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Introduction 
The application of microcomputers to teaching, 

demonstrating and research in geography and similar 
departments throughout higher education has been 
relatively recent in origin. Papers such as Machover (1987) 
have given indications of the principles behind micro
computer use for graphical purposes, and authors such as 
Barr ( 1985) have written on specific applications of micro
computers to problems which can be described as 
geographical. Such commentaries have, in general, been 
extremely enthusiastic about the potential role of the 
micro in education, and experience has indeed shown that 
there are enormous benefits to be gained from the intro
duction of such technology to the teaching environment. 
Gardiner and Unwin (1985) have been somewhat more 
cautious in approach, preferring to list some of the short
comings of microcomputers in spatial data handling. 
Although progress has been rapid since their views were 
published, their comments on the limitations of 8-bit 
micros may well be appropriate even to the 16-bit machines 
common today in many educational departments (the 
most recent breed of microcomputers are 32-bit machines 
which are more properly defmed as "workstations" rather 
~an ~ersonal computers). This paper is an attempt to 
mvesttgate the benefits of continued use of "mainframe" 
computers in graphical data handling, and thereby to 
surmount some of the problems which the geographer 
may face when using even the latest, larger micro
computers. 

The microcomputer environment 
Because of the spatial nature of much of the 

geographer's work, his use of microcomputers often 
requires the addition of specialist peripheral devices which 
are capable of working with spatial data in two (or more 
rarely three) dimensions. Such devices include what could 
be described as "analogue to digital" converters which are 
capable of transforming existing graphical documentation 
(e.g. a map), or any other spatial representation, into 
digital coordinates which can be understood, stored and 
manipulated by the central processing unit of a micro
computer. Digitizers (in the form of large "table" devices 
- up to 2 metres x 1 metre - or as smaller "tablets") are 
~ommonplace items today and have a wide variety of uses, 
mcluding the capture of existing map data in digital form. 
Other such converters which may be familiar to geograph
ers include field survey instrumentation which can collect 
coordinate measurements or similar information of the 
landscape on-site (the "total station") and photogram
metric plotters which can, if properly encoded, relay a 
series of digital coordinates describing the stereo-model 
which has been set up inside them. All such pieces of 
peripheral equipment can be easily attached to a micro
computer for the input of spatial data. Similarly, the 
output of data may well require a "digital to analogue" 
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conversion to allow the production of a screen image or a 
more permanent plotted copy of a map or other graphic 
on paper or film. 

These peripheral devices - digitizers, plotters, and 
indeed, keyboards, visual display units and disk drives -
are all attached to a microcomputer through a series of 
"ports" (input/output charmels, available on all modern 
micros) which govern the transfer of data and instructions 
in the correct form. A micro can generally support a 
number of peripherals simultaneously. The consequent 
flexibility of a microcomputer system is, therefore, 
perhaps one of its major advantages - the system can be 
designed for a user-specific task, it can be configured to 
take advantage of the many peripheral devices available 
and control can be easily exercised over the data capture, 
data manipulation and data presentation stages of a 
mapping project. Indeed, such control can be exercised 
in "real-time", the interactive handling of graphical data 
being a significant advantage of the micro-computer 
environment. 

Further advantages of having a single micro, or perhaps 
a network of micros, within a department can be noted in 
terms of access to facilities. Classes can use a network 
easily, demonstrations can be arranged and student use 
can be controlled and indeed encouraged. A variety of 
graphic presentation methods can be located within the 
department and hard copy plots obtained quickly. 
Individual micros, or networks of them, are popular in 
geography departments for teaching and research. They 
have proven a relatively cheap introduction to computing 
principles for students and, in addition to writing 
"in-house" software, there exists a wide range of geog
raphically orientated software capable of being bought 
off-the-shelf for many applications, from 1st year student 
practical work to research projects. 

The mainframe environment 
Despite these favourable comments, there are many 

occasions when the use of an individual microcomputer 
or network of such machines is not possible, desirable or 
practicable. Such situations may be surprisingly common 
when working with spatial data, with its attendant 
problems of large datasets and demanding requirements 
for speed of access in graphical data handling. It is 
suggested here that, although the use of microcomputers 
in higher education departments should be encouraged, 
there are advantages to be gained in undertaking spatial 
data processing in a mainframe computer environment. 

