Big Data Management and Analytics
Assignment 8




Finding similar items

Suppose that the universal set is given by {1,...,10}. Construct minhash
signatures for the following sets:

(@) S, = {3,6,9}
(b) S, = {2,4,6,8)
(C) 53 — {2,3,4‘}

1. Construct the signatures for the sets using the following list of
permutations:

- (1,2,3,4,5,6,7,8,9,10)
« (10,8,6,4,2,9,7,5,3,1)
- (4,7,2,9,1,5,3,10,6,8)



I.  Create first a characteristic matrix for
each permutation

(a) Set one column with the shingles L

(b) Set columns for each document 2 L
(c) Fill the document columns by setting a 1 3 |
where there is an occurence for each shingle, 4 0
and 0 else 5 0
6 1
7 0
8 0
9 1
10 0

0
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I.  Create first a characteristic matrix for each permutation

m Element S, |5, 15, m
0O 0 O

1 0 10 4 1
2 o 1 1 3 0O 1 O / 0O 0 O
3 1T 0 1 6 1T 1 0 2 0O 1 1
4 o 1 1 4 o 1 1 9 1T 0 O
5 0O 0 O 2 0O 1 1 1 0O 0 O
6 1T 1 0 9 1T 0 O 5 0O 1 O
/ 0O 0 O 7 0O 0 O 3 1T 0 1
8 0O 1 O 5 0O 0 O 10 0O 1 O
9 1T 0 O 3 T 0 1 6 T 1 O
10 0O 0 O 1 0O 0 O 8 0O 1 O

1st permutation 2nd permutation 3rd permutation
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il.  Compute the minhash for each permutation

Element |5, |5, 15
0 O

1 0

2 0

3 (D 0o 1 Select the first occurence of 1 per set
b and get the elements at which they can

4 gt be found

5 0O 0 O

6 1 1 0 Which leads to the following minhash:

h($;) =3

7/ 0O 0 O h(S,) = 2

9 1T 0 O

10 0O 0 O

1st permutation



Compute the minhash for each permutation

10 0O 0 O

2nd permutation

8 0 0
6 (@1 0
4 0 1

2 0 1 1
9 1.0 0
7 0 0 O
5 0 0 O
3 1T 0 1
1 0 0 O

The same procedure for the 2nd
permutation...

h(S,) = 6
h(S,) = 8
h(Ss) = 4
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il.  Compute the minhash for each permutation

Element S, |5, 15,

4 0

7 0 O :
...and for the 3rd permutation

2 0 1

9 0 Which leads to the following minhash:
h(S;) =9

1 1

0O 0 O h(s,) = 4

5 0O 1 O h(S;) = 4

3 T 0 1

10 O 1 0 This yields the following signatures:

6 17 1 0 S1G(S1) = {3,6,9}

5 T SIG(S,) = {2,8,4)

SIG(Ss) = {2,4,4)
3rd permutation



2. Instead of using the previously given permutations use hash functions:

h{(x) = x mod 10
h,(x) = (2x + 1) mod 10
hs;(x) = (3x + 2) mod 10




2. Instead of using the previously given permutations use hash functions:

I. Set up a table:

1 0

0 0
2 0 1 1
3 1 0 1
4 0 1 1
5 0 0 0
6 1 1 0
7 0 0 0
8 0 1 0
9 1 0 0
10 0 0 0



Ii. Compute the hash values (except for zero-rows):

1 0 - _ .

0 0
2 0 1 1 2 5 8
3 1 0 1 3 7 1
4 0 1 1 4 9 4
5 0 0 0 - - -
6 1 1 0 6 3 0
7 0 0 0 - - i
8 0 1 0 8 7 6
9 1 0 0 9 9 9
10 0 0 0 - - i
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lii. Create a table for all hash functions and sets and initialize them with
infinite distance:

H

1

2 01 1 2 5 8

3101 3 7 1 US| S S5
4 0 1 1 4 9 4 R
slelolal = | = | - LI N
slalalel e | 2| a hy  ®»  ®  ®
7lelelel « | - | -

8 01 0 8 7 6

9 1 0 0 9 9 9

10000___

11
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lii. Create a table for all hash functions and sets and initialize them with
infinite distance:

e 151 1S, S5 () Iy (x)
0 O -

Update only §,, S5!

