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Challenge: Handling messy real-world data

2

Data quality widely acknowledged to be a serious and pervasive issue

Sources: MIT Sloan Management Review, Harvard Business Review, New York Times, Deloitte Review



Data quality: A multi-faceted problem
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Incorrect facts

Outdated information

Incompleteness: missing values or facts

Duplicates: multiple tuples / ids for same entity 

Real-world data suffers from a variety of different quality issues, including: 

Wrong or inconsistent format

Sources of issues: faulty data entry, missing updates, integrating heterogeneous datasets…

empId Name Birthdate Department Position Year Hired

E233 Jen R. Smith 02/11/1983 CompSci Professor 2018

E367 Amir Aziz 14/08/1968 Math DeptHead 1995

E546 Anna Liu 13/03/1978 Math DeptHead 2020

E722 Jenny Smith Nov 2 1983 CompSci PhDStudent 2005

E767 Jie Xu 18/12/9190 Biology Postdoc null

Employee

??



Vast and evolving field of research
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Assessing data quality and identifying issues:
- syntactic and semantic constraints (declared or learned) 
- statistical or ML methods to identify outliers, implausible values

(Semi)automatically cleaning data:
- conflict resolution: modify data to resolve constraint violations 
- entity resolution / deduplication: identify and merge duplicates

Querying inconsistent data -> consistent query answering

Despite many advances, data quality is not a solved problem, calls for:
- holistic approaches that jointly tackle multiple data quality issues  
- trustworthy and interpretable methods - don’t want to introduce further errors!

}Declarative methods 
- constraints 
- rules for cleaning, 
   matching

Machine learning  
- supervised 
- unsupervised 
- LLMs

&



Why should KR researchers care?
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- belief change, argumentation, paraconsistent / prob. / fuzzy logics, inconsistency measures…   
- KR community well equipped to design formal frameworks for data quality

Data quality needs to be addressed in data-centric KR tasks (ontology-based data access)

Increasingly sophisticated reasoning algorithms & implementations (Datalog, ASP, ontologies)
- such systems can be useful for implementing data quality tasks 
- opportunity to showcase / test KR systems

Nicely ties into existing KR research on handling imperfect information

Natural area to combine learning and reasoning

- querying inconsistent data 



Today’s talk
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Illustrate synergies between data quality & KR research 

- querying inconsistent data using repair-based semantics

Highlight how data quality research informs KR research and vice versa 

High-level, not (too) technical, far from exhaustive survey of these lines of research

Conclude with discussion of research challenges & opportunities

- logical approaches to entity resolution
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Querying 
Inconsistent  

Data



Consistent query answering in databases
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Aim: obtain meaningful answers from inconsistent data (i.e. violates constraints)

Repair = consistent with constraints and minimally differs from original data

- maximal for set inclusion, superset, symmetric difference…

Often not enough information to precisely determine and fix data quality issues

Extensively studied over past 25 years: different settings, complexity classifications

Consistent query answering (CQA): tuples that are answers in every repair

<latexit sha1_base64="fs9OWJOVm69fYWNITcB7y4KiJv4=">AAACEXicbVC5TsNAEF1zhnAZKGlWREihiWzE1REBBWWQCIkUW9F6M4EV64PdcURk+Rdo+BUaChCipaPjb1iHFFxPGunpvRnNzAsSKTQ6zoc1MTk1PTNbmivPLywuLdsrqxc6ThWHJo9lrNoB0yBFBE0UKKGdKGBhIKEVXB8XfmsASos4OsdhAn7ILiPRF5yhkbp21QsZXnEms5OcemHcA6npTdUbAM9YvkU9hFvM6GHetStOzRmB/iXumFTIGI2u/e71Yp6GECGXTOuO6yToZ0yh4BLyspdqSBi/ZpfQMTRiIWg/G32U002j9Gg/VqYipCP1+0TGQq2HYWA6i/v1b68Q//M6KfYP/ExESYoQ8a9F/VRSjGkRD+0JBRzl0BDGlTC3Un7FFONoQiybENzfL/8lF9s1d6+2e7ZTqR+N4yiRdbJBqsQl+6ROTkmDNAknd+SBPJFn6956tF6s16/WCWs8s0Z+wHr7BAW2nSQ=</latexit>

D |= q(~a) ?
<latexit sha1_base64="VpbDTOhSIjSckezpoV2wShUS8dY=">AAACE3icbVC7SgNBFJ31bXytWtoMBiFahF3x1SnaWKqYKGSXMDu5SYbMPpy5GwzL/oONv2JjoYitjZ1/42xM4evAwOGce7lzTpBIodFxPqyx8YnJqemZ2dLc/MLikr28UtdxqjjUeCxjdR0wDVJEUEOBEq4TBSwMJFwFvZPCv+qD0iKOLnGQgB+yTiTagjM0UtPe8kKGXc5kdpE3XeqFcQukpjcVrw88Y/km9RBuMaOHedMuO1VnCPqXuCNSJiOcNe13rxXzNIQIuWRaN1wnQT9jCgWXkJe8VEPCeI91oGFoxELQfjbMlNMNo7RoO1bmRUiH6veNjIVaD8LATBYJ9G+vEP/zGim2D/xMREmKEPGvQ+1UUoxpURBtCQUc5cAQxpUwf6W8yxTjaGosmRLc35H/kvp21d2r7p7vlI+OR3XMkDWyTirEJfvkiJySM1IjnNyRB/JEnq1769F6sV6/Rses0c4q+QHr7RNbNJ3W</latexit>

R1 |= q(~a) ?
<latexit sha1_base64="3BnPKi6AOtez2v2Bi8XAzGqe558=">AAACE3icbVC7SgNBFJ31bXxFLW0GgxAtwq746gzaWEYxMZBdltnJTRycfThzVwzL/oONv2JjoYitjZ1/4ySm0MQDA4dz7uXOOUEihUbb/rImJqemZ2bn5gsLi0vLK8XVtYaOU8WhzmMZq2bANEgRQR0FSmgmClgYSLgKbk77/tUdKC3i6BJ7CXgh60aiIzhDI/nFHTdkeM2ZzC5yf5e6YdwGqelt2b0DnrF8m7oI95jR49wvluyKPQAdJ86QlMgQNb/46bZjnoYQIZdM65ZjJ+hlTKHgEvKCm2pIGL9hXWgZGrEQtJcNMuV0yyht2omVeRHSgfp7I2Oh1r0wMJP9BHrU64v/ea0UO0deJqIkRYj4z6FOKinGtF8QbQsFHGXPEMaVMH+l/JopxtHUWDAlOKORx0ljt+IcVPbP90rVk2Edc2SDbJIyccghqZIzUiN1wskDeSIv5NV6tJ6tN+v9Z3TCGu6skz+wPr4BXNWd1w==</latexit>

R2 |= q(~a) ?
<latexit sha1_base64="MDbhXQI1VFLpb77kFIwN5rBEQ24=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEjAUCWI10YFC2NBFJCaqnLc29bCcYJ9g6ii/AMLv8LCAEKsLGz8De5j4HUkS0fn3Kvrc8JECoOe9+mMjU9MTk0XZoqzc/MLi+7S8oWJU82hxmMZ66uQGZBCQQ0FSrhKNLAolHAZXh/3/ctb0EbE6hx7CTQi1lGiLThDKzXdrSBi2OVMZmd5U9EgilsgDb3ZCG6BZyzfpAHCHWb0MG+6Ja/sDUD/En9ESmSEatP9CFoxTyNQyCUzpu57CTYyplFwCXkxSA0kjF+zDtQtVSwC08gGmXK6bpUWbcfaPoV0oH7fyFhkTC8K7WQ/gfnt9cX/vHqK7YNGJlSSIig+PNROJcWY9guiLaGBo+xZwrgW9q+Ud5lmHG2NRVuC/zvyX3KxXfb3yrunO6XK0aiOAlkla2SD+GSfVMgJqZIa4eSePJJn8uI8OE/Oq/M2HB1zRjsr5Aec9y++kZ4T</latexit>

Rn |= q(~a) ?

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

R1
<latexit sha1_base64="HsL1nPmavnJQAcRIvvYN2DIHu54=">AAAB9HicdVDLTgIxFL2DL8QX6tJNIzFxNZmBIcCO6MYlGhESmJBO6UBD52HbISETvsONC41x68e482/sACZq9CRNTs65N/f0eDFnUlnWh5FbW9/Y3MpvF3Z29/YPiodHdzJKBKFtEvFIdD0sKWchbSumOO3GguLA47TjTS4zvzOlQrIovFWzmLoBHoXMZwQrLbn9AKsxwTy9mQ/sQbFkmY2G06jUUUYs23EyUq/atSqyTWuBEqzQGhTf+8OIJAENFeFYyp5txcpNsVCMcDov9BNJY0wmeER7moY4oNJNF6Hn6EwrQ+RHQr9QoYX6fSPFgZSzwNOTWUj528vEv7xeovy6m7IwThQNyfKQn3CkIpQ1gIZMUKL4TBNMBNNZERljgYnSPRV0CV8/Rf+Tu7JpV8zytVNqXqzqyMMJnMI52FCDJlxBC9pA4B4e4AmejanxaLwYr8vRnLHaOYYfMN4+AVANkng=</latexit>

R2
<latexit sha1_base64="xizz53X4UI26L1oCAZN0KH2V+c0=">AAAB9HicdVDLTgIxFL2DL8QX6tJNIzFxNZmBIcCO6MYlGhESmJBO6UBD52HbISETvsONC41x68e482/sACZq9CRNTs65N/f0eDFnUlnWh5FbW9/Y3MpvF3Z29/YPiodHdzJKBKFtEvFIdD0sKWchbSumOO3GguLA47TjTS4zvzOlQrIovFWzmLoBHoXMZwQrLbn9AKsxwTy9mQ/Kg2LJMhsNp1Gpo4xYtuNkpF61a1Vkm9YCJVihNSi+94cRSQIaKsKxlD3bipWbYqEY4XRe6CeSxphM8Ij2NA1xQKWbLkLP0ZlWhsiPhH6hQgv1+0aKAylngacns5Dyt5eJf3m9RPl1N2VhnCgakuUhP+FIRShrAA2ZoETxmSaYCKazIjLGAhOleyroEr5+iv4nd2XTrpjla6fUvFjVkYcTOIVzsKEGTbiCFrSBwD08wBM8G1Pj0XgxXpejOWO1cww/YLx9AlGRknk=</latexit>

Rn
<latexit sha1_base64="zEHGSB8Ic3syqEJTGcEYqr015Uw=">AAAB9HicdVBNTwIxFHyLX4hfqEcvjcTEE9mFJcCN6MUjGhES2JBuKdDQ7a5tl4Rs+B1ePGiMV3+MN/+NXcBEjU7SZDLzXt50/IgzpW37w8qsrW9sbmW3czu7e/sH+cOjOxXGktAWCXkoOz5WlDNBW5ppTjuRpDjwOW37k8vUb0+pVCwUt3oWUS/AI8GGjGBtJK8XYD0mmCc3877o5wt2sV536+UaSontuG5KahWnWkFO0V6gACs0+/n33iAkcUCFJhwr1XXsSHsJlpoRTue5XqxohMkEj2jXUIEDqrxkEXqOzowyQMNQmic0WqjfNxIcKDULfDOZhlS/vVT8y+vGeljzEiaiWFNBloeGMUc6RGkDaMAkJZrPDMFEMpMVkTGWmGjTU86U8PVT9D+5KxWdcrF07RYaF6s6snACp3AODlShAVfQhBYQuIcHeIJna2o9Wi/W63I0Y612juEHrLdPrIGStQ==</latexit>

