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ABSTRACT

Two computer programs have been written to analyze cell
volume distributions measured with a Coulter type of cell
spectrometer. One of the programs, called AV@L, is used to
calculate the mean cell volume of any type of distribution
and to plot the data in various formats. The other progranm,
called CELV@L, uses an iterative least-squares technique to
fit either normal, log-normal, or skewed-normal distributions
to the data. Either single- or double-peak distributions
can be fitted. The program also converts the results of the
fit to cell concentration in each peak in cells per cubic
millimeter, standard deviation in cubic microns, and mean
cell volume in cubic microns. For red blood cells the mean
cell volume is also calculated from the hematocrit and

included in the data output listing.
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CHAPTER 1

INTRODUCTION

The use of electronic particle counters to measure volume
distributions of cells has brought forth a requirement for an
accurate method of analyzing the volume spectra (1). To study
the changes in volume distributions of various cells under
different experimental conditions requires a precise knowledge
of the parameters of the distribution. Some cell volume dis-
tributions can be fitted quite accurately with normal, log-
normal, or skewed-normal functions. Such calculations require
computer techniques. This report describes two computer pro-
grams which perform these calculations. The parameters cal-
culated are the area (number of cells), standard deviation,
mean, and, if applicable, coefficient of skewness. The CELVOL
program will fit either single- or double-peak distributions.
Two peaks with mean volumes of 50 and 60 cubic microns have
been resolved by this program. The function chosen to fit
the data is determined primarily by the type of cell being
measured. Red and white blood cells appear to be fitted
"best" by a skewed—nqrmal function. Growing cell populations
may have a distribution (determined by dynamics of growth)

which cannot be fitted well with either function.



CHAPTER 2

AV@L COMPUTER PROGRAM

This program reads in the data, calculates the mean,

s tandard deviétion, and area for a selected band of channels,
prints out the results, and then plofs the data in various
formats. There are options for plotting either linear or
logarithmic coordinates in any combination. There are also
options for excluding certain channels from the plots. All
calculated data are also printed on the plot. The arithmetic
mean of the distribution, p, is calculated from the relation

Los¢

i=k 1

£
15 1

where i is the channel number, fi is the number of cells in
channel i, and k and 1 are the lower and upper channel numbers
that define the band of data that are to be used in the cal-
culation to exclude debris and pulser signals. This is shown
in the example. The standard deviation, o, is calculated

from the relation
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where the variables are as described above. The area is
the summation A = iék fi‘

The format of the control card used with this program
is shown in Table 1. If no lower and upper limits for the
logarithmic plot are entered (columns 53 and 54), the limits
are determined by the program. The program contains the
option of having the entire spectrum shifted any number of
channels (column 55). The plotting options can be used in
any combination (columns 64 and 65). If zero, the plot will
be linear only. If a logarithmic plot is called for, there
will automatically be a linear plot as well. The ADD-1 value
entered in columns 66-72 is the total number of pulses stored
in the analyzer, obtained by counting the ADD-1 or stored
pulses with an external'scaler. The program will sum the
counts in all channels and list this as well as the ADD-1,
providing a check on accuracy of the data prinfout from the
analyzer. The serial number is used to identify the data
deck.

The control card is followed by'the data cards. The

data card format is shown in Table 2. For a 100-channel
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Table 1. AVOL Control Card Format
Column Information
1-52 Alpha-numeric information used to describe the data

53

54

55
56
57

58-59
60-62
63

64

65
66-72
73-80

being analyzed

Lower limit for logarithmic plot of data; exponent
of power of 10 (e.g., 2 for 1l00)

Upper limit for logarithmic plot of data; exponent
of power of 10 (e.g., 4 for 10,000)

Number of channels spectrum is to be shifted
Set = 1, if only channels above 10 are to be plotted

Number of hundreds of channels to be read in (i.e.,
1 for 100, 2 for 200, etc., up to 400)

First channel to be used in computation
Last channel to be used in computation

Set = 1, if printout of input and calculated data
is desired

Set = 1 for plot of log X
Set = 1 for plot of log Y
ADD-1

Serial number

~— 10‘-



Table 2. AVQOL Data Card Format

Column Information

1-3 Sequence number of déta card in the data deck,
beginning with zero*

4-9 Channel 1
10-16 Channel
17-23 Channel

24-30 Channel

2
3
4
31-37 Channel 5
38-44 Channel 6
45-51 Channel 7
52-58 Channel 8
59-65 Channel 9
66-72 Channel 10

73-80 Serial number

*The second card would contain channels 11-20, the third
channels 21-30, etc.

-11-



spectrum, there would be 10 cards. The serial number is
repeated on each card. |

The order of control card and data cards may be repeated
as many times as desired. Figure 1 shows the card order of
a problem processed by the AVOL program. Figure 2 shows the
output listing. The selected area is the sum of the counts
in channels 25-95. Data are printed out to channel 105,
since the spectrum was shifted by 5 channels. Figure 3 is a
log-log plot of the data, and Fig. 4'is a linear plot of the
data. The plots also contain all computed values. A FORTRAN
listing of the AV@L computer program, with the exception of

the plotting subroutines, is contained in Appendix 1.

-12—
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CP-43

MEAN CELL VOLUME
STANDARD DEVIATION

CHO CELLS,

SELECTED AREA =
CHANNELS USED IN CQOMP,

10

113
115
178
530
572
352
224

67

45

19

Fig. 2.

109
99
178
560
551
329
202
92
37

18

AV@L output listing for the data shown in Fig.

SYNCHRCNIZED,

52.45 CH
= 13,99 CH
19237. CELLS

= 25 10
3 4
0 0
91 100
97 108
197 264
540 564
533 509
306 295
184 160
75 69
35 28
23 24

95

96
120
300
527
492
291
152

64

24

15

PRE DIVISION

242

132

58

32

ADD-1 TOTAL

SUM OF 105 CH

121
116
342
584
469
259
121

39

21

43

127

126

591
433
242
125

51

22

[}

21146,
21146.
9 10
56 121
99 i18
140 160
456 459
561 560
422 339
221 222
97 103
28 34
25 30
0 0



*s

10
X

w4ZCON
4

*a

CHANNEL NUMBER

CP-43 CHO CELLS, SYNCHRONIZED, PRE DIVISION 43
1cs 25 SUM OF 105 CM

=z 21146,
Lc= 95 MEAN CELL VOLUME = 52,45 CH, SEL. AREA = 19237, STD, DEV. = 13,99 CH ADD-1 TOTAL

21146,

Fig. 3. A log-log plot of the count rate data of Fig. 2.
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CHAPTER 3

CELV@L COMPUTER PROGRAM

This program reads in the‘data, fits the peaks with
normal, log-normal, or skewed-normal functions as specified
by a control card, prints out the results, and plots the data
points and computed curve. The function used in the normal

fit is:

2
Ni

Y 1/2 ( S )
= —— exp| -
1 N 21 g o ’

where Yi is the frequency (number of cells) in the ith chan-

nel, Ni is the area (total number of cells), o is the stand-
ard deviation, and p is the arithmetic mean of the distribu-
tion. A selected band of channels can be used in the fit to
exclude debris and pulser signals from the computation. The

function used in the log-normal fit is (2):

2

Ni log X,-u
Y, = : exp |-1/2 1 "log s
N 2n Xi

U1og Ulog

where dlog is the standard deviation and ulog’is the mean of

the distribution of log X's. The 1nterpretation of the results

=17~



of the fit is perhaps more convenient if the parameters are
given for the distribution of X's rather than the log X's.
The standard deviation and mean are transformed by the follow-

ing relations (3):

2
o
- log |1
bo=oexp | \kyop + —2 5
o 2
2 lo 2 2
o = exp ulog + _.E-_g_. -ﬁ - U y

where M = 1og10e.

The function used in the skewed-normal fit is (2):

2

Ni , /(Xi—u)
Y, = ——— (1-A) exp | -1/2
1 ~ 2T ¢ g ’
3
a X.—-u X, -
A= 3 2° _as(20) ],
2 o] o

wherea3 is the coefficient of skewness and the other vari-
ables are as defined above. A coefficient of skewness of
zero would result in a normal distribution.

The general least-squares procedure used to fit the data
has been described in detail elsewhere (4). Briefly, the

Gauss method of solving the nonlinear problem is utilized.

~18-



This method consists essentially of linearizing the desired
function with respect to each of the parameters by means of
a truncated Taylor's series. Initial '"guesstimates'" of the
parameters are used to evaluate the coefficients of the
expansion and to obtain new parameter estimates. Until some
convergence criterion is satisfied, the iterative procedure
is repeated. Our particular criterion is that every param-
eter estimate of the function must agree with its correspond-
ing value in the previous iteration to within one part per
million. The final '"best" estimates of the parameters are
then substituted in the classical least-squares equation to
verify their validity.

| If a single peak is being fitted, the program will com-
pute the '"guesstimates'" by the method described in Chapter 2.
If two peaks are being fitted, the ''guesstimates'" must be
provided for the program.

