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Bxecutive Summary

The way data are stored in a computerized database determines ease of
access and use. Using the Veterars Administration File Manager (FM) as a
database management system allows the user to view the data as rows of records
vhose fields are the columns of a matrix. This "fectangular" structure is a

relational database.

A simple four-variable database is developed while guiding the reader
through the process of organizing the data using FM. The structure created is
shown to have relational database properties so that the statistical routines

that are implemented are seen to be logically related to the database.

The techniques illustrated support the view that using linear algebraic
concepts enable the programmer to realize maximum efficiency in exploiting
both the MUMPS language and the data being manipulated. Moreover, the end
user, however unsophisticated, is able to form a clear picture of the data and

can easily extract statistical information, create reports, and archive

information that is meaningful and accessible.
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Abstract
The development of descriptive statistics programs underscore the efficacy
of a relational database. Relational arrays being amenable to algebraic mani-
pulation allow efficient analysis and j dependent data bases. The Veteran’s
Administration File Manager is vicwed as a relational database management

system.

Introduction

The Naval Health Research Center (NHRC) developed the Navy Occupational
Health Information Monitoring System (NOHIMS) to provide a method for satis-
fvying the requirements of the Occupational Safety and Health Act of 1970.
NOHIMS is presently being installed in major industrial centers operated by
the Navy. These facilities typically employ from 6,000 to 10,000 individuals
and, in turn, provide ancillary service to smaller units. There are two major
compunents of NOHIMS. The medical component uses the Computer Stored Ambula-
tory Record System (COSTAR) for handling medical data, and the industrial com-
ponent currently employs the Veteran’s Administration File Manager (FM) for

database management. The data gathered ensures that all individuals exposed

to hazardous materials are identified, given periodic examinations, and their
environment monitored, and will produce a solid basis for epidemiological

;1
studies

The analysis, structuring, and storing of these data for present and
future use by industrial hygienists, medical providers, and statisticians is
evolving at NHRC in three phases: the development of descriptive statistics
(presented herein); the development of derivative statistics such as various
"t" tests, univariate and multiple regression analysis; and the linking of the
NOHIMS database to the Statistics Program for Social Scientists (SPSS) pack-
age. This progression reflects an increasing statistical sophistication, as
well as the practical limitations of handling different orders of magnitude of
data. The programs presented in this paper are designed to handle the day-to-
day demands of industrial hygienists dealing with sample sizes of a few hun-

dred cases or less.

Using a relational model presents the data in its natural structure

affording "a sound basis for treating derivability, redundancy, and consis-
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tency of relations." Mathematically, a relation R is defined on n sets Sl’
52,...5rl if R is a set of n-tuples such that each set has its first eleme;t
from Sl’ its second element from 52, etc. where Si is the i’th domain of R".
Since MUMPS globals can be viewed as "flat tables", it is not difficult to
develop a data manipulation methodology to achieve data independence with
"user friendly” algebraic database language commands3. The resolution of
these issues is a prerequisite to structuring a useful archive; moreover, the
fact that the data structure of FM can be viewed as a relational array is the
salient point of this paper. With a "rectangular" view of the data, the use
of linear algebra leads to simple, efficient algorithms as shown in the mater-

ial presented.

Methods and Results
At present, NOHIMS is being implemented using Intersystems MUMPS M/VX run-
ning under VMS 4.3 on Digital Equipment 8200 machines. The following discus-
sion conforms to these constraints and assumes FM version 17.0 or later. From

the NOHIMS main menu, calling FM presents the FM menu:

CHOOSE FROM:

1 ENTER OR EDIT FILE ENTRIES
PRINT FILE ENTRIES
SEARCH FILE ENTRIES
MODIFY FILE ATTRIBUTES
INQUIRE TO FILE ENTRIES
UTILITY FUNCTIONS
STATISTICS
LIST FILE ATTRIBUTES
TRANSFER ENTRIES

O 0N NN W N

from which we will choose, in order, options 4, 1, and 2 to create a file
structure, enter data, and print the data to use in the statistical rcutines.
The file will be called STATISTICS and will consist of 32 records with five
fields in each record - NAME, AGE, EDUC, INCOME, and NC (number of children).
The fields will be defined as numeric except for name--CASEl, CASE2, etc.--

whirh is free text.




.4 Creating a File

- ! Choosing option 4, the dialogue with FM is straightforward. All user
responses are underlined. Field position 1 is always assumed by FM to be the
F NAME field and has field number .0l1. Subsequent fields are numbered 1, 2,
etc. This can create confusion if not fixed firmly in one’s mind. As you can

see, this makes the """ piece position of AGE, our 1 field, the """ piece

;ﬁgiﬁ,\J*ZJ;}

k position 2.
o Select Option: 4 MODIFY FILE ATTRIBUTES
- MODIFY WHAT FILE: STATISTICS

| ARE YOU ADDING STATISTICS AS A NEV FILE? Y (YES)
iﬁ”? FILE NUMBER: 1000//

L INTERNAL GLOBAL REFERENCE:  “DIZ(1000,//

e Select FIELD: AGE

) ARE YOU ADDING ’'AGE’ AS A NEV FIELD? (THE 2ND)? Y (YES)
‘j?? FIELD NUMBER: 1//

o DATA TYPE OF AGE: NUMERIC

1 INCLUSIVE LOWER BOUND: 0

e INCLUSIVE UPPER BOUND: 100
o IS THIS A DOLLAR AMOUNT (Y/N): NO//

;{ MAXIMUM NUMBER OF FRACTIONAL DIGITS: 0//
;ﬁb VILL AGE FIELD BE MULTIPLE? NO// (NO)
a3 SUBSCRIPT: 0//
o m°n _PIECE POSITION: 2//

