Induction Graphs (1.G.)

Professor D.A. Zighed
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What are |.G. ableto do ?

» Extract knowledge from data
= Build predictive models

m Desrcribe a phenomenon

m |dentify patterns
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How do |.G. proceed ?

» By searching the best partition on the
training set,

m Giving alattice graph,

m Giving therules.
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Examples. ..

= Cementation placement quality

Why in the same hole can't we always have a good
cementation ?

Image identification,
Medical diagnosis,
Chemical identification,
Management,
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|.G.'s Process

m Training

= Validation
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Training
m Training set : Q , Card(Q)=n

File of data :

Depths X parametersof fluid placement, of reology, ...
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Parameters
Pl P2 SSPI ... vam

X)X XL Xp()\Yp(-)

Q
@1134 1,8 10 .. Yes | Good
w2 1,34 1 -3 . No Bad
[} [] [} [} [] [}
] [} ] ] [] []
[} [} [} [} ] ]
Ghl1 2 4 .. No | Bad
v

L
Endogenous variable
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File of data
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Y(Q)=" ( @O0RO)

X1(0),X,(0),.....Xp(@)  Known

®()
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D(X,(0),X4(0)......Xp(0))
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Step 1: segmentation ‘
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f

IF SFH1=1 and SSP1=1 Then Y()= ®
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f

Step 1: segmentation ‘

Step 3: segmentation
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‘ Step 1: segmentation ‘

/' .

Step 2 : segmentation ‘ Step 3: segmentation ‘
DSQ\ 2 1 P1 2
(]
by & S

Step 4 : segmentation ‘ G]l%w%
v
z Z

R1:IF SFH1=1 and SSP1=1 Then Y()= ®

R2:|F SFH1=2 and SSP1=2 and PT5=1 Then Y()= ®

R3:|F SFH1=2 and SSP1=2 and PT5=2 Then Y()= ©
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2
o PT5 2
R4:|F SFH1=2 and SSP1=1 and PT5=1 Then Y()= ® S

R5:|F SFH1=1 and SSP1=2 and PT5=2 Then Y()= ©
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Questions

0 What isthe validity of therulesgenerated by |.G's process 7
* How does one classify an anonymous point ?
» How does one evaluate the rule efficiency ?
» What isthe general validity of the process ?

0 Issegmentation the best way for obtaining the sequence of
partitions ?
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SFH1=1 and SSP1=1 Then Y(.)

|F =
_F SFH1=2 and SSP1=2 and PT5=1 Th
R3:1F SFH1=2 and SSP1-2 and PT5=2
t1LE
t1LE
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1
1
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Y()= ®
Y()=©
Y()= @
Y()=°

—]
=
3

—]
=
3

SFH1=2 and SSP1-1 and PT5=1
SFH1=1 and SSP1-=2 and PT5=2

—]
=
3

Depth Predicated cementation
20 By R2 2 Good

21 By R3 Bad

32 By R2 Good

45 By R1 Good

46 No Rules Indetermined

N NN P
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R4:|F SFH1=2 and SSP1=1 and PT5=1 Then Y()= ® S
R5:|F SFH1=1 and SSP1=2 and PT5=2 Then Y()= ©
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7z L

R4:|F SFH1=2 a =t-and PT5=1 Then Y()= ®
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How shall we evaluate the benefit from S' to S*1 2
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4

‘ Step 1: segmentation ‘

SFH

Process of |.G.
builds a partition
through 2 operations

‘ Step 2: segmentatlon !

* SEGMENTATION
* FUSION

‘ Step 4 : segmentation ‘
v

Step 5: Fusion
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R1:IF SFH1=1 and SSP1=1 Or
SFH1=1 and SSP1=2 and PT5=1 Or_
SFH1=2 and PT5=1

Then Bad <0,1
Then (p )4

R2:1F SFH1=2 and PT5=1 Or_
SFH1=1 and SSP1=2 and PT5=2
Then Good <02
(p )%
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[J The choice (Segmentation / Fusion)
0 Thecriteriatomovefrom S to S+
0 Thequantitative variables problem
0 Theend of the process

0 Thevalidity of the rules brought about
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10
10
1 X, 2
10
0
If X,=1 then Class = If X,=1 then Class =
If X,=2 then Class = If X,=2 then Class =
Thedecisonis........ Thedecisonis........
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We need an uncertainty measure which verify some properties :

O Dependson .....
O Maximal iff....

