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Abstract. As an important type of map, thematic map is still in its initial research stage due to its characteristic of various type, complicated representation and data dependency problems. Since research for thematic cartography is still in infancy so far, there is no unified understanding and development method about its construction theory. This paper focuses on the smart construction model of thematic map, and proposes the following three contents: the first is the inner structure and construction process of thematic map, including a semiotic model of thematic cartography according to the analysis of thematic map symbol system based semeiology, which is divided into three aspects: phonetics, semantics and syntax. The second is thematic cartographic model oriented smart construction of thematic map based on segmentation research and description of thematic symbol and the syntactic pattern. Finally, the smart construction mechanism is established based thematic map services, and its concept and schema is discussed, such as dynamic web thematic map services aggregation, etc.
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Introduction
[bookmark: OLE_LINK233][bookmark: OLE_LINK60][bookmark: OLE_LINK229][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK56][bookmark: OLE_LINK59]The intelligent construction of thematic map has been a long hotter topic in the research of cartography(Schnabel and Hurni, 2009;Iosifescu-Enescu et al., 2010;Fei et al., 2014). With the coming of new geography characterized by volunteered Geographic Information and Geo-Wiki, the one reads the map gradually becomes a cartographer. Intelligent thematic cartography is in the ascendant.But it is not easy to design a scientific, artistic map. How to analyze cartographic data rapidly? How to choose appropriate representation mode? How to design the corresponding symbols? Which construction modes should be followed in order to generate dynamic thematic maps? The questions above are to be solved. Regarding the use of basic construction elements, existing thematic map construction theories can be divided into two categories. One is to consider the visual variable as map construction element，such as Bertin’s six construction types(Bertin, 1983), symbolic constitution elements and its designing models(Yaofeng, 1995), constitution variables and generation modes of electronic map symbols (Yani et al., 2012), concerning user’s visual perception and symbol appearance. The Other one is to consider the primitive as map construction element，such as Schnabel’s  primitive-based construction theory for diagrams(Schnabel and Hurni, 2009),internet map symbol construction model(Yanjun et al., 2009),concerning the physical level of symbol. However, current construction theories focus on selecting construction elements and combing them without considering data dependence.
This paper aims to introduce semiotics and linguistics(Qingyun, 2003;Komedchikov, 2005;Vasilev, 2006;Schlichtmann, 2009) into thematic cartography, analyze map symbol system from the perspective of phonetics, semantics, syntax, abstract semiotic model of thematic maps, and construct thematic symbolic framework centered on “word“. These help define thematic symbols according to three attributes which are symbolic elements, structure principle and word relation, and select constructing attribute intelligently based on different data characteristics, and then realize to generate thematic maps automatically. Discussing design model of this mechanism, and giving formal describing of prototype system and its integrated application.
Semiotics Model for Smart Construction of Thematic Map
Syntactic Model of Thematic Map Symbol
The concern with linguistics of cartography can be divided into macroscopic and microcosmic level. Microcosmic linguistics mainly focuses on symbol structure elements, meanings, relations inner symbols and layers, and construction mechanism(Qingyun, 2004).  According to this, map symbol system can be divided into following parts which are from elementary to advanced: ①Symbol construction elements(Primitive, Visual Variable, etc.)——Phoneme；②Single  thematic symbol——word；③combined or complex symbols——sentence. Phonemes as minimal phonetic unit form word according to semantic structure, words form complex symbols through syntax, and further form symbol layer. And symbol layer can form thematic maps through overlying with other layers. “Phoneme” should form map symbol system that has syntactic structure in a unified semiotic meaning framework. The model is three-dimension space that includes symbolic primitive (phonetic), symbolic reference (semantic) and symbolic organization (Syntactic) . (Figure 1)


Figure 1. Syntactic model of thematic map symbol
Phonetics-dimension is divided into three levels based on their different degrees of abstraction: ①Phoneme is the most basic distinctive feature among symbolic constitution elements. Point and line which are controlled by six distinctive features can for symbolic phoneme. And the six distinctive features include size, shape, orientation, brightness, color and saturation. ②Phoneme Combination: Phoneme can form “Word Morpheme” (primitives) and “None Word Morpheme” (visual variables); ③Suprasegmental Phoneme is combination phonetic feature. It described symbol element in detail such as area graphic line of curvature. Semantics- dimension includes symbolic referential features and semantic features. Thematic symbol system focuses on semantic relations of words that are synonymy, hyponymy, meronymy and antonymy. Syntax-dimension has three levels: internal syncopation of words, external combination and syntax construction. Internal syncopation of words means phoneme set; External combination means words form phrases based on the semantic relations; Syntax construction consists two meanings, one is repeated using structural principle between words or words and phoneme set based on semantics to form symbolic sentence which is a kind of combined relationship; the other is that secondary phoneme of sentence level represents new feature.