<latexit sha1_base64="+AIzoOBGYzLRWtifWhSby+iAIJk=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjK1rS6L3bisYB8wHUomTdvQTDIkGaEM/Qw3LhRx69e482/MtCOo6IHA4Zx7ybknjDnTBqEPp7C2vrG5Vdwu7ezu7R+UD4+6WiaK0A6RXKp+iDXlTNCOYYbTfqwojkJOe+Gslfm9e6o0k+LOzGMaRHgi2JgRbKzkDyJspgTztLUYlivIRUtA5F4g5DVqltRrCFU96OVWBeRoD8vvg5EkSUSFIRxr7XsoNkGKlWGE00VpkGgaYzLDE+pbKnBEdZAuIy/gmVVGcCyVfcLApfp9I8WR1vMotJNZRP3by8S/PD8x46sgZSJODBVk9dE44dBImN0PR0xRYvjcEkwUs1khmWKFibEtlWwJX5fC/0m36noNt35bqzSv8zqK4AScgnPggUvQBDegDTqAAAkewBN4dozz6Lw4r6vRgpPvHIMfcN4+AZvOkX0=</latexit>

C

Arenas, Bertossi, Chomicki. PODS 1999

Gem of PODS, 2019



Repair-based semantics for inconsistent KBs
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Inspired study of repair-based semantics in ontology-mediated query answering

Several different repair-based semantics have been considered, including:

- Brave semantics: tuples that are answers w.r.t. at least one repair possible answers

plausible answers

surest answers

- AR semantics (CQA): tuples that are answers w.r.t. every repair

- IAR semantics: tuples that are answers w.r.t. intersection of repairs

O,D |= q(~a) ?
<latexit sha1_base64="h4o6IA1xyPYHyQmvtYkNOLoEFnE=">AAACHnicbVDLSgNBEJyN7/ha9ehlMAgKEnajojeDevBmBGOEbAizk44ZMvtwplcMy36JF3/FiwdFBE/6N05iEI0WDNRUddPd5cdSaHScDys3Nj4xOTU9k5+dm19YtJeWL3SUKA5VHslIXfpMgxQhVFGghMtYAQt8CTW/e9T3azegtIjCc+zF0AjYVSjagjM0UtPe9QKGHc5keppt0e/PcWZ41AKp6fWGdwM8Zdkm9RBuMaUHWdMuOEVnAPqXuENSIENUmvab14p4EkCIXDKt664TYyNlCgWXkOW9REPMeJddQd3QkAWgG+ngvIyuG6VF25EyL0Q6UH92pCzQuhf4prK/vx71+uJ/Xj3B9n4jFWGcIIT8a1A7kRQj2s+KtoQCjrJnCONKmF0p7zDFOJpE8yYEd/Tkv+SiVHS3i6WznUL5cBjHNFkla2SDuGSPlMkJqZAq4eSOPJAn8mzdW4/Wi/X6VZqzhj0r5Bes908JUqJp</latexit>

O,R1 |= q(~a) ?
<latexit sha1_base64="V+T1DcYdSmVhvMPb7KTGcqpNVO0=">AAACIHicbVDLSgNBEJz1GeNr1aOXwSAoSNiNQrwpevFmFGMC2RBmJ504ZPbhTK8Ylv0UL/6KFw+K6E2/xkkMosaCgeqqbnq6/FgKjY7zbk1MTk3PzObm8vMLi0vL9srqpY4SxaHKIxmpus80SBFCFQVKqMcKWOBLqPm944FfuwGlRRReYD+GZsC6oegIztBILbvsBQyvOJPpabZDv4vzrOWaKmqD1PR6y7sBnrJsm3oIt5jSg6xlF5yiMwQdJ+6IFMgIlZb95rUjngQQIpdM64brxNhMmULBJWR5L9EQM95jXWgYGrIAdDMdHpjRTaO0aSdS5oVIh+rPiZQFWvcD33QOLtB/vYH4n9dIsLPfTEUYJwgh/1rUSSTFiA7Som2hgKPsG8K4EuavlF8xxTiaTPMmBPfvyePkslR0d4uls73C4dEojhxZJxtki7ikTA7JCamQKuHkjjyQJ/Js3VuP1ov1+tU6YY1m1sgvWB+faJajGw==</latexit>

O,R2 |= q(~a) ?
<latexit sha1_base64="iVcnv4pN5bRZQUfpTepmRFbQHjg=">AAACIHicbVDLSgNBEJyN7/ha9ehlMAgRJOxGId4UvXjzgTGBbAizk44ZMvtwplcMy36KF3/FiwdF9KZf4yQG0WjBQHVVNz1dfiyFRsd5t3ITk1PTM7Nz+fmFxaVle2X1UkeJ4lDlkYxU3WcapAihigIl1GMFLPAl1Pze0cCv3YDSIgovsB9DM2BXoegIztBILbviBQy7nMn0JNum38V51iqbKmqD1PS66N0AT1m2RT2EW0zpftayC07JGYL+Je6IFMgIpy37zWtHPAkgRC6Z1g3XibGZMoWCS8jyXqIhZrzHrqBhaMgC0M10eGBGN43Spp1ImRciHao/J1IWaN0PfNM5uECPewPxP6+RYGevmYowThBC/rWok0iKER2kRdtCAUfZN4RxJcxfKe8yxTiaTPMmBHf85L/kslxyd0rls93CweEojlmyTjZIkbikQg7IMTklVcLJHXkgT+TZurcerRfr9as1Z41m1sgvWB+fajejHA==</latexit>

O,R3 |= q(~a) ?
<latexit sha1_base64="v1s0HX6v5rAEsarj0Ktvdo80u+A=">AAACIHicbVDLSgNBEJz1GeNr1aOXwSAoSNhVId4MevHmA6OBbAizk04yZPbhTG8wLPspXvwVLx4U0Zt+jZMYRKMFA9VV3fR0+bEUGh3n3ZqYnJqemc3N5ecXFpeW7ZXVKx0likOFRzJSVZ9pkCKECgqUUI0VsMCXcO13jwf+dQ+UFlF4if0Y6gFrh6IlOEMjNeySFzDscCbT02yHfhcXWWPPVFETpKY3W14PeMqybeoh3GJKD7OGXXCKzhD0L3FHpEBGOGvYb14z4kkAIXLJtK65Toz1lCkUXEKW9xINMeNd1oaaoSELQNfT4YEZ3TRKk7YiZV6IdKj+nEhZoHU/8E3n4AI97g3E/7xagq2DeirCOEEI+deiViIpRnSQFm0KBRxl3xDGlTB/pbzDFONoMs2bENzxk/+Sq92iu1fcPd8vlI9GceTIOtkgW8QlJVImJ+SMVAgnd+SBPJFn6956tF6s16/WCWs0s0Z+wfr4BGvYox0=</latexit>

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

R1
<latexit sha1_base64="HsL1nPmavnJQAcRIvvYN2DIHu54=">AAAB9HicdVDLTgIxFL2DL8QX6tJNIzFxNZmBIcCO6MYlGhESmJBO6UBD52HbISETvsONC41x68e482/sACZq9CRNTs65N/f0eDFnUlnWh5FbW9/Y3MpvF3Z29/YPiodHdzJKBKFtEvFIdD0sKWchbSumOO3GguLA47TjTS4zvzOlQrIovFWzmLoBHoXMZwQrLbn9AKsxwTy9mQ/sQbFkmY2G06jUUUYs23EyUq/atSqyTWuBEqzQGhTf+8OIJAENFeFYyp5txcpNsVCMcDov9BNJY0wmeER7moY4oNJNF6Hn6EwrQ+RHQr9QoYX6fSPFgZSzwNOTWUj528vEv7xeovy6m7IwThQNyfKQn3CkIpQ1gIZMUKL4TBNMBNNZERljgYnSPRV0CV8/Rf+Tu7JpV8zytVNqXqzqyMMJnMI52FCDJlxBC9pA4B4e4AmejanxaLwYr8vRnLHaOYYfMN4+AVANkng=</latexit>

R2
<latexit sha1_base64="xizz53X4UI26L1oCAZN0KH2V+c0=">AAAB9HicdVDLTgIxFL2DL8QX6tJNIzFxNZmBIcCO6MYlGhESmJBO6UBD52HbISETvsONC41x68e482/sACZq9CRNTs65N/f0eDFnUlnWh5FbW9/Y3MpvF3Z29/YPiodHdzJKBKFtEvFIdD0sKWchbSumOO3GguLA47TjTS4zvzOlQrIovFWzmLoBHoXMZwQrLbn9AKsxwTy9mQ/Kg2LJMhsNp1Gpo4xYtuNkpF61a1Vkm9YCJVihNSi+94cRSQIaKsKxlD3bipWbYqEY4XRe6CeSxphM8Ij2NA1xQKWbLkLP0ZlWhsiPhH6hQgv1+0aKAylngacns5Dyt5eJf3m9RPl1N2VhnCgakuUhP+FIRShrAA2ZoETxmSaYCKazIjLGAhOleyroEr5+iv4nd2XTrpjla6fUvFjVkYcTOIVzsKEGTbiCFrSBwD08wBM8G1Pj0XgxXpejOWO1cww/YLx9AlGRknk=</latexit>

Rn
<latexit sha1_base64="zEHGSB8Ic3syqEJTGcEYqr015Uw=">AAAB9HicdVBNTwIxFHyLX4hfqEcvjcTEE9mFJcCN6MUjGhES2JBuKdDQ7a5tl4Rs+B1ePGiMV3+MN/+NXcBEjU7SZDLzXt50/IgzpW37w8qsrW9sbmW3czu7e/sH+cOjOxXGktAWCXkoOz5WlDNBW5ppTjuRpDjwOW37k8vUb0+pVCwUt3oWUS/AI8GGjGBtJK8XYD0mmCc3877o5wt2sV536+UaSontuG5KahWnWkFO0V6gACs0+/n33iAkcUCFJhwr1XXsSHsJlpoRTue5XqxohMkEj2jXUIEDqrxkEXqOzowyQMNQmic0WqjfNxIcKDULfDOZhlS/vVT8y+vGeljzEiaiWFNBloeGMUc6RGkDaMAkJZrPDMFEMpMVkTGWmGjTU86U8PVT9D+5KxWdcrF07RYaF6s6snACp3AODlShAVfQhBYQuIcHeIJna2o9Wi/W63I0Y612juEHrLdPrIGStQ==</latexit>

Multiple semantics: characterize different kinds of answers or use as approximations

Surveys: Bienvenu KI 2020,  
Bienvenu & Bourgaux, RW 2016



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

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

Prof(x) ^ Postdoc(x) ! ?
<latexit sha1_base64="KKXt2x2RNzKolbDP3D9bgKuXR1U="></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>

