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Motivation

* Big data (Variety) => connect information
* Different data formats (Relational, tree data) => cross-model join
* Worst-case join optimal join (less intermediate result In worst case)
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Motivation

* Theoretical interest
* Q1: Size bound for tree pattern
* Q2: New worst-case optimal algorithms

* Application
* Data lake
* Polystores or multi-model databases



; O
[ ORACLE’

Size bound of guery

* In AGM worst-case model, a table’s size Is the full combination of the
attributes’ unique values.

* Find the size bound of R(A,B,C) (O(N?))
* by R(A,B) > R(B,C) (O(N) for each table size)

Find size  Max Ny * Ng * N¢

bound A B B C
NA * NB < N
Bound tables ay by by C1
Ng * No <N >
| Ny * N x N = N?
Solution 4~ BT HC OWN) 1o | b, O 1 p, | .

By: NA = NC = N
Unique values Ng =1
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Linear programming simplicity

* For simplicity, do logarithm (logy ) for both sides.

Max Ny * Ng * N¢

NA*NBSN

NB*NCgN

N, * Ng * No = N?
By:
N,=N.=N
Ng =1

Max A+ B+ C

A+B<1

B+C<1

A+B+C =2
By:

A=C=1
B=0

N1 Unique values
N° Unique values
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Complex guery example

* By AGM, we can

* Find size bound

* Construct worst-case instance
* O(N*%)

MaxP+V+R+S+X+Y+T+Z+U+W

P+V+R<1
P+S+Y+U<1
R+S+X+T<1

X+Y<1
X+Z+W<1
Y+72<1
T+Z+U<1
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Tree pattern query (tree join)

* Tree data; XML, JSON

* Pattern query:

* “A/B”, find value matching where A is the parent of B
* “A//B”, find value matching where A is the ancestor of B

{
‘A"al” {
A A ‘C:"cl” A
‘A oy
C:{'B:"bl
| | cor)
) )
B B ]
PC path AD path

JSON1 JSONZ2
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Worst case for tree pattern

1]
b (n
by - by

(a) Child axe (b) Tree instance  (c¢) Descendant axe (d) Tree instance

* PC path: O(N) =>constrainta+b <1
« AD path: O(N?) => constrainta<1:b <1
* We assume the tree instance or node of each attribute i1s O(N).
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Size bound for tree pattern

atbs=1 a+b<1
atc<1 O(N?) a+c+d<1
d<1 Not 0(N?)
correct
a 5]
A A7 TN
h ¢ by-bpC1-Cn
[ | |
(a) Tree query (b) Tree instance 1

* However when combining branches and AD:

* More constraints than PC and AD
* Alternative constraints

a+b+c<1
d<1
aj
hél
@1
bn f}n
|

dy - d,

(c) Tree instance 2
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FInd size bound for tree pattern

* Size bound
* PC Is constrained to O(N)
* AD Is not constrained
* Alternatives when with branches and AD path

* The size bound Is the maximum among all alternatives
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Worst case optimal join

* One attribute at a time

* Compute result by all related tables
* R(A,B) X R(B,C) x R(A,C)

* Property: projection result i1s always no more than final result with
the same constraints

MaxA+ B +C Max AorBorC<1<3/2
LB <1 MaxA+ B <1< 3/2
MaxB+ C< 1< 3/2
B+C<1 MaxA+ C<1<3/2
<
Al <1 Max A+ B + C < 3/2

12
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Worst case optimal join

* R1(A,B) x R2(B,C) = R3(A,C) solutionl:
* Stepl: Find result of R(A) by R1,R3
* Step2: Use R(A) to find result of R(A,B) by R1,R2
* Step3: Use R(A,B) to find result of R(A,B,C) by R2,R3

MaxA+ B+ C
Max A <1< 3/2
A+B=1 MaxA+ B <1<3/2
B+C<1 Max A+ B + C < 3/2

A+C<1
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Worst case optimal join for CMCQs

* Challenges
* Decode and use positions to match
* Positions are Irrelevant to final result

* Some patterns (multiple branches, ancestor-descendant matching) are
easy to scale massive result

* Contribution:
* Path result first and remove the irrelevant position values
* Join simultaneously both relations and PC-path

A A A

/\ 3 R(B.C) —) v X  R(B.C)
B C B C
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CMJoin Algorithm

* Tree data =>
Intermediate data

* Path result =>
oroject-out non-
pranch position
value

* Generic worst-case
optimal join
between tree data
and relational data

Algorithm 1: CMJoin

W N

© W N o O,

10

11
12

Input: Relational tables R, pattern queries T

R « 0 // Tree intermediate result
if p1(Sr USp) < p3(Sy) then // Theorem 1 condition (1)
foreach N €7 do
L R' '+ R'UCN(rn,pn) // Nodes as tables
else
P < T.getPaths()
foreach P € P do
Rp(S,US),) < path result of P // Paths as tables
Rp(Sr U S},) < project out non-branch position values of Rp(S, U S,)
R’ «+ R'U{Rp(SrUS,)}

Q(S-US,) + generic_join(RUR")
Q(Sr) < project out all position values Q(S, U S})
Output: Join results Q(Sr)
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Fvaluation

Table 5.2: Intermediate result size (10%) and running time (S) for queries.

