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Pdq| gdwdedvh dssolfdwlrqv uhtxluh d phfkdqlvp e| zklfk cjhqhulf* dssolfdwlrqv
fdq ghwhuplqh d gdwdedvh*v vwuxfwxuh dw uxqwlph/ iru ixqfwlrqv vxfk dv judsklfdo
eurzvhuv/ g|qdplf txhulhv dqg wkh vshfl�fdwlrq ri ylhz vfkhpdwd1 Wklv surshuw|/
riwhq uhihuuhg wr lq surjudpplqj odqjxdjhv dv uh�hfwlrq/ kdv ehhq d ihdwxuh ri
gdwdedvhv iru pdq| |hduv/ dqg wkh 513 vshfl�fdwlrq ri wkh RGPJ phwdprgho ^6`
kdv surylghg d vwdqgdug DSL iru phwdgdwd txhulhv lq remhfw0rulhqwhg gdwdedvhv1
Dv sduw ri rxu uhvhdufk lqwr ihghudwhg gdwdedvhv/ zh vshfl�hg dqg lpsohphqwhg d
joredo ylhz phfkdqlvp wr idflolwdwh wkh fuhdwlrq ri ylhzv iru RGPJ gdwdedvhv/
dqg wkh vxevhtxhqw lqwhjudwlrq ri ylhz vfkhpdwd wr irup ihghudwhg vfkhpdwd1
Sohdvh uhihu wr ^9/ 43` iru d frpsohwh edfnjurxqg rq ihghudwhg gdwdedvhv1 Lq
wklv sdshu zh gr qrw frqfhqwudwh rq wkh wrslf ri ihghudwhg gdwdedvhv exw lqvwhdg
irfxv rq wkh frqvwuxfwlrq ri d phwdgdwd lqwhuidfh wr RGPJ lqirupdwlrq v|vwhpv1
Wklv sdshu lv vwuxfwxuhg dv iroorzv= wkh uhpdlqghu ri wklv vhfwlrq surylghv d eulhi
ryhuylhz ri wkh qdwxuh ri rxu uhvhdufk/ wkh lpsruwdqfh ri phwdgdwd wr rxu ylhz
phfkdqlvp/ dqg wkh prwlydwlrq iru wklv uhvhdufk> lq {5 wkh pdlq frqfhswv lq
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wklv irup ri uhvhdufk duh glvfxvvhg/ wrjhwkhu zlwk dq lqirupdo ghvfulswlrq ri wkh
phwdgdwd od|hu> lq {6 wkh sudjpdwlfv ri wkh odqjxdjh duh suhvhqwhg wkurxjk d
vhulhv ri h{dpsohv> lq {7 zh suhvhqw ghwdlov ri wkh lpsohphqwdwlrq> dqg �qdoo| lq
{8 zh r�hu vrph frqfoxvlrqv1

Lq wklv sdshu zh xvh wkh whup ylhz +ru RGPJ ylhz, wr uhihu wr dq RGPJ
vxevfkhpd zklfk pd| frqwdlq pxowlsoh fodvvhv/ dqg lv gh�qhg rq dq RGPJ
gdwdedvh/ ru rq dqrwkhu ylhz zklfk kdv ehhq gh�qhg rq dq RGPJ gdwdedvh1

414 Edfnjurxqg dqg Prwlydwlrq

Wkh pdlq irfxv ri rxu uhvhdufk zdv wr h{whqg wkh RGPJ 513 prgho wr surylgh
ylhzv lq d ihghudwhg gdwdedvh hqylurqphqw1 Wklv zrun |lhoghg wkh vshfl�fdwlrq
dqg lpsohphqwdwlrq ri d joredo ylhz phfkdqlvp/ xvlqj wkh RGPJ prgho dv
wkh frpprq prgho iru d ihghudwlrq ri gdwdedvhv1 Wkh frqfhsw ri d ihghudwlrq ri
gdwdedvhv ^43` lv rqh zkhuh khwhurjhqhrxv gdwdedvhv +ru lqirupdwlrq v|vwhpv,
fdq frppxqlfdwh zlwk rqh dqrwkhu wkurxjk dq lqwhuidfh surylghg e| d frp0
prq gdwd prgho1 Lq rxu fdvh/ wkh frpprq gdwd prgho lv wkh RGPJ prgho/
wkh vwdqgdug prgho iru remhfw0rulhqwhg gdwdedvhv vlqfh 4<<6 ^6`1 Wkh prvw frp0
prq dufklwhfwxuh iru wkhvh v|vwhpv lv dv iroorzv= gdwd uhvlghv lq pdq| +jhqhudoo|
khwhurjhqhrxv, lqirupdwlrq v|vwhpv ru gdwdedvhv> wkh vfkhpd ri hdfk Lqirupd0
wlrq V|vwhp +LV, lv wudqvodwhg wr dq R0R irupdw/ dqg wklv qhz vfkhpd lv fdoohg
wkh frpsrqhqw vfkhpd> ylhz vfkhpdwd duh gh�qhg dv vkduhdeoh vxevhwv ri wkh
frpsrqhqw vfkhpd> wkh ylhz vfkhpdwd duh h{sruwhg wr d joredo ru ihghudwhg
vhuyhu zkhuh wkh| duh lqwhjudwhg wr irup pdq| joredo ru ihghudwhg vfkhpdwd1
Rxu irfxv zdv wr h{whqg wkh RGPJ prgho vr wkdw lw zdv srvvleoh wr gh�qh wkh
ylhz vfkhpdwd rq wrs ri hdfk frpsrqhqw vfkhpd/ dqg gh�qh lqwhjudwlrq rshu0
dwruv zklfk idflolwdwhg wkh frqvwuxfwlrq ri ihghudwhg vfkhpdwd1 Wklv h{whqvlrq
surylghg d od|hu ri RGPJ ylhzv rq wrs ri wkh frpsrqhqw vfkhpd1 Krzhyhu/ lw
zdv dovr qhfhvvdu| wr surylgh d pdsslqj odqjxdjh zklfk frxog elqg wkh frpsr0
qhqw vfkhpd wr lwv orfdo prgho uhsuhvhqwdwlrq1 Wklv idflolwdwhv wkh wudqvodwlrq ri
RGPJ txhulhv +wr wkh wkhlu orfdo LV htxlydohqw,/ dqg hqdeohv gdwd wudqvihu wr
wkh RGPJ gdwdedvh zkhq ylhzv duh gh�qhg1

Wkh fodvvhv zklfk frpsulvh wkh gdwdedvh vfkhpd duh xvhg wr prgho wkh uhdo
zruog hqwlwlhv zklfk duh vwruhg lq wkh gdwdedvh1 Dgglwlrqdoo|/ wkhuh lv d vhw ri
phwdfodvv lqvwdqfhv zklfk duh xvhg wr ghvfuleh wkh gdwdedvh fodvvhv1 Wkxv/ zh
fdq wklqn ri dq RGPJ gdwdedvh dv kdylqj wzr glvwlqfw vhwv ri fodvvhv= wkrvh
zklfk uhvlgh lq wkh gdwdedvh vfkhpd/ dqg wkh devwudfw fodvvhv +phwdfodvvhv, zklfk
uhvlgh lq wkh vfkhpd uhsrvlwru|1 Zkhqhyhu zh surfhvv dqg vwruh d ylhz gh�qlwlrq/
d vhw ri phwdfodvv lqvwdqfhv duh vwruhg lq wkh gdwdedvh1 Zkhuh d ylhz gh�qlwlrq
lqyroyhv pxowlsoh fodvvhv/ hdfk zlwk wkhlu rzq h{whqwv/ wklv frpelqdwlrq ri phwd0
remhfwv fdq ehfrph txlwh frpsoh{1 Wkxv/ wkh uhtxhvw wr glvsod| d ylhz/ ru h{wudfw
gdwd iurp wkh orfdo LV riwhq uhtxluhv srzhuixo txhu| idflolwlhv lq rughu wr uhwulhyh
wkh uhtxluhg phwd0lqirupdwlrq1 Lq �jxuh 4 wkh uroh ri wkh vfkhpd uhsrvlwru|
zlwklq d ihghudwhg gdwdedvh hqylurqphqw lv looxvwudwhg1 Erwk wkh Frpsrqhqw
Gdwdedvh dqg Ihghudwhg Gdwdedvh Vhuyhu duh RGPJ gdwdedvhv1 Wkh vfkhpd
uhsrvlwru| frqwdlqv d ghvfulswlrq ri wkh gdwdedvh fodvvhv/ khqfh wkh duurz wrzdugv
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wkh gdwdedvh vfkhpd1 Krzhyhu/ lq wklv w|sh ri dufklwhfwxuh/ wkh vfkhpd uhsrvlwru|
zloo frqwdlq d odujh dprxqw ri dgglwlrqdo gdwd uhtxluhg e| ylhz gh�qlwlrqv1

