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Outline tutorial

3: Acyclic Queries & Enumeration (Wolfgang) ~25min



Outline Part 3

Part 3: Acyclic Queries & Enumeration (Wolfgang) ~25min
— The power of semi-join reductions



Semijoins as Message Passing

« Semijoins can reduce network use for equijoins in distributed databases

o— — ()
¢

v
RS RS
Reduced R: k@@p only +hose

tuples that join with S

Effective if 1) the size of join attribute B (or vumber of distinet values)
is simaller than A avnd C, and 2.) few tuples from R participate i the joiv
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P;(x,y,z,x):—R(x,vy),S(y,z), T(z,w)
R S T

AB  BC  CD
n -% -1 n . |
> 1 15 Ouly 1 single output tuplel
1 -T -1 1
00 00 00

1 -2 21

2 -2 22 s

n -2 2 n -- Query 1

select x

into recordl
from R natural join S natural join T;

n=1,000: +to=14 sec
W=2,000: to=61sec O(n%) @

SQL example 601 available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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With S2 as
(SELECT *
FROM S
WHERE S.B 1n
(SELECT R.B
FROM R)),
S3 as
(SELECT =*
FROM S2
WHERE S2.C 1in
(SELECT T.C
FROM T))
select a, b, ¢, d
into record2

from R natural join S3 natural join T;

tTq2=5 Msec
tar=0 msec

O(n) ©
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The more general idea: "Sideways information passing"

Sideways information passing: Q=(R™pS) xc T
* "sending information from one subexpression not

simply to its parent expression, but also to some e
other correlated portion of the query computation, duery plav
in order to prune irrelevant results" [Ives, Taylor 08] [1><1C
* includes techniques like KD
[Bernstein, Goodman 81] and magic sets [Beeri, hee TEED)
Ramakrishnan 91] 241
Npg
A% &C
n+1 2n+1

R(AB)  S(BC)

[Bernstein, Goodman 81]. "Using Semi-Joins to Solve Relational Queries", JACM 1981. https://doi.org/10.1145/322234.322238
[Beeri, Ramakrishnan 91]: "On the power of magic", Journal of Logic Programming, 1991. https://doi.org/10.1016/0743-1066(91)90038-Q

Definition from: [Ives, Taylor 08]. "Sideways Information Passing for Push-Style Query Processing", ICDE 2008. https://doi.org/10.1109/ICDE.2008.4497486
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Outline Part 3

— Hypergraphs, GYO, join trees



Query Hypergraph of a Conjunctive Query

Q: —A(x),R(x,v),S(v,y),B(y,uw), T(y,2),C(2),D(z,w)

Query hypergraph (nodes = variables)

determines a-acyclicity of CQs (that's what we need)

Meliou, Gatterbauer, Moore, Suciu. "The complexity of causality and responsibility for query answers and non-answers", PVLDB 2010. https://doi.org/10.14778/1880172.1880176 /
Gatterbauer, Suciu. "Dissociation and propagation for approximate lifted inference with standard relational database management systems", VLDBJ 2017. https://doi.org/10.1007/s00778-016-0434-5
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a-Acyclic Conjunctive Queries have Join Trees

o Definition: A conjunctive query Q is a-acyclic if it has a join tree.
« Ajoin tree for Q(x) :—R(z,), S(z,), T(2z3),W(z4), U(zs) is a tree T =(V,E) such that:

— V:The nodes of T are the atoms Ri(z;) of Q

— E: For every variable w occurring in Q, the set of the nodes of T that contain w
forms a (connected) subgraph of T (also called running intersection property)

* in other words, if a variable w occurs in two different atoms R(z)) and R,(z,) of Q, then it occurs in each
atom on the unique path of T joining Ri(z)) and R,(z,)

e« The GYO reduction™® helps us find a join tree
from the hypergraph iff it is a-acyclic

* GYO: This algorithm is named in honor of Marc H. Graham and the team Clement Yu and Meral Ozsoyoglu, who independently came to essentially this algorithm in [YO79] and [Gra79]:
[Gra79] Graham. "On the universal relation." Technical Report, University of Toronto, 1979 / [YO79] Yu, Ozsoyoglu. "An algorithm for tree-query membership of a distributed query."

COMPSAC, 1979. https://doi.org/10.1109/CMPSAC.1979.762509
Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial
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GYO reduction by Example ooy

Q :- R(x,y,2), S(y,p), T(y,z,p), U(z,u,p), W(u,p,w).

GYO reduction ( )
* remove isolated nodes
* remove consumed or empty edges

R | X Z
0P W) [ !

T(y,z,p) W E
u P W

R(%,y,2) S(yp) W(u,p,w) S
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GYO reduction by Example e
Q . R(lelz)l S(V;p), T(V,Z,p), U(Z,U,p), W(U,p,W).

GYO reduction ( )
* remove isolated nodes
* remove consumed or empty edges

R
Uzpw [X ' Z J/
T(y,z,p) /

W Eu p/ W

R(%,y,2) S(yp) W(u,p,w) S
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GYO reduction by Example

GYO reduction (
* remove isolated nodes
* remove consumed or empty edges

T[y,Z

Q :- R(x,y,2), S(y,p), T(y,z,p), U(z,u,p), W(u,p,w).

)

U(z,p,w)

T(y,z,p)

R(x,,2)

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial

—x)

S(y,p)

W(u,p,w)

WEU
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GYO reduction by Example e

GYO reduction (
* remove isolated nodes
* remove consumed or empty edges

T[y’Z

Q :- R(x,y,2), S(y,p), T(y,z,p), U(z,u,p), W(u,p,w).

)

U(z,p,w)

T(y,z,p)

R(x,y,2)

—x)

S(y,p)

e

W(u,p,w)“ S
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GYO reduction by Example ooy

GYO reduction (
* remove isolated nodes
* remove consumed or empty edges

ny,z

Q :- R(x,y,2), S(y,p), T(y,z,p), U(z,u,p), W(u,p,w).

)

U(z,p,w)

T(y,z,p)

R(x,y,2)

—x)

S(y,p)

p,W (Tt_y) £

W(u,p,w)“ S

-
-
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GYO reduction by Example e

Q :- R(x,y,2), S(y,p), T(y,z,p), U(z,u,p), W(u,p,w).

