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Agenda

O
m This class: join-aggregate queries
— Matrix multiplication and its Variant
- Limitations of Yannakakis algorithm
— Output-optimal algorithm for Chain Matrix Multiplication
— General join-aggregate queries
- General Algorithm
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Matrix Multiplication =7, - R;(4,B) X R, (B, C)
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]
Variants of Matrix Multiplication

m Chain Matrix Multiplication: 4 4, . R1(A1,A42) X Ry(Az,Ag) ™« X Ry (Ay, Agy1)

m Star Matrix Multiplication: 4 4, ... 4, R1 (A1, B) ™ Ry(A3, B) ™ -+ & Ry (Ay, B)
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Yannakakis for Acyclic Join-Project/Aggregate Queries

m Let y be the set of output attributes TocH

I

m Semi-join Reducer
- If y = @, output true ifand only if R, # @

m In a bottom-up phase:
— Project as early as possible!

— For a non-output attribute, if it does
not appear in any node above, then
project it away

output attributes
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Yannakakis Algorithm Revisited

m Yannakakis algorithm [Y81] for acyclic queries [BFMY83]

- Acyclicjoin queries: ©(N + OUT) [Lecture 2-3]

acyclic
— Free-connex queries: (N + OUT) [Lecture 3]

- Acyclic but non-free-connex queries:

. Matrix multiplication: (N - VOUT) [AP09]
Output-optimal

1

. Star Matrix Multiplication : @ (N - OUT %) [AP09]

Output-optimal
- Chain Matrix Multiplication and all other queries: O(N - OUT) [Lecture 3]



The limitation of Yannakakis Algorithm

Consider my, 4,R1(A1,A2) X Ry(Az, A3) ™ R3(A3,A4)

/‘

\

Query plan 1:

Tta,,A, (T[ALAsRl M RZ) X R3

Query plan 2:

Ta, a,R1 2 (74,4,R2 @ R3)
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The limitation of Yannakakis Algorithm

Consider my, 4,R1(A1,A2) X Ry(Az, A3) ™ R3(A3,A4)

m Plan1=O(N - OUT) but Plan2 = O(N)

m Plan2=0(N -0OUT) but Plan1= O(N)

m Bothplans = O(N - OUT)
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Hybrid Yannakakis Algorithm

Consider my, 4,R1(A1,A2) X Ry(Az, A3) ™ R3(A3,A4)

Assume the value of OUT is known

m Avalue b € A, is heavy if it appears in more thanvOUT
tuplesin Ry and light otherwise.

H T[Al,A4R1 (All Ageavy) X R2 (Ageavy,Ag) X R3(A3, A4) Query plan 2:
— There are at most VOUT distinct values in 4, T4, A, K1 ™ (T[AZ,A4R2 % R3)

light light
m a0, Ry (A, ApE") 00 Ry (A58, 45) ma Ry(43,4,)

10
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Hybrid Yannakakis Algorithm

Consider 7y, 4. Ry (Al,Ahght) R, (Ahght,Ag) 5 Ry (As, As)

Compute S (A1,A43) =4, 4, R1 (A1;Ahght) R, (Ahght;A3)

m Avalue c € Az is heavy ifiit appears in more than vOUT tuples
in §; and light otherwise.

light 11 ht ,heav heavy Query plan =
— There are at most VOUT distinct valuesin A, (7TA2,A4R2 X R3)
light light ,light light
" Ta,4,1 (Al'Az ) ™ Ry (A ) A3 ) > R3 (A A4) Query plan1:my 4,
— Each tuplein R, and R3 can be joined with at most vOUT (7TA1,A3 R X Rz)

distinct values in 4, X Rj

11
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Hybrid Yannakakis Algorithm for Chain MM

Compute 7y, 4,, R1(A1,A2) X Ry(Az, Ag) X - X Ry (Ay, Agyq)

m Challenges
- What to partition? Ay As

— How to partition?
— Which plan to pick? @

12
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Candidate Plans for Chain MM

Compute iy, 4, R1(A1,A2) X Ry(Ay, Ag) ™ -+ > Ry (Ag, Ajyr)

R4 Ry-2 Ry-1 Ry
d 4 - \\\
N N ) £

Vi—1(Ak-1,A1, A1) = R—q ™ Ry

Vk—z(Ak—z,Ak—1:Ak+1) = Ry ™ (7TAk_1,Ak+1 Vi-1)

Vi(A1,A42, A1) = Ry X (T4, 4., . V2)

13
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Candidate Plans for Chain MM

