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ABSTRACT

This report describes how the Sorting Model can be used to store, re-
trieve, and update B-1 Aircrew task analysis and control/display data.

The report is divided into two parts. Part 1,User's Guide gives the
details necessary to run the program. Part 2, Programmer's Guide supplements i
Part 1 by describing the program logic.
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INTRODUCTION AND SUMMARY

To aid in tlie maintenance of task element and control/display data, a
system of programs has been developed. This system is referred to as the Sort
Model. The Sort Model has provided for the operations of file maintenance and
retrieval of data.

File Maintenance subsystems allow the addition of new records, dele-
tion of records, and the replacement of fields within a record. There are sep-
arate File Maintenance subsystems for task element data and control/display data.

The Query subsystem provides for the retrieval of a subset of data from
either file (ie. task element file or control/display file.) This selection pro-
cess is carried out at two levels. First, records must satisfy the conditions
specified in a boolean conditional statement. Second, from these records that
have been selected, only a subset of the data within the records is displayed.
One Query subsystem provides for the retrieval of data from either file.

In addition to these subsystems, there are several special purpose re-
port programs. These programs have been provided because some reports have unique
requirements that could not be reasonably integrated into the Query subsystem.

The remainder of this report is divided into six sections. Section 1
covers the File Maintenance subsystem for the control/display file. Section 2
covers the File Maintenance subsystem for the task element file. Section 3 cov-
ers the Query subsystem. Section 4 contains the description of the special pur-
pose report programs. Section 5 describes the format of task element and control/
display variables. Possible program enhancements are the subject of Section 6
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1. FILE MAINTENANCE SUBSYSTEM FOR CONTROL/DISPLAY DATA
1.1 Purpose
The File Maintenance subsystem for the control/display file permits

¥ record-by-record updating of control/display data. Record additions, record
: deletions, and field replacements are permissible operations
1 1.2 Description .
E Figure 1.1 contains the flow diagram of the decisions and the sequence i
o of operations of which the user of this subsystem should be aware. A tape back-
£ up for the control/display file is available and can be used to reinstate the i
i

control/display direct access file. This feature permits the user to step back
to a previous version of the control/display file. After the control/display
file is updated, the results should be exanined. If satisfactory, the file
should be copied onto the back-up tape, inverted lists should be created and the )
inverted lists should be packed. The purpose of the inverted list will be de-
scribed in Section 3, If the file is still unsatisfactory after file mainten-
ance operations have been performed, then additional file maintenance operations g
are required or it may be easier to reinstate the direct access file and begin

B - BTRL ) T, .

file maintenance again. 1
Figure 1.2 shows all programs in the subsystem and all input and out-
put data sets. The File Maintenance subsystem consists of the following six
programs: 1
g
° Reinstate Control/Display File Program |
° Control/Display File Maintenance Program i
° Back-up Control/Display File Program :
° Create Control/Display Inverted Lists Program
] Sort Program
s Pack Inverted Lists Program _
These programs will now be described. |
d.s2 0l Reinstate Control/Display File Program ;
1.2.1.1 Purpose
Used to reinstate control/display file.
1.2.1.2 Input
3
? ! The control/display back-up tape (unit 99) is the only input
| file.

—g

W = R R e e i e s




TO PERFORM
CONTROL AND DISPLAY
FILE MAINTENANCE

AT AT

IsIT
RUN PROGRAM NECESSARY TO
THAT REINSTATES

REINSTATE CONTROL
CONTROL AND AND DISPLAY
DISPLAY FILE FILE

U

RUN CONTROL

AND DISPLAY

FILE MAINTENANCE
PROGRAM

bbb o R el

SATISFIED
WITH CONTROL
AND DISPLAY
FILE
[4

RUN PROGRAM
THAT BACKS UP
CONTROL AND
DISPLAY FILE

RUN PROGRAMS
TO CREATE
CONTROL AND
DISPLAY INVERTED
LISTS

v

RUN PROGRAM
THAT PACKS
INVERTED
LISTS

COMPLETED

HOW TO UPDATE THE CONTROL/DISPLAY FILE

!.
1,
;
;.
t
f




Figure 1.2 CONTROL AND DISPLAY FILE MAINTENANCE SUBSYSTEM
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1.2.1.3 Output

The control/display file (unit 10) is the only output file.
The I/0 (input/output) count on unit 10 should be checked to see that the file
was created. The I/0O count for unit 10 should be 2000.

1.2.1.4 JCL (Job Control Language)

To be delivered.
1.2.2 Control/Display File Maintenance Program
1.2.2.1 Purpose

Used to modify the control/display file. Refer to Appendix
A for the description of control/display records and variables.

1.2.2.2 Input

The transaction file (unit 4) and the control/display file
(unit 10) are the only input files.

