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Hash Join Operation

For each row of the build input a

hash table is build in memory. The
hash key is calculated with all the
columns indicated in the join

condition y

@

<

\
Cox
11
11
11

>

Build table(small table)
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If a match is detected between the
keys, the resulting row is returned

Join result
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111
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All rows in the probe table are read
. by applying a hash function to the

Join columns

1!
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Probe table(big table)




Hash Join example

SELECT tl.object name, tl.object type, t2.data object id, t2.status
FROM tl

JOIN t2

ON tl.object name = t2.object name;

0 | SELECT STATEMENT | |
1 | HASH JOIN | |
| 2 | TABLE ACCESS FULL| T1 |
3 | TABLE ACCESS FULL| T2 |
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PGA Management — policy of workarea size

workarea_size_policy > {auto, manual;

alter session set workarea_size_policy = auto;

alter session set workarea_size_policy = manual;
alter session set hash_area_size = 1048576; --> 1MB
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Monitoring workarea

SELECT tl.object name, tl.object type, t2.data_object_id, t2.status
FROM tl

JOIN t2

ON tl.object name = t2.object name;

SELECT sql_id,
workarea address,
policy,
sid,
operation_type,
operation_id id,
sql exec_start ,
number passes nr_passes,
round (actual mem used/1024/1024) workarea size mb,
max mem used ,
tempseg size temp size
FROM v$sql workarea active;

|SQL ID | WORKAREA ADDRESS |POLICY|SID|OPERATION TYPE|ID|SQL EXEC START NR PASSES |[WORKAREA SIZE MB|MAX MEM USED|TEMP SIZE

|0pj3uck85dakx|0000000124E12460|AUTO |175|HASH-JOIN |1 |20-nov-2018 12:58:57]0 11 111213824
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The amount of memory is mainly driven by the amount data

SELECT tl.object name, tl.object type, t2.data object id, t2.status
FROM tl

JOIN t2

ON tl.object name = t2.object name;

| Id | Operation | Name | Rows | Bytes |TempSpc| Cost (%CPU) | Time |
| 0 | SELECT STATEMENT | | 164K| 10M| | 18636 (1) 00:03:44 |
|* 1 | HASH JOIN | | 164K 10M| 4304K| 18636 (1) 00:03:44 |
| 2 TABLE ACCESS FULL| T1 | 100K| 3125K| | 9106 (1) 00:01:50 |
| 3] TABLE ACCESS FULL| T2 | 100K| 3222K]| | 9106 (1) 00:01:50 |

SELECT tl.object name, tl.object type, tl.object id, t2.data_object id, t2.status
FROM tl1

JOIN t2

ON tl.object name = t2.object name;

| Id | Operation | Name | Rows | Bytes |TempSpc| Cost (%CPU) | Time |
| 0 | SELECT STATEMENT | | 164K| 10M| | 18659 (1) 00:03:44 |
|* 1 | HASH JOIN | | 164K | 10M| 4400K| 18659 (L)] 00:03:44 |
| 2 | TABLE ACCESS FULL| T2 | 100K| 3222K| | 9106 (1) 00:01:50 |
| 3 TABLE ACCESS FULL| T1 | 100K| 3613K| | 9106 (L)] 00:01:50 |
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Select * is bad

| SELECT * (join column + additional selected columns from the build table)
FROM

JOIN t2
ON tl.object name = t2.object name;

| Id | Operation | Name | Rows | Bytes |TempSpc| Cost (%CPU)| Time |
| 0 | SELECT STATEMENT | | 164K | 657M| | 38178 (1) | 00:07:39 |
|* 1 | HASH JOIN | | 164K| 657M| 201M| 38178 (1) 00:07:39 |
| 2 TABLE ACCESS FULL| T1 | 100K | 200M| | 9107 (1) | 00:01:50 |
| 3 TABLE ACCESS FULL| T2 | 100K| 200M| | 9107 (1) 00:01:50 |
| SQL_ID | WORKAREA ADDRESS |POLICY |SID|OPERATION TYPE|ID|SQL EXEC START NR_PASSES [WORKAREA SIZE MB|MAX MEM USED|TEMP SIZE
| 05psmnxwxfv5j|0000000128C1B6C8 |AUTO |175|HASH-JOIN |1 |20-nov-2018 16:49:54 |1 184 85105664 220200960
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Hash Join performance key
PGA PGA

Avoiding the use of

temporary Space
means to get wmore
memory

| 1
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Workarea (OPTIMAL)

When the Inner table fits into memory ...

HJ
PGA / SORT

WAT1

SQL WA2

— WA3

1 WAnN

A workarea is allocated for a single operation not for a single session

t
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Inner table NOT fit into memory— One pass

Probe table
Build table PGA -

i

/
EEEEEN
EEEEEN

T,
B

—
11

n @
T W T
| ] e |
— [ 1 1]

= K_--

The build table is split into 2~n segments (before being u§egl)
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[Inner table NOT fit into memory- One pass

Probe table
Build table PGA _ “

=
L

o
11T
TT
Il
i
1Tl

Temporary
Storage

At this time there will be some segments of the build table in memory others segments
on Temporary Storage

{ ff.J?Zﬁ;.?\ am
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[Inner table NOT fit into memory- One pass

Probe table
Build table PGA r— '
— 11

Temporary
Storage

Then the probe table is read and partitioned in the same way as the build table so Oracle will simply
check the correspondence between pairs of identical segments hash key (S1 (b) -> S1 (p) 52 (b ) ->

52 (p) )
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[Inner table NOT fit into memory — Multipass
Probe table

