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PREFACE

My dictionary defines a "chronology" as "any tabulated arrangement of
events of historical or scientific import, in the order of the time of their
occurrence.,” And that is just what is included in this publication. It
has been assembled as a personal source of reference (to replace one file
drawer of manila folders) with the hope that other HP-41C users and program-
mers can profit from my learning experiences.

The calculator programmer who anticipates that others will use his
program normally tries to make it "user-friendly", but he frequently over-
looks making the how-to-use instructions (i.e., the "write-up") user-friendly.
The search for a simple, understandable, and useful general format for pro-
gram documentation and instruction is the underlying thread that bonds this
chronology; a project which began very innocently in late 1979 when the
APPRAZ program was conceived and written.

The author recognizes and acknowledges: Richard J. Nelson (founder
and driving force behind the PRC organization) and the contributors to the
PPC Calculator Journal* for publishing various inspirational programming
techniques; Linda S. Hampton for typing many of the program descriptions;
my wife, Carolyn, for continuity typing and program listing and assembly;
and my son, Ted W. Beers, for constant and reliable programming advice and

for providing dialogue which enabled the fine-tuning of ideas and concepts.

*Published by Personal Programming Center, PPC, 2545 West Camden Place,
Santa Ana, CA 92704.
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INTRODUCT ION

This chronology is meant to be used as a learning device for novice
HP-41C programmers and for direct use by certain 41C owners who can apply
specific programs. In either case, the reader should be aware that the
programs differ in styles, and, to a certain extent, in sophistication
as the chronology develops. Therefore, since the author was learning with
time, certain earlier programs would not be written the same, had they been
undertaken at a later date (experience does help!). In order to preserve
the sense of chronological development, yet provide an opportunity for
modest refinement, the program as originally written is presented, followed
(in most cases) by a section titled "Retrospective Comments Regarding...."
This section was written in the summer of 1982 during which time the author
tested and evaluated each program. As a result of the foregoing comments,
it is recommended that the "Retrospective Comments" section (if present) be
read by the user prior to the serious use of any program.

Although every attempt was made to eliminate technical, programming,
and typographical errors, surely a certain number still exist. If these
surface and cause major problems or concern, the author would appreciate
being made aware, so that other users can be informed.

For those who desire the programs in mini-cassette tape form for use
with the HP-82161A cassette drive, a complete assembly, called KRON-1, can
be purchased. Presently, no barcode, magnetic card or disc copies of indi-
vidual programs are available; however, this decision may change as tech-
nology advances. OCurrent prices and availability can be obtained from the
author, Department of Forestry and Natural Resources, Purdue University,
West Lafayette, IN 47907, phone (317) 494-3598 (office) or (317) 463-0807 (home).
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Number* _Name = Page

1 APPRAZ
2 CRUZ
5 MIL3

13

25

40

ANNOTATED DIRECTORY OF PROGRAMS

Purpose and Special Notes

To calculate and summarize timber volumes by
species and log grade; additionally, numbers of trees
by species and DBH class are summarized as are number
of logs by species. Grand total volume, number of
logs, and number of trees are also provided.

NOTES:

1. The use of a compact data input format to
save keystrokes is worth noting.

To process inventory data from fixed-size or
horizontal point samples, where the tallied data are:
species, tree DBH (diameter breast high), number of
logs, and, optionally, soundness. Per-—acre and total
tract summaries are provided for volume, basal area,
and number of trees, by species and overall. Per-
acre and total estimates by DBH classes are provided
for volume and number of trees. A statistical
routine estimates the mean, standard error, percent
standard error and .95 confidence intervals for
volume and basal area.

NOTES:
1. Compact data input as in APPRAZ.

2, The processing part of the program demon-
strates that, with very minor differences,
one can handle fixed-size plots, horizontal
point sampling, and 100% inventories.

To provide on-the-spot solution of the following
expression of sawmill "profit margin" using the
formula:

6
margin = ) (lumber tally); (V;) - log value - sawing
i=1 cost,

where log value
sawing cost

Vi

(log grade value) (log scale)
(cost per minute) (sawing time)
value for various lumber grades;

and to accumulate log scale and lumber tally by
various species and grade classes, as well as total
margin and sawing times for an indefinite number of
logs.

*For brevity, only the last digits of the full number (41F001, 41F002, etc.)

are given,
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Number _Name  Page

7

SINDEX

60

68

Purpo d i otes

1. A multiple register clear routine (label
MRC) is used to clear a block of registers.

2. A special routine is used to facilitate the
loading of the necessary numeric constants
and species names (label LOAD).

3. Facility is provided, at the user's discre-
tion, to automatically process keyed-in data
without pressing R/S (label F22).

4., Program listing in TRACE printer mode, to
facilitate documentation, is included.
To replace tables and graphs in U.S. Forest

Service NC-54 publication. Provides forward or

b2 b
inverse solution of H = b,S(1-e © )~3 for nine
species-specific sets of % 's (stored in memory).

NOTES:

i

1. Although present in previous programs also,
the practice of "clear flag 29 in the
presence of FIX 0" to eliminate decimal
points after integers, is clearly evident.

2. Using a negative species code input as an
indicator that a "reverse solution" is
desired is employed; in this way, the height
equation is solved backwards to obtain site
index.

To calculate log volumes by Doyle, Scribner,
Int. 1/4-inch, Int., 1/8-inch rules and cubic content
by Huber, Smalian, and Newton formulas — United
States or Metric units.

NOTES:
1. Metric or U.S. units input and output are
readily handled as is output conversion from
one to the other.

2. Order of output can be reversed by setting
flag 00.
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3. An algorithm was developed specifically for
this program to calculate board-foot volume
by International 1/8-inch rule.

4, A "stop-pause" subroutine was used (label
SP) to enable pause only between answers
when flag 01 is set.

9 RANCHEK 84 To evaluate a random number generator (RAN) by
simulating the rolling of one die a user—determined
number of times. The numbers of 1's, 2's, . . ., 6's
are tallied and displayed, as are the calculated chi-
square value, sample mean, and the bias in % (devia-
tion of mean from the true: 3.5).
NOTES:

1. The random number generator used, based on
an algorithm developed by Don Malm, is quite
adaptable to 3P (probability proportional to
to prediction) sampling, since it generates
integers uniformly in the range 1 to an
arbitrary N __.

2. An alternative to watching the "goose"
traverse the display during a long running
program is used: the alpha string
"*GENERATING*" fills the display while the
number generation is in progress.

3. The use of ISG, DSE, and indirect addressing
in the same loop (label 03) constitutes a
good demonstration of the use of these
concepts.

10 INMULT 95 Tbncalculate, display and print values of
(1 + 1) for arbitrary values of interest rate
(i-= LQLQ) and years (n). Two options are provided:

100

a. "Single" solution for specific rate, r, and
range of years from 1l ton___.

b. Semi-automatic or automati® Solution for
specified ranges of r and n, using specified
intervals.

1. The use of the HP-41C to generate sedgments
of "math tables" is exemplified.
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2. User—defined "control numbers" are input to
enable automatic solution, display and
printing for a range of interest rates and
years,

3. A function such as SIN is used after AVIEW
to achieve a rapid pause and display of an
"identifier".

4., Program listings in all three printer modes
are included.

Programs 11 through 16 were written to complement and expand the outline
published by W. D. Shepperd in U.S. Forest Service Gen. Tech. Report RM-76.

11 SLOPE 105 To calculate the horizontal distance and,
optionally, the vertical rise from a given slope
distance and slope angle in percent, degrees (flag 0l
set), or topographic units (flag 02 set).

12 BA 109 To calculate tree basal area in square feet from
a keyed-in diameter in inches or vice versa (with
flag 01 set) and to summarize a series of such
calculations, providing the arithmetic mean diameter,
the arithmetic mean basal area, the quadratic mean
diameter, the number of entries and the sums and
standard deviations of both digmeter and basal area.
Metric output (basal area in m”, diameters in cm.)
from similar input, can be obtained with flag 02 set.

NOTES:

1. Use of BA demonstrates that one program can
be used as a conversion routine and, if the
user desires, a summary processor to provide
various average statistics.

2., The use of negative input for a normally
positive variable to set a flag and cause
inverse calculations (conversion of basal
area to diameter in this case) is worth
noting.

13 TH 116 To calculate tree height when horizontal
distance is not measured and the clinometer will not
read directly. Therefore, tree height is calculated
from keyed-in angles to tree top and base, and slope
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distance. Provision is made for angles in percent,
degrees (flag 01 set), or topographic units (flag 02
set).
NOTES:

1. The TH program provides reminders regarding
flag settings, making use of the AVIEW, SIN
sequence of instructions to provide a quick
pause.

14 NTEST 123 For a keyed-in preliminary sample of Xi this
program will calculate and display the preliminary
sample size, n_, sum, mean, standard deviation,
standard error; variance, and coefficient of varia-
tion. After an arbitrary allowable error is keyed-
in, the sample size, n, required to achieve this
error is calculated and displayed. An infinite
population is assumed but the finite case can be
handled by setting flag 00.

NOTES:

1. NTEST provides a way of calculating the
basic statistics for a sample assumed to be
from an infinite population and the process-
ing speed is very fast; thus it can be used
as an efficient alternative to the r+ key
and MEAN, SDEV functions. Furthermore, the
sample size required for given requirements
is simply obtained.

2. A simple adjustment formula is used to
obtain the required sample size if the popu-
lation is assumed to be finite,

15 GCAL 131 Angle gauges used in horizontal point sampling

are "calibrated," or sometimes designed or assembled
making use of the functional relation between basal
area factor of the gauge, F, width of a sighting bar,
W, and distance, D, from eye to "target." This
program solves the relationship for any one of the
three variables, using the other two as input; the
determination of the basal area factor of wedge
prisms is also possible. The use of metric units is
enabled with flag 00 set.

