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BCTVII

3aii3HUYHI omiepallii MiCTATh 0€3J114 JaHUX Y PI3HUX KaTEropisix, Ikl 4aCTO OKPEMO
OOpOOJSAIOTbCS PI3HUMU MporpaMaMu. BUKOpUCTaHHS KUIBKOX 1HTEpQEiciB as
dbopmaTy TaHHX 4acTO YCKJIQTHIOE OOMIH Ta MOXKE 3MYIITyBaTH 3a/TisTHI KOMIIaH1i MaTH
3HaYH1 BUTPATH Yacy Ta pecypciB. YHiBepcaabHu hopmMaT 00MiHy naHuXx, railML, mae
Ha METI MOJIETIIUTH MPOLEC IUIAXOM HaJaHHS JHILIE OJHOrO IHTEpPECy A KOKHOI
IPOrpaMHu, SIKUH € JIETKUM, 3pYIHUM Ta OJU3bKUM JI0 ICHYIOUHUX CTaHIapTIB.

railML (Railway Markup Language) 6yB ctBopenumM Ha ocHoBI XML, 1, siK 1 Oy/1b-
KU ICHYIOUHI QopMart, BiIH Ma€ JOTPUMYBATUCh TIEBHUX TPABWI, SKI BU3HAYAIOTH,
sKa came 1HdopMallisl Ta y SKOMY BHUTJIAII Y HBOMY JOMyCKaeTbes. s po3poOku Ta
yCHIIIHOTO BUKOpUcTaHHA railML Mae icCHyBaTH MOXJIMBICTh NEPEBIPKU TOKYMEHTIB
naHoro ¢opmary, ik Ha cOPMOBaHICTh, OYIKYBaHY CTPYKTYpPY, TaK 1 Ha 3MICT, TOOTO
Basiiamis. Xo4 Banigaiis railML TeopeTnuyHOo MOXKIIMBA 3a JOMIOMOTO CTaHIAPTHUX
BaJiJaTOpIB JaHUX Ha ocHOBI XML, meil ¢opmar naHuUX BCE K TaKM Ma€ CBOIi
0COOJIMBOCTI, Yepe3 110 HE HAAIMHO CIUPATUCh HA 1X MEPEeBIPKY IUIIXOM CTOPOHHIX
BaJIiIaTOPiB, (PYHKIIIOHYBAHHS SIKMX MOXXE TMOCTIHHO 3MIHIOBATHCh HE3aJICKHO BiJ
po3Butky railML. Uepe3 1ie BuHHMKae motpeba y BIACHOMY BaliAaTopi IS IHOTO
dbopmary oOMiHY JaHUX.

Jlnist BupimieHHs Takoi 3aga4di y 2015 poii OyB CTBOpEHHMI HACTUIBHHM 3aCTOCYHOK
railVIVID 1, po3po06:enunii MOBOIO Java Ha OCHOBI BautiiaTopa Xerces. OHaK MUISIXOM
roro anamizy B 2024 porii 0yyio BU3HAYEHO, 1110 POIOBKYBATH POOOTY HAJl HUM 3apa3
€ HEJOIJILHUM dYepe3 3acTapulicTh BUKOPUCTAHUX TEXHOJOTIH Ta CKIATHICTh
po3po0bieHoro mporpamHoro 3abdesnedenHs. Yepes mo y 2024 pori Oyna BUSBICHA
notpeda B po3pooii Baiigaropa s railML y cepenosumti .NET, sike Hapasi Bce 1ie €
MOCTIHO OHOBJIIOBAaHUM Ta MOJKE€ MIATPUMYBATH, SIK B€O, Tak 1 HACTUIbHI 3aCTOCYHKH,
110 OyJI0 BaXXJIMBUM 4Ye€pe3 MOIMUT Ha MOJIBIHY BEPCIIO JJI1 HOBOT IMIIJIEMEHTAIII].

Tak six monepenniin po3surok railVIVID 1 OyB BukoHaHuU# JMIe B CEPeIOBHII
Java, crae HEOOXiMHMM JOCIIDKEHHS Ta IepeBipka MeTomiB Bajimamii railML

nokyMeHTiB came B cepeaopuii .NET. ITomryk pimenHs 1iei 3a1adi Ma€e BUpIMIaJbHE
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3HA4YeHHs IJi1 pO3pOOKM HAAIHHOTO Ta MPABHJIBHOTO BajiaTopa came AJs LbOTO

dbopmaTy 0OMiHY JIaHKX B HEOOXITHOMY CEPEIOBHIIL.



PO3/ILJI 1 OIJIA[ ITPEJMETHOI OBJIACTI

1.1 Baninamis XML ¢aitnis

Bamipauis XML ¢aiiniB € nporiecom nepeBipkd JOKYMEHTY Ha C(OPMOBAHICTb
(«well-formedness») Ta BigmoOBimHICT, BU3HAYeHIH CTpykTypi. CdopmoBaHicTh
BU3HAYAEThC 0a30BUMHU cUHTakcudHUMU TpaBuiiaMmu XML. KopekTHicTs daiiny
TaKOX 3aJI€KUTh B1Jl BIANOBIIHOCTI JOKYMEHTY BHU3HAQUYEHHMM JUIsl HHOI'O IIpaBUIIaM,
Hanpukian, DTD (Document Type Definition) a6o cxemi (XSD) [1]. B mexax mporo
JOCIIKEHHS Oy/1e pO3TIIsIATUCH JIMILIE ITePEBIpKa KOPEKTHOCTI (haifyIiB 3a JOIOMOT 010
XSD, Tak sk BOHM BUKOPUCTOBYIOThCS ITpH Bautifanii railML qokymeHTiB.

1.1.1 ITepesipka Ha chopmoBanicts (Well-formedness)

CdopMoBaHICTh JOKYMEHTY, K 3a3HaY€HO BHILE, BU3HAYA€ NMPABUIIBHICTD (ailiy
XML BiAMOBiAHO 10 HU3KY CHHTAKCUYHUX TIPaBuUIIL, siKi perynotorb XML. Li mpasua
TaKOXK TIONIMPIOIOThCS 1 Ha jgokymeHtu railML, tak sk neit gopmar manux OyB
crBopenuit Ha ocHoBi XML [2]. 11i mpaBuIia BKIIIOYAIOTh BU3HAYCHHS TaKHX IIOMHUIIOK,
SK TIPOIyIIeHa KyToBa Jy»Ka ab0 3aKpHBAIOYUM Ter, JEKIJIbKa OJHAKOBO HAa3BaHUX
aTpuOyTIiB a00 BUX1Jl HEKOPEHEBOTO EJIEMEHTY 32 MEK1 0aThKIBCHKOT'O €JIEMEHTY.

1.1.2 Bamiganis Bianmosigao 10 XML cxem (XSD)

Cxema — 11e (aiin 13 mpaBmIIaMH, SIKi BU3HAYAIOTh, 110 MOYKE Ta HE MOXE MICTUTH
¢aitn nanux XML [3]. Taki ¢aiinu 3a3Budaii MaroTh po3mupenHs .Xsd. Baimamis 3a
JIOTIOMOTOI0 CXE€MHU a00 CXEM € TIPOIECOM TEPEBIPKU Y € JOKYMEHT MPaBWIIbHHIMA
BIJIMOBIJTHO 70 BU3HAUHUX MpaBuil y Qaitnax cxeM. Cxemu y daitnax XML 3a3Buyait
BU3HAYAIOTHCSA Y «XSi:schemal.ocationy, sik mapa nmpocTip Ha3BH Ta MIiCIIE3HAXOKCHHS
CXEMH, sIKe MOXKe OyTH JIoKalibHe abo BipTyanbHe. OHAK BU3HAYEHHS CXEM TaKOX
MOXKe OyTH 3I1MCHEHO 1 3a JOMOMOTrOI0 iX BKJIIOYEHHS a00 IMIIOPTYBAaHHS LUISIXOM
«xs:include» a6o «xs:import» [4].

1.2 railML: ocobnuBocTi hopmaty Ta Basigamii

railML (Railway Markup Language) — 1ue mommpenuii ¢popmat oOMiHY, KN
BUKOpUCTOBY€E cucteMatuky XML st onucy naHuxX, 10 CTOCYIOTHCS 3ai3HHIIL.

railML 3a6e3nedye 0OMiH 3aJII3HUYHUMH JIAaHUMHU MK BHYTPIITHIMHM Ta 30BHIIIHIMHU


https://uk.wikipedia.org/wiki/XML
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3aJMI3HUYHUMH  3acTocyHkamu. railML po3pobieHo B paMkax Tak 3BaHOTO
«xoHcopiiymy railMLy Bix railML.org.

railML 6a3yerbca Ha XML, a nig-001acTi BAKOPUCTOBYIOTH 1HIII icHYt0ul XML-
cxemu, Taki gk MathML i GML. railML cknamaerbes 3 miacxem. Y Bepcii 2.4
MPOyKTUBHO BUKOPUCTOBYIOTHCS TPH MIJACXEMHU:

o I'padik pyxy noi3aiB njs MoaentoBaHHs rpadiky pyxy Moi3iiB.

o Iadpactpykrypa 11 (B OCHOBHOMY TOMOJIOTIYHOTO) MOJEIIOBAHHS KON 1
CUTHAJIBHOTO 00JIaTHAHHS.

o Pyxomuii cknaj s MOJICTIOBaHHS TPAHCIIOPTHUX 3aC001B.

[Tounnaroun 3 railML Bepcii 3.1, Ha BUMOT'Y CIIJILHOTH OyJI0 BBEJICHO JI0JIATKOBY
M1JICXEMY:

« bioOKyBaHHS JUII MOJICTTIOBAHHS MapIIPyTiB pyxy Moi3miB [2].

OCHOBHOIO OCOOJUBICTIO, Ky HeoOximHO BpaxyBatu B railML mis 3amauqi
BaJTiJIAIli1, € MPUCYTHICTh MOKJIMBOCTI po3mupenHs railML 3a momomoror cTopoHHIX
cxeM. Sk 1 3 XML, € BejmKa KiIbKicTh cr1oco0iB posmupenns railML. Bouu icHyoTh
Ha TOW BHITAJIOK, SKIIO KOPUCTYBAUy JJIsi OCOOMCTHX MOTPed HE BUCTAUAE EIEMEHTIB,
Bu3HaueHuX y railML, abo sikimo HeoOXiTHO TOTIOBHUTH BXKE iICHYFOUI.

“VY railML 2 Tta railML 3.1 3anpononoBannmu 3acodamu posmupenns railML s
KOPHUCTYBAIbKUX MOTPeO OyIM <xXs:any>-eJIeMEHT /JIsi BU3HAUYCHHS HOBHX €JIEMEHTIB,
<xs:anyAttribute>-enemenT a1 BU3HAYEHHS HOBUX aTPUOYTIB 1 3araJlbHUN THI
tOtherEnumerationValue /ist BU3Ha4YeHHsS HOBUX 3HA4Y€Hb TEPENiKy Y BH3HAYCHUX
MICIISIX.

VY railML 3.2 i Buiie HeoOX1JTHUM PIIICHHSIM € BUKOPUCTAaHHA aTpuOyTa Xsi:type
JUTSl BBEZICHHS pO3IIMpPEHb Yy BumyieHe aapo railML. Ockinbku eK3eMIUIsipy <xs:any>
MOKYTb TIOPYIIUTH TIPOIIEC MEPEBIPKH, yC1 BUMAAKK OyJI0 BUAAICHO ITiJ1 9ac MEePEXOy
3 rallML 3.1 wma railML 3.2. Posmmupenns depe3 xs:anyAttribute 1
tOtherEnumerationValue Bce 111 MOXIIHBI, SIKIIO BOHU ICHYIOTB.”’[5].

Oco0nuBICTh JJ14 BadiAallii y BUMAJIKY PO3IMIUPEHHS € Y TOMY, 1110 BaJliJlallis TO1
Mmae BigOyBatucs 3 Qokycom came Ha cxemu railML, HaBiTh mpu mepeBipii Ha

BIJIITOBIJTHICTh IOKYMEHTY KOPUCTYBalbKUM cxeMaM. To0To Oyap-ski mpoliaemu, 1o


https://uk.wikipedia.org/wiki/MathML
https://uk.wikipedia.org/wiki/%D0%A0%D1%83%D1%85%D0%BE%D0%BC%D0%B8%D0%B9_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4
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CTOCYIOTBCS BJIACHMX CXEM KOPUCTYBaya Ta sIKi He MopyuryoTh cxemu railML, marote
PO3IIISLIATHCH K MOMEPE/DKCHHS, a 0T IMpo0aeMu BiTHOCHO 10 cxeM railML, maroTh
PO3TISIATUCH K TTOMUJIKHM a00 MOMepeHKEHHS B 3aJI€KHOCTI BiJl TUITY MPOOJIEMHU.

1.3 Anaiioru nporpaMHoro 3ade3neuenns ajs Banigamnii XML Ta railML

Ha manuit MoMmeHT icHye 6e3:114 pisHuX BajigaTtopiB aias XML, sk ais nepeBipku
c(hOpMOBAaHOCTI TOKYMEHTIB, TaK i JUIsl BaTifalil BiMOBiTHO 10 3a3HAUEHHX CXeM. IX
GyHKIIOHYBaHHS Ta PE3yJbTaTH MOXYTh MAaTH BIJMIHHOCTI, PO3IJISTHEMO MEKiIbKa
JOCTYIHUX MPUKJIAIIB TAKUX 3aCTOCYHKIB.

1.3.1 Tacrpyment Bamigarii railML daiinis — railVIVID 1

railVIVID 1 — ne “BIOCKOHAlIEHHH 1HCTPYMEHT JUIS IMEPEryIsay Ta MepeBipKU
¢aiini railML. YuiBepcansHicTh rail VIVID no3Bosisie kopuctyBauam Bi3yani3yBaTH
Ta TEpPEeBIPSITH HU3KY 3ali3HUYHUX JaHUX, BKIIOYAIOYM JaHl TPO PO3KIAT,
IHPpacTpyKTypy, pyxomuii ckian’ [6].

railVIvID - O X

| About... |

rallVIvID

The railML Viewer & Validator.

Open file... Open last file

» Settings

Pucynox 1.1 — Burmsin 3acrocynky railVIVID 1 (3o6paxenns B3sto 3 railVIVID
v.1.3.1)
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«Octannsg odimiitna Bepcis railVIVID V1.3.1 Oyna omyOmikoBaHa Ha 45-i
koH(pepenuii railML.org 6 yepBus 2024 poky. OcTaHH1 BAOCKOHaJIEHHs y Bepcii 1.3
MICTATh CEMaHTHUYHI TIEPEBIPKU 7Sl pi3HUX oOMexeHb railML 2.5, Takux sk nepionu
poOOTH, MOKAXYMKH Ta JaH1 Mpo o6ir. KpiM Toro, oHOBJICHHSI BKJIFOYA€ BUMPABJICHHS
MOMUJIOK, 5IK1 OyJIi IepeBipeH1 cniyibHOTOO railML 1 Moke BUKOPHUCTOBYBATHUCS BCIMA
KOpHCTyBa4aMu.» [6].

VY mortomy Ta 6epe3Hi 2024 poky NOpPOBOJMBCS aHalI3 JAaHOTO MIPOrPaMHOIO
3a0e3MeUeHHs, Ha OCHOBI 4OT0o OyJ0 BH3HAYEHO, IO TO DSy MPUYUH, TAKUX SK
CKJIQJIHICTh KOy, 3aCTapiIiCTh TEXHOJOTIH 1 T.JI. HEOOXiJHE CTBOPEHHS OHOBJICHOTO
3aCTOCYHKY 3 camoro mouatky. Yepes me mijg yac 45-1 railML Kondepenmii [7] Oymo
AaHOHCOBAHO 3aIlIaHOBaHy po3poOKy HOBoi iMruiemenranii — railVIVID 2 ans
cepenoBuiia .NET, po6ora Hapx sikoro movanace y ceprri 2024 poxy. Bennka yactuna
po3poOku  odimiiHoro  raillVIVID 2 Brirouwana  pe3ynbTaTH  CTBOPEHHSI
IHCTpYMEHTAJIbHUX 3aC001B /IS JaHOT IUTUIOMHOI pOOOTH.

1.3.2 CtopoHnHe nporpamue 3ade3neueHHs s Bamiaamii XML ¢aiinis

LiquidStudio XML Editor Bix Liquid Technologies

«Pemaktop XML Editor nma ocHoBi Rich Text 3abesmeuye miacBidyBaHHS
CUHTAaKCUCY, MEpeBIpKYy Ha Cc(OPMOBAHICTh, MEPEBIPKY 3 YpaxyBaHHSIM CXEMH,
aBTO3aMOBHEHHS, PO3II3HABAHHSA CXEMH, Mepexia o Bu3HaueHHs XSD, mepeBipky

opdorpadii Ta 6araro iHmoro» [8].
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T Intuitive productivity software for
8| XML, JSON, Data Integration and Web Services

Pucynok 1.2 — ITouarok po6otu 3 Liquid Studio (300pakeHHs B3STO 3 CalTy
Liquid Technologies)

3 caitry Liquid Technologies npo pob6ory XML Editor: «Pemakrop XML
nepeBipse, uyn Bam XML-mokymeHT mpaBmwibHO copmMoBaHMN 1 JiCHUN 3a
noB’si3aHor0 cxemoro XML. ITigrpumyrorses Taki popmatu XML-cxemu:

— DTD - Microsoft .Net XML Validator & Xerces.

— XSD 1.0 — Microsoft .Net XML Validator & Xerces.

— XSD 1.1 — Microsoft .Net XML Validator.

— RelaxNG — Mowo.

— Schematron — npairroe uepe3 Saxon XSLT Engine.

[ToMusIKM TOBIAOMIISIFOTBCSI B PEXKHMMI pEaIbHOr0 dYacy IIiJl 4ac BBEJACHHS Ta

BiZIOOpaxaroThes BcepeauHi JokyMeHnTa XML 1y BikHI moMmIiIok.» [8].

CompanyData.xml™ sl SR ek

254 = <Book sku="22877" pukblicationDate="1992-01-01" ISBN="97B80553562806">
255 <Title>The Gap Into Power: A Dark and Hungry God Arisez</Title>
256 <huthor>Stephen R. Donaldson</RAuthor>

257 {Rating}lS{fm:v

258 </Book>

Error Line : 257 Col 16
The '"Rating' element is inwvalid - The walue '153' is inwalid

== Design | [—]5plit Company » Catalog » Book » Rating »

Eerr LISt L
Code Location  Description File:

a 25716 The "Rating’ element is invalid - The value "1%"is invalid according  CompanyData xml
to its datatype "Decimal’ - The MaxInclusive constraint failed.

Pucynok 1.3 — Bamigaris fokymenTy 3a gornomoror XML Editor (3o0pakenHs

B3sTO 3 caiiTy Liquid Technologies)
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XMLSpy SmartFix XML Validator Bix Altova

«Po3pobnukam motpiden pepakrop JSON 1 XML, sxuii nojgae miHHICTh, KpiM
NEPEBIPKU 3aKPUTOCTI y>KOK 1 0a30B0i nepeBipku Banigauii. XMLSpy Hagae noBHMiA
HaO01p QyHKIIH ... 1 BKIIOYae TpadivHi IpeaCcTaBlICHHS, TCHEPATOPH KOy, MAaCTPH Ta
I 1HTeneKkTyanbHi QyHkiii penaryBanas JSON 1 XML, siki gomomMaraioTb Bam
BUKOHYBAaTH poOOTY MIBUAIIE, HiX Oyab-konn.» (auB. Puc. 1.4 ans npuknamxy pobotu

na”oro penakropy) [9].

3 <expense-report xmins:xsi="http:/fww.w3.0rgf2001/XMLSchema-instance” xsi:noMamespaceSchemalocation="ExpReport.xsd" ~ | Elements
currency="USD" detailed="false" total-sum="556.9"> -
4 <Personz 3 Misc
5 ! <First=Fred</First> 3 Meal
6 . <last>Landis</Last> {} Lodging
7 | «Title»Project Manager=/Title> {3} Travel
8 | <Phone>123-456-7890</Phone> {} Parking
9 i <Email>flandis@nananull.com</Email> <} Entertainment
10 </Persan> {} description
1 <expense-item type="Lodging" expto="Sales"> (¥ Date
12 | <Date>2003-01-01</Date> (¥ expense
13 i <expense>122 11</expensex
14 </expense-item=
15 @ <expense-tem type="Meal" expto="Support">
16 i <Date>2003-01-02</Date>
17 <expense>13.22</expense> Attributes
18 <M
19 </ex{} Misc
20 <ex|{} odging” expto="Development"=
2 <({} Lodging /Date>
22 <} Travel expense=
23 <|{} Parking penny arcade</description>
24 </ex{{} Entertainment
25 <ex|{} description odging” expto="Marketing"=
26 <Date=2003-01-02</Date>
27 <expense>299 45</expense> Evirs
28 <description>Treated Clients</description>
29 </expense-item= Ent amp
30 <expense-item type="Entertainment" expto="Development">[__|</expense-item> Ent apos
36 <expense-tem type="Entertainment” expto="Development”> Ent gt
37 «Date=2003-01-02</Date> Ent |t
38 <expensex13 22</expensex Ent quot
39 <Misc misctype="TeamBuilding"/>
40 <description=Spa day=</description=
4 </expense-item=
42 <expense-tem type="Transportation” expto="Development">
43 <Date>2003-01-02</Date>
44 <expense=Airport parking</expense>
45 <description=Parking for one week</description=
46 <lexpense-item=
47 </expense-report= v
Text Grid Schema WSDL XBRL Authertic Browser

Pucynok 1.4 — Ipuxian po6oru 3 XMLSpy (3o6paxenns B3sito 3 Altova)
«XMLSpy npaitoe Ha 6a3i MmexaHi3my nepeBipku Altova RaptorXML, sikuii OyB
CTBOPEHHUIA 3 HYJIA, 00 3a0€3MeYUTH SKOMOTa TOYHINTY BIAMOBIAHICTh CTAaHAAPTAM Y
NO€HAHHI 3 HAJBUCOKOIO MBUAKICTIO niepeBipku.» [10]. ToOTo Ha Bimminy Bix Liquid
Studio meit perakTop BUKOPUCTOBYE HE BXKE ICHYIOUI BaJIiJATOPH 3 TAKKX CEPEIOBHIIL,

sk .NET Tta Java, a Mae cBiii BIaCHUI MEXaHI3M.
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= citem parthum="833-AA">

<productName>Lapis necklace</productName:
<quantity>2</quantity:

<price»>99.,95</price>

<ipo:comment>Need this for the holidays!</ipo:comment:
<shipDate»1999-12-85</shipDate>

! [ <gityrBeverly</city>

- </item>

= <item partNum="748-0T":

<productiName>Diamond heart</productiame:
<quantity>l</quantity:
<price>248.98</price>

AMLSpy

This file is not valid! If you save the file in its current state, other XML
processors may have a problem opening the file,

Do you really want to save this file as it is?

Yes Mo

\.Pf I 700 .. U5y '_Ff I
<ipo:comment>With no inclusions, please.</ipo:comment:
<shipDate>28688-81-87</shipDate>

- </item>
= <item partNum="229-0B":
[ e T I A o A | el T mmm s F A R -

uck (Grid Schema WsDL ¥BRL Authertic Browser

po.xml *

ages

| al &% % M| ErorLimit: 100| Hide Smart Fix

€3 File C:\Users) WDocumentshAltova \XMLSpy2817\Exa ¥ Delete element <citye.

E@Element <city> is not allowed under element <item: @
i--Reason: No more elements expected.

Error location: ipo:purchaseOrder / Items / item / ci
-EDetails

Pucynox 1.5 — [Ipukian Bamigarii JokyMeHTy 3a qoromororo XMLSpy
(300paxenHs B3sTO 3 caity Altova)

«Oxkpim SmartFix, nporpamHe 3a0e3medyeHHsT MICTUTh YUCICHHI (PYHKIII, fK1
JOTIOMaraloTh CcTBoptoBatn mnpaBuibHi XML-gOoKyMeHTH Ta MIBHUAKO ¥ JIETKO
BUpIITYBaTH NpoOiemMu. BIKHO mepeBipoOYHUX MOBIAOMIIEHB 13 KUTBKOMA BKJIAJKaMU
MPOIOHYE AETAbHY 1HPOpPMaLIiI0 MPO OyJb-AKl MOMUJIKUA Y BallOMy JOKYMEHTI YU
XML-nipoekTi, a 3pydHa MaHeNb IHCTPYMEHTIB [I03BOJISIE€ JIETKO TMEPEeMINIaTUCS,

ITyKaTH Ta KOMIIOBATH 1H(POpMAIIio PO MOMUIKH 3a ToTpedu. [Ticis miaTBepKeHHs
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Ta nepeBipku npaBuibHOCTI XMLSpy Hajgae nokinagHi BIAOMOCTI PO BCl OMUIIKH,
30KpeMa:

— Ilpuunny nomMuikwu.

— Ilocunanns Ha noMmunky B podouomy XML-daiini.

— IlocunanHs Ha BIANOBIAHI BUBHAYEHHSA(S1) y MOB’A3aHOMY (Daidill CXEMHU.

— Ilocunanns Ha BianmoBigHy iH(GoOpMaIio y BianoBigHiN cnemudikamii W3Ch»
(muB. HaBenenuit Buie Puc. 1.5 mus npukinany Bamigamii daiiny 3 XMLSpy) [10].

1.4 TToctanoBka 3amaul

IcHye Benmka KUIBKICTh PI3HHUX 3aCTOCYHKIB (K BeO, Tak 1 HACTUIBHUX) IJIs
Banijamnii XML Tta 3a acomiariiero railML, cTBOpeHHX y pI3HUX CepeOBHUINAX, OJHAK
0araTo 3 HUX HaBITh JAJs MPOCTUX (alIiB MOXYTh HAJaBaTH PI3HI PE3yJNbTaTH B
3QJIEKHOCTI BiJl 0cOOMMBOCTEH iX (pyHKIIOHYBaHHS. Uepes 1e moTpiOHEe BU3HAUYCHHS
BUMOI' JI0 NMpaBWibHOI Badigamii railML Ha OCHOB1 aHami3y OCOOJMBOCTEN LBOTIO
dbopmary maHUX Ta MOMEPEIHHO CTBOPEHOTO BallilaTopa came i Iboro (hopmary.
Tak sk railVIVID 1 e 3acTapianm, Ta BUKOPHCTOBYE PeCypCH cepeioBuIla Javu, s
BUPIIICHHS TOocTaBieHol 3anadi Bamiganii railML moxymentiB B .NET HeoOXigHO Ha
OCHOB1 BU3HAYEHUX BUMOT JOCHIAMTH JOCTYNMHI METOJIM Balijaiii B I[bOMY

CEpEOBUIII JJIsSI 3HAXO/KCHHST HAWKPAIIoro pilieHHs.
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BucnoBku g0 pozainy 1
O1xe y 1boMy po3aiti 0y10 BUKOHAHO O3HAHOMJIEHHS 3 MOHATTSIM Basiifamii XML
JOKYMEHTIB Ta MPOAHATI30BaHO CXOXICTh 1 BIJIMIHHOCTI BaJliJialllii OCHOBAHOTO Ha
XML dopmati oominy manux — railML. B mporieci orsiny npeamMeTHoi 06acTi 0yino
PO3TIISTHYTO JIEK1JIbKa aHAJIOTIB MPOrPaMHOTO 3a0e3IeueHHs IJis Baslijarii, Taki sK
railVIVID 1 Bix railML.org, XML Editor Bix LiquidStudios Ta XMLSpy Bix Altova.
Byr0 3po6sieH0 BUCHOBOK, 110 OCHOBHOIO BiJIMIHHICTIO 000X MPHUKIIAJIB CTOPOHHBOTO
nporpaMHoOro 3aoesmnedeHHs Bix odimiiiHoro Bamigaropa railVIVID 1 e namanus
MO>KJIMBOCTI pefiaryBaHHs BMiCTy JOKYMEHTY, B TOW 4ac K 3aCToCcyHOK Bif railML.org
HaJa€ MOXUIMBICTh JIMINE TEPEBIPSITH MPaBUIBHICTH (ailly Ta meperisgaTd Moro
Bi3yali30BaHUN BMICT, IO 1 OYIKYETHCA BiJ PO3pPOOJIIOBAHOTO MPOrPAMHOTO
3a0e3nedeHHs. Takoxx B MpoIieci AOCTiHKeHHS Oy0 BUSBIEHO TOTpeOy B po3pooiri
HoBoi iMmemenTarii railVIVID 2 B cepenosuii .NET. B pe3ynbTaTi 1aHOr0 aHaizy
OyJ10 BU3HAYCHO HEOOXIHICTD JOCIIKESHHS MeTo1iB Batiaii XML (Ta 3a cX0XKiCTIO
0a3o0Boi cTpykTypu railML) B 1iboMy cepeoBHII 1151 BUABICHHS 1X 0COOIMBOCTEH Ta
BINOBIHOCTI BHMoram ctBopeHumu railML.org s BUsBICHHS HaWKpaIoro

criocoOy Batiarii.
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PO3/IUT 2 OBIPYHTYBAHHS EKCITEPUMEHTAJILHOT'O METOJTY
JIOCJIJDKEHHS EOEKTUBHOCTI METO/IIB BAJIIIALIIT

Amnaniz gocrynHux 010miotex B cepenoBuil .NET € BaxxiauBuM il nepeBipKu
BIMOBIAHOCTI ix Bamigamii Bumoram railML.org, mis goro Mae BigOyBathcs
peTeNbHUI MOLTYK METO/IB /JIsi BUPIIIEHHS MTOCTaBICHOT 3a/1aui.

2.1 3aranpHa METOMKA MMPOBEACHHS HAYKOBUX JTOCHIKCHb

st BusHaueHHs migxonasmux 0i0miorek y .NET mis Bamimamii railML daitmis
BIJIMOBIHO /10 BUMOT HEOOXI1JHO MPOBECTH iX IMOIMEpPEeHE TECTYBaHHS Yepe3 Te, 10
MMOBEPXHEBOI'0 aHaJi3y METOIB OyJie HEJOCTaTHLO, TaK SK OIKMC METOJIB HE Hajae
iHpopMarii mpo ix moBeaiHky y crenudiuaux aas railML Bumagkax. ["ooBHa yBara
IpU TECTyBaHHI Ma€ 3BEPTAaTUCh HA MOXJIMBICTh Bamijamii (ailyiiB 3 HaJaHHAM
nepeBaru Bamijaiii 3a jgornomororo cxem railML, a He KOPUCTYBaIbKUX PO3IIUPEHbD,
JTO3BOJICHUX Y JICSIKUX BUTIAKAX.

Takox JU1st MOTIEpETHROTO TECTYBaHHs Oyze po3podiieHo nekinbka raillML daiinis
3 CUTYAIlisSIMH, PO3ITI3HAHHS SKUX € KPUTUYHUM JUIsI BUPIIIEHHS 3a1a4i BaJIialii:

Tabmuusg 2.1 — Kputuuni curyanii Juist Baiigaiii Gpaiiiis 3 po3MHPEHHIMU

Ne | Curyaris Bepcis | Cxema Jo3Bin 3a cxemoro | Kiacudikartis
railML | posmmpens | railML
1 | Paiin Mae | 2 Bincytus/y | Po3mupenns [TonepemxeHHs
PO3ILIUPEHHS Y HI{ BIJICYTHE | TO3BOJICHE 3a
BUTJIIS1 BU3HAYEHHS | CXEMOIO railML
CJIEMCHTIB €IEMCHTIB (<xs:any>)
o | Daiin Mae | 2 Bincytus/y | Posmmpenns — He | [lommika
PO3IIMPEHHS Y Hi{ BIJICYTHE | T03BOJICHE 3a
BUTJISITI BU3HAYCHHS | CXEMOIO railML
CJIEMEHTIB €JIEMEHTIB (fume  BU3HAYEHI
CJICMEHTH)
3 | Paiin Mae | 2 Bincytus/y | Po3mmpenns — He | [lomuika
PO3IIMPEHHS Y Hil BIJICYTHE | T03BOJICHE 3a
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JIc HeMae any)

BUTJISIL BHU3HAYEHHS | CXEMOIO railML
CJIEMEHTIB €JIEMEHTIB (HISTKHX
BU3HAYCHHUX
CJICMEHTIB)
4 Daiin Mae Biacyras/y | Po3mmupenns [Tonepemxenus
PO3IIMPEHHS Y Hi{ BIJICYTHE | T03BOJICHE 3a
BUTJISLIL BU3HAUEHHSI | CXEMOIO railML
aTpuOyTiB enmeMmenTiB | (<Xxs:anyAttribute>,
<xs:any>)
5 | Paiin Mae Bincytus/y | Posmmpenns — He | [lommika
PO3IIMPEHHS Y Hi{ BIJICYTHE | T03BOJICHE 3a
BUTJISAIL BHU3HAYEHHS | CXEMOIO railML
aTpuOyTiB €JICMEHTIB (e  BU3HAYCHI
€JIEMEHTH)
g | Paiin Mae BincytHs/y | Po3mmpenns — He | [lommiika
PO3ILIUPEHHS Y Hil BIZICYTHE | TO3BOJICHE 3a
BUTJISIL BU3HAYEHHS | CXEMOIO railML
aTpuOyTiB €JIEMCHTIB (HISTKHIX
BHU3HAYCHHUX
€JICMEHTIB)
7 | Paiin Mae Bincytus/y | Po3mmpenus [Tomuiika
PO3IINPEHHS Hi{ BIJICYTHE | T03BOJICHE 3a
BU3HAYCHHS | CXEMOIO railML
enemeHtiB | (<XSi:type>) (mwmie

[Tpuknaan ¢aitmiB aas KOXXHOI cuTyarlii (MpUKIaad HECYTh JUIIE CUHTAKCUIHHUMA

XapakTep, JOPEUHICTh PO3IMIUPEHD Ta X 3MICT HE OepeThCs 10 yBaru):

1) [o3Bosenuii mig-enemMeHT «Something» y enementi «category» (mae <xs:any>

y cBoili cxemi [11]):

<?xml version="1.0" encoding="UTF-8"7?>
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<railml xmlns="http://www.railml.org/schemas/2011"
xmlns:my="https://www.my—-company.com/my-department/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://www.railml.org/schemas/2011
http://www.railml.org/schemas/2011/railML-2.1/railML.xsd"
version="2.1">
<timetable id="ttl">
<categories>
<category id="c1" code="1IC" name="InterCity"
description="Fast large city connection" trainUsage="passenger">
<my:something id="sl1"/>
</category>
<category id="c2" code="RE" name="RegionalExpress"
description="Fast small city connection" trainUsage="passenger"/>
</categories>
</timetable>

</railml>
2) He nmo3Bosienuii mig-eneMeHT «something» y ememenTi «categoriesy (Bu3Havae

auie «category» sik MOKJIMBUH Tig-enemMeHT [12]):
<?xml version="1.0" encoding="UTF-8"7?>
<railml xmlns="http://www.railml.org/schemas/2011"
xmlns:my="https://www.my-company.com/my-department/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://www.railml.org/schemas/2011
http://www.railml.org/schemas/2011/railML-2.1/railML.xsd"
version="2.1">
<timetable id="ttl">
<categories>
<category id="c1" code="1IC" name="InterCity"
description="Fast large city connection" trainUsage="passenger"/>
<category id="c2" code="RE" name="RegionalExpress"
description="Fast small city connection" trainUsage="passenger"/>
<my:something id="sl1"/>
</categories>

</timetable>
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</railml>
3) He no3Bonenmii enemeHT «something» y emementi «additionalName» (He

BH3HAYa€ KOMHUX mija-eneMenTiB [13]):
<?xml version="1.0" encoding="UTF-8"7?>
<railml xmlns="http://www.railml.org/schemas/2011"
xmlns:my="https://www.my-company.com/my-department/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://www.railml.org/schemas/2011
http://www.railml.org/schemas/2011/railML-2.1/railML.xsd"
version="2.1">
<timetable id="ttl">
<categories>
<category id="cl" code="1IC" name="InterCity"
trainUsage="passenger">
<additionalName name="ICl" description="Intercity train
with fast large city connection">
<my:something id="sl1"/>
</additionalName>
</category>
<category id="c2" code="RE" name="RegionalExpress"
description="Fast small city connection" trainUsage="passenger"/>
</categories>
</timetable>

</railml>
4) Jlo3Bojienmit arpuOyt «maximumWaity B ememeHTi «times» Ta arpuOyT
«lengthy B enemenriB «trainParty (mepmmit enement mae <xs:anyAttribute> y cpoiii

cxeMmi, qpyruii mae <xs:any> [14] [15])
<?xml version="1.0" encoding="UTF-8"?>
<railml xmlns="http://www.railml.org/schemas/2013"
xmlns:my="https://www.my-company.com/my-department/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://www.railml.org/schemas/2013
http://www.railml.org/schemas/2013/railML-2.2/railML.xsd"

version="2.2">
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<infrastructure id="inl">
<operationControlPoints>
<ocp id='ocp A'/>
<ocp id='ocp B'/>
</operationControlPoints>
</infrastructure>
<timetable id="ttl">
<trainParts>
<trainPart id="tp 1" my:length="60">
<ocpsTT>
<ocpTT ocpRef='ocp A' ocpType='stop'>
<times scope='earliest' departure='16:30:11"'/>
<times scope="scheduled' departure='16:31:18"
my :maximumWait="22"/>
<times scope='published' departure='16:30:11"'/>
<times scope='actual' departure='16:39:10'/>
</ocpTT>
<ocpTT ocpRef='ocp B' ocpType='pass'>
<times scope="scheduled' departure='16:38:02.46"
my :maximumWait="12"/>
<times scope='actual' departure='16:45:27"'/>
</ocpTT>
</ocpsTT>
</trainPart>
</trainParts>
<trains>
<train id="trc 1" type="commercial" trainNumber="0111">
<trainPartSequence sequence="1">
<trainPartRef ref="tp 1" position="1"/>
</trainPartSequence>
</train>
</trains>
</timetable>

</railml>
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5) He no3Bosnenwuii atpudyT «description» B eementi «trackBeginy (enemeHT He

Mae Bu3Hauae <xs.anyAttribute> abo <xs:any> y cBoiii cxemi [16]):
<?xml version="1.0" encoding="UTF-8"7?>
<railml xmlns="http://www.railml.org/schemas/2011"
xmlns:my="https://www.my—-company.com/my-department/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://www.railml.org/schemas/2011
http://www.railml.org/schemas/2011/railML-2.1/railML.xsd"
version="2.1">
<infrastructure id="inl">
<tracks>
<track id='tr 1' name='Trackl' type='mainTrack'>
<trackTopology>
<trackBegin id='trn begin 1' pos='23450" absPos='3800"
my :description="Information about track's begining">
<openkEnd id="oEb26301"/>
</trackBegin>
<trackEnd id='trn end 1' pos='24070' absPos='4420"'>
<openEnd id="oEb26302"/>
</trackEnd>
<crossSections/>
</trackTopology>
</track>
</tracks>
<trackGroups>
<line id='ln 1' name='6228"'>
<trackRef ref='tr 1'/>
</line>
</trackGroups>
<operationControlPoints>
<ocp id='ocp A'/>
</operationControlPoints>
</infrastructure>

</railml>
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6) He no3Bonenwuii atpulyT «my:colour» B eleMeHTIB «Categoriesy (eJeMeHT He

BH3HAYa€ HisIKUX arpuOyTiB [12]).
<?xml version="1.0" encoding="UTF-8"7?>
<railml xmlns="http://www.railml.org/schemas/2011"
xmlns:my="https://www.my—-company.com/my-department/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://www.railml.org/schemas/2011
http://www.railml.org/schemas/2011/railML-2.1/railML.xsd"
version="2.1">
<timetable id="ttl">
<categories my:colour="red">
<category id="cl" code="1IC" name="InterCity"
description="Fast large city connection" trainUsage="passenger"/>
<category id="c2" code="RE" name="RegionalExpress"
description="Fast small city connection" trainUsage="passenger"/>
</categories>
</timetable>

</railml>
7) Jossosene posmmpenHs 3a gomomoror «ExtendedOperationalPointy Tta
«ExtendedTrack» enemenTiB «operationalPointy ta «track», omHak yepe3 BiICYyTHICTh

CXEMH CTBOPIOETHCS TIOMUJIKA (THIT Ma€e 000B’s13K0BO OyTH Bu3HaueHuM [17] [18]).
<?xml version="1.0" encoding="UTF-8"7?>
<railML
xmlns="https://www.railml.org/schemas/3.2"
xmlns:example="https://www.somedomain.net/2022/exampleExtensi
on"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation=""

version="0.1">

<infrastructure id="is01">
<functionallInfrastructure>

<operationalPoints>
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<operationalPoint
xsi:type="example:ExtendedOperationalPoint" id="op01l">
<!-- You <can wuse all elements and
attributes of the original operational point in addition to the ones
we added -->
<name name="Praha" language="cz"/>
<name name="Prag" language="de"/>
<name name="Prague" language="en"/>
<example:priceCategory
example:categoryNumber="2" example:priceMultiplier="2.1">
<example:name name="Tourist fare"
language="en" />
</example:priceCategory>
</operationalPoint>
<example:name name="Tourist fare"
language="en"/>

</operationalPoints>

<!-- The same applies to the extended tracks -->
<tracks>
<track xsi:type="example:ExtendedTrack"

id="tr01" type="mainTrack"

example:additionalExampleComment="This
attribute was added just to show how to extend a type with an
additional attribute.">

<!-- You <can wuse all elements and
attributes of the original track in addition to the ones we added -
->

<designator register="_ Tracks"
entry="1234"/>

<length value="500" type="physical"/>

<example:priceCategory
example:categoryNumber="1" example:priceMultiplier="1.0">

<example:name name="Normal fare"

language="en"/>
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</example:priceCategory>
<example:priceCategory
example:categoryNumber="3" example:priceMultiplier="1.5">
<example:name name="Express fare"
language="en"/>
</example:priceCategory>
</track>
<track id="tr02" type="sidingTrack">

<!-- You can also use the original type-

<designator register="_ Tracks"
entry="4321"/>
<length value="1200" type="physical"/>
</track>

</tracks>

</functionalInfrastructure>
</infrastructure>

</railML>

Bci onmcani cutyanii nigidpani 3 poKycoM Ha BIJICYTHICTh CXEM PO3LIUPEHb MIPU
BaJifaIlii, TOMy 10 B TaKOMYy BHUIIQJKy MPIOPUTET Ma€ HAJIaBATHCh BiIMOBITHOCTI
daitny cxemi railML, a Oyap-ski Ipo0eMu 3 pO3IIUPEHHIMH MAIOTh BBOKATHCH JIUIIIC
MIOTICPEKEHHSIMH ISl KOPUCTYBaya, IIPU YMOBI 1[0 BOHU HE € TIOPYIIICHHSIMH TTPABUIT
railML. Takosx gonoBHIOIOYH 11eH (paKT, Oyab-sKi MPOOIEMH, OB’ A3aHi 3 BiJICYTHICTIO
CXEMH, MAlOTh TaK0XX BBAXKQTUCh IOMEPEHKCHHSAMHU (SKIIO BOHU HE TMOPYIIYIOTH
npasua railML ab6o XML, six 3 <xsi:type> y curyarii No7), Tak sk mpu Bajigarii
3aBKM BUKOPHUCTOBYIOThCS TOCTYMHI cxemu railML.,

VYcboro B pe3ysibTaTi TOBEPXHEBOIO aHAII3Y JOCTYMHUX OE3KOIMITOBHUX 010110TEK
y .NET 6yno BusiBneHo 3 ocHOBHI cTaHAapTHI MeToau st Bamigamii XML daiinis 3a
nonomoror XSD, ski MOXIMBO Oy/1€ BUKOPUCTATH JIJIsl TECTYBAaHHS:

1) XDocument.Validate(),

2) XMLDocument.Validate(),

3) XMLReader.Create().



27

VYei iHmi  posrnsHyTi  6106710TekHM ab00 BUKOPHCTOBYBAIM OAMH 3  BHUIIE
nepepaxoBaHUX METO/IIB Y CBOEMY KO/, a00 1X IMIUIEMeHTaIlisl OyJia HeYCIIIIHO, SIK,
Hanpukian, IKVM [19]. Bignosimi Ha nyOumikamiro NUTaHHAS Ha 1iatdopmi
StackOverflow [20] sinmie miaTBep v pe3yIbTaTH: 3alPOIIOHOBAHI PillleHHS a00 BXKe
OyJy BIIKMHYTI, a00 OyJIu Ha KOMEPIIiiHIA OCHOBI.

2.2 Pe3ynpTaTH aHami3y Ta BUABIIEHA Ipobiema ctannapTHux metodiB .NET

[Ticiss BU3HAYCHHS OINHMCAHUX BHUINE CHTYaIldl OyJI0 IPOBEIACHO IIONEPEIHE
TECTyBaHHS OOpaHUX TPbOX CTAHAAPTHUX (PYHKIIHM (OLIbII AETaNIbHUM po3riisan Oyze
npoBeneHo y Pozmini 4). Y migcyMkax 1boro TeCTyBaHHS OyJi0 BUSBICHO, IO OyIb-
K1 TpOOJIeMH, TIOB’sI3aH1 3 KOPUCTYBAIIbKUMH CXEMaMH, SIKI BAKOPUCTOBYBAIUCH IS
posmmpenns railML, po3risaanucs B nporeci Bamiganii sk mommikd. Lle Bumaraio
BJIACHOPYYHOI OOpOOKHM IUX MpOoOJIeM SK TMOMEPEIKEeHb Y BUIMAIKY HEAOCTYIMHOCTI
BU3HAYCHb JUUISI X CJIEMEHTIB/aTprOyTiB, TaK SK II¢ HEe opyinye mpasmi cxemu railML.