The transaction file contains the card images necessary to
perform the three file maintenance operations:

° Record Adds
® Record Deletes

e Field Replaces

For each file maintenance operation, a header card is required.
The header card for record adds has the format: *ADD (starting in first column.)
The format for the delete record operation header card is *DELETE (starting in the
first column), followed by at least one blank, followed by code number, followed
by at least one blank, then the record number. The format for the field replace
operation header card is the same as for the delete record header card except the
key word *REPLACE is substituted for the key word *DELETE. ‘The code number is the
control/display code number. The record number is a unique number assigned to the
record when the record is added. Whenever a record is deleted, the record number
becomes available for a future record addition. The record number is printed when
the record is added and when detail list queries (described in Section 3) are made.

For record adds, the header card is followed by record defini-
tion cards. Record definition cards are described in Appendix A. Note that any
number of control/display record descriptions can follow the header card.

For record deletes, only the header card is required. There
must be one header card for each record to be deleted.
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E For field replacements, the header card is followed by re-
i placement cards. The format of the replacement card is the mnemonic
‘ E for the field being replaced in column 1, followed immediately by an
. : equal sign and the new value. The new value must begin immediately
; after the equal sign. Any blanks between the equal sign and the new
- value are considered to be part of the value. See Figure A.4 for the
. mnemonics for the control/display records. Note that any number of
E fields can be replaced.
_ % See Example 1 for examples of these operations.
; 1.2.2.3 Output
% The control/display file (unit 10) and the report file (unit
¥

6) are the only output files.

=

The report file contains a listing of the inputs, shows the
effects of the transactions, and contains error messages. See Example 1,

1.2.2.4 JCL

To be delivered.
1.2.3 Back-Up Control/Display File Program
1.2.3.1 Purpose

Used to create a back-up tape for the control/display file,
that can be used later to reinstate the file.

1.2.3.2 Input

The control/display file (unit 10) is the input file.

e T T A e Tt T

1.2.3.3 Output

-
| I
| e The control/display tape (unit 99) is the output file. The
: 3 I/0 count on unit 99 should be checked to see that the file was copied. The I/0
{ & count for unit 10 should be 63.
L4 _-!-I
1 k 1.2.3.4 JCL
&
' i To be delivered.
.l‘f.
. 1.2.4 Create Control/Display Inverted Lists Program

iy -
=

1.2.4.1 Purpose

Creates inverted lists for frequently retrieved parameters.

i
|
I
|
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|
I
|
l
|
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The control/display file (unit 10) is the input.

Output

There are six output files, each of which is an inverted list:

Codes (unit 11)
Names (unit 12)
Panels (unit 13)
Units (unit 14)
Synonyms (unit 15)
Types (unit 16)

JCL
To be delivered.
Sort

Purpose

To sort each of the inverted lists, in anticipation of later
binary search applied to these lists when performing queries.

Input

The inverted list file and a control card file are used as

inputs to the sort.

column 2):

1.2.5.3

The control file contains the following cards (start in

SORT FIELDS=(5,13,CH,A)

SORT FIELDS=(5,30,CH,A,37,4,FI1,A)
SORT FIELDS=(5,4,CH,A,37,4,F1,A)
SORT FIELDS=(5,20,CH,A,37,4,FI,A)
SORT FIELDS=(5,20,CH,A,37,4,FI,A)
SORT FIELDS=(5,20,CH,A,37,4,FI,A)
END

Output

(for code file)

(for name file only)
(for panel file only)
(for units file only)
(for synonym file only)
(for type file only)

The sorted inverted list file and the standard SORT/MERGE
messages are the only outputs.
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JCL

To be delivered.
1.2.6 Pack Inverted Lists Program
1.2.6.1 Purpose

Used to create a direct access file containing all inverted
lists (including task element inverted lists.)

1.2.6.2 Input

The input contains one control card (unit 5) and 14 inverted
list files (units 11-16 and 21-28).

The control card informs the program what files are to be
read. This card for the present system is: 11,12,13,14,15,16,21,22,23,24,25,
26,27,28 (format 4012).

1.2.6.3 Output

The packed inverted lists are storad on unit 1 and a report
(unit 6) is given indicating the number and size of the inverted lists.

1.2.6.4 JCL

To be delivered.

2. FILE MAINTENANCE SUBSYSTEM FOR B-1 AIRCREW TRAINING DATA

21 Purpose

The File Maintenance subsystem for the task element file permits rec-
ord-by-record updating of task element data. Record additions, record deletions,
field replacements, and task element renumbering are permissible operations.

2.2 Descrigtion

Figure 2.1 contains the flow diagram of the decisions and the sequence
of operations of which the user of this subsystem should be aware. The action
verb thesaurus is used to test the validity of action verbs. If the action verb
thesaurus needs updating, this should be accomplished prior to updating the task
element file. The control/display file is used to test the validity of controls
and displays used in task element records. The control/display file should be
modified, if required, before doing file maintenance on the task element file.

