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Studies on prediction of membrane protein

function from protein sequence*

Takahiko Muramatsu

Abstract

Membrane proteins constituting about 20-40% of all proteins are located in
biological membrane, and have an important role in biological function, such as
cell communication and molecules transporter. It is important to develop com-
putational methods in order to support functional analysis of membrane proteins
identified from genome analysis. However, computational methods focused on
them have not been sufficiently developed. In this thesis I propose computa-
tional methods of protein function prediction from membrane protein sequence.

First, I propose pairwise alignment method for all types of alpha helical mem-
brane proteins. Pairwise sequence alignment method is important for protein
functional analysis. The method can solve sequence alignment and predict mem-
brane topology at the same time. Next, I discuss sequence alignment method and
protein function method for a particular membrane protein family, G-protein cou-
pled receptor (GPCR). We propose to align GPCR sequences using profile hidden
markov mode (HMM). This profile HMM is improved by using GPCR structure
information. I propose prediction method for two GPCR functions using the
GPCR alignment. First function is about GPCR-ligand interaction. I propose
the method to predict ligand residue length of peptide/protein-activated GPCR

* Doctoral Dissertation, Department of Bioinformatics and Genomics, Graduate School of
Information Science, Nara Institute of Science and Technology, NAIST-IS-DD0361035, March
24, 2006.
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using support vector regression (SVR). In SVR amino acid indices are used as
feature vector. I evaluated the algorithm using known peptide/protein-activated
GPCR sequences, and applied this algorithm to peptide/protein-activated orphan
GPCR sequences. Second function is about GPCR-G-protein coupling sensitiv-
ity. I propose to predict sites related to G-protein coupling sensitivity from
alignment information and discuss relationship between these predicted sites and
the function. I propose a system for predicting GPCR-G-protein coupling sensi-
tivity using support vector classification (SVC). In SVC the predicted sites and
the other phisico-chemical factors are used as feature vectors. I evaluated the

algorithm using known GPCR sequences.

Keywords:

membrane protein, sequence alignment, G-protein coupled receptor, functional

prediction, G-Protein
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1NEKC

1QLAC

ALIGN:

1INEKC MIRNV---------=---- KKQRPVNLDLQTIRFPITAIASILHRVSGVITFVAVGILLWLLGTSLSSPEGFEQAS
1QLAC MTNESILESYSGVTPERKKSRMPAKLDWWQSATGLFLGLFMIGHMFFVSTILLGDNVMLWVTKKFELDFIFEGGK
Our method:

INEKC MIRNV----=-------=-- KKQRPVNLD--=------eemeeemce e ccceccemccecccemcemmemn
1QLAC MTNESILESYSGVTPERKKSRMPAKLDWWQSATGLFLGLFMIGHMFFVSTILLGDNVMLWVTKKFELDFIFEGGK
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ALIGN:

INEKC AIMGSFFVKFIL---- - - - oo m oo oo s oo e o o e e e e e e e e e e e e e e e e o — -
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Our method:

INEKC -------------ooomoon LOTIRFPIT------------------ ATIASILHRVSGVITFVAVGILLWLLGT]
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ODO000O0D000 AmineDODOOOOOOOODOOOODOOODOODODOO
OO0O0000O0 bitscoreDOOOOOOOOODOOO AminedO00OOOD0OO
O00000O0O0000D0O00Amine0000000DOOOOOODODOOO
gboboggbboggbooobbbooobooooobboobbo 200
gobogobooooobbooobbooobbooobbooobboon
goobobuooboboboobobuooboboboobobobobon
Ooobooobooboobo 1wooobooboboobo3gcbooonon
000 (Arg, Lys) 0000000000000 O0OOO 170000000000
Oobooool1lgooboobooboboooob 3o cogbooboonoonoo
0000 244024702480251 0000 LysUArgD D ODODOO0ODOODODOODOO
ODO000000D00O Gs0000GpPCRODODOOOOOOODDODO GPCRO
gbbodgbboodbbuoobbuooobbuoobobooobbobobodob
gboboboooobobbbooogbboboosotuiboobbbbuooon
godbgetudboobboboboobudbuooboobogbooboobo
gbobogoobo3pugubobsugdbooooobbuooobbuooan
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D000 s3s00ogooooboosgpoobooboobuoebobobobOobD GO
gobogobboogbobbuooobboooboobbooobbbosgn
oooogoboboobobooooboboobbooboboobobon
gbooboodbbuogbboooboodgbbuoobbuooobooobboob
goooo

