
































































































































































































of wlro Almaz reaches to the ART stan" , 1 r mg va uc lour months before hcr appointlllent of CD4 

check up. Using our system, the CD4 cell count check up time inlcrva l can be schedu led 

according to the need, for exam pl e every 2 weeks or every month based on thc patient Iype. 

Therefore, by reducing the long time required to get CD4 c II " '( , h) f e count In.ormatlon SIX mont 5 0 

patients it can improve the quality of the ART service. Another important th ing that we can sec 

in this scenario is the reduction of possible med ical errors. We ha ve seen that the system rem inds 

Dr.Abebe about the spec ial case of wlro Almaz that she has a potent ial for pregnancy. In the 

ART recommendation presented in the previous chapler, we suw that EFV drug must not be 

given for women in the fir st trimester of pregnancy or having a potentia l for pregnancy. The 

doctor may fo rget this condition of Almaz since he recorded this trut h two months ago. This way 

ou r system can avoid many si milar medica l errors happening since the ART medication is very 

complex and specific to a target patient. 

In the last scenario (scenario of Kebede), we see the system helping the doctor to identify the 

criteria fo r starting ART and early detection of ART fai lure. It tell s the doctor that Kebede has a 

TB co-infection and must start ART irrespecti ve ofil is CD4 cell count. It also gives in formation 

about what drugs were given to cure hi s T8 infection . This information is very important for the 

doctor because it is utilized to decide whic h ART drug option to init iate as th is dniS option 

depends on the type of drug given for the T8 infection. After init iating ART for Kebede, the 

doctor detects ART fa ilure via CD4 cell count measurements. Accordin g 10 the existing system, 

CD4 information is available only each six month which may lead late ART failure detection . 

However, our system gives CD4 in format ion every lime according to the needed schedule. Th is 

helps the doctor to recognize any ART failu re very early and take the necessary deci sions. 

We also eva luated the proposed pervasive healthcare system based on the validity of its decision 

in case of critica l conditions. Table 6.1 presents the validity of the decision by comparing it to 

what doctors wi ll decide with simi lar information. In thi s table, we li sted around 14 simple 

C 
't' I "I' 't I order to compare the deci sion of the system wi th the rcal decision 

fI Ica cases lor Simp ICI y. n 

f d h d a questionnaire and gave to a doctor working on HI V/A ID 
a actors, we ave prepare 

d 
' 81 k L' h 'tal to provide his dec ision when ccrtain patient condit ions appear. 

epart ment In ac Ion OSpl 

We have included the fill ed questionnaire in Appendix F. 
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Table 6.1 Evaluating the quality ohyslem's decision 

No. Context System'. Deddo. DoCtor'. Dedtio. 
(Ioformation) 

J CD4 < 350cells/mm Must start ART irrespective Must stan ART irrespective of 
of disease stage disease stage 

2 Over 10% of Sever weight loss, and must Follow the p.1ticnt and if not 
presumed or measured start ART becau se of known problem stan 
body weight loss ART 

3 under 10% of Moderate we ight loss, Follow the pati ent, sec causes for 

presumed or measured informs the both the patient that and investigate further for 
body weight loss and the doctor ART in itiation. 

4 HJV - TB co - Must start ART irrespective Treat TB and initia te ART 
infection of disease stage and CD4 irrespective of di sease stage and 

cell count CD4 cell count 

5 HIV - HBV co- Must start ART irrespective In itiate ART irrespective of 

infection of disease stage and CD4 di sease stage and CD4 cell count. 

cell count good for selection of sped fie 

ART 

6 Appearance of one or Must start ART irrespective ART initiation according to WHO 

more HJV symptoms of CD4 cell count ifno CD4 cell count awak es 

of stage three 

7 Appearance of one or Must start ART irrespective ART in itiation after trcatin g the 

more HJ V sym ptoms of CD4 cell count opportun istic infection 

of stage four 

8 CD4 < - 350cells/mm Suspect that there may be Consider treatment fai lure, 

ART fa ilure Adherence. then accordingly 
after starting ART 

decide either change, or work on 

adherence 

Must start ART irrespective Must start ART irrespective of 
9 Disease stage three 
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ofCD4 cell count CD4 cell cou nt 

