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COMPUTER GRAPHICS FOR EXTRACTING INFORMATION
FRON DATA

by
RONALD K. LOGHRDING, MYRLE M. JOHMNSON, DAVID E, WHITEMAN

Energy Systems and Statistics
Los Alamos Scientific Laboratory
Los Alsmos, NM 87545

Abstract

This paper presents computer graphics which tre useful for displaying and
analyzing data, Many classical and several newly developed graphical techniques in
statistical data analysis are prescnted for small univariate and multivariate data
sets. These include histograms, empirical density functions, pie charts, contour
plots, a discriminant analysis display, cluster analysis, Chernoff "faces",
Andrews' sine curves, three-dimensional plots, and probability plots.

Recent advances in data collection technology and computer Jata base management
systems have made it imperative to utilize computer graphics for large data sets.
Several innovative graphical techniques are presented to handle this situation.

Spatial relationships among the data (particularly geographic data) are diffi-
cult to conceptuzlize. Several cartographic techniques are presented which enhance
the understanding of these spatial relationships within the data.



1. INTRODUCTION

The Encrgy Systems and Statistics G. up at the
Los Alamos Scicntific Laboratory (LASL) is involved
in several projects with energy-related data, Some of
these projects have small univariate or multivariate
data sets, while others have large data sets which
require data management systems for efficient data
manipulation, A statistically-oriented graphics
package is presently under development; numcrous
modules have been completed. The purpose of this
package is to provide gruphical techniques for the
initial rxamination of the data. This paper uses
data from several projects to demonstrate some of
these techniques.

In Section 2, we discuss graphical methods useful
for a preliminary analysis of smal]l data sets. In
Section 3, graphical techniques which are appropriate
for large data sets are presented, Finally, spatial
relationships in geographic data sets are expiored in
Section 4. Throughout this paper, examples of com-
puter graphics are used to illustrate the techniques.
(The 35-mm color slides of computer-generated graphics
shown at the conference are reproduced in black and
white for this paper.)

II. PRELIMINARY DATA ANALYSIS OF SMALL UNIVARIATE
AND MULTIVARIATE DATA SETS

Computer grophics for a preliminary raw data
analysis may inciuie histograms, empirical distribu-
tion function plots and probability plots., The data
used in thi: section was collected on 17 variables
for each of the 50 states plus the District of Colum-
bia. The variables and their means and standard
deviations are listed in Tahle I. Of particular
interest is the average household BTU consumption per

TAMLE I
VARIASLE T e DvIATION
3. Moty Household 8TU per capita (10%) 87.33 21.30
3. DEGD Heating degree day loads D;" o $.00 2,23

Ty
o’ .') re Y e uv:rapc dailygunp. 1Y g o5°F
65" i Y > 65F

3. MAXT Normal July saxisum tempcrature (°r) 86.41 5.9¢
4. PCAIR Percent of houscholds with air ¢on.  33.73 18.44
ditloning
$. rOP 1971 pepulation (10%) 4“0 3%
6. FR2R Percent of population with frecters 32.90 10.14
7. onep Single individuals per housing unit 218,63 278.30
8. PCURe Percent urban population 66.47 18.3¢
9. CoML Percent co-ncrcial sector 36.71 3.3

commereial
resldential L conercial

10, MCDIN Mcdian income (10") .17 1.4%
11. LOWIN Percent of foally incomes below gov't 11.67 %.18
poverty lovels
12. SINCLE Percent of single family houses n.n 3.1
13, XEWMS Percent of houses built since 1960  28.91 1.0
14, oLbuS Percent of houses bullt defore 1950 53,42 12.34
18. AVEIN Average income per eapita (10°) 3.9 .63
16. Wt Latitude of conter of the state 39.48 6.44

37. LONG longliude of center of the state 93.59 18.80



capite (HIBTU). The histogram in Figure 1 shows that
the assuaption of normality may be questionable, Two
gvaphical tests of normality are shown in Figures 2
and 3. One tesc uses Lilliefors' test statistic; the
other uscs a test statistic developed by Lohrding.

