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C O M P U T I N G  
P R A C T I C E S  

R 
outing, scheduling and 
dispatching problems are 
among the major compo- 
nents of  the activities re- 
lated to the transportation 

, o f  goods (or persons) 
from the point of  production (pick- 
up) to the point of  delivery (desti- 
nation). The goal is to provide the 
best service to the customer at mini- 
mum cost to the producer.  As these 
two objectives are often contradic- 
tory, namely that better service is 
more costly, the transportation en- 
terprise must optimize its resources 
to find an economical way to dis- 
tribute its goods or  services while 
maintaining the goals and con- 
straints of  its marketing strategy. 

Physical distribution is intimately 
related to the other activities of  the 
enterprise and is a major factor of  
the price of  goods and services. 
Kearney [7] has shown that distri- 
bution costs represented 16% of  the 
net value of  goods and a quarter of  
this was incurred by the transporta- 
tion of  finished products from 
warehouses to clients. Optimization 
of  transportation costs is thus a very 
important economic problem that 
must deal with all kinds of  charac- 
teristics and constraints on route 
lengths, vehicle capabilities, work- 
ing conditions of  drivers, schedules, 
and on types of  merchandise. It is 

generally recognized that optimiza- 
tion procedures in transportation 
can reduce delivery cost from 10% 
to 20% and even more when enter- 
prises solely provide transportation 
(for example, bus service authori- 
ties, postal services, or couriers). 

A great number  of  algorithms 
and methods have been developed 
for solving routing and scheduling 
problems but many aspects and 
constraints have yet to be taken into 
account [1]. These solutions are 
almost always heuristic ones be- 
cause no efficient algorithms have 
yet been developed for the sizes 
required for practical problems. 
Solving a routing and scheduling 
problem involves many compro- 
mises within a set of  conflicting 
goals and constraints: using the 
main roads rather than the shortest 
route, giving a better average ser- 
vice rather than a better overall ser- 
vice. Consequently, the results must 
be evaluated by hand. This process 
usually prompts more modifica- 
tions which in turn must be evalu- 
ated. 

The sensitive spot in route plan- 
ning is the design of  algorithms, but 
other activities are also implied: 
finding the location of  the clients, 
computing the distance between 
them, evaluating their service time, 
managing the fleet of  vehicles. 

When all data is collected and when 
the objectives are well defined, an 
appropriate algorithm is run. Fi- 
nally, the solutions are evaluated 
and quite often modified to take 
into account constraints that could 
not be modeled in the algorithms. 
Interactive graphics can help in all 
the steps involved in the planning 
and implementation of  routes [8]. 
The clients and the resources can 
be more easily registered using 
graphic input and checked immedi- 
ately with graphic output  because 
this information usually has geo- 
graphic components. The  evalua- 
tion of  alternative solutions is also 
eased because the human eye is 
very quick at detecting irregulari- 
ties and discrepancies on a route. 

For many years, the Centre de 
recherche sur les transports de 
l'Universit4 de Montr4al has been 
involved in the development of  
graphic tools combined with opera- 
tion research methods for dealing 
with transportation problems. This 
article describes GeoRoute" ,  a 
graphical software package for the 
management  of  information associ- 
ated with street networks. This sys- 
tem is an integration of  many years 
of  research and development in this 
area in cooperation with clients. 

GeoRoute is unique in several 
ways: 
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T A B L E  1. 

Examples of the  sizes of street  networks 

Metropolitan Number of Number of Size of file 
area Population streets links In MB 

