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Beepenne

Unified medical language system (UMLS) siBisieTcst KpymHeHImM cBo-
IO0M OMOMEIMITUHCKUX CIIPABOYHUKOB U CJIOBAPEil, IPUMEHUMBIX B paboTe
C HECTPYKTYPHUPOBaHHBIME JaHHBIMH [1]. Axryanbaas Bepcust UMLS (2022AB)
obecreunBaeT TEPMUHOJIOTHIECKUN 0XBAT CBBIIIE 4.6 MJIH KOHIIEITOB — YHUKAJIb-
HBIX MEXKIMCIUILINHAPHBIX MOHATHIN, KJIACCU(PUIMPOBAHHBIX 10 TEMATHIECKON
npuHaieskaocTr Ha 127 rpymi. CeManTHYecku 6IM3KNE KOHIIEIITHI COEMHEHBI
CBSA3MHU, OJTHO3HAYHO OTHECEHHLIMU K 9 OCHOBHBIM (U 2 JIONIOJHUTEIHHBIM )
TunaM u 992 yTOYHSIONMM HEOOS3aTe/IbHBIM [OATUIIAM (yTOYHEHUSIM ).
IIpakruuecku kaxprit koument UMLS cBs3an xoTst ObI ¢ OJHUM JAPYyTUAM
KOHIIEITOM, YTO HO3BOJIET IPEJICTABUTH JAHHBIA CBOJI TEDMHUHOB B BUJIE
OPHEHTUPOBAHHOTO MyJabTUrpada ¢ 98 MJIH YHUKAIBHBIX CBS3€i.

Opranuzanust JaHHBIX B Bujie IPadOBbIX NHMOPMAIMOHHBIX MOeseit
UMeeT PsiJi IPEUMYIIECTB, CPEJI KOTOPBIX CJIEYET BBIJEIUTh HAIMIne OOJIBIITIX
BO3MOXKHOCTEH JJIsI ONTUMHU3AIIY AHAJIITHIECKIX OIIEPAIINil M CYIIEeCTBOBAHUE
CpeJCTB, 00ECIIEYNBAONIUX HATJISIIHYIO HHTEPIPETAIINI0 CTPYKTYPbI 3HAHUI
Ha TIOJTb30BATENILCKOM ypoBHE [2]. OmHako B HACTOSIIEE BpEMs HE CYIECTBYET
€JIMHOIO MMOJIXO0/a K W3BJIEUYEHUI0 PEJIEBAHTHBIX 3HAHWN 13 rpadOBbIX MHGOPMAa-
uoHHBIX Mogenedt [3]. TIpuMeHenne TPOCTHIX MHCTPYMEHTOB ABTOMATHIECKOTO
uzssiedenns 3unanuii u3 UMLS (manpumep, GuibTpoB Ha THIIBI CBsi3eil U TeMaTH-
YeCcKue I'PYIIBl TEPMUHOB) HE MPUBOAUT K KJIMHUYECKH 3HAYMMOMY De3yJIbTaTy
10 IPUYWHE HEJIOCTATKA MPAMBIX CBA3€H MEXKIy KOHIIEITAMH MeTaTe3aypyca
¥ HEOJHOPOJIHOCTU CTPYKTYpbI 3HaHuil. Heobxonumo ancambiimpoBaHue
PA3HOPOTHBIX AHAJIUTHIECKIX WHCTPYMEHTOB C UCIIOJIH30BAHUEM CJIOZKHBIX
CHCTEM BECOBBIX KO3(DOUITMEHTOB, ONITUMU3UPOBAHHBIX BAJIUIUPOBAHHBIX
AHAJTUTUIECKIX WHCTPYMEHTOB W METaMOJe el — YHU(PUIINPOBAHHBIX CBOIOB
paBUJI TEXHUYECKON peain3aliu Mojeaeil 3HaHUM.

OaHUM U3 3JIEMEHTOB CUCTEMBI BECOBBIX KO MUIIMEHTOB CyITHOCTEHN
UMLS moryT crarh 3HAYEHUSI, OTPAKAIOIINE CTEIIeHb TPUHA/JIEXKHOCTH
KazKJI0r0 TEPMUHA K OTJIEJIbHBIM KJINHUIECKAM npoduiisim (IyJIbMOHOJIOTUH,
Kap/IMOJIOTUH, TACTPOIHTEPOJIOTHN ), & TAKIKE CBUIETEIbCTBYIONINE O HAJINIUN
STUOJIOTUIECKON WU MTATOT€HETUIECKO CBA3H C COOTBETCTBYOMIUMU O0JIACTSIMU.
Ka)}(}lbIﬁ IIpOde/I.Hb BKJIIOY9a€T ITaTOJIOTUYIECKUE COCTOAHULA, OTHOCAIITUECA
K OIIpE/IeJIEHHOMY KJjaccy 3abosieBanuii. Habop 1momobHbIX 3HAYEHUN 11T
OTJIEJILHOIO KOHIIENTa (POPMUPYET €ro 3THONATOreHETHIEeCKI 00pas3 — BEKTOP
HEHYJIEBBIX 3HAYEeHNN (PYHKINU TPUHAJIEXKHOCTH TEPMUHA K XaPAKTEPHBIM
KJIMHUYIECKUM TTPOQUIISIM.

Cosznanne aTnonaToreHeTuIeckoro obpasa st kounenros UMLS mosBo-
JINT OIPEJEeIATh CTEIeHb UX 3HAYNMOCTHA B KOHTEKCTE PElaeMbIX 3a/1a9 U
obecrieunBaTh 3HAUUTETHFHOE COKPAIEHNE MUPUHBI TOUCKA TP BBITOJTHEHUT
rpadOBbIX 3alPOCOB. Bhraucienne Mep 0JIM30CTH MEXKTY BeKTOpaMu (BbYyHKITUH
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MIPUHAIE?KHOCTU CYNTIHOCTEH K COOTBETCTBYIONINM METUITUNHCKUM O0JIACTIM
JIACT BO3MOXKHOCTD PAHKHUPOBAHUSI CUMIITOMOB M 3a00JIEBAHUI TIO CTEIIeHH
UX KJIMHUYECKOT'O CXOJICTBA, UTO MOYKET CTATh OCHOBOII aBTOMATHUIECKOIO
dopmuposanus auddepeHnaIbHO-IMArHOCTUIECKIX PSJIOB. ABTOMaTHIECKOE
[IOCTPOEHKE STHONATOreHeTHIecKoro obpasa repmuaos UMLS mosBosiut
CPaBHUTD CYIIECTBYIOIIE TpadOBble METPUKU U 0OOCHOBATH WX [TPUMEHEHUE
[IPU PEIeHnn 3a7a4 TIONCKa PEJIEBAHTHBIX 3HaHW. B cBOW0O ovepens, ycmenrnoe
ITOCTPOEHUE CHCTEMBI BECOBBIX KO3(D(DUIIMEHTOB [1JIsi KOHIIEIITOB MeTare3aypyca
UMLS obecrieunTt 3HaYnTEIbHOE YiIydllleHre NH(OOPMAaIMOHHO-IIONCKOBBIX
AJITOPUTMOB 38 CYET TIOBBINIEHHs] MATEMATHIECKOW KOHTPACTHOCTH MOJTY Ia€MbIX
pe3yJIbTaTOB.

I[eab HACTOSIIETO UCCIIEIOBAHNS 3aKJIIOUAETCS B IOCTPOCHUH U OT[CHKE
STUOMATOreHeTHIeCKOro obpasa KourentoB Meraresaypyca UMLS ¢ ucmosn3o-
BaHUEM T'PadOBbIX METPUK JIJIsl AHAJIU3a, CBSI3HOCTU Y3JIOB.

1. NMocranoska 3apay

Hns moctukeHus mem Bes padoTa ObLTa pasiaesieHa Ha HECKOJbKO
[IOCJIEZIOBATEIHHBIX ITAIIOB, COOTBETCTBYIONINX 3aadaM HccjeaoBanus. [lepBas
3ajiada 3aKJII09aJIacCh B IOATOTOBKE IpadOBOil MHMOOPMAIIMOHHON MOIE/IN
UMLS 1 10JKJIFOUeHIH PYCCKOSI3bIYHBIX CIIPABOYHMKOB TEPMHUHOB. Bropast
3a/la4a COCTOAJIa B CO3JaHUU CEMAHTUIECKUX U JIOTMYECKUX IIPABUJI BKJIIOYEHU
bopMyIIPOBOK 3a00JIEBAHUI B CBOJL JJIsi TIOCTPOEHUS ITUOMATOI€HETHIECKOTO
obpasa KOHIENTOB. B pamkax Tperbeil 3a1a9n OCYIEeCTBIISIINCh ITPOEKTH-
poBaHHE U IIPOrpaMMHAas PEAJU3AINS AJITOPUTMA BBIYUCICHUS (DYHKITHH
[IPUHAJJIEIKHOCTH KOHIIENITOB K KJInHUYecKUM poduism. Haxkomern, B pamkax
9eTBEPTOil 329N BBINOJIHEHBI 0030D U CPABHUTEbHAS OIEHKA PA3INIHBIX
rpadOBBIX METPHUK, TPUMEHSIBIIUXCS JIJIsi TIOCTPOEHUST STUOIATOTeHETUIECKOTO
obpa3a KOHIIENTOB-Ho30 10THit. Tak:Ke B X0jie JaHHOTO STala ObLT paspadoTaH
COOCTBEHHBIN BapUaHT IPaOBOil METPUKH, MTPETHAZHATEHHDIN /IJI OIEHKH
casnoctu Kounenros UMLS.

2. T'pachoBas nHcopmauymortas mogens UMLS

Texunueckast peasnzarius rpacdoBoii nudopmannonnoit mogean UMLS
OCYIIECTBJISIIACH C UCMOJIb30BaHneM cTanmapra Kcore. B mocrpoennn mosenn
OBbLIN 33/IeCTBOBAHBI UCXO/IHO TIEPEBEJCHHBIE HA PYCCKUI SI3bIK TEPMUHBI
u3 cupasounukoB MedDRA (Medical Dictionary for Regulatory Activities
Terminology), LOINC (Logical Observation Identifiers Names and Codes) u
MeSH (Medical Subject Headings). MedDRA 1o3BoJisier 1ocTidYb TEPMUHO-
JIOTUYECKOTO TOKPBITUsT OOJBIMMHCTBA BO3MOXKHBIX BAPUAHTOB OIMUCAHUS
KJIMHUYIECKON KapTHHBI 3a00/I€BaHNI, TAGOPATOPHBIX U WHCTPYMEHTAJIbHBIX
HaXOJIOK, UCTosb3yeMbix B npakTuke [4]. LOINC sBnsercs yHubUIMPOBAHHBIM
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CTAHZAPTOM B 00JIACTH ONUCAHUS KJIUHUKO-JIAG0PATOPHBIX UCCIIeA0Banuii [5].
MeSH comepKuT BepTHKAJbHYIO HEPAPXHIO 3ar0JJOBKOB U MX CHHOHUMOB,
[IPUMEHSEMBIX JJIsI PACIpeesIeHns] HayYHbIX CTaTell 1o IpeJIMeTHBIM pyopu-
KaM, U IIPUTOJIHBIX K UCIOJb30BAHUIO B KAIECTBE CJIOBAPS JIJIs OTTUCAHUS
GuomenImHCKUX obsacreii [6].

I'pacdoBas nndoOpMaIMOHHAS MOJEb, COAEPYKAIIAS PYCCKOS3bITHBIC
dopmynupoBku KourenToB UMLS u cBsi3u MexKly HUMH, OKa3aJach 3Ha-
YUTEIHHO MEHBIIIE MCXO/HON AHTJIOA3BIMHON BEPCUU: BCETO B IOy I€HHOM
rpade comepxaiocs 144 toic. (3.1%) xounenros u 7.9 mun (8.0%) cBaszeit
MezK1y HUMHU. Bce KOHIEeNThl OTHOCUIIUCH K OJHON MJIM HECKOJIBKUM TPYIIIaM
u3 124 (97.6%) Bosmoxkubix. OrcyrerByonme B pycckosi3branoit Bepcuu UMLS
TeMaTUYECKUe IPYIILI He UMEIOT IIPAMOTO OTHOIIEHHS K OIMHMCAHIIO BO3MOYKHBIX
BapUAHTOB KJINHUYECKUX IIPOSBJIEHUI U MHCTPYMEHTAIbHO-T1a60paTOPHBIX
METOJIOB UCCJIETOBAHUS.