1. Optional conversion of the basal area factor
answer to or from metric units by pressing
R/S is provided.
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16 PSFIELD 136 To solve certain problems relating to field
application of horizontal point sampling. For a
given basal area factor F, and if needed, tree DBH,
D, and a measure of slope, one can obtain: (a)
horizontal distance multiplier; (b) limiting horizon-
tal distance; (c) limiting slope distance; (d)
calibrated tape mark to hold; (e) tree factor; (f)
associated plot area; (g) a borderline tree check, if
actual distance to the tree is provided; and (h) a
boundary overlap correction "weight," given the
distance to boundary.

Slope can be expressed in percent, degrees
(flag 01 set), or topographic units (flag 02 set).
The technique for slope correction is assumed to be
the variable gauge angle approach (see Beers, Jour.
For. 67:188-192); however, with flag 00 set, the
constant gauge angle technique is assumed., The
entire program can be "made metric" by setting flag
03.

NOTES:

1. PSFIELD is an example of a program which is
too diverse to be of much practical value
except for educational purposes.

17 SSRS 148 To summarize data from either a simple or
stratified sample, obtaining within stratum and over-
all estimates of the mean and standard error and,
optionally, user-specified confidence intervals and
other sample statistics. Provision is made to use or
not (flag 00 set) a finite population correction.

NOTES:

1. SSRS was written to remove the tedium from
processing data from a stratified random
sample. Since each stratum sample is
considered a simple random sample, data from
this design can also be analyzed.

2., Initial reminders are skipped by setting
flag 03 once familiarity with the program
is gained.

18 LR lel To provide simple linear regression calculations
which simulate the L.R., y, and r keys found on the
HP-34C, HP-11C and HP-15C. Specifically, one may
readily calculate the following, for X and Y data
summarized by the 5+ key:
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a, the Y-intercept

b, the slope of the least-squares fitted line
b', the slope assuming the line is forced

through the origin

L the simple correlation coefficient

r“, the coefficient of determination

t_, the calculated t to test the hypothesis
of zero correlation
Y, a predicted value of Y for any keyed-in X

Additional statistics such as confidence interval
estimates and standard errors can be calculated using
the program SLR (Program No. 41F019) but for brevity
(96 program steps, 176 bytes, one magnetic card) only
the listed items are included in "LR".

19 SLR 168 To extend the simple linear regression calcula-
tions achieved by "LR" (Program No. 41F018) to
provide, for ungrouped X and Y data summarized by
the ¢+ key:

(1) a, b, b', r, r2, t_, and ¥ (see LR program) ;
(2) standard errors: vx! Syt Spr Spri
(3) confidence interval”estimatesS assuming
mean Y and assuming individual Y for
given X ;
and (4) Student's £ to test the following
hypotheses:

. = . = el =
O e O 0’ Hoc B o’ Hoc 8 lo

(¢}

1. SLR was written much later than its position
in the chronology indicates, therefore the
format of the write-up is practically "the
latest."

2. Care was taken to make the program "printer
compatible" and an automatic print-out mode
(flag 00 set) is provided.

20 MSLR 184 MSLR is a steering program to be used in con-
junction with SLR (Program No. 41F019) to accommodate
ungrouped, grouped, or weighted data and to extend
the prompting, correction, and/or deletion capa-
bilities of that program. With the insertion of
appropriate subroutines it is anticipated that MSLR
can also be used to transform the input data and
achieve linear approximations to certain non—linear
models.
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VOL17

MG78

202

213

Purpose and Special Notes

1. As with SLR, MSLR was written later than its
position in the chronology indicates.

2. Detailed examples of ungrouped and grouped
cases are provided with printer output.

3. The deletion of data sets, purposefully or
to correct for a keyboard error, is provided
for and described in detail.

To demonstrate the capacity of the HP-41C to
solve a non-linear volume estimation formula using 17
different sets of regression coefficients. The basic
form of the equation is:

b b, b

_ 2 4 °5
V—bo+b1D +b3D H
where, V = board foot volume, Int. 1/4" rule
D = tree DBH
H = tree merchantable length
bi = species unique coefficients developed by

the U.S. Forest Survey (refer to U.S.F.S.
Research Note NE-271, or parts F and G)

Provision is made in the program to obtain volume
totals by species if desired and printed output is
provided if the HP-82143A printer is attached.

NOTES:

1. This program makes use of 102 regression
coefficients and 17 species groups names,
which can be routinely loaded into the
proper registers from magnetic cards. When
used with the printer, the user is
appropriately prompted to load the data
(from cards) using the RDTAX command.

To provide an alternative to the usual "volume
table look up" procedure for individual tree volume
determination in board feet by International 1/4
inch, Scribner, and Doyle log rules. The tables
obviated by this program are the Form Class 78
tables described by Mesavage & Girard (Tables for
Estimating Board-Foot Volume of Timber, U.S.F.S.)
using the estimation equations developed by Wiant and
Castaneda (Resource Inventory Notes, BLM, March,
1977) . Wiant claims agreement with the tabular
values within + 3 percent, for 99, 94 and 97 percent
of the cell values for the three log rules,
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NOTES:

1. MG78 makes use of an audio signal to
identify answers; for example, if all three
log rules are solved (label A), the standard
beep implies Scribner rule, successive tones
9,7,9,7 implies Int. 1/4" rule, and succes-
sive tones 7,9,7,9 implies Doyle rule,

2. An "adjustment routine" is used to calculate
volumes for form classes other than 78, but
this is simply 3% for each class unit
removed from 78. This 3% rule is an
approximation and should be used with
discretion.

23 MYERS 222 To provide a convenient calculation procedure to
be used instead of the set of 14 tables of upland
hardwood weights and volumes summarized by Myers,
et al. (U.S.F.S. Gen. Tech. Rep. NC-60, 1980).
Provision is made for all six species cited: black,
red, and white oak, hickory, white ash, and yellow
poplar. In addition to the obvious advantage of the
calculator over the table look-up procedure, "inter-
polation" between classes given in the tables is
routinely handled by the programmed procedure.

24 SCALE 233 The program SCALE provides an accurate alter-

native to the scale-stick approach to log scaling.
Gross scale, net scale and amount of defect can be
displayed for each log after scaling diameter, length
and defect type and dimensions are input. Provision
is made for summaries of gross and net scale and
numbers of logs by species (9 groups possible), and
by log grade (4 possible) within species., Various
flags are used to enable the selection of log rule
from Doyle, Scribner, Scribner Decimal C, Inter-
national 1/4" and International 1/8". The defect
calculation formulas are those proposed by
Grosenbaugh (1952) and described in Husch, Miller and
Beers (FOREST MENSURATION, 1982. John Wiley & Sons).
A printed copy of the summary by species is also made
available by the program, if the HP-82143A printer is
attached.

NOTES:

1. SCALE is a long and complicated program
necessitated by the flexibility provided.
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It can be used without summary (flag 00 set)
as a log scale calculator (like LOGVOL,
Program No. 41F008) or as a defect and net
scale calculator. If a summary is desired
(flag 00 clear) the calculator alone can be
used in the field and then a printer
attached and used for print-out, or, if one
is processing data previously recorded on
paper, the printer can be attached (NORM
mode) to provide documentation for each log
as processed.

25 D2BVVMC 248 To solve the formula relating tree diameter in
inches or centimeters, D, and crossectional area
("basal area") in square feet or square meters, B,
for either D or B, given the other as input.

1. The reminders at the beginning of the pro-
gram are skipped, not by setting a flag, but
by using a local alpha label (IBL A, step
13) placed just after the last reminder

prompt.,

2. The direction of calculation (D to B or
B to D) is reversed at the user's option
by pressing R/S in the absence of a numeric
input. Flag 22, which is automatically set
by a numeric key depression, is tested in
the program to accomplish this reversal.

3. Intermittant change of the calculation
direction as opposed to a constant "one-way"
direction is dictated by flag 01 clear or
set, respectively.

4, Conversion of any answer from U.S. units to
metric or vice versa is accomplished by a
local alpha label (label a).

26 F2Ccw 252 To convert either Fahrenheit or Centigrade
degrees to the other, with optional conversion to
Kelvin units.

NOTES:

1. This program is structured very much like
D2BVWMC and consequently 1is executed
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similarly. The conversion algorithm used is
not widely known, but makes for simple
programming: add 40 to the number, multiply
by either 5/9 or 9/5 depending on the
direction of conversion, and then subtract
40.

2. Conversion to Kelvin units is accomplished
by use of a local alpha label (label b).

27 CONVRT 256 A general program for commonly occurring conver—
sions. Up to 15 local labels can be used to program
user-specified conversions, Those presently pro—
grammed are inches—centimeters, feet-meters, square
feet per acre-square meters per hectare, cubic feet
per acre-cubic meters per hectare, ounces-milliliters
(including "fifths" and "quarts"). Either direction
of conversion is easily selected.

1. CONVRT was written to provide a general
program for conversions involving a single
multiplier (or divisor) in contrast to
D2BVVMC and F2CVV which require formula
solution., CONVRT is "open—ended" in that
the user can insert his own specific
conversion routines and prepare a keyboard
overlay to identify the local label.

28 OONBLD 265 A unique program to compose programs similar to
CONVRT. Requires use of the PPC ROM.

NOTES:

1. Because the local label routines in the
CONVRT program are so alike, CONBLD was
conceived and written to "automate" the
assembly of these subroutines. And,
although CONBLD takes more time to assemble
the 14 program lines (approx. 3 minutes)
than required to key them manually, it is
good for the expansive-thinking programmer
to be aware of this alternative procedure.

29 BPROB 271 To calculate individual and cumulative proba-
bilities of obtaining k successes in n trials
assuming a specified probability of success in one
trial, p. Based on the binomial distribution.
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31

32
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276

283

290

__Purpose and Special Notes

1. BPROB is a simple program which exemplifies
the type of applications by which one is
able to obviate tables and graphs of dis-
tributions such as Poisson, Normal,
Student's t, and Chi-square.

