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Use Case

In clinical research studies, multiple applications (i.e. data sources), We begin by narrowing requirements for the applications we wish to e ——— il | e To illustrate the use of BDIS, we've developed a small set of queries in
each w1th a spemghzed ofunctlon, are often used to trgck 1nf0rma.t10n integrate to a reagonable scope. By 1.<eep1ng expectatlf)ns simple, data #M e 2 support of a pediatrics auto-immunity study (Fig. 2C). The study's
about patients, t.heu; specimen samples anq lab results. Simple questions sources not meeting our basic criteria may more easily be altered to E= o el | : researcher stores their patient visit and lab data in an EDC application
rgggrdmg a .patloent S re.cords can be laborious to answer. A numl.)e.r of provide access to their data. ‘:J ‘: : o _ oo called REDCap (Fig 2A). The locations of patient blood samples taken
blolnforma.tlcs integration polatforms curreptly exist that can facilitate | | | S = during visits are stored in a separate freezer inventory system called
Fhe aﬁswerlf{lg of sufih questions (Amalga, 12b2) but are often costly to Queries and Semantic Mappings: BERERE e rLab (Fig 2B). In order to answer questions such as "Are any samples
mstall, contigure and mamain BDIS uses 2 mediated! approach to integrating heterogencous data. A D s soni s s sl e e s sl o available for patients who still need GPCR testing completed?”, lab
| | | | echnicians were required to query both systems separately and merge
We present a reusable, lightweight, framework and workflow that common schema, defined as an XSD, unions the elements of interest Biomediator DIS those results by hand.
facilitates the continuous integration and querying of study data from from each data source (Fig 1). An XQuery 1s then used to —— e
heter(?geneous sources 1n OI‘d.,CI’ .to answer routipe, opel.'ational simultgneously filter and map results onto the mediated schema (Fig 2). pecount Ll;sltingﬁquerﬁies By translating their question into an XQuery across data downloaded
ques.tlons. The goal of our pI‘.OJCCOZt 1s to dpvelop an Inexpensive a.nd XML 1s used as the output syntax of .all data sources. Each source must ST > | s S B [ e—— J. < ST from REDCap and rLab, manual reconciliation is avoided. In fact, by
ﬂemble e}pproach .to cross-application data integration t.hat will provide forme.ll.ly define 1its output schema in the fqrm of an XSD. Schema | — e 3 ) [P ————— Y providing the end-user with a generic query and transformation that
m.formapmsts with the .tools they need to assist researchers. deﬁqltlon pljom.otes semantlc understanding of the dat.a. source, e o - combines all data from both systems into a single spreadsheet (Fig 2D),
Blomedlator.Data Integration System (BDIS) serves as the reference provides Vahdatlop of 1nput .data sets, and can also fa0111tat§ .the | o - ,ﬁ we’ve found that end-users adept with programs like Microsoft Excel
implementation for our work. automated generation of user interfaces for filtering and constraining applications. J_

are able to answer previously difficult questions with relative ease.
query results.