VY curyauisx 1, 2, 3, 4 Ta 7 pe3ysnbTar cTaHAapTHUX (DYHKIIIHN 3arajgom 301raeTbes 3
OUIKyBaHMM TIpM BpaxyBaHHI BJIacHOI OOpOOKM CHTyallii HE OTOJOIICHUX
€JIEMEHTIB/aTpuOYTIB sIK momnepemkeHb. To0To y cutyaumisx 1 Ta 4 npu nmoMmiii
«EJIeMEHT/aTpuOyT HE OTOJIOIIEHUI» Yepe3 BIJCYTHICTh CXEMH, B fAKiil BIH MaB OyTH
BU3HAYEHUI , BAKOHYETHCSI BJJacCHa 00pOOKa MOMUJIKY SIK MTOTIEPEPKEHHS, B TOM Yac sK
NMOBIIOMJIEHHST Uit 2, 3 Ta 7 € Oulbll JeTalbHUMU 3 1HGOPMAIIED PO
HEJO03BOJICHHICTh ~ eleMeHTy abo HempaBwibHuid T («element is  not
allowed»/«invalid childy», «invalid xsi:type» i T.1.).

Oco0nuBHii pe3yapTaT OyB OMIUEHUH y CUTYallisSIX 5 Ta 6: HE 3BepTalOyH yBary Ha
nopyuieHHs npasmin cxemu railML (BimcyTtHocTi <xS:any>/<xs:anyAttribute> B
eneMeHTi «trackBeginy abo BimcyTHOCTI BU3HAYEHHS OyAb-KUX aTpHOYTIB JUIs
eeMeHTy «Categories»), mpu Bamigamii 3’SBISIETBCS €IUHA TOMWJIKA 3 TEKCTOM
«arpuOyT He orosorieHui» («attribute is not declared»). JlonarkoBo OyJ10 poBEACHO
NEepeBIpKy Maibke 1IeHTUYHUX (QailmiB ans AaHUX CUTyalli 3 €JUHOI0 3MIHOIO:
noctymnHicTio XSD cxemu po3mupeHHs Ta HasBHICTIO BUSHAYCHHS aTpUOYTy y NaHii

cxemi:
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Tabmuusa 2.2 — Ipuknanu quist curyauiid NeS ta 6 31 cXeMOr0 po3IIUpPEHb

Cury Daiu Cxema
anisa
5 <?xml version="1.0" <?xml version="1.0"

encoding="UTF-8"7?>
<railml
xmlns="http://www.railml.org/sch

emas/2011"

xmlns:my="https://www.my-

company.com/my-department/"

xmlns:xsi="http://www.w3.0rg/200

1/XMLSchema-instance"

xsi:schemalLocation="http://www.r
ailml.org/schemas/2011
http://www.railml.org/schemas/20
11/railML-2.1/railML.xsd
https://www.my-company.com/my-
department/
SimpleExtensionSchema.xsd"
version="2.1">
<infrastructure
id="inl1">
<tracks>
<track id="tr 1'
name="'Trackl' type='mainTrack'>
<trackTopology>
<trackBegin
id="trn begin 1' pos="'23450"
absPos='3800"' my:color="yellow">
<openEnd

id="oEb26301"/>

encoding="UTF-8"7?>
<xs:schema
targetNamespace="https://
WWW . my-company .com/my-
department/"
xmlns="https://www.my-
company.com/my-
department/"
xmlns:xs="http://www.w3.0
rg/2001/XMLSchema"
elementFormDefault="quali
fied"
attributeFormDefault="ung
ualified" version="1.0">
<xs:attribute
name="colour"
type="colourType">

<xXs:annotation>

<xs:documentation>Provide

the colour of the

model</xs:documentation>

</xs:annotation>

</xs:attribute>

<xs:simpleType

name="colourType">
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</trackBegin>
<trackEnd
id="trn end 1' pos="'24070"
absPos="'4420"'>
<openEnd
id="oEb26302"/>
</trackEnd>
<crossSections/>
</trackTopology>
</track>
</tracks>
<trackGroups>
<line id="ln 1'
name="'6228"'>
<trackRef
ref="tr 1'/>
</line>

</trackGroups>

<operationControlPoints>

<ocp id='ocp A'/>

</operationControlPoints>

</infrastructure>

</railml>

<?xml version="1.0"
encoding="UTF-8"7?>

<railml
xmlns="http://www.railml.org/sch
emas/2011"

xmlns:my="https://www.my-

company.com/my-department/"

<Xs:restriction

base="xs:string">

<xXs:enumeration

value="blue" />

<xs:enumeration

value="red" />

<xs:enumeration

value="yellow"/>

</xs:restriction>

</xs:simpleType>

</xs:schema>
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xmlns:xsi="http://www.w3.0rg/200

1/XMLSchema-instance"

xsi:schemalocation="http://www.r
ailml.org/schemas/2011
http://www.railml.org/schemas/20
11/railML-2.1/railML.xsd
https://www.my-company.com/my-
department/
SimpleExtensionSchema.xsd"
version="2.1">
<timetable id="ttl">
<categories

my : colour="red" >

<category id="cl1"
code="1IC" name="InterCity"
description="Fast large city

connection"
trainUsage="passenger"/>
<category id="c2"
code="RE" name="RegionalExpress"
description="Fast small city
connection"
trainUsage="passenger"/>
</categories>
</timetable>

</railml>

OpHak npu TeCTyBaHHI NOBIAOMJIEHHS HE 3MIHUIJIOCH, 3 YO0 MOKHA 3p03yMITH, 110
BOHO HE CIIPUYMHEHO BIJICYTHICTIO CXEMU PO3IIMPEHb A00 BUBHAUCHHS €JIEMEHTY Y Hiil
(arpulyT «colour» € mpuCyTHIM y HaBejAeHiM Buie cxemi). TOOTO Takui TEKCT
TIOBIIOMJICHHS € peaKIlito Ha rnmopyieHHs cxemu railML.

3 11bOT0 MOKHA BU3HAUWTH, IO ICHY€E TPU PI3HI CIIeHapii, B AKUX BaJiJallis HaJa€

MOMUJIKY 3 OJTHAKOBUM TEKCTOM «EJIEMEHT/aTpuOyT HE OTOJIOIMICHUI !
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— BIACYTHICTH 200 HEIOCTYITHICTh CXEMU JJISl €JIEMEHTa/aTpulyTa;

— BIJICYTHICTh BU3SHAYCHHS aTpuOyTa/elieMeHTa y HaJaHiil cxeMi,

— TMPUCYTHICTh HE OYIKYBAaHOTO aTpUOYTy B €JIEMEHTI, SKUH HE BHU3HAYAE
<xs:any> a6o <xs:anyAttribute> B cBoili cxemi.

[lepuri aBa cueHapii MalOTh 0OpPOOIIOBATUCH SIK MOMEPEIKEHHS, TaK K BOHU HE
nopymyioTh cxemu railML i crocyroTbes mwmie po3MIMpEeHb, TOMY IO BaIigarlis
BiJIOYBA€THCS 3aBXKIM 32 JOCTYITHOIO OQIIIHHOI0 CXEMOI0 1 eleMeHTH cxeMu railML
ToMy € Bu3HaueHuMH. Cepiio3Ha mpobiieMa BUHUKAE MPU MOETHAHHI MEPUIUN TBOX
CIIeHapid 3 TPETiM, TOOTO KOJIU aTpuOyT OJJHOYACHO € HEBU3HAUYCHUM 1 HEJI03BOJICHUM
3a CXeMOI0, IO 1 € cutyartismMu Ne 5 ta 6. B TakoMy BUIIa Ky HEMOKJIMBO BU3HAYUTH,
YU MOB1JIOMJICHHS! BUKJIMKAHO, HAIPUKIIAJI, BIICYTHICTIO CXEMU PO3IIMPEHHS YU TOMY
o aTpuOyT icHye B enementi railML, sikuit He BU3HAYa€e KOJHUX aTpPUOYTIB, i TOMY
HE € 3pO3YMUINM, SIK CaMe TaKa CUTYaIlisl Ma€ 0OpOOIIOBATUCH — SIK dKOPCTKA MIOMUITKA
Y JIAIIE TToTIepeKeHHs. TakuM YMHOM OyJ10 BU3HaYEHO MpoOIeMy TTOBIIOMIICHb IPU
Banijanii cranaaptaumMu pyskiiamu .NET, curyarii Ne5 ta 6 MO)KHa BU3HAUUTH SIK
npoOIeMaTH4HI Py MalOyTHHLOMY aHai3l.

2.3 TectryBanns railVIVID 1 ta cTOpOHHBOTO IPOTPaAMHOTO 3a0€3MEeYCHHS

Jlst MOpiBHSHHS pE3yJbTaTiB OyJ0 PO3MVISIHYTO BXE JAOCTYIHE MPOrpamMHe
3a0e3nedeHHsl, 100 MpoaHai3yBaTH PEaKIliio PI3HUX BaJliIATOPIB HA MPOOIEeMaTHYHI
CUTYyaIli.

Criepiry MOKHa TEpPEBIPUTH TOIEPEIHUKA PO3POOITIOBAHOTO 3aCTOCYHKY, TOOTO
railVIVID 1 (Bepcis 1.3.1), Bamimaiiis SKOro BiJOYBa€eThCSl HA OCHOBI PE3yJIbTaTIB

Xerces cepeoBiia Java:
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railVIVID - D:\VSProjects\MastersThesisValidation\railvivid2\Libraries\railVIVID.Validation\ValidationTests\TestData\Examples\2_Att.. - O x

File:
D:AVSProjects\MastersThesisValidation\railvivid2\Libraries\railVIVID.Validation\ValidationTests\TestData\Examples\2
_Attribute_NotAllowed_Defined.xml

Schema: railML 2.1

1 of 1 errors shown

This validation must not be understood as a certification.
Validation does not guarantee, that the railML files are usable for the intended purpose.
railML.org is not responsible for any shutdown, data damage or loss when using the railML files after validation.

w File: /D:/VSProjects/MastersThesisValidation/railvivid2/Libraries/railVIVID.Validation/ValidationTests/TestData/Examples/2_Attribute_NotAllowed_Defined.xmil

content line number column nu..

Attribute ‘my:description’ is not allowed to appear in element ‘trackBegin'. 11 118

Pucynok 2.1 — Pesynbratu Bamiganii railVIVID 1 daiiny ans curyarii Ne5 (ue

JI03BOJICHUH aTpUOYT B €JIEMEHTI, IKUH BU3HAYAE JCSAKI aTpUOYTH B CBOIH CXeMi)

raillVIVID - DAVSProjects\MastersThesisValidation\railvivid2\Libraries\railVIVID.Validation\ValidationTests\TestData\Examples\2_Attribu... - ] x

File:
DAVSProjects\MastersThesisValidation\railvivid2\Libraries\railVIVID.Validation\ValidationTests\TestData\Examples\2_At
tribute_NotAllowed_NotDefined xml

Schema: railML 2.1

1 of 1 errors shown

This validation must not be understood as a certification.
Validation does not guarantee, that the railML files are usable for the intended purpose.
railMLorg is not responsible for any shutdown, data damage or loss when using the railML files after validation.

content line number column nu..

Attribute 'my:colour’ is not allowed to appear in element 'categories’. 8 34

Pucynok 2.2 — Pesyabsratu Bamigamii railVIVID 1 ¢aiiny ans curyarii Ne6 (He

JI03BOJICHUH aTpuOyT B €IEMEHTI, IKMI HE BU3HAYA€ aTpUOyTH B CBOTH CXeMi)

Sk MoxHa mobGaunuTH Ha HaBeaeHui pucynkax, railVIVID 1 posmiznae o0uaBi
cUTyalil SK NOMWIKM 1 Hajzae iH(OpPMALi0 MPO HEIO03BOJEHHICTh PO3TISHYTHX
aTpuOyTiB, TOOTO TakuWi pe3ynbTaT Mae OyTH OUIKYBaHMM 1 y BHUIAAKYy HOBOTO
BaJIilaTopa.

Takoxx OyJ0 MPOTECTOBAHE OMKCAHE Yy MEPIIOMY PO3JIUII CTOPOHHE MPOTPaMHE
3abe3neueHHs, Hampukian, LigiudStudio Takox Hamgae MOMKIMBICTH MOPIBHATH

pe3yJbTatH Badigalii 3a gonoMororo 616miorex Microsoft NET ta Xerces:
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2_Attribute_NotAll
ersion="1.0" encoding="UTF-8"
zmlns="http:// 1.org/schemas/2011"
my-company .com/my-department /"
3.0rg/2001/X¥MLSchema-instance™
://www.railml.org/schemas/2011 http://www.railml.org/schemas/2011/ra:

ion="Fast large city connection™ trainUsac
ity connection™ tre

4
218 Design = Split | B Source Processing Instruction

Error List

Code Location Description
MS-X... 8:18 The "hitps:/fwww.my-company.com/my-department/-colour' attribute is not declared.

MS-X... 11:66  The 'hitps:/fwww.my-company.com/my-department/:description’ attribute is not
declared.

File
2_Attribute_NotAllowed_NotDefined xml
2_Attribute_NotAllowed_Defined xml

B § B & @ ) Xerces 2.11.0 (XSD 1.1 aware)

2_Attribute_NotAll.... 2_Attribute_NotAll
| xml version="1.0" encoding="UTF-8"
= 2/ /v 1lml.org/schemas/2011"
.my—-company . com/my—department/"
/X¥MLSchema-instance™”

7.railml.org/schemas/2011 .railml.org/schemas/2011/ra:

name="InterCity"” description="Fast large city connection" trainUsac
name="RegionalExpress” description="Fast small city connection™ tr:

4
218 Design | 5 Split | B Source Processing Instruction

Error List

Code Location Description
Saxon... 8:33 cve-complex-type.3.2.2: Attribute 'my:colour’ is not allowed to appear in element

'categories’.
cvc-complex-type 3 2 2 Attribute 'my-description’ is not allowed to appear in element 2_Attribute_NotAllowed_Defined.xml

File
2_Attribute_NotAllowed_NotDefined xml

Saxon... 11:117
'trackBegin'.

Pucynok 2.4 — Pe3ynwsraTu Bamigariiii Xerces 2.11.0 (XSD 1.1 aware) daiinis s

cutyartii Ne5 ta 6 B 3actocynky Liquid Studio
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SIk MOXHAa TOMITUTH, XO04 OOMJBa BaJiAaTOpPH 3HAXOAATH MOMIIIKY y (aiini,
pesynbratu Bajgigaropa Microsoft .NET mnoBHicTIO 30iraloTbcst 3 pe3ylibTaTaMu
Banmijamnii crangapTHux 016miorek .NET, TOOTO TeKCT NOMUWJIKMA 3a3HAyYae, IO
«aTpuOyT HE € OTOJIONICHUMY, OJTHAK HEMOKIIMBO 3PO3YMITH, 110 CaMe i CIIPUIHHSIE.
B meit wac BamigaTop Xerces Hajgae MOMHJIKY 3 OLIBII TOYHHM OITMCOM, a CaMme
«atpulyTy HE A03BOJIEHO 3 SBIISITUCH B €IEMEHTI».
Jlyist 61Tb11 PI3HOMAHITHOTO MOPIBHSHHS TaKOXX MOKHA PO3MISTHYTH KOMEPIIHHHIMA

Baiigarop Altova XMLSpy, skuit npairtoe Biamiaao Bif BamigaTopis .NET Ta Xerces:

©File C:\Users\P14s\Downloads\2_Attribute_NotAllowed Defined (1).xml is not valid.
vnAttri!mte ‘my:description’ is not allowed in element <trackBegin id="trn begin 1">=m
Error location: railml / infrastructure / tracks / track / trackTopology / trackBegin / @my:description
VvDetails

) cve-complex-type.3.2.1: Complex type definition ‘rail:eTrackNode' Ml of element <trackBegin id="trn begin 1">¥Ml does not allow attribute 'my:description’ and has no attribute wildcard.
) cvc-type.3.2: Element ctr id="trn begin 1"> is not valid with respect to type definition 'rail:eTrackNode' .
() cvc-elt.5: The element <trackBegin id="trn begin 1">B is not valid with respect to the actual type definition 'rail:eTrackNode' (.
& -elt.1.1: Strict of element <trackBegin id="trn begin 1">¥m with governing element declaration 'rail:trackBegin'®m failed.

Pucynoxk 2.5 — Pesynbratu Bamigaiii (aitny qis cutyaiid No5 B 3aCTOCYHKY

Altova XMLSpy

@File C:\Users\P14s\Downloads\2_Attribute NotAllowed_NotDefined.xml is not valid.
vnkttribute 'my:colour’ is not allowed in element <categories>=m
Error location: railml / timetable / categories / @my:colour
vDetails

@cvc-cgglex-tzg.s.z.x: Complex type definition "rail:eCategories’ M8 of element <categories>Jl does not allow attribute "my:colour’ and has no attribute wildcard.
é]cv(-type‘s.z: Element <categories> is not valid with respect to type definition 'rail:eCategories’=m.
(vc-elt.s: The element <categories>®d is not valid with respect to the actual type definition 'rail:eCategories'Hm.
() cvc-assess-elt.1.1: Strict assessment of element <categories> Ml with governing element declaration 'rail:categories' i failed.

Pucynok 2.6 — Pe3ynbraru Banmigauii daitny ans cutyanii Neb B 3acTOCyHKY
Altova XMLSpy

Ax MokHa MOOAYUTH BUIIE, JAHUM BaIIaTOpP HAJa€ MPaBUIBHUM OYIKyBaHHUIH
pe3yabTat 3 Habarato JIeTalbHINIOW 1H()OpMaIlito, K, HAPUKIIAJ, IPSAME 3a3HAaYCHHS
BizicyTHOCTI «wildcardsy, To0To eneMeHTIB sk <XS:any> ta <xs:anyAttribute>, uepes
110 1 BUHUKAE MTOMMJIKA MPU MPUCYTHOCTI HEOUIKYBAaHOTO aTpUOyTY.

2.4 Timore3a Nel mpo TPUCYTHICTH MOAATKOBOI iH(MOpMaIli B KOII METOMY
XDocument.Validate() ta npuuntu npoGieMu

B nporieci ananizy pobotu BamigaTopiB OyJio 3p0o0J€HO NPUMYIICHHS, IO KOJ
BamigaTopa XDocument moxxe matu iHoOpMaIiro, Ky MOXHa BHUKOPUCTATH IS
CTBOPEHHSI BJIACHOI'O OUIBLI TOYHOTO MOBIJOMIJICHHS KopucTyBauy. [lpu neGarinry

OyJ10 3HAiICHO TOJOBHY B BU3HAYEHHI CTAaTyCy aTpUOyTy (PYHKIIIO:

internal SchemaAttDef? GetAttributeXsd(SchemaElementDecl? ed,
XmlQualifiedName gname, XmlSchemaObject? partialValidationType,
out AttributeMatchState attributeMatchState)



SchemaAttDef? attdef = null;
attributeMatchState =
AttributeMatchState.UndeclaredAttribute;
if (ed != null)
{
attdef = ed.GetAttDef (gname) ;
if (attdef != null)
{
attributeMatchState =
AttributeMatchState.AttributeFound;
return attdef;
}
XmlSchemaAnyAttribute? any = ed.AnyAttribute;

if (any != null)
{
if ('any.NamespacelList!.Allows (gname))
{
attributeMatchState =

AttributeMatchState.ProhibitedAnyAttribute;
}
else if (any.ProcessContentsCorrect !=
XmlSchemaContentProcessing.Skip)
{
if ( attributeDecls.TryGetValue (gname, out
attdef))

if (attdef.Datatype.TypeCode ==
XmlTypeCode. Id)
{ //anyAttribute match whose type is ID
attributeMatchState =
AttributeMatchState.AnyIdAttributeFound;
}

else
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attributeMatchState =
AttributeMatchState.AttributeFound;
}
}
else if (any.ProcessContentsCorrect ==
XmlSchemaContentProcessing.Lax)
{
attributeMatchState =
AttributeMatchState.AnyAttributelax;

}

else

attributeMatchState =
AttributeMatchState.AnyAttributeSkip;
}
}
else if (ed.ProhibitedAttributes.ContainsKey (gname))
{
attributeMatchState =
AttributeMatchState.ProhibitedAttribute;
}
}
else if (partialvValidationType != null)
{
XmlSchemaAttribute? attr = partialValidationType as
XmlSchemaAttribute;
if (attr != null)
{
if (gname.Equals (attr.QualifiedName))
{
attdef = attr.AttDef;
attributeMatchState =
AttributeMatchState.AttributeFound;
}
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else

attributeMatchState =
AttributeMatchState.AttributeNameMismatch;
}

else

attributeMatchState =
AttributeMatchState.ValidateAttributeInvalidCall;
}

else

if (_attributeDecls.TryGetValue (gname, out attdef))

{
attributeMatchState =

AttributeMatchState.AttributeFound;
}

else

attributeMatchState =
AttributeMatchState.UndeclaredElementAndAttribute;

}
}

return attdef;
}

JlocaiauBIIM Ta MPOTECTYBABIIN HaBeEeHY (YHKIIIO OyJi0 3HANHACHO MPUUNHY HE
KOPEKTHOTO TOBIIOMJICHHS, JUIsl I[OTO OyJIO MpOaHaIi30BAaHO KIFOUOBY YaCTHUHY
ITOPUTMY JJI TpoOIeMaTUYHUX cuTyarii Ne5 ta 6:

1) cnepury arpuOyTy HaJa€THCS CTATYC «HE OTOJIOMICHHUI,

2) sKIIO aTpuOYT 3HAWICHO B OTOJIOUICHHI €JIEMEHTY CXEMH, TO Iel eJIEeMEHT

BBAXXA€THCA TO3BOJICHUM,
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3) SKImO Hi, TO TMEPEeBIPAEThCS HASBHICTH EJIEMEHTY <XS:any> abo
<xs:anyAttribute>, sikio 3HaiIeHO:

a. MepeBIpsAEThCA BUSHAYCHHS aTpuOyTy y Oro cxemi, sIKI[o 3HAUIeHO:
I. arpuOyT HaOyBa€ CTATyCy «I03BOJICHUI;
b. sKI10 Hi, TO aTPUOYT MOBEPTAETHCS 31 CTATYCOM «HE OT'OJIONICHUI;

4) SKmI0 Hi, TO TEPEBIPAETbCS YW aTpPUOYT BXOAMTH 1O OE3MOCEPETHHO
BU3HAYCHHX «3a00pOHEHUX) aTPHOYTIB 32 CXEMOIO;

5) iHaKIre aTpuOyT MOBEPTAETHCS 31 CTATYCOM «HE OT'OJIOMICHHI

[Ipobnema 3 JaHUM aITOPUTMOM € y TOMY, IIIO CTaTyC 3a 3aMOBUCHHSM aTpHOYTY
HAJA€ThCSl «HE OTOJIOIICHMID», 10 € OCHOBOI JUISI TEKCTY MOBIAOMIICHHSM IS
cutyaniid Ne5 ta 6, Tak K y nMpoOJeMaTUYHUX BUNAJKAX aTpuOyTU HE 3HANJEHO B
ocHOBHiH cxemi railML, exement <XS:any> juisi HUX TaKOX BIJCYTHIH, i BOHU HE €
Oe3rnocepeIHb0 BU3HAYEHUMHU B CXEMI SIK «3a00pPOHEHI».

Henomik 11p0oro airoputMy € y TOMy, 10 SIKIIO aTPUOYT € TI03BOJICHUM €JIE€MEHTOM
<Xs:any>, ase HOro BH3HAYEHHS y CXEeMl He 3HaljeHO (HampuKiIaa, cxema
PO3IIHUPEHHS ISl aTPUOYTY BiICYTHSI), TO TOJI HOTO CTaTyC TaKOX 3aJUIIUTHCS «HE
OTOJIOIICHUI» 32 3aMOBUYBAaHHSM, 110 1 CTBOPIOE OJTHAKOBE MOBIIOMJICHHS Y IOCUTh
PI3HHUX CUTYyaIlisX.

MOXJIMBUM pIIIEHHAM Takoi mpoOsiemu Oyno O HagaHHS 1HIIOTO CTaTycy 3a
3aMOBUCHHSM — «HE JIO3BOJICHWW», 1 JIMIIE€ y BUMAAKY BIJICYTHOCTI CXEMHU IS
aTpuOyTy 3MIHIOBATH MO0 Ha «HE OTOJIOLICHUI, 110 TapaHTyBajio O OUIBII TOYHE
MOBIIOMJICHHS Y TAKMX CUTYaIlisX.

2.5 I'imote3a Ne2 mpo BUKOPHCTaHHS CXOXKOTO alTOPUTMY BCIMa CTaHJAAPTHUMHU
010110TeKaMHU

Buxoasum 3 pe3ynbTaTiB OTpUMaHHS OJTHAKOBOTO IMOBIJIOMJICHHS BCIMa TphOMa
MeTrogaMu y curyamisix Ne5 ta 6 Oyno 3poOjeHO NPUMYIICHHS, 0 METOIH
XDocument.Validate(), XMLDocument.Validate() ta XMLReader BukopucToByrTH
OJTHAKOBHH aJIrOpUTM JUTsl Badigamii ¢aiiiB, skuit 0yno po3risHyTo Buiie. [lig gac
nporiecy naedarinry Oyjo JIOCHIIKEHO BHYTPINIHINA KOJ BCIX TphoX (yHKIINH. Byro

MiAMIYEHO, 110, XO4Y HAa MEepPIIU MO BOHUM BUKOPHCTOBYBAIM Pi3HI (PYyHKIIIT,
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nepeBipka Ha OCHOBI aHalizy Koy XDocument mokaszana, o BCi Tpu METOAU B SIKUICh
MOMEHT Bajijamii 3ynuHsAOTECT Ha Meromi «GetAttributeXsd», B sxomy i

CTBOPIOETHCS HE MOBHICTIO KOPEKTHE 00POOJIEHHS CUTYyallli Ta TOBIAOMJICHHS.
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BucnoBku 10 po3ainy 2

B apyromy posnini BinOyBaBcs MOBEPXHEBHI OTJISAI Ta TECTYBaHHS JOCTYITHUX
oiomiorek s Bamigamii railML ¢aitni y .NET. B pesynprari mnomnepeaHboro
TecTyBaHHs ocoOmmBux i railML curyaniéi Oyno 3HaijeHo mpoOiieMy y poOoTi
oOpaHux ¢GyHKIiH. B pi3HUX PO3MIISIHYTHX CUTYaIlaX OyJI0 OTpUMaHO MOB1IOMJICHHSI
«atpuOyT HE € OTOJIOMICHUM», X04a B JICIKUX BHUIIaKax aTpuOyT OyB HE T03BOJICHUM
3a cxemoro railML, mo € »KOpCTKOIO TOMHJIKOIO B IOpPIBHSAHHI 3 BiJICYTHICTIO
BU3HAYCHHS arpuOyTiB (y BUMaaKy posmupeHHs railML kopucTyBapkow cXeMolo),
10 Ma€ BBAXKATHCH JIUIIE MONEPEHKEHHAM. TakuM YUHOM OyJI0 BU3HAYEHO, IO TIPH
OJIHAKOBOMY TIOBIJIOMJICHHI Ta TMpU TOEJHAHHI PI3HUX CHUTYyallli HEMOXIJIHBO
BU3HAYHUTH peabHy NPUYUHY MPOOJIEMHU Ta METOJ ii 0OpOOIECHHS.

JIyist IOPIBHAHHSI MOXJIMBUX PE3yJIbTaTIB MPH Takid cUTyaiii Oyio po3TIsSHYTO
pi3He mporpamue 3abe3nedeHHs Ta Banigaropu: railVIVID 1 (Xerces), Liquid Studio
(Microsoft .NET, Xerces) ta Altova XMLSpy. OcobnuBa yBara 3BepTa€Thbcs Ha
railVIVID 1, tomy 1o ioro pesyiabTaTd € OO0OB’SI3KOBMM BHMOTOIO JUISI HOBOI'O
PO3pOOITIOBAHOTO 3aCTOCYHKY, TaK SK pO3pOOJIIOBaHE MpOrpaMHe 3a0e3NeyueHHs He
Ma€e B CBOeMY (YHKI[IOHYBaHHI TOCTYNAaTHCh CBOEMY IMOMNEpeaHUKy. B mpoueci
aHayizy OyJI0O BH3HA4Y€HO, IO OLIBIIT TOYHE IMOBIJOMIJICHHS TPO HEIO3BOJICHHICTH
aTpulyTy Mg OpoOJeMaTUYHHUX CHUTyalld MOJuBe (pe3ysbrath Xerces mis
railVIVID 1 rta Liquid Studio; Altova XMLSpy), ograk pe3ynsratu Liquid Studio ms
Microsoft .NET 30iranuce 3 pe3ysibTaTH MONEPEIHBLOTO TECTYBAaHHS 3HAWICHHUX
610m10TEeK.

Bbyno 3pobseHo cpoby B MONIYKY PIIIEHHS 1aHO1 mpoOieMu — aHami3 010110Tek
st XDocument, a came ¢yHKINI, sika BU3Ha4yae crtaTyc arpuOyTiB. byno Takox
BU3HAYCHO, IO I (PYHKI(ISI BUKOPUCTOBYETHCS BCIMa CTAaHAAPTHUMH O10J10TEKaMU
Bamijamii. B mpormeci anamizy anroputmy QyHKUID OyJOo 3HANAEHO NPUYMHY HE
KOPEKTHOTO CTaTyCcy aTpuOyTy — HaJaHHA HOMYy CTaTyCy «HE OTOJIOIICHHN» 3a
3aMOBUYYBaHHSAM. byiio migMiueHo, mo QyHKI[iS MOTJIa MAaTH 1HIIMKN alIrOPUTM, OJHAK
PO3pOOHHMKM HE BpaxyBall pPO3PI3HEHHS pIi3HUX CHTYyalliii OrOJIONICHHS Ta

JI03BOJICHOCTI aTpUOyTy.
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B pesynpraTti Oyno Bu3HaueHO, m0 AaHa iH(OpMalis HE Hece KOPHUCTI I
BJIACHOTO BU3HAYEHHS CUTYaIlll Ta CTBOPEHH1 BJIACHOTO MOBiIOMJIEHHS. TakuM YMHOM
MOXHA PO3TJISIHYTH JIBa PIIICHHS: 3MiHA aaroputMy Oi0miotexu juis Bamigamii .NET
ab0 po3poOKa BIACHOTO AITOPUTMY TEPEBIPKU cTaTycy aTpuOyTy. Tak sK 3MiHa
METO/y He I03BOJIUTH JIETKO OTPUMYBATH HOB1 OHOBJICHHS /Ui 11i€i 010m10Texku B .NET,

OyJI0 BU3BHAYEHO, 1110 HEOOX1/1HA pO3pOOKA BIACHOTO PIIICHHS JUIs 1€l TPOOJIEMH.
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PO3/I1JT 3 PO3POBKA IHCTPYMEHTAJIbHUX 3ACOBIB JUJIS
JTOCIIJDKEHHS BATIIALIT RAILML ®AIIB

Metoro gaHoi po3poOKKM € CTBOpEeHHs O010J110TeK, 0 HaJaloTh MOXJIUBICTD
nopiBHSHHA Bauigarii railML mokyMeHTIB 3a JONOMOIOK pI3HHX CTaHJIapTHHUX
616morek cepenosuina .NET, a Takox po3poOka pilieHHs MpoOJIeMH IOB’S3aHOI 3
muMu OiomioTekamu. s 1iporo HeoOXimgHa po3pobOka Unit-tecTiB miis mepeBipku
poboTH Kody ¥ aHai3y poOOTH (PYHKIIIH, a TAKOK MPOCTOTO HACTUIHLHOTO 3aCTOCYHKY
JUTS JIETKOTO TIEPETIIsIY pe3yibTaTiB.

3.1 ®opmamizaris 3amxadi

OcHOBHUMH 3a1auaMu pO3pOOKH € po3poOKa SKICHOI apXITEKTypH MPOrpaMHOro
3a0€e3MeUeHHs JIs MOAAJIBIIOTO MOBTOPHOIO BUKOPHUCTAHHS O€3 AyIUTiKalii Koay Ta
MOPIBHSHHS JOCTYITHUX CTaHAapTHUX QyHKIT juist Bamigamii B .NET.

JloOpe crpoekToBaHa apXITEKTypa € JyX€ BaXJIMBHUM €TaroM, TaK SK BOHA
BHU3HAYA€ MOXKJIMBICTh MOJAJIBIIOL MIATPUMKHA CUCTEMH, BHECEHHSI HEOOXIAHUX 3MIH Y
Hel Ta YuTa0eTbHOCTI CTBOPEHOTO Ha ii OCHOBI KOAy. SIK MoOKaszye JOCBiA aHAIi3y
railVIVID 1 (pe3ynbraTu sikoro Oy npenctasiieHi Ha 45-i railML Kondepenii [7]),
YUM CKJIAJHIIIEe po3poOJeHO MporpaMHe 3a0€3MedYeHHs Ta YUM MEHIIE BOHO OYJIO
MONepeHLO CIUTAHOBAHO, THUM OUIBIINE 3pOCTa€e AYIUTIKAIlS KOAY, KUIBKICTh
3aJIe)KHOCTEH, BHUKOPUCTAHHS aHTU-TIATEPHIB Ta HEIOIUIBHUX TPAKTHUK, IO
YCKIIAHIOE PO3YyMIHHSA KOAY, Oy/b-siKi HOTO BUIPABICHHS Ta poOOTYy HAjJ HUM Yy
MaitOyTHeoMy [21]. [Is mpaBUIBHOTO MPOEKTYBaHHsS HeoOXimHo po3podutn UML
JiarpaM# CUCTEMH Ta KOMITOHEHTIB, [0 HAJAI0Th MOXJIMBICTh TIOTIEPETHBO MTOOAYNTH
Ta yCyHYTH HebaxkaHi 3anexHocTi. [IpaBuibHO po3pobiieHi 6167110TeKr MOKIUBO Oy e
BUKOPUCTATH JJIsi CTBOPEHHS 0QiIiitHOT Bepcii HacTiibHOTO 3acTocyHKy railVIVID 2,
1ioro MaitOyTHBOI BeO-Bepcii a00 1HIITOTO MPOTPAMHOTO 3a0€3MEeYCHHS.

Po3pobneni 6i0mioTekn Ta mporpamMHe 3a0e3leueHHs] MalTh HaJaBaTH
KOPUCTYBauy MOKJIMBICTh Bajijaii (aityniB pizHumu Oi06miotekamu (quB. Puc 3.1),

TaKOX MEPerysiaaTH pe3yabTaTu AaHoi Bamigaii (quB. Puc. 3.2).
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Pucynok 3.2 — Jliarpama JIisuTbHOCTI NEperIssay pe3ysbTaTiB Bamigarii railML



3.2 bazosa

apXITEKTypa CUCTEMU
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Sk BepxHI1ii piBEHb apXiTEKTYpH OyJI0 criepiry po3po0JIeHo aiarpaMmy KOMIIOHEHTIB

CUCTEMH, 1100 MaTH MOXKJIMBICTh YSIBUTH B3a€MOJIi10 11 cklanoBux (auB. Puc. 3.3):
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Pucynok 3.3 — JliarpamMa KOMIIOHEHTIB CUCTEMH

Ha niii MoxHa moGauuTH, IO MiJ Yac po3poOKHU IUIAHYETHCS CTBOPUTH 4 OCHOBI

0107110TeKH Ta JIBa MPOEKTH, K1 OYIyTh iX BUKOPUCTOBYBATH. TaKMM YHHOM MPOEKT

Ma€ Taki OCHOBHI MOJIyJi Ta 3B’ SI3KU:

Tabmuis 3.1 — OcHOBHI MOTyJIi Ta 3B’ SI3KU MPOEKTY
Home Ha3zBa BukopucroBye
p

1 Validation —

2 Validation.XDocument Validation

3 Validation.XMLDocument Validation

4 Validation.XMLReader Validation

5 Validation.XDocumentSolutio Validation

n
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6 ValidationTests Validation,
Validation.XDocument,
Validation.XMLDocumen
t, Validation.XMLReader,
Validation.XMLReader

7 Validator Validation,

Validation.XDocument,
Validation.XMLDocumen
t, Validation.XMLReader,
Validation.XMLReader

1. Validation — BiamoBigae 3a momnepeaHio 00poOKy (haiiny (mepeBipka CTPYKTYpPH,
dbopmarty), 3aBanTaxye (aitn. Mictuth i1HTepdeiic knacy Validator Tta nomomixHi
GyHKIT U1 BasIiaantii.

2. Validation.XDocument — mepmuii CcTaHIZapTHHA METOA Baligamii 3a
noromororo XDocument.Validate()[22] (mae mpoGnemy Baminarii). BukopucroBye
JlaH1 OTPUMaHI 1] Yac MmonepeaHboi Baiiaiii; peanizye iHTepdeiic kiaacy Validator.

3. Validation.XMLDocument — napyruii crangapTHHH MeETOJA Bamimamii 3a
noromororo XMLDocument.Validate()[23] (mae npo6iiemy Bauinaitii). BukopucroBye
JlaH1 OTPUMaHI ITi1 Yac MornepeHboi Baliaailii; peanizye intepdeiic kinacy Validator.

4. Validation. XMLReader —  Tperiii craHmapTHUH MeTOA Bajimamii 3a
nomomororo XMLReader.Create()[24] (Mae nmpobaemy Baiiaaiii). BukopucroBye faani
OTpUMaHI IiJ] Yac MOonepeaHbol Balliauii; peatizye inTepdeiic kinacy Validator.

5. Validation.XDocumentSolution — pomoBHeHMII NEpIIMKA METOJ Baigallii
XDocument.Validate() 3 pimeHHsIM OpoOJEMH HEYITKOTO MOBIJIOMIIEHHS y TPhOX
pI3HHX cuUTyalisix. BUkopHUCTOBYe AaHl OTpHMaHi MiJ Yac MONEPEIHbOI BaliJlalii;
peanizye iHTepdeiic knacy Validator.

6. ValidationTests — Tectu /I MEpPEBIPKH CIIPABHOCTI MPOrPaMU Ta OTPHMAaHHS
PE3yABTATIB JJI TOCTIIHKEHHS.

7. Validator — HacTibHUE 3aCTOCYHOK 3 TpadidHUM iHTEepdEHcoM, 10 T03BOJISE

neperiasaaTy pe3yJbTaTy Bajgigallii.
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3.3 BHyTpilIHe MpOeKTyBaHHS

3.3.1 Bubip MoBH mporpamMyBaHHsI Ta CEPEJIOBHIIA PO3POOKH

Jlist BUOOpPY MOBM NMpOrpaMyBaHHS Ta CEepeAOBHINA PO3poOKH OylIo BpaxoBaHO
nekibka ¢akropiB. Cepes HUX 3BepTajiach yBara Ha aKTUBHY Ta BEIUKY CIUIBHOTY
JUI OTPUMAaHHS BiANOBiNeH Ta iHopMallii, 3piTicTh €KOCHUCTEMH, ITOHOBJIIOBaHA
MiITPUMKa HOBUX BEpCii Ta MOXKIWBICTH MOBTOPHOTO BUKOPHUCTAHHS KOMY IS
HACTITFHOTO 3aCTOCYHKY 1 Be0 BepcCiii, a TaKOXK OyJIO OTPUMAHO BiJITYK BiJI 3aMOBHHKIB
II0JI0 IPOBEJIEHOTO aHaJi3y Ta peKOMEeHalii. 3a pI3HOMaHITHUMU KPUTEPIIMU OYJI0
PO3IIITHYTO TaKi MOBH Ta T€XHOJIOT11, K Java ta JavaFX/Swing, .NET 3 C#, QT 3 C++
ta Python. B pesynbraTi 1iporo anamizy Oyio Bu3HadeHo, mo rmiatgopma .NET 8
MIIXOAUTH JJIsl pO3pOOKM HAWOLIbIEe, TaK SK B MOPIBHSHHI 3 1HIIMMH MOBaMH Ta
TEXHOJIOT1sIMH, BOHAa Mae Oinbie 3aranpbHux mepesar. Cepemosumie .NET wnamae
MOXJIMBICTh JIETKOTO BUKOPUCTAHHS O10J10T€K JJIsI pO3pOOKHM HACTUIBHUX Ta BEO
3aCTOCYHKIB 3aBJISIKH €IHOCTI IIATPOPMHU, MOMKIMBICTB JETKOI po3po0OKH 1HTEpPEiCcy
3a nmonomororo Windows Forms nnst macTinbHOi Bepcii, mae Common Language
Runtime, skuii 3a0e3nedye KepyBaHHS IMaM ATTIO  3aMICTh  ITOKJIQJEHHS
BiJIMOBIIATBHOCTI HA po3po0OHUKa, ik C++, Mae akKTHUBHY MIATPUMKY Ta CHUTHHOTY, a
TaKOX BEJIUKY KITBKICTh JOCTYMHUX JUIsl BUKOpUCTaHHA 010mioTek. C# € 00’ €KTHO-
OpIEHTOBAHOIO MOBOIO, IIIO CHPHSIE MOBTOPHOMY BHUKOPUCTAHHIO KOy, THYYKOCTI i
MaciTaboBaHOCTI po3podku [25]. s cepemoBuina po3poOku Oyno oopano Visual
Studio, sike 4aCTO BUKOPUCTOBYETHCS ISl pO3poOKH 3acTocyHKiB y .NET.