Phonetics-dimension means define phoneme of symbols, forming morpheme, and then forming words. The construction of this dimension is controlled by inherent constructive feature of symbolic phoneme. And it cannot consider the semantics and syntax. Semantics-dimension and syntax-dimension have effect on morpheme word formation and word combination into sentences. The common carrier of syntactic structure is word. Word is the most active part in the symbol system. And it is both the components in abstract language system and a specific unit in real symbol system. Through the investigation of this kind of “active symbol”, researchers can hold the word-formation regular rules of thematic symbols, and can further combine with specific data and context to research pragmatic process of word meaning. Therefore, it is important to make the word to the core position, and form the word-centered model for thematic symbolization framework (Fig.2). The framework includes three macro levels that are phonetic, semantics and syntax, corresponding with syntactic structure. Word and sentence are two material carriers of symbols. Three macro levels have comprehensive effects on the process of word construction, and then combine to generate sentence.

 
Figure 2. Word-centered model for thematic symbolization
Thematic Symbol Construction Model based on Syntactic Structure
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]According to syntactic structure of thematic symbols and symbolization framework in this paper, combined with design principles of thematic symbols, made the Primitives (Primitives, P) which hava nature construction property, retinal variables (Visual variables, V) mentioned above as basic symbol elements, forming phoneme set (Symbol Phoneme, Sp). Operator set (Structure Operator, Os) which employed symbol structure principles constructs word set (Symbol Word, Sw) based on phoneme according to the structure of the symbol building operators. Finally,sentence set(Symbol Sentence, Ss) including combined or complex symbols is generated by the combination between  phoneme  and word  based on the Structure Operator.Therefore, Symbol set(Symbol, S) can be described as followed:
[bookmark: OLE_LINK67][bookmark: OLE_LINK91][bookmark: OLE_LINK92]S = (Sp, Sw, Ss)
[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK76][bookmark: OLE_LINK81][bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK69][bookmark: OLE_LINK70]And in which, Sp= Os(P, V)  Sw= Os(Sp, Sp)  Ss= Os(Sp, Sw)
Finally, automatic construction of thematic symbol can be divided into three basic aspects: the definition of symbols phoneme set (Sp), construction of symbols word set (Sw) and combination of symbols sentence set(Ss)( Fig.2).
(1)Construction of Symbol Phoneme Set
Symbol phoneme set,which is the collection of Sp, is generated by data dynamic extraction and selecting appropriate phonetic symbol according to the spatial trait of thematic data. The data characteristics of thematic features , which corresponding to the a two-dimensional table，can be divided into theme indicator dimension, category dimension, time dimension and spatial dimension( Fig.2). The detailed introduction about thematic data model will be illustrated in part 3. As mentioned above, symbol phoneme is the integration of basic primitives and visual variables. And its combination can form all morphemes(minimal meaningful unit) or rich syllables(still meaningless unit) in phonetics level based on certain rule, such as Aesthetics, gestalt law and so on. Finally, construction of symbol phoneme set can be formalized into symbol phoneme and its combination(Fei et al., 2013).
（2）Construction of Symbol Word Set
After the generation of symbol phoneme set, which contains thematic data information and the relationship between phonemes has not been explicitly shown, it must must do further discussion on the construction principles in word level. However, the phoneme and idiomatic morpheme which has the word building ability, can generate the word and form symbol according semantic mapping.It also can be carried out word construction through structure operator，and this process is limited by the rules of data dimensions and structure operator. According to current diagram or map construction theory(Bertin, 1983), Wilkinson and Wills, 2005), Fei et al., 2013), the structure operator in word level can be divided into six types by the geometric characteristics of phoneme and data dimension:Point, Linear, Polar, Region and Topological construction. Even more, aiming at different sematic relations between words in addition to thematic data itself has the semantics of time, space and theme dimensions, there are four categories as following: Synonym, Hyponymy, Meronymy and  Antonymy(Fei et al., 2013).Generally, the construction of symbol word set is generated by semantic mapping and above structure operators as a vocabulary system with different ideographic function on the basis of symbol phoneme set.
