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INTRODUCTION

Background ‘
In the course of many physical measurements, a relatively small collection

of raw data is used in a series of calculations, transformations, graphs and i

data reduction routines until the final result consisting of a parameterized

equation, a graph or a table is produced. In the course of the calculations

oy

it is often very desireable to use the same operation, or series of

operations, on each set of observations and similar calculations are often

performed on unrelated types of data. A careful investigator often wants to
list and check intermediate data, or perhaps examine it using some testing
algorithm, perform some systematic corrections, and keep the data in some safe
and convenient form until his results have been confirmed by the scrutiny of
others.

Before the advent of the computer, many of the calculations involving
minor corrections or repetitive measurements were simply not done. A minimal
amount of data was taken and processed. There were frequently questions as to
whether all observations had been treated consistently during the reduction ]
process, and much time and effort was often spent in investigating
discrepancies that resulted from calculgsional error during data reduction.
Even with the aid of the computer, calculations were often done piecemeal in a
series of programs, or a special program to perform a series of calculations
was laboriously built for each individual experiment.

The concept of a database management system has allowed the investigators
in this 1aﬂﬂ?$foiy~io'éoli6ct and proccss data systematically, and with

greater confidence in calculational consistency, since early 1977, This
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database management system, called PHD (Program for Handling Data), has been
developed to support the ;ollection of physical measurement data. This type
of data usually consists of a small number of observations (2-100), each
observation consisting of a set of measured variables and their uncertainties
in some specified set of units. For convenience, an observation identifier
may be included. PHD was developed to support this type of data collection.

PHD consists of a series of programs written primarily in BASIC which
allow the manipulation of data mathematically. In addition, it provides
visual aids such as listings and graphics as well as the facility to add,
delete, correct, sort, merge, rearrange, store, retrieve and perform
multivariate non~linear regression on collections of data stored as files
under the host computer operating system (RSX11~M on the PDP 11/45 or 11/10,
MINC BASIC on the MINC, and VAX/VMS on the VAX 11/780). The system is
designed to allow users to add their own manipulation programs to those
available in the system. The following document describes the capabilities of
the software available in the system and how to use them; it also provides
sufficient detail to allow users to write routines for additional processing
of data while preserving the advantages of the facilities available to manage
data sets within the system. While some of the programs are peculiar to the
type of hardware being used--the graphics routines, for example--~the
algorithms used are adaptable to many systems with, as the saying goes, only
minor changes in the coding.

PHD is a modular system; the main program defines the internal data
storage system and then passes control to a selector or menu program, MENU.
MENU calls each module requested, including user written programs, and each of

the modules it calls normally exits back to the MENU. The description of the

— . leari N L a
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data contained within the database (called the BASE) is maintained in main

memory along with some ancillary storage used in data manipulation. The data
in the database are maintained in either main memory or a virtual array which
is stored primarily on a random access mass storage device (e.g., a disk).
When necessary the MENU cleans up the disk by deleting the virtual array or
the temporary transfer files from the mass storage device when they are no
longer nzeded.

Because of the inability to trap errors in some versions of BASIC,
occurrence of errors often results in what can easily be a catastrophic loss
of the data currently being used. The system has been designed to compensate

for this by exposing only the data in the current WORKSET to loss from an

.
i

untrappable error, and generally recovery of data after such an error is a
simple process.
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Concept

Each set of data (DATASET) in the PHD system may be thought of as a
two-dimensional array of data with each observation occupying a row.
Therefore the number of rows in the array is equal to the number of
observations. Associated with each observation (or with each row in the
array) is an observation identifier, composed of two parts, a plot symbol
number (PSN) and an alphanumeric identifier (ID). The columns of the array
correspond to an ordered set of variables measured for each observation.

Each column has associated with it a NAME for the variable, the UNIT in
which the data is measured, and a value related to the uncertainty with which
this variable is measured, the METRIC. In addition each DATASET has a
one~line COMMENT stored with it, The first part of this COMMENT is generated
by the system and consists of the date and time at which the DATASET was SAVEd
(i.e., made a permanent file on the mass storage device). After it is SAVEd,
a DATASET may not itself be modified. As a safeguard against accidental loss
of data, it resides unmodified on the mass storage device until explicitly
deleted. Only the current or working dataset (WORKSET), which exists only
during the active operation of the PHD program, may be manipulated and
changed. 1If a new DATASET is created with the same name as one already on
mass storage, it is stored as a new version of the file in systems where the
operating system allows this (caution must be exercised when using multiple
versions as a purge of the data files may delete all but the last version of a
DATASET). In operating systems where wmultiple versions are not allowed, it

replaces the old version.
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Most of the modules of PHD are used to define the dataset structure (the
BASE), or manipulate the data in it. 1In figure 1, on the following page, is a
typical DATASET. The underlined text is not part of the dataset but

explanatory material.