3.3.2 lepapxis Ta B3aEMOJIiS KJIACIB CHCTEMH

Jlyist O615IbII EeTaNbHOTO TUTAHYBAHHS CUCTEMHU MPOTPAMHOTO 3a0e3medyeHHs 0yJIio

CTBOPEHO Jiarpamy kiaciB (auB. Puc. 3.4):
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class Starter Class Diagram

ExtensionElement railMLNamespaces
c : Metadata
+ Name: string Naul:;ewce.mlhg ‘ —d
+  Position:int rallMLNamespace: Siring ntent

+ datapairs: Dictionary<string, string>

StandardRalMLNamespaces: List<string>

Validated: boolean

+ Contents: List<string>

‘Addvalue(string, string): void

railMLVersion ValidationXDocument

ExtensionElement(string, int, boolean] N +  LoadMetadata{XDocument): void 4+ LoadContent{XDocument]: void
- 7
- A
Prevalidation railMLExtensions. SchemaControl
LoadFie(xmiReader]: XDocument - &, Tuplecstring, +  DefaultRailMilocation: string.
LoadLines(string):stringl} + Progressupdated: EventHandler<int> - defaulRalMLLocation: string
LoadRailML (string): XDocument StandardNamespaces: List<string> - locationPatterns: Dictionary<string, string>
LoadRailMLXFielstring): XDocument p—— . - = - schemaLacations: Dictionary<string, string>
+  Prevalidatelstring, railMLDocument™, railMLVerscn*: VlidtirResdt i ommbiabse “’:ﬁ-’:’fr‘g- ST + schemalocations: Dictionary<string, string>
" setDirectory(string): void ‘—irx_‘\
irectory{string): vo . e et Dictionary<string, strings}: voud + AddOtharShemas(XmiSchemaSet): void
+ tring, int): A Assembly, id
T3 adowamischemaset): void
{ | +  FormatversionForResource(string): string
\ i GetLocalPathistring): string
. 1 ! - 7 g, string, string): boalean
H ~ IsUrlaccessible(string): boalean
' - IsXSDVaidistring, string, ValidationResult): boolean
rallMLDocument ‘ +  LoadRailMLFromResource(miSchemaSet, string, string): void
«interfaces e + SetAllschemas{XDocument}: void
+ hne:;mng[] Walidator L + setAndd string): void
+ path:stra | it tionFromVi tr : Vol
+  rallMLDoc: XDocument + hanged: Action<int> kJ-&-h | + SetDefaultLocationFromVersion(string): void
—_— L]
+  ralMLDocument{xDocumere, sting, strrgll): vodl UL‘?\J + Document, raiMLVersion): Tupl el
Ny
L
i
1
i
i
i
i
i

Version: string

extensions: railMLExtensions

ExtractNamespaceFromType1string]: string [<-
ExtractObjectNameFromErromessage(stning): string

version: string validation N 1 + ExtensionsProgressRelayed: Action<int>
+  VersionFromNamespace: string -+ -=1- result: validationResult
i string L Ltet pe e [ - schemaControl: SchemaControl
ypelistring] i . .
+ GetVersionFromNamespacelString]: String L Nt + VaMetimProgrencheumt SRR
+ IdentifyRailMIVersion(String, String): void k- ExtractNamespaceFromErrorMessage{string): string |‘$ +  Validate{int, railMLDocument): Tuple<validationResult, railMLE¢ ensiors> |
F i
r h
L '

CustomXmiUriResolver ValidationXMLDocument

+ _railMUAdded: boolean
_railMLVersion: railMLVersion
_validationResult: ValidationResult
lastAbsoluteUR: string

extensions: railMLEensions
ExtensionsProgressRelayed: Action<ints
result: ValidationResult

schemaCantrol: SchemaControl
ValidationPrograssChanged: Action<int>

+ 0
GetEmbeddedschemaName{Uri, string): string
GetEmbeddedschemastream(Uri): Stream
GetEntitylun, string, Type): abject
GetMathMLschemastream(Uri): Stream
Handieschema{ur, string, Type): object

Validate{int, pl -

ValidationXMLReader

extensions: railMLExtensions
ExtensionsProgressRelayed: Action<int>
result: VahidationResult
schemaCantrok: SchemaControl

+  ValidationProgressChanged: Action<int>

vakidationResult

document; railMLDocument

- errors: List<ValidationlssueBasic>

warnings: List<ValidationissueBasic> - attributeHandiing: AttributeHandiing
extensions: railMLExtensions

AddError(string, Int): vold ExtensionsProgressRelayed:

Pk moretessl result: ValidationResult

Addissue(ListValdationissueBasic>, string): void

- schemaControl: SchemaControl
ic, stri — |
Addissue{List<ValidationissueBasic, string, int): void | omuniirgrathangat Ao

Addwarning|string): void - ;
ValidationProgressChanged: Action<int>
AddWarning[string, int}: void X ot =

ValidationXDocumentSolution

+ Validate{in, o

ction<int>

* version: railMLVersion
Declarationissue{ValidationEventrgs, string, string): void

. XD - void

+ Valdateint, raiMLDocument}: Tuple<ValidationResult, ralMLE ansors>
+ description: strin ValidationlssueDetafled

2 = | AttributeHandiing
+ + lines: List<Tuple<int, string>>
foundElements: HashSet<Xm|SchemaElement>

AddLinfint, XDoument): void n .
ValidationissueBasiclstring) - ContainsanyE lement{XmiSchemaGroupBasel: boolean

ValidationissueDetailed(String, int, raillMDogsmert )

n hemaset, string, string):
)

HastnyiXmischemaElement, Xmischemaset]: boolean

mplexType, boolean
- HasanyAttribute{XmischemaattributeGroup}: boolean
+ IsAttributePossible[XDocument, XmiSchemaset, string, string, int, string®, boolean®): boolean
- string,

Pucynok 3.4 — Jliarpama Kj1aciB cucTeMu

3.3.3 BukopucTani npuHIUIH Ta MTA0JIOHU MPOEKTYBAHHS

Jlns BUpIIIEHHSI MOCTaBJICHOT 3ajayl, OyJd BUKOPUCTAHI HACTYIMHI METOAM Ta
ANTOPUTMHU:

1. Cranmapthi meToam Bamiganii Ta poboru 3 XML daitnamu y .NET:

. XDocument.Load()

. XDocument.Validate();

. XMLDocument.Validate();

. XMLReader.Create().
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2. BnacHuii anropuT™ nepeBipKyd HEBU3HAYEHUX aTPHOYTIB.
3araJbHUNl ~ adroOpuT™M  poOOTHM  OIOJIOTEKM  JOMOBHEHOTO  METOdY
XDocument.Validate():
1. Jlomanns Bcix BigmoBigaux XSD cxem mo XMLSchemaSet, sxmii Oyne
BUKOPHCTOBYBATHCH JIJIsI BaJIiIaIlii.
2. 3HaxXO/KCHHS BCiX €JIEMEHTIB, IO BITHOCATHCS 10 POIIUPEHb.
3. Bamigaris.
4. O6poOka npoduem:
a. 30epexeHHs B pe3yibTaT MpoOJIeM 3 CTaTyCOM MOTEPEIKECHb.
b. Skmio 1e moMuiIKa Mpo «HEBU3HAYCHHIA EIIEeMEHT/aTprOyT»:

I. SIkmo me aTpuOyT — PEKYpPCHBHO TEPEBIPUTH YW BU3HAYA€E
€JIEMEHT, JI0 SIKOTO HAJICKUTh aTpUOyT, B CBOil CXEMi €IEeMEHT
<xs:any> abo <xs:anyAttribute>.
Axmo Hi — 0OpOOHUTH SIK MIOMUJIKY; SIKIIO TaK — OOPOOUTH SIK
nonepe/KeHHsl (Tak sSK mpoOsjemMa HEBU3HAYEHUX EJIEMEHTIB
CTOCY€ETBCS JIMIIIE PO3IITUPEHB).

Il. Sxmo 1me He arpuOyT — JOJaTH TONMEPEDKEHHS (Tak sK
npo0jemMa HEBU3HAYEHUX EJIEMEHTIB CTOCYEThCS  JIMIIE
PO3IINPEHB).

C. 30epekeHHs B pe3yibTaT IHIIMX MTPOOJIEM 3 CTaTyCOM MTOMMIIOK.

3.4 OcobimmBocti Ta perani immuiemenTardii railML Bamigarii

[Tin gac imruiemenTarii 3aranpHOi Bamijmamii Ta oOpanux 6i6miotexk .NET Oymo
BUSIBJICHO JICSIK1 TPYIHOIII Ta 0cO0IMBOCTI poboTH 3 railML s 3amadi Bamipamii.

Hanpuknan, npu nonepenHiid Bamiganii HeoOXiTHO Oyl0 BpaxyBaTH HE JIUIIE
posmmpenns ¢aiutie Xml ta railml, a i railmlx, skuit HeoOXimqHO 0OPOOIIOBATH SK apXiB
[26]. Tlix yac wiei cranii Badimamii HeoOXinHA Oyjia TaKOX MEPEeBipKa MPUCYTHOCTI
npoctopy imeH railML, tak sik 6e3 HboOro (ailyi He MOXKE BBAXKATHCh BIIIOBIIHUM
naHomy (popmaty naHuXx.

Taxosx mig yac ocHOBHOI Bajifarii nmpu 3aBantaxenni XSD go XsdSchemaSet 3

UrlResolver 6yno migmideHo, 110 BiH aHadi3ye MOYATKOBI TOJaHI CXEMH Ta TaKOX
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3aBaHTaXXye BCi iMmopToBaHi uepe3 Hux XSD. Uepes e BuHMKae mpodiema, Tak sK
IpH Baijallii Ma€ BUKOPHUCTOBYBATHCH «Set» came 3 odimiiinumu cxemamu railML,
T0o0TO cxemu railML He MaroTh 101aBaTHUCh Yepe3 CTOPOHHI CXeMHU. Byio momideHo,
[0 TIPY TaKOMY JIOJIaHHI 1HOJI CTa€ HEMOXJIMBHM TIOBHE BHIAJCHHS IMX CXEM 3
Ha0Opy CTaHAAPTHUMHU (QYHKIISIMH, B TAKOMY BHUIIQJIKy TIPH J0/1aHH] ODIIIHHUX CXeM
BUHUKA€ TOMUJIKA MOBTOPIOBAHOCTI cxeM. PimieHHs 1i€i cutyaiii Oyio 3HaAEHO
yepe3 moaudikariro UrlResolver ta nomanus odiniiHUX cXeM 0 Habopy NEepIIUMH,
Ta TEPEeBIPKM iX MPUCYTHOCTI B MOJAIBIIOMY OOpOOJEHHI, 100 HE MOIyCKaTh
ctoponHi cxemu railML.

Taxosx Oys10 BUSABICHO IIPOOJIEMY 3 HEITOCTIHHMM J0CTyoM a0 cxeM MathML, ski
BUKOPHCTOBYIOThCS Tig-oOnactsamu railML, depe3 mio Oyio 3poOieHO pilieHHs
3aB)KJIM BUKOPUCTOBYBATH JIOKAJIbHI BEPCIT IIUX CXEM TIiJ Yac iX 3aBaHTa)KEHHS.

[Tix yac Bamiganii Takox NOTpedyBaBcs MOIIYK PO3MIMPEHb, TOOTO BCIX €JIEMEHTIB
Ta aTpuOyTiB, SKi HE HAJEKATh 10 IPOCTOpy imMeH railML.

I omHOIO 3 HAWTOJIOBHIMIMX OCOOJIMBOCTEH OOpPOOKM 3HANJIEHHX MpoOiaeM Oyia
srajana B Po3ain 2 o6poOka MmoBiJOMIICHb HE OTOJIOIICHUX €JIEMEHTIB Ta aTpuOyTiB
SK TIOTIEPEKeHb, a HE MOMUJIOK, SKUMHU iX BBa)XArOTh CTaHAApTHI Bamigatopu. lle
MOSICHIOETHCA ICHYBAHHSIM TaKUX MPOOJIeM JIUIIIE JIJIsl €JIEMEHTIB Ta aTpuOyTiB 31 CXeM
po3mpeHb, Tak sk eneMeHTH railML 3aBxmnu e oronomeHuME yepe3 000B’SI3KOBY
JIOCTYITHICTD iX CXEM ITi/1 yac Bajigarii.

Takox 0coOMMBOro MIAXOAY MOTpeOyBajao pPIlIEHHS MNpoOJeMU HE UITKUX
MOBIJJOMJICHD JIJII HEBU3HAUYCHUX Ta HEIO3BOJICHUX aTpuOyTiB. Byno BusBIEHO, 110
JUI TIEPEeBIPKM TPUCYTHOCTI <XS:any> abo <xs:anyAttribute> nns enemeHty He
JIOCTaTHBO TIEPEBIPUTH HAMPSMY BU3HAYCHI JIJIS1 HHOTO aTpuOyTH. B neskux BUmaakax
B railML eieMeHT MoOke MaTW CKJIQJHHWHA THII, BU3HAUYCHUH B IHIIOMY MICIli CXEMH,
KU, HANpPHWKIaJ, TaKOX MOXKE IOCWUJIATHCh HA IHIIWKA THII, SKAW Jajdi MOXE
BU3HAYATU TpyIy arpuOyTiB, B SKIM MOXYTb ONUCYBaTUCh caMml aTpuOyTH mJs
MOYaTKOBOTO ejeMeHTy. ToOTo /1t 3HalAeHHs aTpuOyTIB B Takiil cutyariii HeoOX1IHO
MPOCIITYBATH 32 «JIAHIIOTOM IMOCUJIaHby, 1100 3HAWTH BU3HAUYCHHS aTpuOyTiB. Taki

cutyanii OyJaM BpaxoBaHi MiJ Yac PO3pOOKH aNTrOpUTMYy MEpPEeBIpKU aTpUOYTIB s
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HEYITKHUX IOBIJIOMJIEHb, B SIKOMY B1IOyBA€ThCA PEKYpCHBHA IEPEBIPKA €JIEMEHTIB
CKJIQJHOTO TUITY I MOIIYKY iX aTpuOyTiB.

3.5 TecTyBaHHS Ta HAJIArOJKEHHS MTPOTrpamMu

B mporeci TectyBaHHs OyJio MPOBEACHO MOPIBHSHHS PI3HOMAHITHUX METOIIB
Basigamii railML 1oKyMeHTiB, B TOMY YHCIII ¥ 3 ypaxyBaHHSIM po3iupenns railML 3a
JIOTIOMOT'OK0 CTOPOHHIX CXEM.

byno BukoHaHO mepeBipKy BHOIPKH TECTOBUX (aliliB il KOXKHOTO METOIY
OKpEMO, a TaKOXK MPOTECTOBAHO JAesKi (hailyid 3 MpoOJIEMOI0 HEUITKOTO MOB1IOMIICHHS
«aTpuOyT HE BUSHAYCHO» B CUTYAIIil HOTO HEI03BOJICHHOCTI.

PesysbTatn 3aranpHOro tecryBanus ¢aiiis s meroay XDocument.Validate():

ocument_Test(filePath: "\\TestData\\Ostsachsen_V200.xml", expectedErros: False, expectedWarnings: False)

Pucynok 3.5 — 3aranbne TectyBanHs Metoay XDocument.Validate()

PesynbraTn 3arajibHOro TECTYBAHHS ¢aitnis JUTS METOy

XMLDocument.Validate():

Pucynok 3.6 — 3aranbne TectyBanns meroay XMLDocument.Validate()

Pesynbratu 3aranpHoro TecryBanns ¢aimis g merogy XMLReader.Create():



Pucynok 3.7 — 3aranbsHe TectyBanHs Mmerony XMLReader.Create()
PesynbraTu 3aranpHOTO TecTyBaHHS QaitniB mis meroxy XDocument.Validate() 3

JI0JIATKOBHUM PIIIEHHSAM MPOOIEMHU:

«® documentSolutionErrors_Test (21)
@ XDocumentSolutionErrors_Test{filePath: "\\TestData\\railM L_SimpleExample_v11_railML3-1_04."--, expectedlssues: False)
@ XDocumentSolutionErrors_Test(filePath: estData\\SCHROTT - railML_SimpleExample_v11_rai™ ctedlssues: True)
@ XDocumentSolutionErrors_Test(filePath: estData\\SimpleExample xml”, expectedissues: True)
@ XDocumentSolutionErrors_Test(filePath: estData\\SimpleExtensionExample2 xml", expectedissues: True)
@ XDocumentSolutionErrors_Test(filePath: "\\TestData\\SimpleExtensionExample1.xml", expectedissues: True)
@ XDocumentSolutionErrors_Test(filePath: estData\railML_SimpleExample_v11_railML2-4_01. pectedlssues: False)
@ XDocumentSolutionErrors_Test(filePath: estData\\SimpleExtensionOneDeclaredOneUndeclare”--, expectedlssues: False)
@ XDocumentSolutionErrors_Test(filePath: estData\\OpenTrack_to_railMLV_2.2.rollingstock"--, expectedissues: False)
@ XDocumentSolutionErrors_Test(filePath: estData\\SimpleExtensionExample xml”, expected True)
@ XDocumentSolutionErrors_Test(filePath: estData\\OpenTrack_to_railMLV_2.2.timetable.ra xpectedlssues: False)
@ XDocumentSolutionErrors_Test{filePath: estData\\railML_SimpleExample_v11_railML2-5_01."--, expectedIss False)

@ XDocumentSolutionErrors_Test(filePath: -, expectedlssues: False)
@ XDocumentSolutionErrors_Test(filePath: 0 xpected|s: False)

@ XDocumentSolutionErrors_Test(filePath:

@ XDocumentSolutionErrors_Test(filePath:

@ XDocumentSolutionErrors_Test(filePath: stData\\Ostsachsen_V2

@ XDocumentSolutionErrors_Test(filePath: "\\TestData\\V221-i4 Stan 11 dthbringen m"--, expectedissues: False)
@ XDocumentSolutionErrors_Test(filePath: estData\\Ostsachsen_V200.xml", expectedissues: False)

@ XDocumentSolutionErrors_Test(filePath: estData\\Bsp_V250.x xpectedlssues: False)

@ XDocumentSolutionErrors_Test(filePath: stData\\Bsp_V220.xml", expectedissues: False)

@ XDocumentSolutionErrors_Test(filePath: estData\\161115_BaneNor_NorwayRailNetwork.railm”--, expected

Pucynok 3.8 — 3aranbHe TecTyBanHs Metoay XDocument.Validate() 3
J0JaTKOBUM PIIICHHSM TPOOIeMHU
3.6 [IpakTrune 3acTocyBaHHs po3pobiieHoro pimenns y railVIVID 2
Po3pobnieni ocHoBHI 010710TeKH Ta pilieHHS Ha ocHoBl XDocument Oyno
IMITJIEMEHTOBAHO TP PO3pOOITi O(IIIIHOTO 3aCTOCYHKY JIJIsl BAJTIIAIli] Ta By3yami3altii
daiumis railML Bix railML.org — railVIVID 2 (auB. Puc. 3.9), nepia npe3eHrartis

siKoTO BiOynack mij yac 46-i railML Koudepenuii [27].
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railVIVID 2 [ALPHA] - O X

Validation
Load file

Validate

D:\VSProjects\railVIVID\46thrailMLConferenceExample\example.xml
last modified: 30.10.2024 12:41:54
railML schema: 2.2

Infrastructure

Contents:
Interlocking infrastructure
rollingstock
timetable

Rollingstock file size (bytes): 73693

Timetable

rallvivip

2.0.1

About

Pucynok 3.9 — Ilpuxitan railVIVID 2 (nemoHcTparttiiina Bepcis)
Jan1 610J110TEKH TaKOK MOXJIMBO Oy/€ BUKOPHCTATH MPHU PO3POOI MalOyTHHOI
BeO-BepcCli LbOTO 3aCTOCYHKY, TaK fK IX apxXITeKTypa po3poOiitoBaiach came 3

PO3paxyHKOM Ha TaKWii ClieHapiii TOBTOPHOTO BUKOPUCTAHHS.
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BucnoBku a0 po3ainy 3
B nanomy po3aini BigOyBasioch NIPOEKTYBaHHsS, pPoO3poOKa Ta TECTyBaHHS
MIPOrPAMHOTO 3aCTOCYHKY JUIsl OTPUMAaHHS Ta TEPEBIPKU pe3yJIbTaTiB CTaHIAPTHUX
610morek qis Bamigamii XML daiiniB Ta pileHHs 3HalIeHOl mpoOaeMHy Baliaarii Ha
OCHOBI OJHOTO 3 MeToJiB. B mporeci pobotu Oyino CTBOpPEHO ACKUIbKa 010I10TEK
MoBOIO C#, sIKi MOXJIMBO BHKOPUCTATH ISl CTBOPEHHS 3aCTOCYHKIB B CEpPEOBHIIII
NET, neski 3 koTpux OyJqu BUKOPUCTaHI JJIsi PO3pPOOKH O(DIIIHHOTO HACTIILHOTO
3actocyHky railVIVID 2, sikuii 6yno npe3enToBano mij yac 46-i railML Koundepenmii
y nmucronafi 2024 poky. Takox BapTO 3ayBaKUTH, IO JaH1 010J110TEKH TAKOK OYIyTh
3aCTOCOBaHI MPH 3aIUIaHoBaHii po3poOiii Beo-epcii railVIVID 2. ITix yac ctBopeHHS
mporpamMu JUisl AaHOi AWIUIOMHOT poOOTH OyJio BHUSBICHO P  OCOOIHBOCTEH
iMmremenTanii Bamigamii y cepemopuini .NET Ta 3HaijaeHO pilIEeHHS 3yCTPITHX
npobisieM. B pe3ynbpTati 3araibHOTO TECTYBaHHS 3aCTOCYHKY OYJIO MIATBEPIXKEHO, 110
IpU TECTyBaHHI CTaHAAPTHUX (QPYHKUIN Ay (ailaiB 3 HEAO3BOJIECHUMH aTpuOyTaMu
pe3yJbTaT BIAPI3ZHAETHCS BiJl OYIKYBAaHOTO, B TOW Yac K pPe3yJbTaTH PO3pOOICHOTO
pIllICHHS € TPaBWJIBHUMH, IO MOYKHA JeTalbHIIIe po3risHyTH y Posmimi 4 s

orsiHyTHX y Po3nini 2 cutyariid.
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PO3/UI 4 JOCIIPKEHHSI KOPEKTHOCTI METO/IIB BAJIIJALIIT RAILML
JOKYMEHTIB

JIns gocniikeHHs Baslijiaiii 0yJio BUKOHAHO OUIBII J€TalbHE TECTYBaHHS TPhOX
CTaHAAPTHUX (PYHKIINA Ta pO3pOOIECHOTO pillIeHHS MPOOJIEeMU HA OCHOBI Pe3yJIbTaTiB
XDocument.Validate(). st nporo 0yno crBopero Unit-tectr, a Takox po3poOIecHO
HACTUIBHUH 3aCTOCYHOK 3 TpaiuHuM 1HTep(decoM Uil Meperisiny pe3yJibTaTiB.

4.1 [ligroToBKa JJIsl EKCTIEPUMEHTY

YacTuHa miaAroToBKH 10 eKCIIEpUMEHTY OyJia BUkoHaHa y Po3mini 2 miei podoTu, a
came OyJ0 CTBOPEHO IOKYMEHTH, BalliJallis SKUX OyJe TEeCTyBaTUCh PI3HUMU
616morekamu. [l mepeBipku Oysio 00paHo 7 KpUTHYHUX cutyauik (quB. Tabmuis
2.1), mpaBwibHa 00pOOKa SKHX € KIIOYOBOK Y TMPABWIBHOMY (YHKIIIOHYBaHHI
0i0miorekn mnms Bamigarii railML daiinis. J{ns HarismHOI TEpeBipKH pe3ybTaTiB
¢yHkmid Oyno crBopeHo Unit-tectu mns 3 06i01i0TEK Ta BIACHOTO PO3POOJIECHOTO
pilieHHs. 3 OCOOJMBHMM 3BEPHEHHSIM yBard Ha mnpoOiemaThyHi cueHapii. Takox B
Poznini 3 Oyno CTBOPEHO 3aCTOCYHOK, B SIKOMY MOXJIMBO TEpPEBIPUTH JAeTali
pe3yibTaTiB.

4.2 Onuc migxoay 17 BU3HAYCHHSI MPABHIIBHOCTI POOOTH (PYHKITIN

[TepeBipka 0i0mioTek Oyne BinOyBaTHUCh HAa OCHOBI pO3MISHYTHX y Po3zmim 2
KPUTUYHUX cUTyaliil (quB. Ta0m. 2.1) Ta po3pobieHux ang Hux (aitnis. Takum Y4MHOM
MO>KHA CTBOPUTH TAOJIUIIIO OYIKYBAaHUX PE3yJIbTATIB JJIsl BCIX CUTYAIliil:

Tabmuis 4.1 — OuikyBaH1 pe3ybTaTy BaIiAaIlii JIsi OCHOBHUX CUTYaIlil

Curyairis OuikyBaHUM TUI POOIEMU PesynbTaT Bamiganii

1 [Tonepemxenus JIOKyMEHT NpaBUIIbHUI

2 ITomunka JIOKYMEHT He IpaBUIbHUN
3 ITomuika JIOKyMEHT He IpaBUJIbHUIM
4 [Tonepemxenus JIOKyMEHT NpaBUIIbHUI

3) [Tomunxka JIOKyMEHT HE TpaBUIIbHUN
(npobyiemaTuyHa)
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5 (mpobiemMaTnyHa,
31 CXEMOIO

PO3LIMPEHD)

ITomuika

JIOKyMEHT He IPaBUJIBHUI

6

(mpoGeMaTuyHa)

ITomuika

JIOKyMEHT He TpaBUJIBHUI

6 (mpoGiemMaTuyHa,
31 CXEMOIO

PO3IINPEHB)

ITomunka

JIOKyMEHT He IpaBUJIbHUI

7

ITomunka

JIOKyMEHT He IpaBUJIbHUIM

Koxen (aitn Oyne mpoTecToBaHO 3a JI0MIOMOIOI0 TPhOX CTaHAAPTHUX (YHKIIH, a

TaKOX 32 JIOTIOMOT'0I0 PO3POOJICHOTO pillleHHs TpobiemMu aiist cutyariiid NeS ta 6, mpu

TECTyBaHHI Yepe3 3aCTOCYHOK 3 IpadiuHUM THTEPPEHCOM MOXKIIMBO Oy/1€ IEPETISTHY TH

JeTajai Bajlijamii, a camMe MEPErJITHYTH Ta MOPIBHATH IOBIIOMJICHHS OTpHUMaHi abo

CTBOPEHI ITiJ1 Yac BaJliJlallii.

4.3 TlopiBHSAHHS pe3ybTaTiB 3a gornomororo Unit-tecrtis

st cutyariii Nel BUKOHY€eThCS TEpeBipKa BIJCYTHOCTI MOMUIIOK Ta OTPUMAHHS

MONICPCIKCHHSA 3 TCKCTOM IIPO HE OT'0JIOIIECHICTD CIICMCHTY YCpPC3 Bi}ICYTHiCTB CXCMU.:

4 @ ValidationSituation1Full_Test (4)
@ validationSituation1Full_Test{ValidationMethod:
@ \validationSituation1Full_Test(ValidationMethod:

@ validationSituation1Full_Test(ValidationMethod:

"XDocument”, filePath: "\\TestData\\Examples\\2_Element_Allowed.xml
"XDocumentSolution”, filePath: "\\TestData\\Examples\\2_Element_Allo|
"XMLDocument”, filePath: "\\TestData\\Examples\\2_Element_Allowed.

"XMLReader", filePath: "\\TestData\\Examples\\2_Element_Allowed.xml’

@ ValidationSituation1Full_Test{ValidationMethod:

Pucynok 4.1 — Pesynbratu TectyBanHus aitny ans cutyariii Nel Tproma

CTaHJapTHUMH 010Ti0TeKaMu Ta pO3pOOICHUM PIICHHSIM

Jnist cutyairiit Ne2 ta No3 BUKOHYETBCS IepeBipKa MPUCYTHOCTI MOMUIIOK 3 TEKCTOM

PO HEJI03BOJICHHICTh €JIEMEHTY Yepe3 nopyiieHHs cxemu railML:

0 ValidationSituation2Full_Test (4)

(] ValidationSituation2Full_Test(ValidationMethod:

(] ValidationSituation2Full_Test(ValidationMethod:
(] ValidationSituation2Full_Test(ValidationMethod:
(] ValidationSituation2Full_Test(ValidationMethod:

"XDocument”, filePath: "\\TestData\\Examples\\2_Element_NotAllowed_Defined.
"XDocumentSolution®, filePath: "\\TestData\\Examp 2_Element_NotAllowed_

"XMLDocument”, filePath: "\\TestData\\Examples\\2_Element_NotAllowed_Defin
"XMLReader", filePath: "\\TestData\\Examples\\2_Element_MNotAllowed_Defined"

Pucynox 4.2 — Pesynbratu TectyBanus (aitmy amns cutyartii Ne2 Tppoma

CTaHJAPTHUMHU 010J110TEKaMu Ta PO3POOJIECHUM PIIICHHIM



(] ValidationSituation3Full_Test (4)
(] ValidationSituation3Full_Test(ValidationMethod: "XDocument”, filePath: "\\TestData\\Examples\\2_Element_NotAllowed_MNotDefi.,

(] ValidationSituation3Full_Test(ValidationMethod: "XDocumentSolution®, filePath: "\\TestData\\Examples\\2_Element_NotAllowed_,|
(] ValidationSituation3Full_Test(ValidationMethod: "XMLDocument”, filePath: "\\TestData\\Examples\\2_Element_NotAllowed_MNotD.
(] ValidationSituation3Full_Test(ValidationMethod: "XMLReader”, filePath: "\\TestData\\Examples\\2_Element_NotAllowed_NotDefi".

Pucynox 4.3 — Pe3ynbratu TectyBanHus (aitmy ams cutyartii Ne3 Tproma
CTaHAAPTHUMHU 010;1i0TeKaMu Ta po3poOJIEHUM PIICHHSIM
Jlnst cutyarii Ne4 BHKOHYeTbCA NEpeBipKa BIACYTHOCTI MOMMJIOK Ta OTPUMAHHS

MOTEPEIKEHHS 3 TEKCTOM IPO HE OTOJIOMICHICTh aTpUOYTY Yepe3 BIACYTHICTh CXEMHU:

(/] ValidationSituationdFull_Test (4)
@ \ValidationSituation4Full_Test(ValidationMethod: "XDocument”, filePath: "\WTestData\\Examples\\2_Attribute_Allowed.xml
@ validationSituation4Full_Test(ValidationMethod: "XDocumentSolution”, filePath: "\\TestData\\Exam ples\\2_Attribute_Allo

@ \ValidationSituation4Full_Test(ValidationMethod: "XMLDocument”, filePath: "WlestData\\Examples\\2_Attribute_Allowed.»
@ validationSituation4Full_Test(ValidationMethod: "XMLReader”, filePath: “WlestData\\Examples\\2_Attribute_Allowed.xml’|

Pucynok 4.4 — Pe3ynbratu TectyBaHHs (aility ams cutyarii Ne4 Tppoma
CTaHJAapTHUMHU 010;Ti0TeKaMu Ta pO3pOOJIECHUM PIICHHSIM
Just cutyamii Ne5 ta Ne6 (mpoGiemaTHuHiI BUINAJKHA) TaKOXK BUKOHYETHCS
nepeBipKa NPUCYTHOCTI MOMWIOK 3 TEKCTOM IPO HEAO03BOJICHHICTh aTpHOyTy depes
nopymeHns cxemu railML.

Crnepiiry neperyistHeMO YM 3HaiIeH1 OyJIu TTOMUJIKH:

ValidationSituation5_Test (4)
ValidationSituation5_Test(ValidationMethod: "XDocument”, filePath: "\\TestData\\\Examples\\2_Attribute_NotAllowed_Defir

(] ValidationSituation5_Test(ValidationMethod: "XDocumentSolution”, filePath: "\\TestData\\Examples\\2_Attribute_MNotAllowed_De...
ValidationSituation5_Test(ValidationMethod: "XMLDocument”, filePath: "\\TestData\\Examples\\2_Attribute_NotAllowed_Defin"--}
ValidationSituation5_Test(ValidationMethod: "XMLReader”, filePath: "\\TestData\\Examples\\2_Attribute_NotAllowed_Defin"--)

Pucynox 4.5 — Pe3ynbratu TectyBanus (aitny amns cutyariii NeS tppoma
CTaHJApTHUMHU 010;110TeKaMu Ta po3po0JIEHUM PIlIEHHSIM (TepeBipKa KiJIbKOCTI

MTOMUJIOK)

ValidationSituation6_Test (4)
ValidationSituationb_Test(ValidationMethod: "XDocument”, filePath: "\\TestData\\Examples\\2_Attribute_MNotAllowed_Not
(] ValidationSituationb_Test(ValidationMethod: "XDocumentSolution”, filePath: "\\TestData\\Examples\\2_Attribute_NotAllowe

ValidationSituationb_Test(ValidationMethod: "XMLDocument”, filePath: "\\TestData\\Examples\\2_Attribute_NotAllowed_No
ValidationSituationb_Test(ValidationMethod: "XMLReader”, filePath: "\\TestData\\Examples\\2_Attribute_MNotAllowed_NotDe"-)

Pucynox 4.6 — Pesynbratu TectyBanHus (aitny amns cutyariii Ne6 Tppoma
CTaHJApTHUMHU 010110TeKaMu Ta po3po0JIEHUM PIlLIEHHSIM (TepeBipKa KiJIbKOCTI
MOMUJIOK)
Taki pe3ynbTaTd O3HA4aIOTh, IO BCl CTAHAAPTHI METOAM HE BU3HAYWIM HISIKUX

NOMHJIOK JiIsi cutTyariii NeS Tta Ne6 (BpaxoByKOuHM BIJIACHY OOpOOKY mpoOiieM
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HEBU3HAYCHUX aTpUOYTIB Ta €IEMEHTIB SIK MOIMEPEKEHb Yepe3 iX BIAHOIICHHS 0
npoOiieM po3mupenb). Takok MOXKHA MOMITHTH, IO METOJ 3 JIOJaHHSM BIIACHOTO
plLIEHHS A1IMCHO 03BOJISIE 3HAUTH TOMUJIKY.

JletanpHilie e MOKHAa NEPEBIPUTH 32 JOMOMOIOI0 TOHIYKY TEKCTY «HE

JI03BOJICHO» B TTOBIJIOMJICHHSIX BCiX 3HAWJICHUX MPOOJIEM:

ValidationSituation5Text_Test (4)
ValidationSituation5Text_Test(ValidationMethod: "XDocument®, filePath: "\\TestData\\Examples\\2_Attribute_MNotAllowed_Defi

@ \validationSi ation5Text_Test(ValidationMethod: "XDocumentSolution®, filePath: "\\TestData\\Examples\\2_Attribute_NotAllov
ValidationSituation5Text_Test(ValidationMethod: "XMLDocument”, filePath: "\\TestData\\Examples\\2_Attribute_NotAllowed_|
ValidationSituation5Text_Test(ValidationMethod: "XMLReader", filePath: "\\TestData\\Examples\\2_Attribute_NotAllowed_Defi

Pucynok 4.7 — Pe3ynbratu TectyBaHHs (aitiny ans cutyanii NeS tppoma
CTaHAAPTHUMH 010;110TEKaMH Ta po3pO0JIEHUM PILIEHHSM (TIepeBipKa TEKCTY

MOBIJIOMJICHB )

ValidationSituation6Text_Test (4)
ValidationSituation6Text_Test(ValidationMethod: "XDocument”, filePath: "\\TestData\\Examples\\2_Attribute_NotAllowed_NotDe.
(] ValidationSituation6Text_Test(ValidationMethod: "XDocumentSolution®, filePath: "\\TestData\\Examples\\2_Attribute_NotAllowe.

ValidationSituation6Text_Test(ValidationMethod: "XMLDocument”, filePath: "\\TestData\\Examples\\2_Attribute_NotAllowed_Not
ValidationSituation6Text_Test(ValidationMethod: "XMLReader”, filePath: "\\TestData\\Examples\\2_Attribute_NotAllowed_NotDe"

Pucynox 4.8 — Pesynbratu TectyBanus (aitmy ams cutyartii Ne6 Tproma
CTaHJAapTHUMHU 010;1I0TeKaMH Ta po3pO0JICHUM PIlICHHSIM (TIepeBipKa TEKCTY
MOBI1JIOMJIEHbB)

To6TO 3 mepeBipKOI0 TEKCTy BUHHUKAE Ta X caMa CHUTYyallis: pe3yJbTaTH BCiX
CTaHJAPTHUX METOJIB HE MICTATh TEKCTY MPO 3a00pOHY aTprOyTy, B TOM Yac pillIEHHs
JI03BOJISIE BU3HAYHTH, 10 aTPUOYT € HEJT03BOJICHUM 3a cxemoro railML.,

[Ilo6 mepexoHaTHCs, IO CHUTYyallisi BUHUKAE HE Yepe3 BIACYTHICTh BU3HAUCHHS
aTpuOyTIB 4Yepe3 BIJACYTHICTh iX CXEMH, a caMe depe3 mopyiineHHs cxemu railML,
po3risiHeMo crieHapii NeS Ta 6 momoBHEH1 MiCIIe3HAXOKCHHSIM CXeMH Ta 9H OyJie BCe

¢ BUHHUKAaTH HOBi)IOMJICHHSI IMpO OrOJIOIICHHA:

ValidationSituation5SWithSchemaText_Test (4)
@ validationSituation5WithSchemaText_Test{ValidationMethod: "XDocument”, filePath: "WlestData\\Examples\\2_AttributeWithSch.

ValidationSituation5WithSchemaText_Test(ValidationMethod: "XDocumentSolution®, filePath: "\\TestData\\Examples\\2_Attribute.
@ validationSituation5WithSchemaText_Test(ValidationMethod: "XMLDocument”, filePath: "\\TestData\\Exa mples\\2_AttributeWith..
@ VvalidationSituation5WithSchemaText_Test(ValidationMethod: “XMLReader", filePath: “\\TestData\\Examples\\2_AttributeWithSch..

Pucynok 4.9 — Pe3ynbratu TectyBanHs (aitiny amns cutyariii NeS tppoma
CTaHAapTHUMHU 010;Ti0TeKaMu Ta po3pOOJIECHUM PIICHHSM (3 JOJaHHAM CXEMU

PO3IIMPEHB)



ValidationSituation6WithSchemaText_Test (4)
(] ValidationSituation6WithSchemaText_Test(ValidationMethod: "XDocument®, filePath: "\\TestData\\Examples\\2_AttributeWithSch

ValidationSituation6WithSchemaText_Test(ValidationMethod: "XDocumentSolution®, filePat TestData\\Examples\\2_Attribute.
(] ValidationSituation6WithSchemaText_Test(ValidationMethod: "XMLDocument”, filePath: * ata\\Examples\\2_AttributeWith.
(] ValidationSituationbWithSchemaText_Test(ValidationMethod: "XMLReader”, filePath: "\\TestData\\Examples\\2_AttributeWithSch.

Pucynox 4.10 — Pe3ynbratu TectyBanHs (aiiny s cutyaiii Neb Tppoma
CTaHJApTHUMHU O107110TEKaMU Ta PO3POOJIECHUM PILICHHSM (3 JTOAAHHSM CXEMHU
PO3IIUPEHBD )

ToOTo mpu MPUCYTHOCTI cXeMH aTpuOyTiB BUHUKA€E 3BOPOTHA MEpPEBIpKa HA TEKCT
«HE OTOJIOIIECHO», B SKIH CTaHIApPTHI METOJU BCE IIE MAIOTh TaKe IOBIJIOMIICHHS SK
peaxIlis Ha HeJ03BOJICHHICTh aTpUOYTIB, B TOH Yac K METOJ 3 PIIIEHHSIM MpoOiIeMu
Mae iHIIe ToBiIOMJEHHs. lle o3Havae, MO0 TakWil TEKCT AIMCHO CHPUYUHEHUM
aTpuOyTOM B HEHAJIGKHOMY MICIll, a HE Yepe3 peajibHy BIJICYTHICTh BU3HAYCHHS Y
CXEMI.

Ocrannboto € curyaris No7, B sKiii BUKOHYETHCS TMEpPEeBIpKa MPUCYTHOCTI
MOMUJIOK, TaK K X04 <XSi:type> 103BOJIAETHCS BHUKOPUCTOBYBATU IS OYyJb-SKHX
CJIEMEHTIB, SIKIT[0 HE MOKJIMBO BU3HAYUTH CXEMY JIJIS THUITY, 1€ BBAKAETHCS )KOPCTKOIO

IIOMHMJIKOIO:

0 ValidationSituation7Full_Test (4)
(] ValidationSituation7Full_Test(ValidationMethod: "XDocument”, filePath: "\\TestData\\Examples\\3_ElementAttribute_All
Q ValidationSituation7Full_Test(ValidationMethod: "XDocumentSolution®, filePath: "\\TestData\\Examples\\3_ElementAttribute_Al

@ validationSituation7Full_Test(ValidationMethod: "XMLDocument”, filePath: "\\TestData\\Exa mples\\3_ElementAttribute_Allowe
@ \validationSituation7Fu Il_Test{ValidationMethod: "XMLReader", filePath: "\\TestData\\Examples\\3_ElementAttribute_Allowed.x"

Pucynok 4.11 — Pesynbratu TectyBanHs ¢ailny ans cutyarii Ne7 Tppoma
CTaHJAapTHUMHU 010;1i0TeKaMu Ta po3poOJIECHUM PIICHHSIM
4.4 TlopiBHSIHHSI pe3yJIbTATIB 3a JIOMOMOI00 PO3pPOOJIEHOT0 3aCTOCYHKY
B Po3gini 3 Oyno cTBOpPEHO 3aCTOCYHOK, SIKHI JJO3BOJISIE€ TMEPETJSHYTH JeTal
BaJIiJallii BCIX TPhOX CTaHAAPTHUX O10J10TEK Ta pO3pOOJIEHOTO PIlIEHHS MPOoOIeMH,
TO MOXJIMBO PO3IVISIHYTH HOTO pe3yJIbTaTh JUIsl BCIX OMUCAHUX BAXJIMBUX CUTYALlIH.
Curyanis Nel.

Baninaris cranmaptHumu 610,110TeKaMH:



\Librarie

D\ q MastersThesisValidati
D.Validati idationTests\TestData!

2_Element_Allowed.xml

Document is valid!
Found errors: 0
Found warnings: 1

Errors.

\Librarie
Tests\TestD: \

D\ j MastersTh
s\railVIVID.Validati
2_Element_Allowed.xml

Document is valid!
Found errors: 0
Found warnings: 1

Errors,

¥ XMLReader - [m)

\Librarie
iTests\TestData \

D\ j MastersTh
s\railVIVID.Validati
2_Element_Allowed.xml

‘Dn:ument is valid!
Found errors: 0
Found warnings: 1

Errors,

Warnings

Warnings

Warnings

1. The *https://www.my-company.com/my-
department/:something' element is not declared.

Line: 10

Content: <my:something id="s1"/>

Extension

1. The 'https://www.my-company.com/my-
department/:something' element is not declared.

Extension

1. The 'https://www.my-company.com/my-
department/:something' element is not declared.

Line: 10

Content:  <mysomething id="s1"/>

Extension

1. https.//www.my-company.com/my-department/ contains:
Line 10: attribute/element 'something' not valid
Content: <my:something id="s1"/>

Line 10: attribute/element ‘something’ valid
Content:  <mysomething id="s1"/>

1. https://www.my-company.com/my-department/ contains:

1. https://www.my-company.com/my-department/ contains:
Line 10: attribute/element 'something' not valid
Content: <my:something id="s1"/>

Pucynox 4.12 — Pesynbratu TectyBanHs (aiiny s cutyaiii Nel Tppoma

CTaHJApTHUMHU O010T10TEKaMH

Baigarist po3po6iiennM pimenHsM Ha ocHoBi XDocument.Validate():

59



60

o® XDocumentValidate() Solution — O XK

D:\VSProjects\MastersThesisValidation\railvivid2\Librarie
s\railVIVID.Validation\ValidationTests\TestData\Examples\
2_Element_Allowed.xml

Document is valid!
Found errors: 0
Found warnings: 1

Errors

Warnings
1. Elements from this namespace are missing a declaration:
https://www.my-company.com/my-department/. A
schema/declaration of an element inside schema is missing or
the referenced schema is invalid. Such elements were not
validated against related schema.
Line: 10

Content: <my:something id="s1"/>

Extension
1. https://www.my-company.com/my-department/ contains:
Line 10: attribute/element ‘something' not valid
Content: <my:something id="s1"/>

Pucynok 4.13 — Pesynbratu TectyBanus ¢ainy ans cutyarii Nel po3pobiaeHum

plLIEHHSM



Curyanis Ne2.

Baninaris cranmaptHuMu 610,110TeKaMH:

L . o XMLReader -
DA jects\h ilvivid2\Librarie D:\ 3t ST id2\Librarie D:\VSProjects\MastersThesisValidation\railvivid2\Librarie
A lidati \TestD: p s\railVIVID. | \r D.Validati lidationTests\TestData\Examples\
2_Element_NotAllowed Defined.xml 2 Element NotAllowed Defined.xml 2_Element_NotAllowed Defined.xml|
Document is not valid! Document is not valid! bucument is not valid!

Found errors: 1 Found errors: 1 Found errors: 1
Found warnings: 0 Found warnings: 0 Found warnings: 0
Errors Errors Errors
1. The element ‘categories’ in namespace 1. The element ‘categories’ in namespace 1. The element ‘categories’ in namespace
railml.org/: 1" has invalid child element "http://www.railml.org/schemas/2011" has invalid child element I'http://www.railml.org/schemas/2011" has invalid child element
'something' in namespace ‘hitps://www.my-company.com/m; hing' in namespace *https://www.my-company.com/my e ‘https://www.my-company.com/m,
department/". List of possible elements expected: ‘category’ in department/". List of possible elements expected: ‘category’ in department/". List of possible elements expected: 'category’ in
e "http://www.railml.org/schemas/2011", namespace 'http://www.railml.org/schemas/2011', namespace 'http://www.railml.org/schemas/2011",
Line: 11 Line: 11
Content:  <my:something id="s1"/> Content:  <mysomething id="s1"/>
Warnings Warnings Warnings
Extension Extension Extension
1. https://www.my-company.com/my-department/ contains: 1. hitps.//www.my-company.com/my-department/ contains: 1. hitps://www.my-company.com/my-department/ contains:
Line 11: attribute/element ‘something’ not valid Line 11: attribute/element 'something’ valid Line 11: attribute/element 'something’ not valid
Content: <my:something id="s1"/> Content: <my:something id="s1"/> Content: <my:something id="51"/>

Pucynok 4.14 — Pe3ynbratu TectyBanHs (aidmy s cutyamii Ne2 Tppoma

CTaHJAapTHUMHU 010Ti0TeKaMu

Banigartist po3po6iiennM pimeHHsaM Ha ocHoBi XDocument.Validate():

61
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o® XDocumentValidate() Solution — O x

D:\VSProjects\MastersThesisValidation\railvivid2\Librarie
s\railVIVID.Validation\ValidationTests\TestData\Examples\
2_Element_NotAllowed_Defined.xml

Document is not valid!
Found errors: 1
Found warnings: 0

Errors

1. The element 'categories' in namespace
"hitp://www.railml.org/schemas/2011" has invalid child element
‘'something' in namespace "https://www.my-company.com/my-
department/". List of possible elements expected: ‘category’ in
namespace 'http://www.railml.org/schemas/2011".
Line: 11
Content: <my:something id="s1"/>

Warnings

Extension

1. https://www.my-company.com/my-department/ contains:
Line 11: attribute/element ‘something' not valid
Content: <my:something id="s1"/>

Pucynox 4.15 — Pesynbratu TectyBanHs daiiny nms cutyariii Ne2 po3po0ieHnM

plIIEHHSAM



Curyanis Ne3.

