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Transportation Network Data Generation from
the Topological Geographic Database

Keechoo Choi*
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ABSTRACT : This paper presents three methods of generating the transportation network
data out of the topological geographic database in the hope that the conversion of the
geographic database file containing the topology to the conventional node—link type trans-
portation network file may facilitate the integration between transportation planning mod-
els and GIS by alleviating the inherent problems of both computing environments.

One way of the proposed conversion method is to use the conversion software that
allows the bi—directional conversion between the UTPS (Urban Transportation Planning
System) type transportation planning model and GIS. The other two methods of data
structure conversion approach directly transform the GIS’s user—level topology into the
transportation network data topology, and have been introduced with codes programmed
with FORTRAN and AML (Arc Macro Language) of ARC/INFO. If used successfully,
any approach would not only improve the efficiency of transportation planning process
and the associated decision—making activities in it, but enhance the productivity of trans-

portation planning agencies.
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Introduction

GIS is a computer—assisted and inte-
grated environment for geographic data
creation, storage, retrieval, management,
manipulation, analysis, and display. It re-
lies on the integration of three distinct as-
pects of computer technology; data base
management, routines for displaying and
plotting graphic representation of the
data, and algorithms and techniques that
facilitate spatial analysis (Antenucci et
al.,, 1991).

As the computing environment is get-
ting better and better due to the price re-
duction of the computer hardware and

software, GIS is more readily available to
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end users even on desktop computing en-
vironment. In addition, the growing con-
cerns on GIS usage and standardization,
especially in Korea, had drawn attention
of the people in this community.

The applications of GIS into transporta-
tion planning and management, however,
were largely those of FM (facility man-
agement) type works rather than those
of analysis oriented works. Recognizing
that importing most of transportation
analysis functions (demand modeling,
routing, and allocation) into GIS is impos-
sible, it is believed that an interfacing al-
gorithm is needed to integrate those anal-

ysis functions and the generic features of

GIS.
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This paper presents three methods of

generating the transportation network
data out of the topological geographic da-
tabase in the hope that the conversion of
the geographic database file to the con-
ventional transportation network data file
would facilitate the linkage between the
two by alleviating the inherent problems

of both (transportation) planning tools.

Spatial Data Model and Re-
view of Vector Data Format
of GIS

In using computers for handling spatial
data such as transportation planning and
land use planning with computer, we
must reduce our data to the computer’s
level of comprehension. In order to do
this, we have to specify at least three
things for the computer. There are:

location— Where each feature is In geo-

graphic space.

attribute— What each geographical fea-

ture is. and,

topology — What spatial relationship each

geographical feature has to
other geographical features.

Geographical data can be represented
in a number of ways: as simple lists, as
ordered sequential files, or as indexed
files. When organized into a database,
there are three different data models;

they are hierarchical, network, and rela-
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tional data structures.

Hierarchical structures require a large
overhead to be maintained in the form of
data redundancy, index file, and pointers.
In the network structure, travel within
the database is facilitated, but its size is
enlarged by the pointers that have to be
maintained and updated every time a
change is made to the database. A rela-
tional database structure does not store
pointers and has no hierarchy. Instead, In-
stead, data are stored in simple records
maintained as two—dimensional tables.
But considerable time is needed to search
for the right records in a large database.
Hence, very skillful design work is needed
if these data structures are to perform
adequately within a GIS database (See
Burrough, 1986; Date 1981).

These days, however, vector GIS gains
more attention in transportation applica-
tion due to its flexibility of adapting its
data structure. That is, entire geometrical
relationships between map features (topol-
ogy) of points and lines are built up. In
addition, in most vector GIS, there are no
limits on resolution capability and location
for a point.