10 Disease stage four Must start ART irrespcctive Must start ART irrespective of 

ofCD4 cell count CD4 cell count 

I I If the patient is in the Recommend not to initiate ART must not be EFV based 

first trimester of EFV regiment 

pregnancy and must 

start ART 

12 If the patient has a Recommend not to initiate ART must not be EFV based 

potential for EFV regiment 

pregnancy and must 

start ART 

13 If the pat ient has a Recommend not to initiate Beuer if ART is not EFV based 

psychiatric ill ness and EFV regiment 

must start ART 

14 Appearance of PPE* Notify the doctor to decide Will take hislhcr own deci sion 

whether to initiate ART or whether to in itiate ART or not 

not 

* Most physicians would recommend the initiation of ART in the presence of PI'[s 

6.2. Conclusion and Future Work 
In pervasive computing environments in general, conlext management is an important key issue 

of concern. For pervasive healthcare systems speci fi cally, context management needs much more 

concern because medica l context is very sensitive and needs much more care than othcr conte xts 

for it is about saving life. Therefore, these systems need an excellent context management 

platform fo r solv ing technical healthcare problems in transmi ssion of vital signs. frequency of 

transmission of vital signs, network communication cost, conlext refinement, and management of 

large contexts. In this thesis work, we have proposed our own innovative pervasive healthcare 

system architecture in response to the above problems. Our contributions regarding these issues 

through thi s new proposed architecture are summarized as follows: ~ •• ~~-
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• 

We have identified which vital sign data to Iransm·11 Ih h I h . , I 0 C ea t ca re Unit l Or HI V/AIDS 

pati ents. These include CD4 count body w' ·'ghl I f 
' OSS, presence 0 diarrhea , body 

temperature, blood pressure, coughing, heartbeat and night sweet. Of these vi la l signs 

CD4 count and body weight loss have strong impact on the hcalthcarc ofl-ll VIAl OS. 

We preprocess vita l signs context data obtained from medical sensors inside the mobile 

phone o f th e patient before sending the contcxt data 10 the hcalthcarc un it to determine 

the status of each vital sign. Then the mobi le phone will only send vila I sign data ha vi ng 

abnormal status. Therefore, the frequency of transmi ssion of vital signs depends on the 

status of their value. This shifting of some ta sk of conlc:..:t proccssing to the mobile sidc 

also helps to minimize the communication cost for transmitting vital signs dn ll!. In 

add ition, it increases the efficiency of the server in the hea lthcare un it in context 

management for it may be crowded with very large volume of patient data. 

• We developed a very large hospital ontology which represents very specifi c concepts in 

ART servi ce. Even though it is very specific to a particular domai n, it is structured from 

general to specific domains so that one can extend it to include all types of mcdical 

serv ices (departments) in a hospital. 

• For better context management, we separated the high level schema ontology and the 

onto logy instances as different components. The schema ontology is stored in an 

OWLlRDF format and the instance data in an ordinary re lational database . We used thi s 

hybrid context management technique because ontology languages are better to represent 

and manipu late context knowledge, but very poor to handle retri eval and management of 

large record data. In versely, ordinary databa se management systems arc very good in 

f I d d 18 bUI poor to represent knowledge of all concepts and management 0 arge recor a , 

their relationships in a domain. 

Most of all , we developed a generic architecture for pervasive medical systems that can 

. 'th minor modification. All it needs is to extend the 
be app li ed for other disease types WI 

• 

domain ontology and add relevant rules. 
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In order to prove the concepts that we raised in our system we h d 1 .• , ave eve Opt'u a prOiOlypc 

implementation of the system. For demonstration purpose, we have prepared scenarios of three 

patients representing di fferent patient cases. We have implemented a major number of 

components that we designed in our pervasive healthcare system. Fina lly, we presented 

di scussions and evaluat ions on the system by showing how it rcal ly improves the hcalthcarc 

industry by comparing it to the existing manual hea lthcarc system. 

