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Interaction Mining

= For two attribute variables X, and X, and a class variable Y,
when relationship between X, and Y depends on X, , X;and X,

are said to be interact.
= |nteractions are outcomes that occur when all the

variables are observed together

* Interaction between two variables exists when the joint effect
of both is different from that obtained by additively combining
the individual effects.

= Different interactions: independence, synergy,
redundancy.
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Interaction Mining using

Information Theory

= Let w denote the set of all random variables :
W= {X Xoi. Xisooo s Xy 1

Xi . A random variable representing an attribute or class label

" Entropy H(X;)=-Y p(X; =x)log,(p(X; = X))

= KWII : Amount of information present in a set of variables,
which Is not present in any subset of the variables.

KWII(S) == (-)* ' TTH(T)

TS

= e.g. KWII (A;B;C) = - H(A) - H(B) — H(C) + H(AB) + H(AC) + H(BC)
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Experiment Setting

= |nput: Data set of n attribute variables and class
variable, number of sample is m

= Computation: Compute the KWII values for all
possible attribute pairs
o for N attributes, # of attribute pairs will be n*(n-1)/2
= Qutput: Attribute pairs with highest KWII value,
which is the most significant interacted pairs
= Seqguential running time: O(n°m)
e Can be very time consuming when n is large
e Turn to parallel solution!
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Parallel Implementation

Attribute Variables .
(N-dimensional) Class Variable
1 Total number of attribute pairs:
1 e > N(N-1)/2
Dataset 1 3 SRS .
Read Data

Compute the Kwii of
e _ attribute pairs assigned
: to each processor

Get local highly
interacted pair for each
processor

Get global highly
interacted pair

(attr1, attr2, kwii)
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Part of Implementation Detall

= The computation of KWII for all attribute pairs is evenly
distributed across all the processors

int pairs_per_node=(attr_num)*(attr_num-1)/(2*size) +1;

for(int attr1=0;attrl<attr_num;attrl++)

{
for(int attr2=attr1+1;attr2<attr_num;attr2++)
{
count_current=(2*attr_num-attrl)*attrl/2+attr2-attrl;
/ldecide whether the KWII computation of current pair is assigned to this node or not
if( count_current>= (pairs_per_node*rank +1) && count_current<= (pairs_per_node*(rank +1)))
{
printf("attrl is: %d, attr2 is: %d, count_current is: %d, rank is: %d \n",attr1,attr2,count_current,rank);
kwii.kwii(D,sample_num,v);
}
}
}
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Part of Implementation Detall

= Each processor picks up the attribute pair with the
local highest KWII values and send it to P,

* Define a derived data types Result using triplet of (int, int,

double) to store the results of attribute pair and KWII values
MPI1_Datatype myresult,old_types[2]={MPI_INT,MPI_DOUBLE};

MPI_Aint indices[2];

int blocklens[2]={2,1};

MPI1_Address(&r,&indices[0]);

MPI1_Address(&r.kwii,&indices[1]);

indices[1] -= indices|[0];indices[0]=0;

MPI_Type_struct(2,blocklens,indices,old_types,&myresult);

MPI_Type_commit(&myresult);

MPI_Type_free(&myresult);

= P, receives the Result from all other processors and
picks up the one with the highest KWII value as the
global highly interacted attribute pair
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Parallel Running Time

Running Time with Different Numb»er of Processors
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Parallel Speedup

Paralell Speadup with Differe nk Murmber of Processors
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Parallel Efficiency

Paralell Efficiency with Diferent Mumber of Processors
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Parallel Speedup VS Dataset Size

Paralell Speedup
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Running Time VS Dataset Size

5 Running Time with Diferent Number of Altributes o~ Running Time with Different Humber of Samples
T T T T T T k- T T T T T T
300+ o0 L
250
) o a0
il} ]
£ £
= zoo =
2 g
= 'E GO L
= =
T 150 | e
= =
5 S 40t
“ o0t &£
50+ i
D 1 | 1 1 1 D | 1 1 | 1
100 500 1000 2000 3000 4000 5000 100 500 1000 2000 3000 4000 5000
Hurmber of Atributes Humber of Samples
# of nodes = 128 # of nodes = 128
# of samples = 1000 # of attributes = 1000

-% University at Buffalo
The State University of New York



Thank you!
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