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During April 1956, about 20,000 boards from 210 white fir and
290 western hemlock logs were measured at a lumber mill in western
Washington. A magnetic drum, data-processing machine (type 650)
was then used to calculate board-foot volﬁmes by lumber grade for
each log, overrun percent for each 1og, 1/ and average board-foot
volumes by lumber grade for each log diameter-class within log
grades and within species, 2/ This first phase of the analysis was
accomplished in 18 minutes of machine time once the board measure-
ments were punched on cards.

An ocular examination of the overrun percentages for logs re-
vealed a few obvious errors in the basic data. This led to the
rejection of certain logs, and necessitated adjusting some of the
average lumber grade volumes for log diameter classes. Finally, the
linear relationship between lumber grade volume and net log scale
was exploited to provide mathematical curves of lumber grade in per-
cent of net log scale over log diameter. _/ Under more complete
programming the rejection of data and the calculation of curves
could also be accomplished on the electronic calculator, but this
was left for the future,

The analysis program developed for this mill scale study is
available in Portland and will be sent upon request to anyone with a

1/ Lumber tally in percent of net log scale.

2/ These averages were cumulative,

3/ Details of this procedure will be the subject of a 1ater
report.



similar problem who has access to a type 650 machine, This program
must be punched on cards and fed into the machine ahead of the data
cards. Punched program cards are available if the machine in Port-
land is to be used.

INPUT SPECIFICATIONS

Data tallied at the mill was transferred to form 650-1 (fig. 1)
to facilitate punching input data cards according to specifications
(table 1). 1In this transfer, lengths of several boards of the same
lumber grade, thickness, and width were added to reduce the quantity
of data. The maximum combined length was 99 feet since the program
would not accept a three-digit length code.

Table 1.--Specifications for input data card

Card column Information

o o8 oo

1 Project number
2& 3 Tree species
b Log grade
5&6 Log diameter
7 -10 Log number
11 - 1k Net log scale
15 - 16 Lumber grade first board_/
17 - 18 Thickness "
19 - 20 Width " "
21 - 22 Length " "
23 - 24 Lumber grade second board
25 - 26 Thickness " "
27 - 28 Width " "
29 - 30 Length u "
etc, etc. through eighth board

79 - 80 Zeros

Each eight lines of form 650-1 gave data for one punched card,
with one line for each board. Data identifying the log (card
columns 1-10) and net log scale (card columns 11-1h) were repeated

1/ Board, as used here, refers to combined lengths of several
boards of the same lumber grade, thickness, and width.
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Figure 1.---Form650-i-ir, Mill scale study:basic data.’



whenever more than one card was required for one log. Thus the first
two groups of eight lines in figure 1 contain data for two cards from
one log., Note that log number L7 in figure 1 contains less than an
even multiple of eight boards. In such cases the unused columns of
the card were assigned zeros. Zeros were punched in columns 79 and
80 on all cards. No plus or minus signs were punched on the cards.

Net log scale is in terms of board-feet. The program will ac-
commodate up to nine lumber grades which must receive code numbers 28
through 36 or any part of these numbers if there are less than nine
lumber grades. Thickness and width must be in inches and length must
be in feet. Input data cards must be arranged so that all cards for
a particular species, log grade, and log diameter class are together.
Within this group, the cards for each log must also be together.

QUTPUT SPECIFICATIONS

Specifications for the first of three types of output cards--
individual log volume--are given in table 2, This information is
produced only so that large errors in recording data at the mill will
be made obvious and erroneous individual-log data eliminated. All
lumber volumes on output cards are in terms of board-feet.

Table 2,.--Specifications for individual log volume output card

Card columns Information

e o8 oo

1 Project number
2& 3 Tree species
L Log grade
5& 6 Log diameter
7 -10 ' Log number
11 - 14 Net log scale
15 - 18 , Total volume, all lumber grades
19 - 22 Overrun percent
23 - 26 Volume, lumber grade no. 1
27_30 . [T ” EH] " o2
31 - 34 " " " "3
35 - 38 ' " =« o« ]
39 - L2 " " b * 5
I3 - 46 n n n n 4
h7 - 50 ? n L "7
651 - Eh o " E n 8
55-58 n " ] " 9




The second type output card, called the total volume card, con-
tains total cumulative volumes by lumber grades and alsc total net
log scale volume, These totals cover all logs in a log grade--diam-
eter class, Specifications for this card are found in table 3.

