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Hypothesis Ranking Based on Semantic Event Similarities

TaIKI Mivanisul 1 KazuHIRO SEKI !
and KUNIAKI UEHARA !

Accelerated by the technological advances in the biomedical domain, the size
of its literature has been growing very rapidly. As a consequence, it is not
feasible for individual researchers to comprehend and synthesize all the infor-
mation related to their interests. Therefore, it is conceivable to discover hidden
knowledge, or hypotheses, by linking fragments of information independently
described in the literature. In fact, such hypotheses have been reported in the
literature mining community; some of which have even been corroborated by
experiments. This paper mainly focuses on hypothesis ranking and investi-
gates an approach to identifying reasonable ones based on semantic similarities
between events which lead to respective hypotheses. Our assumption is that
hypotheses generated from semantically similar events are more reasonable.
We developed a prototype system called, Hypothesis Explorer, and conducted
evaluative experiments through which the validity of our approach is demon-
strated in comparison with those based on term frequencies, often adopted in
the previous work.
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Library of Medicine) THiF S 11T 2 B EEHED EE D & EYEFEEZ R FHE T % 72
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ELAL T30, HREROTH CCEZRET2HNWTH Y512 TFIDF (Term
Frequency-Inverse Document Frequency) fii'?) Z{Ef L, RKFARDBRE I EH T
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HzE®, PR REZ QM OFEME L Lz, JnUd, BVIcgEpLTtwy
QAT E TThIcEOH T RS, FL Tukwv e Ei3E RMicibiofiz o
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PUTMICRT,
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2 IT, wij=mniy x log(N/n;) THYH, A XV e ICNET S j FHD MeSH 3 miy; D
#HAH (TFIDF) 2L Tw3. NIE7—F X—2AHIZH 2 XEOMREL, n; 1& MeSH 7 m;
G LIEROBTHD, TN DFHERS. ny 134XV F e; DHIHITE o723
BT MeSH # m; 2 &0 XXOBTH Y, ZNHTFEERZ. 2D MeSH 7 Pl %
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3.4.4 BEEICLDRFFOZ YN
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ZIT, freqle) 34 XY FOMEEART, ZOEROEKNFEIIE, HEICS kI A
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1986 412 Swanson 23FE R L7z TL A/ — i DIEREGE I DB GITH 5, &
WIHRELZ VT, FHiZEERZ 177 9. Swanson %, LA/ —EEFICIE, &R,
RO IMMREESEIER, B & IIAE I £ OIS B T 2 /iAo is 2 &,
SRR, B X OMVMEELRER 2 T 28 & 055 % 2 L& AF TR & 3R L,
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Biologic Function, Cell Function, Disease or Syndrome, Lipid, Molecular Function, Organ

or Tissue Function, Organism Function, Pathologic Function, Physiologic Function

K4 SEBUCHIML 7 UMLS B A4 7

Swanson L L 7RSI FEL S 5 7:9, 1960 55 1985 FEOHIMIC TR S N4
RSO E SR AR PR Ry PV — 7 2 EEL, Z I ofR it ola L LTk
EAENT S, 2LTC, 3AHTER L 2SO REICED ZRHADIEMAIT 279, 2D
MERLAT T IC BT, BRI I D < REEASAREIC D K REE & D 24 %2 {)3 (B-term
& U TR + M/IMRBEERER - I G 2 & 2 R0 E) & & CMEM T 5% 2 LasT
X, BN EMELZEET 2 2 EPEELHOME IR TH S L xnT Il L
MTES,

RFETIE Weeber 2V T IC& 5\, X4 12737 UMLS OEWKSY 4 7%
R OB A L7, ¥7, Weeber B W/ EH ¥ 4 7DN, Laboratory or Test
Resulty 135 MIDOIFERICE W CTREINE N Z &5 6, P& Blood Viscosity [Laboratory or
Test Result] % Blood Viscosity [Physiologic Function] ICE Z#12 72, TN o DFEMAEDT
TIRBAEL 2T, 7 — 8D 15,7748, = v 2803 193,165 MO EYEFEFE + v + 7 —
7 23,

