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MMPOI'PAMHA PEAJIIBALIISI METOJAY DECISION CURVE ANALISYS (DCA) B CUCTEMI
HIJITPUMKHU PIIIEHD JIJISA 3AJIAY KJTHIYHOI MEJIJUIIAHA

L.€.Annpymak. [Iporpamua peasmizauis meroxy decision curve analisys (dca) B cucremi miaTpumMKu pimensb s
3ana4 KJaiHiyHoi Meauumuun. Pobora mpucBsYeHa aganTamii 10 3aad KIiHIYHOI MEJUIIMHY Ta MPOrpaMHii pearizamii MeToxy
DCA, o nonsirae y BuOOpi ONTHMAaIbHOI CTpAaTerii JIiKyBaHHS BUXO/SYM i3 3HAUCHb CYKYNHOI GyHKIIT KopucHOCTI. MeTon Mae
JIOCTYIIHY I'padidHy iHTEepIIpeTario, o poOUTh MOXKINBIM HOT'O BUKOPHUCTAHHS Ha MPAKTHILL.

Ku1ro40Bi ci10Ba: npuiHATTS pillieHb, IepeBo pinieHs, Java, SQL.

W.E.Anapymak IIporpammuas peaamsauus meroga decision curve analisys (dca) B cucremMe moaaep:KKu
pelieHuil [AJs 3a7a4 KIMHUYECKOH MeTuUMHBI. PaboTa MOCBSINCHA afamnTalid K 3aJadaM KIMHHYIECKOW MEINIHHBI U
nporpaMMHoOi peammsannn Meroga DCA, KOTOpBIM 3aKiIo9acTcss B BBIOOPE ONTHMAIBHON CTPATETHH JICUCHHS HCXOMS W3
3HAYCHHH COBOKYIMHOW (GYHKIMM MONE3HOCTH. METON HWMEeT MOCTYIHYI0 TIpadMIecKyl0 HMHTEPIpETAlHio, HYTO MIeliaeT
BO3MOYKHBIM €T0 HCIIONb30BaHIE HA TIPAKTHKE.

KiroueBble ci10Ba: npUHATHE PELICHUH, IepeBo penteHuii, Java, SQL.

l.Ye.Andruschak. Program implementation of decision curve analisys (dca) in support system solutions for
problems clinical medicine. The work is devoted to the problems of adaptation of clinical medicine and program
implementation of DCA, which is to select the optimal treatment strategy based on the values of the aggregate utility function.
The method has Graphical interpretation that makes possible its use in practice.

Keywords: decision making, decision tree, Java, SQL.

KniniyHa MequuuHa TpaAWLiiiHO NOAUISAETHCS Ha AIarHOCTHKY, JIIKyBaHHS Ta NpOQiIakTHKy. 3
TOYKH 30py NPUHHATTS pillieHb MIarHOCTHKA Ta MpodilaKTHKa MaroTh CXOXKE MPHU3HAYEHHS: KIIiHIIHUCT
Mae JesKy iH(opMaIlito i Xxoue 3HaTH, SK BOHA IOB’S3aHA 3 PEATbHUM CTAaHOM IAIli€EHTa — TEHEPIlTHIM
(miaraoctrka) abo MaiOyTHIM (MpodiTakTuka).

L1s inpopmartist Moxke OyTH y BUTIISIII pe3ynbTatiB oocTekenb (Hanpukian, EKT, V3] 1 iH.) abo
CTaTUCTHYHOI NPOrHOCTUYHOI MOIENi, IO BKIIOYae psa 3MiHHMX. OcCTaHHI JOCSTHEHHS B Traysi
MenuuHoi Oiojorii, ocoOMMBO TeHOMIiKH, O0i0iH(GOPMATUKKA MPOMOHYIOTh JUIS TIarHOCTUKH Ta
IPOQiTaKTUKH MOJIEKYISPHI MapKepH.

