
Subsequent sections of the paper describe the capabilities of the program 
and the language used in the user interface. The final sections show 
examples of the use of Harmony and discuss supporting programs.

CONCEPTUAL MODEL

The fundamental structural notion of the cartographic model of 
Harmony is the decomposition of the landscape into named (or numbered) 
cartographic elements with the geometric form of points, lines, or areas. 
As such this program, and all others like it, differ radically from most 
image processing approaches to cartography which process and map 
continuous spatial fields of information without identifying individual 
features. Point, line, or areal features in Harmony are the entities of the 
cartographic model and they are associated with one another by a set of 
relationships (or relations). Relations are defined in a general way and 
include the relations between a feature and its name, and a feature and its 
location, as well as more sophisticated relations such as that between a 
feature and its topological neighbors. The model consists of the classes 
of entities and their relations. Below is a table of some of the relations 
used in cartographic data processing.

TYPE OF RELATION
NAME OF RELATION DESCRIPTION OF RELATION

Identification Relations
Name Entity's "name is" (e.g., geocode) 
Location Entity's "location is" (coordinate position)

Spatial Relations
Scale Entity "contains" another entity 
Order Entity "precedes" another entity 
Boundary Entity "bounds" another entity 
Interior Entity "has in its interior" another entity 
Intersection Entity "intersects" another entity 
Congruence Entity "is congruent to" another entity 
Dimension Entity's "spatial dimension is" 
Distance Entity's "distance from" another entity "is"

Table 1. A Taxonomy of Spatial Relations.

The mathematical background for the relations described in this table 
are discussed in White (1981). Note that the relations of dimension and 
distance are only two of a potentially large number of geometric measures 
which might be used. The spatial relations defined in this table plus other 
non-spatial relations form the basis for the organization of cartographic 
information in Harmony. The unit of organization is a collection of like
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entities, such as a group of point, line, or area features, along with a set 
of relations that are constant throught the collection. These collections 
are stored in the computer as files and each individual (record) in the 
collection has the same set of relations (fields) as every other individual.

Each field in a file has a code indicating the nature of the relation 
that is stored in the field. One of the fields is designated as the "primary" 
field and is presumed to contain the names or identifiers of the point, line, 
or area features that are contained in the file. Following are a list of the 
numerical codes used to indicate various relations:

Interior Topology
42 Adjacent Chains
43 Adjacent Polygons
45 Connected Chains
46 Connected Polygons
47 Separated Nodes
48 Separated Chains
49 Separated Polygons ("holes") 

Geometry
50 (X,Y) Coordinate Locations
51 (X,Y) Minima
52 (X,Y) Maxima 
61 (X,Y) Centroids
81 Perimeters/Lengths
82 Areas
91 Distance from Point 

Non-Spatial Attributes
101 Binary
102 Nominal
103 Ordinal
104 Interval
105 Ratio

Table 2. Types of Relations in Harmony.

When Harmony prints out the field descriptions of a file, the column 
labeled "Rel" indicates which relation of those above is represented by 
each field of the file. A special code of -1 is used to indicate the field 
which contains the number of coordinate pairs in a line or area boundary 
description (relation number 50). The Odyssey file management system 
(Morehouse 1978) used by Harmony allows for one variable length field as 
part of a record. A count field (code -1) always accompanies a variable 
length field.

Primary Field Types 
0 Points
1 Lines
2 Areas 

Scale
11 Containers
12 Containees 

Order
21 Precedessors
22 Successors 

Boundary Topology
31 Nodes clockwise
32 Chains clockwise
33 Polygons clockwise
34 Beginning Nodes
35 Ending Nodes
36 Left Polygons
37 Right Polygons
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HARMONY'S LANGUAGE AND FUNCTIONS

Harmony is a sequential file processing program with three 
processing "modes". Each mode uses one or more input files and produces 
one or more output files or a set of output graphics commands. The three 
modes are sorting, copying, and drawing. Sorting must be explicitly 
invoked by the user in order to prepare files for further processing such as 
aggregation. One input file is sorted to one output file. Copying is the 
basic mode for file transformations and may be performed from one or two 
input files (two input files must be synchronized, i.e., sorted on the same 
feature) to any number of output files. Drawing is from any number of 
input files to a single file of graphics commands or directly to a graphics 
device. The command for the appropriate action,

sort ;
copy;
dra»;

is normally given after the relevant files have been opened and the file 
descriptions have been modified, or after symbolism for drawing has been 
specified. (See Dougenik (1978), Broekhuysen and Dutton (1983), for a 
discussion of the Odyssey command language generator used for this 
program.)

Input files are opened by specifying their internal Harmony file 
number and their external system file name, 

open input :f Me f i lenaie; 'naie';
Output files are also identified by internal file numbers and external file 
names, but in addition have optional qualifiers of text, aggregated, or 
graphics. Text files are written in character format rather than in binary. 
A file which is opened as aggregated sets up the aggregation mechanism 
for the subsequent copy operation. The text and aggregation options may 
coexist. Mutually exclusive from both of these is the graphics option 
which prepares the file to receive graphics commands. The final qualifier 
for output files is the input file with which to pattern the output file's 
fields. Each output file is initially patterned after an existing input file 
such that it has the same number of fields, each with the same 
characteristics as the template input file. The statement opening output 
files is,

open output:file filenaie:'na§e'
text
aggregated
graphics
I ike teiplateifile;

where the default is binary, non-aggregated, non-graphics, and with a 
template like input file number one.
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The three commands for managing the fields of files are the 
construct, remove, and modify commands. To construct a new field for an 
output file the template field from one of the input files must be 
indicated. The new field is then constructed with the same 
characteristics as the template field. Any field of an output file (or an 
entire output file) may be eliminated from processing with the remove 
statement. The modify statement is one of the most important in 
Harmony. With it, fields of output files are set up according to the desired 
contents on output. Most of the functional capabilities of Harmony are in 
fact initiated by specifying how each output field is to be made. The 
qualifiers to the modify command are the field's label (which appears in 
file descriptions as a documentary assist), the data type (which may be 
integer, real, or character in codes of 1,2, or 3), the word count (in 
computer words appropriate to the data type), the relation code (as 
described above), and, finally, the "formula" for the field. The syntax for 
these commands are:

construct output:(file,field) I ike template:(file,field); 
reiove output:(file,field); 
•odify output:(fito,field) label:'label'

datatype:code 
•ordcount:count 
re I at ion:code 
fonula: 'formula 1 ;

FORMULAS

The formula mechanism is one of the distinguishing features of 
Harmony and provides the program's flexibility and generality. Each field 
of each output file is built during the copy operation according to its 
formula. Formulas consist of variables, operators, and functions arranged 
in a conventional infix notation. The variables are fields of the input files. 
The operators are the arithmetical, relational, and logical operators found 
in most algebraic programming languages. The functions are some of the 
common mathematical functions (trig, log, exp) and plus some special 
ones. The membership function evaluates the presence or absence of its 
first argument in the set specified by its second argument. The ranking 
function returns the position into which its first argument would sort in 
the ordered table specified by its second argument. The conversion 
function returns the position in which its first argument is found in the 
conversion (receding) table specified by its second argument. The 
transformation function specifies in its second argument one of twenty 
coordinate transformations (including ten map projections) to be applied 
to its first argument. The aggregation function specifies in its second 
argument one of six (last value, number of values, sum, mean, minimum, 
maximum) aggregation methods to be applied to its first argument. The
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conditional function returns its second argument as a value if its first 
argument is true, otherwise it returns its third argument. The formula 
language supports any level of nesting of variables, operators, and 
functions as long as the total length of the formula does not exceed a 
predeclared maximum (288 characters).

The implementation of the formula mechanism consists of a 
preparation stage, before file processing, in which all formulas are 
compiled from their infix representation to a more compact and efficient 
postfix representation. As each record of each output file is prepared, 
each field's formula is evaluated in its postfix form to obtain the contents 
of the output field. The variables (the current contents of the designated 
input fields) are combined by operators and transformed by functions as 
specified in the formula. The program performs type conversion (all 
numerical values are processed as real numbers) but no type checking or 
word count checking.

