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ABSTRACT 

RADSOLVER is a computer program which calculates the radiation energy 
transport in cavity type receivers having an arbitrary number of apertures 
through which collimated beams of solar radiation enter. In contrast to the 
common assumption of gray (or semi-gray) surfaces used in the modeling of 
radiation transport, RADSOLVER accounts for the wavelength-dependence of 
emission, absorption and reflection with a band model of the radiative proper
ties. It is intended that this report serve both as an instruction manual 
for the use of the RADSOLVER code and a vehicle for presenting the underlying 
theory. Illustrative examples along with input and output are presented. 
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Foreword 

RADSOLVER was developed as a computational tool for predicting spectrally

dependent radiative energy transfer in solar cavity receivers. Although the 

capability of determining the radiation transport in enclosures exists in a 

number of general thermal analyzer codes (e.g., CINDA, MITAS, TACO, SAHARA, 

etc.), RADSOLVER is the only code which accounts for the wavelength-dependence 

of the properties of the enclosure surfaces. The inclusion of this depend

ence could be important in cavity-type receivers of solar energy. (It is 

noted, however, that RADSOLVER is solely a radiation code whereas the above

cited codes also include conduction and convection effects.) 

It is intended that this report serve both as an instruction manual for 

the use of the RADSOLVER code and a method for presenting the underlying 

theory. Those concerned primari ly with usi ng the code can omi t the "Theoreti

cal Basis of RADSOLVER" and Appendix upon the first reading. It is recommended, 

however, that this material be studied later in order to properly interpret the 

computed output. 

Acknowledgement 

I thank Dr. Ralph Greif of the University of California at Berkeley for 

reading (and re-reading) the manuscript and making a number of helpful sugges

tions. 
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k 
a;j 

b 

Cl ,C2 

Nomenclature 

element of matrix; defined by Equation (16) 

vector defined by Equation (17) 

Planck function constants 

Ek 

ebA 

emissive power of a zone in the k-th wavelength band (Equation (6)) 

Planck's function (Equation (7)) 

F .. 
lJ fraction of the energy diffusely leaving the i-th zone which is 

intercepted by the j-th zone 

G irradiation of a zone by energies coming from all other cavity zones 

Gk 
s 

Hk 

J 

Q 

k r .. 
lJ 
T 

k 
£: 

A 

cpk 

k 
p 

a 

Subscripts 

direct solar irradiation in the k-th wavelength band 

vector defi ned by Equation (11) 

radiosity 

heat flux 

element of matrix; defined by Equation (9) 

absolute temperature 

emittance of surface for energy in k-th wavelength band 

wavelength 

fraction of the solar spectrum in the k-th wavelength band 

hemispherical reflectance of a zone in the k-th wavelength band 

Stefan-Boltzmann constant 

i refers to i-th zone 
-A denotes spectral quantity 

denotes vector quantity 

Superscri pts 

k refers to k-th wavelength band 
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Introduction 

RADSOLVER is a computer program which calculates the radiation energy 

transport in enclosures having an arbitrary number of apertures through which 

collimated beams of solar radiation enter. The special case of an enclosure 

without apertures may also be calculated. In contrast to the common assump

tion of gray surfaces used in the modeling of radiation transport, RADSOLVER 

accounts for the wavelength-dependence of emission and reflection with a band 

model of the radiative properties. The consideration of the wavelength

dependence may be important in solar receiver applications where surfaces may 

have significant variations in reflectance (emittance) over the wavelength 

range between solar and thermal radiation. 

For an enclosure whose surface is subdivided into an arbitrary number of 

zones, RADSOLVER determines: 

the heat transfer the net energy flux into a zone that 

would be available, for example, for 

input to a working fluid, and 

the irradiation and radiosity -- the fluxes of incoming and leaving solar 

and thermal radiation at each zone. 

RADSOLVER also calculates the temperatures of any adiabatic zones present in 

the enclosure. The phenomena included in RADSOLVER are thermal emission, the 

reflection and absorption of thermally emitted and solar energies, and the 

multiple reflections of both types of radiant energy among the zones of the 

enclosure. 
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The use of RADSOLVER requires that either the heat flux or the tempera

ture at each zone be specified. The most common specification of the heat 

flux is zero -- a value which is associated with zones lying on adiabatic 

(refractory) surfaces. The specification of the temperature of a zone is 

usually more difficult because the temperature is controlled by the heat flux 

which is unknown at the outset. In situations where a zone lies on an evapora

tor panel in which a working fluid undergoes a change of phase, the zonal 

temperature may frequently be approximated by the saturation temperature. In 

other situations the zonal temperature must simply be guessed. When the 

computations are completed, however, and the heat flux results available, the 

accuracy of the temperature specifications can be checked (by determining 

surface temperatures in independent calculations), and the RADSOLVER computa

tions repeated until the desired degree of convergence is achieved. 

Energy that would be transported within and from the enclosure by convec

tion (natural or forced) is not taken into account and RADSOLVER is therefore 

strictly applicable to enclosures whose interior air mass is stably stratified 

in a windless environment. It should be noted, however, that since radiation 

transport is the'principal mode of energy transfer in solar cavity receivers, 

the neglect of convection may not be overly conservative in design studies 

aimed at determining the survivability of materials under high temperature 

conditions. It would be possible, however, to determine the effects of convec

tion within the framework of RADSOLVER if the distribution of the film con

ductance over the enclosure interior were known ~ priori. 
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1. Background and Underlying Assumptions 

RADSOLVER is based on the zonal (or radiosity) method of analysis which 

.was developed in the 1930's by several different investigators. The method is 

described in a number of texts such as [1-3]. The earliest applications of the 

zonal method have been to enclosures whose walls were approximated as being 

gray and where the only source of radiant energy was thermal emission from the 

enclosure walls. The assumption of grayness, however, is generally unsuitable 

in solar cavities where there is the transport of both short wavelength solar 

radiation and the longer wavelength thermal radiation originating at the cavity 

surfaces. 

In the present work the zonal method i sextended to inc1 ude an external 

source of radiant (solar) energy and the effects of the spectral dependence of 

surface properties vi·a· the use of a band model. These extensions are described 

in the "Theoretical Basis of RADSOLVER II section. (It should be noted that both 

Sparrow and Cess [2] and Ozisik [3] have indicated the feasibility of this type 

of calculation but there is no known instance of it having been implemented.) 

The following assumptions, which are implicit in the zonal method, are employed 

in the present work: 

(1) 

(2 ) 

Each zone of the enclosure is isothermal. 

* The radiosity and irradiation are distributed uniformly over a zone. 

(3) All enclosure surfaces are diffuse. This implies that the intensity 

of the radiation reflected and emitted from a surface is independent 

of direction regardless of the directional distribution of the in-

coming energy. 

*The radiosity is defined as the combined reflected plus emitted energy flux 
from a surface. 
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It should be noted that the first two assumptions are not truly restrictive 

since, in principle, zone sizes can be decreased to the point where the zonal 

temperature and radiosity distributions approach uniformity. Limited data 

(cf. [4,5]) and experience indicate good agreement between predictions based 

on the zonal method and measurements in situations wh~re the above assumptions 

are applicable. However, there have been too few experimental appraisals of 

radiative transfer theories to enable the estimation of the error of the zonal 

method when it is applied to enclosures containing non-diffuse surfaces. In 

certain tests in such enclosures there were significant discrepancies between 

measurements and predictions [6,7]; while in others the discrepancies were 

relatively minor [8]. 

The Monte Carlo method [9,10] is an alternative to the zonal method which 

potentially can account for the actual spectral and directional characteristics 

of the surfaces involved. A commercial computer program based on it has in 

fact been written [11]. It must be recognized however, that the acquisition 

of the spectral bi-directional reflectance data, necessary to take full ad

vantage of the Monte Carlo method, would be a formidable task for the engineer

ing materials and surfaces (e.g. tube banks) used in solar central receivers. 

Our recommendations to the cavity designer are that he use a zonal method 

of analysis (such as that described here), understand fully its limitations, 

and then be prepared to make measurements of radiant fluxes and temperatures 

under actual conditions. 
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2. The Band Model 

In addition to assumptions 1-3 listed above, the present study employs a 

band model of the radiative properties of the enclosure surfaces. In this 

model it is assumed that the wavelength spectrum A=O to A=OO is subdivided into 

a finite but arbitrary number (K) of wavelength bands 

O-Al' Al-A2, .•. AK-2,AK_l' AK_l-oo 

over which the reflectances (emittances) of the enclosure surfaces are approxi

mated by constants. In principle, the band approximation becomes exact as the 

number of ·b~nds becomes infinite. Practically, the reflectance-versus

wavelength characteristics of most engineering surfaces can be adequately 

approximated with just several bands. 

Finally, it should be noted that the approach taken here differs from the 

so-called "semi-gray" approach sometimes used in the analysis of radiation heat 

transfer in solar cavity receivers, e.g., [12]. In the "semi-gray" approach, 

in essence, two different reflectances are used, one characterizing the trans

port of solar radiation and the other the transport of thermally emitted radia

tion. Embodied in the IIsemi-gray" approach is the assumption that there is 

negligible thermal emission from the receiver surfaces at solar wavelengths, 

i.e., at wavelengths less than ·2.5~m. (In the present study thermal emission 

at all wavelengths is taken into account.) Predictions of thermal radiation 

using the "semi-gray" approach therefore tend to become increasingly inaccu

rate with increasing cavity temperature as thermal emission is shifted to the 

shorter wavelengths. For instance, 21% of the energy emitted from a black 

surface at 11000K (1520°F) is at wavelengths less than 2.5~m. Furthermore, 

at high temperature (e.g., 11000K), emission is predominantly in a wavelength 

range within which the reflectance (emittance) of many engineering materials 

is strongly wavelength-dependent and a single constant value of the reflect

ance (emittance) is inadequate. 
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Theoretical Basis of RADSOLVER 

1. The Radiosity, Irradiation, and Heat Transfer 

The determination of the radiosity at each zonal area is the key to the 

computations since, once it is known, the irradiation and heat flux distribu

tions over the cavity interior are calculable. The radiosity, defined as the 

radiant energy flux leaving a surface, is expressed as 

k k k k k J. = p. (G. + G .) + E. 
1 1 1 S,l 1 

for the i-th zone. G~ represents the irradiation of zone i by energies coming 

from the other cavity zones, G~,i represents the direct solar irradiation, and 

E~ represents the thermally emitted energy. The superscript k indicates that 

the radiant energy being considered is in the k-th wavelength band, i.e., from 

Ak-l to Ak' p~ is the reflectance of zone i in this band. 

Under the diffuse surface approximation., the irradiation G~ is expressed as 

G~ = ~ J~ F 'J' or equi val ently as Gk 
= 

1 j=l J 1 -

k [F .. ]J 
1J -

where Fij is the configuration factor between zones i and j, and Gk and Jk 

represent the column vectors 

Jk 
1 

Jk 
2 

Jk 

Jk = 
3 

• 

• 

Jk 
N 

(2) 

(3,4) 

*Equation (1) is actually obtained by integrating the spectral radiosity equation. 
The details are given in the Appendix. 
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The direct total solar irradiation G ., is assumed to be known a priori, e.g., s,' - -
from ray trace calculations which follow the paths of rays from the heliostats 

k to the i-th zone. The solar irradiation in the k-th wavelength band, Gs,i' is 

calculated by RADSOLVER from the relationship 

(5) 

where Ik represents the prescribed fraction of the solar spectrum lying in the 

k-th band. The thermally emitted energy in the k-th band, i.e., the emissive 

power, is given by 

k k Ak E. = E. f eb,(T.)dA , , A 1\' 
k-l 

(6) 

where ebA is Planck's function 

21TC l 
(7) 

Equation (2) is substituted into Equation (1) and the relationship thus 

obtained is written for each zone of the enclosure. The resultant set of 

equations in matrix form is 

where 

k _ k 
r.· - 8 .. - p.F .. 
,J 'J 1 lJ 

and Ek and Hk represent the column vectors 
~ 

Ek 
1 

Ek 
2 

Ek= Ek 
3 

k k 
P1Gs,1 

k k 
P2Gs,2 

and Hk = pkG k 
- 3 s,3 

• 
• 
• 

(8) 

(9) 

(10,11) 
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The radiosity is determined from the solution of Equation (8), i.e., 

Jk = [r~.]-l (Ek + Hk) (12) 
~ lJ ~ ~ 

Radiative energy transfers at zones lying in the apertures are described by 

these formalisms by considering such zones as hypothetical black surfaces 

having the temperature of absolute zero. 

Two situations are now considered: (1) the temperatures of all zones of 

the enclosure are prescribed; and (2) the temperatures of only certain zones 

are prescribed and the heat fluxes are prescribed at the remaining zones. In 

the first case, the radiosity is computed immediately from Equation (12) since, 

with known zonal temperatures,'all of the elements of the vector Ek are cal-
~ 

culable at the outset (cf. Equation (6)). In the second case, the temperatures 

of those zones having prescribed heat fluxes are computed by a method described 

later (this allows the computation of the vector Ek), and then Equation (12) is 

used for the radiosity. 

With values of the radiosity available, the irradiations G~ are calculated 

from Equation (2); and the net heat flux at zone i, defined as the difference 

between the incoming and the leaving radiant energies summed over all of the 

wavelength bands, is calculated from 

Kkk k 
Q. = L ( G. + Gs , i - J.) 

1 k=l 1 1 
(13 ) 
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2. The Temperatures of Zones Having Prescribed Heat Fluxes 

We describe now the method of determining the temperatures of the zones 

having prescribed heat fluxes. The starting point is to write Equation (13) 

in matrix form, i.e., 

K 
Q = ~ (Gk + Gk _ Jk) 
- k=l - -s -

(14 ) 

The substitution of Equations (2) and (12) into Equation (14) gives upon 

rearrangement 

Kkk Kkk k 
~ [a .. ] E = Q - ~ ([a ... ]H + G ) 

k= 1 1 J - - k = 1 1 J - - s 
(15) 

where the matrix [a~jJ represents the product 

[a~.] = [F .. -0 .. ] [r~.rl 
lJ lJ lJ lJ 

(16 ) 

Note that, in spite of its complexity, the right hand side of Equation (15) is 

simply a column vector. To ease the notation we designate this column vector 

by b, i. e., 

Thus Equation (15) may be written as 

K 
~ [a~ .]Ek = b 
k=l lJ - -

(17) 

( 18) 

To illustrate the solution procedure, assume that the temperatures of 

zones 1 through m are prescribed and that the temperatures of zones m+l through 

* N are to be determined. Expanding Equation (18) gives 

*RADSOLVER does not require that the zones be numbered in this manner. 
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k k k k k Ek b1 all a12 a1m a1 ,m+ 1 a1N 1 

k k k k k Ek c 
a21 a22 a2m a2,m+1 a2N b2 

~ 
2 c 0 

~ c 
• • • 0 • ~ 

c c 
• • • ~ ~ 

• • K k k k k k Ek ~ am1 am2 amm am,m+1 amN = bm k=l m 

k k k k k k 
bm+1 am+1,1 am+ 1 ,2' .. am+ 1 , m am+1,m+1··· am+1,N Em+1 c 

• ~ c 
0 ~ 

• • • c • 0 
~ c 

k k k k k Ek c ~ 

aN1 aN2 aNm aN,m+1 aNN 
~ bN N 

We now multiply the vector ~k by rows m+l through N of the [a~j] matrix in 

order to obtain a set of N-m equations for the N-m unknowns E~+l' E~. 
The result, after transferring to the righthand side all the terms containing 

the known elements of the Ek vector, is 

ak k k K m 
ak E~ m+1,m+1 am+1,N Em+1 bm+1 - ~ ~ 

k=l j=l m+1,j J 
: .. 

K k k k K m k E~ 

(19 ) 

~ 
am+2,m+1 am+2,N Em+2 bm+2 - ~ ~ am+2,j = k=l j=l J (20 ) 

k=l 

18 

ak 
N,m+1 a~,N J K m k 

~ ~ Ek. - 4J 4J aN . 
k=l j=l ,J J , 



\ 

The known elements of the ~k vector correspond to the zones having prescribed 

temperatures, i.e., the zones 1 through m. Note also that the quantities bm+l 
through bN are known since the heat fluxes are prescribed at the corresponding 

zones (cf. Equation (17)). Thus, the only unknowns in Equation (20) are the 

quantities E~+l through E~ which depend upon the unknown temperatures Tm+l 

through TN. 

In the case of a gray cavity, the solution of Equation (20) for the unknown 

temperatures is straightforward. There is only one wavelength band which ex

tends from A=O to A=OO (i.e., K=l) and Equation (6) may be integrated to give 

E = EcrT4 (21) 

where cr is the Stefan-Boltzmann constant. Hence, for the gray case, the Ek 

vector in Equation (20) is simply 

4 
Em+lcrTm+l 

4 
Em+2crTm+2 

and the solution of Equation (20) is that of a set of simultaneous linear 

algebraic equations. In the non-gray case (i .e., K > 1), Equation (20) is 

(22) 

non-linear. In this situation an initial guess of the unknown temperatures is 

computed and then a generalized non-linear equation solver is employed. 
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Description of the RADSOLVER Program 

RADSOLVER, in essence, constructs and solves the equations that were pre

sented above in order to determine (a) the heat fluxes at zones whose tempera

tures have been specified; and (b) the temperatures of zones whose heat fluxes 

have been specified. A cavity efficiencY and the radiosity and irradiation of 

each zone are also determined. A listing of RADSOLVER is given on microfiche 

included on the back cover of this report. 

The solution of sets of linear algebraic equations, which is a frequent 

operation within RADSOLVER (ct. Equation (12)), is accomplished by the SMPL * 

subroutine SAXB. The solution of non-linear equations (cf. Equation (20) for 
** K > 1) is accomplished by the IMSL subroutine ZSYSTM. Both of these sub-

routines and the subroutines which they call are included in RADSOLVER. The 

emissive power within a given wavelength band (Equation (6)) is calculated as 

described in the Appendix by the summation of series. 

RADSOLVER is applicable to enclosures of arbitrary geometry having an 

arbitrary number of apertures. The user must, in general, supply the config

uration factor matrix [Fij ] and the zonal areas corresponding to his particu

lar application. Configuration factor tabulations (cf. Siegel and Howell 

[ 1]) and computer programs such as CONFACII [15], TRASYSII [16], and 

SHAPEFACTOR [17] can be used for this purpose. There is the option within 

RADSOLVER to calculate the configuration factors for a cylindrical enclosure 

that has been subdivided into zones which are discs, flat annular rings, and 

cylindrical segments. This option should be used if the cavity aperture is in 
, 

an end-plane of a cylinder and if the distribution of the direct solar irradia- .-

tion is axially symmetric. Examples illustrating the use of RADSOLVER for both 

cylindrical and non-cylindrical cavities are presented later. 

*Sandia Mathematical Program Library [13]. 
**International Mathematical and Statistical Libraries [14]. 
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The logical structure of RADSOLVER is depicted in F,igure 1. Descriptions 

of the various subroutines follow. 

Exercised in special case 
of cylindrical enclosure 

Calculate [F ij ] 
for cylindrical 

enclosure 

, 
Exercised for general 
enclosure geometry , 

r - -- - - -+-_--4 
I '---~~--~ 

I PROP 
I 1. Read thermophysical 
I property data 

-' 
2. Read prescribed temperature 

or heat flux at each zone 

RADIST (1) 
Determines Jk for case Ek = 0 

"'"' "'"' 
(Equation (11)) 

THERMAL 

Determines temperatures at 
zones having prescribed heat 
transfer 

RADIST (2) 
1. Determines..,J"k for case J::!k = 0 

(Equation (11)) 
2. Superposition of results with 

RADIST (1) 

:::::::1 EM I SS 

Figure 1. RADSOLVER Logical Structure. 
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1. Subroutine PROP 

This subroutine reads and prints the non-geometrical data required in the 

solution. These data are: 

22 

(a) NBDS: The number of bands to be considered in the energy spectrum. 

This.quantity is read in as 1 if the gray approximation is used. 

(b) XLAM(K): The sequence of wavelengths in microns, which demarcates the 

bounds of the wavelength bands. For instance, the sequence 0., .522, 

1000. corresponds to a 2-band approximation in which the first band 

covers the wavelength range 0 to .522 microns and the second band the 

range .522 to 1000 microns. In principle, the last wavelength in the 

sequence should be infinite; however, a value of 1000 microns is 

sufficient. The wavelength sequence corresponding to a gray enclosure 

is 0., 1000. 

(c) NSET: The number of different reflectance-versus-wavelength char-

acteristics associated with the enclosure. The minimum number for 

NSET is 2. One characteristic with p=O for all wavelength bands must 

always be included. This characteristic is assigned to zones located 

within the cavity aperture(s). 

(d) REFL(J,K): The reflectance of the J-th reflectance-versus-wavelength 

characteristic in the K-th band. Note that, by specifying the re-

. . d . d· kl k flectance in the K-th band, the em1ttance 1S eterm1ne Slnce E = -p • 

(d) PHI(K): The fraction of the solar spectrum lying in the K-th wave

length band. This fraction is used in Equation (5). 

(f) IZMIN, IZMAX, J: A sequence assigning the J-th reflectance-versus

wavelength characteristic to the zones IZMIN through IZMAX. 

(g) IZMIN, IZMAX, FLUX: A sequence assigning the zones IZMIN through 

IZMAX the value "FLUX" as the direct total solar irradiation, Gs,i. 

The units of Gs,i are kw/m2. 

, 

.. -



\ 

(h) IZMIN, IZMAX, ITYP, VALUE: The sequence which assigns either a pre

scribed temperature or a prescribed heat flux to the zones IZMIN 

through IZMAX. If the temperature is to be prescribed, ITYP is read 

in as 3, and "VALUE" represents temperature. If the heat flux is to 

be prescribed, ITYP is read in as 2, and "VALUE" represents heat flux. 

For zones lying within the aperture plane(s), ITYP is read in as 1 and 

VALUE is read in as O. The units of temperature and heat flux are, 

respectively, degrees-Kelvin and kw/m2. 
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2. Subroutine RADIST(IOPT) 

RADIST is called twice in the computations (cf. Figure 1). It is called 

first with the argument IOPT=l followed by a call to the subroutine THERMAL. 

RADIST is then called with the argument IOPT=2. 

With the argument IOPT=l, RADIST determines the radiosity, irradiation, 

and heat flux for the case in which the zonal temperatures are set artificially 

to absolute zero. This suppresses the transport of thermally emitted energies, 

and thus the resultant energy fluxes are due only to the transport of solar 

energy. Equations (2), (12) and (13) are used with the vectors ~k=O. The 

results of RADIST with IOPT=l quantify the allocation of the solar energy 

over the enclosure interior. 

For IOPT=2, RADIST determines the radiosity, irradiation, and heat flux in 

the situation in which no solar energy enters the enclosure and in which the 

zonal temperatures are those which have either been prescribed or computed by 

the subroutine THERMAL. Equations (2), (12) and (13) are again used -- this 

time with the vectors Gk and Hk set equal to o. The results for IOPT=2 
-s -

quantify the allocation of the thermally emitted energies over the cavity 

interior. Because of the linearity of the governing equations, when both solar 

and thermal transport are present, the radiosity, irradiation and heat flux are 

Simply obtained by the superposition of the respective results for IOPT=l and 

IOPT=2. The details of this superposition procedure are shown in the Appendix. 

24 
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3. Subroutine THERMAL 

The essential purpose of this subroutine is to solve Equation (20) in 

order to determine the temperatures and emissive powers of those zones having 

prescribed heat fluxes. In the case of a gray enclosure (i.e., K=l), 

Equation (20) is linear in the unknown emissive powers and the subroutine SAXB 

is employed. In the case of a non-gray enclosure, Equation (20) is non-linear 

and the subroutine ZSYSTM is employed. The required emissive powers (i.e., 

the qua'nti ti es E~) are determi ned by the functi on EMISS. The method used in 

SAXB is Gaussian elimination. That used in ZSYSTM is Brown's method [18], 

which is a Newton-like method requiring N2/2 + 3N/2* function evaluations per 

iterative step. An initial estimate for the unknown temperatures, required to 

start the ZSYSTM solution procedure, is obtained by regarding the enclosure as 

gray. 

4. Function FUNC 

This is a function called by ZSYSTM to evaluate the i-th difference 

between the right and left hand side of Equation (20). Specifically, FUNC 

calculates the quantity 

K m k K N 
b. - ~ }; a. E~ - ~ ~ a~. E~ = i-th difference (23) 

1 k=l j=l l,j J k=l j=m+1 1,J J 

which represents the expansion of the i-th row of Equation (20) where m+1 5 i 

5 N. The solution of Equation (20) corresponds to the situation in which the 

magnitude of all such differences has become less than a preset quantity. 

*N is the number of unknowns. 
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5. Function EMISS 

This function evaluates the integral 

;;\ 
! ebA(T)dA 
Ak_l 

(24) 

which is used to calculate the emissive power in the k-th wavelength band, E~ 
1 

(cf. Equation (6)). The basis for this computation is presented in the Appendix. 

6. Subroutines CYLINDR, ENCLOSE, CONFIG 

These subroutines are used to input and output the geometrical properties 

of a cylindrical enclosure and to subdivide the enclosure into zones consisting 

of discs, flat annular rings and cylindrical segments. The configuration 

factor between each pair of zones is also determined. This group of sub

routines should be used only in the case of a cylindrical enclosure where the 

solar energy enters axisymmetrically through an end plane. In cases which are 

not axially symmetric, or where the enclosure is not cylindrical, the configura

tion factor matrix and zonal areas must be input. The option to use the 

cylindrical enclosure subroutines is in program RADSOLV. See Figure 1. 

Because of the simplicity of the cylindrical enclosure, the exact 

analytical expressions for the configuration factors are available. 

These are included in the subroutine CONFIG and correspond to the following 

geometrical arrangements: 

26 

(a) disc at one end-plane of the cylinder to a co-axial disc at the 

opposite end 

(b) flat annular ring at one end-plane of the cylinder to a co-axial disc ~. 

at the opposite end 



(c) flat annular ring at one end plane of the cylinder to a co-axial, flat 

annular ring at the opposite end 

(d) cylindrical segment to another cylindrical segment 

(e) cylindrical segment to itself 

( f) cyl i ndrical segment to a flat annular ring at an end plane of the 

cylinder 

(g) cyl indrical segment to a disc at an end plane of the cylinder. 

The respective formulas and their sources are listed in the Appendix . 

. .. 
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Illustrative Examples 

1. Cylindrical Enclosure With Wavelength-Dependent Reflectance 

The cylindrical enclosure in this example is subdivided into zones as 

depicted in Figure 2. Solar radiation enters axisymmetrically through the lower 

end plane and irradiates the enclosure walls with the average solar irradiation 

at each zone listed in Table 1. These irradiations correspond to a hypotheti

cal lMW diffuse source of energy in the cavity aperture. The temperature of 

the cylindrical portion of the enclosure is assumed to be 1100oK, and the roof 

is assumed to be a refractory where the heat flux is specified as zero. 

A two-band reflectance versus wavelength characteristic is assumed to 

characterize the entire interior surface of the enclosure. The first band 

extends from 0 to 2.5 microns and the reflectance in this band is 0.5; the 

second band extends from 2.5 microns to infinity and the reflectance in it is 

0.9. All of the solar energy is assumed to lie in the first band. RADSOLVER 

is used to determine the radiosity, irradiation, heat flux, and the tempera-

tures of the adiabatic zones. The cards input for this example are described 

in Table 2 and an annotated output follows. The program execution time on the 

CDC 6600 computer was 2.4 seconds. 
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TABLE 1. Average Solar Irradiation in Cylindrical Enclosure Example 

Zone Irradiation (kW/m2) 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

O. 
1304.8 
850.3 
548.3 
356.39 
236.45 
161 .12 
104.53 
279.31 
300.45 
315.35 
318.02 

... . 
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Figure 2. Cylindrical Enclosure in Illustrative 
Example 1. Dimensions in meters. 
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TABLE 2. Description of the ,Cards. Input to RADSOLVER for the Cylindrical Enclosure Example 

Fortran Variable(s). 
Card No. .:..;Fo::.:rma:=::.:.t ____ _ 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I GE<X-t (IS) 

D.L (8E10.4) 

NZB.NZC.NZT (·515) 

R(I), (1=1. INZB+l") (8E10.4) 

Z(I) .(I=l.INZC+l") (8E10.4) 

R(I) .(I=l.INZT+l") (8E10.4) 

NBDS (lOIS) 

XLAM(K) ,(K=l,INBDS+l") (8E10,4) 

NSET (l015) 

REFL(l.K).(K=l,N8DS) (8E10.4) 

Value(s) 
Input 

o 

20. ,30. 

1.7.4 

O •• 10. 

O .• 4 .• 8 .• 12 .• 
16 •• 20 •• 24 •• 
30. 

O. ,1 •• 4 •• 7 •• 
10. 

2 

O. ,2.5.1000. 

2 

.5 •• 9 

Description 

Indicates the type of enclosure geometry under considera
tion. IGEOM=O for cylindrical geometry. IGEOMIO for 
other geometry. Read by RADSOLV. 

Respectively. the diameter and length of the cylindrical 
enclosure (in meters). Read in by Subroutine CYLINDR. 

Respectively. the number of. zones in the base of the 
cylinder. the cylindrical surface. and the roof. Read 
by Subroutine CYLINDR. 

Radii of zones in the base of the cylinder (meters). 
Read by Subroutine CYLINDR. 

Elevations of the planes which divide the cylindrical 
surface into segments (meters). Read by Subroutine 
CYLINDR. 

Radii of zones in the roof of the cylinder (meters). 
Read by Subroutine CYLINDR. 

The number of wavelength bands. Read by Subroutine PROP. 

Wavelengths (microns) demarcating the bounds of the 
wavelength bands. Read by Subroutine PROP. 

Number of Reflectance-versus-wavelength characteristics 
associated with the enclosure. Read by Subroutine PROP. 

Respectively. the reflectance in the first and second 
bands in the first reflectance characteristic. Read 
by Subroutine PROP. 

(continued) 
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Card No. 

11 

12 

13 

14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

27 
28 
29 

Fortran Variable(s). 
Fonnat 

REFL(2.K).(K=1.NBDS) (BE10.4) 

PHI(K).(K=l.NBDS) (8E10.4) 

IZMIN.IZMAX.J (1015) 

IZMIN.IZMAX.J (1015) 

IZ IN.IZMAX.FLUX (2I5.E10.4) 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

IZMIN.IZMAX.ITYP.VALUE (3I5.E10.4) 
I. .. II 

" " " 

TABLE 2. (Continued) 

Value(s) 
Input Description 

.0 •. 0 Respectively. the reflectance in the first and second 
bands in the second reflectance characteristic. Read 
by Subroutine PROP. 

1 •• 0. Respectively. the fraction of the solar irradiation 
lying in the first and second bands. Read by Subroutine 
PROP. 

1.1.2 Sequence which assigns the 2nd ref1ectance-versus
wavelength characteristic to zone 1 (the aperture). 
Read by Subroutine PROP. 

2.12.1 Sequence which assigns the 1st ref1ectance-versus
wavelength characteristic to zones 2 through 12. 
Read by Subrouti ne PROP. 

1.1 .0. 
2.2.1304.8 
3.3.850.30 
4.4.548.30 
5.5.356.39 
6.6.236.45 
7.7.161.12 
8.8.104.53 
9.9.279.31 
10.10.300.45 
11.11.315.35 
12.12.318.02 

1.1.1-.0. 
2.8.3.11 00. 
9.12.2.0. 

The sequence on each of these cards assigns the direct 
irradiation "FLUX" to the zones IZMIN through IZMAX. 
For instance. zone 6 through zone 6. is assigned the 
irradiation 236.45 kw/rrI'. Read by Subroutine PROP. 

The sequence on each of these cards specifies the 
boundary condition type (ITYP) and either the tempera
ture or the heat flux at the zones IZMIN through IZMAX. 
"If lTYP=2. the heat flux is specified and "VALUE" 
represents heat flux. If ITYP=3. the temperature is 
specified and "VALUE" represents temperature. The 
boundary condition ITYP=l is assigned to zones lying 
within the aperture plane. and "VALUE" is set equal to 
zero for such zones. 



~ RADSOLVER OUTPUT - CYLINDRICAL ENCLOSURE EXAMPLE 
(Page 1) 

GEOMETRICAL DATA THAT HAVE BEEN INPUT (DIMENSIONS IN METENS' 

DIAMETER OF CYLINDER 20.0000 
LENGTH OF CYLINDER 30.0000 

NO. ZONES IN BASE NO. OF ZONES IN CYLINDER 

RADII OF ZONES IN BASE OF CYLINDER 
0.0000 10.0000 

7 NO. ZONES IN TOP 

ELEVATIONS OF PLANES WHICH DIVIDE THE CYLINDRICAL SURFACE INTO SEGMENTS 

4 

0.0000 4.0000 8.0000 12.0000 1&.0000 20.0000 24.0000 30.0000 

RADII OF ZONES IN UPPER END-PLANE OF CYLINDER 
0.0000 1.0000 ~.OOOO 7.0000 10.0000 

.. 
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RADSOLVER OUTPUT - CYLI NDRICAL ENCLOSURE EXAMPLE 
(Page 2) 

CONFIGURATIC~ rACTOR MATRIX FOR CYLINDRICAL ENCLOSURE CALCULATED 8Y THIS PROGRAM 

0.000000000000 .327'3215£'1087 .213704808054 .13780208%21 .08'357130121£' .05'34273£,87£,8 .0404'3271'3£'8'3 
.04475205888& .031148510'3&0 .01477341£,238 .000'3~'3100720 

.40'3'301'35135'3 .1801'3&0'37281 .142770'3412'32 .0'34878403041 .0£,0288480507 .037£,799155£,0 .023£'£'8311348 

.013876847258 .010531844£,04 .005241480£,38 .0003£,01422£,7 

.2£,71310100&8 .142770'1412'12 .1801'3&0'17281 .1427709412'12 .0'14878403041 .0£,0288480507 .037£'7'1'1155£'0 

.019037573£,55 .0150243034'13 .007£,371853£,2 .00052835870£' 

.172252&07027 .0'14878403041 .142770'1412'12 .1801'3&0'17281 .142770'1412'12 .094878403041 .0£,0288480507 

.02£'&17'13.5244 .02213182'1445 .0115483004'35 .00080542'1737 

.111%412&520 .0£,0288480507 .094878403041 .142770'1412'12 .1801%097281 .142770941292 .094878403041 

.0378&14&%£,0 .033700'138077 .01808504430'1 .00127072'17'12 

.074284210'3&0 .037&7'1'115%0 .0&0288480507 .0'14878403041 .14.27709412'12 .1801%0'17281 .142770'1412'32 

.0548405&2513 .052'150122204 .0287'13223402 .002020838£''17 

.050& 158'3'3& 11 .023&&8311348 .037£'7'3'3155&0 .0£,0288480507 .0'14878403041 .142770'1412'12 .1801%0'17281 

.0833872177'17 .084'113380£'44 .043280049282 .002'138850047 

.03283'1223'3&7 .013735723230 .0213711'131£'3 .033'107087732 .054222'1527'12 .08%84175501 .130254'3&'10£'0 

.230£,2421£,177 .10.2874£,28555 .03£'298£'30810 .002217849904 

.08774'1135070 .0217707407'3& .02'38£,28£,0£,3£, .041753£,23913 .05'13905343£'9 .08£'024411785 .1308034788'17 
0.000000000000 0.000000000000 0.000000000000 0.000000000000 

.0'1438'1427153 .0255317444'14 .03£,422553921 .053£,52'1198£,7 .081£''3'3243823 .1283£'3'132£'17 .205850£,1'3744 
0.000000000000 0.000000000000 0.000000000000 0.000000000000 

.0'1848'1441588 .027'1545("405 .040731£,552£,2 .0£'15'10935'173 .0%453%%48 .1535£'3858144 .23082£,929502 
0.000000000000 0.00000001..0000 0.000000000000 0.000000000000 

.0'1'1'110071'153 .028811381348 .0422£'8£'%4'18 .0£,4434378928 .101£,583833£,0 .1£'1£,£,7095727 .235108003729 
0.000000000000 0.000000(100000 0.000000000000 0.000000000000 

.03'34070£'87£,1 

.020£'0358484'5 

.0320%78'1744 

.0508£'0£'315'1'1 

.08133442'1188 

• 12852&2&3252 

•• 953824535'10 

.255%~34'1109 

.542£'45214534 

.37408'1558383 

.29038'104£,477 

.2£,£,141988459 



~ RADSOLVER OUTPUT - CYLINDRICAL ENCLOSURE EXAMPLE 
(Page 3) 

BAND 1 
MICRONS 
CHRTISTC 1 
CHRTlST( 2 

0.000 -- 2.500 

FRACTION OF SOLAR RAD. 

.50000 
0.00000 

IN THIS BAND 1.00000 

BAND 2 
2.500 -- 1000.000 

.90000 
0.00000 

0.00000 

REFLECTANCE DATA 

BAND 3 BAND 4 

SUMMARY OF THE NON-~EOMETRICAL ZONAL DATA WHICH HAVE aEEN INPUT 

ZONE REFLEC- TYPE DIRECT SOLAR HEAT FLUX 
TANCE OF IRRADIATION IF SPECIFIED 
CHRTISTC B. C. (KW/METER-SQI (KiIlHETER-SQI 

1 2 1 O. 
2 1 3 • 1304BOE+04 
3 1 3 .B50300£+03 
4 1 3 • 54B300E+03 
5 1 3 • 35e.390E+03 
e. 1 3 .23e.450E+03 
7 1 3 .1e.1120E+03 
B 1 3 .104530E+03 
9 1 2 .279310E+03 • ...Q..... 

10 T ""'2 . 300450E+03 O . 

11 1 2 . 315350E+03 O . 
12 "I 2 . 318020E+03 O . 

NOTE THAT B. C. TYPE 1 ... CORRESPONDS TO ZONE IN APERTURE PLANE 
TYPE 2 ... HEAT FLUX IS SPEtIF"IED 
TYPE 3 ... TEMPERATURE OF ZONE IS SPECIFIED 

SOLAR POWER INTO ENCLOSURE (KWI 

~CUlated from: 

.10001E+07 

BAND 5 

TEMPERATURE 
IF SPECIFIED 
(DEG-KI 

O. 
.11000E+04 
.ll000E+04 
. 11000E+04 
. 11000E+04 
. 11000E+04 
.11000E+04 
. 11000E+04 

N 
Solar power in = L 

i=l 
Area. th x G . , - zone s,' 
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RADSOLVER OUTPUT - CYLINDRICAL ENCLOSURE EXAMPLE 
(Page 4) 

THE FOLLOWING FLUX DISTRI8UTIONS ARE FOR AN ENCLOSURE 
WHOSE SURFACES ARE AT O-DEG A8S0LUTE, AND INT.O WHICH 
THE FOREGOING DIRECT SOLAR· RADIATION ENTERS 

ZONE 

1 
2 
3 
4 
5 
£. 
7 
8 
'3 

10 
11 
12 

ZONE 

1 
2 
3 
4 
5 
£. 
7 
8 
'3 

10 
11 
12 

1 
2 
3 
4 

,t-

7 
8 
'3 

10 

12 

TOTAL 8AND 1 

RADIO'SITY DISTRI8UTlON 

BAND 2 

(KW/METER-SQI (KW/METER-SQI (KW/METER-SQI 

0, 
. 8143£.E+03 
. £.0720E+03 
. 4532'3E+03 
. 34347E+03 . 
. 2£.725E+03 
. 21£.03E+03 
. 177'38E+03 
• 2511£'E+03 
. 27055E+03 
. 28324E+03 
. 28£.32E+03 

TOTAL 

O. 
.8143£.E"'03 
.£.0720E+03 
.4532'3E+03 
.34347E+03 
.2£.725E+03 
.21£.03E+03 
. 177'38E+03 
.2511£'E+03 
. 27055E+03 
.28324E+03 
. 28£.32E+03 

O. 
O . 
O . 
O . 
O . 
O • 
O • 
O . 
O . 
O . 
O . 
O . 

BAND 1 

tlRRADIATION DISTRIBUTION 

BAND 2 . 

(KW/METER-SQI (KW/METER-SQI (KWII1ETER-SQ 

. 54582E+03 

. 1£.287E+04 

. 12144E+04 

. '30£.58E+03 

. £.8£.'35E+03 

.53450E+03 

. 4320£.E+03 

. 355'35E+03 

. 50232E+03 

. 5410'3E+03 

. 5£.£.48E+03 

. 572£'4E+03 

TOTAL 

(KW/METER-SOI 

.54582E+()3 

.8143£'E+03 

.£.0720E+03 

. 4532'3E+03 

. 34347E+03 

.2b}2'5£+03 

.21£.03E+03 

. 177'38E+0:> 

. 2511£'E+fj 

.27055f.'~3 

. 2aJ~~&.+03 

. 28£.32E+03 

.54582E+03 

.1£'287E+04 

.12144E+04 

.'30£.58E+03 

.£.8£.'35E+03 

.53450E+03 

.4320£.E+03 

. 355'35E+03 

.50232E+03 

.5410'3E+03 

.5£.£.48E+03 

. 572£.4E+03 

O . 
O . 
O . 
O . 
O . 
O. 
O . 
O . 
O . 
O . 
O . 
O . 

DISTRIBUTION OF HEAT FLUX 

8AND 1 BAND 2 

(Kit/METER-SOl (KW/METER-SQI 

. 54582E+03 O . 

. 8143£.E+03 O • 

. £.0720E+03 O • 
• 4532'3E+03 O • 
.34347E+01 
.2b}25£+61 

O . 
0. 

. 21£.03E+03 O . 

.177'38E+03 O . 

.2511£.E+03 O. 

.27055E+03 O . 

. 28324E+03 D . 

. 28£.32E+03 O. 

TOTAL POWER LEAVING ENCLOSURE APERTURE (IOPT:11 . 17147E+0£' KW 

ENERGY 8ALANCE OF ENCLOSURE (FOR IOPT:11 (KWI 

SOLAR POWFR INPUT TO ENCLOSURE ••••••••••••••• 
SOLAR POWER A8S0RBED IN ENCLOSURE •••••••••••• 
EFFECTIVE ABSORPTANCE OF ENCLOSURE •••••.••••• 

*Solar power input - solar power leaving through aperture. 
**Sol ar power absorbed/solar power input. 
tThe irradiations listed include the direct solar irradiation. 

.10001E+07 
• 828£.2E+0£.* 

.82854** 
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RADSOLVER OUTPUT - CYLINDRICAL ENCLOSURE EXAMPLE 
(Page 5) 

36 

THE ~uLLOWING FLUX DISTRIBUTIONS ARE FOR AN ENCLOSURE 
INTO WHICH NO EXTERNAL RADIATION ENTERS, AND ~HICH HAS 
THE TEMPERATURES LISTED ABOVE AND/OR THOSE CAL
CULATED BY THE SUBROUTINE THERMAL 

RADIDSITY DISTRIBUTION 

ZONE TOTAL BAND 1 BAND 2 

(KW/METER-SQ) (KW/METER-SQ) (KW/METER-SQ) 

1 O. O. O. 
2 .4~80&E.+02 .2272BE+02 .2707BE+02 
3 .&1153E+02 .2757&E+02 ,33577E+02 
4 . 727&5E+02 .3321~E+02 .3~547E+02 
5 .B5231E+02 .4021BE+02 .45014E+02 
& .~~444E+02 .4~354E+02 .500~OE+02 
7 .11&4BE+03 .&1572E+02 .54~03E+02 
8 • 1428&E+03 ,82124E+02 .&073&E+02 
~ .3&348E+03 .28&&&E+03 .7&821E+02 

10 .37510E+03 .2~~3~E+03 . 75704E+02 
11 . 38347E+03 .30834E+03 .75134E+02 
12 . .).:I517E+03 . 31028E+03 .748~4E+02 

IRRADIATION DISTRIBUTION 

ZONE -TOTAL BAND 1 BAND 2 

(KW/METER-SQ) (KW/METER-SQ) (KW/HETER-SQ) 

1 .~731~E+02 .57208E+02 .40111E+02 
2 .5033~E+02 .2747BE+02 • 228&2E+02 
3 .&7257E+02 .37175E+02 .30082E+02 
4 .8517&E+02 . 484&OE+02 .3&715E+02 
5 .10525E+03 .&2458E+02 .42790E+02 
& .12~I&E .. 03 . B0730E+02 .48430E+02 
7 . 158~4E+03 .10517E+03 .5377~E+02 
B .20&53E+03 . ~ 4&27E+03 .&025~E+02 
~ .11232E+03 .&1~58E+02 .503&5E+02 

10 .10455E+03 ,5&384E+02 .481&&E+02 
11 .10023E+03 .53323E+02 .4&~04E+02 
12 . 98855E+02 .523&IE+02 -.4&494E+02 

DISTRIBUTION OF HEAT FLUX 

ZONE TOTAL BAND 1 BAND 2 

(KW/METER-SQ) (KW/METER-SQ) (KW/METER-SQ) 

1 .~731~E+02 ,57208E+02 .40111E+02 
2 ,5334&E+00 .47500E+Ol -.421&5E+Ol 
3 .&1042E+Ol ,~5~8&E+Ol -.34~44E+Ol 
4 .12410E+02 . 15241E+02 -.28311E+Ol 
5 -:-200 1 E.E +02 .22240[+02 -.22237E+Ol 

& .2~717E+02 .3137&E+02 -.1&5%E+Ol 
7 .424<:'~E+02 .435~4E+02 -.11248E+Ol 
8 .&3<:.70E"02 .&4147E+02 -.47&73E+00 
9 -.2511&E+03 - .22471E+03 -,2<:'45&E+02 

10 -.27055E+03 -.24301E+03 -.27538E+02 
11 -.28324E+03 -.25501E+03 -.28230E+02 
12 -.28<:'32E+03 -.257~2E+03 -.28400E+02 

TOTAL POWER LEAVING ENCLOSURE APERTURE ( IOPT=2) 
THIS IS THE SO-CALLED RERADIATION LOSS 

.30574E+05 KW 

~ . 
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RADSOLVER OUTPUT - CYLINDRICAL ENCLOSURE EXAMPLE 
(Page 6) 

THE HEAT TRANSFFR TO EACH ZONE FOR THE COMBINED CASES OF 
AIEtlCLOSURE AT O-DEG ABSOLUTE WITH INCOMING SOLAR RADIATION 

PLUS 
BI ENCLOSURE WITH SPECI FlED (AND/OR CALCULATEDl SURFACE TEMPERATURES AND NO INCOMING 

SOLAR RAD I A TI ON 

ZONE 

1 
2 
3 
4 
5 
& 
7 
8 
'3 

10 
11 
12 

HEAT TRANSFER 
(KH/METER-SQI 

.&4313842E+03 

. 814B'35:?4E+03 

.&1330725E+03 

.4&57014'3[+03 

.3&34'3030E+03 

.2'3&%501E+03 

.25850144E+03 

.241&4&85E+03 
-.45474735E-11 

.14551'315E-10 

.1&370'305E-10 
-.7&0&8318E-07 

tlRRAOIATION 
(KWltIETER-SQI 

.&4313842E+03 

.1&7'30&28E+04 

.1281&&31E+04 
• '3'3175830E+03 
.7'321'3540E+03 
.&&3&5715E+03 
.5'3100874E+03 
.5&248405E+03 
.&14&4&75E+03 
.&45&4502E+03 
.&&&71104E+03 
.&714'3143E+03 

TEMPERATURES OF ZONES HAVING TYPE 2 B. C. 

ZONE TEMPERATURE 
'3 .1'353'3E+04 

10 .1'37&'3E+04 
11 .1'3'31'3E+04 
12 .1'3'354E+04 

PROBLEM SUMMARY * 
POWER (KWI LEAVING CAVITY APERTURE DUE TO ALL RADIATIVE MECHANISMS .20205E+0& 
CAVITY EFFICIENCY .7'37'37 ** 

- END OF CYLINDRICAL ENCLOSURE EXAMPLE -

*Solar plus thermal. 
**[Absorbed Solar-Emitted Thermal]/Solar Input. 
tThis is the quantity that would be measured by a radiometer. 
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2. Gray Non-Cylindrical Enclosure 

As an illustration of the use of RADSOLVER for non-cylindrical cavities, 

we consider the CESA-I solar central receiver being built in Spain under the 

direction of the Centro de Estudios de La Energia (Figure 3). In the example 

described below the CESA-I was assumed to be subdivided into 115 zones as 

depicted in Figure 4. The SHAPEFACTOR program [17] was then used to determine 

* the configuration factor matrix [Fij ] and the MIRVAL program [19] was used to 

predict the direct solar irradiation at each of the zones for the conditions 

at 10:00 A.M. winter solstice. It should be again noted that the configura

tion factor matrix and zonal areas are required inputs to RADSOLVER for non

cylindrical cavity geometries. 

The heat fluxes at the refractory zones were specified as zero and the 

temperatures at all of the other zones were assumed to be 598°K. It was 

assumed, further, that the cavity surfaces were gray with a reflectance of 0.1 

at zones within the evaporator-superheater region and a reflectance of 0.4 at 

the refractory zones. Additional RADSOLVER computations (not reported here) 

were also performed using a model consisting of 199 zones and other specifica

tions of the temperatures and reflectances. 

Because the amount of input and output data involved in this example is 

extensive, only a synopsis is given below. The complete input and output data 

sets are given on microfiche included on the back cover of this report. As an 

illustration of the quantities predicted by RADSOLVER, Figure 5 depicts the 

radiosities, irradiations and heat fluxes at the zones along traverse 1 in 

Figure 4. (The program execution time on the CDC 6600 computer was 91.3 seconds.) 

*These computations were performed, respectively, by V. K. Gabrielson and 
P. L. Leary of the Applied Mathematics Division. 
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, . 

The significance of the transport of thermally emitted energies along this 

traverse should be noted. It should also be observed that at zone 32, a zone 

where the heat flux is specified as zero, the radiosity is just offset by 

the irradiation. 

3Am 

Figure 3. The CESA-I Cavity. 
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SYNOPSIS OF RADSOLVER INPUT - CESA-I CAVITY 

NGEOM (IS) (;0 for non-cylindrical cavity) 
(IS) 

1-
115 _ 

.1022E+01 .1022E+Ol .1022E+01 

.7547E+00 .7547E+00 .7547£+00 

.7547E+00 .7547E+00 .7547E+00 

.7562E+00 .7562E+00 .7562E+00 

.7016E+00 .701bE+00 .7016E+00 

.7016E+00 .701bE+00 .7016E+00 

.701bE+00 .701bE+00 .7016E+00 

.4108E+00 .5848E+00 .75~1E+00 

.701bE+00 .701bE+00 .7016E+00 

.701b£+00 .701bE+00 .70"6E+00 

.40'4E+00 .5834E+00 .7573E+00 

.2226E+Ol .217~E+01 .1570E+01 

.1572E+Ol .1%5E+01 .1572E+Ol 

. 1774E+Ol . 1774E+Ol . 1774E+Ol 

.200~£+01 .200'E+Ol .1156E+02 

.1022E+01 
• 7547E+00 
• 7547E+00 
• 7562E+00 
.7016E+00 
.7016E+00 
.7016E+00 
.~345E+00 
.7016E+00 
.7016E+00 
.'334E+00 
.1563E+01 
.2181E+01 
. 1774E+01 

NZONE 

. 7547E+00 
• 7547E+00 
• 7547E+00 
.'345E+00 
.7016E+00 
.7016E+00 
.'334E+00 
.7016£+00 
.701bE+00 
.7016E+00 
.2041£+01 
.1570E+Ol 
.2227£+01 
. 1774E+01 

• 7547E+00 • 7547E+00 • 7547E+OO\ 
• 7547E+00 • 7547E+00 • 7547E+OO 
• 7547E+00 • 7547E+00 .7547£+00 
.75'J1E+00 .5848E+OO .4108£+0(') 
.701bE+00 .7016E+00 .7016E+00 
.701bE+00 .7016£+00 .701bE+00 
.7573£+00 .5834E+00 .40'4E+OO 
.7016£+00 .7016E+00 .7016E+OO 
.701bE-I-00 .7016E+00 .7016E+OO 
.701bE+00 .7016E+00 .7016E+00 
-.2084£+01 .2041E+Ol .217'E+01 
.2037£,,:01 .207'E+01 .2037E+01 
.2181£+01 . 1774E+Ol .1774E+01 
. 1774E+01 .258'E+Ol .3381E+Ol 

O. O. O. O. O. O. O. O. 
O. O. O. O. 
O. O. O. O. 
O. O. O. O. 
.'~~C( C2 .33~a£-02 .3150E-02 .2555E-02 
.5008£-03 .112'£-02 .1321E-02 .1273E-02 
.1323£-03 .340~E-03 .4644£-03 .516b£-03 
.14b8£-02 .475bE-02 .1830E-01 .1018E+00 
.1013£-02 .1444E-02 .176'3£-02 .1060E-02 
.2501£-03 .2437E-03 .1884£-03 .7401E-04 
.4787£-04 .5383E-04 .4423E-04 .1812£-04 
.4234E-Ol .8088E-02 .3071E+00 .6053E-01 
.1014£-02 .'657E-03 .8121£-03 .4418E-02 
.5861£-02 .3334E-02 .2'307E-01 .1573E-01 
.8703£-02 .1737E-Ol .8'373E-Ol 

O. O. O. O. 
O. O. O. O. 

.322'E-02 .456b£-02 .3155E-02 .1722£-02 

.1014E-02 .. 2053£-02 .2156E-02 .18'7E-0~ 

.2502E-03 .6107£-03 .7801E-03 .8144E-03 

.8~1b£-04 .20'OE-03 .2435E-03 .20~6E-03 

.183'3E-02 .3488E-02 .721bE-02 .1217E-Ol 

.5005E-03 .5655E-03 .5102E-03 .2253E-03 

.1322£-03 .117b£-03 .8371E-04 .310~E-04 

.141~E-Ol • 1288E-Ol .4843E-02 .5860E-Ol 

.6248E-02 .65&6E-02 .647'E-02 .48~OE-02 

.4380E-02 .3273E-02 .1403E-01 .~781E-02 

.718bE-02 .3330E-02 .4140E-Ol .7'47E-02 

_..--,--------:. CARD 1743: NBDS (lOIS) 
o. ,. .1000£+04.. .. CARD 1744: XLAM(l) ,XLAM(2) (8El0.4) 

3 • • CARD 174S: NSET (lOIS) 
0:1000£+0~' • CARDS 1746-1748: REFL(l,l) (8El0.4) 

.4000£+00 

10~0£+04 ~233) -RfFL(3,1) (8El0.4) 
5 28 ~I ----CARD 1749: PHI(1)J8El0.4) -

~j ~~ 2 ... CARDS 17S0-17S7: IZMIN,IZMAX ,J (lOIS) 
57 bO 3 (Assignment of the J-th 
61 84 2 characteristic to zones 

1 ~~ ~ ~~ ~ through IZMAX) 
1 40. 
5 5 .%40£+02 
6 b .6620£+02 
7 7 .b710£+02 
8 8 .b340£+02 
, '3 .2477E+03 

CARDS 3-17: 
Zonal areas (m2) 
Area(J) ,(j=l, 11S) 
(8El0.4) 

CARDS 18-1742: 
Configuration factor matrix 
F(l,J),(J=l,llS) 

F(llS,J), (J=l ,11S) 
(8El0.4) 

refl ectance 
IZMIN 

0. 

7b 7b .1~04£+03 
77 77 .5000£+00 
78 78 .8100£+01 
7'3 7~ .3230E+02 
80 80 .4b30E+02 
81 810. 

..------CARDS 17S8-1831: IZMIN,IZMAX,FLUX (2IS,El0.4) 
(Assignment of the direct solar 
irradiation "FLUX" kw/m2 to 
zones IZMIN through IZMAX) 

82 82 .3000£+00 
83 83 .1800E+Ol 
84 84 .5100E+Ol 
85.1150. 

*The input was actually read from a permanent file on which the data was placed 
in the format indicated. 
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SYNOPSIS OF RADSOLVER INPUT - CESA-I CAVITY 
(continued) 

1 4 
5 28 

29 32 
3 .5980E+03 

~0:5980E+03 CARDS 1832-1839: 
20. 

IZMIN,IZMAX,ITYP,VALUE 
(315,1 OEl 0.4) 

33 51; 
57 £.0 
£.1 84 
85 111 

115 015 

20. ) 

3 .5980E+03 
20. 
10. 

(Assignment of boundary condition type 
and either the temperature or the 
heat flux to the zones IZMIN 
through IZMAX) 

SYNOPSIS OF RADSOLVER OUTPUT - CESA-I CAVITY 

REFLECTA~!CE DATA 

MICRONS 
CHRTISTC 1 
CHRTISTC 2 
CHRTISTC 3 

BAND 1 
0.000 -- 1000.000 

0.00000 
.10000 
.40000 

FRACTION OF SOLAR RAD. 
IN T~IS BAND 1.00000 

BAND 2 

SUMI1ARY OF THE NON-GEOMETRICAt: ZONAL DATA WHICH HAVE BEEN INPUT 

ZONE 

1 
2 
3 
4 
5 
£. 
7 
8 

107 
108 
10' 
110 
111 
112 
113 
114 
115 

REFLEC
TANCE 
CHRTISTC 

3 
3 
3 
3 
2 
2 
2 
2 

3 
3 
3 
3 
3 
3 
3 
3 
1 

TYPE 
OF 

B. C. 
2 
2 
2 
2 
3 
3 
3 
3 

2 
2 
2 
2 
2 
2 
2 
2 
1 

DIRECT SOLAR 
IRRADIATION 
IKW/METER-SQI 
O. 
O. 
O. 
O. 

.5£.4000E+02 

.£.£.2000E+02 

.£.71000E+02 

.£.34000E+02 

O. 
O. 
O. 

' O. 
O. 
O. 

. O. 
O. 
O. 

HEAT FLUX 
IF SPECIFIED 

IKW/HETER-SQI 
O. 
O. 
O. 
O. 

0: 
O. 
O. 
O. 
O. 
O. 
O • 
O. 

NOTE THAT B. C. TYPE 1 ••• CORRESPONDS TO ZONE IN APERTURE PLANE 
TYPE 2 ••• HEAT rLUX IS SPEClrlED 
TYPE 3 ••• TEMPERATURE or ZONE IS SPECIFIED 

SOLAR POWER INTO ENCLOSURE (KWI .52008E+04 
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TEMPERATURE 
IF SPECIFIED 
IDEG-KI 

• 59800E+03 
.5'1800E+03 
.5'1800E+03 
. 59800E+:03 
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SYNOPSIS OF RADSOLVER OUTPUT - CESA-I CAVITY 
(continued) THE FOLLOWING FLUX DISTRIBUTIUNS ARE FOR AN ENCLOSURE 

WHOSE SURFACES ARE AT O-DEG A~SOLUTE. AND INTO WHICH 
THE FOREGOING DIRECT SOLAR RAPIATION ENTERS 

ZONE 

1 
2 
3 
4 
5 
& 
7 
8 
':I 

10 
11 
12 
13 
14 
15 
1& 
17 
18 

ZONE 

1 
2 
3 
4 
5 
& 
7 
8 
':I 

10 
11 
12 
13 
14 
15 
1& 
17 
18 

ZONE 

1 
:.! 
j 
4 
5 
& 
7 
II 
'~ 

10 
11 
12 
13 
14 
15 
1& 
17 
18 

TOTAL 8AND 1 

RADIOSITY DISTRIBUTION 

8AND 2 

(KW/METER-SQ) (KW/METER-SQ) (KW/METER-SQ) 

.75&17E+00 

. 84472E+00 

. 84&88E+00 

. 75':141E+00 

.5':13':14E+01 

.&':I143E+01 

.700&&E+01 

.&&45':1E+01 

. 252':12E+02 

. 28834E+02 

. 284&8E+02 

.2&737E+02 

.3&215E+02 

.3':1525E+02 

.3':1875E+02 

.3&78':1E+02 

.154&IE+02 

.1&033E+02 

TOTAL 

. 75&17E+00 

.84472E+00 

. 84&88E+00 
• 75':141E+00 
.5':13':14E+01 
.&':I143E+01 
.700&&E+01 
.&&45':1E+01 
. 252':12E+02 
.28834E+02 
.284&8E+02 
.2&737E+02 
.3&215E+02 
.3':1525E+02 
.3':1875E+02 
.3&78':1E+02 
.154&1E+02 
.1&033E+02 

BAND 1 

tlRRADIATION DISTRIBUTION 

BAND 2 

(KW/METER-SQ) (KW/METER-SQ) (KW/METER-SQ) 

.18'304E+Ol 

.21118E+Ol 

.21172E+Ol 

.18'385E+Ol 

.5'33':14E+02 

.&':I143E+02 

.700&&E+02 

.&&45':1E+02 

.252'32E+03 

.28834E+03 

.284&8E+03 

.2&737E+03 

.3&215E+03 

.3'3525E+03 

.3'3875E+03 

.3&78':1E+03 

.154&1E+03 

.1&033E+03 

TOTAL 

. 18'304E+Ol 

.21118E+Ol 

.21172E+Ol 

. 18':185E+Ol 

.5':13':14E+02 

.&'3143E+02 

.700&&E+02 

.&&45'3E+02 

. 252':12E+03 

.28834E+03 

.284b8E+03 

.2&737E+03 

.3&215E+03 

.3'3525E+03 

.3':1875E+03 

.3&78':1E+03 

.154&IE+03 

.1&033E+03 
DISTRIBUTION OF HEAT FLUX 

BAND 1 BAND 2 

(KW/METI::R-SQ) . (KlolIMETER-SQ) (KW/METER-SQ) 

.11342E+Ol 

.12&71E+Ol 

.12703E+Ol 

.1130;)IE+01 

.53455E+0~ 

.&2220;)E+0~ 

.&3050;)E+Oa 

.50;)813E+03 

.227&3E+03 

.250;)51E+03 

.25&21E+03 

.240&4E+03 

. 325':14E+03 

.35573E+03 

. 35888E+03 

.33110E+03 

. 13':115E+03 
• 1442':1E+03 

.11342E+Ol 

.12&71E+01 
• 12703E+Ol 
.1130;)1E+01 
,53455E+02 
.&222':1E+02 
.&3050;)E+02 
,5':1813E+02 
.227&3E+03 
,250;)51E+03 
.25&21E+03 
. 240&4E+03 
. 325':14E+03 
• 35513E+03 
• 35888E+03 
.33110E+03 
. 130;)15E+03 
. 14420;)E+03 

TOTAL POWER LEAVING ENCLOSURE APERTURE (IOPT=1) .10571E+03 KW 

ENERGY BALANCE OF ENCLOSURE (FOR IOPT=1) (KWI 

SOLAR POWER I NPUT TO ENCLOSURE ••••••••••....• 
SOLAR POWER ABSORBED IN ENCLOSURE •• : .••.•...• 
EFFECTIVE ABSORPTANCE OF ENCLOSURE ••.•..•.••• 

. 52008E "04 . 

.50':l51E+04* 
.':17':1&7 * * 

*Solar power input - solar power leaving through the aperture. 
**Solar power absorbed/solar power. 
tIncludes the direct solar irradiation. 
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SYNOPSIS OF RADSOLVER OUTPUT - CESA-I CAVITY 
(continued) 

44 

THE- FOLLOWING FLUX DIST~IBUTIONS -ARE FOR AN ENCLOSURE 
INTO WHICH NO EXTERNAL RADIATION ENTERS. AND WHICH HAS 
THE TEMPERATURES LISTED ABOVE AND/OR THOSE CAL
CULATED BY THE SUBROUTINE THERMAL 

RADIOSITV DISTRIBUTION 

ZONE 

1 
2 
3 
4 
5 
I> 
7 
8 
'3 

10 
11 
-~ 

13 
14 
15 
11> 
17 
18 

ZONE 

1 
2 
3 
4 
5 
I> 
7 
'8 
'3 

10 
11 
12 
13 
14 
15 
11> 
17 
18 

ZONE 

1 
2 
3 
4 
5 
I> 
7 
8 
'3 

10 
11 
12 
13 
14 
15 
11> 
17 
18 

TOTAL 

(KW/METE~-SQI 

• 121t'35E+02 
. 121t1>0E+02 
• 1281>7E+02 
.12'tl1E+02 
.75447E+Ol 
. 755B3E+Ol 
• 75581>E+Ol 
.75454E+Ol 
. 74£.43E+Ol 
• 74£.'37E+Ol 
. 74£.'38E+Ol 
. 74r.47E+Ol 
. 74384E+Ol 
. 743'30E+Ol 
• 743'30E+Ol 
. 74385E+Ol 
. 74r.01E+Ol 
. 74r.471'"+n1 

TOTAL 

(KW/METER-SOI 

. 1171>0E+02 
• 115'33E+02 
.115'37E+02 
. 11772E+02 
.101'3BE+02 
.10334E+02 
.1033I>E+02 
.10204E+02 
.'33'340E+Ol 
.'34473£+01 
.'34485E+Ol 
.'33'372E+Ol 
.'3134'3E+Ol 
.'31401E+Ol 
.'31402E+Ol 
.'31352£+01 
.'3l512E+Ol 
.'33'378E+Ol 

TOTAL 

(KW/METER-SQI 

-.11342E+Ol 
-.121>71E+Ol 
- • 12703E +01 
-.113'31E+Ol 

.21>533E+Ol 
• 2775e.E +01 
• 27778E+Ol 
.21>58'3E+Ol 
.1'32'37E+Ol 
.1'377I>E+Ol 
.1'3787E+Ol 
.1'3325E+Ol 
.II>%5E+Ol 
.17012E+Ol 
.17013E+Ol 
.11>'31>7E+Ol 
.18'312E+Ol 
.1'3331E+Ol 

BAND 1 BAND 2 

(KW/METER-SOI (KW "'!ETER-SO I 

• 128'35E+02 
• 1281>0E+02 
• 1281>7E+02 
.12'311E+02 
.75447E+Ol 
• 75583E+Ol 
• 75581>E+Ol 
. 75454E+Ol 
. 741>43E+Ol 
. 741>'37E+Ol 
. 741>'38E+Ol 
.741>47E+Ol 
. 74384E+Ol 
• 743'30E+Ol 
• 743'30E+Ol 
• 74385E+Ol 
.741>0IE+Ol 
.741>47E+Ol 

IRRADIATION DISTRIBUTION 

BAND 1 BAND 2 

(KWIMETER-SOI CKW/HETER-SOI 

• 1171>0E+02 
.115'33E+02 
.115'37E+02 
• 11772E+02 
.101'38E+02 
.10334E+02 
.10331>£+02 
.10204E+02 
.'33'340E+Ol 
.'34473E+Ol 
.'34485E+Ol 
.'33'372E+Ol 
.'3134'3E+Ol 
.'31401E+Ol 
.'31402£+01 
.'31352£+01 
.'33512E+Ol 
.'33'378E+Ol 

DISTRIBUTION OF HEAT FLUX 

BAND 1 

(KW/METER-SOI 

-.11342E+Ol 
- • 121>71E+Ol 
- . 12703E+Ol 
-.113'31[+01 

.21>533E+Ol 
• 2775I>E+Ol 
.27778E+Ol 
.21>58'3E+Ol 
.1'32'37E+Ol 
.1'377I>E+Ol 
.1'3787E+Ol 
.1'3325E+Ol 
.II>%5E+Ol 
.17012E+Ol 
.17013E+Ol 
.II>%7E+Ol 
.18'312£+01 
.1'3331E+Ol 

BAND 2 

(KW/METER-SOI 

TOTAL POWER LEAVING ENCLOSURE APERTURE (IOPT=21 
THIS IS THE SO-CALLED RERADIATION LOSS 

.10780£+03 KW 

<I ,-



SYNOPSIS OF RADSOLVER OUTPUT - CESA-I CAVITY 
(continued) 

THE HEAT TRANSFER TO EACH ZONE FOR THE COHBINED CASES OF 
AIENCLOSURE AT O-DEG ABSOLUTE WITH INCOMING SOLAR RADIATION 

PLUS . 
BI ENCLOSURE WITH SPECI FlED (AND/OR CALCULATED I SUR. ACE T£MPERATURES AND NO INCOMING 

SOLAR RADIATION 

ZONE HEAT TRANSFER tlRRADIATION 
(KW/HETER-SQI (KW/HETER-SQI 

1 -.50945914E-ll • 13r.50780E+02 
2 -.4831r.90r.E-ll • 137045r.3E +02 
3 '- .47180038£-11 .13714115E+02 
4 -.49240r.12E-ll . 13r.70287E +02 
5 .5r.l079r.OE+02 • r.9592109E+02 
r. .r.50044r.5E+02 .79477114E+02 
7 .r.5837137E+02 .80402305E+02 
8 .r.2471r.3r.E+02 .7r.r.r.28r.OE+02 
9 .4'295r.153E+03 .2r.231830E+03 

10 .2r.148351E+03 .2977871r.E+03 
11 .25818B36E+03 .29412589E+03 
12 . 24256935E+03 .27£.77143E+03 
13' . 327r.3459E+03 .37128837E+03 
14 . 35743043E+03 .40439485E+03 
15 . 36057910E+03 .40789337E+03 
lr. • 33279397E+03 . 37702100E+03 
17 • 14103829E+03 .1r.395914E+03 
18 • 14622r.48E+03 .16972380E .. 03 

TEMPERATURES OF ZONES HAVING TYPE 2 8. C. 

ZONE TEHPERATURE 
1 .70050E+03 
2 .70119E+03 
3 .70131E+03 
4 ,70075E+03 

29 .70r.14E+03 
'30 ,70944E+03 
31 .71199E+03 
32 .714r.5E+03 
57 .71431E+03 
58 .71181E+03 
59 ,70943E+03 
r.0 .70r.19E+03 
85 . 72542E+03 
sr.· . 73079E+03 
87 . 72r.2r.E+03 
88 .72073£+03 
89 .73024£+03 
90 .72172E+03 
91 .71199E+03 
92 ,71536E+03 
93 .71245E+03 
94 .72198E+03 
95 .73117E+03 
9& ,7213;E+03 
97 ,&&941E+03 
98 .&8130E+03 
99 .&&&S3E+03 

100 .&990<;E+03 
101 .72121E+03 
102 .&9750E+03 
103 ,72785E+03. 
104 . 73089E+03 
105 .72761E+03 

PROSLEM SUMMARY 
POWER (KWI LEAVING CAVITY APERTURE DUE TO ALL RADIATIVE MECHANISMS ,21351E+03 ~ 
CAVITY EFFICIENCY .95895 ~~ 

- END NON-CYLINDRICAL CAVITY EXAMPLE -

*Solar plus thermal. 
**[Absorbed Solar-Emitted Thermal]/Solar Input. 
tThis is the quantity that would be measured by a radiometer. 
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Appendix 

1. Spectral Radiosity Equation 

In this section Equation (1) is derived by integrating the fundamental 

relationship for the spectral radiosity. The spectral radiosity, defined as 

the energy per unit wavelength leaving a surface, is expressed as 

(Al) 

where the terms on the right represent, respectively, the reflected and emit-

ted spectral energies. (The subscript i, denoting a particular surface, is 

dropped for simplicity.) Equation (Al) is integrated over the wavelength range 

Ak_1 to Ak where Ak_l and Ak are the bounds of the k-th wavelength band in the 

~and model of the surface properties. In accordance with this model (cf. page 13) 

it is assumed that the properties PA and £A are constants over a band. The 

result of integrating Equation (1) is thus 

Equation (A2) is seen to be identical to Equation (1) by noting the definitions: 

\ k f J A dA :: J , 

\-1 

(A3) 

and 
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2. Superposition of the Radiant Energy Fluxes 

In this section it is demonstrated that the radiosity, irradiation and 

heat flux vectors (Jk, Gk and Q) may also be determined by superimposing these - - -
energy fluxes obtained from the two subproblem~: 

A) The cavity is at zero degrees absolute with the prescribed distribu

tion of the external (solar) irradiation over the cavity interior. 

B) The temperatures of the cavity zones are those which have been pre

scribed (or computed) and no external (solar) radiation enters. 

