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Summary

e Indexing problem
e Orchard’s algorithm (1991)
e Fatal flaw: quadratic space complexity

e \We propose:

e Anyspace framework and Autocannibalistic
algorithm

o Flexible in memory size




Orchard’s Algorithm



Triangular Inequality

e DisT(a, g)=d Is calculated
e DisT (a, b) prior information
e Dist(b,q) >
DIST (a, b) - DIsT (a, q)
e Prune criteria:

DisT (a, b) > 2d

m=) DisT (b, q)>d

[non-nearest nghlwh




Orchard’s algorithm Example
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Dataset D
XY
a, | 1 |10
a | 1| 2
a; | 2 | 2
a, | 6 |5
a: | 9 | 8
ag | 6 | 10
a; | 9|10




Data Structure: eel:
sorted list of neighbors %
ltem 1St_NN 2”d_ NN 3rd_NN 4”‘_ NN 5th_NN 6th_NN

{dist} {dist} {dist} {dist} {dist} {dist}
d
d,
ds
a,
s
g
ay




Data Structure: eecs
sorted list of neighbors 2
o | LENNC| 2NN | 39NN | 4% NN | 5NN | 67 NN

{dist} {dist} {dist} {dist} {dist} {dist}
a, |6{50}4{r1} 2{80}| 7{8.0} | 3{8.1} | 5{8.2}
d,
ds
a,
s
g
d7




Data Structure:

sorted list of neighbors

ltem 1St_NN 2“0'_ NN de_NN 4”‘_ NN Sth_NN 6th_NN

{dist} {dist} {dist} {dist} {dist} {dist}
a, |6{50}4{r1} 2{80}| 7{8.0} | 3{8.1} | 5{8.2}
a, |3{10}|4{58} |1{8.0}| 6{9.4} |5{10.0} | 7{11.3}
a;, |2{1.0}| 4{50} [1{8.1}| 6{8.9} | 5{9.2} | 7{10.6}
a, |5{4.2} | 3{50} |6{50}| 2{58} | 7{5.8} | 1{/.1}
a: | 7{2.0} | 6{3.6} [4{4.2} | 1{8.2} | 3{9.2} |2{10.0}
a; | 7{3.0} | 5{3.6} | 1{5.0}| 4{5.0} | 3{8.9} | 2{9.4}
a; |5{2.0} | 6{3.0} [4{58}| 1{8.0} |3{10.6} |2{11.3}




000
0000
0000
o006
0000
. 3
orithm Example
34NN [ 4" NN | 5"NN | 60NN
{dist} | {dist} {dist} | {dist}
2 {8.0}| 7{8.0} | 3{8.1} | 5 {8.2}
1{8.0}| 6 {9.4} |5 {10.0}|7 {11.3}
1{8.1}| 6 {8.9} | 5 {9.2} |7 {10.6}
6{5.0}| 2{5.8} | 7{5.8} | 1 {7.1}
4{4.2}| 1{8.2} | 3{9.2} |2 {10.0}
1{5.0}| 4 {5.0} | 3 {8.9} | 2 {9.4}
4 {5.8}| 1 {8.0} |3 {10.6}|2 {11.3}




Orchard’s algorithm

e Simple
e Parameter free

e Drawbacks?




Data Structure: 3

o | 1NN | 20 Ww t 6" NN
sty | @S Quadratic Space t}

a, —

a, =~ S~ {M

N g%-’

Ay

ds

dg

dz




Observation

e Same structure

e Data redundancy
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Extreme Case

e Same structure

e Data redundancy

e o
2 3

1 2 3 456 7 8 9 10

00
00
o0
o
ttem | NN [ 2NN | 3NN | 47 NN | 5"NN | 6" NN

eM | rdisty | gdist} | {disty | {dist} | {disty | {dist}

a, | gotoag

a, |gotoa,

a, | gotoa,

a, |5{4.2}|3{5.0}|6{5.0}|2{5.8} | 7{5.8} | 1{7.1}

as; | gotoa,

a; | gotoa,

a, | gotoa,




000
000
o0
[
Method
e Calculate available memory
e Delete “redundancy” lists
e Anyspace framework
— ]
S 1
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100% | 80% ‘ 60% ‘ 40% | 20% | 1%

Space



o000
0000
0000
o000
o0
Method :
15t NN 2nd NN 3rd NN 4th NN 5th NN 6th NN ltem 1StNN | 2d NN | 39NN | 4t NN 5th NN 6t NN
ltem {dist} |{dist} |{dist} |{dist} | {dist} | {dist} {dist} | {dis} | {dist} | {disty | {dist} | {dist}
1 |6{5.0}|4{7.1}|2{8.0}| 7 {8.0} |3{8.1}|5{8.2} a; | gotoag
2 |3{1.0}|4{5.8}|1{8.0}| 6 {9.4} |5 {10.0}|7 {11.3} a, |gotoa,
3 [2{1.0}|/4 {5.0}|1 {8.1}| 6 {8.9} | 5 {9.2} |7 {10.6} a; |gotoa,
4 |5{4.2}|3{5.0}|6 {5.0}| 2{5.8} | 7{5.8} | L {7.1} a, |5{4.2}3{5.03|6{5.0}| 2{5.8} | 7{5.8} | 1{7.1} |
5 |7{2.0}|6 {3.6}|4 {4.2}| 1{8.2}|3{9.2} |2 {10.0} as | gotoa,
6 |7{3.0}/5{3.6}|1{5.0}4{5.0}|3{8.9}|2{9.4} a; | gotoa,
7 |5{2.0}/6 {3.0}|4 {5.8}| 1 {8.0} [3{10.6}{2 {11.3} a; | gotoa
Full Space Minimum Space
[ | | \ —
C_G = _|
-
2 I _ _
& GE) - Truncation .
2= Level Chosen -
& - / | 2
O —
100% 80% 60% 40% 20% 1%



