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1. INTRODUCTION

The purpose of this program, BIOMAP, is to facilitate the
electron microprobe analysis of biological specimens by
computing from microprobe intensity count data and other
parameters the quantity of specified chemical elements con-
tained in formed elements of the blood and in micro-thin
sections of tissue and gelatin. In addition, BIOMAP esti-
mates background and concentration intensity counts for
chemical elements in standards and computes and plots the
distributions of elemental concentrations in red blood cell
samnples.

BIOMAP was developed as part of the Preventative Medicine
Division Project 1030, Intracellular Chemical Characteriza-
tion, which calls for research and development in areas of
cellular chemical analysis by micro-X-ray spectrometry and
UV microspectrometry. Direction of this effort was provided
by Dr. Stephen L. Kimzey, Chief of the Cellular Analytical
Section of the Clinical Laboratory, Preventative Medicine
Division, NASA-MSC. Electron microprobe data used to test
the mathematical model were provided by Mrs. Linda Burns,
electron microscopist, The University of Texas Medical School
at Galveston. The physical analysis, mathematical modeling,
and programming were done by the author.

The atomic constant data and the Fortran-coded algorithm
for calculating mass absorption coefficients are from the
quantitative electron microprobe analysis program, MAGIC,
written by J. W. Colby of Bell Telephone Laboratories, Inc.,
Allentown, Pennsylvania.

ERECEDING PAGE BLANK NOT T




2. PROGRAM DESCRIPTION

2.1 Generagl Description

The central feature of BIOMAP is the computation of
absorption factors and the iterative computation of unknown
elemental concentrations. Absorption factors quantify the
amounts of characteristic X-radiation absorbed by the sample
or standard and correctly relate X-ray intensity counts with
elemental concentrations in the microprolbe equation. Com-
putation of unknown elemental concentrations is accomplished
by solving the quantitative equation. This equation is
functionally similar to the microprobe equation but involves
instead ratios of the intensity counts, absorption factors,
and elemental concentrations from unknown and standard
samples.

Since a 51gn1£1cant degree of variation is characteristic
of both input and output data, certain statistical features
have also been built into the program. First is a general
linear hypothesis subroutine which inputs intensity count
and acsorption corrected area density data and computes
estimui.es of the residual background and the rate of count
increase with area density, along with associated variances.
From these estimates and variances an estimate of the most
probable intensity count for a given standard and its asso-
ciated variance can be made. Second, if the unknown sample
analyzed is a2 set of red blood cells (RBC), certain statis-
tical parameters of the sample elemental concentrations are
computed and cumulative and frequency functions of these
concentrations are plotted.
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BIOMAP can be set up to provide the following types of
individual or combination analyses:

(1} Analyze microprobe data from a set of standards to
statistically estimate the residual background intensity
count and the concentration intensity count for the
analyzed elements.

(2) Analyze microprobe data from a set of gelatin samples
of known or unknown chemical content, obtaining con-
centration of specified elements.

(3) Analyze microprobe data from a set of red blood cells,
obtaining weight percentages and weight percentage
distribution plots.

Analyses (2) and (3) depend on input data from a previous
type (1) analysis; huwever, combination analyses of types
(1) and (2) and of tyres (1) and (3) can be made.

The logical sequence of program operations is as follows:

(1) References atomic constant data from block data storage.

(2) Provides by data statement the weight fractions of
chemical elements in normal red blood cells and plain
gelatin

(3) Reads data cards to input problem information, micro-
probe parameters, sample and standard data, and program
mode

(4) Constructs atomic number arrays for analyzed elements
and elements added to standards

(5) Forms symbol, atomic number, and area density arrays
for elements in dry gelatin standards
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(6)

7N

(8)

(9)

(10)

Computes the mass absorption coefficients of the
sample and standard elements for the X-ray wavelengths
analyzed

Computes partial and total mass absorption coefficients
of standard for each analyzed X-ray wavelength

Computes absorption factors for each analyzed X-ray
wavelength of standard

Computes area densities of analyzed elements in
standard

Computes estimates of statistical parameters for a
set of standards and the best linear unbiased esti-
mate of the accumulated count for a specified standard.

For analysis of red blond cells and thin gelatin or tissue

samples, the program performs the following operations:

(11)

(12)
(13)

(14)
(15)

(16)
(17)

(18)

Inputs chemical symbols and intensity counts for
analyzed elements in each sample

Forms initial area density arrays for each sample

Computes mass absorption coefficient of sample for
lines analy:zed

Computes absorption factors for analyzed lines in sample

Computes the absorption correction for each element

analyzed

Computes the area density of each analyzed element in
the sample

Updates arca density and tests against reiteration

criterion

Computes the volume density of analyzed elements in
gelatin samples
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(18) Computes weight fractions of analyzed elements in red
bloud cell sample set

(20) Computes weight-percentage range, average, variance,
and percentage standard deviation over red blood cell
set for each analyzed element

(21) Provides cumulative distribution and histogram plots
of the weight-percentage distributions.

In operation (1), the atomic constants read from thc—data
tape for each element are the atomic number, the elemental
symbol, the critical excitation potentials for the K, L,
and M X-ray states, the wavelengths of the Ke, Lo, and Mo
spectral lines, the absorption edge wavelengths, exponents,
and empirical constants for mass absofption coefficient
equations, and fifth-degree polynomial coefficients for the
backscatter factor. T

In operation (3), problem information consists of alpha-
numerics for problem type, problem number, date, submitter's
name, and a descriptive title. Microprobe parameters are
accelerating potentiaI; beam diameter, beam current, count-
ing time, and counter dead time. Sample information con-
sists of a sample type index, the number of .amples to be
analyzed, the number of analyzed elements in each sample,
and the wet thickness of the samples in microms. Standard
jnformation consists of the grams of gelatin per liter used
in preparing the standards, the water fraction in the
gelatin, the thickness of the wet standard sections, the
number of standards input for statistical evaluation, and
the symbols of the analyzed elements. If a single standard
is used the estimated residual background and intensity
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count for each standard element is read in with the standard
symbols. The program parameters specify whether to print out
intermediate results in namelists and the weight options in
subroutine GLHFRZ., If multiple standards are analyzed to
obtain a linear unbizsed estimate of the residual background
and intensity count for each standard element, the number of
elements added to each standard, and their chemical symbol anu
amounts in grams are read in at the top of the standard
analysis loop. Also, at the top of this loop is read the flag
for the primary standard and the chemical symbols of the ana-
lyzed standard elements and their concentration intensity
count. If multiple standards are processed to estimate the
primary standard intensity count, microfilm plots are produced
of the data points and the fitted line.

2.2 Technical Description

2.2.1 Analysis

In general, X-ray states are excited in microprobe specimens
primarily by incident electrons and secondarily by suffi-
ciently energetic X-ray photons resulting from the fluorescent
decay of X-ray states. The average number n of specified
X-ray states excited in a given atomic species per single-
incident electron can be represented as

n = n' + n" (1)
where n' 1is the average number resulting from primary

excitation and n" is the average number resulting from

secondary excitation.
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Equation (1) can be expressed in the alternate form

= a1+ B = qre 2
n n o n (2)
where f£ > 0 1is defined as the fiuorescence factor.

The derivation of an expression for n' is of central
importance in quantitative microprobe theory and proceeds
as follows:

In differential form, the average number of specified X-ray
states dn' of energy Ec excited within an electron path
length dx is

dn' = SQ(E(X),EC) dx (3)

where E 1is the average electron energy over dx; Q 1is
the ionization cross-section of the given atomic X-ray
state, a function of E and Ec ; and & 1s the number
of specified atoms per unit volume of specimen.

In a thick specimen where the energy of the penetrating
electron may decay below SEC while traversing a path
length x , Q cannot be considered constant, and

X B
nt = af Q dx = aj [Q/ (dE/dx)] 4E
0

Eo

For a thin low-density specimen, however, one can reasonably
assume that entering electromns completely penetrate the
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target with little loss of energy or scattering. As a
consequence, Q 1is effectively constant and the path

length dx can be equated to the sample thickness z .

These approximations enable writing Equation (3) as

n' = 6Qz (4)

The average number of states produced in time t by a
beam current ib , considering a fraction of ionizations
(1 - R) to be lost as a result of electron backscattering,
can be expressed as

N' = ¢tRS8Qz (5)

where ¢ the electron £lux equals ib divided by the
electronic charge 9, -

Since the microprobe measures ionizing events caused by
X-ray photons resulting frem the decay of the excited
X-ray states, the microprobe equation relating measured
intensity and atomic concentration is

I = (Q/4n)DwpdtafRéEQz (6)
These additional factors are defined as follcws:

(R/47) is the fraction of the total solid angle intercepted
by the X-ray spectrometer, D is the spectrometer-detector
efficiency, w 1is the fluorescence yield of the particular
X-ray state, and p 1is the probability that the photon
emitted will be that specified. The factors a and £ are
the absorption and fluorescence factors respectively and both
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depend on the chen.cal and physical configuration of the
specimen. The absorption factor a 1is the probability of
a photon not being absorbed as it passes through the sample,
and is less than one, The fluorescence factor £ accounts
for the number of states produced secondarily by X-ray
photons with energy greater than Ec », and is greater than
one.