Baninaris cranmaptHuMu 610,110TeKaMH:

D:\VSProj Maste: ilvivid2\Librarie
s\railvi! dationTests\TestD:
2_Element_NotAllowed_NotDefined.xml

Document is not valid!
Found errors: 2
Found warnings: 0

DA\VSProiects\M: T
3\

s\railVIVID.Validati Tests\
2_Element_NotAllowed_NotDefined.xml

id2\Librarie

Document is not valid!
Found errors: 1
Found warnings: 0

off XMLReader - o
DAVSProj . R
IVIVID.Vali ples\2_Eleme

nt NotAllowed_NotDefined.xmi

bocument is not valid!
Found errors: 2
Found warnings: 0

Errors Errors Errors
1. The element cannot contain text. Content model is empty. 1. The element 1. The element cannot contain whitespace. Content model is empty.
Line: 10 "http://www.railml.org/schemas/201 1:additionalName' cannot Line: 10
Content: <additionalName name="1C1" icontain child element ‘hitps.//www.my-company.com/my Content: <additionalName name="1C1"
description="Intercity train with fast large city connection”> depariment/:something’ because the parent element's content description="Intercity train with fast large city connection”>
2. The element model is empty. 2. The element
"hitp://www.railml.org/schemas/2011:additionalName' cannot "http://www.railml.org/schemas/201 1:additionalName' cannot
contain child element *https://www.my- ny.com/my- contain child element *https.//www.my-company.com/my-
department/:something’ because the parent element’s content department/:something’ because the parent element's content
model is empty. model is empty.
Line: 11 Line: 11
Content: <my:something id="s1"> Content: <my:something id="s1"/>
Warnings Warnings Warnings
Extension Extension Extension
1. hilps://www.my-company.com/my-department/ contains: 1. h riment/ contains: 1. https://www my-company.com/my-department/ contains:
Line 11: attribute/element ‘something' not valid Line 11: attribute/element ‘something’ valid Line 11: attribute/element ‘something’ not valid
Content: <my:something id="51"/> Content: <my:something id="51"/> Content: <my:something id="51"/>

Pucynok 4.16 — Pe3ynbTaTu TectyBaHHs (aitiny aist cutyartii Ne3 tppoma

CTaHIapTHUMH 0i0Ti0TeKaMu

Basinartis po3pobienum pimeHssM Ha ocHoBi XDocument.Validate():



64

»® XDocumentValidate() Solution - O X

D:\VSProjects\MastersThesisValidation\railvivid2\Librarie
s\railVIVID.Validation\ValidationTests\TestData\Examples\
2_Element_NotAllowed_NotDefined.xml

|Document is not valid!
Found errors: 2
Found warnings: 0

Errors
1. The element cannot contain text. Content model is empty.
Line: 10

Content: <additionalName name="1C1"
description="Intercity train with fast large city connection">
2. The element
"http://www.railml.org/schemas/2011:additionalName' cannot
contain child element *htips://www.my-company.com/my-
department/:something' because the parent element’s content
model is empty.

Line: 11

Content: <my:something id="s1"/>

Warnings

Extension

1. https://www.my-company.com/my-department/ contains:
Line 11: attribute/element "something’ not valid
Content: <my:something id="s1"/>

Pucynoxk 4.17 — Pe3ynbratu TectyBanHs (aiiny ns cutyariii Ne3 po3poOieHum
piIIIEHHSM
Jns Bamimatopis XDocument ra XMLReader MoskHa IOMITHTH, 0 B pe3yJIbTaTax
IPUCYTHBO JIBI IOMMJIKH, TIEPILA 3 IKKX 3a3HAYAE, IO «EJIEMEHT HE MOXKE MAaTU TEKCT.
Hlnsixom  TecTtyBaHHSAM  OyJi0 BM3HA4Y€HO, WIO0 I [OMWJIKA CIPUYUHEHA
1HTEepIpeTalieo npodity gk Tekcty. Taka peakilis BajigaTopa € JUBHOIO, 1l IPUUKUHU

Ta PIIICHHS 3HANUACHO HE OYJI0.



Curyanisa Ne4.

Baninaris cranmaptHuMu 610,110TeKaMH:

o o# XMLReader = a
\ Librarie
VID.  Attribute VID.  Attribute A
Allowed.xml 2 _Attribute Allowed.xml| lowed.xml
Document is valid! Document is valid! bocument is valid!
Found errors: 0 Found errors: 0 Found errors: 0
Found warnings: 2 Found warnings: 2 Found warnings: 2
Errors Errors Errors
Warnings Warnings Warnings
1. The *hitps://www.my-company.com/my-department/Jength’ ~ 1. The *hitps://www.my-company.com/my-department/length’ 1. The 'hitps://www.my-company.com/my-department/ength’ ~
attribute is not declared. lattribute is not declared. attribute is not declared.
Line: 15 2. The 'https://www.my-company.com/my- Line: 15
Content: <trainPart id="tp_1" my:length="60"> department/:maximumWait' attribute is not declared. Content: <trainPart id="tp_1" my:length="60">
2. The ‘https://wwow.my-company.com/my 2. The *https://www.my-company.com/my.
lepartment/:maximumWait' attribute is not declared. department/:maximumWait' attribute is not declared.
Line: 19 Line: 19
Content: <times scope="scheduled" Content: <times scope="scheduled'
P "16:31:18' i it="22"/> D '16:31:18" i it="22"/>
Line: 24 Line: 24
Content: <times scope="scheduled" Content: <times scope="scheduled"
p ='16:38:02.46' i it="12"/> " P 16:38:02.46' i it="12"/> "
Extension Extension Extension
1. hitps://www.my-company.com/my-department/ contains: 1. https://www.my-company.com/my-department/ contains: ~ 1. https://www.my-company.com/my-de; / contains:

Line 15: attribute/element ‘length’ not valid
Content:  <trainPart id="tp_1" my:length="60">
Line 19: attribute/element ‘maximumWait' not valid
Content: <times scope="scheduled"
*16:31:18' it="22"/>

Line 15: attribute/element ‘length’ valid
Content: <trainPart id="tp_1"
my:length="60">
Line 19: attribute/element *'maximumWait' valid

Line 15: attribute/element ‘length’ not valid
Content:  <trainPart id="tp_1" my:length="60">
Line 19: attribute/element ‘maximumWait' not valid
Content: <times scope="scheduled"
*16:31:18° it="22"/>

Content: <times scope="

D:

Pucynox 4.18 — Pe3ynbratu TectyBanHs (daiiny nis cutyariii Ned Tppoma

CTaHJAapTHUMH 0i0ioTeKamMu (TTOYaTKOBUIA BHUTJISI)

Document is valid!
Found errors: 0

Document is valid!
Found errors: 0

Document is valid!
Found errors: 0

Found warnings: 2 Found warnings: 2 Found warnings: 2
Errors Errors Errors
Warnings Warnings Warnings
1. The 'https://fwww.my-company.com/my-department/length* A 1. The *https://www.my-company.com/my-department/length* . The *https://www.my-company.com/my-department/length* ~
\attribute is not declared. attribute is not declared. attribute is not declared.
Line: 15 2. The *https://www.my-company.com/my- Line: 15
Content:  <trainPart id="tp_1" myllength department/maximumWait' attribute is not declared. Content:  <trainPart id="tp_1" myJength="60">
2. The 'h AT} ny.com/my- 2. The *hitps://www.my-company.com/my-
department/:maximumWait' attribute is not declared. department/maximumWait' attribute is not declared.
Line: 19 Line: 19
Content: <times scope='scheduled’ Content: <times scope='scheduled’
departure="16:31:18" my:-maximumWait="22"/> departure="16:31:18" my:maximumWait="22"/>
Line: 24 Line: 24
Content: <times scope='"scheduled’ Content: <times scope='"scheduled’
|departure="16:38:02.46' my:maximumWait="12"/> . departure="16:38:02.46' my:maximumWait="12"/> .
Extension Extension Extension
//www.my-company.com/my-depariment/ contains: 1. hitps.//www.my-company.com/my-d contains: 1. https://www.my-company.com/m ent/ contait
Line 15: attribute/element "length’ nat valid Line 15: attribute/element 'length’ valid Line 15: attribute/element 'length’ not valid
Content: <trainPart id="tp_1" my:length="60"> Content: <trainPart id="tp_1" mylength="60"> Content: <trainPart id="tp_1" my-length="60">
Line 19: attribute/element ‘maximumWait' not valid Line 19: attribute/element ‘'maximumWait' valid Line 19: attribute/element 'maximumWait' not valid
Content: <times scope='scheduled” Content: <times scope="scheduled" Content: <times scope='scheduled’
|departure="16:31:18" my:maximumWwait="22"/> departure="16:31:18" my:maximumWait="22"/> departure="16:31:18' my:maximumWa
Line 24: attribute/element ‘maximumWait* not valid Line 24: attribute/element ‘maximumWait' valid Line 24: attribute/element ‘maximumWait' not valid
Content: <times scope="scheduled Content: <times scope="scheduled" Content: <times scope="scheduled"
\departure="16:38:02.46' my:maximumWait="12"/> departure="16:38:02.46' my:maximumWait="12"/> departure="16:38:02.46' my:maximumWait="12"/>

Pucynok 4.19 — Pesynbratu TectyBanHs (aiiiny s cutyanii Ne4 Tppoma

cTaHJapTHUMHM 010J110TeKaMu (BUTJISA 3 IETAJIIMHU PO3IIUPEHB )

Banigariist po3po6iiennM pimenHsaM Ha ocHoBi XDocument.Validate():

65
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»® XDocumentValidate() Solution - ] X
DV j MastersThesisValidati ilvivid2\Libraries\rail D.Validation\Validat =
ionTests\TestData\Examples\2_Attribute_Allowed.xml
Document is valid!

Found errors: 0
Found warnings: 1
Errors
Warnings
1. Elements from this namespace are missing a declaration: https://www.my-
company.com/my-department/. A schema/declaration of an element inside schema is missing
or the referenced schema is invalid. Such elements were not validated against related schema.
Line: 15
Content: <trainPart id="tp_1" my:length="60">
Line: 19
Content: <times scope="scheduled' departure="16:31:18"
my:maximumWait="22"/>
Line: 24
Content: <times scope="scheduled' departure="16:38:02.46'
my:maximumWait="12"/>
Extension
1. https.//www.my-company.com/my-department/ contains:
Line 15: attribute/element ‘length’ not valid
Content:  <trainPart id="tp_1" my:length="60">
Line 19: attribute/element 'maximumWait' not valid
Content: <times scope="scheduled' departure="16:31:18"
my:maximumWait="22"/> v

Pucynox 4.20 — Pe3ynbratu TectyBanHs (aiiny nis cutyariii Ned po3poOieHum

pilieHHsM (TTOYaTKOBHUM BUTJIS)

»® XDocument.Validate() Solution - [m] X

|Document is valid! ~
Found errors: 0
Found warnings: 1

Errors

Warnings

1. Elements from this namespace are missing a declaration: https://www.my-
company.com/my-department/. A schema/declaration of an element inside schema is missing
or the referenced schema is invalid. Such elements were not validated against related schema.

Line: 15
Content: <trainPart id="tp_1" my:length="60">
Line: 19
Content: <times scope="scheduled’ departure="16:31:18"
my:maximumWait="22"/>
Line: 24
Content: <times scope="scheduled’ departure="16:38:02.46"

my:maximumwait="12"/>

Extension

1. https://www.my-company.com/my-department/ contains:
Line 15: attribute/element 'length’' not valid
Content: <trainPart id="tp_1" my:length="60">
Line 19: attribute/element 'maximumWait' not valid
Content: <times scope="scheduled’ departure="16:31:18"
my:maximumWait="22"/>
Line 24: attribute/element 'maximumWait' not valid
Content: <times scope="scheduled’ departure="16:38:02.46"
my:maximumWait="12"/>

Pucynox 4.21 — Pesynbratu TectyBanHs (daitny nis cutyarii Ned po3poOieHnm

pILIEHHSIM (BUTJIS 3 J€TaISIMUA PO3IIUPEHb )



Curyanis Ne5.

Baninaris cranmaptHuMu 610,110TeKaMH:

67

ibrarie

\Librarie

o XMLReader - o

ibrarie

\TestD:

i \TestD:
2_Attribute_NotAllowed_Defined.xml

Document is valid!
Found errors: 0
Found warnings: 1

Errors

2_Attribute_NotAllowed_Defined.xml

Document is valid!
Found errors: 0
Found warnings: 1

Errors

2_Attribute_NotAllowed_Defined.xml

Document is valid!
Found errors: 0
Found warnings: 1

Errors

Warnings

Warnings

Warnings

1. The ‘hitps://www.my-company.com/my-
department/:description' attribute is not declared.
Line: 11
Content: <trackBegin id="trn_begin_1*
pos='23450" absPos="3800" my:description="Information about
itrack’s begining">

Extension

1. The ‘https://www.my-company.com/my-
department/:description’ attribute is not declared.

Extension

1. The *hitps://www.my-company.com/my-
department/:description’ attribute is not declared.
Line: 11
Content: <trackBegin id="trn_begin_1'
pos='23450" absPos='3800" my:description="Information about
track's begining">

Extension

1. https://wvww.my-company.com/my-department/ contains:
Line 11: attribute/element ‘description’ not valid
Content: <trackBegin id="trn_begin_1'
pos='23450" absPos='3800" my:description="Information about
track's begining”>

1. https://www.my-company.com/my-department/ contains:
Line 11: attribute/element ‘description’ valid
Content: <trackBegin id="trn_begin_1"
pos="23450" absPos='3800" my:description="Information about
track's begining”>

1. https://www.my-company.com/my- nt/ contains:
Line 11: attribute/element ‘description’ not valid
Content: <trackBegin id="trn_begin_1'
pos="'23450' absPos='3800" my:description="Information about
track's begining">

Pucynok 4.22 — Pesynbratu TecTyBanHs (aiiny s cutyaiii NeS Tppoma

CTaHJapTHUMHU 010110TeKaMu

Banigartist po3po0iiennM pimeHHsaM Ha ocHoBi XDocument.Validate():



68

o XDocumentValidate() Solution - O X
D:\VSProjects\MastersThesisValidation\railvivid2\Librarie 4
s\railVIVID.Validation\ValidationTests\TestData\Examples\
2_Attribute_NotAllowed_Defined.xml
\Document is not valid!

Found errors: 1
Found warnings: 0
Errors
1. Attribute 'description’ namespace "https://www.my-
company.com/my-department/* is not allowed to be in
‘trackBegin’. This element has no attributes.
Line: 11
Content: <trackBegin id="trn_begin_1'
pos="23450" absPos="3800" my:description="Information about
track's begining”>
Warnings
Extension
1. https://www.my-company.com/my-department/ contains:
Line 11: attribute/element 'description’ not valid
Content: <trackBegin id="trn_begin_1'
pos="23450" absPos="3800" my:description="Information about
track's begining”>
v

Pucynox 4.23 — Pe3ynbratu TectyBanHs (aiiny nis cutyariii Ne5 po3po6ieHum

piIIICHHSM



CuTtyanisi Ne5 (3 cXxeMO0 po3IIHPEHb).

Baninaris cranmaptHuMu 610,110TeKaMH:

69

]
D:\VSProj STk lidation\railvivid2\Librarie
s\railvivID.validati lidationTests\TestD: P
2_Attril i b | d_Defined.xml

Document is valid!
Found errors; 0
Found warnings: 1

D:\VSProji STk lidation\railvivid2\Librarie
s\railVIVID. Tests\TestData \
2_Attril b d_Defined.xml

Document is valid!
Found errors: 0
Found warnings: 1

il

o XMLReader - C
D:\VSProji ThesisValidation\railvivid2\Librarie
s\railVIVvID. i Tests\TestData \
2_Attril i b d_Defined.xml

Document is valid!
Found errors: 0
Found warnings: 1

Errors Errors Errors
Warnings Warnings Warnings
1. The *https://www.my-company.com/my- 1. The https.//www.my-company.com/my- 1. The *https.//www.my-company.com/my-
department/:color' attribute is not declared. department/:color' attribute is not declared. department/:color' attribute is not declared.
Line: 11 Line: 11
Content: <trackBegin id="trn_begin_1" Content: <trackBegin id="trn_begin_1"

pos='23450" absPos='3800' my:color="yellow">

Extension

Extension

pos='23450" absPos="3800" my:color="yellow">

Extension

1. https://www.my-company.com/my-department
SimpleExtensionSchema.xsd contains:
Line 11: attribute/element ‘color’ not valid
Content: <trackBegin id="trn_begin_1"
pos='23450' absPos='3800' my:color="yellow">

1. https://www.my-company.com/my-department
SimpleExtensionSchema.xsd contains:
Line 11: attribute/element ‘color’ valid
Content: <trackBegin id="trn_begin_1"
pos='23450' absPos="'3800' my:color="yellow">

1. https://www.my-company.com/my-department
SimpleExtensionSchema.xsd contains:
Line 11: attribute/element ‘color* not valid
Content: <trackBegin id="trn_begin_1"
pos='23450' absPos="'3800' my:color="yellow">

Pucynok 4.24 — Pesynbratu TectyBanHs ¢aiiny ams cutyatii NeS (31 cxemoro

PO3IIMPEHHS ) TPhOMa CTaHIAPTHUMU 010 TI0TEeKaMU

Banigartist po3po6iiennM pimeHHsaM Ha ocHoBi XDocument.Validate():
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o® XDocumentValidate() Solution — O *

D:\VSProjects\MastersThesisValidation\railvivid2\Librarie
s\railVIVID.Validation\ValidationTests\TestData\Examples\
2_AttributeWithSchema_NotAllowed_Defined.xml

Document is not valid!
Found errors: 1
Found warnings: 0

Errors

1. Attribute 'color' namespace "https://www.my-
company.com/my-department/* is not allowed to be in

‘trackBegin’. This element has no attributes.
Line: 11

Content: <trackBegin id="trn_begin_1'
pos="23450" absPos="3800" my:color="yellow" >

Warnings

Extension

1. https://www.my-company.com/my-department/
SimpleExtensionSchema.xsd contains:
Line 11: attribute/element ‘color’ not valid
Content: <trackBegin id="trn_begin_1'
pos="23450" absPos="3800" my:color="yellow" >

v

Pucynok 4.25 — Pesynbratu TectyBanHs ¢ainy ans cutyaiii NeS (31 cxemoro

PO3MIUPEHHS) PO3POOICHUM PIIICHHSIM



Curyanis Ne6.

Baninaris cranmaptHuMu 610,110TeKaMH:

D:\VSProj; Thesi ailvivid2\Librarie
s\railVIVID.Validation\ValidationTests\TestData\
2_Attribute NotAllowed_NotDefined.xml

Document is valid!
Found errors: 0
Found warnings: 1

J i ilvivid2\Librarie
s\railvIVID. idationTests\TestData
2_Attribute NotAllowed NotDefined.xml

D:\ q MastersTl

Document is valid!
Found errors: 0
Found warnings: 1
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¥ XMLReader - a

D:\V ji ThesisValidati ilvivid2\Librarie
s\railvVIVID.validati idationTests\TestData\
2_Attribute NotAllowed NotDefined.xml

\Document is valid!
Found errors: 0
Found warnings: 1

Errors Errors Errors
Warnings Warnings Warnings
1. The *https://www.my-company.com/my-department/:colour' 1. The "https://www.my-company.com/my-department/:calour 1. The "https://www.my-company.com/my-department/:colour*
attribute is not declared. attribute is not declared. attribute is not declared.
Line: 8 Line: 8
Content:  <categories my:colour="red"> Content:  <categories my:colour="red">
Extension Extension Extension
1. https://www.my-company.com/my-department/ contains: 1. https://www.my-company.com/my-department/ contains: 1. https://www.my-company.com/my-department/ contains:
Line 8: attribute/element ‘colour’ not valid Line 8: attribute/element ‘colour’ valid Line &: attribute/element "colour' not valid
Content:  <categories my:colour="red"> Content:  <categories my:colour="red"> Content:  <categories my:colour="red">

Pucynok 4.26 — Pesynbratu TectyBanHs ¢ainy ans cutyarii Ne6 Tppoma

CTaHJapTHUMHU 010Ti0TeKaMu

Banigartist po3po6iienuM pimenHsaM Ha ocHoBi XDocument.Validate():
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»® XDocumentValidate() Solution - O it

D:\VSProjects\MastersThesisValidation\railvivid2\Librarie
s\railVIVID.Validation\ValidationTests\TestData\Examples\
2_Attribute_NotAllowed NotDefined.xml

|D0cument is not valid!
Found errors: 1
Found warnings: 0

Errors
1. Attribute ‘colour’ namespace 'https://vww.my-
company.com/my-department/* is not allowed to be in
‘categories’. This element has no attributes.
Line: 8
Content:  <categories my:colour="red">
Warnings
Extension
1. https://www.my-company.com/my-department/ contains:
Line 8&: attribute/element 'colour' not valid
Content:  <categories my:colour="red">

Pucynok 4.27 — Pesynbratu TectyBanHs ¢ailny ans cutyatii Ne6 poszpoOiaeHnM

pIIIEHHSM



Curyanis Ne6 (3 cxeM010 po3LIUPEHbD).

Baninaris cranmapraumu 616110TeKaM

D:\VSProjects\MastersThesisValidation\railvivid2\Librarie
s\railVIVID.Validation\ValidationTests\TestData\Examples\
i d_NotDefined.xml

2_Attri X

Document is valid!
Found errors: 0
Found warnings: 1

.

D:\VSProjects\ Tk i id2\Librarie
s\railVIVID.Validation\ValidationTests\TestData\Examples\

2_Attril i | ! d_NotDefined.xml

Document is valid!
Found errors: 0
Found warnings: 1
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O »® XMLReader - o
D:\\ j MastersTk lidati ilvivid2\Librarie
s\railVIVID.Validation\ValidationTests\TestData
2_Attril i h | ! d_NotDefined.xml

Document is valid!
Found errors: 0
Found warnings: 1

Errors Errors Errors
Warnings Warnings Warnings
WWW.my-company.com/my- 1. The "https.//www.my-company.com/my-

1. The 'https://www.my-company.com/my-

1. The 'https:

department/:colour attribute is not declared.

department/:colour’ attribute is not declared.

1. https://www.my-company.com/my-department
SimpleExtensionSchema.xsd contains:
Line 8: attribute/element 'colour' not valid
Content:  <categories my:colour="red">

SimpleExtensionSchema.xsd contains:
Line 8: attribute/element ‘colour' valid
Content:  <categories my:colour="red">

department/:colour' attribute is not declared.
Line: 8 Line: 8
Content:  <categories my:colour="red"> Content:  <categories my:colour="red">
Extension Extension Extension
1. https://www.my-company.com/my-department 1. https://www.my-company.com/my-department,

SimpleExtensionSchema.xsd contains:
Line 8: attribute/element ‘colour' not valid
Content:  <categories my:colour="red">

Pucynox 4.28 — Pe3ynbratu TectyBanHs (aiiny s cutyaitii Ne6 (31 cxemoro

PO3ILIMPEHHS ) TPhOMA CTAaHIAPTHUMU 010110TeKaMU

Bauigarist po3po6iiernM pimenHsM Ha ocHoBi XDocument.Validate():
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o® XDocumentValidate() Solution — O 4

D:\VSProjects\MastersThesisValidation\railvivid2\Librarie
s\railVIVID.Validation\ValidationTests\TestData\Examples\
2_AttributeWithSchema_NotAllowed_NotDefined.xml

|Document is not valid!
Found errors: 1
Found warnings: 0

Errors
1. Attribute ‘colour’ namespace 'https://vww.my-
company.com/my-department/* is not allowed to be in
‘categories’. This element has no attributes.
Line: 8

Content:  <categories my:colour="red">

Warnings

Extension

1. https://www.my-company.com/my-department/
SimpleExtensionSchema.xsd contains:
Line 8: attribute/element 'colour’ not valid
Content:  <categories my:colour="red">

L

Pucynok 4.29 — Pesynbratu TectyBanHs (aiiny s cutyairii Ne6 (31 cxemoro
PO3ILIUPEHHS) PO3POOJICHUM PIlICHHSIM
To6To sik 1 mpu BukoHaHHI UNit-TecTiB pe3ynbraTi Mixk cutyaiieto Ne5 ta Ne6 Ge3
CXEMH PO3IIUPEHb Ta i MPUCYTHICTIO HE MAIOTh BiAMIHHOCTI. TakuM YHHOM MOKHA
TOYHO BU3HAYUTH, 110 POOJIeMa BUHUKAE Yepe3 MmopyieHHs npaBui cxemu railML,

10 PO3pOOJICHE PIIICHHS MA€ 3MOTY BHSIBUTH.
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Curyanis Ne7.
Baninaris cranmaptHuMu 610,110TeKaMH:

XDocument:

o® XDocumentValidate() - O

D:\VSProjects\MastersThesisValidation\railvivid2\Libraries\railVIVID.Validation\ValidationTests\TestData\Examples\3_Element
Attribute_Allowed.xml

Document is not valid!
Found errors: 3
Found warnings: 1

Errors

1. This is an invalid xsi:type 'https://www.somedomain.net/2022/exampleExtension:ExtendedQperationalPoint'.
Line: 12
Content: <operationalPoint xsi:type="example:ExtendedOperationalPoint” id="op01">
2. The element 'operationalPoints' in namespace 'https://www.railml.org/schemas/3.2" has invalid child element 'name' in namespace
‘https://www.somedomain.net/2022 /exampleExtension’. List of possible elements expected: ‘operationalPoint’ in namespace
"https://www.railml.org/schemas/3.2".

Line: 21
Content: <example:name name="Tourist fare" language="en"/>
3. This is an invalid xsi:type "https://www.somedomain.net/2022/exampleExtension:ExtendedTrack’.
Line: 26
Content: <track xsi:type="example:ExtendedTrack" id="tr01" type="mainTrack"
Warnings

1. The file does not reference a railML schema in schemalocations. The official railML version will be used for validation.

Extension

1. httpsy//www.somedomain.net/2022/exampleExtension contains: 2
Line 17: attribute/element 'priceCategory’ valid
Content: <example:priceCategory example:categoryNumber="2"
example:priceMultiplier="2.1">
Line 18: attribute/element ‘name’ valid
Content: <example:name name="Tourist fare” language="en"/>

Pucynok 4.30 — Pesynbratu TectyBanHus ¢ainy ans cutyauii Ne7 BamizaTopom

XDocument

Extension

1. https://www.somedomain.net/2022/exampleExtension contains: A
Line 17: attribute/element ‘priceCategory’ valid

Content: <example:priceCategory example:categoryNumber="2"
example:priceMultiplier="2.1">
Line 18: attribute/element 'name’ valid

Content: <example:name name="Tourist fare" language="en"/>
Line 21: attribute/element 'name’ not valid

Content: <example:name name="Tourist fare" language="en"/>
Line 31: attribute/element ‘priceCategory’ valid

Content: <example:priceCategory example:categoryMumber="1"

example:priceMultiplier="1.0">
Line 32: attribute/element 'name’ valid

Content: <example:name name="Normal fare" language="en"/>
Line 34: attribute/element ‘priceCategory’ valid
Content: <example:priceCategory example:categoryMumber="3"

example:priceMultiplier="1.5">

Pucynox 4.31 — Pe3ynbratu TectyBaHHs (daiimy s cuTyaiii No7 BamizatopoM

XDocument (metaini posmmpers Nel)
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Extension
Line 35: attribute/element ‘name’ valid "
Content: <example:name name="Express fare" language="en"/>
Line 17: attribute/element ‘categoryNumber' valid
Content: <example:priceCategory example:categoryNumber="2"
example:priceMultiplier="2.1">
Line 17: attribute/element "priceMultiplier’ valid
Content: <example:priceCategory example:categoryNumber="2"
example:priceMultiplier="2.1">
Line 26: attribute/element *additionalExampleComment' valid
Content: <track xsi:type="example:ExtendedTrack" id="tr01" type="mainTrack"
Line 31: attribute/element 'categoryNumber' valid
Content: <example:priceCategory example:categoryNumber="1"
example:priceMultiplier="1.0">
Line 31: attribute/element "priceMultiplier' valid
Content: <example:priceCategory example:categoryNumber="1"
example:priceMultiplier="1.0"> e
Pucynox 4.32 — Pe3ynbraTu TecTtyBaHHs (dainy s cuTyaiii No7 BaiiatopoM
XDocument (metaini posmmpeHs Ne2)
Extension
example:priceMultiplier="2.1"> ~
Line 26: attribute/element ‘additionalExampleComment' valid
Content: <track xsi:type="example:ExtendedTrack" id="tr01" type="mainTrack"
Line 31: attribute/element ‘categoryNumber' valid
Content: <example:priceCategory example:categoryNumber="1"
example:priceMultiplier="1.0">
Line 31: attribute/element 'priceMultiplier' valid
Content: <example:priceCategory example:categoryNumber="1"
example:priceMultiplier="1.0">
Line 34: attribute/element 'categoryNumber' valid
Content: <example:priceCategory example:categoryNumber="3"
example:priceMultiplier="1.5">
Line 34: attribute/element 'priceMultiplier' valid
Content: <example:priceCategory example:categoryNumber="3"
example:priceMultiplier="1.5">
w
Pucynok 4.33 — Pesynbratu TectyBanHs (ailiny ans cutyauii Ne7 BamizaTopom

XDocument (meramni po3mmpens Ne3)
XMLDocument:
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¥ XMLDocumentValidate() — O

D:\VSProjects\MastersThesisValidation\railvivid2\Libraries\railVIVID.Validation\ValidationTests\Test
Data\Examples\3_ElementAttribute_Allowed.xml

Document is not valid!
Found errors: 3
Found warnings: 1

Errors

1. This is an invalid xsi:type
‘https://www.somedomain.net/2022/exampleExtension:ExtendedQperationalPoint'.

2. The element 'operationalPoints’ in namespace ‘https://www.railml.ora/schemas/3.2" has invalid child
element 'name’ in namespace 'https://www.somedomain.net/2022/exampleExtension'. List of possible
elements expected: ‘operationalPoint’ in namespace "https://www.railml.org/schemas/3.2".

3. This is an invalid xsi:type 'https://www.somedomain.net/2022/exampleExtension:ExtendedTrack'.

Warnings

1. The file does not reference a railML schema in schemalocations. The official railML version will be used
for validation.

Extension

1. https://www.somedomain.net/2022 /exampleExtension contains: &
Line 17: attribute/element 'priceCategory’ valid
Content: <example:priceCategory
example:categoryNumber="2" example:priceMultiplier="2.1">
Line 18: attribute/element ‘name’ valid
Content: <example:name

Pucynox 4.34 — Pesynbratu TectyBaHHs (daiiny s cuTyaiii No7 BaniiatopoM

XMLDocument

Extension

1. https://www.somedomain.net/2022/exampleExtension contains: &
Line 17: attribute/element 'priceCategory’ valid
Content: <example:priceCategory
example:categoryNumber="2" example:priceMultiplier="2.1">
Line 18: attribute/element ‘name’ valid
Content: <example:name
name="Tourist fare" language="en"/>
Line 21: attribute/element ‘'name’ valid
Content: <example:name name="Tourist fare"
language="en"/>
Line 31: attribute/element ‘priceCategory’ valid
Content: <example:priceCategory
example:categoryNumber="1" example:priceMultiplier="1.0">
Line 32: attribute/element 'name’ valid
Content: <example:name
name="Normal fare" language="en"/>

Pucynok 4.35 — PesynbraTu TectyBaHHs (daiiy it cutyariii Ne7 BamgigaTopom

XMLDocument (gerani po3mupens Nel)
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Extension

Line 34: attribute/element 'priceCategory" valid 2
Content: <example:priceCategory
example:categoryNumber="3" example:priceMultiplier="1.5">
Line 35: attribute/element 'name’ valid
Content: <example:name
name="Express fare" language="en"/>
Line 17: attribute/element 'categoryNumber’ valid
Content: <example:priceCategory
example:categoryNumber="2" example:priceMultiplier="2.1">
Line 17: attribute/element 'priceMultiplier’ valid
Content: <example:priceCategory
example:categoryNumber="2" example:priceMultiplier="2.1">
Line 26: attribute/element 'additionalExampleComment’ valid

Content: <track xsi:type="example:ExtendedTrack"
id="tr01" type="mainTrack"
Line 31: attribute/element 'categoryNumber’ valid "

Pucynox 4.36 — Pe3ynbraTu TectyBaHHs (dainy s cuTyaiii No7 BaniatopoM

XMLDocument (zerani po3mupens No2)

Extension
Line 26: attribute/element ‘additionalExampleComment' valid ~
Content: <track xsi:type="example:ExtendedTrack"
id="tr01" type="mainTrack"
Line 31: attribute/element ‘categoryNumber' valid
Content: <example:priceCategory
example:categoryNumber="1" example:priceMultiplier="1.0">
Line 31: attribute/element "priceMultiplier’ valid
Content: <example:priceCategory
example:categoryNumber="1" example:priceMultiplier="1.0">
Line 34: attribute/element ‘categoryNumber' valid
Content: <example:priceCategory
example:categoryNumber="3" example:priceMultiplier="1.5">
Line 34: attribute/element "priceMultiplier' valid
Content: <example:priceCategory
example:categoryNumber="3" example:priceMultiplier="1.5">
b

Pucynok 4.37 — PesynbTaTu TectyBaHHs (daiiny it cutyariii Ne7 BamigaTopom
XMLDocument (neraii po3muperb Ne3)
XMLReader:
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»® XMLReader — C

D:\VSProjects\MastersThesisValidation\railvivid2\Libraries\railVIVID.Validation\ValidationTests\TestData\Examples\3_ElementA
ttribute_Allowed.xml

Document is not valid!
Found errors: 3
Found warnings: 1

Errors

1. This is an invalid xsi:type "https://www.somedomain.net/2022/exampleExtension:ExtendedOperationalPoint".
Line: 12
Content: <operationalPoint xsi:type="example:ExtendedOperationalPoint" id="op01">
2. The element "operationalPoints’ in namespace 'https://www.railml.org/schemas/3.2" has invalid child element 'name’ in namespace
‘https://www.somedomain.net/2022/exampleExtension'. List of possible elements expected: ‘operationalPoint’ in namespace
"https://www.railml.org/schemas/3.2".

Line: 21
Content: <example:name name="Tourist fare" language="en"/>
3. This is an invalid xsi:type ‘https://www.somedomain.net/2022/exampleExtension:ExtendedTrack’.
Line: 26
Content: <track xsitype="example:ExtendedTrack" id="tr01" type="mainTrack"
Warnings

1. The file does not reference a railML schema in schemalocations. The official railML version will be used for validation.

Extension

1. https://www.somedomain.net/2022/exampleExtension contains: 2
Line 17: attribute/element "priceCategory' valid
Content: <example:priceCategory example:categoryNumber="2"
example:priceMultiplier="2.1">
Line 18: attribute/element ‘name’ valid
Content: <example:name name="Tourist fare" language="en"/>

Pucynok 4.38 — Pesynbratu TectyBanHs (ailiny ans cutyarii Ne7 BamizaTopom

XMLReader

Extension

1. https://www.somedomain.net/2022/exampleExtension contains: 2
Line 17: attribute/element 'priceCategory’ valid
Content: <example:priceCategory example:categoryNumber="2"
example:priceMultiplier="2.1">
Line 18: attribute/element 'name’ valid

Content: <example:name name="Tourist fare" language="en"/>
Line 21: attribute/element ‘name’ not valid

Content: <example:name name="Tourist fare" language="en"/>
Line 31: attribute/element "priceCategory’ valid

Content: <example:priceCategory example:categoryNumber="1"

example:priceMultiplier="1.0">
Line 32: attribute/element 'name’ valid

Content: <example:name name="Normal fare" language="en"/>
Line 34: attribute/element 'priceCategory’ valid
Content: <example:priceCategory example:categoryNumber="3"
example:priceMultiplier="1.5"> »

Pucynok 4.39 — Pesynbratu TectyBanHs (aiiny ans cutyauii Ne7 BamizaTopom

XMLReader (metam posmupenrs Nel)
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Extension
Line 35: attribute/element 'name’ valid ~
Content: <example:name name="Express fare” language="en"/>
Line 17: attribute/element 'categoryNumber’ valid
Content: <example:priceCategory example:categoryNumber="2"

example:priceMultiplier="2.1">
Line 17: attribute/element ‘priceMultiplier’ valid
Content: <example:priceCategory example:categoryNumber="2"
example:priceMultiplier="2.1">
Line 26: attribute/element ‘additionalExampleComment' valid

Content: <track xsi:type="example:ExtendedTrack" id="tr01" type="mainTrack"
Line 31: attribute/element ‘categoryNumber’ valid
Content: <example:priceCategory example:categoryNumber="1"

example:priceMultiplier="1.0">
Line 31: attribute/element ‘priceMultiplier’ valid
Content: <example:priceCategory example:categoryNumber="1"
example:priceMultiplier="1.0">

Pucynox 4.40 — Pe3ynbratu TectyBaHHs (ainy s cutyanii No7 BanizatopoM

XMLReader (meram po3mmpers No2)

Extension

Line 26: attribute/element 'additionalExampleComment' valid
Content: <track xsi:type="example:ExtendedTrack" id="tr01" type="mainTrack"
Line 31: attribute/element 'categoryMumber’ valid
Content: <example:priceCategory example:categoryNumber="1"
example:priceMultiplier="1.0">
Line 31: attribute/element 'priceMultiplier valid
Content: <example:priceCategory example:categoryNumber="1"
example:priceMultiplier="1.0">
Line 34: attribute/element ‘categoryNumber’ valid
Content: <example:priceCategory example:categoryNumber="3"
example:priceMultiplier="1.5">
Line 34: attribute/element 'priceMultiplier' valid
Content: <example:priceCategory example:categoryNumber="3"
example:priceMultiplier="1.5">

Pucynox 4.41 — Pe3ynbraTu TecTtyBaHHs (dainy s cutyanii No7 BanigatopoM

XMLReader (merani posmmpens Ne3)

Basinartis po3po6ienum pimeHHsM Ha ocHoBi XDocument.Validate():
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¥ XDocument.Validate() Solution - C

D:\VSProj; ThesisValidation\railvivid2\Libraries\railVIVID.Validation\ValidationTests\TestData\Examples\3_ElementA
ttribute_Allowed.xml

|Document is not valid!
Found errors: 3
Found warnings: 1

Errors
1. This is an invalid xsi:type 'https://www.somedomain.net/2022/exampleExtension:ExtendedOperationalPoint'.
Line: 12
Content: <operationalPoint xsi:type="example:ExtendedOperationalPoint" id="op01">

2. The element 'operationalPoints’ in namespace 'https://www.railml.org/schemas/3.2" has invalid child element 'name’ in namespace
'https://www.somedomain.net/2022/exampleExtension’. List of possible elements expected: ‘operationalPoint' in namespace
‘hitps://www.railml.org/schemas/3.2".

Line: 21
Content: <example:name name="Tourist fare" language="en"/>
3. This is an invalid xsi:type https://www.somedomain.net/2022/exampleExtension:ExtendedTrack'.
Line: 26
Content: <track xsi:type="example:ExtendedTrack" id="tr01" type="mainTrack"
Warnings

1. The file does not reference a railML schema in schemalLocations. The official railML version will be used for validation.

Extension

1. https://www.somedomain.net/2022/exampleExtension contains: ~
Line 17: attribute/element "priceCategory’ valid
Content: <example:priceCategory example:categoryNumber="2"
example:priceMultiplier="2.1">
Line 18: attribute/element 'name’ valid
Content: <example:name name="Tourist fare" language="en"/>

Pucynox 4.42 — Pesynbratu TectyBanHs (aitmy nist cutyarii Ne7 po3pooieHnm

plLIEHHSM

Extension

1. https://vwww.somedomain.net/2022/exampleExtension contains: 2
Line 17: attribute/element ‘priceCategory’ valid
Content: <example:priceCategory example:categoryNumber="2"
example:priceMultiplier="2.1">
Line 18: attribute/element 'name' valid
Content: <example:name name="Tourist fare" language="en"/>
Line 21: attribute/element ‘name’ not valid
Content: <example:name name="Tourist fare” language="en"/>
Line 31: attribute/element 'priceCategory" valid
Content: <example:priceCategory example:categoryNumber="1"
example:priceMultiplier="1.0">
Line 32: attribute/element ‘name’ valid
Content: <example:name name="Normal fare" language="en"/>
Line 34: attribute/element 'priceCategory" valid

Content: <example:priceCategory example:categoryNumber="3"
example:priceMultiplier="1.5">

Pucynok 4.43 — Pe3ynbsTaTu TecTyBaHHs dainy 1 cutyarii No7 po3poOieHuM

pimenHsM (aeran posmupens Nel)
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Extension
Line 35: attribute/element 'name’ valid ~
Content: <example:name name="Express fare" language="en"/>
Line 17: attribute/element 'categoryNumber' valid
Content: <example:priceCategory example:categoryNumber="2"

example:priceMultiplier="2.1">
Line 17: attribute/element 'priceMultiplier’ valid
Content: <example:priceCategory example:categoryNumber="2"
example:priceMultiplier="2.1">
Line 26: attribute/element 'additionalExampleComment' valid

Content: <track xsi:type="example:ExtendedTrack" id="tr01" type="mainTrack"
Line 31: attribute/element ‘categoryNumber" valid
Content: <example:priceCategory example:categoryNumber="1"

example:priceMultiplier="1.0">
Line 31: attribute/element ‘priceMultiplier’ valid
Content: <example:priceCategory example:categoryNumber="1"
example:priceMultiplier="1.0"> v

Pucynox 4.44 — Pe3ynbratu TecTyBaHHs (ailmy s cutyamii Ne7  po3pobiaeHum

piteHHsM (aeran po3mupeHs No2)

Extension

example:priceMultiplier="2.1">
Line 26: attribute/element ‘additionalExampleComment' valid
Content: <track xsi:type="example:ExtendedTrack" id="tr01" type="mainTrack"
Line 31: attribute/element ‘categoryNumber' valid
Content: <example:priceCategory example:categoryNumber="1"
example:priceMultiplier="1.0">
Line 31: attribute/element ‘priceMultiplier' valid
Content: <example:priceCategory example:categoryNumber="1"
example:priceMultiplier="1.0">
Line 34: attribute/element ‘categoryNumber' valid
Content: <example:priceCategory example:categoryNumber="3"
example:priceMultiplier="1.5">
Line 34: attribute/element ‘priceMultiplier’ valid
Content: <example:priceCategory example:categoryNumber="3"
example:priceMultiplier="1.5">

W

Pucynoxk 4.45 — Pesynbratu TectyBanus ¢ainy ans cutyauii Ne7 po3pobieHum

pitreHHsM (aetani po3upens Ne3)

Ak MmoxHa momiTuTH, Banifaiis 3 XMLDocument ve Haiae iHpopmariiii npo psiaok
JTOKYMEHTY, Ha SKOMY BHUHUKae mpoOnema. lle BuHUKae depe3 Te, IO TpH
3aBaHTaxkeHHl XMLDocument HemoxnuBO HanmamTyBaTH 30epekeHHS HOMEpIB
PAAKIB U1 TOKYMEHTY, Ha BiaminHIcTh Bij XDocument. Uepes 1ie cratyc eneMeHTiB
PO3IIUPEHb Y pe3ysbTaTax 1Or0 BaiIaTOPY 3aBXIu MaloTh ctatyc «valid», Tak sk
JUISl 3MIHU CTATyCy €JIEMEHTY MOTPIOHO 3HATU MOr0 TOYHE PO3TAllyBaHHS, TaK SIK 1IeH
CJIEMEHT MO’KE€ BHUKOPHCTOBYBATHUCH B JCKIIBKOX MICIAX. Y BCIX IHIIUX acleKTax
cTaHgapTH1 610110Teku QYyHKIIIOHYIOTh OJJHAKOBO 3 OJIHAKOBUMH TEKCTaMH MMOMMJIOK

Ta TOTePEIKEHB, OKPIM OMUCAHOI BUIIE CUTYyarrii No3.
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3ATAJIbHUM BUCHOBOK

[lin yac BUKOHAHHA AMIUIOMHOI PoOOTH OylI0 AOCHIIKEHO METOAM Basijarlii
nokyMeHtiB railML B cepepoBumii .NET. Jlns nporo nomepenbo Oyj0 BHU3HAYEHO
OCHOBHI KPUTHYHI cUTyarlii crnemudiydi st 1s0ro (GopmaTy maHWX, MpaBHIbHA
00poOKa AKUX € HEOOXI1THOIO JIJIsi KOPEKTHOT POOOTH PO3POOIIOBAHOTO BalliIaTopa.

B mpomeci pobotu Oyno po3riasiHyTO Ta MpoaHadi3oBaHO (YHKI[IOHYBaHHS
JOCTYITHUX CTaHJAApPTHUX O1010TEK JUIsi BUPIIIEHHS i€l 3amadi (BajigaTopu Kiacis
XDocument, XMLDocument, XMLReader), mig gyac 4oro 0yyio BUSBICHO HEAOIIK Y
byHKIIOHYBaHHI 00paHUX CTaHIAPTHUX METO/IIB.

byno Bu3HaueHo, 1110 BCi MonepeaHb0 MPOTECTOBaHI O10JIIOTEKH MalOTh OJTHAKOBE
HEYITKE MOB1IOMJIEHHS IOMUJIKH «aTPUOYT HE € OrOJIOMIEHUM» Y TPhOX CUTYaLIsIX, SIKI
noTpeOyIOTh Pi3HOI 00POOKH IS MpaBUIIHHOI Basiaamii daiii dopmary railML.

3nHailieny npobsemy OyJo JOCIIKEHO, Ha OCHOBI 4OTro OYyJI0 BUCYHYTO JIeKiIbKa
rinoTe3 npo ii NpUYUHY Ta COCOOM 11 YCYHEHHsI, B pE3yJIbTaTl 4Oro 0yJI0 BUBHAUEHO,
0 €IMHUM JOIIIbHUM BapiaHTOM € pO3poOKa BJIIACHOTO pillleHHSA. TakuM YHHOM
MOKJIMBO OyJie MaTH 3a OCHOBY craHmapTHuii meton XDocument.Validate(), sikumii i
Hajanmi 3MOke OyTH OHOBJIEHUM Yy MalOyTHbOMY, 1 BHUKOPHCTOBYBAaTH BJIACHUU
QITOPUTM TIEPEBIPKU BU3HAYEHUX MPOOJIEMHUX CUTYAIIii.

