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PREFACE

THIS paper is the ninth in a series of ten papers prepared to
descnibe the forest-imventory data-processing system of the
Northeastern Forest Expenment Station, This system was de-
vised for using modern, Jarge-scale, lugh-speed computers in

prodes

sing forestaimeentory data, The series will comprnise the

following papers:
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IX.

Introduction.

Description of subsystem EDIT

Operation of subsystern EDIT.

Information for programmers - subsystem EDIT.
Description of subsystem TABLE.

Operation of subsystem TABLE.

Information for programmers-- subsystem TABLE.
Description of subsystem OUTPUT.

Operation of subsystem OUTPUT.

Information for programmers —

subsystem OUTPUT.



iX-A. INTRODUCTION

NE of the major projects of the US. Forest Service is a
O nationwide forest survey, which is designed to obtain useful
and timely mformation about the timber resources of the United
States. In the course of the surveys, which are made mainly on a
state-by-state basis, great masses of detailed data are collected
about timber volumes, growth, timber cut, and other character-
sstics of the timber resource.

In recent years the volume of information obrained from forest-
survey field plots has increased greatly. The task of compiling and
analyzing this mass of data with mechanical computing machines
was both cumbersome and dme-consuming.

A solution to this problem was seen in the development of the
high-speed electronic computers. The Northeastern Forest Experi-
ment Station, which was responsible for conducting the forest sur-
vey of the heavily forested Northeastern States, investigated the
possibilities and devised the Northeastern Forest-Inventory Data-
Frocessing System.

This paper tells about the operation of a part of the system.
Program OUTPUT is designed for use in conjunction with pro-
gram TARLE (see part V of this series). Its sole function is to
produce and print fully labelled tables of statistics for sampled
populations {rom tabular summaries produced in program TA-
BLE. Detailed mstructions for solving estimation problems with
the standurd version of the program are given in the following
chapters.

A general description of the program outputs, inputs, logic and
" procedures s given in part VIII of this series. The material cov-



ered there should be thoroughly digested before attempting to use
the program. Presumably, the user will already be fully familiar
with the use of program TABLE.

The program is written in the standard IBM FORTRAN IV
language, and is operative at the Yale University Computer Center
on an IBM 7094 /7040 Direct Coupled System under the IBSYS
DCS operating system with IBJOB processor.” It will operate with
little or no modification on other comparable systems. Part X in
the series contains a selection of programming information that
will be useful if the standard version of the program must be
modified for any reason.

Copies of these publications and information on the FOR-
TRAN IV program decks may be obtained from the Northeastern
Forest Experiment Station, 6816 Market Street, Upper Darby,
Pennsylvania 19082.

In what follows, the concept of a “job™ as the unit of processing
1 completely arbitrary. It depends on the nature of the estimating
problem and the user’s preferences. Any number of jobs may be
included in a processing run. The only requirement is that within
each job the same processing and output options, as expressed
through the job control cards, sec. 410, apply to each population
processed in the job; and that all populations for which the tables
of output statistics are to be summed to population group totals
must be contained in a single job.

Similar remarks apply to the concept of the “population” and
its relation to the input data. Ordinarily, the population will be
defined in 1ts normal statistical sense, but in certain circumstances,
such as estimation for parts of a "normal” population under ap-
propriate assumptions, the population mayv be defined as the part
for which estimates are required. Simularly, it may be defined as
a group of "normal” populations. The only requirement is that
the processing specifications be consistent with the defnitions. It
should also be noted that the same body of input data can be used
repeatedly, even within the same job. in these special cases.

‘ Mention of a particular producr should not be construed as an endorsement by the
Forest Service or the U & Department of Agricalrare.

2



IX-B. CONTROL CARD FORMATS

The description and specification of each processing job in a
processing run is presented to the computer through a special deck
of data cards referred to as the control deck. Lach card in this
deck contains specific pieces of information arranged in a dehnite
format.

In this chapter each type of control card 1s described. The
description gives the format of the cards. the information they
must contain, and ~— where appropriate — the purpose and use of
the required information. Consequently, this chapter may be used
both as a detailed list of instructions for coding the description of
a job, and as an outline to follow in the initial stages of job speci-
fication in order that the specifications be complete.