GYO reduction ( )
* remove isolated nodes
* remove consumed or empty edges

T

4 N\
Z
U(z,p,w) Y /
U
T(y,z,p)
P W
My 7 —x) p,w (T—y) | £ )
R(x,y,2) S(y,p) W(u,p,w) S

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial 15
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GYO reduction by Example ooy

Q :- R(x,y,2), S(y,p), T(y,z,p), U(z,u,p), W(u,p,w).

GYO reduction ( )
* remove isolated nodes
* remove consumed or empty edges

T
Z
Vo) Y
U
T(y,z,p)
o W
My 7 _x) My p (T_g) p,w (T_y)

R(X,Y,2) S(y,p) W(u,p,w)
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https://northeastern-datalab.github.io/responsive-dbms-tutorial

GYO reduction by Example e

Q :- R(x,y,2), S(y,p), T(y,z,p), U(z,u,p), W(u,p,w).

GYO reduction ( )
* remove isolated nodes
* remove consumed or empty edges

U(z,p,w)
T(y,z,p)
My 7 —x)%/,p (T_g) p,w (T_y)
R(x,,2) S(y,p) W(u,p,w)
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GYO reduction by Example ooy

Q :- R(x,y,2), S(y,p), T(y,z,p), U(z,u,p), W(u,p,w).

GYO reduction ( )
* remove isolated nodes
* remove consumed or empty edges

Z
U(z,p,w)
Mzp —y) U
T(y,z,p)
P W
My 7 _x) My p (T_g) p,w (T_y)
R(x,Y,2) S(y,p) W(u,p,w)
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GYO reduction by Example e

Q :- R(x,y,2), S(y,p), T(y,z,p), U(z,u,p), W(u,p,w).

GYO reduction ( )
* remove isolated nodes
* remove consumed or empty edges

Mg (T[—Z,p,W) .
U(z,p,w)
Mzp —y) U
T(y,z,p)
P W
My 7 _x) My p (T_g) p,w (T_y)
R(x,Y,2) S(y,p) W(u,p,w)
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GYO reduction by Example ooy

GYO reduction (
* remove isolated nodes
* remove consumed or empty edges

Q :- R(x,y,2), S(y,p), T(y,z,p), U(z,u,p), W(u,p,w).

)

U(z,p,w)
Z,p
T(y,z,p)
Y, Z V)P
R(x,y,2) S(y,p)

p,w

W(u,p,w)
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What is so special about acyclic queries?

e "Consistency" = no dangling tuples (recall semi-join)
mr(Ri™R;) = R,
Tp;(R{XR,X...XR,) = R,

« Both implies each other only for acyclic queries

— For all queries: global = local
— Acyclic queries: ; but not for cyclic queries!

R 0A(A, B, C): —R(4,B),S(B,C), T(C,A)

* Any two relations are locally consistent. E.g. RS is
{(0,0,0),(1,1,1)}, which projected onto R is {(0,0),(1,1)}

 But RSXT = @, so the relations are not globally
consistent

Example from Beeri, Fagin, Maier, Yannakakis. On the desirability of acyclic database schemes. JACM 1983. https://doi.org/10.1145/2402.322389
Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial 21
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Semijoin Reduction as Message Passing on Trees

1. A message sent across an edge

from the subtree
rooted at the sender.

= Thus the reduction always needs to
/ start at the leaves!
2. Key for acyclic queries: When joining, if
there are no dangling tuples (Thus for a

"reduced database")

of the
intermediate query results!

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial 22
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Semi-join reducers fail with the triangle

Q(x,v,z) :- R(x,y), S(y,2), T(x,z). GYO reduction )

* remove isolated nodes
* remove consumed or empty edges

T(x,2)

S(y,2) S

®

ROGY)
X 4
There is vo Join treel You can't fulfill

the rumming ntersection property.. T

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial 23
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Semi-join reducers work with the "beta-triangle"

Q(x,v,z) :- R(x,y), S(v,z), T(x,z), W(x,y,z). GYO reduction (ear removal)

* remove isolated nodes
* remove consumed or empty edges

W(x,y,z)

R(x,y) S(y,z) T(x2)

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial 24
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Semi-join reducers work with the "beta-triangle"

Q(lelz) . R(Xry)/ S(y,Z), T(X,Z), W(X,y,Z).

Wik y,2) = WXy, z) X R(X,Y)

(x,y,2) W, (x,y,z) =W (xYy,2) X S(y, z)
' Y W3(X) Y; Z) — WZ (X, y, Z) X T(X, Z)

W
1N\ §0.) =S )

Ti(x,z) =T(x,z) X W;(X,V,27)

R(x,y) S(y,z) T(x2)

Q(X)ylz) . R]_(le)l Sl(ylz)l Tl(XIZ)I W3(X,y,2).
wWhat can still go wrong after the reduction ?

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial 25
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... but we still need to follow the join tree!

Q(lelz) . R(le)/ S(y,Z), T(X,Z), W(lelz)'

Wik y,2) = WXy, z) X R(X,Y)

W(X Y Z) )](. Z i WZ(X' Y' Z) — Wl(X) y; Z) X S(y, Z)
1 Ys 2/a|2 W3(X, Y, Z) = WZ(X, Y, Z) X T(X, Z)

Rl (X' Y) — R(X, y) X W3 (X' y' Z)

Sl(y' Z) — S(Y} Z) X WB(X' y' Z)
Ti(x,z) =T(x,z) X W;(X,V,27)

X|Y z
il 11 Qxyz) = ((Rl(X: y)><S, (y, 2) )T, (%, Z)) AW (%, Y, 2)

®

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial 26
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... but we still need to follow the join tree!

Q(lelz) . R(Xry)/ S(y,Z), T(X,Z), W(X,y,Z).

