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Challenges of querying data

data query
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Patient Visit Date Diagnosis Doctor

Alex ... 4241002 ...
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query

patient data 
“Alex has listeriosis” 

“Kim has Lyme disease”

user query 
“Find all patients with  
bacterial infections”

query
ontology

medical knowledge 
“Listeriosis & Lyme disease  

are bacterial infections”

Ontology provides: 
•  convenient vocabulary for users to formulate queries 
•  domain knowledge that can be exploited during query answering

Mapping: can be used to bridge ontology + database vocabularies

mapping

data
answers: Alex, Kim 

Today's talk:  
focus on ontologies,  

mostly ignore mappings



Application areas
Medecine

Life sciences Entreprise information systems
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Querying & exchanging 
medical records 

Support analysis of health 
data for medical research

Help scientists share, query, & 
visualize experimental data 

Easy and flexible access to data to support decision-making 
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Large-scale comprehensive medical ontology
• more than 350,000 terms covering all aspects of clinical healthcare 

•  symptoms, diagnoses, medical procedures, body structures,   
laboratory tests, organisms, pharmaceutical products

Widely adopted standard for healthcare terminology
•  in use in > 80 countries (including U.S., Canada, UK) 
•  used in health IT systems (e.g. IBM Watson Health, Babylon Health) 
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Aim: rigourous shared vocabulary to describe the role of genes across organisms 

Annotations: evidence-based statements relating a particular gene product to ontology terms

Biological
process

Cellular
components

Molecular
function

pigmentation

signal transduction

synapse
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Aim: rigourous shared vocabulary to describe the role of genes across organisms 

Annotations: evidence-based statements relating a particular gene product to ontology terms

Biological
process

Cellular
components

Molecular
function

pigmentation

signal transduction

synapse

Very successful endeavour: 
•  > 100K published scientific articles with keyword “Gene Ontology”  
•  > 700K experimentally-supported annotations  
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Goal: aid geologists  
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for analysis

Relevant data stored across > 3000 database tables  
• geologist question = complex query (thousands of terms, 50-200 joins)  



Ontologies in industry:  Statoil usecase
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Goal: aid geologists  
in gathering information  
for analysis

Relevant data stored across > 3000 database tables  
• geologist question = complex query (thousands of terms, 50-200 joins)  

OMQA approach: 
• ontology provides familiar vocabulary for query formulation 
• mappings used to connect database tables to ontology terms 
• use reasoning to automatically transform ontology query into DB query



Overview of today's talk
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Motivation 

Ontology-Mediated Query Answering 
• ontologies, queries, certain answers  fdjk 

Complexity & Algorithms 
• query rewriting, materialization approaches 

Research Directions



10

Ontology-Mediated 
Query Answering
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Ontology a formal specification of the knowledge of a particular domain,  
thereby making it amenable to machine processing  

Such a specification consists of: 
•  terminology (or vocabulary) of the domain 
•  semantic relationships between terms  

•  relations of specificity or generality, equivalence, disjointness, ... 

Desiderata for ontology language: 
•  useful expressivity  
•  well-defined semantics 
•  decidable / efficient reasoning

First-order logic?
•  highly expressive 
•  clear semantics 
•  undecidable



disjunctive

LOTS of ontology languages!
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OWL / RDFS

Description  
Logics (DLs)

Rule-Based  
Languages

Datalog+/�
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<latexit sha1_base64="xdJOmRSRXmzyanQzTvNhdRs8XTY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6LFnHhooJ9QDuWTJppQzOZIckoZeh/uHGhiFv/xZ1/Y6adhbYeCBzOuZd7cryIM6Vt+9vKrayurW/kNwtb2zu7e8X9g5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfFV6rcfqVQsFPd6ElE3wEPBfEawNtJDL8B6RDBP6rfX9Wm/WLLL9gxomTgZKUGGRr/41RuEJA6o0IRjpbqOHWk3wVIzwum00IsVjTAZ4yHtGipwQJWbzFJP0YlRBsgPpXlCo5n6eyPBgVKTwDOTaUq16KXif1431v6FmzARxZoKMj/kxxzpEKUVoAGTlGg+MQQTyUxWREZYYqJNUQVTgrP45WXSqpSds3LlrlqqXWZ15OEIjuEUHDiHGtxAA5pAQMIzvMKb9WS9WO/Wx3w0Z2U7h/AH1ucPNyKSUg==</latexit>

existential rules

RDF Schema (RDFS)

OWL DL

OWL 2 QL OWL 2 RLOWL 2 EL

OWL Lite
OWL Full

greedy bts

Datalog
tgds

sticky

linear
guarded

frontier-one

weakly acyclicagrd MFA 
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OWL / RDFS

Description  
Logics (DLs)

Rule-Based  
Languages

Datalog+/�
<latexit sha1_base64="tufxlHhDLop4o439nZzKhVWpx9A=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8FWEMSa1IMei3rwWMF+QBvLZrupSzfZsDsRS4gX/4oXD4p49V9489+4bXPQ1gcDj/dmmJnnRZwpsO1vIzc3v7C4lF8urKyurW+Ym1sNJWJJaJ0ILmTLw4pyFtI6MOC0FUmKA4/Tpje4GPnNeyoVE+ENDCPqBrgfMp8RDFrqmjsdoA+g/OQSA+ain5Zuk8Pjo7TUNYt22R7DmiVORoooQ61rfnV6gsQBDYFwrFTbsSNwEyyBEU7TQidWNMJkgPu0rWmIA6rcZPxBau1rpWf5QuoKwRqrvycSHCg1DDzdGWC4U9PeSPzPa8fgn7kJC6MYaEgmi/yYWyCsURxWj0lKgA81wUQyfatF7rDEBHRoBR2CM/3yLGlUys5JuXJdKVbPszjyaBftoQPkoFNURVeohuqIoEf0jF7Rm/FkvBjvxsekNWdkM9voD4zPH8wDlnA=</latexit>

ALC
<latexit sha1_base64="f6GaakGz7bqW2x6U6kiks5zFblk=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiRV0GW1GxcuKtgHtKFMppN26GQSZyaFEvodblwo4taPceffOGmz0NYDA4dz7uWeOX7MmdKO820V1tY3NreK26Wd3b39A/vwqKWiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf1zP/PaESsUi8ainMfVCPBQsYARrI3m9EOsRwTy9ua/P+nbZqThzoFXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTWamXKBpjMsZD2jVU4JAqL52HnqEzowxQEEnzhEZz9fdGikOlpqFvJrOQatnLxP+8bqKDay9lIk40FWRxKEg40hHKGkADJinRfGoIJpKZrIiMsMREm55KpgR3+curpFWtuBeV6sNluXab11GEEziFc3DhCmpwBw1oAoEneIZXeLMm1ov1bn0sRgtWvnMMf2B9/gCdGJH+</latexit>

SROIQ
<latexit sha1_base64="CSBmMS9VPIwmtuJ1DGFAKLV9m2M=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITV2QGTXRJdKMrQeWRwIR0SoGGTmfSdkxwwpe4caExbv0Ud/6NHZiFgidpcnLOvbmnx484U9pxvq3cyura+kZ+s7C1vbNbtPf2myqMJaENEvJQtn2sKGeCNjTTnLYjSXHgc9ryx1ep33qkUrFQPOhJRL0ADwUbMIK1kXp2sRtgPSKYJ/d3tzf1ac8uOWVnBrRM3IyUIEOtZ391+yGJAyo04VipjutE2kuw1IxwOi10Y0UjTMZ4SDuGChxQ5SWz4FN0bJQ+GoTSPKHRTP29keBAqUngm8k0plr0UvE/rxPrwYWXMBHFmgoyPzSIOdIhSltAfSYp0XxiCCaSmayIjLDERJuuCqYEd/HLy6RZKbun5Ur9rFS9zOrIwyEcwQm4cA5VuIYaNIBADM/wCm/Wk/VivVsf89Gcle0cwB9Ynz+JWJMB</latexit>

ELH?
<latexit sha1_base64="d8+IEqc5S5VO50a/DCGgKOCsS/0=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsxUQZdFEbpwUcE+oDMMmTRtQzPJkGTEMsyvuHGhiFt/xJ1/Y6adhbYeCBzOuZd7csKYUaUd59sqra1vbG6Vtys7u3v7B/ZhtatEIjHpYMGE7IdIEUY56WiqGenHkqAoZKQXTm9yv/dIpKKCP+hZTPwIjTkdUYy0kQK76kVITzBi6e1dKwu8UOjArjl1Zw64StyC1ECBdmB/eUOBk4hwjRlSauA6sfZTJDXFjGQVL1EkRniKxmRgKEcRUX46z57BU6MM4UhI87iGc/X3RooipWZRaCbzpGrZy8X/vEGiR1d+SnmcaMLx4tAoYVALmBcBh1QSrNnMEIQlNVkhniCJsDZ1VUwJ7vKXV0m3UXfP6437i1rzuqijDI7BCTgDLrgETdACbdABGDyBZ/AK3qzMerHerY/FaMkqdo7AH1ifPwEQlGo=</latexit>

Horn-SHIQ
<latexit sha1_base64="LIv9hhnvEUyKqwRQrHB1uoW5S1g=">AAACBXicbVA9SwNBEN2LXzF+RS21OAyCjeEuCloGbWKXoPmA5Ah7m71kyd7usTsnhiONjX/FxkIRW/+Dnf/GTXKFJj4YeLw3w8w8P+JMg+N8W5ml5ZXVtex6bmNza3snv7vX0DJWhNaJ5FK1fKwpZ4LWgQGnrUhRHPqcNv3h9cRv3lOlmRR3MIqoF+K+YAEjGIzUzR92gD6ADpKKVOJ03AkxDAjmyW3lpjbu5gtO0ZnCXiRuSgooRbWb/+r0JIlDKoBwrHXbdSLwEqyAEU7HuU6saYTJEPdp21CBQ6q9ZPrF2D42Ss8OpDIlwJ6qvycSHGo9Cn3TOblSz3sT8T+vHUNw6SVMRDFQQWaLgpjbIO1JJHaPKUqAjwzBRDFzq00GWGECJricCcGdf3mRNEpF96xYqp0XyldpHFl0gI7QCXLRBSqjCqqiOiLoET2jV/RmPVkv1rv1MWvNWOnMPvoD6/MH/qKY4A==</latexit>

DL-LiteR
<latexit sha1_base64="kMd7/pkwU9dCQjBqMqJkPLyWrg4=">AAACBXicbVA9SwNBEN2LXzF+RS21OAyCjeEuCloGtbBIEcV8QC6Evc1csmTvg905MRxpbPwrNhaK2Pof7Pw37iUpNPHBwOO9GWbmuZHgCi3r28gsLC4tr2RXc2vrG5tb+e2dugpjyaDGQhHKpksVCB5ADTkKaEYSqO8KaLiDy9Rv3INUPAzucBhB26e9gHucUdRSJ7/vIDyg8pKrynGFI4w6jk+xz6hIbkedfMEqWmOY88SekgKZotrJfzndkMU+BMgEVaplWxG2EyqRMwGjnBMriCgb0B60NA2oD6qdjL8YmYda6ZpeKHUFaI7V3xMJ9ZUa+q7uTE9Us14q/ue1YvTO2wkPohghYJNFXixMDM00ErPLJTAUQ00ok1zfarI+lZShDi6nQ7BnX54n9VLRPimWbk4L5YtpHFmyRw7IEbHJGSmTa1IlNcLII3kmr+TNeDJejHfjY9KaMaYzu+QPjM8f/geY4w==</latexit>

ELI
<latexit sha1_base64="PLtR0J2CxnWy2XSm6kMj87UKKeo=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRV0GVRBAUXFewD2lAm00k7dDKJM5NCCfkONy4UcevHuPNvnLRZaOuBgcM593LPHC/iTGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXCWBLaJCEPZcfDinImaFMzzWknkhQHHqdtb3yd+e0JlYqF4lFPI+oGeCiYzwjWRnJ7AdYjgnlyc3+X9ssVu2rPgJaJk5MK5Gj0y1+9QUjigApNOFaq69iRdhMsNSOcpqVerGiEyRgPaddQgQOq3GQWOkUnRhkgP5TmCY1m6u+NBAdKTQPPTGYh1aKXif953Vj7l27CRBRrKsj8kB9zpEOUNYAGTFKi+dQQTCQzWREZYYmJNj2VTAnO4peXSatWdc6qtYfzSv0qr6MIR3AMp+DABdThFhrQBAJP8Ayv8GZNrBfr3fqYjxasfOcQ/sD6/AGsUpII</latexit>ALCHOI

<latexit sha1_base64="Z+fHLlTdiFPoOK/ozwDA4DDkADY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZmpgi6r3VQQrGAf0A4lk6ZtaCYzJJlCGfonblwo4tY/ceffmGlnoa0HAodz7uWeHD/iTGnH+bZya+sbm1v57cLO7t7+gX141FRhLAltkJCHsu1jRTkTtKGZ5rQdSYoDn9OWP66mfmtCpWKheNLTiHoBHgo2YARrI/VsuxtgPSKYJzf31drD3axnF52SMwdaJW5GipCh3rO/uv2QxAEVmnCsVMd1Iu0lWGpGOJ0VurGiESZjPKQdQwUOqPKSefIZOjNKHw1CaZ7QaK7+3khwoNQ08M1kmlMte6n4n9eJ9eDaS5iIYk0FWRwaxBzpEKU1oD6TlGg+NQQTyUxWREZYYqJNWQVTgrv85VXSLJfci1L58bJYuc3qyMMJnMI5uHAFFahBHRpAYALP8ApvVmK9WO/Wx2I0Z2U7x/AH1ucP5saTLQ==</latexit>

EL++
<latexit sha1_base64="J5ePaBd1ThO1wYr+3/bId81AOuo=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIsgFMpMK+iyKIILFxXsA9qxZNJMG5rJDElGKUP/w40LRdz6L+78GzPtLLT1QOBwzr3ck+NFnClt299WbmV1bX0jv1nY2t7Z3SvuH7RUGEtCmyTkoex4WFHOBG1qpjntRJLiwOO07Y2vUr/9SKViobjXk4i6AR4K5jOCtZEeegHWI4J5cn07LZf7xZJdsWdAy8TJSAkyNPrFr94gJHFAhSYcK9V17Ei7CZaaEU6nhV6saITJGA9p11CBA6rcZJZ6ik6MMkB+KM0TGs3U3xsJDpSaBJ6ZTFOqRS8V//O6sfYv3ISJKNZUkPkhP+ZIhyitAA2YpETziSGYSGayIjLCEhNtiiqYEpzFLy+TVrXi1CrVu7NS/TKrIw9HcAyn4MA51OEGGtAEAhKe4RXerCfrxXq3PuajOSvbOYQ/sD5/AOogkh8=</latexit>

RSA
<latexit sha1_base64="QNlP5MRUTZ0f3IxK/BPaKmLqevk=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiRV0GXVjcv66AOaUCbTSTt0MgkzE6GE/oYbF4q49Wfc+TdO0yy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY38z8zhOVisXiUU8S6kd4KFjICNZG8rwI65EKs/uHq2nfrjo1JwdaJm5BqlCg2be/vEFM0ogKTThWquc6ifYzLDUjnE4rXqpogskYD2nPUIEjqvwszzxFJ0YZoDCW5gmNcvX3RoYjpSZRYCbzjIveTPzP66U6vPQzJpJUU0Hmh8KUIx2jWQFowCQlmk8MwUQykxWREZaYaFNTxZTgLn55mbTrNfesVr87rzauizrKcATHcAouXEADbqEJLSCQwDO8wpuVWi/Wu/UxHy1Zxc4h/IH1+QMRbJGz</latexit>

ALCF
<latexit sha1_base64="BS2/R1nsCMhNSmHNspXDBmq4UWk=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6rBXHhooJ9QDuWTJppQzOZIckoZeh/uHGhiFv/xZ1/Y6adhbYeCBzOuZd7cryIM6Vt+9vKrayurW/kNwtb2zu7e8X9g5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vXE99duPVCoWins9iagb4KFgPiNYG+mhF2A9Ipgnl7f162m/WLLL9gxomTgZKUGGRr/41RuEJA6o0IRjpbqOHWk3wVIzwum00IsVjTAZ4yHtGipwQJWbzFJP0YlRBsgPpXlCo5n6eyPBgVKTwDOTaUq16KXif1431v6FmzARxZoKMj/kxxzpEKUVoAGTlGg+MQQTyUxWREZYYqJNUQVTgrP45WXSqpSds3LlrlqqXWV15OEIjuEUHDiHGtxAA5pAQMIzvMKb9WS9WO/Wx3w0Z2U7h/AH1ucPMQKSTg==</latexit> DL-Litebool

<latexit sha1_base64="2ENczsLOryx3LUlfSmFdA7PcDPM=">AAACB3icbVA9SwNBEN3zM8avU0tBDoNgY7iLgpZBLSxSRDAfkISwt5lLluzdHrtzYjjS2fhXbCwUsfUv2Plv3HwUmvhg4PHeDDPz/Fhwja77bS0sLi2vrGbWsusbm1vb9s5uVctEMagwKaSq+1SD4BFUkKOAeqyAhr6Amt+/Gvm1e1Cay+gOBzG0QtqNeMAZRSO17YMmwgPqIL0unZQ4wrDdDCn2jOBLKYZtO+fm3TGceeJNSY5MUW7bX82OZEkIETJBtW54boytlCrkTMAw20w0xJT1aRcahkY0BN1Kx38MnSOjdJxAKlMROmP190RKQ60HoW86x0fOeiPxP6+RYHDRSnkUJwgRmywKEuGgdEahOB2ugKEYGEKZ4uZWh/WoogxNdFkTgjf78jypFvLeab5we5YrXk7jyJB9ckiOiUfOSZHckDKpEEYeyTN5JW/Wk/VivVsfk9YFazqzR/7A+vwB6HmZ+g==</latexit>

DL-LiteA
<latexit sha1_base64="KmXRWIGcRSt4l/NBbSfFwTdHj8k=">AAACBXicbVC7SgNBFJ2NrxhfUUstFoNgY9iNgpbxUVikiGAekA1hdnI3GTL7YOauGJY0Nv6KjYUitv6DnX/jbJJCEw9cOJxzL/fe40aCK7SsbyOzsLi0vJJdza2tb2xu5bd36iqMJYMaC0Uomy5VIHgANeQooBlJoL4roOEOrlK/cQ9S8TC4w2EEbZ/2Au5xRlFLnfy+g/CAykuuK8cVjjDqOD7FPqMiuRh18gWraI1hzhN7Sgpkimon/+V0Qxb7ECATVKmWbUXYTqhEzgSMck6sIKJsQHvQ0jSgPqh2Mv5iZB5qpWt6odQVoDlWf08k1Fdq6Lu6Mz1RzXqp+J/XitE7byc8iGKEgE0WebEwMTTTSMwul8BQDDWhTHJ9q8n6VFKGOricDsGefXme1EtF+6RYuj0tlC+ncWTJHjkgR8QmZ6RMbkiV1Agjj+SZvJI348l4Md6Nj0lrxpjO7JI/MD5/AOQymNI=</latexit>EL

<latexit sha1_base64="md9MkpbjTBva3zvpW1sKGz4wjSw=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclZkq6LIoggsXFewDOkPJpJk2NJMJSUYoQ3/DjQtF3Poz7vwbM+0stPVA4HDOvdyTE0rOtHHdb2dldW19Y7O0Vd7e2d3brxwctnWSKkJbJOGJ6oZYU84EbRlmOO1KRXEcctoJxze533miSrNEPJqJpEGMh4JFjGBjJd+PsRkRzLPb+2m/UnVr7gxomXgFqUKBZr/y5Q8SksZUGMKx1j3PlSbIsDKMcDot+6mmEpMxHtKepQLHVAfZLPMUnVplgKJE2ScMmqm/NzIcaz2JQzuZZ9SLXi7+5/VSE10FGRMyNVSQ+aEo5cgkKC8ADZiixPCJJZgoZrMiMsIKE2NrKtsSvMUvL5N2vead1+oPF9XGdVFHCY7hBM7Ag0towB00oQUEJDzDK7w5qfPivDsf89EVp9g5gj9wPn8AFCmRtQ==</latexit> Horn-ALC
<latexit sha1_base64="T+gJW3p/EAT33ylKwpyvh+XUVOA=">AAACBHicbVBNS8NAEN3Ur1q/oh57CRbBiyWpgh6rvfTgoYL9gKaUzXbTLt1swu5ELKEHL/4VLx4U8eqP8Oa/cdPmoK0PBh7vzTAzz4s4U2Db30ZuZXVtfSO/Wdja3tndM/cPWiqMJaFNEvJQdjysKGeCNoEBp51IUhx4nLa9cS312/dUKhaKO5hEtBfgoWA+Ixi01DeLLtAHUH5SD6U4nboBhhHBPLm6qU37Zsku2zNYy8TJSAllaPTNL3cQkjigAgjHSnUdO4JegiUwwum04MaKRpiM8ZB2NRU4oKqXzJ6YWsdaGVh+KHUJsGbq74kEB0pNAk93pkeqRS8V//O6MfiXvYSJKAYqyHyRH3MLQitNxBowSQnwiSaYSKZvtcgIS0xA51bQITiLLy+TVqXsnJUrt+el6nUWRx4V0RE6QQ66QFVURw3URAQ9omf0it6MJ+PFeDc+5q05I5s5RH9gfP4ANYeYcQ==</latexit>

DLFD
<latexit sha1_base64="xdJOmRSRXmzyanQzTvNhdRs8XTY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6LFnHhooJ9QDuWTJppQzOZIckoZeh/uHGhiFv/xZ1/Y6adhbYeCBzOuZd7cryIM6Vt+9vKrayurW/kNwtb2zu7e8X9g5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfFV6rcfqVQsFPd6ElE3wEPBfEawNtJDL8B6RDBP6rfX9Wm/WLLL9gxomTgZKUGGRr/41RuEJA6o0IRjpbqOHWk3wVIzwum00IsVjTAZ4yHtGipwQJWbzFJP0YlRBsgPpXlCo5n6eyPBgVKTwDOTaUq16KXif1431v6FmzARxZoKMj/kxxzpEKUVoAGTlGg+MQQTyUxWREZYYqJNUQVTgrP45WXSqpSds3LlrlqqXWZ15OEIjuEUHDiHGtxAA5pAQMIzvMKb9WS9WO/Wx3w0Z2U7h/AH1ucPNyKSUg==</latexit>

existential rules

RDF Schema (RDFS)

OWL DL

OWL 2 QL OWL 2 RLOWL 2 EL

OWL Lite
OWL Full

greedy bts

Datalog
tgds

sticky

linear
guarded

frontier-one

weakly acyclicagrd MFA 

Family of decidable fragments of first-order logic 

Only unary and binary relations (classes, properties) 

Each DL defined by modelling constructs it offers 
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OWL / RDFS

Description  
Logics (DLs)

Rule-Based  
Languages

Datalog+/�
<latexit sha1_base64="tufxlHhDLop4o439nZzKhVWpx9A=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8FWEMSa1IMei3rwWMF+QBvLZrupSzfZsDsRS4gX/4oXD4p49V9489+4bXPQ1gcDj/dmmJnnRZwpsO1vIzc3v7C4lF8urKyurW+Ym1sNJWJJaJ0ILmTLw4pyFtI6MOC0FUmKA4/Tpje4GPnNeyoVE+ENDCPqBrgfMp8RDFrqmjsdoA+g/OQSA+ain5Zuk8Pjo7TUNYt22R7DmiVORoooQ61rfnV6gsQBDYFwrFTbsSNwEyyBEU7TQidWNMJkgPu0rWmIA6rcZPxBau1rpWf5QuoKwRqrvycSHCg1DDzdGWC4U9PeSPzPa8fgn7kJC6MYaEgmi/yYWyCsURxWj0lKgA81wUQyfatF7rDEBHRoBR2CM/3yLGlUys5JuXJdKVbPszjyaBftoQPkoFNURVeohuqIoEf0jF7Rm/FkvBjvxsekNWdkM9voD4zPH8wDlnA=</latexit>

ALC
<latexit sha1_base64="f6GaakGz7bqW2x6U6kiks5zFblk=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiRV0GW1GxcuKtgHtKFMppN26GQSZyaFEvodblwo4taPceffOGmz0NYDA4dz7uWeOX7MmdKO820V1tY3NreK26Wd3b39A/vwqKWiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf1zP/PaESsUi8ainMfVCPBQsYARrI3m9EOsRwTy9ua/P+nbZqThzoFXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTWamXKBpjMsZD2jVU4JAqL52HnqEzowxQEEnzhEZz9fdGikOlpqFvJrOQatnLxP+8bqKDay9lIk40FWRxKEg40hHKGkADJinRfGoIJpKZrIiMsMREm55KpgR3+curpFWtuBeV6sNluXab11GEEziFc3DhCmpwBw1oAoEneIZXeLMm1ov1bn0sRgtWvnMMf2B9/gCdGJH+</latexit>

SROIQ
<latexit sha1_base64="CSBmMS9VPIwmtuJ1DGFAKLV9m2M=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITV2QGTXRJdKMrQeWRwIR0SoGGTmfSdkxwwpe4caExbv0Ud/6NHZiFgidpcnLOvbmnx484U9pxvq3cyura+kZ+s7C1vbNbtPf2myqMJaENEvJQtn2sKGeCNjTTnLYjSXHgc9ryx1ep33qkUrFQPOhJRL0ADwUbMIK1kXp2sRtgPSKYJ/d3tzf1ac8uOWVnBrRM3IyUIEOtZ391+yGJAyo04VipjutE2kuw1IxwOi10Y0UjTMZ4SDuGChxQ5SWz4FN0bJQ+GoTSPKHRTP29keBAqUngm8k0plr0UvE/rxPrwYWXMBHFmgoyPzSIOdIhSltAfSYp0XxiCCaSmayIjLDERJuuCqYEd/HLy6RZKbun5Ur9rFS9zOrIwyEcwQm4cA5VuIYaNIBADM/wCm/Wk/VivVsf89Gcle0cwB9Ynz+JWJMB</latexit>

ELH?
<latexit sha1_base64="d8+IEqc5S5VO50a/DCGgKOCsS/0=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsxUQZdFEbpwUcE+oDMMmTRtQzPJkGTEMsyvuHGhiFt/xJ1/Y6adhbYeCBzOuZd7csKYUaUd59sqra1vbG6Vtys7u3v7B/ZhtatEIjHpYMGE7IdIEUY56WiqGenHkqAoZKQXTm9yv/dIpKKCP+hZTPwIjTkdUYy0kQK76kVITzBi6e1dKwu8UOjArjl1Zw64StyC1ECBdmB/eUOBk4hwjRlSauA6sfZTJDXFjGQVL1EkRniKxmRgKEcRUX46z57BU6MM4UhI87iGc/X3RooipWZRaCbzpGrZy8X/vEGiR1d+SnmcaMLx4tAoYVALmBcBh1QSrNnMEIQlNVkhniCJsDZ1VUwJ7vKXV0m3UXfP6437i1rzuqijDI7BCTgDLrgETdACbdABGDyBZ/AK3qzMerHerY/FaMkqdo7AH1ifPwEQlGo=</latexit>

Horn-SHIQ
<latexit sha1_base64="LIv9hhnvEUyKqwRQrHB1uoW5S1g=">AAACBXicbVA9SwNBEN2LXzF+RS21OAyCjeEuCloGbWKXoPmA5Ah7m71kyd7usTsnhiONjX/FxkIRW/+Dnf/GTXKFJj4YeLw3w8w8P+JMg+N8W5ml5ZXVtex6bmNza3snv7vX0DJWhNaJ5FK1fKwpZ4LWgQGnrUhRHPqcNv3h9cRv3lOlmRR3MIqoF+K+YAEjGIzUzR92gD6ADpKKVOJ03AkxDAjmyW3lpjbu5gtO0ZnCXiRuSgooRbWb/+r0JIlDKoBwrHXbdSLwEqyAEU7HuU6saYTJEPdp21CBQ6q9ZPrF2D42Ss8OpDIlwJ6qvycSHGo9Cn3TOblSz3sT8T+vHUNw6SVMRDFQQWaLgpjbIO1JJHaPKUqAjwzBRDFzq00GWGECJricCcGdf3mRNEpF96xYqp0XyldpHFl0gI7QCXLRBSqjCqqiOiLoET2jV/RmPVkv1rv1MWvNWOnMPvoD6/MH/qKY4A==</latexit>

DL-LiteR
<latexit sha1_base64="kMd7/pkwU9dCQjBqMqJkPLyWrg4=">AAACBXicbVA9SwNBEN2LXzF+RS21OAyCjeEuCloGtbBIEcV8QC6Evc1csmTvg905MRxpbPwrNhaK2Pof7Pw37iUpNPHBwOO9GWbmuZHgCi3r28gsLC4tr2RXc2vrG5tb+e2dugpjyaDGQhHKpksVCB5ADTkKaEYSqO8KaLiDy9Rv3INUPAzucBhB26e9gHucUdRSJ7/vIDyg8pKrynGFI4w6jk+xz6hIbkedfMEqWmOY88SekgKZotrJfzndkMU+BMgEVaplWxG2EyqRMwGjnBMriCgb0B60NA2oD6qdjL8YmYda6ZpeKHUFaI7V3xMJ9ZUa+q7uTE9Us14q/ue1YvTO2wkPohghYJNFXixMDM00ErPLJTAUQ00ok1zfarI+lZShDi6nQ7BnX54n9VLRPimWbk4L5YtpHFmyRw7IEbHJGSmTa1IlNcLII3kmr+TNeDJejHfjY9KaMaYzu+QPjM8f/geY4w==</latexit>

ELI
<latexit sha1_base64="PLtR0J2CxnWy2XSm6kMj87UKKeo=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRV0GVRBAUXFewD2lAm00k7dDKJM5NCCfkONy4UcevHuPNvnLRZaOuBgcM593LPHC/iTGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXCWBLaJCEPZcfDinImaFMzzWknkhQHHqdtb3yd+e0JlYqF4lFPI+oGeCiYzwjWRnJ7AdYjgnlyc3+X9ssVu2rPgJaJk5MK5Gj0y1+9QUjigApNOFaq69iRdhMsNSOcpqVerGiEyRgPaddQgQOq3GQWOkUnRhkgP5TmCY1m6u+NBAdKTQPPTGYh1aKXif953Vj7l27CRBRrKsj8kB9zpEOUNYAGTFKi+dQQTCQzWREZYYmJNj2VTAnO4peXSatWdc6qtYfzSv0qr6MIR3AMp+DABdThFhrQBAJP8Ayv8GZNrBfr3fqYjxasfOcQ/sD6/AGsUpII</latexit>ALCHOI

<latexit sha1_base64="Z+fHLlTdiFPoOK/ozwDA4DDkADY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZmpgi6r3VQQrGAf0A4lk6ZtaCYzJJlCGfonblwo4tY/ceffmGlnoa0HAodz7uWeHD/iTGnH+bZya+sbm1v57cLO7t7+gX141FRhLAltkJCHsu1jRTkTtKGZ5rQdSYoDn9OWP66mfmtCpWKheNLTiHoBHgo2YARrI/VsuxtgPSKYJzf31drD3axnF52SMwdaJW5GipCh3rO/uv2QxAEVmnCsVMd1Iu0lWGpGOJ0VurGiESZjPKQdQwUOqPKSefIZOjNKHw1CaZ7QaK7+3khwoNQ08M1kmlMte6n4n9eJ9eDaS5iIYk0FWRwaxBzpEKU1oD6TlGg+NQQTyUxWREZYYqJNWQVTgrv85VXSLJfci1L58bJYuc3qyMMJnMI5uHAFFahBHRpAYALP8ApvVmK9WO/Wx2I0Z2U7x/AH1ucP5saTLQ==</latexit>

EL++
<latexit sha1_base64="J5ePaBd1ThO1wYr+3/bId81AOuo=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIsgFMpMK+iyKIILFxXsA9qxZNJMG5rJDElGKUP/w40LRdz6L+78GzPtLLT1QOBwzr3ck+NFnClt299WbmV1bX0jv1nY2t7Z3SvuH7RUGEtCmyTkoex4WFHOBG1qpjntRJLiwOO07Y2vUr/9SKViobjXk4i6AR4K5jOCtZEeegHWI4J5cn07LZf7xZJdsWdAy8TJSAkyNPrFr94gJHFAhSYcK9V17Ei7CZaaEU6nhV6saITJGA9p11CBA6rcZJZ6ik6MMkB+KM0TGs3U3xsJDpSaBJ6ZTFOqRS8V//O6sfYv3ISJKNZUkPkhP+ZIhyitAA2YpETziSGYSGayIjLCEhNtiiqYEpzFLy+TVrXi1CrVu7NS/TKrIw9HcAyn4MA51OEGGtAEAhKe4RXerCfrxXq3PuajOSvbOYQ/sD5/AOogkh8=</latexit>

RSA
<latexit sha1_base64="QNlP5MRUTZ0f3IxK/BPaKmLqevk=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiRV0GXVjcv66AOaUCbTSTt0MgkzE6GE/oYbF4q49Wfc+TdO0yy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY38z8zhOVisXiUU8S6kd4KFjICNZG8rwI65EKs/uHq2nfrjo1JwdaJm5BqlCg2be/vEFM0ogKTThWquc6ifYzLDUjnE4rXqpogskYD2nPUIEjqvwszzxFJ0YZoDCW5gmNcvX3RoYjpSZRYCbzjIveTPzP66U6vPQzJpJUU0Hmh8KUIx2jWQFowCQlmk8MwUQykxWREZaYaFNTxZTgLn55mbTrNfesVr87rzauizrKcATHcAouXEADbqEJLSCQwDO8wpuVWi/Wu/UxHy1Zxc4h/IH1+QMRbJGz</latexit>

ALCF
<latexit sha1_base64="BS2/R1nsCMhNSmHNspXDBmq4UWk=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6rBXHhooJ9QDuWTJppQzOZIckoZeh/uHGhiFv/xZ1/Y6adhbYeCBzOuZd7cryIM6Vt+9vKrayurW/kNwtb2zu7e8X9g5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vXE99duPVCoWins9iagb4KFgPiNYG+mhF2A9Ipgnl7f162m/WLLL9gxomTgZKUGGRr/41RuEJA6o0IRjpbqOHWk3wVIzwum00IsVjTAZ4yHtGipwQJWbzFJP0YlRBsgPpXlCo5n6eyPBgVKTwDOTaUq16KXif1431v6FmzARxZoKMj/kxxzpEKUVoAGTlGg+MQQTyUxWREZYYqJNUQVTgrP45WXSqpSds3LlrlqqXWV15OEIjuEUHDiHGtxAA5pAQMIzvMKb9WS9WO/Wx3w0Z2U7h/AH1ucPMQKSTg==</latexit> DL-Litebool

<latexit sha1_base64="2ENczsLOryx3LUlfSmFdA7PcDPM=">AAACB3icbVA9SwNBEN3zM8avU0tBDoNgY7iLgpZBLSxSRDAfkISwt5lLluzdHrtzYjjS2fhXbCwUsfUv2Plv3HwUmvhg4PHeDDPz/Fhwja77bS0sLi2vrGbWsusbm1vb9s5uVctEMagwKaSq+1SD4BFUkKOAeqyAhr6Amt+/Gvm1e1Cay+gOBzG0QtqNeMAZRSO17YMmwgPqIL0unZQ4wrDdDCn2jOBLKYZtO+fm3TGceeJNSY5MUW7bX82OZEkIETJBtW54boytlCrkTMAw20w0xJT1aRcahkY0BN1Kx38MnSOjdJxAKlMROmP190RKQ60HoW86x0fOeiPxP6+RYHDRSnkUJwgRmywKEuGgdEahOB2ugKEYGEKZ4uZWh/WoogxNdFkTgjf78jypFvLeab5we5YrXk7jyJB9ckiOiUfOSZHckDKpEEYeyTN5JW/Wk/VivVsfk9YFazqzR/7A+vwB6HmZ+g==</latexit>

DL-LiteA
<latexit sha1_base64="KmXRWIGcRSt4l/NBbSfFwTdHj8k=">AAACBXicbVC7SgNBFJ2NrxhfUUstFoNgY9iNgpbxUVikiGAekA1hdnI3GTL7YOauGJY0Nv6KjYUitv6DnX/jbJJCEw9cOJxzL/fe40aCK7SsbyOzsLi0vJJdza2tb2xu5bd36iqMJYMaC0Uomy5VIHgANeQooBlJoL4roOEOrlK/cQ9S8TC4w2EEbZ/2Au5xRlFLnfy+g/CAykuuK8cVjjDqOD7FPqMiuRh18gWraI1hzhN7Sgpkimon/+V0Qxb7ECATVKmWbUXYTqhEzgSMck6sIKJsQHvQ0jSgPqh2Mv5iZB5qpWt6odQVoDlWf08k1Fdq6Lu6Mz1RzXqp+J/XitE7byc8iGKEgE0WebEwMTTTSMwul8BQDDWhTHJ9q8n6VFKGOricDsGefXme1EtF+6RYuj0tlC+ncWTJHjkgR8QmZ6RMbkiV1Agjj+SZvJI348l4Md6Nj0lrxpjO7JI/MD5/AOQymNI=</latexit>EL

<latexit sha1_base64="md9MkpbjTBva3zvpW1sKGz4wjSw=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclZkq6LIoggsXFewDOkPJpJk2NJMJSUYoQ3/DjQtF3Poz7vwbM+0stPVA4HDOvdyTE0rOtHHdb2dldW19Y7O0Vd7e2d3brxwctnWSKkJbJOGJ6oZYU84EbRlmOO1KRXEcctoJxze533miSrNEPJqJpEGMh4JFjGBjJd+PsRkRzLPb+2m/UnVr7gxomXgFqUKBZr/y5Q8SksZUGMKx1j3PlSbIsDKMcDot+6mmEpMxHtKepQLHVAfZLPMUnVplgKJE2ScMmqm/NzIcaz2JQzuZZ9SLXi7+5/VSE10FGRMyNVSQ+aEo5cgkKC8ADZiixPCJJZgoZrMiMsIKE2NrKtsSvMUvL5N2vead1+oPF9XGdVFHCY7hBM7Ag0towB00oQUEJDzDK7w5qfPivDsf89EVp9g5gj9wPn8AFCmRtQ==</latexit> Horn-ALC
<latexit sha1_base64="T+gJW3p/EAT33ylKwpyvh+XUVOA=">AAACBHicbVBNS8NAEN3Ur1q/oh57CRbBiyWpgh6rvfTgoYL9gKaUzXbTLt1swu5ELKEHL/4VLx4U8eqP8Oa/cdPmoK0PBh7vzTAzz4s4U2Db30ZuZXVtfSO/Wdja3tndM/cPWiqMJaFNEvJQdjysKGeCNoEBp51IUhx4nLa9cS312/dUKhaKO5hEtBfgoWA+Ixi01DeLLtAHUH5SD6U4nboBhhHBPLm6qU37Zsku2zNYy8TJSAllaPTNL3cQkjigAgjHSnUdO4JegiUwwum04MaKRpiM8ZB2NRU4oKqXzJ6YWsdaGVh+KHUJsGbq74kEB0pNAk93pkeqRS8V//O6MfiXvYSJKAYqyHyRH3MLQitNxBowSQnwiSaYSKZvtcgIS0xA51bQITiLLy+TVqXsnJUrt+el6nUWRx4V0RE6QQ66QFVURw3URAQ9omf0it6MJ+PFeDc+5q05I5s5RH9gfP4ANYeYcQ==</latexit>

DLFD
<latexit sha1_base64="xdJOmRSRXmzyanQzTvNhdRs8XTY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6LFnHhooJ9QDuWTJppQzOZIckoZeh/uHGhiFv/xZ1/Y6adhbYeCBzOuZd7cryIM6Vt+9vKrayurW/kNwtb2zu7e8X9g5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfFV6rcfqVQsFPd6ElE3wEPBfEawNtJDL8B6RDBP6rfX9Wm/WLLL9gxomTgZKUGGRr/41RuEJA6o0IRjpbqOHWk3wVIzwum00IsVjTAZ4yHtGipwQJWbzFJP0YlRBsgPpXlCo5n6eyPBgVKTwDOTaUq16KXif1431v6FmzARxZoKMj/kxxzpEKUVoAGTlGg+MQQTyUxWREZYYqJNUQVTgrP45WXSqpSds3LlrlqqXWZ15OEIjuEUHDiHGtxAA5pAQMIzvMKb9WS9WO/Wx3w0Z2U7h/AH1ucPNyKSUg==</latexit>

existential rules

RDF Schema (RDFS)

OWL DL

OWL 2 QL OWL 2 RLOWL 2 EL

OWL Lite
OWL Full

greedy bts

Datalog
tgds

sticky

linear
guarded

frontier-one

weakly acyclicagrd MFA 

Family of decidable fragments of first-order logic 

Only unary and binary relations (classes, properties) 

Each DL defined by modelling constructs it offers 

Classes of logical rules, expressible in first-order logic 

Admit relations of arbitrary arity  

Defined by shape of rules or properties of ruleset 



disjunctive

LOTS of ontology languages!
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OWL / RDFS

Description  
Logics (DLs)

Rule-Based  
Languages

Datalog+/�
<latexit sha1_base64="tufxlHhDLop4o439nZzKhVWpx9A=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8FWEMSa1IMei3rwWMF+QBvLZrupSzfZsDsRS4gX/4oXD4p49V9489+4bXPQ1gcDj/dmmJnnRZwpsO1vIzc3v7C4lF8urKyurW+Ym1sNJWJJaJ0ILmTLw4pyFtI6MOC0FUmKA4/Tpje4GPnNeyoVE+ENDCPqBrgfMp8RDFrqmjsdoA+g/OQSA+ain5Zuk8Pjo7TUNYt22R7DmiVORoooQ61rfnV6gsQBDYFwrFTbsSNwEyyBEU7TQidWNMJkgPu0rWmIA6rcZPxBau1rpWf5QuoKwRqrvycSHCg1DDzdGWC4U9PeSPzPa8fgn7kJC6MYaEgmi/yYWyCsURxWj0lKgA81wUQyfatF7rDEBHRoBR2CM/3yLGlUys5JuXJdKVbPszjyaBftoQPkoFNURVeohuqIoEf0jF7Rm/FkvBjvxsekNWdkM9voD4zPH8wDlnA=</latexit>

ALC
<latexit sha1_base64="f6GaakGz7bqW2x6U6kiks5zFblk=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiRV0GW1GxcuKtgHtKFMppN26GQSZyaFEvodblwo4taPceffOGmz0NYDA4dz7uWeOX7MmdKO820V1tY3NreK26Wd3b39A/vwqKWiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf1zP/PaESsUi8ainMfVCPBQsYARrI3m9EOsRwTy9ua/P+nbZqThzoFXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTWamXKBpjMsZD2jVU4JAqL52HnqEzowxQEEnzhEZz9fdGikOlpqFvJrOQatnLxP+8bqKDay9lIk40FWRxKEg40hHKGkADJinRfGoIJpKZrIiMsMREm55KpgR3+curpFWtuBeV6sNluXab11GEEziFc3DhCmpwBw1oAoEneIZXeLMm1ov1bn0sRgtWvnMMf2B9/gCdGJH+</latexit>

SROIQ
<latexit sha1_base64="CSBmMS9VPIwmtuJ1DGFAKLV9m2M=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITV2QGTXRJdKMrQeWRwIR0SoGGTmfSdkxwwpe4caExbv0Ud/6NHZiFgidpcnLOvbmnx484U9pxvq3cyura+kZ+s7C1vbNbtPf2myqMJaENEvJQtn2sKGeCNjTTnLYjSXHgc9ryx1ep33qkUrFQPOhJRL0ADwUbMIK1kXp2sRtgPSKYJ/d3tzf1ac8uOWVnBrRM3IyUIEOtZ391+yGJAyo04VipjutE2kuw1IxwOi10Y0UjTMZ4SDuGChxQ5SWz4FN0bJQ+GoTSPKHRTP29keBAqUngm8k0plr0UvE/rxPrwYWXMBHFmgoyPzSIOdIhSltAfSYp0XxiCCaSmayIjLDERJuuCqYEd/HLy6RZKbun5Ur9rFS9zOrIwyEcwQm4cA5VuIYaNIBADM/wCm/Wk/VivVsf89Gcle0cwB9Ynz+JWJMB</latexit>

ELH?
<latexit sha1_base64="d8+IEqc5S5VO50a/DCGgKOCsS/0=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsxUQZdFEbpwUcE+oDMMmTRtQzPJkGTEMsyvuHGhiFt/xJ1/Y6adhbYeCBzOuZd7csKYUaUd59sqra1vbG6Vtys7u3v7B/ZhtatEIjHpYMGE7IdIEUY56WiqGenHkqAoZKQXTm9yv/dIpKKCP+hZTPwIjTkdUYy0kQK76kVITzBi6e1dKwu8UOjArjl1Zw64StyC1ECBdmB/eUOBk4hwjRlSauA6sfZTJDXFjGQVL1EkRniKxmRgKEcRUX46z57BU6MM4UhI87iGc/X3RooipWZRaCbzpGrZy8X/vEGiR1d+SnmcaMLx4tAoYVALmBcBh1QSrNnMEIQlNVkhniCJsDZ1VUwJ7vKXV0m3UXfP6437i1rzuqijDI7BCTgDLrgETdACbdABGDyBZ/AK3qzMerHerY/FaMkqdo7AH1ifPwEQlGo=</latexit>

Horn-SHIQ
<latexit sha1_base64="LIv9hhnvEUyKqwRQrHB1uoW5S1g=">AAACBXicbVA9SwNBEN2LXzF+RS21OAyCjeEuCloGbWKXoPmA5Ah7m71kyd7usTsnhiONjX/FxkIRW/+Dnf/GTXKFJj4YeLw3w8w8P+JMg+N8W5ml5ZXVtex6bmNza3snv7vX0DJWhNaJ5FK1fKwpZ4LWgQGnrUhRHPqcNv3h9cRv3lOlmRR3MIqoF+K+YAEjGIzUzR92gD6ADpKKVOJ03AkxDAjmyW3lpjbu5gtO0ZnCXiRuSgooRbWb/+r0JIlDKoBwrHXbdSLwEqyAEU7HuU6saYTJEPdp21CBQ6q9ZPrF2D42Ss8OpDIlwJ6qvycSHGo9Cn3TOblSz3sT8T+vHUNw6SVMRDFQQWaLgpjbIO1JJHaPKUqAjwzBRDFzq00GWGECJricCcGdf3mRNEpF96xYqp0XyldpHFl0gI7QCXLRBSqjCqqiOiLoET2jV/RmPVkv1rv1MWvNWOnMPvoD6/MH/qKY4A==</latexit>

DL-LiteR
<latexit sha1_base64="kMd7/pkwU9dCQjBqMqJkPLyWrg4=">AAACBXicbVA9SwNBEN2LXzF+RS21OAyCjeEuCloGtbBIEcV8QC6Evc1csmTvg905MRxpbPwrNhaK2Pof7Pw37iUpNPHBwOO9GWbmuZHgCi3r28gsLC4tr2RXc2vrG5tb+e2dugpjyaDGQhHKpksVCB5ADTkKaEYSqO8KaLiDy9Rv3INUPAzucBhB26e9gHucUdRSJ7/vIDyg8pKrynGFI4w6jk+xz6hIbkedfMEqWmOY88SekgKZotrJfzndkMU+BMgEVaplWxG2EyqRMwGjnBMriCgb0B60NA2oD6qdjL8YmYda6ZpeKHUFaI7V3xMJ9ZUa+q7uTE9Us14q/ue1YvTO2wkPohghYJNFXixMDM00ErPLJTAUQ00ok1zfarI+lZShDi6nQ7BnX54n9VLRPimWbk4L5YtpHFmyRw7IEbHJGSmTa1IlNcLII3kmr+TNeDJejHfjY9KaMaYzu+QPjM8f/geY4w==</latexit>

ELI
<latexit sha1_base64="PLtR0J2CxnWy2XSm6kMj87UKKeo=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRV0GVRBAUXFewD2lAm00k7dDKJM5NCCfkONy4UcevHuPNvnLRZaOuBgcM593LPHC/iTGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXCWBLaJCEPZcfDinImaFMzzWknkhQHHqdtb3yd+e0JlYqF4lFPI+oGeCiYzwjWRnJ7AdYjgnlyc3+X9ssVu2rPgJaJk5MK5Gj0y1+9QUjigApNOFaq69iRdhMsNSOcpqVerGiEyRgPaddQgQOq3GQWOkUnRhkgP5TmCY1m6u+NBAdKTQPPTGYh1aKXif953Vj7l27CRBRrKsj8kB9zpEOUNYAGTFKi+dQQTCQzWREZYYmJNj2VTAnO4peXSatWdc6qtYfzSv0qr6MIR3AMp+DABdThFhrQBAJP8Ayv8GZNrBfr3fqYjxasfOcQ/sD6/AGsUpII</latexit>ALCHOI

