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SECTION 1 !

v

INTRODUCTION .::

The Image Based Information System (IBIS) has been under development at ?ﬁ

the Jet Propulsion Laboratory (JPL) since 1975. It is a collection of more 5
than 90 programs that enable processing of image, graphical, and tabular data :}
for spatial analysis. [IBIS can be utilized to create comprehensive geographic \j

data bases. From these data, an analyst can study various attributes

describing characteristics of a given study area. Even complex combinations
of disparate data types can be synthesized to obtain a new perspective on -
spatial phenomena.

Y
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In 1981, a methodology was developed for using IBIS to construct data
bases that could be subsequently queried through direct submission of Boolean
expressions (Friedman, 1982). The process of building a data base that could N
be queried was not complicated; and no new IBIS software had to be developed.
However, the process of creating Boolean statements and executing queries was
not simple. The query software, although functional, was not very sophis- 'k-
ticated or user-friendly. The analyst was required to remember the entire -l
complex structure of the data base in order to build any query. This require-
ment usually resulted in the production of detailed lists that mapped out the
complex relationships between the various data objects contained in the data o
base. Despite this drawback, the query software proved to be an effective -
tool for spatial analysis. As a result of these developments, a new endeavor )
was begun to develop more sophisticated and user-friendly query software.

e

In 1984, new query software was developed enabling direct Boolean queries

of IBIS data bases through the submission of easily understood expressions. 4
An improved syntax methodology, a data dictionary, and display software sim- -
plified the analysts tasks associated with building, executing, and subse- -
quently displaying the results of a query. The primary purpose of this report ;}

is to describe the features and capabilities of the new query software. A
secondary purpose of this report 1s to compare this new query software to the
query software developed previously (Friedman, 1982). With respect to this
topic, the relative merits and drawbacks of both approaches are covered. e

1.1 BACKGROUND

IBIS has been developed out of the need to merge digital imagery data, :}f
such as that obtained from airborne and satellite scanners, with the more vj\
traditional geographic data such as thematic maps and tables. Due to '_f

differences in methodology for automated storage of these disparate data :
types, the imagery and geographical data cannot be directly used in compu- .
terized integrated analysis. With IBIS, however, these data types can be
transformed into a standardized group of data tformats that can be easily
interfacred tor spatial analysis.

The primary data storage medium for IBIS is the data plane, or digital -‘
image (raster); however, vector-graphics and tabular data sets are handled as i
well. In order to compare vector-graphics files with image data, the vector ’

data are first converted into image format. To perform this function, a e
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complete set of software is provided to enable (1) the initial reformatting of
input data from outside sources, (2) the correction of both global and local
spatial distortions, and (3) the conversion of vector-graphics formatted data
into the raster format. A large number of IBIS programs have also been
developed to process data stored in tabular form. These data are stored in
files referred to as attribute files (previously referred to in other docu-
ments as interface files). The variety of software for processing attribute
files is quite diverse, including programs that enable processing of complex
mathematical expressions and models as well as basic programs for file main-
tenance and listing. Depending on the application, these attribute files may
be processed independently; but they are most commonly linked to one or more
specialized data planes referred to as region-coded data planes. Region-coded
data planes are used to represent geographical areas, or regions, in an image
context. When used in the latter mode, these attribute files usually provide
spatial context to their associated region-coded data plane.

Initial applications with IBIS pertained to merging thematically
classified Landsat data with some form of georeference material for the
purpose of reporting land cover distributions within commonly understood
boundary regions such as census tracts (Angelici and Bryant, 1976; Bryant,
1976). Subsequent advancements in IBIS enabled the construction of large
digital image mosaics and data bases with precise planimetric qualities
(Zobrist, 1979). Cartographic applications based solely on the digital
analysis of thematic maps and other nonimage source materials have also been
completed with IBIS. One application dealt with modeling subsurface coal
resources in Illinois (Farrell and Wherry, 1978). Another application (Logan,
1981) dealt with the analysis and modeling of the potential for debris slides
occurring in mountainous terrain.

Multilayered data bases, containing several independent region-coded data
planes and their associated attribute files, were constructed in order to
perform the last two referenced IBIS applications. Analysts subsequently
developed complex batch-entry computer programs to perform the needed modeling
on those data bases. The results of those applications were quite effective,
and proved that IBIS could be used to merge disparate cartographic data for
modeling applications.

S
o
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An offshoot of those applications was the realization that IBIS data
bases could be constructed to facilitate data base queries by submission of
Boolean query expressions. The first application of a query procedure
involved the analysis of a vegetation map containing four levels of detail.
The map itself was quite complicated, as it depicted four layers of vegetation
information on a single map sheet. Human interpretation of the map was nearly
impossible. However, once an IBIS data base was counstructed, it became quite
easy to analyze the map data by submitting Boolean query statements. The data
base for that operation was quite simple, containing only one region-coded
data plane and its associated attribute file. The capability to query a data
base containing a single data plane and attribute file had been proved. That
work paved the way towards the development of query software that could be
utilized to analyze complex data bases.

RS
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1.2 IBIS QUERY DEVELOPMENT

The first IBIS data base query software (Friedman, 1982) involved the
execution of a previously stored sequence of batch-entry job steps and
operated on a data base derived from four independent map sources. The four
source maps were converted into IBIS data sets through previously developed
and tested methodology. Then the four region-coded data planes were combined
to create a higher level region-coded data plane referred to as a composite
feature (CF) data plane. Rather than processing and querying the four
independent region-coded data planes, the CF data plane and its associated
attribute file was actually queried. The query statements themselves were
produced by the analyst at run-time, and consisted of a Boolean expression
similar to those used in FORTRAN for logical Boolean operations. This process
proved to be quite effective and provided the first capability to query large
IBIS data bases.

Although the first batch query procedure was an effective tool, several
aspects of that procedure made it unwieldly to utilize. Creating the CF data
plane and its associated attribute file was a complicated process. Further-
more, the methodology employed prohibited the addition of new region-coded
data planes to the data base without complete reconstruction of the CF data
plane. Even after the data base was constructed, the actual development of
query statements was complicated by the fact that the user had to remember all
aspects of data base organization. Additionally, the syntax for developing
query expressions was not considered to be user-friendly. Finally, the query
process in itself could be simply improved by making it an interactive
process.

1.3 ADVANCED IMAGE QUERY

Some improvements to the batch query procedure were obtained through a
simple modification making it a semi-interactive procedure. The actual
software involved in query processing was unchanged, but the action of placing
the procedure within an interactive context was a significant improvement in
itself. However, removal of the obstacles previously described necessitated a
complete redevelopment of the query concept. A new query procedure was
developed that operated directly on the individual region-coded data planes
comprising a data base instead of querying the CF data plane. Part of the
improvement was the development of a new query language and the introduction
of a data dictionary. Finally, the query software was merged with existing
interactive image display software to provide more versatility for the user.

1.4 DEMONSTRATION DATA BASE
A demonstration data base was built to test both the batch and inter-

active query software. Source materials for the data base consisted of four
sets of thematic information on three film transparencies. The four themes
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included were: (1) land use (Figure 1-1), (2) elevation (Figure 1-2), (3)
100-year floodplain, and (4) land use revisions (both on Figure 1-3). The
source maps were digitized, producing four IBIS vector-graphics files.
Vector-graphics files are used to store coordinate data within IBIS. Those
files were subsequently processed in order to create four IBIS region-coded
data planes and four attendant attribute files. Additional processing steps
were also required to prepare the data base for the batch query procedure in
order to develop the CF data plane.

1.5 APPROACH

In order to provide perspective on the differences between this new
approach and the earlier IBIS effort, both the original and the new query
processes are described. The original query procedure is covered in Section
3, and the new method is described in Section 4. Preceding those two
sections, a brief description of the test data base, including the method of
its construction, is covered. A more detailed description of the development
of the test data base can be found in Section 2 of Image Based Approach to
Mapping, Charting, and Geodesy (Friedman, 1982). Finally, several sample

query results can be found in Appendix A, and a detailed listing of the
contents of the data base can be found in Appendix B.
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Figure 1-1. Land Use Base Map Used in the MC&G Application

L-5




" 24t 4

\R. - - L - - - - - - 1 3 - - - - . - > -~ o

L]

5 A
.

T e Y
“vs"r‘l f{f.

Te Te " ‘ ‘-'.

LA A

Wy Sy T
A

\ -~
2 - -
5- |
.
* :

i ...

\ .

\ =
\ i
% .

W =

\, o

Figure 1-2. Topographic Base Map Used in the MC&G Application a

e e
'.‘ .| lu .' 'l

O

N TR LU R S . o e Ta . IO - - " Ty A e
P I 3 . T P ) I A W A A R W o A R VS I S T A LS




A

e Se.rl

’ .
‘A

e 2 Y
1"..
%2

TOV

o SN AN
r 2NN

.-
-
K

w

v v
PP
B
el

‘s *» %

“ ﬁ;\ﬂ

- REVISIONS

0

v
e .

+ TRArFic P

f

i e
1

-;.'.'
A
» T

{'\LIMIT OF s00 ym

Floco PLaw

T
e S
Tt

. .

B
|
|
|
|
|
|
|
&

.......
AIROI S T N
Py S g

Figure 1-3. Two Themes, the l00-year Floodplain and Land Use Revisions,
Provided on the Same Base Map for MC&G

' ,.....
PP AP
e s Ta Te et 0
J L ,‘,':'n'v[

1-7




8y

SECTION 2

P S A A N Y

DEVELOPMENT OF THE DEMONSTRATION DATA BASE

LAY

An IBIS data base was constructed for the purpose of demonstrating the
query software. The data base represented aspects of the physical and cultural
environments in and around Healdsburg, a small city in the wine country of
northern California. Source materials used in the construction of the data
base were three film transparencies containing four categories of thematic
information: (1) land use, (2) zones of elevation, (3) the 100-year flood-
plain, and (4) land use revisions. The film transparencies were originally
hand-drawn and registered to the Healdsburg topographic map (1:24,000 scale)
produced by the US Geological Survey. The source data cover about l4.5 square
miles of the northeast corner of that quadrangle.

The query data base itself includes four IBIS paired-data sets (PDS).
Each IBIS PDS is composed of two files, a region-coded data plane and its
subordinate attribute file. The region-coded data plane embodies the spatial
component of a PDS. Within that data plane, individual regions are uniquely
identified by assigning all pixels within each region a unique gray tone (DN
value, an eight-bit binary value). Each attribute file is subordinate to a
region-coded data plane and contains specific tabular information describing
attributes of the regions in the associated region-coded data plane. Several
categories of information, such as each region's DN code, attribute label, and
areal coverage, are possible attributes that can be stored in an attribute
file. The logical association between each region-coded data plane and its
associated attribute file is derived from the fact that region codes are
represented in both data sets, either as a DN value in the case of the region-
coded data plane or as an attribute representing a DN code in the case of the
attribute file. Since region codes are represented in both companion files,
data can be freely exchanged between them. For example, attribute data can be
mapped onto a region-coded data plane (Friedman, 1980), or pixel counts can be
tabulated by region and entered into an attribute file (Angelici and Bryant,
1976).

2.1 PREPROCESSING

The creation of the Healdsburg data base involved the execution of a
series of preprocessing steps. In this context, preprocessing refers to all
procedures necessary for the preparation of the data base, but it does not
include any processing directly associated with data base queries. When raw
data are made available in the form of map transparencies, as was the case in
this application, preprocessing can be divided into six distinct phases: (1)
coordinate digitization, (2) reformatting, (3) spatial rectification, (4)
vector-to-image conversion, (5) region coding, and (6) region labeling. The
end result of completing these processing steps is the creation of an IBIS PDS
composed of one region-coded data plane and one attribute file. Several of
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these data sets were created in building the Healdsburg data base. Data

processing steps listed above are briefly described in the following portion
of this report.*

2.1.1 Coordinate Digitization

When source data are provided in the form of thematic maps or other two-
dimensional hard copy, the data must undergo several processing steps before
they can be used for IBIS query operations. The first step in this process is
to convert map data into an electronic, computer-readable form. This process,
referred to as digitizing, basically involves tracing map features with an
electronic device that rerords their coordinate positions.

Coordinate digitization of the Healdsburg data base involved the produc-
tion of two separate files for each of the four thematic overlays. First, line
segments were traced to define the boundaries between geographic regions. A
series of Cartesian coordinates (x,y) were recorded to represent each line
segment. A separate line segment file was prepared for each map. Then, a
second set of files containing region attribute (label) and positional
reference information was digitized. One label was recorded for each region
followed by a digitized coordinate that provides the physical mapping o¢ the
label to a specific region. These data provide the spatial component for the
data base, eventually becoming region-coded data planes. These data provide
the basis for the development of attribute files. Check plots were prepared
to verify the quality of the digitization and to determine where corrections
were required. Several iterations of preparing test plots and subsequent
editing of the digitized files were completed before error-free products were
produced (Figures 2-1, 2-2, and 2-3).

2.1.2 Reformatting

The final products obtained from the digitizing effort were eight files
recorded on magnetic tape--four files containing boundary information and four
files containing attribute data. Before those files could be used in IBIS
query applications, they had to be reformatted to conform to the Video Image
Communication and Retrieval (VICAR) system, and hence IBIS, standards for data
set configuration. Two modifications were made on all input digitizer files.
First, various system labels that describe data set attributes to VICAR (and
IBIS) programs were added to each file. Then, the internal data format of the
coordinate data was modified to conform to IBIS vector-graphics file specifica-
tions. Basically, all this step involved was the simple conversion of the data
from the integer storage format of the digitizer to the real-data storage
format used within IBIS. After these two steps were completed, the data sets
were ready for the next data processing phase, spatial rectification,

*A more detailed description of the steps for data base preparation can be
found in Image Based Approach to Mapping, Charting, and Geodesy (Friedman,
1982). An overview of IBIS, including a detailed description of the

relationship between region-coded data planes and attribute files, is covered
there.
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2.1.3 Spatial Rectification

When a geographic data base is being constructed for query, spatial
continuity between all layers of the data base is essential. Misregistration
or improper spatial alignment between the region-coded data planes would cause
misrepresentation of the test area when the data base is queried. In order to
maintain registration, all data planes are registered to a planimetric base
known to have good spatial continuity. This process serves two purposes.
First, data that were originally digitized from maps of differing scales and
possibly different origins can all be referenced to the same absolute scale of
the planimetric base. Second, local registration anomalies frequently occur
as a result of map projection, digitizer operator error, or interpretation.
Frequently, they can be easily corrected through invoking IBIS spatial
rectification software.

Usually, two types of spatial transformations, affine and piecewise
geometric, are employed to bring data into proper aligument with the
planimetric base. Two IBIS programs, POLYREG and POLYGEQOM, provide these
capabilities. POLYREG, an affine transformation program, is first employed to
obtain a close spatial fit to the planimetric base. A test lot or test image
(Section 2.1.4 describes that process) is usually produced to verify the close-
ness of fit. Then small local aberrations in alignment are identified and
tiepoints are selected to define local deformation patterns. These tiepoints
are input to POLYGEOM, a piecewise processing program, for finer adjustments
or corrections. Again, test plots or images are produced to check for
registration accuracy. Usually, several iterations of adjusting registration
tiepoints and running POLYGEOM are required when a precise fit is needed.
However, when only close spatial alignment is needed, use of POLYREG alone
produces acceptable results.

All source materials used for the Healdsburg data base were obtained
directly from a US Geological Survey topographic map and from overlays that
were registered to that topographic map. Since the polyconic projection used
for the Healdsburg quadrangle is an acceptable source of spatial continuity
for small geographic regions such as the Healdsburg area, the topographic map
itself was selected to be the planimetric base.* All but one of the data
tiles were transformed to the coordinate reference of the planimetric base by
using POLYREG alone, as the simple two-dimensional affine transformation
(scale, offset, and rotation) proved to be sufficient for registration among
the images. Additional, minor local-area adjustments were required to bring
the land use revision map into spatial alignment. The IBIS program POLYGEOM
was utilized for that purpose.

*The actual topographic map was never converted to image form. However, the
geometry as defined by the topographic map was used to provide the planimetric
base for the data base. The relative scale of the image data base was set at

1:2640,000. At that scale one pixel represents 400 square feet and is 20 feet
on a side.
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2.1.4 Vector to Image Conversion

The IBIS data plane, or raster image, is the primary data structure for
much IBIS processing. Once the digitized map data are converted into the IBIS
vector-graphics format and are transformed to register with the planimetric
base, the next processing step is the transformation of the vector data into
data planes using the IBIS program POLYSCRB. The operation of POLYSCRB is
analogous to the way in which a plotter converts vector data into a hard-copy
plot, with the exception that the output medium is a digital image instead of
a piece of paper. The program reads IBIS vector-graphics data one line at a
time, scribing each line onto the raster image. For each line segment pro-
cessed, a one-pixel-wide line joins all vertices defining that line. When the
process is completed, a data plane containing a scribed representation of all
line segments as defined by the input vector-graphics data file is obtained.

Each of the four independent vector-graphics files was processed, yielding
four data planes representing the four basic themes. An additional data plane
was created bv combining those four data planes into one image. This data
plane contained the composite boundary information contained in the four data
planes previously developed (Figure 2-4). It has a special functionality, the
topic of which will be described in Section 2.3.1.

(%]
—

.5 Region Coding

Region-coded data planes are one of the two end products of preprocessing
that are directly usable in query operations. These data planes are used to
represent the spatial component of the data. The region-coded data plane is a
uniquely designed data plane because pixel DN values are used to distinguish
regions from each other. In contrast, data planes produced by program POLYSCRB
contain region boundary information where the boundaries of the regions are
represented by DN code but are not distinguishable from each other. This
process of converting the data planes created by POLYSCRB into region-coded
data planes that can be used for data base queries is referred to as region
coding and is accomplished through IBIS program PAINT. Although the specific
details of the operation are complex, PAINT basically processes an input image
line-by-line, pixel-by-pixel. The first pixel of an image is assigned an
initial DN value. All subsequent pixels along the line are assigned the same
DN value until a boundary pixel is encountered. When such a condition arises,
the DN value is incremented by a value of one, and the next group of pixels
are assigned that DN value until the next boundary pixel is processed. The
process continues until the entire line is processed in that manner. For
subsequent lines, the same process of pixel assignment is repeated, with the
additional construct that the previous line is used to seed the DN value for
all regions that are continued from it.
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The four data planes representing the original thematic overlays produced
by program POLYSCRB and the combined boundary data plane produced by combining
the four overlays were iuput individuaily to program PAINT tor region coding.
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The result of that process was the creation of five region-coded data planes :S\

(Figure 2-5 shows one example). The number of unique geographic regions g’}

comprising each region-coded data plane was reported by IBIS program PAINT 5:

(Table 2-~1).% .

a _ _ N

¢ Since visual discrimination of each nominally encoded geographic region is %

- - - - . . . ~ \

. nearly impossible, a four-color mapping program, COLOR, is frequently utilized .$\

5 to enable visualization of the regional morphology (Figures 2-6 and 2-7). The N

] COLOR product is primarily used as an aid in editing operations, its main i

' function being the determination of whether all regions have been properly

. identified through program PAINT. Frequently, line segment digitizing errors s
‘ go undetected until this point, where COLOR makes such errors stand out. When %

. such an error is detected, the digitizer files must be corrected and the data =N

) must be reprocessed by using POLYREG, POLYGEOM, POLYSCRB, PAINT, and finally ﬁ{'

: COLOR.
5

. 2.1.6 Region Labeling ;i{

Region-coded images are useful in geographic analysis because they provide
the spatial context for studying various phenomena. Because of their coding N
structure, region-coded images can be used to discriminate between neighboring
administrative districts, such as state, county, or municipal regions, as well
as for unique identification of land use or land cover polygons. However, —
these region-coded images do not provide the full coniext needed for geographic -
analysis. Wnat is missing are label references describing the specific attri-
butes that provided the basis for the identification of the specific regions
in the first place. For example, if a census tract map was digitized, the
identification code numbers for each census tract must also be recorded for
: thg region-coded image to be useful in geographic analysis.