The formula mechanism is also used to select records for an output 
file. Each output file may optionally have a formula which is evaluated for 
each record to determine whether to include the record in output. 
Selection formulas must evaluate to a logical value (true or false). In the 
drawing mode, Harmony also uses formulas to specify the color, pattern, 
and size of symbolism to represent each entity of each input file to be 
mapped. With the various operators and the ranking function and the 
conversion function, any type of value classification which does not 
require preprocessing all values (such as quantiles or nested means would, 
for example) can be performed. The relevant statements in Harmony are:

select output:f Me by formula: 'formula';
color input:file by foriula:'formula';
pattern input:file by fonula:' formula';
size input .-file by formula: 'formula';

Many of the coordinate transformations require parameters which are 
specified in separate statements in Harmony. The membership sets, and 
ranking and conversion tables are also specified separately. These 
statements are:

•ake center:(xcenter,ycenter) 
radius:distance 
parameters:(one,t«o) 
resolutionidistance 
angle:degrees;

•ake •eibership:nuiber table:(«•!,«ei2,...•eiN)
rankingmuiber table:(break1,break2 l ., ,,breakN+1) 
conversion:nuiber tabIe:(code1,code2,... , codeH); 

Further statements are used to specify the graphics device, viewport, and
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data window for maps, and to specify the fields to be used in sorting. The 
status of any field or file and the values of various parameters may be 
displayed; the codes for relations, aggregation types, devices, graphics 
patterns, and transformations, and the symbols for operators may be 
reviewed with help commands. Finally, the program supports a scripting 
or command file feature in which long sequences of Harmony instructions 
may be prepared with a text editor and subsequently read into the program 
either interactively or in a batch mode.

AGGREGATION AND DISAGGREGATION

Harmony has a general capability for aggregation and disaggregation. 
In the aggregation process, data from subsidiary geographic units are 
grouped together in some way and assigned to the parent unit. The 
simplest form of aggregation uses one input file sorted on the field 
containing parent identifiers. The output file normally consists of a 
primary field of parent units and one or more attribute fields constructed 
with formulas using aggregation functions. These formulas accumulate 
the data for one parent unit while that unit's subsidiaries are being 
processed in the input file, and then store the aggregate data in the output 
file when a new parent appears in the input. An additional input file may 
be used if, for example, attributes of the parent units are needed in the 
aggregation formulas or are to be transferred to the output file from an 
existing parent level file.

In the disaggregation process, data from a set of parent geographic 
units are distributed in some way to subsidiary units. For this process 
two input files are needed: a parent file with aggregate data, and a file of 
subsidiary units with attributes to be used in the disaggregation formulas 
(such as the subsidiary units' areas or boundary lengths, for example). 
Harmony creates the output files as subsidiary unit files with fields of 
disaggregated data calculated by formulas taking a parent attribute and 
spreading it to subsidiaries according to some ratio of subsidiary 
attribute to parent attribute, or, for nominal data, simply copying the 
parent attribute. As with its other features, Harmony allows any kind of 
disaggregation which can be expressed in its formula language, but 
requires the user to "formulate" the result.

FORMULA EXAMPLES

A good way to understand how formulas are used to accomplish 
cartographic data processing goals is to look at some examples. Many 
applications using coordinate locations begin with a map projection from 
spherical coordinates to planar. The first transformation upon a data set 
of points or lines normally has a formula like:
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'TRflH (F(1, -1), 111)'
where this formula would be specified for the output field containing the 
coordinates. (When the coordinates are contained in a variable length 
field, as they would in a "chain" file of polygon boundaries, the field 
number is always designated as -1). The formula specifies that the 
transformation function indicated by the second argument (an Albers 
projection *411) is to be applied to the first argument, the variable length 
field (of coordinates) of the first file. Subsequent processing might 
calculate areas of polygons, lengths of lines, or, for points, distance from 
a prescribed point with similar formulas, changing the second argument of 
the transformation function to specify the appropriate transformation.

A class of operations often using long and nested formulas is the 
selection of individual geographic units based on one or more criteria. 
Simple selection can be made from membership tables by first assigning 
members to the table and then using a formula like:

'HEO (F(1, 1), 1)'
to chose only those input records for output processing whose first field 
value is a member of table number one. Such a formula can be arbitrarily 
complex including the logical operators of AND, OR, and NOT to refine the 
selection. A similar use of formulas is assigning suitability classes to 
geographic units based on a number of criteria. Nested conditional 
functions can create a quite complicated formula, for example-

'IF (F(t, 1) > 1, IF (F<1, 2) - F(1, 3), 2, 1), 0)' 
where the meaning is "if (file 1, field 1) is greater than one then if (file 1, 
field 2) is equal to (file 1, field 3) then assign the value of 2, otherwise if 
condition one is true but two is false assign the value of 1, otherwise if 
condition one is false assign the value of 0." Any degree of arithmetical, 
relational, or logical complexity can be handled this way.

Mapping with equal interval value classifications is done with a 
formula like:

'(F(1, 1) DIU 10) + I 1
that subdivides the range of values in (file 1, field 1) by intervals of 10. 
Classification by arbitrary intervals can be done by the ranking function or 
by nested conditionals. Each input file has its own formulas for 
determining the color, pattern, and size of symbolism of its values.

SUPPORTING PROGRAMS

Two additional programs support the activities of Harmony. The 
Picture program (White 1983) provides a two dimensional figure drawing 
capability that allows points, lines, and areas to be drawn as symbols, in 
outline form, or to be filled with colors and patterns. Text annotation can 
be created in several fonts. Titles, keys, north arrows, and other map
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elements are constructed with this program to accompany the symbolized 
geographic units drawn by Harmony. A program called Global converts data 
into the correct format for Harmony. Odyssey files can be read directly 
into Harmony.

CONCLUSION

The Harmony program uses a "higher level" language for cartographic 
data processing that provides for the specification of the results of 
cartographic operations in a mostly non-procedural manner. The success 
of this abstraction of cartographic processes is based on the validity, 
generality, elegance, and completeness of the underlying conceptual model 
of cartographic entities and their relationships.
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ABSTRACT

A navigation computer with a moving map display is now 
commercially available at less than $ 2000 for cars and 
trucks, and this places extraordinary demands on digitial 
cartography. First, the equivalent of two paper maps must 
be squeezed into a single digital cassette. Then, the map 
data must be placed on the cassette tape arranged so the 
computer can stay ahead of the driver, regardless of speed. 
Also, coordinates must have a relative accuracy of a car- 
length. Finally, vast coverage —— the entire U.S. —— is 
needed by the end of 1986.

To meet this challenge, we have embarked on the largest 
digital mapping project ever undertaken. A key element of 
the project, perhaps the most important, is the mathematical 
basis of the system for digitizing maps and constructing 
cassettes. This basis facilitates chaining for data 
reduction, makes organizing cassettes by neighborhood 
possible, and helps to control the tremendous digitizing 
effort.

The presentation of this paper will include a short 
film of the Etak Navigator in operation.
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Map construction algorithms currently exist in a number of 

computer programming languages and in several different versions 

of such languages as Fortran and Basic. Like other relatively 

sophisticated software, mapping programs often depend heavily 

on special features of the operating or hardware system on 

which each program was originally written. This dependence 

stems from the system dependence of most high level programming 

languages and has the important consequence of making most mapping 

programs difficult to transport from one computer to another.

Ada is a general purpose programming language sponsored by 

the U.S. Department of Defense and developed with the specific 

objective of producing highly portable programs. If Ada is a 

suitable language for writing cartographic programs, its use could 

alleviate current portability problems. To determine whether Ada 

is a practical language for cartographic applications, several 

common mapping algorithms originally programmed in Fortran and Basic 

have been rewritten in JANUS/Ada. Results of this effort demonstrate 

that: basic rapping and map data processing programs may be readily 

written in Ada. Conversion of Fortran programs to Ada, in particular 

requires changes which have proven more cosmetic than substantive 

even thcurrh i ~.e ^roaram code aocears verv i ± : fe r-^.t.
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ABSTRACT

Up until now the major effort by organizations which encode 
data covering large geographic areas has been in the data 
base creation phase with relatively little effort on the use, 
or interrogation, of that data, particularly with respect to 
establishing enquiry systems of infrastructure. It seems that 
the next stage in development of systems will be in 
specialist enquiry systems, or expert systems - an expert 
system being defined as "a set or arrangement of things so 
related or connected as to form a unity or whole and being 
skillful and having training and knowledge in some special 
field". One important application of an expert system is the 
interrogation of infrastructure which is required for relief 
operations for natural disasters, search and rescue 
operations, and also for route planning and charting.