Even though we have designed a promising pervasive healt hcarc system, we bel ieve thai slill ou r 

system can be enhanced in different aspects. For exampl e, in addition to the viln l sisn contexts, 

other contexts can be added to make the system more pervasive like the activity of the paticnt 

(doctor), the locati on of the patient, the educational status of the patient, etc. Such contcxts cnn 

determine how and when to deli ver messages to patients. The othcr open issue is the privacy Ilnd 

security of patients during transmitting their vital sign information. Fina lly, due to budget 

constraints we didn' t implement all of the system using rea l medical sensor devices and deploy it 

on a smart phone. Therefore, our system can be implemented and deploycd usi ng thcse real 

devices with minor effort to make it a real and usable system instead of It simulation. 
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Appendices 

Appendix A: WHO Clinical Staging of "IV Disease in Adults and 
Adolescents 

Clinical stage I 

Asymptomatic 

Persistent generalized lymphadenopathy 

Clinical stage 2 

Moderate unexplained weight loss (under 10% of presumed or measured body weight) 

Recurrent respiratory tract infections (si nusitis, tonsillitis, otitis media, pharyngiti s) 

Herpes zoster 

Angu lar chei litis 

Recurrent oral ulcerations 

Papular pruritic eruptions 

Seborrhoeic dermatitis 

Fungal nail infections 

Clinical stage 3 

Unexplained severe weight loss (over 10% of presumed or measured body weight) 

Unexplained chronic diarrhoea for longer than I month 

Unexplained persistent fever (intermiuent or constant for longer than I month) 

Persistent oral candidiasis 

Oral hairy leukoplakia 

Pulmonary tuberculosis 
. a meningiti s, pyomyositis, bone or 

Severe bacterial infections (e.g. pneumonIa, empyem , 
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joint infection, bacteraemia, severe pelvic inflammatory disease) 

Acute necrotizing ulcerative stomatitis, gingivitis or periodontitis 

Unexplai ned anaemia (below 8 gldl), neutropenia (below 0.5 x 10911) and/or chronic 

thrombocytopenia (below 50 x 109/1) 

Clinical stage 4 

HIY wasting syndrome 

Plleumocystisjiroveci pneumonia 

Recurrent severe bacteria l pneumonia 

Chronic herpes simplex infection (orolabial, genital or anorectal of more than I month 's 

duration or visceral at any site) 

Oesophageal candidiasis (or candidiasis of trachea, bronchi or lungs) 

Extrapu lmonary tuberculosis 

Kaposi sarcoma 

Cytomegalovirus disease (retinitis or infection of other organs, excluding liver, splcen and 

lymph nodes) 

CeOiral nervous system toxoplasmosis 

HIY encephalopathy 

EXlrapulmonary cryptococcosis including meningitis 

Disseminated nontubercu lous mycobacteria infection 

Progressive multi focal leukoencephalopathy 

Chronic cryptosporidiosis 

Chronic isosporiasis 

Disseminated mycosis (histoplasmosis, coccidiomycosis) 

Recurrent septicaemia (including nontyphoidal Salmonella) 

Lymphoma (cerebral or B cell non-Hodgkin) 

Invasive cervica l carcinoma 

Atypical di sseminated leishmaniasis 
HIY ssocialed cardiomyopathy 

Symptomatic HIY-associated nephropathy or -a 

97 



Appendix B: Part ofthe code for ContextPreprocessorAndProvider 

Component 

public class ContextPreprocessorAndProvider extends TimerTask{ 

pub lic fina l void run(){ 

int contcxtArray [] "'" receiveContextO; 

storeC ontex t( contextArra y); 

scndContextO; 

} 

pub lic int [] receiveContextO{ 

int parameters[] ; 

parameters "" new int[9]; 

parameters[O] = context.cd4Count; 

parameters[l] = context.bodyWeght; 

parameters[21 = context.heartBeat; 

parameters[3] = context.bogyTemprature; 

parameters[4] = context.cough; 

para meters[51 = context. nightSweet; 

parameters[6] = context.diarrhoea; 

parameters[7] = context.rnaxBloodPressure; 

t m,·nBloodPressure; parameters[8] = contex . 