059 bdddoooogoobobbobobbbbotbodoooooonon
OO0000O0bO000O00O0bOOoDOOobOobOobocecpKOOOO

G, 000000000000000 00Gy,0000G,;,0000000
000000G,0000000000000000030000C000000
O000Amine 0000000 3000000000000000000 Peptide
000000000000

000000000000 000000500000000000000000
000000000050 000000000000000000000000
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OO0D00000D00 Peptide UODDODODOOODOODOOODOODOODOO Amine
gbobooboggbboooboobbooobooobbuoooboboon
DoOoboooboooboon

gbooogbogdgbon togboboooboboogbboobboobboon
OO000000O0b0o0ooGUoOOoO0oO00obOoooOoboooOoboooDoDo
OO0 GpCROOOODODOOOOOODOODOOOODOOOOD400000
obobooboobooboobooo400b00obobooboobon
gbobogobbuooobuoobobobuooobboilgbbooobbooon
gboobuoooobbbuoooobbbooooooobod

00000000000000 = 3 f,xm, (5.2)

f000000000OD00ODO00ODO0ODO0ODODODO ebODODOOmM,OODO
O000000OPeptideMass 370 0000000000000 OO0OOOOO
OoO0 1137000000
gboboodgbbodgboobbuodgbooobbuoobbooobboon
gboboodgbbuooobboobbuooobboodgbboooboobboon
gboob400000000000bobbooooboboboooobn

0000 00000000000000000000000000000 [28]0
000000000000000000000000000000000000
000000000000000(0O0000540000)000000000
0000000000000 (SVM)000O00SVMOOOOO00O BOOOOO
SVYMOOOOOOOO0000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000SVMO00
000000000000000000000000000000000000
000000000000000000000000000 SVMOO LIBSVM
(18000000000
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Oooboooobobdg bOobOdbOobOd lineard RBEFU polynomial [
3000000000000000000000000 COyOOOOOCO 275
002040278 00220000000000000000000 4-fold00O
0000000000000000400003/400000000001/400
gbbogboboboodgbobogbbuogboobboobobboobbooon
gboooboogooboboooobobodad

00000000000 00OD Specificity O Sensitivity 0 0 0 00O

TP
Specificty = ————= 5.3
pecificty = b pp (53)
TP
ity = ————— 4
Sensitivity TP L FN (5.4)

TP (True Positive) 0000000000000 OOOOOOFP (False Positive)
0000000000000 000C0000O0FN (False Negative) DO OO OO
0000000000000 0000000boDoooooDbOon 4-foldO0O
gooooooooobioo0obbbbooooooon

5.4. OOOO

0000000000000 0000DO0DODO000000oOoDoDOoO0O0ooDon
O0000000000000O00oooooooGPCROUODODbOOOOO GPCRDB
(50][48]0 00000 GPCROODODOODODODOODDOOODODOOOOOODODODODO
0000000000000 DO000000DbO00b00000 GPCRODOO 5895
00 Opsin 170 O 0O O Olfactory 394 0 O O Class B 34 0 0 0 Class C Gy, 20 O
00O Class C Ggy11 90 0 0O Frizzled 40 0 O O Smoothened 50000000000
svMOOOOOOoooOooooooOo jooooooogoo 1)jooooo
013300000 GPCROO (Gyyp : 61, Ggn : 47, G, - 24)00000000
O000 GOODOODODOOooOOoO GpCROOODOODOO

oooboboboooboobobooooob0ob Ooboobobobobooo
oboboobooboobssbuoubuoobuoboobooboobon
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gbobogboboogdbbugboboodobboooboobbuoobooon
OO0 GPCROOOOOOODOOODOOODOOODOOODOOODOODOOpsInO
Class C G;,, 000000000000 0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O00
gbbbuoodgbobbboooobbbuoooobbouoobbon