The format of the control card used with this program is
shown in Table 3. Polyethylene spheres are usually used to
calibrate the gain of the counter. If a 1 is punched into
column 69, the spectrum is treated as a calibration measure-
ment. The program will calculate the mean channel number
and then a ratio to the mean channel number of the original
calibration (channel 50.3). The computed data are then cor-
rected by this ratio. If spheres arelmeasured both before

and after a set of measurements, both mean channel numbers

=19~



Table 3. CELV@L Control Card Format
Column Information
1-2 Experiment number
3-8 Serial number
9-24 Animal or subject identification (alpha-numeric)
26-32 Date, as 14SEP65
35 Number of peaks
38-39 Initial channel of data to be fitted
41-42 Last channel of data to be fitted
44-47 Time sample was counted, in minutes (decimal point
between columns 46 and 47)
48-~54 ADD-1 count (total number of pulses stored in anal-
yzer)
55-59 Calibration factor to convert from channel number to
cubic microns
60-63 Hematocrit
68 Set = 0 to fit data with skewed-normal function
= 1 to fit data with normal function
= 2 to fit data with log-normal function
69 Set = 1 if spectrum is of spheres (for calibration)
70 Set = O for main output sheet only
= 1 for complete listing of input and calculated
data
= 2 for plot only
71 Parameter sign control = 1 for no control
= 2 for sign fixed
= O for sign fixed for 5 itera-
tions
72 Set = 1 if "guesstimates'" are to be read in (for
2 peaks)
73-80 Repeat of experiment number and serial number

-20~-



are computed and then averaged. '"Guesstimates'" must be pro-
vided if the program is to fit two peaks to a set of data.
The format of the ''guesstimate" card is shown in Table 4.
The data card format is the same as for the AVOL program and
is shown in Table 2. The card order required by the program
is shown in Table 5. There are several features built into
the program to verify that all cards contain the correct
information in the proper order. All cards of a data ‘deck
must contain the same serial number in columns 73-80. The
10 cards containing the spectrum are checked to verify that
the sequence numbers in column 3 are in the correct order.
The control card must contain the year in columns 31 and 32.
It is used to identify the card as being the control card.
If any errors are found, the program skips the spectrum,
searches for the next sample, and continues comﬁutation.
Figure 5 shows the card order of two problems processed
by the CELV@L program. Only one peak is fitted to the first
spectrum and two to the second. Figures 6, 7, and 8 are the
output listings for the first spectrum fitted with a skewed-
normal function. Most of the information printed on the
sheets is self-explanatory, although a few of the variables
should be defined. The number of iterations required to
reach the convergence criterion is printed. The maximum num-

ber of iterations that the program will attempt is 26. The

-21-



Table 4.

CELV@L '"Guesstimate'" Card Formats

Column

Information

For Normal and Log-Normal Fits

1-6

7-14
15-22
37-42
43-50
51-58

Area of first peak (number of cells)

Standard deviation of first peak (in channels)
Mean of first peak (in channels)

Area of second peak (number of cells)

Standard deviation of second peak (in channels)

Mean of second peak (in channels)

For Skewed-Normal Fit

1-6 Area of first peak (number of cells)
7-14 Standard deviation of first peak (in channels)
15-22 Mean of first peak (in channels)
23-29 Coefficient of skewness of first peak
37-42 Area of second peak (number of cells)
43-50 Standard deviation of second peak (in channels)
51-58 Mean of second peak (in channels)
59-65 Coefficient of skewness of second peak
Table 5. CELVPL Card Order
Card Information
1 Control card
2 "Guesstimate" card, if required
3 First card of data deck, containing only the serial
number in channels 73-80
4 Data deck (10 cards)

*This card order can be repeated as many times as desired.

=22~
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6. . 454 | 453 . |.376|. . 370 ., 370 . 37T . . 265 .| 245 . | 210 |, . 18911000084
7T l1se . |43 .| 124 | Q20 ..., 9 . et ., . 179 | . 54 | .52 | . 58110600084
8..153. .| 49 .| .39, ..33....39. .. .58 . 342 2101 |, 70 |. ., 2711000084
9. s 03, .8, . .8, ., 19, .8 1. .8 |, 10|, . 911000084

Fig.

5.

Two examples of the card order required by the CELV@L computer program.



EXPT. 11 MOUSE NO. 3C SERIAL 11000085 160CT64

SKEWED NORMAL DISTRIBUTIGN (1) FIT TO EXPERIMENTAL DATA.

INPUT DATA CONSISTS OF 100 DATA POINTS (OR CHANNELS) OF WHICH CHANNELS 20 TO 50 ARE USED IN FIT.
COUNTING TIME = T = 1.00 MINUTES LIVE.

SUM OF 100 CHANNELS IS 55197 COUNTS, NUMBER ITERATIONS = 7
ADD~-1 SCALER RECORDED 55197 COUNTS.
DIFFERENCE IS G COUNTS. WEIGHTED VARIANCE = 1.79
SUM CHANNELS FITVTEC IS 49884 COUNTS. UNNWGT SUM SQUARES
OF DEVIATIONS = 1.30E 05
MEAN CHANNEL NUMBER OF SPHERE SPECTRUM (11000081} IS 52.42
MEAN CHANNEL NUMBER OF SPHERE SPECTRUM (11000087) IS 51.90
RBC = CELLS PER CUBIC MILLIMETER = (K/T)(SUM 100 CHANNELS) = 14.13 MILLION, WHERE K = 256.0
HCT = 59.0
MCV = 41.8 CUBIC MICRCNS.
CAL IBRATED
PARAMETER GUESSTIMATE BEST ESTIMATE STD.DEV. BEST ESTIMATE (STD.DEV.)
PEAK 1 AREA 49884. CTs 49807. 299. 12.75 (0.077) MILLION -
S.D. 4.99 CHS 4.99 0.024 8.27 (0.039) CU MICRONS #e
MEAN 3Z2.93 CHS 32.92 0.031 54,60 {(0.,051) CU MICRONS ==

SKEW 0.200 0.189 0.020 0.189(0.,020}

# FACTOR = K/7
#s FACTOR = 1.72( 0.96%)

MEAN CHANNEL NUMBER AS CALCULATED FROM 100 EXPERIMENTAL DATA POINTS = 36.63

First page of CELV@L output listing for an analysis of the first
of Fig. 5.

example
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43

Second page of CELV@L output listing for an anal-

WEIGHT
FACTOR

0.00521
0.004i7
0.00299
0.00192
0.00134
0.00097
0.00067
0.00050
0.00039
0.00032
0.00028
0.00025
0.00025
0.00024
0.00026
0.00028
0.00032
0.00038
0.00046
0.00059
0.00071
0.00100
0.00146
0.00185
0.00:254
0.00385
0.00562
0.00769
0.0.053
0.01587
0.01667
O.

0‘

O.

Oo

0.

EXPERIMENTAL
DATA

123.
159.
192,
240,
3z5.
520.
T49.
1030,
1501.
2016,
2560.
3147.
36Z3.
3922,
4050.
4133,
3883,
3546,
31.9.
2623,
2187,
1693.
1399,
1002.
-3
S41.
393.
2¢0.
178.

S5,
3.
60.
47,
36,
27T
44,
24,
ENR
39
Zl.
44.
40.

CALCULATED
DATA

-0.
-0.
‘0.
-0.
-0.
=-0.
-0,
~0.
-0.
-0
=0.
-1,

DIFFERENCE

CHOMHMOOO0O0O0O0O0C0O0OO0OOOO
¢ 6 & o o s ¢ 2 0 8 0 0 0 0o e o o
WD OOWNHOOO0OOOOOCO

~12644
-92,4

ysis of the first example of Fig. 5.
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el O. 27, 0. ~0.0

62 0. 4Z. 0. -0.0
63 O 36, 0. -0.0
&4 0. 41 . 0. -0.0
65 0. £0. 0. -0.0
66 0. 9. 0. -0.0
67 0. 33, 0. -0.0
68 0. 4Z. 0. -0.0
69 0. 25, 0. -0.0
70 0. iTe 0. -0.0
71 0. 20, 0. -0.0
72 0. 18. 0. -0.0
73 0. “1. 0. -0.0
T4 0. iTe 0. -0.0
75 0. 15, 0. -0.0
76 0. i8. 0. -0.0
77 0. 19. 0. -0.0
78 0. i6. 0. -0.0
79 0. 2le 0. -0.0
20 0. 15, 0. -0.0
81 0. 18. 0. -0.0
82 0. 20. 0. -0.0
83 0. 25 0. -0.0
84 0. 27. 0. -0.0
85 0. 31, 0. -0.0
86 0. 59. 0. -0.0
87 0. 1523, 0. -0.0
58 0. 1725, 0. -0.0
89 0. 72. 0. -0.0
90 0. 7. 0. ~-0.0
91 c. 2. 0. -0.0
92 0. 3, 0. -0.0
93 0. 3. 0. -0.0
94 0. 3. 0. -0.0
95 0. 1. 0. -0.0
96 0. 2. 0. -0.0
97 0. 4, 0. -0.0
98 0. 0. 0. -0.0
99 0. 1i. 0. -0.0
100 0. 6. -0. 0.