Wklv uhvhdufk lqyroyhg h{whqglqj wkh RGPJphwdprgho lq rughu wr frqvwuxfw
ylhz vfkhpdwd1 Krzhyhu/ gxh wr wkh frpsoh{ qdwxuh ri erwk wkh edvh phwdprgho
dqg h{whqvlrqv/ pdq| ri wkh RTO txhulhv zklfk zhuh uhtxluhg erwk wr uhwulhyh
edvh dqg ylhz fodvv phwdgdwd zrxog qhfhvvlwdwh orqj h{suhvvlrqv1 Iru wklv uhdvrq
zh vshfl�hg vrph odqjxdjh h{whqvlrqv wr RTO iru wkh vshfl�f sxusrvh ri hdv|
uhwulhydo ri phwdgdwd iurp wkh vfkhpd uhsrvlwru|1 Wkh frqwulexwlrq ri wklv zrun
lv wr surylgh d vriwzduh phwdgdwd od|hu zklfk idflolwdwhv wkh hdvlhu h{suhvvlrq
ri RGPJ phwdgdwd txhulhv1 Lq idfw doo phwdgdwd txhulhv fdq eh h{suhvvhg lq
d vlqjoh olqh1 Lq dgglwlrq/ zh eholhyh lw lv srvvleoh wr lpsuryh wkh shuirupdqfh
ri phwdgdwd txhulhv dv vrph ri rxu h{shulphqwv +glvfxvvhg eulh�| lq {7, kdyh
vkrzq1
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Lq wklv vhfwlrq zh surylgh d ghvfulswlrq ri wkh pdlq frqfhswv lqyroyhg lq wklv
uhvhdufk= wkh phwdgdwd remhfwv dqg wkh txhulhv xvhg wr pdqlsxodwh phwdgdwd1
Phwdgdwd remhfwv duh xvhg wr ghvfuleh erwk wkh vwuxfwxudo hohphqwv ri wkh sdu0
wlflsdwlqj v|vwhpv +edvh phwdgdwd remhfwv,/ dqg wkh yluwxdo hohphqwv zklfk duh
gh�qhg xvlqj d ylhz odqjxdjh dqg duh pdsshg wr edvh phwdgdwd remhfwv1 Phwd0
gdwd txhulhv duh fdwhjrul}hg lqwr jurxsv uhsuhvhqwlqj wkh w|sh ri phwdgdwd lq0
irupdwlrq uhtxluhg1



514 Phwdgdwd Hohphqwv

Lq �jxuh 5 d eulhi rxwolqh ri wkh RGPJ vfkhpd uhsrvlwru| lqwhuidfh +ru RGPJ
F.. phwdprgho, lv looxvwudwhg1 Iru lqwhjudwlrq hqjlqhhuv wkh pdlq srlqwv ri lq0
whuhvw duh fodvvhv dqg wkhlu surshuwlhv/ dqg lvvxhv vxfk dv vfrslqj dqg lqkhulwdqfh1
Wkh looxvwudwlrq dwwhpswv wr vkrz d klhudufk| ri phwdfodvvhv zlwk wkh g Vfrsh/
g Lqkhulwdqfh dqg g Phwd Remhfw phwdfodvvhv dw wkh wrs ri wkh klhudufk|1 Rwk0
huzlvh/ doo phwdfodvvhv ghulyh iurp g Phwd Remhfw +lghqwl�hg e| duurzv, dqg
pxowlsoh lqkhulwdqfh rffxuv zkhuh vrph phwdfodvvhv ghulyh iurp g Vfrsh1 E|
ghulylqj iurp d g Vfrsh remhfw/ phwd0remhfwv fdq sodfh rwkhu phwd0remhfwv lq0
vlgh d +frqfhswxdo, frqwdlqhu fodvv1 Iru h{dpsoh/ d g Fodvv remhfw ghulyhv iurp
g Vfrsh/ dqg fdq xvh lwv surshuwlhv wr elqg d vhw ri g Dwwulexwh remhfwv wr lw1
Vshfl�fv ri wkh urohv ri hdfk ri wkh phwdfodvvhv lv ehvw ghvfulehg lq ^8`1

d_Property d_Type d_Constant

d_Relationship d_Attribute d_Derived

d_Ref_Type d_Collection_type d_Primitive_Type

d_Scope d_Meta_Object

d_Inheritance d_Class
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Lq dq RGPJ gdwdedvh wkdw frqwdlqv d ylhz phfkdqlvp/ lw lv qhfhvvdu| wr eh
deoh wr glvwlqjxlvk ehwzhhq edvh dqg yluwxdo fodvvhv/ dqg iru yluwxdo fodvvhv rqh
pxvw eh fdsdeoh ri rewdlqlqj wkh vdph lqirupdwlrq uhjduglqj vwuxfwxuh dv fdq eh
rewdlqhg iru edvh fodvvhv1 Wkh ylhz phfkdqlvp/ lwv vshfl�fdwlrq odqjxdjh/ dqg
lpsohphqwdwlrq duh ghvfulehg lq ^;`^<`1 Wklv sdshu dvvxphv wkdw ylhz gh�qlwlrqv
kdyh douhdg| ehhq surfhvvhg dqg vwruhg/ dqg d uhtxluhphqw h{lvwv wr uhwulhyh
phwd0lqirupdwlrq lq rughu wr glvsod| ylhzv ru surfhvv joredo txhulhv1 D ylhz ru
zudsshu lv uhsuhvhqwhg e| wkh phwd0remhfwv rxwolqhg ehorz1

41 Vxevfkhpd ru Zudsshu Frqvwuxfwlrq1 Wkh gh�qlwlrq ri d yluwxdo vxe0
vfkhpd uhtxluhv wkh frqvwuxfwlrq ri d y Vxevfkhpd lqvwdqfh1

51 Fodvv Frqvwuxfwlrq1Zkhuh lw lv qhfhvvdu| wr frqvwuxfw qhz yluwxdo fodvvhv/
d y Fodvv remhfw lv lqvwdqwldwhg iru hdfk qhz yluwxdo fodvv1



61 Dwwulexwh dqg Uhodwlrqvkls Frqvwuxfwlrq1 D y Dwwulexwh lqvwdqfh dqg
d y Sulplwlyh W|sh lqvwdqfh lv frqvwuxfwhg iru hdfk dwwulexwh surshuw|/ dqg
d y Uhodwlrqvkls dqg y Uhi W|sh lqvwdqfh lv frqvwuxfwhg iru hyhu| uhod0
wlrqvkls surshuw|1

71 Lqkhulwdqfh Frqvwuxfwlrq1 Wklv w|sh ri phwd0remhfw frqqhfwv fodvvhv

wr vxefodvvhv1
81 Fodvv Vfrsh Xsgdwh1 Zkhq y Dwwulexwh dqg y Uhodwlrqvkls lqvwdqfhv

duh frqvwuxfwhg/ lw lv qhfhvvdu| wr dvvrfldwh wkhvh surshuwlhv zlwk d vshfl�f
+yluwxdo, y Fodvv lqvwdqfh1 Wklv lv grqh e| xsgdwlqj wkh y Vfrsh remhfw
zklfk wkh y Fodvv remhfw lqkhulwv iurp1