（3）Construction of Symbol Sentence Set
[bookmark: OLE_LINK176][bookmark: OLE_LINK177]Symbol sentence set, which has the most complete function in representing thematic data among all symbol level, can describe multidimensional thematic information comprehensively. Generally, it is generated by syntactic mapping on the basis of symbol phoneme set or symbol word set. The syntactic mapping has two implications.One is a syntagmatic relation in which several sw in Sw or sw and several sp is combined to form symbol sentence using structure operator repeatly according the semantics between words. On the other hand, besides the new meaning the sentence refers to, the suprasegmental phoneme at sentence level shows new features, which can be modified by stress, intonation and rhythm, such as the distance of every bar group, the width of bar in bar chart or highlighting one bar，etc.  
[bookmark: _GoBack][image: ]

Figure 3. Workflow for Automatic Construction of Thematic Symbol
Semantics-Driven Thematic Indicator Ontology 
Characterization of Thematic Indicator Ontology
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK5][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Through constructing thematic indicator, this part focuses on analyzing thematic semanteme property, confirming syntax construction of syntax symbols and constructing automatic construction mechanism. Based on current data and ontology model(Andrienko and Andrienko, 1999;Fei et al., 2011;Zeng et al., 2013), thematic indicator in heterogeneous system can be define as follows: Thematic Indicator Ontology = {S, T, C1, C2,…, Cn, I, U, Corr}. In this formula, S(Space) represents spatial scale; T(Time) represents time scale; C(Category) represents property classification; I(Indicator) represents thematic index; U(Unit) represents unit scale; Corr(Correspondence) represents semantic relations which can be abstracted: corr:P→R∪I∪{(Ii, {(rj, vj,k)}, 1≤ j ≤ m, vj,k∈Rj), 1≤ i≤n}. And R(Refence) indicates reference property including indicator properties (S、T、C，I). (Ii,{(rj, vj,k)}) represents certain specific thematic indicator, and (rj, vj,k) represents the reference property set of constraint index Ii.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Characterization of Thematic Indicator Semantics


Fig.4 The illustration of Thematic Indicator Ontology Model
Figure 4 contains 5 reference attributes and 2 index attributes. Thereinto, r1、r2 are space attribute, r3 is time attribute, r4、r5  are category attribute. I1 is aggregate indicator which is not limited by category attribute, I2 is structure indicator and its value is constrained by two category attributes. For I2, the steps of automatic construction mechanism for word-centered show as below: ① Quantity of elements for each level of syntax can be confirmed according to reference attribute. Spatial reference attribute decides the number of sentence. Category reference attribute decides the number of words when constructing each sentence (If there is no category reference, the default is 1). Time scale and indicator dimension decides the number of phoneme of each word (i*j,  i is the number of attribute category，j is the number of attribute variables). ②Category attribute of indicators can define construction levels and construction principles, in this example, r4 in I2 is dominant restraint and the semanteme is autonymy, r5 is implicit constraint, and the semanteme is synonym. Therefore, word level employs linear or polar coordinates construction according to year, and the syntax employs the linear inverse construction according to gender. ③ In order to provide interactive selection, the system filter thematic primitives type which are suitable for word-level construction based on primitives construction property. In this case, linear construction employs columnar primitives. ④ Combined with visual variables to generate complete words. Then the words would be added annotation or text tips. Words with different gender generate combination symbols according to combination principles of syntax dimension. ⑤ Finally, complete symbols can be drawn on the map according to given location coordinates.
Automatic Construction Mechanism of Thematic Symbol
Currently, most thematic symbols in desktop or web mapping systems follow the guided or templet mapping mode. It provides limited default thematic symbols and then conducts mapping through parameterized settings. This method reduces mapping difficulties and increases the number of users. Based on the symbolic construction model above, this part will focus on designing universal and extendible mapping model, including design and software system, formalized description and automatic construction mechanism.
