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What can | learn
from this data?

 Huge amount of data stored in databases

* A need for algorithms to discover interesting, unexpected
and useful patterns in data



Discovering patterns

* Various types of patterns
* [temsets
* Sequential patterns, sequential rules,
* Periodic patterns, episodes, subgraphs, etc.

* Why?
* Discover valuable hidden knowledge
* Interpretable by humans (not a black-box model)




How to find useful patterns?

* There can be millions of patterns

* Interestingness measures are used
to select interesting patterns:
* support,
confidence,
utility,
periodicity,
measures of statistical significance,



Frequent Itemset Mining

Finding sets of items that appear frequently in a database

minsup=0,5
Transaction database Frequent itemsets
Transaction |Iltems ltemset | Support
(frequency)

T1 {A, B, C, D} - t {A} 50
T2 {A, C, D} {C} 50
T3 (D, E} 1B |50

{C,D} |75
T4 {C, D}

Useful but does not consider time and other factors such as profit...



High Utility Sequential Pattern Mining

In put Quantitative sequences with purchase quantities (internal utility)
sequence 1: [(a,3), (b,3)f (¢, 1), (b,4))

sequence 2: ((a, 1), (e,3))

sequence 3: m (c, 7)|Tb,_8rl(d, 9))

sequence 4: ((b,3), (¢, 1))

Unit profits (external utility)

la=5%b=18|c=2%,d=1%

a minimum utility threshold (e.g. minutil = 30)
Output

All sequences having a utility = minutil)

The sequence <ab> is a high utility pattern because:
u(<ab>)= ‘3><5+ 3x1 + |6 X5+ 8 X } = 56 > minutil
1 |
Sequence 1 Sequence 3




Limitations of high utility pattern mining

* It focused on patterns that have a high utility
(importance) but ignores the cost to obtain these
benefits.

* May find patterns that have a high utility but a very
high cost

* May miss patterns that have a low cost but a
relatively high utility



Our proposal

* A novel problem named
Cost-Effective Pattern Mining
that integrates the concept of utility with that
of cost.

* Goal: Find cost-efficient patterns that provide
utility at a low cost.

* Cost: money, time resources consumed, effort



Two problems

Discover cost-effective patterns (CEPs) in sequences

with cost values and where:

1. the utility is binary values.

2. the utility is numeric values.




Problem 1
Mining cost-effective patterns in
sequences with cost and binary utility
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Sequences with cost and binary utility

* A sequence is an ordered list of events, each having a
cost value.

* The utility of a sequence is a binary value indicating a
good or bad outcome.

 Example: medical pathway data

Sid <(Event:cost)> Utility

S, <(a:4)(b:2)(e:4)(c:4)(d:5)> Positive
S, <(b:3)(c:2)(f:1)(d:1)(e:2)> Negative
S;  <(a:2)(f:2)(e:1)(c:3)(d:5)> Positive
S, <(a:2)(b:2)(c:1)(f:2)> Negative

(e.g. cured or died after
some medical treatments)
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Support of a pattern

<(Event:cost)> Utility
S, <(a:4)(b:2)(e:4)(c:4)(d:5)>

S, <(b:3)(c:2)(f:1)(d:1)(e:2)>
S, <(a:2)(f:2)(e:1)(c:3)(d:5)>
S, <(a:2)(b:2)(c:1)(f:2)>

 The number of sequences in which the pattern appears.

* e.g. the support of pattern ab is sup(ab) = 2 because it
appears in two sequences (S, and S,).
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Cost of a pattern

<(Event:cost)> Utility
S, <(a:4)(b:2)(e:4)(c:4)(d:5)>

S, <(b:3)(c:2)(f:1)(d:1)(e:2)>
S, <(a:2)(f:2)(e:1)(c:3)(d:5)>
S, <(a:2)(b:2)(c:1)(f:2)>

* The sum of the cost values of the first occurrence of the pattern

in each sequence.

