Clazsz diagram

RelstionalAlgetbra

izRelation(r : Set(Sequencel=tring1)) | Boalean

selectW(col : Integer, cmp : CmpE, value | String, ¢ Set{Sequence(String))) : Set{Sequence!String )

selectCricall | Integer, cmp ;. CmpE, cal2 | Integer, v Set!Zequencel=tring 1) . Seti Sequenced String)

prajecticals | Sequencelinteger), ¥ Set(Sequencel=tring 1)) | Set{Sequence String))

product(r ;. Set(Sequence(String)), r2 : Set{SequencelString)) | Set(Sequence!String))

unionirl @ Set(Sequence(String)), 2 - Set{Sequence(String))) - Set(Sequencel Sthing)

minus(tl : SetlSequence=tring)), r2 . Set{Sequence(String))) : Set{SequenceString )

interzect(r . Set(=equence(String’), r2 | Set(SequencelString) - SetlSequence! String

max(cal | Integer, ¥ Tet(Sequencel=tringl)) @ SetiSequenceString))

minfcol ; Integer, v SetSequencel String 1) Set(Sequence!String))

allvaluesir  Set(Zequencel=thingl)) @ Set{SequenceString))

joinfrl : SetiSequence!String)), coll @ Integer, cmp: CmpE, col2 : Integer, r2 ; Set{SequenceString) ) | Set(SequencelString 1)
natjoinir! © SetiSequencelStringd), colst | Sequencellnteger], cols? | Sequencellnteger), r2 | SetlSequencelString D) . Set(Sequence String )
divide(colMum : Integer, r1 : Set(Zequence(=tring)), r2 ;. Set(Sequencel=tingl)) | SetiSequenceString))

modulalcolum ; Integer, 11 : Set(SequenceString)), r2 : Set(Sequence(String)) ; SetiSequencel String )

==enumerations=»=
CinpE

EG
ME
LT
LE
GE
GT




nmodel Rel ati onal Al gebravWerl d
enum CnpE {EQ NE, LT, LE, GE, GI}

cl ass Rel ati onal Al gebra
operations
i sRel ation(r: Set (Sequence(String))): Bool ean=
r->forAll (t1,t2]t1l->size()=t2->size())
-- assunptions: - r, rl, r2 frombelow satisfy predicate isRelation
-- - col, coll, col2 are single relation colums
-- - cols, colsl, cols2 are sequences of relation colums
sel ectV(col : I nteger, cnp: CnpE, val ue: String,
r: Set (Sequence(String))): Set(Sequence(String))=
i f cmp=#EQ then r->select(t|t->at(col)= value) else
i f cnp=#NE then r->select(t|t->at(col)<>value) else
if cnp=#LT then r->select(t|t->at(col)< value) else
i f cnp=#LE then r->select(t|t->at(col)<=value) else
if cnp=#CE then r->select(t|t->at(col)>=value) else
i f cnmp=#GT then r->select(t|t->at(col)> value) else
ocl Enpt y( Set ( Sequence(String)))
endif endif endif endif endif endif
sel ect C(col 1: I nteger, cnp: CpE, col 2: 1 nt eger
r: Set (Sequence(String))): Set(Sequence(String))=

if cnp=#EQ then r->select(t|t->at(coll)=t->at(col?2)) else
if cnp=#NE then r->select(t|t->at(col1l)<>t->at(col2)) else
if cnp=#LT then r->select(t|t->at(coll)< t->at(col?2)) else
i f cnp=#LE then r->select(t|t->at(col1l)<=t->at(col2)) else
if cnp=#GE then r->select(t|t->at(col1l)>=t->at(col2)) else
if cnp=#GT then r->select(t|t->at(coll1l)> t->at(col2)) else

ocl Enpt y( Set ( Sequence(String)))
endif endif endif endif endif endif
proj ect (col s: Sequence(l nteger), r: Set(Sequence(String))):
Set (Sequence(String))=
r->terate(tl;
resl: Set (Sequence(String))=ocl Enpt y(Set (Sequence(String))) |
| et t2=cols->iterate(i
res2: Sequence( String) =ocl Enpt y(Sequence(String)) |
res2->including(tl->at(i))) in
resl->i ncl uding(t2))
product (r1: Set (Sequence(String)), r2:Set(Sequence(String))):
Set (Sequence(String)) =
rl->iterate(ti;
resl: Set ( Sequence( String))=ocl Enpt y( Set (Sequence(String))) |
r2->iterate(t2
res2: Set (Sequence(String))=resl|
res2->i ncl udi ng(t1->union(t2))))
uni on(r1: Set (Sequence(String)), r2:Set(Sequence(String))):
Set ( Sequence( String))=r1->union(r?2)
m nus(rl: Set (Sequence(String)), r2:Set(Sequence(String))):
Set (Sequence(String))=ri1-r2