i;g IS AGE ENTRY MANDATORY (Y/N): NO//

f;: "HELP’ PROMPT: TYPE A WHOLE NUMBER BETWEEN

o 0 AND 100

Continning in a like manner at each select field prompt, the attributes of
FDUC, TINCOME, and NC are entered, completing the definition of the file
e STATISTICS,

and can be vieved directly by calling "'DD with the "XG utility or by using the

T The 1esults of this activity ate stored in the data dictionary glcbal DD

N ST EDLE ATTRPIBUTES option, entering "brief" after the double slashes follow-

ih S iANDARD and "NGM™ o alphabetizing. The result is:
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DATA DICTIONARY #1000 -- STATISTICS FILE
NAME 1000,.01 FRERE TERXT

AGE 1000,1 NO. BTWN O AND 100

EDUC 1000, 2 NO. BTWN O AND 20
INCOME 1000,3 NO. BTWN 5000 AND 25000
NC 1000, 4 NO. BTWN 1 AND 4

Entering Data
Now, to enter data in the file STATISTICS, choose FM option 1 and follow
the prompts:

Select OPTION: 1 ENTER OR EDIT FILE ENTRIES

INPUT TO WHAT FILE: STATISTICS//

EDIT WHICR FIELD: ALL//

Select STATISTICS NAME: CASEl

ARE YOU ADDING 'CASEl’ AS A NEW STATISTICS THE 1ST)? Y (YES)
AGE: 57

EDUC: 4

INCOME: 6281

NC: 3

Entering 31 more records results in the creation of the "DIZ global:

"DIZ=DATA GLOBAL "STATISTICS (FILE 1000)"
"DIZ(1000,0) -STATISTICS 1000°32"32
"DIZ(1000,1,0)-CASE1°57°4°6281"3
"DIZ(1000,2,0)=CASE2720°4710516"2
"PI1Z(1000,3,0)-CASE3" 76668983
"DIZ(1000,4,0)-CASE4°47°678212"1
"DIZ(1000,5,0)=CASE5" 44767117442
‘DIZ(1000,6,0)-CASE6° 6487861873
"DIZ(1000,7,0)=CASE7"31°8°10011"2
"DIZ(1000,8,0)-CASE8°47°8712405°2
"DIZ(1000,9,0)-CASE9"38°87 146641
‘DIZ(1000,10,0)-CASE10°27°10°7472"4
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“DIZ(1000,11,0)=CASE11°22°10°11598"2
*DIZ(1000,12,0)=CASE12°39°10"15366"3
*DIZ(1000,13,0)=CASE13°60"11°10186"2
*DIZ(1000,14,0)=CASE14°25°12°9771"3

*DIZ(1000,15,0)=CASE15°51"12"12444"4
*DIZ(1000,16,0)=CASE16°33"12"14213"3
*DIZ(1000,17,0)=CASE17°25712"16908" 2
*DIZ(1000,18,0)=CASE18°47°12"18347"3
*DIZ(1000,19,0)=CASE19°52°13°19546"1
*DIZ(1000,20,1)=CASE20"31°14"12660" 1 |
*DIZ(1000,21,0)=CASE21"42°14°16326"3 i
*DIZ(1000,22,0)=CASE22°56°15"12772"1
“DIZ(1000,23,0)=CASE23"38°15°17218"3
*DIZ(1000,24,0)=CASE24°27°16"12599"2
*DIZ(1000,25,0)=CASE25°30"16"14852"3
“DIZ(1000,26,0)=CASE26°37°16"19138"4
*DIZ(1000,27,0)=CASE27°20"16°21779"2 ;
“DIZ(1000,28,0)=CASE28754"17"16428"4 |
*DIZ(1000,29,0)=CASE29°46°17"20018"4

“DIZ(1000,30,0)=CASE30" 41" 18165264

"DIZ(1000,31,0)=CASE31°53"18"19414" 4

"DIZ(1000,32,0)=CASE32"24°20"18822"2

which represents the mathematical relationship STATISTICS with domains NAME,
AGE, EDUC, INCOME, and NC having values CASEl, 57, 4, 6281, and 3 respectively

tor set 1 of the 32 sets.

Print Entries

In order to exercise the statistic routines Histogram and Scattergram
(which use the original FM routines °"DIH and °“DIG), the global "DOSV must be
created. To do so, there are various ploys involving the !, &, +, and # signs
preceding the variable name in the Print File Entries option. For the sake of
clarity anu simplicity, what follows demonstrates what is needed (the Search
File Entries option also is being slighted). The reader is referred to the VA
FILEMAN USER’S MANUAL (1986) for further detailsa.
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Choosing Option 2, we respond as follows:

OUTPUT FROM WHAT FILE: STATISTICS//
SORT BY: NAME// +EDUC
START WITH EDUC: FIRST//
VITHIN EDUC, SORT BY: +INCOME
START VITH INCOME: FIRST//
VITHIN INCOME, SORT BY: NAME
START VITH NAME: FIRST//
VITHIN NAME, SORT BY:
STORE IN ’SORT’ TEMPLATE:
FIRST PRINT FIELD: #$AGE
THEEN PRINT FIELD: #EDUC
THEN PRINT FIELD: #INCOME
THEN PRINT FIELD: #NC
THEN PRINT FIELD:

The results are stored in the global “DOSV:

