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Algorithm Chase

.! GIVEN:

e [ncomplete Information System (11S)
e Constraints (functional dependencies,..) which 11S satisfies
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ableau System for /1S —

information system with null values replaced by variables
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Algorithm Chase

. Input: tableaux system S and set of functional dependencies F
Qutput: tableaux system CHASEL(S)

Begin

End

Si=S;
while therearet;,t, € S;and (B —>b) e F
such that t,[B]=t,[B] and t;[b] <t,[b]
do change all the occurrences of the value
t,[b] in S;to t,[b]
CHASEL(S):=S;



Algorithm Chase

.‘- Input: tableaux system S and set of functional dependencies F
Qutput: tableaux system CHASEL(S)

Begin
Si=S;
while therearet;,t, € S;and (B —>b) e F

such that t,[B]=1t,[B] and t;[b] <t,[b]
do change all the occurrences of the value
t,[b] in S;to t,[b]

CHASEL(S):=S;

=ple

The algorithm always terminates if applied to a finite tableaux system.
If one execution of the algorithm generates a tableaux system satisfying F,
then every execution of the algorithm generates the same tableaux system.
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Chase supported by rules extracted

*—f from IS (Chase 1)

1. Chase 1 identifies all incomplete attributes (their values are called

concepts) in IS .

2. Main Algorithm
- Extraction of rules from IS describing these concepts,
- Null values in IS are replaced by values suggested by these rules.

3. These two steps are repeated till fixpoint is reached.
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Example (Chasel)
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e, > b,

coxf, > by

g, = b,
C; > by
c, > b,

g;*d, > b,
e;%d; — b,
f,xd, > b,

-- X'= X0, Xo X3, Xa, X5, Xer X7, Xgy X9, X10}
d; e | o R,
-- M Attribute b

(support 2),
(support 2),
(support 2),
(support 1),
(support 2),
(support 1),
(support 1),
(support 1).



Example (Chasel)

Attribute b

Two null values in S: b(Xg), b(Xg)

b(Xg):
e, > b, (support 2),
c,xf, > b,  (support 2),
g, > b, (support 2),
C; —> b, (support 1),
c, > b, (support 2),
g;*d, > b,  (support 1),
e;*d; > by, (support 1),
f,xd, > b,  (support 1).



Example (Chasel)

e, > b,
c,xfy—> by
g, > b,
C; — by
c, > b,

gs*d, — b,

e;xd; > b
fyxd, 1

Two null values in S: b(Xg), b(Xg)

b(X):

(support 2),
(support 2),
(support 2),
(support 1),
(support 2),
(support 1),
(support 1),
(support 1).



Example (Chasel)

Attribute b

Two null values in S: b(Xg), b(Xg)

b(Xg):
e, = b, (support 2),
c,xf, > b,  (support 2),
g, > Db, (support 2),
C; —> Dby (Ssupport 1),
c, > b, (support 2),

g;*d, > b,  (support 1),
e;*d; > by, (support 1),
f,xd, > b,  (support 1).




Example (Chasel)

.n-nn-n Two null values in S: ¢(x;), ¢(xg).
---= o)

b, > ¢ (support 2),
e, > Cy (support 1),
f, > c, (support 1),
g, > ¢ (support 2),

b,*d, > Cc, (support 1),
b,*e; > C,  (support 1),
b,*f, > ¢,  (support 1),
b,*g; —> C,  (support 1),

d,xe, > C (support 1),
X b, | ey f dz*gz s 022 (support 1).



Example (Chasel)

nnn-n Two null values in S: ¢(x;), ¢(xg).

(support 2),
(support 1),
(support 1),
(support 2),
(support 1),
(support 1),
(support 1),
(support 1),
(support 1),
(support 1).




Example (Chasel)

nnn-n Two null values in S: ¢(x;), ¢(xg).

C(Xg):
b, > ¢, (support 2),
e, > C; (support 1),
f, > c, (support 1),
g, —>¢C (support 2),
b,*d, > c, (supportl),
b,*e; > C,  (Support 1),
b,*f, —> ¢, (support 1),
b,*g; — C,  (support 1),
d,*e; > C,  (support 1),
d,*g; —>C,  (support 1).