The choice of a particular spatial data
structure is one of the important early
decisions in designing a geographic infor-
mation system. Since topology is more ex-

plicitly represented in vector data struc-

—149—



ture, several forms of vector data struc-
in this section.
Among Star and Estes’ (1990)classifica-
tion of vector models, (They are; (1)
Whole polygon (2) DIME
(Dual Independent Map Encoding) struc-
ture, (3) Arc—node structure, (4) Rela-
tional structure, and (5) DLG (Digital
Line Graphs) DIME,
and DLG structures will

tures will be reviewed

structure,

structure), arc—

node, be re-
viewed since they are already available in
of

United States and may shed light on

transportation planning community
some hints n bullding transportation GIS

database for Korean environment.

DIME Structure

The DIME (Dual Independent Map En-
coding) structure, developed for use by
the U.S. Bureau of the Census, was de-
signed to incorporate topological informa-
tion about urban areas for use in demo-
(Cooke, 1987). The

basic element of the DIME file structure

graphic analyses
Is a line segment defined by two end
points or nodes. Figure 1 illustrates the
structure of the DIME file in a simplified
way, showing segment codes for line seg-
ment and nodes’ metric location as east-
ing and northing,

An advantage of using the DIME struc-

ture for certain applications is its ability

to match addresses of spatial objects in
multiple files, since the addresses are ex-
plicitly stored in the DIME files. A major
disadvantage of the DIME structure lies
in the difficulty of manipulating complex
that
This

streets are generally broken into discrete

lines, as in functions require a

search along streets. 1s because
street segments by the cross streets, so it
is a significant computational effort to

follow the segments in sequence when re-

quired.
12
701 ®% 799
321 Green 0322 Street
700 @30 798 |

Street Name: Green

Street Type: Street

Left Addresses: 701-799

Right Addresses: 700-798

Left Block: 38, Left Tract: 12
Right Block: 31, Right Tract: 12
Low Node: 321

X-Y Coordinate: 155 000 - 232 000
High Node: 322

X-Y Coordinate: 156 000 - 234 000

Fig. 1 Contents of A DIME File

(Totschek, Almendinger, and
Needham, 1969)

Arc—node Structure

In an arc—node data structure, objects

In the database are structured

hierarchically. In this system, points are
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the elemental basic components. Arcs are
the individual line segments that are de-
fined by a series of x—y coordinate
pairs. Nodes are at the ends of arcs and
form the points of intersection between
arcs. Polygons are areas that are com-
pletely bounded by a set of arcs. Thus,
nodes are shared by both arcs and contig-
uous polygons (Peucker and Chrisman,
1975). Several commercial geographic in-

formation systems use forms of this arc—
node data structure.

Arc—node structures, as shown in Fig-
ure 2, permit us to encode the geometry
of the data with no redundancy. In an
arc—node database, attribute data of arcs
or nodes are explicitly linked to geome-
try. For example, traffic control device
descriptions are stored with the relevant

nodes, and roadway length and pavement

1 11 2

—

Central Park 111

3 v 4
Node No. X Y [Traffic Control
1 126.5 578.2 ignal
2 218.6 581.9 Sign
3 224.2 470.4 None
4 129.1 471.9 Sign
Arc No. F-Node [T-Node [Length]... |# of Laned
1 1 106.3 4
11 1 2 92.2 |.. 4
111 2 4 116.6 2
v 3 4 95.1 2
Polygon Arcs Perimeter|Area |... |Zoning
Central Park [1INILIV[405.2  [10203].. |34

Fig. 2 ArcNode Data Structure
(Adapted from Star and Estes, 1990)

condition are stored with the appropriate

arcs.

Digital Line Graph Structure

The USGS (United States Geological
Survey) has developed a digital carto-
graphic data set called Digital Line
Graph (DLG) data. The data are
topologically —structured and supplied in
DLG version 3 format and it supports
both spatial and non—spatial attribute
data. The DLG—3 structure has three
major components— —nodes, lines, and ar-
eas which are analogous to the 0—cell, 1
—cell, and 2—cell. The line is the basic
element of the DLG—3 structure and any
user of the DLG—3 data must start by
processing these line records. As shown

in Figure 3, the line records contain one

Attribute
N°d+ List
[ntermediate

Node List
Line <

Attribute
List

Attribute
List

Fig. 3 The Stucture of Digital Line Graph
{Marx, 1990)
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—way pointers to the nodes at each end
of the line and to the areas on each side
of the line. These pointers provide the
minimal information needed for a topolog-
lcal structure (Marx, 1986).