Run Title Card (Sec. 400)

This card must precede the first job control deck in the file. It
simply gives a descriptive title to be printed at the top of each of
the job summary pages.

Run Title Card — Item 401
Columns Contain —- Explanation

.72 AAA ... A = 72 alphameric characters, giving a descrip-
tive title for the eatire run,

Job Control Cords (Sec. 410)

The job control cards are the header cards for each job in a
processing run. They contain the general specifications for the job
as a whole (including table labels). Fach group of job control
cards in the control deck is followed by other groups of cards
(described below) that give detailed descriptions of job segments.

The first card 10 the group, item 411, gives the number of popu-
fations to be processed in the job, the processing option to be
used, and the output options. The second card, item 412, extends
the output options by showing which of the sample summary
tables given as input are to be processed and printed. These two
cards must always be in the control deck.

The remaining cards of this group are used to provide labels



A
(End of Table Labels Card item 417

Item 4!5

Item 414

Table Title Card

1
|

ﬁable Selection Card ftem 412
/Jcb Control Card tem 411
L
No Table Labels Card item 413 %
/Toble Selection Card item 412
/Job Control Card Hem 411

Figure 1. — Order of job control cards in control deck: A&,
the standard setup for two ovtput tables; B, optional setup
which may be used for any job in o run ofter the first.



for each table to be printed as output. These labels must always
be supplied for the first job in a processing run, but they may be
omitted in any subsequent job. The last set of labels read will
always be used when labels are omitted for a job. This condition
requires that the no table labels card (item 413) be the third and
final card in the group of job control cards (fig. 1-B).

The table labels are supplied in complete sets, table by table,
and in the order in which the tables occur in the input data file
(fig. 1-A). A set of labels for a table consists of a table title
card (item 414) that contains the table name and a descriptive
title; a column heading card (item 415) for each column in the
table (including the column of row totals at the extreme right of
the table); and a row tag card (item 416) for each row of the
table (including the row of column totals at the bottom of the
table).

The entire group of table labels must always be followed by
the end of table labels card (item 417).

Job Control Card — Item 411

Columns Contgzin - Explanation
1-11 JOBbCONTROL =— Card label.
12 b
13-15 XXX = 3 numeric characters, giving the number of

populations to be processed in this job. The
number must be right-justified in the field.

16-18 000 == Do not sum the population tables over all
populations in the job.
001 = Sum the tables and print tables of these
sums.
19-21 001 == The data input is to be processed as 2 100
percent inventory,
002 == The data input is to be processed a5 a

simple, random sample, using the direct-
estimating procedure.

003 = The data input is to be processed as a
stratified, random sample with known
weights, using the direct-estimating proce-
dure.

004 = The data input is to be processed as a
stratified double-random sample with esti-
mated stratum weights, using the direct-
estimating procedure.



- 005 = The dats input is to be processed 2s &
stratified double-random sample with esti-
mated stratum weights, using the separate
weighted ratios estimating procedure,

- 006 == The data input is to be processed as a
stratified double-random sample with esti-
mated stratum weights, using the combined
ratio estimating procedure.

22-24 000 = Do not produce tables of standard error
estimates from the tables of variance esti-
mates. This option must be taken if option
001 15 taken in columns 19-21, because
neither the variance nor the standard error
estimates is appropriate to that option.

- 001 = Produce and print tables of standard error
estimates, expressed as percentages of the
tables of totals,

- 002 == Produce and print tables of standard error
estimates, expressed in the same units as
the tables of totals.

