Need for cost-based optimization

& SQL Server Query Analyzer - [Query - (local).tpcd.sa - {untitled) - select avg (dat...]
#M File Edit “iew Query Window Help

DE-”EIﬂKIJ%%EﬂI\/ .||§|EIE§| Qatabase:ltpcd j
select avy (datepart (dd, 1 shipdate - o_orderdate] |,

avy ldatepart (dd, 1 commitdate - o_orderdate] |
from orders join lineitem on o_orderkey = 1 orderkey

where 1 shipdate between '9/15/1992' and | 9/16/1992" h Sma” range
<]

o — B o s

Compute Scalar Stream Aggregate fA. Mested Loops/Inner... tpod LINEITERM.I_d..

&
*
- -
e .

Index search, nested loops join

Clustered Index Se...

e A

select awvy (datepart (dd, 1 shipdate - o_orderdate] ],
gvy (datepart (dd, 1 commitdate - o orderdate] |
T 1rom orders join lineitem on o _orderkey = 1 orderkey

where 1 shipdate between '97/15/1992' and '12/14/1992" h La rge range

}E — DLE ::_I Iﬁ_%

Compute Scalar otream Aggregate/A.. Hash Match/Inner J... tpod LINEITERM. ...

Large scans, hash join/
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Integrated hashing operation

& SOL Server Query Analyzer - [Query - (local) tpcd_sa - {untitled) - select |_partke._. ]
4@ File Edit “iew Query Window Help

Do X | L 2/ v I|I§IE|IEI§|| Diatabase: |tpod

select 1 partkey, count [F)
from lineitem Jjoin part on 1 partkey = p partkey

where 1 shipdate tween '9/15/1992' and '12/14/19392"
group by 1 partkey

Join

i . —

|Grouping , Egt'

tpcd FART.F_FE
Integrated operation
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Hash katch/fnner J... tpod LIMEITERM.L_F...

A single hash
operation does
both grouping
and join ... and
saves time

31



Hash team root & member

& SOL Server Query Analyzer - [Query - (local).tpcd.sa - {untitled) - select |_partke._ ]

#8 File Edit “iew Query Window Help

DEdad X  EoMlv) e @802 &8 Dasbaselpod R

select 1 partkey, count [(F]

from lineitem, part, partsupp

where 1l partkey = p partkey and p partkey = ps partkey
group by 1 partkey

Hash katch Root/Ag... Hash katch Team/fin...

4 = = o &

berge Join/lnner J... tped. FARTF_FE. ..

—

tpcd. FARTSURFFS_.

—

tpcd LIMEITEM.L_F..

No overflow files or I/O costs for intermediate result due to team
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Index Iintersection

& SOL Server Query Analyzer - [Query - goetzgl tpcd.sa - (untitled) - select* from __*
q File Edit %iew CQuery Window Help

DEEX 2B # 3~ v r e o &EH DEpd =
select F
from lineitem

where 1 shipdate between '1994/1/1' and '1994/6/30 23:59:59' and
1l suppkey hetwesn 500 and 600 and
1l partkey bhetwesen 2000 and 4000 and
1l orderkey between 70000 =nd 100000

o] o % o — 4 ——
= = “—

Hash katch Root/lrHash Match Team/IHash Match Team/In... LINEITEM.L_PE

53

EITEM.L_ship_id...

LINEITEM

LINEITgh.L_supp_id...

[E Estimated Execufon PIan;{Messages/

|Exeu:t|me 0:00:00

One table four predicates, four indexes exploited
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Multiple iIndexes covering a query

# Microsoft SOL Server Query Analyzer - [Query - goetzgl.tpcd.sa - (untitled) - select |_partke.. ]
il File Edit “iew Query  Window Help

D@n}{||EE@§;I|Qatabase:tpcd j
gelect 1 partkey, sum (datepart (dd, 1 receiptdate - 1 shipdate] ]
from lineitem

where 1 partkey between 1100 snd la00 and
1 commitdate between '1994/12/1' and '1994/12/31 23:59:59'
group by 1 partkey

Jd |

) 8l —— = =—— &

otream AggregatefA.. ot Hash kMatchfInner ... COBJECT:([tpcd].[db...

L o

=

OBJECT:([tpcd] [db...