<latexit sha1_base64="Z+fHLlTdiFPoOK/ozwDA4DDkADY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZmpgi6r3VQQrGAf0A4lk6ZtaCYzJJlCGfonblwo4tY/ceffmGlnoa0HAodz7uWeHD/iTGnH+bZya+sbm1v57cLO7t7+gX141FRhLAltkJCHsu1jRTkTtKGZ5rQdSYoDn9OWP66mfmtCpWKheNLTiHoBHgo2YARrI/VsuxtgPSKYJzf31drD3axnF52SMwdaJW5GipCh3rO/uv2QxAEVmnCsVMd1Iu0lWGpGOJ0VurGiESZjPKQdQwUOqPKSefIZOjNKHw1CaZ7QaK7+3khwoNQ08M1kmlMte6n4n9eJ9eDaS5iIYk0FWRwaxBzpEKU1oD6TlGg+NQQTyUxWREZYYqJNWQVTgrv85VXSLJfci1L58bJYuc3qyMMJnMI5uHAFFahBHRpAYALP8ApvVmK9WO/Wx2I0Z2U7x/AH1ucP5saTLQ==</latexit>

EL++
<latexit sha1_base64="J5ePaBd1ThO1wYr+3/bId81AOuo=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIsgFMpMK+iyKIILFxXsA9qxZNJMG5rJDElGKUP/w40LRdz6L+78GzPtLLT1QOBwzr3ck+NFnClt299WbmV1bX0jv1nY2t7Z3SvuH7RUGEtCmyTkoex4WFHOBG1qpjntRJLiwOO07Y2vUr/9SKViobjXk4i6AR4K5jOCtZEeegHWI4J5cn07LZf7xZJdsWdAy8TJSAkyNPrFr94gJHFAhSYcK9V17Ei7CZaaEU6nhV6saITJGA9p11CBA6rcZJZ6ik6MMkB+KM0TGs3U3xsJDpSaBJ6ZTFOqRS8V//O6sfYv3ISJKNZUkPkhP+ZIhyitAA2YpETziSGYSGayIjLCEhNtiiqYEpzFLy+TVrXi1CrVu7NS/TKrIw9HcAyn4MA51OEGGtAEAhKe4RXerCfrxXq3PuajOSvbOYQ/sD5/AOogkh8=</latexit>

RSA
<latexit sha1_base64="QNlP5MRUTZ0f3IxK/BPaKmLqevk=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiRV0GXVjcv66AOaUCbTSTt0MgkzE6GE/oYbF4q49Wfc+TdO0yy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY38z8zhOVisXiUU8S6kd4KFjICNZG8rwI65EKs/uHq2nfrjo1JwdaJm5BqlCg2be/vEFM0ogKTThWquc6ifYzLDUjnE4rXqpogskYD2nPUIEjqvwszzxFJ0YZoDCW5gmNcvX3RoYjpSZRYCbzjIveTPzP66U6vPQzJpJUU0Hmh8KUIx2jWQFowCQlmk8MwUQykxWREZaYaFNTxZTgLn55mbTrNfesVr87rzauizrKcATHcAouXEADbqEJLSCQwDO8wpuVWi/Wu/UxHy1Zxc4h/IH1+QMRbJGz</latexit>

ALCF
<latexit sha1_base64="BS2/R1nsCMhNSmHNspXDBmq4UWk=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6rBXHhooJ9QDuWTJppQzOZIckoZeh/uHGhiFv/xZ1/Y6adhbYeCBzOuZd7cryIM6Vt+9vKrayurW/kNwtb2zu7e8X9g5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vXE99duPVCoWins9iagb4KFgPiNYG+mhF2A9Ipgnl7f162m/WLLL9gxomTgZKUGGRr/41RuEJA6o0IRjpbqOHWk3wVIzwum00IsVjTAZ4yHtGipwQJWbzFJP0YlRBsgPpXlCo5n6eyPBgVKTwDOTaUq16KXif1431v6FmzARxZoKMj/kxxzpEKUVoAGTlGg+MQQTyUxWREZYYqJNUQVTgrP45WXSqpSds3LlrlqqXWV15OEIjuEUHDiHGtxAA5pAQMIzvMKb9WS9WO/Wx3w0Z2U7h/AH1ucPMQKSTg==</latexit> DL-Litebool

<latexit sha1_base64="2ENczsLOryx3LUlfSmFdA7PcDPM=">AAACB3icbVA9SwNBEN3zM8avU0tBDoNgY7iLgpZBLSxSRDAfkISwt5lLluzdHrtzYjjS2fhXbCwUsfUv2Plv3HwUmvhg4PHeDDPz/Fhwja77bS0sLi2vrGbWsusbm1vb9s5uVctEMagwKaSq+1SD4BFUkKOAeqyAhr6Amt+/Gvm1e1Cay+gOBzG0QtqNeMAZRSO17YMmwgPqIL0unZQ4wrDdDCn2jOBLKYZtO+fm3TGceeJNSY5MUW7bX82OZEkIETJBtW54boytlCrkTMAw20w0xJT1aRcahkY0BN1Kx38MnSOjdJxAKlMROmP190RKQ60HoW86x0fOeiPxP6+RYHDRSnkUJwgRmywKEuGgdEahOB2ugKEYGEKZ4uZWh/WoogxNdFkTgjf78jypFvLeab5we5YrXk7jyJB9ckiOiUfOSZHckDKpEEYeyTN5JW/Wk/VivVsfk9YFazqzR/7A+vwB6HmZ+g==</latexit>

DL-LiteA
<latexit sha1_base64="KmXRWIGcRSt4l/NBbSfFwTdHj8k=">AAACBXicbVC7SgNBFJ2NrxhfUUstFoNgY9iNgpbxUVikiGAekA1hdnI3GTL7YOauGJY0Nv6KjYUitv6DnX/jbJJCEw9cOJxzL/fe40aCK7SsbyOzsLi0vJJdza2tb2xu5bd36iqMJYMaC0Uomy5VIHgANeQooBlJoL4roOEOrlK/cQ9S8TC4w2EEbZ/2Au5xRlFLnfy+g/CAykuuK8cVjjDqOD7FPqMiuRh18gWraI1hzhN7Sgpkimon/+V0Qxb7ECATVKmWbUXYTqhEzgSMck6sIKJsQHvQ0jSgPqh2Mv5iZB5qpWt6odQVoDlWf08k1Fdq6Lu6Mz1RzXqp+J/XitE7byc8iGKEgE0WebEwMTTTSMwul8BQDDWhTHJ9q8n6VFKGOricDsGefXme1EtF+6RYuj0tlC+ncWTJHjkgR8QmZ6RMbkiV1Agjj+SZvJI348l4Md6Nj0lrxpjO7JI/MD5/AOQymNI=</latexit>EL

<latexit sha1_base64="md9MkpbjTBva3zvpW1sKGz4wjSw=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclZkq6LIoggsXFewDOkPJpJk2NJMJSUYoQ3/DjQtF3Poz7vwbM+0stPVA4HDOvdyTE0rOtHHdb2dldW19Y7O0Vd7e2d3brxwctnWSKkJbJOGJ6oZYU84EbRlmOO1KRXEcctoJxze533miSrNEPJqJpEGMh4JFjGBjJd+PsRkRzLPb+2m/UnVr7gxomXgFqUKBZr/y5Q8SksZUGMKx1j3PlSbIsDKMcDot+6mmEpMxHtKepQLHVAfZLPMUnVplgKJE2ScMmqm/NzIcaz2JQzuZZ9SLXi7+5/VSE10FGRMyNVSQ+aEo5cgkKC8ADZiixPCJJZgoZrMiMsIKE2NrKtsSvMUvL5N2vead1+oPF9XGdVFHCY7hBM7Ag0towB00oQUEJDzDK7w5qfPivDsf89EVp9g5gj9wPn8AFCmRtQ==</latexit> Horn-ALC
<latexit sha1_base64="T+gJW3p/EAT33ylKwpyvh+XUVOA=">AAACBHicbVBNS8NAEN3Ur1q/oh57CRbBiyWpgh6rvfTgoYL9gKaUzXbTLt1swu5ELKEHL/4VLx4U8eqP8Oa/cdPmoK0PBh7vzTAzz4s4U2Db30ZuZXVtfSO/Wdja3tndM/cPWiqMJaFNEvJQdjysKGeCNoEBp51IUhx4nLa9cS312/dUKhaKO5hEtBfgoWA+Ixi01DeLLtAHUH5SD6U4nboBhhHBPLm6qU37Zsku2zNYy8TJSAllaPTNL3cQkjigAgjHSnUdO4JegiUwwum04MaKRpiM8ZB2NRU4oKqXzJ6YWsdaGVh+KHUJsGbq74kEB0pNAk93pkeqRS8V//O6MfiXvYSJKAYqyHyRH3MLQitNxBowSQnwiSaYSKZvtcgIS0xA51bQITiLLy+TVqXsnJUrt+el6nUWRx4V0RE6QQ66QFVURw3URAQ9omf0it6MJ+PFeDc+5q05I5s5RH9gfP4ANYeYcQ==</latexit>

DLFD
<latexit sha1_base64="xdJOmRSRXmzyanQzTvNhdRs8XTY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6LFnHhooJ9QDuWTJppQzOZIckoZeh/uHGhiFv/xZ1/Y6adhbYeCBzOuZd7cryIM6Vt+9vKrayurW/kNwtb2zu7e8X9g5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfFV6rcfqVQsFPd6ElE3wEPBfEawNtJDL8B6RDBP6rfX9Wm/WLLL9gxomTgZKUGGRr/41RuEJA6o0IRjpbqOHWk3wVIzwum00IsVjTAZ4yHtGipwQJWbzFJP0YlRBsgPpXlCo5n6eyPBgVKTwDOTaUq16KXif1431v6FmzARxZoKMj/kxxzpEKUVoAGTlGg+MQQTyUxWREZYYqJNUQVTgrP45WXSqpSds3LlrlqqXWZ15OEIjuEUHDiHGtxAA5pAQMIzvMKb9WS9WO/Wx3w0Z2U7h/AH1ucPNyKSUg==</latexit>

existential rules

RDF Schema (RDFS)

OWL DL

OWL 2 QL OWL 2 RLOWL 2 EL

OWL Lite
OWL Full

greedy bts

Datalog
tgds

sticky

linear
guarded

frontier-one

weakly acyclicagrd MFA 

Family of decidable fragments of first-order logic 

Only unary and binary relations (classes, properties) 

Each DL defined by modelling constructs it offers 

Classes of logical rules, expressible in first-order logic 

Admit relations of arbitrary arity  

Defined by shape of rules or properties of ruleset 

W3C standards for ontologies & terminologies 

OWL based upon DLs, but designed for use in practice 

Additional features, e.g. annotations, meta-modelling



disjunctive

LOTS of ontology languages!
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OWL / RDFS

Description  
Logics (DLs)

Rule-Based  
Languages

Datalog+/�
<latexit sha1_base64="tufxlHhDLop4o439nZzKhVWpx9A=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8FWEMSa1IMei3rwWMF+QBvLZrupSzfZsDsRS4gX/4oXD4p49V9489+4bXPQ1gcDj/dmmJnnRZwpsO1vIzc3v7C4lF8urKyurW+Ym1sNJWJJaJ0ILmTLw4pyFtI6MOC0FUmKA4/Tpje4GPnNeyoVE+ENDCPqBrgfMp8RDFrqmjsdoA+g/OQSA+ain5Zuk8Pjo7TUNYt22R7DmiVORoooQ61rfnV6gsQBDYFwrFTbsSNwEyyBEU7TQidWNMJkgPu0rWmIA6rcZPxBau1rpWf5QuoKwRqrvycSHCg1DDzdGWC4U9PeSPzPa8fgn7kJC6MYaEgmi/yYWyCsURxWj0lKgA81wUQyfatF7rDEBHRoBR2CM/3yLGlUys5JuXJdKVbPszjyaBftoQPkoFNURVeohuqIoEf0jF7Rm/FkvBjvxsekNWdkM9voD4zPH8wDlnA=</latexit>

ALC
<latexit sha1_base64="f6GaakGz7bqW2x6U6kiks5zFblk=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiRV0GW1GxcuKtgHtKFMppN26GQSZyaFEvodblwo4taPceffOGmz0NYDA4dz7uWeOX7MmdKO820V1tY3NreK26Wd3b39A/vwqKWiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf1zP/PaESsUi8ainMfVCPBQsYARrI3m9EOsRwTy9ua/P+nbZqThzoFXi5qQMORp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTWamXKBpjMsZD2jVU4JAqL52HnqEzowxQEEnzhEZz9fdGikOlpqFvJrOQatnLxP+8bqKDay9lIk40FWRxKEg40hHKGkADJinRfGoIJpKZrIiMsMREm55KpgR3+curpFWtuBeV6sNluXab11GEEziFc3DhCmpwBw1oAoEneIZXeLMm1ov1bn0sRgtWvnMMf2B9/gCdGJH+</latexit>

SROIQ
<latexit sha1_base64="CSBmMS9VPIwmtuJ1DGFAKLV9m2M=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITV2QGTXRJdKMrQeWRwIR0SoGGTmfSdkxwwpe4caExbv0Ud/6NHZiFgidpcnLOvbmnx484U9pxvq3cyura+kZ+s7C1vbNbtPf2myqMJaENEvJQtn2sKGeCNjTTnLYjSXHgc9ryx1ep33qkUrFQPOhJRL0ADwUbMIK1kXp2sRtgPSKYJ/d3tzf1ac8uOWVnBrRM3IyUIEOtZ391+yGJAyo04VipjutE2kuw1IxwOi10Y0UjTMZ4SDuGChxQ5SWz4FN0bJQ+GoTSPKHRTP29keBAqUngm8k0plr0UvE/rxPrwYWXMBHFmgoyPzSIOdIhSltAfSYp0XxiCCaSmayIjLDERJuuCqYEd/HLy6RZKbun5Ur9rFS9zOrIwyEcwQm4cA5VuIYaNIBADM/wCm/Wk/VivVsf89Gcle0cwB9Ynz+JWJMB</latexit>

ELH?
<latexit sha1_base64="d8+IEqc5S5VO50a/DCGgKOCsS/0=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsxUQZdFEbpwUcE+oDMMmTRtQzPJkGTEMsyvuHGhiFt/xJ1/Y6adhbYeCBzOuZd7csKYUaUd59sqra1vbG6Vtys7u3v7B/ZhtatEIjHpYMGE7IdIEUY56WiqGenHkqAoZKQXTm9yv/dIpKKCP+hZTPwIjTkdUYy0kQK76kVITzBi6e1dKwu8UOjArjl1Zw64StyC1ECBdmB/eUOBk4hwjRlSauA6sfZTJDXFjGQVL1EkRniKxmRgKEcRUX46z57BU6MM4UhI87iGc/X3RooipWZRaCbzpGrZy8X/vEGiR1d+SnmcaMLx4tAoYVALmBcBh1QSrNnMEIQlNVkhniCJsDZ1VUwJ7vKXV0m3UXfP6437i1rzuqijDI7BCTgDLrgETdACbdABGDyBZ/AK3qzMerHerY/FaMkqdo7AH1ifPwEQlGo=</latexit>

Horn-SHIQ
<latexit sha1_base64="LIv9hhnvEUyKqwRQrHB1uoW5S1g=">AAACBXicbVA9SwNBEN2LXzF+RS21OAyCjeEuCloGbWKXoPmA5Ah7m71kyd7usTsnhiONjX/FxkIRW/+Dnf/GTXKFJj4YeLw3w8w8P+JMg+N8W5ml5ZXVtex6bmNza3snv7vX0DJWhNaJ5FK1fKwpZ4LWgQGnrUhRHPqcNv3h9cRv3lOlmRR3MIqoF+K+YAEjGIzUzR92gD6ADpKKVOJ03AkxDAjmyW3lpjbu5gtO0ZnCXiRuSgooRbWb/+r0JIlDKoBwrHXbdSLwEqyAEU7HuU6saYTJEPdp21CBQ6q9ZPrF2D42Ss8OpDIlwJ6qvycSHGo9Cn3TOblSz3sT8T+vHUNw6SVMRDFQQWaLgpjbIO1JJHaPKUqAjwzBRDFzq00GWGECJricCcGdf3mRNEpF96xYqp0XyldpHFl0gI7QCXLRBSqjCqqiOiLoET2jV/RmPVkv1rv1MWvNWOnMPvoD6/MH/qKY4A==</latexit>

DL-LiteR
<latexit sha1_base64="kMd7/pkwU9dCQjBqMqJkPLyWrg4=">AAACBXicbVA9SwNBEN2LXzF+RS21OAyCjeEuCloGtbBIEcV8QC6Evc1csmTvg905MRxpbPwrNhaK2Pof7Pw37iUpNPHBwOO9GWbmuZHgCi3r28gsLC4tr2RXc2vrG5tb+e2dugpjyaDGQhHKpksVCB5ADTkKaEYSqO8KaLiDy9Rv3INUPAzucBhB26e9gHucUdRSJ7/vIDyg8pKrynGFI4w6jk+xz6hIbkedfMEqWmOY88SekgKZotrJfzndkMU+BMgEVaplWxG2EyqRMwGjnBMriCgb0B60NA2oD6qdjL8YmYda6ZpeKHUFaI7V3xMJ9ZUa+q7uTE9Us14q/ue1YvTO2wkPohghYJNFXixMDM00ErPLJTAUQ00ok1zfarI+lZShDi6nQ7BnX54n9VLRPimWbk4L5YtpHFmyRw7IEbHJGSmTa1IlNcLII3kmr+TNeDJejHfjY9KaMaYzu+QPjM8f/geY4w==</latexit>

ELI
<latexit sha1_base64="PLtR0J2CxnWy2XSm6kMj87UKKeo=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRV0GVRBAUXFewD2lAm00k7dDKJM5NCCfkONy4UcevHuPNvnLRZaOuBgcM593LPHC/iTGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXCWBLaJCEPZcfDinImaFMzzWknkhQHHqdtb3yd+e0JlYqF4lFPI+oGeCiYzwjWRnJ7AdYjgnlyc3+X9ssVu2rPgJaJk5MK5Gj0y1+9QUjigApNOFaq69iRdhMsNSOcpqVerGiEyRgPaddQgQOq3GQWOkUnRhkgP5TmCY1m6u+NBAdKTQPPTGYh1aKXif953Vj7l27CRBRrKsj8kB9zpEOUNYAGTFKi+dQQTCQzWREZYYmJNj2VTAnO4peXSatWdc6qtYfzSv0qr6MIR3AMp+DABdThFhrQBAJP8Ayv8GZNrBfr3fqYjxasfOcQ/sD6/AGsUpII</latexit>ALCHOI

<latexit sha1_base64="Z+fHLlTdiFPoOK/ozwDA4DDkADY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZmpgi6r3VQQrGAf0A4lk6ZtaCYzJJlCGfonblwo4tY/ceffmGlnoa0HAodz7uWeHD/iTGnH+bZya+sbm1v57cLO7t7+gX141FRhLAltkJCHsu1jRTkTtKGZ5rQdSYoDn9OWP66mfmtCpWKheNLTiHoBHgo2YARrI/VsuxtgPSKYJzf31drD3axnF52SMwdaJW5GipCh3rO/uv2QxAEVmnCsVMd1Iu0lWGpGOJ0VurGiESZjPKQdQwUOqPKSefIZOjNKHw1CaZ7QaK7+3khwoNQ08M1kmlMte6n4n9eJ9eDaS5iIYk0FWRwaxBzpEKU1oD6TlGg+NQQTyUxWREZYYqJNWQVTgrv85VXSLJfci1L58bJYuc3qyMMJnMI5uHAFFahBHRpAYALP8ApvVmK9WO/Wx2I0Z2U7x/AH1ucP5saTLQ==</latexit>

EL++
<latexit sha1_base64="J5ePaBd1ThO1wYr+3/bId81AOuo=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIsgFMpMK+iyKIILFxXsA9qxZNJMG5rJDElGKUP/w40LRdz6L+78GzPtLLT1QOBwzr3ck+NFnClt299WbmV1bX0jv1nY2t7Z3SvuH7RUGEtCmyTkoex4WFHOBG1qpjntRJLiwOO07Y2vUr/9SKViobjXk4i6AR4K5jOCtZEeegHWI4J5cn07LZf7xZJdsWdAy8TJSAkyNPrFr94gJHFAhSYcK9V17Ei7CZaaEU6nhV6saITJGA9p11CBA6rcZJZ6ik6MMkB+KM0TGs3U3xsJDpSaBJ6ZTFOqRS8V//O6sfYv3ISJKNZUkPkhP+ZIhyitAA2YpETziSGYSGayIjLCEhNtiiqYEpzFLy+TVrXi1CrVu7NS/TKrIw9HcAyn4MA51OEGGtAEAhKe4RXerCfrxXq3PuajOSvbOYQ/sD5/AOogkh8=</latexit>

RSA
<latexit sha1_base64="QNlP5MRUTZ0f3IxK/BPaKmLqevk=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiRV0GXVjcv66AOaUCbTSTt0MgkzE6GE/oYbF4q49Wfc+TdO0yy09cDA4Zx7uWdOkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY38z8zhOVisXiUU8S6kd4KFjICNZG8rwI65EKs/uHq2nfrjo1JwdaJm5BqlCg2be/vEFM0ogKTThWquc6ifYzLDUjnE4rXqpogskYD2nPUIEjqvwszzxFJ0YZoDCW5gmNcvX3RoYjpSZRYCbzjIveTPzP66U6vPQzJpJUU0Hmh8KUIx2jWQFowCQlmk8MwUQykxWREZaYaFNTxZTgLn55mbTrNfesVr87rzauizrKcATHcAouXEADbqEJLSCQwDO8wpuVWi/Wu/UxHy1Zxc4h/IH1+QMRbJGz</latexit>

ALCF
<latexit sha1_base64="BS2/R1nsCMhNSmHNspXDBmq4UWk=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6rBXHhooJ9QDuWTJppQzOZIckoZeh/uHGhiFv/xZ1/Y6adhbYeCBzOuZd7cryIM6Vt+9vKrayurW/kNwtb2zu7e8X9g5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vXE99duPVCoWins9iagb4KFgPiNYG+mhF2A9Ipgnl7f162m/WLLL9gxomTgZKUGGRr/41RuEJA6o0IRjpbqOHWk3wVIzwum00IsVjTAZ4yHtGipwQJWbzFJP0YlRBsgPpXlCo5n6eyPBgVKTwDOTaUq16KXif1431v6FmzARxZoKMj/kxxzpEKUVoAGTlGg+MQQTyUxWREZYYqJNUQVTgrP45WXSqpSds3LlrlqqXWV15OEIjuEUHDiHGtxAA5pAQMIzvMKb9WS9WO/Wx3w0Z2U7h/AH1ucPMQKSTg==</latexit> DL-Litebool

<latexit sha1_base64="2ENczsLOryx3LUlfSmFdA7PcDPM=">AAACB3icbVA9SwNBEN3zM8avU0tBDoNgY7iLgpZBLSxSRDAfkISwt5lLluzdHrtzYjjS2fhXbCwUsfUv2Plv3HwUmvhg4PHeDDPz/Fhwja77bS0sLi2vrGbWsusbm1vb9s5uVctEMagwKaSq+1SD4BFUkKOAeqyAhr6Amt+/Gvm1e1Cay+gOBzG0QtqNeMAZRSO17YMmwgPqIL0unZQ4wrDdDCn2jOBLKYZtO+fm3TGceeJNSY5MUW7bX82OZEkIETJBtW54boytlCrkTMAw20w0xJT1aRcahkY0BN1Kx38MnSOjdJxAKlMROmP190RKQ60HoW86x0fOeiPxP6+RYHDRSnkUJwgRmywKEuGgdEahOB2ugKEYGEKZ4uZWh/WoogxNdFkTgjf78jypFvLeab5we5YrXk7jyJB9ckiOiUfOSZHckDKpEEYeyTN5JW/Wk/VivVsfk9YFazqzR/7A+vwB6HmZ+g==</latexit>

DL-LiteA
<latexit sha1_base64="KmXRWIGcRSt4l/NBbSfFwTdHj8k=">AAACBXicbVC7SgNBFJ2NrxhfUUstFoNgY9iNgpbxUVikiGAekA1hdnI3GTL7YOauGJY0Nv6KjYUitv6DnX/jbJJCEw9cOJxzL/fe40aCK7SsbyOzsLi0vJJdza2tb2xu5bd36iqMJYMaC0Uomy5VIHgANeQooBlJoL4roOEOrlK/cQ9S8TC4w2EEbZ/2Au5xRlFLnfy+g/CAykuuK8cVjjDqOD7FPqMiuRh18gWraI1hzhN7Sgpkimon/+V0Qxb7ECATVKmWbUXYTqhEzgSMck6sIKJsQHvQ0jSgPqh2Mv5iZB5qpWt6odQVoDlWf08k1Fdq6Lu6Mz1RzXqp+J/XitE7byc8iGKEgE0WebEwMTTTSMwul8BQDDWhTHJ9q8n6VFKGOricDsGefXme1EtF+6RYuj0tlC+ncWTJHjkgR8QmZ6RMbkiV1Agjj+SZvJI348l4Md6Nj0lrxpjO7JI/MD5/AOQymNI=</latexit>EL

<latexit sha1_base64="md9MkpbjTBva3zvpW1sKGz4wjSw=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclZkq6LIoggsXFewDOkPJpJk2NJMJSUYoQ3/DjQtF3Poz7vwbM+0stPVA4HDOvdyTE0rOtHHdb2dldW19Y7O0Vd7e2d3brxwctnWSKkJbJOGJ6oZYU84EbRlmOO1KRXEcctoJxze533miSrNEPJqJpEGMh4JFjGBjJd+PsRkRzLPb+2m/UnVr7gxomXgFqUKBZr/y5Q8SksZUGMKx1j3PlSbIsDKMcDot+6mmEpMxHtKepQLHVAfZLPMUnVplgKJE2ScMmqm/NzIcaz2JQzuZZ9SLXi7+5/VSE10FGRMyNVSQ+aEo5cgkKC8ADZiixPCJJZgoZrMiMsIKE2NrKtsSvMUvL5N2vead1+oPF9XGdVFHCY7hBM7Ag0towB00oQUEJDzDK7w5qfPivDsf89EVp9g5gj9wPn8AFCmRtQ==</latexit> Horn-ALC
<latexit sha1_base64="T+gJW3p/EAT33ylKwpyvh+XUVOA=">AAACBHicbVBNS8NAEN3Ur1q/oh57CRbBiyWpgh6rvfTgoYL9gKaUzXbTLt1swu5ELKEHL/4VLx4U8eqP8Oa/cdPmoK0PBh7vzTAzz4s4U2Db30ZuZXVtfSO/Wdja3tndM/cPWiqMJaFNEvJQdjysKGeCNoEBp51IUhx4nLa9cS312/dUKhaKO5hEtBfgoWA+Ixi01DeLLtAHUH5SD6U4nboBhhHBPLm6qU37Zsku2zNYy8TJSAllaPTNL3cQkjigAgjHSnUdO4JegiUwwum04MaKRpiM8ZB2NRU4oKqXzJ6YWsdaGVh+KHUJsGbq74kEB0pNAk93pkeqRS8V//O6MfiXvYSJKAYqyHyRH3MLQitNxBowSQnwiSaYSKZvtcgIS0xA51bQITiLLy+TVqXsnJUrt+el6nUWRx4V0RE6QQ66QFVURw3URAQ9omf0it6MJ+PFeDc+5q05I5s5RH9gfP4ANYeYcQ==</latexit>

DLFD
<latexit sha1_base64="xdJOmRSRXmzyanQzTvNhdRs8XTY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6LFnHhooJ9QDuWTJppQzOZIckoZeh/uHGhiFv/xZ1/Y6adhbYeCBzOuZd7cryIM6Vt+9vKrayurW/kNwtb2zu7e8X9g5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfFV6rcfqVQsFPd6ElE3wEPBfEawNtJDL8B6RDBP6rfX9Wm/WLLL9gxomTgZKUGGRr/41RuEJA6o0IRjpbqOHWk3wVIzwum00IsVjTAZ4yHtGipwQJWbzFJP0YlRBsgPpXlCo5n6eyPBgVKTwDOTaUq16KXif1431v6FmzARxZoKMj/kxxzpEKUVoAGTlGg+MQQTyUxWREZYYqJNUQVTgrP45WXSqpSds3LlrlqqXWZ15OEIjuEUHDiHGtxAA5pAQMIzvMKb9WS9WO/Wx3w0Z2U7h/AH1ucPNyKSUg==</latexit>

existential rules

RDF Schema (RDFS)

OWL DL

OWL 2 QL OWL 2 RLOWL 2 EL

OWL Lite
OWL Full

greedy bts

Datalog
tgds

sticky

linear
guarded

frontier-one

weakly acyclicagrd MFA 
Course(x) ! 9y taughtBy(x, y)

<latexit sha1_base64="yMh/6Q7Bq/h7Ip5kExOiqxC9ZQ8="></latexit>

GradCourse(x) ^ taughtBy(x, y) ! Professor(y)
<latexit sha1_base64="m+m3I0ltP+FMvjmeT6iXFzLSYaQ="></latexit>

Course v 9taughtBy.>
<latexit sha1_base64="CklxY1Y1tOnPG0FL4a3gZmeOPNo=">AAACInicbVDLSgNBEJz1bXxFPXoZDIKnsKuCegt68ahgVMiGMDvpTQZnH5nulYQl3+LFX/HiQVFPgh/jJEbQxIKBorq6p7uCVCsk1/1wpqZnZufmFxYLS8srq2vF9Y0rTDIjoSoTnZibQCBoFUOVFGm4SQ2IKNBwHdyeDurXd2BQJfEl9VKoR6IVq1BJQVZqFI99gi5hmJ/aiQh97mMHswCBoMN96NoN8MdCImu16aTXL/uUpI1iyS27Q/BJ4o1IiY1w3ii++c1EZhHEJLVArHluSvVcGFJSQ7/gZwipkLeiBTVLYxEB1vPhiX2+Y5UmDxNjX0x8qP7uyEWE2IsC64wEtXG8NhD/q9UyCo/quYrTjCCW3x+FmeaU8EFevKkMSNI9S4Q0yu7KZVsYIcmmWrAheOMnT5KrvbK3X967OChVTkZxLLAtts12mccOWYWdsXNWZZLds0f2zF6cB+fJeXXev61Tzqhnk/2B8/kFz3qmSw==</latexit>

GradCourse v Course u 8taughtBy.Professor
<latexit sha1_base64="aYNYVt1Dp+w1cw9AN9EHA9wRw7Q="></latexit>
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<body>      <head>Most ontology axioms can be expressed using some forms of rules
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Ontologies as sets of rules

<body>      <head>Most ontology axioms can be expressed using some forms of rules

Simple (Datalog) rules

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="Dn1AYPThclJtB7k/2+XQ7Cz8btI="></latexit>

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="2Zms/+9qIL/tfVH0jEWkW3XONmk="></latexit>

head vars    body vars & all vars are universally quantified✓
<latexit sha1_base64="MqTIt8G57cHRKQC5FD5ruAboPCM=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/ZA2lM120i7dTeLuRiihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pR8AgbhhuB7UQhlYHAVjC6mfqtJ1Sax9G9GSfoSzqIeMgZNVZ66Oo00GjwsVcquxV3BrJMvJyUIUe9V/rq9mOWSowME1Trjucmxs+oMpwJnBS7qcaEshEdYMfSiErUfjY7eEJOrdInYaxsRYbM1N8TGZVaj2VgOyU1Q73oTcX/vE5qwis/41GSGozYfFGYCmJiMv2e9LlCZsTYEsoUt7cSNqSKMmMzKtoQvMWXl0mzWvHOK9W7i3LtOo+jAMdwAmfgwSXU4Bbq0AAGEp7hFd4c5bw4787HvHXFyWeO4A+czx8jfZCg</latexit>
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Ontologies as sets of rules

<body>      <head>Most ontology axioms can be expressed using some forms of rules

Simple (Datalog) rules

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="Dn1AYPThclJtB7k/2+XQ7Cz8btI="></latexit>

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="2Zms/+9qIL/tfVH0jEWkW3XONmk="></latexit>

head vars    body vars & all vars are universally quantified✓
<latexit sha1_base64="MqTIt8G57cHRKQC5FD5ruAboPCM=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/ZA2lM120i7dTeLuRiihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pR8AgbhhuB7UQhlYHAVjC6mfqtJ1Sax9G9GSfoSzqIeMgZNVZ66Oo00GjwsVcquxV3BrJMvJyUIUe9V/rq9mOWSowME1Trjucmxs+oMpwJnBS7qcaEshEdYMfSiErUfjY7eEJOrdInYaxsRYbM1N8TGZVaj2VgOyU1Q73oTcX/vE5qwis/41GSGozYfFGYCmJiMv2e9LlCZsTYEsoUt7cSNqSKMmMzKtoQvMWXl0mzWvHOK9W7i3LtOo+jAMdwAmfgwSXU4Bbq0AAGEp7hFd4c5bw4787HvHXFyWeO4A+czx8jfZCg</latexit>
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if <body>, then <head>

Existential rules

PhDHolder(x) ! 9y hasSupervisor(x, y) ^ PhDHolder(y)
<latexit sha1_base64="1ovLTKuVNsusZig/LIxVUD0m+AE="></latexit>

may have existentially quantified vars in head (reason on unknown individuals)

Course(x) ! 9y taughtBy(x, y)
<latexit sha1_base64="J7bo2XzKpl3Cg1NkKHs4hTjsNLg="></latexit>



Ontologies as sets of rules

<body>      <head>Most ontology axioms can be expressed using some forms of rules

Simple (Datalog) rules

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="Dn1AYPThclJtB7k/2+XQ7Cz8btI="></latexit>

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="2Zms/+9qIL/tfVH0jEWkW3XONmk="></latexit>

head vars    body vars & all vars are universally quantified✓
<latexit sha1_base64="MqTIt8G57cHRKQC5FD5ruAboPCM=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/ZA2lM120i7dTeLuRiihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pR8AgbhhuB7UQhlYHAVjC6mfqtJ1Sax9G9GSfoSzqIeMgZNVZ66Oo00GjwsVcquxV3BrJMvJyUIUe9V/rq9mOWSowME1Trjucmxs+oMpwJnBS7qcaEshEdYMfSiErUfjY7eEJOrdInYaxsRYbM1N8TGZVaj2VgOyU1Q73oTcX/vE5qwis/41GSGozYfFGYCmJiMv2e9LlCZsTYEsoUt7cSNqSKMmMzKtoQvMWXl0mzWvHOK9W7i3LtOo+jAMdwAmfgwSXU4Bbq0AAGEp7hFd4c5bw4787HvHXFyWeO4A+czx8jfZCg</latexit>

Disjunctive rules

Course(x) ! UndergradCourse(x) _ GradCourse
<latexit sha1_base64="kS80YfpgYKKGMAxOs8sugbpw2bc="></latexit>

may have disjunction in ruleheads (reasoning by cases)
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Existential rules

PhDHolder(x) ! 9y hasSupervisor(x, y) ^ PhDHolder(y)
<latexit sha1_base64="1ovLTKuVNsusZig/LIxVUD0m+AE="></latexit>

may have existentially quantified vars in head (reason on unknown individuals)

Course(x) ! 9y taughtBy(x, y)
<latexit sha1_base64="J7bo2XzKpl3Cg1NkKHs4hTjsNLg="></latexit>



Ontologies as sets of rules

<body>      <head>Most ontology axioms can be expressed using some forms of rules

Simple (Datalog) rules

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="Dn1AYPThclJtB7k/2+XQ7Cz8btI="></latexit>

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="2Zms/+9qIL/tfVH0jEWkW3XONmk="></latexit>

head vars    body vars & all vars are universally quantified✓
<latexit sha1_base64="MqTIt8G57cHRKQC5FD5ruAboPCM=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/ZA2lM120i7dTeLuRiihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pR8AgbhhuB7UQhlYHAVjC6mfqtJ1Sax9G9GSfoSzqIeMgZNVZ66Oo00GjwsVcquxV3BrJMvJyUIUe9V/rq9mOWSowME1Trjucmxs+oMpwJnBS7qcaEshEdYMfSiErUfjY7eEJOrdInYaxsRYbM1N8TGZVaj2VgOyU1Q73oTcX/vE5qwis/41GSGozYfFGYCmJiMv2e9LlCZsTYEsoUt7cSNqSKMmMzKtoQvMWXl0mzWvHOK9W7i3LtOo+jAMdwAmfgwSXU4Bbq0AAGEp7hFd4c5bw4787HvHXFyWeO4A+czx8jfZCg</latexit>

Disjunctive rules

Course(x) ! UndergradCourse(x) _ GradCourse
<latexit sha1_base64="kS80YfpgYKKGMAxOs8sugbpw2bc="></latexit>

may have disjunction in ruleheads (reasoning by cases)

Negative constraints forbid contradictory situations

UndergradCourse(x) ^ GradCourse(x) ! ?
<latexit sha1_base64="ijhzgUp/PGEEK6QCp2gBfrbeQVE="></latexit>
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Existential rules

PhDHolder(x) ! 9y hasSupervisor(x, y) ^ PhDHolder(y)
<latexit sha1_base64="1ovLTKuVNsusZig/LIxVUD0m+AE="></latexit>

may have existentially quantified vars in head (reason on unknown individuals)

Course(x) ! 9y taughtBy(x, y)
<latexit sha1_base64="J7bo2XzKpl3Cg1NkKHs4hTjsNLg="></latexit>



Ontologies as sets of rules

<body>      <head>Most ontology axioms can be expressed using some forms of rules

Simple (Datalog) rules

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="Dn1AYPThclJtB7k/2+XQ7Cz8btI="></latexit>

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="2Zms/+9qIL/tfVH0jEWkW3XONmk="></latexit>

head vars    body vars & all vars are universally quantified✓
<latexit sha1_base64="MqTIt8G57cHRKQC5FD5ruAboPCM=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/ZA2lM120i7dTeLuRiihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pR8AgbhhuB7UQhlYHAVjC6mfqtJ1Sax9G9GSfoSzqIeMgZNVZ66Oo00GjwsVcquxV3BrJMvJyUIUe9V/rq9mOWSowME1Trjucmxs+oMpwJnBS7qcaEshEdYMfSiErUfjY7eEJOrdInYaxsRYbM1N8TGZVaj2VgOyU1Q73oTcX/vE5qwis/41GSGozYfFGYCmJiMv2e9LlCZsTYEsoUt7cSNqSKMmMzKtoQvMWXl0mzWvHOK9W7i3LtOo+jAMdwAmfgwSXU4Bbq0AAGEp7hFd4c5bw4787HvHXFyWeO4A+czx8jfZCg</latexit>

Disjunctive rules

Course(x) ! UndergradCourse(x) _ GradCourse
<latexit sha1_base64="kS80YfpgYKKGMAxOs8sugbpw2bc="></latexit>

may have disjunction in ruleheads (reasoning by cases)

Negative constraints forbid contradictory situations

UndergradCourse(x) ^ GradCourse(x) ! ?
<latexit sha1_base64="ijhzgUp/PGEEK6QCp2gBfrbeQVE="></latexit>

Rules with equality

hasMainSupervisor(x, y) ^ hasMainSupervisor(x, z) ! y = z
<latexit sha1_base64="ji6gfTsyktIS7JR+TAWr9wIlI58="></latexit>

functionality / cardinality

13

if <body>, then <head>

Existential rules

PhDHolder(x) ! 9y hasSupervisor(x, y) ^ PhDHolder(y)
<latexit sha1_base64="1ovLTKuVNsusZig/LIxVUD0m+AE="></latexit>

may have existentially quantified vars in head (reason on unknown individuals)

Course(x) ! 9y taughtBy(x, y)
<latexit sha1_base64="J7bo2XzKpl3Cg1NkKHs4hTjsNLg="></latexit>



Queries
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Atomic Queries
Consist of a single atom, used to find all tuples in relation 

    find all PhD holders       find all pairs of a course and who teaches it 
q1(x) = PhDHolder(x)

<latexit sha1_base64="96iNR2Smjy+3EkWe9zp2FR+sa8E=">AAACBXicdVDLSgNBEJz1GeMr6lEPg0HQS9iNMdGDENRDjhGMCkkIs5NeMzj7cKZXEpZcvPgrXjwo4tV/8ObfOHkIKlrQUFR1093lRlJotO0Pa2JyanpmNjWXnl9YXFrOrKye6zBWHGo8lKG6dJkGKQKooUAJl5EC5rsSLtzr44F/cQtKizA4w14ETZ9dBcITnKGRWpmNm5az3d05bCB0UXtJtXNSCWUbVN+orUzWztlDUDtXLJTs4pDs7uUPbOqMrSwZo9rKvDfaIY99CJBLpnXdsSNsJkyh4BL66UasIWL8ml1B3dCA+aCbyfCLPt0ySpt6oTIVIB2q3ycS5mvd813T6TPs6N/eQPzLq8fo7TcTEUQxQsBHi7xYUgzpIBLaFgo4yp4hjCthbqW8wxTjaIJLmxC+PqX/k/N8ztnN5U8L2fLROI4UWSebZJs4pETKpEKqpEY4uSMP5Ik8W/fWo/VivY5aJ6zxzBr5AevtE7BGmBM=</latexit>

q2(x, y) = taughtBy(x, y)
<latexit sha1_base64="n3cWQVZE6ELd21SYhbNka90HTJI="></latexit>



Queries

14

Conjunctive  
Queries

Atomic Queries
Consist of a single atom, used to find all tuples in relation 

    find all PhD holders       find all pairs of a course and who teaches it 

Consist of a conjunctive of atoms, some of the variables  
may be existentially quantified (projected away) 

 find all courses that are taught by a PhD holder 

Related to: select-project-join in SQL, basic graph patterns in SPARQL  

q3(x) = 9y taughtBy(x, y) ^ PhDHolder(y)
<latexit sha1_base64="KWEv9GE1OLvcgiJEL9kB9oe0s1k="></latexit>

q1(x) = PhDHolder(x)
<latexit sha1_base64="96iNR2Smjy+3EkWe9zp2FR+sa8E=">AAACBXicdVDLSgNBEJz1GeMr6lEPg0HQS9iNMdGDENRDjhGMCkkIs5NeMzj7cKZXEpZcvPgrXjwo4tV/8ObfOHkIKlrQUFR1093lRlJotO0Pa2JyanpmNjWXnl9YXFrOrKye6zBWHGo8lKG6dJkGKQKooUAJl5EC5rsSLtzr44F/cQtKizA4w14ETZ9dBcITnKGRWpmNm5az3d05bCB0UXtJtXNSCWUbVN+orUzWztlDUDtXLJTs4pDs7uUPbOqMrSwZo9rKvDfaIY99CJBLpnXdsSNsJkyh4BL66UasIWL8ml1B3dCA+aCbyfCLPt0ySpt6oTIVIB2q3ycS5mvd813T6TPs6N/eQPzLq8fo7TcTEUQxQsBHi7xYUgzpIBLaFgo4yp4hjCthbqW8wxTjaIJLmxC+PqX/k/N8ztnN5U8L2fLROI4UWSebZJs4pETKpEKqpEY4uSMP5Ik8W/fWo/VivY5aJ6zxzBr5AevtE7BGmBM=</latexit>

q2(x, y) = taughtBy(x, y)
<latexit sha1_base64="n3cWQVZE6ELd21SYhbNka90HTJI="></latexit>



Certain answers
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Know how to define answers to queries on (plain) datasets: D
<latexit sha1_base64="Nz6SttMQxw//rDxHcQYgGdh1+GQ=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmZai+2uqAuXFewDpkPJpGkbmskMyR2hDP0MNy4UcevXuPNvzPQBKnogcDjnXnLuCWLBNTjOp5VbW9/Y3MpvF3Z29/YPiodHbR0lirIWjUSkugHRTHDJWsBBsG6sGAkDwTrB5DrzOw9MaR7Je5jGzA/JSPIhpwSM5PVCAmNKRHoz6xdLjl2vV52qixekvCKVGnZtZ44SWqLZL370BhFNQiaBCqK15zox+ClRwKlgs0Iv0SwmdEJGzDNUkpBpP51HnuEzowzwMFLmScBz9ftGSkKtp2FgJrOI+reXiX95XgLDmp9yGSfAJF18NEwEhghn9+MBV4yCmBpCqOImK6ZjoggF01LBlLC6FP9P2mXbrdjlu4tS42pZRx6doFN0jlx0iRroFjVRC1EUoUf0jF4ssJ6sV+ttMZqzljvH6Aes9y/3GJG3</latexit>

(finite set of facts)

q
<latexit sha1_base64="4xgFmBj/OAYcUylG+mT3tQ0gBCc=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadlNDCa3oBePCZgHJEuYnfQmY2Zn15lZISz5Ai8eFPHqJ3nzb5y8QEULGoqqbrq7/JgzpR3n08qsrW9sbmW3czu7e/sH+cOjlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PbH1zO//QBSsUjc6kkMXkiGggWMEm2kxn0/X3DsarXslF28IMUVKVWwaztzFNAS9X7+ozeIaBKC0JQTpbquE2svJVIzymGa6yUKYkLHZAhdQwUJQXnp/NApPjPKAAeRNCU0nqvfJ1ISKjUJfdMZEj1Sv72Z+JfXTXRQ8VIm4kSDoItFQcKxjvDsazxgEqjmE0MIlczciumISEK1ySZnQlh9iv8nraLtluxi46JQu1rGkUUn6BSdIxddohq6QXXURBQBekTP6MW6s56sV+tt0ZqxljPH6Aes9y9d541S</latexit>

ans(q,D)
<latexit sha1_base64="Ex7eJ2+xOe61P/LRvAaT322aYUY=">AAACBHicdVDLSgMxFM3UV62vUZfdBItQQcr0ZeuuqAuXFewD2qFk0kwbmsmMSUYowyzc+CtuXCji1o9w59+YaSuo6IHAyTn3cu89TsCoVJb1YaSWlldW19LrmY3Nre0dc3evLf1QYNLCPvNF10GSMMpJS1HFSDcQBHkOIx1ncp74nVsiJPX5tZoGxPbQiFOXYqS0NDCzfQ+psXQjxGWcvzmefTFi0UV8NDBzVsEq1U+qFtTEOi2XKnNSq1RhUZMEObBAc2C+94c+Dj3CFWZIyl7RCpQdIaEoZiTO9ENJAoQnaER6mnLkEWlHsyNieKiVIXR9oR9XcKZ+74iQJ+XUc3TlbOXfXiL+5fVC5dbtiPIgVITj+SA3ZFD5MEkEDqkgWLGpJggLqneFeIwEwkrnltEhfF0K/yftUqFYLpSuKrnG2SKONMiCA5AHRVADDXAJmqAFMLgDD+AJPBv3xqPxYrzOS1PGomcf/IDx9gk1i5h2</latexit>



Certain answers

15

Know how to define answers to queries on (plain) datasets: D
<latexit sha1_base64="Nz6SttMQxw//rDxHcQYgGdh1+GQ=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmZai+2uqAuXFewDpkPJpGkbmskMyR2hDP0MNy4UcevXuPNvzPQBKnogcDjnXnLuCWLBNTjOp5VbW9/Y3MpvF3Z29/YPiodHbR0lirIWjUSkugHRTHDJWsBBsG6sGAkDwTrB5DrzOw9MaR7Je5jGzA/JSPIhpwSM5PVCAmNKRHoz6xdLjl2vV52qixekvCKVGnZtZ44SWqLZL370BhFNQiaBCqK15zox+ClRwKlgs0Iv0SwmdEJGzDNUkpBpP51HnuEzowzwMFLmScBz9ftGSkKtp2FgJrOI+reXiX95XgLDmp9yGSfAJF18NEwEhghn9+MBV4yCmBpCqOImK6ZjoggF01LBlLC6FP9P2mXbrdjlu4tS42pZRx6doFN0jlx0iRroFjVRC1EUoUf0jF4ssJ6sV+ttMZqzljvH6Aes9y/3GJG3</latexit>