B pesynbTati po3pobiieHe mporpaMHe 3a0e3nedyeHHs HaJae MOXIIMBICTh Basliarii
nokymentiB railML 3 ypaxyBaHHsIM ocoOimBocTell gaHoro (gopmarty oOMiHY JaHHX.
Takum ynHOM OYJI0 3HAWICHO PIIIEHHS BUSBJICHOT MPOOJIEMH Bajliallii CTaHIapTHUX
metoniB .NET mis ¢opmary railML, mo Hamano MOXIUBICTE BUKOPHCTAHHS
po3po0JIeHOr0 B TPOLIECI I[LOTO MPOTpaMHOTO 3abe3rnedeHHs s odimiitHOro
3actocyHky Bij railML.org — railVIVID 2.

Haiixpamoro pekoMeHai€ero 1yist O1UIbII ONTUMAITEHOTO PIIEHHS i€l TPo0IeMHOT
cUTyalii JJIsi po3pOoOHMKIB MEPEBIPEHUX CTAHJAPTHUX METOJIB € MOXKJIMBA 3MiHA
QITOPUTMY BU3HAYEHHS CTaTyCy aTpuOyTiB HA IHIUWHI, SIKUW HaJaBaB O OIbII YITKUAN
CTaTyC 3a 3aMOBYECHHSM, IO JO3BOJIUTH PO3PI3HUTH BUSBIEHI arpubytu 0e3

OTOJIOIICHHS BiJ HEA03BOJEHUX. TakuM dYMHOM pobOoTa BadigaTopa IS OUIBII
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cTanmapTHux ¢opMmariB nanux, sk XML, 3ammmunacs © HE3MIHHOIO, OJHAK
iHdopMallis nmpo MoMmwiKy Oyina O OUIBII TOYHOK Ta JACTAIBHOKO, MI0 O CIPHSIO

PO3PI3HEHHIO CUTYAIlil 111 ipaBuibHOT Bamifamii railML mokymenTis.
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44165850.1451-01
BCTVII

CyuacHi 3a1i3HUYHI CUCTEMHU MOCTIMHO PO3BUBAIOTHCS Ta YCKIIATHSAIOTHCS, Yepe3
110 3pocTae MoTpeda y 0OMiH1 JaHUX MK PI3HUMH YacTUHaMU iH(pacTpykTypu. [1[o0
3abe3meunT Takuii oOMiH Oyno crtBopeHo railML (Railway Markup Language) —
BIIKpUTUH ¢opmaT OOMIHY JaHUMU Ha OCHOBI XML, 110 BUKOPUCTOBYETHCS IS
CYMICHOCTI JaHUX 3aJI3HUYHUX 3acTOCyHKIB. OmHak sk 1 3 ¢aimamu XML, nns
MEPEeBIPKUA KOPEKTHOCTI CTPyKTypH railML gokymeHTIB moTpeOyeThCst iX Baijaris,
sKa Ma€ BPaxoBYBaTU OCOOJIMBOCTI JaHOTO (hopMaTy OOMiHY JaHUX.

NET mnardopMa mupoko BUKOPUCTOBYEThCS i 00poOku Ta Bamigamii XML-
JIOKYMEHTIB, 30KpeMa TaKux CKJIagHuX Gopmaris, sk railML. Onnak mij yac Bamigamii
[IUX JOKYMEHTIB BUHUKAIOTh TPYIHOIII, OB'A3aH1 3 HEKOPEKTHUMH 200 HEAOCTATHHO
1H()OPMATUBHUMH MTOBIIOMJICHHSIMH PO TTOMIJIKH, 1110 MOKE€ YCKJIaIHIOBATH TOIIYK 1
BUIPABIICHHS MOMUIOK Y (haiiyax.

e mocnipkeHHs COpPSAMOBAHE Ha aHaNI3 ICHYHOUMX MeToAIB Bamigamii railML
nokymeHTiB y cepenoBuii .NET, a Takoxx po3poOKy pilieHb JJIs MOKPAIEeHHS SKOCTI

MOB1JIOMJIEHB MPO TOMUJIKU Ta MIABUIIEHHS TOYHOCTI BaJIiallii.
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1 IIIACTABA JJI PO3POBKIA

[lincTtaBoro nanst po3poOku € Haka3z Big 26.12.2023  Nell87ct pexropa
VYKpaiHChKOro JEp:KaBHOTO YHIBEPCUTETY HayKu 1 TexHosoriid “IIpo 3aTBepmxkeHHs
TeM Ta MPU3HAYEHHS KEPIBHUKIB AUIUIOMHUX MPOEKTIB” 3a cremiaidbHicTIo 121
“Imxenepist mporpaMHOro 3ade3nedeHHs» Gaxynbrery “KoM ioTepHUX TEXHOJOTIH 1
cuctem’” o kadeapi “Komm’ roTepHi iHpOopMaIiiifHi TEXHOJIOTIT .

Tema mummomuoi poGotu — “JlocmimkenHs wetoniB Bamigarii railML
JOKyMEHTIB B cepenoBuiili .NET”.

KepiBauk guruiomuoro mpoekty: IBanos O. I1.
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2 [IPUBHAYEHHA PO3POBKA

st po3po0Oka cripsiMOBaHa Ha MPOBEACHHS aHaJII3y Ta MOPIBHSAHHS PI3HUX METO/IIB
Bamijamnii railML gokymeHntiB y cepenoBuiii .NET. Metorw 11i€i pobotu Mae OyTu
nepeBipKa BiJIMOBITHOCTI MOTECTOBAHUX 01010TEK Ta pilieHs 10 BUMor railML.org 3a
JIOTIOMOTOF0 TIEPEBIpKM iX pe3yJbTaTiB Ui Bajijamii KOHKPETHUX KPUTHYHUX
cutyamii. lllnsxom Bu3HaueHHs MepeBar, HENOJIKIB Ta OCOOJMBOCTEN OOpaHUX
0167110TeK Ta PO3POOICHOTO PIIIEHHS MOKIUBO Oy/i€ BU3HAYUTH HAWKpaIIuil METO.

Basmijaii railML ¢aitis.
2.1 OyHKIiOHATBEHE TPU3HAYEHHS PO3POOKH

OcHOBHI acneKTH (PYHKI[IOHAIBHOTO MPU3HAYECHHS PO3POOKHU:

— TIPOBEACHHS aHali3y (YHKIIIOHAIHPHOCTI — OCHOBHOK (DYHKIIIEI0 PO3POOKU €
JOCIIKEHHS CTaHAAPTHUX MeTo1B Baniaamii y cepenosumtl .NET;

— TMOpiBHAHHS QYHKIII — po3poOKa JO3BOIHUTH MOPIBHATH 010710TEKH, BABHAYUTH
BIJIMMOBIAHICTG X pe3yibTaTiB 10 BuMor railML.org;

— po3poOKa 1 mepeBipka pillleHHs MpoOJIeMHU CTaHIAPTHUX (PYHKIIH — po3poOka
TaKOX MAa€ 3a METY CTBOPEHHS DPIIICHHS 10 MPOOJIEMH HE YITKUX PE3yJIbTaTiB
cragaaptaux Oi0miorek y .NET Ta mopiBHSHHS pe3yNbTaTiB JOIMOBHEHOTO

pIIIEHHS 3 OYIKYBaHUMMU.
2.2 ExcrutyarariiifHe Mpu3HA4YeHHS PO3POOKH:

OCHOBHI acIeKTH €KCIUTyaTalliiHOTO MMPU3HAYEHHS PO3POOKH:

— BH3HAYCHHS HAWKpAIIOro PIIICHHS JIO TOCTaBJICHOI MpPOOJIEMH Balijallii
railML nokymenTiB y cepenoBunti .NET;

— CcTBOpeHHs psany O0i0miorexk moBoro C#, sKi MOXIMBO OyJe BUKOPUCTATH

MOBTOPHO IIPH CTBOPEHHI 0QiliiiHOro mporpaMHoro 3adesneueHns s railML.org.
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3aranpHe eKCIUlyaTalliiHEe MPU3HAYEHHS pO3pOOKM TMOJIArae B IPAKTHYHINA
po3po0dI1i pimeHHs 10 icHyrounx mnpoOsiem Bamigamii y .NET, sxe moxiauBo Oyne

BUKOPHUCTATH NIPH po3poOLil IporpamMHoro 3adesneueHHs s railML.org.
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3 BUMOI'A 10 ITPOI'PAMMU

3.1 Bumoru 10 QyHKITIOHATILHUX XapaKTEPUCTHUK

[IporpamMuuii MPOAYKT Ma€ HaJaBaTH KOPUCTYBady MOJKJIUBICTh TOPIBHITH
pe3ynbraty Bamigarmii railML 1nokyMeHTIB 3a IIOTIOMOTOIO pPI3HHMX CTaHIapTHUX
MetoxiB cepenoBumia .NET Tta po3pobieHoro piieHHs Ha OCHOBI OJTHOTO 3 OOpaHHUX
METO/IIB.

Bxinni nani:

— 1wsIx 10 daniy, Sskuii HeoOX1THO IEPEBIPUTH;
— oOpaHuii MeTo1 BaTiAalli.

Buxingxi naHi:

— 3araJIbHUM pe3yJIbTaT BajiAallii 3 BA3HAYCHHSIM YU € TIePEBIPEHUN TOKYMEHT
paBUWIBLHUM YH Hi;
— 1HdopMmallis Ipo 3HANIEH] TOMUJIKY;

— 1HdopMallis Ipo 3HANIEH] TONEPEIKEHHS;

iH(MOpMaITis PO PO3IIUPEHHS.

3.2 Bumoru 10 HaaiiHOCTI

Bumoru 1o HaaiifHOCTi: KOHTPOJIb BUX1AHOT 1 BX1HOT iH(popMaItii.
3.3 Bumoru ekcruryaTartii

HpaIIIOBaTI/I 3 IIPpOrpaMor0 MOXK¢E JIOANHA, 11O MAa€ HABUYIKH pO6OTI/I 3 ICCKTOIITHUMMU

MPUCTPOSIMU Ta O3HAHOMIICHA 3 KEPIBHUIITBOM KOPUCTYBava MPOTPAMHOTO TIPOIYKTY.
3.4 Bumoru 10 ckJiagy Ta mapameTpiB TEXHIUHUX 3aC001B

Cknag TexHIYHUX 3acO0IB JJIsi BUKOPUCTAHHS JAHOTO MPOJYKTY: MPOLECOp 3

TakToBOIO yactotoro 2 I'TT] abo Bume; 2 I'6. onepaTuBHOT am’sTi; KJlaBiatypa.
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3.5 Bumoru 1o iHpopMmaniitHoi Ta mporpaMHoOi CyMiCHOCTI

ITporpama mae ¢ynkuionyBatu B cepegopuiri OC Windows 10\11, B sskomy mae

oytu BctanoBienuii .NET 6.0 abo Buie.
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4 BUMOTHY JIO TIPOTPAMHOI JTIOKYMEHTAIII

Jlo cknaay TOKyMeHTaIlli MatOTh BXOJIUTH

— TCKCT IIPpOIpaMU;

— KEpIBHULTBO KOPUCTYyBaua JUisi KOPUCTYBAHHS HACTUIBHUM 3aCTOCYHKOM.
Bes nokyMmeHTanisi mporpaMHUX JAOJAaTKiB NMOBHHHA 3aJOBOJBHSATH BHUMOTH [0

MIPOTrPaMHOI IOKYMEHTAITi.
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5 CTAJIIL TA ETAIIM PO3POBKU

Ta6muns 5.1 — Cranii Ta eTanu po3poOKu

Cramis 3MiCT CTpOoKM BUKOHAHHS

Texniune | [ToctanoBka 3amaui, 30ip iHdopmariii, Bupi6 | 04.09.24 —15.09.24
3aBJAaHHS | Ta OOIPYHTYBaHHS KPUTEPIiB PO3POOKHU.
[TonepenHiit BUOip METOIB PIllICHHS 3aa4.
BusHadeHHs BUMOT 10 TEXHIYHHUX 3aC00iB.
VY3roKeHHs 1 3aTBEPKEHHS TEXHIYHOTO

3aBJIaHHS.
PoGounii | [IporpaMmyBaHHs Ta BiJIJIaroKEHHs 16.09.24 -15.10.24
MPOEKT porpamu.
TecTyBaHHS iporpamMu 16.10.24 — 31.10.24
Po3po0Oka, y3romkeHHs 1 3aTBEPAKSHHS 01.11.24 - 30.11.24

MPOrpamMHOi IOKyMEHTAIIli.
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6 [IOPAJOK ITPUMHATTA

KoHTposb 32 BUKOHaHHSM poOOTH 3MIHCHIOE KEPIBHUK po3poOku goil. [BanoB O.

I1.
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7 TEXHIYHO-EKOHOMIYHI [TOKA3HUKN

[Toxa3Huku Ta iX po3paxyHOK HE OyJM ONHCaHI y JOKYMEHTax, TaK siK po3poOka

IPOTPaMHOI0 MPOIYKTY Hece B cO01 HaBUAIbHUIM XapakTep, a He KOMEPIIMHUIA.



JIOJIATOK B

Texuiune 3aBaaHHsA

3ATBEP/IXXVYIO

[IpopexTop YKpaiHCBKOIO IE€pKABHOTO
YHIBEPCUTETY HayKH 1 TEXHOJIOT1i
Amnaroniit PAIKEBUY

«JJOCJTIIJDKEHHA METOIB BAJIIJIAL RAILML JOKYMEHTIB B
CEPEJJOBHUILI .NET»
Tekct nmporpamu
44165850.01451-01 1201

3aBigyBau kadeapu KIT

Bagnm ['OPSYKIH
KepiBHUK po3p0oOKH

Onekcanap IBAHOB
Bukonagenp

Maprapura BUCKAPKA
HopmoxonTponep

Csitnana BOJIKOBA

2025



3ATBEPIDKEHO
44165850.1451-01 12-01

JOCJIJPKEHHSI METOJIB BAJIJIALII RAILML JOKYMEHTIB B
CEPEJOBHIII .NET

TekcT nmporpamu
44165850.1451-01 12-01
Jlucris 52

2025
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AHOTAIILA
Jokyment 44165850.1451-01 12 01 «[locnmimkenns meromiB Bamigarii railML
nokyMeHTiB B cepeaoBuili .NET» BXoauTh 10 ckiaay mporpaMHOi JOKYMEHTAIlll Ha
Iporpamy, 1o A03BOJISE MOPIBHAHHS pe3y/IbTaTiB Bamigalii JokyMeHTiB railML.
VY naHoMy JOKYMEHTI NpEACTaBICHUM TEKCT N0AaTKy. /logaTok HamucaHui Ha
MoB1 C# 3 BUKOPHUCTAHHSIM CTaHIapTHUX 0101i0Tek Bamiganii y .NET y nmporpamMmaomMy

cepenouii Visual Studio 2022.
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1 TEKCT ITPOI'PAMU

1.1 Tekcr ¢aiiny 1Validator.cs moxyisa railVIVID.Validation

using railVIVID.Validation.Extensions;
using railVIVID.Validation.GeneralInformation;
using System;

namespace railVIVID.Validation

public interface IValidator

{

public event Action<int> ValidationProgressChanged,;

public Tuple<ValidationResult, railMLExtensions>
Validate(railMLDocument document, railMLVersion
railMLVersion);

}
}

1.2 Tekcr ¢aiury Validation.cs moayns railVIVID.Validation

using railVIVID.Validation.Extensions;
using System.Text.RegularExpressions;
using System.Xml;

using System.Xml.Schema;

namespace railVIVID.Validation
public class Validation

public string ExtractNamespaceFromErrorMessage(string
message)

string patternl = @"(http://[M\s:]+):";
string pattern2 = @"(https://[Ms:]+):";

Match match = Regex.Match(message, patternl);
if (match.Success)

return match.Groups[1].Value;

}
match = Regex.Match(message, pattern2);
if (match.Success)

return match.Groups[1].Value;

}

return null;

}

public string ExtractObjectNameFromErrorMessage(string
message)

{
string patternl = @":([:]+)";
string pattern2 = @"'(.+?)";
string pattern3 = @":([:]+)(2=\s|$)";

Match match = Regex.Match(message, patternl);
if (match.Success)

return match.Groups[1].Value;
match = Regex.Match(message, pattern2);
if (match.Success)
{

return match.Groups[1].Value;

match = Regex.Match(message, pattern3);
if (match.Success)

return match.Groups[1].Value;

return null;

public string ExtractNamespaceFromTypel(string message)
{
string pattern = @"has invalid child element . *?" in
namespace ‘(https?://[MNsT+)™;
Match match = Regex.Match(message, pattern);

return match.Success ? match.Groups[1].Value : null;

}

public string ExtractElementNameFromTypel(string message)
{

string pattern = @"has invalid child element '(.*?)";

Match match = Regex.Match(message, pattern);

return match.Success ? match.Groups[1].Value : null;

}

public string ExtractNamespaceElementPairFromType2(string
message)

string pattern = @"cannot contain child element
'(https?://[MNs']+)™;
Match match = Regex.Match(message, pattern);

return match.Success ? match.Groups[1].Value : null;

}

//Used by standard methods
/IProcesses issues raised by validator (requires special handling
of non-railml related issues)
public void Handlelssues(ValidationEventArgs e,
ValidationResult result, railMLExtensions extensions)
{
string namespaceUri = string.Empty;
string objectName = string.Empty;

if (e.Severity == XmlSeverity Type.Warning)

result. AddWarning(e.Exception.LineNumber,
e.Exception.Message);

else

/IAll railML elements are declared by default use of
official schema,

//s0 issue regarding declaration are considered warnings
because they can only be caused by extensions

//But in reality if the issue is undeclared element, it can
appear in three cases:

/1. Element/attribute is missing a schema

/2. Element/attribute is missing a declaration
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/3. Unknown attribute is used within element without
<xsi:any> or <xsi:anyAttribute> (Microsoft .NET issue)

if (e.Exception.Message.Contains("'cannot find the
declaration") ||

e.Exception.Message.Contains("attribute is not declared") ||

e.Exception.Message.Contains(“element is not declared"))

{
namespaceUri =
ExtractNamespaceFromErrorMessage(e.Message);
objectName =
ExtractObjectNameFromErrorMessage(e.Message);
result. AddWarning(e.Exception.LineNumber,
e.Exception.Message)

else

result. AddError(e.Exception.LineNumber, e.Message);

}
}

if (namespaceUri == string.Empty || objectName ==
string.Empty)
{

namespaceUri =
ExtractNamespaceFromTypel(e.Message);

objectName =
ExtractElementNameFromTypel(e.Message);

if('extensions.ChangeElementValidStatus(namespaceUri,
objectName, e.Exception.LineNumber))

string namespaceElement =
ExtractNamespaceElementPairFromType2(e.Message);
if(namespaceElement != null) {
namespaceUri =
ExtractNamespaceFromErrorMessage(namespaceElement);
objectName =
ExtractObjectNameFromErrorMessage(namespaceElement);
extensions.ChangeElementValidStatus(namespaceUri,
objectName, e.Exception.LineNumber);

else

extensions.ChangeElementValidStatus(namespaceUri,
objectName, e.Exception.LineNumber);

3
}

public void AddRailML(XmISchemaSet schemaSet,
SchemaControl schemaControl, railMLVersion railMLVersion)

INf there is no access to remote railML schemas
if (SchemaControl.DefaultRailMLLocation == "local")

//Needs direct adding of railML schema as embedded
resource because non-imported local schemas need to be added
directly

/I(XmIReader.Create will have issues otherwise). Imported
schemas are resolved as embedded resources in custom resolver.

string version = railMLVersion.VersionFromNamespace;

if (string.Equals(version, "3.1") || string.Equals(version,
"3.2")

schemaControl.LoadRailMLFromResource(schemaSet,
"railml3.xsd", version);

}

else

schemaControl.LoadRailMLFromResource(schemaSet,
"railML.xsd", version);

}
}
else

{
using (var reader =
XmlReader.Create(SchemaControl.DefaultRailMLLocation))

schemaSet.Add(null, reader);

1.3 Tekcr ¢aiimy CustromXmlUrIResolver.cs moayas railVIVID.Validation

using System;

using System.lO;

using System.Ling;
using System.Reflection;
using System.Xml;
using System.Xml.Ling;

namespace railVIVID.Validation

/Il <summary>
/Il Custom resolver to be able to handle internal exceptions and
embedded resources
Il </[summary>
public class CustomXmlUrIResolver : XmlUrIResolver
{
private ValidationResult _validationResult;
private railMLVersion _railMLVersion;
public bool _railMLAdded { private get; set; }
private string lastAbsoluteURI;

public CustomXmlUrIResolver(ValidationResult
validationResult, railMLVersion railMLVersion)

_validationResult = validationResult;
_railMLAdded = false;
_railMLVersion = railMLVersion;

}

public override object GetEntity(Uri absoluteUri, string role,
Type ofObjectToReturn)
{

try

/IAlways resolve mathML as embedded schemas due to
possible denial of access (hard to track)
if (absoluteUri.ToString().Contains("mathml"))

Stream schemaStream =
GetMathMLSchemaStream(absoluteUri);
if (schemaStream != null)

return schemaStream;
}
}
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tl’y
{
if (_railMLAdded)

//Using LINQ and XDocument to get target
namespace of schema

XDocument schemaDoc =
XDocument.Load(absoluteUri.ToString());

var targetNamespace =
schemaDoc.Root?. Attribute("targetNamespace™)?.Value;

/Nf it's railML namespace, don't import it, because
official version was already added

if
(targetNamespace.Contains("http://www.railml.org/schemas/") ||
targetNamespace.Contains("https://www.railml.org/schemas/"))

_validationResult. AddWarning(-1, $"Schema
{lastAbsoluteURI} imports railML, the official version will be
used");

return null;

}
}

catch (Exception e)

_validationResult. AddWarning(-1, $"Problem with
loading of {absoluteUri} schema. It will not be used during
validation. " +

$"Details: {e.Message}");
return null;

}

lastAbsoluteURI = absoluteUri. ToString();

return HandleSchema(absoluteUri, role,
ofObjectToReturn);

catch (Exception ex)

if (ex.Message.Contains("Response status code does not
indicate success: 429 (Too Many Requests)™))

_validationResult. AddWarning(-1, $"HTTP Error:
{ex.Message} Related with schema: {absoluteUri}. " +
$"This issue typically occurs due to overload of
www.w3.0rg with requests. Please try at another time.");

else

_validationResult.AddError(-1, $"Error retrieving
schema: {ex.Message} Related with schema: {absoluteUri}.");

return null;

1
}

private object HandleSchema(Uri absoluteUri, string role, Type
ofObjectToReturn)

/Nf there is no Internet connection - resolve main embedded
schemas
if (SchemaControl.DefaultRailMLLocation == "local")

Stream schemaStream =
GetEmbeddedSchemaStream(absoluteUri);
if (schemaStream != null)

return schemaStream;

}
}

//Otherwise resolve as regular
return base.GetEntity(absoluteUri, role, ofObjectToReturn);

}

private Stream GetMathMLSchemaStream(Uri absoluteUri)
{

Assembly assembly =
Assembly.Load("railVIVID.Validation");

string relativePath = absoluteUri.LocalPath;
string[] pathParts = relativePath.Split(new[] { /', \\' },
StringSplitOptions.RemoveEmptyEntries);

string schemaFileName = pathParts.Last();
string folderName = pathParts[pathParts.Length - 2];

string resourceBaseName =
$"railVIVID.Validation.Resources.mathML";

string resourcePath;
if (folderName == "mathml2")

{
resourcePath =
$"{resourceBaseName}.{schemaFileName}";

else

{
resourcePath =
$"{resourceBaseName}.{folderName}.{schemaFileName}";

Stream stream =
assembly.GetManifestResourceStream(resourcePath);
if (stream != null)

return stream;

}

return null;

}

private Stream GetEmbeddedSchemaStream(Uri absoluteUri)

Assembly assembly =
Assembly.Load("railVIVID.Validation");
string[] folders = { "railML", "XML" },

foreach (var folder in folders)

string embeddedSchemaName =
GetEmbeddedSchemaName(absoluteUri, folder);

Stream stream =
assembly.GetManifestResourceStream(embeddedSchemaName);

if (stream != null)

return stream;

b
}

return null;

}

/[Finds embedded resource based on the name and folder
private string GetEmbeddedSchemaName(Uri schemaUri, string
folderName)

{
string schemaFileName =
Path.GetFileName(schemaUri.LocalPath);
string formattedVersion =

SchemaControl.FormatVersionForResource(_railMLVersion.Version

FromNamespace);
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if (String.Equals(folderName, "railML"))
{

return
$"railVIVID.Validation.Resources.{folderName}._{formattedVersio
n}.{schemaFileName}";

else

{

return
$"railVIVID.Validation.Resources.{folderName}.{schemaFileName
¥

}

1.4 Texkcr daiiny Prevalidation.cs moayns railVIVID.Validation

using System;

using System.lO;

using System.Xml;

using System.Ling;

using System.Xml.Ling;

using railVIVID.Validation.GeneralInformation;
using System.10.Compression;

namespace railVIVID.Validation

Il <summary>
/Il Class for checking if document is well-formed and basic railML
requirements
Il </[summary>
public class Prevalidation
{
private XDocument LoadRailML (string filePath)
{
string extension = Path.GetExtension(filePath);
if (String.Equals(extension, ".railmix",
StringComparison.OrdinallgnoreCase))

return LoadRailMLXFile(filePath);

else if(String.Equals(extension, ".railml",
StringComparison.OrdinallgnoreCase) || String.Equals(extension,
".xml", StringComparison.OrdinallgnoreCase))

return LoadFile(XmIReader.Create(filePath));
}

else

throw new InvalidDataException(*'Unsupported file
format.");

}
}

private XDocument LoadRailMLXFile(string filePath)

{
using (var archive = ZipFile.OpenRead(filePath))

//Look for files with .xml or .railml extension
string zipName =
Path.GetFileNameWithoutExtension(filePath);

var railMLFile = archive.Entries
.FirstOrDefault(e =>
e.FullName.EndsWith(*".xml",
StringComparison.OrdinallgnoreCase) ||

e.FullName.EndsWith(".railml",
StringComparison.OrdinallgnoreCase)

&&
e.FullName.Remove(zipName.Length) == zipName);

if (railMLFile == null)

{
throw new FileNotFoundException(“No valid railML
file found in the archive.");

}

return LoadFile(XmlIReader.Create(railMLFile.Open()));

}
}

private XDocument LoadFile(XmIReader reader)

{

using (reader)

return XDocument.Load(reader,
LoadOptions.SetLinelnfo);
}
}

private string[] LoadLines(string filePath)

return File.ReadAllLines(filePath);
}

private void SetDirectory(string path)
{

Directory.SetCurrentDirectory(Path.GetDirectoryName(path));
}

Il <summary>

/Il Prevalidates file (checks presence of railML namespace,
compares versions, creates XDocument)

Il </[summary>

/Il <param name="filePath"></param>

/Il <param name="railMLDocument"></param>

/Il <param name="railMLVersion"></param>

/Il <returns></returns>

public ValidationResult Prevalidate(string filePath, out
railMLDocument railMLDocument, out railMLVersion
railMLVersion)

railMLDocument = new railMLDocument();

railMLVersion = new railMLVersion();

ValidationResult result = new
ValidationResult(railMLDocument);

try
railMLDocument = new
railMLDocument(LoadRailML(filePath), filePath,
LoadLines(filePath));
}
catch (XmlException ex)

result. AddError(ex.LineNumber, ex.Message);
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return result;
catch (Exception ex)

result. AddError(ex.Message);
return result;

}
SetDirectory(filePath);

XElement rootNode = railMLDocument.document.Root;
/IChecking presence of railML version in the file

var versionValue =
rootNode.Attributes("version").SingleOrDefault();

try
{
railMLNamespaces railMLNamespaces = new
railMLNamespaces();
string railMLNamespace =

railMLNamespaces.ldentifyRailMLNamespace(railMLDocument.do
cument);

railMLVersion.ldentifyRailMIVersion((string)versionValue,
railMLNamespace);

if (string.IsNullOrEmpty(railMLNamespace))

result.AddError(-1, $"railML namespace is missing in
the file ‘{filePath}".");
}

else

if (Istring.IsNullOrEmpty(railMLVersion.Version) &&
Istring.IsNullOrEmpty(railMLVersion.VersionFromNamespace))

if (!string.Equals(railMLVersion.Version,
railMLVersion.VersionFromNamespace))

result. AddWarning(-1, $"Version and namespace
do not match in the file '{filePath}". " +
$"Version = '{railMLVersion.Version}', version
from namespace = '{railMLVersion.VersionFromNamespace}'. " +
$"Version from namespace will be used during
validation.");
}
}
}

catch (InvalidDataException ex)

var linelnfo = (IXmlLinelnfo)rootNode;
result. AddError(linelnfo.LineNumber, ex.Message);
return result;

}

return result;
}
}

1.5 Tekcr ¢atimy railMLNamespaces.cs moayns railVIVID.Validation

using System;
using System.Collections.Generic;
using System.Xml.Ling;

namespace railVIVID.Validation
public class railMLNamespaces

public static List<string> StandardRailMLNamespaces = new
List<string>

"http://www.railml.org/schemas/2009",
"http://www.railml.org/schemas/2011",
“http://www.railml.org/schemas/2013",
"http://www.railml.org/schemas/2016",
"https://www.railml.org/schemas/2018",
“https://www.railml.org/schemas/2021",
"https://www.railml.org/schemas/3.1",
"https://www.railml.org/schemas/3.2"

h
public string IdentifyRailMLNamespace(XDocument
railMLDoc)

XElement root = railMLDoc.Root;

HashSet<string> rootNamespaces =
GetRootNamespaces(root);
foreach (var ns in rootNamespaces)

if (StandardRailMLNamespaces.Contains(ns))
{

return ns;

}
3

return null;

}

private static HashSet<string> GetRootNamespaces(XElement
root)

{

HashSet<string> namespaces = new HashSet<string>();

//Add the namespace of the root element
if (!string.IsNullOrEmpty(root.Name.NamespaceName))

{

namespaces.Add(root.Name.NamespaceName);

}

/IAdd namespaces declared as attributes (e.g., xmins:prefix)
foreach (XAttribute attr in root.Attributes())

if (attr.IsNamespaceDeclaration)

{

namespaces.Add(attr.Value);

}
}

return namespaces,

}

1.6 Tekcr ¢aiiny railMLVersion.cs moayas railVIVID.Validation
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namespace railVIVID.Validation

public class railMLVersion

{

private string version ="";

//Actual version attribute in the file
public string Version
{

get { return version; }

set { version = value; }

}

private string versionNamespace = "";
[[Prioritized version deducted from namespace
public string VersionFromNamespace
{

get { return versionNamespace; }

set { versionNamespace = value; }

}

/Il <summary>

/Il Sets railML versions based on actual version attribute and
railML namespace

/Il </[summary>

/Il <param name="version"></param>

/Il <param name="railMLNamespace"></param>

public void IdentifyRailMIVersion(string version, string
railMLNamespace)

Version ="";
VersionFromNamespace = "*;
if (!string.IsNullOrEmpty(railMLNamespace))
{
VersionFromNamespace =
GetVersionFromNamespace(railMLNamespace);

}

if (!string.IsSNullOrEmpty(version))
switch (version)

case "2.0": Version = "2.0"; break;
case "2.1": Version = "2.1"; break;
case "2.2": Version = "2.2"; break;
case "2.3": Version = "2.3"; break;
case "2.4": Version = "2.4"; break;
case "2.5": Version = "2.5"; break;
case "3.1": Version = "3.1"; break;
case "3.2": Version = "3.2"; break;

}

private string GetVersionFromNamespace(string
railMLNamespace)

switch (railMLNamespace)

{
case "http://www.railml.org/schemas/2009"; return “2.0";
case "http://www.railml.org/schemas/2011": return "2.1";
case "http://www.railml.org/schemas/2013": return "2.2";
case "http://www.railml.org/schemas/2016"; return “2.3";
case "https://www.railml.org/schemas/2018": return "2.4";
case "https://www.railml.org/schemas/2021": return "2.5";
case "https://www.railml.org/schemas/3.1": return "3.1";
case "https://www.railml.org/schemas/3.2": return "3.2";
default: return ",

1.7 Tekcr ¢aimy SchemaControl.cs monyns railVIVID.Validation

using railVIVID.Validation.GeneralInformation;
using System;

using System.Collections.Generic;

using System.lO;

using System.Net;

using System.Reflection;

using System.Text.RegularExpressions;

using System.Xml;

using System.Xml.Ling;

using System.Xml.Schema;

namespace railVIVID.Validation
{
/Il <summary>
/Il Class for everything related to handling of schemas
Il </[summary>
public class SchemaControl

{

private static string defaultRailMLLocation = "";

/Il <summary>
/I Expected railML location depending on the railML version
and the situation (with/without connection)
/Il </[summary>
public static string DefaultRailMLLocation
{
get { return defaultRailMLLocation; }
set { defaultRailMLLocation = value; }

}

/IPatterns for possible official railML locations

private Dictionary<string, string> locationPatterns = new
Dictionary<string, string>

£"2.0"
@"https?://(www\.|schemas\.)?railmi\.org/(schemas/)?2009/railML-
2\.0/(railML\.xsd|schema/railML\.xsd)" },

£2.1"
@"https?://(www\.|schemas\.)?railmi\.org/(schemas/)?2011/railML-
2\.1/(railML\.xsd|schema/railML\.xsd)" },

{"2.2"
@"https?://(www\.|schemas\.)?railmi\.org/(schemas/)?2013/railML-
2\.2/(railML\.xsd|schema/railML\.xsd)" },

{"2.3"
@"https?://(www\.|schemas\.)?railmi\.org/(schemas/)?2016/railML-
2\.3/(railML\.xsd|schema/railML\.xsd)" },

{"2.4"
@"https?://(www\.|schemas\.)?railmi\.org/(schemas/)?2018/railML-
2\.4/(railML\.xsd|schema/railML\.xsd)" },

{"25"
@"https?://(www\.|schemas\.)?railmi\.org/(schemas/)?2021/railML-
2\.5/(railML\.xsd|schema/railML\.xsd)" },

{31
@"https?://(www\.|schemas\.)?railml\.org/(schemas/)?3\.1/railmI3\.xs
d"},

{32
@"https?://(www\.|schemas\.)?railml\.org/(schemas/)?3\.2/railmI3\.xs
d"}

¥



44165850.1451-01 12

private Dictionary< string, string > schemaLocations = new
Dictionary<string, string>();

/Il <summary>
/Il Found referenced valid schemas in the file
Il </summary>
public Dictionary<string, string> SchemaLocations
{
get { return schemaLocations; }
set { schemaLocations = value; }

}
public SchemaControl()

defaultRailMLLocation = "";
}

public void SetDefaultLocationFromVersion(string version)
if (Istring.IsNullOrEmpty(version))

//1f there is Internet connection or access to remote railML
schemas

if
(IsUrlAccessible("https://schemas.railml.org/2009/railML-
2.0/railML.xsd"))

switch (version)

case "2.0™:
defaultRailMLLocation =
"https://schemas.railml.org/2009/railML-2.0/railML.xsd"; break;
case "2.1":
defaultRailMLLocation =
"https://schemas.railml.org/2011/railML-2.1/railML.xsd"; break;
case "2.2":
defaultRailMLLocation =
"https://schemas.railml.org/2013/railML-2.2/railML.xsd"; break;
case "2.3"
defaultRailMLLocation =
"https://schemas.railml.org/2016/railML-2.3/schema/railML.xsd";
break;
case "2.4":
defaultRailMLLocation =
"https://schemas.railml.org/2018/railML-2.4/schema/railML.xsd";
break;
case "2.5™
defaultRailMLLocation =
"https://schemas.railml.org/2021/railML-2.5/schema/railML.xsd";
break;
case "3.1":
defaultRailMLLocation =
"https://schemas.railml.org/3.1/railml3.xsd"; break;
case "3.2":
defaultRailMLLocation =
"https://schemas.railml.org/3.2/railml3.xsd"; break;
}
}

else

//Otherwise using embedded resources (local solution)
defaultRailMLLocation = "local”;

}

}

/Il <summary>

/Il Adds found non-railML schemas

Il </summary>

Il <param name="schemaSet"></param>

public void AddOtherShemas(XmlSchemaSet schemaSet)

{

if(defaultRailMLLocation != "local™)

AddW3(schemaSet);
}

foreach (var pair in schemalocations)

schemaSet.Add(pair.Key, pair.Value);

}
}

/INecessary for proper compiling of schemas
private void AddW3(XmlSchemaSet schemaSet)

/I Add the schema for the XML namespace
using (StringReader stringReader = new StringReader(
@"<xs:schema
xmlins:xs="http://www.w3.0rg/2001/XMLSchema'

xmins:xml="http://www.w3.0rg/XML/1998/namespace">
<xs:import
namespace="http://www.w3.0rg/XML/1998/namespace’

schemaLocation="https://www.w3.0rg/2001/xml.xsd'/>
</xs:schema>"))

schemaSet.Add(XmlSchema.Read(stringReader, null));

}
}

[l <summary>

/Il For finding information about extensions, adds all referenced
non-railML schemas to the list without their checking

[l </summary>

/Il <param name="doc"></param>

public void SetAllSchemas(XDocument doc)

XNamespace xsi = "http://www.w3.0rg/2001/XMLSchema-
instance";

var root = doc.Root;
if (root == null)
return;

var schemalocationAttribute = root. Attribute(xsi +
"schemalocation™);
if (schemaLocationAttribute != null)
{
var schemalocationPairs =
schemalLocationAttribute.Value.Split(new[] { "' },
StringSplitOptions.RemoveEmptyEntries);
for (int i = 0; i < schemaLocationPairs.Length; i += 2)

if (i + 1 < schemalLocationPairs.Length)
{
var namespaceUri = schemaL ocationPairs[i];
var schemalocationUri = schemaLocationPairs[i + 1];

//1f schema has railML namespace, not include it into
extensions

if ((namespaceUri 1=
doc.Root.Name.NamespaceName))

schemalocations.Add(namespaceUri,
schemalocationUri);
}
}
}
}

}

/Il <summary>
/Il For validation, additionally checks the validity of referenced
schemas before adding the non-railML ones to the list
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Il </[summary>

/Il <param name="doc"></param>

/Il <param name="result"></param>

public void SetAndCheckAllSchemas(XDocument doc,
ValidationResult result, string railMLFilePath)

{

XNamespace xsi = "http://www.w3.0rg/2001/XMLSchema-

instance";

var root = doc.Root;
if (root == null)
return;

bool railMLSchemaPresent = false;

var schemalLocationAttribute = root.Attribute(xsi +
"schemalLocation");
if (schemalLocationAttribute != null)

var schemalLocationPairs =
schemalLocationAttribute.Value.Split(new[] { "'},
StringSplitOptions.RemoveEmptyEntries);

for (inti = 0; i < schemaLocationPairs.Length; i += 2)

if (i + 1 < schemaLocationPairs.Length)
{
var namespaceUri = schemaL ocationPairs[i];
var schemaLocationUri = schemalLocationPairs[i + 1];

//1f the schema has the railML namespace, do not
include it in schema locations

/Ibecause the official version is used

if (namespaceUri =
doc.Root.Name.NamespaceName)

if (IsAccessibleAndValid(namespaceUri,
schemaLocationUri, result, railMLFilePath))
{
schemal ocations.Add(namespaceUri,
schemaLocationUri);

}

else

/ISet that file references a railML schema in
schemalocations

railMLSchemaPresent = true;

bool locationOfficial = false;

/IChecking if location matches pattern of official

foreach (var location in locationPatterns)

if (Regex.IsMatch(schemaLocationUri,
location.Value))

locationOfficial = true;

}
}

if (!locationOfficial)

result. AddWarning(-1, $"The file references
unknown local/unofficial version of railML schema " +
$": '{schemaLocationUri}'. The official
version will been used for validation.");

if (!1sAccessibleAndValid(namespaceUri,
schemaLocationUri, result, railMLFilePath))

result. AddWarning(-1, "Referenced railML
schema isn't valid/accesible!™);

}

b
}

if ('railMLSchemaPresent)

result. AddWarning(-1, "The file does not reference a
railML schema in schemalocations." +
" The official railML version will be used for
validation.");

}
}

private bool IsAccessibleAndValid(string namespaceUri, string
schemalLocationUri, ValidationResult result, string railMLFilePath)

/ICheck if the schema location is a remote URL
if (schemaLocationUri.StartsWith("http://") ||
schemalocationUri.StartsWith("https://"))

if (IsUrlAccessible(schemalLocationUri))

if (IsXSDValid(namespaceUri, schemaLocationUri,

{

return true;

}
}
}
else

{
string resolvedSchemaUri =
GetLocalPath(schemaLocationUri);

result))

if (System.lO.File.Exists(resolvedSchemaUri))

if (IsXSDValid(namespaceUri, schemaLocationUri,
result))

return true;

}
}

return false;

}

private bool IsXSDValid(string namespaceUri, string
schemalocationUri, ValidationResult result)

{

XmlSchemaSet schemaSet = new XmlSchemaSet();
schemaSet. XmlIResolver = new XmlUrIResolver();

try
{
AddW3(schemaSet);
schemaSet.Add(namespaceUri, schemaLocationUri);

schemaSet.Compile();
}catch(Exception €)

result. AddWarning(-1, $"Issue with schema
‘{schemaLocationUri}' or related schemas: '{e.Message}");
return false;
}

return true;

}
private string GetLocalPath(string schemaLocationUri)
if (schemaLocationUri.StartsWith("file:"))

schemaLocationUri = new
Uri(schemaLocationUri).LocalPath;

}
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/ICheck if the schemaLocationUri is an absolute path
if (Path.IsPathRooted(schemalocationUri))

return schemal.ocationUri;

}

else

/Istring location =
Path.GetDirectoryName(railMLFilePath);
return Path.GetFullPath(schemaLocationUri);

}
}

private bool IsUrlAccessible(string url)

{
try
{
var request = (HttpWebRequest)WebRequest.Create(url);
request.Method = "HEAD"; //To check if the URL is

accessible
request. Timeout = 5000;

using (var response =
(HttpWebResponse)request.GetResponse())

if (response.StatusCode == HttpStatusCode.OK)

response.Close();
return true;

else return false;

}

}
catch (WebException)

return false;
}
}

public static string FormatVersionForResource(string version)

/ISplit the version by ", then join with '._" to create the format
for embedded resource
return string.Join("._", version.Split('."));

}

[l <summary>

/Il Adds railML embedded resource file to the XMLSchemaSet.

/Il Needed because non-imported local schemas need to be
added directly.