Modifications of Index

e Reorder the lists

ltem | 1UNN | 20d NN | 3NN | 40 NN 50NN | 60 NN
{dist} | {dist} | {dist} | {dist} | {dist} | {dist}
6{50} | 4{7.1} | 2{8.0} | 7{8.0} | 3{8.13 | 5{8.2} |,
3{1.0} | 4{5.8} | 1{8.0} | 6{9.4} |5{10.0} |7 {11.3} }=.;
2{1.0} | 4{5.0} | 1{8.1} | 6{8.9} | 5{9.2} | 7 {10.6} | 7
5{4.2) | 3{5.0} | 6{5.0} | 2458} | 7{5.8} | 1{7.1} | "
7{2.0} | 6{36} | 4442} | 1{8.2} | 3{9.2} |2{10.0} |+ :
7{30} | 5{36} | 1{5.0} | 4{5.0} | 3{8.9} | 2{9.4} | }/
5{2.0} | 6{3.0} | 4{5.8} | 1{8.0} |3{10.6}|2 {11.3} [+
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Modifications of Index

e Reorder the lists
e Add goto list

Item

15t NN
{dist}

2nd NN
{dist}

34 NN
{dist}

4 NN
{dist}

5t NN
{dist}

6t NN
{dist}

S

5 {4.2}

3 {5.0}

6 {5.0}

2 {5.8}

7 {5.8}

1{7.1} |,

\‘

5 {2.0}

6 {3.0}

4 {5.8}

1 {8.0}

3 {10.6}

2 {11.3} .}

w

2 {1.0}

4 {5.0}

1{8.1}

6 {8.9}

5{9.2}

7{106}| ¥

6 {5.0}

4{7.1}

2 {8.0}

7 {8.0}

3{8.1}

5{8.2} | |

(op)

7 {3.0}

5 {3.6}

1 {5.0}

4 {5.0}

3{8.9}

2{94} i |

N

3 {1.0}

4 {5.8}

1 {8.0}

6 {9.4}

5 {10.0}

7{11.3} i/

D | DD D DD

o1

7 {2.0}

6 {3.6}

4{4.2}

1{8.2}

3{9.2}

2 {10.0} [




41
:.
Fit the index In the memory
e 60% of index
goto 1NN | 299NN | 39NN | 4" NN | 5NN | 6" NN
list {dist} | {dist} | {dist} | {dist} | {dist} | {dist}
Linear | a, | 5{4.2} | 3{5.0} | 6{5.0} | 2{5.8} | 7{5.8} | 1{7.1}
gotoa, | a, | 5{2.0} | 6{3.0} | 4{5.8} | 1{8.0} |3{10.6}|2{11.3}
gotoa, | a, | 2{1.0} | 4{5.0} | 1{8.1} | 6 {8.9} | 5{9.2} | 7 {10.6}
gotoa, | a, | 6{50} | 4{7.1} | 2{8.0} | 7{8.0} | 3{8.1} | 5{8.2}
a; | gotoa,
a, | gotoa,
a

o1

goto a,




Experiment (1/2)

e 2D Gaussian Distribution
e Index 5,000
e Test 50,000




Fraction of Data Touched
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Experiment (2/2)

e Traffic Sensor Data:
e Index 1,000
e Test 50,400




Fraction of Data Touched
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Insect Monitoring

e “Smart-trap” system: design to trap mosquito
o Classify the sex of mosquito
e Record sound snippets of outliers
e Limitation
o Low power — distance calculations
e Low memory — index and outliers



Auto-cannibalistic Algorithm

e Initially store the entire index in memory

e Dynamically truncate parts of the index to
store outliers as needed
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How to define outlier

STD

0.2425

‘ Mean
0.5337

' T=Mean + 4% STD
|

15

> 25



Result

l R
. k> - Auto-Cannibalistic
= g 08" Leave 5%
ZLT Leave 1%
N A =06 -
Qo = Leave 1
% g g B e
S g S 0.4 - Algorithms terminate
El=ad when there is no more
s 0.2+ free space for outliers

O L — | /—— I

0 20,000 40,000 60,000 80,000
More Sounds Processed
100%

I — Sjze of Auto-Cannibalistic Index

FTTTTTTTTT

0%



Conclusion

e Cast Orchard’s algorithm into anyspace
framework

e first example of auto-cannibalistic algorithm

e Future work: auto-cannibalism for other
applications



Questions?



Ite | 1NN | 2NN | 3NN [ 4" NN [ 5" NN 6" NN

m | {dist} | {dist} | {dist} | {dist} | {dist | {dist}

&

a, [3{1.0}|4{58}1{8.0}| 6{9.4} |5{10.0}|7 {11.3}
a; [2{1.0}|4{5.0}1{8.1}| 6{8.9}|5{9.2} |7 {10.6}
dy

a5

dg