After joining two indexes of one table, all required columns
are present — expensive record fetching is avoided
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Nested query becomes semi-join

# SQL Server Query Analyzer - [Query - {local) tpcd.sa - {untitled) - s
g File Edt “iew GQuery MWindow Help

Exploit join DEHdX|s2e M v) e a8e? &8 D

Select *

algorithms from e
designed for
large inputs

from lineitem
where 1 shipmwode = 'ATR' and
1l orderkey = o orderkey]

& SQL Server Query Analy -er - [Query - (local).tpcd.sa - (untitled) - s
gl Eile Edit “iew Cue Window  Help

o o b

DElda X | T T | v, = | = ﬁli 2 | D Hash batch/Right ... tpcd. LINEITEM.lin...
=elect ¥
from orders
where o _orderkey in [ s@lect 1 orderkey _
frgm lineitem tpcd. ORDERS.0_PK

wh@re 1 shipmode = 'AIR')

B ——a] o3

Hash katch/Right 5. tpcd LINEITER.lin...

—

tpcd . ORDERS.O_FPK
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i SQL Server Query Analyzer - [Query - (local) tpcd.sa - (untitled) - select p_name. ...
a8 File Edit Mew Guery MWindow Help

=" = B M v B B @ F Qatabase:hpl:d j
select p hamwe, p partkey, count ()
from lineitem, part, partsupp

where 1 partkey = p partkey and p partkey = ps_ partkey
|group by p name, p partkey

e = —
LA &=
berge Joinflnner J... tocd PART.F_FK, ...
= = |
S — E}E N | _U N ]
= 4=

Stream Aggregate/A.. bderge Jainflnner J... tpcd. LINEITERM.Idx...

[

tped. FARTSLUIFF.FS_..

Multiple optimization techniques are needed to find this plan

e Join clause inferred between line item & part supply

e Group-by list reduced by functional dependencies

e Grouping (on alternative column) pushed down through join
“Interesting orderings” between scans, joins, grouping
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& SQL Server Query Analyzer - [Query - (local).tpcd.sa - {(untitled) - select p_name, _.]
g8 File Edit “ew Query Mindow Help

1

= = o R B B @ ¢ Qatabase:hpcd j
select p name, p partkey, count [(F)
from lineitewm, part, partsupp

where l partkey = p partkey and p partkey = ps partkey
[group by p namwe, p partkey

|
a9 — b
— o —

Hash Match Bootfin... Hash Match Team/n... tpod. FPARTSURFF ps_...

L3

tpcd. LINEITEM.L_F...

L

tocd PART p_sizet...

Multiple optimization techniques in a hash-based plan

Same as previous example, plus
e Integrated hash operation ...
e ... within a hash team

e Disk-order scans
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Star joins: Cartesian products

& SQL Server Query Analyzer - [Query - (local).tpcd.sa - (untitled) - select count (*._]
g8 File Edit Yiew Query Window Help

DX 2B # v l||§|£|§§| Database: |ipcd |

select ocount ()

from fact, nation as Supp nation, nation a3 cust _nation
where f supp nationkey = supp nation.n hationkey and
f cust _nationkey = cust_hation.n nhationkey and
Supp nation.n nawe in (CFRANCE' . 'GERMANY'] =and
Cust nation.n nawe in [ FRANCE' . 'GERMANT'

 —— B o B oo @ 53

Stream Aggregatewmed Loops/inner... Filter tpod MATIOMNMN_FE ..

Cartesian product of two Fier tpccd NATION N_PK ..
dimension tables priorto | s
join with the fact table =gy = ectioin-

Let the large fact table participate in fewer joins —
reduce star join cost without any query plan hints!
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Star joins: semi-join reduction

& SOL Server Query Analyzer - [Query - (local).tpcd.sa - (untitled) - select count (f..]

#B File Edit Miew Cuery Window Help
DEdeX | i 22 HM v o8 8 ms & E Daabaselpd =]
select  count (£ linestatus)

1o fact, nation, part

where f supp nationkey = n nationkey and n hawme = 'argenting' and

£ partkey = p partkey and p size = 7

ooy —— = & ,‘— 533
— \— hd
Stream Agoregatefa.. Bookmark Lookup Hash Match/Inner J. ed Loops/inner... tpod [PART p_sizet.

T tpu:d..fau:t.izi/x_f_p...
First, join each dimension table /E - &
Wlth an IndeX Of the faCt table’ Mested Loops/Inner... tpod MATICN M_PK...

then, intersect bookmark lists; L&
finally, fetch fact table rows e

All star join technologies now also in SQL Server!
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