Table Selection Card — Item 412

Columns Contain — Explanation
1-12  TABLEBSELECT = Card label.
13 b
14 0 = Do not print the first table in the data
nput.
-1 == Produce and print the first table in the data

input. This option may be exercised se-
quentially for up to 67 tables in the data
input, using the following columns:

1380 X == Repetitions of the column 14 format, giv-
ing the print option for the remaining
tables in the data input.

No Table Labels Card — Item 413
Columns Contam — Explanation
19  NObLLABELS = A control word, signifying that table labels
are not in the control deck for this job.
This card cannot be used for the first job
of a run since the labels must be present
for that job. However, subseg:xent jobs

may us¢ the same labels, in which case this
card may be used.
Table Title Card — Item 414
Colummns Contain — Explanation
1-6 AAAAAA == 6 alphameric characters, giving a unique

name by which an input-output table may



be referenced. The name must be left-
" justified in the beld, and must appear ex-
actly as given in columns 14-19 of the out-
g;xt table definition card (item 321 in part
1. :

7-78  AAA .. . A == 72 alphameric characters, giving a descrip-
tive title for an output table. This title will
be Frinted on each page of output for the
table.

Columa Heading Card — Item 415

Columns Contain — Explanation
1-20 AAA ... A = 20 alphameric characters, giving a label for
a column in an output table. The label
should be centered in the field. There must
be one card for each column of the table
named in columns 1-6 of the appropriate
table title card (item 414), and the last
card of the group must be the label for

the column of row totals.

Row Tag Card — Item 416
Columns Contain — Explanation
1-20 AAA ... A = 20 alphameric characters, giving a label
for 2 row on an output table. The label
" should be left-justified in the field. There
must be one card for each row of the table
named in columns 1-6 of the appropriate
table title card (item 414), and the last
card of the group must be the label for
the row of column totals.

End of Table Labels Card — Item 417

Columns Contain — Explanation
i-13  ENDbOFb
LABELS = A control word, signifying the end of the

deck of table labels. This card must always
be present unless 2 no table labels card
(item 413) has been used.

Population Description Cords (Sec. 420)

The control cards described in this section contain all of the
information that is relevant in describing a population as 2 whole.
There must be one group of these cards for each population to
be processed in a job. The arrangement of the individual cards
in the group for one population is shown in figure 2.

The population title card (item 421) must always be the first

.



card in the group. It simply contains a descriptive title for the
population that will be printed at the top of every page of output
for that population.

The data input identification card (item 422) must always be
the next card in the group. It contains the identification of the
first sample to be processed for the population, exactly as it is in
the input data file (see part VI-B. sec. 350 and part VIL-E). The
identification is used to scarch the input file for the required sam-
ple summary tables. If there is more than one sample for a popula-
tion, it is assumed that the input data for the additional samples
follow immediately after the identified sample in the input file.

The expansion factor card (item 423} is the third card in the
group, and it too must always be included. In aldition to the
expansion factor by which the population mean is to be multiplied,
it contains the number of samples to be processed for the popula-
tion, and the sum of the sample weights (see sec. 430}.

Finally, if and only if processing option 6 is being used, the
group of population description cards must contain a set of cards
“(item 424) each of which contains the independent estimates of

/ Population Table Totals Cards {optional) tem 424“

i
(’/Expcrasicn Factor Card ftem 423 i
ﬁcm input identification Card tem 422 |
-~ i
//?opulafion Title Cord ltem 421

H
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Figure 2.— Order of the population description cards in
the control deck. A set of cards like this must be avaoiloble
for each population in o job using processing option 6.
With other processing options, the last set of cords {item
424) are not used.



the population grand mean and grand variance for one of the
output tables. These cards must be ordered as are the equivalent
sample summary tables in the input dara file.

Population Title Card — Item 421
Columns Contain — Explanation

1-72 AAA .. A = 72 alphameric characters, giving a descrip-
tion of a population.

Data Input Identification Card — Item 422
Columns Contain —

1-11 INPUTBIDENT = Card label.
12-13 bbb
1421 XXX ... X == § numeric characters, giving the first iden-

tification word in the identification record
of the first sample in the block of input
data for the population described in the
corresponding population title card (item
421). The word must appear exactly as
it does in the data input (see part VII-E}.
The remaining 4 identification words in the
record must be reproduced in the follow-
ing columns of this card. This identifica-
tion record is used to search the input tape
for the block of data to be processed.

