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ABSTRACT

The Grasslands Lab Information Management System is an information
storage and retrieval system designed to reduce the clerical work in the
Analytical Chemcial Facility (ACF) and to provide a unified data Tibrary
or "bank" of the requests for analysis and results of analysis of samples
collected at various Grassland Biome sites. The computer programs were
written to be run on the CDC 6400 computer at Colorado State University.
This document reviews operation of the ACF prior to GLIMS, ACF procedure
~after impiementation of GLIMS and presents instructions on the use of the
GLIMS system for data bank creation and management and for retrieval of

information from the data bank.



INTRODUCTION

The Grasslands Lab Information Management System, GLIMS, is a
computerized information storage and retrieval system designed by
Witliam Ferguson, Unab Bokhari, and Bob Robinson. System programming
was done by Bob Robinson, subsequent modification and maintenance programming
was done by Jerry Peltz. The programs comprising the GLIMS system were
written to be run on the CDC 6400 computer at Colorado State University.

The purposes of the system are to assist the chemical lab director
with management of the laboratory, reduce clerical work within the laboratory
to a minimum and provide & unified method and source for retrieving informa-
tion from the data bank.

This document discusses procedures in the Chem Lab prior to implementing
GLIMS; The design of the system; Use of the Chem Bank Maintenance Program;
Use of the Chem Bank Retrieval Program. A separate document, the GLIMS
System Program Maintenance Manual describes the programs ih detail.

The Natural Resource Ecology Laboratory is the headquarters for the
United States Grassland Biome portion of the International Biologicat
Program. The NREL has become the central data facility for all data
collected at 11 Grassland Biome sites and also houses the Analytical Chemistry

Facility (ACF) for processing samples from the sites.

PROCEDURES IN THE ACF PRIOR TO GLIMS
When a sample was sent to the ACF, it was accompanied by a request
form for chemical analysis which was filled out by the investigator. This
form contains the site the sample is from, date of collection, initials of
investigator, treatment and replicate the sample comes from, the source or

type of sample, a taxonomic identifier if any, non-taxonomic description,
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the investigator's sampie number, and a check 1list of analyses to be
performed. The ACF director received the sample and request for analysis
and assigned the sample and request a unique Lab number. He then filed
the request form and put the sample(s) into storage for later use by

ACF technicians.

The ACF technicians used request forms to determine Lab numbers of
samples which were to have a particular analysis. This involved pulling
the forms from the file and jotting down Lab numbers thch had particular
analyses requested. The techniéian would refile the forms, locate the
samples with those Lab numbers in storage, extract a portion of each
sample and perform the analyses. The result was recorded on a separate
form which contains the technician's initials, the date of analysis,
the type of analysis, the Lab number and the result. If there was not
enough sample material to perform the analysis, a column on the result
form was checked to show that fact. The result forms were then filed and
made available to investigators and the Lab director.

The above procedure was further complicated by a system used to check
the accuracy and consistency of analysis by the ACF technicians. The
director would randomly select a certain percentage of requests, divide
the samples and fill out identical requests for the duplicate half. He
would assign the duplicate samples Lab numbers which would insure that the
analyses were performed at a later date. When original and duplicate
analyses were completed, the accuracy of the technician process could be
checked by comparing the two halves. However, the duplicate sample
results were not available to investigators and had to be pulled from

the files after they were complete.
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To retrieve results for an investigator, the person retrieving the

information would search the request file, {(which was ordered by Lab

number) record the Lab numbers of the samples of interest and search

the result file (also ordered by Lab number) and record the results.

GLIMS SYSTEM DESIGN

The Grasslands Laboratory Information Management System was designed

to facilitate the procedure used by the ACF. By analyzing procedures in use,

routine functions which could be performed by the system were outlined.

1.

The system should relieve the ACF Director of assigning Lab
numbers and selecting samples for duplicate processing. Lab
numbers should be generated at the Director's request and the
percentage of samples selected for duplicates and their time

lag could be changed.

The system should store the Lab requests as soon as the samples
are received. The requests could be referenced by Lab number so
the result information would be easily appended to the request
in the data bank. Duplicate samples should be separated from
the originals by the system.

The system should be capable of updating the record for each Lab
number as the results are input to the system,

During updating, the operator should be notified if a result was
input for a Lab number which has no request or the analysis was
not requested.

The system should allow the user to change a request for result
after it had been entered in the bank.

The system should relieve the technician of the duty of pulling

Lab numbers which request a particular analysis.
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6. The system should provide the Lab Director:
a) The average number of requests entered per week.
b) The average number of results entered per week for each
type of analysis.
¢} A statistical measurement of the accuracy attained in the
duplicate processing techniqﬁe.
7. The system should provide a status report showing work which
has been requested but not completed.
8. The system should provide an easy method by which data in the

bank could be accessed.

ACF Operational Procedure Using GLIMS

Procedure in the ACF using the GLIMS system is very similar to that

. used before. The major difference is that a major portion of the clerical
work for the Lab is handled by the system. Present ACF operation is
discussed below.

The process begins with the ACF Director's request for serial Lab
numbers. This request includes how many numbers he wants and the percentage
and time Tag that should be ysed for duplicate selection. The operator of
the system then "creates” a list of Lab numbers for the ACF Director. When
samples arrive at the Laboratory, they are accompanied by request forms
filled out by the investigator. The ACF Director adds a Lab number for
each sample from his 1ist, splitting the sample when a Lab number which is
to have a duplicate is assigned and giving the second half of the sample
the Lab number produced by the system for the duplicate. An additional
request form for duplicate samples is not necessary because the system is
keeping track of them and automatically reserves space in the data bank for