. In Section 2.1.1 of this document it was stated that two types of informa-
tion were digitized from each of the four thematic map sheets: (1) line <o
segments, and (2) region attribute labels. Each region attribute label data
file contained geographic reference points recorded in Cartesian space via
. digitization and associated region (polygon) identification labels for all
regions contained therein. As with the digitized line segment data, those
region attribute label files had to be processed before they could be useful o~
in subsequent query analysis. Those processing steps are described below. ‘

8 8 b

*The actual number of regions comprising each data plane slightly exceeded
manual tabulation of geographic areas from the source maps; this discrepancy

. was attributed to artifacts induced by scale reduction and vector-to-raster o
. conversion. The results of these circumstances caused some regions to become o
. . - . : KA
pinched. Thls'cond1t¥o? is fr?que?tly encountered but presented no major L

problem for this specific application. o
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Four other region-coded data planes were prepared
for elevation zones, floodplain, land use revisions,
and the composite feature data plane.

- "t atmte
SRR LN
‘A be o e L e L e e

54

Lot '}:"}:’, 5




PR

AN
-~
. -
. -
. C .
. o,
N -
. ..
- N
te S
]
<
-
“
.
K=
a
-

A

TN R 4

PR

L
©

g Figure 2-6. Four-Color Representation of the Land Use Region-Coded
: Data Plane

«

- - . - . ~ - - -."- t . RN - - - . - .~ - . . . . ~~’\

R R K K . R T L SR SN L e
e hS . S e e C I N - O e T S S S T At S IV PR SR

< PP IR I AP IRP AR SPDP I SO SN R YNy T ST VPR VE VO PR YR P v




Figure 2-7.

Four-Color Representation of the Contour, Floodplain,
Land Use Revision, and Composite Feature Data Planes
(left to right, top to bottom)
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Table 2-1. Number of Regions per Region-Coded Data Plane

Data Plane Number of
Polygons
Land Use 229
100-Foot Contours 77
100-Year Floodplain 4
Land Use Revisions 5

The region attribute data were processed with the same set of procedures
used for the line segment files through the first three processing steps: (1)
coordinate digitization, (2) reformatting, and (3) spatial rectification.
However, these data files were never converted to images. Instead, the data
were eventually converted into IBIS attribute files (attribute files are used
within IBIS to store attribute and tabular data). An IBIS program, CTRMATCH
(center-match), has been developed to produce a link list between each digi-
tized region label and each region code assigned during the region-coding
process. CTRMATCH processes each region label sequentially in the following
manner: The pixel value within the region-coded image defined by a label's
reference coordinate is read to determine the region code (DN value) assigned
to that region. (Since all pixels within a region are coded with the same
unique value, that reference pixel is always representative of the value
assigned to all pixels in that region.) After the region code is identified,
both the region label from the region label attribute file and the region code
obtained by CTRMATCH are recorded in the IBIS attribute file.

The previous paragraph describes a complicated subject. To illustrate
the process of matching region labels and region codes, the following example
is provided. Suppose a region label for a land use polygon coded "ACC" had a
reference coordinate after spatial rectification of line 92, sample 57. The
CTRMATCH program would read the pixel value at that position within the region-
coded image and determine that the region code for that region was 117, thereby
establishing a link between the attribute label ACC and the region coded 117.
Now that the link is identified, the region label and region code are recorded
in two columns of an attribute file, completing the process. Then, the next
region label is processed to obtain the linking information for that region.
That linking information is also stored in the attribute file. Eventually,
all region labels are processed, yielding an attribute file where two columns
describe the region label and region code for each region contained in the
region-coded data plane.

Four such attribute files were produced for the Healdsburg data base.
The land use revision region-coded data have the fewest number of members.
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The associated attribute file is extremely simple, having just four entries,
and can be used to illustrate the structure of all the Healdsburg data base
attribute files (Table 2-2).

When the attribute files were combined with their associated region-coded
data planes, four IBIS PDS were formed. Complete geographic identification,
both spatial and topical, was achieved.

2.2 IMAGE PLANE OVERLAY AND AREA CALCULATION

Image plane overlay (frequently referred to as polygon overlay in vector-
based mapping systems) is a process that enables the computation of the
frequency of occurrence of pixel codes representing specific thematic features
in one image within the context of recognized regions (e.g., census tracts)
defined by a region-coded image. (The IBIS program POLYOVLY is used for image
plane overlay.) The most frequent application of image plane overlay is for
the computation of the frequency distribution of land cover features identified
through multispectral classification of Landsat imagery within geographic
regions such as census tracts. The image plane overlay program can also be
used to obtain a simple frequency distribution (pixel counts per DN code) of
the regions comprising a region-coded data plane. From that information,
areal computations can be made. This latter mode of operation was utilized
for the query effort.

Typically, the results of image plane overlay are added to preexisting
attribute files. In the case of building the Healdsburg data base, frequency
distributions derived from image plane overlay were added to the attribute
files produced from program CTRMATCH. Once the number of pixels comprising
each region was known, a simple mathematical calculation (IBIS program MF, for
mathematical formula) could yield areal coverage in any measurement system.
Acres and square miles were computed for all regions within each region-coded
data plane of the Healdsburg data base. At this point in processing, each
attribute file (Appendix B, Tables B-4 through B-7) contained five columns of
information: (1) region code, (2) region label, (3) pixel count, (4) areal
coverage in acres, and (5) areal coverage in square miles. The land use
revision attribute file is reproduced here (Table 2-3) to demonstrate the
structure of all the Healdsburg data base attribute files.

Table 2-2. Interface File Representing Land Use Revisions

Region Region
Code Label

(blank) (non-change areas)
UIS
ACC
AVV
URS
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Table 2~3. Final Attribute File for Land Use Revisions o

> A
s
.

< Region Areal Coverage
Code Label Pixels Acres Sq Miles

975334 8995.5 13.99 b
IS 4390 40.3 0.06 Sad
AcCC 5606 1.5 0.08 P
AVV 6200 56.9 0.09 R
URS 16470 151.2 0.24 o

W& w N

2.3 SPECIAL PROCESSING REQUIRED TO SUPPORT THE INITIAL QUERY PROCEDURE

The first IBIS query procedure required some additional data processing
to prepare the data sets for query. As previously mentioned, although these
processing steps were required, they were not advantageous when considering
the long-term use of the data base. Consequently, the elimination of this
processing requirement was a major design goal with the new query software.
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2.3.1 Development of a Composite Feature Data Plane

IV
I i

The initial IBIS query procedure developed by JPL could be used to query
only one region-coded data plane and its associated attribute file. Since the i
Healdsburg data base was comprised of four data planes, a method had to be A
devised to enable a single query to operate simultaneously on any or all of -
the data planes comprising the data base. To do this, the development of a
composite feature (CF) data plane was devised. The CF data plane's function NS
is similar in concept to the use of least common geographic units (LCGU) in
ODYSSEY (Sharpley et al., 1978, pp. 3-4) and other vector-based mapping
systems. The CF data plane would contain all the spatial attributes of the .
four region-coded data planes previously developed. iff

The CF data plane was created by first combining the four POLYSCRB data
planes (refer to Figure 2-4) representing the four themes and then region-
coding that composite image as described in Sections 2.1.4 and 2.1.5 of this
report. A total of 764 regions were identified by PAINT and represent the
total number of unique region combinations for the four input data planes.
The four-color mapping algorithm was implemented to depict the complexity of
that image (refer to Figure 2-7).

An attribute file was produced for the CF data plane. As with the other AN
attribute files associated with a region-coded data plane, it contained a e
column for region code references. However, it did not include physical label R
references for each region, since labels were never digitized for features )
formed in the composite image. However, a linkage between the CF attribute s
file and the other attribute files was necessary if a query was to be performed
on the CF data plane. The following method was used to create the attribute
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file for the CF data plane. Instead of developing region labels and region
code associations through program CTRMATCH, a more complex process was
initiated. First, a multi-image plane overlay program (MULTOVLY) enabled the
simultaneous overlay of the CF data plane and the four region-coded data
planes comprising the data base. (The operation of MULTOVLY is similar to the
operation of POLYOVLY, described previously.) The product of that operation
was an attribute file containing six columns of descriptive information about
region codes for each region underlying a CF region (Table 2-4). This CF

! attritute file enabled contextual references to be made between the CF data

. plane and any of the four attribute files representing the four region-coded
- data planes in the data base.

| 3 2 0 QP QF aF,
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Since the CF data plane was derived through the combination of the four
thematic data planes, the resultant CF attribute file was simply structured
(Table 2-5). For example, the characteristics recorded for CF region 25 are
associated region codes 13, 11, 4, and 1 for the land use, elevation, flood-
plain, and land use revision region-coded data planes, respectively. The
number of pixels comprising that CF region totaled 1302. All other regions
comprising the CF attribute file (Appendix B, Table B-8) can be interpreted in
a similar manner.

oo s
A}
v
Y

v’

2.3.2 Development of the Master Attribute File

After processing by MULTOVLY, sufficient information is not available to
determine the actual composition of a CF region. Without the addition of
. identifiable attribute labels for the four subordinate region-coded data
- planes, the CF data plane and attribute file would be of little utility for
query or geographic analysis. Hcwever, with the addition of attribute label
information from the attribute files associated with the four region-coded
data planes, the CF attribute file can contain sufficient information to
facilitate analysis and query. The I[BIS program MERGE was used to combine the
- attribute features of the subordinate attribute files with the CF attribute
file. The end result of the process was the development of a master attribute
file (MA file). (Again, the development of this file was necessary only for
the initial query procedure and was not used after the new query software was
developed.) After the attribute codes were added to the MA file, areal calcu-
lations for all CF regions were completed as done before for the four other
attribute files using IBIS program MF.

Table 2-4. Structure of the CF Attribute File

1 Region Codes for the CF Data Plane

2 Region Codes for the Land Use Region-i’oded Data Plane

3 Region Codes for the Elevaticn Zones Region-Coded Data Plane

4 Region Codes for the 100-Year Floodplain Region-Coded Data Plane
5 Region Codes tor the Land Use Revision Region-Coded Data Plane

6 Pixel Counts for the CF Data Plane




Table 2-5. Partial Listing of the CF Attribute File

Column: (1) (2) (3) (4) (5) (6)

Contents: CF Land Use Contour Flood Revision Pixel (Pixel
Contents: Code Code Code Code Code Counts Counts)

1 1 1 1 1 109

2 2 1 1 1 209

3 3 1 1 1 52030

25 13 11 4 1 1302

763 229 73 1 1 359

764 229 5 1 1 82

One final augmentation was performed to enable direct querying of the MA
file by the initjal query procedure. That operation required the use of
numerical attribute labels instead of the character codes originally produced
at digitization. Consequently, all character labels we > given numerical
reference codes for query purposes. That information was also stored in the
MA file. (Tables defining the relationship between attribute labels and
numerical equivalents are contained in Appendix B, Tables B-1 through B-3).

The final MA file used to demonstrate the first query procedure contained
tabular information describing (1) region codes for the CF data plane as well
as the four other data planes, (2) pixel counts, (3) areal calculations, and
(4) character and associated numerical attribute labels. When combined, the
attribute file contained twenty columns of information (Table 2-6).

2.3.3 Generation of Tabulations from the MA File

The MA file contains much descriptive information about the Healdsburg
area. That information can be formatted and listed in tabular form through the
use of the I[BIS software programs AGGCRG, AGGRG2, COPYFILE, MERGE, TRANSCOL, MF,
and REPORT. The specific IBIS procedures involved are not described in this
document, as they are adequately explained in other reports (Friedman, 1980;
Angelici and Bryant, 1976). However, a brief description of the basic IBIS
reporting capability is important to gain perspective on the improvements
brought to I[BIS with the query software. A very detailed listing of the MA
file can be produced, describing the areal coverage for each region in the CF
data plane (Table 2-7).
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;J: Table 2-6. Composition of the Master Attribute File -

Column Contents “.
1 CF Region Code A
2 Number of Pixels per CF Region
3 -unused- e
4 Land Use N oy
5 Elevation - Corresponding Region Codes Derived :}
6 Floodplain < From These Region-Coded Data Planes =
7 Revisions -
8 Number of Acres per CF Region (computed value)

9 Number of Square Miles per CF Region (computed value) -
10 ~unused- I
11 Land Use N -
12 Elevation N Alphabetic Labels for Region .
13 Floodplain / Described in Columns 4-7 ]
14 Revisions s ¢
15 Land Use £
16 Elevation N Numeric Labels for Region IS
17 Floodplain ’ Described in Columns 4-7 ]
18 Revisions s/ o
19 -unused- o
20 -reserved for query result- A
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The process of obtaining a tabular report of areal coverage by a specific
topical theme involves some reordering and aggregation of data components
within the MA file. For example, utilizing the MA file to generate a report
describing land use regions as they are represented in the land use data plane
requires merging information from several adjacent CF regions. Since regions
within the CF data plane were formed by the intersection of all regions from
all input image planes, the attributes of those smaller regions have to be
reaggregated within the MA file to represent the original spatial context of
the land use data plane before a tabular report can be produced (Table 2-8).
This can be accomplished, since attribute information is maintained for all
input data planes within the MA file.

Several other themes can be represented through simple manipulation of
the MA file. For example, one useful report that can be derived from the MA
file is a listing of all unique thematic combinations among the four map base
overlays (Table 2-9). Greatly detailed information about the study area as a
whole can be gleaned from such a listing. However, little if any information
about the spatial distribution of that information is available in this form.

2.4 CONCEPTUALIZATION OF THE HEALDSBURG DATA BASE

With completion of the data base preparation phase, the Healdsburg data
base was ready for query. The data base consisted of several representational
files derived from the four original thematic data planes (land use, contours,
land use revisions, and floodplain) and the newly established CF data plane
with its associated MA file. For each of the thematic overlays, a line seg-
ment image, a region-coded image, and an attribute file were produced. The
relationship between the various data planes and attribute files can be pic-
torially depicted (Figure 2-8). The only paired data set used for the first
query procedure is the composite feature-master attribute PDS, depicted at the
center of the diagram. For the later version of [BIS QUERY, the four original
themes are used in query operations. Those data sets are depicted as the
smaller data sets at the edges of the diagram. In addition to the PDS files,
other files registered to the data base, such as the region outline data
planes, have been used to provide a spatial context to the results of the
query.
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. SECTION 3 ol
| ¥
s BATCH-ENTRY QUERY Y
N Through analysis of tabular listings such as those described in the pre- :f:
) vious section, a great deal of information can be learned about the Healdsburg ::;
A region. The proportional coverage of specific types of land use or topographic ,x:-
% features can be determined. Even the sizes and types of regions that could be ;f:
subjected to severe flooding during a 100-year flood could be determined with ol
some effort. However, the actual utility of those reports is limited due to o

the cumbersome nature of the reporting structure and the complexity of the data ¢:
sets involved. The missing features needed to make such data base information o
really useful are (1) simple methods to develop queries, and (2) the capability {t’

to represent such information in a spatial context. With the reporting pro- -
cedure previously described in Section 2, there is no way to easily determine 2"

. what conditions specifically exist, and it is impossible to determine where .
- those features exist within the Healdsburg area. O
: Two files are used in batch-entry query processing described in this -;}:
. section. The spatial component of the data base is represented by the CF data R
1 plane, while attribute data are stored in the MA file. Specific columns of b

. interest to query development are listed in Table 3-1. The complete MA file -
- was described in Section 2 of this document. e
L
3.1 THE IBIS QUERY PROCEDURE T

The first query softwvare was developed to address the problems of selec- il
tion and identification of specific desired themes, leading to their subsequent R
spatial representation. Since four disparate data sources were integrated in
the Healdsburg data base, topical inquiries could be constructed to learn about
the nature and distribution of any of those features represented in the data
base. Inquiries could be so complex in structure that they could not be easily
perceived through traditional map interpretation, and their analysis was made s

possible only through the query software. ?:

' . ;::.,:-
3.1.1 Calling Sequence )

The first query software was actually a sequence of batch-entry job steps N

that were linked to form what is referred to as a procedure. It was developed v

in the following manner: First, a sequence of IBIS programs were constructed SRR

to query the IBIS data base as a batch job. This job sequence was tested and o

retested until it was determined that the batch job consistently produced ol

accurate results when applied to the data base. Once verified, a parameter )

) processing sequence was placed in front of this job stream, forming a complete DAY
- query procedure. The procedure was then tested, and once it was determined to ﬁﬂ'
X operate without error, the query procedure was stored in a run-time program ¢;1
S library. &:f
I‘-‘

o

3~ 1 WU

R T T B R I
S - AP

D A N A R A
en e a da a2 tas 2t o ey




L N o A ) DA A N e L W WLUTR AR S A bl e fe s e N de e Tk P I N bl A e R A i i

7

Table 3-1. MA File Columns Used in Query Processing :&

e

Colum Contents Function -
-

:f-

1 CF Region Code Provides context link to CF )
data plane. SA

15 Land Use AN Codes representing the four themes o

16 Elevation \ are stored in columns 15 through o

17 Floodplain / 18. ix

18 Revisions /s }ﬁ

AR

20 Query Evaluation Result Results from the query are stored :
here. If value equals 1, then the
query is evaluated true. If zero,
then the query is evaluated false.

Once the query procedure as stored in the library, an analyst could Q}
simply run a query by calling the procedure with the proper sequence of param- ﬁﬁ
eters. The analyst could provide three parameters: (1) the query statement, o
(2) whether or not a map product was to be produced, and (3) whether or not a vl
special title was to be provided to accompany the map product. Instead of sub- o
mitting a complex batch job, the stored query procedure was invoked by a call -
to the query procedure: .

CALL QUERY,--function--,--special title--,--hard copy-- t;
The only parameter required was the query statement itself. The request for .

production of a hard-copy map product and a descriptive title were optional
parameters. Invocation of the query procedure always produced a tabular X
report describing the results of the query in a format similar to those .
reports produced for Section 2 of this document. o

Restrictions in the formation of procedures dictated by VICAR system
design conventions required that each actual query statement be provided within —
a standard VICAR parameter field. Consequently, the function parameter was '
only a reference to a VICAR parameter field where the actual query statement
was located. In operation, invocation of the query procedure appeared as a
series of card images:

P
v e te e .
P

v .

CALL QUERY,FUN1,DEMONSTRATION OF A QUERY STATEMENT,HARDCOPY

|

P,FUN1 -

--query expression-- o

N

Several calls to the query procedure could be made within the same job sub- X
mission. For every query, the same three card image sequence was required. i
i\ -
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3.1.2 Query Expression Composition

A query is submitted to learn some fact or facts about the study area.
The query expression itself is the vehicle by which a question can be posed to
the data base. For example, consider the following question: Which areas are
encoded with land use code ACC? It would be nice if an analyst could submit
such a simply structured sentence to the query procedure. However, at the
time that the first query procedure was being utilized, IBIS query statement
interpretation capabilities were not sufficiently developed to enable the
interpretation of a question posed in grammatical English or even a pseudo-text
language. Instead, the development of the actual IBIS query expression was
based on Boolean logic operation syntax supported through IBIS program MF.
The most basic query expression was derived from the following statement form:

(COLn {LO} CODE)

where COLn referred to a column in the MA file that contained values repre-
senting thematic categories of information. For the Healdsburg MA file, valid
values for n were 15 for Land Use, 16 for Elevation Zones, 17 for Floodplain,
and 18 for Land Use Revisions. CODE was the actual numeric code used to repre-
sent the specific theme to be identified in the expression. Valid values for
CODE depended on the specific theme or themes of interest. (They are docu-
mented in Appendix B, Tables B-1 through B-3). Finally, {LO} was a logical
operator that identified how values in COLn were compared to the value repre-
sented by CODE. Valid logical operators were limited to the standard Boolean
operators supported in FORTRAN and included .EQ., .LT., .GT., .LE., and .GE.

