Paper Reading: Unnesting Arbitrary
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Introduction

e Unnesting arbitrary queries

. PiNQCAP PingCAP.com



Preliminaries

Regular (inner) join

T1 [X]p Tz = Op(Tl X Tz)
e Dependentjoin (Apply)
Tl Np T2 = {tl O t2|t1 = T1 A\ t2 = Tg(tl) /\p(t1 O tg)}

e The attributes produced by an expression T : A(T)
e Freevariables occurring in an expression 7 :  F(T)

e To evaluate the dependentjoin, F(7%) C A(7}) must hold.
(the attributes required by T, must be produced by T)
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Preliminaries

e Group by operator

Dawile) = Amola:f(y)leeclale) Ay=1{zlz€eAYa€ A:z.a=20a}}
e Map operator

Xa:f(€) = {zo(a: f(z))|r € e}

e The attribute comparison operator =4
o This operator has is semantics, i.e., it compares NULL values as equal.

tl =A t2 = ‘v’aEA:tl.ath.a
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Preliminaries

e For semijoins, anti joins, and outer joins ,we define the dependent variants
accordingly.

X b, XK, XK

e We assume that all relations occuring in a query will have unique attribute names,
even if they reference the same physical table.
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Unnesting

e Push-down dependent join
e The ultimate goal

DKT = DNXT if F(T)nAD)=0.

e General equivalence

T1 Np T2 — T1 [X]P/\le.A(D)D (D X T2)

where D := H]—'(Tg)ﬂ.A(Tl)(Tl)-
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Unnesting (Example)

Ql: select s.name,e.course
from students s,exams e
where s.id=e.sid and
e.grade=(select min(e2.grade)
from exams eZ2
where s.id=eZ2.sid)
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Unnesting (Example)

Oe.grade=m

Te.grade=m N s.id=d.id
| e
4 X
P S TS
Ms.id=e.sid 1—‘(?);m:min(eZ.g'r‘ade) = Hd.z’d:s.id F@;m:min(elgrade)
LN | - |
students s €xams € Os.id=e2.sid Ms.id=e.sid Od.id=e2.sid
| b N |
exams e2 students s €xams € exams e2
Tl Np T2 — T1 [X]P/\TIZA(D)D (D X TQ)

where D := H]—'(Tg)ﬂA(Tl)(Tl)-

' PiNQCAP PingCAP.com



Unnesting

e For group by operator

D W (FA;a:f (T)) — FALJ.A(D);a:f(l) gl T)
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Unnesting (Example)

Oc.grade=m

Oc.grade=m |

| Ns.id=d.id
Ms.id=d.id _ ~
| ' Fd.id'm:min(e2.grade)
™ X |
I14.id:s.id F@;m:min(e2.grade) 7 \ .
< [ Hd_id;s,idgd.zd:elszd
Ns.id=e.sid O0d.id=e2.sid — |
Z X | M. id=e.sid exams e2
students s €xams € exams e2 studen tg . e)ams .
DX (FA;a:f (T)) = FAUA(D);a:f(D K T)
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Unnesting

e For selections, a push-down is very simple

DXo,(Tz) = o,(DNTy)
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Unnesting (Example)
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Unnesting

e The ultimate goal

DKT = DWT if F(T)NAD)=0.
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Unnesting (Example)

Oe.grade=m Oe.grade=m
| |
Ns.id=d.id Ns.id=d.id
/ o~ / ™~
1—‘d.id;m:min(eZ.grade) I‘d.id;m:min(eQ.grade)
| |
Od.id=e2.sid Od.id=e2.sid
| |
X X
7~ N £ N
I1g.id:s.ia €xams e2 I4id:s.id exams e2
_— —
Ms.id=e.sid Xs.id=e.sid
2N K
students s exams € students s exams e

DXT = DXT if F(T)nAD)=0.
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Unnesting

e For projection
DX (IIz(T)) = Havap)(DNWT)

e Forset operations

DX (TYUTy) = (DXT)U(DXT))
DX (Ti1NTy) = (DXTy)N(DKT,)
DX (T \T;) = (DXWTy)\(DNXTy)
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Unnesting

e For another join, push-down is more complex

(DXTy) X, T : F()NA(D)=0
DN(Tl NpTz)E Tl Np (DNTQ) e f(Tl)ﬂA(D)zm
(D X Tl) Np/\natural join D (D X T2) . otherwise.
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Unnesting

e Forouter join

(DNTl) NPTQ : ‘F(T2)HA(D):@
DX (T, X, T,) = .
o g { (DXTh) M, Anatural join p (DX T3) - otherwise.
DX (Ty X, T) = (DXT1) X nawural join p (P X T2).
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Unnesting

e For semijoin and anti join

(DX Ty) X, T . F(Ty) N A(D) =0
DX (Ty X, Ts) = '
¥ X 2) { (DX T1) X, natural join p (DX T2) = otherwise.
(DM Ty) by T . F(Ty)NAD) =0
DX (T\b>,Ty) = .
-t Ppcla) { (DXTh) > panatural join D (DX T3) :  otherwise.
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Optimizations
e Finalresult?
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(pushing selections back down)
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Optimizations

e Eliminating D (Dis aset)
DXT g X.A(D):B(T) if 4B Q .A(T) . A(D) = B
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Evaluation

e All experiments were run on an Intel i7-3930K with 64GB main memory.

HyPer | HyPer Without Unnesting | PostgreSQL | PostgreSQL Without Unnesting
Query 1 <ims | 51ms 17ms 1,300ms
Query 2 42ms | 408ms N/A 12,099ms
TPCH-Q4 | 7Tms 157,616ms

TPCH-Q17 | 9ms 4.664ms
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