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THE IMPIEMENTATION OF THE MAXIMUM
LIKELIHOOD CLASSIFICATION RULE ASSUMING A
GAUSSIAN DENSITY FUNCTION

by
Terry L. Phillips

Several questions have been asked about the implementation of the
classification algorithm used in LARSYSAA. The purpose of this Information
Note is to briefly describe this implementation. It has been shown that
1,2

the classification rule can be reduced to the following:

Classify X as belonging to class o, if

~r " T r_l - "
log tK_i| + (X - M) KT (X - M) < log JKj
(1)
v " T "-1 h'd b 2 3
+ (X - hj) K. (X - Ai) for all j# i
J J
For purposes of implementation of this decision rule, the programmer has
chosen to follow the decision rule:
Classify X as belonging to class ty if
-1 log |K | -3 (xu )Tk (x - 1) > =3 10g |%. |
- "5 2 -\ 5 i T J
(2)

At classification time the clssses have been defined and the statisties for

e=ch class have been calculated.
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Therefore the inputs to the classification program are:
The number of feztures used in the classification process.
The number of classes defined by the statistics set.
-1 log lKil for each class 1i.
. The elements of the inverse covariance matrix (K;l) for each class i.
Since this matrix is symmetric, only the lower triangular‘porticn 1is stored and
used in the calculation of the discriminant for each class i.
The statistical mean vectors (one component for each feature) for
each cless 1i.
. A data vector with one component for each feature.
The outputs of the classification program are:

A number indicating the class decision.

. The value of the discriminant function for the class decision which
can be used for thresholding the decision when displaying the results.
The classification algorithm shown in Figure 1 calculates:

T - )
log |K1| - (- ) KD (X - 3,) (3)

e

xr

for each class i in the following manner. 1let Y = (X - Hi) and K equal a

-1

component of the matrix K, ~°. Then equation (3) becomes:
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And since K = Il eouation L becomes:
n nc Y21 12 €2 !
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Tquation (5) is implemented in the program shown in Figure 1. This
diseriminant is calculated for each class i and compared to the other

diseriminant calculations. The largest discriminant value indicates the

classified class for the input data vector.
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Comparison of a FOLTL.All=Incoded
Gaussian Maximum Likelihood Classifier

and an Assembly Language I'quivalent

b v
.

Philip H. Swain

a

In the LARS Information llote to which this is an addendum, the
method of implementation of the Gaussian maximum likelihood classifier
used in LARSYSAA is discussed in some detail, and a subroutine is given
(1IGC) which performs the classification on a single data point in
floating point form (see Figure 1 of the information note).

Figure A-2 shows the actual subroutine used by LARSYSAA. This
routine (CONTEX) differs from MGIC only in that (1) it classifies an
entire line of data points on each call, and (2) the data are input
as halfword integers and are converted to floating point form by CONTEX
before being classified.

Figure A-3 shows an assembly language equivalent (NEWCONTX) of

CONTEX. The algorithm is unchanged, but advantage is taken of g priori
L]

knowledge about the algorithm which is unavilable to the FORTRAN compiler!
in generating machine language code. In particular, the relatively few
DO variables and intermediate results can be maintained in registers
rather than in core memory. The increase in efficiency of the assembly
language program is substantizl (see Figure A-1). IMCWCONTX requires only
52 of the time required by CONTEX to clessify 100 samples, assuming 10

pattern classes (the percentage is constant for one through twelve features

and two through ten classes).




s
: HH
H oo e
F—
: 137
H
H i
m |t
sssa
H
11
¥
4
:
o
¥ +
<
1 H
T H
1 11

.