To calculate height or site index, given the
other, after age has been specified. Based on
Wiant's (Jour. Forestry, 1975, Vol. 73, page 429)
prediction equation for Schnur's classic site index
curves for upland oaks.

NOTES:

1. SCHNUR makes use of the prompt-reversal
technique (R/S depression in the absence of
numeric key input), and metric conversion
by local label key depression as used in
D2BVVMC (Program No. 41F025).

To calculate tree volume in cubic feet and
lateral surface area in square feet, assuming the
following:

a. Input is [DBH, upper diameter, merchantable
length] for the main stem, and [lower diameter,
upper diameter, length] for additional sections.
All diameters are consistently outside (or
inside) bark in inches and merchantable length is
the distance in feet from stump height (here
assumed to be .5 foot) to the upper diameter.

b. The section between breast height and stump
height is a 4-foot cylinder.

C. The section above breast height is a frustum of
a cone and volume is determined by Newton's
formula,

To provide a mears of fitting data of the form
Y = number of trees and X = diametggxclass to the
negative exponential model, Y = ke ", using the
linear least squares approximation log Y = b, + b.X.
Estimates of a, k, bO' and bl are displayed, as iS

the commonly used index, g, which reflects the ratio
of trees in successive diameter classes. Provision
is made to obtain predicted Y (i.e., Y) for any X and
to obtain q for class widths other than that assumed
initiallv.
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Program No. 41F001

Thomas W. Beers
Dept. Forestry, Purdue Univ.
December 1979

APPRAZ

General Description

Program title: APPRAZ
Calculator: HP-41C with 3 memory modules or HP-41CV

Purpose: to calculate timber volumes and summarize same by species and
log grade; additionally, numbers of trees by species and DBH class
are summarized as are number of logs by species. Grand total
volume, number of logs and number of trees are also provided.

Application: to be used in timber harvest inventories, on site, or
from tally sheets where data are recorded by logs in the form

dd - LL - G

where dd
LL
G

scaling diameter of log in inches
log Tength in feet
log grade (5 grades possible)

Justification: the primary advantage of calculator processing is that
the very time consuming operation of sorting by grade within species
is eliminated; secondarily all calculations and sums are automated,
thus avoiding table look-up or calculation errors and minimizing
transcribing errors.
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Program Procedure

The following instructions are rather detailed, assuming that the user
is "feeling his way." It is recommended that the procedure be read in its
entirety at least once before actual implementation. If a printer is
attached to the calculator, displayed output will be printed.

Step
1 XEQ SIZE 141 and load program APPRAZ.

2 To initialize (set flags and clear stack and registers; assign species
names) XEQ APPRAZ. Assigning APPRAZ to a key (say x5y) 1is only
advisable for demonstration purposes, and, in general, USER mode
should not be used until all data have been processed (step 6).

3 In response to "SPECIES?"

a. Key in species code for first tree; example: WALNUT = 1,
WH.OAK = 2, etc. (9 species possible)

b. If tree count is not desired by DBH class, depress CHS
(change sign). The presence or absence of negative on
this first tree only dictates absence or presence of
the DBH count summary for entire cruise.

4, Depress R/S

a. In the absence of a negative species code, the prompt will be
"DBH CLASS?"; go to step 5.

b. If first species code was negative, the prompt will be:
"dd.LLG?"

(1) whereupon, for the first log, one "keys-in" the
integer scaling diameter (dd), decimal point, the
integer length (LL) and log grade (zero through
4; i.e., five grades)

(2) depress R/S and the log will be processed; an audible
tone will sound and the prompt will be "NEW
TREE? @"

(a) for a new log in the same tree, press R/S and
prompt will be "dd.LIG?" as for first log
(as in 4b)

(b) for a new tree, press zero, then R/S and prompt
will be "SPECIES?" as in 3

5 In response to "DBH CLASS? " key-in an integer diameter class (10 to
40) and press R/S.
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a. Tree count by DBH class will be processed, and the prompt for
the first log will be "dd.LIG?"

b. Proceed as in 4b, eventually depressing 0, R/S for a new tree.

c. For each new tree, the "DBH CLASS?" prompt will automatically
appear, unless species code is negative, in which case the
DBH prompt and summary will be aborted. To re-activate
this option, flag 1 must be set manually, i.e., f SF 01*
(or start over by XEQ APPRAZ).

6 When all trees have been processed, summaries are available as
follows:

a. In USER mode, depress keys A through E and fA through fD for
species 1 through 5 and 6 through 9, respectively. Example:

depress C (i.e}, species 3) and output will be:

SPECIES 3 (pause)
RE.OAK (pause)
GR.0 = x x x x (pause)
GR.]l = x x x x (pause)
GR.2 = X X X X (pause)
GR.3 = X x X X (pause)
GR.4 = x X X X (pause)
IVOL. = x X x X (pause)
L TREES = x X (pause)
LILOGS = X X

b. Similarly, in USER mode, depress fE to read grand totals of
volume by grade (i.e., across species); output will be:

GRAND TOTALS (pause)
GR.0 = x x X x (pause)
GR.1 = X X X x (pause)
GR.2 = x x X x (pause)
GR.3 = x x X X (pause)
CR.4 = x x x x (pause)
ZVOL. = X X X X (pause)
Z TREES = x X (pause)
LLOGS = X X

c. Total number of trees by DBH class (DD) can be displayed using
any of three options: semiautomatic (DBH); automatic
display, one inch classes (AD1l); or automatic display, two
inch classes (AD2).

*  Throughout this program, the letter "f" is used to indicate
depression of the shift (gold) key.
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(1) XBQ DBH (semiautomatic display)

(a) at the prompt "DBH CLASS?", key-in desired
DD (10 to 40), depress R/S; "NO. TREES =
XX." will be displayed for approx. 2
seconds then the "DBH CLASS?" prompt will
reappear.

(b) repeat (a) for another DBH class.

(2) XEQ AD]1 (automatic display, one-inch classes; assuming
data were recorded by one-inch classes in the
cruise)

(a) at the prompt "1ST CLASS:1:?", key-in the class
where you want the consecutive automatic
display to start, say DD (10 to 40), depress
IVS.

(b) starting with this initial class, and then by
increments of one-inch, the class will be
identified rapidly by "DBH CLASS:DD". Then
"NO. TREES = xx". will remain for two
seconds.

(c) display will stop after 40-inch class has been
displayed (to stop manually, depress R/S)

(3) XEQ AD2 (automatic display, two—inch classes; assuming
data were recorded by two-inch classes in the
Cruise)

Procedure is the same as for AD1l, except that the
prompt will be "1ST CLASS:2:?", whereupon an initial
even DD (10 to 40) class should be keyed-in. Display
will then proceed by two-inch increments through the
40-inch class.

7 SPECIAL NOTE: The contents of any two-digit storage register (00
through 99) can be displayed at any time by depressing
f VIEW nn. Calculations are not affected since the
stack is not disturbed. A depression of « will restore
the x register contents to display. For example, the
accumulated volume in species 1 grade 2 can be viewed
by £ VIEW 12; volume in species 6, grade 0 by f VIEW
60; grand total volume by f VIEW 05; etc. (Refer to
storage assignments list for other data locations)

8 ERROR CORRECTIONS. If one observes faulty species code, DBH, or log

data in the display prior to processing that tree or log, the
correction key () can be used to rectify the information.

If one senses that faulty information has just been processed,
certain "erasure" routines are possible:
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a. To erase the effect of an erroneous species code or DBH class
at the time of the first 4d.LLG prompt in a tree (i.e.,
before the audible tone)

(1) XBQ TGOOF (for tree goof)
(2) prompt will then become "SPECIES?"

(3) proceed with correct species code and DBH as in step 3.

b. To erase the effect of erroneous log data at the time of the
"NEW TREE? @#" prompt (i.e., just after the audible tone)

(1) XBEQ LGOOF (for log goof)

(2) erroneous volumes and counts will be deducted and
prompt will again be "NEW TREE? @" after tone
sounds.

(3) depress R/S (as for any new log); key-in correct log
data, and depress R/S to process the correct data.

Program as written assumes bd. ft. volumes, Doyle scale:

L.
_ _ 2 1
v, = (di 4) G
where Vi = log volume in board feet
di = log diameter in inches, inside bark at the small end
L. = log length in feet

If other log rules or cubic foot volume formulas are desired, one can
substitute a subroutine with the label IBL 13; for location
convenience, it is located last in the APPRAZ program.

Examples:
a. Scribner bd. ft. volume:

L.

- 2 _ - - 4yt
A (.794; 2d, 4)16

Subroutine:

LBL 13, RCLO8, x2, .79, x, RCLO8, 2, x, —, 4, -,
RCLO9, x, 16, : , FIX0, XEQ RND, ST098,
FIX3, RIN
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10

11

The species codes and names used in the program are as follows:

WALNUT

WH .OAK

RE.OAK

ASH

TULIP

HICKRY (yes, it's misspelled, but for convenient storage
one is limited to six characters!)

O W=
wowononwonou

H.MAPL
S.MAPL
MISC.

O 0
nnu

To alter this list or use entirely different names or assignments,
one can make appropriate changes in subroutine 15, near the end of
the program, as follows:

a. To get to this part of the program, make sure that the
calculator is not in PRGM mode; depress f GTO 15.

b. Put the calculator in PRGM mode, and use the delete key (¢)
to delete the unwanted names; then key-in the desired
names from top (1) to bottom (9); they will be separated
by XEQ 14 instructions.

c. Take calculator out of PRGM mode.

If calculator is turneG off before a summary is finished, it is most
logical (though not necessary) to do this after a given tree has been
processed and @, R/S have been depressed. To see the prompt for the
next tree when the calculator is turned on, depress ALPHA key.
Depress ALPHA again (i.e., out of ALPHA mode) before keying-in the
next log data.