Wik y,2) = WXy, z) X R(X,Y)

X|Y|Z
xyz)| 213|]

R(x,y) S(y,z) T(x2)

X|y V| z X|z
1]a a1 Tﬁ Qx,yz) = (Rl(X,VD A
2| a al 2 2| 2

L) Qxy2) =((Ry(x Y)W, (x,y, )b, (3, 2) )T, (%, 2)

We still need +o
follow +he join treel

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial

Wy, y,2) = Wi(X,y,2) X S(V,2)
W.(x,y,z) =W,(x,y,2) X T(X,2)
Ri(x,y) =R(x,y) X W5(x,y,2)

Sl(y' Z) — S(Y} Z) X WS(X' y' Z)
Ti(x,z) =T(x,z) X W;(X,V,27)

Ti(x,2) )| D}AW,(X,Y,Z)

27


https://northeastern-datalab.github.io/responsive-dbms-tutorial

Semi-join reductions can be extremely powerful

. | # minimal plans (right axiQA O |429
Fig 16 (a),(b):
s | %2
@
g 12
= 10°
b 4
[<D]
=
o .
107 L
s 4 5 & 7 s
Size of query (k)
(a) k-chain queries
Tk ‘ ‘
Fig 15 (h): SampleSearch

Lineage query

Standard SQL |

10 100 1k 10k 50k
max|[Lineage size]

(h) Combining (a)-(c)

From: Gatterbauer, Suciu. "Dissociation and propagation for approximate lifted inference with standard relational database management systems", VLDBJ 2017. https://arxiv.org/pdf/1310.6257

- # minimal plans (right axis) 5040

Opj1-2
L4

720

N~

120

24

Standard SQL
1 1 1

2 3 4 5 6 7
Size of query (k)

(b) k-star queries

Sewmi-join reductions can
be extremely powerful iv
different contexts

(yet depend on the
concrete input to pay off)

6. Deterministic semi-join reduction

The most expensive operations in probabilistic query plans
are the group-bys for the probabilistic project operations.
These are often applied early in the plans to tuples which
are later pruned and do not contribute to the final query re-
sult. Our third optimization is to first apply a full semi-join
reduction on the input relations before starting the proba-
bilistic evaluation from these reduced input relations.

We like to draw here an important connection to [54],
which introduces the idea of “lazy plans” and shows orders
of magnitude performance improvements for safe plans by
computing confidences not after each join and projection,
but rather at the very end of the plan. We note that our semi-
join reduction serves the same purpose with similar perfor-
mance improvements and also apply for safe queries. The
advantage of semi-join reductions, however, is that we do
not require any modifications to the query engine.

Reference [54]: Olteanu, Huang, Koch. "Sprout: Lazy vs. eager query plans for tuple-independent probabilistic databases", ICDE 2009. https://doi.org/10.1109/ICDE.2009.123

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial
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Outline Part 3

— Yannakakis = acyclic query evaluation

29



Yannakakis Algorithm

e Given: acyclic full conjunctive query Q (full/’= no projections)
« Compute Q on any database in time O(n+r) by using the

e Step 1: (two sweeps)
— Pick any root node R in the join tree of Q

— Sweep : Do a semi-join reduction from the leaves to R
— Sweep : Do a semi-join reduction from R to the leaves
e Step 2: use the . pick any root and join

bottom-up or top-down

— Notice that step 2 can be combined with the top-down SJ-reduction

Yannakakis, "Algorithms for acyclic database schemes", VLDB 1981. https://dl.acm.org/doi/10.5555/1286831.1286840
Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial
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Yannakakis example: first use GYO to get the join tree

Q(x,y,z,v,p,u) :- R(x,y), S(z,v), T(p,x,y), U(y), W(u,x,y).

R(x,y) ove of several

Hypergraph
R
T 3 Y
By 04
S
W
v /Q X u
N

/Possilalc ones

Rooted Join tree

S(z,v) T(p,x,y) ’?

U(y) W(u,x,y)

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial
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Yannakakis example: first use GYO to get the join tree

Q(x,y,2,v,p,u) - R(x,y), S(z,v), T(p,x,y), U(y), W(u,x,y). Rxy)
Hypergraph Rooted Join tree
R S(z,v) T( )
T V | ol
) X
Z X
shared variable y
S no isolated variable

Y N

/Q U(y) W(u,x,y)
V X U
N

v

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial 32
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Yannakakis example: first use GYO to get the join tree

Q(lelzlvlplu) :_ R(le)l S(ZIV)I T(pIXIY)I U(y)l W(ulxly)' R(le)
Hypergraph Rooted Join tree
S(Z’V) T(plxly)
ra shared variables x,y,

isolated variable u
gets projected away

shared variable y
no isolated variable

Ny

U(y) W(u,x,y)

W

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial 33
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Yannakakis example: first use GYO to get the join tree

Q(lelzlvlplu) :- R(le)l S(ZIV)I T(pIXIY)I U(y)l W(ulxly)' R(le)
Hypergraph Rooted Join tree
R ™Y
T S(z,v) T(p,x,y)
ra X shared variables x,y,

isolated variable u
gets projected away

s /
L

U(y) W (u,x,y)

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial 34
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Yannakakis example: first use GYO to get the join tree

Q(x,y,z,v,p,u) :- R(x,y), S(z,v), T(p,x,y), U(y), W(u,x,y). R(x,Y)
Hypergraph Rooted Join tree
R ™
T(p,x,y)

y/' X,y

U(y) W(u,x,y)

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial
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Yannakakis example: first use GYO to get the join tree

Q(x,y,z,v,p,u) - R(x,y), S(z,v), T(p,x,y), Uly), W(u,x,y). R(%v)
Hypergraph Rooted Join tree
R BTy
S(z,v) T(p,X,y)

y/' X,¥

U(y) W(u,x,y)
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Yannakakis example: first use GYO to get the join tree

Q(x,y,z,v,p,u) :- R(x,y), S(z,v), T(p,x,y), U(y), W(u,x,y).

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial

R(x,y)

BTN

S(z,v)

T(p,x,y)

U(y)

Rooted Join tree

X,y
W(u,x,y)
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Yannakakis Algorithm example: 15 pass over the data

. R ,
Q(x,y,z,v,p,u) :- R(x,y), S(z,v), T(p,x,y), Uly), W(u,x,y). o y
. . a1 | by
X (remove dangling tuples) in a1 | by
e Bottom-up semi-join propagation from leaves © 3z | bg @
to root in some reverse topological order y X,y
S(Z’V) T(plxly)
A Pl x|y
c1 | di e a1 | by
c1 | d; e | a1 | by
Ca | de es| as | by
e3 | di1 b4
€y | dz b3
®y/V X,Y®
U(y) W(u,x,y)
y ujxl|y
bl f1 di b1
bz f1 a1 bz
b3 fz a1 bz
f, a2 | b2
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https://northeastern-datalab.github.io/responsive-dbms-tutorial

