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!"##$#%&'$()*++

All BioMaLL programs are executed via the UNIX command-line.

The correct usage of each program can be determined by running the

program with no parameters.  The program will print out a ! "#$%
"&#&%'%(&:

!"#$%&'&()*+)$,,-./"$.0(/102
$,,-./"$.0(/102)345#&60-7)3451$#0(7)3456$2$7)3&829:-07

i.e., this program requires four parameters: a model file, a names file,

a data file, and the name of a file where the output should be stored.



Directory Structure

BioMaLL
common = source code common to all classifiers

BOOM* = container class library (Bioinformatics Object-Oriented Modules)
annealing = simulated annealing
bayes = naive Bayes classifier
bayes-net = Bayesian networks
ET = entropy-based decision trees
f-ratio = feature selection via F-ratio
GP = genetic programming
knn = K-nearest neighbors classifier
LDA = Fisher’s linear discriminant analysis
logistic = logistic regression
neural = feedforward neural network classifier
PCA = principal components analysis
progen = synthetic problem generator
regress = multivariate linear regression classifier

! " # # $ %&' %( ) &*+%, - %+. / %' +0- 1021%+/ 3 4*0+/ %*&( 2025%6789:;%+. / %<- ) %' =&/ - +&>&=%*&( 2025%6? 79:;
%0- 1%+. / %+/ 3 4*0+/ %- ) 3 / 2&=0*%+, , *@&+%68A8:

each type of classifier

is in a separate

subdirectory
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File Formats

!"#$%&'()#*$+,-#$*.#/,+,#*$0"#$(001,230#*$4('5$0"#,1$5(0($06.#*7$8+$0"#$829#/0*$08$2#
/-(**,+,#5:$('5$0"#$'3)2#1$8+$/(0#;81,#*$,'08$<",/"$0"#6$/('$2#$/-(**,+,#5=

!"#$%&5(0($4+81$01(,',';7$('5$%&0#*0$4+81$(//31(/6$#>(-3(0,8'7$+,-#*$/8'0(,'$8'#$-,'#$.#1
829#/0$08$2#$/-(**,+,#5:$<,0"$(001,230#$>(-3#*$*#.(1(0#$26$<",0#*.(/#?$(001,230#*$)3*0$2#
,'$0"#$*()#$815#1$(*$;,>#'$,'$0"#$%&'()#*$+,-#=

2 categories

orf_length:      continuous

signal1_score:   continuous

signal2_score:   continuous

hexamer_score:   continuous

!"#$.8**,2-#$5(0($06.#*$(1#$continuous$4)#(',';$ '3)#1,/(-7$ ('5$ discrete

4)#(',';$/(0#;81,/(-7&$@(0#;81,/(-$(001,230#*$*3/"$(*$/8-81$)3*0$2#$#'/85#5$,'08
,'0#;#1$>(-3#*$4,&#&:$1#.1#*#'0,';$1#5$<",0#$('5$2-3#$(*$A$B$('5$C7&

-7.2200        -46.4053        -81.4875        15.5713    1

-7.0832        -56.6218        -65.6119        -15.9614        0

-7.1820        -56.4384        -65.6939        -5.89178        0

  ...            ...              ...             ...         ...

!"#$-(*0$/8-3)'$,'5,/(0#*$0"#$/811#/0$/(0#;816$8+$0"#$829#/0&$@(0#;81,#*$)3*0$2#
'3)2#1#5$*0(10,';$(0$D#18&



Accuracy Evaluation

!"#$ !"#$%#&! $%&'(&)*$+,$-"#$&''-$.+'/)00$1+&#2-'&3$2'*%)&#4$)$4#-$'5$%&#1+2-+',4
-'$)$67-#4-$5+8#$),1$&#%'&-4$-"#$)229&)23:

'()#*+,+-./0.#11$23(#2!-.45)+6!$.457#)!-.45&!-&.45+%&
'()#*+,+-./0.558!"#$%#&!
!"#$%#&!.91,!6:;&:+7-<.9&!-&3;#-!-<
'()#*+,+-./0.558!"#$%#&!.45+%&.45&!-&
=>?.#;;%,#;2

;$ ! " #$%&'$("))*+"), $2),$ <#$)44#44#1$94+,($-"#$( #-!$:7! $%&'(&)*$5&'*$-"#$&''-
.+'/)00$1+&#2-'&3:

'()#*+,+-./0.558(#-!$:7!.456#&#.45&!-&
@A.?.....'BCDEFGH.GICJFH.KBLMMDCK0
@N54>.?..'IOPIQM.RGLJDST.SOIMMUA0
@A5AV.?..'GICJFH.KBLMMDCK.WQ.TGIDCDCK.JDMTGDWBTDFC0
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H.%&C, D%.I&J(%*-%+&'*&"#/%-'&P7Yi<! 86
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!"#$%&'()*+#,-,-.)#-/)0%%&1,-.)#)2#,3')4#1'5)6&#55,7,'+

[eaglet] BioMaLL/bayes> cat arab1.names

! "#$%&' ( )*&+
,&- ' %. / 0)( 12"""""#( - %*- 3( 3+
+*' - $,4/ +#( )&2"""#( - %*- 3( 3+
+*' - $,! / +#( )&2"""#( - %*- 3( 3+
. &5$6 &)/ +#( )&2"""#( - %*- 3( 3+
[eaglet] BioMaLL/bayes> less arab1.data

789! ! : : ; """"""""7<=9<: >?""""""""7; 49<; 8>""""""""4>9>84?" ""4
789: ; ?! 4""""""""7>=9=! 4; """"""""7=>9=44@""""""""74>9@=4<"""""" "":
7=94; 8>" """"7<: 9448" """""""7; : 9?8; >"""""""74?9! ; =" "":
7894; ! : ! """"""""7>=9<?; <""""""""7=>9=@?@""""""""7>9; @48; """""" "":
999&%#999
[eaglet] BioMaLL/bayes> less arab1.test

7<9@=@<" """"78@944<?""""""""7>! 98@: ! """"""""7@9<@<4<""""""4
7>9! 4@4; """"""""78@9>88" """"""""7>>948: 4""""""""<9?: 48>"""""""4
7=94><?" """"7>: 9<>>" """""""7=! 9><?4""""""""7; : 9! ! 44""""""":
7=9! >==4""""""""7>=9?@8; """"""""78! 9??=8""""""""4! 98; <4"""""""":
999&%#999
[eaglet] BioMaLL/bayes> train-bayes arab1.data arab1.names arab1.bayes 10

[eaglet] BioMaLL/bayes> apply-bayes arab1.bayes arab1.names arab1.test arab1.predictions

[eaglet] BioMaLL/bayes> ../evaluate arab1.predictions arab1.test

; >984"A
[eaglet] BioMaLL/bayes> ../baseline arab1.data arab1.test

>: "A """""BCDEFGHI "HJ DKGI "L CMNNEDL O
<89; >"A ""BJ PQ J RN"SHMKETU"TPJ NNV4O
<@9@; "A ""BHJ DKGI "L CMNNEDL "WR"UHJ EDEDL "KENUHEWCUEGDO



!"#$%&'()%*+',)%-+.)#/%)01)2$%$3+$%4)%+&&54%#56)%+$$7'8"$)#%$5%8)
9)2):9):$%5:%5$3)7%+$$7'8"$)#;

P<X=Yi>%!%P<X?@x?=Xparent<?>/Yi>%A%P<XB@xB=Xparent<B>/Yi>%A%C%A%P<Xn@xn=Yi>/

+:9%+##"6)%15:9'$'5:+&%':9)2):9):1)%5D%+&&%5$3)7#E%F:)%52$'5:%D57
8"'&9':G%$3)%9)2):9):1)%:)$457(%'#%$5%1562"$)%+&&%2+'74'#)%"B

':9)2):9):1)%#$+$'#$'1#/%+:9%$3):%8"'&9%+%maximal spanning tree

<HIJ>%"#':G%$3)#)%"B%,+&")#%+#%)9G)%4)'G3$#;
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Example: Training and Applying a Bayes Network Classifier

!" #$%" &' () *+, #- - ./ #0" 123" &4(5#&(#6#/ 783#9 " 1
2 categories

!" #$%" &' () *+, #- - ./ #0" 123" &4 8.&6#*32/ #0" 123" &(#6#/ 783#9 " 1(#6#/ 78: #&#(#6#/ 78/ 3(;
Accuracy on the training set: 87%

!" #$%" &' () *+, #- - ./ #0" 123" &4(#<<%02/ #0" 123" &(#6#/ 78/ 3(#6#/ 783#9 " 1(#6#/ 78&" 1&
#6#/ 78<6" : *5&*+31

