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ABSTRACT

The use of high speed data processing equipment in industry and government
service 1s an accepted application of efficient management procediures.

This publication deseribes some of the basic machines of a unit record
installation, sets down some of the prineiples involved and illustrates the use of
these machines in processing two forestry problems.

RESUME

L’usage d’ordinateurs ultra-rapides est aujourd’hui accepté dans tous les
milieux industriels et gouvernementaux bien dirigés.

Le présent ouvrage déerit certaines des machines qui composent un ordina-
teur, analyse certains des principes qui interviennent dans ordination, et cite
deux exemples de données foresticres compilées et analysées & 'ordinateur.



Machines and Principles in Unit Record Data
Processing for Forestry Purposes!

by
T. G. HoxNER?

INTRODUCTION

The use of high speed data processing equipment in industry and govern-
ment service is an accepted application of efficient management procedures. The
accountants and administrators were the first to organize their systems to take
advantage of the great potential that automated services offer, with billing, pay-
rolls and inventory control being widely accepted applications.

The application of business machiunes to forestry problems is relatively new
both in Canada and the United States with perhaps one of the earliest applica-
tions being described by Hodgins (1940) when the forest resources inventory of
British Columbia was prepared using the ‘“Hollerith Punch Card System’. More
recently the continuous forest inventory has received a great deal of attention
primarily because it combines systematic field sampling and recording techniques
with systematic processing methods. By maintaining continuing records of
individual trees on data cards, growth problems can be studied and up-to-date
inventory reports maintained.

Much has been written on processing principles and the application of
machines to various engineering, scientific and administrative problems, but
generally this information is not readily available to the practising forester.
Therefore 1t is the purpose of this publication to describe some of the basic
machines of a unit record installation, set down some of the principles involved
and illustrate the use of these machines in processing two forestry problems.

UNIT RECORD AND COMPUTING EQUIPMENT

TUnit record equipment should not be confused with the more sophisticated
electronic computers. There are several basic differences that should be noted.

A unit record installation is characterized by a variety of individual ma-
chines, each performing a distinct and limited function at moderate speed and
under the overall control of a machine operator. The computer installation may
have supporting unit record machines, but the core of the installation is the
computing unit operating at high speed under the control of a stored program.

In using each system, a program (a sequence of operating steps) is prepared.
This program, often depicted as a flow chart, shows the sequence of operations
and the flow path which the data must follow to be summarized into the correct
report forms.

To carry out a program in a unit record installation, the machine operators
exert control over the system by manually transferring the cards to the required
machines, setting them up and initiating the next specific operation in the pro-
gram. We might say that the program is externally controlled by the machine
operator.

1 Departinent of Forestry, Canada, Forest Research Branch Contribution No. 637,
2 Research Officer, Forest Research Branch, Department of Forestry, Ottawa,
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The computer operates on the stored program concept which permits the
program to be stored in the memory of the computer and executed as the data is
read by the computer’s read unit. To do this, all operating instructions are
reduced to a form which the computer understands; they are punched into pro-
gram data cards and read into the computer’s memory. In the execution of these
instructions the computer is under the control of the internally stored program
and except for special cases this control is not returned to the operator until the
program is finished.

THE UNIT RECORD

In a unit record installation the data card is used as the means of storing
basic information. Itach card is a unit record of information collected from the
sales of goods, purchases of materials, or the measurements taken on an individual
tree. The data card below contains 80 wvertical columns, ten horizontal rows, and
two horizontal zones (eleven and twelve). Each column then allows one digit
punch and one zone punch; digits being used for coded or measured information,
and zone and digit punches for alphabetic characteristics. (I'or alphabetic punch-
ing, row zero (0) is considered as a zone punch).
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Ficure 1. IBM punching codes.

Figure 1 shows the digit and zone punches used for alphabetic and numerical
punches. Zone punches may also be used to identify special cards (generally
called master cards), which may contain constants or information required for
the calculation of subsequent products. The ecleven and twelve zones may also be
used to indicate the validity of a calculation; the twelve punch indicating a
correct calculation, the eleven or x punch an error.

Data cards used for repetitive problems are usually face printed with the
columns allocated for particular classifications being called “punching fields”.

UNIT RECORD MACHINES*

A unit record data processing installation is characterized by a series of
semi-automatic and automatic machines, each machine performing one or more
simple functions. The semi-automatic machines require an operator to actively

* The machines described abeve are IBM machines currently in use in the Data Precessing Unit, Department of For-
estry.



participate in the processing at hand; the automatic machines which are con-
trolled by a programmed panel will operate for short periods without attention.

The key punches, key verifiers and sorters are classified as semi-automatic
machines.

Ficure 2. Key punch and key verifier.

Semi-automatic Machines

Key Punch and Key Verifier

The basic data from a field tally form is transeribed to the data card at the
punching station. The information is read from the tally form and punched into
the data card as it moves through the key punch column by column, from right
to left.

I'igure 3 shows the card format used by the Department of I‘orestry to
record individual tree measurements taken on permanent sample plots. There is
one card per tree providing for four measurement periods. Before punching of the
field measurements commences, the operator prepares a program card which is
inserted into the program drum of the key punch to control the movement of
data cards at the punching station. I'igure 3 shows the program card which
directs the machine to automatically duplicate common information from the
previous card, stop the automatic movement to allow manual punching and skip
columns which require no punching. The operator reads from the tally form and
enters the data into a card by punching a key board which is similar to that of a
typewriter. This operation activates the punching mechanism which punches the
hole(s) corresponding to the appropriate key in the desired column.
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In I'igure 3, the zero punch in column one allows the information from the
previous card (job and plot number) to duplicate automatically. Because there is
no zone punchin column nine, the program stops the machine to allow the manual
punching of tree number and species. The zero punch in column seventeen of the
growth field permits this information to be duplicated from the previous card
and manual punching continues from column twenty to column twenty-nine. The
eleven zone punch of column thirty permits the machine to skip the height-
curved field with the programming for the remainder of the card continuing
in the same manner. Row two of the card, except for the fields which are skipped,
is filled with punches. This permits the printing of the zeros on the tree cards
should they be recorded in any of the columns.
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Iigure 3. Individual tree measurement program card.

Following the key punch operation all cards are usually key verified. Veri-
fying is simply a means of checking the accuracy of the original key punching.
The key verifier looks basically the same as the key punch; however, the internal
operation of the machine is different. As the operator punches the data onto the
keyboard no punching mechanisms are activated, instead, a series of ¢lectrical
circuits is completed from the machine through the punched hole(s) when the
corresponding key is depressed. Should there be an error in punching, or in dupli-
cation, the circuit is not made and a red light flashes an error. When the card is
verified as correct an “0).1.”" punch is scored on the right end of the card between
the zero and one rows asin I'igure 3. Key punches and key verifiers come in alpha-
numeric or in numeric mode only. The choice of model will depend on the parti-
cular processing application.

Sorter

Sorting arranges cards in the desired sequence and is done on a column-by-
column basis. Sorterss operate at set speeds; however, a great variety of models is
available; the cost of rental or purchase rising in relation to the sorting speed of
the model desired. When a column of figures is sorted into numerical order, the
process involved is one of comparison; a given number is smaller than, equal to,
or larger than ecach of the other numbers. One can scan the figures in Series A
and readily arrange them in sequence to Series B,

8



I'igure 4. Sorter.