Yannakakis Algorithm example: 15 pass over the data

. R(X,
Q(x,y,z,v,p,u) - R(x,y), S(z,v), T(p,x,y), Uly), W(u,x,y). x( i)
. . a1 | by
X (remove dangling tuples) in a1 | by
e Bottom-up semi-join propagation from leaves © 3z | bg @
to root in some reverse topological order y X,y
S(Z’V) T(plxly)
A Pl x|y
c1 | di e a1 | by
c1 | d; e | a1 | by
Ca | de es| as | by
L3——2g b:,
€y | dz b3
Y X,V@
U(y) W(u,x,y)
y ujxl|y
bl f1 di b1
bz f1 a1 bz
b3 fz a1 bz
f, a2 | b2
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Yannakakis Algorithm example: 15 pass over the data

. R(X,
Q(x,y,z,v,p,u) - R(x,y), S(z,v), T(p,x,y), Uly), W(u,x,y). x( i)
. . a1 | by
X (remove dangling tuples) in a1 | by
e Bottom-up semi-join propagation from leaves © 3z | bg @
to root in some reverse topological order y X,y
S(Z’V) T(plxly)
A Pl x|y
c1 | di e a1 | by
c1 | d; e | a1 | by
C4 d6 C;s 33 bl
-3+
Qs | S bs
®v/' X,y
U(y) W(u,x,y)
y ujlx|y
bl f1 di b1
bz f1 a1 bz
b3 fz -a-l-—bz-
falaz| b2

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial
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Yannakakis Algorithm example: 15 pass over the data

. R(X,
Q(x,y,z,v,p,u) - R(x,y), S(z,v), T(p,x,y), Uly), W(u,x,y). x( i)
. . a1 | by
X (remove dangling tuples) in a1 | by
e Bottom-up semi-join propagation from leaves ? 3z | bg @
to root in some reverse topological order o ? X,y
S(Z’V) T(plxly)
A Pl x|y
c1 | di e a1 | by
c1 | d; e | a1 | by
Ca | de Ea—b
o
St
®v/' x,v®
U(y) W(u,x,y)
y uj|x|y
bl f1 di b1
bz f1 a1 bz
b3 fz a1 bz
f, a2 | b2
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Yannakakis Algorithm example: 15 pass over the data

. R(X,
Qlx,y,2,v,p,u) - RIx,y), S(z,v), T(p,x,y), Uly), W(u,xy). )
, _ a; | by
X (remove dangling tuples) in a: | by
e Bottom-up semi-join propagation from leaves as | be @
to root in some reverse topological order TRUE 2 X,y
S(Z’V) T(plxly)
v Pl X 1Y
C1 d1 €1 | a1 bl
C1 dz €1 | d1 b2
Cs | de exr—az—rb
S
Sot—do—1—b-s
@y/f X,Y®
U(y) W(u,x,y)
Y Uuixily
b1 f1]a1| by
b, fi1la1| b2
bs f, a1 ]| b2
f, a2 | b2
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Yannakakis Algorithm example: 15 pass over the data

. R(X,
Qlx,y,2,v,p,u) - RIx,y), S(z,v), T(p,x,y), Uly), W(u,xy). )
. ) a1 b1
X (remove dangling tuples) in a: | by
e Bottom-up semi-join propagation from leaves ©) a7 9p
to root in some reverse topological order y X,y
S(Z’V) T(plxly)
z |V P X 1Y
C1 d1 €1 | a1 bl
C1 dz €1 | d1 b2
Cs | de exr—az—rb
a4
Qo1 o b
@y/f X,Y®
U(y) W(u,x,y)
y u x|y
b, fi |a1]| b1
b> f1 [a1| b2
bs f, a1 ]| b2
f, (a2 | by
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Yannakakis Algorithm example: 15 pass over the data

. R(x,
Qxy,2,,p,u) - R(xY), S2V), T(p.xy), Uly), W(u,xy). o)
a1 | by
1. Semi-join phase X (remove dangling tuples) in O(n) ai bi
e Bottom-up semi-join propagation from leaves A
to root in some reverse topological order y X,y
S(Z’V) T(plxly)
v Pl X 1Y
. c1|dy e1| a1 | ba
Notice that at the end of the 15t pass, c1 | dy e1| a1 | by
the table R at the root does vot Ca | de e
contain any more dangling tuples; “SsToeTs
it is completely reduced. I
TN
In other words, with a sedquewnce of ouly U(y) W (u,x,y)
local updates, we have accumulated at y ujx|y
the root all vecessary information +o by f1]a1| b
answer the Boolean quer b, f1las| by
1 bs f, |a1| b2
f, a2 | b2

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial



https://northeastern-datalab.github.io/responsive-dbms-tutorial

Yannakakis Algorithm example: 2"9 pass over the data

: R(X,
Q(x,Y,2,v,p,u) - R(x,y), S(z,v), T(p,xy), Uly), W(u,x,y). It
. . ai | bs
X (remove dangling tuples) in a; | b,
e Bottom-up semi-join propagation from leaves D AR o
to root in some reverse topological order ;Q/ X,y
e Top-down semi-join propagation from S(z,v) T(p,X,V)
root to leaves in some topological order v Pl X 1Y
C1 d1 €1 | a1 bl
C1 dz €1 | d1 b2
Cs | de exr—az—rb
S
St
@y X’y@
U(y) W(u,x,y)
Y Uuixily
b1 f1]a1| by
b, fi1la1| b2
bs f, a1 ]| b2
f, a2 | b2
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Yannakakis Algorithm example: 2"9 pass over the data

. R(X,
Qlx,y,2,v,p,u) - RIx,y), S(z,v), T(p,x,y), Uly), W(u,xy). )
, _ a1 | by
X (remove dangling tuples) in a: | by
e Bottom-up semi-join propagation from leaves AR o
to root in some reverse topological order TRUET @ X,y
e Top-down semi-join propagation from S(z,v) T(p,X,V)
root to leaves in some topological order v Pl X 1Y
C1 d1 €1 | a1 bl
C1 dz €1 | d1 b2
Cs | de exr—az—rb
S
St
@y X’y@
U(y) W(u,x,y)
Y uixi|y
b1 f1]a1| by
b, fi1la1| b2
bs f, a1 ]| b2
f, a2 | b2
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Yannakakis Algorithm example: 2"9 pass over the data