* e.g. the cost of pattern ab is c(ab) = c(ab,S,) + c(ab,S,)
= 6+ 4 =10
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Average cost of a pattern

<(Event:cost)> Utility
S, <(a:4)(b:2)(e:4)(c:4)(d:5)>

S, <(b:3)(c:2)(f:1)(d:1)(e:2)>
S, <(a:2)(f:2)(e:1)(c:3)(d:5)>
S, <(a:2)(b:2)(c:1)(f:2)>

* The average of the cost values

* e.g. the average cost of ab is ac(ab) = c(ab) / sup(ab)
=10/2=5
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Problem 1: Finding all cost-effective patterns

A pattern p is cost-effective if

<(a:4)(b:2)(e: 4)(c 4)(d:5)>  Positive sup (p) > minsup
82 <(b:3)(c:2)(f:1)(d:1)(e:2)> Negative

S, <(a:2)(f:2)(e:1)(c:3)(d:5)>  Positive ac(p) < maxcost
S, <(a:2)(b:2)(c:1)(f:2)> Negative

'_\

w

And we measure the correlation of a pattern p with the desirable
outcome:

Std |D; U D, | ’
a positive correlation is desirable
Pattern ‘ support ‘ average cost ‘ correlation ‘

<ac> 3 5.3 0.80
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More details...

The correlation of a pattern p:

ac(D;) — ac(Dg) |D;||D5|
Std

where, ac(Dl,;r ), ac(Dg ) denotes pattern p's average

cor(p) = |D+ UD,| . g . .
p p cost in positive and negative sequences, respectively.

e ac(Dy)—ac(D;), indicates the difference in terms of average cost for
positive and negative sequences.
e Std, standard deviation of the cost to avoid absolute values.

D5 11Dy |

DIuDo|” measures distribution difference to indicate patterns’
p p

N
effect on the outcome.

e Correlation values are in the [-1,1] interval.
* The greater positive(negative) the cor measure is, the more a
pattern is correlated with a positive (negative) utility.



A full example

Database
Sid <(Event.cost)> Utility
S; <(a:4)(b:2)(e:4)(c:4)(d:5)> Positive
S, <(b:3)(c:2)(f:1)(d:1)(e:2)> Negative
S, <(a:2)(f:2)(e:1)(c:3)(d:5)> Positive
S, <(a:2)(b:2)(c:1)(f:2)> Negative
Cost-effective patterns
minsup =3 Pattern support ‘average cost ‘ correlation
maxcost = 10 a 3 2.7 0.50
b 3 2.3 -0.50
C 4 2.5 0.89
d 3 3.7 0.99
e 3 2.3 0.19
f 3 1.7 0.50
ac 3 5.3 0.80
bc 3 4.7 0.76
cd 3 6.7 0.99




Problem 2
Mining cost-etfective patternsin
sequences with cost and numeric utility




Sequences with cost and numeric utility

* A sequence is an ordered list of events, each
having a cost value.

* The utility of a sequence is a numeric value where
a higher value indicates a higher benefit.

* Example: e-learning data

<(Event:cost)> Utility
S, <(a4)(b:2)(e:4)(c:4)(d:5)> 40
S, <(b:3)(c:2)(f:1)(d:1)(e:2)> 50
S; <(a:2)(f:2)(e:1)(c:3)(d:5)> 60
S, <(@2)(b:2)(c:1)(f:2)> 70

(e.g. score obtained at an exam)
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Utility of a pattern

Sid <(Event:.cost)> Utility
S1 <(a:4)(b:2)(e:4)(c:4)(d:5)> 40
S2 <(b:3)(c:2)(f:1)(d:1)(e:2)> 50
S3 <(a:2)(f:2)(e:1)(c:3)(d:5)> 60
S4 <(a:2)(b:2)(c:1)(f:2)> 70

The utility of a pattern is the sum of the utility of sequences
where it appears.

