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ABSTRACT 

The use of high speed data pro('essing equipIllent ill industry and gon'l'llment 
seryice is an ac('eptcd application of eificipnt llltlllagPIllPllt jlro('('dur('s. 

This publication describes SOllle of the ha;;ic Illachinl';; of a unit record 
installation, sets dowll SOIllC of the principles involved and illu:-;trates the woe of 
these machines in processing t\\"o fore:-;try problems. 

RESUME 

L'usage d'ordinatcur:-; ultra-rapides c:-;t aujourd'hui accepie clans tous les 
milieux industrieb et gOLl\"(�rIlelllentaux hien dirigcs. 

Le present ouvrage dccrit certainps des machines qui composent un ordina
teur, analy::;e certains des principes qui interviellnent dans l'ordination, et cite 
deux exemples de donnce::; fore::;tiere::5 cOlllpilce::5 et analysces a l'ordinateur. 
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Machines and Principles in Unit Record Data 
Processing for Forestry Purposesl 

by 

T. G. HOXER2 

INTRODUCTION 

The use of high speed data processing equipment i n  i ndustry 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 serviees offer, with billing, pay
rolls and i nventory control being widely accepted applieations. 

The application of business machines to forestry problems is relati\oely new 
both in Canada and the l'nited States with perhaps one of the earliest applica
tions being described by Hodgins ( 1940) when the forest resources i nventory of 
British Columbia was prepared using the "Hollerith Punch Card System". :'lore 
recently the continuous forest inventory has received a great deal of attention 
primarily because it combines systematic field sampling and recording techniques 
with systematic proeessing methods. By maintaining continuing records of 
individual t rees on data cards, growth problems can be studied and up-to-date 
inventory reports maintained. 

Mueh has been written on processing principles and the application of 
machines to various engineering, scientific and administrat ive problems, but 
generally this information is not rcadily available to the practising forester. 
Therefore it 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 

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

A unit reeord 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 s('qucnce of operating steps) is prepared. 
This program, often depided as a flow chart, shows the sequence of operations 
and the flow path which the data must follow to be summarized i nto the correct 
report forms. 

To carry out a program in a ullit 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. 

I Department of Forestry, C'anad:t, Forest Hesearch Branch ('ontributiun �o. 637. 
2 Research Officer, Forest Research Branch, Department of Forestry, Ottaw:l. 
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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 operat ing 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 

I n  a unit record installation the data card is used as the means of storing 
basic information. Each 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 vcrtical columns, tcn 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. (For alphabetic punch
ing, row zero (0) is considered as a zone punch) . 

;:ICI'Er;J� j Jr::U'li iCLr C!F,:: TU\'�l>·:'·�'L } 
111111111- 12 

111111111-11 
ZONE PUNCHES 

010 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 011111111 0 0 0 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0 0 
\ 2 3455 18 �lal!121J14!�1'1)1't���lnnM��n���]!�D��.3)MH.�I'I'!W �')U���!UU�������61U����SIU��)lnnMnM))n�. 1111 1111 1 11 1 111111 1 11 1 11111 11 1 1111 1111111 11 1 1 111 1 11111 1111111111 1 111 1111 111 11111 
2221222222222222212222222212222222122222222222222222 2 2 2 2 2 2 2 2 22 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 22 2 
13311333333333 J 3 3 313 3 3 3 3 3 3 313 3 3 3 3 3 313 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 33 3 3 3 3333333333333333333 

DIGIT PUNCHES 14 4 4414 4 44 4 4 4 4 4 444414444444414444444144 4 4 4 4 4 4 4 4 44444444 4 4 4 4 4 4 4 4 4 44 4 4 4 4 4 4 4 44 4 44 44 
5 5 5 5 5 515 5 5 5 5 5 5 5 5 5 5 5 515 5 5 5 5 5 5 515 5 5 5 5 5 515 5 5 5'5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
666666616666666666666166666666166666661666666666666 6 666 6 6 6 66 6 6 6 6 6 6 66 6 66 6 66 6 6 66 66 
1) 7 7 7 7 7 717 7 7 7 7 7 7 7777) 717 7 7 7 7 7 7 717 7 7 7 7 7 717 7 J 7 J 7 ) 7 7 7 7 7 7 7 7 7 7 7 7 7)) 7))) 1))))))))) 7))) 

888'8888818888888888888188888888188888881888888" 8888888888888888888888888888888 
J 9 9 9 9 9 9 9 9 919 9 9 9 9 9 9 9 9 9 9 9 919 9 9 9 9 9 9 919 9 9 9 9 9 919 9 9 9 9 � 99999999999999999999999999999999 
I ZJ4�671 11011121]1415\'IJ'119m21nnN��nn��3IDD���JJ�n�'IU'1�'5 •• r� ��51�����W���'\U���",,"anJlnnH�nnn�. 