91 Vxevfkhpd Vfrsh Xsgdwh1 Zkhq y Fodvv lqvwdqfhv duh frqvwuxfwhg/ lw
lv qhfhvvdu| wr dvvrfldwh wkhvh yluwxdo fodvvhv zlwk d vshfl�f y Vxevfkhpd

lqvwdqfh1

515 Phwdgdwd Txhu| Odqjxdjh

Wkh Vfkhpd Uhsrvlwru| Txhu| Odqjxdjh +VUTO, lv dq h{whqvlrq wr RGPJ*v
Remhfw Txhu| Odqjxdjh/ dqg kdv ehhq lpsohphqwhg dv d vriwzduh od|hu zklfk
uhvlghv ehwzhhq wkh folhqw gdwdedvh dssolfdwlrq dqg wkh RGPJ gdwdedvh1 Wkh
odqjxdjh frpsulvhv �iwhhq surgxfwlrqv ghwdlohg lq dq dsshqgl{ lq ^:`1 Lq wklv
vhfwlrq zh surylgh dq lqirupdo ghvfulswlrq ri wkh w|shv dqg xvdjh ri txhu| odq0
jxdjh h{suhvvlrqv1 Wkh odqjxdjh uhvhpeohv RTO lq wkh idfw wkdw lw hpsor|v d
vhohfw h{suhvvlrq1 Krzhyhu/ VUTO h{suhvvlrqv hpsor| d vhulhv ri nh|zrugv/ dqg
duh dozd|v vlqjoh olqh h{suhvvlrqv1 Dv vkdoo eh ghprqvwudwhg lq wkh qh{w vhfwlrq/
wklv kdv sudfwlfdo dgydqwdjhv ryhu xvlqj vwdqgdug RTO wr uhwulhyh phwdgdwd
lqirupdwlrq1

~ Vxevfkhpd H{suhvvlrqv1 Wklv w|sh ri txhu| lv xvhg wr uhwulhyh vxevfkhpd
remhfwv/ zklfk duh frqwdlqhu remhfwv iru doo hohphqwv frqwdlqhg zlwklq d ylhz
gh�qlwlrq1 Wkh vxevfkhpd nh|zrug lghqwl�hv wklv w|sh ri h{suhvvlrq1

~ Fodvv H{suhvvlrqv1 Wklv w|sh ri txhu| fdq eh xvhg wr uhwulhyh vshfl�hg
edvh ru yluwxdo fodvv remhfwv/ wkh hqwluh vhw ri edvh fodvv remhfwv/ wkh hqwluh
vhw ri yluwxdo fodvv remhfwv/ ru wkh vhw ri yluwxdo fodvvhv frqwdlqhg zlwklq d
vshfl�hg vfkhpd1 Wkh fodvv nh|zrug lghqwl�hv wkh w|sh ri h{suhvvlrq/ zlwk
wkh txdol�hu yluwxdo vshfl�hg iru yluwxdo fodvvhv/ dqg wkh txdol�hu lq xvhg
zkhq uhwulhylqj yluwxdo fodvvhv iru d vshfl�f vxevfkhpd +ru ylhz,1

~ Dwwulexwh H{suhvvlrqv1 Wklv w|sh ri txhu| lv xvhg wr uhwulhyh vlqjoh edvh
ru yluwxdo dwwulexwh remhfwv/ wkh hqwluh vhw ri edvh ru yluwxdo dwwulexwh re0
mhfwv/ ru doo dwwulexwhv iru d vshfl�f edvh ru yluwxdo fodvv/ e| vshfli|lqj wkh
dwwulexwh nh|zrug1 Wkh txhu| fdq dovr eh h{suhvvhg dv d vkdoorz uhwulhydo
+rqo| wkrvh dwwulexwhv iru wkh qdphg fodvv, ru d ghhs uhwulhydo +dwwulexwhv iru
wkh qdphg fodvv dqg doo ghulyhg fodvvhv,1 Wkh txdol�huv +yluwxdo dqg lq, duh
xvhg lq dwwulexwh txhu| h{suhvvlrqv/ dqg d ixuwkhu txdol�hu lqkhulw lv xvhg
wr ghwhuplqh ehwzhhq vkdoorz dqg ghhs txhu| h{suhvvlrqv1

~ Uhodwlrqvkls H{suhvvlrqv1 Wklv w|sh ri txhu| lv vhpdqwlfdoo| lghqwlfdo wr
dwwulexwh txhulhv1 V|qwdfwlfdoo|/ wkh dwwulexwh nh|zrug lv uhsodfhg zlwk wkh
uhodwlrqvkls nh|zrug1



~ Olqn dqg Edvh H{suhvvlrqv1 Wkhvh txhulhv uhwxuq wkh phwd0remhfwv wr
zklfk yluwxdo remhfwv duh pdsshg1 Lq d ylhz phfkdqlvp/ hdfk yluwxdo hohphqw
zklfk kdv ehhq jhqhudwhg dv d uhvxow ri d ylhz gh�qlwlrq pxvw pds wr dq
htxlydohqw edvh ru yluwxdo hohphqw1 Iru h{dpsoh/ d yluwxdo dwwulexwh remhfw
pd| pds wr dqrwkhu yluwxdo dwwulexwh remhfw/ zklfk lq wxuq pdsv wr d edvh
dwwulexwh remhfw1 Wkh olqn txhu| h{suhvvlrq zloo uhwxuq hlwkhu d yluwxdo fodvv/
dwwulexwh ru uhodwlrqvkls remhfw li wkh vshfl�hg remhfw lv pdsshg wr d yluwxdo
hohphqw/ ru QXOO/ li lw lv pdsshg gluhfwo| wr d edvh hohphqw1 Wkh edvh txhu|
h{suhvvlrq zloo dozd|v uhwxuq hlwkhu d edvh fodvv/ dwwulexwh ru uhodwlrqvkls
remhfw/ qxw qhyhu QXOO dv doo yluwxdo hohphqwv pxvw hyhqwxdoo| pds wr d
edvh hohphqw1

~ PhwdQdph dqg PhwdFrxqw H{suhvvlrqv1 Erwk txhu| h{suhvvlrqv wdnh
d vlqjoh VUTO h{suhvvlrq dv dq dujxphqw dqg uhwxuq wkh qdphv ri wkh phwd0
remhfwv dqg wkh frxqw ri wkh phwd0remhfwv uhvshfwlyho|1

~ W|sh H{suhvvlrqv1 Wklv txhu| lv xvhg wr uhwxuq wkh w|sh ri +edvh ru yluwxdo,
dwwulexwh ru uhodwlrqvkls phwd0remhfwv1 Hdfk RGPJ dwwulexwh dqg uhodwlrq0
vkls w|sh lv wdnhq iurp d suhgh�qhg vhw ri w|shv1

� �h@}4@|�Ut Lu 5+"w Nt@}i

Dowkrxjk wkh RGPJ prgho surylghv d vshfl�fdwlrq iru dffhvv wr wkh vfkhpd
uhsrvlwru|/ lw lv txlwh frpsoh{ dqg riwhq qrw hdv| wr irupxodwh RTO phwdgdwd
txhulhv dv zh vkdoo odwhu ghprqvwudwh1 Vlqfh phwdgdwd txhulhv fdq eh uhjdughg dv
d vpdoo vwdwlf jurxs ri txhulhv/ zh kdyh ghyhorshg d txhu| vxe0odqjxdjh iru wkh
RGPJ vfkhpd uhsrvlwru|1 Wklv txhu| odqjxdjh lv edvhg rq RTO exw h{whqgv
wkh edvh odqjxdjh zlwk d vhulhv ri frqvwuxfwv zklfk duh vshfl�fdoo| hpsor|hg lq
phwdgdwd txhu|lqj1 Iru wklv uhdvrq/ zh fdoohg wklv phwdgdwd vxe0odqjxdjh/ wkh
Vfkhpd Uhsrvlwru| Txhu| Odqjxdjh +VUTO,1