A tape back-up for the task element file is available and can be used to rein-
state the task element direct access file. This feature permits the user to
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step back to a previous version of the task element file. After updating of

the task element file, the results should be copied onto the back-up tape, in-
verted lists should be created, and the inverted lists should be packed. If the
file, after file maintenance operations have been performed, is still unsatis-
factory then additional file maintenance operations are required or it may be
easier to reinstate the direct access file and begin file maintenance again.

Figure 2.2 shows all programs in the subsystem including all input
and output data sets. The File Maintenance subsystem consists of the following
six programs:

° Reinstate Task Element File Program
Task Element File Maintenance Program
Back-up Task Element File Program
Create Task Element Inverted Lists Program
Sort Program
Pack Inverted Lists Program

Reinstate Task Element File Program
Purpose

Used to reinstate task element file.
Input

The task element back-up tape (unit 99) is the only input

2.2.1.3 Output

The task element file (unit 20) is the only output file. The
I/0 count on unit 20 should be checked to see that the file was created. The
I/0 count for unit 20 should be 2100.
2.2.1.4 JCL
To be delivered.
2.2,2 Task Element File Maintenance Program

2.2.2.1 Purpose

Used to modify the task element file. Refer to Appendix B
for the description of task element records and variables.
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2,2.2.2 Input

The transaction file (unit 4), task element file (unit 20),
control/display file (unit 10), the thesauri file (unit 2), and the packed in-
verted list file (unit 1) are the input files required.

The transaction file contains the card images necessary to
perform the four file maintenance operations:

Record Adds
Record Deletes
Field Replacements

Renumbering

For each file maintenance operation, a header card is required. The header

card for record adds has the format: *ADD (starting in first column). The
format for the delete record operation header card is *DELETE (starting in first
column), followed by at least one blank, followed by task element number, fol-
lowed by at least one blank, then the record number. The format for the field
replace operation header card is the same as for the delete record except the
key word *REPLACE is substituted for the key word *DELETE. The header card for.
the renumber operation is *NUM (starting in column 1.) The task element number
is the unique number assigned to the task element and has the format aa.b.c.ddd.ee,
where aa is the mission segment level, b is the function level, c is the task
level, ddd is the task element level and ee is the sub-task element level. The
record number is a unique number assigned to the record when the record is added.
Whenever a record is deleted, the record number becomes available for a future
record addition, The record number is printed when the record is added and when
detail list queries (described in Section 3) are made.

To perform record adds, the header card is followed by record
definition cards. Record definition cards for the task element file are described
in Appendix B. Note that any number of task element record descriptions can fol-
low the header card.

For record deletes, only the header card is required. There
must be one header card for each record to be deleted.

For field replacement, the header card is followed by replace-
ment cards. The format of the replacem2nt card is the mnemonic for the field
being replaced in column 1, followed immediately by an equal sign and the new
value. Any blanks between the equal sign and the new value are considered to be
part of the value. Column 80 cannot be used for data. A non-blank character in
column 80 indicates the value is continued on the next card. One and only one
continuation card is permitted. The value on the second card is concatenated
with the value on the first card (up to column 79). All trailing blanks from
the first card and leading blanks from the second card are included in the value.
The value must begin on the first card.

12
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See Figure B.7 for the mnemonics for the element record fields.
Note that any number of fields can be replaced.

For the task element renumbering operation, the header card
is followed by the renumbering instruction. The purpose of this renumbering op-
eration is to allow the task element numbers in task element records to be changed
and to change references to them in other task element records. This operation
allows renumbering at mission segment, function, task, task element and sub-task
element levels. The operation is performed on all task elements at the level re-
quested. The description of renumbering instructions and examples will help make
this concept clearer.

The format of the renumbering instruction is:

column 1 blank (p) - the level for renumbering is to be de-
termined from the task element number

or S renumber at sub-task level

columns 2-14 task eiement number
aa.b.c.ddd.ee

columns 15-19 n the number to be added to the task ele-
(Format I5) ment number at the appropriate level

Note the following conditions and what they indicate

° if card has the form Saa.b.c.ddd.00pn, renumbering will
be performed at the sub-task element level for all task
elements starting at sub-task element aa.b.c.ddd.00 in
task element aa.b.c.ddd.

if card has the form Paa.b.c.ddd.00pn, renumbering will
be performed at the task element level for all task ele-
ments starting at aa.b.c.ddd.00 in task aa.b.c.

if card has the form paa.b.c.ddd.eepn, renumbering will
be performed on the sub-task element level for all task
elements starting at sub-task element aa.b.c.ddd.ee in
task element aa.b.c.ddd.

if card has the form Paa.b.c.000.00pn, renumbering will
be performed at the task level for all task elements
starting at aa.b.c.001.00 in function aa.b.
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if card has the form Paa.b.0.000.00pn, renumbering will
be performed at the function level for all task elements
starting at aa.b.1.001.00 in mission segment aa.