2253 XXX ... X = Repetitions of the columns 14-21 format,
giving the remaining identification words
in the first identification record in the
block of input data for a population,

Expansion Factor Card — Item 423

Columns Contain — Explanation
1-12 EXPANbD-
FACTOR == Card label,
13 b
14-28  BX XXAXXXXXFEb- A 15-character numeric field (E specifica-
XX == tion), giving the value of the expansion

factor (normally the size of the popula-
tion that has been sampled) by which
every cell of every output table for the
population will be multiplied. This value
is referred to by the symbol “wt” in the
summary of estimating procedures (part
X-D).

29 b

30-32 XXX == 3 numeric characters, giving the numbes
of sampling strata in the population. The

9



number must be right-justified in the field.
If the sampling option given in columas
19-21 of the job control card {(item 411)
is 002, then this field must contain 001,

33 b
34-48  bX XXXXXXXXEb-
XX == A 15-character numeric field (E specifica-

tion), giving the sum of the sample
weights, If the sampling option given in
columns 19-21 of the {ob control card
(item 411} is 001 or 002, then this value
must be 0.00000000E 00. This value 15
referred to by the symbol "n” in the sum-
mary of estimating procedures.

Population Table Totals Card (optional) — Item 424

Columns Contaipr — Explanation
1-12  TABLEBTOTALS =— Card label.
13 b
14-28 DX XXX KXXXXEb-
XX = A }S-character numeric field (E specifica-

tion}, giving the mean value for 2 popu-
lation of the grand total cell of an output
table. This value is referred to by the sym-
bol "t in the summary of estimating pro-
cedures (part X-D).

29- b
30-44 bX XXXXXXXXEb- :
XX = A 15-character numeric field (E specifica-

tion), giving the variance of the mean
value mn columns 14-28. This value 1s
seferred to by the symbol "vt .. 7 in the
summary of estimating procedures.

Sample Description Cards (Sec. 430)

The control cards described in this section appear in the con-
trol deck only if the information they contain — sample weights,
and independent estimates of the sample means and variances of
the grand total cell of each output table -— is required by the pro-
cessing option being used. 1f these cards are required. they must
appear as a set following each set of population description cards
(sec. 420). The arrangement of the individual cards in the group
ts shown in figure 3.

The sample weight card (item 431) 1s not used when processing
option 1 or 2 is specified 1n columns 19-21 of the job control card

10



" ltem 432

ltem 431

Sﬂmpie Tobie TofclsCmds (optiancl) ftem 432 7

/Sample Weight Card (optioncl) tem 431

Figure 3. — Order of the sample description cards in the
control deck. The setup for a population with three som-
ples, using processing option 5§, is illustrated.

(item 411). Otherwise, there must be one card of this type for
each sample in a given population. Each card contains the weight
by which sample values will be multiplied before summing to
population values. It also contains a second weight that may be
used when estimates for a segment of the population are being
made. The order of these cards in the set must be the same as
that of the sample summaries in the data input file.

The sample table totals card (item 432) is used only when
processing option 5 is specified in columns 19-21 of the job con-
trol card (item 411). It contains the independent estimates of
sample (or stratum) mean and variance for one output table.
There must be as many of these cards in the set for a sample as
there are output tables, and they must be ordered in the set ac-
cording to the order listed on the table selection card (item 412).
The set for each sample immediately follows the corresponding
sample weight card (item 431) for that sample.

il



Sample Weight Card (optional) — Item 431

Columns Contain — Explanation
1-12 STRATUMbWTS, = Card label.
13 b
14-28 bX XXKXXXXXEb.
XX = A i5-character numeric field (E specifica-

tion), giving the value of the weight
to be applied to the data for a sampling
stratum. This value is referred to by the
symbol “ny” in the summary of estimating
procedures (part X-D).

29 b
30-44 bX XXXXXXXXED-
XX = A 15-character numeric field (E specifica-

tion), giving the value of the adjustment
factor to be applied to the variances for a
sampling stratum when compiling esti-
mates for a fraction of the population. This
value is referred to by the symbol “n/ny”
in the summary of estimating procedures,
If the value is 0.00000000FEbOO, it
indicates that estimates for the population
25 a whole are being compiled, so the ad-
justment factor will not be apphed.