duplicates when a request for the original sample is encountered. The
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samples are then stored to await analysis and the request forms are given
to the GLIMS system operator.
The GLIMS system operator checks the request forms for format errors
and has them keypunched. The forms are filed and the cards are "stored"
in the data bank. Requests which are improperly structured are flagged
by the system and are not entered into the bank until they are acceptably
formatted. Any requests which may have later additions or corrections
that have been stored in the bank can be "changed" by the system operator.
When requested by the ACF Director, the system operator "Tists"
(has printed) result forms for analyses checked on requests in the data
bank. ACF technicians use these forms to pull samples from storage and
record analysis resuits. Completed result forms are returned to the system
operator who checks them for format errors, has them keypunched, files the
result forms, and “updates" the bank to enter the results. Errors on
result cards during updating are flagged by the system and are not accepted
until they are formatted correctly. Corrections of results a@lready stored
in the data bank may be "changed" by the system operator.
The GLIMS system is divided into two portions; one for data bank
maintenance and the other for information retrieval. The data bank
maintenance portion of the GLIMS system may produce, upon request, reports
which show the production, accuracy and outstanding requests in the ACF.
These reports include:
1. A production report showing, for each analysis, the number of
requests received for the last two weeks, the Tast four weeks
and the year to date. Included with the report are the number
of results received and the number of outstanding results .

2. A control report showing, for each analysis type, the number of

duplicates received for the year to date, the last four weeks,
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and the Tast two weeks. Included in this report is an analysis
of the duplicate samples for each analysis type.
3. A summary report showing, for each analysis, the total number
of requests in the bank, the number completed, and the number
still due. Also, the number of duplicate pairs is shown.
4. A status report showing, for each Lab number, the analyses
which have been received and those which are still duye.
The information retrieval portion of the GLIMS system can be used
to fi11 a request for the results of analysis from an investigator. Using
the retrieval Tanguage, the system operator can access any portion of the

data bank for output to the printer or to a storage device.
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USING THE CHEM BANK MANAGEMENT PROGRAM

The data bank management program performs a set of tasks designed
to assist the Laboratory Director in the management of the Analytical
Chemistry Facility. A task is executed by the program upon encountering
a command card on the input file. A command card consists of an asterisk (*)
in column 1, a key word associated with the task, and a list of arguments
which define the 1imits of the task. These arguments are necessary for
some commands and optional for others. Additional words and numbers on a
command card other than those used as the key word and its arguments are
ignored by the program. If more than one key word appears on a command
card, the leftmost key is the one which determines the task. Arguments
are encountered from left to right so care must be taken to insure that
the correct arguments are encountered. For example, perhaps the Director
requests 300 Lab numbers to be created in the 1975 data bank. The following
commands are equivalent and would accomplish the task.

*CREATE 300/

*CREATE 300 LAB NUMBERS
However, the following command would create 1975 Lab numbers.

*CREATE FOR THE 1975 BANK 300 LAB NUMBERS.

In addition, the above command would create 1975 Lab numbers starting
at number 300. This example shows that if additional words and numbers are
added to a command for clarity, care must be taken in the structuring of
the command. Table 1 displays the key words associated with each task

and the number of agruments.

l-/Key words and agruments are underscored.
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~Table 1. List of key words associated with each task.
KEYWORD TASK PERFORMED NO. OF ARGS.
CREATE Create a list of serial lab numbers. 1-2
SELECT Change the percentage of duplicate

samples selected. 1
LAG Change the range for lagging the

second half of the duplicate pair. 2-3
PAIRS Generate a list of the duplicate pairs. 0
STORE Enter new request cards into the bank. 0
LIST Generate a 1ist of result forms. 1-3
UPDATE Enter new results into the data bank. 0
CHANGE Allow requests or results to be changed. 0
SUMMARY Generate a summary report. 0-2
STATUS Generate a status report. 0-2
PRODUCTION Generate a production report. 0-15
CONTROL Generate a control report. 0-15
DUPLICATE Generate a duplicate report. 1-4
UTILITY Call the user-supplied utiltity routine. 0-19
SToP Halt the execution of the program. 0

Each command will be described in detail in the remainder of this section.

Creating New Serial Lab Numbers

The data bank is started and extended by the CREATE portion of the

management program.
bank each time a CREATE command is executed.

defined at this time.

A set of sequential Lab numbers is reserved in the

Duplicate selection is also

Default values for duplicate selection are 5% of

the numbers created with a time lag of 1 to 7 days based on a 20 sample

per day analysis rate in the laboratory.

The duplicate selection process

can be modified by using the SELECT and LAG commands with the CREATE command.

The key word for the task is CREATE.

and specifies the amount of serial lab numbers desired.

Tab numbers the command would be:

The first argument is necessary

To create 200 new



*CREATE 2002/
or

*CREATE 200 LAB NUMBERS

Each time the CREATE function is called, the system determines the
last number created and begins the new 1list of numbers at that point. A
second optional argument may be used to specify the number to begin
with. This allows numbers to be recreated.
For Example:

*CREATE 200 876

and,

*CREATE 200 LAB NUMBERS BEGINNING WITH 876
will reserve 200 Lab numbers in the bank beginning with Lab number 876.
The second argument is restricted, however, to protect data already
stored in the bank. If the number (876 in the above example) precedes a
Lab number for which a request is stored, a message will be issued and
the task will not be performed.

Two other commands which may be used in conjunction with the CREATE
command to modify the default values of duplicate selection and time lag
are SELECT and LAG. The percentage of duplicate samples to be selected
may be changed from the default value by following the CREATE command
with the SELECT command. For example the selection of duplicates for a
new set of Lab numbers could be increased by following the CREATE command
with,

*SELECT 10

g/Key words and arguments will be underscored.
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or;
*SELECT 10 PERCENT FOR DUPLICATE PROCESSING
The amount of time lag to separate duplicate pairs can be changed by
following the CREATE command or SELECT command with a LAG command. The
lag time of a new set of lab numbers could be changed with the command.
*LAG 10 20
or,
*LAG THE SAMPLES FROM 10 TO 20 DAYS.
As showﬁ in the example, the LAG command requires at least 2 arguments,
In the above example, duplicate lag would be calculated assuming a 20
sample per day analysis rate in the Lab. If the analysis rate was no
ionger 20, another argument could be added to the LAG command to change
the default value. For example,
*LAG THE SAMPLES FROM 10 TO 20 DAYS USING 30 SAMPLES PER DAY
would change the rate from 20 to 30. Once the values for duplicate
selection are changed by the SELECT and LAG commands, they are retained
by the system as default values until they are changed during a subse-

quent creation of Lab numbers.