Ten advantages are examined in this paper. The list is 
not exhaustive - each computer user has his own reasons 
for working on and preferring particular computing 
configurations. The pendulum of computer usage has 
swung rapidly towards microcomputers over the last ten 
years; perhaps there is much to be gained from considering 
the still valid advantages of working on a central computing 
facility. This is especially true in the academic environment 
and the examples chosen here reflect such an institutional 
background. 
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Advantages of mainframe use 
a) Minimal hardware costs 

This particular advantage may seem anomalous when 
the enormous cost of mainframe computers is compared 
against the economy of microcomputer systems, but it is 
true to say that it is very rare for a department in an 
academic institute to have to pay for the initial costs of 
purchasing the hardware which goes to make up the 
central computing facility of that institute. The costs of 
mainframe computers puts them beyond the reach of all 
but the most wealthy research orientated university 
departments, and invariably the recommendations of any 
purchasing committee will ensure that large computing 
facilities are bought for the benefit of all the users in that 
establishment. Indeed, outside users may be encouraged 
to buy time on the system to offset large initial capital 
costs. 

This policy is also likely to be adopted when the 
purchase of less expensive peripheral equipment is being 
considered. Mappers have no monopoly on using spatial 
data for analysis and presentation: a plotter, for example, 
is probably as likely to be used by a mathematician 
creating graphs or a biologist sketching the structure of a 
molecule as it is by a surveyor plotting OS data; and a 
digitizer is as useful a device for a naval architect designing 
a ship's hull as it is for a physical geographer capturing a 
contour pattern. 

Thus, the provision of such spatial data capture devices 
or data presentation displays may also be regarded as an 
essential role for the central computing facility, in order 
to undertake its responsibilities to the rest of the academic 
community in the institute. 

Because of the potentially wide-ranging and intensive 
use of such equipment, the purchase of it may well be 
undertaken considerably more frequently than a depart
ment could manage on its own. Therefore, the probability 
is that more up-to-date peripheral devices are available on 
the mainframe computer system than can be found on a 
departmental system. The range of such devices, from 
simple line-printers for crude quality graphics to sophisti
cated high quality, high resolution screens and plotters is 
further outlined in section i) below. 

Consequently, from the point of view of hardware, a 
mainframe user possesses advantages which are both 
fmancial and topical. In today's constrained monetary 
environment, the opportunity to undertake departmental 
work on "free" equipment using "free" computing 
resources should not be shunned. 

The next two advantages, which are related to a), are 
also fmancial. 

b) Minimal software costs 

In much the same way as computing and computer 
graphics hardware is shared by a variety of users within 
an academic community, the software that can be used 
is also likely to be employed in a number of different 
applications. This must obviously be true of the operating 
system itself and the various compilers used, but the 
existence of high quality computer graphics packages 
which can be readily applied to mapping tasks should not 
be forgotten (see advantage h)). Although many of these 
packages are general purpose, they can provide a wide 
enough range of functions for the majority of spatial data 
handling tasks. 
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The support given by mainframe computer facilities in 
the form of available software will extend far beyond the 
capabilities of a microcomputer when it comes to the 
range of compilers for different languages, the speed at 
which such software compiles and runs a program or links 
with a graphics package and debugging facilities to explain 
or correct errors. 

c) Minimal maintenance costs 

One of the major factors which must be taken into 
consideration before the purchase of any computer hard
ware or software is the amount to be paid to the supplier 
in the form of the annual "maintenance" fee. This 
theoretically covers the user against any malfunction, 
ensuring a speedy response to any cry for help from the 
user. In reality, most maintenance charges are merely 
hidden expenses which, although allowing a certain peace 
of mind, are a drain on the resources of a small department. 
Once again, the provision of central mainframe facilities 
will ensure that maintenance charges are not passed 
directly on to the user. 

In additiQn, the importance attached by hardware and 
software suppliers to a central university or polytechnic 
installation as a customer is such that any problems with 
these facilities may be tackled within a shorter time than a 
single department could expect for its own microcomputer 
system. 

d) Storage of large data sets 

The applications of computer assisted mapping practices 
inevitably requires the availability of large amounts of 
spatial data. No other user of computer facilities will need 
the space which a geographer or surveyor will use to 
capture, manipulate, present and store his data. Many 
microcomputer systems just cannot handle the large 
volume of data resulting from map digitizing or photo
grammetric plotting. Any widespread use of Ordnance 
Survey digital data would not be possible on the majority 
of today's micros. A typical figure for data storage required 
to hold a I square km of Ordnance Survey digital data at 
1:1250 (i.e. 4 map sheets) might be 500 Kbytes. 