16M �oe, �"-"�-- .--. .  

FIGURE 1 .  IBM punehing 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 cleven 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 puneh an error. 

Data cards used for repetitive problems are usually face printed with the 
columns allocated for particular classi fications being called "punching fields". 

UNIT RECORD MACHINES* 

A unit record data processing installation is c:haraeierized 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 above arc IB�f machines currently in use in the Data Processing t:"nit, Departrnent of For� 
estry. 
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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. 

FIGURE 2. Key punch and key verifier. 

Semi-automatic Machines 

Key Punch and Key Verifier 

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

Figure 3 shows the card format used by the Department of Forestry 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 
i nserted into the program drum of the key punch to control the movement of 
data cards at the punching station. Figure 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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I n  Figure 3, the zero punch i n  column one allows the i nformation from the 
previous card (j ob and plot number) to duplicate automatically. Because there i s  
n o  zone punch i n  column nine, the program stops the machine t o  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. !low two of the card, except for the fields which are skipped, 
i s  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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FIG1:RE 3. Individual tree measurement program carcl. 

Following the key punch operation all cards are usually key verified. Yeri
fying is simply a means of checking the accuracy of t he 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 t he 
keyboard no punching mc'chunism,; nre activated, instead, a ,;eries of clc'ctrical 
c i rcuits i,; completed from the machine t hrough the punched hole (,;) \rhen the 
corresponding key i,; depressed. Should there be all error in punching, or in dupli
cation, t he circuit is not made and a red light flashes an error. 'When the card is 
verified as corn'i't all "O.K." punch is scored on the right ('llCl of the card between 
the zero and one rows as ill Figme 3. I\:C'y punches and key verifiers come in alpha
numeric or  in numeric mode only. The choice of model will depend on the parti
cular proce:-;sing application. 

Sorter 

Sort ing arranges cards in the desired sequence and is done on a column-by
eolumn basi;;. Sorter,; operate at set speeds; hO\\"(�ver, a great \'ariety of models i;; 
a\'ailable; t he cost of rental or pllrchase ri,;ing in relation to t he sorting speed of 
t he model desired. \fhell a column of figure,; i,.; sorted into 111l1nerical order, the 
process im'olved i" one of comparison; a gin'n number is ,;maller than, equal to, 
or  larger t han eHeh of the other numbers. 011e ('an SCUll the figures ill Series A 
and readily arrange them in  sequence t o  Series B. 
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Series A 

946 
1 001 

36;) 
23 

749 

FIG'Cm; 4. Sorter. 

Series B 
23 

365 
749 
946 

1 00 1  

T h e  machine operator i n  sorting the  cards must proceed in logical sequence by 
sorting on t he units, t ens,  hundreds, and thousands positions. This i nvolves four 
sorts or passe::; through the sorter to achieve Series 13 as follows : 

Sort 1 Sort 2 Sort 3 Sort 4 
( enits) (Tens) (J lwu/reds) (Thousands) 

1 001 1001 1001 00:2:3 
00:2:3 002:3 002:3 O:·W;j 
O:3(j;) 094G O:·Hi;j 074D 
094G 0749 07-19 O!l-W 
0749 O:3G:i OD4G lOOl 

Alphabetic sorting requires t wice the normal ,.;orting t ime becau:,e alphabetic 
letters (see Figure 1) are represented by t wo holes punched in each column. This 
requires t wo sorts on each column to  arrange th() letters in  COlTect sequence; olle 
sort to group the digits olle to nine, and a s(�c:ond sort to group the tlreIH', eleyen 
and zero zones. In sequence sorting operations, sorting begin:, \I-i th the units o r  
first posi t ion and move::; to  t h e  left on a column-by-c:olumn basis unti l  a l l  columns 
arc sorted. 

9 



Automatic Machines 

The collator, calculator, tabulator, and reproducer are classified as automati c  
machines. Their operation i s  directed b y  inserting an externally wired contro l  
panel i nto the panel receptacle o f  each machine. This control panel when i nstalled 
completes a series of i nternal electrical circuits that contr81 the machine to 
operate in the desired manner (Anon. 195G) . Figure ;) illustrates this principle ;  
data are read from the cards t o  the counters, totals accumulated and results 
printed by the type bars. 

Type 

Bars 

Internal Circuits 

Control Panel 

with External 

Wires. 

FlGCRE 5. Direeting mllehine operations using II programmed control panel. 

Of the automatic machines, the collator and reproducer are control led by 
small single-faced panels. The panels of the caleulating punch and the tabulator 
are larger and divided into bn) parts : one part being wired to control the sequence 
of operations, the other part providing for the How of data i nto memory, counters, 
printing or punching area. 