JIy1st pa3sMeTK\ TEPMUHOB 1O KJIMHUYIECKAM HATIPABJIEHUSM OIEHUBAIACD
rpaoBas CBA3HOCTD WX AHTJIOA3BLIYHBIX AHAJIOTOB C KOHIEHTAMU-HO30JIOTHSIMHY,
COOTHECEHHBIMHU € KOJIAMY CIIPABOYHUKA MEKJLYHAPOJHON KiaccuduKaun
6osesneit 10 mepecmorpa (MKB-10) 8 UMLS. Vcnoibs30BaHo cOmoCTaB-
aenne komoB MKDB-10 ¢ akTyasabpHOI Bepcueil CIIpaBOYHHUKA U3 PeecTpa
HOpPMAaTHUBHO-CIIpaBodHON nudopmarun Munsapasa Poccun.

3. nOArOTOBKa nepe4yHsn HOo30Js10rnin ANA pa3MeTKun KoOHUenToB

Sajiava peBapUTEIbHON JIMArHOCTUKY HE IIPEJIIIojaraeT TOYHoi hop-
MYJIMPOBKHU JHUATHO3a, OJIHAKO IIPUBSI3KA CHMIITOMOB K HO30JOTUIECKUM
rpymmnaM Tpebyer BBeJIEHUsI OTPDAHUYEHNI Ha uX mnepederb. [lonrorosien Habop
[IPaBUJI OTCEYEHUsI, IO3BOJIUBIINX CHU3UTH KOJIMYECTBO HO30JI0TUIECKUX
€JIMHUIL JJTs ToucKa. K MX Incity OTHOCATCS HANMEHOBAHUSI, COIEPIKAIIIIE
CJIOBa, «HEYTOYHEHHBII», «KJIACCU(DUIMPOBAHHBINY, «UIeHTU(DUITPOBAHHBINLY,
«JIpyTroily, a TakxKe obue (GOPMYIMPOBKH, COJEPIKAIIIE B IIOJICTPOKAX JIPYTHE
HozoJiorndeckne eauuunnsl. Hampumep, kox «K29» — «Tlactpur u ayomenurs
MOXKHO CYNTATh U30BITOYHBIM IO MIPUYIUHE CYIIeCTBOBaHUS KOJIOB «1K29.7» —
«lactpury n «K29.8» — «/lyoneHuTs, ciyKamux Jijisi HETO MOJACTPOKAMHU.

ﬂﬂﬂ JOIIOJIHUTEJIbHOTO COKPaIlleHU A CIINCKa INOTEHIUAJIbHBIX HO30JIOT Uit
9KCIEPTHBIM CIOCODOOM ObLIN OTOOPAHBI KIMHUIECKIE CUMITOMBI U CUHIPOMBI,
He ABJISIONUECd CaMOCTOATeIbHbIMY 3abosieBanusamu (Hanpumep, K92.0—
«Kposasast peota ). Hanee qus Beex komos MKB-10, ¢ KOTOpeIMI COOTHECEHO
6oJtee OHOTO Y3714, OCYIIECTBIIEH OTOOP KOHIENTOB C HAUOOJIBITUM IUCIOM
MPSIMBIX CBsi3ell. YKa3aHHbIE TPOIEYPbhI TO3BOJIMIN CHU3UThH CTEIEeHb 110~
TEHIMAJILHOIO CMEIIEHUs OIIEHOK IIPUHAJIE2KHOCTH TEPMHUHOB K KJjlaccaM U
COKDPATHUTh epedeHs 3abosesanuii ¢ 11232 1o 1577. Kommenram, coorneceHHBIM
¢ xkomamu MKB-10, aBromarndeckn nprucBanBajiach METKa TPUHAIEXKHOCTH
K OIIPEJIeJIEHHOMY KJIMHUYECKOMY IIPOMUIIIO, COrIacHO Tadsule 1.
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TapmuuA 1. OcHoBHble KimHEYeCKUE TPOMUIIN, UCTIOJIH30BAHHBIE
LISl TOCTPOEHUST STUOMATOT€HeTHIecKoro obpasa koumentos UMLS

Ne | Kimacce MKB-10 u jmanason kojos | HanmenoBanue npoduiist
1 V(F 00-F99) Icuxumarpudeckuit

2 VI(G00-G99) Hespostoruueckuii

3 VII(H00-H59) Odranbpmosiornueckuii
4 VIII(H60-H95) Cypaosorundeckunit

5 IX(100-199) Kapauonoruyeckuit

6 X(J00-J99) [y 1bMOHOJIOTHUECK Ui

7 XI(K00-K93) lacTponHTeCTHHAJIBHBIM
8 XII(L00-1.99) Jepmarosiorudyeckuit

9 XIIT(MO00-M99) Oproneauaeckuii

10 XIV(N00-N99) Y pOreHUTAJIbHBII

I[.HH Pa3METKHN HE MCIIOJIB30BaJINCh COCTOAHUA, IIPEJICTaBJICHHBIC B K/IaCCaX:

I Hekoropble MHMEKIMOHHBIE U TApA3UTApHbIE GOJIE3HH,
IT moBoOoGpazoBanus,

III GosiesHn KpoBU, KPOBETBOPHBIX OPIaHOB U OTIEIbHbIE HAPYIIEHUS,
BOBJICKAIOIHE UMMYHHBIH MEXaHU3M,

IV 6ose3nn sHIOKpUHHOI CUCTEMBI, PACCTPONRCTBA IIMTAHUSL U HAPY IIEHUS]
oOMeHa BeIecTB,

XV 6epeMeHHOCTD, POJIbI U TIOCTIEPOJIOBOI TePUOT,
XVI orpenbHbIE COCTOSIHNUS, BOZHUKAIOIINE B IEPUHATAIBLHOM [IEPUOJIE,
XVII Bpoxmenuble anHOMagnu [Opoku passutusi|, nedopManum u XpoMo-
COMHBIE HAPYIIEHNUsI,
XVIIT cuMmnToMbl, IPpU3HAKY U OTKJIOHEHHUS] OT HOPMbI, BBISIBJICHHBIE [TPU
KJIMHUYIECKUX U JIAOOPATOPHBIX UCCIICJIOBAHUSAX, HE KIACCU(DUIUPOBAHHBIE
B Jpyrux pyoOpuKax,
XIX TpaBMbI, OTpaBJIEHH U HEKOTOPBIE APYTUE IIOCIEACTBUS BO3IEHCTBUS
BHEITHUX [TPUIWH,
XX BHeITHHE IPUYUHBI 3200I€BAEMOCTU U CMEPTHOCTH,
XXI dakTopsl, BIAUAIONIAE HA COCTOSTHAE 3J0POBbsl HACEJIEHUs 1 00palle-
HUSI B YIPEXKIECHUS 3/IPABOOXPAHEHUS W
XXII kompl Aj1s1 0COOBIX LieJIei.

4. Anroputm nocTpoeHus 3TuonaToreHeTuyeckoro obpasa
koHuentos-cumntomos UMLS

ITocTpoenune sTronATOreHETUIECKOTO 00pa3a Jjisi KOHIIEIITOB-CUMIITOMOB
OCYIIECTBJIAJIOCh UTE€PATUBHBIM IIMKJIOM, COCTOAIINM U3 HECKOJIBKHUX IIaroB.
IlepBsrit mar 3aK/I09YaICs B arpEraIiy BCEX TEPMUHOB, HAIIPSAMYIO HJIH KOCBEHHO
CBSI3aHHBIX ¢ KOPHEBBIM KOHIIEIITOM OJHUM WJIM HECKOJIbKUMHU U3 CJIELYIONINX
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tunos ces3eil: SIB (sibling relationships— ropusonrasbablie cBs3u MeXK Ly
6umskopozcTBennbiME KoHnentamu), RO (other relationships— Beprukasbbie
cBsa3n HecuHOHMMHUYHBIX TepMuHOB), CHD (child relationships) n RN (narrower
relationships) — BeprukasibHble CBA3M POAUTEILCKUX TEPMUHOB C JIOUEPHUMHU,
RQ (related and possibly synonymous relationships — ropusonranbubie u
BEPTUKAJIbHDIE CBA3M OJIM3KOPOJCTBEHHBIX MJIM CUHOHUMUYIHBIX TEPMUHOB) U
SY (synonymous relationships— crporo cunonumugnbie c¢ssasu). Kparkas
XapaKTEePUCTHKA OCHOBHBIX THHOB cBsizeit UMLS nana B tabuune 2 [7].

TABIMIA 2. XapaKTepUCTUKA OCHOBHBIX THUIIOB CBSI3€H MEXK 1y
kounenTamu UMLS

. IIpumep cBsizu
Knacc caseit Tun - PUMED ~
CBA3HU Kopuesoit Tepmun Komnmesoit repmun
THosicamunbrit
RO Boaw B cimne
PaJUKYJIAT
O eHUsT
RQ Boub B crinne TILY T
AccormaTusHbIE JUCKOMQOPTa B CIUHE
RL lN'unepypukemust Boss B masnbue HOrm
MarHOCTUIEeCKUN
AQ Boab B ciune A
aCIeKT
QB Huarnoctuyeckuit actieKT | Bosib B ciune
SIB Boab B ciune AprpaJirus
PAR Boub B crinme Hopconarus
Vepapxuueckue CHD Bouib B ciune Boab B nosicaure
RB Bonab B crime Boab
Bouib B BepxHeit yacTu
RN Bosb B ciune p
CIIUHBI
CuHOHUMUYHBIE SY Bosb B ciune Boub: ciuna

HeobGxomumo ormerutsb, uro uepapxudeckue casu PAR (parent relation-
ships) u RB (broader relationships) — BepruxajibHble CBsi3u JOYEPHUX TEPMUHOB
C POIUTESLCKAMHI — BEAYT K 0DOOIIAIIINM TEPMUHAM, MCKAXKAOIIAM STHOIATO-
rereTmaeckuit 06pa3. Ilo aroit npuunHe JaHHbIE TUITHI CBsI3€il He NCIIOIb30BAUCH
JUUIsl arperanuu TepMuHOB. B cBoo ouepenn, ceasu RL («like» relationships—
FOPU30HTAJIbHBIE HJIM BEPTUKAJILHBIE CBA3U MEXK/Yy OJU3KOPO/ICTBEHHBIMU
repmunamu), AQ (allowed qualifier — BeprukabHbIE CBA3U JOYEPHUX TEPMUHOB
¢ ponurensckumu) u QB (can be qualified by — Beprukasibubie cBa3u poau-
TEJIbCKUX TEPMUHOB ¢ JOYEPHUMM) HE ObLIU IPEJICTABJICHBI B CIPABOYHUKAX
tepmuaoB UMLS, nepeBeieHHBIX Ha PYCCKMIl SI3BIK.

Ha Bropowm mrare oTOMpAJIICH TEPMUHDI, IIPUHAJIEKAIINE K TEMATHICCKIM
IpYyIIaM, BXOIIIMM B Hajkace Disorders (paccTpoiicTBa) ceMaHTHIeCKO
cern UMLS. Kompl u pactuundpoBKy TPy TEPMAHOB YKA3aHHOTO HAJIKIACCA
pezictaBieHbl B Tabsmie 3. JlaHHOe MOMCKOBOE yCJIOBHE TI03BOJIMIIO HCKIIIOYNATE
IPYHIBI IPOMEXKYTOYHBIX KOHIIEIITOB, HE MMEIOIIUX IIPSAMOrO OTHOIIEHUS
K 3THOIIATOreHe3y 3a00JIeBAHUI: TAKCOHOMUYECKNE U XPOHOJIOTMYECKHE
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Tapanua 3. Temaruyeckue rpynibl TEDMUHOB, UCIOJIb3yeMbIe
JIJIsT TIOUCKA CBsideil ¢ Hozosorusimu cupasounnka MKB-10

Ne | Koxy | HammMmeHoBaHHe TeMaTHYECKOH I'DYIIIBI U aJalTHPOBAHHbBIN IIEPEBOL

1 | T019 | Congenital abnormality (BpoKIeHHBIE aHOMAJINHN)

2 | T020 | Acquired abnormality (npuoGperennbie anomasmn)

3 | T033 | Finding (k/iuHUYeCKHE HAXOIKN)

4 | T037 | Injury or poisoning (TpaBMbl WM OTPABJICHNUS)

5 | T046 | Pathologic function (maTosoruueckue pyHKIWM)

6 | T047 | Disease or syndrome (3aGoJieBaHusl WM CHHIPOMBI)

7 | T048 | Mental or behavioral dysfunction (paccrpoiicTBa MpIIUIEHHS U ICUXUKH)

s | Toa9 Cell or molecular dysfunction (kserounble nau MOJEKyJISPHBIE
HAPYIIEHNs )

9 | Tos0 Experimental model of disease (sxcnepumenTaIBHBIE MOZEIN
3ab0J1eBaHmil)

10 | T184 | Sign or symptom (IpU3HAKU MM CHMIITOMBI)

11 | T190 | Anatomical abnormality (amaTommueckme HapyIIeHus)

12 | T191 | Neoplastic process (omyxosieBble TPOIECCHI)

CYIIHOCTU, SKOHOMUKO-IOPUJIMIECKIE U TeorpaduIecKue TEPMUHbBI, a TaKKe
Y3KOCIEIATN3UPOBAHHBIE TIOHATHUS U3 OUOJIOTUN M XUMUH.