The radiative energy fluxes for subproblem A are obtained by setting the 

emissive power vector Ek to zero in Equation (12). The radiosity is thus 

expressed as 

Jk = [r~.]-l Hk . 
-A lJ -

(A4) 

The corresponding irradiation is given by (cf. Equation (2)) 

(A5) 

The corresponding heat flux is given by (cf. Equation (13)) 

(A6) 

The radiative energy fluxes for subproblem B are obtained by setting the 

external radiation vectors ~k and §~ to zero in Equations (12) and (13). The 

results are 

Jk = [r~.rl Ek , (A7} _B lJ -
Gk = k (A8) [F .. ] JB ' -B lJ -

*The follo~ing additional notation is used in this section: A radiative quanti
ty (~k, § or g) with the subscript A pertains to subproblem A, etc. A radia
tive quantity without an A or B subscript pertains to the case where both solar 
and thermally emitted energies are present. 
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and 

The superposition of the radiosities of the two subproblems yields 

Jk + Jk = [r .. ]-1 (Ek + Hk) 
~B ~A lJ ~ ~ 

the right hand side of which is identical to the radiosity result that has 

been determined in the situation where both solar and thermally emitted 

energies are present (cf. Equation (12)). Thus, 

The superposition of the irradiations of the two subproblems yields 

k k k k GB + GA = [F .. ] (JB + JA) 
- - lJ - -

which, using Equation (All), becomes 

(A9) 

(A10) 

(All ) 

(A12) 

Gk + Gk = [F .. ]Jk (A13) 
~B ~A lJ ~ 

It is noted from Equation (2) that the product [Fij]~k = §k. Hence, 

Gk + Gk = Gk (A14) 
~B ~A ~ 

Finally, the superposition of the heat fluxes of the two subproblems yields 

(A15) 

Using Equations (All) and (A14), this becomes 

(A16) 

It is noted that the right hand side of equation (A16) is the heat flux result 

that has been determined for the situation where both solar and thermally . 
< .. emitted energies are present (cf. Equation (13)). Thus, 

(A17) 
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3. Computation of the Emissive Power Over a Prescribed Wavelength Interval 

This section presents the method of computing the integral 

(A18) 

which is used in the calculation of the emissive power (cf. Equation (6)). 

In essence, the method is based on the series representation of the integral 

(A19) 

With this method, two series, corresponding to the two integrals on the right 

hand side of Equation (A18), are constructed and summed and then the differ-

ence between the sums is calculated. 

The key to the method is the transformation of the Planck function 

integral (Equation (A19)) into Oebye functions which have known series re

presentations [20]. The Debye functions are defined below. The transformation 

is accompl ished by making the variable substitution 

(A20) 

and using the fact that the Planck function constants Cl and C2 and the Stefan

Boltzmann constant 0 are related by 

o = 
5 2'IT Cl 

l5C4 
2 

The results of the transformation are either of the following equivalent 

relationships: 

or [ 
C /AT 3 ] 

-I = oT4 1 - 1 ~ f 2 z z dz • 
'IT 0 e -1 
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The integra 1 s 

and 

are both known as Debye functions 'and have the following infinite series 

representations (cf. [20, p.998]): 

3 00 • 3 2 

f oo z dz = L e -JX(~ + 3x + 6x + §.....) 
Z 1 . 1 J .2 .3 .4 x e - J= J J J 

and 

(A24 ) 

3 B 2j 

Lx z dz = 3[1 _ ~ + -t 2jX ] (A25) 
a eZ_l x 3 8 j=l(2j+3)(2j)! 

where x = C2/AT and B2j represents the Bernoulli number of 2j-th order. It is 

found that Equation (A24) converges more rapidly than Equation (A25) when 

x > 2, and vice versa. The appropriate series and the appropriate relation

ship for I (Equation (A22) or Equation (A23)) are selected automatically in 

the computations. 
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4. Formulas for the Configuration Factors Between the Zones of a 
Cylindrical Enclosure 

a. Disc at one end-plane of the cylinder to a co-axial disc at the 

opposite end [2]. 

~ SURFACE1~ I -----r 
L 

SURFACE 2\ I 1 
LR2~ 

b. Flat annular ring at one end-plane of the cylinder to a co-axial 

disc at the opposite end [21 ]. 

F 1 2 = ~ 11 + 2 
1 

2fJ (R~ + r ~ + L 
2 

) 
2 

. R,-rl 

\SURFACE1! 

I L 

SURFACE 2 
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c. Flat annular ring at one end plane of the cylinder to a co-axial 

flat annular ring at the opposite end [21]. 

1 [/2222 22 F 1 2 = 2 2 '\I (R1 + r 2 + L) - 4 r 2 Rl 
2 (R1-rl ) 

_ I(R2 + R2 + L 2)2 _ 4R2R2 
'\I 1 2 1 2 

SURFACE 1 J I I 
I L 

: j 
:1. '2 I--R _.1 

2 

SURFACE 2 :; 

+~(R~ + r~ + L2)2 - 4r~R~ 

_ l(r2 + r2 + L2)2 _ 4r2r2] 
~ 1 . 2 1 2 (A28) 

d. Cylindrical segment to another cylindrical segment [22]. 

F12 = 4r~ [2hl h2 + (w+hl )..J(W+hl )2 + 4r2 
1 . 

lRFACE 1:_ '---I 

I I~ 
I w 

- w..Jw2 + 4l 

- (hl+h2+W)~(hl+h2+w)2 + 4r2 

i + (h2+w)..J(h2+w)2 + 4/] (A29) 

\ SURFACE 2 

1 
. , 
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e. Cylindrical segment to itself. (Based on disc-to-disc result 

(Equation (A26)) and configuration factor algebra.) 

(A30) 

1- r-

i 
I 

-, 
, 

I -L I 

I i 

J I 
I 
I 

h 

-~ 

SURFACE 1 

f. Cylindrical segment to a flat annular ring in an end plane of the 

cylinder [22J. 

-rl-

F12 = 4!h~(W+h)4 + 2(a2+r~)(W+h)2 + (a2_r~)2 

_~(w+h)4 + 2(a2+r~)(W+h)2 + (a2_r~)2 

+~(w4 + 2(a2+r~)w2 + (a2_r~)2 

_Vw4 + 2(i+rf)w2 + (a2-r~)21 (A3l) 

g. Cylindrical segment to a disc at an end plane of the cylinder. 

Obtained from Equation (A3l) with r2 taken as zero. 
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XXX ••• X ••••••••••• lI •••••••••••• lf.lf •••••• X •••• 
X ••••••••••••••••••••••••••••••••••••••• X •••• 
xxx. X •••••••••••••••••••••••••••••••••••••••• 

••••••••••••••••••••••••••••••••••••••••••••• 
X ••••• X ••••••••••••••••••••••••••••••• XX ••••• 
............................. 1 ••••••••••••••• 
•••••••••••••••••••••••••••• ,Ul ••••••••••••••• 
•••••••••••••••••••••••• 11 •••••••••••••••••••• 
, •••••••••••••••••••••••••••• 11' ••••••••••••••• 

1(11' ••••••••••••••••••••••••••••••••••••••••••• 

1.{lCI ,., .. ~. 

r .... TtC 1.{lCI '" I. .... , • TtC I.~ t17.n 

~P~$,,--~. ")122 

~ Mil) aO(- AS$I~TS_ 

aO(III ~SS I.E.'" ir,I.E 

, ..... , ,,, 247. 
Itl.., ~ ~ 
~. COt.U 2~ L.fiG 
tWIG 6.BOO t.3? I.. 
nUIIlliR "331 ~ I.. 
[NtL.1S( 6.'5''51 521 I.. ..... M1GO Ml I.. 
MOIST ... 3 .03 l. ,..... 12-' 40''- L. 
!rUNt Ul322 1~ L. 
£fttSS HBOO 1'41 L. ...,. "eo,a a l. 
JI[MIt u~ 11 l. .AlA" nolO)' 31 I.. ........ ,,~ 24 L. 
SWlft "a, ... IJO l. 
1ItRtl.- "a,~ n l. 
IIPtTl 11411'7"5 1 l.fiG 
~ u~ 20 LfiG .... "4224 22 LfiG 
ll£fII"t 1t~ 122 I.. 
~ , 14'518 3&3 l. ..... 1151)3 1042 LfiG 
CMa¥ ""''7''5 ... I.. _w 

"6601 20 l.fiG 
_TvA "6621 .. ' '--fiG 
_TUIII ""182 40 l.fiG 
W1(W ""'22 ~ l.. 
II.TvA 111000 124 L. 
'-TUIII 111124 II L. 
rtNCH "7151 ", L. 
lUNCH "'240 &3 L. 
tnNCH ''':103 '54 l.. 
was 111351 ... l.fiG 
AL ... ",....5 318 l.fiG 
sa .. 1202'5'5 240 l.fiG 
~tST t2QJl515 300 l. 
_ne 121015 31 l. 
H'Sn. '2'~ 1%2 l.fiG 
ISTP.OC)I t2~" 1 
IrCLt.1 t22(a.l7 2) 
1 •. le.I 122Wt2 1&2 
... TA .... : 12lO24 I) Sl...., .... 
(0"10" 12lO24 100 Sl. "".1RMI 
IrlCfttl!: 123124 ., C<t.-r .... 

07/23181 
07123/8' 
07/23/81 
07123/81 
071231$1 
07123/81 
07123181 
07123111 
07/23!81 
07/23/81 

1'5.".". 
1'5.".". 
1'5.".". 
t'5."." . 
''5.'' ... 
1'5."." . 
1'5."." . 
1'5."." . 
1'5.".". 
1'5.".". 

(~ I. ... 1 .. 2-4)'t 

~ XXXXX.XXXXXXXXlCXlCXXXXXXXlCXlClCXXXXXlCXXXXXX 
~ XXXXX.XX.lCX.XXlCXlCX'(XXlClCXXXlCXlCXXXXXXXXXXX 
~ X ••• X •• XX ••• XXX •• XX.XyXXX •••••• XX.XX •• XX 
~ ••• XXXXX.X •• XX.XXXX.X •• XXXX.XXXXXXXXXXXX 
~ XIIXI •• XXX •• XXXX.X.X.X.XXXX.IXXX.XXX.XXX 
~ X:)l:lClC.X.JI!:.xlCXlClCXXXXX)(lIXXX ••••• XX.1UI:.IIJ(l( •• 
~ XIlnf.X •• ln( •• XX.X.XlCXXXXXXX.lCXlCX~ ••• X ••• X 
~ IUIKXXXXX ••• XXXXX.XXXX.XXXX.XX •• XX •• X •••• 
~ If •••• XXX ••• II.X.XXXX.XXXX ••••• X.lClC •• lC •• U: 
~ XX.lCXllXlC •••• XXlCXXX1UlllXllUllXXlllCXllXU:lIU:.1I 

07ff231~U l'5 .• )JJl. Nit 

1&1£ 1IIIIIIl:~ 1lUt i.hQ. IIIIi\RIIIIIMIE ~ 

07en181l Ir_ 41 •• 413'9 .... 1 .TaO.,a 
97621* ir_ a •• aft ....1 .'aO MItt 0"21* ~_ a •• QI) ..... .'aO MItt 
01'21* "" a •• QI) .... 1 lPTaO MItt 
07f21* Ir_ ••• QI) .... 1 .'aO 1Mtt 
07H21* n. ••• QI) ....1 .TaO MItt 01121* F_ ••• QI) ....1 lPTaO MItt .,,21* ir_ a •• QI) ....1 .'aO 1Mtt 0112l181l Ir_ ••• QI) .... 1 lPTaO 1Mtt 
81'21* "" .... QI) HP 1 .TaO 1Mtt 
81'21* "" ••• QI) ....1 lPTaO MItt 
87121* "" a •• QI) .... 1 lPTaO 1Mtt 
87121* F_ a •• QI) ....1 lPTaO MItt 
87121* "" • ••• ft .... , lPTaO 1Mtt 
01123* n. • •• QI) ....1 lPTaO MItt 
01Hn* "" ••• QI) .... 1 lPTaO 1Mtt 011nl81 F_ a •• 413'9 .... , aPTaO 1MCE 
01121* f:1IIi ••• QI) iMZ 1 lPTaO MItt 
81'21* F_ ••• QI) .... 1 lPTaO MItt 
81121181 F_ ••• QI) ....1 lPTaO MItt 
01121* "" a •• QI) .... 1 .TaO 1Mtt 
0712318' "" a •• QI) ..... .TaO 1Mtt 
01123181 F_ ••• QI) ..... lPTaO 1Mtt 
071nl81 f:1IIi a •• QI) .... 1 .TaO 1Mtt 
0712:1181 f:1IIi a •• QI) .... 1 aPTaO 1Mtt 
01123181 f:1IIi a •• QI) ..... aPTaO 1Mtt 
01121181 F_ a •• QI) ....1 lPTaO 1Mtt 
0112:1181 F_ a •• a3'9 .... 1 .TaO 1Mtt 
07'23181 f:1IIi a ••• 3'9 .... 1 lPTaO 1Mtt 
01'2:1881 F_ a •• QI) ..... ..,aO 1Mtt 
O'U21181 F_ a ••• 3'9 ..... .Ta01Mtt 
01121881 F_ a.Io QI) ..... 1 .TaO MItt 
0112:1181 ir_ a •• -ft .... 1 OPTaO 1MCE 
0712:1181 F_ •• " aft .... 1 OPTaO 1MCE 
8712:1181 F_ ••• al'! .... 1 .TaO 1Mtt 
01121/., F_ • •• 413'9 .... 1 .TaO MItt 
07/23/., F_ •••• ft .... 1 .TaO fMC[ 

01/aln~ 3. l-&ft !rCl. .NITIlALIZATION fIOUTINE. 
011an1~ 3. 3-413't COtI1ON COOED 110 fIOUTiNES AND CQMST"'TS.fol-(MA e1 lain ClfltASS 3. 3-_)'t INITIALIZE (QMST ... tS. 



LCUIO .." - NOSOL y ('tIlER LOAIER 1 .2-.3'9 07123181 t5 .• 3.03. PAGE 2 

"LTOUT:: 123'''5 311 SL -f:ORTRM OH2fll77 (IJII»ASS 3. 3~3'9 (0f'ItJN FLOATING OUTPUT CODE 
"ORS1'5:: 12~1" E.G3 Sl -FORTRM 01128/77 CIJII»ASS 3. 3~3't FORTRAN OBJECT LIBRARY UTILITIES. 
GETFIT:: 1~301 Q SL-f:ORlRM 01128/77 CIJII»ASS 3. 3~3'9 LOC.lE "" FIT GIVEN • FILE NAtE. 
IIO ..... ! f~~3 221 
IfIIIB: 1~72 321 Sl. -f:ClRTRM 01 128/77 CIJII»ASS 3. 3-'3't BINARY READ FORTRAN RECORO. 
kRaIcER: 12'5113 371 Sl.-f: .... 01/28/77 CIJII»ASS 3. ~3'9 PROCESS FORMTlEO FORTRAN INPUT. 
oute: 1~ 203 Sl. -f:ClRTRM Of/28/77 CIJII»ASS 3. ~3'9 BINARY IIRllE FClRTRAN RECORO. 
OUTCOPI= 12'5707 1~ Sl.-f:ClRTRM 01/28/77 CIJII»ASS 3. ~3'9 aJII'UII OUTPUT CODE 
REM I..". 1~3 ., Sl.-f:0RlRM 01/28/77 c..-.ss 3. ~3't POSIT ... FILE .T IEGI ... INliHJF-IIOIF __ nON. 
GOTOER: 12&1~ ,. Sl.-f:ClRTRM 01/28/77 c..-.ss ~. ~ CCJIIIUlEO GO TO EMIR PROCESSOR. 
~IJG 12&1. 73 Sl.-f:CiIRlRM 01/28177 c..-.ss 3. ~3'I CCJIIIUlE c..- .. NAnJtAL.. LOGMUltI'IS. OPT:AlL 
EIIP 1~33 15 Sl.-r0RlRM 01/28/77 aIIItASS 3. ~3'9 E ........ TlAL nKTlON. E TO POlIO It. OPT:AlL. 
seRT 12&330 o Sl.-f:0RlRM Of/28177~ 3. ~3'9 CCJIIIUlE D£ SGUME ROOT OF It. OPT:AlL. 
51'5=151 12&313 62 Sl.-f:0RlRM 01/28177~ ]. ~3'9 .. 1M UIRARY U. TO EMIR I€SSAGE PROCESSOR. 
JlTOle 1~ .. Sl.-f:ORlRM Ofla/77~ 3.~ REAL BASE TO ItREGER POlIO. 
JlTO"e f~3 51 Sl.-f:ORlRM Of/28177 taFaSS ].~ ~ BASE TO ~ POlIO. 
nTlN= 135St 156 SL-f:1It1ItM Of/a/77~ ]. ~3'9 c..- FLOATING INPUT CGNVERTER. 
""II': 12&132 352 Sl.-f:ORlRM 01/28117~ 3. ~l't tRIO( .UST .. FORMT FCIR 1(00Eft1~. 
FClRUTl= 1273CM 

'. Sl.-f:ORlRM 
01'28117~ ]. ~l't Ftl. N$C. UTIUTIES. 

FTNRPY: 127322 1'55 SL-f:ORlRM 01/28177~ 3. ~l't FClRTRAN REPRlaE. 
JNCOPI= 127.77 302 Sl.-f:ORlRM Of/a/77~ 3. ~l't c..- INPUT FORMTlING CODE 
JIIIPC: 1JOOO1 11tO Sl.-FCIR1MN 01128177~ 3.~ F_TlEO READ FClRTRANIIECORD. 
tcOlJ[R: 130'''' ~ Sl.-f:ORlRM O1lal17 aIIItASS 3.~ IU1PUT FORMT 1N1URIE1O. 
OUTC: 13!Of.l7 '15 SL-f:ORlRM 01/28117 aIIItASS l.~ F_no, IIRllE FClRTRM IIECORD. 
51'SAJDe fl10:M 1 Sl.-f:1It1ItM Of/28177~ 3.~ UN( IElIIHN $'l$tAIO .. INITIALIZ.TlON CODE. 
)lTOl= fl~03'5 10 Sl.-f:ORlRM 01/28177~ l.~ ~ TO ItREGER E ........ n.TlON. 
5'5.,," UtCNS 37 Sl. -SYSIO 0111Y17~ 3.~ PfI8CESS SYSlD' REfIlEST. 
I C ... ,,,", un .. " ClO,,," UtH2 • Sl.-5"SIO O3I1BI77 aIIIFa5S ].~ ,",,,", UU5,2 10 
fD«,,," flU62 ~ Sl-SYSIO 03/18177 ~ l.~ 
PItT ,,," t31~ 233 Sl.-SYSIO O3nB/77~ 3.~ 
l..-s,,,", U1501 11 
ltett,,,"' 111512 3 
'''S,fOI nt515 1 
ICJIIl1If.fOI nt51. 1 
CJIIl1If.,," 13152'5 231 Sl.-S'SIO 03618/77 ~ ~. ~l't 
11£"",,,", U'''' 1 
1~.fOI nt7f1,5 1 
PUf •• nt77. ,.n Sl.-SYSIO O3I181n~ 3. ~:n ..... 13~1 ~ Sl-$YSIO 03I1./77~ l.~ 
Ia. .. . fOI nXi41 1 
c ..... "" t,." 22 !L-SYSlO 03118177 aIIItPISS l.~ !.' .111 "3'20 S 
,.f •• tJlm U5 !L-$YSIO 03118117~ li. ~:n 
COl •• t~ 150 !L -S"SIO O3n8l77 aIIItPISS ,. ~:n 
,W".fOt UUt2 1 
W" •• tM2.?1 51 !L-$YSIO 03118171 aIIItPISS l.~ 
EM.,," tM212 .., Sl. -$YSIO 03/18177 aIIItPISS J.~ 
~ .• tM,. 1 !L-$YSIO 03118177 aIIItPISS J. ~l't ... "" 'M101 " !L-$YSIO 03118117 QII!ItIiIS J.~ 
CJIIl1If •• t3'5CllOO 251 !L-SYSIO 03118117 QII!ItIiIS ).~ "II .• 13'5251 t. !L-SYSIO 031 18171 aIIItPISS l. ~:n 
'~.Rfl t~1l U 
RLtl,,," t3'53CM U tL-SYSIO aIIItPISS ].~ 
(" .... t.~ 1 M tL -SYSlo QII!ItIiIS l. ~:n 
letsv.ro! 1 JiIJ,502 "I 
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CUV •• 139SU 131 tL-SYSIO O3It8l77~ ). ~l't ,....'01 , .. 1 ..... '''' Q !L-SYSIO O3I1l8l17~ )-~ 
t.T.fOl '3'5121 7 
"".l1li1 13'51. 1 
I.t .Rt, t.')t u .f .• t.'U tau tL-SYSN Ul18I71~ l_~ 
l .• tl~ '01 tL -SYSIO UI'8I71~ l_~ .... 137125 IJO tL -SYSIO 031'8I17~ l_~ 
fSU •• 1l1111l ,. tL-SYSN UI'8I77~ ~_ ~:n 

RECOVR t37303 ,"" tL -$t tL Ie O1nll17~ l_~ REPRIEft: INTDF.a 

t • 387 CP sttGIJIGS tSllJOOB 01 S ...... 105 f~ Kft:S 

~1 
_2 

8MG • 
.. ICRONS 
CMR'fIstt , 
CMR'fIstt 2 
CMR'fIstt 3 

0.000 -- '000.000 
0.00000 

.10000 
• .aGOO 

rRA(tiON ~ SOlAR MO. 
1111 THIS _ ' .00000 

~ OF 1t£ 1IIIIHiiiEII£1R1CM.. lINIIL DAT .... IOt .. W: IIEEN INPUT 

ZONE REFlEC- nIlE 
DIRECT ___ 

ME.' FLUX 1Ef'IIEM TURE 
TMC[ ~ _IAn .. IF SPECIFIED If SPECIfiED 
CMR'fISTC e. c. U_~I .1IIIn£1ER-•• IDEG-k1 

t ]I 2 O. O. 
2 3 2 O. O. 
3 3 2 O. O • • l 2 O. O. 
'S 2 l .~.0.2 .'S'J8OOE+Ol 

" 2 1 .~+02 .5'J8OOE+Ol 
7 2 1 •• 11"+02 .5'J8OOE+03 .. 2 1 .~.0.2 .5'J8OOE +03 ., 2 3 .~77OIt.03 • 5'J8OOE +03 

10 2 3 ..... .03 .5WOOE+03 
u 2 3 .2881GC1[.03 .5WOOE+03 
12 2 3 .2Io2GGIIE:.03 • 5'J8OOE +03 
t3 2 l .3551OG£.03 .'S'J8OOE+03 ,. 2 3 .~.03 .5WOOE+03 
15 2 ]I .l'M4OQ[.03 .51800[+03 



16 2 3 • 3E.15OOE. +03 .-~.- .-
17 2 3 .15OOOOE+03 .5WlOE+03 
18 2 3 • 15Et7OOE+03 .5WlOE+03 ,,, 2 3 .1~3OOE+03 .5WlOE+03 
20 2 3 • 1417OOE+03 .5WlOE+03 
21 2 3 • Jlo4OOCIE.a2 .5WlOE+03 
22 2 3 .Jr.8OOCIE.a2 .5WlOE+03 
23 2 3 .Jr.JOOClE.a2 .5WlOE+03 
2. 2 3 .2lo4GOC£.a2 .5WlOE+03 
25 :2 3 .42OOOIE+01 .5WlOE+03 
2E. 2 3 .:J"JOOO(iE +01 .5WlOE+03 
27 2 3 .JroOOOCIE+01 .5WlOE+03 
28 2 3 .23OOOOE+01 .SWlOE+03 
.24) 3 2 O • O. 
30 3 2 O. O. 
31 3 2 O. O. 
32 3 2 O. O. 
33 2 3 .372OOOE+02 .5WlOE+03 
3<1 2 3 .272OOOE+02 .5WlOE+03 
3'5 2 3 • 141U11E+02 .5WlOE+03 
3E. 2 3 .2II8IIIIE+OlI .5WlOE+03 
37 2 3 .182311E+03 .5WlOE+03 
38 2 3 .16MICIE+03 .5WlOE+03 
~ 2 3 .8'ftCIIIE.a2 .5WlOE+03 
40 2 3 .2IHIIE.a2 .5WM3E+03 
41 2 3 .lIIl8IE:+03 .5WM3E+03 
<12 2 3 .2W!iIIE+03 .5WM3E+03 
.3 2 3 .15181X1£+03 .5WM3E+03 .... 2 3 .331IGCME.a2 .5WM3E+03 
45 2 3 .~GIE+03 .5WM3E+03 
~ 2 3 .w.aa:+03 .5WM3E+03 
.7 2 1 .1ItII8IIE+02 .5WM3E+03 ... 2 3 .1I11l1GE+02 .SWOCIE+03 . ., 2 3 .2<M8III£+02 .5WM3E+03 
50 2 3 .2<M8III£+02 .5WM3E+Ol 
51 2 3 .3MI8IE+01 .5WM3E+03 
52 2 3 .58IlIIIE:" .5WlOE+03 
53 2 3 .1I .... -et .5WlOE+03 
5<1 2 3 .1I2!1G11E-et .5WM3E+O: 
55 2 3 O. .5WM3E+03 
~ 2 ] O. .SWlOE+Ol 
51 3 2 O. O. 
158 3 2 O. O. 
5" ] 2 O. O. 
6G :) 2 O. O. .' 2 ] .~+01 .5WM3E+03 
t.2 2 1 .MIYDIE+02 .5WM3E+03 
.3 2 3 .2GIIIE+02 .5WM3E+Ol .... 2 3 ..... +02 .5WM3E+03 
60S 2 3 .~+02 .5WM3E+03 .. 2 :) ....... +02 .5WICE+03 . , 2 :) .11 ..... .5WICE+03 
fie 2 ] ......... .5WICE+03 . ., 2 3 .»2IIIItE+02 .5WICE+03 
10 2 3 .M ..... .5WlCE40Q3 
1t 2 ] .~ .. .5WICE+03 
12 2 ] ....... .5WICE+03 
13 2 ] .1I41t1GE+02 .5WICE+03 ,. 2 :) .JUIIIa+02 .5WICE+03 
~ 2 3 .tM2GIE .. .5WICE+03 
1t. 2 3 ., ...... .5WM3E+03 

] 

71 2 3 .~+01 .5WICE+Ol 

'" 2 3 .~+02 .5WICE+Ol 
10 2 3 ..... +02 .5WICE+Ol 
• t 2 ] O • .5WM3E+Ol 
12 2 3 ....... .5WICE+Ol 
13 2 :) .11_+011 .5WICE+Ol ... 2 .. .511_+0' .5WM3E+03 
as 3 ~ O. O. .. 3 2 O. O. 

" 3 2 O. O. .. 1 2 O. O • 

'" 3 2 O. O. 
~ 3 2 O. O. 
It, 3 2 O. O. 
92 1 2 O. O. 
"Jl 3 2 O. O. 
~ 3 2 O. O. 
W 3 2 O. O. 
~ 3 2 O. O. 
It? 1 2 O. O. .. 1 2 O • O. 
~ 3 2 O. G. 

100 3 2 O. O. 
101 3 2 O. O. 
102 3 2 O. G. 
103 3 2 O. O. 
104 3 2 G. O. 
10S 3 2 G. O. 
~Ol. 3 2 O. O. 
101' 3 2 O. O. 
108 3 2 O. O. 
,~ 3 2 O. O. 
UO 3 2 O. O. 
111 3 2 O. O. 
112 3 2 O. {II. 
113 3 2 O. O. 
"4 3 2 O. O. 
115 1 1 O. O. 

NOTE THAT B. C. nfIE 1... UWIIiESIHHJS • DIllE .. MIBm& PUlE 
nfIE 2 ••• IEAT FL_ IS SPUIFI£D 
nfIE 3... 1EJII£MlUIIIIE • DIllE IS SPUIFI£D 

SOUR PlIlER I ... OIaGSUIIE .. IIU .52OO8E +0<1 
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• 2158f,E+01 

.211.,1£+01 

.27124E+01 

.27042E+01 
• 28813E+01 
.28(.5'£+01 

O. 

IMAIOIAnON DiSTRIBUnON 

BMD , BMD 2 BMD 1 BMD • BMD 5 

eDj'£lER-SCU «DII£1ER-SQi flltiUt£1ER-SQI ID/t£1ER-SQI U(WIt£1ER-SQa 

.1~+O1! 

.2H11E+01 

.2Hr.I£+01 

.18WSE+01 

.~+02 
•• "'43E+02 
.~+02 
.~+02 
.252'I2E+03 
.2I!I3IE+03 
.28IiIE+03 
.373lE+03 
.~+03 
.:ft5ZiE+03 
.~+03 
.5lME+03 
.~.+03 
.~+03 
.~+Ol 
.14S't1E+03 
• .-£+02 
.3'M2lE+02 
.liIIIIIPIE:+02 
.37HE+02 
."'][+01 
_~+01 
.!iI5lGIIE +01 
.~+01 
_~+01 
.2R&:+01 
.~"+01 

I .... +01 
~ .cnll.+02 
~ .~"'+02 
t .-'+02 
, •• '~+O1 
~ .~+03 
~ .~+03 
r .~+02 
t .~+02 
i .~+Ol 
~ • __ +03 

5 .~+Ol 
~ .. ""+02 
, .~+Ol 
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TI-I[ rOLlOWING rlU~ DISTRIBUTIONS Afl£ rOR Mol ENCLOS~ 
I~TO WHICH NO [)(TE~L RAOIATIOt>I ENTERS, ANO WHICH HAS 
TI-I[ TEMP£RAT~S LISTED A80VE At«)/OR THOSE CAl
CULATED By TI-I[ C:J8f'!OuTlN[ TH[RMAL 

RA!JIOSITr DISTRIBuTION 

ZONE TOTAL 8At«) 1 BANO 2 BAND 

'ttw/I"£TER-SQI 'ttW/I"£TER-SQI 'kW II"£TER-SQ I 'ttW/I"£TER-SQ' 

1 . 128qs[·02 · 1 28qc)[ +02 
2 · 1 2f*.Q[ .02 · 1 2f*.Q[ +02 
3 · I 2f*. 7£ +02 · I 2f*. 7£ +02 
4 .12" 1[+02 · 12"11 lE.02 
'5 · 75447£ +0 1 .75447£+01 
I" · 75583£ +0 1 · 7'5583E +0 I 
7 · 7'558E.E +0 1 · 7'558E.E +0 I 
8 .7'54'54£+01 · 7'54'54£ +0 I , · 74(,43E +01 . 74(,43E+01 

10 .74(,'7£+01 .74(,'''[+01 
11 · 74(,qi£+01 . 74(,qi£+01 
12 .74(,47£+01 .74(,47£+01 
13 · 7438~+01 .74384£+01 
14 .74~+01 .74~+01 
1'5 .74~+O1 . 743"1OE+Ol 
11" · 7438'5£+01 · 7438'5£+01 
17 · 74(,()1[+01 · 7~01[+01 
18 .74(,47£+01 · 7~47£+01 

" 
.74(,4(,£ < 01 · 7~4(,£+Ol 

20 .74'5'7£+01 .745'7£+01 
21 .74"15"1£+01 .74qs~+01 
22 .7'5108£+01 .75108£+01 
23 .75103E+Ol .75103E+Ol 
24 .74~+01 .74~+01 
2'5 .7'5001[+01 .7'5001[+01 
2(, . 7527Q[+01 · 7527QE +01 
27 · 752'55E +01 · 152'55E +01 
28 · 741"5~+0~ · 74qs~+01 
2"1 · 1307~+02 .13074£+02 
30 .131E.3E+02 . 131£,3E+02 
31 .13311[+02 .13311[+02 
32 · 1 35E.2£ +02 · 1 35E.2E +02 
33 · 7'52'57£ +0 1 · 7'52'57£ +0 1 
34 · 7'547~+01 · 7'547~+O1 
3'5 · 75(,85E +0 1 • 75(,85E +01 
3b .7E.2O&£+01 .7£'20&£+01 
37 · 7443~+01 .74434£+01 
38 .7451~+01 · 74'51~+OI 
3"1 .74(,33E+01 . 74(,33E+Ol 
40 .7'5172£+01 .75172£+01 
41 .74087£+01 .74087£+01 
42 .74<>"2£+01 .7~2E+Ot 
43 .74175£+01 .74175£+01 
44 .74735[·01 .74735£+01 
4'5 .74177£+01 .74177£+01 
4(, .74277£+01 .74277£+01 

47 .74~+01 .74~+01 

48 .7'50'50£+01 · 7'50'50£ +01 
4"1 .74'50"5£ +01 .74'50"5£+01 
'50 .74802£+01 . 74802E+Ol 
'51 .7518E£+01 .7518E£+01 
'52 · 7'5828E +01 · 7'5828E +0 1 
'53 .7~53E+Ol .7~53E+Ol 
54 .75048£+01 . 75048E+Ot 
'5'5 .755%£+01 .755%£+01 
% .7£,137£+01 .7£'137£+01 
'57 .13538£+02 .13538£+02 
58 . 132'3E+02 .132'3E+02 
5"1 .13157£+02 .13157£+02 
bO .13072£+02 .13072£+02 
£,1 .7£,1"[+01 · 7£,1"[+01 
~2 · 75£,7~+01 .75£,74£+01 
(,3 · 75~7£+01 .~7£+Ol 
('4 • 752"54E +01 • 752"54E +01 
£''5 .7'51E02E+01 • 751E02E+01 
bb .7~+O1 .7~+O1 
('7 .74511[+01 .74511[+01 
(,8 .74434£+01 .74434£+01 
(" · 74730£+01 • 74730£+01 
70 · 74173E+Ol .74173E+Ol 
71 .7~1[+O1 .7~1[+O1 
72 . 74Q88E +0 1 • 74Q88E+Ol 
73 .7'5052E+01 · 7'5052E +01 
74 · 74~8E+O' · 7 44E.8E +0 1 
75 .7427':+01 .7427.:+01 
7E: .74178£+01 .74178£+01 
77 .7'5841[+01 .7'5841[+01 
78 · 7'51~+O1 · 751~+01 
7' .74811[+01 .74811[+01 
80 .74511[+01 .74511[+01 
81 · 7£, I 7Q[ +01 .7E.17Q[+Ol 
82 .7%28£+01 .7%28£+01 
83 · 7'5082E +0 1 • 7'5082E +01 
84 · 74E.81j[ +0 I · 74E.81j[ +01 
8'5 .13423E+02 • 13423E+02 
f*. .1335~+02 .1335~+02 
87 .13~':+02 .1~':+O2 
88 .13205£+02 • 13205E+02 
8' .13~'4E+02 .1~+O2 
"10 .13258[+02 .13258[+02 
"II .1321~+02 • 1321~+02 
"12 .1317QE+02 • 1317QE+02 
'n · 1 32J'!E +02 · 1 32J'!E +02 
"14 . 13153E+02 • 13153E+02 
¥., .1341':+02 .1341':+02 
"IE. • 1312OE+02 . 1312OE+02 
.,7 .1007':+02 .1007':·02 
~ .1~+02 .1~.02 
'¥"I .~735[+01 .~735[·01 

100 · 11521[ +02 • 11521[ +02 
101 .1~':+O2 .1~':·02 
102 .114~+O2 · 1145~+02 
103 .13721[+02 .13728[+02 
104 .1337)(+02 .1337)(+02 
1~ .13130£+02 . 1313OE·02 
1~ .12'94~·02 .12"14':.02 
107 .1 :K."IE.[+02 · 1 :K."IE.[+02 

BANO 4 BAND '5 

IkW/I"£TER-SQ I IkW/~TER-SQI 



10e 

10q 
110 
111 
112 
113 
114 
1115 

ZONE 

1 
2 
3 
4 
'5 
e 
7 
8 
q 

10 
11 
12 
P 
14 
1'5 
le 
17 
le 
lq 
20 
21 
22 
23 
24 
2CS 
2b 
27 
28 
2q 
30 
31 
32 
33 
34 
3'5 
~ 
37 
38 
3q 
40 
41 
42 
43 
44 

415 

4£, 
47 
48 
4Q 
ISO 
51 
52 
53 
'54 
'55 
% 
57 
~J 
5Q 
eO 
£,1 
b2 
E.3 
E.4 
£,5 
bE. 
b7 
b8 
bQ 
70 
71 
72 
73 
74 
~ 
7E. 
77 
78 
7' 
80 
81 
82 
83 
84 
85 
BE. 
81 
88 
8'9 
'90 
'91 
'92 
Q3 
'4 
¥.i 
% 
'91 
'98 
-" 

100 
101 
102 
103 
104 
10"5 

.13341E+02 

.13130£+02 

.12%1£+02 

.14571E+02 

.13'5%£+02 

.1412~+02 

.14103E+02 
O. 

TOTAL 

II<WIMETER-SQI 

· 1 1 7('()£ +02 
.115q3E+02 
.115q1£+02 
.11772£+02 
.101'*1[+02 
.1033*+02 
.1033(,£+02 
.1020*+02 
.~~+01 
.q4473E+01 
.~~+01 
.q~72£+01 
.q134':+01 
.q1401E+01 
.q'402E+Ol 
· q1 3'52E +01 
· q3'512E+01 
.q~78E+01 
. q3%2£ +0 1 
· q3473E+Ol 
. q7Qq1£ +0 1 
.~'9OE+Ol 
.~31£+O1 
.%%3E+01 
.q~12£+01 
.10020£+02 
• 1 000'5E +02 
.q7100E+Ol 
.11541E+02 
.113(,1£+02 
· 11 42"5£ +02 
.11724£+02 
.10001£+02 
.10224£+02 
· 104 3f.E +02 
.1~1£+O2 
.ql~tj[+01 

· q26.42£ +0 1 
. Q383.: +0 1 
· -"22.:+01 
. 88380E +0 1 
.88424£+01 
.8'9~+Ol 
.~85tj[·01 

.8Q27&[+01 

.~+01 
· Q21E.2E+Ol 
.~+O' 
.~+O1 
· '!15521£ +0' 
· -,,3(,1£+01 
· 10"57':+02 
· '!4033E +0 1 
. Q7qe3E+O 1 
· 10346£+02 
.10881£+02 
.11£"1£+02 
.11402£+02 
· 11 3'52£ +02 
.11531E+02 
· 1 0'!42£ +02 
· 1042"5£ +02 
.10218E+02 
• 1 000'5E +02 
· -"124£+01 
.'3785£+01 
.Q26.1':+01 
."~3E+O' 
· '9480'£ +01 
.8'923(,£ +01 
.88413E+01 
.88382£+01 
.~3E+01 
.Q2185E+01 
• '9OlOOE +01 
.8'9283E+01 
· 1 0"5'!2£ +02 
· '9'M82E +01 
• ¥.i(,2O£ +01 
.'926.18[+01 
.10q20£+02 
.1037':+02 
.qe33OE+01 
. '94354E +0 1 
.1000.:+02 
· '9143f.E+01 
.1001'5{+02 
.100w.E+02 
· '90"520£ +01 
.10072£+02 
.11181E+02 
· 1 0E.55E +02 
. 111!K£+02 
.,7753E+01 
.'2420£+01 
. .,173f.E+01 
.81212E+01 
.814%E+01 
.811CJ5£+01 
.85081[+01 
.84141£+01 
.8508:1£+01 
.1Q41S:1£+02 
· .",,3'5[+01 
.~1E+01 

.13341E+02 

.13130£+02 

.12%7E+02 

. 14571E+02 

.13'5%£+02 

.1412':+02 

.,..,03E+02 
O. 

IRRADIATION DISTRIBUTION 

BANO 1 

II<WIMETER-SQI 

· 1 1 7('()£ +02 
.115'93E+02 
.115'91£+02 
.11772£+02 
.101'*1[+02 
.1033*+02 
.1033f.E+02 
.1020*+02 
.Q~+Ol 
.~473E+Ol 
.~~+01 
.Q~72£+01 
. Q 134': +0 1 
.Q1401E+01 
.Q1402£+01 
· Q1 3'52£+01 
.Q3'512£+01 
.Q~78E+01 
.'93%2£+01 
.Q3473E+01 
.'97Qq1£+Ot 
.~'9OE+01 
.~31£+O1 
.%%3E+01 
.Q~12£+Ol 
.10020£+02 
· 1 000'5E +02 
.Q7100E+Ol 
.11541E+02 
· 11 3(,1£+02 
· 1142"5£+02 
.11724£+02 
.10001£+02 
.10224£+02 
· t 043(,£ +02 
.1~1£+02 
.'9t~+Ol 

.~2£+O' 

. Q)83.: +0 1 

.~2.:+O1 

. 8838OE+01 

.88424£+01 
· 8'92CS*·0' 
· 'M85'5{·0' 

· 8'927e.E .0 1 

.~+O' 

.~lE.2E+Ol 

.~+O1 
• ,2CS(,()£ +0 1 
· ¥.i521£ +01 
· -"3(,1£+01 
• 1 0"57.: +02 
· '!4033E+01 
.'~3E+01 
.'03~+02 
.10881£+02 
.1te,'1£+02 
.11402£+02 
· 11 3'52£ +02 
.11531E+02 
· 1 0'!42£ +02 
· 1042"5£+02 
.10218E+02 
• 1 000'5E +02 
· -"'24£+01 
.'3785E+01 
.~1':+O1 
.'91~3E+01 
· '9480'£+01 
.8'923(,£+0' 
.88413E+O~ 
.88382£+01 
.~3E+01 
• '2185E+01 
· '9OlOOE +01 
· 8'9283E +01 
· 1 0"5'!2£ +02 
· '9'M82E +01 
• ¥.i(,2O£ +01 
.~HlIE+Ol 
.10q20£+02 
.1037.:+02 
.qe33OE+01 
.'94354E+01 
.1000.:+02 
• '9143f.E+01 
.1oo1tj[+02 
.100w.E+02 
• '90"520£+01 
.10072£+02 
.11181E+02 
· 1 0E.55E +02 
.111!K£+02 
."753E+01 
. .,2420£+01 
. .,773f.E+01 
.81212E+01 
. 814%E+01 
.811CJ5£+01 
.85081E+01 
.~147E+01 
• 85083E+01 
.1045:1£+02 
· .",,3'5[+01 
.8~1E.01 

BANO 2 BANO 

II<W IMETER-SQ I II<W I ME TER-SQ I 

BANO 4 BANO '5 

II<WIMETER-SQI II<W IMETER-SQ I 



10E> 

107 
108 
10'1 
110 
111 
112 
113 
114 
115 

ZONE 

I 
2 
3 
4 
5 
b 
7 
8 
'1 

10 
11 
12 
13 
14 
15 
1& 
17 
le 
''1 
20 
21 
22 
23 
24 
2'5 
2& 
27 
28 
2'1 
30 
31 
32 
33 
34 
3S 
3£. 
37 
38 
3'1 
40 
41 
42 

43 

44 
45 
4(, 

47 
48 
4'1 
50 
51 
52 
53 
54 
55 
SE. 
57 
58 
5'1 
60 
61 
62 
63 
6. 
&5 
bb 
&7 
£.8 
&'1 
70 
71 
72 
73 
7. 
75 
7& 
77 
78 
7' 
80 
81 
82 
83 
84 
85 
8(, 
87 
88 
8'9 
'90 
'91 
'2 
'3 ,. 
'95 
% 
'7 
~ ,., 

100 
101 
102 
103 

.'H1'14(+01 

.10441£+02 

.'11&23£+01 

.8<r'l2OE+Ol 

.'~7872[+01 

.10502[+02 
· ~3<r'l£+01 
.~+01 
· '18043£ +01 
· '33248£+01 

TOTAL 

IKW 1t£T£R-SQ I 

-.113.2[+01 
-.12&71E+Ol 
- .12703£+01 
- . 11 3'11 E +01 

.2&533£ +01 

.2775bE+Ol 

.27778£+01 
· 2&58'1E +0 1 
· "2'11£+01 
· "77&£+0 1 
.''3781£+01 
.1'1325£+01 
. 1 &%5E +0 1 
.17012£+01 
.17013£+01 
.1&%1£+01 
· 1~12£+Ol 
.1'1331£+01 
.''3317£+01 
.1887E£+01 
.22138£+01 
.23482£+01 
. 230t 3otE+O 1 
.22011£+O~ 
.22'511£+01 
.24'33£+01 
. 247<r'lE+Ol 
.2210t0E+Ol 

-.15330£+01 
-.17%1£+01 
-.I88£.2E+Ol 
- .18386£+01 

.24818£+01 

.2& 76"f +0 1 

.28(,74£+01 

.333£.1£+01 

.17"'£+01 

.1812"f+Ol 
• I "t2OE£ +01 
.24051£+01 
· '.2'13£+01 
.1.332£+01 

.1S08OE+Ol 

.20120£+01 
· I 5O<r'lE +01 
.1E>OO3E+Ol 
· 17b'9EoE +01 
. 22¥.iE£+01 
. l8054E+Ol 
.20725£+01 
.2.,81E+Ol 
.2'3%IE+Ol 
.1'33BOE+Ol 
· 22'335E +01 
. 278b{,£+01 
.32737£+01 

- . 1840&£+01 
-. 1~13E+Ol 
- • 180'53£+01 
-.I54fE£+Of 

· 3322"f +01 
.2857&£+01 
.26713E+Ol 
.247'34£+01 
.23%2£+01 
• ,',51£+01 
.18101£+01 
.17~+O1 
· 2007"f +Of 
.15063£+01 
· '.322£+01 
· '.2'34[+01 
.22'171£+01 
.1771E1E+Ol 
• 1 fo02OE +01 
.15105£+01 
.30078£+01 
• 242fJISE +01 
• 2080EIE +01 
.18101£+01 
.33033£+01 
.281(.3£+01 
.232<18£+01 
.1"'~+O1 

-.34: 44£+01 
- .• 2158£+01 
-.34543£+01 
-.31~+O1 
- .• 2415£+01 
-.311161[+01 
- .2032EIE"01 
- .2'51t51£+01 
- .2Ol525E+01 
-.33773£+01 
- .417&IE+01 
-.33461£+0' 
- .1'95761£+01 
- .2.38"f+01 
- .185.,[ .. 01 
-.301."01 
- .• ''542[''0, 
- .2''-'« +0 1 
-.32745£+01 

.'1n'14£+01 

.10441£+02 
· '11&23£+01 
.8<r'l2OE+Ol 
· '17872[+01 
.10502[+02 
· ~3<r'lE+Ol 
· '3S068£ +01 
· '18043£+01 
· '13248£+01 

DISTRIBUTION Of'" HEAT FLUX 

BAM) 1 BAM) 2 BAM) 3 

IKW 1t£T£R-SQ I IKH/t£T£R-SQ I IKW/t£TE~-SQ ) 

- .11342[+01 
-.12&71£+01 
-.12703£+01 
-.113'11£+01 

.2&533£+01 

.2775bE+Ol 

.27178£+01 

.2&seq£ +01 

.1~l£+Ol 

· "77&£+0' 
.''1781£+01 
• "32SE+Ol 
.16%5£+01 
.17012£+01 
.17013E+O: 
.1£.%1£+01 
.1~12£+Ol 
.1'3331£+01 
· ''3311£+01 
.1887&£+01 
.22138£+01 
.23482£+01 
• 23ot3otE +01 
.22011£+01 
.22511£+01 
.24'33£+01 
• 247<r'lE+01 
.2210t0E+01 

-.15330£+01 
-.17%1£+01 
- . 188£.2E +01 
- • 1838&£+01 

.24818£+01 

.2&7b"f+Ol 

.28(,74£+01 
• 333E.1 £+01 
. 17411E+Ol 
• 1812"f+01 
.1~+O1 
.2.t0'51£+01 
• '.2'33E +01 
.,.3l2E+Ol 

.1S08OE+01 

.20120£+01 

.1~+O1 

. 1 E>003E+O 1 

.'1&%£+01 
• 22¥.iE£+Ol 
. 18054E+01 
.20725£+01 
.24181£+01 
.2'3%1£+01 
.1'!3BOE+Ol 
.22'335£+01 
.278(,(£+01 
.32731£+01 

-. 18otQ6,[ +01 
-.18"13E+01 
- • 18053E+01 
-. f541E£+01 

• 3322"f +01 
• 2857bE+01 
.2E.713E+Ol 
• 247'34E+Ol 
.23%2£+01 
.''3'57£+01 
.18101£+01 
.17~+O1 
.2007"f +Ot 
.15063£+01 
.14322£+01 
· '.2'34[+0 1 
. 22'371 E+o 1 
.17718£+01 
· I fo02OE +01 
.15105E+01 
.3OO78E+01 
• 2428!i£+01 
· 2080EIE +01 
.18101£+01 
.33033£+01 
.2816.3£+01 
.232<18£+01 
.1%b"f+01 

-.34144£+01 
- .42158£+01 
- . 3ot543E +01 
-.31~+01 
- .• 2.'5£+01 
-.318E.1E+01 
- .2032EIE+Ol 
- .25151£+01 
- .20525£+01 
.. 33773E+Ol 
- .417&IE+01 
-.33461£"01 
-. '~761£+01 
- .24381["01 
- .18541["01 
-.301'91[+01 
- .41542["01 
- .2'ME.4£+01 
-.327.5[+01 

BAM) 4 BAM) 5 

IKWlMET£R-SQ) I KW/METER-SQ 1 



'04 

10'5 
1 Of:, 
107 
108 
10~ 
110 
111 
112 
113 
114 
115 

- .420~2£+01 - . 420~2£ +0 1 

-.413~+01 -.413~+01 
-.31E.~+01 -.31E.'8E+01 
-.32!iS8E+01 - . 32!iS8E +01 
-.417'2£+01 - .417'2£+01 
-.4137~+01 -.4137~+01 
-.317"-£+01 -.317"-£+01 
- .40E.85E+Ol - .40£085£ +0 1 
- .4O'5E.3E+01 - .4O'5E.3E+01 
-.4321~+O1 -.4321~+01 
-.42~+01 -.4~+01 

• '3248E+01 .'3248E+01 

TOTAL "'OWER LEAVING ENCLOSURE APERTURE (IOPT=21 
THIS rs THE SO-CALLED RERADIATION LOSS 

.10780E+03 «W 

THE HEAT TRANSFER TO EACH ZONE FOR THE COtIIINED CASES OF 
A IENCLOSURE AT O-OEG ABSOLUTE WITH INCOf"IING SOLAR RADIATION 

PLUS 
BI ENCLOSURE WITH SPECI FlED (AN)/OR CALCULATED 1 SlJRf'ACE TEMPERATURES AN[) NO INCOf"IING 

SOLAR RADIATION 

ZONE 

1 
2 
3 
4 
5 
6 
7 
8 , 

10 
11 
12 
13 
14 
15 
16 
17 
18 

" 20 
21 
22 
23 
24 
2!i 
2e. 
27 
28 
2' 
30 
31 

32 

33 
34 
J5 
36 
37 
38 
~ 
40 
41 
42 
43 
44 
45 
4£. 
47 
48 
4' 
50 
51 
52 
53 
54 
55 
5(, 
57 
58 
5' 
£.0 
('1 
E.2 
£.3 
&4 
&5 

" £.7 
£.8 
&, 
70 
71 
72 
73 
74 
75 
7& 
77 
78 
7' 
80 
81 
82 
83 
84 
85 
8£. 
87 
88 
8'3 
'30 

" '2 

HEA T lliANSFlR 
(KwlI'£TER-SQ I 

-.5O'M5"4£-11 
-.4831E.~-11 
- .47180038E-11 
-.4~40612E-l1 

· % 10JCJ6OE +02 
.E.5OO44fo~+02 
.65837137£+02 
.E.247163(£+02 
.22'56153£+03 
.2e.148351E+03 
.2581883(£+03 
.24256'35£+03 
.3276345~+O3 
.35743043£+03 
.3605~10E+03 
• 332~~7£+O3 
.1410382'E+03 
• 14622E.48E +03 
.14401452£+03 
• 13325E.23E +03 
.37301034£+02 
• 3783044OE+02 
.3133324OE+02 
.~+02 
• 758028"t1E+01 
• 776172e.3£+01 
.74575416£+01 
• 57£.8J8tSOE +01 

- .2E.85851~ -11 
- • 252'5321 E-11 
- .28'flO144£-11 

-.312e.388OE-l1 

• 400218£.OE +02 
.~15'£+02 
.1~11~+02 
.88'16Of.4E +01 
.17274448£+03 
.1517058f.E+03 
.8(.~+02 
.242'K.~7£+02 
.28044124£+03 
.272151&JOE+03 
• 141E.2~3£+03 
.~33£+02 
• 15113811E+03 
.12'16~+O3 
• £.8707034£+02 
• 1580854CJE +02 
.276~7£+02 
• 27777045E +02 
• 85522ft28E +01 
.ErtftO't114£ +01 
• 5~12504£+Ol 
.(,OQ1736JE+01 
• 55523708E+01 
• 5'7't8'J24E +01 

- .6110f:(,~-12 
- ."~1017£-12 
-.710542,4£-13 
- .45474735£-12 
.~+O1 
• 157"M854E+02 
.282't2885E +02 
.3~+02 
.23484150£+02 
.e14~11E+02 
.1~t1E+03 
.1£.147083£+03 
.34453674£+02 
.1333~+O3 
.252e.'~3£+03 
.28161781£+03 
.18321523£+02 
.74364'25£+02 
• 1561~71E+03 
.1~31'21E+03 
.E.4607654£+01 
• 13044743E+02 
.34878152£+02 
.4745'271E+02 
• £.0021 034£+01 
.584115~+O1 

• Eo5644003£ +01 
• 88275041 E+01 
.147~-11 
.15347723£-11 
.1278'376'£-11 
.15631'34OE-11 
.21032Oe.~-11 
.17~71£-11 
• 1 0'342J58E -11 
• 15347723E-11 

IRRADIATION 
'KW II£TER-SQ I 

• 1365078OE+02 
• 13704563E +02 
.1371411~+02 
.13670287£+02 
.6~~1~+02 
.7,.77114£+02 
.80402~+O2 
.7~+O2 
.2E.23183OE+03 
.2'778716£+03 
.2'41~+O3 
.27677143E+03 
.37128837£+03 
.404~+03 
• 4O~337£ +03 
• 37702100E+03 
.1('~"4£+O3 
• 1 "1238OE+03 
• 1672E.f.07£+03 
.15531241E+03 
.48f.~4£+02 
• 4~3753E +02 
• 48131308E +02 
• 384£. 7338E +02 
.15672474£+02 
.15874071£+02 
• 15536088E+02 
.1365"'~+02 
• 14D'5E.1 ~ +02 
.143612'6£+02 
.14~+O2 

• 147881~+02 

• 51718E.f.4£ +02 
.41682330£+02 
.~+02 
.1712'4~+02 
• ,'" e824£ +03 
• 175812OOE+03 
• 1036~7£+O3 
.342464~+02 
.31885131£+03 
• 3O'K.4082E +03 
.1~+O3 
• 46437301E+02 
.17518117£+03 
.17715721E+03 
.835" oeOE +02 
.24814~+02 
_ 38022738E +02 
.3811331~+O2 
• 167524~+02 
.14428721£+02 
.1380(,876£+02 
.1~18527£+02 
.1341'232£+02 
• 13814256E +02 
.14164653£+02 
• 14554087£+02 
• 14J6O(,8O£+02 
• 14100041E+02 
.1£'72~+02 
.24~76'£+02 
.~70E+02 
.4'367100E+02 
.33343431 £+02 
.'77~~+O2 
.1£'170450E+03 
.1~1"-£+O3 
.45531~+O2 
• 15540482E +03 
.28802()Cjf,£ +03 
• 320158£.8E +03 
.27£.O717~+02 
• 8'877r.25E +02 
• 1807385OE+03 
.2064'35OE+03 
• 1442855~ +02 
.2174~+02 
.4£.003433£ +02 
• 5~4£.2E+02 
.1~18'335E+02 
• 13740101E+02 
• 145437O'!E +02 
• 170582ft~ +02 
.156~3E+02 
.1&1(.'38(.7£+02 
.15771~+02 
.12'7827£+02 
.1&12117&£+02 
.1'5381831£+0? 
• 1456'23(£+02 
• 1 484E.4 7 4£ +02 



"!3 · 7815"!701E-12 . 1400£.831E+02 

'34 • 1 7337243E -11 .15404~+02 
"!'5 • 1l200374£-11 • 1 ('203441E+02 
% .1%10"!80E-11 • 153'515O'tE+02 
'37 .1"!8"!'51'31£-11 .1138~+02 
"!8 .23021585E-11 .12214451£+02 
"!"! .20b0573<£-11 • 1120"!'5"!2E +02 

100 • 2472i881£-11 .'3'541011£+02 
101 .2785327!iE-11 • 15338401E+02 
102 • 2785327!iE-11 .13418"312[+02 
103 .20747848£-11 • t 5'31 0£.3<£+O2 
104 .25011104E-11 .16178882£+02 
105 .2529.5321 E -11 • 1588"!£.48E +02 
10£. .1"!8"!'51't1£-11 • 150£.23£.<£+02 
107 .'''32£,7r.2E-11 .1sew.%5E+02 
108 .21 £.004'9<£-11 • 16127525E +02 
10" .2842170<£-11 .1588842'£+02 
110 .2188471(,£-11 _ 1508£.485£+02 
111 · 2557't538E-11 • 1728314OE+02 
112 • 2785327!iE -11 • 1 E.3OO'504E +02 
113 .30'97'9w.3E-11 • t7010028E+02 
114 .28705'921£-11 .t6~+02 
115 • 1846't3£.5E+02 .lS4(.'t3£.5E+02 

TEK'ERATUflES Of" ZOfIES HAYING TYPE 2 8. C. 

ZONE 
1 
2 
3 
4 

2't 
30 
31 
32 
57 
58 
5't 
&0 
85 
SE. 
87 
88 
8"3 
'to 
"11 
't2 
't3 
"!4 
"!'5 
% 
"17 
"!8 
"!"! 

100 
101 
102 
103 
104 
10'5 

to£. 

107 
108 
to"! 
110 
111 
112 
113 
114 

T£.tFERA~ 
.7OO5OE+03 
.7011<£+03 
• 701 31E+03 
.7007!iE+03 
.70(.14£+03 
.7O"M4E+03 
.711~+O3 
.7'4(.5£+03 
.71431£+03 
.71181E+03 
.7O'M3E+03 
.70(.1<£+03 
./2SC2E+03 
.7307<£+03 
• 72f,26E+03 
• 72073E+03 
• 73024E+03 
.72172£+03 
.711~+O3 
.7153(£+03 
.71245£+03 
• 721CJIE+03 
.73111£+03 
.72131£+03 
.Wt'M1£+03 
.i813€lE+03 
.w.i83E+03 
.~~+O3 
.72121£+03 
.r.'t1'5OE+03 
• 72785E+03 
.7308'£+03 
.727~1E+03 

.717'ME+03 

• 7273SE+03 
.73031£+03 
• 7275<£+OJ 
• 71823E+OJ 
• 74JOr.E+OJ 
• 7322(,£+OJ 
.74011£+03 
• 73'9w.E +03 

PRCeLEf' 9.n'Wty 
POWER IKWI LEAVING CAVITY APER~ Dt£ TO ALi.. RADIATIVE I'£CHANIStfS .213'51E+03 
CAVITY EFFILIENCY .'t58"!5 



... LitllCLASSIqEO ... 

... LitllCLASSIF" lED ... 

... LitllCLASS IF" lED ... 

••• LitllCLASSIF" lED 

... LitllCLAS51rIED ... 

••• LitllCLASSlnED 

LitllCLASSII'IED 

... LitllCLASSln[[' ... 

... LitllCLAS511'1EO 

... LitllCLASStl' lEO 

••• LitllCLASS II' lEO 

... LitllCLASSlqE(I 

... LitllCLASSII' lEO 

... LitllCLASSlqEO 

iKlASSlqED 

LitllCLASSlnEO 

LitllCLASSI"lED 

LitllCLASSlqEO 

... LitllCLASSIF" lEO 

i.N:LASSlrIED 

LitllCLASS trIED 

... LitllClASSII'IEO 

LitllCLASSlrlED 

LitllCLASSlnEO 

... LitllCLASSI" lEO 

LitllClASSlrIED 

... LitllCLASSIl' lED 

LitllCLASSlrIEO 

... tN:LASSlr[ED ... 
)()()( .)( ••• )( •••• )(~)()( •• l ••••• )( ••••••• )( l. Xl.)()()( ••• 
• J)( •••••• l •• lll( ••• )( 1 ••••• 1. I.l( •• ,U)()(.)()()()()( ••• 
• x. X ••• X •• 111: 1.1 J. J( •• )( •••• I ••• )(.)()()()()(.I .. )( .... )( 

)( II I()( I( II I( X X)( lIlI I( Xl(. 1(. I()( I( II X I( I()()( .lIlI 1(. X X.)(. X X. X)( 1(1( 11 

l( l( )()()(XXl(XI(."; l(.)(l( )(.X.I(Xl( ••• III1XIIII XI(XlIlIlIX.XXXX X 
)()(l(l(X •• X.lI ••••••• Xl(.II.x ••••••• lI.x ••• X)(x ••• II •• 
)(l()(.)()( •• X ••••••• J()(J(J(J( •• J(J(.J(J(xx ••• J(.)(lI •• IIJ(I(J(J(1( 
)(.XXXJ()(J(.J()(.J( ••••••• X •• )(.XXJ( •• )( ••• J(J(.J(J(J(x.J(1(1( 
J(J()(.)(II •• xJ( •• J( •• XIIII •• X.I(l( •• I(.II.l(II: •• II •• X ..... x ... lI. 
X •• X Xl)(1( )( •••••• IIX.XXXX •••••• J( •••• X IIXI(.XX ••• lIlII 

••• LitllCLISSIrIED 

litIICLISSI!'" lEO 

... litIIClASSIrIEO ... 

... litIICLISSlrIED ... 

... LitllCLASSIrIEO ••• 

... tN:LISS IrIEO ... 

... litIICLISSlrIED ... 

... UNCLISSlrIED .. . 

... UNCLISSIFIED .. . 

••• tN:LISSlrIEO 

••• tN:LISSlrIED 

... UNCllSSIrIED .. . 

... UNCLASSIFIED .. . 

... UNCLASSIrIEO 

... UNCLASSlrIEO .. . 

... UNCLASSIF lED .. . 

... UNCLASsrrIED ... 

... UNCLiIISSlrIEO ••• 

... UNCLASSlrIED ... 

... UNCLASSIFIED ... 

... tN:LASSIrIED ... 

... UNCLASS IrIED ... 

... tN:LASSIl'IEO ... 

... UNCLASSlf: lED .. . 

... LitllCLASSIFlEO .. . 

... UNCLASSlrIEO ... 

... litIICL.ISSlrtEO ... 

HARTl, TObO,l<LitIIC. CREATION 01' INPUT DATA TAPE I='GR CESA-I A&RAMS E)(T 2107 9O~ 33 

HARTl, TObO,I(LitIj(. CREATION 01' INPUT DATA TAPE F"O~ CESA-I A&RAMS E)(T 2107 90)( 33 

HARTl,To('O,ICLitIj(. CREATION 01' INPUT D~TA TAPE F"Ot' CESA-I A&RAMS ExT ,,107 90x 33 

HARTl, TOf,O,ICLitIj(. CREATION 01' INPUT DATA iAPE 1='0f' CESA-I AeRAHS ElT 2107 90)1 33 

HARTl, TObO,ICLitIIC. CREATION 01' INPUT DATA TAPE 1='0fI CESA-I AeRAMS ExT 2107 90x 33 

HARTl, T(){'O,ICLitIj(. CREATION 01' INPUT OATA TAPE F"OR CESA-I AeRAHS EIIT 2107 90x 33 

HAflTI,TOf.O,I<:LitIIC. CFI[ATION Of' INPUT OATA TAPE FOR CESA-I AeAAHS E)(T 2107 90)( 33 

HAflTl. T(){'O,I<:LitIj(. CREATION Of' INPUT OATA TAPE FOR CESA-I AeRAHS E)(T 2107 90x 33 

HAflTI,TOf.O,ICLitIIC. CREATION Of' INPlrT OATA TAPE F"OR :ESA-r AeRAHS E)(T 2107 90X 33 

HAflTI, TOf.O,l<:litllC. CREATION 01' INPUT OATA TAPE F"OR CESA-I AlAAHS ExT 2107 90)( 33 

HART I, TOf.O,I(LitIIC . CREATION Of' INPUT DATA TAPE "OR CESA-I AeRAHS E)lT 2107 lOX 33 

HAflTI. ~0f.0.1<:i.N:. CREATION Of' INPUT OATA TAPE FOR CESA-I A8RAHS EXT 2107 80x 33 

!'1AATI. TOf.O,I<:LitIj(. CREITION Of' INPUT OATI TAPE "OR CESA-I A8RAHS ExT 2107 10. 33 

!'1AATI. TOf.O ... tN:. lREITION Of' INPUT OATA TAPE "OR CESI-I A8RAHS ElIT 2107 101( 33 

!'1AATI. TOf.O."LitIIC. CREATJ()fij Of' INPUT OATI TAPE FOf' CE5A-l A8RAHS E-or 2107 90)( 33 

HAflTI. TOf.O.O(LitIIC. CREATION Of' INPUT DATI TAPE rOR CE5A-1 A8RAHS EXT 2107 lOll 33 

!'1AATl, TOf.O."LitIIC. CA(ITION Of' INPUT OATI TAPE "OR CESA-i A8RAHS nT 2107 801( 33 

!'1AATI.T(){,(.O(LitIIC. CA(ATION Of' t"tPUT DATI TAPE "OR CE5A-i AeRA""; EXT 2107801( 33 

!'1AATI. T(){,Q."LitIIC. CA(ITION Of' INPUT OATI TAPE rOfl CESA-I A8RAHS ExT 2107 10)( 33 

HAflTI, TOfo.O.O(LitIIC. CREITION Of' IlOlPUT DATI TAPE "OR CE5A-i A8RAHS [J(T 2107 901( 33 

!'1AATI. TOfo.O.kLitllC. CA(ITlON Of' I ... ..!T OATA TAPE F"OR CESA-l A8RAHS ExT 2107 lOX 3::: 

!'1AATl. TOfo.O."litIIC. CA(ATlON Of' INPUT DATI TAPE F"0fiI cESA-l A8RAHS ExT 2107 IOJ( 33 

!'1AAT!, TOf.O."LitIIC. CA(ATION Of' INPUT OATI TAPE !'"OR CESA-1 A8RAHS EXT 2107 801( 33 

!'1AATi. TOfo.O.kLitllC. CREITION Of' IlOlPUT DATI TAPE !'"OR CESI-I A8RAHS EKT 2107 90x 33 

NfilTl. TOfo.O."LitIIC. CA(ITiON OF" INPUT OATI TAPE !'"OR cESI-I AIIRAHS ExT 2107 lOx 33 

!'1AATi. TOf.O.klitllC. CA(ITiON Of' IlOlPUT DATI TAPE !,"(11'1 CE5A-1 A8RAHS El(T 2107 80)( 33 

!'1AATi. TOf.O.kLitllC. CREITiON Of' INPL'T DATI TAPE F"OR CESA-I A8RAHS EXT 2107 10)( 33 

HAflTI. TQ6,V.kLitllC. CA(ITiON Of' INPUT OATI TAPE !'"OR CESA-I A8RAHS EXT 2107 101( 33 

!'1AATi. TOf.O.klitllC. 
07 i23 Iiii' 
07123.181 
07i~3!el 

07,23.16' 
07 1 2316' 
071,,31$1 
0712318 1 

0 7 12318' 
07/2318 1 

CA(ATION Of' INPUT OATI TIfIIE !'"0fiI CESA- I AIIRAHS EXT 2107 8OJ( 33 
1c.0I.21. MrS )()(l()(l()(l(J(J(J(J(J(J()(J(J(J(J(JO(J(J(J(XJ(J(J(J(J(J(JO(J(XJ(J(J(J()()( 
lc.0I.21. MrS J(l(J(l(J(J(XJ(J(J(J(J(J(XJ(J(XJ(J()(J()()(J(J(XJ(J(J(J(J(J(J(J(J(J()(J(I(X 
lC .01.21 . P4F"8 1()(l(J(J()(J()(l(I()(l()(JO()(J(J(l(JO(X)(l(J(J(XI()()()(I(Xl(J(J()()()(X 

lC.08.21. 
lC.08.21. 
1c.08.21. 
lc.08.21. 
lC.08 21. 
lC.0I.21. 

l'W'15 1(1I11J(lII X)(l()(XI(I(X",J(J(I(J(J(J(J(X)(X)(III()(l(XI()(J(J(J(U 1(1(1( 

MrS J(I(.J()(J(J()(.)()(XJ(J(J( •••• I( •• )(I(J()( •• X •• X)(X.J(I(XI(J( 
MrS I(XX)(l()()(I( •• J(J(J(J(J(xJ(J(x.J( •••• J(J(J(J(J(J(J(J(J(J(.)(.J(x 
MrS .XUJ(U.J(UU)(UUUU)(U)(U)(UUUUJ(J()( 
MrS UX.XUU)(J(UJ(UJ(XJ(.)()(XU)()()()(IO(XU)()(IO()()( 
Mr8 .)(l( •• )(X.l(II:XX)(XXX •• ,Ot •••• I(.XX.X ••••• X.)()(1( 
Mr8 .xU.)(X)(.J(J(.)(XJ(u •• xX ••• )(I(.)()( •••• J(J(I(X)(I(J( 

!'1AATI, TOf.O,kLitllC. CA(ITION Of' INPLIT DATI TAPE FOfiI CESA-I AIIRAHS ExT 2107 101( 33 

!'W'!Tl. T(){,Q,kLitllC. CA(ITION Of' INPLIT DATI TIfIIE "OR CE5A- I A8RAHS EKT 2107 101( 33 

!'1AATI. T(){,Q.kllilC . CA(ATION Of' INPLIT OATI TIfIIE I'0fI C£SA-I AIIRAHS EKT 2107 lOX 33 

!'1AATI. TOf.O,kLitllC. CA(ATION OF" INPUT OATI TIfIIE FOR CESA- I AIIRAHS EXT 2107 lOX 33 

!'1AATI. TOf.O,kllNC. CA(ITION Of' INPUT OATI TIfIIE FOR CESA-I A8RAHS ExT 2107 lOX 33 

!'1AATI.T(){,Q.kLitllC. CA(ITION Of' INPLIT OATI TIfIIE For CESI-I IBA~ EXT 210780)( 33 

!'1AATI, TOf.O.kUNC. CA(ITION OF" INPLIT OATI TIfIIE F"0fI CESA- I MiIfW'IS E.T 2107 10. 33 

!'1AATI, TOf.O,kUNC. CA(ITION OF" INPUT OATA TIfIIE I='OR CESA- I I8fW'IS ExT 2107 lOX 33 

!'1AATI.TOf.O,k\.lll(. CA(ITION OF" INPLIT OATA TAPE FOR CESA-I AIIRAHS EXT 2107 lOX 33 

fW'TI. T(){,Q.k\.lll( . CREITI0t4 OF" INPUT DATI TAPE FOR CE51-1 AIIRAHS EXT 2107 10)( 33 

fW'TI, TOf.O.k\.lll(. CA(ATION Of' INPUT OATA TIfIIE F"OR CESA- I AIIRAHS E.T 2107 10)( 33 

fW'TI. TOf.O,k\.lll(. CREATION Of' INPUT OATI TAPE 1='0fI CESA-I A8RAHS ExT 2107 lOX 33 

!'1AATI, TOf.O.k\.lll(. CREITION Of' INPUT OATI TIfIIE I='OR CESA-I AIIRAHS EXT 2107 10)( 33 

fW'TI, TOf.O.kUN(. C"EATIiJ'It Of' INPUT DATI TAPE 1='0fiI CESA- I A8RAHS E)(T 2107 80)( 33 

!'1AATI, TOf.O.k\.lll(. CA(ITION OF" IfiIIPLIT OATI TIfIIE F"0fI CESA- I AIIRAHS EIIT 2107 lOX 33 

!'1AATI, TOf.O,kLitllC. CREATION OF" INPliT OATI TIfIIE 1='0fI CESA- I AIIRAHS EIIT 2107 90)( 33 

!'1AATI, TOf.O,k\.lll(. CREATION Of' IfiIIPLIT OATA TIfIIE F'0fI CE5A-I IBAAHS E.T 2107 10)( 33 

!'1AATI, T(){,Q.k\.lll(. CREITION Of' INPUT OATI TIfIIE F"0fI CE51-1 AIIRAHS EXT 2107 lOX 33 

fW'1I, TOf.O,kUNC. CREATION Of' INPUT OATI TIfIIE I='OR CESA-I I8Nl'IS EXT 2107 10)( 33 

!'WIT I. TOf.O,kUNC. CA(ITlON 01' IfiIIPLIT OATA TAPE F'0fI CESA-I AIIRAHS EIIT 2107 lOll 33 

fW'TI, TOtoO,kUN(. CREATION Of' lfiIIPLIT OATI TIfIIE F'OR CE5A- I _~ EIIT 2107 lOll 33 

fW'TI, TOtoO,kLitllC. CREATION Of' INPUT DATA TIfIIE 1='0fI CUA-I _~ ExT 2107 10k 33 

HARTI, TOtoO,kUNC. CA(ATtON 01' IfiIIPLIT DATA TIfIIE F"OR CESA-I AIIRAHS E.t 2107 10. 3J 

1"IMITI, TOtoO,kUNC. CIII[ATION Of: IfiIIPLIT DATA TAPE I='OR CESA-I AIIRAHS EkT 2107 10)( 33 

!'1AATI, TOtoO,kUNC. clll[A'tlON Of: lfi11PL1T DATA tAPE f:OfII CESA-I AlAAt1S ExT 2107 1011 33 

HARTI, To..O,kLitllC. CIII(ATION Of: tNP\.JT OATA tAfl£ f:OfI CESA-I _~ Ext 2107 lOll 33 

!'WIll. TOtoO,kLitlj( . CR(AflON Of: tNP\.JT OATI tlfllE FOR (£51-1 AeR~ Ext 2107 8OJ( 33 



)(l(UIC)(l(IC)(l()(l(ICICUU)(l()(l(I(UUI(U)(l(U)(l()(l()(l()(l(n)( 
)(XX)(l( XXX)(l(XXX)( 1()(1()(l( IX I. )()( ••••• )(l( U)(l( •• )(l( ••• )[ 1I 
)[)(l()[)[)[)[.)[l()[)[l(l(l(l(l(l(l(l(l(l(.l(l(l(l(l(l(l(l(l()[l(l(l()(l(lI.lII1XXl(lI 
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L .... ' Of' THE LOAO 

", 
~131 

TfIIMSI'"EFt ADOFIESS -- CAvAOAT 

PfiIOGMt1 AfC) BLOC'" ASS I GM£"TS . 