A thin standard sample having a known concentration of the
specified chemical element would yield a measured intensity

I, = (Q/4H)pr¢taofoRoz0Q60 (7)
By forming the ratios I/I0 the common factors may be elimi-
nated by division, leaving

1,/1 = (ay/a) (£,/8) (Ry/R) (z4/2) 8,76 (8)

If the standard is chemically constituted sufficiently
similar to the unknown sample, the value of the factors
(fo/f) and (RO/R), known as the fluorescence and backscatter
corrections respectively, become essentially one, leaving

I/T = (ag/2)(zy/z) 8y/8 (9)

o

Gelatin-based standards can be chemically constituted
similar to a biological specimen but cannot be cut as thin
as a red blood cell for instance and, therefore, expres-
sions must be derived for the absorption factor which
depends on sample thickness.
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An expression for the absorption factor can be simply derived
by assuming that X-ray states are produced uniformly over the
thickness z , a rcasonable assumption since Q 1is essen-
tially constant for E 2 SEC. One can start with the differ-
ential relation

dI = gN - dz : (10)
when dI' are the number of photons observed by the detector,
N 1is the number of photons generated per unlt path length,

and q is the probability of a photon not being absorbed
or scattered.

The probability q can be identified from Beer's law
.. -Xpz
io= ige

as the exponential factor e *P® wyhere

'y = csc UM LA ) (11)

and YV 1is fhe angle of emergence of the photons, W, is
the weight fraction of the itk element in the sample and
My is the mass absorption coefficient of the ith element
for the specified X-ray photon.

By "integrating over the thickness =z the number of
photons detected I are

Z
I = N fe‘sz' dz' = N(1 - e *P%)/yp
0
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and the fraction detected (not absorbed)} is

= (1 - e XP%)/xpz

ZIH
N

The absorption correction can be expressed as

—x p .
[a /E.) = (1 - em 0 OZO) XPZ (12)
° (l - € sz) oPo%0

which, when substituted into the quantitative equation,
Equation (9), yields

o (1 - e~xopozo)(xpa 6OZO (13)

T (1 _ e—xpz)(xopozo) 8z

Since biological specimens are prepared wet and dry under

vacuum, it is no longer possible to know the resulting

thickness or dry-volume density of a standard element.

However, if there is no lateral red@stribution of the sample
1

material, the dry area demsities o} = p;z0 of the standard

elements remain invariant and Equation (13) can be written
and solved in terms of area densities

i
: ( "Xooo) 11 .
ot = 1l - e - )( 9] _:lF_l 03 (14)
(1 - e—X U)XEGO o

Here o and G4 without superscripts represent the total

area density of sample and standard respectively, and the
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superscript 1 designates quantities specific for the itk
element.

2.2.2 Method of Sclution

If one knows as a zero order approximation the normal
average-welght fractions of elements in a biological sample,
its total area density, and can analyze simultaneously any
elements whose concentrations deviate significantly from
normal, then the quantitative microprobe equation used with
an iterative computational procedure will provide a higher
ovder estimate of the area densities of the analyzed ele-
ments. The iterative procedure is made necessary by the
nature of the absorption coefficient which cannot be com-
puted exactly before the solution is obtained. Convergence
to solutions lying within the precision of experimental
measurement is rapidly achieved, however, by recomputing the
absorption factor of the sample subsequent to each iterative
area density computation.

A summary of the input data and computational method in
mathematical notation is as follows:

I. Computations related to the standard

A. Input data

1. W, — weight fractions of elements in gelatin
(i = 1, .It, L)

2. h — fraction of water in gelatin
3. g — grams gelatin per liter standard
solution
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4. t — thickness of wet gelatin slice

5. a, — gram atoms of standard elements added
(3 =1, ..., M)

6. B -- accumulated background intensity count for
kth analyzed element (k = 1, ..., N)

7. Nk — accumulated intensity count for kth

analyzed element (k = 1, ..., N)
8. Atomic coustants (J. W. Colby)
Computations

1. Compute mass of each element in gelatin.
mi = wi(l - hg (i=1,...,L)

2. Compute mass of each added element.

3. Compute total mass of each element in liter of
standard solution.

m, = m! + mt
L 1 1

4, Compute volume density of each element in
standard solution.

p; = mi/IOOO
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Compute area density of each element in dry
mounted standard.

Compute total area density of dry mounted
standard.

¢ = 20,

Compute weight faction ¢f each element in dry
mounted standard.

wpoo= omg/ymg o= e/ = 05/0

Compute mass absorption (attenuation) coeffi-

cients of itz element for Ko line of kt% element

analyzed,

ko n(z,)
w, o= c(zi)lk i

s k=1, ..., )

¢ and n are constants cobtained from J. W.
Colby's set of atomic constants.

Compute mass absorption coefficient of sample
for each element analyzed.

x*s = csc ¢ E:Ui(u/pi)k
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10. Compute absorption factor of standard for
each element analyzed.

k

a = (l - X Or)/Xkc

0

k

II. Computation related to the red blood cells
A. Input data

w, - approximate weight fractions of elements in
dry RBCs (i =1, ..., L)

a — average area density of dry RBC

Nk — accuaulated count for k¢kz element analyzed,
corrected for background (k = 1, ..., N)

B. Computations

1. Compute approximate average area density of
each element in dry red blood cells.

2., Compute average mass absorption coefficient of
RBC for each element analyzed.

x*s = csc chi(u/pi)k

3. Compute average absorption factor of dry red
blood cells for kih element analyzed.

, ke ~
a, = (1 - e X G)/Xkc

Z2-14



Compute arers density o, of ktk element

k
analyzed ..sing quantitative equation.
0
. _60(3_1&)5&
k  “k\a, /0
k Nk

Recompute total area density of RBC using new
area density values of the N analyzed elements.

N L-N
— _ e
g = E Gy * E g,
k=1 i=1

Repea* computations (2) through (5) until the
largest o, update is less than some arbitrary
percent (0.l percent for example).

Compute the final weight fractions of the
elements in the RBC.

g,

W, = =
l —
g
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3. USAGE

3.1 Input Description

3.1.1 Data and Card Specifications

All integer (I) input is vight-justified, alphanumeric (A)
input is left-justified, and real number (F) input is
unrestricted in its specified fields.

3,1.1,1 Card 1: Title and Run Information
FORMAT(A1,I4,2X,5A3,2X,5A4,2X,6A4)

Code Type Columns Description and Units
IDATE I 1,10 Date
MISS I 11,15 Mission identification
MAN I 16,20 Subject code

JSET I 21,25 Sample code

3.1.1.2 Card 2: Program Parameters
FORMAT (315,F5.0)

Code Type Columns Description and Units

IPRINT I 1,5 Namelist; write indicator for
diagnostic purposes
(IPRINT < 0 for "no write')

IWT I 6,10 Weight index for subroutine GLHFR2
f0 — weights are input through
calling arguments as 1/(sample
variance). 1 — weights are
defined as 1. in the suhroutine,

PAGE BLANK NOT FOMEDL 2 — weights are calculated in the
pRECEDﬂﬁG subroutine as 1/Y(I)].
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3.1.1.3 Card 3: Microprobe Parameters

FORMAT(4F10.21\
Code Type Celumns Description and Units
AP F 1,10 Accelerating potential (Kv)
BD F 11,20 Beam diameter (10"4:cm)
cT F 21,30  Count time (sec)
DT F 31,40 Dead time (107> sec)

3.1.1.4 Card 4: Sample Parameters

FORMAT (315,F5.0)
Code IXEEI Columns Description and Units
ITYPE I 1,5 Sample type (1 — RBC, Z-tissue,
3-gelatin standard)
NSAMP I 6,10 Number of samples
NA I 11,15 Number elements analyzed
TBIO F 16,20 Thickness of samples (1074 cm)

3.1.1.5 Card 5: Standard Parameters

FORMAT (3F10.5,1I5)
Code Type Columns Description and Units
GEL E 1,10 Gelatin in liter of standard 1
solution (grams’ |
H20 F 11,20 Fraction of water in stock
gelatin (0. < H20 < 1.)
TSTD F 21,30 Thickness of standard section
(10~ cm)
NSTD I 31,35 Number of standard intensity
counts
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3.1,1.6 Card 6: Single Stand~rd Estimated Data
FORMAT (A2,3X,3F10.0)

Code Type Columns Description and Units

AE(I) A 1,2 Chemical symbol for Ith analyzed
element (right justified)

BG(I) F 6,15 Statistically estimated back-
ground for I¢h analyzed element

ESC(I) F 16,25 Statistically estimated intensity
count for Itk analyzed element

SDVESC(1) B 26,35 Standard deviation of estimated
intensity count for Ith analyzed
element,

Note: Program requires one card 6 for each element analyzed.
These cards are punched out when program runs statis-
tical analysis of standard data, ITYPE = 0 .