S e




bl T B,

e ety i oy -

R i T e TN

July 1975
SAT-4

® if card has the form baa.0.0.000.00pn, rerumbering will
be performed at the mission segment level for all task
elements starting at aa.1.1.001.00.

These examples were for positive n. For negative n, the ab-
solute value of n is added to task element number at the level where the renum-
bering is to be performed to determine the starting task element number. For
example, ﬁaa.b.c.OO0.00b—n renumbering will be performed at the task level for
all task elements starting at a.b.c+|n|.001.00 in function aa.b.

Renumbering with positive n creates holes where new task ele-
ments can be inserted. Renumbering with negative n eliminates holes. When
creating a hole (n positive), the task element number points at where the hole
is to be created and n indicates the size of the hole. When eliminating a hole
(n negative), the task element number points at where the hole begins and |n|
indicates the size of the hole,

Here it is assumed that when aa,bbb,c,ddd,ee are specified,
they are not zeroes. Any number of renumbering instructions can be given but

they must be non-overlapping (i.e., no two instructions can affect the same task
element number.)

The control/display file (unit 10) and thesauri file (unit 2)
are used to verify that the controls/displays and action verbs used in the de-
scription of task elements are correct. The packed inverted list file (unit 1)

is used in accessing the cortrol/display file. See Example 2 for examples of
these operations.

2.2.2.3 Output

The task element file (unit 20) and the report file (unit 6)
are the only output files.

The report file contains a listing of the input, shows the
effects of the transactions, and contains error messages. See Example 2.

2.2.2.4 JCL
To be delivered.
2.2.3 Back-up Task Element File Program

2.2.3.1 Purpose

Used to create a back-up tape for the task element file that
can be used later to reinstate the file.

14
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Input
The task element file (unit 20) is the input file,
2.2.3.3 Output

The task element task (unit 99) is the output file. The I/0
count in unit 20 should be checked to see that the file was copied. The I/0
count for unit 99 should be 111.

2.2.3.4 JCL
To be delivered
Create Task Element Inverted Lists Program
Purpose
Creates inverted lists for frequently retrieved parameters.
Input
The task element file (unit 10) is the input.

Output

There are eight output files, each of which is an inverted

Action Verbs (unit 21)

Interaction Personnel (unit 22)

Operator Personnel (unit 23)

Task Element Numbers (unit 24)

Previous Task Element Numbers (unit 25)
Next Task Element Numbers (unit 26)
Controls/Displays Acted On (unit 27)

All Controls/Displays Referenced (unit 28)

|
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JCL

To be delivered.
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22,5 Sort

2.2.5.1 Purpose

! To sort each of the inverted lists, in anticipation of later
| binary search applied to these lists when performing queries.

2.2.5.2 Input

rl

The inverted list file and a control card file are used as
inputs to the sort.

i o o b it

The control card file contains the following cards (start
in column 2):

I o SORT FIELDS=(5,20,CH,A,37,4,FL,A) (for action verb file only)
; SORT FIELDS=(5,1,CH,A,37,4,FI,A) (for interaction file only)
= SORT FIELDS=(5,1,CH,A,37,4,FI,A) (for operator file only)
SORT FIELDS=(5,13,CH,A,37,4,FI,A) (for task element number file only)

i: ) SORT FIELDS=(5,13,CH,A,37,4,FI,A) (for previous task element number
i file only)
i SORT FIELDS=(5,13,CH,A,37,4,FI,A) (for next task element number file
i = only)
4 1 SORT FIELDS=(5,30,CH,A,37,4,FL,A) (for controls/displays acted in
! ° file only)
= SORT FIELDS=(5,30,CH,A,37,4,F1,A) (for controls/displays referenced
l file only)
} - END
3 1 2.2.5.3 Output
| 1
: The sorted inverted list file and the standard SORT/MERGE
i - messages are the only outputs.
g - 2.2.5.4 JCL
% i* To be delivered.
]

2.2.6 Pack Inverted List Program

i 2.2.6.1 Purpose

o BV
B
&

Used to create a direct access file containing all inverted
lists (including the inverted list for the control/display file.)

b A,
e

2.2.6.2 Input

The input contains one control card (unit 5) and 14 inverted
list files (units 11-16 and 21-28).

16

[ I B s

b ST oy




July 1975
SAT-4

The control card informs the program what files are to be
read. This card for the present system is 11,12,13,14,15,16,21,22,23,24,25,26,
27,28 (format 4012)

2.2.6.3 Output

The packed inverted lists are stored on unit 1 and a report
(unit 6) is given indicating the number and sizes of the inverted lists.