In the former, the normality assumption is tested by
placing (2-a)100% confidence bounds on the erpirical
distribution function (edf). The normal cusulative
distribution function (cdf) with mean and variance
ostimated by the sample mean and sample variance is
plotted. 1If the cdf falls outside the bounds placed
oo the edf, the assumption of norwality is rejected
st the a level of significance. In the latter,

the normality assumption is tested by placing (1-0)100%
confidence bounds on the normal cdf with mean and
variance estimated by the sample mesn snd sample
variance. If the edf falls outside the bounds placed
on the cdf, the assumption of normality is rejected
at a level of significance, 1In neither test is nor-
mality rejected at the 95% level of significance. A
normal probability plot and a lognormal probability
plot, two additional graphical techniques which msy
give further insight to the structure of the data,
are given in Figures 4 and 5,
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Yo describe the joint rclationship of RIBTU to
26 other variables (including transtormations of some
of the variables), a linear asultiplc stepuise regres-
sion procedure is uscd. Seventy-five percent of the
variance is accounted for by the varisbles degree days
(DEGD) and percent urban population {PCURB), The
equation of the fitted linear multiplc regression
model is

Y, = 22.155 + 8,657 X4 0.328 Xg
!’ »

i
where i=1,2,...,5

Y‘ s HIBTU for the i th state (1 axis)
X, . ® DEGD for the i th state (x axis)

‘l,i s PCURB for the i th state (y sxis).

Figure 6 shows a three dimensional graphica' represen-
tation where the fitted plane and the dat. points are
plotted., Lines are drasn from the data points to

the surface to give some indication of the deviations.
In a nonlinear regression analysis, the equation of
the fitted model is 2

x2 i X1
Y‘ = 33,835 77,607 =2=] + 1374,90 [ _——

X X

3,1 3,1

vhere i=1,2,,..,5

Y1 = HHBTU for the i th state (z axis)
X, i " DEGD for the i th state (x axis)
-y

Xy ¢ = MAXT (maximum temperature) for the i th
: state (y axis).

The fit of the data to the surface is shown in Figure
7. The two extreme points are Alaska and Hawaii.

Several techniques are availabie for displaying
multivariate data. We first discuss a gray-level
coded correlation matrix which displays the pair-
wise correlations between variables., The gray level
scale ranges from positive to zero to negative cor-
relations., Frequently, such a display may be useful
in directing attention to interesting variable

——

"e

Figure 6
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Figure 7

relationships. In Figure 8, note that HHBTL 1s posa-
tively correlated with DEGD, LAT, GLOS, MEDIN, and
AVEIN, negatively correlated with !WXT, PCAIR, LOWIN,
SINGLE, and NELUS, and nct correlated with POP, I'RIR,
ONEP, PCURB, COML and LONG.
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Figure 8

Another technique called Andrews' sine curves
uses the standardizcd data as coefficients of a func-
tion involving sines and cosincs of t in the range
(-m,m). A function involving the i7 variables was
plotted for each of the 50 statcs plus the District of
Columbia to visually cluster similar states. Rela-
tively tight bands suggest clusters., Wihen the origi-
nal data are usced, it is very difficult to scparate
clusters as shown in Figure 9. However, a plci of the
factor cocfficicnts from a principal componcnts analy-
sis in Figurc 10 shows three possible clusters of
states.

A uscful technique in analyzing multivariate data
is principal components. As pointed out in ref. 9,
the first few and l2st few principal components are
the ones of primary interest,  Figure 11 is the plot
of component 1 versus component 3, This plot reveals
that Alaska, Hawmii, California, :nd New York are
possible aberrant ohservations,
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Figure 9
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Another technique tor locating possibly amualous
points invelvss pleiting ihe s of squared lonp hs
of the projcctions af the ohecrvations  the last
few or fipst fex principal conponont coordinat-~ va 8
gamma probability nlot with o suitably choscr. shape
paraneter. Figure 12 &5 the plot of the sun of
squared projections on the first five components.
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Figure 12

Figures 13, 14 and 15 show the so-called Chernoff
faces for ti o 50 states plus the District of Columbia,
Here, 8 facial characteristic is associsted with a
variable as indicated in Table Il. For example, wide
noses correspond to large single populations and long
noses correspond to large populations. The faces for
New York and Califoinia are striking because of this
feature. Similarly, Alaska has a wide face because
of the large H{BTU consumption per capita, shercas
Hawaii has a thin face,