O null iff ....

h9=Z (92, fi/9)(1-Kl9)

0 10 5 5
10 0 5 5

10/20 ( 0/10(1-0/10)+10/10(1-10/10) ) + 10/20 ( 5/10(1-5/10)+5/10(1-5/10) +
10/20 ( 10/10(1-10/10)+0/10(1-0/10)) = O 10/20 ( 5/10(1-5/10)+5/10(1-5/10)) = 0.5
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h(S)=-.f(9),P(i/9logp(j/9

f(s)=5/15; f(s,)=5/15; f(s,)=5/15

p(L/s))=0/5; p(2/s)=5/5

P(1/s)=3/5 ; p(2/s)=2/5

P(U/s)=2/5 ; p(2s)=3/5

h(S)= - 0.33(0Log0+ 1logl+2(3/5)log(3/5)+ 2(2/5)l0g(2/5)
= 0.3968
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Entropy measure:
h:S - IR*

s=Us,

S, =§/DR"/yi2 0(= 1,..,n) et iyiz 1
= O
» symery  N(yy,yon V) =0Ve, Vo, V)
® Minimality  N(Yp, Vo0 ¥,)=0e O/y=10% i;y7 O
> maximality (V1o Vp)=MaX < Di(E L...n) 5 y= %
> Continuity

> Concavity
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0.2 l].4pl].li 0.8 1

1 & 0 ]
Ho(p;,----,pm)=ﬁ%pk Fipp>0p#1

Pour m=2et ] ] le graphique se présenteainsi :

—1— 0" 0
Hr(pt,...., pm) = . Loglep< [ B >08 #£1

|ossess
o= MW nnEm
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Si+1

1(X) = h(S)- h(S*1) Information gain of X
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Segmentation

I nitialisations (criteria, stopping condition, parameters...)
Saturation 4= False
Repeat

Segmentation 4= False

IF Segmentation = False 5 0

Then 10
Saturation <= True

End
Until saturation

2 2
hS)=-S f(s)$ f(c/s)Logf(c/s)
JZ ] Z ] ]
Contrainte : Card(s)>n,= 2

Xi , X, cardx?(Q))=2
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Function Segmentation : L ogical

IF %1 ()= Min(h (sJ))§>o
g j=abc §
Then Segmentatione=—— True
<«— (node, variable)
End
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fe)=

h(g)=0; h(s)=0

100 1007} 20[] 20
h(SZ)_lzoD 12%120% 120@

_10_ 0277
36

hs)=12m277=0147
225

h(sa)=if<s,)h<s,-)
15)=3 1(6/9)a-1(6/5)
5 120

25’ f(s) :2725: f(s)

_100
225
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28 28
18 18
X
Xy
1 2 o/ d
¥ M e ¥ Y ~.
28 = 0 0 1 10 7 5
1 17 4 0 6 5 3
4
h(S1)=0.04106 h(S?)=0.00548054 —]
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33 28
50 18
X X3
/ d e f
a b c
3 30 6 10 5 18
0 0 50 15 20 15
st %

If ny=4 then S could be prefered to St
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t
X

Num

cl
cl
cl
cl
cl
cl
c2
c2
c2
c2
c2
c2
c2
c2
c2

10
11
12
13
14
15
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Uncertainty measure on a partition

I - P(Q,X) > R+
sOP(Q,X) - I(9)
where

P(Q,X)

isthe set of partitions generated on £ by the variables
Xl()1X2()11Xp()
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lo

3 1 1
S
1 S S,

S={5,,5,535,} generated on Q by SFH1 and SSP1.
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1:P(Q, X)o. RMXK P RY
SOP(Q,X) - W(s) - P(W(9)=I1(9

\3 1:P(Q,X) - R*

R sOP(Q,X) = 1(s)

o R
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w1 Symetry
= H H ka
S ESl,SZ, .......... ..,Sj .......... ,Sk EDR
and O a permutation
S, = ES S S S E
g - o '°c g . o
201 Y2 j k O
Then

1(8)=1(Sg)
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m 2 Independance

g kg
S=s S ,..S. .S ...S 0 RmMxk
gl 2 o
With
' s =s US.
J o J1
Then

1(S)-1(S) = ¢>(sj0,sj

)

1
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1(9)-1(S) = $(5,,.5,,)
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I (S) is maximum
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30
5 13
L s
S .
(S) is maximum
Hemll
13 — | N:« = N
Sj nj2 11 12

Nip = Nyp Ni1 = N2 N1 = Nk2
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4 Minimality

— oo n
o
o o o o o

[S—

72]
]
Hoooooogoooo0

0

0
it Os;0S (=1...k.0p / i
and Om# p n = 0

Then [(S) is minimum

Induction Graphs, Chapter 2, Pr. D.A. Zighed

0 0

o| |13
o 5
S

1(S) is minimum

Induction Graphs, Chapter 2, Pr. D.A. Zighed




m 5 Sample size sensitivity.