Utility of a pattern p: u(ab)= (40 + 70) /2 =55
su(Sy) v

ZPESsESADB Sequence 1 Sequence 3
[sup(p)|

u(p) =



Trade-off of a pattern

Sid <(Event:.cost)> Utility
S1 <(a:4)(b:2)(e:d)(c:4)(d:5)> 40
S2  <(b:3)(c:2)(f:1)(d:1)(e:2)> 50
S3  <(a:2)(f:2)(e:1)(c:3)(d:5)> 60
S4  <(a:2)(b:2)(c:1)(f:2)> 70

It is the ration between the cost and utility of a pattern p :

Trade-off of a pattern p: tf(ab) =5/55=0.09
2 () tf(cd) = 6.7 /50 = 0.13
tf(p) = € (0, +oo] .
u(p) Thus, pattern (ab) is more

Lower means more efficient. efficient than (cd).
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Problem 2: Finding all cost-effective patterns

Sid <(Event:cost)> SB[ A pattern p is cost-effective if:

S1 <(a:4)(b:2)(e:4)(c:4)(d:5)> 40 sup(p) = minsup
S2  <(b:3)(c:2)(f:1)(d:1)(e:2)> 50 ac(p) < maxcost
S3 <(a:2)(f:2)(e:1)(c:3)(d:5)> 60 u(p) = minu
S4 <(@:2)(b:2)(c:1)(f:2)> 70

‘ minsup=3 maxcost=10 minu =50
Utility:50  Utility:53  Utility:55  Utility:56  Utility:60
pattern tf ‘ pattern ‘ tf ‘ pattern ‘ tf ‘ pattern‘ tf ‘ pattern ‘ tf

e 005 b 004 c 050 a 005 f 0.03

d 0.07 bc 0.09 ac 0.09
cd 0.13
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wo algorithms:

CEPB and CEPN



Algorithms

* CEPB for Problem 1 (binary utility)
* CEPN for Problem 2 (numeric utility)

* Both algorithms explore the search
space using a depth-first search.

* Both algorithms adopt a « pattern-
growth » approach.

* To avoid exploring all possible patterns
some search space reduction
techniques are used 2

(a)

(ac) (ae)
X



Reducing the search space using the cost
Sid <(Event:.cost)> Utility
S, <(a4)(b:2)(e:4)(c:4)(d:5)>

S, <(b:3)(c:2)(f:1)(d:1)(e:2)>

S; <(a:2)(f:2)(e:1)(c:3)(d:5)>

S, <@2)(b:2)(c:1)(f:2)>

We propose a lower-bound on the average cost:

1
AMSC = Z Y
(p) minsup i=1,2,..,minsupC(p l)

where c(p,S;) are sorted in ascending order.

e.g. For minsup = 2
c(bc,S;)) =3  c¢(bc,S,) =5 c(bc,S;) =6

AMSC(bc) = (3+5) /2 = 4
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Properties of AMSC

1
AMSC = Z Y
(p) minsup i=1,2,..,minsupC(p l)

Properties of the AMSC:

I. Underestimation: The AMSC of a pattern p is smaller
than or equal to its average cost, AMSC (p) < ac(p)

Il. Monotonicity: Let p, and p, be two patterns,
If px cp, then AMSC(p,) < AMSC(p,)

lll. Pruning: For a pattern p, if AMSC (p) > maxcost, then
pattern p can be eliminated as well as its super-
seguences.

26



Reducing the search space using the utility

We use an upper bound on the utility of a pattern p in a numeric
DB:

upperu = — L Z u(p,S;)
MINSUP &=ii=1,2,..,n
<(Event:cost)> Utility
S, <(a:4)(b:2)(e:4)(c:4)(d:5)> 40
S, <(b:3)(c:2)(f:1)(d:1)(e:2)> 50
S;  <(a:2)(f:2)(e:1)(c:3)(d:5)> 60
S, <(a:2)(b:2)(c:1)(f:2)> 70

e.g. minsup = 2
u(abc,S;) =40 u(abc,S,) =70

1
upperu(p) = 5 (40 + 70) =55
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Properties of upperu:

