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About the Ac4ft-Miner

 Mines for rules that express which actions should 
be performed to improve the defined state

 Newest procedure of the LISp-Miner System

 Authors: Doc. RNDr. Jan Rauch, CSc., Ing. Milan 
Šimůnek, Ph.D.

 Implementation of the GUHA method

 Mines for G-action rules

 Expressed by two 4ft-association rules

 Inspired by action rules according to 
[Ras,Wieczorkowska, 2000]
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GUHA Method

 Offers all interesting patterns true in given data

 Method of exploratory data analysis

 Implemented by GUHA procedures
 

Generation and 
verification of particular 

relevant patterns 

 

DATA 

Simple definition of a 
large set of relevant 

patterns 

 

All the prime patterns  
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LISp-Miner, 7 GUHA procedures

 4ft-Miner

 KL-Miner

 CF-Miner

 Ac4ft-Miner

 SD4ft-Miner

 SDKL-Miner

 SDCF-Miner

http://lispminer.vse.cz

Source: [Rauch, Šimůnek, c2011]
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Data representation in LISp-Miner

 One database table formes data matrix M

 Data matrix M Boolean attributes(literals)
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Data representation in LISp-Miner

(example)
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GUHA method and Association 

rules – 4ft-Miner

 Mines for enhanced association rules = not 

just implication
 

Generation and verification 
of particular  

association rules 

           DATA Definition of the set 
 of association rules 

patterns  

All true  
association rules 

Source: [Rauch, Šimůnek, c2011]
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4ft-Miner procedure

φ ≈ ψ

φ antecedent

Ψ succedent

≈ 4ft-quantifier

object

Attributes Boolean attributes 

A1 A2 … AK A1(6) A2(1,4) A2(1,4)  AK(2,7) …

o1 6 4 … 2 1 1 1 …

o2 9 3 … 5 0 0 0 …

… … … … … … … … …

on 4 1 … 3 0 1 0 …
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Bit-string approach to mine 

association rules

 Apriori algorithm is not used

Source: [Rauch, Šimůnek, 2005]
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Bit-string approach to mine 

association rules (2)

 Attribute A1 with 4 categories (1, 2, 3, 4)

bit-wise Boolean operations

Source: [Rauch, Šimůnek, 2005]
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Bit-string approach to mine 

association rules (3)

= number of „1“  in 

= 

Source: [Rauch, Šimůnek, 2005]
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4ft-quantifiers

φ ≈  ψ
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… and many other possibilities
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Action rules
according to [Ras,Wieczorkowska, 2000]

 suggest a change in behaviour that can bring 

us an advantage

 Two sets of attributes: stable and flexible

R: (A1 = 1)  …  (AQ = Q) 

(B1, 1  1)  …  (BP, P  P)  (D, k1  k2)

Stable attributes

Flexible attributes Decision
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Action rules – support and

confidence

R: (A1 = 1)  …  (AQ = Q) 

(B1, 1  1)  …  (BP, P  P)  (D, k1  k2)

 n: the total number of objects in the database

 CPL(R): the number of objects matching (1,…,Q,1,…,P, k1)

 CPR(R): the number of objects matching (1,…,Q,1,…, P, k2) 

 CVL(R): the number of objects matching (1,…,Q,1,…,P)

 CVR(R): the number of objects matching (1,…,Q,1,…, P) 

 LeftSup(R) = RightSup(R) =

 Sup(R) = LeftSup(R) =

 Conf(R) = 

n

RCPL )(

n

RCPR )(

n

RCPL )(

)(

)(

)(

)(

RCVR

RCPR

RCVL

RCPL

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Action rules - example

R: Sex (female)  Age 50,60)  Type of therapy
(dietmedicaments)  Success (noyes)

 n = 632 There are 632 patients in a database 

 CPL(R) = 42 (female, 50; 60), diet, no) 

 CPR(R) = 74 (female, 50; 60), medicaments, yes)

 CVL(R) = 90 (female, 50; 60), diet)

 CVR(R) = 105 (female, 50; 60), medicaments)