Ha Tperbem Im1are ompeiessioch 9ucjI0 HE3aMKHYTHIX IPadOBbIX IIyTei
MeXKJ1y KOPHEBBIM (CHMIITOMATUYIECKIM ) U KOHIIEBBIM (HO30JIOIMYECKUM )
KOHIIEIITAMH, CBI3aHHBIMU JIPYT C APYTroM He OoJjiee, YeM depe3 JIBa IpOo-
MEXKYTOYHBIX y3J1a, OTHOCSIIUXCST XOTsI ObI K OJTHOM TeMaTUIeCKON TpyIIe
n3 Tabiuiel 3. HeobxomMo 0OTMETHTD, ITO MTPOBEIEHHBIE PaHee NCCIIETOBAHUS
IPOJIEMOHCTPUPOBAJIM BO3MOYKHOCTD HAXOXKJIEHUS [TO/IAB/ISIIOIIEr0 OOJIBIINHCTBA,
PeJIeBAHTHBIX KOHIIEIITOB [IPH yKA3aHHON ruryOuHe roucka [8].

B xo/1e Tperbero mara U3BJIEKAIUCH HO30JIOTUYECKIEe KOHIIENTHI (COOTHECeH-
uble ¢ kogamu MKB-10) u paccuurbiBainch pasjimdHble METPUKU UX CBIZHOCTU
¢ KOpPHEBBIM y3Jji0M. [lajiee 110 KaXKI0My KJIMHUIECKOMY MTPOMUIII0 [0y Y€HHBIX
KOHIIENITOB 3HAYEHUsI IPaApOBBIX METPUK CyMMUPOBAIUCh. [lorydaeHHbIit
9HUCJI0BOH Psi/l COPTUPOBAJICS 110 YOBIBAHUIO U TIOJIBEPraJICsi MUHIMAKCHOM
HOPMAaJIM3aIliN, TJIe eJINHATE COOTBETCTBOBAJIA MAaKCUMAJIbHAs OJIM30CTH
K COOTBETCTBYIOIIEN MeJIMIIMHCKON 00/1aCTH, a HyJII0 — MUHUMAJIbHas. SHAYEHUsI
COXPAaHSLINCH B Oa3e JAHHBIX U MOLJIU MCIOJIb30BATHCS JJIsl IOCTPOEHNsS BEKTOPA,
GYHKINI TPUHAJJIE2KHOCTH STUOMATOIEHETHIECKOTO 00pa3a OTIETbHBIX
KOHIIETITOB UJTH HA0Opa KOHIIEIITOB.

5. OueHka ka4yecTBa NOCTpPoeHnsi 0bpa3a HO30M0rmiA

Jlnst mpoBeieHs] CPABHUTEILHON XapaKTEePUCTUKU METPHUK OLEHKH CBSI3-
HOCTH IIPH IOCTPOCHUH 3TUONATOIEHETHIECKOTO 00pa3a MOy deHHAs [IJIs
KOHIIEIITa MeTKa 00pa3a HO30JIOTIYeCKOll eINHHUIE CPABHIBAIAChH ¢ (baKTuHe-
ckoit (kracc MKB-10). O6pa3s cunTasicst KODPEKTHBIM, €CJIM METKa KJIacca
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MKB-10 npucyrcrBoBaja B epedHe Tpex Hanbojiee XapaKTEPHBIX KJIACCOB
B BEKTODE ITHOIIATON€HETHIECKOro 00pa3a KOoHIenTa. BayKHO OTMETUTD,
9TO 00pa3bl OBLIN IIOCTPOEHBI TOJBKO JIjIsl KOHIIENITOB, HE COOTHECEHHBIX
¢ komamu MKB-10. /Iy Ho30/10rUit 9THONMATOreHETHIeCKEe 00pa3hbl CTPOUINCH
IIyTeM CyMMUPOBaHUs 3HaUeHNN (DYHKIUN ITPUHAJJIEXKHOCTH, HAIIPSIMYIO
CBSI3aHHBIX C HIMU CHMITOMATHYECKNX KOHIENTOB. JIaHHBIN 1TOIX0/] TO3BOJINIT
MHTErpaJjbHO OIEHUTDb 3P PEKTUBHOCTD Pa3METKN HO30JIOI'MYECKUX KOHIIEITOB
1 c/eIaTh BBIBOJL O BO3MOXKHOCTH €€ IIPUMEHEHHS IIPH PEIIeHNH 33/1a49H ONCKa
HanboJIee TOIXO/ISAINNXK JUATHO30B Ha OCHOBAHUN JIIOOOIO MCXO/IHOT'O HEPeTHs
CHMIITOMOB.

JlJis1 BBITIOJIHEHUST 3AIIPOCOB ¢ DOJIBIIIUM KOJIMYECTBOM OIEPAIUil 00b-
enuHenus (B IEPBYIO OYepeb, Cross join), Jieskalux B OCHOBE pacdera
METPUK CBSI3HOCTHU y3JI0B, npuMensiiack rpadosass CYB/l Neodj. Ilpu pabore
¢ ykazanuoit CYB]] ucnosb3oBasics JekaparuBublii 36k 3anpocos Cypher [9].
st Togeunoro nouncka KouuenTop UMLS npumeHsiiach 06'beKTHO-PEIAIINOH-
nass CYBJI PostgreSQL, nemoncTpupyomas Hauydnime pe3yIbTaTbl IIPu
u3BJeYeHnn NHMOPMAINY U3 XPAHUJIAIL JaHHBIX [10].

Jlj1s1 uHTErpaIy aHAJIUTHIECKUX IPOLEAYD B €IUHbIA BBIUUCIUTEILHBIIM
AJITOPUTM IIPUMEHSIINCH OUOJIMOTEKH sI3bIKa ITporpaMMupoBanust Python:
Psycopg2 (ausa paborsr ¢ CYB/I PostgreSQL), Neodj (misa paborst ¢ CYB/]
Neodj), Scipy, Pandas u Numpy (1y1s1 peaimu3aluy BHIYUCIUTENbHBIX ONIEPAIIit
u dopmuposanus OLAP-cpesos).

6. Buabl rpacoBbIX METPUK ANS1 OLEHKN CBA3HOCTU Y3108

YHUBEpPCATBHBIM S3BIKOM Pa3MeTKU rPadOBBIX MOJIeNIell 3HAHUI SBIISETCS
Eclipse Modeling Framework (EMF)—#a6op MHCTpYMEHTOB U CTaHAPTOB,
00€eCIIeYnBAIONINX OCHOBY JIJIs B3AUMOEHCTBUS CO3IaBAEMbBIX METAMOIEeH
¢ JIpyTUMU IporpaMMHbIME TIpoayKTamu. CornacHo crangapry Ecore, ucmosib-
zyromemy EMF, B 3aBucuMocT OT CHCTEMBI TUIIA3AIANA Y3JI0B IpadOBbIe
MOJIENIN JIeJIATCA Ha JiBa KJiacca. Tak, Mojesib 3HAHUIT CYMTAETCs MOHOTHIIHOM
(one-dimensional), eciiu B rpade orcyTcTBYET AeeHue y3/a0B Ha Tunbl. [Ipn
CYIIECTBOBAHUU CIIPABOYHHUKA, COOTHOCSIIETO y3JIbl I'pada ¢ KOHKPETHBIMU
TunaMu (U3 MHOXKECTBA TIPEJCTABIEHHBIX B MOJIEIHN THUIIOB), rpad cuauraercs
muororunsabiM (multidimensional) [11]. Cremyer yTo9HATD, YTO NCXOTHO
B UMLS mnpencrapieno 127 temMaTwyecKuxX I'PYII KOHIEIITOB, KOTOPBIE
[IPABOMEPHO MOI'YT CUUTATHCH TUaMu. JIJIs MHOTOTHUIIHBIX MOJEJell 3HAHUIT
CYIIECTBYET PsiJl OOIIENPUHSITHIX TPABUJI, JOIYIIEHUN U OrPAHUYEHUI, KOTOPBIE
HEOOXOIMMO yUUTHIBATH [IPU a0CTPAKTHO-JIOrmIeckoM anasm3e. [Ipexie Bcero,
KasK/1asl CeMaHTUIECKasl CYIHOCTh (HOPMYIMPOBKA TEPMUHA) JIOJZKHA OBITH
COTIOCTABJIEHA C COOTBETCTBYIOMMM y3JioM rpada. I[Tomumo sToro, KaxKaprit
y3eJs rpada J0ZKeH IPUHAIJIEKATH XOTd Obl K OJJHOMY U3 BbIJIEJISI€MbIX
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B CTPYKType 3Hanuii Tunos. Hakonerr, Mex 1y Jiro060# mapoit y3108 rpada
JIOJIZKEH CYITECTBOBATH KAK MUHUMYM OJIMH IIYTh.

15T MOHOTHUIIHBIX ¥ MHOTOTHITHBIX I'PAgOBBIX MOJEJIEH CyIIeCTBYIOT pa3-
JIMYHBIE BUJIbl METPHK OLEHKY CBA3HOCTU y3J10B [12]. OHAKO BAaXKHO OTMETUTD,
YTO MHOTOTHITHAS MOJIEb BCEr/Ia MOXKeT OBbITh NIPUBEIEHA K MOHOTHUITHOM IIPH
OIyIIeHNY UH(OPMAIMU O BbIJEJIsIeMbIX THIIAX y3Ji0B. [lockosibky UMLS
IIOJIHOCTBIO YIOBJIETBOPsET TpebOBaHUAM cTaHapTa Kcore /st KIacCHIecKux
MHOTOTHITHBIX IPadQOBBIX MOJIeJIell 3HAHNUIT, B HACTOAIIEH CTaThe PACCMOTPEHBI
METPHUKH i1 000UX KJIACCOB.

BaykupiM monoHUTEIBHBIM aTPUOYyTOM IpadOBBIX METPUK SBJISETCS
HAJIMYUe WK OTCYTCTBUE HOPMAJIM3AIINY MX BBIYUC/IsieMbIX 3HaueHuii. st Bcex
HOPMAJIM30BAHHBIX METPUK HHTEPBAJI JOMYCTUMBIX 3HAYECHUN JIEXKUT B CTPOTUX
npegesax ot 0 10 1, r7e HysieBoe 3HAYEHUE METPUKU YKA3bIBAET HA IIOJHOE
OTCYTCTBUE CBSI3HOCTH y3Ja C moarpadoM, a eIuHIIHOE — Ha, JIOCTUKEHNE
MakcuMaJsIbHOM cBsi3HOCTH [13]. O4eBHIHBIM IPENMYIIECTBOM HOPMAJIU-
30BaHHBIX METPUK SIBJISETCH BO3MOXKHOCTH ITPOBEJIEHUsI CPABHUTEIBHBIX
OI[EHOK MOIIIHOCTH U BAJMIHOCTH. [[OMUMO 9TOr0, HOPMAJIMN30BAHHBIE METPUKA
MOTYT OBITH OObEIUHEHBI B €MHBIN 9KCIIEPTHBIA aHCAMOJIb JIJIsl TIOBBIICHIST
3 HEKTUBHOCTH PENTeHnsT 33/1a1 U3BJICUEHUsT 3HAHUN U3 TpadOBBIX MOJIEEN.
Tem He MeHee, HEHOPMAJIM30BAHHBIE METPUKH TaK>Ke MOTYT IPEJICTABIISITh
[PAKTHYIECKYIO 3HAYUMOCTD, OJIarojapst BO3MOYKHOCTU UX aJAlITaIlliN 10/]
UHAVBUIYAJbHBIE TPEOOBAHMS PAOOTHI ¢ OTIEIHHBIMU MPA(OBBIME MOJIEISIMA
3HAHWIL, a TaKXKe 33 CYeT JOCTYIMHOCTH WX MOJUMDUKAIINHN [IyTeM POBEICHs
HOPMaJIM3AIAN C UCIIOJIH30BAHNEM COOCTBEHHBIX AHAJIUTUIECKUX OJIXOJIOB.

