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The'Data'Interoperability'Challenge'

•  Data$may$be$$
•  distributed)at$several$different$loca3ons.$
•  heterogeneous)in$representa3on$(rela3onal,$JSON,$…).$

$
•  How$can$we$uniformly$access$and$manipulate$data$from$
these$data$sources?$

•  Two$main$approaches:$
1. $Data$integra3on$$
2. $Data$exchange$
$

2 



Data'Integration'
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Data'Exchange'

•  Transform$data$structured$under$a$source$schema$into$data$
structured$under$a$different$target$schema.$

•  Query$heterogeneous$data$in$different$sources$via$the$target)
schema.$
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Key'challenge'behind'Data'Interoperability'

•  Key$challenge$behind$data$integra3on$or$data$exchange:$
specify$the$rela3onships)between)schemas.$

•  The$rela3onships$between$schemas$are$typically$
specified$as$data)transforma3ons.$

•  Data$transforma3on:$(S,$T,$ξ$)$
•  Source$schema$S,#target$schema$T.$$
•  ξ$specifies$how$an$instance$that$conforms$to$S$is$to$be$
transformed$to$an$instance$that$conforms$to$T.$

•  Deriving$a$correct$data$transforma3on$can$be$a$difficult$
task.$
•  Schemas$can$be$large$and$complex.$
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Schemas'can'be'large'and'complex'

'
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Specifying'a'data'transformation'

•  Data$transforma3ons$can$be$specified:$

•  directly$as$executable$code$in$some$programming$
language.$E.g.,$SQL,$Java,$or$Pig.$$
•  TimeYconsuming,$costly.$

•  through$a$visual$interface,$where$executable$code$can$
be$generated$from$the$visual$specifica3on.$$

7 



A'visual'speci@ication'

8 Screenshot$from$Bernstein$and$Haas$2008$CACM$ar3cle.$$
�Informa3on)Integra3on)in)the)Enterprise��$

Source$schema$ Target$schema$Value$
correspondences$



Basic'architecture'behind'

�mapping'systems�'
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Problems?'

•  (Generated)$executable$code$of$different$run3me$plaaorms$
tends$to$be$complex$and$difficult$to$reason$about.$

•  Need$for$higherYlevel$abstrac3on$of$data$transforma3ons.$
•  Independent$of$different$run3me$plaaorms.$
•  Specify$what)is$the$rela3onship$between$the$source$and$
target$schema$instead$of$how)data$is$transformed$from$
the$source$to$the$target.$
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Schema'Mapping'

•  Schema$Mapping$M$=$(S,$T,$Σ)$
•  Source$schema$$S,$Target$schema$T$
•  High:level,)declara3ve)asser3ons)Σ$that$specify$the$
rela3onship$between$S$and$T.$$

•  Typically,$Σ$is$a$finite$set$of$formulas$in$some$suitable$
logical$formalism$(much)more)on)this)later).$

•  Schema$mappings$are$the$essen3al$building$blocks$in$
formalizing$data$integra3on$and$data$exchange.$
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SchemaDMapping''

Speci@ication'Languages'
•  Ques,on:##
$$$$What$is$a$good$language$for$specifying$schema$mappings?$
$
•  Preliminary#A8empt:$$
$$$$Use$a$logicYbased$language$to$specify$schema$mappings.$$$
$$$$In$par3cular,$use$firstYorder$logic.$$

• Warning:###
$$$$Unrestricted$use$of$firstYorder$logic$as$a$schemaYmapping$
specifica3on$language$gives$rise$to$undecidability#of$basic$
algorithmic$problems$about$schema$mappings.$
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SchemaDMapping''

Speci@ication'Languages'
Let$us$consider$some$simple$tasks$that$every$schemaYmapping$
specifica3on$language$should$support:$
•  Copy$(Nicknaming):$

•  Copy$each$source$table$to$a$target$table$and$rename$it.$
•  Projec3on:$

•  Form$a$target$table$by$projec3ng$on$one$or$more$
columns$of$a$source$table.$

•  Column$Augmenta3on:$
•  Form$a$target$table$by$adding$one$or$more$columns$to$a$
source$table.$



•  Decomposi3on:$
•  Decompose$a$source$table$into$two$or$more$target$
tables.$

•  Join:$
•  Form$a$target$table$by$joining$two$or$more$source$
tables.$

•  Combina3ons$of$the$above$(e.g.,$join$+$column$
augmenta3on)$
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SchemaDMapping''

Speci@ication'Languages'

•  Copy$(Nicknaming):$�x1,$…,xn(P(x1,…,xn)$→$R(x1,…,xn))$

•  Projec3on:$�x,y,z(P(x,y,z)$→$R(x,y))$

•  Column$Augmenta3on:$�x,y$(P(x,y)$→$�z$R(x,y,z))$

•  Decomposi3on:$�x,y,z$(P(x,y,z)$→$R(x,y)$�$T(y,z))$

•  Join:$�x,y,z(E(x,z)$�$F(z,y)$→$R(x,z,y))$

•  Combina3ons$of$the$above$(e.g.,$join$+$column$
augmenta3on$+$…)$

• �x,y,z(E(x,z)$�$F(z,y)$→$�w$(R(x,y)$�$T(x,y,z,w)))$

$



Language'for'specifying''