Series A Series B
946 23
1001 365
365 749
23 946
749 1001

The machine operator in sorting the cards must proceed in logical sequence by
sorting on the units, tens, hundreds, and thousands positions. This involves four
sorts or passes through the sorter to achieve Series I3 as follows:

Sort 1 Sort 2 Sort 3 Sort 4

(Units) (Tens) (Hundreds) (Thousands)
1001 1001 1001 0023
0023 0023 0023 0365
0365 0946 0365 0749
0946 0749 0749 0946
0749 0365 0946 1001

Alphabetic sorting requires twice the normal sorting time becausze alphabetice
letters (see I'igure 1) are represented by two holes punched in cach column. This
requires two sorts on each column to arrange the letters in correct sequence; one
sort to group the digits one to nine, and a second sort to group the twelve, eleven
and zero zones. In sequence sorting operations, sorting beging with the units or
first position and moves to theleft on a column-by-column basis until all columns
are sorted.



Automatic Machines

The collator, calculator, tabulator, and reproducer are classified as automatic
machines. Their operation is directed by inserting an externally wired control
panel into the panel receptacle of each machine. This control panel when installed
completes a series of internal electrical circuits that control the machine to
operate in the desired manner (Anon. 1956). Iligure 5 illustrates this principle;
data are read from the cards to the counters, totals accumulated and results
printed by the type bars.

N~ Read Card

Type U ~€ Control Panel

Bars with External
C{ Counters >—_‘

Wires.
Internal Circuits

]

Figure 5. Directing machine operations using a programmed control panel.

Of the automatic machines, the collator and reproducer are controlled by
small single-faced panels. The panels of the calculating punch and the tabulator
arelarger and divided into two parts: one part being wired to control the sequence
of operations, the other part providing for the flow of data into memory, counters,
printing or punching area.

Collator

Merging which is the primary function of the collator, combines two decks
of cards into a single card deck and may be performed simultaneously with a
sequence check and selection operation. The collator has two feeds: the primary
feed for the card(s) which are to be fed first, and the secondary feed for the card(s)
which will follow each primary card. As merging proceeds, the sequence check
ensures that cards in both feeds are in proper order. Should an error be detected,
the machine will stop. The selection feature ensures that each primary card has a
matching secondary, and each secondary card a matching primary. Should
neither of these conditions exist in the merging operation, the cards will be
selected into the appropriate reject pockets. Merging is carried out at varying
speeds depending on the problem at hand.

In compiling per acre volumes on a forest survey, cell detail cards showing
the number of trees tallied for cach plot cell (diameter class and species) are
punched, verified, and sorted on diameter class and species. Unit volume master
cards (local volume tables showing unit volumes by diameter class and species)
are also punched, verified, and sorted in the same manner. The two decks of cards
must now be merged so that the appropriate cell detail cards fall immediately
behind the volume master card of the same diameter class and species. The
volume master cards, identified by an x punch in column seventy-five, are placed

10



in the primary feed and the detail cards (no x in column seventy-five) are placed
in the secondary feed of the collator. The machine’s control panel would be wired
to perform the following operations:
1. Merge secondary cell detail cards behind the correct volume master
‘ard on the basis of diameter class and species.
2. Sequence check both decks of cards and stop if an out-of-sequence
condition 1s detected.
3. Select out and stack separately all cell detail cards which do not have
corresponding volume master cards.
Merging may also be accomplished on the sorter; however, it would not be
possible to automatically perform the sequence check nor the selection operation,
When the merge operation is complete, the cards are ready for the calculator
where the basic computations are performed.

Calculating Punch

The caleulating punch performs four basic operations: addition, subtraction,
multiplication and division. It reads information from the data card, stores the
factors in memory, transfers from memory into the multiplier and the counters
where the sums and products are developed, reads out to the punching area and
punches the result into the same card or into designated cards that follow. Cal-
culating punches also have the ability to prove each product developed. Proof
alculations are generally performed on a separate run through the machine with
a correct caleulation being identified with a twelve zone punch, an error with an
eleven zone punch.

Certain calculators operate at constant speeds while the models of the 602A
series operate at varying speeds depending upon the complexity of the problem.
The more complex the problem the slower the speed.

Figure 6. Calculating punch with control panel.

11
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The 602A calculating punch is probably the most widely used of this series.
The machine has a maximum storage (memory) of ninety-six digit positions, a
maximum counter capacity of forty digit positions, and can perform up to thirty-
five sequential operations. The machine is relatively slow but it has flexibility and
can be used to perform most basic forestry calculations.

To compute the per acre cell volumes, the control panel is wired so that the
calculator will:

(a) read the unit volumes from the x in column seventy-five volume master
card, store them in memory, and skip out the volume master card,

(b) read from the cell detail cards the number of trees tallied and the plot
size code, and store these values in memory.

Tollowing the read operation the calculator is instructed to:

(1) calculate the number of trees per acre. (Number of trees tallied times
plot size code),

(2) store this value in memory and punch onto the cell detail card the per
acre number of trees,

(3) retrieve from memory and multiply the number of trees per acre times
unit values,

(@) Number of trees/acre X unit basal area

(b) Number of trees/acre X unit volume total cubic feet

(¢) Number of trees/acre X unit volume merchantable cubic feet
(d) Number of trees/acre X unit volume merchantable board feet

(4) punch per acre values on the cell detail card,
(5) skip out this cell detail card and read the next card.

The unit values read from the master volume card remain in the memory of
the calculator until a new volume master card is read. When this condition
occurs, the unit values stored in memory from the previous master card are
erased and the values from the new master card are substituted.

The reasoning behind the previous collator operation is now apparent. Since
the memory of the calculator is small, the unit values of the local volume table
must be stored on a volume master deck which i1s then merged with the detail
deck so that the correct detail cards fall behind the appropriate master cards.
The calculator is now only required to retain in memory the unit values pertain-
ing to the detail cards which follow each volume master card.

Tabulator

All reports, listings, or tabulations are produced by the tabulator. This
machine is available in various models, each model having different speeds of
operation, printing ability, counter and selector capacity.

Tabulators operate automatically in both feeding of cards and printing of
results. The information punched in the card can be read, added, subtracted,
compared or selected according to the requirements of the report, and summary
cards can also be punched simultaneously with the preparation of reports.

Report printing on the tabulator may be described as detail and group
printing.

Detail printing is the printing of information from each card as the card
passes through the machine. The function is used to prepare reports that show
complete detail about each transaction. During this listing operation the tabula-
tor may be controlled to add, subtract, cross-add, cross-subtract and print many
combinations of totals (Anon. 1957).

12



Ficure 7. Tabulator.

Figure 8 illustrates a simple example of detail printing. This listing shows the
raw map area (determined from a dot grid count), the adjusted area (as calculated
by the 602A calculator) for each stand listed in numerical order. A count of the
number of stands and the total raw and adjusted areas is given.

Group printing is a function that summarizes groups of cards and prints the
totals on a report. Totals may involve adding, subtracting or cross-footing. In-
formation read from punched cards is entered into counter units; at the end of
each group of cards the totals are read out of the counters and printed on the
report (Anon. 1957).

