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Graph-Based Semantic Structure for Floor plans
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The Intelligent Architect's Chest
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Messmer & Bunke's Approach

Basic ldea:

* Represent graph as adjacency matrix,
« compute all permutations of adjacency matrix,
 transform matrices into row-column vectors,

e arrange row-column vectors to a decision tree.

Reference:
Messmer, B. & Bunke, H., 1999. A decision tree approach to graph

and subgraph isomorphism detection. Pattern Recognition, 32,1998

' .-[I © markus.weber@dfki.de 2011 - Seite 4



V2
V1
V3

V2 V1

V3

L2

0

1

L1

2

0

L2

)=
"

C

V2
V3
V1

V2 V3 V1
2| 2] 0
2 L2 | 0
1] 1|
D

V1 V2 V3
V1Lt | 1] 1
V2| 0 |L2 ]| 2
V3| 0 | 2 | L2

A

V3 V1 V2
V3lL2 | 0| 2
V1 1 [L1 | 1
V2| 2 0 | L2

E

V1
V3
V2

V3
V2
V1

© markus.weber@dfki.de 2011 - Seite 5

V1 V3 V2
L1 | 1| 1
0 [L2] 2
0 2]L2
V3 V2 V1
2| 2] 0
2 |L2| 0
1] 1 |L1




V1 V2 V3 1 2 3

V1| L 1 1 L1 1 1
0 |L2 2

V2 0 L2 2 o2 (L
vilo| 2|
a. =L
a,= Lz 1)
a,=021:21)

> . .
' o I © markus.weber@dfki.de 2011 - Seite 6



L2
1 2 0
2 1 0
0]2|L2 210 (L2 111 |L1
8 ‘ 1 06 12 ‘
(A B} {C,E} {D,F)
I- 4 © markus.weber@dfki.de 2011 - Seite 7

N



Subgraph Matching
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Permutations:

18 !

= 6.4 x 10%
191 = 1.22 X 10/
= 2.43 x 108

20!
Becomes intractable with graphs larger than 19 nodes!
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Basic Idea — Define an order for graph
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Definition — Total order

Definition 1 A total order is a binary relation < over a set P which is tran-
sitive, anti-symmetric, and total, thus for all a, b and ¢ in P, it holds that:

— if a < band b < a then a = b (anti-symmetry);
—ifa < band b < ¢ then a < c (transitivity);
— a < borb< a (totality).

Cavarment > < Ccreutaion
Coomrn > < Conmmroon
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Definition — Well-founded order

Definition 2 A partial or total order < over a set X is well-founded,
iff (VY CX : Y#D— (FyeY : yminimal in'Y in respect of <)).
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Definition 3 The wetght function o is defined as: o

)=
"

o (Apartment) =1,
o (Circulation) =2,
o (Corridor) =3,
c (Sleeping Zone) =4,
o (Living Zone) =5,
o (Kitchen) =6,

c (Living Room) =

. L, — N.
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Definition — Labeled graph

Definition 4 A labeled graph consists of « 7-tuple, G = (V,E, Ly, Le, j1,v,0),

where

— Vs a set of vertices,

— ECV xV is a set of edges,

— L, 1s a set of labels for the vertices,

— Le 1s a set of labels for the edges.

— p: V= Ly 1s a function which assigns a label to the vertices,

— v E — L. 1s a function which assigns a label to the edges,

— 0 : Ly — Nus a function which assigns a weight to the label of the vertices,

and a binary relation < which defines a well-founded total order on the weights
of the labels:

Voe,y € Ly @ o(x) <o(y) V oly) <o(x)

' -. I © markus.weber@dfki.de 2011 - Seite 14



V1 V2 V3 V1 V3 V2
@ Lv :{Lla LQ}
vilu | 1] 1 vlut | 1| 4
V1/ 4 J(Ll) — 17

V2| o |L2 | 2 V3|l 0 [L2 | 2

Vil o | 2 |2 Vol o | 2 |2
V2 V3

A B

V2 V1 V3 V2 V3 V1 V2 V3 V3 V2

V2 L2] 0] 2 V22| 2] o0 Vol | 2 V3|lL2| 2

V1| 1 [t | 1 V3| 2 [L2 ] 0 V3l 2 | L2 V2| 2 [ L2
V3| 2 | 0 |Lz2 Vil 1| 1 |L ‘ C D
C D E I

>
' I. I © markus.weber@dfki.de 2011 - Seite 15



0|2]|apP
6
{A,B}

{C, E}

12‘
{D,F}

© markus.weber@dfki.de 2011 - Seite 16



Algorithm 1 BUILD_INDEX(G = (V, E, Ly, L, jt,v,0), Tree)

Require: Unsorted set V of vertices, p labeling function, o weight function.
1: sort(V, Ly, p, o)
Ensure: Vertices V are sorted according to the defined order.
: Let O be an empty list.
: for all [; € Ly do
Let interval {v,, ..., vy} contain all v with pu(v) =,
O; + VARIATIONS ({va,...,vp})
end for
Let AG < O1 x ... X Oy
for all m; in AG do

Add row column vector for sequence of m; to Tree.
. end for
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Graph|Vertices Permutations Permutations Same lables
# (modified) (original) (max.)
1 17 3.26 x 10° 3.55 x 10 5
2 21 3.59 x 10° 5.10 x 10? 8
3 17 1.08 x 107 3.55 x 10'* 5
4 20 2.50 x 10° 2.43 x 1018 6
5 24 1.64 x 102 6.20 x 10%? 10
6 17 1.63 x 10° 3.55 x 1014 3
7 21 2.04 x 107 5.10 x 10" 3
8 30 1.39 x 10"? 2.65 x 1032 5
9 29 8.01 x 10° 1.12 x 10%! 6
100 23 1.00 x 10° 2.58 x 10?2 6
& 23.05 1.09 x 10 3.73 x 10°" 5.23
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* Depending on the number of same labels, graphs up to
30 vertices can be handled,

« Decision Tree contains less nodes, thus less memory
consumption,

« Complexity analysis, proof of completeness and pseudo
code in publication.

OV vs. O((1omas + 1))
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Future Work

« Work on document analysis system to automatically
extract graph from floor plans,

« Test algorithm on real data,
* Open-Source C++ implementation of method in progress.

a The Future
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Thanks for your Attention

Do you have any questions?
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