Tpamuniiiai 0iOCTaTUCTUYHI METOAW JUIS OLIHKA PE3YNIbTaTiB OOCTEeKEHb, MOJCICH Ta
MOJICKYJIIPHUX MapKepiB € oOMexeHHMMH. TpaauiifHuii O6i0CTaTUCTHYHMNA MiAXid KOHLEHTPYETHCS Ha
TOYHOCTi, KamiOpyBaHHI Ta ITUCKPUMIHATUBHOCTI BUKOPUCTOBYIOUHM TaKi METPHKH $IK UYYTJIHBICTB,
crieruivnicTh Ta Tioma mig kpuoro (AUC, AUROC). Taki MeToau € MAaTEMaTUYHO IIPOCTUMH, MOXYTh
3aCTOCOBYBATHCS SIK Uil HENEPEpPBHUX, TaK 1 OlHApHMX BXITHMX JAaHUX Ta B 3arajJbHOMY MAalOTh
IHTYITHBHY iHTEpIPETaLiIoO.

OpHak BOHM MarOTh HEAOCTAaTHIO KIIHIYHY pelleBaHTHICTh. Hampukman, HacKiTbKH BEIHKOIO
noBuHHa Oytu 1uoma AUC, mo6 oOrpyHTyBaTH KJIiHiYHE 3aCTOCYBaHHSI MPOrHOCTUYHOI Moneni? Ao,
HaNpUKIaJ, PO3TISTHEMO BUMIAAOK, KOJIU Pe3yIbTaTH 00CTeKeHHs 30ibmminn cnenniunicts Ha 10%, ane
3MEHIIMJIM YyTiIMBiCTE Ha 5% MOpIBHSAHO 13 CTAaHAAPTHOIO IiarHOCTUYHOIO METOJUKOI0 — fKY XK
JiarHOCTHYHY METOJUKY BUKOPUCTOBYBATH?

BimnoBime Ha Taki 3amUTaHHS 3aJICGKUTHh Bil HACTIJKIB KOHKPETHUX KIHIYHHX pIillICHb,
NPUIHATHX B pe3yNbTaTi oOcTe:KeHHsA, Moneni abo mapkepy. Tak, Komum meromuka oOcTexeHHs Oyma
crenu(ivHINIon, ajle¢ MEHII YYTIHBOI MOPIBHSHO i3 CTAaHAAPTHOIO, 1l 3HAYUMICTh 3aJISKUTh BiJl IIKOH
BUIAJIKY ITPOMYCKY 3aXBOPIOBAHHS MOPIBHSHO i3 MIKOAOO BiJ JIKyBaHHs 3J0POBOTO MalLli€HTA.

Tpamuuiiiai METOAM TPUUHATTS PIMICHh MAIOTh PN CYTTEBUX HEMOJNIKIB, IO OOMEKYIOTh iX
3acTocyBaHHs B KiiHIYHHX fociimkeHHsx [Vickers, 2008]. Ilo-mepuie, MaTeMaTH4Hi METOAU MOXKYTh
OyTH CKIaJHUMH I TOSICHEHHs KIiHIYHIA aymutopii [4-6]. Ilo-gpyre, GaraTo HpOrHOCTHYHHX
MOKa3HHUKIB B MEAULIMHI € HEMEPEPBHUMH, SIK HAIPUKIIaJ], KIMOBIPHICTh HA OCHOBI MPOrHOCTUYHOT MOAEINI
JUIsL piBHS CHPOBATKM KPOBI — TaKi MPOrHOCTUYHI MOKa3HUKK CKJIAHO BIPOBAIUTH B MPOLIEC IPUHHSITTS
pimens. [lo-Tpere, 1 HalOLIBII KPUTHYHO, palliOHAIEHUN aHaJi3 TPUHAHSTTS pillieHb MEPEBaKHO BUMAarae
iHpOpMaLilo, sIKa € HEAOCTYIHOIO B pPealbHUX Habopax AaHUX.