!" #$%" &' () *+, #- - ./ #0" 123" &4(88." =#%>#&" (#6#/ 78<6" : *5&*+31(#6#/ 78&" 1&
88.71 %
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! " #$ %&' ()* +#,- ,- . )#- / )0 %%&1,- . )2 34 ' #+' 5634 ' ,. 789+5

[eaglet] Bio,a--/knn1 knn

!""#$%&'()#*+,#*"-(.'%/01.,#*23-0"%/01.,#*2.'2%/01.,#*452%/01.,
###%&#6#&.0782#9-30-:1.'#:;#<#3-204#=:.2&.."%7345>#?@A&0280"%
###7345>#?@B
###%'#6#'2.>&0'.#%#C34>#9-30-:1.'#&028#14&#<#3-204
###%(#6#(-8-1-"4:0'#%#-DD45"2#/43#(5120D4110".-302;

[eaglet] Bio,a--/knn1#knn 2 arab5.names arab5.data arab5.test
ar a b5.predictions

EF#GHF#GEF#IHF#IEF#JHF#JEF#KHF#KEF#EHF#EEF#LHF#LEF#MHF#MEF#NHF
NEF#OHF#OEF#HPKMEJJJ#'.D

[eaglet] Bio,a--/knn1 ../evaluate arab5.predictions arab5.test

OI#F

[eaglet] Bio,a--/knn1#knn >m 2 arab5.names arab5.data
arab5.test ara b5.predictions

EF#GHF#GEF#IHF#IEF#JHF#JEF#KHF#KEF#EHF#EEF#LHF#LEF#MHF#MEF#NHF
NEF#OHF#OEF#JPNLKK#'.D

[eaglet] Bio,a--/knn1 ../evaluate arab5.predictions arab5.test

OJ#F
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!"#$p&e( Tr#ining #n/ App&ying LDA

!"#$%"&'()*+,#--.-/01 ( &2#*34%5#(45(6(#2#7895#&#(#2#7893#:";
#2#7(89%5#
!"#$%&%'&()&$*+,#&-.'/0123'/3'/3'/
#-($)'4'%(-5!(6($+$7'8#$57("$
+55#!+59'"$'7!+($($)'-&7.'1:

!"#$%"&'()*+,#--.-/01 ( #<<%=4%5#(#2#789%5#(#2#7893#:";
#2#789&";&(#2#789<2"5*>&*+3;

!"#$%"&'()*+,#--.-/01( 99."?#%@#&"(#2#789<2"5*>&*+3;(#2#789&";&
120:;'<



! "#$"%&' "#( "%&)* ( +, , )- . , / ", #)01)2+"#)34)5! 6

!"n$%&'n()

!"
n
$
%&
'
n
(*



! " #$%&$' () * #+* %%$" ,

!"""# $$%%%
%

!#
!! "#"#"#$% &

'%(( !!!!!!
"""

!!
"#

$!"
!"

"
!"

" ##$ !"#$%#$
!"#$%$&'()*+,)$-')$.**/( ! (*0(12"$3$3+(/"1"4

!"#$ !

!

+
=

"

" !

!

"
#
$

!! "#"#$% !!!!! !!!"""

!!
"# $!

$
!

=
%
%

!" "

#

!" "

#

# $
%

$
%

&
'

!"#!"#!"# $$ &
&

&
&

!!! "!" #$%&#'(#)'*%+&(,#'-#.(**+&/##$012
34) 5&, +&/ #( 44) 4. #+&#*6( #$) 7 85*( 4#$%&#$%5. (
, +9+. +) &#' - #: ( 4) #; 6( &#%&#%884) %$6( . #<#) 4#1



Example: Classification using Logistic Regression

!"#$%"&'()*+,#--.%+$*/&*01(&2#*34%+$*/&*0

!"#$%&'()$*!$+,-(.!$(%*/,012%#34*5,0126#!#5,0(7!8$'45
,,9:4"4;
,,,,&$,0<5,;,7*4,<,$!4"#!$(%*,(8,)"#6$4%!,#*+4%!,=648#7'!,>?@
,,,,&",0<5,;,"#%6(3'A,"4*!#"!,<&B,!$34*,#%6,!#C4,!:4,D4*!,=648,>@
,,,,&!,0E5,;,F7$!,9:4%,4""("0E,=!:"4*:('6@,=648#7'!,?2???B@
,,,,&*,0*5,;,7*4,*!4.*$G4,*,8(",!:4,)"#6$4%!,#*+4%!,=648#7'!,?2B@
,,,,&#,0H5,;,7*4,(.!$3$G#!$(%,#')("$!:3,H,=648#7'!,IJHK@
,,,,,,,,,,,,,H,+#%,D4;,IJHKL,KEMMNMKEOPMKQM<EL,JRMEQSMTOTMMUMKL
,,,,,,,,,,,,,,,,,,,,,,,NVRWXOTYIYMTML,KYZNRM[