Table 3.--Specifications for the total volume output card

Card

1 Card indicator (always zero)
2 -4 Log count
5 - 10 Total net log scale, all logs in a log grade--diameter class
11 - 16 Vol. in 1lmbr. grade 1, all logs in a log grade--dia. class

17 - 22 = " grades 1&2 " "
23 « 28 n n n 1-3 n ] L] L]
29 - 3& " " ” 1_14 " fn 1 L
35 - L0 " n L] 1-5 " U] 2 n
Ll - 46 L] ] n 1-6 ] n n "

-52 n " n 1~ ] " n "
ég - gg " L ] l-g L] " " fn
59 - 6&' " q " 1_9 n n ” ]

‘Average volumes in the third type output card (table li) are the
result of dividing totals in the second type output card by number of
logs in the log grade--diameter class, These averages were the vital
information from the study. They were used to develop lumber grade
recovery estimates for log diameter classes.

Table ho-—Spﬁcifications for the average volume output card

Card

Columns Information

e8 so ae

1 - U4 ‘leading zeros
5 - 10 Average net log scale, all logs in a log grade--diam, class
11 - 16 Av. volc, 1m.bro grade 1, all logs in a log grade--dia, class

17 - 22 | "2 " "
23 - 28 n 1 1 " 1-3 1" " ”
29 - 34 L L) L n 1=l n # "
35 - ho ” u " " 1-5 f ] o
hl - hé L 1 n L] 1-6 n 1 L]
h7 - 52 n.oom L n 1-7 n n "
53 - 58 n "o n " 1.8 n n "
59 - 6h " ] " " 1-9 u 1" "




Log volume cards for all logs in a species-log grade-log diam-
eter class emerge from the machine consecutively. They are followed
by the total and average volume cards for that class., Table S is a
sample listing from cards of all three types. '

OPERATING INSTRUCT JONS

1. Card sequence

(a) Drum clear (1.A9990) _/ 1 card
(b) Loading routine (LA9995) 4/ 8 cards
(¢) Program; on LA999S type cards 68 cards
(d) Transfer 1 card
(e) Input data _—

(£) Trailer card (80 cols. of zero) 1 card
2. Place control panel in 533.
3. Set 470 1952 2000 in storage entry switches,
Set programmed switch to stop.
5. Set half cycle to run,
Set display switch to distributor.
7. Set overflow switch to stop. '
8. Set error switch to stop.
9. Place program deck and data in card reader.
10. Ready blank cards in punch hopper. ’
11. Depress computer reset button,
12, Depress program start.

TIMING
A rough approximation based on operational experience indicates

that an average mill scale study (3 cards per log) takes about 0.1
second per card, including both input and output time. ,

533 WIRING
First Readin

Column % to Lead Hub
Storage Exit B

“Columns 1 - 10 to storage Ex1t B Wbrd 1 p031tions 10-- 1
11 - 16 . 2 6 -1
17 - 22 40 " "3 n "
23 - 28 n f " h n "
29 - 3h f n n 5 " "
35 - Lo " ] LIS " L]
)41 - )46 n f no7 t "
L7 - 52 n ] n 8§ L] n
53 - 58 L] L] L ” "
59 - 69 ” L % 10 " ”

L/ Utility routines of International Business Machines Corpora-
tion's Los Angeles Scientific Computing Center were used in this
program.
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Table 5.--Semple listing of individual log volume cards, total volume cards,
and average volume cards

e — i T e
8,09 3 g0 0
[ ] 3] o | i
sle Bl 8 2 S lsgale|2|® 8 B .5 5 ¥
sld| BB & A kel B| B | BB | B Eeo BN Boks
AR A EA AR Flii|z| 2 3|22 8 @& %'
& — 3 = ) 3 = | B > | > > B B B B
1131 2|2 | 131|490 | 711 | 15| o 2 ol 5 37 1271 | 19 305 . 72
1] 31 21 20| 156} 520.| 36| 7L | o] 10 ol o0 33 76 75 192 0
131 2| 20| 170{ 700 | 879 | 125 | 68| 80 5| 0 | 208 | 375 e 79! 0]
1] 31 2| 20| 228 560 654 | 116 | 11 |182 o o 96 175 1100 62 28 !
1{31 | 2| 20| 369|600 | 767 | 127 | o| o© o] 7 | L8 117 28 187 O
1|31 2] 2| Lhis| 660 | 893 | 135 | o 23 | o] 0 | 342 |304 (112 112 O
1]21| 2| 20| Leo| 600 | 775 | 129 | o| 16 | 11| 0o | 203 | L8, o 54 7
1| 31 2| 20| L55| 560 | 616 | 110 | 83 0 ol 8 97 | 280 9 95  Li
1131 | 2 2 | Ls7l660 | 857 ]| 129 | 0| O 0] 0 | 235 |270 1136 2d; 12
: Total cumulative volume by lumber grade for all logs in a log grade--diam, class |
Log | Total | B c D SM S8 Const, | Stand. | Util, ! Econ.,
Count | net log & & & & & & & & &
._scale | Better | Better | Better Better Better | Better | Better | Better | Better
0/ 009 | 05350 | 000162 | 000475 | 000L91 | 000511 | 002190 | ooLSL2 | 005085 | 006375 | 006538
"] Average cumuletive volume by lumber grade for all logs in a log grade--diam, clessg
Average B c D SM Ss Const., | Stand., | Util, Econ .,
net log & & & & ’ & & & & L
scale Better | Better | Better | Better | Better | Better | Better | Better | Better