Fig. 8. Third page of CELV@L output listing for an analysis
of the first example of Fig. 5.
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"guesstimate," final value, and standard deviation (S.D.) for
each parameter are printed. The final values are also mul-
tiplied by calibration factors to convert the area from counts
to millions of cells and the standard deviation and mean from
channels to cubic microns. The calibration factors are also
listed, identified by asterisks. The number in parentheses
is the ratio of 50.3 to the average mean channel number of
the two sphere spectra. The last line of the printout has
the mean channel number calculated by the method described in
Chapter 2 for the AV@L program. The second page of the list-
ing contains the weighting factor, the experimental and cal-
culated spectra, and their difference channel by channel.
For accurate least-squares analysis of counting data, it is
important that the data be properly weighted. '"Statistical"
weighting is used (that is, the reciprocal of the variance
of the count rate in each channel) so that the weighted var-
iance should be 1. Figure 9 is a plot of the experimental
data (open circles) and computed spectrum (solid line). The
solid circles show the limits of the data used in the calcula-
tion. The peak in channel 88 is due to a pulser and is used
to monitor the gain of the electronics. |

Figures 10, 11, and 12 are the output listings for the
two-peak problem. Two log-normal distributions were used.

The results of fitting each peak are'listed separately. The

=27~
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EXPT. 11

Fig. 9.

+010 +020

MOUSE NO. 3C

+030 +040 +050 +060

CHANNEL NUMBER

SERIAL 11000085 160CT64

CHANNELS 20 TO 50 USED IN COMPUTATION

+070 +080 +090

SKEWED NORMAL CDISTRIBUTION

A plot of the computed spectrum (solid line) and
experimental data (open circles) of the example
problem of Figs. 6, 7, and 8.
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EXPT, 11 MOUUSE NO. 14 SERIAL 11000084 160CTo64

LOG NORMAL DISTRIBUTICN (2) FIT TO EXPERIMENTAL DATA.

INPUT DATA CONSISTS OF 100 DATA POINTS (OR CHANNELS) UF WHICH CHANNELS 20 TO 80 ARE USED IN FIT.
COUNTING TIME = T = 1.00 MINUTES LIVE.

SUM OF 100 CHANNELS IS 29827 COUNTS. NUMBER ITERATIONS = 9
ADD-1 SCALER RECORDED 29827 COUNTS.
DIFFERENCE IS 0 COUNTS. WEIGHTED VARIANCE = 1.17
SUM CHANNELS FITTEC IS 25539 COUNTS. UNWGT SUM SQUARES
OF DEVIATIONS = 5.14E 04
MEAN CHANNEL NUMBER OF SPHERE SPECTRUM (11000081} IS 52.42
MEAN CHANNEL NUMBER OF SPHERE SPECTRUM (11000087) IS 51.90
RBC = CELLS PER CUBIC MILLIMETER = (K/T){SUM 100 CHANNELS) = 7.64 MILLION, WHERE K = 256.0
HCT = 41.8
MCV = 54,7 CUBIC MICRONS.
LOG NORMAL TRANSFORMED CALIBRATED
PARAMETER GUESSTIMATES BEST ESTIMATE STD.DEV. BEST ESTIMATE STD.DEV. BESY ESTIMATE (STD.DEV.)
PEAK 1 AREA 12:i10. CcTs 13457, 145. 13457. 145. 3.44 (0.037) MILLION -
S.0. 0.072 CHS 0.074 0.001 5.29 0.062 8.93 (0.102) CU MICRONS ss
MEAN 1.48 CHS 1.49 0.001 31.18 0.020 51.73 (0.034) CU MICRONS ss=
PEAK 2 AREA 13613, crs 12253, 145, 12253, 145, 3.14 (0.037) MILLION -
S.D. 0.089 CHS 0.072 0.001 9.66 0.131 16.03 (0.218) CU MICRONS ==
MEAN 1.74 CHS 1.76 0.001 57.76 0.033 95.81 (0.055) CU MICRONS ==
# FACTOR = K/T
#% FACTOR = 1,72{( 0.964)

MEAN CHANNEL NUMBER AS CALCULATED FROM 100 EXPERIMENTAL DATA POINTS = 48.94

Fig. 10. First page of CELV@L output listing for an analysis of the second
example of Fig. 5.



CHANNEL WEIGHT EXPERIMENTAL CALCULATED DIFFERENCE

NUMBER FACTOR CATA DATA
1 0. -0. 0. 0.
2 0. 1. 0. 0.
3 0. 6o 0. 0.
4 0. Se O. -0.0
5 0. 1. 0. -0.0
6 0. 3. O. -0.0
7 C. 8. 0. -0.0
8 0. 12. 0. -0.0
9 0. 14, 0. -0.0
10 0. ile 0. -0.0
11 0. 14. 0. -0.0
12 0. 2. 0. -0.0
i3 0. i5. 0. -0.0
14 0. Z5. 0. ~0.1
15 0. 20, 0. -0.3
16 0. 23. 1. -l.4
17 0. 37. Se ~-4.7
1 0. €4, 13. -13.4
19 0. €9, 32. =32.3
20 0.00926 108. 68, 40.1
21 0.00632 128, 127. 31.2
22 0.00459 218, 213, 5.0
23 0.00:295 329, 327. 12.4
24 0.00258 387. 462, =74.6
25 0.00172 583. 607. -24.2
26 0.00147 €61, T49. -68.0
27 0.00117 852, 872. =20.5
28 0.00099 1007. 965. 4l.6
29 0.00092 1063. 1020. 6Z.9
30 0.00095 1049. 1034. i4.9
31 0.00093 lo70,. 10i0. 60,1
32 0.00101 992. 954. 38.2
33 0.00114 877. 874, 2.7
34 0.00124 8C9. 781, 28.32
35 0.00153 €52, 682. -30.1
36 0.00172 560, 586. -5.8
37 0.00209 478, 498, -19.9
38 C.00258 388, 422 =34.2
39 0.00303 330. 36l. ~31.3
40 0.00325 308. 3i6. -8.2
41 0.00318 3i4. 287, 2744
42 0.00380 c€3. 27c. ~8.7
43 0.0032¢6 307. 270. 37.2
44 0.00342 292. 279. 13.0
45 0.00316 316, 297. 18.9
46 0.00299 334, 322. i2.1
47 0.00291 344, 351. -7.0
48 0.00259 386. 3387, 3.7
49 0.00c38 4200 4i4. 6.3
50 0.C0244 410 443, =33.4
51 0.00223 449, 470, -20.9
P 0.00197 5C7. 492, 15.0
53 0.00210 477 509. -31.9
54 0.00198 505. 5:0. -13.0
55 0.00211 473. 575. =52.0
56 0.00182 546, 524, 22.1
57 0.00:84 S44, 517. 2649
58 0.00z02 492, S05. -13.0
59 0.00204 489, 488, 0.8
60 0.00198 5C4. 467, 36.5
6l 0.00220 455, 443, 10.5

Fig. 11. Second page of CELVOL output listing for an anal-
ysis ot the second example of Fig. 5.
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62 0.00221 453, 417. 35.9

63 0.00266 376. 389, -13.0
64 0.00270 370. 350, 10.1
65 0.00270 371. 330. 40.5
66 0.003515 317, 301. 15.7
67 0.00377 265, 273, -7.8
68 0.00408 245, 24%. =0.4
€9 0.00476 210, 219. -9.4
70 0.00529 189. 195, -5.9
71 0.00641 126, 172, -i6.2
72 0.00699 143, 151. -8.4
73 0.00806 124, 132. -8.4
74 0.00833 i20. 1i5. 4.8
75 0.01099 9i. 100. -8.7
76 0.01099 91. 86, 5.0
17 0.01266 19. T4, 5.2
78 0.01852 4. 63, -9.1
79 0.01923 52 54, -i.7
BO 0.01724 58 46, 12.4
81 O. 53. 39, -38.5
82 O. 49. 32. -32.5
83 O. 59. 27. ~27.2
84 Q. 33. 23, -22.8
85 0. 39. i9. -19.0
86 O. 58 16. ~15.8
87 0. 1342, i3, ~13.1
88 0. 2101, ile ~10.9
89 0. 70. . -9.0
90 0. it Te ~Te4
91 O. 17. 6 -6.1
92 (o8 i4. 5e =5.0
93 0. 13. 4. —4.1
94 O. 9. 3. -3.3
95 O. 9. 3. =2.7
96 0. 9. ‘e -2.2
97 0. 8. Ze -1.8
98 O. 9. l. -1.5
99 0. 10. l. -l.2
100 O. 9. l. -0.9

Fig. 12. Third page of CELVQL output listing for an analysis
of the second example of Fig. 5.
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"guesstimates'" are made and entered on the guesstimate card
for the normal plane. The program then converts them to the
log plane. The '"best" fit values are then transformed back
to the normal plane by the relations described earlier. The
calibration values are as described for the first example.
Figure 13 is a plot of the experimental data (open circles)
and computed spectrum (solid line).