Sample Table Totals Card {optional) — Item 432

Colwmns Contain — Explanation
1-12 TABLEbTOTALS = Card label.
13 b
1428 BX XXXXXYXXXEb-
XX == A 15-character numeric field (E specifica-

tion), giving the mean value for a sam-
pling stratum of the grand total cell of
an output table. This value is referred to
by the symbol “t;” in the summary of
estimating procedures (part X-D).

29 b
30-44 bX XXXXXXXXEb-
XX = A IS-character numeric ficld (E specifica-

tion), giving the variance of the mean
value in columns 14-28. This value is re-
ferred to by the symbol vty in the sum.
mary of estimating procedures.

Population Group Title Card (Sec. 440)

This card is used in the control deck only if sums over all popu-
lations in the job (see item 411, columns 16-18) are required as

12



output. It gives a descriptive title for the group of populations
represented by these sums. The title is printed at the top of every
page of the “sums” output. If used, the card is placed in the
control deck following all other control cards for a given job.

Population Group Title Card (optional) — Item 441
Columns Contain — Explanation

1-72 AAA .. A == 72 alphameric characters, giving a descrip-
tive title for the tables of sums over popu-
lations in the group.

End of Run Card (Sec. 450)

This card must always be the last card in the control deck to
show that there are no more jobs to be processed.

End of Run Card — ftem 451
Columns Contain — Explanation

1-10  ENDbOFbRUN == A control word, signifying the end of the
contro] deck.

IX-C. OPERATING INSTRUCTIONS

The use of program OUTPUT to obtain population statistics by
processing sample summary data is covered in the information
given below. To facilitate checking the setup of processing runs,
some of the information given is a resume of material covered
elsewhere.

Program Restrictions

The standard version of the program carries limitations on the
overall size and on certain dimensions of processing problems
that can be handled in a single-processing run. They are:

1. The total number of summary tables for a given sample in
the data input file cannot exceed 40.

The total number of storage locations available to produce out-
put tables of statistics for a given population is 15,000. The
limitations on the numbers of cells in all output tables for the -
population s more stringent and depends on the processing
option being used (see part X-B).

[ 2%
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3. The number of rows in an individual output table cannot
exceed S0O.

4. The number of columns in an individual output table cannot
exceed 50.

5. The number of samples processed for a given population can-
not exceed 999.

These restrictions result primarily from the way in which the
available storage capacity of the computer has been allocated to
various uses in the standard version of the program. However,
the program has been constructed so that the more important of
these allocations can readily be changed if a problem of substan-
tially different relative dimensions is encountered. The modifica-
tion of dimensioned space is described in part X.

Control Deck Setup

The control deck consists of all the punched cards through
which processing specifications, necessary constants, and other data
(exclusive of the data to be processed) are entered into the com-
puter. These cards, and the logical groups into which they fall,
have been described in the previous chapter. The assembly of the
groups of control cards to form the control deck, as well as the
placement of the control deck in the monitor input deck, are shown
in figure 4.

It should be noted that the monitor input deck consists of the
program deck, followed by the control deck, with system control
cards interspersed. The latter cannot be described in detail here
because they will vary from one computer installation to another.
For more information about them, see the systems representative
at the computer center where the processing will be done.

input Data Setup

The normal data input is a magnetic tape file written in the
binary mode and containing all the tables of sample statistics to
be processed in 2 given run (see part VIL-E of this series). The
tables will be grouped in known order (see the order of the out-
put table definition cards in the control deck for program TABLE)

14



/ System Control Card (see systems representative)

/End of Run Cord Sec. 450—1
Populotion Group Title Cord (optional) Sec. 440
Sample Description Cards (optional) Sec. 430
S =,
u Population Description Cords Sec. 420
- } Sample Description Cards (optional)

Populotion Description Cards

Job Control Cards

Somple Description Cards (optional) Sec. 430
Population Description Cards Sec. 420
Job Control Cords ~ Sec. 410

/Run Title Card Sec. 400 i»——*—————‘

Systern Control Cord (see systems represenictive)

—;*;f‘;;ffn:_gufpu? e

y ——— =
/ System Control Cords (see systems representative)

Figure 4. — The control deck setup, illustrating the kinds of
cards that are necessary and the order in which they must
be arranged. The example is for a run that contains two
jobs, the first requiring statistics for one population, and
the second requiring statistics for two populations ond the
sum of the two groups.
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within each sample, and the samples will be grouped in known
order (see the order of the data sets in the data input file to pro-
gram TABLE) within the population. Because the input data file
is searched for the proper data each time a population is to be
processed, the population data may be in any order and the file
may also contain extraneous data which will be skipped in proc-
essing. However, all data to be processed must be contained in a
single file. If it is in multiple files, then it must be processed in
multiple passes.