614 Vdpsoh Phwdgdwd

Lq rxu suhylrxv zrun ^<` zh ghvfulehg krz ylhz vfkhpdwd fdq eh gh�qhg xvlqj
rxu vxevfkhpd vwdwhphqw1 Wkh uhvxowlqj ylhz fdq kdyh dq| qxpehu ri edvh ru
+qhzo| ghulyhg, yluwxdo fodvvhv/ dqg vrph ri wkhvh fodvvhv duh frqqhfwhg xvlqj
lqkhulwdqfh ru uhodwlrqvkls olqnv1 Zkhuh d ylhz frqwdlqv erwk edvh dqg yluwxdo
fodvvhv/ lw lv qrw srvvleoh wr frqqhfw fodvvhv iurp erwk vhwv1 Lq wklv fdvh/ wkh
ylhz frqwdlqv glvmrlqw vfkhpd vxevhwv1 D ylhz gh�qlwlrq lv sodfhg lqvlgh dq Re0
mhfw Gh�qlwlrq Odqjxdjh �oh +RGO �oh,/ sdvvhg wkurxjk wkh Ylhz Surfhvvru4/
dqg wkh uhvxow lv wkh vwrudjh ri wkh ylhz gh�qlwlrq dv d vhw ri phwd0remhfwv lq
wkh gdwdedvh*v vfkhpd uhsrvlwru|1 Lw lv wkhvh phwd0remhfwv zklfk duh txhulhg e|
v|vwhp lqwhjudwruv dv wkh| vhhn wr glvfryhu vlplodulwlhv dqg gl�huhqfhv ehwzhhq
vfkhpdwd zklfk duh gxh wr eh phujhg/ dv lw lv jhqhudoo| ylhz vfkhpdwd wkdw duh
phujhg/ udwkhu wkdq wkh hqwluh edvh vfkhpdwd ri sduwlflsdwlqj v|vwhpv1 Prvw ri
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Drug

DrugRef : string
Description : string
Default Dosage : string
Default Frequency : string
Class : string
Prescription : set [Prescription]

Diagnose

Code : string
Patient Number : Patient
Description : string
HIV Base Level : string
HIV stage : string
Episode Type : small int
Episode Status : string

Prescription

PatientRef : Patient
RefNo : string
DrugRef : set [Drug]

Patient

Patient Number : string
MRN : string
Marital Status : string
Occupation : string
Date of Birth : date
GP Name : string
Diagnosis : Diagnose
Prescribed : set [DRUGS]

Person

Fname : string
Lname : string
Sex : char
Addr1 : string
Addr2 : string
Addr3 : string
Town : string
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rxu zrun kdv lqyroyhg khdowkfduh v|vwhpv/ dqg rqh ri wkhvh v|vwhpv lv wkh Sdwlhqw
Dgplqlvwudwlrq V|vwhp +SDV, gdwdedvh dw d krvslwdo lq Gxeolq1 Wklv gdwdedvh
frqwdlqv d zlgh udqjh ri lqirupdwlrq lqfoxglqj d sdwlhqw*v ghprjudsklf gdwd/
wuhdwphqw ri hdfk looqhvv/ frqvxowdqw lqirupdwlrq/ dqg ghwdlov ri suhvfulehg phg0
lfdwlrq1 Iru wkh sxusrvh ri wkh h{dpsohv xvhg odwhu lq wklv sdshu/ dvvxph wkdw
wkh ylhz looxvwudwhg lq �jxuh 6 dv sdwlhqwv/ ghwdlov ri d sduwlfxodu looqhvv/ dqg wkh
phglfdwlrq suhvfulehg/ lv vwruhg dv y6 lq wkh gdwdedvh1 Wkh w|shv ri phwd0remhfwv
frqvwuxfwhg iru wklv ylhz zhuh ghvfulehg lq {5141

Dv lw vwdqgv/ wkh RGPJ phwdprgho ru lwv F.. DSL surylghv dq crshq*
vwdqgdug iru uhwulhylqj RGPJ phwdgdwd/ dqg d edvlv iru ghyhorslqj d phwkrg wr
lqvhuw gdwd lqwr wkh vfkhpd uhsrvlwru|1 Wklv surylghv d srzhuixo phfkdqlvp erwk
iru fuhdwruv ri g|qdplf vriwzduh dssolfdwlrqv +ylhzv dqg g|qdplf txhu|lqj,/ dqg
ihghudwhg gdwdedvh hqjlqhhuv/ zkrvh uroh lw lv wr h{wudfw vfkhpd lqirupdwlrq iurp
sduwlflsdwlqj v|vwhpv1 Wklv zrun qhfhvvlwdwhv h{hfxwlqj pdq| phwdgdwd txhulhv
gxulqj wkh frxuvh ri wkh vfkhpd lqwhjudwlrq surfhvv1

615 Phwdgdwd Txhu| Vdpsohv

Lq wklv vhfwlrq/ zh dujxh wkh uhtxluhphqw iru wkh sursrvhg odqjxdjh e| looxv0
wudwlqj d vhulhv ri phwdgdwd txhulhv xvlqj frqyhqwlrqdo RTO/ dqg ghprqvwudwh
krz wkhvh txhulhv pljkw eh vlpsol�hg xvlqj dq h{whqvlrq wr RTO1 Lq dgglwlrq wr
xvlqj csxuh* RTO v|qwd{ zklfk dsshduv wr wuhdw doo ghulyhg dwwulexwhv dv orfdo wr
hdfk vshfldol}hg fodvv ^6` +ss1 ;7,/ zh kdyh dovr rswhg wr xvh wkh F.. elqglqjv



dv surylghg e| wkh Yhuvdqw R0R gdwdedvh surgxfw ^45`15 Rxu prwlydwlrq lv wr
hqvxuh wkdw wkhvh RTO txhulhv fdq dfwxdoo| eh h{suhvvhg lq dw ohdvw rqh yhqgru
surgxfw/ dqg wr ghprqvwudwh wkh pdsslqjv ehwzhhq cqdwlyh* RTO dqg d w|slfdo
R0R gdwdedvh yhqgru1

H{dpsoh 614= Uhwulhyh d edvh fodvv remhfw fdoohg cShuvrq*1

Wklv txhu| lv h{suhvvhg e| djdlq txhu|lqj lwv g Phwd Remhfw vxshufodvv/ exw
lq wklv h{dpsoh/ d vhw ri uhihuhqfhv wr g Fodvv remhfwv vkrxog eh jhqhudwhg dv
rxwsxw1

H{dpsoh 614+d,= RGPJ RTO
vhohfw F iurp g Fodvv
zkhuh F1qdph @ cShuvrq*

H{dpsoh 614+e,= Yhqgru RTO
vhohfw rlg iurp g Fodvv
zkhuh g Phwd Remhfw==qdph @ cShuvrq*

Wkh pdsslqj ehwzhhq wkh RGPJ vshfl�fdwlrq dqg wkh F.. lpsohphqwd0
wlrq lv dovr fohdu dv vkrzq e| wkh yhqgru RTO h{suhvvlrq lq 614+e,1 Lwv VUTO
htxlydohqw lv surylghg lq 614+f, ehorz1

H{dpsoh 614+f,= VUTO
vhohfw fodvv Shuvrq

Wkh uhvxow ri wklv txhu| zloo eh wkh vhw ri edvh fodvv +g Fodvv, lqvwdqfhv
zklfk kdyh wkh qdph dwwulexwh ydoxh ri Shuvrq1 Iru edvh fodvv lqvwdqfhv/ wklv zloo
dozd|v eh d vlqjoh remhfw uhihuhqfh/ exw iru yluwxdo fodvvhv lw lv srvvleoh iru pdq|
wr vkduh wkh vdph qdph/ surylglqj wkh| ehorqj lqvlgh gl�huhqw vxevfkhpdwd1 Wklv
lv h{sodlqhg lq ^<` zkhuh hdfk vxevfkhpd kdv lwv rzq vfrsh dqg fodvv klhudufk|/
dqg wkxv fodvv qdphv fdq eh uhshdwhg dfurvv gl�huhqw vxevfkhpd gh�qlwlrqv1