4.2 HBREEE

HIffi CHUG L 7% v b7 —2 % H\wT, Aterm ZfallE L, S 2 THREEfTo7 L Z
2, BRFT 13,677 MDRH 212 2 LS TEL, ZDW, C-term 5L A / = TH % K3
F8OfFEL 7, R 1S, it v A/ —ROBRZ RIS Z A, B, C-terms DJHIC
B-term D7V 7 7 Xy FBIEICIERTRY, 2 2T, "Primary Raynaud’sy & Paroxys-
mal digital cyanosis; I "TRaynaud’s disease (LA / —¥&) 1 LHZFETH S, R1HILh
% "Blood Viscosity (UMLK 1 1, Bl 7z & icfiilie L4 7 —RoBIfRZ IEX4 I3
B4 2% B-term T®H %, %7z, NAtheromatosis; & Peripheral vascular disease; (ZIfilz)\
BRI E T MLBORGE & BIfR D & 25 CTH 5. £ >T, Hi, He, Hy 3ZUARHTH S &
#ZzZoN%, —J, "Developmenty & "Suppression] (& e LA/ —WDOBIR%BIHT
HICIE—RIBE 2MaTH 570, K Hs & Hs BHHEEE A A0,

DONT, 34 HITER L 22 AED R Z M TR S 17 13,677 il DX L T
MERZAT T 21T o7, 512, 24 LB SN FKARDEEO LM% icEENn T30
D EZMWERED LR, YR E0EE CEMA T I N2 RELRDT, M WEEZF-
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R 1 G L U TERS A

ID | Reasonable | A-term B-term C-term

H; Yes Fish Oil | Atheromatosis Raynaud Disease

Ho Yes Fish Oil | Blood Viscosity Paroxysmal digital cyanosis
Hs Yes Fish Oil | Blood Viscosity Primary Raynaud’s

Hy Yes Fish Oil | Blood Viscosity Raynaud Disease

Hs No Fish Oil Development Paroxysmal digital cyanosis
Hg Yes Fish Oil Peripheral vascular disease Paroxysmal digital cyanosis
H~ Yes Fish Oil Peripheral vascular disease Raynaud Disease

Hg No Fish Oil | Suppression Paroxysmal digital cyanosis

TWw313E, ROZYUHERETHS LA 5, W6 1d, IEZURRHFILZTZRLET I
7THY, KHMES AT S Tw 3 (KREREERD) 138, ROZLHERETH S
Enz3, X5 EX 6 DRAIRINT VS Avg 13, FLAOEZLEREICL>TENL
IREED NN 2 K L TV %, Raves Rumaxs Residf, Rireq 1354 X 3.4 TEE L 7AKHD
FUWRIETH 5. Ravg BIRFZERT 24 R MoK L TABOEBIZED V% b &
DHDTHD, Rumax EROPTO BRI DOELIE DY, Rigar 1A X MMTHIET
W% TFIDF TEAMIT L2 L ED VA4 VHEBE, Rieq &1 X+ OSEE DT
HTh 5,