Postdoc(kim)
<latexit sha1_base64="R0EX0vYxIo3AeAxQVMEai2TrK3M=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBItQN8PMVG3dFd24rGAf0A4lk2ba0MyD5I5YhoK/4saFIm79Dnf+jelDUNEDgcM593Bvjp8IrsC2P4yFxaXlldXcWn59Y3Nr29zZbag4lZTVaSxi2fKJYoJHrA4cBGslkpHQF6zpDy8nfvOWScXj6AZGCfNC0o94wCkBLXXN/Q6wO1BBVosV9GJaHPLweNw1C7ZVrthnThnblj2FJm7p/LTiYmeuFNActa753tHhNGQRUEGUajt2Al5GJHAq2DjfSRVLCB2SPmtrGpGQKS+bnj/GR1rp4SCW+kWAp+r3REZCpUahrydDAgP125uIf3ntFIKKl/EoSYFFdLYoSAWGGE+6wD0uGQUx0oRQyfWtmA6IJBR0Y3ldwtdP8f+k4VpOyXKvTwrVi3kdOXSADlEROaiMqugK1VAdUZShB/SEno1749F4MV5nowvGPLOHfsB4+wTqt5Yb</latexit>

taughtBy(cs90,kim)
<latexit sha1_base64="xyplYquGSpuaZEbKzwyBYYhHYQA=">AAACBHicdVDLSgNBEJz1GeMr6jGXwSBEkLCbqEluIV48RjAPSEKYncwmQ2YfzPSKy5KDF3/FiwdFvPoR3vwbJ8kKKlrQUFR1091lB4IrMM0PY2l5ZXVtPbWR3tza3tnN7O23lB9KyprUF77s2EQxwT3WBA6CdQLJiGsL1rYnFzO/fcOk4r53DVHA+i4ZedzhlICWBplsD9gtKCcGEo7GUI/yVFXNkwl3j6eDTM4slCvmuVXGZsGcQ5NiqXpWKWIrUXIoQWOQee8NfRq6zAMqiFJdywygHxMJnAo2TfdCxQJCJ2TEupp6xGWqH8+fmOIjrQyx40tdHuC5+n0iJq5SkWvrTpfAWP32ZuJfXjcEp9KPuReEwDy6WOSEAoOPZ4ngIZeMgog0IVRyfSumYyIJBZ1bWofw9Sn+n7SKBatUKF6d5mr1JI4UyqJDlEcWKqMaukQN1EQU3aEH9ISejXvj0XgxXhetS0Yyc4B+wHj7BMpSmC4=</latexit>

Data is inconsistent with ontology, gives rise to two repairs:

What can we infer using the different semantics?

Brave semantics 

AR semantics 

IAR semantics 

Prof(kim)
<latexit sha1_base64="BF4ihoFyQG9OcBUiRDn+xB8p+1U=">AAAB+3icdVDLSgNBEJz1GeNrjUcvg0GIl2U3JmpuQS8eI5gHJEuYncwmQ2YfzPRKwpJf8eJBEa/+iDf/xkmygooWNBRV3XR3ebHgCmz7w1hZXVvf2Mxt5bd3dvf2zYNCS0WJpKxJIxHJjkcUEzxkTeAgWCeWjASeYG1vfD332/dMKh6FdzCNmRuQYch9TgloqW8WesAmoPy0ISO/NObB6axvFm3LXgDbVrlWq9bONalWtOBgJ7OKKEOjb773BhFNAhYCFUSprmPH4KZEAqeCzfK9RLGY0DEZsq6mIQmYctPF7TN8opUB9iOpKwS8UL9PpCRQahp4ujMgMFK/vbn4l9dNwL90Ux7GCbCQLhf5icAQ4XkQeMAloyCmmhAqub4V0xGRhIKOK69D+PoU/09aZcs5s8q3lWL9Kosjh47QMSohB12gOrpBDdREFE3QA3pCz8bMeDRejNdl64qRzRyiHzDePgFqhJSw</latexit>

Postdoc(kim)
<latexit sha1_base64="n6PQxZNvDtmPhStA8kQDhgE+WKw=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBItQN8NMbdXuim5cVrAPaIeSSTNtaOZBckcsQ8FfceNCEbd+hzv/xrQdQUUPBA7n3MO9OV4suALb/jAWFpeWV1Zza/n1jc2tbXNnt6miRFLWoJGIZNsjigkesgZwEKwdS0YCT7CWN7qc+q1bJhWPwhsYx8wNyCDkPqcEtNQz97vA7kD5aT1S0I9occSD40nPLNiWPQO2rVK1WqmealIpa8HBTmYVUIZ6z3zv6nASsBCoIEp1HDsGNyUSOBVsku8misWEjsiAdTQNScCUm87On+AjrfSxH0n9QsAz9XsiJYFS48DTkwGBofrtTcW/vE4C/rmb8jBOgIV0vshPBIYIT7vAfS4ZBTHWhFDJ9a2YDokkFHRjeV3C10/x/6RZspwTq3RdLtQusjpy6AAdoiJy0BmqoStURw1EUYoe0BN6Nu6NR+PFeJ2PLhhZZg/9gPH2Cd7PlhM=</latexit>

PhDHolder(kim)
<latexit sha1_base64="/fOkEn/Wa3QEOCCa2YcMNiC5Jzs=">AAACAHicdVDLSgNBEJz1bXytevDgZTAI8RJ2Y3zkJurBYwSjgWQJs7O9Zsjsg5leMSy5+CtePCji1c/w5t84iRFUtKChqOqmu8tPpdDoOO/WxOTU9Mzs3HxhYXFpecVeXbvUSaY4NHgiE9X0mQYpYmigQAnNVAGLfAlXfu9k6F/dgNIiiS+wn4IXsetYhIIzNFLH3mgj3KIO83r39CyRAahST0Q7g45ddMrOCNQpV2q1vdq+IXtVI7jUHVtFMka9Y7+1g4RnEcTIJdO65TopejlTKLiEQaGdaUgZ77FraBkaswi0l48eGNBtowQ0TJSpGOlI/T6Rs0jrfuSbzohhV//2huJfXivD8NDLRZxmCDH/XBRmkmJCh2nQQCjgKPuGMK6EuZXyLlOMo8msYEL4+pT+Ty4rZXe3XDmvFo+Ox3HMkU2yRUrEJQfkiJyROmkQTgbknjySJ+vOerCerZfP1glrPLNOfsB6/QD2J5al</latexit>

Prof(kim) ^ Postdoc(kim)
<latexit sha1_base64="vO6H9rOTdJdF7Y4XcHTFDvOIRqk=">AAACGXicdVDLSgMxFM34rPVVdekmWIS6KdNa0GXRjcsK9gFtKZn0ThuamQzJHbUM/Q03/oobF4q41JV/Y/pQfB4IOZxzD8k9XiSFQdd9c+bmFxaXllMr6dW19Y3NzNZ2zahYc6hyJZVueMyAFCFUUaCERqSBBZ6Eujc4Hfv1S9BGqPAChxG0A9YLhS84Qyt1Mm4L4RqNn1S08nMDERyMaOsKuj2gn44y2FV8YtJRJ5N18yV3DPqbFPKT282SGSqdzEvLpuMAQuSSGdMsuBG2E6ZRcAmjdCs2EDE+YD1oWhqyAEw7mWw2ovtW6VJfaXtCpBP1ayJhgTHDwLOTAcO++emNxb+8Zoz+cTsRYRQjhHz6kB9LioqOa6JdoYGjHFrCuBb2r5T3mWYcbZlpW8LHpvR/UivmC4f54nkpWz6Z1ZEiu2SP5EiBHJEyOSMVUiWc3JA78kAenVvn3nlynqejc84ss0O+wXl9B/N4oN4=</latexit>

taughtBy(cs90,kim)
<latexit sha1_base64="hKdD8axyHbEMCoIVHFLmiFhDF1w=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAYhgoTdmKh7C/HiMYJ5QBLC7GQ2GTL7YKZXDEsOXvwVLx4U8epHePNvnCQrqGhBQ1HVTXeXEwquwDQ/jNTS8srqWno9s7G5tb2T3d1rqiCSlDVoIALZdohigvusARwEa4eSEc8RrOWML2Z+64ZJxQP/GiYh63lk6HOXUwJa6mdzXWC3oNwYSDQcQW1SoMo2j8fcO5r2s3mzaM6BzWLJtiv2qSaVshYsbCVWHiWo97Pv3UFAI4/5QAVRqmOZIfRiIoFTwaaZbqRYSOiYDFlHU594TPXi+RNTfKiVAXYDqcsHPFe/T8TEU2riObrTIzBSv72Z+JfXicA978XcDyNgPl0sciOBIcCzRPCAS0ZBTDQhVHJ9K6YjIgkFnVtGh/D1Kf6fNEtF66RYuirnq7UkjjTKoQNUQBY6Q1V0ieqogSi6Qw/oCT0b98aj8WK8LlpTRjKzj37AePsEvmqYJg==</latexit>

PhDHolder(kim)
<latexit sha1_base64="PAaFCvzzy1DLCbVfFooMB7ilnCY=">AAACAHicdVDLSgNBEJyNrxhfUQ8evAwGQS9hV1eMt6AecoxgYiAJYXbSmwyZfTDTK4YlF3/FiwdFvPoZ3vwbJw9BRQsaiqpuuru8WAqNtv1hZebmFxaXssu5ldW19Y385lZdR4niUOORjFTDYxqkCKGGAiU0YgUs8CTceIOLsX9zC0qLKLzGYQztgPVC4QvO0Eid/E4L4Q61n1b7l5VIdkEdDERwOOrkC3bRnoDaxRO35JTOxuTYdV2HOjOrQGaodvLvrW7EkwBC5JJp3XTsGNspUyi4hFGulWiIGR+wHjQNDVkAup1OHhjRfaN0qR8pUyHSifp9ImWB1sPAM50Bw77+7Y3Fv7xmgn6pnYowThBCPl3kJ5JiRMdp0K5QwFEODWFcCXMr5X2mGEeTWc6E8PUp/Z/Uj4rOcfHoyi2Uz2dxZMku2SMHxCGnpEwqpEpqhJMReSBP5Nm6tx6tF+t12pqxZjPb5Aest0/+Z5ar</latexit>

Postdoc(kim)
<latexit sha1_base64="ba0NV+iCumq92pZ8huMk6EwTt0Q=">AAAB/nicdVDLSgMxFM3UV62vUXHlJliEuhlmakGXRTcuK9haaIeSSTNtaGYyJHfEMhT8FTcuFHHrd7jzb8y0FXweCDmccw+5OUEiuAbXfbcKC4tLyyvF1dLa+sbmlr2909IyVZQ1qRRStQOimeAxawIHwdqJYiQKBLsORue5f33DlOYyvoJxwvyIDGIeckrASD17rwvsFnSYNaSGvqSVEY+OJj277Do1Nwf+TTxnertlNEejZ791TTiNWAxUEK07npuAnxEFnAo2KXVTzRJCR2TAOobGJGLaz6brT/ChUfo4lMqcGPBU/ZrISKT1OArMZERgqH96ufiX10khPPUzHicpsJjOHgpTgUHivAvc54pREGNDCFXc7IrpkChCwTRWMiV8/hT/T1pVxzt2qpe1cv1sXkcR7aMDVEEeOkF1dIEaqIkoytA9ekRP1p31YD1bL7PRgjXP7KJvsF4/AKhAle0=</latexit>

