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Reduction of Processing Time for
Quadratic Discriminant Analysis

MicHITAKA Suzuki™! and AKIyosHI IToH!?

In quadratic discriminant analysis, the input feature vector, @, is classified to
the category, ¢, whose conditional probability P(c|®) is the maximum, given a
training data set of feature vectors and category labels {@;, ¢;}. The simple and
straightforward way of the calculation is to calculate the probabilities for all the
categories to determine the maximum, but when the number of the categories
is large and so is the dimension of the feature vector accordingly, the processing
time becomes enormous. When we examine the specific expression of P(c|x),
we can spot redundant parts in the straightforward calculation, and we can
obtain a fast algorithm by avoiding these redundant calculations. Applying
this algorithm to the experiment to measure the recognition rates of Japanese
handwritten characters, we could reduce the processing time to 4% of that by
the straightforward calculation.
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c: category number

m.: mean vector

eci: eigenvalue of the covariance matrix

Vit eigenvector of the covariance matrix

i: element number of the i-th biggest eigenvalue

d: dimensionality of feature vector

1. input @

2. ¢ = first category

3. fmin = f(:l:, C)

4. ¢ = next category

5. IF ¢’ = ”end,” GOTO 20.
6. f/ =—2InP, +1H|EC/‘
7. g=lz—my|?

8. =1 +g/es

9. i=1

10. w=[v,, (¢ — m,))?
11. =1 tw/ea,
12. g=g—w

13. f=f+g/les i

14. IF f > fmin, GOTO 4.
15. i=1+1

16. IF i < d, GOTO 10.
17. c=c

18. fm;n = f

19. GOTO 4.

20. output ¢
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Fig.3 Fast classification algorithm.
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Table 1 Experimental results.
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4. 0000000 oooo oooo oooo ooooo ooo oooood
(b)yOOO
oo \ 0ooo Etl9g 3036 Etl9g 300 Isolet Letter Landsat Musk 2
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2.00000000 99.55 99.93 96.87 88.53 84.09 90.91
3.00000000 97.94 99.51 89.69 64.13 78.77 79.58
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oono \ 0O msec (%) | msec (%) | msec (%) msec (%) msec (%) | msec (%)
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2. 0000 483  (100) 46.6  (100) 40.6 (98) | 0.039 (94) | 0.036 (97) 0.23  (100)
3. filz,c) 65 (12) 6.2 (113) 8.8 (21) | 0.023 (55) | 0.017 (45) 0.17 (73)
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c: category number

m.: mean vector

eci: eigenvalue of the covariance matrix

Vit eigenvector of the covariance matrix

i: element number of the i-th biggest eigenvalue

Q@: priority queue of data in ascending order of first arguments
d: dimensionality of feature vector

input «

FOR each ¢
f'=-2InP. +1In|=.|
g=|z—m?
f=F +g/ea
Q.add(f, ', g,c,0)

END-FOR

WHILE
(f, f'59,¢,1) = Q.getFirst()
i =141+1
IF + = d, GOTO 18.
w = [vl,(x — me)]?
fr=Ff+wle
g=9g—-w
fF=Ff +g/ecit
Q.add(f, f', g, c,i)

END-WHILE

output ¢
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Fig.5 Fast classification algorithm 2.
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