Typical Data and Example

The hypothetical data given here are meant to be used as a test after
APPRAZ has been appropriately loaded in the HP-41C. A fcur-tree sample
(2 black walnut, 1 white ocak, and 1 red oak) is shown. Typical summary
tables are then presented. In practice these tables should be prepared in
skeleton form, then filled-in from observing the calculator display or the
paper tape (see example in part C) if a printer has been used. Note that
volumes shown are board feet, Doyle Scale. Other vcolume units can be
obtained by program alteration as described in Step 9 of the "Procedure."

A. Data:
LOG #1 LOG #2 LOG #3

Tree No, Spec, DBH dd,LIG vol, dd,LIG  vol, dd,LIG vol,

1 BLW(1) 22 21.060 108 18.082 98

2 WHO(2) 18 16.100 90 15.101 76

3 BLW(1) 18 15.121 91 14.081 50 12.083 32

4 REO(3) 24 21.122 217

B. Results:
SPECIES
1 2 3 4 5 6 7 8 9 GRAND

ITEM WALNUT WH,OAK RE,QAK TOTALS
Grade 0 108 90 0 198
Grade 1 141 76 0 217
Grade 2 98 0 217 315
Grade 3 32 0 0 32
Grade 4 0 0 0 0
Total volume 379 166 217 162
Tree count 2 1 1 4
Log count 5 2 1 8
DBH
CLASS NUMBER OF TREES
18 2
20 0
22 1
24 1

40 -




Sample printout obtained by pressing A, B, C, and

f E and by executing (XEQ) AD2.

C.




ister si nts

The location of various intermediate and final calculations can be found
in the following table. One can determine the contents of register nn by
using £ VIEW nn or RCL nn, but this is not recommended until the entire data
set has been completed. Otherwise, program processing might be adversely
disturbed.

Register Contents UNUSED:
00 Volume in Grade 0 logs 19
01 Volume in Grade 1 logs 29
02 Volume in Grade 2 logs 38,39
03 Volume in Grade 3 logs 48,49
04 Volume in Grade 4 logs 58,59
05 Grand total volume 68,69
06 Grand total no. trees 78,79
07 Grand total no. logs 100
08 Current value of dd 1117
09 Current value of LL 113

. If 2-inch DBH classes
10 Volume in species 1, Grade 0 . r are used.
11 Volume in species 1, Grade 1 .
12 Volume in species 1, Grade 2 137
13 Volume in species 1, Grade 3 139~
14 Volume in species 1, Grade 4
15 Total volume for species 1
16 Total no. trees for species 1
17 Total no. logs for species 1
18 Current value of G
20-27 Same as 10-17 for species 2
28 Current species code or
alteration
30-37 Same as 10-17 for species 3
80-87 Same as 10-17 for species 8
88 DBH class start for automatic
display
89 Control number for automatic
DBH display
90-97 Same as 10-17 for species 9
98 Current log volume
99 Pointer for DBH summary register
101-109 Species names
110 No. trees in 10" class
111 No. trees in 11" class

. .

140 No. trees in 40" class
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APFRAZ

4:29PH 83/23
A1¢LBL "APPRAZ"
Az CLST

83 CLRG

A4 SF @1

A3 ¥ER 15
aeeLBL 81

A7 "SPECIES -
A% PRONPT

A3 x(@?

g CF 8l

11 ABS

12 1 E8l

13

14 570 28

15 F57 8l

16 XEQ 18

17 1

18 57+ 86

19 %

28 5T+ 28

211

22 57+ IND 28
216

24 57- 28
259¢LBL 11

26 = dd.LLG ?°
27 PROMPT

28 INT

29 570 @8

38 LASTX

3 FRC

3z 1 e@

3+

34 IHT

35 5T0 @9

36 LASTY

37 FRLC

51 e

39 %

4a ST0 18

41 XE@ 13
42¢1BL A4

41 5T+ @5

44 5
45 5T+ 28

46 RLCL 98
47 5T+ IND 28
48 2

49 5T+ &
B

o0

Program Listing

3l 5T+ &7

32 ST+ IND 28
17

34 5T- 28

33 RCL 18

36 5T+ 28

37 RCL 98

38 5T+ IND 28
39 5T+ IND 18
a8 RCL 18

hl 5T- 28

h2 RCL 98

63 TONE @

£4 "NEW TREE? 8"
65 PROMPT

bt X=2?

&7 GTD @i

68 GT0 1
h9¢LBL 18

78 -DBH CLASS?"
71 PROMPT

72 ENTERt

73 168

74 +

73 570 99

76 1

77 57+ IHD 99
78 BTN

79+LBL A

21

81 ST0 28

82 X0 12

23 STOP

84 GTO A1
85¢LBL B

% 2

87 510 28

88 XE@ 12

89 £TOP

94 GT0 ai
91elBL C

92 3

93 510 28

94 XEQ 12

95 5TOP

96 GTD 41
97¢LBL 1

98 4

188 XE@ 12

181 570P
182 &T0 81
183¢LBL E
184 5

185 570 28
186 XER 12
187 STOP
188+LBL a
183 &

118 570 28
111 Xk 12
112 ETOP
113¢LBL b
114 7

115 570 28
116 XEB 12
117 STOP
113¢LBL ¢
119 3

128 570 238
121 ¥EQ 12
122 ST0P
123¢LBL 4o
124 4

125 570 28
126 ¥EB 12
127 5T0P
128¢LEBL ¢
129 =GRAND TOTALS"
134 AYIEW
131 PSE
1312 4

133 XER 63
134 STOP
135 670 a1
130¢LBL 12
137 FIZ #
138 RCL 28
139 -SPECIES: -
148 ARCL X
141 AYIERW
142 PSE
143 LLA
144 108
145 +

146 ARCL IND X
147 AVIEMW
148 PSE
149 RCL 28
158 1 E81



151 *

152¢LBL 83

152 FIZ @

154 570 28

155 RCL IND 28
15 =GR, B="
157 YEQ 82

158 =GR, ==
139 3E@ 42

1h# "R, 2="
161 XED 82

162 "GR. 3="
163 ¥EQ 82

154 “GB, 4="
165 XEQ @2

1he =2 VOL.="
1h7 ¥EQ 82

168 "% TREES="
1h9 ¥ER @2

178 "% LOGS="
171+LBL @2

172 ARCL 2

173 AVIEW

174 PSE

175 1

176 5T+ 28

77 RCL IWD 22
178 RTH
179¢LBL “DBH"
138 =IBH CLASS?"
181 PRONPT

132 FIZ &

137 ind

134 +

185 570 99

186 RCL IND 99
187 =NO. TREES="
183 ARCL ¥

199 AVIER

198 PSE

191 PSE

192 6T0 "DBH"
193¢LBL “ADBL"
194 OF 82

195 =187 CLASS:1: 7

196 PROMFT
197 570 88
195 | EB2
192 +

2an 144

281eLBL 17

282 FI¥ @

287 +

204 STO 89
285¢LBL 16

206 “DBH CLASS:®
287 ARCL 38

208 AVIEW

209 CLA

218 =HO. TREES="
211 ARCL IND 89
212 AVIENW

213 PSE

214 156 29

215 670 18

216 STOP

217 FS7C a2

218 GT0 -Ap2-
219 GT0 =ABL-
2204L8L 18

221 FS7 @2

222 2

221 FC7 82

224 1

225 5T+ 88

226 GT0 16
227+LBL "RbB2"

228 187 CLASS:2: 2

229 PROMPT

238 STO 85

23 1 B

212 +

233 .14882

234 5F @2

235 610 17
2364LBL "LGOOF"

237 7

238 5T+ 28

239 2

248 5T- IND 28
241 57- @7

242 7

243 57- 28

244 -1

245 5T+ 33

24n RCL 98

247 GT0 84
2484LBL -TGOOF-
249 &

258 ST+ 28

23

251 1

252 ST- 86
253 ST- IND 23
2534 §T- IHD 99
255 G670 a1
296¢LBL 15
257 181,189
258 STO @@
259 "WALNUT-
268 XEQ 14
261 ~WH.0AK"
262 XEQ 14
263 "RE.OAK"
264 ¥ED 14
265 “ASH"
266 ¥EQ 14
267 “TULIP®
268 ¥ED 14
269 “HICKRY"
278 ¥EQ 14
271 =H.MAPL"
272 ¥EG 14
272 =S.MAPL"
274 ¥E@ 14
275 =RISC.-
276+4LBL 14
277 ASTO IHD @8
278 ISG a4
279 RTH

288 @

281 STO o4
282 G110 @l
283¢LBL 13
284 RCL 82
285 4

286 -

287 X2

288 RCL @9
289

298 15

291 7

292 FIZ @
297 RND

294 570 98
293 FI¥ 3
296 RTH

297 .EME.

APPRAZ - 791 BYTES
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Retrospective Comments Regarding APPRAZ

1.

The data input operation can be made less tedious by eliminating the

"NEW TREE? @" prompt and adopting the convention: if there is another log
in the tree, key the data and press R/S, otherwise simply press R/S; the
absence of a number keyed-in thus indicates that the prompt for a new tree
is needed. This can be accomplished by changing the program as follows:

a. delete steps 64 through 67
b. insert FC? 22

GIO 01 after step 27 (PROMPT)
c. insert CF 22 after step 25 (IBL 11)

In reviewing the number of trees by diameter class (AD2 and AD1l) the class
identifier is viewed a little fast; to correct this, insert SIN after step
208 (AVIEW). This will take the sin of whatever is in the X register and
the time involved will effectively produce a short pause.

The program was written before a printer was available; therefore, if a
printer is attached, turned on, and in MAN mode, species, grade, and DBH
summaries will be printed but not spaced for legibility. To partially
correct this, insert ADV statements after

step 128 (LBL e)
step 136 (IBL 12)
and step 205 (IBL 16)

The modifications described in comments 1, 2, and 3 have been incorporated
into APPRAZ and the new program, called APPRZ1, is available on the KRON-1
tape.
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Program No. 41F002
Thomas W. Beers
Dept. Forestry, Purdue Univ.