Prof(kim)
<latexit sha1_base64="amx9YXBxRzaXGV/Ol1pso1BL0Eg=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBHqJiS1oMuiG5cV7APaUCbTSTt0JgkzN9IS+ituXCji1h9x5984aSv4PHC5h3PuZe6cIBFcg+u+Wyura+sbm4Wt4vbO7t6+fVBq6ThVlDVpLGLVCYhmgkesCRwE6ySKERkI1g7GV7nfvmNK8zi6hWnCfEmGEQ85JWCkvl3qAZuADrOGisPKmMvTWd8uu07NzYF/E8+Zd7eMlmj07bfeIKapZBFQQbTuem4CfkYUcCrYrNhLNUsIHZMh6xoaEcm0n81vn+ETowxwGCtTEeC5+nUjI1LrqQzMpCQw0j+9XPzL66YQXvgZj5IUWEQXD4WpwBDjPAg84IpREFNDCFXc3IrpiChCwcRVNCF8/hT/T1pVxztzqje1cv1yGUcBHaFjVEEeOkd1dI0aqIkomqB79IierJn1YD1bL4vRFWu5c4i+wXr9ADP1lIo=</latexit>

taughtBy(cs90,kim)
<latexit sha1_base64="tVb35teRv4JtWRaSgwfxjZQ1epM=">AAACBHicdVDJSgNBEO2JW4zbqMdcGoMQQcJMMmJyC/HiMYJZIAmhp9OTNOlZ6K4Rw5CDF3/FiwdFvPoR3vwbO4ugog8KHu9VUVXPjQRXYFkfRmpldW19I72Z2dre2d0z9w+aKowlZQ0ailC2XaKY4AFrAAfB2pFkxHcFa7nji5nfumFS8TC4hknEej4ZBtzjlICW+ma2C+wWlJcAiYcjqE3yVFWs0zH3T6Z9M2cVrDmwVThzyna5MiMlx3FsbC+tHFqi3jffu4OQxj4LgAqiVMe2IuglRAKngk0z3VixiNAxGbKOpgHxmeol8yem+FgrA+yFUlcAeK5+n0iIr9TEd3WnT2Ckfnsz8S+vE4NX7iU8iGJgAV0s8mKBIcSzRPCAS0ZBTDQhVHJ9K6YjIgkFnVtGh/D1Kf6fNIsFu1QoXjm5am0ZRxpl0RHKIxudoyq6RHXUQBTdoQf0hJ6Ne+PReDFeF60pYzlziH7AePsExqqYLA==</latexit>

taughtBy(cs90,kim)
<latexit sha1_base64="G7KmRGFkl0IURO64W5L2c95Wo4s=">AAACBHicdVDJSgNBEO1xjXEb9ZhLYxAiSJgZE01uIV48RjALJCH0dHqSJj0L3TViGHLw4q948aCIVz/Cm39jZxFU9EHB470qquq5keAKLOvDWFpeWV1bT22kN7e2d3bNvf2GCmNJWZ2GIpQtlygmeMDqwEGwViQZ8V3Bmu7oYuo3b5hUPAyuYRyxrk8GAfc4JaClnpnpALsF5SVA4sEQquMcVWXrZMT940nPzFp5p1Qo2iWsSdEpz0jhzHGKZWznrRmyaIFaz3zv9EMa+ywAKohSbduKoJsQCZwKNkl3YsUiQkdkwNqaBsRnqpvMnpjgI630sRdKXQHgmfp9IiG+UmPf1Z0+gaH67U3Fv7x2DF6pm/AgioEFdL7IiwWGEE8TwX0uGQUx1oRQyfWtmA6JJBR0bmkdwten+H/ScPL2ad65KmQr1UUcKZRBhyiHbHSOKugS1VAdUXSHHtATejbujUfjxXidty4Zi5kD9APG2yfuYphH</latexit>

PhDHolder(kim)
<latexit sha1_base64="Dmj7grepgAxA+9sOn54s0pkSGB0=">AAACAHicdVDJSgNBEO1xjXGLevDgpTEI8RImMaDHoB5yjGAWSIbQ01OTNOlZ6K4Rw5CLv+LFgyJe/Qxv/o2dRXB9UNTjvSq667mxFBpt+91aWFxaXlnNrGXXNza3tnM7u00dJYpDg0cyUm2XaZAihAYKlNCOFbDAldByhxcTv3UDSosovMZRDE7A+qHwBWdopF5uv4twi9pP64PLWiQ9UIWhCI7HvVzeLlbsCehvUipOu50nc9R7ubeuF/EkgBC5ZFp3SnaMTsoUCi5hnO0mGmLGh6wPHUNDFoB20ukBY3pkFI/6kTIVIp2qXzdSFmg9ClwzGTAc6J/eRPzL6yTonzmpCOMEIeSzh/xEUozoJA3qCQUc5cgQxpUwf6V8wBTjaDLLmhA+L6X/k2a5WDoplq8q+er5PI4MOSCHpEBK5JRUSY3USYNwMib35JE8WXfWg/VsvcxGF6z5zh75Buv1A7+Yln8=</latexit>

taughtBy(cs90,kim)
<latexit sha1_base64="V0oMFOa0PkVl0Z/4WydHiMfxwVQ="></latexit>

Postdoc(kim)
<latexit sha1_base64="bPFkdjjXo/uC3g+9l2WgKIMhYKI=">AAAB/nicdVDLSgMxFM3UV62vUXHlJliEuikz7dR2WXTjsoJ9QDuUTJppQzMPkjtiGQr+ihsXirj1O9z5N6YPQUUPBA7n3MO9OV4suALL+jAyK6tr6xvZzdzW9s7unrl/0FJRIilr0khEsuMRxQQPWRM4CNaJJSOBJ1jbG1/O/PYtk4pH4Q1MYuYGZBhyn1MCWuqbRz1gd6D8tBEpGES0MObB2bRv5q1izalWzkvYKjrlSs12NLHLVtmuYLtozZFHSzT65ntPh5OAhUAFUaprWzG4KZHAqWDTXC9RLCZ0TIasq2lIAqbcdH7+FJ9qZYD9SOoXAp6r3xMpCZSaBJ6eDAiM1G9vJv7ldRPwa27KwzgBFtLFIj8RGCI86wIPuGQUxEQTQiXXt2I6IpJQ0I3ldAlfP8X/k1ZJ11IsXTv5+sWyjiw6RieogGxURXV0hRqoiShK0QN6Qs/GvfFovBivi9GMscwcoh8w3j4B/MSWJw==</latexit>

Prof(kim)
<latexit sha1_base64="qvDp5Yi2PHj8/mZSc16zyThGrj4=">AAAB+3icdVDJSgNBEO2JW4xbjEcvjUGIl2EmmZgcg148RjALJCH0dHqSJj0L3TWSMMyvePGgiFd/xJt/Y2cRVPRBweO9KqrquZHgCizrw8hsbG5t72R3c3v7B4dH+eNCW4WxpKxFQxHKrksUEzxgLeAgWDeSjPiuYB13er3wO/dMKh4GdzCP2MAn44B7nBLQ0jBf6AObgfKSpgy90pT7F+kwX7TMulOrXpaxZTqVat12NLErVsWuYtu0liiiNZrD/Ht/FNLYZwFQQZTq2VYEg4RI4FSwNNePFYsInZIx62kaEJ+pQbK8PcXnWhlhL5S6AsBL9ftEQnyl5r6rO30CE/XbW4h/eb0YvPog4UEUAwvoapEXCwwhXgSBR1wyCmKuCaGS61sxnRBJKOi4cjqEr0/x/6Rd1rGY5Vun2Lhax5FFp+gMlZCNaqiBblATtRBFM/SAntCzkRqPxovxumrNGOuZE/QDxtsniHmUxA==</latexit>

taughtBy(cs90,kim)
<latexit sha1_base64="V0oMFOa0PkVl0Z/4WydHiMfxwVQ="></latexit>

R1
<latexit sha1_base64="HsL1nPmavnJQAcRIvvYN2DIHu54=">AAAB9HicdVDLTgIxFL2DL8QX6tJNIzFxNZmBIcCO6MYlGhESmJBO6UBD52HbISETvsONC41x68e482/sACZq9CRNTs65N/f0eDFnUlnWh5FbW9/Y3MpvF3Z29/YPiodHdzJKBKFtEvFIdD0sKWchbSumOO3GguLA47TjTS4zvzOlQrIovFWzmLoBHoXMZwQrLbn9AKsxwTy9mQ/sQbFkmY2G06jUUUYs23EyUq/atSqyTWuBEqzQGhTf+8OIJAENFeFYyp5txcpNsVCMcDov9BNJY0wmeER7moY4oNJNF6Hn6EwrQ+RHQr9QoYX6fSPFgZSzwNOTWUj528vEv7xeovy6m7IwThQNyfKQn3CkIpQ1gIZMUKL4TBNMBNNZERljgYnSPRV0CV8/Rf+Tu7JpV8zytVNqXqzqyMMJnMI52FCDJlxBC9pA4B4e4AmejanxaLwYr8vRnLHaOYYfMN4+AVANkng=</latexit>

R2
<latexit sha1_base64="xizz53X4UI26L1oCAZN0KH2V+c0=">AAAB9HicdVDLTgIxFL2DL8QX6tJNIzFxNZmBIcCO6MYlGhESmJBO6UBD52HbISETvsONC41x68e482/sACZq9CRNTs65N/f0eDFnUlnWh5FbW9/Y3MpvF3Z29/YPiodHdzJKBKFtEvFIdD0sKWchbSumOO3GguLA47TjTS4zvzOlQrIovFWzmLoBHoXMZwQrLbn9AKsxwTy9mQ/Kg2LJMhsNp1Gpo4xYtuNkpF61a1Vkm9YCJVihNSi+94cRSQIaKsKxlD3bipWbYqEY4XRe6CeSxphM8Ij2NA1xQKWbLkLP0ZlWhsiPhH6hQgv1+0aKAylngacns5Dyt5eJf3m9RPl1N2VhnCgakuUhP+FIRShrAA2ZoETxmSaYCKazIjLGAhOleyroEr5+iv4nd2XTrpjla6fUvFjVkYcTOIVzsKEGTbiCFrSBwD08wBM8G1Pj0XgxXpejOWO1cww/YLx9AlGRknk=</latexit>
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Whenever possible, should refine repairs by exploiting reliability information 

Three ways to use priority relation  to select ‘best’ repairs:
<latexit sha1_base64="NslN9eO50vgSlXl+Yz7JqkToHOo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbTTbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmkPmYiES1Q6qZ4JL5hhvB2qliNA4Fa4Wj26nfemJK80Q+mHHKgpgOJI84UmMlv6szxF615tbdGcgy8QpSgwLNXvWr208wi5k0KKjWHc9NTZBTZTgKNql0M81SiiM6YB1LJY2ZDvLZsRNyYpU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQd5FymmWES54uiTBCTkOnnpM8VQyPGllBU3N5KcEgVRWPzqdgQvMWXl8njWd27rF/cn9caN0UcZTiCYzgFD66gAXfQBB8QODzDK7w50nlx3p2PeWvJKWYO4Q+czx/ioI7A</latexit>�

Question: which notion of prioritized repair should we adopt?