 Sup(R) = LeftSup(R) = =          = 0.07

 Conf(R) =                        =             = 0.33

n

RCPL )(

632

42

)(

)(

)(

)(

RCVR

RCPR

RCVL

RCPL


105

74

90

42


20



Contents

1. GUHA method and LISp-Miner

2. 4ft-Miner

3. Action rules

4. G-action rules

5. Input and output in Ac4ft-Miner

6. Case study

7. Conclusions

21



GUHA method and G-action rules

– Ac4ft-Miner

 

Generation and 
verification of  

particular   rules 

 

DATA 

Definition of the  
set of relevant  

G-action rules  

 

All true  

G-action rules 

Source: [Rauch, Šimůnek, 2009]
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G-action rules

φ St ∧ Φ Chg ≈*  ψ St ∧ Ψ Chg

φSt the stable antecedent (or antecedent stable part)

ΦChg the change of antecedent (or antecedent flexible part)

ψ St the stable succedent (or succedent stable part),

Ψ Chg the change of succedent (or succedent flexible part)

≈* Ac4ft-quantifier

M Stable 

attributes 

Flexible

attributes 

object A1 … AQ B1 … BP

o1 6 … 4 2 … 9 

o2 9 … 8 3 … 7 

… … … … … … … 

on 4 … 3 5 … 6 
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G-action rule

Rule describing the initial state Rule describing the final state

φ St ∧ Φ Chg ≈*  ψ St ∧ Ψ Chg

24



Ac4ft-quantifiers
25

… and many 

other

possibilities



G-action rule – example

R: Sex (female)  Age 50; 60)  Type of therapy 

(diet  medicaments)  Success (yes)

Initial rule

RI:  Sex (female)  Age 50; 60)  Type of therapy (diet) 

0.607,17 Success (yes)
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G-action rule – example (2)

R: Sex (female)  Age 50; 60)  Type of therapy 

(diet  medicaments)  Success (yes)

Final rule

RF: Sex (female)  Age 50; 60)  Type of therapy (medicaments) 

 0.893,25 Success (yes)
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G-action rule - interpretation

R: Sex (female)  Age 50; 60)  Type of therapy 

(diet  medicaments)  Success (yes)

q = pF – pI = 0.893 – 0.607 = 0.386

„If the therapy is changed from diet to 

medicaments among female patients between the 

ages of 50 and 60, the probability of successful 

treatment increases by 38.6 percentage points.“
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Input in Ac4ft-Miner

 Data matrix

 Definition of a set of relevant rules

1. Entering a set of relevant antecedents

a. Antecedent stable part

b. Antecedent variable part

2. Entering a set of relevant succedents

a. Succedent stable part

b. Succedent variable part

3. Entering a set of relevant conditions

4. Entering an Ac4ft-quantifier
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Input in Ac4ft-Miner
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Composition of a rule

 Antecedent or succedent or condition = cedent

 Cedent = conjunction or disjunction of literals

 Literal = basic Boolean attribute or negation of

basic Boolean attribute

Genetic predisp. (no) ∧ Age 50; 60) 0.56, 84 Type of therapy (surgery)

Quantifier

SUCCEDENTANTECEDENT

Literal 1 Literal 2 Literal 3
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Entering a set of relevant literals

For each attribute we should define:

1. Minimum and maximum length of a literal.
 Number of categories each literal has

 Type of therapy (diet, medicaments)…..length = 2

2. The type of coefficient – subsets, intervals, cyclical 
intervals, left cuts, right cuts, cuts, one particular 
value 

3. One of the following options:
 Generate only positive literals – no literals with negation 

are created 

 Generate only negative literals – only literals with negation 
are created

 Generate both positive and negative literals
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Type of coefficients of literals

 Subsets: Type of therapy {diet, medicaments, surgery, none}, length: 

min 1, max 2

 Tot(diet), Tot(medicaments), Tot(surgery), Tot(none), Tot(diet, 
medicaments), Tot (diet, surgery), Tot (diet, none), Tot (medicaments, 
surgery), Tot (medicaments, none), Tot(surgery, none)

