Relational Operators

Union
Set Union


Intersection
Set Intersection

–
Difference
Set Difference

C (R)
Selection
Select All Rows Having Property C

(B1,…Bn (R)
Projection
Keep Only Columns B1,…Bn

R ( Ai=Bj S
Join
Merge/Keep Rows Where Ai in R is Same as Bj in S

R ( S
Natural Join
Join Using the Single Common Attribute of R, S

EMPLOYEES

	NAME
	ID

	Smith, Mary
	027

	Arco, Max
	145

	Simmons, Richard
	037

	Gonzalez, Rafael
	111

	Jones, Atticus
	621

	Torey, Phyllis
	006

	Casper, Leona
	427


EMPLOYEES union SHAREHOLDERS

	NAME
	ID

	Arco, Max
	145

	Blackman, Tonya
	088

	Casper, Leona
	427

	Gonzalez, Rafael
	111

	Jones, Atticus
	621

	Kolomotov, Karyl
	077

	Pham, Carole
	777

	Simmons, Richard
	037

	Smith, Mary
	027

	Ting, Xin
	099

	Torey, Phyllis
	006

	Torres, Alejandro
	174



SHAREHOLDERS

	NAME
	ID

	Simmons, Richard
	037

	Pham, Carole
	777

	Torres, Alejandro
	174

	Blackman, Tonya
	088

	Ting, Xin
	099

	Gonzalez, Rafael
	111

	Smith, Mary
	027

	Kolomotov, Karyl
	077


EMPLOYEES intersect SHAREHOLDERS

	NAME
	ID

	Gonzalez, Rafael
	111

	Simmons, Richard
	037

	Smith, Mary
	027


EMPLOYEES minus SHAREHOLDERS

	NAME
	ID

	Arco, Max
	145

	Casper, Leona 
	427

	Jones, Atticus
	621

	Torey, Phyllis
	006


EMPLOYED_BY

	NAME
	FIRM

	Smith, M.
	RCA

	Arco, M.
	Mitre

	Sim, R.
	Apple

	Garcia, R.
	Mitre

	Jones, A.
	TCBY

	Torey, P.
	RCA

	Carr, L.
	RCA


EMPLOYED_BY join HEALTH_PLANS

	NAME
	FIRM
	HMO

	Smith, M.
	RCA
	PPC

	Smith, M.
	RCA
	AVMED

	Smith, M.
	RCA
	Humana

	Arco, M.
	Mitre
	Humana

	Sims, R.
	Apple
	Kaiser

	Garcia,R.
	Mitre
	Humana

	Jones, A.
	TCBY
	PPC

	Torey, P.
	RCA
	PPC

	Torey, P.
	RCA
	AVMED

	Torey, P.
	RCA
	Humana

	Carr, L.
	RCA
	PPC

	Carr, L.
	RCA
	AVMED

	Carr, L.
	RCA
	Humana



HEALTH_PLANS

	FIRM
	HMO

	RCA
	PPC

	RCA
	AVMED

	RCA
	Humana

	Mitre
	Humana

	TCBY
	PPC

	Apple
	Kaiser


FIRM=Mitre (EMPLOYED_BY)

	NAME
	FIRM

	Arco, M.
	Mitre

	Garcia, R.
	Mitre


( HMO (HEALTH_PLANS)

	HMO

	PPC

	AVMED

	Humana

	Kaiser


Complexity of Relational Operators
	
	MaxSz
	MinSz
	Naive
	Pre-Sort;

Post-Sort
	Indexed

	R  S
	t = n+m
	max(n,m)
	nm
	n log n +
  m log m;

t log t
	t=n+m

	R  S
	min(n,m)
	0
	nm
	n log n +
  m log m;

t log t
	t=n+m

	R –  S
	n
	0
	nm
	n log n +
  m log m;

t log t  †
	t=n+m

	C (R)
	n
	0
	n
	no gain;

no gain
	k
Lucky!

	(– (R)
	n
	n, usual

1, rare
	n^2
	nlog n;

nlog n
	n

	R ( S
	nm
	0
	nm
	no gain;

k+t log t ††

sort-join
	k+n or k+m

index-join


Assumes |R| = n, |S| = m, t = n+m, and |Result| = k

† An extra field is initially added to each result tuple to identify the relation from which this tuple came.
†† (a,k) in R becomes (k,a,R) and (k,b) in S is (k,b,S).

When doing a sequence of operations, it is critical to keep the size of intermediary results as small as possible.  Reordering and deferring operations can be very helpful. In arithmetic A*B+A*C = A*(B+C), but second expression is usually faster than first.