- priority levels, cardinality, weights, priority relation      between facts  <latexit sha1_base64="NslN9eO50vgSlXl+Yz7JqkToHOo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbTTbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmkPmYiES1Q6qZ4JL5hhvB2qliNA4Fa4Wj26nfemJK80Q+mHHKgpgOJI84UmMlv6szxF615tbdGcgy8QpSgwLNXvWr208wi5k0KKjWHc9NTZBTZTgKNql0M81SiiM6YB1LJY2ZDvLZsRNyYpU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQd5FymmWES54uiTBCTkOnnpM8VQyPGllBU3N5KcEgVRWPzqdgQvMWXl8njWd27rF/cn9caN0UcZTiCYzgFD66gAXfQBB8QODzDK7w50nlx3p2PeWvJKWYO4Q+czx/ioI7A</latexit>�

- Pareto-optimal repair: cannot ‘improve’     by adding                                                                              
and removing the                   with 

<latexit sha1_base64="wTNySKLmn3RYwqUnAn9n3vQmqzk=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2VBBJdV7AOmQ8mkmTY0kwxJRihDP8ONC0Xc+jXu/Bsz7Sy09UDgcM695NwTJpxp47rfTmlldW19o7xZ2dre2d2r7h+0tUwVoS0iuVTdEGvKmaAtwwyn3URRHIecdsLxTe53nqjSTIpHM0loEOOhYBEj2FjJ78XYjAjm2cO0X625dXcGtEy8gtSgQLNf/eoNJEljKgzhWGvfcxMTZFgZRjidVnqppgkmYzykvqUCx1QH2SzyFJ1YZYAiqewTBs3U3xsZjrWexKGdzCPqRS8X//P81ETXQcZEkhoqyPyjKOXISJTfjwZMUWL4xBJMFLNZERlhhYmxLVVsCd7iycukfVb3LusX9+e1xm1RRxmO4BhOwYMraMAdNKEFBCQ8wyu8OcZ5cd6dj/loySl2DuEPnM8fjkqRdQ==</latexit>

R
<latexit sha1_base64="QvS98yrdu3XkBGlJa0lfRtbdvCg=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVX8eACh6jmAdkQ+idzCZDZmaXmVkhLPkJL/6KFw+KeBW8+TfOJgE1saChqOqmuyuIOdPGdb+cufmFxaXl3Ep+dW19Y7OwtV3TUaIIrZKIR6oRgKacSVo1zHDaiBUFEXBaD/oXmV+/p0qzSN6ZQUxbArqShYyAsVK7cOgDj3uAfSaxL8D0CPD0doh9TY1gMtE/6uWwXSi6JXcEPEu8CSmiCSrtwqffiUgiqDSEg9ZNz41NKwVlGOF0mPcTTWMgfejSpqUSBNWtdPTVEO9bpYPDSNmSBo/U3xMpCK0HIrCd2Yl62svE/7xmYsLzVspknBgqyXhRmHBsIpxFhDtMUWL4wBIgitlbMemBAmJskHkbgjf98iypHZW809LJzXGxfDWJI4d20R46QB46Q2V0jSqoigh6QE/oBb06j86z8+a8j1vnnMnMDvoD5+Mb2eWfSw==</latexit>

↵ 2 R \ D
<latexit sha1_base64="gwEcrkiyAC5lX454jvvsp+lHq1Y=">AAACAXicbVDLSsNAFJ34rPVVdSO4GSyCCymJ+FoWRHBZwT6gCWUymbRDJ5MwcyOUUDf+ihsXirj1L9z5N07TLLT1wOUezrmXmXv8RHANtv1tLSwuLa+sltbK6xubW9uVnd2WjlNFWZPGIlYdn2gmuGRN4CBYJ1GMRL5gbX94PfHbD0xpHst7GCXMi0hf8pBTAkbqVfZdnwHpOSfYFUEM2vRcMFbVrtk58DxxClJFBRq9ypcbxDSNmAQqiNZdx07Ay4gCTgUbl91Us4TQIemzrqGSREx7WX7BGB8ZJcBhrExJwLn6eyMjkdajyDeTEYGBnvUm4n9eN4Xwysu4TFJgkk4fClOBIcaTOHDAFaMgRoYQqrj5K6YDoggFE1rZhODMnjxPWqc156J2fndWrd8UcZTQATpEx8hBl6iOblEDNRFFj+gZvaI368l6sd6tj+noglXs7KE/sD5/ABuXlg8=</latexit>

�1, . . . ,�n
<latexit sha1_base64="+ODyd8Fbhw1seeaHznqGhjeZDbE=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIr2VBBJcV7AOaEG6mk3boZBJmJkINxV9x40IRt/6HO//GaZuFth64cDjnXu69J0w5U9pxvq3S0vLK6lp5vbKxubW9Y+/utVSSSUKbJOGJ7ISgKGeCNjXTnHZSSSEOOW2Hw+uJ336gUrFE3OtRSv0Y+oJFjIA2UmAfeMDTAWBPZYRgL6QaAhbYVafmTIEXiVuQKirQCOwvr5eQLKZCEw5KdV0n1X4OUjPC6bjiZYqmQIbQp11DBcRU+fn0+jE+NkoPR4k0JTSeqr8ncoiVGsWh6YxBD9S8NxH/87qZjq78nIk001SQ2aIo41gneBIF7jFJieYjQ4BIZm7FZAASiDaBVUwI7vzLi6R1WnMvaud3Z9X6TRFHGR2iI3SCXHSJ6ugWNVATEfSIntErerOerBfr3fqYtZasYmYf/YH1+QPx1ZTs</latexit>

↵ � �i

- globally-optimal repair: cannot ‘improve’     by adding                                                                           
and removing                   such that for every     ,               for some 

<latexit sha1_base64="wTNySKLmn3RYwqUnAn9n3vQmqzk=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2VBBJdV7AOmQ8mkmTY0kwxJRihDP8ONC0Xc+jXu/Bsz7Sy09UDgcM695NwTJpxp47rfTmlldW19o7xZ2dre2d2r7h+0tUwVoS0iuVTdEGvKmaAtwwyn3URRHIecdsLxTe53nqjSTIpHM0loEOOhYBEj2FjJ78XYjAjm2cO0X625dXcGtEy8gtSgQLNf/eoNJEljKgzhWGvfcxMTZFgZRjidVnqppgkmYzykvqUCx1QH2SzyFJ1YZYAiqewTBs3U3xsZjrWexKGdzCPqRS8X//P81ETXQcZEkhoqyPyjKOXISJTfjwZMUWL4xBJMFLNZERlhhYmxLVVsCd7iycukfVb3LusX9+e1xm1RRxmO4BhOwYMraMAdNKEFBCQ8wyu8OcZ5cd6dj/loySl2DuEPnM8fjkqRdQ==</latexit>

R
<latexit sha1_base64="E/Tjqo8c4fliPPZaIKrLjmXsqhE=">AAACKHicbZDLSgMxFIYzXmu9VV26CRbBRSkz4m1nQQWXKlaFTiln0rQNTTJDckYoQx/Hja/iRkQRtz6JaR3w+kPg5zvnkHP+KJHCou+/eROTU9Mzs4W54vzC4tJyaWX1ysapYbzOYhmbmwgsl0LzOgqU/CYxHFQk+XXUPxrVr2+5sSLWlzhIeFNBV4uOYIAOtUqHIcikB62gEsp2jLZCc6BoKDQNFWCPgcwuhjS0HJXQqf2ix8NWqexX/bHoXxPkpkxynbVKT2E7ZqniGpkEaxuBn2AzA4OCST4shqnlCbA+dHnDWQ2K22Y2PnRINx1p005s3NNIx/T7RAbK2oGKXOdoRfu7NoL/1Ropdg6amdBJilyzz486qaQY01FqtC0MZygHzgAzwu1KWQ8MMHTZFl0Iwe+T/5qr7WqwV9093ynXTvI4CmSdbJAtEpB9UiOn5IzUCSN35IE8kxfv3nv0Xr23z9YJL59ZIz/kvX8ANnWmwQ==</latexit>

↵1, . . . ,↵m 2 R \ D
<latexit sha1_base64="gwEcrkiyAC5lX454jvvsp+lHq1Y=">AAACAXicbVDLSsNAFJ34rPVVdSO4GSyCCymJ+FoWRHBZwT6gCWUymbRDJ5MwcyOUUDf+ihsXirj1L9z5N07TLLT1wOUezrmXmXv8RHANtv1tLSwuLa+sltbK6xubW9uVnd2WjlNFWZPGIlYdn2gmuGRN4CBYJ1GMRL5gbX94PfHbD0xpHst7GCXMi0hf8pBTAkbqVfZdnwHpOSfYFUEM2vRcMFbVrtk58DxxClJFBRq9ypcbxDSNmAQqiNZdx07Ay4gCTgUbl91Us4TQIemzrqGSREx7WX7BGB8ZJcBhrExJwLn6eyMjkdajyDeTEYGBnvUm4n9eN4Xwysu4TFJgkk4fClOBIcaTOHDAFaMgRoYQqrj5K6YDoggFE1rZhODMnjxPWqc156J2fndWrd8UcZTQATpEx8hBl6iOblEDNRFFj+gZvaI368l6sd6tj+noglXs7KE/sD5/ABuXlg8=</latexit>

�1, . . . ,�n
<latexit sha1_base64="EMxlkm5MUecWqHuVfTqUEsSUUkk=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2NABI8RzAOSJcxOepMxs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTP3WE2gjYvWA4wT8iA2UCAVnaKVWNwBkvcdeueJW3RnoMvFyUiE56r3yV7cf8zQChVwyYzqem6CfMY2CS5iUuqmBhPERG0DHUsUiMH42O3dCT6zSp2GsbSmkM/X3RMYiY8ZRYDsjhkOz6E3F/7xOiuG1nwmVpAiKzxeFqaQY0+nvtC80cJRjSxjXwt5K+ZBpxtEmVLIheIsvL5PmWdW7rF7cn1dqt3kcRXJEjskp8cgVqZE7UicNwsmIPJNX8uYkzovz7nzMWwtOPnNI/sD5/AFG6I+O</latexit>

�j
<latexit sha1_base64="pqPPzX5u6eEwlc6HvRvwVoPzaOA=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEfC0LIrisYB/QhHAznbRjJ5MwMxFK7MJfceNCEbf+hjv/xmmbhVYPXDiccy/33hOmnCntOF9WaWFxaXmlvFpZW9/Y3LK3d1oqySShTZLwRHZCUJQzQZuaaU47qaQQh5y2w+HlxG/fU6lYIm71KKV+DH3BIkZAGymw9zzg6QAChj2VEYK9kGoI7gK76tScKfBf4hakigo0AvvT6yUki6nQhINSXddJtZ+D1IxwOq54maIpkCH0addQATFVfj69f4wPjdLDUSJNCY2n6s+JHGKlRnFoOmPQAzXvTcT/vG6mows/ZyLNNBVktijKONYJnoSBe0xSovnIECCSmVsxGYAEok1kFROCO//yX9I6rrlntdObk2r9qoijjPbRATpCLjpHdXSNGqiJCHpAT+gFvVqP1rP1Zr3PWktWMbOLfsH6+AZ8/pXJ</latexit>

↵i � �j
<latexit sha1_base64="UqvAjysL3XpFRmt7WXKHGYXhHTw=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NABI8RzEOSJfROZpMhs7PLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXkAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMbqZ+64kpzWP5YMYJ8yMcSB5yisZKj10UyRB7nPTKFbfqzkCWiZeTCuSo98pf3X5M04hJQwVq3fHcxPgZKsOpYJNSN9UsQTrCAetYKjFi2s9mB0/IiVX6JIyVLWnITP09kWGk9TgKbGeEZqgXvan4n9dJTXjtZ1wmqWGSzheFqSAmJtPvSZ8rRo0YW4JUcXsroUNUSI3NqGRD8BZfXibNs6p3Wb24P6/UbvM4inAEx3AKHlxBDe6gDg2gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBZoOQKw==</latexit>↵i

- completion-optimal repair: greedily build repair from total order extending   
<latexit sha1_base64="NslN9eO50vgSlXl+Yz7JqkToHOo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbTTbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmkPmYiES1Q6qZ4JL5hhvB2qliNA4Fa4Wj26nfemJK80Q+mHHKgpgOJI84UmMlv6szxF615tbdGcgy8QpSgwLNXvWr208wi5k0KKjWHc9NTZBTZTgKNql0M81SiiM6YB1LJY2ZDvLZsRNyYpU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQd5FymmWES54uiTBCTkOnnpM8VQyPGllBU3N5KcEgVRWPzqdgQvMWXl8njWd27rF/cn9caN0UcZTiCYzgFD66gAXfQBB8QODzDK7w50nlx3p2PeWvJKWYO4Q+czx/ioI7A</latexit>�

Three notions are distinct in general case  (but coincide when      given by priority levels)<latexit sha1_base64="NslN9eO50vgSlXl+Yz7JqkToHOo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbTTbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmkPmYiES1Q6qZ4JL5hhvB2qliNA4Fa4Wj26nfemJK80Q+mHHKgpgOJI84UmMlv6szxF615tbdGcgy8QpSgwLNXvWr208wi5k0KKjWHc9NTZBTZTgKNql0M81SiiM6YB1LJY2ZDvLZsRNyYpU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQd5FymmWES54uiTBCTkOnnpM8VQyPGllBU3N5KcEgVRWPzqdgQvMWXl8njWd27rF/cn9caN0UcZTiCYzgFD66gAXfQBB8QODzDK7w50nlx3p2PeWvJKWYO4Q+czx/ioI7A</latexit>�

<latexit sha1_base64="WLM7FA10UYqlk5cUFdqjCpPudE0=">AAAB8nicdVDLSgMxFL1TX7W+qi7dBIvgapiWVttd0Y3LKvYB06Fk0kwbmpkMSUYoQz/DjQtF3Po17vwbM20FnwcCh3PuJeceP+ZMacd5t3Irq2vrG/nNwtb2zu5ecf+go0QiCW0TwYXs+VhRziLa1kxz2oslxaHPadefXGZ+945KxUR0q6cx9UI8iljACNZGcvsh1mOCeXozGxRLjt1o1GuVKvpNyrYzRwmWaA2Kb/2hIElII004VsotO7H2Uiw1I5zOCv1E0RiTCR5R19AIh1R56TzyDJ0YZYgCIc2LNJqrXzdSHCo1DX0zmUVUP71M/MtzEx3UvZRFcaJpRBYfBQlHWqDsfjRkkhLNp4ZgIpnJisgYS0y0aalgSvi8FP1POhW7fGbXrqul5sWyjjwcwTGcQhnOoQlX0II2EBBwD4/wZGnrwXq2XhajOWu5cwjfYL1+AC5hkeE=</latexit>

R

<latexit sha1_base64="NslN9eO50vgSlXl+Yz7JqkToHOo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKxhbaUDbTTbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmkPmYiES1Q6qZ4JL5hhvB2qliNA4Fa4Wj26nfemJK80Q+mHHKgpgOJI84UmMlv6szxF615tbdGcgy8QpSgwLNXvWr208wi5k0KKjWHc9NTZBTZTgKNql0M81SiiM6YB1LJY2ZDvLZsRNyYpU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQd5FymmWES54uiTBCTkOnnpM8VQyPGllBU3N5KcEgVRWPzqdgQvMWXl8njWd27rF/cn9caN0UcZTiCYzgFD66gAXfQBB8QODzDK7w50nlx3p2PeWvJKWYO4Q+czx/ioI7A</latexit>�

<latexit sha1_base64="nCA5MUeMbr4IpTD7PU1y0YCTqaM=">AAAB8nicdVDLSsNAFL3xWeur6tLNYBFchaRotbuCG5et2AekoUymk3boZBJmJkIJBX/CjQtF3Po17vwbJ20FnwcGDufc4Z57goQzpR3n3VpaXlldWy9sFDe3tnd2S3v7bRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E48vc79xSqVgsbvQkoX6Eh4KFjGBtJK8XYT0imGfX036p7Ni16lmt4qDfxLWdGcqwQKNfeusNYpJGVGjCsVKe6yTaz7DUjHA6LfZSRRNMxnhIPUMFjqjys1nkKTo2ygCFsTRPaDRTv/7IcKTUJArMZB5R/fRy8S/PS3V44WdMJKmmgswXhSlHOkb5/WjAJCWaTwzBRDKTFZERlpho01LRlPB5KfqftCu2W7WrzdNyvXk3r6MAh3AEJ+DCOdThChrQAgIx3MMjPFnaerCerZf56JK1qPAAvsF6/QA/L5Jf</latexit>R

Pareto

global

completion

Bienvenu & Bourgaux. KR 2020

Staworko et al. AMAI 2012



Argumentation connection

12

To help answer this question, establish connection to argumentation

Bonus: grounded semantics for prioritized databases / KBs with nice properties 

Provides evidence in favour of adopting Pareto-optimal repairs

(pref-based set-based) argumentation frameworkMap prioritized DB / KB                            to
<latexit sha1_base64="wI+2dDPORmsStksRVifFHUhmDOM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEpLosCiK4qWAf0IQwuZ22QycPZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zJlUlvVtlJaWV1bXyuuVjc2t7R1zd68to0QAbUHEI9H1iaSchbSlmOK0GwtKAp/Tjj++yv3OAxWSReG9msTUDcgwZAMGRGnJMw+uvdQJiBoB4elt5jkyAcgqnlm1atYUeJHYBamiAk3P/HL6ESQBDRVwImXPtmLlpkQoBpxmFSeRNCYwJkPa0zQkAZVuOs2f4WOt9PEgEvqFCk/V3xspCaScBL6ezKPKeS8X//N6iRpcuCkL40TREGaHBgnHKsJ5GbjPBAXFJ5oQEExnxTAigoDSleUl2PNfXiTt05pdr9XvzqqNy6KOMjpER+gE2egcNdANaqIWAvSIntErejOejBfj3fiYjZaMYmcf/YHx+QMA0JYb</latexit>

FK�

<latexit sha1_base64="Q0Vp7JnhM2f6SE2uw+qMVeiRlnU="></latexit>

K� = (O,D,�)

- use facts     as the arguments 
- use       as the preference 
- attacks                       with     a conflict

<latexit sha1_base64="Px9oe8DFA+HIHtlmBTtuu/6q79w=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GtJ2HO2uqAuXFewDOkPJpJk2NJMZkoxQhv6GGxeKuPVn3Pk3ZtoKKnogcDjnXu7JCRLOlEbowyqsrK6tbxQ3S1vbO7t75f2DjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDyVXud++pVCwWd3qaUD/CI8FCRrA2kudFWI8J5tn1rDQoV5DdqLsOQhDZdbfmNhxD0FnNRQ6s2miOCliiNSi/e8OYpBEVmnCsVL+KEu1nWGpGOJ2VvFTRBJMJHtG+oQJHVPnZPPMMnhhlCMNYmic0nKvfNzIcKTWNAjOZZ1S/vVz8y+unOrzwMyaSVFNBFofClEMdw7wAOGSSEs2nhmAimckKyRhLTLSpKS/h66fwf9Kp2VXXdm+dSvNyWUcRHIFjcAqq4Bw0wQ1ogTYgIAEP4Ak8W6n1aL1Yr4vRgrXcOQQ/YL19AhUokb4=</latexit>D
<latexit sha1_base64="yv9Py9pRa0he5BwxreQSv0CYbD8=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0iqtPZW9OKxgv2ANpTNdtOu3WTD7kYoof/BiwdFvPp/vPlv3LQRVPTBwOO9GWbm+TFnSjvOh1VYWV1b3yhulra2d3b3yvsHHSUSSWibCC5kz8eKchbRtmaa014sKQ59Trv+9Crzu/dUKiaiWz2LqRficcQCRrA2UmegEkJKw3LFsesGZw3k2M4ChlTPGtVGHbm5UoEcrWH5fTASJAlppAnHSvVdJ9ZeiqVmhNN5aZAoGmMyxWPaNzTCIVVeurh2jk6MMkKBkKYijRbq94kUh0rNQt90hlhP1G8vE//y+okOLryURXGiaUSWi4KEIy1Q9joaMUmJ5jNDMJHM3IrIBEtMtAkoC+HrU/Q/6VRtt2bXbs4rzcs8jiIcwTGcggt1aMI1tKANBO7gAZ7g2RLWo/VivS5bC1Y+cwg/YL19AoGKjx0=</latexit>�

<latexit sha1_base64="A1PKZdNPc1HiIof8kG7cR5gsBxg="></latexit>

C \ {↵} ↵
<latexit sha1_base64="83uxwrTvXwPcgPOUu8jkTgWlsdk=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgaZlN1tXcgrl4jGJiIFnC7GQ2GTL7YGZWCCF/4MWDIl79I2/+jZOHoKIFDUVVN91dQSq40hh/WLmV1bX1jfxmYWt7Z3evuH/QUkkmKWvSRCSyHRDFBI9ZU3MtWDuVjESBYHfBqD7z7+6ZVDyJb/U4ZX5EBjEPOSXaSDd11CuWsF2teC7GCNsVr+xVXUPwWdnDLnJsPEcJlmj0iu/dfkKziMWaCqJUx8Gp9idEak4Fmxa6mWIpoSMyYB1DYxIx5U/ml07RiVH6KEykqVijufp9YkIipcZRYDojoofqtzcT//I6mQ4v/AmP00yzmC4WhZlAOkGzt1GfS0a1GBtCqOTmVkSHRBKqTTgFE8LXp+h/0irbjmd7126pdrmMIw9HcAyn4MA51OAKGtAECiE8wBM8WyPr0XqxXhetOWs5cwg/YL19AlNFjUE=</latexit>

C
<latexit sha1_base64="AyTED2L9/Q6t8mAjMYhrUGmx47w=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFXbisYB/QGUomzbShmUxIMkIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cUHKmjet+O6W19Y3NrfJ2ZWd3b/+genjU0UmqCG2ThCeqF2JNORO0bZjhtCcVxXHIaTec3OZ+94kqzRLxaKaSBjEeCRYxgo2VfD/GZkwwz+5mlUG15tbdOdAq8QpSgwKtQfXLHyYkjakwhGOt+54rTZBhZRjhdFbxU00lJhM8on1LBY6pDrJ55hk6s8oQRYmyTxg0V39vZDjWehqHdjLPqJe9XPzP66cmug4yJmRqqCCLQ1HKkUlQXgAaMkWJ4VNLMFHMZkVkjBUmxtaUl+Atf3mVdC7qXqPeeLisNW+KOspwAqdwDh5cQRPuoQVtICDhGV7hzUmdF+fd+ViMlpxi5xj+wPn8AbEBkXk=</latexit>D(min incons subset of     wrt    )

<latexit sha1_base64="Twm4P3NrQK/ydWHjiAN/+EHbq7k=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN+6sYB/QGUomzbShmUxIMkIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cUHKmjet+O6W19Y3NrfJ2ZWd3b/+genjU0UmqCG2ThCeqF2JNORO0bZjhtCcVxXHIaTec3OZ+94kqzRLxaKaSBjEeCRYxgo2VfD/GZkwwz+5nlUG15tbdOdAq8QpSgwKtQfXLHyYkjakwhGOt+54rTZBhZRjhdFbxU00lJhM8on1LBY6pDrJ55hk6s8oQRYmyTxg0V39vZDjWehqHdjLPqJe9XPzP66cmug4yJmRqqCCLQ1HKkUlQXgAaMkWJ4VNLMFHMZkVkjBUmxtaUl+Atf3mVdC7qXqPeeLisNW+KOspwAqdwDh5cQRPuoAVtICDhGV7hzUmdF+fd+ViMlpxi5xj+wPn8AcHDkYQ=</latexit>