. R(X,
Qlx,y,2,v,p,u) - RIx,y), S(z,v), T(p,x,y), Uly), W(u,xy). )
. . ai | by
X (remove dangling tuples) in a: | by
e Bottom-up semi-join propagation from leaves AR
to root in some reverse topological order ;Q/ X,y
e Top-down semi-join propagation from S(z,v) T(p,X,Y)
root to leaves in some topological order v Pl X 1Y
C1 d1 €1 | a1 bl
C1 dz €1 | d1 b2
Cs | de exr—az—rb
S
St
,V X,y
U(y) W(u,x,y)
Y Uuixily
b1 f1]a1| by
b, fi1la1| b2
bs f, a1 ]| b2
f, a2 | b2
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Yannakakis Algorithm example: 2"9 pass over the data

. R(X,
Q(%,Y,2,%,p,u) - R(x,Y), S(z,v), T(p,x,y), U(y), W(u,x,y). )
. . ai | bs
X (remove dangling tuples) in a1 bz
e Bottom-up semi-join propagation from leaves
to root in some reverse topological order / \2’
e Top-down semi-join propagation from S(z,v) T(p,X,y)
root to leaves in some topological order v Pl X 1Y
C1 d1 €1 | a1 bl
C1 dz €1 | d1 b2
Cs | de exr—az—rb
S
Sot—do—1—b-s
Vi X,y
U(y) W(u,x,y)
Y Uuixily
b1 f1]a1| by
b, fi1la1| b2
bs f, |a1| b2
f, a2 | b2
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Yannakakis Algorithm example: 2"9 pass over the data

. R(X,
Q(%,Y,2,%,p,u) - R(x,Y), S(z,v), T(p,x,y), U(y), W(u,x,y). )
. . a1 | by
X (remove dangling tuples) in a1 bz
e Bottom-up semi-join propagation from leaves
to root in some reverse topological order / \2’
e Top-down semi-join propagation from S(z,v) T(p,X,y)
root to leaves in some topological order v Pl X 1Y
C1 d1 €1 | a1 bl
C1 dz €1 | d1 b2
Cy d6 o3 bl
S
St
,V X,y
U(y) W(u,x,y)
y ujlx|y
b1 f1]a1| by
b, fi1la1| b2
—b's— fz di bz

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial
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Yannakakis Algorithm example: 2"9 pass over the data

. R(x,
Qx,Y,2v,p,u) - RY), S(2V), T(pxy), Uly), W(u,xy). o)
, . a1 | by
X (remove dangling tuples) in a1 | b,
e Bottom-up semi-join propagation from leaves D A o
to root in some reverse topological order ;Q/ X,y
e Top-down semi-join propagation from S(z,v) T(p,X,V)
root to leaves in some topological order v Pl X 1Y
C1 d1 €1 | a1 bl
C1 dz €1 | d1 b2
a - 2N
Notice that at the evd of the secownd Ca | de ol s,
pass, all tables are reduced; vo table N P
contains any more davgling tuples. ®,V X’y@
Iu other words, *every* table vow Uly) \ljv(‘j('x'y)
"knows" whether +he Boolean version gl . la gl
of the duery is true. b, £, lay | b,
—b's— fz di bz
£ ~ 2N
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Yannakakis Algorithm example: 3™ pass over the data

Q(x,y,z,v,p,u) :- R(x,y), S(z,v), T(p,xy), Uly), W(u,x,y). w1y Join results
. : : ai| b ly |z |v ]| p]|u
1. Semi-join phase X (remove dangling tuples) in O(n) a1 | b, LT
1 1
e Bottom-up semi-join propagation from leaves A a1 | by
to root in some reverse topological order D (+z,v W (+p)
e Top-down semi-join propagation from S(z,v) T(p,x,V)
root to leaves in some topological order |V Pl X 1Y
. C1 d1 e1| a1 b1
(compute results) in & | dy el a; | by
e Compute the results in a 2" top-down Ca | ds €8T or
(or 2" bottom-up) traversal: DSAmSER
—  This step can be combined with the earlier
top-down traversal; thus two total passes (first from ,V Ni'y (+u)
leaves, then from root) are actually enough © U(y) W(u,x,y)
Y uixi|y
_ ) o o b1 f1]a1| by
Notice how with every join, the join b, fila1| b
result can wever decrease in sizel —b— f, [a1 | b2
£ ~ 2N

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial
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Yannakakis Algorithm example: 3™ pass over the data

Join results
| P |

: R(x,
Qx,y,2,%,p,u) = R(xY), S(z,v), T(p,xY), U(Y), W(u,xy). e
o . . ar| by X |y |
1. Semi-join phase X (remove dangling tuples) in O(n) a1 | b, LT
1 1
e Bottom-up semi-join propagation from leaves A a1 | by
to root in some reverse topological order D ( X,y (+p) a1 | by
POIOE / \ a1 | by
e Top-down semi-join propagation from T(p,x,y) a; | by
root to leaves in some topological order |V Pl X 1Y a1 | by
. C1 d1 e1| a1 b1
(compute results) in & | dy el a; | by
e Compute the results in a 2" top-down Ca | ds €8T or
(or 2" bottom-up) traversal: DSAmSER
—  This step can be combined with the earlier
top-down traversal; thus two total passes (first from ,V Ni'y (+u)
leaves, then from root) are actually enough © U(y) W(u,x,y)
Y Uuixily
. . .. .o b1 f1 |a1| by
Notice how with every join, the join b, fila1| b
result can wever decrease in sizel —b— f, [a1 | b2
£ ~ 2N

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial
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Ci
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Yannakakis Algorithm example: 3™ pass over the data

. R(X, .
Q(lelzlvlplu) T R(le)l S(ZIV)I T(p,X,Y), U(y)r W(ulxly)' X( »;,) Join results
o . | ar| by [y [z [v]p]|u
1. Semi-join phase X (remove dangling tuples) in O(n) a1 | by Giblaldalel
1 1
e Bottom-up semi-join propagation from leaves AR a1 | by c1|daf e
to root in some reverse topological order D (+z,v (+p) a1 | bi[\Ca| ds| e
P 8 / \ a; | by| ci] di| eg
e Top-down semi-join propagation from S(z,v) a1 | by| c1 [y es
root to leaves in some topological order |V Pl X 1Y a1 | by| ca| de| €1
. C1 d1 e1| a1 b1
(compute results) in ¢ | ds e | a; | b,
e Compute the results in a 2" top-down Cs | d ex oot
(or 2" bottom-up) traversal: S
—  This step can be combined with the earlier
top-down traversal; thus two total passes (first from ,V Ni'y (+u)
leaves, then from root) are actually enough © U(y) W (u,x,y)
Y uixi|y
. . .o .o bl f1 di b1
Notice how with every join, the join b, fi a1 | by
result can never decrease in sizel —b— fy |a1| b2
£ ~ 2N
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Yannakakis Algorithm example: 3™ pass over the data