Hau6osiee undopmarusabivu crpykrypamu UMLS sBistores y3isl (Tepmu-
HbI), B TO BDEM$ KAK CBA3U MEXKILy HUMU CJIy?KAT B KAUECTBE BCIIOMOIATEIbHBIX
3JIEMEHTOB, XPAHSIINX CBEJIEHUsI O IIPUPOJIE B3aUMOOTHOIIEHHUI COOTBET-
CTBYIOIUX MOHATHI. B ¢Ba3U ¢ 9TUM 0COOYIO 3HATMMOCTD MPEJICTABIISTIOT
AHAJINTHYECKIE METPUKHU, OCHOBAHHDIE HA OIEHKE CBS3HOCTH Y3JI0B B mojarpade
(rabmumna 4) [14].

Tapmuua 4. I'padoBble METPUKHU JJTsT ONIEHKU CBSI3HOCTH y3JI0B B moarpade

Ne OpurunaiabHoe CMBICJIOBOI IIEPEBOJ, Tun Hasane
Ha3BaHUeE Ha PYCCKUIi sI3bIK MOZeu HOPMAaJIU3AIAHI

1 Clustering coefficient Koaddunuenr kiracrepusarun A Ha

9 Dimensional clustering | Koaddunuenr maororumntoi B Ta
coefficient KJIACTEePHU3aIUN

Koaddumuenr runosoi
IIPpUHAJJIIE2KHOCTHU

4 Multiplex Koaddunuenr B3Bemennoit
participation coefficient | TunoBOI NpUHAIIEXKHOCTH

3 Node activity b Her

B Ha

IIpumeuanusi: A — Monorunnas rpadosas Mojesb, B — Muororunnas rpadosasi MoOAEIb

CorytacHO JIaHHBIM 13 TaBJHIEL 4, K YUCIY METPUK JJIS OIEHKU CBSI3HOCTH
y3JI0B B MOHOTHITHBIX I'Pa(OBBIX MOJIEIAX 3HAHUNA OTHOCUTCH KOIDDUIUEHT
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kiacrepusanun (KK). KK npeaycmarpuBaer HOpMAJIU3AIUIO BHIXOIHBIX
suavenuii [15] u onpeensiercs o dbopmysie
(1) KK” = (RB + RH3)2 (g: + Rws _ 1)’

n n n n
rae Cy, — koamdectBo rpadoBbix (reOMeTPUYECKUX) KOHTYPOB, B 00pa3oBaHuu
KOTODBIX yuacTByer y3es n; RE —qucio pébep (cBsizeil), BXOASIMX B y3€a n, &
R —qucyo pébep (cBsizeit), HCXOMANINX U3 Y3J1a N.

K merpukam oleHKM 3HAYMMOCTHU Y3JIOB B MHOTOTHUITHBIX IPadOBBIX
MOJIEJISIX 3HAHUN OTHOCATCSI KOI(MDMUIIUEHT MHOTOTUITHON KJIACTEPU3AINH,
KO3 DUIMEHT TUITOBOIT TPUHAIIEXKHOCTA U KOIDDUITUEHT BIBEITECHHON
THUIIOBOI TPUHA/JIE?KHOCTH.

Kosdbdurment muororunaoit kinacrepusanun (KMK) ssisiercss 0606men-
HOIt Bepcueit paccmoTpennoro panee KK s MOHOTHITHBIX MOJeeit, TakKe
paccunTbiBaercs 110 Gopmysie (1) u umeer Tpu BOSMOXKHBIX Bapuaiuu. [lepsbiit
BapuanT KMK npejmosraraer BKoueHre B pacier y3J0B TOJBKO TOIO THIIA,
K KOTOPOMY OTHOCHTCsT KOPHEBOI y3esi. Bropoit BapuanT JaHHON METPUKH
OTJIMYIAETCS OT IPEJIBIIYINEro BKIIOYEHNEM B PACYET y3JI0B UCKIIOIUTETHHO
TeX THUIIOB, K KOTOPBIM He OTHOCHTCS KopHeBoil y3es. Tperunit Bapmant KMK
He TIPEJIIIOJIAraeT BBEJICHNs OIPAHIYEHUT HA COOTBETCTBUE UJIM HECOOTBETCTBHUE
THUIIOB KOPHEBOI'O y3JIa U CBA3AHHBIX C HUM Y3JIOB.

Kosdbdurmenr tunosoit npunamrexxuocru (KTII) pasasgerca uuciy
YHUKAJIBHBIX THUIIOB Y3JI0B, C KOTOPBIMU CBsI3aH KOpPHEBOIT y3eJs. Heobxommmo
orMmeTuTh, 9T0 KTTI He mpenmoaraeT HOpMaIH3aUy 3HAYEHIH U He yIUTHIBACT
CTPYKTYPY BCTPEYAEMOCTH PA3JUIHBIX TUIIOB CBA3AHHBIX Y3JIOB.

Kosddurmenr s3semennoit Tunosoit npuaaiexuoctu (KBTII) yerpanser
pobstemsl, cBs3auuble ¢ npuMenenneM kiaccuaeckoro KTTI, u ompenensiercs
o popmyiie

_ T R, (d) + R®(d) \?
@ KBTI = 73| 1 dGZD <Rn(D) + R?(D)) ’

rye T — 9uciio YHUKAJIBHBIX TUHOB y3J10B B noarpade st ysaa n; R, (d)—
YHCII0 TIPSIMBIX CBsA3€H (MCXOISIIUX WM BXOJANIAX) MEK/y KOPHEBBIM Y3JIOM
n u apyrumu ysjaamu toro xe tuna (d); R, (D)— ducio upaMbix cBsa3eit
(MCXOMAMUX WA BXOJANIAX) MEYKy KOPHEBBIM Y3JIOM 1 W JPYTUMHA y3JIaMu
moboro tumna (D).

7. DMnnpunyecknii 3aKOH « PaHr—4acTOTHOCTb»

HeobxoumMo oTMeTnTh, 9TO CTPYKTypa cBs3eit Mex 1y koumentamu UMLS
SIBJISIETCsT HEOMHOPOIHOM. [Ipu GOJIBIIOM |uCiie TPEICTABIEHHBIX THIIOB Y3JI0B
(TemaTHUeCKUX I'PYII), & TaKXkKe MHOr0OOpa3Uy THUIIOB U ATPUOYTOB CBs3eil
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MeXK/1y TepMHUHaMA HeﬂeCOO6paBHbIN[ ABJIFAETCA IIPUMEHEHNEe HaI/I60.Hee MOIITHbBIX
MHOTOTUIHBIX HOPMAaJIN30BAHHBIX IpadOBbIX METPUK — TPETHET'O BapUAHTA
KMK u KBTII. Ilpumenenue 9Tux aHATUTHIECKAX HHCTPYMEHTOB [JIst PabOTHI
C OIPOMHBIMU MACCHBAMU JIAHHBIX MOYKET CTATh IIPUYUHOM JJINTEILHOIO OUCKA,
3HAHUI, B CBA3U C YeM HEOOXOIMMO 3aHUMATHCH HAPAJLIETLHON pa3paboTKOit
6oJiee MPOCTHIX CIIOCOOOB OIEHKU CBSI3HOCTU TEPMUHOB B CEMAHTHYECKON CETH.
K umciy Takux criocoboB ciieyeT OTHECTH IOJICUYeT YHUC/Ia MPSIMBIX CBsi3eil
MEXKJIy HCCJIe/lyeMbIM KOPHEBBIM Y3JIOM U JIPYTUMH y3JIaMU, & TAKXKe II0/ICYEeT
FEOMETPUYECKNX KOHTYPOB, B KOTOPBIX IIPUCYTCTBYET KOPHEBOU y3€JI.

IIpu nocTpoeHnr MOHOTOHHO yOBIBaIOIEN (DYHKIIUH PACIIPEIETIEHIUS
YaCTOTHI BCTPEYAEMOCTH Y3JI0B (DOpMUpYyeTCs KJaccudeckas KpuBas 1lapero
(pucynok 1) [16]. CoriacHo JaHHBIM U3 PUCYHKA, Jyis JIE0GOH TOYKYM HA KPHUBOI
MOYKHO OIpeAeauTh KosmdecTBo KoHmenToB UMLS ¢ quciom npsiMbIx cBsi3eit He
MeHee 3a7aHH0r0. [1om06HOe pacipeesieHne MmIOTHOCTH CTPYKTYPhI IPaOBBIX
9JIEMEHTOB BCTPEYAETCs P aHAJIM3e si3BIKOBBIX MOJIEJIEl 1 M3BECTHO KaK 3aKOH
HMunda [17]. Hacrosimee ncciemoBanne MOKa3bIBALT, UTO CXOXkKas 00paTHAas
3aKOHOMEDHOCTDh XapaKTepHa il rpadoBoit nHbopMarmonHoit mogesn UMLS.

] ——————— lcx01HOE pacripeieneHne
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Pucynok 1. Kpupas 3aBUCHMOCTH MHUHUMAJIBHOI'O YHCJIA IPSMBIX
cBs3eit 1 ynciia KoHrenToB UMLS ¢ COOTBETCTBYIONUM YHUCIOM
IPAMBIX CBA3€i

Maremaruieckoe BbIpakKeHUe, alIPOKCUMUPYIOIIEe OIUCAHHYIO PaHee
3aBHCUMOCTD, [IPEJICTABICHO (POPMYIIOit

(3) y=2-10% 2" 1%

TJie & — YUCJIO NMPSMBIX CBA3€H TepMUHA, Y — KOJIMIECTBO KOHIIENITOB C INCJIOM
npAMBIX cBszeil He Menee x. Kosdbdurment nerepyunamun (R?) mys ganuoro
IMIOUPUYECKOro 3akoHa coctaBus 0.939; yTo cBUIETEILCTBYET O BHICOKOM
kadecTse annpoxkcumanun (p < 0.001).
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8. B3BelweHHbIii k03chhnLmeHT KnacTepmsaumnm

BrimeynomMstHy ThIN 3aKOH MOXKET CTaTh (PyHIAMEHTaIbHOW OCHOBOM J1JIst
CO3/1aHUS HOPMAJIM30BAHHBIX METPHUK PaHKHUPOBAHUS KOHIENTOB I'PpadoBoOit
mogzen UMLS. Tlonobuble MareMaTHIeCcKe HHCTPYMEHTHBI [IO3BOJISAT YYECThb
IUIOTHOCTD [IPSIMOTO OKPY?KEHHsI KOHIIEIITOB IIPU PEIIeHUH 33,1891 IONCKA
PEeJICBAHTHBIX 3HAHUI 1 M30€KATh MOTEHIINAIHLHOTO CMEIEHUsI OTIEHOK [TPU
pamXKXUpOBaHUH y3JI0B rpada.

C ucnosubzoBanueM HopMysibl (3) ObLIO MOJIYYEHO BbIPAXKEHUE JIJIsi
pacuera B3BenreHHOro koadduimenta kiacrepusamuu repmuta (BKK) sayrpu
uzBJiekaemoro mojarpaga UMLS
Cn

(4) BKK, = R 120"

ryie C), — 9UCJI0 TEOMETPUIECKIX KOHTYPOB UJIM HE3aMKHYTBIX ITyTeil, B 00pa30-
BAHUU KOTOPBIX yUACTBYeT y3es N, R, — Iuc/Io NpsSMbIX CBA3€Hl MEXKLy Y3JI0M
7 ¥ JIIOOBIMY JIDYTHUMU BEPIIMHAMU T'pada.

Hast macmrabuposanus suavennit BKK, paccantanueix mo dopmyste (4),
HEOOXOIMMO TPUMEHUTh MUHUMAKCHYIO HOPMAaJIU3AIUIO

min(BKKN)

max(BKKN) — min(BKKN)’
rie BKK,, —3nauenne BKK ma y3na n; BKKy — Habop paccanTaHHBIX
snadenuii BKK s vabopa y3mos N, 1yt KOTOPOro HEOOXOIMMO IIPOU3BECTH
pPaHXKUPOBAHUE.