Design and Software System of Automatic Construction
Different attribute relations among “Phonetics-Semantics-Syntax” can be abstracted and formalized during the process of symbolic construction from the perspective of design model, and then software system structure will be given which is independent of certain symbol. Design model can be divided into construction, structure and conduct according to its purpose(Gamma et al., 1995). Thereinto, construction model means the abstraction aimed at instantiation of class; structure model describes how to combine classes or objects in order to form greater structure; Conduct model is the abstraction aimed at justifying responsibility and algorithm among different objects.
The purpose for automatic construction of thematic symbols focuses on generating thematic symbols. And the automatic construction comes into the domain of construction model (factory, singleton, builder and original model). This research employs the sub-model of original model instead of other models. Singleton model is not available for symbols themselves, in that the model ensure single instance and provide that the instance to entire system after instantiating. However, when acquiring thematic data, connection pool can be built up through singleton model and people can access the database collaboratively. Factory model may limit extendibility of primitives, because it is responsible for instantiation of various classes which share common interface. When adding new primitives, it needs corresponding factory patterns, methods or certain factor. Builder model will separate inner structure of complicated objects from its generation process, so it is not suitable for symbolic construction with multi-levels. Original model means pointing objects pattern which will be constructed through providing an original object and then duplicating that original objects to generate same pattern objects. For the construction of symbol sentence, conducting clone for each word can reduce the number of classes. In addition, deep clone can realize the reuse of words which are generated from same primitives and construction method. In the phoneme level, same primitives can conduct drawing and construction several times. Flyweight mode in structure mode can realize words instance sharing characterization information in flyweight objects, which increases the construction rate. For words level, builder mode can help generate various word symbols through structure principle constructions of phoneme combination. Then employing that mode can further generate various sentence symbols combined with word combination principles. Finally, unified symbol interface which has been integrated with point, line, area and chart symbols can be provided.
As mentioned above, feature, symbol, primitive, phoneme, word, sentence, structure operator and visual variable can be abstracted from symbolized framework. The features indicate thematic elements including space, time, classification and index attribute and can be generated a bivariate table. Each thematic content is able to be divided into a list structure with a two-tuples <key, value>, and single primitive can be selected to present the two-tuples; For list structure of triad<value, row, col>, generation of words through construction in word level with multi-primitives can be processed; More complicated tuple relationships can be presented by combination of syntax dimension. The features can be abstracted to the dataset object interface (IDataset) as data structure mentioned above, and the implementation class is the dataset abstract class and a serious of sub-classes. The symbols (TSymbol) can be divided into point, line, area, and chart based their geometric features, including attributes and methods such as corresponding dataset, primitive pattern, construction and combination, and forming the “phoneme- word- sentence” dimensions. When generating symbols, words will be formed through corresponding symbol primitive pattern, visual variable, and construction principles. And they will be formed into sentence through relations between words, and then integrated to symbol pattern. For Flyweight mode of phoneme dimension, intrinsic state means construction attribute of corresponding primitives, and external state is primitive pattern. Each two-tuples list value in dataset can be selected to generate primitives according to external state, and then provided sharing; A same series of flyweight objects can obtain certain visual variables and structure principles to generate different words based Builder mode, and then realize Clone conduct in different levels; Accordingly, word symbols with deep Clone can realize representation for different thematic data through combination of word principles, and then integrate into various symbol pattern after generating sentence with Builder. A more specific objects relations mode shows in Figure 5.


Fig.5 The Design and the software architecture of the automatic construction of thematic symbol
Formalized Characterization of Syntax Structure
Design mode conduct representation aiming at floor mechanism of symbol automatic construction. When using in online thematic mapping, formalized characterization should be conduct to share services model (Figure 6). TSentence is root node of model structure diagram, and its namespace is Thematic Symbology Encoding,tse. Corresponding to the sentence, word and phoneme, it contains construction principle, semantic relations between words, tse:TCartoWord and tse:TCartoPhoneme. TCartoPhoneme contains two sub-elements: Primitive Type and Construction Property. Idiomatic morpheme can form words directly which involved in construction in syntax level, and non-morpheme can construct into words through construction principles and visual variables. TCartoWord contains three sub-elements which are mapping phonemes, construction principles and visual variables, mapping sentence set can be combined through semantics between words.