ADOFIESS LENGTH 

10334 

~lLE 

071231111 
0712318' 
01123'1' 
0712311' 
01123181 
07123/8' 
0712318' 
07 1231!iJ' 
0712318' 
07/2)/81 

DATE 

'4.08.21. 
14.08.2' . 
14.08.21. 
14.08.2' . 
'4.08 21. 
'4.01.21. 
'4.08.2' . 
'4.08.21. 
14.08.21. 
14.00.21. 

I'1FB )OOOOOOOOIU)[l(UUUU)[UlOIJOOOI)(MU)(lOIlIU 
I'1FB UUlIlIUlIlIUl(l(lIUlI'(l!l!l(l(UUlIUUlIUIOOllllC 
I'1FI IOIl1UU U lIl(lIl(UlOIlOIUUUUI!UlOIlCUUU 
I'1FB II lC lIl! UlIUUUI! U)(U)(lIlIlIUUUlIlIlIlIlI)( lIlIlI lC II 
I'1FB lCUUlOIlOIlOIlIUlIU U lIlOIlIlOI U UlIlIlOIlOIX U X II 
I'1FB U XX X X X X X XX U lOIlOI XlOIX X X lOIX U X III1X X X U 111111 II 
I'1FB UUXUlIUUl( UU U XUlI XlOI)(l(X IOor UlI)! U)(l( 
1'1F8 UU)!UlI )ll()I)I)()I )llIUlIlIlIlIUlIUlIlIUlIU)(l( U)()( 
MF8 )()()()()()()()(U)()(l()(lI)(l()()(lIlI)(lI)(l(lI)(lI)(l()(l()(l()(l(U)(l( 
MF8 XlI)(lIlIlI)()(lIlIlI)(l(lI)(lI)(lIlIlIlI)(l(lIlI)(l()()()(l()(lI)(lIlI)(l()()( 
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PFIOCSSFI VEFt LEVEL HNIOWMIE COI'I'£"TS BLOCI( 

CAV~T 
ISTP.E1'C:)I 
I~CL.C.I 

", 
44200 

44()(,7 LGO 01123/81 ~TN ~'(I OPhO TRACE 

1 •• 10.1 
i8NTRT= 
CI:I"IO:: 
f£C1'6IC: 
~l TOUT: 
~ORSTS: 
GErrIT= 
flO.8lF .1 
I,..: 
kOlJER: 
CUTC: 
n"TlfI: 
~OAUTL: 
~lN'PY= 
OUTCCI"= 
AEWIND= 
SYSAID= 
STS.,," 
ICON.,,"I 
cia.,," 
1AQ8.,,"' 

I'I)VE ."" 
ft:T ."" 
1..IftPS.,,"1 
I~.,,"I 
IOfllu.rOI 
10000.rol 
0P0t.,," 
ITt"". ,,"I 
IPuT .rOI PUT ._ 

...... -ICL~ .~Ol 

Cl~ ."" 
IQ(T .IT I IITRT ._ 
ICOX._ 
ISkrl.rOI 9«rL ._ 
E"'.,," 
C'-.so 
o<ilA.,," 

«201 
«224 
44lW> 
44lW> 
44~ 
4~7 
~ 
~3 
.-s70'5 

"'~ .,*5t5 
47133 
U330 
47102 
U720 
5007f5 
t502t51 
50312 
50313 
503t52 
50~ 
50420 
50430 
50514 
50141 
501.0 
50 7ft 3 
507~ 
50173 
51232 
51233 
51242 
52fi,1j5 
53135 
53144 
531" 
53173 
53310 
5J4E.O 
53." 
53540 
541., 
5411j5 

, 
23 

'''' o SL ~OATMfII 
100 SL ~OATMfII 
4' SL~OATMN 

311 SL-rOATMN 
.03 SL -~OATMN 

42 SL ~OATfltAN 
227 
321SL~OATMN 
~ SL~OATMN 
17f5 SL ~OATMN 
3t52 SL ~OATMN 

lE. SL~OATMN 
llj5 SL~OATMN 
154 SL ~OATMN 

41 SL ~OATMfII 
1 SL~OATMN 

37 SL-STSIO 
E. 

40 SL-STSIO 
10 
E.4 SL-SYSIO 

233 SL-SYSIO 
11 

3 
1 
1 

231 SL-SYSIO 
1 
7 

1413 SL-SYSIO 
2E.O SL-SYSIO 

1 
22 SL-SYSIO 
5 

115 SL-SYSIO 
150 SL-STSIO 

7 
51 SL-SYSIO 

406. SL-S'fSIO 
1 SL-SYSIO 

11 CI\l-STSIO 

01 128/71 COI1PASS 3. 3-43" FCl INlTllAUZATlON ROUTINE. 
01/28/71 COI1PASS 3. 3-43" COf'tION CODED 1/0 ROUTINES AfC) CONSTANTS.£.3-CHA 
01/28171 COI1PASS 3. 3-43" INITIAlIZE CONSTANTS. 
01/28/77 COPPASS 3. 3-43" COf'tION rlOATlNG OUTPUT CODE 
01/28171 COI1PASS 3. 3-43" ~OATMN OBJECT LIBRARY UTILI TIES. 
01/28171 COI1PASS 3. 3-43" LOCATE AN ~IT GIVEN A FILE NAI'1E. 

01/28/71 COf9'ASS 3. 3-43" BINARY AEAO rOATMN AECORD. 
01/28/17 COPPASS 3. 3-43" OUTPUT r~T INTEAPAETER • 
01 128 1 77 COI1PASS 3. 3-43" ~~TTEO .... ITE FOATMN RECORD. 
01128/77 COPPASS 3. 3-43" CRACk lfILIST AfC) ~~T FOR KODER/KRAt<EFt. 
Ot 128177 COI1PASS 3. 3-43" FCl "'ISC. UTILITIES. 
Ot 128/77 COI1PASS 3. 3-43" FORTMN AEPRIEVE. 
Ot 128/17 COPPASS 3. 3-43" COf'tION OUTPUT CODE 
Ot 128/77 COPPASS 3. 3-43" POSITION rILE AT BEGINNING-Of'-INFORt1ATION. 
01/28/77 COI1PASS 3. 3-43" LINk BETWEEN SYS=AIO AfC) INITIAlIZATION CODE. 
01113177 COI1PASS 3. 3-43" PFIOCESS SYSTE'" REQUEST. 

03/18/17 COPPASS 3. 3-43" 

03118171 COPPASS ). 3-43" 
03/18177 COPPASS 3. 3-43" 

03/HI/77 COf'IPASS 3. 3-43' 

03/18111 COf'IPASS 3. 3-43'9 
03/18/77 COf'IPASS 3. 3-43" 

03/18111 C"ASS 3. 3-43'9 

03/11111 COPPASS 3. 3-43'9 
03/11/17 C"ASS 3. 3-43'9 

03/11111 COf'IPASS 3. 3-43' 
03/11111 COf'IPASS 3. 3-43'9 
03/1111/11 COf'IPASS 3. 3-43' 
03/11111 C"ASS 3. 3-43' 



lOAO I'Wl - CAVAOAT CYIEA LOADEA 1.2-43" 

OPEN.SQ '5424(0 2'57 Sl-SYStO 0311 8/77 COI'PASS 3. 3-43'! 
OPEK.SQ '54'52'5 14 Sl-SYSIO 03/18177 COI'1PASS 3. 3-43"1 
{PUT .ATI '54'541 " AlEQ.,," 54'5'52 42 Sl-SYSIO 03118177 COl'1PASS 3. 3-43'! 
CLSf".SQ 54(:, ,.. 134 Sl-SYSIO 03118177 COl'1PASS 3. 3-43" 
IClSV.FOI 547'50 7 
ClSV.SQ '54757 137 Sl-SYStO 03118/77 COI'1PASS 3. 3-43" 
IAEW.FOI 551H. 7 
AEW.SQ 5512'5 42 Sl-SYSto 03118/77 COI'1PASS 3. 3-43" 
IGET .FOI 55167 7 
IRPM.KKI 55176 I 
IGET .AT I 5'5177 " GET .SQ 5'5210 1()(,2 Sl-SYStO 03118/77 COI'1PASS 3. 3-43'! 
Z.SQ 5E.272 101 Sl-SYStO 03118/77 COI'1PASS 3. 3-43'! 
W.SQ '5E.373 50 Sl-SYSIO 03118/77 COl'1PASS 3. 3-43" 
FSU.SQ ~43 lOE. Sl-SYSIO 03/18177 COI'1PASS 3. 3-43'! 
AECOVR '5E.'5'51 lE.E. Sl-SYSlIB 01113/77 COI'1PASS 3. 3-43'! 

.76" CP SECON)S 

1 
11'5 

.1022£+01 .1022£+01 .1022£+01 

.7'541£+00.7'541£+00.7'541£+00 
· 7'54 1£ +00 . 7'541£+00 . 7'541£+00 
• 7'5E.2E +00 . 7'5E.2E +00 . 7'5E.2E +00 
.701iE+OO .701iE+OO .701iE+OO 
.701iE+OO .701iE+OO .701iE+OO 
.701iE+OO .7016£+00 .7016£+00 
.4101E+OO .5848[+00 .7'5"91£+00 
· 701iE+OO .701iE+OO .701iE+OO 
.701iE+OO .701iE+OO .701iE+OO 
· 4O'ME +00 .5834£+00 . 7'57JE +00 
. 222EoE +0 1 .211'!E+Ol .1'570[+01 
.1'572£+01 .1'5E.'5£+01 .1572£+01 
.177~+O1 .177~+O1 .177~+O1 
.200.:+0 I .200.:+0 1 . I 1 '5E.E +02 

· 1022£+01 
· 7'541£+00 
· 7'541£+00 
• 7'5E.2E +00 
.701iE+OO 
.701iE+OO 
.7016£+00 
."934'5£+00 
.701iE+OO 
.701iE+OO 
.'334£+00 
.1~JE+01 
.2181£+01 
.177~+O1 

o. o. O. O. 
O. O. O. O. 
O. O. O. O. 
O. O. O. O. 

· I MOE -0.2 . 3328E -02 . 31 '5OE -0.2 . 2'5'5'5E -02 
• '5OO8E -03 ." 2"[ -0.2 . I 32 I E -0.2 . 127JE-0.2 
.132JE-03 .3401[-03 .~-03 .'51WoE-03 

71'5008 CI1 STORAGE USED 

.7'541£+00 .7'541£+00 .7'541£+00 .7'541£+00 

.7'541£+00 .7'541£+00 .7'541£+00 .7'541£+00 

.7'541£+00 .7'541£+00 .7'541£+00 .7'541£+00 

."934'5£+00 .7'5"91£+00 .5848[+00 .4101E+OO 

.701iE+OO . 70 1 iE+OO .701iE+OO .701iE+OO 

.701iE+OO • 70 1 iE+OO .701iE+OO .701iE+OO 

.'334£+00 .7'573£+00 .583«+00 .4O'ME+OO 

.7016£+00 .7016£+00 .7016£+00 .7016£+00 

.701iE+OO . 70 1 iE+OO .701iE+OO .701iE+OO 

.701iE+OO .701iE+OO .701iE+OO .701iE+OO 

.2041E+Ol .2084£+01 .2041£+01 .211'!E+Ol 

.1'570[+01 .2031£+01 .201'!E+Ol .2031£+01 

.2221£+01 .2181£+01 .177~+O1 .177~+O1 

.177~+O1 .177~+O1 • 2'58"9E +0 1 . 3381E+Ol 

O. O. O. O. 
O. O. O. O. 
O. O. O. O. 

.322"[-02 .~-0.2 .315'5£-02 .1722£-02 

.101~-0.2 .205JE-02 .21'5E.E-02 .11"1£-02 

.2'502E-03 .Eol01£-o3 .7801£-03 .81~-03 

· 1~-02 .47'5iE-0.2 . 183OE-ol .101IE+OO 
.l"tiE-04 .2O'IOE-03 .243'5£-03 .2O'WoE-03 
.183"9£-02 .3488E-02 .7216£-0.2 .1211£-01 
.'5OO5E-03 .%5'5£-03 .5102E-03 .22'5JE-03 · 1013£ -02 . I ~ -0.2 . I ~"9£ -0.2 . I 0E00E-0.2 

.2'501£-03 .2431£-03 .1t1CME-03 .7401£-04 

.4781£-04 .'538JE-04 .442JE-04 .1.'2£-04 

.4234£-01 .808IE-0.2 .3071E+OO .E.()I5JE-Ol 

.101~-02 .... '51£-03 .8121E-03 .441IE-02 

.'58E.1E-02 .3334£-02 .2"901£-01 .1'57JE-Ol 

.870JE-02 .1731£-01 .1"7JE-Ol 

.1322£-03 .1176£-03 .8371£-04 .31O"9E-04 

. 141"9£-01 . 1288E-ol .484JE-0.2 .'58E.OE-Ol 

.E.248E-0.2 .Eo5WoE-02 .E.41'!E-02 .4B'OE-02 

."38OE-0.2 .327JE-02 .14OJE-Ol . "781E-02 

. 7186[-02 .333OE-02 .4140£-01 . ~1£-02 

O. O. o. O. O. o. O. o. 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. 

.3481£-02 .538OE-02 .4370[-02 .3141£-02 
· '5E.5'5£ -03 . 12'54£ -02 . 1422£ -02 . I 320E -02 
· "7E£ -03 . JOI5'£ -03 . 411JE -03 . 4Eo41£ -03 
.24eJE-0.2 .E.4l1E-02 .1'57JE-ol .2141£-01 
.2051£-02 .2721E-02 .3O"9"9E-02 .1770[-02 
.6102E-03 .5"'''9£-03 ...... 1£-03 .1t1CME-03 
.127'5£-03 .1~-03 .121'5£-03 .502IE-04 
."31~-01 .1734£-01 .1302[+00 .2'53JE+OO 
· ,,~-o3 .1001[-02 .4)078[-03 .41'51£-02 
.w.w.E-02 .3531£-02 .2425£-01 . 14l1E-Ol 
.11'52[-01 .14(oJE-Ol .'""9£-01 

O. O. O. O. 
O. O. O. O. 
O. O. O. O. 
O. O. O. O. 

.721'5£-02 .132EoE-02 .'538OE-02 .332'5£-02 

.'5101E-03 .1131£-02 .12'54£-02 .1121E-02 

.83E.1£-04 .2213£-03 .305'£-03 .34OiE-03 

.221iE-02 .470JE-02 .1304[-02 • 728JE-02 

.215'3£-02 .~3"9£-02 .2728E-02 .1~-02 
· 7~-o3 .7'57'5£-03 .5"70[-03 .2431£-03 
.1808E-03 .2QIISE-03 .1~"9£-03 .7442£-04 
."310£-01 . 35...r-ol .21'M£-01 .2'53JE+OO 
· 4)078[ -03 .1001[-02 .,,~ -03 .374'£-02 
.71'9'£-02 .35'5JE-02 .117'5£-01 .121JE-Ol 
.14E.JE-Cl .11'52[-01 ."-4"9£-01 

O. O. O. O. 
O. O. O. O. 
O. O. O. O. 
O. O. O. O. 

.1211£-01 .7216£-02 .3488E-02 .113"9£-02 

.22'5JE-03 .5102£-03 .56'55£-03 .5005[-03 

.310'£-04 .1371£-04 .117iE-03 .1322[-03 

.1722£-02 .315'3£-02 .~-02 .322'£-02 

.11"11:-02 .21.-02 .201531:-02 .10141:-02 

.81441:-03 .7801£-03 .",011:-03 .~-o3 

.2O'WoE-03 .24_-03 .2O'tCIE-03 .",6[-04 

.4234£-01 .... -01 .E..2.a£-02 .60531:-01 

.8121£-03 . ...s1'[-o3 .10141:-02 .3273£-02 

.7186[-02 .333OE-02 .1403£-01 ."181£-02 

.17311:-01 .8103£-02 ."'3£-01 

.728JE-02 .8304[-02 .470JE-02 .221EtE-02 
• 14~-02 .2721E-0.2 .~3"9£-0.2 .21'5'5£-02 
.2437£-03 .5'970[-03 .7'57'5£-03 . 7~-03 
· 7442£-04 .1~'£-o3 .208'5E-03 .1808E-03 
.332'5£ -Q2 . 5380E -02 .132toE -02 .721'5£-02 
.1128E-02 .12'54£-02 .1131[-02 .5101£-03 
.34OiE-03 .JOI5''9E-03 .221JE-03 .83E.7£-04 
.10't'£-o1 .15<1'5£-01 .7'53iE-02 .35...r-Ol 
.21'M£-o1 .(,18OE-02 .Eo~'£-02 .5'5491E-02 
.4577£-02 .374't£-02 .187'5£-01 .121JE-01 
.71'9'£-02 .35'5JE-02 .4481£-01 .1271£-02 

O. O. O. O. 
O. O. O. O. 
O. O. O. O. 

.2141£-01 .1'57JE-01 .E.4l1E-02 .248JE-02 

.177OE-02 .JO't'£-02 .2728E-02 .2051£-02 

.1t1CME-03 ...... 1'[-03 .5"''£-03 .(,102E-03 

.502IE-04 .1215£-03 .1~-o3 .127'5£-03 

.3141'[-02 .4370[-02 .538OE-02 .3481£-02 
• 1320E -02 • 1422£-02 . 12'54£ -OJ . '5E.5'3£ -03 
.4E041£-o3 .418JE-03 .305'£-03 .117E£-03 
.7'53E.E-02 .15<1'5£-01 .1OC!''!E-01 .173«-01 
.1302[+00 .55"91[-02 .Eo~"9£-02 .6180[-02 
.4577£-02 .4151E-02 .24251.-01 .14l1E-Ol 
.w.w.E-02 .3531E-02 .4487£-01 .1271£-02 

O. O. O. O. 
O. O. O. O. 
O. O. O. O • 

. 101IE+OO .183OE-01 .47'5iE-02 .1~-02 

.10E00E-Q2 .1~"9£-02 .14441:-02 .101JE-02 

.7401£-04 .18841:-03 .2437£-03 .2'501E-03 

.1812£-04 .44231:-04 .S3831:-04 .4781'[-04 

.25IJ5E -02 .31. -OJ • 3328E -OJ • 184OE-02 

.12131:-02 .1321£-02 .11249£-02 .5008[-03 

.51WoE-03 .4(:,44[-03 .:MO'£-o3 .13231:-03 

.48431:-02 .1288[-01 .1"''1£-0' .808IE-OJ 

.3011£.00 • 48'9OE -02 • E.41'!E -02 . Eo'S6ftE-02 

.438OE-02 .441IE-02 .24)01'[-01 .1573£-01 

.58(,1£-02 .33.-OJ .4140£-01 .74941'[-02 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. .2433£-02 .3I05E-02 .2853£-02 .16431:-02 

.2'56Ot-02 .43151:-02 .383-.£-02 .2"1~-02 .2011£-02 .:MI141:-02 .34001:-02 .2111£-02 

.11'M[-02 .23511:-02 .24141:-02 .2078[-02 .5.,.-03 .131ot-02 .15Oot-02 .1411'[-02 

.2"331:-03 .106t'1E-03 •• '2£-03 . ." '.-03 .",.-03 .40491£-03 .452ot-03 • :MI1ot-03 

.1313£-02 .J1J42£-02 .W56t-02 .1"11:-01 .Sot-OJ • ..,.-OJ .1813£-01 ."3111:-01 

.2011£-02 .41.-02 .... -1'\2 .2CMMt-01 .IIM-02 .111U-02 .2:M131:-02 .151'1£-02 

.5~-o3 .""'.-03 .... -03 .29511:-03 .2132£-03 .212.-03 .2308t-03 ."'95[-04 

.'"111:-04 .1'.-03 .10.-03 .434'1£-04 .33"'-01 .301'1£-01 .1226£-01 .156.11:-01 

.611'1£-01 .1611.-01 ._11:-01 .3031£-01 .1211£-oa .1081£-01 .1054£-01 .1242£-02 

.1""-02 .11.-02 .1342£-OJ .183ot-OJ .1".-OJ .S14'1£-02 .1S131:-01 .1312£-01 

. .,....,£-02 .¥.i1'l£-OJ .3544£-01 .2810£-01 .14611:-01 .61011[-02 .414'1£-01 . 144N.£-01 

.12249£-01 .2751£-01 .14'J6£.oo 
O. O. O. O. o. o. o. o. 
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4" TABlE l'()VES 



o. o. o. o. O. I>' O. 

O. O. O. O. O. O. O. O. 
O. O. O. O. 
.~-02 .7CJ18E-02 .57~-02 .3837£-02 
· 1 7<tIE -02 • 3272E -02 .30.-'£ -02 .2414£-02 
.2't2foE-03 .706OE-03 .17CJOE-03 .8875£-03 
.2284£-02 .523JE-02 .1010E-01 . %'ME-02 
.3(,74£-02 .E.201£-02 .102«-01 .%3JE-02 
.1310E-02 .150«-02 . 1-'OJE-02 .'1512E-03 
.2532£ -03 • 3OEI'5E -03 .2721 E -03 . 11E.5£ -03 
. 8172E-01 .3011E-01 .:M4t1E-01 •• 701£-01 
.1754£-02 .1132£-02 .157JE··02 .717JE-02 
.11E.1£-01 .'318E-02 .2871£-01 .23(,5£-01 
.1702E-01 . 225OE-01 .15EIE.E+OO 

.4E>.'9£-02 .'311E-02 .• 092£-02 .2Q8t5E-02 

.• ''95£-02 .E.202E-02 .• 8'51E-02 .3.01E-02 

.'951E-03 .150«-02 .1E.'SIE-02 .1501E-02 

.1'2(,[ -03 . 3720E -03 .• '.'9£ -03 . 337E.E -03 

.• 315£-02 .7CJ17£-02 .152JE-01 .111JE-01 

.23'57£-02 .3272£-02 .m«-02 .23E.E.E-02 

.7061E-03 .705'9£-03 .5E.f.OE-03 .2310E-03 

.2W.5£-01 .3(,I5JE-01 . 1870E-01 .52.5£-01 

. 171OE-01 • .,,-sQE-02 .1121E-01 .ElE.71E-02 

.81E.1E-02 .E.21E.E-02 .2157£-01 .18.-0£-01 

.13(,0[-01 .,75E.[-02 .5172£-01 .1%7£-01 

O. O. O. O. O. o. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. 

.181JE-01 . 152JE-01 .7CJ17£-02 .• 315£-02 
· 23E.E.E -02 . m4£ -02 . 3272E -02 .23'57£-02 
.2310E-03 .5E.f.OE-03 .705'£-03 .7061£-03 
.2085£-02 .4092£-02 .'311£-02 .~'!E-02 
· 3.-01 £ -02 . 4El'51£ -02 • E.202E -02 .• , 'J5E-02 
.1501£-02 .1E.58£-02 .1504E-02 .'951£-03 
· 337E.E -03 •• ,.<t£ -03 . 3720E -03 . 1 E.2E.E-03 
. 8172E-01 .5245£-01 . 178OE-01 .• 701£-01 
.157JE-02 .1832£-02 .1754£-02 .E.21E.E-02 
.13(,0[-01 .'75E.[-02 .2157£-01 .1840£-01 
· 2250E -01 . 1 702E -01 . 15EIE.E +00 

· %'ME-02 .1010E-01 .523JE-02 .228«-02 
.%3JE-02 .102«-01 .E.201E-02 .3(,7«-02 
.'1512£-03 .1-'OJE-02 .150«-02 . 1310E-02 
· "'5£-03 .2721E-03 .3OEI'5E-03 .2532£-03 
.3837£-02 .157~-02 .7CJ11E-02 .58'95£-02 
.2.'«-02 .30.-'!E-02 .3272£-02 .17CJIE-02 
.8875£-03 .87CJOE-03 .706OE-03 .2't2foE-03 
. 1870E-01 .3(,I5JE-01 .2W.5£-01 .3011E-01 
. 34E>1E-01 .ElE.7IE-02 .1121E-01 .~-02 
.81E.1E-02 .717JE-02 .2871£-01 .23(,5£-01 
.11"E-O' .'318E-02 .5172[-01 .1%7£-01 

O. O. O. O. o. o. O. O. 
O. O. O. O. o. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. 

."377£-01 .18~JE-01 .58'ME-02 .25E.OE-02 

.151'£-02 .23(,JE-02 .17%£-02 .11'ME-02 

."''J5E-04 .2301E-03 .2''2JE-03 .2"32£-03 

.1"JE-02 .2EI'5JE-02 .3805E-02 .2433£-02 

.2711£-02 .J.-oOE-02 .3(,7«-02 .2081£-02 

.1.'7£-02 .15OOE-02 .1310E-02 .5'J2IE-03 

.3(,70E-03 .4520[-03 . .-o'J1£-o3 .1815£-03 

.E.t 1'£-01 .7%7£-01 .82't1£-02 .3031£-01 

.1342E-02 .1720£-02 .1844£-02 .1514'£-02 

. 14E>7£-01 .""71£-02 .1157JE-01 .1J82E-01 

.2751£-01 . 122<t£-o1 .14%£+00 
O. O. O. O. 
O. O. O. O. 

· 1E.5'£ -01 • ~ -02 . 3542E -02 . 131JE -02 
.2084E-01 .%25[-02 .41't2E-02 .2091E-02 
.2957£-03 .'5OE.E-03 .'")4JE-03 .5"2«-03 
.04'!E-04 .1034£-03 .11CJ8E-03 .""77£-04 
.2"7OE-02 .383E.E-02 •• 315£-02 .25E.OE-02 
.207IE-02 .2414£-02 .23'57£-02 .11'ME-02 
• "11JE -03 .8872£-03 • 7060E -03 . 2"3JE -03 
. 122EoE-01 .307'£-01 .3375£-01 .1E.18E-01 
.4887£-01 .7242£-02 .1054E-01 .1091£-01 
.7'5JE-02 .78lOE-02 .3'544[-01 .2810E-01 
.'J441£-02 .55't'JE-02 .• 74'!E-01 .1<18(,£-01 

O. O. O. O. 
O. O. O. O. 

O. O. O. O. O. O. O. O. 
O. O. O. O. 

· 1")47£ -02 . 3488E -02 . 32E.'£ -02 .2(,31 £-02 
.214E.£-02 .37&JE-02 .34E>JE-02 .274'£-02 
.E.2E02E-03 .137JE-02 .15E.OE-02 .14&3£-02 
.7244£-03 .13fJ7£-02 .1"7OE-02 .1231£-02 
· 2554E -02 . 58E0'£ -02 • 1 7CJ8E -01 . "'1 E.E-01 
.1255£-02 .1"31£-02 .2(,34£-02 .1772E-02 
.204 7£ -03 . 272EoE -03 .257OE -03 .113'£-03 
.Jw.4E-01 .'.'7£-01 . 1422E-01 .1 12OE-01 
· 34E> 7£ -02 . 31 2<t£ -02 .21 8E.E -02 • 1 3'JOE-01 
. 12't8E-01 .8I52JE-02 .2888£-01 .3'537£-01 
.1455£-01 . 342<t£-01 .18'5JE+OO 

O. o. O. O. 
O. O. O. O. 

.127JE-02 .2285£-02 .1951£-02 .12.5£-02 

.2555[-02 .4307£-02 .3831£-02 .2'tE.8E-02 

.1255£-02 .2455£-02 .24.,JE-02 .2132£-02 

.3(,44[-03 • 7752E -03 . 7CJ72£ -03 .E.012£ -03 
• 1")47£-02 . 37E.IE -02 • 7CJ34£ -02 • 121JE -01 
.2145£-02 .oM05E-02 .105JE-01 • 2fo8JE-0 1 
• E.258E -03 . 7450E -03 .711 OE -03 • 328JE -03 
.318'£-01 .2'JE.2E-01 .1385[-01 .412JE-01 
.5272E-02 .1E.%£-o1 .1E.2'!£-o1 .C)%2E-02 
.13lOE-01 .7751E-02 .1412E-01 . 1570E-01 
.25OOE-01 .1241£-01 .3<t07£-01 .2558£-01 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

o. O. o. o. o. O. O. O. 

O. O. O. O. 
.376'£-02 .573(,[-02 .45"'£-02 .32Eo8E-02 
.• 406E-02 .E.42E.E-02 .4'97JE-02 .34E.2E-02 
.7455£-03 .15%£-02 .174OE-02 .15E.OE-02 
.1~-02 .257W:-02 .3475£-02 .2127£-02 
.00E.E-02 .78'J1£-02 .11515£-01 . 17CJ8E-01 
.2455£-02 . 34E> 1£ -02 . 424<t£ -02 .2(.3(,£-02 
.4147£-03 .E0515£-o3 .E.271E-03 .28ISE.E-03 
.4-'07£-01 .2220£-01 . 11't2E-01 .1l'J5E-01 
.321f1E-02 .3435£-02 .2742£-02 .122(,[-01 
· t702E-01 .1027£-01 .2428£-01 .28E.4E-01 
.2055E-01 . 27w.E-01 .202<tE+OO 

.1784£-02 

.58Eo8E-02 

.1~32£-02 

.3ft22E-03 

.3487£-02 

.37E.2E-02 

.1313£-02 

.2(,41£-01 

.83'52[-02 

.1451(-01 

.2148E-01 

.3055E-02 

.7n2E-02 

. 34E>1E-02 
• 77CJOE-03 
.5735£-02 
.E.425E-02 
.15%£-02 
.33CJ8E-01 
.1514[-01 
.100JE-01 
.1177£-01 

.2438[-02 

.5733£-02 
• 311OE-02 
.8003£-03 
• 'JOIS2E-02 
.1084E-01 
.1512£-02 
.1'97W:-01 
.1771£-01 
.1885£-01 
.4235£-01 

. 145JE-02 
• 38lOE-02 
• 24't2E-02 
.5"7OE-03 
• 7CJ3'JE -02 
.1054E-01 
.7114[-03 
.3233£-01 
.12(.1E-01 
.2152£-01 
. 272<t£-0 1 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. .2127£-02 .3475£-02 .257W:-02 • 1~-02 

.7"3'£ -02 • 'JOIS2E -02 .5735£-02 .3487£-02 • 17CJ8E -01 .1515£-01 . 78'J1£ -02 • 43OE.E-02 

.1054E-01 .1084E-01 .E.425E-02 .37E.2E-02 .2(.3(,£-02 .424'JE-02 .34E>1£-02 .2455£-02 

.7114[-03 .1512E-02 .15'96E-02 .1373£-02 .28ISE.E-03 .E.271E-03 .ft515£-o3 .4147£-03 
· 1 453£ -02 .24_-02 • 305'SE -02 • 1784£-02 • 32(,IE -02 .45'9'£-02 .573(,£-02 • 37Eo'JE-02 
· 38lOE -02 .5733£-02 • 7n2E -02 • 58EoIE -02 • 34E.2E -02 .4.,73£-02 • E.42E.E -02 • 4406E -02 
.24't2E-02 .311OE-02 .34E>1£-02 .1'932£-02 .15E.OE-02 .174OE-02 .15'96E-02 .7455£-03 
.5''7OE-03 .8003£-03 .77CJOE:-03 .3ft22E-03 .1'97W:-01 . 33CJ8E-Q1 .2(,41£-01 • 222OE-0 1 
.4407£-01 .3233£-01 .83'52[-02 .1l'J5E-01 .11't2E-01 .12(.1£-01 • 1771E-01 .11514£-01 
.2742£-02 .3435£-02 .321E.E-02 .100JE-01 .1458[-01 .122foE-01 .2428E-01 • 28E.4E-01 
.2148E-01 .1177£-01 .1885£-01 .2152£-01 .1702£-01 .1027£-01 .4235£-01 . 272<t£-01 
.2766£-01 .2055E-01 .202<tE+OO 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. .1231E-02 .1'97OE-02 .1387£-02 .72.«-03 

.121JE-01 .7CJ34£-02 .37ft8E-02 .1")47£-02 .""f1E-01 .17CJ8E-01 .58Eo'JE-02 .255«-02 

.2f08JE-01 .105JE-01 .oM05E-02 .2145£-02 .1772E-02 .2(.34£-02 .1"31£-02 .1255£-02 

.328JE-03 .71 10E-03 .745OE-03 .ft2IS8E-03 .113'£-03 .257OE-03 .272EoE-03 .2047£-03 

.1245£-02 .1951£-02 .22&-02 .1273£-02 .2(.31£-02 .32E.'JE-02 .348IE-02 .1")47£-02 

.2%8(-02 .3I31E-02 .4301£-02 .29JS£-02 .274<t£-02 .34ft3[-02 .37Eo3[-02 .214E.£-02 

.2132[-02 .24'3£-02 .2 .. -02 .1255£-02 .14ft3£-02 .1~-02 .1313£-02 .E.2f.2E-03 

.ft012£-03 .7CJ72£-o3 .77'52£-03 .3(,44[-03 .1385[-01 .2'JE.2E-01 .318'£-01 .'.,7£-01 

.lWt4E-01 .4123£-01 .5272£-02 .112OE-01 .1422£-01 ."'-2£-02 .1E.2'JE-01 • 16'JE.E-01 

.211&£-02 .312<t£-Q2 .34ft1£-02 .7751E-02 .13lOE-01 .1 ~-01 .2888£-01 .3'537£-01 

.25OOE-01 .1241£-01 .1412£-01 .157OE-01 . 12't8E-01 .8I52JE-02 .3<t07£-01 .2558[-01 

. 342<t£-01 .1455£-01 .18'5JE+OO 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. .5'!2'JE-03 .11'95£-02 .115«-02 .8204E-03 

.1025E-02 .207IE-02 .2184£-02 .1"21£-02 .1871E-02 .3~-02 .31191£-02 .2581£-02 

.~1E-02 .4214!1:-02 .311.-02 .2'MI1E-02 .2201£-02 .3841£-02 .352OE-02 .2184E-02 

.1311E-02 .29Jtt-02 .~11E-02 .2184£-02 .1,...-03 .19011:-02 .13191£-02 .4JI5111:-03 

.331.-03 .4'"*-03 .~12E-03 .2416>£-03 .1024£-02 .144«-02 .1122£-02 .... -03 

.1811£-02 .J54j1£-02 .11ft2£-02 .%1f1E-02 .~-02 .",E.E-02 .11ft8E-01 .EIE.'ME-01 

.2201£-02 .4ft11£-02 .114E.E-01 .33331-01 .1318£-02 .20131-02 .2<t31£-02 .2018£-02 

.4428£-03 .1OMt-03 .8031£-03 .406E.E-03 .2~-01 .2131£-01 • 1111t-01 .2081£-01 

.1~-01 .10031-01 ."'.-02 • ..,1£-02 .306.-02 .2584£-01 .243«-01 .1215£-01 

.161E.E-02 .""-02 .31231-02 .M.-01 .24W-01 .11151E-01 .1018£-01 • 148OE-01 

.1~-01 .1206£-01 . 1808t-01 .3164£-01 • 34M-01 .211&£-01 .~-01 .4141J£-01 

.1~-01 .~'3E-01 .1,31E+OO 
O. O. O. O. 
o. O. O. O. 
O. O. O. O. 

O. 
O. 
O. 

o. 
O. 
O. 

O. 
O. 
O. 

o. 
O. 
O. 



o. o. O. 

.144SE-02 .21'52£-02 .2&13E-02 

.'581bE-02 .1642£-02 .'5707£-02 

.201SE-02 .3&'5'3[-02 .3314£-02 

.7511£-03 .1107£-02 .1172£-02 

.338'3[-02 .'54Q7£-02 .8413£-02 
· 384bE -02 . b&41 £ -02 .1143£ -01 
.Q411£-03 .14~-02 .1&Q2£-02 
.2203E-01 .137eE-01 .507eE-02 
.&142£-02 .7514£-02 .'523'3[-02 
.210'3[-01 .1'5'54£-01 .1&33£-01 
.2140£-01 .28"E-01 .212bE+00 

O. 

.2184£-02 

. 381eE-02 

.2571£-02 

.5731E-03 

.71&7£-02 

.1147£-01 

. 877eE-03 

.55'54£-02 

. 2208E-Ol 

.2&14£-01 

. {'!>34t:-03 

.355'3[-02 

.4012£-02 
· '20'3[-03 
.207eE-02 
. 428eE-02 
. 2554E-02 
.1~'3[-01 
.410eE-02 
.281'3[-01 
. 27q2£-01 

.1311£ O~ . 12!>1t:-02 . ('l(',!>2t:-03 

.'54~-02 . 445SE-02 .31~-02 

.&&42£-02 .508'3[-02 .3520£-02 

.1711.'3[-02 .15"E-02 .1047E-02 

.2752£-02 .308&E-02 . 1723E-02 

.7841E-02 . 14'i'3[-01 . 17f>7E-01 

.3&5eE-02 .4b01E-02 .2'3'3[-02 

.23&7£-01 .1571E-Ol . 1777E-Ol 

.2211£-01 . 272eE-Ol .1732£-01 

.1&4'3[-01 .1357£-01 .2000£-01 

.1q21£-01 .277eE-Ol .4473£-01 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. o. O. O. O. O. 
O. O. O. O. 

.1123E-02 .308bE-02 .2752£-02 .207eE-02 

.11&7£-01 .14~-01 .1841E-02 .42SeE-02 
· ,2q3'3[ -02 .4&01 E -02 . 3&'58E -02 .2'554£ -02 
.8&'52£-03 .12'51E-02 .1317£-02 .&534£-03 
· 31 ~ -02 . 44'5SE -02 .s4~ -02 . 355'3[-02 
· 3520E -02 . 508'JE -02 . b&42£ -02 .4& 12£ -02 
.1047£-02 .15Q1E-02 .11E.'3[-02 .Q2Q'JE-03 
.2203£-01 .1777£-01 .410BE-02 .5554£-02 
.523'iE-02 .1514£-02 .E.742£-02 .1E.4'3[-01 
.27'2£-01 . "21E-01 . 1357£-01 .2OOOE-Ol 
.28'ilE-Ol .2140£-01 .212&£+00 

.5731E-03 .1172£-02 .1107E-02 .7511E-03 

.71E.7£-02 .8473£-02 .54Q7E-02 .338'3[-02 

."47£-01 .1143£-01 .&E.41E-02 .384E.£-02 

.877eE-03 .1E."I2£-02 .14~-02 . "I471E-03 

.2184£-02 .2&73£-02 .2752£-02 .144SE-02 
· 381eE -02 .5707£-02 .7842£-02 .581 &£ -02 
.2'571E-02 .3314£-02 .3&5'iE-02 .2075E-02 
.1571E-Ol .23&7£-01 . 1~'3[-01 .137eE-Ol 
.501eE-02 .1732£-01 .272eE-Ol .2211E-Ol 
.281'3[-01 . 2208E-Ol .1E.33£-01 .2&14£-01 
.210'3[-01 .1554£-01 . 277eE-Ol .4473£-01 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
o. O. O. O. 
.~'iE-03 .1122£-02 .1444£-02 .1024£-02 
.8&'i4£-01 . 17E.8E-Ol .581(,£-02 .2'540£-02 
.207eE-02 .2Q37£-02 .2073£-02 .131eE-02 
· 8204E -03 . 1 154£ -02 .' 1 'iSE -02 . '5'i2'iE -03 
.2587£ -02 . 31 ~ -02 . 33~ -02 .1 87eE-02 
.2784£ -02 . 3520E -02 . 3847£ -02 .2207£ -02 
· ~7'iE -03 . 1 3'3'iE -02 . l5O'iE -02 . 77E.'3[ -03 
. 1 <35e.E-01 .2087£-01 .3OE.SE-02 .48Q7£-02 
.3723£-02 .&4'58E-02 .1&1&£-02 .1151E-01 
. 342bE-01 .218&E-01 .107eE-01 . 148OE-01 
. 35'i3£-01 . 150'iE-01 .lQ3'3[+OO 

O. O. O. O. 
O. O. O. O. 
O. O. O. O. 
O. O. O. O. 

.4713£-03 .108&E-02 .1282£-02 .1244£-02 

.1909E-02 .328'iE-02 .312&£-02 .2542£-02 

.22&SE-02 .3Q2SE-02 .3574£-02 .281&£-02 

.158OE-03 .2013£-03 .182e.E-03 . 7~-04 

."1717£-03 .1342£-02 .1554£-02 .8&24£-03 

.2'52OE-02 .573'iE-02 .1724£-01 . 8110E-01 

.'i207£-03 .1qa7£-02 .3373£-02 .2&13£-02 

.1081E-Ol .&e.84£-02 .272SE-02 .24"14£-02 

.2124£-01 .1573£-01 .E.341E-02 .5257£-01 

.1532£-01 .14~-01 ."1"1'53£-02 .2101E-01 

. 1310E-Ol .3111E-Ol .1b&2£+00 
O. O. O. O. 
O. O. O. O. 
O. O. O. O. 
O. O. O. O. 

.247&£-03 .5212£-03 .4""4£-03 .3373£-03 
· %7&£-02 .71{,2£-02 .3557£-02 .1817£-02 
.3333£-01 .114bE-Ol .4011£-02 .2207£-02 
.40E.e.E-03 .6031£-03 .708SE-03 .442eE-03 
.1"121£-02 .2184£-02 .207eE-02 .102SE-02 
.2%1£-02 .381'iE-02 .428'iE-02 .2'541£-02 
.2184£-02 .2'571£-02 .2'55SE-02 .131eE-02 
.1188E-01 .2137£-01 .22'52£-01 .1003£-01 
.%1'3[-02 .1275£-01 .2434£-01 .2584£-01 
.2454£-01 .2&5'iE-01 . 1909E-01 .31&4£-01 
.1545£-01 . 12O&E-Ol .2'5SeE-01 .4145£-01 

O. O. O. O. 
O. O. O. O. 
O. O. O. O. 

.282'iE-03 .&1E.e.E-03 .&527£-03 .5071£-03 
· "1123£-03 .lCjqQE-02 .2110£-02 .18&eE-02 
.2'52OE-02 .42&3£-02 .3802£-02 .2~0E-02 
.1&38E-02 .27~-02 .2218£-02 .13"17£-02 
.4770E-03 .527eE-03 .4&3E£-03 .2OOOE-03 
.1607£-02 .3351£-02 .&448£-02 .7803£-02 
.22&5£-02 .4811£-02 .1240£-01 .401eE-Ol 
.144'3[-01 . 14OOE-Ol .8%3£-02 .111'3[-01 
.1825E-02 .33"13£-01 . 312'iE-01 .1374£-01 
.4542£-01 . 154bE-Ol .7374£-02 .1114E-Ol 
.3382£-01 .3224£-01 .153&E-01 .5738£-01 

O. O. O. O. 
O. O. O. O. 
O. O. O. O. 

· 2&'i4E -03 . 5~OE -03 . &324E -03 .488'3[ -03 

.'5281£-03 .11SeE-02 .13&&E-02 .1282£-02 .1343£-02 .2'5'ie.E-02 .255SE-02 .2110£-02 

.3352£-02 .52&1£-02 .4317£-02 

.4812£-02 .E.848£-02 .51~-02 

.3847£-03 .4%2£-03 .4&04E-03 
· 1 CjqQE -02 . 2'5'iSE -02 . 28'5OE -02 
.42&2£-02 .77E.e.E-02 .147&£-01 
.112eE-02 .3404E-02 .5114£-02 
.1171£ -01 .8402£-02 .2'555£-02 
.1702£-01 .2074£-01 . 10~-01 
.2088E-01 .202'iE-Ol . "IE.82£-02 
. 1 "I2OE-01 .2SE.'iE-01 .181&£+00 

. 312bE-02 

.3573£-02 

.2038E-03 

. 155SE-02 

.1723£-01 

.3&21£-02 

.2702£-02 

.3%1£-01 

.1853£-01 

. 5738E-02 

.2'557£-02 

.108SE-02 

.3288E-02 

.3"124£ -02 

. 13O'iE-Ol 

. 222SE-(k 

.%44£-01 

.275'iE-01 

.77&7£-02 

.4048£-02 

.1188£-02 

.S2E.OE-02 

.&847£-02 

. 1508E-Ol 

.275'3[-01 

.2SE.7£-01 

.2&5'iE-Ol 

.%70E-02 

.2~-02 

.104'iE-02 

.7'i11£-02 

.1201£-01 

.1110£-01 

.3&3E£-01 

.8&72£-02 

.lb3OE-01 

. 3801E-02 

.1&8&E-02 

. 40 38E-03 

.&453£-02 

.1240£-01 

.1003£-01 

.2012£-01 

.150E.E-Ol 

.&237£-01 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. 

· 4&38E -03 . 1 04'iE -02 . llSeE -02 .1 08SE -02 
· &453£ -02 .7"111 £ -02 . S2E.OE -02 . 3288E -02 
.1240£-01 .1201£-01 .&847£-02 .3"124£-02 
.4S8'iE-03 .&324£-03 .5~-03 .2&q4£-03 
.2110£-02 .2'555£ -02 .2'5%£ -02 . 1343£-02 
.3801 £ -02 .5&70£-02 .77&7£-02 . 5738[-02 
· 1E.8bE-02 .~-02 .4048E-02 .2'557£-02 
.1171£-01 .1003£-01 .222'5£-02 .2702£-02 
.1~-01 .2074£-01 .1702£-01 .2SE.7£-01 
.275'iE-01 .2&5'iE-Ol .8&72£-02 .150E.E-Ol 
.2SE.'iE-Ol . 1 "I2OE-Ol . 181&£+00 

O. O. O. O. 
O. O. O. O. 
O. O. O. O. 
O. O. O. O. 

.2OOOE-03 .4&3E£-03 .527eE-03 .4770£-03 

.7803£-02 .&44eE-02 .3351£-02 .1807£-02 

.401eE-Ol .1240£-01 .4811£-02 .22&SE-02 

.5071£-03 .&527£-03 .&1&bE-03 .282'£-03 
· 18&8£ -02 .2110£ -02 . 1 CjqQE -02 . '723£ -03 
• 2'SOE -02 . 3802£ -02 . 42&3£ -02 . 2'52OE-02 
.13"17£-02 .2278£-02 .27~-02 .1&38[-02 
.1081£-01 . I 1 l'iE-01 .1S2SE-02 .24q4£-02 
.&341£-02 .1573£-01 .2124£-01 .154bE-01 
.3382£-01 .3224£-01 .7374£-02 .1174£-01 
.3171£-01 . 1370E-01 .1b&2£+00 

O. O. O. O. 
O. O. O. O. 
O. O. O. O. 
O. O. O. O. 

.2274£-03 .5&13£-03 .72&0£-03 .7&&5£-03 
· <:)222£-03 .1"104E-02 .2037£-02 .181&£-02 
· 24<:)3E -02 .4227£ -02 . 377eE -02 .,2q3E£ -02 
· 7-,07£-04 .~1£-04 .7831£-04 .32'5&E-04 
.4518£-03 .4'34£-03 .4274£-03 .1823£-03 
.1737£-02 .314'iE-02 .57"'[-02 .6347£-02 
.1472£-02 .440E.E-02 .138'iE-Ol .4008E-01 
.6371[-02 .4455£-02 .1513£-02 .1422£-02 
.8274£-01 .4377£-01 .8~-02 .8551£-01 
. 12&8E-01 .15&3£-01 .5351£-02 .118OE-Ol 
.1O'iSE-Ol . 23'5'iE-Ol .1187£+00 

.2038[-03 .4004E-03 .4%2£-03 .3847£-03 

.1555£-02 .285OE-02 .2'5'iSE-02 . 1 CjqQE-02 

.1723£-01 . 147E.£-01 .77E.e.E-02 .42&2£-02 

.3&21£-02 .5174£-02 .3404E-02 .1728£-02 

.1282£-02 .13&&£-02 .1188£-02 .5281£-03 

.312bE-02 .4317£-02 .52&1£-02 .3352£-02 

.3573£-02 .51~-02 .E.848E-02 .4812£-02 

.1110£-01 • 1508E-Ol . 13O'iE-Ol .8402£-02 

.2555£-02 .2012£-01 .3&3E£-01 . 275'iE-0 1 

.5&44£-01 .3%1£-01 . "IE.82E-02 . 1853£-01 

.2088E-01 .202'iE-01 .1&3OE-01 .&237£-01 

O. O. O. O. 
O. o. O. O. 
o. O. O. O. 

· 7~-04 .182bE-03 .2013£-03 .1S8OE-03 
.8&24£-03 .1554£-02 .1342£-02 .'i717£-03 
.8170£-01 .1724£-01 .573'iE-02 .2'52OE-02 
.2&13£-02 .3373£-02 .1qa7£-02 .'207£-03 
.1244£-02 .1282£-02 .108&E-02 .4773£-03 
.2'542£-02 .312&£-02 .328'iE-02 . l808E-02 
.281&£-02 .3514£-02 .3"2SE-02 .22&SE-02 
.8%3£-02 . 14OOE-01 .144'3[-01 .&E.84£-02 
.272SE-02 .1374£-01 . 312'iE-Ol .33"13£-01 
.4'542£-01 .52'57£-01 ."1"1'53£-02 .2101£-01 
.1532£-01 .14~-01 . 153E£-01 .S73eE-Ol 

O. O. O. O. 
O. O. O. O. 
O. O. O. O. 

.1447£-03 .3311£-03 .3731£-03 .30%£-03 

.4521£-03 .103E£-02 .1232£-02 .1203£-02 

.1737£-02 .3187£-02 .3052£-02 .24'iSE-02 

.2844£-02 .42'5'iE-02 .3075£-02 .1723£-02 

.2273£-03 .2170£-03 .1'-4SE-03 .'-3&8£-04 

.Q21&£-03 .1248E-02 .1404E-02 .75&&£-03 

.24'3[-02 .5&37£-02 .1b&7£-01 .7574£-01 
· '25eE -02 . "IOE.5£ -02 .11.441 E -02 . &484£ -02 
.1141E-02 .2"75£-01 .2703E-Ol .1037£-01 
.b&2OE-01 .1'522£-01 .477eE-02 .821'iE-02 
.241SE-Ol .3512£-01 .8875£-02 .11.15'3[-01 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. .12&3E-03 .2'333E-03 .3340£-03 .2784E-03 

.2172£-03 .'53'3[-03 .&~2£-03 .72&0£-03 .4'neE-03 .1121[-02 . 1302£-02 .1232[-02 



.124c)[-02 .2441£-02 .2441£-02 .2031£-02 .3151£-02 .5024E 02 .4177£·02 .30'51£-02 

.%31£-02 .7E.E.C)[-02 .%21£-02 

.2043£-03 .242E.£-03 .20'¥.5E-03 

.103E£-02 .1121£-02 . '77bE-03 

.3181£-02 .5023£-02 .7JE.c)[-02 

.24"£-02 .1>110£-02 .1325£-01 

.1>743£-02 .527bE-02 .1441£-02 

.'5281£-01 .7828£-01 .2248£-01 

.11>5E.E:-01 .2141E-01 .5'522E-02 

.14'3£-01 . "47£-0' . 128E.E+00 

. 3778E-02 

.8843£-04 

. 427bE-03 

.'57%£-02 

. 1500E-Ol 

. 150JE-02 

.%3EoE-Ol 

.1124£-01 

. '5'¥.51E-02 

.%12E-03 

.1~4£-02 

. 422E.£-02 

.8'5"£-02 

.1314£-02 

.':l23~-01 

.2081£-01 

.7477£-02 

.'53'3£-03 

.2447£-02 

.7E.E.8£-02 

. '¥.58tE-02 

.2321£-01 

.3011£-01 

.284bE-Ol 

. 453c)[-02 

.4151>£-03 

.2I>32E-02 

. 1445E-Ol 

.75':l2E-02 

. 3232E-01 

. 5271>E-02 

. '311E-02 

.2221E-02 

.11>41>£-03 

.1405£-02 

.11>1>7£-01 

.5'<HE-02 

.11>04E-01 

. ':l855E-02 

.1>702E-01 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. 

.11>46£-03 .415f>E-03 .53'3£-03 .%12E-03 

.1405E-02 .2I>32E-02 .2441£-02 . 1~4£-02 

.1E.E.1£-01 .144'5£-01 .7E.E.8E-02 .422E.£-02 

.2784£-03 .3340£-03 .2'3JE-03 .121>JE-03 

.1232E-02 .1302E-02 .1121E-02 .4'38E-03 

.3051£-02 .4171£-02 .5024£-02 .3151E-02 

.2221£-02 .453C)[-02 .7471£-02 .5'¥.51E-02 

.1>743£-02 .5~1£-02 .1314£-02 .1503£-02 

.2248£-01 .7828£-01 .5281£-01 .3011E-Ol 
· 20B 1 E -01 . 284E.E -0 1 . 527bE -02 . ':l8'5SE -02 
.1':l41£-01 .14'3£-01 .128E.E+00 

.8843£-04 .20':l5E-03 .242E.£-03 .2043£-03 

.427bE -03 . '77bE -03 .1121 E -02 . 1 OJE.E -02 

.57%£-02 . 7JE.~-02 .5023£-02 .3181£-02 

. 15OOE-Ol .1325£-01 .1>110£-02 .24"E-02 
· 721>0£-03 .1>'¥.52E-03 .53'3£-03 .2172E-03 
.2031£-02 .2441E-02 .2441£-02 .124~-02 
.3778£-02 .5e.21E-02 . 7E.E.~-02 .%31£-02 
· 75'2E -02 . '¥.581 E -02 .8'5" E -02 . 527bE -02 
.1441£-02 .11>04E-01 . 3232E-01 .2321E-01 
· '23C)[ -01 . %3E£ -01 . 5522E -02 . 1124E -01 
.11>5f>E-01 .2141£-01 .'311£-02 .1>702E-Ol 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. 

.1>JE,8£-C4 . 11>4SE-03 .2~ 70£-03 .2273£-03 
• 7'5E.E.E -03 . 1404£ -02 . 1248£ -02 . '21 6£ -03 
.7574£-01 .1E.E.1£-01 .%31£-02 .24'3£-02 
• 3O':lE.E -03 . 3731 £ -03 .3311 E -03 . 1441£ -03 
.1203£-02 .1232E-02 .103EoE-02 .4521E-03 
· 24':l5E -02 . 3052E -02 .3181£-02 . 1731£-02 
.1723£-02 .3075£-02 .425~-02 .2844£-02 
.1>371£-02 .E.484E-02 .1141E-02 .1422E-02 
.8':l82E-02 .4371£-01 .8274£-01 .1522E-01 
.241SE-Ol . 3512E-Ol .4778£-02 .821~-02 
. 235':lE-Ol .10':l5E-Ol .1181£+00 

O. O. O. O. 
O. O. O. O. 
O. O. O. O. 
O. O. O. O. 

.111>3£-03 .3O~-03 .418OE-03 .470~-03 

.42':l1E-03 .~1£-03 .118E.E-02 .11E.bE-02 
· 1 I> 70£ -02 . 3O':lOE -02 . 2':l82E -02 .2452£ -02 
.4272E-04 .4753£-04 .3878£-04 .1582E-04 
.21E.bE-03 .2052E-03 .1544£-03 .5':l4~-04 
.8752£-03 .111>2£-02 .1272£-02 .E.E.71E-03 
.1422£-02 .4I>1~-02 .1801£-01 .103C)[+OO 
· 400E.E -02 .3041 E -02 . '242£ -03 . ~ -03 
.372~+00 .1>14'5£-01 .518OE-02 .471bE-01 
."4bE-02 . 13'58E-01 .2':lE.bE-02 .1>335£-02 
· 7881E-02 .151~-01 .7430£-01 

.325E.E-04 .7831E-04 . ':l251E-04 . 7~7E-04 

.1823£-03 .4274£-03 .4'34£-03 .4518£-03 

.1>341£-02 .57':ltE-02 .314~-02 .1737£-02 

. 4888E-01 .1JS<E-01 .44OE.E-02 .1472E-02 

.7e.e.'5£-03 .721>0£-03 .%13£-03 .2274£-03 

.181bE-02 .2031£-02 . 1~-02 . '222E-03 

.2':l3EoE-02 .377SE-02 .4221£-02 .24'3£-02 

.1>441 £ -02 . ':lOe.SE -02 .'258E -02 . 445SE -02 

.1513£-02 .1031£-01 .2703£-01 .2':l7SE-01 

. E.E.2O£-0 1 .8'551E-01 .5351E-02 .118OE-01 

.121>8£-01 .1%3£-01 .8875£-02 .1>15c)[-01 

O. O. O. O. 
O. O. O. O. 
O. O. O. O. 

.7'71£-04 .1882E-03 .2211E-03 .1'22E-03 

.211>1£-03 .5374£-03 .1>':l88E-03 .7417£-03 

.8758E-03 . 182'5£-02 .1%~-02 .17&8£-02 

.3242E-02 .4542E-02 .3121£-02 .11>'1£-02 

.11&3£-03 .1011£-03 .7128£-04 .2&22E-04 

.4~-03 .41>24£-03 .3':l51£-03 .1E.E.8£-03 

.1E.E.~-02 .2':l58E-02 .52OOE-02 .~-02 

.&078£-02 .&OO8E-02 .4E.OOE-02 .4033£-02 

.75OE.E-03 . ':l824£-02 .~~-02 .3377E-02 

.3343£-01 .&121£-02 .305E.E-02 .538E.E-02 

.1401E-01 .2734£-01 .521~-02 .5011£-01 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. .1>5':lOE-04 .157bE-03 .1873£-03 .11>42E-03 

.101bE-03 .2I>7SE-03 .3710£-03 .4178£-03 .2052E-03 .5124£-03 .E.E.4bE-03 .1>':lB4£-03 

.41>25£ -03 . 1 05~ -02 . 1242E -02 . 118'5£ -02 . 11 e.2E -02 . 230~ -02 .2334£-02 .1 %8£ -02 

.2':l58£-02 .47':l5E-02 .4042£-02 .2':l8OE-02 .7338E-02 .d24bE-02 .41>34£-02 .217bE-02 

.1141£-03 .12':l4E-03 .1072E-03 

.5371£-03 .5123£-03 .3'20£-03 

.1823£-02 .2308E-02 .2434£-02 

.2424£-02 .1>304E-02 .t558E-Ot 

.417SE-02 .3451£-02 .8':l4E.E-03 
· l505E +00 . 302E.£ +00 . 202E.£ -01 
.1118£-01 .1SOOE-01 .31'2E-02 
.1030£-01 .12'2£-01 .7':l51E-Ol 

.441SE-04 

.1544£-03 

.1273£-02 

.21~-01 

.,,}181£-03 

.2844£-01 

."434£-02 

.3028£-03 
· ~':lOE-03 
.3088E-02 
.5742£-02 
. 833EoE-03 
.5070£-01 
.1304£-01 

.21>75£-03 

.105~-02 

.47'34£ -02 

.&2&3£-02 

.7&23£-02 

.1331£-01 
• 2 '305E-0 1 

.1~-03 

. ':lt2E.£-03 

.&858£-Q2 

.5224£-02 

.1070£-01 

. 3205E-02 

.5421E-02 

.7121£-04 

. 3'¥.51 £-03 

. 5202E-02 

.3804£-02 

. 5242E-02 

.&044£-02 

.5421E-01 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. 

· 7121£-04 .1~-03 .21>75£-03 .3028£-03 
.3'¥.51E-03 ."2E.£-03 .105~-02 .':lB':lOE-03 
· 5202E -02 . E.858E -02 .47'34£-02 . 3088E -02 
.11>42£-03 .1873£-03 .157bE-03 .£.5':lOE-04 
.1>':lB4£-03 .E.E.4E.E-03 .5124£-03 .2052E-03 
.1%8E-02 .2334£-02 .2~-02 .11e.2E-02 
.217bE-02 .41>34£-02 .824bE-02 .7338E-02 
.41 75E -02 . 3S04E -02 . 833EoE -03 . "81£-03 
.202E.£-01 .302E.£+00 .1505E+OO .1331£-01 
. 1304E-Ol .23O'5E-Ol .3205E-02 .£.044£-02 
. 12'2E-01 .1030£-01 .7':l51£-01 

O. O. O. O. 
O. O. O. O. 
O. O. O. O. 
O. O. O. O. 

.2I>22E-04 .712~-04 .1011£-03 .11£.3£-03 
· 1 e.e.8£ -C3 . 3'¥.51 E -03 .4 .. 25£ -03 . 428~ -03 
.5210£-02 .52OOE-02 .2':l58E-02 . 1E.E.~-02 
· "22E-03 .2211E-03 .1882E-03 . J':l7SE-04 
.741SE-03 .£.':l88E-03 .5374£-03 .21£.1£-03 
.17&8E-02 .1%c)[-02 .182'5£-02 .8758E-03 
.1£,'1£-02 .3121£-02 .4542E-02 .3242E-02 
· 400E.E -02 .4033£ -02 . 75OE.E -03 .8830£ -03 
.518OE-02 .£.14SE-Ol .3730£+00 .£.122£-02 
. 1401E-01 .2734£-01 .305E.E-02 .538E.E-02 
· 151~-01 .7881£-02 .7430£-01 

.441SE-04 .1072E-03 .12'34£-03 .1141£-03 

.1544£-03 .3':l2OE-03 .5123£-03 .5371E-03 

.1273£-02 .2434£-02 .2308E-02 .1823£-02 

.217~-01 .1558E-Ot .&304E-02 .2424£-02 

.4178£-03 .3710E-03 .21>75£-03 .101bE-03 

.1185E-02 .1242£-02 . t05':lE-02 .4E.25E-03 
• 2':l8OE -02 . 4042E -02 .4 7':l5E -02 • 2':l58E -02 
.5224~-02 .&2&3£-02 .5742E-02 .3451£-02 
.~-03 .5242£-02 .1070£-01 .7£,23£-02 
.5070E-01 .2844£-01 .31,,)2£-02 .&434E-02 
.111SE-01 .1SOOE-01 .5421E-02 .5421£-01 

O. O. O. O. 
O. O. O. O. 
O. O. O. O. 

.1582E-04 .387SE-04 .4754£.-04 .4272E-04 

.5':l4':lE-04 .1'544£-03 .2052E-03 .21E.E.E-03 

.E.E.72E-03 .1272£-02 .11£.2£-02 .8753£-03 

.103C)[+OO .1801£-01 .4I>1~-02 .1422E-02 

.470':lE-03 .4180£-03 .3030£-03 .11&3£-03 

.11 E.bE -02 .11 EIE£ -02 . ~ -03 . 42,,)2E -03 

.2452£ -02 . 2':l82E -02 . 3O':lOE -02 . 11> 70£ -02 

.4E.OOE-02 ."~-02 .'07~-02 .3041£-02 

.,,}243£-03 .3371£-02 .~~-02 .':lB24£-02 

. 334JE-01 .471bE-01 .2':lE.bE-02 .1>335£-02 

.,,}14bE-02 .13'58E-01 .521"JE-02 .5011E-01 

.3532E-02 .7%8E-02 .234~-01 .1114£+00 .1%SE-02 .375SE-02 .7~-02 .1340£-01 

.1028£-02 .1441£-02 .1718£-02 .~4E.E-03 .47SSE-03 .5277E-03 .4£,28£-03 .2OOOE-03 

.2285E-03 .217E£-03 .l&4bE-03 .1>37~-04 .11&~-03 .1020£-03 .7142E-04 .21>30£-04 

.1>45SE-04 .5332E-04 .3572E-04 . 128OE-040. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O . 

. 3533£-02 .7151£-02 .12,,}4£-01 .2OE.SE-01 .. 5JE.2E-02 .7412E-02 ."""7£-02 .1257£-01 
· 41 5~ -02 . 541 ~ -02 . E.808E -02 .7'21 E -02 .2")23£-02 . 3550£ -02 .4118£-02 .4413£ -02 
.1':l4~-02 .221E£-02 .23'7£-02 .2402£-02 .1271£-02 .t37bE-02 .1408£-02 .1343£-02 
.5320£-03 .741>2£-03 .':lO28£-03 .%E.bE-03 .5131£-02 .1148£-01.")143£-02 .")483£-02 
.3810£-01 .5284£-01 . 114bE-01 .4821£-01 .2711£+00 .• 372£-02 .5'¥.50E-02 .3OO2E-02 
.287SE-02 .212"}£-02 . 7'20£-03 .'57'5'5£-02 .4"JYA:-02 .1823£-02 .1>44bE-02 .3121£-02 
.1JOSE-02 .5741£-03 .2038E-01 . 147bE-01 .,,}187£-02 .5380£-02 .3357£-01 .£.22':lE-02 
.8JE.2£-02 .%18£-02 .721>1£-01 
."''5OE-02 .1118£-01 .211 ~-01 . 24(.SE-01 .3783£-02 ."27SE-02 . 1004£-01 . "}OQ4E-02 
· 2272E -02 .3037£-02 . 345SE -02 .1 ':l'5':lE -02 . 11SSE -02 . 13O':lE -02 .111>&£-02 .5182£ -03 
."'30£-03 .5")1SE-03 .457SE-03 .181bE-03 .32'2E-03 .2")11>£-03 .2083E-03 .7781>£-0" 
.187SE-03 .1'570£-03 .10M)£-03 . 38£.3E-040. O. O. O. 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 



.3B8E>[-02 .7224£-02 .11{'lE-Ol .1'5~3E-01 .{'02e.E-02 .7742E-02 .~43{'E-02 .10431::-01 

.47~1[-02 .15884£-02 .e.92~-02 
· 233SE -02 . 2SbSE -02 . 2f>bSE -02 
.e.502£-03 .9~lE-03 .1OblE-02 
.30'4£ -01 . 1 78~ +00 . 5"3~ -02 
.2b77[-02 .204E.E-02 .7877E-03 
· 1 4Sb[ -02 . SSb3£ -03 . 2Gb 7£ -01 
. 128E>[-01 .873()[-02 . 83'5SE-Ol 

.7 2()15£ -02 

.2154SE-02 

.1 I 12£-02 

.21e.1E-Ol 

.'5'573£-02 

.1'522£-01 

.3442£ -02 .3'3%[ -02 .4 37'5[ -02 

.1550E-02 .1e.2SE-02 .1e.1SE-02 

.451SE-02 . 1430E-Ol .20Ob[-01 

.207e.[+00 .&501[-02 .&4'34[-02 

.'50Sb[-02 . '''77[-02 .124SE-01 

.'3'5'5'3£-02 .5&1bE-02 .4375[-01 

.437~-02 

.14'32[-02 

.e.773E-02 

.3{'ObE-02 

. 444SE-02 

.E:.07'5[-02 

.551bE-02 .8222£-02 .112bE-Ol .831SE-02 .3b82£-02 .52&~-02 .&754E-02 .4572E-02 

.2151~-02 .3147[-02 .332'5£-02 .17~-02 .14~-02 .1{'14E-02 .142~-02 .&445[-03 

.8424[-03 .81{'2£-03 .&4()15£-03 .215'3SE-03 .481SE-03 .4311[-03 .3131[-03 .11'34[-03 

.295~-03 .2422£-03 .1{'73£-03 .{'147[-040. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O . 

. 3824[-02 .E:.'507[-02 . '337'3£-02 .1143£-01 .&Ob'3£-02 . 720~-02 .7'38110-02 .7'330E-02 

.4'378f.-02 .'5731[-02 .&154E-02 .5%SE-02 .3bS'3£-02 .4075[-02 .4210£-02 .3%1[-02 

.21572£-02 .272'5£-02 .271 1[-02 .247~-02 .1 74SE-02 .1782£-02 .1717[-02 .1534[-02 

.741SE-03 .1001[-02 .11&2£-02 . 1 1~3£-02 .33b4[-02 . 1401[-01 .4~11[-01 .402~-02 

.227'5E-01 .3953£+00 .2728E-02 .73b2£-02 .22157[-01 .&3bSE-02 .e.783£-02 .40'5~-02 

.23'37[-02 .1883£-02 .74SOE-03 .5181[-02 .4~43£-02 .2047[-02 .2815[-01 .5e.31E-02 

.1340E-02 .4413£-03 .1'344[-01 .1470E-01 .'3443£-02 .Sb34[-02 .5431E-Ol .541SE-02 

.2022£-01 .7033E-02 .87'33£-01 

.429SE-02 .S51bE-02 .blSOE-02 .30'53£-02 .301'3£-02 .3830E-02 .41'37E-02 .2412[-02 
· 2288E -02 . 2b 70£ -02 . 2b 1 ~ -02 . 1331 [-02 . I 507[ -()2 . 1 5~ -02 . I 380E -02 . & 1 ~SE -03 
.'1311£-03 .8~2£-03 .7Ob~-03 .2'103£-03 .Sb8SE-03 .5115[-03 .3753[-03 .1453[-03 
.3'53SE-03 .3022£-03 .2111[-03 . 78b4[-040. O. O. O. 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O . 

. 34b1£-02 .5444£-02 .7183£-02 .8031£-02 .Sb27[-02 .e.20'3£-02 .b337[-02 .581e.[-02 

.4770E-02 .51bOE-02 .5177[-02 .4b'37[-02 .3bb7[-02 .395SE-02 .3777E-02 .3374[-02 

.2b4SE-02 .2b'*l£-02 .257'3£-02 .22bSE-02 .184bE-02 .1832£-02 .1713E-02 .148b[-02 

.7~1[-03 .10'51£-02 .1203£-02 .1212£-02 .2Gb0E-02 .'3481[-02 .147bE+00 .2022£-02 
· '34b3£-02 .31'52£+00 .1141E-02 .231SE-02 .3238E-02 .5~7SE-02 .b73SE-02 .4348E-02 
.2071[-02 .1b&1[-02 .&783£-03 .4&2~-02 .4&01[-02 .2010E-02 . ~222£-01 .3837E-02 
.b5~-03 .1'120E-03 . 170bE-01 .1335£-01 .88b~-02 .5432£-02 .5'122[-01 .4223£-02 
.3004£-01 .4840E-02 .7842£-01 
.2b81[-02 .soel[-02 .10'51[-01 . 1773E-Ol .2754£-02 .e.342[-02 .1'3'51[-01 .100'3£+00 
.20'3'5£ -02 . 40'5SE -02 . 9540E -02 . 1 304£ -0 1 . 11 02£ -02 . 155SE -02 . 1 854[ -02 . 1 Ob2[ -02 
.5134£-03 .Sb81[-03 .4~~-03 .2151[-03 .2447[-03 .233bE-03 .1770E-03 .b950E-04 
.12154£-03 .10'35£-03 .7b81[-04 .282bE-040. O. O. O. 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O . 

. 34()15£-02 .b&0~-02 .1128E-01 .1b74£-01 .b04~-02 .8b10£-02 .1204[-01 . 157SE-01 

.55SbE-02 .7734£-02 .10'52£-01 .1335£-01 .438bE-02 .57&~-02 .7324[-02 .8b12£-02 

.3112£-02 .381SE-02 .44b7[-02 .483()[-02 .2083£-02 .2387[-02 .2b02£-02 .2&24[-02 

.8b72£-03 .127bE-02 .lb12£-02 .178bE-02 .131'3£-01 .2770E-01 .213'3£-01 .204bE-01 

.5'343£-01 .51SSE-01 . 19S8E-01 .4203£-01 .412SE-01 .8%2£-02 .'334bE-02 .'5ObbE-02 

.4404E-02 .3'527[-02 .1371[-02 .84bl[-02 .81b4[-02 .31SSE-02 .8283£-02 .bOObE-02 

.275~-02 .115SE-02 .223~-01 .1'371£-01 .13~...e:-01 .847'5E-02 .3847[-01 .111SE-01 

. 137SE-01 .1301[-01 .11SbE+00 

.485OE-02 .7841[-02 .1213£-01 .10'51[-01 .4b42£-02 .951SE-02 .1e.3~-01 .1'3'50£-01 

.3752£-02 .b170E-02 .'3738E-02 .953'5E-02 .223bE-02 .2%1[-02 .3320E-02 .1852£-02 

.11bSE-02 .127SE-02 .112'3£-02 .4'387[-03 .b03SE-03 .5802£-03 .4471[-03 .1770E-03 

.32e.SE-03 .2883£-03 .20'54[-03 .7b83E-040. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
o. O. O. O. O. O. O. O . 

