stores lime delay" 
and flight-path 
length™. 

Time delay. 

Flight-path length. 

Tbc next cards 
give "crunch boundary" 
information. 

Number of rhannrh 
in [tgioo K. 

Time-widtli of 
each dtamsci 
in this legion. 

14 (blank) 



Table 2. Description of Information Specified on thft bpat Fife (costd) 

How Many 
Card Group Cards In Variable 

Number This Group Name 

Range of Values 
or 

Approximate Value Default Value Units 
Format (Column 

Numbers) Meaning 

lint 
alternative 

NENERG 
(i-e., as 
many as 
needed) 

TITLE 

WHATEV 

RMK) 

RH(K) 

'ENERGY INT 

'ME* 

'KE* 

*EV 

>RH(K-0 

>RL(K) RL(K+1) 

AlO(l-lO) 

A2 (19-20) 

as F 
specified 
in card 9 

as F 
specified 
in card 9 

The next cards 
contain "energy intervals* 
for reporting results. 

Units for RL and RH (see 
card 10) are MeV. 

Units are keV. 

Unhs are eV. 

Lower Knit far Kth 
energy interval. 

Upper (higher) limit 
far Kth 
cuagy interval* 

10 

alternative 

• many 
i needed 

TITLE 

KMIN 

•CHANNEL IN* 

>1 

KMAX > KMIN 

INC 1 «INC«(KMAX-KMIN+1) 

A10 (1-10) The next cuds 
v^ tin channd intervals 

for reporting results. 

First rhanwri number. 

I KMIN 
and KMAX, INC channels 
will be combined into a 
""g^ bin. The number 
of bins 0ms famed is 
(KMAX-KMIN+1 )/INC. 



Table 2. Description of Information Specified on the Input Fife (coatd) 

Card Group 
Number 

How Many 
Cards In 

This Group 
Variable 
Name 

Range of Values 
or 

Approximate Value Default Value Units 
Format (Column 

Numbers) Meaning 

third 
alternative 

TITLE 

FILEC 

'CHANNEL B9 A10 (1-10) 

AIO (52-61) 

Channel boundaries and 
increments for rr fanning 
are read on the auxiliary 
file (FILECk only diagonal 
(ikmcnts of cowariance matrix 
will be generated. 

10 MISSING! 

11 

12 

I (blank) 

1 TITLE VARAMETERS* 

13 NPAR INPAR(J) l£INPAR(J>iNPAR 
(as many 

as needed) 

PAR(J) 

DELPAR(J) 

PERCNT(J) 

NAMPAR(J) 

ABS(PAR(J)) 
•PERCNTU)* 100. 

8A5( 28-67) 

Values and uncertainties 
for parameters are 
on next cards. 

Index to count 
parameters; if set 
to zero. ALEX wfll 
ignore this parameter. 

Value of parameter 
number J. 

(Absolute) uncertainty 
on this parameter 
number J. 

Percent uncertainty on 
this parameter. 

Alphannmeric name 
for parameter 
number J. 

14 (blank) 



Table 2. Description of Iafonnatioa Specified oa tbe Input File (coatd) 

How Many Range of Values 
Card Group Cards In Variable or Formal (Column 

Number This Group Name Approximate Value Default Value Units Numbers) Meaning 

IS TITLE '(^VARIANCE' A10 (1-10) Off-diagonal "covariauce" 
matrix elements for 
parameters are 
given in tbe 
following cards. 

16 as many 
as needed 

IPAR 1=SIPAR«NPAR Parameter number. 

JPAR HUPARSNPAR 

C?V C0V < DELPAR(IPAR) 
•DELPAR(JPAR) 

DELPAR(IPAR)* 
CpRR'DELPAR(JPAR) 

I Parameter number. 

F Covaiiance between 
parameters IPAR 
and JPAR. 

17 

C0RR 

(blank) 

-KCpRR<l Correlation between 
parameters IPAR 
and JPAR. 
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In some experiments additional information is needed in order to fully specify the situation. For 
example, in the natural nickel evaluation (DL8.3) one background had a shape which was linear ut bw 
times, proportional to I / t ' for long time, and constant at intermediate times. Boundaries between these 
regions were specified in the input file; subroutine SETPAR called subroutine JUNK to read these 
values before eading parameter values. 

4.3 SUBROUTINE PREP 

Subroutine PREP is perhaps the most complicated of those routines which must be modified for 
each specific case. In PREP, the various corrections which will be applied to the raw data are 
described in a manner which code ALEX can interpret and use. 

First, the total number NFUNC of correction functions is given, and the functions are numbered 
consecutively from 1 to NFUNC. Note that NFUNC need not be equal to 5, since the correction func-
tions specified here are not the 0/ given in Eqs. (14) and (15); rather, the ft will be formed from these 
functions. 

(1) If the normalization is unity, it need not be listed with the correction functions. In this 
case, ALEX sets — 1. 

(2) Similarly for deadtime corrections, sample-in or sample-out, ALEX sets fa or fa equal to 
unity if they are not otherwise specified. 

(3) There may be several contributions to the background (e.g.. a time-dependent background 
and a time-independent background), each of which may be counted separately. 

For each correction function, the TYPE is specified as 'NQRMALIZATion\ 'SAMPLE IN ' ; or 
'SAMPLE p U T , and the USE is specified as 'DEADTIME Correction' or 'BACKGROUND1. Only 
those characters shown here in capital letters (the first ten characters) need actually be given. 

For each correction function, the parameters which affect that function must be specified. This is 
accomplished by setting IDEP(l ) equal to the number of a relevant parameter, IDEP(2) equal to the 
number of another relevant parameter, etc., where the "numbers" are as specified in subroutine SET-
PAR (i.e., in the input file). 

Subroutine PREP specifies which parameter is sample thickness by setting NTHICK equal to that 
parameter number. This is necessary because sample thickness is treated differently from other param-
eters [see Eq. (21)], since it is involved in the transformation from transmission to cross section. 

In our example NFUNC ~ 5, and there is exactly one of each kind of function. The normaliza-
tion function is given by M/m, so for function number 1 PREP sets TYPE - 'NORMALIZAT 
(USE is irrelevant), IDEP( l ) ™ 2, and IDEP (2) - 3. Function number 2 is the sample-in 
deadtime correction, for which TYPE- 'SAMPLE-IN \ USE - 'DEADTIME C \ and IDEP 
need not be set. Function number 3 is the sample-out deadtime correction with TYPE — 
' S A M P L E - P U T and USE - 'DEADTIME C'. Function number 4 (or 5) is the background 
correction with TYPE - 'SAMPLE-IN ' ( 'SAMPLE-pUT) , USE - 'BACKGROUND', and 
IDEP(1) — 4 (5). Note that the order in which correction functions are numbered is irrelevant; 
what is important is that the numbering be consistent between this routine PREP and the two 
other subroutines FUNC and DERIV. 



4.4 FUNCTION FUNqiFUNC) 

Values for the functions described in subroutine PREP are generated in function FUNC(IFUNC). 
The argument IFUNC is the indexing number of the function whose value is to be determined on this 
call to FUNC; this numbering system must be identical to that used in PREP. 

Quantities such as raw data CIN and C 0 U T (sample-in counts ct and sample-out counts C<), 
deadtime correction factors DTCIN and DTCpUT, channel energy ECHN, channel time TCHN, 
channel time width CHN, and channel number ICHN, any of which might be required for generating 
FUNC for a given channel are evaluated elsewhere (in subroutine OETRAW) and sent to FUNC via 
C 0 M M 0 N / C H A N N L / . 

In our example, IFUNC ™ 1 would cause evaluation of the normalization M/tn • 
PAR(3)/PAR(2). For IFUNC - 2, FUNC is set equal to the sample-in deadtime correction 
factor. For IFUNC - 3, FUNC is set to the sample-out deadtime correction factor. For 
IFUNC - 4, FUNC is set to g - PAR(4), and for IFUNC - 5, FUNC is set to <7 -
PAR(5). 

4.5 FUNCTION DERIV(IFUNC.KPAR) 

The partial derivative of the ith function with respect to the klh parameter ( d/i/dpk ) is evaluated 
in DERIV, where / - IFUNC and k - KPAR. The numbering system for the functions must be 
consistent with that described in PREP and used in FUNC, and the numbering system for the 
parameters must be consistent with that given in SETPAR. Derivatives need be specified only when 
they are not identically zero; that is, DERIV will be called only for parameters KPAR which are rele-
vant to function IFUNC (as indicated by array IDEP in subroutine PREP). 

The required derivatives for our example are summarized in the table below. Only these deriva-
tives are actually given in function DERIV; ALEX automatically assumes the others are zero. 

IFUNC KPAR DERIV 

1 2 -PAR(3)/PAR(2)**2 
1 3 1.0/PAR(2) 
4 4 1.0 
5 5 1.0 

4.6 SUBROUTINES WHICH READ RAW DATA 

Generally there will be several tens of thousands of channels of raw data. Only a few (currently 
SI2) of these data may be held in core simultaneously, necessitating considerable I /O to and from stor-
age files. Because the raw data are required at several different points in the calculation (Le., several 
different subroutines in ALEX), it seemed expedient to assume a standard form for the storage file and 
to have program ALEX deal with only that standard form. It is likely easier to produce such a stand-
ard storage file for each application (writing an auxiliary FORTRAN code to do so if needed) than to 
program ALEX for the general case. 
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The standard form for the storage file is in ORELA Data Format ( P D F ) with Section 1 containing 
the channel energy, Section 2 the deadtime correction factor for sample-in, Section 3 the deadtime cor-
rection factor for sample-out, Section 4 the raw counts for sample-in, and Section 3 the raw counts for 
sample-out. Subroutines which read this "raw data" file are OETRAW, OETRF, and OETRFK, which 
are included in files ALXFIX.F0R, ALXALL.F0R, and ALXIOK.F0R, respectively. 

5. EXAMPLE 

The "simple case" discussed in * this report is in fact a description of the experimental 
situation for the natural iron measua om 2 to 80 MeV, "f D. C. Larson et al. (DL80). This 
measurement will, therefore, serve to illustrate the manner in which ALEX is to be used; a person 
wishing to use ALEX for analysis of another experiment can simply repeat the steps outlined here, 
substituting his own specifics. 

For guidance on choosing parameter values and covariances in a more complicated experimental 
situation, the reader is referred to the natural nickel uncertainty analysis (DL83). 

Step I. Organize Raw Data 

An P D F file FERAW.QDF is generated, consisting of 10000 channels and 3 sections. Section 1 
contains energy, Sections 2 and 3 hold dead time correction factors, and Sections 4 and S hold raw 
counts (see Table 1, unit 23). For this particular case only channels 938 through 43S6 contain 
meaningful information. 

Step 2. Prepare Subroutines INPUT, SETPAR, PREP, FUNC, and DER1V 

For this measurement, these subroutines are exactly as given in Appendix F. For other experiments, 
review Section 4 of this report to learn what these routines must do. 

Step 3. Prepare Input File 

Since the only information to be read from the input file is from the five subroutines specified in 
Step 2 and these have not been modified, the input description given in Table 2 is correct for this data. 
The input file FE.DAT for the natural iron measurement is listed in Table 3. 

Values for all quantities in the input file are provided by the experimenter; that is, the time delay, 
flight path length, sample thickness, monitor counts, and constant backgrounds were determined in 
conjunction with the measurement of the raw data. Uncertainties on sample thickness, monitor counts, 
and background levels either are determined or may be guesstimated. The "energy intervals for 
averaging* were, for this example, chosen arbitrarily. Note that any one bin (energy interval) covers 
many channels. 



T a b l » 3. i n p u t P i l e PE.DAT Cor t h * P« Example o f S e c t i o n 2 

PBRAH.ODP 

TIME DELAY, PLIGHT PATH 
2 4 9 . , 8 0 1 8 7 . 

4356 938 

LENGTH 

CRUNCH BOUNDARIES (NUMBER OP CHANNELS, WIDTHS I N NANOSEC) 
6 0 0 0 , 1 . 
2 0 0 0 , 4 . 
1000 ,16 . 
1000,1000. 

ENERGY INTERVALS (KEV) POR AVERAGING 
2 0 0 0 . , 2 4 0 0 . 
2 4 0 0 . , 3 0 0 0 . 
3 0 0 0 . , 4 5 0 0 . 
4 5 0 0 . , 8 0 0 0 . 
BOOO.,11000. 
1 1 0 0 0 . , 2 5 0 0 0 . 
2 5 0 0 0 . , 5 0 0 0 0 . 
5 0 0 0 0 . , 8 0 0 0 0 . 

PARAMETERS AND UNCERTAINTIES 

I N 
OUT 

I N 
OUT 

1 , 0 . 4 2 9 6 , 0 . , 0 . 2 , 
2 , 8 7 7 0 1 3 9 . , 0 . , 0 . 5 , 
3 , 7 0 6 0 7 7 0 . , 0 . , 0 . 5 , 
4 , 2 . 7 4 2 2 , 0 . , 5 . , 
5 , 2 . 5 5 8 7 , 0 . , 5 . , 

THICKNESS OP SAMPLE 
MONITOR POR SAMPLE 
MONITOR POR SAMPLE 

BACKGROUNDPOR SAMPLE 
BACKGROUNDPOR SAMPLE 

COVARIANCES POR PARAMETERS 
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Step 4, Execute ALEX 

To run the code ALEX on the ORELA PDP-10 computer, one simply types 

EX @ALEX 1 

where ALEX.CMD is a command Tile which will be described below. ALEX then prompts the user for 
the information it requires. This includes file names, decisions regarding debug options, and specifics 
about which (if any) of the intermediate files have been created by earlier ALEX runs. See Table I in 
Section 3 for a description of the various files. Table 4 shows ALEX prompts and user responses for 
this example, assuming no intermediate files have been created. 

The command file ALEX.CMD contains, on one line, the names of all files which together make up 
the code ALEX, plus the library file in which the ^ D F subroutines ( p D F i p , IN0DF, 0 U T 0 D F ) are 
stored. For this example, ALEX.CMD reads 

ALEX, ALXPAR, ALXFIX, ALXSUM, ALXALL, ALXIOK, ©PRELIB.FIO [ 101,1010]. 

Step 5. Study the Output 

The line-printer output for our example is given in Table 3. This output should be carefully 
examined to ensure accuracy of results: 

1. Is the input correct? Check that all input quantities are correct in the units specified; i.e., 
that time delay is in ns, flight path length in mm, and crunch boundaries in ns for this 
example. Note that energy intervals are converted to MeV before being printed. 

2. Are parameters and uncertainties what the user had intended? Be sure decimal points are 
in the appropriate positions for example. 

3. Summed cross sections [which correspond to Eq. (28)] should agree with the user's 
intuition. Intuition may not be a reasonable guide for the partial derivatives [which 
correspond to Eq. (32)], but may indicate whether the signs of the derivatives are 
reasonable. 

4. The average cross sections [Eq. (29)] should correspond even more closely with the user's 
intuition. The total uncertainty, sample-in and sample-out statistical uncertainty, and the 
systematic uncertainty due to each individual parameter can be examined to determine 
which are the more important contributions. Note that, in general, the total uncertainty will 
not be merely the summation in quadrature of the various components, since correlations 
between the parameters must also be incorporated. In this example, however, the 
parameters are given as uncorrelated. 

5. The final covariance matrix for the average cross sections is printed as percent standard 
deviation (100 X SIGMA - s - UNCERT.) plus the correlation matrix [see Eq. (43)]. (The 
correlation matrix elements have been multiplied by 100 for ease of displaying.) Note the 
large off-diagonal elements. This is due to the large number of channels (hence high 
number of counts and low statistical uncertainties) in the energy intervals chosen for 
display. Uncertainties due to count rates (i.e., statistics) are strictly on the diagonal and are 
low here. Hence the systematic contributions, which are both on- and off-diagonal, assume 
relatively greater importance. 

6. Plots can be made from the various input, intermediate, and final P D F files using program 
F p R p D F (JC78) as further tests. 
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T a b l e 4 . ALEX p r o m p t s and u s e r r e s p o n s e s f o r t h * n a t u r a l i r o n a n a l y s i s . 
U n d e r l i n e d p o r t i o n s a r e t y p e d by t h e u s e r ; a downward a r r o w i n d i c a t e s 
c a r r i a g e r e t u r n . 

.EX « ALEX1 

L I N K : LOADING 
[LNKXCT ALEX EXECUTION] 

WHAT I S FILENAME POR INPUT INFORMATION? FE.DAT1 

WHAT I S FILENAME POR UNSUMMED CROSS SECTION AND DERIVATIVES? PEUNSM.ODF1 

WHAT I S FILENAME FOR SUMMED CROSS SECTION AND DERIVATIVES? PESUM.ODFi 

WHAT I S FILENAME FOR L INE PRINTER OUTPUT? PE .LPT i 

DO YOU WANT DEBUG PRINTOUT? N i 

DOES DERIVATIVE F I L E ALREADY EXIST? N I 

UNSUMMED DERIVATIVE P ILE CREATED BY THIS RUN I S CALLED PEUNSM.ODF 
SUMMED DERIVATIVE F ILE CREATED BY THIS RUN I S CALLED PESUM.ODF 

WHAT I S NAME FOR ODF OUTPUT F ILE? FEOUT.ODFi 

MX, MANY= 7 512 
KOUNT,MANYX= 1 512 
KOUNT,MANYX= 2 512 
KOUNT,MANYX= 3 512 
KOUNT,MANYX= 4 512 
KOUNT,MANYX= 5 512 
KOUNT,MANYX= 6 512 
KOUNT,MANYX= 7 512 

REAL ARRAY S IZE USED FOR ALEX I S 512 
INTEGER ARRAY SIZE USED FOR ALEX I S 401 
STOP 

END OF EXECUTION 
CPU TIME: 3 1 . 7 5 ELAPSED T IME: 4 : 8 . 5 3 
EXIT 
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INPUT DATA I S POUND ON PILB "FE.DAT 

NCHN,NCHNMN= 4356 938 
TIMB DELAY (NS) AND PLIGHT PATH LENGTH (MM) ARB 249.000 AMD 80187.0 

CRUNCH BOUNDARIES AMD CHANNEL WIDTHS I N NANOSECONDS 
6000 1.00000 
2000 4 .00000 
1000 16.00000 
1000 1000.00000 

ENERGY INTERVALS I N MEV 
1 2 .000000 2 .400000 
2 2 .400000 3.000000 
3 3 .000000 4 .500000 
4 4 .500000 8 .000000 
5 8 .000000 11.000000 
6 11.000000 25.000000 
7 25.000000 50.000000 
8 50.000000 80.000000 

PAR USED PARAMETER UNCERTAINTY 
NO. ? ? ? ? 

1 1 0 .429600 0 .000859 
2 2 8770139.000030 43850.694800 
3 3 7060770.000000 35303.850100 
4 4 2 .742200 0 .137110 
5 5 2 .558700 0 .127935 

X UNCERTAINTY 

0 .200 THICKNESS OF SAMPLE 
0 .500 MONITOR FOR SAMPLE IN 
0 .500 MONITOR FOR SAMPLE OUT 
5 .000 BACKGROUNDFOR SAMPLE IN 
5.000 BACKGROUNDFOR SAMPLE OUT 
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* * * * * CORRELATION MATRIX FOR PARAMETERS 
OFF-DIAGONAL ELEMENTS OF COVARIANCE MATRIX ARB ALL ZERO. 