*DOSV(0,"TTB2:",0,1,"H")=76
"L")=20
"N")=32
"Q")=59268
"gn)-1304
“DOSV(0, "TTB2:",0,2,"H")=20
L"Yy=d
"N")=32
"Q")=5198
"S")-384
*DOSV(0,"TTB2:",0,3,"H")-21779
"L")=6281
"N")-32
"Q")=6714653180
"S")-443752
*DOSV(0, "TTB2:",0,4,"H") -4
"L7y-1
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"N")=32
"Q")=255
"S")=85
"DOSV(0,"TTB2:",2,4,6281,1, "N")=1
"S")=57
"DOSV(0, "TTB2:",2,4,6281,2, "N")=1
"sm)=4
"DOSV(0,"TTB2:",2,4,6281,3,"N")=1
"§")=6281
"DOSV(0, "TTB2:",2,4,6281,4, "N")=1
nsmy=3

“DOSV(0,"TTB2:",2,20,18822,1,"N")-1
"S")=24
"DOSV(0, "TTB2:",2,20,18822,2,"N")-1
"$")=20
"DOSV(0, "TTB2:",2,20,18822,3,"N")-1
"S")-18822
“DOSV(0, "TTB2:",2,20,18822,4,"N")=1
"S")=2
“DOSV(0, "TTB2:", "BY",1)-1000"2"EDUC +
"DOSV(0,"TTB2:","F",1)=1000"1"AGE"NJ3,0
2)=1000"2"EDUC"NJ2,0
3)=1000" 3" INCOME"NJS5,0
4)=1000"4"NC"NJ1,0

Tt~ main body of "DOSV contains the same information inherent in "DIZ but
is obviously not as tractable. The first four entries have statistical infor-
mation, and the last four list the file number, field position of the vari-
able, the name of the variable, and its attributes (for "AGE" NJ3,0 means a
three position right justified numeric field with no decimal digits).

- \‘\' .




Statistical Analysis
Now we are ready to calculate some statistics. Choosing the STATISTICS
option of the FM menu and responding with a question mark to the first prompt,

we get the statistical routine menu:

Select STATISTICAL ROUTINE: ?
CHOOSE FROM:
1 DESCRIPTIVE STATISTICS
SCATTERGRAM
HISTOGRAM
ESTIMATED LINEAR CORRELATION COEFFICIENTS
COEFFICIENTS OF DETERMINATION
RANDOM SAMPLE--DESCRIPTIVE STATISTICS

s WwN

Choosing each item in turn produces:

1) Descriptive Statistics (see figure 1)
2) Scattergram (see figure 2)

3) Histogram of Income Versus Education:

4 ] Hdkdokkkkkkkkkk

6 | AhKKK Kk kkkkkkk

8 | F A krk ok kok ok kokok ok ok ko ok

10 | Fdkkkokddokkdokkkkkxkk

11 [ rokkkkkdkkkkkodokkkk

12 [ hkkkddkkkkkkhkhkkhkkkkkk

T3 | ook sk sk ok ok ok sk ok ok ok ke ok o sk ok ok ke ok ok ok e ok sk k
14 JRekkdkdokdodokoddokkdokkkkkkkkdkk

15 [ rkkkdkddkdkkkdhokkhkhhhkkkkk

16 | Khkxkdkddddokkdkkkkrhk Ak kok &k % %

17 | deokdookk ek ke dedkdodk ok ok ok ok kok ok ok ok ok ok ok Aok
18 | hkkkdhddokdokdokdkkkkokkkkkhhkkkk k ok k
20 | Fodkkkokkodokkokkkok ok ok ok ok ok kok kok ok ok ok ok ok ok ok k

Z2O0HH3>»0OcCcOm

b e o m———— —_——— o 4=
4024 8048 12072 16097 20121
INCOME

10
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MEASURES
VARIABLE

AGE
EDUC
INCOME
NC

VARIABLE

AGE
EDUC
INCOME
NC

B. ABOUT THE MEAN:

VARIABLE

AGE
EDUC
INCOME

OF CENTRAL TENDENCY:
N MEAN MEDIAN
32 40.750 40.000
32 12.000 12.000
32 13867.250 13492.500
32 2.656 3.000
MEASURES OF DISPERSION:
A. ACROSS THE RANGE OF DATA:
N MIMIMUM MAXIMUM
32 20.000 76.000
32 4.000 20.000
32 6281.000 21779.000
32 1.000 4.000
STANDARD
N VARIANCE DEVIATION
32 197.742 14.062
32 19.032 4.363
32 18097847.032 4254.156
32 0.943 0.971

NC

Tioire

N
1.

Descrintive

11

47 OCCURS 3 TIMES
12 OCCURS 5 TIMES
NO MULTIPLE OCCURRENCES
3 OCCURS 11 TIMES

25% TILE

SCORE

27.00
7.50
10186.00
1.40

MODE

75% TILE
SCORE

51.00
15.25
16908.00
2.91

STANDARD ERROR
OF THE MEAN

Statistios

2.486
0.771

752.036

0.172
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Figure 2. Scattergram of Income Versus Education
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-~ o 4) Linear Correlation Coefficients:

. AGE  EDUC INCOME  NC
- AGE  1.000 -0.201 -0.229 0.197
EDUC -0.201 1.000 0.751 0.221
A% INCOME -0.229 0.751 1.000 0.063
i NC 0.197 0.221 0.063 1.000
o
fiii 5) Coefficients of Determination:

o AGE  EDUC INCOME  NC
st AGE  1.000 0.040 0.053  0.039
- EDUC  0.040 1.000 0.564  0.049
E INCOME 0.053  0.564 1.000  0.004
g NC  0.039 0.049 0.004 1.000
T
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2
agﬁ The data are artificial except for education and incomes. AGE vas entered
:1? vhimsically, and number of children was determined by random generation of