Q(x,y,z,v,p,u) - R(x,y), S(z,v), T(p,x,y), U(y), W(u,x,y).
1. Semi-join phase X (remove dangling tuples) in O(n)
e Bottom-up semi-join propagation from leaves
to root in some reverse topological order D (+z,v
e Top-down semi-join propagation from S(z,v)
root to leaves in some topological order Z—ZI—
. C1 1
(compute results) in & | dy
e Compute the results in a 2" top-down Ca | ds

(or 2"¥ bottom-up) traversal:

—  This step can be combined with the earlier
top-down traversal; thus two total passes (first from
leaves, then from root) are actually enough ©

Notice how with every join, ¥he joiu
result can wever decrease v sizel

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial

Join results

x|

di
di
di
di
di
di

[z v ]plu

C1
C1
C4
Ci
C1
C4

€1
S|
S|
S|
€
S|
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Yannakakis Algorithm example: 3™ pass over the data

Q(x,y,z,v,p,u) - R(x,y), S(z,v), T(p,x,y), U(y), W(u,x,y).
1. Semi-join phase X (remove dangling tuples) in O(n)
e Bottom-up semi-join propagation from leaves
to root in some reverse topological order D (+z,v
e Top-down semi-join propagation from S(z,v)
root to leaves in some topological order Z—ZI—
. C1 1
(compute results) in & | dy
e Compute the results in a 2" top-down Ca | ds

(or 2"¥ bottom-up) traversal:

—  This step can be combined with the earlier
top-down traversal; thus two total passes (first from
leaves, then from root) are actually enough ©

Notice how with every join, ¥he joiu
result can wever decrease v sizel

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial
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Yannakakis Algorithm example: summary

Q(x,y,z,v,p,u) :- R(x,y), S(z,v), T(p,x,y), U(y), W(u,x,y).
1. Semi-join phase X (remove dangling tuples) in O(n)
e Bottom-up semi-join propagation from leaves
to root in some reverse topological order D (+z,v
e Top-down semi-join propagation from S(z,v)
root to leaves in some topological order Z—ZI—
. C1 1
(compute results) in & | dy
e Compute the results in a 2" top-down Ca | ds

(or 2"¥ bottom-up) traversal:

—  This step can be combined with the earlier
top-down traversal; thus two total passes (first from
leaves, then from root) are actually enough ©

Deciding Q(P)#0 is v O(w)
Computing Q(D) is in O(n+r)

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial

Join results

‘X|ly |z |v|[p]|u

di
di
di
di
di1
di
di
di

C1
C1
C4
Ci
C1
C4
C1
C1

Cq

€1
S|
S|
S|
€
S|
S|
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Outline Part 3

— Enumerating answers
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The enumeration framework

Standard Yannakakis framework for acyclic join processing

- semi-join
reduction ‘
0(n)

0(n)

join processing
0(r)

0(n)

Enumeration framework for acyclic queries

. preprocessing
0(n)

0(n)

TTF (Time-To-First)

0(r)

\ # results returned

»

enumerate with
minimal delay

0(n)

r = 0(nP") worst-case result size (AGM bound). p* = fractional edge cover
Bagan, Durand, Grandjean. On acyclic conjunctive queries and constant delay enumeration. CSL 2007. https://doi.org/10.1007/978-3-540-74915-8 18

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial

E—
o(r)

TTL (Time-to-last)

O(n+r) ti'me

\ # results returned

TT(k)

»

0(n) O0(m+7) time
TTF TTL
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Modified Yannakakis for output enumeration

leg 4-Path Query, n=10%

1.01 X11.7 « Standard Yannakakis:

0.8 >,k — Table-at-a-time / Breadth-first
; Batch | | — After the semi-join reduction,
g 0.6 >'k Yannakakis visits each table once top-
? g down, and at each stage increases the
0.4 x size of the answer set

0.2 X

9.7>£ — Tuple-at-a-time /
0.0 | | — By a slight modification of Yannakakis
0 10 20 30

Time (sec) and tuple by tuple

Bagan, Durand, Grandjean. On acyclic conjunctive queries and constant delay enumeration. CSL 2007. https://doi.org/10.1007/978-3-540-74915-8 18
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Yannakakis Algorithm: example from before

. R(X, .
Q(lelzlvlplu) o R(le)l S(ZIV)I T(plxly)l U(y)r W(ulxly)' X( »;,) Join results
a | by x|y |z |v|p]|u
a1 bz di b1 C1 d1 e1 f1
-ar_bF di b1 C1 dz e f1
D (+z,v X,y (+p) ar | bi\ca | de|e1|fy
\ a; | byl cinjdil el fq
S(z,v) T(p,x,Y) a; | by c1|dy| e fr
Z_V_ Pl X Y a1 bz Ca d6 e1 f1
Its) i c1 | dy ei1| ai | ba ai |by| ci|di]er| T
(compute results) in ¢ | ds el ar | b lay|by| c1|dsler|
e Compute the results in a 2" top-dswn Ca | de esT8sBr (a1 | by Ca | de| €1 | 2
(or 2" bottom-up) traversal: S
—  This step can actuallwise combined with the earlier
top-down traversal; thustwo total passes (first from ,V Ni'y (+u)
leaves, theh from root) are actually enough © U(y) W(u,x,y)
y ui x|y
b4 fi|a1| bs
b, f1 [a1| b2
—b-s— fz a1 bz
.FL aé bé
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Modified Yannakakis Algorithm: enumeration

: R(x, .
Q(lelzlvlplu) T R(le)l S(ZIV)I T(pIXIY)I U(y)r W(ulxly)' X(X »;,) Join results
ai | by x|y |z |Vv]p
di bz a1 bl
b
D (+z,v Xy (+p)
S(Z’V) T(plxly)
v Pl X1V
. c1|dy ei1| ai | ba
(compute answers with ) ¢ | ds el a1 | by
e Compute one result after the other in lexicographic Ca | ds DR
order of the variables (added with the tables ordered in fﬁ fl Eﬂ'
some topological order): {x,y}+{z,v}+{p}+@+{u} D ’?