O

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

Postdoc(kim)
<latexit sha1_base64="R0EX0vYxIo3AeAxQVMEai2TrK3M=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBItQN8PMVG3dFd24rGAf0A4lk2ba0MyD5I5YhoK/4saFIm79Dnf+jelDUNEDgcM593Bvjp8IrsC2P4yFxaXlldXcWn59Y3Nr29zZbag4lZTVaSxi2fKJYoJHrA4cBGslkpHQF6zpDy8nfvOWScXj6AZGCfNC0o94wCkBLXXN/Q6wO1BBVosV9GJaHPLweNw1C7ZVrthnThnblj2FJm7p/LTiYmeuFNActa753tHhNGQRUEGUajt2Al5GJHAq2DjfSRVLCB2SPmtrGpGQKS+bnj/GR1rp4SCW+kWAp+r3REZCpUahrydDAgP125uIf3ntFIKKl/EoSYFFdLYoSAWGGE+6wD0uGQUx0oRQyfWtmA6IJBR0Y3ldwtdP8f+k4VpOyXKvTwrVi3kdOXSADlEROaiMqugK1VAdUZShB/SEno1749F4MV5nowvGPLOHfsB4+wTqt5Yb</latexit>

taughtBy(cs90,kim)
<latexit sha1_base64="xyplYquGSpuaZEbKzwyBYYhHYQA=">AAACBHicdVDLSgNBEJz1GeMr6jGXwSBEkLCbqEluIV48RjAPSEKYncwmQ2YfzPSKy5KDF3/FiwdFvPoR3vwbJ8kKKlrQUFR1091lB4IrMM0PY2l5ZXVtPbWR3tza3tnN7O23lB9KyprUF77s2EQxwT3WBA6CdQLJiGsL1rYnFzO/fcOk4r53DVHA+i4ZedzhlICWBplsD9gtKCcGEo7GUI/yVFXNkwl3j6eDTM4slCvmuVXGZsGcQ5NiqXpWKWIrUXIoQWOQee8NfRq6zAMqiFJdywygHxMJnAo2TfdCxQJCJ2TEupp6xGWqH8+fmOIjrQyx40tdHuC5+n0iJq5SkWvrTpfAWP32ZuJfXjcEp9KPuReEwDy6WOSEAoOPZ4ngIZeMgog0IVRyfSumYyIJBZ1bWofw9Sn+n7SKBatUKF6d5mr1JI4UyqJDlEcWKqMaukQN1EQU3aEH9ISejXvj0XgxXhetS0Yyc4B+wHj7BMpSmC4=</latexit>

<latexit sha1_base64="IC3Z/EhBn0iGqJoHXefQbYcAtLs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ie0oWw2m3bpbjbsboQS+iu8eFDEqz/Hm//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzmLaNsxw2ksUxSLgtBtMbnO/+0SVZjJ+MNOE+gKPYhYxgo2VHgec4lAbWRlWa27dnQOtEq8gNSjQGla/BqEkqaCxIRxr3ffcxPgZVoYRTmeVQappgskEj2jf0hgLqv1sfvAMnVklRJFUtmKD5urviQwLracisJ0Cm7Fe9nLxP6+fmujaz1icpIbGZLEoSjkyEuXfo5ApSgyfWoKJYvZWRMZYYWJsRnkI3vLLq6RzUfca9cb9Za15U8RRhhM4hXPw4AqacActaAMBAc/wCm+Ocl6cd+dj0Vpyiplj+APn8wdyPJAx</latexit> 
<latexit sha1_base64="IC3Z/EhBn0iGqJoHXefQbYcAtLs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ie0oWw2m3bpbjbsboQS+iu8eFDEqz/Hm//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzmLaNsxw2ksUxSLgtBtMbnO/+0SVZjJ+MNOE+gKPYhYxgo2VHgec4lAbWRlWa27dnQOtEq8gNSjQGla/BqEkqaCxIRxr3ffcxPgZVoYRTmeVQappgskEj2jf0hgLqv1sfvAMnVklRJFUtmKD5urviQwLracisJ0Cm7Fe9nLxP6+fmujaz1icpIbGZLEoSjkyEuXfo5ApSgyfWoKJYvZWRMZYYWJsRnkI3vLLq6RzUfca9cb9Za15U8RRhhM4hXPw4AqacActaAMBAc/wCm+Ocl6cd+dj0Vpyiplj+APn8wdyPJAx</latexit>

 

no such correspondence for globally- and completion-optimal repairs

Theorem:   Pareto-optimal repair of                       stable extension of PSETAF
<latexit sha1_base64="tlH1PinG3VWHq2hkJKri9ohgN8Y=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQi1WVREMFNBfuAJoTJ7aQdOnkwMxFKCPgrblwo4tbvcOffOGmz0NYDA4dz7uWeOX7CmVSW9W0sLa+srq1XNqqbW9s7u+befkfGqQDahpjHoucTSTmLaFsxxWkvEZSEPqddf3xd+N1HKiSLowc1SagbkmHEAgZEackzD2+8zAmJGgHh2V3uOTIFyD2zZtWtKfAisUtSQyVanvnlDGJIQxop4ETKvm0lys2IUAw4zatOKmlCYEyGtK9pREIq3WwaP8cnWhngIBb6RQpP1d8bGQmlnIS+niySynmvEP/z+qkKLt2MRUmqaASzQ0HKsYpx0QUeMEFB8YkmBATTWTGMiCCgdGNVXYI9/+VF0jmr24164/681rwq66igI3SMTpGNLlAT3aIWaiNAGXpGr+jNeDJejHfjYza6ZJQ7B+gPjM8fw++WBw==</latexit>

FK�

<latexit sha1_base64="Pl2POh7vS6TdeIsiTsrKrZ4q1PU=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUSkuiy6EdxUsA9oQpjcTtuhk0mYmSgl9lPcuFDErV/izr9x0mahrQcGDufcyz1zwoQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpBNqCmMeyGxJFORO0pZnmtJtISqKQ0044vs79zgOVisXiXk8S6kdkKNiAAdFGCuyKFxE9AsKz22ngqRQgsKtOzZkBLxO3IFVUoBnYX14/hjSiQgMnSvVcJ9F+RqRmwOm07KWKJgTGZEh7hgoSUeVns+hTfGKUPh7E0jyh8Uz9vZGRSKlJFJrJPKha9HLxP6+X6sGlnzGRpJoKmB8apBzrGOc94D6TFDSfGEJAMpMVw4hIAtq0VTYluItfXibts5pbr9XvzquNq6KOEjpCx+gUuegCNdANaqIWAvSIntErerOerBfr3fqYj65Yxc4h+gPr8wehKZRC</latexit>

K�
<latexit sha1_base64="t/W+Ec8GnWdwe0cQPuLT6dgns+Y=">AAAB+HicbZBLSwMxFIUz9VXro6Mu3QSL4KrMiFSXBUFcuKhgH9AOJZNm2tBMMiR3lDoU/B9uXCji1p/izn9j+lho64HAxzk35OaEieAGPO/bya2srq1v5DcLW9s7u0V3b79hVKopq1MllG6FxDDBJasDB8FaiWYkDgVrhsPLSd68Z9pwJe9glLAgJn3JI04JWKvrFjs3LALN+wMgWquHrlvyyt5UeBn8OZTQXLWu+9XpKZrGTAIVxJi27yUQZEQDp4KNC53UsITQIemztkVJYmaCbLr4GB9bp4cjpe2RgKfu7xsZiY0ZxaGdjAkMzGI2Mf/L2ilEF0HGZZICk3T2UJQKDApPWsA9rhkFMbJAqOZ2V0wHRBMKtquCLcFf/PIyNE7LfqVcuT0rVa+eZnXk0SE6QifIR+eoiq5RDdURRSl6Rq/ozXl0Xpx352M2mnPmFR6gP3I+fwBi/JQA</latexit>, (often preferred  

extensions too)

Bienvenu & Bourgaux. KR 2020



Repair-based semantics via SAT solvers

13

Independently, two SAT-based approaches were developed: 
- ontology: separate SAT call for each candidate answer  
- database: all answers treated together via MaxSAT calls 

which approach is better?  
other ways to use SAT solvers?

Motivated general exploration of SAT-based approaches: 

- modular encodings built from small number of building blocks 
- portfolio of algorithms employing weighted MaxSAT, MUS enum, iterative SAT 
- cover AR (CQA), IAR, brave semantics, standard & prioritized (Pareto / completion) repairs

Extensive evaluation: compare encodings, algos, semantics, use DB & ontology benchmarks 

Takeaways: choice of algorithm + encoding -> huge impact, dedicated IAR algos best 

Querying with repair-based semantics: coNP-hard data complexity even for simple settings
AR (CQA) semantics with standard repairs IAR / brave semantics with prioritized repairs

Bienvenu, Bourgaux, Goasdoué. AAAI 2014, JAIR 2019

Bienvenu & Bourgaux. KR 2022

Dixit & Kolaitis. SAT 2019 & SIGMOD 2021



Some other recent and ongoing work
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How to explain query (non)answers under repair-based semantics?

How to extend preferred repairs to more expressive database constraints?  
What is the relationship to active integrity constraints?

Bienvenu, Bourgaux, Goasdoué. Computing and Explaining Query Answers over Inconsistent DL-Lite Knowledge Bases. JAIR 2019

How to adapt repair-based semantics to accommodate soft ontology axioms? 

Bienvenu & Bourgaux. Inconsistency Handling in Prioritized Databases with Universal Constraints: Complexity Analysis and Links with Active Integrity Constraints. KR 2023

-> different notions of explanation, show how to compute using SAT solvers

-> more evidence for Pareto-optimal repairs, also provides new insights into AIC formalism

-> explore quantitative, cost-based semantics for inconsistent KBs (inspired by work on soft DB constraints)

Bienvenu, Bourgaux, Jean. Cost-Based Semantics for Querying Inconsistent Weighted Knowledge Bases. KR 2024
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Logical Approaches 
to Entity Resolution



Entity resolution

16

Entity resolution (ER): identify different constants denoting the same entity

Traditional ER: single entity type (e.g. papers)

Collective (aka relational) ER: multiple entities (e.g. papers & authors)

Aim: explainable approaches to collective ER

- match records within single table

- match entity-referring constants within and across tables 
- exploit relationships between entities :  

- matching authors helps to match papers, and vice-versa

- binary/pairwise: match records between two tables

(aka deduplication, duplicate detection, record linkage, reference reconciliation, merge-purge…) 

tid

Papers
tid

tid

Papers (DBLP) Papers (ACM)

Papers
tid pid Title Venue ConfChair

tid aid Name Affiliation Email

pid aid 

Writes

Authors



Local vs global semantics for ER rules

17

Use rules to specify conditions under which pairs of object constants denote the same entity

Adopt global semantics for such rules:  
all occurrences of matched constants are merged

Also use rules to identify alternative representations of data values

Bienvenu et al. KR 2023

Fagin et al. KR 2023

Important: evaluate rules w.r.t. current induced database
- redefine how to evaluate joins, similarity atoms over sets of constants