N numbers between 1 and 4. The correlations reflect the character and relation

N of the variables.
e
-;*: 6) Random Sample - Descriptive Statistics
F.z Responding to the prompts as shown,
: VHAT FILE:
o STATISTICS
-~ VHAT VARIABLE:

AGE
S ENTER THE NUMBER OF CASES DESIRED FOR THE SAMPLE (N>4): 20
;}ﬁ? ENTER (CASE) NUMBER OF LOWER LIMIT OF THE SAMPLE RANGE: 1
3:;i ENTER (CASE) NUMBER OF UPPER LIMIT OF THE SAMPLE RANGE: 32
k3
'f&t tventy cases are selected randomly (with replacement) and the descriptive
:?i statistics are calculated (figure 6).

. The option list presented when choosing the STATISTICS option of the FM
o main menu is generated by the FM routine °DIX, the first part of which is
i‘ shown in figure 4 (with the programmer additions underlined). As you add an
f_ option, making the numbers in line DIX+4 correspond to the total of options
S available stores your new option in the global “DOPT and subsequently presents
v it to the user. Great care should be exercised in changing any FM routine :

?i: that you do not rename. (The "DIX routine is the link to the FM system, so
E:E the name "DIX must be kept even though altered.) The original "DIXC routine
{;i vwas completely rewritten and renamed °"T2STAT1 (figure 3). In addition, the
;-: routines shown in figures 5, 7, and 8 were added to the system.

2

,:% In my opinion, there are two remarkable lines of code in the descriptive
g& statistics ("T2STAT1) routine. They are line L in the SQR (square root)

subroutine and line S2 in the SORT subroutine. Line L is Heron's Algorithm,
which is derived from the Newton-Raphson’s iteration formula6
— P i ’
xi+1-xi f(xi)/f (xi).

This standard piece of code is easily my favorite because of its simplicity
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yet incredible power. Equally pleasing is the Shell sort7 represented in S2.

f.
“'4l

&

NS h S

»

Bt R g

-
.
o
-

X3

13

22

I'd
A"

A N, ’ » SR E NI N B

YN, N e, . - ~.' NN F N I I P TN T L IS PRI LS I
=) !_ -"’\"’ "hn_'fg"ft“’l f ' <, '-- T At Al ~* », {. f " q_ -, '-._" .."." ',. Wiy 3 LI =" o L A E] .*’ -.. h.~ * :' ‘
S ARnEal el -

‘l'

N ‘.‘f\r‘r

'lq'l- i 3 W



L~ fllan Sal Aat SaitAas Aok Sk el Aok sk B s ok s a2 e oy o ]

:if It is remarkably efficientB and a fine example of exploiting the conditional
- transfer in iteration. This sort subroutine divides a list into two parts,
compares the first element of the first half with the first element of the
second half, and switches them if the first is greater than the second. After
ordering the halves in this manner, the list is divided into quarters and the
process is repeated. The final pass compares adjacent elements. This subrou-
tine has been coded in BASIC, FORTRAN, PASCAL, and C, but none surpasses the

elegance of the MUMPS version.

There are two coding styles evident in the "T2STAT routines - the linear
algebra approach, reflecting the treatment of relationships as sets of ordered
pairs, and MUMPS global oriented. For example, contrast finding the maximum
of a list by the MINMAX subroutine (or fetching it from “DOSV(O,"TTB2:" 0,1,
“H")) to simply writing it out after SORT.

To follow the indexing in obtaining the frequency counts for the percen-
tile rankings, I suggest the reader comment out the kills (place a ";" in
front of K) and look at the subscripts of the variables involved. This is a
non-trivial coding structure and is probably unnecessarily complicated. The
percentiles themselves are derived using linear interpolation; consequently,

they are not actual variables, only location points.

"T2STAT3, in selecting a random sample and displaying descriptive stat-
istics, departs entirely from the use of the "DOSV statistical global and uti-
lizes the user created global "DIZ. To follow the code one must be aware that
the routine "DICRW places in the symbol table the variable % equal to the
number of entries in the file, and the variable Y equal to "FILE#, FILENAME"
- in our case Y="1000,STATISTICS". This routine has not been user "proofed"
but was included to demonstrate (1) the generality of °"T2STAT1 and (2) the

ease of application development using FM routines as utilities.
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T2STAT1 ;DRH/NHRC ; 1,/1/87 ; DESCRIPTIVE STATISTICS
::17.07;VA FILEMAN;
D D DESC G DESCX
; THE FOLLOWING SUBROUTINES ASSUME DATA SORTED IN ASCENDING ORDER OF

MEAN F J=1:1:52T S SMX=0 D LO
Q
LO F K=1:1:XN(J) S SMX=SMX+Y(J,K)
S M(J)=SMX/XN(J)
Q
MEDIAN I XN(J)#2 F J=1:1:SZT § MID(J)=Y(J,XN(J)+1,/2)
E F Jwl:1:82T S MID(J)-(Y(J,XN(J)/2)+Y(J,XN(J)/2+1))/2
Q
MODE F J=1:1:52T D L1
Q
Ll F L=1:1:XN(J) S FRQ(J,L)=0,S(J,L)-Y(J,L) F Kel:1:XN(J) I S(J,L)=