Tomy MeTol0 pOOOTH € aJanTyBaTh Ui OPUHHATTS KIIHIYHUX pIIEHb Ta MPOTrPaMHO
peanizyBatu Meron DCA, sikuii BOJoJIi€ TOCTYITHOIO TpadivHOI0 Bi3yallizalli€ro.
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Meron DCA. Meron TpyHTYETbCS Ha MPHHIUI, LIO BiJHOCHI IIKOIU Bifi MOMMJIKOBHX
MO3UTUBIB Ta MOMUJKOBUX HETaTHBIB MOXYTh OyTH BUpakeHi B TepMiHaxX HOPOroBOi MMOBIpHOCTI.
Hanpuknan, manienty Oyne mpusHaueHO OiONCi0, SIKIIO PU3MK paky mpoctatd ckiagae Oimbiie 20% i
HaBOAaKu — He Oyzae mpu3HadeHo, AKmO pusuk MeHmie 20%. YV mpoMy BHIAAKy MOXKHa MOKa3aTd, L0
IIKOAA Bid MPOIYLNIEHOTO paKy MNpOCTaTH B HYOTUPU pa3d € OUIBIIOI0 BiJ IIKOIW, 3aBAAaHOI Bif
HenoTpiOHOi Oioricii. ToOTO BIAHOIIGHHS WIKOJ € BiTHOIICHHSM HEBU3HAYCHOCTEW Ui IIOPOroOBOi
iimMoBipHOCTI. JlaHa moporoBa WMOBIPHICTH BUKOPHCTOBYETHCS Ui MOJENIOBAHHS KIIIHIYHMX HACIiIKiB
BiJI BIDHUX Ta IIOMUJIKOBHX ITO3UTHBIB Ha OCHOBI CyKymHoi pyHkuii kopucHocti (Net benefit):

_TP_FPI P
n n {1-p,

B (1)

net

Tyr B, — cyxkynna ¢ynxuis xopucnocri, TP, FP — Bipro Ta nomumixoso mosutusHi, N -
3arajabHa KUIbKICTh Iali€HTIB, [), — IOPOroBa KMOBIPHICTE.

Jani noisxoM 3MiHM 3HaY€HHS MOPOrOBOI HMOBIPHOCTI MOXKEMO MOOYIyBaTH «KPHBY PILLICHb»
1151 OyIb-sIKOi CTATHCTUYHOI MOJIENi, METOAUKH 00CTEXeHb a00 MOJIEKYISIPHIX MapKepiB.

Crin 3a3HauMTH, IO MOJEINb, PE3YIbTAT 00CTEKEHH a00 MapKep, 10 BUBYAIOTHCS, TIONEPETHBO
TOBMHHI GyTH KOHBEPTOBaHi y HMOBipHicTh (HampuKmaj paky mpu Giomcii), mo Tmo3HavaeThess P: s
OiHapHUX OOCTEXKEHb Ii HMOBIPHOCTI CTaHOBIATH 1 a00 O 1yIsi MOSUTUBHUX Ta HETATHBHUX PE3YJbTaTiB
BiJMOBIAHO; IUISI MOJIKYJSIPHUX MapKepiB piBHI MapKepiB KOHBEPTYIOTbCS Yy HMOBIPHOCTI Ha OCHOBI
JIOTiCTUYHOI perpecii.

Metox DCA moxe OyTH naii mpeacTaBieHui y BUIsil Takoro anroputmy [Vickers, 2006].

Bxioni dani: indopmanis npo mamientis: kinbkicts N, Bektop aiarnosis: d=(d,,...,d )" Ta

Marpuist pesynsratie oocrexens: | = (I,,...,1,) e R™".

1, 3axBOpIOBaH Hl € mo . S .
TYT di = y Ii eR" - J1aTrHOCTHYH1 AaH1 JJIs KOXKHOI'O Imaini€xdTa, 1o

0, 3aXBOpIOBaH H HEMAE
MOXYTh OyTH TIEpETBOPEHI Y IMOBIpHICHE 3HAUCHHSI, HATTPUKIIA]] HA OCHOBI JIOTICTHYHOT perpecii.
Buxioni oani: $yHKUii cyKynmHOI KOPUCHOCTI JUIsl yCiX MOJeNeil Ta CTpaTeriil: JiKyBaTH BCiX,
JKyBaTH HIKOTO K (DYHKLII BiZ MOPOroBoi HMOBIPHOCTI.
Memoo:
1. Bubupaemo noporoBy iMoBipHicTb [, .

