CLUS-RM algorithm pseudocode and the
constraint-based redescription mining extensions
when conjunction, negation and disjunction logical
operators are used in redescription query construction

Matej Mihel¢i¢, Tomislav Smuc
Ruder Boskovi¢ Institute, Zagreb, Croatia

{matej.mihelcic, tomislav.smuc}@irb.hr

Goran Simic, Mirjana Babi¢ Leko
Department for Neuroscience, Croatian Institute for Brain Research,
University of Zagreb Medical School, Zagreb, Croatia
{gsimic@hiim.hr,mbabic@hiim.hr}

Saso Dzeroski, Nada Lavrac
Jozef Stefan Institute, Ljubljana, Slovenia

{saso.dzeroski, nada.lavrac}@ijs.sl

In this document, we present the pseudocode of the CLUS-RM algorithm capable of
using conjunction, disjunction and negation logical operators in redescription query
construction. The query language used in the manuscript Using Redescription Mining to
Relate Clinical and Biological Characteristics of Cognitively Impaired and Alzheimer’s
Disease Patients is constrained to only conjunction operators which also reflects on the
presented, restricted pseudocode of the CLUS-RM algorithm. We also show how can
constraint-based redescription mining extensions, introduced in the manuscript Using
Redescription Mining to Relate Clinical and Biological Characteristics of Cognitively
Impaired and Alzheimer’s Disease Patients be used when conjunction, negation and
disjunction logical operators are used in redescription query construction.



CLUS-RM algorithm description

The pseudocode of the CLUS-RM algorithm capable of using conjunction, disjunction
and negation logical operator in redescription query construction is described in [1,2] and
presented in Algorithm [I}

Algorithm 1 The CLUS-RM algorithm

Require: First view (17), Second view (W3), maxIter, Quality constraints Q, OpSet
Ensure: A set of redescriptions R
1: procedure CLUS-RM

2: [Wl(o), Wz(o)] + createlnitalData(W;, Ws)
3 [Pyo, Pyo] + createlnitial PCTs(W{”, W,")
1 2
4: [TWI(O)’TW2(O)] + extractRulesFromPCT(P, WO PW2<0>)
5: for Ind € {1,..., maxIter} do
6: i, W([nd)] + constructTargets (1, (na-1),7 (ni-1))
1 2
7: [Py iy, Py, Ind)] « createPCTs(W™ Wwimd)
1
8: [ ‘(,[I,Td), é{,gd)] + extractRulesFromPCT( W(Ind),PW(Ind))
2
9: if = ¢ OpSet then
10: for (Rnew € T’W(md) X9 TW(Ind nH U TW(Ind 1y X9 TW(Ind)) do
11: R + addReplaceDlscard(Rnew, R)
12: else
13: for (Rnew € TW(Ind) X9 TW(Ind—l) U TW(Indq) X0 TWZ(Ind)U
TW(Ind) X Ty, (Ind—1) U- wnd—1) XQ Ty, (Ind)) do
1 2
14: R« addReplaceDlscard(Rnew, R)
15: if V € OpSet then
16: for R € R do
17: if = ¢ OpSet then
18: 1 < argmazr(R.mazRef(r1), r1 € 1 na))
1
19: else
20: ) < argmax(R.maxRef(r1), r € Ty tinad U-r (md))
21: Rref < (713 V qu X RQQ)
22: if = ¢ OpSet then
23: rhy < argmax(R..;. maxRef(ry), ro € TW(ind))
2
24: else
. / i - in
25: rh <— argmax(R,ep.maxRef(ra), ry € Ty ginad U Ty @)
26: Rref — (Rref.ql X 7“/2 V Rref.q2)
27: R < addReplaceDiscard(R,ef, R)
28: R <+ minimizeQueries(R)
29: return R




The algorithm consists of four main parts: 1) Initialization, 2) Query creation (divided
in query construction 2.1 and query exploration 2.2), 3) Redescription creation and 4)
Redescription set optimisation.

1) In the initialization phase (line 2 in Algorithm [I)), the algorithm makes a copy of
each instance from the original dataset and shuffles the attribute values for the copies.
For each attribute, the algorithm selects a random instance from the dataset and copies
its value for the selected attribute to the target copy (value of one instance from the
original dataset can be copied multiple times). This procedure breaks correlations
between attributes in the copied instances. Each instance from the original dataset is
assigned a target value 1.0 and each artificially created instance a target value 0.0. It is
possible to use the PCT algorithm to create initial clusters, from such dataset, by
distinguishing between original instances and copies containing shuffled values. The
described procedure is repeated independently for both views contained in the dataset.

2.1) Each node in the obtained PCTs represents a cluster. These nodes are
transformed to rules (line 4 in Algorithm (1)) which are valid for the corresponding group
of instances. More details about transforming PCTs to rules can be seen in [3].

2.2) The next step is to describe the same groups of instances, as those described by
the produced rules, with the second attribute set (lines 6 — 8 in Algorithm . To do this,
for each instance of the original dataset, the algorithm constructs a set of target variables
containing equal number of targets as number of rules constructed using the first set of
attributes (for more details see [2]). The instance has a target value 1 on position j if it
is described by the j-th rule from a set of rules constructed on the first set of attributes,
otherwise the value is 0. Instances for which information is missing, making it impossible
to determine the membership in support set of the query are also labelled with 0. We use
the multi-target classification and regression capability of PCT to construct clusters on
different views containing similar instances. The procedure is repeated by creating initial
rules on the second view and describing similar sets of instances by using attributes from
the first view.

3) Once the algorithm obtains rules for both views, it combines them by computing
the Cartesian product of two rule-sets (depending on the allowed operators, line 10 or 13
in Algorithm [I)). Notation =y, denotes a set {—r, r € ry,}. Each redescription is
evaluated with various user predefined constraints (such as minimal redescription
accuracy, minimal support, maximal p-value, contained in a set of redescription quality
constraints Q), to select candidates for redescription set optimization. Lines 15-27 from
Algorithm [1} allow CLUS-RM to produce redescriptions containing disjunction operator
(if allowed by the user). Function maxRef computes the improvement in redescription
accuracy achieved after extending the redescription using disjunction operator. For more
details on applying disjunction operator in CLUS-RM see [2].

Constraint-based redescription mining

The CLUS-RM algorithm incorporates constraints in redescription creation and one
additional score in the optimization function used for redescription set creation.



To allow constraint-based redescription mining, we extend the CLUS-RM algorithm by
adding a new set of constraints C containing the user-defined attributes of special interest
and a type of CBRM used (parameter 7). Line 10 of Algorithm [1|is changed to
Ryew € (r%d)){cf} XQ (r‘(;,z d)){cg—}. Analogous change is made in line 13 from Algorithm
[l Thus, redescriptions are created only by combining those queries that satisfy
predefined constraints. For each redescription R,.,, we apply query minimization
procedure before using redescription set optimization defined in lines 11 and 14 of
Algorithm [T} If query minimization procedure removes any of the key constraint
attributes defined in set C of CBRM, the created redescription is discarded.

In addition, CLUS-RM is extended with a new score measuring the overall score of a
redescription satisfying user-defined attribute constraints. This score and its different

variants are described in the main manuscript.
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