Other data sets which are not directly captured 
graphically, but which may be of use to geographers, can 
also be large. The OPCS census statistics, for example, 
available for 1971 and 1981 at a number of academic 
mainframe sites throughout the country, may be required 
- the large and comprehensive set of such data is best 
stored on mainframe disks. 

e) Linking to other installations 

The academic researcher, although perhaps working 
alone within his home institution, may well want to be at 
the very least, in contact with, or more likely, actively 
working with, other people or other information located 
in distant institutions. For this reason, a network has been 
set up which links the mainframe computing systems of 
the majority of academic and research establishments in 
this country. This network, called JANET (Joint Academic 
NETwork), has been in existence for a number of years 
and allows the interchange of data and messages over long 
distances. 

From the specific point of view of geographical data 
handling, one worthwhile use of JANET is to access the 
demonstrating programs developed by the team of 
researchers in the Department of Geography at Birkbeck 



College, University of London. This suite of software, 
capable of being run with a suitable graphics device across 
the JANET network, shows potential applications for the 
ARC/INFO software package, a powerful and important 
Geographical Infonnation System (GIS) "shell". 

f) Troubleshooting advice and support 

The vast majority of mainframe computers in academic 
institutions are accessed at some time or another by 
students, in many subject areas, and by researchers, 
administrators, technicians and outside commercial 
interests. Many of these people will have had no experience 
of working with a computer, and even when they do 
become proficient, problems will arise during their work 
on the system - problems that require expert help or 
additional knowledge to sort out. 

To this end, all mainframe computer installations will 
have some fonn of "duty adviser" scheme, whereby a user 
with a problem can get assistance quickly. The personnel 
manning such a scheme will have a great deal of experience 
in dealing with problems ranging from the sublime to the 
ridiculous - their expertise allows the user to make 
efficient use of the mainframe and to improve debugging 
skills when programming or using packages. 

In addition, the infonnation transfer from the central 
computing department may take the fonn of more fonnal 
courses, ranging from short one-day exposures to the 
operating system to more extensive programming language 
classes which may take a tenn to complete. Such courses 
are generally free and are there to be taken advantage of. 

g) Strength of operating system 

The preceding section has outlined the potential "user
friendly" nature of a mainframe installation centre. This 
theme could well be carried over to the machine itself. 
Because of the widespread and varied use which a main
frame computer is subject to, it is essential that the novice 
is as "at home" with the operating system as the expert. 
To this end, the interactive help facilities are usually much 
better developed on a mainframe than on a micro. The 
wide range of commands and proliferation of available 
software will require simple explanations and also 
examples of use, both of which will allow an inexperienced 
user to gain confidence rapidly. Many of the operating 
systems or software implementations on microcomputers 
are extremely "opaque" and require considerable prior 
knowledge before being able to use them. In contrast, the 
mainframe will have a large and detailed "help" facility 
which can be called at most times when the user is unsure 
of his direction. 

A slightly more frivolous, although still useful, element 
of a mainframe system will be its message software, allow
ing users to talk to each other and also allowing the central 
administration to give information efficiently to some or 
all users. 

The transfer and presentation of spatial data is a 
potentially huge task to be undertaken across a network. 
The data sets may well be large and communication of 
their contents from a tenninal to the mainframe or vice
versa can be slow, especially at peak times when many are 
signed on to the network. The handling of graphics in such 
a "time-sharing" environment is improved by the installa
tion of a network which can transfer data quickly. A 
typical capacity for a link between a tenninal and the 

CPU is 9600 baud(i.e. 9600 bits/second- 1200 characters/ 
second) which can be achieved under optimum conditions. 
However, many establishments are now considering the 
installation of extremely fast fibre-optic based cables 
which would speed up data and command transfer by a 
factor of up to 100. Such networks, for example 
ETHERNET, would have obvious advantages in mapping 
work where picture complexity and requirements for real 
time graphics are important factors. 

h) General availability of graphics packages 

The packages that exist on mainframes are for the most 
part general purpose packages which are simple in 
operation. The lack of ability to solve specific graphical 
and geographical tasks may at first sight render them less 
practicable than specific microcomputer software packages 
for use in teaching and research. However, many of them 
are eminently suitable tools on which to build problem 
solving programs and demonstrations. 