TABLE 1}
Pacis) Characteristic Variable
1. Fece ¥idth ey
2. Brow Lamgth SINGLE
3. Pace Heipht MAXT
4. Eye Separstion SAT
$. Pupil Position AVEIN
6. MNose Length ror )
7. Noss Width oy
6. Car Dismeter rPCURS
2. Ear Level o
10. Mouth Length 3]
11, Eye Slint MEDIN
12. Mouth Curvature PCAIR
13. Mouth Level FRIn
14, Eye Level Low N
18, Brow MHeight oLois
16, Eye Eccentricity LONG

17. Byebin Angle REWHS
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The dendro;ran, a tree=like graph of aon-
overlspping hicrarchical partitions, is another visual
tochnique used In cluster analysis. A computer jre-
Eran containing vight clustering techniques (iwarest
acighbor, (urthest ncighbor, sinple average, group
sverage, oedian, centroid, Lance and Niilians' (lex-
fble strateg)y, and ward's awthod) f» used, initially,
the data are standardiicd; both clasvical and robust
standardization techniques are used. Ragardicss of
the standardization and algovithn used, Alsska,
Califormia, Hanaii, and Scw York ore distinct from
the sain cluster.

113, 1°4Gk DATA SC1S

In data snalysis many of the ensuing problems
can te attributed to the Jata itself--perhaps inac-
curste, missing, too little, and recently too much.
Thesc Jarge daza sets not only create a tremendous
storage problem, but challenge computer graphics for
effective display vechniqucs.

The analyses conidered here deal with National
Uranjum Resource Lvaluation (NURE) data. The objec-
tive of this nationside airborne snd s rese sediment
TeCOnNALS3ance survey is to clas ify regins with
respect to their potential nincralization. For ex-
aaple, in the stream sediment survcy, LASL analyzes
the dats from five starcs: Kyoming, Colorado, Montans,
New Nexico and Alaska, In the sccond year of a five-
year study, LASL data hascs already contain seven
mi)lion words. Graphical techniques presented here
include scattergrams, 3-D and 2-D density plots, a
lincar discriminant analysis display, contour maps,
and moving windows,

Figure 16 is a scattergram of bismuth vs, thal-
lium for all geological formations on one map linc in
the Lubbock-Plainvicw area in Texas, The data in the
lower left-hand corncr represent recent geological
formations and nost of the formations follow a linear
trend except for the data on the right-hand side of
the plot where T1 becomes constant with Bi increasing.
These data belong to two clder formatio~s with known
uranium mincralization., Figurc 17 shows data for ore
geologic formation, Scattergrams such as this onc
are useful in identifying clusters representing mis-
classificd geological formations data,
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The probability distributions of certain random
variables such as thallium signals over a given geo-
logical formation of a flight line are thought to in-
dicate uranium concentration, A technique for com-
puting an empirical density function (edf) used to
estimate a probability density function has been
developed. /s many as 100 of these densities, each
representiny a map line or transect, can be displayed
simultaneously as shown in Figure 18. Since some of
*he edfs may be visually obscured by other edfs, the
J4-D plots have been compressed into a 2-D grid plane
in a lightness-darkness plot shown in Figure 19,

Figure 20 shows a linear discriminant analysis
d.splayed as a gray-level matrix useful in delin-
eating between favorable and unfavorable regions of
uranium mineralization, Each square represents 100
records (i.c., 100 second: of gamma-ray signals on a
map line) in the Lubbock area. The 23 rows represeat
23 map lines. There are eight gray levels which are
linearly spaced from light to dark over the interval
[0,1]. The lighter shades represent low probability
of favorable uranium mincralization while darker
shades represeut high probability of favorable
uranium mineraliczat.on,

Contour maps of the Lubbock-Plainview area also
indicate rcgions where the probability of finding
uranium is high, An examplc is shown in Figure 21.

Figure 18
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Figure 22 shows a method for dctecting clusters
of bismuth anomolies. The map of the arnmolies in the
Lubbzik area represents a 2-D Poisson pi.cess. A rec-
tangular moving window 6 miles wide and 8.5 miles (or
3 map lines) high is used to identify clusters contain-
ing 5, 6, and 7 or more anomolies at a specified prob-
sbility level.