INTRODUCTION

The degree of automation in cartography has increased 
gradually over the past ten years. Many mapping organizations 
are now using computer-assisted procedures to produce their 
cartographic products at a quality that is now "acceptable 
for reproduction". Up until now the major effort by 
organizations which encode data covering large geographic 
areas has been in the data base creation phase with
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relatively little effort on the use, or interrogation, of 
that data, particularly which respect to establishing enquiry 
systems of infrastructure - infrastructure being the 
substructure or underlying foundation, and especially the 
basic installations, on which the continuance and growth of a 
community, state and country depends. It seems that the next 
stage in development of systems will be in specialist enquiry 
systems, or expert systems. The need for such systems is 
reflected in both the public and private sectors. Often 
quotes referring to the "need to have an integrated emergency 
management system which takes into account procedures, 
communications and transportation aspects" appear in 
newspapers following natural disasters (Governor Anthony Earl 
(State of Wisconsin) in The Capital Times of April 12, 1984). 
Clearly the Governor may not have in mind an expert system of 
the type discussed in this paper, but the concept is 
recognized, albiet at an elementary level. The private 
sector, when referring to expert systems are generally more 
precise as addressed by Bereisa and Baker (1983) when 
discussing the state of development in automotive navigation 
systems at Buick Motor Division, General Motors Corporation 
(Abstract only submitted to AUTO-CARTO 6).

This paper discusses a basic conceptual view of possible 
expert systems, discusses some characteristics of systems 
oriented toward infrastructure applications, examines 
components of an expert system, and considers relationships 
between various types of data, structure of information and 
implementation of algorithms by using a case study.

A CONCEPTUAL VIEW OF AN EXPERT SYSTEM

One of the dysfunctions in the development of automated 
cartography and geographic information systems up until now 
has been to draw a prospective user and the system designer 
closer together than, say, the relationship that existed 
between the user and the cartographer in traditional 
mapmaking. While this might seem an obvious benefit for any 
system, the dysfunction occurs in that all too frequently the 
"system designer" becomes the controlling operator with the 
"user" taking a subservient role - a point expressed by Bie 
(1983) who suggested that "autocartography has been 
technology-driven rather than resulting from user needs". 
There are innumerable articles and papers which support this 
notion - papers which describe in detail data input, editing, 
validating of data, and processing (often just to create 
valid data) procedures, and then briefly mention possible 
future applications of their systems. While such work has 
contributed greatly to our discipline, by addressing 
techniques, standards, and the like, as well as creating data 
bases from local project area to global coverage - a 
fundamental requirement for geographic information systems - 
the design of expert systems should be approached more 
directly from a user's perspective.

573



The development of expert systems should proceed with 
specific purposes and scopes clearly determined and defined, 
and at a level of sophistication that will serve the user 
adequately and efficiently. I am, however, concerned of 
uncertainty within the field of geographic information system 
development. While some authors have favoured research into 
expert systems (Smith 1984), others have been more 
pesimistic, noting that "few geographical problems command 
such attention" and query "on what topic do we really know 
what we are talking about in the sense of expert systems?" 
and "where is there a need for a daily (or at least frequent) 
use?" (Nystuen 1984 page 359).

Perhaps the problem of conceptualizing expert systems has 
been caused by a lack of understanding of the role of 
cartography and an inadequacy of suitable definitions. It is 
not my intention to attempt to provide any sort of historical 
analysis of cartography, but rather to observe the direction 
the discipline has taken in recent years. This direction has 
been generally to add more "information" to cartographic 
products both directly and indirectly. Map symbolization and 
specification has been refined to enable more information to 
be printed directly onto the map. For example, tourist road 
maps contain road distances, rest areas, bus depots, highway 
interchange numbers, schematics of major roads with time, as 
well as distance, provided, and so on. Indirectly, much more 
information is provided in the form of leaflets, books, and 
so on, designed to accompany maps.

This direction should be maintained - that is to provide more 
information - but should be more selective with respects to 
specific needs. For example, a person travelling along 
Interstate Highway 170 through Colorado is probably only 
interested in accomodation within close proximity to 170 and 
not all accomodation in the State of Colorado.

CHARACTERISTICS OF INFRASTRUCTURE ORIENTED SYSTEMS

The scope of infrastructure is extensive and in one way or 
another is used on a daily basis. Infrastructure can be 
examined from a place or city perspective and from an area or 
region perspective. Infrastructure includes information on 
population and administration, medical facilities, water 
supply, power supply, airfields, ports, railways, roads and 
telecommunications.

Analysis of this information is equally diverse. Applications 
might include service functions such as the supply of road 
maps, flight routes and times, and accomodation as provided 
by tourist information centres; county and state functions 
such as management of service facilities, planning logistics 
for natural disaster relief operations, or rerouting traffic 
for highway construction ; or national and international 
functions such as aeronautical and nautical route charting 
and offshore area determination. It would be an ambitious
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attempt to try to list all such facilities, functions and 
applications and the intention is not to do so, but to merely 
highlight the vast number of applications and to indicate 
some parts or roles that expert systems might play in the 
future management of these resources. More specifically, some 
of the roles might be to plan routes through road networks to 
provide tourists with route information or to determine the 
best path to route vehicles to provide relief and aid 
operations (Figure 1); or to plan aeronautical routes and to 
locate navigation aids; or to determine buffer or protection 
zones along a coastline for navigation purposes (Figure 2); 
or to plot a route around barriers of features (Williams 
1980).

Route through Dane County, Wl on US151 ermg Strait,AL

Figure 1
(20 nautical miles)

Figure 2

In addition to type of infrastructure and the purpose of 
application, the geographic area of coverage has to be 
considered. Again this can be extensive in scope, ranging 
from local project area to global coverage. Thus a key 
characteristic of an expert system would be to manage 
information rationally with respect to area of coverage and 
application.

COMPONENTS OF AN EXPERT SYSTEM

Communication
The success of an enquiry (expert) system will depend upon 
its abitity to provide timely and reliable information. That 
is, a detailed and accurate response provided in two days 
time is of no value if the information is required by 
tomorrow. Likewise, too much information is often as bad as 
too little information. Thus an expert system should have an 
input system, or more accurately, a user communication module 
which should be able to interact during the information 
gathering process in order to increase or decrease the amount 
of information being provided. This interaction may be 
provided in a number of ways including by the use of menus, 
by question and answer, or by declarative statements
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(Williams 1980). In any case, one of the functions of the 
communication module should be to validate the response, 
advise on the availability of certain information and to 
record a historical account of the task.

System response
In most discussions on systems, the processes performed by 
the system would be discussed at this stage and that followed 
by analysis of output. But with an expert system, it should 
be the final products that drive the intermediate stage and 
so this component should be examined next. The system output 
may be a visual display on a screen, a printed graphic or a 
text description and associated tables, with the precision of 
system response related to the intended use or user. For 
example, a person requiring general information on the route 
between Madison, Wisconsin and Green Bay, Wisconsin might be 
satisfied by a response which said to take Highway US151 and 
State Highway 26 to Oshkosh, a distance of 87 miles, and then 
Highway US41 to Green Bay, a further 56 miles, while another 
user requiring more detailed planning information, might need 
more specific details regarding road identification, 
intermediate distances, location of refuelling places and 
selected areas for accomodation, and yet another user, say a 
construction engineer, might require a detailed drawing and 
description of a particular road intersection. Therefore, the 
first user would probably be satisfied with a (text) 
statement, the second might require a route map annotated 
with selected information and accompanying guides, and the 
third might require high quality graphics and detailed 
information on terrain characteristics.