Toronto 3,000,000 20,183 95,925 28 
Montreal 2,500,000 11,176 65,712 20 
Hamilton 400,000 4,594 22,913 12 
Edmonton 350,000 1,579 21,034 8 
Hull, Gatlneau 150,000 1,787 10,164 4 
BOStOn (CBD) 750,000 5,245 20,618 8 
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associated information. The  net- 
work is stored as a series of streets, 
street segments and intersections. 
Traffic constraints are stored for 
each segment and intersection as 
are civic addresses and zone infor- 
mation. A relational database can 
also be linked with the network to 
store information that describes the 
items located on the network. The  
GeoRoute network structure di- 
vides the area into small submaps. 
These are transparently loaded as 
needed by the application, using an 
algorithm similar to the ones used 
in virtual memory systems. Since 
the operations performed on a net- 
work are of a special nature, we 
were able to optimize the accesses to 
the database of regions. This means 
that the maximum size of the net- 
work manipulated is limited only by 
the amount  of disk space available. 
Table 1 presents the sizes of some 
of the networks already transferred 
into the GeoRoute network struc- 
ture. The  user is never aware of this 
division in submaps--a l l  work is 
done on the whole s t ruc tu re - -bu t  
as the modifications are usually 
confined to a small reg;on, display 
is almost instantaneous. 

More Details on the Network 
Structure 
The street network is made up of 

i i i l R a U m l  ~i;,,;i;;,iil;;iiil;;iiii;;il;~;iiiiiii~ili;i!!!iii!~il;!!;i!!~ii~i!i, ~ i ~ ;;i;~ ̧ ;; ;~i';; i~ill ~ii ii~:i ii ,ii~,ii;,ii;;;!;~ii;;;i;~;i;ii;iiii:i:i;i:;i!,ii~!~ii iil;ii~;iil;ii~iil;~il;;iil;il;i;;iil;;;!ii;ili;iiiiiiii,ii~il;;iU~; '~;~ ';i the following four elements: 

Overview of the OeoRoute system modules l) nodes locations where a link be- 

• It is based on a street network 
structure specifically designed to 
store and manipulate large net- 
works and runs on personal and 
minicomputers (MS-DOS micro- 
computers and VAX/VMS mini- 
computer). The  network is not in 
vector or bit-mapped form, but 
rather is based on an original 
street network data structure. 

• It can handle both node-rout ing 
and arc-routing problems. 

• It has an automated cartography 
facility that generates maps from 
the database of streets and inter- 
sections. As the maps are com- 
puted from the database infor- 
mation, they can be easily 

customized and they can be ed- 
ited using the interactive map 
editor, also part of the system. 

• It has a very flexible route opti- 
mization system, generating 
routes that can also be graphically 
modified by the interactive route 
editor. 

These features are the modules of 
GeoRoute that all evolve around 
the GeoRoute data structure as il- 
lustrated in Figure 1. They are de- 
scribed in the following sections. 

Interactive Network Editor 
The Network Editor is a graphics- 
based tool for the display and ma- 
nipulation of street networks and 

gins or ends 
2) links connections between two 

nodes 
3) streets sets of ordered links shar- 

ing a common identification 
4) link plottings sequences of inter- 

mediate points describing the 
shape of the link. 

As stated earlier, the area cov- 
ered by a network is divided into 
rectangular regions, each identified 
by a unique number .  The  nodes 
and links whose locations are in a 
given region are labeled with the 
region number .  Using a region 
structure is an efficient way to 
speed up most of the graphic and 
search operations, since only the 
information of the appropriate re- 
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gion needs to be processed. 
The  street structure itself is cre- 

ated by two lists: 

1) the list of links forming a street 
2) the list of links connected at a 

given intersection 

Therefore,  it is possible to follow 
a street, link by link, from its begin- 
ning to its end, and know which 
connections are possible in the net- 
work. 

For location-finding and routing 
purposes the following information 
is attached to links: 

• the allowed directions of vehicles 
(one-way or two-way streets) 

• the type of vehicles allowed on 
the link 
the prohibited and penalized 
turns at both extremities of the 
link 

• a mean speed for vehicles 

Depending on the application, 
other information can be assigned 
to links and easily maintained by 
the editor. 

The data to construct a 
GeoRoute database can originate 
from a variety of sources. Programs 
have been written to extract and 
process information from Statistics 
Canada Area Master Files and U.S. 
Census Tiger Files. A method has 
also been developed to generate a 
street structure in situations where 
only the nodes and links are avail- 
able. 