January 1980 CRUZ

General Description

1. Program title: CRUZ
2. Calculator: HP-41C with 4 memory modules or HP-41CV

3. Purpose: to process inventory data from fixed-size or horizontal point
samples, where the tallied data are: species, tree DBH, number of
logs, and, optionally, soundness. Per-acre and total tract
summaries are provided for volume, basal area, and number of trees,
by species and overall. Per-acre and total estimates by DBH classes
are provided for volume and number of trees. A statistical routine
estimates the mean, standard error, percent standard error and .95
confidence intervals for volume and basal area.

4. Application: to be used on site or from tally sheets where data are taken
in the form

S - DD. H~-SS

where S = species code (9 possible)
DD = tree DBH
H = height in logs
SS = tree soundness factor (this option available if

flag 02 is set)

Horizontal point sampling is assumed; if fixed-size plots are used,
flag 01 must be set.

5. Justification: there are two primary advantages provided by the calculator
processing. The time consuming operation of sorting into species and
DBH classes is eliminated and the tedious calculations and/or table
look-up for tree volume and statistical computations are avoided.

Although the calculator can be used as an alternative to paper
recording of the data it is probably safer to do both or plan on using
the calculator after the inventory. In this case data can be recorded,
line by line, by plot number and tree number and subsequently processed
in an orderly manner. An obvious advantage of this recording format
over a dot-dash summary tally is that the calculation of standard
error and interval estimates is made possible.
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Program Procedure
The following instructions are rather detailed, assuming that the user
is "feeling his way." It is recommended that the procedure be read in its
entirety at least once before actual implementation. Note that a printer
cannot be attached since four modules are required. Use of double or quad-

density modules should overcome this limitation, but the spacing may be
erratic since the program was written assuming no printer.

Step
1 XBEQ SIZE 142
2 Load programs CRUZ, STP, TREEVOL, and SPECIES.*
3 Horizontal point sampling and no tree soundness is assumed:
a. for fixed-size plots, set flag 01 (i.e., £ SF 01)**
b. for inventories recognizing tree soundness, set flag 02

4 XEQ CRUZ -- this clears storage registers, stack, and certain internal
flags

5 In response to "F = ?" (or "PLOT AREA = ?") key-in basal area factor
(or fixed-size plot area in acres) and depress R/S

6 In response to the prompt, "SDD.H" (or "SDD.HSS") key-in the data in
the indicated format:

S
DD SDD.H (or SDD.HSS)

species code

DBH

height in logs
decimal soundness

o

H
SS

I

and depress R/S

7 An audible tone indicates that the tree has been processed; in response
to the prompt

"LAST TREE? g"

a. If that tree was the final one at the point (or on the plot)
cepress zero, then R/S

* If these programs are read from magnetic cards, one nwust first
XEQ SIZE 064, and an "f GTO.." operaticn must occur between each program
loaded. Before continuing then, turn calculator OFF, remove card reader,
insert fourth memory module, turn calculator ON, and XEQ SIZE 142.

**  Throughout this program, the letter "f" is used to indicate
depression of the shift (gold) key.
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b. If there are more trees at that location, simply depress R/S.

c. Repeat steps 6 and 7 until the "last-tree" condition is met
(i.e., 7a is executed)

(1) For the first tree on a new point (or plot), repeat
step 6 and 7

(2) When the last tree on the last point (or plot) has
been processed, dgo to step 8. (Note: display will
be "SDD.H" or "SDD.HSS", awaiting the first tree at
the next location.)

8 XEQ PA (can be assigned to R+ and USER mode employed) —— the calculator
will take approximately 25 seconds to make the necessary
calculaticns and storage manipulations; then it will display "PER
ACRE CALC., IMNOW DONE DEPRESS A THRU e, 1 BY 1."

a. For species 1 through 9, in USER mode, depress keys A through E
and fA throuch fD. Example:

cdepress A (i.e., species 1) and output will be:

SPECIES: 1 (pause)
WALNUT (pause)
VOL. = XXX, (pause)
B.A. = XX.XX (pause)

NO. TREES = xX.X
b. Similarly, depress fE to display the overall averages per acre:

VOL. = XXX. (pause)
B.A., = XX.xX (pause)
MNO. TREES = xX.X

9 XEQ STP (can be assigned to SIN)

a. In response to the prompt "T = 2, or R/S", the user can key-in
Student's t appropriate for .95 confidence intervals
(default value assumed by the program is 2.0)

b. Depress R/S —— calculations will be made; then the prompt
"A = VOL., B = BA" will appear

In USER mode, depressing A for volume or B for basal area will
lead to estimates displayed in the following format:
example: deprecs A

VOLUME 2 (pause)

FEBN = XXXX. (pause)

S X BAR = XXXX. (pause) —— standard error of mean

IN & = XX. (pause) —— standard error expressed as
a % of the mean

.95 CI = + xxx. — .95 confidence interval

estimate of the mean
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Cc. If the mear: and interval estimates are to be converted to a

tract basis, after the above display depress R/S, and in
response to the prompt "FOREST AREA = ?" key-in the area
and depress R/S again., Dicplay will be:

TOTAL = X¥XXX (pause)
95 C.I. =+ Xxx — on a total basis

(1) Note that if these operations are done as follows: A,
R/S, B; or A, B, these both can be reliably repeated;
but attempts to repeat after the following (and
perhaps cthers): A, R/S, B, R/S; or A, B, R/S will
lead to interchanging the volume and basal area
answers. To clear this condition and tc enable
repeats, simply set flag 05 manually, and depress A.

10 XEQ DBH (can be assigned to COS)

2. In response to the prompt DBH CLASS?, key-in the lowest two-inch
class that surmaries are desired for.

b. Depress R/S ang display will be:

VOLUI'E = XXXX (pause)
NO. TREES = XX.X

C. Depress R/S again for the next hicher class; the class
identifier will be displayed rapidly, so be alert!

d. Caution: each time PA is executed after the first, execution
of DBH will lead to answers 1/n th the correct values.

11 XBEQ TOT (can be assigned to TAN)

a. In response to "FOREST AREA = ?" key-in the area, and depress
R/S. (TOT takes about 25 seconds)

b. Display will be TRCT TOT CALC. MOW DONE. DEPRESS A THRU e,
1BY1

C. Summaries on a total tract basis will be displayed as described
for per acre answers in 8a and 8b; Step 9 (STP program) is
no longer appropriate.

d. Caution: if STP has been executed prior to TOT, the answers

obtained from pressing fE may have the volume and basal area
answers interchanged.

12 The program, as written, assumes tree volumes are board feet, Doyle

scale, calculated using the following regression equations:

V.
1

V.
1

D

1]

.OlBDiHi for DBH 10, 12, 14 inches

I

.022D°H. for DBH
1 1

D

16 thru 24 inches
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V, = .024L(h; for DBH = D > 24 inches
To use another volume estimation formula, a new program called TREEVOL
should be prepared, assuming the following register assignments:

R20 = source of DBH

R30 = source of height in 12-foot logs (the 12 multiplier is
located in LBI, 03 of CRUZ program; in case l6-foot logs
are to be used, this can be changed to 16)

R36 = used for intermediate calculations; here to store riHi

The calculated tree volume should be left in the X register and then
should terminate with the

statements: FS? 02 (for soundness option)
RCL 40 (tree soundness)
FS? 02
X
END

to return sound volume to the main program if flag 02 is set.

The species codes and names used in the program are as follows:

WALNUT
WH .OAK
RE.OAK
ASH
TULIP
EICKRY
H.MAPL
S.MAPL
MISC.

WO JODU bW
L | O A {1

To alter this list or to use entirely different names or assignments,
one can make appropriate changes in the program "SPECIES". To
access the program:

a. 1in PRGM and/or USER mode, depress
f GTO alpha SPECIES alpha;

b. with calculator in PRGM mode, single step through the program
and make the necessary deletions (+) and insertions;

c. take calculator out of PRGM mode
The following general comments should be noted:
a. Although in the program description, various program labels were

assigned to keys, the user is cautioned that this might not
be a sound practice in actual use since accidental depression

29
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To

By

of such keys (in USER mode) may obliterate considerable data
already entered and processed. As a protection against this
problem:

(1) do not assign programs to keys, and/or

(2) keep the calculator out of USER mode until the final
summaries are to be output

minimize the chances of clearing the entire program when

altering various segments, four stand-alone programs are
used. They are

(1) CRuz using labels PA, TOT, DBH, A through e,
01 through 12, 14, 16, 18, and 21

(2) STP using labels A, B, 14 (same subroutine as
in CRUZ), 19, and 20

(3) TREEVOL using labels 13, 17, and 22

(4) SPECIES using label 15

reference to the register assignment sheet, the user can
recall some values not specifically displayed by the program.

For example, after the STP program has been executed (step
9), to display

CV (coefficient of variation) for volume: RCL 44
CV for basal area : RCL 45

standard deviation for volume : RCL 24
standard deviation for basal area: RCL 25

statistical accumulations: RCL 04 through 09



Typical Data and Example

The hypothetical data given here are meant to be used as a test after
CRUZ has been appropriately loaded in the HP-41C. Part I assumes a hori-
zontal point sample inventory (flag 01 clear), while part II assumes a fixed
size plot (flag 01 set). Either can be used with (flag 02 set) or without
soundness as an input variable. Typical summary tables are also shown. In
practice, these would be prepared in skeleton form and filled-in with results
read from the display. Note that volumes shown are in board feet, Doyle
Scale, and that log length is 12 feet (see step 12 of Procedure for altera-
tions.).