return parameters; 

}lIend of receiveContext method 

public void sendContextO{ 

h reCenter/ContextRcccivcr"; 
String urI = ''http://1ocalhost:8080/Healt ca 

HttpConnection hnpConn % null ; 
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DataOutputStream dos == nu ll; 

int rc; 

try { 

htt pConn = (HttpConnection)Connector.open(url); 

II Set the request method and headers 

hnpConn.setRequestMethod(HttpConnection.POST}; 

httpConn.setRequestProperty("User.Agent", System. 

getProperty ("microed ition.profites"»; 

hnpConn.setRequestPropeny("Content ·Language", "en-US"); 

/I Getting the output stream may flush the headers 

dos = httpConn.openDataOutputStreamO; 

llsend contexts from contextStore to the server 

IlRecordEn umeration re == cOnlextStore.enumerateRecords(null, null, false); 

for(int i :=:: I ; i <= 8; i++){ 

String param = new String(contextStore.getRecord(i» ; 

dos. writeUTF(param); 

l/os. nushO; /I Optional, getResponseCode will flush 

} 

/I Getting the response code will open the connection, 

II send the req uest, and read the HTTPresponse headers. 

II The headers are stored unti l requested. 

rc = httpConn.getResponseCodeO; 

if(re!:: HnpConnection.HTTP_OK) { 

throw new IOExeeption("HTTP response code: "+ re}; 

} 
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} 

catch (ClassCastException e) { 

throw new I lI egaIArgumentException("Not an HTTP URLh); 

} 

catch (IOException ex) { 

ex. pri n tS tack T raceO; 

} 

catch (RecordStoreNotOpenException rsnoe) { 

rsnoe.pr intStackTraceO; 

} 

catch (RecordStoreException rse) { 

rse. printS lackTraceQ; 

fi nally ( 

i f(dos != nuII)( 

try ( 

} 

dos.closeO; 

catch (lOExce ption ex) { 

ex. pri ntStackTraceO; 

} 

i f (httpConn != null)( 

try ( 

hnpConn.closeO; 
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) 

catch (IOException ex) ( 

ex. pri ntStackTraceO; 

) 

) 

) 

)llend of method send context 

public void storeContext(int Dcontext){ 

1/ code for context preprocess and store 

) 

Appendix C: User defined Rules 

@prefix rdf: <http://www.w3.orpj1999/02/22-rdf-syntax-ns#>. 

@prefix CAPHe: <http://www,ow]-ontologies,comiCAPHC_Onlology.ow1#>. 

@prefix xsd: <http: //www,w3.orgl2001IXMLSchema#>. 

@include <RDFS>. 

@include <OWl>. 

[Vital Sign_Ru le: (?phone CAPHC:readsPhysiologicalParameter ?param) 

(?phone CAPHC:hasOwner ?patient) 

(?patient rdf:type CAPHC:HIV A1DSP,tient) 

->(?patient CAPHC:hasPhysiologicalParameter ?param)] 

[ Coinfectioo_ Rulel : (?p rdf:type CAPHC:HIV AlDSPatient) 

(?p rdf:type CAPHC:HBVPatient) 

(?p CAPHC:hasStanedART "false"N\xsd:boolean) 

(?p CAPHC:hasFu liName ?pname) 

(?d CAPHC:treats ?p) 
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(?d CAPHC:hasOiCe;vliC'cee?j?pPthiOoo;nee))---------- - ----, 

(?d CAPHC:hasFu liName ?dname) 

strConcat("Hello Dr.",?dname" "?pnamc" has 'IIV 'IBV " . , • " , ..- -r COI",ccllon 

and didn't start ART yet PI ... . ease mlllate ART as soon as possible.",?msg) 

->(?phone CAPHC:hasMessageToSent ?msg)] 