Algorithm Chasel(S, In(A), L(D))

F—%&mm S=(X, 4, V)

Set of incomplete attributes n(4)=1{a,, a,, ..., a;}
Set of rules L(D)

Output: System Chasel(S)

begin
J:=1; while j <k do begin
Sji=3S
for all veV,; do
while
there is xeX and rule (t— v)eL(D)
such that xeNg;(t) and card(ay,)#1
begin
a(x):=v;
end
=)+l
end
S:i=U{S;:1 <] <k}, Chasel (S, In(A), L(D))
end
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Rules Discovery
from partially

Incomplete Information Systems



Data (Incomplete)

h

nformation System S=(X,A,V)

X - finite set of objects,

A - finite set of attributes,

vV =] {V_:ae A}-set of their values.

Assumption
1. Foranya € A, Xe X
a(x)={(a;, p,):ie Jag A8 €V, /\Z p, =1}
2. Forany @ # D e
V.nV, =






Algorithm ERID for Extracting Rules
from partially Incomplete Information System

ﬂﬂ-ﬂlﬂ Goal:

el Describe e in terms of {a,b,c,d}

’Y

0, = {(X1,3), (X3, %), (X5.1), (X4, 2), (X6.1),
(X7,3), (Xg. 1)}
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Algorithm ERID for Extracting Rules
from partially Incomplete Information System

’Y

nn-nn Goal:

e Describe e in terms of {a,b,c,d}

6" = 1% 1) (%3, 3), (%5, 2), (%7, 3), (X 1)}
C,* ={(%2:3), (x4.1), (%5.1), (%5, 3)}

3)) (X3, 2), (Xg 1)}

d,* ={(x.1), (x,.1), (%5, 7). (X5 1)}

d,* =10%.1), (x3.1), (X5, 2), (%g.1), (x;.1)}
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Algorithm ERID

’Y

n-nn Goal:

((al %)) el 2]  Describe e in terms of {a,b,c,d}
a2 g 2 3 27 %

a

(as, 3 For the values of the decision

Tl -- e v s
37 2
(&%)
- , e = {00 2), (%2.1), (%4, 5), (X5 1)}
13 1
19 1 )
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Algorithm ERID

’Y

ﬂﬂ-ﬂlﬂ Goal:

--- €., % Describe e in terms of {a,b,c,d}.
shed e

Y ) (bz,é) 2. Check the relationship “ <

% between values of classification
S

I\J
blw -b [ wlN 00|I—‘

—~

(.3
1 (8,3

X4 attributes {a,b,c,d} and values

~

of decision attribute e

Eﬂﬂﬂ-ﬂﬂﬂﬁ
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Algorithm ERID

’Y

ﬂﬂ-ﬂlﬂ Goal:

--- W] Describe e in terms of {a,b,c,d}
(az %,) b,,3) (e5,3)
Sheh e e

L@tCi*:{(Xi, pi)}ieN 1ej*:{(yj’qj)}jeN'

We say that:
C;* <€, *iff support
and confidence of the rule ¢; — ¢,

are above some threshold values.

Eﬂﬂﬂﬂﬂﬂﬂﬁ
OO ~ » o ~ w N -



Algorithm ERID

1

Goal:
C®3] Describe e in terms of {a,b,c,d}

Let ¢ ={(x;, p)}ian e ={(y; )}
We say that:

C;* < e, *iff support

and confidence of the rule c; — e,

are above some threshold values.

SR R EES
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Definition of Support and Confidence

I“ (by example)

To define support and confidence of the rule a, — e; we compute:

a,* = {(x;,3), (X3.1), (%5, 5)}
e ={(x3.1), (Xg, 3), (Xg 1)}

Support of the rule: sup(a, > e,)=3-0+1-1+%.0=1

Support of the term a;: SIS = = 2
sup(a, — &,)
sup(a,)

Confidence of the rule: conf (a, > €,) =



Extracting Rules from partially
Incomplete Information System
- (Algorithm ERID(A1, A2))

X nn-nn Goal:

-- §; ‘i Describe e in terms of {a,b,c,d}
--- Thresholds (provided by user):
a, 03 % -- Minimal support (A =1)
- (212 3%) Minimal confidence (A, = %)
2

X (b 1) | (61,3 B ar<e* (sup=1>1) (conf =0.5)
7 (Ca. ‘%’) - marked positive
Xg| & b | G | 4 | &