H{dpsoh 615= Uhwulhyh yluwxdo fodvv remhfw fdoohg cShuvrq* iurp vxevfkhpd y61

Dvvxph zh qrz zlvk wr uhwulhyh d vshfl�f fodvv Shuvrq iurp vxevfkhpd y61

H{dpsoh 615+d,= RGPJ RTO
vhohfw F iurp y Fodvv
zkhuh F1qdph @ cShuvrq*
dqg F1VfkhpdFrqwdlqhu @

+vhohfw V iurp y VxeVfkhpd zkhuh V1qdph @ cy6*,
H{dpsoh 615+e,= Yhqgru RTO

v rlg @ + vhohfw rlg iurp y Vxevfkhpd
zkhuh y Phwd Remhfw==qdph @ cy6* ,>
vhohfw rlg iurp y Fodvv
zkhuh y Phwd Remhfw==qdph @ cShuvrq*
dqg VfkhpdFrqwdlqhu @ v rlg>
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H{dpsoh 615+f,= VUTO
vhohfw yluwxdo fodvv y61Shuvrq

Lq wklv h{dpsoh/ wkh VUTO pdnhv wkh RTO txhu| hdvlhu dv zh xvh d vxe0
vfkhpd txdol�hu wr vshfli| wkh fruuhfw fodvv1 Dowkrxjk wkh txhu| fdq eh h{suhvvhg
hdvlo| lq RTO/ lw zdv qhfhvvdu| wr euhdn wkh yhqgru txhu| lqwr wzr vhjphqwv dv
lw zdv qrw srvvleoh wr sdvv remhfw uhihuhqfhv iurp dq lqqhu txhu|1 Zlwk rxu VUTO
dssurdfk lq h{dpsoh 615+f,/ dq| lpsohphqwdwlrq lv klgghq ehklqg wkh odqjxdjh
h{whqvlrqv1

H{dpsoh 616= Uhwulhyh d yluwxdo dwwulexwh cqdph* iurp fodvv cShuvrq* lq vxe0
vfkhpd y61

Lq wklv h{dpsoh zh djdlq kdyh wkh sureohp ri �uvw vhohfwlqj wkh fruuhfw
y Fodvv uhihuhqfh dqg wkhq vhohfwlqj wkh dssursuldwh y Dwwulexwh remhfw uhi0
huhqfh1 Dvvxph wkdw wkh yluwxdo fodvv lv iurp wkh vdph vxevfkhpd +y6, dv wkh
suhylrxv h{dpsoh1

H{dpsoh 616+d,= RGPJ RTO
vhohfw D iurp y Dwwulexwh
zkhuh D1lq fodvv lq
+ vhohfw F iurp y Fodvv
zkhuh F1qdph @ cShuvrq*
dqg F1VfkhpdFrqwdlqhu lq

+vhohfw V iurp y VxeVfkhpd zkhuh V1qdph @ cy6*, ,
H{dpsoh 616+e,= Yhqgru RTO

v rlg @ + vhohfw rlg iurp y Vxevfkhpd
zkhuh y Phwd Remhfw==qdph @ cy6* ,>
f rlg @ +vhohfw rlg iurp y Fodvv
zkhuh y Phwd Remhfw==qdph @ cShuvrq*
dqg VfkhpdFrqwdlqhu @ v rlg,>
vhohfw rlg iurp y Dwwulexwh
zkhuh y Phwd Remhfw==qdph @ cqdph*
dqg lq fodvv @ f rlg,>

Lq h{dpsoh 616+d, wkh sxuh RTO yhuvlrq ri wkh txhu| lv h{suhvvhg e| vlpso|
dgglqj dqrwkhu od|hu wr wkh qhvwhg txhu|1 Krzhyhu/ wkh yhqgru surgxfw lq 616+e,
uhtxluhv wkuhh vhsdudwh txhulhv/ dqg wkxv/ lw zloo eh qhfhvvdu| wr hpehg wkh
RTO lqvlgh d surjudpplqj odqjxdjh vxfk dv F.. ru Mdyd1 Vlqfh wklv lv wkh
prvw olnho| vfhqdulr iru dq R0R gdwdedvh surjudp/ lw grhv qrw udlvh dq| pdmru
sureohpv/ exw lw grhv ghprqvwudwh wkh xqzlhog| qdwxuh ri xvlqj vrph ri wkh
RTO lpsohphqwdwlrqv zkhq exloglqj R0R gdwdedvh vriwzduh1 Lq h{dpsoh 616+f,
wkh VUTO yhuvlrq ri wkh txhu| lv d vlpsoh h{suhvvlrq1

H{dpsoh 616+f,= VUTO
vhohfw yluwxdo dwwulexwh y61Shuvrq1qdph



Wkhvh h{dpsohv ghprqvwudwh krz d txhu| odqjxdjh edvhg rq RTO frxog eh
xvhg wr vlpsoli| txhu|lqj rshudwlrqv djdlqvw wkh vfkhpd uhsrvlwru|1 Wkhvh w|shv
ri txhulhv duh fuxfldo wr vfkhpd lqwhjudwruv zkr uhtxluh phwdgdwd lqirupdwlrq lq
rughu wr ghwhuplqh wkh vwuxfwxudo pdnhxs ri d vfkhpd/ ehiruh vxevhtxhqwo| uh0
vwuxfwxulqj dqg phujlqj gl�huhqw vfkhpdwd1 Lqlwldo txhulhv zkhq frqqhfwlqj wr d
gdwdedvh iru wkh �uvw wlph zloo eh= zkdw duh wkh qdphv ri h{sruw vfkhpdwdB Zkdw
duh wkh qdphv ri fodvvhv zlwklq d vshfl�f h{sruw vfkhpdB Krz pdq| dwwulexwhv
grhv d sduwlfxodu fodvv frqwdlqB Zkdw lv wkh w|sh ri dwwulexwh {B Suhylrxv txhulhv
dvvxphg wkdw wklv w|sh ri gdwd kdg douhdg| ehhq dftxluhg1 Lq wkh iroorzlqj h{0
dpsohv zh zloo looxvwudwh wkhvh w|shv ri txhulhv/ dqg zloo qrz h{suhvv txhulhv lq
RTO dqg VUTO rqo| dv wkh sureohp uhjduglqj yhqgru0vshfl�f yhuvlrqv ri RTO
kdv douhdg| ehhq vkrzq1

H{dpsoh 617= Uhwulhyh doo fodvvhv zlwklq vxevfkhpd y6

Lq h{dpsohv 617+d, dqg +e, wkh v|qwd{ iru erwk h{suhvvlrqv wr uhwulhyh doo
uhihuhqfhv wr y Fodvv remhfwv zlwklq wkh vxevfkhpd y6 lv looxvwudwhg1 Dv wkhvh
txhulhv duh vlpsohu wkdq wkrvh lq suhylrxv h{dpsohv/ wkh RTO h{suhvvlrqv duh
idluo| vwudljkwiruzdug1

H{dpsoh 617+d,= RGPJ RTO
vhohfw F iurp y Fodvv
zkhuh F1VfkhpdFrqwdlqhu1qdph @ cy6*

H{dpsoh 617+e,= VUTO
vhohfw yluwxdo fodvv lq y6

Wkh nh|zrug yluwxdo lv xvhg wr glvwlqjxlvk ehwzhhq edvh dqg yluwxdo fodvvhv/
dqg vlplodu wr wkh vhohfw vxevfkhpd h{suhvvlrq/ wklv suhglfdwh fdq eh gursshg
lq flufxpvwdqfhv zkhuh doo lqvwdqfhv duh uhtxluhg1 Lq h{dpsoh 617+f, �yh srvvleoh
irupdwv duh looxvwudwhg1 Wkh vhpdqwlfv iru wkh vhohfwlrq ri edvh fodvvhv lv fohdu=
lq h{dpsoh +l, wkh frpsohwh vhw ri g Fodvv remhfw uhihuhqfhv lv uhwxuqhg/ dqg
lq h{dpsoh +ll, d vlqjoh g Fodvv uhihuhqfh lv uhwxuqhg1 Iru yluwxdo fodvvhv/ wkhuh
duh wkuhh srvvlelolwlhv zlwk h{dpsohv +lll, dqg +y, vlplodu wr wkhlu edvh txhu|
htxlydohqwv1 Krzhyhu/ h{dpsoh +ly, lv gl�huhqw= doo yluwxdo fodvvhv fdoohg Shuvrq
duh uhwxuqhg1