!"#$%"&'()*+,#--.%+$*/&*01(&2#*34%+$*/&*0(#2#5673#8"/(#2#5679#&#

#2#5678+9"%

\\],#++7"#+A,(%,!"#$%$%),*4!

!"#$%"&'()*+,#--.%+$*/&*01(#::%;4%+$*/&*0(#2#5673#8"/

#2#5678+9"%(#2#567&"/&(#2#567:2"9*0&*+3/

!"#$%"&'()*+,#--.%+$*/&*01(77."<#%=#&"(#2#567:2"9*0&*+3/

#2#567&"/&

\^2^B,]



!u#ti&ariate +inear -egression 1#assi2ication

!! ""#"$-%"##

4xam7#e: !u#ti&ariate +inear -egression 2or 1#assi2ication

!eaglet' Bio,a--/regress1 regress arab3

discri'inator, ..00112345. 6 -....2442.5450 6

....44120453 6 .... 495043453 6 ..21;.51

<cc=racy on trainin? set,  15.4A

<cc=racy on test set,  14.431;A
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Entropy-Based Decision Trees (ID3, C4.5)



!"#$%&'(#)*!

("+#,'-.#

/"01)(2#)("##)$0131'"$),"04)(2#)"00(5))6()#'&2)30$#7).#-#&()(2#
8"#$%&'(#)(2'()4'9%4'--:)"#$+&#.)#3("08:);+3&#"('%3(:<=

" #$%&' $

" %( )*$ " +' , $

! " >" #$%&' $! ;" ( %+$' 7? @)A)" ( %+$' 7BCD<EF))))));'&(+'--:)+.#.)')1#%G2(#$)'H#"'G#<

I#.()8"#$%&'(#>'"G4'9! ;! " !<5

J'3)'-.0)+.#) - ( ./ 0'( +.&7)K+()L),0+3$)30)$%,,#"#3&#)%3)8#",0"4'3&#5

!" #$%&'( " )( *)+ , %'- '( " ). / , , -

!" >%3,0"4'(%03)G'%3



! " #$ %&' ()* +#,- ,- . )#- / )0 %%&1,- . )#- )! - 2+3%145#6' / )7 ' 8,6,3- )* +' '
[eaglet] BioMaLL//T1 build-tree arab1.data arab1.names arab1.tree

!"#$%&#'()*
[eaglet] BioMaLL//T1 apply-tree arab1.tree arab1.names

arab1.test arab1.predictions

+"+,-.//'()*
[eaglet] BioMaLL//T1 ../e?aluate arab1.predictions arab1.test

//"$!'0
[eaglet] BioMaLL//T1 prune-by-inde@ -c arab1.tree @ 0 arab1.names

1234)'546)7'83(9':)':)9;))4'+'<46'&&
[eaglet] BioMaLL//T1 prune-by-inde@ arab1.tree arab1.pruned BC

arab1.names

=23454>';59?'9?2)(?@A6',-'@39'@B'&$'C+"/-!.#.D
+"++.+,'()*
[eaglet] BioMaLL//T1 print-tree arab1.pruned arab1.names

(5>4<A%E(*@2)FGH-/"-#-#I
J'''?)7<8)2E(*@2)FG!"-!.&&I
J'''J'''*<9)>@2KG+  
J'''J'''(5>4<A%E(*@2)FGH$,"-#,I
J'''J'''J'''*<9)>@2KG!
J'''J'''J'''?)7<8)2E(*@2)FG./"$/#%I
J'''J'''J'''J'''*<9)>@2KG+
J'''J'''J'''J'''*<9)>@2KG!
J'''*<9)>@2KG!



!rans&er &unction. /01/2! 3!  inputs5

!rain t6e network 9: gra<ient <escent 0 6ill3cli>9ing?

/ Bias no<e

attr / attr A attr B C attr N
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