3.1.1.7 Card 7: Standard Chemical Composition
FORMAT(I1,3X,6(A2,1X,F6.1,1X))

Code Type Columns Description and Units

NAD I 1 Number elements added to
standard

ASE(I) A 5,6 Chemical symbol of added element
(right justified)

AMTASE(I) F 8,13  Amount added element (meq/2)

ASE (n) A 10n -5, nth chemical symbol

10n -4
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Code Type Columns

AMTASE(n) F 10n -2,

10n +3

Description and Units

nth amount

Dote: Program dimension limitation, n < 6

3.1,1.8 Card 8: Standard Intensity Counts
FORMAT (I12,2X,4(A2,1X,F6.0,1X,F6.0,1X))

Code Type Columns
IPS I 1,2
ADSE (1) A 5,6
SCT(1,ND) 8,13
SCTSD(1,ND) 15,20
ADSE(n) 17n -12,

17n -11
SCT (n,ND) 17n -9,
17n -8

Description and Units

Principal standard indicator
(iPs = 1 designates principal
standard)

Chemical symbol of first
analyzed element

Intensity count of first
analyzed element in ND¢k standard

Standard deviation of estimated
count

For nth element

For nth element

Note: Program dimension limitation Zs n < 10 , and eard

space limitation is four elements per card.
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3.1.1,9 Card 9: Biological Elements Analyzed

FORMAT (6 (8X,A2))
Code Type Columns Description and Units
ABE(1) A 9,10 Chemical symbol of first
analyzed element
ABE (n) A 10n - 1, For nth analyzed element
10n

3.1.1.10 Card 10: Sample Intensity Counts
FORMAT (6F10.0)

Code Type Columns Description and Units
CTB(1) F 1,10 Intensity count of first
analyzed element
CTB(n) F 10n -9, For nth analyzed element
10n

Note: Program dimension limitation is n < 10 , and card

space limitation 18 mn < 7 for eards 9 and 10.

3.1.2 Tape Specifications

Program tape, NASA-MSC Computation and Analysis Division
No. A06690 has one file containing the program with
subroutines.

3.2 Program Run Preparation

3.2.1 Deck Setup
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3.2,1.1 Punched Program Deck Run

Running the program fism a punched program deck requires the
following card sequence:

1. NASA-MSC run card {V RUN)
2. Message card specifying one tape (VN MSG 1 TAPE)
3. Microfilm plot control card (V PLT)
4, Input tape assign card (V ASG A=4483)
5. BIOMAP control card (Vv FOR BIOMAP)
6. BIOMAP program deck
7. GLHFRZ control card (V FOR GLHFR2)
8 GLHFR2 subroutine deck
9. IGIVE control card (V FOR IGIVE)
10, IGIVE subroutine deck
11. GROP1l control card (V FOR GROP1)
12. GROPL1 subroutine deck
13. PLOT3 control card (V FOR PLOT3)
14, PLOT3 subroutine deck
15. HIS1 control card (V FOR HIS1)
16. HIS1 subroutine deck
17. PCORRE control card (V FOR PCORRE)
18. PCORRE subroutine deck
19, GAMMA control card (V FOR GAMMA)
20. GAMMA subroutine deck
21. FACTOR control card (V FOR FACTOR)

22. FACTOR subroutine deck
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23.
24,
25.
26,

Program execute control card (V XQT BIOMAP)
Data deck
End-of-file control card (V EQF)

Optional post mortem dump control card (VE PMD)

3.2.1.,2 Tape Run

Running the program from a tape requires the following:

1.
2.
3.

10.
11.

12.

NASA-MSC run card (V RUN)

Message card specifying two tapes (VN MSG 2 TAPES)
Microfilm plot control card (V PLT)

Input tape assign card (V ASG E=§STATP)

Program tape assign card (Vv ASG B= )

Complex utility program execute control (V XQT CUR)
and the four following CUR statements

TRW B
IN B
TRI B
TOC

Control cards for listing or changing the program or
subroutine statements (V FOR,* NAME, NAME)

Follow with cards described in paragraph 3.2.1.1,
sections (23), (24), (25), and (26}, as for program
deck run.
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3.2.2 Special Control Cards

Card 2, the program parameter card, contains (1) IPRINT which
must be assigned a nonzero integral value to obtain z name-
list printout for diagnostic purposes, and (2) the weighting
index IWT to specify the weighting option for subrou-

tine GLHFRZ.

3.2.3 Special I/0 Devices

None.

3.2.4 Overlay Structure

None,

3.3 QOutput Description

3.3.1 Printer Output Identification

A run which analyzes avnumber of standard intensity counts
to statistically estimate the intensity count of the primary
standard will print out a table giving, for each added
element of each standard, the total milli-equivalent amount
(residual plus added), the measured intensity count, the
area density, the weight percent, the absorption factor;
and, for the primda.y standard, the estimated intensity count
with standard deviation, the estimated background count with
standard deviation, and the estimated intensity count less
the background.

For a run analyzing standard samples relative to a primary

sample a table is printed out giving for each analyzed element

in each sample the measured intensity count, the absorption
factor, the absorption correction, the area density, the
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weight percent and the calculated concentration of the
standard samples.

For a run analyzing a set of red blood cells relative to a
primary sample, a table is printed out giving for each
analyzed element in each red blood cell the measured inten-
sity count, the area density, and the weight percent; and,
for the set, the weight percent range. In addition, a
cumulative plot and a histogram of the weight-percent dis-
tribution over the set is printed.

3.3.2 Microfilm Output

For each analyzed element in a set of standards a microfilm
plot is made which relates the estimated linear relation
between the intensity count and the absorption-corrected
area density for that element.

3.4 Bxecution Characteristics

3.4,1 Restrictions

The following analytic restrictions must be observed:

(1) When analyzing a set of standards to estimate a most
probable intensity count for the principal standard,
assign the integer value of one to the program parameter
IWT if the standard data are single-point microprobe
intensity counts. If the standard data are average
intensity counts over samples taken from each standard
and the sample variances, assign the integer value two
to IWT.
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(2) The number of standard data must be greater than two.
If not, the program will stop in the subroutine GLHFR2
after writing a diagnostic message noting this error.

(3) When specific standard or sample data are input
(card 10), they are accompanied by the chemical symbol
of the corresponding elements (card 9). If these sym-
bols are not found when checked against the array of
analyzed element symbols the program stops after writing
out a diagnostic statement noting this error.

(4} Principal standard data must be last in the sequence of
standards.

3.4.2 Running Time/Lines of Output

A multiple-execute analysis of sodium and potassium in sets
of 100, 35, 35, and 35 red blood cells ran 1.5 minutes. A
combined statistical analysis of five standard averages and
sodium and potassium analysis of nine standard samples ran
0.5 minute. Lines of output can be calculated as one line
per element analyzed in each standard or red blood cell
analyzed. A run performing all analyses of red cell sets
outputs cumulative distribution and frequency distribution
plots over weight percentage, each of which require three
pages per element analyzed.

3.4.3 Accuracy/Validity

Arithmatic operations are single-precision, which is quite
adequate for the four significant figure iterative criterion
of the area demnsity computation. This computational preci-
sion is an order of magnitude better than the precision of
experimental measurement.
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4. REFERENCE INFORMATION

4.1 Detailed Flow Chart of BIOMAP

The detailed flow chart of BIOMAP is shown on the following
pages.

PRECEDING PAGE BLANK NOT jyid ' |
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DETAILED FLOW CHART OF BIOMAP

START

1 READ ATOMIC CONSTANT
lgﬁDATA FROM TAPE

CARDS

READ FROM CARDS:

(1) TITLE AND RUN INFO
(2) PROGRAM PARAMETERS
(3) MICROPROBE PARAMETERS
(4) SAMPLE PARAMETERS

(5) STANDARD PARAMETERS
{6) SINGLE STANDARD DATA

—p
Y
CONSTRUCT ATOMIC NUMBER

ARRAYS FOR ADDED ELE-
MENTS AND ANALYZED ELE-

MENTS

SEARCH ATOMIC CONSTANT
MATRIX FOR ADDED ELEMENT
SYMBOLS

ADDED
ELEMENT SYMBOL
FQUND

PRINT ERROR STATEMENT

5TOP

v

SEARCH ATOMIC CONSTANT
MATRIX FOR ANALYZED
ELEMENT SYMBOLS

_JYES

ANALYZED
ELEMENT SYMBOL
FOUND

PRINT ERROR STATEMENT

STOP

ORIGINAL PAGE IS
OF POOR QUALITY

v

FORM SYMBOL, VOLUME
L FNSITY, AND ATOMIC
nUMBER ARRAYS FOR
STANDARD El EMENTS

v

COMPUTE AREA DENSITY OF
ELEMENTS IN DRY STANDARD
AND TOTAL AREA DENSITY

COMPUTE MASS ABSORPTION
COEFFICIENTS OF STANDARD
ELEMENTS FOR K, SPECTRAL

LINES OF ANALYZED
ELEMENTS

COMPUTE MASS ABSORPTION
COEFFICIENTS OF STANDARD
FOR K, SPECTRAL LINES OF

ANALYZED ELEMENTS

A 4
COMPUTE ABSORPTIGN FAC-
TORS OF STANDARE FOR K,
SPECTRAL LINES OF
ANALYZED ELEMENTS

v

COMPUTE ABSORPTION
CORRECTED AREA DENSITY
MATRIX ELEMENTS FOR
ANALYZED ELEMENTS IN
STANDARD




v

CHECK CHEMICAL SYMBOLS
AND SYMBOL ORDER OF

ANALYZED ELEMENTS IN
READ CHEMICAL SYMBOL

AND CONCENTRATION INTEN- BIOLOGICAL SAMPLE
SITY COUNT FOR ANALYZED ¥
ELEMENTS OF STANDARD

SYMBOLS
#ND ORDER CHECK

ALL STANDARDS ANALYZED

PRINT ERROR STATEMENT

CALL SUBROUTINE GLHFR2
TO COMPUTE STATISTICAL
ESTIMATE OF BACKGROUND
INTENSITY COUNT AND
CONCENTRATION INTENSITY
COUNT OF ANALYZED ELE-
MENTS IN PRINCIPAL STAN-