1 0 S,: Sy
2 0 () O 2 5 8 min(co, 2) = 2 min(co, 2) = 2
LR R R e o
4 0 1 1 4 9 4

5 0 0 O - - -

6 1 1 0 6 3 0 Update of 2nd row:

8 0 1 0 8 7 6 h4 © 2 2

9 1 0 0 9 9 9 h, o 5 5

™ 0 0 O - - - hs o 8 8

12
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lii. Create a table for all hash functions and sets and initialize them with
infinite distance:

e 151 1S, S5 () Iy (x)
0 O -

1 0 :
2 0 ] g
3@ o @ 3 7 1
4 0 1 1 9 4
5 0 0 O - - _
6 1 1 0 6 3 0
/7 0 0 O - - _
g 0 1 O

9 1 0 O

Update only 55, 53!

51 S3:
min(co,3) =3 min(2,3) = 2
min(co,7) =7 min(5,7) =5
min(e,1) =1 min(8,1) =1

Update of 3rd row:

(51085 |85
hq 3 2 2
h; 7 5 5

hs; 1 8 1

13
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lii. Create a table for all hash functions and sets and initialize them with
infinite distance:

e |57 1S, |83 b () [y () |3 (%)
0o 0 - - _—

1 0

2 0 1 1 2 8
3 1 0 1

< ~

4 0 W@ 4 4
5 0 0 0 - i i
6 1 1 0 6 3 0
7 0 0 0 - - i
8 01 0 8 7 6
9 1.0 0 9 9 9
.0 0 0 - i i

Update only §,, S5!

S, Ss:
min(2,4) = 2 min(2,4) = 2
min(5,9) =5 min(5,9) =5
min(8,4) = 4 min(1,4) =1

Update of 4th row:

AR
h, 3 2 2
h, 7 5 5

hy 1 4 1

14
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lii. Create a table for all hash functions and sets and initialize them with
infinite distance:

e |57 1S, |83 b () o () |3 (%)
o0 - - -

1 0

2 0 1 2 57278
3 1 1
4 0 4
5 0 i
6 W@W o 6 3 o0
7lelolal - | - | -
8 01 0 8 7 6
9 1 0 0 9 9 9
“ 9 0 0 - - -

Update only §;, 55!

51: Sz:
min(3,6) = 3 min(2,6) = 2
min(7,3) = 3 min(5,3) = 3
min(1,0) =0 min(4,0) =0

Update of 6th row:

51155
h 3 2 2
h, 3 3 5

hy 0 0 1

15
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lii. Create a table for all hash functions and sets and initialize them with
infinite distance:

e |57 1S, |83 b () o () |3 (%)
o0 - - -

1T O

2 0 1

3 1 0

4 0 1

5 0 O

6 1 1

/ 0 O

/7

8 0 1 8 7/ 6
9 1 0 9 9 9
10 0 0 _ _ _

Update only S5!

S,
min(2,8) = 2
min(3,7) = 3
min(0,6) = 0

Update of 8th row:

- [S1 ]S, [Ss ]
hy 3 2 2

h;
h3

3
0

3
0

5
1

16
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lii. Create a table for all hash functions and sets and initialize them with
infinite distance:

e |57 1S, |83 b () o () |3 (%)
o0 - - -

Update only §;!

1] ¢ Sy

2 0 min(3,9) = 3

3 1 min(3,9) = 3

40 min(0,9) =0

5 0

6 1 Update of 8th row:

7 0 51 ]S S5
8 0 8 7 6 hy, 3 2 2
o Gy 9 9 9 h, 3 3 5
10 - - i hy 0 0 1

17



ii. Create a table for all hash functions and sets and initialize them with

infinite distance:
(515, |Ss |

h 3 2 2
h, 3 3 5
kg 0 0 1

This yields the following signatures:
SIG(S,) = (3,3,0)
SIG(S,) = (2,3,0)
SIG(S;) = (2,5,1)



3. How does the estimated Jaccard similarity from (1.) and (2.) compare
with the true Jaccard similarity of the original data? How to reduce
deviations in the approximated Jaccard similarities?

RECAP: Jaccard similarity:

— |D1NDy|
d]accard(Dlez) ~ |D,UD,|




RECAP: Jaccard similarity:

|D1NDy|
d]accard(Dl:DZ) [D{UD,|

(@) S; = {3,6,9}

I. Actual Jaccard similarity: (b) S, = {2,4,6,8}
(c) 53 = {2;3)4}
--
' 1/ 6 /s
S - 2/




(@) S; = {3,6,9}

ll. Permutation estimated Jaccard similarity: (b) S, = {2,8,4)
(c) S5 = {2,4,4)
--
i 6 0/ 5
SZ - - 2/3




(@) S; = {3,3,0}

lil. Hash estimated Jaccard similarity: (b) S, = {2,3,0}
(C) S3 - {2,5,1}
--
- s
SZ - - 1/5




lv. Comparison:

Actual J. similarity Perm. est. J similarity Hash. est. J similarity
-- s s, s, s 1S [

Y s 51 - | Y5 | e 51 ' 2/3 /3

S, : - 2 S, - -2, S, : 1/

Ss : - - S3 - - - S3 : - -

Estimation of the actual J. similarity is rather poor, why?