Collator 

.:\Ierging 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. �-\s 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 select ion feature ensures that each primary card has a 
matching secondary, and each secondary card a matching primary. Should 
neither of these condit ions exist in the merging operation, the cards will be 
selected into the appropriate reject pockets . .:\Ierging is carried out at varying 
speeds depending on the problem at hand. 

In compiling per acre volumes on a forest sUlTey, cell detail cards showing 
the Ilumlwr of trees tallied for eHch plot cell (diameter class and species) are 
punched, yerified, and sorted 011 diameter class and species. Lnit volume master 
cards Oocal volume tables sh()\ring unit volumes by diameter class and specics) 
are abo punched, verified, and sorted in the same manner. The t wo decks of cards 
must now be merged so that the appropriate cell detail cards fall immediately 
behind the yolume master card of the same diameter class and species. The 
volume master cards, identified by an x punch in  column seventy-fiye, are placed 

1 0  



in tll(' primary ferel and the detail cards (no x in column sC'\'enty-fin,) are placed 
in the secondary fped of the collator. The machinr's control panel \\'OllId be wired 
to perform the following operatiolls: 

1. ':\INge secondary cell dPlail carels lwhillCl thr correct volume master 
card Oll the basis of diameter cla,;,; and ,;pecirs. 

2. SeqlH'n('c chrck hot h dcch; of card", and stop if an out-of-sequence 
condit ion is detedre!. 

::L Seled out and stack separatrly all eell detail cards which do not have 
cOlTesponding yolume master carcis. 

").Ierging may also be accomplished on the sortN; howC\'cr, it would not be 
possihle to automatically perform the sequence check nor the selection operation. 

\Vhen the merge operation is complete, the cards are ready for the ealeulator 
where the basic computations are performed. 

Calculating Punch 
The calculating punch performs four basic operations: addition, subtraction, 

multiplication and division. It reads information from the data card, s(ores the 
factors in memory, transfers from memory into the mUltiplier and the eounters 
whrre t he sum,; and products an� cle\'rlopcd, read,; out to the punching area and 
punches the result into the same card or into clC'::;ignated card,; that follow. Cal
culating punc]ws also have the ahility to prove each produet clen�loped. Proof 
calculations an� generally performed 011 a separate run through the machine with 
a correct calculation being identified with a twelve zono punch, an error with all 
e!cyen zone punch. 

CNtain calculator,; operate at constant speeds while the models of the G02A. 
series op('I'ate at varying spreds depending upon the complexity of the problem. 
The more complex the problem the slower the speed. 

rIG cUE 6. Calculating punch with control paneL 
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The G02A 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 sequent ial 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 
calcula tor 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 cel l  detail cal'ds the number of trees tallied and the plot 
size code, and store these values in  memory. 

Following the read operation the calculator is instructed to : 

(1) calculate the number of trees per acre. (�umber of trees tallied ti mes 
plot size code) , 

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

(3) retrieve from memory and multiply the number of trees per acre times 
unit values, 
(a) Xumber of trees/acre X unit basal area 
(b) Xumber of trees/acre X unit volume total cubic feet 
(e) Xumber of trees/acre X unit volume merchantable cubic feet 

(d) Xumber 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 i s  read. When this eonditi o n  
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 is then merged with the detail 
deck so that the correct detail cards fall behind the appropriate master cards. 
The caleulator is now only required to retain in memory the unit values pertain
ing to the rletail cards which follow each volume master card. 

Tabulator 

Al l  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 i nformation 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) . 
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FIGLCRE 7. Tabulator. 

Figure 8 i llustrates 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. I n
formation read from punched cards is entered into counter units; at the elld of 
each group of cards the totals are read out of the counters and printed on the 
report (Anon.  1957) . 

Each card group must have certain features that are common to all cards i n  
that group. For example, i f  a plot summary is t o  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 
i ndividual 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 hy means of the program control. Program control is comprised of 
a comparing unit (comparing entry and exit huhs) and a program start unit 
(minor, intermediate and maj or  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  

95283-3& 



o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

'* 
.0 
0 

.-, 

93 
93 
93 --- -� 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 
93 -, 
93 
93 

� 
"0.0 C::S <U ::l iilz 
001 
002 
003 
004 
005 
006 
007 
008 
009 
010 
011 
012 
013 
014 
015 
016 
017 
018 
019 
020 
021 
022 
023 
024 
025 
026 
027 --------�-

93 028 
93 029 
93 030 
93 031 
93 032 
93 033 
93 034 
93 035 
93 036 
93 037 
93 038 
93 039 
93 040 
93 041 
93 042 
93 043 
93 044 
93 045 -------�--"--""--
93 046 
93 047 
93 048 
93 049 
93 050 
93 051 
93 052 
93 053 