I. Horizontal Point Sample (with F = 10.0)

A. Data:
Height
in  Sound- Volume* Tree BA
Plot Tree Species DBH _logs _ness per tree per_acre factor factor
1 1 BLW(1) 16 2 .99 135.2(133.8) 968.3(958.3) 7.16 10
2 WHO(2) 18 3 .75 256.6(192.5) 1452,1(1089,4) 5.66 10
2420.4(2047.7) 12.82 20
2 1 BLW(1) 16 1 .99  67.6(66.9) 484.2(47°2.2) 7.16 10
2 WHO(2) 18 2 .75 171.1(128.3) 968.3(726.1) 5.66 10
3 REO(3) 20 3 .50 316.8(158.4) 1452.1(726.1) 4,58 10
2904.6(1931.4) 17.40 30
Total: 5325.0(3979.1) 30.22 50
HMean: 2662.5(1989.6) 15.11 25.0
B. Results:
SPECIES VOLUME* BA NO, TREES
1 WALIUT 726 (719) 10.00 7.2 (same as DBH class 16)
Z WH.OAK 1210(908) 10.00 5.7 (same as DBH class 18)
3 RE.OAK 726(363) 5.00 2.3 (same as DBH class 20)
2662 (1990) 25.00 15.2
HEAL 2662 (1989) 25.0 15.1
S x BAR 242 (58) 5.0 -
1N 9 9(3) 20.0 -
.95 C.I. +484 (116) 10.0 -

(t=2)

*Wolunes in perentheses reflect the application of the soundness factor.

31
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II. Fixed Size Plot Sample (one-fifth acre)

A. Data:
Height

in  Sound- Volume* Tree BA b

Plot Tree Species DBH _logs _ness per tree per acre factorg/ factor—/
1 1 BLW(1) 16 2 .99 135.2(133.8) 676.0(669.2) 5 6.98
2 WHO(2) 18 3 .75 256.6(192.5) 1283,0(962,2) 5 _8.84
1959.0(1631.4) 10 15.82
2 1 BLW(1) 16 1 .99 67.6(66.9) 338.0(334.6) 5 6.98
WHO (2) 1§ 2 .75 171.1(128.3) 855.5(641.6) 5 8.84
REO (3) 20 3 .50 316.8(158.4) 1584,0(792,0) 5 10,91
2777.5(1768.2) 15 26.73

Total: 4736.5(3399.7) 25 42.55
Mean:  2368.2(1699.8) 12.5 21.28

g/Tree factor = 1/plot size in acres
12/BA factor = (Tree factor) (tree basal area)

B. Results:

SPECIES VOLUME* BA NO. IREES

1 WALNUT 507 (502) 6.98 5.0 (same as DBH class 16)

2 WH.OAK 1069(802) 8.84 5.0 (same as DBH class 16)

3 RE.OAK 792(396) _5.45 _2.5 (same as DBH class 20)
2368(17G0) 21.27 12.5

MEAN 2368(1700) 21.3 12.5

S x BAR 409 (68) 5.5 -

IN % 17(4) 25.6 -

.95 C.1I. +8186(137) 10.9 -

(£=2)

*Volumes in parentheses reflect the applicaticn of the souncness feactor.
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CRUZ

Storage Register Assignments

Register Contents Register Contents
60 F, or plot size (acres) reciprocal 24 .
01 Vol. o then over- 25 AEOl acre basis
02 PA per lccetion all per A
03 No. trees| Pef acre sum [~ Y- cans 26 Student's t
and totals 34 S
04 >x (vol) 35 SEA
05
06 y sums of per acre 36 D’°H current
07 for entire sample 44 CVV
G8 45 CVBA
09
54 ts_

11 Vol running totals of per 55 tSEZ
12 acre sums to date —-
13 ho trees species 1 101-109 Species names

110- Volume in 10" class
17 Vol . then tract 111- No. trees in 10"
18 } gégilspeé 1} total — class sample per
19 No trees pec. species 1  112- Vol. in 12" class acre sums,

113- No. trees in 12" then per
21 class ? acre (PA),
22 . then
23 . TOTALS

same —— species 2 . (TOT)
27 140- Vol. in 40" class )
28 141- No. trees in 40"
29 class
91
92 UNUSED:
93
same —-- species 9 46, 56

97 64-66
98 74-76
99 84-86

94-96
10 species code 100
14 vol. current r tree
15  BA r be
16 No. trees } per acre
20 DD
30 H in feet
40 SS
50 Tract area

60 DBH pointer

70 pointer for species I per acre

80 pointer for species per acre

90 pointer for & No. trees (in LBL 06)
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Program Listing

CRUZ

J:#6PY 8352

AleLBL ~CRUZ" 51 % 11 ¥¥@?

@2 CLST 52 576 182 GTO A2
83 CLRG 93 7/ 182 RCL A2
A4 ZREGC B4 54 570 15 184 RCL @1
85 XEQ -SPECIES" S5 FC7 8l 185 £+

At CF 83 59 178 186 @

a7 CF 85 57 RCL @8 187 ST @i
AgeLBL a1 98 * 188 ST A2
A9 FS? @1 59 FS? at 189 5T0 83
i@ “PLOT AREA= 7= #8 GTO 84 114 GTD 82
11 FC7 81 61 5T0 16 111¢LBL “PR"
12 F=2 62 RCL 98 112 @

17 PROMPT 63 ST0 15 113 570 @3
14 F57 @ 64 GTO A5 114 813,.89218
15 17¥ h3+LBL A4 115 STO 94
16 STO @A 66 STD 15 116¢LBL 8¢
{7¢LBL A2 k7 RCL g 117 RCL IND 94
18 F5? 82 68 STD 16 118 57+ @3
19 = SDD.HSS- £9¢LBL A5 119 [ISG 94
28 FC7 @2 78 18 128 GT0 @6
21 = SDD.H- 71 5T+ {8 121 MERN

22 PROMPT 721 122 ST0 @l
2311 BBz 73 5T+ {8 123 ¥4y

24 7 74 XEQ "TREEVOL" 124 STO @2
25 INT 75 RCL 16 125 RCL A3
26 ST0 1@ 76 * 126 RCL @9
27 LASTX 77 ST0 14 127 7

28 1 78 ST+ @l 128 STO 83
29 MOD 79 ST+ IND 1@ 129 811.813
38 1 E@2 88 1 138 ST0 70
2 % 81 ST+ 1@ 131 17

32 INT 82 RCL 15 132 5T0 84
33 STD 28 83 5T+ 82 133¢LBL A7
34 LRASTX 84 ST+ IND 14 134 RCL IND 78
35 FRC 85 1 135 RCL A9
36 1 et 86 ST+ 18 136 7

7% 87 RCL 15 137 ST IND 8@
38 IHT 88 ST+ a3 138 ¢

39 570 38 89 ST+ IND 1@ 139 5T+ 88
4@ FC7 @2 9% 1ea 148 ISG 74
41 GT0 43 91 5T+ 28 141 GTD &7
42 LASTH 92 RCL 14 142 7.814

43 FRC 93 ST+ IND 20 143 ST+ 78
44 STO 48 94 1 144 ST+ 88
4541 BL 83 95 5T+ 24 145 RCL 78
46 12 9% RCL 16 14¢ 198

47 5T+ 38 97 ST+ IND 2@ 147 X>Y?

43 RCL 28 92 TONE 9 148 GT0 @7
49 347 99 -LAST TREE? #- 149 119,141

78 Pl 188 PROMPT 158 STO 68



151¢LBL 89
152 RCL 89
193 FS? 83
154 RCL 58
155 ST/ IND /@
156 156 o8
157 670 @3
158 CF 83
159 =PER ACRE CAL"
166eLBL 11
161 =HC. HOW DONE"
162 AVIEN
163 CLA
164 “DEPRESS A TH"
165 *FRU 2, 1 BY I-
166 AYIEMW
167 CLA
168 RTN
169« BL -TOT"
174 “FOREST ARER?"
171 PROMPT
172 SF A3
72 574 5@
174 17.819
175 570 78
1764LBL A8
177 RCL 5@
178 ST+ IHD 7@
179 1SG 78
184 GT0 48
181 7.018
182 5T+ 78
183 RCL 78
184 188
185 X7
186 GT) 83
187 114,141
188 570 o8
189¢LBL 14
198 RCL 58
191 ST+ IND 68
192 1SG 68
193 GT0 18
194 -TRCT TOT CAL"
195 XE@ 11
196 STOP
197¢LBL R
198 1
199 570 18
Zhe XEQ 12