ALISHIAINN 3NAdNd
NI 38N HO4 A3AOHdLY
4 WHO4




St bt b St b et b b b oot b bk b b el e ] o et b S b, ]

I
|
1
1
|
|
1
| i |
| A | | |
| —_~ ws | | | |
| - = | N | _ . , w
R o | N 1l # _ _ ' _
| I 2 o | < 11 _ , _ H
T W - 1 . w _
|- 1) - i O | m M V _
| 2 - - % | | ol , w ,
e > << | - 10! , ’ [ , ,
| O P - = . 1 m _ _
- 1) e S | Z It | M ﬁ "
| Pl o - Rl _ ‘ _ . A _
| >~ Pl .- z | [ w w _ .
e 1 o < | o b M ~ . | _
o = > — - Ny # ”
— i - 2 TE - 4 Z I -~ W " w m
- tr - e - - n L o~ . ‘ !
x Prou %) - - 1 — . “
o (I v w - - £ - ; w
W 1< < VL ) = (| < _ - W
- 1 - - Wil b N 1 — _ w -
W ) %) VDX a wez 1| < . “ “ >
> {1 Z Zow oul o , _ _ o ,
< 1 - o < Uy = wot - - w ()
- 1 1 N = —_ZU e O = 1 - L m o
O 1l Z W w»n «ODZ Z oD i — > O b
= 11 = nxnund—~odg = o 1 - < N 0
.- 1l > EDmAXD = - - z _ - 0
o 11 Z OZ0n0odowv < || (=] _ - . o
2= il T Cors BT fon b= & o B B (8 | fm] o ~
- 11 < QWOJdL ~00 < e | - _ - — =
> 1) - WLaOWWLTO - wi o - M — o ;
2 ) < > > U) bt et < —— | — _ < O =
- 1o LW <udn O wnd 1| —— |~ - =
< 11 = 4000ZWAHWn  — w1t o~ b a O~ i
- P ] o~ = a>aAX X = Q¥ )} > v I =
< 11 X <a000WZ = =1 4 W - - uwXx
o 1l W DZZZE=0J0 O P —— -~ D W #* # <
— 1l w 1 - - - > TONE
- 12 = OYERT AN - gy o —— + < << XL o= .
> iy Q e 1 X Q > | i 2o | vy
u 11 © — 1 O~ @ - |~ X+ o -
- 1 < n 1 g w - Q| - o Q"W
bd [ v w 11 o= O =} - 0O | oW H> ¥XO el )
o i<t e wet o i 1 -~ Z a a 0O OZ —~Z —X —~wwy e IR
Q 11 < O0>0V>0x¢e0 4 O £ || ~O e T > I WesZ e e Oxx O -
1l O =ZZZA0=>0 O Z —=> || ~— - a Zq - OZO~A~ QU DWw > i
w (N 1 wi N> v «a 4 NFONYTN A== < i
4 1 o e (| SN -z —_— —~mE Q+0D—H+X i Ox
> =t (| e N e 1 aH g L NN 1 9D UNXYET A+ 0N N U ==l
Wb 11 w W ow»v ) % X> O b e~ > v MmN DV w mD hud
— 11 e e v X Z (| Fwzom o e Z 1O MM Odm MID=ITZ ~~ZZ
20 11 e e O = 1 #$O)N O O O= W || U=Q4”M4 neo | — bt O
ox 171 &l 8l D 1 Wi —a I |HOX Wt Xt I Wt b it
LD ledl =1 4O X @ 1 a0 O <« - - T Tx O VXY A Z ~=—=ZO0
~D R - S5 ow o ow (N WZaom o« MOUEODULOEXDOICULUIOO xxXOWZ
~n "“ O < a & « "ﬂ O, et et O vt M = (=) &AILTDITDKDDLLFTTITIC —>0 W
2 1| | | O Q _ o
(I 1 | - - < | { | o
' | 1 _ | W O | . | omn | (=) o~
st b e, e e S e, S b b et e b b e B S e b el Bt bk | | 3 | T
—_0