53 

.... Q) 
> 
o U 
2 
2 
2 
2 
2 
8 
8 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
5 
2 
2 
5 
2 
8 
8 
2 
2 
2 
2 
2 
8 
2 

8 
2 
2 
8 
5 

5 
2 
5 
2 

rn Q) rn 
�<U .00. 
::l_ ::l » UU cnr-< 
5 1100 
3 0400 

1100 
3 1100 
5 1100 
3 6071 
5 6000 
5 0400 
3 0400 
5 1100 
3 1100 
4 1100 
3 1100 
3 0400 
6 0400 
4 0411 
3 1100 
4 1100 
3 0400 
3 0400 
3 0400 -
3 1100 
3 0400 
4 0460 
3 0400 
5 1100 
5 0460 ".""---
3 1100 
6 6071 
6 6071 
4 1100 
3 0400 
4 0411 -------". 
4 1100 
4 0411 
4 6071 
3 1100 

1100 
6000 

3 0400 
5 0400 
5 6000 
5 0460 

AREA IN ACRES 

Raw 

, 
7 5 

17 2 
40 8 

2'5 
3618 
2612 
3 5 

26 7 
126,0 

4 0 
23 7 
4 0 

16 7 
11 6 
91 2 
11 1 
6 5 
7 1 
3 5 

49 9 
24 7 
19 1 

4' 0 
203 1 
47 4 
60 0 
11 0 
311 

�IO 15012 
33 7 
14 6 
1612 
6510 
3417 
26 2 
6 6 

4919 
7 0 
8 1 1 

Adjusted 

3 0 
2,5 
7i 5 

1710 
40 5 
2,5 

36 5 
26 0 
3 5 

26 5 
125 0 

4 0 
23 5 

4 0 
16 5 
11 5 
90 5 
11 0 
6
1
5 

7 0 
3 5 

49 5 
24'5 
19 0 
4 0 

201 5 
4710 
59'S 
11 0 
3 0 
4 0 

149 0 
33 5 
14 5 
1610 
6415 
3415 
26 0 
6 5 

49 5 
7 0 
8 0 ,-------- -2�j+ 4 0411 23 1 0 

1100 16jl � 16 0 -�------, 
4 0411 288 1 7 286'5 

1100 416 4 5 
4 1100 9 1 9 0 
4 1171 47 8 47 5 --
5 1100 4 1 4 0 
4 0460 5,0 5 0  
4 1100 2 5 2 5 
5 0400 9 6 9 5 

172314 1710 o * 

FIGURE 8. Detail printing. 
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FIGURE 9. Plot listing 



representing the plot number field 'were wired i nto 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 t ime the plot number changes. 

The standard IBM 402 tabulator has three program levels : minor, i nter
mediate and maj or. By wiring the control panel, the tabulator can be controlled 
to  print out totals corresponding to each level. Figure 10 shows a plot tabulatio n  
which was printed during the processing o f  a forest inventory survey. The totals 
representing the program levels are indicated as follows : 

1. A minor program is detected by a change i n  diameter group.  I n  this 
example three diameter groups are possible : 
(a) Code 2 representing diameter Classes one t o  three inches (1/1-3/1), 
(b) Code 4 representing diameter classes four to nine i nches (4/1_9/1), 
(c) Code 6 representing diameter classes ten inches and up  (10/1 +). 

2. An i ntermediate program is detected by a change i n  species. 
3. A maj or program is detected by a change in plot number. 

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

(a) diameter group-minor program 
(b) species -intermediate program 
(c) 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 maj or totals are 
the sums of species within each plot. 

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

Figure 8 Area List ing-list stands in numerical order, show all  identifying 
features and the nt\\' and adj usted areas of each stanc!o Show the total 
raw and adj usted areas of al l  stands. 

Figure 9 Plot Listing-list plots in numerical order, show all identifying 
features and plot per acre yalues for number of tree,;, basal area, volume 
total cubic feet ,  merchantable cubic feet and merchantable board feet. 

Figure 10 Plot ,  Species, D13J-[ Group Tabulation-list plots in  numerical 
order, show all identifying features and per acre values for number of 
t rees, basal area, volume t otal cubic feet , merchantable cubic feet, 
merchantable board feet and t otals by dbh groups (1/1---3/1, 4/1-9/1, 
10" +),  specie'S, and plot number. 
(a) dbh group -minor totals 
(b) species -intermediate totals 
(r) plot number-maj or  totals 

One feature that has many applications is the card count. \Vhen this 1mb is 
\"ired to  a ("ollnter, a count of curels is rccordcd and may he printed out for each 
program le\·el. In general , this fcature \\"ill only be usee! \dH'n each data card 
represcnts one i tem. :\. maj or application of the card count is to determine the 
numher of it cm� \\"ithin a gi\"cn class which contribute  t o  the cla"s t otal. Once the 
totals ane! card ('ounts are obtained, it is t hen possible t o  compute the c ]a"s means 
through di\'ision on the caleulating punch. 
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FIG UUE 10. Plot, species, d.b.h. group tabulation. 
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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 . Following a caleulator division operation, 
the cards arc listed by the tabulator. Figure 1 1  illustrates 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 

Heproducing punches perform several functions : reproducing eard 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. For example, individual tree cards may be sum
marized dowll 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. I nforma
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. 

