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2. Biclustering tecnique®E A
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3. Methodology

2. Biclustering tecnique®E A

B ADD/\T A —RZKE.

1. Noise threshold &

2. Minimum percentage of rows N

3. Minimum numbers of columns NC

4, Maximum bicluster overlap in percentage P

0
Table 1
Tests run: Phase II - parameter settings.
Parameter Parameter settings
Noise threshold 5,4;3;2,15; 1,05
Minimum number of columns 6; 5;4;3
Minimum percentage of rows 15; 10; 5; 4
Maximum bicluster overlap in percentage 25; 20; 10
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3. Methodology

2. Biclustering tecnique®E A

Algorithm 1 (Single Node Deletion).

. BICl USterI ng Argorlth m Input: A, a matrix of real numbers, and § >
0, the maximum acceptable mean squared
Algorithm 0 (Brute-Force Deletion and Ad- residue score. ,
dits Output: A;;, a d-bicluster that is a subma-
ltlon) . trix of A with row set I and column set .J,
Input: A, a matrix of real numbers, and § > _With a score no larger than 4. |
. — Initialization: I and J are initialized to the
0, the maximum acceptable mean squared gene and condition sets in the data and
residue score. Apy = A
Output: A;;, a d-bicluster that is a subma- Iteration:
trix of A with row set I and column set J, 1. Compute a;, for all i € I, ay; for all j €

J,ary,and H(I,J). If H(I,J) <=6,

with a score no larger than 4. return A; .

Initialization: [ {ﬂ}d J are i.nitialized to the 2. Find the row i € I with the largest
gene and condition sets in the data and 1
Ay = A d(i) = 7l > (aij — ais — arj +ars)?
Iteration: jed

. and the column j € J with the largest
1. Compute the score H for each possi-

.. . L1 .
ble row/column addition/deletion and d(j) = i > (aij — aiy —arj +ary)?
choose the action that decreases H the iel
most. If no action will decrease H, or if ren;}Othl t{le row orlcolumn whichever

— with the larger d value by updating ei-
H <=4, return Ay. ther Lo
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2. Biclustering tecnique D&

B Biclustering Argorithm

Algorithm 2 (Multiple Node Deletion).

Input: A, a matrix of real numbers, § > 0,
the maximum acceptable mean squared
residue score, and a > 1, a threshold for
multiple node deletion.

Output: Ajy, a §-bicluster that is a subma-
trix of A with row set I and column set .J,
with a score no larger than J.

Initialization: I and J are initialized to the
gene and condition sets in the data and
Ay = A

Iteration:

1. Compute a;; for alli € I, ar; for all j €
J,ary,and H(I,J). If H(I,J) <=4,
return Ayy.

2. Remove the rows i € I with

1 .
77 Z(aij_aiJ_alj+(11J)2 >aH(I,J)
|J] 4
jed
3. Recompute ayj, ary, and H(I,J).
4. Remove the columns j € J with

1 .
bl > (asj—ais—arj+ars)* > aH(I, J)
iel

5. If nothing has been removed in the iter-
ate, switch to Algorithm 1.

Algorithm 3 (Node Addition).

Input: A, a matrix of real numbers, I and J
signifying a d-bicluster.

Output: ' and J’ such that I C I' and
J C J' with the property that H(I',J') <
H(I,J).

Iteration:
1. Compute a;; for all ¢, ar; for all j, ary,

and H(I,J).

2. Add the columns j ¢ J with

1
Il > (aij—aiy—arj+ar,)* < H(I,J)
icl

3. Recompute a;y, ary, and H(I,J).
4. Add the rows ¢ ¢ I with

1 .
1] > (asj—ais—arj+ary)’ < H(I,J)
jed

5. For each row i still not in I, add its
inverse if

1
] Z(_aij+aiJ_alj+a1J)2 < H(I,J)
JjeJ

6. If nothing is added in the iterate, return
the final I and J as I' and J'.

Algorithm 4 (Finding a Given Number of
Biclusters).

Input: A, a matrix of real numbers with
possible missing elements, a > 1, a pa-
rameter for multiple node deletion, § > 0,
the maximum acceptable mean squared
residue score, and n, the number of d-
biclusters to be found.

Output: n d-biclusters in A.

Initialization: Missing elements in A are re-
placed with random numbers from a range
covering the range of non-null values. A’
is a copy of A.

Iteration for n times:

1. Apply Algorithm 2 on A’, §, and a.
If the row (column) size is small (less
than 100), do not perform multiple node
deletion on rows (columns). The matrix
after multiple node deletion is B.