A FORTRAN 1listing of the CELV@L program, with the excep-
tion of the plotting and matrix inversion subroutines, is

contained in Appendix 2.
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EXPT. 11 MOUSE NO, 14 SERIAL 11000084 160CT64

LOG NORMAL DISTRIBUTION
CHANNELS 20 TO 60 USED IN COMPUTATION

Fig. 13. A plot of the computed spectrum (solid line) and
experimental data (open circles) of the example
problem of Figs. 10, 11, and 12.
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100

200

58

APPENDIX 1

11702765 PAGE

THIS PROGRAM COMPUTES MEAN CELL VOLUME, TOTAL NUMBER OF CELLS
AND STANDARD DEVIATION.

THE SPECTRUM [S PLOTTED WITH OPTIONS OF LINEAR OR LOG SCALES.
DATA CARD FORMAT IS COULTER COUNTER FORMAT.
OIMENSION ALAB(11)4CHILS50)sSU15),BND(4) 4AB(450) ,Y(450), TEMP(450),
18LAB( 1) ,CLAB(3),NM(10),ICH{U450),YCH(450)
READ INPUT TAPE 10,100, (ALAB(I)+1=1,9),123,1Z4,1Z1,1Z2,NC,
T1C,LCyIP, IXy [Y,ADDY,ALAB(1C),ALAB(1})
FORMAT{BAG,AU4511,12,13+4311,F7.0,46,A2)
D0 200 I=1,450

CH(I)=0.

ICH{1)=0.

YCH(I1)=0.

AB(I)=0.

Y(1)=0,

IF(NC-1) 2,2,3

NC=1

INC=)

N=NC=100+121

M=N

IW=121+1

READ INPUT TAPE 10+ 101, {CH(I)}I=IW,N)

DO 201 I=1,N

AB(I)=I

1X3=0

FORMAT(3X,F6.0,9F7.0)

BCH=0.

DO 7 I=1,N

BCH=BCH+CH( 1)

CCMPUTE MEAN CHANNEL NUMBER

SMCN=0.

CHS=0.

IC=1C+121

LC=LC+IT

Dg 6 I[=1C,LC

A=

SMCN=SMCN+A#CH(I)

CHS=CHS+CH(.1)

BMCN=SMCN/CHS

BMCN=MEAN CHANNEL NUMBER

CALCULATE SIGMA

RHM=0.

038 8 [(=IC,LC

A=l

RHM=RHM+CH( ) #{ BMCN-A}x#2
SIGMA=SQRTF{RHM/CHS)

AREA=CHS

PLOT ROUTINE

CONTINUE

BND(1)=0.

BND(3)=0.

IF(IY) 9,9,13

S(1)=5.0

$(21=10.0

S(3)=20.0
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AVOL

90

10

13
15

30
60

Tt

12
16
17

170

-1

- 62
65

18
19

190
21

22
23

54

DO 90 [=1,N
Y{I)=CH(I)

DO 10 I=4,15,3
S(1)=5(1-3)1=10.
S(1+1)=S(1-2)=1Q.
StI+2)=StI-1) =10,
I1SY1=10

ISY2=6

ILY=6

GO TO 60

DO 15 I=1,6
S(I¥=10.8n]

DO 30 I=1,N
Y{I}=LOGIOF(CH(IY})
CONTINUE

CALL MAX3{CHy=14NyIPXsCHMAX)
DG 12 1=1,15
IF(CHMAX-S{I)) 11,117,112
BNO(4)=S(I)

J=1

GO T0 16

CONTINUE

IFLLY) 18,118,117
BND(4)=J

Jy=0

DO 170 I=IW,N

JY=JY +1

YCH{JY)=CH(TI)}
L=NC=100

CALL MIN3{YCH,=1sL,IPY,CHMIN)
Ci=1.

JI1=0

IF(CHMIN=10.) 65, 64,64
Ci=CI=)0.

JI=J1+1

IF(CHMIN=-CI) 62,62,64
BND(3)=JI-1

CONTINUE
ISY1=8BNO(4)-BND(3)+10.
1SY2=0

ILY=1SY1

IFCIX) 19,19,21
BND{2)=NC#*100

1sx1=10

I1SX2=6

ILX=6

DO 190 I=1,N

ABt1)=]

GO0 TO 25

IF(NC-1) 23,23,22
INC=2

BND(2)=INC+}
ISX1=11+INC

1$X2=0

ILX=VI+INC

IF(IZ2) 52452,51

~36-
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AVOL 11702/ 65 PAGE 3

51 BND(1}=1,
ISX1=10+INC
fLX=10+INC
JY=0
DG 55 I=10,N
JY=Jy+i
AB{JY)=LOGIOF(AB( 1))
55 Y(JYr=Y (1)
GO TO 25
52 DO 24 I=1,N
A=1]
24 ABLI1)=LOGIOF(A)
25 CONTINUE
IF(123) 25V,251,250
250 ISY1=]24~-173+10
ILY=1SY1
BND(3)=1Z3
BND(4)=124
251 CONTINUE
CALL ADV FLM(C, 1)
CALL SEL GRD{ISX1,ISY1}
CALL SEL GRD(I1SX2,15Y2)
CALL LBL GRD{ILXy ILY,BND)
CALL PLFILM{M,TEMP ABe—1¢Y¢s—1,BND44,0)
BLAB( 1) =6HCOUNTS
CLAB{ 1)=6HCHANNE
CLAB(2)=6HL NLMB
CLAB( 3)=2HER
CALL WFILM{1,6+BLABy0,30.046.0)
CALL WFILM{O,14,CLAB,0,59.0455.0)
CALL WFILM(0,66yALAB30,61.0,20.0)
CALL LINCNY(62)
105 FORMAT(SH IC=I4,91X,6HSUM OFI4,5K CH =FT7.C)
WRITE OUTPUT TAPE 12,105,ICoN,BCH
CALL LINCNT(63)
WRITE OGUTPUT TAPE 12,1064LCoBMCNyAREA,SIGMA,ADD]
106 FORMAT(S5H (LC=1k,11X, 18HMEAN CELL VOLUME =Fé6.2,
T4H CHy12H SEL. AREA =FT7.0,6Xs11HSTD. DEV. =
2F6+243H CHI9X,s 13HADD-1 TOTAL =F7.0)
107 FORMAT{6X18HMEAN CELL VOLUME =F6.243H CH,
121X13HA00-1 TOTAL =F8.0/
26X20HSTANDARD DEVIATION =F6.2,3H CH,
317X6HSUM OFTU,5H CH =F8.0/
46XTSHSELECTED AREA =F8.0,6H CELLS/
S6X24HCHANNELS USED IN (OMP., =13,3k TOlu}
108 FORMAT(IH ,S5X101I7)
109 FORMAT(1HO16,1017)
110 FORMAT(1H5,10A6,A2)
IF(IX3) ST457,59
ST IFLIX) “40,40,4)
O IF(IY) 59,59,41
41 IX=0
1Y=0
122=0
1X3=1
123=0
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59

26

27

270

28

GO0 TCG 58
CONTINUE

IFCIP) 1,1,26

WRITE OQUTPUT
WRITE OUTPUT
WRITE OUTPUT
WRITE OUTPUT
FORMAT( 1H-)
0@ 27 1=1,10
NM(I)=1
ARITE OUTPUT
M=NC=10+1
14=1

IK=10

DO 270 I=1,N
ICH{I)=CH(I)
DG 28 [=1,M
J=1-1

WRITE OUTPUT
[J=1J4+10
IK=IK+1C

60 ¥0 )

11/02/65

TAPE 94110, ALAB(I),1=1,11)

TAPE 9,111

TAPE 9,107,BMCN,ADDY ,SIGMA,N,BCHyAREA,IC4LC
TAPE 9,111

TAPE9, 108, (NM(1),1=1,10)

TAPE 99109+Jdy (ICH(K) oK=1J,IK)

ENO(140+04090+¢041,05091404C40+0,0)
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50
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101
103
105
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104

108
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APPENDIX 2

oL 11702765 PAGE

THIS PROGRAM IS WRIVTEN TO FIT ONE OR MORE SKEWED GAUSSIANS ToO

CELL VOLUME SPECTRA TAKEN WITH THE CCOULTER COUNTER

PROGRAM COMPUTES ESTIMATES FOR A SINGLE PEAK.