FIG1:RE 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. I f  a difference .is observed the machine will stop, the compare lights. 
flash on, and the column (s) in error show on the comparing indieator. In this ,yay 
the machine checks its operation. Heproducers generally run at a fixed speed of 
100 cards per minute. 
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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 reprodueed onto a work card for the 
eomputation of per acre basal area and volume. 

These then are the basic machines* which comprise a unit record i nstalla
tion, each maehine 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 

Maehine processing requires planning, and i n  approaching this problem, 
most potential users seem primarily concerned with the minimum quantity of 
data necessary to j ustify 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 i nvolved 

(c) number and variety of reports required 

(d) nature and volume of the source data 

(e) 
(J) 

time required for manual processing 

availability of clerical personnel 

(g) clerical versus machine costs 

The points mentioned above wil l  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 wil l  produce many dividends i n  
subsequent operations. In itially the project manager may b e  concerned with 
codes. 

Codes 

Data processing codes are numerical values used to identify logical classifi
cations of qualitative and quantitative measures. Events 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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FIGURE 13. Data reproduced from record card to work card. 

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

I nitially 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. (c) 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 i nvolves 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 b locks may be 
arranged according to any desired number of units. 

Species 
O. Pine 
1 .  Spruce 
2. Fir 
3. Larch 
4. Cedar 
5. Hemlock 

Softwoods 

6. Poplar \ 
7. Birch H d d 
8. Maple ar woo s 

9. Other HardwoodsJ 

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 
1 10. Black spruce -Species name 
1 20. Red spruce -Species name 
130. White spruce -Species name 

1 3 1 .  Porsild spruce -Species variety 
132.  Western white spruce -Species variety 

200. Fir 
210. Balsam fir 

2 1 1 .  Bracied 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 \veight, dimension, distance, t ime inter
val, or any other factor which has been transferred bodily into the code. 
r n 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 
16044 
22085 

Plot Sumber 
Line 16 Sample 44 
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 

I nformation gathered i n  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 l ine 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 
h as a high graphite content. The correct method of mark ing must be used since 
the function of mark-sensing is dependent upon the fact that a pen or pencil 
mark can be electrically conductive. 

FIGCRE 14. :Mark sense tree card. 

The " Port-A-Punch" card (Figure 1 5) contains a maximum of forty punching 
columns, each column representing two regular card columns. The tm:l\'(� puneh
ing positions in  each column are perforated and the clear plastic template used 
in conjunction with the " Port-)\ .. -Punch" is punched with twelve guide holes per 
eolumn to allow easy punching. All classified measurement information is 
punched directly into the card using a punching tool similar to a mechanical 
pencil (Figure 1 6) .  

A yariety of portable punches ( Anon. Ca) (b l l  has been den�loped \\"ithin the 
last few years, and by using these punches in the field, information can be entered 
into the regular data card 

"
as the measurements arc being taken. 

Control Checks 
\Vhen the operations of a j ob arc set down, cO!l"ideration must be giyen to 

developing control:-; so that at each stage of development the pre\"ious operations 
can be checked to ensure the nl1idity of the I'e"ults. The ideal control system 
incorporates field, clerical, and machine proces"ing checks into t he o\"erall opera
tion. In this way errors are eliminated before exten::ii\"e machine processing is 
undertaken. 

23 



I 1----- n-� � I � i STANO# � � SUB TYPE AREA 

I I u j .'; 
0 I I 0 o I 0 
, . , . ;l' J J J I 
1 1 1 1 I 1 

3 3 3 3 3 3 

4 4 4 4 4 4 

I 5 5 5 5 I 
6 6 6 6 6 6 

7 7 7 7 7 7 

8 8 8 8 8 8 

9 9 9 9 9 9 
, . , . " " 

0 0 • • 
,. " " � 
I I J J 

1 1 1 1 

3 3 3 3 

4 4 4 4 

5 5 5 5 

6 6 6 6 

7 7 7 7 

8 8 8 8 

9 9 9 9 
" " " " 

I I I 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
n " , ., " " " > , � " " . " " , " " � " " . " " " , " . 

J J J J J J J J J J J J J J J J J J J J J J J J J J J J J J 

1 1 1 • 
: 1  : 

1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 2 1 1 1 1 

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 '. 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 ! 