The DLG—3 format is an open struc-
ture in the sense that users can easily
add data to the structure with minimal
disturbance to the other elements. Howev-
er, to use this data for purposes other
than mapping, the user should do lots of
processing to create additional pointers
that allow one to get back to a line from
its nodes. Furthermore, there are no pro-
visions for connecting areas having the
same attributes. Therefore, the DLG—3
file structure i1s generally considered as a
data exchange format not as an applica-

tion format.

Topologies: Comparative Views
of ARC/INFO and UTPS—type
Transportation Models

Topology of Vector GIS

The vector GIS keeps topology in man-
aging their geographical features. Topolo-
gy is a branch of mathematics dealing
with two types of object—points (also

called nodes), lines (also called edges);

and one type of basic relation between
them. The term topology in mathematics
has a much more precise meaning. The
topological properties dealt with in mathe-
matics are those which are preserved
even when an oject Is stretched or dis-
torted. Therefore, they are different from
geometrical properties.”

In the topological approach, a map may
be regarded as a combination of funda-
The

term z—cell is a building block of dimen-

mental building blocks called cells.

sion # and entities involved in a map are
O—cell (a point; vertex, node), 1—cell
(an arc; line segment), and 2—cell (a re-
gion; block, parcel, tract, area)(Hollings-
head, 1992). Table 1 shows the minimum
elements required for a definition of a
map, and the incidence relations between
the $n$ —cells required to capture the
topology of the map.

The spatial relationship between map

features are represented graphically on a

Table 1. Basic Map Definition Elements
(Hollingshead, 1992)

Spatial Entities Relationship Metric
0-cell Coordinates
}  0-1 Incidence
1-cell Shape
} 1-2 Incidence
2-cell Shape

1) Topology and geometry ane two important properties of spatial objects. Informally, topology involves

adjacency and connectivity, while geometry involves position. The two types of spatial properties anre, in
general, independent. That is one con not be deived from the other (Bernstein and Eberlein, 1992).
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map and the map reader should interpret
them to understand. Questions that char-
acterizes the spatial relationship are divid-
ed into two categories. First, the topologi-
cal questions deal with the relationships
of the elements, and the metrical ques-
tions deal with shape and location (Hol-
lingshead, 1992).

Topological questions

1. What O—cell, 1—cells, and 2—cells
are involved?

2. For a 1—cell, which 2—cells are
adjacent (left—right polygon topolo-
gy;adjacency or contiguity)?

3. For a 0—cell, which 1—cells are ter-
minated (arc—node topology;connec-
tivity)?

4, For a 2—cell, which 1—cells are
bounding (polygon—arc topology;

areadefinition)?
5. For a 1—cell, which 0—cells are end

points {arc—node topology)?

Metrical questions
1. What is the location of a 0—cell?

2. What is the shape of a 1—cell?

The above five topological questions are
directly related with notions of contiguity,
connectivity, and area definition. Contiguity
will, especially, play an important role in
generating transportation network data

from GIS’s topological database.

S

Bt ol7 -

Topological Difference between
GIS and Transportation
Network Data
Transportation planning involves a
great deal of information on features that
are geographically distributed over a
study area. Locational data collected for
network data development is a spatial
component comprised of a set of nodes
and links. Based on the similarity of spa-
tial data used in transportation system
modeling and geographic information
systems, GIS could be used to manage
data and information needed for transpor-

tation network development. In addition,

GIS allows many elements of the spatial-

ly distributed transportation database to
be linked to the graphical display.
However, as noted earlier, the database
function of GIS has been mostly used for
descriptive—type problems. Even though
GIS can perform spatial analysis and net-
work operations that are not available in
CAD—type software, not all modeling
activities of transportation planning proc-
ess can be achieved. Therefore, it seems
more reasonable to combine the transpor-
tation planning models and GIS than to
try to obtain solutions only within GIS.
TableZ shows the fundamental differenc-
es between transportation planning models
and GIS in the handling of network data.
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Table 2.Topological Difference of GIS and