Algebraic Laws for Relational Operators
Laws for Join
Limited Associativity
((R ( A=B S) ( C=D T)  (R ( A=B (S ( C=D T))

provided A is an attribute of R, B and C are different attributes of S, and D is an attribute of T.

Laws for Selection
Selection Pushing below Joins
(C (R ( S))  (C (R) ( S)

provided all attributes of C are in R

(C (R ( S))  (R ( C (S))

provided all attributes of C are in S

Selection Splitting
(C and D(R))  (C (D (R))

Selection Commutivity
(C (D (R))  (D (C (R))

Algebraic Laws for Relational Operators -- Continued
Laws for Projection

Projection Pushing below Unions
(L (R  S))  (L (R)  L (S))

Limited Projection Pushing below Joins
(L (R ( A=B S))  (L (M (R) ( A=B N (S)))

where

1) M is attributes of L from R followed by A, if not in L,

2) N is attributes of L from S followed by B, if not in L

Projection Identity
L (R)  R, when L is all attributes of R

Query on a Relational Database
RELATIONS

1.
CSG 
(Course-StudentId-Grade)

2.
SNAP
(StudentId-Name-Address-Phone)

3.
CDH
(Course-Day-Hour)

4.
CR

(Course-Room)

QUERY


“Where is C. Brown 9AM on Mondays?”

An Approach

( ( ( ( CSG  (  SNAP )   (  CDH )  (  CR )

Gets Tuples


(c, s, g, n, a, p, d, h, r)

Can Select


Name = “C. Brown”



and (Day=“M”) and (Hour=“9AM”)

and Project Room

Query Tree
Leaf nodes in the tree are relations.

Interior nodes are relational operators.

Query can be interpreted from leaves towards root, with intermediate results generated at each node.
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The final Join is enormous, even though we require just one item in the result. 

Optimization by Pushing Selection
Push Selection below Join

Push in both directions, but remove slection on right branch, since CR has no Name, Day or Hour field.
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This makes final Join trivial, since there will now be only one tuple coming up the left branch.

Optimization by Splitting Selection
Split Selection to prepare for sending only relevant parts of the Selection down each branch on the next Join.
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Could Split again, but that won’t help

Push Selections on Separate Paths
Push Selections down only those paths that involve selected attributes
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Day / Hour apply to only CDH.

Name applies to only SNAP, so keep on Pushing

Push Name Selections to SNAP
Push Name Selection down toward SNAP since CSG does not involve Selected attributes
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Can’t Push Selections any farther down.

Push Projection Down
Must Push Projection on attributes of Join as well as that in the original Projection.
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Join attribute is Course, so we project to Course alone on left, since Room is not an attribute on left.  Pushing a Projection of Room and Course to right is useless.

Push Projection Down Farther
Push Projection down middle Join.
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Course Projection can restrict size on both sides.

Push Projection Down to Bottom
Push Projection down as far as possible.
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Just need the attributes that play a role in Join and are kept after Projection.

Relax on Some Projections
There’s little to be gained by Projecting out attributes that disappear in next step.  We relax by not removing the Grade attribute since it disappears at next Join.
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This may or may not avoid some wasted effort.

Consider the following relations DIRECTORS, BORROWERS , LOCATIONS and BRANCHES.

DIRECTORS

	DNAME
	BANK

	Arco, M.
	CENTRUST

	Barry, K.
	SUN

	Garcia, R.
	BARNETT

	Jones, A.
	HUNTINGTON

	Sim, R.
	BARNETT

	Sim, R.
	UNION

	Torey, P.
	CENTRUST


CEOS

	CNAME
	BANK

	Arco, M.
	SUN

	Garcia, R.
	BARNETT

	Jones, A.
	HUNTINGTON

	Torey, P.
	UNION

	Trent, C.
	CENTRUST


LOCATIONS

	BANK
	STATE

	BARNETT
	FL

	CENTRUST
	SC

	CENTRUST
	NC

	HUNTINGTON
	FL

	SUN
	FL

	SUN
	GA

	UNION
	GA


ACCESS

	BANK
	TYPE

	BARNETT
	ATM

	CENTRUST
	ATM

	CENTRUST
	WEB

	HUNTINGTON
	ATM

	HUNTINGTON
	WEB

	SUN
	ATM

	UNION
	ATM




Write relational expressions for each of the following queries, and show the tables that result from executing these queries.


a)
In what states do we have banks that provide web access?


b)
Who are the CEOs of the banks on which "Sim, R." is a director??
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