2. (Step 5 of Algorithm 2) Apply Algo-
rithm 1 on B and § and the matrix after
single node deletion is C.

3. Apply Algorithm 3 on A and C and the
result is the bicluster D.

4. Report D, and replace the elements in
A’ that are also in D with random num-
bers.
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4. Case study
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Designation Length (km) % " "3 Coimbra Municipality boundaries ‘ -*
Highway road network 33 6 Road network
Complementary road network 55 9 ::fr::'lae‘r’n - .
National road network 36 6 —— National A
Municipal road network 225 60 — Municipal 0 2 4Km
Urban municipal road network 180 19 [ Uiban Monicipel ——

Fig. 4. Road hierarchy.
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5. Results

BiER. 24%D) OB T T ARFENT iRz, Bl
K OGEEFHEF > TOEW 8.

m E[0)FH 5, alphaindex:100%, Bonacich Power : 44%,
Degree : 30%¢& Hfe.

Table 3

Biclusters in terms of their volume (road x attributes), MSRS and ACV, length (km)
and correspondent percentage.

Designation Composition Quality Road’s Road’s
(roads x attributes) criteria length (km) length (%)
MSRS ACV
Bicluster 1 184 x 7 0.29 0.98 179 30
Bicluster 2 85 x7 0.26 0.96 117 20
Bicluster 3 30x7 0.18 092 44 8
Bicluster 4 35x7 0.23 098 26 5
Bicluster 5 23 x 7 0.17 0.92 15 3
Bicluster 6 30x5 0.29 0.96 56 10
Unclassified - - - 137 24
Total - - - 574 100
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5. Results

B biclusterd|lCREBEED ) VIV HhEEFNTWVS. FHEEDH
LT TRLEV. 2 VIRD%FE LHLEL, XY
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1. Noise threshold £=-2
2. Minimum percentage of rows N, =-5
3. Minimum numbers of columns N.=5
4. Maximum bicluster overlap in percentage P, =-10

Table 5
Biclusters’ results.

Designation Bonacich Power Alpha index Degree Regression analysis results
Mean Std. deviation Mean Std. deviation Mean Std. deviation Mean Std. deviation

Bicluster 1 3.8 0.7 8.4 1.3 4.2 0.7 6.5 1.0

Bicluster 2 3.8 0.8 5.6 1.1 4.4 0.6 44 0.8

Bicluster 3 21 0.7 4.1 0.8 EEl 0.8 3.2 0.7

Bicluster 4 44 0.7 102 1.1 [l 55 0.6 78 0.8

Bicluster 5 28 0.6 PN 0.5 3.5 0.6 BEN 0.4

Bicluster 6 28 0.9 5.2 1.1 4.1 1.9 4.1 0.8
Unclassified 33 18 7.6 43 42 2= 5.7 [

The blue cells represent the lowest values in each column and the red cells represent the highest values in each column.
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Fig. 5. Cartographic representation of the biclusters results.
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Table 6
Average near geodesic distance among the links.

Results

-~
’
.
] /\w\)
,‘ - -
:' ‘,nl'
T )
- 1 4
v " e - *
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Designation Biclusters’ connectivity Average geodesic distance N lve v
index (km) Legend: ‘: . ‘

Bicluster 1 6.5 7.5 Classification '\ B¢ YA

. — Unclassified .
Bicluster 2 44 9.5 — Bicluster 1 C h 18
Bicluster 3 32 9.6 : . %
Bicluster 4 | A 7 Bicluster 2 27N ¥
Bicluster 5 23N — el Saene! YL
Bicluster 6 4.1 9 - B!cluster 4 L .
Unclassified 5.7 8.2 — Blcluster 5 \'

- Bicluster 6
Total 5.5 8.3 L' " city boundary
(average) + = 2Coimbra Municipality

The blue cells represent the lowest values in each column and the red cells repre-

sent the highest values in each column.

Il Mondego River

Fig. 5. Cartographic representation of the biclusters results.
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5. Results

B biclusterd®!) > %5 E57mMIBZ 5.
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Table 7
Mean geodesic distance variation by road network interruptions.

Designation Biclusters’ Average geodesic Maximum accumulated
connectivity distance increase geodesic distance
index (m) increase (m)

Bicluster 1 6.5 34 17,252

Bicluster 2 4 4 33 16 573

Bicluster 3

Bicluster 4 ___

Bicluster 5 2020
Bicluster 6 4.1 28 14,144

The blue cells represent the lowest values in each column and the red cells repre-
sent the highest values in each column.
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6. Conclusion
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