The logical expression used to identify all land use areas coded ACC was
constructed as follows:

(COL15 .EQ. 1)

simply stating that the expression will be evaluated to determine whether
values in column 15 representing land use attribute codes in the MA file are
equal to 1, the value 1 being a specific numeric attribute code that is
identified with the attribute ACC.

3.1.3 Query Expression Evaluation

Once the query statement is interpreted, the MA file is evaluated row-by-
row based on the query expression. At each row the actual value stored at
COLn is compared to the value represented by CODE. In the example query state-
ment described above, every member in column 15 of the MA file would be checked
row-by-row to determine if it equaled the value 1, the numeric code for land
use attribute ACC. When the value in column 15 equaled the value 1, the
expression was evaluated to be true. Whenever the value in column 15 did not
equal |, the expression was evaluated to be false. The results of the
expression evaluation were stored in column 20 of the MA file, which was
previously left empty, being reserved for storage of query results. When the
query expression was evaluated true, a value 1 was placed in column 20. When
the expression was evaluated false, a value of 0 was placed in column 20.
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Consequently, after every row was evaluated by the expression, colummn 20 of
the MA file would contain ones and zeros, the value at each row being set
depending on whether the expression was evaluated true or false.

Once the expression was evaluated for every row in the MA file, other
[BIS programs (not described in this document) were called by the query
procedure to develop a tabular report and product map based on the result of
the query.

3.1.4 Development of a Complex Query Expression
Complex query expressions could be made by bridging together two or more

simple expressions with the logical operators .AND., .OR., and .NOT. to form
statement structures such as:

( (CoLan {LO} CODE) {LO} (COLn {LO} CODE) )

Each component of the complex expression was developed based on the descrip-
tion covered in Section 3.1.2. They were evaluated based on standard FORTRAN
conventions for evaluation of logical and arithmetic expressions. As with
evaluation of the simple expression, the complex logical expression is evalu-
ated row-by-row for the entire MA file; and feor each row, the result of the
query was placed in column 20 of the MA file.

Complex expressions could be used for many purposes. They could be formu-
lated to identify several attributes within the same column. For example, the
expression

((coLl5 .EQ. 1) .OR. (COL15 .EQ. 6))

was interpreted to be true if values in column 15 equaled either 1 or 6, the
codes for ACC and AVV, respectively. Complex expressions could also be
developed to enable evaluation of two or more MA file columns:

((CoL15 .EQ. 1) .AND. (COLl6 .LT. 1))

In this example, the first expression is interpreted to determine whether
values in column 15 equal 1, or Land Use equal to ACC, and the second expres-
sion is evaluated to determine whether values in column 16 are less than 1, or
Elevation is less than 100 feet. When both expressions are evaluated true,
the entire complex expression is evaluated true and a value of | is placed in
column 20. Whenever either (or both) of the two expressions are evaluated
false, the entire complex expression is evaluated false and a value of 0 is
placed in column 20 of the MA file.

3.2 EXAMPLE OPERATIONS OF THE QUERY PROCEDURE

The batch query procedure was tested to verify its operation. From the
very simple operation to the complex query, the procedure proved to be quite
effective in providing desired information.
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3.2.1 Evaluation of a Simple Operation

A group of simple queries were tested first. An example of such a query
would be: '"Which areas contain land use regions coded ACC?" As previously
stated, the query procedure required that a query be posed with a specialized
syntax. The complete query statement for the query is listed below:

CALL QUERY,FUN1,ALL LAND COVER UNITS CODED ACC,MAP
P,FUN1
*(C15 .EQ. 1)'

As described previously, the first line identifies the basic call to the query
procedure, followed by the function statement reference FUN1l, the user-~supplied
title ALL LAND COVER UNITS CODED ACC, and a request to produce a hard-copy map
MAP. The query expression is contained within a standard VICAR parameter
statement. The parameter is identified by the statement P,FUN1, with FUNL
representing the parameter name. The expression (C15 .EQ. 1) is enclosed in
single quotes to identify to the VICAR system that the expression is a text
string instead of a numeric value. As described in Section 3.1.2, the
expression (Cl5 .EQ. 1) is evaluated to determine whether values in columm 15
of the MA file are equal to 1, the numeric code to signify the land use feature
known as ACC.

The query statement was evaluated for every row in the MA file, until all
regions represented in the MA file were checked to determine whether they
contained the land use code in column 15. After all rows were evaluated, a
tabular report was generated (Table 3-2). It listed all rows within the MA
file that met the query specification with an affirmative response. Since the
MA file in itself is a tabular representation of the CF data plane, the tabular
listing is actually a summary of which CF regions met the query criteria.

After the tabular report was produced, the query procedure was directed
to produce a map product to describe the result of the inquiry in a spatial
context (Figure 3-1). IBIS program MAPGEN is used to map results of the query
back onto the CF data plane. Briefly, the MAPGEN program operates in the
following manner. MAPGEN checks the query attribute code stored in columm 20
of the MA file for every CF data value coded in column 1 of the MA file. When
MAPGEN finds a value 1 (true) in column 20, it would code all pixels contained
in that region within the CF data plane a value of 1; and when false, a value
of 0 would be coded for each pixel. Then, the resulting image would be
contrast enhanced to enable visual discrimination between an affirmative or
negative response. All regions meeting the query criteria were represented by
a dark gray tone, while all other regions remained white.

In addition to the information depicted in the tabular report generated
from the query, the mapped result of the query depicted in Figure 3~1 provides
a spatial context for analysis as well.
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Figure 3-1.
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» The distribution of features meeting the query criteria are easily seen. A
e However, even that map is hard to interpret because no reference is provided ;{{
j to identify the relationship between regions meeting the query criteria and o
those that did not. This problem was alleviated by adding a linear feature v-
. data plane, in this case land use region boundaries, on top of the query result
. (Figure 3-2). Now the analyst can gain a better perspective on exactly where f:
5 the regions meeting the query criteria were actually located. ft
- . -
N :p\'
3.2.2 Other Query Examples =1
[ &
. P
i Queries can be formulated to check for attribute inclusion within a range t{f
- of values instead of matching a single value. This type of expression would s
- not be useful for processing nominal dataj; but when ordinal data are present, QQ
- such an expression could be very useful. Consider the following question: .
N Which areas are greater than 200 and less than 400 feet? The question is g
represented by the following query expression: 5y
g (Cl6 .GT. 2 .AND. Cl6 .LT. &) e
» The query statement is interpreted to mean '"all regions where the elevation ti-
i attribute code is greater than 2 and less than 4." The mathematical formula- =
tion of the query statement would be: IOy
-:"-
2 ¢ elevation code ¢ &4 H:'
When values in column 16 fall between 2 and 4, the expression is evaluated ?:
true; and when values in column 16 fall outside of that range, the expression
P is evaluated false. The complete call to the query procedure is listed below: .3?
- CALL QUERY,FUN2,ALL AREAS BETWEEN 200 AND 400 FEET,MAP ;f:
: P,FUN2 o
: '(Cl6 .GT. 2 .AND. Cl6 .LT. 4)'
. As in the previous example, the a tabular listing (Table 3-3) and map (Figure }i:
. 3-3) were derived from the execution of the query procedure. .-
G '“--
2 Queries are not limited to posing questions based on data contained in a vtﬂ
y single column within the MA file. Queries can be formulated to involve )
multiple columns as well. For example, to map all areas within the floodplain )
but below 100 feet, the associated query statement could be formulated: f?;
: (Cl7 .EQ. O .AND. Cl6 .LT. 1), e
where Cl17 .EQ. 0 and Cl16 .LT. 1 are two sub-expressions. The query statement ;{:
is processed row-by-row as in the previous examples described. However, the I
L, internal processing is more complicated, actually requiring three evaluations o
o for each row. Each of the two sub-expressions is evaluated independently, and E:
" then the composite expression is processed. The query expression is considered ﬁ}x
) to true only when both sub-expressions are evaluated true. Luckily, the com- IS
" plexity of operation is invisible to the user. The results of the query were .
reported (Table 3-4) and mapped (Figure 3-4) as in the previous examples.
: i
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Overlay for Better Georeferencing

Figure 3-2.
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increased spatial understanding)
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Figure 3-4. Map Depicting All Areas Within the Floodplain and Below
100 Feet, an Example of a More Complex Query
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3.3 EVALUATION OF THE BATCH QUERY PROCEDURE

The IBIS data base query procedure described in this section involved the
execution of a stored sequence of batch-entry job steps that operated on a
specific data base defined by the CF data plane and the MA file. It proved to
be an effective means to pose queries to a complex data base. The results of
the query, a tabular report and an optional map, were quite useful for geo-
graphic analysis. The procedure represented a major increase in the capability
to analyze the relationships between the distributions of different data types.

Several aspects of the original query procedure made it unwieldy to
utilize. A significant amount of detailed preprocessing of all input-coded
data planes was required to produce the CF data plane. This process, involving
the combination of those data planes into a single data plane, represented a
major investment in time. Once the CF data plane was completed, it could not
be modified. If the user of the data base wanted to incorporate other data
planes in addition to, or as replacements for, those previously included, an
entirely new CF data plane would have to be generated. Consequently, when
considering the need to maintain data bases with current information, main-
tenance of the CF data base represents a costly as well as a time-consuming
effort. Also, the inevitable complexity of the CF data base had to be
considered, since IBIS has a limit on the number of geographic regions
(currently 100,000) that can be included in any one coded data plane. This
ceiling on the number of regions would be rapidly approached whenever the
number of data planes to be included in the data base would increase or the
spatial extent of the study area would be expanded. In retrospect, it would
seem more advantageous not to build the CF data plane at all and maintain the
individual coded data planes for query. Again, this could not be easily
accomplished without writing new software.

In addition to building a CF data plane, an MA file had to be constructed
from the various source attribute files associated with each of the input data
planes. This was also a complex process and involved the execution of many
computer programs. Additionally, another major drawback of the batch query
approach was the requirement levied upon the analyst for maintaining detailed
ancillary notes about the MA file contents. Before any query could be
executed, a written directory of the MA file had to be prepared by the analyst.
Detailed lists would also have to be prepared by the analyst to describe the
types of attributes that would be found in the MA file. No automated method
was available to store and access such reference information. Such a feature
was needed. To further compound problems with the use of the MA file, only
those columns that contained numeric data could be utilized in a query. This
meant that all alphabetic labels and descriptors had to be assigned a unique
numeric code in an additional column before the information could be queried.
Not only was a file directory required in such cases, a complete table
depicting the association between all alphabetic labels and their respective
numeric code equivalents had to be prepared for each column of alphabetic
data. The capability to process textual information would be considered a
great improvement.
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The development of the actual query processing statement was also compli-
cated. The rules of syntax were simple, but nonetheless, they were often
violated. Diagnostic messages did not indicate the source of or solution to
the error. The program would just end with an abnormal termination statement.
The consequence of this condition, added to the other aforementioned character-
istics, was that the original batch-version query was not easily used. Use of
the procedure required extensive data base preparation time, necessitated a
detailed understanding of the MA file contents, and was based on an unfriendly
query statement syntax.

Still, the original query procedure did represent a major improvement in
the capability to understand the distribution of spatial data. The procedure
was later modified to operate as an interactive procedure. This basically
allowed the analyst to run queries in a near-real-time mode and obtain results
of the query on a display monitor. The capability to run VICAR procedures
interactively was quite limited, though, and plans were made to develop a
completely new approach to query processing. In conclusion, the query
procedure was an effective learning tool. It was used to point out what
features should be included in the new query program.
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SECTION 4

INTERACTIVE QUERY OF IBIS DATA BASES

A Geographic Information System (GIS), like any data base management
system, should include user-friendly features for data entry, data base
maintenance, and data base query. Historically, IBIS has included methods to
enter, maintain, and manipulate IBIS data bases (Friedman, 1980). However, as
alluded to in the last chapter, those methods have not necessarily been
user-friendly, especially with reference to processing data base queries.
Additionally, IBIS data base queries could not even be run until an extremely
cumbersome data base preparation procedure was completed. Submitting queries
also required the development of syntactically complex query statements. In
order to be truly effective and to facilitate its utilization, a completely
restructured data base query methodology had to be developed. This new
procedure is described in this section.

In developing the new upgraded version of QUERY, most of the disadvan-
tages described at the end of Section 3 have been addressed. No longer are
composite feature data planes necessary for the process, as the new version
allows simultaneous processing of a number of independent data planes. Also,
the development of the MA file is not required, as the new program can process
an independent attribute file for each data plane input. The analyst is not
required to produce an MA file directory, since the software displays a table
of contents for all tabular files input. Alphabetic data can be used to
formulate more readily understood query expressions. Additionally, in the
process of its amelioration, the earlier, strictly batch-entry query has been
transformed into an interactive program. All of these changes have made the
query process much less laborious and detailed to use and has provided for
significant improvements in the capability to employ the software for
straightforward GIS processing.

The initial steps in the new interactive query process dealing with data
base preparation are in general identical to the procedures described in
Section 2 of this document. However, there is no need to develop either the
CF data plane or the MA file, as queries can be posed directly to IBIS PDS
(paired-data sets) with the new software. Each PDS is composed of a Coded
Data Plane and its attendant attribute file. Once the PDS are prepared, they
can be input as discrete data set pairs into the query program. The analyst
can then manipulate those files in a number of different ways through the
issuance of query statements. With the new query software, the inquiry can be
processed quickly and displayed on a video monitor.

The Healdsburg data base, developed to demonstrate the first batch query
proc dure, was utilized to test and demonstrate the new query software. As
covered previously, the CF data plane and MA file were not included in the
data base, as they are no longer needed for the new software. Only the four
original IBIS PDS were used. Again, the four themes available for analysis
are: (1) land use, (2) 100-foot elevation zones, (3) 100-year floodplain, and
(4) land use revisions. The organization of the four original attribute files
was modified slightly to facilitate the new application. After reorganization,

4-1
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each of the four files contained four columns. The first column contained
region codes representing the encoding structure of the data plane. The
second column contained labels in textual form used to describe attributes of
those regions, while column three contained numeric attribute codes used
during the previous application of the batch query procedure. Finally, column
four contained pixel counts that could be used to determine the sizes of the
various geographic regions included in each data plane.

4.1 INTERACTIVE QUERY SOFTWARE

Once all input data sets for a given study area have been prepared, the
data base can be readily queried by an analyst. As a first step in analysis,
it is a good idea to formulate the specific objectives of the query session.

It may be useful to prepare a statement in English describing the information
to be extracted from the data base. Similar to query statement processing for
the batch query, this statement cannot be directly interpreted by the inter-
active query processor. But its formulation is still useful, since the
specific objectives of the query session will have been defined. To undergo
query processing, the statement must be translated into one or more expressions
that can be efficiently interpreted and processed by the computer software.

The task of translating statements from English into a language interpret-
able to the query software involves a knowledge of query statement construction
conventions. One of the main purposes of developing this new query software
was the reformulation of standards to govern expression syntax. In its
redesign, an attempt was made to balance the user's need for simplicity with
the requirements of minimal and straightforward computer processing time. To
this end, a formal yet flexible query grammar, or syntax, was created. A
detailed description of the syntax and query expression development is covered
in the following two portions of this section.

4.1.1 Query Expression Components

Syntactically, a query expression is similar in construction to a mathe-
matical formula or to an arithmetic statement used in FORTRAN (Table 4-1).
However, more flexibility has been provided for query statement development
than is generally available from FORTRAN. The components of a query expression
are operators and operands, which are combined logically into a sequence to
yield the desired results. An operator indicates what action is to be
performed in the expression. The operator is analogous to a verb in the query
grammar. Operands can be likened to nouns, and as such are the objects to be
acted upon in the query statement.

At the most basic level, operators are placed between two operands and
indicate what action is to take place. In the expression A + B, the operator
symbol + indicates that the contents of operand A are to be added to those of
operand B. In the context of query, the addition operator is referred to as
an algebraic operator. Other operators of this class include those standard
to FORTRAN, ~, /, and *, which indicate subtraction, division, and multipli-
cation, respectively. In all cases, the algebraic operators yield numeric
output from their operands when evaluated in an expression. When there is more
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V0 = Variable Operand: Represents operands stored in an attribute file.
They are considered variables, since their values change with each };
: evaluation of the query expression. e
. CO = Constant Operand: Represents operands provided at the time of query to sy
compare to variable operands contained in an attribute file. They -
are referred to as constant operands because they remain a constant -
: value for all evaluations of a query expression. H;-
L QP = Operator: Represents operators that define how VO's (variable -y
operands) and CO's (constant operands) are to be compared or pro- i
cessed. Operators may be selected from the following list: ff
Algebraic Operators: lﬁ;
+ - * |/ (FORTRAN form) pe '
‘: Relational Operators: :};
- < > = <= = O (symbolic form) o
- LT GT EQ LE GE NE (FORTRAN form) e
Math-Library Operators: St
SQRT ALOG ALOG1O AINT ATAN2 ABS SIN COS .
TAN ASIN ACOS ATAN MIN MAX AMNI o
AM AXI MOD AMOD sl
“r
L0 = lLogical Qperators: Represent operators used to link two or more simple '-
query expressions. Valid logical operators include: -
" Logical Operators: ;ii
- AND OR  XOR NOT (FORTRAN form) o
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than one operator in an expression, the FORTRAN standard order of operator
execution is followed. As in FORTRAN, this order can be changed with the
addition of hierarchy-establishing parentheses '"().” Thus the expressions
A+ B *Cand (A + B) * C are not equivalent, since without parentheses the
multiplication of B and C has priority and is executed first, then A is added
to their product. In these respects, as in others previously mentioned, the
query syntax conforms to normal FORTRAN conventions.
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Another group of operators, the relational operators, are used to make

y comparisons between two operands. The operator LT in the expression A LT B is
-. equivalent to the mathematical symbol < and tells the computer to identify all
situations where operand A is less than operand B. In addition to LT, the
relational operators available to formulate query expressions are: LE (less
. than or equal to); GT (greater than); GE (greater than or equal to); EQ (equal
) to); and NE (not equal to). As with the algebraic operators, the use of
relational operators follows the conventions of FORTRAN. However, as an added e
feature, conventional mathematical symbols may be used in place of text ;
operators. The following symbols, ¢, >, <=, >=, =, and <>, are equivalent to,
respectively: LT, GT, LE, GE, EQ, and NE in query statement construction. e
: The products of relational expressions are binary (either 0 or 1) based on po

conditional evaluation of the expression. When the expression "A<¢B" is ~

evaluated to be true, the resultant product is 1; and when false, the ,

resultant product is O.
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Logical operators, the last remaining group of query operators, are used .

for Boolean-type queries. AND is a logical operator, and in the expression "A Lty

AND B" it is used to check for the condition in which both A and B are found y

$ to be true. A AND B is equivalent in mathematics to (A N B). Other logical o
¥ operators, OR, XOR, and NOT, are also accepted in query expressions. As with o
g relational operators, these operators yield binary results. Their effects are
best portrayed in Venn diagrams (Figure 4-1). -
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During the course of executing a data base query, the user actually
accesses and queries the input data sets through the issuance of query state-
ments. Thus, the specific coded data planes, the columns of attribute files e
s with various attributes, must be readily identifiable to the user. To facili-
: tate this, symbolic names or labels are assigned to each data plane, attribute

file column, and attribute. Usually, the symbolic names indicate the contents -
of the file or attribute column. The symbolic name RES, for example, would be '
a logical choice for the attribute residential contained within a column
labeled LU for Land Use.