DATASET NAME: PRESUR (The file name would be PRESUR.DAT;n--n is the version)

COMMENT(one-line): 7-JAN-81/14:02:031VAPOR PRESSURE FOR PERWAXY CHLORIDE

Data matrix:

PSN:1ID Pressure Temperature *+ Variable NAME
[Torr] [Kelvin] + UNITs of variable
0.1 .001 + METRIC of variable

2:Pnt 1 34,52 279.333 + Observations follow

2:Pnt 2 16.6 265.24 .

1:Pnt 99 295.33 456,899 + Last observation

Figure 1. Sample Data Set
In the example DATASET given above there are two variables stored for each

observation. The operation of PHD will be explained in terms of entering the
DATASET given above and performing various manipulations on it. A summary of
the various modules and the information (arguments) they may require or
optionally take is given at the end of this report.

Hardware requirements

A computer capable of running DEC's BASIC-11 under RSX-11M or VAX/VMS
native mode BASIC under VMS is necessary to run PHD without modification. A
mass storage device capable of storing the DATASET produced and sufficient
main memory or virtual array capability as defined for BASIC-11 is also
required. The Tektronix 4014 terminal must be used to take advantage of all

the features of PHD. 1If a different terminal is used, spurious output of 8's,
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9's, :'s or ;'s will occur vhenever a character size change is requested by

PHD. The .PLT files generated by PHD under RSX-11M or the plots produced on

the VAX may only be plotted on the Tektronix 4014 or a .erminal compatible

with it.
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OPERATION

Initiating PHD

Calling the PHD program varies with operating system of the host
computer. Under DEC's RSX11-M or on the MINC, PHD is called as any other
BASIC program. On the VAX it is most efficiently called as a program under
the DCL wonitor. Familiarity with the computer system sufficient to sign on
and, if necessary, get into BASIC is assumed.

On the PDP 11/10 or 11/45 a one statement BASIC program written exactly as
follows is necessary to initiate PHD., Assuming the programs for PHD are
stored and accessible under the [142,1] user code the program would be entered
as follows:

NEW PHDO (See note below)

10 CHAIN "([142,1]PHD" LINE 100
SAVED

Once such a program is written and saved, PHD may be initiated at any time
while in BASIC by entering the following:

RUN PHDO

On the VAX, the PHD program is used in a compiled form normally. The
program used in the Chemistry Directorate (NC) is stored in the directory
[SEILERV.PHD] as PHD.EXE. It can be run from any other directory by using the
full file specification in the command:

RUN [SEILERV.PHD]PHD

Note: Here and in the rest of this report, the symbol O will be used to
represent a carriage return.
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By using the DCL global definitionm,

PHD :==RUN [SEILERV.PHD]PHD
the program may be initiated simply by typing in PHDC (in all NC directories
the global definition is made in the login command file).

From the initiation of the PHD program until the user exits from it, the
operations appear the same to the user on any system. To continue the
illustration of using PHD, let us assume the user proceeds by one of the above
methods to initiate PHD.

The response from PHD will be to go to a new page (clear the screen) and
present the MENU. When the MENU is presented, at least two letters of one of
the options must be typed in, followed by any argument the option requires or
will accept (at least one blank must separate the option from the argument).
For example, if the dataset of figure 1 is to be created, the option specified
would be BASE, and the argument to indicate a new dataset is NEW. The command
line would be as follows:

BASE NEWO

PHD responds by deleting the current WORKSET and its BASE definition. It
then requests the NAME for the new WORKSET and a new COMMENT line. New
VARIABLE definitions may then be inserted into the BASE, which is initially
null (i.e., no variables are defined). A VARIABLE is added by specifying its
NAME,UNIT,METRIC with commas between. A null string may be used for any of
the three fields in the entry. The null string is interpreted to mean do not
change from the current value. For new VARIABLEs the initial values are the
null string for NAME and UNIT and a zero for the METRIC. A zero METRIC means
the measurements are to be considered exact. For the example DATASET the

following entry would be typical: (Computer responses are underlined.)
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WORKSET? PRESURD
COMMENT? VAPOR PRESSURE FOR PERWAXY CHLORIDEO

THE CURRENT BASE HAS O VARIABLES PER OBSERVATION.

NAME ,UNIT,METRIC FOR ADDITIONAL VARIABLE ? PRESSURE,TORR, .10

! ' THE CURRENT BASE HAS 1 VARIABLES PER OBSERVATION.

