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T he relational algebra

Operations on tables (relational databases)
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Constraints on types of operands
Type: set of attributes (‘“relation schema)
Relations r,r1,r> of types 7,11, 1, then:
riUro Or r1 —ro only if 71 = m
riXroonlyifrpnNm=y0
OO(Ay,..,Ap)(T) Or ma,  4,(r) onlyifeach A; € 7

PC’/D(T) only ifCer, Dé&r



Relational algebra expressions

e — T

eUe
e —e
e X e
e Xe

OO(Ay,..., Ap) (€)
TAy,... Ay(€)
pa/Ble)

gacs(r X s) X ((rxu)—v)



Typing rules

T(r)=r
Thkr:T
Threr:7m Tlre:T
TrE(eqUen) : T
Threr:mm Thrkeyxy:m
TE(ey™Xer): T Ut
Threr1:mm Tlex:m TmNmH=Y
ThH(e1 Xen) 11 UTo
TrFHe:T Aq,...,An €T
T Fogay,..a,)(€) 1 T
TrFHe:T Aq,...,An €T
ThEmay,.. a,(e) 1 {A1,..., An}
TrHe:T A€eT Bé¢rT
T oa(e)  (r— (A} U{B)

Well-typedness: e is well-typed under 7T if
there exists 7 such that 7T Fe: 7



Constraints on type assignments

gacs(r X s) X ((rxu)—wv)

TrﬂTUIQ, TfrUTu:TU

T .ajas

U . anaq

V. ajanrazay

S . a3zagas

A:(rVs)AN-(rAu)AN(v & (rVu))
"




Polymorphic type inference

Add also description of output type:

T .a10a3

u . aray = a1a2a3a4as5
V. ajapazay

S . a3za4sas

A A : true

“Principal type formula”

= Polymorphic type inference problem for the
relational algebra:

Input: Relational algebra expression e

Output: Principal type formula for e

We have a complete algorithm, implemented



Some more examples

mA(r) —ma((ma(r) X s) — )

rT.a — J

S a

A:r AN -s A : true
pa/B(T) X s

T.al = ai1an

S . an

A:r A:s

B :—r AN -s B : true

0 A=B7TR,c(T)

untypeable!



Unification of Venn diagrams

(r X s) X ((rxu)—ov)

rXs X (rxu)—ov
r.aian r by
S . anas3 (T
v . b1bo
T .cC1C3
U . cocy
V . C1C2C3Cy
S . C3C4yCx

Polynomial algorithm
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Setting the attribute constraints

(ma(r) X s) X roopes(u)

ma(r) X s
r.ajar = ansa3z
S . anasjy
A:r A : true

B : true B:s

Lemma: If a type variable is part of the output
type, then it is part of the declaration of a
relation variable whose complete declaration is
part of the output type.
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Discussion

Monadic first-order logic

Exactly to which set-operations is our algo-
rithm applicable?

Complexity is exponential, but polynomial in
output size, and implementation runs fast

Pure decision problem (typability) is in NP,
probably NP-complete

12



Polymorphic expressive power

If r of type {A, B} and s of type {B, C}, then:

rMXs = mapcop=p(rXpp/p(s))

Theorem: No polymorphic such simulation is
possible

Proof: No expression without X has the prin-
cipal type of r X s

Similar theorems for other typical “derived” re-
lational algebra operators (x, 7, ...)

= Polymorphic relational algebra?
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