*****STANDARD DEVIATION (SQRT OF DIAGONAL ELEMENTS) 

STD. DEV. STD. DEV. STD. DEV. STD. DEV. STD. DEV. 
( 1) 8 . 5920E-04 ( 2 ) 4 .3851E+04 ( 3) 3 .5304E+04 < 4 ) 0 . 1 3 7 1 ( 5 ) 0 . 1279 

*********************************** 

UNSUMMED DERIVATIVE F I L E CREATED BY THIS RUN I S CALLED FBUNSM.ODF 

SUMMED DERIVATIVE F ILE CREATED BY THIS RUN I S CALLED VZSUM.ODF 

SUMMED CROSS SECTION AND PARTIAL DERIVATIVES 
EL EH SIGMA DERIVATIVES WRT PARAMETERS 

1 
THICKNEF 3 
OF SAMPLE 

2 
MONITOR 

FOR SAMPLE 
I N 

MONITOR 
FOR SAMPLE 

OUT 

BACKGROUND 
FOR SAMPLE 

I N 

BACKGROUND 
FOR SAMPLE 

OUT 

1 2 .00000 2 .40000 1 .259 - 2 . 9 3 0 1 .0617E-07 - 1 . 3187B-07 8 .5723E- 03 
2 2 .40000 3 .00000 2 . 0 5 5 - 4 . 7 8 3 1 . 5 9 2 5 8 - 0 7 - 1 . 9780E-07 1 .1285B- 02 
3 3 .00000 4 .50000 5 . 2 9 6 - 1 2 . 3 3 3 .9813B-07 - 4 . 9451B-07 1 . 4 8 0 2 8 - 02 
<1 4 .50000 8 .00000 12 .55 - 2 9 . 2 1 9 .2896E-07 - 1 . 1539B-06 6 . 5 2 9 2 8 - 03 
5 8 .00000 11 .00000 9 . 3 6 4 - 2 1 . 8 0 7 .9625B-07 - 9 . 8902B-07 2 . 3 5 5 2 8 - 03 
6 11 .00000 25 .00000 3 3 . 3 1 - 7 7 . 5 3 3 .7158B-06 - 4 . 6154B-06 6 . 23828 - 03 
7 25 .00000 50 .00000 6 0 . 0 6 - 1 3 9 . 8 6 . 6354E-06 - 8 . 2418B-06 1 .7534E- 02 
8 50 .00000 79 .80661 6 9 . 8 5 - 1 6 2 . 6 7 . 9112E-06 - 9 . 8264B-06 0 .1067 

—2.6101E—03 
- 3 . 2 0 2 3 E - 0 3 
- 4 . 0 8 0 8 E - 0 3 
- 1 . 7 2 8 4 B - 0 3 
- 7 . 5 7 6 4 B - 0 4 
- 2 . 7 6 8 4 B - 0 3 
- 7 . 6 7 4 2 B - 0 3 
- 4 . 9 8 2 4 E - 0 2 
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CROSS SECTIONS AND CONTRIBUTIONS TO UNCERTAINTIES 

BL BH SIGMA UNCBRT. ( S - I ) (S-O) DERIVATIVES NUT PAR. TIMES DELPAR 
1 2 3 

THICKNESS MONITOR MONITOR 
OF SAMPLE FOR SAMPLE FOR SAMPLE 

IM OUT 

1 2 . 0 0 0 0 0 2 .40000 3 . 14731 0 . 02253 0 .01203 0 .00657 6 . 2946B- 03 1 .1639B- 02 1 .1639B- 02 
2 2 .40000 3 . 0 0 0 0 0 3 . 42435 0 . 02187 0 .01090 0 .00587 6 . 8487E- 03 1 .16398- 02 1 •1639B- 02 
3 3 . 0 0 0 0 0 4 .50000 3 . 53077 0 . 01930 0 .00620 0 .00337 7 . 06158- 03 1 .1639B- 02 1 .1639B--02 
4 4 .50000 8 . 0 0 0 0 0 3 . 58572 0 . 01821 0 .00265 0 .00150 7 . 1714B- 03 1 .1639B- 02 1 .1639E-•02 
5 8 . 0 0 0 0 0 11 . 0 0 0 0 0 3 . 12129 0 . 01787 0 .00259 0 .00164 6 . 2426B- 03 1 .1639E-02 1 .1639E- 02 
6 11 . 0 0 0 0 0 25 . 0 0 0 0 0 2 . 37921 0 . 01722 0 .00144 0 .00102 4 . 7584E- 03 1 .1639B- 02 1 .1639E- 02 
7 25 . 0 0 0 0 0 50 . 0 0 0 0 0 2 . 40233 0 . 01740 0 .00245 0 .00163 4 . 8047B- 03 1 .1639B- 02 1 .16398- 02 
8 50 . 0 0 0 0 0 79 .80661 2 . 34329 0 . 01952 0 .00773 0 .00530 4 . 6866B- 03 1 .1639B- 02 1 .1639B- 02 

4 5 
BACKGROUND BACKGROUND 
FOR SAMPLE FOR SAMPLE 

IM OUT 

2 .9384B-03 
2 .5788B-03 
1 .3530B-03 
2 .5578B-04 
1 .0764B-04 
6 .1094B-05 
9 .6161B-05 
4 . 9 0 9 1 E - 0 " 

8 .3481B-04 
6 .9281E-04 
3 .4805B-04 
6 .3177E-05 
3 .2310E-05 
2 .5298B-05 
3 .9272B-05 
2 .1385B-04 
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PINAL COVARIANCB MATRIX 

BLOW BHIGH * STD.DBV. 

1 2 .00000 2 .40000 0 .72 
2 2 . 4f 3 .00000 0 .64 
3 3 .00- j 4 .50000 0 .55 
4 4 .50000 8 .00000 0 .51 
5 8 .00000 11 .00000 0 . 57 
6 11 .00000 25 .00000 0 .72 
7 25 .00000 50 .00000 0 . 7 2 
8 50 .00000 79 .80661 0 .83 

CORRELATION 

1 2 3 4 5 6 
100 

65 100 
74 77 100 
77 81 92 100 
77 80 91 97 100 
78 81 92 97 98 100 
77 80 91 96 97 98 
69 71 81 86 86 87 

w 

REAL ARRAY SIZE USED FOR ALEX I S 

INTEGER ARRAY SIZE USED FOR ALEX I S 

512 

401 
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Step 6. Rerun 

If Step 5 showed the results to be reasonable, proceed to Step 7. If not, make corrections in 
code (Step 2) or input (Step 3) as needed, and repeat Steps 4 and S. 

Step 7. Additional Runs 

To change energy intervals or parameter uncertainties, it is not necessary to repeat the entire 
calculation. Unless parameter values are changed, the "unsummed derivative file" 
(FEUNSM.^DF in this example) need not be recreated with each ALEX run. To use an 
existing file in this way, merely answer "Y" (for "yes") to ALEX's prompt "DOES 
DERIVATIVE FILE ALREADY EXIST?" (see Table 4). ALEX will then ask the question 
"DOES SUMMED DERIVATIVE FILE ALREADY EXIST?" If energy intervals have been 
changed, the answer to this question is "N" (for "no"). If only parameter uncertainties or 
correlations have been changed, the "summed derivative file" (FESUM.0DF in this example) 
from the previous run can be used as input here (i.e., answer "Y" to this question). 

6. SUMMARY AND PROGNOSIS 

The computer code ALEX was developed as an aid to the uncertainty analysis of neutron 
transmission data at ORELA. One major application of ALEX is already being reported, that being 
the natural nickel experiment of D. C. Larson et al. (DL83). Others are in progress. 

Extension of ALEX to other experimental situations should not require extensive re-programming 
and will be made as needed. It is expected that ALEX will someday be applicable to fission and 
capture data as well as transmission. 
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APPENDIX A 
FORTRAN L i s t i n g o f F i l e ALEX.P0R 



38 

C 
C * * * PROGRAM ALEX * * * ANALYSIS OP EXPERIMENTAL DATA 
C 
C 
c *** PROGRAM TO PROPOGATE UNCERTAINTIES THROUGH 
C CROSS SECTION GENERATION PROM SAMPLE-IN, 
C * * * SAMPLE-OUT DATA 
C 
c * * * SEPTEMBER, 1 9 8 2 
C * * * N.M.LARSON 
C 

C 
C DESCRIPTION OP THE VARIOUS "UNITS" REQUIRED BY ALEX 
C 
C 
C UNIT UNIT DEFAULT 

C NUMBER NAME FILENAME WHAT'S STORED IN F ILE 

C 
C 21 IUOUT ALXOUT.ODP "FINAL" RESULTS 
C 22 I U F I X ALXFIX.ODF UNSUKMED CROSS SECTIONS 
C AND DERIVATIVES 
C 23 IURAW ALXRAW.DCL RAW COUNTS AND BACKGROUND 
C CORRECTION FACTORS 
C 24 ALEXIN.DAT ALPHANUMERIC AND NUMERIC 
C INFORMATION 
C 2 5 ALXAUX.DAT AUXILIARY CHANNEL INFO 
C 2 6 IUSUM ALXSUM.ODF SUMMED CROSS SECTIONS 
C AND DERIVATIVES 
C 31 COVARIANCE MATRICES 
C 32 ALXOUT.LPT LINE-PRINTER OUTPUT 
C 33 INFO RB WHICH CHANNELS 
C CONTRIBUTE TO THE 
C ENERGY GROUPS 
C 
C 

DOUBLE PRECISION TYPE, USE 
LOGICAL DEBUG 
COMMON / I N T E G R / NPAR, NPUNC, NCHN, NUMBER, NBINSZ, 

* NENERG, JKM, M<21>, NCHNMN, NTHICK, NPARAM 
COMMON /EXPAND/ A ( 1 0 0 0 0 ) 
COMMON / I E X P N D / NREAL, INTEG, I A ( 6 0 0 ) 
COMMON /REAL/ TDELAY, F P L , C ( 2 0 ) 
COMMON /PJiRAM/ F P U N C ( 5 ) , CDELP<5) , P A R ( 3 0 ) , I W H E R E ( 3 5 ) , 

* J D E P ( 3 0 , 1 0 0 ) , INPARC30) 
DATA NONO / 2 H N O / , NPARMX / 3 0 / 

C 
C 

NWEAL = 1 0 0 0 0 
INTEG = 6 0 0 
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c ************************************************************** 
c *** BEGIN INITIALIZATION STEP * * * 
C 

CALL FILENM<DEBUG) 
C READ NAMES OP F I L E S , AMONG OTHER THINGS 

NNN = 200 
C NNN I S A GUESS FOR THE NUMBER OF ENERGY REGIONS 
C (SPECIFIED BY RH AND RL> REQUIRED FOR THE 
C FINAL RESULTS, AND ULTIMATELY EQUAL TO NENERG 

IRH - IDIMEN(NNN > 
IRL = IDIMEN(NNN) 
KH = JDIMEN(NNN) 
KL = JDIMEN(NNN) 
CALL I N P U T ( A ( I R H ) , A ( I R L ) , I A ( K H ) , I A ( K L ) , NNN) 

C TO GET CONSTANTS ETC - - WHATEVER'S NEEDED FOR 
C SPECIAL CASE 

I = I D I M E N ( - I R H ) 
I = JDIMEN(-KH) 
I F <NENERG,LT.0) GO TO 10 
CALL MOVE(A(IRH), A ( I R L ) , NENERG, NENERG) 
IRH = IDIMEN(NENERG) 
IRL = IDIMEN(NENERG) 
CALL MOVE(IA(KH), I A ( K L ) , NENERG, NENERG) 
KH = JDIMFN(NENERG) 
KL = JDIHL.fl (NENERG ) 

C 
C *** GET PARAMETERS ORGANIZED 

10 NPARAM = NPARMX 
NNN = (NPARAM*(NPARAM+1))/2 
ICOVPA = IDIMEN(NNN) 
IDELPA = IDIMEN(NPARAM) 
NAMPAR = JDIMEN(NPARAM*8) 
CALL SETPAR(A(ICOVPA), A ( I D E L P A ) , IA(NAMPAR)) 

C I N I T I A L I Z E NUMBER AND VALUE OF PARAMETERS 
C AND COVARIANCE MATRIX ELEMENTS 
C 

CALL FIXPAR(A<ICOVPA), A ( I D E L P A ) , IA(NAMPAR)) 
C DROP UNUSED PARAMETERS 

NNN - ( N P A R * ( N P A R + 1 ) ) / 2 
CALL MOVE<A(ICOVPA), A ( I D E L P A i , NPAR, NNN) 
I = IDIMEN(-ICOVPA) 
ICOVPA = IDIMEN(NNN) 
IDELPA = IDIMEN(NPAR) 
JDUM = JDIMEN(NPAR) 
CALL OUTPAR(A(ICOVPA), A ( I D E L P A ) , IA(JDUM), DEBUG) 

C WRITE OUT THE PARAMETER VALUES AND THE PARAMETER 
C COVARIANCE MATRIX 
C 

CALL START(NEW, NEW2) 
C DECIDE WHETHER PARTIAL DERIVATIVES ALREADY EXIST 
C . . 
C * * * END INITIALIZATION STEP * * * 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
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IP (NEW.NE.NONO) 60 TO 40 
C 
c 
c tit**********************************************************, 
c * * * BEGIN STEP A — EVALUATE CROSS SECTION AND PARTIAL DERIVATIVES * * * 
C 
c * * * GET FUNCTIONS ORGANIZED,LABELED ETC 

NNN = 100 
C NNN IS A GUESS FOR NFUNCT, THE NUMBER OF FUNCTIONS 
C TO BE INCLUDED 

IDEP = JDIMEN(NPARAM) 
KWHERE = JDIMEN(NNN) 
CALL ZBRO(lA(KWHERE), KNORM, NNN) 

C 
DO 20 JFUNC=1,NNN 

ZPUNC = JFUNC 
CALL ZER02(TYPE, USE, l A ( I D B P ) ) 
CALL PREPCTYPE, USE, I A ( I D E P ) , IFUNC) 

C DESCRIBE WHAT THE VARIOUS FUNCTIONS DO 
C 

CALL SORT(TYPE, USE, I A ( I D E P ) , IA(KWHERB), IFUNC, 
* KNORM, NNN) 

C REORGANIZE INPUT FROM PREP INTO MORE CONVENIENT FORM 
I F (IFUNC.GE.NFUNC) GO TO 30 
I F (NFUNC.GT.NNN) STOP 3 

20 CONTINUE 
C 

30 I = JDIMEN(- IDEP) 
CALL RESORT(IA<KWHERE), KNORM) 

C MORE REORGANIZATION 
I F (DEBUG) CALL BUGOUT 

C 
C • * * NOW DONE WITH I N I T I A L I Z A T I O N SO CAN GET TO WORK 
C 

CALL SIGMAC 
C GENERATE SIGMA AND PARTIAL DERIVATIVES OF SIGMA 
C WRT THE PARAMETERS 
C 
C * * * END STEP A * * * 
C I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * , * * * * * * * * * * * * * * 
c 

40 I F (NENERG.LT.O) GO TO SO 
C 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
c * * • BEGIN STEP B — RBBIN CROSS SECTIONS AND DERIVATIVES * * * 
C 

IESIGM = IDIMEN(NBNBRG) 
IEDSIG - IDIMEN(NPAR*NBNERG> 
IFRACH « IDIMEN(NBNERG) 
IFRACL = IDIMEN(NENERG) 
IDUM = IDIMEN(NBNBRG) 
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IP (NEW2.EQ.N0N0) CALL EXTRA!A( IRH) , A ( I P L > , A ( I E S I G M ) , 
* A ( I E D S I G ) , A( IPRACH), ACIFRACL), TA(KH), I A ( K L ) , 
* A ( IDUM)) 

C PORM INTEGRAL SIGMA(E)DE AND WRITE ON "PILSUH" 
C 

IP (NEW2.NE.NONO) CALL GETSUM(A(IRH>, A ( I R L ) , A ( I E B I G M ) , 
* A ( I B l ) S I G ) , A ( IPRACH), A ( I F R A C L ) , I A ( K H ) , I A ( K L ) , 
* A ( IDUM)) 

I - IDIMEN(- IDUM) 
C 

CALL OUTPD(A(IRH), A ( I R L ) , A ( I E S I G H ) , A ( I E D S I G ) , 
* IA(NAMPAR)) 

C WRITE OUT THE INTEGRATED PARTIAL DERIVATIVES 
C 
C * * * END STEP B * * * 
C M * M * M * M M M « M M t « « » M * t M « M M M * t t * t M f f l M M * M * * * M * M 
c 
c 
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
c * * * BEGIN STEP c — GENERATE COV MATRIX * « • 
C 

JK.M = (NENERG* (NENERG+ 1 ) > / 2 
I V I = IDIMEN(JKM > 
IVO = IDIMEN(JKM1 
IVTOT = IDIMEN(JKM) 

C 
CALL PIXCOV(A(ICOVPA), A ( I E S I G M ) , A ( I E D S I G ) , A( IPRACH), 

* A ( I F R A C L ) , I A ( K H ) , I A ( K L ) , A ( I V I ) , A ( I V O ) , A ( I V T O T ) ) 
C GENERATE COVARIANCE MATRIX OP INTEGRATED CROSS 
C SECTIONS, DUE TO ALL UNCERTAINTIES 
C 

IDT = IDIMZN(NENERG) 
IDO = IDIMEN(NENERG) 
IDTOT = IDIMEN(NENERG) 
CALL PIXDER(A( IDELPA) , A ( I E D S I G ) , A ( I V I ) , A ( I V O ) , 

* A ( I V T O T ) , A ( I D I ) , A ( I D O ) , A ( IDTOT) ) 
C NORMALIZE PARTIAL DERIVATIVES BY TAKING 
C ABSOLUTE VALUES AND MULTIPLYING 
C BY PARAMETER UNCERTAINTIES 
C SET D = SQRT(DIAGONAL OP V) 
C 

IC = JDIMENCNENERG) 
I P (DEBUG) CALL OUTBUG(A(IRH), A ( I R L ) , A ( I E S I G M ) , 

* A ( I E D S I G ) , A ( I V I ) , A ( I V O ) , A ( I V T O T ) , A ( I D I ) , A ( I D O ) , 
* A ( I D T O T ) , IA(NAMPAR), I A ( I C ) > 

C WRITE OUT THE RESULTS, INTEGRATED BUT NOT AVERAGED 
C 

CALL D I V I D E ( A ( I R H ) , A ( I R L ) , A ( I E S I G M ) , A ( I E D S I G ) , A ( I D I ) , 
* A ( I D O ) , A ( IDTOT) ) 

C NORMALIZE BY DIVIDING BY ENERGY-DIFFERENCE 
C 
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XDUMMY ~ IDXMEN(NENERG > 
CALL OUTPIN IA( IRH) , A ( X R L ) , A(IESXGM), A( IBDSXG), 

* A ( I V T O T ) , A ( I D I ) , A ( I D O ) , A(XDTOT), A(IDUMMY), 
* XA(NAMPAR)• XA(XC)) 

C 
X « XDXMEN(O) 
X « JDXMEN(O) 

C 
STOP 

C 
C * * * END STEP C * * * 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
c 
c 
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C * * * BEGIN STEPS B AND C, COMBINED 
C 
C * * * HERE HE HAVE TOO MANY ENERGY-GROUPS TO DO PULL COVARXANCE 
C * * * MATRIX. INSTEAD, JUST DO DIAGONAL PART, AND PUT RESULTS 
C «"»«• ON ODP r i L E . 

50 CONTINUE 
CALL COUNT(NENERG, NUMMAX) 

C 
MOST = 200 
I P (NUMMAX.LT.M08T) MOST - NUMMAX 
XECHN = ID XMBN(1+MOST> 
XSXGMA = IDXMBN(MOST) 
IDS IN = IDIMBN(MOST) 
IDSOUT = XDIMEN(MOST) 
IDSPAR = IDXMEN(NPAR*MOST) 
XCIN = IDIMEN<MOST> 
ICOUT = IDIMEN(MOST) 
X = XDIMBN(O) 
CALL BXTRA2(A(ICOVPA), A ( IECHN) , A ( I S I G M A ) , A ( I D S I N ) , 

* A( IDSOUT) , A( IDSPAR) , A ( I C I N ) , A(XCOUT), NUMMAX, 
* MOST) 

C • * * GENERATE RESULTS 
C STORED I N P ILE ALX1OK 
C 

I = XDXMBN(O) 
I = JDXMBN(O) 
STOP 

C * * * END STEPS B AND C * * * 
C * * * « * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * » * * * * * * * * * » * * * * * * * * * * * * * 

END 



FUNCTION IDIMEN(MANY) 
C 
C PURPOSE - - KEEP TRACK OP DIMENSIONS OP REAL ARRAYS 
C 

COMMON /EXPAND/ A<1) 
COMMON / IEXPND/ NREAL, INTEG, I A ( 1 ) 
DATA KOUNT / I / , MAX / 0 / , MAXT / 0 / 
I P (MANY.LT.0) GO TO 10 
IDIMEN = KOUNT 
KOUNT = KOUNT + MANY 
I F <KOUNT.GT.MAX) MAX = KOUNT 
I F <MANY.EQ.0) GO TO 20 
I F <KOUNT.GT.NREAL) WRITE ( 5 , 9 9 9 9 9 ) NREAL, KOUNT 
RETURN 

C 
10 CONTINUE 

KOUNT = -MANY 
RETURN 

C 
20 CONTINUE 

WRITE ( 5 , 9 9 9 9 8 ) MAX 
WRITE ( 3 2 , 9 9 9 9 8 ) MAX 
I F (MAX.GT.MAXT) MAXT = MAX 
MAX = KOUNT 
RETURN 

C 
99999 FORMAT ( / / / / / 2 6 H AVAILABLE SIZE FOR REAL = , 1 5 , 7H BUT 

* 6HU NEED, 1 6 , 8H. ERROR ) 
99998 FORMAT < / / / / 3 3 H REAL ARRAY SIZE USED FOR ALEX I S , 18) 

END 
C 
c 
c 

FUNCTION JDIMEN(MANY) 
C 
C PURPOSE — KEEP TRACK OF DIMENSIONS OP INTEGER ARRAYS 
C 

COMMON /EXPAND/ A ( 1 ) 
COMMON / IEXPND/ NREAL, INTEG, I A ( 1 ) 
DATA KOUNT / 1 / , MAX / 0 / , MAXT / 0 / 
I F (MANY.LT .0 ) GO TO 10 
JDIMEN = KOUNT 
KOUNT = KOUNT + MANY 
I F (KOUNT.GT.MAX) MAX = KOUNT 
I F (MANY.EQ.0) GO TO 20 
I F (KOUNT.GT.INTEG) WRITE ( 5 , 9 9 9 9 9 ) INTBG, KOUNT 
RETURN 