These symbolic names are considered operands when used in a query expres-—
sion. Those operands representing a data plane or an attribute file column
can be thought of as variables whose values change with each evaluation of the

. expression. The values of attributes, however, do not change and thus they -
. are considered constants for any given query operation. Operands must be -
divided into two categories, variables and constants, because query expression
; syntax has certain rules about variable-operand and constant-operand posi- RN
tioning in a statement. In addition to the operands just described, integers "
and real numbers that are considered as constants are also valid query
operands.
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4.1.2 Query Statement Structure

A query expression is a logical sequence of operators and operands that
is interpreted and processed by the computer to yield an output data set,
This output is itself a coded data plane that can be composed of either a
binary or numeric response. For binary responses, eight bit planes are
available for output. When a numeric response is specified by the query
expression, the same bit planes are all combined in constructing a product
image. An entire query statement consists of (in sequential order): (1) the
data plane to receive the output; (2) a colon ":", and (3) the expression to
be evaluated.

The output plane is represented by the symbolic name L or Ln, where n is
a value between one and eight. When L is used without a subscript designator,
all eight-bit planes are combined to form a single eight-bit image to receive
a numerical product. If one of the symbolic names Ln is specified, for
example, L6, it indicates which one of the eight possible bit planes is to be
used for the binary output.

The main part of the query statement consists of the operators and
operands to the right of the colon. Although a wide range of valid operator/
operand strings can be constructed, many possible combinations are esoteric
and very unlikely to be used for applications. In the interest of brevity and
simplicity, only the more commonly used structures are described. It should
be noted, however, that the syntax—-governing rules given apply to any valid
query expression.

The most commonly used basic expression form is an algebraic or relational
operator linking two operands. With an algebraic operator, such an expression
yields numerical output, whereas a relational operator results in binary data.
At this level, one rule must be adhered to: The first operand must be of the
variable type, and the second operand must be of the constant variety. At the
outset, this may appear to be complex, and the distinction between constant
and variable operands may appear to be reversed. But in actuality, the
development of query statements is not very complicated. As an example, if LU
is a symbolic name for a tabular file column of land use, and RES is the name
for LU's residential attribute, then the statement

L1:LU EQ RES

would be a typical query statement. In this example, the column name LU is
considered the variable operand and attribute name RES is the constant operand.
Execution of this particular expression would yield binary results in the first
bit plane L1 of the output data set. All areas of residential land use would
be flagged, with the value one (1) representing a true condition, and those of
a different land use as zero (0), for a false condition.

The generalized basic query expression structure can be characterized by

(Vo {oP} C0O)
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~ where VO is the variable operand, OP is either an algebraic or a relational
N operator, and CO is a constant operand. Quite often, two or more of these
> basic structures are linked together by logical operators to form more complex
. expressions. Expanding on the previous example, the expression
k. L1:(LU=RES) and (ELEV=150)
, might be used to find the areas in the data base that are both residential in
: their land use component and are identified as being 150 feet in their
elevation component. Compound expressions such as this formed with logical
A operators yield binary output. Thus query expressions often take the form
.
. (vo {op} co) LO (VO {OP} CO) .
- where LO is a logical operator. Note that the logical operators link two or
- more of the basic expressional structures but are never used to link operands
found at the sub-expression level.
: Two special cases of implicit operands are worth noting. They were
- developed to shorten and streamline query statement development. First, the
5 expression
n (ELEV>=50) AND (ELEV<¢=250)
Y
N could be shortened to
- (ELEV>=50 AND <¢=250)
‘ and still yield the same results. In such a case the variable operand ELEV is
N inferred a second time by the computer without having to be stated explicitly.
} Second, the expression
N\ (LU EQ ACC) OR (LU EQ AVV) OR (LU EQ UcCC)
ul can be shortened to the phrase:
. "LU EQ ACC;AvVV;UCC"
d and still yield the same result. The semicolon (;) will be replaced logically
) by an OR, the variable operand, and the operator forming OR LU EQ during query
N statement evaluation. These added features make query statement formation an
- easier task when long, repetitious phrases are to be evaluated.
- By comparison, the same expression could have been developed with the
- batch query procedure, but it would have been more complicated:
(COL15 .EQ. 1) .OR. (COL15 .EQ. S) .OR. (COL15 .EQ. 14)
:} Certainly the new query syntax is simpler to use and is less prone to analyst
. error.
5
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4.1.3 Query Statement Processing
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The new query software is a large interactive program designed to inter-
pret, process, and display queries. The program is partitioned into three
central processors: the command processor, the evaluator, and the display
processor. The query program accepts instructions from the user via the
command processor. The command processor decodes and validates commands and
then passes control to the appropriate command-invoking subroutine. The
commands currently available are:
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List attributes )
Enter query expression e
Process all query expressions -
List unprocessed query expressions
QLP List processed query expressions =
QHELP List available query commands (Help) L
EXIT = Exit query program Rt

= QLA
- QE
.. QP

QLE

)
.

These commands are explained in detail below: <

;’..{ ! "- ".
2

QLA = List attributes

2- This command causes a list of available data sets and associated ﬁ;
: attributes to be displayed. The module is entered automatically ol
when the query program is first invoked. During the first execution S
¢ this command, all the data sets are opened and the label records s
are scanned for attribute names. During subsequent executions of .
this command only, the attributes are displayed on the user screen. -

QEn = Enter query expression -

To enter a query, the user enters the command QEn, where n is an .
integer from 1 to 8, representing a query buffer. Then the user is :
prompted to enter a query expression. The expression is stored in B
a QE buffer n named in the QE request. Up to eight statements o
can be stored in QE buffers one through eight. First, the expres- -
sion is checked for proper syntax; then it is scanned and translated
into a form suitable for repeated evaluation by the QP module
described below. During the scan, operators are located by com- i
paring the expression components to a table of valid operators. -
Variable operands are located by comparing remaining components to -
) a table of variables. Any remaining operands are assumed to be

- constants.

QP = Process all query expressions

This command designates that the query evaluator processor is to be e
- invoked. This command causes all expressions currently entered with
N the QE command to be evaluated. Each expression is evaluated at
- each pixel location using the variables associated with that pixel e
location. When multiple expressions are processed, the expressions
are executed in sequential order, starting with expression one and N
ending with expression 8. As each expression is evaluated, the AL
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results are placed in the output image, at the same corresponding
pixel locations. The output bit planes are selected L1 through L8
to match the bit planes identified in the query expression. After
the processing is completed, the number of output pixel locations
vwhere the query statement was evaluated to be true is reported for
each output image. Finally, the QE buffers are cleared, after all
expressions just processed are transferred into the QP buffers for
subsequent reference.

QLE = List unprocessed query expressions

This command is entered to display the current expressions in the
QE queue for processing.

QLP = List processed query expressions

This command will cause the display of the most recently processed
expressions for each output bit plane or image.

QHELP = List available query commands

Enter QHELP will yield a display of all the commands that the query
software currently supports.

EXIT = Exit query program

This command is used to terminate the query processing. EXIT closes
all data sets and exits the program.

4.1.4 Display Capabilities

In addition to the commands described in the previous section, the up-
graded query software also enables interactive examination of both input and
output data planes on a display screen. This display-oriented component of
the query software was implemented with features to accommodate the user. It
enables the user to specify the positioning of the desired data planes on the
screen as well as the scale at which each image is to be displayed. These
data planes can also be contrast stretched to enhance areas of particular
interest to the user. All of these capabilities facilitate the viewing of
multiple data planes at a single instance. The specific display commands are
not essential to describing query functionality. They are described in docu-
mentation for VICAR program [DISPLAY, which is the interactive display work-
horse for VICAR. The reference is made here only for purposes of providing a
complete picture of query capability.

Peripherals to the display screen, such as the Dunn camera, can be
attached to the display device and used to make quick-developing photographic
prints of the screcn. For a higher quality, though slower turnaround-time
product, the data sets can easily be copied to a magnetic tape or disk and
played back on a film recorder. Both the on-line camera and the off-line film
recorders offer the user uncomplicated means of obtaining hard-copy outputs
from the query session.

4-9




4.2 EXAMPLE OPERATIONS OF THE NEW INTERACTIVE QUERY SOFTWARE

A list of data base query objectives was conceived to test the query
software by simulating a real query session. The queries included:

(1) Find all land use regions labeled ACC.
(2) Find the regions within the floodplain that are also below 100 feet.

(3) Using the results of the two previous queries, find all land use
regions coded ACC that lie within the floodplain and are also below
100 feet in elevation.

The following paragraphs provide an account of the interactive processing steps
used to determine the results for those queries.

4,2.1 Initiation of the QUERY Program

The four IBIS PDS associated with the Healdsburg data base were opened
and made available for processing with the following command statement:

EXEC,QUERY, (LU, LUATT,EL,ELATT,FLD,FLDATT, LUR,, LURATT) , PRODUCT

The command identified the operation of program QUERY, the eight data sets
available for analysis, and the name of the data set where query products can
be saved. The four region-coded data planes LU, EL, FLD, and LUR represent
land use, elevation, floodplain, and land use revision, respectively. Each
associated attribute file is represented by LUATT, ELATT, FLDATT, and LURATT
in the same order.

4.2.2 Displaying Reference Information

Once the data sets are opened for processing, the analyst is prompted to
enter the next command. The analyst entered QHELP to review query proces-
sing options. The query program responded by providing a list of available
query commands with short descripticns (Table 4-2).

Table 4-2. Query Commands Available to the Analyst Are Listed by
QHELP Command

T

QUERY COMMANDS

QLA LIST ATTRIBUTES
QE,NO. ENTER EXPRESSION(1-10)
QLE LIST EXPRESSIONS
QP PROCESS EXPRESSIONS
QHELP LIST QUERY COMMANDS
EXIT EXIT PROGRAM
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K Then the user decided to see a list of data sets and attributes available A
: for expression analysis. The QLA command was entered, and a list of avail- R
able attributes was produced (Table 4-3). The column labeled DATASET NAME o
lists the logical names of the four coded data planes available for processing. "
The column labeled ATTRIBUTE NAME lists the logical names of attribute file .
colums that can be used to develop query expressions. (The names found in :
these two columns become the variable operands in the query expression.) The d}
final column, labeled DATA TYPE, is used to define the type of data, either N
textual (TEXT) or numeric (NUM), contained in each corresponding data set or v
attribute reference. That information is provided to enable the analyst to Y]
formulate meaningful statements. .-
- 4.2.3 Development of QUERY Statements %ﬂ
; =
The analyst now decides to develop query expressions to satisfy the three e
topics listed previously. The analyst enters QEl, which identifies the first =
expression to be input. The computer responds with the prompt "ENTER R
EXPRESSION." The analyst enters the expression to find all land use regions )
coded with the attribute ACC: -
L7:LU=ACC =
Table 4-3. A List of Available Attributes is Produced by the QLA Command %f%
DATASET ATTRIBUTE DATA N
NAME NAME TYPE o
LANDUSE NUM \::i
LU TEXT il
CODE NUM NN
COUNT NUM <
FLOOD NUM o
FLD TEXT o
CODE NUM
COUNT NUM _;f
ELEV NUM 0K
EL TEXT e
CODE NUM e
COUNT NUM
LUREV NUM ]
LUR TEXT N
CODE NUM o
COUNT NUM a0
e
fo
IS
NG
N
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The expression results will be placed in bit plane number 7. After the expres-
sion is entered, the query program evaluates the statement for syntax. If an
error is found, a diagnostic statement is provided and the analyst is again
prompted to enter an expression. When no errors are found, the user is
prompted for the next command.
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The same sequence is followed to generate the next two query statements,
after which the analyst wishes to review all three of the expressions entered
(Table 4-4) by entering the QLE command. The second query,

A
o

‘V'

L6:FLD=BELO AND ELEV.CODE<100,

is a complex query involving two evaluations. The first condition, FLD=BELO,
and the second condition, ELEV.CODE<100, must both be evaluated true in order
for the complex expression to be true. Also note that since the attribute
designation CODE is not a unique attribute name, the variable operand must be
designated by a more complete reference ELEV.CODE. The final query expression

L8:L7 AND L6

designates that the results of the two previously evaluated query expressions
are to be compared. Since queries are processed in order of occurrence of the
list, values for bit planes 6 and 7 are compared. Whenever both bit planes
contain a true response, L8 is evaluated true as well.

4.2.4 QUERY Processing

Now the analyst directs the QUERY program to process the three queries by
issuing the QP command. The program responds with the reply "QP IN PROGRESS,"
and then it processes the query expressions in order, QEl, QE2, and then QE3,
for each pixel in the data base. After completion of the final evaluation,
the program lists the number of pixels that were evaluated true for each query
followed by a summary of central processing unit (CPU) time used for all
evaluations. (Table 4-5). The analyst then decides to list all processed
queries by entering the QLP command, causing the final list to be produced
(Table 4-6).

Table 4-4, List of All Expressions To Be Processed

EXPRESSIONS TO BE PROCESSED

QE1 L7:LU=ACC

QE2 L6:FLD=BELO AND ELEV.CODE<100
QE3 L8:L7 AND L6

QE4

QES

QE6

QE7

QES
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, QP FINISHED L
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A L7 38950 o
L6 175725 E’

L8 9205 v

t

CPU TIME = 7 MIN 04 SEC

4
\: e

|
gl

Table 4-6. List of All Processed Queries Obtained from Issuing the QLP Command

CEERR N

PP PRI
‘.l ‘:'p'v'\‘l

PROCESSED EXPRESSIONS

LY

L + 3
L1
L2 e
L3 o
8 L4 o
» L5 N
: L6:FLD=BELO AND ELEV.CODE<100 S
L7:LU=ACC
% L8:L7 AND L6 e
- }:‘
- - , A
- o~
K o
The analyst can display the results of any of these queries by using
either the display processor or a hard-copy generation device. The results of sy
the three queries are included here (Figures 4-2 to 4-4). x:
For purposes of verifying the accuracy of the query software, those o
output data planes were checked at every stage in the process against <
H hard-copy versions of the data planes comprising the Healdsburg data base. N
- Thus the performance of the query software was evaluated independently of the kS
. computer data base. -
X No problems were encountered while each individual query was being -
processed. All of the output data sets had the correct areas flagged to e
reflect the query. Through the use of the display capabilities, the output
” data planes appeared on the screen in a matter of a few seconds. Hard-copy o
- products used in this report were made directly off of the screen with a Dunn fizl
- camera, or data were transferred to magnetic tape and subsequently processed S
" on a film recorder. :::
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4.3 EVALUATION OF THE INTERACTIVE QUERY PROGRAM C%i
o

The new query software represents a major improvement over the original P
batch-~entry process and the first interactive version. However, one feature —
of the original query program was not included in the software redesign. N
While the batch version of the software provided a tabular report covering the Q?
results of the query, the new interactive version does not. The batch method ;uj
relied on several IBIS programs, including AGGRG, AGGRG2, TRANSCOL, REPORT, :'
and ROWOP, to produce the report. The features of those programs could not be A
implemented with the new software during the period available for the query e
redesign. However, the features offered by the tabular report were always ;1ﬁ
considered to be quite useful and beneficial, and it would be hoped that a NI
similar report function could be eventually added to the new query program. {jf
N

Several other features could be added to the query software to promote ifﬁ

its wider application and versatility. The current data structure convention i
limits attribute file columns that contain character information to be formed Kot
by a field of exactly four characters. This convention restricts the use of ﬂ{ﬂ
attribute labels in QUERY to labels of four characters or less. Since many e
attributes cannot be properly identified by only four characters and still }ﬁ
maintain some form of understandability, IBIS attribute file conventions must -
be modified to accomodate variable dimensioned columm fields. This software ‘
improvement was not undertaken at this time, because more than forty other [?,

IBIS programs that utilize IBIS attribute files would need to be modified as a fo
result. It is important to note that some improvements to the attribute file .
structure were made to support the QUERY software, with the inclusion of both R
colum name and column data-type blocks within the attribute file label. This 5
improvement was made without affecting the operation of other IBIS programs
that process interface files.

AL 'g
Vo
[)

A timing analysis on the performance of the new query processor was made
(Appendix A, Table A-1). The timings for queries involving single, double, or
even more data planes seems to be a fairly constant function. Each data plane -
for the Healdsburg data set measured 900 x 1120 pixels for a total of 1,008,000 :
pixels. For a query involving just one image plane, execution time ran about ool
2.3 CPU minutes. For queries involving analysis of multiple image planes the -
processing time in minutes has been estimated to conform to the equation S

“e,
B
e

e
L ]

1.38n + .58

where '"n" is the number of data planes analyzed. Thus, for a query involving
two data planes, the processing time usually ran about 3.25 minutes. A query
involving five image planes ran in just over 7 minutes. At the data proces-
sing rate of 1,008,000 pixels in 2.2 minutes, more than 7,600 pixels were -
processed each second. Some software optimization routines were developed
during the course of this program development, but additional modifications —

could greatly improve processing time. Since the query program is an inter- )
active procedure, any improvement in processing time would be beneficial to the f(*
user, who must wait for the process to be concluded. (Since QUERY is operated o
in a time-share environment, it is not unlikely that the analyst will have to ;nj
wait more than three times the CPU execution time for the completion of the a0
process.) Perhaps a new data structure involving the representation of the ~—
data in a more compressed form would also increase efficiency and hence improve .
processing time. -
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Table A-1. CPU Timings for Selected Queries (1 of 2)

Pixels
Expression Alarmed Acres

LU=ACP AND FLD=BELO 886 8.14

’)"-"b‘-*r'. n]

s
B N

LU=ACP AND FLD=ABOV 160,565 1,474.43
LU=ACP AND ELEV.CODE GE 3 35,955 330.17

LU=ACP AND (ELEV.CODE>3 AND ELEV.CODE <5) 25,790 236.89

LU=ACP AND (ELEV.CODE<2 OR ELEV.CODE>5) 135,661 1,245.74

LU=ACP AND ELEV.CODE<>5 155,918 1,431.75
FLD=BELO OR LU<>AVV 897,137 8,238.17
LU<>AVV AND LU<>ACP 665,116 6,107.58
LU=ACC OR LU=ACP (LU=ACC; ACP) 200,401 1,840.23
FLD=BELO OR (LU<>AVV AND ELEV.CODE=1) 465,238 4,272.16
(FLD=ABOV )*ELEV.CODE*20 637,931 5,857.95
FLD=BELO OR ELEV.CODE=500 218,373 2,005.26
FLD=BELO AND ELEV.CODE=1 8,431 77.42
LU=ACC 38,950 357.67
ELEV.CODE GE 3 AND ELEV.CODE LE 4 95,455 876.54
LUREV>0 1,008,000 9,256.20
FLD=BELO AND ELEV.CODE LE 1 184,156 1,691.06
ELEV.CODE=3 54,622 501.58
LUREV>1 32,766 300.88
FLD=BELO AND ELEV.CODE<1 175,725 1,613.64

100,411 922.05

907,589  8,334.15

*CPU Minutes




Table A-1. CPU Timings for Selected Queries (2 of 2)

Pixels
Expression Alarmed Acres Time* S

QUERY SERIES, SEQUENCED ON ELEVATION

ELEV.CODE>1 100,154 919.69 3.12

86,332 792.76

ELEV.CODE)>2

ELEV.CODE>3 70,197 644.60 3.12 N

ELEV.CODE>4 54,986 504.92

42,430 389.62

ELEV.CODE>5

ELEV.CODE>6

32,094 294.71  3.17 o

ELEV.CODE>7 21,836 200.51 3.16

ELEV.CODE>8

10,373 95.25  3.16 o

3,232 29.68

ELEV.CODE>9

ELEV.CODE>10 37 0.34 3.15

COMPOSITE QUERIES

4-2  LU=ACC QUERY 1 38,950 357.67 ]
4-3 FLD=BELO AND CODE<1 QUERY 2 175,725 1,613.64 o 7.04 o
4-4  QUERY 1 AND QUERY 2 9,205 84.53 AN

*CPU Minutes
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.........................................
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Figure B-1. Numerical Identification Codes Assigned to Geographic Regions
Comprising the Land Use Data Plane
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Figure B-2. Numerical Identification Codes Assigned to Regions Comprising
the Contour Data Plane
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Numerical Identification Codes Assigned to Regions
Comprising the Floodplain Data Plane
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Figure B-4. Numerical Identification Codes Assigned to Regions
Comprising the Land Use Revision Data Plane
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B Table B-1. Numerical Keys Assigned to Land Use and Land Use Revision Codes
]
o Numerical Label
N Key Code
3
h -
‘g 1 ACC
" 2 ACP
3 AR
3 4 AVF
- 5 AVV
“ 6 BBR
9 7 BEQ
8 BES
9 BT
A 10 FO
- i1 LR
; 12 R
13 UCB
- 14 ucc
15 UCR
- 16 ucw
17 UES
18 UIL
- 19 UIS
20 UIW
21 uoc
22 UoG
23 uoo
24 uop
25 uov
26 URH
. 27 URS
- 28 uus
. 29 UuUT
30 'A%
. 31 WO
32 WS
33 WWP
v,
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Table B-2. Numerical Keys Assigned to 100-Foot Contour Elevation Zones

- -
-~

Numerical Contour Zone
Key (min - max)

0 - 100
101 - 200
201 -~ 300
301 - 400
401 - 500
501 - 600
601 - 700
701 - 800
801 - 900
901 - 1000

1001 - 1100

OV ~NOUVP WD~ O

[

Table B-3. Numerical Keys Assigned to Floodplain Zones

Numerical Floodplain
Key Zone

0 Below
1 Above
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Healdsburg Quadrangle Land Use Data Plane (3 of 6)
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Healdsburg Quadrangle Land Use Data Plane (6 of 6)

Table B-4.