intersect(rl: Set(Sequence(String)), r2:Set(Sequence(String))):
Set (Sequence(String))=m nus(rl, mnus(rl,r2))
max(col : I nteger, r:Set(Sequence(String))): Set(Sequence(String))=
if r->iseEnpty() then ocl Enpty(Set (Sequence(String))) else
m nus(r, proj ect (Sequence{1..r->any(true)->size()},
sel ect C(col , #LT, r->any(true)->si ze() +col , product(r,r))))
endi f
m n(col : I nteger, r:Set(Sequence(String))): Set(Sequence(String))=
if r->iseEnpty() then ocl Enpty(Set (Sequence(String))) else
m nus(r, proj ect (Sequence{1..r->any(true)->size()},
sel ect C(col , #GT, r - >any(true) - >si ze() +col , product (r,r))))
endi f
al | Val ues(r: Set (Sequence(String))): Set(Sequence(String))=
if r->iseEnpty() then ocl Enpty(Set (Sequence(String))) else
Set{l..r->any(true)->size()}->terate(i;
res: Set (Sequence( String))=ocl Enpty(Set (Sequence(String)))|
uni on(res, proj ect (Sequence{i},r)))
endi f
join(r1:Set (Sequence(String)), coll:Integer, cnp: CnpE,
col 2: I nteger, r2:Set(Sequence(String))): Set(Sequence(String))=
if rl->isEnmpty() then ocl Enpty(Set(Sequence(String))) else
sel ect C(col 1, cnp, r1- >any(true)->si ze() +col 2, product (r1,r2))
endi f
-- assunption: col sl->size()=col s2->size()
natj oi n(r1: Set (Sequence(String)), colsl:Sequence(lnteger),
col s2: Sequence(l nteger), r2:Set(Sequence(String))):
Set (Sequence(String))=
if rl->iseEnpty() or r2->iskEnpty() then
ocl Enpt y( Set ( Sequence(String)))
el se
proj ect (Sequence{l..rl->any(true)->size()}->
uni on(col s2->iterate(i;
res: Sequence( | nteger) =
Sequence{l..r2->any(true)->size()}|
res->excl uding(i))->
collect(i|rl->any(true)->size()+i)),
Set{1l..colsl->size()}->terate(i;
res: Set (Sequence(String))=product(ril,r2)]|
sel ect C(col s1->at (i), #EQ
ril->any(true)->size()+cols2->at(i),res)))

-- assunption r1(1,...,col Numcol Numtl1, ..., r1Col Num
-- r2(col Numtl, ..., r1Col Num
di vi de(col Num I nt eger, r1:Set(Sequence(String)),

r2: Set (Sequence(String))): Set(Sequence(String))=

| et col s=Sequence{1..col Nun} in

m nus(project(cols,ri),

proj ect (col s, mi nus(product (project(cols,rl),r2),r1)))

modul o( col Num I nt eger, r1: Set(Sequence(String)),

r2: Set (Sequence(String))): Set(Sequence(String))=

m nus(r1, product (di vide(col Numrl,r2),r2))
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Icreate ra: Rel ational Al gebra
I'l et Country=Set{Sequence{' Ger many', ' Berl
Sequence{' France', " Pari

Sequence{' Net her| ands', ' Amrst

?ra.isRel ati on(Country)
true : Bool ean

I'l et Town=Set{Sequence{' Berlin", "4'}
Sequence{' Hanburg', '2'}
Sequence{' Koel n', "1}
Sequence{' Paris', '9'}
Sequence{' Marseille' ,"'2"}
Sequence{' Ansterdam ,'2'}

?ra.isRel ati on( Town)
true : Bool ean

in, '80'},
s', '60'},
erdam ,'25'}}

?ra. sel ectV(3, #LE, ' 60", Country)

Set { Sequence{"' France', "Paris', '60'},

Sequence{' Net herl ands',' Anrsterdani ,' 25'}} Set (Sequence(String))

?ra. sel ect C( 1, #GT, 2, Country)

Set { Sequence{' Ger many', "Berlin', '80'},

Sequence{' Net her| ands',' Anrst erdam ,' 25'}} Set (Sequence(String))

?ra. proj ect (Sequence{3, 1}, Country)

Set { Sequence{' 25', ' Net herl ands'},

Sequence{' 60',' France' 1,
Sequence{' 80' ,"' Ger many' 1} : Set(Sequence(String))

?ra. product ( Country, Town)