 Intervals: Age {20; 30), 30; 40), 40; 50), 50; 60), 60; 70)}, length: 

min 2, max 3

 Age [20; 30), 30; 40)], Age [30; 40), 40; 50)], Age [40; 50), 50; 60)], 
Age [50; 60), 60; 70)], Age [20; 30), 30; 40), 40; 50)], Age [30; 40), 
40; 50), 50; 60)], Age [40; 50), 50; 60), 60; 70)]

 Age 20; 40), Age 30; 50), Age 40; 60), Age 50; 70), Age 20; 50), Age 
30; 60), Age 40; 70)

 One particular value: Type of therapy {diet, medicaments, 

surgery, none} containing only surgery: 

 Type of therapy (surgery)

 Cyclical intervals, Left cuts, Right cuts, Cuts 
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Output in Ac4ft-Miner
35
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Case study

 Aim
 testing

 formulation of analytical questions

 interpretation (graphics)

 Data 
 Real medical data set ADAMEK

 Cardiological patients

 1395 rows (patients)

 37 columns (properties of patients)

 Entering a set of relevant rules – rules containing
risk factors of atherosclerosis
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Risk factors of atherosclerosis

 Sex – male

 Age over 45 for the male and 55 for the female

 Positive family case history

 Smoking

 Lack of physical activity 

 Diabetes mellitus

 Arterial hypertension – blood pressure over 140/90 mm Hg

 Hypercholesterolemia – cholesterol over 5 mmol/l

 HDL cholesterol – less than 1.1 mmol/l (men), less than 1.3 mmol/l (women)

 LDL cholesterol – over 3 mmol/l

 Hypertriglyceridemia – triglycerides over 2 mmol/l

 Overweight – BMI over 25

 Waist circumference – over 94 cm with men and over 80 cm with women

 Blood sugar – over 6 mmol/l 

 Uric acid

Sex, age and positive family case history – stable attributes

Other attributes – stable or flexible
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Grouping of attributes
39



Grouping of attributes (2)
40



Three-level formulation of

analytical questions
41

1. „Intuitive formulation“

2. „More formal formulation“

3. Input in Ac4ft-Miner

Antecedent stable part – green

Antecedent variable part – red

Succedent stable part – blue

Condition – orange



„Intuitive formulation“
42

 For which properties of patients (group 1) does 

the change of other properties (group 2) cause 

a change in the incidence of other properties 

(group 3)?

 For which personal measurements does a 

change of activities cause a change in the 

incidence of risk factors?



„More formal formulation“
43

 For which combinations of properties from 

group 1 does the relative frequency of 

combinations of properties from group 3

change by at least q by changing the 

combinations of properties from group 2.



„More formal formulation“ (2)
44

 For which combinations of BMI and/or Waist 

circumference and/or Hip circumference does 

the relative frequency of Hyperlipoproteinemy

and/or Hypertension change by at least 0.3 by 

changing Physical activity at work and/or 

Physical activity (and the number of objects satisfying 

both initial antecedent and initial succedent is at least 30 and 

the number of objects satisfying both final antecedent and 

final succedent is at least 30).



„Formal definition“
45

 The formal definition consists of the definition of 
the antecedent stable part (group 1), the 
antecedent variable part (group 2), the 
succedent stable part (group 3), and the 
definition of quantifier - the 

quantifier Founded implication                , which 
is defined as

where 0 < q ≤ 1,  > 0 and > 0.



Analytical tasks
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Analytical tasks
47
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Output analytical task 1
49



Analytical tasks
50
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Analytical tasks
54
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Output analytical task 3
56
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Output analytical task 3, rule 3
58
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Analytical tasks
61
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Output analytical task 4
63



Analytical tasks
64
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Output analytical task 5
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Conclusions

 Ac4ft-Miner is a very complex tool

Many possibilities of defining input

 Problems with defining analytical questions

 It proved useful to group attributes

Defining too specific questions – usually no 

results

Defining too general questions – too many rules

found
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Future work

 Create sophisticated methodology of use

How to formulate analytical questions?

How to interpret results?

How to tune parameters of the procedure?

 Test more Ac4ft-quantifiers
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