Need to use a local semantics for such rules: only merge specific occurrences

tid aid Name Institution Email
t1 a1 John Lee U  Toronto jl@uoft.ca

t2 a2 J. Lee Toronto jl@uoft.ca

t3 a3 Jane Lee CNRS j.lee@cnrs.fr

t4 a4 J. Lee LaBRI jl@labri.fr

t5 a5 J. Lea NII lj@nii.jp

Authors

tid pid aid 
t6 p1 a4 

t7 p1 a1 

t8 p23 a5

t9 p15 a2 

Writes

similar names, similar institution, & same email -> same author

<latexit sha1_base64="Zbc1tUPO4JkKJtxmIBAtG6VFtAA="></latexit>

Authors(t,x,n, i, e) ^ Authors(t’,x,n’, i0, e0) ^ n ⇡ n’ ) EqV(t, 2, t’, 2)

same author id & similar names -> variants of same name

{John Lee, J. Lee}{a1,a2}

{a1,a2}

{a1,a2}

{a1,a2}

{John Lee, J. Lee}

<latexit sha1_base64="Iu1Mf0FoTIUQruZwSwV+ihPkdLE="></latexit>

Authors(t,x,n, i, e) ^ Authors(t0,y,n0, i0, e) ^ n ⇡ n0 ^ i ⇡ i0 ) EqO(x,y)

mailto:jl@uoft.ca
mailto:jl@uoft.ca
mailto:j.lee@cnrs.fr
mailto:jl@labri.fr
mailto:lj@bremen.de


LACE: Logical Approach to Collective ER

18

Bienvenu, Cima, Gutierrez-
Basulto. PODS 2022

Bienvenu et al. KR 2023

LACE specification consists of: 
- hard and soft rules for objects 

- hard and soft rules for values 

- denial constraints

Interested in discovering merges -> focus on inclusion-maximal solutions

Space of maximal solutions: possible & certain merges and query answers

ER solutions: pair of equiv relations       ,      over object constants and value cells resp.
<latexit sha1_base64="c3ACa1qqqQdgCaItfPdMtfJb4pI=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBpmWmjtyooILluwF2iHkkkzbWwmMyQZoZSCezcuFHHrw/gA7nwb06mCin4Q8vP/J+Sc48ecKe0471ZmaXlldS27ntvY3Nreye/utVSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj8/nefuGSsUicaUnMfVCPBQsYARrYzUu+vmCY1cMpSpybCfFiGKpWqxWkPvpFE5fg5R6P//WG0QkCanQhGOluq4Ta2+KpWaE01mulygaYzLGQ9o1UuCQKm+aNjpDR8YZoCCS5giNUvf7iykOlZqEvqkMsR6p39nc/CvrJjo48aZMxImmgiw+ChKOdITmU6MBk5RoPjECE8lMr4iMsMREm93kzBK+JkX/i1bRdst2ueEUame3kJKFAziEY3ChAjW4hDo0gQCFO3iAR+vaureerOdFacZa3LAPP7BePgDA3JEA</latexit>

E
<latexit sha1_base64="iSzT42T7cef0rXrmYEx87+KjdIU=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpijN6MePGYgFkgGUJPpydp07PQ3SOEIeDdiwdFvPoxfoA3/8bOREFFHxT1eK+KWrxYcKUxfrdyC4tLyyv51cLa+sbmVnF7p6WiRFLWpJGIZMcjigkesqbmWrBOLBkJPMHa3vhi5rdvmFQ8Cq/0JGZuQIYh9zkl2kiNVr9YwjbOgLB9hLFTrRhyXMG47CDn0yqdvfoZ6v3iW28Q0SRgoaaCKNV1cKzdlEjNqWDTQi9RLCZ0TIasa2hIAqbcNFt0ig6MMkB+JE2EGmXq946UBEpNAs9UBkSP1G9vJv7ldRPtn7opD+NEs5DOB/mJQDpCs6vRgEtGtZgYQqjkZldER0QSqs1vCuYJX5ei/0mrbDtVu9rApdr5LWTIwx7swyE4cAI1uIQ6NIECgzt4gEfr2rq3nqzneWnOmmfYhR+wXj4Al2uQ4w==</latexit>

V
<latexit sha1_base64="wk/KCwGqY5t3bNUMGBP56FNE5TQ=">AAACBXicdVDLSgMxFL1TX7W+qi51ERXBVZmpZay7ihuXFWwV2qFkMmkNzWTGJCOUUhA3foN+gRsXirj1H9z1b8xMEVT0QHIP59xLco8fc6a0bY+t3NT0zOxcfr6wsLi0vFJcXWuqKJGENkjEI3nhY0U5E7Shmeb0IpYUhz6n537/OPXPr6lULBJnehBTL8Q9wbqMYG2kTnGzzbHocYraV1cJDkzJbpmJneKOXbLt/arrIkOcykG1kpJyxXEPkWOsFDu1rfG9wUO9U/xoBxFJQio04ViplmPH2htiqRnhdFRoJ4rGmPRxj7YMFTikyhtmW4zQrlEC1I2kOUKjTP0+McShUoPQN50h1pfqt5eKf3mtRHer3pCJONFUkMlD3YQjHaE0EhQwSYnmA0Mwkcz8FZFLLDHRJriCCeFrU/Q/aZZLjltyT00aRzeQIQ8bsA174MAB1OAE6tAAArfwCM/wYt1ZT9ar9TZpzVmTCuvwA9b7J0U1nUk=</latexit>

h i

- obtained by (poss. empty) sequence of rule applications starting from initial DB

- final induced DB satisfies all hard rules and constraints

<latexit sha1_base64="jrkLeWqEcvHJ5Wzwht+iQZTXIv8="></latexit>

q(x,y) ) EqO(x,y)
<latexit sha1_base64="lF1oXAeyArLIjRl5JkgdJBviSzE="></latexit>

q(x,y) 99K EqO(x,y)

<latexit sha1_base64="6Kh51jJx0k+W8WIVB6bj2wiAeTE="></latexit>

q(t, t0) 99K EqV(t, i, t0, j)
<latexit sha1_base64="uAYnOr/vOeGQSeyDuMffaV14Og4="></latexit>

q(t, t0) ) EqV(t, i, t0, j)

<latexit sha1_base64="wG0wOMePBUT5xBP0x6FqWXjKnUA=">AAACBHicbVA9SwNBEJ3z2/gVtUzhoghW4c5CLRUbSwXzAbkQ9jabZMne7bk7p4YjoAj+DFtBLBSx9R+IYGfvD3GTWGj0wTCP92bYnRfEUhh03Q9nZHRsfGJyajozMzs3v5BdXCoalWjGC0xJpcsBNVyKiBdQoOTlWHMaBpKXgvZ+zy+dcm2Eio6xE/NqSJuRaAhG0Uq1bM5Hfo6I6UmX+Fo0W0i1VmfEDxTWsmtu3u2D/CXeN1nbXXm7e725+jysZd/9umJJyCNkkhpT8dwYqynVKJjk3YyfGB5T1qZNXrE0oiE31bR/RJesW6VOGkrbipD01Z8bKQ2N6YSBnQwptsyw1xP/8yoJNnaqqYjiBHnEBg81EklQkV4ipC40Zyg7llCmhf0rYS2qKUObW8aG4A2f/JcUN/PeVn7ryKaxdwF9TEEOVmEDPNiGXTiAQygAg0u4hQd4dK6de+fJeR6MjjiDDsvwC87LFwnuneE=</latexit>

q ! ?
<latexit sha1_base64="ok9rKrzQ8sdz+7itwDbYV6JAApI="></latexit>

Authors(t, x, n, i, e) ^ Authors(t0, x, n0, i0, e0) ^ n 6= n0 ! ?

same aid -> same name



Implementing collective ER with ASP

19

Xiang et al. KR 2024

ASP encoding: define normal logic program whose answer sets capture LACE solutions

ASPEn system: Python implementation with calls to clingo

- modify rule bodies to simulate evaluation w.r.t. induced database
- maximal solutions = preferred answer sets (set-inclusion preference)

- generates variants of encoding, orchestrates calls to clingo 
- input: database, ASP encoding, desired outputs 
- outputs:  different sets of merges (possible merges, upper & 

lower bound mergesets), fixed # of maximal solutions, 
explanations of possible merges

Key practical issue: how to compute similarity facts?  
- optimized similarity computation (online function calls + exploit program structure)

 (infeasible to compare all pairs of constants!)

Promising experimental results, especially for complex multi-relational settings 



Combining ER & consistent query answering

20

Bienvenu, Cima, 
Gutierrez-Basulto. 

IJCAI 2023

Merging constants can help to resolve some inconsistencies, but not all 

- also need repairing operations (which may in turn enable further merges)  

REPLACE: combines LACE framework with database repairs
- specifications as in (original) LACE framework: hard & soft rules for objects, denial constraints

Consider three kinds of optimal solution

Solutions take the form       ,      where:
<latexit sha1_base64="wk/KCwGqY5t3bNUMGBP56FNE5TQ=">AAACBXicdVDLSgMxFL1TX7W+qi51ERXBVZmpZay7ihuXFWwV2qFkMmkNzWTGJCOUUhA3foN+gRsXirj1H9z1b8xMEVT0QHIP59xLco8fc6a0bY+t3NT0zOxcfr6wsLi0vFJcXWuqKJGENkjEI3nhY0U5E7Shmeb0IpYUhz6n537/OPXPr6lULBJnehBTL8Q9wbqMYG2kTnGzzbHocYraV1cJDkzJbpmJneKOXbLt/arrIkOcykG1kpJyxXEPkWOsFDu1rfG9wUO9U/xoBxFJQio04ViplmPH2htiqRnhdFRoJ4rGmPRxj7YMFTikyhtmW4zQrlEC1I2kOUKjTP0+McShUoPQN50h1pfqt5eKf3mtRHer3pCJONFUkMlD3YQjHaE0EhQwSYnmA0Mwkcz8FZFLLDHRJriCCeFrU/Q/aZZLjltyT00aRzeQIQ8bsA174MAB1OAE6tAAArfwCM/wYt1ZT9ar9TZpzVmTCuvwA9b7J0U1nUk=</latexit>

h i
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-     is set of database facts to remove
-     is equivalence relation over object constants
and      is a LACE solution w.r.t. database 
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min      then max 
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Challenges & 
Opportunities



Formal frameworks for data quality 

22

Develop new formal frameworks for data quality

- broader unified frameworks, e.g. integrate ER, repairs, and ontologies 

- taking into account temporal data and knowledge 

- how best to specify and integrate qualitative / quantitative preferences?  

- how to define (and compute) different kinds of explanations?  

- interactive approaches that exploit user feedback

Explore the computational properties of data quality frameworks

- complexity classifications: precisely delineate tractability frontier  

- identify tractable settings / approximations 

- devise pragmatic algorithmic approaches



Reasoning systems & integration with ML

23

Implement data quality tasks using reasoning systems

- naturally uses many functionalities of ASP / SAT / Datalog systems 

- brave & skeptical reasoning, preferences, external functions, explanation, … 

- scalability remains crucial issue  -> explore parallel algorithms?  

- develop specific optimizations, e.g. for similarity computation (blocking techniques) 

- ER and repairs can serve as challenging benchmarks for ASP / SAT / argumentation systems 

Combine declarative and machine learning approaches

- utilize machine learning predicates in place of string similarity measures 

- use ML to suggest missing values, value resulting from a merge  

- learn entity resolution rules, constraints, preferences 



Data quality: Opportunities for KR research
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Data quality: an important practical problem, attracting lots of industry attention

Topic has already inspired fruitful lines of research within the KR community

Many aspects of data quality that remain to be explored!

- repair-based semantics for querying inconsistent knowledge bases 

- logical frameworks for entity resolution

KR approaches relevant and can bring new insights, even for ‘pure’ database setting

- expressive formal frameworks for repairing and reasoning about imperfect data  

- challenging application to test and showcase KR reasoning systems  

- natural domain to combine declarative and ML approaches
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Questions?
Many thanks to all of my collaborators - in particular former and current students & postdocs!

Camille Quentin Gianluca Daniil

Yvon Zhiliang (Leon)PierreRobin
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