Limitations of SQL
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“Is there a way to get from Cityl to City2” ?

Easier:

“Is there a way to get from Cityl to City® a direct flight?

Cityl —— City2

Select * from flight
where from = ‘Cityl’ and to = ‘City2’




Easier:
“Is there a way to get from Cityl to City2th at most one stopovér?
- ., Select * from flight
Cityl City2 where from = ‘Cityl’ and to = ‘City2’
OR
m select x.from, y.to
_ : from flight x, flight y
Cityl City2  \where x.from = ‘City1’ and
x.to = y.from and y.to = ‘City2’
Easier:

“Is there a way to get from Cityl to CityZith at most two stopover’

City2 select * from flight
where from = ‘Cityl’ and to ='City2’

Cityl
OR

m select x.from, y.to

. . from flight x, flight 'y
Cityl City2 where x.from = ‘Cityl’ and
x.to = y.from and y.to = ‘City2’

OR
y select x.from, z.to
X z from flight x, flight y, flight z
City1 City2Where x.from = ‘Cityl’ and x.to = y.fron

and y.to = z.from and z.to = ‘City2’
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“Is there a way to get from Cityl to City@th at most k stopovers?

Cityl City2

Need k+1 tuple variables!

“Is there a way to get from Cityl to City2
with any number of stopovers?

Cannot do in SQL!

Similar examples

» Parts-components relation:

“find all subparts of some given part A”
« Parent/child relation

“find all of John’s descendants”




More general: transitive closure of a graph

G ‘ A B
Find the pairs of nodes
a b <x,y> that are connected
c a by some directed path
b ¢
b a b
d a d
€ a e
b d
b e
c

Computing transitive closure T of G

“Find the pairs of nodes <a,b> that are connected in G”
Same as

“find pairs of nodes <a,b> at distance 1 UNION
“find pairs of nodes <a,b> at distance at most 2” UNION

When to stop? At some point, no new nodes are added.
Distance cannot be larger than total number of nodes in [G.
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Denote byT, the pairs of nodes at distance at most k

T, : “find pairs of nodes <a,b> at distance 1”
select * from G

T, : “find the pairs of nodes <a,b> at distance at most k”

OR

a b

Tk—l

a———— Db

(select *from T_,)

union

(selectx.A,y.B from Gx, [,y
where X.B = y.A)







One solution: extend SQL with recursion

create viewl as
(select * from G)
union

(select x.A, y.B
fromG x, Ty
where X.B = y.A)

Another way: Embedded SQL

<pseudo-code>

T:=G
A=G
whileA # @ do
{Toa =T
T := (select * from T)
union
(select x.A, y.B from Gx, Ty
where x.B = y.A)
A=T - Ty }
Output T
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T,=T; andA,=®
stop!
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Another way: Embedded SQL

<pseudo-code>

T:=G
A=G
whileA # @ do
{Toa =T
T := (select * from T)
union
(select x.A, y.B from Gx, Ty
where x.B = y.A)
A=T - Ty }
Output T

Converges imliameter(Gjterations
(maximum distance between two nodes in G)

Optimization (“semi-naive” evaluation):
use at least one new tuple (frdihevery time

<pseudo-code>

T:=G
A=G
whileA # @ do
{Taa =T
T .= (select * from T)
union
(select x.A, y.B from G»x\y
where x.B = y.A)
A=T -T, }
Output T
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T,andA,

a\\va__///////

c

T, andA,

No longer recompute <c,b> but recompute <c,d>
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T;andA,

No longer recompute <a,c> but recompute <c,e>

4
e

D

T,=T; andA,=®
stop!
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Faster convergence (double recursion):.

T:=G
A=G
whileA # @ do
{Toa =T
T := (select * from T)
union
(select x.A, y.B fromT x, Ty
where x.B = y.A)
A=T - Ty }
Output T

Converges inog(diameter(G)jterations

Example (focus on computing sa>)

G TG AR D T T T T
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Example (focus on computing sa>)

I T R I R T T

\/\/\/\/

Example (focus on computing sa>)

I T R L L T R S

N TN T
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Example (focus on computing sa>)

& A A A A & & & &

N TN T

Compare to linear recursion (first program):

G TG AR D T T T T
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Compare to linear recursion (first program):

G TG AR D T T T T

Compare to linear recursion (first program):

/\

&G ra & ta A & &% & 4
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Compare to linear recursion (first program):

N

G s R D T TS T T

Compare to linear recursion (first program):

N

G TG AR D T TS T T
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Compare to linear recursion (first program):

ST

G G A D T TS T e

\/

Compare to linear recursion (first program):

N

G G R T TR TS T e

\/
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Compare to linear recursion (first program):

)

G R R D TR TS T A

\/

Compare to linear recursion (first program):

N

R R R R T T T A

\/
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Optimization (“semi-naive” evaluation):
again, use at least one new tuple every time

T:=G
A=G
whileA # @ do
{Toa =T
T := (select * from T)
union
(select x.A, y.B from\x, Ty
where x.B = y.A)
union
(select x.A, y.B from¥ x,Ay
where x.B = y.A)}
A=T — T4
Output T
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