5 5 5 5 5 5 5 5 i 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 

,; " " " � 9 9 9 9 9 9 9 9 9 9 9 9 .9 9 9 9 9 9 9 9 9 9 9 9 9 
" " " " < " " � " � S� ,. % " " " . " " " " " " ,. " 

-- - - - - - - - - -

FIG URE 15. Port-A-Punch card for area records. 

FIGL"RE 16. Port-A.-Punch and mechanical pencil. 

One form of control that is generally i ncorporated into the system is a simple 
count of items being processed. The basic input is l isted and a total provided by 
the tabulator is 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 i nvolve additional clerica l  
and machine operations, but  ensure accurate report summaries. 

The machine output is only as good as the i nput. 
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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 dear 
and concise terms the calculations needed and the report form" required. In many 
cases it means giving a very detailed breakdown of eaeh computation and de
scribing in simple terms each proposed report form. This point cannot be over
emphasized, for if there i" disappointment in the results produeed from a data 
processing application, it can gencra.Ily be att ributed to a lack of communication 
between the u�er and the processor. 

The stand and stock tahle is a common report required in forestry. However, 
to many processors and some foresters this has l i ttle meaning, so the report de
scription is set down as foIlO\\"i:; :  

}teport 1 : Plot stand and stock tables showing per acre values for num
ber of t rees, basal arca, volume total cubic feet, merchantable cubic feet, 
merchantable bomd feet, totals by one inch diameter e lasses, diameter 
groups ( 1 "-:3" , 4"-9", 10" +), species and plot number. 

Specifica tions 

Per Acre : 

Volume : 

Per Acre : 

;"; umber of trees 
Basal area 

Total cubic: feet 
.:\ Ierchantable cubic 

feet (4" +) 
.:\Ierchantable board 

feet ( 10" +) 

--two decimal places 
---three decimal places 

�two decimal plaees 
� one decimal place 

-no decimal place 

;";umber of t rees-number of t rees recorded by species in  each 
diameter dass multiplied by the reciprocal of the 
plot area. 

Basal area-number of trees per acre t imes the unit basal area 
provided for that diameter dass. 

Volume-number of trees per aere times the unit volumes (volume 
total cubic feet, volume merchantable eubic feet, volume 
merchantable board feet) provided for that diameter 
dass 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 . .:\ I iscellaneous 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 . .:\Iaehine processing is designed to 
eliminate dull e 1erical operations and the application should not result in  t ime
consuming analysis of non-essential reports. 

Systems 

Processing systems should be developed for all problems, for although i n
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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m annrr, and drpends upon the ahility of thr forrst rr to stat r hi" requirements 
c learly and the ability of t he programmer to translatr them into a "rries of se
quential machine operations. 

In  developing t he processing srquenee, t he programmer generally breaks the 
problem into several gelleral part:..;, each part represent ing a series of operations 
peculiar to the derivat ion of that part. For example, to  obtain the per acre stand 
and stock t ables indicated above t he problem is separated into three parts, each 
part being fur ther subdivided to show t he sequence of operations required. 

STAND AND STOCK TABLE PROGRAM 

1. Preliminary processing and checks : 

(a) key punch--key verify t ree cards and local volume table;;;, 

(b) collator-sequence check tree cards on plot number, 

(c) tabulator-list each tree card and show total count of number of t rees, 

(d) check machine and elerical t otals. If correct proceed to part 2, if in error 
submit reports for a c lerIcal cheek, correct any errors. 

2. Computation of per acre values : 

(a) calculator --calculate unit basal arra on local volume table master cards, 

(b) sorter---sort tree eards on diamrter and speeies, 

(c) collator-merge ,,- i th local volume tahks, 

(d) calculator--calculate and prove per acre vnlues, 

(e) sorter----separate and file local yolume tables, 

(f) t ahulator--- list per acre valu('s for spot ('heek.  If no rrrors are detected 
go to part :), if errors are present t ake (:orrect ive action. 

3 .  Tabulate per acre stand and stock t ables : 

(a) sorter-sort t ree c:ards on plot number, 

(b) collator-sequence check t ree cards on diameter, specJes, and plot 
number, 

(c) tabulator-print plot per acre "tand and stock tables. 

Where it i s  necessary the programmer will also prepare the wiring diagrams for 
the automatic: machines (eoll ator, calculator, reproducer, tabulator) .  When com
plex programs are being preparrd it is common practice t o  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 invoh'es an appraisal of the problem, separating it 
into several general components with raeh component being further subdivided 
into basic machine operations. Each operation is  described and where applicable 
wiring diagrams prepared . Appendices I and II i l lustrate 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 i t  il lustrates how the punch,  sorter, and tabulator are 
used to prepare a number of frequrncy t ables. Brief descriptions of the codes, 
field sheets, report forms, and processing inst ructions are given. 