Schema'Mappings'

All$preceding$tasks$can$be$specified$using:$

Source'to'target+tuple+genera/ng+dependencies+(sAt#tgds):$

$∀x$(φS(x)$→$∃y$ψT(x,y))$

•  φS(x)$is$a$conjunc3on$of$atoms$over$the$source$
schema.$

•  ψT(x,y)$is$a$conjunc3on$of$atoms$over$the$target$
schema.$
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Example'

#S$=$Student(studen3d),$Enrolls(studen3d,$courseid)$
#T$=$Grade(studen3d,$courseid,$grade),$$
$ $$$$$$Teaches(instructerid,$courseid)$

$∀s∀c$Student(s)$∧$Enrolls(s,c)$→$∃g$Grade(s,c,g))$
$
$
$$
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We$omit$all$universal$quan3fiers$
for$the$rest$of$this$talk.$

∀s∀c Student(s)$∧$Enrolls(s,c)$→$∃t$∃g$(Teaches(t,c)$∧$Grade(s,c,g)))$



sDt'tgds'

• Widely$used$for$rela3onal$schema$mappings$in$data$
exchange$and$data$integra3on.$

•  sYt$tgds$are$also$known$as$Global:Local:As:View)(GLAV))
constraints.$They$contain:$
•  LocalYAsYView$(LAV)$constraints$
•  GlobalYAsYView$(GAV)$constraints$

$$$$as$special$cases.$
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GLAV,'GAV,'LAV''

Schema'Mappings'

GAV$mappings:$φS(x)$→$R(x)$
•  φS(x)$is$a$conjunc3on$of$atoms$over$the$source$schema.$
•  R(x)$is$an$atom$of$the$target$schema.$

Example:$Copy,$Projec3on,$Join,$…$

LAV$mappings:$R(x)$→$∃y$ψT(x,y)$
•  R(x)$is$an$atom$of$the$source$schema.$
•  ψT(x,y)$is$a$conjunc3on$of$atoms$over$the$target$schema.$

Example:$Copy,$Decomposi3on,$Add$an$ajribute$to$a$rela3on$…$

$

$

$
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Basic'architecture'behind''

�mapping'systems�'
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Basic'architecture'behind''

schemaDmapping'design'systems'
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A'visual'speci@ication'
•  How$can$we$understand$what$gets$generated$from$this?$
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Fact: Different visual mapping systems may generate data 
transformation rules of different semantics from the same 
visual specification.    [Alexe, Tan, Velegrakis 08] 



Schema'Mappings'

•  To$understand$the$precise$seman3cs$of$what$gets$
generated,$the$user$will$have$to$inspect$the$generated$
schema$mapping$or$executable$code.$

$

•  However,$schema$mappings$and$executable$code$can$be$
complex#…$

$
$
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Schema'Mappings'(one'of'several'pages)'



Schema'mappings'can'be'complex'

• Addi3onal$tools$are$needed$(beyond$the$inspec3on$of$the$
visual$specifica3on$and$code)$to$design,$understand,$and$
refine$schema$mappings.$

•  Idea:$$Use$�good�$data$examples.$
•  Analogous$to$using$test#cases$in$understanding/debugging$
programs.$

•  Earlier$work$by$the$database$community$includes:$
•  Yan,$Miller,$Haas,$Fagin$–$2001$$
$$�Understanding)and)Refinement)of)Schema)Mappings�$
•  Gojlob,$Senellart$–$2008$$
$$�Schema)mapping)discovery)from)data)instances�$
•  Olston,$Chopra,$Srivastava$–$2009$
$$�Genera3ng)Example)Data)for)Dataflow)Programs�.$
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The'rest'of'this'tutorial'

Schema$Mappings$and$Data$Examples:$
#
•  Develop$a$framework$for$the$systema3c$use$of$data$
examples$for$designing$schema$mappings.$

$
•  Understand$both$the$capabili,es$and#limita,ons$of$data$
examples$in$capturing,$deriving,$and$designing$schema$
mappings.$
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Roadmap'for'tutorial'

First$half$of$tutorial:$
•  Background$and$Mo3va3on$
•  Seman3cs$of$Schema$Mappings$
•  From$Schema$Mappings$to$Data$Examples$
$
Second$half$of$tutorial:$
•  From$Data$Examples$to$Schema$Mappings$

•  The$Eirene$and$Muse$Systems$
•  Gojlob$and$Senellart’s$framework$for$discovering$schema$
mappings$

•  Learning$schema$mappings$
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