“CeCCCCCCCCCCCCCCCCCCCCCCCCCCCCCW oL | VL |

| m | | |
ﬁ |



Il 11
| 1
11 1l ! 4 ,
(| 1 | | w
11 P! w m
(] 1| m | |
1 1 4 w |
11 P ., ” ,‘ |
1l %) 1 _ i , _ _
(B - [ (1 | | |
(R = | » 1 w v . w
i = x [ v 1 _ _
) o | < 1 W
O T | - 10 ,,
) - | & | [ [ |
bl ox x { | i) , ” _
P > < | - m Py V | M
R 12 § e 1 ,
- - D | = _ 1 n ‘ w ,
1 T - i 1 w %) M _
b - = [ | b4 e w w |
- - < o L <t b m i
1] O > [ = | = < | w _ .
o L. o { -Z Il el o W _ “ o
1] - - - | % 1 , w _ o _ ‘ =
1w v - e 11 M ﬁ w , _ w €
1 > v W |~ = 11 -4 | N _ “ W ]
I ¢ < V. ]TR | = 1 w “ N _ o
11 - o L b %) 1 - “ %) i )
] ) %) DD o we | 7] w w ﬁ o
(] L Zow xw || — , lee m O
b - o < uwn - oot w » " R
11 o N —_Z U O FiE 7 w . [ o ” &
1y 2 w v x0DZ Z a2 i =4 _ b i 5
(| - NXNUNI—O<T = —n || | {8 | =
1l > XDNXDk = — - 1 =1 w
11 Z OZundodown <o 1| < w . y =
1l e FI=I=0OL0Z = w0 1 o4 | # — W 9
11l < OWodu =00 « -0 )| w | << m i
1] = WLAaOWWUL T - =T ' z i o i Ba
11 <« > > U et g —— ] v ] | —
= Wit xXundun 2 na L (4] u W -
1] = COODZWAILIWV = w1 w 5
1l o~ = A>IXY T = < || | &
1 X <OO0WZ = T | , 15
1l W OZZZE=0d0 O OJ f - <4
1l - w 1 = | _
L Z bt - e O w , | - y
[ | ) 5 iy ! b o~ o~ — — — c— o— o~ o o\
) — 11 = ! AN OO OO — i
= g << %] (I} X0 | e e el e e el g e e ek
B -l - v w " wo | et et et et e et et et et ()
il g wee P 1l === k n OFTONVOFON OO N
1] < 0O>00>0x¢aeD 4 O xxX 1| Z~© | — NN NN - ¢
1l O =ZZZLO0=>D0 O Z —~> || OdJd- < O ” - R R o) o
o “_ ““ VOX A NN O F N O DN At OONTO * N O~NNNMFNONOT— X
] . . | | Y i o
—- ) « A e P> H ” o oW Fa
® 11 W w o»n |1 | Z - |
< 1| e e n < Z Pl N S N DD DN DI AD - |
— 1 e e O == X 1 Zoo QoITIIIISIIATII I T ol e e e e
7 YO [ | R Y, a o > T == W W W W W W D O NNDNANNNNNANAN
i 4 Cd O X QO (] m ﬁ _ w |
X || <« o > Al VY (G T 11 , ~x |
O N ISR ¢ a ¥ « 1 loww | "
Z 1\ 1 V| - w X
a 1 11 adq OXC > W
O 11 o~ mm (Oxw X - -
= o VOXWB = ZuwW woordd | vv» &
L et s b et e, e, e b e et b b e b e, b b et DU AUSOIAZTVO> EXULIE ! =
36 36 3 3¢ 36 3 3 3 3 36 36 3 30 36 36 3 3 3% 36 3 3t 3¢ 3 3t 3 3¢ 33 D Bt AN ) O T3 L Q=36 3 (33 3+ O
, |