Editing the  Basic In format ion  
Once the network is created, the 
network editor is used to modify 
existing streets, to create new ones 
and to add information regarding 
the civic numbers,  the postal codes 
and traffic constraints which in- 
clude maximum vehicle speed re- 
strictions, one-way streets and pro- 
hibited turns. As the network editor 
displays the street network in 
graphical form, the user can ex- 
plore or modify the network using 
either a keyboard for textual infor- 
mation or the mouse for graphical 
positioning. Quite often both 
modes are possible: for example, 
the location of a client can either be 
given by its street address, an inter- 

section or by pointing with the 
mouse. Even if the user works with 
a map image, it should be stressed 
that the network is always stored in 
the database format and modifica- 
tions apply to the database. The 
map image is recomputed from the 
database, so there is no risk of in- 
consistency between the map and 
the database. 

The  network modification com- 
mands can change the structure of 
the network as shown in Figure 2 or 
update the descriptive information 
associated with the various ele- 
ments as in Figure 3. 

Advantages of Using a Structure 
Editor 
We can see that the main innova- 

COMPUTING 
PRACTICES 

tion of GeoRoute is the use and 
manipulat ion of the structure of 
the network. This idea is quite new 
in the geographical information 
system (GIS) and operations re- 
search community. It can be related 
to the controversy encountered in 
computer  science for the program- 
ming language editors [14] where 
there are advantages in using either 
the text mode (characters, lines and 
pages) or the programming mode 
(expressions, statements and proce- 
dures). Even in a text editor such as 
Emacs [15], which was primarily 
directed toward dealing with tex- 
tual entities, there are modes and 
commands that manipulate higher- 
level entities. This choice between 
the visual and structural can also be 

Pick a Delete Link 

~ Reassign Link 
Reshape Link ~ ]  SHERBROOKE 
Cut  Link 
Move Mode 

METCALFE 

~ ~ K E N O G A M I  

Menu for eclltlng the network structure 

Window for editing the link attributes 
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t ransposed in our  context, but  cur- 
rently the majority of  o ther  map 
editors and GISs use a CAD ap- 
proach based on drawing maps that 
are quite difficult to adapt  to rout-  
ing algorithms. For  instance, the 
In te rg raph  Network Analysis mod-  
ule, SPAN from TYDAC, and few 
others have optional  modules to 
handle  networks. TransCAD from 
Caliper Corpora t ion  has been de- 
signed to handle  t ransporta t ion 
applications. ARCInfo  f rom ESRI 
also handles networks and pro- 
duces maps, however the size o f  the 
network it can manipula te  in the PC 
envi ronment  is quite limited. 

In  GeoRoute,  we were con- 
f ronted with this t rade-off  and we 
designed the system accordingly. 
Since our  group was originally an 
operat ions research group,  we 
knew the appropr ia te  structures 
needed for the algori thms and we 
developed the street network to fill 
these requirements.  In retrospect,  
we realize this choice was the right 
one because it now enables us to 
build a whole range of  applications 
on this network, such as shortest 
path calculations, arc- and node- 
rout ing optimizations, and address  
locations. 

We want to give a graphic edit ing 
capability for this structure,  how- 
ever, this implies that the grapgic 
representa t ion be recomputed  at 
each display. This module  has been 
finely tuned because the p rogram 
has to run  in the MS-DOS environ- 
ment  where memory  space is a 
scarce resource. The  time required 
to display a map is propor t ional  to 
the number  of  links to appear  in 
the window. A one ki lometer  win- 
dow on downtown Montreal  takes 
about  10 seconds 1 while the com- 
plete network takes up to 12 min- 
utes. An upda te  opera t ion  takes a 
few seconds no mat ter  how large 
the network. We have shown that it 
is possible to have a graphic edit ing 
of  a structural  network representa-  
tion, and the next sections describe 
some of  the current ly  available ap- 
plications. 

~Execution t imes in this article were obta ined 
on  a 16MHz PC 

Route Optimization Module 
There  are two classes of  rout ing 
problems addressed by GeoRoute:  
node rout ing and arc routing. For  
each, GeoRoute offers a set of  gen- 
eral algori thms that can be adapted  
to specific applications depend ing  
on the characteristics of  the prob- 
lem to be solved. 