DARD
—1]
v

LAST SAMPLE

CALL MICROFILM PLOT
SUBROUTINES QUIKMP AND
QUIKML TQ OBTAIN PLOTS
0" CONCENTRATION IN-

TENSITY COUNT VS ABSORP- +
Bk SERETER A
DENS EOR E A COMPUTE INITIAL AREA
ELEMENT IN STANDARR DENSITY ARRAY AND INTEN-
SITY COUNT RATIOS
CORRECTED FOR BACKGROUND
PRINT AND PUNCH PRINCIPAL -
STANDARD DATA l E F* P tog
v

COMPUTE MAS5 ABSORPTION
COEFFICIENTS OF BIOLOGT-
CAL SAMPLE FOR K, LINES

OF ELEMENTS ANALYZED

NUMBER OF SAMPLES ZERO

COMPUTE ABSORPTION FAC-
TORS OF BIOLOGICAL SAMPLE
FOR K, LINES OF ELEMENTS

ANALYZED

COMPUTE THE ABSORPTION
CORRECTIONS FOR THE
ANALYZED ELEMENTS

A 4

| il I
READ CHEMICAL SiMBOLS

AND CONCENTRATION INTEN-
SITY COUNT OF ANALYZED
ELEMENTS IN BICLOGICAL
SAMPLE

ORIGINAL PAGE 1§
OF POOR QUALITY]



COMPUTE AREA DENSITIES
OF ANALYZED ELEMENTS IN
SAMPLE

AUGMENT CYCLE COUNTER

BY 1

UPDATE AREA DENSITY
ARRAY AND WEIGHT PER-
CENTAGE ARRAY FOR ELE-
MENTS IN BIOLOGICAL
SAMPLE

is
CYCLE COUNT LESS
THAN OR EQUAL
T 2

COMPUTE THE FRACTIONAL
DIFFERENCE BETWEEN THE
ANALYZED ELEMENT AREA
DENSITIES OF THE
CURRENT CYCLE AND THOSE
OF THE PREVIQUS CYCLE

ABSOLUTE

FRACTION EXCEEDS
0.001

gl
TRANSFER AREA DENSITIES

OF ANALYZED ELEMENTS
TO HOLDING ARRAY

!
&

18
SAMPLE A GELATIN
STANDARD

COMPUTE VOLUME DENSITY
AND MILLIMOLAR CONCENTRA-
{TION OF ANALYZED ELEMENTS

!

PRINT OUTPUT FOR ANALYSIS
OF SET OF STANDARD
SAMPLES

v

FORM ANALYZED ELEMENT
WEIGHT PERCENTAGE
MATRIX

LAST SAMPLE

COMPUTE MEAN, RANGE, AND
STANDARD DEVIATION OF
WEIGHT PERCENTAGE DISTRI-
BUTION FOR EACH ANALYZED
ELEMENT

CALL SUBROUTINE IGIVE
FOR CUMULATIVE DISTRI-
BUTION PLOT OF WEIGHT
PERCENTAGE OF ANALYZED
ELEMENT

CALL SUBROUTINE HIS1 FOR
FREQUENCY DISTRIBUTION
PLOT OF WEIGHT PERCEN-
TAGE OF ANALYZED ELEMENT

¢ )







4.2 Symbol Definitions

Math Code Type Description

x"o ABC(n) F Mass absorption coefficient of
biological sample for nth
analyzed element.

(aoia)n ABCO(n) F Absorption correction for nth
analyzed element.
ABCS (n) F Mass absorption coefficient
of standard for n¢h analyzed
element.
ABE (n) I Chemical symbol of nth analyzed
element in biological sample.
u: AC(n,m) F Mass absorption coefficient of

mth element for Ko line of nth
analyzed element.

a ADB F Area density of biological
sample.
o ADNB (m) F Area density of mth element
in biological sample.
Ug ADNS (m) F Area density of mih element
in standard.
¢° ADS F Area density of standard.

ADSE (n) I Chemical symbol of ntZ analyzed
element in standard.

AE(n) I Chemical symbol of ntk analyzed
element in single standard.
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Math Code Type Description

a AFB(n) F Absorption factor of biological
sample for ntks analyzed element.

a AFS (n) F Absorption factor of standard
for nth analyzed element.

AMTASE (£) F Amount in millimoles per liter
of fth element added to standard.

wﬁ AMTGEL (m) F Approximate weight percentage
of mth element in dry gelatin.
Literal list in data statement.

W AMTRBD (m) F Approximate weight fraction of
mth element in normal dry red
blood celi. Literal 1list in
data statement.

E AP F Kinetic energy of focused
electrons given in Kev. Also
electron gun accelerating
potential. Not used in calcu-
latiomn.

ARATIO F Ratio of effective area of
excitation on the standard to
that of the biological sample,
Assigned a value of 1.0 for
this version of BIOMAP.
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Math Code

ASE(2)

BD
BG(n)

BIOEL(m)

z BIOZ(m)

COEF (k)

Type

Description

Chemical symbol of &th element
added to standard.

4

Beam diameter (10~ cm).

Background intensity count for
nth analyzed element in standard.
Note: Concentration intensity
count for biological samples

are assumed to be baekground

corrected.

Chemical symbol of mth element
in normal biological cells.
Literal 1list in data statement.

Atomic number of mth element in
normal biological cells, Literal
list in data statement.

kth component of coefficient
array for given analyzed ele-
ment returned to BIOMAP from
GLHFR2. COEF(l) is the esti-
mated background intensity count
(intercept) and COEF(2) is the
estimated rate of concentration
intensity count increase with
absorption corrected area den-
sity (slope).

4-8



Math

I/1

cscy

Code

CON

CONC (n)

CR(n)

CS5CTH

CT

CTB(n)

DATE
DEL (1)

PENAD (2)

DENS (m)

Description

Empirical constant C wused in
computing mass absorption
coefficient (reK = C)E].
Obtained from atomic constants.

Concentration of nth analyzed
element in gelatin sample
(millimoles/liter).

Concentration intensity count
ratio for n¢k analyzed element
(sample count/standard count).

Cosecant of 52.5 degrees the
angle of X-ray emergence. Fixed
parameter set equal to 1.2605.

Counting time for sample and
standard (seconds).

Concentration intensity count
of nth analyzed element in
biological sample,.

Date of computer run request.

Fractional difference between
area densities of nth analyzed
element as computed in two
adjacent iterative cycles.

Volume density of Lth element
added to standard (grams/cmB).

Volume density of mith element
in gelatin (grams/cm3).
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Math Code Type Description

DRYGEL F Concentration of anhydrous
gelatin in standard base
(grams/cms).
DT F Counter dead time (10°° seconds).

Not used in computation.

A EDGE F Absorption edge wavelengths A
used in computation of mass
absorption coefficients
(uK = Ckz). Obtained from
atomic constants.

ESC(n) F Statistically estimated concen-
tration intensity count for nth
analyzed element of single
standard.

n EX F Exponent n of absorption wave-
length A used in computation
of mass absorption coefficients
(u* = CAE). Obtained from
atomic constants,

F F An array of weight percentage
frequencies falling in each
interval ¢y group. Returned
from statistical subroutines
IGIVE and HISI.

GEL F Concentration of siock gelatin
in gelatin standard (grams/liter).

HZO E Fraction of water in stock
gelatin.
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Math

Code

ICOUNT

ICS

INDX

IPS

ITITX
ITITY

ITIT1

- ITITZ2

ITYPE

- MDIM

NA
NAD

Type
I

I and

T and

Description

Iterative cycle counter for
sample element area density
computation.

Array of chemical symbols for
the chemical elements.

Holder for sample number of
principal standard. Always
last standard in sequence.

Flag identifying principal
standard. Always last standard
in sequence.

Data statement arrays containing
abscissa and ordinate titles for
microfilm plot of concentration
intensity count vs absorption
corrected area density.

Data statements containing
histogram of print plot headings.

Type designator for sample to be
analyzed (RBC-1, TISSUE-2,
GELATIN-3).

Dimension of concentration inten-
sity count and absorption cor-

rected area density array input
to subroutine GLHFR2Z,

Number elements analyzed.

Number elements added to standard.
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Math

Code
NAME
NBE
NG

NPROB

NSAMP

NSE

NSTD

NZ

NZA(R)

NZAE (n)

NZSE (m)

P(i,])

PABC

Description

Name of run requester.

Number of biological elements.
Number of weight percentage
groups. Fixed in program.
Problem number in title and

run information (Card 1).

Number of biological samples
to be analyzed.

Number of elements in standard.

Number sets of standard concen-
tration intensity count data
used in statistical estimates.

Atomic number symbol used in
computation of mass absorption
coefficient.

Atomic number of Ltk chemical
element added to standard.

Atomic number of nth analyzed
element in standard.