(5) BKK/, = BKK,, —

9. BapmaHTbl rpacoBbIX KOHTYPOB U UX NPUMEHEHUNE B aHaNu3e
cTpyktypsl UMLS

HeobxonmnMo 0TMETHTH, 9TO T€OMETPUIECKIME KOHTYPAMU B TEOPUH I'Pad OB
[IPUHSITO HA3BIBATH JIIOObIE 3aMKHYThIE (DUTYPhI— CTPYKTYPhI, B KOTOPBIX
OIMH W TOT K€ y3eJI SBJISeTCd KOPHEBBIM M KOHIEBbIM. Ha pucynke 2
IIPeJICTaBJIEHb HEKOTOPbIE BO3MOXKHbBIE THUIIBI T€OMETPUIECKUX KOHTYPOB
B abcTpakTHOM Hojarpade. Hanbosiee coaiaHCMpOBaHHBIM 1 ONITUMI3UPOBAHHBIM
10 BBIYUCUTEIbHBIM 3aTPATAM SIBJISIETCHA UCIOJIb30BAHUE IIONCKA IPAdOBBIX
TPEYroJbHUKOB. VIMEHHO TOT THUI KOHTYPOB PACCUUTHIBAETCH B KJIACCUYIECKITX
Bepcuax KK u KMK, paccmorpennbsix panee. B 3aBucuMocT OT KOJTUYIECTBA,
BKJIIOYAEMBIX Y3JI0B B KaXKJbIil YPOBEHH moArpada MOryT OBITh HCIIOJb30BAHBI
pa3IMYHbIe BUJIbI T€OMETPUYECKNX KOHTYPOB. B HacCTOsIIIEM nCCIIeI0BAHII
Ipe/IJIaraeTcs MCIOJIb30BATh TPU PA3HOBUIHOCTU B 3aBUCHMOCTU OT pa3Mepa U
quca cjioeB u3Biaekaemoro moarpada repmuaoB UMLS. Taxk, moacaer auncia
BHEIITHAX TPEYTOJILHUKOB (Y KOTOPBIX OJIHA BEPIINHA OOPAINEHA K KOPHEBOMY
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KOHIIEIITY, & J[Be— K KOHIIEBOMY ) I€JIECOOOPA3HO [P YCJIOBUK
(6) NBIIyTp. < NBIIELHII. b

rae Nyuyrp, — 9HCIIO KOHIIENITOB B CJIOE, PACHOJIOKEHHOM OJIHKE K KODHEBOMY
KOHIIENTY, & Npgenmr, — IMCJIO KOHIIENITOB Ha 60Jiee BHENTHEM (TePMUHAIBHOM)
CJI0€ TI0 OTHOMIEHHIO K Nyyyrp.. [lomo0Haa cuTyarus xapakTepHa 1714 noarpada,
[IPEJICTABJIEHHOI'O Ha PUCYHKE 2, IIOCKOJIbKY B €ro IIPOMEXKYTOUYHOM CJIOE
HACIUTBHIBAETCS BCEro 4 KOHIENTa, a8 B TEPMUHAILHOM Cjtoe— 7.

ITpu usMenennu 3uaka HepaseHcTBa B (hopmyste (6) Ha IPOTUBOMIOIOKHBII
PEKOMEH,TyeTCsI UCIIOJIb30BATh II0JICYET BHYTPEHHUX TPEYTOJIbHUKOB — KOHTYDOB,
y KOTOPBIX OJ[HA BEPIINHA ObpalleHa K TePMUHAJIBHOMY CJIOI0 KOHIIEIITOB, a
JiBe — K KOpHeBOMY y3i1y). Ilozcuer uncaa rpadosbix poMOOB Tiesecoobpasen
1pu npubJIN3UTEIbBHOM PABEHCTBE Pa3MEPOB CJIOEB IIPH HEOOXOIUMOCTHU yUeTa
HAJIMYUs] HEIIPSIMBIX CBsI3el MexKy TepMuHaMu. Vcroyib30BaHne BapbUpOBaHUsI
Pa3/IMYHBIX TUIIOB I'PA(OBBIX KOHTYPOB B 3aBUCUMOCTH OT pa3Mepa CJI0eB
M3BJIEKAEMOr0 IToArpada MO3BOIUT ITOBLICUTH KOHTPACTHOCTb PaCcYeTOB U
VIIYUIIUTh KAIECTBO PAHKUPOBAHUS KOHIIEIITOB.

KopueBoii konuent

TIpomeskyTouHBIE KOHIIENTHI

KoHIieBbIe KOHIIETITHI

T'padoBblii TPeyroabHUK (BHELIHHI) TpadoBblii TpeyroabHUK (BHYTPEHHHIT)

I'padoBblii pom6

PucyHok 2. BapuaHTBI reoMeTpHUYeCcKUX KOHTYDPOB

10. Pe3synbraTthbl OLEHKN KA4ecTBa pa3mMeTKu HO30/10rM4ecKkux
koHuentos UMLS

IIpu ucnosip3oBaHuy MeTPUK U3 Tabjunbl 4, a TakyKe SMIUPUYECKU
IHIOJIyYeHHOT'O B3BEIIEHHOIO KO3 UIMEHTa KIIACTEPU3AINY YIATI0Ch IOCTPOUTH
STHONATOreHeTHYeCKnit 06pas3 yisi 134 Thic. cumnromarnyeckux (93.9%)
KOHIIENTOB pyccKost3braHoi Bepcun UMLS (ocraBimmecs: KOHIENTHL HE MMeJH
NIPSAMBIX U HEIPSAMBIX cBazeil ¢ HozosmorusaMu MKB-10 npu rirybune mouncka
TPETHEro ypPOBH:I).

Hasee ¢ ucriosb3oBaHneM 06pa30B CUMIITOMATUYECKUX KOHIIEIITOB OCY-
IIIECTBJIEHA OIIEHKA KadecTBa IIOCTPOEHUsI 00Pa30B JijIsl HO30JIOIMYEeCKHUX
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KOHIIEIITOB 1P MCIOJIb30BAHUU PA3JIMUHBIX I'PadOBbIX MeTpuk (Taduuna 5).

TasmunA 5. CpaBHUTeNbHAS XapAaKTEPUCTUKA PE3YJIbTATOB
kyaccudukanuy Hozosorundeckux Kouuentos UMLS (n = 1577)

Tun rpadoBoit MmeTpuku Tun rpacoBEIX KOHTYPOB P
raMHJIBTOHOBBI | HEraMHUJIGTOHOBBI

Kosddunpent xnacrepusanun (KK) 63+£1.2 64+1.2 0.361

Koaddurment MHOrOTUIIHOM 79492 744992 0.297

kiacrepusannu (KMK)

Kosdument Tunonoit 24 4 2.4 24424 0.965

npunagexkaocru (KTIT)

Kosddunuent B3BemeHHoM TUIIOBOM

npunaiexkHocra (KBTII) 84£16 88+ 1.6 0.024

Baemenusbtit kKoaddurpent 86 + 1.7 91+ 1.4 0.009

knacrepusarmu (BKK)

B sueitkax Tabauibl mpeicTaBiaeHbl 3Hadenus aosteit koumentos MKB-10,
JJIst KOTOPBIX STAJOHHAS METKA IIPUCYTCTBOBAJIA B IIEpEeYHE Tpex HanboJiee
XapaKTEePHBIX KJIACCOB B BEKTODPE ITHOIATON€HETHIECKOro obpasa (p + m,
rae p—3uadenue jposu, m— 95% nosepurenbubiit uarepsas). CorsiacHo
JIAHHBIM, IPEJICTABICHHBIM B TaOJIUIE, HAWIYUIIAN PE3yJIbTAT TOKA3aJl IIOXOI
¢ ucnoJib3oBanneM smvrupudeckn nosydennoro BKK. 3nadenne merpukn
KadecTBa Kjaaccudukanuu coctasmio 86 + 1.7% npu uCIob30BaHAE TOJBKO
raMUJIBTOHOBCKUX I'PAOBBIX KOHTYDPOB (CO CTPOro He HOBTOPAIOIIIMICS
rpaugmu) [18]. cnonb3oBatue HEraMUJIbTOHOBCKUX IMPAGOBBIX KOHTYPOB (C
BO3MOXKHOCTBIO TIOBTOPEHUsI OJHUX U T€X YK€ IPaHeil B KOHTYPe JIBaXKIbI)
[TO3BOJIUJIO CTATUCTUYIECKN 3HAYNMO MTOBBICUTH KAYMECTBO KJIACCH(MUKAIIN U
nobuTbes 3HaYeHnit MeTpukn kadectsa B 91 + 1.4% (p = 0.009).

Kinnudeckas mHTEpIpeTaIus 3TUONATOIEHETUIECKOr0o 00pa3a TepMu-
uoB UMLS moxker ObITH ITPOJEMOHCTPUPOBAHA Ha CJIEIYIONIEM ITPUMEPE.
Tak, 1151 KOHIENITAa-CUMIITOMa, C PYCCKOSI3BITHOM (hOPMYyTMPOBKOiT «OO0JIH
B CIIMHE» IIPH HUCIIOJbL30BAHUH AJTOPUTMA KJIACCU(MUKAIINN, OCHOBAHHOTO
Ha IPUMEHEHNU B3BEIIEHHOI0 KO3hdUINEHTa KIACTEPU3AIIUHT, ObLI 1101y IeH
cyleyromuil sTHonaroreHerndeckuii obpas: [«Opronenuaeckuii mpoduIIb» :
1.000, «Hesposorugeckuit npoduiss: 0.921, «Kapaunonorudeckuit npodusbs:
0.652, «¥Yporeuurasubublii npoduib»: 0.560]. Yka3aHHbI TepMUH nMeeT
HanboJiee BBIPAYKEHHYIO CBSA3b C MATOJIOTUAME KOCTHO-MbIedHoi (1.000)
u mepsuoii (0.921) cucrem, ceppeuno-cocyaucrbivMu marosorusmu (0.652)
u 3abosieBaHusiME yporenntaibHoro rpakra (0.560). Ilomyaennstit o6pa3
COTJIACYETCsI C COBPEMEHHBIMU JIAHHBIMU 00 3THOIIATOTeHe3e OOJIM B CIINHE
[19-21]. CBs3b ¢ OpTONIEIMIECKAM ¥ HEBPOJOTHIECKAM TPOMUIIIMEI MOKET
yKa3bIBaTh Ha HAJU4Ue HecHenuduuecKux (JeCTPYKTUBHBIX, AUCDYHKIMOHAIb-
HBIX WJIA JACTPOMUIECKUX ) U3MEHEHUI OLOPHO-IBUTATEIHLHOIO allliapaTa
C BO3MOXKHOCTBIO BTOPUYHOIO TIOBPEXKIEHUS] CMEXKHBIX CTPYKTYP mepudepu-
“ecKoil HepBHOI cucreMbl. CBsI3b ¢ 3a00JIEBAHUSMHE CEPIETHO-COCYIUCTOMN
CUCTEMBI 3aKJI0YAETCs B BOSMOXKHOCTH BO3HUKHOBEHUs O0JI C mppajualueit
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B CIIMHY IIPU OCTPOM HMHAAPKTE MHUOKap/a, KOraa 60Jb MOXKET OTJaBaTh
B CIIMHY IO/ JIEBYIO JIONIATKY WJIM MeXK1y Jonarkamu. Hakowen, 60/ B crinme
MOZKET BO3HHUKATDH IIPU HEKOTOPBIX 3a00JIEBAHUSX IIOYEK U IIPOSIBJISATHCS
B BHJIe cUMITOMa [lacTepHanKoro, 9To Mo3BOJISIET CIUTATH HOJIyIE€HHBIH 00pa3
KOPPEKTHBIM.

3aknoyeHne

Bormpoc 0 BO3MOXKHOCTH KCIIOJIb30BaHUsT I'PAMOBBIX NH(MOPMAIHOHHBIX
mogzeneit B cucremax [IIIKP xapakTepusyercsa HU3KOHN CTEEHBIO HAYIHOU TPO-
paborannoctn [22-25|. Peammsaius nadopMamoHHON TOAIEPKKA TPHHSITUS
KJIMHUYECKUX PEIeHnil ¢ UCIoJIb30oBaHneM Meraresaypyca UMLS Tpebyer
[IPUMEHEHNs METPHUK OIEHKU CBSI3HOCTH KOHIICTITOB JIJIS UX PAHKUPOBAHUS
II0 CTeleH! 3HAYNMOCTU B KOHTEKCTe pertaemoil 3ama4du. I3iaeuenue pe-
JeBaHTHBLIX 3HaHuit 13 UMLS MoxKeT cTaTh BOSMOXKHBIM IIPU pa3paboTKe
CHENUaIN3NPOBAHHBIX AHATUTUIECKAX METPUK U CO3/IAHUN CHCTEMBI BECOBBIX
K03 DUIUEHTOB B CTPYKType rpadoBoii HHPOPMAIMOHHON MOJIEIH.