. and “-7 indicate “time out” (> 10 mins) and “out of memory™, respectively.
* Diverse datasets and
. Intermediate result size(l[!a) Running time (S)

Complex querles Query| PG SJ  VJ EH CMlJoin]CDB PG SJ VJ EH CMJoin
Q1 |7.87x 2.60x 2.00x 1.68x 0.15 |153.5x 18.02x 1.39x 1.51x 1.66x 3.22
Q2 |/ - 375x4.83x  0.08 / - 452x 129x  1.96
. . Q3 |86.0x 62.6x 3.63x4.61x  0.08 /  21.3x 4.27x 1.99x 4.28x  3.06
L I_eSS |ntermed late resy |t Qi | / 196x L75xL6dx 024 | /  / 230x 263x L82x 355
Qs |/ - 186x1.77x 0.22 / / - 4.75x 39.8x  3.11
—_ f d . Q6 | / 2.24x 2.00x 1.85x  0.21 / /  6.10x 3.30x 2.89x  3.00
=> aSter reSpO n tl m e Q7 [133x 106x - 35.0x 029 |I15.4x 482x 9.05x - 7.18x 8.36
Q8 |350x 279.8x -/ 0.11 /  436x 5.61x - / 13.8
QO |8.87x 834x - 20Ix 462 |220x 1.12x 213x - 1.48x 350
1 PG w7 SR VI | EH | | OM.Join, Q10 |110x 440x 4.86x / 0.07 [ 291x 127x 1.22x [/ 562
20 \ | _ | Q11 [110x 440x 4.86x / 0.07 / 211x 10.5x 0.88x /  6.84
2 7 7 i Zi 7 Q12 [110x 440x 4.86x / 0.07 /  268x 9.99x 1.06x / 7.25
Ol i i -: 7 QI3 [1.04x 1.22x 1.22x 1.07x 432 |6.87x 1.37x 4.8Ix 4.79x 1.31x 34.2
o0 ¢ ? H o 7 Q14 [19.7x 2.56x 2.56x3.90x  0.30 |3.22x 2.04x 3.82x 3.79x 2.14x 2.73
820 /E / ’7/" Q15 [14.2x 1.85x 1.85x 17.0x 0.54 1.40x 1.68x 3.53x 3.54x 2.01x 2.87
S, S5 4 L ; i L L] Q16 [1.24x 1.24x 6.81x 2.15x  0.37 / 2.88x 1.32x 1.96x 1.02x 12.9
\ I I Q17 [1.59x 7.84x 2.28x 1.31x  0.32 /  T.03x 3.58x 3.38x 2.10x  5.08
20 Q1 Q2 Q3 Q4 Q5 Q6 QT Qs Q9 QlO Q11 Q12 Q18 |1.59x 7.13x 1.59x 1.64x  0.32 /  141x 52Ix 5.02x 2.06x 2.98
Es0 u ‘ ' - Q9| / 547x 6.62x 1.77x  0.45 / / L4lx 1.94x 0.89x  14.7
éﬁo | o Q20 |7.80x 25.1x 7.30x4.19x  0.10 /  121x 6.77x 6.39x 3.17x 3.37
= g8 i Q21 [12.0x 36.1x 18.4x 14.7x  0.10 /  146x 8.82x 8.75x 10.9x 2.89
p=40 1 HE i Q22 [1.00x 18.5x 185x0.96x 057 | L47x L16x 5.22x 4.31x 2.35x 127
20 | (H ’_ﬁ_ﬂ % ﬂ_ﬂ ’—%1 ’_ﬁﬂ o Q23 |18.5x 18.5x 18.5x 1.61x  0.57 1.46x 1.92x 2.17x 1.83x 1.02x 15.8
o LI T, i Q24 [14.3x 3.02x 4.02x0.96x 057 | >4kx >0kx >1lkx >12kx0.18x  0.01
o13 Q14 15 Q16 Q17 le Q21 ng 024 AVG [5.46x 5.90x 1.02x 1.90x 2.24 |13.43x 4.37x 5.34x 3.33x 3.46x 8.54
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Application

* Mostly theoretical interests

* Yet

* Like nested loop can be speeded up by Hash join

* Complex queries can be processed in worst-case optional way to avoid
huge Intermediate results

* Current industry
* MarkLogic
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Thank you

More questions:
yuxing.chen@helsinki.fi
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