Transportation Data

Transportation Model | GIS ]

Abstract context
Single topology
(link-node)
Link-node structures
Sort-indexed

Geographic context
Many topologies
(point, arc, polygon)
Chain structures
Spatially-indexed

Gaps between the two are expected since
each system was developed for its own
specific purpose. In combining the two
systems, the topological gap of the data
structures between the two systems
should be resolved in order for acombined
system to work to overcome the problems
of transportation planning models men-

tioned before.

Transportation Network Data
Generation through the
Topology Conversion

Regardless of the difference in data
structure hetween transportation planning
software and GIS, there are three meth-
ods that we can integrate both software
if the software concerned are UTPS—
type TRANPLAN and vector—type ARC
/INFO GIS. The first method was devel-
oped by joint efforts of both software de-

2) The author gave some impetus to both developers in developing the conversion software between

velopers:Urban Analysis Group and Envi-

ronmental Systems Research Institute.
The other two methods was developed by
author using the end—user level com-

mands and FORTRAN language.

Method I Internal Conversion

As discussed before, even though the
network structure of both software is dif-
ferent, these can not override the similari-
ties between them. This led to the fact
that one can be drawn from the other®

This attempt was initiated with the be-
lief that coupling ARC/INFO with
TRANPLAN will give transportation plan-
ners the best of both world. The
TRANPLAN to ARC/INFO interface is

to be developed in three phase.

1. The first phase consists of a set of
programs that convert TRANPLAN
files to ARC/INFO datahase format,

and vice verse as shown in Figure
4. In this mechanism, since genera-
tion of arcs and arc attribute infor-
mation does not require the same in-
tegrity checking as the generation of
a TRANPLAN network,

TRANPLAN networks can be direct-

ARC/INFO and TRANPLAN, meeting both team leaders. Mr. Ed Granzow of Urban Analysis
Group (UAG) who is in charge of TRANPLAN development and Update and Mr. Dale Honeycutt
of Environmental Systems Research Institute (ESRI) who is group leader of the ARC/INFO’s NET-

WORK product.
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ly reassembled in ARC/INFO cover-
age files. Arc definition and arc at-
tribute data are imported to
TRANPLAN via a  modified
$BUILD HIGHWAY NETWORK
function, called $ CONVERT ARC/
INFO COVERAGE, which allows
full TRANPLAN verification of net-
work attribute data being input and
validation of the input network
structure and connectivity. This
phase one programs are currently

available.¥

User Attribute Mapping
Node Number Generation

ARC

coverage
ARC/TP TRANPLAN
TP/ARC Network

ARC

attributes

Fig. 4 Conversion between
ARC/INFO and TRANPLAN

2. The second phase is to develop the
common internal format for both
package. The Urban Analysis Group
announced new database capabilities
which allow ne.work topology and
attributes to be stored in selected
external databases. This will allow
TRANPLAN users to manipulate
ARC/INFO coverages directly and

transparently, without the overhead
and additional effort of file conver-
sion,

3. The final stage is to use ARC/INFO’
s dynamic segmentation to model
one—to—many and many—to—one
relationships on networks, and to ac-
cess such relationships directly from
TRANPLAN.

This software will be purchased pretty
soon the results of application will be an-

nounced thereafter.

Method II: Using NAT

Unlike the pc ARC/INFO system, work-
station version ARC/INFO system does
have one more important topology called
node attribute table (NAT). It is a rela-

tionship between nodes in arc attributes

tables and user assigned nodes (User—de-
fined node numbers can be assigned easi-
ly using the forms command, which is
menu interface written Arc Macro Lan-
guage.). Once the node topology has been
created using the command build [cover
name] node}, a user can create transpor-
tation network topology file that can

be seen in Figure 5 (h) that can be di-
rectly used for highway network file.