Atomic number of méth chemical
element in standard.

jth atomic constant of izZh
atomic number chemical element
(i = 1,100 and j = 1,36).

Partial absorption coefficient
of standard or sample.
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Math Code Type Description

POE E Power of e (base of natural
log); used in computing absorp-
tion factors.

QO

F and Arrays containing coordinates
R F of endpoints of microfilm
plotted line fitted to concen-
tration intensity count vs
absorption corrected area
density data.

RHOBZ(n) F Computed volume density of nth
analyzed element in gelatin
sample.

SCT{n) E Concentration intensity count
of nth analyzed element in
standard.

SDEV F Standard deviation of RBC popu-

lation distribution.

SDVERR(n) F Estimated standard deviation of
error in intensity count measure-
ments for nth analyzed element.

SDVESC(n) F Standard deviation of error in
estimated concentration inten-
sity count for ntk analyzed
element.

SE A Chemical symbol array for ele-
ments in gelatin.

SIGB1(n) F and Area density of nth analyzed
SIGBZ{n) F element in sample as computed
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Math Code

a, SIGS (n)

STEP

SUM1
SUM2

SX(1,3)
TAG
TBIO

TITLE
TSTD

VAR

VARCOV(i,3)
VARERR

A WAVE

F and

Description

in current and previous iterative

cycles, respectively.

Area demnsity of nth analyzed
element in standard.

Width of weight percentage
groups in cumulative and fre-
quency distribution plots.

Cumulative sums used in comput-
ing RBC distribution statistics.

Absorption corrected area den-
sity of jth element in ith
standard.

Problem type identification.

Thickness of biological sample

[10'4 cm).

Descriptive title of run.
Thickness of gelatin standard
(10_4 cm) .

Variance of weight percentage
distribution of analyzed ele-
ment in RBC sample.

ij element of covariance matrix
returned from GLHFR2Z,

Estimated measurement error
variance returned from GLHFR2Z.

Wavelength of KXo X-ray photon
emitted by analyzed element.
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Math Code
W WEFBE (m)

WM

WTPMX(i,s)

X(1)

XBAR

XL,XR

XMAX

XMIN

XMX

YB,YT

YM

YMX

Type

Description

Weight fraction of mtk element
in biological sample.

Array of statistical weights
used in GLHFR2.

Weight percentage of j¢th ana-
lyzed element in itk RBC.

Weight percentage of specified
element in itk RBC.

Mean weight percentage of speci-
fied element in RBC set.

Left and right marginal values
of absorption corrected area
density in microfilm plot.

Array of absorption corrected
area densities.

Maximum and minimum weight per-

centage of specified analyzed
element in RBC sample.

Maximum absorption corrected
area density of specified ana-
lyzed element in set of standards.

Top and bottom marginal values
of intensity count for micro-
film plot.

Array of intensity counts for
specified analyzed element

over set of standards.

Maximum intensity count of speci-

fied analyzed element in set of
standards.
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4.3 Subprogram Documentation

4.3.,1 STAT-CAT Statistical Subroutine

Documentation of the following subroutinezs can be found in
the NASA-MSC Computation and Analysis Division Statistical
Catalogue: IGIVE, GROT1, TLOT3, HISIL.

4.3.2 Subroutine GLHFR2

Documentation follows.
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SUBROUTINE GLHFR2

IDENTIFICATION
Name/Title — CLHFRZ (General Linear
Hypothesis Statistical Model
of Full Rank Two)
Author/Date — B. F. Edwards, March 1971
Documented by/Date — B. F. Edwarcds, March 1971
Organization/Installation -~ LEC/NASA-MSC
Machine Identification — UNIVAC 1108
Source Language — FORTRAN V
PURPOSE

The purpose of this subroutine is to compute best linear
unbiased estimates (BLUE) of parameters associated with a
linear statistical model of full rank two. This model has
the form y = XB + e where Y is a random n-vector of
weighted observations (mezsurements), X is an nx2-matrix
of weighted known fixed independent quantities (experimental
parameters), B8 is a 2-vector of unknown coefficients
(intercept and slope), and e 1is an unknown random n-vector
of measurement errors which satisfies either Case (1):

e 1is distributed N(O,UzI), with o2 unknown, or Case (2}:
e is a random vector such that E(e) = 0 and

covie) = E(ee') = 621 , With o2 unknown.

3/71 GLHFR2-1
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USAGE

et

s (alling Sequence

CALL GLHFR2(N,X,Y,W,M,EB,EVAR,VAREB)

Math Code Type
n N I
{xi} X F
{yi} Y F
{wi} W F
M I
8 EB F
o2  EVAR F
cov(g) VARER F

¢ Data In/Out

Description

Number of observations.

n-array of known experimental
constants.

n- array of observations.
n-array of weighting coefficients.

Calling program dimension of the
X, Y, and W arrays,

2-array of lincar coefficient estimate.

Estimate of esquivalent homegeneous
error variance.

4-array of variance-covariance matrix
elements for cov 8 in the order: 11,
12, 21, 22.

Data is input or output through argument lists and the
printed namelist HATS which contains N and EVAR and
the elements of EB and VAREB.

e BEBrror Messages

An error message is printed out and the program stops

if N

3/71

is not greater than 2.

GLHFRZ2-2
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e Storage

Code: 252 octal
Data: 143 octal (M = 25)

METHOD

If a quantity to be measured (p) is known to depend
linearly on a quantity (x) over a given range (x', x"),
the functional relationship between n and x 1is given
by

g = a + bx ; (x'" £ x < x") (1)

where a and b are constant parameters, If a pair of
points (xl, ulj and (xz, uz) are known which satisfy the
relation (1), then a and b can be computed.

If, however, for fixed x , say x, , one successively
attempts to measure u(xi) but obtains fluctuating values
yij where the subscript j denotes the j¢h measurement
at x, , then Yi4 can be equated to the true value

u(xi) plus an error eij s

yij = P(xi) + eij
or
yij = a + bxi + eij (z)
3/71 GLHFR2-3
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Solving Equation (2) for the error term yields

ey ° yij - a - bxi (3)

I£f (A), the eij are normally distributed with mean
0 and variance G: , that is eij ~ N(O,c:), or (B),

the expectation of €55 is 0 and the expectation of
(eij)2 is oi ; and, furthermore, for either (A) or (B)

the Ui are equal for every i , then point and interval
estimates of the parameters a and b and u(x) can be
made provided that the total number of measurement is
greater than two and 1 > 1 .

If the 0: are ngt equal, €4 in Equation (3) may be
transformed to eij ~ N(0,1) so that all ci are equal

to unity. This transformation consists of multiplying

(3) by l/cri to obtain

*

1

e yij/oi - (a + bxi)/oi

ij

In general the o, are not known and estimates of o
s, must be obtained from independent measurements or as

functions of Yi

ers = Yiu/s; - (@ v bx)/s, (4)

* -
with e:j distributed with variance o ° only approxi-
mately equal to one.

3/71 GLHFRZ-4
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The n measurements (4) can be combined into the matrix
equation

e = Y - XB (5)
where e and Y are n-vectors;

X is a nx2-matrix with row elements (/ﬁ; R xi¢ﬁ;) where
P the weighting factor, is 1/52; and B is the 2-vector
of parameters a and b . Estimates of a and b can be
obtained from estimators derived, in case (A) by the maximum-
likelyhood method or, in case (B), by the least-squares
method. In the least-squares method

Yie S = e'e= (Y- X8)'(Y - X8) (6)

Differentiating with respect to 8 and setting to zero
yields

d(e'e) /38 = 2X'Y - 2X'X8 = O

~

and the unbiased estimate of B8 , B 1s the matrix solution
g = (X' " xvy (7)

An estimate of o 2 , the expectation of (ezi) following
from (6), is o 2 = (Y - Xg)'(Y - X8)/n . Slight modifica-

tion produces an unbiased estimate:

6*2 = (Y - XB)'(Y - XB)/(n - 2)
oT
(Y'Y - B'X'Y)/(n - 2) (8)
3/71 GLHFR2-5
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Expansion of (7) yields:

a = 8

[}

1 (Ewiyi.zwixi gD ZW'X'V')/D

L 1"

b = 8, = CSMi 2w Xy, - PRI }:wiyi)/D
with
D = W, Zw.x? - (Zw.x.)z
i i 1 h
(9)
Expansion of (8) yields:
"2 2 '
o = (ijiyi - aym.y, - b}:wixiyi} (10)
The variance-covariance matrix of B is given by
cov(g) = (X'X)"F"? T (xrygteot?
and yields
~2 N2 2
o, = © }:wixi/D
"2 2 _ %2
O = 0., = -0 " 2w.x./D
~ g _ s I .
o, = O }:wi/D (11}

In this subroutine the n-arrays of measurements Y ,
known fixed constants X , and precalculated weighting
coefficients W are input through the calling arguments
and the estimates in equations (9), (10), and (11) are
calculated and output, also through the calling arguments.
3/71 GLHFR2-6
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® Symbol Definition

Math

D—l

XXyt

W,
1

Yw.x.y.

d—d " j 11

3/71

Code Type
DETINV F
SINV11, F
SINV12,
SINV22
Ww F
XX F
YY ¥
WX E
WXX F
WXY F
WYy F
WYY F
SUMW F
SUMWX F
SUMWXX F
SUMWXY F

Definition
Reciprocal of the determinant
D = |X'X| = |s].