(finite set of facts)

q
<latexit sha1_base64="4xgFmBj/OAYcUylG+mT3tQ0gBCc=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadlNDCa3oBePCZgHJEuYnfQmY2Zn15lZISz5Ai8eFPHqJ3nzb5y8QEULGoqqbrq7/JgzpR3n08qsrW9sbmW3czu7e/sH+cOjlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PbH1zO//QBSsUjc6kkMXkiGggWMEm2kxn0/X3DsarXslF28IMUVKVWwaztzFNAS9X7+ozeIaBKC0JQTpbquE2svJVIzymGa6yUKYkLHZAhdQwUJQXnp/NApPjPKAAeRNCU0nqvfJ1ISKjUJfdMZEj1Sv72Z+JfXTXRQ8VIm4kSDoItFQcKxjvDsazxgEqjmE0MIlczciumISEK1ySZnQlh9iv8nraLtluxi46JQu1rGkUUn6BSdIxddohq6QXXURBQBekTP6MW6s56sV+tt0ZqxljPH6Aes9y9d541S</latexit>

ans(q,D)
<latexit sha1_base64="Ex7eJ2+xOe61P/LRvAaT322aYUY=">AAACBHicdVDLSgMxFM3UV62vUZfdBItQQcr0ZeuuqAuXFewD2qFk0kwbmsmMSUYowyzc+CtuXCji1o9w59+YaSuo6IHAyTn3cu89TsCoVJb1YaSWlldW19LrmY3Nre0dc3evLf1QYNLCPvNF10GSMMpJS1HFSDcQBHkOIx1ncp74nVsiJPX5tZoGxPbQiFOXYqS0NDCzfQ+psXQjxGWcvzmefTFi0UV8NDBzVsEq1U+qFtTEOi2XKnNSq1RhUZMEObBAc2C+94c+Dj3CFWZIyl7RCpQdIaEoZiTO9ENJAoQnaER6mnLkEWlHsyNieKiVIXR9oR9XcKZ+74iQJ+XUc3TlbOXfXiL+5fVC5dbtiPIgVITj+SA3ZFD5MEkEDqkgWLGpJggLqneFeIwEwkrnltEhfF0K/yftUqFYLpSuKrnG2SKONMiCA5AHRVADDXAJmqAFMLgDD+AJPBv3xqPxYrzOS1PGomcf/IDx9gk1i5h2</latexit>

To define answers in OMQA setting, we consider the models of ontology + dataset:

D
<latexit sha1_base64="Nz6SttMQxw//rDxHcQYgGdh1+GQ=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmZai+2uqAuXFewDpkPJpGkbmskMyR2hDP0MNy4UcevXuPNvzPQBKnogcDjnXnLuCWLBNTjOp5VbW9/Y3MpvF3Z29/YPiodHbR0lirIWjUSkugHRTHDJWsBBsG6sGAkDwTrB5DrzOw9MaR7Je5jGzA/JSPIhpwSM5PVCAmNKRHoz6xdLjl2vV52qixekvCKVGnZtZ44SWqLZL370BhFNQiaBCqK15zox+ClRwKlgs0Iv0SwmdEJGzDNUkpBpP51HnuEzowzwMFLmScBz9ftGSkKtp2FgJrOI+reXiX95XgLDmp9yGSfAJF18NEwEhghn9+MBV4yCmBpCqOImK6ZjoggF01LBlLC6FP9P2mXbrdjlu4tS42pZRx6doFN0jlx0iRroFjVRC1EUoUf0jF4ssJ6sV+ttMZqzljvH6Aes9y/3GJG3</latexit>

O
<latexit sha1_base64="Dov6t0fcheD4fYI1Fhj3P5IxAuM=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmZai+2u6MadFewDpkPJpGkbmskMyR2hDP0MNy4UcevXuPNvzPQBKnogcDjnXnLuCWLBNTjOp5VbW9/Y3MpvF3Z29/YPiodHbR0lirIWjUSkugHRTHDJWsBBsG6sGAkDwTrB5DrzOw9MaR7Je5jGzA/JSPIhpwSM5PVCAmNKRHo76xdLjl2vV52qixekvCKVGnZtZ44SWqLZL370BhFNQiaBCqK15zox+ClRwKlgs0Iv0SwmdEJGzDNUkpBpP51HnuEzowzwMFLmScBz9ftGSkKtp2FgJrOI+reXiX95XgLDmp9yGSfAJF18NEwEhghn9+MBV4yCmBpCqOImK6ZjoggF01LBlLC6FP9P2mXbrdjlu4tS42pZRx6doFN0jlx0iRroBjVRC1EUoUf0jF4ssJ6sV+ttMZqzljvH6Aes9y8H3pHC</latexit>

                             : interpretations satisfying             / states of the world compatible with

... 
(O,D)

<latexit sha1_base64="c7UC+j8V2Cie2VfQLz5DFT+AZ0c=">AAACA3icdVDLSgMxFM3UV62vUXe6CRahgpSZaWvrrqgLd1awttAOJZNm2tDMgyQjlGHAjb/ixoUibv0Jd/6NmbaKih4InJxzL/fe44SMCmkY71pmbn5hcSm7nFtZXVvf0De3rkUQcUyaOGABbztIEEZ90pRUMtIOOUGew0jLGZ2mfuuGcEED/0qOQ2J7aOBTl2IkldTTdwpdD8khRiy+SA7h1+csOejpeaNoWLWjigEVMY5LVnlKquUKNBVJkQczNHr6W7cf4MgjvsQMCdExjVDaMeKSYkaSXDcSJER4hAako6iPPCLseHJDAveV0oduwNXzJZyo3zti5Akx9hxVme4ofnup+JfXiaRbs2Pqh5EkPp4OciMGZQDTQGCfcoIlGyuCMKdqV4iHiCMsVWw5FcLnpfB/cm0VzVLRuizn6yezOLJgF+yBAjBBFdTBOWiAJsDgFtyDR/Ck3WkP2rP2Mi3NaLOebfAD2usHk/KXfw==</latexit>

(O,D)
<latexit sha1_base64="c7UC+j8V2Cie2VfQLz5DFT+AZ0c=">AAACA3icdVDLSgMxFM3UV62vUXe6CRahgpSZaWvrrqgLd1awttAOJZNm2tDMgyQjlGHAjb/ixoUibv0Jd/6NmbaKih4InJxzL/fe44SMCmkY71pmbn5hcSm7nFtZXVvf0De3rkUQcUyaOGABbztIEEZ90pRUMtIOOUGew0jLGZ2mfuuGcEED/0qOQ2J7aOBTl2IkldTTdwpdD8khRiy+SA7h1+csOejpeaNoWLWjigEVMY5LVnlKquUKNBVJkQczNHr6W7cf4MgjvsQMCdExjVDaMeKSYkaSXDcSJER4hAako6iPPCLseHJDAveV0oduwNXzJZyo3zti5Akx9hxVme4ofnup+JfXiaRbs2Pqh5EkPp4OciMGZQDTQGCfcoIlGyuCMKdqV4iHiCMsVWw5FcLnpfB/cm0VzVLRuizn6yezOLJgF+yBAjBBFdTBOWiAJsDgFtyDR/Ck3WkP2rP2Mi3NaLOebfAD2usHk/KXfw==</latexit>

Mods(O,D)
<latexit sha1_base64="/yeZBwzdMdYZzh1mqnLJegf+DF8="></latexit>



Certain answers

15

Know how to define answers to queries on (plain) datasets: D
<latexit sha1_base64="Nz6SttMQxw//rDxHcQYgGdh1+GQ=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmZai+2uqAuXFewDpkPJpGkbmskMyR2hDP0MNy4UcevXuPNvzPQBKnogcDjnXnLuCWLBNTjOp5VbW9/Y3MpvF3Z29/YPiodHbR0lirIWjUSkugHRTHDJWsBBsG6sGAkDwTrB5DrzOw9MaR7Je5jGzA/JSPIhpwSM5PVCAmNKRHoz6xdLjl2vV52qixekvCKVGnZtZ44SWqLZL370BhFNQiaBCqK15zox+ClRwKlgs0Iv0SwmdEJGzDNUkpBpP51HnuEzowzwMFLmScBz9ftGSkKtp2FgJrOI+reXiX95XgLDmp9yGSfAJF18NEwEhghn9+MBV4yCmBpCqOImK6ZjoggF01LBlLC6FP9P2mXbrdjlu4tS42pZRx6doFN0jlx0iRroFjVRC1EUoUf0jF4ssJ6sV+ttMZqzljvH6Aes9y/3GJG3</latexit>

(finite set of facts)

q
<latexit sha1_base64="4xgFmBj/OAYcUylG+mT3tQ0gBCc=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadlNDCa3oBePCZgHJEuYnfQmY2Zn15lZISz5Ai8eFPHqJ3nzb5y8QEULGoqqbrq7/JgzpR3n08qsrW9sbmW3czu7e/sH+cOjlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PbH1zO//QBSsUjc6kkMXkiGggWMEm2kxn0/X3DsarXslF28IMUVKVWwaztzFNAS9X7+ozeIaBKC0JQTpbquE2svJVIzymGa6yUKYkLHZAhdQwUJQXnp/NApPjPKAAeRNCU0nqvfJ1ISKjUJfdMZEj1Sv72Z+JfXTXRQ8VIm4kSDoItFQcKxjvDsazxgEqjmE0MIlczciumISEK1ySZnQlh9iv8nraLtluxi46JQu1rGkUUn6BSdIxddohq6QXXURBQBekTP6MW6s56sV+tt0ZqxljPH6Aes9y9d541S</latexit>

ans(q,D)
<latexit sha1_base64="Ex7eJ2+xOe61P/LRvAaT322aYUY=">AAACBHicdVDLSgMxFM3UV62vUZfdBItQQcr0ZeuuqAuXFewD2qFk0kwbmsmMSUYowyzc+CtuXCji1o9w59+YaSuo6IHAyTn3cu89TsCoVJb1YaSWlldW19LrmY3Nre0dc3evLf1QYNLCPvNF10GSMMpJS1HFSDcQBHkOIx1ncp74nVsiJPX5tZoGxPbQiFOXYqS0NDCzfQ+psXQjxGWcvzmefTFi0UV8NDBzVsEq1U+qFtTEOi2XKnNSq1RhUZMEObBAc2C+94c+Dj3CFWZIyl7RCpQdIaEoZiTO9ENJAoQnaER6mnLkEWlHsyNieKiVIXR9oR9XcKZ+74iQJ+XUc3TlbOXfXiL+5fVC5dbtiPIgVITj+SA3ZFD5MEkEDqkgWLGpJggLqneFeIwEwkrnltEhfF0K/yftUqFYLpSuKrnG2SKONMiCA5AHRVADDXAJmqAFMLgDD+AJPBv3xqPxYrzOS1PGomcf/IDx9gk1i5h2</latexit>

q
<latexit sha1_base64="4xgFmBj/OAYcUylG+mT3tQ0gBCc=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadlNDCa3oBePCZgHJEuYnfQmY2Zn15lZISz5Ai8eFPHqJ3nzb5y8QEULGoqqbrq7/JgzpR3n08qsrW9sbmW3czu7e/sH+cOjlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PbH1zO//QBSsUjc6kkMXkiGggWMEm2kxn0/X3DsarXslF28IMUVKVWwaztzFNAS9X7+ozeIaBKC0JQTpbquE2svJVIzymGa6yUKYkLHZAhdQwUJQXnp/NApPjPKAAeRNCU0nqvfJ1ISKjUJfdMZEj1Sv72Z+JfXTXRQ8VIm4kSDoItFQcKxjvDsazxgEqjmE0MIlczciumISEK1ySZnQlh9iv8nraLtluxi46JQu1rGkUUn6BSdIxddohq6QXXURBQBekTP6MW6s56sV+tt0ZqxljPH6Aes9y9d541S</latexit>

In each model, can define answers like for datasets: M
<latexit sha1_base64="/cIFmX2m1rJt/b/iHJO/qCuVgXk=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Gmba2ml3RTduhAr2AdOhZNK0Dc0kQ5IRytDPcONCEbd+jTv/xkxbQUUPBA7n3EvOPWHMqNKO82Hl1tY3Nrfy24Wd3b39g+LhUUeJRGLSxoIJ2QuRIoxy0tZUM9KLJUFRyEg3nF5lfveeSEUFv9OzmAQRGnM6ohhpI/n9COkJRiy9mQ+KJcduNKo1z4GGeA2vUs5I/cKtOdC1nQVKYIXWoPjeHwqcRIRrzJBSvuvEOkiR1BQzMi/0E0VihKdoTHxDOYqICtJF5Dk8M8oQjoQ0j2u4UL9vpChSahaFZjKLqH57mfiX5yd6VA9SyuNEE46XH40SBrWA2f1wSCXBms0MQVhSkxXiCZIIa9NSwZTwdSn8n3TKtluxy7fVUvNyVUcenIBTcA5c4IEmuAYt0AYYCPAAnsCzpa1H68V6XY7mrNXOMfgB6+0TFpaRzA==</latexit>

q
<latexit sha1_base64="4xgFmBj/OAYcUylG+mT3tQ0gBCc=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadlNDCa3oBePCZgHJEuYnfQmY2Zn15lZISz5Ai8eFPHqJ3nzb5y8QEULGoqqbrq7/JgzpR3n08qsrW9sbmW3czu7e/sH+cOjlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PbH1zO//QBSsUjc6kkMXkiGggWMEm2kxn0/X3DsarXslF28IMUVKVWwaztzFNAS9X7+ozeIaBKC0JQTpbquE2svJVIzymGa6yUKYkLHZAhdQwUJQXnp/NApPjPKAAeRNCU0nqvfJ1ISKjUJfdMZEj1Sv72Z+JfXTXRQ8VIm4kSDoItFQcKxjvDsazxgEqjmE0MIlczciumISEK1ySZnQlh9iv8nraLtluxi46JQu1rGkUUn6BSdIxddohq6QXXURBQBekTP6MW6s56sV+tt0ZqxljPH6Aes9y9d541S</latexit>

ans(q,M)
<latexit sha1_base64="4CIS/qGzA7USnDmC6WcxVSqtvPw=">AAACBHicdVDLSgMxFM3UV62vUZfdBItQQcr0Zeuu6MaNUME+oB1KJs20oZnMmGSEMszCjb/ixoUibv0Id/6NmbaCih4InJxzL/fe4wSMSmVZH0ZqaXlldS29ntnY3NreMXf32tIPBSYt7DNfdB0kCaOctBRVjHQDQZDnMNJxJueJ37klQlKfX6tpQGwPjTh1KUZKSwMz2/eQGks3QlzG+Zvj2RcjFl3GRwMzZxWsUv2kakFNrNNyqTIntUoVFjVJkAMLNAfme3/o49AjXGGGpOwVrUDZERKKYkbiTD+UJEB4gkakpylHHpF2NDsihodaGULXF/pxBWfq944IeVJOPUdXzlb+7SXiX14vVG7djigPQkU4ng9yQwaVD5NE4JAKghWbaoKwoHpXiMdIIKx0bhkdwtel8H/SLhWK5ULpqpJrnC3iSIMsOAB5UAQ10AAXoAlaAIM78ACewLNxbzwaL8brvDRlLHr2wQ8Yb59DQZh/</latexit>

To define answers in OMQA setting, we consider the models of ontology + dataset:

D
<latexit sha1_base64="Nz6SttMQxw//rDxHcQYgGdh1+GQ=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmZai+2uqAuXFewDpkPJpGkbmskMyR2hDP0MNy4UcevXuPNvzPQBKnogcDjnXnLuCWLBNTjOp5VbW9/Y3MpvF3Z29/YPiodHbR0lirIWjUSkugHRTHDJWsBBsG6sGAkDwTrB5DrzOw9MaR7Je5jGzA/JSPIhpwSM5PVCAmNKRHoz6xdLjl2vV52qixekvCKVGnZtZ44SWqLZL370BhFNQiaBCqK15zox+ClRwKlgs0Iv0SwmdEJGzDNUkpBpP51HnuEzowzwMFLmScBz9ftGSkKtp2FgJrOI+reXiX95XgLDmp9yGSfAJF18NEwEhghn9+MBV4yCmBpCqOImK6ZjoggF01LBlLC6FP9P2mXbrdjlu4tS42pZRx6doFN0jlx0iRroFjVRC1EUoUf0jF4ssJ6sV+ttMZqzljvH6Aes9y/3GJG3</latexit>

O
<latexit sha1_base64="Dov6t0fcheD4fYI1Fhj3P5IxAuM=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmZai+2u6MadFewDpkPJpGkbmskMyR2hDP0MNy4UcevXuPNvzPQBKnogcDjnXnLuCWLBNTjOp5VbW9/Y3MpvF3Z29/YPiodHbR0lirIWjUSkugHRTHDJWsBBsG6sGAkDwTrB5DrzOw9MaR7Je5jGzA/JSPIhpwSM5PVCAmNKRHo76xdLjl2vV52qixekvCKVGnZtZ44SWqLZL370BhFNQiaBCqK15zox+ClRwKlgs0Iv0SwmdEJGzDNUkpBpP51HnuEzowzwMFLmScBz9ftGSkKtp2FgJrOI+reXiX95XgLDmp9yGSfAJF18NEwEhghn9+MBV4yCmBpCqOImK6ZjoggF01LBlLC6FP9P2mXbrdjlu4tS42pZRx6doFN0jlx0iRroBjVRC1EUoUf0jF4ssJ6sV+ttMZqzljvH6Aes9y8H3pHC</latexit>

                             : interpretations satisfying             / states of the world compatible with

... 
(O,D)

<latexit sha1_base64="c7UC+j8V2Cie2VfQLz5DFT+AZ0c=">AAACA3icdVDLSgMxFM3UV62vUXe6CRahgpSZaWvrrqgLd1awttAOJZNm2tDMgyQjlGHAjb/ixoUibv0Jd/6NmbaKih4InJxzL/fe44SMCmkY71pmbn5hcSm7nFtZXVvf0De3rkUQcUyaOGABbztIEEZ90pRUMtIOOUGew0jLGZ2mfuuGcEED/0qOQ2J7aOBTl2IkldTTdwpdD8khRiy+SA7h1+csOejpeaNoWLWjigEVMY5LVnlKquUKNBVJkQczNHr6W7cf4MgjvsQMCdExjVDaMeKSYkaSXDcSJER4hAako6iPPCLseHJDAveV0oduwNXzJZyo3zti5Akx9hxVme4ofnup+JfXiaRbs2Pqh5EkPp4OciMGZQDTQGCfcoIlGyuCMKdqV4iHiCMsVWw5FcLnpfB/cm0VzVLRuizn6yezOLJgF+yBAjBBFdTBOWiAJsDgFtyDR/Ck3WkP2rP2Mi3NaLOebfAD2usHk/KXfw==</latexit>

(O,D)
<latexit sha1_base64="c7UC+j8V2Cie2VfQLz5DFT+AZ0c=">AAACA3icdVDLSgMxFM3UV62vUXe6CRahgpSZaWvrrqgLd1awttAOJZNm2tDMgyQjlGHAjb/ixoUibv0Jd/6NmbaKih4InJxzL/fe44SMCmkY71pmbn5hcSm7nFtZXVvf0De3rkUQcUyaOGABbztIEEZ90pRUMtIOOUGew0jLGZ2mfuuGcEED/0qOQ2J7aOBTl2IkldTTdwpdD8khRiy+SA7h1+csOejpeaNoWLWjigEVMY5LVnlKquUKNBVJkQczNHr6W7cf4MgjvsQMCdExjVDaMeKSYkaSXDcSJER4hAako6iPPCLseHJDAveV0oduwNXzJZyo3zti5Akx9hxVme4ofnup+JfXiaRbs2Pqh5EkPp4OciMGZQDTQGCfcoIlGyuCMKdqV4iHiCMsVWw5FcLnpfB/cm0VzVLRuizn6yezOLJgF+yBAjBBFdTBOWiAJsDgFtyDR/Ck3WkP2rP2Mi3NaLOebfAD2usHk/KXfw==</latexit>

Mods(O,D)
<latexit sha1_base64="/yeZBwzdMdYZzh1mqnLJegf+DF8="></latexit>
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15

Know how to define answers to queries on (plain) datasets: D
<latexit sha1_base64="Nz6SttMQxw//rDxHcQYgGdh1+GQ=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmZai+2uqAuXFewDpkPJpGkbmskMyR2hDP0MNy4UcevXuPNvzPQBKnogcDjnXnLuCWLBNTjOp5VbW9/Y3MpvF3Z29/YPiodHbR0lirIWjUSkugHRTHDJWsBBsG6sGAkDwTrB5DrzOw9MaR7Je5jGzA/JSPIhpwSM5PVCAmNKRHoz6xdLjl2vV52qixekvCKVGnZtZ44SWqLZL370BhFNQiaBCqK15zox+ClRwKlgs0Iv0SwmdEJGzDNUkpBpP51HnuEzowzwMFLmScBz9ftGSkKtp2FgJrOI+reXiX95XgLDmp9yGSfAJF18NEwEhghn9+MBV4yCmBpCqOImK6ZjoggF01LBlLC6FP9P2mXbrdjlu4tS42pZRx6doFN0jlx0iRroFjVRC1EUoUf0jF4ssJ6sV+ttMZqzljvH6Aes9y/3GJG3</latexit>

(finite set of facts)

q
<latexit sha1_base64="4xgFmBj/OAYcUylG+mT3tQ0gBCc=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadlNDCa3oBePCZgHJEuYnfQmY2Zn15lZISz5Ai8eFPHqJ3nzb5y8QEULGoqqbrq7/JgzpR3n08qsrW9sbmW3czu7e/sH+cOjlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PbH1zO//QBSsUjc6kkMXkiGggWMEm2kxn0/X3DsarXslF28IMUVKVWwaztzFNAS9X7+ozeIaBKC0JQTpbquE2svJVIzymGa6yUKYkLHZAhdQwUJQXnp/NApPjPKAAeRNCU0nqvfJ1ISKjUJfdMZEj1Sv72Z+JfXTXRQ8VIm4kSDoItFQcKxjvDsazxgEqjmE0MIlczciumISEK1ySZnQlh9iv8nraLtluxi46JQu1rGkUUn6BSdIxddohq6QXXURBQBekTP6MW6s56sV+tt0ZqxljPH6Aes9y9d541S</latexit>

ans(q,D)
<latexit sha1_base64="Ex7eJ2+xOe61P/LRvAaT322aYUY=">AAACBHicdVDLSgMxFM3UV62vUZfdBItQQcr0ZeuuqAuXFewD2qFk0kwbmsmMSUYowyzc+CtuXCji1o9w59+YaSuo6IHAyTn3cu89TsCoVJb1YaSWlldW19LrmY3Nre0dc3evLf1QYNLCPvNF10GSMMpJS1HFSDcQBHkOIx1ncp74nVsiJPX5tZoGxPbQiFOXYqS0NDCzfQ+psXQjxGWcvzmefTFi0UV8NDBzVsEq1U+qFtTEOi2XKnNSq1RhUZMEObBAc2C+94c+Dj3CFWZIyl7RCpQdIaEoZiTO9ENJAoQnaER6mnLkEWlHsyNieKiVIXR9oR9XcKZ+74iQJ+XUc3TlbOXfXiL+5fVC5dbtiPIgVITj+SA3ZFD5MEkEDqkgWLGpJggLqneFeIwEwkrnltEhfF0K/yftUqFYLpSuKrnG2SKONMiCA5AHRVADDXAJmqAFMLgDD+AJPBv3xqPxYrzOS1PGomcf/IDx9gk1i5h2</latexit>

q
<latexit sha1_base64="4xgFmBj/OAYcUylG+mT3tQ0gBCc=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadlNDCa3oBePCZgHJEuYnfQmY2Zn15lZISz5Ai8eFPHqJ3nzb5y8QEULGoqqbrq7/JgzpR3n08qsrW9sbmW3czu7e/sH+cOjlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PbH1zO//QBSsUjc6kkMXkiGggWMEm2kxn0/X3DsarXslF28IMUVKVWwaztzFNAS9X7+ozeIaBKC0JQTpbquE2svJVIzymGa6yUKYkLHZAhdQwUJQXnp/NApPjPKAAeRNCU0nqvfJ1ISKjUJfdMZEj1Sv72Z+JfXTXRQ8VIm4kSDoItFQcKxjvDsazxgEqjmE0MIlczciumISEK1ySZnQlh9iv8nraLtluxi46JQu1rGkUUn6BSdIxddohq6QXXURBQBekTP6MW6s56sV+tt0ZqxljPH6Aes9y9d541S</latexit>

In each model, can define answers like for datasets: M
<latexit sha1_base64="/cIFmX2m1rJt/b/iHJO/qCuVgXk=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Gmba2ml3RTduhAr2AdOhZNK0Dc0kQ5IRytDPcONCEbd+jTv/xkxbQUUPBA7n3EvOPWHMqNKO82Hl1tY3Nrfy24Wd3b39g+LhUUeJRGLSxoIJ2QuRIoxy0tZUM9KLJUFRyEg3nF5lfveeSEUFv9OzmAQRGnM6ohhpI/n9COkJRiy9mQ+KJcduNKo1z4GGeA2vUs5I/cKtOdC1nQVKYIXWoPjeHwqcRIRrzJBSvuvEOkiR1BQzMi/0E0VihKdoTHxDOYqICtJF5Dk8M8oQjoQ0j2u4UL9vpChSahaFZjKLqH57mfiX5yd6VA9SyuNEE46XH40SBrWA2f1wSCXBms0MQVhSkxXiCZIIa9NSwZTwdSn8n3TKtluxy7fVUvNyVUcenIBTcA5c4IEmuAYt0AYYCPAAnsCzpa1H68V6XY7mrNXOMfgB6+0TFpaRzA==</latexit>

q
<latexit sha1_base64="4xgFmBj/OAYcUylG+mT3tQ0gBCc=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadlNDCa3oBePCZgHJEuYnfQmY2Zn15lZISz5Ai8eFPHqJ3nzb5y8QEULGoqqbrq7/JgzpR3n08qsrW9sbmW3czu7e/sH+cOjlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PbH1zO//QBSsUjc6kkMXkiGggWMEm2kxn0/X3DsarXslF28IMUVKVWwaztzFNAS9X7+ozeIaBKC0JQTpbquE2svJVIzymGa6yUKYkLHZAhdQwUJQXnp/NApPjPKAAeRNCU0nqvfJ1ISKjUJfdMZEj1Sv72Z+JfXTXRQ8VIm4kSDoItFQcKxjvDsazxgEqjmE0MIlczciumISEK1ySZnQlh9iv8nraLtluxi46JQu1rGkUUn6BSdIxddohq6QXXURBQBekTP6MW6s56sV+tt0ZqxljPH6Aes9y9d541S</latexit>

ans(q,M)
<latexit sha1_base64="4CIS/qGzA7USnDmC6WcxVSqtvPw=">AAACBHicdVDLSgMxFM3UV62vUZfdBItQQcr0Zeuu6MaNUME+oB1KJs20oZnMmGSEMszCjb/ixoUibv0Id/6NmbaCih4InJxzL/fe4wSMSmVZH0ZqaXlldS29ntnY3NreMXf32tIPBSYt7DNfdB0kCaOctBRVjHQDQZDnMNJxJueJ37klQlKfX6tpQGwPjTh1KUZKSwMz2/eQGks3QlzG+Zvj2RcjFl3GRwMzZxWsUv2kakFNrNNyqTIntUoVFjVJkAMLNAfme3/o49AjXGGGpOwVrUDZERKKYkbiTD+UJEB4gkakpylHHpF2NDsihodaGULXF/pxBWfq944IeVJOPUdXzlb+7SXiX14vVG7djigPQkU4ng9yQwaVD5NE4JAKghWbaoKwoHpXiMdIIKx0bhkdwtel8H/SLhWK5ULpqpJrnC3iSIMsOAB5UAQ10AAXoAlaAIM78ACewLNxbzwaL8brvDRlLHr2wQ8Yb59DQZh/</latexit>

To define answers in OMQA setting, we consider the models of ontology + dataset:

D
<latexit sha1_base64="Nz6SttMQxw//rDxHcQYgGdh1+GQ=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmZai+2uqAuXFewDpkPJpGkbmskMyR2hDP0MNy4UcevXuPNvzPQBKnogcDjnXnLuCWLBNTjOp5VbW9/Y3MpvF3Z29/YPiodHbR0lirIWjUSkugHRTHDJWsBBsG6sGAkDwTrB5DrzOw9MaR7Je5jGzA/JSPIhpwSM5PVCAmNKRHoz6xdLjl2vV52qixekvCKVGnZtZ44SWqLZL370BhFNQiaBCqK15zox+ClRwKlgs0Iv0SwmdEJGzDNUkpBpP51HnuEzowzwMFLmScBz9ftGSkKtp2FgJrOI+reXiX95XgLDmp9yGSfAJF18NEwEhghn9+MBV4yCmBpCqOImK6ZjoggF01LBlLC6FP9P2mXbrdjlu4tS42pZRx6doFN0jlx0iRroFjVRC1EUoUf0jF4ssJ6sV+ttMZqzljvH6Aes9y/3GJG3</latexit>

O
<latexit sha1_base64="Dov6t0fcheD4fYI1Fhj3P5IxAuM=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmZai+2u6MadFewDpkPJpGkbmskMyR2hDP0MNy4UcevXuPNvzPQBKnogcDjnXnLuCWLBNTjOp5VbW9/Y3MpvF3Z29/YPiodHbR0lirIWjUSkugHRTHDJWsBBsG6sGAkDwTrB5DrzOw9MaR7Je5jGzA/JSPIhpwSM5PVCAmNKRHo76xdLjl2vV52qixekvCKVGnZtZ44SWqLZL370BhFNQiaBCqK15zox+ClRwKlgs0Iv0SwmdEJGzDNUkpBpP51HnuEzowzwMFLmScBz9ftGSkKtp2FgJrOI+reXiX95XgLDmp9yGSfAJF18NEwEhghn9+MBV4yCmBpCqOImK6ZjoggF01LBlLC6FP9P2mXbrdjlu4tS42pZRx6doFN0jlx0iRroBjVRC1EUoUf0jF4ssJ6sV+ttMZqzljvH6Aes9y8H3pHC</latexit>

                             : interpretations satisfying             / states of the world compatible with

... 
(O,D)

<latexit sha1_base64="c7UC+j8V2Cie2VfQLz5DFT+AZ0c=">AAACA3icdVDLSgMxFM3UV62vUXe6CRahgpSZaWvrrqgLd1awttAOJZNm2tDMgyQjlGHAjb/ixoUibv0Jd/6NmbaKih4InJxzL/fe44SMCmkY71pmbn5hcSm7nFtZXVvf0De3rkUQcUyaOGABbztIEEZ90pRUMtIOOUGew0jLGZ2mfuuGcEED/0qOQ2J7aOBTl2IkldTTdwpdD8khRiy+SA7h1+csOejpeaNoWLWjigEVMY5LVnlKquUKNBVJkQczNHr6W7cf4MgjvsQMCdExjVDaMeKSYkaSXDcSJER4hAako6iPPCLseHJDAveV0oduwNXzJZyo3zti5Akx9hxVme4ofnup+JfXiaRbs2Pqh5EkPp4OciMGZQDTQGCfcoIlGyuCMKdqV4iHiCMsVWw5FcLnpfB/cm0VzVLRuizn6yezOLJgF+yBAjBBFdTBOWiAJsDgFtyDR/Ck3WkP2rP2Mi3NaLOebfAD2usHk/KXfw==</latexit>

(O,D)
<latexit sha1_base64="c7UC+j8V2Cie2VfQLz5DFT+AZ0c=">AAACA3icdVDLSgMxFM3UV62vUXe6CRahgpSZaWvrrqgLd1awttAOJZNm2tDMgyQjlGHAjb/ixoUibv0Jd/6NmbaKih4InJxzL/fe44SMCmkY71pmbn5hcSm7nFtZXVvf0De3rkUQcUyaOGABbztIEEZ90pRUMtIOOUGew0jLGZ2mfuuGcEED/0qOQ2J7aOBTl2IkldTTdwpdD8khRiy+SA7h1+csOejpeaNoWLWjigEVMY5LVnlKquUKNBVJkQczNHr6W7cf4MgjvsQMCdExjVDaMeKSYkaSXDcSJER4hAako6iPPCLseHJDAveV0oduwNXzJZyo3zti5Akx9hxVme4ofnup+JfXiaRbs2Pqh5EkPp4OciMGZQDTQGCfcoIlGyuCMKdqV4iHiCMsVWw5FcLnpfB/cm0VzVLRuizn6yezOLJgF+yBAjBBFdTBOWiAJsDgFtyDR/Ck3WkP2rP2Mi3NaLOebfAD2usHk/KXfw==</latexit>

Mods(O,D)
<latexit sha1_base64="/yeZBwzdMdYZzh1mqnLJegf+DF8="></latexit>

Certain answers: tuples that are answers in every model (i.e. entailed / derivable from            )

(O,D) |= q(~a)
<latexit sha1_base64="AnlIOo/Kdaj60CE3CUnoFQuPumQ="></latexit>

,
<latexit sha1_base64="ulmGPvC+adOcC6pmJ6HAdfmVZLQ=">AAAB+HicdZDLSgMxFIYz9VbrpaMu3QSL4KrMTFtbd0U3LlxUsBdoh5JJM21o5kJyRqmlT+LGhSJufRR3vo2ZtoKK/hD4+M85nJPfiwVXYFkfRmZldW19I7uZ29re2c2be/stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3xRVpv3zKpeBTewCRmbkCGIfc5JaCtvpnvXTEfJB+OgEgZ3fXNglW0nNppxcIarLOSU15AtVzBtoZUBbRUo2++9wYRTQIWAhVEqa5txeBOiQROBZvleoliMaFjMmRdjSEJmHKn88Nn+Fg7A+xHUr8Q8Nz9PjElgVKTwNOdAYGR+l1Lzb9q3QT8mjvlYZwAC+likZ8IDBFOU8ADLhkFMdFAqOT6VkxHRBIKOqucDuHrp/h/aDlFu1R0rsuF+vkyjiw6REfoBNmoiuroEjVQE1GUoAf0hJ6Ne+PReDFeF60ZYzlzgH7IePsEleGTtQ==</latexit>

~a 2 ans(q,M)
<latexit sha1_base64="RGPzt4QNLFjYzMF2agQQuBEOqe0="></latexit>

M 2 Mods(O,D)
<latexit sha1_base64="970TA+91UlU1CGcgU/EWG67/YtI="></latexit>

for every

(O,D)
<latexit sha1_base64="c7UC+j8V2Cie2VfQLz5DFT+AZ0c=">AAACA3icdVDLSgMxFM3UV62vUXe6CRahgpSZaWvrrqgLd1awttAOJZNm2tDMgyQjlGHAjb/ixoUibv0Jd/6NmbaKih4InJxzL/fe44SMCmkY71pmbn5hcSm7nFtZXVvf0De3rkUQcUyaOGABbztIEEZ90pRUMtIOOUGew0jLGZ2mfuuGcEED/0qOQ2J7aOBTl2IkldTTdwpdD8khRiy+SA7h1+csOejpeaNoWLWjigEVMY5LVnlKquUKNBVJkQczNHr6W7cf4MgjvsQMCdExjVDaMeKSYkaSXDcSJER4hAako6iPPCLseHJDAveV0oduwNXzJZyo3zti5Akx9hxVme4ofnup+JfXiaRbs2Pqh5EkPp4OciMGZQDTQGCfcoIlGyuCMKdqV4iHiCMsVWw5FcLnpfB/cm0VzVLRuizn6yezOLJgF+yBAjBBFdTBOWiAJsDgFtyDR/Ck3WkP2rP2Mi3NaLOebfAD2usHk/KXfw==</latexit>
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Consider the following ontology and dataset:       

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>

Postdoc(x) ! PhDHolder(x)
<latexit sha1_base64="xT9G6BiXNq5NodmZIAnKoYbJ4sw="></latexit>

Course(x) ! 9y taughtBy(x, y)
<latexit sha1_base64="J7bo2XzKpl3Cg1NkKHs4hTjsNLg="></latexit>

q3(x) = 9y taughtBy(x, y) ^ PhDHolder(y)
<latexit sha1_base64="4nFm/QO/aObiJhdw2ew1JREHUdY="></latexit>

D
<latexit sha1_base64="izmJ8QstSct+Bw+sA8bgnTaiFNM=">AAAB8nicdVBPS8MwHE3nvzn/TT16CQ7BU2k7dfM21IPHCW4OujLSLN3C0qQkqTDKPoYXD4p49dN489uYbhVU9EHg8d7vR97vhQmjSjvOh1VaWl5ZXSuvVzY2t7Z3qrt7XSVSiUkHCyZkL0SKMMpJR1PNSC+RBMUhI3fh5DL37+6JVFTwWz1NSBCjEacRxUgbye/HSI8xYtnVbFCtOXaj6Zy5DejYzhyGePXz06YH3UKpgQLtQfW9PxQ4jQnXmCGlfNdJdJAhqSlmZFbpp4okCE/QiPiGchQTFWTzyDN4ZJQhjIQ0j2s4V79vZChWahqHZjKPqH57ufiX56c6agYZ5UmqCceLj6KUQS1gfj8cUkmwZlNDEJbUZIV4jCTC2rRUMSV8XQr/J13Pduu2d3NSa10UdZTBATgEx8AFDdAC16ANOgADAR7AE3i2tPVovVivi9GSVezsgx+w3j4Byh6RmA==</latexit>

O
<latexit sha1_base64="/hzDzlNwfq9oBnrTmXnCBRCn7nM=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJbtbuiG3dWsA9IQ5lMp+3QSSbM3Agl9DPcuFDErV/jzr9x0kZQ0QMDh3PuZc49QSy4Bsf5sJaWV1bX1gsbxc2t7Z3d0t5+W8tEUdaiUkjVDYhmgkesBRwE68aKkTAQrBNMrjK/c8+U5jK6g2nM/JCMIj7klICRvF5IYEyJSG9m/VLZsZ05sGNX6vVa/cyQWtUILnZzq4xyNPul995A0iRkEVBBtPZcJwY/JQo4FWxW7CWaxYROyIh5hkYkZNpP55Fn+NgoAzyUyrwI8Fz9vpGSUOtpGJjJLKL+7WXiX56XwPDCT3kUJ8AiuvhomAgMEmf34wFXjIKYGkKo4iYrpmOiCAXTUtGU8HUp/p+0K7Z7alduq+XGZV5HAR2iI3SCXHSOGugaNVELUSTRA3pCzxZYj9aL9boYXbLynQP0A9bbJ87tkZs=</latexit>

taughtBy(cs50,paolo)
<latexit sha1_base64="9ChddilO9Wy6SC4RMgVOn3vEyvA=">AAACBnicdVBNS0JBFJ1nX2ZfVssIhiQwCHlPM20ntmlpkCboQ+aN83Rw3gcz90XycNWmv9KmRRFt+w3t+jeN+oKKOjBwOOce7tzjhIIrMM0PI7WwuLS8kl7NrK1vbG5lt3daKogkZU0aiEC2HaKY4D5rAgfB2qFkxHMEu3ZG51P/+oZJxQP/CsYhsz0y8LnLKQEt9bL7XWC3oNwYSDQYQn2cp6psHodEJ48mvWzOLFSq5qlVwWbBnEGTYumsXC1iK1FyKEGjl33v9gMaecwHKohSHcsMwY6JBE4Fm2S6kWIhoSMyYB1NfeIxZcezMyb4UCt97AZSPx/wTP2eiImn1Nhz9KRHYKh+e1PxL68TgVu1Y+6HETCfzhe5kcAQ4GknuM8loyDGmhAquf4rpkMiCQXdXEaX8HUp/p+0igWrVChenuRq9aSONNpDByiPLFRBNXSBGqiJKLpDD+gJPRv3xqPxYrzOR1NGktlFP2C8fQJuVpkY</latexit>

GradCourse(cs87)
<latexit sha1_base64="4tlM49iGujBsQ8ZovuMU2zvQ1v4=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDoJexu1MSbmIMeI5hESEKYnfTqkNkHM71iWIIXf8WLB0W8+hXe/BsncQUVLWgoqrpnusuLpdBo2+/WxOTU9Mzs3HxuYXFpeSW/utbQUaI41HkkI3XhMQ1ShFBHgRIuYgUs8CQ0vX515DevQWkRhec4iKETsMtQ+IIzNFI3v9FGuEHtpyeK9armVQ07XFfKu8NuvmAXyxX7wClTu2iPYYhbOtyvuNTJlALJUOvm39q9iCcBhMgl07rl2DF2UqZQcAnDXDvREDPeZ5fQMjRkAehOOj5hSLeN0qN+pEyFSMfq94mUBVoPAs90Bgyv9G9vJP7ltRL0K51UhHGCEPLPj/xEUozoKA/aEwo4yoEhjCthdqX8iinG0aSWMyF8XUr/Jw236JSK7tle4eg4i2OObJItskMcUiZH5JTUSJ1wckvuySN5su6sB+vZevlsnbCymXXyA9brB0hKl1o=</latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

=

= Postdoc(paolo)
<latexit sha1_base64="ePj8bbx/4Mut7h0AS/ZMrrhT5ek=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR6qbMTNXWXdGNywr2AW0pmTTThmYyQ3JHLEM3/oobF4q49TPc+TemD0FFDwQO59zDzT1+LLgGx/mwFhaXlldWM2vZ9Y3NrW17Z7euo0RRVqORiFTTJ5oJLlkNOAjWjBUjoS9Ywx9eTvzGLVOaR/IGRjHrhKQvecApASN17f02sDvQQVqNNPQimo+JyRyPu3bOKZTKzplbwk7BmcIQr3h+WvawO1dyaI5q135vm3gSMglUEK1brhNDJyUKOBVsnG0nmsWEDkmftQyVJGS6k04PGOMjo/RwECnzJOCp+j2RklDrUeibyZDAQP/2JuJfXiuBoNxJuYwTYJLOFgWJwBDhSRu4xxWjIEaGEKq4+SumA6IIBdNZ1pTwdSn+n9S9glsseNcnucrFvI4MOkCHKI9cVEIVdIWqqIYoGqMH9ISerXvr0XqxXmejC9Y8s4d+wHr7BJEplwk=</latexit>

and reconsider the query

GradCourse(x) ! Course(x)
<latexit sha1_base64="Figi6OadS/qLz0Q+8ey9nYTx4mM="></latexit>
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Consider the following ontology and dataset:       

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>

Postdoc(x) ! PhDHolder(x)
<latexit sha1_base64="xT9G6BiXNq5NodmZIAnKoYbJ4sw="></latexit>

Course(x) ! 9y taughtBy(x, y)
<latexit sha1_base64="J7bo2XzKpl3Cg1NkKHs4hTjsNLg="></latexit>

q3(x) = 9y taughtBy(x, y) ^ PhDHolder(y)
<latexit sha1_base64="4nFm/QO/aObiJhdw2ew1JREHUdY="></latexit>

D
<latexit sha1_base64="izmJ8QstSct+Bw+sA8bgnTaiFNM=">AAAB8nicdVBPS8MwHE3nvzn/TT16CQ7BU2k7dfM21IPHCW4OujLSLN3C0qQkqTDKPoYXD4p49dN489uYbhVU9EHg8d7vR97vhQmjSjvOh1VaWl5ZXSuvVzY2t7Z3qrt7XSVSiUkHCyZkL0SKMMpJR1PNSC+RBMUhI3fh5DL37+6JVFTwWz1NSBCjEacRxUgbye/HSI8xYtnVbFCtOXaj6Zy5DejYzhyGePXz06YH3UKpgQLtQfW9PxQ4jQnXmCGlfNdJdJAhqSlmZFbpp4okCE/QiPiGchQTFWTzyDN4ZJQhjIQ0j2s4V79vZChWahqHZjKPqH57ufiX56c6agYZ5UmqCceLj6KUQS1gfj8cUkmwZlNDEJbUZIV4jCTC2rRUMSV8XQr/J13Pduu2d3NSa10UdZTBATgEx8AFDdAC16ANOgADAR7AE3i2tPVovVivi9GSVezsgx+w3j4Byh6RmA==</latexit>

O
<latexit sha1_base64="/hzDzlNwfq9oBnrTmXnCBRCn7nM=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJbtbuiG3dWsA9IQ5lMp+3QSSbM3Agl9DPcuFDErV/jzr9x0kZQ0QMDh3PuZc49QSy4Bsf5sJaWV1bX1gsbxc2t7Z3d0t5+W8tEUdaiUkjVDYhmgkesBRwE68aKkTAQrBNMrjK/c8+U5jK6g2nM/JCMIj7klICRvF5IYEyJSG9m/VLZsZ05sGNX6vVa/cyQWtUILnZzq4xyNPul995A0iRkEVBBtPZcJwY/JQo4FWxW7CWaxYROyIh5hkYkZNpP55Fn+NgoAzyUyrwI8Fz9vpGSUOtpGJjJLKL+7WXiX56XwPDCT3kUJ8AiuvhomAgMEmf34wFXjIKYGkKo4iYrpmOiCAXTUtGU8HUp/p+0K7Z7alduq+XGZV5HAR2iI3SCXHSOGugaNVELUSTRA3pCzxZYj9aL9boYXbLynQP0A9bbJ87tkZs=</latexit>

taughtBy(cs50,paolo)
<latexit sha1_base64="9ChddilO9Wy6SC4RMgVOn3vEyvA=">AAACBnicdVBNS0JBFJ1nX2ZfVssIhiQwCHlPM20ntmlpkCboQ+aN83Rw3gcz90XycNWmv9KmRRFt+w3t+jeN+oKKOjBwOOce7tzjhIIrMM0PI7WwuLS8kl7NrK1vbG5lt3daKogkZU0aiEC2HaKY4D5rAgfB2qFkxHMEu3ZG51P/+oZJxQP/CsYhsz0y8LnLKQEt9bL7XWC3oNwYSDQYQn2cp6psHodEJ48mvWzOLFSq5qlVwWbBnEGTYumsXC1iK1FyKEGjl33v9gMaecwHKohSHcsMwY6JBE4Fm2S6kWIhoSMyYB1NfeIxZcezMyb4UCt97AZSPx/wTP2eiImn1Nhz9KRHYKh+e1PxL68TgVu1Y+6HETCfzhe5kcAQ4GknuM8loyDGmhAquf4rpkMiCQXdXEaX8HUp/p+0igWrVChenuRq9aSONNpDByiPLFRBNXSBGqiJKLpDD+gJPRv3xqPxYrzOR1NGktlFP2C8fQJuVpkY</latexit>

GradCourse(cs87)
<latexit sha1_base64="4tlM49iGujBsQ8ZovuMU2zvQ1v4=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDoJexu1MSbmIMeI5hESEKYnfTqkNkHM71iWIIXf8WLB0W8+hXe/BsncQUVLWgoqrpnusuLpdBo2+/WxOTU9Mzs3HxuYXFpeSW/utbQUaI41HkkI3XhMQ1ShFBHgRIuYgUs8CQ0vX515DevQWkRhec4iKETsMtQ+IIzNFI3v9FGuEHtpyeK9armVQ07XFfKu8NuvmAXyxX7wClTu2iPYYhbOtyvuNTJlALJUOvm39q9iCcBhMgl07rl2DF2UqZQcAnDXDvREDPeZ5fQMjRkAehOOj5hSLeN0qN+pEyFSMfq94mUBVoPAs90Bgyv9G9vJP7ltRL0K51UhHGCEPLPj/xEUozoKA/aEwo4yoEhjCthdqX8iinG0aSWMyF8XUr/Jw236JSK7tle4eg4i2OObJItskMcUiZH5JTUSJ1wckvuySN5su6sB+vZevlsnbCymXXyA9brB0hKl1o=</latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

=

= Postdoc(paolo)
<latexit sha1_base64="ePj8bbx/4Mut7h0AS/ZMrrhT5ek=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR6qbMTNXWXdGNywr2AW0pmTTThmYyQ3JHLEM3/oobF4q49TPc+TemD0FFDwQO59zDzT1+LLgGx/mwFhaXlldWM2vZ9Y3NrW17Z7euo0RRVqORiFTTJ5oJLlkNOAjWjBUjoS9Ywx9eTvzGLVOaR/IGRjHrhKQvecApASN17f02sDvQQVqNNPQimo+JyRyPu3bOKZTKzplbwk7BmcIQr3h+WvawO1dyaI5q135vm3gSMglUEK1brhNDJyUKOBVsnG0nmsWEDkmftQyVJGS6k04PGOMjo/RwECnzJOCp+j2RklDrUeibyZDAQP/2JuJfXiuBoNxJuYwTYJLOFgWJwBDhSRu4xxWjIEaGEKq4+SumA6IIBdNZ1pTwdSn+n9S9glsseNcnucrFvI4MOkCHKI9cVEIVdIWqqIYoGqMH9ISerXvr0XqxXmejC9Y8s4d+wHr7BJEplwk=</latexit>

and reconsider the query

Two certain answers to w.r.t.  (     ,     ) :O
<latexit sha1_base64="/hzDzlNwfq9oBnrTmXnCBRCn7nM=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJbtbuiG3dWsA9IQ5lMp+3QSSbM3Agl9DPcuFDErV/jzr9x0kZQ0QMDh3PuZc49QSy4Bsf5sJaWV1bX1gsbxc2t7Z3d0t5+W8tEUdaiUkjVDYhmgkesBRwE68aKkTAQrBNMrjK/c8+U5jK6g2nM/JCMIj7klICRvF5IYEyJSG9m/VLZsZ05sGNX6vVa/cyQWtUILnZzq4xyNPul995A0iRkEVBBtPZcJwY/JQo4FWxW7CWaxYROyIh5hkYkZNpP55Fn+NgoAzyUyrwI8Fz9vpGSUOtpGJjJLKL+7WXiX56XwPDCT3kUJ8AiuvhomAgMEmf34wFXjIKYGkKo4iYrpmOiCAXTUtGU8HUp/p+0K7Z7alduq+XGZV5HAR2iI3SCXHSOGugaNVELUSTRA3pCzxZYj9aL9boYXbLynQP0A9bbJ87tkZs=</latexit>