. 370'3£-02 .E:.e.51[-02 .1021[-01 .1331E-01 .e.587E-02 .8b11[-02 .1070E-01 .1204[-01 

.&07SE 02 .7810£ 02 .'3520£ 02 .1052£-01 .48%[ 02 .5'370E-02 .&'335[ 02 .7323[-02 

.34'*1£-02 .4Ob7[-02 .44'5SE-02 .44&bE-02 .2377[-02 .2b17[-02 .271'3£-02 .2&01[-02 

.'3<)<)4[-03 .1428E-02 .1747[-02 .1873E-02 .121SE-01 .347'3£-01 .4347E-01 .1'574[-01 

.'5887[-01 . '33b2£-01 .113'3£-01 .2577[-01 .3213£-01 .882SE-02 .~-02 .5'341[-02 

.3811£-02 .31&1[-02 .1282£-02 .77&2£-02 .7~3£-02 .33'58E-02 .1&SSE-01 .102bE-01 

.341SE-02 .11SbE-02 .2222£-01 .1%2£-01 .1371£-01 .844SE-02 .5002£-01 .1077E-01 

.22153£-01 . 114E.E-Ol .13b0E+00 

.45~-02 .&3bSE-02 . 78~-02 .5083£-02 .412bE-02 .&181[-02 .9517E-02 .&340E-02 

.3'517[-02 .4'33~-02 .&1&~-02 .40'54£-02 .23'50E-02 .287bE-02 .2%0E-02 .1554[-02 

.137~-02 .1470E-02 .127SE-02 .Sb77[-03 .7810£-03 . 747~-03 .5801[-03 .233'5[-03 

.45()15£-03 .3~-03 .2883£-03 .10CJbE-030. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O . 

. 3b34£-02 .&007[-02 .837SE-02 .'38b7[-02 .&440E-02 .771SE-02 .8b10E-02 .8bOSE-02 

.5~4£-02 .7082E-02 .7810E-02 . 7733£-02 .48b~-02 .0;581[-02 .5%~-02 .57&SE-02 

.3'5<)2£-02 .3'351[-02 .40bbE-02 .3814£-02 .24~-02 .2b38E-02 .2blbE-02 .2387[-02 

.lOb~-02 .1482[-02 .1757[-02 .182~-02 . ~3bE-02 .3'5b~-01 . 8803E-01 . 104~-01 

.4213E-Ol .1173E+OO .&271[-02 .1251E-Ol .14SSE-Ol .8257[-02 .1oo1E-Ol .&SbO£-02 

.31&'3£-02 .2b83E-02 .112bE-02 .&77'3£-02 . 731bE-02 .32~-02 .4122£-01 .1771E-01 

.347bE-02 .'3247[-03 .2043£-01 .1811[-01 . 128SE-Ol .801SE-02 .&157[-01 .'1333£-02 

. 3810E-01 .88bSE-02 .145SE+00 

.3723£-02 .458bE-02 .484SE-02 .2bSOE-02 .31'35£-02 .4127£-02 .4&42£-02 .2754[-02 
· 283()[ -02 .3'51 bE -02 .3751 [-02 . 20'34[ -02 . 20bbE -02 . 23'5OE -02 .2235£-02 .1102£-02 
.1338E-02 .137'3£-02 .11&8£-02 .5131[-03 .824E.E-03 .780'3£-03 .&037[-03 .2445E-03 
· 507SE -03 . 4'503E -03 . 32b3E -03 . 1253£ -030. O. O. O. 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O . 

. 32'3bE:-C2 .50&2£-02 .&:;2bE-02 .714bE-02 .582SE-02 .&447£-02 .&5'33£-02 .&054E-02 

.'545'3£-02 .5~-02 .&083£-02 .5Sbl[-02 .453SE-02 .4874£-02 .48b0E-02 .43'3OE-02 

.3444£-02 .3'5'35£-02 .3'501E-02 .3114[-02 .24E.SE-02 .2502£-02 .237'3£-02 .208'5E-02 

.107SE-02 .1453£-02 .1&7'5E-02 .1700£-02 .&~1bE-02 .2757£-01 .14bSE+00 .&22bE-02 

. 224SE-01 .817~-01 .32~-02 .5473£-02 .5301[-02 .734~-02 .'3382£-02 .&72€.E-02 

.2543E-02 .2177[-02 .'33bSE-03 .Sb7SE-02 .&310£-02 .3013£-02 .1324E+00 .203bE-Ol 

.1740E-02 .3773E-03 .1757[-01 . 1570E-Ol . 1140E-Ol .7277[-02 .&523E-Ol .&8~-02 

.~OObE-Ol .5801[-02 .1288E+00 

.1477£-02 .2104£-02 .2157~-02 .1544[-02 .223~-02 .4513£-02 .103bE-01 .2242E-01 

.274SE-02 .b313£-02 .1CJ34£-01 .'3807[-01 .2020£-02 .382SE-02 .7710£-02 .1041[-01 
· 1 04bE -02 . 144SE -02 . 1 & 73£ -02 . CJ277[ -03 . 48b4[ -03 .5312£ -03 AbOO£ -03 . 1 % 1 [-03 
.233bE-03 .2212£-03 .1b&4E-03 .&412£-040. O. O. O. 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O . 

. 274~-02 .4~74£-02 .77'35£-02 .10'54E-Ol .55SbE-02 .7734E-02 .10'52[-01 . 133SE-01 

.E>04SE-02 .8b0~-02 .1204[-01 .1'57SE-Ol .55'5bE-02 .7734E-02 .1052£-01 .1335[-01 

.438bE-02 .57~~-02 .7323£-02 .8bl1[-02 .3112£-02 .3814E-02 .44&7[-02 .4830E-02 

.1324£-02 .2Gb2E-02 .2752£-02 .31'34[-02 .1582£-01 . 27'5SE-Ol .1'314[-01 .203SE-Ol 

.3~44E-01 . 23bOE-01 .14&4£-01 .2074E-01 .1213E-01 .117SE-01 .1404£-01 .8ObSE-02 

.b571[-02 .5871[-02 .2434£-02 . 118BE-Ol . 133bE-01 .5&33£-02 .&77~-02 .8132[-02 

.504E.E-02 .2210E-02 .2O&3f.-Ol .2224[-01 .1831E-Ol . 1224E-01 .3222£-01 .18&&[-01 

.17&4£-01 . 1523E-01 .147'3£.+00 

.2'3'31[-02 .3<)7E£-02 .451E£-02 .2578E-02 .3'3'52£-02 .£'&72£-02 .1102£-01 .1035[-01 
· 4~34£ -02 .84'30[-02 .1 &3()[ -01 .1 <)35£ -01 . 304bE -02 . '5'31 SE -02 . <)11 SE -02 . 770'5[ -02 
.2141[-02 .27CJ2£-02 .3ObbE-02 .11>72£-02 .1114£-02 .12Ot.[-02 .1052£-02 .45<)7[-03 
· '5 7<J2£ -03 .5'522£ -03 . 422SE -03 . 1 &&4[ -030. O. O. O. 

o. O. O. O. o. O. O. O. 
o. o. O. O. o. O. O. O. 
o. O. O. O. O. O. O. O . 

. 303()[-02 .'512~-02 .7387[-02 .'10&2£-02 .&077E-02 .7810£-02 .'351'3£-02 .10'52[-01 

.&58&£-02 .8&10E-02 .1070£-01 .1204[-01 .&077£-02 .7810E-02 .'3'51'3£-02 .10'52[-01 



.485'5[-02 .'5%'3[-02 .&":13'5£-02 .7322[-02 .34'3SE-02 .40&&E-02 .44'5SE-02 .44&&E-02 

.15O'5E-02 .2255£-02 .287SE-02 .118SE-02 .152'3[-01 .3355£-01 .3224£-01 .1&":15£-01 

.3":115£-01 .31'32£-01 .1041£-01 .1537£-01 .102SE-Ol .115'3[-01 .154&£-01 .101SE-Ol 

.54&2£-02 .5080E-02 .2235£-02 . 1 Ob&£-Ol . 130SE-Ol .&1&3£-02 .1225£-01 .1638£-01 

.7884£-02 .25&2£-02 .20'50£-01 .2207£-01 .181'3[-01 .121'3[-01 .3":157£-01 .1':>25£-01 

.3033£-01 . 134SE-01 .1820£+00 

.3143£-02 .3846£-02 .3":175£-02 .2104£-02 .3&5SE-02 .521SE-02 .&&71£-02 .4510£-02 

.4121£-02 .&1&7£-02 .848~-02 .&314£-02 .3441£-02 .47'33£-02 .'5'314£-02 .3827£-02 

.2270£-02 .274~-02 .27':>2£-02 .1444£-02 .1325£-02 .1400£-02 .12Ob£-02 .'530SE-03 

.7532£-03 .71&3£-03 .'5521£-03 .2212£-030. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O . 

. 3020£ -02 .4 775E -02 . &3&5£ -02 .721 3£ -02 .5'384£-02 .7082£-02 . 780'3[ -02 .7733£-02 

.&440£-02 .7715£-02 .8blO£-02 .8bOSE-02 .5'384£-02 .7082£-02 .780'3[-02 .7733£-02 

.48b'3[-02 .5581£-02 .5%'3[-02 .57&SE-02 .35'32£-02 .3"!51£-02 AObbE-02 .3814£-02 

.1574£-02 .22bCE-02 .2772£-02 .2'347£-02 .1331£-01 .3503£-01 .4'380£-01 . 12&bE-01 

.31&7£-01 . 337SE-Ol .&8OOE-02 .'3770£-02 .&851£-02 .IOb~-OI . 15bbE-Ol .11":11£-01 

.4300E-02 .4084£-02 .187bE-02 .8'38SE-02 .11&'3[-01 .&0'31£-02 .232":1£-01 .3":143£-01 

.1142£-01 .2408E-02 .18":12£-01 .203OE-Ol .1&BbE-Ol .114&£-01 .4470£-01 .1771£-01 

.53~-01 .1043£-01 .204":1£+00 

.27&5£-02 .3140£-02 .2'38":1£-02 .1471£-02 .2'31bE-02 .3&5'3[-02 .3":153£-02 .223SE-02 

.31'32£-02 .4121£-02 .4&32£-02 .274SE-02 .2783£-02 .3440£-02 .3&45£-02 .201'3[-02 

.2010£-02 .22&":1£-02 .2140£-02 .1045£-02 .12'35E-02 .1325£-02 .1114£-02 .48&1£-03 

.7'3":14£-03 . 752SE-03 .578SE-03 .2335£-030. O. O. O. 
O. O. O. O. O. O. O. O. 
o. O. O. O. O. o. O. O. 
O. O. O. O. O. O. O. O . 

. 27'3OE-02 .4145£-02 .518OE-02 .5533£-02 .'54SOE-02 .5'381£-02 .&073£-02 .'5'551£-02 

.581SE-C2 .&43bE-02 .&::;82£-02 .&044£-02 .54SOE-02 .5'381£-02 .b073£-02 .5551£-02 

.4531£-02 .48bbE-02 .4852£-02 .4383£-02 .343q[-02 .358":IE-02 .34'35E-02 .310":1£-02 

.1542£-02 .2138£-02 .251":1£-02 .258":IE-02 .1044£-01 .3OO8E-Ol .&203£-01 .8b8":1£-02 

.2121£-01 .2&0bE-01 .4213£-02 .SC'5~-02 .385":1£-02 .":122":1£-02 .1442£-01 .1251£-01 

.324 TiO -02 .30":13£-02 . 1457£ -02 .7172£-02 . ":I5'3OE -02 . '5~~ -02 . 3325E -01 .12& 1 £ +00 

.882OE-02 .112OE-02 .1&34£-01 .1744£-01 . 14&bE-Ol .102OE-Ol .4204£-01 .13&2£-01 

.8811£-01 .&787£-02 .18":18£+00 

.72":18£-03 .8241£-03 .7433£-03 .3284£-03 .1285£-02 .1'334£-02 .2545£-02 .1&34£-02 

.230":1£-02 .473q[-02 .1134£-01 . 288bE-Ol .2733£-02 .&25bE-02 .1'iOl£-OI .'33'52£-01 

.1'345£-02 .3&0bE-02 .&'Ml£-02 .83":14£-02 .'i<l2OE-03 .1343£-02 .1511£-02 .813":1£-03 
· 4&25E -03 .4'385E -03 .425":1£-03 . 17":18£ -030. O. O. O. 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O . 

. 1'375£-02 .3301£-02 .4737£-02 .5874£-02 .438bE-02 .57b8E-02 .7'323£-02 .8bl1£-02 

.5'555£-02 .7733£-02 .10'52£-01.1335£-01 .&04SE-02 .8bO":IE-02 .1204E-Ol . 157SE-Ol 

.5555£-02 .7733£-02 .10'52£-01 .1335£-01 .438bE-02 .57b8E-02 .7323£-02 .8bt1E-02 

.1%'3[-02 .32'i4E-02 .472":1£-02 .58b'3[-02 .14&IE-Ol .2071£-01 . 12'i2£-01 .1&22£-01 

.227'3[-01 .10'i2£-01 .'i<l32£-02 .10'55£-01 .4'i08E-02 .1456£-01 .2OE.1£-Ol . 12'iOE-Ol 
· 'i"!S3£-02 . 10'5":1£-01 .4'327£-02 .1&21£-01 . 22'i1 £-01 . t~-OI .4131£-02 . 758bE-02 
.7bOOE-02 .41SOE-02 .1""7£-01 .21E.3£-01 .21E.5£-Ot .1&70£-01 .2201£-01 .3011E-Ol 
· 18~-01 .1E.OO£-01 .1588E+OO 
.1E.4'5£-02 .1828E-02 .1E.48[-02 .7434£-03 .253bE-02 .352OE-02 .4221£-02 .2542£-02 
.4048[-02 .{'''13£-02 .11e.bE-Ol .1133£-01 .4&14£-02 .B43bE-02 .1&13£-01 .1'i02£-01 
.353":1£-02 .%5'3[-02 .8510£-02 .&":I3bE-02 .204'3[-02 .2&32£-02 .2831£-02 .1510£-02 
.1 Ob7£ -02 .1142£-02 . '383bE-03 .42'5":1£-030. O. O. O. 

O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O. 
O. O. O. O. O. O. O. O . 

. 2210£-02 .3'508[-02 .4732£-02 .548OE-02 .485'5£-02 .'5%":1£-02 .&":135£-02 .7322£-02 

.b077£-02 .7810£-02 .":151'3[-02 .1O'52E-01 .{,'S8{,£-02 .8bHJ£-02 .1070£-01 .1204£-01 
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.2313£-02 .2234£-02 .1'~-02 .1432£-02 .3873£-02 .~-02 .~7I5[-02 . 292w:-02 
.(,241£-02 .7043£-02 .7121£-02 · '5'915OE -02 .8'971£-02 .1111£-01 .1271£-01 .1213£-01 
.1042£-01 · 135'5£-01 .1bb8E-Ol • 17E>':-01 .117M:-Ol .1231[-01 .1180£-01 .~-02 
.'5133£-03 · '370E-03 · 1~4£-02 .1722£-02 .1432£-02 ."~-02 .2234£-02 .2313£-02 
.232'5£-02 .~7I5[-02 .~-02 .3872£-02 • '5CJ'5OE -02 .7121£-02 .7042£-02 .E>24w:-02 
.1213E-Ol .1270E-Ol · I l11E-Ol .8"t70E-02 . 17E>':-01 .1bb8E-Ol .1354£-01 .1042£-01 
.~-02 .1'81E-Ol .1231[-01 · I 17M:-Ol .21'5'5£-02 .2E>~-02 .21'5w:-02 .4351£-02 
.'5083£-02 . 435OE-02 .3233£-02 .3402£-02 .3234£-02 .'5811£-01 .8088[-01 .'5811£-01 
.3ObE.E-02 .3"53'5£-02 · JOE,'5£ -02 · I 0"t0E -0 I · '''7&£-01 · 10"t0E-OI · "tl'5'5£-03 .2"524£-02 
.8'932£-02 .2E>74£-01 ."80£-03 .2"522£-02 • 8'92"5E -02 . 2E>71£-010. O . 

O. O. O. 
.4421[-02 .'58b2E-02 .7442£-02 .883'5£-02 .4&18[-02 .bl"2E-02 .844':-02 · 1033£-01 
.54&4£-02 .7111£-02 .103.:-01 .1288£-01 .5bb1£-02 .8031£-02 .108E£-01 .134':-01 
.5144£-02 .7213£-02 .%4':-02 • I "'£-0' .4112£-02 .5E.01£-02 .7313£-02 .8858£-02 
.2%'5£-02 .38715[-02 . 48bOE-02 .571&£-02 .388<JE-02 . 48'5w:-02 · '588'5E-02 .E>140E-02 
.4812£-02 · 78E.'5£-02 .1330£-01 .20'97£-01 ."'E.QE-02 · 10'5':-01 · 188'5£-01 .307&£-01 
.~-02 .115OE-Ol .~'5£-01 .3332£-01 • E.04'5E -02 .10~-01 .183.:-01 .3003£-01 
.4&3'5£-02 .~7£-02 . 12"5E£-01 .1%3£-01 .3b84£-02 .454'5£-02 .5441E-02 .5b04E-02 
.~-03 .2041£-02 .32<J8E-02 .4473£-02 .~-02 • 3O"t'5E -02 .4001[-02 .4544£-02 
.2~':-02 .~42£-02 . 470E£-02 .5311£-02 • 24"tl [-02 .3831[-02 · 4"t5OE-02 · 5'58'5£ -02 
. 234OE-02 · 3"5<tw: -02 .4&47£-02 .52"52£-02 • 1 "t7.:-02 .3021E-02 • 3'9OE.E. -02 .443.:-02 
.%5OE-03 .1-.E-02 . 318E£-02 .4323£-02 .1E.2O[-02 .6%2£-02 .3114£-01 .3421[-02 
· '92"5'5£ -C2 .1743£-01 .2000[-02 .4374£-02 · '5CJI58E -02 · 1 f.2'5E -02 .6752£-02 .2803£-01 
.2718[-02 .431'5£-02 .'5831[-02 .3422£-02 .'9063£-02 .1681£-01 .384':-01 .'5818[-01 
.577&£-01 .3"530£-01 .1783£-02 .2184[-02 . 21E.E,£-02 · 1 734£ -020 . O. 

O. O. O. 
.883'5£-02 .7442£-02 .'58b2E-02 .4421[-02 .1033£-01 . 844"tE-02 .6l"2E-02 .4&18[-02 
· 1288£-01 · 103.:-01 .7111£-02 . 54b4£-02 . 134"tE-Ol .108E£-01 .8031£-02 .5bb7£-02 
.11"[-0' .%4':-02 .7213£-02 .5144£-02 .8858£-02 .7313£-02 .5E.07E-02 .4112£-(12 
.571E.[-02 .48bOE-02 .387'5£-02 .2%E.E-02 .4473£-02 .32<J8E-02 .2041£-02 • '98'M£-03 
.4544£-02 .4002[-02 • 3O"t'5E -02 .202'5£-02 .5317£-02 . 470E£-02 .3642[-02 .2370E-02 
.5'58'5£ -02 .4'9'51£-02 .3832£-02 .24"£-02 .52'53£-02 .4&41£-02 · 3'5<tw:-02 .2341[-02 
. 4440E-02 · 3"t01£-02 .3021[-02 · "78[-02 .4324£-02 . 318E.E-02 .1"t8'5E-02 .%41[-03 
.S142£-02 · '588'5E -02 .48'5w:-02 .388<JE-02 .20'91£-01 .1330£-01 .786'5£-02 .4812£-02 
.307E.[-01 · llJ815E -01 .10'5':-01 • 61E.QE-02 .3332£-01 .20'54£-01 .115OE-Ol .~-02 
.3OO2E-Ol .183.:-01 .10~-01 .604'5£-02 .1%3£-01 . 12"5E£-01 .7'5OE£-02 .4&34£-02 
· 56O"tE -02 .5444£-02 .454'5£-02 .JE.83£-02 .3114£-01 .6%2£-02 .1E.2O[-02 .1743£-01 
· "t2"5'5E -02 .3421£-02 .5'9'51£-02 .4374£-02 .2801[-02 . 2802E-Ol .6752£-02 · 1 f.2'5E -02 
.'5833£-02 .431'5£-02 .2771£-02 . 168OE-Ol .'9063£-02 .3424£-02 .1778[-02 .2186£-02 
.2168E-02 .1731[-02 .38"5':-01 . '5812£-01 .5771[-01 . 3534£-010 . O . 

O. O. O. 
.7'36£-02 .8534£-02 .8534£-02 ."36£-02 • '9'5OE£ -02 .1036£-01 .1036£-01 • '9'5OE£ -02 
.1210E-Ol .132'5£-01 .132'5£-01 .1210E-Ol . 12E.E£-01 . 1388E-Ol • 1388E-Ol . 12E.E£-01 
· 1085E-0~ · I 18E.E-Ol .118E.E-Ol .10000-Ol .7741£-02 .83'9'5£ -02 .83'9'5£-02 .7741£-02 
.48bOE-02 .'5201[-02 .'5201£-02 .48bOE-02 .'5870£-02 .548E.E-02 .4448£-02 .2781£-02 
.701E.[-02 .82"5'5£ -02 .8830£-02 .7811£-02 .8'97E.[-02 · nOSE-Ot .1243£-01 .11'52£-01 
.%3.:-02 . 12OOE-Ol • 13E.E£-01 .12715[-01 .864E£-02 .10'51£-01 .1182£-01 .1 08"tE -01 
.6531[-02 · 7'58OE-02 ."7"tE-02 · 6CJ'5OE -02 .5321[-02 · 48'J"tE -02 .3"tI8[-02 .2422£-02 
.2788£-02 .4448£-02 .548E.E-02 .'5870E-02 .7818[-02 .8830£-02 .82"54[-02 .701&£-02 
· I 151[-01 .1243£-01 . 110SE-Ol .8'97E.[-02 .127'5£-01 . 13E.E,£-01 . 12OOE-Ol .%38[-02 
· I 08"tE -01 · I 182£-01 .10'51£-01 .864'5£-02 · 6"t5OE -02 ."78[-02 .757.:-02 .6'531[-02 
.2424£-02 · 3"t21£-02 · 48'J"tE -02 . 532OE-02 .112'5£-01 .1832£-01 .112'5£-01 . 11JOE-Ol 
· 15"tOE -01 .IIJOE-Ol .5508£-02 .611&£-02 .5508£-02 .'9472£-02 .1502[-01 .'9473£-02 
.'5334£-02 .5"t07£-02 .5333£-02 · 10'5':-01 . 14b4E-Ol · ~05':-01 .7681[-02 .1401£-01 

· I 3'51£-01 .&4'3[-02 . 7702£-02 .13~-01 .134':-01 .&502£-020. O. 

O. O. o. 
o. .1000E+04 

O . 
. 1000E+00 
.4000E+00 
.1000E+Ol 

1 4 3 
'5 23 2 

2' 32 3 
33 56 2 
57 E.O 3 
E.l 84 2 
85 114 3 

115 115 1 
1 40. 
5 5 .5640£+02 
E. 6 • 6E.2OE +02 
7 7 .6710E+02 
8 8 .E.34OE+02 , , .2471£+03 

10 10 .2844£+03 
11 11 .2801£+03 
12 12 .2E.2OE+03 
13 13 .3"5'57£+03 
14 14 .3"tO"tE+03 
15 15 .3'M4£+03 
IE. 16 . JE. 1 '5E +O~ 
17 17 .1'5OOE+03 
18 18 .1'567£+03 
1"t " .1543£+03 
20 20 .1417£+03 
21 21 .JE.4OE+02 
22 22 . J680E +02 
23 23 .~3OE+02 
24 24 . 2fo4OE +02 
2"5 2"5 . 4200E +0 I 
2E> 2(, • 3'9OOE +0 I 
27 27 .:H.OOE +01 
28 29 . 23OOE+Ol 
2' 320. 
33 33 .3720£+02 
34 34 .2720£+02 
35 3'5 .1470£+02 
36 36 • 2800E +01 
37 37 .1823£+03 
38 38 . l6O"tE +03 
3"t 3"t . rt'9OE +02 
40 40 . 2060E +02 
41 41 .3OOE.E+03 
42 42 .2'94'5£+03 
43 43 .1'510£+03 
44 44 .3310£+02 
4'5 45 .''5''[+03 
4& 4& . 1 Eo2(,£ +03 
47 47 . 7000£ +02 
48 48 . 11 JOE +02 
4"t 4' .244OE+02 
50 50 . 2440£ +02 



51 51 . 3100E+01 

52 52. SOOOE +00 
53 53 .1~+01 
5. 5 •. 12OOE+01 
55 &00. 
('1 ('1 • 24OOE+01 
(,2 £>2. 1 OE.OE +02 
(,3 (,3.2.20[ +02 
(,. (, •• :M'9OE+02 
(,5 (,5.1 '7OE +02 
(,(, (,(,. 8400E +02 
('7 ('7 .14E.8E+03 
(,8 (,8 .16~+O3 
(" (" .3220[+02 
70 70. '.'8E+03 
71 71 .272'[+03 
72 72 .302OE+03 
73 73. '.'0E+02 
7. 7 •• 7fo3OE+02 
7S 7S. 1(,(,2£+03 
7(, 76 .1'9()4IE+03 
77 77. SOOOE +00 
78 78 .8100E+01 
7' 7' .323OE+02 
80 80. CE>3OE +02 
81 810. 
82 82. 3000E +00 
83 83. 18OOE+Ol 
84 84 .5100E+01 
as 1150. 

1 • 20. 
5 28 3 .5'i8OE+03 

2'9 32 20. 
33 SE> 3. 5'98OE +03 
57 EoC 20. 
61 8. 3 .5'98OE+03 

as ". 20. 115 115 10. 



~OGRAM RA[lSOL V 74174 OPT::;O TRACE FTN 4.6+43~ 0712218114.5b.32 

10 

20 

2': 

30 

40 

5C 

PflOGflAM RAOSOU I INPUT, OUTPUT, TAPE 1, TAPE", TAP£), TAPE4, HoPE'S, TAPEb. 000100 
1 TAPE 7= J NPUT 1 000110 

000111 
TH I S PftOGRAM WAS WA I TTEN BY 000 120 

M. AeRAMS 000130 
THERMAl SCIENCES DIV IS ION 000140 
SANOIA NATIONAL LABOfIATOflIES 000150 
L1VE~, CALIFOfINIA ~4550 0001bO 

000lbl 
COMHON/PRQP/)(LAMI 41 ,REFLf 3, 31 ,~I I 3 I, lREFL 11201 ,GDRECT 11201, IBC r 1;'000170 

, 01 ,N8IJS,NS£T ,RAONETI 1201, TEMPI 120 1 ,POCTIN,QTOTLf 120,21000180 
2 ,EMP: 120,31. IQfl()WI 1201.N 0001~ 

COMHONIGEOMlldNO 11201,1(1120.41 .WI 120.120 1 ,NZe.NZC .NZT .NFIC ,NZONE,NJ00200 
1 Q,el 1201. IN! 1201 .8B! 1201 )00210 

000211 
TAPE ALLOCATI~~ TAPE1~ CON"IGURATI0f4 FACT~ MAHHx STORE0000230 

By SUCCESSIVE ROWS 000240 
TAPES 2--4~ R€SPECTIV£LY, THE I'1I\TRI)f 000250 
"R-INVEfISE" F~ THE k-TH BAN[). THE PROGRAM ooo2bO 
IS DII"'£NSIONED F~ 3 BANOS. I.E.. k::;1 TO 3. 000270 
STOflA6E IS BY SUCCESSiVE COUJK'15. 000271 
THE A-I'1I\TFH)( F~ ... - TH BAND IS ALSO STORED 000280 
~ THESE TAPES BUT SY SUCCESIVE ROWS. ooo2~ 
rR-I'1I\TRIK DEFINED By £QNI~J I 000300 
IA-I'1I\TRIK DEFINED BY EQNllf,IJ 000310 
TAPES 5,bt I~AOIATI0f4 DISTRlBUTI~S. 000320 
RESPECTIVELY, FOR IOPT=1.2 000330 

000340 
0003'50 
OOO3bO 

SPECIFY TYPE OF ENCLOSURE GEOI't:TRY BEING CONSIDERED 000370 
lGEOM=O FOfl CYLINDRICAL ENCLOSURE GEOI'£TRr 000380 
lGEOM .NE. 0 FOR GENERAL ENCLOSURE GEOI"'£TRY 0003~ 

0003'H 
READ 17,500 1 lGEOM 000400 

500 FORMAT <1'5 J 000410 
IF t lGEOM.EQ.O 1 GO TO 100 000420 

000430 
For NON-cYLINDRICAL ENCLOSURES ROD THE NO. OF ZONES ANO 000440 
THE ZONAL AREAS ! UNITSt I"'£TER"2' 000450 

000451 
READ / 7.500' NZONE ooo4E.0 
REAO' 7,'50'5 J n /1.41.1=1 ,NZONE J 000470 

')0'5 F 0flt1A T 1 8E 1 0 . 4 1 000480 
0004~ 

ALSO, F~ NON-cYLINDRICAL ENCLOSURES. READ THE CON"IGUR- OOOSOO 
ATI~ FACTOR ~TRIJ( [F-IJJ INTO THE ~ ARRAY WII,JI OOOS10 
ALSO, WE WfH TE I I' -I J J TO TAPE 1 FOR STORAGE 000'511 

000'512 
DO SO I::; 1 ,NZONE OOOS20 
READ I 7,50'5 1 IWll,JI.J=I.NZONEr OOOS30 
WRITE /1 I IWI r. J I. J,:! ,NZONE 1 OOOS40 

':.0 C~T INU[ OOOS50 
ROIlNO 1 OOOS51 
GO TO 200 OOOSE.O 

OOOSE>1 
lOG CALL cYLlNOf< OOOS70 

PROGRAM RAOSOL V 74114 OPT=O TRACE FTN •. b+43~ 07/22/81 

CALL ENCLOSE OOOS80 
200 CALL ~ 000E.00 

bO CAll RADIST f! I OOOE.l0 
CAll THE~ 10\ 000E.20 
CAll RAOISTf21 000E.3Q 
ENO 000E.40 

Srf'@OLIe REFERENCE MAP fR=.?1 

ENTRy POINTS DEI' LINE REFERENCES 
20444 RAOSOlY ! 

vAf!l A8LES SN TYPE RElGCATI0f4 
3CS23E> B REAL ~AY GEOf1 REFS 13 
3%16 eB REAL ARRAy GEOf1 REFS 13 

1533 Ef'I' REAL ARRAy PROP REFS 10 
210 GOREe" REAL ARRAr PROP REFS '0 

2OE:.20 I INTEGE~ REFS 43 51 52 DEFINED 
400 lBC INTEGER ~AY PROP REFS lQ 

2QE,! 7 IGEOf'! INTEGER REFS 37 DEFINED 3CS 
3CS42b IN U.TEGER ~AY GEOt'I REFS 13 
2303 1Qfl()W INTEGeR ~AY PROP REI'"S 10 

20 lREFL INTEGER ~AY PROP REFS 10 
2QE,21 J Ifo.TEGER REI'"S 51 52 DEn NED 51 

0 !(INO INTEGER ARfiAy GEOM REI'"S 13 
2473 N INTEGER PROP REFS 10 

570 NIIOS INTEGER PROP REFS 10 
3CS233 "" IC INTEGER GE01'1 REFS 13 
3CS23"5 Mil INTEGER GEOt'I REFS 13 

5 71 HS£T INTEGER PROP REFS 10 
3CS230 N18 INTEGER GEOM R£FS 13 
3CS231 Nze INTEGER GEOM R£FS 13 
3"5234 NZM INTEGER GEOt'I REFS 13 43 '50 51 

DEFINED 42 
3'5232 NZ" INTEGER GEOM R£FS 13 

1152 f>OC TIN "'EAL PROP REI'"S 10 
1'5 PHI REAL ARfIAY PROP R£FS 10 

"'53 l;iTOTL REAL ARfIAY PROP R£FS 10 
'=,'2 IIIAOfE T "'EAt. ARfIAl PROP REFS 10 

4 RUL "'EAL ARfIAY PROP "'EFS 10 
7~2 TEMP REAL ARfIAy PROP REFS 10 

1130 III "'EAt ARfIAr GEOf'I REFS 13 52 DEFINEO 51 
\1(; 1 "'EAt. ARfIh GEOtI REFS 13 [l£F tNED 43 

0 nAM AEAl ARfIh PROP R£FS 10 

rILE ~S "'OOf. 
() 1~1)T 

2043 OUTPuT 
41~ TAP[1 ,.MT NFlITES '52 /'tJrION '54 
t:,1~-1 T"'£2 

102'4 TAP[ :; 
'2;t'!·7 , AP[4 
, 43-"2 • Af>£':. 

14.5&.32 

43 

'52 

'52 

PAGE 

PAGE 2 

SO 



PROGRAM RAOSOLII 74'''4 oPT:O TRACE FTN 4.{,+439 07122181 '4.'5e.32 

"llE "'A~S to1OO£ 
'",30:,,, TAPE", 

(I TAP£7 I'MT ,*ADS )", 42 4< 51 

E·TE~I\LS iYPE ARGS ,*FERENCES 
OLIN!)!< 0 57 
ENCLOSE (I 58 
PROP 0 59 
RAOIST 1 bO 62 
TI-lERt1AL (" 

S·TATEt'fZNT LABELS DEI' LIIiE HEF'ERENCES 
0 50 53 50 

2oc:.2E> '00 57 37 
2oc:.33 200 5"l 55 
2oc:.eO 500 F'!'IT 3{' 3'5 42 
2oc:.74 50'5 F'MT 44 43 '51 

LOOPS LABEL INOfx FR()t1-TO LE~TH PROP£RTIES 
204b3 50 I 50 53 378 ExT REF'S NOT INtiER 
204bb J 51 51 ,'S DT REFS 
2oc:.04 • J 52 52 118 ExT RE'S 

C 0f'K)N BLOCKS LENGTH 
PAOP 1340 
GEOM I '53{,{, 

STATISTICS 
PROGRAM LENG TI-i 172S 122 
BUFF'ER LENG'TH 204308 8472 
eM LABELED C 0I'ft)N LENGTH 40'502S IE> 70e 

74174 OPhO TRACE F'TN 4.&+439 07122181 14.5&.32 

'5 

10 

1'5 

20 

30 

40 

4'5 

so 

SUBROUTIIiE CONFIG I ITYP.F'12.PARAMI OOOE:.'SO 
C OOOE:.&O 
'= THIS PflOGRAt'I WAS WRITTEN BY 000E,70 
eM. MiRAt'IS OOOE,OO 
C THERt'lAL SCIEMCES DIVISION ()()()E,~ 
C SANDIA NATIONAL LA8OftATORIES 000700 
C LlVE~. CALIFORNIA 941550 000710 
( 000720 
C 000730 
( THIS SUBROUTINE DETERMINES THE CONFIGI..IR-'TION FACTOR BETWEEN 000740 
( TWO FINITE-SILEO DIFFUSE SURFACES FROtI ANALyTICAL 000750 
( SOLUTIONS. 000751 
C F'12 .....•.•.•..... CONF'IGURATION FACTOR BETWEEN SlJI'IFACES 0007&0 
( 1 TYP ......•..•.•.. INDEx SPECIFYING THE CONFIGURATlIlN OF 000770 
C THE SURFACES WITH RESPECT TO EACH OTHER 000780 
C ITYP=1. ......•.••• I-ST SURFACU SEGI"£NT OF CYllNOER ooo7~ 
C 2-PC) SURFACEI SEGl'£NT OF CYllNOER 000900 
C ITYP=2 ..••......•• SPECIAL CASE OF ITYP:l. A SEGI"£NT OF A 000810 
C CYLlNOER WHICH VIEWS ITSELF 000820 
C ITYP:3 ....•......• 1-ST SlJIIF"ACU SEGI"£NT OF cYLlNOER 000830 
C 2-M[) SlB'"ACU RING IN END OF cYLlNOE~ 000840 
C I TYP=" .....•.••••• I-ST SlB'"ACU SEGI"£NT OF CYLINDER 000EI50 
C 2-PC) SURFACEI ENTIRE EPC) OF CYLINDER OQ08E,0 
C ITYP=5 ...•.•.••.•• I-ST SlB'"ACE'l RINCa IN EPC) OF cYLINDER 000870 
C 2-PC) SlB'"ACEl RING IN OPPOSITE EPC) 000880 
C I TYP=& •.•.......•. I-ST SlB'"ACEl OISC 0008~ 
C 2-PC) SlB'"ACU CO-AxiAL DISC 000"lOO 
C lTHE DISCS LIE IN OPPOSITE ENOS OF ACYL 000"l10 
C INOER I 000920 
C ITYP=7 ........••.• 1-5T SlB'"ACn RING IN EPC) OF CYLINDER 000930 
C 2-PC) SURFACE'l SEGI"£NT OF CYLINOER 000"l40 
( (INVERSE OF ITYP=3t OOO~O 
C 1 TYP=8 .•.••••••••• 1-ST SURFACU EPC) OF CYLINDER 000%0 
C 2-PC) SURFACU SElil'£NT OF CYLIPC>ER 000~70 
C llNVERSE OF ITYP=~ I ooo~o 
C ITYP=9 .•..•..••..• 1-ST SURFACU RING IN EPC) OF CYLINOER ooo"l~ 
C 2-PC) SURFACU CO-AIIIAL DISC IN ~SITE 001000 
C EPC) 001010 
C IT;p=10 ........... 1-51 SURf"ACU DISC IN END OF CYLINOER 001020 
C 2-HO SURFAcn CO-AXiAl RING IN OPPOSITE 001030 
C END. (INVERSE OF nyp::~t 001040 
C PARAM •••.•.•.••.•. AMAY OF GEOf'ETRICAL PARAI'£1ERS. THESE 0010'50 
C ARE DEFINED IlELOW. 001060 
C 001061 

DII'£N51ON PARAMI101 001070 
GO TO 110.20.30.3O.'50.50.30.30.'50.50I.ITYP 001060 

001081 
10 CONTINUE oo10"lO 

0010" 
CONFIGURATION 1 lS[GI'£NT-TO-s[GI'£NT t 001100 

PAAAM( 11 ••• , THE DIAI'£TEA-TO-LENGTH AATIO OF CYLlNDER IOlll 001110 
PAAAMI2J ••• ,RATIO 104111. WHEAE 1041 IS THE HEIGfoIT OF 1-sT SEG- 001120 

I'£N'T 001130 
PMAMIJ J •••• RATIO IiIIL WHEAE iii IS THE S[FlAAATION E!£TWEEN THEoo1l40 

l-ST AND 2-PC) S£G~NTS 0011150 
PARAMI4, •.•• RATIO li211. WHEAt: H2 IS THE HEIGHT O~ 2-ND SEG- 001 lE>O 

I'£N1 001110 

PAGE 

PAGE 



SUBROUTINE CON!=" IG 74/74 OPT=O TRACE FT~ 4.&+43<) 07122/81 14.5&.32 

bO 

b5 

70 

75 C 
C 
C 

80 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

100 

105 

110 

D=PA~AHlll 
Hl =PARAHI 21 
W=PARAHI31 
H2=PARAH 14 1 
WH12=IW+HlIU2 
WH22= 1 W+H2 I "2 
w2=W"2 
02=0"2 
WH1H22= IW~H1+H21**2 
QUANT=O. 
IF IW .GT.O. 1 QUANT=W2'SQRT 11 .+D2/W21 
FI2=1.5/10.H111':WH12'SQRTI1.+D2/WHI21 +2.*H1eH2 

1 -QUANT -WH1H22'SQRT 11. +D2/W111 H221 
2 +WH22' SQRT 11 • +D2/WH22 1 I 

RETURN 

20 CONTINUE 
CONFIGURATION 2 I SEGf'£NT TO ITSELF 1 

PARAHI11 ..... THE DIAf'£TER-TO-LENGTH RATIO OF CYLINDER ID/lI 
PARAHI21 .•..• THE RATIO H/L WHERE H IS HEIGHT OF SEGf'£NT 

O=PARAHlll 
H=PARAHI21 
F12=ll .+H/OI-SQRTII .+IH/01"21 
RETURN 

001180 
001190 
001200 
001210 
001220 
001230 
001240 
001250 
0012&0 
001270 
001280 
001290 
001300 
001310 
001320 
001321 
001330 
001340 
001350 
001360 
001370 
001380 
001390 
001400 
001401 

30 CONTINUE 001410 
CONFIGURATION 3 I SEGf'£NT-TO-RING I 001420 

PARAHll I ....... THE OIAf'£TER-TO-LENGTH RATIO OF CYLINDER 001430 
tO/lI 001440 

PARAHI21 ..•..•• THE RATIO H/L WHERE H IS HEIGHT OF SEG- 001450 
f'£NT 0014&0 

PARAHI31 ....•.• RATIO W/L WHERE W IS DISTANCE ElETWEEN 001470 
8OTTOM EDGE Of" SEGf'£NT AND BASE OF 001480 
CYLI~R 001490 

PARAHI41 ..• , •.. RATIO R2/A WHERE R2 IS RADIUS OF INSIDE OFOO1500 
RING. A IS RADIUS OF CYLINDER 001510 

PARAHI51 ....... RATIO Rl/A WHERE Rl IS RADIUS OF OUTSIDE 001520 
OF RING 001530 

O=PARAHll, 
H=PARAHI21 
W=PARAHI31 
w2=w**2 
02=0"2 
WPH2= I W+H I * *2 
IF' I ITyp.Ea.41.DR.1 ITYP.Ea.81IGO TO 40 
R2=PARAHI41 
Rl =PARAHI 5 I 
w4=w2"2 
04=02"2 
~=WPH2 .. 2 
0PfI1SQ=I.+Rlu2 
OHR1SQ=I.-Rl"2 
OPR2SQ=1.+R2 .. 2 
OHR2Sa=1 . -R2"2 
F12=1 .5/10*HII*ISQRTI~+.5*02*WPH2*0PfI1SQ+04*OHR1Sa"2"&.1 

1 -SQRT I WPM4+ • 5*02*WPH2*0PfI2SQ+04*OHR2SQ .. 2/1 &. I 
2 +SQRT I W4+ • 5*02*w2.0PfI2SQ+04*OHR2SQ .. 2/1 &. I 

001540 
001550 
0015&0 
001570 
001580 
001590 
001 bOO 
001&10 
001&20 
001&30 
001&40 
001&50 
ool&bO 
001&70 
001&80 
001&90 
001700 
0017 1 0 
001720 
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115 

120 

125 

130 

135 

140 

145 

150 

155 

1&0 

170 

3 -SQRTIW4+.5*02'W2'OPR1SQ+04*OHR1SQ"2/1&.1 I 
IFIITYP.EQ.71 GO TO 70 
RETURN 

40 CONTINUE 
IN CONFIGURATION 4 I SEGf'£NT-TO-BASE I 

PARAHll.2.31 •.• DEFINEO FOLLOWING STATEf'£NT 30 
PARAHI4.51 .•.•• NOT USED 

QUANT=O. 
IFIW.GT .0.IQUANT=W2*SQRTll.+02/W21 
F12=1.5ffO'HII*1 MPH2 *SQRTll.+02/WPH21-2.*W*H -H .. 2 

1 -QUANT I 
IF I ITYP .Ea .81 GO TO 80 
RETURN 

SO CONTINUE 
C CONFIGURATION 5 IRING-TO-~INGI 
C PARAHlll ••••.• 0IAt£TE~-TO-LE"«iTH RATIO OF CYLI~R 
C PARAHI21 ••.••. RATIO R2/A ••• ~ IS OUTER RADIUS OF l-ST 
C RING. A IS RADIUS OF CYLI~R. 
C PARAHI31 .•.••• RATIO Rl/A ••• Rl IS INNER RADIUS OF l-ST 
C RING 
C PARAHI41 •.•.•. RATIO R3/A ••• R3 IS INNER RADIUS OF 2-NO 
C RING 
C PARAHI51 •..•.• RATIO R4/A •.• R4 IS OUTER RADIUS OF 2-NO 
C RING 

O=PARAHlll 
02=0 .. 2 
R2=PARAHI21 
R2SQ=R2**2 
R4=PARAHI5 I 
R4SQ=R4"2 
IFIITYP.EQ.&IGO TO &0 
Rl =PARAHI31 
R1SQ=RU.2 
IFII ITYP.EQ.'I.DR.I ITYP.EQ.l011 GO TO 90 
R3=PARAHI41 
R3SQ=R3"2 
F12=12 .1 I 0,2* IA2$Q-R1SQ 111'1 

1SQRT I I .25'02*R2SQ+ .25'02*R3SQ+l • 1"2-I. 5'02'R3'R21"2 
2SQRT I I • 25'02.R2SQ+. 25*02*R4SQ+ 1 • I "2- I • 5*02*R2'R41 "2 + 
3SQRTII .25'02.R1SQ+.25'02.R4SQ+l.I"2-1 .5.02'RUR41"2 
4SQRTI I .25'02.R1SQ+.25.D2.RlSQ+l.lu2-1.5.D2'RhR31"2 I 

RETURN 

60 CONTINUE 
C IN CONrIGURATION & IDISC-TO-DISC I 
C PARAHlll ••••••• DEF"INED F"OLlOWING STATEf'£NT 50 
C PARAHI21 ••••••• RATIO R2/A. R2 IS RADIUS OF FIRST DISC 
C PARAHI31 ....... NOT US£D 
C PARAHI41 ••••••• NOT US£O 
C PARAHISI ••••••• RATIO R4/A. R4 IS RADIUS OF SECOND DISC 

QUANT:R2SQ+R4SQ+4./D2 
F"12= I .5/R2SQ I.IQUANT-SQRT (QUANT"2-4 •• R2SQ.R4SQ II 
RETURN 

70 CONTINUE 

001730 
001740 
001750 
001751 
0017&0 
001770 
001780 
001790 
001800 
001810 
001820 
001830 
001840 
001850 
001851 
0018&0 
001870 
001880 
oolB90 
ool'KlO 
001"0 
00"20 
001<330 
001,..0 
oolCJ50 
001%0 
001<370 
oo1CJBQ 
oolCj9() 
002000 
002010 
002020 
002030 
002040 
002050 
0020&0 
002070 
002080 
002090 
002100 
002110 
002120 
002130 
002140 
002141 
002150 
0021&0 
002170 
002180 
0021'<) 
002200 
002210 
002220 
0022)0 
002240 
002241 
002250 

PAGE 
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CONfIG~ATION 7 (RING-TO-SEGI'ENT, 00221)0 
DEFINITION OF PARAI'ETERS GIVEN FOLLOWING STATEMf.NT 30 002270 

F 12=F 12*4 • • HI ! O. (Rl H2-R2n2 I I 002280 
17'5 RET~ 0022~ 

0022'31 
80 CONTINUE 002300 

CONfIG~ATION 8 18ASE-TO-SEGl'ENTI 002310 
DEFINITION OF PARAI'ETERS GIVEN FOLLOWING STATEI'ENTS 30 AND 40 002320 

1BO F12=F12 .... H /0 002330 
RETUAN 002340 

CC 002341 
C IN CONfI~AnONS '3 AND 10 0023'50 
C PARAMI 11 •..•.• DEFINEO FOLLOWING STATEI'ENT 50 002360 

18'5 C PARAMI2J •.•.•• RATIO R2/A. R2 IS OUTER RADIUS OF RING 002370 
C PARAH! 31 .•..•. RATIO Rl/A. Rl IS INNER RADIUS OF RING 002380 
C PARAH! 41 .•. " .NOT USED 0023~ 
C PARAHISI •.. " .RATIO R4/A. R4 IS RADIUS OF DISC 002400 
C 002401 

lqQ '30 CONTINUE 002410 
F12=1.5I1R2SQ-R1SQI 1.1 IR2SQ-R1SQI 002420 

l-SQRT ( (R2SQ+R4SQ+4. 102) •• 2- f 2. *R2*R4 1*.2) 002430 
2+S~TIIR1SQ+R4SQ+4./021"2-12 .• R"R4IH2) I 002440 
IFf ITYP.EQ.l01 GO TO 100 002450 

1'3'5 RETUAN 00241)0 
0024E.l 

100 r12=FI2.1 IR2SQ-R1SQ I/R4SQ I 002470 
RETUAN 002480 
EM) 0024qQ 

SYI130LIC REFERENCE HAP !R=21 

ENTRY POINTS DEF LINE REFERENCES 
4 CONFIG 1 72 81 117 128 158 11)~ 175 lBl 195 1'18 

VARIABLES SN TYPE RELOCATION 
1:>04 0 REAL REFS f,5 &'1 2*80 100 112 125 142 

174 180 DEFINED '58 78 % 141 
&13 02 REAL REFS &8 3*&'3 lOb 4*112 124 125 13*153 

1&7 2·''3' DEFINED &5 100 142 
&23 04 REAL REFS 4.,,2 DEFINED lOb 

0 F12 REAL F.P. REFS 174 180 1'17 DEFINED 1 &'1 80 
112 125 153 1&8 174 180 1'31 1'37 

&t& H REAL REFS 2*80 101 112 3*125 174 180 
DEFINED 7'3 '37 

&05 HI REAL REFS &2 E.e. 2*&'3 DEFINED 5'3 
bG7 H2 REAL REFS &3 E.e. &'1 DEFINED 1)1 

0 ITYP INTEGER F .P. REFS 4b 2*102 11& 127 147 2.,50 1~4 
DEFINED 1 

&2& 0t1R1SQ REAL REFS 2·,12 DEFINED 10'1 
&30 0Kl2SQ REAL REFS 2·112 DEFINED 111 
&25 OPR1SQ REAL REFS 2*112 DEFINED 108 
&27 OPR2SQ REAL REFS 2·112 DEFINED 110 

0 PARAN REAL ARRAY F .P. REFS 45 58 '5'3 &0 &1 78 7'3 
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VARIABLES SN TYPE RELOCATION 
% '37 ~~: 103 104 141 143 145 

14S lSI DEFlhED 1 
&15 QUANT REAL REFS &'3 125 2·'1)8 DEFINED &7 &8 123 

124 167 
1)21 Rt REAL REFS 108 10'3 14'3 2.'53 174 1~1 

DEFINED 104 148 
1:>34 R1SQ REAL REFS 3.'53 3.''31 1'17 DEFINED 14'3 
1:>20 R2 REAL REFS 110 111 144 2*153 174 1'31 

DEFINED 103 143 
1:>31 R2SQ REAL REFS 3*153 If,7 2.,f,B 3.'''31 1"37 

DEFINED 144 
b3S R3 REAL REFS 152 2*153 DEFINED 1'51 
636 R3SQ REAL REFS 2*153 DEFINED 152 
b32 R4 REAL REFS 14b 2.''53 ~.''31 DEFINED 145 
b33 R4SQ REAL REFS 2.153 If,7 lbS 2.''31 1'37 

DEFINED 14b 
I:>Ob W REAL REFS b2 &3 &4 E.e. 68 101 

124 125 DEFINED f,O '3B 
1)14 WH1H22 REAL REFS 2.&'3 DEFINED £.6 
bl0 WH12 REAL REFS 2.f,~ DEFINED 1)2 
611 WH22 REAL REFS 2*f>'3 DEFINED 63 
b17 WPM2 REAL REFS 107 2*112 2*125 DEFINED 101 
1:>24 WPM4 REAL REFS 2*112 DEFINED 107 
1:>12 N2 REAL REFS 2*68 105 2.,12 2*124 DEFINED &4 '3'3 
b22 1044 REAL REFS 2.,12 DEFINED lOS 

EXTERNAlS TYPE ARGS REFERENCES 
SQRT REAL 1 LIBRARY ba 3*b~ SO 4*112 124 125 4*153 1b8 2"~1 

STATEI'ENT LABELS OEF LINE REFERENCES 
2E. 10 48 4b 

125 20 74 4f> 
145 30 83 4*4b 
300 40 11'3 102 
334 50 130 4.4b 
45b bO lbO 147 
471 70 171 11& 
507 eo 177 127 
515 C)() no 150 
551 100 f~7 1~4 

STATISTICS 
PfIOGf:IAH LENG TM &378 415 
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5 

to 

15 

20 

25 

30 

40 

45 

50 

55 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 

C 

SUBflOUTlt£ C'ILINOfI 002500 
002510 

THIS PROGRAM WAS WRITTEN BY 002520 
M. ABRAMS 002530 

THE~L SCIENCES DIVISION 002'540 
SANOHI NATIONAL LABORATORIES 002550 
LIVERmRE, CALIFORNIA ~4550 002'5&0 

002570 
THIS SU8ROUTlNE READS IN THE GEOl"ETRICAL DATA FOR THE ZONES OF 002'580 
A CYLIt«lRICAL ENCLOSURE, DETERMINES THE "I(INO" OF EACH ZONE, oo2'5~ 
ANO THEN DETERMINES THE GEOt'£TRICAL PARAl'ETERS OF 002600 
EACH ZONE NECESSARY TO CALCULATE THE CONFIGURATION 002610 
FACTOR ~TRIX USING SUBAOUTINE CONFIG. THE AEQURED 002620 
PARAf'£TERS ARE STOREO IN THE ARfIA'I X (I, J I. THE DEFINITInNS 002£,30 
OF )( ( I, J I ANO "1< INO" ARE GIVEN IN SUBROUTINE ENCLOSE. 002£,40 

002650 
COtf'1ON/GEOM/l<INOI 1201,)«( 120,41,WI 120,120I,NZB,NZC ,NZT ,NFIC,NZONE,NOO2bE>0 

1 Q,B( 120 I, INI 120I,B8( 120 I 002&70 
D ...•.....•••.• DIAMETER OF CYLINDER (METERS) 0027&0 
L ...•.•.....•.. LENGTH OF CYLINDER (METERS 1 002770 
NZB •...•••.•••• NO. OF ZONES IN BASE OF CYLINDER 002780 
NZC ....•..•.•.• NO. OF ZONES IN CYLINDRICAL SURFACE oo27q() 
NZT ••...••..... NO. OF ZONES IN TOP OF CYLINDER 002800 
NZONE •.••.•..•. TOTAL NO. OF ZONES 1'" CYLINDRICAL ENCLOSURE 002830 

002840 
TYPE REAL L 002850 
DH£NSION RIE.ll ,ZI .. 11 oo28t.0 
DATA PII3.1415~2&541 002870 

&01 

002871 
PRINT &01 002880 
F~T( 113'1X,I:GEOMETRICAL DATA THAT HAVE BEEN INPUT (DIr£NSIONS INOO~ 

1 METERS II: II I 002'100 
C oo2~1 

READ I 7.500 I O.l 002'110 
500 F~TI8El0.41 002'120 

PRINT &oo,D,L 002'130 
.. 00 F~TI1I5X,aOIAMETER OF CYLINOER*,F10.4f5X.*LENGTH OF cYLlNDER-, 002'140 

lF10.41 002'150 
OOL=D/L 002%0 

002%1 
READ I 7,505 1 NZB, NZC , NZT 002'170 

505 F~T(5151 oo2'1BO 
NZONE=Nl8+NZC+NZT ~ 
PRINT &O'5,NZ8.NZC,NZT 003000 

b0'5 F~Tllll0)(,-NO. ZONES IN BASE_.IS.S)(.aNO. OF ZOtIES IN CYLINOER*.003010 
115, 5x, -NO. ZONES IN TOP,. 151 003020 

C 003030 
C READ AN[) PRINT RADIi OF ZONES IN BASE OF CYLINDER. 003040 
C THE -SASE- IS DEFINED AS TI£ ENO WITH THE AP£RTLfIE. 003050 
C THE ZONES ARE HJJteERED SUCH THAT ZONE NO. 1 IS A DISC IN THE 0030&0 
C CENTER OF THE BASE, ANO ZONE NO. NZB IS AN ANNULAR RING WHOSE 003070 
C OUTER RADIUS IS THE RADIUS OF THE CYLINDER. 003080 
C oo3Qq(} 

N=NZ8+1 003100 
READ I 7,500 I IRIII,I=1,N. 003110 
PRINT 510,IRlIl,I=',NI 003120 

510 FORMAT ( IIl0X,-RADII OF ZONES IN BASE OF CYLINDERaI15X.8Fl0.4/15X. 003130 
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&0 

&5 

70 

75 

80 

85 

100 

10'5 

110 

C 
C 
C 
C 
C 
C 

C 
C C 
C 
C 
C 
C 

8F 10. 4115X, 8FtO. 41 003140 
003150 

HERE WE SET THE I(INO AND THE GEOMETRICAL PARAl'ETERS OF EACH 0031&0 
Zoo[ IN THE BASE OF THE CYLINDER. KINO IS AN INDEX WHICH 003170 
SPECIFIES THE GEOMETRICAL SHAPE OF THE I-TH ZONE. KINO ANO THE003180 
ARRAY X ARE DEFINED IN THE SUBROUTINE ENCLOSE. 0031~ 

00 10 I=l,NZB 
KINOI I 1=3 
IFII .EQ.lII(INO( n=1 
X( l, 1 I=RII+ll/lO/~. I 
X( l,21=RIIII 10/2. I 
XI I,31=00L 
XII,41=PhIR( I+l1 .. 2-RI I 1"21 

10 CONTINUE 

003200 
003210 
003220 
003230 
003240 
003250 
0032£,() 
003270 
003280 
oo32~ 

READ ANO PRINT THE ELE'IATIONS OF PLANES M)lICH DI'IIDE THE CYLlNOROO3300 
INTO SEGf'£NTS. THE ELE'IATIONS ARE NUl'llERED SUCH THAT THE FIRST 003310 
PLANE LIES IN THE LONER ENO OF CYLINDER. AND TI£ ELEVATION NZC+1oo3320 
LIES IN THE UPPER ENO OF THE CYLINDER. 003330 

003340 
N=NZC+1 003350 
READ I 7,500 I IZII1,I=l,NI oo33bO 
PRINT 515,IZ\lI,[=I.NI 003370 

515 FQRMATlfItOX,*ElEVATIONS OF PLANES WHICH DIVIDE THE CYLINDRICAL su003380 

C 
C 
C 
C 

c 
c 
C 

C 
C 
C 
C 

~RFACE INTO SEGI'ENTS'"5x ,8F10 .41 15X ,BF10.41t5X.8Fl0 .41 0033'30 

HERE WE SET THE I( INO AND GEOMETRICAL PARAf'£TERS OF EACH ZONE 
ON CYLINDER. 

00 20 II:: 1 ,NZC 
I=II+NZB 
I<INO(II=5 
XI I,11=Z( II ilL 
)(1l,21:IZIII+l I-Zlll I III 
)«( 1.31=00l 
Xf 1,41=PI *O*U)(. 1.2 I 

20 CONTINUE 

READ AND PRINT RAOH OF ZONES IN UPPER ENO-PLANE OF CYLINDER 

N=NZT+l 
READ ( 7,500 I (flC II ,1::l,NI 
PRINT 520,'Afll,I=I,NI 

520 fORMAT ( 111 OX, ,RADII OF ZONES IN UPPER ENO-PLANE OF CYLINDER* 1 
1 15X,8f10.4/15)(.8f10.4/15X.8F10.41 

HERE WE SET I<INO AND GEOMETRICAL PARAI'ETERS OF EACH ZONE ON 
UPPER ENO PLANE ON CYLINDER. 

00 30 11=1,NZT 
J :: I I +HZ8+NZC 
I(IND(II,,4 
IF (J I .EO.NZT II<INOt 11::2 
X(I,ll=RtNZT+2-lllIfO/2.1 
X( 1,2,=AfNZ1+1-IIII 10/2. I 
X( 1,3J::00l 

003400 
003410 
003420 
003430 
003440 
003450 
003460 
003470 
003480 
0034'10 
003500 
003510 
003520 
003530 
003540 
003550 
OO35bO 
003570 
003580 
oo3'5~ 
003600 
003610 
003620 
003630 
003640 
003650 
0036&0 
003670 
003680 
oo3E>'D 
003700 
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115 XII,41= ,25*PhD**2*1 xll,11**2-X 11,21**21 003710 
30 CONTINUE 003720 

C 003740 
C NOW WE DRAW THl ZONES OF THE ENCLOSURE IF THE PLOT OPTION HAS 003750 
C BEEN SELECTED, 0037&0 

120 C THE SNLL VERSION OF RADSOLVER INCLUDES PLOTTING PACKAGE HERE, 003770 
C 003780 

RETURN 0037'30 
END 003800 

SYPeOLlC REFERENCE MAP IR=21 

ENTRY POINTS DEF LINE REFERENCES 
2 CYLINOR 1 122 

VARIABLES SN TYPE RELOCATION 
3523& B REAL ARRAY GEOM REFS 17 
3Sbl& BB REAL ARRAY GEOM REFS 17 

421 D REAL REFS 3& 3'3 &8 &'3 '34 112 113 
115 DEFINED 34 

422 DOL REAL REFS 70 '33 114 DEFINED 3'3 
424 I INTEGCR REFS 55 5& && 2*&7 2*&8 2*&'3 70 

3*71 80 81 '30 '31 '32 '33 2*'34 
100 101 110 111 112 113 114 3*115 

DEFINED 55 5& &5 80 81 8'3 100 
101 10'3 

425 II INTEGER REFS 8'3 '31 2*'32 10'3 111 112 113 
DEFINED 88 108 

3542& IN INTEGER ARRAY GEOM REFS 17 
0 KINO INTEGER ARRAY GEOM REFS 17 DEFINED && &7 '30 110 111 

420 L REAL REFS 2& 3& 3'3 '31 '32 '34 
DEFINED 34 

423 N INTEGER REFS 55 5& 80 81 100 101 
DEFINED 54 79 99 

35233 NFIC INTEGER GEOM REFS 17 
35235 NQ INTEGER GEOM REFS 17 
35230 NZB INTEGER GEOM REFS 17 43 44 54 &5 8'3 10'3 

DEFINED 41 
35231 NZC INTEGER GEOM REFS 17 43 44 79 88 109 

DEFINED 41 
35234 NZONE INTEGER GEOM REFS 17 DEFINED 43 
35232 NZT INTEGER GEOM REFS 17 43 44 99 108 111 112 

113 DEFINED 41 
227 PI REAL REFS 71 94 115 DEFINED 28 
42& R REAL ARRAY REFS 27 5& &8 &9 2*71 101 112 

113 DEFINED 55 100 
1130 W REAL ARRAY GEOM REFS 17 

170 )( REAL ARRAY GEOM REFS 17 '34 2*115 DEFINED &8 &'3 70 
71 '31 '32 93 94 112 113 114 

115 
523 Z REAL ARRAY REFS 27 81 '31 2*92 DEFINED 80 
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FILE NAI'ES !'DOE 
OUTPUT FMT WRITES 30 3& 44 5& 81 101 
TAPE7 FMT READS 34 41 5'5 80 100 

STATEI'ENT LABELS DEFLINE REFERENCES 
0 10 72 &5 
0 20 '35 88 
0 30 11& 108 

252 500 FMT 35 34 55 80 100 
300 50s FMT 42 41 
333 510 FMT 57 5& 
355 515 FMT 82 81 
403 520 FMT 102 101 
2&1 &00 FMT 37 3& 
233 &01 FMT 31 30 
310 &OS FMT 45 44 

LOOPS LABEL INDEX FROM-TO LENGTH PROPERTIES 
44 10 I &5 72 30B OPT 

115 20 II 88 '35 31B OPT 
1&7 30 II 108 11& 37B OPT 

COtf'()N BLOCKS LENGTH 
GEOM 153&& 

STATISTICS 
PROGRAM LENGTH &2OB 400 
CM LABELED CDI'f'«)N LENGTH 3&OObB 153&& 
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SUBROUTINE ENCLOSE 

THIS PROGRAM WAS WRITTEN BY 
M. ABRAMS 

THERMAL SCIENCES DIVISION 
SANOIA NATIONAL LABORATORIES 
LIVERMORE, CALIFORNIA ~4550 

003810 
003820 
003830 
003840 
003850 
0038&0 
003870 
003880 

THIS SUBROUTINE TAKES THE GEOf£TRICAL DATA ITHE ARRAYS KINO ANO 0038~ 
)( I FROM THE SUBROUTINE CYLINDA ANO THEN COI"PUTES I BY CALLING THE003~0 
SUBROUTINE CONF'tGI THE CONFIGURATION FACTOR BETWEEN EACH PAIR OF003~10 
ZONES. 003~20 

003~30 
W I I, J I .......... UPON COI"PETION OF THIS SUBROUTINE WI 1. J' 003~40 

CONTAINS THE CONF'IGURATION FACTOR MATRIX. 003~0 
THE 2-D ARRAY W!I,JI IS THEN WRITTEN TO TAPEI 003%0 

KINOI II ......... INDE)( WHICH DESIGNATES THE TYPE Of THE I-TH ZONE003~70 
=1 ••.. DISC ~ICH LIES IN LOWER ENO-PLANE 003~80 

OF CYLINDER. DISC ANO CYLINDER ARE 003~~ 
CO-AXIAL. 004000 

=2 .... OISC WHICH LIES IN UPPER ENO PLA;£ OF004010 
CYLINDER. 004020 

=3 .••. ANNULAR RING WHICH LIES IN LOWER ENO-004030 
PLANE OF CYLII'tOER 004040 

=4 •.•. ANNULAR RING WHICH LIES IN UPPER ENO-004050 
PLANE Of CYLINDER 004ObO 

=5 .••• SEGf£NT Of CYLINDER 004070 
004071 

X I I, J) ......... COOROINATES Of I-TH ZONE DEFINED AS FOLLOWS% 004080 
KlNOIII. XII,II XII,21 XII,31 XII,41 0040~ 
=== ==== == === == ===========================================004100 
1 OR 2 RIA O. OIL AREA 004110 
3 OR 4 ROIA RIIA OIL AREA 004120 
5 W/L H/L OIL AREA 004130 

WHERE 004140 
R ...•• RADIUS Of DISC 004150 
RO •••. OUTER RADIUS Of ANNULAR RING 0041&0 
RI .•.• INNER RADIUS Of ANNULAR RING 004170 
A ••••• RADIUS Of CYLINDER 004180 
W ••.•• DISTANCE FROM BOTTOM EDGE OF 0041~ 

SEGf£NT TO BASE Of CYL INDER 004200 
L •.•.• LENGTH Of CYLINDER 004210 
H ••••• HEIGHT Of SEGf£NT 004220 
AREA •• AREA Of ZONE 004230 
I ALL D I!'£NS IONS ARE IN f£TERS I 004240 

004241 
COf'H)N/GEOM/KINOI 1201 ,X 1120,41,WI120,12OI,NZB,NZC,NZT ,NFIC.NZONE,NOO4250 

1 Q,BI 1201, INI 1201 ,8811201 0042&0 

Dlf£NSION PARAMll01 
00 100 I=I.NZONE 
JMIN=I 

IN THIS LOOP WE DETERMINE THE ARRAY MPARAH- WHICH IS USED 
IN THE COI"PUTATION Of THE CONFIGURATION FACTOR IN SUBROUTINE 
CONF'IG. HERE -PARAH- IS FOUND FOR ZONES I AND J WHERE J > OR = 
THE CONF'IGUPATION FACTORS FOR THE CASE J<1 IS 

004341 
004350 
0043b0 
004370 
004371 
004380 
004381 

1004382 
004383 
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C DETERMINED IN THE NEXT LOOP BY RECIPROCITY. 004384 
C 004421 

&0 00 ~ J=JMIN,NZONE 004430 
IF I O<INOI J I .EQ.ll .OR. IKlNOI J I .EQ.31 .OR. IKlNOI I I .EG.41 .OR. 004440 

1 IKlNOIII.EG.211 GO TO 51 004450 
IFI IIKlNOI I I.EQ.l 1 .OR.IKINOI I I.EQ.31'.ANO. IKlNOIJI .EG.511 GO TO 370044&0 
IFIIIKINOI I I .EQ.ll .OR.IKINDI I I.EG.31 1 .AND.IIKINDIJI.EG.21.0R. 004470 

&5 1 IKINDIJI.EG.4111 GO TO 35 004480 
IFIIKINDIII.EQ.51.AND.IJ.EQ.III GO TO 32 0044~ 
IFIIKINDIII.EQ.51.AND.IKINDIJI.EG.511 GO TO 31 004500 
IFIIKINDIII.EQ.51.AND.IIKINDIJI.EQ.41 .OR.IKINDIJI.EG.211IGO TO 33 004510 

C DISC lOR RING:-TO-SEGf£NT 004520 
70 37 ITYP=7 004530 

PARAMlll=XIJ,31 004540 
PARAMI21 =X I J, 2 I 004550 
PARAHI31 =X I J, 1 I 0045&0 
PARAHI4) =X I 1,21 004570 

75 PARAMI5) =)( 11,1 ) 004580 
GO TO 45 0045~ 

C DISC lOR RINGI-TO-DISC lOR RINGI 004&00 
35 ITYP=5 004&10 

PARAMll I =X I 1.31 004&20 
80 PARAMI21 =X I I , 1 I 004&30 

PARAMI 31 =X I I ,21 004&40 
PARAHI41=XI J,21 004E.50 
PARAMI51=XI J,II 004&E.0 
GO TO 45 004& 70 

85 SEGf£NT TO ITSELF 004E.80 
32 ITYP=2 004&~ 

PARAMlll =X 1 I ,31 004700 
PARAMI21=X I 1,21 004710 
GO TO 45 004720 

C SEGf£NT-TO-SEGf£NT 004730 
31 ITYP=1 004740 

PARAHll) =X I 1,31 004750 
PARAMI21=)( I 1,21 0047&0 
PARAMI31=XIJ,II-XII,II-XII,21 004770 
PARAHI41=X I J,21 004780 
GO TO 45 004790 

C SEGf£NT-TO-DISC lOR RING I 004800 
33 ITYP=3 004810 

PAR"Hll I =X I 1,31 004820 
100 PAR"HI2 I=X 11.21 004830 

PARAH 131=1.-XII,I'-XII,21 004840 
PARAH(4)=XIJ,2) 004850 
PARAHI51:X I J,I ) 0048{,0 

45 CALL CONF' I G I ITYP, FI G, PARAM 1 004870 
105 WII,JI "FIG 004880 

GO TO ~ 0048'90 
51 W ( I • J 1 :0. 004'900 
~ CONTINUE 004~1 0 

100 CONTINUE 004'920 
110 004'921 

00 200 1::2. HZONE 004'30 
004~31 

IN THIS LOOf.i WE DETERMINE BY RECIPROCITY THE CONFIGURATION 004'40 
FACTOR BETWEEN ZONES I ANO J WHERE J.L T.I 004'950 

PAGE 
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115 

120 

125 

130 

135 

140 

145 

150 

JMAX=I-1 
00 1'30 J::1, JMAX 
IFIWIJ, I I .EQ.O.I GO TO 151 
IF I (I<IND( I I .EQ .51 . AND . ((I<IND( J I .EQ .11 .OR. (I<IND( J I .EQ.311IGO 
IF ( (I<IND( I I .EQ .51 • AND . (I<IND( J 1 .EQ.5 1 IGO TO 140 

004'351 
004%0 
004'370 
004'380 

TO 130004'3'30 
005000 

IFI I II<INDI I 1 .EQ.41 .Of!. II<INDI I 1 .EQ.21 1 .AND. (I<INDIJI .EQ.51 IGO TO 
IF ( ( (I<IND( I 1 .EQ.4 1 .Of!. II<INDI I I .EQ .211 .AND. ( II<INDI J 1 .EQ.1 1 .OR. 

120005010 
005020 
005030 
005040 
005050 
0050&0 

1 (KIND(JI.EQ.31)) GO TO 110 
C DISC lOR RINGI-TO-DISC lOR RING) 
110 W(I,JI =(XIJ,IIU2-XIJ,21**21IWIJ,11 I(XII,1Iu2-XII,2IU2) 

GO TO 1'30 
C RING (OR DISC I-TO-SEGt'ENT 
120 WII,JI =4.IXIJ,21IWIJ,11 IIXIJ,311IXII,1IU2-XII,2IU211 

GO TO 1'30 
C SEGt'ENT - TO-SEGt'ENT 
140 W I I, J I =X ( J, 211 X ( I ,2 I *W ( J. I ) 

GO TO 1'30 
C SEGt'ENT-TO-RING (OR DISC I 
130 W( I.J I =.25IX( I ,31IW( J, I) II X( J.1IU2-X( J.2) U21/X( 1.2) 

GO TO 1'30 
151 W( I.J) =0. 