[Coinfection_Rule2: (?p rdf:type CAPHC:HIVAIDSPatient) 

(?p rdf:type CAPHC:TBPatient) 

(?p CAPHC:hasStartedART "faise"lV\xsd:boolean) 

(?d CAPHC:treats ?p) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC:hasFullName ?pname) 

(?d CAPHC:hasFullName ?dname) 

strConcat("Hello Dr.",?dname,", ",?pname," has HIV -TO coinfcction 

and didn't start ART yet, please initiate ART as soon as possiblc.",?msg) 

->(?phone CAPHC:hasMessageToSent ?msg)] 

[ARTIllitiation_Rule I: (?p rdf:type CAPHC:HIVAIDSPatient) 

(?p CAPHC:hasStartedART "false"""xsd:boolean) 

(?p CAPHC:hasPhysiologicalParameter ?param) 

(?param CAPHC:hasParameterName "CD4 Count"""xsd:string) 

(?param CAPHC:hasValue ?cd4Val) 

le(?cd4 Val,350) 

(?d CAPHC:treats ?p) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC:hasDevice ?pd) 

(?p CAPHC:hasFullName ?pname) 

(?d CAPHC:hasFuJlName ?dname) 

rC (
"H II Dr"?dname~ TheCD4 countof",?pname," has 

st oneat e o~~,..:,::, ==''':'~~ ________ ------' 
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been detected as" ?cd4Val .. a d d'd ' • , ,n I n t start ART yet. Please 

initiate ART as SOon as possible.",?msgToDoclor) 

strConcat("Your CD4 value is currently" ?cd4Val " PI •. ,. case meet 
your doctor as SOon as possi ble. ",?msgToPalienl) 

->(?phone CAPHC:hasMessageTo$ent ?msgToDoclor) 

(?pd CAPHC:hasMessageToSent ?msgToPalient)] 

[ ARTlnitiation_Rule2: (?p rdf:type CAPHC:HIVA IDSPatient) 

(?p CAPHC:hasStartedART "fa lse"AAxsd:boolean) 

(?p CAPHC:hasWHODiseaseStage CAPHC:Stage 3) 

(?p CAPHC:hasDoctor ?d) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC:hasDevice ?pd) 

(?p CAPHC:hasFuliName ?pname) 

(?d CAPHC:hasFuliName ?dname) 

strConcat("Hello Dr. ",?dname,", ".?pname," has WHO disease stage 3, 

please initiate ART irrespective ofCD4 counl",?msgToDoctor) 

strConcat{ltHello",?pname,",", "You have reached di sease stage three. Please 

meet your doctor as soon as possible",?msgToPatient) 

~>(?phone CAPHC;hasMessageToSent ?msgToDoctor) 

(?pd CAPHC:hasMessageToSent ?msgToPatient)] 

[ARTlnitial ion_Rule3: (?p rdf:type CAPHC;HIV AlDSPalient) 

(?p CAPHC:hasStartedART "false"~xsd:boolean) 

(?p CAPHC:hasWHODiseaseStage CA PHC:Stage_ 4) 

(?p CAPH C:hasDoctor ?d) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC: hasDevice ?pd) 

(?p CAPHC:hasFullName ?pname) 
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(?d CAPHC:hasFuIiName?dname) 

strConcat("Hello Dr," ?dname" "?pname" h WHO d' , " " , as lsease stage four, 
please initiate ART irrespective ofCD4 ""unl'" T D ) 

..v " msg 0 octor 
strConcat("Hello",?pname,",", "You have reached disease stage four. Please 

meet your doctor as soon as possible",?msgToPatient) 

->(?phone CAPHC:hasMessageToSenl ?msgToDoctor) 

(?pd CAPHC:hasMessageToSent ?msgToPatient)] 

[BodyWeighl_Rulel: (?p rdf:type CAPHC:HIVAlDSPalienl) 

(?p CAPHC:hasPhysiologicalParameter CAPHC: BodyWeight) 

(CAPHC:BodyWeight CAPHC:hasStatu s "Moderate Loss"""xsd:str ing) 