PRESSURE [TORR]+/-.1

NAME,UNIT,METRIC FOR ADDITIONAL VARIABLE ? TEMPERATURE,K,.0010

THE CURRENT BASE HAS 2 VARIABLES PER OF SERVATION.
PRESSURE [TORR]+/-. 1 TEMPERATURE[K]+/-.001

NAME ,UNIT,METRIC FOR ADDITIONAL VARIABLE ? O

When the BASE has been defined, one may enter the observations using the
option, ADD. The following entry provides an example:

ADDO

—— -

ENTERING 'ERROR' WILL CAUSE REENTRY OF LAST OBSERVATION STARTED,
NEXT OBSERVATION WILL BE NUMBER 1

OBSERVATION ID OR 'END'?2:PNTIO)
PRESSURE[TORR]? 34.520
TEMPERATURE {K]? 279.3330

NEXT OBSERVATION WILL BE NUMBER 2

OBSERVATION ID OR 'END'?

[}

; Succeeding observations would be entered in the same manner. When all
observations have been entered, the response ENDO is given in respomnse to
the next observation 1D request.

NEXT OBSERVATION WILL BE NUMBER n

OBSERVATION ID OR 'END'? ENDO

This entry will terminate the ADD module and return control to the MENU,
Usually at this point it is prudent to safeguard the data by SAVEing it, or

creating a DATASET on the disk. The response to the MENU would be as follows:
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OPTION ? SAVED

CURRENT WORKSET NAME: <workset name>
NEW DATASET NAME (cr TO USE WORKSET NAME)? <datasetname>

The WORKSET would then be stored on mass storage under the <datasetname>,
As can be seen from the above detailed examples, the operation of the
various modules involves a conversational interaction with the user. For
example, the response required by the SAVE module is for a DATASET name to
store the data under. As the program takes some action, it responds with

informational replies as to what it is doing. When the DATASET has been

created on the disk, control returns to the MENU.

After entering and storing the data in a DATASET, a listing could be made
to check for errors. The option LIST will present the DATASET name, COMMENT,
and data matrix listing on the terminal much as it is given in figure 1. If
errors are present, the CORRECT module may be used to make changes. The data
may then be sorted using the SORT option, PRINTed on the line printer, FITted,
PLOTted or otherwise manipulated using the USE option to call programs which
have been written by the user in BASIC.

On the following pages are details on the use of each of the options
available. Two lists of the BASIC variables used internally in PHD follow,
one for the RSX-11M version, the other for the user accessible BASIC variables
in the VAX/VMS version. Normally the BASIC variables used by PHD should be
treated as read only variables. 1If it is necessary to change the values of
some of these variables, it should be done with extreme care to aveid
disastrous results in processing data in a user module.

Two short descriptions of the files associated with particularly useful

PHD options, USE and FIT are then given. The first treats the writing of a

10
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user option program module and the second the parameter description files used
in fitting data to a generalized polynomial.

Finally, listings of PiD, tle USER envelope program ani an example of its
ugse are included. A summary of the PHD options, with their arguments

completes the report.

11
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Option: ADD
Syntax: ADD

PHD: Version 2.2

where no arguments are allowed.

Description of results:

Upon entering this module a check is made to see if a WORKSET BASE has
been defined (i.e., if the number of variables defined, N?, is greater than
zero). If it has not, the user is advised to use the modules BASE or GET to
define the BASE and an exit is made to the MENU. If a data base has been
defined, the following adviso.y is given:

ENTERING 'ERROR’ WILL GCAUSE REENTRY OF LAST OBSERVATION STARTED.

NEXT OBSERVATION WILL BE NUMBER n

OBSERVATION ID OR 'END' ?

One of the following valid entries is made at this point:

@]
n:0

ERRORO

ENDO

which is the same as entering 1:0

where n is a valid PSN (plot symbol number), se. PLOT
option for valid numbers. No check is made of the
validity at this point.

where s is any string of six or fewer characters
(comma is not an allowed character).

where 8 and n are as defined above and the additional
restriction that the total number of characters in the
identifier cannot exceed eight, including the colon.
this entry will cause the previous observation to be
deleted and re—entry of that observation begun.

this entry will terminate the ADD option and return to
the MENU.

After the identifier has been entered, the module will request each of the

follows:

<pname>[<unit>]?

variables defined in the data base, by NAME, in the appropriate UNIT, as

Only three possible entries are valid here:

ENDO

ERRORD

this entry will cause an EXIT from the ADD module and
the partially entered data observation will not be
included in the dataset.

this entry will cause the current observation being
entered to be discarded and re-entry begun.

