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Tools and readings

To understand, refer to:

1.
2.

3.

4.

Wikipedia article (very good) https://en.wikipedia.org/wiki/DE-9IM
SPECS: http://www.opengeospatial.org/standards/sfa

JTS TestBuilder (visualize geometries and Egenhofer matrix)
https://sourceforge.net/projects/jts-topo-suite/

JTS source code (description of peculiarities) — link above or via
Maven (pom.xml dependency on course site)

Shekhar, S., and S. Chawla. (2002). Spatial Databases: A Tour.
Upper Saddle River, NJ: Prentice-Hall. - chapter 2.

Russian translation: Waww LWWekxap, Canxen Yayna, OCHOBbI
NPOCTPAHCTBEHHbIX 6a3 gaHHbIX/Tlep. c aHr.-M.: KYAUL-OBPA3,
2004.-336 c. - chapter 2.



https://en.wikipedia.org/wiki/DE-9IM
http://www.opengeospatial.org/standards/sfa
https://sourceforge.net/projects/jts-topo-suite/

Topology

Topology: https://en.wikipedia.org/wiki/Topology
“concerned with the properties of space that are preserved
under continuous deformations”

Example of deformations: country boundaries are always touching
each other regardless of the cartographic projection (this property is
preserved in any projection)

But the areas of countries are not preserved - this is not a
topological property
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https://en.wikipedia.org/wiki/Topology

Interior, Border, Exterior

Point 0-dimensional object
LineString 1-dimensional object
Polygon  2-dimensional object

Point does not have border, only interior (itself) and exterior
For a 2-dimensional object:
Interior ...

BOUnday .......................
Exterior -




Deviations from general topology

General topology: We use here algebraic topology:
Boundary for =~
LINESTRING
(red) A
Itis itself boundary AOnly start and end points

Alnterior is every other point
(including nodes)

Interior for ...
LINESTRING
(red)

Interior is empty
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Egenhofer matrix model (1994)

Most common topological queries in a spatial database are:
A Find all objects in topological relationship R with given object A
A In which topological relationship are objects A and B?

"dim(I(a) N I(b)) dim(I(a)n B(b)) dim(I(a)n E(b))
DE9IM(a,b) = |dim(B(a) N I(b)) dim(B(a) N B(b)) dim(B(a) N E(b))
dim(E(a) NI(b)) dim(E(a)n B(b)) dim(E(a)n E(b))

dmAda GKS YIFIEAYdzY ydzYoSNI 2F RA

T & T | F-nointersection
.B » * % % [ T-shouldbe>=0
T' % % | *-anything (don't care)

Code: THT***T*x

Using Java and JTS:
System. out .printin( geometry A.
https://en.wikipedia.org/wiki/DESIM relate( geometry B)):



https://en.wikipedia.org/wiki/DE-9IM

Topological relationships

| B E
| F F =% T % * T = F
Bl F F * Bk * % F THTesT
El % % # F F % ok ok PFTr**T**

A 30 A
A Disjoint B A Contains B B Inside A A Overlaps B
A Touches B A Equals B A Covers B A CoveredBy B)
ET *tkkkhk T « F T***EF*  AThese 2D objects
L R * #* P ol Biakataiad =1 =i are not ellipses!
kT Rk F F = Kkk T xk [ [E* ASome cases have

http://www.mdpi.com/1999-5903/7/1/1/htm *EXFET* R * several matrices



http://www.mdpi.com/1999-5903/7/1/1/htm

covers VS contains

| 26 GO2O0SNEE RAFFSNE FTNRBY aO0O2yil Ayaé
G/ 20SNRE R2Sa y20 RAaAGAYyIdzAaK o60SG6SS
IS2YSOUNARSE&T a2 GO20USNRE Aa fSaa Nbald

A =POLYGON ((200 400, 400 400, 400 200, 200 200, 200 400))
B1 =POLYGON ((300 350, 400 350, 400 250, 300 250, 300 350))
B2 =LINESTRING (400 350, 400 250)