Fig.6 The XML schema of thematic symbol based automatic construction mechanism 
Four symbolic pattern (TPointSymbolizer、TLineSymbolizer、TPolygonSymbolizer and TChartSymbolizer) have been integrated through syntax construction. Symbolic elements such as point, line and polygon follow the Symbol Encoding (SE)(Dietze and Zipf, 2007), Fei et al., 2011). The points is fixed proportional symbol. The lines is linear primitives or polyline primitives constructed through topology, and then just define primitive pattern and construction methods. TPolygonSymbolizer can be divided into TCartogramSymbolizer and TChoroplethSymbolizer, corresponding to topological structure diagram and choroplethic map respectively in topology construction. Among them, TCartogramSymbolizer contains three sub-elements which are CartogramType、PropertyName and DistortionQuality (Figure 7).. CartogramType is used to describe algorithm type of topological structure diagram such as Diffusion(Gastner and Newman, 2004), CartoDraw(Keim et al., 2004),  Carto-SOM(Henriques et al., 2009) and so on, and the sub-element CartogramTypeName decide its value through enumeration. PropertyName can define the ID of layers which are required to build, and it is numeric type. DistortionQuality describe the quality characteristics which is generated by topology construction algorithm in topological structure diagram, and its value range is from 1 to 100. Additionally, the value range will influence the algorithm precision. High value means much more iteration times for topological transformation and the better quality of shape. But it may cost more time when implementing algorithm. Instead, low value means less iteration times, but the shape may distort.


Fig.7 The XML schema of cartogram symbol 
Statistical chart can be divided into chart type (ChartTypeName) which has been defined and symbol type (TSentence) which has constructed automatically by symbolic construction mechanism. ChartTypeName presents corresponding symbol name and is string type. It can be selected from appointed symbol names which has been predefined, and cannot present more than twice. So symbolism support combine solely for two kinds of symbols. TSentence is symbol type of automatic construction. The symbols which are generated by this method can record that construction parameters add predefined types and provide call for other users. 
Automatic Construction Mechanism for Thematic Symbols
The whole process for automatic construction of thematic symbol shows in Figure 8. Firstly, thematic element is population composition of certain city in 2005, and its indicator ontology analysis shows in figure 4. Selecting indicator I2, choosing a thematic primitives—rectangle, and then combining with a visual variable—colors form two phonemes Sp1、Sp1; Secondly, according to liner construction structure principle Os of words level mentioned above, adjusting interval of Sp1 to gain the best style of symbols; Defining Sp and Os, then generate words Sw1、Sw2 automatically. This syntax level employs binary antonymy construction, and realize through rotation property of positioning construction. Users can control the parameters, and further construct Ss according to labels and text tips of Sp. In this processing, background symbols generation employs software system in 4.1, the foregrounding can be formalized into symbolic characterization documents which can be provided to different platform. In this case, users can select word combination mode in different stage. For example, phoneme rotation parameter in controlled linear construction set as 90°and -90°respectively, and then syntax level can place directly followed by positioning construction.  


Fig.8 The automatic construction of thematic symbol based on the syntactic theory (triangle chart for example) 
Conclusion
This paper has proposed a theory of construction for thematic map symbol based on some syntactic rules. The syntactic construction theory based on phoneme (thematic map primitive) - word (single thematic symbol) - sentence (combined symbols or complex symbols) structure model is put forward for automatic construction of thematic map symbol. As a result of this research, symbols can be defined using cartographic primitives which are arranged according to its syntactic principles. In this mechanism, symbolic construction based on three levels which are letter, word and sentence. And each level can convey dynamically and intelligently thematic essential factors of many dimensions through integration for construction principles of primitives and retinal variables.
The proposed theory focuses on the intelligent construction of thematic map, in which the arrangement of the primitives needs to be expanded and the aggregation of visual variables needs to be improved. Nevertheless, based on our study, usual symbols can be automatically constructed. In our future work，the syntax mode well be perfected and exhaustive. Other work needs to be solved, such as, the multi-scale representation of thematic map online, dynamic visualization and web thematic map services, etc..
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