Y(J,K) S FRQ(J,L)=FRQ(J,L)+1
S MFQ(J)=1 F L=1:1:XN(J) S:FRQ(J,L)>MFQ(J) MFQ(J)=FRQ(J,L),MQ(J)=
"Y(" J |l’l| L ll)"
T 7 ITMFQ(J)>1 S MD(J)=@MQ(J)_" OCCURS " _MFQ(J)_ " TIMES "
I '$D(MD(J)) S MD(J)="NO MULTIPLE OCCURRENCES"

KSQ
PTILE F J=l1:1:SZT D L2

Q
L2 S K=0,F(J,0)=1,(PR(J,0),PS(J,0))="" F Lal:l S Ke=K+F(J,L-1)

Q:"$D(FRQ(J,K)) S F(J,L)=FRQ(J,K),PS(J,L)=¥(J,K)

S CFQ(J,0)=0 F L=1:1 Q:'$D(F(J,L)) S CFQ(J,L)=CFQ(J,L-1)+F(J,L),
PR(J,L)=$E((CFQ(J,L)/XN(J))*100,1,6)

F L=1:1 I PR(J,L)>25!(PR(J,L)=25) S PR2(J)=PR(J,L),PS2(J)=PS(J,L),
PR1(J)=PR(J,L-1)},PS1(J)=PS(J,L~1) Q

F L=1:1 I PR(J,L)>75!(PR{J,L)=75) S PR4(J)=PR(J,L),PS4(3)=PS(J,L),
PR3(J)=PR(J,L~1),PS3(J)=PS(J,L-1) Q
S PS25(J)=(25-PR1(J))*(PS2(J)-PS1(J))/(PR2(J)}-PR1(J))+PS1(J)
S PS75(J)=(75-PR3(J))*(PS4(J)-PS3(J))/(PR4(J)-PR3(J))+PS3(J)
K FRQ(J),CFQ(J)},F(J),PR(J),PS(J) Q
F
Q

MINMAX J=1:1:82T S H(J)=Y(J,XN(J)),L{J)=Y(J,XN-XN(J)+1)
STDEV ~ F J=1:1:SZT S (SMX,SMXSQ)=0 D L3
Q
L3 F K=1:1:XN(J) S SMX=SMX+Y(J,K),SMXSQ=SMXSQ+(Y(J,K)*Y(J,K))
S VT(J)=SMX*SMX/XN(J),V(J)=(SMXSQ-VT(J))/(XN(J)-1)
S X=V(J) D SQR S SD(J)=Y Q
SEM b" J=1:1:S2T S X=XN(J) D SQR S SXN(J)=Y,SEM(J)=SD(J)/SXN(J)
Q
Figure 3. Descriptive Statistics koutine
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SORT F J=1:1:82T D S1
Sl S G=XN(J)\2
52 F I=G+1:1:XN(J) S L=I-G I (Y(J,L)>Y(J,L+G)) S T=Y(J,L),Y(J,L)=
Y(J,L+G),Y(J,L+G)=T G S2
5 G=G\2 Q:G'>0 G s2
Q

SQR S Y=0 Q:X'>0 S Y=1+X 2
L S T=Y,Y=X T+T 2 G L:Y<T
KTQ
DLCOR D "%ZIS S DJ=IO(0),U="""
I '$D("DPOSV(0,10(0),0,1,"N")) Q
F SZT=1:1 Q:’S$D("DOSV(0,DJ,0,S2T,"S")) S XDN(SZT)=SE(SP("DOSV(0,

10(0),"F",$2T),U,3),1,8),FN(SZT)=SE(SP( "DOSV(0,10(0),"F",S2T),U,1),1,9),
FP(SZT)=SE(SP("DOSV(0,10(0),"F",S82T),U,2),1,2)+1

S SZT=SZT-1,XN=SE(SP("DIZ(FN(1),0},U,4),1,5)

F J=1:1:S2T F K=l:1:XN S X(J,K)=SE(SP("DIZ{(FN(J),K,0),U,FP(J)),1,15)

Q
DESC ;CALCULATE DESCRIPTIVE STATISTICS.

D DLCOR Q:'SD("DOSV(0,10(0),"F")) F I=1:1:582T I $D("DOSV(0,DJ,0,I,
"Q")) s (ADOSV(O,DJ,O,I,"V"),X)-A("Q")-((A("s")*h("S"))/h("N"))/(A("N")—l) D
SQR S “("D")=Y

I 'S$SD(°DOSV(0,I0(0),0,1,"s"))!('$D("DOSV(0,10(0),0,1,"N"))) W 1!,"YOU
MUST PRECEDE VARIABLE NAME IN ""PRINT FIELD:"" OPTION WITH ""+"" OR ""§""" Q

F J=1:1:S2T S XN(J)=XN F K=1:1:XN S Y(J,K)=X(J,K) I X(J,K)"]1$C(1) §
AN(J)=XN(J)-1

K X

D SORT,MEAN,MEDIAN,MODE, PTILE,MINMAX,STDEV,SEM

Q

DESCX ;PRINT DESCRIPTIVE STATISTICS

I 'S$D("DOSV(0,10(0),0,1,"s"))!(’$D("DOSV(0,10(0),0,1,"N"))) Q

1 '$D("DOSV(0,I0(0),"F")) W *7,1!,?5,"NO STATISTICAL DATA ENTERED" Q i
PRINT K DHDR S DHDR="77CUST",DHDR(1l)="DESCRIPTIVE STATISTICS" D DHDR"DIX

W "I. MEASURES OF CENTRAL TENDENCY :",!!