9, B - ERUTRCOKIICOWT, ZYEREORFOFEN IR 2 Iico 0w
THEmT 5. K5I8 T3 VHEM (Avg) 205, WHEOIEZFFD Ruax 2 HE W
RERL TR EWrH 5, RICK 6 OGN Z L2 &, FRIVEPLEZ V7 Rave
& Rimax DSIEZM 2 ARGE0Z FIFREICAR CMEMZ AT I TR D, BHEEICHED C Rigar ¥ Riveq £
RCAEPZNM LEOFEREZRL TS, RIC, @4 DREDMENAHFICOWTEET S,
Blood Viscosity (MEAGH:) (CBIfRT 2IKE0E Ha, Hiz, Hy (3ZMS2KFTH D, BRIV
W12 D USRI Runax & Ravg 13, D& 9 AU RFLZ B IS < 4R
FE Riveq & D HIBEUNCE MEAAT TE TV B, Ripeq DVEINTHERE L 20 EHIANZ, SCHRA
S il © & 2o fOl L IRATEOBItR &, IMEREME L L A IR DBIROED T bTH (%
nEzn1 L 4fil) THhsZlicksd, —7, &) DOHEICED  ZYMRE Regar 13,
2N S EHEEE O RASAHE D BIR D & I S N ARPLTH - T b LUIIE WIEM 2 5.2 2
TEMNTETWS, iUt IDF OHEMESAE OIS L CERIIC@W D2 EEZ 5
n5, Fi, K#iH, He, Hr ICDWTE, K Hay, Hs, Hy & HARTELSEMGA I S0
TV I Ebh s, Ziud FiBL 7 & 9 IkE Hy, He, Hr 2SIMVIMREESE (S MRS
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6 JEZMnKHOM (e LA 2 —iH)

LD H 25EZ EOLRATH LD EEZSND,

M AKH Hs 129> T Raves Rmaxe Resiar 2MREZ EYNE C EALATTETH
D (777D EMNCEND), Ruyeq DRERIFFLSEDD D ER ST S, ZOMHE LT
1%, B-term 23— "Development) THSE7-DITA X b DIHENEL D, #
DFER Rereq DMEE L, BoTHWELIEZ TR T LiIhoEEZ NS, KEE Hs ITD
VT, ZYEREDOBEVICEZRELRMEERoN Ao,

RN, FERIPELEIC IS 2 DD ZYMERE Rinax & Rave IKCOWTHIEZITSH, I
ZM AR B VTl B IR E BB I N o Fe, —T1, ZURRFIIOWT
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Rinax 1% Ravg & DAL THRITH o7, ZORERD S, Rmax IFEBIL TR VIR L ZE
LW ECEYRKHEEYICTIicE L b EEZ NS (342 i) . Ric, &
¥ Rmax & Rave LR TROLERPE SN2 D92 RN LGN L >TRT, 252D
DARY b eq &epDBHBERET S, HARXY FRIRITRTHZOMAEDE, {Blood
Viscosity, Fish Oil} & {Blood Viscosity, Platelet Aggregation} IZ k> TEHINS B
DETH, RN1ICHE) &, ARV F2RBT 20T X TOMAGDEITH§ 2L
1%, sim(Blood Viscosity, Blood Viscosity)=1 (Blood Viscosity I3 Nk % Rz 27z
®) , sim(Blood Viscosity, Platelet Aggregation)=0.64, sim(Fish Oil, Blood Viscosity),
sim(Fish Oil, Platelet Aggregation)=0 ® & ) ICFETE 2., ZDYH, A1 XV be, &
ey 12 & o THDPNFARHD Runax & Ravg 12, ZHZH (14 0)/2 + (1 +0.64)/2 = 1.32
E(14064+04+0)/2-2=04112%%. 51, BE& "Vascular Disease; % e, I,
W& "TRaynaud Disease; % ey WA 7eHi7zie A RV b el, & e #IKET S, Firzichm
ZT BRI ERIIEM L T30 T, A XV kel ke DEBEIZARY e, & ey D
B & i L€, KRELSEMTRETIEA V., & TVascular Disease; & "Raynaud
Disease; % & U & BEPIE X sim(Raynaud Disease, Vascular Diseases)=0.47 T&H D,
ARV b el & e DFRIEIZZNZN Rinax=(14+040.47) /3 + (1 4+0.6440.47) /3 ~ 1.19,
Ravg = (1+0.64+0+0+0+0+0+0+0.47)/(3-3) ~0.234 £ % 5. ZDHIHS, Ravg
eq & ey DHMEICHARTERLTLES> TV EDIEHL, Ruax DT LW LT
WEWIEWGDPDE, DX % Ravg DEF L BRWIRAHEOIE, FLL TR LR
DFED 0 1272 2O 0% SHHET 272D TH S, —F, Rmax DEETIE, HLOMEK
FHCHEET 2 LT, UL TR 0BROBELZIH T2 L TE 3.