0000000591, 000018 | 000052 | oooosh | 000056 | 00023 | 00050k | 000565 | 000708 | 000726




Storage Exit C

Columns 1 - 10 to storage Exit C Word 1 positions 10 = 1
11 - 1 " # - mn 2 " 10 - 7
15 - 18 n S n 3 1 n
19 - 22 n n " h 1 ]
23 - 26 " " v 2 " h -1
27 - 30 n " "3 " "
31 - 39 ] 0 n o] n n
35 - 38 wooow w5 w9
39 - L2 " " g om
)43 - hé " 1 n 7 ” "
L7 - 50 “« & wog o "
51 - 5h n L n 9 " ]
55 - 58 n n ® 10 " n

Other

Control Information'position 10 to Punch Card B.
Jackplug PSU switch,

ADDITIONAL INFORMATION 7
The pictures of input and output in memory (figs. 2 and 3) and’

the block diagram from which the analysis was developed (fig. L) may
be useful to anyone interested in modifying the program to accommo-

date different input or output specifications.
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0002
0003
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0007
0008
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Log
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Log Number

Net Log Scale

Bd,1 Grade

Bd.1l Thick.

Bd.l Width |

Bd.1 Lgth., |Bd.2 Grade

Bd.?2 Thick.

Bd.2 Width

Bd.2 Lgth.

Bd.3 Grade

Bd.3 Thick,

d.3 Width

Bd.3 Lgth,

Bd.l4 Grade

Bd.4 Thick,
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Bd.l Lgth.

Bd.5 Grade

‘Bdo 5 ThiCk.
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Bd.6 Lgth,

Bd.7 Grade
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Bd,7 Width
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Bd.8 Width

Bd.8 Lgth.

0 [‘TT“‘

Figure 2.--Input in memory.
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Memory
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(First punch band)
Position in Word

1 [ 2 [ 3 | b |56

7] 8 | 9 | 16

0027
0028
0029
0030
0031
0032
0033

003k
0035
0036

Memory
Cell

0078
0079.
0080
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- 0083
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0086

Memory

Cell
0127
0128
0129
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0131
0132
0133
013k
0135
0136

‘ Log .
bTOJa Species Gradg Log Diam.

Log Number

Log scale

grade

Lbr. tally

Volume Lbr,
) n o

n

1

2

_ Overrun percent " " n 3
, ] n [] L

0] [ [ [

R n # [

" n ® 7

n f " 8

" " ] 9

(Second punch band)

- Figure 3.--Output in memory.

Position in Word ‘ ‘

1 12 [ 3 [ L 1517617181 9710
0 Log count Total net log scale

Total volume lumber grade 1

[ n " " 1-2

W n n " 1.3

" L] " n 1;&

" n ] n 1-5

1 O] L] w 16

[ n n E] 1-7

" n ” ] 1-8

8 | n " n " 1.9

(Third punch band)

Pogition in Word '
112 3 L 5] 678910
0. ~ . Average net log scale

‘ Average volume lumber grade 1

" ” " " 1-2
f ] [] n 1-3]
n [ n E] 1-L
" 1" L] n 1_5
n n " n 1-6
n ] f ] 1-7

e n " K] n 1-8

8 | n u f " 1.9




Read

Punch 2nd and 3rd bands

Initialize:
a) Second punch band
b) Cumulative net log scale
storage
¢) Count storage

Initialize:
First punch band

Store
Identification
A ]
Store

!

Net log scale (single)

¥
Unscramble one board

T

1
Prepare for storage and calculate
product of thickness times width
times length (TWL) & store product.,

Is there another board on the
card?

© e

Read

A

Signal new type card

Combine log count and sum net
log scale and store in 2nd
punch band.

Calculate averages and store
in 3rd punch band.

Change volume to cumulative
volume in second punch band.

o)) |

Is new log in same grade-dia-
meter class?

{mch first band ﬁ

Put net log scale, lumber tally
& overrun in first punch band

Count log and store count
3

Transfer lumber grade volumés
to second punch band
[]

(?s:the new card from a new log?j)‘

Multiply TWL's by 0.0833

Transfer identification to sec-
ond punch band

Calculate cumulative net log
scale and store

Add lumber grade volumes in log

Calculate overrun and store

to give lumber tally and store ¥

Figure L.--Block diagram for processing mill scale study data.
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