2. Baxxaemo, 110 MALI€HT € MO3UTUBHUM, KO P = P, .

3. O6uHCAI0EMO KITBKOCTI BIpHO Ta IOMHJIKOBO ITO3UTHBHUX.
4. O0YHNCII0EMO CYKYIHY (PYHKIIIFO KOPUCHOCTI.

5. IloBToproemo kpoku 1-4 Ha iHTepBani 3Ha4eHb [J; .

6. IToBToproemo kpoku 1-5 ist ycix Momesnel Ta Juis cTpaterii JiKyBaTH BCIiX MAIi€HTIB (TOOTO
p=1).

7. Jns KOKHOrO 3Ha4yeHHS MOPOroBoi MMOBIpHOCTI BMOMpaeMo cTparerito abo Momens 3
HaAMOLTBIINM 3HAYEHHSIM CYKYITHOT KOPHUCHOCTI.

3ayBa)XUMO, II0 METOJ MOXe OYTH 3aCTOCOBAHUM HE JIMIIE /IO YUCEIBHUX BXIMHUX NAaHUX TPO
narieHTa, aie it mynerumeniitaux, Hanpukiaa, EKT, EEL, Y3]1, KT, MPT i iH., siki MOBUHHI MONIEPETHBO
OyTH BUpaXeHi B HMOBIPHICHUX 3HAUYEHHSIX.

IIporpamnua peanizanis. Merox peanizoBaHo B nporpamHoMy cepenosuiii Netbeans B ckmani
mpoekty Healthinsurance. 3 miero meroro B makeri healthinsurance crsopeno kmac Decision Curve
Analysis, mo moxomuth 3 abctpaktHoro kiacy medbioinvestigations.graph.GraphConstruction [7].
Bxinni gani 30epiratorbes y Burisiai xenr-tabnuii m_htDCAdata, mo mae Taky CTpyKTypy:
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Tun kmoua Int
Tun 06’exTa Node
Crpykrypa 00’ exTa Hepuunii Hamanox — giareos d;

JPYTU HAIAJIOK — MIarHOCTHYHI
naui |

JlaHi U1 moOyIoBU KpHUBHUX pillleHb 30epiratoTbes y ABoBuMipHoMy MacuBi M_aNetBenefit tumy
double[][]. ¥ meroni init() 3ailficHeHO pO3paXxyHOK CYKYITHOT KOPUCHOCTI JUIsl CTpATeriil JIIKyBaTH BCIX Ta
HIKOTO He JIIKYBaTH, a TaKOX JUIsl Mojeii Ha ocHOBI popmyinu (1). [Ipu peanizarii abcTpakTHOrO METOLy

public double f(int i, double x)
MIOBEPTAETHCS 3HAYCHHS:
return m_aNetBenefit[strategy-
1][(int)Math.round(thresholdProbability*m_nPoints)];
ne strategy — Homep crparterii abo mozeni Tumy int, thresholdProbability — moporosa iimoBipHicTh THITY
double, m_nPoints — kiibKicTh TOUOK Ha rpadiky Tury int.

Bxinni gaHi 30epiratorbest y Burisiai Xml-gaiiny, mo mae taky dtd-ctpykrypy:
<! DOCTYPE medical_publication.body [
<IELEMENT medical_publication.body (patient) *>
<IELEMENT patient (ter HasiBHOCTI 3aXBOPIOBaHH:, TEI PE3YNIbTaTy OOCTEXKCHHS) *>
<IELEMENT rer_nasiBHOCTi 3axBoptoBanHs (#PCDATA) *>
<IELEMENT Tter_pesynbraty oOctesxenns (#PCDATA) *>
1>
Hanpukman, naHi mpo pi3HUIIO CHUCTONIYHOIO Ta JIACTONIYHOIO apTepiajbHUX THCKIB IS
MalieHTiB, SKUX OyAe BHUKOPUCTaHO JUIs MOOYIOBHM KpHBOi pilleHb NpW JIKyBaHHI cepueBoi
HEJIOCTAaTHOCTI, 30epiratoTbes y Burisiai Xml-¢aitny dataPulseDifference.xml:

<?xml version="1.0" encoding="UTF-8"?>

<medical_publication.body>

<patient><heart_disease>0</heart_disease>  <pulse_difference>40</pulse_difference></patient>
<patient><heart_disease>1</heart_disease>  <pulse_difference>60</pulse_difference></patient>
</medical_publication.body>

[porpama-napcep 3ailiCHIOE cCHHTaKCHYHUH aHai3 XMl-daiiny 3 nannmu i 36epirae ix y ¢popmati
Document Object Model (DOM) B 06’exTi Ty Document 3a 10moMororo Takoro METOAy.
public Document constructDOM(String url) {