Ilach card group must have certain features that are common to all cards in
that group. For example, if a plot summary is to be tabulated, all cards within
the first group would have the same plot number, the cards in the second group
would also have the same plot number but it would differ from that of the first
group and so on. Figure 9 shows the plot listing, each plot being made up of
individual cell cards (species-diameter class combinations) representing the tally
on the plot.

To perform a group print operation, the tabulator must have the ability to
detect any difference which separates one card group from the others. This is
accomplished by means of the program control. Program control is comprised of
a comparing unit (comparing entry and exit hubs) and a program start unit
(minor, intermediate and major programs).

Activation of the comparing entry hub permits the tabulator to detect dif-
ferences separating one group of cards from the others. If the corresponding
comparing exit hubs are wired to a minor program start, the machine will print
the totals (which have been accumulated in the counters) each time the difference
between card groups is recognized. To print the plot listing, the data card columns

13
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AREA IN ACRES

# P ® o o
2 §§ 3 52 =B .
= nZ Q 00 713l Raw Adjusted
93 001 2 5 1100 2(0 2|0
93 002 2 3 0400 30 3]0
93 003 2 5 1100 216 2i5
93 004 2 3 1100 7(5 715
93 005 2 5 1100 172 17]0
93 006 8 3 6071 40|8 40/5
93 007 8 5 6000 2[5 2/5
93 008 2 5 0400 36/8 365
93 009 2 3 0400 26]2 2610
93 010 2 3 1100 3[s 3[5
93 011 2 3 1100 26|7 265
93 012 2 4 1100 126]0 125]0
93 013 2 3 1100 4lo 40
93 014 2 3 0400 23]7 235
93 015 2 6 0400 40 40
93 016 2 4 0411 16]7 16/5
93 017 2 3 1100 116 115
93 018 2 4 1100 912 90/5
93 019 2 3 0400 111 11,0
93 020 2 3 0400 6|5 6/5
93 021 2 3 0400 711 7(0
93 022 2 3 1100 3[s 3ls
93 023 2 3 0400 499 49|5
93 024 5 4 0460 247 24]5
93 025 2 3 0400 19/1 19/0
93 026 2 5 1100 4|0 470
93 027 5 5 0460 203|1 201!5
93 028 2 3 1100 47(4 4700
93 029 8 6 6071 60/0 5915
93 030 8 6 6071 11]0 11]0
93 031 2 4 1100 31 30
93 032 2 3 0400 40 40
93 033 2 4 0411 1502 149/0
93 034 2 4 1100 33]7 335
93 035 2 4 0411 14]6 14]5
93 036 8 4 6071 16]2 16]0
93 037 2 3 1100 650 645
93 038 2 3 1100 34]7 3415
93 039 8 5 6000 26|2 26/0
93 040 2 3 0400 6/6 6/5
93 041 2 5 0400 4919 495
93 042 8 5 6000 70 710
93 043 5 5 0460 81 80
93 044 2 4 0411 232 230
93 045 2 3 1100 16]1 160
93 046 2 4 0411 2887 2865
93 047 2 3 1100 46 4/s
93 048 2 4 1100 9]1 9]0
93 049 5 4 1171 478 475
93 050 2 5 1100 41 40
93 051 5 4 0460 50 50
93 052 2 4 1100 2|5 2|5
93 053 2 5 0400 96 9s
53 172314 1710/0 *

Ficure 8. Detail printing.
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PER ACRE VALUES

o ©
Q 4 ©
- ) § o
g > @ a'; 6 ) g *®
8 = = v L 2 & ° ] Basal 2 H
-3 — — <] = ] het e = o
Az o9 [o¥ O @] 7213 7] o Number Area Vtcf Vmcf Vmbf vy N
5001 1] 10 2 4 1100 02 10 710i0 99:22 17307 1424 93 61
5002 0 10 2 4 1100 02 10 7500 116(82 22099 1807 470 93 61
5003 [1] 10 2 4 1100 Q2 10 2600 62;22 1262]1 1138 780 93 61
5004 1] 10 0 1 0502 00 10 93 3
5005 0 10 0 1 0502 00 10 93 61
5006 0 10 0 1 0502 00 10 32010 54163 1069(4 929 820 93 [}
5007 0 10 0 1 0502 00 10 82010 108140 1830|6 1486 93 61
5008 [} 10 8 ] 6071 02 10 22070 47778 1799 390 520 93 (33
5009 0 10 8 S 6071 02 10 22000 9443 26337 2371 5220 93 61
5010 0 it 8 5 6071 02 10 40010 84748 205178 1728 1070 93 531
5011 0 10 2 S 1100 02 10 55010 83,94 148612 1247 93 61
5012 1] 10 2 5 TI06 02 10 53070 TTI[34 209717 1805 93 671
5013 0 10 2 5 1100 02 10 4300 105|49 21363 1931 780 93 61
5014 0 10 8 5 6071 01 10 60010 8 1 161477 1469 93 [33
5015 1] 10 8 5 6071 01 10 26010 57[36 154717 1290 1960 93 61
5016 0 10 [ 1 0502 00 106 22000 55157 112973 10727 1400 93 [:31
5017 0 10 5 S 0460 02 10 40010 71106 16867 1338 93 61
S018 0 10 5 5 0460 027 10 22010 7550 168379 1548 2330 93 61
5019 Q 10 5 5 0460 02 10 170]0 38179 9220 776 410 93 61
5020 0 10 5 5 0460 02 10 36010 75193 T76577 1468 500 93 [38
5021 0 10 S S 0460 02 10 410j0 83,66 192811 1587 410 93 61
5022 0 10 5 5 0460 [\ 10 39010 94103 215214 1862 790 53 61
5023 g 1¢ 5 5 0460 02 10 370i0 69,06 164611 1316 93 61
5024 [] 10 S 5 0460 02 10 4001(0 9458 229179 19564 2430 93 61
5025 Q 10 S S 0460 02 10 30010 8637 191110 1725 3070 93 61
5026 0 10 2 K] 1100 01 Y 28010 108|14 236615 21568 5340 53 33
5027 [1] 10 5 5 0460 02 10 550i0 11435 27790 2283 2050 93 61
5028 0 10 5 5 0460 02 10 290]0 77139 1663]3 1497 1450 93 61
5029 g 10 8 5 0460 02 10 550:0 107/37 247112 2006 93 61
“5030 [1] 10 5 5 0460 02 15 63070 TI3732 255571 2030 93 [}
5031 (1] 10 5 5 0460 02 10 41010 10878 2431]1 2153 800 93 61
5032 0 10 2 4 0400 02 10 5900 94150 1980(8 1513 93 [:3]
5033 Q 10 2 4 0400 02 10 51040 127129 28356 2477 93 61
5034 [} 10 2 4 0400 02 10 520(0 13434 0017 2632 410 63 61
5035 Q 10 2 4 0400 92 10 2400 64|58 4579 1289 410 93 61
5036 []] i0 2 4 0400 02 10 3306]0 121(97 2795(4 2579 2680 83 [:38
5037 0 10 5 4 0460 01 10 580i0 89(24 1953(3 1531 93 61
5038 0 10 2 4 04711 02 10 660|0 155|171 33612 2960 2870 93 61
2039 Q 10 2 4 1100 02 10 72010 117|121 21028 1780 93 61
5040 0 10 2 5 0400 02 io 30010 134/03 3323(5 3084 7150 93 61
5041 ] 10 2 5 0400 02 10 190!0 83|92 1938;:3 1814 3090 93 61
5042 [ 10 2 5 0400 02 10 25010 129[46 331375 3057 7520 g3 [
5043 0 10 5 5 0460 02 10 430/0 122(54 2904 9 2569 93 61
5044 0 10 2 4 0411 02 10 360(0 76{26 149314 17 410 93 61
5045 0 10 2 4 0411 02 10 37050 105/67 22625 2059 2520 93 61
5046 [1] 10 ] 4 0411 02 19 380(0 8 4 16810 53 930 53 [33
5047 (1] 10 2 s 1100 01 10 29010 82146 175919 1620 1690 93 61
5048 0 16 2 4 100 02 10 31070 SZ2148 9437135 801 53 [}
5049 0 10 2 4 1100 02 10 360/0 3633 66215 390 93 61
5050 0 106 2 4 1100 02 10 310|0 7482 15008 1353 93 3
5051 0 10 2 4 1100 02 10 640|0 10741 194217 1640 93 61
5052 0 10 2 4 0471 02 10 680]0 148[00 31093 2739 3150 93 61
sogg 0 10 0 1 0501 00 10 93 61

