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Abstract 
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information. These operations are important building blocks of the complex analysis of the database. 
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Chapter 2. Basic operations 

1. 2.1 Introduction 

After the data management and query operations we will give an overview of the basic spatial operations. The 

purpose of this module is the introduction to basic spatial operations, necessary for the preparation of the 

information. These operations are important building blocks of the complex analysis of the database. 

In this module 

• we will show you the relational and logical operators, arithmetic, logical, and mathematical statistical 

operations, 

• explanations and examples are given for the proximity operations, such as the construction of Thiessen 

polygons or edition of buffer zones, 

• the overlay operations will be examined, as well as the practical problems occur during the applications, and 

finally 

• we will explain the reclassification function. 

After learning of the module you will be able to: 

• define the essence of the basic operations used in geographic information systems, 

• present and apply each of the operations, 

• discuss and compare the vector and raster solutions, 

• give orientation to the possible solutions to the practical problems. 

2. 2.2 Relational and logical operators 

The relational and logical operations in this section will be used for attribute data analysis. Section 9.7 will deal 

with „overlay‖ operations. 

The relational operators are as follows: 
 

In print Meaning Used to: 

= equal to Test the equivalence of two values. 

≠ not equal to Test the negated equivalence of two values. 

> greater than 
Test if the value of the left expression is greater 

than that of the right. 

< less than 
Test if the value of the left expression is less than 

that of the right. 

≥ 
greater than or equal 

to 
Test if the value of the left expression is greater 

than or equal to that of the right. 

≤ less than or equal to 
Test if the value of the left expression is less than 

or equal to that of the right. 
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The logical and relational operators are applied according to the rules of the SQL. The description of the 

operators is supported by the „Select by Attributes‖ wizard. 

There are four main logical operators AND, OR, XOR (exclusive-or), and NOT. The logical AND, OR, XOR 

operators are dyadic operators (meaning they accept exactly two operands). We will need to perform on binary 

numbers: zero represents „false‖ and one represents „truth‖. 

The logical AND operator is, "If the first operand is one and the second operand is one, the result is one; 

otherwise the result is zero." We could also state this as "If either or both operands are zero, the result is zero." 

The logical OR operator is, "If the first operand or the second operand (or both) is one, the result is one; 

otherwise the result is zero." This is also known as the inclusive-OR operation. 

The logical XOR operator is, "If the first operand or the second operand, but not both, is one, the result is one; 

otherwise the result is zero." Note that the exclusive-or operation is closer to the English meaning of the word 

"or" than is the logical OR operation. 

The logical NOT operator is a monadic operator (meaning it accepts only one operand). It is: NOT 0 = 1, NOT 1 

= 0 

 
Fig.2.1. „Select by Attributes‖ wizard 
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Fig.2.2. Venn diagrams to illustrate the logical operators. The dark tone shows the area in which the claim is 

true (Source: UNIGIS) 

3. 2.3 Arithmetic operations 

The arithmetic operations such as addition, subtraction, multiplication, division, power, trigonometric functions 

etc. usually takes part of the toolset in GIS. For these area of applications „mapematics‖ or „map algebra‖ terms 

are often used. 

Example 1: Visibility 

For visibility studies we need surface data. We have a, digital elevation model in raster form, and land cover 

(CORINE) data in a vector layer. An average height can be linked to each land cover categories. From the land 

cover database, using the vector-raster transformation, we can derive the height of the features ont he terrain 

surface. Adding together the two raster we will get the surface for the visibility analysis. 

 
Fig.2.3. Surface = DEM + land cover 

Example 2: Point-in-polygon analysis in a raster model 
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Fig.2.4. Results = points + polygons. 

In the previous module, we introduced the „point-in-polygon‖ function in a vector model. Let us search for a 

solution for this problem in a raster environment! On the "points" layer of the previous figure "1" represents the 

points. On the "polygons" layer "1" represents the area, which are covered by the polygon. Add together the two 

layers! The point is in polygon, if cell value is 2 in the "result" layer. 

Example 3: Soil erosion modeling 

The Universal Soil Loss Equation (USLE) is a mathematical model used to describe soil erosion processes. 

Erosion models play critical roles in soil and water resource conservation and nonpoint source pollution 

assessments, including: sediment load assessment and inventory, conservation planning and design for sediment 

control, and for the advancement of scientific understanding. The USLE or one of its derivatives are main 

models used by United States government agencies to measure water erosion. 