->(?p CAPHC:hasHIVSymptom CAPHC:Mocierate _weight_loss) I 

[BodyWeighl_Ru le2: (?p rdf:type CAPHC:HIVAIDSPalienl) 

(?p CAPHC:hasPhysiologicalParameter CAPHC:BodyWcighl) 

(CAPHC:BodyWeighl CAPHC: hasStatus "Under Weight"""xsd:stri ng) 

->(?p CAPHC: hasH IVSymptom CAPHC:Severc_ weighUoss) ) 

[BodyTemperature: (?p rdf:type CAPHC: HIV AJDSPatient) 

(? p CAPH C: hasPhysioiog ical Parameter CA PHC: Body T cmpratu re) 

(CAPHC:BodyTemprature CAPHC:hasStatus "Fever"""xsd:string) 

_>(?p CAPHC:hasHIVSymptom CAPHC: Persistent_fever)] 

[ Cough_Rule: (?p rdf:type CAPHC:HIVAlDSPalienl) 

(?p CAPHC:hasPhysiologicaiParameter CAPHC:Cough) 

(CAPHC:Cough CAPHC:hasStaIUS "High"~xsd:string) 
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-->(?p CAPHC:hasHIVSymptom CAPH C:Recurrenl_ 

bacterial_upper Jespiratory _ tract_ infect ions») 

[ Diarrhea_Rule: 

(?p rd f:type CAPHC:HIV AJDSPatient) 

(? p CA PHC: hasPhysiologicalParameter CAPHC:Diarrhea) 

(CA PHC:Diarrhea CAPHC:hasStatus "Chronic"fV\xsd:string) 

-->(?p CAPHC: hasHIVSymptom CA PHC:Unexplaincd _Chronic_diarrhoea)] 

[ Pregnancy_Rule: 

(?p rdf:type CAPHC:HIV AJDSPatient) 

(?p CAPHC:hasSpecialCase "First Trimester Pregnant"N\xsd:string) 

(?p CAPHC:hasStartedART "fa lse"fV\xsd:boolean) 

(? p CAPHC:hasDoctor ?d) 

(?d CAPHC:hasDevice ?phone) 

(? p CA PHC:hasFullName ?pname) 

(?d CA PHC:hasFullName ?dname) 

strConcat("He llo Dr.",?dname, ", ",?pname," is in First Trimester Pregnancy, 

please avoid any use ofEFV", ?msg) 

-->(?phone CAPHC:hasMessageToSent ?msg)] 

[ Potential_Pregnancy _Rule: 

(?p rdf:type CAPHC:HIVAIDSPatient) 

(?p CAPHC:hasSpecialCase "potential for pregnancy"""xsd:string) 

(?p CAPHC:hasStartedART "false,",v'xsd:boolean) 

(?p CAPHC:hasDoctor ?d) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC:hasFullName ?pn.me) 

(?d CAPHC:hasFuIlName ?dname) . 
" "? me" has a potcnllal for strConcat("Hello Dr.",?dname" ,. pna , 
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Pregnancy, please avoid any use ofEFV. You can use NVP instead.", ?msg) 

->(?phone CAPHC:hasMessageToSent ?msg)] 

[ Psychiatric_Rule: 

[PPE_Rule: 

(?p rdf:type CAPHC:HIY A1DSPatient) 

(?p CAPHC:hasSpecialCase "Severe Psychatric illness" ""'xsd:string) 

(?p CAPHC:hasStartedART "false"""x:sd:boolean) 

(?p CAPH C: hasDoctor ?d) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC:hasFullName ?pname) 

(?d CAPHC:hasFullName ?dname) 

strConcat(ttHello Dr. ",?dname,", ",?pname," has Severe Ps),chalric illness, 

please avoid any use of EFV", ?msg) 

->(?phone CAPHC:hasMessageToSent ?msg)] 

(?p rdLtype CAPHC:HIV AIDSPatient) 

(?p CAPH C: hasWHODiseaseStage CAPHC:Stage _2) 

(?p CAPHC:hasHIYSymptom CAPHC:PPE) 

(?p CAPHC:hasDoctor ?d) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC:hasFullName ?pname) 

(?d CAPHC:hasFullName ?dname) 

strConcat("Hello Dr.tt,?dname,", ",?pname," has PPE illness, please take your 

own decision whether to initiate ART or not", ?msg) 

->(?phone CAPHC :hasMessageT oSent ?msg)] 
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[WHODiseaseStage_l: (?p rdf:type CAPHC:HIVAIDSPatient) 

(?p CAPHC:hasHIVSymptom CAPHC:PGL) 

->(?p CAPHC:hasWHODiseaseStageCAPHC:StagU)] 

[WHODiseaseStage_2: (?p rdf:type CAPHC:HIVAIDSPatient) 

(?p CAPHC:hasHIVSymptom ?s) 

(?s CAPHC:appearedAtStage CAPHC:Stage_2) 

->(?p CAPHC:hasWHODiseaseStagc CAPHC:Stagc_2)] 

[WHODiseaseStage_3: (?p rdf:type CAPHC:HlVAIDSPatient) 

(?p CAPHC:hasHIVSymptom ?s) 

(?s CAPHC:appearedAtStage CAPHC:Stagc_3) 

->(?p CAPHC:hasWHODiseaseStage CAPHC:Stagc_3)] 

[WHODiseaseStage_ 4: (?p rdf:type CAPHC:HIVAIDSPatient) 

(?p CAPHC:hasHIVSymptom ?s) 

(?s CAPHC:appearedAtStagc: CAPHC:Stagc_ 4) 

_>(?p CAPHC:hasWHODiseaseStage CAPHC:Stage_ 4)] 

[ ART_Failure_Rule: 

(?p rdf:type CAPHC:HIVAIDSPatient) 

(?p CAPHC:hasStartedART "true"""xsd:boolean) 

(?p CAPHC:hasPhysiologicalParameter ?param) 

(?param CAPHC:hasParameterName "CD4 Count"AAxsd:string) 

(?param CAPHC:hasVaiue ?cd4Val) 

le(?cd4 Val,350) 

(?d CAPHC:treats ?p) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC:hasDevice ?pd) 

(?p CAPHC:hasFuliName ?pname) 
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(?d CAPHC:hasFu liName ?dname) 

strConcat("Hello Dr.",?dname,", The CD4 count of ",?pname," has been detected 

as ",?cd4Val, ",This indicates that the ART medication given might have fa iled ; 

therefore, plasma vira l load measurement is required (if affordable) and the second 

line regiment has to be initiated . ",?msgToDoctor) 

strConcat("Your CD4 value is currently ",?cd4Val," . Please meet your doctor as soon 

as possible. ",?msgToPatient) 

->(?phone CAPHC:hasMessageToSent ?msgToDoctor) 

(?pd CAPHC: hasMessageToScnt ?msgToPatient)) 

Appendix D: Part ofthe Implementation of the Reasoner 

Compone nt 

public c lass MyReasoner extends Thread{ 

public MyReasonerO{ 

publ ic void runO { 

/I create owl Reasoner 

OntModel schema = ModeIFactory.createOIl(ologyModel 
MICRO RULE INF. FileManager.getO.loadModcl 

(OntModeISpec.OWL MEM_ _ - .. 
- \ohhh\lCAPHC Ontology.owl )); 

("D:\\workspace\\HealthcareCenter\ -

Model data ::; FileManager.ge tO.loadModel ,,). 
\\rdfDa t8 Ixt" "RDF/XM L , 

("0: \\workspace\\HealthcareCenter\\src .• 
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Reasoner owl Reasoner = ReasonerRegistry.getOWLReasollerQ; 

InfModelow ll nfModel = ModeIFactory.createi'!fNIodel 

(owl Reasoner, schema, data); 

IICascadi ng Reasoners 

List ru les = Rule.rulesFromURL 

("D:\\workspace\\HealthcareCenter\\src\\caphcRu les.ru les"); 