FOR TWO PEAKS THE ESTIMATES MUST BE GIVEN T0 THE PROGRAM,

THE PROGRAM CONTAINS THE OPTION OF FITTING THE DATA WITH NORMAL,

SKEWED NORMAL, OR LOG NORMAL FUNCTIONS

WRITTEN IN JANUARY 1965

DIMENSION ANID(3),CH(100),AH(100) JAMCN(2),IEXS(2),1S15(2),15825(2),
18B(2) ,TEMP(100),AB(100),S(15),BND(4)

DIMENSION Y(100),W(100),YC(100),0Y(1C0)+PGLUO) 4P (LO),SP(HO),
1BMUO 4 1)y X{1,100),B(100),ALAB{T)+BLAB(3),AN(40),PART(4O},
22140) yAM(UO,40),0P(40),PC(40)

DIMENSION PCCL6)oARU2)},PERSI2),PERMI2),PERA(2),SPCL6)

COMMON Y, XsWoZePGyP+SP,YC,0Y,BMoB,AN,WVAR,SSQ,PART,TEST,NIT,IFG
1y IFFyNPK

FORMATS FOR DATA INPUT

FORMAT( [2,213,2A6+AUsA6,12,13,14s13,F5.19F7.0,F5.1,Fka1,4X,511,
1214)

FORMAT(2Xs I11F6.049FT7.0,214)

READ INPUT TAPE 10, 1, 1EXsKS1,KS2,ANID(1),ANID(2) ,ANID(3),DATE,IYR,
INPKy ICH,LCHyCToADD1 s FKyHCT o IFF o IS+IPIFG,1G,1S1,1S2

IF(IYR) 50,50,101

WRITE OGUTPUT TAPE 9,51,151,1S52

FORMAT(21H1 SPECTRUM NUMBER2TU4,44H IS IN DOUBT. THERE ARE T0O
TMANY DATA CARDS.)

GO 1O 100

READ IN DATA CARDS (SHOULD BFE 11 OF THEM)

IF(IG) 102,102,103

IF(IFF-1) 107,105,108

READ INPUT TAPE 1051064 (PG(I)y1=146)

FORMAT(F6.092FB8.2914X4F6.0,2F8.2)

GO Ta 102

READ INPUT TAPE 10, 104,(PG{I),1=1,8)

FORMAT{F6.042FBe2¢FT7429TXsF6.002F8.2,F7.2)

G0 T 102

READ IN ESTIMATES FOR LOG NORMAL FIT

READ INPUT TAPE 10,1064 (PGII)s1=1,6)

CONVERT ESTIMATES

D=PG(2)

A=SQRTF(PG(2)#224¢PG(3)ne2)

B=LOGI0F(A/PG(3))

PG(2)=SQRTF(B)

PGI3)=LOGIOF(PG(3})

D=PG(5)

A=SQRTFI(PG(5)#e2+PG(6)ne2)

B=LOGIOF(A/PG(6))

PG{5)=SQRTFI(8B)

PG(6)=LOGIOF(PG(6))

K==1

READ INPUT TAPE 10+2,1EC, (AH(I),I=1410),JS1,JS2

IF(3S1+3S2-1S1-152) 37,3,37

IF NOY ZERC SERIAL NUMBERS DO NOT CHECK, SKIP SAMPLE

1=1

12=10

DO 6 M=1,10
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K=K+1)
READINPUT TAPE 10,2,1EC,(CHI1),I=11,12},051,452

IF(IEC-K) 39,4,39

IF NOT ZERO CARDS ARE OUT 0OFf SEQUENCE

IF{JS14JS2-1S1-1S2) 3745,37

I1=11+410

12=12+10

IF IS =1, THIS IS SPHERE SPECTRUM, COMPUTE MCN AND STORE

7 IF(IS) 12,12,8

8 J4so=1 i
IFCISONE) 10,10,9

9 Jso=2

10 SMCN=0.

CHS=0.

AMCN(2)=0.

DO 1t 1=30,70

A=1
SMCN=SMCN+A#CH(I)

11 CHS=CHS+CH(I)
AMCN(JSO)=SMCN/CHS
IEXS{JSO)=1EX
IS1S(JS0)1=KS1+1000
1S25(JS0)=KS2+1000
ISONE=1
60 T0 100

12 ISONE =0
COMPUTE MEAN CHANNEL NUMBER
SMCN=0.

CHS=0.

D0 ¥3 I=ICHyLCH
A=1]
SMCN=SMCN+A=CH(T)

13 CHS=CHS+CH(TI)
BMCN=SMCN/CHS
SMCN=0,

CHS=0.
D8 130 1=1,100
A=
SMCN=SMCN+A=CH{I)
130 CHS=CHS+CH(1I)
GMCN=SMCN/CHS
GMCN= MEAN CHANNEL NUMBER CALCULATED FROM ALL DATA POINTS
NCHF=LCH~ICH+]
N=1C0
IF(IFF-1) 133,131,131
133 IK=NPKey
60 To 132
131 IK=NPK#3
132 CONTINUE
M=1
J=ICH-1
DO 14 I=1,J
Wiil}=0.
4 Y(I)=0.
J=LCH+]
D3 15 [=J,100

ownsE
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W(I)=0.
15 Y(I)=0.
TCH=0.
D0 16 I=ICH,LCH
TCH=TCH+CH(T)
W(I)=1./CHIT)
16 Y{I)=CH(D)
SCH=0.
DO 17 1=1,100C
X(1,1)=1
17 SCH=SCH+CH(I)
170 IF(IG) 171,171,119
171 IF(IP-1) 172,172,2010
2010 00 201) 1=1,100
YC(I)=0.
2011 ABLI)=1
GO To 2012
C CALCULATE SIGMA
172 RHM=0.
D3 18 I=ICH,LCH
18 RHM=RHM+Y (1 )# {BMCN-X(1,1))en2
SIGMA=SQRTF(RHM/TCH}
AREA =TCH
IFCIFF=1) 463,463,462
[ COMPUTE ESTIMATES FOR LOG NORMAL FIT
462 D=SIGMA
A=SQRTF(D##2+4BMCN#s2)
B=LOGGIOF(A/BMCN)
SIGMA=SQRTF{(8B)
BMCN=LOGIOF (BMCN)
463 CONTINUE
C ASSIGN ESTIMATES FOR COMPUTATION
C MEAN CHANNEL NUMBER ESTIMATE, BASED ON FITTED CHANNELS
PG(1)=AREA
PG(2)=S IGMA
PG(3)=BMCN
PG(4)=0.2
19 TEST=0.000001
CALL CELLP(MyN,IK)

C WRITE ROUTINE
20 FORMAT(11H) EXPT.13,2A65AM,BXs6HSERIALIS, 1M +6X0sA6,12/7)
21 FORMAT( 34HO SKEWED NORMAL DISTRIBUTIOGN (I1,27H) FIT TG EXPERIM

1ENTAL DATA.//7/177)
152=152+10000
WRITE OQUTPUT TAPE 9,20, IEX,ANID{1),ANID(2),ANID(3)},1S51,1S52,
10ATE, IYR
¥S0 IFCIFF-1) 451,452,454 .
451 WRITE OUTPUT TAPE 9,21,NPK

GO TG u57

452 WRITE OGUTPUT TAPE 9,453,NPK

453 FORMAT(2THO NORMAL OISTRIBUTION (I1,27F) FIT TO EXPERIMENTAL D
1ATAL//717177)
GO TO 456

454 WRITE QUTPUT TAPE 9,455,NPK

455 FORMAT(31HO LOG NORMAL DISTRIBUTION (I1,27H)} FIT TG EXPERIMENT

TAL DAYA.////777)
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456 INK=NPK#3+1]

P{INK)=0.
PG(INK) =0.
SP(INK) =0.
457 CONTINUE

22 FORMAT(76H- INPUT DATA CONSISTS OF 100 DATA POINTS (OR CHANNEL
1S) OF WHICH CHANNELSI3,3H TOIU4,17H ARE USEC IN FIT./
225H COUNTING TIME = T =F5.2, 14H MINUTES LIVE.)
WRITE GUTPUT TAPE 9,22, ICH,LCH,CT