4.3 EBMER

ZDHEEBTIE, Swanson Y 1988 EICFK L L - RER & < 7 2> 7 A 0BIRY ZFAL,
BEIRNFELE I D PR Z2 S o ITHEET 5.

4.1 iR & FARIC, (XU DI 1966 E55 1987 FED T — 8 & W TEY RS EE 2 v
P =D WL (RERE <7 %o AOBIRIZ 1988 FICFEH S e®) | £,
Weeber & [ UMLS OR®S 4 7% 2o Tz a2 LT, 29,915 o / —
F & 260,562 HOBIRZ 7, MEEL %y 7 —2 2k, % A-term & LTHZ
% &, 69,972 MO ER I, ZDON, 2T FS D L9/ 227 ARZIER C-term
ETBEUE 90 BAFTEL 72, DD, 34AMITERL YR E, 69,972
DARFT RTUTHR L TN T 217> 72,
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£ 2 2 JEURRHOMEN, (R E <7 %> L)
Rimax (%) | Rave (%) | Resiar (%) | Riveq (%)
P 36.6 47.6 36.3 22.6
Y 53.4 54.1 42.0 45.9

REH &~ 72> 7 LORFUBIL T, FZA4EREZM, 2458 X OIERY i {#H5z
RO EAAT % 1A T TE 2K 2177, K2 DZYLRFFITOWTHES &, Reeq
DEMLRFH 2RO ECMEMMNIT L 2 L Z2RE, BidoL A4 2 —iIcBT 2580 131
FRkIC, BZUEREIRZY K32 AT L T0 3, Riyeq IRVIERZ HI L 72 FRH 1,
FURARHE T T 24 N>~ OHERE R0 TH S, —T, # 2 DIEZY B
DWTHRS L, FEZYLIBUIT L TE Rmax & Rave PHEBRRVAERZRL T2 (K
FEELEAAF T LT RB) T Eabhs,

DEofREZFED 2 L, KFUCBIET 24 RV P OB D55 E, Rireq EELURIK
ABEYNEN TS 2 o3 TE S, L L, —iNEEEE B-term & L CREOIRSUTH L
T, ABICEMEAMMNTTLE ) LW REDBH o7, —J7, EKHNELE IO RE
Rimax ZHV 2 E, ARV FOBEEICELAINT, 2 JERZB LS S DRFUIK L TH,
PRSI Y) 22 A A 2 5 5 2 L DER T E -,

5. B DI

AT, BRMIICEDIL 724 Ry MZHEET 2 2 8T, ZYAKE, FHICEEED
MEELRBARY M Lo THEPNZEELEFOFAERT) L 2ZHNE LA, 2L T,
MeSH &V — F ZCHD KRB OBBEZ IR L TA RV FEIOEDEZERZL, Ih
ZREOZMMELE UCHAL ., Xig, REFEROBEOFH Z V2 Z & CHaEFER%E
v, BIRIELEICHE D C U0 TH 2 Rmax & Rave, FEICHEOCHERTH 2
Risiaf, Riveq 2352 « JEZ M 22 {KFL 2 WY IR T TE 208 ) R IR L 72, 2 D
B, ZLAEDEAICBWT, K#EFHT 24 Xy FOBHEICED 5§ Rupax 1ZEEDD
WY R NEALAT T 2479 2 L3 TER, —77, BREEICHE DS 24, MEEBARV D
FEICKRESEAEIN S0, PEURERERIGERH .

5%, A XV & MeSH GEOBEMEAFZE L 72 1), MeSH Ofthic UMLS X ¥y —
7 A% WordNet 7% EZHBER E T2 2 LT, XEDYA PRI TR T 7R F 7 b
LIHAL, BB TE 2 YR KHAOBEEE EF T BT H 3.
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