Il </[summary>

/Il <param name="schemaSet"></param>

/Il <param name="resourceName"></param>

/Il <param name="version"></param>

public void LoadRailMLFromResource(XmlISchemaSet
schemaSet, string resourceName, string version)

Assembly assembly = Assembly.GetExecutingAssembly();

string versionResource =
FormatVersionForResource(version);

string fullResourceName =
$"{assembly.GetName().Name}.Resources.railML._{versionResourc
e}.{resourceName}";

AddStreamToSchemas(fullResourceName, assembly,
schemaSet);

}

private void AddStreamToSchemas(string fullResourceName,
Assembly assembly, XmISchemaSet schemaSet)

using (Stream stream =
assembly.GetManifestResourceStream(fullResourceName))

if (stream == null)

throw new FileNotFoundException($"Resource
‘{fullResourceName}' not found.");

}
using (XmlIReader reader = XmlReader.Create(stream))

schemaSet.Add(null, reader);

1.8 Tekcr ¢aiury ValidationlssueBasic.cs momxyns railVIVID.Validation

namespace railVIVID.Validation

public class ValidationlssueBasic

{
public string description { get; protected set; }

public ValidationlssueBasic(string description)
{

this.description = description;
}

public override bool Equals(object obj)

if (obj is ValidationlssueBasic otherlssue)

return description == otherlssue.description;

return false;

}

public override int GetHashCode()
{
return description.GetHashCode();
}
}
3

1.9 Texkcr daiiny ValidationlssueDetailed.cs momyins railVIVID.Validation

using railVIVID.Validation.GeneralInformation;
using System;
using System.Collections.Generic;

using System.L.ing;
using System.Text;
using System.Threading.Tasks;
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namespace railVIVID.Validation
public class ValidationlssueDetailed : ValidationlssueBasic

public ValidationlssueDetailed(string description) :
base(description)

{
}

public ValidationlssueDetailed(int line, string desc,
railMLDocument document) : this(desc)

lines = [new Tuple<int, string>(line, document.lines[line-1])];

public List<Tuple<int, string>> lines { get; private set; }
public void AddLine(int line, railMLDocument document)
if (Nlines.Any(t => t.Item1 == line))

lines.Add(new Tuple<int, string>(line,
document.lines[line-11));

}

1.10 Tekct daitny ValidationResult.cs moayms railVIVID.Validation

using railVIVID.Validation.General Information;
using System;

using System.Collections.Generic;

using System.Ling;

using System.Text;

using System.Threading. Tasks;

namespace railVIVID.Validation
public class ValidationResult

public List<ValidationlssueBasic> errors { get; private set; }

public List<ValidationlssueBasic> warnings { get; private set; }

public List<ValidationlssueBasic> semanticViolations { get;
private set; }

private railMLDocument document;

public ValidationResult(railMLDocument railMLDocument)

{

document = railMLDocument;

errors = new List<ValidationlssueBasic>();

warnings = new List<ValidationlssueBasic>();
semanticViolations = new List<ValidationlssueBasic>();

}

public void AddError(string description)

Addlssue(errors, description);

}

public void AddWarning(string description)

Addlssue(warnings, description);

}

public void AddError(int line, string description)

{
if (line != null && line > 0)
Addlssue(errors, line, description);

else Addlssue(errors, description);

}

public void AddWarning(int line, string description)

if (line !=null && line > 0)

Addlssue(warnings, line, description);

else AddlIssue(warnings, description);

}

public void AddSemanticWarning(int line, string description)
if (line !=null && line > 0)
Addlssue(semanticViolations, line, description);

else AddlIssue(semanticViolations, description);

}

private void Addlssue(List<ValidationlssueBasic> issues, string
description)
{
var existinglssue = issues.FirstOrDefault(issue =>
issue.description == description);
if (existinglssue == null)

ValidationlssueBasic newlssue = new
ValidationlssueBasic(description);
issues.Add(newlssue);
}
}

private void Addlssue(List<ValidationlssueBasic> issues, int
line, string description)

ValidationlssueDetailed existinglssue =
issues.FirstOrDefault(issue => issue.description == description) as
ValidationlssueDetailed;

if (existinglssue !=null)
{

existinglssue.AddLine(line, document);

}

else

ValidationlssueDetailed newlssue = new
ValidationlssueDetailed(line, description, document);
issues.Add(newlssue);
}
}
}
}
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1.11 Tekct baiiny

railVIVID.Validation.SemanticValidation

using System;

using System.Collections.Generic;
using System.Ling;

using System.Xml;

using System.Xml.Ling;

namespace railVIVID.Validation.SemanticValidation

public class SemanticValidator

{
private XDocument xDocument;
private ValidationResult validationResult;
private XNamespace ns;

public SemanticValidator() { }

public ValidationResult VValidate(XDocument xDocument, ref
ValidationResult result)

railMLNamespaces railMLNamespaces = new
railMLNamespaces();

ns =
railMLNamespaces.ldentifyRailMLNamespace(xDocument);

this.xDocument = xDocument;

this.validationResult = result;

checkStartEndOverlap();

CheckTT002();

CheckTTO003();

CheckTT004();

CheckTTO005();

CheckTTO006();

CheckTT009();

CheckTT012();

CheckTTO014();

CheckTT015();

CheckTTO016();

CheckTTO017();

ChecklS015();

return result;

}

int GetLineNumber(XElement element)

if (element is IXmlLinelnfo linelnfo &&
lineInfo.HasLinelnfo())

return linelnfo.LineNumber;
}

return -1;

}

private void checkStartEndOverlap()

CheckElementStartEndOverlap("TT:001", "timetablePeriod",
"timetable");

CheckElementStartEndOverlap("TT:018", "specialService",
“timetable");

CheckElementStartEndOverlap("C0:002",
"operatingPeriodRef", "timetable");

CheckElementStartEndOverlap(“C0:002", “operatingPeriod",

"timetable");

CheckElementStartEndOverlap("TT:019", "operatingDay",
"timetable");

CheckElementStartEndOverlap("C0O:002", “circulation",
"timetable");

CheckElementStartEndOverlap("C0:002", "blockPart",
"timetable"); //not yet done

CheckElementStartEndOverlap("RS:001", "designator",
"rollingstock");

SemanticValidator.cs MOJTYJIs

CheckElementStartEndOverlap("RS:002", "operator",
"rollingstock™);

CheckElementStartEndOverlap("RS:003", "owner",
"rollingstock™);

CheckElementStartEndOverlap("RS:004", "state",
"rollingstock");

CheckElementStartEndOverlap("1S:020/1S:021", "state",
"infrastructure");

CheckElementStartEndOverlap("C0:001", “designator",
"infrastructure™);

CheckElementStartEndOverlap("C0O:001", "designator",
"metadata”);

CheckElementStartEndOverlap("C0O:002", "phase”,
"metadata”);

}

private void CheckElementStartEndOverlap(string
semConName, string element, string type)
{
var elementList = xDocument.Descendants(ns + type)
.Descendants(ns + element);

checkStartEnd(semConName, elementList);

if ('new[] { "circulation", "blockPart", "operatingPeriod",
"operatingPeriodRef" }.Contains(element))

checkOverlaps(semConName, elementList, element, type);
}
}

private void checkStartEnd(string ssmConName,
IEnumerable<XElement> elementList)

foreach (var element in elementList)

if (IDateTimelSCorrect(element.Attribute("startDate™),
element.Attribute("endDate"),
element.Attribute("startTime"),
element.Attribute("endTime")))
{
XElement closestNodeWithld = ExtractNode(element);
int lineNumber = GetLineNumber(closestNodeWithld);

validationResult. AddSemanticWarning(lineNumber,
$"Violation of constraint {semConName} in
{element.Name.LocalName}. " +
$"Associated with
{closestNodeWithld.Name.LocalName} id =
{Extractld(element)}.");
3
}
}

private string Extractld(XElement element)

{

var id = element.Attribute("id")?.Value;
if (id !=null)

return id;
//If 'id" is not present, check the parent element recursively

return element.Parent != null ? Extractld(element.Parent) :
"unknown";

}

private XElement ExtractNode(XElement element)
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return element;

/Nf'id" is not present, check the parent element recursively
return element.Parent != null ? ExtractNode(element.Parent) :
element;

}

private void checkOverlaps(string semConName,
IEnumerable<XElement> elementList, string element, string type)

if (elementList.Count() > 0)
{
var parentNames = new
HashSet<string>(elementList.Select(e =>
e.Parent?.Name.LocalName));

ConflictType conflictType = element == "designator" ?
ConflictType.ConditionDateOverlap : ConflictType.DateOverlap;

foreach (var parentName in parentNames)

var overlappingNodes = CheckConflict(parentName,
element, type, conflictType);

foreach (var entry in overlappingNodes)
{
var pairList = entry.ToList();
var association = Extractld(pairList[0]) ==
Extractld(pairList[1])
? $"{ExtractNode(pairList[0]).Name.LocalName}
id = {Extractld(pairList[0])}"
: $"{ExtractNode(pairList[0]).Name.LocalName}
id = {Extractld(pairList[0])} as well as in
{ExtractNode(pairList[1]).Name.LocalName} id =
{Extractld(pairList[1])}";

int lineNumber = GetLineNumber(pairList[0]);

validationResult. AddSemanticWarning(lineNumber,
$"Violation of constraint {semConName} in
{pairList[0].Name.LocalName}. Associated with {association}. );

}
b

}

enum ConflictType

DateOverlap,
ConditionDateOverlap,
GradientPos

}

private HashSet<HashSet<XElement>> CheckConflict(string
parentName, string element,
string type, ConflictType
conflictType)

HashSet<HashSet<XElement>> overlaps = new
HashSet<HashSet<XElement>> ();

var parentNodes = xDocument.Descendants(ns +
type).Descendants(ns + parentName).ToList();

foreach (var searchContext in parentNodes)

{

var elements = searchContext.Descendants(ns +
element).ToList();

for (intj = 0; j < elements.Count; j++)

var nodeJ = elements[j];

for (int k = 0; k < elements.Count; k++)

if '=Kk)

{
var nodeK = elements[k];
bool result = false;

switch (conflictType)

case ConflictType.DateOverlap:
result = DateTimeOverlap(nodeJ, nodeK);
break;

case ConflictType.GradientPos:
result = PosOverlap(nodeJ, nodeK);
break;

case ConflictType.ConditionDateOverlap:
result = ConditionDate TimeOverlap(nodeJ,

nodeK);
break;
}

if (result)

var pair = new HashSet<XElement> { nodeJ,
nodeK };
overlaps.Add(pair);

}
}
}
}

return overlaps;

}

private bool DateTimeOverlap(XElement firstElement,
XElement secondElement)

string fStartDateStr =
firstElement.Attribute("startDate")?.Value;
string fEndDateStr =
firstElement.Attribute("endDate™)?.Value;
string fStartTimeStr =
firstElement. Attribute("'startTime")?.Value;
string fEndTimeStr =
firstElement. Attribute("endTime")?.Value;

string sStartDateStr =
secondElement. Attribute("startDate")?.Value;
string SEndDateStr =
secondElement.Attribute("endDate™)?.Value;
string sStartTimeStr =
secondElement.Attribute("startTime")?.Value;
string SEndTimeStr =
secondElement.Attribute("endTime")?.Value;

if (fStartDateStr != null && fEndDateStr != null &&
fStartTimeStr != null && fEndTimeStr != null &&
sStartDateStr != null && sEndDateStr != null &&
sStartTimeStr != null && sEndTimeStr != null)

DateTime combinedFStart =
DateTime.Parse($"{fStartDateStr} {fStartTimeStr}");
DateTime combinedFEnd =
DateTime.Parse($"{fEndDateStr} {fEndTimeStr}");
DateTime combinedSStart =
DateTime.Parse($"{sStartDateStr} {sStartTimeStr}");
DateTime combinedSEnd =
DateTime.Parse($"{sEndDateStr} {sEndTimeStr}");

return combinedFStart < combinedSEnd &&
combinedFENd > combinedSStart;

}
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else if (fStartDateStr != null && fEndDateStr != null &&
sStartDateStr != null && sEndDateStr != null)
{
DateTime fStartDate = DateTime.Parse(fStartDateStr);
DateTime fEndDate = DateTime.Parse(fEndDateStr);
DateTime sStartDate = Date Time.Parse(sStartDateStr);
DateTime sEndDate = DateTime.Parse(sEndDateStr);

return fStartDate <= sEndDate && fEndDate >=
sStartDate;

else return false;

}

private bool PosOverlap(XElement firstElement, XElement
secondElement)

int firstPos = int.Parse(firstElement.Attribute("pos")?.Value);

int secondPos =
int.Parse(secondElement.Attribute("pos")?.Value);

return firstPos == secondPos;

}

private bool ConditionDateTimeOverlap(XElement
firstElement, XElement secondElement)

string firstRegister =
firstElement. Attribute("register")?.Value;

string secondRegister =
secondElement.Attribute("'register")?.Value;

if (string.Equals(firstRegister, secondRegister))

return DateTimeOverlap(firstElement, secondElement);

else return false;

}

private bool DateTimelSCorrect(XAttribute startDateNode,
XAttribute endDateNode,
XAttribute startTimeNode, XAttribute
endTimeNode)
{
DateTime startDate;
DateTime startTime;
DateTime endDate;
DateTime endTime;
if (startDateNode != null && endDateNode != null &&
startTimeNode != null && endTimeNode != null)

startDate = DateTime.Parse(startDateNode. Value);

startTime = DateTime.Parse(startTimeNode.Value);

DateTime combinedStart =
startDate.Date.Add(startTime. TimeOfDay);

endDate = DateTime.Parse(endDateNode.Value);
endTime = DateTime.Parse(endTimeNode.Value);
DateTime combinedEnd =
endDate.Date.Add(endTime.TimeOfDay);

return combinedEnd >= combinedStart;

}

else if (startDateNode != null && endDateNode != null)
startDate = DateTime.Parse(startDateNode.Value);
endDate = DateTime.Parse(endDateNode.Value);
return endDate >= startDate;

3
else if (startTimeNode != null && endTimeNode != null)

{
int line;
if (startDateNode is IXmlLinelnfo linelnfo)
line = lineInfo.LineNumber;
}

else

line =-1;

validationResult. AddWarning(line, "Start and end times
provided without dates!");
return false;
}

else return true;

}

/IChecks if the attribute sequence of ocpTT is increasing
according to the train path./
private void CheckTT002()

{
int firstSequenceValue;
string secondSequenceValue;

var trainParts = xDocument.Descendants(ns + “timetable")
.Descendants(ns + "trainPart");

foreach (var trainPart in trainParts)
{

var ocpTTs = trainPart.Descendants()

.Where(e => (e.Name.LocalName == "ocpTT" &&
(e.Parent?.Name.LocalName == "ocpsTT" ||
e.Parent == trainPart))).ToList();
for (intj = 0; j <ocpTTs.Count - 1; j++)

//Get the sequence attributes of the current and next
ocpTT elements

XAttribute firstSequence =
ocpTTs[j].Attribute("sequence™);

XAttribute secondSequence = ocpTTs[j +
1].Attribute("'sequence");

if (firstSequence != null && secondSequence != null)

/[Parse the sequence values
firstSequenceValue = int.Parse(firstSequence.Value);
secondSequenceValue = secondSequence.Value;

/ICheck if the first sequence is greater than or equal to
the second

if (firstSequenceValue >=
int.Parse(secondSequenceValue))

int lineNol = GetLineNumber(ocpTTs[j]);
int lineNo2 = GetLineNumber(ocpTTs[j+1]);
string message = $"Violation of constraint TT:002
in trainPart id = {trainPart.Attribute("id")?.Value}. " +
$"First ocpTT sequence =
{firstSequence.Value}, " +
$"ocpRef =
{ocpTTs[j].Attribute("ocpRef")?.Value}; " +
$"second ocpTT sequence =
{secondSequence.Value}, ocpRef = {ocpTTs[j +
1].Attribute("ocpRef")?.Value}.";

validationResult. AddSemanticWarning(lineNo1,
message);

validationResult. AddSemanticWarning(lineNo2,
message);

}
}

/IChecks that there are no two <gradientChange> belonging to
the same track with the same @pos attribute

Iprivate void checklS019()

11
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/I var overlapingNodes = CheckConflict("gradientChanges",
"gradientChange",

1 "infrastructure”, ConflictType.GradientPos);
/I foreach (var entry in overlapingNodes)
1

1 List<XElement> pairList = new List<XElement>(entry);

1
validationResult. AddSemanticWarning(GetLineNumber(pairList[0]),

1 $"Violation of constraint 1S:019 in
{pairList[0].Name.LocalName}. " +

i $"Associated with
{ExtractNode(pairList[0]).Name.LocalName} id =
{Extractld(pairList[0])}" +

i $"as well as in
{ExtractNode(pairList[1]).Name.LocalName}" +

1 $"id = {Extractld(pairList[1])}. First occurrences : ");
I}

I}y

private void CheckTT014()

{

var ocpTTs = xDocument.Descendants(ns + "timetable™)
.Descendants(ns + "ocpTT")
.Where(e => (string)e.Attribute("ocpType") ==
"pass")
.ToList();
/Iwe need to check that if the ocpType is pass only the
departure time is specified in times
foreach (var ocpTT in ocpTTs)

var times = ocpTT.Elements(ns + "times");
if ('times.Any())
{

continue;

}

foreach (var time in times)
if (time.Attribute("arrival") != null)

int lineNo = GetLineNumber(ocpTT);

validationResult. AddSemanticWarning(lineNo,
$"Violation of constraint TT:014 in ocpTT, associated with " +

$"{ExtractNode(ocpTT).Name.LocalName} id =

{Extractld(ocpTT)}.");

break;

3
}
}
3

private void CheckTT012()
{
var trainParts = xDocument

.Descendants(ns + “timetable")
.Descendants(ns + “trainPart")
.Where(e => e.Descendants(ns + "ocpsTT")
.Descendants(ns + "ocpTT")
.Descendants(ns + “times")
Any(t => (string)t.Attribute("scope™) == "actual™))
.ToList();

var operatingPeriods = xDocument
.Descendants(ns + “timetable")
.Descendants(ns + “operatingPeriods")
.ToList();

if (loperatingPeriods.Any())

return;

}

var operatingPeriodsNode = operatingPeriods.First();

/Imake sure that for each trainPart the reference
operatingPeriodRef refers to an operatingPeriod, that has only a
single day selected

//s0 either the bitmask only has a single zero, or startdate and
enddate are specified like this or a single date is specified for
specialService

foreach (var trainPart in trainParts)

{

var operatingPeriodRef = trainPart
.Descendants(ns + "operatingPeriodRef")
.FirstOrDefault();

if (operatingPeriodRef == null)

{

continue;
}
var reference =
operatingPeriodRef.Attribute("ref")?.Value;
var operatingPeriod = operatingPeriodsNode
.Descendants(ns + "operatingPeriod")
.FirstOrDefault(op => (string)op.Attribute("id") ==
reference);

var bitmask =
DetermineBitmaskOfOperatingPeriod(operatingPeriod);

if (bitmask == null)
continue;
}
if (bitmask.Count(ch => ch =="1") 1= 1)

int lineNo = GetLineNumber(trainPart);
validationResult. AddSemanticWarning(lineNo,
$"Violation of constraint TT:012 in trainPart id =
{Extractld(trainPart)}");
}

}
}

private string DetermineBitmaskOfOperatingPeriod(XElement
operatingPeriod)

string opBitmask;
if (operatingPeriod.Attribute("bitMask™) 1= null)
{

opBitmask = operatingPeriod.Attribute("bitMask").Value;
}

else

{

opBitmask = GenerateBitmask(operatingPeriod);

return opBitmask;

}

private string GenerateBitmask(XElement operatingPeriod)
{
string opBitmask;
/Ino bitmask available. we need to assemble it using timetable
period and special service
var timetablePeriods = xDocument
.Descendants(ns + “timetable™)
.Descendants(ns + “timetablePeriod")
.ToList();

var startDateNode =
timetablePeriods.First().Attribute("startDate");

var endDateNode =
timetablePeriods.First().Attribute("endDate");

if (startDateNode == null || endDateNode == null)

/Iwe cannot work with this.
return null;
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}

var startDate = Date Time.Parse(startDateNode.Value);

var endDate = DateTime.Parse(endDateNode.Value);

/ffind out how many days are in between

var days = (endDate - startDate).Days;

/lcreate a string with that many 0s

opBitmask = new string('0', days);

/Inow we need to check startDate and endDate of the
operatingPeriod

var opStartDateNode =
operatingPeriod.Attribute("startDate");

var opEndDateNode = operatingPeriod.Attribute("endDate™);

if (opStartDateNode != null && opEndDateNode != null)

/Imark the days of the bitmask that are indicated by
opStartDate and opEndDate as 1s

var opStartDate =
DateTime.Parse(opStartDateNode.Value);

var opEndDate = DateTime.Parse(opEndDateNode.Value);

var opStart = (opStartDate - startDate).Days;

var opEnd = (opEndDate - startDate).Days;

opBitmask = opBitmask.Substring(0, opStart) + new
string('1', opEnd - opStart) + opBitmask.Substring(opEnd);

}

/Inow we need to check the special services

var specialServices = operatingPeriod
.Descendants(ns + "specialService")
.Where(s => (string)s.Attribute("type") == "include™)
.ToList();

/Ifor each special service we need to mark the days as 1s
foreach (var specialService in specialServices)

var specialStartDateNode =
specialService.Attribute("'startDate™);

var specialEndDateNode =
specialService.Attribute("endDate");

if (specialStartDateNode != null && specialEndDateNode
1=null)

{
var specialStartDate =
DateTime.Parse(specialStartDateNode.Value);
var specialEndDate =
DateTime.Parse(specialEndDateNode.Value);
var specialStart = (specialStartDate - startDate).Days;
var specialEnd = (specialEndDate - startDate).Days;
opBitmask = opBitmask.Substring(0, specialStart) + new
string('1', specialEnd - specialStart) +
opBitmask.Substring(specialEnd);
}

else

//if no startdate and enddate are specified there still may
be a singleDate attribute be specified
var singleDateNode =
specialService.Attribute("singleDate");
if (singleDateNode != null)
{
var singleDate =
DateTime.Parse(singleDateNode.Value);
var singleDay = (singleDate - startDate).Days;
opBitmask = opBitmask.Substring(0, singleDay) +
"1" + opBitmask.Substring(singleDay + 1);

}
}

return opBitmask;

}

//Not tested, as no examples were found and constraint
description is unclear

private void CheckTT006()
{

var ocpTTs = xDocument
.Descendants(ns + “timetable™)
.Descendants(ns + "ocpTT")
.ToList();

foreach (var ocpTT in ocpTTs)

var ocpTypeAttr = ocpTT.Attribute("ocpType");
if (ocpTypeAttr == null)
{

continue; //if there is no ocpType, no need to check

}
if (ocpTypeAttr.Value == "pass")
if (1CheckTT006Pass(ocpTT))

int lineNo = GetLineNumber(ocpTT);
validationResult. AddSemanticWarning(lineNo,
$"Violation of constraint TT:006 in trainPart id =
{Extractld(ocpTT)}.");
}

}

else

if (!CheckTT006Stop(ocpTT))

{
int lineNo = GetLineNumber(ocpTT);

validationResult. AddSemanticWarning(lineNo,
$"Violation of constraint TT:006 in trainPart id =
{Extractld(ocpTT)}.");
}

}
}
}

private bool CheckTT006Stop(XElement ocpTT)
{

var stopDescription = ocpTT
.Elements(ns + "stopDescription™)
.FirstOrDefault();

if (stopDescription == null)

return true;

}

if (stopDescription.Attribute(“guaranteedPass") != null)

return false;

}

bool commercial = true;

var commercial Attr =
stopDescription.Attribute(*commercial”);

if (commercialAttr != null)

{
}

if (commercial)

commercial = bool.Parse(commercial Attr.Value);

if (stopDescription.Attribute("operationalStopOrdered") !=
null)

return false;

b
}

return true;

}
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private bool CheckTT006Pass(XElement ocpTT)
{

var stopDescription = ocpTT
.Elements(ns + "stopDescription™)
.FirstOrDefault();

if (stopDescription == null)

return true;

}

if (stopDescription.Attribute(""commercial™) != null)

return false;

}
if (stopDescription.Attribute("onOff") != null)

return false;
if (stopDescription.Attribute("'stopOnRequest™) != null)
return false;

if (stopDescription.Attribute("operationalStopOrdered") !=
null)

return false;

}

return true;

}
private void CheckTT003()

var blockParts = xDocument
.Descendants(ns + "blockPart")
.ToList();

foreach (var blockPart in blockParts)
{
var mission = blockPart.Attribute("mission");
if (mission == null) continue; //No mission, no need to
check

var missionValue = mission.Value;
string cause = string.Empty;
bool violationDetected = missionValue switch

"timetable™ => ICheckTT003Timetable(blockPart, ref
cause),

"fullRun" or "emptyRun" =>
1Check TTO03FullEmptyRun(blockPart, ref cause),

_ => ICheckTT0030ther(blockPart, ref cause)

¥
if (violationDetected)

int lineNo = GetLineNumber(blockPart);
validationResult. AddSemanticWarning(lineNo,
$"Violation of constraint TT:003 in blockPart id =
{blockPart.Attribute("id").Value}. " +
$"Reason: {cause} when 'mission’ is
{missionValue}");

1
}

private bool CheckTT0030Other(XElement blockPart, ref string
cause)

/ltrainPartRef must not be set

var trainPartRef = blockPart.Attribute("trainPartRef");
if (trainPartRef != null)

{

cause = "'trainPartRef' should not be set";

return false;

}

//startOcpRef and endOcpRef must be set and must be the
same

var startOcpRef = blockPart. Attribute("startOcpRef");

var endOcpRef = blockPart.Attribute("endOcpRef");

if (startOcpRef == null || endOcpRef == null ||
startOcpRef.Value != endOcpRef.Value)

{
cause = "'startOcpRef' and 'endOcpRef' must be set and
must be the same";
return false;
}

//begin and end must be set

var begin = blockPart.Attribute("'begin");
var end = blockPart.Attribute("end");

if (begin == null || end == null)

cause = "begin’ and 'end' must be set";
return false;

}

return true;

}

private bool CheckTTO03FullEmptyRun(XElement blockPart,
ref string cause)
{
var trainPartRef = blockPart.Attribute("trainPartRef");
if (trainPartRef != null)
{
cause = "trainPartRef' should not be set";
return false;

}

[[for this, startOcpRef and endOcpRef must be set

var startOcpRef = blockPart. Attribute("startOcpRef");
var endOcpRef = blockPart.Attribute("endOcpRef");
if (startOcpRef == null || endOcpRef == null)

{

cause = "'startOcpRef' and 'endOcpRef' must be set";
return false;

}

//begin and end need to be set as well
var begin = blockPart.Attribute("begin™);
var end = blockPart.Attribute(""end");
if (begin == null || end == null)
cause = "'begin’ and 'end' must be set";
return false;

}

return true;

}

private bool CheckTT003Timetable(XElement blockPart, ref
string cause)
{
var trainPartRef = blockPart.Attribute("trainPartRef");
if (trainPartRef == null)
{
cause = "trainPartRef' should be set";
return false;

}

/Inow we need to check if startOcpRef and endOcpRef are not
set or if they are, if they are without contradiction to the referenced
trainPart

var startOcpRef = blockPart. Attribute("startOcpRef");

var endOcpRef = blockPart.Attribute("endOcpRef");

/Isame goes for beginDay and endDay, begin and end time

var beginDay = blockPart.Attribute("beginDay");
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var endDay = blockPart.Attribute("endDay");

var beginTime = blockPart.Attribute("begin");

var endTime = blockPart.Attribute("end");

/ast but not least runLength needs to be checked
var runLength = blockPart.Attribute("'runLength");

if (startOcpRef == null && endOcpRef == null &&
beginDay == null && endDay == null && beginTime == null &&
endTime == null)
{
return true;

}

/lif they are specified, they must not contradict the referenced
trainPart
var trainParts = xDocument
.Descendants(ns + "timetable")
.Descendants(ns + “trainPart")
.Where(tp => (string)tp.Attribute("id") ==
trainPartRef.Value)
.ToList();

if ("trainParts.Any())
{

throw new InvalidOperationException($"trainPart
{trainPartRef.Value} referenced by blockPart
{blockPart.Attribute("id").Value} not found");

var trainPart = trainParts.First();

var trainPartOcpTTs = trainPart
.Descendants(ns + "ocpsTT")
.Descendants(ns + "ocpTT")
.ToList();

var trainPartStart = trainPartOcpTTs.First();

var trainPartEnd = trainPartOcpTTs.Last();

var isEndPass = trainPartEnd.Attribute("ocpType™)?.Value
== "pass";

if (startOcpRef != null &&
trainPartStart. Attribute("ocpRef")?.Value != startOcpRef.Value)
{
cause = "'startOcpRef' must be empty or without
contradiction to referenced trainPart";
return false;
}

if (endOcpRef = null &&
trainPartEnd.Attribute("ocpRef")?.Value != endOcpRef.Value)
{
cause = "'endOcpRef' must be empty or without
contradiction to referenced trainPart";
return false;
}

var trainPartBeginTime = trainPartStart
.Descendants(ns + “times")
.FirstOrDefault(t => (string)t.Attribute("scope") ==
"scheduled");

var trainPartEndTime = trainPartEnd
.Descendants(ns + “times")
.FirstOrDefault(t => (string)t.Attribute(*scope") ==
"scheduled");

if (trainPartBeginTime != null && beginTime != null &&
trainPartBeginTime.Attribute("departure")?.Value !=
beginTime.Value)

{
cause = ""begin' must be empty or without contradiction to
referenced trainPart";
return false;
}

string compareValue;
if (isEndPass)

{
compareValue =
trainPartEndTime?.Attribute("departure™)?.Value;
}

else

compareValue =
trainPartEndTime?.Attribute("arrival™)?.Value;

}

if (trainPartEndTime != null && endTime != null &&
compareValue != endTime.Value)

{
cause = "end' must be empty or without contradiction to
referenced trainPart™;
return false;
}

/Icheck of operating days is not included as it is far too
complicated.

/lrunLength is not checked as it is not clear what it should be
checked against

return true;

}
private void CheckTTO005()

CheckFormationRefAndVehicleRef("TT:005", “rostering",
"timetable");

}
private void CheckTT004()

CheckFormationRefAndVehicleRef("*TT:004", "blockPart",
"timetable");

}

private void CheckFormationRefAndVehicleRef(string
constraintName, string element, string type)

var blockParts = xDocument
.Descendants(ns + type)
.Descendants(ns + element)
.ToList();

foreach (var blockPart in blockParts)

var vehicleRef = blockPart. Attribute("vehicleRef");
var formationRef = blockPart.Attribute("formationRef");

if (vehicleRef != null && formationRef != null)

var blockPartld = blockPart.Attribute("id")?.Value;

int lineNo = GetLineNumber(blockPart);

validationResult. AddSemanticWarning(lineNo,
$"Violation of constraint {constraintName} in {element}, id =
{blockPartld}.");

3
}
}

private void CheckTT009()
{
var ocpTTs = xDocument
.Descendants(ns + "timetable™)
.Descendants(ns + "ocpTT")
\Where(ocpTT =>ocpTT
.Descendants(ns + "stopDescription")
.Elements(ns + "trackInfo")
Any(trackInfo =>
trackInfo.Attribute("operatingPeriodRef") 1= null))

.ToList();
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var operatingPeriods = xDocument
.Descendants(ns + “timetable")
.Elements(ns + "operatingPeriods")
.ToList();

if (loperatingPeriods.Any()) return; //nothing to check
var operatingPeriodsNode = operatingPeriods.First();

foreach (var ocpTT in ocpTTs)
{
var trainPart = ocpTT.Parent?.Parent;
var operatingPeriodRefNode = trainPart?.Elements(ns +
"operatingPeriodRef").FirstOrDefault();

string trainPartBitMask = "";
if (operatingPeriodRefNode != null)
{

var reference =
operatingPeriodRefNode.Attribute("ref")?.Value;
var operatingPeriod = operatingPeriodsNode
.Descendants(ns + "operatingPeriod")
.FirstOrDefault(op => op.Attribute("id")?.Value ==
reference);

trainPartBitMask =
DetermineBitmaskOfOperatingPeriod(operatingPeriod);

if (trainPartBitMask == null) continue; //no need to
check

}

var trackInfos = ocpTT
.Descendants(ns + "stopDescription")
.Elements(ns + "trackinfo")
.Where(trackInfo =>
trackInfo.Attribute(""operatingPeriodRef") != null)
.ToList();

var listOfTrackInfoBitmask = new List<string>();
foreach (var tracklInfo in trackinfos)

{
var operatingPeriodRef =
tracklInfo.Attribute(""operatingPeriodRef");
var operatingPeriod = operatingPeriodsNode
.Descendants(ns + “operatingPeriod™)
.FirstOrDefault(op => op.Attribute("id")?.Value ==
operatingPeriodRef?.Value);

if (operatingPeriod == null) continue; //no need to check

var trackInfoBitmask =
DetermineBitmaskOfOperatingPeriod(operatingPeriod);

if (trackInfoBitmask == null) continue; //no need to
check

if (trackInfoBitmask.Length !=
trainPartBitMask.Length)

int lineNo = GetLineNumber(trackInfo);

validationResult. AddSemanticWarning(lineNo,
$"Violation of constraint TT:009 in trainPart id =
{Extractld(trainPart)}.");

continue;

}

for (int k = 0; k < trackInfoBitmask.Length; k++)

if (trackInfoBitmask[k] =='1' &&
trainPartBitMask[K] == '0")

int lineNo = GetLineNumber(trackInfo);

validationResult. AddSemanticWarning(lineNo,
$"Violation of constraint TT:009 in trainPart id =
{Extractld(trainPart)}.");

break;

}
}

listOfTrackInfoBitmask.Add(trackInfoBitmask);
}

/ICheck for overlapping of the trackinfo bitmasks
for (intj = 0; j < listOf TrackInfoBitmask.Count; j++)

for (intk =j + 1; k < listOf TrackInfoBitmask.Count;

{
var bitmask1 = listOfTrackInfoBitmask([j];

var bitmask2 = listOfTrackInfoBitmask[K];

k++)

for (int 1 = 0; | < bitmask1.Length; I++)
if (bitmask1[l] =="1' && bitmask2[l] =='1")
{

int lineNo = GetLineNumber(trainPart);

validationResult. AddSemanticWarning(lineNo,
$"Violation of constraint TT:009 in trainPart id =
{Extractld(trainPart)}.");

break;

private void CheckTT015()

Ilcreate lookuptable of trainParts
Dictionary<string, XElement> trainPartLookup = new
Dictionary<string, XElement>();

{
var trainParts = xDocument.Descendants(ns +
"timetable™).Descendants(ns + “trainPart").ToL.ist();
foreach (var trainPart in trainParts)

trainPartLookup.Add(trainPart.Attribute("id").Value,
trainPart);

}

var trains = xDocument.Descendants(ns +
"timetable™).Descendants(ns + “train").ToList();
foreach (var train in trains)

{
var trainPartSequence = train.Descendants(ns +
"trainPartSequence").ToList();
if (trainPartSequence.Count() < 2)
continue; //nothing to do here
var previousTrainPartRefs =
trainPartSequence.First().Descendants(ns + "trainPartRef").Select(tp
=> tp.Attribute("'ref").Value).ToList();
var previousTrainParts = previousTrainPartRefs.Select(tp
=> trainPartLookup[tp]). ToList();
foreach (var tps in trainPartSequence.Skip(1))
{
var currentTrainPartRefs = tps.Descendants(ns +
"trainPartRef").Select(tp => tp.Attribute("ref").Value).ToList();
var currentTrainParts = currentTrainPartRefs.Select(tp
=> trainPartLookup[tp]). ToList();
foreach (var currentTrainPart in currentTrainParts)

var firstOcpTT = currentTrainPart.Descendants(ns +
"ocpTT").FirstOrDefault();

foreach (var firstTimes in firstOcpTT.Descendants(ns
+ "times"))

if (firstTimes.Attribute("arrival™) == null)

{
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continue; // it is optional, so if its not given then
we dont need to check anything

var firstScope =
firstTimes.Attribute("scope™)?.Value;

var previousTrainPartsRelevantTimes =
currentTrainParts.SelectMany(tp =>

tp.Descendants(ns +
"ocpTT").Last().Descendants(ns + "times")
\Where(t => t.Attribute(*scope")?.Value ==

firstScope)).ToList();

if (IpreviousTrainPartsRelevantTimes.Any() &&
firstScope == "published")
{

previousTrainPartsRelevantTimes =
currentTrainParts.SelectMany(tp =>
tp.Descendants(ns +
"ocpTT").Last().Descendants(ns + “times")
.Where(t => t.Attribute("'scope")?.Value ==
"scheduled")).ToList();
}

if (IpreviousTrainPartsRelevantTimes.Any())

continue; //no relevant times in next trainPart,
nothing to compare

var currentArrival =
firstTimes.Attribute("arrival").Value;
foreach (var previousTimes in
previousTrainPartsRelevantTimes)
{
var previousArrival =
previousTimes.Attribute("arrival").Value;
if (currentArrival != previousArrival)

int lineNol = GetLineNumber(firstTimes);
int lineNo2 =
GetLineNumber(previousTimes);
string message = $"Violation of constraint
TT:015 between trainPart id = {Extractld(currentTrainPart)} " +
$"and trainPart id =
{Extractld(previousTimes.Parent.Parent)}.";

validationResult. AddSemanticWarning(lineNo1, message);

validationResult. AddSemanticWarning(lineNo2, message);
}
}
}
P _
previousTrainParts = currentTrainParts;
}
}

}
private void CheckTT016()

/[create lookuptable of trainParts
Dictionary<string, XElement> trainPartLookup = new
Dictionary<string, XElement>();

var trainParts = xDocument.Descendants(ns +
"timetable").Descendants(ns + "trainPart™). ToList();
foreach (var trainPart in trainParts)

trainPartLookup.Add(trainPart.Attribute("id").Value,
trainPart);
}
}

var trains = xDocument.Descendants(ns +
"timetable™).Descendants(ns + “train").ToList();
foreach (var train in trains)

{

var trainPartSequence = train.Descendants(ns +
"trainPartSequence").ToList();

if (trainPartSequence.Count() < 2)

continue; //nothing to do here

var currentTrainPartRefs =
trainPartSequence.First().Descendants(ns + "trainPartRef").Select(tp
=> tp.Attribute("'ref").Value).ToList();

var currentTrainParts = currentTrainPartRefs.Select(tp =>
trainPartLookup[tp]). ToList();

foreach (var tps in trainPartSequence.Skip(1))

var nextTrainPartRefs = tps.Descendants(ns +
"trainPartRef").Select(tp => tp.Attribute("ref").Value).ToList();

var nextTrainParts = nextTrainPartRefs.Select(tp =>
trainPartLookup[tp]). ToList();

foreach (var currentTrainPart in currentTrainParts)

var lastOcpTT = currentTrainPart.Descendants(ns +
"ocpTT").LastOrDefault();

foreach (var lastTimes in lastOcpTT.Descendants(ns +
"times"))

if(lastTimes.Attribute("departure™) == null)
{
continue; // it is optional, so if its not given then
we dont need to check anything

var lastScope =
lastTimes.Attribute("scope™)?.Value;

var nextTrainPartsRelevantTimes =
nextTrainParts.SelectMany(tp =>

tp.Descendants(ns +
"ocpTT").First().Descendants(ns + "times")
.Where(t => t.Attribute("scope")?.Value ==

lastScope)).ToList();

if(InextTrainPartsRelevantTimes.Any() &&
lastScope == "published")

{

nextTrainPartsRelevantTimes =
nextTrainParts.SelectMany(tp =>
tp.Descendants(ns +
"ocpTT").First().Descendants(ns + "times")
\Where(t => t.Attribute(*scope”)?.Value ==
"scheduled™)).ToList();
}

if (InextTrainPartsRelevantTimes.Any())
{
continue; //no relevant times in next trainPart,
nothing to compare

var currentDeparture =
lastTimes.Attribute("departure™).Value;

foreach (var nextTimes in
nextTrainPartsRelevantTimes)

var nextDeparture =
nextTimes.Attribute("departure™).Value;
if (currentDeparture != nextDeparture)

int lineNol = GetLineNumber(lastTimes);
int lineNo2 = GetLineNumber(nextTimes);
string message = $"Violation of constraint
TT:016 between trainPart id = {Extractld(currentTrainPart)} " +
$"and trainPart id =
{Extractld(nextTimes.Parent.Parent)}.";

validationResult. AddSemanticWarning(lineNo1, message);

validationResult. AddSemanticWarning(lineNo2, message);

}
}
}

currentTrainParts = nextTrainParts;

}
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b
}

private void CheckTT017()

//Getting all ocpTTs
var ocpTTs = xDocument.Descendants(ns +
"timetable").Descendants(ns + "ocpTT").ToList();

/ILoop through each ocpTT, getting all connections and
checking if referenced trainPartRef and trainRef reference each other
foreach (var ocpTT in ocpTTs)
{
var connections = ocpTT.Descendants(ns +
"connection™).ToList();

foreach (var connection in connections)

//Getting the id of the referenced trainPart
var trainPartIDTarget =
connection.Attribute("trainPartRef")?.Value;

if(trainPartIDTarget != null)
{
/IGetting the id of the referenced train
var trainlD = connection.Attribute("trainRef")?.Value;

/£ there is no train referenced, it's a violation
if (trainlD == null)

int lineNo = GetLineNumber(connection);
XElement trainPart = ocpTT.Parent?.Parent;
validationResult. AddSemanticWarning(lineNo,
$"Violation of constraint TT:017 in " +
$"trainPart id = {Extractld(trainPart)}.
<connection> has @trainPartRef, but no @trainRef.");
continue;

}

//Getting the actual train that was referenced
XElement train = xDocument.Descendants(ns +
"train")
.FirstOrDefault(e => (string)e.Attribute("id") ==
trainlD);

//Getting all the referenced train parts in the train

var trainPartRefs = train.Descendants(ns +
“trainPartRef"). ToList();

bool trainPartFound = false;

foreach(var trainPartRefElement in trainPartRefs)
{
var trainPartID =
trainPartRefElement.Attribute("ref")?.Value;
if(trainPartID == trainPartIDTarget)
{

trainPartFound = true;

}

if (!trainPartFound)

int lineNo_ = GetLineNumber(connection);
XElement trainPart_ = ocpTT.Parent?.Parent;
validationResult. AddSemanticWarning(lineNo_,
$"Violation of constraint TT:017 in " +
$"trainPart id = {Extractld(trainPart_)}.
<trainPart> referenced by @trainPartRef in <connection>" +
$"doesn't reference same <train> as referenced in
@trainRef.");
}
}
}

}
private void ChecklS015()

//Getting all ocps parts
var ocpsWithParent = xDocument.Descendants(ns +
"infrastructure™).Descendants(ns + "ocp")
\Where(e => e.Attribute("parentOcpRef") != null).ToList();
HashSet<string> foundCircles = new HashSet<string>();

foreach(XElement ocp in ocpsWithParent)
{
bool checkedAllParents = false;
string ocpID = ocp.Attribute("id")?.Value;
var ocpcurrent = ocp;
do

//Getting the id of the parent ocp
var parentOcplD =

ocpcurrent.Attribute("parentOcpRef")?.Value;
if (parentOcplD != null)

//Getting the actual parent ocp that was referenced

XElement parentOcp =
ocpsWithParent.FirstOrDefault(e => (string)e.Attribute("id") ==
parentOcplD);

if (parentOcp != null)

INf parent ocp also references some parent ocp,
make sure it is not descendant ocp that already references it to avoid
circle

var parent_parentOcpID =
parentOcp.Attribute("parentOcpRef")?.Value;

if (parent_parentOcpID != null)

if (ocpID == parent_parentOcpID)

/IChecking if these ocps were not already
found in reversed order

string pairkey = $"{parentOcpID}-{ocpID}";

if (foundCircles.Contains(pairKey) &&
IfoundCircles.Contains(pairKey))

pairKey = $"{ocplD}-{parentOcpID}";

foundCircles.Add(pairKey);

int lineNol = GetLineNumber(ocp);

int lineNo2 = GetLineNumber(parentOcp);

string message = $"Violation of constraint
1S:015 between <ocp> id = {ocplD} and <ocp> id =
{parentOcplD}.";

validationResult.AddSemanticWarning(lineNo1, message);

validationResult. AddSemanticWarning(lineNo2, message);

}
checkedAllParents = true;

}

else

{
ocpcurrent = parentOcp;

}

}
Yelse checkedAllParents = true;
}
} while (!checkedAllParents);
}
}
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1.12 Tekct daitny ExtensionElement.cs moayns railVIVID.Validation.Extensions

using System;
namespace railVIVID.Validation.Extensions
public class ExtensionElement

public string Name { get; set; }
public int Position { get; set; }
public bool Validated { get; set; }

public ExtensionElement(string name, int position, bool
validated)
{
Name = name;
Position = position;
Validated = validated;
}

public override bool Equals(object obj)
if (obj is ExtensionElement other)

return this.Name == other.Name &&
this.Position == other.Position;

return false;

}

public override int GetHashCode()

return HashCode.Combine(Name, Position);
}
}
}

1.13 Tekct daitny rail MLEXtensions.cs moayas railVIVID.Validation.Extensions

using System;

using System.Collections.Generic;
using System.Diagnostics;

using System.Ling;

using System.Text;

using System.Threading. Tasks;
using System.Xml;

using System.Xml.Ling;

namespace railVIVID.Validation.Extensions

/Il <summary>
/Il Class for finding all extension schemas and their
elements/attributes
[l </summary>
public class railMLExtensions
{
public event EventHandler<int> ProgressUpdated,;
public Dictionary<string, Tuple<string,
HashSet<ExtensionElement>>> Extensions { get; private set; }

private List<string> StandardNamespaces = new List<string>()

"http://purl.org/dc/elements/1.1/",
"http://www.w3.0rg/XML/1998/namespace”,
"http://www.w3.0rg/1998/Math/MathML",
"http://iwww.w3.0rg/2001/XMLSchema-instance"

%

Il <summary>

/Il Finds and adds to Extensions list all the attributes/elements
that extend the railML file

Il </[summary>

Il <param name="xDocument"></param>

/Il <param name="schemal ocations"></param>

public void FindAndSetExtensions(XDocument xDocument,
Dictionary<string, string> schemaLocations)

SchemaControl schemaControl = new SchemaControl();

if (schemaLocations == null)

{

schemaControl.SetAllSchemas(xDocument);
schemaLocations = schemaControl.SchemaL ocations;

}

Extensions = new Dictionary<string, Tuple<string,
HashSet<ExtensionElement>>>();
Prevalidation prevalidation = new Prevalidation();

var standardNamespaces = new
HashSet<string>(railMLNamespaces.StandardRailMLNamespaces.C
oncat(this.StandardNamespaces));

//Get all namespaces in the document (elements and
attributes)
var allNamespaces = xDocument.Root.DescendantsAndSelf()
.Select(e => e.Name.NamespaceName)

.Concat(xDocument.Root.DescendantsAndSelf().Attributes()
\Where(a => a.IsNamespaceDeclaration == false)
.Select(a => a.Name.NamespaceName))
.Distinct().Where(ns => !string.ISNullOrEmpty(ns));

/IFilter out the standard namespaces to identify extensions
var extensionNamespaces = allNamespaces.Where(ns =>
IstandardNamespaces.Contains(ns)). ToList();

foreach (var ns in extensionNamespaces)

{
var schema = schemalocations.ContainsKey(ns) ?
schemalocations[ns] : null;

var elements = xDocument.Root.DescendantsAndSelf()
.Where(e => e.Name.NamespaceName == ns)
.Select(e => new

Element = e,

Name = e.Name.LocalName,

LineNumber = (e as IXmlLinelnfo).HasLinelnfo() ? (e
as IXmlLinelnfo).LineNumber : -1

i

var attributes = xDocument.Root.DescendantsAndSelf()
.SelectMany(e => e.Attributes()
.Where(a => !a.IsNamespaceDeclaration &&
a.Name.NamespaceName == ns)
.Select(a => new

{
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Attribute = a,

Name = a.Name.LocalName,

LineNumber = (e as IXmiLinelnfo).HasLinelnfo() ?
(e as IXmlLinelnfo).LineNumber : -1

)k

int progressPercentage;

inti=1;

int amount = elements.Count() + attributes.Count();

foreach (var element in elements)

{
progressPercentage = (i * 100) / amount;
ProgressUpdated?.Invoke(this, progressPercentage);
i++;

AddElementToList(ns, schema, element.Name,
element.LineNumber, true);

foreach (var attribute in attributes)

{
progressPercentage = (i * 100) / amount;
ProgressUpdated?.Invoke(this, progressPercentage);
i++;
AddElementToList(ns, schema, attribute.Name,

attribute.LineNumber, true);
}
}
}

private void AddElementToList(string ns, string schema, string
elementName, int position, bool validated)

{
if ('Extensions.ContainsKey(ns))

Extensions[ns] = new Tuple<string,
HashSet<ExtensionElement>>(schema, new
HashSet<ExtensionElement>());

}

Extensions[ns].ltem2.Add(new
ExtensionElement(elementName, position, validated));

1.14 Tekcr
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using System.Collections.Generic;
using System.Ling;
using System.Xml.Ling;

namespace railVIVID.Validation.GeneralInformation

/Il <summary>

/Il Class to store information about contents of the file (metadata,
infrastructure etc)

Il </[summary>

public class FileContents

public List<string> Contents { get; private set; } = new
List<string>();

Il <summary>

111 Sets list of contents for the file

/Il </[summary>

/Il <param name="railMLDocument"></param>

2
1451-01 12

}

private ExtensionElement GetElement(string ns, string
elementName, int position)

{
var matchingEntry = Extensions.FirstOrDefault(kvp =>
kvp.Key == ns);

if (matchingEntry.Key != null)
foreach (var element in matchingEntry.Value.ltem2)

if (element.Name == elementName &&
element.Position == position)

{

return element;
}
}
}

return null;

}

public bool ChangeElementValidStatus(string ns, string name,
int position)

var element = GetElement(ns, name, position);
if (element !=null)

element.Validated = false;
return true;

}

return false;
}
}
}

FileContents.cs MOTYJIsI

public void LoadContent(XDocument railMLDocument)
XElement root = railMLDocument.Root;
if (root !=null)
var secondLevelElementNames = root.Elements()
.Select(e => e.Name.LocalName)
.ToList();

foreach (var name in secondLevelElementNames)

Contents.Add(name);

1.15 Texcr daitny Metadata.cs momyiis railVIVID.Validation.Generallnformation
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using System;

using System.Collections.Generic;
using System.Ling;

using System.Text;

using System.Threading. Tasks;
using System.Xml.Ling;

namespace railVIVID.Validation.GeneralInformation
{
Il <summary>
/Il Class to store information about metadata of the file
[l </summary>
public class Metadata

public Dictionary<string, string> dataPairs { get; private set; } =
new Dictionary<string, string>();

public void LoadMetadata(XDocument railMLDocument) {
XNamespace dc = "http://purl.org/dc/elements/1.1/";

AddValue("Format", railMLDocument.Descendants(dc +
"format").FirstOrDefault()?.Value);

AddValue("DateTime", railMLDocument.Descendants(dc +
"date").FirstOrDefault()?.Value);

1.16 baiimy

railVIVID.Validation.GeneralInformation

Tekct

using System.Xml.Ling;

namespace railVIVID.Validation.GeneralInformation
{
/Il <summary>
/Il Class that stores the file as XDocument and it's path
Il </[summary>
public class railMLDocument
{
public readonly XDocument document;
public readonly string path;
public readonly string[] lines;

1.17 baiiny
railVIVID.Validation.XDocument
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using railVIVID.Validation.Extensions;
using railVIVID.Validation.GeneralInformation;
using System.Xml.Schema;

namespace railVIVID.Validation.XDocument

Il <summary>
/Il This class is used for master's thesis of Vyskarka M.. Do not
delete.