23 FORMAT( 34H~ SUM OF 100 CHANNELS ISI3,14,8H COUNTS.,17X,
119HNUMBER [ITERATIONS =13/34H ADC-1 SCALER RECORDEDI3,
214,8H COUNTS./34H DIFFERENCE [SI7,8H COUNTS.,
317X, I9HWEIGHTED VARIANCE =F6.2//3u4H SUM CHANNELS FITTED

b ISI3,14,8H COUNTS.I17X TTHUNWGT SUM SQUARES/TH ,65X,13HOF DEVIATIO
SNSSX1H=1PE9.2)
ID=TCH=0.0001
D=1D+10000
JO=TCH-0+10000.
IE=SCH=0.0001
D=1E+10000
JE=SCH-0+10000C.
IF=ADD1+0.0001
D=1F#10000
JF=ADD1-0+10000.
JG=SCH-ADD1
WRITE GUTPUT TAPE 9,23, 1E4JE+NIT,IF,JFyJGohVAR,IDyJDyS5SQ
IF(JS3) 29,29,24
24 DO 25 1=1,4S0
25 WRITE GUTPUT TAPE 9,26, IEXS(I)oISIS(I),IS2S5(1),AMCNIT)
26 FORMAT( 46H- MEAN CHANNEL NUMBER COF SPHERE SPECTRUM (12,213,u4H)
1 ISF6.2)
27 FORMAT( 1HO)
K={14-JS0#2)/2
DO 28 [=1,K
28 WRITE OUTPUT TAPE 9,27
GO0 T4 310
29 DO 30 [=1,7
30 WRITE OUTPUT TAPE 9,27

31 FORMAT(68H RBC = CELLS PER CUBIC MILLIMETER = (K/T)(SUM 100
1 CHANNELS) =F6.2419H MILLION, WHERE K =F6.1/11H HCT =F5.1/
211H MCV =F5.1, 154 CUBIC MICRONS.//)

310 RBC=FK/CT#S5CH#0.000001
VCM=10. #HC T/RBC
WRITE OGUTPUT TAPE 9,431,RBC,FK,HCT,VC¥
34 FORMAY{ 1H 71X14He FACTOR = K/T/
T1H TOXV16He# FACTOR = 1.72VH(F6.3,1H))
35 FORMAT(75H~ MEAN CHANNEL NUMBER AS CALCULATED FROM 100 EXPERIM
1ENTAL DATA POINTS =F6.2)
IF(IFF-1) 338,337,336
336 WRITE OGUTPUT TAPE 9,330
[ FORMATS FOR PRINTING LOG NORMAL FITS
330 FORMAT(IHOLIXTO0HLOG NORMAL16X11HTRANSFORMEC20XTOHCALIBRATED/
11H VIX9HPARAMETERUX12HGUESSTIMATES3X13HBEST ESTIMATE,
23X8HSTD «DEV3XV13HBEST ESTIMATE3XBHSTD.DEV.2Xy
313HBEST ESTIMATEIIH (STD.DEV.))
GO TO 339
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337 WRITE OUTPUT TAPE 9,32

Go 76 339

338 WRITE GUTPUT TAPE 9,32

32

FORMAT{ 1HO, 77X, 1OHCALIBRATED/1H 12X9HPARAMETERUX s VIHGUESSTIMATE,
15X+ 26HBEST  ESTIMATE STD.DEV.UX2UHBEST ESTIMATE (STD.DEV.))

339 CONTINUE

420

424

351

352

‘353

333

1=1

NPKL=NPK

DO 36 K=1,NPKL

IFUIFF-1) 424,424,420

CONVERT LOG NORMAL PARAMETERS TO LINEAR PLANE
STD. DEV. CONVERTED ON PERCENT BASIS
CONTINUE

PCClL)=P(1)

SPC(I)=SP(I}

PCCI+1)=P(L+1)

SPCUI+1)=SP(I+1)

PCC(I+2)=P(1+2)

SPC(I+2)=SP(1+2)

PERA(K)=SP(I)1/P (1)
PERS(K)=SP(I+1)/P(1+1)
PERM(K)=SP(1+42)/P(1+2)
PLI42Y=EXPF{(P(I+2)+0.5/0.43L29UsP(141)*e2)/0,.834294)
SP(I+42)=P(1+2)#PERM(K)
AY=2,0#PCC(I1+2)42.0/0.434294«P([+1)wn2
P{I+1)=EXPFIAY/0, 434294 )-P{[+2)#n2
PLI+1)=SQRTF(P(I+1))
SP{I+1)=P(I+1)#PERS(K)

CONTINUE

BEA=P(1)#FK/CT=0,000001
BEAE=SP(1)/P(1)«BEA

IF(JS0) 352,352,351

ASOG=JS0

SAVG={AMCN(1)+AMCN(2))/ASO
COF=50.3/SAVG

GO TO 353

COF=1,

BESD=P(I1+1)%1,72¢COF
BEM=P(1+42)»1,72#COF
BESDE=SP(I+1)/P([+1)=BESD
BEME=SP{1+2)}/P11+2)=BEM

BEC=P{[+3)

BECE=SP(1+3)

IFCIFF-1) 333,334,335

CONTINUE

WRITE OGUTPUT TAPE 9+334KyPGUI),PUI)4SP({I),BEA,BEAE,PG(I+1),P(I+1),
1SP(I+1),BESDyBESDEWPG(I42),P{1+42)4SP(1+42),BEM,BEME,PGLI+3)},P(1+3),
2SP(1+3) 4BEC,BECE

33 FORMAT( 10HO PEAKI2,TH AREAGXFT .0y UX3HCTS5XFT.049XF5.0,7TXF54.2

33y

Yo2H (F5.3,14H) MILLION #/1H T4X4HS.D.TOXF5.295H CHS9XF5.2410X,
2F5.3)4XF5.292H (FS.3,15H) CU MICRONS se/

3TH TUXMHMEANTOXFS5.2,5H CHSIXFS5.2410XF5+343XF6.2,2H (F5.3,15H) CU
YMICRONS w»w/

STH TUXUHSKEWTIXFS 3, TUXFS L3, 9XF5.3,5XF5.3, 1H{FS.3,1H)//)

GO T3 340

WRITE OUTPUT TAPE 94332,KsPGLI)4P(I},SP{I)4BEAJBEAE,PGI{I+T1},P(I+]),
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19SPU{I+1),BESDsBESDEPGII+2),P(1+42),SP({1+2),BEM,BEME

332 FORMAT{ 10HO PEAKI 24 TH AREAGXFT .04 4X3HCTSSXFTo099XF5.0,7TXF5.2
192 (F5.3,14H) MILLION *=/1H VTUXBHS.D.V1OXF5.2,5H CHSIXF5.2,10X,
2F5.3,44XF5.242H (F5.3, 15H) CU MICRONS #s/
31H TUXUHMEANTOXFS5.2,5H CHSOXFS5.2,10XF5.3,3XF6.242H {F5.3,15H) CU
HMICRONS ==//)
GG TG 340

335 WRITE GUTPUT TAPE 94331,K,PG(I)}4PCCUI)sSPCII),P(1),SP(I),
I1BEAJBEAEPGII+1),PCCII+1),SPCITI+1)4P(I+1),SP{1+1),BESD,BESDE,
2PG{I+2) 4PCC(I42),SPCII+2)4P{1+42),SP(1+2),BEM,BEME

331 FORMAT{10HO PEAKI2,6H AREAOGXFTo0,4X3HCTS3XFT7.0,
18XFS5¢09 TXFTe0yBXF5.0,5XF54242H (FS5.3,14H) MILLION ./
21H 13XUHS D 10XFOe394H CHSTXF6.3+8XF543+8XF5.2,
39XF5.30F7.2¢42H (F5.3515H) CU MICRONS es/
4TIH V13XUHMEANIOXF5.245H CHSTXF5.2+9%XF5.3,8%F5.2,
59XF5e3,F7.292H (FS5.3415H) CU MICRONS #e//)

340 IF(IFF-1) 360,361,361

360 I=I+4
GO0 10 36

361 [=1+3

36 CONTINUE

WRITE OUTPUT TAPE 9,34,COF
WRITE OUTPUT TAPE 9,35,GMCN

GO T0 200

37 WRITE OGUTPUT TAPE 9,38,151,152

38 FORMATI( 66HISERIAL NUMBER ON FIRST CARC DOES NOTV AGREE WITH I.
1D. CARD, SERIALIS,I4,43H, SPECTRUM SKIPPED AND COMPUTATION RESUMED
2.)
GO TO 41