The USLE was developed in the U.S. based on soil erosion data collected beginning in the 1930s by the USDA 

Soil Conservation Service (now the USDA Natural Resources Conservation Service). The model has been used 

for decades for purposes of conservation planning both in the United States where it originated and around the 

world, and has been used to help implement the United States' multi-billion dollar conservation program. 

The USLE was developed from erosion plot and rainfall simulator experiments. The USLE is composed of six 

factors to predict the long-term average annual soil loss (A). The equation includes the rainfall erosivity factor 

(R), the soil erodibility factor (K), the topographic factors (L and S) and the cropping management factors (C 

and P). The equation takes the simple product form: A = RKLSCP 

 
Fig.2.5. K (soil erodibility factor) and C (plant cover factor) layers (Source: UNITAR - GIS and decision 

making) 
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The previous figure illustrates two of the six USLE input layers. The next figure shows the result (A = 

RKLSCP). 

 
Fig.2.6. The soil erosion potential defined by the USLE is a simple product of six factors (Source: UNITAR - 

GIS and decision making) 

Example 4: Selection of suitable areas for irrigation 

 
Fig.2.7. Search for pixels, where A=2 „wet‖ and B=2 „flat‖! 

Both layers A and B are in nominal scale of measurement, therefore, arithmetic operations may not be used! 

Addition or multiplication make no sense, we should use relational and logical operations (suitable for 

irrigation, where „A=2 and B=2‖)! 

4. 2.4 Geometrical operations 

In the vector data models analytical geometry is used, in the raster models the operations are based on discrete 

geometry. 

4.1. 2.4.1 Analytical geometry 
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Fig. 2.8. Calculated values in a vector model (Source: Detrekői-Szabó) 

Typical functions are as follows: 

Distance 

 

Azimuth 

 

Horizontal angle 

 

Perimeter 

 

Area 

The area of the polygon equals to the sum of the area of trapezoids. 
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Fig. 2.9. Concept of the area calculation (Source: UNIGIS) 

Centroid 

The center of gravity is calculated from the following equation: 

 

 

where T is the area of the polygon. 

 
Fig. 2.10. The ArcGIS „Field Calculator‖ can compute the area, perimeter and centroid by request 

4.2. 2.4.2 Discrete geometry 

The raster operations are based on the principles of discrete geometry. 

Distance 

The Euclidean distance is replaced by the Manhattan distance or the "Queen" distance. The two type of 

distances are illustrated in the following figures. 
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Fig.2.11. The concept of the Manhattan distance (After Detrekői-Szabó) 

 
Fig.2.12. The concept of the Queen-distance (After Detrekői-Szabó) 

Lines 

For the description of the routes or boundaries chain-codes are used, most commonly Freeman Chain Code of 

Eight Directions. 

 
Fig.2.13. Freeman Chain Code (Source: ESRI) 

The basic principle of chain codes is to separately encode each connected component, or "blot", in the raster 

model. 

 
Fig.2.14. A line and its chain code 

5. 2.5 Basic statistical operations 
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5.1. 2.5.1 Vector layer 

Basic statistical data could be reached by clicking on the „Statistics‖ menu. 

 
Fig.2.15. Statistical analysis of a column in the attribute table 

Selecting the „Area‖ column in the „Megye‖ layer ArcGIS responds as shown in the following figure. 

 
Fig.2.16. Statistical measures of the counties in Hungary 

For further processing of these data, could be stored in a new file. 

5.2. 2.5.2 Raster layer 

The „Cell Statistics‖ command calculates a per-cell statistic from multiple rasters. Statistic type to be calculated 

as follows: 

• MEAN   — Calculates the mean (average) of the inputs. 

• MAJORITY   — Calculates the majority (value that occurs most often) of the inputs. 

• MAXIMUM   — Calculates the maximum (largest value) of the inputs. 

• MEDIAN   — Calculates the median of the inputs. 

• MINIMUM   — Calculates the minimum (smallest value) of the inputs. 

• MINORITY   — Calculates the minority (value that occurs least often) of the inputs. 
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• RANGE   — Calculates the range (difference between largest and smallest value) of the inputs. 

• STD   — Calculates the standard deviation of the inputs. 