0
S
e
PRV R R R

00 SQ FT

u)o

«

tul

BCRATIRIES

CR
LA

a4 e, 4 4t

SUMMLEY REPrRT
LAND USE DATA PLENE

AREAL CCOVERAGE

PCLYGTN - .

S3 MILES

ACRES

PIXELS

Bet

Le

NJMI3c K

NONMSODVDNNANNE NS~ T OO
OMNO~TODIITNOMAThRNANCOD
VOO 00 Vedrd DN~ NO O =MD
FONONed— Q=P JOONOO —
[elolaYololololololelalslololololololo]
® 8 & 9 & & 0 0 6 8 O 0 0 0 0 " 0 » o

QAN NNOMMONO ONDOTOMONNM
O NN MO e e e NN N =i e NN O
e 6 & & o & 0 ¢ & & 0 2 0 0 0 O 0 s @
PANNFOMAAMNNSODONDOF NNINN
N et emdedd O~ —t —

MCONNMed DDON—DNN T F~D0C
DN~ T ITNRCDONNNONSN
NONONF—F NP0 TN
N - e NolaV] — —

>>0 Vo
> ). QUWa MO >>>T>uD>d>a >
AU DANLFTAXTATTI XTI Da Da

a Su>a>nN>S>n>

ANATNANINDPO M TN OO
e o | et el e el e ol b N N YNNI NN N
NN NIOINIANINI NN NN NN Y

........

ST T




RN

Wy -
A e A e e AP A AT il e A A AL e e M Al et Nt A e e

AT AR YW Y TI IV VLY IS LY (e Ly v R
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Healdsburg Quadrangle Countour Data Plane (2 of 2)

Table B-5.

—
w
o
vy
o
o
~

ECTION

CRNPR
e

ATA BASE FOQOR
PCGRAPHIC LABCRATIRIES
N

US ARMY,

-----

AREALL COVERAGE

POLYGCN -

SQ MILES

ACRES

PIXELS

NUMBER LABEL

- ——

QOTOQIO~CTMNMMNOBIONTOOVMNMNMININNN T DM NON T DUN
FOAONNNAOMN~E OF =t PON P AN O O e o N =t O N
QOVNOOMNOVONTOCOVONMDOOD~O=O~O00ONDVDVO S
0O0OMOO0OO0~O00NO0OOONOOCOOOONOODOOC~ONOO
[olelolelololalslololalololslelolslalolololololslolalslolols iV ololoTa)

S 060 000 0000600606000 90 0000000800900 000000

QAN NONT ~DNOIONNDOMNMPONO N F OPNNT TN et O N~
Nl 0ME T PO NNN et PN QO N M 00 (Y O = =4 (Y e N (YO ON
..........Q....I......‘....'.......
OOF NOONOOO~NLDOOMNOLANNOOOOMOO~NONONNDON
~N — — —_ O -
—

WA O I NONOAOMNONONNTOOT TANNNINSC O
NN IO ON=NON O Mt NP N e d (N0 O OO
Nelaal N = ~P < NN < () ~N ™
o~ — — —_ 3 —~
—

QOO0 OONCONOOOOIONNOCAAO0OCCOrCONOOLR
WA N NN LA A DL DAL A DN AN AN NN NIV AN AN N N NN
DA et et A ORI F F A O O Dt O NN A O N ol =t NN A

MAITNOMDVDCO~NMITININMOTO~N INOTNINDIOANO TN O
TIITIT T INNIONNNNANNNADOLO VOOV O 00O ONNINRRNNS

B-16

- B

NIRRT

Y WP T ¥

-t

. SN
DRI o
WL U . G

""'5.'._“" A




r_:
s r.
'
X Table B-6. Healdsburg Quadrangle Floodplain Data Plane ’_
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il L ABOV 286819 2633,75 +.11518
- ¢ B:ILC 184271 1691.45  2.t42b4 X
o 4 LaTV 536300 4930.5¢ 7.70410 -
Table B-7. Healdsburg Quadrangle Land Use Revision Data Plane
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B-17

BRI

\,..-_._._ PRI W)
A’ 8 P u® ol aNarta 2ok al]



14 a-(-A L L4 ’ «% _Q:ﬁ \~-s. ' - o t-‘...-. ... .-.4--.1 ) .-.-. .- --.\. .-..:. 1 ' --\l- "y ' R [ ) ... -\.\ .\k PR v SENEF s S B 1 R
L.. 2 - AAS lh‘uﬁ\, By "lio.\.r .WW.P* L t y ... .a. ........ 1 .1;- ... ... ... “ .-n-.xw -b ... .\ .u. .\ .-. .n; h.---.A-.-. .n. I-L-\.un. - ’ -- ..-u-.\’-.-.-..-.\a ..... <. ..-...-... .......<-.-w ‘ P\..I-.f.\..\.c\.v\” - ... ..............-...1\. ‘. ... ... . ...
2 SRR
p? S
.
] :
f .
2 11 vVl QONTNOMANINAON~O~OON~DONO OV VN NP O~ N ed D) O O v
P, 11 Wil NONONNIRTCON e DN =P INDOM PO~ ONOONNTO VOSSO~ NDY ,
p [} -1 ~OOONINO DO~NOQOOQDODONO=O VM LQOOOMP~IDND M et O~ VOO O K
o | — OOT~NOOMRODOIMONOO~NONOOOOONQO~NOOO~NDOOM~NTOO00O0O~0O00
# ~ | T OOMNDOONO~NONOOONOOOCOOLOONOOOO0OOOON~NOOOOOO00 P
w 0 t ] @ 6 6 € 6 0 006 009 ¢ g 000 0 00 00 00 0 000090 0000000000000 e
0 — [TYN | (@ N | [elolplelolglololalelolglololnlelolalolalvialelololalolalalolololalalolelalolofolalole]
. G .,..w “ vt o
. ° - | :
w. — o w | ONOMFNCR~OOONOTNROMN T ONDOMON~NRPNNSDOOREFMNOTETONO Lt
p - > 1 w ! QO ITVRMANMNIA~ACO~OMNYO~MOMIONtd OOV OMNITONCO VMO DITMN
. M (@] [GN] Wl ® © 0 © 0 ¢ 0 & 0 0 6 0 ¢ 05 0 O P 0T O OO 0O O OO 9N S 2 o e eV e 0o .».‘
. w 4] (SN} Xl ~NANROMANOONNOTOONODMO~NOTOT—~OON~ONMIENRO~NOT~O00T LT

© [ SN | ~ [N T ] Y] —~ M — N N —4 ...A

g [ Z0 v 0 R g ot - — .L
w. @ Cw w < | ) '
— — w e

. a + @ al 1
2 o (BT} o | I COOCONMPRECOSF~rtMed AN DO F P O NN N OO PN AN~ DM OM D F L7
8 S~ w — I V] OOMODD~TVINIO meiMOO NS IO~ =OM~OORO = O~DINN O 1

. o v < |l —~ANONAM—~ OO N O~ FOTmM NN OMOND e <+ 4
8 < w o w I owi N * N~ —~ - m o~ — N ™M — e
p s MM.X w K.A “ b4 “ s — ed — 1
v "~ [ 1) o
F m NP %M [os) ““ D“ ¥
{ d= W w o
4 M > ) Q A
v Q (VO] Z 4
‘ S w ws . .“
8 “ x aa o »

20 o4Ja ut o

. o a u {1 wu g © .
# o «aV w Ly — %
] @ e O a wIDZ| : o 3
wo <da (o) wi <l Fa e

ﬁ At M4 (@] % m“LH S
~N - (& 1

: X Ze ol g
{ o a— w ~10Z|1 >>>>>>>>>000>>>>>>>3>35>>>0>0>>33>3>>>>>>>>00 n
3 y {4 wws Q x ) O COOCOMNOONJIII0C00000000000J0J0000000000000d4 . A
- © O F-us Fi1ld | OOOOOODNOOUNILLONOOORONLOODNODLIOUWDODOODDNDOOOD DWW T
. w Il z b -l dd|l ddIAICACIAOODA (AL LALCIIALAARN AL AL AA L LA LLITDDO .
! & D Vi o gqjuoa Y
, o ) < i ¥
A 80 O ®Z =  wl ’
& o] OV~ = Z1tZ>1 Sy

3 v 4 2 g <qw | [o]elalelelolelolols) [eleolalolelolalalelalaleln] 00000000 O0O000 A
8 w D4 . v SJIWwWd AN nnn NN O O NN AN NN N NI DA OO NNV DN ININO N IN N ININO O .
1 o Bm W Q{ Twi ed ek oot e e ON] O] O ) e LN U o et ot (NS N O 0N 0N N O\ smd et pmed LY ALY et 1) 10 md 10 o ot ok LY (N O\ =4 4 NI LV LY Y 4

. — v) | s
b, o O @ < | N
- L) ~a a - d
L. = < < | M| p
8 wiu; vy DIZVI Vg >>DVNNnV >>> uuw uwv U SOV > VN> v o
2 . r> o 1 «ID | QD0 XX CVNOOOCO >>> DO>DDoa00 > >oual> aad>0a o
S % W fil= 1 DODOIOOIDDOD DI ULl @I 1dE I TIDUN U AXIDDDU D Dau D f
= =) N
b (W] . '
3 S m
f ? L o
. W g
w i iz | ~NAEN O DO~ FNOMDRO~NANFNONOPRO~NNINONDNO~ NN ﬁ
2 S gy gy PRV PR ENT VT VN N TR TN AN T NN T B o o Vo a Y T a Ta s B a o UN R 8 K V4
V. o= | o
4 oo | A

Lot 1

W. Ou. | .
N

l N
- ~.-
e, -1
T AR TRAAAARK AR T R " R N SRR -




SQ FT

400

Healdsburg Quadrangle Summary of Georeference Base (2 of 18)

Table B-8.

[ ] vy | NPt et NP OO P = G D D DNNO Mt NN TININ QO QO NDT TN e 00 O
t w N T NP P el et N A PRt P AT N ded FOND OO AN NO T (N ed et OO NN
1 a1 NFA~rt 00 A0VO~ NOMODOTOON~HLTO~OOINOQOLN~O~NOO~ONM
I =] O000CNO~MAOOOOODVOO~NCONCO~D200000NO0OMOONODISNHNOO~
P = lelrl=lrivielslolalslalolalololalnlnlelilslalolalslolnlalelolslalalololololalsln lale )
1 ] ® 6 0 ¢ 8 0 0 0 6 0 0 0 0 000 0 P 0 QSO e e g e et eSO OO DR SO
wil 91 O0000CCOLOOOCCCONCOOCONCONCOHMCOOOCOODCCCOOCO
(S0 B e |
<11
w !
us | OO0 OrdNG P D DS~ O NNDOP P~ ININN OO ST P AT O~ OINTON —~
S WV FORMSSIOSONOONA~ONPOCOOOMNC ~ed PN OO OO DN —
Ot W @ @ ® 9 8 0 % 0 0 & 6 0 0 5 0 0 O 0 o O O S O G OB O S O 08 ST O S e 600 0
(G u“ lZOO006004007056050017201004:0022003100&011
I od
wy d) <
w < | [
- w
4N x|
N < | I NN ENCONOPRONDNFO~A NNEORDENDNAAONINOAM DO+ OO Nt DM
- I VI DO N NN~ T QOO Nt~ P NN~ O MO N~ NN O —d
L ¢ t Al oD M~ < NN~ O NP=n — NN R 4 o~ n N
o. w owd —~ kel a2 ~N — (32 —
(] (V] | =< 1
fa 8] <1 1 -]
x< o 4] [ a
cr.a 1! |
w w
(& ] (W ]
U)o Z
[Vals o [#9]
g Q o
[oal~ ¢ w
[+ 4 U " luiw
<{(D ut lwvidt
-0 o widDL
aa (@) wi <1 |
[e]8) w — | 4T
[ (&] D10
Lo |
wmo 'S — 1 O0Z| S>S3O0>D>>>>3333 303> >30>>UND>D>3 333333530 >
wiuy (en} al Q| QOO4COOROOOCOI0COOULUNII00000OQCOLODC0OOOMNCO
-w —10d| ODLWORLOCMOODDULVOOODWORWWODDODMOAOREOEOCOOO DM O
2 b ldad ]l ddOTIddd QI AR A LA AT ONDddqdTAddg(Qadd[Jd ]
[V 5 o < | waQ
— <1 |
aZ b w
—ty = Z1Z> 1
o | g |<awl OO O0O000O00N QO OO0 0O [oleloloulélalelslalelolalelelolola
- wvy Jiwdl nnCoNAnONNNANNAONINSANC DN O OWNIANIANE AN AN ACVA N DL
D= A TW Il ANt e AN TN =N MO DIV NN = N et F O T i NN
= |
o < |
< -1
< { QW |
v Ot 2ZUVI S>Suvivy n>> VIVIAIY ILYY DDV NN NN [V VA RV 4]
oo 1T D> OO0 > Q0O Y. >y OT]RRC]JRJPCRJDV?
113 ) aegD2x 21 u D209 ITuDDDAaIDTwu wit DDy Dy Dy Du w<du
IW.Z | ~NOSDROANNIANJDNDRO~NND PN OFDRTod NN T ANOMNDRO~NM SN0
Uidw !l LTILLT TSN AANNINANNDDODIIVODINISINISNIISANNST D O'OM DD
——
arel
: 1
|

LA YV ATV Y I N AL NN . L st " » Tt e 1, Y WA SR



FTNOOCNNOPRMNOOANNOTOSTITROVDI~OM~TONTMO=0DNOMNOINN
it POV P O N EF OO0 ONNNNS OO ENN NP ONTORNE O~
OO0OILOOITMOIO~OOUONOVO~VQO—HA~ANALTIO0O O NNANO~ONO
OOQONCINMNS =TT OO000000—~NOOOCOOOO0DOONOOOOONO~OOOO
(ololelolalslalelololololéblelalelalalolololalolslolelolalololololololotelololelolololo]
¢ 8 0 0 & 0 0 06 0 6 ¢ 0 00 T O 00 0 OV OO B SO O D P S 00 S O " e 0 s N

[elelelolelalelolalololalololnlololololololplololalelolplolslnlalelslololalelololalala)

SO MILES

CODOITOOPMNNAGT —~rd T NOP NN et QNN OO T M ONN O

OLMNANOTANNDMO O T et F o N ed NN R ot O PP VN MNO VO T F e Nt N NI N

o ® @ & 0 9 © 0 & O 0 6 & 0 & & 2 0" 9 S O s 0O 0" s 0" P S eSS T PO O

OOOMMNNNMRNNQOOOOONOMN~OOO~NNONYOOMNNAFMAIONONEO
— AP~~~ — — -

400 SQ FT
AREAL COVERAGE
ACKES

OANR~FDVDOC DO~ OIBINAFUND PN T OIN AN PAN A OO F R D PO P

AN EAONNAOMNDNNFred et Pt DO ONONAND O OMANINUNMN N NN N O = O
T ONNPAOMNMD N M~ —te—t Nl YO T TNt ™ N
— M- - - —

R SECTICN
XEL =
80RATIF IES

R
A
PIXELS

L USE

PLAIN CHANGE

SOOI OOIOIOIOOOSSOIODI>O>3>O>0>0>>>0>3>>>>
OO0 ULOCVLLOLOULDOCUUOI00C.ORCLJUL0IC' OO0 IMNVO030
ONOLODMOCOONOPNODCOCUNNOODMMA O WDWODCU' ONMOD
A IAd L LAS QSIS TAIILIITA NI AT I I NA T A DA LA < X T A

FLCOD

CONOCOOODODOOOCOOSOOC COOCOOOO OO0 OO OO00O0
DA D NN AN AN NNTA A NN O WD A ATA N AN SN NN O N NI OB ninn
O AN Ot NN P N F e N O T O DU et 0 ot P et O D N et d O NVt N D N ek $ N 0O =t

SUMMLRY CF GEOREFERENCE BASE

MF AN

ELEV

—~
o0
—
Gt
o
™
~
v
]
)]
m
[V
Q
=]
[V}
1 31
Y
Ut
Y
Y
[}
%
(&)
Yt
(o]
>
w
v
v
—
o]
=]
<
[
3
<o
[ ]
L3
3
L
]
©
—
]
[
=3

(¥ TRV BN VU 1 T B Y B Vo Y V3 ) [V TR V5170 R V4 B V5 B Vo ] V4] v [Vel%3} (V21851 %e] w
hduldo-IelalBIaltdalsds Ainlibltdml-Midmls Al Aml. A TutlinTs SENCEYe AN el @ BEN A, 415 174 O LM 1.4
U DUOEDDUE DL DU LT DD DN DY DDUN TYDDauwauw 22D

- DATA FLANF ATTRIBUTES -

LAND
Use

Table B-8.

MO INO~=NMENINDRAIDAINT AN DO DIDI=NNNLTAO OV D~ NN TINL~DO
DOV TITRAPIPTORITLOCODONDOCDOO it trdrd it b e NN N YNNI NN
ol gk e v emd ekt gt ol gt o mah ! el ] b e o o ek o s el ] ol ot ] et ek 9—d




CRECLIR 40 AN S0 SR oAl gl aAs pin ok o8

Healdsburg Quadrangle Summary of Georeference Base (4 of 18)

Table B-8.