ComPUte ﬂAl,Ak+1R1(A11A2) X RZ(A2)A3) X e X Rk(Ak; Ak+1)

R4 R, R; Ry

~ R

NS <
\ Vi(A1 45, A3) = Ry X R, /

Vz(A1’A3,A4_) - (T[Al,A3V1) X R3

Vi1 (A1, Ak, Ak41) = (T[Al,Aka—Z) X Ry

14
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How and What to Partition?




a € A, is heavy if it appears
in > 7 tuplesin R4

Partition Ao light

peawy— 0 — et

Rl{leavy A Agleavy |
RSN | 4, 4

light
2

Ry | A2 A3
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a € A, is heavy if it appears a € Asis heavyifitappearsin> 1
light > R
2

in > 7 tuplesin R4 tuplesinmy, 4, R,
Partition Ao .
heavy light
/ \ o .
heavy Partition As light
/ \

Rl{leavy A Agleavy
Rlllght Ay A121ght
Ry | A243 | Rlight A Alight
l Rl;eavy A121ght Agleavy 1 172
. | light [ light light
Rs [ AsA, R, Aym Ay
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a € Asis heavy ifitappearsin > 1

a € A, is heavy if it appears
in = 7 tuplesin Ry tuples in nAl’ABRilght ™ R,
a € A, is heavy if it appears

Partition Ao i . .
heavy light in = 7 tuplesin
_— T . light light
heavy Partition As light 7TAl,Az;Rl M R,
/ \ o .
Partition Ay

X Ry

Rl{leavy A Agleavy
Rlllght Ay A121ght
Ry | A2As | Rlight A Alight
l Rl;eavy A121ght Agleavy 1 19
. | light [ light light
Rs | A3Aa R2 A2 A3
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a € Asis heavy ifitappearsin > 1

a € A, is heavy if it appears |
in = 7 tuplesin Ry tuples in nAl’ABRilght ™ R,
a € A, is heavy if it appears

Partition Ao i . .
heavy light in = 7 tuplesin
_— T . light light
heavy Partition As light 7TAl,Az;Rl M R,
/ \ o .
Partition Ay

light heavy ..

X Ry

Rl{leavy A Agleavy

RSN | 4 4l
Ry | A2As | Rlight A Alight
l Rl;eavy A121ght Agleavy 1 19
. | light [ light light
R3 A3A4 R2 A2| AS

heavy| ,light ,heavy
R3 A3 A4

Ry | A4As
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Rl{leavy

a € A, is heavy if it appears
in > 7 tuplesin R4

Partition Ao

heavy
ey —
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k Subqueries in total!
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Partition As

\
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light ,light
2 A3
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light ,heavy
A=Ay

A4 As

a € A, is heavy if it appears
in = 7 tuplesin

Partition A

light light
T[Al,A4R1 X RZ X R3
Partition Ay :
heavy light
/ \
Rlllght A Al21ght

|
light light ,light
2 & Azl Ag
light light
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R 111 ght

light light ,light
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Which plan to choose?

m Case 1: Some 4; is heavy

~ |# active values in Ay ;| < g
oUT
- Vi(Ay Ay, Aa )| < IRj(Ay Ay )| - [Agga = NV - .
m Case 2: All 4; are light [
- Each value in All.ight joins with < 7 valuesin 4,
ligh
- |Vic1(A1, Ap Ay )| < IR (A, A1) - deg (Ailg t;A1) <N-1

21




a € A, is heavy if it appears
in > 7 tuplesin R4

a € Az is heavy if it appearsin >t
: ht
tuples n T[Al’Agng X Rz

N-t

li

T[Aer4 R

Partition Ay

heavy Partition Ao light
— T Partition A
heavy artition As light
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' : heavy
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m Time complexity: O(N - VOUT) | o our
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— Minimize N -

T

- Setting T = VOUT

OUT+N-T
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Output-Optimality of Hybrid Yannakakis Algorithm

m Intuition 1: Partition does not help this Ay As
hard instance

m Intuition 2: Any query plan needs to VOUT 00T JOUT
materialize Q(N - V/OUT) intermediate

join results
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What is next?

m Hybrid Yannakakis Algorithm for Chain MM
- Output-optimal: O(N - /OUT)
m Hybrid Yannakakis Algorithm for General Join-
Aggregate Queries: O(N - OUT? + OUT)
— Acyclic join queries: (N + OUT)
~ Free-connex queries: ©(N + OUT)

- MM: ©(N -/OUT)
- Star MM:@(N-OUTl‘%)
~ Chain MM: O(N - VOUT)

24
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