Ficure 9. Plot listing



representing the plot number field were wired into the comparing entry hubs
permitting the machine to detect differences in plot number. The corresponding
comparing exit hubs were then wired to a minor program. This sequence permits
the machine to compare plot numbers and to print out the plot per acre values as
a minor total each time the plot number changes.

The standard IBM 402 tabulator has three program levels: minor, inter-
mediate and major. By wiring the control panel, the tabulator can be controlled
to print out totals corresponding to each level. I'igure 10 shows a plot tabulation
which was printed during the processing of a forest inventory survey. The totals
representing the program levels are indicated as follows:

1. A minor program is detected by a change in diameter group. In this
example three diameter groups are possible:
(a) Code 2 representing diameter classes one to three inches (1"—3’’),
(b) Code 4 representing diameter classes four to nine inches (4—9’/),
(¢) Code 6 representing diameter classes ten inches and up (10" +).

2. An intermediate program is detected by a change in species.
3. A major program is detected by a change in plot number.

Before such a report is tabulated the data cards would have been sorted in
the following order:

(a) diameter group—minor program

(b) species —intermediate program

(¢) plot number —major program

An examination of Figure 10 reveals that the minor totals are the sums of indi-
vidual cards within each diameter group, species and plot; the intermediate totals
are the sums of diameter groups within each species and plot ; the major totals are
the sums of species within each plot.

A basic knowledge of tabulator functions is extremely helpful in specifying
how reports should be printed. The specification for the reports discussed above
would read as follows:

Iigure 8 Area Listing—Ilist stands in numerical order, show all identifying
features and the raw and adjusted areas of each stand. Show the total
raw and adjusted areas of all stands.

Figure 9 Plot Listing—Ilist plots in numerical order, show all identifying
features and plot per acre values for number of trees, basal area, volume
total cubic feet, merchantable cubic feet and merchantable board feet.

I'igure 10 Plot, Species, DBH Group Tabulation—Ilist plots in numerical
order, show all identifying features and per acre values for number of
trees, basal area, volume total cubic feet, merchantable cubic feet,
merchantable board feet and totals by dbh groups (1”’—3", 4"—9”,
10" +), species, and plot number.

(a) dbh group —minor totals
(b) species —intermediate totals
(¢) plot number—major totals

One feature that has many applications is the card count. When this hub is
wired to a counter, a count of cards is recorded and may be printed out for each
program level. In general, this feature will only be used when each data card
represents one item. A major application of the card count is to determine the
number of items within a given class which contribute to the class total. Once the
totals and card counts are obtained, it is then possible to compute the class means
through division on the calculating punch.
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5001 10 2 4 1100 02 310 10 4 2010 6]98 15016 140 93 61
20/0 6/98 150(6 140
5001 10 2 4 1100 02 610 10 4 10|0 1/96 528 42 93 61
10{0 1|96 5218 42
710)0 99122 17307 1424
5002 10 2 4 1100 02 Minor program 040 10 4 19010 33/49 71116 562 93 61
5002 10 2 4 1100 02 Intermediate 040 10 6 10,0 5745 12715 121 410 93 61
o program 2000 38|94 8391 683 410
5002 10 2 4 1100 02 110 10 4 52010 72|49 124019 1018 93 61
5200 72149 124019 1018
5602 10 2 ] 1100 02 130 10 4 1070 1736 3075 18 93 61
100 1/36 2015 18
5002 10 2 4 1100 02 610 10 4 2010 4103 10914 88 93 61
20j0 4103 109[4 88
Major program 750(0 11682 2209|9 1807 410
5003 10 2 4 1100 02 110 10 4 240i{0 51/32 1000(9 888 93 61
5003 10 2 4 1100 02 110 10 6 20i0 10{90 2612 250 780 93 61
260{0 62|22 1262)1 1138 780
260]0 6222 1262(1 1138 780
5004 10 0 1 0502 00 10 0 93 61
5005 10 0 1 0502 00 10 0 93 61
5006 10 [i 1 0502 00 40 10 4 50(0 1942 4448 413 93 61
5006 10 1] 1 0502 00 40 10 6 200 10l90 255(0 242 820 93 61
70i0 30132 6998 655 820
5006 10 0 1 0502 00 110 10 4 250/0 24131 369(6 274 93 61
250/0 24/31 36916 274
3200 54163 106914 929 829
5007 10 0 1 0502 00 110 10 4 820/0 108|40 1830(6 1486 93 61
8200 108}40 1830(6 1486
820[0 108]40 183016 1486

Ficure 10. Plot, species, d.b.h. group tabulation.
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14 910 14(2 12(846 2 45150 7010 61423

o 14 3330 344 334|794 & o 5550 5173 51799
14 2230 260 25/986 4 55175 6150 61496
14 1110 142 171000 2 55 50 7110 8:500
14 21910 32i2 421021 4 5475 8,05 10:505
14 1210 13i8 15,806 2 60150 6190 7,903
14 4040 45/ 8 62686 [ 7767 33 7163 10:448
14 - 4735 5813 88!893 7 67164 8{33 12,659
14 12910 19,8 336|286 2 64150 990 181143
14 141(0 1512 22(468 2 '70 50 7160 11,234
14 74910 87(4 1491102 10 74{90 8|74 14910
14 5870 7416 146|340 8 73:38 9132 18,292
14 62810 8418 184/534 8 78150 1060 231067
14 7450 114/8 246[186 10 7450 11/ 48 24619
14 1500 2412 541656 2 7500 12|10 271328
14 325|0 38i6 83020 4 81:25 965 20,755
14 67610 844 204|308 8 84150 4710 55 251538
14 33810 4610 115{978 4 84150 11150 281994
14 1740 25/0 741102 2 87100 12150 371051
14 356(0 5314 160{418 4 89|00 13/35 40104
14 168|0 30(6 97/558 2 84100 1530 48:779
14 171|0 34| 4 133 1747 2 85i50 17120 66,587
I4k 182 5 19|6 47564 2 91,00 5! 80 23782
14 186|0 21(2 59/192 2 93(00 10|60 29\596
14 561(0 74| 6 245{859 6 93|50 12/43 40‘976
14 954|0 134|6 4431150 10 95|40 13|46 44/315

Ficure 11. Mean heights, diameters and volumes.
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The data card showing the card count and totals would be produced through
a summary punch operation. The tabulator would be connected by cable to the
reproducing summary punch, and as the tabulator printed a total for each class,
the reproducer would punch one card containing the information printed on the
corresponding line of the report form. I'ollowing a calculator division operation,
the cards are listed by the tabulator. I'igure 11 1illustrates the type of listing the
tabulator would produce to show mean heights, diameters and volumes for ten-
foot and one-inch classes of height and diameter.