1'30 CONTINUE 
200 CONTINUE 

PRINT &00 
&00 FORMAT ( 111I28X.*CONFIGURATION F CTOR MATRIx FOR CYLINDRICAL 

lURE CALCUlATED BY THIS PROGRAM*III 
00 401 I=1.NlONE 
PRINT &50.(W(I.JI .J=1.NlONEI 

b50 FORMAT ( 17(4X.8Fl&.12/)) 
401 CONTINUE 

00 402 l=l.NlONE 
WflITEll) (WII.JI .J=l.NlONEI 

402 CONTINUE 
REWIND 1 
RETURN 
END 

005070 
005080 
0050'30 
005100 
005110 
005120 
005130 
005140 
005150 
0051bO 
005170 
005180 
005181 
0051'30 

ENCLOS0052oo 
005210 
005220 
005230 
005240 
005250 
0052bO 
005270 
005280 
0052'30 
005300 
005310 

CARD HR. SEVERITY DETAILS DIAGNOSIS OF PROBLEM 

122 110 THIS IF DEGENERATES INTO A SIf'PLE TRANSFER TO THE LABEL INDICATED. 

srtoeQUC REFERENCE MAP IR=21 

ENTRy PO INTS DEF LINE 
2 E"'-:LOSE 

REFERENCES 
151 

PAGE 
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VARIABlES SN TYPE RELOCATI~ 
352~ 8 REAL ARRAY GEOM REFS 47 
:?'5~'t- BB ~AL ARRAy GEOM REFS 47 
S~ rIG ~AL RErs 104 105 
50' I INTEGER REFS 52 2*E,1 2·E,3 2.E,1 2'E,E, E,7 &8 

74 75 7'3 80 81 87 88 '32 
'33 2''34 '3'3 100 2*101 105 107 11& 

118 11'3 120 2*121 2*122 4*125 4"28 30131 
4'134 136 144 148 DEFINED 51 111 143 

147 
3542~ IN INTEGER ARRAy GEOM REFS 47 

504 ITYP INTEGER REFS 104 DEFINED 70 78 86 '31 '38 
503 INTEGER REFS 2'61 63 2'64 6E, &7 2068 71 

72 73 82 83 '34 '35 102 103 
105 107 118 ""1'3 120 121 2*122 40125 

40128 3" 31 4.134 136 144 148 
DEFINED bO 117 144 148 

5~ Jl'lAx INTEGER REFS 117 DEFINED lIb 
1302 JMIN INTEGER REFS bO DEFINED 52 

0 ~·IN[O INTEGER ARRAY GEOM REFS 47 40bl 3'63 40b4 66 2'67 3.&8 
3'11'3 20120 30121 4.122 

35233 NFIC INTEGER GEUt1 REFS 47 
35235 NQ INTEGER GEOM REFS 4" 
3'5230 NZB INTEGER GEOM REFS 47 
3'5231 NZC INTEGER GEOM REFS 47 
35234 f.4ZONE INTEGER GEOM REFS 47 51 bO 111 143 144 147 

148 
3'5232 NZT INTEGER GEOM REFS 47 

507 PAR,.M REAL ARRAy REFS 50 104 DEFINED 71 72 73 74 
75 7'3 80 81 82 83 87 88 
'32 'n q4 '35 qq 100 101 102 

103 
1130 w REAL ARRAy GEOM REFS 47 118 125 128 131 134 144 

148 DEFINED 105 107 125 128 131 134 
136 

170 REAL ARRAY GEOM REFS 47 71 72 73 74 75 7'3 
80 81 82 83 87 88 q2 '33 

30<34 qs qq 100 20101 102 103 40125 
40128 20131 40134 

FILE NAI"£S r«oE 
OUTPIjT FMT WRITES 140 144 
TAPE 1 lJNFMT WRITES 148 1'()T1~ 150 

DTERNALS TYPE ARGS REFERENCES 
CONFIG 104 

STATEI"£NT LABELS DEF LINE REFERENCES 
14'5 31 '31 b7 
134 32 8b bE. 
'b6 33 qs b8 
112 )'5;. 78 b4 

70 37 70 63 
210 45 104 7b 84 8"; 
220 51 107 bl 
224 '10 108 bO lOb 

0 100 10'1 51 
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STATEI"£NT LABELS Dt:F" L 'NE REFERENCES 
0 110 INACTIvE ~25 122 

307 120 128 121 
334 130 134 11'1 
323 140 131 120 
350 151 136 118 
354 lqQ 137 117 ,~ 132 135 

0 200 138 In 
0 401 146 143 
0 402 14'1 147 

444 600 nIT 141 140 
465 b50 FMT 145 144 

LOOPS LABEL INDEX FROM-TO LENGTH ~RTIES 
5 100 

• I 
51 10'1 2258 ElIT REFS NOT IPH:R 

II qQ 
• J 

bO 108 2168 ElIT REFS 
234 200 

• I 
ttl 138 1268 NOT lIN:" 

241 lqQ J 117 137 1168 OPT 
3bb 401 o I 143 146 21B EH REFS NOT lMER 
371 o J i44 144 118 ElIT REFS 
411 402 

• I 
147 14'1 218 EXT REFS NOT IPH:R 

414 o J 148 148 118 EXT REFS 

C 0f1P'()N BL OC j( S LENGTH 
GEOM 153E.b 

STATISTICS 
PROGRAM LENG TH 5218 337 
CM LABELED CO"ffiN LENGTH 3bOOE>8 153bb 
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S~UTlNE PROP 

THIS PROGRAM WAS WAI TTEN BY 
1'1. ABRAMS 

THERMAL SCIENCES DIVISION 
SANDIA NATIONAL LABORATORIES 
LlvERt{)RE, CALIFORNIA ~550 

00'5320 
00'5330 
00'5340 
00'53'50 
00'5JE.0 
00'5370 
00'5380 
00'53q() 

THIS S~TINE READS ANO PRINTS THE NQN-GE()t£TRICAL DATA 00'5400 
NEEDED IN THE SOLuTION OF ENCLOSURE PROeLEMS. THESE DATA AREX005410 

NBOS ............ NO. OF BANOS IN THE BANO I'(){)£L 00'5420 
NSET ............ NO. OF SEPARATE REFLECTANCE-VERSUS- 00'5430 

WAVELENGTH CHARACTERISTICS 00'5431 
XLAMII< I ••••••••• ~AY OF WAvELENGTHS I MICRONS 1 SEP~RATING 00'54"'0 

ADJACENT BANOS. THE K-TH BANO IS BOUNDED 00'5450 
BY WAVELENGTHS )(LAMIK 1 ANO )(LAMIK+l 1 00'54&0 

REFLil.I<I ....... REFLECTANCE OF THE k-TH BANO OF THE I-TH 00'5470 
REFLEC T ANCE - vERSUS-wAVELENG TH 00'54BO 
CHARACTERISTIC 00'5481 

PI-II II< I .......... FRACTION OF THE SOLAR IRRADIATION WHICH 00'54q() 
LIES IN THE K-TH BAND. TH[S FRACTION [.; 00'5500 
REGAAOED AS BEING INDEPENDENT OF POSITION 00'5510 
ON THE ENCLOSURE SURFACE. 00'5~.20 

IREI'll I I •...•..• INDEx WHICH ASSIGNS THE -IREI'll I I" 00'5530 
REFLECTANCE-VERSUS-WAVELENGTH CHARACTERIS- 00'5531 
TIC TO THE 1-Tiot ZONE 00'5532 

GORECTI I , ....•.. SOLAR IRRADIATION AT i-TH ZONE 00'55S0 
IBC I I 1 •••••••••• THE TYPE OF RADIATIvE 8Ql.H)ARY CONDITION ATOO'5%O 

THE 1-TH ZONE 00'5570 
IBe I I I: I 1-TH ZONE LIES IN AN AP["I-OO'55BO 

TURE 00'558 I 
IBefll=2 THE HEAT FLU)( IS SPECI- 005b20 

FlED AT THE I-TH ZONE 005b21 
I Be I I ,= 3 THE TEMPERA TURE OF THE 005b50 

I-TH ZONE IS SPECIFIED Q05bE,O 
RADNETI I' ....... THE HEAT FLU)( AT THOSE ZONES HAVING THE 005b70 

IBeI I 1=2 TYPE 8()Ut()AffY COND[TION 005b71 
TEI'PI I I .....•... THE TEMPERATURE AT THOSE ZONES HAVING 00'5700 

THE TYPE IBeI I 1=3 BOlHlAAY CONDITION 00'5710 
NOTE THAT THE ABOVE OATA NEED BE SPEC[FIED FOR ALL 00'5730 
ENCLOSURE GE()t£TRIES. 00'5731 

00'5741 
COtf'()N/PRQPI )(LAMI41.REFL 13. 31.PI-II 131. IREI'll 1201.GORECT. 1201. IBe 112005750 

I 0 I.NBOS .NSET .RAONETi120'. TEI'PI 1201 .POCTIN.QTOTlIl20.2100'57&0 
2 .EI'PI 120,3',IQAONI 120',N 00'5770 

COtf'()N I GEOM/K INDll20 1,)( 1120,41.WII20, 120 I.NIB,NZC ,NIT ,NF[C ,NZONE, NOO'5780 
I Q,81120I,INI120',BBII20' 00'57q() 

READ I 7, '500 I NBOS 
'500 FORMAT I 101'5' 

N=NBOS+l 

READ17.5101 IXlAMI"I.":',N' 
510 FORMAT I BEl0.4 I 

00'5880 
0058q() 
00'5q()Q 
OO'5ql0 
OO'5Q,' 
005Q30 
00'5~ 
005Q41 

PRINT &00 00'5~0 
&00 FORMAT If 1I/E.01 •• REFLECTANCE: OAThll2'5x,aSANO la, 14X. aBAND 2a.14X, 00'5%0 
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bO 

b5 

70 

75 

80 

100 

110 

UBAND 3'. 14X,aBANO 4',14x,aBAND 5" 
PRINT E,Ol, I XLAMIK I, )(LAMIK+' I,K=l.NBOS I 

bOl FQRI'1ATI1K,eMICRONS',10X,5IF8.3,' -- ',FB.311 

005Q70 
005qso 
005~ 
OO'5QQl 

C 
C 
2'5 

c 

READ I 7,'5001 NSET ()()('010 

READ IN REFLECTANCE-vERSUS-WAVELENGTH CHARACTERISTICS 
00 10 [=l,NSET 

()()('011 
()()('012 
()()('020 

READ17.5101 IREI'll I.K 1 ,K=l ,NIIOS 1 
PRINT W2, [, IREI'll I.'O,K='.NIIOS 1 

E,02 FORMAT I 1K,eCHATbTC •• 12, 7)(.51&)(,F8.5,E,X) 1 
10 CONTINl£ 

READI7,5101 IPHIIKI,K=l,f&lS' 
PRINT E,03,IPHI IK I,K=l,NBOSI 

()()('040 
()()('050 
()()('ObO 
()()('070 
()()('071 
()()(,Oq() 

E,03 FQRI'1ATI !1X,eFRACTION OF SOLAR RAD.el1)(.eIN THIS BAND'.5)(,5Ib)(,F8. 
15,bXII 

()()(,100 
()()('tl0 
()()(,120 

ASSIGHI'£NT OF REFLECTANCE CHARACTERISTICS TO 
READ I 7,'5001 IZM[N,[ZI'1AX,ISPEC 
00 30 [=[ZM[N,IZMAX 
IREI'Ll I 1 =1 SPEC 

30 CONTINl£ 
IFIIZMAX.LT.NIONEIGO TO 2'5 

()()(,121 
1t<lIVIOUAl ZONES()()(,l30 

()()(,150 
()()(,1E,0 
()()(,170 
()()(,lBO 
()()(,1q() 
()()('lQl 

C ASSIGNP£NT OF SOLAR IRRADIATION TO It<lIVlDUAL ZONES ()()('200 
()()('220 3'5 READI7,515' IZMIN,IZMAX,FLUX 

515FOAMAT1215,El0.41 

C 
C 
C 
C 
4'5 
501 

00 40 I=IZM[N,IZMAX 
GOAECT I I 1 =FLUX 

40 CONTlNl£ 
[FIIZMAX.EQ.NZONEIGO TO 41 
GO TO 35 

41 CONTlNl£ 

ASSIGNP£NT OF TYPE OF RADIATIVE BOUNDARy AT EACH ZONE 
ANO EITHER THE HEAT FLUX OR THE TEMPERAltJRE IDEPEND[NG 
ON THE TYPE OF BOlHlAAY CONDITION ASSIGNEDl 

READ I 7,50: 1 IZMIN,IZMAX,INT,VALUE 
FOAMAT 1315,El0 .41 
00 50 I=IZMIN,IZI'1A)( 
IBCfII=INT 
II'I INT .EQ.21RAONETI I I=VALUE 
IFf lINT .EQ.31.OR. f INT .EQ.l1'TEI'PI I I=VALUE 

50 CONTINUE 
If'1 IZMA)(.L T .NZON[ 'GO TO 45 

E,ll F"OAMAT1/124K, 'NOTE THAT 8. C. TYPE 1 ••• CORRESPONDS TO ZONE 
lATUM: PLANE'/40)(, 
2 2 ••• HEAT FLU)! IS SPECIf'IED .1 
3.0)(, .TYP[ 3 ••• TEI"PERATURE Of' ZONE IS SPEC If'IED'1 

~INl &12 

()()('230 
()()('240 
()()('2'50 
()()(,2b0 
()()('270 
()()('280 
()()('2q() 
()()('2Ql 
OObJOQ 
00b301 
()()('302 
()()(,320 
()()(,330 
00E0340 
00E0350 
00E0JE.0 
00E0370 
00E0380 
00E03q() 
00E03'" 

IN APE00E0400 
.TYPE00E040t 

00E0410 
00E0420 
00E0421 
00E0430 

E,12 FORttAT filii JE.)!, .SUI"I1ARY 
1 'IE &EEN INPUTe, 

~INT E,13 

Of' THE NON-GEMTRICAL ZONAL DATA WHICH HA00E0440 
00E0450 
00E0451 
00E04&0 
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115 b13 F"Of«'1ATI/24l<,*ZONE*,bX,*REFlEC-_,7X,-TYPE-,8X,-oIRECT SOLAR. ,8l(, 00E.470 
1 • HEAT F"LUX -,8l(, -TEI'f)£R.~TURE*1 00E.480 

00E.481 
PRINT &14 00b4C)O 

b14 FOf«'1AT I 34X, -TANCE-, lOX, -OF-, C)l(, _IRRADIATION_ ,&l(,_ IF" SPEC IF" lED 00E.5oo 
120 H,8X,'IF SPEC Ir:IEo*I 00E.510 

00b511 
PRINT &15 00b520 

&15 FOf«'1AT 134;<, -CHRTISTCt ,&l(, -8. C. _, 7X, - fI<WIr-E:TER-SQ It, 7X, _II<WIr-E:TER-00b530 
1 SQ I _ , C)l( , * I DEG-K I. I 00b540 

125 00E.541 
00 70 1=1 ,NZON[ 00E.550 
IFIIBCI I I.EQ.ll PRINT b23, I, IREFLI I I, IBCI I I,GORECTI I I, TE"PI I I 00E.5bO 
IFI IBC III .EQ .21 PRINT &22,I,IREFLI I I, IBC I I I ,GORECTI I I,RAONETI I I 00b570 

b22 FOf«'1ATI25x, I3,8X, I2,llX, I 1 ,10X,E13.&,&X ,E13.& I 00E.580 
130 IF I IBC I I I .EQ. 31PRINT &23,1, IREFLI I I, IBC I I I,GORECTI I I, TEI'FI I I 00E.5CJO 

b23 FOf«'1AT I 2'5 X , I3,8X, 12, l1X, 11 ,lOX ,E13 .&,27X,E12.51 OOE.&OO 
70 CONTINUE 00E.&10 

00E.&11 
PRINT &11 00bb20 

135 00b&21 
CALCULATION OF Tt£ SOLAR POUER INTO ENCLOSURE 00E.b3O 

POCTIN=O. 00E.&40 
00 &0 l=l,NZON[ 00bb50 
POCTIN=POCTIN+X I I, 41'GORECT I I I ~O 

140 &0 CONTINUE 00E.&70 
PRINT &10,POCTIN 00bb80 

& 10 FOflI'1A T I 111141 l(,' SOLAR POWER INTO ENCLOSURE IKWI',El&.51 OObbCJO 
RETURN 00E.7oo 
ENO 00E.710 

SY~OLIC REFERENCE MAP IR=21 

ENTRy POINTS DEFLINE REFERENCES 
2 Pf'IOP 1 1':3 

VARIABLES SN TfPE RELOCATION 
3523& B REAl ARRAY GEOM REFS 4E> 
35bl& BB REAL ARRAY GEOM REFS 4E> 

1533 EI'F REAL ARRAY Pf'IOP REFS 43 
650 FLUX REAL REFS 87 DEFINED 84 
210 GDRECT REAL ARRAY PROP REFS 43 127 128 130 13c) 

DEFINED 87 
&44 INTEGER REFS &0 2*&7 7C) 87 C)C) 100 101 

&*127 &*128 &*130 2*13C) DEFINED &5 78 BE. 
~ 12& 138 

400 IBC INTEGER ARRAY Pf'IOP REFS 43 2*127 2*128 2*130 DEFINED C)C) 

35426 IN INTEGER ARRAY GEOM REFS 4E> 
&'51 INT INTEGER REFS C)C) 100 2"0' DEFINED % 

2303 IQROW INTEGER ARRAy PROP REFS 43 
20 IREFL INTEGER ARRAY PROP REFS 43 127 128 130 DEFINED 7C) 

&47 I SPEC INTEGER REFS 7C) DEFINED 77 
64E> IZMAX INTEGER REFS 78 81 BE. 8c) ~ 103 
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VARIABLES SN TYPE RELOCATION 
DEFINED 77 84 % 

&45 IZMIN INTEGER REFS 78 ~ ~ DEFINED 77 84 % 
&43 I< INTEGER REFS 53 2*5C) &0 &7 71 72 

DEFINED 53 5c) &0 &7 71 72 
0 I<INO INTEGER ARRAY GEOM REFS 4E> 

2473 N INTEGER PROP a[FS 43 53 DEFINED 51 
570 NBOS INTEGER PROP REFS 43 51 59 &0 &7 71 72 

DEFINED 49 
35233 NFIC INTEGER GEOM REFS 4E> 
35235 NQ INTEGER GEOM REFS 4E> 

571 NSFT INTEGER ~ REFS 43 &5 DEFINED &2 
35230 NZB INTEGER GEOM REFS 4E> 
35231 NZC INTEGER GEOM REFS 4E> 
35234 NZON[ INTEGER GEOM REFS 4E> 81 8C) 103 126 138 
35232 NZT INTEGER GEOM REFS 4E> 

1152 POCTIN REAl PROP REFS 43 13C) 141 DEFINED 137 139 
15 PHI REAl ARRAY PROP REFS 43 72 DEFINED 71 

1153 QTOTl REAl ARRAY PROP REFS 43 
572 RAONET REAl ARRAY PROP REFS 43 128 DEFINED 100 

4 REFl REAL ARRAY PROP REFS 43 &7 DEFINED &0 
7&2 TEI'F REAl ARRAY PROP REFS 43 127 130 DEFINED 101 
&52 VALUE REAL REFS 100 101 DEFINED % 

1130 W REAL ARRAY GEOM REFS 4E> 
170 X REAL ARRAY GEOM REFS 4E> 1~ 

0 XlAH REAl ARRAY PROP REFS 43 2*59 DEFINED 53 

r:ILE NAr-E:S I'tJOE 
OUTPUT FI'1T WRITES % 59 67 72 110 114 118 122 

127 128 130 134 141 
TAPE 7 FMT READS 4c) 53 &2 &0 71 77 84 % 

STATEr-E:NT LABELS DEFLINE REFERENCES 
0 10 &9 &5 

115 2'5 77 81 
0 30 80 78 

133 35 84 CJO 
0 40 88 BE. 

152 41 91 8C) 

153 45 )6 103 
0 50 102 ~ 
0 &0 140 138 
0 70 132 12& 

310 500 FMT 50 49 62 77 
455 501 FMT 97 % 
317 510 FMT 54 53 b& 71 
442 515 FMT 85 84 
324 bOO FMT 57 56 
34E> 601 F"MT 60 59 
37& 602 FI'1T &8 &7 
414 &03 FMT 73 72 
b35 bl0 FMT 142 141 
46.0 611 FMT 105 134 
505 b12 FMT 111 110 
521 &13 I"MT 115 114 
53& 614 I"MT 119 118 
553 b15 FI'1T 123 122 
b04 b22 I"MT 129 128 



SUBfIDUTINE ~P 

STATEt£NT LABELS 
&2' &23 FMT 

L~OPS LABEL INDEx 
23 

• I< 41 10 
• I 44 
• I< &2 
• I< 121 30 I 

137 40 I 
157 50 I 
.'1& 70 

• I 271 &0 I 

COI'H.)N BLOCkS LENGTH 
PROP 1340 
GEOM 153&& 

STATISTICS 
PROGRAM LENG TH 

74174 OPT=O TRACE FTN 4.&+43~ 07/22/81 14.5&.32 

OEF LINE REFERENCES 
131 127 130 

FROM-TO LENGTH PfIOPERTI ES 
5'3 5'3 IDe EXT REFS 
&5 &'3 37B EXT REFS NOT INNER 
&& && lIB EXT REFS 
&7 &7 lIB EXT REFS 
78 80 &8 INSTACk 
8& 88 &B INSTACk 
'38 102 229 OPT 

12& 132 458 ExT REFS 
138 140 78 INSTACI< 

&53B 427 
CM LABELED COMMON LENGTH 40'5028 1&70& 

5 

10 

IS 

20 

30 

40 

45 

50 

55 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
( 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C 
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SUBfIDUTINE RADISTIIOPTI 

THIS PROGRMf ..... S WRITTEN BT 
11. A8RAI1S 

THERI1Al. SCIENCES DIVISION 
SANOIA NATIONAL LA8ORATORIES 
LlVERt«)RE, C .... IFORNIA <M9.iO 

006720 
006730 
006740 
006750 
0067&0 
006770 
006780 
006~ 

THiS StBOUTINE CAlOLATES TI£ RADIOSITY Ate) IRRADIATION 006800 
AT TI£ ZONES OF" AN ENCLOStJE. 006810 
THESE RADIIIITIVE HEAT fOlUXES ME CAlCU- 00f.820 
LATED fOOR EACH IlAV£lENGTH 8AfC) IN A 8AfC) I'IIDEl CONSISTING 006830 
OF NBDS NO. OF 8AfC)5. wITH TI£ RADIOSITIES Ate) I'tRADI- 006840 
ATIONS KNOIIN AT EACH ZONE. lIE THEN C .... OLATE% 006841 
A I THE HEAT TRANSFER TO EACH ZONE Dt£ TO OO&SE.O 

RADIATIVE TRANSPORT IN TI£ K-TI£ IlAVE- ()()(,8(,1 
LENGTH 8AfC) 00f.8(.2 

B I TI£ TOTAl HEAT TRANSFER TO EACH ZONE. L E.. TI£ S\m OF 006880 
THE HEAT TRANSfOERS IN TI£ IPClIVIOUAL IW«iS 006881 

C I THE POWER LEAVING TI£ ENCLOStJE TIRJUGH TI£ APERTt;AEIS. ~ 
~1 

o I THE EFFECTIVE ENCLOStJE ABSOfIPTANCE fOOR IOPT=,. 006~10 
I. E.. TI£ FRACTION OF THE INCOttING SOlAR POWER RETAINEDO()f.~11 
BY THE ENCLOSlftE 006~12 

E I THE TOTAl HEAT TRANSffR TO EACH ZONE 006~ 
FOR THE CASE IN WHICH TI£ SITUATIONS IOPT=, Ate) IOPT=2 006~3O 
ARE SlRRIK'OSED 006~0 
IOPT •••••••••• IF .Ea. 1 THE RADIOSITT Ate) IRRADIATION 006~ 

ME C .... OLATED FOR THE CASE OF AN 006~ 
ENClOSlftE AT Q-DEG ABSOLUTE wiTH INCOt'fING 006~70 
ExTERNAL RADIATION OOI;.~ 
IF .Ea.2 THE RADIOSITT Ate) IRRMlIATlON ME OOI;.~ 
O£TERttINED fOOR TI£ CASE OF AN ENClOStJE 006~1 
HAVING KNOIIN (OR CAlCUlATED) TEJ'FERATURES 006~ 
AT EACH ZONE WITH NO INCOt'fING EXTERNAL 006~3 
ISOlARI RADIATION. 006crM 
TI£ CASE IOPhl I'lJST BE EXERCISED 007020 
BEFORE IOPT=2. A RE .... ENCLOSURE IS TI£ 007030 
SlRRPOSITION OF Tl£SE 2 CASES. 007040 

RAOSTII,kl •••• THE RADIOSITy AT THE I-TH ZONE IN 8AfC) K 007050 
XIRRAI I ,k , •••• THE IRRADIATION AT THE I-TH ZONE IN BAND K0070&0 
geANOI I ,k I •••• TI£ HEAT TRANSffR TO ZONE I DUE TO 007070 

RADIATIVE TRANSPORT IN TI£ k-TH IlAVElENGTHOO7071 
BAND. 007072 

QTOTll I, IOPT I •• THE TOTAl HEAT TRANSFER TO 1-TH ZONE. 007080 
UPON COI'FlETION OF THIS PROGRMf WITH IOPT=007~ 
2, QTOTlII.IOPTI IS THE TOTAl HEAT 007100 
FLUX AT ZONE I F'OR THE COteINED CASES OF 007110 
AI EXTERNAL RADIATION ENTERING A O-O£G ABS007120 
CAVITY ANO 81 NO EXTERNAL. .. .alATION 007130 
ENTERING A CAVITY HAVING NON-ZERO TEH- 007140 
PERATURES. AlSO INCLUDED IN aTOTlIl.21 IS 001150 
THE DIRECT SOlAR RADIATION. 007151 

PLEAV ClOPT I ••• THE POWER LEAVING TI£ ENCLOSURE THROUGH 0071&0 
APERTURES 007170 

ABEFD .•••••••• THE EF'FECTtVE A8S0RPTAHCE OF THE ENCLOSURE001180 
FOR DIRECT IRRADIATION FROM THE SUAROONO- 0011~ 
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E.O 

65 

70 

75 

80 

8'5 

100 

10'5 

110 

C 
C 
C 
C 

C 

C 
C 
C 
C 

C 
C 
22 

C 

C 
C 
C 
C 
C 

C 
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INGS I I. E. WHEN THE ENCLOSURE IS AT 0 0£6oo72oo 
ABSOLUTE 1 007210 

CAVEFF ..••..•. CAVITY EFFICIENCY 007220 
007221 

C~IPROPIXLAt11 41 ,REFL 1 3, 31.PHI 131, IREFL I 1201 ,GORECTI 120 I, IBC 112007230 
1 OI,NBOS,NSET ,RAONEil 1201, TE~I t20I.POCTIN,aTOTlI120,2Ioo7240 
2 ,E~lt20,3I,IQROWI120I.N 007250 
C~IGEOI'1IKINDI 120I,XI 120,41.WI 120,120I,NZB.NZC,NZT ,NFIC.NZONE,NOO72b0 

1 a.BI120I,INI120I,BBI1201 007270 
DII'£NSION RAOST 1120 ,31, XIRRA 1120.31 ,Q8ANOI120, 3, .PLEAV 12' oo73b0 

00 100 K=l,NBDS 

WE FORtI EITHER THE VECTOR H-K OR THE VECTOR E -K • 
H-K IS DETERHlNED IF IOPT=1; E-K IS DETERHlNED IF IOPT=2. 
WE ALSO CALCULATE THE I-TH ROW OF THE [R-IJ] MATRIX 

00 30 1=1,NZONE 
ISET=IREFLI I 1 
RHO=flE:FL I lSET ,K 1 
1Ft I OPT .Ea.2' GO TO 21 
B I I 1 =RHQ*GORECTI I .. PH I I K , 
GO TO 22 

21 BIII=E~II,KI 

HERE WE FORtI THE I-TH ROW OF THE [R-IJ] MATRIX 
CONTINUE 
READ! 1 , !BBIJI,J=l,NZONE' 
00 40 J=l .~ZONE 
WI I.J 1 =-RHO*BBI JI 
IFIJ.Ea.II WII,JI =WII,JI +'-

oo73bl 
007370 
007371 
007380 
007381 
007382 
007~ 
007400 
007410 
007420 
007430 
007440 
oo74SO 
007451 
0074bO 
007 .. 70 
007480 
007"~ 
007500 
007510 

THE [R-IJ] MATRIX (SEE ANALYSISI 
40 CONTINUE 
30 CONTlNl£ 

REWIND 1 

IS STORED TEK'ORAftILY IN w007S20 
007530 
007S40 
0075SO 

INIT=O 

HERE WE DETERHINE THE RAOIOStTY DISTRIBUTION 
BAND BY CALLING THE Sf1Pl. SUBROUTINE SAXB. 
THIS CORRESPONDS TO THE SOLUTION OF EII'4I. 1121 
WI7H EITHER THE VECTOR E-K OR H-K SET = 0 

CALL SAXBI120,NZONE,l,W,B, INIT ,IN.KERI 
IFIKER.Ea.OIGO TO SO 

PRINT 605, IOPT ,KER,K 

007551 
IN THE K-TH 007560 

007570 
007571 
007572 
007580 
0075~ 
007f.OO 
007601 
007610 

60'5 FORMATII15x,*ERROA DETECTED IN SAxe CALLED FROH RAOIST 
l,10X,eKER=e, 15.10X •• k=*, 151 

IOPT=*.15OO7620 
007(.30 
007(.31 
007(.SO 
OOn.eo 
007670 
007671 
007680 

C 
50 

C 
C 
C 
C 
C 

00 55 I=l.NZONE 
RAOSTI I,K 1=8111 

55 CONTINl£ 

IF I IOPT .Ea .21GO TO 100 

HERE COf'IIUTE THE INVERSE OF THE R .. TRIX, THE INVERSE IS 
IS USED IN SUBROUTINE THERMAL. IT IS EFFICIENT TO 00 THIS 
COf'IIUTATION HERE BECAUSE OF THE INFOfIHATlON AVAILABLE 
AFTER ABOVE USE OF SAXS. 

007681 
007(.'!O 
007700 
007710 
007720 

SUBROUTINE RAOIST FTN ... e.+ .. ~ 07122/81 '''.%.32 

115 

120 

125 

130 

13'5 

140 

145 

1SO 

155 

160 

165 

170 

C 

INIT=1 
00 57 ICOl:1,NZONE 
00 % l:l,NZONE 
8111:0. 

56 CONTINl£ 
81 ICOlI=1. 
CALL SAX81120,NZONE,1.W,B.INIT .IN.kERI 
IFIKER.EQ.OIGO TO 5') 

007730 
007740 
007750 
oo77E.O 
007770 
007780 
007~ 
007800 
007801 

PRINT 6t 3,KER,K, ICOl 007810 
613 FOffV,T 1//5)(, *ERROk DETECTED IN SAXS CALLED FROH RADIST DURING .. TROO7B20 

t IX INVERSION IKER.K.ICOl,e,3I51 007830 
CALL EXIT oo7B40 

C 
5~ CONTINUE 

ITAPE=K+l 
WRITE I ITAPEI 

007841 
007850 
007BE.O 
007870 
007880 
007881 
oo7B'!O 
00~1 
OO~ 
OO~ 
00~10 
OO~ 
ooml 

C 

C 
C 

57 CONTINl£ 

100 CONTINUE 

18III.I:1.NZONEI 

101 
C 

00 101 ITAPE=2.N 
REWIND ITAPE 
CONTINl£ 

C 

C 

IF I IOPT .Ea. 1 IPRINT £.08 00~3O 
608 FOffV,TllHl oo~Jl 

112X, eTHE FOlLOWING FLUX DISTRIBUTIONS ARE FOR AN ENCLOSURE* OO~ 
21 2x, eWHOSE SURFACES ARE AT O-DEG ABSOLUTE. AND INTO WHICH*/OO~ 
3 2X, eTHE FOREGOING DIRECT SOLA-It RADIATION ENTERS*. 007%0 

007%1 
IFIIOPT.EQ.21 PRINT ~ 00~70 

60~ FOffV, TIl H1 00~7,) 
1/2X,eTHE FOlLOWING FLUX DISTRIBUTIONS ARE FOR AN ENClOSURE* 007')80 
21 2X. elNTO WHICH ND EXTEfINAL RADIATION ENTERS. AND WHICH HASOO~ 
3el 2X, eTHE TEI'FERATURES LISTED ABOVE MID/OR THOSE CAL-*' 008000 
4 2X. eCULATED BY THE SUBROUTINE THERMAL *1 008010 

008011 
PRINT bOb 00B020 

60b FORMATIII157X.*RADIOSITY DISTRIBUTION*1I18X.*ZQt£e.8X.*TOTAL.,llX.00803O 
U8ANO U, tOX,eBAND 2e. tOX •• BAND J.,10X.aBANO .... tOX.aBANO 5e" OOB040 
PRINT 6t4 008050 

614 FORMAT I 25X ,612X, eIKW/I'£TER-SQ 1 •• 1 X III ooeoe.o 
LIST THE RADIOSITIES IN EACH WAVELENGTH BAND 

00 110 l=l,NZONE 
TOT=O. 
00 10'5 k=l,NBOS 
TOT: TOT+AAOSTI 1,1<1 

10'5 CONTlNl£ 
PRINT 607, I • TOT, IRAOSTll,k 1,)(:1.NBOSI 

0080b1 
008062 
008070 
008080 
QOBO')O 

607 FORMATI1'X,13,4X,6Et6.51 

008tOO 
008110 
008t20 
008130 
0081"0 
008150 
0081(,0 
008161 

110 CONTlNl£ 

HERE WE COf'IIUTE THE IRRADIATION AT THE I-TH ZONE 
IN THF )(-T'" WAVELENGTH SAND. WE USE EQN. 121 
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C NOTE, HOWEVER, THAT IN THE CASE IOPT=1, THE DIRECT 0081&2 
C SOLAR IRRADIATION IS INCLUOED. 0081&3 

00 210 k=1,NBOS 008180 
175 00 200 I=l,NZONE 0081'30 

READ I 1 I IBBI J I, J=l,NZONE I 008200 
XIRRAI I.k 1=0. 008210 
IFI IOPT .EO.l IXIRRAI I ,k I=~CTI I I-PHI Ik I 008220 
00 1'30 J= 1 ,NZONE 008230 

180 xIRRAI I ,k I=XIRRAI I ,k I+RAOSTI J,k I-BBI J) 008240 
1'30 CONTINUE 0082'50 
200 CONTINUE 0082e.0 

REWIND 1 008270 
210 CONTINUE 008280 

HIS 008281 
PRINT &20 0082'30 

&20 FOR1ATI 1115&X,-IRRADIATION DISTRlBUTION.,1 t8X,.ZONE.,8X,.TOTAL.,10083OO 
11 X, -BAND 1., lOX, -BAND 2-, lOX, -BAND 3*, tOx, aBAND 4.,10X,.BAND 5." 008310 
PRINT &14 008320 

1'30 C 008321 
C LIST THE IRRADIATIONS IN EACH WAVELENGTH BAND 008322 

00 220 I=l,NZONE 008330 
TOT=O. 008340 
00 230 k=l,NBOS 008350 

1 '3S TOT=TOT+XIRRAI I ,k I OO83f.O 
230 CONTINUE 008370 

PRINT &07, I, TOT, I XIRRA I I ,k l.k=l.NBOS I 008380 
ITAPE=IOPT+4 0083'30 
WRITEIITAPEI TOT 008400 

200 220 CONTINUE 008410 
REWIND ITAPE 008420 

C 008421 
C AT EACH ZONE. CALClI..A TE THE HEAT TRANSFER DUE TO 008422 
C RADIATIVE TRANSPORT IN EACH BAND: ALSO CALClI..ATE 008423 

205 C THE TOTAL HEAT TRANSFER. I. E.. THE SU1 OF THE HEAT 00842 .. 
C TRANSFERS IN EACH BAND. 008425 

PRINT &30 0084&0 
&30 FOt."'HA T I IIIS"X. -DISTRIBUTION OF HEAT FLUX&1I18X._ZONE.,8x.aTOTAL 008470 

1 -.llx.aBAND 1-.10x.aBAND 2a.l0X.aBAND 3a.tOX •• BAND .... tOX •• BAND 5008480 
210 2all 0084'30 

PRINT &14 00B500 
008S01 

00 250 1=1.NZONE 008510 
OTOlLl I. IOPT 1=0. 008520 

215 00 2&0 k=1.NBOS 008S3O 
QBANDI I.k l=xIRRAI I.k I-RAOSTf I,KI 008540 
OTOTl! I. IOPT I =QBANOI I.K I+QTOTl! I. IOPT! 008550 

2E.0 CONTINUE 0085&0 
PRINT E.07. I .0TOTl! I. IOPTI. fQBANOI I ,K I.K=l.NBDSI 008570 

220 250 CONTINUE 008580 
C 008581 
C HERE WE COMPUTE POWER LEAVING THROUGH THE APERlUlElSI 0085'30 

PLEAV I IOPT 1 =0. 008E.00 
00 270 I=1.NZONE OO8E.10 

225 IFfIBCIII.NE.1IGO TO 270 008e.20 
TOT=O. 008E.3O 
00 2&5 K=1.NBOS 008E.40 
TOT=TOT+xIRRAI I.K 1 008E.5O 

SUBf«JUTINE RADIST 7"174 OPT=O TRACE FTN ".E.+"3'3 07/22/81 '''.5&.32 

230 

235 

240 

245 

250 

255 

260 

265 

270 

275 

280 

285 

2&5 CONTINUE 
POWI=TOTaXI I .'" 
PLEAV I I OPT! =PLEAV I IOPTI+POWI 

270 CONTINUE 

PRINT &53. IOPT .PLEAYI IOPT! 
&53 FOR1ATI1I37X.aTOTAL POWER LEAYING ENCLOSURE APERlUlE 

H.E15.5.a kWal 

IFI IOPT .EO.21PRINT &5& 

0086&0 
OQ8(.70 
0Q8(.80 
008E.'30 
OQ8(.~1 

008700 
I IOPT=a. Il.a 1008710 

008720 
008721 

&5& 
C 

FOR1ATI37X.aTHIS 1S THE SO-CALLED RERADIATION LOSSal 
008730 
008740 
0087 .. , 
008750 
0087S1 C 

C 
C 
C 
C 

C 

C 
C 
C 

IFI IOPT .EO.21 GO TO 300 

0087&0 
HERE WE CALClJl.ATE THE FRACTION OF THE INCOtflNG SOLAR POWER008770 
RETAINED BY THE ENCLOSURE. THIS FRACTION IS THE SO-CALLED 008771 
ENCLOSURE A8S0APTANCE. 008772 

TOT=O. 
00 280 1=1,NZONE 
IFIIBCIII.EQ.lIGO TO 280 
TOT=TOT+QTOTl! I ,11axl 1.'" 

280 CONTINUE 
ABEFD= TOT IPOeT IN 
PRINT 650 

008780 
0087'30 
008800 
008810 
008820 
008830 
008840 

&SO FOR1ATI 1I154X, aENERGY 
PRINT 651.POeTIN 
PRINT f.52. TOT 

BALANCE OF ENCLOSURE IFOR IOPT=11 IkWlal I 00BB50 

PRINT f.54. ABEFO 
&51 FOR1ATI37X.aSOlAR POWER INPUT TO ENCLOSURE •• 51 ••••• ,.E1f..5, 
&52 FOR1ATI37x.aSOlAR POWER ABSORBED IN E!'«:LOSURE •• 12,a •• '.Elf..5' 
65" FOR1ATI37x.aEFFECTIYE ABSORPTANCE OF ENCLOSUREa.111 •• a'.F8.51 

RETURN 

300 CONTI NUE 

0088&0 
008870 
ooeeeo 
0088'30 
008'300 
~10 
008'320 
~1 
~3O 
~31 

610 

HERE WE COMPUTE THE HEAT TRANSFER TO EACH ~O 
ZONE FOR THE CASES IOPT = 1 AND 2 OCCURRING SIPlJl TAHSL Y Q08<35O 

PRINT &10 008%0 
FOR1ATI 11131X,.THE HEAT TRANSFER TO EACH ZONE FOR THE COte I NED C ~70 

lASES OFal 3SX.aAIENCLOSURE AT O-DEG ABSOLUTE WITH ~71 

Eoll 

2INCOf11NG SOLAR RADIATION./40X, aPLusa/3SX,.el ENCLOSURE WITH SPECI ~ 
3F"JED (AND/OR CALClI..ATEOI SURFACE TEI'f)ERATUflES AND NO INCOt1INGa 00'3000 
4/38X,aSOlAR RADIATIONal I 00'3010 

PRINT f.ll 
FOR1ATf I 14'3X, aZONEa,4X,aHEAT TRANSFERa.&X.aIRRADIATIONa/51X 

121&X,afkW/I£TER-SQtal/ 1 

00 310 J=l,NZONE 
QTOTl! J ,21=QTOTLf J ,21+QTOTU Ltl 
READI51 Gt 
READI&I G2 
TOT::G1+G2 
PRINT &12, LOTOTl! 1.21, TOT 

00'3011 
00'3020 

, 00'3030 
00'3040 
00'3041 
00'3050 
00'3OE.0 
00'3070 
00'3080 

E.f2 F'ORMATI4'x, 13,21E.X,E1f..81 I 

00'30'30 
OMtoo 
00'3110 
00'3120 310 CONTINUE 
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C 009121 
C HERE WE PRINT THE TEI'FERATURES OF ZONES HAVTNG THE TYPE 2 009130 
C BOUNDARY CONOITION I IF THERE ARE SUCH ZONES IN THIS PROB' 009140 

IFINQ.EQ.OI GO TO 315 009150 
290 PRINT &15 009160 

!'15 FORHATI1I48X •• TEI'FERATURES OF ZONES HAVING TYPE 2 B. C.*II 009170 
153X.* ZONE TEI'FERATURE*' 009180 
00 314 I=1.NQ 00'3190 
IRfS=IQfI()WI I I 009200 

295 PRINT &1& • IRFS. TEt'P1 IRfSJ 009210 
&1& FORHATI5&X.15. &X.E11.51 009220 
314 CONTINUE 00'3230 
C 009231 
315 CONTINUE: 009240 

300 C 009241 
C CALCULATION OF CAYITY EFFICIENCY 009250 

ELEAV=PLEAV(1I+PLEAYI21 0092&0 
IFIPDCTIN.GT .0.1 GO TO 311 00~270 
CAVEFF=-10. 009280 

305 GO TO 312 009290 
311 CAVEFF=1.-ELEAY/PDCTIN 009300 
312 PRINT &5S.ELEAV.CAVEf"F 009310 

&55 FORHATIIII&OX. *PROBLEM SUI'f1ARYa/32x. *PQUER IKWI LEAVING CAVITY APE009320 
lRTURE Dt£ TO ALL RADIATIYE I'ECHANISHS*.E1S.S/32X. 009330 

310 2 *CAYITY EFFICIENCYa.45X.F10.51 009340 
REWIND 5 009350 
REWIND & 00'33&0 
RETURN 009370 
END 009380 

SYH30LlC REFERENCE MAP IR=21 

ENTRY POINTS OEFLINE REFERENCES 
4 RADIST 1 2&1 313 

VARlAaLES SN TYPE RELOCATION 
1472 ABEro REAL REFS 2'57 DEFINED 252 

3523& B REAL ARRAY GEOH REFS e.5 98 10b 121 131 
DEFINED 78 BO 118 120 

3S&1& BB REAL ARRAY GEOH REFS &5 BE. 180 DEFINED B4 17& 
1477 CAVEFF REAL REFS 307 DEFINED 304 3OE. 
147& ELEAV REAL REFS 3OE. 307 DEFINED 302 
1533 Et'P REAL ARRAY PROP REFS 62 80 
210 GORECT REAL ARRAY PROP REFS 62 78 118 

1473 G1 REAL REFS 282 DEFINED 280 
1474 G2 REAL REFS 282 DEFINED 281 
14&0 I INTEGER REFS 75 2*78 2*80 se. 3*87 2*1Ob l1B 

131 1&4 2*1&& 177 2*178 2*180 195 2*'~7 
214 3*21& 3*217 3*219 225 226 230 24~ 

2*250 3*279 2*283 294 DEFINED 74 105 117 
131 1&1 175 192 213 224 248 278 
2'n 

400 IBC INTEGER ARRAY PROP REFS &~ 225 24~ 
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VARIABLES SN TYPE RELOCATION 
14&& ICOL ItHEGER REFS 120 124 DEFINED 11& 

3542& IN INTEGER ARRAY GEOH REFS &5 ~ 121 
,4&4 INIl INTEGER REFS 98 121 DEFINED ~7 115 

0 IOPT INTEGER F.P. REFS 77 101 10~ 141 147 178 198 
214 2*217 21~ 223 2*231 2*234 238 241 

DEFINEO 1 
2303 IQROW INTEGER ARRAY PROP REFS &2 2~ 

20 IREFL INTEGER ARRAY PROP REFS E.2 75 
1475 IRf:; INTEGER REFS 2*2", DEFINED 294 
14&1 I SET INTEGER REFS 7& DEFINED 75 
14&7 IT APE INTEGER DEFINED 130 137 1'*J 1/0 REFS 131 138 1~ 

201 
14&3 J INTEGER REFS 84 2*8& 3*87 17& 2'180 

DEFINED 84 85 17& 17~ 
1457 K INTEGER REFS 76 78 80 101 lOb 124 130 

164 1E.b 177 2*178 3*180 f~ 1'37 3*21& 
217 21~ 228 DEFINED &'3 1b3 1&& 174 
1~4 197 215 21'3 227 

14e.5 KER INTEGER REFS '*J ':1'1 101 121 122 124 
0 KIND INTEGER ARRAY GEOM REFS &5 

2473 N INTEGER PROP REFS 62 137 
570 NBOS INTEGER PROP REFS &2 &9 1&3 16& 174 194 197 

215 21~ 227 
35233 Nf'IC INTEGER GEOH REFS &5 
35235 NQ INTEGER GEOH REFS &5 2~ 2~3 

571 "SET INTEGCR PROP REFS 62 
35230 NZB INTEGER GEOM REFS &5 
35231 NZC INTEGER GEOM REFS e.5 
35234 NZONE INTEGER GEOM REFS &5 74 84 as 98 105 11& 

117 121 131 ,&1 175 17b 17'3 1'32 
213 224 248 278 

35232 NZT INTEGER GEOH REFS &5 
1152 PDCTIN REAL PROP REFS &2 252 255 303 30b 

15 PHI REAL ARRAY PROP REFS &2 78 178 
3570 PLEAV REAL ARRAY REFS &7 231 234 2*302 DEFINED 223 231 
1471 POW! REAL REFS 231 DEFINED 230 
3020 oeANO REAL ARRM REFS &7 217 21'3 DEFINED 21b 
11153 QTOTl REAL ARRAY PROP REFS 62 217 21'3 250 2*27'3 283 

DEFINED 214 217 27'3 
572 RADNET REAL ARRAy PROP REFS &2 

1500 RAOST REAL ARRAY REFS &7 lb4 16& 180 21E. 
DEFINED 10& 

4 REfL REAL ARRAY PROP REfS ('2 7& 
14&2 RHO REAL REFS 78 8b DEFINED 7& 

7&2 TEt'P REAL ARRAY PROP REFS &2 295 
1470 TOT REAL REfS 1('4 1(,& 1'315 1'37 1-;~ 228 230 

250 252 2'56 293 DEFINED 1(,2 lb4 1'33 
1'¥5 22(, 228 247 250 282 

1130 W REAL ARRAY GEOM REFS &5 87 'J8 121 DEFINED 8b 87 
170 X REAL ARRAY GEOM REFS &5 230 250 

2250 XJRRA REAL ARRM REFS &7 180 1CJ5 1-;7 21(' 228 
DEFINED 177 17B 180 

0 XLAM REAL AMAY PROP REFS (,2 

FILE NAI'£S r«>OE 
OUTPUT FMT WRITES 101 124 141 147 154 151 1&& 18& 

18~ 1'37 207 211 21'3 234 238 253 255 
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FILE NAMES MODE 
2% 257 2&7 274 283 2'30 2'35 307 

TAPEl UNf"MT REAOS 84 17& MOTION '31 183 
TAPE5 UNFMT READS 280 MOTION 311 
TAPE& UNf"MT READS 281 MOTION 312 
VARIABLES USED AS FILE NAMES. SEE ABOVE 

EXTERNALS TYPE ARGS REFERENCES 
EXIT 0 127 
SAXB 8 '38 121 

STATEMENT LABELS DEFLINt f1EFERENCES 
43 21 80 77 
SO 22 83 7'3 

0 30 '30 74 
0 40 8'3 85 

114 50 105 '3'3 
0 55 107 105 
0 5& 11'3 117 
0 57 132 11& 

1% 5'3 12'3 122 
173 100 134 &'3 10'3 

0 101 13'3 137 
0 105 1&5 1&3 
0 110 1&8 1&1 
0 1'30 181 17'3 
0 200 182 175 
0 210 184 174 
0 220 200 1'32 
0 230 1% 1'34 
0 250 220 213 
0 2&0 218 215 
0 2&5 22'3 227 

515 270 232 2~4 225 
550 280 251 248 24'3 
570 300 2b3 241 

0 310 285 278 
&53 311 30b 303 
657 312 307 305 

0 314 2']7 2'33 
&42 315 2'1'3 28'1 
712 6~ FMT 102 101 

1035 60b FMT 155 154 
1072 &07 FMT 1&7 1&6 1'37 21'1 

754 bOB FMT 142 141 
1002 60'3 FMT 148 147 
1304 610 FMT 268 267 
1343 &11 ;:-MT 275 274 
1372 b12 FMT 284 283 

732 b13 ~MT 125 124 
10Sf, b14 FMT 158 157 18'1 211 
1400 b1'5 FMT 2'11 2'10 
1417 b16 FMT 2% 2'15 
110S b20 FMT 187 lab 
114'5 b30 FMT 208 207 
1231 6'50 FMT 254 253 
12'54 651 FMT 258 255 
12",3 652 F .. r 25'1 25b 
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STATEI'£NT LASEl 5 OEF"L1NE REF"ERENCES 
120' .,53 F"MT 23'5 23. 
1272 .,54 F"MT 2&0 2'57 
~ 427 ('S'5 F"MT 308 307 
1220 &% F"MT 23'l 238 

LOOPS LABEL INDEx F"ROM-TO LENGTH PROPERTIES 
20 100 · " &'l 13' lSE.B EXT REF"S NOT INNER 
22 30 · I 7. 'lO 578 ExT REF"S NOT INNER 
&0 '0 J 85 89 lE.8 OPT 

115 '5'5 I 10'5 107 7P I NSTA(1e 
133 '57 · ICOL 11& 132 ,j78 EXT ~F"S NOT INNER 
13'5 % I 117 11'l 58 INSTACI< 
200 101 · !TAPE 137 13'l sa EXT REF"S 
223 110 

• I 
1&1 1&8 35f3 EXT REFS NOT INNER 

227 10'5 1(,3 1&5 108 OPT 
2.2 · " 1 E.b lE.b 118 ExT REFS 
2b2 210 

• I< 
17. 18. 4&8 ExT REF"S NOT INNER 

2&' 200 · I 175 182 378 El(T REF"S NOT INNER 
307 1'lO J ~ 7'l 181 118 OPT 
33b 220 · I 1'l2200 '28 EXT REFS NOT INNER 
3'2 230 1'l"% 108 OPT 
3'55 1'l7 1'l7 118 EXT REF"<:: 
"0 2'50 213 220 538 :XT REFS NOT INNER 
41E> 2b0 215 218 178 OPT 
44'5 · " 21') 21') lIB EXT REFS 
,&7 ,70 

• I 22' 232 318 NOT INNER 
.7E> 2E>5 227 22') 108 OPT 
5.0 280 2'8 2'51 138 OPT 
57& 310 

• 1 
278 285 228 EXT REFS 

E>2b 314 
• I 

2'l3 2'l7 138 EXT REF"S 

C~ BLOCI<S LENGTH 
PROP 13'0 
GEOM 153b6 

STATISTICS 
~GRAI'1 LENG TH 3bD38 1'l23 
eM LABELED C~ LENGTH '0'502£1 lb 70b 
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'5 

'0 

'~. 

20 

30 

'0 

c 
c 
( 
( 

C 
C 
C 
C 
C 
( 

C 
( 

C 
C 
C 
C 
C 
C 
C 
C 
( 

C 
C 

SUBAOUT INE rHEfMItI.. I I(HE(I( I 

TH I S ~AI'I MAS WR ITTEN BY 
M. A8RAP1S 

THEfMItI.. SCIENCES DIV[S[~ 
SANDIA NaTIOfeAL LABORATORIES 
LIVEAt'()AE. CALIf:OFIftIA ~ 

oo'n~ 
OO'MOO 
00'Ml0 
00'M20 
00'M30 
OO'M'O 
00'M'50 
00'Mb0 

TH;S SI..eAOVTlNE DETE,,"INES THE EI'IISSIVE POMERS ~ ALL ~70 
ZONES IN EACH MAVELEttGTH BMD I (f:. EQIII. I" I I. if: THE ENCLO-OO'M 71 
~ COfeTAINS ZONES MITH THE TYPE 2. BOtH)My CONDITIOfe 00'M72 
I I.E.. MH£AE THE TDl'ERAn. HAS NOT ElEEN INITIALLY 00'M73 
SPEC IFIED I. SI..eAOVTINE ~ ALSO DETE,,"INES THE 00'M74 
TEI"PERAT~S ~ SUCH ZOIIES. 00'M75 

ICHECI< .•..••• OI~TIC PRINTOUT If: .NE. 0 OOCJ'520 
NQ ••••••••••• NO. ~ ZOIIES MHICH HAVE THE lee I i 1=2 OOCJ'530 

iJOUIC)My CONDITION ICOUNTED HEREIN! 00~40 
E!'PI 1.1( I ..••• EI'IISSIVE POMER AT THE ZOIIE I TN THE BAND Ie 00%'lO 
Q f I I ......... THE COl.lJ'9t VECTOR RA()N[T I I I-QTOlll I. 1 I 00'700 

IDEf:INED IN E""11 I 0Q'l701 
TGEStI' ••.••• ~xl"TE TEl9E1tAn.s USED AS INPUT TO 00'l830 

THE EXACT SOlUTIOfI PROCEDURE IN THE CASE OO'l8'C 
~ A NON--GRAY EPiCLOSIJIE 00'8" 

00'l8'2 
ExTERttIoL FUN( ~ 
C~/PfIOP'XLAI'1I41.AEf:L' 3.31 .PHI'31. IAEf:lf 120I.GOAECTI 1201. IBell~ 

1 0 1.t8)S.NSET .RAlJNETll20 I. TE!'Pll20 I .POCHN.QTOTlIl20.2100'l810 
2 .E!'PIl20.31.IQIilOWI120I.N 00"880 
(~/GEOM/j(IfC), 120I.XII20.'I.M' '20.120! .NlB.NlC.NlT .Nf:IC.NlONE.NOO~ 

1 Q.BI 120I.INf'20I.l'.:!Sf 1201 00'l'l00 
OII'£NSIOfe QII20I. TGESll20I.MA!7E.OO' OO~ 

DATA SIGN.NTIM/'5.E>E>'lJE-11.01 
DATA EPS,NSIG. ITNlI.NQIt .E-'.'. to.Of 
NTII'1:NTIP1+1 

~1 
010000 
010010 
010020 
010021 

AS A PAEUMINAR'I' STEP WE DETE,,"INE T~ EMISSIVE POWERS ~ 010030 
THOSE ZONES HAvING THE TYPE 1 OR TYPE 3 BOUNDARy CONDITIOfe 010031 
I Ttl[ TEI'9'ERAT~S ~ THESE ZONES ARE I(I'«*N A PRIORI 1 010032 

010040 
IFf ICHECI(.NE.OIPRINT ("-' 0100'50 

F"OANT 11113'5l1. -EMISSIVE POWER aT ZONES MHICH HAVE lBe=1 AND 3 BOUOI00E>0 
tfC)ARY CONDITIOfeall2E>lI.aZONE-.Sx.e8ANO tao tox.-BAND .2-.10J( •• BAND 3.010070 
2,10ll,.8ANO '.,10X,.SAND Sa/]4_,'5 12l1._UO:W/I'£TER-SQla.1X I II 010080 

00 40 I:l.NlONE 
IFIlBeIII.EQ.2IGO TO 40 
ISET:IREf:ll I I 
00 30 1<:I,t8)S 
RHO=REFL I ISET ," , 
E""" I ,I< I: 11 .-RHOI.[MISSI TE"",1 I I ,.lAl'1J1, ',lIlAl'1II<+1 I, 

)0 COfeTIHUE 

IF I ICHECI< .NE.O 'PAINT b2\i.1. I E"",I I," ',1<=1 ,NBOS I 
b20 FOANTI28J(,13.4.,'5 12 •• Et2.b,2.'/ 

010081 
0100'l0 
010100 
010110 
010120 
010130 
010140 
010150 
010151 
0101_0 
010170 
010180 
010181 

40 C~TIHUE 

PAGE 'l 

PAGE 
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70 

75 

80 

~ 

100 

105 

110 

27 

HERE WE TALLY THE NUl'I!ER OF 1000S HAYING THE 18CIII=2 0101~ 
8Ou..oAqY CONDITION. IF THIS NUl'I!ER IS ZERO WE RETURN TO 010200 
THE CALLING PROGRAM. 010210 

4 NQ=O 
00 1 1=I.NIONE 
IF I IBC 1 I I .EQ.2INQ=NQ+l 

1 CONTINUE 
IF INQ .EQ.O IRETURN 

010220 
010230 
010240 
010250 
0102&0 

HERE WE FORtt.JLATE THE vECTOR IQROwI I I. 
0102&~ 
010270 
010271 
010272 
010273 
010274 
010275 

THE SIGNIFICIONCE OF THIS VECTOR IS AS FOl.LOWSX WE HAVE 
DETERI'IINED A80VE THAT THE NlJ'&:R OF lJN<:NOWN TE~r.ATURES 
IS NQ. IQROwI I I IS THE ROW NlJ'&:R Of'" THE A-"TRlx CQR
RESPONOING TO THE I-TH lJN<:NOWN TEI'WlERATURE 

IF 1 ICHECIC .NE.O I PAINT 4~ 
FOANTIIIISQX.*ROW NO. IN Q 

'*ROW IN R-.. TRlu/l 

NLII'I:O 
00 20 I=I.NQ 
IRF=I+NLII'I 
IF 1 IBC 1 IRF; .EQ .2IGO TO 27 
NL II'I:NL 111+1 
GO TO 25 
IQROwI I I=IRF 

010280 
COfIR£SPONOINGa'50x. aHATRlu. I 3x. 0102~ 

010300 
010301 
010310 
010320 
010330 
010340 
010350 
0103&0 

IFIICHECIC.NE.OI PRINT 500. I. IQROWI I' 
500 FOANTI'54X. 14.17X. 141 

010370 
010380 
010~ 

8 
5 

10 
( 

C 
C 
( 
( 

18 

20 CONTINUE 010400 

HERE WE FORI'! A-l'MTRIx f:OR 8AN(I 1(. THE A-.. TRIII 
IS THE "TRlx PROOU(T [F-II II [RI J fCf:. EQN It & I , 

00 11 I(=I.N80S 

010401 
010410 
010420 
010430 

IT APE =1(+ 1 

00 10 )=I.NIONE 
READ I ITAPE) IBIL I.L=I.NlONE I 
THE B-VECTOR NOW CONTAINS THE 
00 '5 1=1.IIIONE 
WII.JI =0. 
READ I 1 I IBBILI.L=I.NlONE. 
00 8 L=I.NlONE 
If: IL.EQ. I .BBIL I=BBI L 1-1. 
WII.J' =WII.J'+BBllI*BIL' 
CONTINUE 
CONTINUE 
REWINO 1 
CONTINUE 

010440 
010441 
0104'50 
0104&0 

J-TH COl.'-"I Of'" THE YECTOR R-INYERSE 010470 
010480 
0104~ 
Ul0s00 
010510 
010520 
010530 
010540 
010550 
0105&0 
010570 
010571 

NOW THAT A-"TRIII FOR BAf«) " HAS BEE~ FOAtEO WE WE 0fUNT IT010SB0 
1 IF THE DIAGNOSTIC PAINT OPTION HAS BEEN SELECfED, AND THENOt05~ 

WE WAITE IT TO TAPE -ITAPE-. THE INFOANTION NOW THERE 0105~1 
IR-INVERSE I IS NOT NEEDED HENCEFORTH. 010&00 

REWINO ITAPE 010&10 
00 18 I=I.NlONE 010&20 
WAITEIITAPEI IW'I.)I.J='.NlONE' 010&30 
CONTINUE 010&40 
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115 

120 

125 

130 

13'5 

140 

145 

150 

155 

1&0 

170 

If:IICHECI(.EQ.O' GO TO " 
PAINT &23 

&23 f:ORI'IAT I III"X. * THE A-.. TRICES* f' , 
PAINT &24.1( 

&24 f:ORI'IAT I 1&5X. aBANO*. I2f , 
00 14 1=I.NlONE 
RUNT &22. IWI I. J' • J=1 .NIONE' 

&22 f:OANTI 131&I4x.El&.&I '" 
14 CONTI~ 

11 CONTI~ 
C 

00 17 ITAPE=2.N 
REWIND ITAPE 

17 CONTI~ 
C 
C WE DETEAt1INE THE BAND -IBAND- WHOSE PR()fl£RTIES ARE USED IN 
C OBTAINING THE INITIAL Gl£S5 OF iE~RATUflES INPUT TO 15YSTI'I 
C If: THE ENCLOSUfIE IS NON-GRAT 
1& 00 3'5 k=I.N80S 

kk=k+l 
1f:IXLAI'llkkl.GT.3.3IGO TO 3& 

3'5 CONTI~ 
3& IBAND=kk-l 

1f:IICHECk.NE.OI PAINT &25 
&25 f:ORI'IAT r /1I5(,X • • THE COl'-"l VECTOR QI I 't/51X.aElEP£NTa. 3x. 'ZONE* 

1 • 7X. *Q r I 1'/ I 
C 
C HERE WE DETEAt1INE THE VECTOR QI I I. THIS VECTOR 
C 15 THE SET OF THE NQ kNOWN ElEP£NTS OF THE B-vECTOR 
C WHICH IS EQUIVAlENT TO EQN. 117. 

00 110 1=I.NQ 
IRF=IQROwr I 1 
Q r I I =RAONET r IRF I-QTOTl 1 IRF. 1 ! 

If:t ICHECk.EQ.O' GO TO 110 
PAINT &2&. I. IRF .QI I' 

&2& f:ORI'IATI54X. 13.8X. 13.&X,E12.&1 
110 CONTI~ 

WITH THE B-vECTOR kNOWN. WE CAN NOW CALCUl.ATE THE NQ 
ELEP£NTS IN THE R. H. S. OF EQN. 120' 
T"IS IS DONE IN THE NEXT -00 lOOP M 

47 CONTI~ 
If:IICHECI(.NE.OI PAINT &27 

&27 FORI'IAT" /l5&x, a R.M. 5. EQN I~ "/&OX. *1* .8X. aR .H. 5. EQN 1201811 

00 200 I:1,NQ 
IRF5:IQROwI I, 
LL=1 
LU::NfJOS 
IFINTI"'.GT.I' GO TO 4& 

IF NTI"'.GT.1 TEMPERATURE ESTIMATES I PAESUHA8l Y RELIABlE 
ONES' ALREADy ExIST FOA TIotOSE ZONES HAVING THE IBC 1 II =2 
BOUNOARY CONDITION. THEREFORE WE CAN GO TO 4& WHERE WE 
BEGIN THE ExACT CALCUlATION FOA R.H.S. OF EQN. 1201. 
ON THE OTHER HAND, IF NTII'l=I NO SUCH ESTIMATES YET Ex 1ST. 
AND WE OETEAt1INE T£I'FERATURES By ASSUf1ING THAT THE 

010&50 
010&&0 
010&70 
010&80 
010&~ 
010700 
010710 
010720 
010730 
010740 
010741 
010750 
0107&0 
010770 
010771 
010777 
010778 
01077~ 
010780 
0107~ 
010800 
010810 
010820 
010821 
010830 
010840 
010es0 
0108'51 
0108'52 
0108'53 
0108'54 
0108&0 
010870 
010880 
01~ 
01~ 
01~10 
010Q2O 
010Q21 
010Q3O 
01~31 
010'B2 
01~0 
01~ 
010%0 
010%1 
010~70 
01~ 
01~ 
011000 
011010 
011020 
011030 
011040 
011050 
0110&0 
011070 
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175 

180 

185 

200 

210 

21'5 

220 

22'5 

C 
C 
C 
C 
C 
C 

ENCLOSURE IS GRAY. IN THIS CASE WE CALCULATE AN 
APPf':()XIMATE R.H.S. OF EG.I201 CORRESPOt«JING TO A GRAY 
ENCLOSURE. THE PROPERTIES OF THE ··IBANO- TH·· BAND ARE USED. 

011080 
0110qQ 
0110~1 
011100 LL=IBAND 

LU=IBAND 
4& SUH=O. 

011110 
011120 
011121 

WE READ THE 
00 48 K=LL.LU 
ITAP£: = 1(+1 

A-MATRIX FOR THf I(-TH BAND INTO ~ ARRAY WfI.JIt'1t122 
011130 
011140 

00 4~ L=I.NZONE 
READlrTAPEI fWIL.JI.J=I.NZONEI 
CONTINlE: 
REWIND ITAPE 

011150 
0111&0 
011170 
01 t180 
011181 

WE NOW PERFORt1 THE 
OF EQN 1201 

00 140 J=I.NZONE 
IFIISCIJI.EG.21 GO TO 140 

-r SUM1ATIONS INDICATED ON THE R.H.S. 011182 
011183 
0111qQ 
011200 

ICI'lJL =EroF I J. Ie I 
IFf INTlI1.GT .1'.OR. fHBDS.EQ.l I IGO TO '5'5 

WE EXECUTE THE FC/LLOWING 3 STATEP£NTS ONLY IF R.H.S. Of' EQ. 
CORRESPONDING TO A GRAY ENCLOSURE IS BE.ING CALCULATED 
FOR THE PI.J¥)OSE Of' OBTAINING TEK'ERATUAE ESTIMATES WHICH 
CAN BE INPUT TO THE SC/LUTlON PfIOCEDtI£ FOR THE NON-GR.Y 
PROSLE" 

ISET=IREFLI J I 
RHO=REFL 1 ISET. IBAND 1 
1C1'lJL=11 .-RHO I.SIGN.TE,.." JI .... 

011210 
011220 
011221 

20011230 
011240 
011250 
0112{,() 
011270 
011280 

55 SlJI1=SUl"l+Wf IRFS.JI .tCptUL 

0112qQ 
011300 
011310 

140 CONTlNlE: 011320 
011321 
011330 
011331 
011340 

C 
&28 
C 

48 CONTlNlE: 

B f I I =Q f I I -SUf1 

IFfICIECk.fE.OI PRINT E.2B.I.BHI 
THE a-VECTOR NOW CONT.INS THE R.~.S. Of' EQ 1201 

FORNTI5Qx.13.&X.EI2.&1 

Ott~1 
011350 
011lbO 
011370 
011371 

200 CONTI NlE: 011380 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

IFflNTIH.GT.ll.AND.IHBDS.GT.lIiGO TO 170 
011381 
011J'!O 
011 JCjl 

HERE WE OETEAl'tIfE 011 ~ 
THE COEFFICIENT .. TRlx I I.E.. nE .-NTRlx IN EQ 12011 011400 
USED IN THE SOLUTION Of' TIE GMY ENCLO'iUIIE PROI!LEI1. 01''''0 
WE THEN OETEAl'tlfE TEI'FERATt.llES By SOLVING" SET Of' UfEAR 01 t.t20 
ALGEBRAIC EQUATIONS. THIS OETEAl'tINATlON IS NO[ ONLY IF 011"30 

• t THE ENCL05t.IiE INTERIOR IS ACTUALLY GMY OR 011«0 
Bt THE ENCLOSt.IiE IS NON-GMY AND NTI":1 IN WHICH C.SE 011ol'5O 

IT APE = 1 BAND. t 

WE fEED TIE FIRST ESTI"TES Of' TEI'FERATt.II£ AT THE 0114(,Q 
lBe' I 1:2 ZOfES 01, .. 70 

011.t8Q 
00 128 L=l.NZONE 0114qQ 

011500 READIITAPEI ''''L.JI.J=1.NZONE' 
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230 

240 

245 

2'55 

2&0 

2&5 

270 

275 

280 

285 

128 CONTINlE: 011'510 
011'520 
011521 
011'5.tO 
0115'50 
01 t5E.O 
011570 
011580 
0115-,0 
011600 
011&10 
011&20 
011&30 
011&31 
Ott &32 
011 &.to 
01fb.tl 
011&'50 
011&&0 

( 

( 

REWIND ITAPE 

IF! ICHECk .fE.OI PRINT ~ 
&~ FORNTIIII&2X •• THE A-MATRix '(10. EQ. 20'.# 

00 130 I=I.NG 
IAFS=UlftOW' I I 
00 125 J:l.NQ 
MS=JQROWIjI 
WtI.JI =WIIRFS.MS' 

125 CONTlNlE: 
IFIICHE(k.fE.OI PRINT &22. II .. I.JI .J=f.NQI 

130 CONTlNlE: 

INIT=O 
(ALL SAxe! 12O.NQ. 1 .... B. INIT. nt.k£R 1 

IFlkER.EQ.OI GO TO 131 
PRINT &30.kiR 

b30 FORNT" 15X •• ERfIOR OETECTED IN SAxe CALLED ROf THEAI'tAL 
CALL ExIT 

131 IFfICHECk.EQ.O. GO TO 132 

kEf'=·.151011&70 
011&80 
011&81 
011&'K) 
011&~1 

PRINT &31 011700 
&31 FORI'tI'Tf"/25X.eESTI"TES Of' TEl'FERATt.IIES AT ZONES .. ITH lBeIlI:2 B.011710 

1 C •• S (XACT TE~ IF GMY PRC6l.EI1uf47X •• lONE NO ..... x •• TEI'FER.TlJE0t172O 
2 •• 3X •• EMISSIVE POWER., I 011730 

132 00 135 J:1.NQ 
IRFS=IQROWt I' 
ISET=IAEFL I IRFS I 
RHO=AEFL' ISET. IBAND I 
TGESI I 1=11111/1 I'.-RHO'.SIGNII ••• 25 
TEroFl IRf."S I:TGESI I I 
EroFIIAFS. IIANtll=81 I I 
IF (ICIECk.NE.O IPRINT &32. IRFS. TGESI I I.BI I I 

&32 FORI'tI'TI'50X. I3.&x.E12.&.4X.E12.& I 

011731 
0117 .. 0 
0117'50 
0117&0 
011770 
011780 
0117'K) 
011800 
011810 
011820 
011830 
011831 
011B.tO 
0118 .. ' 
0118'50 
0118&0 
011870 
011880 
011~ 
011~ 
011~ 

0""0 
011Ql1 

C 

( 

C 

, 35 CONTlNI£ 

IF I HBDS.EQ.1 ,RETURN 

NTII1=NTlH+1 
GO TO 47 

WE GO BACk TO 47 WHERE WE COKJUTE Ti£ ExACT VALUE 
OF R. H. S. EQ. 120' FIlA THE I'lJL T1-BAHO PRC6l.EI1 

170 CONTINlE: 

IERE WE USE THE SC/LUTION PROCEDURE FOR SC/LvtNG 
EQUATION 1201 FOR NO. Of' BANDS > 1 

ITMAICX=IT .. X 
CALL ZSYSTM,FUNC .EPS,NSIG.NQ. TGES. ITNxX.WA.PAR. IER I 

011~ 

0"'30 
011931 

ItfICHECk.NE.O' PRINT E.33.1TNxx 011~0 
&33 rORf1ATU/5x.*NO. Of' ITER.TIONS IN SOlVING SET Of' NON-LINEAR EQUAT 011qSQ 

HONS', I51 011%0 

PAGE 4 

PAGE 5 



SUBROUTINE THERMAL 7~f7~ OPT=O TRACE HN ~.&+~3~ 07/22/81 1~.5&.32 PAGE & 

011%1 
IFtlCHECk.NE.OI PRINT &~ 011~70 

&34 FORHATr" /~5X,*EXACT TEPPERATURES AT ZONES WITH IBCIII=2 B.C.*/ 011"380 
153x, * ZONE * ,3X, * TEPPERATURE*/I 011~ 

2~ 011~1 
00 14E. 1=1,NQ 012000 
IRFS=IQAOWI I 1 012010 
ISET=IREFL 1 IRFS 1 012020 
TE~I IRFSI =TGESr I 1 012030 

2'3'5 012031 
IF rlCHECk .NE.O .PRiNT 635, IRFS. TE~I IRFS I 012O~0 

635 FORHATl55X,12,6X,E16.101 012050 
012051 

00 145 k=1,NBOS 0120(,() 
300 AHO=REFL I I SET ,10 012070 

E~I IRFS.k I=EMISSITGESf I I.XLAl'fIKI.XLAl'fIK+111*i 1.-RH01 012080 
1 ~5 CONTINl£ 01~ 

012O~1 
14E. CONTINl£ 012100 

305 C 012101 
RETURN 012110 
ENO 012120 

SY~IC REFERENCE I'to\P IR=2' 

ENTRy POINTS IJEFUNE REFERENCES 
~ THERHAL 1 65 26<) JOE. 