C 
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10 CONTINUE 
KOUPT » -MANY 
RETURN 

C 
20 CONTINUE 

WRITE ( 5 , 9 9 9 9 8 ) MAX 
WRITE ( 3 2 , 9 9 9 9 8 ) MAX 
I P (MAX.GT.MAXT) MAXT = MAX 
MAX = KOUNT 
RETURN 

C 
99999 PORMAT (29H AVAILABLE SIZE FOR INTEGER = , I S , 9H BUT YOU , 

* 4HNEED, 16 , 8H. ERROR ) 
99998 FORMAT ( / 3 6 H INTEGER ARRAY SIZE USED FOR ALEX I S , 18) 

END 
C 
C 

SUBROUTINE FIXPAR(COVPAR, DBLPAR, NAMPAR) 
C 
C * * * PURPOSE — DELETE UNUSED PARAMETERS 
C 

DIMENSION COVPAR(1), DELPAR(NPARAM), NAMPAR(8,NPARAM) 
COMMON /PARAM/ FFUNC(5) , CDELP(5) , P A R ( 3 0 ) , IWHERB(3S), 

* J D E P ( 3 0 , 1 0 0 ) , INPAR(30) 
COMMON / INTEGR/ NPAR, NFUNC, NCHN, NUMBER, NBINSE, 

* NENBRG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 
C 

KPAR = 0 
DO 20 IPAR=1,NPARAM 

I F ( I N P A R ( I P A R ) . L B . 0) GO TO 20 
KPAR = KPAR + 1 
INPAR(KPAR) = IPAR 
DELPAR(KPAR) = DBLPAR(IPAR) 
DO 10 K = 1 , 8 

NAMPAR(K,KPAR) = NAMPAR(K,IPAR) 
10 CONTINUE 
20 CONTINUE 

NPAR = KPAR 
C 

KL = 0 
DO 40 KPAR=1,NPAR 

IPAR = INPAR(KPAR) 
I I = ( I P A R * ( I P A R - 1 ) ) / 2 
DO 30 LPAR=1,KPAR 

JPAR = INPAR(LPAR) 
KL = KL + 1 
I J » I I + JPAR 
COVPAR(KL) « COVPAR(IJ) 

30 CONTINUE 
40 CONTINUE 

RETURN 
END 



SUBROUTINE OUTPAR<COVPAR, DELPAR, IDUM, DEBUG) 
C 
C * * * PURPOSE - - OUTPUT PARAMETERS 
C 

LOGICAL DEBUG 
DIMENSION COVPAR(1), DELPAR<NPAR), IDUM(NPAR) 
DIMENSION CORRELMO) 
COMMON /PARAM/ FFUNC(5) , CDELP(5 ) , P A R ( 3 0 ) , IWHERE(35) , 

* J D B P < 3 0 , 1 0 0 ) , INPAR(10) 
COMMON / INTEGR/ NPAR, NPUNC, NCHN, NUMBER, NBINSZ, 

* NENERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 
DATA CORREL / 

* 50HCORRELATION MATRIX FOR PARAMETERS 
C 

I F (.NOT.DEBUG) GO TO 20 
WRITE ( 3 2 , 9 9 9 9 9 ) 
DO 10 IPAR=1,NPAR 

WRITE ( 3 2 , 9 9 9 9 6 ) I P A R , I N P A R ( I P A R ) , 
* P A R ( I N P A R ( I P A R ) ) , DELPAR(IPAR) 

10 CONTINUE 
C 

20 CALL OUTV(CORREL, COVPAR, DELPAR, IDUM, NPAR) 
RETURN 

C 
99999 FORMAT ( / 4 0 H PARAMETER UNCERTAINTY) 
9999B FORMAT ( 2 1 5 , 2G14 .6 ) 

END 
C 
C 
c 

SUBROUTINE MOVE(A, B, N, M) 
C * * » PURPOSE — REORGANIZE STORAGE I N ARRAY A 

DIMENSION A ( N ) , B(N) 
DO 10 I ° 1 , N 

A ( M + I ) = B ( I ) 
10 CONTINUE 

RETURN 
END 
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SUBROUTINE FILENM(DF.BUG) 
C * * * PURPOSE — READ FILENAMES 

LOGICAL DEBUG 
DOUBLE PRECISION F I L F I X , FILSUM, FILOUT 
DOUBLE PRECISION F I L E 1 , F I L E 2 , F I L B 3 , F ILE4 
DOUBLE PRECISION BLANK 
DIMENSION F I L E 1 ( 3 ) , F I L E 2 < 3 ) 
COMMON /ODF/ F I L F I X , FILSUM, FILOUT, IURAW, I U F I X , IUSUM, 

* IUOUT, I F B , INSRAW, I N S F I X , INSSUM, INSOUT, MODE, 
* NDSTRT 

DATA F ILE3 /1OHALXFIX .ODF/ , F ILE4 /1OHALXSUM.ODF/ 
DATA BLANK /10H / , YES / 1 H Y / 

C 
WRITE ( 5 , 9 9 9 9 9 ) 
READ ( 5 , 9 9 9 9 8 ) F I L E 1 
OPEN (UNIT=24 , F I L E = ' A L E X I N . D A T ' , ACCESS*•SBQIN' , 

* D IAL0G=FILE1) 
C 

WRITE ( 5 , 9 9 9 9 7 ) 
READ ( 5 , 9 9 9 9 8 ) F I L F I X 
I F ( F I L F I X . E Q . B L A N K ) F I L F I X = F ILB3 

C 
WRITE ( 5 , 9 9 9 9 6 ) 
READ ( 5 , 9 9 9 9 8 ) FILSUM 
I F (FILSUM.EQ.BLANK) FILSUM * F ILB4 

C 
WRITE ( 5 , 9 9 9 9 5 ) 
READ ( 5 , 9 9 9 9 8 ) F I L E 2 
OPEN (UNIT=32 , F I L E = ' A L X O U T . L P T ' , ACCESS*'SBQOUT', 

* D IAL0G=FILE2) 
I F ( F I L E 1 ( 1 ) . N E . B L A N K ) WRITE ( 3 2 , 9 9 9 9 4 ) F ILE1 
I F ( F I L E 1 ( 1 ) . E Q . B L A N K ) WRITE ( 3 2 , 9 9 9 9 3 ) 

C 
WRITE ( 5 , 9 9 9 9 2 ) 
READ ( 5 , 9 9 9 9 1 ) ANS 
DEBUG = .FALSE. 
I F (ANS.BQ.YES) DEBUG = .TRUE. 
RETURN 

99999 FORMAT (41H WHAT I S FILENAME FOR INPUT INFORMATION? t> 
99998 FORMAT (3A10) 
99997 FORMAT (46H WHAT I S FILENAME FOR UNSUMMED CROSS SECTION A , 

* 16HND DERIVATIVES? $) 
99996 FORMAT (46H WHAT I S FILENAME FOR SUMMED CROSS SECTION AND, 

* 14H DERIVATIVES? S> 
99995 FORMAT (43H WHAT I S FILENAME FOR L INE PRINTER OUTPUT? $) 
99994 FORMAT ( / 3 8 H • • • • • • • • I N P U T DATA I S FOUND ON F I L E " , 3A10, 

* 1 OH" • • « • • • • • / / / ) 
99993 FORMAT ( / 4 1 H INPUT DATA I S FOUND ON F I L E " A L E X I N . D A T " ) 
99992 FORMAT (29H DO YOU WANT DEBUG PRINTOUT? $) 
99991 FORMAT (A1 ) 

END 
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C 
C 

SUBROUTINE START(NEW1, NEH2) 
C 
C * * * PURPOSE - - DETERMINE I P CROSS SECTION AND DERIVATIVES 
C * * * WRT PARAMETERS HAVE ALREADY BEEN SET 
C 

DOUBLE PRECISION F I L F I X , PILSUM, PILOUT, BLANK, ALXOUT 
COMMON /ODF/ P I L P I X , PILSUM, PILOUT, IURAW, I U P I X , IUSUM, 

* IUOUT, I P B , INSRAH, I N S P I X , INSSUM, INSOUT, MODE, 
* NDSTRT 

COMMON / INTEGR/ NPAR, NPUNC, NCHN, NUMBER, NBINSZ, 
* NENERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK 

DATA BLANK /10H / , NNO / 1 H N / , NONO /2HNO/ 
DATA ALXOUT /1OHALXOUT.ODP/ 

C 
WRITE ( 5 , 9 9 9 9 9 ) 
READ ( 5 , 9 9 9 9 8 ) NEW1 
I P (NEW1.EQ.NNO) NEW1 = NONO 
I P (NEW1.NE.NONO) GO TO 10 
WRITE ( 3 2 , 9 9 9 9 7 ) P I L P I X 
WRITE ( 5 , 9 9 9 9 7 ) P I L P I X 
NEW2 = NONO 
WRITE ( 3 2 , 9 9 9 9 4 ) PILSUM 
WRITE ( 5 , 9 9 9 9 4 ) PILSUM 
GO TO 30 

10 WRITE ( 3 2 , 9 9 9 9 6 ) P I L P I X 
WRITE ( 5 , 9 9 9 9 6 ) F I L F I X 

C 
I U F I X = 22 
NEW = 0 
CALL O D F I O ( I U F I X , P I L P I X , I P B , NEW, I N S P I X , K , MODE, 

* NDSTRT, IENER, IRUN) 
I F (K.NE.NCHN-NCHNMN) STOP 201 

C 
I P (NENERG.LT.O) GO TO 30 
WRITE ( 5 , 9 9 9 9 5 ) 
READ ( 5 , 9 9 9 9 8 ) NEW2 
I F (NEW2.EQ.NNO) NEW2 = NONO 
I F (NEW2.NE.NONO) GO TO 20 
WRITE ( 3 2 , 9 9 9 9 4 ) PILSUM 
WRITE ( 5 , 9 9 9 9 4 ) FILSUM 
GO TO 30 

20 WRITE ( 3 2 , 9 9 9 9 3 ) PILSUM 
WRITE ( 5 , 9 9 9 9 3 ) FILSUM 

C 
IUSUM = 26 
NEW = 0 
CALL ODFIO(IUSUM, FILSUM, I F B , NEW, INSSUM, KENERG, MODE, 

* NDSTRT, IBNBR, IRUN) 
I F (KENERG.NE.NBNBRG) STOP 202 
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30 CONTINUE 
WRITE ( 5 , 9 9 9 9 2 ) 
READ ( 5 , 9 9 9 9 1 ) PILOUT 
I P (PILOUT.EQ.BLANK) PILOUT - ALXOUT 
RETURN 

C 
99999 PORMAT (37H DOES DERIVATIVE P ILE ALREADY EXIST? t ) 
99998 PORMAT (A1) 
99997 PORMAT ( / / / 3 6 H * * * * * * * * * * * * * * * * * * • * * * * * * * * * * * * * * * * / , 

* 49H UNSUMMED DERIVATIVE P ILE CREATED BY THIS RUN I S , 
* 7HCALLED , A10) 

99996 PORMAT ( / / / 3 6 H * * * * * * * * * * • * * * * * * * * * * * * * * * * * * * * * * * * / , 
* 49H PRE-EXISTING DERIVATIVE PILE USED BY THIS RUN I S , 
* 8H CALLED , A10) 

99995 PORMAT (44H DOES SUMMED DERIVATIVE PILE ALREADY EXIST? $) 
99994 PORMAT (46H SUMMED DERIVATIVE P ILE CREATED BY THIS RUN I S , 

* 8H CALLED , A10 /36H * * » * » * * * * » » » » • » * * » * » • • * • * * » # * * » » * * * / / / ) 
99993 PORMAT ( / 4 5 H PRE-EXISTING SUMMED DERIVATIVE P ILE USED BY , 

* 19HTHIS RUN IS CALLED , A 1 0 / 
* 36H * * * * * * » • * * * « * * * # # * * # * * » * * * * • • » * * * * • / / / ) 

99992 PORMAT (35H WHAT IS NAMK POR ODP OUTPUT PILE? $) 
99991 PORMAT (A10) 

END 
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APPENDIX B 
FORTRAN L i s t i n g o f F i l e ALXFIX.F0R 
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c 
c 
c 

SUBROUTINE ZERO(KWHERE, KNORH, NNN) 
C * * * PURPOSE - - ZERO ARRAYS KWHERE AND JDEP 

COMMON /PARAM/ PPUNC<5), CDELP(5>, P A R O O ) , IWHERE(35>, 
* JDEP( 3 0 , 1 0 0 ) , INPAROO) 

DIMENSION KWHERE(NNN) 
COMMON / INTBGR/ NPAR, NPUNC, NCHN, NUMBER, NBINSZ, 

* NENERG, JKM, M(21> , NCHNMN, NTHICK, NPARAM 
KNORM = 0 
DO 20 J=1,NNN 

DO 10 1=1,NPAR 
J D B P d . J ) = 0 

10 CONTINUE 
20 CONTINUE 

DO 30 J=1,NNN 
KWHERE(J) = 0 

30 CONTINUE 
RETURN 
END 

C 
C 
C 

SUBROUTINE ZER02(TYPE, USE, IDEP) 
C * * * PURPOSE — ZERO ARRAY " I D E ? " AND VARIABLES "TYPE" AND "USE-

DOUBLE PRECISION TYPE, USE, BLANK 
DIMENSION IDEP(NPAR) 
COMMON / INTEGR/ NPAR, NPUNC, NCHN, NUMBER, NBINSZ, 

* NENERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 
DATA BLANK /10H / 
TYPE = BLANK 
USE = BLANK 
DO 10 1=1,NPAR 

I D E P ( I ) = 0 
10 CONTINUE 

RETURN 
END 

C 
C 
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SUBROUTINE SORT(TYPE, USE, IDEP, KWHERE, IFUNC, KNORM, 
* NNN) 

C * * * PURPOSE - - REORGANIZE INFORMATION ABOUT THE PUNCTION 
DOUBLE PRECISION TYPE, USE, ANORM, SAMIN, SAMOUT, DTIME, 

* BACKG, BLANK 
DIMENSION IDEP(NPAR), KWHERE(NNN) 
COMMON / INTEGR/ NPAR, NFUNC, NCHN, NUMBER, NBINSZ, 

* NENERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 
COMMON /PARAM/ PPUNC(5) , CDBLP(5 ) , P A R ( 3 0 ) , IWHERE(35) , 

* J D E P ( 3 0 , 1 0 0 ) , I N P A R ( 3 0 ) 
DATA ANORM /1OHNORMALIZAT/, SAMIN / IOHSAMPLE-IN / , SAMOUT 

* /1OHSAMPLE-OUT/, DTIME /1OHDEADTIME C / , BACKG / 
* 1OHBACKGROUND/, BLANK / 1 0 H / 

C 
I F ( I D E P ( 1 ) . B Q . O ) GO TO 30 
DO 20 1=1,NPARAM 

I F ( I D E P ( I ) . E Q . 0 ) GO TO 80 
DO 10 11=1,NPAR 

I F ( I D E P ( I ) . E Q . I N P A R ( I I ) ) GO TO 30 
10 CONTINUE 
20 CONTINUE 

GO TO 80 
C I B , THIS FUNCTION IS NEVER USED SO JUMP OUT OF 
C THIS SUBROUTINE 

30 I F (TYPE.EQ.ANORM) KNORM = IFUNC 
I F <TYPE.EQ.ANORM) GO TO 40 
I F (TYPE.EQ.SAMIN .AND. USE.EQ.DTIME) KWHERE(IFUNC) = 2 
I F (TYPE.EQ.SAMIN .AND. USE.EQ.BACKG) KWHERE(IFUNC) = 3 
I F (TYPE.BQ.SAMOUT .AND. USE.EQ.DTIME) KWHERE(IFUNC) = 4 
I F (TYPE.EQ.SAMOUT .AND. USE.EQ.BACKG) KWHERE(IFUNC) = 5 
I F (TYPE.NE.ANORM .AND. TYPE.NE.SAMIN .AND. 

* TYPE.NB.SAMOUT) WRITE ( 5 , 9 9 9 9 9 ) TYPE 
I F (TYPE.NE.ANORM .AND. TYPE.NE.SAMIN .AND. 

* TYPE.NE.SAMOUT) STOP 4 
I F (USB.NE.BLANK .AND. USE.NE.DTIME .AND. USB.NE.BACKG) 

* STOP 5 
40 CONTINUE 

J J = 0 
DO 70 1=1,NPARAM 

IPAR » I D B P ( I ) 
I F ( I P A R . E Q . 0 ) GO TO 80 
DO 50 11=1,NPAR 

I F ( I N P A R ( I I ) . E Q . I P A R ) GO TO 60 
50 CONTINUE 

GO TO 70 
60 J J = J J + 1 

JDEP(JJ , IFUNC) = IPAR 
70 CONTINUE 
80 RETURN 

99999 FORMAT (5HTYPB=, A10) 
END 
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SUBROUTINE RESORT(KWHERE, KNORM) 
C * * * PURPOSE — RE-SORT INHERE, WHICH TELLS WHICH FUNCTION I S WHICH 

DIMENSION KWHERE(1) 
COMMON /PARAM/ FFUNC(5 ) , CDELP(5>, PAR<30) , IWHERE(35) , 

« JDEP( 30 , 100 ) , INPAROO) 
COMMON / INTEGR/ NPAR, NFUNC, NCHN, NUMBER, NBINS2, 

* NENERG, JKM, M ( 2 1 > , NCHNMN, NTHICK, NPARAM 
DO 10 1=1,NPAR 

I F ( I N P A R ( I ) . E Q . N T H I C K ) GO TO 20 
10 CONTINUE 

GO TO 30 
20 NTHICK = I 
3 0 IWHERE<1) = KNORM 

K = 2 
I F (KNORM.EQ.0) K = 1 
IWHERE(K) = 0 
DO 50 J = 2 , 5 

DO 40 IFUNC=1,NFUNC 
I F (KWHERE(IFUNC).NE.J) GO TO 40 
K = K + 1 
IWHERE(K) = IFUNC 

40 CONTINUE 
K = K + 1 
IWHERE(K) - 0 

50 CONTINUE 
CX DO 30 IFUNC=1,NFUNC 
CX I F ( (KWHERE(IFUNC).EQ.0 .AND. KNORM.NB.IFUNC) .OR. 
CX * (KWHERE(IFUNC).EQ.1) .OR. (KWHERB(IFUNC) 
CX * .GT.NFUNC)) STOP 6 
CX 30 CONTINUE 

RETURN 
END 

C 
c 
c 

SUBROUTINE BUGOUT 
C * * * PURPOSE — DEBUG PRINTOUT 

COMMON /PARAM/ FFUNC(5 ) , CDBLP(5>, P A R ( 3 0 ) , IWHBRE(35) , 
* JDEP(30 , 100) , INPAROO) 

COMMON / INTEGR/ NPAR, NFUNC, NCHN, NUMBER, NBINSZ, 
* NBNERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 

WRITE ( 5 , 9 9 9 9 9 ) 
DO 10 1=1,NFUNC 

WRITE ( 5 , 9 9 9 9 8 ) I , ( J D E P ( J , I ) , J = 1 . N P A R A M ) 
10 CONTINUE 

WRITE ( 5 , 9 9 9 9 7 ) ( I N H E R E ( I ) , 1 = 1 . N F U N C + 5 ) 
RETURN 

99999 FORMAT ( / 1 1 H FUNC JDBP) 
99998 FORMAT ( 1 4 , 1X, 3012) 
99997 FORMAT ( / 9 H IWHERE = , 1512) 

END 
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SUBROUTINE SIGMAC 
C 
C * * * PURPOSE — EVALUATE CROSS SECTION AND ITS DERIVATIVES 
C * * * WRT PARAMETERS 
C 

DOUBLE PRECISION P I L E , FILSUM, PILOUT 
COMMON /STORE/ ENERGY(512), S IGMA(512 ) , D S I N ( 5 1 2 ) , 

* DSOUT(512) , DSPAR(512,30) 
COMMON /PARAM/ PPUNC(5), CDELP(5 ) , PARC 3 0 ) , INHERE(35 ) , 

* J D E P < 3 0 , 1 0 0 ) , INPAR(30) 
COMMON / INTEGR/ NPAR, NPUNC, NCHN, NUMBER, NBINSZ, 

* NENERG, JKM, M < 2 1 ) , NCHNMN, NTHICK, NPARAM 
COMMON /REAL/ TDELAY, FPL, C ( 2 0 ) 
COMMON /ODF/ F I L E , FILSUM, FILOUT, IURAW, I U F I X , IUSUM, 

* IUOUT, I P B , INSRAH, I N d P I X , INSSUM, INSOUT, MODE, 
* NDSTRT 

COMMON /CHANNL/ C IN , COUT, DTCIN, DTCOUT, ECHN, TCHN, 
* CHN, ICHN 

DATA MANY / 5 1 2 / , NPARMX / 3 0 / 
C 

C 
I F <NPAR.GT.NPARMX) GO TO 40 

I U F I X = 22 
IENER = - 1 
IRUN = 0 
NEW = 1 
INSF IX = 4 + NPAR 
CALL O D F I O ( I U F I X , P I L E , I F B , NEW, I N S F I X , NCHN-NCHNMN, 