L=t NW
40,000

RANG
L:2

EFFECTI

o0,

Ol L) )
e s i ]

=K
C LABCBATIRIES

~REMY,

usS

.

ERENLE BASE

FEF

SUMMARY OF GEC

. .
......................

£
SO MILES

AG

[

REAL COvVE
ACRES

L}
4

PIXELS

ETTRIBUTES

FLANE

DaTA

- B RO
. .. . P ‘ g S PRI
P T T T 4 LA - . o . PRI . STt LPatatLt et

.......................

CONI NOMO~MNOPTMNIOITCNNONROMSPOPN DL OND NN M. AP (-
NOOUW P rd NV emd (O = (N N O OIS O DDOV~AP AP~ O~ N QN et O N DT NNEND
O~I—~OMI O~ N~ JFTOMOVNITOOCNNOPOOPD—~—D FO~DIANOD D~ N
QONOONQOUOOO=~=4D000~DOOOD~NOCOOTOO~~OOO0O0CONOO
OOOOOOOOCOGOOOOOUOOUOOOOOOQOOUCOOOOOOOOCOCO
0.00'.000.000....-.00.0..0...0....o.too.ooo

OC N CONC OO0 C L ONCCr oL O0OC OO0l COCCACOOGn

OROAOONOT T ~NNO~ O ONO TR NI FONCCAONP ~NM NN D

NP OO DO F T F ot F = ONN NP DNN FONMO~ O T DMt Oy

..I..l....0....0...ll.....l.‘.l........l...

DAV ONNO =IO~ NOFOMNZTOO OO ITOO~NDANCAOASOHONO DT D
— K - —4 Rl — —

FANMARANNAADO DF AR O R ad DA DT T AN AN DTN O E .

NN CONCOCTOLTRITO~DVDOMNONNATNO F OFONSMETAC—A—aDO D
—_NPhe MY~ NN 3V} O™ ~NO < F N T oNnYo
— [Va} - — — “ — —

DDA>>O>3>M>>U>>3>5>3>>O333 >SS I3>3335S>S
L0 J0QICCOIOUNCCOO00OC LI 2UIQUNOOOU JDEONC OO0
WU DOMILG DO WOON TG IOMDOC WM ODDOWOMN O GO WL
D= AQ;A_A\UAABAAAﬂfu\u}».ndﬂﬁAnnuR)AQﬂﬁ_Lﬁ\NA <1 LT «) <J <<t «; <]«

O CCUOO OCSCOoOOCONOONO0 OCOOOMD leleolélolale]
NOMHANAN DN AN AN ANANNDDNA A0 AN AL OO NDBINANG
O G N PNt O SN AT N N~ DN U N Ot () O A DU ot U et et et P =i

wow v 174 B Ve B Gl & [4e (&} vy VY o vV W U D>
Qo™ Nomfa oo M Il X o VM) X —naiO>OD>a D>
UDDTuAL DU uDADU DDLU Do rdraDaDa DLy Do D2XDDDaudaDa

O~NIVTANINDTTANAFINIGNDID~AYNT A O DT~ YN F N I~V O Ny
MO AN P rFESFrTISIrIrIranNO AN ANNND QLD DO0DLIPNII
111111.thl.ll.‘Llllllllllllllllllllllllllll‘.ILILl11

. '.> .
Py

1
l'.-l. -‘;’-‘

an o4 _E_a_ .



......

1 v =0T ONOMm—it PPN Nt MNP FO P OO O =it PDF P NNNNA N
1 Ul OOITNNMNOOEPTINC=tPITNNPRONETE~NNN~NNO P il F P I E NN
| -l | NANOOVIO=MNOO VMO ONFOPPHITINOAMMMN~ONO~OMMOMNSDO~NO
~ | =1 O00O0IT~~00ONYFOO0O0OONONONSOOOOO0O00O00OMOON~NO~O
o0 I N =lelelollalolololelolalolelololelalolalolalelolelololalolelololeJolololelalolelulele]
— { { ® 0 0 0 & g 0000 O 0 50000 00 0000 O 9 0000 g0 0000000 N
- %“ W“ [ele]lalole]lplolelolalololelolalolelolslololnlalelelololololalolalolelololalslelelaleole]
13
° b
[a) b al
e w Wl | VNN DOSOOEANMAON N D=t OO DO O VNOFN D =NONP =N
® Sl VN NOO~TFNANNOMO T O~NNO OO~ NNOMMO P N ONO N = QN ed O P O i
0 o 0_ wi | ® 0 0 6 0 2 0 ¢ 0 0 0 O 0 OO 9B PO S OO OO OO DO 9 s e e O
o 2] Q w ! A= QO NONNOOMNNFMNOO~NOODMNMNNONNTOONNOOMO~O=INOM~ODO
-] 1 W ON =t - )& A2 TN o T T oY) ~N —t ot
Z0 vy g1 <«
v [ ] w <T | |
8 — — w
) - @ )
- N o < | I INFOONAOL A NONNND DN PONDadd —d DN DEAOAAN Pt INMADOMNTOMOD LMD
v ul - I 1 NENANANTONN OVONOO~OPNANN~SDDOMONNDOMIN Ot F P OOt
ﬁ Vi < I 1 MmO Nl O N =N - ~N OO Ny A~ NN NN ©
et w [+ 4 w | w Ot — N F N - o -t
o o u) v tox| —
o U e [+ o] L ¢ [} — |
(4] - o9 [e'e) [ Q)
o D 11 |
M < W W
2 [ [ ]
S e ] i Z
% wX w
= ga a
ZC o« uw
o [« 4 'S Ptww
7] o a0 w v D
LI o [+ 4 wiIDZ
[T} wo «aa (] wil <
ﬂ. ~F 00 uw =1JX
& e L -
m S~ X u -l OZ >O0>0>>>0M>>>>000000>>>>>2>0000000000>>00>>>>
o x uiw O QIO 040 LU0LLAU0RQDL DI I I0VO0C0ODHDLDD DD ddII00JII0000
m Qe Wi - 1 0d | OWOWODDWWOMMO U WHUWULIWMOOE 0 OW WL WWWWWO QWWo oD o
S Qu 2 > Fldd] 090 dIIDNAd AT DONNAdILIIADNATOONDDTVULODNT AT
DI Ve e atwa
%) [« 15 ST L) « |
9 (SR 94 3z [TV N
2 GOV = 212>
w w o] aldull O000000 ON0 O© o000 O OO © CO O O OO0 o OO
o Dd . w Jlwd ] DBnnInn N O NN INOIASO NN NOINONINONO0ONNONONONNOONONN
—t B“ W QX ) gt el U O 7=t LN md o3 QO LN o3 U U ol o md L NGO 0 P LN e L U LY st et AN i LY ol L o ot LY U ot U ot ot
« ) . )
] [l ) X « |
= —a. < -
«1 <t Ot
. []vs] wv [N 42N (7 181%] (917,17 o [V TS I 17, B 4 o wv u v Luw>unw U w
[ <] > 2 1421 LOXMOVREYO LNNaXDEXDIVNDNCOxM 22Xl >>>a> >
n_n ..u. 1t 2 1 rDDDuwdIdDLeouuwIdDudduduududDu o TdDuuryrdgqalaxdamd
(&
3 v
L0 u
....n.a W
u
WZ | OEFNIO~ND PN NYTN ONDAO~ NMFN-ONDPO—~NMN FNODCO~NM TN
LY L Rt AN SRR DO DO 0D 0OVDIRROT RN ITOODIOO000NO0 D) ~—~rdrd——
el P PP P S P Pl it pu iyt it pt i pu PP pR PR PR PR PTG WEGN Ta VEONTONT N VT VI U NN [ N T o VgV
i)
wi

~,
(2 |




~—
a0
—
Y
© -
Vo) w
A4
o Q
ﬁ )
Z0 (7]
= G w
(1] —y —
4 - o
o oy O
- w Lo
L) N 5
Yt w o
v a. > ]
M Wi [o 0]
b -0 oda
[&] [+ 4 O
<~ U
- 2 (&
o Q Ul e
wI
S = «a
Z20 oaq
m o "«
o a0
0N e & -0
wo «Q
[V ¢ QO
— ON -
] 2 =
5 q~ N
~ s 4 wiw
o O +~w
3 38 L2
—
o Td QO
o0 O @oZ
r. OV e
3 o
L o N | *
3 oW >
= wnx s
« Q= o
Q S0 <1
x <
[TRTY] vy
. > D
8 —
] -
| (]
w
2 w
0 W
« w
[ ad

S0t MBS AASKASER .

SUMMARY CF GECREFERENCE BASE

AREAL COVERAGE

- DATA FLANE ATTRIBUTES =

SQ MILES

ACRES

PIXELS

FLOOD L USE
PLAIN CHENGE

ME AN
ELEV

USE

LAND

wZ
PulsalTy]
o=~
e
wittse)
TN

NSO FONTMN N NN OV PN OMNNNRFN OV IO NONO T N
DOMNTONONOMO O ~NITNTPNm NP0 NONOIFTNNNCOC~NNCOP—~O~ I~
MNO~OOPDMNMO~NONDmdrd NN N D A P et O Ot O O SHFTMOOmM
OOHOO~=DOO0OMN~OOONDOOOO~NOMONOODOOOQCOOM~OMCI2000N
[elelalelelnleololololoclolalelololololslolololalnlololdlolololololofolalololalvl lolole]
® 0 6 0 ® 8 0 ¢ 0 0 ® 9 9 0 0 0 O 0 9 0 00 & ® g g 0 a0t g g 00 00 9 0 0 00 e

[e]lelalelslalololslelolalololalalolalglols lalololalololalelalolelslolalololalol S gle)s]

DO LFNTNRPOOSROMNTNAMP OO NOLMODADONDNQIO NP~
TENONI~NNAOTONONN~NIANNLIFOANATONAAO DI PR HOPNODON L Pt~ N NI
® 6 8 & 0 5 00 86 0 0 C 9§ ° 0 % 0 0 g 80P OO 00 PO O N O 0o 000 o
NOMOONN~ANQORNO—NN~Ar—~~ JOONNITOO TO~IOORN LV FNO0NO0oN

—t ~N — —d o~ ~y — O —

OONMUN AP O DOt ¥ DO Dt PO ON P d OPPS RA PN RN O O
MART—~OOO0 OCHAARMNIN O P PO NRMONMNOMY NN~~~
N~ AN N =N et = O NN~ Nt~ — 0

— N — —_e— N ™M ~N ~

VOO0 >>0>>20>>0>>>>0>2>>020>22UDLh)>2>O0>>> 23D > > )(0 >
Bed OO WCO0 D00 JOO000 00U IO OO A0 20O SOOI 0
Wwuwid. oL oOOoU@O@WOOOOUOCBUAWODOWOWINODU ODC @O DO Wu.W0
DTONONAIOGUAI NI LA A LS I N CTQADVLLTTN AT L Q<L o] QT

O O O0O0 COONCO D OO O O OooCcoM [plelslalololeolete]
ONONONINNONNNANNCNONNNIOINDNON NN AN NN AN AN
Ut AN et LN e e DN IO e O i ot d =N DN O P O DY MU DN e WD =l CIAI NN MNP it e 0 D e et O

w > > uwu =2 w>aowmw uv w v v v [V2]] > wn>
> S>> OV D0 Mre (>0 2o o X X o >y D>
LA ATAN AYDRU AT DD DALY UL AU DY DAY DAy DDy rvalu 1 ety

ONDPC NN T NINDIO~ANNNEINONNLTOANMETDNOND IO NG N OND
e NN NN NN NN AN Y N0 Pt I NN AN NN N
[N TaNToN T o NI o VT Ve VT NY o WEQN T o N T NE oW EoNTaNT N SaN EoN 7o NEaN T ST oV EaN IS EaN TaN TAVESNToN LaN o NEaN TN Yo NTaN EaN IV N EaN TN TN SaN AoV}

B-23




Whil.-fil f $-v%--v¢a X u-nv-\ ... [ TaT et .u». n...-..,.-.... NSRS I LR ‘.......-..P.- - R ot ] ~....\\\--\.- LS -!.\.-
£

R . | M MO AN e 1 ¥ BN | DA
"vbb? X EREN XN ADTRIN 5% LJH.WZ.. P R R S e e AR T 8 Qvavfw& ufvvbﬂﬂﬂ
T.
-.
h,
3
2
@ 1 v FOMO~AITOITONTPOTOIT~NODOTIONTOSNONNOOOMNFTMME 00O
. 1l Wil OLONMSDPOOTOLOQONO~MODO~NONNNOON~ONNDONOR T OMOPMS
3 ] S NOMANMNGTT~NOOVOINTORNAMAONT NP T +OOOMPOO TITVO
o | - QOO0 =HOMmOOQOO—~~O000~O~MOONNCO~O 4000 ~~~0~0N00
- —_ | b | [elelololololalolalolalalolslalslalalolololaielolalelolalalolololvlalslololololololole)
1 [re) 1 [] ® 0 0 & 0 5 00 0 0 0 0 0 00 0 O 0 0 08O O O S90S OO 00O OSSP e PO SO
4 — ““ Q" COOOOOCOOOONOOOOOOOCOOOOOOOOCOOOOOCCONOOCOD
)
‘ e |
. o - @l
T ~ W w 1 DO P~ ONTONMNMNNITNOOMOMMNIPANANEINI-OLTOMNNMDOTONON O~
~ >1 Wil DN EF~NOT TN~ T ~ANOTPOTOMNDONVOPMSNO—MNMEF~N~NNOD—MN0
b’ Q [V} ] wt ® 9 © 00 9 6 % 4 00 0 0 9 6 0 5 00 0% 8 O 0 00 00 O 0 00 0O P S e e 800 g
] % (SN w | ~HON~DONOANM~NLFOMNDORNIMN=~O P~ T ONT ~ONNCOQODROONNNO
] [ I N ~ —4— —t + ~ ™
! 3 Zo v a1 <
. oo w | |
: v — — wi
. (3] - w w |
. = (SN} (&) | I NeAP ARt IR OO OOMNAREON O OP AN SN ENCONN-+ .+
m w »- 1 VNI NOMONDTMMet O T T FANDONTRAA IO NDOMN et VAV FNNLONOOMD™M
3 o Vi s [ I R 2298348164 APPTO~D OMNINFNN TN M 4 onN
. — W [+ 4 wi 1 owd ~y —d - N o~ ™
y [ o X (o8] 7, r x1
. ~ Udo— a L= ¢ [ |
o -a ox<d o] 1t a
3 o D 1 I
g U w
('] po] [ [ ]
(o] o Lt Z
wI u
D " 3 <a @
Z0 oga w
o 2 4 w 1 twwt
o a0 w [N%ION]
oo 0O o wiD2Z|
wn o <da O wi <y
o -+ 0O wi 1o
— DN - (] D1 O
b0 LI o s o |
=} g~ N w — 1 OZ 1 >>00>>>>>0>00>0>0>0>0>>0>>>>>>3>3>3>>>>>> 30>
m [+ 4 wis o X1 O | QULJHI0ODO0C IO LA IDHIC DI O0IDDOOCLLVLOOOODO0OOOSJD
o N W —10di OOUUWONLWEOOAUQWUOILOWOUWOU O0U000CQCONOO0OODVOCWUID
<qu z b )l J4d) 0O AIIIIADLOOANANIONI DU I PAT I I Tl A I AA IO
m D Ve o L I RTHY
(4 Qdad —O e [}
o0 O o2 T w i
o OV = = Zi1Z>1 Cc o
= o o | g | <SW! OO0 OO0 OO0 Own O oCcC O OQOO0OO0OoOOoOOCOInN OO0 C C
0 b N . v Sl Wadl  _ONnA0INNINONNONOCINS ANNOONONAINNNINNNNDO NN AN OINOOIN
“ BE M Q1 Ziw! 10 OO vt L et 10 () U\ g ot LA\ et el LN S LN o e P UV LN ot LY NS NG AN o e OO O N =t LD 8O et omd O N et SV LV LN
wv) )
o Q— o« « |
Y —a L. ¢ -
oot <1 < | OWw !
usL v [a R4 N >0 Lu o w u > u wnx — ey dvuV
r> o} | tD OF>Xy OO0 >0> 20> oL YaDOoOo o DOD>  rareldix
& ” [ I I R | QU CIDAU LTI DNAU T AU X DY ST IL U XXX DU Dgx DDDODoy
& o
w
k w
o v
h U | PO~NNIMINONDPO~NNNINIOMRDITO~NNFNINDORC YN EININDTOI—~

OOV OOV IOV DD I PP, DODDDND DDMNMORRIIPINRTININRNIOD
[aNTNT NI NIV E N TN ToRY N TN TN oN KN ToNT W EANT o NToN Yo N o NI o NIV IS TN EQNToNToNERNEaNToN IoV IaN iV IaN TN EAN IV IaNEaViaN oS g Taa]

B-24



LA A ot g
.

SQ MILES

0on S0 FT
AFELL CCVERAGE
LCKRES

—— s - - — - — —— —— - - = - - -

LBCRATIRIES
PIXELS

A A A A L AR S s Rt A2t a2 S ik el tof

Nw QU

240+C00

Es
L USFk
PLAIN CHANGE®

.
.

1
CF GECPFFERENCFE BASE

ADF ANGL

L*
FLTCOD

QU

SymMmicy
ME LM
Y

-

Healdsburg Quadrangle Summary of Georeference Base (8 of 18)
£

DATAZ FLANE ATTRIBUTES

LANC
USt

Table B-8.