H{dpsoh 617+f,= fodvv vhohfwlrq irupdwv
+l, vhohfw fodvv
+ll, vhohfw fodvv Shuvrq
+lll, vhohfw yluwxdo fodvv
+ly, vhohfw yluwxdo fodvv Shuvrq
+y, vhohfw yluwxdo fodvv y61Shuvrq

D vxevfkhpd fdq frpsulvh erwk edvh dqg yluwxdo fodvvhv ^<`1 Wkh lq nh|zrug
zdv xvhg lq wkh suhylrxv vhfwlrq wr vhohfw fodvvhv zlwklq d vshfl�hg vxevfkhpd1
Li edvh fodvvhv duh uhtxluhg/ wkh nh|zrug yluwxdo lv gursshg1 Erwk irupdwv duh
looxvwudwhg lq h{dpsoh 617+g,1



H{dpsoh 617+g,= uhwulhyh fodvvhv zlwklq d vshfl�hg vxevfkhpd
vhohfw fodvv lq y6
vhohfw yluwxdo fodvv lq y6

H{dpsoh 618= uhwulhyh doo uhodwlrqvklsv zlwklq Shuvrq zlwklq wkh y6 vfkhpd1

Lq wklv h{dpsoh zh uhtxluh d uhihuhqfh wr doo uhodwlrqvkls remhfwv lqvlgh wkh
Shuvrq fodvv1

H{dpsoh 618+d,= RGPJ RTO
vhohfw U iurp y Uhodwlrqvkls
zkhuh U1gh�qhg lq fodvv lq
+ vhohfw F iurp y Fodvv
zkhuh F1qdph @ cShuvrq* dqg F1VfkhpdFrqwdlqhu @

+vhohfw V iurp y VxeVfkhpd zkhuh V1qdph @ cy6*,
H{dpsoh 618+e,= VUTO
vhohfw yluwxdo uhodwlrqvkls lq y61Shuvrq

Lq h{dpsoh 618+e, lw lv fohdu wkdw wkh VUTO irupdw lv idu hdvlhu wr h{suhvv
wkdq wkh edvh RTO txhu|1 Dgglwlrqdoo|/ txhulhv uhjduglqj lqkhulwdqfh fdq eh d
olwwoh xqzlhog| gxh wr wkh frpsoh{lw| ri wkh R0R prgho1

H{dpsoh 619= Uhwulhyh doo dwwulexwhv/ lqfoxglqj ghulyhg rqhv iru wkh fodvv h1

Vxssrvh lw zhuh qhfhvvdu| wr uhwulhyh doo dwwulexwhv iru fodvv h/ zklfk lv ghulyhg
iurp fodvvhv d/e/f/ dqg g +lq vxevfkhpd y6,1 +Sohdvh uhihu wr ^8` iru d ghvfulswlrq
rq lqkhulwdqfh lq wkh RGPJ phwdprgho1,

H{dpsoh 619+d,= RGPJ RTO
vhohfw D iurp y Dwwulexwh
zkhuh D1lq fodvv lq
+ vhohfw F iurp y Fodvv
zkhuh F1qdph @ ch*
dqg F1VfkhpdFrqwdlqhu lq

+vhohfw V iurp y VxeVfkhpd zkhuh V1qdph @ cy6*,
xqlrq

vhohfw D iurp y Dwwulexwh
zkhuh D1lq fodvv lq
+ vhohfw l1lqkhulwv wr iurp y Lqkhulwdqfh
zkhuh l1lqkhulwv wr1qdph @ ch*
dqg l1lqkhulwv wr1VfkhpdFrqwdlqhu lq
+vhohfw V iurp y VxeVfkhpd zkhuh V1qdph @ cy6*, ,

Lq h{dpsoh 619+d, wkh RTO txhu| wr uhwxuq wkh uhtxluhg y Dwwulexwh uhi0
huhqfhv iru wkh fodvv h lv looxvwudwhg1 Lq wkh �uvw vhjphqw +ehiruh wkh xqlrq rs0
hudwru lv dssolhg, lw lv qhfhvvdu| wr surylgh qhvwhg txhulhv wr rewdlq wkh fru0
uhfw y Vxevfkhpd lqvwdqfh/ dqg wkhq wkh fruuhfw y Fodvv lqvwdqfh/ ehiruh wkh
dwwulexwhv iru fodvv h duh uhwulhyhg1 Lq wkh vhfrqg vhjphqw/ lw lv qhfhvvdu| wr uh0
wulhyh doo y Fodvv uhihuhqfhv zklfk duh vxshufodvvhv ri fodvv h/ dqg shuirup wkh
vdph rshudwlrqv rq wkhvh fodvvhv1



H{dpsoh 619+e,= VUTO
vhohfw yluwxdo dwwulexwh lq y61Shuvrq lqkhulw

Xvlqj wkh VUTO/ wkh txhu| h{suhvvlrq lv yhu| vlpsoh= wkh nh|zrug lqkhulw

lv dssolhg wr wkh hqg ri wkh h{suhvvlrq wr lqfoxgh wkh dgglwlrqdo y Dwwulexwh

remhfwv lq wkh uhvxow vhw1
Wkh vhohfw dwwulexwh dqg vhohfw uhodwlrqvkls h{suhvvlrqv fdq wdnh gli0

ihuhqw irupv dv looxvwudwhg lq h{dpsoh 619+f,1 Rqo| h{dpsohv +lll, dqg +yll, zloo
gh�qlwho| uhwxuq d froohfwlrq frqwdlqlqj d vlqjoh remhfw uhihuhqfh61

H{dpsoh 619+f,= dwwulexwh vhohfwlrq irupdwv
+l, vhohfw dwwulexwh
+ll, vhohfw dwwulexwh djh
+lll, vhohfw dwwulexwh Shuvrq1vh{
+ly, vhohfw yluwxdo dwwulexwh
+y, vhohfw yluwxdo dwwulexwh djh
+yl, vhohfw yluwxdo dwwulexwh Shuvrq1vh{
+yll, vhohfw yluwxdo dwwulexwh y61Shuvrq1vh{

Ilqdoo|/ wkh duhd ri txhu| wudqvirupdwlrq dqg wkh uhvroxwlrq ri pdsslqjv
ehwzhhq yluwxdo dqg +rwkhu yluwxdo remhfwv dqg, edvh remhfwv uhtxluhv d gl�huhqw
irup ri phwdgdwd txhu| h{suhvvlrq1 Vxssrvh lw lv qhfhvvdu| wr uhwulhyh wkh edvh
dwwulexwh wr zklfk d sduwlfxodu yluwxdo dwwulexwh lv pdsshg1

H{dpsoh 61:= uhwulhyh pdsshg dwwulexwh +zlwkrxw VUTO,

Dvvxph wkdw y61Shuvrq1qdph lv pdsshg wr Shuvrq1Ixooqdph lq wkh edvh
vfkhpd1 Lw lv qhfhvvdu| wr uhwulhyh wkh pdsshg dwwulexwh qdph wr dvvlvw lq wkh
txhu| wudqvirupdwlrq surfhvv1 Dvvxplqj wkh txhu| h{suhvvhg lq h{dpsoh 616
uhwxuqv dq remhfw uhihuhqfh U +wkh qdph dwwulexwh lq Shuvrq fodvv lq y6,/ wkhq
h{dpsoh 61:+d, fdq eh xvhg wr uhwulhyh lwv pdsshg edvh dwwulexwh1

