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The SAS/GRAPH graphics software package includes a comprehensive set of cartographic procedures 
of interest to both the geographic and cartographic communities. One requirement of any successful 
computer-assisted mapping package is the capability for creating a wide variety of symbols for thematic 
mapping tasks. The SAS/GRAPH GFONT procedure provides such a capability. Military maps are a 
good example of thematic maps where dynamic and pictorial symbols are often used. This paper de
scribes the use of the GFONT procedure to create a variety of symbols for a series of maps depicting 
the 1967 Arab-Israel Six Day War. 

Introduction 

Specialised thematic mapping tasks frequently require 
the use of unique point, line and area symbols of varying 
size and number. Military maps are a very good example of 
thematic maps where there is always a demand for a wide 
variety of such symbols. These maps make widespread use 
of both dynamic and pictorial symbols, often of an unusual 
nature to depict for example aircraft, ships, troops, resour
ces, bases, ttoop movements, and communication or 
campaign routes. Examples of such maps are to be found in 
newspapers and magazines where they show current mili
tary activities throughout the world. 

To date the production of these specialised maps has 
usually been the work of traditional cartographers, and 
graphic artists who work from file photographs and draw
ings to manually create the variety of unique symbols often 
required for such tasks. However, with the growing availa
bility and use of wide range of computer software for 
graphics and cartography, designed for both mainframe and 
micro-computer environments, it is highly likely that the 
task of creating at least part of these specialised thematic 
maps may be desirable in a computer environment of one 
sort or another. It would therefore seem important for any 
software package currently available to provide capabilities 
comparable to those of traditional cartographic techniques. 

One of the most widely available computer graphics 
packages currently in use is SAS/GRAPH, a general 
graphics package with a significant cartographic compo
ne?t .. The SAS(GRAPH module was originally added to the 
eXISting and highly successful Statistical Analysis System 
package (SAS ®)to facilitate the graphic display of data 
and statistical results output from the main package. Al
th?ugh the SAS Institute must be complemented on the 
wtde range of character fonts currently provided as stand
ard with the SAS/GRAPH package, similar ranges of 
cartographic symbol fonts for use with thematic maps are 
by contrast quite limited at present. This is understandable 
since it would be both difficult and impractical for the SAS 
Institute to attempt to satisfy all users and all possible map
ping tasks. An alternative approach for any flexible 
computer-assisted mapping package is the provision of a 
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capability for the user to create specialised symbols for in
dividual thematic mapping tasks. The SAS/GRAPH 
GFONT procedure provides such a capability. PROC 
GFONT, added to the system in 1982 (version 82.4), 
allows the user to defme and produce high resolution alpha
numeric characters and symbols for. use in any 
SAS/GRAPH application. 

An interesting and challenging application for 
SAS/GRAPH, which enables a user to test the wide scale 
applicability of the package to thematic mapping tasks re
quiring the use of specialised symbols, is the creation of 
maps used to depict military conflicL The purposes of this 
paper are therefore twofold. Firstly, to outline the creation 
of two pictorial symbol fonts using the SAS/GRAPH 
GFONT procedure, and secondly to illustrate the use of 
these fonts in a series of military maps depicting the 1967 
Arab-Israel Six Day War. The paper is illustrated with a 
number of monochrome maps created with a Calcomp plot
ter. All program development, including final map 
production; was carried out on the University of Toronto's 
IBM 3033 mainframe running SAS (version 82.4) under 
MVS (Multiple Virtual System) and TSO (Time Sharing 
Option). 

SAS/GRAPH • Background 

In 1980, the SAS Institute added a new module, 
SAS/GRAPH, to their statistical package SAS. The main 
aim was to provide users with a means to facilitate the 
graphic display of data and statistical results produced by 
the main package routines. Of major interest to the geo
graphic and cartographic communities were the wide 
variety of mapping procedures also offered by the new mo
dule, permitting users to produce BLOCK, CHORO(pleth), 
PRISM, SURFACE, 3-D(imensional) and CONTOUR 
maps. Users may provide their own map outline data sets, 
or use those provided with the package - for example, the 
WORLD data set. Response data sets, containing the data 
to be mapped, ttansformed by means of the statistical and 
mathematical procedures in the SAS system, can be plotted 
using the pattern and class interval options. Textual infor
mation can be placed virtually anywhere on the maps 
through the use ofTITI..E, NOTE, F001NOTE, .M and J 
statements. The most recent update of the package from the 
SAS Institute contains a new procedure called ANNO
TATE, which makes the placement oftextand symbols even 
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more flexible· (SAS Institute Inc., 1981a; 1981b; 1982a; 
1982b; 1982c; 1985). 