Storing the Request Cards

Request cards are entered into the data bank with a STORE command.
This command has no arguments and is followed by all request cards which
are to be entered.

*STORE THE FOLLOWING REQUEST CARDS

When the STORE command is encountered, the system begins reading
request cards which follow and enters them into the bank. This process
continues until either another command card is encountered, or the end

of the deck is reached. Before each request is stored it is checked for

the following key punch errors.
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1. The site code in columns 3-4 must be a number from 1-11.
2. The date in columns 8-13 must be valid and between 1/1/69
and 12/31/76.

3. The treatment code in column 14 must be 0-9, A-Z, or blank.

4. The replicate in column 15 must be 0-7.

5. The source in columns 16-17 must be 0-36.
If an error exists on a request card, a message is printed and the request
is not stored in the bank. If a request has already been stored for a
Lab number on a request card, the request is not stored unless a CHANGE
command (explained later) is in effect. This is to insure a mispunched
Lab number on a request is not stored. Requests not entered may be corrected
and entered with another STORE command. See Figure 1 for an example of the
current request form. Additions, of new analyses available and new sources
are outlined in Appendix C, page 50.

Listing Result Forms

Once requests are stored in the bank, result forms may be obtained
with a LIST command which requires one argument specifying the code number
of the analysis to be listed. Two optional arguments may be used to specify
the first and last numbers for the list. Below are some examples.

*LIST 4

*LIST ANALYSIS TYPE 4 STARTING WITH LAB NUMBER 25

*LIST TYPE 6 FOR LAB NUMBERS 52 THROUGH 78
The program retains the value of the highest Lab number which has been
Tisted for each analysis. If a starting number is not used, the 1ist will
begin at the last number +1. If the command does not have an ending number,
the program will 1ist result forms for all remaining requests currently

in the bank.
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Add’ng Results to the Data Bank

When result forms are filled out and keypunched, they may be added
to the data bank with the UPDATE command. This command requires only the
key word UPDATE as shown below.

*UPDATE
or,

*UPDATE THE FOLLOWING RESULTS

When this command is éncountered, the program will read each result
card following the command and add it to the data bank. Updating continues
until a new command is encountered or the end of the deck is reached.

Before a result is entered in the bank, the card is checked for the
following keypunch errors.

1. The date in columns 6-11 must be valid and betweer 1/1/69 and

12/31/76.

2. The type of analysis in columns 12-13 must be between 1 and 30.

3. The method of analysis in columns 14-15 must be between 0 and 30.

4. The lab number in columns 16-21 must have a request for the

analysis type specified in columns 12-13,
A message is printed if the result card is in error and the result is not
entered in the bank. If a resylt is already in the bank for the analysis
type, the new result is not entered unless the CHANGE function is in effect;
a message is printed. Results which are rejected can be corrected and

entered again with the UPDATE command. See Figure 2 for an example of a

result form.



-14-

- - - - - - -

- - - - - — - -

- - - - -

- - - - - e - -

o - - - - - -

- - - - - e

-

-
- -

-
-
- o
-
-
-
-
-
- -
-
-
-
- -
-
-
- ——
- -
-

-H?

- - - -

- — —— - -

- - - -——— - ? -

- - - - ¥ -

- - e —-— g l"l‘.l"ll

- - - - Ll T T T,

- - - - ¥ e

- - ——— - e ————

- - - - v . -————

- - - - - P -

- - - o -

- - - - - ¥ -

- ¥ -

L1
A
st
1
€T
21
11

ot

4

34nb 14

*O0IHINNAAZY 34 0L

LON 3HY A3ZHML

TATNOG AN HOLVYHIAL0
HOA 347 SIANIN

LN3DH3d
LN3DAH34
IN33HId
INJIIHIL
IN3IIHIA
1N3343d

I ERLET]
IN3IDINIA
LNIDINEA

TIM ANA H/9W
INTYM A

L EREET

INAIH I

IR EEY

IN3IINIA

IN3DH3A

INJ3H3d

1R OAMO osv D
IN3IHIA

INIIHIA

momem mmewe —mees - 1 -~ 50 --
" # ¥ EE-E2 ¥ 22 4 12-91 #51-21 HI11-01

e axxt ®N

"IM #yIaWNNE
# H
#eINZNTH

1ANS3AH 437

AYNT 4 H

"
1]
n
H
"

STSATVNY AYOLYHNAYY HO4 WHO4 1INSIH
WHHO0OHd Y O0TA TUNOT LYNHAIN]

IWwOTA SONY 1SSV KQ

AWYSH

HA

# ONv W

HAa # JAAp #

¥NAINS v ol

AOH3NT §5049

33

3

s

-]

llllllflllllll-ti-llllll'illll'l|Illl|l||l|l|‘l|lIlllll'l‘lll'l

HIAWNNAQOH L IW#
AV

HH1 LS¥T JH)

0g

62

87

L

92

T4

L ¥4

INTZ E2
S3ANVINVYW 22

H3dd0D 12

02
61
a1
FA
gt
ST
%1
€1
21

1t
12}

60

80

Py

30

50
%0
€0
20

[o

WNISSYL0d
WN100s
WNTS INGYW
WNIDYD
2Vt
INAWO A
OHMLTANT
NOHEYD
NINOTY

4 Qv

J® D
NYOHASOHA
N THVYO 3PV

HSY
ALL¥w AM0



-15-

Changing Requests or Results

In the previous two subsections on storing requests and adding
results it was noted that a request or result would be rejected if there
was already one in the data bank for the same Lab number or analysis type.
This was to insure that valid data in the bank would not be destroyed.
However, perhaps request records or resyits already in the bank are
incorrect and need to be changed. The CHANGE command helps accomplish
this task. Incorrect requests and results may be re-entered correctly in
the bank by preceding the STORE or UPDATE commands with a CHANGE command.