H{dpsoh 61:+d,= RGPJ RTO +uhtxluhv uhvxow vhw T,
vhohfw D1YluwxdoFrqqhfwru iurp y Dwwulexwh
zkhuh D lq T

H{dpsoh 61:+e,= VUTO +ixoo txhu| h{suhvvlrq,
vhohfw olqn dwwulexwh y61Shuvrq1qdph

Lq h{dpsoh 61:+e, wkh hqwluh txhu| h{suhvvlrq lv looxvwudwhg1 Zkhuhdv wkh edvlf
RTO h{suhvvlrq uhtxluhv wkuhh qhvwhg txhulhv/ wkh hqwluh h{suhvvlrq xvlqj VUTO
fdq eh h{suhvvhg lq d vlqjoh vhohfw olqn vwdwhphqw +lghqwlfdo v|qwd{ wr h{dpsoh
61:+e,,1 Wkh uhvroxwlrq ri pdsslqjv ehfrphv hyhq pruh frpsoh{ zkhq wkhuh duh
d vhulhv ri pdsslqjv iurp yluwxdo hqwlwlhv wr wkh edvh hqwlw|/ hj1 zkhuh d qxpehu
ri vxevfkhpd gh�qlwlrqv duh vwdfnhg rq wrs ri hdfk rwkhu1 Wr uhwulhyh wkh edvh
dwwulexwh lq wklv w|sh ri vlwxdwlrq uhtxluhv dq xqzlhog| RTO h{suhvvlrq/ zkhuhdv
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d vlqjoh vhohfw vwdwhphqw zloo vx�fh li zh surylgh wkh dssursuldwh h{whqvlrqv
wr RTO1

Lq ^:` zh surylgh wkh surgxfwlrq uxohv iru wkh vfkhpd uhsrvlwru| txhu| odq0
jxdjh1 Wkh vdph sxeolfdwlrq frqwdlqv wkh v|qwd{ iru ixuwkhu txhulhv vxfk dv
wkh uhwulhydo ri vxevfkhpd dqg zudsshu remhfwv/ wkh uhwulhydo ri dwwulexwh dqg
uhodwlrqvkls w|sh gdwd/ dqg wkh uhwulhydo ri remhfw qdphv dqg remhfw frxqwv1

e W4T*i4i?|@|�L? Lu �i|@_@|@ W?|ihu@Ui w@)ih

Wkh h{whqvlrqv wr wkh F.. phwdprgho pdnh surylvlrq iru yluwxdo vfkhpdwd/
dq| frpsrqhqw yluwxdo fodvvhv/ dqg wkhlu surshuwlhv dqg w|shv1 Wkh RGPJ 513
vwdqgdug xvhv wkh cg * suh�{ wr ghqrwh phwdfodvvhv dqg wr dyrlg frqixvlrq zlwk
vwdqgdug phwdfodvvhv zh hpsor| d cy * suh�{ wr ghqrwh yluwxdo phwdfodvvhv1 Wkh
vfkhpd uhsrvlwru| iru RGPJ gdwdedvhv zdv looxvwudwhg lq �jxuh 51 Wzr ghvljq
jrdov zhuh lghqwl�hg ehiruh sodqqlqj rxu h{whqvlrq wr wkh RGPJ phwdprgho=
yluwxdo phwdfodvvhv qhhg frqwdlq rqo| pdsslqj lqirupdwlrq wr edvh +ru yluwxdo,
phwdfodvvhv> |hw yluwxdo vxevfkhpdwd pxvw frqwdlq hqrxjk lqirupdwlrq iru kljk0
ohyho judsklfdo wrrov wr eurzvh dqg glvsod| yluwxdo w|shv1 Wklv kdv ehhq zhoo0
grfxphqwhg lq wkh sdvw= iru h{dpsoh ^44` vwdwlqj wkdw prghuq gdwdedvh v|vwhpv
uhtxluh d ulfkhu phdqv ri txhu|lqj gdwd wkdq wkdw r�huhg e| vlpsoh DVFLL0edvhg
txhu| hglwruv1

v_Subschema v_Wrapper v_Property v_Type v_Constant

v_Relationship v_Attribute v_Derived

v_Ref_Type v_Collection_type v_Primitive_Type

v_Scope v_Meta_Object

v_Inheritance v_Class
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Lq �jxuh 7 wkh vhjphqw ri phwdprgho h{whqvlrqv zklfk frqwdlqv wkh prvw xvh0
ixo phwdfodvvhv lv looxvwudwhg1 Iru wkh sxusrvh ri fodulw|/ wkh edvh phwdfodvvhv duh



qrw vkrzq exw wkh wrs od|hu lq wkh klhudufk| +frqwdlqlqj y Vfrsh/ y Lqkhulwdqfh

dqg y Phwd Remhfw phwdfodvvhv, lv sodfhg dw wkh vdph ohyho lq wkh phwdfodvv kl0
hudufk| dv wkhlu edvh phwdfodvv htxlydohqwv1 Zh gholehudwho| fkrvh wr h{whqg wkh
phwdprgho e| dgglqj yluwxdo fodvvhv udwkhu wkdq h{whqglqj h{lvwlqj phwdfodvvhv/
lq rughu wr nhhs rxu edvh phwdprgho frpsdwleoh zlwk wkh RGPJ vwdqgdug1 Lq
�jxuh 7 d olvw ri wkh phwdfodvv w|shv dgghg wr wkh vhw vshfl�hg e| wkh RGPJ lv
looxvwudwhg1 Sohdvh uhihu wr ^<` iru d ghvfulswlrq ri yluwxdo phwdfodvvhv dqg wkhlu
ixqfwlrqv1

714 Phwdgdwd Vriwzduh Od|hu

Dq remhfw oleudu| zdv exlow xvlqj Ylvxdo F.. 913 iru wkh Yhuvdqw R0R gdwdedvh
uxqqlqj rq QW sodwirupv1 Lw lv dvvxphg wkdw folhqw dssolfdwlrqv pd| eh hlwkhu
vriwzduh prgxohv ru xvhu lqwhuidfhv wkdw kdyh d uhtxluhphqw iru g|qdplf txhulhv1
Lq h{dpsoh 714 d txhu| lv uhtxluhg wr uhwxuq wkh qdphv ri doo fodvvhv lqvlgh
d vxevfkhpd qdphg y61 Wkh remhfw oleudu| sduvhv wkh h{suhvvlrq/ rshqv wkh
dssursuldwh gdwdedvh/ dqg jhqhudwhv wkh uhvxow vhw dv d froohfwlrq ri remhfwv ri
w|sh Dq|/7 wr zklfk wkh surjudp kdv dffhvv1 Wkh remhfwv lq hdfk froohfwlrq fdq
wkhq eh cuhsdfndjhg* dv remhfwv ri d vshfl�f phwdfodvv ghshqglqj rq wkh w|sh ri
txhu|1

H{dpsoh 714 Uhsrvlwru| Txhu|
gdwdedvh SDV

vuto i
PhwdQdph + vhohfw yluwxdo fodvv lq y6 , > j>

Lqwhuqdoo|/ wkh surjudp dffhvvhv wkh phwdgdwd txhu| od|hu e| fuhdwlqj dq
lqvwdqfh ri w|sh vuto dqg sdvvlqj wkh txhu| vwulqj wr wkh frqvwuxfwru1 Wkh vdph
vuto lqvwdqfh surylghv dffhvv wr wkh uhvxow vhw1