The procedure is as follows. First a

3) For more information on the availability of the phase one software, contact the Urban Analysis
Group, 50 Oak Court, Suite 110, Danville, CA 94526—4048, Tel: 510—838— 1363,

Fax: 510-838-1372.
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user digitize the region like (b) in Figure
5, and obtain (c) as a result. After split-
ting two arcs (arc B and D) by assign-
ing node as shown in (g), the user reas-
sign node numbers; zone

nodes (centroids) as 1 and 2, and regu-
lar nodes (intersections) from 101 thru
104. Then our goal is to draw and ASCII
type file of (h) by relating both NAT
and AAT files. The AML procedure for
doing this i1s coded below (For more in-
formation on this, refer to RELATE com-

mands).

Zone 2

Zone 1

Zol
Study Area Bouné‘;r_)_vs

(b) Direction of Digitizing
(a) Sample Analog Map

B 102 B 102
C E [¢ E

2

A D ) D

4 101
() A GIS Network (d) TP Model Network

Fnode [ Tnode]« - T User-1D Fnode[Tnode]- -+ [ser
S 11 10!

-1
A
4 1 101] 102 B
4 1 101 102 1,.. C
1 4 101} 102 D
1 2 102 2 E

GIS Arc-Node Topology (f) TP Model Network Topology

DD

lwlel=ky

7]
2
2|
2
2
v

(e

Fnode [Tnode .- - Tser-1D
T 101 A

103 102 2 101] 103

S

=

N
iglwiwielesiss)
OIS (=

102
O 04 04] 102

(g) Modified TP Network

(h} Modified TP Network Topology
Fig. 5 Topological Difference between
(GISs and TP Models

/¥ AML (Arc Macro Language) file re-
lating NAT & AAT &args cover

&if [oull %cover%] &then &return &
warn USAGE: ¢md <cover name>
/* jining NAT with .AAT

/* can be run in ARC environment
/* create relation

relate add

rell

% cover% .nat

info

fnode

%cover% #

linear

ro

rel2

%cover% .nat

info

fnode$t

%cover%

linear

ro

~

/* end of AML
list %cover%.aat %cover% —id, rell//%

cover% —id, rel2//%cover%—id &return

The above AML is composed of two
parts. One 1s to relate fnode# and tnode
# in arc atiribute table and user—as-
signed node number in NAT file, and
then to list the new topology besides
AAT file.
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Method lll: Using FORTRAN Language

As the last resort, the author developed
the node conversion algorithm in FOR-
TRAN. The strength of this approach is
that this can be used even with pc ARC/
INFO that is not equipped with NAT fea-
ture.

Let’s assume that there i1s a study area
that consists of two zones .as shown in
(a) of Figure 5. After the digitizing and
building topology, we will have the topolo-
gy (c¢) and (e) both in analog and
abstract forms. However, usable transpor-
tation network topology (network data
structure) is different from the GIS topol-
ogy In that the zone centroid is numbered
from 1 to 2 as shown in (d) and (f). If
there are n zones, numbers from 1 to »n
will be reserved as zone nodes. The net-
work coding scheme in (d) assumes that
total number of zones are less than 100
coded
greater than 100. Figures in (g) and (h)

and every intersection node is
represent the modified transportation net-
work and the topology that must be
differentiated from the topology in (d)
because multiple links between a pair of
nodes are not allowed in the UTPS—type
transportation planning packages. In other
words, a specific link should be composed
of a unique pair of nodes.