YAR I A8l.ES SN TYPE RELOCATION 
3523£. B REAL ARRAY GEOM REFS 2<) tOt 20<) 244 2&2 264 265 

DEFIfED <)4 207 
35&16 BB REAL ARRAY GEOM REFS 2<) 100 101 DEFINED '*l 100 

1533 E~ REAL ARRAY PROP REFS 26 54 1<)1 DEFINED 51 264 301 
10&1 EPS REAL REFS 281 DUlfED 34 
210 GORECT REAL ARRA; PP.OP REFS 26 

1445 I INTEGER REFS 47 48 2851 2.54 &3 1<) 83 
2*&t .,7 100 2.'01 113 121 141 148 

2*150 162 2*207 2*20<) 235 238 240 25<) 
2*2&2 263 2(.4 2.265 ~ 2<J4 301 

DUlfED 4E. 62 78 % 112 120 14& 
1(.1 234 258 2<)1 

1~57 IBANO INTEGER fIEFS US 17E. 200 226 26' 264 
DUllED 137 

400 IBC INTEGER ARRAY PROP REFS 26 47 &3 80 1 'to 
0 ICHECK INTEGER F.P. IlUS 41 54 73 &t 115 1~ 14<) 

158 20<) 232 240 251 265 283 287 
~ DUllED 1 

1~72 IER * INTEGER IlUS 281 
35~2E. IN INTEGER ARRAY GEOM fIEFS 2<) 244 

14E.6 INIT INTEGER fIEFS 244 DUllED 243 
2303 IQAOW INTEGER ARRAy PAOP lIEF'S 26 &t 147 162 235 231 25<) 

~ DUllED 83 
20 IREFL INTEGER ARRAy PAOP IlEFS 26 48 ,.,., 260 2<)3 

SlB'OUT INE THE .... L 1~l14 QPT=O 1"M(£ FTN 4.f>+43't 01122/81 14.'56.32 PAGE 7' 

YARIA8l.ES SN TYPE RELOCATION 
1~52 IRF INTt~R IIE!>S 80 83 2.'48 150 DEFINED l' 147 
14E.O IRFS INTEGER IlUS 202 23R 260 263 2(.4 265 2<)) 

2<J4 2e~ JOW DUINED 162 23"5 25 2<)2 
144& ISET INTEGER fIEFS 50 200 261 300 DEFINED 46 ,.,., 

260 2<)) 
1453 ITAPE INTEGER DUllED " 126 181 22E. 110 REFS <)4 111 

113 127 ,.B3 185 228 230 
10$,.3 n .... x INTEGER fIEFS 280 DUllED 34 
1~10 IT .... XX INTEGER IlUS 281 283 DUINED 280 
1454 J INTEGER IlEfS ')1 2.'01 113 121 18) 1 'to 1<)1 ,.,., 201 202 228 237 238 240 

DUINED '3 113 121 183 18<) 228 23& 
240 

1~&5 JRFS INTEGER REFS 238 DUINED 237 
1441 k INTEGER REFS 50 )a51 54 <)1 118 1)4 181 ," 300 )aJOI DUINED 4' 54 'to 133 

180 2'" 
14E.1 kER INTEGER REFS 244 24f> 241 

0 kINO INTEGER ARRAY GEOM REFS 2<) 
14'56 kk INTEGER REFS 1315 137 DUINED 134 
1455 L INTEGER IlUS <)4 .. 38100 28101 183 228 

DUINED ,. .. .,., 182 221 
14E.1 LL INTEGER IlUS 180 DUllED 163 115 
1462 LU INTEGER IlUS 180 DUllED 164 116 
2~13 N INTEGER PROP REFS 2ft 12ft 

570 N8DS INTEG::R PAOP IlEfS 26 .., 54 'to 133 164 1<)2 

2'5 2ft., 2'" 
35233 NFIC INTEGER GEOH IlUS 2<) 
1~51 NLII'1 INTEGER IlUS 7'J 81 DEFINED 17 81 

35235 NQ INTEGER GEOM IlUS 2<) 63 65 18 14E. 161 2~ 
23(. 240 244 258 281 2<)1 

DUINED 34 61 63 
511 NSET INTEGER PROP REFS 2ft 

10&2 NSIG INTEGER IlUS 281 DUllED 34 
10&0 NTII'! INTEGER REFS 35 165 1<)2 215 211 

DEFIlED 33 35 271 
35230 NZ8 INTEGER GEOH IlEfS 2<) 
35231 NIC INTEGER GEOM IlEfS 2<) 
35234 taONE INTEGER GEOM IlUS 2<) 4E. 62 ~3 ,. % <)8 

'" 112 113 120 121 182 183 18<) 
227 228 

35232 taT INTEGER GEOM IlEfS 2<) 
1411 PM • REAL IlEfS 281 
1152 POCTIN REAl PAOP REFS 2ft 

15 PHI REAl ARRAy PAOP IlUS 26 
1413 Q IlEAL ARRAY IlUS 31 150 201 DEFINED 1~8 
1153 QTOTL REAL ARRAY PAOP IIE!>S 2E. 148 
572 RADNET IlEAl ARRAY PAOP IlUS 26 148 .. REFL REAL ARRAY PAOP IlUS 2E. 50 200 261 300 
1~50 RHO REAl REFS 51 201 2E.2 301 DEFINED 50 200 

261 300 
1057 SIGMA FtEAl REFS 201 2&2 DEFINED 33 
14E.3 SUM REAL REFS 202 207 DEFINED 117 202 

762 TEI'IP REAl ARRAY PAOP IlEfS 2(, 51 201 2% DEFINED 263 2<J4 
1&&3 TGES REAl ARRAY IlEfS 31 263 265 281 2<J4 301 

DEFINED 2&2 
1130 W REAL ARRAY GEOM REFS 2<) 101 113 121 202 238 240 



SUBROUTINE THERHAL 74174 OPT=O TRACE 

VARIABLES SN TYPE RELOCATION 
2 .. 4 DEFINED 

20'53 UA REAL ARRAY REFS 31 
170 X REAL ARRAY GEOH REFS 2'3 

0 XLAH REAL ARRAY ~ REFS 2E. 
'''64 XttJI.. REAL REFS 202 

FILE NAMES HOD[ 
OUTPUT FHT WRITES .. , 54 

150 158 20CJ 
287 2% 

TAPE 1 UNFMT hEADS ~ f'()TION 
VARIABLES USED AS FILE NAMES. SE[ ABOVE 

EXTERNALS TYPE ARGS REFERENCES 
EHISS REAL 3 51 301 
EXIT 0 24<t 
FUNC 0 25 281 
SAXe 8 2 .... 
ZSYSTH q 281 

STATEMENT LABELS OEFLINE REFERENCES 
0 1 6" 6.? 
0 .. INACTIVE 61 
0 5 103 % 
0 8 102 ~ 
0 10 10'5 <t3 

31 .. 11 12" qo U5 
0 , .. 123 120 
0 16 INACTIYE 133 
0 17 128 12E. 
0 18 1, .. 112 
0 20 86 78 

130 25 7<t 82 
141 27 83 80 

0 30 52 .. " 0 35 136 133 
3"2 36 137 135 

77 40 56 46 n 
420 46 177 1&~ 
374 47 157 272 

0 48 20'5 180 
0 .. <t la. 182 
~ 55 202 1~ 
370 110 152 '46 '''9 

0 125 23't 236 
0 128 22'3 227 
0 130 241 23.t 

656 131 251 246 
662 132 258 25' 

0 135 2&7 258 
514 140 203 189 t'D 

0 145 302 2'J9 
0 146 304 ~1 

735 170 275 215 
0 200 213 1&' 

1131 4~ FHT 7 .. 73 
" .. 7 500 FHT 8'5 a. 

SU8ROUTINE THEfIHAL 7 .. 17 .. OPT=O TRACE 

STATEMENT LABELS OEFLINE RE~ES 
l0E.7 £.1' FI1T 42 4' 
1122 fo2O FI1T 55 5.t 
1215 622 FHT 122 121 240 
1174 623 FHT 117 U& 
1204 624 FHT 119 H8 
1224 625 FHT 140 1)C) 
1242 62& FHT 151 150 
1250 627 FI1T 15' 158 
1273 628 FI1T 2;1 20'! 
1310 ~ FI1T 233 232 
1327 £.30 FHT 2.t8 247 
,3 .. , E,31 FHT 254 253 
1370 £.32 FHT 266 2&5 
, .. 00 £.33 FI1T 2a. 283 
''',3 63 .. FHT 288 287 
1433 635 FHT ~7 2'!E. 

LOOPS LABEL INDEx FROH-TO LENGTH PROPERTIES 
25 40 

• I 46% 55B EXT REFS 
35 30 

• k 
4' 52 228 EXT REFS 

£.3 
• k 5" 5" 118 EXT REl=S 

lOE. 1 I 62 E.4 108 OPT 
127 20 

• I 
78 SEt 258 EXT REFS 

156 11 
• k 

qo 12" '418 EXT REFS 
163 10 

• J 
'3 10'5 52B EXT REFS 

173 ". 

• I 
% 103 358 EXT REFS 

207 8 L ~ 102 168 OPT 
241 18 

• I 
112 11" 218 ExT REFS 

2 .. 
• J 

tt3 tt3 118 EXT REFS 
272 , .. 

• I 
120 123 218 EXT REFS 

275 
• J 

121 121 118 EXT REFS 
321 17 • ITAPE 12E. 128 '58 EXT REFS 
330 35 

• k 
133 136 118 OPT EXITS 

351 110 
• I 

146 152 228 EX" REFS 
401 200 • I 

1&1 213 1358 EXT REFS 
"23 "8 

• k 
180 20'5 778 ExT REFS 

"30 .. , 
• L 

182 lac 218 EXT REFS 
433 

• J 
183 183 118 EXT REFS 

455 '''0 J 189203 .. 28 OPT 
5 .. 7 128 

• L 
227 2~ 218 EXT REFS 

552 J 228 228 118 EXT REFS 
577 130 I 23.t 2 .. ' ... [XT REFS 
E,04 125 J 236 23' 1'58 OPT 
E,25 

• J 
240 240 118 EXT REFS 

663 135 
• J 

258 2&7 .. 38 EXT REFS 
751 146 

• I 
~1 304 .t6B EXT REFS 

772 145 
• t< 

2~ 302 228 ExT REFS 

COHf'()N BlOCkS LENGTH 
PROP 13"0 
GEOI'1 15366 

STATISTICS 
PAOGAAH LENGTH 207 ... SEt7E, 
CH LABELED COI'1f'()N LENGTH 40'502B lE,70E. 

FTN ".E.+"3'3 

<t7 101 
281 

2-51 135 
DEFINED 1~1 

73 8" 
232 240 

104 

fOnt ".fo")C) 

NOT (flIER 

NOT IMER 
NOT .MER 
NOT .MER 

NOT (MER 

NOT IMER 

NOT IMER 
NOT IMER 
NOT IMER 

NOT IMER 

NOT IMER 

NOT IMER 

07122/81 14.56.32 

183 

2-301 
201 

11& 
2 .. 7 

01122181 

228 

118 
253 

'4.%.32 

PAGE 

238 

121 
2E.5 

PAGE 

8 

13<t 
283 

., 



FUNCTION FUNC 74174 OPT=O TRACE 07/22/81 14.5E..32 

5 

10 

15 

20 

25 

30 

40 

45 

50 

c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

FUNCTION FUNCcTGES.I.PARI 

THIS PROGAAtt WAS WRITTEN BY 
H_ ABRAHS 

THERHAL SCIENCES DIvISION 
SANDIA NATIONAL LASORATORIES 
LIVERf()RE. CALIFORNIA 94550 

THiS FUNCTION COI'FUTES THE DIFFERENCE BETWEEN THE RIGHT 
AND LEFT HAND SIDES OF EQUATION 20_ THIS DIFFERENCE IS 
EXPRESSED tty EQN 1231_ 
FIMe IS OPERATED l..aN BY -ZSysnr_ 

012130 
012140 
012150 
0121E.0 
012170 
012180 
0121'30 
012200 
012210 
012220 
012221 
012222 
012223 

C()I'W'()N/GEOH/KINDI1201.XI12O.4'.IU 12O.1201.NlB.NlC.NlT .NFlt: .NlONE.NOt2230 
1 Q.BI1201.INI1201.8811201 012240 

C()I'W'()N/PROP/XLAttI4 •• REFU3.31.PHII31.IAEF!...1 1201.GDRECTI 1201. IBC112012330 
1 01.NBOS.NSET.RADf£Tl1201.lD'P11201.POCTIN.QTOTl.! 120.21012340 
2 .EtFl 120.31. IQROIU1201... Ot235O 

DII'£NSION TGESI1201 Ot2360 

C PRINT 500. cTGESllI.L=l.NQI 
012361 
012370 
012380 
012381 

C 500 F'QRtMTlI1X.aIlGESILI.L=1.NQla.1EI6_ QIJIHX.1El(._'U II 
C 

C 

C 

10 

C 

IRFS=IQROWI I I 
SUH=O_ 

00 100 K=1.NBOS 
ITAPE=K+l 

00 10 L=l.HZONE 
READ II TAPE I IWIL.JI.J=1.NlONEI 
CONTINt£ 
REWIND ITAPE 

Ot23'JO 
012400 
012401 
012410 
012420 
012421 
012430 
012440 
012450 
012«.0 
0124E.l 
0'2470 
012480 
0124'30 
012500 

C 

C 
C 

00 80 J=1.NQ 
ICF'S=IQROWIJI 
ISET=IREFLI ICFS I 
RHO=REFLI ISET.K I 
SUH=SUf1+W. IRFS. reF'S I 

80 CONTINt£ 

100 CONTINt£ 

aEHISSITGESUI.XLAttIlO .XLAttIK+ll1aU _-RHOl 012510 
012520 
012521 
012530 

C 

(NOTE THAT BI I I JERE REPRESENTS THE R_ H_ S. OF EQ_ 201 
FIMe=BIII-SUH 

C PRINT 4".I.FUNC 
C 4" FOAHATf17X.alJ.F'UNCla.I5.E16_101 
C 

RETURN 
END 

012531 
012532 
012540 
012541 
0125'50 
Ot25E.Q 
0125E.t 
012570 
012580 

FUNCTION F'UNC 74/74 OPT=O TRACE ~lN 4_('+43'! 07122191 

SYI't3Ol.IC REFERENCE HAP IR=21 

ENTRY POINTS DEF' LINE REF'ERENCES 
5 FUNC 1 50 

VARIABLES SN TYPE RELOCATION 
35236 B REAL ARRAY GEOH AEf"S 14 
35E.16 88 REAL ARRAY GEOH AEf"S 14 

1533 EtF REAL ARRAr PROP IlUS " 13E. FUNC REAL DEFINED ~ 
210 GDRECT REAL ARRAY PfO- IlUS 1(' 

0 I INTEGER F_P_ AEf"S 24 ~ DEFINED 
400 IBC INTEGER ARRAY PROP IlUS 16 
145 ICF'S INTEGER IlUS 37 3'! DEFINED 3E. 

35426 IN INTEGER ARRAY GEOH AEf"S '4 
2303 IQROW INTEGER ARRAY PROP AEf"S 1(, 24 3E. 

20 IREFL INTEGER ARRAY PROP IlUS tEo 37 
137 IRFS INTEGER REF'S 3'! DEFINED 24 
1 <IE. ISET INTEGER IlUS 38 DEFINED 37 
142 ITAPE INTEGER DEFINED 28 1/0 IlUS 3' 33 , .... J INTEGER IlUS 31 3(, ~ DEFINED 
141 K INTEGER IlUS 2e 38 2a~ DEFINED 

0 KIND INTEGER ARRAY GEOH AEf"S '4 
143 L INTEGER AEf"S 31 DEFINED 30 

2473 N INTEGER PROP REFS 16 
570 NBOS INTEGrR PROP IlUS 1(. 27 

35233 NFIC INTEGER GEOH IlUS 14 
35235 NQ INTEGER GEOH IlUS 14 35 

571 NSET INTEGER PROP IlUS 16 
35230 NlB INTEGER GEOH AEf"S 14 
35231 NlC INTEGER GEOH AEf"S 14 
35234 HZONE INTEGER GEOH AEf"S 14 30 31 
35232 HZT INTEGER GEOH AEf"S 14 

0 PAR REAL -UNUSED F.P. DEFINED 1 
1152 POCTIN REAL PROP AEf"S 16 

15 PHI REAL ARRAY PROP AEf"S 16 
1153 QTOYL REAL ARRAY PROP AEf"S 16 
572 RADf£T REAL ARRAY PROP AEf"S 1(. 

4 REF'L REAL ARRA: PROP REFS ,(. 38 
147 RHO REAL REFS 3'! DEFINED 38 
140 SUH REAL REFS 3'! 45 DEFINED 25 
7E.2 TEtF REAL ARRAY PROP AEf"S t(. 

0 TGES REAL ARRAY F'.P_ REFS 19 ~ DEFINED 1 
1130 W REAL ARRAY GEOH ·REFS 14 3'! DEFINED 31 

170 X REAL ARRAY GEOH AEf"S t4 
0 J(LAH REAL ARRAY PROP REFS 1E. 2a3'! 

VARIABLES USED AS FILE NAI'£S. SEE ABOVE 

EXTERNALS TYPE ARGS REFERENCES 
EHISS REAL 3 3'! 

STATEI'£NT LABELS DEF' LINE REF'ERENCES 
0 10 32 30 
0 80 40 35 
0 100 42 27 

14.%.32 

31 
27 

3'3 

PAGE 

PAGE 2 



FUNC TI ON FUNC 

LOOPS LABEL INDEx 
2& 100 

• I< 33 10 
• L 3& 
• J &0 80 
• J 

74174 

FROH-TO 
27 42 
30 32 
31 31 
35 40 

OPT=O TRACE 

LENGTH 
&&8 
21B 
lIB 
31B 

PROPERTIES 

FTN 4.&+43q 

ExT REFS NOT INNER 
ExT REFS NOT INNER 
ExT REFS 
ExT REFS 

COHHON BlOCI<S LENGTH 
GEOH 
PROP 

STATISTICS 
PROGRAH LENGTH 

153&& 
1340 

15E.B 110 
CH LABELED COHHON LENGTH 40'5028 ~ & 70& 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

FUNCTION EHISS 74174 OPT=O TRACE FTN 4.&+4Jq 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 
C 

c 
c 

FUNCTION EHISSIT.Wl.W21 

THIS PROGfIAH WAS WRITTEN BY 
1'1. ABRAMS 

THERt1AL SCIENCES DIVISION 
SANDIA NATIONAL LABORATORIES 
LVERI1ORE. CALIFORNIA ~550 

COf'PUTES THE EI'IISSIVE POWER OF A BLACk BODY OVER THE 
WAVELENGTH RANGE WI TO W2. 

T ••••••••••• ABSOLUTE TEKlERATURE OF BLACI< BODY ICEG-k 1 
Wl.W2 ••••••• LOWER AND UPPER WAVELENGTHS IflICRONSI 
UNITS OF EI'IISSIVE POWERl kW/I1ETER**2 

DIMENSION WI21.RI21.Bll01 

DATA PI415.IBI 1 I. 1=1 .101 1£'.4QJCjJ<M05. 
1 .1~7. -.03333333333. 
2 - .03333333333. .0757575757£,. 
3 1.1r,r,r,r,r,r,r,7. -7.Qq215E.Br.3. 
4 -52Q. 1242424 I 

.02J8Oqs2381 • 
-.2'531135531, 
'54. Q71177Q4. 

DATA THIRO.C2.SIGI'IA/.3333333333333.14388 •• 5.r,r,Q3E-l1 I 

Wlll=Wl 
W121=W2 
00 50 1=1.2 
RI I I=P1415 
WIT=WI I I.T 
IF IWIT .LE.l .E-4IGO TO 50 
RI I 1=0. 
IFUHT.GE.1.E+QIGO TO 50 
Xl=C2/WIT 
X2=Xl'Xl 
X3=x2*Xl 
SUH=I.E-50 
IFI)(I.GE.2.IGO TO 20 

BEGINNING Of' EQN 27.1.1 IN HI'F 
FAC=I. 
TOP=1. 
00 10 J= 1.10 
J2=2'J 
FAC=f'AC*J2* I J2-1 I 
TOP=TOP*x2 
ADD=8IJ I *TOP/I I J2+31.FAC I 
SUI'I= SUH+ADD 
IF I ASS/ ADD ISUI'I I .L T • I.E-£' I GO TO 15 

10 CONTINUE 
15 RIII=)(3 'ITMIRO-.I25tXl +SUHI 

GO TO 50 

BEGINNING 0' ::aN 27.1.2 IN HI'F 
20 00 30 J= 1 • 1 0 

Z=J.)(1 
tf'IZ.GT.E.70.133.34 

33 AOO=O. 
GO TO 32 

07/22/81 14.5&.32 

07/22/81 14.5&.32 

012'5qo 
012&00 
012&10 
012&20 
012&30 
012&40 
012&50 
012&&0 
012&70 
012&80 
012&qo 
012700 
012710 
012711 
012720 
012721 
012730 
012740 
012750 
0127&0 
012770 
012780 
012781 
0127qo 
012800 
012810 
012820 
012830 
012840 
012850 
0128&0 
012870 
012880 
0128qo 
012qQO 
012qlO 
012qll 
012Q20 
012Q30 
012Q40 
012qsO 
012%0 
012Q70 
012Q80 
012Qqo 
013000 
013010 
013020 
013030 
013040 
013041 
013050 
0130E.0 
013070 
013080 
0130qo 
013100 

PAGE 3 

PAGE 



FUNCTION EMISS 74174 OPT=O TRACE FTN 4.&+43'3 07/22/81 14.5&.32 PAGE 2 

34 EX=EXPI-Z) 013110 
J1 =J 013120 

&0 J2=Jl*J 013130 
J3=J2*J 013140 
J4=J3*J 013150 
ADO=EX* I X31 Jl +3. *X21 J2+&. 'Xli J3 +&.1 J4) 0131&0 

32 SUM=SUM+ADO 013170 
b5 IF I ASSI ADO/SUM) .L T. 1 .E-&) GO TO 35 013180 

30 CONTINUE 0131'30 
35 RI I )=IPI415-SUM) 013200 
50 CONTINUE 013210 

EMISS-::ISIGMA/PI415)*IT**41*IRI11-RI211 013220 
70 RETURN 013230 

ENO 013240 

SYMBOLIC REFERENCE MAP IR=21 

ENTRY POINTS DEF LINE REFERENCES 
5 EMISS 1 70 

VARIABLES SN TYPE RELOCATION 
2b2 ADO REAL REFS 4& 47 &4 b5 DEFINED 45 5b 

&3 
274 B REAL ARRAY REFS 15 45 DEFINED 17 
233 C2 REAL REFS 32 DEFINED 22 
247 EMISS REAL DEFINED b'3 
2&4 EX REAL REFS &3 DEFINED 58 
25& FAe REAL REFS 43 45 DEFINED 3'3 43 
250 I INTEGER REFS 27 28 30 4'3 &7 

DEFINED 2& 
2bO J INTEGER REFS 42 45 54 5'3 &0 &1 &2 

DEFINED 41 53 
2&5 J1 INTEGER REFS &0 &3 DEFINED 5'3 
2&1 J2 INTEGER REFS 2*43 45 &1 &3 DEFINED 42 bO 
2&& J3 INTEGER REFS &2 &3 DEFINED &1 
2b7 J4 INTEGER REFS &3 DEFINED &2 
231 PI415 REAL REFS 27 b7 &'3 DEFINED 17 
272 R REAL ARRAY REFS 15 2*b'3 DEFINED 27 30 4'3 b7 
234 SIGMA REAL REFS b'3 DEFINED 22 
255 SUM REAL REFS 4& 47 49 &4 f,5 &7 

DEFINED 35 4f, f,4 
0 T REAL F.P. REFS 28 f,9 OEFINED 

232 THIRD REAL REFS 4'3 DEFINED 22 
257 TOP REAL REFS 44 45 DEFINED 40 44 
270 W REAL ARRAY REFS 15 28 DEFINED 24 25 
251 wIT REAL REFS 29 31 32 DEFINED 28 

0 W1 REAL F .p. REFS 24 DEFINED 1 
0 w2 REAL F.P. REFS 25 OEFINED 1 

252 )(1 REAL REFS 2*33 34 3b 49 54 f,3 
DEFINED 32 

253 x2 REAL REFS 34 44 b3 DEFINED 33 
254 n REAL REFS 49 &3 DEFINED 34 
263 Z REAL REFS 55 58 DEI='INED 54 
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EnERNALS TYPE ARGS REFERENCES 
E)(P REAL 1 LIBRARY 58 

I NLI NE I" LINe TI ONS TYPE ARGS ocr LINE RErERENCES 
ASS REAL 1 INTRIN 47 65 

5TATEI'£NT LABELS OCFLINE REFERENCES 
0 10 48 41 

117 15 4~ 47 
126 20 53 36 

0 30 66 53 
175 32 64 57 

0 33 INACTIVE 56 55 
141 34 
207 35 
213 50 

I.OOPS LABEL IND£~ 
25 50 · I 6E. 10 

• J 127 30 
• J 

STATISTICS 
PROGRAM LENG TH 

10 

15 

20 

25 

30 

40 

'50 

58 55 
67 65 
68 2b 2~ 31 50 

FROM-TO LENGTH PROPERTIES 
26 68 1718 El(T REFS NOT INNER 
41 48 308 OPT E)(ITS 
53 b6 578 EXT REFS ExITS 

3148 204 

74174 OPT=O TRACE 

SUBROUTINE FouP1P 

SANOIA MATHEMAHCAl. PROGRM'I LIBRARY 
APPLIED MATHEMATICS DIVISION .2(,* 
SANOIA LABORATORIES 
Al.8UQUERQlE:. NEW I'£xICO 8718'5 
C01IITFIOL DATA b6OOi7&OO VERSION e. t AUGUST lqao ......................... 

• IS5\£O 8Y 
• SANOIA lABORATORIES. 

A PfHI'£ CONTMCTOR • 
•••••••• TO THE 

• UNITED snTES 
O[PMTI'£NT 

OF 
ENERGT 

••••••••••••••••••••• ---NOTICE--- ••••••••••••••••••••• 
• THIS R£POAT WAS PftEPAR£O AS AN ACt::OUNT OF ~ ~D' 
• (;Y THE UNITED STATES GOVE~T. NEITHER THE UNITED 

STATES NOR THE UNITED STATES O[PAATI'£NT OF ENERGY. 
NOR ANy OF THEIR E!'R..OYEES. 

NOR ANT OF THEIR CONTMCTORS. SteCONTPACTORS. OR THEIR 
• E!"PLOYEES. I"fAI<ES ANT WARRANTY. EXPRESS OR I!"PLIED. OR 
• ASS\KS ANy LEGAl UABIUTf OR R£SI=ONSIE>IUTY "'OR THE 

•••••••••• ACCURACY. • ••••••••• 
• C~ETENESS • • 
• OR USEF"UlNESS • 

OF AN'( 
I NFOAN TI ON. 
APPARATUS. • 

•••• PRODUCT •••• 
OR PROCESS 
DISCLOSED. 

OR REPJ€SENTS • 
•• THAT ITS •• 

• •• USE WOUlD NOT • 
••••••••• •• INFRINGE" ••••••••• 

ABSTRACT 

.. PAIVATEU 

.. 
•• .. 

OWNED •• 
RIGHTS. .. 

. . .................... 
"'NOTE'" I"fACHlNE DEPENDENT AOUTINE 
"'0Ut1P IS INTENDED 70 BE REPLACED 8' A LXAl.LY WRITTEN 
vERSIOW WHICH PRODUCES A SYI'tiIOLIC 00'1P. "'AILING THIS. 
IT SHOUlD BE REPLACED By A VERSION WHICH PAINTS THE 
StAlPAOGRM'I NEsTING LIsT. NOTE THAT THIS ouP1P ....,sT BE 
PAINTED ON EACH OF uP TO f'IvE f'ILES. AS lNOICATED By THE 
_GETU. AOUTINE. SEE lISETUA ANO lCGETUA I'()liI DETAILS. 

07122/81 14.5E..32 

WRITTEN By RON JONEs. WITH SLATEC COt'KlN MATH LIBRARY SUBCOMMITTEE 
LATEST R£vISION --- 23 MAy 1~1~ 

PAGE 

PAGE 
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S YI'eQL I C REFERENCE MAP I R=2 I 

ENTRY POINTS 
2 FDUMP 

STATISTICS 
PROGRAM LENG TM 

DEr LINE 
1 

RErERENCES 
S8 

48 4 

SUBROUTINE xERAeT FTN 4.E.+43Q 

5 

10 

SUBROUTINE XERAeT I P'E:SSG. Nl'£SSG' 

ABSTRACT 
."NOTE." I1A(HHE DEPENDENT RCuTiNE 
XERAeT ABOATS THE EXECUTION OF" THE PR()(iRM. 
THE ERAOR 1'£SSAGE CAUSIN& THE ABOAT IS GIVEN IN THE CALUNG 
SEQI£NCE IN CASE 0fiIE NEEDS IT FOR PRINTIN& ON A OAYFILE. 
F"OR ExM1Pt.E. 

DESCRIPTION OF" PMW£TERS 
P'E:SSG AN() Nl'£S~ ME AS IN XERAOR. EXCEPT THAT Nl'£SSG MAY 
BE ZERO. IN WHICH CASE NO 1'£SSAGE IS BEIN& ~IEO. 

07/22/81 14.S&.32 

07/22181 14.%.32 

15 

~ 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

WRITTEN By R()fo; JONES. wITH SLATEC COt9ION .. TH LIBRARY suerOf't"lITTEE 
LATEST REVISION --- 7..u£ ,Q7S 

DIP'E:NSION P'E:SSG!NI'£SSGI 
STOP 
END 

SYI'eQL IC REF"ERENCE MAP rR=21 

ENTRY POINTS 
4 xERAeT 

vARIA9lES 
o P'E:SSG 
o Nl'£SSG 

DEF"UNE 
1 

SN TYPE 
INTEGER 
INTEGER 

STATISTICS 
PROGRAM lENG TM 

REF"ERENCES 

RELOCATION 
ARRAY F" .P. 

F".P. 

118 

REF"S 
REF"S 

17 
17 

DEFINED 
DEFINED 

PAGE 2 

PAGE 
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'5 

10 

1'5 

20 

30 

40 

c 
c 
C 
C 
( 
( 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
( 

C 
( 
( 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

F"UNCTION J4SAVE (IWHICH. IVALUE. ISH I 

ABSTRACT 
J4SAVE SAVES Aft) RECALLS SEVERAL GLOBAL VARiABlES NEEDED 
By THE LIBRARY ERfIDR HANOlING ROUTINES. 

DESCRIPTION OF PARAI'£TERS 
--INPUT--

IWHICH - INDEX OF ITE" DESIRED. 
: 1 REFERS TO ClJW£MT EMOR NUtt!ER. 
= 2 Rl:FERS TO ClJW£MT ERfIDR CONTROL FLAG. 

3 REFERS TO ClJW£MT tJltlT NlJ'tIER TO WHICH ERfIDR 
I'£SSAGES ME TO BE SENT. 10 I'£ANS USE STANDARD.) 

: ~ REFERS TO THE .. Xl .... MJtiIER OF TlI'£S ANY 
I'£SSAGE IS TO BE PRINTED I AS SET BY XERf1AX). 

: 5 REFERS TO THE TOTAL MJtiIER OF tJltITS TO WHICH 
EACH EMOR I'£SSAGE IS TO BE WRITTEN. 

: & REFERS T~ THE 2ND lJItlT FOR ERROR t£SSAGES 
: 7 REFERS TO THE 3AD tJltIT FOR ERROR t£SSAGES 
: 8 REFERS TO THE 4TH tJltIT FOR ERROR I'£SSAGES 
: 'i REFERS TO THE 5TH tJltIT FOR ERROR I'£SSAGES 

IVALUE - THE VALU£ TO BE SET FOR THE IWHICH-TH PARAI'£TER. 
IF ISET IS • TRI£. . 

ISH - IF ISET=.TAl£., THE IWHICH-TH F-ARAI'£TER WILL BE 
GIVEM THE VALUE, IVALUE. IF ISET=.FALSE., THE 
IWHICH-TH PARAI'£TER WILL BE tKHANGED, Aft) IVALUE 
IS A DlI'9'IY PARAI'£TER. 

--OUTPUT--
THE fOLOl VALUE OF THE IWHICH-TH PARAI'£TER WILL BE RETURNED 
IN THE FtH:TlON VALUE, J45AVE. 

WRITTEN BY RON JONES, WITH SLATEC COIftlN .. TH LIBRARy SlKOtI1ITTEE 
ADAPTED FROP1 BELL UBORATORIES PORT LIBRARy ERROk HANDLER 
LATEST REVISION --- 23 NY '''7<! 
LOGICAL ISET 
INTEGER IPARAP11 'i I 
OATA IPARAP11 11,IPARAP1121, IPARAP1I3I, IPARAP114110,2,O, 101 
OATA IPAR':"''511H 
OATA IPARAP11fo', IPARAP1171, IPARAP118!, IPARAP1I"1 10,0,0,01 
J4SAVE :: IPARAP1! IWHICHI 
IF (ISETI IPARAP1!IWHICHI : !VALUE 
RETlM 
END 

S'(I'tWlIC REF'ERENCE NP fR::2' 

ENTRY POINTS 
'5 J4SAVE 

DEF LINE 
f 

vARIABlES SN TYPE 
20 IPARA" IMTEGER 
o ISET LOGICAL 

REFERENCES 
43 

RELOCATION 
ARRAY 

F' .p. 
41 
42 

DEF'INED 
DEFINED 

4.38 
1 

FUNCTION J4SAVE 74,74 OPT:€) TlUCE 

AELOCATION 

07122/81 14.'5&.32 

VARIABlES 
o IVALUE 
o IWHICH 

17 J4SAVE 

SN TYPE 
INTEGER 
INTEGER 
INTEGER 

STATISTICS 
PROGRAP1 LENG T ... 

F' .p. 
F'.p. 

3'8 

PAGE 

42 

PAGE 2 



5 

FUNCTION NUHXER 7.17. OPT=O TRACE FTN •• &+.)<3 

'= 
C 

FUNCTION NU'1XERINERRI 

ABSTRACT 
NUHXER RET~ THE t10ST RECENT ERfiOR "'-"IER. 
IN BOTH NU'1XER AND THE PARN£TER NERR. 

07/22/81 14.50.32 

C 
C 
C 
C 
C 
C 

WRITTEN BY RON JONES. WITH SLATEC COtHlN HATH LIBRARY SUBCOI't1ITTEE 
LATEST REVISION --- 7.AJ£ lq78 

10 NERR = J.SAVEll.0 •• FALSE.1 
NUHXER = NERR 
RETURN 
ENO 

SYf'IJOLIC REFERENCE HAP IR=21 

ENTRY POINTS 
5 NU'1XER 

VARIA8l.ES SN 
0 NERR 

23 fU1XER 

ExTERNALS 
J.SAvE 

STATISTICS 
PROGRAM LENGTH 

10 

15 

20 

DEF LINE REFERENCES 
1 12 

TYPE RELOCATION 
INTEGER F.P. REFS 
INTEIk:R DEFINED 

TYPE ARGS REFERENCES 
INTEGER 3 fO 

c 
c 
C 
C 
C 
C 
C 
C 
C 

2CB 20 

SUBfIOUTlNE S81ftfflft.IVIL!..f:. iftffD 

ABSTRACT 
saann REP\.ACES IftffUJ. '" .lhfilllJ iliUM n£ 
CHMACTtRS CORR£SP(!II)lftIi TO n£ II LEAST SICiliUnCMT 
DIGITS Of: IVIL!..f:. 

TAkEN ~ n£ lEU. UIIORATOIUES PORT UIRAR'f EfIIIIOR HMO..ER 
LATEST REVISION --- 7..u€ !~18 

DIP£NSION 1F"tfflftl.IDUiITUOu 
OATA IDIGITUl.IDIGIT.21.IDIGIT&)1l.IDIGITr .... IDIGITw5B. 

t IDIGITIE.t.IDIGITI7B.IDIGITfiliil.IDIGlTfi'Ji.IDlllilT«101 
2 ItHO.1Mt .1M2.1M3. UM.1MS.1 .... 1M7.1H1.1~f 

NT = N 
IT : IVAL!..f: 

10 IF IftT .EG. Ot RETI.JIft 
INDEX: 1'1)1)1 n .1()I 
IrtffcftTI = lDiliinIINDEx+! 
IT : ITI10 
NT = NT - , 
GO TO 10 

ENO 

S Yf'IJOL I C REFERENCE HAP I R:2 , 

ENTRY PO INTS DEF LINE REFERENCES 

• S88F"tff 1 17 

VARIA8l.ES SN TYPE REl.OCATION 
lEo IDIGIT INTEGER ARRAy REFS 11 1'1 DEFINED 

0 IFtff INTEGER ARRAY F.P. REFS 11 DEFINED t 
3S INDEX INTEGER REFS 1~ DEFINED 18 
34 IT INTEGER REFS t8 20 DEFINED 

0 IVAL!..f: INTEGER F.P. REFS tE, DEFINED , 
0 N INTEGER F.P. REFS 1~ 15 DEFINED 

10 

07/22181 1 •. 50.32 

10*12 
1~ 

1& 20 

1 

PAGE 

PAGE 

33 NT INTEGER REFS 17 '" 21 DEFINED 15 21 

I ..... INE FUNCTIONS TYPE ARG5 DEF LINE REFERENCES 
PQ) INTEGER 2 INTRIN 18 

STATEI'£NT LABELS DEF LINE REFERENCES 
13 10 17 22 

STATISTICS 
PROGRAM LENGTH 50S CO 
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'5 

c 
c 
C 
C 
( 

c 
( 

St&fOUTIt.IE XERCLR 

ABSTRACT 
THIS ROUTIt.IE SIPflLY RESETS THE CURRENT ERROR NUtl!ER TO ZEM. 
THIS NY BE t.lECESSARY TO 00 IN OADER TO DETERffIt.IE THAT 
A (ERTAIN ERROR t4AS OCCmAED AGAIN SINCE THE LAST Tit£: 
NJHXER WAS REFERENCED. 

07/22/81 14.'56.32 

10 
C 
C 
C 

WRITTEN Bi' RON JOfl£S. WITH SLATEC COtMlN ttATH LIBRARY SUBCOI'flHTEE 
LATEST REVISION --- 7 JU£ 1978 

JUM( -= J4SAVEI t .0 •. TRt£.1 
RETURN 
END 

SYP&Jl.IC REFERENCE PMP IR=21 

["ITRY PO INTS OEF LIt.IE REFERENCES 
2 XERCLR 1 13 

VARIABLES St.I TYPE RELOCATION 
1E, .AH< - INTE~R DEFINED 

EXTERNALS TyPE AAGS REFERENCES 
~SAVE INTEGER 3 12 

STATISTICS 
PROGAAtf LENGTH 179 15 

c 
c 
c 
c 
c 
c 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTINE lI(RClLl~SS&' .~ss&.NEM.L£l[L.k1IIIUl.1 

ABSTRACT 

10 

1'5 

M.LOMS USER COMlROL MR ..... 1. fW DlDIYUIUIL £IIIi!QRS. 
JUST AFt£R EACH ~ IS RECIIIIIm. IUlIERRE IT IS 
PROCESSED MY ~ 11.£ •• IIEnIRE IT IS MIIdO • 
A DECISION TO MlQRT IS I'IIDEI .. tAL IS I'IID£ TO ISIlClL. 
IF THE ustR HAS PMVUEI MIS .. vas ... fW ISIlClL. !HE 
C. MM MM_ M dU'£ OF ~ use PlII!!IlaSSiNii 
tJflS f€SSMi£ 81' fIOlFPIPG ITS dLl£_ 
KOtITIII.. .. , IE -aT 19 .. dLl£ RaI -2 1D 2. 
THE ~"'INIiS fOR KCIII1IIL ME TH£ $af£ AS III ISEW". EXCEPT 
tJfAT THE VM.t£ fW kQII1IIIl. OIiIIIIIIIES IILl' F. THIS ~. 
IF kOtlTIII.. IS SET TO .. YALt£ €lUTSmE 'hE MIlliE RQ'I -2 TO 2. 
IT WILL lIE f'C¥£D IMCK (1119 lMtlT MIlliE. 

DESCRIPTION OF PMW£lERS 

--INlUT--
20 

30 

~SSG1 - M nRST .... GIlLy) • TH£ E1IIIiIR I£SSAIiE. 
Nl'£SSG - SM'£ AS III M tAU. 18 lIIDRIIt • Ji£JRIV. 
NEAR - SM'£ AS IN liE. tAU. lD JIOIIiI!I!t • JIOIIIIN. 
LEYEl. - SAI£ AS IN 'hE tAU. lD lI£IIIIIIR • JIOIIIIN. 
KONTRL - THE ~ YAU£ OF 'hE CGIIiDI€iL FUI6 AS SET 

8' A tAU. TO llSElF. 

RETURN 
END 

SltltOl.lC RUEREMCE NP IR=21 

ENTRY POINTS 
.. tERClL 

OErLINE , 
VARIA8l.ES Stt TYPE 

o ICONTfIL INTEGER 
o LEVEL INTEGER 
o f£SSG1 INTEGER 
o HERA INTEGER 
o Nt£SSG INTEGER 

STATISTICS 
PROGRAtf LENGTH 

REFERENCES 
33 

RELOCATION 
-UNUSED F .P. 
-UNUSED F .P. 
-UNUSED F .P. 
-UNUSED F .P. 
-UNUSED F .P • 

78 7 

DEFINED 
DEFINED 
DEFINED 
DEFINED 
DEFINED 

PAGE 
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SUBROUTINE xEROf'P 74174 OPT=O TRACE FTN 4.E.+4~ 

SU8ROUT INE XEROf'P 

ABSTRACT 
XEROf'P PRINTS AN EfIROR TABLE SHOWING AU.. ERRORS WHICH 
HAVE OCClJIAED DlItING THE aRetT EXECUTION. OR SINCE XERQtf) 
WAS LAST CALLED. AFTER PRINTING. THE EfIROR TABLE IS CLEARED. 
AND IF PROGRAH EXECUTION IS CONHM£D ACctftA..AHON OF THE 
EfIROR TABLE BEGINS AT ZERO. 

07/22/81 14.56.32 

10 

c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 

WRITTEN BY RON JONES. WITH SlAlEC COtftlN I'MTH LIBRARY SU8COt'I1ITlEE 
LA lEST REVISION --- 7 ~ 1'378 

CALL XERSAVlfH .0.0.0.K(Ufl1 
RETURN 

1'5 END 

SYI'IIDLIC REFERENCE I'fAP IR=21 

ENTRY POINTS 
2 XEROK' 

OEF UNE 
1 

REFERENCES 
14 

VARIABlES SN TYPE RElOCATION 
1'5 k~T • INTEGER REFS 

EXTERNALS 
XERSAV 

STATISTICS 
PROGRAH LENGTH 

TYPE ARGS 
'5 

REFERENCES 
13 

SU8FIOUT INE XE .... x 

5 

10 

15 

SlIIAOUTlNE XERMXU.IU 

ABSTRACT 
XERMX StTS THE NXlfUf IIU'IIP • TlII£S 1M' ~ 
IS TO I[ PRINTED. 'hfAT IS. IIGII-FA'IL ~ ME 
NOT TO I[ PRINTED ana 1MET _WE ~ NX Tlf£S. 
SUCH NOIt-FATAl. ~ NY I[ MINTED lESS 1IMIIN 
I'Mx Hf£S EWEN IF THEy Ita.t NX TlII£S. IF £RRIIR 
~SSION talE U( __ =CD IS £II£R 1111 EFFECT. 

THE DUAU. T VILlE: FOR NX IS ~o_ 

DESCRIPTION • PMM£TER 
--INPUT--

""x - THE ""xlfUf ...... OF TlI£S 1M' €lIE I£SSMiE 
IS TO I[ MI"lED. 

07122'81 t4.%.32 

c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

WRITTEN By RON JO(£S. InTH SlATE( roIICN NTH UIIRM1' ~nTEE 
LAlEST REVISION --- 7 JdIIE t"18 

JUNK = J4SAVEI4.""X •• TRlE:.1 
RETURN 
END 

SYt1BOl.lC REFERENCE I'fAP IA::21 

ENTRY POINTS OEF LINE REFERENCES 
4 XE .... x 1 22 

VARiABlES SN TYPE RELOCATION 
21 JUNK • INTEGER DEFINED 21 

0 ""X INTEGER F.P. REFS 21 DEFINED 

ExTERNALS TYPE ARGS REFERENCES 
J4SAVE INTEGER 3 21 

STATISTICS 
PROGRAM LENGTH 228 18 

PAGE 
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5 

10 

15 

20 

30 

.0 

.5 

50 

55 

SUBROUTINE XERPRT 1I£55G, M'£5SG I 
c 
C ASSTRACT 
C PRINT THE HOLLERITH P£SSAGE IN P£SSG, OF LENGTH P£SSG. 
C ON EACH FILE INDICATED BY XGETUA. 
C THIS VERSION PRINTS EXACTLY THE RIGHT NUt'SER OF CHARACTERS, 
C NOT A NlJ'tIER OF WORDS, AKI THUS SHOULD WORK ON I'fACHlNES 
C WHICH 00 NOT BLANk FILL THE LAST WOAD OF THE HOLLERITH. 
C 
C RON JONES, JUNE 1~ 
C 

INTEGER Ff101,Gf~41,UM151 
OlP£NSION P£SSGtNt£SSGI 
DATA FI11,Ff21,FI31,FI4J ,FI5I,FIE.I,Fl7I,FIEU ,Fr~J ,FltOI 

1 I 1HI ,1Hl ,1HX ,1H, ,1H ,1H ,tHA ,1M ,1M ,1Hl I 
DATA GI 1I,GI2I,GI3I,GI4I,GI5I,GI('1 ,G171,GI81 ,GI~I,G.I 101 

1 I 1HI ,1Hl ,IHX ,1H ,IH ,1H ,tH ,1H ,1M ,1H I 
DATA Gll11,GI121,GI131,61141 

1 I 1H ,1H ,1H ,IHI I 
DATA LAI1HAI ,LCOI"I/1H,I ,LSLANkftH I 

C PREPARE FORf'fAT FOR WHOLE LINES 
NCHAA = 11HACHI61 
NFIELD = 12/NCHAA 
CALL 588FKTl2,NFIELD,FlSII 
CALL 588FKTI 2,NCHAR,F 18 I I 

C PREPARE FORf'fAT FOR LAST, PARTIAL LINE, IF NEEDED 
NCHAAL = NF IELDItNCHAR 
NLItES = M'£SSG/NCHARL 
M«JfI() = NLINES-W-IELD 
NCHREH = Nt£SSG - NUNES.r«:HAAL 
IF I NCHRE".LE.O I GO TO 40 

DO 10 1=4,13 
10 Gf II = LBLANk 

NFIELD = NCHREtt/NCHAR 
IF INFIELD.LE.OI GO TO 20 

C PREPARE WHOLE WOfIO FIELDS 
GI.' = LCOI"I 
CALL S88AfT12,NFIELD,GI511 
G17, = LA 
CALL 588FKT12,NCHAR,G1811 

20 CONTINUE 
NeHLST = I'tlOINCHREtt,NeHARI 
IF 'NeHLST .LE.OI GO TO 30 

C PREPARE PARTIAL WORD FIELD 
GI101 = LCOI"I 
Gll11 = LA 
CALL 588FKTI 2 ,NCK.ST ,GI1211 

30 CONTINUE 
40 CONTINUE 
C PRINT TJE P£SSAGE 

M«JfI()l = ~1 
M«JfID2 = IM'£SSG+N(HAR-lI/NCHAA 
CALL XGETUAIUM,M.lNJTI 
00 50 kUNIT = l,M.lNJT 

IUNIT = Ll.UkUNITI 
IF I I UNIT .EILOI JUNIT = HPW:H141 
IF INWORO .(;T .01 WRITE IlUNIT ,F I «P£SSGI I I, 1=1 ,NMCAD I 

SUBROUTINE XERPRT 74174 OPT=O TRACE FTN 4.(,+4~ 

IF I NCHREH.GT .01 WRITE I IUNIT ,61 I P£SSG I I I, I=NWOROI.NWOR021 
50 CONTINUE 

bO RETURN 
END 

sneouc REFERENCE HAP IR=21 

ENTRY POINTS DEFUNE REFERENCES 
4 XERPRT 1 E.G 

VARIABLES SN TYPE RELOCATION 
2'5. f INTEGER ARRAY REFS 12 24 2'5 
2&6 G INTEGER ARRAY REFS 12 38 40 

DEFINED 10aTE. 4*18 33 
245 I INTEGER REFS 33 57 58 
253 IUNIT INTEGER REFS 56 DEFINED 55 
252 KUHIT INTEGER REFS 5S DEfiNED 54 
221 LA INTEGER REFS 3~ 4b DEFINED 
223 LBlANI< INTEGER REFS 33 DEFINED 20 
222 LCOH INTEGER REFS 37 45 DEFINED 
304 LUN INTEGER ARRAY REFS 12 53 55 

0 I"ESSG nnEGl:R ~RR~Y F .P. REFS 13 57 S8 
237 NCHAR INTEGER REFS 23 25 27 

DEFINED 22 
241 NeHARL INTEGER REFS 28 30 DEFINED 
24b NCHLST INTEGER REFS "3 47 DEFINED 
244 NCHREH INTEGER REFS 31 3. "2 
240 NFIELD INTEGER REFS 24 27 2~ 

DEFINED 23 34 
242 NUNES INTEGER REFS 2~ 30 DEFINED 

0 Nl'ESSG INTEGER F .P. REFS 13 28 30 
251 NUNtT INTEGER REFS 53 54 
243 NWORO INTEGER REFS 51 2*57 DEFINED 
247 NW0R01 INTEGER REFS 58 DEFINED 51 
2SO NW0R02 INTEGER REFS 58 DEFINED 52 

VARIABLES USED AS FILE NAt£S. SEE A80VE 

E)(TERNALS TYPE ARGS REFERENCES 
JIHACH INTEGER 1 22 SE. 
S8SfMT 3 24 2'5 38 40 47 
lCGETUA 2 53 

INlINE FUNCTIONS TYPE ARGS DEF UNE REFERENCES 
I'fJO INTEGER 2 INTRJN 42 

STATEP£NT LABELS ClEF UNE REFERENCES 
0 10 33 32 

7& 20 41 Jl5 
113 30 48 43 
114 40 4~ 31 

0 SO 5~ 54 

07/22/81 14.%.32 PAGE 

07122/81 14.%.32 PAGE 2 

57 DEFINED 10*14 
47 58 
37 3'3 45 4b 

OEFINED 32 57 58 
SE. 1/0 RJ::FS 57 58 

20 

20 

DEFINED 1 
34 40 42 2*52 

27 
.2 
58 DEFINED 30 
35 38 

28 
52 DEFINED 

2~ 
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LOOPS LABEL INDEX FROt1-TO LENGTH PROPERTIES 
53 10 I 32 33 4B INSTACK 

130 50 • KUNIT 54 5'3 33B EXT REFS 

STATISTICS 
PROGRAM LENG TH 3228 210 
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SueROUT INE xERROR (t-£SSG, NMl::SSG, NERR, LEVEL I 

ABSTRACT 
xERROR PROCESSES A DIAGNOSTIC t-£SSAGE, IN A MANNER 
DETERMINED BY THE VALUE Of LEVEL ANO THE CURR£NT VALUE 
Of THE L1~ARY ERROR CONTROL FLAG, KONTRL. 
(SEE SUBROUTlN£ XSETF FOR DETAILS. I 

DESCRIPTION Of PARAt-£TERS 
--INPUT--

t-£SSG - THE HOLLERITH t-£SSAGE TO BE PROCESSED, CONTAINING 
NO I"'OflE THAN 72 CHARACTERS. 

Nt'ESSG- THE ACTUAL NUf&:R Of CHARACTERS IN t-£SSG. 
NERR - THE ERROR NUf&:R ASSOCIATED wITH THIS t-£SSAGE. 

NERR Pt.JST NOT BE ZERO. 
LE.VEL - ERROR CATEGORY. 

ExAI'PLES 

=2 t-£ANS THIS IS AN UNCONOITIONAlLY FATAL ERROR. 
=1 t-£ANS THIS IS A RECOVERA8I..E ERROR. ( I.E., IT IS 

NON-FATAl IF xSETF HAS BEEN ~IATELY CALLED. I 
=0 MEANS THIS IS A WARNING t-£SSAGE ONlY. 
=-1 t-£ANS THIS IS A WARNING MESSAGE WHICH IS TO BE 

PRINTEO AT f'()ST ONCE, REGAPOI...ESS Of HOW MANY 
Tlt-£S THIS CALL IS EXECUTED. 

CALL XERROR(2~TH -- NUt1 wAS ZERO.,23,I,21 
CALL XERROR (43HINTEG -- LESS THAN FUlL ACCURACY ACHIEVED., 

43,2,11 
CALL XERROR(&5HROOTER -- ACTUAL ZERO Of F FOUNO BEFORE INTERVAL 

1 F"UlLY CDlLAPSED.,&5,3,OI 
CAlL XERROR(3'*£xP -- UNDERF"LDWS BEING SET TO ZERO. ,3q, 1, -11 

~ITTEN BY RON JONES, WITH SlATEC COI1'1ON HATH LI~ARY SUBCOI1'lITTEE 
REV ISED BY K HASkELL TO CHECK INPUT ARGS, 2/18/80 

DIMENSION ME SSG (Nt'ESSGI 
CHECK F"OR VAlID INPUT 
LKNTRL = J4SAVE 12,0, .FAlSE.1 
IF (Nt'ESSC.GT.O: GO TO 10 
IF" (LKNTRL.GT.OI CAlL XERPRTI17HrATAL ERROR IN ... ,171 
CAlL XERPRT (33HXERROR -- Nt£SSG Pt.JST BE POSITIVE,331 
IF" ILI<NTRL .GT.O I CAll F"[)UK! 
IF" (LKNTRL.GT.OI CALL XERPRTI~JOB ABORT DUE TO FATAL ERROR., 

1 2'31 
IF" (LKNTRL .GT.O I CAlL XERSAV I1H ,O.O,O,KOUI'I1Y I 
CALL XERAST 123HXERROR -- INVALID INPUT,23I 
RETURN 

10 CONTlNl£ 
IF lHERR.HE .01 GO TO 15 
IF (LKNTRL .GT.OI CALL XERPRTI17HrATAl ERROR IN ... , 171 
CAlL xERPRT I28HXERROR -- HERR=O IS AN ERROR,281 
IF" ILKNTRL.GT.OI CAlL F[)UK! 
IF" I LKNTRL.GT.O I CAlL xERPRTI2~JOB ABORT DOE TO F"ATAL ERROR., 

1 2ql 
IF ! LKNTRL .GT.O I CALL xERSAV I1H ,0, 0, O,KOUI'I1Y I 
CALL XERAST 123HXERROR -- INVALID INPUT ,231 
RETURN 

XERROR 74174 QPT=O TRACE FTN 4.&+43q 

15 CONTlNl£ 
IF" I ILEVEL.GE.I-11 I.ANO.ILEVEL.LE.211 GO TO 20 
IF ILKNTRL.GT .01 CAlL XERPRTll7HrATAL ERROR IN ... , 17. 
CALL XERPRT 132HXERROR -- INVAL ID VAlUE Of LEVEL, 32 1 
IF ILKNTRL .GT.O 1 CAlL F[)UK! 
IF I LKNTRL . GT .01 CAlL XERPRT f ~JOB ABORT DUE TO FA TAL ERROR., 

1 2q, 
IF fLKNTRL.GT .01 CAlL XERSAV 11H ,0,0 , O,KOUI'I1Y 1 
CAlL XERAST 123HXERROR -- INVAlID INPUT ,231 
RETURN 

20 CONTlNl£ 
CAlL '(EARNV It-£SSG,Nt£SSG,HERR,LEVEL,O,O,O,O,O. ,0. , 
RETURN 
ENO 

07122/81 14.%.32 

syttrot. IC REF"ERENCE HAP IR=21 

ENTRy POINTS DEF LIHE REFERENCES 
4 KERROR 1 47 57 &7 70 

VARIA8I..ES SN TYPE RELOCATION 
255 1<.0UI't'IY INTEGtR REFS 45 55 &5 

0 LEvEL INTEGER F.P. REFS 2·5q &q DEFINED 1 
254 LKNTRL INTEGER REFS 40 42 43 45 50 

55 &0 &2 &3 &5 DEFINED 
0 t-£SSG INTEGER ARRAy F.P. REFS 3& &q DEFINED 1 
0 HERR INTEGER F .P. REFS 4q &q DEFINED 1 
0 Nt£SSG INTEGER F".p. REFS 3& 3q &q DEFINED 

ExTERNALS TyPE ARGS REFERENCES 
F[)UKI 0 42 52 &2 
J4SAVE INTEGER 3 38 
KERAST 2 4b 5& b& 
KERPRT 2 40 41 43 50 51 53 £'0 
xEARNV 10 &q 
KERSAV '5 45 55 £,5 

S TATEt-£NT LABELS DEF" L IHE REFERENCES 
42 10 48 3q 
72 1'5 58 4q 

124 20 £'8 5'3 

STATISTICS 
PROGftAM LENG TM 3438 227 

PAGE 

PAGE 2 
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SUBROUTI NE xERRtoIV I t£SSG. Nl'£SSG. NERfl. LEVEL. N I • I 1 • 12. NR. R 1 • R2 I 

ABSTRACT 
xERRtoIV PROCESSES A DIAGNOSTlC t£SSAGE. IN A MANNER 
DETERMINED By THE VALUE OF LEVEL ANO THE CURRENT VALUE 
OF THE LlBftAAy ERROR CONTROl FLAG. kONTRL. 
I SEE SU8AOUTINE XSETF FOR DETA ILS. 1 
IN AOOITION. UP TO TWO INTEGER VALUES ANO TWO REAL 
VALUES MAy BE ~INTED ALONG WITH THE t£SSAGE. 

DESCRIPTION OF PAkN£TERS 
--INPUT--

t£SSG - THE HOLLER I TH t£SSAGE TO BE PROCESSED. 
Nl'£SSG- THE ACTUAl. NlJ'I:IEA OF CHARACTERS IN t£SSG. 
NERfl - THE ERROR NlJ'I:IER ASSOCIATED W!TH THIS t£SSAGE. 

NERfl ~T NOT BE ZERO. 
LEVEL - ERflOA CATEGORy. 

=2 t£AHS THIS IS AN lK()fC)ITlONALLY FATAL ERflOA. 
=1 t£AHS THIS IS A RECOVERAllLE ERflOA. I I.E.. IT IS 

NON-FATAL IF xSETF HAS BEEN APPROPRIATELy CALLED.) 
=0 t£AHS THIS IS A WARNING t£SSAGE ONLY. 
=-1 t£AHS THIS IS A WARNING I'£SSAGE WHICH IS TO BE 

PRINTED AT I't)5T ONCE. REGAROl.ESS OF HOW MANy 
TIP£S THIS CALL IS EXECUTED. 

NI - NUftilER OF INTEGER VALUES TO BE PRINTED. 10 TO 21 
11 - FIRST INTEGER YALUE. 
12 - SECOND INTEGER YALUE. 
NR - NlJ'&:R OF REAL YALUES TO BE PRINTED. 10 TO 21 
Rl - f"JRST REAL YALUE. 
R2 - SECOND REAL VALUE. 

EXAI'1Pt.ES 
CALL XERRtoIVI2'*fS/'tJOTH -- NUt1' I=ItI WAS Z£RO •• 2'3.1.2. 
I .NUt1'.0.0.0 •• 0.1 

07122/8114.5b.32 

CALL XERRtoIV 154HQUAOXY -- REQUESTED ERflOA IRt. lESS THAN HINI/'Ut1 
1 IR21 •• 54.77.1 .0.0.0.2.ERRREQ.ERRHINI 

WRITTEN BY RON JONES. WITH SlATEC COI'W1ON MATH LlBftAAY SUBCOI't'1ITTEE 
LATEST RE.ISION --- 1'3 MAR 1'380 
REVISED By k HASKEll TO CHECk INPUT ARGS. 2/18/80 

DII'£NSION I'£SSG INI'£SSG 1 .lI .... '5' 
GET FLAGS 
LkNTRL = .J4SAVEI2.0 •• FALSE.I 
MAXP£S = J4SAVEI4.0 •• FALSE.I 
CHECk FOR VALID INPUT 
IF fNl'£SSG.GT .01 GO TO 2 

IF ILkNTRL.GT.OI CALL X£RPRT!17HFATAL ERflOA IN •••• 171 
CALL X£RPRT 133HXEARWV -- Nl'£SSG ~T BE POSITlVE.331 
IF flkNTRL.GT.OI CALL FDUtF 
IF I LkNTRL .GT .0 1 CALL xERPRTI2'*fJ08 ABORT Dt£ TO FATAL ERflOA •• 

1 2'31 
IF ILkNTRL.GT.OI CALL IIERSAVI1H .0.0.0.k~1 
CALL XERABT f23HxERRtoIv -- INVALID INPUT.23I 
RETURN 

2 CONTINUE 
IF INERfl.NE.O I GO TO 4 

SUBROUTINE XERRtoIV 74/74 OPT=O TRACE 07/22/81 14.%.32 
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IF ILkNTRL.GT .01 CALL X£RPRT!f7HFATAL ERROR IN •••• 17' 
CALL X£RPRT f28HX£ARWV -- NEAR::O IS AN EMOA.281 
IF I LkNTRL .GT .01 CALL FDUtF 
IF flkNTRL.GT .01 CALL XERPRTi29tJ08 ~T Dt£ TO FATAL ERflOA •• 

t 2'31 
IF fLkNTRL .GT .01 CALL X£RSAVllH .0.0.O.kDUtt1Y I 
CALL XERABT f 23HXEARWv -- INVALID INPUT .231 
RETURN 

4 CONTlNUE 
IF ffLEVEL.GE.r-1".ANO.ILEVEL.LE.211 GO TO 10 
IF fLkNTRL.GT.OI LALl XERPRTi17HFATAL ERflOA IN •••• 171 
CALL X£RPRT f32HXEARWV -- INVALID VALUE OF LEVEL.321 

IF ILkNTRL.GT.OI CALL ~ 
IF ILkNTRL.GT .01 CALL XERPRTI29tJ08 ABORT Dt£ TO FATAL ERflOA •. 
2'31 
IF ILkNTRL.GT.OI CALL XERSAYI1H .O.O.O.KDUtt1Y' 
CALL X£RABTI23HXERROR -- INVALID INPUT.23I 
RETl.J4N 

10 CONTINUE 
RECOAO I'£SSAGE 
JIM( :: J4SAVE 11 • NEAR, • TRUE. I 

CALL X£RSAY II'£SSG.NI'£SSG.NEAR.LEVEl.kOOh~ I 
C LET USER OVEARUlE 

LF IRST :: I'£SSG I 1 1 
LI'£SSG :: Nl'£SSG 
LEAR :: NEAR 
llEYEl :: lEVEL 
CALL X£ACTlIlFlRST .lI'£SSG.lEAR.LlEVEl.lkNTRLI 
RESET TO ORIGI~ YALUES 
lP£SSG :: Nl'£SSG 
LEAR :: NEAR 
llEVEl :: lEVEL 
lkNTRL :: ""XOI -2.HINOf2.lkNTRLI J 
I'IkNTRL :: IMtSllkNTRlI 

C DECIDE WHETHER TO PRINT I'£SSAGE 
IF ItllEVEL.lT.21.ANO.IlkNTRl.EQ.01I GO TO 100 
IF IllllEVEL.EQ. I-I 1 I.ANO.lkOUNT .GT .HINOll.I'IAXI'£SI 1 I 

I .OR. I ILlEVEl.EQ.OI .AIe).lkOUNT .GT .""XI'£SI I 
2.OR. I IlLE'EL.EQ.11 .AIe).lkOtMT .GT.""XI'£SI.AIe).IHkNTRL.EQ. 111 
3. OR. f f lLEVEl.EQ .21 • Ale) • f kOtMT .GT .""xO I I .""XI'£S 1 1 1 1 GO TO 1 00 

IF ILKNTRL.lE.OI GO TO 20 
CALL XERPRTI1H ,1 I 
INTRODUCTION 
IF IllEVEL.EQ.I-lll CALL XERPRT 

lf57HWAANING I'£SSAGE ••• THIS P£SSAGE WilL ONLY BE PRINTED ONCE. .571 
IF ILlEVEL.EQ.OI CALL XERPRTll3HMARNING IN •••• 131 
IF IllEVEL.EQ.1I CALL XERPRT 
/23HAECOVERAllLE ERROR IN •••• 231 
IF /llEVEL.EQ.21 CALL XERPRTII7HFATAL ERflOA IN •••• 171 

20 CONTINUE 
I'£SSAGE 
CALL XEAPRT / P£SSG.lI'£SSG I 
CALL XGETUAIlUfU«JNITI 
00 50 kUNIl=1.HUNIT 

IUNIT " lUN/kUNITI 
IF / I UNIT .£Q.OI IUNIT :: I1""CW141 
IF INl.r.£.11 WAIT£ flUNIT.22 I 11 

PAGE 
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115 IF INI.GE .21 WRITE I IUNIT .231 12 
IF lNA.GE.ll WRITE I IUNIT.24 I Rl 
IF lNA.GE.21 WRITE IIUNIT.251 R2 

22 FORMAT (1IX.21HIN ABOVE MESSAGE. 11=.1101 
23 FORMAT (1IX.21HIN ABOVE MESSAGE. 12=.1101 

120 24 FORMAT (1IX.21HIN ABOVE MESSAGE. Rl=.E2O.101 
25 FORMAT (1IX.21HIN ABOVE MESSAGE. R2=.E2O.101 

IF ILKNTRl..LE.OI GO TO 40 
E~ NUf'8ER 
WRITE (IUNIT.301 LEi'IR 

125 30 FORMAT (ISH E~ NUtl'lER =.1101 
40 CONTINl£ 
50 CONTINl£ 

TRACE-BACK 
CALL FDlJtP 

130 100 CONTINl£ 
IFATAL = 0 
IF I ILLEVEL.EQ.21.OR.IILLEVEL.EQ.11.ANO.'P'lCNTRl..EQ.21 II 

lIFATAL = 1 
( QUIT HERE IF MESSAGE IS NOT FATAL 

135 IF I IFATAL .LLO I RETlM 
IF ILKNTRL.LE.OI GO TO 120 

PRINT REASON FOR ABORT 
IF I LLEVEL.EIiI. 1 I CALL XERPAT 
135HJOB ABORT DUE TO lH£COVERED ~ •• 3S I 

140 IF (LLEVEL.EIiI.21 (ALL XERPAT 
I~JOB ABORT DUE TO FATAL E~ •• ~I 
PRINTE~~Y 
CALL XERSAVllH .0.0.0.KDU'I'tY I 

120 CONT INl£ 
145 ( ABORT 

IF IILLEVEL.EQ.21.AND.lkOUHT .GT .HAXOIt .HAXMESIII LMESSG = 0 
CALL XERABTIMESSG.LMESSGI 
RETlM 
ENO 

SYf'6OLIC REFERENCE HAP I R=2 , 

ENTRY POINTS DEFLINE REFERENCES 
4 xERAWV 1 55 &5 7S 135 148 

VARIABLES SN TYPE RELOCATION 
&&3 IFATAL INTEGER REFS 135 DEFINED 131 132 
&&2 IUNIT INTEGER REFS tt3 DEFINED 112 113 1/0 REFS 114 115 

"ft 117 124 
0 11 INTEGER F.P. REFS 114 DEFINED 
0 12 INTEG[R F.P. REFS 115 DEFINED 

&51 J\.JN( • INTEGER DEFINED 78 
&SO kDUl'1HT INTEGER REFS 53 &3 13 143 
&152 kOUHT INTEGER REFS ~ 4.'M 14& 
&&1 KUNIT INTEG[R REFS 112 DEFINED 111 
&1515 LERA INTEG[R REFS 85 124 DEFINED 83 88 

0 LEVEL INTEGER F .P. REFS 2~1 ~ 84 ~ DEFINED 

StAlIROUTINE XERAWV 74174 QPT=O ~E FlN 4.ft+4J<t 07/22/81 14.56.32 PAGE 4 

VARIABLES SN TYPE RELOCATION 
£.153 LF'IRST INTEG[R A£f'S 85 DEFINED 81 
£.4& LKNTAL INTEGER A£f'S 48 50 51 53 58 &0 &1 

ft3 E.8 70 11 73 as "!O ~t 

'tl 't8 122 13ft DEFINED 44 "!O 
£.S£. LLEvEL INTEG[R A£f's 85 ") 4a'M 101 103 104 10ft 

2·'32 138 140 14& DEFINED 84 ~ 
&54 LMESSG INTEGER A£f'S 85 1O'J 147 DEFINED 82 87 14& 
&&4 LUN INTEGER ARRAY A£f'S 42 110 tt2 
£.47 "Xl"£S INTEG[R A£f'S 4a'M 14& DEFINED 45 

0 ME SSG INTEG[R ARRAy F.P. A£f'S 42 ~ 81 1O'J 147 
DEFINED 1 

&57 P'lCNTAL INTEGER A£f'S 'M 132 DEFINED ~1 

0 NERA INTEG[R F.P. A£f'S 57 78 ~ 83 88 
DEFINED 1 

0 NI INTEG[R F.P. REFS HI, 115 DEFINED 1 
0 NMESSG INTEGER F.P. A£f'S 42 47 ~ 82 87 

DEFINED t 
0 NA INTEGER F.P. A£f'S Uft 117 DEFINED 

&&0 NUNIT INTEGER A£f'S HO 111 
0 Rt REAL f:.P. REFS Uft DEFINED 
0 R2 REAL F.P. A£f'S tt7 DEFI"ED 

VARIABLES USED AS FILE NAMES. SEE ABOVE 

ExTERNALS TYPE ARGS REFERENCES 
f:DlJtP 0 50 &0 70 1~ 

11.-eH IHTECk:R t 113 
J4SAVE IHTEG[R J 44 .as 78 
XERABT 2 54 ft4 74 147 
XERCTL 5 85 
XERPAT 2 48 4'! 5! 58 5~ &1 &8 &~ 71 

'fl 101 Ull 104 10ft 10~ 138 140 
XERSAV 5 53 ft3 73 ~ 143 
XGETUA 2 110 

IHLINE f:UNCTIONS TYPE ARGS DEF LINE REFERENCES 
lASS IHTEG[R 1 INTAIN '" "XO INTEG[R 0 INTRIN "!O 'M 14& 
"INC INTEG[R 0 INTAIN "!O 'M 

STATEMENT LABELS DEF LINE RE~ES 
55 2 5& 47 

t()15 4 && 57 
137 10 7(, &1 
253 20 107 'J8 
572 22 F"T 118 lt4 
577 23 f:"T 11~ 115 
(,()It 24 f:", 120 11(, 
('11 25 F"T 121 117 
&22 30 nn 125 124 
31(, 40 12& 122 

0 50 127 111 
324 100 130 '3 'M 
354 120 144 13ft 

LOOPS LABEL INDEX FROt1-TO LENGTH PROPERTIES 
2&2 SO • j(UNJT l1t 127 378 ExT REFS 
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STATISTICS 
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PROGRAM LENGTH 10428 

SU8AOUTINE xERSAY 

c 
c 
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5 ( 
C 
C 
( 
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( 
( 
( 
( 

15 C 
C 
( 

weROUTINE ltERSAY II'£S$.t4I£S$.HEM.LE\iQ..ICOI!JflT» 

ABSTRACT 
flECOfID THAT THIS EfI'(!IR octtRIm. 