Appendix II illustrates the  use of the collator, reproducer and calculator in 
deriving total cubic foot volumes. EI1('h operation shown on the flow chart is 
briefly explained. 
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SUMMARY 

The usr of data processing t echniques is relatively new in forestry work, 
however interrst in its  application is increasing. To assist the practising forester 
in understanding the fllndamentals of unit record processing, the basic machines 
and planning principles have been briefly described. Two appendices are pre
sented to il lustrate the part rach machine plays in the processing scheme and 
how the various planning principles were put into effect. 

APPENDIX I 

THE ABUNDANCE AKD GROWTH OF SEEDLINGS 

R ELATI VE TO ENVIRONMENTAL FACTORS* 

This study of natural regeneration i llustrates 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 maj or  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 obj ective was to assess the qualitative elasses and prepare suitable 
codes. The basic coding system employed for the proj ect was the sequence code. 
Sequence codes are used for items which are distinct from the others and where 
there is absolute assurance that no subsequent grouping will be needed. Since the 
number of items within each qualitative elass was limited, sequence codes 0 to 9 
covered all situations. 

TABLE I EXA:VIPLES OF SEQUENCE CODES 

Site Type (Column 6) 
1 .  Bottomland Alluvium 
2. Moderately exposed and poorly drained 

slopes 
3.  Moderately exposed and well drained slopes 
4. Moderately protected and poorly drained 

slopes 
5. Moderately protected and well drained 

slopes 
6. Steep, exposed slopes 
7. Steep, protected slopes 

Seedbed Class (Column 1 1 )  
1 .  Mineral Soil 
2. Mineral soil with incorporated humus 

3. Humus "F" and "R" horizons 
4. Decayed wood 

5. Moss ( Sphagnum or Pleurozium) 

6. Humus, 1,. horizon 
7. Black muck 

Field Sheets 

The design of the field form was governed by two factors : 
(a) the characteristics of the information being collected and classified 

(b) the order in  which information is recorded 

I n  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 1 7, the tally sheet provides maximum 
ease of transcription to the data card ; each item is in read-punch sequence and 
each l ine on the field sheet represents one seedling data card . The location of each 
digit on the data card is shovm 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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FIGUHE 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 1 8, 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 i nto each class of the microsite factor. The fir data are printed 
beneath rather than adj acent 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 i nformation 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 microsite factors. 

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

M ethod-(l) Sort into species classes 1 and 2, column 8. 

(2) Sort into site classes 1 to 7, column 6. 
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SPRUCE F I R  

S i te S i t e  

( B ) ( B )  
S eedbed I 2 3 4 5 6 7 Seedbed I 2 3 4 5 6 7 

0 
I 

2 ( 3  f igs .  mox . i n  totols ) ( 3  figs. mox.  in tota l s )  
3 
4 

FIGURE 18. Proposed report form. Analysis No. 11. 

N U M B E R  O F  S E E DL I NGS B Y  S E E D B E D  

Species Site  0 I 2 3 4 5 6 7 8 9 Toto I 

Spruce 0 
I 

2 
3 
4 

5 
6 
7 

Totols 

F i r  0 
I 

etc . 

To to l s  
Grand toto ls  

FIG1:HE 19 .  Final machine report form. Analysis ::\0. 11 .  

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

Col. Factor Code 

A. 7 Residual Stand 0-4 
B. 1 1  Seedbed 1-7 

C. 13 Local Slope (Direction) 1-9 

These instructions describe briefly thn purpose of the reports, and explain i n  
a clear and concise manner the sorts required t o  produce the desired reports. 
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I. F i e l d  ta l l y .  

2 .  K e y  p u n c h  ver ify 

3. One card per seed l i n g .  

4 .  Sequence check . 

5 .  Con trol l i st ing for 

f ino l  check.  

6. Corre c t  errors.  

7 .  Sort.  

8 .  Ta b u l a te.  

9 .  Report for m s .  

F i e l d  
Tal l y  

� � 
I 

S ee d l i n g  
D a ta 
C a rd 

I 

8 
I 

G-
See d l i n g  

Data 
Card 

I 

( F i n a l  C heCk ) 

c:? i  Q _ --s-
�

e-
a
d-; �

-ng----' 

o C a rd 

F i n a l  
Reports 

FIGcR" 20. Seedling flow chart. 
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Systems Planning 
The operations i nvolved i n  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 i nstructions were prepared as follows : 

Report 1 1  B: 
(a) Sort : ( 1 )  Seedbed class, column 1 1  

(2) Site class, column 6 
(3) Species, column 8 

(b) Print (Figure 19) selecting on seedbed class (Column 1 1 )  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 eharts were developed and eoneise operator i nstruetions 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 reprodueer, collator and caleulator. 
At eaeh section the inside bark radiu::; measurements were recorded for each 
ten-year period. The \vork order, Figure 2 1 ,  specifies the source data and clearly 
i ndicates the computations and reports required. The planning and machine 
operations, which are briefly described below, pertain to those operations re
quired in section 2A(i) of the work orde-r. 