D
<latexit sha1_base64="izmJ8QstSct+Bw+sA8bgnTaiFNM=">AAAB8nicdVBPS8MwHE3nvzn/TT16CQ7BU2k7dfM21IPHCW4OujLSLN3C0qQkqTDKPoYXD4p49dN489uYbhVU9EHg8d7vR97vhQmjSjvOh1VaWl5ZXSuvVzY2t7Z3qrt7XSVSiUkHCyZkL0SKMMpJR1PNSC+RBMUhI3fh5DL37+6JVFTwWz1NSBCjEacRxUgbye/HSI8xYtnVbFCtOXaj6Zy5DejYzhyGePXz06YH3UKpgQLtQfW9PxQ4jQnXmCGlfNdJdJAhqSlmZFbpp4okCE/QiPiGchQTFWTzyDN4ZJQhjIQ0j2s4V79vZChWahqHZjKPqH57ufiX56c6agYZ5UmqCceLj6KUQS1gfj8cUkmwZlNDEJbUZIV4jCTC2rRUMSV8XQr/J13Pduu2d3NSa10UdZTBATgEx8AFDdAC16ANOgADAR7AE3i2tPVovVivi9GSVezsgx+w3j4Byh6RmA==</latexit>

q3(x)
<latexit sha1_base64="r+u8KlM6d8zE//va7EJCyG9H794=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZA+bHVXdOOygn1AO5RMmmljM5MxyYhl6D+4caGIW//HnX9jOh1BRQ9cOJxzL/fe44acKY3Qh5VZWl5ZXcuu5zY2t7Z38rt7bSUiSWiLCC5k18WKchbQlmaa024oKfZdTjvu5GLud+6oVEwE13oaUsfHo4B5jGBtpPbtoFK8Px7kC8hGCSCya9U6qiWkclI+Q7CUWgWQojnIv/eHgkQ+DTThWKleCYXaibHUjHA6y/UjRUNMJnhEe4YG2KfKiZNrZ/DIKEPoCWkq0DBRv0/E2Fdq6rum08d6rH57c/Evrxdp79SJWRBGmgZksciLONQCzl+HQyYp0XxqCCaSmVshGWOJiTYB5UwIX5/C/0m7bJcqdvmqWmicp3FkwQE4BEVQAnXQAJegCVqAgBvwAJ7AsyWsR+vFel20Zqx0Zh/8gPX2Ce1MjrY=</latexit>

cs50
<latexit sha1_base64="uMk5+BAs/NOoE8qR/HbDwmUVTsc=">AAAB9HicdVDLSsNAFL3xWeur6tLNYBFchSQ22u6KblxWsA9oQ5lMJ+3QycOZSaGEfocbF4q49WPc+TdO0woqemDgcM693DPHTziTyrI+jJXVtfWNzcJWcXtnd2+/dHDYknEqCG2SmMei42NJOYtoUzHFaScRFIc+p21/fD332xMqJIujOzVNqBfiYcQCRrDSktcLsRrJICPStWb9UtkynWrFtatIE9ep5aRy4ThuDdmmlaMMSzT6pffeICZpSCNFOJaya1uJ8jIsFCOczoq9VNIEkzEe0q6mEQ6p9LI89AydamWAgljoFymUq983MhxKOQ19PZmH/O3Nxb+8bqqCqpexKEkVjcjiUJBypGI0bwANmKBE8akmmAimsyIywgITpXsq6hK+for+Jy3HtM9N57ZSrl8t6yjAMZzAGdhwCXW4gQY0gcA9PMATPBsT49F4MV4XoyvGcucIfsB4+wQ0SJJl</latexit>

and cs87
<latexit sha1_base64="S4FXMrO23st3eeNQ+MkhkBlKiY8=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgqsyMrZ3uim5cVrAPaIeSSTNtaOZhkimUod/hxoUibv0Yd/6N6bSCih4IHM65l3tyvJgzqUzzw8itrW9sbuW3Czu7e/sHxcOjtowSQWiLRDwSXQ9LyllIW4opTruxoDjwOO14k+uF35lSIVkU3qlZTN0Aj0LmM4KVltx+gNVY+imRTm0+KJbMsu1UqpaDNKna9YxULm27WkdW2cxQghWag+J7fxiRJKChIhxL2bPMWLkpFooRTueFfiJpjMkEj2hP0xAHVLppFnqOzrQyRH4k9AsVytTvGykOpJwFnp7MQv72FuJfXi9RvuOmLIwTRUOyPOQnHKkILRpAQyYoUXymCSaC6ayIjLHAROmeCrqEr5+i/0nbLlsXZfu2UmpcrerIwwmcwjlYUIMG3EATWkDgHh7gCZ6NqfFovBivy9Gcsdo5hh8w3j4BQ32Sbw==</latexit>

O,D |= q3(cs50)
<latexit sha1_base64="ilP1S5VtaqNp0YcQFoNC5/5eKFs="></latexit>

due to taughtBy(cs50,paolo)
<latexit sha1_base64="9ChddilO9Wy6SC4RMgVOn3vEyvA=">AAACBnicdVBNS0JBFJ1nX2ZfVssIhiQwCHlPM20ntmlpkCboQ+aN83Rw3gcz90XycNWmv9KmRRFt+w3t+jeN+oKKOjBwOOce7tzjhIIrMM0PI7WwuLS8kl7NrK1vbG5lt3daKogkZU0aiEC2HaKY4D5rAgfB2qFkxHMEu3ZG51P/+oZJxQP/CsYhsz0y8LnLKQEt9bL7XWC3oNwYSDQYQn2cp6psHodEJ48mvWzOLFSq5qlVwWbBnEGTYumsXC1iK1FyKEGjl33v9gMaecwHKohSHcsMwY6JBE4Fm2S6kWIhoSMyYB1NfeIxZcezMyb4UCt97AZSPx/wTP2eiImn1Nhz9KRHYKh+e1PxL68TgVu1Y+6HETCfzhe5kcAQ4GknuM8loyDGmhAquf4rpkMiCQXdXEaX8HUp/p+0igWrVChenuRq9aSONNpDByiPLFRBNXSBGqiJKLpDD+gJPRv3xqPxYrzOR1NGktlFP2C8fQJuVpkY</latexit>

Postdoc(paolo)
<latexit sha1_base64="ePj8bbx/4Mut7h0AS/ZMrrhT5ek=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR6qbMTNXWXdGNywr2AW0pmTTThmYyQ3JHLEM3/oobF4q49TPc+TemD0FFDwQO59zDzT1+LLgGx/mwFhaXlldWM2vZ9Y3NrW17Z7euo0RRVqORiFTTJ5oJLlkNOAjWjBUjoS9Ywx9eTvzGLVOaR/IGRjHrhKQvecApASN17f02sDvQQVqNNPQimo+JyRyPu3bOKZTKzplbwk7BmcIQr3h+WvawO1dyaI5q135vm3gSMglUEK1brhNDJyUKOBVsnG0nmsWEDkmftQyVJGS6k04PGOMjo/RwECnzJOCp+j2RklDrUeibyZDAQP/2JuJfXiuBoNxJuYwTYJLOFgWJwBDhSRu4xxWjIEaGEKq4+SumA6IIBdNZ1pTwdSn+n9S9glsseNcnucrFvI4MOkCHKI9cVEIVdIWqqIYoGqMH9ISerXvr0XqxXmejC9Y8s4d+wHr7BJEplwk=</latexit>

Postdoc(x) ! PhDHolder(x)
<latexit sha1_base64="xT9G6BiXNq5NodmZIAnKoYbJ4sw="></latexit>

GradCourse(x) ! Course(x)
<latexit sha1_base64="Figi6OadS/qLz0Q+8ey9nYTx4mM="></latexit>
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Consider the following ontology and dataset:       

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>

Postdoc(x) ! PhDHolder(x)
<latexit sha1_base64="xT9G6BiXNq5NodmZIAnKoYbJ4sw="></latexit>

Course(x) ! 9y taughtBy(x, y)
<latexit sha1_base64="J7bo2XzKpl3Cg1NkKHs4hTjsNLg="></latexit>

q3(x) = 9y taughtBy(x, y) ^ PhDHolder(y)
<latexit sha1_base64="4nFm/QO/aObiJhdw2ew1JREHUdY="></latexit>

D
<latexit sha1_base64="izmJ8QstSct+Bw+sA8bgnTaiFNM=">AAAB8nicdVBPS8MwHE3nvzn/TT16CQ7BU2k7dfM21IPHCW4OujLSLN3C0qQkqTDKPoYXD4p49dN489uYbhVU9EHg8d7vR97vhQmjSjvOh1VaWl5ZXSuvVzY2t7Z3qrt7XSVSiUkHCyZkL0SKMMpJR1PNSC+RBMUhI3fh5DL37+6JVFTwWz1NSBCjEacRxUgbye/HSI8xYtnVbFCtOXaj6Zy5DejYzhyGePXz06YH3UKpgQLtQfW9PxQ4jQnXmCGlfNdJdJAhqSlmZFbpp4okCE/QiPiGchQTFWTzyDN4ZJQhjIQ0j2s4V79vZChWahqHZjKPqH57ufiX56c6agYZ5UmqCceLj6KUQS1gfj8cUkmwZlNDEJbUZIV4jCTC2rRUMSV8XQr/J13Pduu2d3NSa10UdZTBATgEx8AFDdAC16ANOgADAR7AE3i2tPVovVivi9GSVezsgx+w3j4Byh6RmA==</latexit>

O
<latexit sha1_base64="/hzDzlNwfq9oBnrTmXnCBRCn7nM=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJbtbuiG3dWsA9IQ5lMp+3QSSbM3Agl9DPcuFDErV/jzr9x0kZQ0QMDh3PuZc49QSy4Bsf5sJaWV1bX1gsbxc2t7Z3d0t5+W8tEUdaiUkjVDYhmgkesBRwE68aKkTAQrBNMrjK/c8+U5jK6g2nM/JCMIj7klICRvF5IYEyJSG9m/VLZsZ05sGNX6vVa/cyQWtUILnZzq4xyNPul995A0iRkEVBBtPZcJwY/JQo4FWxW7CWaxYROyIh5hkYkZNpP55Fn+NgoAzyUyrwI8Fz9vpGSUOtpGJjJLKL+7WXiX56XwPDCT3kUJ8AiuvhomAgMEmf34wFXjIKYGkKo4iYrpmOiCAXTUtGU8HUp/p+0K7Z7alduq+XGZV5HAR2iI3SCXHSOGugaNVELUSTRA3pCzxZYj9aL9boYXbLynQP0A9bbJ87tkZs=</latexit>

taughtBy(cs50,paolo)
<latexit sha1_base64="9ChddilO9Wy6SC4RMgVOn3vEyvA=">AAACBnicdVBNS0JBFJ1nX2ZfVssIhiQwCHlPM20ntmlpkCboQ+aN83Rw3gcz90XycNWmv9KmRRFt+w3t+jeN+oKKOjBwOOce7tzjhIIrMM0PI7WwuLS8kl7NrK1vbG5lt3daKogkZU0aiEC2HaKY4D5rAgfB2qFkxHMEu3ZG51P/+oZJxQP/CsYhsz0y8LnLKQEt9bL7XWC3oNwYSDQYQn2cp6psHodEJ48mvWzOLFSq5qlVwWbBnEGTYumsXC1iK1FyKEGjl33v9gMaecwHKohSHcsMwY6JBE4Fm2S6kWIhoSMyYB1NfeIxZcezMyb4UCt97AZSPx/wTP2eiImn1Nhz9KRHYKh+e1PxL68TgVu1Y+6HETCfzhe5kcAQ4GknuM8loyDGmhAquf4rpkMiCQXdXEaX8HUp/p+0igWrVChenuRq9aSONNpDByiPLFRBNXSBGqiJKLpDD+gJPRv3xqPxYrzOR1NGktlFP2C8fQJuVpkY</latexit>

GradCourse(cs87)
<latexit sha1_base64="4tlM49iGujBsQ8ZovuMU2zvQ1v4=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDoJexu1MSbmIMeI5hESEKYnfTqkNkHM71iWIIXf8WLB0W8+hXe/BsncQUVLWgoqrpnusuLpdBo2+/WxOTU9Mzs3HxuYXFpeSW/utbQUaI41HkkI3XhMQ1ShFBHgRIuYgUs8CQ0vX515DevQWkRhec4iKETsMtQ+IIzNFI3v9FGuEHtpyeK9armVQ07XFfKu8NuvmAXyxX7wClTu2iPYYhbOtyvuNTJlALJUOvm39q9iCcBhMgl07rl2DF2UqZQcAnDXDvREDPeZ5fQMjRkAehOOj5hSLeN0qN+pEyFSMfq94mUBVoPAs90Bgyv9G9vJP7ltRL0K51UhHGCEPLPj/xEUozoKA/aEwo4yoEhjCthdqX8iinG0aSWMyF8XUr/Jw236JSK7tle4eg4i2OObJItskMcUiZH5JTUSJ1wckvuySN5su6sB+vZevlsnbCymXXyA9brB0hKl1o=</latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

=

= Postdoc(paolo)
<latexit sha1_base64="ePj8bbx/4Mut7h0AS/ZMrrhT5ek=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR6qbMTNXWXdGNywr2AW0pmTTThmYyQ3JHLEM3/oobF4q49TPc+TemD0FFDwQO59zDzT1+LLgGx/mwFhaXlldWM2vZ9Y3NrW17Z7euo0RRVqORiFTTJ5oJLlkNOAjWjBUjoS9Ywx9eTvzGLVOaR/IGRjHrhKQvecApASN17f02sDvQQVqNNPQimo+JyRyPu3bOKZTKzplbwk7BmcIQr3h+WvawO1dyaI5q135vm3gSMglUEK1brhNDJyUKOBVsnG0nmsWEDkmftQyVJGS6k04PGOMjo/RwECnzJOCp+j2RklDrUeibyZDAQP/2JuJfXiuBoNxJuYwTYJLOFgWJwBDhSRu4xxWjIEaGEKq4+SumA6IIBdNZ1pTwdSn+n9S9glsseNcnucrFvI4MOkCHKI9cVEIVdIWqqIYoGqMH9ISerXvr0XqxXmejC9Y8s4d+wHr7BJEplwk=</latexit>

and reconsider the query

Two certain answers to w.r.t.  (     ,     ) :O
<latexit sha1_base64="/hzDzlNwfq9oBnrTmXnCBRCn7nM=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJbtbuiG3dWsA9IQ5lMp+3QSSbM3Agl9DPcuFDErV/jzr9x0kZQ0QMDh3PuZc49QSy4Bsf5sJaWV1bX1gsbxc2t7Z3d0t5+W8tEUdaiUkjVDYhmgkesBRwE68aKkTAQrBNMrjK/c8+U5jK6g2nM/JCMIj7klICRvF5IYEyJSG9m/VLZsZ05sGNX6vVa/cyQWtUILnZzq4xyNPul995A0iRkEVBBtPZcJwY/JQo4FWxW7CWaxYROyIh5hkYkZNpP55Fn+NgoAzyUyrwI8Fz9vpGSUOtpGJjJLKL+7WXiX56XwPDCT3kUJ8AiuvhomAgMEmf34wFXjIKYGkKo4iYrpmOiCAXTUtGU8HUp/p+0K7Z7alduq+XGZV5HAR2iI3SCXHSOGugaNVELUSTRA3pCzxZYj9aL9boYXbLynQP0A9bbJ87tkZs=</latexit>

D
<latexit sha1_base64="izmJ8QstSct+Bw+sA8bgnTaiFNM=">AAAB8nicdVBPS8MwHE3nvzn/TT16CQ7BU2k7dfM21IPHCW4OujLSLN3C0qQkqTDKPoYXD4p49dN489uYbhVU9EHg8d7vR97vhQmjSjvOh1VaWl5ZXSuvVzY2t7Z3qrt7XSVSiUkHCyZkL0SKMMpJR1PNSC+RBMUhI3fh5DL37+6JVFTwWz1NSBCjEacRxUgbye/HSI8xYtnVbFCtOXaj6Zy5DejYzhyGePXz06YH3UKpgQLtQfW9PxQ4jQnXmCGlfNdJdJAhqSlmZFbpp4okCE/QiPiGchQTFWTzyDN4ZJQhjIQ0j2s4V79vZChWahqHZjKPqH57ufiX56c6agYZ5UmqCceLj6KUQS1gfj8cUkmwZlNDEJbUZIV4jCTC2rRUMSV8XQr/J13Pduu2d3NSa10UdZTBATgEx8AFDdAC16ANOgADAR7AE3i2tPVovVivi9GSVezsgx+w3j4Byh6RmA==</latexit>

q3(x)
<latexit sha1_base64="r+u8KlM6d8zE//va7EJCyG9H794=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZA+bHVXdOOygn1AO5RMmmljM5MxyYhl6D+4caGIW//HnX9jOh1BRQ9cOJxzL/fe44acKY3Qh5VZWl5ZXcuu5zY2t7Z38rt7bSUiSWiLCC5k18WKchbQlmaa024oKfZdTjvu5GLud+6oVEwE13oaUsfHo4B5jGBtpPbtoFK8Px7kC8hGCSCya9U6qiWkclI+Q7CUWgWQojnIv/eHgkQ+DTThWKleCYXaibHUjHA6y/UjRUNMJnhEe4YG2KfKiZNrZ/DIKEPoCWkq0DBRv0/E2Fdq6rum08d6rH57c/Evrxdp79SJWRBGmgZksciLONQCzl+HQyYp0XxqCCaSmVshGWOJiTYB5UwIX5/C/0m7bJcqdvmqWmicp3FkwQE4BEVQAnXQAJegCVqAgBvwAJ7AsyWsR+vFel20Zqx0Zh/8gPX2Ce1MjrY=</latexit>

cs50
<latexit sha1_base64="uMk5+BAs/NOoE8qR/HbDwmUVTsc=">AAAB9HicdVDLSsNAFL3xWeur6tLNYBFchSQ22u6KblxWsA9oQ5lMJ+3QycOZSaGEfocbF4q49WPc+TdO0woqemDgcM693DPHTziTyrI+jJXVtfWNzcJWcXtnd2+/dHDYknEqCG2SmMei42NJOYtoUzHFaScRFIc+p21/fD332xMqJIujOzVNqBfiYcQCRrDSktcLsRrJICPStWb9UtkynWrFtatIE9ep5aRy4ThuDdmmlaMMSzT6pffeICZpSCNFOJaya1uJ8jIsFCOczoq9VNIEkzEe0q6mEQ6p9LI89AydamWAgljoFymUq983MhxKOQ19PZmH/O3Nxb+8bqqCqpexKEkVjcjiUJBypGI0bwANmKBE8akmmAimsyIywgITpXsq6hK+for+Jy3HtM9N57ZSrl8t6yjAMZzAGdhwCXW4gQY0gcA9PMATPBsT49F4MV4XoyvGcucIfsB4+wQ0SJJl</latexit>

and cs87
<latexit sha1_base64="S4FXMrO23st3eeNQ+MkhkBlKiY8=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgqsyMrZ3uim5cVrAPaIeSSTNtaOZhkimUod/hxoUibv0Yd/6N6bSCih4IHM65l3tyvJgzqUzzw8itrW9sbuW3Czu7e/sHxcOjtowSQWiLRDwSXQ9LyllIW4opTruxoDjwOO14k+uF35lSIVkU3qlZTN0Aj0LmM4KVltx+gNVY+imRTm0+KJbMsu1UqpaDNKna9YxULm27WkdW2cxQghWag+J7fxiRJKChIhxL2bPMWLkpFooRTueFfiJpjMkEj2hP0xAHVLppFnqOzrQyRH4k9AsVytTvGykOpJwFnp7MQv72FuJfXi9RvuOmLIwTRUOyPOQnHKkILRpAQyYoUXymCSaC6ayIjLHAROmeCrqEr5+i/0nbLlsXZfu2UmpcrerIwwmcwjlYUIMG3EATWkDgHh7gCZ6NqfFovBivy9Gcsdo5hh8w3j4BQ32Sbw==</latexit>

O,D |= q3(cs50)
<latexit sha1_base64="ilP1S5VtaqNp0YcQFoNC5/5eKFs="></latexit>

due to taughtBy(cs50,paolo)
<latexit sha1_base64="9ChddilO9Wy6SC4RMgVOn3vEyvA=">AAACBnicdVBNS0JBFJ1nX2ZfVssIhiQwCHlPM20ntmlpkCboQ+aN83Rw3gcz90XycNWmv9KmRRFt+w3t+jeN+oKKOjBwOOce7tzjhIIrMM0PI7WwuLS8kl7NrK1vbG5lt3daKogkZU0aiEC2HaKY4D5rAgfB2qFkxHMEu3ZG51P/+oZJxQP/CsYhsz0y8LnLKQEt9bL7XWC3oNwYSDQYQn2cp6psHodEJ48mvWzOLFSq5qlVwWbBnEGTYumsXC1iK1FyKEGjl33v9gMaecwHKohSHcsMwY6JBE4Fm2S6kWIhoSMyYB1NfeIxZcezMyb4UCt97AZSPx/wTP2eiImn1Nhz9KRHYKh+e1PxL68TgVu1Y+6HETCfzhe5kcAQ4GknuM8loyDGmhAquf4rpkMiCQXdXEaX8HUp/p+0igWrVChenuRq9aSONNpDByiPLFRBNXSBGqiJKLpDD+gJPRv3xqPxYrzOR1NGktlFP2C8fQJuVpkY</latexit>

Postdoc(paolo)
<latexit sha1_base64="ePj8bbx/4Mut7h0AS/ZMrrhT5ek=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR6qbMTNXWXdGNywr2AW0pmTTThmYyQ3JHLEM3/oobF4q49TPc+TemD0FFDwQO59zDzT1+LLgGx/mwFhaXlldWM2vZ9Y3NrW17Z7euo0RRVqORiFTTJ5oJLlkNOAjWjBUjoS9Ywx9eTvzGLVOaR/IGRjHrhKQvecApASN17f02sDvQQVqNNPQimo+JyRyPu3bOKZTKzplbwk7BmcIQr3h+WvawO1dyaI5q135vm3gSMglUEK1brhNDJyUKOBVsnG0nmsWEDkmftQyVJGS6k04PGOMjo/RwECnzJOCp+j2RklDrUeibyZDAQP/2JuJfXiuBoNxJuYwTYJLOFgWJwBDhSRu4xxWjIEaGEKq4+SumA6IIBdNZ1pTwdSn+n9S9glsseNcnucrFvI4MOkCHKI9cVEIVdIWqqIYoGqMH9ISerXvr0XqxXmejC9Y8s4d+wHr7BJEplwk=</latexit>

Postdoc(x) ! PhDHolder(x)
<latexit sha1_base64="xT9G6BiXNq5NodmZIAnKoYbJ4sw="></latexit>

GradCourse(x) ! Course(x)
<latexit sha1_base64="Figi6OadS/qLz0Q+8ey9nYTx4mM="></latexit>

O,D |= q3(cs87)
<latexit sha1_base64="Iw4RIUoEAA83aOGxn34HDz8Tx3w="></latexit>

due to GradCourse(cs87)
<latexit sha1_base64="4tlM49iGujBsQ8ZovuMU2zvQ1v4=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDoJexu1MSbmIMeI5hESEKYnfTqkNkHM71iWIIXf8WLB0W8+hXe/BsncQUVLWgoqrpnusuLpdBo2+/WxOTU9Mzs3HxuYXFpeSW/utbQUaI41HkkI3XhMQ1ShFBHgRIuYgUs8CQ0vX515DevQWkRhec4iKETsMtQ+IIzNFI3v9FGuEHtpyeK9armVQ07XFfKu8NuvmAXyxX7wClTu2iPYYhbOtyvuNTJlALJUOvm39q9iCcBhMgl07rl2DF2UqZQcAnDXDvREDPeZ5fQMjRkAehOOj5hSLeN0qN+pEyFSMfq94mUBVoPAs90Bgyv9G9vJP7ltRL0K51UhHGCEPLPj/xEUozoKA/aEwo4yoEhjCthdqX8iinG0aSWMyF8XUr/Jw236JSK7tle4eg4i2OObJItskMcUiZH5JTUSJ1wckvuySN5su6sB+vZevlsnbCymXXyA9brB0hKl1o=</latexit>

Course(x) ! 9y taughtBy(x, y)
<latexit sha1_base64="J7bo2XzKpl3Cg1NkKHs4hTjsNLg="></latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

GradCourse(x) ! Course(x)
<latexit sha1_base64="Figi6OadS/qLz0Q+8ey9nYTx4mM="></latexit>

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>
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Bienvenu & Ortiz. Ontology-Mediated Query Answering with Data-Tractable Description Logics. Reasoning Web, 2015.

Mugnier & Thomazo. An Introduction to Ontology-Based Query Answering with Existential Rules. Reasoning Web, 2014.

Early paper

Tutorial chapters

Short survey

Xiao et al. Ontology-Based Data Access: A Survey. IJCAI 2018.

Poggi et al. Linking Data to Ontologies. Journal of Data Semantics, 2008.
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Complexity of OMQA
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OMQA decision problem: identify certain answers, i.e. decide whether(O,D) |= q(~a)
<latexit sha1_base64="kpn8pQ2VqjYJe1g3F515v7qrP8M="></latexit>

Extensive complexity analysis covering wide range of ontology & query languages, restrictions



Complexity landscape: Takeaways
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Small differences in expressivity can lead to significant differences in complexity
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•  allows to identify more tractable fragments (e.g. can be EXPTIME combined, but PTIME for data complexity)

PTIME data complexity only possible for languages without any form of disjunction
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Complexity landscape: Takeaways

20

Useful to distinguish between combined complexity and data complexity
•  combined complexity: measured in terms of whole input 
•  data complexity: measured in terms of size of dataset (i.e. treat ontology, query as fixed) 
•  allows to identify more tractable fragments (e.g. can be EXPTIME combined, but PTIME for data complexity)

PTIME data complexity only possible for languages without any form of disjunction

•  reasoning by cases leads to coNP data complexity (or worse)

Small differences in expressivity can lead to significant differences in complexity

Most work on OMQA algorithms focuses on settings with PTIME data complexity
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Query Rewriting Reduce OMQA to standard database query evaluation

?

Rewriting step

rewritingrewriting

Evaluation step (database system)

answers

Formally: rewriting of            is a query     such that for every dataset,    (O, q)
<latexit sha1_base64="ViYHcBAlts4FkOCWInGKFvdtxXU=">AAAB+nicbVDLSgMxFL3js9bXVJdugkWoIGWmCrosunFnBfuAtpRMmmlDM5kxyShl7Ke4caGIW7/EnX9jpp2Fth4IHM65l3tyvIgzpR3n21paXlldW89t5De3tnd27cJeQ4WxJLROQh7KlocV5UzQumaa01YkKQ48Tpve6Cr1mw9UKhaKOz2OaDfAA8F8RrA2Us8ulDoB1kOCeXIzOUH3x6hnF52yMwVaJG5GipCh1rO/Ov2QxAEVmnCsVNt1It1NsNSMcDrJd2JFI0xGeEDbhgocUNVNptEn6MgofeSH0jyh0VT9vZHgQKlx4JnJNKea91LxP68da/+imzARxZoKMjvkxxzpEKU9oD6TlGg+NgQTyUxWRIZYYqJNW3lTgjv/5UXSqJTd03Ll9qxYvczqyMEBHEIJXDiHKlxDDepA4BGe4RXerCfrxXq3PmajS1a2sw9/YH3+AMG0kwQ=</latexit>

,
<latexit sha1_base64="ulmGPvC+adOcC6pmJ6HAdfmVZLQ=">AAAB+HicdZDLSgMxFIYz9VbrpaMu3QSL4KrMTFtbd0U3LlxUsBdoh5JJM21o5kJyRqmlT+LGhSJufRR3vo2ZtoKK/hD4+M85nJPfiwVXYFkfRmZldW19I7uZ29re2c2be/stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3xRVpv3zKpeBTewCRmbkCGIfc5JaCtvpnvXTEfJB+OgEgZ3fXNglW0nNppxcIarLOSU15AtVzBtoZUBbRUo2++9wYRTQIWAhVEqa5txeBOiQROBZvleoliMaFjMmRdjSEJmHKn88Nn+Fg7A+xHUr8Q8Nz9PjElgVKTwNOdAYGR+l1Lzb9q3QT8mjvlYZwAC+likZ8IDBFOU8ADLhkFMdFAqOT6VkxHRBIKOqucDuHrp/h/aDlFu1R0rsuF+vkyjiw6REfoBNmoiuroEjVQE1GUoAf0hJ6Ne+PReDFeF60ZYzlzgH7IePsEleGTtQ==</latexit>

certain answers to     on   q
<latexit sha1_base64="m/MsWbVAmjQh+ZT5U6iF7IAJEZQ=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hStfVW9OKxBWsLbSib7aZdu9nE3Y1QSn+BFw+KePUnefPfuG0jqOiDgcd7M8zMCxLOlHacDyu3tLyyupZfL2xsbm3vFHf3blScSkKbJOaxbAdYUc4EbWqmOW0nkuIo4LQVjC5nfuueSsVica3HCfUjPBAsZARrIzXuesWSY1eqzplbQY7tzGGIVz4/rXrIzZQSZKj3iu/dfkzSiApNOFaq4zqJ9idYakY4nRa6qaIJJiM8oB1DBY6o8ifzQ6foyCh9FMbSlNBorn6fmOBIqXEUmM4I66H67c3Ev7xOqsOqP2EiSTUVZLEoTDnSMZp9jfpMUqL52BBMJDO3IjLEEhNtsimYEL4+Rf+TG892y7bXOCnVLrI48nAAh3AMLlSgBldQhyYQoPAAT/Bs3VqP1ov1umjNWdnMPvyA9fYJMO2NMw==</latexit>

(O,D) |= q(~a)
<latexit sha1_base64="yz27cLyQyO7gnvzNlqlBB4gSwR8="></latexit>

(O,D)
<latexit sha1_base64="a4/lPzdOyg7C7Y3FqtMZOX5+CI0=">AAACBHicdVDLSsNAFJ34rPUVddnNYBEqSEhStXVX1IU7K9gHtKFMptN26OTBzEQoIQs3/oobF4q49SPc+TdO2igqemDgzDn3cu89bsiokKb5rs3NLywuLedW8qtr6xub+tZ2UwQRx6SBAxbwtosEYdQnDUklI+2QE+S5jLTc8Vnqt24IFzTwr+UkJI6Hhj4dUIykknp6odT1kBxhxOLL5AB+fc6TfdjTi6ZRqZrHVgWahjmFInb55KhqQytTiiBDvae/dfsBjjziS8yQEB3LDKUTIy4pZiTJdyNBQoTHaEg6ivrII8KJp0ckcE8pfTgIuHq+hFP1e0eMPCEmnqsq0yXFby8V//I6kRxUnZj6YSSJj2eDBhGDMoBpIrBPOcGSTRRBmFO1K8QjxBGWKre8CuHzUvg/adqGVTbsq8Ni7TSLIwcKYBeUgAUqoAYuQB00AAa34B48giftTnvQnrWXWemclvXsgB/QXj8A6smXow==</latexit>

q⇤
<latexit sha1_base64="LJhSiWLht0bbmkajM1ZvHAPttko=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBZBPISktmpvRS8eK9oPaGPZbLft0s0m7m6EEvoTvHhQxKu/yJv/xm0bQUUfDDzem2Fmnh9xprTjfFiZhcWl5ZXsam5tfWNzK7+901BhLAmtk5CHsuVjRTkTtK6Z5rQVSYoDn9OmP7qY+s17KhULxY0eR9QL8ECwPiNYG+n67vaomy84tjMDcuxipVKunBhSLhnBRW5qFSBFrZt/7/RCEgdUaMKxUm3XibSXYKkZ4XSS68SKRpiM8IC2DRU4oMpLZqdO0IFReqgfSlNCo5n6fSLBgVLjwDedAdZD9dubin957Vj3z7yEiSjWVJD5on7MkQ7R9G/UY5ISzceGYCKZuRWRIZaYaJNOzoTw9Sn6nzSKtntsF69Khep5GkcW9mAfDsGFU6jCJdSgDgQG8ABP8Gxx69F6sV7nrRkrndmFH7DePgE+Po3H</latexit>

              answers to      on     D
<latexit sha1_base64="dbLTuXjm4xK8/XgEbpTeuK4gErQ=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmbGVttdURcuK9gHTIeSSdM2NJMMSUYoQz/DjQtF3Po17vwbM9MKKnogcDjnXnLuCWNGlXacD6uwsrq2vlHcLG1t7+zulfcPOkokEpM2FkzIXogUYZSTtqaakV4sCYpCRrrh9Crzu/dEKir4nZ7FJIjQmNMRxUgbye9HSE8wYun1fFCuOLZXr9bcOjSk5jVyUj33vFoDuraTowKWaA3K7/2hwElEuMYMKeW7TqyDFElNMSPzUj9RJEZ4isbEN5SjiKggzSPP4YlRhnAkpHlcw1z9vpGiSKlZFJrJLKL67WXiX56f6FE9SCmPE004Xnw0ShjUAmb3wyGVBGs2MwRhSU1WiCdIIqxNSyVTwtel8H/S8Wz3zPZuq5Xm5bKOIjgCx+AUuOACNMENaIE2wECAB/AEni1tPVov1utitGAtdw7BD1hvn+4ukbE=</latexit>

q⇤
<latexit sha1_base64="PqKv3hgTn2VpgaI3Zecl1VfrRDE=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBZBPIQkttreil48VrSt0May2W7apZsPdzdCCf0JXjwo4tVf5M1/4zatoKIPBh7vzTAzz4s5k8qyPozcwuLS8kp+tbC2vrG5VdzeackoEYQ2ScQjceNhSTkLaVMxxelNLCgOPE7b3uh86rfvqZAsCq/VOKZugAch8xnBSktXd7dHvWLJMp1quWJXkSYVp5aR8onjVGrINq0MJZij0Su+d/sRSQIaKsKxlB3bipWbYqEY4XRS6CaSxpiM8IB2NA1xQKWbZqdO0IFW+siPhK5QoUz9PpHiQMpx4OnOAKuh/O1Nxb+8TqL8qpuyME4UDclskZ9wpCI0/Rv1maBE8bEmmAimb0VkiAUmSqdT0CF8fYr+Jy3HtI9N57Jcqp/N48jDHuzDIdhwCnW4gAY0gcAAHuAJng1uPBovxuusNWfMZ3bhB4y3T242jeg=</latexit>

~a 2 ans(q⇤,D)
<latexit sha1_base64="keNpTB/fdD/PUSGZ06ZlhoGjcSM="></latexit>
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Query Rewriting Reduce OMQA to standard database query evaluation

?

Rewriting step

rewritingrewriting

Evaluation step (database system)

answers

Formally: rewriting of            is a query     such that for every dataset,    (O, q)
<latexit sha1_base64="ViYHcBAlts4FkOCWInGKFvdtxXU=">AAAB+nicbVDLSgMxFL3js9bXVJdugkWoIGWmCrosunFnBfuAtpRMmmlDM5kxyShl7Ke4caGIW7/EnX9jpp2Fth4IHM65l3tyvIgzpR3n21paXlldW89t5De3tnd27cJeQ4WxJLROQh7KlocV5UzQumaa01YkKQ48Tpve6Cr1mw9UKhaKOz2OaDfAA8F8RrA2Us8ulDoB1kOCeXIzOUH3x6hnF52yMwVaJG5GipCh1rO/Ov2QxAEVmnCsVNt1It1NsNSMcDrJd2JFI0xGeEDbhgocUNVNptEn6MgofeSH0jyh0VT9vZHgQKlx4JnJNKea91LxP68da/+imzARxZoKMjvkxxzpEKU9oD6TlGg+NgQTyUxWRIZYYqJNW3lTgjv/5UXSqJTd03Ll9qxYvczqyMEBHEIJXDiHKlxDDepA4BGe4RXerCfrxXq3PmajS1a2sw9/YH3+AMG0kwQ=</latexit>

,
<latexit sha1_base64="ulmGPvC+adOcC6pmJ6HAdfmVZLQ=">AAAB+HicdZDLSgMxFIYz9VbrpaMu3QSL4KrMTFtbd0U3LlxUsBdoh5JJM21o5kJyRqmlT+LGhSJufRR3vo2ZtoKK/hD4+M85nJPfiwVXYFkfRmZldW19I7uZ29re2c2be/stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3xRVpv3zKpeBTewCRmbkCGIfc5JaCtvpnvXTEfJB+OgEgZ3fXNglW0nNppxcIarLOSU15AtVzBtoZUBbRUo2++9wYRTQIWAhVEqa5txeBOiQROBZvleoliMaFjMmRdjSEJmHKn88Nn+Fg7A+xHUr8Q8Nz9PjElgVKTwNOdAYGR+l1Lzb9q3QT8mjvlYZwAC+likZ8IDBFOU8ADLhkFMdFAqOT6VkxHRBIKOqucDuHrp/h/aDlFu1R0rsuF+vkyjiw6REfoBNmoiuroEjVQE1GUoAf0hJ6Ne+PReDFeF60ZYzlzgH7IePsEleGTtQ==</latexit>

certain answers to     on   q
<latexit sha1_base64="m/MsWbVAmjQh+ZT5U6iF7IAJEZQ=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hStfVW9OKxBWsLbSib7aZdu9nE3Y1QSn+BFw+KePUnefPfuG0jqOiDgcd7M8zMCxLOlHacDyu3tLyyupZfL2xsbm3vFHf3blScSkKbJOaxbAdYUc4EbWqmOW0nkuIo4LQVjC5nfuueSsVica3HCfUjPBAsZARrIzXuesWSY1eqzplbQY7tzGGIVz4/rXrIzZQSZKj3iu/dfkzSiApNOFaq4zqJ9idYakY4nRa6qaIJJiM8oB1DBY6o8ifzQ6foyCh9FMbSlNBorn6fmOBIqXEUmM4I66H67c3Ev7xOqsOqP2EiSTUVZLEoTDnSMZp9jfpMUqL52BBMJDO3IjLEEhNtsimYEL4+Rf+TG892y7bXOCnVLrI48nAAh3AMLlSgBldQhyYQoPAAT/Bs3VqP1ov1umjNWdnMPvyA9fYJMO2NMw==</latexit>

(O,D) |= q(~a)
<latexit sha1_base64="yz27cLyQyO7gnvzNlqlBB4gSwR8="></latexit>

(O,D)
<latexit sha1_base64="a4/lPzdOyg7C7Y3FqtMZOX5+CI0=">AAACBHicdVDLSsNAFJ34rPUVddnNYBEqSEhStXVX1IU7K9gHtKFMptN26OTBzEQoIQs3/oobF4q49SPc+TdO2igqemDgzDn3cu89bsiokKb5rs3NLywuLedW8qtr6xub+tZ2UwQRx6SBAxbwtosEYdQnDUklI+2QE+S5jLTc8Vnqt24IFzTwr+UkJI6Hhj4dUIykknp6odT1kBxhxOLL5AB+fc6TfdjTi6ZRqZrHVgWahjmFInb55KhqQytTiiBDvae/dfsBjjziS8yQEB3LDKUTIy4pZiTJdyNBQoTHaEg6ivrII8KJp0ckcE8pfTgIuHq+hFP1e0eMPCEmnqsq0yXFby8V//I6kRxUnZj6YSSJj2eDBhGDMoBpIrBPOcGSTRRBmFO1K8QjxBGWKre8CuHzUvg/adqGVTbsq8Ni7TSLIwcKYBeUgAUqoAYuQB00AAa34B48giftTnvQnrWXWemclvXsgB/QXj8A6smXow==</latexit>

q⇤
<latexit sha1_base64="LJhSiWLht0bbmkajM1ZvHAPttko=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBZBPISktmpvRS8eK9oPaGPZbLft0s0m7m6EEvoTvHhQxKu/yJv/xm0bQUUfDDzem2Fmnh9xprTjfFiZhcWl5ZXsam5tfWNzK7+901BhLAmtk5CHsuVjRTkTtK6Z5rQVSYoDn9OmP7qY+s17KhULxY0eR9QL8ECwPiNYG+n67vaomy84tjMDcuxipVKunBhSLhnBRW5qFSBFrZt/7/RCEgdUaMKxUm3XibSXYKkZ4XSS68SKRpiM8IC2DRU4oMpLZqdO0IFReqgfSlNCo5n6fSLBgVLjwDedAdZD9dubin957Vj3z7yEiSjWVJD5on7MkQ7R9G/UY5ISzceGYCKZuRWRIZaYaJNOzoTw9Sn6nzSKtntsF69Khep5GkcW9mAfDsGFU6jCJdSgDgQG8ABP8Gxx69F6sV7nrRkrndmFH7DePgE+Po3H</latexit>

              answers to      on     D
<latexit sha1_base64="dbLTuXjm4xK8/XgEbpTeuK4gErQ=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmbGVttdURcuK9gHTIeSSdM2NJMMSUYoQz/DjQtF3Po17vwbM9MKKnogcDjnXnLuCWNGlXacD6uwsrq2vlHcLG1t7+zulfcPOkokEpM2FkzIXogUYZSTtqaakV4sCYpCRrrh9Crzu/dEKir4nZ7FJIjQmNMRxUgbye9HSE8wYun1fFCuOLZXr9bcOjSk5jVyUj33vFoDuraTowKWaA3K7/2hwElEuMYMKeW7TqyDFElNMSPzUj9RJEZ4isbEN5SjiKggzSPP4YlRhnAkpHlcw1z9vpGiSKlZFJrJLKL67WXiX56f6FE9SCmPE004Xnw0ShjUAmb3wyGVBGs2MwRhSU1WiCdIIqxNSyVTwtel8H/S8Wz3zPZuq5Xm5bKOIjgCx+AUuOACNMENaIE2wECAB/AEni1tPVov1utitGAtdw7BD1hvn+4ukbE=</latexit>

q⇤
<latexit sha1_base64="PqKv3hgTn2VpgaI3Zecl1VfrRDE=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBZBPIQkttreil48VrSt0May2W7apZsPdzdCCf0JXjwo4tVf5M1/4zatoKIPBh7vzTAzz4s5k8qyPozcwuLS8kp+tbC2vrG5VdzeackoEYQ2ScQjceNhSTkLaVMxxelNLCgOPE7b3uh86rfvqZAsCq/VOKZugAch8xnBSktXd7dHvWLJMp1quWJXkSYVp5aR8onjVGrINq0MJZij0Su+d/sRSQIaKsKxlB3bipWbYqEY4XRS6CaSxpiM8IB2NA1xQKWbZqdO0IFW+siPhK5QoUz9PpHiQMpx4OnOAKuh/O1Nxb+8TqL8qpuyME4UDclskZ9wpCI0/Rv1maBE8bEmmAimb0VkiAUmSqdT0CF8fYr+Jy3HtI9N57Jcqp/N48jDHuzDIdhwCnW4gAY0gcAAHuAJng1uPBovxuusNWfMZ3bhB4y3T242jeg=</latexit>

~a 2 ans(q⇤,D)
<latexit sha1_base64="keNpTB/fdD/PUSGZ06ZlhoGjcSM="></latexit>

Usually focus on first-order rewritings:      is a first-order (~SQL) queryq⇤
<latexit sha1_base64="ShjvoNkDodwLZ+gVwTTofDRQGbY=">AAAB6nicdZDLSsNAFIZP6q3WW9Wlm8EiiIuStKE1u6IblxVtK7SxTKaTdujk4sxEKKGP4MaFIm59Ine+jZO2gor+MPDxn3OYc34v5kwq0/wwckvLK6tr+fXCxubW9k5xd68to0QQ2iIRj8SNhyXlLKQtxRSnN7GgOPA47Xjj86zeuadCsii8VpOYugEehsxnBCttXd3dnvSLJbNsVm2nZiMNll2xnQxMp15zkKUhUwkWavaL771BRJKAhopwLGXXMmPlplgoRjidFnqJpDEmYzykXY0hDqh009mqU3SknQHyI6FfqNDM/T6R4kDKSeDpzgCrkfxdy8y/at1E+aduysI4UTQk84/8hCMVoexuNGCCEsUnGjARTO+KyAgLTJROp6BD+LoU/Q/tStmqliuXdqlxtogjDwdwCMdgQR0acAFNaAGBITzAEzwb3Hg0XozXeWvOWMzsww8Zb59lLY3i</latexit>

(can evaluate using relational DB)
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Query Rewriting Reduce OMQA to standard database query evaluation

?