* MODE, NDSTRT, IENER, IRUN) 
C 

THICK = PAR(INPAR(NTHICK)) 
MX = (NCHN-NCHNMN-1)/MANY + 1 
MANYX = MANY 
ICHN = NCHNMN 
WRITE ( 5 , 9 9 9 9 9 ) MX, MANY 
DO 30 KOUNT-1,MX 

WRITE ( 5 , 9 9 9 9 8 ) KOUNT, MANYX 
I P (KOUNT.EQ.MX) MANYX « NCHN - NCHNMN -

* (KOUNT-1> *MANY 
C 

DO 20 KOUNTR=1,MANYX 
ICHN = ICHN + 1 
CALL GETRAW 

C GETRAW SETS VALUES OP CIN,COUT,DTCIN,DTCOUT,ECHN 
I F (ECHN.EQ.0 .0 ) GO TO 20 

C 
CALL FUNCTN 

C FUNCTN EVALUATES ALL THE FUNCTIONS (FFUNC) FOR 
C THIS ICHN 
C 

ENERGY(KOUNTR) = ECHN 
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SIN = CIN*PFUNC( 2 > - PFUNCO) 
SOUT COUT*PPUNC ( 4 ) - PPUNC(5) 
TRANS = PPUNC(1)*SIN/BOUT 
I P (TRANS.GT.0 .0 ) SIGMA(KOUNTR) -

-ALOG(TRANS)/THICK 
I P ( T R A N S . L B . 0 . 0 ) SIGMA(KOUNTR) - 9 9 9 . 
DSIN(KOUNTR) - - P P U N C < 2 ) / ( S I N ' T H I C K ) 
DSOUT( KOUNTR) - PPUNC ( 4 ) / ( SOUT •THICK ) 

C 
C 
C * * PPUNC1 

* 

DO 10 KKK*1,NPAR 
KPAR - KKK 
DSPAR(KOUNTR,KPAR) = 0 .B0 
CALL DDERIV(KPAR) 
EVALUATE CDELP=DBRIV OP PPUNC HRT PARAMETER » KPAR 

IP (CDBLP(1) .NE.0 .ODO) DSPAR(KOUNTR,KPAR) 
= - C D E L P ( 1 ) / ( P P U N C ( 1 ) * T H I C K ) 

C ** PPUNC2 

C * * PPUNC3 

C * * FPUNC4 

IP (CDELP(2) .NE.0 .ODO) DSPAR(KOUNTR,KPAR) 
= - C I N * C D E L P ( 2 ) / ( S I N * T H I C K > 

IP (CDELP(3) .NE.0 .ODO) DSPAR(KOUNTR,KPAR) 
= CDELP(3 > / ( S I N * T H I C K ) 

IP (CDELP(4 ) .NE.0 .ODO) DSPAR(KOUNTR,KPAR) 
= CDELP(4)*COUT/(SOUT*THICK) 

C ** PPUNC5 

10 

IP (CDELP(5) .NE.0 .ODO) DSPAR(KOUNTR,KPAR) 
= -CDELP(5 ) / (SOUT*THICK) 

CONTINUE 

20 

DSPAR(KOUNTR,NTHICK) = -SIGMA(KOUNTR)/THICK + 
DSPAR(KOUNTR,NTHICK) 

CONTINUE 

CALL PUTPIX(MANYX) 
30 CONTINUE 

RETURN 

40 WRITE ( 5 , 9 9 9 9 7 ) NPAR, NPARMX 
STOP 

99999 PORMAT ( / 9 H MX,MANY=, 215) 
99998 PORMAT (13H KOUNT,MANYX=, 215) 
99997 PORMAT (13H NEED NPARMX=, 1 4 , 24H I N A L X F I X i CURRENT VALU, 

* 1HE, 3H I S , I 4 / 3 4 H CHANGE I N COMMON/STORE/...DSPAR(X, 
* 5HXXX.N, 28HPARMX) AND I N DATA STATEMENT) 

END 



SUBROUTINE FUNCTN 

• • PURPOSE - - EVALUATE ALL 5 KINDS OF FUNCTIONS 

COMMON /PARAM/ FFUNC(5>, CDELP(S) , PAR<30) , IWHERE(35>, 
* JDEP( 30 , 100 ) , INPAROO) 

N = 0 
DO 20 KKK=1,5 

FFUNC(KKK) - 0 . 0 E 0 
10 N = N * 1 

I F < IWHERE(N) .BQ.0) GO TO 20 
FFUNC(KKK) - FFUNC(KKK) t FUNC<IWHBRB(N)) 
GO TO 10 

20 CONTINUE 
I F ( F F U N C ( 1 ) . E Q . 0 . 0 E 0 ) FFUNC(1) - 1 .0B0 
I F ( F F U N C ( 2 ) . E Q . 0 . 0 B 0 ) FFUNC(2> - 1 .0B0 
I F (FFUNC ( t ) .BQ.O.OEO) PFUNCO) = 1 . 0E0 
RETURN 
END 

SUBROUTINE DDBRIV(KPAR) 

« » * PURPOSE — EVALUATE DSIGMA/DPAR = DSPAR 

COMMON / INTEGR/ NPAR, NFUNC, NCHN, NUMBER, NBINSZ, 
• NBNERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 

COMMON /PARAM/ FFUNC(5>, CDELP(5 ) , P A R ( 3 0 ) , IWHERE(35) , 
• JDBP( 30 , 100) , I N P A R O O ) 

N = 0 
DO 30 KKK=1,5 

CDELP(KKK) = 0 . 
10 N = N •+• 1 

I F ( IWHERE(N) .BQ.0 ) GO TO 30 
DO 20 IPAR=1,NPARAM 

I F ( J D B P ( I P A R , I W H E R E ( N ) ) . E Q . 0 ) GO TO 10 
I E , WE'VE CHECKED ALL PARAMETERS RELEVANT TO 

FUNCTION IWHEKE(N), AND D IDN 'T FIND KPAR 
I F <JDEP<IPAR,IWHERE(N>).NE. INPAR(KPAR)) GO TO 

• 20 
I B , PARAMETER I PAR I S NOT THE ONE WE WANT 

HERB, JDBP=KPAR SO WE NEED THIS DERIVATIVE 
CDELP(KKK) = CDELP(KKK) + DBRIV<IWHERE(N), 

• INPAR(KPAR)) 
GO TO 10 

20 CONTINUE 
STOP 66666 

30 CONTINUE 
RETURN 
END 
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C 

c 

c 
c «"» 
C «"» 
c 
C * * 
c ** 
c ** 
c ** 
c 

SUBROUTINE GETRAW 

PURPOSE — READ ENERGIES "XBCHN", DEAD TIME CORRECTION 
PACTORS "XDTCIN" AND "XDTCOU", AND RAW COUNTS 
"XCIN" AND "XCOUT" PROM "RAW" DATA P I L E . ALSO, 
PIGURE WHAT CHANNEL I S WANTED NOW AND WHAT ITS 
ENERGY "ECHN", CHANNEL NUMBER " I C H N " , TIME "TCHN" 
AND TIME-WIDTH "CHN" ARE, ALONG WITH " D T C I N " , 
"DTCOUT", " C I N " , AND "COUT". 

COMMON /CHANN2/ EMAX, EMIN, BLAST, ENOW, SIG, DSIN, 
* DSOUT, DSP(30) 

COMMON /ODP/ P I L P I X ( 2 ) , P ILSUM<2) , P I L O U T ( 2 ) , IURAW, 
* I U F I X , IUSUM, IUOUT, I F B , INSRAW, INSF IX , INSSUM, 
* INSOUT, MODE, NDSTRT 

COMMON /CHANNL/ C I N , COUT, DTCIN, DTCOUT, ECHN, TCHN, 
* CHN, ICHN 

COMMON /STORE/ XECHN(512) , X D T C I N ( 5 1 2 ) , XDTCOU(512), 
* X C I N ( 5 1 2 ) , XCOUT(512) , XDUMMY(512,29) 

* * * * X C I N ( 5 1 2 ) , XCOUT(512) , XDUMMY(512,NPAR-1) 
REAL XECHN, XDTCIN, XDTCOU, XCIN, XCOUT 
COMMON /REAL/ TDELAY, FPL, C ( 2 0 ) 
COMMON / INTEGR/ NPAR, NPUNC, NCHN, NUMBER, NBINSZ, 

* NENERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 
DATA MANY / 5 1 2 / , MANYX / 5 1 2 / , MINCHN / 0 / , MAXCHN / 0 / , 

* ICHNP / 0 / 
DATA CI / 1 . 5 9 6 4 7 E - 0 3 / , C2 / 2 . 8 3 1 9 0 6 E - 0 6 / , C3 / 0 . 0 7 2 2 9 8 5 5 / 

I P (MAXCHN.GT.0) GO TO 30 
TOLD = -TDELAY 
MAXCHN = NCHNMN 
L = 1 
MQ = 0 
DO 20 ICHNP=1,NCHNMN 

I P ( I C H N P . N E . M ( L + 1 ) ) GO TO 10 
WRITE ( 5 , 9 9 9 9 9 ) L , M(L+1) 
TOLD = TOLD + F L O A T ( M ( L + 1 ) - M ( L ) ) * C ( L ) 
WRITE ( 5 , 9 9 9 9 8 ) TOLD 
L = L + 1 
MQ = 0 

10 MQ = MQ + 1 
20 CONTINUE 

T = TOLD + FLOAT(MQ)*C(L) 
FPL = PPL*C3 
B = ( P P L / T ) * * 2 
EMAX = E * ( 1 . + E * ( C 1 + E * C 2 ) ) 



57 

30 CONTINUE 
I P ( ICHN.LE >MAXCHN) GO TO 40 
ICHNP = 0 
MINCHN - MAXCHN + 1 
MAXCHN « MAXCHN + MANY 
I P (MAXCHN.GT.NCHN) MAXCHN = NCHN 
I P (MAXCHN. EQ. NCHN) MANYX <* NCHN - MINCHN + 1 

C 
C * * * HERE HE NEED TO READ PROM ODP PILE TO GET A NEW CHUNCK OP DATA 
C 

CALL INODP(IURAW, I P B , INSRAW, 1, MODE, NDSTRT, MINCHN, 
* MANYX, XECHN, 1 ) 

CALL INODP<IURAW, I P B , INSRAW, 2 , MODE, NDSTRT, MINCHN, 
« MANYX, XDTCIN, 1) 

CALL INODP(IURAW, I P B , INSRAW, 3 , MODE, NDSTRT, MINCHN, 
* MANYX, XDTCOU, 1) 

CALL INODP(IURAW, I P B , INSRAW, 4 , MODE, NDSTRT, MINCHN, 
* MANYX, XCIN, 1) 

CALL INODP(IURAW, I P B , INSRAW, 5 , MODE, NDSTRT, MINCHN, 
* MANYX, XCOUT, 1) 

C 
c 

40 ICHNP = ICHNP + 1 
I P ( I C H N . N E . M ( L + 1 ) ) GO TO 50 
WRITE ( 5 , 9 9 9 9 9 ) L , MCL+1) 
TOLD = TOLD + P L O A T ( M ( L + 1 ) - M < L ) ) * C < L ) 
WRITE ( 5 , 9 9 9 9 8 ) TOLD, T , EMIN 
MQ = 0 
L = L + 1 

50 MQ = MQ + 1 
T = TOLD + PLOAT(MQ)*C(L) 
E = ( F P L / T ) + * 2 
EMIN = E » ( 1 . + E * ( C 1 + E * C 2 ) ) 
TCHN = T * 0 . 0 0 1 

C CONVERT TO MICROSECONDS 
ECHN = BMIN 
CHN = C ( L ) 
I P (XECHN( ICHNP) .EQ.0 .0 ) RETURN 
CIN = XCIN( ICHNP) 
COUT = XCOUT(ICHNP) 
DTCIN = XDTCIN(ICHNP) 
DTCOUT = XDTCOU(ICHNP) 

C 
RETURN 

C 
99999 FORMAT (10H L , M ( L + 1 ) = , 1 3 , 17) 
99998 FORMAT (12H TEXACT,T ,E=, 3 F 2 0 . 1 0 ) 

END 
C 
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C 
C 

SUBROUTINE PUTFIX(HANYX) 
C 
C * * * PURPOSE - - PUT "ADJUSTED" DATA INTO " F I X " E D DATA F I L E 
C 

COMMON /STORE/ ENERGY(512), S IGMA(512 ) , D 8 I N ( 5 1 2 ) , 
* DSOUTC 5 1 2 ) , DSPAR(512, 30) 

COMMON /ODF/ F I L F I X ( 2 ) , F I L S U M ( 2 ) , FILOUTC 2 ) , IURAW, 
* I U F I X , IUSUM, IUOUT, I F B , INSRAH, I N S F I X , INS8UM, 
* INSOUT, MODE, NDSTRT 

COMMON /CHANNL/ C I N , COUT, DTCIN, DTCOUT, ECHN, TCHN, 
* CHN, ICHN 

COMMON / INTEGR/ NPAR, NFUNC, NCHN, NUMBER, NBINSZ, 
* NENERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 

DATA MINCHN / 1 / 
C 
C 

CALL OUTODF(IUFIX, I F B , I N S F I X , 1 , MODE, NDSTRT, MINCHN, 
* MANYX, ENERGY, 1) 

CALL OUTODF(IUFIX, I F B , I N S F I X , 2 , MODE, NDSTRT, MINCHN, 
* MANYX, SIGMA, 1> 

CALL OUTODF(IUFIX, I F B , I N S F I X , 3 , MODE, NDSTRT, MINCHN, 
* MANYX, DSIN, 1) 

CALL OUTODF(IUFIX, I F B , I N S F I X , 4 , MODE, NDSTRT, MINCHN, 
* MANYX, DSOUT, 1) 

DO 10 KPAR=1,NPAR 
CALL OUTODF(IUFIX, I F B , I N S F I X , 4+KPAR, MODE, 

* NDSTRT, MINCHN, MANYX, DSPAR(1,KPAR), 1) 
10 CONTINUE 

C 
MINCHN = MINCHN + MANYX 
RETURN 
END 
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c 
c 

SUBROUTINE EXTRA(RH, RL, ESI6HA, EDSIGM, FRACH, FRACL, 
* KH, KL, DUH) 

C 
C * * * PURPOSE - - FIND INTEGRATED CROSS SECTION 
C 

COMMON / INTBGR/ NPAR, NPUNC, NCHN, NUMBER, NBINSZ, 
* NENERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 

COMMON /REAL/ TDELAY, FPL, C ( 2 0 ) 
DIMENSION RH<NENERG>, RL(NENERG), ESIGMA(NENERG), 

* EDSIGM(NPAR,NENERG), FRACH(NENERG), FRACL(NENERGI, 
* KH(NENERG), KL(NENERG), DUM<NENERG) 

COMMON /CHANN2/ EMAX, EMIN, BLAST, ENOW, SIG, DSIN, 
* DSOUT, DSP(30) 

C 
c 

c 
c 

I F ( K H ( 1 ) , G T . O ) GO TO 20 
BLAST = 1 ,E30 
ENOW = 1 .E30 
J = NENERG + 1 
DO 10 JJ=1,NENERG 

J = J - 1 
CALL ESUM(RH(J) , R L ( J ) , ES IGMA(J ) , E D S I G M ( 1 , J ) , 

* FRACH(J) , FRACL(J ) , K H ( J ) , K L ( J > ) 
10 CONTINUE 

GO TO 40 

20 CONTINUE 
DO 30 J=1,NBNERG 

CALL CHNSUM(RH(J), R L ( J ) , BSIGMA(J) , E D S I G M ( 1 , J ) , 
* FRACH(J) , F R A C L ( J ) , KH ( J ) , K L ( J ) > 

30 CONTINUE 

40 CONTINUE 
CALL PUTSUM(RH, RL, ESIGMA, EDSIGM, FRACH, FRACL, KH, KL, 

* DUM) 

RETURN 
END 
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SUBROUTINE ESUM(EH, EL, ESIGMA, EDSI6M, FRACH, PRACL, KH, 
* KL) 

C 
C * * * PURPOSE - - GENERATE INTEGRAL (PROM EL TO EH) OP SIGMA(E)DE 
C * * * AND OP (DSIGMA/DPAR)DE 
C 

COMMON / INTEGR/ NPAR, NPUNC, NCHN, NUMBER, NBINSZ, 
* NENERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 

DIMENSION EDSIGM(NPAR) 
COMMON /CHANN2/ EMAX, EMIN, ELAST, ENOW, S IG, DSIN, 

* DSOUT, DSP(30) 
DATA K / 0 / 
KH = 0 
KL = 0 
PRACH = 0 . 0 
PRACL = 0 . 0 
ESIGMA = O.ODO 
DO 10 1=1,NPAR 

EDSIGM(I ) - 0 . 
10 CONTINUE 

C 
I P (EMAX.EQ.0 . ) EMAX = 1 9 . 6 2 2 4 2 
I P ( E M I N . E Q . 0 . ) EMIN = .0019909497 
I P (EL.GT.EMAX) GO TO 90 
I P (EH.LT .EMIN) GO TO 90 
I F (EH.GE.ENOW) GO TO 20 

C 
C * * FIND CHANNEL NUMBER K FOR PIRST CHANNEL (HIGHEST ENERGY) 

KFIND = 1 
CALL GETPIX(EH, EL, K , KFIND) 
KFIND = 0 
I F ( K . E Q . 0 ) GO TO 90 
I F (K .EQ.1 .AND. EH.GT.BLAST) EH = ELAST 

20 KH = K 
DEL = EH - ENOW 
fr RACH = DEL 
BSIGMA = SIG*DEL 
DO 30 IPAR=1,NPAR 

EDSIGM(IPAR) = DSP(IPAR)*DEL 
30 CONTINUE 

C 
C * * ADD UP DATA TWEEN FIRST AND LAST CHANNELS 

40 CALL GETPIX(EH, EL, K , KFIND) 
I F (ENOW.LT.O.) GO TO 60 
I F (ENOW.LE.EL) GO TO 70 
DEL = BLAST - ENOW 
BSIGMA = SIGODEL + ESIGMA 
DO 50 IPAR=1,NPAR 

EDSIGM(IPAR) = DSP( IPAR)*DBL + EDSIGM(IPAR) 
50 CONTINUE 

GO TO 40 
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C * * ADD PINAL CHANNEL CONTRIBUTION 
60 K = NCHN - NCHNMN 

EL = -ENOW 
7 0 CONTINUE 

DEL = BLAST - EL 
ESIGMA = SIG*DEL + ESIGMA 
DO 80 IPAR=1,NPAR 

EDSIGM(IPAR) = DSP( IPAR)*DBL + EDSIGM(IPAR) 
80 CONTINUE 

PRACL * DEL 
KL = K 

90 RETURN 
C 

RETURN 
END 

C 
C 
c 

SUBROUTINE GETFIX(EH, EL, K, KFIND) 
C 
C * * * PURPOSE - - READ "F IXED" DATA FROM TEMPORARY F ILE 
C 

COMMON /ODF/ F I L F I X ( 2 ) , FILSUM<2>, FXLOUTC2), IURAW, 
* I U F I X , IUSUM, IUOUT, I F B , INSRAH, I N S F I X , INSSUM, 
* INSOUT, MODE, NDSTRT 

COMMON /CHANNL/ C I N , COUT, DTCIN, DTCOUT, ECHN, TCHN, 
* CHN, ICHN 

COMMON /CHANN2/ EMAX, EMIN, BLAST, ENOW, S IG , DDSIN, 
* DDSOUT, DSP(30 ) 

COMMON /STORE/ ENERGY(512), S IGMA(512 ) , DSINC512) , 
* DSOUTC 5 1 2 ) , DSPARI512 ,30) 

COMMON /REAL/ TDELAY, FPL, C ( 2 0 ) 
COMMON / INTEGR/ NPAR, NFUNC, NCHN, NUMBER, NBINSZ, 

* NENERG, JKM, M<21>, NCHNMN, NTHICK, NPARAM 
DATA MANY / 5 1 2 / , KK / 0 / 

C 
I F ( K F I N D . E Q . 1 ) KBIG = 0 
KK = KK + 1 
K = K + 1 
BLAST = ENOW 
I F (K.GE.NCHN-NCHNMN) ENOW = -EMIN 
I F (K.GT.NCHN-NCHNMN) RETURN 
I F ( K . G T . 1 .AND. K.LE.MAXCHN .AND. KFIND.BQ.O) GO TO 80 
I F ( K . G T . 1 .AND. K.LE.MAXCHN .AND. KFIND.NE.O) GO TO 40 
I F ( K . G T . 1 .AND. K.GT.MAXCHN) GO TO 10 
BLAST = EMAX 
MINCHN = 1 
MAXCHN * MANY 
MANYX = MANY 
GO TO 20 