DESCRIPTION OF HltAl'£tERS 
--INPUT--

I'£S$. t41£5$. HEM. LE\iQ. MIE AS illl JIOIROR. 
EXCEPT THAT lIMEN t41£SSG=O M TIllES NiLL IE 
0UI'fI£D AND Cl.EMIED. AND lIMEN M'£5$ IS LESS nw. ZERO Tt£ 
'MILES MILL IE LIUftD AND NO' CLEMIED. 

--OUTPUT--
ICOtltT MILL IE M tUIIER OF 1I1'£S THIS I'£SSAGE HAS 
BEEN SEEN. OR ZERO If: M TIllE HIS 0YDIFl.€IIIED MD 
DOES NOT CONTAIN THIS I'£SSAGE SP£Clncau.T. 
NHEN Nt€SS€O--G. ICOtltT MiLL NOT lIE .!ILlERED. 

07/22/81 14.5&.32 

01122/81 14.%.32 

C 
C 

20 

.-:tITTEN .Y RON JOI€S. MITH SLATE€: ~ MlH U8RMl' St8:mMITm 

INTEGER FI17I.UJeI5J 

C 
C 
( 

30 

( 
C 

40 
( 

45 

C 

C 

C 
55 

OII'£NSION 1'£5$11' 
OII'£NSION I'£STM"01.NERTM« 10B .lEY'M« 1(?5 .KCUNTI tOt 
NExT THREE DATA STAta£tcTS MIE NEEIlED I'£flQ.Y TO saTISFY 
CERTAIN CON¥OITIONS FOR CClt»llERS IIMICH on.IIftlCAlU 
alLOCATE STOIWiE. 
OATA I'£STMI1 •• I'£STM'2i.I'£S'MU]i.I'£STM«41.I£S'MI51. 

1 I'£STM<61.I'£STM'7I .I'£STMUt' .I'£STM«,,)8 .1'£5TA8( 101 
2 10.0.0.0.0.0.0.0.0.(U 

OATA HERTMI 1 I.HERTMI21.~TMI3j .HER'M.41.WERTM'51. 
1 HERTMlft •• HERTM 17 I .WERTMIEU .WER'M«")I.WER'MIU)I 
2 10.0.0.0.0.0.0.0.0.01 

DATA LEYTA811J.lEYTM'2J.lEYTA8CJI.lEYTAlH41.LEYTMI51. 
1 LEYTMI61.LEYTM.n.LEVTA8ISI.LEY'A8I")I.LEYTA81101 
2 10.0.0.0.0.0.0.0.0.01 

NExT TWO OATA STATEl'£NTS MIE NECESSMn TO FROVlDE A 8lAMc 
ERROR TMILE INITIalLY 
OATA KOtltTltl.KOtltTi21 .KOtltTf]! .KOtltTI41.KQqJNTI51. 

1 KOtltTl fo I .KOtIeT 17 J .KOtIeTl8! .KOtIeTl"!' .kiJtJeT I 10 I 
2 10.0.0.0.0.O.O.0.O.(1I 

OATA kOlJeTx/OI 
NExT OATA STATEI'£I!IT SETS ... OOWUT f:ORMT 
OATA Flll.F.21.fl]I.FI41.fI51.FU.I.FHI.f:II!J .FI"!'.FIIOI. 

1 fll11.FI121.FU]I.FI141.f:1151.f:nEoI.Fn71 
2 11HI .1Mt .1HX .1H •• 1HA .114 .114 .114. ,1HI .1H • 
3 1M. tHo ,1M2 .1141 .1H1 • utO .1Hl I 

IF INI'£S$.GT .01 GO TO 80 
0tJI'F THE TMILE 

IF IKOlJeTI11.E&.01 RETURN 
PREPARE FClIfIt'lAT 
NCHAR :: I1.-cHIEoI 
CalL SIIFttT f2.NCHAR.F 1ft I I 
NCOl. :: 20 - NCHAR 
CalL SIIFttT 12. NCOl.." 11 CH I 
PRINT TO EACM UNIT 
(AlL XGE1\JA I lUN.NUNIT I 
00 ~ kUNIT::t .NUNlT 

IUNlT :: lUNU(UNlT I 

PAGE 5 
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60 

70 

75 

80 

100 

IF (lIMIT .Eg.O! lIMIT = 11I'fACHI41 
C PRINT TABLE HUOER 

WRITE (1IMIT,101 
10 FOAt1AT 132HO ERROR I'£S5AGE SUt'l'MRY' 

1 41H FIRST WOAD NERR LEVEL COIMTI 
C PRINT BOOY OF TAllLE 

00 20 1=1,10 
IF (KOIMTI I J .Eg.OI GO TO 30 
WRITE (lIMIT ,FI 1'£5TABr I I,NERTAe! I ',L.EVTAei I! ,KOIMTI I I 

20 CONTlM£ 
30 CONTlM£ 

C PRINT MJI'tIER OF OTHER ERRORS 
IF IKOIMTX.NE.OI WRITE IiIMIT,401 KO\MTX 

40 FOAt1AT 141HOOTHER ERRORS NOT nCHYIDUAU.Y TABlLATEO-"1101 
WRITE (lIMIT ,501 

50 FOAt1AT Inl 
60 CONTlM£ 

IF INI'£SSG.L.T .01 RE~ 
C CL.EAR THE ERROR TABLES 

00 70 1=1,10 
70 KOIMTlII = 0 

KOIMTX = 0 
RETtJIN 

80 CONTlM£ 
C PROCESS A I'£SSAGE ••• 
C SEARCH FOR THIS I'£SSG. OR ELSE AN [tPTY SlOT FOR THIS 1I£5SG, 
C OR ELSE OETERttINE THAT THE ERROR TABLE IS FU..l.. 

00 ~ 1=1.10 
II = I 
IF IKOIMTllr .Eg.OD GO TO no 
IF II'£SSGUI.NE.t£STABII II GO TO '¥.) 
IF INERR.NE.NERTABU H GO TO ., 
IF ILEVEL.NE.L.EVTABfIH GO TO ~ 
GO TO 100 

~ CONTlM£ 
C THREE POSSIIILE CASES ••• 
C TAllLE IS F~L 

KOIMTX :: KO\MTX+1 
ICOIMT :: 1 
RETtJIN 

C I'£SSACit FOtH) IN TABLE 
100 KOIMTIU!:: KO\MTIlIi .. , 

ICOIMT :: KOIMTI II i 
RETtM 

C E",TY SlOT FOtH) FOR NElli t£SSAGE 
HO P£ST .. II It :: P£SSGI1 i 

NEAT'" II I :: NERR 
LEYT"II II :: L.EVEL 
KOIMTI n, ::, 
ICOIMT :: 1 
RETtM 

END 

SU8ROUTINE XEF!SAY 14/14 OPT=O TM(£ FBI 4.~"3't 

SYI'tIOl.IC AEFEAEfCCE I1aP IA:21 

ENTRY POINTS OEF LINE REFEAENCES 
4 ICEF!SAY , .. 15 eo .,7 ~9' '08 

VARIABlES SN TYPE RELOCATION 
274 F INTEGER ARRAY REFS 20 51 53 
272 I INTEGER REFS ~5 4~ 78 

'IJO DEFIINED " 77 
0 ICOl. .. T INTEGER ,".P. DEFIlED • ow. 100 

273 II INTEGER REFS 2e.,., 100 103 
DEFIlED .. 

271 lIMIT INTEGER REFS 58 DEFIlED 57 
70 72 

3(.0 kOlMT INTEGER ARRAY REFS 22 .. ~5 
DEFIlED 1Ottl? 78 .,., 

21ft KOIMTx INTEGER REFS 2e7O '!5 DEFIINED 
210 KIM IT INTEGER REFS 57 DEFIlED % 

0 LEVEL INTEGER ,".P. REFS 'IJO 105 OEFlI£D 
34ft LEYTAe INTEGER ARRAY REFS 22 ~ 90 
315 LIM INTEGER ARRAY REFS 20 55 51 

0 I'£SSG INTEGER ARRAY F.P. REFS 2~ ee 103 
322 t£STAe INTEGER ARRAY REFS 22 ~ 88 
2ft!> NCHAR INTEGER REFS 51 52 DEFII£D 
2W. NCOl.. INTEGER REFS 53 DEFII£D 52 

0 NEAR INTECA.Pft F.P. REFS 8C) 1M DEFII£D 
334 NERTAe INTEGER ARRAY REFS 22 W. 8C) 

0 NP£SSG INTEGER F.P. REFS ... 15 DEFII£D 
2ft1 NlMIT INTEGER REFS 55 % 

VARiABlES USED AS nLE NAt£S. SEE ABOVE 

ExTERNALS TYPE ARGS REFERENCES 
11I'fACH INTEGER 1 50 58 
S88nrr 3 51 53 
ICGETUA 2 55 

STATEf£NT L.ABELS DEF LINE REFERENCES 
222 10 nrr {,., ~ 

0 20 t.7 " 73 30 &8 ~5 
247 40 Ft1T 71 7'0 
2ftO 50 Ft1T 13 12 

0 E.G 74 % 
0 70 78 71 

120 80 81 ... 
141 "to "2 85 88 8't 
152 100 ~ '" 161 110 103 87 

LOOPS LABEL INDEX '"ROtt-TO LENGTH PROPERTIES 
41 E.G • KIMIT % 74 428 EXt REFS NOT INNER 
54 20 

• I " 67 t~ ExT REFS ExITS 
110 70 I 71 78 .. INSTACk 
122 "to 

• I 
85"2 228 OPT EXITS 

07122181 14.5b.32 PAGE 2 
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~ DEFINED 17-42 
86 87 ee 
85 

t07 
104 1()t5 1 Of. 

58 110 REFS ~ ~ 

~ 87 .,., 100 
1 Of. 
40 7"t '!5 

1 
DEFII£D 10-32 1()t5 

DEFII£D 1 
OEFlI£D to-2ft 103 

50 

1 
DEnNED 10_~ 104 , 



SUBROUTINE XERSAV 

STATISTICS 
PROGRAM LENGTH 

SUBROUTINE XGETF 

74174 OPT=O TRACE FTN 4,&+43'3 

4048 2&0 

74174 OPT=O TRACE FTN 4,&+4Jq 

SUBROUTINE xGETF I kONTRl.) 

ABSTRACT 

5 
XGETF RETIJRNS THE CURf£NT VALl£ OF THE ERfIOfI CONTROL FLAG 
IN kONTRl.. SEE Sl&IOUTINE XSETF FOR FLAG VALl£ MEANINGS. 
IkONTRl. IS AN OUTPUT PARAMETER ONLY. I 

07122181 14,5&,32 

07122/81 14.5&.32 

C 
C 
C 
C 
C 
C 
C 
C 
C 

WRITTEN BY RON JONES. WITH SLATEC COtftlN Hl'TH LIBRARY SUBCOMMITTEE 
LATEST REVISION --- 7..M£ 1~78 

10 
kONTRl. = J4SAVEI2.0 •• FALSE.I 
RETURN 
ENO 

SYt'SOL I C REFERENCE MAP I R=2 I 

ENTRY POINTS DEFLINE REFERENCES 
4 XGETF 1 12 

VARIABLES SN TYPE RELOCATION 
0 kONTRl. INTEGER F .P. DEFINED 11 

EXTERNALS TYPE ARGS REFERENCES 
J4SAVE INTEGER 3 11 

STATISTICS 
PROGRAM LENG TH 208 1& 

PAGE 

PAGE 
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10 

15 

20 

SUBROUTINE )(GETUA 74174 OPT::O TRACE F'TN 4.&+43'3 

SUBROUTINE )(GETUA( IUNIT,N I 

ABSTRACT 
)(GETUA MAY BE CALLED TO DETERMINE THE UNIT NUMBER OR NUMBERS 
TO WHICH ERROR I'£SSAGES ARE BEING SENT. 
THESE UNIT NUMBERS MAY HAVE BEEN SET BY A CALL TO )(SETUN, 
OR A CALL TO )(SETUA, OR MAY BE A DEFAULT VALUE. 

DESCRIPTION OF PARAI'£TERS 
--OUTPUT--

IUNIT - AN ARRIIY OF ONE TO FIVE UNIT NUMBERS, DEPENOING 
ON THE VALUE OF N. A VALUE OF ZERO REFERS TO THE 
DEFAULT UNIT, AS DEFINED BY THE I1MACH MACHINE 
CONSTANT ROUTINE. ONLY IUNIT11I, ... , IUNITINI ARE 
DEFINED BY )(GETUA. THE VALUES OF I UNIT (N+l I, .•. , 
IUNITI51 ARE NOT DEFINED (FOR N.LT.SI OR ALTERED 
IN ANY WAY By )(GETUA. 

N - THE NUMBER OF UNITS TO W ... ICH COPIES OF THE 
ERROR MESSAGES ARE BEING SENT. N WILL BE IN THE 
RANGE FROM 1 TO 5. 

07122/81 14.5&.32 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

WRITTEN BY RON JONES, WITH SLATEC COMMON MATH LIBRARY SUBCOM"1ITTEE 

DIMENSION IUNITIS I 
25 

30 

N :: J4SAVEI5,O, .FALSE.I 
DO 30 I::1,N 

INDE)( :: 1+4 
IF (I.EG.11 INDE)( :: 3 
I UNIT I I I :: J4SAVEIINOE)(,O,.FALSE.1 

30 CONTINUE 
RETURN 
ENO 

SYI130LIC REFERENCE MAP (R::21 

ENTRY POINTS 
4 )(GETUA 

VARIABLES 
53 I 
54 INDEX 

o IUNIT 
o N 

EXTERNALS 
J4SAVE 

DEFLINE 
1 

SN TYPE 

REFERENCES 
31 

RELOCATION 
INTEGER 
INTEGER 
INTEGER 
INTEGER 

ARRAY F.P. 

TYPE ARGS 
INTEGER 3 

F.P. 

REFERENCES 
25 

REFS 
REFS 
REFS 
REFS 

2<:1 

STATEMENT LABELS DEF LINE REFERENCES 
o 30 30 2& 

LOOPS LABEL INDEX PROPERTIES 

27 
2<:1 
24 
2& 

23 30 * I 
FROM-TO 

2& 30 
LENGTH 

1SB EXT REFS 

SUBROUTINE XGETUA 

STATISTICS 
PROGRAM LENGTH 

74174 OPT=O TRACE 

&lB 4'3 

28 2<:1 DEFINED 2& 
DEFINED 27 28 
DEFINED 1 2'3 
DEFINED 1 25 

FTN 4.&+43<:1 07122/81 14.5&.32 
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1'5 

20 

c 
r: 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

74174 OPhO TRACE 

SlJBIi«)UTlNE )(GETUNIIUNIT) 

ABSTRACT 

F"TN 4. (,,+43'1 

)(GETUN GETS THE IFIRST) OUTPUT FILE TO WHICH ERROR MESSAGES 
ARE BEING SENT. TO FINO OUT IF MORE THAN ONE FILE IS BEING 
USED, ONE t1JST USE THE )(GETUA ROUTINE. 

DESCRIPTION OF PARAMETER 
--OUTPUT--

IUNIT - THE LOGICAL UNIT NUl"8ER OF THE IFIRST) UNIT TO 
WHICH t.RfilOR MESSAGES ARE BEING SENT. 
A VALUE OF ZERO MEANS THAT THE DEFAULT FILE, AS 
DEFINED BY THE 11MACH ROUTINE, IS BEING USED. 

07/22/E91 14.'Sb.32 

WRITTEN BY RON JONES, WITH SLATEC COMMON MATH LIBRARY SUBCOMMITTEE 
LATEST REVISION --- 23 MAY 1'17'1 

IUNIT :: J4SAVEI3,0, .FALSE.) 
RETURN 
ENO 

Sytf:'lOLlC REFERE:lCE MAP IR=2) 

ENTRY POINTS DEF LINE REFERENCES 
4 )(GETUN 1 1'1 

VARIABLES SN TYPE RELOCATION 
0 I UNIT INTEGER F .P. DEFINED 18 

E)(TERNALS TYPE ARGS REFERENCES 
J4SAVE INTEGER 3 18 

STATISTICS 
PROGRAM LENGTH 208 1E. 
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74114 OPhO TRACE 

SU8ftOUT I NE XSETF II<ONTRL 1 

ABSTRACT 

FTN 4.E:.+43,,! 

XSETF SETS THE EMOA CONTROL FLAG VALUE TO I<ONTRL. 
II<ONTAL IS AN INPUT PARAf'£TER ONLY. I 
THE F'OLLOWING TAkE SHOWS HOW EACH f'£SSAGE (S TREATED, 
DEPENOING ON THE VALUES OF' I<ONTRL AND LEVEL. I SEE XERROR 
F'OO DESCRIPTION OF' LEVEL. I 

IF' I< ON TAL IS ZERO 00 NEGATIVE, ND INf'O~TlON OTHER THAN THE 
f'£SSAGE ITSELF' IINCLUOING NUf'£RIC VALUES, IF' ANY I WILL BE 
PfIINTED. IF' KONTRL IS POSITIVE, INTRODUCTORY f'£SSAGES, 
TRACE-BACI<S. ETC .• WIl.L BE PfIINTED IN ADDITION TO THE MESSAGE. 

lABS 1 I<ONTRL 1 
LEVEL 0 2 
VALUE 

2 FATAL FATAL FATAL 

NOT PfIINTED PfIINTED FATAL 

0 NOT PfIINTt:D PfIINTED PRINTED 

-1 NOT PfIINTED PfIINTED PRINTED 
ONLY ONLY 
ONCE ONCE 

07 1 '2/8114.'51>.32 

C 
C 
C 
C 
C 

~ITTEN BY RON JONES. WITH SLATEC COI't1ON MATH LIBRARY SUBCOMMITTEE 
LATEST REViSION --- 23 MAY 1"He;! 

30 
IF IIKONTAL.GE.!-2IJ.AND.!KONTRL.LE.2IJ GO TO 10 

CALL XERRWVI3'*1XSETF -- INVALID VALUE OF KONTRL 1111 •• 33.1.2. 
1.KONTAL .0.0.0 .• 0. J 
RETURN 

10 JUNI< = J4SAVEI2.KONTRL •. TRUE. J 
RETURN 
ENO 

SVl130LlC REFERENCE MAP I R=2 J 

ENTRy POINTS DEF LINE 
4 )(5[TF 1 

VARIABLES SN TYPE 
50 JUNI< • INTEGER 

0 KONTRL INTEGER 

[J(TERNALS TYPE 
J4SAVE INTEGER 
)(ERRWV 

SUBROUTINE XSETF 

STATEMENT LABELS 
17 10 

STATISTICS 
PfI0GRAM LENGTH 

REFERENCES 
34 36 

RELOCATION 
DEF INED 

F .P. REFS 

ARGS REFERENCES 
3 3'5 

10 32 

74174 OPT=Q TRACE 

OEF LINE REFERENCES 
35 31 

SbB 4E. 

3S 
2'31 32 

FTN 4.E:.+43e;! 

3S DEFINED 

07122/81 14.Sb.32 
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15 

Sl~OllTlNE XSETUA 74/74 OPhO TRACE PN 4.£:,+43'3 

S~UTINE )(SETUAIIUfolIT,NI 

ABSTFlACT 
kSETUA MAY BE CALLED TO DECLARE A LIST OF UP TO FIVE 
LOGICAL UfolITS, EACH Of' WHICH IS TO RECEIVE A COpy OF 
EACH ERMfI to£SSAGE PFlOCESSED BY THIS PACKAGE. 
THE PUAPOSE Of' )(SETUA IS TO ALLOW SII'U. TANEOUS PRINTING 
Of' EACH ERMfI to£SSAGE ON, SAY, A MAIN OUTPUT FILE, 
AN INTERACTIVE TERMINAL, AND OTHER FiLES SUCH AS GRAPHICS 
COf'ttJNICATION FILES. 

DESCRIPTION Of' PARAto£TERS 
--INPUT--

IUfolIT - AN 4RRAY Of' UP TO FIVE UfolIT NUt&:RS. 
NORI1ALLY THESE NUt&:RS SHOULD ALL BE DIFFERENT. 
IBUT DUPLICATES ARE NOT PROHIBITED. I 

N - THE NUI"IlER Of' UfolIT NUt&:RS PROVIDED IN !UNIT. 
I't.JST HAVE 1 .LE. N .LE. '5. 

07122/8114.'5£:..32 

20 WRITTEN BY RON JONES, WITH SLATEC COrfllN MATH LIBRARY SUBCOMMITTEE 
LATEST REVISION --- 23 MAY 1'37'3 

30 

35 

Dlto£NSION IUfolIT I '51 
IF IIN.GE.l'.AND.IN.LE.'511 GO TO 10 

CALL lCERRWVI34H)(SETUA -- INVALID VALUE OF N 1111. ,34,1,2, 
I,N,O,O,O. ,0. I 
RETURN 

10 CONTI~ 
00 20 1=I,N 

INDE)( = 1+4 
IF II.EQ.ll INDEX = 3 
JUNI< = J4SAVEIINDEX,IUfolITIII,.TRUE.1 

20 CONTI~ 
JlJNI( = J4SAVEI5,N, .TAlIE.1 
RETURN 
END 

SVI'(lOLlC REFERENCE MAP I R=2 I 

ENTRY POINTS DEF LINE 
4 XSETuA I 

VARIABLES SN TYPE 
110 I INTEGER 
111 INDEX INTEGER 

0 IWIT INTEGER 
~ 12 JlINI< INTEGER 

0 N INTEGER 

EXTERNAL~ TYPE 
J4':,AVE INTEGER 
)(ERRWV 

S~UTINE )(SETUA 

STATEr£NT LABELS 
30 10 

0 20 

LOOPS LABEL INDEX 
32 20 • I 

STATISTICS 
PROGRAM LENGTH 

REFERENCES 
27 3S 

RELOCATION 
REFS 
REFS 

ARRAY F .P. REFS 
DEF IN£D 

F .P. REFS 

ARGS REFERENCES 
3 32 34 

10 2'5 

74174 OPT=O TRACE 

DEF LINE REFERENCES 
28 24 
33 2'3 

FROM-TO LENGTH PROPERTIES 
29 33 178 

124B 84 

30 
32 
23 
32 

2.24 

E)(T REFS 

31 
DEFINED 

32 
34 
25 

32 
30 

DEFINED 

29 

FTN 4.£:,+439 

DEFINED 2'3 
31 

1 

34 DEFINED 

07122/81 14.5£:..32 
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C 
C 
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C 
C 
C 
C 
C 

74/74 Of'hO TlilACE 

SIJIAOOTINE )(5[TUNIIUNIT I 

A'SHIAeT 
)(5[TUN 5[TS THE OUTPUT FILE TO WHICH ERROA F'£SSAGES ARE TO 
IK 5[NT. ONLY ONE FILE WILL IK USED. SEE )(SETUA FOA 
HOW TO D€CLAM ~ THAN ONE FilE. 

D€SCAIPTION OF PAFlAF'£TER 
~-INPUT~-

IUNIT - AN INPUT PAAAF'£TEA IiIVING THE lOr-ICAl UNIT NUMlKA 
TO WHILH E~ F'£SSAGES AM TO IE SENT. 

WRITTEN lilY FION JONES, WITH SlATEC COIft>N MATH LlIiIAAAY SueCOMMITTEE 
LATEST MVISION -~~ 7 JUNE "78 

J\JNI( " J4SAVEI J, IUNIT,. TRUE. I 
J\JNt( " J4SAVE IS, I , . TRUE. I 
MTUFIN 
ENO 

S Y!1BOl I C R£FEFIENCE MAP I R:;2 1 

ENTRy POINTS 
4 )(SETUN 

VARIABlES SN 
0 IUNIT 

32 JIM< 

E)(TERNALS 
J4SAVE 

STATISTICS 
PROGRAM LENG TH 

5 

10 

15 

20 

30 

40 

DE. LINE FIE.EFlENCES 
1 18 

TYPE FlELOCATION 
INTEGER F .P. REFS 

D€FINED 
1& 
1& 

DEF INED 
17 INTEGER 

TYPE ARGS FlEFEFIENCES 
INTEGER J 1& 

3JB 27 

74/74 QPT=O TRACE F"TN 4.&+43' 

INTEGER FIJNI:TION l1MACHI I 1 

SANOIA MATHEMATICAL PROGRAM LIBRARY 
APPLIED MATHEMATICS DIVlsrON 2&4& 
SANOIA LABOfIATOfIIES 
ALBUQUERQUE. NEW F'£)(ICO e71SS 
CONTROl DATA &&00/7&00 VERSION 8.1 AUGUST "eo ......................... 

• ISSUED BY • 
• SANOIA LABQfIATOfIIES. 
• A PRIME CONTRACTOfI .**..... TO THE 

• UNITED STATES • 
DEPARTMENT 

OF 
ENERGY 

..................... ---NOTICE--- ................... .. 
• THIS FlEPOfIT WAS PREPAFlED AS AN ACCOUNT OF WORI< SPONSOMD' 
• 6Y THE UNITED STATES GOVERNMENT. NEITHER THE UNITED • 

STATES NOfI THE UNITED STATES DEPARTMENT OF ENERGY, 
• NOfI ANY OF THE IR Et1PLOYEES, 
• NOfI ANY OF THEIR CONTRACTOfIS. SU8CONTPACTOfIS, OR THEIR. 
• EI1Pl.OYEES. MAKES ANY WARRANTY. EXPRESS 0fI I !'FLIED. OR • 
• ASSUI'£S ANY LEGAL L1ASILITY 0fI FlESPONSI&ILlTY FOR THE • 

.......... ACCURACY, ......... . 
• • COt1PLETENESS • 

OR USEFULNESS • 
OF ANY 

I NFOfIMA TI ON, 
APPARATUS. 

.... PROOUCT .... 
• 0fI PROCESS 
• DISCLOSED, 

• OR FlEPRESENTS • 
.. THAT ITS .. 
.. USE WOULD NOT .. 

......... .. INFRINGE" ......... 
** PRIVATELY .. 
.. OWNED .. 
.. RIGHTS. ** 
•• .. .. .. .. .. .................... 

11MACH CAN IK USED TO OSTAIN MACHINE-DEPENOENT PARAMETERS 
FOR THE LOCAL MACHINE ENVIRONMENT. IT IS A FUNCTION 
SUlfilOOTINE WITH ONE I INPUT I ARGUI'£NT. ANO CAN BE: CALLED 
AS FOLLOWS, FOR £)(AI'PLE 

j( " 11 MACH I I, 

WHEM I", ..... u •• THE I OUTPUT I vALUE Of- j( ABOVE IS 
OETEAMINED er 1M[ I INPUT I VALUE OF I. THE MSUL 1S FOR 
VARIOUS VALUES OF I AM DISCUSSED BE:LOW. 

07122/8114.5&.32 PAGE 
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130 
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150 

155 

1&0 

1~5 

110 

c 
c 
r: 
c 
c 
c 

74174 OPhO TRIICE 

110 UN IT NUffJERS. 
11MACHI 11 THE STANOARD INPUT UNIT. 
11 MACH I 21 " THE STIINOARD OUTPUT UNIT. 
11MACHI 31 " THE STIlNOIlRO PUNCH UNIT. 
11MACHI 41 THE STIINOARD ERRoo J'o'[SSAGE UNIT. 

P'I 4.&+43'3 

c WORDS. 
C I'MACHI 51 THE NUffJER OF BITS PfR INTEGER STORAGE UNIT. 
C I'MACHI £:, I THE NUI13ER OF CHIIRIICTERS PER INTEGER STORAGE UNIT. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

INTEGERS. 
IISSUJ'o'£ INTEGERS liRE REPRESENTED IN THE S-DIGIT, BIISE-II FORM 

SIGN I XIS-II*A**IS-1I + ... + Xlll.11 + XIOI I 

WHERE 0 . LE. X I I I • LT. A FOR 1=0, ... ,5-1. 
I1MACHI 71 A, THE BASE. 
11MACHI 81 = S, THE NUffJER OF BIISE-II DIGITS. 
11MACHI '31 = AuS - I, THE LIIRGEST MAGNITUDE. 

FLOIlTING-POINT NUI13ERS. 
ASSUJ'o'£ FLOIITING-POINT NUffJERS ARE REPRESENTED IN THE T-DIGIT, 
BASE-B FORM 

SIGN IB**Eltl IXI1I/BI + ... + I).ITI/B .. TI I 

WHERE 0 . LE. X I I I . LT. B Foo 1=1, .•• , T, 
o .LT. XIII. liND EMIN .LE. E .LE. EMAX. 

11MACHI101 = B. THE BIISE. 

SINGLE-PRECISION 
I1MACHI111 = T, THE NUI13ER OF BASE-B DIGITS. 
I'MACHI121 = EMIN, THE SMALLEST EXPONENT E. 
11MACHI131 = EMAX, THE LARGEST EXPONENT E. 

DOUBLE-PRECISION 
I 1 MACH 1141 = T. THE NlJt'IIER OF BASE-B DIGITS. 
11MACHllSI = EMIN, THE SMALLEST EXPONENT E. 
I 1 MACH I I & I = EMAX, THE LARGEST EXPONENT E. 

TO ALTER THIS FUNCTION Foo A PARTICULAR ENY IRON1'£NT, 
THE DESIRED SET OF DATA STATEJ'o'[NTS SHOULD BE ACTIYIITED BY 
REI'tJYING THE C FROM COL~ 1. ALSO. THE YIILUES OF 
I1MACHlli - I1MACHI41 SHOULD BE CHECKED Foo CONSISTENCY 
WITH THE l.OCAL OPERATING SYSTEM. 

ADAPTED FROM THE BELL LABS POOT MATHEMATICAL SUBROUTINE LIBRARY 
REF. P .A. FOX, A.D. HALL. AND N.L. SCHRYER 

tTHE PooT MATHEMATICAL SUBROUTINE LIBRARYt 
BELL LABS COMPUTING SC[ENCE TECHN[CAL REPORT NO. 47 
SEPTEPeER 1 '37& 

[NTEGER [MACHI 1&1 ,OUTPUT 

EGU I VALENCE I I MACH 14 I ,OUTPUT I 

MACHINE CONSTANTS FOR THE BURROUGHS 1700 SYSTEM. 

FUNCTION 11MACH 74174 OPT=O TRIICE FTN 4.&+43'3 

C OATIl [MACHI II I 7 I 
C DATA [MACHI 21 I 2 I 
C DATA [MACHI 31 , 2 , 
C DATA IMACHI 41 , 2 , 
C DATA IMACHI 51 1 3b 1 
C DATA [MACHI &1 1 4 , 
C DATA I MACH I 71 , 2 , 
C DATA [MACHI 81 , 33 , 
C DATA IMACHI '31 1 Z 1 FFFFFFFF , 
C DATA I MACH I 101 1 2 1 
C DATA IMACH!11 I 1 24 1 
C DATA [HACH! 121 1 -2% 1 
C DATA [MACH! 131 1 255' 
C DATA [MACH! 141 1 &0 , 
C DATA IMACH! 151 1 -2% I 
C DATA IMACH!I&1 I 255 I 
C 
C MACHINE CONSTANTS Foo THE BURROUGHS 5700 SYSTEM. 
C 
C DATA I MACH I 11 I 5 I 
C DATA IMACH! 21 I & I 
C DATA IMACH! 31 / 7 1 
C DATA [MACHI 41 I & , 
C DATA I MACH I 51 , 48 , 
C DATA IHACHI &1 I & I 
C DATA I MACH I 71 I 2 I 
C DATA I MACH I 81 1 3'3 1 
C DATA IHACHI '31 I 00007777777777771 1 
C DATA I MACH I 101 I 8 I 
C DATIl tHACH! 111 1 13 I 
C DATA tHACH! 121 I -50 I 
C DATA tHACH! 131 I 7& I 
C DATA tHACHI141 I 2& I 
C DATA IMACHI15 I I -50 1 
C DATA tMACH!161 1 7& I 
C 
C MACHINE CONSTANTS Foo THE BURROUGHS &700/7700 SYSTEMS. 
C 
C DATA IMACt!l 11 1 5 1 
C DATA IHACHI 21 , & 1 
C DATA tHACHI 31 1 7 I 
C DATA IHACHI 41 1 b I 
C DATA IHACHI 51 I 48 I 
C DATA IHACHI 61 I 6 I 
C DATA IHACHI 71 I 2 I 
C DATA lHACHI 81 I 3' I 
C DATA tHACHI C)I I 00007777777777777 I 
C DATA tHACHll01 I 8 I 
C DATA IHACHlll I I 13 I 
C DATA IHACHI12' I -SO I 
C DATA tHACHI13' I 76 I 
C DATA IHACHI"" 1 26 I 
C DATA tHACHI15, I -32754 I 
C DATA IHACH",,, I 32780 I 
C 
C MACHINE CONSTANTS FOR THE CDC 600017000 SERIES. 
C 

07122/81 14.'5&.32 PAGE 
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FUNCTION I 1 MACH 74174 OPT=O TRACE FTN 4 .&+43~ 07122/81 14.5&.32 PAGE 4 

DATA IHACH! 11 5 1 
DATA IHACH! 21 & 1 
DATA IHACHI 31 1 7 1 

17'5 DATA I MACH I 41 I&LOUTPUT 1 
DATA IHACH! 51 1 &0 1 
DATA IHACH! &1 1 10 1 
DATA IHACH! 71 I 2 I 
DATA IHACH! 81 I 48 I 

180 DATA IMACHI ~I I 000077777777777777778 1 
DATA I MACH I 101 1 2 1 
DATA IMACHll1 I 1 48 1 
DATA IHACHI121 1 -'374 1 
DATA IHACH!131 I 1070 I 

185 DATA IHACHI141 I %1 
DATA IHACHI151 1 -~27 1 
DATA IHACHll&1 1 1070 1 

C 
C HACHINE CONSTANTS FOR THE CRAY 1 

1~ C 
C DATA IHACHI 11 100 
C DATA IHACHI 21 101 
C DATA IHACH! 31 102 
C DATA IHACH! 41 101 

1~ C DATA IHACH! 51 &4 
C DATA IHACHI &1 9 
C DATA IHACHI 71 2 
C DATA IHACHI 81 &3 1 
C DATA IHACHI '31 7777777777777777777778 1 

200 C DATA I MACH I 101 2 1 
C DATA IHACHI11 I 49 I 
C DATA IHACHI121 -81~2 I 
C DATA IHACHI131 81'31 1 
C DATA IHACHI141 %1 

20'5 C DATA IHACHllS1 -81'32 1 
C DATA IMACHll&I 81'31 1 
C 
C MACHINE CONSTANTS FOR THE DATA GENERAL ECLIPSE S/200 
C 

210 C DATA IMACtH 11 11 
C DATA IHACHI 21 12 
C DATA IHACHI 31 8 
C DATA IHACHI 41 10 
C DATA IHACHI 51 1& 

21'5 C DATA IHACH( &1 2 
C DATA IHACHI 71 2 
C DATA IHACHI 91 I 15 
C DATA IHACHI '31 1327&7 
C DATA IHACHll01 1 1& 

220 C DATA IMACH(llI 1 & 
C DATA IHACH( 121 1 -&4 
C DATA IHACHI131 1 &3 
C DATA IHACHI141 1 14 
C DATA IHACH(l'5l 1 -&4 

22'5 C DATA IHACH(l&1 1 &3 
C 
C MACHINE CONSTANTS FOR THE HARRIS 220 
C 
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C DATA IMACH! 11 5 
230 C DATA I MACH ( 21 & 

C DATA I MACH ( 31 0 
C DATA IMACH( 41 & 
C DATA IMACHI 51 24 
C DATA IHACHI &1 3 

23'5 C DATA IHACH( 71 2 
C DATA IHACH( 81 23 
C DATA IP1ACHI '31 8388b07 
C DATA IHACHll01 2 
C DATA IHACHll1I 23 

240 C DATA lHACHI121 -127 
C DATA IP1ACH1131 127 
C DATA IHACHI141 38 
C DATA IHACHI151 -127 
C DATA IHACHll&I 127 

245 C 
C HACHINE CONSTANTS FOR THE HONEYWELL &00/&000 SERIES. 
C 
C DATA IHACHI 11 5 
C DATA IHACHI 21 & 

2'50 C DATA IHACHI 31 43 
C DATA IHACH( 41 & 
C DATA IHACHI 51 3& 
C DATA IHACHI &1 & 
C DATA IHACHI 71 2 

2'55 C DATA IHACHI 81 351 
C OATA IHACHI '31 0377777777777 
C OATA IP1ACH!101 2 I 
C DATA IHACH!11 1 27 1 
C DATA IHACHI121 -127 1 

2&0 C DATA IHACHI131 127 I 
C DATA IHACHI141 &3 I 
C DATA IHACHI151 -127 I 
C DATA IHACHI1&1 127 I 
C 

2&5 C HACHINE CONSTANTS FOR THE IBM 3&0/370 SERIES. 
C THE )(ERO)( SIGHA 5/7/'3 AND THE SEL SYSTEMS 85/8&. 
C 
C DATA IHACH! 11 5 
C DATA IHACHf 21 & 

270 C DATA IHACHf 31 7 
C DATA IHACHf 41 & 
C DATA IHACHI 51 32 
C DATA IHACHI &1 4 
C DATA IHACHI 71 2 

275 C DATA IHACHI 81 31 I 
C DATA IHACH! " Z7FFrFFFF I 
C DATA IHACHI101 1& 1 
C DATA I MACH I 11 I • 1 
C DATA I MACH I 121 -.4 I 

280 C DATA IHACH!131 .3 I 
C DATA IHACHIUI 14 I 
C DATA IHACHI15' -.4 I 
C DATA IHACH! 110' &3 I 
C 

28'5 C HACHINE CONSUNTS FOR THE POP-10 II<A PROCESSOR I • 
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C 
C DATA IMACHt 11 15 
C DATA IMACHt 21 E. 
C DATA [MACHt 31 15 

2~ C DATA IMACHt 41 6 
C DATA IMACHt 51 3E. 
C DATA IMACHt 61 5 
C DATA IMACHt 71 2 
C DATA IMACHt 81 351 

2"iS C DATA [MACHt <31 .. 377777777777 1 
C DATA [MACHt 101 2 1 
C DATA IHACHt" I 27 1 
C DATA IHACHt 121 -128 1 
C DATA IHACHt 131 127 I 

300 C DATA IHACHt 141 154 1 
C DATA IHACHt lSI -101 1 
C DATA IHACHt161 127 1 
C 
C HACHINE CONSTANTS FOR THE PDP-10 (K I PROCESSOR I . 

30'5 C 
C DATA IMACHt 11 5 1 
C DATA [MACH ( 21 b 1 
C DATA IHACH( 31 5 1 
C DATA I MACH ( 41 6 1 

310 C DATA IHACH( 51 3b 1 
C DATA IHACH( E.I 5 1 
C DATA IHACHt 71 2 1 
C DATA IHACHt 81 315 1 
C DATA IHACHt <31 "377777777777 1 

315 C DATA [HACHtl01 2 1 
C DATA [HACHtl1 I 27 1 
C DATA IHACHI121 -128 1 
C DATA IMACHt 131 127 1 
C DATA IHACHI141 62 1 

320 C DATA IHACH(151 -128 1 
C DATA lHACH(1E.1 127 1 
C 
C HACH[NE CONSTANTS FQfl PDP-11 FORTRAN[S SUPPORTING 
C 32-BIT [N7EGER ARITHt£TIC. 

325 C 
C DATA [HACHt 11 5 
C DATA [HACHt 21 E. 
C DATA IHACH( 31 5 
C DATA lHACH( 41 E. 

330 C DATA IHACHt 51 32 
C DATA IHACHt 61 4 
C DATA IHACHt' 71 2 
C DATA [HACH( 81 31 1 
C DATA lHACH( <31 2147483E>\' • 1 

335 C DATA lHACHt101 2 1 
C DATA IHACHtllI 24 I 
C DATA IHACHt121 -127 I 
C DATA IHACH(131 127 I 
C DATA IHACHI141 se. I 

340 C DATA IHACH( 151 -127 I 
C DATA IHACH(lE.1 127 I 
C 
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C HACHINE CONSTANTS FQfl PDP-l1 FQflTRAN[S SUPPORTING 
C lE.-BIT INTEGER ARITHt£TIC. 

345 C 
C DATA IHACH( 11 5 
C DATA IHACHI 21 E. 
C DATA IHACH( 31 5 
C DATA IHACH( 41 E. 

350 C DATA IHACH( 51 lE. 
C DATA IHACHI E.I 2 
C DATA IHACH( 71 2 
C DATA IHACHI 81 15 1 
C DATA IHACH( <31 32767 I 

355 C DATA IHACHll01 2 I 
C DATA IHACHll1I 24 I 
C DATA IHACH(121 -127 I 
C DATA IHACHt131 127 I 
C DATA [HACHt141 %1 

)b0 C DATA [HACHt1S1 -127 I 
C DATA IHACHI161 127 I 
C 
C HACHINE CONSTANTS FQfl THE UNIVAC 1100 SERIES. 
C 

3b5 C NOTE THAT THE PUNCH UNIT, [lHACHI3I, HAS BEEN SET TO 7 
C WHICH IS APPROPRIATE FQfl THE UN[VAC-FQfl SYSTEM. 
C IF YOU HAVE THE UNIVAC-FTN SYSTEM, SET IT TO 1. 
C 
C DATA IHACHt 11 15 

370 C DATA IHACHI 21 6 
C DATA IHACHt 31 7 
C DATA IHACHt 41 6 
C DATA IHACHI 51 3b 
C DATA IHACHt E.I E. 

375 C DATA IHACHt 71 2 
C DATA IHACHt 81 351 
C DATA IHACHt " 0377777777777 
C DATA IHACHI101 2 1 
C DATA IHACHI11 I 27 1 

380 C DATA IHACHt121 -128 1 
C DATA IMACtH131 127 1 
C DATA IHACHI141 I 60 I 
C DATA IHACHt1S1 1-1024 1 
C DATA IHACHI1'" 1 1023 1 

38'5 C 
IF" I I .LT. 1 .OR. .GT. t61 GO TO 10 

11MACH:IMACHI I, 
RETUfilN 

3~ 
10 CONTINUE 

CALL )CERROR I 25104 11 MACH - - lOUT OF" SOUNDS. 25. 1 .2 I 

ENO 
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SYtt90LlC REFERENCE MAP fR=21 

ENTRY POINTS 
5 11MACH 

VARIABLES 
o I 

35 IMACH 

33 11MACH 
34 OUTPUT 

EXTERNALS 
XERROR 

DEFLINE 
1 

SN TYPE 
INTEGER 
INTEGER 

INTEGER 
• INTEGER 

REFERENCES 
38'3 3'34 

ARRAY 

'UNDEF 

RELOCATION 
F .P. 

TYPE ARGS REFERENCES 
3'32 4 

REFS 
REFS 

17& 
184 

DEF INEO 
REFS 

2.38& 
10'3 
177 
185 
388 
10'3 

388 
388 
178 
18& 

OEF INEO 
OEF INEO 

17'3 
187 

STATEf"£NT LABELS DEF LINE REFERENCES 
20 10 

STATISTICS 
PROGRAM LENGTH 

5 

10 

15 

20 

40 

4~ 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
(. 
(. 

3'31 38& 

&18 4'3 
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REAL FUNCTION R1MACH! II 

SANCIA MATHEMATICAL PROGRAM L18RARY 
APPLIED MATHEMATICS DIVISION 2&4& 
SANCIA LABORATORIES 
ALBUQUERQUE, NEW f"£)(ICO 871 St5 
CONTROL DATA &&00/7&00 VERSION 8.1 AUGUST 1'380 .................. " ..... 

• ISSUED BY 
• SANCIA LABORATORIES. 
• A PRIME CONTRACTOR ........ TO THE 

• UNITED STATES 
• DEPARTMENT 

OF 
ENERGY ..................... ---NOT ICE--- ..................... 

• THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORI< SPONSORED. 
• BY THE UNITED STATES GOVERNMENT. NEITHER THE UNITED • STATES NOR THE UNITED STATES DEPARTMENT OF ENERGY, • • NOR ANY OF THEIR EMPLOYEES, 
• NOR ANY OF THEIR CONTRACTORS, SueCONTFlACTORS, OR THEIR. 
• EMPLOYEES, MAI<ES ANY WARRANTY, E)(PRESS OR IMPLIED. OR 
• ASSUMES ANY LEGAL L1AIIILITY OR RESPONSI&ILITY FOR THE 
• .......... ACCUAACY, .......... 

• • COMPLETENESS • • • OR USEFULNESS • • • OF' ANY • • • INFORMAT ION, • • • APPARATUS, • • .... • PRODUCT • .... 
• • OR PROCESS • • • • DISCLOSED, • • • • OR fll€PRESENTS • • • .. THAT ITS u • • • .. USE WOULD NOT .. • ......... .. INFRINGE .. ......... .. PRIVATELY .. .. OWNED .. .. RIGHTS. .. .. .. .. .. .. .. .................... 

IW1ACH CAN I[ UKD TO OIITAIN MACHINE-OEP£NDENT PARAI'I:TERS 
FOR TIC LOCAL MACHINE ENV IRONI'I:NT • IT IS A FUNCTION 
S~TINE WITH ONE I INPUT , ARGUMENT, AND CAN I[ CALL.ED 
AS F'OlLM. 'OR UA~E 

A 1I1 fil1MACH! I , 

IM:fiIE hI ..... 5. TIC f OUTPUT I VAL.UE OF A AIOVE IS 
DUEAMHCO If 'tIC f INPuT, VALUE OF I. 'tIC MSUL 15 FOA 
VARfM VALUES OF I AfiIE DISCUSHO IllEL.OW. 
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c 
C 
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C 
C 
C 
C 
C 
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TO Al TIR THII FUNCTION FOR A JilAATlClfl"AR INV IAONt£NT, 
THE DUIMD liT OF DATA STAT£rcNTS iHOUl.O iii[ ACTlVAT£O In 
MI1)V ING THE C FftOM COl~ 1. 

WlCM FIOilllk.E, OCTAl. OR HElCADECIMAI. CONSTANTS HAVE lil[EN UIID 
TO IPfClfY THE CONiTANTS ElCACTI.Y WHICH HAS IN SOf« CASES 
MQUIMD THE UK OF EQUIVALENT INTEGE" AMAYS. 

ADAPTED FftOf1 THE lil[1.1. I.A85 PORT MATHEMATICAL SUlftOUTlNE LIBRARY 
AlF. P.A. FOlC, A.D. HALl., ANO N.I.. SCHAYER 

tTHE PORT MATHEMATICAL SUBROUTINE LIBRARU 
lil[1.1. LABS COfoPUTlNG SCIENCE TECHNICAL MPORT NO. 41 
SEPTE_A 1 '''Eo 

INTEGER iMAl.L 12 I 
INTEGER LARGE 121 
INTEGER RlliHTI21 
INTEGE:R DIVERI21 
INTEGER I.OG10121 

AE"1. AMACHllj1 

EQUIVAlENCE IAMACHI 11 ,SMALL I 111 
EQUIVAlENCE I AMACH I 2 I ,LAAGEI 111 
EQUIVAlENCE IAMACHI31,RIIiHTI111 
EQUIVAlENCE I AMACH I 4 I ,DIVERI111 
EQUIVAlENCE IAMACHIIjI ,LOG101111 

MACHINE CONSTANTS FaA THE BURAOUGHS 1100 SYSTEM. 

DATA AMACHI11 
DATA AMACtH 21 
DATA AMACHf 31 
DATA AMACHI41 
DMA AMACHflj1 

Z400100000 
Z'!SFFFFFFFF 
Z4E~ 
Z4EASOOOOO 
Z'!SOOE 130£8 

MACHINE CONSTANTS FOR THE 8UAROUGHS 5100/&70017700 SYSTEMS. 

DATA AMACHf 11 
DnA AMACHf 21 
DATA AMACHf 31 
DATA AMACHI41 
DATA AMACHI51 

01111000000000000 
00171711717171711 
01 311000000000000 
0130 1 oooooooooooo 
011511&30341&1&7'5 

MACHINE CONSTANTS FOR THE CDC &000/7000 SERIES. 

DATA AMACHI1 J 00014000000000000000 
DATA AMACHI21 371&71711717171771719 
DA TA AMACH I 3 J 1 ('40400000000000000 
OA T A fiIt1ItC Jo4 I 4 I I 1 ('4 1 4000000000000000e I 
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OATA fIIlMACHI'!i1 1 "1"4604202324117572013 1 

MACHINE (ONSTANTS "OR THE (fillAY I 

DATA "MACHI 1 I )000040000000000000000 
DATA fIIlMACHI21 5777777777777777777778 
OAT A fIIlMACH I 3 1 3772 14000000000000000 
DATA fIIlMACHI41 377224ooo000000000000B 
DATA fIIlMACHI'!i1 1 3777746042023241175720£1 

f'TN 4.('+43'" 

MACHINE (ONSTANTS FOR THE DATA GENEfillAL ECLIPSE SI200 

NOTE - IT MAY BE: ~IATE TO INCLUDE THE FOLLOWING (ARO -
STATIC fIIlMACHI51 

DATA SfW.Lf 201<,01 ,LARGE 1777771<, 1777771< I 
DATA fIIlIG+H 13'54201< ,0/,0 I ~ER Ilb0201<, 01 
DATA LOG' 0/40423t<, 420231(1 

MACHINE CONSTANTS FOR THE HARRIS 220 

DATA SMALL 111, SMALL 1021 
DATA LARGE 111 ,LARGE 121 
DATA RIGHT 11 1 ,RIGHT 121 
DATA 01VER111,01VER121 
DATA LOG10111,LOG10121 

( 20000000, (0000020 I 
(37777777, 100000177 
(20000000, 100000:'52 
( 20000000 • ( 00000 3'53 
(23210115. [00000377 

MACHINE CONSTANTS FOR THE HONEYWELL &00/&000 SERIES. 

DATA fIIlMACHll 1 
DATA fIIlMACHI21 
DA TA RHACH I 3 1 
DA TA RHACH I 4 1 
OA TA RHACH I 5 1 

0402400000000 
037" 777777777 
071 4400000000 
071 ''400000000 
077&4E.4202324 

MACHINE CONSTANTS FOR THE IBH 3E.0/370 SERIES. 
THE )(ERO)( SIGMA 5171' ANO THE SEL SYSTEMS 85/8&. 

DATA RHAC~'11 1 
OA TA RHACH I 2 1 
DATA RHACH 131 
OA TA RHACH I .. 1 
DA TA RHACH I 5 1 

ZOO 1 00000 
Z7F'FFFFFF 
Z38100000 
Z3C 1 00000 
Z4"34413 

MACHINE CONSTANTS FOR THE POP-l0 II<A OR KI PROCESSORI. 

DATA RHACHII I 
DATA RHACHI21 
DATA RHACHI31 
DATA RHACHI41 
DATA fIIlMACHI51 

''000400000000 
" 377777777777 
"14E.400000000 
''147400000000 
"1774&4202324 

MACHINE CONSTANTS FOR POP-II FORTRAN[S SUPPORTING 
32-BIT INTEGERS I EXpt:I£SSEO IN INTEGER ANO OCTAlI. 

OA TA SMALL I 1 1 I 8388&08 
DATA LARGE I 1 1 1 214748lb47 
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C 
C 
C 
C 
C 
( 
( 

C 
C 
( 

C 
C 
C 
( 
( 

C 
C 
( 
C 
C 
C 
( 
( 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
( 

C 
C 
C 
C 
C 
C 

DATA RIGHTlll 
DATA 0lVERI11 
DATA LOG10111 

DATA RHACHll I 
DATA RHACHI21 
DATA RHACHI31 
DATA RHACHI41 
DATA RHACHI51 

880803840 
88"'2448 

10&70&54'3'3 

000040000000 
017777777777 
00&440000000 
00&500000000 
00 774E.420233 

MACHINE CONSTANTS FOR POP-II FORTRANIS SUPPORTING 
1&-BIT INTEGERS IE)(pt:I£SSEO IN INTEGER ANO OCTAlI. 

DATA SMALL 11 I, SMALL 121 128. a 
DATA LARGE I 1 1 ,LARGE121 327&7. -1 
DATA RIGHT 11 1 ,RIGHT 121 13440, 0 
DATA OlvERlll ,01VER121 135E.8, 0 
DATA LOO10111,LOO10121 '''282, 8347 

DATA SfW.L 111, SfW.L 121 0000200, 00000oo 
DATA LARGEI1I,LARGEI21 0077777, 0177777 
DATA RIOM,'11 I,RIGHTI021 0032200, OOOOOOQ 

OA TA 0 I VER I 1 ) ,0 I VER I 2 ) 0032400, 0000000 
DATA LOG10111 ,LOG10(2) 0037&32, 0020233 I 

MACHIME CONSTANTS FOR THE UNIVAC 1100 SERIES. 

DATA RHACHlll 
DATA "MACH121 
DATA fIIlMACHI31 
DATA RHACHI41 
DATA RHACHI51 

0000400000000 
0377777777771 
o 14E.400000000 
0147400000000 
01774&4202324 

THESE MACHINE CONSTANTS WEA£ ACOED TO THE F'UNCTION R1MACH BY 
5ANOIA LABORATORIES, Al..8UQU[AQUE, F'OR USE ON THE VAx lll1eo. 

DATA RHACHll J 1'00000000200'01 
OA TA RMACH 12 I I' 31111&17711' 0 1 
DA TA RHACt'l 31 I' 00000032200' 0 1 
DATA RHACHf4J 1 '00000032400'01 
DATA RHACHI5J 1'0404&4376132'01 

Ir II .LT. 1 .OR. I .GT. 51 
CALL .ERROR f2'5HflllMACH -- I OUf OF BOUNOS.25.1.21 

R1MACH : flMACHl1 J 

A£f~ 

ENO 

07122191 1".'5Ii..32 

07/22/81 14.5&.32 PAGE 
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ENTRY PO INTS on LINE MFERENCES 
'5 fIillMACH , 218 

VARIAkES SN TYPE MLOCATION 
34 DIVER INTEGER A~AY MFS 82 qO 
0 I INTEGER 1".1'. MFS 2'214 217 DEI" INEO 

32 LARGE INTEGEfIil A~AY MFS 80 88 
~ LOG10 INTEGER ~AY MFS 83 '1 
B RIGHT INTEGER A~AY MFS 81 8' 
31 AMACH MAL A~Ao' MFS 815 87 88 8q qO ql 217 

DEI" INED ", , '2 113 114 115 
30 RIMACH MAL DEI" INED 217 
31 SMALL INTEGER A~AY MFS 7q 87 

ExTERNALS TYPE ARGS REFEMNCES 
)(E~ 4 214 

STATISTICS 
PROGRAM LENG TH 43e 35 
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DOUBlE PRECISION FUNCTION DIMACH( II 
C 
r: SANDIA MATHEMATICAL PROGRAM L1BflARY 
C APPLIED MATHEMATICS DIVISION 2646 

IS C SANDIA L~ATOfUES 
C ALBUQUERQUE. NEW MEXiCO 8718'5 
C CONTROL DATA E.E.OOI7&OO VERSION 8.1 AUGUST lq80 
C ......................... 
C • ISSUED BY 

10 C • SANDIA L~ATORIES •• 
C • A PRIME CONTRACTOR 
C ........ TO THE 
C • UNITED STATES. 
C DEPARTMENT 

15 C at=' 
C ENERGY 
C ..................... ---NDTlCE--- . .................... 
C • THIS REPORT WAS PREPARED AS AN ACCOUNT OF ~ SPONSORED' 
C • 6Y THE UNITED STATES GOVERNMENT. NE ITHER THE UN ITED • 

20 C STATES NOR THE UNITED STATES DEPAfIITMENT OF ENERGY. 
C • NOR ANY OF THEIR EI'FlOYEES. 
C • NOR ANY OF THEIR CONTRACTORS. SUSCONTPACTORS. OR THEIR. 
C • EMPLOYEES. MAKES ANY WARRANTY. EXPRESS OR IMPLIED. OR 
C • ASSUf'£S ANY LEGAL LIABILITY OR RESPONSIEJILITY FOR THE 
C • .......... ACCUfilACY. .. ........ 
C • COI'FlETENESS • 
C • OR USEFULNESS 
C OF ANY 
C INFORMATION. 
C • AP9Af11ATUS. 
C .... PAOOUCT . ... 
C • OR PROCESS • 
C • DISCLOKD. • C OR AEPAEKNTS • )5 c .. THAT ITS .. 
C • .. UK WOULD NO T .. • 
C ......... .. INf'RING£ .. ......... 
C .. PRIVATELY .. 
C .. OHD .. 

40 C If RIGHTS. .. 
C .. .. 
c .. .. 
c .. .. 
(. .................... 

4~ C 
C 
C DIMACH CAt4 K USED TO OITAtN MACHINE-DEII'£HOENT PAAAMETERS 
C rOR THE LOCAL MACHINE ENV IAONI'I:NT • 11 IS A FUNCftON 
( s~fINE WITH ONE f INPUT I AAGlKNT. AN[) CAN K CALLED 

;0 c AS , 01. L!JWS • 'OR I:)(Af'tILl: 
c 
c o : Of MACH ( II 
C 
C WHEIiI: hI ••••• '5. THE (OUTPUT I VAlUE OF 0 AIOVE IS 

~~ C DEfEAl'lINED If THE ( INPUT I VAlUE OF I. THE Iil:SUL 1S rOR 
c vAfl!I~ VALl.JU OF I ARE DISCUSs[O KLOW. 
e 
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DOUIlE-PA[CISION MACHINE CONSTANTS 
D1MACHI 11 " IhtlEMIN-1', THE SMAl.LEST POSITIVE MAGNiTUOE. 
D1MACHI 21 " lIIuEMAU 11 - lIul-T II, THE LARGEST MAGNI TUOE. 
D1MACHI 31 " IIUI-TI, THE SMAl.LEST RELATIVE SPACING. 
D1MACHI 41 " ,UI1-T I, THE LARGEST RELATIVE SPACING. 
D1MA(HI 51 " l.OG10111 

TO AI.. TER THIS F'UNCTION F'OA A PARTICUl.AR ENV IRONMENT, 
THE DESIRED SET OF' DATA STATEMENTS SHOULD BE ACTIVATED BY 
REMOV ING THE C F'AOM COl~ 1. 

~RE POSSiBlE, OCTAL OA HEXADECIMAL CONSTANTS HAVE BEEN USED 
TO $PECln THE CONSTANTS EXACTLY WHICH HAS IN SOME CASES 
REQUIRED THE USE OF' EQUIVALENT INTEGER ARRAYS. 

ADAPTED F'AOM THE BEl.L LASS POAT MATHEMATICAL SUBfIIOUTlNE LlBfIIARY 
REF'. P.A. F'OX, A.D. HALL, AND N.L. SCHAYER 

*THE PORT MATHEMATICAL SUBfIIOUTlNE LlBfIIARH 
BELL LASS C()tf)UTlNG SC IENCE TECHNICAL REPORT NO. 47 
SEPTEMBER "7& 

INTEGER SMALL 141 
INTEGER LARGE 141 
INTEGER RIGHT 141 
INTEGER 01 VER 141 
INTEGER LOG10141 

DOUBlE PRECISION OMACHI51 

EQUIVALENCE IOMACHI 11 ,SMALL 111 I 
EQUIVALENCE IOMACHI21,LARGEI111 
EQUIVALENCE IOMACHI31,RIGHTI111 
EQUIVALENCE 1 OtlACHI 4 I ,0IVERI 111 
EQUIVALENCE IOMACHI5' ,LOG101111 

MACHINE CONSTANTS F'OR THE BURROUGHS 1700 SYSTEM. 

DATA SMALL 11 I ZCOO8OOOOO 
DATA SMALLt2' ZOOOOOOOOO 

DATA LARGE I 1 , ZOF'F'FFFFFF 
DATA LARGE 12 I ZFFFFFFFFF 

DATA RIGHT 11 I ZCC5800000 
DATA RIGHTI21 ZOOOOOOOOO 

DATA DIVERI11 ZCC&900000 
DATA DIVERI21 ZOOOOOoooo 

DATA LOG10111 ZOOOE 730E 7 
DATA LOG10121 ZC778OOOC0 

MACHINE CONSTANTS FOR THE BURROUGHS 5700 SYSTEM. 

DATA SMALL 11 I 1 01771000000000000 1 
DA T A SMALL I 2 I 1 00000000000000000 1 
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C DATA LARGE 111 00777777777777777 
C DATA LARGE 12' 00007777777777777 
C 
C DATA RIGHT 111 01 4& 1000000000000 
C DATA RIGHTI21 0000000000000000 
C 
C DATA DIVER 11 I 01451000000000000 
C DATA DIVERI21 OOOOOOOOOOOOOOO 
C 
C DATA LOG1011 , 011571&30347&1&74 
C DATA LOG10121 OUOOEoE. 77466 732724 
C 
C MACHINE CONSTANTS FOR THE BURROUGHS &700/7700 SYSTEMS. 
C 
C DATA SMALL 11 , 01771000000000000 
C OAT A SMALLl2' 07770000000000000 
C 
( DATA LARGE 11 , 00777777777777777 
( DATA LARGE 12' 07777777777777777 
C 
( DATA RIGHT 11 , 014& 1 OOOOOOOOOOOO 
C DATA RIGHT 1 21 OOOOOOOOOOOOOOO 
C 
C DATA DIVERI11 014'51000000000000 
C DATA DIVERI2, 0000000000000000 
C 
C DATA LOG10111 011571&30347&1&74 
( DATA LOG10121 0000f06 77 466 732724 
C 
C MACHINE CONSTANTS FOR THE (DC &00017000 SERIES. 
C 

DATA SMALL 111 00E.04000000000000000 
DATA SMALL I 21 OOOOOOOOOOOOOOO 

DATA LARGE 111 377& 77777777777777778 
DATA LARGEI21 371 & 17777777777777778 

DATA RIGHT 111 1 %04000000000000000 
DATA RIGH~121 1500000000000000 

DATA DIVER"1 1%14000000000000000 
DATA DIVER(21 1501000000000000000 

DATA LOG10( 11 171&4&4202324117511111 
DATA LOG10121 1&3&1511421142254&5411 

MACHINE CONSTANTS F'0fII THE eRA' 1 

DATA SMALL (11 2000040000000000000008 1 
DATA SMAlLI21 OOOOOOOOOOOOOOO 1 

DATA LARGE (1 I '577177777777177777711B 
DATA LARGE (2, 00000117777 77177 77 7718 

DATA RIGHT (1 , )712140000000000000008 
DATA RIGHT 12' 00000000000000008 

07122/81 14.%.32 
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C DATA DIVERI11 377224oooooooooooo000B 
C DATA DIVERI21 0000000000000000000008 
C 

17'5 C DATA LOG10! 11 3777746420232411757178 
C DATA LOG10!21 0000075714217422541054B 
C 
C MACHINE CONSTANTS FOR THE DATA GENERAL ECLIPSE SI200 
C 

180 C NOTE - IT MAY BE APPROPfUATE TO INCLUDE THE FOLLOIHNG CARD -
C STATIC DMACHI51 
C 
C DATA SMALLl2OK, 3*01 ,LARGEI77777K, 3*177777K 1 
C DATA RIGHT 1314201<, 3*0/,DIVER/320201<, 3*0/ 

185 C DATA LOG10140423t<,42023t<,50237K,7477&K/ 
C 
C MACHINE CONSTANTS FOR THE HARRIS 220 
C 
C DATA SMALLl11, SMALLl21 120000000, 100000201 

1~ C DATA LARGE! 11,LARGE!21 137777777, 137777577 
C DATA RIGHT!1I,RIGHT!21 [20000000, [00000333 
C DATA DIVER! 1I,DIVER! 21 [20000000, [00000334 
C DATA LOG10111,LOG101.21 123210115, 110237777 
C 

1~ C MACHINE CONSTANTS FOR THE HONEYWELL &OO/&OW SERIES, 
C 
C DATA SMALL! 1 I, SMALL! 21 0402400000000 , 0000000000000 
C DATA LARGE!1I,LARGE!21 037&777777777, 0777777777777 
C DATA RIGHT! 1 I,RIGHT! 21 0&04400000000 , 0000000000000 

200 C DATA DIVERI11,DIVERI21 0&0&400000000 , OOOOOOOOOOOOO 
C DATA LOG10111,LOG10121 077&4&4202324, 0117571775714 
C 
C MACHINE CONSTANTS FOR THE IBM 3&01370 SERIES, 
C THE XEROX SIGMA 51719 ANO TI£ SEL SYSTEMS 8518&. 

205 C 
C OA TA SMALLll I , SMALLl2 I ZOO 1 00000, ZOOOOOOOO 
c DATA LARGE! 11,LARGE!21 Z7FFFFFFF, ZFFFFFFFF 
C DATA RIGHTlll,RIGHT!21 Z331 00000, ZOOOOOOOO 
C DATA DIVER! 1I,DIVER!21 Z341 00000, ZOOOOOOOO 

210 C DATA LOG10111,LOG10121 Z41134413, Z50~7~F 
C 
C MACHINE CONSTANTS FOR THE POP-10 IKA PROCESSOR I • 
C 
C DATA SMALLl1 I, SMALLl21 -033400000000 , -000000000000 

21'5 C DATA LARGEll1,LARGEI21 "377777777777, "344777777777 
C DATA RIGHTI11,RIGHTI21 ''113400000000 , -000000000000 
C DATA DIVERI11,OIVERI21 -114400000000 , -000000000000 
C DATA LOG10111,LOG10121 "1774&4202324, -14411757177& 
C 

220 C MACHINE CONSTANTS FOR THE POP-10 IKI PROCESSORI. 
C 
C DATA SMALLll1,SMALLl21 -000400000000 , ''000000000000 
C DATA LARGE 11 I ,LARGE I 21 - 377777777777 , " 377777777777 
C DATA RIGHT 11 1 ,RIGHT 121 -103400000000 , -000000000000 

22'5 C DATA DIVERll1,DIVERI21 -104400000000 , ''000000000000 
C DATA LOG10111,LOG10121 "177 4&4202324, "471074771074101 
C 
C MACHINE CONSTANTS FOR POP-11 FORTRANIS SUPPORTING 
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C 32-BIT INTEGERS fEXPRESSED IN INTEGER ANO OCTAL I. 
230 C 

C 010 T A SMALL I 1 I , SMALL I 2 1 8388b08, o 1 
C 010 TA LARGE I 11 , LARGE I 2 I 2147483&47, -1 
C DATA RIGHT f 11,RIGHTI21 10123&8384, 0 
C DATA OIVERf 11,OIVERI21 e.2075bCJ92, 0 

235 C DATA LOG10111 ,LOG10121 10& 70&54,*" -20&3872008 
C 
C DATA SMALL 11 I, SMALLl21 000040000000 , 000000000000 
C DATA LARGEf1l,LARGEf21 017777777777, 037777777777 
C DATA RIGHTf 11,RIGHTf21 004440000000 , 000000000000 

240 C DATA OIvERf 11,DIVERI21 004500000000 , 000000000000 
C DATA LOG10111,LOG10121 00774&420232, 0204710747770 
C 
C MACHINE CONSTANTS FOR POP-ll FORTRAN I S SUPPORTING 
C l&-BIT INTEGERS fEXPRESSED IN INTEGER ANO OCTAL I. 

245 C 
C DA TA SMAlLl1 I , SMALLl2 I 128, 0 
C DATA SMALLl3 I, SMALLl41 0, 0 
C 
C DATA LARGEf 11,LARGEf21 327107, -1 

250 C DATA LARGE I 31,LARGE (41 -1, -1 
C 
C DATA RIGHT 11 I ,RIGHT 121 9344, 0 
C DATA RIGHTI3l,RIGHTI41 0, 0 
C 

255 C DATA 0IVERI1I,OIVERI2) '3472, 0 
C DATA OIVERI3I,OIVER(41 0, 0 
C 
C DATA LOG1011',LOG1012) 16282, 8346 
C DATA LOG10131,LOG10(4) -31493, -122% 

2100 C 
C DATA SMALLlll, SMALL (2) 0000200, 00000oo 
C DATA SMALLl31, SI1ALLl41 0000000, 0000000 
C 
C DATA LARGE I 1 I ,LARGEI21 0077777, 0177777 

265 C DATA LARGE (31 ,LARGE (41 0177777, 0177777 
C 
C DATA RIGH~(11 ,RIGHT(21 0022200, 0000000 
C DATA RIGHT (31 ,RIGHT 14 I 0000000, 00000oo 
C 

270 C DATA DIVER/1) ,DIVER/2) 0022400, 0000000 
C DATA OIVEFIf 3) ,DIVER/ 41 0000000, 00000oo 
C 
C DATA LOG10/1I,LOG10/21 0037632, 0020232 
C DATA LOG10/31,LOG10/41 0102373, 0147770 

215 C 
C MACHINE CONSTANTS FOR THE UNIVAC 1100 SERIES, 
C 
C DATA SMAlL 111 ,SMALL (21 I 0000040000000, 0000000000000 
C DATA LAfitG£/1' ,LAfitG£/2) I 0311111111111, 0111111111111 

280 C DATA RIGHT /11 ,AIGHT f 21 I 0 11Q1540000000 , 0000000000000 
C DATA DIVEA/1, ,OIVEAf21 I 0170&40000000, 0000000000000 
C DATA LOGfO/1' ,LOG10(21 I 011114&420232, 0411151111572 
C 
C THESE MACHINE CONSTANTS WERE AODEO TO THE FUNCTION 01MACH BV 
C SANDIA LAIOAAfORlts, ALBUQIJERQUE, FOR USE ON 'tHE VAl( 1117190, 
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C 
C DATA DMACHlll 1 '0000000000000000000200 '01 
C DATA LARGE: 111 I' 37777&77777'01 
C DATA LARG[121 I' 37777777777'01 

2'30 C DATA DMACHI31 1 '00000000000000022200' 0 1 
C DATA DMACHI41 1 '0000000000000000022400' 0 1 
C DATA LOG10( 11 1 '0404&437£.32'01 
C DATA LOG10121 1 ' 33775702373' 0 1 
C 

2'35 IF II .LT. 1 .OR. I .GT. 51 
CALL XERROfll25H01MACH -- lOUT OF BOUNOS.2'5.1.21 

01 MACH = DMACHI II 
RETURN 

300 
ENO 

SYI"BOLIC REFERENCE MAP I R=2 I 

ENTRY POINTS DEF LINE REFERENCES 
& D1MACH 1 2'3'3 

VARIABLES SN TYPE RELOCATION 
42 DIVER INTEGER ARRAY REFS 82 '30 DEFINED 15'5 15& 
34 DMACH OOUBLE ARRAY REFS 8'5 87 88 8'3 '30 '31 2'38 
32 01 MACH DOUBLE DEFINED 2'38 
0 I INTEGER F .P. REFS 2'2'35 2'38 DEFINED 1 

3E. LARGE INTEGER ARRAY REFS 80 88 DEFINED 14'3 1'50 
44 LOG10 INTEGER ARRAY REFS 83 '31 DEFINED 1'58 1'5'3 
40 RIGHT INTEGER ARRAY REFS 81 8'3 DEFINED 1'52 1'53 
34 SMALL I .... TEGER ARRAY REFS 7<;1 87 OEFINED 14& 147 

EXTERNALS TYPE ARGS REFERENCES 
XERROfl 4 2'35 

STATISTICS 
PROGRAM LENGTH '548 44 
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SUBROUT INE ArBS I NO. N. ALU.IN. X.KER I 
C 
C SANOIA MATHEMATICAL PROGRAM LIBRARY 
C APPLIED MATHEMATICS DIVISION 2&4& 

'5 C SANDIA LABORATOflIES 
C ALBUQUERQUE. NEW t£xICO 8718'5 
C CONTROL DATA &&0017&00 VERSION 8.1 AUGUST 1<;180 
C .......... " .............. 
C • ISSUED By • 

10 C • SANDIA LABORATORIES •• 
e A PRIt£ CONTRACTOR 
e •••••••• TO THE 
e • UNITED STATES • 
e OEPARTt£NT 

15 C OF 
e ENERGY 
e ..................... ---NOTICE --- .. ................... 
e • THIS REPORT WAS PREPARED AS AN ACCOUNT OF WOR!< SPONSORED' 
e • BY THE UNITED STATES GOVERNI'£NT. NEITHER THE UNITED • 

20 e STATES NOR THE UNITED STATES OEPARTt£NT OF ENERGY. • 
e • NOR ANY OF THEIR EtflLOYEES. • 
e • NOR ANY OF THEIR CONjRACTORS. SUBCONTPACTORS. OR THEIR. 
e • EI'1Pl.OYEES. MAKES AN'! WARRANTY. EXPRESS Ofl ItflLIED. Ofl • 
e ASSUMES ANY LEGAL LIABILITY OR RESPONSI&ILITY FOfl THE 
e •••••••••• ACCURACY. .u.u •• u 
e • COtfILETENESS 
C OR USEFUlNESS 
e OF ANY 
e INFORt1ATION. 