1
— E S
“ppeTt MINSUp Lbj=12,., nu .5

I. Overestimation: The upperu of a pattern p is greater
than or equal to its cost, upperu(p) = u(p)

ll. Anti-monotonicity: Let p, and p, be two patterns,
If px © py then upperu(py) = upperu(p,)

lll. Pruning: For a pattern p, if upperu(p) < minutility,
then pattern p can be eliminated as well as its
supersets.
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The CorCEPB and CEPN algorithm

Pattern-growth: when considering a pattern p, the algorithms
project the database by the prefix p. Then, use this reduced
database to search for larger patterns that extend p.

<(Event:cost)> Utility

S, <(a4) (b:2) (e:4) (c:4) (d:5)>
S, @3) d2) (1) 1) (@e2)>
S; <(a:a (f:2) (e:1) (c:3$(d:5)>
S <(@:2) (b:2) (c:1\ (f:2)>

. J )

— N

Sid <(Event:cost

Sid <(Event:cost)> Utility )> Utility
S, <(b:2)(e:d)(c:4)(d:5)> S; <(d:5)>
S,  <(3)d2)ENC(Ee2)> .. S, <(e2)>
S; <(d:5)>
S;  <(f:2)(e:1)(c:3)(d:5)> S <(2)>
S, <(b:2)(c:1)(f:2)> 4 :
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Algorithms

(@) (D)
ﬂ\‘ T~
(@ (b c <e> (@ (by (o (e

(ab) (ac) (ae) )/\(b c)

o x o

b ac  occup co sup(p) = minsup A
3 |27 |022 |05/ AMSC(p) < maxcost A

b |3 23 |0.22 |-0.5/ : Ly
upperu(p) = minutility

3 2.67 0.11 56.7

b 3 2.33 0.11 53.3
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Projected Database Buffer

e Summary List (sumlList)

sumlList is a list of summaries sumlList = {sy, Sy, ..., Sy, }, @ach summary is a triple of the form
{pattern, startinx, endInx} indicating a pattern used to perform a database projection, and two
positive integers startinx and endInx indicating that the projected database is stored from the
startinx® record to the (endinx - 1)%" record of the pdList structure.

* Projected Database List (pdList)

pdList is an array of elements pdList = {e,, ey, ..., €,}, each element is a triple {seqld, follnx, cost}
storing the identifier seql/d of a projected sequence, an integer startindex indicating the position in
the original sequence where the projected sequence starts, and the pattern’s cost in that sequence.

. pattern: a b c e
Sum LISt startInx: 0 3 6 8
endInx: 3 6 8 10

pdList | foim:

cost:

N B
RN
N W
ANER
QWN
WNW
[« IV
N AW
BANN
W




§ +— |

pattern: | a | b | ¢ | &

startlnx: | 0 3 6 8

endInx: 3 6 8 | 10
seqld: 1 (2|3 |12 (3|13 |2]3
follnx: 1 1 1 2 3 2 3 4 213
cost: 2 5 2 4 8 3 9 2 4 | 4

Figure 3: Projected Database Buffer containing the projected databases of

{ay, (b}, {c) and (e}

v
pattern: | a | b | bc | e
startlnx: | 0 | 3 | 6 | 8
endInx: 3|6 g | 10
seqld: 12 (3|12 ]3]1]3])]2]|3
follnx: 1 (11|23 |2 |3|4]|2]|3
cost: 2 5|1 2| 4 8 | 3 [13]| 5 4 | 4

Figure 5: Accessing the next pattern {b) in sumList[1], and then inserting
PDypey in pdList[6, 8)

4
pattern: | a | ab | ac | ae
startlnx: | 0 | 3 6 8
endInx: 3 | 6 8 |10
seqld: 1|23 |1|2|3|]1]3]2]3
follnx: 1 /1|1|2|3|]2|3]|4]|2]|2
cost: 2 5|1 2|6 |13 |5 |11 4 9|6