2.2.6.4 JCL

To be delivered.

3. QUERY SUBSYSTEM

3.1 Purpose

The query subsystem permits the retrieval of a subset of either the
control/display file or task element file data.

3.2 DescriEtion

Figure 3.1 contains the flow diagram of the decisions and the sequence
of operations of which the user of this subsystem should be aware. When neces-
sary, update the control/display file and task element file prior to performing
queries.

Figure 3.2 shows all input and output data sets required by the query
program.

The general format of a query is a *report-type WHEN boolean-expression;
the following are acceptable report-types:

o PRINT Vl"'vn

° PRINT-SORTED v....V
1 n

° DETAIL-LIST TE
° DETAIL-LIST CD
[ ] STORY-BOOK TE
The word WHEN and boolean expression are eliminated when the entire file is to

be processed; otherwise, the record is selected to be printed only if the boo-
lean expression evaluates to true.
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Report type PRINT VieeeVy (1<n<10) informs the query subsystem that
from the record selected that the " variables v ...V are to be displayed. The
values of these variables are arranged in coluﬁns.

Report type PRINT-SORTED v A (1<nc10) informs the query subsystem
that from the records selected that “the variables v ...V are to be displayed.
The values of these variables are arranged in columns. The lines are sorted by
the first four characters of the first variable.

Report type DETAIL-LIST TE gives a detailed listing of all variables ]
and values in the selected task element records. The purpose for this report
is to help in the file maintenance of the task element file. This report also
displays the record number of the selected records.

Report type DETAIL-LIST CD gives a detailed listing of all variables
and values in the selected control/display records. The purpose for this report
is to help in the file maintenance of the control/display file. This report
also displays the record numbers of the selected records.

Report type STORY-BOOK TE gives a special report of all task elements
selected. This report contains the task element number, task element description
(or id), action verb, controls/displays, initiation cue and the first completion
cue.

The boolean expression is made up of up to 15 relational expressions,
any number of pairs of parentheses, and the following boolean operators:

. + boolean conjunction (AND)

) / boolean inclusive disjunction (OR)
Both of these boolean operators have the same precedence. The boolean expression

is evaluated from left to right. Parentheses can be used to change the order of
evaluation.

The relational expressions have the following format:
variable relational-operator value

The variable is an alphanumeric name that has been assigned to a field within
records contained in the file being searched. The value is one of possibly
many values the variable may have. The following relational operators are per-
mitted:

= equal to

= not equal to

greater than

greater than or equal to

less than

e © o e o o
AN ANV NV
1]

= less than or equal to.
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These relational operators apply to alphanumeric data as well as to numeric
data. In the former case, the value is tested lexically (alphanumeric order),

In a query, blanks can occur anywhere except:

° within variable names

° between symbols in relational operators: ==, >=, (=

If a value cor.lta%ns embedded blanks or special characters (G==><+/), it must
be enclosed within parentheses. Blanks are required in the following places:

° before and after the word WHEN

° between variables in PRINT and PRINT-SORTED requests
° between the words DETAIL-LIST and TE or CD

. between the words STURY-BOOK and TE

Blanks are used as delimiters in the preceeding situations. Where one blank
can occur, any number of blanks is permissible.

Query requests are not restricted to card boundaries. Any number of
cards can be used and the query can start or stop in any one of the 80 card col-
umns. The only restriction in this regard is that each new query must start on
a new card. The remainder of any card on which a query terminates can be used
as a comment field.

A special constant can be used to test whether the variable was defined
within the record. This constant is NULL and represents a string of blank charac-
ters. To test whether the variable was defined in the record, test whether the
variable was not equal to NULL (—=NULL). To test whether the variable was not
defined for the record, ask whether the variable was equal to NULL (=NULL). Varia-
bles when not defined have all blanks stored in their position in the record.

The inverted list allows for rapid access to records in both the control/
display file and task element file. There is an inverted list for what are con-
sidered the most important variables. These lists contain the value of the varia-
ble and the record number in which this value occurred. If all variables in the
boolean expression have inverted lists associated with them, then it is possible
to perform logical operations on those inverted lists resulting in a list of rec-
ord numbers that satisfy the conditions specified. From the list of records, it

- is possible to directly address those records. Thus, the entire file does not i

need to be searched. The user of the system does not need to know whether or
not the variables are in an inverted list. The program automatically decides what
search method is required. Whenever the relational operator == is used, the
system is forced into a sequential search rather than the usual inverted list
search. The inverted lists searches, in certain situations, can reduce the num-
ber of records read by a factor of 1000 to 1, relative to a sequential search.
This does not mean that 7= should be always avoided, but the user should be
aware of the potential execution time increase.

