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ABSTRACT

Map s the symbolic model of the objective world where there are the variety and varability of things and facts. The
line cartograplne symbol located on the boundary and the pomt cartographic symbol located by smgle pomnt are the
main body and gravity of the map. The cartographic symbols are dovided point, ling and aréa symbol in cartography and
traditiona] edueational books, but there is gualitative description about the three kinds of symbaols. Up o now there are
oo the muthematical definitions of point, line and area symbols. This paper wants to solve this problem. In this paper
the authors mise the mathematical defimiion that pomt, hne and area carographic symbol according 1o the relative
theory of opelogy

1. point cariographic symbol
There exist point O,y ) of coprdinate in the plane, ifset U, suffices
U= {PIO(x.y) EU, AU =1i)}
then U is called point cantographic symbaol.

ra

Line cartwgraphsc symbaol

After definition of neighborhood and boundary were given by the wopology, we may definite line cartographic
symbaol:

T}|;I1: cartogriphic symbol that indicates the 1 class linear body and with concem boundary as its location hing s
called the Ime cartopraphic symbol. 1e suffice

= (PBdAELAL=HiLFEL)

then L 15 called line cartogrphic symbol.

3 Area cartographic Symibaol
There exisl connective sel A S X | and its indicated body with BdA, as its boundary, 1.2 suffice
A= {PIPEANNA =TT
then A 15 called ares cortographic symbaol,

The figure 15 composed of point and ling canographic symbol and it's the mon body of map, the ground 18 composed of
area cartopraphic syinbal, The figure and ground brnng mto play whole function in the transmission of peographical
information.

Infirnte complicated objects are reflected and showed on the limit maps by the moli-themane and multi-scale maps.
Fimte things and phenomena connected with themes always occupy the whole cartographic region and form the
stiucture of éither this or that and connect with each other, which reflects the geographue character. There 15 the visible
or invigible boundary between things and phenomena of various features in cartographic region. The boundary not only
indicates the borders of the abjects, but also effective reflect the objects of the borders. Therefore the line cartographic
symbaols be located ot the boundary and the point cartographic symbols be located st single point are the man body and
stress of the map. The carographic symbols are divided point, ling and area symbol in cartography and traditional
educaonal books, but there is qualitative descnphion about the three Kinds of symbols. Up to now there are not the
muathematical definitions of point, lne and area symbols. This paper wants o solve this problem.
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L POINT CARTOGRAPHICAL SYMBOL

Definite coordinate pomi C (x, ) 15 onented and indicated the fature and character or some guantitative value of the
objects of this point, which are imponant attributes of pont cartographic symbol. The point canographic symbols
connect with more visual varables such as shape. size. direction. structure. color and so on''! So the point
cartographic symbol belongs to the point set category.

Definition 12 There exists planar coordinate pomnt C (x, ), if the condition as following:
15 satisfied, then paint set U, is called the point cartographic symbol which s fixed on C (x, v) and indicates the
feature 1.

of Cix, ) EU . U =i} indicates that 1 ; is the mapping of
feature 1 in the map.

(1)s the common equalion of point cartographic symbaols such
as trangle point, tower butlding, transformer substation, single
tree and S0 on

]
0 Y

There are more kinds of fixed means of point cartographic A ui=F(i)
symbol (figure 1), In various Mixed means the position of fixed Y
point C (x, yyin 17| is different. But these suffices the condition T w)

Figure T, The Sketch of Pomnt Cartographic
L. LINE CARTOGRAPHIC SYMBOL Symbal

There exist the borderhines among different
charactenstic and different extent features. The hne
cartographic symbol 15 fixed on the borderling and
indicates the function of the feamre, 0 we oaust
definite the neighborheod and boundary (Figure 2),

2.1 Neighborhood

Definition 2: Let a be a point in metrical space X . :
and M, be a poiat set in X, il the condition as O e - nesghborhood Bia, §) with radius of §

following,; C::‘:} open aneighborhood My =Uaully - 4

=03 Bia, B, the boundary of A and X - ABdA
i5 satisfied, then ™, is called a-neighborhood in X s = = The line caftographic symbol Li
2.2 Boundary
Definition 3: Let A be o subset of topological space ) ) ) )
x1 aE X, ifan E.Ibil.rﬂ.l'].f a—nmghh:whmmi has FH'Ii‘..I.‘LL‘i Flgu.l': 2, The Relation of H:.‘]E]Elbﬂ[hl:ll.li, Bﬂu.l:u]aq.r and Line
in both A and X —A, then we call a is a bounding Cartographic Symbol
pomnt of A The set of all bounding pomts 15 called
the boundary of A, and is denoted by BdAl'.