Figure 7: Accessing the next pattern {a) in sumList[0], and then insert-
ing PDypy, PDyacy and PDy.y in pdList[3, 6), pdList[6, 8), pdList[8, 10),

respectively

v 4
pattern: [ @ | b | ¢ | e
startlnx: | 0 | 3 | 6 | 8
endInx: 3 6 8 | 10
seqld: 112|3|1(2|3|]1]3]|2
follnx: 1 1 (1] 2 3|12 |3 | 4] 2
cost: 2 512 ]| 4 8 | 3|69 2 4

Figure 4: Accessing the next pattern {c) in sumUList[2]

¥
pattern: | a | b | bc | e
startlnx: [ 0 | 3 6 8
endlnx: | 3 | 6 | 8 | 10
seqld: i|/2|3 |12 ]|3|1)] 3|2
follnx: 1 /1|12 )3|2]3 4 | 2
cost: 2 5|1 2| 4 8 3 113| 5 4

Figure 6: Accessing the next pattern (bc) in sumList[2]

v :
pattern: | a | ab | ac | ae
startlnx: [ O | 3 | 5 | 7
endlnx: | 3 | 5| 7 [ 9
seqld: 1 /2 |3|1|2(|3|]1]3]2
follnx: 1 /11|23 (|2|3|4]|2
cost: 2 |52 |6 |18|5 (11| 4 | 9

Figure 8: Accessing patterns (ae). {ac) and (ab) from sumList[3] to

sumbList[1]




Experiments-Runtime of corCEPB
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Figure 3-3: Runtime of corCEPB when increasing the maxcost threshold-



Experiments - Runtime of CEPN
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Figure 3-4: Runtime of CEPN when increasing the maxcost threshold«



Experiments- Memory usage(1)

Table 11: Memory comparison of CEPB, corCEPB and CEPN on the Bible dataset

| maxcost | 30 | 35 | 40 | 45 | 50 |
| Algorithm | ASC | AMSC+Buf | ASC | AMSC+Buf | ASC | AMSC+Buf | ASC | AMSC+Buf | ASC | AMSC+Buf |
|CEPB  |2139 2102|4179 | 3005 [4189 | 3019|4194 | 3030|4193 3038 |
| corCEPB | 596 174| 847| 307|123 943 | 2150 | 1061 | 3052 | 2109
|CEPN | 1964 5924152 | 1122|4151 | 1188|5377 2156 | 5384 | 3889 |

Table 12: Memory comparison of CEPB, corCEPB and CEPN on the BMS dataset
| maxcost | 90 95 | 100 105 | 110 |
| Algorithm | ASC | AMSC+Buf | ASC | AMSC+Buf | ASC | AMSC+Buf | ASC | AMSC+Buf | ASC | AMSC+Buf |
|CEPB | 4228 32894223  3289|5616| 4112|5604 4112|6028  4112]
|corCEPB [4170| 32914203 3292|4171 3292|4211  3289|4216| 3289
|CEPN 4226 3288 |4227| 3291|4235 | 3292|4238 | 3292|4241 | 3292
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Experiments- Memory usage (2)

Table 13: Memory comparison of CEPB, corCEPB and CEPN on the FIFA dataset

maxcost 3 10 15 20 25

Algorithm | ASC | AMSC+Buf | ASC | AMSC+Buf | ASC | AMSC+Buf | ASC | AMSC+Buf | ASC | AMSC+Buf
CEPB 194 190 262 191 | 262 191 263 191 262 191
corCEPB | 194 190| 262 193 | 281 193| 263 193] 264 193
CEPN 194 190 26l 193] 281 193] 263 193] 264 193

Table 14: Memory companson of CEPB, corCEPB and CEPN on the SIGN dataset

maxcost 10 15 20 25 30

Algorithm | ASC | AMSC+Buf | ASC | AMSC+Buf | ASC | AMSC+Buf | ASC | AMSC+Buf | ASC | AMSC+Buf
CEPB 2139 857 | 4185 2034 (4188 2170|4203 2161|4205 3387
corCEPB | 605 13211122 2932142 1116|3071 212414227 3357
CEPN 599 21711074 4451204 55712174 8554244 3243
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Case study 1: binary e-learning session sequence

Database

e 115 students

* A sequence is a series of learning
sessions using the Deeds e-learning
system.