Information processing
In order to provide information as discussed above, adequate 
processors and related data bases are required. The number of 
"requests", and therefore algorithms to be analysed is a 
function of the actual requirements of an implemented system. 
For the analysis of infrastructure for search applications, 
algorithms are required for the determination of shortest, or 
best, paths in complex, or multi-level, networks such as road 
transportation systems; the determination of shortest paths 
between unrestricted nodes, those having no "physical links" 
but constrained by distance as the case of air navigation 
routes; and the determination of "proximity", "closest 
location", and associated features.

These algorithms are required to be processed in a 
multi-level environment and so the structure of the 
information and management of the information has to be 
designed accordingly. However, there are usually constraints 
on the type of structures that can be represented by various 
data base management systems. Most data base management 
systems will only support structures that satisfy certain 
properties required by the data base management system. The 
most common manner of characterizing structures is either as 
hierarchical or network structures. In a hierarchical 
structure each record type can at most have one owner. With a
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network structure more than one owner is allowed for each 
record type (Hawrysczkiewycz 1976). The interrogation of 
infrastructure requires retrieval and processing of 
information at both local and global areas of coverage and, 
so, a hybrid system of list, hierarchical, and network data 
structures incorporated into an appropriate relational model 
is required.

System knowledge
Some of the processes are deterministic while others may only 
provide estimates and so a portion of the data base and some 
algorithms could constitute a form of "system knowledge". 
This introduces the concepts of "knowledge" and "experience". 
Knowledge can be viewed as data including relationships, and 
deterministic procedures and techniques for providing finite 
answers. Experience can be viewed as those procedures and 
estimates that are "likely" to provide "reasonable" responses 
based on experience; for example, it is likely that the route 
between two cities is likely to be shorter using the 
Interstate Highway system than, say, the County road system.

In order to examine these components more closely, a case 
study is used. The study is concerned with the analysis of 
road networks in a multi-level configuration.

CASE STUDY

A case study is used to demonstrate the notions of knowledge 
and experience and the type of data structures required to 
perform queries on infrastructure type information. The case 
study specifically addresses the "shortest route through road 
networks" problem and processes data across regions down to 
the level of local roads, by using complex node structures, 
and a hydrid system of hierarchical, network and relational 
data structures.

Suppose one wishes to determine the shortest route in a road 
network between two terminal places or nodes. Then an 
algorithm (Figure 3) permits the analysis of a graph to 
produce a path in a network. Raphael (1976) suggests that, 
with heuristic algorithms, the success of the operation 
depends upon the "estimator"; that is the ability to 
efficiently determine the most likely distance to the 
terminal node from the present position.

As this process contains an "experience" operation, the 
"estimator", or factor by which the direct distance between a 
node and the terminal point is multiplied, can be modified by 
observing the current relationship, for example the class of 
link (road) currently being processed. Futher, because of the 
irregularity of road patterns, a route determined between an 
origin node and a terminal node may not necessarily be the 
same as a route determined from the terminal node and the 
origin node, and so an "experience" operation would be to 
determine both routes and select the shorter.
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SRflPH PATH (Origin, Destination)
IF <0ngin = Destination)
THEN ^trace path to goal oii 'closed' list)
ELSE {generate successors to Origin)

{deteraine estnated distance to Destination as the 
suasation of distance travelled and direct distance)

{place node on 'open 8 list)
{select node froa "open" list mth loxest value)
{place node on "closed" list)
{GRAPH PATH (selected node, Destination))

Figure 3

However, if one wishes to determine the route between a local 
road junction in the Township of Arena, County of Iowa and 
State of Wisconsin to a road junction in the County of 
Winnebago, State of Wisconsin, then the determination is 
required through a multi-level network. In this study the 
following relationships have been established: (1) same base 
unit, where origin and terminal nodes are in the same 
network, whether it be Town, County, or State; (2) adjoining 
units, for example adjacent Counties; and (3) hierarchical 
areas, for example a Township within a County. Figure 4 is a 
recursive algorithm to determine a route through a 
multi-level network and Figures 5, 6, 7 and 8 show a 
graphical representation of a solution.

PLAN PATH (Origin, Terainus) 
IF {saae base unit) 
THEN {process unit) 
ELSE

IF {unit on saae level) 
THEN

IF {adjoining units)
THEN {detenine transition point)

<process adjoining units) 
ELSE {locate exit froi each unit) 

{process loner order units) 
<..PLAN PATH (*ith exit points))

ELSE
IF {hierarchical areas) 
THEN {detereine transition point; 

{process lower order unit) 
<PLAN PATH (point to terminal)) 

ELSE ^locate exit froa each unit) 
{process loser order units) 
{PLAN PATH (mth exit points))

Figure 4

It can be seen that with this hierarchical approach, it is 
possible that important parts of a route will be processed at 
too high a level for practical use. For example, the City of 
Madison appears as a single node on the state level data 
base. This situation can be remedied by defining certain key 
nodes as complex, or special, nodes whereby directories (part 
of the knowledge base) permit the evaluation of a node with 
input and output links to the determination on a lower order 
data level. This principle can be extended recursively to
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include such features as highway interchanges, such as 
190/194. Similarly, links may become complex links at a lower 
order as is the case for a divided highway and so may be 
directed. Further, links may be temporarily "non-operational" 
due to, say, flooding and so may be obstructed.

»n of PULASKI County of IOWA

Figure 5 Figure 6
State of WISCONSIN County of WINNEBAGO

Figure 7 Figure 8

Measurement and reference
While it would be desirable to have a homogeneous data base 
with respect to area of coverage and coordinate system, this 
is neither practical nor possible - practical in the sense of 
having to transfer innumerable maps plans, and documents 
currently available to a com-mon reference system; and 
possible in the sense that while data up to County level 
could be on planar system, State and Country level data 
bases should be on a spherical system. Thus an expert system 
should be able to detect deficiencies in the data base as 
well as transforming between data sets.
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Data base structure
The term, data structure, has been used by many authors, 
often with slightly different connotations. Generally the 
term is used to describe data format types, for example 
vector, raster, string, polygon and so on and associated 
relationships such as topological structure. Information is 
data that has been processed to obtain specific results of 
relationships and increases knowledge of the recipient (Burch 
and Strater 1974). With respect to expert systems, the design 
phase should be viewed from the higher perceptual level and 
so the analysis should be of data base structure, or 
information structure. The case study emphasized the 
relationships of information. Figure 9 describes the data 
base structure.

^ DATA BASE STRUCTURE FOR ROUTE SELECTION SYSTEM ^

The following definition describes the structure of the data base using 
Backus notation:

<file title)

(systea address)

(base area code) 
(other)

(area code) 
(sub-unit code) 
<state> 
<county> 
(town) 
< special)

<file type> 
(directory code) 
(3) 
(I) 
< + ) 
U) 
(data code) 
(n/ 
<nl> 
(n'>

Note [11

= <systei address) <base area code) ((area code)! <file type)

= (systea disk drive) ! (network address)

= (US) ! (other) 
= (CA) ! (UK) ! (AU) ! ....

= (null) ! <sub-unit code) <area code) 
= <state) i (county) ! (town) ! (special) Ell 
= (AD ! ... (CA) ! ... (HI) ! ... (MY) 
= ... ! (DA) ... ! (10) ... ! (HI) ... 
= ... ! {AR) ... ! (DO) ... ! {PU) ... 
= (town subdivision) ! (coaplex interchange) ! ...

= (directory code) i (data code)
= <e> ! (i) i <+v i (X)
= (directory of data available) 
= (directory file of adiacent areas) 
= (directory file of inter-level nodes) 
= (directory file of intra-level nodes) 
= (n> i ('ni; ! (n 1 ) 
= (feature e.g. l=boundaries, 2=roads. etc) 
= (data file of network nodes for feature V) 
= (data file of network links for feature "n")

= sub-unit codes are in hierarchical order

Figure 9 

CONCLUSION

The case study provided evidence that processing of 
multi-level networks is feasible. However, the study also 
highlighted the need for further research into experience and 
estimation operations, and techniques for converting 
experience information into knowledge information, although 
intuitively if particular routes are used regularly then this 
knowledge could be incorporated into directories.

This research indicates that enquiry systems for the 
interrogation of infrastructure are feasible and such systems 
will be demanded as digital data becomes freely available.
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NOTE

All figures were redrawn and simplified for reproduction 
purposes from output produced by author-developed software.
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Development of a fully portable graphics system is the logical 
extension of current trends in information display and computer 
graphics. Convergence of these technologies will inevitably 
produce a portable system capable of complex data manipulation 
and graphic display functions -- a portable electronic map.