B HacrosinieM ucciie[0BaHUU IIPOBEJIEHa CPaBHUTE/IbHAST XapaKTEPUCTUKA
rpadOBBIX METPHUK IIPU PEIIEeHNN 33291 TOCTPOEHUsT ITHOMATONeHETHIECKOTO
obpaza kourenToB meraresaypyca UMLS. Cpenn HaliieHHBIX B JUTEPa-
Type METPHUK OIEHKU CBSI3HOCTU y3JIOB B rpade JIOIMYyCTUMbIE Pe3YIbTaThl
mokazajan Ko3MUIMEHT MHOTOTUITHON KJIACTEePU3anuu U KO3MOUIIHEHT
B3BEIIEHHOW TUIIOBOM MpUHAIeKHOCTH. Jlo/IM COBIIaIeHnit METOK aJrOpUTMa,
¢ hakTyeckuM Kjaccom 3abosieBanus u3 crpaBounnka MKB-10 cocraBuan
72-74% n 84-88%, coorsercTBenHO. Hamnydmniee kKa1ecTBO KIaccuuKanum
[IPOJIEMOHCTPUPOBAJI ABTOPCKUil B3BEIIEHHBIH KOI(DMUIIMEHT KJIacTepU3aIiun
(86-91%), ocHOBaHHBI HA UCIOIBL30BAHUU SMIIMPUIECCKU [OJIYYeHHON dDyHKIMY
pacpe/ieIeHusT IJIOTHOCTU CTPYKTYPBI IPSIMBIX CBsideil y3710B. Otpejeerne
YUCJIa HEraMUJIBTOHOBCKUX I'PAOBBIX TPEYTOJIbHUKOB, 00PA30BAHHBIX IieJIe-
BBIM KOHITEIITOM, ITO3BOJISIET C BBICOKOI CTEIEHBIO TOYHOCTU OCYIIECTBIATH
OIIEHKY CTEIEeHN IIPUHAJIE’KHOCTH JII00Oro KoHIenTa merarezaypyca UMLS
K COOTBETCTBYIOIIUM KJIMHUYIECKUM HAITPABJICHUSIM.

Wcxomst 3 pe3yabraroB MHOTOKJIACCOBOI KJIACCU(DUKAIIMN HO30JIOT U
MKB-10 mo KJINHIIECKHM HAMPABICHUSIM, OBLIT CIEIAaH BBHIBOI O BO3SMOXKHOCTH
HCIOJIb30BAHUS B3BEIIEHHOIO KO3(M@MUIIMEHTa KJIACTEPU3AIUN JJIS Pellle-
HHUs 3a1a9 pasMerkn koumentroB UMLS. B manbmeiiniem mpeamosiaraeTcs
HCIIOJIb30BAHUE TIOJIYIEHHBIX 00PA30B CUMITOMATHIECKNX KOHIIEIITOB IIPU
nuddepeHIuaabHONl TUarHoCTuKe 3a00/IeBaHNl Ha OCHOBAHUU JAHHBIX,
MIOJIy9a€MBIX I3 HECTPYKTYPHPOBAHHOIO TEKCTA, C UCIIOJB30BAHIEM AJITOPUTMOB
U3BJIEYEHNS UMEHOBaHHBIX cylHocTeil. CoorHecenne hOpMyIUPOBOK U3 TEK-
CTOB C KJIUHUYECKN pa3MedeHHbIME KoHrentamMu UMLS mozBomuT cTponTh
YHUKAJIbHBIE STHOIATOT€HETHIECKIE BAPDUAHTHI 00PA30B 110 KIMHUYIECKOM
KapTHHE U COMOCTABJISITh UX C OOpa3amMu 3a00JIeBaHUIA, UTO CeIaeT BO3MOXK-
HBIM OCYIIIECTBJIEHNE KAIECTBEHHOI PabOThl MH(MOPMAITMOHHO-TIONCKOBBIX
AJITCOPUTMOB.
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Introduction

The Unified medical language system (UMLS) metathesaurus is the
biggest set of biomedical terms applicable to unstructured text analysis.
The latest version of UMLS includes 4.6 million interdisciplinary concepts
classified into 127 different thematic groups. Semantically close concepts
are connected by relationships uniquely assigned into nine main (and two
additional) types with 992 optional clarifying attributes. Almost each
UMLS concept is connected with at least one concept. That is why this
metathesaurus is able to be presented as oriented multigraph with about 98
million different relationships.

The approach to organizing data as graph informational models offers
numerous advantages, including significant opportunities for optimizing
analytical operations and the flexibility to choose various tools for data
visualization. This approach enables the creation of user-friendly program
modules for interpreting the structure of knowledge. However, currently,
there is no unified method for the meaningful aggregation of data from
graph informational models. The use of simple analytical options, such
as filters on relationship types or thematic groups of concepts, does
not yield clinically significant results. This challenge is attributed to
the heterogeneity of the UMLS Metathesaurus structure and the lack
of directed relationships between clinically relevant concepts. Therefore,
it is crucial to develop ensembles of different analytical algorithms and
combine them with complex systems of weight coefficients. Additionally,
the utilization of optimized and validated tools and metamodels, which are
unified sets of rules for the technical implementation of knowledge models,
is essential.

One of the key elements of the weight system for UMLS can be
values indicating the fuzzy membership degree of every concept in clinical
branches (such as pulmonology, cardiology and neurology). These values are
intended to demonstrate strength of etiologic and pathogenetic relationships
between concepts and branches. The set of values described above forms an
etiopathogenetic image, which is a vector with nonzero values indicating
the degree of concept membership in clinical branches.

The creation of an etiopathogenetic image for UMLS concepts enables
us to quantify their significance within a specific task context. This
process ensures a reduction in the breadth of information search when
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conducting graph queries. Calculating the distance between etiopathogenetic
image vectors of different UMLS concepts allows us to rank symptoms
and diseases based on their clinical proximity. This approach can be
employed for automatically generating lists of diseases for differential
diagnosis. Furthermore, it is important to compare various graph metrics
and scientifically validate their usage in the aggregation of clinically
relevant data from the UMLS graph model. Additionally, computing
etiopathogenetic images for UMLS concepts enhances information retrieval
algorithms by increasing the precision of mathematical contrasts.

The aim of this study is to compute and estimate etiopathogenetic
image of UMLS metathesaurus concepts using metrics for graph nodes
connectivity analysis.

1. Research phases

We have identified sequential key stages in our study. The first stage
includes deploying the UMLS graph model and implementing Russian
clinical thesauruses. The second stage involves creating semantic and
logic rules for extracting atomic formulations. The third stage implies
designing and technically implementing algorithms for calculating the
membership degree function values for clinical branches of UMLS concepts.
Finally, the fourth stage includes reviewing and comparing graph metrics,
using nosological concepts as an example, and computing etiopathogenetic
images. Additionally, during this stage, we developed a graph metric for
evaluating the connectivity of UMLS concepts.

2. Graph model of UMLS

UMLS graph information model has been deployed using ECORE
standard and all initially Russian translated concepts. They are presented
in MedDRA (Medical Dictionary for Regulatory Activities Terminology),
LOINC (Logical Observation Identifiers Names and Codes) and MeSH
(Medical Subject Headings) terminological systems. MedDRA is a semantic
tool for the majority of common clinical findings and symptoms coverage [4].
LOINC is a unified standard for different variants of medical tests
describing [5]. MeSH includes vertical heading hierarchy and their
synonyms for clinical articles labeling and rubricating. That is why MeSH
is applicable for medical text analysis as atomic formulations thesaurus.
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UMLS graph model with Russian translated concepts is significantly
smaller than the original metathesaurus. In total, our graph model includes
144 thousand (3.1%) concepts and 7.9 million (8.0%) relationships between
them. All concepts belong to 124 (97.6%) thematic types. The three
missing concept thematic types are not clinically significant UMLS groups.
They may never be applicable in describing clinical presentations or used
for diagnostic tests in patients.

The matching of UMLS concepts with various clinical branches have
been performed by calculating the connectivity of graph nodes. It has
been based on a density analysis of relationships between non-nosological
concepts and nosological concepts, which are uniquely mapped to ICD-10
(International Classification of Diseases, 10th Revision) codes in UMLS.
In turn, ICD-10 has been mapped to its Russian translated version from
the regulatory and reference information register of the Russian Ministry
of Health.

3. Preparation of diseases list for data labeling

Early diagnostic tasks do not require the formulation of a medical
diagnosis. Nevertheless, mapping symptoms to diagnoses requires the intro-
duction of restrictions on the list of diseases. In the current research, a set
of rules for filtering out irrelevant nosological concepts has been formulated.
These concepts include atomic terms with lemmas such as “unspecified”,
“classified”, “identified”, “other”; or terms that contain any diseases as
substrings. For example, the code “K29” — “Gastritis and duodenitis” is
redundant because there are codes in the Russian version of ICD-10, namely
“K29.7” —“Gastritis” and “K29.8” —“Duodenitis”, which are substrings of it.

Then, for additional filtering of nosological concepts, UMLS nodes
matched with ICD-10 and interpreted as symptoms or signs but not as
unique disorders by expert way have been removed from diseases list (for
example, “K92.0” — “Hematemesis”). Only concepts with the highest count
of directed relationships are used for ICD-10 codes mapped with more than
one UMLS concept. These procedures have resulted in a reduction in the
length of the diseases list from 11232 to 1577. These measures are important
for reducing potential bias in the calculation of clinical branch membership
degree values. UMLS nosological concepts mapped with ICD-10 codes
have been automatically associated with their clinical branches, as shown
in Table 1. There were not used in concepts labeling several ICD-10 classes:
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TaBLE 1. Clinical branches used in computing of etiopatho-
genetic image for UMLS concepts

Ne | CD-10 class (with codes diapasons) | Clinical branch name
1 V(F00-F99) Psychiatry

2 VI(G00-G99) Neurology

3 VII(H00-H59) Ophthalmology

4 | VIII(H60-H95) Surdology

5 1X(100-199) Cardiology

6 X(J00-J99) Pulmonology

7 XI(K00-K93) Gastroenterology

8 XII(L00-L99) Dermatology

9 | XIII(MO00-M99) Orthopedy

10 | XIV(NO00-N99) Urology and sexology

I certain infectious and parasitic diseases,
II neoplasms,

IIT diseases of the blood and blood-forming organs and certain disor-
ders involving the immune mechanism,

IV endocrine, nutritional and metabolic diseases,
XV pregnancy, childbirth and the puerperium,
XVI certain conditions originating in the perinatal period,
XVII congenital malformations, deformations and chromosomal abnor-
malities,
XVIIT symptoms, signs and abnormal clinical and laboratory findings,
not elsewhere classified,

XIX injury, poisoning and certain other consequences of external
causes,
XX external causes of morbidity and mortality,

XXI factors influencing health status and contact with health services
and

XXII codes for special purposes.

4. Algorithm for UMLS concepts etiopathogenetic images
computing

The computation of etiopathogenetic images for UMLS symptomatic
concepts has been implemented using an iterative cycle that includes
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TABLE 2. Brief semantical describing of basic UMLS relation-
ships types

Relationship class = Type An example of relationship
Root concept Leaf concept
RO Back pain Lumbar sciatica
RQ | Back pain Discomfort in the back
Associative RL Hyperuricemia Pain in the toe
AQ | Back pain Diagnostic aspect
QB Diagnostic aspect | Back pain
SIB | Back pain Arthralgia
PAR | Back pain Dorsopathy
Hierarchical CHD | Back pain Lumbar back pain
RB Back pain Pain
RN | Back pain OPfa g;éi upper part
Synonymous SY | Back pain Pain: back

several mathematical steps. In the first step, we have collected all
graph nodes related to the targeted concept by considering SIB (sibling
relationships), RO (other relationships, — largely, vertical relationships
between non-synonymous concepts), CHD (child relationships), RN
(narrower relationships, — vertical relationships between parent and child
concepts), RQ (related and possibly synonymous relationships), and (SY
(synonymous relationships). A brief description of UMLS relationship types
is presented in Table 2.

It is important to note that hierarchical PAR (parent relationships) and
RB (broader relationships— vertical relationships between child and parent
concepts) connect clinical concepts with non-specific UMLS nodes. Use of
them skews results of etiopathogenetic images computing. That is why
those relationships types were not used in concepts searching. In turn, RL
(like relationships— different horizontal and vertical relationships between
semantically related concepts), AQ (allowed qualifier— technical vertical
ascending relations) and (QB (can be qualified by — technical vertical
descending relations) did not appear in Russian translated UMLS sources.

In the second step, we have separated concepts non-related to the
“Disorders” semantic group in the UMLS network. Thematic types and
their names including in the “Disorders” group are described in Table 3.
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TaBLE 3. UMLS thematic groups used for aggregating of rela-
tionships with ICD-10 nosological concepts

Ne | Thematic group code (tui) | Name of thematic group

1 T019 Congenital abnormality

2 T020 Acquired abnormality

3 T033 Finding

4 TO037 Injury or poisoning

5 T046 Pathologic function

6 T047 Disease or syndrome

7 T048 Mental or behavioral dysfunction
8 T049 Cell or molecular dysfunction
9 T050 Experimental model of disease
10 T184 Sign or symptom

11 T190 Anatomical abnormality

12 T191 Neoplastic process

This limitation allows us to eliminate concept groups that are not related
with diseases etiology and pathogenesis. These include economical, juridical,
taxonomic and chronological concepts, geographic objects and specified

biochemical terms.