* Six sessions: el, e2... e6

* Cost: time to complete a session.

 Utility: to pass or fail the final exam.

Data obtained from
https://archive.ics.uci.edu/ml/datasets/Data+for+Softwa
re+Engineering+Teamwork+Assessent+in+Education+
Setting by Vahdat
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Some patterns found

Pattern Correlation  Average Cost  Support
(e), ) 0.210 250.2 39
(e),e,es,¢6) 0.209 485.7 34
(€2, €6) 0.208 298.4 41
(e1, e, ¢e6) 0.204 391.9 36
(e1,es,€g) 0.194 344.3 37
(e6) 0.193 157.2 50
(e),e4) -0.004 169.1 41
(e}, es) 0.002 186.0 41
(e>,€3) 0.001 284.1 40
(e3, ey, €5, €6) 0.001 469.5 40
(e, es,€5) 0.003 263.2 38
(e;,e>,€4) -0.003 311.5 36
(e2, e3,e4) -0.005 358.2 38
(es) -0.147 96.3 53
(e4, €5) -0.109 171.0 49
(e1,e3) -0.099 234.6 37
(e1,e3,es) -0.081 311.2 35

—

—

Positive correlation

Correlation~ 0

negative correlation
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Case study 2: numeric e-learning activity sequence

« A sequence is the learning activities of a learning session.
 Cost: the time to complete an event.
« Utility: is the score obtained at the final exam.

minsup = 0.1 and maxcost = 100

For Session 6, the average score is 14.

The most efficient pattern to obtain this score is (DeedsEs 6 2),
which has a trade-off of 0.63.

For Session 5, to obtain the average score of 6 the most
efficient pattern is (Study Es 5 2), having a trade-off of 1.35.
For Session 4, the average score of 14 is obtained with the
pattern (Study Es 4 2) having a trade-off of 0.71



Some patterns found

Utility Pattern trade-off Average Cost Support
1 (Study_Es 6.1, 8 tudy Es 6.1, Study_Es 6_1) 48.0 57.6 5
2 (Study_Es 6.1, Study_Es 6.1, Srudy_Es_6_3) 15.0 33.0 5
4 (Study_Es 6_1,5tudy_Es 62,5 tudy_Es 6.2} 7.0 32.8 6
5 (Study _Es 6_1,Study_Es 6_1) 5.1 27.6 9
6 (Study Es 6_1,5tudy_Es 6.1, Deeds Es 6_1) 6.0 40.5 6
7 (Study_Es 62, Srudy_Es 6.2) 29 20.7 11
8 (Studv Es 6.2 Studv_ Es 62, Deeds _Es 6.2) 3.6 31.3 6
9 (Study Es 6.1) 1.2 11.0 20
10 (Studv_Es 6_1, Deeds _Es 6_2) 2.1 21 13
11 (Study_Es 62,5 tudy_Es_6.3) 1.56 18.2 16
12 (Study_Es.6.2) 0.69 8.9 25
13 (S tudy_Es_6_3) 0.64 8.52 25
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Conclusion

We have presented:

* A novel problem of mining cost-efficient patterns in
sequences with cost and utility information,

* Two algorithms: CorCEPB and CEPN
* AMSC-lower bound on cost.

* Upper-bound on utility.

* Optimizations

* A case-study with e-learning data.

Source code and datasets available in the SPMF data
mining library. . .

SIS
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Introduction

An Open-Source Data Mining Library

Introduction

Algorithms
SPMF is an open-source data mining mining library written in Java, specialized in pattern mining.