*CHANGE

*STORE
followed by request cards will replace existing records with new ones.

*CHANGE

*UPDATE
followed by result cards will replace existing results with new ones.

*CHANGE

*STORE
followed by request cards and

*UPDATE
followed by result cards wil] replace requests and results in the bank.
Once the CHANGE command is in effect, it will remain in effect until the
execution terminates.

Producing a Status Report

The status report will give the requestor a detailed listing of
each sample showing the initial request information and the current status
of each analysis requested for that sampie. Four different values are used

to indicate the status for each analysis of each sample.
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They are:

1. A dot (.) will appear if the analysis was not requested

for the sample.

2. The analysis type code will appear if the analysis is to be

performed for the sample.

3. The letters, RC, will appear if the analysis was requested

and the results have been received.

4. The letters, NS, will appear if the analysis was requested

but there was an insufficient amount of the sample to perform
‘the analysis.

The command.for the status report requires only the key word, STATUS,
which will generate the report for all samples in the data bank. The
report may be limited however, by two optional arguments which specify the
first and last Lab numbers for the report. Three possible commands are:

*GENERATE A STATUS REPORT

*GENERATE A STATUS REPORT BEGINNING WITH 1345

*GENERATE A STATUS REPORT FROM 1345 to 1897
The summary report, described in the following subsection is also included

at the end of a status report.

Producing a Suimmary Report

The summary report lists, for each analysis type, the number of
analyses still due, the number of results received to date, the total number
of requests made to date, and the number of duplicate pairs. The key word
SUMMARY is the only requirement for the command. It will generate the
summary report for all samples in the data bank. However, the report may
be limited to a particular set of samples by including two optional arguments
for the first and last sample numbers to be reported. The possible commands

dare:
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*GENERATE A SUMMARY REPORT
*GENERATE A SUMMARY REPORT BEGINNING WITH NUMBER 1000
*GENERATE A SUMMARY REPORT FROM 1000 to 1200

Producing a Production Report

The production report presents a table for each analysis type
requested. The table displays three columns for the number of requests
received, the number of requests completed, and the number of requests
remaining. Under each of the columns are the number for the year to
date, the number during the last four weeks and the number during the last
two weeks. The report can be generated with the key word PRODUCTION
which will produce a table for each of the analysis types 4 through 15.
If specific analysis types are requested, up to 15 may be Tisted on the
command card. In this case the report will be generated only for those
analyses specified. Examples of the command are:

*GENERATE A PRODUCTION REPORT

*GENERATE A PRODUCTION REPORT FOR ANALYSIS 7

*GENERATE A PRODUCTION REPORT FOR ANALYSES 2 3, 6, 7, and 1

Producing a Control Report

The control report presents a table for each analysis type
which displays the following four columns:

1. The number of pairs for which both duplicate results are
available.

2. The mean value for the original results.

3. The standard deviation for the absolute differences between
the original result and the duplicate result.

4. The number of outliers for which the difference appeared to

be too large.
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The analyses which are considered as outliers are not included in the
mean and standard deviation computations. Under each column are the
values for all duplicates received during the year to date, during the
last four weeks, and during the Tast two weeks. The outliers are deter-
mined by a statis;ica] method described by Dixon and Massey (w; JT.
Dixon and F. J. Massey, Jr. 1969. Introdu;tion to statistical analysis,
3rd Ed. McGraw-Hil11 Book Co., New York. 638 p. Page 500, Table A-8e.)

The control report may be generated for the standard set of analyses
4 through 15 with the command,

*PRODUCE A CONTROL REPORT
A set of code numbers for the analyses desired in the report may be
included by listing them on the command card as shown below.

*MAKE A CONTROL REPORT FOR ANALYSES 2, 3,4, and 5

If any outliers are found, a detailed deviation report is automatically
produced for the analysis type.

Producing a Deviation Report

The deviation report produces a table of duplicates for a specific
analysis. It includes four columns which are:

1. The Tab number for the original sample.

2. The value of the result for the original sample, 01
3. The value of the result for the duplicate sample, D.

3
4. The deviation between the original and duplicate, Oi'Di
The samples are ordered by the magnitude of the deviation. The report
also includes:
5. The mean for the original samples, I 0;/N
"6. The mean for the duplicate samples, & Di/N
7. The mean for the deviations or differences between the

original and the duplicate, : (0; - D;)/N
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8. The number of duplicate pairs, N

9. The standard deviation for the differences, 2:(0_i - Di)Z/ZN

10.  The mean absolute deviation, 2(01 - Di)/N

The deviation report for analysis 4 can be generated with the
command,

*GENERATE A DEVIATION REPORT FOR ANALYSIS 4
The key word, DEVIATION, and the analysis number are required. Three
optional arguments are provided for entering a date. This will restrict
the report to only the duplicates received after the date specified.
The date must be in the order of month, day, and year as shown on the
command below. ,

*GENERATE A DEVIATION REPORT FOR ANALYSIS 5 AFTER 5/31/72

Using the Utility Routine for Special Tasks

Occasionally, problems come up in the laboratory which require a
special report on a one time basis. The report may be written and coded
as a UTILITY subroutine, Tinked to the main program, and can be called
at any time during the execution of the program. The reason for linking
the utility subroutine to the main program is that it can take advantage
of all the data bank communication routines that are present in the GLIMS
system. The procedure for using the utility subroutine is described in
the GLIMS system program maintenance manual.