13
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Option: ADD (cont'd)

<value>D where <value> is a real number
acceptable to BASIC, a positive or negative
number in the range 10°%* to 10°°*. Any
number of significant digits may be entered,
but only 6 are retained accurately.

Each variable will be requested in the same manner until all are
obtained. No more than 1000 items (number of variables times number of
observations) may be entered without modification of PHD.

Possible errors and recovery options:

An erroneous value may be re-entered by using the ERROR entry or by
changing it lster with the CORRECT option. Amy non—mmeric entry for a
<value>, other than ERROR or END, may in some versions result in an
abnormal exit from PHD and the loss of the current WORKSET.

Date of last module update: 23 Mar 82

14




Option: BASE

Syntax 1) BASE
2) BASE NEW
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3) BASE <dataset>
where <dataset> is the name of a valid PHD dataset.

Description of results:

For the first syntax, the module BASE will be called and the current
WORKSET BASE will be displayed as follows:

THE CURRENT BASE HAS n VARTIABLES PER OBSERVATION,

<name 1>[<unit 1>]}+/- <metric 1> <name 2>{<unit 2>]+/—<metric 2>

ADD |DELETE | CHANGE NAME|UNITS|METRIC OF A VARIABLE ?

where <name i>, <unit i> and <metric i> are the NAME, UNIT,
and METRIC of VARIABLE i. There are four valid entries at this point:

a

this entry will cause a return to the MENU with no
further changes in the BASE.

this entry will result in a request for a new VARIABLE
definition of NAME,UNIT,METRIC. A null entry is valid
for any of these fields (successive commas indicate a
leading nul!{ string). If there is more than one
observation in the workset, PHD will repack the data
at this point giving the advisory message: REPACKING
DATA (STRETCH).

this entry will cause the request of the NAME of the
variable to delete from the workset. This name must
be in the current BASE definition. If there is more
than one cobservation in the workset, PHD will repack
the data at this point giving the advisory message:
REPACKING DATA {SQUEEZE).

this entry will locate the VARIABLE definition in the
current BASE and result in a request for a new
variable definition of NAME,UNIT,METRIC. A null entry
is valid for any of these fields (successive commas
indicate a leading null string), and will leave that
value unchanged.

The second syntax results in a discarding of the curreant WORKSET

(equivalent to a DELETE

BASE option) and a request for new VARIABLE

definitions of NAME,UNIT,METRIC (See the A response in syntax 1). Additioanal
VARIABLEs may be defined up to sixteen. A null response will cause return to

the MENU.

15
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Option: BASE (cont'd)

The third syntax results in the opening of the DATASET stored under the

name given and the construction of a BASE identical to the one specified in
that DATASET.

Possible errors and recovery options:

Most errors may be corrected by using the C response of syntax 1 above.

Date of last module update: 23 Mar 82

16
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Option: CM (COMMENT Modification)

Syntax: CM <optional editing character><comment>

wvhere <comment> is any character string which does not include a

carriage return, and <optional editing character> an?! its possible

meanings are as follows:
1) > meaning replace the rightmost portion of the current
COMMENT with the following string. The replacement is made on a
character for character basis.
2) < meaning replace the leftmost portion of the current
COMMENT with the following string.

3) - meaning add the following string preceding the current
COMMENT.

4) + meaning add the following string to the end of the current
COMMENT. _‘"

Description of results:

The first character of the argument is examined, if it is an editing
character the current COMMENT is modified as specified by that editing
character. 1If no editing character is found, the <comment> becomes the
new COMMENT and the old COMMENT is discarded.

Possible errors and recovery options: None

Date of last module update: 27 Dec 82
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PHD: Version 2.2

Option: CORRECT

Syntax: CORRECT
where no arguments are allowed.

Description of results:

PHD will ask for the sequence number of the observation to be corrected:

SEQUENCE NUMBER OF OBSERVATION TO CORRECT ? nn

where n is the sequence numbe. (obtained from the LIST or PRINT options).
If a null entry (carriage return only) is given here, an exit is made to the
main MENU.

Having received the sequence number of an observation, PHD checks it to make
sure it is in range (see possible errors). The observation is then presented

on the terminal and a request for corrections made.

'PSN:ID' OR 'VARIABLE NAME,VALUE' ?

There are several possible entries at this point:

a Return to get new sequence number of
observation to be corrected.

<psn>:0 This will result in only the plot symbol
number being changed.

:<id>D This results in only the identifier being
changed.

<psn>:<1d>D This changes both the plot symbol number and
the identifier. Any of the options
containing a colon (:) will result in the
message NEW ID IS <psn>:<id> and a
request for further corrections for the same
observation,

<variable name>,<value>n
This results in the value of the variable
named being changed to <value> for the
selected observation. After the change has
been made, requests for further changes to
this observation will be made.