• SUM   — Calculates the sum (total of all values) of the inputs. 

• VARIETY   — Calculates the variety (number of unique values) of the inputs. 

 
Fig.2.17. The results of the SUM function (Source: ESRI) 

You will find in the literature under geostatistics a wide range of statistical studies. In next module we will come 

back to statistical analyses on advanced level. 

6. 2.6 Proximity operations 

The Proximity toolset contains tools that are used to determine the proximity of spatial features within a feature 

class or between two feature classes. These tools can identify features that are closest to one another, calculate 

the distances around them, and calculate distances between them. These tools can let you monitor events in an 

area or find the area served by a facility or the features affected by an activity. 

The Proximity toolset contains six tools to determine the proximity of spatial features within a feature class or 

between two feature classes. The following table lists the tools available in the Proximity toolset and provides a 

brief description of each. Detailed information about the ArcGIS proximity operations can be found in the On-

line Help (proximity analysis chapter 1). 

6.1. 2.6.1 Point distance 

The command computes the distances between point features in one feature class (input feature) to all points in 

a second feature class (near feature) that are within the specified search radius2. It requires an ArcInfo license. 

The results are recorded in an Output Table containing the following information 

• INPUT_FID: The input feature's ID 

• NEAR_FID: The near feature's ID 

• DISTANCE: The distance from the input to the near feature 

Both the Input and Near Features can be the same dataset. In cases when the Input and Near feature are the same 

record, that result will be skipped so as not to report that each feature is 0 units from itself. 

If no Search Radius is specified, a radius large enough to calculate a distance from each point in the Input 

Features to the closest point in the Near Features is used. The Output Table can be quite large. For example, 

comparing distances between 1,000 points in one feature class to 1,000 points in another feature class can 

produce an Output Table containing one million records if the default Search Radius is used. Use the Search 

Radius to limit the number of records output by Point Distance. 

If no Search Radius is specified, all Near Features will be used. 

                                                           
1 http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?TopicName=An_overview_of_the_Proximity_toolset 
2 http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?TopicName=point_distance_(analysis) 
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Fig.2.18. The concept of ―Point distance‖ (Source: ESRI) 

6.2. 2.6.2 Near 

The „near‖ command computes the distance from each input feature to the nearest feature in another feature 

class3. It requires an ArcInfo license. 

 
Fig.2.19. The concept of ―near‖ command (Forrás: ESRI) 

The input features can be one of the following feature types: 

• POINT 

• POLYLINE 

• POLYGON 

• MULTIPOINT 

The near features can include one or more feature classes of different types. 

The results are recorded in the input features attribute table. Fields for distance and feature ID of the closest 

feature are added or updated. 

The field names are as follows 

• NEAR_FID: The FID of the Near Feature 

• NEAR_DIST: Distance between the Input Features and the Near Features 

• NEAR_X: X-coordinate of the NEAR_FID feature (This field is not added by default; see Location parameter 

help for details.) 

                                                           
3 http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?TopicName=near_(analysis) 
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• NEAR_Y: Y-coordinate of the NEAR_FID feature (This field is not added by default; see Location parameter 

help for details.) 

• NEAR_ANGLE: Angle between the input and near feature (This field is not added by default; see Angle 

parameter help for details.) 

• NEAR_FC: The path name of the layer or feature class (This field is only used when multiple Near Features 

are specified.) 

Take a simple example! The task is the determination of distances of livestock sites from the water network 

(streams or rivers). These data are used in an environmental impact analysis. 

 
Fig.2.20. The distance of livestock sites from streams 

6.3. 2.6.3 Thiessen polygon 

Thiessen polygons have the unique property that each polygon contains only one input point, and any location 

within a polygon is closer to its associated point than to the point of any other polygon. If our data are in 

nominal scale, then to answer the "What is here?" question, we should define the area of validity of the specific 

points. This is the case, for example, in the processing of soil sample points, where the soil type in the attribute 

table is nominal data. 

The „Create Thiessen polygon‖ command converts input points to an output feature class of Thiessen proximal 

polygons4. It requires an ArcInfo license. 

 
Fig.2.21. Interpolation in nominal scale: Thiessen polygons 

Thiessen (Voronoi) polygons define individual areas of influence around each of a set of points. They are 

mathematically defined by the perpendicular bisectors of the lines between all points. 