Setting up the Program Deck to Use the Data Bank Maintenance Program

Because of the high cost of storing the chemical banks on the 6400
system permanent files, they are stored on magnetic tape along with
associated programs. The currently active (open) data bank resides on
a single tape and is backed up by another, separate tape. The banks which
are not actively being.updated are all stored on one tape with a separate

backup tape.
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The structure of the current 1973-1975 Chem Lab Data Bank tape is:
1. Tape is labelled “LABDATA73"
2. File 1 contains a binary copy of the data bank management program
3. File 2 contains a ktinary copy of the data bank retrieval program.
4. File 3 contains a binary copy of the program that loads the bank
on a disk file, LODBNK.
5. File 4 contains a binary copy of the program that loads the
bank from disk to tape, STOR.
6. File 5 contains the data bank.
Procedure for storing the data bank on a disk file and updating the
bank is:

TAOOO,AXXXXXXX,CMS?OOO,TSO,PRSO,MTI.EXAMPLE.E/
RFL,10000.
LABEL{TAP,R,L=LABDATA73, VSN=DXXXX )READ. SWIFT.
COPYBF,TAP,CHEMPRG.

SKIPF,TAP,1,17,B.

COPYBF,TAP,LODBNK.

SKIPF,TAP,1,17B.

REWIND,CHEMPRG, LODBNK.

RFL,43000.

REDUCE.

LODBNK.

RETURN,TAP.

RFL,57000.

REDUCE.

CHEMPRG. &
CATALOG,BANK, LABDATA73-75,1D=AAA, RP=AAA .~

78g end-of-record card
Commands for management program.

678 end-of-file card
9

3/
A sequence of "X" must be replaced by the user with his charge number
or the tape number.

4 " 3
/A sequence of "A" must be replaced by the user with an Identification
Code (ID) and the retention period in days for the permanent file (RP).
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Procedure for running the management program from disk files is:

TAOOO,AXXXXXXX,CM57000,T50, PR50. EXAMPLE.
RFL,10000.

ATTACH,BANK, LABDATA73-75,1D=AAA.

ATTACH, CHEMPRG, 1CHEM6975, ID=JDP.
RFL,57000.

REDUCE.

CHEMPRG.

EXTEND(BANK)

789 end-of-record
Commands for the management program

678 end-of-file.
9

The EXTEND(BANK) card is necessary only if the data bank is being changed
during the run.
The procedure for storing the data bank on magnetic tape is:

TAOOO,AXXXXXXX,CMS?OOO,TSO.EXAMPLE.
RFL,1000. 5,
LABEL(TAP,R,L=LABDATA73,VSN=DXXXX)READ.SNIFT.—
SKIPF,TAP,4,17,B.

COPYBF ,TAP,STOR.

REWIND, STOR. 6/
ATTACH,BANK,LABDATA73-75,ID=AAA—

RFL,43000.

REDUCE.

STOR. (Stores the bank on tape)
RFL,10000.

RETURN,BANK,STOR.

REWIND,TAP.

COPYBF,TAP, CHEMPRG.

SKIPF,TAP,1,17,B.

COPYBF,TAP, L ODBNK.

SKIPF,TAP,1,17,B.

REWIND,LODBNK.

§-/A sequence of "X" must be replaced by the user with his charge number
or the tape number.

§/A sequence of "A" must be replaced by the user with an Identifjcation
Code (ID} and the retention period in days for the permanent fije (RP).
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RFL,43000. (Checks the tape for a good
REDUCE. transfer of the bank to tape.)
LODBNK.

RFL,57000.

REDUCE.

CHEMPRG.

7
84

*SUMMARY

6,

8y

When the bank and programs on the primary bank tape are correct,
the bank can be copied to the backup tape. A procedure for this is:

TAOOO, AXXXXXXX ,MT1.EXAMPLE.

RFL,10000.

LABEL (TAP,R,L=LABDATA73,VSN=DXXXX )READ, SWIFT.
COPY,TAP,INTER.

RETURN,TAP.

LABEL (TAP,R,L=LABDATA73,VSN=DXXXX )WRITE ,SWIFT.
REWIND, INTER.

COPY, INTER, TAP.

REWIND,TAP.

678 end-of-file card
9
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USING THE RETRIEVAL PROGRAM

The retrieval program operates from a user-supplied retrieval
language to'select and display specific portions of information from the
data bank. The retrieval tanguage was designed with simplicity of use
as the major aim.

To retrieve information from the data bank you begin by building a
tist of samples. Once the list of samples has been built you may (1)
print any desired information from each sample in the list, (2) prepare a
data file with the samples for analysis by another program, (3) call your
own utility subroutine to analyze the 1ist of samples, or (4) count the
number of samples selected.

Building a List of Records

You may build a Tist of records by first indicating the type of
selection procedure desired. There are five possible types, each of

which is designated by a one-word command:

1. RETRIEVE - To select a new list of samples from the data bank.

2. REDUCE - To reduce the current 1ist of samples to a selected
portion.

3. DELETE - To delete selected samples from the current 1ist of
samples.

4. ADD - To add selected samples from the data bank to the
current Tist of samples.

5. BACK - To restore the last Tist of samples which were

available prior to the current reduction, deletion,

or addition.
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To illustrate the list building procedure, assume that you want all
treatment 1 samples from Pawnee plus all treatment 5 samples from QOsage.
The 1ist would be built by first retrieving the treatment 1 samples from
the Pawnee site (RETRIEVE), and then adding the treatment 5 samples from
Osage to the list {ADD). Or, assume that you want all Pawnee samples
for all treatments except treatment 1. This Tist would be built by
retrieving all Pawnee samples (RETRIEVE), and then deleting the treatment
1 samples from the list (DELETE).

Specifying the Criterion for Selection or Deletion of Samples

You may indicate the samples which are to be selected, deleted, or
added by specifying the values for each of the fields on the sample's
request card. That is, the samples from the ALF site are retrieved by
specifying that the site field for each sample must have the value of ]
before it is to be retrieved. To do that you merely punch the name of
the field, which is SITE, and follow it by the value desired, which is 1,
as shown below.

RETRIEVE

SITE
If samples from more than one site are desired, they may be punched on
the card, too, with each valye being separated by commas as shown below.

RETRIEVE

SITE'1, 3, 4, 5, 8
It is also possible to specify a range of values rather than a2 single
value by putting a dash between the lowest and highest value as below.