Il </[summary>

public class ValidationXDocument : IValidator

{
private ValidationResult result;
private SchemaControl schemaControl = new SchemaControl();
private railMLExtensions extensions = new railMLExtensions();
private railMLVersion railMLVersion = new railMLVersion();

public event Action<int> ValidationProgressChanged,;
public event Action<int> ExtensionsProgressRelayed;

/Il <summary>

AddValue("Identifier", railMLDocument.Descendants(dc +
"identifier").FirstOrDefault()?.Value);

AddValue("Language", railMLDocument.Descendants(dc +
"language™).FirstOrDefault()?.Value);

AddValue("Source", railMLDocument.Descendants(dc +
"source").FirstOrDefault()?.Value);

AddValue("Creator", railMLDocument.Descendants(dc +
"creator").FirstOrDefault()?.Value);

}
private void AddValue(string key, string value)
if(value I=null)

dataPairs.Add(key, value);
}
}

railMLDocument.cs MOTYJIS

public railMLDocument() { }

public railMLDocument(XDocument railMLDoc, string path,
string[] lines)
{
this.document = railMLDoc;
this.path = path;
this.lines = lines;
}
}
}

ValidationXDocument.cs MOJTYJIsI

/Il Partial validation. Uses XDocument.Validate.

Il </[summary>

[l <returns></returns>

public Tuple<ValidationResult, railMLExtensions>
Validate(railMLDocument railMLDocument, railMLVersion
railMLVersion)

if (railMLDocument.document == null)

result. AddError("Document is empty or not properly
loaded!");

return new Tuple<ValidationResult,
railMLExtensions>(result, null);

}

result = new ValidationResult(railMLDocument);
Validation validation = new Validation();
this.railMLVersion = railMLVersion;

schemaControl.SetDefaultLocationFromVersion(railMLVersion.Ver
sionFromNamespace);
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//Using custom resolver

CustomXmlUrIResolver resolver = new
CustomXmlUrlIResolver(result, railMLVersion);

XmlSchemaSet schemaSet = new XmlSchemaSet();

schemaSet. XmIResolver = resolver;

try

validation.AddRailML (schemaSet, schemaControl,
railMLVersion);

resolver._railMLAdded = true;

/[Setting valid non-railML schemas from schemalocation
schemaControl.SetAndCheckAllSchemas(railMLDocument.docume
nt, result, railMLDocument.path);

/IAdding those schemas to the schema set

schemaControl. AddOtherShemas(schemaSet);

/IFinding extensions to be able to validate them

extensions.ProgressUpdated +=
OnExtensionsProgressUpdated;

extensions.FindAndSetExtensions(railMLDocument.document,
schemaControl.SchemaL ocations);

try
{

schemaSet.Compile();
catch (Exception ex)

result. AddError(ex.Message);

}

List<ValidationEventArgs> issues = new
List<ValidationEventArgs>();

railMLDocument.document.Validate(schemaSet, (sender,

{

e) =>

1.18 Tekcrt
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ValidationXDocumentSolution.cs

rail\VIVID.Validation.XDocumentSolution

using railVIVID.Validation.Extensions;

using railVIVID.Validation.GeneralInformation;
using railVIVID.Validation.SemanticValidation;
using System.Xml.Ling;

using System.Xml.Schema;

namespace railVIVID.Validation.XDocumentSolution
public class ValidationXDocumentSolution : Validator

private ValidationResult result;

private SchemaControl schemaControl = new SchemaControl();

private railMLExtensions extensions = new railMLExtensions();

private railMLVersion railMLVersion = new railMLVersion();

private AttributeHandling attributeHandling = new
AttributeHandling(); //Initialized here to initialize found elements
without attribute once

private Validation validation = new Validation();

public event Action<int> ValidationProgressChanged,;
public event Action<int> ExtensionsProgressRelayed;

issues.Add(e);
b

try
{
inti=1;
foreach (var issue in issues)
{
OnProgressChanged(i * 100 / issues.Count);
i++;
validation.Handlelssues(issue, result, extensions);

}

catch (Exception ex)

result. AddError(ex.Message);

}

catch (Exception ex)

result. AddError(ex.Message);

}

return new Tuple<ValidationResult,
railMLExtensions>(result, extensions);

}

protected virtual void OnProgressChanged(int percent)

ValidationProgressChanged?.Invoke(percent);

}

private void OnExtensionsProgressUpdated(object sender, int
progressPercentage)

Il Relay percentage progress update
ExtensionsProgressRelayed?.Invoke(progressPercentage);
}
}
}

MO/TYJIsI

/IProcesses issues raised by validator (requires special handling
of non-railml related issues and unclear .NET messages)
private void Handlelssues(ValidationEventArgs e,
XmlSchemaSet schemaSet, XDocument railMLDocument)
{
string namespaceUri = string.Empty;
string objectName = string.Empty;
if (e.Severity == XmlSeverity Type.Warning)

result. AddWarning(e.Exception.LineNumber, e.Message);

}

else

/£ the issue is undeclared element, it can appear in three
cases:

/1. Element/attribute is missing a schema

/2. Element/attribute is missing a declaration

/3. Unknown attribute is used within element without
<xsi:any> or <xsi:anyAttribute> (Microsoft .NET issue)

if (e.Exception.Message.Contains("cannot find the
declaration”) ||

e.Exception.Message.Contains("attribute is not declared") ||

e.Exception.Message.Contains(“element is not declared"))
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{
namespaceUri =
validation.ExtractNamespaceFromErrorMessage(e.Message);
objectName =
validation.ExtractObjectNameFromErrorMessage(e.Message);
string elementName;

if (e.Exception.Message.Contains("attribute is not
declared"))

bool elementFound;
bool isAttributePossible =
attributeHandling.IsAttributePossible(railMLDocument, schemaSet,
objectName,
namespaceUri, e.Exception.LineNumber, out
elementName, out elementFound);

if (elementFound == false)

result. AddWarning(e.Exception.LineNumber,
$"Not possible to find element ‘{elementName}
related to attribute '{objectName}' in the schema. " +
$"Attribute is undeclared, reason is unknown.");
}

else

/IChecking if the issue is due to element not having
any attributes defined
if (lisAttributePossible)

result. AddError(e.Exception.LineNumber,
$"Attribute '{objectName}' namespace ‘{namespaceUri}' is not
allowed to be " +
$"in '{elementName}'. This element has no
attributes.");
}
else
{
Declarationlssue(e, objectName, namespaceUri);
}
}

else Declarationlssue(e, objectName, namespaceUri);

}

else

result. AddError(e.Exception.LineNumber, e.Message);

}
1

if (namespaceUri == string.Empty || objectName ==
string.Empty)
{

namespaceUri =
validation.ExtractNamespaceFromTypel(e.Message);

objectName =
validation.ExtractElementNameFromTypel(e.Message);

if (lextensions.ChangeElementValidStatus(namespaceUri,
objectName, e.Exception.LineNumber))

{
string namespaceElement =
validation.ExtractNamespaceElementPairFromType2(e.Message);
if (namespaceElement != null)
{
namespaceUri =
validation.ExtractNamespaceFromErrorMessage(namespaceElement

)i
objectName =
validation.ExtractObjectNameFromErrorMessage(namespaceElemen

t);
extensions.ChangeElementValidStatus(namespaceUri,
objectName, e.Exception.LineNumber);

}

}
}
else

extensions.ChangeElementValidStatus(namespaceUri,
objectName, e.Exception.LineNumber);
}
}

private void Declarationlssue(ValidationEventArgs e, string
attributeName, string namespaceUri)

if (!string.IsSNullOrEmpty(namespaceUri))

string description = "Elements from this namespace are
missing a declaration: " + namespaceUri
+". A schema/declaration of an element inside schema
is missing or the referenced schema is invalid. Such elements were
not validated against related schema."”;

result. AddWarning(e.Exception.LineNumber, description);

extensions.ChangeElementValidStatus(namespaceUri,
attributeName, e.Exception.LineNumber);

}

else

result. AddWarning(e.Exception.LineNumber, e.Message);

}
}

[l <summary>

/Il Full validation. Uses XDocument.Validate and supplemented
manual check of attributes.

I </[summary>

/I <param name="railMLDocument"></param>

/Il <param name="railMLVersion"></param>

[l <returns></returns>

public Tuple<ValidationResult, railMLExtensions>
Validate(railMLDocument railMLDocument, railMLVersion
railMLVersion)

if (railMLDocument.document == null)

result. AddError("Document is empty or not properly
loaded!");

return new Tuple<ValidationResult,
railMLExtensions>(result, null);

}

result = new ValidationResult(railMLDocument);
this.railMLVersion = railMLVersion;

schemaControl.SetDefaultLocationFromVersion(railMLVersion.Ver
sionFromNamespace);

//Using custom resolver
CustomXmlUrIResolver resolver = new
CustomXmlUrlIResolver(result, railMLVersion);

XmlSchemaSet schemaSet = new XmlSchemaSet();
schemaSet. XmlIResolver = resolver;

try
{
validation.AddRailML(schemaSet, schemaControl,
railMLVersion);
resolver._railMLAdded = true;

//Setting valid non-railML schemas from schemal ocation

schemaControl.SetAndCheckAllSchemas(railMLDocument.docume
nt, result, railMLDocument.path);
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/IAdding those schemas to the schema set
schemaControl. AddOtherShemas(schemaSet);

/[Finding extensions to be able to validate them
extensions.ProgressUpdated +=
OnExtensionsProgressUpdated;

extensions.FindAndSetExtensions(railMLDocument.document,
schemaControl.SchemaL ocations);

try
{

schemaSet.Compile();
catch (Exception ex)

result. AddError(ex.Message);

}

List<ValidationEventArgs> issues = new
List<ValidationEventArgs>();

railMLDocument.document.Validate(schemaSet, (sender,
e) =>

issues.Add(e);
b
try
{
inti=1;
foreach (var issue in issues)

{
OnProgressChanged(i * 100 / issues.Count);
i++;

i

1.19

Teker daitny

Handlelssues(issue, schemaSet,
railMLDocument.document);

}

catch (Exception ex)

result. AddError(ex.Message);
}

SemanticValidator semanticValidator = new
SemanticValidator();

semanticValidator.Validate(railMLDocument.document,
ref result);

catch (Exception ex)

result. AddError(ex.Message);

}

return new Tuple<ValidationResult,
railMLExtensions>(result, extensions);

}

protected virtual void OnProgressChanged(int percent)

ValidationProgressChanged?.Invoke(percent);

}

private void OnExtensionsProgressUpdated(object sender, int
progressPercentage)

I/ Relay percentage progress update
ExtensionsProgressRelayed?.Invoke(progressPercentage);
}

}
}

AttributeHandling.cs MOTYJIs

rail\VIVID.Validation.XDocumentSolution

using System;

using System.Collections.Generic;
using System.Ling;

using System.Text;

using System.Threading. Tasks;
using System.Xml.Ling;

using System.Xml.Schema;

using System.Xml;

using System.Text.RegularExpressions;

namespace railVIVID.Validation.XDocumentSolution
{
/Il <summary>

/Il Solution to check prohibited attributes (from message about
‘undeclared attributes")

Il </[summary>

internal class AttributeHandling

{

private HashSet<XmlSchemaElement> foundElements = new
HashSet<XmlSchemaElement>();

public bool IsAttributePossible(XDocument xDocument,
XmlSchemaSet schemasSet, string attributeName,
string attributeNamespace, int lineNumber, out string

elementName, out bool found)
{
XElement attribute = xDocument.Descendants()
\Where(e => e.Attributes()
Any(a =>a.Name.LocalName == attributeName &&

(a.Name.NamespaceName == attributeNamespace ||
string.ISNullOrEmpty(a.Name.NamespaceName)))

&& ((IXmiLinelnfo)e).HasLinelnfo() &&
((1IXmlLinelnfo)e).LineNumber == lineNumber)

.FirstOrDefault();

elementName = attribute.Name.LocalName;

string elementNamespace = attribute.Name.NamespaceName;
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found = false;

XmlSchemaElement element = null;

/ICheck if such element was already found for other attributes

foreach (XmlISchemaElement _element in foundElements)

{
if (_element.Name == elementName)
{
element = _element;
break;
}
}

if (element !=null)
{
found = true;
return HasAny(element, schemaSet);

}

else

{

element = FindElementInSchemas(schemaSet,
elementName, elementNamespace);

if (element == null)

{

return false;

else

foundElements.Add(element);
found = true;

return HasAny(element, schemaSet);

private bool HasAny(XmlISchemaElement element,

XmlSchemaSet schemaSet)

{

if  (element.ElementType is
complexType)

{

return HasAny(complexType, schemaSet);

XmlISchemaComplexType

return false;

}

private bool HasAny(XmlSchemaComplexType complexType,
XmlSchemaSet schemaSet)

{
bool hasAny = false;

if (complexType.AnyAttribute != null)
{

hasAny = true;

//Check for <xsi:any>

if (complexType.ContentTypeParticle is
XmlSchemaGroupBase groupBase

&& ContainsAnyElement(groupBase))

hasAny = true;

/lIn-depth search for <xsi:anyAttribute>

if (thasAny)
{
foreach (XmlISchemaObject attributeObj in
complexType.Attributes)
{
if (attributeObj is  XmlSchemaAttributeGroupRef
groupRef)
{
var attributeGroup =
FindAttributeGroup(groupRef.RefName, schemaSet);
if (attributeGroup 1= null &&
HasAnyAttribute(attributeGroup))
{
hasAny = true;
break;
}
}
}
}

//1f the complex type extends another type, check the base type
if (hasAny &&

complexType.ContentModel is
XmlSchemaComplexContent complexContent &&

complexContent.Content is
XmlSchemaComplexContentExtension extension)

{
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/[Find the base type (which could be in another schema)

XmlSchemaType baseType =
FindSchemaType(extension.BaseTypeName, schemaSet);

if (baseType is
baseComplexType)

{

/IRecursively check the base type for attributes

XmlSchemaComplexType

return HasAny(baseComplexType, schemaSet);

return hasAny;

private  bool
attributeGroup)

{

/ICheck if the attribute group contains <xs:anyAttribute>

HasAnyAttribute(XmlSchemaAttributeGroup

if (attributeGroup.AnyAttribute != null)
{

return true;

return false;

private XmlSchemaAttributeGroup
FindAttributeGroup(XmlQualifiedName groupName, XmISchemaSet
schemaSet)

{
foreach (XmlSchema schema in schemaSet.Schemas())
{
if (schema.AttributeGroups.Contains(groupName))
{
return schema.AttributeGroups[groupName] as
XmlSchemaAttributeGroup;
}
}
return null;
}
private  bool  ContainsAnyElement(XmlSchemaGroupBase
groupBase)
{

/ICheck for <xs:any> in group base
foreach (var item in groupBase.ltems)

{
if (item is XmISchemaAny)

{

return true;

/Nf it's another group base, recursively check its items
if (item is XmISchemaGroupBase nestedGroupBase)

{

if (ContainsAnyElement(nestedGroupBase))

{

return true;

return false;

private static
FindSchemaType(XmlIQualifiedName
XmlSchemaSet schemaSet)

XmlSchemaType
baseTypeName,

{
foreach (XmlISchema schema in schemaSet.Schemas())
{
if (schema.SchemaTypes.Contains(baseTypeName))
{
return schema.SchemaTypes[baseTypeName] as
XmlSchemaType;
}
}
return null;
}
private XmlSchemaElement

FindElementIinSchemas(XmlSchemaSet
elementName, string elementNamespace)

{

schemasSet, string

foreach (XmlISchema schema in schemaSet.Schemas())

{

string
schema.TargetNamespace;

schemaTargetNamespace =

if (schemaTargetNamespace == elementNamespace)
{
/[Check directly

var simpleElement =
schema.ltems.Of Type<XmlSchemaElement>()

.FirstOrDefault(e => e.Name == elementName);

if (simpleElement != null)

{
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return simpleElement;

foreach (XmlISchemaElement element in

schema.ltems.OfType<XmlSchemaElement>())
{
/ICheck if the element name matches
if (element.Name == elementName)

{

return element;

/ICheck its type if it's a complex type

if (element.ElementType is XmISchemaComplexType
complexType)

{

HashSet<XmlSchemaComplexType> visitedTypes
= new HashSet<XmlISchemaComplexType>();

var foundElement =
SearchComplexType(complexType,  elementName,  schemaSet,
visitedTypes);
if (foundElement != null)
{
return foundElement; //Return the found nested
element
}
}
}
}
}
return null;
}
private static XmlSchemaElement

SearchComplexType(XmlISchemaComplexType complexType, string
elementName, XmlSchemaSet schemasSet,
HashSet<XmlSchemaComplexType> visitedTypes)

{

if (complexType == null)
{

return null;

if (visitedTypes.Contains(complexType))
{

return null; //To prevent infinite recursion

}

visitedTypes.Add(complexType);

//Get the content model of the complex type

var contentModel = complexType.ContentTypeParticle;

//If it's a sequence, iterate through the items
if (contentModel is XmISchemaGroupBase groupBase)
{
foreach (var item in groupBase.ltems)
{
/[1f the item is an element
if (item is XmISchemaElement childElement)

{

var childElem = childElement;

//Handle elements with a "ref" attribute
if

('string.IsNullOrEmpty(childElement.RefName.Name))
{

var referencedElement =
schemaSet.GlobalElements[

new
XmlQualifiedName(childElement.RefName.Name,
childElement.RefName.Namespace)] as XmlISchemaElement;

if (referencedElement != null)

{

childElem = referencedElement;

if (childElem.Name == elementName)

{

return childElem;

/IRecursively search in child elements if they are
complex types

if (childElem.ElementSchemaType is
XmlSchemaComplexType childComplexType)
{
var foundElement =

SearchComplexType(childComplexType, elementName, schemaSet,
visitedTypes);

if (foundElement != null)

{

return foundElement;
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using railVIVID.Validation.Extensions;

using railVIVID.Validation.General Information;
using System.Xml;

using System.Xml.Schema;

namespace railVIVID.Validation.XMLDocument

[l <summary>
/Il This class is used for master's thesis of Vyskarka M.. Do not
delete.

/Il </[summary>

public class ValidationXMLDocument : IValidator

{
private ValidationResult result;
private SchemaControl schemaControl = new SchemaControl();
private railMLExtensions extensions = new railMLExtensions();
private railMLVersion railMLVersion = new railMLVersion();

public event Action<int> ValidationProgressChanged;
public event Action<int> ExtensionsProgressRelayed;

/Il <summary>

/l/ Partial validation. Uses XMLDocument.Validate.

/Il </[summary>

/Il <returns></returns>

public Tuple<ValidationResult, railMLExtensions>
Validate(railMLDocument railMLDocument, railMLVersion
railMLVersion)

if (railMLDocument.document == null)

result. AddError("Document is empty or not properly
loaded!");

return new Tuple<ValidationResult,
railMLExtensions>(result, null);

}

result = new ValidationResult(railMLDocument);
Validation validation = new Validation();
this.railMLVersion = railMLVersion;

schemaControl.SetDefaultLocationFromVersion(railMLVersion.Ver
sionFromNamespace);

//Using custom resolver

CustomXmlUrIResolver resolver = new
CustomXmlUrlIResolver(result, railMLVersion);

XmlSchemaSet schemaSet = new XmlSchemasSet();

schemaSet. XmIResolver = resolver;

try
{
validation.AddRailML(schemaSet, schemaControl,

railMLVersion);

resolver._railMLAdded = true;

ValidationXMLDocument.cs

return null; // Return null if not found

MOy JISI

//Setting valid non-railML schemas from schemalocation

schemaControl.SetAndCheckAllSchemas(railMLDocument.docume
nt, result, railMLDocument.path);

//Adding those schemas to the schema set

schemaControl. AddOtherShemas(schemaSet);

/IFinding extensions to be able to validate them
extensions.ProgressUpdated +=
OnExtensionsProgressUpdated;

extensions.FindAndSetExtensions(railMLDocument.document,
schemaControl.SchemaL ocations);

try
{

schemaSet.Compile();
catch (Exception ex)

result. AddError(ex.Message);
}

XmIDocument xmIDocument = new XmlDocument();
xmIDocument.Load(railMLDocument.path);

xmIDocument.Schemas.Add(schemaSet);
List<ValidationEventArgs> issues = new

List<ValidationEventArgs>();
xmIDocument.Validate((sender, e) =>

issues.Add(e);
b
try
{

inti=1;

foreach (var issue in issues)

OnProgressChanged(i * 100 / issues.Count);

i++;

validation.Handlelssues(issue, result, extensions);
}

catch (Exception ex)
result. AddError(ex.Message);
}
catch (Exception ex)

result. AddError(ex.Message);

}
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return new Tuple<ValidationResult,
railMLExtensions>(result, extensions);

}

protected virtual void OnProgressChanged(int percent)

ValidationProgressChanged?.Invoke(percent);

}

1.21 Tekct baiiny

railVIVID.Validation.XMLReader

using System;

using railVIVID.Validation.Extensions;

using railVIVID.Validation.GeneralInformation;
using System.Xml;

using System.Xml.Schema;

namespace railVIVID.Validation.XMLReader

Il <summary>

/Il This class is used for master's thesis of Vyskarka M.. Do not
delete.

[l </summary>

public class ValidationXMLReader : IVValidator

private ValidationResult result;

private SchemaControl schemaControl = new SchemaControl();

private railMLExtensions extensions = new railMLExtensions();

private railMLVersion railMLVersion = new railMLVersion();

List<ValidationEventArgs> issues = new
List<ValidationEventArgs>();

public event Action<int> ValidationProgressChanged,;
public event Action<int> ExtensionsProgressRelayed;

Il <summary>

/Il Partial validation. Uses XMLReader.Create.

Il </summary>

Il <returns></returns>

public Tuple<ValidationResult, railMLExtensions>
Validate(railMLDocument railMLDocument, railMLVersion
railMLVersion)

if (railMLDocument.document == null)

result. AddError("Document is empty or not properly
loaded!");

return new Tuple<ValidationResult,
railMLExtensions>(result, null);

}

result = new ValidationResult(railMLDocument);
Validation validation = new Validation();
this.railMLVersion = railMLVersion;

schemaControl.SetDefaultLocationFromVersion(railML Version.Ver
sionFromNamespace);

//Using custom resolver

CustomXmlUrIResolver resolver = new
CustomXmlUrlIResolver(result, railMLVersion);

XmlSchemaSet schemaSet = new XmlSchemaSet();

schemaSet. XmlResolver = resolver;

try
{

private void OnExtensionsProgressUpdated(object sender, int
progressPercentage)

I/ Relay percentage progress update
ExtensionsProgressRelayed?.Invoke(progressPercentage);

}
1
}

ValidationXMLReader.cs MOTYJIs

validation.AddRailML (schemaSet, schemaControl,
railMLVersion);

resolver._railMLAdded = true;
//Setting valid non-railML schemas from schemalocation

schemaControl.SetAndCheckAllSchemas(railMLDocument.docume
nt, result, railMLDocument.path);

//Adding those schemas to the schema set

schemaControl. AddOtherShemas(schemaSet);

/IFinding extensions to be able to validate them
extensions.ProgressUpdated +=
OnExtensionsProgressUpdated;

extensions.FindAndSetExtensions(railMLDocument.document,
schemaControl.SchemaL ocations);

try
{

schemaSet.Compile();
catch (Exception ex)

result. AddError(ex.Message);
}

XmlReaderSettings settingsReader = new
XmlReaderSettings

ValidationType = ValidationType.Schema,
Schemas = schemaSet
3
settingsReader.ValidationEventHandler +=
ValidationEventHandler;

//Validate the XML document directly from the file path
using (XmlIReader reader =
XmlReader.Create(railMLDocument.path, settingsReader))

{
try

while (reader.Read()) { }
catch (Exception ex)

result. AddError(ex.Message);

}
}

try
{
inti=1;
foreach (var issue in issues)

OnProgressChanged(i * 100 / issues.Count);



2

44165850.1451-01 12

i++;
validation.Handlelssues(issue, result, extensions);

catch (Exception ex)

result. AddError(ex.Message);
}

catch (Exception ex)

result. AddError(ex.Message);
}

return new Tuple<ValidationResult,
railMLExtensions>(result, extensions);

}

protected virtual void OnProgressChanged(int percent)

{

ValidationProgressChanged?.Invoke(percent);

}

private void OnExtensionsProgressUpdated(object sender, int
progressPercentage)

/I Relay percentage progress update
ExtensionsProgressRelayed?.Invoke(progressPercentage);

}

void ValidationEventHandler(object sender,
ValidationEventArgs e)

issues.Add(e);

1.22 Texct daitny ValidationTests.cs moayns ValidationTests

using railVIVID.Validation;

using railVIVID.Validation.Extensions;

using railVIVID.Validation.GeneralInformation;
using railVIVID.Validation.XDocument;

using railVIVID.Validation.XDocumentSolution;
using railVIVID.Validation.XMLDocument;
using railVIVID.Validation.XMLReader;

namespace ValidationTests
{

public class UnitTestPrevalidation

{

private Prevalidation prevalidation;

[Theory]
[InlineData(@"\TestData\Ostsachsen_V220_Good.railml", 0)]

[InlineData(@"\TestData\Ostsachsen_V220_DefaultNamespace.rail
ml", 0)]

[InlineData(@"\TestData\Ostsachsen_V220_Namespace.railml", 0)]

[InlineData(@"\TestData\Ostsachsen_V220_Formatting.railml",
]

[InlineData(@"\TestData\justtext.txt", 1)]
[InlineData(@"\TestData\noneexist.railml”, 1)]
public void Prevalidation_Test(string filePath, int expected)
{

prevalidation = new Prevalidation();

string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

railMLDocument railMLDocument = new

railMLDocument();

railMLVersion railMLVersion = new railMLVersion();

result =
filePath, out

ValidationResult
prevalidation.Prevalidate(projectDirectory +
railMLDocument, out railMLVersion);

int actual = result.errors.Count();

Assert.Equal(expected, actual);

[Theory]

[InlineData(@"\TestData\Ostsachsen_V220_NoVersion.railml",
"railML namespace is missing in the file")]

[InlineData(@"\TestData\Ostsachsen_V220_Version.railml",
"railML namespace is missing in the file")]

[InlineData(@"\TestData\justtext.txt", "Unsupported file

format")]

public ~ void  PrevalidationVersionDescription_Test(string
filePath, string expected)

{

Prevalidation prevalidation = new Prevalidation();
string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

railMLDocument railMLDocument = new

railMLDocument();
railMLVersion railMLVersion = new railMLVersion();

result =
filePath, out

ValidationResult
prevalidation.Prevalidate(projectDirectory +
railMLDocument, out railMLVersion);

string actual = result.errors.First().description;

Assert.Contains(expected, actual);

[Theory]

[InlineData("'2.1",
"21")]

"http://www.railml.org/schemas/2011",
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[InlineData("2.1", "https://www.railml.org/schemas/3.1", "3.1")]
[InlineData("", "https://www.railml.org/schemas/3.1", "3.1")]

[InlineData("test", "test", "]

public void IdentifyVersion_Test(string  version, string
railMLNamespace, string expected)
{

railMLVersion railMLVersion = new railMLVersion();

railMLVersion.ldentifyRailMIVersion(version,
railMLNamespace);

string actual = railMLVersion.VersionFromNamespace;

Assert.Equal(expected, actual);

public class UnitTestValidation

{

/Il <summary>

/Il Have to be run individually! Running these tests
simultaneously causes different results each time,

/Il most likely due to denial of access or blocking

Il </summary>

Il <param name="filePath"></param>

/Il <param name="expectedIssues"></param>

[Theory]
[InlineData(@"\TestData\Ostsachsen_V220.xml", false)]
[InlineData(@"\TestData\Ostsachsen_\V200.xml", false)]
[InlineData(@"\TestData\Ostsachsen_V210.xml", false)]

[InlineData(@"\TestData\161115 BaneNor_NorwayRailNetwork.rai
Iml*, false)]

[InlineData(@"\TestData\090318_Bahnkonzept_ExampleDataGPSin
fradat_NorthUpperRhineNetworkRailML23.railml", false)]

[InlineData(@"\TestData\090318_Bahnkonzept_ExampleDataGPSin
fradat_NorthUpperRhineNetworkRailML23.railmlx", false)]

[InlineData(@"\TestData\OpenTrack_to_railML.V_2.2.rollingstock.r
ailml”, false)]

[InlineData(@"\TestData\OpenTrack_to_railML.V_2.2.timetable.rail
ml", false)]

[InlineData(@"\TestData\SimpleExtensionExample.xml", true)]

[InlineData(@"\TestData\SimpleExtensionOneDeclaredOneUndeclar
ed.xml", false)]

[InlineData(@"\TestData\SimpleExample.xml", true)]

[InlineData(@"\TestData\SimpleExtensionExamplel.xml",
true)]

[InlineData(@"\TestData\SimpleExtensionExample2.xml*",
true)]

[InlineData(@"\TestData\Bsp_V220.xml", false)]

[InlineData(@"\TestData\Bsp_V250.xml", false)]

[InlineData(@"\TestData\SCHROTT -
railML_SimpleExample_v11_railML3-1_01.xml", true)]

[InlineData(@"\TestData\\V221-i4 Stand

Suedthueringen mit VVorlage.railml”, false)]

2-2-11-89

[InlineData(@"\TestData\railML_SimpleExample_v11_railML2-
3_01.xml", false)]

[InlineData(@"\TestData\railML_SimpleExample_v11_railML2-
5_01.xml", false)]

[InlineData(@"\TestData\railML_SimpleExample_v11_railML3-
1 04.xml", false)]

[InlineData(@"\TestData\railML_SimpleExample_v11_railML2-
4_01.xml", false)]

public void XDocumentSolutionErrors_Test(string filePath, bool
expectedlssues)

{
string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent.FullName;

Prevalidation prevalidation = new Prevalidation();

railMLDocument railMLDocument = new

railMLDocument();
railMLVersion railMLVersion = new railMLVersion();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

IValidator methodOne = new
ValidationXDocumentSolution();

Tuple<ValidationResult, railMLExtensions> results =

methodOne.Validate(railMLDocument, railMLVersion);
ValidationResult result = results.ltem1;
int actualErrors = result.errors.Count();
bool errorsPresent = false;
if (actualErrors > 0)
{
errorsPresent = true;

}

Assert.Equal(expectedlssues, errorsPresent);

Il <summary>

/Il Have to be run individually! Running these tests
simultaneously causes different results each time,

/Il most likely due to denial of access or blocking

Il </[summary>

[l <param name="filePath"></param>

/I <param name="expectedIssues"></param>

[Theory]
[InlineData(@"\TestData\Ostsachsen_V220.xml", false)]
[InlineData(@"\TestData\Ostsachsen_\V200.xml", false)]
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[InlineData(@"\TestData\Ostsachsen_V210.xml", false)]

[InlineData(@"\TestData\161115 BaneNor_NorwayRailNetwork.rai
Iml*, false)]

[InlineData(@"\TestData\090318_Bahnkonzept_ExampleDataGPSin
fradat_NorthUpperRhineNetworkRailML23.railml", false)]

[InlineData(@"\TestData\090318_Bahnkonzept_ExampleDataGPSin
fradat_NorthUpperRhineNetworkRailML23.railmlx", false)]

[InlineData(@"\TestData\OpenTrack_to_railML.V_2.2.rollingstock.r
ailml”, false)]

[InlineData(@"\TestData\OpenTrack_to_railML.V_2.2.timetable.rail
ml", false)]

[InlineData(@"\TestData\SimpleExtensionExample.xml",
false)]

[InlineData(@"\TestData\SimpleExtensionOneDeclaredOneUndeclar
ed.xml", true)]

[InlineData(@"\TestData\SimpleExample.xml", false)]

[InlineData(@"\TestData\SimpleExtensionExamplel.xml",
false)]

[InlineData(@"\TestData\SimpleExtensionExample2.xml",
true)]

[InlineData(@"\TestData\Bsp_V220.xml", false)]
[InlineData(@"\TestData\Bsp_V250.xml", false)]

[InlineData(@'"\TestData\SCHROTT -
railML_SimpleExample_v11_railML3-1_01.xml", false)]

[InlineData(@"\TestData\V221-i4 Stand 2-2-11-89

Suedthueringen mit VVorlage.railml", false)]

[InlineData(@"\TestData\railML_SimpleExample_v11_railML2-
3 01.xml", false)]

[InlineData(@"\TestData\railML_SimpleExample_v11_railML2-
5 01.xml", false)]

[InlineData(@"\TestData\railML_SimpleExample_v11_railML3-
1 04.xml", false)]

[InlineData(@"\TestData\railML_SimpleExample_v11_railML2-
4_01.xml", true)]

public void ValidationMethod1Warnings_Test(string filePath,
bool expectedlssues)

{
string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent.FullName;

Prevalidation prevalidation = new Prevalidation();

railMLDocument railMLDocument = new

railMLDocument();
railMLVersion railMLVersion = new railMLVersion();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

I\Validator methodOne = new
ValidationXDocumentSolution();

Tuple<ValidationResult, railMLExtensions> results =

methodOne.Validate(railMLDocument, railMLVersion);
ValidationResult result = results.Item1;
int actualWarnings = result.warnings.Count();
bool presentWarnings = false;
if (actualWarnings > 0)
{

presentWarnings = true;

}

Assert.Equal(expectedlssues, presentWarnings);

/[Have to be run individually! Running these tests simultaneously
causes different results each time,

/Imost likely due to denial of access or blocking

[Theory]

[InlineData(@"\TestData\Ostsachsen_V220.xml", false, false)]
[InlineData(@"\TestData\Ostsachsen_V200.xml", false, false)]
[InlineData(@"\TestData\Ostsachsen_V210.xml", false, false)]

[InlineData(@'"\TestData\161115_BaneNor_NorwayRailNetwork.rai
Iml", false, false)]

[InlineData(@"\TestData\090318_Bahnkonzept_ExampleDataGPSin
fradat_NorthUpperRhineNetworkRailML23.railml", false, false)]

[InlineData(@'"\TestData\OpenTrack_to_railML.V_2.2.rollingstock.r
ailml®, false, false)]

[InlineData(@"\TestData\OpenTrack_to_railML.V_2.2.timetable.rail
ml", false, false)]

[InlineData(@"\TestData\SimpleExtensionExample.xml", true,
false)]

[InlineData(@"'"\TestData\SimpleExtensionOneDeclaredOneUndeclar
ed.xml", false, true)]

[InlineData(@"\TestData\SimpleExample.xml", true, false)]

[InlineData(@"\TestData\SimpleExtensionExamplel.xml", true,
false)]

[InlineData(@"\TestData\SimpleExtensionExample2.xml", true,
true)]

[InlineData(@"\TestData\Bsp_V220.xml", false, false)]
[InlineData(@"\TestData\Bsp_V250.xml", false, false)]

[InlineData(@"\TestData\SCHROTT -
railML_SimpleExample_v11_railML3-1_01.xml", true, false)]

[InlineData(@"\TestData\\V221-i4 Stand 2-2-11-89
SBdthBringen mit Vorlage.railml", false, false)]

[InlineData(@"\TestData\railML_SimpleExample_v11_railML2-
3_01.xml", false, false)]

[InlineData(@"\TestData\railML_SimpleExample_v11_railML2-
5_01.xml", false, false)]
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[InlineData(@"\TestData\railML_SimpleExample_v11_railML3-
1 04.xml", false, false)]

[InlineData(@"\TestData\railML_SimpleExample_v11_railML2-
4_01.xml", false, true)]

public  void  XDocument_Test(string  filePath,  bool

expectedErros, bool expectedWarnings)
{
string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent.FullName;

railMLDocument railMLDocument = new

railMLDocument();
railMLVersion railMLVersion = new railMLVersion();
Prevalidation prevalidation = new Prevalidation();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

IValidator validator = new ValidationXDocument();

Tuple<ValidationResult, railMLExtensions> results =

validator.Validate(railMLDocument, railMLVersion);
ValidationResult result = results.ltem1;
int actualWarnings = result.warnings.Count();
int actualErrors = result.errors.Count();
bool presentWarnings = false;
bool presentErrors = false;
if (actualWarnings > 0)
{
presentWarnings = true;
}
if(actualErrors > 0)
{
presentErrors = true;
}
Assert.Equal(expectedErros, presentErrors);

Assert.Equal(expectedWarnings, presentWarnings);

//Have to be run individually! Running these tests simultaneously
causes different results each time,

/Imost likely due to denial of access or blocking

[Theory]

[InlineData(@"\TestData\Ostsachsen_V220.xml", false, false)]
[InlineData(@"\TestData\Ostsachsen_V200.xml", false, false)]
[InlineData(@"\TestData\Ostsachsen_V210.xml", false, false)]

[InlineData(@"\TestData\161115 BaneNor_NorwayRailNetwork.rai
Iml“, false, false)]

[InlineData(@"\TestData\090318_Bahnkonzept_ExampleDataGPSin
fradat_NorthUpperRhineNetworkRailML23.railml", false, false)]

[InlineData(@"\TestData\OpenTrack_to_railML.V_2.2.rollingstock.r
ailml”, false, false)]

[InlineData(@"\TestData\OpenTrack_to_railML.V_2.2.timetable.rail
ml", false, false)]

[InlineData(@"\TestData\SimpleExtensionExample.xml", true,
false)]

[InlineData(@"\TestData\SimpleExtensionOneDeclaredOneUndeclar
ed.xml", false, true)]

[InlineData(@"\TestData\SimpleExample.xml", true, false)]

[InlineData(@"\TestData\SimpleExtensionExamplel.xml", true,
false)]

[InlineData(@"\TestData\SimpleExtensionExample2.xml", true,
true)]

[InlineData(@"\TestData\Bsp_V220.xml", false, false)]
[InlineData(@"\TestData\Bsp_V250.xml", false, false)]

[InlineData(@"\TestData\SCHROTT -
railML_SimpleExample_v11_railML3-1_01.xml", true, false)]

[InlineData(@"\TestData\V221-i4 Stand
SBdthBringen mit Vorlage.railml", false, false)]

2-2-11-89

[InlineData(@"\TestData\railML_SimpleExample_v11_railML2-
3_01.xml", false, false)]

[InlineData(@"\TestData\railML_SimpleExample_v11_railML2-
5_01.xml", false, false)]

[InlineData(@"\TestData\railML_SimpleExample_v11 railML3-
1 04.xml", false, false)]

[InlineData(@"\TestData\railML_SimpleExample_v11_railML2-
4_01.xml", false, true)]

public void XMLDocument_Test(string
expectedErros, bool expectedWarnings)

{

string baseDirectory = AppContext.BaseDirectory;

filePath, bool

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent.FullName;

railMLDocument railMLDocument = new

railMLDocument();
railMLVersion railMLVersion = new railMLVersion();
Prevalidation prevalidation = new Prevalidation();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

IValidator validator = new ValidationXMLDocument();

Tuple<ValidationResult, railMLExtensions> results =

validator.Validate(railMLDocument, railMLVersion);
ValidationResult result = results.ltem1;
int actualWarnings = result.warnings.Count();
int actualErrors = result.errors.Count();
bool presentWarnings = false;
bool presentErrors = false;

if (actualWarnings > 0)



44165850.1451-01 12

presentWarnings = true;

}

if (actualErrors > 0)

{

presentErrors = true;
}
Assert.Equal(expectedErros, presentErrors);

Assert.Equal(expectedWarnings, presentWarnings);

//Have to be run individually! Running these tests simultaneously
causes different results each time,

//most likely due to denial of access or blocking

[Theory]

[InlineData(@"\TestData\Ostsachsen_V220.xml", false, false)]
[InlineData(@"\TestData\Ostsachsen_V200.xml", false, false)]
[InlineData(@"\TestData\Ostsachsen_V210.xml", false, false)]

[InlineData(@"\TestData\161115 BaneNor_NorwayRailNetwork.rai
Iml", false, false)]

[InlineData(@"\TestData\090318_Bahnkonzept_ExampleDataGPSin
fradat_NorthUpperRhineNetworkRailML23.railml", false, false)]

[InlineData(@"\TestData\OpenTrack_to_railML.V_2.2.rollingstock.r
ailml”, false, false)]

[InlineData(@"\TestData\OpenTrack_to_railML.V_2.2.timetable.rail
ml", false, false)]

[InlineData(@"\TestData\SimpleExtensionExample.xml"”, true,
false)]

[InlineData(@"\TestData\SimpleExtensionOneDeclaredOneUndeclar
ed.xml", false, true)]

[InlineData(@"\TestData\SimpleExample.xml", true, false)]

[InlineData(@"\TestData\SimpleExtensionExamplel.xml", true,
false)]

[InlineData(@"\TestData\SimpleExtensionExample2.xml", true,
true)]

[InlineData(@"\TestData\Bsp_V220.xml", false, false)]
[InlineData(@"\TestData\Bsp_V250.xml", false, false)]

[InlineData(@"\TestData\SCHROTT -
railML_SimpleExample_v11_railML3-1_01.xml", true, false)]

[InlineData(@'"\TestData\V221-i4 Stand 2-2-11-89
SBdthbringen mit Vorlage.railml", false, false)]

[InlineData(@"\TestData\railML_SimpleExample_v11 railML2-
3_01.xml", false, false)]

[InlineData(@"\TestData\railML_SimpleExample_v11 railML2-
5_01.xml", false, false)]

[InlineData(@"\TestData\railML_SimpleExample_v11_railML3-
1 04.xml", false, false)]

[InlineData(@"\TestData\railML_SimpleExample_v11_railML2-
4_01.xml", false, true)]

public ~ void  XMLReader_Test(string  filePath,  bool
expectedErros, bool expectedWarnings)

{
string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent.FullName;

railMLDocument railMLDocument = new

railMLDocument();
railMLVersion railMLVersion = new railMLVersion();
Prevalidation prevalidation = new Prevalidation();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

IValidator validator = new ValidationXMLReader();

Tuple<ValidationResult, railMLExtensions> results =
validator.Validate(railMLDocument, railMLVersion);