NONMSO~NCOMDNOYOVOTIVIMIP~NMSFOOVROITOMO0ONNTNNMOCTOMN
VNN At P et NP OV OO PN P P NAOQ DI PO D ~HNC NN QR NN
QONOOOO~NITNIOONP~NN~OOD~OONTONCICOO~NONSNIIONTOOON
~O00000OMNN—=OO~NNO~~OOO0O0O~NONO~OO0O0OONSOOOO00
SOOI O02000000DONCOOCLOONOOOCOCCOTONDLCOD00D
e & & & & g 9 0 0 8 % 0 s 000 P 20 g et 8P P s SN S O s 0 e O e et 000

COOCOOCOCOCOOCOCOODONOOCOOOOCOCDOOCOHOONOCO

NN T RONCOPINR e~ T OO O~ ANMNO QO OONNN~FOOIT O

PADA A C IR T NAPNF A NIt t QAN Q Ot M O P~ O T P NS

@ © 6 ¢ & g & O & 0 & 0 0 O O O O 6L OO S O e S PO S B s s 8 S S S 0 s 00D

QO~OONOILNMNNDVOODIO~NPOI=-OONRCO OONDODQORODOOMOOO~
3~ — - - - — o)

Pt P N EAL D ad PO OO DAINAI T~ D d Aot P rd I ek rd Dk N O RN DN mt O N
NN rdrd FOSASTTFOTVONON OMA NN OO Drd MRt O —=NINN

P —~ — O, PO~ — O o ™M o] » —
W\ N e ‘O] 4 -t — Re]

wv
—
2

QO>>3>>0>20>3>>3>0U>>20>330U>>23>3>3>0>>>>00D00>>>2>>3>30>0
—O00CGI0IDNCOUGLLIOD A0 00000 ICTONC oI DOU0OC A0
U.DO0OMWT WwTOOOU.OOWODWELDOOOMWOO'DVILIUUL L. MDD DMD WY
Mt AL INANAAA N LA AT DI I LTI LA LA AT T OMA I T VLD

CcOo cC olcco O DCCO GO OC O0TSCO00 O0O0C DOoON
OONNOCUE NONNNINACTIANOO AN NON'ACIAINONT:A DN NDVANON NIV A D
DO NI O DN et WD et OV A et et WD VU ot eed NN ed P U et e Y D0 el o et~ = ANV O O =N

(VATV (Yo [TV RRV,) NNTL OWVILIV WY ) VIV INUIWL a v
@ oy > Qe >0 o e YO T yn> £ o o
DU DAY DI DY 2O DI aD TG DI DU D DO DI x Ly Yy DD

NN TN O~ DVOOANNTAONDOIC~ NN LTNOND L CANNEN IO~ S
[S Rl T taleTale Ty P P R P e e A IRVIAVE NN EVEA VR NIRRT VIR S A e AR AT T a TR A TRATEATE I S % %

MM OEIM AN AN AN AN O AAN N A AT AOMNA A TNE AN AN

B-25

Aads 4o ol

N ol

el -

N

L
"4
N
.
K
.
K
‘e




1l V] SNNOHOMMNT ORNNOMDYO~NOONONTNTFCOFNMONN~S O~
11 W1 ONITOMANOET00OONNTNOTRN~MMPDNONMONO ~M TP ONM T ONKN
I a1 OONOVIOINNNOMITOMNNDONOINOPNOPS;O~DOONOTTO~~NNON~
| [l } ONOAONMOOITONVOO~NNO~OO00FONOO~O00~O0~400O~MN—~OON
I 1 0000000 I0O00INLOOOONN0OTOO0OCOO00O000000N0ONDO
o~ ] 1 © 0 06 0 % g 0 06006 06 0 000 % 0 0000 0 060 0060 0% 0000000 s 00
w %“ m“ [elelolelolalelonlelelolelslalolololplolololslolalololalal olalalalololololalale lalola)
“— <t
o] - o |
W w | | OO NT NININTAONRDONANC~HODN~OMNM~NNONT $ TN O
Mz\ > 1 (Yol | 462819657:)43730914976155438412345224510651b
(@] (W] wt oooooo-oooooooooccoc.oo.ooro-.-oo-ooooocao.
) (%] W X DPORCNAN=—APOT—~ONSDVOMNNIONAMOT OO0 OTOR~ONOD—~OMN
7] | (S| 3 N N N0 ~ 0 — L 4 N M -
B 2¢C V) | < | —t —
/M go W < | !
o —3 — [ISN]
3] - 14 [Cay]
[=} (& NT] (o ) | DN N F P A DN DINMNM Pt OF N~ F OO DV OO=~INVNY D ONM =t OO M
] w ol ! w O NO it~ 699439326746201266820223092015884322
5 wnd < 1 F O DNmmd = OO DO QT O M~ O M~ O
- w o w ] | N o~ NN M O - o ~ -3 N
o ar > «Q [%) [ - —
- Wh— jas) - ¢ [N
o -0 <9 m [ a
Q o [ 11 |
© Q- W w
u > &) o
[e} o Llir— =z
[Vale o [TV
> =z <0 o
b 20 m« [§7]
m & o u towue
o 10 1w [K%ION| v v [7a) O
«o - o wl D21 — vt — o
n wo «<a o wl «al ho > ' o
o 43 00 w - 4T
— [G1Y] - D D1 O
%0 Z [eo ]
=1 q— N uw —10OZ] >>5>>0>>0>>>>>000>0>>>0>>>0>>00>>>0>>3>02>>>>
© o Wil (@] & | D | OO0 JI00 400000 I 20 400040004004 4000--4000J00000
M O W —10d] OOOOWODWODLOOUNILLINWODOWODROWOOWWODOUWOODDUQDRODD
1 <1y < D= | Sl R B Oy | I»AﬂABAABAAAAABBBAR,AAABAAABAABBAAABAAABAAAAA
3 Dd N o < | WL
o Q. O < |
w o2 = w
m OV —w z Z1Z>1
o o - g )dw ) O0O0CO0OO0O 000 00 O [o]e] o o0 OO0 O (]
O o IS . w Jilwdl  mdann AR NI NN O AN 000NN 0 0020 N0 ONINDINNCINOONO
[ Ul o= CITW !l OGN it O Al R et N e A AN N 4 =D LALA DA AN D — N - DO NN G N
o V)X z ]
~ Qv o 4 <l |
% —a < -
[oel L] « | O |
JeTe e w o112V Q. Via vaVvauwvaoanNlgunau >n>TIon> Vv 7 DS TV R |
> o] (IR Gl | OOOUF) WWOEOD>a.NOUVY DO—UO DAL O re>  rare w >0
& — [ | rdu U Dga I DA DI DIDII DD DA AT I IDI Vg DD X Dy Taqu 2
-
o .
79]
Q L
M u.
W
m uwz (3} 07890123Q.D,O.I,6901234_9678901234567 DRO~NNO TN O

t
B | FE T FANNANNNONAANNDIODDO 00D 0 Orrrr DX DD VDD
¥ XA ] AMAAMMOMMAMMMEAMMAAMEAMAAANTME A NM AMAMMNDANDMM™
|
t
|




-, ) s
AT TR TR

Ky

(| (SN 58302Q4603919402826é3853423454556995439é473 o
thoud 2751459270361%3376)3ob0845061659771571t10C7 o0
| a1 72@0199402013907478422714432003500003331946 ot
— | [l 0001031009000001013000105000002130000§17800 ‘4
[* o} { ! UOOOQOOQOOUOCOG)OQOCCCOOOOOOOUIQOOOUOQOO)UI o
— ] ] ca-ooooocooo.o.-o.ooo.QO.OOOQOOcOOCOQQ...OQ L
- m_ 2 OCDOOOOCOOOCQOO700000000000000@300703330330 e
i v -
© <o | ;
(o] — ) ‘e
— w u ! ' 484611035056449968561517%649063101253662911 .
~ >1 wl 6734917749213018023788956796023465194378963 A
v (@] ul us i ooooooooonooooooon-oo.'o-ooo.ouooocovto-oc a
w vy W a i 410606240601&003:1541109421100939000d080028 N
o (] — [Ta) — - —~N e et TH D s
«a pd o] ) S0 '
IO V] g1 i d
mw —-g — wi | ..._
c - A % at 4
[ (NI} ~ <1 | | 547493079¥73231531517139311491)3155319Q95¥9 o~
-t 18] [ | v 0930969941222528328090809013 MO PN~ O NTOMM .
2 wnd 2 ¢ I 3l B = 0NN NGO NN N PN Dt N ONNT b
) w 33 wi o — 0 — — M VN no o~ ;
~ o > J wv) | > | y
b W) D < O B!
LY rQ o<l £ tr o A
O a [ ] )l | -
- W w .
S > oV .
e | Wit pd
- wI w
o) x gQ a
m 20 @ i ~
o 4 u [ERETSITER] ~
o a0 w | v | (G185 (1) f
n w e 0 1 2 w|DZI (1 [@1W] o)
wo «aa (@] w b < o < <1
2 ¢ 00O W+ L JT
o0 ON - &} D21 O
c Z oo b= ool
o o< VX w - OZ) CGOVVVVCVVOVVCCVOJVVVCVVVVDVVVVVVVVUDVVVVCV
o) 34 wil (@] a | D LLLCCCJLCSL:CLLJLLC:PLOQCGLGTCCDQOCLLOCUJL?
M e Fiu - La ) EEEBBBEEBBEBEFEBEEBBBEBBBBEBFBBBBBEFEBBBBEB
S <u: pd D= -1 Ja BBRALALBAABAABBLBBAAABAAAABAAA&LLAAQ&LLAAEL
(4 DA Ve 3 g | ua
jor X SO 8 < '
’ o0 W oZ x wl
. M GOV el 2. Z1Z> |
F 3 x 5 Gi<atwd oo oo cco~ o oo o ooco occ © o
7] D . wy IR RTINS 05505j000555509500550000050555530000055050D
* o B“ >= u | Foui 5115915556121512551355555252755555555265451
13 — 7] x t
i m T I < |
f - ~a. <4 -1
[ e <t Ousl
ﬁ ww %] QIZVN1 VK> >SNV NI X > u>>oraa>aocun 0 SO > u ,
Ve . ™ > P ID ) Lt OO F o> >SDIODODIVDU O =N e > > o K
W % ﬂ [ | dﬂUA:AlJURUUUVV&LA&L&ULAAALARAPJAdwdLAQAPNQ N
g « O
’ v wJd S
: = u =
. Fal Ww. ol
¢ & w
. o< ! 5vOlébw3076901454bo7833123%5b7b?012343@7890 -
", YR I bd9999791V9)73300000d01111111111czdLﬁfgéddj 7
', vy 533353353333%&%44&4%444f@%@v%w%#QQﬁ#%'§4f44 .,
y bl Sed g -
» witie Yy .
; TS S .

el

L]
‘2

s
-t

e




1l V] DONOSAOMNMOMNOTTONPONNSOMNO I~ OMN—ANNOMNS FNMOCNNMMN
Pl Wil ~ArAMOMNNOMNAOTONCN=T ONNON~~RNONON O~ MO N M
| | MOVO~NDVDON~OONTNNOM—APONNOO~N—~t~ =N QO MNA~C ™M NN ON
— t =) ADOOO~OOOONNONAN=MOONOOOOOOONOMOINOO——~OONOQ
Ioe) | b | Y e lelalelelol=lelalelololololo]ololololololvlolololololololplolslaldislalpiels (ol lo
— { t .0.......0..ll....I.......l......ll......i.
- cv.“ mw“. [elslnlslelalelelale]lelolololololololaleslalalololnlelsInlololalolololdlelelalalal giels)
(@] !
o < |
_ — o |
— u. Wl I NAODNSINMONOOONO—~ONARMN~AFOON~ADOO—~O NN PRl 04
~ > 1 N1 FTANODNAD T D0 ~DOM G -~ O Bt DD O VN VOO G =P DN ON
@ ] Ol [V ] @ 6 6 06 0 g 8 6 0 &6 56 0 ¢ 05 % 0 5 & 060 5 8 0 0 000 ¢ 5 s 0Pt e s 0o
It 2 DIl wl NONOO~N~ONO TNV OIS NDOYDO0~D00MOONMNM O~ J-FOIPON~ND~
o | (W 2y ] [tV — -~ N MmN 4 — NN —
foay z2 (V] | |
Qo [¥9] < |
[} —3 — wi
o - o a )
m ) (@) ) | ~FOIEMEONTYD FRNMSOOMOLTNONMAAMNOMA N IR RN AN At NN F
bl uJ — I Nl OONMSTRNMODOAROM DT NARNNARA~D TN =N NO O~ NONS 50 O
) W h=t | - RO N N MO0 0ONT =0 O~ g P TNNOMNN OCN—~O —~
et us 4 w t wil ~0 —~ LT a T T o BN oV - — O Yt — —
o o [6n) (%] ! > |
M Wi foa) P I o
o -0 a< @ 1t o
v o’ oJ (] |
<{— W V7]
b ] (] (@]
c o W Z .
> wI w A
[ x “wa o L
ZO O« uJ .
o o w volwu o) 1
c <5 w 1 NS (W > o > > >> >> ™~ R
. a oo O o wni1DZ| ) o> o > > >> >> & .
i wo <a O wli «al a pri < < a adq a< 1
[ -y QO w — | a2 4
§ — ON - O DI O
. ab Ze o | ) o
w d~ Y w — 1 OZ)1 >>>MN>0>0>0>0>>>0>>>0>>000000>>>>>>50>>0>>00 g
v o Y918} ] d ) O OOO L0 0D INIDOC IOV SIS II IGO0 IN0 00 I N
Le] Oe +=uw —10d| OCOOWLWOHLOWDUWODOUWEODUEOWUNILWLUL COTDODTOOWDTWAO T UL o
m <ty Z > —l ol dQdOIOdLINCDUIALUALLATONODNT DA AT IdIADII TGN .g
4 D Vi o g lua “
4 ad ~. 1 ] Y
00 v ©Z = wi "
y — DY) =y = Z1Z> 1 "
3 o e gtltaw) OO o © c o o c Ccoc a0 &
[ Q0 Do . v 1wl ANOC AONCO0COADINCOOCOONCCOODCOC NS NANNSDOONNOO ;
I “ %ﬁ W A ITWw! NN ~O NN AN D NN AN NN I NN NN NN $ N A S NN AN D= N }
e ] | K
ﬁ. o] [l a < | X
b V —Ja i8] (] K
X = < W g
". uw (3} NLINI U - 4OV DL U WD u u u >u ukb-u uUuQuwu U " 4
. . > > 1«1 D Sy O SLOUXKIrOVYSDYOD>D> a!D>US>Y>> >DD> o> O3> 4
@0 — 11l d 1 oaadDu da«l 22D 0d-1aad <D TTY I Vel Jeq Q¥ <T Twf iy <l IJaT Ty «TT o] .“
| Lo S
ﬁ‘ > ) .
K o w )
. — L 4
. \Aw _m"u ‘A
. ] LT ] e NME OIS TOrN T A A DNDOTIC— UM PN O P AN N PN DDA D N
” Y e MADTAINNN AN FEF P EFETFLILIONANANNAANN DD NDID DO o
& oy = FURIC RSN SRSPITSC SRR IR SR SC AN A GCRC I IR S SR g i X 25 - 2 S b b SEL gL SR SR G o G 4
o ne t .
P .,._
aoya ) ...
.-
K




p
-

ASEAL COVEF 20

ELS
PIX=LS

i
1
{
|
f
|
|
|
'
|
|
|
i
t
|
[
i
|
1
|
|
|
|
|
1
|
|

1 PIXE

BASE FOk

—~
-

NW JUAKRT EF
=R ENC

S

~
=

CREFZR

CATR
TOPLGRLAPHIC LAE!

1:240,C00
oF GE

CRANGLE:
TTRIRUT

.
L

~Y

AT

~
-

rG WU
sCeLe:
UM ML

<

C L LNF

TA

Healdsburg Quadrangle Summary of Georeference Base (12 of 18)

A

J

Table B-8.

Sl Sl Sl And St aul dafl Al Sag Nl 2t duidnd. Sadh tal Sl tud el Nall el Sad, Rl Nal el il Aad tafl And A

NOLUNENONDO NC DAt HNONG N DU NN OLTC =M ND O TNT O )
ONOT Tt SN ON—AD A NN D AN T O F ot Dt (O~ D 0 D Y DO
S OANOCCONONQOGU 4= N0 O~ O F Jidrmtet et DNTOINZTO T D2NN D™
SCODOCI0COONNDOO~ITANCANOCSTNMION—ANN~AONOTO NC~ODMD
QOULDOONDICO~—AOULUCCIMOCON IO~V DIO~OOOLOOTCICOCD
@ ® 0 ® ¢ 5 5 ¢ 0 6 % 4 5 8 0 O * 4 3 06 8 % 6 9 8 e > 8 S8 s 0t e s

CCODOCC OO COCCOOOOCCCC 2COSOCCCCCDODOOsTCHCoTO

OO DRI~V F P F—NP e O CITONO O I I g NOMND T 0
37._02,);)02804097.922(097726145175007.)1730a382/ﬂlvgq
@ % 8 0 8 ¢ 8 0 5 ® & 0 s 0 0 O O 0 9 e 0 0 S S PSS s B TSSO PP o
DN AD00 OO DVIONC AN TN FNDONMS O YON~DDND NI~
Oh~-4 N N o~ ~NDN ™M ~AP~ N —~ .7
N

VO ed AR AN N F (L e DIPe red OVCYA N tMN F DA ORI AN NS D O™
K e [Tt N DD NINOT Dl MINONADONNDMN N O T T AT et MAININ N O

0w — N MOMND NM PN ONTONO N0 O M~ CNIN
~o— N B N —Ry M N~ M —
~ —
> > > [AVITVaYVe v wv
> > > [g'r &) 3ra & Y a
8§ <l a4 i R b Rp] 2 2

SOOD>I>ULDOIDPSS>O0O IS > (D)D) >>
[ T 1 D N VU B | G D L YR Y W e ol B ¥ o) LD TR TEP I T e [ SR RO ] | MILICHD A O amd
Gl @u. DU L OO0 O GMOae DO DO DL UL WD L Oy 00
TTCAAMIT NI T TTX T Ul defatalddel{clajld el NNITdAU I LT

C o] O OoCCTOOOCCDEOo O D o0
CoOOOMOOOOONDCAOAOAC AN AN ANN AN NNDOCOONNINOO NN
DOV DYDY N AV Ot DUV NN I e rd et IO ™ T Ot e et e O DN A O VNN

IL>S>> uul W >y uwvaaw>u >>anccaa>fu >0 >>u i 0 >u >u
SIS NYDODDDN IO EDIIDOCN NI eI D> TDE>>>
LSl el el ST T T el Jof Dl of DafeTl T TeTojete] eTefal JeloeTal et Raral g1

FAISND RO NN INAOINIIDANINFAINDNO~ANNMNTE AN O~ YN T LD
e, P fe IO DT DD ODDOTN R ARNT I NN UMD DI DAttt e —t
TR AR SO I R R e ah ot J JRE N SN . % IR SN R G 3 LGN 2K SlaWa Al e l¥ o Yo o liaRVal piVaiVe Ry Yo B ot g}

ORIy

e

I )

1ml

e e .
Sala

.t

e uka.

~ l--v"... -
Casatl

-

IR
»

.

A" A afata"a al

.-.".-A'
W

A e .
M N
ata’.

« e

a® a

I e et e

-

..