This paper examines technological and market trends supporting 
the evolution of a portable graphics system and discusses design 
issues surrounding a specialized type of portable system aimed at 
mapping applications. Demand for this type of system has 
preceded its commercial availability. Potential users in a 
variety of fields are currently attempting to assemble integrated 
systems that partially fulfill their need for a portable unit.

Pocential applications emphasized in the paper include utility 
right-of-way mapping, surveying, local government land 
assessment, and transportation routing. To support these 
applications, a portable graphics system must combine the 
physical characteristics of today's emerging lap computers with 
the power and sophistication of a desktop graphics workstation.

Electronic design requirements for this type of small, 
lightweight portable hinge on large mass storage, graphics 
display capao 11 111 es , and a communications comoonent. Necessary 
elements include: memory capable of supporting complex graphics 
software; a high resolution flat panel display; a mass storage 
device (either magnetic or optical); a communications link; and a 
data management structure enaoling quick access to map 
information.

Mapping, because of its need for large data bases and demanding 
display requirements, is among the most difficult applications 
for any computer. Although micro-based mapping systems are 
becoming available, most large applications are still in the 
province of mainframes or superminicomputers. Moving this level 
of capability to a portable system will allow few compromises in 
hardware and software design.
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POTENTIAL CONTRIBUTIONS OF DIGITAL CARTOGRAPHY AND 
SPATIAL ANALYSIS IN ASSESSING IMPACTS OF ACID DEPOSITION

James R. Wray 
National Mapping Division

U.S. Geological Survey 
Reston, Virginia 22092

ABSTRACT

Industrial nations in northern middle latitudes have become 
acutely aware of adverse effects of acid rain, or acid 
deposition. One strategy to achieve better understanding 
of the problem, and to win support for a mitigation pro 
gram, is to estimate tangible costs to building materials. 
A key facet of this strategy is to compile a region-by- 
region inventory of the amount, kind, and location of 
building materials susceptible to acid deposition. A 
spatial approach to this problem assumes that the presence, 
form, and function of buildings—and of the materials of 
which buildings are constructed—are related to the pat 
terns of land use. The presence or absence of buildings 
and other infrastructures is a primary clue in the mapping 
of land use and land cover. Prototype metropolitan and 
regional building materials inventories are already under 
way, and automated cartographic and geographic information 
system techniques are used to perform several related 
tasks: (1) to adapt an existing digitized land use and 
land cover inventory, in combination with other data sets, 
in a problem-solving context; (2) to relate land use data 
to statistical areas used in the Census of Population and 
Housing; (3) to stratify sample areas and choose sample 
buildings for determining the amount of selected building 
materials present per unit area of each land use class and 
area sampling frame; and (4) to generate prototype comput 
erized thematic maps, graphics, and area statistics. In 
addition to the ongoing building materials inventory, the 
same approach is being considered to assess the impact of 
acid deposition on other broad land use categories already 
existing in the data base such as forest land, agricul 
tural lands, and areas of inland water.

Publication authorized by the Director, U.S. Geological 
Survey, on January 2, 1985.
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ABSTRACT

For 15 years, Statistics Canada has been building and 
maintaining digital street network files as a base for 
micro-area retrieval of census data. The total coverage 
now includes approximately 150 municipalities in 41 
metropolitan areas containing more than half of the 
Canadian population. This base file is also used 
throughout Canada by municipal government and emergency 
dispatch agencies. In order to expand coverage of these 
files while increasing their application and compatibility 
with traditional map bases, digital data exchange 
experiments have recently been undertaken with Surveys and 
Mapping Branch of Energy, Mines and Resources nada (EMR) 
and other agencies. This paper describes the result of one 
experiment which involves building the network Area Master 
File for the City of Lethbridge, Alberta from a digital 
topographic file. The topographic file had been extracted 
from the National Topographic Data Base which is being 
created for a variety of uses, the primary application 
being the production of the 1:50,000 NTS map series. This
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feature file was converted to network form at EMR, and then 
attribute information such as street names and addresses 
was added at Statistics Canada. The resulting process, 
scheduled to be complete by March 1985, holds promise of 
building a composite digital file which is both compatible 
with topographic maps and also has potential applications 
to transportation planning. Furthermore, it is hoped that 
AMF production costs will be reduced to permit an expansion 
of the AMF programme for Canada. The potential benefits of 
this type of standardization as well as related problems of 
transfer and manipulation of spatial data bases are 
discussed in this paper.

1. INTRODUCTION

This paper first examines the digital base file and mapping 
programs at the two agencies involved, and events leading 
up to the decision to conduct an inter-departmental pilot 
test using data for the City of Lethbridge, Alberta. 
Section two looks at the methods used and development 
required in conducting the test. Finally, Section three 
looks at the results, provides guidelines for future 
interdepartmental spatial data base work and raises a 
number of questions.

1 .1 The Area Master File
Statistics Canada initiated the creation of digital street 
network files prior to the 1971 Census as a tool first for 
micro-retrieval of census data by user specified area, and 
later for automated collection maps (Van and Bradley, 
1983). These Area Master Files contain a logical 
representation of all city streets and other geographic 
features such as railroad tracks, rivers, and municipal 
boundaries in machine readable form. The AMF is maintained 
by the Geocoding Unit of Geography Division. It 
corresponds in function to the GBF/DIME file created in the 
U.S. during the same period, and with the TIGER file 
(Broome, 1984) being prepared for the 1990 Census. There 
are, however, differences in structure, since the DIME file 
is based on the block, and the AMF is based on the 
block-face.

Large urban areas (population 50,000 or more) are divided 
into block faces. A block-face consists of one side of a 
street between two successive intersections. These block- 
face spatial units are small enough that when aggregated 
they become a good approximation for a user identified 
query area. Each block face is assigned central x-y UTM 
coordinates, to which files of households, or persons can 
be coded i.e., geocoded. A user needing information from a 
geocoded file, outlines the area of interest on a map. 
This area is digitized and becomes a special "query area". 
All block face centroids falling within this area are 
aggregated and statistical data from the Census are 
tabulated for those block faces. This process is described 
in the booklet "Facts by Small Areas" (Statistics Canada, 
1972). New applications of the AMF have been described
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by Boisvenue and Parenteau (1982). Area Master Files now 
exist for virtually all urbanized portions of the 38 
tracted centres in Canada and three other centres. As of 
June 1981, this constituted coverage of 52% of the Canadian 
population .

1.2 Other Digital Data Sources
During the past few years there has been a significant 
increase in the volume of digital spatial data available in 
Canada, specifically from federal, provincial, and munici 
pal mapping agencies (Tomlinson, 1984). In some cases, 
digital data is now available for areas within the AMP 
coverage program. To avoid duplication and reduce overall 
AMF creation and maintenance costs, Statistics Canada is 
beginning to look to digital data sources and updating 
programs of sister mapping agencies. This division of 
responsibilities compares with the working relationship of 
U.S. Geological Survey and the U.S. Census in the joint 
TIGER/U project described by Marx (1983) and Callahan 
(1984). A number of experiments with other agencies are 
underway or under discussion. This paper highlights one 
such experiment conducted with EMR. Other joint projects 
are listed in Table 1.

Table 1. Agencies Interested in Joint AMF Maintenance Agreements with 
Statistics Canada

Agency

City of 
Winnipeg

Corporation of 
the District of 
Burnaby

Province of 
Ontario, Minis 
try of Natural 
Resources

Four Regional 
Police Forces 
in Ontario

Metropolitan 
Toronto

C.R.A.R. Inc., 
Quebec

Agreement

File Maintenance by the City of 
Winnipeg. Plotting by Statistics 
Canada.

Burnaby is building a network file 
with AMF compatible node identi 
fiers. Detailed negotiation is 
beginning.

Ontario wants to evaluate AMF as a 
source of attributes and network 
structure for their topographic 
data base.

Coding by clients. Digitizing and 
processing by Statistics Canada.

Metro is maintaining a link to AMF 
for their planning network file.

Network Files for 700 municipalities 
have been created by C.R.A.R. 
Incorporated.