In addition to the above requirements for the input data, they
must have been produced in program TABLE under an output
option that is consistent with the processing option to be used in
program OUTPUT. The necessary relationships are:

OUTPUT TABLE Sample
proc- output 5
essing option table contain
option

1 lor2  Sample sums or means.

2 3 Sample means and their variances.

3 3 Sample means and their vatiances.

4 3 Sample means and their variances.

5 4 Sample rmeans, their variances and covariances of
individual means with grand means within the
table.

& 4 Sample means, their variances, and covariances of
individual means with grand mean within each
table.

Tape Assignments

In the standard version of program OUTPUT the FORTRAN
logical tape assignments are as follows:

Unit Use

3 Scratch tape.
5 Monitor input for program deck and control deck.
& Monitor print for job summary.

12 Output printed tables of population statistics.

19 Input of sample summaries written in the binary mode.
These tape assignments can be changed to fit local conditions by
loading appropriate file routines with the program. See your sys-
tems representative or the section entitled FORTRAN files in the
IBM IBJOB processor manual, fle number 7090-27.

16



Use of Sense Switches
and Sense Lights

No sense switches are used in the program. All sense switches
will be set at normal monitor settings. No sense lights are used.

Use of Program Halts
There are no halts in program QUTPUT.

Use of Overlay Feature

The program is not constructed to use the overlay feature. All
subprograms must be loaded at once.

Messages Printed During Execution

The messages listed below are those printed by the program
during execution. Each message, with its consequences, is de-
scribed; and the appropriate action, if any, is indicated.

Other messages may also appear in the printed summary of the
run. They will be produced by the operating system under which
this program is being executed. For the meaning and consequences
of any message not found in the list below, see your computer
systermns representative.

TABLE SELECT CARD INCORRECT

Message 1. Message prints if columas 1-12 of the table selection card
(item 412) are not punched TABLEbSELECT. Correct and start processing
from beginning of job.

EXPANSION FACTOR CARD INCORRECT

Message 2. Message prnts if columns 1-12 of the expansion factor card
(item 423) are not punched EXPANBFACTOR. Correct and start proc-
essing from beginning of job,

TABLE TOTAL CARD INCORRECT

Message 3. Message prints if columns 1-12 of the survey unit table totals
card (itern 424} are not punched TABLEBTOTALS. Correct and stast
processing from beginning of job.

STRATUM WEIGHT CARD INCORRECT

Message 4. Message prints if columns 1-12 of the sampling stratum
weight card is not punched STRATUMbBWTS (item 431). Correct and
start processing from beginning of the job,

17



INPUT IDENTIFICATION CARD INCORRECT

Message 5. Message prints if columns 1-11 of the data input identifica-
tion card are pot punched INPUTBIDENT. Correct and stast processing
from beginning of the job.

JOB CONTROL CARD INCORRECT

Message 6. Message prints if columns 1-11 of the job control card (item
411) are not punched JOBbCONTROL. Correct and start processing from
beginning of the job.

THE TABLE NAMED AAAAAA
HAS I1S TITLES OUT OF ORDER

Message 7. Message prints if the table name punched in columns 1-6
of the table title card (item 414) does not correspond with the table name

on the data input tape (see part VIFE). AAAAAA is the table name which
appears on item 414. Correct and start processing from the beginning.

MACHINE CAPACITY EXCEEDED —
REDUCE SIZE OR NUMBER OF TABLES

Message 8. Message prints if the total number of cells necessary to produce
the desired output table is greater than 15,000, Correct by reducing number
of tables or altering dimension (see past X-B). Start processing from begin-
ning of job.

18