R S




RIS o N i St Jos ol She Bba 4 il gl bte Jioe B 4t 4o S s A b A4 B Sve s

2 SR g b Sun s ShAue Shive. Jdhden 4

LA S e .oy

-.V

BN S R

E
E

? ‘ 4 P ) LA N [ T g as . M .
IR .\\\\\ﬁ”« ...............‘ uv........-.. & 0. .-h:.ﬂ-!»-J Pl s -~!.n .............. M 1RV Y ...\-.vns\. PR LKA NN
RN IS R X M AR R A ) RAPUSATIIRET LIS TN ..hﬁ.:.. wkkﬁﬁ tffﬁﬁﬁff 5\ ........................ uﬁﬁﬂﬂﬁkﬂ N&Wﬁﬁﬂ\ﬂ ﬂﬁﬁu
(B} i NPt Qe OO =P et MO NO SO DOONNP = OQOMANMP=P= 3 =t F NMP~NO
[ | w S~ T OO~OP P N=F PN OO RONNN AN = O O el D =N O M=t
— | iy | OO~ NMNOMNYVOPV~4=—OOO0DLVNONOD~DVDIFOPRMONONMEM Q~O0MO0
@ | "™ QOO~AO0000O0ON~OOOMO~NE ~O~NO—OONODVOOVOOOOOONO~OO
— [ S elelolelolalelololalslalololalololololalololololalelelololelolololololelolelalololale]
[] ] ® 0 0 ® 0 0 0 % 06 0 0 0 0 0 0 €& 0 5 g O O O S P s O 9 " 2 8Os e s 9
ﬁ %" w“ [vlolplelolnlelelolololelaleslalalalslolelolplolalplelslololololalalololalolnlolalplels ]
2 N o
—
~ 0. Wl | MOYNNNONPN SO O O ONCON~NODNO SOCTOMNMOMM~MMNM®D
> 1 v NP OO~ P F NN ONNMN At eed NN A Nrd FO T ONT O D TN
Y = ] O\ w | @ 6 © 0.5 4 0 6 060 0 00 ¢ 0 % 0 00 0" 06 O 0 9 S 0 0O P g P SO SO e 0 s O s
“ V2] Ul X | OMONMANNONAMYOOT~OIOVOOMOION~NNONMNNONO—FNMONODVOO
m [ S| - — 0y =t — - N K4 —
Z0 ) ~t <«
1] 130 w <l )
9 — — w |
5 - a a |
bt (W R] m 11 I OOPOO—~OMOTIONT IOV~ IONODNAmd MDD TOMNOONINR~DOM
] w [ and 1 wn NERODONANINFNINO MO ONDO OGP O NNMAD NS~ N OO N—~MO
Ut wd < 1 WM WeAN NedOM Tt ed PPl O=EN0Y NIN ND 152413 o)
v ut o w owl - ~ n— — —~ O <
5 X O wn box
o Wie—e m <1 [} — |
(L] -0 od fi 4] [ at
{4 [ ] [ ] |
bl {4 W w
° ) w .
> j= tids—t 4
9 wl t
=z <tQ o
20 og w o
(] 14 u f 1w 2]
n o a0 w NV 1L RV, IV 1V %) v) iy ) !
w e =0 @ VI D2} oo 14 @ oo o o4 M
[ wo «dAaQ (&) wl) g1 DDID o) o D2DDD DO o]
- ¢ 00 w — 1 JX
b0 wN — ) o N R
m Noo - o |
$ g4 WUV w — | OZ | >>3>0>0>>>0>0>>>3 5 >0>3>330>>>>>0>0>>>>>>0>>
o x uiul o IO OO0ONJ0UNCO20.J0000000S00UN0QL00000LLI0I00000N 400
[} Qe W i O« DO WOUODDUOLICOOOONNROUIQOCAODORUIONDODDWNDWOONOODNDWOD
W <q z > FlJ40 Ao dOdId LT addddd 0TI TI0Ad A IId DAL LI LT DAL
D Ve o ajua
80 Q«l X]8] <J 1
" O o< =z Wl
=] DOV wll) b4 ZiZ>|
Q 14 2 g Igqw)] OO0 O o0 O o000 O OO0 OO O O oo O OO
.“ o4 L4 wv P Iy R Ty | NININC A0 D ANONCONNNINONODNN NN TNNN NI N OO NN NOWNWN
— Bﬂ M ATyl rdtred N NN P IO O U U e U (O U O ot o = O YU =4 F OO O OOV O O UN N O 4
« L !
(] (=T o «1 {
= da < (o]
< « | O
N wil w DIZVE a>> w>> W LL>0 WwW>>wviaao>>v > u a>aa uw>>a>
0 T™T> > 1Al O>>SD3D> DY oOu>D0 >33 F> SE>TO 330>
& — 1 1d | A TA Ay NI DN II A AN AN DD AT U T TIONTITIAY AT T AL
T.
J
2 w
0 (198
h w.
u
"\ = | NMORO~NNFNOTPIPTNNLIN O DOO~IMEFINI~DNO~NN TN~ OT
DM 1 e et CIOIN NN A NN NN NN AN N ANSE S P P nuun ANy
] DA AN A AN A AN A DA NN NN OO AN O A A A TN AN on
Ccr o
i
f

(@13




e
LALLM

OO~ ONNNNP NN DOOANO PSS TONOCINIONNNSMSOCCOTOO0Y
~QOT OON T O it rt T NNT OND AP NN O F I~ ON T RN T
OOV F~NNAONNDDOFOQO~~IFOIFO O OFOMNNNONONC VM0 0 ONDN
CoNOO~ANOOQOMMROOOM~OODNOONOOQIMNC~O000000~IFONVO
[e]lelotololqlololol VNslalelolelololololollololeleollalalolaleldlalélelololtalalde )
@ & & & 6 9 @ 6 0 0 © 5 O 0 08 " O 9 00 s O O s O T O S S 0 000 O e s 0

QOOCOOOO000OCCOOOOOOONCOCTOLOROCLCOOOOOOCCONDO

SQ MILFES

ONOTr=Mmit= O DN~ NN NCETONmmiN DOOOOP =~ DDV F NN QO

SN OVNNMNNANTONODOR—=MNOOCITMOT R~ 0O TINMO~NNNINTNONN

® 0 & 8 @ 0§ ® 0 % 0 58 O O T O S O OO P O S 9 S P E O @ s G 0O O O O S 0o

OMANQOOWENO~~FNONGODOVIDIMMFMIFNOD FADVDO NOMOITNOTE~rmM
™ — 3™ — " ™~ ——t —~ 0y 2
[aa 3N 4 —t —

ECTICN
400 SQ FT
AREAL COVERAGE
ACRES

R FAINMAOONRNNEADNA SO CAIOMNMNSIAMAMT MO DN MD NN
~NONOMPNORNONTNNPO~FMONMN D FMMOMNDMN D= OF T O NC N
OMNAHONN N NP At AOSTAN ONTD N & IN—NTNM
< — ~~ ~ 0 © N - —

Mg - —

)
L
BGRATIRIES

R
XE
PIXELS

UARTE
1 Pl

USE

OF GEOREFERENCE BASE
L

QO>>>>>2>>>5>M>2>>5>30>>>>02>>>00>U>>>5>>>(10>0>
- <L400000000 400000000000 J0MMNJIIOIDCUOOULIAI00)
WuwoOoO@OOONOUOOOOOOOWONCOWOOOWLOWONOLOOODILWMDU
ORI AIU QAN LA AL ILDVA L LY DI LN YO )] T <] <7 LTI DL

PLATN CHANGE

FLOUD

SUMMARY

O OO0 Ccon C© o O (o] o 00 COoDo
oOoONONNONANINO' OO NINOOINOOINONINOC OO0 NNNNOOCONO00
WO OO AN O N (N e od (N N UV U emd LY e LV U 4 LDV LD et U ot = OV D DA D LN O D iV DD DN

ME AN
ELEV

~
[+ ]
—
U
o
B g
—
~
[
%]
L]
m
[
3]
[=]
o
-
]
Wt
[
13
o
%}
&)
Y
(o]
-
W
wv
v
—
&0
[~
)
4
.m
o
o0
-~
3
L0
]
©
—
«
Q
s o]

>ua. vy U >a> SULaQuouullLv> oI>>vuuie avy gy u >>u
>urow S>> D>O000UA DO BTN i1y
ADADINNAANALAX AL AT ILAIT A DT I NDA I DI ADL I " a1 D Tgaa D

US ARMY,

JSE

- DATA PLANE ATTRIBUTES

LAND

Table B-8.

WZ | O~NNINONDITANNTIN OO~ INJMNVIC—ANO T NON~NDIO~N
Uiy DO 0NV VDO DO PP P, DO DD DTDNODOINRNIR NI ITRIATOOO
/Y | IO AN N DL AN AN NI N AN AT VOO LN NI O AiNinNn-0 9 O
o
w1

O

"
g

(™

-



Jg B v.-‘..; .
!‘ A
L} oA

OOMMANMNECTNINVOON~OOOODITMPOOMOMODPRFOMEO O~ DD~
COITN~NNNOP NN FTNL et Pt F MNP DOt OONNOMN QDO
OINOOOOO—=~N~N M YO RN~ T I DO OVOMTNOADOCO DN
OTO00O0OMOOOOOONOONONOOSEPO~MOOO000000000OMO—OO
[elolalnlololelelololololololslalelololelSlelelolalelelolololslolelololalolalels lolole)
® © 0 © 0 0 8 6 00 0 000008500000 000000000 008000000000

COCCONO000COOCO0OOOCOOCONOOCOICOCOCOONO0O0O00

SQ MILES

OOONNTFTOMNCFOMNOMMSNNMFOM@DO M DNNNG NP~ O ~AWMN T O
et O rd e (VD NV O DN b F DN O OO OGS T~ O N O NN G T OO0 00~
¢ & © 0 & 9 0 & 0 0 0 0 PO P O OO " OSSP O SO OO O 08 0B SO s 0o
OPOOLOORF~DMON OOMODOD O NNMOATOONNNO~NNOOO T N O rdd
~N - M v g TOO ~ ]

400 SQ FT
AFEAL COVERAGE
ACKES

MM D VNOANFOPTOOF O~AFOONPF ANOAN DN AN DANIN T OO TS ONOO N
OO rd =N O N FCODNN~~NDONDNO-OMFF O TN~ NN DD =Ny~
— et N MO NN T 4 NN N O F O et et
a2 o 5 N e~ MO o~ N

PIXELS

C LABORATIRIES

S35 >25>>>0>3>0O0>>D>>3D>>3D >335 >2>>20>>
OO0 IOLOIONOCONO0O0OOONUCOODDNONOOMNI0WN
DOOONCROMOWLOALIOORONONOLOCNROOCONAONONOODAWDD
AN QAT LCOALIOAAT LA TLADA T IS AT LA QAL G QLI O <1

OF GEOREFEPENCE BASE

000 OO0 O oa O OO0 000000 O O00000 OO0 OO
oI ONINODNOOIN NN NONNINANN OO NO NNNINNO NN O N WK
AN et N O LN =t O L o LV LY o 0O LDV LN LN el L0\ ek el LY et O\ v el vt ot 1 S N NN OV omd O OO el U ot NN NI O

SUMMARY

~
Q0
—
St
o
wy
—
N’
[V
w
]
<]
o
(9]
[=}
v
L)
[ Y
L)
[
|
o
LY
o
Ut
o
>
W
[72]
V]
—
]
=]
«
o]
o
]
=4
(o4
[+ ]
-
3
L
12
©
—
Q
Q
=

ag > OU>V 1wWu O aa>a>aaununn>uvnavie>>unauub-uaca
(818 —> OS> 0nr00>0>000rax>a0xY I>>a0>>ID>00R
SAXTDAX QAL IV AT ILITAAN DD DADAD DI ADA LI DT LT

US ARMY.,
- DATA PLANE ATTRIBUTES =~

Table B-8.
EFFFCTI!

wZ | NLPNOMCDPDANNTNOMNS OPRO~NAFNOINNDRO~NANNENIDPO~NMM TN
Wifint OONDODOO mmirdrtr=trd et md =N NINAIN AN NAYIMN A AN A NN T
ax~—Ot VOO0V VDVVOVOVIVVVOVVVIOVVOVIVVOVVIOVOVLOLOVOLOVOOYVD
[alGIoN]
a1




AR A R I Mo R6 A1 3000 R ol af ‘ala el A B

Healdsburg Quadrangle Summary of Georeference Base (16 of 18)

Table B-8.

400 SQ FT

TICN

SEC
Lt =

<

BCRATIFRIE

SUMMLRY CF GEGREFEPENCE BASE

ARELL COVERAGE

[

DATA PLANE ATTRIBU

SO MILES

ACRES

PIXELS

N~ OONNO T <O TN O O M O AN O AP0 OMNM O T OISO NNG
e ONTAOTNMI—OOMIOMNMdT OO RONFP~MDONOUN NN~ ON
0100101223011204030644105321002890120120030
0030000030000000000020006100004000100430014
0000OOOOOOOOCOOOOOOOOOOOOOCOOOOOOOOOOOOOOOO
.00...0..o.ooo..o...o..........o000........

Ooon000000000000005)003000000000000000000000

- F i F OIS 4P VAP ek NN O O et N F D O MNP O NN DN MN DN DN
19419326bZlb6567211199841837511671061594062
..'..0....0....0...'...........Ql.‘..."...
00000011020001020204520028100075,.3071060008b

[aV] — K g o [aVaN] [aV]

AR 4 AUV A i AR et D E e o Ot B 00 d N AN O O AR ) i DINT PO~
_HOIF DN PN G =0 DONMN I T NNTNO OF OO N~ N A PP R D F PN
- — NN - N M [TaYe X0 AOD M~ ON on®
o — N 4 o [V oY} N

VVVVVVVVVVVVVVVVOOVVVVVV.UVVOVVVVVVVVVVVVVOV
OOCOLOOLUOOOOUNOCAHICOOACOLHIOI0000CCOOCO0DC 40
OO DDTOLOTLTCOCHOOQULDODDLOQL DL DODOODDVDODATDOOLD
dQeladdd dagdaadgd COTAda A LA DI I AL LI Ad( A TqINT A

o 00O O 200000C o (el elalels) o oocC (@} [alele)
c)055050555555505005053550050555000500555300
251a£525122112251551511125515211555255111555

wVASUTNS Vgl >0 AVQALUAAAILVOOUY QUL auw vy >>
dODorx iy (HLrw>d->X DIDLOLLTUOLDVVOL LS XFO>E a>>>
UAAUUU:UALBAHKUWUAA&AWAAAUAARA&UAUBAAAdU&LA

I~V TSN .$ N O DRO— NN LA INDDIO~NM TN I DO IFN ID
G rLIrOANANNANNONNANYID00D00D D OO DI~ P~V 0OV OOMN
30170230000 N0 00202002 DHDD DA NDOOHOOLDHOVNDOVOON D

V0D
66.0

B-33

@ Tm T et et

~ .'\.F‘ ._“,-_' ._".A'. R

LI
S At Lt A"

..
-

t
-t

-

D
.-

et e

o -

T

A RPN
.. DL
S At el ata  atlalal




NN AR S oy

aaa L,y

&—.ﬁ

AR SRS

R

-
. L

1 VT NONONANINAQR~OTONSE ST INMMO O OOMNMSNONONT O JINN T ~N0 e
(I} W VIR YT O~ OO = NOANNONOAOSTCOTIANNTINM=NTODN~NOMNM o
| dl et NCONOR~ANDO==NNDINAIT OO OOVNANMNPITN~OV~DONOMN DO
—~ | - ~OOOOQO~ON~OOMMANNS=ANDODL~O=O 00 FTOOONOONO~M=~IO .
mw ! b | [e]elololelalalolelelololelololololalalolalolelalalololelalolalolelolnlalolnlel Jolols]
t ] @ 6 06 & 0 0 0 0 06 9 ¢ 0 0 00 0% 90 e 0P8 S 8000 ¢ a0 090 e s 000 00
W %" Q“ [elololololalolololalololalelalolololaloloalslalolalalelolololololeololsloalelalalolslole)
o V2]
«
™~ - a
At u w i I ONVCODPMO=NNNMSDO=NO VO OMet TP O~=IN T OO QDN DN
> 1 v NOAOP OO NNSNOOMNNOOSMDDN~NN~ANNMAONG O O $ Ot N D OO
e 0 PL- E— ¢ © 8 & 6 0 & & & 9 5 O O O 0 O 0 00 VO SO C 00 S 9O 00O SR S OO N 0
@ w) W w ! 1035010204230218577554760222223605550405704
h t QI —~ 4 NN et =y DN ~ M
Z0 V) | < |
Q WO w <t | [}
3] — ~— w !
= "~ o Qa t
v N m -\ I OMPAHANRAOCOPRNONNO LT ADDVDO M erd FRIP et PIND DD F DO NN
u u. - I Wl NOOWMIODONMOMNOADNN O~ F O TEETNANOAD O MO TEAORTOOVO
' wnd < [ 2136 ~ N NN TN OMNOTAND~NANMANN O 546 0N =N
Q w (14 w | w - NNt = ONet et = ~N - oM
~ o > o ) | > |
(e} (YIS m «{ ] — |
% Qa o1 @ -
o oJd 11 |
Y] = U w
[o] o) [ Q
Q [ 2z
o wT w
k 3 gaQ o
ZC ai«a wi
C o w 1w 32
' o <O w ERICH f
w we O @ wi1DZ| P
) woO «ao [&9] wil <
— S D0 w =1 JT
80 ON - (&) DI v
<} Zee - o
m g~ VN u — | O0OZ) >3>>3>>0>2>>>22 2033300
<~ o i c A | Owra | NOOOMOMNWO00UOOOL00O00COODO 0000000000000 0LONO
D Ful 10O« OOOOOOOWONONOCDWODOMOONOOURODUWNODNDOO DO N0 M
w <ty P-4 >= Fladd)l dddAagAINdAQddIdINAdIdddq9AdgqOIdI DN Qa I LI ddd g <L <]
(o4 D Vie o g juaqa
00 Ja QD < !
by O oL x w
3 OV =i x Z12Z2> |
L x 2 o | Ly QOO0 O O O OO0 6O 0000 O O o [olelelololelolalelolole]
L] D . V) dIWd!l (o InononOININININONOoONIIANNIOINOINC OO N oI nIN NN AN
o Bﬁ > O 1 T L b et U et U e U U e omd gt et LY b U o e ek LN et LY ot LV LV LN e NS ot it ot et o e N O] et ood et
w X ]
§ o~ « <
=] Q. < [l |
L~} < | O}
w.J (%] [a N P42 N ANDSONVNEL>D0>UVS>a>UL oL >AaLOomS>OnNovVInn>N>u >>>a.a >
& > o) 144D OX>>0d>D>20>a > D000 or> o0y e.>a>>>25>32000>
I — 110 | ADGIDIDDAaAddaDIDNAAIALADIII DI LI DI D DG DA AT ADA A
m o
(&)
R uwJ
[TR
4 w
I7]
a 2 ] NO~NNININDPO=NNEFNODRO~ANNFN OV RO~ANNT NI~ O~
WDl DRI PRORCOODOANCONOD ~rdrd it el rd e~ —~ NI NN N NNNN NN NN

O 1 OO0 0000000 OM P he e faha P ho he e e e e P B P B e B P e P e P e e P P
QOO




~
[ o]
el
N
o
a0
—
~
Q
]
Yy
m
[
(8}
[=}
Q
13
[
U
[
1
o
%
o
U
o]
>
1]
m
w2
[}
—_
o0
c
o
-
©
L}
3
<
&0
i)
3
0
v
©
—
«
U
x

Table B-8.

LABCRAT JRTES

=NCt BASE

GECKEFe®

SUMMAQY (F

AFELL LOVERAGE

ATTRIBUTES

DATA FLANE

OO MDDt DN TN DNUINM F DO S i F U IS 0D
QO ATOMANONMTINT ONTNOSMONTAMNA T ONNU 03—~
Pl NN DD I~ T DO~ PN T PO NND = VI 4
CrONNOEONOOAOmdN~Adm et Q it NN NOODCOCNOL~OO
20O TOCOCOTOCCONO000ODCODIO0O0DOONTOHOOCO
o @ & & & & ¢ o &8 & ® ¢ g & 0 & O 5 & 8V O P O 9 S0 e " s e

COCOOCOOILOUDOCDOOCCOTSCCCOCTTOOOO

DRt N DT =N DN OO N DONC~NOQOOMM~ONNDOWN

PUYNF ONCAR AP ONN~Aed rd e D P NN Tt N\ NN

® @ & & 0 & 9 & & ¢ % & 5 % O O 0 9 0P O 0 g8 & O s O 0

NP QO F N DOCNNMS &I LO3977 WVOMIFDOMNN T J NN O
—— N e N Yt

P DN TOONIAINAIN= R O rd d DO d DO TS A F et D TN

ANNRNNMADONINARNDR—EE SN PIPOMNDOONNMN ANCRIN OV D

38066012944731497768080 3245226.3
—e—d O - [aVIaaTaN]

2 >IP0I D0)I>>
O 000CO0ILICNIC 30O ) A00OMCOCI Y N
Cu oL OOV OODOOCDUWOIUNOCNULEMMCI@ECOILDD
N VAL I QI A S I LN D (L QA U I I T T Q

o ococe C2O COCO 20 QOLOOO O
QOINOOOONIN NN NADONNCOoODNNANINC NN O AN ALNCNO
VO =t DNV m it et Nt NNt D O D) et ot 4 et U\ et e LD el oo b ok Y = D

> >>>>>>aa'anao> a >uuw>ai. >DVU>DUVIDD>D>
DU DI I NI TN DO Ty DD D>>D>
L IA AT AT A DT ] AT QT eTT < T T T e] Tl el el el

NNANFNI~DTFTTANNLTAODIRO~AYN FT N O~ L0~ NS
MO ANN YN P PP TTIEAAANNAANNANDIDDDD
P e P P P P A P o P e e e B B Py P B B e e B P P B e P P P B B e

l4. 4658

9455436

10278009