Status

In production.

Burnaby has sub 
mitted a proposal 
for discussion.

Joint pilot pro 
ject is underway 
for the city of 
Cambridge.

AMF creation is 
progressing well.

A meeting is 
planned.

Preliminary nego 
tiation is 
underway.
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1.3 The Digital Mapping Programme of Energy, Mines and 
Resources Canada
The Surveys and Mapping Branch of Energy Mines and 
Resources Canada has been involved in the automation of the 
processes of mapping and charting for over twenty-five 
years. Early activity involved the development of a system 
for the manual digitizing of 1:50,000 scale map manuscripts 
and methods for storage, retrieval and automated 
reproduction of this cartographic data. Parallel to this 
development, research and development was undertaken into 
the digitizing of information directly from aerial 
photography using a hybrid system of photogrammetric 
instrumentation and in-house developed video-digitizer and 
software. In both cases it was evident that the collection 
and manipulation of a complex data set required use of 
interactive graphics techniques.

Subsequent developments, starting in late 1976 were concen 
trated in the photogrammetric digitizing approach to data 
collection with the reproduction capability retained from 
the manual digitizing developments. This development made 
use of the interactive graphics capability of Intergraph 
systems and by late 1978 staff training and engineering 
development was being undertaken on a production level 
system.

The production system, which continues to evolve (Gibbons, 
1982 and 1984), is predicated on the concept of a digital 
data file which contains the measured ground positions of 
terrain features rather than the more usual approach of 
digitized map coordinates. While this concept requires 
some additional effort in order to produce a cartographic 
map, it possesses numerous advantages because it does not 
suffer the usual distortions, omissions and generalizations 
of a cartographic product.

Since the beginning of production in the first quarter of 
1979, the system has been used to acquire the digital 
topographic data and produce 1:50,000 NTS map products over 
some 180,000 km^. The majority of the effort has been in 
the more heavily populated area of the province of Ontario 
following the arc of Lake Ontario from Ottawa - Cornwall to 
Sarnia.

Based on the results of competitive bids from the surveying 
and mapping industry, this process of acquiring a digital 
topographic data base and producing a cartographic map 
product from this source is about 25% more expensive than 
producing a cartographic map product by traditional 
analogue and graphic methods. There is, however, an 
additional product in the topographic data base acquired.

The utility of the digital topographic data as acquired by 
the Branch has often been demonstrated by the production of 
alternate mapping forms. This has included cost effective 
production of cartographic products for map scales from
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1:20,000 to 1:250,000, aeronautical chart bases at 
1:250,000 and 1:500,000 and so on. The greater benefit for 
the approach is, however, expected to be in the non-graphic 
applications whether as input to mathematical models of the 
environmental scientist or as a structure to which data 
sets of spatially distributed themes can be referenced. 
These non-graphic applications have been slower to develop 
for several reasons. A significant barrier is the 
difficulty of transferring digital information without the 
benefit of established standards for information models, 
data definitions, data formats, etc. Also the nature of 
the communication between the producer and the user is 
changed when exchanging digital data. This is not 
immediately recognized and imposes certain delays which may 
frustrate the exploitation of digital data.
There was an identified need to improve the communication 
with users of traditional map products in respect to 
digital data. Hence, Surveys and Mapping Branch establish 
ed a small project team to review with users potential 
applications for digital data and the needs of these users 
in relationship to the plans and capabilities of the 
Branch. The mandate of the project team also included the 
demonstration of the utility of the topographic data by 
undertaking small projects with direct assistance to 
potential users.

Several federal agencies and departments were contacted in 
the review. However, for various reasons, including the 
relatively modest amount of data available, only a few 
demonstration projects were undertaken. A pilot test with 
Statistics Canada (STC) was selected because of this 
agency's substantial experience with handling digital 
graphic files. Furthermore, STC had defined requirements 
which would provide not only a test of the utility of the 
data but also an illustration of the characteristics of the 
data which would be required to meet non-graphic 
applications.

1.4 The Pre-Pilot Test
Early tests conducted in the summer of 1982 using EMR 
topographic data for the City of Belleville, Ontario 
indicated that a number of enhancements were required 
before application to AMF creation, specifically:

- overshoots and undershoots at intersections of up to 5 
meters;

- absence of nodal points at all intersections of 2 or 
more features; and

- dispersion of logical features (e.g. a street) into 
several smaller distinct segments not logically 
connected in any way.

In December of 1982, EMR agreed to create an enhanced file 
to meet these generic needs for network data as expressed 
by Statistics Canada. At the same time, Statistics Canada 
selected the City of Lethbridge for a production pilot 
trial, since the population of Lethbridge had surpassed 
50,000 in the 1981 Census, and an AMF was needed for the
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1986 Census. In February 1983, EMR agreed to complete the 
sheet in question and then to supply Statistics Canada with 
digital data to agreed upon specifications. Digital files 
for Lethbridge were received in the summer of 1984, after 
discussions and software development at both agencies.

1 .5 Objectives of the Pilot Test
With the Lethbridge pilot test, Statistics Canada hoped to 
seriously evaluate the potential benefits and costs, and to 
identify problems in working together with EMR on digital 
data projects. The team also hoped to assess potential 
solutions to these problems and explore them fully with a 
wide audience before making any permanent changes in 
procedures.

Statistics Canada recognized a number of potential long 
term benefits in looking to EMR as a digital data source:

- improved accuracy in existing files;
- improved standardization and compatibility;
- ability to share software development;
- potential unit cost reductions in the long run for 

new areas; and
- potential compatibile source for elements not 

currently captured by Statistics Canada such as 
buildings.

EMR's objectives in conducting the Lethbridge pilot test 
were as follows:

- demonstrate the utility of its current digital 
topographic data;

- invite suggestions on improvements to the content and 
structure of the database;

- assess Statistics Canada as a source of cartographic 
data; and

- develop an appreciation of the needs and approaches to 
digital data interchange.

2. METHODS

A methodology was developed which involved development and 
processing at both departments. The manipulation of the 
raw topographic data at EMR is described in Section 2.1. 
The labelling of features and addition of attributes at 
Statistics Canada is described in Sections 2.2 to 2.4.

2 .1 Processing at EMR
The acquisition of the digital topographic data at EMR 
utilizes techniques and procedures designed to facilitate 
data collection and subsequent cartographic map 
production. In consideration of the photogrammetric 
environment, the data acquisition is mostly unrestricted by 
factors such as feature sequence and direction. However 
arbritrary directions or sequences are not readily 
acceptable as input to the AMF structured file. The 
critical criteria established for topographic data were the 
need for completeness, accuracy and a general purpose
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topographic feature coding scheme which describes the 'real 
world' characteristics of a feature.
The three major problems associated with the transformation 
of the basic topographic data to a form more amenable to 
the requirements of the AMF are: the arbritrary sequences 
and segmentation of features, absence of coordinates within 
a string to define intersecting nodes, and overshoots or 
undershoots. It was also necessary to consider a major 
difference in the nature of a network approach to data 
collection from the approach required to ensure an accurate 
portrayal of features in a multi colour map. This latter 
point is manifest in the number of vertices used to 
describe linear features and brings with it the need for 
appropriate generalization of linear features.

First, the requirement to reorder and reformat data for a 
variety of applications had already been recognized at EMR. 
A process was developed to reorder, logically connect and 
generalize linear features. The process is table-driven 
with respect to the feature coding scheme and permits the 
application of distinct criteria for different feature 
types. The control parameters which can be specified for 
this process are (i) a truncation value, which defines the 
minimum permissible distance between successive points in a 
string, (ii) a curving tolerance which defines the 
permissible rate of curvature of a string, and (iii) a 
closure tolerance which defines the maximum distance 
between successive elements in a chain for the chain to be 
considered continuous.

The second requirement of intersecting nodes involves 
three operations: determining the actual intersection of 
features, rebuilding the line string or coordinate chain to 
include the determined intersection coordinates and 
finally, flagging of the intersections or nodes. The 
process for building the node file for Statistics Canada 
was coded to operate in a POP 11/70 environment and has a 
flow as follows:
- sort all selected features segments by the min-max of the 

end point coordinates;
- string the segments together into a complete feature 

after application of the truncation, curving tolerance, 
and closure parameters;

- starting from the feature with a minimum x-y, determine 
intersections with successive features, including the 
cases for undershoot, and build an index of inter 
sections;

- using the index of intersections, process each curving 
feature to incude new intersection points and handle the 
cases for overshoots and multiple intersections;

- reprocess the index of intersections as modified for 
multiple intersections into a single list.