RETRIEVE

SITE 1, 3-5, 8

Values for each field on the request form may be specified in the
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Same manner. However, not all of the fields on the request card are
numerical fields Tike the site field. In fact, there are four different
types of fields: numerical, character, date, and yes-or-no fields.

Character fields may contain letters, numbers, special symbols, or
blanks. The initials, treatment, description, genus, species, subspecies,
and investigators data number are all character fields. You may specify
the values for a character field by punching first an asterisk, followed by
the actual characters, followed by another asterisk as in the examp]es
below.

TREATMENT *1*, *5%  *Ax_xD*

DESCRIPTION *CATTLE*, *SHEEP*, * SHEEP*

GENUS *BO *

SPECIES *GR *
Note that if some of the characters are blank, the position of the blanks
are important and must be included.

The date field contains three numbers rather than just one number.
The value for the date is specified by punching the month, followed by
a slash, followed by the day, followed by another slash, followed by the

year as shown below.

DATE 5/21/72, 3/3/72
DATE 1/1/71-12/31/71

The request fields are yes-or-no type fields. That is, ejther there
is a request for a particular analysis, or there is not a request. Instead
of specifying the value for the request fields, which is either x or blank,
it is easier to specify the code numbers for the analyses which have requests
indicated. For example, if you want all samples which request a nitrogen
analysis you would punch:

REQUEST 7.
If you want ali samples which request either nitrogen or phosphorus, you
would punch:

REQUEST 7, 8
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Other examples are shown below.

REQUEST 4-6

REQUEST 7, 9-12, 14, 15

Many times it becomes necessary to retrieve samples for which,
in addition to having a request for a particular analysis, the result
has also been received for the analysis. You may do this by using the
word RESULT as the field name rather than REQUEST. For example, if you
want to retrieve all samples for which gross energy results are available
you should punch:

RESULT 6.

In this case, if a sample has a request for gross energy, but the result is
still due, the sample will not be selected.

Table 2 outlines the name of each field and gives the range allowed
for that field.

Now that the basics have been covered, let's go back and try a few
examples. Assume that you need all treatment 1 and treatment 5 samples
from the Pawnee and Osage sites. You would punch the following cards.

RETRIEVE

SITE 9, 11

TREATMENT *1*, *5%

In this case, a sample would be selected if its site field had a value of
either 9 or 11 and its treatment field had a value of either 1 or 5.

For a second example, assume that you need all treatment ] samples
from Pawnee plus all treatment § samples from Osage. To retrieve these
you would punch:

RETRIEVE

SITE 11

TREATMENT *1*
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Table 2. Specifying values for selection or deletion of records.
FIELD NAME TYPE RANGE ALLOWED EXAMPLES
Site SITE Numeric 1-12 SITE 7
(2 digits) SITE 5, 8-10
Initials INITIALS Character Any three charac- INITIALS *CED*
INI {3 chars.) ters INT *AAA* - %227+
Date DATE Character 1/1/69 to 12/31/76 DATE 5/31/71
{8 chars.) DATE 1/1/72 - 12/31/72
Treatment TREATMENT Character 0-9, A-Z or Blank  TREATMENT *]*, *5x
TRT (1 char) TRT *A* - #p* G+
Replicate REPLICATE Numeric 0-7 REPLICATE 1, 3-5
REP (1 digit) REP 4
Source SOURCE Numeric 1-36 SOURCE 19
(2 digits) SOURCE 21, 25-27, 29
Description DESCRIPTION Character Any 6 characters DESCRIPTION *CATTLE*
DESC {6 chars.) DESC *SHEEP *,%* SHEEP*
Genus GENUS Character Any 3 characters GENUS *BD *
GEN (3 chars.) GEN *BO *,* BO*
Species SPECIES Character Any 3 characters SPECIES *GR *
SPp (3 chars.) : SPP *GR * * GR*
Sub-Species SUB Character Any 3 characters SUB* 2% * 2 % %2 %
(3 chars.)
Investigators  DATANO Character Any 4 characters DATANO * C147 *
data number ID (4 chars.) ID * 100* - * 200*
NREL Lab LABNO Numeric 1-15360 LABNO 1237
number (6 digits) LABNO 1000 - 1432
Requests REQUEST Yes-or-no 1-30 REQUEST 7
TEST TEST 5, 8-10, 13
Results Yes-or-no 1-30 RESULT 8, 12, 15

RESULT

RESULT 13

See Appendix C, page 50 for the Grassland Biome Chemical Analysis Bank field -

descriptions.
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ADD

SITE 9

TREATMENT *5*

In this case, a sample would be selected if its site field contained a
value of 11 and the treatment field had a value of 1, or it would be
selected if its site field was 9 and its treatment field had a value of 5.

For a third example, assume that you need all 1ive root samples
from Ale which request either a nitrogen or a phosphorus analysis. The
Ale site has a value of 1, Tive roots have a source code of 25, and the
codes for nitrogen and phosphorus analyses are 7 and 8 respectively.
Consequently, you would punch:

RETRIEVE

SITE 1

SOURCE 25

REQUEST 7, 8

These examples should also illustrate that for a sample to be selected
it must match at least one of the values on each field specification.

That is, in the third example above, the sample must have a matching site,
a matching source, and a match for at least one of the “request" numbers
before it will be selected.

The following example should illustrate this from a different viewpoint.
Assume this time that you want the same samples as before, except that
You now want only the ones which request both a nitrogen and a phosphorus
analysis. The solution is:

RETRIEVE

SITE 1

SOURCE 25

REQUEST 7

REQUEST 8
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Counting the Number of Samples in the List

Once the 1ist of samples has been built, you may request for the
number of samples selected with the command:
COUNT
The program will respond to this command by displaying the message:
"XX records have been selected."

Displaying the Samples in the List

The samples selected may be displayed with a print command, which
consists of the word PRINT, followed by a 1ist of the fields that are
to be printed for each sample. The fields are printed in the order that
they appear on the command. Figure 2 shows fields that may be printed.
The following command would be used if the site, date, treatment, and
lab number is desired for each sample in the list.