Us55 0dbobugggboboogoboooodn

00000 GOOUOODOO0OO  Sensitivity (%)  Specificity (%) 00

Opsin G, 99.7 100.0  153.9
Olfactory Goif 100.0 100.0 151.2
Class B G 100.0 100.0 68.0
Class C Giso 93.5 100.0 1054.6

Gy 100.0 100.0 1325.3
Frizzled HEN 100.0 100.0  168.7
Smoothened [ 0O 100.0 100.0  627.6
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SVMOOOOOOO 0OO0O0O0O0OSVMOOOOOOOOOOOOOO 560
00G, 00000000 RBFOOOOO0OG,,0000G,,,00000000
polynomial 0 0000000000000 0000000000000000
000000000G, 00000000000 G;,0000 G,y 000000
000000000000000000 Specificityd Sensitivity 0 0 O 80-90%0
00000000000 0000000

O 5.6 132GPCRODOO0O SVMOUOODO G,00000000D00O0O00O0OOO
00

GOO0O0OO0O0O000 OO00O0  Sensitivity (%) Specificity (%)
G, 24 84.97 88.74

0 5.7 108GPCRODOOO SVMODOOO Gy, 0000 Gy OO0O0O00000

0oo000ooo
GOOO0OO0O0O000 OO0O0O0  Sensitivity (%) Specificity (%)

Gi/o 61 87.07 88.32
Gy 47 84.97 83.62
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gbobogobboodbb bogobbooobbuooobboobo4n
OO0000ob0obOob00obOb0o0obOooobo0oobobOoboooGsOoboboOoon
oooobo0ooooOo0doooOoooon G,,0000 Gy oooooon
OoOooboobooboboobodb RBFODOODOOODOODOOOO
gbobogobbooobbbuoooboogssuugugsegnboad
Specificityd Sensitivity 0 00 6-7%0000000000000000000O0O
4000000poobobooooouooobobbbooooouoooobn
0oOgd

058 00000000 DOO0ODOO0ODOGOHOOODOOODOOODOODOOO
GOOOO0ODOO0OOO  Sensitivity (%)  Specificity (%)

Gi/o 81.72 81.66
e 75.86 76.54

5.5. oo

ooobGUODOOOO0ODOoOoO0oOOoOobOoOoOobboOooDbDbOOoOoDbOooDo
gbobodgbboodbbuobboodobbobbooobbuooboboon
gboboodobbogbbooobooobbuoobbuooobooobboan
gboobodgbbogbuogoboboobbooobboobbuooobboon
gbobodbboodgbouogobboobobboobbooobuoobobooon
gooboboooboboboboboobobuoboboboboobobon
gbodbugoboboobbooobboogbbuooobbooobooan
gbboboooobbbooogbboboooob

gboboboboogbboobboogobbuoobobooobbooboon
00030 COO000O00O00bOoooobbOobDoooobD1oooboOobDO
gboobobooboboobobobobobobooboboobobobon
OOob030cOob0oboobooooobooooooobooooooobon
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gobobobbbouooooogobbobobbooooogobboobobbuooood
specificity O O sensitivity 0 0 0 80-90%0 0 000000000000

gboboobobobobobobooboboboobobobbobo
gbboodgbbuooobboobbubbuooobboobbuoooboboon
gboboobobbbouoooooobbbbuodoooooobbobobobooooad
gboboodbbogbboooboodgbbuoobboooboogbboan
gbobogobooodoobooobboooboooboobobbobbooon
ooobobooboboboobobuooboboboobobobobon
gboboooogbbbod