W ?1,"VARIABLE",?15,"N", 226, "MEAN", 240, "MEDIAN", 256 , "MODE"

F I=1:1:SZT W !,$J(XDN(I),8),?8 W
$J(XN(I),9),220,83(M(1),11,3),235,$3(MID(1),11,3),746,S3(MD(1),30)

W !!,"II. MEASURES OF DISPERSION :",!!,?1,"A. ACROSS THE RANGE OF
DATA :",251,"25%TILE",?66,"75%TILE"

W !,21,"VARIABLE",?15,"N", 224, "MINIMUM", 238, "MAXIMUM", ?52, "SCORE",
267, "SCORE"

F I=1:1:S2T W!,S$J(XDN(I),8),210,$J(XN(I),6),$J(L(I),15,3),$IJ(H(I),
15,3), 246,$J(PS25(1),15,2),$3(PS75(1),15,2)

W !!," ","B. ABOUT THE MEAN :",?38,"STANDARD",?50,"STANDARD
ERROR",!,?1,"VARIABLE",?15,"N", 224, "VARIANCE", 238, "DEVIATION", 2?52, "OF THE
MEAN"

F I=1:1:S2T W !,$SJ(XDN(I),8),210,$J(XN(I),6),$J(V(1),15,3),$J(SD(I),
15,3),$J(SEM(I1),15,3)

KL I I0(0)'=I0 S X=I0 X “DD("FUNC",7,1)

U I0(0) K CFQ,DHDR, SD,SEM, SMXSQ, SXN,Y,V,VT,DJ,DTIME,ERR, F, FN, FP, FRQ,
G,H,1,J,K,L,M,N,NJ,MD, MFQ,MID,MQ, POP, PR, PR1,PR2, PR3, PR4, PS, PSMX, PS1,PS2,PS3,PS
4,Ps25,PS75,R, SMX, SQMX, SQR, SUMPX, SUMSQ, S, SN, SZ,SZT, X, XDN, XN Q

Fiogure 3. Ixecoriptive Statistics Routine (Cont'd)
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o DIX ;GFT/SF ; 28FEB1986 6:08 PM

- ;:17.07;VA FILEMAN;

e D DT DICRA

S DIK=""DOPT(""DIX"",",10(0)=$1

, G F:$D("DOPT("DIX",6)) S "(0)="STATISTICAL ROUTINE"IN"" F I=1:1:6 S
I~ “DOPT( "DIX",I,0)=SE(ST(F+I),4,99)

- D IXALL"DIK

- F S DIC=DIK,DIC(0)="ABQZ"™ D “DIC Q:Y<0 D @($pr(Y(0),U,2,3)) W !! G DIX

- ; ;DESCRIPTIVE STATISTICS D"T2STAT1
b ; s SCATTERGRAM " "DIG
; ; sHISTOGRAM" “DIH
] ; ;ESTIMATED LINEAR CORRELATION COEFFICIENTS C”T2STAT2
~ ; ;COEFFICIENTS OF DETERMINATION D T2STATZ
- ; ;RANDOM SAMPLE — DESCRIPTIVE STATISTICS ~T2STAT3
:r::: .
o
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@
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.

]
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- Figure 4. Menu trogram DIX
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T2STAT2 ;DRH/NHRC ; 1/1,/87 ; CORRELATION AND COEFFICIENT MATRIXES
;;17.07;VA FILEMAN;

C D CORR G CORRX
D D CORR G COEF
CORR ;CALCULATE THE CORRELATION MATRIX
D DLCOR"T2STAT1
K ERR I S$N("DOSV(0,I10(0),0,1))'>0 w !," AT LEAST TWO VARIABLES
MUST BE DEFINED " S ERR=1 Q

I '$D("DOSV(0,I10(0),0,1,"H")) W t!," YOU MUST PRECEDE VARIABLE NAME
IN lmE ”n "PRIm) FIELD:" " OPTIm wIm ""#"" " S m-l Q

F J=l:1:82T 1 "DOSV(0,DJ,0,J,"H")="("L") W !,"CAN'T COMPUTE
CORRELATION MATRIX-",XDN(J)," IS SINGLE-VALUED" S ERR=1 Q

F J=1:1:SZT S XN(J)=XN F K=1:1:XN S Y(J,K)=X(J,K) I X(J,K)’"])SC(1l) S
XN(J)=XN(J)-1

D SORT"T2STATL

D MEAN"T2STAT1

F J=1:1:SZT F K=1:1:XN(J) S SMX(J,K)=X(J,K)-M(J)

S J=0 F NJ=SZT-1:-1:1 S J=J+1 F I=1:1:NJ S SUMPX(J,I+J)=0 F Km=l:1l:
XN(J) S PSMX(J,I+J,K)=SMX(J,K)*SMX(I+J,K),SUMPX(J,I+J)=SUMPX(J,I+J)+PSMX(J,
I+J,K)

F J=1:1:82T7 S SUMSQ(J)=0 F K=1:1:XN(J) S SQMX(J,K)=SMX(J,K)*SMX(J,K),
SUMSQ(J)=SUMSQ(J ) +SQMX(J,K)

F J=1:1:SZT S X=SUMSQ(J) D SQR"T2STAT1 S SQR(J)=Y

S J=0 F NJ=SZT-1:-1:1 S J=J+]1 F I=1:1:NJ S R(J,I+J)=SUMPX(J,I+J)/
(SQR(J)*SQR(I+J)),R(I+J,J)=R(J,I+J),RSQ(J,I+J)=R(J,I+J)*R(J,I+J),RSQ(I1+J,J)=
R(I+J,J)*R(I+J,J)