10 CONTINUE 
KK = 1 
MINCHN = MAXCHN + 1 
MAXCHN = MAXCHN + MANY 

C 
20 CONTINUE 

I F (MAXCHN.GT.NCHN-NCHNMN) MAXCHN = NCHN - NCHNMN 
I F (MAXCHN.EQ.NCHN-NCHNMN) MANYX = MAXCHN - MINCHN + 1 

C 
C * * * HERE WE NEED TO READ FROM ODF F ILE TO GET A NEW CHUNK OF DATA 
C 

CALL I N O D F ( I U F I X , I F B , I N S F I X , 1, MODE, NDSTRT, MINCHN, 
* MANYX, ENERGY, 1) 

I F (EH.LE.ENERGY(MANYX>) GO TO 60 
CALL I N O D F ( I U F I X , I F B , I N S F I X , 2 , MODE, NDSTRT, MINCHN, 

* MANYX, SIGMA, 1) 
DO 30 KPAR=1,NPAR 

CALL I N O D F ( I U F I X , I F B , I N S F I X , 4+KPAR, MODE, NDSTRT, 
* MINCHN, MANYX, DSPAR(1,KPAR), 1) 

30 CONTINUE 
C 

I F ( K F I N D . E Q . 0 ) GO TO 80 
40 I F (EH.LE.ENERGY(MANYX>) GO TO 60 

KKMIN = KK 
DO 50 KK=KKMIN,MANYX 

I F (EH.GT.ENERGY(KK)) GO TO 70 
50 CONTINUE 
60 BLAST = ENERGY(MANYX) 

I F (MAXCHN.EQ.NCHN-NCHNMN) K = 0 
I F (MAXCHN.EQ.NCHN-NCHNMN) RETURN » 
GO TO 10 

7 0 K = KK + MINCHN - 1 
I F ( K K . G T . 1 ) BLAST = ENERGY(KK-1) 

C 
80 ENOW = ENERGY(KK) 

SIG = SIGMA(KK) 
I F ( S I G . G E . 9 9 8 . .AND. K B I G . E Q . 0 ) WRITE ( 5 , 9 9 9 9 9 ) ENOW 
I F ( S I G . G E . 9 9 8 . .AND. K B I G . B Q . 0 ) WRITE ( 3 2 , 9 9 9 9 9 ) ENOW 
I F ( S I G . G E . 9 9 8 . .AND. K B I G . E Q . 0 ) KBIG = 1 
DO 90 KPAR=1,NPAR 

DSP(KPAR) = DSPAR(KK,KPAR) 
90 CONTINUE 

C 
RETURN 

99999 FORMAT (42H * * * * * * * * * * * ERROR. NEGATIVE TRANSMISSION, 
* 19H FOUND AT ENERGY = , 1PB14 .6 , 16H AND POSSIBLY AT, 
* 36H SMALLER ENERGIES I N THE SAME RANGE./9H YOU MUST, 
* 43H CHANGE ENERGY INTERVALS TO AVOID BAD DATA] / 
* 16H * * * * * * * * * * * * * * * ) 

END 
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SUBROUTINE CHNSUM(EH, EL, ESIGMA, EDSIGM, PRACH, PRACL, 
* KH, KL) 

C 
C * * * PURPOSE - - GENERATE INTEGRAL (PROM EL TO EH) OP 8IGMA(E)DB 
C * * * AND OP (DSIGMA/DPAR)DE, KNOWING KH AND KL 
C 

COMMON / INTEGR/ NPAR, NPUNC, NCHN, NUMBER, NBINSZ, 
* NBNERG, JKM, M(21> , NCHNMN, NTHICK, NPARAM 

DIMENSION EDSIGM(NPAR) 
COMMON /CHANN2/ EMAX, EMIN, ELAST, ENOW, S IG , DSIN, 

* DSOUT, DSP(30) 
DATA K / 0 / 

C 
PRACH = 0 . 0 
PRACL = 0 . 0 
ESIGMA = O.ODO 

C 
DO 10 1-1 ,NPAR 

EDSIGM(I ) = 0 . 
10 CONTINUE 

C 
KPIND = 1 
CALL GETPXK(KH, K, KPIND) 
KPIND = 0 
I P ( K . E Q . 0 ) GO TO 50 
EH = ELAST 
DEL = EH - ENOW 
PRACH = DEL 
ESIGMA = SIG+DEL 
DO 20 IPAR=1,NPAR 

EDSIGM(IPAR) = DSP(IPAR)•DEL 
20 CONTINUE 

I P (KL.EQ.KH) EL = ENOW 
I P (KL.EQ.KH) RETURN 

C 
C * * ADD UP DATA TWEEN FIRST AND LAST CHANNELS 

DO 40 KKK=KH+1,KL 
CALL GETFXK(KH, K , KFIND) 
DEL = BLAST - ENOW 
ESIGMA = SIG*DEL + ESIGMA 
DO 3 0 IPAR=1,NPAR 

EDSIGM(IPAR) = DSP(IPAR)*DEL + BDSIGM(IPAR) 
30 CONTINUE 
40 CONTINUE 

C 
C * * FIGURE PINAL CHANNEL CONTRIBUTION 

FRACL = DEL 
EL = ENOW 

50 RETURN 
C 

END 
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SUDROUTINE GETPXK(KH, K, KFIND) 
C * * * PURPOSE — RE .D "F IXED" DATA PROM TEMPORARY PILE 
C 

COMMON /ODP/ P I L P I X ( 2 ) , P I L S U M ( 2 ) , P ILOUT(2> , IURAW, 
* I U F I X , IUSUM, IUOUT, I F B , INSRAW, INSP IX , INSSUM, 
* INSOUT, MODE, NDSTRT 

COMMON /CHANNL/ C I N , COUT, DTCIN, DTCOUT, ECHN, TCHN, 
* CHN, ICHN 

COMMON /CHANN2/ EMAX, EMIN, BLAST, ENOW, SIG, DDSIN, 
* DDSOUT, DSP(30) 

COMMON /STORE/ ENERGY(512), S IGMA(512 ) , D S I N ( 5 1 2 ) , 
* DSOUT(512) , DSPAR(512,30) 

COMMON /REAL/ TDELAY, FPL, C ( 2 0 ) 
COMMON / INTEGR/ NPAR, NPUNC, NCHN, NUMBER, NBINSZ, 

* NENERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 
DATA MANY / 5 1 2 / , KK / 0 / 

C 
I F (KF IND.EQ.1 ) KBIG = 0 
KK = KK + 1 
K = K + 1 
BLAST = ENOW 
I F (K.GE.NCHN-NCHNMN) ENOW = -EMIN 
I F (K.GT.NCHN-NCHNMN) RETURN 
I F ( K . G T . 1 .AND. K.LE.MAXCHN .AND. KPIND.EQ.0 ) GO TO 50 
I F ( K . G T . 1 .AND. K.LE.MAXCHN .AND. X r i N D . N E . O ) GO TO 4 0 
I P ( K . G T . 1 .AND. K.GT.MAXCHN) GO TO 10 
BLAST = EMAX 
MINCHN = KH - 1 
MAXCHN = MANY + MINCHN - 1 
MANYX = MANY 
GO TO 20 

C 
10 CONTINUE 

KK = 1 
MINCHN = MAXCHN + 1 
MAXCHN = MAXCHN + MANY 

C 
20 CONTINUE 

I F (MAXCHN.GT.NCHN-NCHNMN) MAXCHN = NCHN - NCHNMN 
I F (MAXCHN.EQ.NCHN-NCHNMN) MANYX = MAXCHN - MINCHN -t 1 

C 
C * * * HERB WE NEED TO READ FROM ODP PILE TO GET A NEW CHUNK OF DATA 
C 

CALL I N O D F ( I U F I X , I F B , I N S F I X , 1, MODE, NDSTRT, MINCHN, 
* MANYX, ENERGY, 1) 

CALL I N O D F ( I U F I X , I . ' B , I N S P I X , 2 , MODE, NDSTRT, MINCHN, 
* MANYX, SIGMA, 1) 

DO 30 KPAR=1,NPAR 
CALL I N O D F ( I U F I X , I F B , I N S F I X , 4+KPAR, MODE, NDSTRT, 

* MINCHN, MANYX, DSPAR(1,KPAR), 1) 
30 CONTINUE 
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C 
I F (KFINO.BQ.O) 60 TO 50 

«0 KK = KH - MINCHN + 1 
K = KH 
I F (KK.GT.1 ) BLAST = ENERGY(KK-1) 

C 
50 ENOW = ENERGY(KK) 

SIG = SIGMA(KK) 
I F ( S I G . G E . 9 9 9 . .AND. KBIG.EQ.O) WRITE ( 5 , 9 9 9 9 9 ) ENOW 
I F ( S I G . G E . 9 9 9 . .AND. KBIG.EQ.O) WRITE ( 3 2 , 9 9 9 9 9 ) ENOW 
I F ( S I G . G E . 9 9 8 . .AND. KBIG.EQ.O) KBIG = 1 
DO 60 KPAR=1,NPAR 

DSP(KPAR) * DSPAR(KK,KPAR) 
60 CONTINUE 

C 
RETURN 

99999 FORMAT (42H * * * * * * * * * * * ERROR. NEGATIVE TRANSMISSION, 
* 19H FOUND AT ENERGY = , 1PE14.6 , 16H AND POSSIBLY AT, 
« 36H SMALLER ENERGIES IN THE SAME RANGE./9H YOU MUST, 
* 43H CHANGE ENERGY INTERVALS TO AVOID BAD DATA]/ 
* 16H * * * * * * * * * * * * * * * ) 

END 
C 
c 
c 

SUBROUTINE PUTSUM(RH, RL, BSIGMA, EDSIGM, FRACH, FRACL, 
* KH, KL, DUM) 

C 
C * * * PURPOSE - - STORE INTEGRATED CROSS SECTION I N "SUM"MBD DATA F ILE 
C 

DOUBLE PRECISION F I L F I X , FILSUM, FILOUT 
COMMON /ODF/ F I L F I X , FILSUM, FILOUT, IURAW, I U F I X , IUSUM, 

* IUOUT, I F B , INSRAW, INSF IX , INSSUM, INSOUT, MODE, 
* NDSTRT 

COMMON / INTEGR/ NPAR, NFUNC, NCHN, NUMBER, NBINSZ, 
* NENERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 

COMMON /REAL/ TDELAY, FPL, C(20> 
DIMENSION RH(NBNERG), RL(NENBRG), ESIGMA(NENBRG), 

* EDSIGM(NPAR,NBNERG), FRACH(NENBRG), FRACL(NENBRG), 
* KH(NENBRG), KL CNENBRG), DUM(NBNERG) 

C 
IUSUM = 26 
IENER = - 1 
IRUN = 0 
NEW = 1 
INSSUM = 7 - 1 - NPAR 
CALL ODFIO(IUSUM, FILSUM, I F B , NEW, INSSUM, NENBRG, MODE, 

* NDSTRT, IENER, IRUN) 
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C 
CALL OUTODP(IUSUM, I F B , 

* NENERG, RH, 1) 
CALL OUTODF(IUSUM, I F B , 

* NENERG, RL. 1) 
CALL OUTODF(IUSUM, I F B , 

* NENERG, ESIGMA, 1) 
DO 20 IPAR=1,NPAR 

DO 10 1=1,NENERG 
DUM(I) - E D S I G M I I P A R , I ) 

10 CONTINUE 
CALL OUTODF (IUSUM, I F B , INSSUM, 3 H P A R , MODE 

* NDSTRT, 1 , NE 
20 CONTINUE 

C 
CALL OUTODF(IUSUM, I F B , 

* NENERG, FRACH, 1) 
CALL OUTODF(IUSUM, I F B , 

* NENERG, FRACL, 1> 
CALL OUTODF(IUSUM, I F B , 

* NENERG, KH, 1) 
CALL OUTODF(IUSUM, I F B , 

* NENERG, KL , 1) 
RETURN 
END 

C 
C 
C 

SUBROUTINE GETSUM(RH, RL, ESIGMA, EDSIGM, FRACH, FRACL, 
* KH, KL , DUM) 

C 
C * * * PURPOSE — READ INTEGRATED CROSS SECTION FROM ODF F I L E 
C 

DOUBLE PRECISION F I L F I X , FILSUM, FILOUT 
COMMON /ODF/ F I L F I X , FILSUM, FILOUT, IURAW, I U F I X , IUSUM, 

* IUOUT, I F B , INSRAH, I N S F I X , INSSUM, INSOUT, MODE, 
* NDSTRT 

COMMON / INTEGR/ NPAR, NFUNC, NCHN, NUMBER, N0INSZ, 
* NENERG, JKM, M ( 2 1 > , NCHNMN, NTHICK, NPARAM 

DIMENSION RH(NENERG), RL(NENERG), ESIGMA(NENERG), 
* EDSIGM(NPAR,NENERG), FRACH(NENERG), FRACL(NENERG), 
* KH(NENERG), KL(NENERG), DUM(NENERG) 

C 
IUSUM = 26 
CALL ODFIO(IUSUM, FILSUM, I F B , NEW, INSSUM, NENERG, MODE, 

* NDSTRT, IENER, IRUN) 
C 

INSSUM, 1, MODE, NDSTRT, 1, 

INSSUM, 2 , MODE, NDSTRT, 1 , 

INSSUM, 3 , MODE, NDSTRT, 1 , 

ERG, DUM, 1) 

INSSUM, 4-f NPAR, 

INSSUM, 5+NPAR, 

INSSUM, 6+NPAR, 

INSSUM, 7+NPAR, 

MODE, NDSTRT, 1, 

MODE, NDSTRT, 1, 

MODE, NDSTRT, 1, 

MODE, NDSTRT, 1, 
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CALL INODF(IUSUM, I F B , INSSUM, 
* NENERG, RH, 1) 

CALL INODP(IUSUM, I F B , INSSUM, 
* NENERG, RL, 1) 

CALL INODF(IUSUM, I F B , INSSUM, 

1 , 

2, 

3 , 

MODE, 

MODE, 

MODE, 

NDSTRT, 

NDSTRT, 

NDSTRT, 

1 , 

1 , 

1 , 
1 ) 

DO 

10 

NENERG, BSIGMA, 
20 IPAR=1,NPAR 

CALL INODF(IUSUM, I F B , INSSUM, 
1, NENERG, DUM, 1) 

DO 10 1=1,NENERG 
EDSIGM( IPAR, I ) = DUM(I ) 

CONTINUE 

3+IPAR, MODE, NDSTRT, 

20 CONTINUE 

CALL INODF(IUSUM, I F B , INSSUM, 
* NENERG, PRACH, 1) 

CALL INODF(IUSUM, I P B , INSSUM, 
* NENERG, PRACL, 1) 

CALL INODF(IUSUM, I F B , INSSUM, 
* NENERG, KH, 1) 

CALL INODP(IUSUM, I P B , INSSUM, 
* NENERG, KL, 1) 

RETURN 
END 

4-fNPAR, MODE, NDSTRT, 1, 

5+NPAR, MODE, NDSTRT, 1, 

6-f-NPAR, MODE, NDSTRT, 1, 

7+NPAR, MODE, NDSTRT, 1, 

C 
C 
C 

C 
c * * * 
c 

c 
c 

SUBROUTINE OUTPD(RH, RL, ESIGMA, EDSIGM, NAMPAR) 

PURPOSE — OUTPUT INTERMEDIATE RESULTS 

COMMON / INTBGR/ NPAR, NFUNC, NCHN, NUMBER, NBINSZ, 
* NENERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 

DIMENSION RH(NENERG), RL(NENERG), ESIGMA(NENBRG), 
• EDSIGM(NPAR,NENERG), NAMPAR(8,NPAR) 

WRITE ( 3 2 , 9 9 9 9 9 ) 
WRITE ( 3 2 , 9 9 9 9 8 ) 
NPARMX = MINO(NPAR,7) 
WRITE ( 3 2 , 9 9 9 9 7 ) ( IPAR,IPAR=1,NPARMX) 

( (NAMPAR(J , IPAR) , J=1 ,2 ) , IPAR=1 .NPARMX) 
( (NAMPAR(J , IPAR) , J=3 ,4 ) , IPAR«1 ,NPARMX) 
( (NAMPAR(J , IPAR) , J=5 ,6 ) , IPAR=1 ,NPARMX) 
( (NAMPAR(J . IPAR) , J=7 ,8 ) , IPAR=1 ,NPARMX) 

WRITE 
WRITE 
WRITE 
WRITE 
DO 10 

( 3 2 , 9 9 9 9 6 ) 
( 3 2 , 9 9 9 9 6 ) 
( 3 2 , 9 9 9 9 6 ) 
( 3 2 , 9 9 9 9 6 ) 
1=1,NENERG 

WRITE ( 3 2 , 9 9 9 9 5 ) I , R L ( I ) , R H ( I ) , E S I G M A ( I ) , 
* (EDS IGM(J , I ) , J=1 ,NPARMX) 

10 CONTINUE 



c 
20 CONTINUE 

NPARMN - NPARMX + 1 
NPARHX = MIN0(NPARMX+9,NPAR> 
I F (NPARMX.LT.NPARMN) GO TO 40 
WRITE ( 3 2 , 9 9 9 9 4 ) 
WRITE ( 3 2 , 9 9 9 9 3 ) <IPAR,IPAR=NPARMN,NPARMX) 
WRITE ( 3 2 , 9 9 9 9 2 ) ( ( N A M P A R < J , I P A R ) , J=1 , 2 ) , I P A R = N P A R M N , 

* NPARMX) 
WRITE ( 3 2 , 9 9 9 9 2 ) ( < N A M P A R ( J , I P A R ) , J - 3 , 4 ) , I P A R - N F A R M N , 

* NPARMX) 
WRITE ( 3 2 , 9 9 9 9 2 ) ( (NAMPAR(J , IPAR) , J=5 ,6 ) , IPAR=NPARMN, 

* NPARMX) 
WRITE ( 3 2 , 9 9 9 9 2 ) <(NAMPAR<J, IPAR) ,J=7,8) , IPAR=NPARMN, 

* NPARMX) 
DO 30 1=1,NENERG 

WRITE ( 3 2 , 9 9 9 9 1 ) I , (EDSIGM(J, I ) ,J=NPARMN,NPARMX) 
30 CONTINUE 

GO TO 20 
C 

40 CONTINUE 
RETURN 

99999 FORMAT ( / / 4 3 H * * * * * * * * SUMMED CROSS SECTION AND PARTIAL , 
* 11HDERIVATIVES) 

99998 FORMAT ( / 4 5 H EL EH SIGMA DERIVATIV, 
* 17HES WRT PARAMETERS) 

99997 FORMAT ( 2 9 X , 7112) 
99996 FORMAT ( 3 5 X , 7<1X, 2A5, 1X) ) 
99995 FORMAT ( 1 5 , 2 F 9 . 5 , 1P8G12.4) 
99994 FORMAT ( / 3 1 H DERIVATIVES WRT PAR, CONTINUED) 
99993 FORMAT (8H PAR NUM, 13 , 110 , 7112) 
99992 FORMAT ( 5 X , 9 ( 1 X , 2A5, 1X ) ) 
99991 FORMAT ( 1 5 , 1P9G12.4) 

END 
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APPENDIX D 
FORTRAN L i s t i n g o f F i l e ALXALL.F0R 

<b 
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SUBROUTINE FIXCOV<COVPAR, ESIGMA, EDSIGM, FRACH, PRACL, 
* KH, KL, V I , VO, VTOT) 

C 
C * * * PURPOSE - - F I X COVARIANCE MATRIX FOR SUMMED CROSS SECTIONS 
C 

DIMENSION COVPAR*1>, ESIGMA(NENERG), EDSIGM<NPAR,NBNERG), 
* FRACH(NBNERG) , FRAC L(NENBRG), KH tNENBRG), 
* KL(NENERG), V I ( J K M ) , VO(JKM), VTOT(JKM) 

COMMON / INTEGR/ NPAR, NFUNC, NCHN, NUMBER, NBINSZ, 
* NBNERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 

COMMON /REAL/ TDELAY, FPL, C(20> 
COMMON /CHANN2/ EMAX, EMIN, BLAST, ENOW, S IG, DSIN, 

* DSOUT, DSP(30) 
COMMON /CHANNL/ C I N , COUT, DTCIN, DTCOUT, ECHN, TCHN, 

* CHN, ICHN 
C 
C 

CALL TALK(KH, KL , PRACH, FRACL, NENERG) 

DO 10 JK=1,JKM 
V I I J K ) = 0 . 
VO(JK) = O.OEO 

10 CONTINUE 

ICHN = 0 
20 CONTINUE 

MISSED = 0 
30 ICHN = ICHN + 1 

I F ( ICHN.GT. NCHN-NCHNMN) GO TO 80 
DO 40 J=1.NENERG 

I F ( I C H N . G B . K H ( J ) .AND. I C H N . L E . K L ( J ) ) GO TO 50 
40 CONTINUE 

MISSED = MISSED + 1 
GO TO 30 

50 CALL GETRFtMISSED) 
DEL = BLAST - ENOW 

JK = 0 
DO 70 J=1.NENERG 

DELJ = O.OEO 
I F ( I C H N . B Q . K H ( J ) ) DELJ = FRACH(J) 
I P ( I C H N . E Q . K L ( J ) ) DELJ = FRACL(J) 
I P ( I C H N . G T . K H ( J ) .AND. I C H N . L T . K L ( J ) ) DELJ = DEL 
I F (DELJ.EQ.O.OEO) JK = JK + J 
I F (DELJ.EQ.0 .OBO) GO TO 70 
A l = D S I N * * 2 * C I N 
AO = DSOUT**2*COUT 
I F ( A I . B Q . 0 . 0 B 0 .AND. AO.EQ.O.OEO) WRITE ( 5 , 9 9 9 9 9 ) 

* ICHN, C I N , COUT, DSIN , DSO 
I F (A I .EQ.O.OEO .AND. AO.EQ.O.OBO) GO TO 20 
B I = A I * D E L J 
BO = AO*DELJ 
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DO 60 K = 1 , J 
JK = JK + 1 
DELK = 0 .0E0 
I F ( ICHN.EQ.KH(K) ) DELK = FRACH(K> 
I F ( I C H N . E Q . K L ( K ) ) DELK - FRACL(K) 
I F ( ICHN.GT.KH<K) .AND. I C H N . L T . K L ( K ) ) DELK = 

* DEL 
I F (DELK.EQ.0 .0E0) GO TO 60 
V I ( J K ) = V I ( J K ) + B I 'DELK 
VO(JK) = VO(JK) + BOnRT.K 

60 CONTINUE 
7 0 CONTINUE 

GO TO 20 
m 

80 CALL T A L K K t V I , NENERG, 1) 
CALL TALKK(VO, NENERG, 2) 

C 
DO 90 JK=1 ,JKH 

VTOT(JK) = V I ( J K ) + VO(JK) 
90 CONTINUE 

I L = 0 
DO 140 IPAR=1,NPAR 

DO 130 LPARs I , IPAR 
I L = I L + 1 
I F ( C O V P A R ( I L ) . E Q . 0 . ) GO TO 130 
JK = 0 
DO 120 J = 1,NENERG 

I F (EDSIGM( IPAR,J> .EQ.0 . .AND. 
* EDSIGM(LPAR,J ) .EQ.0 .> JK = JK + J 

I F < E D S I G M ( I P A R , J ) . E Q . 0 . .AND. 
* EDSIGM(LPAR,J ) .EQ.0 .> GO TO 120 

DO 110 K = 1 , J 
JK = JK + 1 
I F (EDSIGM(LPAR,K) .EQ.0 . .OR. 