A distinct feature of  GeoRoute is 
the capability to deal with a very 
detailed street network descript ion 
t ransparent ly  divided into smaller 
regions, as previously described. 
This implies we had to adapt  classi- 
cal OR algori thms such as shortest 
paths, or  traveling salesman heuris- 
tics. As we also deal  with permit ted  
turns, one-way streets, U-turns,  
arr iving on the r ight  side of  the 
street, speed limits and user- 
def ined speed/distance functions, 
the implementat ion of  the algo- 
r i thms has become quite complex 
but all o f  this informat ion is essen- 
tial in practical environments  for 
route planning.  The  system thus 
produces  a detai led manifest for 
the vehicle driver  and enables a 
precise evaluation of  the routes. 

Node Routing 
In a node-rout ing  problem, the 
demand  is located at the nodes of  
the network, and solving such a 
problem is essentially f inding a 
good way of  visiting these nodes 
using arcs of  the network. Exam- 
ples of  applications are postal box 
servicing, school bus stop pick-ups, 
courier  services, or  delivery of  
goods to multiple locations. For 
each stop, the user can define the 
d e m a n d  size, the service time, ser- 
vice time windows (earliest and lat- 
est time that the stop may be 
served) and whether  a U-turn is 
permit ted  at that stop. 

GeoRoute has def ined a very 
general  f ramework in which almost 
any conceivable algori thm can be 
cast; this approach  was inspired by 
the Alto [11] system which is still 
more  general  because the end user 
can even design his or  her  own al- 
gorithms. 

In GeoRoute, route generat ion is 
divided into four  major  steps: 

1) form initial groups or  clusters of  
stops 

2) de te rmine  an initial sequence of  
stops within each cluster 

3) exchange stops within each clus- 
ter 

4) exchange stops between clusters 

Steps 3 and 4 can be repeated  to 
improve the final solution. For  each 
step, GeoRoute  allows the selection 
of  one or  more  of  several optimiza- 
tion methods.  Clusters can either be 
formed sequentially or  by using the 
Fisher-Ja ikumar  approach  [4]. The  
initial sequence of  stops can be de- 
t e rmined  using ei ther  nearest inser- 
tion (start with the furthest  stop 
from the depot  and then insert  the 
stop that  is the closest from any ex- 
isting stop in the route) or  a Clarke 
and Wright  a lgori thm [2]. Stops can 
be exchanged using either 1-OPT, 
2-OPT, 3-OPT [9] or  OR-OPT [10] 
algorithms. A complete solution 
strategy can thus be tailored to the 
part icular  application at hand. 

Solving a node- rout ing  problem 
implies comput ing  the shortest 
path between each stop which can 
be p recomputed  and stored in a 
distance matrix.  At  first sight, this 
problem is a simple applicat ion of  a 
classical OR technique [3, 5], but  in 
some cases (relay box delivery for 
example) there  can be a large num- 
ber  of  stops within a small terri tory,  
so the characteristics of  the network 
become impor tan t  [12]. In  addi-  
tion, security constraints can re- 
quire that the stop be serviced only 
on the r ight -hand side of  the vehi- 
cle and  U-turns are generally pro-  
hibited. Moreover,  the movement  
of  vehicles is limited after  servicing 
a stop located at a street corner  (see 
Figure 4), and this implies that dis- 
tance from stop x to stop y may de- 
pend on which stop z or  z' has been 
serviced before  stop x as shown in 
Figure 5. 