GenericRulcReasoner reasoner = new GenericRuleReasoner(rules); 

InfModel infModel = Mode IFactory.createilljModel(reasoner, owllnfM ode l); 

String queryString = "PREFIX CAPH C:<http: 

IIwww.owl- ontologies.comfCAPHC _ Ontology.owl#>"+ 

"SELECT ?phone ?message WHERE 

{?phone CAPHC:hasMessageToSent ?message." + 

"} "; 

Query myQry = QueryFactory.create(queryString) ; 

Query Execution qexec "" QueryExecutionFactory.create(myQry, in fM odcl); 

ResuhSet resul ts = (ResultSet)qexec.execSelectO; 

for (; resu lts.hasNextO ; ) 

{ 

QuerySolulion res = resuhs.nextSolutionO ; 

RDFNode phone == res.get("phone"); 

Resource phoneName = phone.asResourceO; 

Stri ng phoneNo = phoneName.getLocaINameO; 

String message = res.get("message").toStringO; 

St . C b - "/ "+ phoneNo+ "?"+ message; ring msg om - , . 
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} 

}llend of My Reasoner 

Appendix E: Questionnaire to HIV/AIDS Professionals 

1. Can you te ll me your responsibility in the hospital? 

2. Assume that somebody comes to you to check hislher blood for H[ V and sorrowfully. 

he/she is HIV positive. What do you do next to help this person? 

3. Assume that this person is currently not eligible to start HIV medicine. How do you 

monitor this person whether cri teria for staring ART ar~ developed in himJhcr or not? 

4. How do you decide when to start ART and what to start for HIV plus people? 

5. What are the common symptoms of HI VIA IDS that you practically experience? 
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6. How do you fo llow up a person who has st rted ART a so that you can determine whether 
there is treatment fail ure or not? 

7. From your practical experience, what are the most common opportunistic infect ions that 

frequently affect the health of HI VIA IDS patients? 

8. What are the important laboratory tests that you conduct in the process of ART? 

9. Do you have enough resources in the hospital to perform the recommended laboratory 

tests such as CD4 count, CD4 percentage, viral-load, etc for effective treatment? 

10. How do you decide, for example on when to start ART, what to start, ART switching 

and the like if there is lack of resources to carry out the above laboratory tests? , 

11. Do you think that the HI V/AIDS patient to professional proportionality is fai re? 

many patients will be assigned to one professional (doctor, nursc or councilor)? 
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12. What about the proportionality between number or patients and patients rooms in case or 
need or hospitalizat ion? 

13. Arc there any ri sky behaviors such as alcohol, unsare sex, chat, illegal drugs, ctc. 

practiced by patients that crcate problems in ART and racilitate death? 

14. How do you council HI V plus people and AIDS patients? How do you contact them? Arc 

you effccti ve? 

15. Do you have different professionals, doctors, nurses and psychologists? 
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Appendix F: Questionnaire to Doctors to know their decision on 

certain patient conditions 

\Vh". rio r"u dccid o: (luring Iho: followillg (""dll ill'" "f nl,lrnl< 

. I I , . ,ual 10 20Ck:d"/m",~ When the CD4 .:ell COWl! of 11 pallcm becomc~ cs,\ l mil '" e 

( \ Mo=t (tV'. ~ RT 

,. , 
, \).>-<>-- L 

6. WII\!Ll H[V symptoms of 
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10. When the disease stage oftlte patient bc(omcs stage four? 

11. What special ART drug is !lot initimed if the patient is in the follo",;ng conditions and --=--
must stan ART? 

J.. Firsllrimeslcrof pregn3.!lcy tJ1l..t E'ft! heJel 
~ Hasapotc!1Iial for pregnancy ,uol- EPI Wi') 1't/7....,,..., 
~ Has a psychiatric illness ". • !?fU \.aJJ 'I't. 
> Appearancc ofl'PE t.llI{l !":Oj Q~ ,~#: t4YP ro.t~ i tlf 

1'".)""" Y IlO.\ ~ _ 

2 
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