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"HHSHYO& D) ++

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 ! "#$%
"&#&Y%'% (&

"#$%& &()*+)$,,-./"$.0(/102
$,,-./"$.0(/102)345#8&60-7)3451$#0(7)3456$2$7)3&829:-07

1.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 each type of classifier
knn = K-nearest neighbors classifier IS in a separate
LDA = Fisher’s linear discriminant analysis subdirectory

logistic = logistic regression

neural = feedforward neural network classifier

PCA = principal components analysis

progen = synthetic problem generator

regress = multivariate linear regression classifier _/

1" ## $ BYo) &% % | %0- 10219 3 40+ W% DB 89::% / %- ) %=& - &N, DB 79::
- 1% /| % 3 40+ %) 3 / 28:0'% , @ABAS:




Applying Algorithm X
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File Formats

"H$968 (JH+$+, -HE* # + #+$0"#$(001,2304*$4('5$0"#, 1$5(0($06.#*7$8+$0"#$829#/0*$08$2#
[-(** + #5:$(5$0"#$'3) 2#1$8+$/(04:81, #*$,'08$<" /"$O"#E S/ (S 24/ - (**,+ #5=

2 categories

orf length: continuous
signall score: continuous
signal2 score: continuous
hexamer score: continuous

I"#$.8** 2-#35(0($06.#*$(1#FontinuousB#(,;$  "3)#L,/(-7$ (5% discrete
AVH( " $1(0#:81,/(-T&S@(0#:81,/(-$(001, 230463/ $(*$/8-81$)30$245#//854#5$,'08
OHHLS>(-3H$4, &HQ:S1#. 1#H0, S1#5S<" OHS('5$2-34S(*SASBS(5$CT&

"#$%&5(0($4+81$01(,",; 7$('5$%&0#*0$4+81$(//31(/6$#>(-3(0,8'7$+,-#*$/8'0(, $8'#S-, #$.#1
820#/0$08$24#$/-(**,+,#5:$<,0"$(001,230#$>(-3#*$*#. (L(0#$26$<", 0#*. (/#2$(001,230#*$)3*0%:
SO HSH (VHSSLEHLS(*S;, >#'S, SO HY6& (VH*$-+,-#=

-7.2200 -46.4053 -81.4875 15.5713 1
-7.0832 -56.60218 -65.6119 -15.9614 0
-7.1820 -56.4384 -65.6939 -5.89178 0

I"#$-(*0$/8-3)'$,'5,/(0#*$0"#$/81 1#/0$/(0#;816$8+$0"#$829#/0&$ @ (0#:81,#+$) 3*0$2#
'3)2#1#5$*0(10,;:$(0$D#188&



Accuracy Evaluation

I"H$ I"HSUOHE! $Y&'(8) S+ B-"HSE&"-$.+'/)00SL+&H2-'&3$2*06) &HAS)$A#-$'5SV&H L +2-+' 4
~$)$67-#4-$5+8#3), 1 $&HY%'&-4$-"#$)2298)23:

'(#*+,+-./0.#11$23(#2!-.45)+6!$.457#)!-.45&!-&.45+% &
'()#*+,+-./0.558!"#$%#&!
"#P%#&!.91,16::&:+7-<.9&!-&3:#-1-<
')#*+,+-./0.558!"#$%#&!.45+%&.45&!-&

=>7 #::%.#:2

$1 " HSU&'S()) "), R),$ <HYAAHAAHLRA+ (S HN #15:7! $%&'(&)*S5&*$-"HS&"-
+')00$1+8&#2-'&3:

()#*+,+-./0.558(#-1$: 7. 456#&#.45&1-&

@A.?..... BCDEFGH.GICJFH.KBLMMDCKO
@N54>.2..'0PIQM.RGLIDST.SOIMMUAO
@A5AV.?..'GICIFH.KBLMMDCK.WQ.TGIDCDCK.JDMTGDWBTDFCO
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F9,.."4D& #&*G:%$ &7>4%, 3-% RIS *BEHE&+*.'&5-*G,GI%ES, %;*-[
Y §$$*-)"#:&*&PTY & 8l

H.%&, D% &8 (%*-%+&&'#/%-'87Y & &
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| $ 00, 1$"#,)