The basic measurements were pun('he-d on card form 1, Figure 22 ; one card 
for each section containing measure-ments for eleven age periods. Since these 
basic measurements take up all the ('olumns of the card, the volume computations 
have to be punched onto anothe-r card form. Card form 2, Figure 23, was designed 
to accommodate the volume computations. :'\ote that columns 1 to 1 1  are common 
to each form to permit merging of the radius and volume cards. In  Figure 25 we 
can see the sequence of operations to reproduce, assemble and compute the 
required volumes. 

Card form 2, columns 1 to 1 1  are reproduced from form l. The reproducer 
reads column 1 to 1 1  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 pUllche-d into card 2 .  If no differences arc obserw�d, 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 ope-ration, card forms 1 and 2 are merged for 
calculation . .:Ylerging is pe-rformed on the collator, and in this ease the specd wil l  
approximate 2.')0 cards per minute-, feeding from both feed" simult aneou"ly. The 
collator has a primary and secondary feed ; the primary for the cards to be fed 
first and the secondary feed for t he- ('areb which will follow immediately behind. 
In this operation, one secondary card (for t he volume records) will follow the 

'" Bajzak, D. 1 9 6 1 .  Projed � F�55. Study o f  .\Iensurational Characteristics of t h e  Forest Types (If Central �ewfoundland .  
Forest Hesearch Branch, Department of Forestry, Canada. 
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WORK ORDER 

Job No. Job Name 

74 NF-55 

I ssuing Officer 

D. Bajzak 

Unit 

Newfoundland District 

1. Source data : (Quant ity , type, coding, etc. ) 

2. Summa ry of re sult s required: (append sugge sted report fonns) 

ue n 

1. Source of data : 168 trees (Numbered 201-379 ) .  Each tree sectioned 
into twelve sections : 1 foot stump se ction ; 3 . 5  feet breast height 
section , and ten equal sections between breast height and tree top. 
The follo,Ting infonnation is recorded and coded: 

a) . Tree number; species ; location (Lat.-Long . ) : site ( site type) : 
DBfub ; DB Hib ; total height; age at stump; and point age at 
breast height. 

b) . Each se ction numbered in sequence with the following re corded 
at smaller end for each: 

Disc .  Age; Section Length; Diameter ob. now; Av. Radius no,, ; 
and Av. Radius 10 years ago, 20 years ago, 30 years ago, etc. 
to the last decade. 

2 .  Result required: 

A. Volume computation : 

(i) Compute the volume for each section of the tree using 
Smalian ' s fonnula : V = K (D' + d')L, where K = 0 . 002727, 
D = Laree end diameter, d = small end diameter, L = section 

length. Volume to three places of decimal . 

( ii) Volume computation by decades for each section as followsl 

Volume now using Dib. no" 
Volume 10 years ago USing Dib 10 
Volume 20 years ago using Dib 20 
Volume etc. to the last de cade . 

(iii) VolQ�e increment for each section 

Volume now - Volume 10 
Volmne 10 - Volume 20 
Etc . to the last decade. 

Due Out I Sept. 1961 

• • •  /2 

Di vi sion Chief 

A. Bi cker: t!ff 
Head - D .P . U .  

Honer 
C ompl.etlon Date 

S8'1 t .  6 1  

F'969 
FIGURE 21. Work order. 
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FIGURE 22. Card Form 1. (Radius = x.xx) 
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I .  One card per sect ion 

per tree . 

2 .  Reproduce control  

i nformation .  

3 .  Merge.  

4. Merge for  ca lcu lat ion. 

5 .  I n s e r t  constant master. 

6. Calcu late s ec tion vo l u m e  
Smal ian'S  formu l a .  

Sect i on  R o d ius 
Card 

I 
S e c t ion  R a d ius _ � _ S e ct ion  Volume 

C a r d  � C a r d  2 

L8 � 
Volume 

Radius 

Volume 
Rad ius 

Constant 
3 

I 

<:> 
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 thcse conditions exist in the merging operation, the 
cards will be selected i nto 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 + r2) L 
Where K = .010908 

R = Section radius of the large end in i nches 
r = Section radius of the small end in inches 
L = Section length in feet 

S ince the constant K is not recorded on either form 1 or 2, it is necessary to 
put i t  on a third card ( Figure 2-1) 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, rcad thc R, 1', 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, adj ust the value by multiplicatioll with the COllstant 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. I n  this case approximately 460 volume 
calculations per hour would be made. 
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