|
|
1
w
_

|
| |
| o
_ |
|
|




i | > 1
! << M { _
- o _ { m
1 i p— | . H
> o x _ m| |
. w s 1 | Z
|- — " T [ -
| | N -l i | b
%) | w un i B i8] =3
< _ & - X Y e
- “ Z o = 2 - » x
8] { < W b < |
A _ “ — [ O , &)
- O %) X Z z % - w 2
W — ud << < O (] Z [ —
v 2 %] - X DX e - Q - | el
w =z v %) < O QO - Q pd <
v v <t a = O < i W o |
< I o Yl ) | O~ O w! - 53
o W o o U W N e > T u.
i D > U Wt U — >
% ks . a Pl ten el A C T N D] - -3
] o {e] Z ZIUWULVW (g = D~ -
. 4 —_ LH >N (N O%* =2
(7, ] . . B Wed Z DI [Cd Qd L D= [l
v 0O () (@) P L G P P G P ¢ r o
w =2 Z z < W WOz ow w >T L
I - X & - | o It > o:
<{ L)~ 0Y -~ ~— & — i i 2 - W
> > o) &) a > O « (o4 Q DO a 2] o
< = b A = - Q- |> Q b {4 Q = e
ot , _ D % i
= 4 e -~ A >4 —t o
< - —~ — — o L w w ~ < o
o~ ~N o~ W D D W v N b= = Q | O
w &} O ~OD NOO0QD~ N~ N~ —0) w —~ a.x < < -~
—~—— N o~ el el N~ YT~ D 2 N Q = ud - .
O A Y =X D > e @ e OO0 Z L~ < ud m awg & g o o
) D QN Q= QWL 200X NOO L) @ Z - —OE T U Q - g i
——— L TOZDOZHOZO=NNNANNF =N >MULO az a Qe ~ =D esDd = -~ :
FON = eoocccecsrsrsncdIdIlIrornennnns o= e - W O OO Om=NQOQ==N ,
OO0~ = NNNNANNNNNANNODDONNNNNNNNN Llw] - NN Z @ e eeOO a0 » s +>0 &
oo m ODOOOOLOLOOOOWWXXWODIDDDLDDO P = (=] DA O v OXYWUO—LOQW~OZ~ 2
~ONd 2 WWWWW W WWW > >0 0 Wil Wi wwuiw an = W o 0 ww e - DXXXXDIXXDDX 0 «Q 4
- - XXX AL XA LL LI XXX X AXLX <ol T o = Z X — < NETRUULOINLANANL =D =
| . - —-a - - b
- | f >Z — —~ 2 <
B “ _ —u ¥ < n - [ X
A H | | V as = — - - e XD I 5
p—pb— D e - o L = i - =W ) — | N TOrQQFZOX d-JII Z Q.
ANN X AddNDddNd DN AN AN AN AN dNN NN W= - =R dA - d M A NAL JA D NN DI D
<< | w nd =1 o — o
N b (=} (o} — -
= = P 4% Z <« N — P-4
Q - 0 - 2
e | W O =] o O < Seet
i , * WU o o 0 Q © o <
L . - s} o~ - e =
| o =) X
3 3 3 . | 33 3 3 I I I I I IF O FHHO n 3 3




|

LB}
{

*
x  [BM==NV
*
L IBM,NV
. LCR IBM, [BM
* LC=0
A
. SR LC,LC
: TMAX=-1.0E60
. LE TMAX,=E'—-1.0E60"
: DO 150 JJ=1,NC
. L JJONE
: IBM=IBM+NV
20150 A IBMyNV
: TFREQJ=CON(JJ)
LR SUByJJ
SLA SUB,2
L REG2,CONBAS
AR REG2,SUB
. LE TFREQJ,O(REG2)
: DO 145 KD=1,NV
. L KD, ONE
: KM=IBM+KD
D0O145 LR KM, IBM
. AR KMy KD
: DKDKM=DATA(KD)-AVE(KM)
LR SUB,yKD
SLA SUBy 2
_LE DKDKM.DATA-4(SUB) b I8
LR SUB,
SLA SuUB
. SE DKDKM 0(SUB,y AVEBASt)
:' DO 140 LU=L1,KD
. L LD,ONE
:' LC=LC+1 0200 R o
20140 LA LC,yl(LC)
": LM=1IBM+LD o
LR LM, IBM
— AR LM,LD TR L g
: FAC= COR(LC)*DKDKM*(DATA(LD)—AVE(LM))

LR SuUB, LD

SLA SuB

LE FAC,DATA 4{sSuB)

LR SUB,yLM

SLA SUB, 2 ~

SE FAC,0(SUByAVEBASE)
MER FAC y DKDKM

wre A=3, Continued




(SUB,CORBASE)

C
TMAX, TFREQJ

SUB, L
A SUB,yZ
FAC,0
TFREQJ-FAC

TFREQJ
LER

TFREQJ
IC=JJ

_TFREQJ=TFREQJ+0.5%FAC _
TMAX

% IF(TFREQJ.LE.TMAX) GO TO 150
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