"#3% &' (Y0&) Yo +"#,*-&" . &"#/,-" #' &M 2R 1&.344"$%.&* &$*+53'%6

V) _ (SN,

$"#. #%l |
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"H$Y6&! () +#,-,- 1) 0%%6& 1,- ) #) 2#,3')4#1'5)68#55, 7, +

[eaglet] BioMaLL/bayes> cat arab1.names
AP ()&t

& " %/ 0)( 12"""#( - % 3( 3+

+* - 3.4/ +#()&2"H( - %6 3( 3+

+* - B HH()&2H( - Y6 3( 3+

. 8536 &)/ +##H()&2"#( - %6 3( 3+

[eaglet] BioMaLL/bayes> less arab1.data

B REG: ST 4G 854847 4
BQ ; 21 4TTEGE 4; ESGRAA @ S Q@A
QL 8> I QIAB" T L 8, STARY ;="
BY; | =g, <SG @@TTTY @8; ™
TRIID

[eaglet] BioMaLL/bayes> less arab1.test

K@@ B@HA<?TT B@! TR @A<
79 4@ "TTTB@SE8” TT>GI8: 47 <P: 48>

A>T M GRS R B4 g L 44
9 >==4""=P @@, """ P?=8""""""4l B, <4
BRAID

[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

; >B4"A

[eaglet] BioMaLL/bayes> ../baseline arab1.data arab1.test

> "A™EEDEGHI "HIJDKGI "L CMNNBL O

<89 >"A "B PQ J RN"'SHMKH U'T PJ NNV40

<@@"A "BHJDKGI "L CMNNBL "WR"UHJ BBL "KENUHBACUESDO




| " HSYR $() * + & ." U8B0 (/* 2

"#$% &' ()%*+ ) Yo-+.)#1%)01) 2$%$3+$%4) % +&&54%#56)%+$$7'8"$
9)2):9):$%5:%5%$3)7%+$$7'8"$)#;

P qufi%%q?@?;(parenwj YzﬁM §)(B B;(parenkBj Ylﬁ/%@’%SXn @:anl#

+:9%+##"6)%15:9'$'5:+&%"9)2):9):1)%5D%+&&%5%$3) 7#E%F:) %52
8"&9".G%$3)%9)2):9):1)%:)$457 (% '#%$5%1562"$) %8 &%2+'7 4'#)C
"9)2):9):1)%#$+$'#$' 1#/%+:9%$3): %08 uEDUHmnning tree
<HIJ>%"#":G%$3)BBH+& " )#%+#%)9G)%4) G3$#;

# | ' I ($';##)2 Oi!j! i
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Example: Training and Applying a Bayes Network Classifier

1" #SY%&() *+, #- - ./ #0" 128" & (G#8HGH T8#9 "1
2 categories

1" #PP&() *+, #-- ./ #0" 128" & 8&H#*32 #0" 1 B" §H6H/ 7TBH9 " L(#6H/ 78 #&#HEH 78 3(;
Accuracy on the training set: 87%

" #$%&() *+, #- - ./ #0" 18" & (#<<W2 #0" 123" &H6#/ 78 3(#H6H/ 78#9 " L(#6H/ 7&K 1&
HEH 786" B5&+31

1" HEW&() *+, #- - . #O" 13" &H(B" =HWHE (HEH 786" : S&+IL(HEH TR 1&
88.71 %




| "4 08D S+, - . &) Ob' *2%* 3

"#$%&'() S+ #&&-"%.&+/BE1+&1"0"234&+43"%"%5&$63072$1&3%.8
| &"%+'&+/$&0'1+&*'00'%&* 3+ FRBBR 05 & +/5&0F"5/('419

'07;,+3&'()$*+&1"0"234"+8&;1"%5&<;*2".$3%&."1+3%*$=

>4&;1$&H323%'("1&."1+3%*$&+'&*'%+4'2&-'4&*' 44523 +"" %1 =

DG ) V(G ! )

. . . II. ] I H- n I H
I ‘11 inverse of covariance matrix : ( ® &)( 9 %)
# ! 91
VIc,] &b B




| "HES OB () H- - Y-/ )OUBMRL,- . )23 #+ 563" ,. 78945

[eaglet] BioMaLL/knn> knn

" #$%&' ) #*+,#*"-(.'%/01.,#*23-0"%/01.,#*2.'2%/01.,#*452%/01.,
HH#HYO&HOHE.0782#9-30-:1."#: ;#<#3-204#=:.2&.."%7345>#? @ A&0280"%
#HH##T7345>H#?@B