000000000000GPCROOODOO [24]000000000000O0
OOo000obOobOooobooooob0obobobobobOo gpCROODOOO
gbobogbobooodbbuogobooobobobbooobuoooboboon
gobogobbooobobbooobbooobbooooobbooon
gbboodgbbuooobbooboobbooobboobbuoooboboob
gbobodgbbooboobbuoobbooobbooobbuoobobooon
gboboobobbobouooooooobboobbooooogoboobbooooood
gbobodgbobooodbbuogobboobbooobbuoooboobban
gobogobbogobbooboboboobooobbooobobooon
gbbodbodgbbuooobboobbooobboobbuooobboob
gboobuoodgoboood
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el OO

ggbbobooooboboooobbobuoooobobooo

g3bbugobobogoboboobbooobbuooobbuoooboon
gbobodbbogoboobboobbooobboobbuooobboon
gbbodgbbodgboodgbbuooobboobbooobbuooboboboob
gboobobbuogobboobbooobbuooboobbuoobobooon
gboboodobbogbbooobooobbuoobbuooobooobboan
gbooboogobood

040005000 GPCROODODODOODODOODOODODODODDOODOODO
Doobooboon

4000 GPCROODOOOODOODOODOLOOOOODOODO GPCRODO
gbobogboboodgbboobbuoobboobbuoooboobbooon
OO0D0000bO0o0bo0obboOooOobClassAGPCROODOODOODODOO
gbobodgbogobooobbooobboobboooboooboboon
oboboobooboboboboobooboobobobobooooobon
gbbogbuogobboobbooobbobbooobbuoobbooob
gbobobboggbbuooobbuoobuoobbooobboobbooon
gbobodoboobbuooobboobbooobboobbuoooboboon
gbobodgbogbbuogobboobbooobboobbuoooboboon
0000000000 00DO000000Db0OD0000 AAindexODODODO
ObobobooobobobobbobbobbOb Tanimoto DO O D OOD OO
gbobodgbbuooobboobbubbuooobboobbuoooboboon
gbobooboboobbuogobboobbuooobboobbuooobboon
goobggooubdgii2g0bboggbudbuogobuogboboooogn
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0000000000000 o0obO0obO0o0boooobobDoobOooDon
GPCROOODOODOODDOODOODDOODODDOODO GPCROOODODO
OooooOoooono
O5000GPCROGUUDOOODO0ODOOOOGPCRODODOOODOODOO
O0Oo0dob410000000000DO000O0DLDO0O0ObOO0o0OOoDbODOoOobOoOOn
000000000000 b00o0oooDo0boooooooOobDoobooon
0000000000000 00O00D0O0O00bLO000bOOoDOOoobOOoDOon
Ooobobooobobooobooobobooboobobooobobobnoo
OodbobooboooboboobobooboobobDoooooobOobDoo
OO0000oooobooboboooooobooobooboooboooo4
OO0O0000000bO0o0bO0o0ob0oobOOobOoooooooobooDon
00000000b000000bO0o00b0ooDOooDo0obooDOoooooDo
0000000000000 00bO0O000DOO00o0obOOoDOoOobOOoDOon
OoOo0ob00ooobooboooboboobuooboboobooobooboooo
0000 specificity O O sensitivity 0 0 0 80-90%0 0000000000000
0ooooooGpCROODOOOOODODODOODOOODOODOOOODOODO
00000000 GPCROUDODODOODOOODDODODOODOODODOODOOOO
0000000 GPCROODDODODODDOOOOGPCRODOOODOODODOOO
oodobooooboboboobooooob0oboooboobobDoobobnoo
goobobodoooobobobboooubbbboooubobob sbb41000O
OO00b0o0oo0oboobOobOooboboooooboooooooobooon
0000000000000 00000000ooDo0obO0obOOooDoooOOooon
O00004000000000000000DO00D0O00DOODO0DODODOODOO
gobooobobogsbobbooobbooobbuooobboobboon
Oo0b0obo0obobooobobooooobooooboboobDooboooo
OO0O00o0oooooooboooboobo
000000ob0ooOo0obO0obOoooobbOoobOooooboboooooDo
000000000000 bO0DOO00b0oDOO00bO0obOO0oDOoOoDbOobDOoDOOon
oooboboooboboooboboobooboboobobooboboobnoo