The 11, 12, and 22 elements of
the (X'X)"! or 87! matrix.
Working symbel for the weighting
coefficient W,

Working symbol for the fixed
parameter X,

Working symbol for the measure-
ment y, .

Product symbol.

Product symbol.

Product symbol.

Product symbol.

Product symbol.

Sum of the LA

Sum of the products WX,

Sum of the products wixi.

Sum of the products of WXV,
GLHFRZ-7
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Math Code Type Definition

E:wiyi SUMWYY F Sum of the products wiyi.
Yl SUMWW F Swr of the product: w: .
X'y XTY1, F Components of the vector (X'Y).
XTY2

e References

F. A. Graybill, An Introduction to Linear Statistical
Models, Vol., 1, McGraw-Hill Bool  mpany, Iu..,
New York (1961), Chapter 6.

C. A. Bennett and N. L. Franklin, Statistical Analyses
«n Chemistry and the Chemical Industry, John Wiley and

Sons, New York (1954), Section 6.27.

RESTRICTIONS

e Analytic

The number of observations (measurements) must be
greater than two.

& Hardware

None.

8 Operatioral

None.

3/71 GLHFRZ-8
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ACCURACY

The subprogram uses single-precision accuracy.
no loss of significance in the output.

VALIDATION PLAN

There is

Mathematical equations were checked out by showing, when
the weighting coefficients were equal to unity, that they

reduced to the least-squares line-fitting formula.

Opera-

tional checks were made by showing that the straight line

estimates correctly f£it the data sets.

CODING INFORMATION

¢ Special Program Constants

None.

e Timing

The subroutine has not been timed.

DETAILED FLOW CHART

e See the following page.
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) 3/71

\ISC Form 887A (Mar 65)

—

-4 Fme i s e e e |

START

INITIALIZE SUMS TO ZERO

!

FORM SUMS OF w, X9 ¥y
WiXgr WyVyo “iX§» WiXsYyeo

2
wiyi

!

COMPUTE ESTIMATE OF THE
B VECTOR (EQ. 9)

|

COMPUTE ESTIMATE OF THE
ERROR VARIANCE ¢ (EQ. 10)

!

COMPUTE ESTIMATE OF THE
B VARIANCE-COVARIANCE
MATRIX (EQ. 11)

:

PRINT INPUT AND OQUTPUT
DATA

RETURN

GLHFR2-10
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SQURCE LISTING

See the following pages.
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1L/8

SUBRUUTINE GLWFRZ

STUKAGE USED: cobRE{}} DuUQ30%;) BATALWL)

w. FORsye GLHFR2ybEHARZ—— — e —  — . .
UNLIVAL 11U8 FORTRAN V LEVEL 22us 0L24
THIS CuBPlLATiON %45 DONE O8 1% nOV 71 AT

W,
.

A
EXTERNAL REFEFENCES 1BLOCK, NAME)

~(EXECB LEVEL E12010009A)

10321311

ENIRY FOINT ODu24q}

BoOL50] BLANK

. ———— e e et e e e
oup3 NEDUS
Guos Nig25 -
gaus vl S
guus R5TUPg
vug? RERHIS
STURAGE ASS1GNHENT  (BLOCK, TYPE, RELATIVE LOCATION, NAME)
SITTAT oganss ¥ 1 THTR p0ousa 10y onol Qo0oo3s 1176 Qap! ouoz20s 2L
duyl 0pozi4 13L Gpul QopLsS 1446 aleli i} poosos 2f naopo 000074 3F
- - OUgl-f--euBtb—pETFiy——daue —808d33 HATS nato 1 pBopRg—i—— - —0580 - ADB |21 NJRS -
Ubpd R DOOBZ) sinviz 0gud R BDOUZ22 S§NY22 noac R 00001 SuHwW DBO0 i DDNOD2 SUMWX
BLL0 R DOEBOS SUMRAY Ugud R ODgup3 SUMWY and0 R 00000& SUNKYY bDoue g popoll ¢
& ugl g 0Ugly arx QJouo R 0ODULLS #XY eool R 000013 wY G0D0 g 000014 wyY
= 5 byl R QLDU24 XTY2 Pody R 00QuQ? XX food R nbODloD YY
L7 |
[ | e —_— e — - —_ SV _— -
29 ™
5
golul 1 SUBHOUTINE GLHYRZ2UN, XY yWoMyln,EBEVAR,VARER)
001Ul 2e C s N * NUMBER UF DHSERVATIONS
ooluol e C s & = AHRAY OF XNOUAN INDEPENDENT VARTABLE VALUES
abiul 4 - ® ¥- —w—ARRAYTOF OBSERVED BEPENQENT VARIABLE VALUES — — - - : -
oulul e L = = AHRAY OF WEIGHMT VALUES
00ul o € e H = DIMENSTION OF |HPUT ARRAYST KaY,the
uniul T C = tH = ESTIMATES oF LINEAR COEFFICIENTS
aglul Be C o EVAR == ESTIMATE OF ERROR VARIANCE
ooiol e C » VAREy = ELEMENTS OF yARJANCE HATRIX FOR ESTIMATEL LIN. COEFFICIENTS
UUIDI P B e . . — o, - -
uuiul 11 4 I = 0 WEJaHTS AHRE [NPUT THROUGH CALLING ARGUHENTS [1/SAMPLE vAR)
ugjul |2# C I = 1 WEIGHTS ARE DEFINED AS le [N GLHFR2
gului {3 4 Ifi = 2 WEIGATS ARE CALCULATED IN GLHFR2 AS 14/Y(1} (1L/P01550n VAR)
gijul Iqe C
Goyod 15 DINENSION X(HI3YIH),S(HIIEBLZ) yVAREB([2,2)
aujoh tae RAHEL ST /AHRTSAHED I 1 11EBL2) 2EVAR,VAREB Iy i) yVAREB L 21 vYARES 2, b}y
LU Uy 17 i VAREBR({2,2}
Bujlus lae nwk1TE{6y1)
apiaz 13+ I FORMATOIRU, //#7:10X,1SUBROUTIRE GLHFR2Y,///}
ool 2ue IH{HsLEe2} GO TO 12
go112 FAR LF{l4+EQel} GU T 8
ooj§l4 zze IFtErstTed) G0 To 10
uotiles 23 Do 71 = 1,n
udtal 24w Aitd = ll.fYiL
unyz2 2w ! CunTinUE

COMMONIZ) Q00000

19 N0V 71 BE:ER-SERYWEE- .
Dool  oOphY4s 1276 e
0DD! 0Opo42 BL
-- .peE0 R DD@e2B SIN¥Il-- - — ————
nNO0 R ODpnBH SUMWXX
onac R 0opnl2 WX -
onop R oogn23 Xryl
o0
- L - e
¥
38
= B
S v ——

XITTV.
of @OVd



Y0824 2w -

f—T 143
ST IUT o

1

o oolzs 27« B CONTINUE
polesé FAE g B F bom kN
D3l 29 Wil) = 1,
oniaz Age -3 CONTINUE !
00134 e 10 CONTINUE |
o Hﬂaraﬁ‘ 5" ;)Uriili 0. - ToTTTT T oo T T e e - - - T ——— i
Q0 3s 3an SHr’iﬂ'X =y, ;
oglaz ke 54 = s ~ |
0u 140 ibe SUMWEK = U,
got4l 6w CSUMHRY = D, -
0Di42 7. SuMAYY = L,
BB R - 3G e e e e et VU S,
uni43 9w DO 11 b = 1,N
LLIET 4nw XA ® %01}
00147 41e YY = ytl)
006D 42e W om o gily
anlsl Hie Wiy = %% e XX
- - *D{}!‘E—EV*————*H}-——-" -y AR - T T s e e S s e e e e T T - - = ™ -
DO31ka H5e kg = WX ® XX
Ba154 Hae Wit = wX * ¥y T
00i5ss 47e AYY = BY 8 ¥y
0Dtbe Hde Suhv = SUBy + W T
enis7 49u SUHANX = SUMKNX + wa
- - Q8LEY o SHe - — - SpE =S UMWt W s - —— e - — = s
003&l S5je SUHWXX > SUHWXX + WxX
aBle2 Hie SUHWLY » SUHNXY + aXY
0043 bas SUHWYY = SUMNKYT + WYY i
@ 00164 G 11 CONTINUE : _ -
&~ m 0lsed She C o FORH S~[NVEHSE MATRIX {5 = X'X) ANp X'Y VECTOR .
o oo 00lee . - G DETIRy— = A TUM e SUMKEY = SUHKRaSUHNRY - -~ - : e iend i
B & 00167 Y2 SINVIL = SUHNXX e DETINY
e 0B170 sge SIHVEZ2 ™ “SUHKX » DETIMV -
Yoty 594 SENVZZ = SudW ¢ DETINY i
opizz Gl Tl = Sutny
00473 ale ATY2Z = SyuHnxY
o BOEES  gde - oy COMBUTE-BETA YECTORy ERROR-VARIANCE ) - AND VARIAHEE~COVARIANCE MEFRER —— - ... —. O"O”“ I
noiva b3e 4 FOR BETA VELTOR 'ﬁ\g\
a1 Gl EBtl) = SENVIIWXTY] » SINy]20xTY2
oul7s 85 EB{2) = SINy12e0XTY] + SINV22eRTY2 K‘)%
uuite aue EVaR = {QUMaYY = (EGt11eXTY] + ER{ZIwATY2)}/FLOATIN ~ 2) %
oLy 47e VARER(i11) = FVAR o SNV Q?‘
BoOZUD - - aue ———AARENT 2 w-hvAR w QiNYVIZ e ie e e e e s ol - T - _ ————
uozuj bye VARERLZ241) = VARES () 42) % v
Jo2u2 7ue VAREB1232) m EVAR o SINV22 (ol -
goiu2 71" € 4 PRINT INPUT amD UUTPUT DATA v}
gnaua 120 ARITEC6IHATS } =
oU2ue 73 Go To 13 a
ovzR7 T4 12 EUNTIHUE—  — R : ¥ o
Ug2lo ihe NRITELS,3) :
nog21d 7os 3 FYRMATIINL 2/ /7 lua ,PERROR = N MUST BE GREATER THAN 21}
2021l 77 SToP
Bu2i4 7ue 13 CONTINUE
ou2is 7Igs ARITELE42)
ugL)? Byt o FORMATLERU A/ 1OX ' RETURN TO CALLING ROUTINES o/ 27/ /) — s e
auzey Bl RETURN
ouy2el gew Enp
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GLHFR2 SYHBOLIC 19 Nov 71 0320833 0 Ula41245 lyg 82 (DFLETED)
GLHFR2 cobe RELOGATABLE 19 Nov 71 10:20:33 1 01&4425) I ¥] 1 (nELEYEB)
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4.4 Program Listings