Possible errors and recovery options:

The presence of the colon (:) in the input indicates that entry is a
change to either the plot symbol number or identifier, depending on the
location of the colon. No check is made on the validity of the plot symbol
number or the identificr. The new plot symbol number and identifier are
displayed after the change. Note that the composite string <psa>:<id>
is truncated after eight characters with no warning.
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PHD: Version 2.2

Option: CORRECT (Cont 'd)

If the input does not correspond to any of the above syntaxes, then

URACCEPTABLE INPUT is printed and the program returns to the request for a
sequence number.

In the last syntax, if a variable name is referenced that does not exist
in the current BASE, a warning is printed, NO VARIABLE <variable name>
FOUND, no changees are made to the observation, and the next correction for
that observation is requested.

Date of last module update: 27 Dec 82
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Option: DELETE

Syntax: 1) DELETE
2) DELETE <sequence set>
wvhere <gequence set> is a set of <sequence range>s separated
by commas (,).
<sequence range> is <sequence number> or <start
sequence number>— or <start sequence number>-<end
sequence number> or -<end sequence number>

Description of results:

If no <sequence set> is specified, as in syntax 1, then PHD will
request one with the message:

SEQUENCE NUMBER(S) OF OBSERVATION(S) TO DELETE ?

PHD will scan the <sequence set> entered and print the message:

MARKED FOR DELETION
ID variablename l{unit] variablename 2[unit] etc.
(A listing of the observations marked will follow this header message.)

The request for a <sequence set> given above, will also occur each
time after all observations in a <sequence set> have been marked for
deletion. Another sequence set may then be entered or a null entry may be
made in order to return to the MENU. When a return to the menu is made, PHD
deletes all the observations that have been marked for deletion and
resequences the observatious that are left, issuing the message
n OBSERVATION(S) DELETED; WORKSET RESEQUENCED. on exit to the MENU.

Possible errors and recovery options:

1) If a <sequence range> is illegal, (i.e., one in which <starting
sequence mumber> is larger than <end sequence number>) then the message
ILLEGAL SEQUENCE SET is printed, no observations are marked for deletion and
the scan of the <sequence set> continues.

2) If a <sequence range> extends beyond the current set of data
sequence number, i.e., less than 1 or greater than the number of observations,
then the message SEQUENCE RANGE IS FROM 1 TO n where n is the sequence number
of the last observation.

3) If a observation already marked for deletion occurs in an another
<sequence range> then the message OBSERVATION # n ALREADY MARKED FOR
DELETION will be issued. The observation will remain marked for deletion.

Date of last module update: 27 Dec 82
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PHD: Versiom 2.2

Ogtion: ENTER
szntax: ENTER

where no arguments are allowed.

Description of results:

The current WORKSET BASE description will be printed in the format of the
following example:

SEQ NR  NAME UNIT METRIC
9 D

1 TEMP DEGC 0

2 SP COND MHO/CM  .0002

A request for which VARIABLE is to be entered into the WORKSET will be
made. In the following example the VAKRIABLE "SP COND" is to be entered.

NUMBER OF VARIABLE TQO ENTER ? 1

An advisory message and request for change for the specified variable in
each observation will be made as in the following example:

ENTER NEW VALUES FOR SP COND
2:pt 1 .59687 NEW VALUE (CR FOR NO CHANGE)> ? ,596840
2:pt 2 .47859 NEW VALUE (CR FOR NO CHANGE)> ? 0

* frofe

After the last value of the VARIABLE is entered, a return will be made to
the main MENU.

A different format is used if the ID is to be changed. The initial
display after entering the value 0 in response to the number of the variable
to enter is as follows:

ENTER NEW ID'S
IF ALL NEW ID'S ARE TO BE ALIKE, ENTER NEW ID HERE (OTHERWISE CR)> ?

1f any of the ID's are to be different, then all of them must be entered
individually (or left as they are), unless the user wishes to change them all
and then make selective changes by using ENTER again. If a non-null entry is
made at this point, then all ID's are changed to that value and the advisory
message DONE is printed and an exit is made to the main MENU, If a null entry
is made here then the changes made are much the same as for numerical values.
The display of the individual observation ID's for change appears as:
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Option: ENTER (Cont 'd)

------

<psn>:<id> for observation n. In the example, the new PSN and ID
would be 8 and NEWID, respectively.

Pogsible errors and recovery options:

Please note in changing ID'-, that both the PSN and the ID must be entered
separated by a colon (:). If the chan