* E D S I G M ( I P A R , J ) . E Q . 0 . ) GO TO 100 
VTOT(JK) = EDSIGM( IPAR,J ) *COVPAR( IL ) * 

* EDSIGM(LPAR,K) + VTOT(JK) 
100 CO: TINUE 

I F (EDSIGMCLPAR,J) .EQ.0 . .OR. 
* E D S I G M ( I P A R , K ) . E Q . 0 . ) GO TO 110 

I F ( IPAR.NE.LPAR) VTOT(JK) = 
* EDSIGM(LPAR,J>*COVPAR(IL>« 
* EDSIGM(IPAR,K) + VTOT(JK) 

1 1 0 CONTINUE 
120 CONTINUE 
130 CONTINUE 
140 CONTINUE 

C 
CALL TALKK(VTOT, NENERG, 3) 

C 
RETURN 

99999 FORMAT (26H ICHN,CIN,COUT,DSIN,DSOUT=, 1 8 , 4G14 .6 ) 
END 
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C 
c 

c 
c 
c 
c 
c 
c 

SUBROUTINE GETRF(MISSED) 

* • * PURPOSE -* * * 

* * * 
* * * 

- READ RAW COUNTS "XCIN" AND "XCOUT" PROM "RAW" 
DATA F I L E , AND ENERGY "XECHN", PARTIAL WRT XCIN 
"XDTCIN" , AND PARTIAL WRT XCOUT "XDTCOU" FROM 
" F I X " E D DATA F ILE 

COMMON /ODF/ F I L F I X < 2 > , FILSUMC2), F ILOUT<2>, IURAW, 
* I U F I X , IUSUM, IUOUT, I F B , INSRAW, I N S F I X , INSSUM, 
* INSOUT, MODE, NDSTRT 

COMMON /CHANN2/ EMAX, EMIN, BLAST, ENOW, S IG, DSIN, 
* DSOUT, DSP(30) 

COMMON /CHANNL/ C I N , COUT, DTCIN, DTCOUT, ECHN, TCHN, 
* CHN, ICHN 

COMMON /STORE/ XECHN(512) , X D T C I N ( 5 1 2 ) , XDTCOU(512), 
* X C I N ( 5 1 2 ) , XCOUT(512) 

REAL XECHN, XDTCIN, XDTCOU, XCIN, XCOUT 
COMMON /REAL/ TDELAY, FPL, C ( 2 0 ) 
COMMON / INTEGR/ NPAR, NFUNC, NCHN, NUMBER, NBINSZ, 

* NBNERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 
DATA MANY / 5 1 2 / , MAXCHN / 0 / , ICHNP / 5 1 2 / 

C 
C 
c 

ICHNP = ICHNP + MISSED 
I F (ICHN.LE.MAXCHN) GO TO 20 
I F (MAXCHN.EQ.O) ENOW = EMAX 

10 CONTINUE 
ICHNP = ICHNP - MANY 
MINCHN = MAXCHN + 1 
MINCHP = MINCHN + NCHNMN 
MAXCHN = MAXCHN + MANY 
MANYX = MANY 
I F (ICHN.GT.MAXCHN) GO TO 10 
I F (MAXCHN.GT.NCHN-NCHNMN) MAXCHN = NCHN - NCHNMN 
I F (MAXCHN.EQ.NCHN-NCHNMN) MANYX = NCHN - MINCHN + 1 -

* NCHNMN 

* * * HERE WE NEED TO READ FROM ODF F I L E TO GET A NEW CHUNK OF DATA 

CALL I N O D F ( I U F I X , I F B , I N S F I X , 1 , MODE, NDSTRT, MINCHN, 
* MANYX, XECHN, 1) 

CALL I N O D F ( I U F I X , I F B , I N S F I X , 3 , MODE, NDSTRT, MINCHN, 
* MANYX, XDTCIN, 1) 

CALL I N O D F ( I U F I X , I F B , I N S F I X , 4 , MODE, NDSTRT, MINCHN, 
* MANYX, XDTCOU, 1) 

CALL INODF(IURAW, I F B , INSRAW, 4 , MODE, NDSTRT, MINCHP, 
* MANYX, XCIN, 1) 

CALL INODF(IURAW, I F B , INSRAW, 5 , MODE, NDSTRT, MINCHP, 
* MANYX, XCOUT, 1) 
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20 ICHNP = ICHNP + 1 
CIN = XCIN*ICHNP) 
COUT = XCOUT(ICHNP) 
ELAST = ENOW 
ENOW = XECHN(ICHNP) 
DSIN = XDTCIN(ICHNP) 
DSOUT = XDTCOU(ICHNP) 

C 
C 
C 

10 

99999 

C 
C 
C 

RETURN 
END 

SUBROUTINE TALK(KH, KL, PRACH, PRACL, NENERG) 
DIMENSION KH(NENERG), KL(NENERG), fRACH(NENERG) 

* PRACL(NBNERG) 
DO 10 1-1,NENERG 

WRITE ( 3 3 , 9 9 9 9 9 ) I , K H ( I ) , K L ( I ) , PRACH(I) 
CONTINUE 
RETURN 
FORMAT (21H I ,KH,KL,FRACH,FRACL=, 316 , 2 F 1 6 . 1 0 ) 
END 

FRACL( I ) 

NENERG, K) 

( 3 1 , 9 9 9 9 9 ) 
( 3 1 , 9 9 9 9 8 ) 
( 3 1 , 9 9 9 9 7 ) 

10 

99999 
99998 
99997 
99996 
99995 

SUBROUTINE TALKK(V, 
DIMENSION V(NENERG) 
JK = 0 
I F ( K . E Q . 1 ) WRITE 
I F ( K . E Q . 2 ) WRITE 
I F ( K . E Q . 3 ) WRITE 
DO 10 J=1,NENERG 

WRITE ( 3 1 , 9 9 9 9 6 ) 
WRITE ( 3 1 , 9 9 9 9 5 ) 
JK = JK + J 

CONTINUE 
RETURN 

( / / 3 5 H COVARIANCE DUE TO 
( / / 3 6 H COVARIANCE DUE TO 
( / / 1 7 H TOTAL COVARIANCE) 
( / 1 8 H DATA POINT NUMBER, 
( 7 X , 1P10G11.3) 

( V < J K + K ) , K = 1 , J ) 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
END 

SAMPLE-IN COUNTS) 
SAMPLE-OUT COUNTS) 

13) 
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SUBROUTINE PIXDER(DELPAR, EDSIGM, V I , VO, VTOT, D I , DO, 
* DTOT) 

C 
C * * * PURPOSE - - PIX EDSIGH TO INCLUDE DELPAR, GENERATE 
C * * * SQRT OP DIAGONALS OP V*S 
C 

DIMENSION DELPAR(NPAR), EDSIGM(NPAR,NENERG), V I ( J K M ) , 
* VO(JKM), VTOT(JKM), DI(NENERG), DO(NENERG), 
* DTOT(NENERG) 

COMMON / INTEGR/ NPAR, NPUNC, NCHN, NUMBER, NBINSZ, 
* NENERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 

DO 20 NERGY=1,NENERG 
DO 10 IPAR=1,NPAR 

IP (EDSIGM( IPAR,NERGY) .GT.0 .0 ) 
* EDSIGM(IPAR,NERGY) = EDSIGM(IPAR,NERGY)* 
* DELPAR(IPAR) 

IP (EDSIGM( IPAR,NERGY) .LT .0 .0 ) 
* EDSIGM(IPAR,NERGY) = -EDSIGM(IPAR,NERGY)* 
* DELPAR(IPAR) 

10 CONTINUE 
20 CONTINUE 

CALL SETD(VI , D I , NENERG, JKM) 
CALL SETD(VO, DO, NENERG, JKM) 
CALL SETD(VTOT, DTOT, NENERG, JKM) 
RETURN 
END 

C 
C 
C 

SUBROUTINE SETD(V, D, N, NN) 
C PURPOSE — GENERATE D ' S 

DIMENSION V ( N N ) , D(N) 
C 

I I = 0 
DO 10 1=1 ,N 

I I = I I + I 
D ( I ) = S Q R T ( V ( I I ) ) 

10 CONTINUE 
RETURN 
END 
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SUBROUTINE 0UTBU6(RH, RL, ESIGMA, EDSIGM, V I , VO, VTOT, 
* D I , DO, DTOT, NAMPAR, I C ) 

C PURPOSE — OUTPUT RESULTS 
COMMON / INTEGR/ NPAR, NPUNC, NCHN, NUMBER, NBINSZ, 

NENERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 
DIMENSION RH(NENERG), RL(NENERG), ESIGMA(NENERG), 

« EDSIGM(NPAR,NENERG), V I ( J K M ) , VO(JKM), VTOT(JKM), 
* DI(NENERG), DO(NENERG), DTOT(NENERG), 
<* NAMPAR ( 8 , NPAR) , ICC NENERG) 

DIMENSION COVINCIO), COVOUT(10), COVTOTMO) 
DATA COVIN / 

* 5OH COVARIANCE MATRIX DUE TO SAMPLE-IN COUNTS / 
DATA COVOUT / 

* 5OH COVARIANCE MATRIX DUE TO SAMPLE-OUT COUNTS / 
DATA COVTOT / 

* 5OH TOTAL COVARIANCE MATRIX / 
C 

CALL OUTALL(RH, RL, ESIGMA. EDSIGM, D I , DO, DTOT, NAMPAR) 
CALL OUTV(COVIN, V I , D I , I C , NENERG) 
CALL OUTV(COVOUT, VO, DO, I C , NENERG) 
CALL OUTV(COVTOT, VTOT, DTOT, I C , NENERG) 
RETURN 
END 

C 
C 

SUBROUTINE OUTV(TITLE, V, S, I C , N) 
C 
C «"** PURPOSE — OUTPUT TRIANGULAR VARIANCE V AS STD. DEV. AND CORRELATI 
C 
C NML, MAY 1981 
C 

DOUBLE PRECISION T I T L E , HEADR 
DIMENSION T I T L E ( 5 ) , V ( 1 ) , S ( N ) , I C ( N ) 
DIMENSION STDDEV(10) 
DATA STDDEV / 

* 50HSTANDARD DEVIATION (SQRT OP DIAGONAL ELEMENTS) / 
DATA HEADR /1OHSTD. DEV. / 

C 
WRITE ( 3 2 , 9 9 9 9 9 ) T I T L E 
I L = 0 
DO 20 1 = 1 , N 

DO 10 L = 1 , I 
I L = I L + 1 
I P ( I . E Q . L ) GO TO 10 
I F ( V ( I L ) . N E . 0 . ) GO TO 30 

10 CONTINUE 
20 CONTINUE 

C 
WRITE ( 3 2 , 9 9 9 9 8 ) 
CALL OUTSTR(STDDEV, HEADR, S , N) 
RETURN 
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30 WRITE ( 3 2 , 9 9 9 9 7 ) 
NN = 0 
MANY = 30 
M = N/MANY 
MM = M*MANY 
I F (MM.NE.N) M = M + 1 
I M I N = 1 - MANY 
IMAX = MINO(MANY,N) 
DO 80 J=1 ,M 

I M I N = I M I N + MANY 
MAX = ( I M I N * ( I M I N - 1 ) ) / 2 
WRITE ( 3 2 , 9 9 9 9 6 ) ( I , I = I M I N , I M A X ) 
IMAX = IMAX + MANY 
IMAX = MINO( IMAX,N) 
DO 70 I = I M I N , N 

MIN = MAX + I M I N 
MAX = MAX + I 
JMAX = I 
MM = JMAX - I M I N + 1 
I F (MM.GT.MANY) JMAX = I M I N + MANY - 1 
S I = S ( I ) 
I L = MIN - 1 
DO 40 L=IMIN,JMAX 

I L = I L + 1 
D = V ( I L ) * 1 0 0 . / ( S ( L ) * S I ) 
I F ( D . G T . 0 . ) D = D + 0 . 5 
I F ( D . L T . 0 . ) D = D - 0 . 5 
I C ( L ) = D 

40 CONTINUE 
I F ( J . E Q . 1 ) GO TO 60 
NOT = 0 
J J = JMAX 
I F ( J M A X . E Q . I ) J J = J J - 1 
JJP = I M I N 
I F ( J J P . G T . J J ) GO TO 60 
DO 50 L = J J P , J J 

I F ( I C ( L ) . E Q . O ) GO TO 50 
NOT = 1 

50 CONTINUE 
I P (NOT.EQ.1) GO TO 60 
NN = 1 
GO TO 70 

60 WRITE ( 3 2 , 9 9 9 9 5 ) I , S I , ( I C ( L ) , L = I M I N , J M A X ) 
7 0 CONTINUE 
80 CONTINUE 

RETURN 
99999 FORMAT < / / 6 H * * * • * , 5A10) 
99998 FORMAT (46H OFF-DIAGONAL ELEMENTS OF COVARIANCE MATRIX AR, 

* 11 HE ALL ZERO.) 
99997 FORMAT ( / 2 9 H STD. DEV. CORRELATION) 
99996 FORMAT ( / 1 5 X , 3014) 
99995 FORMAT ( 1 3 , 1PG12 .5 , 3014) 

END 
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C 
C 

SUBROUTINE OUTSTR(TITLE, T1 , A1 , N> 
C 
C •»** PURPOSE — OUTPUT I VS A 1 I I ) I N COLUMNS 
C 
C NML, MAY 1981 
C 

DOUBLE PRECISION T I T L E , T1 
DIMENSION T I T L E ( 5 ) , A1 (N) 
DATA PL / 1 H ( / , PR / 1 H > / 

C 
WRITE ( 3 2 , 9 9 9 9 9 ) T I T L E 
M = 6 
I F ( N . L T . M ) M = N 
WRITE ( 3 2 , 9 9 9 9 8 ) ( T 1 , I = 1 , M > 

C 
M = N / 6 
MM ® M*6 
I F (MM.NE.N) 60 TO 10 
MM = M 
60 TO 20 

10 M = M + 1 
K = MM + 6 - N 
I F ( K . 6 E . M ) 60 TO 60 
MM = M - K 

20 CONTINUE 
DO 30 1=1,MM 

WRITE ( 3 2 , 9 9 9 9 7 ) ( ( P L , L , P R , L = I + ( K - 1 ) * M , I + ( K - 1 ) * M ) , 
» A 1 ( I + ( K - 1 ) * M ) , K = 1 , 6 ) 

30 CONTINUE 
I F (MM.EQ.M) 60 TO 50 
MM = MM + 1 
DO 40 I=MM,M 

WRITE ( 3 2 , 9 9 9 9 7 ) ( ( P L , L , P R , L = I + ( K - 1 ) * M , I + ( K - 1 ) » M ) , 
* A1 ( I - M K - 1 >»M> ,K=1 , 5 ) 

40 CONTINUE 
50 CONTINUE 

RETURN 
60 WRITE ( 3 2 , 9 9 9 9 7 ) ( P L , I , P R , A 1 ( I ) , 1 = 1 , N ) 

RETURN 
99999 FORMAT ( / / 6 H * * + * * , 5A10) 
99998 FORMAT < / 8 X , 5 ( A 1 0 , 1 0 X ) , A10) 
99997 F O R M " ( ( 1X, A1 , 1 3 , A1 , 1 P 6 1 2 . 4 , S O X , A1 , 13 , A1 , 

* 1 P 6 1 2 . 4 ) ) ) 
END 

C 
C 
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C 
SUBROUTINE DIVIDE(RH, RL, BSIGMA, EDSIGM, D I , DO, DTOT) 

C 
C * * * PURPOSE — DIVIDE EVERYT'iMG BY ENERGY-DIFFERENCE 
C 

DIMENSION RH(NENEflS) , R;.' >.'SNERG) , ESIGMA (NENERG) , 
* EDSIGM<NPAR,NENBRG )I(NENERG>, DO(NENERG), 
* DTOT(NENERG) 

COMMON / INTEGR/ fVAR, HFUiiC, NCHN, NUMBER, NBINSZ, 
* NENE3G, JKM, M(21>, KCHNMN, NTHICK, NPARAM 

DO 20 NERGY=1,NENEPG 
Q = RH(NERGY) - ^ />S.WGY) 
Q = 1 . 0 / Q 
ESIGMA(NERGY) = ESIGMA(NERGY)*Q 
DKNERGY) = DI (NERGY) *Q 
DO(NERGY) = DO(NERGY)*Q 
DTOT(NERGY) = DTOT(NERGY)*Q 
DO 10 IPAR=1,NPAR 

EDSIGM(IPAR,NERGY) = EDSIGM(IPAR,NERGY)*Q 
10 CONTINUE 
20 CONTINUE 

RETURN 
END 

C 
C 
C 

SUBROUTINE OUTFIN(RH, RL, ESIGMA, EDSIGM, VTOT, D I , DO, 
* DTOT, DUMMY, NAMPAR, I C ) 

C * * * PURPOSE — "OUT"PUT RESULTS 
COMMON / INTBGR/ NPAR, NPUNC, NCHN, NUMBER, NBINSZ, 

* NENERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 
DIMENSION RH(NENERG), RL(NBNERG), ESIGMA(NENERG), 

* EDSIGM(NPAR,NENERG), VTOT(JKM), DI(NENERG), 
* DO(NBNBRG), DTOT(NENERG), DUMMY(NENERG), 
* NAMPAR(NPAR), IC(NENERG) 

DIMENSION COVFIN(IO) 
DATA COVFIN / 

* 5OH FINAL COVARIANCE MATRIX / 
C 

CALL PUTOUT(RH, RL, ESIGMA, EDSIGM, D I , DO, DTOT, DUMMY) 
CALL OUTALL(RH, RL, ESIGMA, EDSIGM, D I , DO, DTOT, NAMPAR) 
CALL OUTVX(COVFIN, RH, RL, ESIGMA, VTOT, DTOT, DUMMY, I C , 

* :;emerg ) 
RETURN 
END 

C 
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SUBROUTINE PUTOUT(RH, RL, ESIGMA, EDSIGM, D I , DO, DTOT, 
* DUMMY) 

C * * * PURPOSE — "OUT"PUT RESULTS ONTO ODF F I L E — 
C * * * AVERAGE ENERGY " (RH+RL) / 2 " , 
C * * * AVERAGED CROSS SECTION "ESIGMA", 
C * * * SAMPLE-IN STATISTICAL UNCERTAINTY " D I " , 
C * * * SAMPLE-OUT STATISTICAL UNCERTAINTY "DO" , 
C * * * CONTRIBUTION "EDSIGM" TO THE UNCERTAINTY 
C * * * DUE TO EACH PARAMETER, AND 
C * * * THE TOTAL UNCERTAINTY "DTOT". 
C 