U(y) W(u,x,y)

Y Uuixily

. . by f1]a1| by

We start with some tuple in the root and extend b, fi a1 | by
it with cousistent tuples from each table —— iz a1 Ez
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Modified Yannakakis Algorithm: enumeration

. R(x, .
Q(lelzlvlplu) o R(le)l S(ZIV)I T(pIXIY)I U(y)r W(ulxly)' X(X »;,) Join results
IE X |y Z \" p | u
_:;__E; di b1 C1 d1 e1 f1
D (+z,v Xy (+p)
S(Z’V) T(plxly)
L Pl XY
. c1 | dy e1| a1 | by
(compute answers with ) o ld, el a; | by
e Compute one result after the other in lexicographic Ca | ds €8T or
order of the variables (added with the tables ordered in fﬁ fl -
some topological order): {x,y}+{z,v}+{p}+@+{u} IR
'V N(\,y (+u)
U(y) W(u,x,y)
Y uixi|y
. . b1 f1 a1 | by
We start with some tuple in the root and extend b, fila1| b
it with cousistent tuples from each table —— iz a1 Ez
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Modified Yannakakis Algorithm: enumeration

. R(x, .
Q(lelzlvlplu) o R(le)l S(ZIV)I T(pIXIY)I U(y)r W(ulxly)' X(X »;,) Join results
IE X |y Z \" p | u
_:;__E; di b1 C1 d1 e1 f1
D (+z,v Xy (+p)
S(Z’V) T(plxly)
L Pl XY
. c1 | dy e1| a1 | by
(compute answers with ) o ld, el a; | by
e Compute one result after the other in lexicographic Ca | ds €8T or
order of the variables (added with the tables ordered in fﬁ fl -
some topological order): {x,y}+{z,v}+{p}+@+{u} IR
'V N(\,y (+u)
U(y) W(u,x,y)
Y uixi|y
. . b1 f1 a1 | by
We start with some tuple in the root and extend b, fila1| b
it with cousistent tuples from each table —— iz a1 Ez
Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial 63



https://northeastern-datalab.github.io/responsive-dbms-tutorial

Modified Yannakakis Algorithm: enumeration

Q(lelzlvlplu) .- R(le)l S(ZIV)I T(pIXIY)I U(y)r W(ulxly)' Ij((X’»;,) Join results
ai b1 X |y z Vv p
a1 | ba a; | b1| 1 di| e;
i a; | byl ci|dy| er
1) HZ,’V X,y (+p)
5(z,v) T(p,%,Y)
Z |V Pl X |y
. ?d—l e1| a1 | bs
(compute answers with ) o ld, e | a; | by
e Compute one result after the other in lexicographic Cs | ds SEREEN RS
order of the variables (added with the tables ordered in fs fl b

some topological order): {x,y}+{z,v}+{p}+@+{u}

U(y) W(u,x,y)

Y Uuixily

. . by f1a1| by

We start with some tuple in the root and extend b, fi a1 | by
it with cousistent tuples from each table —— iz a1 Ez
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Modified Yannakakis Algorithm: enumeration

: R(x, .
Q(lelzlvlplu) " R(le)l S(ZIV)I T(pIXIY)I U(y)r W(U;XIV)- X(X »;,) Join results
a1 | bs iy lz|v|plu
a1 bz di b1 C1 d1 e1 f1
-ar_bF d1 b1 C1 dz e f1
1) HZ,’V X,y (+p) ai | bi|ca|ds|er|
S(Z’V) T(plxly)
v Pl X 1Y
. c1|dy e1| a1 | bs
(compute answers with ) & | ds e1l a1 | by
e Compute one result after the other in lexicographic Cs | de €8T or
order of the variables (added with the tables ordered in “SsToeTs
some topological order): {x,y}+{z,v}+{p}+D+{u} IR
'V N(\,y (+u)
U(y) W(u,x,y)
Y ui x|y
. . by f1a1| by
We start with some tuple in the root and extend b, fi a1 | by
it with cousistent tuples from each table —— iz a1 Ez
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Modified Yannakakis Algorithm: enumeration

. R(x, .
Q(lelzlvlplu) o R(le)l S(ZIV)I T(pIXIY)I U(y)r W(ulxly)' X(X »;,) Join results
a1 b iy lz|v|p|u
d1 bz di b1 C1 d1 e1 f1
-ar_bF d1 b1 C1 dz e f1
D (+z,v X,y (+p) ai|bi| ca|ds|er| T2
\ a; | byl ci|di]er|fq
S(Z’V) T(plxly)
L Pl XY
. c1 | dy e1| a1 | by
(compute answers with ) o ld, e | a, | by
e Compute one result after the other in lexicographic Ca | ds €8T or
order of the variables (added with the tables ordered in - fl -
some topological order): {x,y}+{z,v}+{p}+@+{u} e
'V X,y (+u)
U(y) W(u,x,y)
Y uixi|y
. . b1 f1 a1 | bs
We start with some tuple in the root and extend b fila1| b
it with cousistent tuples from each table —— iz a1 Ez
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Modified Yannakakis Algorithm: enumeration

. R(x, .
Q(lelzlvlplu) o R(le)l S(ZIV)I T(pIXIY)I U(y)r W(ulxly)' X(X »;,) Join results
a1 b iy lz|v|p|u
d1 bz di b1 C1 d1 e1 f1
-ar_bF d1 b1 C1 dz e f1
D (+z,v X,y (+p) ai|bi| ca|ds|er| T2
\ a; | byl ci|di]er|fq
S(z,v) T(p,x,y) ay| byl ci|di]er |
L Pl XY
. c1 | dy e;| a1 | by
(compute answers with ) o ld, e | a, | by
e Compute one result after the other in lexicographic Ca | ds €8T or
order of the variables (added with the tables ordered in - fl -
some topological order): {x,y}+{z,v}+{p}+@+{u} e
'V X,y (+u)
U(y) W(u,x,y)
Y ui/xily
. . b1 f1 a1 | bs
We start with some tuple in the root and extend b fila1| b
it with cousistent tuples from each table —— iz a1 Ez
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Modified Yannakakis Algorithm: enumeration