Together the SAS and SAS/GRAPH procedures make 
it relatively easy to combine digitised map outlines, various 
response data sets, and annotation to produce a wide var
iety of maps. Continual updates and modifications have 
given users a very comprehensive set of cartographic pro
cedures for mapping, and the SAS Institute has provided 
excellent and continuing user suppon. The reader is referred 
to a number of earlier papers which have discussed the 
SAS/GRAPH package and some of its applications in more 
detail (Baker et. al, 1983; Carter, 1984; Baker et. al, 1985; 
Green et. al, 1985; Green and Schwartz, 1986; Green and 
deSousa, 1987). 

SAS/GRAPH and Map Symbols 

Point, line and area symbols are frequently used on the
matic maps to portray nominal, ordinal, and interval/ratio 
data. For example, point, line and area symbols can be used. 
to depict the location of a feature. Different symbols may 
be used to show sub-classes within a class, for example, 
small, medium and large. Symbols of varying sizes, or 
groupings of a number of the same symbols may be used to 
represent quantitative values. In the case of military maps, 
examples are graduated flowlines representing the move
ment of ttoop numbers from one town to another, and 1 
symbol= 10 aircraft respectively (Robinson et. a1, 1978). 
In some cases the symbols required may even be of a "dy
namic" or "pictorial" type, or a combination of the two. 
Examples of "dynamic" or "action-type" symbols are move
ment arrows, and temporary boundaries. Pictorial symbols 
are those depicting such things as aircraft, ships, trains, and 
soldiers. They are essentially scaled down picture images 
of an object. In some instances the symbols required for a 
specific mapping task may be described as both dynamic 
and pictorial, as in the case of crouching or lying soldiers, 
and bomb bursts (Ristow, 1957). 

One area in which the SAS/GRAPH package is defi
cient, is with regard to the provision of an adequate range 
of point, line and area symbols for different mapping tasks. 
For example, military maps. The standard cartographic font 
currently supplied with SAS/GRAPH (Figure 1) has a very 
limited selection of symbols for potential use with spe-
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cialised thematic maps. Furthermore, the symbols provided 
in the canographic font are point symbols which may only 
be used for nominal and/or interval-ratio data, and there are 
no additional fonts containing area or line symbols. Finally, 
no provisions have been made for varying the size of sym
bols, as would be required for the use of point symbols to 
portray ordinal or interval-ratio data. 

While it would be possible for the SAS Institute to pro
vide a much more extensive single set, or multiple sets of 
cartographic fonts as standard in order to rectify these defi
ciencies, in many ways it would not be practical to do so. 
The reason being that it would be very difficult to gauge all 
the requirements of different users for their individual map
ping tasks. A much more logical solution for a 
computer-assisted cartographic package would be the pro
vision of a means for a user to create the symbols required 
for a specific mapping task. 

SAS/GRAPH can in fact be used in two ways in order 
to facilitate the creation of a wider range of map symbols. 
The fU'St is to make use of the NOTE statement, and the .M 
and J parameters to combine characters and symbols from 
any of the existing standard character fonts to form a re
quired map symbol An example of this approach is using 
the SAS/GRAPH MUSIC font to produce a grape symbol 
to map locations of vineyards in different counties in Eng
land (Green et al., 1985). The second approach is to make 
use of the SAS/GRAPH GFONT procedure. This is by far 
the best and most satisfactory of the two methods, and will 
therefore be the focus of this paper. 

The SAS/GRAPH Procedure GFONT 
A user requiring a unique set of symbols for a specific 

mapping task may create these with the aid of the 
SAS/GRAPH GFONT procedure. Firstly, each symbol 
needed for the map must be designed and drawn by hand, 
and then digitised. The latter task can be carried out simply 
using graph paper or alternatively a digitiser. Each symbol 
of the new font is descn'bed by X and Y coordinates. In ad
dition, the GFONT procedure requires the user to specify a 
CHAR (character) variable indicating the keyboard charac
ter selected to represent the symbol (see Figure 1 - the 
characters below the individual symbols), a SEGMENT 
(line segments making up the symbol) variable describing 
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the breakdown of the symbol structure, and an LP 
{line/polygon) variable for filled fonts to define whether the 
X and Y coordinates define a polygon or a line segmenL 

Once digitised the characters are stored in a specially 
formatted SAS data set which is subsequently used by the 
GFONT procedme to produce the new font GFONT can be 
used to create filled, unfilled and stroked fonts. Filled and 
unfilled fonts have the open areas of the symbols drawn as 
single lines. In addition, GFONT includes a number of op
tions which pennit the user to set the levels of resolution of 
the font characters, store the data set for the font, to space 
the characters, specify the colour, pattern, and character 
outline colour (SAS Institute, 1985). 