Algorithm ERID(A1, A2)
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Algorithm ERID(A1, A2)

N

a -nn a” <e’ (sup =1>1) but (conf = 0.36)

) b:<ej(sup =1>1) but (conf =0.22)

EZ__)) b” <€ (sup = Z>1)but (conf =0.27)

Cf <€: (sup =2>1) but (conf =0.47)

¢ <e (sup=1>1) but (conf =0.33)

((Zl%%)) di < el* (sup =3>1) but (conf =0.48)

di < e*3 (sup =1>1) but (conf =0.28)

d <e (sup=3%21) but (conf =0.33)

: d”<e (sup = $>1) but (conf =0.37)
i



Algorithm ERID(A1, A2)

(8;:¢)*<e*(sup =1>1) and (conf =0.8)
(a,-d,)*<e,*(sup =1>1) and (conf =0.5)
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They all are marked positive.
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Algorithm ERID(AL, A2)




They all are marked positive.
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Algorithm ERID(A1, A2)

=

The algorithm continues for terms
of length 3, 4, ... till all of them
have either positive or negative
marks.

Rules are automatically constructed

from relations marked positive.

Eﬂﬂﬂﬂﬂﬂﬂ
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Algorithm Chase 2
(for Partially /15)



Algorithm Chase 2

b__t

DR AV - partially incomplete information system of type A, if S

IS Incomplete and the following three conditions hold:

0 a,(X) is defined for any xe X, ae A

a(vxe X)(Yae A)[(a; (1) ={(a,, p,):l<i<mp) > Y p, =1]
a(¥xe X)(Vae A)[(as (x) = {(a;, p,) 1< i <m}) > (Vi)(p, 2 4)]



Algorithm Chase 2

*__f

S1, S, - partially incomplete, both of type A and both classifying
the same sets of objects (from X) using the same sets of
attributes (A)

Let asl(x) ={a;, py):1<1<m}and asz(x) ={(a,, py)ilsi<m,}.

The pair (S;, S,) satisfies containment relation ¥ (or \¥'(S,)=S,) If:
Q (Vxe X)(vae A)fcard(ag (x)) > card(as (x))] or

[[C(I?‘(I]((ISI(X)) = C("'d(a.s': (x)] - [Z | Py, — P2 | > Z‘ Pii — Py 1]

We also denote that fact by (vxe X)(Vae A)[¥(a (X)) = ag, (x)]



System §,

a

System §,
b

3)
,5)

(b, %)
(0,5

')
3

(B, 3
(bzal

S

b,




1 X ﬂﬂ-ﬂﬂ ERID(, %) %,=1,2,=0.5

1
1
az 3 b,,3) ez 3)

A
(a. 2) (bz 3) : all [ =[a —e] sup(r)=1 conf(r)=0.5
(Cl’,i—)) % I I, =[a, > ¢e,] sup(r,)=%,conf(r,)=0.51
r,=[b, > e] sup(r,)=2,conf(r,)=0.72
r.=[b, > e,] sup(r,)=2¢,conf(r)=0.51
r,=[c,-d,>e]sup(r,)=1conf(r,)=05



X nn-n o
“EheD s e @)

. (b2 %) - Algorithm Chase 2 will try to replace
X 8 b oD e(x,) = {(e1,3). (¢, 3)}
- (212 %1»,) by e,.,.(x1) = (e, ), (€3, ), (€3, )}-

(e,, },, We will show that Y(e(x,)) = e,,.(x;)
(C¥] (the value e(x,) will be changed by

£




I-ﬂﬂ-n
CALCE R (RPPRICRN (- 1:: 7 1:09)/0¢19)
ajf (bz 3) - (:.0.29)
SR
X I (e,,(2-2-2)/(5/3)) = (e,,0.97)
(Cs3) (el’ (22%)/2) _ (91,0.48)
e e e @3
(3, 3) = e(x,) ={(e,,0.48), (¢,,0.97), (;,0.24)}
(a; 3%) -- Because the confidence assigned to e; is
- (ez ) below the threshold A, then only two
: ; ) values remain:

o BRED o o I
2) The value of attribute e assigned to x, is:
-ﬂ--- (e 0.33). (s, 0.6},
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