Some of these packages have to be attached by the 
programmer to an executable program at run time. Such 
graphics packages may well be expensive, may require the 
large processing capabilities of a mainframe computer and 
may need the high quality graphics input and output 
devices already mentioned. For these reasons their 
purchase and maintenance is best left to the central 
computing unit: once again, the department will not have 
to pay in order to have access to such software. The most 
familiar packages under this heading include the long 
established graphics package from the Cambridge 
CADCentre, GINO-F, the Culham Laboratories package, 
GHOST, the CALCOMP-developed contouring package, 
GPCP, and the package of greatest interest to mappers in 
this country, the GIMMS package from Edinburgh. The 
latter collection of routines is almost a standard when it 
comes to thematic mapping software and GIMMS is 
installed in over lOO academic and governmental computer 
centres throughout the world. It is now possible to run 
GIMMS on a MicroVax 11 minicomputer, but the vast 
majority of implementations are still on large mainframes 
where the power of the central processing unit allows for 
handling of large datasets, large-scale manipulation of 
statistics and high resolution output of graphic images. 

Development of software packages tends to be an 
ongoing project with the majority of suppliers. It is highly 
likely that a package bought from an external source will 
be continually improved. In order to take advantage of 
this an agreement to supply, at a preferential rate, the 
latest versions of particular packages is often entered into 
by the central computing service. This ensures that the 
user is running the most recent and probably the most 
efficient implementation of the software, again at no cost 
to himself. 

i) Sophisticated graphics hardware attached 

It has already been mentioned (advantage a) above) 
that from the hardware point of view the mapper is not 
alone in using peripheral graphics devices and that both 
initial and maintenance costs for such equipment will be 
borne centrally. Such equipment is likely to be provided 
to a higher degree of technical level than a department 
with a limited budget could consider. Thus it is only with 
the assurance of relatively continuous, multi-disciplinary 
work that expenditure on, for example, a large flat-bed 8 
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pen plotter, could be envisaged. Such sophisticated hard
copy output instrumentation does exist in many academic 
institutions. 

The situation is similar when producing "temporary~' 
or "ephemeral" mapping. High resolution, multi-colour 
graphics screens on terminals or monitors do not come 
cheaply. Although such devices are in fact more likely to 
be attached to a minicomputer dedicated solely to graphics 
work, they are available on mainframes whilst being in 
short supply in the average geography department. 

j) Standardization 

All the graphics software packages already mentioned 
must ultimately reduce to the basic primitive commands 
on which a general purpose drawing package relies. These 
instructions, boiling down to two- "MOVE from current 
position to (x,y)" and "DRAW from current position to 
(x,y)" - are low-level activities normally hidden from the 
user of more sophisticated packages in the form of higher 
level commands which would combine a series of 
primitives into commands such as "SHADE area", 
"WRITE text-string" or "PLOT last 50 points read in". 

Unfortunately, the higher level commands may not be 
understood by every graphics output device. The wide 
variety of peripherals on a mainframe system will com
pound this problem. It would be useful to be able to use 
software and user-written programs on any graphics device. 

Because of these problems, a basic drawing package 
which would be able to "drive" each output device, and, 
by reducing all commands to a primitive form, could 
enable "portability" of software would be beneficial. 
Such a package exists. It is called Graphical Kernel System 
(GKS) and it is implemented at over 25 UK university 
computing sites. Such standardization on mainframes is 
becoming the norm. Although a microcomputer version 
of GKS is available (called GSX - Graphics System 
Extension) it is by no means being accepted as the graphics 
standard for microcomputers, and it is unlikely to achieve 
the dominance in this market which it appears to be 
gaining in the mainframe community. 

Conclusion 

Table 1 (after Hindmarsh, 1987) shows the facilities 
provided in a typical university computing laboratory for 
the type of graphics work of interest to mappers. Although 
Newcastle University is fortunate in having a central 
computing facility with a high reputation for innovation 
and also for service provision, it is by no means unique. 
Indeed some academic institutions have considerably 
more expertise in, equipment for and applications of 
graphic data handling. In addition to the facilities indicated, 
access to the NUMAC network, NUNET, allows possible 
use of an even wider variety of graphics hardware and 
software. The Durham mainframe computer, for example, 
supports SURF ACE2 - a high quality package used for 
producing contour maps, perspective views etc. A separate 
VAX 11/780 mini-computer with a large range of specialist 
software is sited at Newcastle solely for graphics work, 
whilst the Polytechnic has a similar machine dedicated to 
Computer Aided Design. Such a regional network is 
replicated in many areas of the country and ensures 
efficient use of resources. However, it is the mainframe 
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NORTHUMBRIAN UNIVERSITIES MULTIPLE ACCESS 
COMPUTER (NUMAC) 
(Newcastle Site) 

Mainframe Computer 
AMDAHL 5860 running the Michigan Terminal System 
(MTS) - 40 M bytes of memory, up to 350 possible users 
at once. 