Figurcs 16-22 represent different wavs of
displaying data analysis techniques. It is interesting
to compare thesec displays as to whether they indicate
the same favorable areas of potential mineralization.
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IV. CARTOGRAPHIC DATA SETS

Maps are very useful in displaying and communi-
cating information contained in data with spatial/
geographic relationships. The figures shown are
applications of cartographic techniques and have been
extracted from various on-going projects.

Figure 23 summarizes U.S. offshore oil and gas
lease data from October 1954 - November 1976, The
number of leases, the leasing years, the acreage and
the producing acres through 1974 are given for indi-
vidual states and regions as well as totals for all
the leases. Of the total 2,200,000 producing acres,
Louisiana has 2,116,000 acres and Texas has 118,000
acres.

Figures 24 - 26 are for a study of the impacts
of electric power generation in the West. The loca-
tion of existinyg and proposed power plants by type
for the Western and Rocky Mountain regions arc shown
in Figure 21, The letters represent the type of
plant, i.o., coal, oil, gas and nuclear. The size
of the letters indicate three levels of power genera-
tion: small, 500-999 Mie, medium, 1000-1999 Mye, and
large, 2000+ Mve. The Los Angjeles and San Francisce
arcas have a nunber of oil-fired plants and these
arcas arce simply shaded, tFipures 25 and lo are maps
to study pollution dispersion patterns, kigure 25
shows SO, concentration in Southwest Wyoming gor 1985
with pollution contours drawn cvery 0.25 ,/m".
Figure 26 shows change in fength of life due to pollu-
tion in days per person,  Similar graphical displays



were dorie for cxposure to suspended particulates,
additional restricted activity days due to pollution
and annual morbidity costs per person aad per town.
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CHANGE IN LENGTH OF LIFE

Figure 26

Computer-generated images aid in the study of
the effect of various contaminants on visibility.
Photographs of landscapes have been digitized on a
microdensitometer in wavelengths corresponding to
red, blue and green light. Data on transmitted and
total radiation are calculated and converted to egui-
valent densities using a plume visibility code. The
densities are superimposed on the image to furm the
pollution cloud. The color and extent of the c¢loud
are determined by the type of pollutant, different
control technologies and varying meteorological
conditions.

Figures 27 - 29 are from solar feasibility stud-
ies. The first map shows heating degree days which
is the average of the high and low temperatures sub-
tracted from a 65° base temperature for the 48 con-
tiguous states, Simply, the colder the climate, the
higher the number of heating degree days. Contrast
Florida with 214 and Maine with 7511. The second
map shows 1977 residential gas prices in dollars per
thousand cubic feet by state. Gas is generally
cheaper in the southern, central and Rocky Mountain
regions. Note that Maine has higher prices than
nearby Vermont and New Hampshire, Figure 29 shows
the pattern of economic feasibility for domestic
hot water under incentives provided by the National
Energy Plan of April 1977 and the House Modification
of that plan.

Heating Degree Days

Figure 27
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Figure 29

Figures 30 -~ 37 are maps displaying energy-
related data frum the regional studies program.
Figure 30 shows the five coal export-import regions
and Figure 31 is a flow map for the export of Rocky
Mountain coal, The circle represents the within
region total and the thickness of the arrows repre-
sents relative amounts of export to the other four
regions. Bar charts and pie charts are useful in
displaying energy totals for regions or states. Pro-
duction, consumption, export and negative export
(import) figures are displayed in Figures 32 and 33
using shaded bars. Figure 34 uses varying sized
circles to indicate production levels by region,
Sections of a circle are shaded differently to indi-
cate coal, oil and natural gas, hydro, nuclear and
other and uranium production. Figure 35 shows county
air quality maintenance areca data for the Rocky
Mountain region. An interactive composite geo-
information mapping system known as CMAPS provides
map data on such items as wilderness areas, ecosystem
trends, locations of natural resources, ete. for
selected regions in the U.S. Figure 36 shows types
of coal ficlds and Figure 37 is a composite of coal
fields with oil shale basins in the Rocky Mountain
region,
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V. SUMMARY

The computer-generated graphic products de-
scribed in this paper represent a variety of tech-
niques for displaying and analyzing small univariate
and multivariate data sets, large data sets and car-
tographic data sets. Computer graphics are useful
too.is for communicating informatiun efficiently and
effectively.
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