Applying GFONT to a Thematic Mapping Task 
An interesting and challenging application which fa

cilitates a demonsttation of the capabilities of both the 
SAS/GRAPH mapping package and the GFONTprocedure 
is the creation of maps to depict milirary conflicts. These 
types of map started gaining popularity during the First and 
Second World Wars, appearing in many popular periodicals 
such as TIME magazine. Today such maps are still seen as 
part of newspaper and magazine articles depicting current 
military activities throughout the world. These maps fre
quently use a combination of both dynamic and pictorial 
symbols to show for example, troop movements, commwti
cation routes, and stages in a campaign or baUle. Numbers 
of aircraft, ships, lanks, ttoops, the location of supplies and 
fuel dumps. and the location of milirary bases are also like
ly features to be depicted using such symbols. Typically 
most of these maps are still produced by graphic artists 
using a "cut and paste" approach. 
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The choice of the 1967 Arab-Israel Six Day War as the 
basis for the maps to demonstrate the application of the 
GFONT procedme was detennined by a number of factors. 
These were the availability of the required data, the rela
tively small areal coverage of the war zone, and the nature 
of the war. The dmation of the war was relatively short, six 
days in total, and involved both land and air battles, there
by providing a potentially good cross-section of symbols to 
create. 

Maps of the 1967 Arab-Israel Six Day War 

Two digitised base map data sets consisting of the out
lines of Israel and the Egyptian Sinai together with 
bordering countries, and the region of the Middle East in
volved in the 1967 Arab-Israel Six Day War were prepared 
using maps from Gilbert (1969, 1974) and V!.lnay (1969), 
and a TALOS digitiser. 

Two symbol fonts, namedMILITAR (filled) and MILl
TARE (unfilled) - the addition of an "E" to the second font 
name signifies empty (Figme 2) - were designed and cre
ated using the GFONT procedme. This involved obtaining 
a set of Cartesian co-ordinates for each symbol rquired. 
Both fontS contained symbols depicting aircraft, battles, 
missiles, oilfields, tanks, troops, and Israeli and Egyptian 
forces (the Star ofDavid, and an Egyptian Eagle respective
ly). The fOnts were stored as part of a data set contained in 
a file for easy linking to the SAS font h"brary. and for US8 

with other SAS/GRAPH programs if desired. The file is a 
load module, kept in machine readable fonn so that poten
tial users do not have to use the GFONT procedure each 
time the contents of the symbol fonts are required. 
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Fig 2. The Symbol Font MILITAR (filled) 
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Movement arrows were digitised as separate polygons 
at the same time as the base maps since it would be extreme
ly difficult to create appropriately sized arrows required as 
pan of a font to be placed with NO'IE statements. While it 
would have been possible to create a set of the most com· 
monly occuring arrow symbols for use on the maps, the 
geneml problem lies in being able to create enough variety 
of shapes and sizes to suit this particular type of task. In fact 
the font "alphabet" would probably become infinite in size. 

A series of maps were produced combining the map 
data sets and the new fonts (Figures 3-S). These include the 
Pre-1967 War Arab War Military Strength, the Pre-1967 

War Israeli Military Strength, and the Daily Advances of 
the Israeli Defence Forces respectively, identifying each 
days' movements. The pictorial symbols and appropriate la· 
belling were placed on the maps using the standard SAS 
text placement statements. This could also have been 
achieved using the ANNOTA'IE procedure. A minor detail 
to be noted here is the use of separate symbols for east and 
west facing aircraft and tank symbols. These separate sym
bols were created to eliminate the need for symbol rotation 
in the NO'IE statements used for the placement of text on 
the maps. This is advantageous since it reduces the length 
of the NO'IE statement text and also speeds processing 
time. 
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Conclusions 
In conclusion, SAS/GRAPH makes it relatively easy 

to combine existing, or user-defined digitised map outlines 
and appropriate annotation to produce aesthetically pleas
ing base maps. The GFONT procedure provides a relatively 
simple, yet effective method by which the user can create a 
wide variety of unique point symbols for use with base maps 
for any specialised thematic mapping task. Flowline sym
bols, however, are less easily created than the other symbols 
descnDed. While it would be possible to design and produce 
an alphabet containing the most commonly occuring line 
segments it seems easier and more practical to digitise the 
flow lines at the same time as the map outline. 