 

                                                           
4http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?TopicName=create_thiessen_polygons_(analysis) 
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Fig.2.22. The concept of construction of the Thiessen poligons 

Another important application of the Thiessen polygons is the construction of Triangulated Irregular Network 

(TIN). TIN will be discussed in details in Module 4. 

6.4. 2.6.4 Buffer 

A buffer is an area defined by the bounding region determined by a set of points at a specified maximum 

distance from all nodes along segments of an object. 

Buffer operation is very important to determine area of influence of a feature. Buffer will create a circular region 

around a point or a corridor around a line and a corridor around the boundary of the polygon. 

Buffer generation has many applications, for example: Buffering of fire station and hydrant on the map gives 

potential service of current situation. When two buffers of hydrant actually overlap, in that area, the two 

hydrants can be used in case of fire. If some area on the map is not included in any fire service buffer, this area 

is potentially vulnerable to fire hazard. The distance of buffer can be set based on the time for a fire truck to 

reach that place within a few minute after the call. 

If you set your retail store as a point in the map and setting several ring buffers (say 1 km, 5 km and 10 km), you 

may distinguish your potential customer by distance. 

 
Fig.2.23. Buffering of a retail store 

Setting a centerline of a road and setting buffer equivalent to width of the road may give the full road width. 

This operation could be useful to determine the required land acquisition of road widening. 

 
Fig.2.24. Buffering of a stream 
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ArcGIS has special wizard to make buffer (see next figure).. The constant width of the buffer you may give in 

„Linear unit‖. If the width is stored in one of the columns of the attribute table, you may give its name in 

„Field‖. 

The „Side Type‖ option is used for lines, and defines the topological side on which the buffer may be generated. 

FULL — On all sides. This is the default. LEFT — "Half buffer" on the topological left side of a line. RIGHT 

— "Half buffer" on the topological right side of a line. 

The „End Type‖ option describe for lines, the shape of the buffer at the line endpoints. ROUND — Will make 

an end in the shape of a half circle. FLAT — Will construct rectangular line endings with the middle of the short 

side of the rectangle coincident with the endpoint of the line. 

The „Dissolve Type‖ option specifies whether the overlapping buffer features should be merged or not. NONE – 

all of the boundary remains, ALL – all zone boundary will be deleted, LIST – buffer features with the same 

attribute data will be merged. 

 
Fig.2.25. Buffer wizard 

 
Fig.2.26. Buffer generation for roads (DISSOLVE = NONE) 
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Fig.2.27. Areas near to paved roads (soil roads are excluded) 

Int he case of polygons, internal and external buffer you may distinguish between outer and inner buffer. 

 
Fig.2.28. Buffers created for a polygon (the darker the zone is the outer, the lighter the internal zone) 

The „Multiple Buffer‖ command creates a new feature class of buffer features using a set of buffer distances. 

The new features may be dissolved using the distance values or as a set of individual features. 

 
Fig.2.29. Multiple buffer zones around roads. Buffer distances are 50, 100, 150, 200 and 250 meters 

6.5. 2.6.5 Buffer zones in raster model 

How to generate buffer zones in a raster model? A distance operator looks for non-zero cell values, takes them 

as a target and calculates the distances to these cells. The resulting image now holds Euclidian distance values 

given in reference units. As it was mentioned earlier two methods could be used for distance calculation, these 

are Manhattan distance (rook) and „queen‖ distance. The next figure illustrates the differences. 
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Fig.2.30. Buffering in a raster model: queen and rook neighbors (Source: UBC) 

 
Fig.2.31. ArcGIS calculates, for each cell, the Euclidean distance to the closest source. 

Raster based buffer generation is useful if you need a more comprehensive examination than the vector model 

provides. 

 
Fig.2.32. The raster buffering gives fine-grained result 

7. 2.7 Overlay 

The Overlay toolset contains tools to overlay multiple feature classes to combine, erase, modify, or update 

spatial features in a new feature class. New information is created when overlaying one set of features with 

another. 

There are different types of vector overlay operations; all involve joining two existing sets of features into a 

single set of features to identify spatial relationships between the input features. 