86



gboobodgbbogoboboobogbboogbboobbuooobboan
gboobuoooobbboooobobboooobbboooobbood
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L] [

000000000000 00O000O00000O0O0o0oDOoobOoooOogon
000000000000 000000000D000o0ooooDOooooon
O00000000DOooooooooooooooooooooooooon
OO0000O0bO000O0b0ooooDooon

0000000000000000000000 (CBRC)ODODOOOOOOO
O Dr. Michael Gromihal OO0 O OO OOOODO OO OO Dr. Xavier Sureshd [
000000000000 000000000000DO00O00oDooooon
0000000000000 o0o0ooooooooooooooooooon
00000000000 0DO0O000O00DO00DOOO0bOoOOCcBRCOODODOO
000000000000 00O0bO00bO00ooD0o0o0ooDOobOooLDOoDOoOO
000000000000 000000O000000D000O0DO0O0DO0D000O0
000000000000 OooOooDoOoooog

000000000 O0o00oDdoooooooooooooooooogn
000000000 0DbO000O0O00O00ooO0ooOoobO0oooOOoboOooDOoDO
000000000000 0000DO000O0bO0O0DO00ODOO0DbOoODOoOO
OoDoOod

88



L] [

A. 000000000 (HMM)

000000000 (HMM)OOOD00001000000000000000
000000000000000000000000000000000000
0000000000000000000 [125)[1400000000 [114)[105]0
00000000 [3000000000000000000000000

00000000000000000000000 (PHMM) [29]00 HMMER
0000000000000000000 (Profile HMM) [30]0 0000000
000000000 (HMM) [95][29)000000000000

A1 000000000 (HMM)

NOOOO {s,s9,...,sy}000000000000C0O0OOOCOOOODOO
00000000 (sia,s2,--+,8x)000000000000000O0O00OO0O0O
gbobogobboodb 1buogobbuooobboobbuoooboogn
gboooboodgd

P (sik|s1,52,. -, Sik—1) = P (Sik|Sik—1) (6.1)

000000000000 00 MOOOOOOOO0000000000{vy,vg,...,00m}
gi1ogoooobbooood

oo bbobbouoouououoooo
ggog

0000 : ay=P(m=lm_q1=k)

0000 : e (b) =P (x; =blm =k)
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Transmembrane Loop

ge6.l1 0b0boboooobbobuoooobobod

0000000000000 A= (a)0B = (e;(vy,)) 000000000
M=(A,B)0OOOOOOO
000000000000000HMMOOOOG6100000000000
000000200000000000000000000000000000
00000000000000000000000000000000000C0
000000000000000000000000

*

7 = argmax P (z,T) (6.2)

O000000b0ooooobogdViterhiDODODOOOODDODOOOODOOOO
0000 (i=1...L):v(i) = e (x;) maxy (vg (i — 1) ag)
000000000 ptr; (1) = argmaxy (vg (1 — 1) ag)

0000 : 000 P (x,7*) = maxy (vg (L))
000000000 7 = argmaxy (v (L))
0000000 : 7, = ptry (7))
0000000000 booooobobooooolegoobbooon

Dbobooboooboon

ggogboobobobbbbbbbbbbbbbddouuooooooooa

goddoooooobbbbbooooooouooobbbbbooooo
P(z) = Y P(xn) (6.3)

OOoOo00000 Foward DO OOOOOOOODOOO

0000 :000 P(z)=Y (fu (L))
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0 6.2 HMMER Plan7O 00 O0OO0 HEMMOOOODOODOOOOO

A2 0000000 O0ODOOOOOO0O (HMM)

goboboodgbboodobbooobbbdoobobbao1bobbobodon
gbobodbbuoooboobboobbuooobboobbuooobboon
O000000000000000000000000000000O [30]52]00
000000000 HMMER 30)]0 000000000000

HMMEROOOOOOO HMMOOOOOODOODOODOOOOOobOOobDoOoOoo
OO0620000B0OECODOODOODOOOOODOOOODOODOODODOOO
oooooMil-M4OOOOOOoOOooOooDoooooooooooooboooboon
ooboooboooboboooobooobooboooMI-M4DOOoOoDOoOoOoD 10
Oooooopobobobob2-D3bubobobobooooooooooon
Ooooooboboobobobobobooooo ML -D2-M3OODOOOO
Oooobooooboooboooboobo M2000000D00DO0 N-I3000
gboboodbbooobbodobbuoobuooobboobbuooobboan
gbobodgbbuooobbooboobbuooobboobbuoooboboon
oobooboboobooboooooHsMMERDODODOOOOODOOODOOODOO
Ooobgde3000b0 NULLODOODOODOODOODLOOD FOODODOO
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0 6.3 HMMER Plan7 0 NULLO OO

000000000000000000000000000000000FOO0
000«00000000000000000000000 ¢,0000
0000000000000 0000000000000000000000
0000000000000 00000000000000000000000
0000000000000 000000000000000 VitebiDOODO
0000000000000000m00000 0000000000000
000000000000 ViteehiDOOOOOOOOOOOOOOO
0000 :i=1,....n

an—le/Uj'\{l (Z - 1)

UJM (@) = eM;(xi)maI ar,_ vy (0= 1)
" ap;_ ,m;v) o (1 —1)
a0} (1 —1)
ol (i) = Mmaw ar,vl (1—1)

Qz;
CLDJ.[].U]-D (Z — 1)

an—levjj\{l (Z)

vP (i) = maz ar,_,p,v}_, (i)

aDj—levé)—l (Z)

0000 : v® =max (UM*” (n), vl (n),vPm (n))
dddddouooooooooooooooboobobobooooobooag

DoOoboooboooboobooNULLODOOobOoobooobuooboobon
O0O0000O000b0bOO0o0oobobDOoOog bitscoredDDOOOOODDOOOOO
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O0bitscorel 0 ODOOOO Forward DO OO OOODOODOOODOOODOO

en, ()
qz;
+ loglan;_,m;exp (F;?\ifl (i — 1))

e (FL4 - 1)

FM (i) = log

+ ap,_,m,exp (Fﬁ1 (1 — 1))]
FL(i) = logequw
+ loglan,rexp (FjM (1 — 1))

_|_

ar,rexp (F} (i —1))
ap,1,€rp (FjD (i — 1))]
loglans,_,p,exp (Fjj\fl (z))
ar,_p,erp (Fl, (i)

+ ap, ,p,eTp (Fﬁ1 (2))]

+

F® (i)

+

Oo0O0g :of =ovMm (n) +0'™ (n) + 0P (n)

Viterbhi O OO O0D0DD0DD0D0D00000O0O0O0O0O0O0OOO0OOOOOOOOOO
O0D0000O0Forward OO OO O0OO0OO00OO0OOOOOODOOOODOOOOO
000000000000 NULLODOOODODOo0o0ooooooooooooa
gooooooo

A3 ODO0O0oboooooboobg

ggbboooobobuooobboooob1b1ibooobbuoobboon
gbooggbbogdilbbooobboooobooobboobbooon
O000000000000000 (PHMM)D 2000000 X, YOOOOOO
gbbodgbboodboobboodbbuoobobboobuoobboboon
oooboboooboboobobooboboobobbe4dbnnDO X,
YOoOouooouoobuooboobuooboobooobomoo Xgoooo
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ooboooooobobooboooo@mboyYyobobobobbooboobooo
gboooogobooooooooon