281 STOP
282¢1BL B
283 2

284 STO 18
285 XER 12
286 STOP
287+LBL C
288 2

289 ST0 18
218 XE@ 12
211 S0P
212¢1BL 1
213 4

214 ST0 1@
215 ¥E@ 12
216 STOP
217¢LBL E
218 3

219 ST0 18
220 ¥EQ 12
221 STOP
222¢LBL a
221 6

224 ST0 1@
225 ¥ER 12
226 STOP
227¢LBL b
228 7

229 ST0 18
230 XE@ 12
231 STOP
23248 ¢
213 8

234 510 18
233 XER 12
236 STOP
237¢LBL d
238 9

239 ST0 14
248 ¥EQ 12
241 STOP
242¢LBL ¢
243 FS? 83
244 ¥EQ 18
245 1

246 ST0 18
247 XE@ 16
248 STOP
249¢18BL 12
238 FIX @

35

251 "SPECIES:-
252 XE@ 14

233 168

234 +

253 ARCL IND X
296 AVIEW

237 PSE

258 18

239 5T 18

268 7

261 ST+ 18
262¢LBL 16

263 FI¥ @

264 RCL IND 1@
263 "¥oL.="
266 XEQ 14

267 1

268 5T+ 18

269 RCL IND 18
278 FI¥ 2

271 "B. A, ="
272 XER 14

273 1

274 ST+ 18

275 RCL IND 18
276 FIX |

277 “NO.TREES="
278¢LBL 14
279 ARCL X
284 AVIENW

281 PSE

282 CLA

283 RTN
2844LBL 13
285 RCL 58
286 ST 81

287 ST+ 82
288 ST+ 43
289 RTH
298¢LBL “DBH"
291 =DBH CLASS?"
292 PROMPT
293 108.144
294 +

295 STO 68
296¢LBL 21

297 RCL IND 6@
298 FIx 8

299 “VOLUNE="
388 XEQ 14
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01 1 1eLBL “5TP" 51 RCL 34
363 RCL IND 68 87 1=, OR R/S" 51 ¥EQ 14
304 FIX 1 84 PRONPT 54 ROL A1
385 “N0. TREES=" 85 5T 26 55 4
386 XEQ 14 96 SDEY TLL
387 5T0P 87 ST0 24 57 %
368 FIX 8 98 XY 58 "IN %="
389 156 68 89 5T0 25 59 XEQ@ 14
310 RCL 68 18 RCL 99 60 RCL 54
311 188 11 S8RT 61 =95 [.1.=#"
315 _ 12 7 A2 XEO 14
33T - 13 §T0 35 63 STOP
314 “IBH CLASS: 14 ROL 24 64 *FOREST AREA?"
315 ARCL X 15 LASTY 65 PRONFT
316 RVIEW 16 / 66 ST0 58
317 610 21 17 §T0 34 67 RCL At
318 RTN 18 RCL 24 #8 RCL 50
319 .END. 19 RCL 81 69 *
20 / 78 “TOTAL="
21 1 E82 71 XEQ 14
CRUZ:773 BYTES 22 % 72 ROL 54
23 5T0 44 71 RCL 50
24 RCL 25 74 %
25 ROL 82 75 =.95 [.1.=2"
% ¢ 76 ¥EO 14
27 1 EA2 77 RTN
2% * 794LBL B
29 5T0 45 79 SF @5
0 RCL 2% 89 “BASAL ARER: "
3 RCL 34 81 AVIEW
32 % 82 FI¥ 1
37 510 54 87 ¥EQ 29
34 ROL 2% 84 ¥EQ 19
5 ROL 35 354 BL 29
3 * 8% RCL A1
37 570 55 87 X(3 02
38 “A=YOL., B=BA" 32 ST0 A1
19 PRONPT 29 RCL 34
40¢LBL R 9@ Xy 35
41 ~VOLUME: a1 5T 34
42 AVIEW 32 RCL 54
41 FIY @ 97 ¥¢3 55
44 FSOT A5 94 5T 54
45 XEQ 29 35 RTH
464LBL 19 364LBL 14
47 FSE 97 fRCL ¥
42 RCL A1 a2 AVIEW
49 MEAH=" 99 PSE
58 XEO 14 i8a CLA
181 RTH
182 ENI

STP: 27w BYTES



AtelBL “TREEVOL"
82 RCL 38
A3 RCL 28
a4 ¥t2

a5 *

A5 ST0 36
@y 24

A8 RCL 28
A9 X:Y7?
18 670 13
i1 13

12 RCL 24
13 ¥{=Y7
14 GT0 17
15 RCL 3&
16 822
17 *
18¢LBL 22
19 F57 82
24 BCL 48
21 FS7 @2
22 %

23 RTH
24¢LBL 13
25 RLL 36
26 823
27 *

28 ¥E@ 22
29¢LBL 17
In RCL 36
I .ela
32+

33 ¥R 22
34 ERD

-4

TREEVAL :77 BYTES

AlelBL =SPECIES”
82 1a1.189
A3 570 a4
A4 "WALHUT"
23 BB 15
A6 "HH.0AK"
87 XEQ 13
#8 “RE.0AK"
A9 XEO 13
18 =ASH"

11 XE® 15
12 =TULip-
13 ¥EQ 15
14 “HICKRY"
15 XE@ 15
16 “H.MAPL"
17 XE@ 15
18 =S.MAPL"
19 XEQ 15
28 -MISC.-
21¢LBL 15
22 ASTO IND @8
23 1SG @8
24 RTH

23 .END.

SPECIES:112 BYTES

37
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etrospecti t

1. Similar to the APPRAZ program, the data input operation in CRUZ can be made
more efficient by eliminating the "LAST TREE? @" prompt and adopting the
convention: if there is another tree on the plot, key the data and press
R/S; the absence of a number keyed-in (i.e., pressing R/S without keying a
number) indicates the end of the current plot. This can be accomplished by
changing the program CRUZ as follows:

a. insert IBL 00 after step 102 (GIO 02)
b. delete steps 99, 100, and 101
C. insert FC? 22

GIO 00 after step 22 (PROMPT)
d. insert CF 22 after step 17 (LBL 02)

2. CRUZ was written without concern for printed output, therefore when a
printer is attached and turned on, lack of spaces between groups of output
will diminish legibility. To partially correct this one may:

a. In CRUZ

(1) insert ADV after steps
290 (LBL DBH)
and 262 (IBL 16)

(2) insert ADV
ADV after step 249 (IBL 12)

(3) insert CF 12 after step 256 (AVIEW)

(4) insert SF 12 after step 255 (ARCL IND X)
b, In STP

(1) insert ADV after steps

78 (IBL B)
and 40 (IBL A)

3. Initially it was felt that having separate programs for STP, TREEVOL, and
SPECIES would be desirable; subsequent experience has shown this practice
to be questionable. To make these programs integral to the CRUZ program,
assuming the programs are in the calculator in order (CRUZ, STP, TREEVOL,
and SPECIES) one can:

a. In CRUZ, delete step 319 (END)
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b. 1In STP

(1) change
step 38 (A=VOL., B=BA) tg/I=VOL., J=BA
step 40 (IBL A) to LBL Il/
step 78 (IBL B) to LBL J

(2) delete step 102 (END)

c. In TREEVOL, change step 34 (END) to RIN

4, The modifications described in comments 1, 2, and 3 have been incorporated
into a new program called CRUZ1l, available on the KRON-1 tape.

5. Comments from certain users have indicated that CRUZ is too ponderous and
is expected to do too much! The author sympathizes with these feelings but
does not apologize, since the primary purpose of the program, indeed as for
many of the programs in this chronology, was to demonstrate what can be
done with a portable calculator. Ideally, efficient specific programs
should be written to match the input data format and summary results
desired.

6. CRUZ was originally written and described to process either fixed-size
plots or variable-size plots (horizontal point sampling), and no mention
was made of the fact that a 100% cruise (complete inventory) can also be
accommodated by the program. However, to handle a 100% inventory the user
can:

a. select the fixed-size plot option (flag 01 set)
b. let plot size = 1 at the appropriate prompt
c. assume the data came from one big plot, therefore

(1) if using CRUZ, key 0 then R/S only once, after the last
tree has been processed

(2) if using CRUZ1, hit R/S without data entry, only after
the last tree has been processed

d. In this option, "PA" must be executed to calculate the "total"
answers, "STP" and "TOT" have no meaning, but "DBH" when executed
will provide proper answers by diameter classes.

v Note that if this is done, DBH and TOT must be assigned to keys other than

COS and TAN as described in the CRUZ write-up. Shift COS and shift TAN are
logical alternatives.
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Program No. 41F005

Thomas W. Beers

Dept. Forestry & Natural Resources, Purdue Univ.
July 1980

1. Program title: MIL3

2. Calculator: HP-41CV or HP-41C with 3 memory modules.

3. Purpose: (a) to provide on-the-spot solution of the following expres-
sion of sawmill "profit margin" using the formula:

margin —_21(1umber ta11y)i(vi) - lTog value - sawing cost,
i=

where 1log value = (log grade value)(log scale)
sawing cost = (cost per minute)(sawing time)
Vi value for various lumber grades.

and (b) to accumulate log scale and lumber tally by various species
and grade classes, as well as total margin and sawing times for
an indefinite number of logs.

4. Application: the program was prepared primarily as an example of
what can be done with the programmable calculator, however,
it could conceivably be adapted for a small study to evaluate
the "margin" retrievable from an arbitrary run of logs.

5. Justification: the fact that the programmable calculator is portable
makes it quite feasible to make on-site determinations where
here-to-fore, results could only be done at some time subsequent
to the data gathering phase of the study.

The capacity of the calculator to rapidly and selectively
store and accumulate data enables rapid summarization and vir-
tually eliminates hand-sorting and mathematical blunders.
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Register Assignment for MIL3

Registers Used for

00 current "margin" and miscellaneous indexing
01-06 stored lTumber values (grades 1-6)
07 stored sawing cost per minute
08 current scale.grade or ta]]y.grade} also miscellaneous
09 current scale or tally indexing
10 species 1: margin total
11 species 1: grade 1 lumber tally
12 species 1: grade 2 lumber tally
13 species 1: grade 3 lumber tally
14 species 1: grade 4 Tumber tally
15 species 1: grade 5 lumber tally
16 species 1: grade 6 lumber tally
17 species 1: 1log grade 1 scale
18 species 1: 1log grade 2 scale
19 species 1: 1log grade 3 scale
20 )
} Species 2: same as for species 1
.o
29 )
80 )
: } Species 8: same as for species 1
Lo
89 J
90 grand total of margins
91-93 stored log grade values (grades 1-3)

94 grand total of log scales
95 grand total of lumber tally
96 grand total sawtimes
97 [10(species code) + log grade + 6] or [10(spec. code) + lumber grade]
98 species code
99 general indexing counter

101 ,
‘ ? stored species names
108

100 not used



42

Arbitrary Data and Hand-Calculated Results for MIL3

A. Data:

Log
1

2

Lumber
Species Scale Grade Tally Grade Sawing Time

WALNUT (1) 555 1 150
40
80
60
100
150

5 minutes

DA P WN =

WH. OAK (2) 625 2 300
200
150

6 minutes

SN =

Prices per Lumber: grade 1 2 3 4 5 6
board foot: value .60 .50 .40 .30 .20 .10

Logs: grade 1 2 3
value .3 2 .1

Sawing cost per minute: $2.00

Results:

150(.6) + 40(.5) + 80(.4) + 60(.3) + 100(.2) + 150(.10)

1. margin1 +
- 555(.3) - 5(2.00) = $18.50

margin, = 300(.6) + 200(.5) + 150(.3) - 625(.2) - 6(2.00) = $188.00

2. Species summary: WALNUT scale = 555 bd. ft.
tally = 580 bd. ft.
WH. OAK scale = 625 bd. ft.
tally = 650 bd. ft.
3. Margin total: $206.50
4. Sawing time total: 11 minutes
5. Scale by log grade:
Grade
1 2 3 Total
WALNUT 555 0 0
WH. OAK 0 625 0
Total 555 625 0 1180




6. Tally by lumber grade:

Grade
1 2 3 4 5 6 Total
WALNUT 150 40 80 60 100 150 580
WH. O0AK 300 200 0 150 0 0 650

Total 450 240 80 210 100 150 1230



44

Program Procedure

Step
1 XEQ SIZE 109, f" GTO...