PRINT SITE, DATE, TREATMENT, LABNO
If you want to display a particular result, you may indicate it by punching
the word RESULT, followed by the code number for the analysis. For example,
if you want to display the site, source, date, treatment, replicate, ash
content, and nitrogen content for each sample, you would use the following
command.

PRINT SITE, SOURCE, DATE, TRT, REP, RESULT 5, RESULT 7

When a print command is encountered, the requested fields for each
sample are printed onto a file called DATA. The file is formatted with
column headings for each field requested at the top of each page and 54
samples per page. This file must be copied to OUTPUT after the retrieval
program has executed. (See page 33).

When a result is requested on the print command, one of four possible
values will be displayed in that column depending on the status of the

result:
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1. The field will be blank if the analysis has not been requested

for the sample.

2. The letters DUE will appear if the analysis has been requested

but not comp]gted.

3. The Tetters NO SAMPLE will appear if the analysis has been

requested but could not be performed.

4. The actual result will appear if the analysis has been requested

and completed.

If a print command asks for so many fields that more than 136 columns
areé necessary, a message will be printed and each line will be truncated
to 136 columns. As a general rule, all of the request information and up
to 6 results may be printed without this occurring.

Preparing a Data File for Another Program

The print command displayed the samples in the 1ist in a formatted
fashion with page controls and column headings. The 1ist command allows
the samples to be listed in the same way, except that page controls and
column headings are suppressed. Consequently the DATA file can be used
as an input file to another program. The structure of the 1ist command
is exactly the same as the print command as shown on the examples below.

LIST SITE, TRT, DATE, LABNO, RESULT 4, RESULT 5

LIST SITE, INI, DATE, TRT, GEN, SPP, SUB, RESULT 7, RESULT 8

When the information for each sample is written onto the DATA file,
the requested fields are printed in the same order as on the list command.
Each field is preceded by a blank and takes up the number of characters

indicated in column 3 of Table 3 (Each result field takes up 12 characters).
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FIELD NAME TYPE

Site SITE Numeric (2 digits)

Initials INITIALS Character (3 chars.)
INI

Date DATE Character (8 chars.)

Julian day JDAY Numeric (3 digits)

Treatment TREATMENT Character (1 char.)
TRT

Replicate REPLICATE Numeric (1 digit)
REP

Source SOURCE Numeric (2 digits)

Description DESCRIPTION Character (6 chars.)
DESC

Genus GENUS Character (3 chars.)
GEN

Species SPECIES Character {3 chars.)
SPP -

Sub-species SuB Character (3 chars.)

Investigators DATANG Character (4 chars.)

data number ID
NREL Lab LABNO Numeric (6 digits)
number

Requests REQUEST Character (12 chars.)E/
TEST

Results RESULT Character (12 chars.)E/

a/

= Each field is preceded by a blank.

E/Printed in character mode because of "DUE" AND "NO SAMPLE". Otherwise,
this field is numeric (Real with a decimal point).
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For example, the first 1ist command above would generate a file on DATA with

the following format:

Field Columns
SITE 2-3

TRT 5

DATE | 7-14
LABNO 16-21
RESULT 4 23-34
RESULT 5 36-47

If the Tist command asks for so many fields that more than 136 columns are
necessary, a message will be printed and each line will be truncated to
136 columns. As with the print command, the output from a 1ist command

is written onto a file called DATA. The DATA file is not rewound after
execution of the retrieval program. Consequently, if you want to read

the DATA file with another program you must rewind it first.

Sorting the Data to be Output by the Retrieval Program

Data in the bank is organized by lab number. The list of retrieved
records is also organized by lab number. However, the use the data is put
to once it has been retrieved may require it to be sorted in a particular
way. The SORT feature of the retrieval program provides this capability.

The SORT command begins with the keyword SORT and follows with the
fields to be sorted on (key fiers)wifh the most important field first.
Fields which may be used as key fieldsare those on the request record except
lab number and request or result numbers.

SORT SITE, DATE, TRT, REP, SOURCE, GENUS, SPP
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The sort command must precede a PRINT or LIST command. When the
sort command is encountered data is output to a scratch file when PRINT
or LIST is encountered. The scratch file is then used as input to the
sort routine and sorted records are output to the DATA file. Up to a
maximum of 7 key fields can be used on a SORT command, more fields will
be ignored.

Examples of the SORT command:

SORT DATE, TREATMENT, REPLICATE, GENUS, SPECIES

PRINT, INI, DATE, JDAY, TRT, REP, GEN, SPP, LABNO, RESULT 7
and

SORT DATE, TRT, REP, SOURCE, DATANO

LIST SITE, DATE, TRT, REP, SOURCE, DATANO, RESULT 16
Calling the Utility Routine

If information from a selected list of samples is to be summarized
it may be desirable to supply your own utility subroutine which can be
called at any time during the execution of the retrieval program. The
command used is:

CALL.

When this command is encountered, the system responds with the following
call statement:

CALL UTILITY (IAD, MP, LIST)
where IAD is a vector of 3000 elements containing the lab numbers of the
samples which have been selected. MP contains the number of samples in
IAD and LIST contains all other words, numbers and symbols which appear
after the word CALL on the command card. It is a vector of 19 elements.
The procedures for writing the utility subroutine are described in the

GLIMS System Program Maintenance Manual.
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Special Commands

Although interactive use of the 6400 is not currently available, the
retrieval program was designed for use both interactively and in a batch
processing environment. It assumes that each job is an interactive job
and will respond with the message, "Enter a command, please." each time
it is ready for a new command. If you have punched your commands onto
cards and are going to run the job as a “"batch” job, then the first command
in your deck should be:

INPUT
This will inform the system that the commands are on cards and they should
be Tisted on the OUTPUT file.

If you are using the program interactively, that is, you are entering
your commands from the cathode ray tube, there are two commands which you
may find helpful. The first is:

HELP.

HELP may be requested at any time when you are confused or lost. The
system will respond by telling you what you have done so far and will show
you a 1list of possible commands which you may want to use next. The second
command is:

STOP.