Reproducing Summary Punch

Reproducing punches perform several functions: reproducing card decks
column-for-column or to other selected columns, gang punching common infor-
mation into a single deck of cards, and when connected to the tabulator the
production of summary cards. I'or example, individual tree cards may be sum-
marized down to a plot card showing total number of trees and total plot volume.

The reproducer has two feeds: a reading feed and a punching feed. Informa-
tion is read from the card deck in.the read feed and punched into the deck in the
punch feed. The read feed is to the left, the punch feed to the right.

Figure 12. Tabulator and reproducer.

The information read from the read feed is compared with the information
being punched. If no differences are observed, the machine keeps reading and
punching. If a difference is observed the machine will stop, the compare lights
flash on, and the column(s) in error show on the comparing indicator. In this way
the machine checks its operation. Reproducers generally run at a fixed speed of
100 cards per minute.

19



A reproducing operation usually transcribes data trom a record deck so that
additional computations may be undertaken. As shown in Figure 13, the recorded
measurements taken in 1960 have been reproduced onto a work card for the
computation of per acre basal area and volume.

These then are the basic machines* which comprise a unit record installa-
tion, each machine performing one or more individual functions in the overall
processing operation. Individually their scope is limited but when each machine’s
particular forte is integrated into the processing scheme, the unit record installa-
tion becomes a very versatile processing tool.

PRELIMINARY ANALYSIS OF THE PROBLEM

Machine processing requires planning, and in approaching this problem,
most potential users seem primarily concerned with the minimum quantity of
data necessary to justify machine processing rather than being concerned with
the amount and type of processing required to produce the desired results.
Generally the following points should receive thorough scrutiny in relation to the
specific problem:

(a) frequency of occurrence

(b) type and amount of computation involved
(¢) number and variety of reports required
(d) nature and volume of the source data

(e) time required for manual processing

() availability of clerical personnel

(g) clerical versus machine costs

The points mentioned above will not be expanded as they are only presented to
aid the prospective user to orientate his thoughts on the subject.

Should this preliminary analysis result in the decision to initiate machine
processing, it is advisable to count on extensive planning, for this is the essential
ingredient of the processing operation.

PLANNING

The planning required for the processing operation can be subdivided as
follows:

(a) the organization and preparation prior to processing,

(b) the development of efficient processing techniques to produce the desired

results.

Preparing the data for processing may take considerable time and thought.
However, comprehensive planning at this stage will produce many dividends in
subsequent operations. Initially the project manager may be concerned with
codes.

Codes

Data processing codes are numerical values used to identify logical classifi-
cations of qualitative and quantitative measures. Kvents or measurements which
affect a given project must be classified so that their full significance may be
assessed.

* Manufacturers are constantly bringing out new equipment that often combines the features of some of the machines

described here. So that each of the basic processes (punching, verification, sorting, collating, reproducing, calculation, tabu-
lation) may be readily understood, they have been described in terms of single machine units.
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Ficgure 13. Data reproduced from record card to work card.

Because proper coding is vital to the success of any processing operation, it
is essential to develop the right code for the right situation. This inevitably will
involve a thorough appraisal of the job to be done and consideration of all the
possible methods of accomplishment.

Initially the code must be operational; it must allow for all machine segrega-
tions necessary to provide the required reports. It must also be flexible to provide
for additional entries and additional categories if necessary. The code should be
easy to assign, and if possible facilitate visual identification.

A brief description of several common code types and examples follows
(Anon. (¢) and Honer 1960):

1. Sequence Codes. The sequence code is perhaps the coding method most
commonly thought of when one is confronted with a coding problem.
The method is simple and involves assigning numbers starting with one,
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to a list of items arranged in any order. This method has one major dis-
advantage; it does not provide for any subsequent groupings of the
initial classes and should not be used where such requirements exist.

2. Block Codes. This system utilizes groups or blocks of numbers in
sequence to represent various classifications. These blocks may be
arranged according to any desired number of units.

Specres

Pine
Spruce
Egrch Softwoods
Cedar ‘
J

Hemlock

Poplar

Birch

Maple

Other Hardwoods

Hardwoods

PINS WO

Block coding provides a method of coding by classes where the number of
digits must be limited.

3. Group Classification Codes. Group classification codes have major and
minor classifications represented by the succeeding digits of the number.
In general this is the most efficient system for ordinary coding problems.

100. Spruce —~Generic name
110. Black spruce —Species name
120. Red spruce —Species name
130. White spruce —Species name

131. Porsild spruce —Species variety
132. Western white spruce —Species variety
200. Fir

210. Balsam fir
211. Bracted balsam fir

In the above code the primary classification identifies the generic name, the
secondary identifies the species and the tertiary identifies varieties within species.
When constructing a group code, it is well to start each subdivision with a numeral
rather than 0", leaving the latter open to indicate the groups.

4. Significant Digit Codes. This term has been applied to codes wherein all
or some of the digits represent weight, dimension, distance, time inter-
val, or any other factor which has been transferred bodily into the code.
In one sense this is not actual coding as these factors determine the
numbers without coding.

The object of significant codes is to eliminate or reduce the work of
decoding by providing a code number that is directly readable.

Code Number Plot Number
16044 Line 16 Sample 44
22085 Line 22 Sample 85

The primary and secondary numbers represent line number, while the remaining
numbers represent the sample.
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Source Documents

Information gathered in the field must be recorded on some type of form or
source document. A revision of documents in use may be necessary to prepare
such forms for the key punch operation, for the tally sheet should provide ade-
quate space to record various classifications (cover type, site type, age class) and
field measurements, for maximum ease of transcription to the data card. Ideally,
each item will be in read-punch sequence, and each line on the form will represent
one data card. Most foresters are familiar with the basic inventory forms, however
some thought should also be given to the possibility of using the data card as the
source document. To do this the field tally is either ““mark sensed” onto the card
or a specially perforated card is used with an IBM ¢ Port-A-Punch” (Anon. (d))
and the field records punched directly into the card. This system will generally
be used where each item tallied represents one card.

The “mark sense” card (Figure 14) contains a maximum of twenty-seven
marking positions, each position encompassing approximately three regular card
columns. The item classified is marked onto the card with a pen or pencil which
has a high graphite content. The correct method of marking must be used since
the function of mark-sensing is dependent upon the fact that a pen or pencil
mark can be electrically conductive.
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Ficure 14. Mark sense tree card.