\ Conclusion

</xml version="1.0" encoding="UTF-8"7> <?7¥ml version="1.8" encoding="UTF-8"7> D A * 4. n o
{M:bthimu t "Families" Iu”f’,":.m.l:w; iy qualt 'QKS:SEHTW ‘ . ds" IuTth;lel y quali ata cqulSltlo ’ Fig. 2D.) XQuery 1S used to let $ri_raw := ("http://biomdis/query/download/1d=1&amp;user_credentials=VGPY9allvcR7" )
<xs:elemen amilie amiliesType"/> <xs:elemen records recordsType" /> . . " , . . _ 25 4 ‘ . _ " . . .
s complexType nare="familiesType"> [4 Lines] | <xs:complexType nare-"itenType"s merge and map multiple data | 1°F Sre-ran = o CPhitp://blondis/auery /download?id=2hanp;user credentials=VGPazlveR7) The Biomediator Data Integration System enables researchers to more
<Xs:complexType :'Su}_zl_j-en::t— 1dType"> I'Eﬁ‘ | |~ | ' <XS:sequences | o | | . . . . sources onto a mediated r"etur"ﬂl N . . . . .
cxs: conplexType nane-"al quot-used-byType's [6 Tines sielenent type-rxsistring” nane~"study's> Sources are required to provide an API for downloading their data as schema, and answer for Saliauot i Srl_raw/fanlies/anily/sbect/sanple/al cuo casilly answer cross-application queries about their data.  Ouwur
o . S o . P » - where ($item, $aliquot/../../../family-code)
<xs :complexType '‘aliquotType"> [67 lines] <xs:element 'xs:string" ‘altid"/> o o . . . . researchers questions about : - i ' . . . e . d . .
<xXs:complexType "cell-countType"> [6 lines] <xs:element "group”> [11 lines] XML. ConneCt1V1ty tO eaCh Source 1S eStathhed by Sp@leYlng a their patient data. f‘ziur‘ﬂ (3item, Jaliquot/../sample-date) framework S lneXpenSIVe, mlnlmaIISt appr()aCh tO ata lntegrathn
<XS:complexType "EUWIETWE"} |25 lines| " <xs:element "entrysubcat"> [11 lines] . . . ) <rOws .d bl f b .ld. bl k f . d f
*‘Kb:tumﬂl‘di}*ﬂe ”'141}HUUE-UEEj-iUt?TFFI‘f 3"|_|__'U "|| *353‘31‘3"’9"* -.51EEUEEGI:-.} L ’: IletWOI'k addTCSS, HTTP methOd, aUtheIltlcathIl Cl’edentlals aIld queI y <subject-code>{$aliquot/../../subject-code/ (O}</subject-code> prOVI CS IC-uUSa C Set O ul 1ng OCKS Or merglng ata rom
<xs :complexType aliquot-used-forType"> [6 lines <xs:elemen sscsubcat”> | ines <sample-code>{$aliquot/. ./sample-code/ ()}</sample-code> .
<Xs:complexType "subjectType"> [50 lines] <xs:element "xs:string” "enroll_date"/> . . b d d . ) . ) )
<xs:complexType "familyType"> [9 __'H';-II <xs:element "xs:string” "dob" /> parameters. Recurrlng eXtraCtlonS Can e SChe UIG at regUIar lnterVals <sample thE}{?pf]l'!.{]UGtr". -/sample-date/ ()}</sample-date> COlleCtlonS Of heterogeneous Sources‘
xs: complexType "colType"> [6 lines] < element "ethnicity"> [9 lines] <sample-type>{$aliquot/../sample-type/ (O}</sample-type>
<A - COTP ’ 1 LR R LTIES e _ T . . : <sample-comments>{$aliquot/../comments/ (O}</sample-comments>
%:MEL:UIHFJIEKTTF]E .:rIGWT}fF]E _I_} Lo 'dl %K%EEIETEHL .:Eﬂ_v_ymce.:} H '.,'r":"gl — tO prOVIde ncar real-tlme reportlng’ <aliquot-type>{$aliquot/aliquot-type/ (J}</aliquot-type>
gxs.t_ump}ex?}ape ”'le-_qug—t_ﬂﬂeTTEe > ||=f1|__ es | e_xa..e}e-rerﬂl: .Ixa.a’r{{mgb. - E'H:?]-[-[_E._Ulf]il]’ f’}t. e <cell-count>{$aliquot/cell-count/ O3}</cell-counts
<xs :complexType x-refType"s> [6 lines <xs:elemen enroll_subject_tracking_information_complete”> b 13 /box/ b A k l d t
a-:xz:c._'mﬂp}exr,fpe ::Eiutézﬂ52%;1—5{1&?3;]5"} |. lle l1nes qxt_:,:e}e-renll: ::q';;ex;_'}. 8 .I'__r--;'.-al ) ) :CEEEEIIEEEEKCE; gi;cgi c nOW e gemen S
<xs :complexType a 1—u ."‘ﬂ:] > [7 lines <xs:elemen .x5:5 r"m%] an agesympt" /> o o . <row>{$aliquot/row/ O}</rows
e oo 16 Linee e e ke Reporting and Securiy. <state>{Saliquot/state/strino()}</state> Funded by NIH grants RR0254, AR051545, and NS055088
<XS:complexType ”ﬂther—mdeType”} |l:r l1nes | <xs:element .,bebtr.qmg., e raydate” /> <aliguot-comments>{$aligquot/comments/ O)}</aligquot-comments> y g ° ° .
<xs:complexType updated-atType"> [7 lines] <xs:element skintight"> [8 lines] — <spreadsheet> | i} { for $field in $item/*
<xXs:complexType "DOBType"> [7 lines] <Xs:element "xs:string” "skindate"/> _{r?::;:}hject-mﬂe:*.rm14Dh-:;#subject-mde:r < return