Download
It is distributed under the GPL v3 license.
Documentation
[t offers implementations of 120 data mining algorithms for:
Datasets
e association rule mining,
FAQ * itemset mining,
_ e sequential pattern mining,
License e sequential rule mining,
_ e sequence prediction,
Contributors e periodic pattern mining,
L e high-utility pattern mining,
Lilanans . clfstering alfd classiﬁcatioi
Performance

The source code of each algorithm can be easily integrated in other Java software.

Developers' guide

Moreover, SPMF can be used as a standalone program with a simple user interface or from the command line.

Eonm SPMF is fast and lightweight (no dependencies to other libraries).
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@@(jjjfj’ Running an algorithm

Choose an algorithm:

(CM-SPAM

Choose input file shake_ 192 converted bd
Set output file test bt
Choose minsup (%): |IZI.EIE |
Min pattern length (optional): |4 |
Max pattern length (optional): | |
Required items (optional): | |
Max gap (optional): | |
Show sequence ids? (optional): | |
Open output file:

using SPMF viewer [ ] using text editor

| Run algorithm

-]
-]

(e.g. 0.5 or 50%)
(e.g. 1items)
(e.g. 10 items)
(e.g. 1,2,3)

(e.g. 1item)

(default: false) D i scoveres

l patterns

| = | SPMF - Pattern vizualization tool

Wlogorithm is runninag...

Totaltime ~135ms

Frequent sequences count : 447

Max memory {mi) - 39.53382110593703447
minsup 157

Intersection count 2141

Eo=——======== Cf-5PAM w0 97 - STATISTICS =============

Patterns:
Fattern #EUP:
212121241 163 =
2-12-12-12-12-1 160 L
12121241241 157 —
12-12-110-1 162
12-13-1 160
-1 2-16-1 163
2-12-12-16-12-1 163
2-12-12-110-1 163
2-12-12-110-1241 160
2-12-12-110-12-1241 158
2-12-12-110-1341 157
2-12-12-110-16-1 160
2-12-12-110-117 -1 161
2-12-12-110-117-16-1 158
2-12-12-110-119-1 158
2-12-12-115-1 161
2-12-12-115-1241 160
2-12-12-117-1 163
2-12-12-117-1241 159
21212117161 161
2-12-12-117-16-12-1 158
2-12-12-118-1 159
2-12-16-12-1 163
2-12-16-12-12-1 158
2-12-16-12-16-1 163
2-12-16-12-110-1 158
2-12-16-16-1 163 =
Number of patterns: 447
File name: test.txt File size (MB): 0,0152 Last modified: 2016-08-05, 11:08

Search:
| 3

Apply filter(s):

Add a filter

Remove selected filter

Remove all filters

Export current view to:

SPMF format :

http://www.philippe-fournier-viger.com/spmt/
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Thank you!



Occupancy of a pattern

<(Event:.cost)>
S, <(a:4)(b:2)(e:4)(c:4)(d:5)>

S, <(b:3)(c:2)(f:1)(d:1)(e:2)>
S; <(a:2)(f:2)(e:1)(c:3)(d:5)>
S, <(a:2)(b:2)(c:1)(f:2)>

* The occupancy of a pattern is the sum of the ratio of events
covered by the pattern in each sequence, divided by the
support.

e e.g. occup(ab) = (% + z) / sup(ab) = 0.45

Sequence 1 Sequence 4

This measure is used to remove patterns that are short and non-
representative of the containing sequences.