The topology conversion algorithm pro-

posed in this approach first selects the

zone nodes from all nodes in the cover-
age created in the digitization process
based on special values assigned to User
~ID for each zonal arc (which corre-
spond to links that connect zone centroids
and nodes in transportation planning
Then

node and

it renumbers each zone
That s,

1S connected to a zone

maodel).
intersection nodes.
whatever node
centroid (assumed to be chosen before
the digitization process and 1 and 2 in
Figure 5 (d), and 3 and 2 in (o),
respectively) will be selected first based
on the arc User—ID set bigger than a
certain limit

(A and E value in Figure 5 (¢) should
be bigger than this number, in FOR-
TRAN program it is assumed 3000), dur-
ing the digitization process to differentiate
a plain arc from a zonal arc (A zonal
arc may be defined in such a way that
the User—ID value of the arc exceeds
3000, since the DOS (Disk Operating
System) version of TRANPLAN can han-
dle up to 3000 zones. The algorithms and

code are shown in the Appendix A.

Conclusion

Up to now, GIS has been adopted as a

database integrator, display device for

transportation planning model output.

This paper reviewed other aspect of GIS’s

—157—



help for transportation planning: topology
generator and the development of the
conversion mechanisms. Any method can
be employed to drawing out the transpor-
tation network data by converting the ge-
neric GIS topology through the conversion
algorithm available,

There will be a greater potential for inte-
grating GIS and the conventional transpor-
tation planning models if GIS con not only
organize all relevant data and information
for overall planning activities but manage
data more efficiently. However, substantial
time and resources will be required to ex-
plore this potential fully. Thus, in order to
develop a system which can be used in a
field—level works(such as planning agen-
cies), substantial time and resources will be

required to fully explore this potential,
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Appendix A: FORTRAN Code for Method III

character middle*32, fi*12, fo*12,mid*32, foo*12
integer a,b,id,al,b1,id1,aa(3000),node(5000)

write(*,*)! 1
write(*,*)! 1
write(*,*)! '
Wwrite(*,*)! ARC/INFO Arc Attributes File

Write(*,*)!? (Node Arc System)

write(*,*)? '
write(*,*)?! CONVERSION PROGRAM [
Write(*,*)! T0 '
write(*, *)! '
write(*,*)! Transportation Planning Systems

write(*, *)! <<< TRANPLAN >>> '
write(*,*)* (Zone, Node and Link System)

Write(*,*)! '
write(*,*)! BY '
write(*,*)! KEECHOO CHOI '
write(*,*)! DEPARTMENT OF TRANSPORTATION ENG. '
Write(*,*)! AJOU UNIVERSITY '
write(*,*)* '
write(*,*)! '

write(*,'(a\)')' Enter Input File (ARC/INFO Topology):'
read(*,'(a12)")fi

C write(*,'(a\)')' Enter Output File:'

c read(*,'(a12)")fo
write(*,'(a\)"')* Enter Digitized Map Scale ..........:!
read(*,*)imap
fo='int!'
foo="'t$000"
open(1,file=fi,status='old')
open(2,file=fi,status=‘old’')
open(é, file=foo,status="new')

c**** Select node & add 3000 to node***********************************
C**** pead from ARC/INFO .fil file and create temporary file T$000 ****

20 read(1,1,end=99)a,b,middle,dist,id,irec
dist = dist * (2.54 / 1.609 ) * (imap/100000)
1 format(2i11,t22,a22, t45,e13.5,169,i11,158,i11)
111 format(iS,i6,18x,f7.3,3x,i9,i9)
if(id.lt.1000)then
write(6,111)a+3000,b+3000,dist,id, irec
else
rewind(2)
10 read(2,1,end=20)a1,b1,mid,dist, id1
if(id1.gt.1000) goto 10
if(a.eq.al.and.b.eq.b1) goto 10
if(a.eq.al.or.a.eq.bl)goto 91
if(b.eq.al.or.b.eq.b1)goto 90
goto 10
endif

goto 20
90 Wwrite(*,'(a)')* Node Conversion In Progress !!!
write(*,'(a)')' A*NODE Hello!!

write(6,111)a,b+3000,dist,id,irec
goto 20
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91 write(*,'(a)')' Node Conversion In Progress !!'
write(*,'(a)')" B*NODE Hellot!
write(6,111)a+3000,b,dist, id,irec
goto 20