Lghdoo|/ doo RGPJ gdwdedvhv vkrxog surylgh d vwdqgdug lqwhuidfh iru ixqf0
wlrqv vxfk dv rshqlqj wkh gdwdedvh dqg dffhvvlqj wkh vfkhpd uhsrvlwru|1 Krz0
hyhu/ wklv lv qrw wkh fdvh/ dqg lw zdv qhfhvvdu| wr ghyhors dq dgdswru iru wkh
Yhuvdqw RGPJ gdwdedvh iru doo L2R dfwlrqv1 D vxlwdeoh dgdswru zloo eh qhfhv0
vdu| iru doo RGPJ lpsohphqwdwlrqv1 Krzhyhu/ zh kdyh lvrodwhg wkrvh ixqfwlrqv
zklfk duh qrq0jhqhulf dqg sodfhg wkhp lqvlgh wkh vuto fodvv lpsohphqwdwlrq1
Wkxv/ wr xvh wkh phwdgdwd vriwzduh od|hu zlwk rwkhu lpsohphqwdwlrqv ri RGPJ
gdwdedvhv/ lw lv qhfhvvdu| wr lpsohphqw rqo| wkrvh ixqfwlrqv lvrodwhg zlwklq wkh
vuto fodvv1 Vshfl�fdoo|/ wkhvh ixqfwlrqv duh rshqlqj dqg forvlqj wkh gdwdedvh/
txhu| h{hfxwlrq/ wkh frqvwuxfwlrq ri wkh uhvxow vhw/ dqg wkh wudqvihu ri gdwd iurp
gdwdedvh0vshfl�f +hj Yhuvdqw, remhfwv wr F.. remhfwv1 Wkh VUTO sduvhu/ dqg
wkh vhpdqwlf dfwlrqv iru hdfk surgxfwlrq duh doo jhqhulf/ dqg wkxv uhtxluh qr
prgl�fdwlrq1
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Zkhq ghyhorslqj vhpdqwlf dfwlrqv +F.. surjudp frgh, iru hdfk surgxf0
wlrq/ lw zdv srvvleoh wr wdnh rqh ri wzr urxwhv= pds wkh VUTO h{suhvvlrq wr wkh
htxlydohqw RTO h{suhvvlrq +vkrzq lqirupdoo| lq {6,/ dqg wkhq wr wkh yhqgru
lpsohphqwdwlrq ri RTO +YTO iru wkh Yhuvdqw surgxfw lq rxu fdvh,> ru dowhuqd0
wlyho|/ xvh F.. wr uhwulhyh wkh remhfwv iurp wkh gdwdedvh gluhfwo|1 Rxu lqlwldo
surwrw|sh xvhg wkh iruphu dssurdfk exw wklv ohdg wr sureohpv dv qrw doo VUTO
+ru RTO, txhulhv frxog eh h{suhvvhg lq wkh yhqgru lpsohphqwdwlrq ri wkh odq0
jxdjh1 Iru wklv uhdvrq zh dgrswhg wkh odwwhu vroxwlrq dqg e|sdvvhg wkh RGPJ
RTO dqg yhqgru vshfl�f RTO txhu| wudqvirupdwlrqv1 E| grlqj vr zh kdg pruh
frqwuro ryhu wkh shuirupdqfh ri txhulhv dv zh frxog wdnh dgydqwdjh ri wkh vwuxf0
wxuh ri wkh vfkhpd uhsrvlwru|/ dqg frqvwuxfw lqwhuphgldwh froohfwlrqv dqg lqglfhv
ghshqglqj rq wkh w|sh ri txhu| h{suhvvlrq1 Vsdfh uhvwulfwlrqv suhyhqw d ixuwkhu
glvfxvvlrq rq wklv vxemhfw khuh exw fdq irxqg lq d iruwkfrplqj whfkqlfdo uhsruw1

Wkh sduvhu frpsrqhqw zdv ghyhorshg xvlqj DQWOU ^4` dqg wkh vhpdqwlf
dfwlrqv iru hdfk ri wkh txhu| h{suhvvlrqv zhuh zulwwhq lq F..1 Wkxv pdq| ri
wkh ihghudwhg vhuylfhv +vxfk dv txhu|lqj dqg gdwd h{wudfwlrq iurp orfdo LVv, xvh
wkh VUTO iru phwdgdwd uhwulhydo1 Doo ri wkh VUTO h{dpsohv lq wklv sdshu zhuh
whvwhg xvlqj rxu surwrw|sh= wkh Yhuvdqw R0R gdwdedvh zdv xvhg wr whvw yhqgru
RTO txhulhv> dqg d uhvhdufk R0R gdwdedvh ^7` +wkh forvhvw lpsohphqwdwlrq ri
RTO wr wkh RGPJ vshfl�fdwlrq, zdv xvhg wr whvw hdfk ri wkh qdwlyh RTO
txhulhv1 Doo ri wklv zrun lv edvhg rq wkh RGPJ 513 vshfl�fdwlrq ^6`1

D �L?U*�t�L?t

Lq wklv sdshu zh ghvfulehg wkh frqvwuxfwlrq ri d phwdgdwd vriwzduh od|hu iru
RGPJ gdwdedvhv1 Gxh wr wkh frpsoh{ qdwxuh ri wkh vfkhpd uhsrvlwru| lqwhuidfh/
zh gh�qhg vlpsoh frqvwuxfwv wr idflolwdwh wkh hdv| h{suhvvlrq ri phwdgdwd txhulhv1
Lw zdv ihow wkdw wkhvh h{whqvlrqv surylgh d idu vlpsohu jhqhudo sxusrvh lqwhuidfh
wr erwk wkh RGPJ vfkhpd uhsrvlwru|/ dqg wkh h{whqghg uhsrvlwru| xvhg e|
rxu ylhz phfkdqlvp1 Lq sduwlfxodu/ wkhvh h{whqvlrqv fdq eh xvhg e| lqwhjudwlrq
hqjlqhhuv zkr kdyh d uhtxluhphqw wr txhu| phwdgdwd g|qdplfdoo|/ wkh exloghuv
ri ylhz +dqg zudsshu, vriwzduh/ dqg uhvhdufkhuv dqg ghyhorshuv ri kljk0ohyho
txhu| dqg ylvxdol}dwlrq wrrov iru RGPJ gdwdedvhv1

Dowkrxjk wkh RGPJ jurxs kdv qrw dgguhvvhg wkh lvvxh ri R0R ylhzv/ wkhlu
vshfl�fdwlrq ri wkh phwdprgho surylghv d vwdqgdug lqwhuidfh iru phwdgdwd vwrudjh
dqg uhwulhydo/ d qhfhvvdu| vwduwlqj srlqw iru wkh ghvljq ri d ylhz phfkdqlvp1
Rxu zrun h{whqghg wklv phwdprgho wr idflolwdwh wkh vwrudjh ri ylhz gh�qlwlrqv/
dqg surylghg vlpsoh txhu| h{whqvlrqv wr uhwulhyh edvh dqg yluwxdo phwdgdwd1 D
fohdqhu dssurdfk zrxog kdyh ehhq wr uh0hqjlqhhu wkh vfkhpd uhsrvlwru| lqwhuidfh
frpsohwho| udwkhu wkdq lpsohphqw d vriwzduh od|hu wr qhjrwldwh wkh frpsoh{lw|
sureohp/ dqg wklv kdv ehhq vxjjhvwhg e| vrph RGPJ frpphqwdwruv1 Shukdsv
wklv frxog eh uhjdughg dv d zhdnqhvv lq rxu dssurdfk/ exw zh fkrvh wr uhwdlq
wkh vwdqgdug +qrz dw yhuvlrq 613,/ dqg dwwhpsw wr pdnh lwv phwdgdwd lqwhuidfh
pruh xvdeoh1 Vwdqgdugv duh dq reylrxv ehqh�w wr v|vwhpv lqwhurshudelolw|/ exw
txlwh riwhq wkdw vwdqgdug fdq eh lpsuryhg1



Wkh frpsoh{ qdwxuh ri wkh RGPJphwdprgho uhtxluhv d vxevwdqwldo ohduqlqj
fxuyh iru surjudpphuv dqg xvhuv zkr uhtxluh dffhvv wr phwdgdwd= zh eholhyh wkdw
zh kdyh uhgxfhg wklv ohduqlqj fxuyh zlwk rxu phwdgdwd odqjxdjh h{whqvlrqv1 E|
lpsohphqwlqj d surwrw|sh ylhz v|vwhp/ zh kdyh dovr vkrzq krz wklv phwdgdwd
txhu| vhuylfh fdq eh xwlol}hg e| rwkhu vhuylfhv uhtxlulqj phwd0lqirupdwlrq1
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