STOP must be used when you are finished and want to terminate the execution
of the program.

Normally, the second half of the blind duplicates are not available
for retrieval since they are not actually a part of the field collected data.
If, however, you need to retrieve them you may do so with the command :

INCLUDE.
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After this command is encountered, the system will include all blind
duplicate samples with the original samples if they match the field specifi-
cations. This command will remain in effect until a RETRIEVE command is
encountered.

Control Card Decks for Using the Retrieval Program

As described in the last section, the Chem Lab data banks reside
on magnetic tapes along with programs which comprise the GLIMS system.
A binary copy of the retrieval program resides on the permanent file
disk of the 6400.

The card deck for retrieving data from the 1973-1975 data bank
stored on tape is:

TAQGDO,AXXXXXXX,CM120000,T50,MT1,JP/EXAMPLE .
RFL,10000.

LABEL (TAP,R,L=LABDATA73,VSN=DXXXX JREAD, SWIFT.
SKIPF,TAP,1,17,B.

COPYBF,TAP,RETREVE.

COPYBF,TAP,LODBNK.

SKIPF,TAP,1,17,B.

REWIND,RETREVE,LODBNK.

RFL,43000.

REDUCE.

LODBNK.

RFL,120000.

LOAD,RETREVE.

EXECUTE.

RFL,10000.

REWIND,DATA.

COPYCF,DATA,QUTPUT.

789 end-of-record card

Commands for the retrieval program.

678 end-of-file card
9

The card deck for retrieving data from a bank which resides on the

permanent file disk is:
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TAOOQ,CM120000, T50,AXXXXXXX.JP/EXAMPLE .
ATTACH, BANK,LABDATA73, ID=JDP ,MR=1
ATTACH,RETREVE,, SORTRETREVE , ID=JDP ,MR=1
LOAD,RETREVE.

EXECUTE.

RFL,10000.

REWIND,DATA.

COPYCF ,DATA,OQUTPUT.

789 end-of-record card
Commands for the retrieval program.

678 end-of-file card

9
ARCHIVED DATA BANKS
Three Chem Lab data banks which contain data collected from 1969 to
1972 reside on magnetic tape along with associated GLIMS programs. The
structure of the.Chem Lab archive tape is:
1. Tape is labelled "Chembanks" and is a read only tape.
2. File 1 contains a binary copy of the Chem Lab maintenance
program.
3. File 2 contains a binary copy of the Chem Lab retrieval program.
4. File 3 contains a binary copy of LODBNK, the program that loads
a bank onto disk.
5. File 4 contains a binary copy of STOR, the program that loads a
bank to tape.
6. File 5 contains the 69-70 data bank.
7. File 6 contains the 71 data bank.
8. File 7.contains the 72 data bank.

Retrieving Data from the Archived Banks

TAOOO,AXXXXXXX,CM]ZOOOO,TSO,MT].EXAMPLE.

RFL,10000.

LABEL(TAP,R,L=CHEMBANKS,VSN=AXXXX)READ.SNIFT.

SKIPF,TAP,1,17,B.

COPYBF ,TAP,RETREVE.

COPYBF,TAP,LODBNK.

SKIPF,TAP,1,17,8B. (positions tape to 69 bank)
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REWIND,LODBNK,RETREVE.

RFL,43000.

REDUCE.

LODBNK. (toads 69 bank to disk)
RFL,120000.

LOAD,RETREVE.

EXECUTE.

789 end of record cgrd
Commands for retrieval program.

678 end of file card
9
The example shown above will retrieve Chem Lab data from the 1969-1970

bank. To position the tape to other banks insertion of:

SKIPF,TAP,1,17,B.
is all that is required to skip a bank file. For example, to position the
tape to the 1972 bank. Insert 2 SKIPF cards after the one used to position
the tape to the 1969 bank. These cards will cause skipping over the 69-70
bank and the 71 bank.

It is possible to retrieve information from all banks on the archive

tape in one run.

TAOOO,AXXXXXXX,CM]20000,T240,MT1.EXAMPLE.

RFL,10000.

LABEL(TAP,R,L=CHEMBANKS,VSN=AXXXX)READ,SNIFT.

SKIPF,TAP,1,17,B.

COPYBF,TAP,RETREVE.

COPYBF ,TAP,LODBNK.

SKIPF,TAP,1,17,B. (positions tape to 69 bank)
REWIND,LODBNK,RETREVE.

RFL,43000.

REBUCE.

LODBNK. (loads 69-70 bank on disk)
RFL,120000. '
LOAD,RETREVE.

EXECUTE.

RFL,10000. (executes retrieval program for 69 ank )
REWIND,DATA,LODBNK,RETREVE.

COPYCF,DATA,ALDATA.

BKSP,ALDATA.

RETURN,BANK,DATA.

RFL.43000.

REDUCE.

LODBNK. (Toads 71 bank to disk)




-38-

RFL,120000.
LOAD,RETREVE.

EXECUTE. (Executes retrieval program for 71 bank )
RFL,10000.

REWIND,DATA, LODBNK,RETREVE.

COPYCF,DATA,ALDATA.

BKSP,ALDATA.

RETURN,BANK,DATA.

RFL, 43000

REDUCE.

LODBNK. {Loads 72 bank to disk)
RFL,120000.

LOAD,RETREVE.

EXECUTE.

RFL,10000.

REWIND,DATA

COPYCF,DATA,ALDATA.

REWIND,ALDATA.

COPYCF ,ALDATA,QUTPUT.

789 end of record card

Commands for the retrieval program for the 1969-70 bank.

78 end of record card
9
Commands for the retrieval program for the 1971 bank.

78 end of record card
9
Commands for the retrieval program for the 1972 bank.

678 end of file card

9
Depending on the amount of data retrieved the above exampie may take more

time than the daytime 1imit of 240 seconds.
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GLIMS System

Retrieval Program Examples
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Appendix C

Grassland Biome
Chemical Analysis Banks

Description of Fields
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