#H#HUV'HOH' 2. >&0" #YHC34>#9-30-:1.'#&028#14&#<#3-204

#H##% (#6#(-8-1-"4:0'#%#-DD45"2#/43#(5120D4110".-302,;

[eaglet] BioMaLL/knn>#knn 3 arabl.names arabl.data arabl.test

ar a bl.predictions
EF#GHFGEFAIHFA#IEF#IHFAIEF#KHF#KEF#EHF#EEF#LHF#LEFAMHFAMEF#NHE
NEF#OHF#OEF#HPKMEJJJI#' .D

[eaglet] BioMalLL/knn> ../evaluate arabl.predictions arabl.test
Ol#F

[eaglet] BioMaLL/knn>#knn -m 3 arabl.names arabl.data

arabl.test ara bl.predictions
EF4GHFGEF#IHF#IEF#IHF#IEF#KHF#KEF#EHFAEEF#LHFLEFEMHFAMEF#NHF
NEF#OHF#OEF#JPNLKK#'.D

[eaglet] BioMalLL/knn> ../evaluate arabl.predictions arabl.test
OJ#F




Fisher’s Linear Discriminant Analysis

"HEU0& H () %*+,-"#(."+#/01%+2%3()"(-&'0%.4(.%, (5", "6'%1 7)(."+8
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Example: Training and Applying LDA

"#$%" &' ()*+ #--.-/01 ( &2#*34%5H#(45(6(H#2#T7895#&H(#2#T7893#:",;
#2HT(89%5#

I"#$%8&%'&()&$*+,#&-.'/0123'/3'/3'/

#-(3)'4'%(-5!(6($+$7'8#$57("$

+55#1+59"$'71+($($)'-&7.'1:

"H#$96" &' ()*+ #--.-/01 ( #<<=AY%5H(H2HTSIVSH(H2HTSI3H:";
HOHTBO&"; & (H2HTBI<2"5*>&*+3;

"#$%"&'()*+,#--.-/01( 990."?#% @#&" (#2#789<2"5*>&*+3;(#2#789&";&
120:;'<
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function 2
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Example: Classification using Logistic Regression

[eaglet] BioMalLL/logistic> train-logistic
"#$%&'()$*1$+,-(.1$(%0*/,012%#34*5,0126#!#5,0(7!8%$'45

,9:4"4:

1, &$,0<5,;,7*4,<,$14"#1$(%*,(8,)"#6$4%! #*+4%!,=648#7',>?@

e &,0<5,;,"#%6(3'A,"4*1#" <&B,!1$34* #%6,'#C4,!:.4,D4*1 =648,>@

., &!,0ED,; F7%$!,9:4%,4"("0E,=!:"4*.('6 @,=648#7',?2??7?B@

11 &F,0%5,; 7%4 *14 *$G4,* 8(",1:4,)"#6$4%! #*+4%!,=648#7',?2B@

10 &H,0H5,;,7*4,(1$33GH#!$(%,#) ("$!:3,H,=648#7' I ITHK@

v H, ¥#%,04; I JHKL,KEMMNMKEOPMKQM<EL,JRMEQSMTOTMMUMKL
s NVRWXOTYIYMTML,KYZNRM]

[eaglet] BioMalLL/logistic> train-logistic arabl.names arabl.data

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

[eaglet] BioMalL/logistic> apply-logistic arabl.names
arabl .model arabl.test arabl.predictions

[eaglet] BioMalLL/logistic> ../evaluate arabl.predictions
arabl. test
\"27B,]




Multivariate Linear Regression Classification

Al "XFXEXHY

Example: Multivariate Linear Regression for Classification

[eaglet] BioMallL/regress> regress arabl

discriminator: 0.118892*x0 + -0.00944905*x1 +
0.0044891*x2 + 0.00 475142*x3 + 0.986058

Accuracy on training set: 85.4%
Accuracy on test set: 84.4286%




Entropy-Based Decision Trees (ID3, C4.5)
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| "HS YR () - - . W= OB, - . - ) - 2394546 [ )7' 8,6,3- )< +