21
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There are several different types of variables:

Basic Variables (Refer to Figures A.4 and B.7)

Synonym Variables (Refer to Figures A.5 and B.8)

Group Variables (Refer to Figures A.6 and B.9)

Classified Comment Variables (Refer to Figures A.7 and B.10)

Basic variables are those variables that are used during file mainten-
ance to update the records. They can also be used in querying the data. There
is one basic variable for each field of the record.

Synonym variables are synonyms for some of the basic variables. Syno-
nyms can only be usrd in queries.

Group variables are names associated with a collection of basic varia-
bles. For instance, SYNONYMS is a name that addresses basic variables SYNONYMI,
SYNONYM2, SYNONYM3. When SYNONYMS is used in the variable list of a query,
SYNONYML, SYNONYM2 and SYNONYM3 are printed. When using SYNONYMS in a relational
expression, the relational expression will evaluate to true if the relation holds
for any one of the synonyms SYNONYMI, SYNONYM2 or SYNONYM3. Group variables can

only be used in queries.

Classified comment variables are used only in parameter lists of the
operation to be performed. They are used to select the topics for which the

comments will be printed. See Example 3.

3.3 INPUT

The thesauri file (unit 2), control/display file (unit 10), task ele-
ment file (unit 20), packed inverted list file (unit 1) and query file (unit 5)
are input files to the Query Subsystem,

When querying the task element file, the tesauri file and control/dis-
play file are used to validate and normalize values in the relational expressions
when action verbs or control/displays are used.

The scratch file is used as a temporary file for sorting of data for
PRINT-SORT requests.

3.4 OUTPUT

The report file (unit 6) is the only output file.

22
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3.5 JCL

To be delivered.

4. SPECIAL PURPOSE REPORT PROGRAMS

4.1 CONTROL/DISPLAY - TASK ELEMENT CROSS REFERENCE REPORTS

4.1.1 Purpose

Generates a report with the control/display code number and name ver-
sus the number of the task elements that use the control/display.

4.1.2 Description

This program generates two different reports. These reports differ in
that the one report is sorted by control/display code and the other report is
sorted by task element number. Figure 4.1 shows all input and output data sets
required by Task Element Cross Reference program. See Example 4.

4.1.3 Input

The input files for this program are the file containing packed in-
verted lists (unit 1), control/display file (unit 10), task element file (unit
20), and a control card (unit 5).

The format of the control card is { (columns 1 and 2). If X =T,
then the report is sorted by control/display "code. If X =T, then the report
is sorted by control/display name. When both 21 and Xz have value T, both ver-
sions of the report are created.

4.1.4 Qutput
The only output file is the report file (unit 6).
4.1.5 JCL

To be delivered.

5. FORMAT OF TASK ELEMENT AND CONTROL/DISPLAY VARIABLES

The task element and the control/display variables will be described
in this section. The following topics will be addressed:

° Internal Representation of Values
) Representation of Values in Relation Expressions in Queries
o Representation of Values for Field Replacements

23
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The two files are handled somewhat differently. There is more flexi-
bility in the expression of task element variable values than there is for ex-
pressing control/display values. For the control/display file, the use of the
value of variables must exactly agree with the stored value for queries, and
for field replacements, the value will be stored exactly as given. For the task
element file, redundant blanks are removed and values are modified by the use of
the action verb thesaurus and control/display file whenever values are used in
queries and field replacements. The action verb thesaurus and control/display
file permit the user to specify svnonyms that are converted to a standard word
before applying the query or field replacement operation. In addition, there
are shorthand ways to express task element values. For both relational ex-
pressions and field replacement statements, the task element values are veri-
fied and possibly modified to standardize the representation of the value; the
control/display values are not verified or standardized in these expressions,

All values are stored as character strings (left justified). If the
value is not defined, it contains all blanks. What are referred to as bit strings
elsewhere in this document are actually stored as character strings with the
following format:

blbz...bn=ﬁ, bit is off; otherwise, bit is on.

There is one exception to this bit string format and that is in regard to the
control/display type variable where bi=0 means the bit is off.

5.1 CONTROL/DISPLAY VARIABLES (Refer to Figures A.4-A.6)

Appendix A explains how these variables are defined for record addi-
tions.

5.1.1 Code

The control/display code has the format saabbccddeeff where s is a
letter representing the system and aa,...ff are two digit numbers or the charac-
ters 0X. Note that not all control/display codes require the 6 two-digit fields.
Those codes requiring less than the maximum number of fields have blanks in the
trailing fields.

A range of codes can be specified in a boolean expression to retrieve
all records in a given system. For example, the query

.. .WHEN CODE > =S + CODE <T;

would retrieve all records in system S (any code starting with the letter S will
be lexically greater than or equal to S and lexically less than T.)