In the third step, we have calculated count of graph path between root
(symptomatic) and leaf (nosological) concepts related by not more than 2
other nodes mapped with groups in table 3. According to the results of our
early studies, this graph path length is sufficient to achieve a relevant

concept searching sensitivity of 90% [8|.
We have collected nosological UMLS concepts (mapped to ICD-10) and

calculated values of different graph metrics. Then their values have been
summarized for each clinical branch and were normalized data between 0
and 1 range by using the feature scaling (min-max normalization). Maximal
value 1 corresponded to the maximum proximity to the corresponding
medical area, and zero corresponded to the minimum. All calculated values
have been saved in database and were used for etiopathogenetic images

computing for UMLS concepts then.
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5. Estimation of etiopathogenetic images quality

In current study, estimation of graph metrics efficiency based on nodes
connectivity analysis in etiopathogenetic images computing. Received labels
for nosological concepts have been compared with ICD-10 class (actual
labels). According to the research condition, the computed image is correct
if ICD-10 label is present in top-3 clinical labels for corresponding disease
in its etiopathogenetic image vector. It is important to note that images
have been computed for non-mapped with ICD-10 concepts only. For
concepts mapped to ICD-10 codes we summarized values of membership
function for directly related clinical nodes in UMLS graph model. It
provides the integral images estimation for nosological concepts to make
conclusions about their applicability in multipurpose symptom checkers
development.

Queries with union operations (cross-joins) that underlie node con-
nectivity calculations have been performed by the graph DBMS Neo4;.
The declarative query language Cypher is used for Neo4j interaction [9].
However, the object-relational DBMS PostgreSQL is more effective
in handling specific queries. That is why this DBMS has also been used for
data aggregation from UMLS.

Analytical procedures have been integrated into a single script using
Python libraries: Psycopg2 (for executing queries in PostgreSQL DBMS),
Neo4j (for executing queries in Neo4j DBMS), Scipy, Pandas, and Numpy
(for data processing and statistical analysis).

6. Metrics for connectivity analysis of graph nodes

The Eclipse Modeling Framework (EMF) is a set of tools for unifying
the development and deployment of metamodels. According to the Ecore
standard used by EMF, there are two types of graph models based on node
typification. A knowledge graph model is one-dimensional if there is no
system for node differentiation by type. Otherwise, the graph model
is multidimensional [11]. To clarify, the current version of the UMLS
Metathesaurus contains 127 concept types. There are a set of rules,
limitations, and assumptions that need to be considered in the abstract-
logical analysis of multidimensional graph knowledge models. First and
foremost, each semantic entity (atomic formulation) must be associated
with the most appropriate graph node. Additionally, each graph node must
be mapped to at least one type. Lastly, there must be at least one path
between each pair of graph nodes.
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TABLE 4. Graph metrics for subgraph nodes connectivity analysis

Ne | Original name Using graph model Values normalization

1 | Clustering coefficient monodimensional +

9 Dlmen.swnal clustering multidimensional I
coefficient

3 | Node activity multidimensional —

4 Multiplex multidimensional +

participation coefficient

Different one-dimensional and multidimensional graph metrics have
been described for analyzing node connectivity in previous research [12].
However, it is important to note that multidimensional graph models can
be interpreted as one-dimensional if the distribution of node types is not
considered. The UMLS Metathesaurus fully complies with the Ecore
requirements for multidimensional graph knowledge models. That is why
we have reviewed graph metrics for both model classes in the current
research.

One of the most significant attributes characterizing graph metrics is
value normalization. As a rule, normalized metrics involve scaling values
in the range from zero (minimum node connectivity) to one (maximum
node connectivity) [13]. One distinct advantage of normalized metrics is
that they can be compared and validated, making them more effective than
metrics without value normalization. Additionally, normalized metrics can
be integrated into a single expert ensemble to improve the quality of data
aggregation. However, unnormalized metrics have practical significance due
to their adaptability for specific graph model analyses. They are also
applicable for modification and integration into analytical algorithms.

Nodes are the most significant knowledge sources in UMLS, while
relationships are addiction elements that contain data about the semantic
nature of concepts’ connection. For this reason, there is a great interest
in graph metrics for the estimation of node connectivity in graphs
(Table 4) [14].

According to the Table 4, one of the nodes connectivity metrics for
monodimensional graph models is clustering coefficient (CC). It provides
values normalization [15] and is calculated using expression

2-Cy
(R + Reh) - (Rig + Ryt = 1)

(1) Ccn =
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In the Equation 1, C), notes the count of graph contours included the node
n; RIM is the count of relationships directed to the node n, and RO" means
the count of relationships directed from node n.

Multidimensional graph metrics considered in the current study
include dimensional clustering coefficient, node activity and multiplex
participation coefficient.

The Dimensional Clustering Coefficient (DCC) is a generalized
version of CC for one-dimensional models. It can be calculated using
expression 1 in three different variants. The first variant involves using
nodes whose type coincides with the root graph node. The second variant
of DCC is the opposite of the first because it requires nodes whose type
does not coincide with the root graph node. The third type of DCC has no
limitations on the types of graph nodes.

The Node Activity (NA) is calculated as the count of unique types
of nodes directly related to the root in the graph. It is important to note
that NA is an unnormalized metric that does not take into account the
frequency of occurrence of different node types.

The Multiplex Participation Coefficient (MPC) does not have any
issues related to NA. It can be calculated using the expression

T R, (d) + Ro"t (d) \?
2 MPC,, = —— |1 — n .
? tT-1 2 <Rn<D)+Rz“t(D)
de D
In the expression 2, T notes the count of unique types which include
graph node n; R, (d) is the count of direct relationships between root
node n and nodes that type coincides (d) with n; R, (D) means the count

of direct relationships between root node n and any nodes regardless (D)
of their types.

7. Empirical law “rank-frequency”

It should be noted that the UMLS semantic network, which includes
clinical concepts, is heterogeneous. Given the presence of 127 types of nodes
and 992 relationship attributes in UMLS, the most suitable approach is to
use multidimensional normalized graph metrics, specifically the third
variant of DCC and MPC. The application of these analytical tools for big
data analysis has the potential to result in lengthy knowledge aggregation.
Therefore, the development of graph tools optimization ways becomes an
essential task to address before implementing knowledge bases in hospital
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Fi1GUurRE 1. Approximation for UMLS concepts direct relation-
ships count and count of nodes with no less neighbors

information systems. This entails the creation of simplified metrics for
estimating graph node connectivity, which may involve counting direct
relationships of the root node and the number of graph contours involving
the root node.

We determined the number of direct relationships for each Russian-
translated UMLS concept and constructed an approximation of the number
of concepts that have such node neighbors in the graph model. This
monotonically decreasing function follows a Pareto distribution [16].
According to Figure 1, it is possible to calculate the count of UMLS
concepts with a direct relationship count no less than the corresponding
value. The same distribution is characterized, as empirical Zipf’s law applies
to the frequency table of words in a text or corpus of natural language [17].
In the current study, we have discovered the application of this law
in UMLS graph model analysis.

According to Figure 1, the observed empirical regularity is similar to
a Pareto distribution. This pattern is also observed in Zipf’s law, which is
applicable to semantic models.

This mathematical pattern is statistically significant and highly
determined (R? = 0.939, p < 0.001) by the following mathematical
expression:

(3) Y =2-10%. X 1290

In the expression 3, X is the number of graph contours that the
appropriate graph node is included in and Y is the actual value of the
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concept significance degree. The R-Squared (R?) for this empirical law is
0.939, indicating the high quality of our approximation function (p < 0.001).

8. Weighted clustering coefficient

The aforementioned empirical law can serve as the mathematical
foundation for normalized graph metrics used in ranking UMLS concepts.
These analytical tools take into account the density of the graph structure
when measuring concept relevance. This is important for reducing bias
in metric values when ranking graph nodes.

Using equation 3, we have created a mathematical expression for
calculating the Weighted Clustering Coefficient (WCC) used in ranking
concepts within the aggregated UMLS subgraph:

Ch

Rn1.290

(4) WCC, =

In the expression 4, C), is the count of subgraph contours or subgraph
paths with node n, R,, is the count of direct relationships between node n
and any graph nodes.

WCC (calculated with expression 4) values scaling is carried out with
minimax normalization application:

min (WCCN)
max (WCC N) —min (WCCN)
In the equation 5, WCC,, denotes the WCC value for node n; WCCy is
the set of WCC values for ranked set of nodes (N).

(5) WCC!, = WCC,, —

9. Kinds of graph contours and their usage in UMLS structure
analysis

Graph theory maintains that graph contours are any closed geometric
shapes, which implies that the root node is also a leaf node in these graph
structures. Figure 2 illustrates various types of graph contours. Among
these, the most mathematically balanced and computationally optimized
are graph triangles. This type of contour is used in the CC and DCC graph
metrics described earlier in this study. There are different types of contours
that can be used in graph metrics calculations, depending on the number
of nodes at each subgraph level. In this study, we have presented three
types of graph contours and provided recommendations for their usage.
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FI1GURE 2. Kinds of geometrical contours

Specifically, it is advisable to aggregate external triangles (those with 1
vertex in the internal nodes layer and 2 vertices in the external layer) from
the graph if the following condition is met:

(6) Ninternal < Nexternal

In the inequality 6, Niyternal— count of nodes in internal layer (that is
closer to root node), Nexternal— count of nodes in external layer (that is
closer to leaf node). This condition is met for Figure 2 because in the
intermediate subgraph layer, there are only four concepts, while there are
seven in the terminal (external) layer.

In the opposite case, we recommend using the count of internal
triangles (those with 1 vertex in the external node layer and 2 vertices
in the internal layer) for graph metric calculations.

Counting the number of graph diamonds is advisable when the
subgraph layer sizes are equal or when it is needed to shortest indirect
paths searching between concepts. Utilizing variations of different graph
contour types depending on the size of the extracted subgraph provides
increasing of mathematical contrast of calculated values and ranking
quality of concepts.

10. Quality estimation results for etiopathogenetic images
of nosological UMLS concepts

Using metrics from Table 4 and empirically obtained WCC, we have
computed an etiopathogenetic image for 134 thousand Russian translated
symptomatic (93.9%) UMLS concepts. Other nodes are not connected with
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TABLE 5. Comparison of nosological UMLS concepts classifica-
tion results (n = 1577)
Type of graph metric Types of graph contours p
hamiltonian | non-hamiltonian
Clustering coeflicient (CC) 63+ 1.2 64 + 1.2 0.361
Dimensional clustering coefficient
(DCC) 72422 74+2.2 0.297
Node activity (NA) 24424 24+2.4 0.965
Multiplex participation coefficient
(MPC) 84+1.6 88+£1.6 0.024
Weighted clustering coefficient
(WCQ) 86 £ 1.7 91+14 0.009

ICD-10 concepts by direct relationships and indirect paths with length less
than 4.

Then we have estimated the quality of etiopathogenetic images
calculated by different graph metrics usage for nosological concepts
(Table 5).

There are percentages (p £ CI95%) of concepts for which the basic
clinical label (ICD-10 class) is present in the list of the three most inherent
classes in the etiopathogenetic image vector presented in Table 5. According
to Table 5, the best results have been identified using the empirically
obtained WCC. The classification quality metric reached 86 + 1.7% when
only Hamiltonian graph contours (with non-repeating edges) were used [18].
The use of non-Hamiltonian graph contours (allowing for the possibility
of repeated edges in the contour) statistically significantly improved the
classification quality to 91 &+ 1.4% (p=0.009).

Clinical interpretation of the etiopathogenetic images for UMLS
concepts can be demonstrated using the following example. There is
a beforehand computed etiopathogenetic image vector calculated for
symptomatic concept “back pain” using WCC in our database: ["Orthopedy":
1.000, "Neurology": 0.921, "Cardiology": 0.652, "Urology": 0.560]. Thus,
the specified concept is most strongly related with musculoskeletal pathology
(1.000), neurological disorders (0.921) and a little poor with cardiovascular
pathologies (0.652) and urogenital diseases (0.560). Based on this we can
conclude that the calculated image aligns with contemporary data on the
back pain etiopathogenesis [19-21]. Back pain association with orthopedic
and neurology may be explained by the presence of this symptom in patients
with nonspecific (degenerative, dysfunctional, or dystrophic) changes
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in the musculoskeletal system. Also back pain may be associated with the
secondary damage to some structures of the peripheral nervous system.
The association with cardiovascular diseases may be explained by back
pain presence in patients with acute myocardial infarction when it can refer
to the back under the left scapula or between the shoulder blades. Finally,
back pain may be related to some kidney diseases, which are manifested by
this symptom. That is why the etiopathogenetic image automatically
calculated for this UMLS concept is quite correct.