Rewriting step

rewritingrewriting

Evaluation step (database system)

answers

Formally: rewriting of            is a query     such that for every dataset,    (O, q)
<latexit sha1_base64="ViYHcBAlts4FkOCWInGKFvdtxXU=">AAAB+nicbVDLSgMxFL3js9bXVJdugkWoIGWmCrosunFnBfuAtpRMmmlDM5kxyShl7Ke4caGIW7/EnX9jpp2Fth4IHM65l3tyvIgzpR3n21paXlldW89t5De3tnd27cJeQ4WxJLROQh7KlocV5UzQumaa01YkKQ48Tpve6Cr1mw9UKhaKOz2OaDfAA8F8RrA2Us8ulDoB1kOCeXIzOUH3x6hnF52yMwVaJG5GipCh1rO/Ov2QxAEVmnCsVNt1It1NsNSMcDrJd2JFI0xGeEDbhgocUNVNptEn6MgofeSH0jyh0VT9vZHgQKlx4JnJNKea91LxP68da/+imzARxZoKMjvkxxzpEKU9oD6TlGg+NgQTyUxWRIZYYqJNW3lTgjv/5UXSqJTd03Ll9qxYvczqyMEBHEIJXDiHKlxDDepA4BGe4RXerCfrxXq3PmajS1a2sw9/YH3+AMG0kwQ=</latexit>

,
<latexit sha1_base64="ulmGPvC+adOcC6pmJ6HAdfmVZLQ=">AAAB+HicdZDLSgMxFIYz9VbrpaMu3QSL4KrMTFtbd0U3LlxUsBdoh5JJM21o5kJyRqmlT+LGhSJufRR3vo2ZtoKK/hD4+M85nJPfiwVXYFkfRmZldW19I7uZ29re2c2be/stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3xRVpv3zKpeBTewCRmbkCGIfc5JaCtvpnvXTEfJB+OgEgZ3fXNglW0nNppxcIarLOSU15AtVzBtoZUBbRUo2++9wYRTQIWAhVEqa5txeBOiQROBZvleoliMaFjMmRdjSEJmHKn88Nn+Fg7A+xHUr8Q8Nz9PjElgVKTwNOdAYGR+l1Lzb9q3QT8mjvlYZwAC+likZ8IDBFOU8ADLhkFMdFAqOT6VkxHRBIKOqucDuHrp/h/aDlFu1R0rsuF+vkyjiw6REfoBNmoiuroEjVQE1GUoAf0hJ6Ne+PReDFeF60ZYzlzgH7IePsEleGTtQ==</latexit>

certain answers to     on   q
<latexit sha1_base64="m/MsWbVAmjQh+ZT5U6iF7IAJEZQ=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hStfVW9OKxBWsLbSib7aZdu9nE3Y1QSn+BFw+KePUnefPfuG0jqOiDgcd7M8zMCxLOlHacDyu3tLyyupZfL2xsbm3vFHf3blScSkKbJOaxbAdYUc4EbWqmOW0nkuIo4LQVjC5nfuueSsVica3HCfUjPBAsZARrIzXuesWSY1eqzplbQY7tzGGIVz4/rXrIzZQSZKj3iu/dfkzSiApNOFaq4zqJ9idYakY4nRa6qaIJJiM8oB1DBY6o8ifzQ6foyCh9FMbSlNBorn6fmOBIqXEUmM4I66H67c3Ev7xOqsOqP2EiSTUVZLEoTDnSMZp9jfpMUqL52BBMJDO3IjLEEhNtsimYEL4+Rf+TG892y7bXOCnVLrI48nAAh3AMLlSgBldQhyYQoPAAT/Bs3VqP1ov1umjNWdnMPvyA9fYJMO2NMw==</latexit>

(O,D) |= q(~a)
<latexit sha1_base64="yz27cLyQyO7gnvzNlqlBB4gSwR8="></latexit>

(O,D)
<latexit sha1_base64="a4/lPzdOyg7C7Y3FqtMZOX5+CI0=">AAACBHicdVDLSsNAFJ34rPUVddnNYBEqSEhStXVX1IU7K9gHtKFMptN26OTBzEQoIQs3/oobF4q49SPc+TdO2igqemDgzDn3cu89bsiokKb5rs3NLywuLedW8qtr6xub+tZ2UwQRx6SBAxbwtosEYdQnDUklI+2QE+S5jLTc8Vnqt24IFzTwr+UkJI6Hhj4dUIykknp6odT1kBxhxOLL5AB+fc6TfdjTi6ZRqZrHVgWahjmFInb55KhqQytTiiBDvae/dfsBjjziS8yQEB3LDKUTIy4pZiTJdyNBQoTHaEg6ivrII8KJp0ckcE8pfTgIuHq+hFP1e0eMPCEmnqsq0yXFby8V//I6kRxUnZj6YSSJj2eDBhGDMoBpIrBPOcGSTRRBmFO1K8QjxBGWKre8CuHzUvg/adqGVTbsq8Ni7TSLIwcKYBeUgAUqoAYuQB00AAa34B48giftTnvQnrWXWemclvXsgB/QXj8A6smXow==</latexit>

q⇤
<latexit sha1_base64="LJhSiWLht0bbmkajM1ZvHAPttko=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBZBPISktmpvRS8eK9oPaGPZbLft0s0m7m6EEvoTvHhQxKu/yJv/xm0bQUUfDDzem2Fmnh9xprTjfFiZhcWl5ZXsam5tfWNzK7+901BhLAmtk5CHsuVjRTkTtK6Z5rQVSYoDn9OmP7qY+s17KhULxY0eR9QL8ECwPiNYG+n67vaomy84tjMDcuxipVKunBhSLhnBRW5qFSBFrZt/7/RCEgdUaMKxUm3XibSXYKkZ4XSS68SKRpiM8IC2DRU4oMpLZqdO0IFReqgfSlNCo5n6fSLBgVLjwDedAdZD9dubin957Vj3z7yEiSjWVJD5on7MkQ7R9G/UY5ISzceGYCKZuRWRIZaYaJNOzoTw9Sn6nzSKtntsF69Khep5GkcW9mAfDsGFU6jCJdSgDgQG8ABP8Gxx69F6sV7nrRkrndmFH7DePgE+Po3H</latexit>

              answers to      on     D
<latexit sha1_base64="dbLTuXjm4xK8/XgEbpTeuK4gErQ=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmbGVttdURcuK9gHTIeSSdM2NJMMSUYoQz/DjQtF3Po17vwbM9MKKnogcDjnXnLuCWNGlXacD6uwsrq2vlHcLG1t7+zulfcPOkokEpM2FkzIXogUYZSTtqaakV4sCYpCRrrh9Crzu/dEKir4nZ7FJIjQmNMRxUgbye9HSE8wYun1fFCuOLZXr9bcOjSk5jVyUj33vFoDuraTowKWaA3K7/2hwElEuMYMKeW7TqyDFElNMSPzUj9RJEZ4isbEN5SjiKggzSPP4YlRhnAkpHlcw1z9vpGiSKlZFJrJLKL67WXiX56f6FE9SCmPE004Xnw0ShjUAmb3wyGVBGs2MwRhSU1WiCdIIqxNSyVTwtel8H/S8Wz3zPZuq5Xm5bKOIjgCx+AUuOACNMENaIE2wECAB/AEni1tPVov1utitGAtdw7BD1hvn+4ukbE=</latexit>

q⇤
<latexit sha1_base64="PqKv3hgTn2VpgaI3Zecl1VfrRDE=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBZBPIQkttreil48VrSt0May2W7apZsPdzdCCf0JXjwo4tVf5M1/4zatoKIPBh7vzTAzz4s5k8qyPozcwuLS8kp+tbC2vrG5VdzeackoEYQ2ScQjceNhSTkLaVMxxelNLCgOPE7b3uh86rfvqZAsCq/VOKZugAch8xnBSktXd7dHvWLJMp1quWJXkSYVp5aR8onjVGrINq0MJZij0Su+d/sRSQIaKsKxlB3bipWbYqEY4XRS6CaSxpiM8IB2NA1xQKWbZqdO0IFW+siPhK5QoUz9PpHiQMpx4OnOAKuh/O1Nxb+8TqL8qpuyME4UDclskZ9wpCI0/Rv1maBE8bEmmAimb0VkiAUmSqdT0CF8fYr+Jy3HtI9N57Jcqp/N48jDHuzDIdhwCnW4gAY0gcAAHuAJng1uPBovxuusNWfMZ3bhB4y3T242jeg=</latexit>

~a 2 ans(q⇤,D)
<latexit sha1_base64="keNpTB/fdD/PUSGZ06ZlhoGjcSM="></latexit>

Many implemented rewriting algorithms, e.g. Ontop (DL-Lite, OWL 2 QL), Graal (existential rules)

Usually focus on first-order rewritings:      is a first-order (~SQL) queryq⇤
<latexit sha1_base64="ShjvoNkDodwLZ+gVwTTofDRQGbY=">AAAB6nicdZDLSsNAFIZP6q3WW9Wlm8EiiIuStKE1u6IblxVtK7SxTKaTdujk4sxEKKGP4MaFIm59Ine+jZO2gor+MPDxn3OYc34v5kwq0/wwckvLK6tr+fXCxubW9k5xd68to0QQ2iIRj8SNhyXlLKQtxRSnN7GgOPA47Xjj86zeuadCsii8VpOYugEehsxnBCttXd3dnvSLJbNsVm2nZiMNll2xnQxMp15zkKUhUwkWavaL771BRJKAhopwLGXXMmPlplgoRjidFnqJpDEmYzykXY0hDqh009mqU3SknQHyI6FfqNDM/T6R4kDKSeDpzgCrkfxdy8y/at1E+aduysI4UTQk84/8hCMVoexuNGCCEsUnGjARTO+KyAgLTJROp6BD+LoU/Q/tStmqliuXdqlxtogjDwdwCMdgQR0acAFNaAGBITzAEzwb3Hg0XozXeWvOWMzsww8Zb59lLY3i</latexit>

(can evaluate using relational DB)
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Consider the following ontology:       

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>

Postdoc(x) ! PhDHolder(x)
<latexit sha1_base64="xT9G6BiXNq5NodmZIAnKoYbJ4sw="></latexit>

O
<latexit sha1_base64="/hzDzlNwfq9oBnrTmXnCBRCn7nM=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJbtbuiG3dWsA9IQ5lMp+3QSSbM3Agl9DPcuFDErV/jzr9x0kZQ0QMDh3PuZc49QSy4Bsf5sJaWV1bX1gsbxc2t7Z3d0t5+W8tEUdaiUkjVDYhmgkesBRwE68aKkTAQrBNMrjK/c8+U5jK6g2nM/JCMIj7klICRvF5IYEyJSG9m/VLZsZ05sGNX6vVa/cyQWtUILnZzq4xyNPul995A0iRkEVBBtPZcJwY/JQo4FWxW7CWaxYROyIh5hkYkZNpP55Fn+NgoAzyUyrwI8Fz9vpGSUOtpGJjJLKL+7WXiX56XwPDCT3kUJ8AiuvhomAgMEmf34wFXjIKYGkKo4iYrpmOiCAXTUtGU8HUp/p+0K7Z7alduq+XGZV5HAR2iI3SCXHSOGugaNVELUSTRA3pCzxZYj9aL9boYXbLynQP0A9bbJ87tkZs=</latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

=

q1(x) = PhDHolder(x)
<latexit sha1_base64="96iNR2Smjy+3EkWe9zp2FR+sa8E=">AAACBXicdVDLSgNBEJz1GeMr6lEPg0HQS9iNMdGDENRDjhGMCkkIs5NeMzj7cKZXEpZcvPgrXjwo4tV/8ObfOHkIKlrQUFR1093lRlJotO0Pa2JyanpmNjWXnl9YXFrOrKye6zBWHGo8lKG6dJkGKQKooUAJl5EC5rsSLtzr44F/cQtKizA4w14ETZ9dBcITnKGRWpmNm5az3d05bCB0UXtJtXNSCWUbVN+orUzWztlDUDtXLJTs4pDs7uUPbOqMrSwZo9rKvDfaIY99CJBLpnXdsSNsJkyh4BL66UasIWL8ml1B3dCA+aCbyfCLPt0ySpt6oTIVIB2q3ycS5mvd813T6TPs6N/eQPzLq8fo7TcTEUQxQsBHi7xYUgzpIBLaFgo4yp4hjCthbqW8wxTjaIJLmxC+PqX/k/N8ztnN5U8L2fLROI4UWSebZJs4pETKpEKqpEY4uSMP5Ik8W/fWo/VivY5aJ6zxzBr5AevtE7BGmBM=</latexit>

and reconsider the query
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Consider the following ontology:       

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>

Postdoc(x) ! PhDHolder(x)
<latexit sha1_base64="xT9G6BiXNq5NodmZIAnKoYbJ4sw="></latexit>

O
<latexit sha1_base64="/hzDzlNwfq9oBnrTmXnCBRCn7nM=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJbtbuiG3dWsA9IQ5lMp+3QSSbM3Agl9DPcuFDErV/jzr9x0kZQ0QMDh3PuZc49QSy4Bsf5sJaWV1bX1gsbxc2t7Z3d0t5+W8tEUdaiUkjVDYhmgkesBRwE68aKkTAQrBNMrjK/c8+U5jK6g2nM/JCMIj7klICRvF5IYEyJSG9m/VLZsZ05sGNX6vVa/cyQWtUILnZzq4xyNPul995A0iRkEVBBtPZcJwY/JQo4FWxW7CWaxYROyIh5hkYkZNpP55Fn+NgoAzyUyrwI8Fz9vpGSUOtpGJjJLKL+7WXiX56XwPDCT3kUJ8AiuvhomAgMEmf34wFXjIKYGkKo4iYrpmOiCAXTUtGU8HUp/p+0K7Z7alduq+XGZV5HAR2iI3SCXHSOGugaNVELUSTRA3pCzxZYj9aL9boYXbLynQP0A9bbJ87tkZs=</latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

=

q1(x) = PhDHolder(x)
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and reconsider the query

First-order rewriting of             : (O, q1)
<latexit sha1_base64="3fq8PJEtj6sXDq3NGel/gwU4Z1U=">AAAB+3icdVDLSsNAFJ3UV62vWJduBotQQUISW213RTfurGAf0JYymU7aoZOHMxOxhPyKGxeKuPVH3Pk3TtIKKnpg4HDOvdwzxwkZFdI0P7Tc0vLK6lp+vbCxubW9o+8W2yKIOCYtHLCAdx0kCKM+aUkqGemGnCDPYaTjTC9Sv3NHuKCBfyNnIRl4aOxTl2IklTTUi+W+h+QEIxZfJcfwdmgdDfWSadi1StWqQUWqdj0jlVPbrtahZZgZSmCB5lB/748CHHnEl5ghIXqWGcpBjLikmJGk0I8ECRGeojHpKeojj4hBnGVP4KFSRtANuHq+hJn6fSNGnhAzz1GTaVDx20vFv7xeJN3aIKZ+GEni4/khN2JQBjAtAo4oJ1iymSIIc6qyQjxBHGGp6iqoEr5+Cv8nbduwTgz7ulJqnC/qyIN9cADKwAJnoAEuQRO0AAb34AE8gWct0R61F+11PprTFjt74Ae0t08O4JPR</latexit>

q⇤(x) = PhDHolder(x) _ Prof(x) _ Postdoc(x) _ (9z taughtBy(z, x) ^ GradCourse(z))
<latexit sha1_base64="BUq3QKn0nIwbTd2gFKd6yqe9atA="></latexit>

"find those who are a PhD holder, or a prof, or a postdoc, or teach some grad course"



Example: Query rewriting

22
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GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

=

q1(x) = PhDHolder(x)
<latexit sha1_base64="96iNR2Smjy+3EkWe9zp2FR+sa8E=">AAACBXicdVDLSgNBEJz1GeMr6lEPg0HQS9iNMdGDENRDjhGMCkkIs5NeMzj7cKZXEpZcvPgrXjwo4tV/8ObfOHkIKlrQUFR1093lRlJotO0Pa2JyanpmNjWXnl9YXFrOrKye6zBWHGo8lKG6dJkGKQKooUAJl5EC5rsSLtzr44F/cQtKizA4w14ETZ9dBcITnKGRWpmNm5az3d05bCB0UXtJtXNSCWUbVN+orUzWztlDUDtXLJTs4pDs7uUPbOqMrSwZo9rKvDfaIY99CJBLpnXdsSNsJkyh4BL66UasIWL8ml1B3dCA+aCbyfCLPt0ySpt6oTIVIB2q3ycS5mvd813T6TPs6N/eQPzLq8fo7TcTEUQxQsBHi7xYUgzpIBLaFgo4yp4hjCthbqW8wxTjaIJLmxC+PqX/k/N8ztnN5U8L2fLROI4UWSebZJs4pETKpEKqpEY4uSMP5Ik8W/fWo/VivY5aJ6zxzBr5AevtE7BGmBM=</latexit>

and reconsider the query

First-order rewriting of             : (O, q1)
<latexit sha1_base64="3fq8PJEtj6sXDq3NGel/gwU4Z1U=">AAAB+3icdVDLSsNAFJ3UV62vWJduBotQQUISW213RTfurGAf0JYymU7aoZOHMxOxhPyKGxeKuPVH3Pk3TtIKKnpg4HDOvdwzxwkZFdI0P7Tc0vLK6lp+vbCxubW9o+8W2yKIOCYtHLCAdx0kCKM+aUkqGemGnCDPYaTjTC9Sv3NHuKCBfyNnIRl4aOxTl2IklTTUi+W+h+QEIxZfJcfwdmgdDfWSadi1StWqQUWqdj0jlVPbrtahZZgZSmCB5lB/748CHHnEl5ghIXqWGcpBjLikmJGk0I8ECRGeojHpKeojj4hBnGVP4KFSRtANuHq+hJn6fSNGnhAzz1GTaVDx20vFv7xeJN3aIKZ+GEni4/khN2JQBjAtAo4oJ1iymSIIc6qyQjxBHGGp6iqoEr5+Cv8nbduwTgz7ulJqnC/qyIN9cADKwAJnoAEuQRO0AAb34AE8gWct0R61F+11PprTFjt74Ae0t08O4JPR</latexit>

q⇤(x) = PhDHolder(x) _ Prof(x) _ Postdoc(x) _ (9z taughtBy(z, x) ^ GradCourse(z))
<latexit sha1_base64="BUq3QKn0nIwbTd2gFKd6yqe9atA="></latexit>

"find those who are a PhD holder, or a prof, or a postdoc, or teach some grad course"

Evaluating the rewriting over the dataset

gives us the three certain answers:

taughtBy(cs87,ann)
<latexit sha1_base64="8Vpnw4/130a1nV/NL1Qn7CjmmvY=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAYhgoTdRE28hXjxGME8IAlhdjKbDJmdXWZ6xbDk4MVf8eJBEa9+hDf/xslDUNGChqKqm+4uNxRcg21/WIml5ZXVteR6amNza3snvbvX0EGkKKvTQASq5RLNBJesDhwEa4WKEd8VrOmOLqZ+84YpzQN5DeOQdX0ykNzjlICReulMB9gtaC8GEg2GUB3nqC6XjomUR5NeOmvnS2X7zClhO2/PYEiheH5aLmBnoWTRArVe+r3TD2jkMwlUEK3bjh1CNyYKOBVskupEmoWEjsiAtQ2VxGe6G8+emOBDo/SxFyhTEvBM/T4RE1/rse+aTp/AUP/2puJfXjsCr9yNuQwjYJLOF3mRwBDgaSK4zxWjIMaGEKq4uRXTIVGEgsktZUL4+hT/TxqFvFPMF65OspXqIo4kyqADlEMOKqEKukQ1VEcU3aEH9ISerXvr0XqxXuetCWsxs49+wHr7BM1mmDA=</latexit>

GradCourse(cs87)
<latexit sha1_base64="4tlM49iGujBsQ8ZovuMU2zvQ1v4=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDoJexu1MSbmIMeI5hESEKYnfTqkNkHM71iWIIXf8WLB0W8+hXe/BsncQUVLWgoqrpnusuLpdBo2+/WxOTU9Mzs3HxuYXFpeSW/utbQUaI41HkkI3XhMQ1ShFBHgRIuYgUs8CQ0vX515DevQWkRhec4iKETsMtQ+IIzNFI3v9FGuEHtpyeK9armVQ07XFfKu8NuvmAXyxX7wClTu2iPYYhbOtyvuNTJlALJUOvm39q9iCcBhMgl07rl2DF2UqZQcAnDXDvREDPeZ5fQMjRkAehOOj5hSLeN0qN+pEyFSMfq94mUBVoPAs90Bgyv9G9vJP7ltRL0K51UhHGCEPLPj/xEUozoKA/aEwo4yoEhjCthdqX8iinG0aSWMyF8XUr/Jw236JSK7tle4eg4i2OObJItskMcUiZH5JTUSJ1wckvuySN5su6sB+vZevlsnbCymXXyA9brB0hKl1o=</latexit>

Postdoc(paolo)
<latexit sha1_base64="ePj8bbx/4Mut7h0AS/ZMrrhT5ek=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR6qbMTNXWXdGNywr2AW0pmTTThmYyQ3JHLEM3/oobF4q49TPc+TemD0FFDwQO59zDzT1+LLgGx/mwFhaXlldWM2vZ9Y3NrW17Z7euo0RRVqORiFTTJ5oJLlkNOAjWjBUjoS9Ywx9eTvzGLVOaR/IGRjHrhKQvecApASN17f02sDvQQVqNNPQimo+JyRyPu3bOKZTKzplbwk7BmcIQr3h+WvawO1dyaI5q135vm3gSMglUEK1brhNDJyUKOBVsnG0nmsWEDkmftQyVJGS6k04PGOMjo/RwECnzJOCp+j2RklDrUeibyZDAQP/2JuJfXiuBoNxJuYwTYJLOFgWJwBDhSRu4xxWjIEaGEKq4+SumA6IIBdNZ1pTwdSn+n9S9glsseNcnucrFvI4MOkCHKI9cVEIVdIWqqIYoGqMH9ISerXvr0XqxXmejC9Y8s4d+wHr7BJEplwk=</latexit>

Prof(kim)
<latexit sha1_base64="0ihc7/Ja7o1Tq9EkgZPtbQk79f8=">AAAB+3icdVBNS8NAEN34WetXrEcvi0Wol5K0auut6MVjBfsBbSmb7aZdupuE3Ym0hP4VLx4U8eof8ea/cdtGUNEHA4/3ZpiZ50WCa3CcD2tldW19YzOzld3e2d3btw9yTR3GirIGDUWo2h7RTPCANYCDYO1IMSI9wVre+Hrut+6Z0jwM7mAasZ4kw4D7nBIwUt/OdYFNQPtJXYV+Yczl6axv551ipepcuBXsFJ0FDCmVL8+rJeymSh6lqPft9+4gpLFkAVBBtO64TgS9hCjgVLBZthtrFhE6JkPWMTQgkulesrh9hk+MMsB+qEwFgBfq94mESK2n0jOdksBI//bm4l9eJwa/2kt4EMXAArpc5McCQ4jnQeABV4yCmBpCqOLmVkxHRBEKJq6sCeHrU/w/aZaKbrlYuj3L167SODLoCB2jAnJRBdXQDaqjBqJogh7QE3q2Ztaj9WK9LltXrHTmEP2A9fYJdmyUuA==</latexit>
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Consider the following ontology:       

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>

Postdoc(x) ! PhDHolder(x)
<latexit sha1_base64="xT9G6BiXNq5NodmZIAnKoYbJ4sw="></latexit>

O
<latexit sha1_base64="/hzDzlNwfq9oBnrTmXnCBRCn7nM=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJbtbuiG3dWsA9IQ5lMp+3QSSbM3Agl9DPcuFDErV/jzr9x0kZQ0QMDh3PuZc49QSy4Bsf5sJaWV1bX1gsbxc2t7Z3d0t5+W8tEUdaiUkjVDYhmgkesBRwE68aKkTAQrBNMrjK/c8+U5jK6g2nM/JCMIj7klICRvF5IYEyJSG9m/VLZsZ05sGNX6vVa/cyQWtUILnZzq4xyNPul995A0iRkEVBBtPZcJwY/JQo4FWxW7CWaxYROyIh5hkYkZNpP55Fn+NgoAzyUyrwI8Fz9vpGSUOtpGJjJLKL+7WXiX56XwPDCT3kUJ8AiuvhomAgMEmf34wFXjIKYGkKo4iYrpmOiCAXTUtGU8HUp/p+0K7Z7alduq+XGZV5HAR2iI3SCXHSOGugaNVELUSTRA3pCzxZYj9aL9boYXbLynQP0A9bbJ87tkZs=</latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

=

q1(x) = PhDHolder(x)
<latexit sha1_base64="96iNR2Smjy+3EkWe9zp2FR+sa8E=">AAACBXicdVDLSgNBEJz1GeMr6lEPg0HQS9iNMdGDENRDjhGMCkkIs5NeMzj7cKZXEpZcvPgrXjwo4tV/8ObfOHkIKlrQUFR1093lRlJotO0Pa2JyanpmNjWXnl9YXFrOrKye6zBWHGo8lKG6dJkGKQKooUAJl5EC5rsSLtzr44F/cQtKizA4w14ETZ9dBcITnKGRWpmNm5az3d05bCB0UXtJtXNSCWUbVN+orUzWztlDUDtXLJTs4pDs7uUPbOqMrSwZo9rKvDfaIY99CJBLpnXdsSNsJkyh4BL66UasIWL8ml1B3dCA+aCbyfCLPt0ySpt6oTIVIB2q3ycS5mvd813T6TPs6N/eQPzLq8fo7TcTEUQxQsBHi7xYUgzpIBLaFgo4yp4hjCthbqW8wxTjaIJLmxC+PqX/k/N8ztnN5U8L2fLROI4UWSebZJs4pETKpEKqpEY4uSMP5Ik8W/fWo/VivY5aJ6zxzBr5AevtE7BGmBM=</latexit>

and reconsider the query

First-order rewriting of             : (O, q1)
<latexit sha1_base64="3fq8PJEtj6sXDq3NGel/gwU4Z1U=">AAAB+3icdVDLSsNAFJ3UV62vWJduBotQQUISW213RTfurGAf0JYymU7aoZOHMxOxhPyKGxeKuPVH3Pk3TtIKKnpg4HDOvdwzxwkZFdI0P7Tc0vLK6lp+vbCxubW9o+8W2yKIOCYtHLCAdx0kCKM+aUkqGemGnCDPYaTjTC9Sv3NHuKCBfyNnIRl4aOxTl2IklTTUi+W+h+QEIxZfJcfwdmgdDfWSadi1StWqQUWqdj0jlVPbrtahZZgZSmCB5lB/748CHHnEl5ghIXqWGcpBjLikmJGk0I8ECRGeojHpKeojj4hBnGVP4KFSRtANuHq+hJn6fSNGnhAzz1GTaVDx20vFv7xeJN3aIKZ+GEni4/khN2JQBjAtAo4oJ1iymSIIc6qyQjxBHGGp6iqoEr5+Cv8nbduwTgz7ulJqnC/qyIN9cADKwAJnoAEuQRO0AAb34AE8gWct0R61F+11PprTFjt74Ae0t08O4JPR</latexit>

q⇤(x) = PhDHolder(x) _ Prof(x) _ Postdoc(x) _ (9z taughtBy(z, x) ^ GradCourse(z))
<latexit sha1_base64="BUq3QKn0nIwbTd2gFKd6yqe9atA="></latexit>

"find those who are a PhD holder, or a prof, or a postdoc, or teach some grad course"

Evaluating the rewriting over the dataset

gives us the three certain answers:

taughtBy(cs87,ann)
<latexit sha1_base64="8Vpnw4/130a1nV/NL1Qn7CjmmvY=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAYhgoTdRE28hXjxGME8IAlhdjKbDJmdXWZ6xbDk4MVf8eJBEa9+hDf/xslDUNGChqKqm+4uNxRcg21/WIml5ZXVteR6amNza3snvbvX0EGkKKvTQASq5RLNBJesDhwEa4WKEd8VrOmOLqZ+84YpzQN5DeOQdX0ykNzjlICReulMB9gtaC8GEg2GUB3nqC6XjomUR5NeOmvnS2X7zClhO2/PYEiheH5aLmBnoWTRArVe+r3TD2jkMwlUEK3bjh1CNyYKOBVskupEmoWEjsiAtQ2VxGe6G8+emOBDo/SxFyhTEvBM/T4RE1/rse+aTp/AUP/2puJfXjsCr9yNuQwjYJLOF3mRwBDgaSK4zxWjIMaGEKq4uRXTIVGEgsktZUL4+hT/TxqFvFPMF65OspXqIo4kyqADlEMOKqEKukQ1VEcU3aEH9ISerXvr0XqxXuetCWsxs49+wHr7BM1mmDA=</latexit>

GradCourse(cs87)
<latexit sha1_base64="4tlM49iGujBsQ8ZovuMU2zvQ1v4=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDoJexu1MSbmIMeI5hESEKYnfTqkNkHM71iWIIXf8WLB0W8+hXe/BsncQUVLWgoqrpnusuLpdBo2+/WxOTU9Mzs3HxuYXFpeSW/utbQUaI41HkkI3XhMQ1ShFBHgRIuYgUs8CQ0vX515DevQWkRhec4iKETsMtQ+IIzNFI3v9FGuEHtpyeK9armVQ07XFfKu8NuvmAXyxX7wClTu2iPYYhbOtyvuNTJlALJUOvm39q9iCcBhMgl07rl2DF2UqZQcAnDXDvREDPeZ5fQMjRkAehOOj5hSLeN0qN+pEyFSMfq94mUBVoPAs90Bgyv9G9vJP7ltRL0K51UhHGCEPLPj/xEUozoKA/aEwo4yoEhjCthdqX8iinG0aSWMyF8XUr/Jw236JSK7tle4eg4i2OObJItskMcUiZH5JTUSJ1wckvuySN5su6sB+vZevlsnbCymXXyA9brB0hKl1o=</latexit>

Postdoc(paolo)
<latexit sha1_base64="ePj8bbx/4Mut7h0AS/ZMrrhT5ek=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR6qbMTNXWXdGNywr2AW0pmTTThmYyQ3JHLEM3/oobF4q49TPc+TemD0FFDwQO59zDzT1+LLgGx/mwFhaXlldWM2vZ9Y3NrW17Z7euo0RRVqORiFTTJ5oJLlkNOAjWjBUjoS9Ywx9eTvzGLVOaR/IGRjHrhKQvecApASN17f02sDvQQVqNNPQimo+JyRyPu3bOKZTKzplbwk7BmcIQr3h+WvawO1dyaI5q135vm3gSMglUEK1brhNDJyUKOBVsnG0nmsWEDkmftQyVJGS6k04PGOMjo/RwECnzJOCp+j2RklDrUeibyZDAQP/2JuJfXiuBoNxJuYwTYJLOFgWJwBDhSRu4xxWjIEaGEKq4+SumA6IIBdNZ1pTwdSn+n9S9glsseNcnucrFvI4MOkCHKI9cVEIVdIWqqIYoGqMH9ISerXvr0XqxXmejC9Y8s4d+wHr7BJEplwk=</latexit>

Prof(kim)
<latexit sha1_base64="0ihc7/Ja7o1Tq9EkgZPtbQk79f8=">AAAB+3icdVBNS8NAEN34WetXrEcvi0Wol5K0auut6MVjBfsBbSmb7aZdupuE3Ym0hP4VLx4U8eof8ea/cdtGUNEHA4/3ZpiZ50WCa3CcD2tldW19YzOzld3e2d3btw9yTR3GirIGDUWo2h7RTPCANYCDYO1IMSI9wVre+Hrut+6Z0jwM7mAasZ4kw4D7nBIwUt/OdYFNQPtJXYV+Yczl6axv551ipepcuBXsFJ0FDCmVL8+rJeymSh6lqPft9+4gpLFkAVBBtO64TgS9hCjgVLBZthtrFhE6JkPWMTQgkulesrh9hk+MMsB+qEwFgBfq94mESK2n0jOdksBI//bm4l9eJwa/2kt4EMXAArpc5McCQ4jnQeABV4yCmBpCqOLmVkxHRBEKJq6sCeHrU/w/aZaKbrlYuj3L167SODLoCB2jAnJRBdXQDaqjBqJogh7QE3q2Ztaj9WK9LltXrHTmEP2A9fYJdmyUuA==</latexit>

kim
<latexit sha1_base64="ycXN5XWtq+h0xaWLe+I1p08fwOo=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBbBU0hStfVW9OKxgrWFJpTNdtMu3U3C7kQsoX/DiwdFvPpnvPlv3H4IKvpg4PHeDDPzwlRwDY7zYRWWlldW14rrpY3Nre2d8u7erU4yRVmLJiJRnZBoJnjMWsBBsE6qGJGhYO1wdDn123dMaZ7ENzBOWSDJIOYRpwSM5PvA7kFH+YjLSa9ccexa3Tlza9ixnRkM8arnp3UPuwulghZo9srvfj+hmWQxUEG07rpOCkFOFHAq2KTkZ5qlhI7IgHUNjYlkOshnN0/wkVH6OEqUqRjwTP0+kROp9ViGplMSGOrf3lT8y+tmENWDnMdpBiym80VRJjAkeBoA7nPFKIixIYQqbm7FdEgUoWBiKpkQvj7F/5Nbz3artnd9UmlcLOIoogN0iI6Ri2qoga5QE7UQRSl6QE/o2cqsR+vFep23FqzFzD76AevtExnHkmM=</latexit>
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Consider the following ontology:       

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>

Postdoc(x) ! PhDHolder(x)
<latexit sha1_base64="xT9G6BiXNq5NodmZIAnKoYbJ4sw="></latexit>

O
<latexit sha1_base64="/hzDzlNwfq9oBnrTmXnCBRCn7nM=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJbtbuiG3dWsA9IQ5lMp+3QSSbM3Agl9DPcuFDErV/jzr9x0kZQ0QMDh3PuZc49QSy4Bsf5sJaWV1bX1gsbxc2t7Z3d0t5+W8tEUdaiUkjVDYhmgkesBRwE68aKkTAQrBNMrjK/c8+U5jK6g2nM/JCMIj7klICRvF5IYEyJSG9m/VLZsZ05sGNX6vVa/cyQWtUILnZzq4xyNPul995A0iRkEVBBtPZcJwY/JQo4FWxW7CWaxYROyIh5hkYkZNpP55Fn+NgoAzyUyrwI8Fz9vpGSUOtpGJjJLKL+7WXiX56XwPDCT3kUJ8AiuvhomAgMEmf34wFXjIKYGkKo4iYrpmOiCAXTUtGU8HUp/p+0K7Z7alduq+XGZV5HAR2iI3SCXHSOGugaNVELUSTRA3pCzxZYj9aL9boYXbLynQP0A9bbJ87tkZs=</latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

=

q1(x) = PhDHolder(x)
<latexit sha1_base64="96iNR2Smjy+3EkWe9zp2FR+sa8E=">AAACBXicdVDLSgNBEJz1GeMr6lEPg0HQS9iNMdGDENRDjhGMCkkIs5NeMzj7cKZXEpZcvPgrXjwo4tV/8ObfOHkIKlrQUFR1093lRlJotO0Pa2JyanpmNjWXnl9YXFrOrKye6zBWHGo8lKG6dJkGKQKooUAJl5EC5rsSLtzr44F/cQtKizA4w14ETZ9dBcITnKGRWpmNm5az3d05bCB0UXtJtXNSCWUbVN+orUzWztlDUDtXLJTs4pDs7uUPbOqMrSwZo9rKvDfaIY99CJBLpnXdsSNsJkyh4BL66UasIWL8ml1B3dCA+aCbyfCLPt0ySpt6oTIVIB2q3ycS5mvd813T6TPs6N/eQPzLq8fo7TcTEUQxQsBHi7xYUgzpIBLaFgo4yp4hjCthbqW8wxTjaIJLmxC+PqX/k/N8ztnN5U8L2fLROI4UWSebZJs4pETKpEKqpEY4uSMP5Ik8W/fWo/VivY5aJ6zxzBr5AevtE7BGmBM=</latexit>

and reconsider the query

First-order rewriting of             : (O, q1)
<latexit sha1_base64="3fq8PJEtj6sXDq3NGel/gwU4Z1U=">AAAB+3icdVDLSsNAFJ3UV62vWJduBotQQUISW213RTfurGAf0JYymU7aoZOHMxOxhPyKGxeKuPVH3Pk3TtIKKnpg4HDOvdwzxwkZFdI0P7Tc0vLK6lp+vbCxubW9o+8W2yKIOCYtHLCAdx0kCKM+aUkqGemGnCDPYaTjTC9Sv3NHuKCBfyNnIRl4aOxTl2IklTTUi+W+h+QEIxZfJcfwdmgdDfWSadi1StWqQUWqdj0jlVPbrtahZZgZSmCB5lB/748CHHnEl5ghIXqWGcpBjLikmJGk0I8ECRGeojHpKeojj4hBnGVP4KFSRtANuHq+hJn6fSNGnhAzz1GTaVDx20vFv7xeJN3aIKZ+GEni4/khN2JQBjAtAo4oJ1iymSIIc6qyQjxBHGGp6iqoEr5+Cv8nbduwTgz7ulJqnC/qyIN9cADKwAJnoAEuQRO0AAb34AE8gWct0R61F+11PprTFjt74Ae0t08O4JPR</latexit>

q⇤(x) = PhDHolder(x) _ Prof(x) _ Postdoc(x) _ (9z taughtBy(z, x) ^ GradCourse(z))
<latexit sha1_base64="BUq3QKn0nIwbTd2gFKd6yqe9atA="></latexit>

"find those who are a PhD holder, or a prof, or a postdoc, or teach some grad course"

Evaluating the rewriting over the dataset

gives us the three certain answers:

taughtBy(cs87,ann)
<latexit sha1_base64="8Vpnw4/130a1nV/NL1Qn7CjmmvY=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAYhgoTdRE28hXjxGME8IAlhdjKbDJmdXWZ6xbDk4MVf8eJBEa9+hDf/xslDUNGChqKqm+4uNxRcg21/WIml5ZXVteR6amNza3snvbvX0EGkKKvTQASq5RLNBJesDhwEa4WKEd8VrOmOLqZ+84YpzQN5DeOQdX0ykNzjlICReulMB9gtaC8GEg2GUB3nqC6XjomUR5NeOmvnS2X7zClhO2/PYEiheH5aLmBnoWTRArVe+r3TD2jkMwlUEK3bjh1CNyYKOBVskupEmoWEjsiAtQ2VxGe6G8+emOBDo/SxFyhTEvBM/T4RE1/rse+aTp/AUP/2puJfXjsCr9yNuQwjYJLOF3mRwBDgaSK4zxWjIMaGEKq4uRXTIVGEgsktZUL4+hT/TxqFvFPMF65OspXqIo4kyqADlEMOKqEKukQ1VEcU3aEH9ISerXvr0XqxXuetCWsxs49+wHr7BM1mmDA=</latexit>

GradCourse(cs87)
<latexit sha1_base64="4tlM49iGujBsQ8ZovuMU2zvQ1v4=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDoJexu1MSbmIMeI5hESEKYnfTqkNkHM71iWIIXf8WLB0W8+hXe/BsncQUVLWgoqrpnusuLpdBo2+/WxOTU9Mzs3HxuYXFpeSW/utbQUaI41HkkI3XhMQ1ShFBHgRIuYgUs8CQ0vX515DevQWkRhec4iKETsMtQ+IIzNFI3v9FGuEHtpyeK9armVQ07XFfKu8NuvmAXyxX7wClTu2iPYYhbOtyvuNTJlALJUOvm39q9iCcBhMgl07rl2DF2UqZQcAnDXDvREDPeZ5fQMjRkAehOOj5hSLeN0qN+pEyFSMfq94mUBVoPAs90Bgyv9G9vJP7ltRL0K51UhHGCEPLPj/xEUozoKA/aEwo4yoEhjCthdqX8iinG0aSWMyF8XUr/Jw236JSK7tle4eg4i2OObJItskMcUiZH5JTUSJ1wckvuySN5su6sB+vZevlsnbCymXXyA9brB0hKl1o=</latexit>

Postdoc(paolo)
<latexit sha1_base64="ePj8bbx/4Mut7h0AS/ZMrrhT5ek=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR6qbMTNXWXdGNywr2AW0pmTTThmYyQ3JHLEM3/oobF4q49TPc+TemD0FFDwQO59zDzT1+LLgGx/mwFhaXlldWM2vZ9Y3NrW17Z7euo0RRVqORiFTTJ5oJLlkNOAjWjBUjoS9Ywx9eTvzGLVOaR/IGRjHrhKQvecApASN17f02sDvQQVqNNPQimo+JyRyPu3bOKZTKzplbwk7BmcIQr3h+WvawO1dyaI5q135vm3gSMglUEK1brhNDJyUKOBVsnG0nmsWEDkmftQyVJGS6k04PGOMjo/RwECnzJOCp+j2RklDrUeibyZDAQP/2JuJfXiuBoNxJuYwTYJLOFgWJwBDhSRu4xxWjIEaGEKq4+SumA6IIBdNZ1pTwdSn+n9S9glsseNcnucrFvI4MOkCHKI9cVEIVdIWqqIYoGqMH9ISerXvr0XqxXmejC9Y8s4d+wHr7BJEplwk=</latexit>

Prof(kim)
<latexit sha1_base64="0ihc7/Ja7o1Tq9EkgZPtbQk79f8=">AAAB+3icdVBNS8NAEN34WetXrEcvi0Wol5K0auut6MVjBfsBbSmb7aZdupuE3Ym0hP4VLx4U8eof8ea/cdtGUNEHA4/3ZpiZ50WCa3CcD2tldW19YzOzld3e2d3btw9yTR3GirIGDUWo2h7RTPCANYCDYO1IMSI9wVre+Hrut+6Z0jwM7mAasZ4kw4D7nBIwUt/OdYFNQPtJXYV+Yczl6axv551ipepcuBXsFJ0FDCmVL8+rJeymSh6lqPft9+4gpLFkAVBBtO64TgS9hCjgVLBZthtrFhE6JkPWMTQgkulesrh9hk+MMsB+qEwFgBfq94mESK2n0jOdksBI//bm4l9eJwa/2kt4EMXAArpc5McCQ4jnQeABV4yCmBpCqOLmVkxHRBEKJq6sCeHrU/w/aZaKbrlYuj3L167SODLoCB2jAnJRBdXQDaqjBqJogh7QE3q2Ztaj9WK9LltXrHTmEP2A9fYJdmyUuA==</latexit>

kim
<latexit sha1_base64="ycXN5XWtq+h0xaWLe+I1p08fwOo=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBbBU0hStfVW9OKxgrWFJpTNdtMu3U3C7kQsoX/DiwdFvPpnvPlv3H4IKvpg4PHeDDPzwlRwDY7zYRWWlldW14rrpY3Nre2d8u7erU4yRVmLJiJRnZBoJnjMWsBBsE6qGJGhYO1wdDn123dMaZ7ENzBOWSDJIOYRpwSM5PvA7kFH+YjLSa9ccexa3Tlza9ixnRkM8arnp3UPuwulghZo9srvfj+hmWQxUEG07rpOCkFOFHAq2KTkZ5qlhI7IgHUNjYlkOshnN0/wkVH6OEqUqRjwTP0+kROp9ViGplMSGOrf3lT8y+tmENWDnMdpBiym80VRJjAkeBoA7nPFKIixIYQqbm7FdEgUoWBiKpkQvj7F/5Nbz3artnd9UmlcLOIoogN0iI6Ri2qoga5QE7UQRSl6QE/o2cqsR+vFep23FqzFzD76AevtExnHkmM=</latexit>

paolo
<latexit sha1_base64="IDQbGzi/EIdJA1Z/IUr9FwY9H38=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXZWaqtu6KblxWsA9ox5JJM21oJjMkd9Qy9D/cuFDErf/izr8xbUdQ0QOBwznncm+OHwuuwbY/rIXFpeWV1dxafn1jc2u7sLPb1FGiKGvQSESq7RPNBJesARwEa8eKkdAXrOWPLqZ+65YpzSN5DeOYeSEZSB5wSsBIN11g96CDNCYmOekVinapUrVPnQq2S/YMhrjls5Oqi51MKaIM9V7hvduPaBIyCVQQrTuOHYOXEgWcCjbJdxPNYkJHZMA6hkoSMu2ls6sn+NAofRxEyjwJeKZ+n0hJqPU49E0yJDDUv72p+JfXSSCoeimXcQJM0vmiIBEYIjytAPe5YhTE2BBCFTe3YjokilAwReVNCV8/xf+TpltyyiX36rhYO8/qyKF9dICOkIMqqIYuUR01EEUKPaAn9GzdWY/Wi/U6jy5Y2cwe+gHr7RO45pNR</latexit>



Example: Query rewriting
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Consider the following ontology:       

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>

Postdoc(x) ! PhDHolder(x)
<latexit sha1_base64="xT9G6BiXNq5NodmZIAnKoYbJ4sw="></latexit>

O
<latexit sha1_base64="/hzDzlNwfq9oBnrTmXnCBRCn7nM=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlJbtbuiG3dWsA9IQ5lMp+3QSSbM3Agl9DPcuFDErV/jzr9x0kZQ0QMDh3PuZc49QSy4Bsf5sJaWV1bX1gsbxc2t7Z3d0t5+W8tEUdaiUkjVDYhmgkesBRwE68aKkTAQrBNMrjK/c8+U5jK6g2nM/JCMIj7klICRvF5IYEyJSG9m/VLZsZ05sGNX6vVa/cyQWtUILnZzq4xyNPul995A0iRkEVBBtPZcJwY/JQo4FWxW7CWaxYROyIh5hkYkZNpP55Fn+NgoAzyUyrwI8Fz9vpGSUOtpGJjJLKL+7WXiX56XwPDCT3kUJ8AiuvhomAgMEmf34wFXjIKYGkKo4iYrpmOiCAXTUtGU8HUp/p+0K7Z7alduq+XGZV5HAR2iI3SCXHSOGugaNVELUSTRA3pCzxZYj9aL9boYXbLynQP0A9bbJ87tkZs=</latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

=

q1(x) = PhDHolder(x)
<latexit sha1_base64="96iNR2Smjy+3EkWe9zp2FR+sa8E=">AAACBXicdVDLSgNBEJz1GeMr6lEPg0HQS9iNMdGDENRDjhGMCkkIs5NeMzj7cKZXEpZcvPgrXjwo4tV/8ObfOHkIKlrQUFR1093lRlJotO0Pa2JyanpmNjWXnl9YXFrOrKye6zBWHGo8lKG6dJkGKQKooUAJl5EC5rsSLtzr44F/cQtKizA4w14ETZ9dBcITnKGRWpmNm5az3d05bCB0UXtJtXNSCWUbVN+orUzWztlDUDtXLJTs4pDs7uUPbOqMrSwZo9rKvDfaIY99CJBLpnXdsSNsJkyh4BL66UasIWL8ml1B3dCA+aCbyfCLPt0ySpt6oTIVIB2q3ycS5mvd813T6TPs6N/eQPzLq8fo7TcTEUQxQsBHi7xYUgzpIBLaFgo4yp4hjCthbqW8wxTjaIJLmxC+PqX/k/N8ztnN5U8L2fLROI4UWSebZJs4pETKpEKqpEY4uSMP5Ik8W/fWo/VivY5aJ6zxzBr5AevtE7BGmBM=</latexit>

and reconsider the query

First-order rewriting of             : (O, q1)
<latexit sha1_base64="3fq8PJEtj6sXDq3NGel/gwU4Z1U=">AAAB+3icdVDLSsNAFJ3UV62vWJduBotQQUISW213RTfurGAf0JYymU7aoZOHMxOxhPyKGxeKuPVH3Pk3TtIKKnpg4HDOvdwzxwkZFdI0P7Tc0vLK6lp+vbCxubW9o+8W2yKIOCYtHLCAdx0kCKM+aUkqGemGnCDPYaTjTC9Sv3NHuKCBfyNnIRl4aOxTl2IklTTUi+W+h+QEIxZfJcfwdmgdDfWSadi1StWqQUWqdj0jlVPbrtahZZgZSmCB5lB/748CHHnEl5ghIXqWGcpBjLikmJGk0I8ECRGeojHpKeojj4hBnGVP4KFSRtANuHq+hJn6fSNGnhAzz1GTaVDx20vFv7xeJN3aIKZ+GEni4/khN2JQBjAtAo4oJ1iymSIIc6qyQjxBHGGp6iqoEr5+Cv8nbduwTgz7ulJqnC/qyIN9cADKwAJnoAEuQRO0AAb34AE8gWct0R61F+11PprTFjt74Ae0t08O4JPR</latexit>

q⇤(x) = PhDHolder(x) _ Prof(x) _ Postdoc(x) _ (9z taughtBy(z, x) ^ GradCourse(z))
<latexit sha1_base64="BUq3QKn0nIwbTd2gFKd6yqe9atA="></latexit>

"find those who are a PhD holder, or a prof, or a postdoc, or teach some grad course"

Evaluating the rewriting over the dataset

gives us the three certain answers:

taughtBy(cs87,ann)
<latexit sha1_base64="8Vpnw4/130a1nV/NL1Qn7CjmmvY=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAYhgoTdRE28hXjxGME8IAlhdjKbDJmdXWZ6xbDk4MVf8eJBEa9+hDf/xslDUNGChqKqm+4uNxRcg21/WIml5ZXVteR6amNza3snvbvX0EGkKKvTQASq5RLNBJesDhwEa4WKEd8VrOmOLqZ+84YpzQN5DeOQdX0ykNzjlICReulMB9gtaC8GEg2GUB3nqC6XjomUR5NeOmvnS2X7zClhO2/PYEiheH5aLmBnoWTRArVe+r3TD2jkMwlUEK3bjh1CNyYKOBVskupEmoWEjsiAtQ2VxGe6G8+emOBDo/SxFyhTEvBM/T4RE1/rse+aTp/AUP/2puJfXjsCr9yNuQwjYJLOF3mRwBDgaSK4zxWjIMaGEKq4uRXTIVGEgsktZUL4+hT/TxqFvFPMF65OspXqIo4kyqADlEMOKqEKukQ1VEcU3aEH9ISerXvr0XqxXuetCWsxs49+wHr7BM1mmDA=</latexit>

GradCourse(cs87)
<latexit sha1_base64="4tlM49iGujBsQ8ZovuMU2zvQ1v4=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDoJexu1MSbmIMeI5hESEKYnfTqkNkHM71iWIIXf8WLB0W8+hXe/BsncQUVLWgoqrpnusuLpdBo2+/WxOTU9Mzs3HxuYXFpeSW/utbQUaI41HkkI3XhMQ1ShFBHgRIuYgUs8CQ0vX515DevQWkRhec4iKETsMtQ+IIzNFI3v9FGuEHtpyeK9armVQ07XFfKu8NuvmAXyxX7wClTu2iPYYhbOtyvuNTJlALJUOvm39q9iCcBhMgl07rl2DF2UqZQcAnDXDvREDPeZ5fQMjRkAehOOj5hSLeN0qN+pEyFSMfq94mUBVoPAs90Bgyv9G9vJP7ltRL0K51UhHGCEPLPj/xEUozoKA/aEwo4yoEhjCthdqX8iinG0aSWMyF8XUr/Jw236JSK7tle4eg4i2OObJItskMcUiZH5JTUSJ1wckvuySN5su6sB+vZevlsnbCymXXyA9brB0hKl1o=</latexit>

Postdoc(paolo)
<latexit sha1_base64="ePj8bbx/4Mut7h0AS/ZMrrhT5ek=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR6qbMTNXWXdGNywr2AW0pmTTThmYyQ3JHLEM3/oobF4q49TPc+TemD0FFDwQO59zDzT1+LLgGx/mwFhaXlldWM2vZ9Y3NrW17Z7euo0RRVqORiFTTJ5oJLlkNOAjWjBUjoS9Ywx9eTvzGLVOaR/IGRjHrhKQvecApASN17f02sDvQQVqNNPQimo+JyRyPu3bOKZTKzplbwk7BmcIQr3h+WvawO1dyaI5q135vm3gSMglUEK1brhNDJyUKOBVsnG0nmsWEDkmftQyVJGS6k04PGOMjo/RwECnzJOCp+j2RklDrUeibyZDAQP/2JuJfXiuBoNxJuYwTYJLOFgWJwBDhSRu4xxWjIEaGEKq4+SumA6IIBdNZ1pTwdSn+n9S9glsseNcnucrFvI4MOkCHKI9cVEIVdIWqqIYoGqMH9ISerXvr0XqxXmejC9Y8s4d+wHr7BJEplwk=</latexit>

Prof(kim)
<latexit sha1_base64="0ihc7/Ja7o1Tq9EkgZPtbQk79f8=">AAAB+3icdVBNS8NAEN34WetXrEcvi0Wol5K0auut6MVjBfsBbSmb7aZdupuE3Ym0hP4VLx4U8eof8ea/cdtGUNEHA4/3ZpiZ50WCa3CcD2tldW19YzOzld3e2d3btw9yTR3GirIGDUWo2h7RTPCANYCDYO1IMSI9wVre+Hrut+6Z0jwM7mAasZ4kw4D7nBIwUt/OdYFNQPtJXYV+Yczl6axv551ipepcuBXsFJ0FDCmVL8+rJeymSh6lqPft9+4gpLFkAVBBtO64TgS9hCjgVLBZthtrFhE6JkPWMTQgkulesrh9hk+MMsB+qEwFgBfq94mESK2n0jOdksBI//bm4l9eJwa/2kt4EMXAArpc5McCQ4jnQeABV4yCmBpCqOLmVkxHRBEKJq6sCeHrU/w/aZaKbrlYuj3L167SODLoCB2jAnJRBdXQDaqjBqJogh7QE3q2Ztaj9WK9LltXrHTmEP2A9fYJdmyUuA==</latexit>

kim
<latexit sha1_base64="ycXN5XWtq+h0xaWLe+I1p08fwOo=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBbBU0hStfVW9OKxgrWFJpTNdtMu3U3C7kQsoX/DiwdFvPpnvPlv3H4IKvpg4PHeDDPzwlRwDY7zYRWWlldW14rrpY3Nre2d8u7erU4yRVmLJiJRnZBoJnjMWsBBsE6qGJGhYO1wdDn123dMaZ7ENzBOWSDJIOYRpwSM5PvA7kFH+YjLSa9ccexa3Tlza9ixnRkM8arnp3UPuwulghZo9srvfj+hmWQxUEG07rpOCkFOFHAq2KTkZ5qlhI7IgHUNjYlkOshnN0/wkVH6OEqUqRjwTP0+kROp9ViGplMSGOrf3lT8y+tmENWDnMdpBiym80VRJjAkeBoA7nPFKIixIYQqbm7FdEgUoWBiKpkQvj7F/5Nbz3artnd9UmlcLOIoogN0iI6Ri2qoga5QE7UQRSl6QE/o2cqsR+vFep23FqzFzD76AevtExnHkmM=</latexit>

paolo
<latexit sha1_base64="IDQbGzi/EIdJA1Z/IUr9FwY9H38=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXZWaqtu6KblxWsA9ox5JJM21oJjMkd9Qy9D/cuFDErf/izr8xbUdQ0QOBwznncm+OHwuuwbY/rIXFpeWV1dxafn1jc2u7sLPb1FGiKGvQSESq7RPNBJesARwEa8eKkdAXrOWPLqZ+65YpzSN5DeOYeSEZSB5wSsBIN11g96CDNCYmOekVinapUrVPnQq2S/YMhrjls5Oqi51MKaIM9V7hvduPaBIyCVQQrTuOHYOXEgWcCjbJdxPNYkJHZMA6hkoSMu2ls6sn+NAofRxEyjwJeKZ+n0hJqPU49E0yJDDUv72p+JfXSSCoeimXcQJM0vmiIBEYIjytAPe5YhTE2BBCFTe3YjokilAwReVNCV8/xf+TpltyyiX36rhYO8/qyKF9dICOkIMqqIYuUR01EEUKPaAn9GzdWY/Wi/U6jy5Y2cwe+gHr7RO45pNR</latexit>

ann
<latexit sha1_base64="EvaQMiwNoNAzlbMaoPXpcqsyPNM=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBbBU0hStfVW9OKxgrWFJpTNdtMu3WzC7kQsoX/DiwdFvPpnvPlv3H4IKvpg4PHeDDPzwlRwDY7zYRWWlldW14rrpY3Nre2d8u7erU4yRVmLJiJRnZBoJrhkLeAgWCdVjMShYO1wdDn123dMaZ7IGxinLIjJQPKIUwJG8n1g96CjnEg56ZUrjl2rO2duDTu2M4MhXvX8tO5hd6FU0ALNXvnd7yc0i5kEKojWXddJIciJAk4Fm5T8TLOU0BEZsK6hksRMB/ns5gk+MkofR4kyJQHP1O8TOYm1Hseh6YwJDPVvbyr+5XUziOpBzmWaAZN0vijKBIYETwPAfa4YBTE2hFDFza2YDokiFExMJRPC16f4f3Lr2W7V9q5PKo2LRRxFdIAO0TFyUQ010BVqohaiKEUP6Ak9W5n1aL1Yr/PWgrWY2Uc/YL19AhOkkl8=</latexit>



Query Rewriting: Limits and Possibilities
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Cost of  
query  
rewriting 

Rewriting algorithms can produce huge rewritings - is this unavoidable?