= Too small minhash vectors. Get more permutations of the universal set or
more hash functions to extend the minhash vectors!
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For each discovered cluster, assign a unique
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3 14 |5 6 |7 |8 19 110 |11 |12

t 1|2

P

@] ) () |

initPoints = 6

Factor of clu radiust=15

For each discovered cluster, assign a unique
ID and create ist micro-cluster summary.

CFT, = (CF2%,CF1%,CF2¢t,CF1t,n)

12 +2%\
12412)

1 N o
//// )ﬂ23456789mﬂ12
1+2=3

12422 =5
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t 1|2

1 2 4 4 10\ | /9
") )66 )G
* InitPoints =6
e (= 3 1
« Factor of cluradiust=5 }
For each discovered cluster, assign a unique
ID and create ist micro-cluster summary.
CFT; = ) (3 53,2
1 _( 2 ) 2 )y I, )

center = (3)/2 = (1i5)

y1§34567891o1112

)

NWPRAOUIONJ 00O

o

1 (e

3) (i2) () (

S
®1

L
11
12

) (

4
2

3 14 |5 6 |7 |8 19 110 |11 |12
12

)
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CFT, = ( > , > ,5,3,2)
2 2 12

11
radius = jICF2X|/n _ (ICFl"I/n)2 12 [’I_\I
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For each discovered cluster, assign a unique
ID and create ist micro-cluster summary.

e o e
1 5 3 5 3 2 1.5\ 0.5
2 2 1

Assignment 8-2 - CluStream

NWPRAOUIONJ 00O
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S
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1 |2 3 4 15 |6 |7 I8 |9 |10 |1 |12
D600 EHHE e

e InitPoints=6

* g=3 12
« Factor of clu radiust=5 1(1)
For each discovered cluster, assign a unique g ’\:\,
ID and create ist micro-cluster summary. 7 / T
6
CF2X |CF1X |CF2! |CF1! cen |rad 5 |
@ [CCP R Jor | ncen [rac IS Kire
1 (5\ (3 5 3 2 (15| 05 3 PRI
2 2 1 2= =
2 (32)(8) 25 7 2 (4) 0.5 14247
145/ \17 8.5 0°123456789101112
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1 |2 3 4 15 |6 |7 I8 |9 |10 |1 |12
D600 EHHE e

e InitPoints=6

*q=3 12
« Factor of clu radiust=5 18
For each discovered cluster, assign a unique g ’\§\,
ID and create ist micro-cluster summary. 7 r
6
oo Lo T .
4 o
1 (5\ (3\ 5 3 2 (15\ 05 3 ‘\.° =
2) \2 1 2=t / =
2 (32)(8) 25 7 2 (4) 0.5 19097
145) \17 8.5 0123456789101112

3 [(181)\ /19 61 11 2 9.5\ 0.7 o:= centroids
25 7 3.5
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1 12 |3 la |5 lo |7 |8 |9 |10 |1 |12
)06 MmO EEme

e InitPoints=6

* 9=3 12

« Factor of clu radiust=5 13
Compute distance between point p and each g
of the g maintained micro-cluster centroids. | 7
6

5

d;5(Cy,p) = 2.06 3
sz(Cz,p) = 5.85 2
di2(Ca,p) = 7.51 )
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1 12 |3 la |5 lo |7 |8 |9 |10 |1 |12
)06 MmO EEme

e InitPoints=6

*q=3 12

« Factor of clu radiust=5 13

Select a cluster clu as the closest g
micro-cluster to p. 7
6

5

[d,,(C,,p) = 2.06] 3
sz(Cz,p) == 585 2
d;,(C3,p) =751 2)

39



w

DATABASE ASSignment 8_2 - CIUStream

SYSTEMS
GROUP

1 12 |3 la |5 lo |7 |8 |9 |10 |1 |12
DO OEORIGHHM e

e InitPoints=6

* q=3 12
« Factor of clu radiust=5 13
Find the maximum boundary of clu g ’\—g\,
= factor of t of clu radius=5-0.5 = 2.5 7 TG,
6
> p:
|dL2(C1:p) = 2-06| 4 senede, (o
30 D & _[7
is p within the maximum cluster boundary of C;? .2 S C3
(.OO, C

(x xclcentrmd) +(y yclcentmd) < (t radc1)2? "-&
(2-152%+B-132<(5-05)2?

40