Set { Sequence{' France', "Paris', '60',"' Ansterdanmt , ' 2'},
Sequence{' France', "Paris', '60',"'Berlin', "4'},
Sequence{' France', "Paris', '60', "' Hanmburg', '2'},
Sequence{' France', "Paris', '60', "' Koel n', "1'},
Sequence{' France', "Paris', '60', " Marseille' ,"'2'},
Sequence{' France', "Paris', '60',"' Paris', '9'},
Sequence{' Ger many', "Berlin', '80'," Ansterdant ,'2'}
Sequence{' Ger many', "Berlin', '80',"'Berlin', "4'},
Sequence{' Ger many', "Berlin', '80',"' Hamburg', '2'},
Sequence{' Ger many', "Berlin', '80',"' Koeln', "1'},
Sequence{' Ger many', "Berlin', '80',"' Marseille',"'2'},
Sequence{' Ger many', "Berlin', '80',"' Paris', "9},
Sequence{' Net herl ands',"' Ansterdani ,' 25',"' Ansterdanm ,'2'},
Sequence{' Net her| ands',' Ansterdam ,' 25',"' Berlin', "4},
Sequence{' Net herl ands', ' Ansterdani ,' 25',"' Hanburg', '2'},
Sequence{' Net herl ands',' Anst erdam ,' 25',"' Koel n', "1},
Sequence{' Net herl ands',' Ansterdam ,' 25", Marseille','2'},
Sequence{' Net herl ands',' Ansterdam ,'25',"' Paris',"'9'}} :

Set (Sequence(String))

?ra. proj ect (Sequence{1, 2, 5},

ra.sel ect C(2, #EQ 4, r a. pr oduct ( Country, Town)))

Set { Sequence{' France', ' Paris','9'},
Sequence{' Germany','Berlin','4'},
Sequence{' Net herl ands',' Amsterdanmi ,'2'}}

Set (Sequence(String))
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?ra. mnus(ra. project(Sequence{1}, Town),
ra. proj ect (Sequence{2}, Country))
Set { Sequence{' Hanburg'},
Sequence{' Koel n'},
Sequence{' Marseille'}} : Set(Sequence(String))

?ra. uni on(Town, r a. proj ect (Sequence{l 3}, Country))

Set { Sequence{' Anst erdam ,
Sequence{' Berlin',
Sequence{' France',
Sequence{' Ger many',
Sequence{' Hanburg',
Sequence{' Koel n',
Sequence{' Marseille',
Sequence{' Net her| ands',
Sequence{' Paris','9 }}
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'(Sequence( String))

?ra. m nus(ra. proj ect (Sequence{1}, Country),
ra. proj ect (Sequence{1},

ra.sel ect C(3, #LT, 6, ra. product (Country, Country))))

Set { Sequence{' Germany'}} : Set (Sequence(String))

Il et Job=Set{Sequence{' Ada',"' Anal ysis'}
Sequence{' Ada',' Design' }

Sequence{' Bea',"' Anal ysis'}

Sequence{' Bea',' Design' }

}

}

}

Sequence{' Bea', "' Codi ng'
Sequence{' Cyd', ' Design’
Sequence{' Cyd',"' Codi ng'

-- R(A/B), S(B): project[Al (R -project[A](product(project[Al(R),S)-R

?ra. m nus(ra. proj ect (Sequence{1}, Job),
ra. proj ect (Sequence{1},

ra. mnus(ra. product (ra.project(Sequence{1}, Job),
ra. proj ect (Sequence{2}, Job)), Job)))

Set { Sequence{' Bea'}} : Set(Sequence(String))

?ra.join(Country, 2, #£EQ 1, Town)

Set { Sequence{' France', "Paris', "60',"' Paris',
Sequence{' Ger many', "Berlin', '80',"'Berlin',
Sequence{' Net herl ands', ' Anst erdam ,' 25',"' Anst erdani ,

Set ( Sequence(String))

o'},
4},
2'})

?ra. project(Sequence{l, 2,3,5},ra.join(Country, 2, #EQ 1, Town))

Set { Sequence{' France', "Paris', '60','9'}
Sequence{' Ger many', "Berlin', '80','4'},
Sequence{' Net herl ands',"' Ansterdam ,'25','2"'}}

?ra. natj oi n(Country, Sequence{Z} Sequence{l} Tomn)

Set { Sequence{' France', "Paris’ '9'},
Sequence{' Ger many', Berl|n "4'},
Sequence{'hbtherlands','AnBterdan1 '25' '2'}}