39 WRITE GUTPUT TAPE 9,40,1S1,152,1EC

40 FORMAT( 19H1 SERIAL NUMBER 214,28H , CARD OUV OF ORDER, NUMBERI

12,42HySPECTRUN SKIPPED AND COMPUTATION RESULMED.)
41 READ INPUT TAPE 10y 1,1EXsKSV1,KS2,ANID(1)4ANID(2),ANID(3),DATE,IYR,
INPKy ICHyLCHyCToADD T o FK oy HCT o IFFo ISy IPIFG,1Go 151,182
IFCIYR) B1,41,101
[# PLOT ROUTINE
200 DO 201 I=1,N
Z{)=x{1,I)
IF(IFF-1) 403,404,405
403 CALL YPI(YT,IK)
GO Td 407
LOU CALL YP2 {YT,IK)
GG TO 407
405 DO 406 ICI=T1,NPK
P{3#1CI-2)=PCC{3=ICI-2]}
P(3+ICI-1)=PCC{3sICI-1)
406 P(3+ICI)=PCC(3«ICI)
CALL YP3{YT,IK)
407 CONTINUE
YC(D)=YT
201 AB(I)=I
2012 s{1)1=5.0
$(2)=10.0
S(31=20.0
DO 202 I=4,13,3
StI)=stI-3)+1¢C.
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S{I+1)=S(I-2)el0.
202 S(I+42)=S(I-1)=10,
BND(1)=0.
BND(2)=100.
BND(3)=0.
CALL MAX3(Y,-1,100,IPX,CHMAX)
DO 205 I=1,15
IF(CHMAX-S{1)) 204,204,205
204 BND(W)=S(1)
GO T@ 206
205 CONTINUE
206 CALL ADV FLM(O,1)
CALL SEL GRD (646)
CALL LBL GRD (6,6,8ND)
CALL PLFILM(100,TEMPyABy~1,CHy-1,BND,38,0)
CALL PLFILM(100,TEMPsAB,—1,YC,-1,BND,42,1)
AB{1)=ICH
AB(2)=LCH
BB{1)=CH(ICH)
BB{2)=CH{LCH)
CALL PLFILM(2,TEMP,ABy~14BB,~1,BNDylUk,0}
CALL PLFILM(2,TEMP,AB,~-1,8B,~1,BND¢63,0)
ALAB( 1) =6HCOUNTS
BLAB( 1) =6HCHANNE
BLAB{2)=6HL NUMB
BLAB({ 3)=2HER
CALL WFILM{1569ALAB+0430.096.0)
CALL WFILM(O,14,8LAB¢0+59.0455.0)
CALL LINCNT(61)
WRITE OUTPUT TAPE 12,212,1EX,ANID(1) ,ANID{(2),ANIC(3),1S1,152,
1DATE, [YR
CALL LIN CNT (62)
IF(IFF-1) 341,342,343
3471 WRITE GUTPUT TAPE 12,344
344 FORMAT{ 90Xy 26HSKEWED NORMAL DISTRIBUTION)
GO YO 347
342 WRITE QUTPUT TAPE 12,345
345 FORMAT(90X, 19HNORMAL DISTRIBUTION)
GO T0 347
343 WRITE OUTPUT TAPE 12,346
346 FORMAT(90X,23HLOG NORMAL DISTRIBUTIOGN)
347 CONTINUE
CALL LINCNT{(63)
WRITE GUTPUT TAPE 124207y ICHyLCH
CALL ADV FLM(O, 1)
207 FORMAT(27Xy8HCHANNELSI3,3H TOIW,20H USED IN COMPUTATION)
208 CONTINUE
PRINT ROUTINE
IF(IP=-1) 100,209,100
209 WRITE OGUTPUT TAPE 9,210
210 FORMAT{6IHY CHANNEL WEIGHT EXPERIMENTAL CALCULATED DIFFE
1RENCE /M 5H NUMBER FACTOR DATA DATA//)
WRITE GUTPUT TAPE 99211, ((1+W(I)oCH{I),YC{I),DY(1)),1=1,100)
211 FORMAT(I10,F11.5,F12.0,F13.0,F13.1)
212 FORMAT({VIH EXPT.I3,2A69AUBX 6HSERTALISy U 6X4A6412//)
G3 10 100
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END{140,0,0¢05041404,0+1,0¢0+0,0,0)

-46-



CELLP 11702/ 65 PAGE 1

SUBROUTINE CELLP(M,N,IK)

DIMENSION Y(1CO),W(100),YC(100),DY{100),PG(40),P(4O),SP (O]},
18M(U0,41),X(1,100),B(100),ALAB{1),BLABL3),AN{U0),PART(LO},
2L(40)4AM(40,40),0P(40),PC(LHO)

COMMON Y XsWysZoPGoPySPsYC DY BMyB AN, WVAR, SSQePART,TESTHNIT,IFG

1, 1FF,NPK
IM=0

1TS=0 PPAKO26
IHSP=0 PPAKO27
M25C=0 PPAKO28

1125 CONTINUE
SENSELIGHT 0 PPAKO33
VAR = 0.0 PPAKO3Y
$S = 0.0 PPAKO3S
LIES=0 PPAKO 36
1100 DO 1101 [=1,IK PPAKD37
DP(1)=0.0 PPAKO38
PCLI)=PG(I) PPAKO39
BM(I,1) = 0.0 PPAKOLO
SP(1)=0.0 PPAKOYI
1101 P(1)=PG(I) PPAKOW2
LIT = 0 PPAKOY3
LIE = O PPAKOUY
51 LICK = 0 PP AKOST
K=1K-IM PPAKOSS
1103 17=0 PPAKOS9
KP=K+1 PPAKO60
IF(K) 1102, 11011,11032 PPAKOG
11011 LIES = 1 PPAKOG62
GO Td 11087 PPAKOG3
11032 DE1108I=1,K PPAKOGY
DO1108J=1,KP PPAKO6S
IF(J-KP)1104,1105,1105 PPAKOGS
1104 AM(1,0)=0.0 PPAKOGT
1105 IF(I+41-J11106,1107,1106 PPAKO6S
1106 BM(I,4)=0.0 PPAKOG69
GOTG1108 PPAKOTO
1107 BM(I,J4)=1.0 PPAKOT
1108 CONTINUE PPAKOT2
H = 1.0 PPAKOT3
IT=17+1 PPAKOTY
11087 DO21122L=1,N PPAKOTS
DG 11084 J = 1, M PPAKOTS
11084 Z{J) = X(JeL) PPAKOTT

66 IF(IFF-1) 407,408,409
407 CALL YPIU{YT,IK)
GO TO 410
408 CALL YP2{YT,IK)
GG 70 410
409 CALL YP3(YT,IK)
410 CONTINUE

11085 IF(LIES)11086,11086,1115 PPAKOT9
11086 JACK=0 PPAKOBO

DO9003JUK=1, IK PPAKOSB1
9002 JAKE=JUK-JACK PPAKOBS

~47-



CELLP

AN(JAKE) = PART(JUK)}
9003 CONTINUE
1115 YCtL) = YT
OY{L) = Y(L) = YC(L)
IF(LIES)21116,21116,301107
31117 VAR=VAR+W{L)®*DY(L)»=2
SS=SS+DY(L)#s2
68 T4 21122
6 IF{K)1102,21122,1117
7 0011221=1,K
00 1122 J=1.+KP
IF(J-KP)1118,1119,1119
1118 AM(I,J) =AML, J) +AN(I)=AN(J) =W (L)
G0 1O 1122
1119 BM(I,1)=BM( I, 1)+AN(I)#DY(L)®W (L)
1122 CONTINUE
21122 CONTINUE
vV = 0.0
D3 60 L = 1N
60 V = V + WIL) #DY{L) #e2
IF (LIES) 21128, 21128, 1153
21128 IF (K - 1) 2%129, 21129, 31123
31123 0031124 J=24K
JIG = J - 1}
DO 31124 1=1,JI6
31124 AM(J, 1) = AM(I,J)
21129 IF (K) 1102, 1123, 11221
11221 IF(SENSELIGHT1)1123,11251
1123 SENSELIGHTI
IF (K) 1102, 1152, 21123
21123 CONTINUE
11251 IF(LIE) 1102, 6000,7000
6000 KT = 1
GO TQg 8000
7000 KT=KP
8000 IF (K - 1) 1152, 3000, 4000
3000 DET = AM(1,1)
BM{1, 1) = BMIT, 1)/7AM(1, 1)
BMI{1,2) = 1.0/AM(1, 1)
GOTa1131
4000 CALLLEQDU{AMyBMyK,KTy40,40,0D€ET)
c CHANGES FOR 7090...
1131 IF{SENSELIGHT1)1132,1133
1132 CONTINUE
SENSELIGHT ]
1133 Juk = 0
De 11351 1=1,1K
14332 CONTINUE
11343 JAKE = [ - JUK
IF(IFG-1)27002, 22353, 6661
27002 IF(1T-5)6661,6661,22353

6661 DP(I) = BM{JAKE, 1)
16666 PC(IY = PLI) + He oP(I)
C CHANGES FOR 7090...

IF{SENSELIGHT 1) T777,26666
26666 IF(IFG-1)27000, 11351, 6667
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PPAKOB7
PP AKO90
PPAKO9I
PPAKD92
PPAKO93
PPAKO9Y
PPAKO9S
PPAKD9S
PPAKO9T
PPAKO9S
PPAKO99
PPAKI00O
PPAKIO1
PPAKIO2
PPAKIO3
PPAKIOH
PPAKI10S
PPAKI06
PPAKIOT
PPAKYOS8
PPAK109
PPAKIO
PPAKITI
PPAK1IT2
PPAKIN3
PPAKI 1L
PPAK115
PPAKITS
PPAKINT
PPAK1II9

PPAK126
PPAKI27
PPAK128
PPAK]29
PPAKI30
PPAKI3I
PPAK132
PPAK133
PPAKI 34
PPAK135
PPAK136
PPAKI3?