An inverted list exists for codes.
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Name
The control/display name is a 30-character string,

An inverted list exists for names.

5.1.3 Panel

The control/display panel is a 4-character string. Although the value
is not verified, only the following values have been used:

PIL Pilot's Panel

cop Copilot's Panel

PCP Pilot's and Copilot's Panel
CEN Center Instrument Panel
CPD Center Pedistal

LCN Left Console

RCN Right Console
LRCN Left and Right Consoles
OHD Overhead Panel

DSO DSO Panel

0Ss0 0SO Panel

D+0 0SO and DSO Panels

An inverted list exists for panels.

5.1.4 Sector

The control/display sector is a 4-character string. Although the value
is not verified, only the following values have been used:

UPLF Upper Left RTCN Right Center
UPCN Upper Center LOLF Lower Left
UPRT Upper Right LOCN Lower Center
LFCN Left Center LORT Lower Right
CEN Center

Unit
The control/display unit is a 20-character string.

An inverted list exists for unit.

Txpe

The control/display type is a character string with format: b1b2"'
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if then control/display is of type caution
if then control/display is of type warning
if then control/display is of type advisory
if then control/display is of type emergency
if then control/display is of type lever-lock
if then control/display is of type guarded
if

if =1, then control/display is unique to B-1

Otherwise, bi=0

An inverted list exists for unit.

5.1.7 Number of Components

The number of components is a two digit number used with codes that
contain an X. (Refer to Appendix A)

5.1.8 Continuous

The continuous flag (one character), if equal to 1, indicates the first
two values are to be considered as lower and upper limits of a continuous range
of acceptable values for this control/display.

5.1.9 Irrelevant

The irrelevant flag (one character), if equal to 1, indicates the values
are irrelevant when using the control/display file to verify values used in task
element cues.

5.1.10 Szgonzms

Synonyms are alternate names for the control/display. Synonyms are
20-character strings. It is up to the user to assure that synonyms are unique.
If the synonyms are not unique, the system will work but may choose the wrong
record when searching using synonyms.

An inverted list exists for synonyms.
5.1.11 Values

Control/display values are 16-character strings indicating the possible
values or states the control/display may have.

ﬂpﬁ‘q!‘ﬁ“'."—r-'ﬂ_f"w?-w.w* o e
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5.1.12 Comment Classifications

Control/display comment classifications have the format: b.b,...b
where 172 9
if b,=1, comment about code
if b,=1, comment about name
=1, comment about location
=1, comment about unit
if b_=1, comment about type
if b_=1, comment about value
if b_=1, comment about synonyms
if b_=1, comment about function

if b.=1, comment about corrective action

2t e

Otherwise, bi contains a blank.

5.1.13 Comments

Control/display comments are 70-character strings. Associated with
each comment is a comment classification previously described.

t

i

IJ

i 5.2 TASK ELEMENT VARIABLES (Refer to Figures B.7 and B.10)

3 Appendix B explains how these variables are defined for record addi-
§ tions.
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] 5.2.1 Tas¥ Flement Number
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The task element numbers (including previous and next task element
numbers) have the format aa.b.c.ddd.ee where aa is the mission segment level,
b is the function level, c is the task level, ddd is the task element level and
ee is the sub-task element level. Leadirg zeros are not required in these
fields. When this number is verified, fields aa,b,c,ddd are tested to insure
they are non-zero and leading zeros are supplied when necessary.

" v I B

by

Separate inverted lists exist for task element numbers, previous task
element numbers and next task element numbers.

= = i Al nl e

5.2.2 Task Element Identification

The task element id is a 60-character string. During verification, the
leading and redundant blanks are removed from the task element id.

27
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5.2.3 Cues

The task element cues (both the initiation and completion cues) are
l46-character strings containing up to 3 clauses (46 characters each) and two
boolean operators. The boolean operators are + (and) and / (or). The clauses
have the format: control/display (30 characters or less), followed by a rela-
tional operator (1 or 2 characters), and followed by the value (up to 16 charac-
ters). The relational operators are =(equal), - =(not equal to), > (greater

than), <(less than), »=(greater than or equal to), and <=(less than or equal
to).

The verification process checks the format of each cue. The following
checks are made:

1. The clauses must be connected with an acceptable boolean
operator.

2. Each clause must contain one of the acceptable relational
operators.

g, The control/display fields must contain either a control/
display name, code number, or synonym. These fields are replaced by
the control/display name when either synonym or code number is used.

4. The value is examined to see if it is acceptable for the
control/display used in the clause.

When a cue is used as a value expression of a query, it must be en-
closed by parentheses because the boolean and relational symbols will confuse
the parsing routine used to parse the query boolean expression.