The ““Port-A-Punch” card (Figure 15) contains a maximum of forty punching
columns, each column representing two regular card columns. The twelve punch-
ing positions in each column are perforated and the clear plastic template used
in conjunction with the “Port-A-Punch” is punched with twelve guide holes per
column to allow easy punching. All classified measurement information is
punched directly into the card using a punching tool similar to a mechanical
pencil (Figure 16).

A variety of portable punches (Anon. (a)(h)) has been developed within the
last few years, and by using these punches in the field, information can be entered
into the regular data card as the measurements are being taken.

Control Checks

When the operations of a job are set down, consideration must be given to
developing controls so that at each stage of development the previous operations
can be checked to ensure the validity of the results. The ideal control system
mcorporates field, clerical, and machine processing checks into the overall opera-
tion. In this way errors are eliminated before extensive machine processing is
undertaken.
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Figure 16. Port-A-Punch and mechanical pencil.

One form of control that is generally incorporated into the system is a simple
count of items being processed. The basic input is listed and a total provided by
the tabulator i1s compared with a control count which has been provided from a
previous clerical operation. If the totals do not balance, the data must be checked
to determine the source of error. Such controls may involve additional clerical

and machine operations, but ensure accurate report summaries.

The machine output is only as good as the input.
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Reports

The development of codes and the design of source documents go hand-in-
hand with what the forest manager expects to get out of the survey in the form
of machine listings and tabulations. Therefore it is necessary to set down in clear
and concise terms the calculations needed and the report forms required. In many
cases it means giving a very detailed breakdown of each computation and de-
scribing in simple terms each proposed report form. This point cannot be over-
emphasized, for if there is disappointment in the results produced from a data
processing application, it can generally be attributed to a lack of communication
between the user and the processor.

The stand and stock table is a common report required in forestry. However,
to many processors and some foresters this has little meaning, so the report de-
scription is set down as follows:

Report 1: Plot stand and stock tables showing per acre values for num-
ber of trees, basal areca, volume total cubic feet, merchantable cubic feet,
merchantable board feet, totals by one inch diameter classes, diameter
groups (1"-3", 4"7-9””, 10" +), species and plot number.

Specifications
Per Acre:
Number of trees ——two decimal places
Basal area —three decimal places
Volume:
Total cubic feet —two decimal places
Merchantable cubic —one decimal place
feet (4" +)
Merchantable board —no decimal place

feet (10" +4)
Per Acre:
Number of trees—number of trees recorded by species in each

diameter class multiplied by the reciprocal of the
plot area.

Basal area—number of trees per acre times the unit basal area
provided for that diameter class.

Volume—number of trees per acre times the unit volumes (volume
total cubic feet, volume merchantable cubic feet, volume
merchantable board feet) provided for that diameter
class and species.

In such a case the local volume tables would be attached to the request.

A great variety of reports previously unattainable by manual procedures can
be produced when a particular problem is compiled using machine techniques.
However the potential user is well advised to initially request only the essential
reports required for immediate action. Miscellaneous reports may be of interest
but the user should ensure that he has the time and staff available to analyze the
mountains of forms that may be tabulated. Machine processing is designed to
eliminate dull clerical operations and the application should not result in time-
consuming analysis of non-essential reports.

Systems

Processing systems should be developed for all problems, for although in-
dividual machine operations are usually quite simple, the processing scheme for
a detailed problem can be very complex. Development of a good program ensures
that the basic data will be processed and summarized in a correct and efficient
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manner, and depends upon the ability of the forester to state his requirements
clearly and the ability of the programmer to translate them into a series of se-
quential machine operations.

In developing the processing sequence, the programmer generally breaks the
problem into several general parts, each part representing a series of operations
peculiar to the derivation of that part. I‘or example, to obtain the per acre stand
and stock tables indicated above the problem is separated into three parts, cach
part being fur ther subdivided to show the sequence of operations required.

STAND AND STOCK TABLE PROGRAM

1. Preliminary processing and checks:
(a) key punch—key verify tree cards and local volume tables,
(b) collator—sequence check tree cards on plot number,
(¢) tabulator—list each tree card and show total count of number of trees,

(d) check machine and clerical totals. If correct proceed to part 2, if in error
submit reports for a clerical check, correct any errors.

2. Computation of per acre values:
(a) calculator—-calculate unit basal area on local volume table master cards,
(b) sorter-—sort tree cards on diameter and species,
(¢) collator—merge with local volume tables,
(d) calculator—-calculate and prove per acre values,
(e) sorter—separate and file local volume tables,

(f) tabulator—Iist per acre values for spot check. If no errors are detected
go to part 3, if errors are present take corrective action.

3. Tabulate per acre stand and stock tables:
(a) sorter—sort tree cards on plot number,

(b) collator—sequence check tree cards on diameter, species, and plot
number,

(c) tabulator—print plot per acre stand and stock tables.

Where it is necessary the programmer will also prepare the wiring diagrams for
the automatic machines (collator, calculator, reproducer, tabulator). When com-
plex programs are being prepared it is common practice to show the overall pro-
cessing scheme as a flow chart for they are useful in the processing operation and
in planning for any revisions that may be required.

Therefore systems work involves an appraisal of the problem, separating it
into several general components with each component being further subdivided
into basic machine operations. Each operation is described and where applicable
wiring diagrams prepared. Appendices I and II illustrate to some extent the
points outlined previously.

Appendix I, a study of natural regeneration, describes the planning and
processing operations used in this problem. Although only a small part of the
processing chart is shown it illustrates how the punch, sorter, and tabulator are
used to prepare a number of frequency tables. Brief descriptions of the codes,
field sheets, report forms, and processing instructions are given.

Appendix IT illustrates the use of the collator, reproducer and calculator in
deriving total cubic foot volumes. Ench operation shown on the flow chart is
briefly explained.
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SUMMARY

The use of data processing techniques is relatively new in forestry work,
however interest in its application is increasing. To assist the practising forester
in understanding the fundamentals of unit record processing, the basic machines
and planning principles have been briefly described. Two appendices are pre-
sented to illustrate the part each machine plays in the processing scheme and
how the various planning principles were put into effect.

APPENDIX I
THE ABUNDANCE AND GROWTH OF SEEDLINGS
RELATIVE TO ENVIRONMENTAL FACTORS*

This study of natural regeneration illustrates the use of the punch, sorter
and tabulator in preparing a number of frequency tables, and briefly describes
the codes, field sheets and report forms.

The purpose of the study was to determine what environmental character-
istics play a major role in the survival of spruce and fir regeneration in the Crows-
nest Forest of Alberta. Seedlings of both species were classified according to the
environmental conditions in which they were found; certain measurements were
taken and recorded.

The first objective was to assess the qualitative classes and prepare suitable
codes. The basic coding system employed for the project was the sequence code.
Sequence codes are used for items which are distinet from the others and where
there is absolute assurance that no subsequent grouping will be needed. Since the
number of items within each qualitative class was limited, sequence codes 0 to 9
covered all situations.