Conclusion

The lack of knowledge about the possibility of using graph information
models in clinical decision support systems (CDSS) is an actual issue
[22-25]. UMLS Metathesaurus integration into CDSS requires the
application of graph metrics for concepts significance estimation in the
specific task context. Clinically relevant UMLS knowledge extraction may
become feasible with the development of specialized analytical metrics and
automatically calculated weight coefficients system.

In the current study, we have estimated graph metrics in computing of
etiopathogenetic images for UMLS concepts. The acceptable results have
been taken by the dimensional coefficient and the multiplex participation
coefficient described in early studies by other research teams. The
percentages of relevant clinical labels for nosological concepts were 72—
74% and 84-88%, respectively. The best classification quality has been
demonstrated by the weighted clustering coefficient (86-91%), based on
the use of an empirically obtained density distribution function of nodes
direct relationships. That is why the calculation of non-Hamiltonian
graph triangles included root node may be used to relate concepts to
the corresponding clinical branches with high quality. Based on the
results of multi-class ICD-10 concepts classification, we have concluded
that the weighted clustering coefficient could be used for UMLS concepts
marking and in particular etiopathogenetic images computing. In the
future, it is anticipated that these images will be used for differential
diagnosis of diseases with the use of named entity recognition. Text
mapping with UMLS clinical concepts provides generation of disease
semantic profiles applicable to their integration into CDSS intended for
relevant data aggregation.



92 PaveEL A. ASTANIN, SVETLANA E. RAuzINA, TAT’YANA V. ZARUBINA ENZRY

References

[1] P.A. Astanin, L. V. Ronzhin, S. E. Rauzina, T. V. Zarubina. “Semantic analysis
algorithms for data processing and possibilities of their usage in medical
information systems development”, Cifrovaya statistika. Novye zadachi i
traektoriya dvizheniya — 2022, Materialy IV S”ezda medicinskix statistikov
Moskvy (21-23 sentyabrya 2022 goda), 2022, pp. 6-9 (in Russian). 7

[2] V.V. Kukarcev, Z.A. Kolmakova, O.L. Mel'nikova. “System analysis
of possibilities to retrieve essentials using text mining technology”, Perspektivy
nauki, 120:9 (2019), pp. 1820 (in Russian). |

[3] M. Berlingerio, M. Coscia, F. Giannotti, A. Monreale, Pedreschi D. .
“Multidimensional networks: foundations of structural analysis”, World Wide
Web, 16 (2013), pp. 567-593. d =

[4] D.L. Klabukova, M. V. Davydovskaya. “Implementation of the MedDRA
international terminology base into the pharmacovigilance practice Russia”,
Moskovskaya medicina, 35:1 (2020), pp. 6469 (in Russian). 170

[5] A.G. Kuz’min, M. F. Umarov. “Integration of modern medical informa-
tion technologies”, Vestnik Vologodskogo gosudarstvennogo universiteta. Seriya:
Tezxnicheskie nauki, 12:2 (2021), pp. 32-35 (in Russian). 179

[6] I. M. Zaczman, O. V. Zolotarev, A. X. Xakimova, Gu Dunsyao. “Model and
technology for discovering new terms in medical texts”, Inform. i eyo primen.,
16:4 (2022), pp. 80-86 (in Russian). d 7

[7] F. Mougin, N. Grabar. “Auditing the multiply-related concepts within the
UMLS”, Journal of the American Medical Informatics Association, 21:e2 (2014),
pp. €185-193. 4

[8] P.A. Astanin. “Application of automated analysis of the UMLS semantic
network to solve the problem of searching for current knowledge about
rheumatic diseases”, Matematicheskoe modelirovanie sistem i processov, Sbornik
materialov Mezhdunarodnoj nauchno-prakticheskoj konferencii (g. Pskov, 9-11
noyabrya 2022 g.), Pskovskij gosudarstvennyj universitet, Pskov, 2022, 1SBN
978-5-00200-102-6, pp. 6—12 (in Russian). &3

[9] S.A. Yamashkin, M. A. Skvorczov, M. V. Bol’shakova, A. A. Yamashkin.
“Comparative analysis of approaches to database management for organizing
a repository of neural network models”, Sovremennye naukoemkie texnologii,
2021, no. 6-1, pp. 108-113 (in Russian). d = {s4

[10] Eliseeva E.A., Goryachkin B.S. , M.V. Vinogradova, M.V. Chernen’kij.
“Estimating search execution time in NoSQL and object-relational databases”,
Dinamika slozhnyz sistem — XXI vek, 23:2 (2022), pp. 44-51 (in Russian). d

[11] A.P. Eremeev, E. R. Muntyan. “Development of an ontology based on graphs
with multiple edges of different types”, Iskusstvennyj intellekt i prinyatie reshenij,
2021, no. 3, pp. 3-18 (in Russian). d = s4

[12] V. Nicosia, V. Latora. “Measuring and modeling correlations in multiplex
networks”, Physical Review E, 92 (2015), id. 032805. d = 115

[13] F. Battiston, V. Nicosia, V. Latora. “Structural measures for multiplex
networks”, Physical review E, 89 (2014), id. 032804. d = a5


https://doi.org/10.1007/s11280-012-0190-4
https://doi.org/10.14357/19922264220412
https://doi.org/10.1136/amiajnl-2013-002227
https://isbnsearch.org/isbn/978-5-00200-102-6
https://isbnsearch.org/isbn/978-5-00200-102-6
https://doi.org/10.17513/snt.38706
https://doi.org/10.18127/j19997493-202202-05
https://doi.org/10.14357/20718594210301
https://doi.org/10.1103/PhysRevE.92.032805
https://doi.org/10.1103/PhysRevE.89.032804

ENZRY COMPUTING OF UMLS CONCEPTS ETIOPATHOGENETIC IMAGE USING GRAPH METRICS 93

[14] G. Szarnyas, Z. K&vari, A. Salanki, D. Varro. “Towards the characteri-
zation of realistic models: evaluation of multidisciplinary graph metrics”,
Proceedings of the ACM/IEEE 19th International Conference on Model Driven
Engineering Languages and Systems (Saint-malo, France, October 2-7, 2016),
ACM, New York, 2016, ISBN 978-1-4503-4321-3, pp. 87-94. d = Ts5

[15] M. C.V. Nascimento, A. C. P.L.F. Carvalho. “A graph clustering algorithm
based on a clustering coefficient for weighted graphs”, Journal of the Brazilian
Computer Society, 17 (2011), pp. 19-29. d = 755

[16] I.S. Pul’kin, A.V. Tatarincev. “Sufficient statistics for the Pareto
distribution parameter.”, Russian Technological Journal, 9:3 (2021), pp. 88-97
(in Russian). d = a7

[17] V.Yu. Sinicyn, V.S. Kashparova. “Frequency properties of the lexis of scientific
texts and Zipf’s laws of higher orders”, Vestnik RGTU. Seriya: Informatika.
Informacionnaya bezopasnost’. Matematika, 2022, no. 4, pp. 75-91 (in Russian).
d 187

[18] E. Ghaderpour, D. Morris. “Cayley graphs on nilpotent groups with cyclic
commutator subgroup are hamiltonian”, Ars Mathematica Contemporanea, 7:1,
Special Issue Bled’11 (2011), pp. 55-72. ¢ = Too

[19] A.E. Karateev. “Chronic back pain as a spinal osteoarthritis manifestation:
rationale and practice of symptomatic slow acting drugs for osteoarthritis use”,
Sovremennaya revmatologiya, 16:4 (2022), pp. 88-97 (in Russian). d = 190

[20] H. Higuchi, T. Harada, J. Hiroshige. “Evaluation of the usefulness
of costovertebral angle tenderness in patients with suspected ureteral stone”, J.
Gen. Fam. Med., 24:1 (2023), pp. 56-58. d = 190

[21] L. Se, Ch. Du, Ch. In, Ya. Vej. “Acute aortic dissection with right-sided chest
and back pain accompanied by left-sided limb dyskinesia”’, Kardiologiya, 62:6
(2022), pp. 74-76 (in Russian). d¢ = oo

[22] S.V. Duga, A.I Trufanov. “The knowledge graph concept of decision support
system in preliminary investigation”, Bezopasnost’ informacionnyx texnologij,
27:3 (2020), pp. 5465 (in Russian). d¢ = 191

[23] O.P. Mosalov. “Edge embedding of ontology graphs as a tool for analysis and
generation of new data”, Informacionno-texnologicheskij vestnik, 27:1 (2021),
pp. 93-101 (in Russian). o1

[24] E.A. Anan’eva. “Levels of presentation of passenger transport route networks
in the form of graph models”, Colloquium-Journal, 35:11-1 (2019), pp. 63-68
(in Russian). fo1

[25] E.A. Bliznyakova, A. A. Kulikov, A. V. Kulikov. “Comparative analysis
of methods for finding the shortest distance in a graph”, Arzitektura, stroitel’stvo,
transport, 2022, no. 1, pp. 80-87 (in Russian). d = o1

Received 30.03.2023;
approved after reviewing 05.05.2023;
accepted for publication 18.06.2023;
published online 07.10.2023.

Recommended by PhD. Ya. I Guliev


https://isbnsearch.org/isbn/978-1-4503-4321-3
https://doi.org/10.1145/2976767.2976786
https://doi.org/10.1007/s13173-010-0027-x
https://doi.org/10.32362/2500-316X-2021-9-3-88-97
https://doi.org/10.28995/2686-679X-2022-4-75-91
https://doi.org/10.26493/1855-3974.280.8d3
https://doi.org/10.14412/1996-7012-2022-4-88-97
https://doi.org/10.1002/jgf2.581
https://doi.org/10.18087/cardio.2022.6.n1818
https://doi.org/10.26583/bit.2020.3.05
https://doi.org/10.31660/2782-232X-2022-1-80-87

94 PavEL A. AsTANIN, SVETLANA E. RAuzINA, TAT'YANA V. ZARUBINA ENZRY

Information about the authors:

Pavel Andreevich Astanin

postgraduate student of the medical cybernetics and
informatics department named after S. A. Gasparyan,
data analyst of the Laboratory for semantic analysis
of medical information, (HDTI, RNRMU). Research
interests: natural language processing (NLP), graph
theory, databases, fuzzy logic, CDSS development. An
author of more than 45 scientific papers

0000-0002-1854-8686

e-mail: med_ cyber@mail.ru

Svetlana Evgen'evna Rauzina

phD, docent of the medical cybernetics and informatics
department named after S. A. Gasparyan, Head of the
Laboratory for semantic analysis of medical informa-
tion (HDTI, RNRMU). Research interests: medical
informatics, HIS designing, CDSS development. An
author of more than 50 scientific papers includes 1 class-
book, 2 monography chapters, 4 certificates confirming
the result of intellectual activity, 3 toolkits

0000-0002-9535-2847

e-mail:  rauzina@mail.ru

Tat'yana Vasil'evna Zarubina
phD, professor, head of the medical cybernetics and
informatics department named after S. A. Gasparyan,
member of RAS, head of HDTI, chief specialist of the
Russian Ministry of Health on CDSS. An author of more
than 270 scientific papers includes 2 classbook, 5 mono-
graphs, 10 certificates confirming the result of intellectual
activity
0000-0002-4403- 8049

e-mail: t_zarubina@mail.ru

The authors declare no conflicts of interests.


https://orcid.org/0000-0002-1854-8686
mailto: med_cyber@mail.ru
https://orcid.org/0000-0002-9535-2847
mailto: rauzina@mail.ru
https://orcid.org/0000-0002-4403-8049
mailto: t_zarubina@mail.ru

	Введение
	1. Постановка задач
	2. Графовая информационная модель UMLS
	3. Подготовка перечня нозологий для разметки концептов
	4. Алгоритм построения этиопатогенетического образа концептов/симптомов UMLS
	5. Оценка качества построения образа нозологий
	6. Виды графовых метрик для оценки связности узлов
	7. Эмпирический закон «ранг–частотность»
	8. Взвешенный коэффициент кластеризации
	9. Варианты графовых контуров и их применение в анализе структуры UMLS
	10. Результаты оценки качества разметки нозологических концептов UMLS
	Заключение
	 
	Информация об авторах:
	Introduction
	1. Research phases
	2. Graph model of UMLS
	3. Preparation of diseases list for data labeling
	4. Algorithm for UMLS concepts etiopathogenetic images computing
	5. Estimation of etiopathogenetic images quality
	6. Metrics for connectivity analysis of graph nodes
	7. Empirical law ``rank-frequency''
	8. Weighted clustering coefficient
	9. Kinds of graph contours and their usage in UMLS structure analysis
	10. Quality estimation results for etiopathogenetic images of nosological UMLS concepts
	Conclusion
	References
	Information about the authors:

