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Maximum Margin Classifier Working in a Metric Space of Strings
and Its Application to Protein Science

Hitosar Kovyano!'® MORIHIRO HAYASHIDAZP)  Tatsuvya AKuTsuZ:©

Abstract: Numbers and numerical vectors account for a large portion of data. However, recently, the amount
of string data generated has increased dramatically. Consequently, classifying string data is a common prob-
lem in many fields. The most widely used approach to this problem is to convert strings into numerical vectors
using string kernels and subsequently apply a support vector machine that works in a numerical vector space.
However, this non-one-to-one conversion involves information loss and makes it impossible to evaluate, using
probability theory, the generalization error of a learning machine, considering that the given data to train and
test the machine are strings generated according to probability laws. We approach this classification problem
by constructing a classifier that receives the strings themselves as inputs. To evaluate the generalization error
of such a classifier theoretically, probability theory for strings is required. A string is an object of computer
science rather than mathematics, and probability theory for strings has not been constructed. However, one
of the authors and his colleague, in previous studies, first developed a probability theory on a metric space
of strings provided with the Levenshtein distance and demonstrated an analogy of the strong law of large
numbers in a numerical vector space. In this study, by applying this probability theory on a set of strings, we
demonstrate that our developed learning machine classifies strings in an asymptotically optimal manner. Fur-
thermore, we demonstrate the usefulness of our machine in practical data analysis by applying it to predicting

protein-protein interactions using amino acid sequences.

Keywords: Classifying strings, machine learning, probability theory on a metric space of strings, predicting
protein—protein interactions
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VERD, R VRXEEMEERR Y F T =228 0T
TOBEETEXUAIBIRILSDTHTH S [14], [15).
Lo T, ZUNTEBMEARO FRIFEIZEWTIE, &
FTULHBE L DEFRESNLRN. T T, Fixld, ZOFH
Mz, RV NIZED KAV EFGD KA A > AR
FATHRAA DI FALHEFALEVWRAS VDT 5
2T EE ULTERME L, Z OREIZ, §itlichl
Lz A EOSVM OT7Fay—%Ii6lHT5. 50T
2-ANRYT MV —=F VAR SVM & Iigd 5 Z 212 &
D, Bx DFEBEO D FEMERE 2 MG 5.

%X, £, Protein Data Bank (PDB) [32] » 5%
STz, RUNRTED R AL VEMHEERD 3 RoT#E
DF —RR—=ZATH 5 three-dimensional interacting do-
mains (3did) ¥ — X X—2Z [29] 2o T, EHlEERKL
7-. PDB &, X #if& @GS NMR O X 5 225 H
SELNZR Y NTBEE XV RTEEEGED 3 GLhEED
F=REHATVWS. Txld, 10 HD X NI ED R AA
v ORg4 1l A:134-215" (PDB ID 1ill D& X7 EH D
A BhOERE 134 225 215 FTOT I/ BOHAELL]),
"2bnq E:127-2207, ’ling B:1011-1092’, ’1it9 H:133-216’,
"1it9 L:123-2107, *likv A:317-419°, '1cff A:84-145’, ’liza
A:1-20°, ’1ith L:119-206" } O "1p2c F:1501-1627" % HEF,
INSDENENEHEFAT S KA1 VOl % 3did
PoHED.

Wiz, Bl EERT 2 k2B R 5. ZNET, XFS]
T — X REH T — X ORI OB L MEEIC B WTI, &
Bl LT, EFTRIZ S REBORLIR, TV X LITE
B E Nz A 72 & O N TR E A 2fFHb i T & 7. filx
X, E. coli D7 HE—X—FHBOFHIZBENT, [13] 1%, &
e LTa— REENS 5V X LIERALRY %2> T
Wa. UL, [20] BRLTWD K51, 2D &5 el
DEMAIE, REQEYZRRFHAIMEE KE<ER>TW»
5. £7-, miRNA & mRNA OMHEA/EHO FRIEIZ S W
T, [10], [16], [39] %, EflE LT T v X LITER S iz A
TR % fFi > TW B A, [19], [25], [31] MEERIZ & - T
MRUTWB ESZ, 2D &5 RESNEUIXLIX miRNA &
MEHEML, 2o 3R L IZAflTd 208 S 0 TR,
T VR LTER I VB ARG I EFITH -T2 LTH,
ZNSIFEFIE FRFENIZRR > TV E BN, Z
DEE, 2] BEFELTWE XS, EflE ARSI
W&, OB T — &y MR U TIEE Y2380 M
AEZ R T AEE BRI N T L E S AR A D 5.

T, ZOWETIE, Bz, EVPE bSO/ Iz 5
DWW, EflE HAREEMTWEH, lEFERALZRWTH A
S EbEERR T 2 HikEFER T2, 3] &, AT H_REEKX Y
NI EEERD 2,325 ERrDT 5= VERKD T — & X —
AaAER L, ¥OT I BPEWEE TR VR EEAGER
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DAY R—=T A AAET D0 2HFHT iz, 28] 13,
PDB 288k I N TW\W5 1,629 D 2 $HDO X > X7 EEE
RO D F — ZIZEDWT, EWHE TEARD A
VR—=T A ANET DT I/ BEAELL. 250D
FEDFERIZ L B &, Arg, Asp, Trp &0 Tyr &, & \WEHE
TR UNRITEEERDA VR —T 214 AZREL, — T
Lys & Glu lZHEV A VX —T A AIALEL R\, Arg
& Lys ZICEOBEMER DM, Arg IZ1 VX —T A A
WZALE T BAEAAY D, I Lys 14 Y R —7 = ATfiE
T A DN, HIEIIZ, Asp & Glu I3 LIZE DB %
FEoDy, Asp 134 VR =7 =4 ZIZLET BIEFADH 5 D
WX LUT, Glu lZZ 5 TRWY. ZhoDZ s, fiIEN
BB WTY PR —28D7 IV BIZA V2 —T 21 X
WAELURTWEHHENG. 72, HEBRT I/ BOM
DO m BT, EOBEMERDT I/ BEEHEERT
5ZEDNHISNTWSD [6], Trp X Tyr @ & 5 BB EFHK
TI/BPEVNHEETA Y EA—T oA RTMET DD,
DD EEZONDS.

Z T, BxlE, MDAT v TTHEIEHID S B % /8K
U7z: (1) £7, EFICEENS Arg % Glu 12, Asp, Trp
KO Tyr % Lys (ZHER 0.5 TEET 5 (2TD Arg, Asp,
Trp RO Tyr 2 &G 2L, BFIRINSDT I ) ER
TAFEEOXTAEERLBm>TLED D). [34] 12L& B
&, RN R VNI EIZE A Arg, Asp, Trp & Tyr
DB, TNTN 5.1%, 5.3%, 1.4% RV 3.2% TH 5.
HeoT, ZOAT Y 7T, IEHI KT 53X TF DO/ 7.5% 12
Y495, RN BEEEGERDA VX —T 24 AITAET
LMD DT I/ BERT TN, 1 VX —T 214 AT
BT BERD RN T I BERT R BRE NS, (i)
Wz, A7y 7 (1) TEEMTONZER%Z 3 E5 L, HA
OO LFHOFD 1 DD FE T VR LITEY, EHifk
BTN EHI DRI D XTI S RAZXFETHNOIRD
B DI XFH) &, BT b EFI DR D O T
57 5RO LFINDNET 2 ANZEZ 5.

FEADRE X (EHIOBEAFIOHDOR) 1F, £ 112 N
ELTEZONTVWS. Fxl, N =20 D/NS HEARNE
ZHNTWBEEDNS, N =126 D+ K ERIEARNE
ZAHLNTWBEGEE TEMRET L7z, true positive DI TP,
false positive D [P, true negative DI TN & false
negative D FN 12X U T, accuracy = (TP + TN)/N,
precision = TP/(TP + FP), recall = TP/(TP+ FN) &
U F-measure = 2 x precision x recall/(precision + recall)
D 4 DOFEEEE M > T, FEEMKOMEREZ G L /2. £
DEEAR L BBIDEAZ ZTNENELVRE I D 3 DDHD
BARIZZ v X LR EI U724, 2 DDA EARDENEZ I
MEEA L UTHY, O EAZRBREAL ULTHWT
accuracy, precision, recall O F-measure #F5 L7z, %
5L T, ZOifE%E 50 HfE DKL T, Zh o DK F
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WERDZ., ZOFIETE SN 4 DOBEDEEH, & 1
IZRINTWD., ZOERNS, Fix OFEEWMIL, 2-A R0
MV =2V %MWz SVM & IR L T, @\ ol g
FoTWadZennhrs.

6. ¥&H

AR, AR E N D CF T — R O RIFEIFIZEEA L T
5. ZOFER, HBMERFEANHE> T v R E RS
DHERERX, T Vv X LZEBUE LT 2 i REFE DRk 4
A B WTMATH 5D L ERRIC, & AHEREANCRES
T VR FHN %R T DHERLFH B BENI 2> T
ETWVWD. BT —RITxT 27, ERRmIZEIWT
BEB IR I N TWA. T[RRI, TFARTYA =V
TDFERNA XA VT AT 4 7 AT B EWES 7
MO HFEIZH L TH, XFHOES EOMERRIZIED N
U WHIEORHAEREFZD HiEORR IR 5N D LD
2725717255, BIEEBROA TR L, HERK LMz S
DWW HIEORS & BN 22 LA D T TOR % 7 Tk
DIRFZALD, XFH T — X OIS 2 2 b 6 D fk
i EOMEDOEELRETH D255,
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