BdA= [a| aENa=U, U Uy, U, EA Uy, E X-A) (2

2.3 The line eartographic symbal
Definition 4; The cartographic symbol fxed on relative boundary s called line cartographic symbol which indicates the
line feature @0 1t suffices

L ={P|BdA €1 A | =M}, PE || i3
The line cartographic symbol hois the point set BdA n (3) & provided by (2), and 1 is feature indicated by line
carfographic symbol. (3) 1% the common equation of the line canographic

and 50 0m. 51 ( &5
3. AREA CARTOGRAPHIC SYMBOL g2 —

3.1 Conneeted set 54 _ )
Delinition 5: 1T there exisis a point set A€ X A can nol be expressed by ; )

aets, namely, there can not exist open subsels U, V of A, U ¢ V& i >

b i
connected set 0 i composed of naide skelston mep,

single river, bank line and ralway.
=X - 0 =F =BjuSu35uS;

Figure 3. The Sketch of Area Cartographic
Symbal
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3.2 Area cartographic symbol
Definition 6. If there exists connected set A= X, which indicates the annbute of feature besieged by the boundary
BdA, of A, then point set A, is called the area cartographic symbol and it sufTices

A={PPEA MA =) i4)

Ay in (4} is provided by defimition 5, and j is feature indicated by area cartographic symbol. Considering the different
essence of point, line amd arep cartographic symbol, we promise that 1 indicates pomt and hne featore, and that §
indicates area feature. (4) is the common equation of area cartographic symbol such as water field, woodland, plowland
ete. Because the connected set has completed boundary, it can describe any area feld

4. FIGURE AND BACKGROUND OF MAP

4.1 Point and line cartographic svmbols are the main body of map

That point and line cartographic symbols are the main body of map reflects the following aspects:

o Map is the subset of graphic $et. Satisfving the definition of graph i3 the basic condition and logical demand off
cartographic definition !, and the set of point and line is the main condition of constructing graph ™

o  Bearing the weight of map 15 composed of symbols and ares of annotation of the map elements of residential area,
waterbody, road, border and so on ""!ie, bearing the weight of map is composed of point and line cm:qumplﬂc
symbols and area of annotation. Bearing the weight of map is connected with map legibility and its quality

o Pomt and line cartographic symbols lie always higher visual level in the map. The mportant point and line symbaols
are more than prominence.

o Constructing praph of pomnt and line symbals is the comparative standard of distinguishing moon, sun, positive,
negative of the map figure ™

Constructing graph of map mam elements 15 expressed by the combined set of the set of point cartographic symbol and
the sel of line cartographic symbol e,

G={U Uikl el

{5)

4.2 Area cartographic symbol constructs the background of map
Definition 7: The set compased by whole area cartopraphic symbol or the complemented set of the set of point
and line cartographic symbols is called the background of map, that is,
= UA=X —G=G
i6)
jE]
In {6} Aj is provided by (4) and G is provided by (5},

Any map 18 always the unite body of ligure and background Formular (6) expresses this relaton of opposite and union

4.3 The unite function of fgure and background in map information transmission

The map is the symbolic model of ohject world. The research shows the information in map 15 more abundant than that
in general books and newspaper " In these days basing on inexperienced statistical way a peneral map can contain and
save the information of 100-200 million informative units " Therefore, as the media and bridge people’s recognizing
ohject world, map is more mioitional and more effective than other means. Though the fgure and background lie
different visual level, they exert unil function i transmilling geographic mformation for their mterdependent relation.
They react supplemental each other function on reflecting geographic chamcter. (Dlinformed or inconspicuous form
borderlines in the object world are prominent for the structure of pomt and line symbols, and the area symbol s
prominent for the prominent borderline and the difference of borderline and area symbol in vision Z/Different
characteristic point and line symbals differentiate each other for tint area symbol, thus variows point and line symbaols
pre effective reflected in the map. Especially, recessive things (such as air temperature, border, population) are
displaved and emphasized by cartographic symbols and we can survey all through the map. All those show the
supenorily of the map media,

8 CONCLUSION

Based on the theory of set and wopology, combining the common attribute and character of cartographic symbols, we
definite the point, line and area cartographic symbols in mathematic way, which makes confined gualitative descoiption
cartographic symbols obtain exact mathematic form and quantitative deseription. The interdependent and opposite and
uniom relations of pont, ling and area cartographic symbaols make them exert the mportant effect and unite function in
the ransmission of geographic information.
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