When  solving a problem,  most o f  
the time is spent  calculating the dis- 
tance matr ix and improving the 
original solution. The  time re- 
qui red for calculating the distance 
matr ix  depends  on the distance be- 
tween the clients and the density of  
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the networks. For  a table having 
150 entries located in downtown 
Boston, two hours were required.  
For  a complete distance matrix of  
Montreal,  (i.e., f rom one link to all 
o ther  links), 20 minutes by line of  
the matrix are required.  When 
appropr ia te ,  two techniques can be 
used to reduce calculation time. I f  
the distances are symmetric only 
the t r iangular  matrix must be cal- 
culated. Moreover,  in most circum- 
stances, it is sufficient to consider 
only the nearest  neighbors. Im- 
proving the original solution is ac- 
complished using stop exchanges. 
For routes totaling 100 stops in 
downtown Boston, the OR-opt  al- 
gor i thm takes about two hours 
while a 3-OPT procedure  could run  
for about 12 hours. Heuristics have 
been used to discard subsets of  ex- 
changes that do not improve the 
solution. In  addition, a time limit 
can be specified to restrict the dura-  
tion of  the exchange phase. Fur-  
thermore,  a recently developed 
exchange algori thm based on Tabu 
search method should fur ther  im- 
prove the per formance  of  the 
method [6]. These  times might  
appear  prohibitive, but  these calcu- 
lations can be and are often done 
dur ing  the night and do not slow 
the solution process. As we will see 
later, the major part  of  the time for 
solving a rout ing problem is spent 
in data validation and route  evalua- 
tion. 

Arc Routing 
Arc-rout ing problems consider the 
cost associated with servicing a street 
segment. Examples of  arc-rout ing 
problems include garbage collec- 
tion, home mail delivery, electric 
meter  reading,  street sweeping, 
street inspection, and snow re- 
moval. In  mail delivery for exam- 
ple, the cost function is in relation 
to the number  and type of  ad- 
dresses to be serviced on the seg- 
ment. This information can be esti- 
mated or  calculated from data 
stored in external  databases. 

Arc-rout ing problems are partic- 
ularly difficult and they have re- 
ceived less attention in the past 

compared  with node-rout ing prob- 
lems [13]. One reason is the need 
for a very detailed street network, 
which is usually a huge data entry 
task. The  network edi tor  we de- 
scribed is a great  help in that re- 
spect. The  main difference between 
arc rout ing and node routing, de- 
scribed in the preceding section, is 
that the algorithms must take into 
account the topology of  the net- 
work and cannot only use a pre- 
computed  distance matrix. 

As for node routing, GeoRoute 
has a general  f ramework for arc 

C O M P U T I N G  
PRACTICES 

rout ing inspired by the general  
heuristic of  Alto [11]. I t  is com- 
posed of  basic operators  which 
manipulate  objects cor responding  
to subsets o f  the network. Three  
types of  objects are identified: 

1) arc: a side of  a street between 
two intersections. 

2) basic uni t:  a group of  arcs com- 
prising "the other  side of  the 
street" for each arc. 

3) cycle: a connected group of  basic 
units. 

The  objects have attributes which 

j Ostop 

The vehicle cannot turn left 
after servicing the stop 

stop 

The vehicle can only continue 
straight after the stop 

~ ! ! ! ~ m a u # m i l l ! ~ ~ ~ ~ ~ ~ ~  
Turn options when a stop is located at a street corner 

I I L, I 

~ Z 

q 

IP 

F x I 

I I Pz I 

I I 

iiiiiii~ ~ii~!~i~;i~ii;i~i;~i!;i~i~i~!~!!~i~i~!~ii~ii~;i~i~i~ii~i~ii~i~ii;!i~i~i!~!iii~ii~i~!~i~i!~i~!~!i~i~i~iii!~i~i~i~ii~i~ii~iii~i~i~i~ii~ii~i~iiii!~iiiiiiiii~i~iii~i~iiii~iii!i~iiiiii~ii~!iiii~i~iiiii~ii~i~ii~i~i~iiii~ii~!~ 
Distance from x to y depends on the previous stop In the route (z or z') 
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provide information for the selec- 
tion mechanism. The  key objects 
are t ransporta t ion time (time re- 
quired to reach an object without 
servicing any arc) and service time. 

The  general  heuristic has four  
steps: 

1. creat ing the basic units. 
2. g rouping  these units into cycles. 
3. inserting into cycles the basic 

units that were not  inserted in 
step 2; this is done  using recur-  
sire exchanges that are a gener-  
alization of  the usual swapping 
procedures  between two routes. 

4. sequencing each cycle by f inding 

a Euler  tour  with penalties to 
minimize the number  of  road 
crossings and street changes. 