?l et Age=Set { Sequence{' Ada',"' Apple', '42'},
Sequence{'Bea','Banana','36 }
Sequence{' Cyd',"' Cherry',"'42'},
Sequence{' Dan', Cherry ,'10 }} in

| et Hair=Set{Sequence{' Al nond',"'Ada',' Bl onde'},
Sequence{' Banana', ' Bea',' Bl ack'},
Sequence{' Cherry',' Can',' Bl ack'},
Sequence{' Cherry','Dan',' Brown'}}

ra. natj oi n(Age, Sequence{2, 1}, Sequence{ 1, 2}, Hair)

Set { Sequence{' Bea', ' Banana','36',"'Black'},

Set ( Sequence(String))

Set (Sequence(String))

Sequence{' Dan',' Cherry',"10','Brown'}} : Set(Sequence(String))
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?l et Rai ny=Set { Sequence{' Gsl 0' }, Sequence{' London'}, Sequence{' Berlin'}} in

| et Sunny=Set { Sequence{' Berlin'}, Sequence{' Rone'}, Sequence{' Madri d'}}

ra.intersect (Rai ny, Sunny)
Set { Sequence{' Berlin'}} : Set(Sequence(String))

?ra. max( 3, Country)
Set { Sequence{' Germany', ' Berlin',"'80'}} : Set(Sequence(String))

?ra. m n(3, Country)
Set { Sequence{' Net herl ands',' Ansterdam ,'25'}} : Set(Sequence(String))

?ra. max( 2, Town)
Set { Sequence{' Paris',"'9'}} : Set(Sequence(String))

?ra. mn(2, Town)
Set { Sequence{"' Koeln',"1'}} : Set(Sequence(String))

?ra. al | Val ues(Country)
Set { Sequence{' 25' },
Sequence{' 60' },
Sequence{"' 80" },
Sequence{' Anst erdani },
Sequence{' Berlin'},
Sequence{' France'},
Sequence{' Germany'},
Sequence{' Net her| ands'},
Sequence{' Paris'}} : Set(Sequence(String))

?ra. al | Val ues( Town)

Set { Sequence{' 1'},
Sequence{' 2'},
Sequence{' 4'},
Sequence{' 9'},
Sequence{' Arst er dami },
Sequence{' Berlin'},
Sequence{' Hanburg'},
Sequence{' Koel n'},
Sequence{' Marseille'},
Sequence{' Paris'}} : Set(Sequence(String))

?ra.union(ra.all Val ues(Country), ra. all Val ues(Town))->flatten()
Set{'1','2",'25","4",'60"','80"','9"," Ansterdanm ,"' Berlin','France'

"Germany', ' Hanmburg',' Koeln',' Marseille',' Netherlands','Paris'}
Set (String)

?ra. divide(l, Job, ra. project (Sequence{2}, Job))
Set { Sequence{' Bea'}} : Set(Sequence(String))

'l et Job=Set {Sequence{' Ada',' Apple', '"UM', 'Analysis'},
Sequence{' Ada',"' Apple', "UWM', 'Design'},
Sequence{' Bea','Banana',' UM.', 'Analysis'},
Sequence{' Bea', ' Banana',' UM.', 'Design'},
Sequence{' Bea',' Banana',' Ruby',' Coding'},
Sequence{' Cyd',"' Cherry'," UM.', 'Design'},
Sequence{' Cyd',"' Cherry',' Ruby',' Coding'}}

?ra. divide(2,Job, ra. proj ect (Sequence{3, 4}, Job))
Set { Sequence{' Bea',' Banana'}} : Set(Sequence(String))

?ra. product (ra. di vide(2, Job, ra. project (Sequence{ 3, 4}, Job)),
ra. proj ect (Sequence{3, 4}, Job))
Set { Sequence{' Bea',' Banana',' Ruby',' Coding'},
Sequence{' Bea','Banana',' UM.',"' Analysis'},
Sequence{' Bea','Banana',' UM.', ' Design'}} : Set(Sequence(String))

in



use> ?ra. nodul o(2, Job, ra. proj ect (Sequence{3, 4}, Job))
Set { Sequence{' Ada', "' Apple'," UM'," Anal ysis'},
Sequence{' Ada',"' Apple',"UM', "' Design'},
Sequence{' Cyd',"' Cherry',"' Ruby',' Coding'},
Sequence{' Cyd',' Cherry',"UM.', " ' Design'}} : Set(Sequence(String))

use> ?ra. divide(3,Job, ra. project(Sequence{4}, Job))
Set{} : Set(Sequence(String))

use> ?ra.divide(2,ra.project(Sequence{l, 2,4}, Job), ra. project(Sequence{4}, Job))
Set { Sequence{' Bea',' Banana'}} : Set(Sequence(String))