Document document = null;
try {
DocumentBuilderFactory factory =DocumentBuilderFactory.newlnstance();

DocumentBuilder builder = factory.newDocumentBuilder();

document = builder.parse( new File(url));

} catch (SAXException sxe) {

I Error generated during parsing)
Exception X = sxe;
if (sxe.getException() != null)

X = sxe.getException();
X.printStackTrace(System.err);

} catch (ParserConfigurationException pce) {
/[ Parser with specified options can't be built
pce.printStackTrace();

} catch (IOException ioe) {

I1'1/O error
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ioe.printStackTrace(System.err);

¥

return document;
}

Jani ctpykrypa DOM mneperBoproetscs B 00 ekt Ty NodeList nuisxom cTBOpEHHS BY3IiB 3
teriB patient. J{yis 3py4HOCTI BUKOPUCTaHHS B IPOrpaMmi i3 CIUCKY BY3JIiB CTBOPIOETHCS XCII-TaOIHIIS:
for (int i=0; i<nl.getLength(); i++)

nodeDiagnosis = nl.item(i).getFirstChild();
nodeTest = nl.item(i).getLastChild();
m_htDCAdata.put(i, nl.item(i));

}

Hpukaag. Meron anpoOoOBaHO Ha TECTOBUX AaHWMX 63 MAali€eHTIB HaBYAJIBHO-IIPAKTHYHOTO
LEHTPY TMEpBUHHOI MEAWKO-CaHITapHOI JONOMOTH TepHOMIIBKOro  JAEpKaBHOTO  MEAWYHOTO
yHiBepcutery. Jlani BBomsaThCs uepe3 Xml-daiin dataPulseDifference.xml. I'padiku 3 orpumaHumu
CYKYITHUMH (QYHKIISIMA KOPUCHOCTI HaBEACHO Ha puc.l:
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Puc.1. CykynHi QpyHKIiT KOpHCHOCTI

3Bincu poOMMO BHCHOBOK, IO NMPH TMOPOTOBHX MMOBIPHOCTSX IJIsi MPU3HAYEHHS JIKYBaHHS
cepueBoi HemoctatHocTi MeHmux 0,75 nikyBaHHS BapTOo mnpu3Hayatu BciM. Ilpm moporoBux
riMoBipHOCTAX B Mexax Bix 0,75 mo 0,84 ta Bix 0,87 i BuIIe JIiKyBaHHS BapTO MPU3HAYATH JIUIIE THM
MalieHTaM, B SIKUX HMOBIPHICTh 3aXBOPIOBAHHS € BUIIOIO Bij moporoBoi. IIpu moporoBux WMOBIPHOCTSIX
Big 0,84 no 0,87 He BapTO MpU3HAYATH JIIKyBaHHS.

BucnoBku. B po6oti npeactasieno nporpamuy pearnizanito meroqy DCA 3 mMeTor0 miaATpUMKH
OPUAHATTA pillieHb W00 BUOOpPY ONTHMAJbHOI cTparterii jikyBaHHs. IlopiBHsSHO 13 TpamuUifHMUMU
0i0CTaTHCTUYHUMH MiAXOAaMHU TAaKUH METOA Ma€ 3po3yMily rpadiuHy Bizyalizalilo Ta NPUBOAUTE 1O
THY4YKOI cTpaterii, sika iHTerpye B coOi pi3Hi cTparterii Ta Moneni NPUHHATTA PILICHHS 3aJeXHO Bif
3Ha4YEeHHS MOPOroBOi HMOBIPHOCTI.

Meron peanizoBano y Burisiai Netbeans-nonatky 3 BXigHUMH JaHUMU y BUDIISI XMl-¢aitny, 1mo
POOUTH MOKIIMBUM HOTO BUKOPUCTAHHS B PI3HOMAHITHUX [HTEPHET-TIPOEKTAX, OB’ A3aHUX 3 IPHUUHATTIM
pimens. [lepcieKTHBHUM 0aunTBHCSI TAKOXK 3aCTOCYBaHHS 3alPOIIOHOBAHOTO MPOrPaMHOro 3a0e3nedeHHs
st peanizanii merony Regret DCA, mio BukopucroBye regret-reopiro [Tsalatsanis, 2010]
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