COMMON / INTEGR/ NPAR, NFUNC, NCHN, NUMBER, NBINS2, 
* NENERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 

DIMENSION RH(NENERG), RL(NENERG), ESIGMACNENERG>, 
* EDSIGM(NPAR,NENERG), DI(NENERG), DO(NENERG), 
* DTOT(NENERG), DUMMY<NENERG) 

COMMON /ODF/ F ILF IXC 2 ) , F ILSUM<2) , F I L O U T ( 2 ) , IURAW, 
* I U F I X , IUSUM. IUOUT, I F B , INSRAW, I N S F I X , INSSUM, 
* INSOUT, MODE, NDSTRT 

C 
IUOUT = 21 
IENER - 1 
IRUN = 0 
NEW = 1 
INSOUT = 5 + NPAR 
CALL ODFIO(IUOUT, FILOUT, I F B , NEW, INSOUT, NENERG, MODE, 

* NDSTRT, IENER, IRUN) 
C 

DO 10 1=1,NENERG 
DUMMY ( I ) = ( R H ( I ) + R L ( j .) ) * Q . 5 E 0 

10 CONTINUE 
C 

CALL OUTODF(IUOUT, I F B , 
* NENERG, DUMMY, 1) 

CALL OUTODF(IUOUT, I F B , 
* NENERG, ESIGMA, 1) 

CALL OUTODF(IUOUT, I F B , 
* NENERG, D I , 1) 

CALL OUTODF(IUOUT, I F B , 
* NENERG, DO, 1 ) 

C 
DO 30 IPAR=1,NPAR 

DO 20 1=1,NENERG 
DUMMY(I) = EDSIGM( IPAR, I ) 

20 CONTINUE 
CALL OUTODF(IUOUT, I F B , INSOUT, Q+IPAR, MODE, 

* NDSTRT, 1 , NENERG, DUMMY. 1) 
30 CONTINUE 

CALL OUTODF(IUOUT, I F B , INSOUT, 5-t-NPAR, MODE, NDSTRT, 1 , 
* NENKRG, DTOT, 1) 

RETURN 
END 

INSOUT, 1, MODE, NDSTRT, 1 , 

INSOUT, 2 , MODE, NDSIRT, 1, 

INSOUT, 3 , MODE, NDSTRT, 1 , 

INSOUT, 4 , MODE, NDSTRT, 1 , 
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RL, ESIGMA, BDSZGH, D I , DO, DTOT, SUBROUTINE OUTALL(RH, 
* NAMPAR) 

PURPOSE — OUTPUT RESULT!} IN LINE-PRINTER FORM 
COMMON / INTEGR/ NPAR, NFUNC, NCHN, NUMBER, NBINSS, 

• NBNERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 
DIMENSION RH(NENERG), RL(NENERG), ESIGMA(NBNBRG>, 

* EDSIGM(NPAR,NBNBRG), DI(NENERG), DO(NENERG), 
• DTOT<NENERG), NAMPAR(8,NPAR) 

WRITE ( 3 2 , 9 9 9 9 9 ) 
WRITE ( 3 2 , 9 9 9 9 8 ) 
NPARMX = MINO(NPAR,5) 
WRITE ( 3 2 , 9 9 9 9 7 ) (IPAR,IPAR=1,NPARMX) 

( (NAMPAR(J , IPAR) , J - 1 , 2 ) , I P A R - 1 , N P A R M X ) 
( (NAMPAR(J , IPAR) , J«3 ,4 ) , IPAR-1 ,NPARMX) 
( (NAMPAR(J , IPAR) , J=5 ,6 ) , IPAR-1 ,NPARMX) 
( ( N A M P A R ( J , I P A R ) , J - 7 , 8 ) , I P A R - 1 , N P A R M X ) 

WRITE 
WRITE 
WRITE 
WRITE 
DO 10 

( 3 2 , 9 9 9 9 6 ) 
( 3 2 , 9 9 9 9 6 ) 
( 3 2 , 9 9 9 9 6 ) 
( 3 2 , 9 9 9 9 6 ) 
1-1.NENERG 

WRITE ( 3 2 , 9 9 9 9 5 ) I , R L ( I ) , 
* D T O T ( I ) , D I ( I ) , DO( I ) 

10 CONTINUE 
20 CONTINUE 

NPARMN - NPARMX + 1 
NPARMX = MINO(NPARMX+9,NPAR) 
I P (NPARMX.LT.NPARMN) GO TO 40 
WRITE ( 3 2 , 9 9 9 9 4 ) 
WRITE ( 3 2 , 9 9 9 9 3 ) 
WRITE ( 3 2 , 9 9 9 9 2 ) 

* NPARMX) 
WRITE ( 3 2 , 9 9 9 9 2 ) 

* NPARMX) 
WRITE ( 3 2 , 9 9 9 9 2 ) 

* NPARMX) 
WRITE ( 3 2 , 9 9 9 9 2 ) 

* NPARMX) 
DO 30 1-1,NENERG 

WRITE ( 3 2 , 9 9 9 9 1 ) 
30 CONTINUE 

GO TO 20 
CONTINUE 

R H ( I ) , ESIGMA(I 
(EDSIGM(J , I ) , J=1 ,NPARMX) 

(IPAR,IPAR-NPARMN,NPARMX) 
( (NAMPAR(J , IPAR) , J -1 ,2 ) , IPAR-NPARMN, 

( (NAMPAR(J , IPAR) ,J=3 ,4 ) , IPAR-NPARMN, 

( (NAMPAR(J, IPAR) , J - 5 , 6 ) , IPAR-NPARMN, 

<(NAMPAR(J , IPAR) ,J=7,8) , IPAR-NPARMN, 

I , (EDSIGM(J,I) ,J-NPARMN,NPARMX) 

40 
RETURN 

99999 FORMAT < / / / / 4 2 H * * * * * * * * * * CROSS SECTIONS AND CONTRIBUTIO, 
* 19HNS TO UNCERTAINTIES) 

99998 FORMAT ( / / 4 4 H EL BH SIGMA UNCBRT. , 
* 49H ( S - I ) (S-O) DERIVATIVES WRT PAR, TIMES DEL, 
* 3HPAR) 

99997-FORMAT (55X , 5112) 
(59X , 5 ( I X , 2A5, I X ) ) 
( 1 5 , 2 F 9 . 5 , 4 F 9 . 5 , 1P5G12.4) 
( / 4 5 H DERIVATIVES WRT PAR, TIMES DELPAR, CONTINUED) 
(11H PAR NUMBER, 1 3 , 110 , 7112) 
(5X , 9 ( 1 X , 2A5, I X ) ) 
( 1 5 , 1P9G12.4) 

99996 
99995 
99994 
99993 
99992 
99991 

FORMAT 
FORMAT 
FORMAT 
PORMAT 
FORMAT 
PORMAT 
END 
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SUBROUTINE OUTVX(TITLE, RH, RL, ESIGMA, V , S, DUMMY, XC, 
•» N> 

C 
C * * * PURPOSE — OUTPUT TRIANGULAR VARIANCE V AS STANDARD DEVIATION 
C «"»• AND CORRELATION 
C 
C NML, JUNE 1982 
C 

DOUBLE PRECISION T I T L E 
DIMENSION T I T L E ( 5 ) , R H ( N ) , R L ( N ) , ESIGMA(N), V ( 1 > , S ( N ) , 

* DUMMY(N >, I C t N ) 
C 

c 

c 

c 

WRITE ( 3 2 , 9 9 9 9 9 ) T I T L E 

DO 10 1 * 1 , N 
DUMMY(I) * ( S ( I ) / B S I G M A ( I ) ) * 100 . 

10 CONTINUE 

WRITE ( 3 2 , 9 9 9 9 8 ) 

NN * 0 
MANY = 23 
M = N/MANY 
MM = M*MANY 
I P (MM.NB.N) M = M + 1 
I M I N = 1 - MANY 
IMAX * MINO(MANY.N) 
DO 60 J=1 ,M 

I M I N « I M I N + MANY 
MAX ( I M I N * ( I M I N - 1 ) > / 2 
WRITE ( 3 2 , 9 9 9 9 7 ) ( I , I = I M I N , I M A X ) 
IMAX - IMAX + MANY 
IMAX = MIN0 ( IMAX, N) 
DO 50 I = I M I N , N 

MIN = MAX + I M I N 
MAX = MAX + I 
JMAX = I 
MM = JMAX - I M I N + 1 
I . (MM.GT.MANY) JMAX = I M I N + MANY - 1 
S I * 5 ( I ) * ( R H ( I ) - R L ( I ) ) 
I L = MIN - 1 
DO 20 L * IM IN ,JMAX 

XL - XL + 1 
D * 0 . 
I P ( V ( X L ) . N E . 0 . ) D * V ( I L ) * 1 0 0 . / ( S ( L ) * S I * 

* ( R H ( L ) - R L ( L ) ) ) 
I P (D .GT.O.> D = D + 0 . 5 
I P ( D . L T . O . ) D = D - 0 . 5 
XC(L) a D 

20 CONTINUE 
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I P ( J . E Q . 1 ) 60 TO tO 
NOT = 0 
J J = JMAX 
I P ( J M A X . E Q . I ) J J k J J - 1 
JJP = I M I N 
I P ( J J P . G T . J J ) GO TO 40 
00 30 L = J J P , J J 

I P < IC<L>.EQ.O) GO TO 30 
NOT = 1 

30 CONTINUE 
IP (NOT.EQ.1) GO TO 40 
NN = 1 
GO TO 50 

40 WRITE ( 3 2 , 9 9 9 9 6 ) I , R L ( I > , R H ( I ) , DUMMY(I ) , 
« ( I C ( L ) , L = I M I N , J M A X ) 

50 CONTINUE 
60 CONTINUE 

RETURN 
C 
99999 FORMAT < / / 6 H « » * * * , 5A10) 
99998 FORMAT ( / 4 5 H BLOW EHIGH X STD.DEV. CORRELAT, 

* 3HION) 
99997 FORMAT ( / 3 4 X , 2314) 
99996 FORMAT ( 1 4 , 2 F 9 . 5 , F 7 . 2 , 5X, 2314) 

END 
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C 
C 
C 

SUBROUTINE COUNT(NENERG, NUMMAX) 
C 
C *** PURPOSE — COUNT NUXHER Or CHANNELS IN OUTPUT OOP PILE 
C 

NENBRG = 0 
NUMMAX = 0 

10 CONTINUE 
READ (25,99999iEND-20) MIN, MAX, NUMBER 
IP (MIN.EQ.0) GO TO 20 
MM = MAX - MIN + 1 
NENERG = MM/NUMBER + NENERG 
IP <MM.GT.NUMMAX) NUMMAX = MM 
GO TO 10 

20 WRITE (5,99998) NENERG, NUMMAX 
REWIND 25 
RETURN 

99999 PORMAT (31) 
99998 PORMAT (16H NUMBER OP BINS=, 18, 21H MAXIMUM NUMBER OP, 

* 3OH CHANNELS TO READ AT ONE TIME=, 18) 
END 

C 
C 
C 

SUBROUTINE EXTRA2(COVPAR, BCHN, SIGMA, DSIN, DSOUT, 
* DSPAR, CIN, COUT, NUMMAX, MOST) 

C 
C *•* PURPOSE — AVERAGE OVER CHANNELS TO GIVE PINAL RESULTS 
C 
c 

DIMENSION COVPAR(1), ECHN(MOST), SIGMA(MOST), DSIN(MOST), 
* DSOUT(MOST), DSPAR(MOST,NPAR), CIN(MOST), COUT(MOST) 

C 
COMMON /STORE/ ENERGY(512), ESIGMA(512), STAT(512), 
* SYST(512), EDSIGM(30,512) 

C 
COMMON /INTBGR/ NPAR, NPUNC, NCHN, NUMBER, NBINSZ, 
* NBNERG, JKM, M(21), NCHNMN, NTHICK, NPARAM 

C 
COMMON /ODF/ PILPIX(2), FILSUM(2), FILOUT(2), IURAW, 
* IUFIX, IUSUM, XUOUT, IFB, INSRAW, INSFIX, INSSUM, 
* INSOUT, MODE, NDSTRT 

C 
DATA MANY /512/, MAXCHN /512/, MINCHN /1/ 

C 
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IF (NPAR.GT.30) STOP 55555 
CALL ZER03 
NEWCHP = 0 

10 CONTINUE 
READ (25,99998,END=60> MIN, MAX, NUMBER 
WRITE (5,99999) MIN, MAX, NUMBER 
IF (MIN.EQ.0) GO TO 60 

C 
N = 0 
MMM = MIN 
NUMMER = MAX - MIN + 1 
CALL GETRPK(N, MMM, NUMMER, MOST, ECHN, SIGMA, DSIN, 
* DSOUT, DSPAR, CIN, COUT) 

C 
DO 50 MM=MIN,MAX,NUMBER 

NEWCHP = NEWCHP + 1 
C 

DO 30 NNN=1,NUMBER 
N = N + 1 
IF (N.GT.MOST) CALL GETRFK(N, MMM, NUMMER, 

* MOST, ECHN, SIGMA, DSIN, DSOUT, DSPAR, 
* CIN, COUT) 

ENERGY(NEWCHP) = ECHN(N) + ENERGY(NEWCHP) 
ESIGMA(NEWCHP) = SIGMA(N) + ESIGMA(NEWCHP) 
STAT(NEWCHP) = (CIN(N)*DSIN(N)**2+C0UT(N)* 

* DSOUT(N>**2) + STAT(NEWCHP) 
DO 20 KPAR=1,NPAR 

EDSIGM(KPAA,NEWCHP) - DSPAR(N,KPAR) + 
* EDSIGM(KPAR,NEWCHP) 

20 CONTINUE 
30 CONTINUE 

C 
ENERGY(NEWCHP) - ENERGY(NEWCHP)/FLOAT(NUMBER) 
ESIGMA(NEWCHP) = ESIGMA(NEWCHP)/FLOAT(NUMBER) 
STAT(NEWCHP) = STAT(NEWCHP)/FLOAT(NUMBER)* * 2 
DO 40 KPAR-1,NPAR 

EDSIGM(KPAR,NEWCHP) = EDSIGM(KPAR,NEWCHP)/ 
* FLOAT(NUMBER) 

40 CONTINUE 
C 

IF (NEWCHP.EQ.MANY) CALL PUTOK(COVPAR, MANY, NEWCHP) 
50 CONTINUE 

GO TO 10 
C 

60 MANYX = NEWCHP 
CALL PUTOK(COVPAR, MANYX, NEWCHP) 
RETURN 

99999 FORMAT (16H MIN,MAX,NUMBER=, 316) 
99998 FORMAT (31) 

END 
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C 
SUBROUTINE ZERO3 

C 
C * * * * * PURPOSE — ZERO ARRAYS 
C 

COMMON / INTEGR/ NPAR, NFUNC, NCHN, NUMBER, NBINSZ, 
* NENHHG, JKM, H < 2 1 ) , NCHNMN, NTHICK, NPARAM 

• -..•,>-!* BNIttOY< 51 2 ) , ESIGMA( 5 1 2 ) , STATC512), 
. < .. . J I , EDSIGM( 3 0 , 5 1 2 ) 

HAHV / 5 1 2 / , NPARMX / 3 0 / 

MM = (NPARMX+4)*MANY 
DO 10 K=1,MM 

ENERGY(K) = 0 . 
10 CONTINUE 

RETURN 
END 

C 
C 
c 

SUBROUTINE GETRFK(N, MMM, NUMMER, MOST, ECHN, SIGMA, 
* DSIN, DSOUT, DSPAR, C I N , COUT) 

C 
C * * * PURPOSE — READ ECHN, C I N , AND COUT FROM "RAW" DATA F I L E 
C * * * READ SIGMA, DSIN, DSOUT, AND DSPAR FROM " F I X " E D 
C * * * DATA F I L E 
C 

DIMENSION BCHN(MOST), SIGMA(MOST), DSIN(MOST), 
* DSOUT(MOST), DSPAR(MOST,NPAR), CIN(MOST) , COUT(MOST) 

C 
COMMON / INTEGR/ NPAR, NFUNC, NCHN, NUMBER, NBINSZ, 

* NENERG, JKM, M ( 2 1 > , NCHNMN, NTHICK, NPARAM 
C 

COMMON /ODF/ F I L F I X ( 2 ) , F I L S U M ( 2 ) , F I L O U T ( 2 ) , IURAW, 
* I U F I X , IUSUM, IUOUT, I F B , INSRAW, I N S F I X , INSSUM, 
* INSOUT, MODE, NDSTRT 

C 
C 

I F (N .EQ.O) GO TO 10 
N = N - MOST 
NUMMER = NUMMER - MOST 
MMM = MMM + MOST 

C 
10 CONTINUE 

MOSTX = MOST 
I F (NUMMER.LT.MOSTX) MOSTX = NUMMER 
MMP = MMM - NCHNMN 

C 
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CALL INODF(IURAW, I F B , INSRAW, 1 , MODE, NDSTRT, MMM, 
* MOSTX, ECHN, 1) 

CALL I N O D F ( I U F I X , I F B , I N S F I X , 2 , MODE, NDSTRT, MMP, 
* MOSTX, SIGMA, 1) 

CALL I N O D F ( I U F I X , I F B , I N S F I X , 3 , MODE, NDSTRT, MMP, 
* MOSTX, DSIN, 1) 

CALL INODIMIUPIX , I F B , I N S F I X , 4 , MODE, NDSTRT, MMP, 
* MOSTX, DSOUT, 1) 

DO 20 KPAR=1,NPAR 
CALL I N O D F ( I U F I X , I F B , I N S F I X , 4+KPAR, MODE, NDSTRT, 

* MMP, MOSTX, DSPAR(1,KPAR), 1) 
20 CONTINUE 

CALL INODF(IURAW, I P B , INSRAW, 4 , MODE, NDSTRT, MMM, 
* MOSTX, C I N , 1> 

CALL INODF(IURAW, I F B , INSRAW, 5 , MODE, NDSTRT, MMM, 
* MOSTX, COUT, 1) 

C 
RETURN 
END 

C 
C 
c 

SUBROUTINE PUTOK(COVPAR, MANYX, NEWCHP) 
C 
C * * * PURPOSE — WRITE PINAL "OUT"PUT F I L E (FILOUT) 
C 

DOUBLE PRECISION P I L F I X , FILOUT, FILSUM 
DIMENSION COVPARM) 
COMMON /STORE/ ENERGY(512), ES IGMA(512) , STATC512), 

* S Y S T ( 5 1 2 ) , EDSIGM<30,512) 
C 

COMMON / INTEGR/ NPAR, NFUNC, NCHN, NUMBER, NBINSZ, 
* NENERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 

C 
COMMON /ODF/ F I L F I X , FILSUM, FILOUT, IURAW, I U F I X , IUSUM, 

* IUOUT, I F B , INSRAW, I N S F I X , INSSUM, INSOUT, MODE, 
* NDSTRT 

C 

c 
DATA MANY / 5 1 2 / , MINCHN / 1 / r KKKKKK / 0 / 

I P (KKKKKK.NE.0) GO TO 10 
KKKKKK = 1 
IUOUT = 21 
IENER = - 1 
IRUN = 0 
NEW = 1 
INSOUT = 8 
CALL ODPIO(IUOUT, FILOUT, I F B , NEW, INSOUT, NENBRG, MODE, 

* NDSTRT, IENER, IRUN) 
10 CONTINUE 
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CALL OUTODP(IUOUT, I F B , INSOUT, 1 , MODE, NDSTRT, MINCHN, 
* MANYX, ENERGY, 1) 

CALL OUTODF<IUOUT, I F B , INSOUT, 2 , MODE, NDSTRT, MINCHN, 
* MANYX, ESIGMA, 1) 

C 
C * * * CALCULATE SYSTEMATIC UNCERTAINTIES FROM PARAMETER UNCERTAINTIES 

I K = 0 
DO 40 IPAR=1,NPAR 

DO 30 KPAR-^1 , IPAR 
I K = I K + 1 
I F (COVPAR( IK ) .EQ .0 .> GO TO 30 
DO 20 K=1,MANYX 

I F ( E D S I G M ( I P A R , K ) . E Q . 0 . .OR. 
* EDSIGM<KPAR,K>.EQ.0. ) GO TO 20 

SYST(K) = SYST(K) + EDSIGMCIPAR.K)* 
* COVPAR(IK)*EDSIGM(KPAR,K) 

I F ( IPAR.NE.KPAR) SYST(K) = SYST(K) + 
* EDSIGM<IPAR,K)*COVPAR(IK>*EDSIGM<KPAR, 
* K) 

20 CONTINUE 
30 CONTINUE 
40 CONTINUE 

C 
DO 50 K=1,MANYX 

ENERGY(K) = SQRT<STAT(K)+SYST(K)) 
C OBVIOUSLY "ENERGY" .NE. ENERGY ANYMORE 

50 CONTINUE 
C 

DO 60 K-1,MANYX 
STAT(K) = SQRT(STAT(K)) 

60 CONTINUE 
C 

DO 70 K=1,MANYX 
SYST(K) = SQRT(SYST(K)) 

70 CONTINUE 
C 

CALL OUTODF(IUOUT, I F B , INSOUT, 3 , MODE, NDSTRT, MINCHN, 
* MANYX, STAT, 1) 