Appropriate Peripheral Hardware 
- FERRANTI digitizing table (AO size) 

many Tektronix terminals of varying ages, resolution 
and colour capability. 
numerous terminals with a Tektronix "emulation" 
capability. 
CALCOMP 1051 4 colour hard copy vector drum plotter 
(max paper width, 75 cm). 
Other smaller flat bed plotters eg Hewlett Packard 
7475 (normally A3 or A4 size). 

Available Graphics Software Packages of Interest to 
Mappers 
* ASPEX - to produce oblique perspective views of 3 
dimensional surfaces. 
GAG - a subroutine library of algorithms for analysis of 
spatial data. 
GHOST80 - general purpose graphical subroutine library, 
particularly suitable for drawing graphs (but also has its 
own contouring software). 
*GIMMS - geographical/cartographic/graphic processing 
system. 
GIN OF - general purpose graphical subroutine library, 
most suitable for design and drafting applications. 
GKS_UK - a toolkit of facilities for the building and 
manipulation of pictures independently of the computer 
or graphical device being used. 
*GPCP - General Purpose Contouring Program (a Calcomp 
package). 
IG - general purpose graphical subroutine library, most 
suitable for interactive picture manipulation. 
tMTSPLOT- to produce plots on the Calcomp plotter. 
*ODYSSEY - for the capture, management and display 
of area based geographic data. 
tPLOTSEE- to preview plots on a graphics terminal. 
*SYMAP - produces contour, informant and proximal 
maps on a lineprinter (somewhat outdated). 
*SYMVU - for surface projection, usually used as a post
processor for SYMAP (somewhat outdated). 

*These are packages which run with their own command 
language - no knowledge of programming is required. 

tThese programs are unique to NUMAC and require 
certain parameters to be specified. 

Routines described in other packages must be called from 
runnable programs in a language such as Fortran or Pascal. 

Table 1 Typical Mainframe Configuration 

computer which is the focus of this paper and the aim has 
been to outline some of the reasons why mainframe 
computers of the type available at Newcastle ought still to 
be seriously considered by the academic and technical 
geographic community. If the facilities exist, it is worth· 
while exploiting them. 
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THE HISTORY OF CARTOGRAPHY 

The first volume of the monumental six-volume history 
of cartography edited by J.B. Harley and David Woodward 
has been published. 

This first volume presents a critical synthesis of mapping 
in Europe and the Mediterranean basin from its earliest 
prehistoric manifestations through the High Middle Ages. 
After an opening discussion of the growth of the history 
of cartography as a subject, successive essays consider the 
petroglyph maps of prehistoric Europe, mapping in 
ancient Egypt and the Near East, and the theoretical and 
practical cartographic achievements of classical antiquity 
by means of a systematic review of Greek, Roman and 
Byzantine maps. The volume concludes with an analysis 
of the three major mapping traditions of medieval Europe 
- the mappaemundi, the portolan charts and the increasing 
number of maps and plans of local areas. The result is an 
important reassessment of early cartography, often 
dismissed as "crude" and generally underrated, and of its 
contribution to the modem era. 

This volume is published by the University of Chicago 
Press, price £79.95 ISBN 0 226 31633 5. 

ORDNANCE SURVEY MARKETS DIGITAL DATA 

The Ordnance Survey has developed a digital topo
graphic database from maps at 1:625 000 scale. The data 
are fully structured with features inter-related by "links 
and nodes" and named where appropriate. The structure 
of the data allows:-

• Feature selection by location, type or name 
• Extraction of information for a named area 
• Analysis of road and river networks 

The data are available as two datasets for national 
coverage:-

Dataset 1 - Coastline, rivers and canals, lakes and 
reservoirs, county and district boundaries. 

Dataset 2 - Cities, towns and villages, built-up areas, 
roads. 

Prices. are £2500 plus V AT for Dataset I and £5000 
plus VAT for Dataset 2. 

Regional coverage by 100 km square is also available. 
Further information: 
Digital Marketing, Room C428, Ordnance Survey, 

Romsey Road, Southampton S09 4DH. (0703-792773 or 
792395.) 

ENGINEERING SURVEYORS CONFER AT READING 

A two-day conference entitled "Standards and 
Accuracies" is .being held at the University of Reading 
from 28th to 29th March 1988 by the Institution of Civil 
Engineering Surveyors. 

Further information may be obtained from D.H. 
Daniels, 'I.C.E.S., 26 Market Street, Altrincham, Cheshire 
WA14 1PF. Tel. 061 928 8074. 

UK Distributor 

D. Mycroft a Co . 

40a Jasmine Grove 
London SEIOIJP 

01·6591414/5 
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