TABLE I EXAMPLES OF SEQUENCE CODES
Site Type (Column 6) Seedbed Class (Column 11)

1. Bottomland Alluvium 1. Mineral Soil

2. Moderately exposed and poorly drained 2. Mineral soil with incorporated humus
slopes

3. Moderately exposed and well drained slopes 3. Humus “F”” and “H” horizons

4. Moderately protected and poorly drained 4. Decayed wood
slopes

5. Moderately protected and well drained 5. Moss (Sphagnum or Pleurozium)
slopes

6. Steep, exposed slopes . Humus, L. horizon
7. Steep, protected slopes 7. Black muck

[e2]

Field Sheets

The design of the field form was governed by two factors:
(@) the characteristics of the information being collected and classified
(b) the order in which information is recorded

In this study, each seedling was identified for qualitative and quantitative
classes, qualitative classes being recorded to the left of the form, quantitative
measures to the right. As seen in Figure 17, the tally sheet provides maximum
ease of transcription to the data card; each item is in read-punch sequence and
eachline on the field sheet represents one seedling data card. The location of each
digit on the data card is shown by the column indicator at the top of the form.
Therefore the field sheets and data cards have the same column allocation.

* Day, R. J. 1960. Project A-57. Seedling Growth and Environment Study. Forest Research Branch, Department of
Forestry, Canada.
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Figure 17, Field tally form,

Report Forms

Machine report forms are determined by the nature of the problem and the
ability of the machines to print in the desired manner. In many instances, the
form must be a compromise, with machine capabilities being the governing
factor. The design was originally requested in the form of Figure 18, but after
some consideration the machine form Figure 19 was used. The change resulted in
moving site type to the vertical axis because in this and subsequent reports, site
was the controlling factor. The horizontal axis is used to record the number of
seedlings falling into each class of the microsite factor. The fir data are printed
beneath rather than adjacent to the spruce data as the number of counter
positions available in the tabulator was the limiting factor. Control totals were
also provided by site, species, and all species combined.

This report is simple and provides a maximum of information for control and
further analysis.

Submission Instructions

An excerpt from the submission instructions reads as follows: Analysis No.
11—The relation between site type and various microstte factors.

This analysis is designed to show what variation occurs in the proportion of
microsites available in each macrosite condition.

Method—(1) Sort into species classes 1 and 2, column 8.
(2) Sortinto site classes 1 to 7, column 6.
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SPRUCE FIR

Site Site
(B) (8)
Seedbed | 2 3 4 5 6 7 Seedbed | 2 3 4q 5 6 7
0]
|
2 (3 figs. mox. in totals) (3 figs. max. in totals)
3
4
Ficure 18. Proposed report form. Analysis No. 11.
NUMBER OF SEEDLINGS BY SEEDBED
Species Site 0] | 2 3 4q 5 6 7 8 9 Total
Spruce 6]
|
2
3
4
5
6
7
Totals
Fir 0]
{
etc.
Totals
Grand totals

Frcure 19. ¥inal machine report form. Analysis No. 11.

(3) Sort each species site group into the various classes of each of the
following factors:—

Col. Factor Code
A. 7 Residual Stand 04
B. 11 Seedbed 1-7
C. 13 Local Slope (Direction) 1-9

These instructions describe briefly the purpose of the reports, and explain in
a clear and concise manner the sorts required to produce the desired reports.
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| Field tally. Fiolg
Tally
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. Key punch verify S— 056 <

Seedling
Data
Card

. One card per seedling.

. Sequence check. |

Control
Listing

. Control listing for }

final check. { Final check )

Seedling {
—_——— Data
Card |
. Correct errors. —
Ok
I
. Sort. Seedling
402 — Data
Card
. Tabulate.
Final
Reports

. Report forms.

Fictre 20. Seedling flow chart.
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Systems Planning
The operations involved in processing this problem cover three main areas:
1. Key punching, key verification, and checks
2. Sorting
3. Tabulating

From this basic analysis a flow chart showing the sequence of operations is
developed (Figure 20). Following the preparation of the flow chart, machine
operator instructions were prepared as follows:

Report 11B:
(a) Sort: (1) Seedbed class, column 11
(2) Site class, column 6
(3) Species, column 8
(b) Print (Figure 19) selecting on seedbed class (Column 11) and showing a
minor total on species and site (Columns 8 and 6). Tabulate each species
separately and run automatic totals for each species and all species com-
bined.
Therefore the preliminary planning involved designing the field form, setting
up the codes and determining the type of report forms required. At the processing
end, flow charts were developed and concise operator instructions set down.

APPENDIX II

TREE SECTION VOLUME*

This problem involved measurements taken on one hundred and sixty-eight
sectioned trees and illustrates the use of the reproducer, collator and calculator.
At each section the inside bark radius measurements were recorded for each
ten-year period. The work order, I'igure 21, specifies the source data and clearly
indicates the computations and reports required. The planning and machine
operations, which are briefly described below, pertain to those operations re-
quired in section 2A(1) of the work order.

The basic measurements were punched on card form 1, Figure 22; one card
for each section containing measurements for eleven age periods. Since these
basic measurements take up all the columns of the card, the volume computations
have to be punched onto another card form. Card form 2, I'igure 23, was designed
to accommodate the volume computations. Note that columns 1 to 11 are common
to each form to permit merging of the radius and volume cards. In I'igure 25 we
can see the sequence of operations to reproduce, assemble and compute the
required volumes.

Card form 2, columns 1 to 11 are reproduced from form 1. The reproducer
reads column 1 to 11 and punches the same information into card form 2 in the
same columns. On this operation the comparing feature of the machine is utilized.
The information read from card 1 is compared on a column-for-column basis,
with the information punched into card 2. If no differences are observed, the
machine keeps reading and punching; if a difference is observed, the machine
will stop, the compare lights flash on, and the column in error is shown on the
comparing indicator.

Following the reproduction operation, card forms 1 and 2 are merged for
calculation. Merging is performed on the collator, and in this case the speed will
approximate 250 cards per minute, feeding from both feeds simultaneously. The
collator has a primary and secondary feed; the primary for the cards to be fed
first and the secondary feed for the cards which will follow immediately behind.
In this operation, one secondary card (for the volume records) will follow the

* Bajzak, D.1961. Project N F-55. Study of Mensurational Characteristics of the Forest Types of Central Newfoundland.
Ferest Research Branch, Department of Forestry, Canada.
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WORK ORDER

Job No. | Job Name

7l NF-55

Issuing Officer Unit Due In

Due Out

D. Bajzak Newfoundland District

Septe 1961

L.
2.

1.

2.

Source data: (Quantity, type, coding, etc.)
Summary of results required: (append suggested report forms)

Source of data: 168 trees (Numbered 201-379). Each tree sectioned
into twelve sections: 1 foot stump section; 3.5 feet breast height
section, ard ten equal sections between breast height and tree top.
The following infonmation is recorded and codeds

a)e Tree number; species; location (Lat.=long.): site (site type):
DBHob; DBHib; total height; age at stump; and point age at
breast heighte

b)e. Each section numbered in sequence with the following recorded
at smaller end for each:

Disc. Age; Section Length; Diameter ob. now; Av. Radius now;
and Av. Radius 10 years ago, 20 years ago, 30 years ago, etces
to the last decade.