The resulting file should now consist of a number of coded 
features with intersection points appropriately inserted in 
each chain and the nodes separately identified as point 
features. The separation of linear features from the so-
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called "node features" was necessary to retain a graphics 
capability for plotting the file at EMR, although a 
separate data structure combining the coordinate chain and 
the node flags would be a preferred end product.

The full processing of the pilot test includes extraction 
from the topographic data base, according to the 
geographical extent and the feature selection made. This 
extraction process was only performed once and the results 
retained as an interim file. The time required to process 
this interim file for noding was approximately 25 minutes. 
The transfer to magnetic tape interchange format is very 
straightforward. The package transferred to Statistics 
Canada included the formatted tape, and summaries of the 
features transformed, number of vertices and the like.

2.2 Overview of Processing at Statistics Canada 
The primary function of the Interactive AMF Creation System 
(IACS) is to build an AMF from an EMR topographic feature 
file and various source documents.

An EMR topographic feature file describes a network of 
features for a designated area. Each feature is defined by 
a series of points linked together. One element of 
descriptive data is also supplied for each feature, a 4- 
digit feature code that identifies its feature-type 
according to an EMR classification scheme.

Source documents consist of assorted street lists and maps 
obtained from the municipality and various other agencies. 
These documents contain the descriptive data, or attri 
butes, associated with each feature such as NAME, DIRECTION 
and ADDRESS-RANGES. Since this data is not always avail 
able on one map, some attributes must often be obtained 
from other sources. With Lethbridge for example, 
address-ranges were not available but postal codes were. 
Therefore, an extra manual processing step was required to 
translate postal codes into address ranges. These source 
documents are also used to supplement the EMR feature 
network by digitizing additional features such as the 
municipal boundary. Streets may also be digitized if the 
source document contains more recent data than the EMR 
file. The output AMF describes the street network and 
other physical features for a designated area. Each 
feature is defined by a series of nodes linked together and 
is described by such attributes as NAME, FEATURE-TYPE, 
SUB-FEATURE TYPE, DIRECTION, etc.

The IACS must, therefore, produce an AMF by merging the 
feature-network received from EMR, with the descriptive 
data obtained from source documents.

2.3 Detailed Processing at Statistics Canada
The IACS consists of 7 major processing steps. Each
process is described below.
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A. LOAD - NETWORK - FILE
- the feature network is loaded by a special 

interface program into a model on an 
interactive mapping system (AUTOMAP).

- in the process, EMR feature- types are trans 
lated into STC internal feature-types and 
EMR ground co-ordinates are converted to UTM.

- the model is validated by an online spot check 
to ensure that there are no "overlaps" or 
"undershoots" and that a node exists in both 
features where they intersect.

- network plots are produced at BASE-MAP scale 
for final validation and for transcription of 
feature-names and other attributes.

- at the end of this step, a model exists
containing a description of the feature network 
without any attribute data.

B. ANNOTATE - NETWORK - PLOTS (Map compilation)
- all feature attributes, including feature name, 

street type, start point, direction and feature 
type are coded on the NETWORK-PLOTS from the 
most recent municipal source documents in 
preparation for input to the feature network 
mode 1.

- address ranges are excluded because they are 
node-attributes and including them interac 
tively would make inefficient use of the 
cartographic workstation.

- missing features, such as the municipal
boundary and new streets, are also drawn onto 
the network plots for input to the feature 
network model through digitizing.

- features such as small ponds and trails, which 
were contained on the EMR file but not required 
for the AMF, are highlighted in yellow.

- at the end of this step, the network plots
are annotated with all feature attributes in a 
formatsuitable for input to the network model.

C. CREATE COMPOSITE NETWORK MODEL
- a composite feature is created for each desired 

feature in the model, containing the feature 
attributes and all of its nodes.

- customized macros were developed to prompt 
operators for all required information and to 
provide instructions on procedures.

- missing features are digitized to complete the 
model.

- some features must also be split if the name 
changes.

- at the end of this step, the COMPOSITE NETWORK 
MODEL contains nodes and attributes for all 
required features.
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D. PRODUCE MINI - AMF
- the COMPOSITE NETWORK MODEL is transformed into 

AMF format and transported from the HP 1000 
mini-computer to the the AMDAHL V8 mainframe 
for further processing.

- the transformation includes creating an AMF 
FEATURE for each COMOSITE FEATURE and 
translating internal AUTOMAP feature types into 
AMF feature types.

- some generated fields such as feature code and 
sequence number are also calculated.

- some validation is also done and errors are
corrected using the interactive graphic editing 
system.

- at the end of this step, an AMF exists, 
although some required fields are missing.

E. COMPLETE MINI - AMF
Three major operations are performed on the MINI AMF 
in this phase by batch processing.
1) LABEL NODES

- node and section numbers are calculated for each 
detail record based on x and y coordinate UTM 
values

- section numbers are assigned so that eachsection 
corresponds to an NTS map sheetof scale 
1 :5000.

- node numbers are then assigned sequentially
within each section, in ascending order based on 
their x - y location

2) RESEQUENCE FEATURES IN ALPHABETICAL ORDER
- each AMF feature has a unique 6 digit feature 

code associated with it.
- the features are sorted by feature - name and 

feature codes are reassigned sequentially in 
ascending order i.e. alphabetical order

3) INSERTION OF CROSS-FEATURE IDENTIFICATION
- each detail record is linked with other detail 

records that have the same node and section 
numbers.

- these represent intersections and the feature 
name, feature code and feature type of the 
intersecting feature are recorded in the cross 
reference fields of each detail record. 

At the end of this step, the AMF is complete,except 
for address ranges and block-face centroid values.

F. INSERT ADDRESSES
Address ranges must be added to the detail records 
of all addressable features that represent BEGIN, END 
or INTERSECTION nodes. This process involves several 
steps as follows:
- if a base-map with address ranges does not exist, 

then one is compiled from available data.
- a special format printout of the AMF is produced 

for coding address values.
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- coded addresses are then keyed to create a file of 
AMF update transactions.

- these transactions are processed by standard AMF 
update software which places address ranges in the 
AMF and calculates block-face centroid values.

At the end of this step, the AMF is complete except
for final validation.

G. VALIDATE AMF
Several steps are taken to validate and if necessary 
correct the AMF:
- plots are produced for visual verification.
- special programs are run that perform various quality 

checks.
- final verification is done by a special program that 

creates ADD-TRANSACTIONS for all AMF features. These 
transactions are then run through the standard AMF 
update procedure that contains all the validation 
rules for the AMF.

- any errors identified are corrected using standard
AMF update procedures.

At the end of this step the AMF is complete and 
available for production use.

2.4 Development at Statistics Canada
One of the attractive features of the IACS was that most of 
the major components already existed in some form and 
needed only minor modification to implement IACS function.

The interactive graphic editing system at Statistics 
Canada, AUTO MAP, had already been used to edit and plot 
AMFs in both the Computer Assisted Collection Mapping 
project (Van, 1982) and the Interactive AMF Update System 
(IAUS) .
For Phase A, loading the feature-network, an existing 
program developed for the Belleville pre-pilot test was 
used. The EMR to AUTOMAP program (EA001) needed only minor 
adjustments to the feature table. Improved run statistics 
and more informative diagnostic messages were also added.
Phase B, annotating the network plots, is a clerical 
procedure performed by the Geocoding Unit who have a great 
deal of experience with similar tasks. Consequently little 
additional training was required and the only development 
needed was the documentation of a few procedures.

The third phase, creating the composite network model, was 
implemented using the facilitities available with the 
AUTOMAP system. The AMF file structure had already been 
implemented under AUTOMAP in the IAUS project. AUTOMAP 
macros were developed to prompt operators for required 
data from the network plot and to instruct them on how to 
proceed. Procedures were also documented to augment the 
online facilities.