The  heuristic for solving the 
Euler tour  uses the nearest-neigh- 
bor  strategy appl ied to the arc 
problem at each node next to the 
closest unselected arc. This strategy 
is used until all arcs have been in- 
serted into routes. The  originality 
of  this general  heuristic is its flexi- 
bility because it is parameter ized  
using object selection functions. 

Arc-rout ing problems can often 
be limited to a small sector of  a 
municipality, such as the terr i tory 
covered by a postal station. Thus  

solving a complete problem takes 
only a few minutes. 

Automated Map production 
and Edition 
GeoRoute automatically generates 
good quality maps from the infor- 
mation in the network. These  maps 
are recomputed  and can be 
parameter ized  for each application. 
Once a user has de te rmined  the 
area for the map,  the system ex- 
tracts the relevant substructure of  
the network. Then  elements to 
appear  on the map are chosen. For  
example:  single or  double-l ine 
streets, street width, street names, 
civic addresses,  zip codes, one-way 
information,  turn  restrictions at 
intersections, or  speed restrictions. 

Results computed  by our  route  
optimization module  (described in 
the previous section) can also be 
included on the maps. An example  
is vehicle routes that include the 
identification of  the clients or  the 
locations to be visited. All or  only a 
subset o f  the routes def ined in the 
region can be displayed. Other  
items can be added  to the map  and 
posit ioned with relation to the 
street network. These  are applica- 
t ion-dependent  and can include 
such items as bus stops, fire hy- 
drants ,  postal boxes, or  road work 
in progress.  These  items are nor-  
mally s tored in a database l inked to 
the GeoRoute  system. 

The  GeoRoute  map product ion 
facility differs from typical cartog- 
raphy systems in that  the map is 
p roduced  from a database describ- 
ing the street network. It is not pro-  
duced from a b i t -mapped image 
file (AutoCad method) or  f rom a 
descript ion of  the map  (as are many 
GIS systems). It is drawn from the 
coordinates of  the nodes and arcs 
that make up the network. 
GeoRoute does not have to draw 
the whole map  and then clip the 
result to keep only the visible por-  
tion; it can also customize these 
maps depend ing  on a full ar ray of  
parameters .  Figure 6 shows a map 
drawn by our  system. We can see 

~ m a u B u ~ ~ ~ ~ ~ ~ ~  that the streets are drawn as double 
Map produced automatically by GeoRoute (original In color) lines, the names of  the streets are 
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appropr ia te ly  placed and postal 
codes are added.  The  lines with the 
arrows represent  letter carr ier  
routes computed  by the route  opti- 
mization module.  All of  this infor- 
mation is automatically computed  
from the link representat ion of  the 
street network. 

When the area to be shown on a 
map has less than 5,000 links, 
double-line street maps can be pro- 
duced. Otherwise single-line street 
maps are computed.  The  time re- 
quired to compute  a map is propor-  
tional to the quantity of  informa- 
tion to be plotted. The  example 
shown in Figure 6 takes less than 
two minutes to compute,  but  re- 
quires five minutes to plot. 

A map editor,  built within the 
In te rg raph  MicroStation environ- 
ment, is also available. This map 
edi tor  offers commands  specifically 
designed to improve the aspects of  
maps because automatically gener-  
ated maps have some limitations. 
One is that they show only the in- 
formation present  in the database 
while, in some instances, it may be 
useful to add other  features to facil- 
itate the unders tanding  of  the map. 
The re  may be some over lapping 
between the graphic objects even 
though the placement  algori thm 
tries to avoid them. 

To help with these situations or  
to simply improve the esthetics of  
maps, the map edi tor  offers the fol- 
lowing capabilities: 

• move the graphic components  
(symbols, text, lines) of  the map  

• change the size of  the graphic 
components  

• create and edit  a legend 
• add  polygons with special fill pat- 

tern to represent  lakes, parks, etc. 
• reshape the curves of  the streets 
• add  new symbols (train stations, 

bus stops, airports) 
• add rout ing information (e.g., 

toll bridges, weight limit on 
bridges) 

Interactive Route Editor 
The  evaluation of  routes computed  
by the module  described in the sec- 
tion on route  optimization is most 
easily done by drawing the routes 

on the map  using the map genera-  
tion module  described in the previ- 
ous section. Even with sophisticated 
algorithms, it is almost certain that 
the routes generated will not  be 
100% satisfactory and that a few 
modifications will be required.  
Some constraints of  the problem 
might be ignored or  neglected or  
special cases will occur. An experi-  
enced person (a manager  or  dis- 
patcher), however, can easily im- 
prove these solutions. 