Reducing the search space using the occupancy

We use an upper bound on the occupancy of a pattern p:

sup(p)

1 psl[S;] + ssl[S;]

- max

sup(p)  SuSsup(p) sl[S;]
i=1

uo(p) =

where psl[S], ssl[S] and SI[S ] is p’s length in S, the length of the
subsequence after pin S, and S/'s length, respectively.

e.g. minsup = 2,p =(a, b, c)
psl[S,]=psl,[S,]=3,ssl[S,]=1, ssl[S,]=1,
sl[S,]=5, sl[S,]=4, i <(Event:cost)> Utility

wo(p) = - (3+1 n 3+1) _0g Si <(a4)(b:2)(e:4)(c:4)(d:5)>
2N5 4 S, <(b:3)(c:2)(F:1)(d:1)(e:2)>

S; <(a:2)(f:2)(e:1)(c:3)(d:5)>

S, <(a:2)(b:2)(c:1)(f:2)>




Properties of uo

sup(p)

1 z psl[S;] + ssl|S;]
uo(p) = - max

sup(p) Su-Ssup) sI[S;]
=1

I. Overestimation: The uo of a pattern p is greater than
or equal to its occupancy, uo (p) > occup(p)

Il. Anti-monotonicity: Let p, and p, be two patterns,
If px © py then uo(py) = uo(py)

lll. Pruning: For a pattern p, if uo(p) < minoccup, then
pattern p can be eliminated as well as its supersets.
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Problem 1: Finding all cost-effective patterns

A pattern p is cost-effective if

S, <(@4)(b:2)(e:d)(c:4)(d:5)> Positive sup(p) = minsup
S, <(b:3)(c:2)(f:1)(d:1)(e:2)> Negative
S; <(a:2)(f:2)(e:1)(c:3)(d:5)>  Positive
S, <(a:2)(b:2)(c:1)(f.2)> Negative

ac(p) < maxcost

occup(p) = minoccup

And we measure the correlation of a pattern p with the desirable
outcome:

cor(p) = € [—1,1]

ac(D{,’) — ac(Dlj) |D;||DI;|
Std |D; U D, |

a positive correlation is desirable

Pattern ‘ support ‘ average cost ‘correlation‘
<ac> 3 5.3 0.80
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Problem 2: Finding all cost-effective patterns

Sid <(Event:cost)> SB[ A pattern p is cost-effective if:

S1 <(a:4)(b:2)(e:d)(c:4)(d:5)> 40 sup(p) = minsup

S2  <(b:3)(c:2)(f:1)(d:1)(e:2)> 50 ac(p) < maxcost

S3 <(a:2)(f:2)(e:1)(c:3)(d:5)> 60 occup(p) = minoccup
sS4 <(a:2)(b:2)(c:1)(f:2)> 70 u(p) = minu

‘ minsup=3 maxcost=10 minu =50
Utility:50  Utility:53  Utility:55  Utility:56  Utility:60
pattern tf ‘ pattern ‘ tf ‘ pattern ‘ tf ‘ pattern‘ tf ‘ pattern ‘ tf

e 005 b 004 c 050 a 005 f 0.03

d 0.07 bc 0.09 ac 0.09
cd 0.13
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Visualization and Interpretability

<e,eg> <e,ec> <e,,e;>

guding g

o EESEET GG EEFENEERL
cor(<e,e,>)=0.210 cor(<e,e:>)=-0.109 cor(<e,,e;>)=0.001

positive correlation negative correlation no correlation
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<Study_Es_6_2> <Deeds_Es_6 _1>
<Deeds _Es_6_2> <Deeds_Es_6_2> <FSM_Es_6_3>
<Study Es_6 3> <Study_Es_6_3><Study_Es_6_3> <Study _Es_6_3><Study_Es_6 _3>

g ——
NRIRR

tr(<Study Es 6 2><Deeds Es 6 2><Study Es 6 3>)=1.74,
cost / utility=15/ 27

tr(<Deeds_Es 6 1><Deeds Es 6 2><Study Es 6 3><Study Es 6 3>)=1.35,
cost / utility=21/ 28

tr(<FSM_Es_6_3><Study Es 6 3><Study Es 6 3>)=4.5,

cost / utility=21/94.8 -
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Fig. 3. skyline pattern from CEPDO

Trade off
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Fig. 4. skyline pattern from CEPHU
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