In this chapter union, intersect, symmetrical difference, identify, clip and erase will be discussed. At the end of 

the chapter you will learn about the eliminate command, which is used to eliminate the unwanted sliver 

polygons, resulted by the overlay operations. The last subchapter will deal with raster overlay. 
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7.1. 2.7.1 Union 

This tool builds a new feature class by combining the features and attributes of each feature class. Union 

computes a geometric intersection of the input features. All features will be written to the output feature class 

with the attributes from the input features, which it overlaps. The concept is shown below. Union is a spatial 

equivalent of ―logical OR‖. 

 
Fig.2.33. The concept of union operation (Source: ESRI) 

Take a simple practical example. The „TELEP‖ layer contains the name of the municipalities, but you want to 

know which county (MEGYE) belongs to the municipality. Potentially time-consuming operation would be one 

to watch, that the town falls which county, and input more than 3100 times into the data table the name of the 

county. 

Using the „union‖ operation the name of the county will be linked the the given municipality. 

 
Fig. 2.34. Union county (MEGYE) and municipality (TELEP) 
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7.2. 2.7.2 Intersect 

This tool builds a new feature class from the intersecting features common in both feature classes. Union is a 

spatial equivalent of ―logical AND‖. 

The „intersect‖ operation computes a geometric intersection of the input features. Features or portions of 

features which overlap in all layers and/or feature classes will be written to the output feature class. 

 
Fig.2.35. The concept of the intersect operation (Source: ESRI) 

7.3. 2.7.3 Symmetrical difference 

 
Fig.2.36. The concept of the symmetrical difference operation (Sorce: ESRI) 

This tool creates a feature class from those features or portions of features that are not common to any of the 

other inputs. Symmetrical Difference is a spatial equivalent of ―logical XOR‖. Available only with ArcInfo 

license. 

7.4. 2.7.4 Identity 

This tool combines the portions of features that overlap the identity features to create a new feature class. 

Available only with ArcInfo license. 
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Fig.2.37. The concept of the identity operation (Source: ESRI) 

The identity operation computes a geometric intersection of the input features and identity features. The input 

features or portions thereof that overlap identity features will get the attributes of those identity features. 

As an example: Let us break down the rivers of Hungary into counties! Overlay the rivers (VIZEK) with 

counties (MEGYE)! The result is shown in the following figure. 

 
Fig.2.38. The identity operation resulted a county specific layer (the attributes of the river segment shown in the 

upper-right corner) 

7.5. 2.7.5 Clip 

This command extracts input features that overlay the clip features. 

 
Fig.2.39. The concept of the ―clip‖ operation (Source: ESRI) 
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Fig.2.40. Clip the objects from the land use layer, which are closer than 250 m to the paved roads 

7.6. 2.7.6 Erase 

Creates a new output coverage by overlaying the polygons of the erase coverage with the features of the input 

coverage. Only those portions of the input coverage features falling outside the erase polygon outside 

boundaries are copied to the output coverage. Available only with ArcInfo license. 

 
Fig.2.41. The concept of the ―erase‖ operation (Source: ESRI) 

 
Fig.2.42. Erase the area from the land use map, which is closer than 125 m to the stream 

7.7. 2.7.7 Eliminate 

Eliminate is often used to remove sliver polygons created during polygon overlay or buffering. The operation 

merges the selected polygons with neighboring polygons if they have the largest shared border or the largest 

area. With the LINE option, Eliminate merges selected arcs separated by pseudo nodes into single arcs. 

Available only with ArcInfo license. 
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Fig.2.43. Sliver polygons occur after the overlay operations, if the boundaries not coincide 

You can specify which method will be used for eliminating polygons. If BORDER selected, it merges a selected 

polygon with a neighboring unselected polygon by dropping an arc. The neighboring polygon is the one with the 

longest shared border. This is the default. If AREA selected it merges a selected polygon with a neighboring 

unselected polygon by dropping an arc. The neighboring polygon is the one with the largest area. 

 
Fig.2.44. Eliminate sliver polygons (Source: ESRI) 

7.8. 2.7.8 Raster overlay 

After the different kind of vector overlays, let us finish this chapter with a raster overlay function. 

Geographic problems often require the analysis of many different factors. For instance, choosing the site for a 

new housing development means assessing such things as land cost, proximity to existing services, slope etc. 

This information exists in different rasters with different value scales: dollars, distances, degrees, and so on. 

You cannot add a raster of land cost (dollars) to a raster of distance to utilities (meters) and obtain a meaningful 

result. 