30 e APPARATUS. 
C •••• PRODUCT •••• 
C • Ofl PROCESS 
C • DISCLOSED. 
C • OR REPRESENTS • 
e •• THAT ITS •• 
C •• USE WOUlD NOT .. 
C ••••••••• •• INFRINGE: .. • •••••••• 
C .. PRIVATELY .. 
e .. OWNED .. 

40 C •• RIGHTS. •• 
C •• •• 
e .. .. 
C .. .. 
e .................... 

45 e 
C WAITTEN BY CARl B. BAILEY, MAY 1'J72. 
C 
C ABSTRACT 
C ArBS SOLVES A FACTORED SYSTEM OF REAL LINEAR ALG£BRAIe 

'50 e EQUATIONS OF THE FOAt1 LUlC=P8, WHERE -L- IS A UNIT LOWER 
e TliHANGUlAR MATRIII, -U- IS AN UPPER TRIANGULAR MAnHII, -P-
C IS A PERf'tJTATION MATRIII, AND 80TH -X- AND -11- ARE VECTORS. 
C THE t£THOO USED IS THE SECOND STEP IN GAUSSIAN ELIMINATION. 
C FIRST THE SYSTEM LhP8 IS SOLVED IV FORWARD SUIISTITUTION. 

55 e THEN THE SYSTEM UII"Y IS SOLVED BY BACkWARD SUIISTilUTION. 
C -p- IS DEFINED ItflLICITLV BY THE ORDER OF ROW INTERCHANGES. 
C 
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FORWARD-BACKWARD SUBSTITUTION IS THE SECOND STEP IN SOLVING 
A SYSTEM OF LINEAR ALGEBflAIC EQUATIONS. ONCE A COEFFICIENT 
MATRIX -A- HAS BEEN FACTORED BY RLUO, ANY NUMBER OF SYSTEMS 

07122181 14.5&.32 

OF EQUATIONS ALL HAVING THE SAI'£ COEFFICIENT MATRIX CAN BE 
SOLVED EFFICIENTLY BY F'ORWARO-BACKWARO SUBSTITUTION WITH RFBS. 
ArBS IS CALLED BY SAXB, SAXBI, RIMP, CAXBI, AND CRIMP. 

REFERENCE 
1. G.E.FORSYTHE AND C.B.MOLER, COMPUTER SOLUTION OF LINEAR 

ALGEBflAIC EQUATIONS, PRENTICE-HALL, 1%7 

DESCRIPTION OF ARGUMENTS 
--INPUT---

ND - THE ACTUAL FIRST DII'£NSION OF THE ARRAY -ALU-. 
N - NUtfi:R OF EQUATIONS 11 .LE. N .LE. ND I 
ALU - AN ARRAY DII'£NSIONED WITH EXACTLY -ND- ROWS AND 

AT LEAST -N- COL~. THE LEADING -N- BY -N-
SUBARRAY I'tJST CONTAIN L-I+U AS COMPUTED BY RLUO, 

- AN ARRAY DII'£NSIONED AT LEAST -N-. THE FIRST -N-
ELEI'£NTS I'tJST CONTAIN THE VECTOR -B- OF CONSTANTS. 

IN - AN ARRAY DII'£NSIONED AT LEAST -N-. THE FIRST -N-
ELEI'£NTS I'tJST CONTAIN INDICES AS COMPUTED BY RLUO. 

--OUTPUT--
X - THE FIRST -N- ELEMENTS WILL CONTAIN THE SOLUTION, 
KER - AN ERROR CODE 

--NORHAL CODES 
o MEANS NO ERRORS WERE DETECTED 

--ABNORHAL CODES 
1 MEANS -NO- WAS NOT IN THE RANGE 1 . LE, ND • LE. 325 
2 MEANS -N- WAS NOT IN THE RANGE 1 • LE. N . LE. ND. 
3 MEANS THE TRIANGULAR FACTOR -U- OF -A- IS SINGULAR. 

DIMENSION ALUlNO,Nl, ININI,XINI 
DATA NOMAX/3251 
NN = N 
IFlNO .LT. 1 .OR. NO .GT. NOMAXI GO TO b 
IFINN .LT. 1 .OR. NN .GT. NOI GO TO 7 
IFIININNI .EQ. 01 GO TO 8 
KER = 0 
NH1 = NN-1 
IFINH1 .EQ. 01 GO TO 5 
SOLVE LY = B IFORWARD SUBSTITUTIONI 
00 2 L = 1.NH1 
K = INILI 
Z = XIKI 
XIKI = XILI 
XILI = Z 
LP1 = L + 1 
00 1 K = LP1.NN 

1 XIKI = XIKI - ALUIK,LI.Z 
2 CONTINUE 

C SOLVE UX = Y IBACKWARD SUBSTITUTION I 
00 4 I = 1,NH1 
K=NN-I 
KP1 = K + 1 
XIKP11 = XIKPll I ALUIKP1,KPli 
Z = -XIKPll 
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115 00 3 L = l,K 
3 XIL I = XILI + ALUIL,KP1 ).Z 
4 CONTINUE 
5 X 11 I = X 11 II ALU 11 ,1 I 

GO TO "1 
120 & KER = 1 

CALL XERROR IBOHRFBS - ARGUMENT NO IS INVALID. IT IS REQUIRED THA 
11 NO .GE. 1 .ANO. NO .LE. 325. ,80,2,11 

GO TO "1 
7 KER = 2 

125 CALL XERROR 17bHR1-BS - ARGUMENT N IS INVALID. IT IS REQUIRED THAT 
1 N .GE. 1 .ANO. t4 .LE. NO., 7&,2.11 

GO TO Cj 
8 KER = 3 

CALL XERRQR 187HRFBS - THE TRIANGULAR FACTOR -U- OR -A- IS SINGULA 
130 1R. A UNIQUE SOLUTION DOES NOT EXIST .• 87.8.11 

Cj RETURN 
ENO 

SYI'I3OLIC REFERENCE MAP I R=2 I 

ENTRY PCINTS DEF L:NE REFERENCES 
4 ArBS 1 131 

VARIABLES SN TYPE RELOCATION 
0 ALU REAL ARRAY F .P. REFS CjQ 107 113 11& 118 

DEFINED 1 
223 I INTEGER REFS 111 DEFINED 110 

0 IN INTEGER ARRAY F .P. REFS CjQ C)!j 101 DEFINED 1 
220 K INTEGER REFS 102 103 3*107 112 115 

DEFINED 101 lOb 111 
0 KER INTEGER F.P. DEFINED 1 % 120 124 128 

224 KP1 INTEGER REFS 4*113 114 l1e. DEFINED 112 
217 L INTEGER REFS 101 103 104 105 107 

DEFINED 100 115 
222 LP1 INTEGER REFS lOb DEFINED 105 

0 N INTEGER F .P. REFS 3*CjQ Cj2 DEFINED 1 
0 NO INTEGER F .P. REFS CjQ 2*Cj3 Cj4 DEFINED 

20b NOHAX INTEGER REFS 1:)3 DEFINED Cjl 
21(" NH1 INTEGER REFS ~ 100 110 DEFINED Cj7 
215 NN INTEGER REFS 2*Cj4 C)!j 1:)7 lOb 111 

DEFINED Cj2 
0 x REAL ARRAY F .P. REFS cro 102 103 107 113 

118 DEF'INED 1 103 104 107 
118 

221 Z REAL REFS 104 107 l1e. DEFINED 102 

EXTERNALS TYPE ARGS REF'ERENCES 
xERROR 4 121 125 121:) 

STATEI'£NT LAeELS DEF' LINE REFERENCES 
0 1 107 10b 
0 2 108 100 

PAGE 2 

PAGE 

3*11e. 

114 11& 
113 11& 

114 
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STA TEt<£NT LAB£LS OEF LINE REFERENCES 
0 3 lID 115 
0 4 117 110 

137 5 118 ~8 
143 E> 120 ~3 
151 7 124 ~4 
157 8 128 ~ 
1&4 ~ 131 11'3 123 127 

LOOPS LAB£L INDEX FROM-TO LENGTH PROPERTIES 
4& 2 • L 100 108 348 NOT INNER 
&7 1 I< lOb 107 108 OPT 

104 4 • r 110 117 328 NOT INNER 
123 3 L 115 11& 108 OPT 

STATISTICS 
PROGRAM LENGTH 3Ob8 1'38 
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SUBROUTINE RLUOIND,N,ALU,IN,SCALE,KERI 
C 
C SANDIA MATHEMATICAL PROGRAM LIBRARY 
C APPLIED MATHEMATICS DIVISION 2&4& 

5 C SANDIA LA~ATORIES 
C ALBUQUERQUE, NEW t<£XICO 87185 
C CONTROL OA T A "00 17&00 VERSION 8.1 AUGUST 1".180 
C """",.,',.,' ""'" ** C • ISSUED BY • 

10 C , SANDIA LA~ATORIES, , 
C , A PRIt£ CONTRACTOR , 
C u .... u TO THE • 
C , UNITED STATES , 
C OEPARTt£NT • 

15 C OF • C ENERGY 
C un ................ , ---NOTICE--- ..................... 
C *THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED. 
C • ElY THE UNITED STATES GOVEANt£NT. NE ITHER THE IN ITED 

20 C STATES NOR THE UNITED STATES OEPARTt£NT OF ENERGY, 
C • NOR ANY OF THEIR EP'PLOYEES, 
C • NOR ANY OF THEIR CONTRACTORS, SUBCONTFIACTORS, OR THEIR. 
C • E""LOYEES, MAKES ANY WARRANTY, EXPRESS OR I""LIED, OR • 
C • ASSUt£S ANY LEGAL LIABILITY OR RESPONSIElILITY FOR THE 
C .......... ACCURACY, ........ n 
C * COP'PLETENESS * * C * OR USEFUlNESS • • C * OF ANY * • C * INFORMATION, * * C • APPARATUS, • • 
C •••• • PRODUCT • .... 
C • • OR PROCESS • • C • • DISCLOSED, • • C • • OR AEPRESENTS • • C • .. THAT ITS .. • 
C .. USE WOUI.D NOT .. , 
C ......... .. INFRINGE .. ......... 
C .. PRIVATELY .. 
C .. OWNED .. 

40 C .. RIGHTS. .. 
C .. .. 
C .. u 
e .. .. 
e .................... 

415 e 
e ~tHEN In C~ e. DAILEY, MAV 1'72. 
C 
C _TRACT 
C RLYO OECOf'POSES I FACTORS I A MATIWc -FlA- INTO THE PRODUCT -LU-. 
C NlCAE -A- IS A GIVEN MATRIK, -P- Is A ptAMIJfATION MATIHK, -I.-
e IS A \MIT LMR TRtAMiUt.AfiI AfC) -U- AN ~FI TRIAMiUt.AR MATRIx. 
C THE f'CTMCID uKO IS THf: 'IR5T STEP IN GAUSSIAN tl.lMtNATION WITH 
C. PAfilfJAL I PlOW I PIVOTING AfC) IFfDUC!T PlOW leALlNG. UING THE 
C HI.ECTION OF TM! pIvoT ELEf'CNTi. UCH PlOW It IeALED 
C iftlQf4TING IT IN INV£FlSE PROPORTION To TM! MAKIM OF THE 
(; AON. AON PIVOTING IS EQUIVALENT TO I'M. TIFlLICAflON A 
( PEAAJTATION MATR')!. THE PEIIMJfATlON MAr,u)! -p. III Dtli"INED 
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C ItfiII.,l(ITLY lilY HC OfQ;R Of RQ" INTE;R(HANGU. 
C 

~O C 1.1) O£CfJfti(liITION Ii THE FlRiT STEP IN SOLVING A SYSTEM Of 
C LINUft ALGiIRAIC EQUATIONS. ONCE A (O£"ICIENT MATftl)( -A- IS 
C 'ACTOMD UlING ftLlJD. ANY NUttlII:R Of IYITEMS Of EQUATIONS ALL 
/: HAVING THE iNC CO£',I«::IINT MATAII( CAN K SOLVED E'FlCIENTLV 
c 1'( 'OAWNlO-(iACKHNlO lUUTITUTlON UlING Mil. 

~'5 C ALIJD .S CALLED IY SAXIII. IAXIIII, ROET, AND (AXIIn. 
( 

e REFERENCE 
C 1. G.E,'OMYTHl AND C.I.fQ.ER, COMPUTER SOLUTION 0' LINEAR 
e ALGiIRAIC eQUATIONS, PRENTICE-HALL, I"" 

70 e 
e OUeAIPTlON OF AAGUf«NTS 
C --INPUT---
e ND - THE ACTUAL FIAST DIMENSION Of THE A,,"AY -ALU-. 
C N - NUttlII:A Of ROWS IN MATRix -A- I' .LE. N .LE. NDI 

711,) e Al.U - AN A,,"AY DIMENSIONED WITH EXACTl.Y -NO- ROWS AND 
e AT LEAST -N- COll,ffiS. THE -N- lilY -N- LEADING 
e SUIAMAY MUST CONTAIN THE CO£F'F'ICIENT MATRix -A-. 
e 
e --OUTPUT--
C Al.U - THE l.EADING -N- IIY -N- SUlA,,"AY WILl. CONTAIN L-I+U 
C wtCRE -L- AND -U- ARE TRIANGUlAR FACTORS Of -PA-. 
C -L- IS UNIT LOWER TRIANGUlAR, -1- IS THE IDENTITY. 
C I ACTUALLY , IT IS NOT L-I+U WHICH IS STORED IN -A- SUT 
C LL -I +U WHERE LL I S A REAAAANGEI'£NT OF ELEI'£NTS OF L. 
C -L- CAN lIE CONSTRUCTED F'ROM -LL- ANO -IN-. I 
C THIS DATA IS REQUIRED INPUT F'OR MIlS AND RIMP. 
C IN - AN AMAY DIMENSIONED AT LEAST -N-. THE FIRST N-' 
C VALUES HILL lIE THE INOICES Of THE FIRST N-' PIVOT 
C ROWS. THE N-TH VALUE WILL lIE 1, -1, OR O. THE 
C DETERMINANT Of -A- IS ININI • THE DETERMINANT OF' mUm. 
C THIS DATA IS REQUIRED INPUT FOR MSS ANO RIMP. 
C I(ER - AN ERAOA CODE 
C --~L CODES 
C 0 MEANS NO ERAOAS WERE DETECTED 
C --~L CODES 
C , MEANS -NO- WAS NOT IN THE RANGE 1 .L T. NO .LE. 325 
C 2 MEANS -N- WAS NOT IN THE RANGE 1 • LE. N . LE. NO. 
C 
C --WORt<--

100 C SCALE - AN A,,"AY DIMENSIONED AT LEAST -N-. IT WILL CONTAIN 
C , ,0 1 THE MAX I MUM NORM Of EACH ROW OF -A-. 

DIMENSION ALUINO.NI, ININI ,SCALE!NI 
DA TA NOMA X 13251 
NN :: N 

1~ IF INO .LT. 1 .OR, NO .GT. NOMA X I GO TO 10 
IF INN .LT. 1 .OR. NN .GT. NOI GO TO 11 
COt9UTE SCALE I I I = 1.01 INFINITY NOAH OF ROWIII OF A 
00 2 I :: 1.NN 
~=O.O 

110 001):1.NN 
1 ~"AMAX11~.A8SIALUII.JIII 
IFI~ .EQ. 0.01 ~ = 1.0 

2 SCALE I I I :: 1.0/~ 
I./) O£COf'1POSIT'ON BY GAUSSIAN ELIMINATION. L HAS UNIT DIAGONAL. 
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II'£. EWPLIC IT R~ INTERCHANGE WITH I t"FLI CIT EQU I L.I BRA TlON I S USED. 
15 " 1 
DO "I I " I,NN 
INO " I 
IF II .Ea. NNI GO TO B 

120 BIG" 0.0 
DO 3 k " I,NN 
T" SCALElk"AeSIALUlk,111 
IF I T .LE. BIG I GO TO 3 
INO " k 

12'5 elG " T 
:I Ca..TlNUE 

II'IBIG .EIl. 0.01 GO TO 8 
II'IINO .EIl. II GO TO '5 
DO 4 J " I,NN 

130 T" ALUIINO,JI 
ALUIINO,JI:: ALUII,JI 

4ALUILJI:T 
SCALE IINO I :: SCALE III 
IS :: -IS 

13'5 '5 IPI :: 1+1 
PIVOT = ALUII,II 
DO ? I< :: IP1,NN 
EL :: -ALUlk, I IIPIVOT 
ALU II<, I I :: -EL 

140 IFIEL .EIl. 0.01 GO TO 
DO & J :: IP1,NN 

& ALUlk,JI :: ALUII<,JI + EL.ALUII,JI 
? CONTINUE 
8 IFIALUILII .EIl. 0.01 IS = 0 

14'5 q INIII = INO 
ININNI = IS 
kER = a 
GO TO 12 

10 kER :: 1 
ISO CALL XERROR 18OHRLUO - ARGUt£NT NO IS INVALID. IT 15 AEQU I AED THA 

!TNO .GE. 1 .ANO. NO .LE. 325 . , 80 , 2 , 1 I 
GO TO 12 

11 kEA = • 
CALL xE.AROR I ?&HRLUO - AAGUt£NT N IS INVALID. IT IS AEQUIAED THAT 

155 1 N .GE. 1 .ANO. N .LE. NO.,7&,2,11 
12 RETURN 

ENO 

SY~OLlC REFERENCE MAP IA=21 

ENTAY PO INTS DEFUNE REFERENCES 
4 ALuO I 156> 

vARIABLES SN TYPE RELOCATION 
0 ALU REAL ARRAY F .P. REFS 102 111 122 130 131 13& 138 

2.,42 144 DEFINED 1 131 132 13q 142 
30'5 BIG REAL AEFS 123 127 DEFINED 120 125 

SUBROUTINE ALUO 74174 ()f)T=O TRACE !'TN 4.&+43Q 07122/81 14.5&.32 PAGE 

VAAl ABLES SN TYPE RELOCATION 
312 EL REAL REFS 13q 140 142 DEF INED 138 
300 I INTEGER REFS 111 111 118 l1q 121 122 128 

12Q 131 132 133 135 2*1,& 138 13q 
142 2',44 145 DEFINED 108 117 

0 IN INTEGEA ARRAy F .P. REFS 102 DEFINED 1 145 14& 
304 INO INTEGEA REFS 128 130 131 133 145 

DEFINED 118 124 
310 IPI INTEGEA REFS 137 141 DEFINED 135 
303 IS INTEGEA REFS 134 14& DEFINED 11& 134 144 
302 J INTEGEA REFS 111 130 2',31 132 3*142 

DEFINED 110 12q 141 
3~ k INTEGER REFS 2"22 124 138 13q .2"42 

DEFINED 121 137 
0 kER INTEGER F .P. DEFINED 1 147 14q 153 
0 N INTEGER F.P. REFS 3"02 104 DEFINED I 
0 NO INTEGER F.P. REFS 102 2"05 1~ DEF INED 

271 NOf'IA)( INTEGER REFS 105 DEF'INED 103 
277 NN INTEGrR REF'S 2"Ob 108 110 117 l1q 121 12q 

137 141 14& DEFINED 104 
311 PIVOT REAL REFS 138 DEF INED 13& 
301 ~ REAL REFS 111 112 113 DEI=" INED 10q 111 112 

0 SCALE REAL ARRAY F.P. REFS 102 122 133 DEI=" INED 1 113 133 
307 T REAL REFS 123 125 132 DEF lNED 122 130 

E.TEAffALS TYPE AFIGS REFERENCES 
)(E~ 4 150 154 

INLlNE Fl.kHONS TYPE ARGS DEFLINE REFERENCES "5 REAL 1 INTRIN 111 122 .,...., REAL 0 INTRIN 111 

SU'I'Ef'£NT LAeELS DEFUNE REFERENCES 
0 1 111 110 
0 2 113 108 

114 3 12& 121 123 
0 4 132 12' 

1'515 15 135 128 
0 f> 142 141 

214 7 1': ) 137 140 
220 8 144 ," 121 

0 , 145 117 
240 10 14' 105 
2~ 11 153 lOb 
2f5) 12 1% 148 152 

L~S LAIEL. 1..0£. F'AOf1-TO LENGTH PfilOf"EATIES 
)4 2 • I 101i1 113 2SII NOT INNER 
40 1 J 1 fO 111 1,. OPT 
"'5 

, , ! 117 145 1448 NOt I NNE A 
7(;;' 3 , 121 12Eo 218 OPT 
1~ 4 ) 12' 132 21 I!! Of"f 
1,,'5 1 , " 1 J1 143 3211 NOT INNER 
O1'i.t t; 141 142 11' OPT 

LENGr", )101i1 248 
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ABSTRACT 
SA)(B SOLVES A NONSINGULAR SYSTEM Of REAL LINEAR ALGEBRAIC 
EQUATIONS, A)(=B. 
THE ~THOO USED IS GAUSSIAN ELIMINATION ILU DECO"",,OSITION 
FOLLOWED By FOAWAAO-BACKWARO SueSTITUTlONI WITH 1"",,L1CIT ROW 
SCALING AN[) PARTIAL I ROW I PIVOTING. SAXB IS ESPECIALLY 
EFFICIENT FOfiI SOLvING A SEQUENCE Of SYSTEMS Of EQUATlONS ALL 
HAVING THE SA~ CDEFFICIENT MATRIX -A-. IN SUCH A CASE, THE 
LU DECQK>()SITION IS PERF~D ONLY ON THE FIRST CALL ANO THE 
LU FACTOfiIc: ARE STORED IN -A-. ON sueSEGUENT CALLS. FORWARD-

74174 O4'T=O TRACE 

BACI<WARO SUBSTITUTION IS PERFOfiI~D I~DIATELY ON -B- USING 
THE PREVIOUSLY COr-PUTED LU FIICTOfiIS. 

SAXIil CALLS THE ROUTlNE RLUD TO PERFORM LU DECO"",,OSITION ANO 
RFBS TO PERFORM FOAWARO-BACI<WARO SueSTITUTION. 
FOfiI ~ATER ACCURACY ANO AN ERROR ESTIMATE USE SAXBI. 

REFERENCE 
1. G.E.FOfiISYTHE AND C.B.!,()LER, CO"",,UTER SOLUTION OF LINEAR 

ALGEBRAIC. EQUATIONS, PRENTICE-HALL, 1%1 

DESCRIPTION Of ARGlKNTS 
THE USER I1.JST DI~NSION ALL ARRAYS APPEARING IN THE CALL LIST 

AIND,NI, BIND,M), ININI 
IF 1'1=1 THEN THE DI~NSION Of B MAY BE BINI 

--INPUT---
ND - THE ACTUAL FIRST DIf'£NSION Of ARRAYS -A- AND -B-. 

I I.E. THE MAKII'U1 NUl"llER Of EQUATIONS THAT CAN BE 
SOLVED USING -A- TO STORE THE CQ£FFlC IENTS. I 

N - THE NUl"llER Of EQUATIONS TO BE SOLVED IN THIS CAL ... 
11 .LE. N .LE. NDI 

1'1 - NUl"llER OF COLUMNS OF -8-. I NORMALl. Y "'" 1 I 
A - THE LEAOING -N- BY -N- SUBAMIIY ~ -A- I'tJST CONTAIN 

07122181 14.'5".32 

07122181 14.5&.32 

THE COEFFICIENT HATFlI)( ON THE INITIAL CALL FOR EACH 
S£UNCE OF MUTED SYSTEMS OF EQUAT IONS. IINI hO I 
ON ANY SUlS[UNT CALL FOfl A SYSTEM WITH THE SAf'£ 
COEFFICIENT MATRIK BUT DIFFERENT VALUES OF -B-, -A
I1.JST CONTAIN THE LU FACTORS THAT WERE RETURNED IN -A-
ON THE F lAST CALL. IINIT"O I 

B - THE LEAOIf.o -N- 1'1' -1'1- SUIAMAY OF -11- I'tJST CONTAIN 
THE MATfillK 10fl VECTOflI OF CONSTANTS. 

INIT - IS A F'LAG WHICH Pf!tOVIDU FOR THE ESPECIALLY EFFICIENT 
SOI.UTION OF A KUNCE OF sYSTEMS OF EQUATlON<;, HAVING 
THE SAf'£ -A- BUT DIFFERENT -11- VECTORS. 
ON THE INITIAL CALL FOR A KUNCE OF RELATED SYSTEMS 
OF EQtJATIOM. INIT UT II: lEfIIO AND THE AfIIfIIAY -A
I'lIST CONTAIN THE CUEF,...CIENT HATRIK -A-. 
IN ORDEfil TO SOI.V£ ANY REL.ATED nITEM EFFICIENTLY 
ON ANY SUISEUNT CALL FOR A SYSTEM WITH THE Uf'£ 
C"'FFleIENT HArRill BUT DIFFERENT VALUES FOR -th 
INIT M1' II: HONZEfIIO AND -A- MT C~TAIN THE I.U 
'ACTORS THAT .. RE RETURNED IN -A- ON THE FIAST CAL.L.. 

IN - ~VIDU STORAGE FOfII THE FlOW INTEftCHANGE INDlcn. 
ON THE INITIAL CALI. FOfl A KUNCE CW RELATI:D SYSTEMS 
OF EQtJATJONI, -IN- Is MT A WOfIII( AMA'. ON ANy 
1f.Y8t€UNT CALI. FOR A REI.ATED !iYSTEM OF E9UA'fIONS. 
-IN- Mi CONtAIN THE INOlen tHAT jlj[fIIE RETURNED IN 
-IN- ON THE "fIIU CALL. 

PAGE 
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TIC S04.UflON ~)(~. 
IN - WIl.l. CONTAIN TIC ftOtoI INTt:ftCHANG[ INOlru C~Tt:1) 

DURING LU DECOfttllOSITION. INCNI WILl. CONTAIN 
+1 IF AN EVEN NUf'tSEft Of INTlftCHANG[S WEM P£AFOftf«O, 
-1 IF AN 000 ...... " (.If INT[ftCHANGU WEM P£AFOftf«D, 
o I' TIC *Tftl)( -A~ ANO TIC 'ACTOA U AM SJNGULAft. 

"Eft - AN [MOlt C()()[ 
- -NOfVttAI. C()()[ S 

o !CANS NO [MOltS WEM DETECTED 
- -AINOfiIfW. C()()[S 

1 !CNdi -NO- WAS NOT IN TIC flANGE 1 .1. T. NO .I.E. 32'5 
:2 ft:ANS -N- WAS NOT IN TIC ftANGE 1 .I.E. N .I.E. NO. 
l !CANS TIC TRIANGULAR 'ACTOfil -U- Of -A- IS SINGULAR. 

NOTE AFTER SOLVING A SYSTEM Of EQUATIONS USING SAKS 
ONE CAN EASILY C~TE TIC DETERMINANT Of -A-, 
AT LEAST IN PfilINCIPAL. FOfII E)(Af'fILE, 

DEl " ININI 
00 1 I "',N 

1 DET .. DEhA I I, II 
HOWEVER, THAT COI'FUTAfiON *Y OFTEN MSUL T IN E)(PONE,HIAI. 
OvEAFLOW 0fII lHlEAFLOW, ESP£CIALLY IF THE COEFFICIENTS 
IN -A- WEM VERY LARGE 0fII VERY S*LL. 

DI!CNSION AIND,N., BIND,MI, ININI 
DATA NDf1A)(/3~1 
IFIND .LT. 1 .OA. ND .GT. NOMAKI GO TO 3 
I'IN .LT. 1 .0fII. N .GT. NDI GO TO 4 
I" INIT .EO. 01 CALL fllLUOINO,N,A,IN,IN,KER) 
IFIININI .EO. 01 GO TO 5 
IFIM .LE. 01 GO TO 2 
00 1 J " l,M 

1 CALL AFBSIND,N,A,lN,Bll,Jl,KERI 
:2 f(ER ,. 0 

GO TO Eo 
3 f(ER ,. 1 

CALL )(EMOIt IBOHSAXB - ARGLKNT NO IS INVALID. IT IS REQUIRED THA 
1T ND • GE. 1 • AND. ND . LE. 325., 80 , 2 , 1 I 

GO TO Eo 
4 f(ER ,. 2 

CALL XERROR 17EoHSAXB - ARGLKNT N IS INVALID. IT IS REQUIRED THAT 
1 N • GE. 1 • AND. N • I.E. NO., 7E., 2 , 1 I 

GO TO E. 
5 KER ,. 3 

CALL XERROR '8'JHSAXB - LU DECOf'flOSlTlON OF -A- YIELDED A SINGULAR 
1-U-. A UNIQUE SOLUTION DOES NOT EXIST.,8',8,1) 

& RETURN 
ENO 

S YMBOLI C REFERENCE HAP I R=2 I 

ENTRY POINTS 
4 SAXe 

DEFLINE 
1 

SUBROUTINE SAXB 

VARIA8l.ES SN TYPE 
0 A MAL 
0 B REAL 
0 IN INTEGER 
0 INIT INTEGER 

lEo3 J INTEGER 
0 f(ER INTEGER 

0 M INTEGER 
0 N INTEGER 

0 ND INTEGER 

154 NOMA X INTEGER 

ExTEANAlS TYPE 
Rf'"BS 
fllLlJO 
XERRQR 

STATE!CNT LABELS 
0 1 

70 2 
73 3 

fOf 4 
f07 5 
114 e 

LOOPS L_I. INDEX 
S2 f • J 

STATISTICS 
~.,., LENGTH 

REFERENCES 
lEoO 
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RELOCATION 
ARRAY F .P. REFS 
ARRAY F .P. REF'S 
ARRAY I" .P. REF'S 

F' .P. REF'S 
REF'S 

F.P. REFS 
lS7 

F.P. REF'S 
F.P. REFS 

DEFINED 
I" ."'. REF'S 

OEFINED 
REFS 

ARGS REFERENCES 
Eo 14Eo 
E. 142 
4 150 154 

DEF' LINE REFERENCES 
14Eo 145 
147 144 
14' 140 
f53 f41 
157 143 
1&0 148 152 

FROM-TO LENGTH PfilOPERTIES 
145 14& 158 

2408 1&0 

FTN 4.Eo+43' 07/22/81 

138 142 14E. DEF'INED 
138 14r. DEF'INED 1 
138 2"42 143 14Eo 
142 DEF'INED 1 
14Eo DEF'INED 145 
142 14E. OEF'INED 

138 144 145 OEF'INED 
2"38 2,'41 142 143 

1 
2"38 2*140 141 142 

1 
140 DEF'INED 13' 

158 

15& 

EXT REFS 

14.5Eo.32 PAGE 

DEFINED 

147 14' 1S3 

1 
14E. 

14& 
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IMSL ROUTINES FOLLOW 
IMSL ROUTINES ARE PRQPfHETARY IN NATURE. BY CONTRACT THEY 
MAY BE DISSEMINATED BY SANDIA AS PART OF CODE, BUT SHALL NOT 
(MAY NDTI BE FURTHER DISSEMINATED. 

C IMSL ROUTINE NAI'£ - UERTST 
C 

07122/81 14.56.32 

C - - -- - - ------- - - - -- - -- - - -- -- ------------- - - -- - ----- - - ---- -- - -- - - -- - - -- --
C 
C COMPUTER - COC/SINGLE 
C 
C LATE,'" REVISION - JANUARY " 1 '378 
C 
C PURPOSE 
C 
C USAGE 
C 
C ARGUI'£NTS 
C 
C 
C 
C 
C 
C 
C 
C 
C 

IER 

NAt£ 

- PRINT A I'£SSAGE REFLECTING AN ERROR CONDITION 

- CALL UERTST (IER, NAI'£ I 

- ERROR PARAI'£TER. (INPUT I 
IER = I+J WHERE 

I = 128 IMPLIES TERMINAL ERROR, 
I = &4 IMPLIES wARNING WITH FIX, AND 
I = 32 IMPLIES WARNING. 
J = ERROR CODE RELE.VANT TO CALLING 

ROUTINE. 
- A SIX CHARACTER LITERAL STRING GIVING THE 

NAt£ OF THE CALLING ROUTINE. (INPUTI 

C PRECISION/HAROWARE - SINGLE/ALL 
C 
C REOO. IMSL ROUTINES - UG£TlO 
C 
C NOTATION 
C 
C 
C 
C REMARKS 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C COPYRIGHT 
C 
C WARRANTY 
C 
C 
C 

- INF~TION ON SPECIAL NOTATION AND 
CONVENTIONS IS AVAILABLE IN THE MANUAL 
INTRODUCTION OR THROUGH IMSL ROUTINE UHELP 

THE ERROR t£SSAGE PRODUCED BY UEfiTST IS WRITTEN 
ONTO THE STANDARD OUTPUT UNIT. THE OUTPUT UNIT 
Nl.lf'&:R CAN BE DETERMINED BY CALLING UG£TIO AS 
FOLLOWS.. CALL UG£TIOI1,NIN,HOUTI. 
THE OUTPUT UNIT NUtllER CAN BE CHANGED BY CALLING 
UG£TIO AS FOLLOWS •• 

NIN = 0 
HOUT = NEW OUTPUT UNIT Nl.lf'&:R 
CALL UG£TIOI3,NIN,HOUTI 

SEE THE UG£TIO OOCUl'£NT FCA I'tJRE DETAILS. 

- 1':178 BY IMSL, INC. ALL RIGHTS RESERVED. 

- IMSL WARRANTS ONLY THAT IMSi. TESTING I-IAS BEEN 
APPLIED TO THIS CODE. NO OTHER WARRANTY, 
EXPRESSED OR IMPLIED. IS APPLICABLE. 

C-----------------------------------------------------------------------
C 

SUBROUTINE UERTST (IER,NAt£ I 
SPECIFICATIONS FOR ARGUI'£NTS 

SUBROUTINE UERTST 74174 OPT=O TRACE FTN 4.&+43'J 07122/81 14.5&.32 

E.O 

E.5 

70 

75 

INTEGER IER.NA!'£ 
C SPECIFICATIONS FOR LOCAL VARIABLES 

INTEGER NAMSET .NA!'£Q 
DATA NAMSET/E>HUERSETI 
DATA NA!'£Q/E>H I 

C-- FOR IMSL INF~TION AND HELP SEE THOMAS JEFFERSON, D8332,SLL 
C THIS CARD IS IN COI1JECK IMSLUSE 
C FIRST EXECUTABLE STATEt£NT 

C 

DATA LEVEll 4 I , IEQOF/O/, IEa/1H=1 
IF (IER.GT.~I GO TO 25 
IF tIER.LT .-321 Go TO 55 
IF IIER.LE.1281 GO TO 5 
IF ILEVEL.LT .11 GO TO 30 

PRINT TERf'lINAL I'£SSAGE 
CALL UGETIOl1,NIN,IOtMITI 
IF tIEQOF .EQ.11 WRITEIlOtMIT ,351 IER.NA!'£Q.IEQ,NAt£ 
IF tIEQOF .Ea.OI WRITE 1I000IT.35 I IER,NA!'£ 
GO TO 30 

5 IF (IER.LE.&41 GO TO 10 
IF (LEVEL.LT.21 GO TO 30 

C PRINT WARNIP«i WITH FIX I'£SSAGE 
CALL UG£TIOI1,NIN.IOtJNIT I 

80 IF (IEOOF .EQ. 11 WRITEI IOtMIT ,401 IER,NA!'£Q,IEQ.NAI'£ 
IF tIEOOF .EQ.OI WRITEIIOtMIT.401 IER,NAl'£ 

100 

10S 

110 

GO TO 30 
10 IF (IER.LE.321 GO TO 15 

IF IlEVEL.LT.31 GO TO 30 
CALL UGETIO (1 .NIN,IOtMIT I 

PRINT WARNING I"£SSAGE 

IF IIEOOF .EQ. 11 WRITE' IOtMIT .451 IER.NA!'£a.IEQ.NAI'£ 
IF ,IEOOF .EQ.OI WRITEClOtMIT .451 IER.NAtE: 
GO TO 30 

15 CONTINUE 
CHECK FOR UERSET CALL 

IF 'NA!'£.NE .NAMSETI GO TO 25 
LEVOLD = lEV£/' 
LEVEL = IER 
IER = lEVOLD 
IF 'LEVEL.LT.OI LEVEL = 4 
IF 'LEVEL.GT.41 LEVEL = 4 
GO TO 30 

25 CONTINUE 
IF 'LEVEL.l T .41 GO TO 30 

CALL UG£TIOll,NIN.IOtMITI 
PRINT NON-DEFINED I'£SSAGE 

IF I IEOOF .Ea.11 WRITEClOtMIT .501 IER.NAt£a.IEa.NAI"£ 
IF tIEOOF .Ea.OI WRITE tIOtMIT.5O I IER.NAt£ 

30 IEOOF = 0 
RETURN 

35 F~TC1"" ... TEAMINAl ERfIOA.10X.7HIIER = .13. 
1 2OH1 FROM IHSl ROUTINE .AE..A1.AE.1 

40 FORHATc)E,H ... WARNING WITH FIX ERROR tIER = .13. 
1 20HI FROM IHSl ROUTINE .AE..A1.AE.1 

45 FORHATcl8H ... WARNING ERfIOA.llX.7HClER = .13. 
1 2OH1 FROM IHSl ROUTINE .AE..Al.AE.1 

50 FORHATC2OH ... UNDEFINED ERfIOA.'X.7HCIER = ,IS. 
1 20HI FFIOH IMSL ROUTINE .AE>.A1.AE>1 

PAGE 
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11'5 SAVE P FOR P = R CASE 
P IS THE PAGE NAf'E 
R IS THE ROUTINE NAf'E 

'55 IEOOf = 1 
NAf'EQ = NAf'E 

120 &5 RETURN 
ENO 

Syt'llOLiC REFERENCE MAP (R=2 I 

ENTRy POINTS DEFLINE REFERENCES 
4 UERTST % lOE. 120 

VARI ABLES SN TYPE RELOCATION 
152 IEQ INTEGER REFS 73 80 87 103 DEFINED 
151 IEOOF INTEGER REFS 73 74 60 91 87 

104 DEFINED bE. lOS 119 
0 IER INTEGER F .P. REFS '58 &7 &9 &'3 73 

80 91 83 87 98 '34 
DEFINED % CJS 

27& IOUNIT INTEGER REFS 72 7'3 BE. 102 1/0 REFS 
80 81 97 88 103 104 

150 LEVEL INTEGER REFS 70 77 8'5 '33 % 
DEFINED &E. Cj4 % '37 

277 LEVOLD INTEGER REFS CJS DEFINED '33 
0 NAt£ INTEGER F .P. REFS sa 73 74 90 91 

'32 103 104 11'3 DEFINED '5& 
147 NAt£Q INTEGER REFS &0 73 80 97 103 

DEFINED &2 11'3 
14& NAHSET INTEGER REFS (,0 '32 DEFINED &1 
275 NIN INTEGER REFS 72 7q BE. 102 

VARIABLES USED AS FILE NAf'ES. SEE ABOVE 

EXTERNAlS TYPE ARGS REFERENCES 
UGETIO 3 72 7q BE. 102 

STATEt£NT LABELS DEF LINE REFERENCES 
35 '5 7& (,'3 
'55 10 93 7(' 
75 1'5 Cj() 83 

11& 25 Cj<3 ('7 q2 
133 30 lOS 70 75 77 82 8'5 8'3 '38 
233 35 FMT 107 73 74 
243 40 FMT 10'3 80 81 
254 45 FMT 111 87 88 
2(,4 SO FMT 113 103 104 
131> '55 118 e.e 

0 (,5 INACTIVE 120 

STATISTICS 
PROGRAM LENGTH 3008 1'32 
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'5 

10 

15 

20 

30 

45 

55 

C I MSL ROUTINE NAt£ - UGETIO 
C C-----------------------------------------------------------------------
C 
C C()tI)UTER - CDC/SINGLE 
C 
C LATEST REVISION - JANUARY 1. 1 q78 
C 
C PURPOSE 
C 
C 
C 
C USAGE 
C 
C ARGUt£NTS 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

IOPT 

NIN 

NOUT 

- TO RETRIEVE CtRl[NT VAlUES AND TO SET NEW 
VAlUES FOR INPUT AND OUTPUT UNIT 
IDENTIFIERS. 

- CALL UGETIOI I OPT .NIN.NOUT! 

- OPTION PARAt£TER. I INPUT! 
IF IOPT=1. THE CtltRENT INPUT AND OUTPUT 
UNIT IDENTIFIER VALUES ARE RETURNED IN NIN 
AND HOUT. REsPECTIVELY. 
IF IOPT=2 131 THE INTERNAl VALUE OF 
NIN <HOUT! IS RESET FOR SlIISEQUENT USE. 

- INPUT U'tIT IDENTIFIER. 
OUTPUT IF IOPT=1. INPUT IF IOPT=2. 

- OUTPUT U'tIT IDENTIFIER. 
OUTPUT IF IOPT=1. I~tJT IF IOPT=3. 

C PnECISION/HARONARE - SINGLE/AlL 
C 
C REQO. IMSL ROUTINES - NONE REQUIRED 
C 
C NOTATION - INFOAt'MTION ON SPECIAL NOTATION AND 

CONVENTIONS IS AVAILA8l.E IN THE MANUAl. 
INTRODUCTION OR THROUGH It&. ROUTINE UHELP 

C 
C 
C 
C REMARKS EACH II'Q.. ROUTINE THAT PERFORf1S INPUT AND/OR OUTPUT 

OPERATIONS CALLS UGETIO TO OBTAIN THE CURRENT U'tIT 
IDENTIFIER VALUES. IF UGETIO IS CALLED WITH IOPT=2 OR 3 
NEW U'tIT IDENTIFIER VALUES ARE ESTA8l.ISt£D. SUBSEQUENT 
INPUT/OUTPUT IS PERFORt£D ON THE NEW U'tITS. 

C 
C 
C 
C 
C 
C COPYRIGHT - 1't78 BY It&.. INC. ALL RIGHTS RESERVED. 
C 
C WARRANTY - II'Q.. WARRANTS ONlY THAT II'Q.. TESTING HAS BEEN 

APPLIED TO THIS CODE. NO OTHER WARRANTY. 
EXPRESSED OR ItA..IED. IS APPLICA8l.E. 

C 
C 
C 
C - - - - - - - - - - -------------------------------------------------------------
C 

SUBROUTINE UGETIO( IOPT .NIN.NOUT I 
SPECIFICATIONS FOR ARGUt£NTS 

INTEGER IOPT .NIN.HOUT 
SPECIFICATIONS FOR LOCAl VARIABLES 

INTEGER NIHO.HOUTD 
DATA NIHO/51tNPUT/.HOUTD/(ol.OUTPUTI 

C-- FOR IMSL IHF'OAt'MTION AND HELP SEE THOt1AS ../EFFERSON. D8332.SLL 
C THIS CARD IS IN COf'I)£CI< IMSLUSE 
C FIRST EXECUTABt..E STATEf'ENT 

If' (IOPT .EQ.3! GO TO 10 

PAGE 
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IF tIOPT.EQ.21 GO TO S 
IF t IOPT.NE. 1 I GO TO CJOO'5 
NIN = NIND 
NDUT = NDUTD 
GOTOCJ00'5 

S NIND = NIN 
GOTOCJ00'5 

10 NDUTD = NOUT 
CJOO'5 RETURN 

END 

SY~IC REFERENCE MAP tR=21 

ENTRY POINTS 
4 UGETIO 

VARIABLES 
o IOPT 
o NIN 

3S NIND 
o NDUT 

Je. NOUTD 

OEFLINE 
48 

SN TYPE 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGLR 

REFERENCES 
(,E, 

RELOCATION 
F.P. 
F.P. 

F .P. 

REFS 
REFS 
REFS 
REFS 
REFS 

STATEI'ENT LABELS 
2'5 S 

OEFLINE 
£.3 

REFERENCES 

31 10 
34 CJOO'5 

STATISTICS 
PROGRAM LENGTH 

£.S 
(,E, 

378 

58 
57 
5'3 e.2 

31 

SO 
50 
52 
50 
52 

£.4 

S7 
£.3 
e.o 
£.S 
£.1 

58 
DEFINED 
DEFINED 
DEFINED 
DEFINED 

S'3 
48 
53 
48 
53 

74/74 OPT=O TRACE FTN 4.£.+43'3 07122/81 

C IHSL ROUTINE NAt'E - ZSYSTH 
C 
C-----------------------------------------------------------------------
( 

S ( (OtflUTER - (DC/SINGLE 
( 
( LATEST REVISION - JANUARY 1. 1'!t78 
( 
( PURPOSE - IlETERftINATION OF A ROOT OF A SYSTEM OF N 

10 C sntLTAf£OUS NONLINEAf' EQUATIONS IN N 
C UNKNOWNS. FIXI=O. IN VECTOR F"0AI1. 
( 

C USAGE - CALL ZSYSTH IF .EPS.NSIG.N.X. ITHAX.WA.PAR. IERI 
( 

15 C ARGUI'ENTS F - F IS THE NAI'E OF THE FlKTION CALLED BY 
C ZSYSTH TO FlJIttISH THE VALlES OF THE 
C EQUATIONS BEING SOLVED. THE USER SPECIFIES 
C F BY WRITING. F"lKTION SlIFfIOGRAH 
C FIX.k.PIIRI llilCH COtFUTES THE k-TH 

20 C CflKJONENT OF F" EVALUATED AT X. F" MUST 
C APPEIIR IN AN ExTERNAL STATEf'£NT IN THE 
C CALLING PROGfWt. F" HUST BE TYPED 
C APPROPRIATELY. SEE PFlECISION/HllRDNARE. 
C EPS - FIRST STOPPING CRlTERICiN. A ROOT X 111, •••• 
C XINI IS ACCEPTED IF" THE I1AXItU'I ABSOLUTE 
C VALlE OF FIX,k.PARI IS LESS THAN OR EQUAL 
C TO EPS. WHERE k::1 ••••• N. IINPUT! 
C NSIG - SECOND STOPPING CRITERION. A ROOT IS ACCEPTED 
C IF TWO SUCCESSIVE AfIPf!OXII1ATIONS TO A GIVEN 

30 C ROOT AGREE IN THE F"IRST NSIG DIGITS. I INPUT. 
C NOTE. IF EITHER. OR BOTH. OF THE STOPPING 
C CRITERIA ARE SATISFIED. T..e: ROOT IS 
C ACCEPTED. 
( N - THE NUPlJER OF EQUATIONS 1= NUPlJER OF UNkNOWNS' 
( N (AN BE 1. IINPUT! 
C X - THE VECTOR X OF LENGTH N. AS INPUT. IS THE 
C INITIAL Gl£SS F"OR THE ROOT. AS OUTPUT. IT 
C IS THE COtFUTED SOLUTION. 
C ITHAX - ON INPUT = THE I1AXltU'I ALLOWABLE NlJ'eER OF 

40 C ITERATIONS AND ON OUTPUT:: THE NlJ'eER OF 
C ITERATIONS USED IN F"INDING THE COHPUTED 
( SOLUTION. 
( WA - AN ARRAY WORk AREA OF SIZE 11N+2'.IN-1'"2 + 
( 3.N SlfIPlIED BY THE USER. 

45 C PAR - PAR CONTAINS A PARAt£TER SET IPOSSIBLY A 
( FlKTION NAt£ I lliICH IS PASSED TO THE USER 
C SlfIPlIED FlKTION F. PAR HAY BE USED TO 
C PASS ANY AUXILIARY PARAt£TERS NECESSARY FOR 
C COHPUTATION OF THE FUNCTION F". PAR IS A TYPE 

50 C REAL vECTOR IN ZSYSTI1. /INPUTt 
C IER - ERROR PARAHATER. /OUTPUTI 
C TERMINAL ERROR 
C IER :: 12o:t INDICATES THE ALGORITHM FAILED TO 
C CONvERGE WITHIN ITl1Ax ITERATIONS. 

55 C IER :: 130 INDICATES SINGULARITY / OF THE 
C JACOBIAN I1ATRIx. HAS BEEN ENCOUNTERED 
C TWICE. 

DEFINED 
£.0 
£.3 
£.1 
£.5 

14.%.32 
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bO 

bS 

70 

75 

80 

85 

100 

10'5 

110 
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C 
C PRECISION/HARDWARE - SINGLE ANO OOUBLE/H32 
C - SINGLE/H3b,H48,HbO 
C 
CREGO. IMSL ROUTINES - UERTST ,UGETIO 
C 
C NOTATION 
C 
C 
C 
C COPYRIGIH 
C 
C WARRANTY 
C 
C 
C 

- INF<mt1ATION ON SPECIAL NOTATION ANO 
CONVENTIONS IS AVAILABLE IN THE MANUAL 
INTRODUCTION OR THROUGH IMSL ROUTINE UHELP 

- 1~78 BY IMSL, INC. ALL RIGHTS RESERVED. 

- IMSL WARRANTS ONLY THAT IMSL TESTING HAS BEEN 
APPLIED TO THIS CODE. NO OTHER WARRANTY, 
EXPRESSED OR I f'PLI EO , IS APPLICABLE. 

07122/81 14.50.32 

C-----------------------------------------------------------------------
C 

SUBROUTINE ZSYSTM IF ,EPS,NSIG,N,X, ITMAX,WA,PAR, IER} 

DIMENSION Xlll,WAll',PARlll 
DATA PHEC,DELTA/5.E-12,5.E-~1 
DATA ZERO,PM1.PT1.P2/0.0, .1 •• 0001 • • 0021 

C-- FOR IMSL INF<mt1ATION AND HELP SEE THOHIoS JEFFERSON. D8332.SLL 
C THIS CARD IS IN COt'ClECK IMSLUSE 
C FIRST EXECUTABLE STATEMENT 

C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

IER=O 

N2 = N+N 
RELCON=10 .Oul-NSIG} 
JTEST = 1 
IERROR=O 
IPART=IIN+21'IN-lI112 
ITf'P=IPART+N 
LKSUB= I Tf'P+N 
00 130 M = 1. ITMAX 

IQUIT=O 
FMAX=ZERO 
M1 = M-l 
K1 = LKSUB + 1 
KMIN = LKSUB + N 
XTEf'P = ZERO 

00 5 J = K1,KMIN 
XTEf'P XTEf'P+1 .0 
WAIJI = XTEf'P 

5 CONTINUE 

PREC IS A FUNCTION OF THE MACHINE 
SIGNIFICANCE. SIG. AND SHOULD BE 
COMPUTED AS PREC='5. * 1 O. U I -S I G+2 1 . 
IN THIS INSTANCE WE WERE DEAL ING 
WITH A 14 DIGIT MACHINE. 
DEL TA SHOULD BE TAKEN AS 
S.'10.UI-ISIG+41121. FOR SIG EVEN, 
AND 1&.'10.ul-ISIG+SII2, FOR SIG 000 

THE ARRAY lolA I LKSUB+l I •••• ,WAILKSOO+NI 
PERMITS A PARTIAL PIVOTING EFFECT 
WITHOUT HAVING TO PHYSICALLY 
INTERCHANGE ROWS OR COLUMNS. 

SUBROUTINE ZSYSTM 74174 OPT=O TRACE FTN 4 .b+43~ 07/22/81 14.5&.32 

115 

120 

125 

130 

13'5 

140 

145 

150 

155 

1E>0 

lE>5 

170 

C 
C 
C 
C 

10 

15 

20 

25 

30 

35 
40 

45 

50 
55 

K = 1 
IFIK .LE. 1} GO TO 30 
KMIN = K-l 

KK = 1 
00 25 Kl=l,I<MIN 

I SOO=I<-I< 1 

THE FOLLOWING CODE BACK-SOLVES THE 
FIRST KMIN ROWS OF A TRIANGULARIZEO 
LINEAR SYSTEM FOR If'PROVED X VALUES 
IN TERMS OF PREVIOUS ONES. 

MM= II ISUB-l "IN2 -ISUBII/2 
L1M=N-ISOO 
KPOINT = WAILI<SUB+ISUBI+PMl 

ISUB1 = ISOO-1 
XII<POINTI=ZERO 
00 20 L1=1,LIM 

THE ADDITION OF .1 IPM11 IN THE LAST 
STATEMENT lAND OTHERS LIKE IT 
BELOW 1 IS ESSENTI AL • SINCE lolA 
CONTAINS INTEGERS AS WELL AS FLOATING 
POINT ~RS. FOR EXAf'PLE, SUPPOSE 
THE INTEGER 3 WAS STORED AS 
2.<:I<3~<:I<3<:1<:1<:1~<:I8 

JS1=ISUB1+L 1 
LI<JSUB=LI<SUB + JSl +1 
IJ=MM+JS1 
JPOINT= lolA I LI<JSOO1 + PM1 
XII<POINTI=XIKPOINTI + WAIIJI*XIJPOINTI 

CONTINUE 
X IKPOINT I=X II<POINT 1 + lolA IMM+NI 

CONTINUE 
GO TO I 30, 45, 1 0'5 }, KI< 

E=FIX,I<,PARI 
FMAX "AMAX 1 I FMAX, ABS IE) I 

SET UP PARTIAL DERIVATIVES OF 
I<TH FUNCTION •• 

I F I ABS IE) .OE. EPS) GO TO 35 
IQUlhIQUIT+l 
IFlIQUIT .EO. N) GO TO 140 
I .. j( 
IP=IPAAT+I 
ITEf'fl .. lolA I LI<SUS+ I) + PM1 
HOLD" XI ITEf'fl) 
ETA= .OO1'A8SIHOLD t 
IF CAIliSCHOLD) .LT.PREC) ETA=DELTA 
H =AHIN1IFMAX,ETAt 
IF IH .L T. PREC) H=PAEC 
X C I TEf'fl ) =HOLD+H 
IF CI< .LE. 1) GO TO 45 

1<1< " 2 
GO TO 15 
F'PLUS.,F C X,I< ,PAR t 
TOP=FPLUS-E 
wAI JPt=TOP/H 
)( I I TEf'fl , =H<lLO 
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175 

190 

le5 

l~O 

1 '¥5 

200 

205 

210 

215 

220 

SU8fIOUTlNE ZSYSTM 

c 
C 
C 
C 

bO 

£,5 

70 
75 
80 

74174 OPT=O TRACE 

1 ,. I + I 
IF II .LE. HI GO TO 40 
If" 1K .LT. HI GO TO bO 
(P:(PART+H 
If" IABSI WAIIPII .EQ. ZERO) GO TO 80 
XfITEMPI "-£1 lolA tiP I + XfITEt'P) 
GO TO 100 

FTN 4,('+439 

FINO PARTIAL O£RIVATIVE Of" LARGEST 
ABSOLUTE VALUE .. 

I<L"LKSU8+K 
LOOl<= HAIKU + PM1 
KMAX=LOQI< 
IP=IPART+I< 
DERf'IA)(: ASS' lolA I IP I ) 
KPLUS :: K+l 
00 EoS I = I<PLUS.H 

TEST= ASS I lolA I IPART+I I I 
If" I TEST .LE. DERMAX I GO TO b5 
OERMAX = TEST 
I<MAX=I 

CONTINUE 
IFILOOK .£Q. KMAXI GO TO 75 
U(MA)( =U< SU8+KMAX 
lolA IKU =WA IlKMAX I 
lolA I LKHAX J =lOOI< 
IP=IPART+KMAX 
XT£MP= WAIIPJ 
IPI<=IPART+I< 
lolA lIP I ::WA I IPK I 
lolA I IPI< I =XTEt'P 
1 f" I K • LT. 2 I GO TO 75 
KMIN=I<-1 
11 :: 0 
00 70 I=1.KMIH 

L::(IIl 1*1N2 -1)1/2-1 
J::L+I<MAX 
XT£I'IP:: WAIJI 
JJ=L+K 
lolA I J I ::WA , J J I 
WA I Jj I ::)(TEr-JI 
11 :: I 

CONTINUE 
IF , A8SIWAlIPART+KII.NE. ZERO I GO TO '30 
IFIIERROR .EG, 11 GO TO 135 
DO 9'5 1=1.N 

IF THE MODIFIED JACOBIAN IS SINGULAR 
A T x. CHANG£ THE COMPONENTS OF X ANO 
PFIOCEEO WIT ... THE ITERATIONS. IF IT 
HAPPENS A SECOND TII'€. TERMINATE. 

)( ( I J = 0, q.)( ( r J + ,12345 
CONTINUE 
1 ERROR; 1 
GO TO lOS 

SET uP COEH'ICIENTS FOR KTH ROW 

07122/81 14.'56.32 PAGE 
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230 

23'5 

240 

24'5 

2'50 

255 

2bO 

2b5 

270 

275 

280 

28'5 

'30 L = I I K -11. I N2 -K I I 12 
I<N=L+N 
11 = L-l 
lolA II<N I =ZERO 
I PI< = IPART+I< 
00 '3'5 J = I<PLUS,N 

JSUB= lolA I LK~UB+ J I + PMl 
JJ=Il+J 
IPJ= IPART+J 
lolA I JJ I =-101110 I IPJ 1/101110 I IPK I 

OF TRIANGULAR LINEAR SYSTEM USED 
TO BACK-SOLVE FOR THE FIRST K XIII 
VALUES, , • 

lolA I I<N I =101110 II<N I +101110 I I P J I tX I JSUB I 
CONTINUE 
LK= lolA I LI(SUB+K I + PMl 
WAII<NI=IWAII<NI-EI/WAIIPI<I + XILI<I 
I< = 1<+1 

100 

105 

IF fl< .LE. NI GO TO 10 

IFI N .EQ. 1 I GO TC 105 
I<MIN=N-1 
1<1< = 3 
GO TO 15 
IF 1M .LE. 1 I GO TO 120 

001101=1,N 

BACI< SUBSTITUTE TO OBTAIN NEXT 
APPROXIMATION TO X 

TEST FOR CONVERGENCE .. 

IF IABSIWAIITI't?+II-XIIII .GT. ABSIXIIJI*RELCONI GO TO 115 
1 10 CONTINUE 

JTEST = JTEST+l 
IF I JTEST-31 120, 140, 140 

115 JTEST = 1 
120 00 125 I = 1,N 

1011101 ITMP+II=XIII 
12'5 CONTINUE 
130 CONTINUE 

M=ITMAx 
IER = 12'3 
GO TO 240 

13'5 IER = 130 
140 FMAX=ZERO 

TEST=1.0£+15 
IF IN .GT. lJ GO TO 145 
WAIIPART+21 = FfX,1,P;'RI 
FMAX =AMAXl IFMAX,ABSfWAf IPART+21 J I 
GO TO 1'5'5 

145 00 1 50 I = 1, N 
IP=IPART+I 
WAfIPI=FfX,I,PARI 
FMAX=AMAX 1 f FMA)(, ABS' lolA I IP I I I 

150 CONTINUE 
CHECK TO SEE IF SMALL COMPONENTS ARE 
ACTuALL Y ZERO 

07/22/8114,%,32 
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2':!O 

300 

305 

310 

31'5 

320 

330 

340 

155 1<=1 
00 1&0 I=1,N 

WAf I I=)(f I 1 
IF IABSIXflil .GT. P21 GO TO 1&0 
1<=2 
WAf I I=ZERO 

1bO CONTINUE 
IFfl< .EG. 1 I GO TO 1'3'5 

1<1< = 1 
GO TO 205 

lb5 IF fFMAX .L T. TEST, GO TO 1':lO 

00 170 I=1,N 
XIII= WAlil 

170 CONTINUE 
I FIN • G T. 1 I GO TO 17'5 
WAIIPART+21 = WAI ITMP+21 
GO TO 185 

17'500 lao I = 1,N 
WAIIPART+II = WAf PMP+I 1 

180 CONTINUE 
185 FMAX=TEST 

1':lO 1<=1 
1'3'5 ITEST=O 

00 200 l=l,N 
WAil I=Xf I 1 

NOTE THAT SMALL COMPONENTS ARE SET 
TO ZERO ONLY IF THE NORM OF THE 
FUNCTiON VECTOR IS REDUCED A<; A 
RESULT OF nHS PROCESS. 

CHECK FOR INTEGER COMPONENTS 

IF IABSI)(1111 .LE. P21 GO TO 200 
L=xIII+PTl 
J=XIII-PTl 
IFIL .EG. JI GO TO 200 
WAil 1 =ISIGNI 1, JI.HA)(OIIABSIL 1,IABSf J II 
1<=2 

200 CONTI HUE 
IFII< .EQ. 11 GO TO 23'5 
KK = 2 

205 TEST=ZERO 
IF IN .GT. 1 I GO TO 210 
WAllTMP+2J = FIWA.1.PARI 
TEST =AHAXl ITEST.ABSIWAI ITMP+2J 1 1 
GO TO 220 

210 00 215 1=1.N 
IT:IT""+I 
WAllT I:F fWA.I.PAR J 
TESTdHAX11 TEST. ASSIWAI IT J II 

21'5 CONTINUE 
220 GO TO f 1 Eo'5. 225 I, 1<1< 
225 IF'fF'HA •• LT. TESTI GO TO 23'5 

00 230 1=1.N 
x'I,: wAf 1 ' 

NOTE TIoIAT NEAR-INTEGER CO""ONENTS 
ARE SET TO BE INTEGERS ONI.. Y IF THE 
NORM OF THE FUNCTION VECTOR IS 
REDUCED AS A RESUlT OF' TIoIIS PROCESS. 
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230 CONTINUE 
!TEST=1 

34'5 TEST FOR CONVERGENCE 
23'5 IFfFMAX .LT. EPS .OR. TEST .L T. EPS 1 IER = 0 
240 I TMl.l(=Ml + I 

'3000 CON TI NUE 
II: f IER .NE. 01 CALL UERTSTf IER,&HlSYSTMI 

350 ~OS RETURN 
ENO 

CARO NFl. SEVERI TY DETAILS D I AGNOS I S OF PROBLEM 

14& AN IF STATEI'£NT MAY BE rtJRE EFFICIENT THAN A 2 OR 3 BRANCH COMPUTED GO TO STATEMENT. 
33'5 AN IF STATEI'£NT MAY BE rtJRE EFFICIENT THAN A 2 OR 3 8RANCH COMPUTED GO TO STATEMENT. 

SYI1:l0LIC REFERENCE MAP fR=21 

ENTRY POINTS DEFUNE REFERENCES 
4 ZSYSTM :& 350 

VARIABLES S~ TyPE RELOCATION 
12£:,7 DELTA REAL REFS 1&1 DEFINED 7~ 
1352 DERMAl( REAL REFS 1~1 DEFINED 187 1"12 
133b E REAL REFS 152 153 1&"1 177 24& 

DEFINED lSI 
0 EPS REAL I' .p. REFS 153 2*34& DEFINED 7& 

1343 ETA REAL REFS 1&2 DEFINED 1&0 1&1 
1314 FMAl( REAL REFS 152 1&2 277 282 2% 33& 34& 

DEFINED 102 152 273 277 282 310 
1345 FPLUS REAL REFS 1&"1 DEFINED 1&8 
1344 H REAL REFS 1&3 1&4 170 DEFINED 1&2 1&3 
1342 HOLD REAL REFS 1&0 1&1 1&4 171 DEFINED 15"1 
1337 I INTEGER REFS 157 158 172 173 1~ 1"13 208 

214 2*223 3*2&0 2*2&b 280 281 2*288 28"1 
2"11 2*302 2*308 ~.JI5 31& 317 318 320 
331 332 2*342 DEFINED 1% 172 18"1 207 
218 25"1 2&5 27"1 287 301 307 314 
330 341 

0 IER INTEGER F .P. REFS 2*34"1 DEFINED 7& 84 270 272 34& 
130b I ERROR INTEGER REFS 217 DEFINED % 225 
1334 I J INTEGER REFS 142 DEFINED 140 
1340 IP INTEGER REFS 170 17& 177 187 200 202 281 

282 DEFINED 157 175 18b 1"1"1 280 
1307 IPART INTEGER REFS "18 157 175 18& 1~ 1"1"1 201 

21& 237 241 27& 277 280 30S 308 
DEFINED "17 

13b4 IP) INTEGER REFS 242 243 DEFINED 241 
135b I PI< INTEGER REFS 202 203 242 24& DEFINED 201 237 
1313 IQuIT INTEGER REFS 154 155 DEFINED 101 154 
1324 ISU13 INTEGER REFS 2*12'5 12& 127 135 DEFINED 124 

SlISI'IOUTINE 7SYSTM 74/74 QPT=O TRACE FTN 4.&+43"1 07122/81 14.5£:, .32 PAGE 8 

VARIABLES SN TyPE RELOCATION 
1330 ISUBI INTEGER REFS 138 DEFINED 135 
13b7 !T INTEGER REFS 332 331 DEFINED 331 
1341 I TEMP INTEGER REFS 15"1 1&4 171 2*177 DEFINED 158 
13b& !TEST INTEGER DEFINED 313 344 

0 !TMAl( INTEGER F .p. REFS 100 2&"1 DEFINED 7& 347 
1310 !TMP INTEGER REFS qq 2&0 2&& 305 308 327 328 

3::11 DEFINED "18 
1357 11 INTEGER Rf':S 208 240 DEFINED 20£:, 214 235 
1321 J INTEGER FC£FS 113 210 212 23"1 240 241 31"1 

2*320 DEFINED 111 20"1 238 318 
13bl JJ INTEGER REFS 212 213 242 DEFINED 211 240 
1335 JPOINT INTEGER REFS 142 DEFINED 141 
13b3 JSUB INTEGER REFS 243 DEFINED 23"1 
1332 JSl INTEGER REFS 13"1 140 DEFINED 138 
130S JTEST INTEGER REFS 2&2 2&3 DEFINED "15 2&2 2&4 
1322 I< INTEGER REFS 11& 117 124 151 15& 1&5 1&8 

174 183 18b 188 201 204 205 211 
21& 2*233 237 245 247 248 2"13 323 

DEFINED 11~ 247 2Bb 2"10 312 321 
1323 1<1< INTEGER REFS 14& 335 DEFINED 122 1&& 253 2"14 

324 
1347 I(L INTEGER REFS 184 1"17 DEFINED 183 
1351 I(MAK INTEGER REFS 1"15 1% 1"1"1 20"1 DEFINED 185 1"13 
1317 I(MIN INTEGER REFS 111 123 207 DEFINED 105 117 205 

252 
13b2 I(N INTEGeR REFS 23b 2*243 2*24& DEFINED 234 
1353 kPLUS INTEGER REFS 18"1 238 DEFINED 188 
1327 kPOINT INTEGER REFS 13b 2*142 2*144 DEFINED 127 
131& k1 INTEGER REFS 111 124 DEFINED 104 123 
1lEoO L INTEGER REFS 20"1 211 234 235 31"1 320 

DEFINED 208 233 317 
132& LIM INTEGER REFS 137 DEFINED 12& 
llEo5 Lk INTEGER REFS 24(' DEFINED 245 
1333 LlUSUB INTEGER REFS 141 DEFINED 13"1 
1355 Lkl'lAK INTEGER REFS 1"17 1"18 DEFINED 1% 
1311 LkSue INTEGER REFS 104 lOS 127 13"1 158 183 1% 

23"1 245 DEFINED qq 
13'50 LOOk INTEGER REFS 185 1 "tIS 1"18 DEFINED 184 
1331 L1 INTEGER REFS 138 DEFINED 137 
1312 M INTEGER REFS 103 255 DEFINED 100 2&"1 
1325 MM INTEGER REFS 140 144 DEFINED 125 
1315 I'll INTEGER REFS 347 DEFINED 103 

0 N INTEG£R F .P. REFS 2*"13 2*"17 "18 "1"1 lOS 12& 144 
155 173 174 175 18"1 218 234 238 
248 251 252 25"1 2&5 275 27"1 287 
301 304 307 314 32& 330 341 

DEFINED 7& 
0 NSIG INTEGER F .P. REFS '4 DEFINED 7& 

1303 N2 INTEGER REFS 125 209 233 DEFINED "13 
0 pAfit REAL AAnAY F.P. REFS 78 151 1&8 27& 281 327 332 

DE"-INED 7& 
1271 PMl AEAL AE"-S 127 141 158 184 23"1 245 

OE"-INED 80 
12W. PAtC AEAL AE"-S lbl 2*1&3 OE,.-rNED 7"1 
1272 pTl AEAL AE"-S 317 318 OE"-INED 80 
1273 P2 AEAL AEFS 2Bq 31b DEn NED 80 
1304 AELCON AEAL AEFS 2&0 DEFINED "14 
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VARIABlES SN TYPE RELOCATION 
1354 TEST REAL REFS 1~1 1~2 2% 310 329 333 331;, 

34E> DEFINED 1 '30 274 32'5 329 333 
134& TOP REAL REFS 170 DEFINED 1E>9 

0 WA REAL ARRAY F .P. REFS 78 127 141 142 144 158 17E> 
177 184 187 1~0 1~7 200 202 210 
212 21E> 23~ 2*242 2*243 24'5 2*24E> 2&0 
277 282 302 30'5 308 327 328 332 
333 342 DEFINED 7E> 113 170 197 198 
202 203 212 213 23E> 242 243 24E> 
2E>E> 27E> 281 288 291 305 308 315 
320 327 332 

0 x REAL ARRAY F .P. REFS 78 2*142 144 1'51 1'59 11;,8 177 
223 243 24E> 2*2E>0 2E>E> 27E> 281 288 
289 315 31E> 317 318 DEF lNED 7E> 13E> 
142 144 1E>4 171 177 223 302 342 

1320 )(TEMP REAL REFS 112 113 203 213 DEFINED 10E> 112 
200 210 

1270 ZERO REAL REFS 102 10& 13& 17& 21& 23& 273 
291 325 DEFINED 80 

ExTERNALS TYPE ARGS REFERENCES 
F REAL 3 F .P. 151 lE>8 27E: 281 327 332 
UERTST 2 349 

I Nt. INE FUNCT IONS TYPE ARGS DEF LINE REFERENCES 
ABS REAL 1 INTRIN 152 1'53 1&0 1&1 17& 187 1~0 21& 

2*2&0 277 282 289 31& 328 333 
AMA)(1 REAL 0 INTRIN 1'52 277 282 329 333 
AMINl REAL 0 INTRIN lE>2 
lABS INTEGER 1 INTRIN 2*320 
ISIGN INTEGER 2 INTRIN 320 
MA)(O INTEGER 0 INTRIN 320 

STATEt£NT LABELS DEF LINE REFERENCES 
0 5 114 111 

104 10 11& 248 
114 15 123 1&7 254 

0 20 143 137 
0 25 1":5 123 

212 30 151 11& 14& 
235 35 1% 153 
240 40 157 173 
303 45 1&8 14& 1&5 

0 50 INACTIVE 170 
0 55 INACTIVE 171 

347 &0 183 174 
4OE:. &5 1~4 18~ 1~1 

0 70 215 207 
507 75 21& 1~ 204 
515 80 217 17& 

0 BS 224 218 
534 ~ 233 21& 

0 ~ 244 238 
&2& 100 251 178 
&37 105 255 14& 22& 251 

0 110 2&1 25'3 
E>E:.3 115 2&4 2&0 
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STATEt£NT LABELS OEF LINE REFERENCES 
E>E:.5 120 2&5 255 21:>3 

0 125 21:>7 21:>5 
0 130 2&8 100 

705 135 272 217 
710 140 273 155 2*2&3 
735 145 27'3 275 

0 150 283 27'3 
757 155 28b 278 
777 11:>0 2'32 287 28~ 

1011 1&5 2% 335 
0 170 303 301 

1034 175 307 304 
0 180 30~ 307 

1045 185 310 3OE:. 
1050 1~ 312 2% 
1052 1~ 313 2~3 
1112 200 322 314 31& 31~ 
1123 20S 325 2~ 
1141:> 210 330 321:> 

0 215 334 330 
1170 220 335 32~ 
1200 225 33b 335 

0 230 343 341 
1215 235 341:> 323 33& 
1223 240 347 271 

0 q()()Q INACTIVE 348 
0 ~ INACTIVE 350 

LOOPS LABEL lNOE)( FROM-TO LENGTH PROPERTIES 
47 130 

• M 
10021:>8 E>3OB E)(T REFS E)(ITS NOT INNER 

70 '5 J 111 114 11B OPT 
11'5 25 • 1<1 123 145 &4B NOT INNER 
144 20 L1 137 143 2SB OPT 
312 E>5 I 1B~ 1~4 118 OPT 
4SE> 10 I 201 215 30B OPT 
521 85 I 218 224 78 INSTACK 
5SE> ~ J 238 244 21B OPT 
&43 110 

• I 
25' 2&1 128 OPT E)(ITS 

E.bb 125 I 2&5 2t.1 E.8 INSTACI< 
73b 150 

• I 
2" 283 20B E)(T REFS 

1&2 1&0 I 281 2'2 20B OPT 
1015 170 I 301 303 &8 INSTACK 
1035 100 I 301 30' 18 INSTACK 
1055 200 I 314 322 40B OPT 
1141 215 

• I 
330 334 20B EXT REFS 

1204 230 I 341 343 b8 INSTACK 

STATISTICS 
PftO~AM LENG TH 1SE>28 882 