- Intersection Matrix

- Intersection Matrix
AB 212F11FF2 AB [FF2101FF2
BA |2FF11F212 BA [FIFFOF212
B int Bdy Ext ' | | | | | B int Bdy Ext
i 2 1 2 im F F 2
A Bdy F 1 1 A Bdy 1 i 1
A Ext F F 2 . Ext F F 2
-Binary Predicates—— A BZ -Binary Predicates—
' AB BA . - - . IR AB BA
B1 Equals F F 3 Equals F F
Disjoint F F V Disjoint F F
Intersects T T Intersects T T
Touches F F Touches T T
Crosses F F Crosses F F
Within F T Within F F
Contains T F Contains F F
OveHaRE T TE TR e Guerans R
Covers T F Covers T F
'EE-irEr'éEl'l_}'.fr""i""i" "f:'n:'-ﬁé'r'éflﬁfr""l:'""f .....




Intersects

Intersects: A and B have at least 1 point in common

................ - Intersection Matrix | . S T T B b - Intersection Matrix
T | 8 loeterrR2 N eml =
B BA OF1FFF1F2 - S I I | BA (212101212
' N N I A :
Sy A S R A (R B Int Bdy Ext o B Int Bdy Ext
i Y A I I B e B Int. 0 F 1 Int 2 1 2
LS Lo A Bdy F F F A Bdy 1 0 1
emr—— . BEd 1 F 2 | ... ..o L o Ba2 1 2
................ Binary Predicates—— | I N I S MR S _Binary Predicates——
AB BA AB BA
Equals F F Equals F F
Disjoint F F Disjoint F F
. _I_ntersects T T Intersects T T
e rrcoroos | - srefrasaaszeeespe s
Crosses T T Crosses F F
Within F F Within F F
Contains F F Contains F F
Overlaps F F Overlaps T T
Covers F F Covers F F
CoveredBy F F CoveredBy F F
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Crosses
Crosses: A and B have some but not all interior points in
common anddimensionality condition
Thus, 2D objects cannot cross each other

| B E
1T T T % % 0 % * A =LINESTRING (330 380, 415 3U1A 224, 330 160)
Bl # * # * ok k| |k ok ok B =LINESTRING (453 299, 348 249)
El * * * T % % * kK _ |
«r Intersection Matrix
dim(A)< dim(A)>  for points or A AB or1FFo102
dim(B) dim(B) lines T BA OF1FF0102
' EERCN ' ' B Int Bdy Ext
B Ty mt 0 F 1
ABdy F F 0
B Ext 1 0 2
-Binary Predicates ——
AB BA
Equals F F
A crosses B | - | | .| Disoint F F
Intersects T T
B crosses A . Touches F F
P Crosses T T
However, as well: | L | | within FOF
. Contains F F
AlnterseCtS B e Overlaps F F
. o Covers F F
B intersects A | | , | |CoveredBy F ¥
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Touches: insights

Given:

A =LINESTRING (330 380, 415 327, 415 224, 330 160) Below relationships
B = LINESTRING (490 340, 2715 490 230) are the same for

C =LINESTRING (490 340, 825, 490 230) (A, B) and (A, C)

- Intersection Matrix

They do not touch, because boundaries (end points) do AB [gF1EF0102

Not Intersect BA OF1FF0102

B int Bdy Ext

: . ; ; . ; . : : int 0 F 1
- . ABdy F F 0
‘\\\ ‘\\\ Ext 1 0 2
A NH‘“Q | BJ- | | A NH““; | (;—-' | -Bina ' —]
8 . SEEEE=C ry Predicates
/, x“x AB BA
i , | . | ot | Equals F F
LV’ N\ Disjoint F F
S Y Intersects T T
T~ N Touches F F
b " Crosses T T
Within F F
- - - - - ' ' ' ' Contains F F
. . Overlaps F F
iV -’ Covers F F
' ' ' ' ' ' ' ' ' CoveredBy F F




Touches Insights (2)

A =LINESTRING (330 380, 415 327, 415 224, 330 160) galow relationships

u L L

RS N NSO B3]
e AT

B1. - . . B2

B1 =LINESTRING (490 340, 415 327, 415 224, 490 160)
B2 =LINESTRING (490 340, 415 310, 415 250, 490 160)
B3 =LINESTRING (490 340, 415 340, 415 250, 490 160)

are the same for
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(A, Bl), (A, B2), (A, B