The addition of the GFONT procedure clearly in
creases the flexibility of SAS/GRAPH as a general 
cartographic package by extending its capabilities to a wide 
range of specialised mapping tasks, including those which 
make widespread use of various different types of symbols. 
This in tmn makes the mapping package much more useful 
to the geographic and cartographic communities for illus
trations in research, theses or publications, or as the basis 
for slides and overheads. While it would be useful if 
SAS/GRAPH included a wider range of "built-in" carto
graphic symbols for more general mapping tasks, the 
GFONT procedure permits the user to design and create 
symbols for any mapping task, with the sole limitation 
being one's imagination. 

ISRAEL: PRE-WAR MILITARY STRENGTH 
ARAB-ISRAELI SIX DAY WAR (JUNE 1967) 
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Fig 4. Pre-1%7 War Israeli Military Strength 
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ISRAEL DEFENSE FORCES ROUTES OF ADVANCE 
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Fig S. Daily Advances of the Israeli Defeuse Forces 
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Social Issues in Map Form 
The Welsh Office has, for many years, drawn maps of 

varied topics and has built up a large collection of maps that 
are unavailable through nonnal retail channels. They pro
duce outline maps, and maps of such topics as the 

. administrative areas in Wales, and are a good source ofooth 
published and compilation map material. Contact Map Li
brary, Cartographic Services, Planning Services Division, 
Welsh Office, Room G-003, Crown Offices, Cathays Parlt, 
Cantiff CF1 3NQ. 

From. the WestemMail24thND'J 1987. 

Law to be amended on definitive maps 
The Department of the Environment has stepped in 

with measures to enable deletion or downgrading of rights 
of way which have been incorrectly recorded on definitive 
maps and statements. Legislation to amend the Wildlife 
and Countryside Act 1981 is to be introduced as soon as 
possible. 

Once enacted, this will allow surveying authorities -
counties, metropOlitan districts and London boroughs -
discovering evidence that a mistake was made to amend the 
records accordingly. Landowners uncovering such evi
dence will be able to apply to the surveying authority for an 
order putting the record sttaighL 

Legally, the maps and statements provide definitive 
proof of the existence of a right of way as of the date shown 
on them. A series has now been built up for the whole of 
England and Wales, apan from inner London and some 
built-up areas where the requirement to prepare such ma
terial did not originally apply. Section 53 of the act lays 
down a procedure for keeping maps and statements up to 
date. The section covers circumstances in which a right of 
way not shown exists and should be added, where the stams 
of a right of way is wrongly marked, for instance as a foot
path instead of as a bridleway, and where a right of way 
indicated does not in fact exist. 

From.Pltwring 14th October 1988. 

TERM 41 TERMINAL EMULATOR 
FOR THE ATARI ST SERIES 

ONLY£57.50 
(inclusive ofV AT and delivery) 

FULL VT220 AND TEKTRONIX4105EMULATIONS 

Features indude: 

* T4105 features include: panels (polygon fill) 
full T4107 patterns 

* Compatibility with Tektronix 4010 and 4014 and 
DEC VT52 and VT100-is retained 

* Monochrome or4 or 16 Colour Operation 
• Multiple Virtual Screens 
* Ergonomic Control Key Sequences 
* High Speed Operation 
* 19,200 Maximum Baud Rate 
* 80 or 132 Column Display 
* Double Width /Double Height Characters 
* 15 User-Definable Function Keys · 
* User Friendly GEM based Application 
* KERMIT File Transfer 
* Screen Dump Feature 
* Record I Replay of Sessions 
* Emulator Set-Up Saved to File 
* Built in Oock 

sue BULLETIN Vol22 No 1 

Order NOW enclosingchequeorP.O. to: 

GIMMS LTD 30KeirStreet 
Edinburgh EH3 9EU 

Official purchase orders welcome. 

15 