:H H Rka
S Esl,sz, ............ S e 'S ED
=ths .n n n.s o RrRMxkK
S i S NS, e NS , 'Sng
n> 1
Then

(s)<l(s)
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=6 Fusion

SEEC 8, 188,18y 1S

If Dsj ,SkDRm(j¢k)/ S;=ns
Then

S=35S,, -5, 48, +s

S. .S
. +

k

(s")<I(s)

i RMxK

k5

K n=1

I rMX(k-1)

j+1 k-1F
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20 10| |26
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Examples of some uncertainty
measures
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H
O
O
- :
O
BEDI’J n;20 3
H

n= S n. =

leji
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s s

13 10

n m n 20 5

=2 i 33 15
bigg

33
13

15

13+1 B_ 13+1 B_ 20+1 : 20+1

10+1 B 10+1 5+1

3+2*10 33+2*10 33+2*1 33+2*1%

134 5+2*10 15+2*10 15+2*1D 15+2*

60+1 60+1 26+1 _26+1

86
13/

6+2* 10 g6+2r 10 86+2* 1D 86+2*1

E
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Algorithmfor 1.G.

Initialisation
Saturation <----- false
Repeat
Fusion <----- false
Segmentation <----- false
IF Fusion Or Segmentation
Then
IF Merge >= Split
Then
Make fusion
Else
Make _split
End
Else
Saturation <----- true
End
Until satur ation

Induction Graphs, Chapter 2, Pr. D.A. Zighed




3| [5]l |70
3| [5]\]13
y

o 0

(s) (")

Function Fusion : Logical
IF EI (S)- Min (I (S),1 (S'),I (8"
Then
Fusion ~ true

Merge  « HI (S)- Min (I (S),1 (S8'),1 (8 ‘)H

End

70
13

75
18

)E>O

(s™)
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Function Segmentation : Logical
A A

j=1,..., 3p O

Then
SegmentatiB on . true

i=1

Split 1 (S)- Min (I sy

F 1 (S)- Min (1 (sj))§>o

ooooorm

3p
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IA (9 =012
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A=1010

. (s) =0198

Induction Graphs, Chapter 2, Pr. D.A. Zighed




19 I \(S)

0,120 0,166
0,242 0,168
0,245 0,198
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Fixation du parameétre A

T Une contrainte d’ admissibilité

u \"
. B B
Tol | (U=l () =Max] (u)=I (v}
i " :
0 ¢DAD_§I A(U)—I A(V)E
n=T+ e 2remE2my
=§n_lma,. Re 2

Trouver \* /¢§A§soit maximum

Trouver )\ /W: 0
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0.05] H E
T Br+6 =
PAT=A" 4=
0o o0 0 %- 2 E?HD _—
p20+ATB+2A0 0 |
00* 1 2 g 4 5 6 E ﬁ D D EE E
A =0.61098
Fixation du parametre 1
HO: cng e cnC e
ng+ng N°+n
Hl: cng e< cnC e
ng+n; n°+n

-nC
Sous HO.nS N P(}\)
n°n®
n®+n

A=

e

La région critique est:

n& A
se*Z<a
X!
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Pour un seuil critique a,=0.05, on détermine le nombre
d’individus total en ngtel que s n,=0 on conclut au rejet de H,,

D 'ou on établit :
e/ =a,

n°+n®

T:ns:_ln(ao) c
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Wisconsin Breast Cancer Database
(January 8, 1991)

Sources:

-- Dr. Wllliam H. Wolberg (physician)
University of Wisconsin Hospitals
Madison, Wisconsin
USA

-- Donor: Olvi Mangasarian (mangasarian@cs.wisc.edu)
Received by David W. Aha (aha@cs.jhu.edu)

-- Date: 15 July 1992
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L es données
# Attribute Domain
1. Sample code number id number
2. Clump Thickness 1-10
3. Uniformity of Cell Size 1-10
4. Uniformity of Cell Shape 1-10
5. Marginal Adhesion 1-10
6. Single Epithelial Cell Size 1-10
7. BareNuclei 1-10
8. Bland Chromatin 1-10
9. Normal Nucleoli 1-10
10. Mitoses 1-10
11. Class: (2 for benign, 4 for malignant)

Echantillon : 683
Bénin : 444
Cancer : 239
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R1:Si (X6<=4)et (X3<=8) et (X7 <=2)
alorsBénin (98,6%)

198

% | R2:Si(X8>7)et (X7>2) et (X3>1)

alors Cancer (96,1%)

R3: s non (R1ouR2)
alorslIncertain.
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Others Induction Graph
methods
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C4.5 Quinlan 1993
S ={s,.5,.....5¢ and S) :Zf(s,j)i—f(ct/sij)logf(ct/S,j)

1=

S+1 :{S(i+1)l’S(i+1)2""’s(i+1)L} and h(S+l)

I [ O S S
Sit S

Sk " -3t T
S(i +1)1 S(i +1)2 S(i +1)K




Strategy : segmentation
admissibility constraint : 2
Stopping rule: Chi-2 test
Discretization : binary

prunning rule: lower limit of the confidence interval
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CART : Classification And Regression Trees
Breiman et al. 19984

Strategy : Gini or Twoing

Strategy : binary segmentation

admissibility constraint : 2

Stopping rule: None

Discretization : binary

prunning rule: Complexity cost criteria
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