[eaglet] BioMalLL/ET> build-tree arabl.data arabl.names arabl.tree
I"#$%E&H'()*

[eaglet] BioMalLL/ET> apply-tree arabl.tree arabl.names
arabl.test arabl.predictions

+"+,-./['()*

[eaglet] BioMaLL/ET> ../evaluate arabl.predictions arabl.test
1"$1'0

[eaglet] BioMaLL/ET> prune-by-index -c arabl.tree x 0 arabl.names
1234)'546)7'83(9")")9;))4'+'<46'&&

[eaglet] BioMaLL/ET> prune-by-index arabl.tree arabl.pruned 45
arabl.names

=23454>"59?'9?2)(?@A6',- @39'@B'&$'C+"/-1.#.D

+"'++.+,"()*

[eaglet] BioMalLL/ET> print-tree arabl.pruned arabl.names
(5>4<A%NE(*@2)FGH-/"-#-#l

J"?)7<8)2E(*@2)FG!"-1.&&l

J"J"*<9)>@2KG+

J"J"(5>4<ANE(*@2)FGHS,"-#,l

J"J"J"*<9)>@2KG!

J"J"J"?)7<8)2E(*@2)FG./"$/#%l

J"J"J"J"*<9)>@2KG+

J"J"J"J"*<9)>@2KG!

J"*<9)>@2KG!




| "HSUR OB (") +.- ./ &Q- )1 &2

Largest output = predicted category

ncuron

synapse

attr 1 attr 2 attr 3 L attr N

Inputs = normalized attributes [0,1]

Transfer function: 1/(1+!-" inputs)

Train the network by gradient descent / hill-climbing.
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1" HE OR () - - -1 YOOORL,- . W)2' 382" 4 6+7

"#$%"&'()*+,#--./"01#%2 ( 3#&(#1#4563+/7*$
maxIterations=200

learningRate=0.025

numLayers=1

neuronsPerlLayer=1

networkFilename=none

min-adj=1

max—-adj=1

randomize=1

noise-factor=0.99

"#$%"&'()*+,#--./"01#%2 ( &1#*/8/"&(H1HAS69H#&H (#1#AS56/#:";(#1#4
563+/7*$(#1#456/"&

3.989 sec

"#$%"&'()*+,#--./"01#%2 ( /"&83%#; ¥ T<(#1#456/"&(#1#456&";&(#1#4

56/#:",(#1#456=1"9*3&*+/
0.027137 sec

1"#$%"&'()*+,#--./"01#%2 ( 66.">HU0#&" (#1#456=1"9*3&*+/;(#1#456&";&
92 %
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Start with a randomly-generated population of domain objects
* Apply mutation operators (find neighbors 1n topological space)
*Probabilistically eliminate low-quality solutions

*Repeat until convergence

random -
population 7 !

| ‘population

NRINNNINTS higher average fitness




"#3%&'#()*+,-$.#*'&/01

Initialize a

random population

individuals
on test set

v

Extract the

Repeat n times

Evaluate / best individual

Perform mutation,
crossover, cloning

Eliminate unfit
individuals

/
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TF(radioactive)

TF(iodine)
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| "HS VR () *+& - . W) &00,1' 230,-.)4' -' 56)7T 2. H$ S - .

"H#$%" & ()*+,#--./01 ( $2(#3#45
"H#'S00& (#)*+)%, ,-$%, ./*01234*0516)%78*09*3:)%7);":&8*
"H#'$0& (#)1+)%, ,-$%, ./*0124*0519)%78*0932:)%7):"1;&81032
I"#'$%&, (#)<+)%, ,-$%, ./*015<4*0512)%78*0921:)%7):"1;:&8109=
000"&,000

"#'$%6&, (H)<>5+)%, ,-$%, ./*01>4*0529)%78*026:)%7);"1:&8<0=1
I"#'$96&, (H)<>>+)%, -$%.,./*01>4*0529)%78*0233:)%7);"1:&8<0=1
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Simulated Annealing
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Accuracy (y-axis) vs. generations (x-axis) of simulated annealing. K=2.8e-10, initial
temperature=100, final temperature = 1, temperature decay factor = 0.9999.
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