 Dimensions: query + ont. structure, form of rewriting

•  Exponential size blowup unavoidable in general

Novel, non-trivial connections to circuit complexity

•  Tractable classes: guaranteed short rewritings, efficient evaluation

Study succinctness of rewritings Setting: OWL 2 QL (DL-Lite) ontology + conjunctive query 

Bienvenu et al. Ontology-Mediated Queries: Combined Complexity and Succinctness of Rewritings via Circuit Complexity. JACM 2018



Query Rewriting: Limits and Possibilities
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Cost of  
query  
rewriting 

(In)existence 
of rewritings

Rewriting algorithms can produce huge rewritings - is this unavoidable?

 In many ontology languages, FO-rewritings need not exist. End of story?

Task: decide if rewriting exists for a particular ontology & query 

 Dimensions: query + ont. structure, form of rewriting

•  Exponential size blowup unavoidable in general

Novel, non-trivial connections to circuit complexity

•  Tractable classes: guaranteed short rewritings, efficient evaluation

•  Characterizations, precise complexity, algorithms for various DLs
•  Basis for extending the reach of query rewriting approach

Study succinctness of rewritings Setting: OWL 2 QL (DL-Lite) ontology + conjunctive query 

Bienvenu et al. Ontology-Mediated Queries: Combined Complexity and Succinctness of Rewritings via Circuit Complexity. JACM 2018

Bienvenu et al. First Order-Rewritability and Containment of Conjunctive Queries in Horn Description Logics. IJCAI 2016
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?
answers

Materialization Complete the data with implicit information from the ontology

Materialization step Evaluation step
(e.g. using database system)

kim
<latexit sha1_base64="r0Ex1qmy2U3RW0PKwG4E+FBLOpc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQpK2tNkV3bisYB/QhDKZTtqhkwczN2IJ/Q03LhRx68+482+cPgQVPXDhcM693HtPkAquwLI+jLX1jc2t7cJOcXdv/+CwdHTcUUkmKWvTRCSyFxDFBI9ZGzgI1kslI1EgWDeYXM397h2TiifxLUxT5kdkFPOQUwJa8jxg96DCfMKj2aBUtkzXrdYbDtakUa25tTlxa5ZTwbZpLVBGK7QGpXdvmNAsYjFQQZTq21YKfk4kcCrYrOhliqWETsiI9TWNScSUny9unuFzrQxxmEhdMeCF+n0iJ5FS0yjQnRGBsfrtzcW/vH4GYcPPeZxmwGK6XBRmAkOC5wHgIZeMgphqQqjk+lZMx0QSCjqmog7h61P8P+k4pl0xnZtquXm5iqOATtEZukA2qqMmukYt1EYUpegBPaFnIzMejRfjddm6ZqxmTtAPGG+fYUiSlA==</latexit>



Materialization-based approaches
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?
answers

Materialization Complete the data with implicit information from the ontology

Materialization step Evaluation step
(e.g. using database system)

q1(x) = PhDHolder(x)
<latexit sha1_base64="HzsKFRTlgGU/3WlLRbRUghSTzog="></latexit>

Illustration with running example:

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>

Postdoc(x) ! PhDHolder(x)
<latexit sha1_base64="xT9G6BiXNq5NodmZIAnKoYbJ4sw="></latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

taughtBy(cs87,ann)
<latexit sha1_base64="8Vpnw4/130a1nV/NL1Qn7CjmmvY=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAYhgoTdRE28hXjxGME8IAlhdjKbDJmdXWZ6xbDk4MVf8eJBEa9+hDf/xslDUNGChqKqm+4uNxRcg21/WIml5ZXVteR6amNza3snvbvX0EGkKKvTQASq5RLNBJesDhwEa4WKEd8VrOmOLqZ+84YpzQN5DeOQdX0ykNzjlICReulMB9gtaC8GEg2GUB3nqC6XjomUR5NeOmvnS2X7zClhO2/PYEiheH5aLmBnoWTRArVe+r3TD2jkMwlUEK3bjh1CNyYKOBVskupEmoWEjsiAtQ2VxGe6G8+emOBDo/SxFyhTEvBM/T4RE1/rse+aTp/AUP/2puJfXjsCr9yNuQwjYJLOF3mRwBDgaSK4zxWjIMaGEKq4uRXTIVGEgsktZUL4+hT/TxqFvFPMF65OspXqIo4kyqADlEMOKqEKukQ1VEcU3aEH9ISerXvr0XqxXuetCWsxs49+wHr7BM1mmDA=</latexit>

GradCourse(cs87)
<latexit sha1_base64="4tlM49iGujBsQ8ZovuMU2zvQ1v4=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDoJexu1MSbmIMeI5hESEKYnfTqkNkHM71iWIIXf8WLB0W8+hXe/BsncQUVLWgoqrpnusuLpdBo2+/WxOTU9Mzs3HxuYXFpeSW/utbQUaI41HkkI3XhMQ1ShFBHgRIuYgUs8CQ0vX515DevQWkRhec4iKETsMtQ+IIzNFI3v9FGuEHtpyeK9armVQ07XFfKu8NuvmAXyxX7wClTu2iPYYhbOtyvuNTJlALJUOvm39q9iCcBhMgl07rl2DF2UqZQcAnDXDvREDPeZ5fQMjRkAehOOj5hSLeN0qN+pEyFSMfq94mUBVoPAs90Bgyv9G9vJP7ltRL0K51UhHGCEPLPj/xEUozoKA/aEwo4yoEhjCthdqX8iinG0aSWMyF8XUr/Jw236JSK7tle4eg4i2OObJItskMcUiZH5JTUSJ1wckvuySN5su6sB+vZevlsnbCymXXyA9brB0hKl1o=</latexit>

Postdoc(paolo)
<latexit sha1_base64="ePj8bbx/4Mut7h0AS/ZMrrhT5ek=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR6qbMTNXWXdGNywr2AW0pmTTThmYyQ3JHLEM3/oobF4q49TPc+TemD0FFDwQO59zDzT1+LLgGx/mwFhaXlldWM2vZ9Y3NrW17Z7euo0RRVqORiFTTJ5oJLlkNOAjWjBUjoS9Ywx9eTvzGLVOaR/IGRjHrhKQvecApASN17f02sDvQQVqNNPQimo+JyRyPu3bOKZTKzplbwk7BmcIQr3h+WvawO1dyaI5q135vm3gSMglUEK1brhNDJyUKOBVsnG0nmsWEDkmftQyVJGS6k04PGOMjo/RwECnzJOCp+j2RklDrUeibyZDAQP/2JuJfXiuBoNxJuYwTYJLOFgWJwBDhSRu4xxWjIEaGEKq4+SumA6IIBdNZ1pTwdSn+n9S9glsseNcnucrFvI4MOkCHKI9cVEIVdIWqqIYoGqMH9ISerXvr0XqxXmejC9Y8s4d+wHr7BJEplwk=</latexit>

Prof(kim)
<latexit sha1_base64="0ihc7/Ja7o1Tq9EkgZPtbQk79f8=">AAAB+3icdVBNS8NAEN34WetXrEcvi0Wol5K0auut6MVjBfsBbSmb7aZdupuE3Ym0hP4VLx4U8eof8ea/cdtGUNEHA4/3ZpiZ50WCa3CcD2tldW19YzOzld3e2d3btw9yTR3GirIGDUWo2h7RTPCANYCDYO1IMSI9wVre+Hrut+6Z0jwM7mAasZ4kw4D7nBIwUt/OdYFNQPtJXYV+Yczl6axv551ipepcuBXsFJ0FDCmVL8+rJeymSh6lqPft9+4gpLFkAVBBtO64TgS9hCjgVLBZthtrFhE6JkPWMTQgkulesrh9hk+MMsB+qEwFgBfq94mESK2n0jOdksBI//bm4l9eJwa/2kt4EMXAArpc5McCQ4jnQeABV4yCmBpCqOLmVkxHRBEKJq6sCeHrU/w/aZaKbrlYuj3L167SODLoCB2jAnJRBdXQDaqjBqJogh7QE3q2Ztaj9WK9LltXrHTmEP2A9fYJdmyUuA==</latexit>

kim
<latexit sha1_base64="r0Ex1qmy2U3RW0PKwG4E+FBLOpc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQpK2tNkV3bisYB/QhDKZTtqhkwczN2IJ/Q03LhRx68+482+cPgQVPXDhcM693HtPkAquwLI+jLX1jc2t7cJOcXdv/+CwdHTcUUkmKWvTRCSyFxDFBI9ZGzgI1kslI1EgWDeYXM397h2TiifxLUxT5kdkFPOQUwJa8jxg96DCfMKj2aBUtkzXrdYbDtakUa25tTlxa5ZTwbZpLVBGK7QGpXdvmNAsYjFQQZTq21YKfk4kcCrYrOhliqWETsiI9TWNScSUny9unuFzrQxxmEhdMeCF+n0iJ5FS0yjQnRGBsfrtzcW/vH4GYcPPeZxmwGK6XBRmAkOC5wHgIZeMgphqQqjk+lZMx0QSCjqmog7h61P8P+k4pl0xnZtquXm5iqOATtEZukA2qqMmukYt1EYUpegBPaFnIzMejRfjddm6ZqxmTtAPGG+fYUiSlA==</latexit>
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Materialization Complete the data with implicit information from the ontology

Materialization step Evaluation step
(e.g. using database system)

PhDHolder(ann)
<latexit sha1_base64="UQAxwx4mFycMYJRYmSedEw3GvYg=">AAACAHicdVA9SwNBEN3z2/gVtbCwWQyCNuHuTDR2ohYpIxgVkhD2NnNmcW/v2J0Tw5HGv2JjoYitP8POf+PmQ1DRBwOP92aYmRckUhh03Q9nYnJqemZ2bj63sLi0vJJfXbswcao51HksY30VMANSKKijQAlXiQYWBRIug5uTgX95C9qIWJ1jL4FWxK6VCAVnaKV2fqOJcIcmzGrd02osO6B3mFK7/Xa+4Bb9SqnsVaglZf9wSEr7vl8+pF7RHaJAxqi18+/NTszTCBRyyYxpeG6CrYxpFFxCP9dMDSSM37BraFiqWASmlQ0f6NNtq3RoGGtbCulQ/T6RsciYXhTYzohh1/z2BuJfXiPFsNLKhEpSBMVHi8JUUozpIA3aERo4yp4ljGthb6W8yzTjaDPL2RC+PqX/kwu/6O0V/bNS4eh4HMcc2SRbZId45IAckSqpkTrhpE8eyBN5du6dR+fFeR21TjjjmXXyA87bJyAHlsI=</latexit>

PhDHolder(paolo)
<latexit sha1_base64="fPIo1K1hiDhgD7tYKhFpPsAZPd8=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDES9hdE403UQ8eIxgNJCHMTnqTIbMPZnrFsAQv/ooXD4p49Su8+TdOHoKKFgwUVV30dHmxFBpt+8Oamp6ZnZtfWMwsLa+srmXXN650lCgOVR7JSNU8pkGKEKooUEItVsACT8K11zsd+tc3oLSIwkvsx9AMWCcUvuAMjdTKbjUQblH7aaV7dh7JNqh8zExqb9DK5uyCWy6WnDI1pOQejUjxwHVLR9Qp2CPkyASVVva90Y54EkCIXDKt644dYzNlCgWXMMg0Eg0x4z3WgbqhIQtAN9PRCQO6a5Q29SNlXoh0pH5PpCzQuh94ZjJg2NW/vaH4l1dP0C83UxHGCULIx4v8RFKM6LAP2hYKOMq+IYwrYf5KeZcpxtG0ljElfF1K/ydXbsHZL7gXxdzxyaSOBbJNdkieOOSQHJNzUiFVwskdeSBP5Nm6tx6tF+t1PDplTTKb5Aest0/NlZe0</latexit>

PhDHolder(kim)
<latexit sha1_base64="M0mKnhPAUxXGdZATQriHzoFMc5k=">AAACAHicdVA9SwNBEN2LXzF+RS0sbBaDoE24OxNNuqAWlhGMCkkIe5u5ZMneB7tzYjjS+FdsLBSx9WfY+W/cxAgq+mDg8d4MM/O8WAqNtv1uZWZm5+YXsou5peWV1bX8+saljhLFocEjGalrj2mQIoQGCpRwHStggSfhyhucjP2rG1BaROEFDmNoB6wXCl9whkbq5LdaCLeo/bTePz2LZBfU3kAE+6NOvmAX3Uqp7FSoIWW3OiGlQ9ctV6lTtCcokCnqnfxbqxvxJIAQuWRaNx07xnbKFAouYZRrJRpixgesB01DQxaAbqeTB0Z01yhd6kfKVIh0on6fSFmg9TDwTGfAsK9/e2PxL6+ZoF9ppyKME4SQfy7yE0kxouM0aFco4CiHhjCuhLmV8j5TjKPJLGdC+PqU/k8u3aJzUHTPS4Xa8TSOLNkmO2SPOOSI1MgZqZMG4WRE7skjebLurAfr2Xr5bM1Y05lN8gPW6wcmLpbG</latexit>

Prof(ann)
<latexit sha1_base64="3kqt5u9YGJyPndwLC3u5EijVAYY=">AAAB+3icdVDLSgNBEJyNrxhfMR69DAYhXsLummhyC3rxGME8IAlhdjKbDJmdXWZ6JWHJr3jxoIhXf8Sbf+PkIahoQUNR1U13lxcJrsG2P6zU2vrG5lZ6O7Ozu7d/kD3MNXUYK8oaNBShantEM8ElawAHwdqRYiTwBGt54+u537pnSvNQ3sE0Yr2ADCX3OSVgpH421wU2Ae0ndRX6BSLl2ayfzdtFt1IqOxVsSNmtLkjpwnXLVewU7QXyaIV6P/veHYQ0DpgEKojWHceOoJcQBZwKNst0Y80iQsdkyDqGShIw3UsWt8/wqVEG2A+VKQl4oX6fSEig9TTwTGdAYKR/e3PxL68Tg1/pJVxGMTBJl4v8WGAI8TwIPOCKURBTQwhV3NyK6YgoQsHElTEhfH2K/ydNt+icF93bUr52tYojjY7RCSogB12iGrpBddRAFE3QA3pCz9bMerRerNdla8pazRyhH7DePgGUVZTN</latexit>

}

q1(x) = PhDHolder(x)
<latexit sha1_base64="HzsKFRTlgGU/3WlLRbRUghSTzog="></latexit>

Illustration with running example:

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>

Postdoc(x) ! PhDHolder(x)
<latexit sha1_base64="xT9G6BiXNq5NodmZIAnKoYbJ4sw="></latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

taughtBy(cs87,ann)
<latexit sha1_base64="8Vpnw4/130a1nV/NL1Qn7CjmmvY=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAYhgoTdRE28hXjxGME8IAlhdjKbDJmdXWZ6xbDk4MVf8eJBEa9+hDf/xslDUNGChqKqm+4uNxRcg21/WIml5ZXVteR6amNza3snvbvX0EGkKKvTQASq5RLNBJesDhwEa4WKEd8VrOmOLqZ+84YpzQN5DeOQdX0ykNzjlICReulMB9gtaC8GEg2GUB3nqC6XjomUR5NeOmvnS2X7zClhO2/PYEiheH5aLmBnoWTRArVe+r3TD2jkMwlUEK3bjh1CNyYKOBVskupEmoWEjsiAtQ2VxGe6G8+emOBDo/SxFyhTEvBM/T4RE1/rse+aTp/AUP/2puJfXjsCr9yNuQwjYJLOF3mRwBDgaSK4zxWjIMaGEKq4uRXTIVGEgsktZUL4+hT/TxqFvFPMF65OspXqIo4kyqADlEMOKqEKukQ1VEcU3aEH9ISerXvr0XqxXuetCWsxs49+wHr7BM1mmDA=</latexit>

GradCourse(cs87)
<latexit sha1_base64="4tlM49iGujBsQ8ZovuMU2zvQ1v4=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDoJexu1MSbmIMeI5hESEKYnfTqkNkHM71iWIIXf8WLB0W8+hXe/BsncQUVLWgoqrpnusuLpdBo2+/WxOTU9Mzs3HxuYXFpeSW/utbQUaI41HkkI3XhMQ1ShFBHgRIuYgUs8CQ0vX515DevQWkRhec4iKETsMtQ+IIzNFI3v9FGuEHtpyeK9armVQ07XFfKu8NuvmAXyxX7wClTu2iPYYhbOtyvuNTJlALJUOvm39q9iCcBhMgl07rl2DF2UqZQcAnDXDvREDPeZ5fQMjRkAehOOj5hSLeN0qN+pEyFSMfq94mUBVoPAs90Bgyv9G9vJP7ltRL0K51UhHGCEPLPj/xEUozoKA/aEwo4yoEhjCthdqX8iinG0aSWMyF8XUr/Jw236JSK7tle4eg4i2OObJItskMcUiZH5JTUSJ1wckvuySN5su6sB+vZevlsnbCymXXyA9brB0hKl1o=</latexit>

Postdoc(paolo)
<latexit sha1_base64="ePj8bbx/4Mut7h0AS/ZMrrhT5ek=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR6qbMTNXWXdGNywr2AW0pmTTThmYyQ3JHLEM3/oobF4q49TPc+TemD0FFDwQO59zDzT1+LLgGx/mwFhaXlldWM2vZ9Y3NrW17Z7euo0RRVqORiFTTJ5oJLlkNOAjWjBUjoS9Ywx9eTvzGLVOaR/IGRjHrhKQvecApASN17f02sDvQQVqNNPQimo+JyRyPu3bOKZTKzplbwk7BmcIQr3h+WvawO1dyaI5q135vm3gSMglUEK1brhNDJyUKOBVsnG0nmsWEDkmftQyVJGS6k04PGOMjo/RwECnzJOCp+j2RklDrUeibyZDAQP/2JuJfXiuBoNxJuYwTYJLOFgWJwBDhSRu4xxWjIEaGEKq4+SumA6IIBdNZ1pTwdSn+n9S9glsseNcnucrFvI4MOkCHKI9cVEIVdIWqqIYoGqMH9ISerXvr0XqxXmejC9Y8s4d+wHr7BJEplwk=</latexit>

Prof(kim)
<latexit sha1_base64="0ihc7/Ja7o1Tq9EkgZPtbQk79f8=">AAAB+3icdVBNS8NAEN34WetXrEcvi0Wol5K0auut6MVjBfsBbSmb7aZdupuE3Ym0hP4VLx4U8eof8ea/cdtGUNEHA4/3ZpiZ50WCa3CcD2tldW19YzOzld3e2d3btw9yTR3GirIGDUWo2h7RTPCANYCDYO1IMSI9wVre+Hrut+6Z0jwM7mAasZ4kw4D7nBIwUt/OdYFNQPtJXYV+Yczl6axv551ipepcuBXsFJ0FDCmVL8+rJeymSh6lqPft9+4gpLFkAVBBtO64TgS9hCjgVLBZthtrFhE6JkPWMTQgkulesrh9hk+MMsB+qEwFgBfq94mESK2n0jOdksBI//bm4l9eJwa/2kt4EMXAArpc5McCQ4jnQeABV4yCmBpCqOLmVkxHRBEKJq6sCeHrU/w/aZaKbrlYuj3L167SODLoCB2jAnJRBdXQDaqjBqJogh7QE3q2Ztaj9WK9LltXrHTmEP2A9fYJdmyUuA==</latexit>

kim
<latexit sha1_base64="r0Ex1qmy2U3RW0PKwG4E+FBLOpc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQpK2tNkV3bisYB/QhDKZTtqhkwczN2IJ/Q03LhRx68+482+cPgQVPXDhcM693HtPkAquwLI+jLX1jc2t7cJOcXdv/+CwdHTcUUkmKWvTRCSyFxDFBI9ZGzgI1kslI1EgWDeYXM397h2TiifxLUxT5kdkFPOQUwJa8jxg96DCfMKj2aBUtkzXrdYbDtakUa25tTlxa5ZTwbZpLVBGK7QGpXdvmNAsYjFQQZTq21YKfk4kcCrYrOhliqWETsiI9TWNScSUny9unuFzrQxxmEhdMeCF+n0iJ5FS0yjQnRGBsfrtzcW/vH4GYcPPeZxmwGK6XBRmAkOC5wHgIZeMgphqQqjk+lZMx0QSCjqmog7h61P8P+k4pl0xnZtquXm5iqOATtEZukA2qqMmukYt1EYUpegBPaFnIzMejRfjddm6ZqxmTtAPGG+fYUiSlA==</latexit>



Materialization-based approaches

24

?
answers

Materialization Complete the data with implicit information from the ontology

Materialization step Evaluation step
(e.g. using database system)

PhDHolder(ann)
<latexit sha1_base64="UQAxwx4mFycMYJRYmSedEw3GvYg=">AAACAHicdVA9SwNBEN3z2/gVtbCwWQyCNuHuTDR2ohYpIxgVkhD2NnNmcW/v2J0Tw5HGv2JjoYitP8POf+PmQ1DRBwOP92aYmRckUhh03Q9nYnJqemZ2bj63sLi0vJJfXbswcao51HksY30VMANSKKijQAlXiQYWBRIug5uTgX95C9qIWJ1jL4FWxK6VCAVnaKV2fqOJcIcmzGrd02osO6B3mFK7/Xa+4Bb9SqnsVaglZf9wSEr7vl8+pF7RHaJAxqi18+/NTszTCBRyyYxpeG6CrYxpFFxCP9dMDSSM37BraFiqWASmlQ0f6NNtq3RoGGtbCulQ/T6RsciYXhTYzohh1/z2BuJfXiPFsNLKhEpSBMVHi8JUUozpIA3aERo4yp4ljGthb6W8yzTjaDPL2RC+PqX/kwu/6O0V/bNS4eh4HMcc2SRbZId45IAckSqpkTrhpE8eyBN5du6dR+fFeR21TjjjmXXyA87bJyAHlsI=</latexit>

PhDHolder(paolo)
<latexit sha1_base64="fPIo1K1hiDhgD7tYKhFpPsAZPd8=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDES9hdE403UQ8eIxgNJCHMTnqTIbMPZnrFsAQv/ooXD4p49Su8+TdOHoKKFgwUVV30dHmxFBpt+8Oamp6ZnZtfWMwsLa+srmXXN650lCgOVR7JSNU8pkGKEKooUEItVsACT8K11zsd+tc3oLSIwkvsx9AMWCcUvuAMjdTKbjUQblH7aaV7dh7JNqh8zExqb9DK5uyCWy6WnDI1pOQejUjxwHVLR9Qp2CPkyASVVva90Y54EkCIXDKt644dYzNlCgWXMMg0Eg0x4z3WgbqhIQtAN9PRCQO6a5Q29SNlXoh0pH5PpCzQuh94ZjJg2NW/vaH4l1dP0C83UxHGCULIx4v8RFKM6LAP2hYKOMq+IYwrYf5KeZcpxtG0ljElfF1K/ydXbsHZL7gXxdzxyaSOBbJNdkieOOSQHJNzUiFVwskdeSBP5Nm6tx6tF+t1PDplTTKb5Aest0/NlZe0</latexit>

PhDHolder(kim)
<latexit sha1_base64="M0mKnhPAUxXGdZATQriHzoFMc5k=">AAACAHicdVA9SwNBEN2LXzF+RS0sbBaDoE24OxNNuqAWlhGMCkkIe5u5ZMneB7tzYjjS+FdsLBSx9WfY+W/cxAgq+mDg8d4MM/O8WAqNtv1uZWZm5+YXsou5peWV1bX8+saljhLFocEjGalrj2mQIoQGCpRwHStggSfhyhucjP2rG1BaROEFDmNoB6wXCl9whkbq5LdaCLeo/bTePz2LZBfU3kAE+6NOvmAX3Uqp7FSoIWW3OiGlQ9ctV6lTtCcokCnqnfxbqxvxJIAQuWRaNx07xnbKFAouYZRrJRpixgesB01DQxaAbqeTB0Z01yhd6kfKVIh0on6fSFmg9TDwTGfAsK9/e2PxL6+ZoF9ppyKME4SQfy7yE0kxouM0aFco4CiHhjCuhLmV8j5TjKPJLGdC+PqU/k8u3aJzUHTPS4Xa8TSOLNkmO2SPOOSI1MgZqZMG4WRE7skjebLurAfr2Xr5bM1Y05lN8gPW6wcmLpbG</latexit>

Prof(ann)
<latexit sha1_base64="3kqt5u9YGJyPndwLC3u5EijVAYY=">AAAB+3icdVDLSgNBEJyNrxhfMR69DAYhXsLummhyC3rxGME8IAlhdjKbDJmdXWZ6JWHJr3jxoIhXf8Sbf+PkIahoQUNR1U13lxcJrsG2P6zU2vrG5lZ6O7Ozu7d/kD3MNXUYK8oaNBShantEM8ElawAHwdqRYiTwBGt54+u537pnSvNQ3sE0Yr2ADCX3OSVgpH421wU2Ae0ndRX6BSLl2ayfzdtFt1IqOxVsSNmtLkjpwnXLVewU7QXyaIV6P/veHYQ0DpgEKojWHceOoJcQBZwKNst0Y80iQsdkyDqGShIw3UsWt8/wqVEG2A+VKQl4oX6fSEig9TTwTGdAYKR/e3PxL68Tg1/pJVxGMTBJl4v8WGAI8TwIPOCKURBTQwhV3NyK6YgoQsHElTEhfH2K/ydNt+icF93bUr52tYojjY7RCSogB12iGrpBddRAFE3QA3pCz9bMerRerNdla8pazRyhH7DePgGUVZTN</latexit>

}

q1(x) = PhDHolder(x)
<latexit sha1_base64="HzsKFRTlgGU/3WlLRbRUghSTzog="></latexit>

Illustration with running example:

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>

Postdoc(x) ! PhDHolder(x)
<latexit sha1_base64="xT9G6BiXNq5NodmZIAnKoYbJ4sw="></latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

taughtBy(cs87,ann)
<latexit sha1_base64="8Vpnw4/130a1nV/NL1Qn7CjmmvY=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAYhgoTdRE28hXjxGME8IAlhdjKbDJmdXWZ6xbDk4MVf8eJBEa9+hDf/xslDUNGChqKqm+4uNxRcg21/WIml5ZXVteR6amNza3snvbvX0EGkKKvTQASq5RLNBJesDhwEa4WKEd8VrOmOLqZ+84YpzQN5DeOQdX0ykNzjlICReulMB9gtaC8GEg2GUB3nqC6XjomUR5NeOmvnS2X7zClhO2/PYEiheH5aLmBnoWTRArVe+r3TD2jkMwlUEK3bjh1CNyYKOBVskupEmoWEjsiAtQ2VxGe6G8+emOBDo/SxFyhTEvBM/T4RE1/rse+aTp/AUP/2puJfXjsCr9yNuQwjYJLOF3mRwBDgaSK4zxWjIMaGEKq4uRXTIVGEgsktZUL4+hT/TxqFvFPMF65OspXqIo4kyqADlEMOKqEKukQ1VEcU3aEH9ISerXvr0XqxXuetCWsxs49+wHr7BM1mmDA=</latexit>

GradCourse(cs87)
<latexit sha1_base64="4tlM49iGujBsQ8ZovuMU2zvQ1v4=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDoJexu1MSbmIMeI5hESEKYnfTqkNkHM71iWIIXf8WLB0W8+hXe/BsncQUVLWgoqrpnusuLpdBo2+/WxOTU9Mzs3HxuYXFpeSW/utbQUaI41HkkI3XhMQ1ShFBHgRIuYgUs8CQ0vX515DevQWkRhec4iKETsMtQ+IIzNFI3v9FGuEHtpyeK9armVQ07XFfKu8NuvmAXyxX7wClTu2iPYYhbOtyvuNTJlALJUOvm39q9iCcBhMgl07rl2DF2UqZQcAnDXDvREDPeZ5fQMjRkAehOOj5hSLeN0qN+pEyFSMfq94mUBVoPAs90Bgyv9G9vJP7ltRL0K51UhHGCEPLPj/xEUozoKA/aEwo4yoEhjCthdqX8iinG0aSWMyF8XUr/Jw236JSK7tle4eg4i2OObJItskMcUiZH5JTUSJ1wckvuySN5su6sB+vZevlsnbCymXXyA9brB0hKl1o=</latexit>

Postdoc(paolo)
<latexit sha1_base64="ePj8bbx/4Mut7h0AS/ZMrrhT5ek=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR6qbMTNXWXdGNywr2AW0pmTTThmYyQ3JHLEM3/oobF4q49TPc+TemD0FFDwQO59zDzT1+LLgGx/mwFhaXlldWM2vZ9Y3NrW17Z7euo0RRVqORiFTTJ5oJLlkNOAjWjBUjoS9Ywx9eTvzGLVOaR/IGRjHrhKQvecApASN17f02sDvQQVqNNPQimo+JyRyPu3bOKZTKzplbwk7BmcIQr3h+WvawO1dyaI5q135vm3gSMglUEK1brhNDJyUKOBVsnG0nmsWEDkmftQyVJGS6k04PGOMjo/RwECnzJOCp+j2RklDrUeibyZDAQP/2JuJfXiuBoNxJuYwTYJLOFgWJwBDhSRu4xxWjIEaGEKq4+SumA6IIBdNZ1pTwdSn+n9S9glsseNcnucrFvI4MOkCHKI9cVEIVdIWqqIYoGqMH9ISerXvr0XqxXmejC9Y8s4d+wHr7BJEplwk=</latexit>

Prof(kim)
<latexit sha1_base64="0ihc7/Ja7o1Tq9EkgZPtbQk79f8=">AAAB+3icdVBNS8NAEN34WetXrEcvi0Wol5K0auut6MVjBfsBbSmb7aZdupuE3Ym0hP4VLx4U8eof8ea/cdtGUNEHA4/3ZpiZ50WCa3CcD2tldW19YzOzld3e2d3btw9yTR3GirIGDUWo2h7RTPCANYCDYO1IMSI9wVre+Hrut+6Z0jwM7mAasZ4kw4D7nBIwUt/OdYFNQPtJXYV+Yczl6axv551ipepcuBXsFJ0FDCmVL8+rJeymSh6lqPft9+4gpLFkAVBBtO64TgS9hCjgVLBZthtrFhE6JkPWMTQgkulesrh9hk+MMsB+qEwFgBfq94mESK2n0jOdksBI//bm4l9eJwa/2kt4EMXAArpc5McCQ4jnQeABV4yCmBpCqOLmVkxHRBEKJq6sCeHrU/w/aZaKbrlYuj3L167SODLoCB2jAnJRBdXQDaqjBqJogh7QE3q2Ztaj9WK9LltXrHTmEP2A9fYJdmyUuA==</latexit>

ann
<latexit sha1_base64="d2O5C9WQyMnupyt631k/ZDcJqWo=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuStIHbXZFNy4r2Ac0pUymk3boZBJmbsQS+htuXCji1p9x5984aSuo6IELh3Pu5d57/FhwDbb9Ya2tb2xubed28rt7+weHhaPjjo4SRVmbRiJSPZ9oJrhkbeAgWC9WjIS+YF1/epX53TumNI/kLcxiNgjJWPKAUwJG8jxg96CDlEg5HxaKdsl1q/VGGRvSqNbcWkbcml2uYKdkL1BEK7SGhXdvFNEkZBKoIFr3HTuGQUoUcCrYPO8lmsWETsmY9Q2VJGR6kC5unuNzo4xwEClTEvBC/T6RklDrWeibzpDARP/2MvEvr59A0BikXMYJMEmXi4JEYIhwFgAeccUoiJkhhCpubsV0QhShYGLKmxC+PsX/k0655FRK5ZtqsXm5iiOHTtEZukAOqqMmukYt1EYUxegBPaFnK7EerRfrddm6Zq1mTtAPWG+fWyWSkA==</latexit>

paolo
<latexit sha1_base64="mk4oT9YRUuke59SuCq6f6Y8oH9w=">AAAB9XicdVDLTgIxFO3gC/GFunTTSExcTYYBArMjunGJiSAJjKRTOtDQeaS9o5IJ/+HGhca49V/c+Td2ABM1epImJ+ecm3t7vFhwBZb1YeRWVtfWN/Kbha3tnd294v5BR0WJpKxNIxHJrkcUEzxkbeAgWDeWjASeYNfe5Dzzr2+ZVDwKr2AaMzcgo5D7nBLQ0k0f2D0oP42JTs4GxZJlOk613rCxJo1qzallxKlZdgWXTWuOElqiNSi+94cRTQIWAhVEqV7ZisFNiQROBZsV+oliMaETMmI9TUMSMOWm86tn+EQrQ+xHUr8Q8Fz9PpGSQKlp4OlkQGCsfnuZ+JfXS8BvuCkP4wRYSBeL/ERgiHBWAR5yySiIqSaESq5vxXRMJKGgiyroEr5+iv8nHdssV0z7slpqni3ryKMjdIxOURnVURNdoBZqI4okekBP6Nm4Mx6NF+N1Ec0Zy5lD9APG2ycAdpOC</latexit>
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<latexit sha1_base64="r0Ex1qmy2U3RW0PKwG4E+FBLOpc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQpK2tNkV3bisYB/QhDKZTtqhkwczN2IJ/Q03LhRx68+482+cPgQVPXDhcM693HtPkAquwLI+jLX1jc2t7cJOcXdv/+CwdHTcUUkmKWvTRCSyFxDFBI9ZGzgI1kslI1EgWDeYXM397h2TiifxLUxT5kdkFPOQUwJa8jxg96DCfMKj2aBUtkzXrdYbDtakUa25tTlxa5ZTwbZpLVBGK7QGpXdvmNAsYjFQQZTq21YKfk4kcCrYrOhliqWETsiI9TWNScSUny9unuFzrQxxmEhdMeCF+n0iJ5FS0yjQnRGBsfrtzcW/vH4GYcPPeZxmwGK6XBRmAkOC5wHgIZeMgphqQqjk+lZMx0QSCjqmog7h61P8P+k4pl0xnZtquXm5iqOATtEZukA2qqMmukYt1EYUpegBPaFnIzMejRfjddm6ZqxmTtAPGG+fYUiSlA==</latexit>



Chase: Handling Unnamed Individuals

25

Materialization can also be employed for existential rules, using chase procedure: 

•  apply rules exhaustively, introduce fresh elements to serve as witnesses for existential vars



Chase: Handling Unnamed Individuals

25

Materialization can also be employed for existential rules, using chase procedure: 

•  apply rules exhaustively, introduce fresh elements to serve as witnesses for existential vars

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

GradCourse(cs87)
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<latexit sha1_base64="J7bo2XzKpl3Cg1NkKHs4hTjsNLg="></latexit>

GradCourse(x) ! Course(x)
<latexit sha1_base64="Figi6OadS/qLz0Q+8ey9nYTx4mM="></latexit>

PhDHolder(x) ! 9zHasDegree(x, z) ^ PhD(z)
<latexit sha1_base64="cXe+yqdrKNAt6tDDrmxcxhBqL7I="></latexit>



Chase: Handling Unnamed Individuals

25

Materialization can also be employed for existential rules, using chase procedure: 

•  apply rules exhaustively, introduce fresh elements to serve as witnesses for existential vars

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

GradCourse(cs87)
<latexit sha1_base64="4tlM49iGujBsQ8ZovuMU2zvQ1v4=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDoJexu1MSbmIMeI5hESEKYnfTqkNkHM71iWIIXf8WLB0W8+hXe/BsncQUVLWgoqrpnusuLpdBo2+/WxOTU9Mzs3HxuYXFpeSW/utbQUaI41HkkI3XhMQ1ShFBHgRIuYgUs8CQ0vX515DevQWkRhec4iKETsMtQ+IIzNFI3v9FGuEHtpyeK9armVQ07XFfKu8NuvmAXyxX7wClTu2iPYYhbOtyvuNTJlALJUOvm39q9iCcBhMgl07rl2DF2UqZQcAnDXDvREDPeZ5fQMjRkAehOOj5hSLeN0qN+pEyFSMfq94mUBVoPAs90Bgyv9G9vJP7ltRL0K51UhHGCEPLPj/xEUozoKA/aEwo4yoEhjCthdqX8iinG0aSWMyF8XUr/Jw236JSK7tle4eg4i2OObJItskMcUiZH5JTUSJ1wckvuySN5su6sB+vZevlsnbCymXXyA9brB0hKl1o=</latexit>

Course(x) ! 9y taughtBy(x, y)
<latexit sha1_base64="J7bo2XzKpl3Cg1NkKHs4hTjsNLg="></latexit>

GradCourse(x) ! Course(x)
<latexit sha1_base64="Figi6OadS/qLz0Q+8ey9nYTx4mM="></latexit>

PhDHolder(x) ! 9zHasDegree(x, z) ^ PhD(z)
<latexit sha1_base64="cXe+yqdrKNAt6tDDrmxcxhBqL7I="></latexit>

Course(cs87)
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<latexit sha1_base64="UKaQMbQtK509Dw481z1T3CizBws="></latexit>
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taughtBy(cs87,↵)
<latexit sha1_base64="UKaQMbQtK509Dw481z1T3CizBws="></latexit>

Prof(↵)
<latexit sha1_base64="+ks3lM8w5qN8A6tNKzGP7m5ZnE4=">AAACAHicdVDJSgNBEO2JW4zbqAcPXhoTIV7CzJhocgvowWMEs0ASQk+nJ2nSs9BdI4YhF3/FiwdFvPoZ3vwbO4ugog8KHu9VUVXPjQRXYFkfRmppeWV1Lb2e2djc2t4xd/caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qji6nfvGVS8TC4gXHEuj4ZBNzjlICWeuZBB9gdKC+pydDL5zpEREOSO5n0zKxVcMrFkl3GmpScyowUzxynVMF2wZohixao9cz3Tj+ksc8CoIIo1batCLoJkcCpYJNMJ1YsInREBqytaUB8prrJ7IEJPtZKH3uh1BUAnqnfJxLiKzX2Xd3pExiq395U/Mtrx+CVuwkPohhYQOeLvFhgCPE0DdznklEQY00IlVzfiumQSEJBZ5bRIXx9iv8nDadgnxac62K2ermII40O0RHKIxudoyq6QjVURxRN0AN6Qs/GvfFovBiv89aUsZjZRz9gvH0CnQWWbg==</latexit>
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<latexit sha1_base64="gGTN1Bs3zDiUfq8DXx2sEGbgBEk=">AAAB/nicdVDLSgNBEJz1GeNrVTx5GQyCXsLummi8BeLBYwRjAkkIs5NeHTL7YKZXDEvAX/HiQRGvfoc3/8ZJjKCiBQ1FVfdMd/mJFBod592amZ2bX1jMLeWXV1bX1u2NzUsdp4pDg8cyVi2faZAiggYKlNBKFLDQl9D0B7Wx37wBpUUcXeAwgW7IriIRCM7QSD17u4NwizrIauZFDftcV44PRj274BS9SqnsVqghZe9kQkpHnlc+oW7RmaBApqj37LdOP+ZpCBFyybRuu06C3YwpFFzCKN9JNSSMD9gVtA2NWAi6m03WH9E9o/RpECtTEdKJ+n0iY6HWw9A3nSHDa/3bG4t/ee0Ug0o3E1GSIkT886MglRRjOs6C9oUCjnJoCONKmF0pv2aKcTSJ5U0IX5fS/8mlV3QPi955qVA9ncaRIztkl+wTlxyTKjkjddIgnGTknjySJ+vOerCerZfP1hlrOrNFfsB6/QBxw5XP</latexit>

taughtBy(cs87,↵)
<latexit sha1_base64="UKaQMbQtK509Dw481z1T3CizBws="></latexit>

Prof(↵)
<latexit sha1_base64="+ks3lM8w5qN8A6tNKzGP7m5ZnE4=">AAACAHicdVDJSgNBEO2JW4zbqAcPXhoTIV7CzJhocgvowWMEs0ASQk+nJ2nSs9BdI4YhF3/FiwdFvPoZ3vwbO4ugog8KHu9VUVXPjQRXYFkfRmppeWV1Lb2e2djc2t4xd/caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qji6nfvGVS8TC4gXHEuj4ZBNzjlICWeuZBB9gdKC+pydDL5zpEREOSO5n0zKxVcMrFkl3GmpScyowUzxynVMF2wZohixao9cz3Tj+ksc8CoIIo1batCLoJkcCpYJNMJ1YsInREBqytaUB8prrJ7IEJPtZKH3uh1BUAnqnfJxLiKzX2Xd3pExiq395U/Mtrx+CVuwkPohhYQOeLvFhgCPE0DdznklEQY00IlVzfiumQSEJBZ5bRIXx9iv8nDadgnxac62K2ermII40O0RHKIxudoyq6QjVURxRN0AN6Qs/GvfFovBiv89aUsZjZRz9gvH0CnQWWbg==</latexit>

PhDHolder(↵)
<latexit sha1_base64="4FL8giAZIDUTBbtt+Gx3BJzz3QQ=">AAACBXicdVDLSgNBEJz1GeMr6lEPg1HQS9hdE01ugh5yjGBUSEKYnfSaIbMPZnrFsOTixV/x4kERr/6DN//GyUNQ0YKGoqqb7i4vlkKjbX9YU9Mzs3PzmYXs4tLyympubf1CR4niUOeRjNSVxzRIEUIdBUq4ihWwwJNw6fVOhv7lDSgtovAc+zG0AnYdCl9whkZq57aaCLeo/bTWPa1GsgNqb6fJZNxlO/uDdi5vF9xyseSUqSEltzIixUPXLVWoU7BHyJMJau3ce7MT8SSAELlkWjccO8ZWyhQKLmGQbSYaYsZ77BoahoYsAN1KR18M6K5ROtSPlKkQ6Uj9PpGyQOt+4JnOgGFX//aG4l9eI0G/3EpFGCcIIR8v8hNJMaLDSGhHKOAo+4YwroS5lfIuU4yjCS5rQvj6lP5PLtyCc1Bwz4r549NJHBmySbbJHnHIETkmVVIjdcLJHXkgT+TZurcerRfrddw6ZU1mNsgPWG+fMbiYYw==</latexit>
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Materialization can also be employed for existential rules, using chase procedure: 

•  apply rules exhaustively, introduce fresh elements to serve as witnesses for existential vars

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

GradCourse(cs87)
<latexit sha1_base64="4tlM49iGujBsQ8ZovuMU2zvQ1v4=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDoJexu1MSbmIMeI5hESEKYnfTqkNkHM71iWIIXf8WLB0W8+hXe/BsncQUVLWgoqrpnusuLpdBo2+/WxOTU9Mzs3HxuYXFpeSW/utbQUaI41HkkI3XhMQ1ShFBHgRIuYgUs8CQ0vX515DevQWkRhec4iKETsMtQ+IIzNFI3v9FGuEHtpyeK9armVQ07XFfKu8NuvmAXyxX7wClTu2iPYYhbOtyvuNTJlALJUOvm39q9iCcBhMgl07rl2DF2UqZQcAnDXDvREDPeZ5fQMjRkAehOOj5hSLeN0qN+pEyFSMfq94mUBVoPAs90Bgyv9G9vJP7ltRL0K51UhHGCEPLPj/xEUozoKA/aEwo4yoEhjCthdqX8iinG0aSWMyF8XUr/Jw236JSK7tle4eg4i2OObJItskMcUiZH5JTUSJ1wckvuySN5su6sB+vZevlsnbCymXXyA9brB0hKl1o=</latexit>

Course(x) ! 9y taughtBy(x, y)
<latexit sha1_base64="J7bo2XzKpl3Cg1NkKHs4hTjsNLg="></latexit>

GradCourse(x) ! Course(x)
<latexit sha1_base64="Figi6OadS/qLz0Q+8ey9nYTx4mM="></latexit>

PhDHolder(x) ! 9zHasDegree(x, z) ^ PhD(z)
<latexit sha1_base64="cXe+yqdrKNAt6tDDrmxcxhBqL7I="></latexit>