The program listings are shown on the following pages.
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e W FOR g B LOHAR P B AR ———,—
UNIVAC 1108 FORTRaAN ¥ LEVEL 22Us 0D24a

ZE

DUgGA GLHFRZ
Dups GUIKHP
DUge—~ -Gt mrme—
aup? H151
ougn HolvE
ouyl CBRAN
o2  PCORRE
oula NROUS
mm e e — i O
ouls NEDRS
BUié NaDuS
ouy? EXP
[+]1F30] NHES
[{1*F-}] NEAPG&S
CAD2E- - GR T -
Duaas NALCS
du24 NSTOPS

THiS CulPILATION-wAS -DONE--ON- 17 -HOW 7}

HAIN PROGRAM

-[EXECB LEVEL E12010009A)
AT 10320383

STURAGE USEL: cODEC1} 0D271U} DATA(U) 01504913 BLANK COHNON(2) BOOOOY

CunHON BLUOCKS? *

uuyd P poyD2ag

EXTEHNAL REFERENCES (BLOCK, NANE)D

STurAGE ASSIGNMENT

aobpy

OE4luan LUlf opuu
Hupl 0plsa?r (o416 Goo
Uyl Dglasy 1EET70 aoii
gagl Dutziy V1450 oai
gugl uggasly 2L o
-udg i CogduterEMes——ogor
aupl pogzilsz 13076 unvi
gagp! QU555 L tout
auul Qp2%u? 14550 apol
glul Gubdvze 1546 - upat
oly0 OY404qy 20%F Bode
Qugl - Brvp2es—2HIF —gnut
Oudpb Gi433y 218F soud
oupo Bl4aby - 226F gguu
Ul Didalis 232F DooD
ovul 4pol77? 2656 oguo
ougl DUdHbs 2L upul
bugl - enudts 34 o Bodd
duyl uo2asy 390 uguy
Uuyl 000535 w426 ag!
Ough V01003 488 apul

014157
8l1630
ao0ns5&6
a0172s
801765

LMES LS

o t7n
o, ~24
0oz "2
gBzea3
0l406s

C oty e

olqg417?
0148673
0L4614
Qlyay?
D0o4 7D

~nluyqz2

Blyulds
p0054D
DRivlo

102F
10786
112
11576
12036
T25%6
13206
19186
14706
1541
205F
2tiF
221F
226&F
233F
3F
a1
3536
qF
qH4506
49

oncgl
Dadi
poat
nogt
nnot
nnot
gool
onol
nool
aopd
ngoe
nnao
opao
N0
onoo
nnag
anot
ooot
annl
onat
anno

— 1% NO®-ZL. -

1022085 et —

(DLUCK, TYPE, RELATIVE LOCATION, NAME)

001522
npesz27
anlées
a0g1s73
no2oo03
po2134
gnzizs
nopolg
on2547
ni4gs2
nk4103
0L4231
ol4427
ni4726
ni41la
nr4a7s
pop34s
000441
ooosot
gnlag2z
nluags2

L1D274
[RER
11236
116
12130
12&HL—
132546
142qg
15146
2F
206F
Z+EF
222F
227F
241F
305
322G
3686
4156
454,
5F

oDpD
0041
0001
aopt
oool

—-oggl

Dopl
oopl
nooi
aopt
onpo
- 8opet
onoo
00at
0ootl
ooot
ongl
oant
oog!
dapl
Oeot

ol4401

001436
801034
pB1737
non2n3M
o2ty
ng22sn
002355
002550
atyusSs
nl4gdz
oF424t
nla44s
06460
nonNe5Yy
noo24s
000364
ogip45st-
ocoos5o4
noo?r7
ouinl3

103F
1103¢
113k
11655
12256

12756 —

13540
t4304G
15176
202F
207F
2raF
223F
234,
251
31lL
37e
3756
42486
470
SN

apoo
nool
nopl
o041
nogl

gt

o0g!
noot
pooi
0000
00g0
aegn
gono
oeon
onnt
poot
gaol
ool
pool
odol
nnol

Digi76 10%F
no317l 1iiL
001702 113ég
0031762 1177g
082037 12306
oopnéd--13t
002266 13715
pp2377 14455
002615 1535g
Dtuypds 2D3F
014020 20DBF
Diy3ald 2)5F -
01uG17 225F
AlyR3s 231F
oDol62 2536
gopand 3i2L
o0n4nNod 39p6
0024842 38t
00n742 444
ouns73 4706
00R&07 5916




ge-v

Uugd- -Beger -Gk G———HpU 1 —0BR6032 5146 nnol N0D&72 B3ss - — DB DUBFE3I 5456 [1]:1: 3 onp7ié 5556 - — - i