PPAK139
PPAKILO
PPAKYILY

PPAKIY4G
PPAKTNT
PPAKILB
PPAK1L9
PPAKI50
PPAKIST
PPAKIS52
PPAKI153
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27000
7177

6667
6668

11351

22353
13000
11341
11342

12352

1139
1140
1142
11%5

11451
11452
11ub

1147
1148
1149

1150
11501

1151
29768
11512

1152

1153

21154
21998
13002
13004
21155

1158

IFLIT-5)6667,6667,11351
SENSELIGHT
607611351
IF(P{1)=PC(1))6668,11351, 11351
H = H/2.0

IF {H - 0.0000000001) 12352, 16666, 16666
CONTINUE
GO0 TG 1139
IF(IT-25)6661,6661,13000

IvS=1T

IF(ABSF(DP(1)) - ABSF{BM{JAKE,V1)))11342, 11342, 6661
H = H/2.0
IF(H-.0000000001112352,6661,6661
IHSP=1
GOve1102
IF(SENSELIGHT1)1147,1140
Garo11u2
NIT=IT

JERK = 0

DG 1146 I = 1,IK

IF (PCTY)Y TIW51, 11452, ¥145)
IFCABSF((PCLI)-P(I))/P(1})- TEST ) Mlu6, 1146, 1148
JERK = JERK + 1

CONTINUE

IF (JERK - IK) 1147, 1148, 1148
SENSELIGHT]

LIE = 1

M25C=1

DB1TUIT=1,IK

P(I)=PCLI)

IF (LICK) 1102, 1150, 1152
IF{SENSELIGHT1)11501, 1151
SENSELIGHTI
LICK = 1
1F(M25C)29768,29768,11032
IF(IT-25311032, 11512, 11032
SENSELIGHT 1

1T=0

IT$=26
GO Yo 1147

VAR=0.0

$§=0.0
LIES = 1

G@ 10 11087

DF=N-K

10F=N~K

IF(K) 1102, 21155, 21154
CONTINUE
IF(ITS) 13062, 13004, 13002

IT=17S
NIT=IT

WVAR = VAR/DF

$SQ = S§S

JACK = O

DO 21160 I = 1, 1K

JAKE = T - JACK
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PPAKISkK
PPAK155
PPAK156
PPAK1I57
PPAK158
PPAK159
PPAKI6]
PPAK162
PPAK163
PPAK16L
PPAKI6S
PPAK166
PP AKIST
PPAK168
PPAK169
PPAKITO
PPAKITY

PPAKITS
PPAKITY
PPAKIBO
PPAKIB]
PPAK182
PPAK183
PPAKI8H
PPAK185
PPAK186
PPAK1BT
PPAK188
PPAK189
PPAK190
PPAKI9}
PPAK192
PPAKI93
PPAKI9Y
PP AKYIIS
PPAK196
PPAK19T
PPAK198
PPAK199
PPAK200
PPAK201
PPAK202
PPAK203
PPAK204
PP AK205
PPAK206

PPAK213
PPAK21Y

PPAK216
PPAK217
PPAK218
PPAK219
PPAK224
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J = JAKE + 1 PPAK22S

1159 SP{1) = SQRTF{BM(JAKE,J)*HVAR) PPAK226

21160 CONTINUE PPAK229

1102 SENSELIGHT 0 PPAK230

IF{IHSP)22100,22108,22100 PPAK231

22100 WRITEGUTPUTTAPE9,22102 PPAK232
22102 FORMAT{TSHITHE PROGRAM QUIT ITERATING SINCE THE PARAMETER(S) INSIS

XT ON CHANGING SIGNS) PPAK23Y

22108 RETURN PPAK235

END(14090¢090+04190+041,0,0,0,0,0)
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SUBROUT INE YPI(YT,IK)
SUBROUTINE YP1 IS FOR SKEWED NORMAL CURVE
DIMENSION Y{1CO),W(100)},YC{100),DY(1C0) ,PG(UO},P(LO),SP(40Q),
1BM{40,41)eX{1,100),B{100),ALAB(1),BLAB{3),AN(U0),PART(4O),
2Z(40) yAM(LO,40),DPLUO),PCLLUO)
COMMON Yy XsWeZyPGoyPySPaYC oDYBMyBsANs WVAR, SSQPART,TESTHNIT,LIFG
1y IFF 4 NPK
3 ¥7=0.
P(4I-3)= AREA, P(4I-2) = STANDARD DEVIATION,
PluI-1) = MEAN, P{4I) = COEFF OF SKEWNESS
XX=1./S5QRTF(2.2#3.1415926)
6 IND=LK/4
10 DA16J1=1,1IND
T1=P(4uJ1-3)aXX/P{UnJ1-2)2EXPF{~0.5%
X{Z-P(LeJ1-1)) a2/ (P{lhay)1=2)ne2))
T2=(Z-P(4#J1=-1))/P(4eJ]1=-2)
T3=(2-P(uaJl-1))%a3/(P{Un)1-2)8s3)
TU=T2xa2
YT=YT+T1a(1.-P(42)1)0.5#T2(}.~(TU/3.)))
PART({4sJ1-3)=T1/P{unJ1-3)e(1.~P(UsJ])u0.5e
X{T2-T3/73.))
PART(4#J1-2)=T1#((-1./P(4sJ1-2))e{1.-P(UxjT1)20.5
XeT2+P (4#)1)aT3/6.)4T2202/P(4a)1-2)0(1.-PlUeJl)
X#58T24T38P(U4eJ1)/6.1+P(LnJg1)w0.50T2/
XP{lng1-2)-P(42J1)=0,5#T3/P({UeJ1-2))
PART(4=31-1)=T1(T2/P(4eyl-2)8{1.-0.52P(4=J1)
X#(T2-T3/3.))40.5#P({4uJg1)/P(UeJ1~2)-0.5«
XP(ue)1)w(Z-PlusJ1-1))»e2/P(4ug)~2)na3)
16 PART(U®*J1)=T1a(~-0.5#(T2-T3/3,))
4 RETURN YPGO7
END{14040+0904041,040419040,0,0,0)
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SUBROUTINE YP2({YT,IK)}

C SUBROUTINE YP2 IS FOGR NORMAL CURVE
DIMENSION Y(100),W(100),YC{100),DY{1CO)PG(UO)4P(BO)},SP(U40),
18M{4%0,41),X(1,100),BLT100),ALAB(1),BLABI3),ANIN0) ,PARTILO),
2Z(40) AM(40,40),DP(40),PC{40)
DIMENSION G(u4)
COMMON YoXoWoZoPGyPoSPoYC,0YBM;B,ANyNVAR,,SSGQyPART,TESTNIT,IFG
1y IFFyNPK
YT7=0.
DO & I=1,NPK
G{I})=(0.3989423«P(32]-2)/P(3a]-1))eEXPF{-0.54({{Z{V)=P(3%]})
1/P{3%1-7))ue2)
YT=YT+G(])
PART{3#1-2)=G{I)/P(3%]-2)
PART{3#1-1)=(({2(1)=P({3%[))ee2/(P(30]=~1))ue3)
1-(1.0/P(321=-1)))eG(1)

4 PART(3#1)=(({Z(1)~-P(3#1))/(P(3e[-1})un2))aG(])

RETURN
END(1904090,0,0,140¢04150,0,0,0,0)
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SUBRGUTINE YP3(YT,IK)
C SUBROUTINE YP3 IS FOR LOG NORMAL CURVE
DIMENSION Y{(100),W{100),YC{100),DY(1CO)+PG(40),P{40)},SP(LO},
IBM{UO,41)4Xt1,100),B(100),ALAB(1),BLAB(3),AN{4O)},PART(40),
2Z(40) yAM{4O,40),DP{40),PCLO)
DIMENSION G(u4)
COMMON Yo XyWoeZoPGyPySP,YC,DYsBMyB,AN,WVAR,SSQ,PART,TESTNIY¥,IFG
1, 1FF,NPK
YT=0.
DO 4 I=1,NPK
LLOG=LOGIOFIZ( 1))
G{I)= 0.398942320.U3429U52P (3] =2)/P(3%1-1}/2(1}»
TEXPF(-0.5#({ZLOG-P{ 3o ) }/P(3w]l~-1))nn2)
YT=YT+G (1)
PART(3#1-2)=G(1}/P(3%]-2)
PART(3#[-1)=(((2ZLOG-P(3#]))ne2/(P(38]=-1))ne3)
1-(1.0/P{3e[-1)))=G(I)
4 PART(3#1)=(((ZLOG~P(3=1)})/(P{3%]~1))en2))=G(])
RETURN
END(1,0,0,04040,1,0+041,0,0,0,0,0)
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