ValidationResult result = results.ltem1;
int actualWarnings = result.warnings.Count();
int actualErrors = result.errors.Count();
bool presentWarnings = false;
bool presentErrors = false;
if (actualWarnings > 0)
{
presentWarnings = true;
}
if (actualErrors > 0)
{
presentErrors = true;
}
Assert.Equal(expectedErros, presentErrors);

Assert.Equal(expectedWarnings, presentWarnings);

[Theory]

[InlineData("*XDocument"”,
@"\TestData\Examples\2_Attribute_NotAllowed_Defined.xml")]

[InlineData("XMLDocument",
@"\TestData\Examples\2_Attribute_NotAllowed_Defined.xml")]

[InlineData("XMLReader",
@"\TestData\Examples\2_Attribute_NotAllowed_Defined.xml")]

[InlineData(""XDocumentSolution",
@"\TestData\Examples\2_Attribute_NotAllowed_Defined.xml")]

public void ValidationSituation5_Test(string ValidationMethod,
string filePath)

{
string baseDirectory = AppContext.BaseDirectory;
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string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

railMLDocument railMLDocument = new

railMLDocument();
railMLVersion railMLVersion = new railMLVersion();
Prevalidation prevalidation = new Prevalidation();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

ValidationResult result = new
ValidationResult(railMLDocument);

switch (ValidationMethod)
{
case "XDocument":
IValidator validatorl = new ValidationXDocument();

Tuple<ValidationResult, railMLExtensions> resultsl =
validatorl.Validate(railMLDocument, railMLVersion);

result = resultsl.lteml;
break;
case "XMLDocument":
IValidator validator2 = new ValidationXMLDocument();

Tuple<ValidationResult, railMLExtensions> results2 =
validator2.Validate(railMLDocument, railMLVersion);

result = results2.ltem1,;
break;
case "XMLReader":
I\Validator validator3 = new ValidationXMLReader();

Tuple<ValidationResult, railMLExtensions> results3 =
validator3.Validate(railMLDocument, railMLVersion);

result = results3.Item1;
break;
case "XDocumentSolution™:

I\VValidator validator4 = new
ValidationXDocumentSolution();

Tuple<ValidationResult, railMLExtensions> results4 =
validator4.Validate(railMLDocument, railMLVersion);

result = results4.ltem1;
break;
}
int actualErrors = result.errors.Count();
bool presentErrors = false;
if (actualErrors > 0)
{

presentErrors = true;

}

Assert. True(presentErrors);

[Theory]

[InlineData("XDocument",
@"\TestData\Examples\2_Attribute_NotAllowed_NotDefined.xml")]

[InlineData("XMLDocument",
@"\TestData\Examples\2_Attribute_NotAllowed_NotDefined.xml")]

[InlineData("XMLReader",
@"\TestData\Examples\2_Attribute_NotAllowed_NotDefined.xml")]

[InlineData(""XDocumentSolution",
@"\TestData\Examples\2_Attribute_NotAllowed_NotDefined.xml")]

public void ValidationSituation6_Test(string ValidationMethod,
string filePath)

{
string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

railMLDocument railMLDocument = new

railMLDocument();
railMLVersion railMLVersion = new railMLVersion();
Prevalidation prevalidation = new Prevalidation();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

ValidationResult result = new
ValidationResult(railMLDocument);

switch (ValidationMethod)
{
case "XDocument":
IValidator validatorl = new ValidationXDocument();

Tuple<ValidationResult, railMLExtensions> resultsl =
validatorl.Validate(railMLDocument, railMLVersion);

result = resultsl.ltem1;
break;
case "XMLDocument":
1Validator validator2 = new ValidationXMLDocument();

Tuple<ValidationResult, railMLExtensions> results2 =
validator2.Validate(railMLDocument, railMLVersion);

result = results2.ltem1;
break;
case "XMLReader":
IValidator validator3 = new ValidationXMLReader();

Tuple<ValidationResult, railMLExtensions> results3 =
validator3.Validate(railMLDocument, railMLVersion);

result = results3.ltem1;
break;
case "XDocumentSolution™:

IValidator validator4 = new
ValidationXDocumentSolution();

Tuple<ValidationResult, railMLExtensions> results4 =
validator4.Validate(railMLDocument, railMLVersion);

result = results4.ltem1;

break;
}
int actualErrors = result.errors.Count();
bool presentErrors = false;

if (actualErrors > 0)



@"\TestData\Examples\2_Element_Allowed.xml")]

@"\TestData\Examples\2_Element_Allowed.xml")]

@"\TestData\Examples\2_Element_Allowed.xml")]

@"\TestData\Examples\2_Element_Allowed.xmI")]

ValidationMethod, string filePath)

Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

railMLDocument();

railMLDocument, out railMLVersion);

ValidationResult(railMLDocument);

validatorl.Validate(railMLDocument, railMLVersion);

validator2.Validate(railMLDocument, railMLVersion);

validator3.Validate(railMLDocument, railMLVersion);
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presentErrors = true;

}

Assert. True(presentErrors);

[Theory]

[InlineData("XDocument",

[InlineData("XMLDocument",

[InlineData("XMLReader",

[InlineData("XDocumentSolution",

public void ValidationSituation1Full_Test(string

{
string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =

railMLDocument railMLDocument = new

railMLVersion railMLVersion = new railMLVersion();
Prevalidation prevalidation = new Prevalidation();

prevalidation.Prevalidate(projectDirectory + filePath, out

ValidationResult result = new

switch (ValidationMethod)
{
case "XDocument":
IValidator validatorl = new ValidationXDocument();

Tuple<ValidationResult, railMLExtensions> resultsl =

result = resultsl1.ltem1;
break;
case "XMLDocument":
IValidator validator2 = new ValidationXMLDocument();

Tuple<ValidationResult, railMLExtensions> results2 =

result = results2.ltem1;
break;
case "XMLReader":
IValidator validator3 = new ValidationXMLReader();

Tuple<ValidationResult, railMLExtensions> results3 =

result = results3.ltem1;
break;

case "XDocumentSolution™:

Validator validator4 = new
ValidationXDocumentSolution();

Tuple<ValidationResult, railMLExtensions> results4 =
validator4.Validate(railMLDocument, railMLVersion);

result = results4.ltem1;
break;
}
bool errorsPresent = false;
if(result.errors.Count() > 0)
{
errorsPresent = true;
}
Assert.False(errorsPresent);
bool declarationPresent = false;
foreach( var warning in result.warnings )

{

if(warning.description.Contains("not
warning.description.Contains("declaration™))

{

declarationPresent = true;

declared") 1

Assert. True(declarationPresent);

[Theory]

[InlineData(""XDocument"”,
@"\TestData\Examples\2_Element_NotAllowed_Defined.xml")]

[InlineData("XMLDocument",
@"\TestData\Examples\2_Element_NotAllowed_Defined.xml")]

[InlineData("XMLReader",
@"\TestData\Examples\2_Element_NotAllowed_Defined.xml")]

[InlineData(""XDocumentSolution",
@"\TestData\Examples\2_Element_NotAllowed_Defined.xml")]

public void ValidationSituation2Full_Test(string
ValidationMethod, string filePath)
{

string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

railMLDocument railMLDocument = new

railMLDocument();
railMLVersion railMLVersion = new railMLVersion();
Prevalidation prevalidation = new Prevalidation();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

ValidationResult result = new
ValidationResult(railMLDocument);

switch (ValidationMethod)
{
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case "XDocument":
IValidator validatorl = new ValidationXDocument();

Tuple<ValidationResult, railMLExtensions> resultsl =
validatorl.Validate(railMLDocument, railMLVersion);

result = resultsl.lteml;
break;
case "XMLDocument":
IValidator validator2 = new ValidationXMLDocument();

Tuple<ValidationResult, railMLExtensions> results2 =
validator2.Validate(railMLDocument, railMLVersion);

result = results2.ltem1,;
break;
case "XMLReader":
I\Validator validator3 = new ValidationXMLReader();

Tuple<ValidationResult, railMLExtensions> results3 =
validator3.Validate(railMLDocument, railMLVersion);

result = results3.Item1;
break;
case "XDocumentSolution™:

IValidator validator4 = new
ValidationXDocumentSolution();

Tuple<ValidationResult, railMLExtensions> results4 =
validator4.Validate(railMLDocument, railMLVersion);

result = results4.ltem1;
break;

}

bool errorsPresent = false;

if (result.errors.Count() > 0)

{

errorsPresent = true;

}

Assert. True(errorsPresent);

bool notAllowedPresent = false;

foreach (var error in result.errors)

{

if (error.description.Contains("'not
error.description.Contains(“invalid child™))

{

allowed") Il

notAllowedPresent = true;

Assert. True(notAllowedPresent);

[Theory]

[InlineData("XDocument",
@"\TestData\Examples\2_Element_NotAllowed_NotDefined.xml")]

[InlineData("XMLDocument",
@"\TestData\Examples\2_Element_NotAllowed_NotDefined.xml")]

[InlineData("XMLReader",
@"\TestData\Examples\2_Element_NotAllowed_NotDefined.xml")]

[InlineData(""XDocumentSolution",
@"\TestData\Examples\2_Element_NotAllowed_NotDefined.xml")]

public void ValidationSituation3Full_Test(string
ValidationMethod, string filePath)
{

string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent.FullName;

railMLDocument railMLDocument = new

railMLDocument();
railMLVersion railMLVersion = new railMLVersion();
Prevalidation prevalidation = new Prevalidation();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

ValidationResult result = new
ValidationResult(railMLDocument);

switch (ValidationMethod)
{
case "XDocument":
IValidator validatorl = new ValidationXDocument();

Tuple<ValidationResult, railMLExtensions> resultsl =
validatorl.Validate(railMLDocument, railMLVersion);

result = resultsl.ltem1;
break;
case "XMLDocument":
1Validator validator2 = new ValidationXMLDocument();

Tuple<ValidationResult, railMLExtensions> results2 =
validator2.Validate(railMLDocument, railMLVersion);

result = results2.ltem1;
break;
case "XMLReader":
IValidator validator3 = new ValidationXMLReader();

Tuple<ValidationResult, railMLExtensions> results3 =
validator3.Validate(railMLDocument, railMLVersion);

result = results3.ltem1;
break;
case "XDocumentSolution™:

IValidator validator4 = new
ValidationXDocumentSolution();

Tuple<ValidationResult, railMLExtensions> results4 =
validator4.Validate(railMLDocument, railMLVersion);

result = results4.ltem1;
break;

}

bool errorsPresent = false;

if (result.errors.Count() > 0)

{
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errorsPresent = true;
}
Assert. True(errorsPresent);
bool notAllowedPresent = false;
foreach (var error in result.errors)

{

if (error.description.Contains("'not allowed") I
error.description.Contains("invalid child")

|| error.description.Contains(*cannot contain™))

notAllowedPresent = true;

Assert. True(notAllowedPresent);

[Theory]

[InlineData("XDocument",
@"\TestData\Examples\2_Attribute_Allowed.xml")]

[InlineData("XMLDocument",
@"\TestData\Examples\2_Attribute_Allowed.xmI")]

[InlineData("XMLReader",
@"\TestData\Examples\2_Attribute_Allowed.xmI")]

[InlineData("XDocumentSolution”,
@"\TestData\Examples\2_Attribute_Allowed.xmI")]

public void ValidationSituation4Full_Test(string
ValidationMethod, string filePath)
{

string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent.FullName;

railMLDocument railMLDocument = new

railMLDocument();
railMLVersion railMLVersion = new railMLVersion();
Prevalidation prevalidation = new Prevalidation();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

ValidationResult result = new
ValidationResult(railMLDocument);

switch (ValidationMethod)
{
case "XDocument":
IValidator validatorl = new ValidationXDocument();

Tuple<ValidationResult, railMLExtensions> resultsl =
validatorl.Validate(railMLDocument, railMLVersion);

result = results1.ltem1;
break;
case "XMLDocument":

IValidator validator2 = new ValidationXMLDocument();

Tuple<ValidationResult, railMLExtensions> results2 =
validator2.Validate(railMLDocument, railMLVersion);

result = results2.ltem1;
break;
case "XMLReader":
IValidator validator3 = new ValidationXMLReader();

Tuple<ValidationResult, railMLExtensions> results3 =
validator3.Validate(railMLDocument, railMLVersion);

result = results3.ltem1;
break;
case "XDocumentSolution™:

IValidator validator4 = new
ValidationXDocumentSolution();

Tuple<ValidationResult, railMLExtensions> results4 =
validator4.Validate(railMLDocument, railMLVersion);

result = results4.ltem1;
break;
}
bool errorsPresent = false;
if (result.errors.Count() > 0)
{
errorsPresent = true;
}
Assert.False(errorsPresent);
bool declarationPresent = false;
foreach (var warning in result.warnings)
{

if  (warning.description.Contains(*not  declared”) ||
warning.description.Contains("declaration"))

{

declarationPresent = true;

Assert.True(declarationPresent);

[Theory]

[InlineData("XDocument",
@"\TestData\Examples\2_Attribute_NotAllowed_Defined.xml")]

[InlineData("XMLDocument",
@"\TestData\Examples\2_Attribute_NotAllowed_Defined.xml")]

[InlineData("XMLReader",
@"\TestData\Examples\2_Attribute_NotAllowed_Defined.xml")]

[InlineData(""XDocumentSolution",
@"\TestData\Examples\2_Attribute_NotAllowed_Defined.xml")]

public void ValidationSituation5Text_Test(string
ValidationMethod, string filePath)
{

string baseDirectory = AppContext.BaseDirectory;
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string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

railMLDocument railMLDocument =

railMLDocument();

new

railMLVersion railMLVersion = new railMLVersion();
Prevalidation prevalidation = new Prevalidation();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

ValidationResult result =
ValidationResult(railMLDocument);

new

switch (ValidationMethod)
{
case "XDocument":
IValidator validatorl = new ValidationXDocument();

Tuple<ValidationResult, railMLExtensions> resultsl =
validatorl.Validate(railMLDocument, railMLVersion);

result = resultsl.lteml;
break;
case "XMLDocument":
IValidator validator2 = new ValidationXMLDocument();

Tuple<ValidationResult, railMLExtensions> results2 =
validator2.Validate(railMLDocument, railMLVersion);

result = results2.ltem1,;
break;
case "XMLReader":
I\Validator validator3 = new ValidationXMLReader();

Tuple<ValidationResult, railMLExtensions> results3 =
validator3.Validate(railMLDocument, railMLVersion);

result = results3.Item1;
break;
case "XDocumentSolution™:

I\Validator validator4 =
ValidationXDocumentSolution();

new

Tuple<ValidationResult, railMLExtensions> results4 =
validator4.Validate(railMLDocument, railMLVersion);

result = results4.ltem1;
break;
}
string actualErrors = null;
if (result.errors.Count > Q)
{
actualErrors = result.errors.First().description;
Assert.Contains("'not allowed", actualErrors);
}
string actualWarnings = null;
if (result.warnings.Count > 0)
{
actualWarnings = result.warnings.First().description;

Assert.Contains("'not allowed", actualWarnings);

}

[Theory]

[InlineData(""XDocument",
@"\TestData\Examples\2_AttributeWithSchema_NotAllowed_Defin
ed.xml")]

[InlineData("XMLDocument",
@"\TestData\Examples\2_AttributeWithSchema_NotAllowed_Defin
ed.xml")]

[InlineData("XMLReader",
@"\TestData\Examples\2_AttributeWithSchema_NotAllowed_Defin
ed.xml")]

[InlineData(""XDocumentSolution",
@"\TestData\Examples\2_AttributeWithSchema_NotAllowed_Defin
ed.xml")]

public void ValidationSituation5WithSchemaText_Test(string
ValidationMethod, string filePath)

{
string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

railMLDocument railMLDocument =

railMLDocument();

new

railMLVersion railMLVersion = new railMLVersion();
Prevalidation prevalidation = new Prevalidation();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

ValidationResult result =
ValidationResult(railMLDocument);

new

switch (ValidationMethod)
{
case "XDocument":
1Validator validatorl = new ValidationXDocument();

Tuple<ValidationResult, railMLExtensions> resultsl =
validatorl.Validate(railMLDocument, railMLVersion);

result = resultsl.ltem1;
break;
case "XMLDocument":
1Validator validator2 = new ValidationXMLDocument();

Tuple<ValidationResult, railMLExtensions> results2 =
validator2.Validate(railMLDocument, railMLVersion);

result = results2.ltem1;
break;
case "XMLReader":
IValidator validator3 = new ValidationXMLReader();

Tuple<ValidationResult, railMLExtensions> results3 =
validator3.Validate(railMLDocument, railMLVersion);

result = results3.ltem1;
break;
case "XDocumentSolution™:

IValidator validator4 =
ValidationXDocumentSolution();

new
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Tuple<ValidationResult, railMLExtensions> results4 =
validator4.Validate(railMLDocument, railMLVersion);

result = results4.ltem1;
break;
}
string actualErrors = null;
if (result.errors.Count > 0)
{
actualErrors = result.errors.First().description;
Assert.Contains("'not declared", actualErrors);
}
string actualWarnings = null;
if (result.warnings.Count > 0)
{
actualWarnings = result.warnings.First().description;

Assert.Contains("'not declared", actualWarnings);

[Theory]

[InlineData("XDocument",
@"\TestData\Examples\2_Attribute_NotAllowed_NotDefined.xml")]

[InlineData("XMLDocument",
@"\TestData\Examples\2_Attribute_NotAllowed_NotDefined.xml")]

[InlineData("XMLReader",
@"\TestData\Examples\2_Attribute_NotAllowed_NotDefined.xml")]

[InlineData(*XDocumentSolution”,
@"\TestData\Examples\2_Attribute_NotAllowed_NotDefined.xml")]

public void ValidationSituation6Text_Test(string
ValidationMethod, string filePath)
{

string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent.FullName;

railMLDocument railMLDocument =

railMLDocument();

new

railMLVersion railMLVersion = new railMLVersion();
Prevalidation prevalidation = new Prevalidation();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

ValidationResult result =
ValidationResult(railMLDocument);

new

switch (ValidationMethod)
{
case "XDocument":
IValidator validatorl = new ValidationXDocument();

Tuple<ValidationResult, railMLExtensions> resultsl =
validatorl.Validate(railMLDocument, railMLVersion);

result = resultsl.lteml;

break;

case "XMLDocument":
1Validator validator2 = new ValidationXMLDocument();

Tuple<ValidationResult, railMLExtensions> results2 =
validator2.Validate(railMLDocument, railMLVersion);

result = results2.ltem1;
break;
case "XMLReader":
1Validator validator3 = new ValidationXMLReader();

Tuple<ValidationResult, railMLExtensions> results3
validator3.Validate(railMLDocument, railMLVersion);

result = results3.ltem1;
break;
case "XDocumentSolution™:

1Validator validator4 =
ValidationXDocumentSolution();

new

Tuple<ValidationResult, railMLExtensions> results4 =
validator4.Validate(railMLDocument, railMLVersion);

result = results4.ltem1;
break;
}
string actualErrors = null;
if (result.errors.Count > 0)
{
actualErrors = result.errors.First().description;
Assert.Contains("'not allowed", actualErrors);
}
string actualWarnings = null;
if (result.warnings.Count > 0)
{
actualWarnings = result.warnings.First().description;

Assert.Contains(“'not allowed", actualWarnings);

[Theory]

[InlineData("XDocument",
@"\TestData\Examples\2_AttributeWithSchema_NotAllowed_NotD
efined.xml")]

[InlineData("XMLDocument",
@"\TestData\Examples\2_AttributeWithSchema_NotAllowed_NotD
efined.xml")]

[InlineData("XMLReader",
@"\TestData\Examples\2_AttributeWithSchema_NotAllowed_NotD
efined.xml")]

[InlineData(""XDocumentSolution",
@"\TestData\Examples\2_AttributeWithSchema_NotAllowed_NotD
efined.xml")]

public void ValidationSituation6WithSchemaText_Test(string
ValidationMethod, string filePath)

{
string baseDirectory = AppContext.BaseDirectory;
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string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

railMLDocument railMLDocument =

railMLDocument();

new

railMLVersion railMLVersion = new railMLVersion();
Prevalidation prevalidation = new Prevalidation();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

ValidationResult result =
ValidationResult(railMLDocument);

new

switch (ValidationMethod)
{
case "XDocument":
IValidator validatorl = new ValidationXDocument();

Tuple<ValidationResult, railMLExtensions> resultsl =
validatorl.Validate(railMLDocument, railMLVersion);

result = resultsl.lteml;
break;
case "XMLDocument":
IValidator validator2 = new ValidationXMLDocument();

Tuple<ValidationResult, railMLExtensions> results2 =
validator2.Validate(railMLDocument, railMLVersion);

result = results2.ltem1,;
break;
case "XMLReader":
I\Validator validator3 = new ValidationXMLReader();

Tuple<ValidationResult, railMLExtensions> results3 =
validator3.Validate(railMLDocument, railMLVersion);

result = results3.Item1;
break;
case "XDocumentSolution™:

I\Validator validator4 =
ValidationXDocumentSolution();

new

Tuple<ValidationResult, railMLExtensions> results4 =
validator4.Validate(railMLDocument, railMLVersion);

result = results4.ltem1;
break;
}
string actualErrors = null;
if (result.errors.Count > Q)
{
actualErrors = result.errors.First().description;
Assert.Contains("'not declared", actualErrors);
}
string actualWarnings = null;
if (result.warnings.Count > 0)
{
actualWarnings = result.warnings.First().description;

Assert.Contains("'not declared", actualWarnings);

}

[Theory]

[InlineData("XDocument",
@"\TestData\Examples\3_ElementAttribute_Allowed.xml")]

[InlineData("XMLDocument",
@"\TestData\Examples\3_ElementAttribute_Allowed.xml")]

[InlineData("XMLReader",
@"\TestData\Examples\3_ElementAttribute_Allowed.xml")]

[InlineData("XDocumentSolution",
@"\TestData\Examples\3_ElementAttribute_Allowed.xml")]

public void ValidationSituation7Full_Test(string
ValidationMethod, string filePath)
{

string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

railMLDocument railMLDocument =

railMLDocument();

new

railMLVersion railMLVersion = new railMLVersion();
Prevalidation prevalidation = new Prevalidation();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

ValidationResult result =
ValidationResult(railMLDocument);

new

switch (ValidationMethod)
{
case "XDocument":
IValidator validatorl = new ValidationXDocument();

Tuple<ValidationResult, railMLExtensions> resultsl =
validatorl.Validate(railMLDocument, railMLVersion);

result = resultsl.ltem1;
break;
case "XMLDocument":
1Validator validator2 = new ValidationXMLDocument();

Tuple<ValidationResult, railMLExtensions> results2 =
validator2.Validate(railMLDocument, railMLVersion);

result = results2.ltem1;
break;
case "XMLReader":
Validator validator3 = new ValidationXMLReader();

Tuple<ValidationResult, railMLExtensions> results3 =
validator3.Validate(railMLDocument, railMLVersion);

result = results3.ltem1;
break;
case "XDocumentSolution™:

IValidator validator4 =
ValidationXDocumentSolution();

new
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Tuple<ValidationResult, railMLExtensions> results4 =
validator4.Validate(railMLDocument, railMLVersion);

result = results4.ltem1;
break;
}
bool errorsPresent = false;
if (result.errors.Count() > 0)
{
errorsPresent = true;
}
Assert. True(errorsPresent);
bool typePresent = false;

foreach (var error in result.errors)

{
if (error.description.Contains(“invalid xsi:type"))
{
typePresent = true;
}
}

Assert. True(typePresent);

public class UnitTestExtensions
{
[Theory]

[InlineData(@"\TestData\Ostsachsen_V220_Good.railml",
false)]

[InlineData(@"\TestData\Ostsachsen_V200.xml", false)]
[InlineData(@"\TestData\Ostsachsen_V210.xml", false)]

[InlineData(@"\TestData\161115_BaneNor_NorwayRailNetwork.rai
Iml", false)]

[InlineData(@"\TestData\090318_Bahnkonzept_ExampleDataGPSin
fradat_NorthUpperRhineNetworkRailML23.railml", true)]

[InlineData(@"\TestData\OpenTrack_to_railML.V_2.2.rollingstock.r
ailml", false)]

[InlineData(@"\TestData\OpenTrack_to_railML.V_2.2.timetable.rail
ml", false)]

[InlineData(@"\TestData\SimpleExtensionExample.xml", true)]

[InlineData(@"\TestData\SimpleExtensionOneDeclaredOneUndeclar
ed.xml", true)]

[InlineData(@"\TestData\SimpleExample.xml", false)]

[InlineData(@"\TestData\SimpleExtensionExample2.xml",
true)]

public void ExtensionsDetected_Test(string filePath, bool
present)

{
string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

railMLDocument railMLDocument =

railMLDocument();

new

Prevalidation prevalidation = new Prevalidation();
railMLVersion railMLVersion = new railMLVersion();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

railMLExtensions railMLExtensions =

railMLExtensions();

new

railMLExtensions.FindAndSetExtensions(railMLDocument.docume
nt, null);

bool presentActual = false;

foreach (var kvp in railMLExtensions.Extensions)

{
var namespaceName = kvp.Key;
var elementsList = kvp.Value.ltem2;
if (elementsList.Count > 0)
{
presentActual = true;
}
}
Assert.Equal(present, presentActual);
}
[Theory]

[InlineData(@"\TestData\SimpleExample.xml", 0)]
[InlineData(@"\TestData\SimpleExtensionExample.xml", 1)]

[InlineData(@"'"\TestData\SimpleExtensionOneDeclaredOneUndeclar
ed.xml", 2)]

public void ExtensionsNamespaces_Test(string filePath, int
expectedNamespaces)

{
string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

Prevalidation prevalidation = new Prevalidation();

railMLDocument railMLDocument =

railMLDocument();

new

railMLVersion railMLVersion = new railMLVersion();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

railMLExtensions railMLEXxtensions =

railMLExtensions();

new
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railMLExtensions.FindAndSetExtensions(railMLDocument.docume
nt, null);

int actualNamespaces =
railMLExtensions.Extensions.Count();

Assert.Equal(expectedNamespaces, actualNamespaces);

[Fact]
public void ExtensionsSchemas_Test()

{

string filePath =
@"\TestData\SimpleExtensionOneDeclaredOneUndeclared.xml";

string expectedShemal = "SimpleExtensionSchema.xsd";
string expectedShema2 = null;
string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

Prevalidation prevalidation = new Prevalidation();

railMLDocument railMLDocument =

railMLDocument();

new

railMLVersion railMLVersion = new railMLVersion();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

railMLExtensions railMLExtensions =

railMLExtensions();

new

railMLExtensions.FindAndSetExtensions(railMLDocument.docume
nt, null);

var matchingEntry1 =
railMLExtensions.Extensions.FirstOrDefault(kvp => kvp.Key ==
"https://www.my-company.com/my-department/");

string ActualSchemal = matchingEntry1.Value.ltem1;

var matchingEntry2 =
railMLExtensions.Extensions.FirstOrDefault(kvp => kvp.Key ==
"https://www.my-company.com/my-other-department/");

string ActualSchema2 = matchingEntry2.Value.ltem1,
Assert.Equal(expectedShemal, ActualSchemal);

Assert.Equal(expectedShema2, ActualSchema2);

[Fact]
public void ExtensionsResultl_Test()

{

string filePath =
@"\TestData\SimpleExtensionOneDeclaredOneUndeclared.xml”;

string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

Prevalidation prevalidation = new Prevalidation();

railMLDocument railMLDocument =

railMLDocument();

new

railMLVersion railMLVersion = new railMLVersion();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

ValidationXDocumentSolution methodOne = new
ValidationXDocumentSolution();
Tuple<ValidationResult, railMLExtensions> results =

methodOne.Validate(railMLDocument, railMLVersion);
railMLExtensions railMLExtensions = results.ltem2;
int iter = 0;
foreach (var kvp in railMLExtensions.Extensions)
{
var namespaceName = kvp.Key;

var elementsList = kvp.Value.ltem2;

foreach (var element in elementsList)
{
switch (iter)
{
case 0:
Assert.Equal("SAP-Number”, element.Name);
Assert.Equal(8, element.Position);
Assert. True(element.Validated);
break;
case 1:
Assert.Equal(“variant”, element.Name);
Assert.Equal(8, element.Position);
Assert. True(element.Validated);
break;
case 2:
Assert.Equal(“"something", element.Name);
Assert.Equal(10, element.Position);
Assert.False(element.Validated);
break;
case 3:
Assert.Equal(*something”, element.Name);
Assert.Equal(11, element.Position);
Assert.False(element.Validated);
break;
}

iter++;

[Fact]

public void ExtensionsResult2_Test()
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string filePath = @"\TestData\SimpleExtensionExample.xml";
string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

Prevalidation prevalidation = new Prevalidation();

railMLDocument railMLDocument =

railMLDocument();

new

railMLVersion railMLVersion = new railMLVersion();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

ValidationXDocumentSolution methodOne = new
ValidationXDocumentSolution();
Tuple<ValidationResult, railMLExtensions> results =

methodOne.Validate(railMLDocument, railMLVersion);

railMLExtensions railMLExtensions = results.ltem2;

intiter =0;
foreach (var kvp in railMLExtensions.Extensions)

{

var namespaceName = kvp.Key;

var elementsList = kvp.Value.ltem2;

foreach (var element in elementsList)

{
switch (iter)
{
case 0:
Assert.Equal("SAP-Number", element.Name);
Assert.Equal(7, element.Position);
Assert. True(element.Validated);
break;
case 1:
Assert.Equal(“variant", element.Name);
Assert.Equal(7, element.Position);
Assert. True(element.Validated);
break;
case 2:
Assert.Equal(“colour”, element.Name);
Assert.Equal(8, element.Position);
Assert.False(element.Validated);
break;
case 3:

Assert.Equal(“colour"”, element.Name);
Assert.Equal(9, element.Position);
Assert. True(element.Validated);

break;

iter++;

public class UnitTestGenerallnformation

{
[Theory]

[InlineData(@"\TestData\Ostsachsen_V210.xml", 6)]

[InlineData(@"\TestData\090318 Bahnkonzept_ExampleDataGPSin
fradat_NorthUpperRhineNetworkRailML23.railml", 5)]

[InlineData(@"\TestData\OpenTrack_to_railML.V_2.2.rollingstock.r
ailml", 2)]

[InlineData(@"\TestData\OpenTrack_to_railML.V_2.2.timetable.rail

ml", 2)]

public  void UnitTestMetadataAmount(string filePath, int
expectedAmount)

{

string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

Prevalidation prevalidation = new Prevalidation();

railMLDocument railMLDocument =

railMLDocument();

new

railMLVersion railMLVersion = new railMLVersion();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

Metadata metadata = new Metadata();
metadata.LoadMetadata(railMLDocument.document);
int actualAmount = metadata.dataPairs.Count;

Assert.Equal(expectedAmount, actual Amount);

}

[Theory]

[InlineData(@"\TestData\Ostsachsen_V210.xml", "2.1.0",
"2016-04-13T20:08:25", "4", "iRFP", "1252 (ANSI - Lateinisch I)",

"iPLAN.exe V1.5.2.851 NtzIntf_RailML2.dll V2.2.4.68")]

public void UnitTestMetadataFullData(string filePath, string
exFormat, string exDate, string exldentifier, string exCreator,

string exLanguage, string exSource)

string baseDirectory = AppContext.BaseDirectory;
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string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

Prevalidation prevalidation = new Prevalidation();

railMLDocument railMLDocument =

railMLDocument();

new

railMLVersion railMLVersion = new railMLVersion();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

Metadata metadata = new Metadata();

metadata. LoadMetadata(railMLDocument.document);
Assert.Equal(exFormat, metadata.dataPairs["Format™]);
Assert.Equal(exDate, metadata.dataPairs["DateTime"]);
Assert.Equal(exIdentifier, metadata.dataPairs["Identifier"]);
Assert.Equal(exCreator, metadata.dataPairs["Creator"]);
Assert.Equal(exLanguage, metadata.dataPairs["Language"]);

Assert.Equal(exSource, metadata.dataPairs["Source"]);

[Theory]
[InlineData(@"\TestData\Ostsachsen_V210.xml", 4)]

[InlineData(@"\TestData\090318_Bahnkonzept_ExampleDataGPSin
fradat_NorthUpperRhineNetworkRailML23.railml", 2)]

[InlineData(@"\TestData\OpenTrack_to_railML.V_2.2.rollingstock.r
ailml", 2)]

[InlineData(@"\TestData\OpenTrack_to_railML.V_2.2.timetable.rail
ml", 4)]

public void UnitTestFileContentsAmount(string filePath, int
expectedAmount)

{
string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

Prevalidation prevalidation = new Prevalidation();

railMLDocument railMLDocument =

railMLDocument();

new

railMLVersion railMLVersion = new railMLVersion();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

FileContents contents = new FileContents();
contents.LoadContent(railMLDocument.document);
int actual Amount = contents.Contents.Count;

Assert.Equal(expectedAmount, actual Amount);

[Theory]

[InlineData(@"\TestData\Ostsachsen_V210.xml")]

public void UnitTestFileContentsFullContent(string filePath)
{

List<string> possibleContent = new List<string>() {
"metadata”, "infrastructure", "rollingstock", "timetable" };

string baseDirectory = AppContext.BaseDirectory;

string projectDirectory =
Directory.GetParent(baseDirectory).Parent.Parent.Parent. FuIIName

Prevalidation prevalidation = new Prevalidation();

railMLDocument railMLDocument =

railMLDocument();

new

railMLVersion railMLVersion = new railMLVersion();

prevalidation.Prevalidate(projectDirectory + filePath, out
railMLDocument, out railMLVersion);

FileContents contents = new FileContents();
contents.LoadContent(railMLDocument.document);
foreach(var element in contents.Contents)

{

Assert.Contains(element, possibleContent);

}

1.23 Texct daitny Forml.cs moayns Validator

namespace Validator
public partial class Form1 : Form
public Form1()

InitializeComponent();

}
private void buttonValidate_Click(object sender, EventArgs e)
if (labell.Text.Length == 0)

MessageBox.Show("Please choose file!");
}else if(comboBox1.SelectedIndex == -1)
{

MessageBox.Show("Please choose validation method!");

}

else
UlController ulController = new UlController();

ulController.OpenValidator(comboBox1.GetltemText(comboBox1.S
electeditem), textBox1.Text);

}
}

private void buttonl_Click(object sender, EventArgs e)

using (OpenFileDialog openFileDialog = new
OpenFileDialog())

openFileDialog.ShowDialog();
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textBox1.Text = openFileDialog.FileName;

}
}

b
}

1.24 Tekct daitmy UlController.cs moayns Validator

using System;

using System.Collections.Generic;

using System.Ling;

using System.Text;

using System.Threading.Tasks;

using railVIVID.Validation;

using railVIVID.Validation.General Information;
using railVIVID.Validation.XDocument;

using railVIVID.Validation.XMLDocument;
using railVIVID.Validation.XMLReader;

using railVIVID.Validation.XDocumentSolution;
using System.Drawing.Text;

using railVIVID.Validation.Extensions;

namespace Validator

{

internal class UlController
public void OpenValidator(string type, string path)

railMLDocument railMLDocument = new
railMLDocument();

railMLVersion railMLVersion = new railMLVersion();

Prevalidation prevalidation = new Prevalidation();

ValidationResult prevalResult =
prevalidation.Prevalidate(path, out railMLDocument, out
railMLVersion);

string prevalResultText = "";

if (prevalResult.errors.Count > 0 ||
prevalResult.warnings.Count > 0)

foreach(var error in prevalResult.errors)
prevalResultText += error.description;

}

foreach (var warning in prevalResult.warnings)

prevalResultText += warning.description;

}

MessageBox.Show(prevalResultText);

}

else

ValidationResult result = new
ValidationResult(railMLDocument);

railMLExtensions extensions = new railMLExtensions();

switch (type)

{

case "XDocument.Validate()":
IValidator validatorl = new ValidationXDocument();
Tuple<ValidationResult, railMLExtensions> results1
= validatorl.Validate(railMLDocument, railMLVersion);
result = resultsl.ltem1;
extensions = resultsl.ltem2;
break;
case "XMLDocument.Validate()":
IValidator validator2 = new
ValidationXMLDocument();
Tuple<ValidationResult, railMLExtensions> results2
= validator2.Validate(railMLDocument, railMLVersion);
result = results2.ltem1;
extensions = results2.ltem2;
break;

case "XMLReader":
IValidator validator3 = new ValidationXMLReader();
Tuple<ValidationResult, railMLExtensions> results3
= validator3.Validate(railMLDocument, railMLVersion);
result = results3.Item1;
extensions = results3.1tem2;
break;
case "XDocument.Validate() Solution™:
IValidator validator4 = new
ValidationXDocumentSolution();
Tuple<ValidationResult, railMLExtensions> results4
= validator4.Validate(railMLDocument, railMLVersion);
result = results4.ltem1;
extensions = results4.ltem2;
break;

}

HandleResult(type, path, result, extensions,
railMLDocument);
}
}

private void HandleResult(string type, string path,
ValidationResult result, railMLExtensions extensions,
railMLDocument document)
{
ValidatorView validatorView = new ValidatorView(type,
path);
string success;
if(result.errors.Count == 0)

success = "Document is valid!";
else {
success = "Document is not valid!";

string errors = Getlssues(result.errors);
string warnings = Getlssues(result.warnings);

string resultVal = success + "\nFound errors: " +
result.errors.Count.ToString() +
"\nFound warnings: " + result.warnings.Count.ToString();

string extensionsText = "";

inti=1;
foreach (var keyValuePair in extensions.Extensions)
{

extensionsText += $"{i}. {keyValuePair.Key}";
if(keyValuePair.Value.ltem1 != null)

extensionsText +="" +
keyValuePair.Value.ltem1.ToString();
}
extensionsText +=" contains:";
foreach (ExtensionElement element in
keyValuePair.Value.ltem?2)
{
string valid;
if (element.Validated)

valid = "valid";

}

else

{

valid = "not valid";
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extensionsText += $"\n\tLine {element.Position}:
attribute/element '{element.Name}' {valid}";
extensionsText += "\n\t\tContent: " +
document.lines[element.Position - 1];
}
extensionsText +="\n";
i++;

}

validatorView.ShowValidationResults(resultVal, errors,
warnings, extensionsText);
validatorView.Show();

}

private string Getlssues(List<ValidationlssueBasic> issuesL.ist)
{

string issuesText = "";

inti=1;

foreach(var issue in issuesList)

{
issuesText += $"{i}. {issue.description}";
if(issue is ValidationIssueDetailed issueDetailed)

foreach (var kvp in issueDetailed.lines)

issuesText += "\n\tLine: " + kvp.ltem1.ToString();
issuesText += "\n\t\tContent: " +
kvp.ltem2.ToString();
}

issuesText +="\n";
else issuesText +="\n";
i++;

}

return issuesText;

}

}
}

1.25 Tekct daitmy ValidatorView.cs moxyns Validator

namespace Validator
public partial class ValidatorView : Form
public ValidatorView()

InitializeComponent();

}
public ValidatorView(string type, string file)

InitializeComponent();
this.Text = type;
labelFileName. Text = file;

}

public void ShowValidationResults(string result, string errors,
string warnings, string extensions)

richTextBoxErrorCount.Text = result;
richTextBoxErrorDesc.Text = errors;
richTextBoxWarnings.Text = warnings;
richTextBoxExtensions.Text = extensions;

}

private void ValidatorView_SizeChanged(object sender,
EventArgs e)

labelFileName.MaximumSize = new Size(this.Width - 160,
0);
}
}
}
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AHOTALIIS

Jokyment 1116130.1451 — 01 13 01 «Jlocmimkenns meromiB Bamigamii railML
nokymeHTIB B cepenosuiil .NET. KepiBHUIITBO KOpUCTyBaday.
3actocyHok HamucaHuii Ha MOBI C# 3 BHKOPHUCTaHHSIM CTaHAAPTHUX O10J110TEK

Banigamii y .NET y nporpamuomy cepenosumii Visual Studio 2022.
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1 BBEJJEHHS

[Tporpamuunii 3aci6 “Ilocmimkenns meromiB Bamimamii railML nokymeHTiB B
cepenopuili .NET” mpusHadeHuit 1151 10CIiHPKEHHS JOCTYITHUX CTaHAAPTHUX METO/IIB
Baiganii railML noxymenrie cepenosuiia .NET Ta po3po6iieHoro pilieHHs Ha OCHOBI
OJTHOTO 3 OOpaHUX METOIB..

['010BHOIO METOIO0 PO3POOKH € HaJdaHHS MOMIIMBOCTI MEPETJISAAy Ta IMOPIBHSIHHS
pe3ynbTariB podoTH 00paHux BamigaTopis cepeaonuina .NET.

JlaHuii IPOIyKT MPU3HAYCHHH JJI BUKOPUCTAHHS HAYKOBLISIMM JJISL JTOCTIIDKCHHS
pizaux wmeroxiB Bamgaiii XML ta railML s BusHaueHHs Oi0JiOTeKH, sKa
HaiOlbIIe BiAmoBinae Bumoram railML.org.

He Bumarae o3HaiioMieHHS 13 OYJIb-IKOK JOJATKOBOI CKCILIyaTaIliHHOO

JIOKYMEHTAIIIETO.
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2 [IPUBHAYEHHA TA YMOBU 3ACTOCYBAHHA

@YHKI10HAIBHUM IPU3HAYEHHSIM 3aCTOCYHKY € MPOBEICHHS aHAJI3y pe3yJIbTaTiB
pobotu crangaptHux meroaiB Bamgaiii XML Ta railML, Tta ctBopeHoro Ha ocHOBI
OJIHOTO 3 HUX pimieHHs BusBiIeHoi B .NET npobiemu.

Excruryaramiitne npu3HadeHHS 3acTOCYHKY “‘JIOCHIJDKEHHS METOMIB Bajijallii
railML mokxymentiB B cepemoBuiii .NET” — BH3HaueHHs BaijgaTopa, pe3yJIbTaTh
SIKOT'O BiJIOBIAaf0Th BUMoram raiML.org.

Jlonmatox, 1o po3poOIseThCs, po3paxoBaHUl HA BUKOPUCTAHHS Ha MPUCTPOAX IO

MarTh.

— mpolecop 3 TakToBoro yactotoro 2 I'TT] abo Buie;

— He meHe 2I'b onepaTtuBHOi maM’sTi.

Jlns yHKI[IOHYBaHHS HACTLIBHOI'O 3aCTOCYHKY HeoxiaHa cucrema Windows 10

Bepcii 1 BUIIIE.
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3 IIATIOTOBKA 10 POBOTHU

J1is mouaTky poOOTH 3aCTOCYHKY HEOOX1THO 3aIyCTHTH .eXe (paii.
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4 OITMC OITEPALIIA

[Ticst BcTaHOBIIGHHS Ta 3aITyCKy 3aCTOCYHKY Ha OCHOBHiHM (popmi Oy 1y Th IpUCyTHI

Takl €JIEMEHTH.

— KHOIIKa BUOOpy (aiiny, axuii Oyjie nepeBipsATHCH;

— TI0JI€ 31 IUISIXOM JI0 oOpaHoro daiiny;

— CHOUCOK  JOCTYMHMX  METOMIB  Bamigamii, Ttakux sk  XDocument,
XDocumentSolution, XMLDocument ra XMLReader;

— KHOIIKA 3aITyCKy MpOolieCy BaJliIarii.

BikHO nepeBipku pe3yJbTaTiB Baliallii Hala€e Taky iHopManito:
— TEKCTOBE MOoJIe 3 Ha3BOIO (haility;
— TEKCTOBE IOJIC 3 3araJlbHUM Pe3yJbTaTOM BaJIiallii;
— TEKCTOBE MOJIe 3 KUIbKICTIO TOMUJIOK;
— TEKCTOBE TOJI€ 3 CTUCKOM Ta JACTAISIMH TOMUJIOK;
— TEKCTOBE TOJI€ 3 CITUCKOM Ta JACTAISIMH ITOTIePEIKCHb;

— TCKCTOBEC ITOJIC 3 CITMCKOM Ta ACTAISIMU PO3SIMINPCHD.
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5 ABAPIMHI CUTYALIT

SIkmo mporpamHuii 3aci®é mig yac po6oTu Oyne MOBOJUTH HEKOPEKTHO YH 13
INOMMJIKOIO, HEOOX1/IHO NEpPEe3alyCTUTH HACTIIBHUI 3aCTOCYHOK JJIsi MPOJOBXKEHHS

pob6oTH.
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6 PEKOMEH/IALIT IIIOJO 3ACTOCYBAHH S

[Ticast BcTaHOBJIEHHS 3aCTOCYHKY Ha MPHUCTPIN HOro HEOOX1IHO 3aIyCTUTH Yepes
BUKOHYIOUWHN (paii.

[Ticns 3amycKy 3aCTOCYHKY Mepej] KOPUCTYBayeM BIIKPUETHCS TOJIOBHUM €KpaH, Ha
SKOMY BiH MOe oOpaTH HeOOX1AHMI (aiin Ta crocid Horo Bautiaartii.

KopuctyBau Mae MOXIMBICTH HapajiesibHOI NEPEBIPKU PE3yNbTaTIB JEKUIBKOX
BaJIJaTOPIB LIJISAXOM BHUOOpPY HOBOIO 1HIIOrO Badijaropa Ta MOBTOPHOI'O HATUCKY

KHOIIKH JIJISl TIOYaTKY MPOoIleCcy MepeBipKu (aitiy.