GeoRoute provides an interac- 
tive route  edi tor  to allow the crea- 
tion, modification and evaluation of  
routes. The  length and other  char- 
acteristics of  the routes are dis- 
played and automatically computed  
and upda ted  when modifications 
are made.  Commands  are available 
to create or  delete routes and to 
add,  delete or  t ransfer  stops within 
a route. It is also possible to modify 
the path between two stops. 

Experience with the System 
and Related Work 
GeoRoute is a spinoff of  many years 
of  research at the Centre de recher-  
che sur los transports.  These  mod- 
ules have been appl ied to solve real- 
life problems in the domains of  
postal routes, toll phone  collection 
and school bus routes. Together  
they form a f ramework which can 
be customized by Logiroute to new 
rout ing applications. 

Our  experience so far has shown 
that a major  part  of  the time for 
solving a rout ing problem is spent  
with the client to analyze the data 
and the solution. Quite often, the 
original network and the location of  
the clients must be adapted  and the 
speed functions to t ransform dis- 
tances into travel time must be cali- 
brated before  acceptable routes can 
be produced.  Overall, computer  
solution time, even if it takes a few 
hours that can be done off-line, is 
small compared  to the data  valida- 
tion time. In this respect, the net- 
work edi tor  and the mapping  sub- 
system greatly simplify this task. 
Using the route editor,  a t ranspor-  
tation manager  can evaluate and 
modify about  25 routes per  day; 

C O M P U T I N G  
P R A C T I C E S  

doing this task manually would take 
up to a week. 

To our  knowledge, there  are no 
other  systems that integrate node- 
and arc-rout ing algorithms, a net- 
work edi tor  and a mapping  system 
that can manipula te  large street 
networks with traffic constraints. 
Among  the most popular  rout ing 
systems, TruckStops from Micro- 
Analytic and Roadnet from Roadnet  
Technology are relatively low-cost 
solutions for node problems. They  
provide the opt ion of  using the net- 
work, but  mainly as a background 
for the display of  the routes. The  
Logistic Tool Kit from CAPS includes 
modules for rout ing and schedul- 
ing applications, but while it can 
manipula te  networks, it is normally 
used only to calculate long-haul dis- 
tances. RoadShow from Routing 
Technology Software has an inter- 
esting feature in its use of  video 
image maps as background for 
route displays. A network can also 
be geocoded on the background 
map. 

Routing application software 
could be built into the Trans CAD 
envi ronment  (Caliper Corpora-  
tion). RouteSmart f rom Boone Dis- 
tinct is such an application for arc- 
rout ing problems. This could also 
be done in ARCInfo (ESRI) envi- 
ronment ,  and with the MGE Net- 
work Analysis for In te rgraph ,  but  
to our  knowledge, it has not been 
done yet. 

Conclusion 
GeoRoute is an integrat ion in a 
microcomputer  system of  many 
years of  research in the implemen- 
tation of  operat ions research tech- 
nology. I t  has been used in many 
settings (postal delivery, school 
t ransporta t ion and public works 
management)  and is still being im- 
proved to expand  its application 
span. GeoRoute can deal  with ap- 
plications that require  a detailed 
representa t ion of  a street network 
and is a platform on which specific 
t ransporta t ion-rela ted systems can 
be built. For  each application do- 
main, new screens, interfaces to 
external  databases, cost functions 
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and  o u t p u t  repor t s  may need  to be 
def ined ,  but  the  unde r ly ing  street  
database,  a lgor i thms  and m a p  pro-  
duc t ion  facilities r emain  the  same. 
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