99 close(6)

C**** Select centr‘iod and resort 1t e 3 9 9 e I 9 e o U e v e e e e i 3 o 2 v e o ok o ok o e e e o o ok ok

c**** Read from temporary file T$000 & create output file 2?27.int *¥**

open(6, file=foo,status='old')
open(7,file=fo,status="new')
kk=1
66 read(6,111,end=999)a,b,dist, id, irec
if(a.gt.3000.and.b.gt.3000) goto 77
if(a.lt.3000) then
if(kk.eq.1) goto 41
do 55 i=1,kk*1
if(a.eq.aa(i)) then
a=i
goto 61
endif
55 continue
aa(kk)=a
a=kk
kk=kk+1
61 if(a.le.b)then
write(7,111)a,b,dist,id, irec
else
write(7,111)b,a,dist,id,irec
endif
else
if(kk.eq.1) goto 42
do 56 i=1,kk*1
if(b.eq.aa(i)) then
b=1i
goto 62
endif
56 continue
aa(kk)=b
b=kk
kk=kk+1
62 if(a.le.b)then
write(7,111)a,b,dist,id, irec
else
write(7,111)b,a,dist,id,irec
endif
endif

goto 66
77 if(a.le.b)then
write(7,111)a,b,dist,id,irec
else
write(7,111)b,a,dist,id,irec
endif

goto 66

41 aa(kk)=a

a=kk

kk=kk+1

if(a.le.b)then
write(7,111)a,b,dist, id, irec

else
write(7,111)b,a,dist,id,irec

endif

goto 66
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42 aa(kk)=b

b=kk

kk=kk+1

if(a.le.b)then
write(7,111)a,b,dist, id, irec

else
write(7,111)b,a,dist,id, irec

endif

goto 66

999 close(7)

c***¥* Echalishing the Relative Code System between *¥#¥dkidkidikkikiwii
ch¥**** ARC/INFO Code System and TRANSPLAN Code System *¥¥¥kidkdidikikiid

rewind(6)

c open(7,file=fo,status='old")
k=1
foo='node. int!

201 format(i5,i6)

open(8, file=foo,status='new')

iii=1
read(6,201)A,B
c read(7,201)ac,bc

if(a.gt.3000) then
write(8,201) a,a*3000
else
write(8,201) iii,a
endif
if(b.gt.3000) then
write(8,201) b;b*3000
else
write(8,201) iii,b

endif

node(k)=a
k=k+1
node(k)=b
551 read(6,201,end=991)a,b
c read(7,201,end=991)ac,bc
do 202 i=1,k
if(node(i).eq.a) goto 203
202 continue
k=k+1
node(k)=a
if(a.gt.3000) then
write(8,201) a,a*3000
else
write(8,201) iii,a
endif
203 do 204 i=1,k
if(node(i).eq.b) goto 551
204 continue
k=k+1
node(k)=b
if(b.gt.3000) then
write(8,201) b,b*3000
else
write(8,201) iii,b
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goto 551
991 write(*,'(a)')' Phase 1: Node Conversion successfully completea
write(*,'(a)')' Phase 11: Now! Connecting Link Attribute ....®
stop
end

Appendix B: Flow Chart for Method III

Variables and notations used in this program are as follows:

a

b

a* and b*

A
s(k)
k

eof or EOF

ARC/INFO generated origin node of a link
ARC/INFO generated destination node of a link
ARC/INFO generated origin and destination nodes
of a link read second time for comparison

User-1D of each link used to differentiate zonal link
the upper limit of number of maximum zones supported
by DOS-based TRANPLAN

connection point between Phase I and Phase II
array for storing and sorting zone node

zone number locator

do-loop counter

End-of-file.
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a=a+0d rewind
b=b+§ the file

doi=1,k-1 s

Ea'_y =200 do =11
N
= s > [ i
N
=
EXD

Fig.7 Detail Flow of the Topology Conversion Algorithm: Part II
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