- Intersection Matrix
AB 1F1FFo102

BA |1F1FF0102

B it Bdy Ext
int 1 F 1
A Bdy F F 0
Ext 1 0 2

-Binary Predicates

AB

Equals
Disjoint
Intersects
Touches
Crosses
Within
Contains
Overlaps
Covers
CoveredBy

s s T s s o T o T o T s o s
'I'I'I'I—|'|'I'I'I'|'I'I'I—|'|'I'I'I§




Given:

Touches: insights (3)

A =LINESTRING (330 380, 415 327, 415 224, 330 160)
B = LINESTRING (415 300, 480 340, 570 340, 630 300)

Now they touch, becausthe part of boundary B lies othe interior of A
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- Intersection Matrix
AB [Fo1FFo102
BA |FF10F0102

B int Bdy Ext
imt F 0 1
A Bdy F F 0

Ext 1 0 2
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-Binary Predicates——
AB BA

-

Equals
Disjoint
Intersects
Touches
Crosses
Within
Contains
Overlaps
Covers

b W W e e s s s B
B B M B B B B B

CoveredBy
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Touches: insights (4)

What abouta pointandalinestring?

A =LINESTRING3I0 380 415 327, 415 224, 330 160)

B = POINT3E0 380

They touch, but point does not haymundary,d 2 I f f a®dy Ay O2f

- Intersection Matrix

. < . . L . A AB |Fr10FOFF2
¢KAa O2NNBaLRyYyRa (2 2yS§
BA FOFFFF102
| B E B int Bdy Ext
I F' % =% mt F F 1
aGrrereeaens B Bl T % % ABdy 0 F 0
. Ext F F 2
A~ | El # # =%
S -Binary Predicates ——
o AB BA
Equals F F
Disjoint F F
Intersects T T
Touches T T
Crosses F F
! Within F F
P Contains F F
[ / ' i Overlaps F F
o Covers T F
v CoveredBy F T




- Intersection Matrix
AB 401FFOFF2

BA |1FFOFF102

B it Bdy Ext
int 1 0 1
A Bdy F F 0
Ext F F 2

Overlaps for LineString

A =LINESTRING (330 380, 415 327, 415 224, 330 160)

-Binary Predicates——

AB BA

Equals F F
Disjoint F F
Intersects T T
Touches F F
Crosses F F
Within F T
Contains T F
Overlaps F F
Covers T F
CoveredBy F T

B =LINEST

RING (415 300, 415 245)

- Intersection Matrix
AB [401FFo102
BA 1F10F0102

B int Bdy Ext
int 1 0 1
A Bdy F F 0

Ext 1 0 2
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-Binary Predicates——

AB BA
Equals F F
Disjoint F F
Intersects T T
Touches F F
Crosses F F
Within F F
Contains F F
Overlaps T T
Covers F F
CoveredBy F F

B =LINESTRING (415 360, 415 24
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LineString and Point

Point is contained in LineString when it is not touched (see slide
when point is touched by linestring)

- Intersection Matrix
AB oF1FFOFF2 ~_ A A
BA OFFFFF102 o - I
B Int Bdy Ext y Bl 7
int 0 F 1 . . . . . . ! .+ B2
A Bady F F 0
Ext F F 2
-Binary Predicates—
AB BA P A
Equals F F , L - . - d
Disjoint  F F p P
Intersects T T el
Touches F F
Crosses F F
Within F T
Contains T F A =LINESTRING (330 380, 415 327, 415 224, 330 160)
D:r:eﬂﬂﬂs ; E B2 =POINT (415 327)
overs .
CoveredBy F T B2 =POINT (415@0)




Point and Point

Note again that point do not have boundaries

- Intersection Matrix
AB OFFFFFFF2

BA OFFFFFFF2

B int Bdy Ext
it 0 F
A Bdy F F
Ext F F

F
F
2

-Binary Predicates

Equals
Disjoint
Intersects
Touches
Crosses
Within
Contains
Overlaps
Covers
CoveredBy

o B Ml s B e M T B |

AB BA

o Ml Bl I B B o s B B B

A =POINT (150 350)
B=POINT (150 350
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