Additionally, the factors in your analysis may not be equally important. It may be that the cost of land is more 

important in choosing a site than the distance to utility lines. How much more important is for you to decide. 

Even within a single raster, you must prioritize values. Some values in a particular raster may be ideal for your 

purposes (for example, slopes of 0 to 5 degrees), while others may be good, others bad, and still others 

unacceptable. 

The Weighted Overlay tool lets you take all these issues into consideration. It reclassifies values in the input 

rasters onto a common evaluation scale of suitability or preference, risk, or some similarly unifying scale. The 

input rasters are weighted by importance and added together to produce an output raster. 
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Fig.2.45. Weighted overlay is a technique for applying a common scale of values to diverse and dissimilar input 

to create an integrated analysis. 

In the above picture the two input rasters have been reclassified to an evaluation scale of 1 to 3. Each raster is 

assigned a percentage influence. The influence of the first raster is 75 percent, and the influence of the second is 

25 percent. The cell values are multiplied by their influence percentages, then added together to create the 

output raster. Take the top left cell as an example (2 * .75) = 1.5 and (3 * .25) = .75. The sum of 1.5 and .75 is 

2.25. Because the output raster is discrete, the value is rounded to 2. 

8. 2.8 Reclassification 

The classification was discussed in the previous module. Often, the number of categories should be reduced to 

make easier decision-making. The following figure shows a database that contains slope categories. In Hungary 

there are 5 slope classes. Let us reclassify these attributes into 2 categories (flat, where the slope category is 

smaller than 3 and steep, where it is 3 or higher). Bright spots n figure shows areas, where the slope is less than 

12%, the dark spots where more. Of course, the unnecessary arcs can deleted by the DISSOLVE command. 

 
Fig. 2.46. Slope categories reduced into flat and steep areas 

The following raster model also contains 5 slope categories. You can reclassify the layer as it is illustrated 

below. 
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Fig.2.47. Reclassification (Source: UNIGIS) 

Reclassification by individual value changes one value to another in a one-to-one change. For example, while 

performing a deer habitat analysis, the values on a land use raster, each representing a different type of land use, 

need to be changed to a preference range (for example, 1 to 10) to make each land use type meaningful to deer. 

The types of land most preferred by deer are reclassified to higher values and those less preferred to lower 

values. For instance, the forest land use is reclassified to 10, the low-density residential land use to 5, and the 

industrial to 1. 

In the following example, the original values from the Base Raster are reclassified one at a time to new, 

reclassified values. The output range of values is from 0 to 20. 

 
Fig.2.48. Reclassification. The values in the base raster are changing from 1-3 to 5, from 3-7 to 3 etc. 

9. 2.9 Summary 

After the data management and query operations we will give an overview of the basic spatial operations. The 

purpose of this module is the introduction to basic spatial operations, necessary for the preparation of the 

information. These operations are important building blocks of the complex analysis of the database. 

In this module we discussed the relational and logical operators, arithmetic, logical, and mathematical statistical 

operations; explained the proximity operations, such as the construction of Thiessen polygons or edition of 

buffer zones, examined the overlay operations, as well as the practical problems occur during the applications, 

and finally described the reclassification function. 

After learning of the module you should be able to: 

• define the essence of the basic operations used in geographic information systems, 

• present and apply each of the operations, 

• discuss and compare the vector and raster solutions, 

• give orientation to the possible solutions to the practical problems. 

Review questions 

1. Describe queries based on the relational operations! 

2. Explain the meaning of the Venn diagrams! 

3. Give examples of performing arithmetic operations between layers! 

4. Describe the analytical geometric operations! 

5. Explain the discrete geometric operations! 

6. Describe the basic mathematical statistical operations on a vector layer! 
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7. Describe the basic mathematical statistical operations on a raster layer! 

8. How the distance can be calculated between objects in different layers? 

9. What is Thiessen polygon, and what can we do with it? How to construct it? 

10. Describe the process of constructing vector buffers! 

11. Describe the process of constructing raster buffers! 

12. Define the union operation! 

13. Explain the intersect and the symmetrical difference operations! Give examples! 

14. How identity operation works? 

15. What is sliver polygon? Why it is exist? How to manage slivers? 

16. How CLIP and ERASE commands operating? 

17. Describe the reclassification operation! 
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