SO SRS T SO O e SIS e e e XSL transformations may be associated with each query and are Cmpl cole> RAOA<Sample cude , SField }
Fig. 1A.) XML schema for REDCap. Fig. 1B.) XML schema for rLab. <Eamp e-ype <sampe-type </ ron References
. . . . <sample-comments/> return <spreadsheet>{$rows}</spreadsheet>
T automatically applied to XML query results, generating user-friendly oty pePLASMAaliguotype>
</xml version="1.0" encoding="UTF-8"7> 2 <cell-count/>
S echend unaualitied auatifted f t h as CSV and HTML. Original XML It 11 o170 1. Mork P, Halevy A, Tarczy-Hornoch P. A Model for Data Inteeration
<xs:element "spreadsheet” "spreadsheetType” /> Orma S Suc as an . rlglna re Su S 9 aS We as <col>1</col> y 9 y p y * g
<XS:complexType "rowType"> . . . . < m“’}l“f row=> . . . . .
xs: sequence> transformations, are made available to external clients via a RESTtul st NOT USEDSstae> v Systems of Biomedical Data Applied to Online Genetic Databases.
<xs:element "subject-code"> |7 lines | . . . . :
' dy>JRA140</study A . .
<xs:element HEUIHI.']-[-E—CEJ{JE”} | { lines | API :f::l{‘;;_eve[]l_E;lTE?:IZiﬂﬂl "i.,.f"lgi'[{l.fr.ﬁﬂcap_ﬁy&ut_name;, ﬁS!_I:I_'EEI-CDGE 5§-mpI|:E-ca:E 5amDI|E-F|aE& s.a-mllltl?-thfﬂ-:: 5&mplnf—c-;::mm EI|IC|:JI}|II;':.":IE cell-cnﬁnt Do : col I |.*|:|'.-'.' : Proceedlngs Of the AMIA Annual SympOSIUIn. 200 1 NOV 3 _7 *
*‘Kbiit‘merlt "sample-date"> [7 |~1| ) ' <altid>RRRO09</altid> 5 JRAL40A  JRAL40A 2/13/12 BLOOD PLASMIA 517 2 ? ?
<xs:element "Xs:string” "sample-type" /> <group>JIA</group> 2 |IRA140A  |IRAI40A 2/13/12 | BLOOD FLASMA 217 3|1 ‘N 7 .
<xs:element 'Xs:string” "sample-comments” /> <enirysubcat>RF+ Poly</entrysubcat> é ]I:ii:gi jiiiiﬁi Eﬁ}ii Etggﬂ i;ﬁﬁ;mfﬂtgtﬁ 3 171 2 j 5 aShlngtOn D.C. .
. i : _ — 3 = {SIEEUbfﬂH} ¥ JRAT40A JRAL120A 2713712 BLOOD PBMC ~RESER 3 17L B B
<xs:element 1'1*'11'14'*“31: tﬂ:]‘e }ﬁlé“ L1nes ] . . . <ssesubeat/> B |IRA140A JRAL40A 2/13/12 BLOOD PBMC 3 17L 5 B
xs: elenent nane="cell-count"> [8 Lines] Externally, access 1s controlled using user accounts and single-access ity o Hispankc/L atinocliicliy> 3 Dhasas sl | Hioyoisoc | whoisioos L E— —
<xs:element box"s> [9 lines| centryracesWhite</entryraces E Nprﬁgbq? n'ppg:atg_; 11,:32{32 E-ngu %amn:e date cl.?lr-..f-.;rm'- PDP 433 g E
<Xs:element "col™> [9 lines] " 41 d " " d {eumhll_mmmf} h 13 ::Errjn;;ci Egiﬂagcji E:fle{:'% itmg bam“mﬂcg:if:g:‘.: ﬁgﬁ 203 4G
<xs:element :'r'r:m"':»‘ [9 ;_'H'i-l tOkenS OvVer HTTPS‘ Intema11y9 eaCh plece Of Sen81tlve ata’ 1S aSSIgne <enroll_subject_tracking information_complete>Complete</ T e T S rom POF e St
xS eement srate > L7 Lines : : <sample_date/> 17 INOP100C2 | NOP100C? 7/6/07 BLOOD DNA from PP 403 3 A
cxselement nare-"aliquot-coments"> [0 Lines] to an owner and group. Owners may share their data by adding users to <age_at_donation’> i eied 7o o e —
x5 alemant "study"> [7 lines] <sampletype___ 0>0</sampletype__ 0> ;g w;:mgggg w;zp:gggg f,rg,rgx nggu I_',Ir-..f-.:rm"- PDP ggg ; E
o . o " . . <sampletype___1>0</sampletype___ 1> s SOET] eI Ff0/3; B ShoL o '
asielement type—xs:string) nane-/redcap_event_nane"/> the appropriate group. User access to data i1s controlled at the ORM <sampletype_2:0</sampletype_2> : fhenuS e T sl o e .
<xs:element Xs:string altid" /> ( alr 23 |NOP117C3 | NOP117C3-1 B/31/99 BLOOD PBMC PBMC 16E BB
<xs:element "group"> [7 lines] 1 1 f . 1 . . . . . .
<xs:element "xs:string" "entrysubcat”/> CVvC by use of an ActiveRecord plug-11 111 RUby and an added Securlty Fig. 2E.) XML result sets may be used to create a Fig. 2F.) Result sets may be transformed into other formats such as CSV
<Xs:element ‘Xs:string’ “slesubcat’/> 1 JP A . J new data source that can be consumed by (spreadsheet) and HTML.
<xs:element "xs:string” "sscsubcat” /> a r ab 1n a a. : . : :
e+ ol ement venroll_date"s [7 lines] ye OoveC \Y Biomediator and other data integration systems.

Fig. 1C.) Combined fields of interest from REDCap and rLab.