Course(cs87)
<latexit sha1_base64="gGTN1Bs3zDiUfq8DXx2sEGbgBEk=">AAAB/nicdVDLSgNBEJz1GeNrVTx5GQyCXsLummi8BeLBYwRjAkkIs5NeHTL7YKZXDEvAX/HiQRGvfoc3/8ZJjKCiBQ1FVfdMd/mJFBod592amZ2bX1jMLeWXV1bX1u2NzUsdp4pDg8cyVi2faZAiggYKlNBKFLDQl9D0B7Wx37wBpUUcXeAwgW7IriIRCM7QSD17u4NwizrIauZFDftcV44PRj274BS9SqnsVqghZe9kQkpHnlc+oW7RmaBApqj37LdOP+ZpCBFyybRuu06C3YwpFFzCKN9JNSSMD9gVtA2NWAi6m03WH9E9o/RpECtTEdKJ+n0iY6HWw9A3nSHDa/3bG4t/ee0Ug0o3E1GSIkT886MglRRjOs6C9oUCjnJoCONKmF0pv2aKcTSJ5U0IX5fS/8mlV3QPi955qVA9ncaRIztkl+wTlxyTKjkjddIgnGTknjySJ+vOerCerZfP1hlrOrNFfsB6/QBxw5XP</latexit>

taughtBy(cs87,↵)
<latexit sha1_base64="UKaQMbQtK509Dw481z1T3CizBws="></latexit>

Prof(↵)
<latexit sha1_base64="+ks3lM8w5qN8A6tNKzGP7m5ZnE4=">AAACAHicdVDJSgNBEO2JW4zbqAcPXhoTIV7CzJhocgvowWMEs0ASQk+nJ2nSs9BdI4YhF3/FiwdFvPoZ3vwbO4ugog8KHu9VUVXPjQRXYFkfRmppeWV1Lb2e2djc2t4xd/caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qji6nfvGVS8TC4gXHEuj4ZBNzjlICWeuZBB9gdKC+pydDL5zpEREOSO5n0zKxVcMrFkl3GmpScyowUzxynVMF2wZohixao9cz3Tj+ksc8CoIIo1batCLoJkcCpYJNMJ1YsInREBqytaUB8prrJ7IEJPtZKH3uh1BUAnqnfJxLiKzX2Xd3pExiq395U/Mtrx+CVuwkPohhYQOeLvFhgCPE0DdznklEQY00IlVzfiumQSEJBZ5bRIXx9iv8nDadgnxac62K2ermII40O0RHKIxudoyq6QjVURxRN0AN6Qs/GvfFovBiv89aUsZjZRz9gvH0CnQWWbg==</latexit>

PhDHolder(↵)
<latexit sha1_base64="4FL8giAZIDUTBbtt+Gx3BJzz3QQ=">AAACBXicdVDLSgNBEJz1GeMr6lEPg1HQS9hdE01ugh5yjGBUSEKYnfSaIbMPZnrFsOTixV/x4kERr/6DN//GyUNQ0YKGoqqb7i4vlkKjbX9YU9Mzs3PzmYXs4tLyympubf1CR4niUOeRjNSVxzRIEUIdBUq4ihWwwJNw6fVOhv7lDSgtovAc+zG0AnYdCl9whkZq57aaCLeo/bTWPa1GsgNqb6fJZNxlO/uDdi5vF9xyseSUqSEltzIixUPXLVWoU7BHyJMJau3ce7MT8SSAELlkWjccO8ZWyhQKLmGQbSYaYsZ77BoahoYsAN1KR18M6K5ROtSPlKkQ6Uj9PpGyQOt+4JnOgGFX//aG4l9eI0G/3EpFGCcIIR8v8hNJMaLDSGhHKOAo+4YwroS5lfIuU4yjCS5rQvj6lP5PLtyCc1Bwz4r549NJHBmySbbJHnHIETkmVVIjdcLJHXkgT+TZurcerRfrddw6ZU1mNsgPWG+fMbiYYw==</latexit>

hasDegree(↵,�)
<latexit sha1_base64="sdZ+TyrXbj1IlVgyEkxOlA37kLc="></latexit>

PhD(�)
<latexit sha1_base64="Rb6KRT8fBO9ekI8RH80Xe0q3Ulk=">AAAB/nicdVDLSgNBEJz1bXxFxZOXwUSIl7C7JprcAnrwGMEYIQlhdtKbDM4+mOkVwxLwV7x4UMSr3+HNv3ESI6hoQUNR1U13lxdLodG2362Z2bn5hcWl5czK6tr6RnZz61JHieLQ4JGM1JXHNEgRQgMFSriKFbDAk9D0rk/GfvMGlBZReIHDGDoB64fCF5yhkbrZnTbCLWo/rQ9OC/m2B8jyB6NuNmcX3Uqp7FSoIWW3OiGlI9ctV6lTtCfIkSnq3exbuxfxJIAQuWRatxw7xk7KFAouYZRpJxpixq9ZH1qGhiwA3Ukn54/ovlF61I+UqRDpRP0+kbJA62Hgmc6A4UD/9sbiX14rQb/SSUUYJwgh/1zkJ5JiRMdZ0J5QwFEODWFcCXMr5QOmGEeTWMaE8PUp/Z9cukXnsOiel3K102kcS2SX7JECccgxqZEzUicNwklK7skjebLurAfr2Xr5bJ2xpjPb5Aes1w+zn5VV</latexit>
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Materialization can also be employed for existential rules, using chase procedure: 

•  apply rules exhaustively, introduce fresh elements to serve as witnesses for existential vars

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

GradCourse(cs87)
<latexit sha1_base64="4tlM49iGujBsQ8ZovuMU2zvQ1v4=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDoJexu1MSbmIMeI5hESEKYnfTqkNkHM71iWIIXf8WLB0W8+hXe/BsncQUVLWgoqrpnusuLpdBo2+/WxOTU9Mzs3HxuYXFpeSW/utbQUaI41HkkI3XhMQ1ShFBHgRIuYgUs8CQ0vX515DevQWkRhec4iKETsMtQ+IIzNFI3v9FGuEHtpyeK9armVQ07XFfKu8NuvmAXyxX7wClTu2iPYYhbOtyvuNTJlALJUOvm39q9iCcBhMgl07rl2DF2UqZQcAnDXDvREDPeZ5fQMjRkAehOOj5hSLeN0qN+pEyFSMfq94mUBVoPAs90Bgyv9G9vJP7ltRL0K51UhHGCEPLPj/xEUozoKA/aEwo4yoEhjCthdqX8iinG0aSWMyF8XUr/Jw236JSK7tle4eg4i2OObJItskMcUiZH5JTUSJ1wckvuySN5su6sB+vZevlsnbCymXXyA9brB0hKl1o=</latexit>

Course(x) ! 9y taughtBy(x, y)
<latexit sha1_base64="J7bo2XzKpl3Cg1NkKHs4hTjsNLg="></latexit>

GradCourse(x) ! Course(x)
<latexit sha1_base64="Figi6OadS/qLz0Q+8ey9nYTx4mM="></latexit>

PhDHolder(x) ! 9zHasDegree(x, z) ^ PhD(z)
<latexit sha1_base64="cXe+yqdrKNAt6tDDrmxcxhBqL7I="></latexit>

Course(cs87)
<latexit sha1_base64="gGTN1Bs3zDiUfq8DXx2sEGbgBEk=">AAAB/nicdVDLSgNBEJz1GeNrVTx5GQyCXsLummi8BeLBYwRjAkkIs5NeHTL7YKZXDEvAX/HiQRGvfoc3/8ZJjKCiBQ1FVfdMd/mJFBod592amZ2bX1jMLeWXV1bX1u2NzUsdp4pDg8cyVi2faZAiggYKlNBKFLDQl9D0B7Wx37wBpUUcXeAwgW7IriIRCM7QSD17u4NwizrIauZFDftcV44PRj274BS9SqnsVqghZe9kQkpHnlc+oW7RmaBApqj37LdOP+ZpCBFyybRuu06C3YwpFFzCKN9JNSSMD9gVtA2NWAi6m03WH9E9o/RpECtTEdKJ+n0iY6HWw9A3nSHDa/3bG4t/ee0Ug0o3E1GSIkT886MglRRjOs6C9oUCjnJoCONKmF0pv2aKcTSJ5U0IX5fS/8mlV3QPi955qVA9ncaRIztkl+wTlxyTKjkjddIgnGTknjySJ+vOerCerZfP1hlrOrNFfsB6/QBxw5XP</latexit>

taughtBy(cs87,↵)
<latexit sha1_base64="UKaQMbQtK509Dw481z1T3CizBws="></latexit>

Prof(↵)
<latexit sha1_base64="+ks3lM8w5qN8A6tNKzGP7m5ZnE4=">AAACAHicdVDJSgNBEO2JW4zbqAcPXhoTIV7CzJhocgvowWMEs0ASQk+nJ2nSs9BdI4YhF3/FiwdFvPoZ3vwbO4ugog8KHu9VUVXPjQRXYFkfRmppeWV1Lb2e2djc2t4xd/caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qji6nfvGVS8TC4gXHEuj4ZBNzjlICWeuZBB9gdKC+pydDL5zpEREOSO5n0zKxVcMrFkl3GmpScyowUzxynVMF2wZohixao9cz3Tj+ksc8CoIIo1batCLoJkcCpYJNMJ1YsInREBqytaUB8prrJ7IEJPtZKH3uh1BUAnqnfJxLiKzX2Xd3pExiq395U/Mtrx+CVuwkPohhYQOeLvFhgCPE0DdznklEQY00IlVzfiumQSEJBZ5bRIXx9iv8nDadgnxac62K2ermII40O0RHKIxudoyq6QjVURxRN0AN6Qs/GvfFovBiv89aUsZjZRz9gvH0CnQWWbg==</latexit>

PhDHolder(↵)
<latexit sha1_base64="4FL8giAZIDUTBbtt+Gx3BJzz3QQ=">AAACBXicdVDLSgNBEJz1GeMr6lEPg1HQS9hdE01ugh5yjGBUSEKYnfSaIbMPZnrFsOTixV/x4kERr/6DN//GyUNQ0YKGoqqb7i4vlkKjbX9YU9Mzs3PzmYXs4tLyympubf1CR4niUOeRjNSVxzRIEUIdBUq4ihWwwJNw6fVOhv7lDSgtovAc+zG0AnYdCl9whkZq57aaCLeo/bTWPa1GsgNqb6fJZNxlO/uDdi5vF9xyseSUqSEltzIixUPXLVWoU7BHyJMJau3ce7MT8SSAELlkWjccO8ZWyhQKLmGQbSYaYsZ77BoahoYsAN1KR18M6K5ROtSPlKkQ6Uj9PpGyQOt+4JnOgGFX//aG4l9eI0G/3EpFGCcIIR8v8hNJMaLDSGhHKOAo+4YwroS5lfIuU4yjCS5rQvj6lP5PLtyCc1Bwz4r549NJHBmySbbJHnHIETkmVVIjdcLJHXkgT+TZurcerRfrddw6ZU1mNsgPWG+fMbiYYw==</latexit>

hasDegree(↵,�)
<latexit sha1_base64="sdZ+TyrXbj1IlVgyEkxOlA37kLc="></latexit>

PhD(�)
<latexit sha1_base64="Rb6KRT8fBO9ekI8RH80Xe0q3Ulk=">AAAB/nicdVDLSgNBEJz1bXxFxZOXwUSIl7C7JprcAnrwGMEYIQlhdtKbDM4+mOkVwxLwV7x4UMSr3+HNv3ESI6hoQUNR1U13lxdLodG2362Z2bn5hcWl5czK6tr6RnZz61JHieLQ4JGM1JXHNEgRQgMFSriKFbDAk9D0rk/GfvMGlBZReIHDGDoB64fCF5yhkbrZnTbCLWo/rQ9OC/m2B8jyB6NuNmcX3Uqp7FSoIWW3OiGlI9ctV6lTtCfIkSnq3exbuxfxJIAQuWRatxw7xk7KFAouYZRpJxpixq9ZH1qGhiwA3Ukn54/ovlF61I+UqRDpRP0+kbJA62Hgmc6A4UD/9sbiX14rQb/SSUUYJwgh/1zkJ5JiRMdZ0J5QwFEODWFcCXMr5QOmGEeTWMaE8PUp/Z9cukXnsOiel3K102kcS2SX7JECccgxqZEzUicNwklK7skjebLurAfr2Xr5bJ2xpjPb5Aes1w+zn5VV</latexit>
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Materialization can also be employed for existential rules, using chase procedure: 

•  apply rules exhaustively, introduce fresh elements to serve as witnesses for existential vars

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

GradCourse(cs87)
<latexit sha1_base64="4tlM49iGujBsQ8ZovuMU2zvQ1v4=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDoJexu1MSbmIMeI5hESEKYnfTqkNkHM71iWIIXf8WLB0W8+hXe/BsncQUVLWgoqrpnusuLpdBo2+/WxOTU9Mzs3HxuYXFpeSW/utbQUaI41HkkI3XhMQ1ShFBHgRIuYgUs8CQ0vX515DevQWkRhec4iKETsMtQ+IIzNFI3v9FGuEHtpyeK9armVQ07XFfKu8NuvmAXyxX7wClTu2iPYYhbOtyvuNTJlALJUOvm39q9iCcBhMgl07rl2DF2UqZQcAnDXDvREDPeZ5fQMjRkAehOOj5hSLeN0qN+pEyFSMfq94mUBVoPAs90Bgyv9G9vJP7ltRL0K51UhHGCEPLPj/xEUozoKA/aEwo4yoEhjCthdqX8iinG0aSWMyF8XUr/Jw236JSK7tle4eg4i2OObJItskMcUiZH5JTUSJ1wckvuySN5su6sB+vZevlsnbCymXXyA9brB0hKl1o=</latexit>

Course(x) ! 9y taughtBy(x, y)
<latexit sha1_base64="J7bo2XzKpl3Cg1NkKHs4hTjsNLg="></latexit>

GradCourse(x) ! Course(x)
<latexit sha1_base64="Figi6OadS/qLz0Q+8ey9nYTx4mM="></latexit>

PhDHolder(x) ! 9zHasDegree(x, z) ^ PhD(z)
<latexit sha1_base64="cXe+yqdrKNAt6tDDrmxcxhBqL7I="></latexit>

Course(cs87)
<latexit sha1_base64="gGTN1Bs3zDiUfq8DXx2sEGbgBEk=">AAAB/nicdVDLSgNBEJz1GeNrVTx5GQyCXsLummi8BeLBYwRjAkkIs5NeHTL7YKZXDEvAX/HiQRGvfoc3/8ZJjKCiBQ1FVfdMd/mJFBod592amZ2bX1jMLeWXV1bX1u2NzUsdp4pDg8cyVi2faZAiggYKlNBKFLDQl9D0B7Wx37wBpUUcXeAwgW7IriIRCM7QSD17u4NwizrIauZFDftcV44PRj274BS9SqnsVqghZe9kQkpHnlc+oW7RmaBApqj37LdOP+ZpCBFyybRuu06C3YwpFFzCKN9JNSSMD9gVtA2NWAi6m03WH9E9o/RpECtTEdKJ+n0iY6HWw9A3nSHDa/3bG4t/ee0Ug0o3E1GSIkT886MglRRjOs6C9oUCjnJoCONKmF0pv2aKcTSJ5U0IX5fS/8mlV3QPi955qVA9ncaRIztkl+wTlxyTKjkjddIgnGTknjySJ+vOerCerZfP1hlrOrNFfsB6/QBxw5XP</latexit>

taughtBy(cs87,↵)
<latexit sha1_base64="UKaQMbQtK509Dw481z1T3CizBws="></latexit>

Prof(↵)
<latexit sha1_base64="+ks3lM8w5qN8A6tNKzGP7m5ZnE4=">AAACAHicdVDJSgNBEO2JW4zbqAcPXhoTIV7CzJhocgvowWMEs0ASQk+nJ2nSs9BdI4YhF3/FiwdFvPoZ3vwbO4ugog8KHu9VUVXPjQRXYFkfRmppeWV1Lb2e2djc2t4xd/caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qji6nfvGVS8TC4gXHEuj4ZBNzjlICWeuZBB9gdKC+pydDL5zpEREOSO5n0zKxVcMrFkl3GmpScyowUzxynVMF2wZohixao9cz3Tj+ksc8CoIIo1batCLoJkcCpYJNMJ1YsInREBqytaUB8prrJ7IEJPtZKH3uh1BUAnqnfJxLiKzX2Xd3pExiq395U/Mtrx+CVuwkPohhYQOeLvFhgCPE0DdznklEQY00IlVzfiumQSEJBZ5bRIXx9iv8nDadgnxac62K2ermII40O0RHKIxudoyq6QjVURxRN0AN6Qs/GvfFovBiv89aUsZjZRz9gvH0CnQWWbg==</latexit>

PhDHolder(↵)
<latexit sha1_base64="4FL8giAZIDUTBbtt+Gx3BJzz3QQ=">AAACBXicdVDLSgNBEJz1GeMr6lEPg1HQS9hdE01ugh5yjGBUSEKYnfSaIbMPZnrFsOTixV/x4kERr/6DN//GyUNQ0YKGoqqb7i4vlkKjbX9YU9Mzs3PzmYXs4tLyympubf1CR4niUOeRjNSVxzRIEUIdBUq4ihWwwJNw6fVOhv7lDSgtovAc+zG0AnYdCl9whkZq57aaCLeo/bTWPa1GsgNqb6fJZNxlO/uDdi5vF9xyseSUqSEltzIixUPXLVWoU7BHyJMJau3ce7MT8SSAELlkWjccO8ZWyhQKLmGQbSYaYsZ77BoahoYsAN1KR18M6K5ROtSPlKkQ6Uj9PpGyQOt+4JnOgGFX//aG4l9eI0G/3EpFGCcIIR8v8hNJMaLDSGhHKOAo+4YwroS5lfIuU4yjCS5rQvj6lP5PLtyCc1Bwz4r549NJHBmySbbJHnHIETkmVVIjdcLJHXkgT+TZurcerRfrddw6ZU1mNsgPWG+fMbiYYw==</latexit>

hasDegree(↵,�)
<latexit sha1_base64="sdZ+TyrXbj1IlVgyEkxOlA37kLc="></latexit>

PhD(�)
<latexit sha1_base64="Rb6KRT8fBO9ekI8RH80Xe0q3Ulk=">AAAB/nicdVDLSgNBEJz1bXxFxZOXwUSIl7C7JprcAnrwGMEYIQlhdtKbDM4+mOkVwxLwV7x4UMSr3+HNv3ESI6hoQUNR1U13lxdLodG2362Z2bn5hcWl5czK6tr6RnZz61JHieLQ4JGM1JXHNEgRQgMFSriKFbDAk9D0rk/GfvMGlBZReIHDGDoB64fCF5yhkbrZnTbCLWo/rQ9OC/m2B8jyB6NuNmcX3Uqp7FSoIWW3OiGlI9ctV6lTtCfIkSnq3exbuxfxJIAQuWRatxw7xk7KFAouYZRpJxpixq9ZH1qGhiwA3Ukn54/ovlF61I+UqRDpRP0+kbJA62Hgmc6A4UD/9sbiX14rQb/SSUUYJwgh/1zkJ5JiRMdZ0J5QwFEODWFcCXMr5QOmGEeTWMaE8PUp/Z9cukXnsOiel3K102kcS2SX7JECccgxqZEzUicNwklK7skjebLurAfr2Xr5bJ2xpjPb5Aes1w+zn5VV</latexit>

ChaseO(D)
<latexit sha1_base64="p+4JTM7JFkH+Rb1jIZI2sb0h9t8="></latexit>

}
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Materialization can also be employed for existential rules, using chase procedure: 

•  apply rules exhaustively, introduce fresh elements to serve as witnesses for existential vars

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

GradCourse(cs87)
<latexit sha1_base64="4tlM49iGujBsQ8ZovuMU2zvQ1v4=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDoJexu1MSbmIMeI5hESEKYnfTqkNkHM71iWIIXf8WLB0W8+hXe/BsncQUVLWgoqrpnusuLpdBo2+/WxOTU9Mzs3HxuYXFpeSW/utbQUaI41HkkI3XhMQ1ShFBHgRIuYgUs8CQ0vX515DevQWkRhec4iKETsMtQ+IIzNFI3v9FGuEHtpyeK9armVQ07XFfKu8NuvmAXyxX7wClTu2iPYYhbOtyvuNTJlALJUOvm39q9iCcBhMgl07rl2DF2UqZQcAnDXDvREDPeZ5fQMjRkAehOOj5hSLeN0qN+pEyFSMfq94mUBVoPAs90Bgyv9G9vJP7ltRL0K51UhHGCEPLPj/xEUozoKA/aEwo4yoEhjCthdqX8iinG0aSWMyF8XUr/Jw236JSK7tle4eg4i2OObJItskMcUiZH5JTUSJ1wckvuySN5su6sB+vZevlsnbCymXXyA9brB0hKl1o=</latexit>

Course(x) ! 9y taughtBy(x, y)
<latexit sha1_base64="J7bo2XzKpl3Cg1NkKHs4hTjsNLg="></latexit>

GradCourse(x) ! Course(x)
<latexit sha1_base64="Figi6OadS/qLz0Q+8ey9nYTx4mM="></latexit>

PhDHolder(x) ! 9zHasDegree(x, z) ^ PhD(z)
<latexit sha1_base64="cXe+yqdrKNAt6tDDrmxcxhBqL7I="></latexit>

Course(cs87)
<latexit sha1_base64="gGTN1Bs3zDiUfq8DXx2sEGbgBEk=">AAAB/nicdVDLSgNBEJz1GeNrVTx5GQyCXsLummi8BeLBYwRjAkkIs5NeHTL7YKZXDEvAX/HiQRGvfoc3/8ZJjKCiBQ1FVfdMd/mJFBod592amZ2bX1jMLeWXV1bX1u2NzUsdp4pDg8cyVi2faZAiggYKlNBKFLDQl9D0B7Wx37wBpUUcXeAwgW7IriIRCM7QSD17u4NwizrIauZFDftcV44PRj274BS9SqnsVqghZe9kQkpHnlc+oW7RmaBApqj37LdOP+ZpCBFyybRuu06C3YwpFFzCKN9JNSSMD9gVtA2NWAi6m03WH9E9o/RpECtTEdKJ+n0iY6HWw9A3nSHDa/3bG4t/ee0Ug0o3E1GSIkT886MglRRjOs6C9oUCjnJoCONKmF0pv2aKcTSJ5U0IX5fS/8mlV3QPi955qVA9ncaRIztkl+wTlxyTKjkjddIgnGTknjySJ+vOerCerZfP1hlrOrNFfsB6/QBxw5XP</latexit>

taughtBy(cs87,↵)
<latexit sha1_base64="UKaQMbQtK509Dw481z1T3CizBws="></latexit>

Prof(↵)
<latexit sha1_base64="+ks3lM8w5qN8A6tNKzGP7m5ZnE4=">AAACAHicdVDJSgNBEO2JW4zbqAcPXhoTIV7CzJhocgvowWMEs0ASQk+nJ2nSs9BdI4YhF3/FiwdFvPoZ3vwbO4ugog8KHu9VUVXPjQRXYFkfRmppeWV1Lb2e2djc2t4xd/caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qji6nfvGVS8TC4gXHEuj4ZBNzjlICWeuZBB9gdKC+pydDL5zpEREOSO5n0zKxVcMrFkl3GmpScyowUzxynVMF2wZohixao9cz3Tj+ksc8CoIIo1batCLoJkcCpYJNMJ1YsInREBqytaUB8prrJ7IEJPtZKH3uh1BUAnqnfJxLiKzX2Xd3pExiq395U/Mtrx+CVuwkPohhYQOeLvFhgCPE0DdznklEQY00IlVzfiumQSEJBZ5bRIXx9iv8nDadgnxac62K2ermII40O0RHKIxudoyq6QjVURxRN0AN6Qs/GvfFovBiv89aUsZjZRz9gvH0CnQWWbg==</latexit>

PhDHolder(↵)
<latexit sha1_base64="4FL8giAZIDUTBbtt+Gx3BJzz3QQ=">AAACBXicdVDLSgNBEJz1GeMr6lEPg1HQS9hdE01ugh5yjGBUSEKYnfSaIbMPZnrFsOTixV/x4kERr/6DN//GyUNQ0YKGoqqb7i4vlkKjbX9YU9Mzs3PzmYXs4tLyympubf1CR4niUOeRjNSVxzRIEUIdBUq4ihWwwJNw6fVOhv7lDSgtovAc+zG0AnYdCl9whkZq57aaCLeo/bTWPa1GsgNqb6fJZNxlO/uDdi5vF9xyseSUqSEltzIixUPXLVWoU7BHyJMJau3ce7MT8SSAELlkWjccO8ZWyhQKLmGQbSYaYsZ77BoahoYsAN1KR18M6K5ROtSPlKkQ6Uj9PpGyQOt+4JnOgGFX//aG4l9eI0G/3EpFGCcIIR8v8hNJMaLDSGhHKOAo+4YwroS5lfIuU4yjCS5rQvj6lP5PLtyCc1Bwz4r549NJHBmySbbJHnHIETkmVVIjdcLJHXkgT+TZurcerRfrddw6ZU1mNsgPWG+fMbiYYw==</latexit>

hasDegree(↵,�)
<latexit sha1_base64="sdZ+TyrXbj1IlVgyEkxOlA37kLc="></latexit>

PhD(�)
<latexit sha1_base64="Rb6KRT8fBO9ekI8RH80Xe0q3Ulk=">AAAB/nicdVDLSgNBEJz1bXxFxZOXwUSIl7C7JprcAnrwGMEYIQlhdtKbDM4+mOkVwxLwV7x4UMSr3+HNv3ESI6hoQUNR1U13lxdLodG2362Z2bn5hcWl5czK6tr6RnZz61JHieLQ4JGM1JXHNEgRQgMFSriKFbDAk9D0rk/GfvMGlBZReIHDGDoB64fCF5yhkbrZnTbCLWo/rQ9OC/m2B8jyB6NuNmcX3Uqp7FSoIWW3OiGlI9ctV6lTtCfIkSnq3exbuxfxJIAQuWRatxw7xk7KFAouYZRpJxpixq9ZH1qGhiwA3Ukn54/ovlF61I+UqRDpRP0+kbJA62Hgmc6A4UD/9sbiX14rQb/SSUUYJwgh/1zkJ5JiRMdZ0J5QwFEODWFcCXMr5QOmGEeTWMaE8PUp/Z9cukXnsOiel3K102kcS2SX7JECccgxqZEzUicNwklK7skjebLurAfr2Xr5bJ2xpjPb5Aes1w+zn5VV</latexit>

ChaseO(D)
<latexit sha1_base64="p+4JTM7JFkH+Rb1jIZI2sb0h9t8="></latexit>

}

q3(x) = 9y taughtBy(x, y) ^ PhDHolder(y)
<latexit sha1_base64="AZsz6IjvKb0rZJ2jhIKvRLlm5Ls="></latexit> cs87

<latexit sha1_base64="UDj18Z20wH8lZ4gD8l67mBBnNgw=">AAAB9HicdVDLSgNBEJyNrxhfUY9eBoPgadm8yO4toAePEUwMJEuYncwmQ2YfzvQGw5Lv8OJBEa9+jDf/xtkkgooWNBRV3XR3ebHgCizrw8itrW9sbuW3Czu7e/sHxcOjjooSSVmbRiKSXY8oJnjI2sBBsG4sGQk8wW69yUXm306ZVDwKb2AWMzcgo5D7nBLQktsHdg/KT6myG/NBsWSZjlNr2BWsiV2rO/WMOHWrUsVl01qghFZoDYrv/WFEk4CFQAVRqle2YnBTIoFTweaFfqJYTOiEjFhP05AETLnp4ug5PtPKEPuR1BUCXqjfJ1ISKDULPN0ZEBir314m/uX1EvBtN+VhnAAL6XKRnwgMEc4SwEMuGQUx04RQyfWtmI6JJBR0TgUdwten+H/SqZjlqlm5rpWal6s48ugEnaJzVEYN1ERXqIXaiKI79ICe0LMxNR6NF+N12ZozVjPH6AeMt0+RbZKk</latexit>
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Materialization can also be employed for existential rules, using chase procedure: 

•  apply rules exhaustively, introduce fresh elements to serve as witnesses for existential vars

Prof(x) ! PhDHolder(x)
<latexit sha1_base64="v73+vXn4cSeKN/NMr+Q/UHOWnq0="></latexit>

GradCourse(x) ^ taughtBy(x, y) ! Prof(y)
<latexit sha1_base64="u+JWIChQRbuR7n9h1SmgTl3Dsx8="></latexit>

GradCourse(cs87)
<latexit sha1_base64="4tlM49iGujBsQ8ZovuMU2zvQ1v4=">AAACAnicdVDLSgNBEJz1bXxFPYmXwSDoJexu1MSbmIMeI5hESEKYnfTqkNkHM71iWIIXf8WLB0W8+hXe/BsncQUVLWgoqrpnusuLpdBo2+/WxOTU9Mzs3HxuYXFpeSW/utbQUaI41HkkI3XhMQ1ShFBHgRIuYgUs8CQ0vX515DevQWkRhec4iKETsMtQ+IIzNFI3v9FGuEHtpyeK9armVQ07XFfKu8NuvmAXyxX7wClTu2iPYYhbOtyvuNTJlALJUOvm39q9iCcBhMgl07rl2DF2UqZQcAnDXDvREDPeZ5fQMjRkAehOOj5hSLeN0qN+pEyFSMfq94mUBVoPAs90Bgyv9G9vJP7ltRL0K51UhHGCEPLPj/xEUozoKA/aEwo4yoEhjCthdqX8iinG0aSWMyF8XUr/Jw236JSK7tle4eg4i2OObJItskMcUiZH5JTUSJ1wckvuySN5su6sB+vZevlsnbCymXXyA9brB0hKl1o=</latexit>

Course(x) ! 9y taughtBy(x, y)
<latexit sha1_base64="J7bo2XzKpl3Cg1NkKHs4hTjsNLg="></latexit>

GradCourse(x) ! Course(x)
<latexit sha1_base64="Figi6OadS/qLz0Q+8ey9nYTx4mM="></latexit>

PhDHolder(x) ! 9zHasDegree(x, z) ^ PhD(z)
<latexit sha1_base64="cXe+yqdrKNAt6tDDrmxcxhBqL7I="></latexit>

Course(cs87)
<latexit sha1_base64="gGTN1Bs3zDiUfq8DXx2sEGbgBEk=">AAAB/nicdVDLSgNBEJz1GeNrVTx5GQyCXsLummi8BeLBYwRjAkkIs5NeHTL7YKZXDEvAX/HiQRGvfoc3/8ZJjKCiBQ1FVfdMd/mJFBod592amZ2bX1jMLeWXV1bX1u2NzUsdp4pDg8cyVi2faZAiggYKlNBKFLDQl9D0B7Wx37wBpUUcXeAwgW7IriIRCM7QSD17u4NwizrIauZFDftcV44PRj274BS9SqnsVqghZe9kQkpHnlc+oW7RmaBApqj37LdOP+ZpCBFyybRuu06C3YwpFFzCKN9JNSSMD9gVtA2NWAi6m03WH9E9o/RpECtTEdKJ+n0iY6HWw9A3nSHDa/3bG4t/ee0Ug0o3E1GSIkT886MglRRjOs6C9oUCjnJoCONKmF0pv2aKcTSJ5U0IX5fS/8mlV3QPi955qVA9ncaRIztkl+wTlxyTKjkjddIgnGTknjySJ+vOerCerZfP1hlrOrNFfsB6/QBxw5XP</latexit>

taughtBy(cs87,↵)
<latexit sha1_base64="UKaQMbQtK509Dw481z1T3CizBws="></latexit>

Prof(↵)
<latexit sha1_base64="+ks3lM8w5qN8A6tNKzGP7m5ZnE4=">AAACAHicdVDJSgNBEO2JW4zbqAcPXhoTIV7CzJhocgvowWMEs0ASQk+nJ2nSs9BdI4YhF3/FiwdFvPoZ3vwbO4ugog8KHu9VUVXPjQRXYFkfRmppeWV1Lb2e2djc2t4xd/caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qji6nfvGVS8TC4gXHEuj4ZBNzjlICWeuZBB9gdKC+pydDL5zpEREOSO5n0zKxVcMrFkl3GmpScyowUzxynVMF2wZohixao9cz3Tj+ksc8CoIIo1batCLoJkcCpYJNMJ1YsInREBqytaUB8prrJ7IEJPtZKH3uh1BUAnqnfJxLiKzX2Xd3pExiq395U/Mtrx+CVuwkPohhYQOeLvFhgCPE0DdznklEQY00IlVzfiumQSEJBZ5bRIXx9iv8nDadgnxac62K2ermII40O0RHKIxudoyq6QjVURxRN0AN6Qs/GvfFovBiv89aUsZjZRz9gvH0CnQWWbg==</latexit>

PhDHolder(↵)
<latexit sha1_base64="4FL8giAZIDUTBbtt+Gx3BJzz3QQ=">AAACBXicdVDLSgNBEJz1GeMr6lEPg1HQS9hdE01ugh5yjGBUSEKYnfSaIbMPZnrFsOTixV/x4kERr/6DN//GyUNQ0YKGoqqb7i4vlkKjbX9YU9Mzs3PzmYXs4tLyympubf1CR4niUOeRjNSVxzRIEUIdBUq4ihWwwJNw6fVOhv7lDSgtovAc+zG0AnYdCl9whkZq57aaCLeo/bTWPa1GsgNqb6fJZNxlO/uDdi5vF9xyseSUqSEltzIixUPXLVWoU7BHyJMJau3ce7MT8SSAELlkWjccO8ZWyhQKLmGQbSYaYsZ77BoahoYsAN1KR18M6K5ROtSPlKkQ6Uj9PpGyQOt+4JnOgGFX//aG4l9eI0G/3EpFGCcIIR8v8hNJMaLDSGhHKOAo+4YwroS5lfIuU4yjCS5rQvj6lP5PLtyCc1Bwz4r549NJHBmySbbJHnHIETkmVVIjdcLJHXkgT+TZurcerRfrddw6ZU1mNsgPWG+fMbiYYw==</latexit>

hasDegree(↵,�)
<latexit sha1_base64="sdZ+TyrXbj1IlVgyEkxOlA37kLc="></latexit>

PhD(�)
<latexit sha1_base64="Rb6KRT8fBO9ekI8RH80Xe0q3Ulk=">AAAB/nicdVDLSgNBEJz1bXxFxZOXwUSIl7C7JprcAnrwGMEYIQlhdtKbDM4+mOkVwxLwV7x4UMSr3+HNv3ESI6hoQUNR1U13lxdLodG2362Z2bn5hcWl5czK6tr6RnZz61JHieLQ4JGM1JXHNEgRQgMFSriKFbDAk9D0rk/GfvMGlBZReIHDGDoB64fCF5yhkbrZnTbCLWo/rQ9OC/m2B8jyB6NuNmcX3Uqp7FSoIWW3OiGlI9ctV6lTtCfIkSnq3exbuxfxJIAQuWRatxw7xk7KFAouYZRpJxpixq9ZH1qGhiwA3Ukn54/ovlF61I+UqRDpRP0+kbJA62Hgmc6A4UD/9sbiX14rQb/SSUUYJwgh/1zkJ5JiRMdZ0J5QwFEODWFcCXMr5QOmGEeTWMaE8PUp/Z9cukXnsOiel3K102kcS2SX7JECccgxqZEzUicNwklK7skjebLurAfr2Xr5bJ2xpjPb5Aes1w+zn5VV</latexit>

ChaseO(D)
<latexit sha1_base64="p+4JTM7JFkH+Rb1jIZI2sb0h9t8="></latexit>

}

q3(x) = 9y taughtBy(x, y) ^ PhDHolder(y)
<latexit sha1_base64="AZsz6IjvKb0rZJ2jhIKvRLlm5Ls="></latexit> cs87

<latexit sha1_base64="UDj18Z20wH8lZ4gD8l67mBBnNgw=">AAAB9HicdVDLSgNBEJyNrxhfUY9eBoPgadm8yO4toAePEUwMJEuYncwmQ2YfzvQGw5Lv8OJBEa9+jDf/xtkkgooWNBRV3XR3ebHgCizrw8itrW9sbuW3Czu7e/sHxcOjjooSSVmbRiKSXY8oJnjI2sBBsG4sGQk8wW69yUXm306ZVDwKb2AWMzcgo5D7nBLQktsHdg/KT6myG/NBsWSZjlNr2BWsiV2rO/WMOHWrUsVl01qghFZoDYrv/WFEk4CFQAVRqle2YnBTIoFTweaFfqJYTOiEjFhP05AETLnp4ug5PtPKEPuR1BUCXqjfJ1ISKDULPN0ZEBir314m/uX1EvBtN+VhnAAL6XKRnwgMEc4SwEMuGQUx04RQyfWtmI6JJBR0TgUdwten+H/SqZjlqlm5rpWal6s48ugEnaJzVEYN1ERXqIXaiKI79ICe0LMxNR6NF+N12ZozVjPH6AeMt0+RbZKk</latexit>

Key property: ,
<latexit sha1_base64="ulmGPvC+adOcC6pmJ6HAdfmVZLQ=">AAAB+HicdZDLSgMxFIYz9VbrpaMu3QSL4KrMTFtbd0U3LlxUsBdoh5JJM21o5kJyRqmlT+LGhSJufRR3vo2ZtoKK/hD4+M85nJPfiwVXYFkfRmZldW19I7uZ29re2c2be/stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3xRVpv3zKpeBTewCRmbkCGIfc5JaCtvpnvXTEfJB+OgEgZ3fXNglW0nNppxcIarLOSU15AtVzBtoZUBbRUo2++9wYRTQIWAhVEqa5txeBOiQROBZvleoliMaFjMmRdjSEJmHKn88Nn+Fg7A+xHUr8Q8Nz9PjElgVKTwNOdAYGR+l1Lzb9q3QT8mjvlYZwAC+likZ8IDBFOU8ADLhkFMdFAqOT6VkxHRBIKOqucDuHrp/h/aDlFu1R0rsuF+vkyjiw6REfoBNmoiuroEjVQE1GUoAf0hJ6Ne+PReDFeF60ZYzlzgH7IePsEleGTtQ==</latexit>

(O,D) |= q(~a)
<latexit sha1_base64="yz27cLyQyO7gnvzNlqlBB4gSwR8="></latexit>

certain answer answer on chased dataset

applies to conjunctive queries,  

ontologies given by existential rules

~a 2 ans(q,ChaseO(D))
<latexit sha1_base64="C/OnisDsRlJPqHaqoGI+o+/mRE8="></latexit>
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When the chase is finite, it provides a method for computing certain answers

Lutz et al. CQ Answering in the Description Logic  
EL Using a Relational Database System. IJCAI'09 

Carral et al. The Combined Approach to  
Query Answering in Horn-ALCHOIQ. KR'18
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What about cases where the chase is infinite?

When the chase is finite, it provides a method for computing certain answers

Lutz et al. CQ Answering in the Description Logic  
EL Using a Relational Database System. IJCAI'09 

Carral et al. The Combined Approach to  
Query Answering in Horn-ALCHOIQ. KR'18
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What about cases where the chase is infinite?
PhDHolder(x) ! 9z hasDegree(x, z) ^ PhD(z)

<latexit sha1_base64="q+laqoJ4Tdzz6L1v9KNSHl/v8jU="></latexit>

PhDHolder(x) ! 9y hasSupervisor(x, y) ^ PhDHolder(y)
<latexit sha1_base64="cdI+tB8+sFHTtMp+8FBf6px3bik="></latexit>

PhDHolder(ming)
<latexit sha1_base64="cBP8dAyi44uuUVmZwN6BWx6ekbI=">AAACAXicdVDLSgNBEJyN7/iKehG8DAZBL2E3PhJvgh48RjAxkIQwO+lNBmdnl5leMSzx4q948aCIV//Cm3/j5CGoaEFDUdVNd5cfS2HQdT+czNT0zOzc/EJ2cWl5ZTW3tl4zUaI5VHkkI133mQEpFFRRoIR6rIGFvoQr//p06F/dgDYiUpfYj6EVsq4SgeAMrdTObTYRbtEEaaV3dh7JDujdUKju3qCdy7uFUtk98krULbgjWFLcPz4sF6k3UfJkgko7997sRDwJQSGXzJiG58bYSplGwSUMss3EQMz4NetCw1LFQjCtdPTBgO5YpUODSNtSSEfq94mUhcb0Q992hgx75rc3FP/yGgkG5VYqVJwgKD5eFCSSYkSHcdCO0MBR9i1hXAt7K+U9phlHG1rWhvD1Kf2f1IoFb79QvDjIn5xN4pgnW2Sb7BKPlMgJOScVUiWc3JEH8kSenXvn0XlxXsetGWcys0F+wHn7BNGilyM=</latexit>

When the chase is finite, it provides a method for computing certain answers

Lutz et al. CQ Answering in the Description Logic  
EL Using a Relational Database System. IJCAI'09 

Carral et al. The Combined Approach to  
Query Answering in Horn-ALCHOIQ. KR'18



Combined Approach

26

What about cases where the chase is infinite?
PhDHolder(x) ! 9z hasDegree(x, z) ^ PhD(z)

<latexit sha1_base64="q+laqoJ4Tdzz6L1v9KNSHl/v8jU="></latexit>

PhDHolder(x) ! 9y hasSupervisor(x, y) ^ PhDHolder(y)
<latexit sha1_base64="cdI+tB8+sFHTtMp+8FBf6px3bik="></latexit>

PhDHolder(ming)
<latexit sha1_base64="cBP8dAyi44uuUVmZwN6BWx6ekbI=">AAACAXicdVDLSgNBEJyN7/iKehG8DAZBL2E3PhJvgh48RjAxkIQwO+lNBmdnl5leMSzx4q948aCIV//Cm3/j5CGoaEFDUdVNd5cfS2HQdT+czNT0zOzc/EJ2cWl5ZTW3tl4zUaI5VHkkI133mQEpFFRRoIR6rIGFvoQr//p06F/dgDYiUpfYj6EVsq4SgeAMrdTObTYRbtEEaaV3dh7JDujdUKju3qCdy7uFUtk98krULbgjWFLcPz4sF6k3UfJkgko7997sRDwJQSGXzJiG58bYSplGwSUMss3EQMz4NetCw1LFQjCtdPTBgO5YpUODSNtSSEfq94mUhcb0Q992hgx75rc3FP/yGgkG5VYqVJwgKD5eFCSSYkSHcdCO0MBR9i1hXAt7K+U9phlHG1rWhvD1Kf2f1IoFb79QvDjIn5xN4pgnW2Sb7BKPlMgJOScVUiWc3JEH8kSenXvn0XlxXsetGWcys0F+wHn7BNGilyM=</latexit>

When the chase is finite, it provides a method for computing certain answers

ming
<latexit sha1_base64="MN5rgDUXy2IvkK/2Ypr04SJwFA0=">AAAB9HicdVBNS8NAEN34WetX1aOXxSJ4Ckmrtt4KevBYwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LYRVPTBwOO9GWbm+bHgGhznw1paXlldW89t5De3tnd2C3v7TR0lirIGjUSk2j7RTHDJGsBBsHasGAl9wVr+6HLmt8ZMaR7JW5jEzAvJQPKAUwJG8rrA7kEHacjlYNorFB27UnXO3Qp2bGcOQ0rli7NqCbuZUkQZ6r3Ce7cf0SRkEqggWndcJwYvJQo4FWya7yaaxYSOyIB1DJUkZNpL50dP8bFR+jiIlCkJeK5+n0hJqPUk9E1nSGCof3sz8S+vk0BQ9VIu4wSYpItFQSIwRHiWAO5zxSiIiSGEKm5uxXRIFKFgcsqbEL4+xf+TZsl2y3bp5rRYu8riyKFDdIROkIsqqIauUR01EEV36AE9oWdrbD1aL9bronXJymYO0A9Yb5/lKpLZ</latexit>

ChaseO(D)
<latexit sha1_base64="p+4JTM7JFkH+Rb1jIZI2sb0h9t8="></latexit>

PhDHolder
<latexit sha1_base64="+N7XAoOnOdCpP9i6E7hws+bVNTM=">AAAB+3icdVBNS0JBFJ1nX2ZfZss2QxK0kve00nZCLlwaZAoqMm+8TwfnfTBzXygP/0qbFkW07Y+06980fgQVdeDC4Zx7ufceN5JCo21/WKm19Y3NrfR2Zmd3b/8ge5i702GsODR5KEPVdpkGKQJookAJ7UgB810JLXd8Pfdb96C0CINbnEbQ89kwEJ7gDI3Uz+a6CBPUXtIY1eqhHICa9bN5u1Cu2JdOmdoFewFDiqWri0qROislT1Zo9LPv3UHIYx8C5JJp3XHsCHsJUyi4hFmmG2uIGB+zIXQMDZgPupcsbp/RU6MMqBcqUwHShfp9ImG+1lPfNZ0+w5H+7c3Fv7xOjF6ll4ggihECvlzkxZJiSOdB0IFQwFFODWFcCXMr5SOmGEcTV8aE8PUp/Z/cFQtOqVC8Oc9Xa6s40uSYnJAz4pAyqZI6aZAm4WRCHsgTebZm1qP1Yr0uW1PWauaI/ID19gnAqpTr</latexit>

hasSupervisor
<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

PhDHolder
<latexit sha1_base64="o4bXDpF9DIiwBiT1Sfg0sLBMdZE=">AAAB+3icdVDLSgNBEJyN7/iK8ehlMAiewu6aaLwJ5uAxgtFAsoTZSW8yZPbBTK8Ylv0VLx4U8eqPePNvnMQIKlrQUFR1093lJ1JotO13q7CwuLS8srpWXN/Y3Nou7ZSvdZwqDm0ey1h1fKZBigjaKFBCJ1HAQl/CjT8+n/o3t6C0iKMrnCTghWwYiUBwhkbql8o9hDvUQdYaNS9iOQCV90sVu+o2anWnQQ2pu6czUjt23fopdar2DBUyR6tfeusNYp6GECGXTOuuYyfoZUyh4BLyYi/VkDA+ZkPoGhqxELSXzW7P6YFRBjSIlakI6Uz9PpGxUOtJ6JvOkOFI//am4l9eN8Wg4WUiSlKEiH8uClJJMabTIOhAKOAoJ4YwroS5lfIRU4yjiatoQvj6lP5Prt2qc1R1L2uVs+Y8jlWyR/bJIXHICTkjF6RF2oSTO3JPHsmTlVsP1rP18tlasOYzu+QHrNcP5LqVBA==</latexit>

hasSupervisor
<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

PhDHolder
<latexit sha1_base64="o4bXDpF9DIiwBiT1Sfg0sLBMdZE=">AAAB+3icdVDLSgNBEJyN7/iK8ehlMAiewu6aaLwJ5uAxgtFAsoTZSW8yZPbBTK8Ylv0VLx4U8eqPePNvnMQIKlrQUFR1093lJ1JotO13q7CwuLS8srpWXN/Y3Nou7ZSvdZwqDm0ey1h1fKZBigjaKFBCJ1HAQl/CjT8+n/o3t6C0iKMrnCTghWwYiUBwhkbql8o9hDvUQdYaNS9iOQCV90sVu+o2anWnQQ2pu6czUjt23fopdar2DBUyR6tfeusNYp6GECGXTOuuYyfoZUyh4BLyYi/VkDA+ZkPoGhqxELSXzW7P6YFRBjSIlakI6Uz9PpGxUOtJ6JvOkOFI//am4l9eN8Wg4WUiSlKEiH8uClJJMabTIOhAKOAoJ4YwroS5lfIRU4yjiatoQvj6lP5Prt2qc1R1L2uVs+Y8jlWyR/bJIXHICTkjF6RF2oSTO3JPHsmTlVsP1rP18tlasOYzu+QHrNcP5LqVBA==</latexit>

hasSupervisor
<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

PhDHolder
<latexit sha1_base64="o4bXDpF9DIiwBiT1Sfg0sLBMdZE=">AAAB+3icdVDLSgNBEJyN7/iK8ehlMAiewu6aaLwJ5uAxgtFAsoTZSW8yZPbBTK8Ylv0VLx4U8eqPePNvnMQIKlrQUFR1093lJ1JotO13q7CwuLS8srpWXN/Y3Nou7ZSvdZwqDm0ey1h1fKZBigjaKFBCJ1HAQl/CjT8+n/o3t6C0iKMrnCTghWwYiUBwhkbql8o9hDvUQdYaNS9iOQCV90sVu+o2anWnQQ2pu6czUjt23fopdar2DBUyR6tfeusNYp6GECGXTOuuYyfoZUyh4BLyYi/VkDA+ZkPoGhqxELSXzW7P6YFRBjSIlakI6Uz9PpGxUOtJ6JvOkOFI//am4l9eN8Wg4WUiSlKEiH8uClJJMabTIOhAKOAoJ4YwroS5lfIRU4yjiatoQvj6lP5Prt2qc1R1L2uVs+Y8jlWyR/bJIXHICTkjF6RF2oSTO3JPHsmTlVsP1rP18tlasOYzu+QHrNcP5LqVBA==</latexit>

hasSupervisor
<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

PhDHolder
<latexit sha1_base64="o4bXDpF9DIiwBiT1Sfg0sLBMdZE=">AAAB+3icdVDLSgNBEJyN7/iK8ehlMAiewu6aaLwJ5uAxgtFAsoTZSW8yZPbBTK8Ylv0VLx4U8eqPePNvnMQIKlrQUFR1093lJ1JotO13q7CwuLS8srpWXN/Y3Nou7ZSvdZwqDm0ey1h1fKZBigjaKFBCJ1HAQl/CjT8+n/o3t6C0iKMrnCTghWwYiUBwhkbql8o9hDvUQdYaNS9iOQCV90sVu+o2anWnQQ2pu6czUjt23fopdar2DBUyR6tfeusNYp6GECGXTOuuYyfoZUyh4BLyYi/VkDA+ZkPoGhqxELSXzW7P6YFRBjSIlakI6Uz9PpGxUOtJ6JvOkOFI//am4l9eN8Wg4WUiSlKEiH8uClJJMabTIOhAKOAoJ4YwroS5lfIRU4yjiatoQvj6lP5Prt2qc1R1L2uVs+Y8jlWyR/bJIXHICTkjF6RF2oSTO3JPHsmTlVsP1rP18tlasOYzu+QHrNcP5LqVBA==</latexit>

...hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

Lutz et al. CQ Answering in the Description Logic  
EL Using a Relational Database System. IJCAI'09 

Carral et al. The Combined Approach to  
Query Answering in Horn-ALCHOIQ. KR'18
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What about cases where the chase is infinite?
PhDHolder(x) ! 9z hasDegree(x, z) ^ PhD(z)

<latexit sha1_base64="q+laqoJ4Tdzz6L1v9KNSHl/v8jU="></latexit>

PhDHolder(x) ! 9y hasSupervisor(x, y) ^ PhDHolder(y)
<latexit sha1_base64="cdI+tB8+sFHTtMp+8FBf6px3bik="></latexit>

PhDHolder(ming)
<latexit sha1_base64="cBP8dAyi44uuUVmZwN6BWx6ekbI=">AAACAXicdVDLSgNBEJyN7/iKehG8DAZBL2E3PhJvgh48RjAxkIQwO+lNBmdnl5leMSzx4q948aCIV//Cm3/j5CGoaEFDUdVNd5cfS2HQdT+czNT0zOzc/EJ2cWl5ZTW3tl4zUaI5VHkkI133mQEpFFRRoIR6rIGFvoQr//p06F/dgDYiUpfYj6EVsq4SgeAMrdTObTYRbtEEaaV3dh7JDujdUKju3qCdy7uFUtk98krULbgjWFLcPz4sF6k3UfJkgko7997sRDwJQSGXzJiG58bYSplGwSUMss3EQMz4NetCw1LFQjCtdPTBgO5YpUODSNtSSEfq94mUhcb0Q992hgx75rc3FP/yGgkG5VYqVJwgKD5eFCSSYkSHcdCO0MBR9i1hXAt7K+U9phlHG1rWhvD1Kf2f1IoFb79QvDjIn5xN4pgnW2Sb7BKPlMgJOScVUiWc3JEH8kSenXvn0XlxXsetGWcys0F+wHn7BNGilyM=</latexit>

Sometimes possible to use compact representation of chase (called combined approach)

When the chase is finite, it provides a method for computing certain answers

ming
<latexit sha1_base64="MN5rgDUXy2IvkK/2Ypr04SJwFA0=">AAAB9HicdVBNS8NAEN34WetX1aOXxSJ4Ckmrtt4KevBYwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LYRVPTBwOO9GWbm+bHgGhznw1paXlldW89t5De3tnd2C3v7TR0lirIGjUSk2j7RTHDJGsBBsHasGAl9wVr+6HLmt8ZMaR7JW5jEzAvJQPKAUwJG8rrA7kEHacjlYNorFB27UnXO3Qp2bGcOQ0rli7NqCbuZUkQZ6r3Ce7cf0SRkEqggWndcJwYvJQo4FWya7yaaxYSOyIB1DJUkZNpL50dP8bFR+jiIlCkJeK5+n0hJqPUk9E1nSGCof3sz8S+vk0BQ9VIu4wSYpItFQSIwRHiWAO5zxSiIiSGEKm5uxXRIFKFgcsqbEL4+xf+TZsl2y3bp5rRYu8riyKFDdIROkIsqqIauUR01EEV36AE9oWdrbD1aL9bronXJymYO0A9Yb5/lKpLZ</latexit>

ChaseO(D)
<latexit sha1_base64="p+4JTM7JFkH+Rb1jIZI2sb0h9t8="></latexit>

PhDHolder
<latexit sha1_base64="+N7XAoOnOdCpP9i6E7hws+bVNTM=">AAAB+3icdVBNS0JBFJ1nX2ZfZss2QxK0kve00nZCLlwaZAoqMm+8TwfnfTBzXygP/0qbFkW07Y+06980fgQVdeDC4Zx7ufceN5JCo21/WKm19Y3NrfR2Zmd3b/8ge5i702GsODR5KEPVdpkGKQJookAJ7UgB810JLXd8Pfdb96C0CINbnEbQ89kwEJ7gDI3Uz+a6CBPUXtIY1eqhHICa9bN5u1Cu2JdOmdoFewFDiqWri0qROislT1Zo9LPv3UHIYx8C5JJp3XHsCHsJUyi4hFmmG2uIGB+zIXQMDZgPupcsbp/RU6MMqBcqUwHShfp9ImG+1lPfNZ0+w5H+7c3Fv7xOjF6ll4ggihECvlzkxZJiSOdB0IFQwFFODWFcCXMr5SOmGEcTV8aE8PUp/Z/cFQtOqVC8Oc9Xa6s40uSYnJAz4pAyqZI6aZAm4WRCHsgTebZm1qP1Yr0uW1PWauaI/ID19gnAqpTr</latexit>

hasSupervisor
<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

PhDHolder
<latexit sha1_base64="o4bXDpF9DIiwBiT1Sfg0sLBMdZE=">AAAB+3icdVDLSgNBEJyN7/iK8ehlMAiewu6aaLwJ5uAxgtFAsoTZSW8yZPbBTK8Ylv0VLx4U8eqPePNvnMQIKlrQUFR1093lJ1JotO13q7CwuLS8srpWXN/Y3Nou7ZSvdZwqDm0ey1h1fKZBigjaKFBCJ1HAQl/CjT8+n/o3t6C0iKMrnCTghWwYiUBwhkbql8o9hDvUQdYaNS9iOQCV90sVu+o2anWnQQ2pu6czUjt23fopdar2DBUyR6tfeusNYp6GECGXTOuuYyfoZUyh4BLyYi/VkDA+ZkPoGhqxELSXzW7P6YFRBjSIlakI6Uz9PpGxUOtJ6JvOkOFI//am4l9eN8Wg4WUiSlKEiH8uClJJMabTIOhAKOAoJ4YwroS5lfIRU4yjiatoQvj6lP5Prt2qc1R1L2uVs+Y8jlWyR/bJIXHICTkjF6RF2oSTO3JPHsmTlVsP1rP18tlasOYzu+QHrNcP5LqVBA==</latexit>

hasSupervisor
<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

PhDHolder
<latexit sha1_base64="o4bXDpF9DIiwBiT1Sfg0sLBMdZE=">AAAB+3icdVDLSgNBEJyN7/iK8ehlMAiewu6aaLwJ5uAxgtFAsoTZSW8yZPbBTK8Ylv0VLx4U8eqPePNvnMQIKlrQUFR1093lJ1JotO13q7CwuLS8srpWXN/Y3Nou7ZSvdZwqDm0ey1h1fKZBigjaKFBCJ1HAQl/CjT8+n/o3t6C0iKMrnCTghWwYiUBwhkbql8o9hDvUQdYaNS9iOQCV90sVu+o2anWnQQ2pu6czUjt23fopdar2DBUyR6tfeusNYp6GECGXTOuuYyfoZUyh4BLyYi/VkDA+ZkPoGhqxELSXzW7P6YFRBjSIlakI6Uz9PpGxUOtJ6JvOkOFI//am4l9eN8Wg4WUiSlKEiH8uClJJMabTIOhAKOAoJ4YwroS5lfIRU4yjiatoQvj6lP5Prt2qc1R1L2uVs+Y8jlWyR/bJIXHICTkjF6RF2oSTO3JPHsmTlVsP1rP18tlasOYzu+QHrNcP5LqVBA==</latexit>

hasSupervisor
<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

PhDHolder
<latexit sha1_base64="o4bXDpF9DIiwBiT1Sfg0sLBMdZE=">AAAB+3icdVDLSgNBEJyN7/iK8ehlMAiewu6aaLwJ5uAxgtFAsoTZSW8yZPbBTK8Ylv0VLx4U8eqPePNvnMQIKlrQUFR1093lJ1JotO13q7CwuLS8srpWXN/Y3Nou7ZSvdZwqDm0ey1h1fKZBigjaKFBCJ1HAQl/CjT8+n/o3t6C0iKMrnCTghWwYiUBwhkbql8o9hDvUQdYaNS9iOQCV90sVu+o2anWnQQ2pu6czUjt23fopdar2DBUyR6tfeusNYp6GECGXTOuuYyfoZUyh4BLyYi/VkDA+ZkPoGhqxELSXzW7P6YFRBjSIlakI6Uz9PpGxUOtJ6JvOkOFI//am4l9eN8Wg4WUiSlKEiH8uClJJMabTIOhAKOAoJ4YwroS5lfIRU4yjiatoQvj6lP5Prt2qc1R1L2uVs+Y8jlWyR/bJIXHICTkjF6RF2oSTO3JPHsmTlVsP1rP18tlasOYzu+QHrNcP5LqVBA==</latexit>

hasSupervisor
<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

PhDHolder
<latexit sha1_base64="o4bXDpF9DIiwBiT1Sfg0sLBMdZE=">AAAB+3icdVDLSgNBEJyN7/iK8ehlMAiewu6aaLwJ5uAxgtFAsoTZSW8yZPbBTK8Ylv0VLx4U8eqPePNvnMQIKlrQUFR1093lJ1JotO13q7CwuLS8srpWXN/Y3Nou7ZSvdZwqDm0ey1h1fKZBigjaKFBCJ1HAQl/CjT8+n/o3t6C0iKMrnCTghWwYiUBwhkbql8o9hDvUQdYaNS9iOQCV90sVu+o2anWnQQ2pu6czUjt23fopdar2DBUyR6tfeusNYp6GECGXTOuuYyfoZUyh4BLyYi/VkDA+ZkPoGhqxELSXzW7P6YFRBjSIlakI6Uz9PpGxUOtJ6JvOkOFI//am4l9eN8Wg4WUiSlKEiH8uClJJMabTIOhAKOAoJ4YwroS5lfIRU4yjiatoQvj6lP5Prt2qc1R1L2uVs+Y8jlWyR/bJIXHICTkjF6RF2oSTO3JPHsmTlVsP1rP18tlasOYzu+QHrNcP5LqVBA==</latexit>

...hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

Lutz et al. CQ Answering in the Description Logic  
EL Using a Relational Database System. IJCAI'09 

Carral et al. The Combined Approach to  
Query Answering in Horn-ALCHOIQ. KR'18
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What about cases where the chase is infinite?
PhDHolder(x) ! 9z hasDegree(x, z) ^ PhD(z)

<latexit sha1_base64="q+laqoJ4Tdzz6L1v9KNSHl/v8jU="></latexit>

PhDHolder(x) ! 9y hasSupervisor(x, y) ^ PhDHolder(y)
<latexit sha1_base64="cdI+tB8+sFHTtMp+8FBf6px3bik="></latexit>

PhDHolder(ming)
<latexit sha1_base64="cBP8dAyi44uuUVmZwN6BWx6ekbI=">AAACAXicdVDLSgNBEJyN7/iKehG8DAZBL2E3PhJvgh48RjAxkIQwO+lNBmdnl5leMSzx4q948aCIV//Cm3/j5CGoaEFDUdVNd5cfS2HQdT+czNT0zOzc/EJ2cWl5ZTW3tl4zUaI5VHkkI133mQEpFFRRoIR6rIGFvoQr//p06F/dgDYiUpfYj6EVsq4SgeAMrdTObTYRbtEEaaV3dh7JDujdUKju3qCdy7uFUtk98krULbgjWFLcPz4sF6k3UfJkgko7997sRDwJQSGXzJiG58bYSplGwSUMss3EQMz4NetCw1LFQjCtdPTBgO5YpUODSNtSSEfq94mUhcb0Q992hgx75rc3FP/yGgkG5VYqVJwgKD5eFCSSYkSHcdCO0MBR9i1hXAt7K+U9phlHG1rWhvD1Kf2f1IoFb79QvDjIn5xN4pgnW2Sb7BKPlMgJOScVUiWc3JEH8kSenXvn0XlxXsetGWcys0F+wHn7BNGilyM=</latexit>

Sometimes possible to use compact representation of chase (called combined approach)

When the chase is finite, it provides a method for computing certain answers

ming
<latexit sha1_base64="MN5rgDUXy2IvkK/2Ypr04SJwFA0=">AAAB9HicdVBNS8NAEN34WetX1aOXxSJ4Ckmrtt4KevBYwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LYRVPTBwOO9GWbm+bHgGhznw1paXlldW89t5De3tnd2C3v7TR0lirIGjUSk2j7RTHDJGsBBsHasGAl9wVr+6HLmt8ZMaR7JW5jEzAvJQPKAUwJG8rrA7kEHacjlYNorFB27UnXO3Qp2bGcOQ0rli7NqCbuZUkQZ6r3Ce7cf0SRkEqggWndcJwYvJQo4FWya7yaaxYSOyIB1DJUkZNpL50dP8bFR+jiIlCkJeK5+n0hJqPUk9E1nSGCof3sz8S+vk0BQ9VIu4wSYpItFQSIwRHiWAO5zxSiIiSGEKm5uxXRIFKFgcsqbEL4+xf+TZsl2y3bp5rRYu8riyKFDdIROkIsqqIauUR01EEV36AE9oWdrbD1aL9bronXJymYO0A9Yb5/lKpLZ</latexit>

ChaseO(D)
<latexit sha1_base64="p+4JTM7JFkH+Rb1jIZI2sb0h9t8="></latexit>

PhDHolder
<latexit sha1_base64="+N7XAoOnOdCpP9i6E7hws+bVNTM=">AAAB+3icdVBNS0JBFJ1nX2ZfZss2QxK0kve00nZCLlwaZAoqMm+8TwfnfTBzXygP/0qbFkW07Y+06980fgQVdeDC4Zx7ufceN5JCo21/WKm19Y3NrfR2Zmd3b/8ge5i702GsODR5KEPVdpkGKQJookAJ7UgB810JLXd8Pfdb96C0CINbnEbQ89kwEJ7gDI3Uz+a6CBPUXtIY1eqhHICa9bN5u1Cu2JdOmdoFewFDiqWri0qROislT1Zo9LPv3UHIYx8C5JJp3XHsCHsJUyi4hFmmG2uIGB+zIXQMDZgPupcsbp/RU6MMqBcqUwHShfp9ImG+1lPfNZ0+w5H+7c3Fv7xOjF6ll4ggihECvlzkxZJiSOdB0IFQwFFODWFcCXMr5SOmGEcTV8aE8PUp/Z/cFQtOqVC8Oc9Xa6s40uSYnJAz4pAyqZI6aZAm4WRCHsgTebZm1qP1Yr0uW1PWauaI/ID19gnAqpTr</latexit>

hasSupervisor
<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

PhDHolder
<latexit sha1_base64="o4bXDpF9DIiwBiT1Sfg0sLBMdZE=">AAAB+3icdVDLSgNBEJyN7/iK8ehlMAiewu6aaLwJ5uAxgtFAsoTZSW8yZPbBTK8Ylv0VLx4U8eqPePNvnMQIKlrQUFR1093lJ1JotO13q7CwuLS8srpWXN/Y3Nou7ZSvdZwqDm0ey1h1fKZBigjaKFBCJ1HAQl/CjT8+n/o3t6C0iKMrnCTghWwYiUBwhkbql8o9hDvUQdYaNS9iOQCV90sVu+o2anWnQQ2pu6czUjt23fopdar2DBUyR6tfeusNYp6GECGXTOuuYyfoZUyh4BLyYi/VkDA+ZkPoGhqxELSXzW7P6YFRBjSIlakI6Uz9PpGxUOtJ6JvOkOFI//am4l9eN8Wg4WUiSlKEiH8uClJJMabTIOhAKOAoJ4YwroS5lfIRU4yjiatoQvj6lP5Prt2qc1R1L2uVs+Y8jlWyR/bJIXHICTkjF6RF2oSTO3JPHsmTlVsP1rP18tlasOYzu+QHrNcP5LqVBA==</latexit>

hasSupervisor
<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

PhDHolder
<latexit sha1_base64="o4bXDpF9DIiwBiT1Sfg0sLBMdZE=">AAAB+3icdVDLSgNBEJyN7/iK8ehlMAiewu6aaLwJ5uAxgtFAsoTZSW8yZPbBTK8Ylv0VLx4U8eqPePNvnMQIKlrQUFR1093lJ1JotO13q7CwuLS8srpWXN/Y3Nou7ZSvdZwqDm0ey1h1fKZBigjaKFBCJ1HAQl/CjT8+n/o3t6C0iKMrnCTghWwYiUBwhkbql8o9hDvUQdYaNS9iOQCV90sVu+o2anWnQQ2pu6czUjt23fopdar2DBUyR6tfeusNYp6GECGXTOuuYyfoZUyh4BLyYi/VkDA+ZkPoGhqxELSXzW7P6YFRBjSIlakI6Uz9PpGxUOtJ6JvOkOFI//am4l9eN8Wg4WUiSlKEiH8uClJJMabTIOhAKOAoJ4YwroS5lfIRU4yjiatoQvj6lP5Prt2qc1R1L2uVs+Y8jlWyR/bJIXHICTkjF6RF2oSTO3JPHsmTlVsP1rP18tlasOYzu+QHrNcP5LqVBA==</latexit>

hasSupervisor
<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

PhDHolder
<latexit sha1_base64="o4bXDpF9DIiwBiT1Sfg0sLBMdZE=">AAAB+3icdVDLSgNBEJyN7/iK8ehlMAiewu6aaLwJ5uAxgtFAsoTZSW8yZPbBTK8Ylv0VLx4U8eqPePNvnMQIKlrQUFR1093lJ1JotO13q7CwuLS8srpWXN/Y3Nou7ZSvdZwqDm0ey1h1fKZBigjaKFBCJ1HAQl/CjT8+n/o3t6C0iKMrnCTghWwYiUBwhkbql8o9hDvUQdYaNS9iOQCV90sVu+o2anWnQQ2pu6czUjt23fopdar2DBUyR6tfeusNYp6GECGXTOuuYyfoZUyh4BLyYi/VkDA+ZkPoGhqxELSXzW7P6YFRBjSIlakI6Uz9PpGxUOtJ6JvOkOFI//am4l9eN8Wg4WUiSlKEiH8uClJJMabTIOhAKOAoJ4YwroS5lfIRU4yjiatoQvj6lP5Prt2qc1R1L2uVs+Y8jlWyR/bJIXHICTkjF6RF2oSTO3JPHsmTlVsP1rP18tlasOYzu+QHrNcP5LqVBA==</latexit>

hasSupervisor
<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

PhDHolder
<latexit sha1_base64="o4bXDpF9DIiwBiT1Sfg0sLBMdZE=">AAAB+3icdVDLSgNBEJyN7/iK8ehlMAiewu6aaLwJ5uAxgtFAsoTZSW8yZPbBTK8Ylv0VLx4U8eqPePNvnMQIKlrQUFR1093lJ1JotO13q7CwuLS8srpWXN/Y3Nou7ZSvdZwqDm0ey1h1fKZBigjaKFBCJ1HAQl/CjT8+n/o3t6C0iKMrnCTghWwYiUBwhkbql8o9hDvUQdYaNS9iOQCV90sVu+o2anWnQQ2pu6czUjt23fopdar2DBUyR6tfeusNYp6GECGXTOuuYyfoZUyh4BLyYi/VkDA+ZkPoGhqxELSXzW7P6YFRBjSIlakI6Uz9PpGxUOtJ6JvOkOFI//am4l9eN8Wg4WUiSlKEiH8uClJJMabTIOhAKOAoJ4YwroS5lfIRU4yjiatoQvj6lP5Prt2qc1R1L2uVs+Y8jlWyR/bJIXHICTkjF6RF2oSTO3JPHsmTlVsP1rP18tlasOYzu+QHrNcP5LqVBA==</latexit>

...hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

ming
<latexit sha1_base64="MN5rgDUXy2IvkK/2Ypr04SJwFA0=">AAAB9HicdVBNS8NAEN34WetX1aOXxSJ4Ckmrtt4KevBYwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LYRVPTBwOO9GWbm+bHgGhznw1paXlldW89t5De3tnd2C3v7TR0lirIGjUSk2j7RTHDJGsBBsHasGAl9wVr+6HLmt8ZMaR7JW5jEzAvJQPKAUwJG8rrA7kEHacjlYNorFB27UnXO3Qp2bGcOQ0rli7NqCbuZUkQZ6r3Ce7cf0SRkEqggWndcJwYvJQo4FWya7yaaxYSOyIB1DJUkZNpL50dP8bFR+jiIlCkJeK5+n0hJqPUk9E1nSGCof3sz8S+vk0BQ9VIu4wSYpItFQSIwRHiWAO5zxSiIiSGEKm5uxXRIFKFgcsqbEL4+xf+TZsl2y3bp5rRYu8riyKFDdIROkIsqqIauUR01EEV36AE9oWdrbD1aL9bronXJymYO0A9Yb5/lKpLZ</latexit>

PhDHolder
<latexit sha1_base64="+N7XAoOnOdCpP9i6E7hws+bVNTM=">AAAB+3icdVBNS0JBFJ1nX2ZfZss2QxK0kve00nZCLlwaZAoqMm+8TwfnfTBzXygP/0qbFkW07Y+06980fgQVdeDC4Zx7ufceN5JCo21/WKm19Y3NrfR2Zmd3b/8ge5i702GsODR5KEPVdpkGKQJookAJ7UgB810JLXd8Pfdb96C0CINbnEbQ89kwEJ7gDI3Uz+a6CBPUXtIY1eqhHICa9bN5u1Cu2JdOmdoFewFDiqWri0qROislT1Zo9LPv3UHIYx8C5JJp3XHsCHsJUyi4hFmmG2uIGB+zIXQMDZgPupcsbp/RU6MMqBcqUwHShfp9ImG+1lPfNZ0+w5H+7c3Fv7xOjF6ll4ggihECvlzkxZJiSOdB0IFQwFFODWFcCXMr5SOmGEcTV8aE8PUp/Z/cFQtOqVC8Oc9Xa6s40uSYnJAz4pAyqZI6aZAm4WRCHsgTebZm1qP1Yr0uW1PWauaI/ID19gnAqpTr</latexit>

hasSupervisor
<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

PhDHolder
<latexit sha1_base64="o4bXDpF9DIiwBiT1Sfg0sLBMdZE=">AAAB+3icdVDLSgNBEJyN7/iK8ehlMAiewu6aaLwJ5uAxgtFAsoTZSW8yZPbBTK8Ylv0VLx4U8eqPePNvnMQIKlrQUFR1093lJ1JotO13q7CwuLS8srpWXN/Y3Nou7ZSvdZwqDm0ey1h1fKZBigjaKFBCJ1HAQl/CjT8+n/o3t6C0iKMrnCTghWwYiUBwhkbql8o9hDvUQdYaNS9iOQCV90sVu+o2anWnQQ2pu6czUjt23fopdar2DBUyR6tfeusNYp6GECGXTOuuYyfoZUyh4BLyYi/VkDA+ZkPoGhqxELSXzW7P6YFRBjSIlakI6Uz9PpGxUOtJ6JvOkOFI//am4l9eN8Wg4WUiSlKEiH8uClJJMabTIOhAKOAoJ4YwroS5lfIRU4yjiatoQvj6lP5Prt2qc1R1L2uVs+Y8jlWyR/bJIXHICTkjF6RF2oSTO3JPHsmTlVsP1rP18tlasOYzu+QHrNcP5LqVBA==</latexit>

hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

hasSupervisor

<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

hasDegree
<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

Lutz et al. CQ Answering in the Description Logic  
EL Using a Relational Database System. IJCAI'09 

Carral et al. The Combined Approach to  
Query Answering in Horn-ALCHOIQ. KR'18
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What about cases where the chase is infinite?
PhDHolder(x) ! 9z hasDegree(x, z) ^ PhD(z)

<latexit sha1_base64="q+laqoJ4Tdzz6L1v9KNSHl/v8jU="></latexit>

PhDHolder(x) ! 9y hasSupervisor(x, y) ^ PhDHolder(y)
<latexit sha1_base64="cdI+tB8+sFHTtMp+8FBf6px3bik="></latexit>

PhDHolder(ming)
<latexit sha1_base64="cBP8dAyi44uuUVmZwN6BWx6ekbI=">AAACAXicdVDLSgNBEJyN7/iKehG8DAZBL2E3PhJvgh48RjAxkIQwO+lNBmdnl5leMSzx4q948aCIV//Cm3/j5CGoaEFDUdVNd5cfS2HQdT+czNT0zOzc/EJ2cWl5ZTW3tl4zUaI5VHkkI133mQEpFFRRoIR6rIGFvoQr//p06F/dgDYiUpfYj6EVsq4SgeAMrdTObTYRbtEEaaV3dh7JDujdUKju3qCdy7uFUtk98krULbgjWFLcPz4sF6k3UfJkgko7997sRDwJQSGXzJiG58bYSplGwSUMss3EQMz4NetCw1LFQjCtdPTBgO5YpUODSNtSSEfq94mUhcb0Q992hgx75rc3FP/yGgkG5VYqVJwgKD5eFCSSYkSHcdCO0MBR9i1hXAt7K+U9phlHG1rWhvD1Kf2f1IoFb79QvDjIn5xN4pgnW2Sb7BKPlMgJOScVUiWc3JEH8kSenXvn0XlxXsetGWcys0F+wHn7BNGilyM=</latexit>

Sometimes possible to use compact representation of chase (called combined approach)

• evaluate original query over compact chase 
superset of certain answers 

• rewriting / filtering phase to block incorrect answers 

)
<latexit sha1_base64="0L/KjQjV7NtFTGZoEEAaRpfJHYY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBE8laQKeizowWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36Hnfzsrq2vrGZmGruL2zu7dfOjhsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHweuq3Hpk2XMkHHKUsTEhf8phTglYKOve8P0CitXrqlspexZvBXSZ+TsqQo94tfXV6imYJk0gFMSbwvRTDMdHIqWCTYiczLCV0SPossFSShJlwPDt54p5apefGStuS6M7U3xNjkhgzSiLbmRAcmEVvKv7nBRnGV+GYyzRDJul8UZwJF5U7/d/tcc0oipElhGpub3XpgGhC0aZUtCH4iy8vk2a14p9XqncX5dpNHkcBjuEEzsCHS6jBLdShARQUPMMrvDnovDjvzse8dcXJZ47gD5zPH5MDkXM=</latexit>

When the chase is finite, it provides a method for computing certain answers

ming
<latexit sha1_base64="MN5rgDUXy2IvkK/2Ypr04SJwFA0=">AAAB9HicdVBNS8NAEN34WetX1aOXxSJ4Ckmrtt4KevBYwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LYRVPTBwOO9GWbm+bHgGhznw1paXlldW89t5De3tnd2C3v7TR0lirIGjUSk2j7RTHDJGsBBsHasGAl9wVr+6HLmt8ZMaR7JW5jEzAvJQPKAUwJG8rrA7kEHacjlYNorFB27UnXO3Qp2bGcOQ0rli7NqCbuZUkQZ6r3Ce7cf0SRkEqggWndcJwYvJQo4FWya7yaaxYSOyIB1DJUkZNpL50dP8bFR+jiIlCkJeK5+n0hJqPUk9E1nSGCof3sz8S+vk0BQ9VIu4wSYpItFQSIwRHiWAO5zxSiIiSGEKm5uxXRIFKFgcsqbEL4+xf+TZsl2y3bp5rRYu8riyKFDdIROkIsqqIauUR01EEV36AE9oWdrbD1aL9bronXJymYO0A9Yb5/lKpLZ</latexit>

ChaseO(D)
<latexit sha1_base64="p+4JTM7JFkH+Rb1jIZI2sb0h9t8="></latexit>

PhDHolder
<latexit sha1_base64="+N7XAoOnOdCpP9i6E7hws+bVNTM=">AAAB+3icdVBNS0JBFJ1nX2ZfZss2QxK0kve00nZCLlwaZAoqMm+8TwfnfTBzXygP/0qbFkW07Y+06980fgQVdeDC4Zx7ufceN5JCo21/WKm19Y3NrfR2Zmd3b/8ge5i702GsODR5KEPVdpkGKQJookAJ7UgB810JLXd8Pfdb96C0CINbnEbQ89kwEJ7gDI3Uz+a6CBPUXtIY1eqhHICa9bN5u1Cu2JdOmdoFewFDiqWri0qROislT1Zo9LPv3UHIYx8C5JJp3XHsCHsJUyi4hFmmG2uIGB+zIXQMDZgPupcsbp/RU6MMqBcqUwHShfp9ImG+1lPfNZ0+w5H+7c3Fv7xOjF6ll4ggihECvlzkxZJiSOdB0IFQwFFODWFcCXMr5SOmGEcTV8aE8PUp/Z/cFQtOqVC8Oc9Xa6s40uSYnJAz4pAyqZI6aZAm4WRCHsgTebZm1qP1Yr0uW1PWauaI/ID19gnAqpTr</latexit>

hasSupervisor
<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

PhDHolder
<latexit sha1_base64="o4bXDpF9DIiwBiT1Sfg0sLBMdZE=">AAAB+3icdVDLSgNBEJyN7/iK8ehlMAiewu6aaLwJ5uAxgtFAsoTZSW8yZPbBTK8Ylv0VLx4U8eqPePNvnMQIKlrQUFR1093lJ1JotO13q7CwuLS8srpWXN/Y3Nou7ZSvdZwqDm0ey1h1fKZBigjaKFBCJ1HAQl/CjT8+n/o3t6C0iKMrnCTghWwYiUBwhkbql8o9hDvUQdYaNS9iOQCV90sVu+o2anWnQQ2pu6czUjt23fopdar2DBUyR6tfeusNYp6GECGXTOuuYyfoZUyh4BLyYi/VkDA+ZkPoGhqxELSXzW7P6YFRBjSIlakI6Uz9PpGxUOtJ6JvOkOFI//am4l9eN8Wg4WUiSlKEiH8uClJJMabTIOhAKOAoJ4YwroS5lfIRU4yjiatoQvj6lP5Prt2qc1R1L2uVs+Y8jlWyR/bJIXHICTkjF6RF2oSTO3JPHsmTlVsP1rP18tlasOYzu+QHrNcP5LqVBA==</latexit>

hasSupervisor
<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

PhDHolder
<latexit sha1_base64="o4bXDpF9DIiwBiT1Sfg0sLBMdZE=">AAAB+3icdVDLSgNBEJyN7/iK8ehlMAiewu6aaLwJ5uAxgtFAsoTZSW8yZPbBTK8Ylv0VLx4U8eqPePNvnMQIKlrQUFR1093lJ1JotO13q7CwuLS8srpWXN/Y3Nou7ZSvdZwqDm0ey1h1fKZBigjaKFBCJ1HAQl/CjT8+n/o3t6C0iKMrnCTghWwYiUBwhkbql8o9hDvUQdYaNS9iOQCV90sVu+o2anWnQQ2pu6czUjt23fopdar2DBUyR6tfeusNYp6GECGXTOuuYyfoZUyh4BLyYi/VkDA+ZkPoGhqxELSXzW7P6YFRBjSIlakI6Uz9PpGxUOtJ6JvOkOFI//am4l9eN8Wg4WUiSlKEiH8uClJJMabTIOhAKOAoJ4YwroS5lfIRU4yjiatoQvj6lP5Prt2qc1R1L2uVs+Y8jlWyR/bJIXHICTkjF6RF2oSTO3JPHsmTlVsP1rP18tlasOYzu+QHrNcP5LqVBA==</latexit>

hasSupervisor
<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

PhDHolder
<latexit sha1_base64="o4bXDpF9DIiwBiT1Sfg0sLBMdZE=">AAAB+3icdVDLSgNBEJyN7/iK8ehlMAiewu6aaLwJ5uAxgtFAsoTZSW8yZPbBTK8Ylv0VLx4U8eqPePNvnMQIKlrQUFR1093lJ1JotO13q7CwuLS8srpWXN/Y3Nou7ZSvdZwqDm0ey1h1fKZBigjaKFBCJ1HAQl/CjT8+n/o3t6C0iKMrnCTghWwYiUBwhkbql8o9hDvUQdYaNS9iOQCV90sVu+o2anWnQQ2pu6czUjt23fopdar2DBUyR6tfeusNYp6GECGXTOuuYyfoZUyh4BLyYi/VkDA+ZkPoGhqxELSXzW7P6YFRBjSIlakI6Uz9PpGxUOtJ6JvOkOFI//am4l9eN8Wg4WUiSlKEiH8uClJJMabTIOhAKOAoJ4YwroS5lfIRU4yjiatoQvj6lP5Prt2qc1R1L2uVs+Y8jlWyR/bJIXHICTkjF6RF2oSTO3JPHsmTlVsP1rP18tlasOYzu+QHrNcP5LqVBA==</latexit>

hasSupervisor
<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

PhDHolder
<latexit sha1_base64="o4bXDpF9DIiwBiT1Sfg0sLBMdZE=">AAAB+3icdVDLSgNBEJyN7/iK8ehlMAiewu6aaLwJ5uAxgtFAsoTZSW8yZPbBTK8Ylv0VLx4U8eqPePNvnMQIKlrQUFR1093lJ1JotO13q7CwuLS8srpWXN/Y3Nou7ZSvdZwqDm0ey1h1fKZBigjaKFBCJ1HAQl/CjT8+n/o3t6C0iKMrnCTghWwYiUBwhkbql8o9hDvUQdYaNS9iOQCV90sVu+o2anWnQQ2pu6czUjt23fopdar2DBUyR6tfeusNYp6GECGXTOuuYyfoZUyh4BLyYi/VkDA+ZkPoGhqxELSXzW7P6YFRBjSIlakI6Uz9PpGxUOtJ6JvOkOFI//am4l9eN8Wg4WUiSlKEiH8uClJJMabTIOhAKOAoJ4YwroS5lfIRU4yjiatoQvj6lP5Prt2qc1R1L2uVs+Y8jlWyR/bJIXHICTkjF6RF2oSTO3JPHsmTlVsP1rP18tlasOYzu+QHrNcP5LqVBA==</latexit>

...hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

ming
<latexit sha1_base64="MN5rgDUXy2IvkK/2Ypr04SJwFA0=">AAAB9HicdVBNS8NAEN34WetX1aOXxSJ4Ckmrtt4KevBYwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LYRVPTBwOO9GWbm+bHgGhznw1paXlldW89t5De3tnd2C3v7TR0lirIGjUSk2j7RTHDJGsBBsHasGAl9wVr+6HLmt8ZMaR7JW5jEzAvJQPKAUwJG8rrA7kEHacjlYNorFB27UnXO3Qp2bGcOQ0rli7NqCbuZUkQZ6r3Ce7cf0SRkEqggWndcJwYvJQo4FWya7yaaxYSOyIB1DJUkZNpL50dP8bFR+jiIlCkJeK5+n0hJqPUk9E1nSGCof3sz8S+vk0BQ9VIu4wSYpItFQSIwRHiWAO5zxSiIiSGEKm5uxXRIFKFgcsqbEL4+xf+TZsl2y3bp5rRYu8riyKFDdIROkIsqqIauUR01EEV36AE9oWdrbD1aL9bronXJymYO0A9Yb5/lKpLZ</latexit>

PhDHolder
<latexit sha1_base64="+N7XAoOnOdCpP9i6E7hws+bVNTM=">AAAB+3icdVBNS0JBFJ1nX2ZfZss2QxK0kve00nZCLlwaZAoqMm+8TwfnfTBzXygP/0qbFkW07Y+06980fgQVdeDC4Zx7ufceN5JCo21/WKm19Y3NrfR2Zmd3b/8ge5i702GsODR5KEPVdpkGKQJookAJ7UgB810JLXd8Pfdb96C0CINbnEbQ89kwEJ7gDI3Uz+a6CBPUXtIY1eqhHICa9bN5u1Cu2JdOmdoFewFDiqWri0qROislT1Zo9LPv3UHIYx8C5JJp3XHsCHsJUyi4hFmmG2uIGB+zIXQMDZgPupcsbp/RU6MMqBcqUwHShfp9ImG+1lPfNZ0+w5H+7c3Fv7xOjF6ll4ggihECvlzkxZJiSOdB0IFQwFFODWFcCXMr5SOmGEcTV8aE8PUp/Z/cFQtOqVC8Oc9Xa6s40uSYnJAz4pAyqZI6aZAm4WRCHsgTebZm1qP1Yr0uW1PWauaI/ID19gnAqpTr</latexit>

hasSupervisor
<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

PhDHolder
<latexit sha1_base64="o4bXDpF9DIiwBiT1Sfg0sLBMdZE=">AAAB+3icdVDLSgNBEJyN7/iK8ehlMAiewu6aaLwJ5uAxgtFAsoTZSW8yZPbBTK8Ylv0VLx4U8eqPePNvnMQIKlrQUFR1093lJ1JotO13q7CwuLS8srpWXN/Y3Nou7ZSvdZwqDm0ey1h1fKZBigjaKFBCJ1HAQl/CjT8+n/o3t6C0iKMrnCTghWwYiUBwhkbql8o9hDvUQdYaNS9iOQCV90sVu+o2anWnQQ2pu6czUjt23fopdar2DBUyR6tfeusNYp6GECGXTOuuYyfoZUyh4BLyYi/VkDA+ZkPoGhqxELSXzW7P6YFRBjSIlakI6Uz9PpGxUOtJ6JvOkOFI//am4l9eN8Wg4WUiSlKEiH8uClJJMabTIOhAKOAoJ4YwroS5lfIRU4yjiatoQvj6lP5Prt2qc1R1L2uVs+Y8jlWyR/bJIXHICTkjF6RF2oSTO3JPHsmTlVsP1rP18tlasOYzu+QHrNcP5LqVBA==</latexit>

hasD
egree

<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

PhD
<latexit sha1_base64="dr0W6GkLh+ViCPFZ7mjI05KBMkc=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhJbbXcFu3BZwT6gCWUynbRDJw9mbsQS+htuXCji1p9x5984TSuo6IELh3Pu5d57/ERwBZb1Yaysrq1vbBa2its7u3v7pYPDjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+5Grud++YVDyObmGaMC8ko4gHnBLQkusCuwcVZK1xczYolS3TqVWqdg1rUnXqOalcOE61jm3TylFGS7QGpXd3GNM0ZBFQQZTq21YCXkYkcCrYrOimiiWETsiI9TWNSMiUl+U3z/CpVoY4iKWuCHCufp/ISKjUNPR1Z0hgrH57c/Evr59CUPMyHiUpsIguFgWpwBDjeQB4yCWjIKaaECq5vhXTMZGEgo6pqEP4+hT/TzqOaZ+bzk2l3Ggu4yigY3SCzpCNLlEDXaMWaiOKEvSAntCzkRqPxovxumhdMZYzR+gHjLdP1VKSOQ==</latexit>

hasSupervisor

<latexit sha1_base64="PjPwnxmUYikqQUeJZDULayUwdoo=">AAAB/3icdVDLSgNBEJyNrxhfUcGLl8EgeAq7a6LJLaAHj4pGhSSE2UlvMmT2wUxvMKw5+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBo2+9WZmZ2bn4hu5hbWl5ZXcuvb1zqKFEc6jySkbr2mAYpQqijQAnXsQIWeBKuvP7R2L8agNIiCi9wGEMrYN1Q+IIzNFI7v9VEuEHtpz2mz5MY1EDoSI3a+YJddCulslOhhpTd6oSUDly3XKVO0Z6gQKY4beffmp2IJwGEyCXTuuHYMbZSplBwCaNcM9EQM95nXWgYGrIAdCud3D+iu0bpUD9SpkKkE/X7RMoCrYeBZzoDhj392xuLf3mNBP1KKxVhnCCE/HORn0iKER2HQTtCAUc5NIRxJcytlPeYYhxNZDkTwten9H9y6Rad/aJ7VirUjqdxZMk22SF7xCGHpEZOyCmpE05uyT15JE/WnfVgPVsvn60ZazqzSX7Aev0A28WXUA==</latexit>

hasDegree
<latexit sha1_base64="ue8XDdpFNcj928jRxX2eV0NhSos=">AAAB+3icdVBNS8NAEN34bf2K9ehlsQieShJbbW+CPXhUsCq0oWy2k3Zx88HuRFpC/ooXD4p49Y9489+4rRVU9MHA470ZZuYFqRQaHefdmptfWFxaXlktra1vbG7Z2+UrnWSKQ5snMlE3AdMgRQxtFCjhJlXAokDCdXB7OvGv70BpkcSXOE7Bj9ggFqHgDI3Us8tdhBHqMB8y3YKBAih6dsWpeo1a3W1QQ+pec0pqR55Xb1K36kxRITOc9+y3bj/hWQQxcsm07rhOin7OFAouoSh1Mw0p47dsAB1DYxaB9vPp7QXdN0qfhokyFSOdqt8nchZpPY4C0xkxHOrf3kT8y+tkGDb8XMRphhDzz0VhJikmdBIE7QsFHOXYEMaVMLdSPmSKcTRxlUwIX5/S/8mVV3UPq95FrXLSmsWxQnbJHjkgLjkmJ+SMnJM24WRE7skjebIK68F6tl4+W+es2cwO+QHr9QMsKZUy</latexit>

Lutz et al. CQ Answering in the Description Logic  
EL Using a Relational Database System. IJCAI'09 

Carral et al. The Combined Approach to  
Query Answering in Horn-ALCHOIQ. KR'18



Closer looks at materialization

27

When does 
the chase 
terminate? 

(over any dataset)•  Development of acyclicity conditions (sufficient)

Which classes of existential rules guarantee chase termination?

•  Study of decision problem: check if given ruleset has terminating chase

•  Several different chase variants
Carral & Urbani. Checking Chase Termination over Ontologies of Existential Rules with Equality. AAAI 2020.

Gogacz et al. All-Instances Restricted Chase Termination. PODS 2020.

(oblivious, Skolem, restricted, core, ...)



Closer looks at materialization

27

When does 
the chase 
terminate? 

Efficient  
chase  

computation

How to efficiently compute and maintain the materialization?

New techniques & optimizations: handling updates, parallelization 

(over any dataset)•  Development of acyclicity conditions (sufficient)

•  Example systems: RDFox (Datalog, OWL 2 RL), VLog, Graal (exist. rules)

Which classes of existential rules guarantee chase termination?

OMQA motivates need to develop efficient algorithms for Datalog, chase

•  Study of decision problem: check if given ruleset has terminating chase

•  Several different chase variants
Carral & Urbani. Checking Chase Termination over Ontologies of Existential Rules with Equality. AAAI 2020.

Gogacz et al. All-Instances Restricted Chase Termination. PODS 2020.

(oblivious, Skolem, restricted, core, ...)
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OMQA Research



Topics in OMQA research

29

Expressive power
Which queries can be captured using ontology-mediated queries (OMQs)? 

Bienvenu et al. Ontology-Based Data Access: A Study through Disjunctive Datalog, CSP, and MMSNP. TODS 2014

Bourgaux et al. Capturing Homomorphism-Closed Decidable Queries with Existential Rules. KR 2021

(O, q)
<latexit sha1_base64="ViYHcBAlts4FkOCWInGKFvdtxXU=">AAAB+nicbVDLSgMxFL3js9bXVJdugkWoIGWmCrosunFnBfuAtpRMmmlDM5kxyShl7Ke4caGIW7/EnX9jpp2Fth4IHM65l3tyvIgzpR3n21paXlldW89t5De3tnd27cJeQ4WxJLROQh7KlocV5UzQumaa01YkKQ48Tpve6Cr1mw9UKhaKOz2OaDfAA8F8RrA2Us8ulDoB1kOCeXIzOUH3x6hnF52yMwVaJG5GipCh1rO/Ov2QxAEVmnCsVNt1It1NsNSMcDrJd2JFI0xGeEDbhgocUNVNptEn6MgofeSH0jyh0VT9vZHgQKlx4JnJNKea91LxP68da/+imzARxZoKMjvkxxzpEKU9oD6TlGg+NgQTyUxWRIZYYqJNW3lTgjv/5UXSqJTd03Ll9qxYvczqyMEBHEIJXDiHKlxDDepA4BGe4RXerCfrxXq3PmajS1a2sw9/YH3+AMG0kwQ=</latexit>
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Expressive power
Which queries can be captured using ontology-mediated queries (OMQs)? 

Bienvenu et al. Ontology-Based Data Access: A Study through Disjunctive Datalog, CSP, and MMSNP. TODS 2014

Bourgaux et al. Capturing Homomorphism-Closed Decidable Queries with Existential Rules. KR 2021

(O, q)
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Classify complexity at level of ontologies, OMQs 
Aim: identify more tractable cases, aid in choosing algorithmsFine-grained  

Complexity
Hernich et al. Dichotomies in Ontology-Mediated Querying with the Guarded Fragment. TOCL 2020

Lutz & Sabellek.  Ontology-Mediated Querying with the Description Logic EL: Trichotomy and Linear Datalog Rewritabilit. IJCAI 2017



Topics in OMQA research

29

Expressive power
Which queries can be captured using ontology-mediated queries (OMQs)? 

Approximation
Use approximation to handle more expressive ontology languages

Zhou et al. PAGOdA: Pay-As-You-Go Ontology Query Answering Using a Datalog Reasoner. JAIR 2015

Haga et al. How to Approximate Ontology-Mediated Queries. KR 2021

Bienvenu et al. Ontology-Based Data Access: A Study through Disjunctive Datalog, CSP, and MMSNP. TODS 2014

Bourgaux et al. Capturing Homomorphism-Closed Decidable Queries with Existential Rules. KR 2021

(O, q)
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Classify complexity at level of ontologies, OMQs 
Aim: identify more tractable cases, aid in choosing algorithmsFine-grained  

Complexity
Hernich et al. Dichotomies in Ontology-Mediated Querying with the Guarded Fragment. TOCL 2020

Lutz & Sabellek.  Ontology-Mediated Querying with the Description Logic EL: Trichotomy and Linear Datalog Rewritabilit. IJCAI 2017



Topics in OMQA research

30

What about other kinds of queries?  path queries, counting queries, temporal queriesRicher queries, 
other data formats

What about non-relational data?  graph data, key-value stores, temporal DBs

Bienvenu, Quentin Manière, Thomazo. Cardinality Queries over DL-Lite Ontologies. IJCAI 2021

ANR CQFD (Federico Ulliana, LIRMM + 7 other French labs)  
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What about other kinds of queries?  path queries, counting queries, temporal queriesRicher queries, 
other data formats

What about non-relational data?  graph data, key-value stores, temporal DBs

Bienvenu, Quentin Manière, Thomazo. Cardinality Queries over DL-Lite Ontologies. IJCAI 2021

ANR CQFD (Federico Ulliana, LIRMM + 7 other French labs)  

Imperfect data & 
knowledge

How to cope with erroneous, imprecise, uncertain data? 

Bienvenu. A Short Survey on Inconsistency Handling in Ontology-Mediated Query Answering. KI 2020

INTENDED AI Chair (2020-2025): Intelligent Handling of Imperfect Data
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What about other kinds of queries?  path queries, counting queries, temporal queries

Explanation How to explain / justify / trace back query results?

Richer queries, 
other data formats

What about non-relational data?  graph data, key-value stores, temporal DBs

Bienvenu, Quentin Manière, Thomazo. Cardinality Queries over DL-Lite Ontologies. IJCAI 2021

ANR CQFD (Federico Ulliana, LIRMM + 7 other French labs)  

Learning How to learn ontologies, queries, mappings? 

Imperfect data & 
knowledge

How to cope with erroneous, imprecise, uncertain data? 

Bienvenu. A Short Survey on Inconsistency Handling in Ontology-Mediated Query Answering. KI 2020

INTENDED AI Chair (2020-2025): Intelligent Handling of Imperfect Data
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Questions?

We're hiring!
Internships, PhD, & postdoc positions

intended.labri.fr/hiring

lirmm.fr/cqfd 

http://intended.labri.fr/hiring
http://lirmm.fr/cqfd