Phase 0, producing the Mini-AMF, was implemented using the 
Mini to AMF program (MA001), developed in 1981 for the 
updating of the St. Catharines AMF as part of the IAUS.

594



However the MAG01 program had to be modified extensively to 
process an entire AMP and to generate missing fields which 
were normally present in update mode.

Completing the MINI-AMF in PHASE E was implemented as a mix 
of old and new. The generation of Node and Section 
numbers, based on X Y co-ordinates, was an experiment with 
possible far-reaching impact on the future of the AMF file 
structure. In the traditional AMF creation method, node 
numbers are arbitrarily assigned and the AMF is split into 
sections irrespective of any regular geographic pattern. 
The section and node numbering algorithm implemented in the 
IACS ensures that each section corresponds to a fixed 
1:5,000 scale map sheet, and that each node number could be 
calculated based on its x-ycoordinates. If successful, 
this experiment would demonstrate that it is feasible to 
create and maintain AMFs by sections representing stable 
geographic areas as opposed to areas affected by dynamic 
political boundaries. This method was implemented as a new 
program and was based on work at the Centre de Recherche en 
Amenagement Regionale (CRAR) at the University of 
Sherbrooke.

Resequencing and chaining were implemented using existing 
AMF programs with virtually no new development.

Phase F, inserting addresses, was implemented based on 
existing AMF update procedures. A few small utilities were 
developed to produce the special format print for coding 
addresses and for capturing and processing the address 
values. The captured data are formatted into standard AMF 
update transactions which are processed by existing AMF 
updates program. Procedures for coding the address ranges 
were also developed.

Validating and correcting the AMF in Phase G, is done using 
existing programs. Virtually no development was required 
because the existing sub-system contains sufficient quality 
checks. This process was however augmented by various 
acceptance tests at the end of each phase. 
In summary, the IACS is functionally similar in many 
respects to the traditional AMF creation system with the 
primary difference being the source and format of the input 
data. The major difference in implementation is the use of 
interactive graphic hardware and software to replace the 
traditional manual coding method.

3. RESULTS

3 .1 Lethbridge Test Results
To this date, approximately 40% of the Lethbridge data (240 
of 600 features) have been processed up to and including 
final validation of the AMF. The quality of the end 
product is acceptable except for nodes missing at many 
intersections. This was caused by a recently detected 
software bug at EMR and highlights the need for improved

595



quality checking of digital data received from other 
agencies. Other minor problems have been identified, all 
of which can be corrected with small software modification.
Results to date demonstrate that the fundamental approach, 
the functional flow of the process and the underlying 
algorithms developed are effective and viable in creating a 
data structure suitable for network applications. Never 
theless, further testing and quality assurance is required.
Table 2 compares the estimated cost of producing the test 
AMP using traditional methods with actual timings achieved 
so far. The interactive data exchange method seems to 
offer savings in terms of cost and elapsed time in AMP 
creation. Purthermore, bottlenecks have been identified 
and fine tuning of the software will result in further 
savings, particularly in the interactive labelling of 
features.

Table 2. Comparison of Time for Area Master Pile Creation - Normal
Process vs. 1ACS Data Interchange Process Based on Preliminary 
Results

Traditional Process 
Activities

Create address
document

Base map compilation

Node symbolization

Node numbering
Coding

Assign central point

Digitizing 

Analyse Run 01 results

Analyse and correct 
section plot

Analyse and correct 
node plot

Analyse and correct 
centroid plot

Pinalize AMP

Planned 
Person 
Days

6.25

6.25

5.5

5.5
22.0

.75

2.75 

.15

11.0 

5.5

2.1

2.5

70.25

Actual 
Person 
Days

11.0

5.0

72.75

IACS Data Inter 
change Process 
Activities

Load network file

Annotate network 
plots

Create composite 
network model
Produce Mini AMP
Complete Mini AMP

Insert Addresses

Validate AMP

* 25.0 days bas 
completing 6l 
using the ra 
during the L 
production, 
development 
included.

Planned 
Person 
Days

2.0

6.25

15.0

2.0

3.0

20.0

5.0

53.25

Actual 
Person 
Days

3.0

5.0

*25.0

2.0

2.0

**20.0

5.0

62.0

sed on 
DO features 
-e achieved 
ast week of 
Training and 
:ime is not

** Estimated cost for address 
insertion.

3.2 Differences Encountered
As well as demonstrating the feasibility of digital data
exchange between EMR and STC, the pilot study also
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identified several areas of incompatibility that must be 
addressed in the long term.

Many problems were encountered reconciling EMR and AMP 
feature classifications. For example, EMR recognizes over 
20 road-types, based primarily on relative size, whereas 
AMP recognizes only 5. On the other hand, since EMR has 
established very few classes for hydrographic features, 
STC could not be precise enough in requesting the specific 
features types required. Also, the criteria for 
classification were not defined sufficiently clearly by 
either agency, thus further complicating the task.

Feature representation is another area of difference. 
Whereas EMR represents a divided road or highway as 2 
separate features, AMP stores only 1. EMR represents a 
road with a bridge on it as a continuous feature. AMP, on 
the other hand, stops the road at the bridge and continues 
on the other side, effectively splitting the feature. The 
AMP also maintains some features not maintained by EMR such 
as municipal boundaries. These features must be added to 
the AMP model as a separate step.

Requirements for currency of the data also vary for each 
agency. The AMP is tied strongly to the Census and 
therefore must be as up to date as possible every 5 years 
for Census day. New subdivisions identified since the EMR 
data was captured must be included in the AMP to ensure it 
is as complete as possible for Census uses.

Finally, the basic unit of work is different. EMR bases 
their work on standard NTS map sheets, while AMP uses a 
politically defined municipality as a unit of work.-

3.3 Guidelines for Future Work
In the long term, a number of points seem critical to
facilitate this type of joint base file maintenance program
(1) Move towards a compatible classification scheme for 

features at both agencies.
(2) Agree on a common coordinate encoding scheme for

feature e.g. boulevard streets, creeks, railway yards, 
shoreline, bridges.

(3) Develop a standardized transfer format which includes 
not only topography (coordinates and feature codes) 
but also topology (nodes, links and areas) and 
attributes (feature names for example).

(4) Develop a common set of conventions regarding
treatment of networks, including nodes, behaviour at 
intersections, what can cross without a junction e.g. 
powerline and road, bridges and roads.

(5) Level of generalization should be agreed upon (e.g. in 
railway yards, how many lines should be coded?)

(6) The final division of responsibility needs to be
agreed upon, but it appears that EMR should be the 
primary agent for distributing basic topography, with 
other agencies such as Statistics Canada responsible
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for recording attribute data and some layers including 
geo-statistical boundaries.

(7) Planning and scheduling of the complete process begin- 
ing with aerial photography should involve significant 
consultation to optimize currency of critical data 
elements.

(8) Ongoing consultation by all participating agencies
including Statistics Canada is required on a number of 
aspects including:

- delineation and classification
- transfer format
- standards
- updating requirements

3.4 Action Taken In Implementing Guidelines
There is already progress on a few of the items listed
above.
(1) Statistics Canada's AMP staff are planning to review 

the AMF feature classification against the EMR 
standard.

(2) A federal-provincial committee has been formed to 
examine a standard digital transfer format with 
consideration of topology, attributes and topography 
based on extending the proposed standard of the 
Canadian Council on Surveying and Mapping (1982).

3.5 Open Questions
A number of questions remain that must be seriously
examined. Recognizing their importance, these questions
are provided here to give an indication of future
directions.
- Do users always want data by map sheet?
- Should data be available by administrative boundary as 

well e.g. county or township?
- What should the links be across map sheets?
- What should the links be across administrative 

boundaries?
- How should digital data be packaged geographically?
- How should digital data be packaged in terms of level of 

feature?
- How should digital data be packaged in terms of topology?
- Who are the primary users of this digital data?
- How much are they willing to pay?
- How should updating of shared data be handled?

4. CONCLUSIONS

Early results from a pilot test indicate probable benefits 
to both agencies from continuing joint efforts in digital 
capture, application and transfer of street network data. 
A list of suggested procedures and important issues for 
inter-agency base file maintenance projects has been 
provided for consideration.
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