Result required:
Ao Volume computation:

(1) Compute the volume for each section of the tree using
Smalian's formula: V = K (D? + d2)L, where K = 0,002727,
D = large end diameter, d = small end diameter, L = section
lengths Volume to three places of decimal.

(11) Volume computation by decades for each section as follows:

Volume now using Dib. now
Volume 10 years ago using Dib 10
Volume 20 years ago using Dib 20
Volume etce. to the last decade.

(iii) Volume increment for each section
Volume now « Volume 10

Volume 10 = Volume 20
Etce to the last decade.

eee/2

Division Chief Head - D.P.U. Completion Date

A. Bizkerrtsff Honer Sent. 61

Fg89

Figure 21, Work erder.

32




ion | SECTI0 RADIUS —NOW gnd YEARS AGO

U s O o v O (o {6 O AN 1 M A £ Y (10 W =T S oo
Zlgg 4 £ 110 20 | 130 | 140 | 1501 1ga 170180 | 480 | 200 | 210
SRe E A IR R R R R N R R e A

& ol dlvldlnl il djo|dle 4w 4 6|4
i) O L A ) L O
v A5 3 3738 1 aa ke 47 avjt 4 sa}4) e asiso s alsy sa ssise o1 salse 60 sifeT 83 seley g6 57 59 sy 72 1l 1 sl e reja
11 TRV e et v e e eIt
22 222222222122202222221222022212221222022222202222220222)2

333333333 33333333351333133313331333333{3333333333333II3IIIII333I33IPIA33N333333333)3
14144414414 444441 4414441444144 41444144414440444144414441444/444144444414441444144414441444144414441444)4
5555555555555555555555555555555555555§5555555555555555555555555555555555555555555
SEGEEG88ESGG8686888GEGGGGGGGGGGGEGG6GG5GGG656565EGEEEEEGEEEGE‘[EEESEGEGSASEEiEEGEEGG
7]777777777771777777)777777777777777}]7777777W7'/7717777I7777}7777777777777777777

38182 8/38/8888/88i883(888/388/358/888(388/368{88833¢8328/88832R388/888888/388883888388888/88818288|8

11999{99{999(999:998/339{9939]9

536 5T % % 60 8162 51 34 86 61 £ 68 6315

WIS B 8 K E

i
9999199}999/999/999;999998[399/995583/5339
33w G 5 NN IR Al
M

Figure 22, Card Form 1. (Radius=x.xx)

Section] [ 2 I SETTION VOLUME NOW and YEARS AGO
g 22 C . Now [ 10 _["20 1T 30 40 [ 50 | 60 [ 70 | 80 | 90 |3
Zlggs] £181 %13 3213 20 [TOG™|_ 10 120 | 130 | 140 | 150 | 160 | 170 | {80
ol=d= 21 al ® I8 aln|« 1801190 200 1210 b
- s1e0° 3
WOG[00/G00060000600600800600[0060000,00000[00000[00000[000000000060000H0000HO0000[00B00[0]
1 U203 4 876 T[8 3 30 {5212 1415 58 17 18719 20 21 2423128 26 1Y 3132 33 M35 35 37 38 I3[40 41 47 €0 44 [t5 45 42 48 4350 47 ST S 4S5 56 97 S8 SABO ) 62 8 G4 BS 06 67 68 BAPO 11 T I MPIS TETT 10 Mep
i llIlIlIllII1!Il111’11!IIIIIHIIHIIIIIHII]III1IIll111111111111111111111111

2212222212222(22212222222222222(22222222222222222{22222{2222222222Q2222222222R2222{222222
331333(33;3333(3334333(3333{33(333{33133333/33333(33333{33333j33333{33333133333(33333{33333{333333
444444444444444444444444\4444444444444‘4444444444444444444444644444444444‘4444444
55/555/55/5555[55555555553%59555{559555555555555555{5555555555/53555[55555/55555[55555[55555[5
6 66 6 66 6{6666{666/6666/666666/666/666666666666/666666666666666/6666666666{66666/666066666066|6
IRIERRRYEER INR RN RRE N YRR IR RN R YRR YRR RR I RRRRIINEER IRRER IRRRRIRREE )

88/878/8888888888888883 8888883858885885835888888?3888388!88!885888&3&858!8888!3!!
£

49199919919999/999/9999999d991999193999999395699999/999¢3/99999/99999|9999999999/399959338999
P23 4858 8 900NN 3NN MNBNKNN VMINDHUHBFPANPRVUAUUSBEU LRI LDUSHINBRON D QMSHOIIINITNRIIIBIET AR
P sen —
Figure 23, Card Form 2. (Volume =xx.xxx)
010908 ™

Contant

W0j00000000000000000000000000000000000000000000000000000000000000000000000000
S E12 B 3TN ISR MEIXT NN N 2NHABRT BNV CHUB RO BE0S DT HABS I MO HMSB NN 2NN NN

)
|'|lIl!llllIl!IllIlllIl!Il!IlllIl!I]llIllIl!IllllllIlIlllllllllIIHIHII]IIHIH

22222222222222222222222222222222222222222222222222222222222222222222222222221212212

|
333333133333333+3333333333333333333333333333333333333333335333333333333333333333133

144444144444444444444444444444444444444444444444444444444444444444444444444444444

555555155555555555555555555555555555555555555555555555555555555555555555555555555
GGGGGGGGGGGGGGGEGGGGGGGGG666666655EEEEEEEEEEESSSSSS688888GGGGGGGGGEEEEEESSSSSSSG!
1111111111101 11711777770170171771071111711717107711071771171710117171717117111711111171111717117117
888R03848888808088880888888888088888880888888898888888#3880899888889888888888888888888838
3998939i9
el

9999993939483938
R R EEE
5081

]
0
I

Figure 24, Card Form 3.
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Section Radius

Card i

2.Reproduce control Section Radius | _ o _[ section Volume
s . l Card
information. ar ! Card 2

I.One card per section
per tree. (

3. Merge.
i

7/~ Volume

( Radius
H

l

/~ Volume _
/  Radius
—— ( Constant

3]
l

4. Merge for calculation.

5.Insert constant master.

6. Calculate section volume
Smalian’s formula.

Figure 25, Volume flow chart,

appropriate primary card. Two important features are utilized; the sequence
check and the selection feature. The sequence check ensures that cards in both
feeds are in the proper order as merging proceeds, the selection feature ensures
that each primary has a matching secondary and each secondary a matching
primary. Should neither of these conditions exist in the merging operation, the
cards will be selected into the appropriate reject pockets.
The two card forms are now assembled and in sequence for the cubic foot
volume calculation, using Smalian’s formula:
Vtef=K (R2 4+ r?) L
Where K =.010908
R =Section radius of the large end in inches
r=Section radius of the small end in inches
L =Section length in feet
Since the constant K is not recorded on either form 1 or 2, it is necessary to
put it on a third card (Figure 24) and place it at the front of the merged deck.
The problem for the calculator is as follows: it must read the K constant from
form 3, read the R, r, and L values from form 1, retain this information in mem-
ory, retrieve it as it is required, compute the sum of the squares, multiply by the
length, adjust the value by multiplication with the constant K, and punch the
computed volume in card form 2.
Calculating punches of the 602A series operate at various speeds depending
upon the complexity of the problem. In this case approximately 460 volume
calculations per hour would be made.
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