064 DODOOO0OPEHMMOOOOOODOODO

20000X,YOOOOOOOOOOOOOOO0O0O0O0000000000
000000000000000000000000 VitehiDOOOOOOO
000

0000 :i=1,....,n,5=1,....m

CLMMUM (Z — 1,] — 1)
M (1,5) = puy;maz{ apyoM(i—1,5—1) (6.4)
aypv™ (i—1,5—1)

aroM (i — 1,5
o Gg) = gumend MY LT 65)
arrv’ (i —1,7)

M . .
. apyv™ (i,5 — 1)
oP (i,5) = gqymax o (6.6)
appv” (1,7 — 1)

oooo : UE:max(vM(n,m),vl(n,m),vD(n,m))
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B. 000000000000 (SVM)

00000000000 D LIBSVM [8|O0ODO0OOO0O0OO0OOOODODOOOOO
(SvM)0 0000000000000 000o0o00o00oooooooonooo 1
gbooboogbbuogobbooobbooobbuoooooobbuoobobooon
O000000000000000000000 R3|Uo0ooooo pljooog
gboobodgboboobbogobboobbooobboobbuooobboon
12800 0000000000000 LIBSVMOOOOOOOOOOOOOO
OOoooogceSvecouunooubboouoboogbibeSVROOOODOOODO

B.1 0000000000 (C-SVC)

oobooOos0b000bbo0ooooboooobbobobobD1Oo0oDoe-sven
goooooon

2000000000000000 2, €eR0i=1,..., 10y, €{1,-1}000
0000000 yeROO0DOOOOOOCSVCOOOOOOOOODOOOOO
gbooodaog

1 !
min -w'w+C> & (6.7)
w7b7§ 2 Z’:l

0000y (W'é(z)+b) >1-¢,
512077’:1771

Jooooooooooobobbon
oLy T
min [J 5@ Qo —e a (6.8)
OZOJIZC,izl,...,l

0000 y'a =0,

#(z;))To(z;) DO0O0O0DDOODOOOO0OODODODOO0O ;000 ¢0000DODO
Dboobodboodoboodn
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00000000000000000 K (z,2;) = ¢ () ¢ () 0000 30
00o000

linear O kernel : K (v;,z;) = ], (6.9)

: T d
polynomial O kernel : K (x;,x;) = (71'1' zj+ 7") ,7>0 (6.10)
RBF O kernel : K (x;,x;) = exp (—7 ||z — a:j||2> ,v>0 (6.11)

000000000 SMO-typeO OO 33|00 00000000
ggooboood

l

f(z) = sgn (ZyioziK(xi,x)ﬁLb) (6.12)

=1

B.2 0000000000 (eSVR)

000004000000000000000D00DO0O0 10000 «SVRO
Ooo0oooon

r, € 0000z € RROODODDOODODODODOOOOOOO00O0 {(z1,21),---,(x,2)}
00000000 Support vector regression 1 0 000 00O00O0OOO

1 l l
mll)rg §WTW +CY &+C>Y & (6.13)
Wi i=1 i=1
wlio(r)+b—z > 1-¢&,
Zi—WTCb(-Ti) -b > 1-¢,
fi,E;ZO,i = 1,...,1

gboobodgg

I I
minl(a—a*)TQ(a—oz*)—i—eZ(ozi—l—ocZ‘)—FZzi(ai—a;‘)

Wb 2 i=1 i=1

!
0000 (—af)=0,0>a;,0; >Ci=1,...,1

i=1

000 Qi =K (zi,2;) = ¢ (x:) ¢(xz;) 0000
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gogouooobobobooooo
I
= D (—i+a)) K (,2) +b (6.14)

=1
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