. R(x, .
Q(lelzlvlplu) o R(le)l S(ZIV)I T(pIXIY)I U(y)r W(ulxly)' X(X »;,) Join results
a1 b iy lz|v|p|u
d1 bz di b1 C1 d1 e1 f1
-ar_bF d1 b1 C1 dz e f1
D (+z,v X,y (+p) ai|bi| ca|ds|er| T2
\ a; | byl ci|di]er|fq
S(z,v) T(p,x,y) ay| byl ci|di]er |
Z |V P X 1Y ay | ba|ci|dafer|fs
. c1 | dq e;| a1 | by
(compute answers with ) o ld, e | a, | by
e Compute one result after the other in lexicographic Ca | ds €8T or
order of the variables (added with the tables ordered in fﬁ fl -
some topological order): {x,y}+{z,v}+{p}+@+{u} IR
'V N(\,y (+u)
U(y) W(u,x,y)
Y ui/xily
. . b1 f1 a1 | by
We start with some tuple in the root and extend b fila1| b
it with cousistent tuples from each table —— iz a1 Ez
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Modified Yannakakis Algorithm: enumeration

Q(x,y,z,v,p,u) :- R(x,y), S(z,v), T(p,x,y), U(y), W(u,x,y).
D (+z,v
S(z,v)
|V
. c1 | ds
(compute answers with ) ¢ | ds
e Compute one result after the other in lexicographic Ca | de
order of the variables (added with the tables ordered in
some topological order): {x,y}+{z,v}+{p}+@+{u}
We start with some tuple in the root and extend
it with consistent tuples from each +able
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Join results

z

P

C1
C1
C4
C1
C1
C1
C1

€1
S|
S|
S|
€
S|
S|
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Modified Yannakakis Algorithm: enumeration

Q(x,y,z,v,p,u) :- R(x,y), S(z,v), T(p,x,y), U(y), W(u,x,y).
D (+z,v
S(z,v)
|V
. c1 | dq
(compute answers with ) & | ds
e Compute one result after the other in lexicographic Cs | de
order of the variables (added with the tables ordered in
some topological order): {x,y}+{z,v}+{p}+@+{u}
We start with some tuple in the root and extend
it with consistent tuples from each +able
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Join results

z

P

C1
C1
C4
C1
C1
C1
C1
Cs

€1
S|
S|
S|
€
S|
S|
S|
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Modified Yannakakis Algorithm: enumeration

Q(x,y,z,v,p,u) :- R(x,y), S(z,v), T(p,x,y), U(y), W(u,x,y).
D (+z,v
S(z,v)
|V
. c1 | dq
(compute answers with ) & | ds
e Compute one result after the other in lexicographic Cs | de
order of the variables (added with the tables ordered in
some topological order): {x,y}+{z,v}+{p}+@+{u}
We start with some tuple in the root and extend
it with consistent tuples from each +able
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R(x
X( '»;,) Join results
a1 | ba X|ylz |v]|p]|u
2l bz di b1 C1 d1 e1 f1
b ai | by ci|daler|fr
\X,zl(+p) a; | b1l Ca de| €1 | f1
ai|by|ci|diler|f1
T(p,x,y) di bz C1 d1 e1 fz
Pl X y a1 bz C1 dz e1 f1
e;| a1 | by a; | byl ci|dyler | F
ei1|a | bz a1 | by| ca|de| 1| f1
S mER-rEmCa, a; | by| ca|del e ]|t
o
Sot—do—1—b-s
,V N(\,v(w)
U(y) W(u,x,y)
Y uixi|y
b1 fi1]a1| by
b2 f1 a1 | by
—B— f2 a1 | bz
—-a1b~
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Modified Yannakakis for output enumeration

leg 4-Path Query, n=10%

1.01 X11.7 « Standard Yannakakis:

0.8 >,k — Table-at-a-time / Breadth-first
; Batch | | — After the semi-join reduction,
g 0.6 >'k Yannakakis visits each table once top-
? g down, and at each stage increases the
0.4 x size of the answer set

0.2 X

9.7>£ — Tuple-at-a-time /
0.0 | | — By a slight modification of Yannakakis
0 10 20 30

Time (sec) and tuple by tuple

Bagan, Durand, Grandjean. On acyclic conjunctive queries and constant delay enumeration. CSL 2007. https://doi.org/10.1007/978-3-540-74915-8 18
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Outline Part 3

— Projections

73



For acyclic queries, what changes for projections?

/(Asmallq written as O(n-r) assuming output size r21
« Yannakakis works in O(n+n-r) for arbitrary projections

— Then Enumeration works with linear delay and TTL is also O(n+n-r)

« Yannakakis works in O(n+r) for queries that are "free-connex”

— Then Enumeration works with constant delay and TTL is also O(n+r)

T

\ T A
Free-connex: the duery X /y/
remains acyclic after
adding awn edae for the W
set of projected variables Nz U

4
free-covnex © not free-connex @

Bagan, Durand, Grandjean. On acyclic conjunctive queries and constant delay enumeration. CSL 2007. https://doi.org/10.1007/978-3-540-74915-8 18

See recent ICDT'22 tutorial by Nofar Carmeli. Answering Unions of Conjunctive Queries with Ideal Time Guarantees: https://nofar.carme.li/resources/ICDT22TutorialSlides.pdf
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For acyclic queries, what changes for projections?

R S T
Q(X,U) . R(le)l S(ylz)l T(Z,U). X (y) st u
R(x,y) -0, S(y,z) -y, T(z,u) &'Q(XM) n
%% %% %% %% not free-connex ®
2 O%O 2 210 210
nio Oln nio nio
I\ v )
R(x,y)>S(y,z)
X|ylz
1/0]1 o
201 5 Output size 1s = 0(n)
n|i 0|1 O(Vl) r 2
0 Join phase takes O(n-r) = 0(n?)
n| 0|3

Towards Responsive DBMS. ICDE 2022 tutorial: https://northeastern-datalab.github.io/responsive-dbms-tutorial
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Summary Acyclic queries

imply a can be found by

work on trees. Can be extremely powerful
and get reinvented over and over again

works on acyclic queries and gives an optimal time
guaranteed of O(n+r)=0(| | +] |) for full CQs
— O(n+n-r) for arbitrary projections

slightly modifies Yannakakis to start returning
results earlier (depth-first instead of breadth-first)
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Outline tutorial

3: Acyclic Quefies & Enumeration (Wolfgang) ~25min

BREAK

4: Factorization (Nikos) ~10min