CALL OUTODF(IUOUT, I F B , INSOUT, 4 , MODE, NDSTRT, MINCHN, 
* MANYX, SYST, 1) 

CALL OUTODF(IUOUT, I F B , INSOUT, 5 , MODE, NDSTRT, MINCHN, 
* MANYX, ENERGY, 1) 

C 
DO 80 K=1,MANYX 

STAT(K) = 1 0 0 . * S T A T ( K ) / E S I G M A ( K ) 
80 CONTINUE 

C 
DO 90 K=1,MANYX 

SYST(K) = 100.*SYST(K) /ESIGMAC K) 
90 CONTINUE 
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DO 100 K=1,MANYX 
ENERGY(K) = 100.*ENERGY(K)/ESZGMA(K) 

100 CONTINUE 
C 

CALL OUTODF<IUOUT, I P B , INSOUT, 6 , MODE, NDSTRT, MINCHN, 
* MANYX, STAT, 1) 

CALL OUTODP<IUOUT, I P B , INSOUT, 7 , MODE, NDSTRT, MINCHN, 
* MANYX, SYST, 11 

CALL OUTODP(IUOUT, I P B , INSOUT, 8 , MODE, NDSTRT, MINCHN, 
* MANYX, ENERGY, 1> 

C 
NEWCHP = 0 
MINCHN = MINCHN + MANYX 
I F (MANYX.EQ.MANY) CALL ZERO3 
RETURN 
END 
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THIS I S FOR DUMMY CASE FOR ILLUSTRATION 
FOR USE I N TM REPORT 

SUBROUTINE INPUT(RH, RL, KH, KL , NNN) 

* * * PURPOSE — READ INPUT FROM " F I L E 2 " 

DOUBLE PRECISION F ILEQ, T I T L E , F I L E C M ) 
DOUBLE PRECISION TIMEDE, CRUNCH, EN6INT, CHANLB, CHNINT 
DIMENSION F I L E Q ( 3 ) 
DIMENSION RH(NNN), RL(NNN), KL (NNN) , KH(NNN) 
COMMON /REAL/ TDELAY, FPL, C(20> 
COMMON /ODF/ F I L F I X ( 2 ) , F I L S U M ( 2 ) , F I L O U T ( 2 ) , IURAW, 

* I U F I X , IUSUM, IUOUT, I F B , INSRAH, I N S F I X , INSSUM, 
* INSOUT, MODE, NDSTRT 

COMMON / INTEGR/ NPAR, NFUNC, NCHN, NUMBER, NBINSZ, 
* NENERG, JKM, M ( 2 1 ) , NCHNMN, NTHICK, NPARAM 

DATA TIMEDE /1OHTIME DELAY/, CRUNCH /1OHCRUNCH BOU/, 
* ENGINT /1OHENERGY I N T / , CHANLB /1OHCHANNEL B O / , 
* CHNINT /IOHCHANNEL I N / 

DATA WME /2HME/ , WKE / 2 H K E / , WEV /2HEV/ 

* * * F I L E NAME FOR RAW DATA 

READ ( 2 4 , 9 9 9 9 9 ) F ILEQ, NCHNXX, NCHNMN 
IURAW = 2 3 
CALL ODFIO(IURAW, F ILEQ, I F B , NEW, INSRAW, NCHN, MODE, 

* NDSTRT, IENER, IRUN) 
I F (NCHNXX.NE.0) NCHN = NCHNXX 
I F (NCHNMN.EQ.O) NCHNMN = 1 
WRITE ( 3 2 , 9 9 9 9 8 ) NCHN, NCHNMN 
WRITE ( 5 , 9 9 9 9 8 ) NCHN, NCHNMN 
READ ( 2 4 , 9 9 9 9 9 ) T I T L E 

» • * TIME DELAY, FLIGHT PATH LENGTH 

RKAD ( 2 4 , 9 9 9 9 9 ) T I T L E 
I F (T ITLE.NE.T IMEDE) STOP 31 
READ ( 2 4 , 9 9 9 9 7 ) TDELAY, FPL 

* * * TIME DELAY I N NS, FLIGHT PATH LENGTH I N MM 
WRITE ( 3 2 , 9 9 9 9 6 ) TDELAY, FPL 
READ ( 2 4 , 9 9 9 9 9 ) T I T L E 
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r. + * * CRUNCH BOUNDARIES 
C 

READ ( 2 4 , 9 9 9 9 9 ) T ITLE 
I P (TITLE.NE.CRUNCH) STOP 32 
WRITE ( 3 2 , 9 9 9 9 5 ) 
L = 0 

10 1 = 1 + 1 
READ ( 2 4 , 9 9 9 9 4 ) M ( L ) , C ( L ) 

C * * * C(L)^CHANNEL WIDTH I N NANOSECONDS OP CRUNCH SECTION L 
C * * * M(L)=NUMBER OP CHANNELS I N CRUNCH SECTION L 
C * * * (CHANGE TO STARTING CHANNEL NUMBER) 

I P ( M ( L ) . G T . 0 ) GO TO 10 
NBINSZ = L - 1 
I P (NBINSZ.GT.20 ) STOP 3 3 
WRITE ( 3 2 , 9 9 9 9 3 ) ( M ( L ) , C ( L ) , L = 1 , N B I N S Z ) 
NBNSZ1 = NBINSZ + 1 
DO 20 LL=1,NBNSZ1 

L = 1 + NBINSZ - LL 
M(L> = M ( L - 1 ) 

20 CONTINUE 
M(1) = 1 
MM = 0 
DO 30 LL=1,NBNSZ1 

MM = MM + M(LL) 
M( LL) = MM 

30 CONTINUE 
C WRITE ( 0 5 , 9 9 9 9 3 ) ( M ( L ) , C ( L ) , L = 1 , N B I N S Z , 1 ) 
C 
C 
C * * * ENERGY INTERVALS POR REPORTING RESULTS 
C 

READ ( 2 4 , 9 9 9 9 2 ) T I T L E , WHATEV, PILEC 
I F (T ITLE.NE.ENGINT) GO TO 100 

C 
C * * * HERE INTERVALS ARE GIVEN AS "ENERIES" DIRECTLY 

J = 0 
40 J = J + 1 

READ ( 2 4 , 9 9 9 9 7 ) R L ( J > , RH(J ) 
C * * * RL=LOWER ENERGY, RH=HIGHER ENERGY 

I F ( R L ( J ) . N E . 0 . ) GO TO 40 
JRS = J - 1 
JRSS = JRS - 1 
DO 50 J=1,JRSS 

I F ( R H ( J ) . E Q . 0 . ) RH(J) = R L ( J + 1 ) 
50 CONTINUE 

I F ( R H ( J R S ) . E Q . 0 . ) JRS = JRS - 1 
NENERG = JRS 
I F (NENERG.GT.NNN) STOP 34 
I F (WHATEV.EQ.WME) GO TO 90 
I F (WHATEV.EQ.WKE) GO TO 70 
I F (WHATEV.NE.WEV) STOP 35 



C * * * ENERGY INTERVALS ARE GIVEN I N EV. CONVERT TO MEV 
DO 60 J=1,NENERG 

RLCJ) = R L ( J ) * 0 . 0 0 0 0 0 1 
RH(J ) = R H ( J > * 0 . 0 0 0 0 0 1 

60 CONTINUE 
GO TO 90 

C 
C * * * ENERGY INTERVALS ARB GIVEN I N KEV. CONVERT TO MEV 

70 DO 80 J=1,NENERG 
RL ( J ) = R L ( J ) * 0 • 0 0 1 
RH(J ) = R H ( J ) * 0 . 0 0 1 

80 CONTINUE 
C 
C * * * NOW ENERGY INTERVALS ARE I N MEV. 

90 WRITE ( 3 2 , 9 9 9 9 1 ) 
WRITE ( 3 2 , 9 9 9 9 0 ) ( J , R L ( J ) , R H ( J ) , J = 1 , N E N E R G ) 
RETURN 

C 
C 
C * * * CHANNEL NUMBER ARE GIVEN (MIN,MAX AND INCREMENT) TO USE 
C * * * AS ENERGY INTERVALS. I E , D IV IDE CHANNEL NUMBERS KMIN TO 
C * * * KMAX INTO INTERVALS, BACH OF WHICH I S INC CHANNELS WIDE. 
C 

100 CONTINUE 
I F ( T I T L E . N E . C H N I N T ) GO TO 170 
J = 0 

110 CON'x'NUE 
READ ( 2 4 , 9 9 9 8 9 ) KMIN, KMAX, INC 
I F (KMIN .EQ.0 ) GO TO 140 

120 CONTINUE 
I F ( ( ( K M A X - K M I N + 1 ) / I N C ) * I N C . N E . ( K M A X - K M I N + 1 ) ) GO TO 160 
I F (KMAX.GT.NCHN) GO TO 160 
I F (KMIN.GT.KMAX) GO TO 140 
J = J + 1 
K H ( J ) = KMIN 
DO 130 K=KMIN+INC,KMAX,INC 

K L ( J ) = K - 1 
J = J + 1 
K H ( J ) = K 

130 CONTINUE 
K L ( J ) = KMAX 
GO TO 110 

140 NENERG = J 
I F (NENERG.GT.NNN) STOP 36 
DO 150 J=1,NENERG 

KHCJ) = K H ( J ) - NCHNMN 
K L ( J ) = K L ( J ) - NCHNMN 

150 CONTINUE 
RETURN 
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160 CONTINUE 
IP (KMAX.OT.NCHN) KMAX - NCHN 
WRITE (5,99966) KMIN, KMAX, INC, NCHN 
N - (KMAX-KMIN+1>/ INC 
KMAX - KMIN - 1 + N*INC 
WRITE (5,99987) KMIN, KMAX, INC, NCHN 
00 TO 120 

C 
C *** CHANNEL NUMBERS ARB TO BE READ PROM AUXILIARY PILE. THERE 
C *** ARE LOTS OP BINS 30 DON'T GENERATE COVARIANCE MATRIX, 
C *** JUST THE DIAGONAL ELEMENTS. 
C 

170 IP (TITLE.NE.CHANLB) STOP 37 
READ (24,99999) TITLE 
NENERG - -1 
OPEN (UNIT-25, PILE-'ALXAUX.DAT', ACCESS-•SEQIN', 
* DIALOG-FILEC) 
RETURN 

C 
99999 FORMAT (3A10, 2110) 
99998 FORMAT (13H NCHN,NCHNMN-, 2110) 
99997 FORMAT (2F) 
99996 FORMAT (46H TIME DELAY (NS) AND FLIGHT PATH LENGTH (MM) A, 

* 2HRE, G14.6, 4HAND , G14.6) 
99995 FORMAT (/45H CRUNCH BOUNDARIES AND CHANNEL WIDTH8 IN NANO, 

* 7HSECONDS) 
99994 FORMAT (I, F) 
99993 FORMAT (18, P12.5) 
99992 FORMAT (A10, 8X, A2, 31X, A10) 
99991 FORMAT (/24H ENERGY INTERVALS IN MEV) 
99990 FORMAT (15, 2F16.6) 
99989 FORMAT (31) 
99988 FORMAT (44H OOPS — CHANNEL LIMITS ARB OUT OP BOUNDS — / 

* 1X, 5110) 
99987 FORMAT (36H NEW VALUES OP CHANNEL LIMITS ARE --/1X, 5110) 

END 
C 
C 
C 

SUBROUTINE SETPAR(COVPAR, DELPAR, NAMPAR) 
C 
C »»* PURPOSE — INITIALISE PARAMETERS AND COVARIANCE MATRIX 
C 

DOUBLE PRECISION TITLE, PRMTRS, CVRNCS 
DIMENSION COVPAR(1), DELPAR(NPAR), NAMPAR(8,NPAR) 
COMMON /PARAM/ FFUMC(5), CDELP(5), PARC30), IWHBRE(35), 
* JDEP(30,100), XNPARC30) 
COMMON /INTBGR/ NPAR, NPUNC, NCHN, NUMBER, NBINSZ, 
* NENERG, JKM, M(21), MCHMMM, NTHICK, MP ARAM 
DATA PRMTRS /10HPARAMETER8/, CVRNC8 /IOHCOVARIANCE/ 
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READ (24i99999) TITLE 
IP (TITLE.ME.PRMTRS) WRITE (5,99996) TITLE 
IP (TITLE.NE.PRMTRS) STOP 36 

WRITE (32,99997) 
DO 10 IPAR-1,NPARAM 

READ (24,99996,END-20) INPAR(IPAR), PAR(IPAR), 
* DELPAR(IPAR), DDD, <NAMPAR(K,IPAR),K-1,8) 

IF (PAR(XPAR).EQ.0. .AND. DELPAR(XPAR).1Q.0. .AMD. 
* DDD.EQ.0.) OO TO 20 

IF (DELPAR(IPAR).SQ.O.) DELPAR(XPAR) -
* ABS(PAR(XPAR))*DDD*0.01 

IF (DDD.EQ.0.) DDD - DBLPAR(IPAR)/ABS<PAR(IPAR>>*100, 
WRITE (32,99995) XPAR, INPAR(IPAR), PAR(IPAR), 

* DELPAR(IPAR), DDD, (NAMVAR(K,XPAR),K-1,8) 
10 CONTINUE 

WRITE (5,99994) 
XPAR - NPARAM + 1 
READ (24,99996) J 

20 NPARAM - XPAR - 1 

IJ - 0 
DO 40 IPAR-1,NPARAM 

DO 30 JPAR-1,IPAR 
IJ - IJ + 1 
COVPAR(IJ) - 0.CJ0 
IF (JPAR.BQ.IPAR) COVPAR(IJ) (DBLPAR(XPAR))**2 

30 CONTINUE 
40 CONTINUE 

READ (24,99999,BND-60) TITLE 
IF (TITLE.NB.CVRNCS) 60 TO 60 

50 CONTINUE 
READ (24,99993,IND-60) XPAR, JPAR, COV, CORR 
IF (XPAR.GT.NPARAM .OR. JPAR.GT.NPARAM> STOP 310 
IP (XPAR.LB.0 .OR. JPAR.LB.0) 80 TO 60 
XX - MAX0(XPAR,JPAR) 
JJ - MXN0(IPAR,JPAR) 
IJ - (II*(II-1))/2 + JJ 
IP (COV.NE.O.ODO) COVPAR(XJ) - COV 
XP (COV.EQ.O.ODO) COVPAR(IJ) * CORR*DELPAR(IPAR)* 
* DELPAR(JPAR) 
GO TO 50 



60 CONTINUE 
CLOSE (UNIT-24) 
RETURN 

99999 FORMAT (A10) 
99998 FORMAT (IX, A10) 
99997 FORMAT <//44H FAR USED PARAMETER UNCERTAINTY X, 

* 5H UNCE, 7HRTAINTY/20H NO. ???? ) 
99996 FORMAT (I, 3F, T28, 8A5> 
99995 FORMAT (IX, 215, F16.6, F13.6, F10.3, 3X, 8A5) 
99994 FORMAT (/45H CAREFUL — IF YOU HAVE MORE THAN 30 PARAMETE, 

* 3HRS./44H THE CODE ALEX SEES ONLY 30 OF THEM]] 
* /12X, 44HTO USE MORE, INCREASE DIMENSIONS IN /PARAM/. 
* / ) 

99993 FORMAT (21, 2F) 
END 

C 
C 
C 

SUBROUTINE PREP(TYPE, USE, IDEP, IFUNC) 
C 
C *** PURPOSE -- DESCRIBE THE VARIOUS TYPES OF FUNCTIONS 
C *** AND GIVE RELEVANT CON8TANTS AND PARAMETERS 
C *** FOR EACH 
C *** 
C *** TYPE-NORMALISATION 
C *** SAMPLE-IN 
C **• SAMPLE-OUT 
C +** 
C *** USE -BACKGROUND 
C *** DEADTIMB CORRECTION 
C *** 
C *** IDEP(1)-NUMBER OF PARAMETER NHICH IS RELEVANT TO THIS 
C *** FUNCTION 
C ••• IDEP(2)-NUMBER OF SECOND RELEVANT PARAMETER 
C *** ETC. 
C 

DOUBLE PRECISION TYPE, USE, ANORM, SAMIN, SAMOUT, DTIMB, 
* BACKG, BLANK 
DIMENSION IDEP(NPAR) 
COMMON /INTBGR/ NPAR, NFUNC, NCHN, NUMBER, NBINSZ, 
* NENBRG, JKM, M(21), NCHNMN, NTHZCK, NPARAM 
DATA ANORH /1OHNORMALIZAT/, SAMIN /1OHSAMPLB-IN /, SAMOUT 
* /10HSAMPLE-OUT/, DTIMB /1OHDBADTIME C/, BACKG / 
* 10HBACKGROUND/, BLANK /IOH / 

C 
NFUNC - 9 
GO TO (10, 20, 30, 40, 50), IFUNC 

C 



100 

c *** OVERALL NORMALISATION ON TRANSMISSION 
10 TYPE - ANORM 

IDEP(1) - 2 
C MONITOR-IN 

XDEP(2) - 3 
C MONITOR-OUT 

NTHICK " 1 
C PARAMETER NUMBER POR "THICKNESS OP SAMPLE" 

RETURN 
C 
C *** DEAD TIME CORRECTION 

20 TYPE - SAMIN 
USE - DTIME 
RETURN 

C 
C *** DEAD TIME CORRECTION 

30 TYPE - SAMOUT 
USE - DTIME 
RETURN 

C 
C *** BACKGROUND 

40 TYPE « SAMIN 
USE - BACKG 
IDEP'1) - 4 
RETURN 

C 
C *** BACKGROUND POR SAMPLE-OUT 

50 TYPE * SAMOUT 
USE BACKG 
IDEP(1 ) = 5 
RETURN 
END 

C 
C 
c 

FUNCTION FUNC(IFUNC) 
C 
C *** EVALUATE VALUE OF FUNCTION IFUNC FOR CHANNEL ICHN AT 
C *** ENERGY ECHN AND TIME TCHN 
C 

COMMON /PARAM/ FFUNC< 5), CDELPC5), PARC 30), INHERE(35), 
* JDEP(30,100), INPAR(30) 
COMMON /INTEGR/ NPAR, NFUNC, NCHN, NUMBER, NBINSZ, 
* NENBRG, JKM, M(21>, NCHNMN, NTHICK, NPARAM 

C 
COMMON /CHANNL/ CIN, COUT, DTCIN, DTCOUT, ECHN, TCHN, 
* CHN, ICHN 

C 
GO TO (10, 20, 30, 40, 50), IPUNC 

C 
C *** NORMALISATION 

10 FUNC - PAR(3)/PAR(2) 
RETURN 



101 

c 
C *** DEAD TIME CORRECTION FOR SAMPLE-IN 

20 FUNC - DTCIN 
RETURN 

C 
C *** DEAD TIME CORRECTION FOR SAMPLE-OUT 

30 FUNC - DTCOUT 
RETURN 

C 
C *** BACKGROUND FOR SAMPLE-IN 

40 CONTINUE 
FUNC - PAR(4)+CHN 
RETURN 

C 
C *** BACKGROUND FOR SAMPLE-OUT 

50 CONTINUE 
FUNC «- PAR(5)*CHN 
RETURN 
END 

C 
C 
C 

FUNCTION DERIV(IFUNC, KPAR) 
C 
C *** EVALUATE DERIVATIVE OF FUNCTION IFUNC WRT PARAMETER K, 
C *** AT CHANNEL ICHN WITH ENERGY ECHN AND TIME TCHN 
C 

COMMON /PARAM/ FFUNCC5), CDELPC5), PAR(30), IWHERE<35), 
* JDEP(30,100), INPAR(30) 
COMMON /INTEGR/ NPAR, NFUNC, NCHN, NUMBER, NBINSZ, 
* NENERG, JKM, M(21), NCHNMN, NTHICK, NPARAM 
COMMON /CHANNL/ CIN, COUT, DTCIN, DTCOUT, BCHN, TCHN, 
* CHN, ICHN 

C 
C 

DERIV = 0. 
GO TO (10, 50, 50, 30, 40), IFUNC 

C 
C **• NORMALIZATION 

10 CONTINUE 
IF (KPAR.NE.2) GO TO 20 
DERIV = -PAR(3)/PAR(2)*•2 
RETURN 

20 IF (KPAR.NE.3) GO TO 60 
DERIV - 1.0/PAR(2) 
RETURN 

C 
C *** BACKGROUND FOR SAMPLE-IN 

30 CONTINUE 
I F (KPAR.NB.4) GO TO 60 
DBRIV - CHN 
RETURN 
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C *** BACKGROUND POR SAMPLE-OUT 
40 CONTINUE 

I* (KPAR.NE.5) GO TO 60 
DERIV - CHN 
RETURN 

C 
C *•* DEADTIME CORRECTION 

50 CONTINUE 
RETURN 

C 
60 WRITE (5,99999) ICHN, IFUNC, KPAR 

RETURN 
C 
99999 FORMAT (39H GOT LOST IN DBRIV FOR ICHN,IFUNC,KPAR-

* 215) 
END 
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