It is not necessary to pay attention to the various field lengths when
using a cue in query field replacement; fields are automatically delimited by
the boolean and relational symbols,

5.2.4 Operators

The task element operator is a 4-character string with the following
format: b1b2b3b4 where

if b1=A, the pilot is an operator
if b2=B, the copilot is an operator
if b3=C, the 0SO is an operator

if b4=D, the DSO is an operator

Otherwise, the corresponding character is blank.

28
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The variable OP addresses the bit string. Using OP the specific com-
bination of personnel is referenced. When using the variable OP in queries and
field replacements, b1 through b4 can be specified in any order and blanks can
be omitted.

When it is desirable to access records knowing only one of the opera-
tors, the variable OPERATOR is used. The variable OPERATOR addresses the bits
individually as members of a group. Using OPERATOR, the existence of at least
the individual(s) as an operator(s) is indicated. OPERATOR can only be used in
queries.

An inverted list exists for OPERATOR values.
5.2.5 Interaction

The task element Mfteraction is a 10-character string with the follow-
ing format: b1b2...bn where

if b,=A, thé.pilot is involved

if b,=B, the copilot is involved

if the 0SO is involved

if the DSO is involved

if

if

if

if

if

if

the ground observer is involved
the crew chief is involved
The guards are involved

the ground controller is involved

undefined

o o o o o o o o

Otherwise, the corresponding character is blank.

The variable INTER addresses the bit string. Using INTER the specific
combination of personne! is referenced. When using the variable INTER in queries
and field replacements, b1 through b10 can be specified in any order and blanks
can be omitted.

When it is desirable to access records knowing only one of the persons
involved in the interaction, the variable INTERACTION is used. The variable
INTERACTION addresses the bits individually as members of a group. Using INTER-
ACTION, the existence of the individual(s) as a person(s) involved in the inter-
action is indicated. INTERACTION can only be used in queries.

An inverted list exists for INTERACTION values.
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5.2.6 Action Verb

The task element action verb is a 20-character string.

Redundant blanks are removed and the action verb is tested against the
action verb thesaurus. If a synonym was used, the value is replaced by its
standard form.

An inverted list exists for action verbs.

5.2.7 Control/Display

The task element control/display acted on are 30-character strings.
The control/display file is used to verify the value and replaces synonyms and
code numbers by their control/display names.

An inverted list exists for controls/displays acted on, and for con-
trols/displays acted on or used in cues.

5.2.8 Comment Classifications

Control/display comment classifications have the format: b,...b

if b1=1, a comment on initiation cue
if b2=23 a comment on completion cue
if b3=3, a comment on previous task elements
if b4=4, a comment on next task elements
if b5=5, a comment on operator
if b6=6, a comment on interaction
if b7=7, a comment on action verb
if b8=8, a comment on control/display
if b9=9, a comment on time
if b10=A,a comment on performance limit
if b11=B,a comment on identification
if b12=C,a comment on task element number
if b13=D 1
if b14=E
%f blsiF ’ undefined
if b16—G
if b17=H
if b,g=I ¢
30
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Otherwise, the corresponding character is blank.

When using comment classification variables in queries and field re-
placements, b1 thru b18 can be specified in any order and blanks can be omitted.

5.2.9 Comments

Task Element comments are 59-character strings. Associated with each
comment is a classification described previously.

5.2.10 Sources

The task element sources are l.-character strings, one for each varia-
ble in the record to indicate the source of the data. The following values are
permitted:

0 original or revised provided by sponsor
1 changed during encoding

2 not verifiable

"IMMEDIATE POTENTIALS FOR PROGRAM ENHANCEMENT

From our experience with this system, we have observed several areas
where the system could be enhanced. These additional capabilities can be im-
plemented with a minimum of effort.

The computer system's utility for sorting records can be used to sort
the lines created by a PRINT-SORTED request. This would yield the following
benefits: the lines can be sorted by more than the first four characters,there
would be an increase in speed, and possibly less core would be required.

Queries are not permitted across the two files (control/display and
task element). Therefore, it is not possible to process queries such as 'What
are all the task elements that use controls/displays located on a particular
panel?" This restriction could be removed.

If additional report capabilities are desired, they may be incorpor-
ated in the query subsystem but a special purpose program would be simpler to
implement. From the experience gained by the use of the query subsystem, it
appears that most requests do not use the boolean relation to limit the re-
trieval of data. If this is also true for a new report, then there is little
advantage in extending the query suvsystem.

Behavioral objective numbers or identifications can be added to task
element records. This would permit the retrieval of task element variables by
knowing the behavioral objective.




,

July 1975
SAT-4

.Yk“.

)

The following pages contain examples of file maintenance operations

performed on the control/display file.
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EXAMPLE 2

The following pages contain examples of file maintenance operations

performed on the task element file.
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EXAMPLE 3

The following pages contain examples of queries on the control/display

file and task element file.
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