Q
CORRX sPRINT THE CORRELATION MATRIX
:SD(ERR) KL K DHDR S DHDR="72TSU",DHDR(1)="",DHDR(2)="" D DHDR DIX
11!, "CORRELATION MATRIX:",!!
L=1:1:S2T S R(L,L)=l
210 F J=1:1:8S2T W SJ(XDN(J),10)
J=1:1:8SZT W !!,$J(XDN(J),10) F
KL

K=1:1:5ZT W $J(R(J,K),10,3)

OMEMEQ

Ny COEF ;PRINT THE COEFFICIENTS OF DETERMINATION
o G:$D(ERR) KL K DHDR S DHDR="72TSU",DHDR(1)="",DHDR(2)="" D DHDR"DIX
pg}g W !!!,"COEFFICIENTS OF DETERMINATION:",!!
& F L=1:1:S2T S RSQ(L,L)=1
s £ W 210 F J=1:1:S2T W $J(XDN(J),10)
R F J=1:1:SZT W !!,SJ(XDN(J),10) F K=1:1:S2T W $J(RSQ(J,K),10,3)
AN KL I I0(0)’=I0 § X=IO X "DD("FUNC",7,1)
e U 10(0) K CFQ,DHDR,RSQ,DJ,DTIME,ERR,F,FN,FP,FRQ,G,I,J,K,L,M,N,NJ,MD,
v MFQ,MID,MQ, POP, PR, PR1, PR2, PR3, PR4, PS, PSMX, PS1,PS2,PS3,PS4,PS25,PS75, R, SMX,
N SQMX, SQR, SUMPX, SUMSQ, S, SZ,SZT, X, XDN,XN,Y Q
w3
'1':';{ ; ¢ t 1l late an rint
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MEASURES OF CENTRAL TENDENCY:
VARIABLE N MEAN MEDIAN MODE

AGE 20 41350 35.000 52 OCCURS 4 TIMLS

MEASURES OF DISPERSION:
A. ACROSS THE RANGE OF DATA:

25%TILE 75%TILE

VARIABLE N MINIMUM MAXIMUM SCORE SCORE
AGE 20 20.000 76.000 28.33
B. ABOUT THE MEAN:
STANDARD STANDARD ERROI
VARIABLE N VARIANCE DEVIATION OF THE MEAN
AGE 20 207 .54% 13.4720 T 3227

T2STAT3 ;DRH/NHRC; 1,1/87 ;SELECTS RANDOM SAMPLE AND DOES DESCRIPTIVE
STATISTICS

I 'SD("YRN(1)) S "YRN(1)=813640269944316720

D "%ZIS S U=""",SZT=1,5=0,2=1

R "WHAT FILE: ",!,X Q:X="" S DIC=""DIC(",DIC(0)="QE" D DIC+3°DICRW

R !,"WHAT VARIABLE: ",!,XDN(Z)

S XN"%IC'""IFN(Z)-SE(Yllld) IFP(Z)SsN( ADD(FN(Z) I"B"Im(z) rc) )""1
RAND D "T2STAT4 F K=1:1:SN S Y(Z,K)=SE(SP("DIZ(FN(Z),Y(K),0),U,FP(Z}),1,
15)

S (XN,XN(Z))=SN D SORT "T2STAT1,MEAN"T2STAT1 ,MEDIAN"T2STAT1,
MODEATZSTATI,PTILEATZSTATl,MINMAXATZSTATI,STDEVATZSTATl,SEMATZSTATl

D PRINT T2STAT1

I I0(0)’=I0 S X=I0 X "DD("FUNC",7,1) Q

Paere 7.0 brogram for Random Sample
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Y,
2 T2STAT4 ; DRH,NHRC; 1/1/87; GENERATES SN RANDOM NUMBERS X1<=Y(i)<=X2
e O¢=i¢=SN
Yy ; NOTE: A RANDOM 19 DIGIT INTEGER MUST BE SEEDED IN “YRN(1)
v ST1 S FLAG=S R !,"ENTER THE NUMBER OF CASES DESIRED FOR THE SAMPLE (N>1)
- : ",SN
o R !,"ENTER (CASE) NUMBER OF LOWER LIMIT OF THE SAMPLE RANGE :" X1
R !,"ENTER (CASE) NUMBER OF UPPER LIMIT OF THE SAMPLE RANGE :", X2
i ST2 S B=0,C=0,D=1
A F J=10,100,1000,10000,100000 S B=B+1 I X2/J<1 S EXT=B Q
- I X2-Xl=1 S EXT=6,D=10000
X I X2'>1 S D=100000,EXT=6
RNG S Y1(1)="YRN(1),Y2(1)=SE(SE{"YRN(1),7,11},1,EXT})/D,K=262147
- F $=2:1:SN+1 S Y1(%)=SE(Y1(%-1)*K,1,19),Y2(%-1)=SE(SE(Y1(%},7,11),
-"_‘ I,M)/D
A I X1=1 F J1=1:1:SN S Y2(J1)=Y2(J1)+1
- SEC F J3=1:1:SN I (Y2(J3)’'>X2)&(Y2(J3)'<X1) S C=C+1,Y(C)=Y2(J3)
e S "YRN(1)=SE(Y1(SN+1),1,19)
I C<SN G RNG
e 1 FLAG W !!,SN," RANDOM NUMBEIR"__$S(SN>1:"S",SN-l:"",l:"")," FROM THE
O RANGE ",X1," TO ",X2," " $S(SN>1:"ARE",SN=1:"IS",1:"")," : ",| F J=l:1:SN W
Foo 1,219,3,".  ",¥(J)
28 I FLAG K FLAG,SN,Y,S
‘!{.‘ END K FLAG,Yl1,Y2,B,C,D,L,M,K,X1,X2,J,J1,32,33,%,EXT Q
o
T (NOTE: Set S=1 for this routine to generate random numbers in any range).
:‘ Plogure o Rarsiom Number Generator “
b, !
2t
_};: "T2STAT4, the random number generator, has been tested for integers and
O "passes" Pearson’s chi square statistic for various degrees of freedom at