Oupl 0UD733 5646 Upul 000743 5650 anol noli2p S7L ooyt niq4ls SAF noopn Dlunus &F
dugl 001692 slt 0ol DOLLYT 6266 nnat nolos2 &3z oap! 01720 &4L aapt noInn 6426
Qupl 0Q172) &5L Ugut B01igs 6516 ool DO0I111 6546 0oupl 001137 647G ncol ony7he &7L
Gug8 814030 ?F 4ol - DBl 7247 TOL onol nB1150 7836 oot po1214 7216 anol ony2ib 7246 -
Qupl ou2i13s 73L [ Y] n@1dpn 7376 opol n13é1 74676 onnl ou2o4s 77L 00oo 0lanls BF
e - [ 118 a1 o e ki3 3 8 gott olfey 8t ot Q23 ty—¢8tr—- —— 00U -—OU2227 99— - HDdDY Hozya4d MeeL - T T ——
Quoel g 011363 aBcC OpJdo R Ul14p7 ABCO nogoD r 011255 ABCS DOp0D | 000044 ARE 0000 R Olgaéd A"
Oupl R 013527 a0B - 0ptlo R ol1203 ADNB 0nEgo R n11551 ADNS 0opk R 013531 ADS nopo 1 00po32 AR
QULY K 011374 AFB Uguo R B11301 AFS Dg00 R DL15D3 AMTASE 0000 R 0114957 AMTGEL 0ugo B 011471 AMYRBC
OUgd R GOOLYg-aNiw - gguld 1-0BpUTE ANSE nnot R 013547 AP 0006 g 013530 ARATIO nogn 1 00onz4 AS:
OUulU g Bl3s5y BO uguu D13734 BDATA ono0 R nl1i313 BG 0DQ0 § oDOOOQ BIOEL naoo I obBpoiZ BloZ :
- BUpt-R—E Ry T e U -0 0e 2 T COrF - onodo- R OF3S7E€ON- —8898- gD 153IF7-CONE -~ - - Of00 R 681350} CP - - = —— :
Q0olb R U11351 CR Opuu R 01354 CSCTH ongo ®r N13s5) Ct 0ngD R D11325 CTB 0000 R O1344)1 CV :
00uY R DOt3a24 ¢l Bouo R LVI3525 Cl2 onoD rR 913525 €2 0P8 & 031433 pEL DRt R DY1517 DENAD
00uyv R 011143 DENS Quuo Bl3622 OIST 600 R NI35464 DRYGEL DBpbd g 013852 o7 nono R 013575 EDGE
BOpU R-B11337 gSC o000 R BO713p ESCMX np0d R 013577 Ex agp0d ¢ 012524 F onpg R DB1ass? GEL
gy 013702 gLHID dnub R Dl13%40 H20 oo §J Ni3s2a 0000 | 013533 1COUNT aononld I nopr4d 1cs
—— Bl —p i3S 2 1 OA FE———BOBE—1— 3602 IRDF - On00- - 013545 (PRINF——D00060- 1 813564 PS— - —— 000G+ O1P&3I3 ITITR e
Gupl | Oloes? 1TITY Dpug 1 Q13553 1TYPE 0000 1 013545 InT dgp0 } D13565 4 000D 1 013821 JA
Uligd | O13bgy4 45E7 upuwy 1 0L3asyn K No0n0 1 913574 & DDpl | 013543 HaN G000 I 013503 MDIM :
Dupd 1 013542 HlsS Uguu 1 013587 n op00 | 03555 NA 0000 | 613562 NAD gop0 1 D13&1% NBE -
ougpy } Gl3ss2 ND upul | 0l3sy17 NG npod | 013613 NS ong0 | 013554 NSAHP oono I B13571 NSE .-
oupd 1 013532 #STD upud { Dl3s73 NZ nrnod 1 DiN511 NZA anpD | ol1243 NZAE oDOD 1 D1§123 NZSE
Gypd R--tEGUOpP——————GOHO-R— 0 3o0p PABRE - Andd R 013420 -PCOR- —46+2—R-D000DB-PEORRE - 6080 K 013400 POE - T e e e
OUBY R Uldedy o Dguo R bipé2? R onol R 0l142) RHoB2Z 80000 R DlO114 SCT oopo R 911615 5CTSp
Guyu B1l369y SOATA Onud /R 013540 SDEV ana0 R N11503 SOYERR 0ppd g 011571 SHVESC 0ep0 I DOOD4H SE
Oupl R 011445 §51GBI vguu R 011525 S1GB2 0opnNo R 011257 S16S Dooa N137749 STAT Dogop R 813415 SuMl
LUl R B13618 SUHME voly / 007522 sk nnoo R 013555 THIO 00pod g 012575 YITLE! 0ooe R D13s&l TSTD S .
Lupld R 013%37 yAR aoud R D1ps23 VARCOY 0po0 ) N1350Y VARERR O0np0 p 013572 WAVE oopg R 011223 WFBE .
BUpd & GIgsry w4 - ——UDH-R—B11143 wPSE noott R 052287 K- - -G080 0135385 %BAR— - DDOO-® B13&87 XL e
00uL R 010506 xH Opul R 013535 XHAR O0no0 R 013534 XMIN ggall g 013505 xMmX oop0 R 013s10 XR
UtyV # oldslt v Bouuw R 0Di343g YAVEG D0 R 013611 Yo 0gpe g 01D537 vm oo R 013406 YHX
00ub H widelz 7
aoluvy e L o« INIT ALLEZE Anp ENPUL BASKC PARAMETERS
uulul 2 INTEGER BIOEL1BIOL,ASE AE GEIABE (ANSE
wojod 3 DILENSION ANTULS,6,100) ESCHALLD,25)
PR EIR] ta DIMENSION SXU10925),SCTLIO0429)  XMI25),YH(25),WM125),ANSEL1Z),
aglus 5 poe—— — o CGEF Uy yvaRCOVIZ N2 yRE2Y Q{2 5 ITITXEER A ETRTYEG2) - Coe—
uolLs te ComMmanN/P P :
Doilve i DIMENSTIOn PLIUD3S) ,aC1 104160 ,SE(16) ,NZSELI6I10ENSILIE) »WPSE(]16), -~
aylos L) 1 ADNBILBl vafFBELLIS) 4AECIDT ¢ NZAETINT 4 ABCSHID) S165(10) ,AFS()0},
olué 9 2 ABEL10) ,BGLIUI Il 0l ESCHiul eRUINILABCELIO) $AFBLIQ) vABCO{10}, .
0ojUe lus 3 #nOp2iip) DELILDt,s16B1110 810 010),BIDZLID] AMTGELILD),
anive ite 4 ANTREECIUT JASELL) ) AnTASELL INZA LSO} DENADIS) | S1GBL{IDI+CONC{1DY, - - ;
uijue 12» b AUNSII6YSOVESCI10),50VERRIID) ,sCTSD110,25)
uiiu? [EL DIHENSION X(2US),F{4)), TITLEIL]2)
Jglilu 14e DIMENSTUN YUIUO 0% ), YAVGIHT CV{H u) yCClH 4) 4CP L}
LUTRE loe UinEngion 1€S0i0D) L
uollz las DIMENSIDN J0ATEL(2)
guils t?e EqUIVALENTE (F(1, 2),1CStLLY
UGy las DATA BIUEL £t KT, 0 CO,*% NV ,% UT,¢NA® Y Pt ¢ 59, %c[ 0,0 K9, 0FEas .
Jolle e DATAE BlOZ 719037 ,8,18,15118s37 09,207/

ugi2e 2ue DATH ANTGE| £07e29242072+15003,364,74,00.00:00e00,00e22,00400,,:0+00, i



490120 - -2 e 1 - i o e e e : e

onta2 22 DATA AHTRBC/40721445368,91671342006,40012,50030,¢U038,00048,.0114,
uializ 2ie 1 WAL/

onizy 24e DATA TITLE)/¥CONCENTRATION FREQUENCY DISTRIBUTION"y5et Y/

00ize 25w DATA-tITETAU ) oI, 12)/72H ABSORPTIONSFACTOR ® AREA-DENSITY (10e#~-
ani2s 26w X% 7

T O30 e B A EET Y (i by 1 204720 AGEUNULATED COUNTHiOe8dy——— — - - ——— - n- T -
. ]

0olao 2ue /
uglaz 29+ HAMEL ISTrUISF/C1,C12,C2,ADBsARAT IO
049133 e NAMELIST/SDATA/DENAD DENS 1 ADNS ,ADS ,STGS)AC,ABCS,AFS  wPSE
20134 A NARELISTZ7OLHIOZHSTO XM YH  WHBG ,E5C ,SDVESC ySDYERR
0p13s 32e NAuELIST/BUATA/AaC.AFB;AECOncR|SIGSaSIGBZ|ADNBrADB|ﬁFBE ICOUNY :
BOE3E - — 3o — o —NANEPSTASTAT/RET N, xuAX ; XBARTVAR  SDEV —— e e _ = e o m——
nojaz e CSCTH = ]+2505
oniaz A e c
apla7 hY-1 C e LIST OF OPTlpNnS
anaz i7e C IPRInNT = 8 NO NAHEL{ST PRINTOUT (YYPICAL}
o0la? 3B 4 IPRINT = | PRINT NAMELISTS CONTAINING INTERMEDIATE CALCULATIONS
Gt T WE FGHTSARE- [NPUT THROUGH CALLING ARGUMENTS—~{tA5AMPLE &R} - — : - S -—
ooLaz 40 C INT = | #DEIGHTS ARE DEFINED A5 [4 IN GLHFRZ
ofjavr qie [4 1T = 2 WwEIGHTS ARE CALCULATED [N GLHFR2 AS l«/¥{1} (}/PDIS50N VAR)
0g137? 42 4 ITYPE = O UNLY STATISTICAL aANALYS1S OF STANDARD OATA PERFORMED
[a1a7 43w € ITYPE-w—| SAMPLES ARE RED BLDOD CFLLS
oni 3z Hy® C ITYPE = 2 SAMPLES ARE BI1oLOGICAL TISSUE SECTIONS
© 00} 4B —— A PE—a—3—-SAHPEES- ARE GELATIN SECTIONS - - e ——— - - —- —_— e
n2laz Yae 4
oniaz H7e C » INPUT PROBLEM INFORMATION
00440 4ge READILB) [DATESHISS HANIJSET
ooisl 49a - 8 FORMATE2a%,(6+A5,A5)
~ 00§52 age ARITELE,20B) IDATE, HESS,HANSJSET .
o UBHe3 - Sle DB FORMAT 4 CARD- } %  2h57 1B s AB raS ) e ——— e e . _ I
& untksa Lae 4
[0 R ) 53e C » INPUT pROGRAN PARAMLTERS
uplay Sye READ(Ss41 (PRINT,I¥T
agiz7o 55 HRITELEr210) LPREINT IWT
Lo 74 YL 21U FORMATIY CAHD 2 v,3151
- 00}74 ,_,_5;‘_“_{ \ e e v e - e e [N R em e —— R at e epam
09174 YT C ¢ INPUT MICROPROBE PAHAMETERS
goi7s 5%« READ(S37) AP BDICT DT
vaz203 aye 7 FORMAT (4F1D.21
UoR0H sle HRITELSI2U7) AP3BL,CTOT
up2y2 Iy 207 FORMATI® CaRD 3 v,4F(0.2)

- Bg2id - HI3+— € - C e e e e e e - i - e e T . B TR —
Qua12 bqe C o INPUT SAHPLE [NFORMAT[ON

un243 &5 AEADISTH) ITYPE¢NGAHP NATRID

une2l abw 4 FORHATLI1D,FSel))

U222 &7e AREFELEs204) ITYPE ZnSAMPINALTH]D

u0230 b 20% FORMAT(Y CARD 4 v43156,F5e0}

00231} - Gg®- DT PO 0Bty B I - : S e
ALPRY Tus [

ooz3l 710 C » INPUT -STANDARD OATA

vp23z 72» READ(S36) GEL*+HZ20,7STD¢NSTD

up24u 23e & FORMATIAFIUL5,15)

o243 T4e WRITELS3203) GEL,H20,TSTOsNSTO
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4,5 Sample Input/Output

Sample input and output are shown on the following
pages.
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