2 Load program MIL3, f GTO.., load program TOT
3 To store the necessary constants, either a or b:

a. manually store data in the following registers:

Register item
1-6 value per bd. ft., Tumber grades 1-6
7 sawing cost, dollars per minute
91-93 value per bd. ft., log grades 1-3
101-108 species names, 6 character limit each;

then, XEQ MIL3 (suggest assignment to LN key); at the prompt
"TO LOAD, SF06", depress R/S and go to step 4.

b. XEQ MIL3 and at "TO LOAD, SF06", set flag 06 (f SF06), and

proceed to key in the constants as they are prompted for,
then go to step 4.

NOTE:

(1) 1if flag 01 is not set, R/S must be depressed
after each constant,

(2) if flag 01 is set, R/S need not be depressed,
but you have limited time (1 sec.) to key in
each digit.

(3) if only a few constants are to be changed,
the manual procedure (3a) should be used.

4 After "STAND BY" (while registers 10-90 and 94-96 are being cleared),

a. for log 1:

*
throughout this paper "f" represents the shift (gold) key.



Prompt

SPEC. CODE?
LOG SSS.G?
LUM SSS.G?

LUM SSS.G?
LUM SSS.G?
SAW TIME?

b.
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(2) (1) . Example

input key output input key output

a number, 1 to 8 R/S species name 1 R/S  WALNUT
log scale.grade R/S none 555.1 R/S
tally.grade R/S none 150.1 R/S
tally.grade R/S none 150.6 R/S
0 R/S none 0 R/S

%%
sawing time R/S "margin" 5 R/S  $18.50

(1) Note, if flag 01 is set R/S need not be pressed
after data input.

(2) To undo a faulty log scale.grade or species code:
(a) at the prompt LUM SSS.G?, f GTO SIN, R/S

(b) Follow the species prompt with same code as
just used, RCL SIN, CHS, R/S

(c) repeat step (a) and proceed using correct data
To undo a faulty lumber tally.grade:
(d) at the prompt LUM SSS.G?, RCL SIN, CHS, R/S
(e) proceed with the correct data
To undo a faulty species code only:

(f) at the prompt LOG SSS.G?, f GTO SIN, R/S and
proceed with the correct code.

Note: there is no way in the present program of cor-
recting for a log grade over 3 or for a lumber
grade over 6; this will really foul up the works
and will go undetected until crazy answers
appear.

for log 2, depress R/S and repeat 4a; using the example:

* %
Note, these results are identified as "MARGIN=$xx.xx" and if negative, an
audible "beep" is sounded.
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Example
prompt input key output
SPEC. CODE? 2 R/S  WH. OAK
LOG SSS.G? 625.2  R/S
LUM SSS.G? 300.1  R/S
LUM SS5.G? 200.2  R/S
LUM SSS.G? 150.4  R/S
LUM SSS.G? 0 R/S
SAW TIME? 6 R/S  $188.00

c. repeat 4a for all logs in the "study".
5 For totals, XEQ TOT (suggest assignment to TAN), and proceed as prompted:
PRESS: A FOR SPEC. =
B FOR LOG %
C FOR LUM.

Using the example previously cited:

key output
a. A(z+) WALNUT (pause) SCALE = 555 (pause) TALLY = 580

WH. OAK (pause) SCALE = 625 (pause) TALLY = 650

for all eight species, then
MARGIN £ = $206.50 (pause) SAW TIME © = 11.0

Note: the species output 1ist can be stopped,
restarted, or aborted by presssing R/S, in
which case the margin and saw time sums can
be obtained by depressing f A(z+)

f A(z+) MARGIN £ = $206.50 (pause) SAW TIME ¢ = 11.0
b. B(1/x) SCALE BY LOG GRADE
GRADE 1 = 555
GRADE 2 = 625
GRADE 3 = 0
c. C(/A) TALLY BY LUMBER GRADE (pause)

GRADE 1 = 450 (pause)

* %k
Note, these results are identifed as "MARGIN = $xx.xx" and if negative, an

audible "beep" is sounded.
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GRADE 2 = 240 (pause)
GRADE 3 = 80 (pause)
GRADE 4 = 210 (pause)
GRADE 5 = 100 (pause)
GRADE 6 = 150

d. After depressing either key B or key C the log scale and
Tumber tally, respectively, can be obtained for grades within
species; with the user inputting the desired species code.
Using the example, the procedure is as follows:

(1) immediately after depressingB and observing the output (or R/S)

key prompt input key* output
f B(1/x) SPECIES? 1 R/S WALNUT: (pause)

GRADE 1 = 555 (pause)
GRADE 2 = 0 (pause)
GRADE 3 = 0 (pause)

SPECIES? 2 R/S WH. OAK: (pause)
GRADE 1 = 0 (pause)
GRADE 2 = 625 (pause)
GRADE 3 = 0 (pause)

SPECIES? 0 R/S 0

(this procedure is necessary to exit from the f B
subroutine in order to continue with the TOT program)

(2) immediately after depressing C and observing the output (or R/S)

*
key prompt input key output
f C(/x) SPECIES? 1 R/S WALNUT: (pause)

GRADE 1 = 150 (pause)
GRADE 2 = 40 (pause)
GRADE 3 = 80 (pause)
GRADE 4 = 60 (pause)
GRADE 5 = 100 (pause)
GRADE 6 = 150 (pause)

SPECIES? 2 R/S WH. OAK: (pause)
GRADE 1 = 300 (pause)
GRADE 2 = 200 (pause)
GRADE 3 = 0 (pause
GRADE 4 = 150 (pause)
GRADE 5 = 0 (pause)
GRADE 6 = 0 (pause)

SPECIES? 0 R/S 0

(this procedure is necessary to exit from the f C
subroutine in order to re-do any of the TOT program)

*
if flag 01 is set, R/S need not be pressed.
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6

7

To examine the contents of any storage register (up to 99) one can
either RCL nn or f VIEW nn (refer to register assignment). For
example, after first going to f FIX 2 mode, to find

a.

b.

f.

etc.

grand total of margins, RCL 90, read 206.50

grand total of log scales, RCL %4, read 1180.00

grand total of lumber tally, RCL 95, read 1230.00

grand total of sawing times, RCL 96, read 11.00

the lumber tally for species 2, lumber grade 2, RCL 22, read 200.00

the log scale for species 2, log grade 2, RCL 28, read 625.00

Note that registers over 99 can be viewed only by "indirect addressing";

thus, to recall R101: 101, STO 00, RCL f 00.

For a new set of logs using the same constants go to step 4, if new
constants are to be entered go to step 3.
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APPROVED FOR USE IN
PURDUE UNIVERSITY

XEQ "MIL3-

T0 LORD. SFés

STAND BY
SPEC, CODE?
1
HALHUT
LOG 558,47
535.1
LUM 555,57

158.1
LN 555,67

48,2
LUK 885,57

28.3
LW 555,57

68,4
LUK 555,07

186.5
LUM 885,47

158.6
LM 585,67

8.4
SAW, TIHE?

5.84
MARGIN=$18.58
SPEC. CODRE?

WH, DAE
LG §55.G7

£25.2
LM 585,67

Iae, 1
LUK 555,57

208.2
LUM 855,47

158.4

LM 5585.57
8.8

M, TIWE?
£.04

MARGIN=#133.00

RUK

RiH

Example--printer output

XEG =TOT"

PRESS:
A FOR SPEC. Z
B FOR LOG E
C FOR LUM, £
ZEQ R
HALKUT

SCALE= 535
TALLY= 388

HH., BAK
SCALE= 625
TALLY= &58

RE.DAK
SCALE= @
TALLY= 8

ASH
SCALE=
TALLY=

P~

TULIP
SCALE=
TALLY= &

L2

HICERY
SCALE= &
TALLY=

)

HAPLE
SCALE= &
TALLY=

[~

HISC,
SCALE=
TALLY=

= <~ )

MARGINZ=286. 58

SAM TIMEZ=11.@
ZEQ 3

MARGCINZ=266.50

SAM TIMEZ=11.4

SCALE BY
LOG GRADE

GRADE 1=
GRADE 2=
GRADE 3=

SPECIES 7

HALNUT:
GRADE 1=
GRADE 2=
GRADE 3=

SPECIES ?

WH. DAK:
GEADE 1=
GRADE 2=
GRADE 3

SPECIES *?

TULIP:
GRADE 1=
GRADE 2=
GRADE 3=

SPECIES 7

335
523

n
wn
D}

D < <

D- ]

823

b~ ]

o

49

(%]

wn

pAat



ForM C

APPROVED FOR USE IN
PURDUE UNIVERSITY

TALLY BY

LUMBER GRADE

GRADE i=
GRADE 2=
GRADE 3=
GRADE 4=
GRADE 5=
GRADE 5=

SPECIES ?

WALHUT:
GRADE 1=
GRADE 2=
GRADE 3=
GRADE 4=
GRADE 5=
GRADE &=

SPECIES ?

HH. OHE

GRADE 1= :

GRADE 2=

GRADE 3= A

GRADE 4=

458
246
g4

218
188
154

158
49
8a
UL
104
154

GRADE 5= @

GRADE 6=

SPECIES ?

ASH:
GRADE 1=
GRADE 2=
GRADE 3=
GRADE 4=
GRADE 5=
GRADE 6=

SPECIES ?

- <~ <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>