p=.95. It is set up to generate random numbers in any range, i.e. between O

';& and 1, .7 and .85 etc., but has not been evaluated for all ranges. If one
{;i sets S=1 and then commands D "T2STAT4, the routine functions as a straight
*;": random number generator and prints the numbers requested. The variable

"YRN(1) must be set to a 19-digit random number prior to using the routine;

:%j thereafter seeding is automatic. Anyone with a compelling need to handle a

i:}i large database with these routines can rename local variables, like Y(J,K) and

::;; X(J,K), global variables. The computing time will go up appreciably because

- of disk reads, however. Another way to process large files is to transfer
—TT data making maximum disk reads using S$S to measure memory in the partition.

: This method fails on our present ISM M/VMS system as the partition tables are

fﬁji not being entirely cleared. This results in $S returning erratic values, thus
4 making it impossible to control disk reads as a function of §S.
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Discussion

NOHIMS must provide for the processing, storage, and archiving of informa-
tion pertaining to approximately 200,000 men and women at approximately 162
separate locations. The critical strength in the choice of FM is that it can
be used as a relational database management system (RDBMS). The inclusion in
Version 17.0 of the colon (":") syntax in the search, sort, and print field
specifications allows the user to specify fields in files that point to the
tile of origin (the backward pointer). There now exist three relational

navigation routes employing the syntax: (1) specifying fields in files

peinted to by a pointer valued field in the file of origin; (2) using the ":"
as an extended pointer to move from the original file to any other file; and
(3) specifying fields in a file that have a field pointing to the file of
origin, as mentioneda. With these improvements, FM is more symmetric and can

be viewed as a data dictionary driven RDBMS.

To discover what relationships exist in the database, one has only to
choose the PRINT FILES option of the FM menu and respond "?" to the prompt
"QUTPUT FROM WHAT FILE:" He is immediately graced with a ternary relationship
"FILE LIST" with three domains: file number, file name, and number of entries
in the files. In the case at hand, the file STATISTICS has file number 1000
and 32 sets. "SETS OF WHAT?" is answered by choosing LIST FILE ATTRIBUTES and
listing the file attributes conveniently stored in the data dictionar,. Any
of these items can be altered or deleted without diminishing the usefulness of

present programs or future access.

Using the mathematic model cf a relationship R defined on n sets, we can
look at the global "DIZ as having the relationship STATISTICS defined on the
domains NAME, AGE, EDUC, INCOME, and NC. There are thirty-two sets of
S tuples, each with an element from one of the five domains. This view of the
data as an array amenable to set operations such as intersect, project,
seiect, and join makes possible a data manipulation methodology that allows
the construction of data arrays free from the problems of ordering, indexing,
and access path dependencez’B. (Note the device number "TTB2:" 1in “DOSV.

This is an example of dependence that results in the need to recreate "DOSV if
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one changes device numbers.) If, in your mind’s eye, you can visualize Venn
diagrams consisting of files with records as the member sets, the algebra of

joins, intersects, and complements, suggests itself.

The operational economy of a database manipulated algebraically and
treating relationships as sets of ordered pairs is without question. The
expression Y(J,K) used here carries the following information: (1) Y is a
general symbol for the relationship name, i.e., STATISTICS (J,K). In conven-
tional terminology, Y is the file; (2) J is the general symbol for the domain
- conventionally the variable name - in our example, AGE, etc.; (3) K is the
general symbol for the set number - conventionally the record number of a file
(K is also the rtecord primary key. The indexing in the °“T2STAT routines
assumes the user has not redefined the field "number" (field number .001) in
FM). Thus, Y(J,K) translates to STATISTICS(AGE, RECORDNUMBER)--a relationship

Y on domain J, range K.

There is little question of accuracy in matrix operations on the VAX 8200
using M/VX which has 18 decimal digit accuracy with 64 bit precision. Non-
integers are stored base 10 (versus the traditional floating point) ensuring
full 64 bit representation. This is slower, but accurate. Double precision
arithmetic employed at critical points in matrix operations helps bound errors
at acceptable levels.

Conclusion

The Veteran’s Administration File Manager, with the addition of relational
syntax, provides a powerful relational database management environment. File
information, data description (and documentation), and data structuring are
easily within the grasp of the most casual user because it is data dictionary
driven. Creating programs to analyze data is simplified with a relational
view of the database. The myriad of problems that make data inaccessible are

minimized in a relational database context.

The objective, of course, is to have a data structure independent of
application programs and easy to access. The integration of data that are
consistent and free from redundancy from 162 sources is most likely to be

achieved in a relational context. Using FM as a RDBMS serves all levels of

demand equally well. The industrial hygienist can explore the database as
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easily as the statistician. The use of statistical packages such as SPSS is
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facilitated and archiving becomes a meaningful activity instead of a burial

ceremony.
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