X
Build table PGA B
= m b — L1

- T — 11
— 2s
e

11
11
E=HE

Temporary EEE e

Storage

When a build table segment does not fit completely into memory a part will be loaded
into PGA (step nr. 1) the rest will go to disk (step nr. 2). The corresponding pamtlon
of the probe table will then be reread several times (multipass) (Deam
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[nner table NOT fit into memory — Multipass

Probe table

Build table PGA 11

o . N I N R
AL ——— I N R

Temporary
Storage

At this time the piece (cluster or slot) of the build table that is on temporary storage
is loaded into memory and the corresponding segment (all the segment) of the probe
table is reread for the second time (MULTIPASS) t
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Monitoring workarea executions

SQL> SELECT name, value
2 FROM v$sysstat

3 WHERE name IN ('workarea executions - optimal', 'workarea executions - onepass',
NAME VALUE
workarea executions - optimal 336077370
workarea executions - onepass 18509
workarea executions - multipass 54

SQL> SELECT count (*)
2 FROM tl
3 JOIN t2
4 ON tl.cl = t2.cl;

SQL> SELECT name, value
2 FROM v$sysstat

3 WHERE name IN ('workarea executions - optimal', 'workarea executions - onepass',
NAME VALUE
workarea executions - optimal 336077370
workarea executions - onepass 18510
workarea executions - multipass 54
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Workarea oversizing

[ workarea_size_policy = AUTO ] workarea_size_policy = MANUAL

LN N

Modificata sessione.

_Smm_px_max_size

SQL> alter session set hash_area_ si
alter session set hash area sizg

ERRORE alla riga 1:
ORA-02017: P richiesto

SQL> alter session set hash area size = 2147483647; 2 GB-1

Modificata sessione.
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Agenda

v Get details with the help of a sql trace
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Get Hash Join details - trace with event 10104

alter session set tracefile identifier = 'HJ onepass_allrows';

alter session set events '10104 trace name context forever, level 10';
SELECT *

FROM tl

JOIN t2

ON tl.object name = t2.object name;

alter session set events '10104 trace name context off';
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Trace details — Build phase

kxhfSetPhase: phase=BUILD

*** RowSrcId: 1 HASH JOIN STATISTICS (INITIALIZATION) ***
Join Type: INNER join
Original hash-area size: 16477926
Memory for slot table: 12189896
Calculated overhead for partitions and row/slot managers: 4288230
Hash-join fanout: 32
fomber of partitiens: 32 Nr. Of partition and slot of the Build Table
Multiblock IQ: 31
Block size(EB): 8
Cluster (slot) size(KB): 248
Minimum number of bytes per block: 8160
Bit vector memory allocation (EB): 4096
Per partition bit wvector length(EB): 128
Maximum possible row length: 2387
Estimated build size (EB): 204
Estimated Build Row Length (includes overhead): 2143
¥ Immutable Flags:
Not BUFFER(execution) output of the join for PQ
BuajueteyTett MODUS Bow yector Hash Join spilling to Temporary Storage
Evaluate Right Input Row Vector
¥ Mutable Flags:
I0 sync
Use PGA heap and cursor is pinned
kxhfAddChunk: add chunk 0 (sz=64) to slot table
kxhfAddChunk: chunk 0 (lbs=0x7f5cf3396828, slotTab=tx7f5cf33%969f8) successfuly added
kxhfRemoveChunk: remove chunk 0 from slot tabl
Hash join retain heap migration ends now.
kxhfWrite: hash-join i=s spilling to disk
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Trace details — Partition statistics

| have thousand rows in the build
table, all in memory

*** RowSrcId: 1 HASH JOIN BUILD HASH TABLE (PHASE 1) *

Total number of partitions: 8 [ know their distribution
Number of partitions left in memory: 8 in memory
Total number of rows in in-memory partitions: 1000

(used as preliminary number of buckets in ha table)
Estimated max # of build rows that can fit 4h avail memor}; 6944 N Optimal HJ, all
### Partition Distribution ### g -
Partition:0 rows:120 usters:1 slots:1 kept=1 PdV‘tlthV\S have kept—:L
Partition:1 rows: 125 clusterssl slots:1 kept=1
Partition:? rows:137 clusters:1 slots:1 kept=1 Onepass HJ, at least one
Partition:3 rows:114 clusters:sl slots:1 kept=1 I partition has kept=1
Partition:4 rows:128 clusters:1 slots:1 kept=1
Partition:5 rows:120 clusters:1 slots:1 kept=1 Mu(tipass HJ, all
Partition:6 rows:121 clusters:l slakazl kept=1 o)
Partition:7/ w5 3-8 6 1 clusters:l SlaEae. kegt=1 ) PdV‘tlthV\S have kept=0

\
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Trace details — Build phase

e it st somssoeen s sncs e 1 . The Build Hash Table has been divided into 32
e partitions, 14 in memory and 18 to Temporary

Total number of rows in in-memcry partitions: 435311

(used as preliminary number of buckets in hash table) ‘S;t:c>’ﬁ21£7€3

Estimated max # of build rows that can fit in avail memor 100182
$## Partiticn Distribution ###

Partition:0 rows:0 clusters:0 slots:0

Partition:1 rows:0 clusters:0 slots:0 kept=0

Partition:2 rows:0 clusters:0 glot=:0 kept=0

Partition:3 rows:0 clusters:0 glot=:0 kept=0

Partition:4 rows:0 clusters:0 glot=:0 kept=0

Partition:5 rows:0 clusters:0 slot=:0 kept=0 o, o odde

Partition:6 rows:0 clusters:0 slot=:0 kept=0 h (l g P y S g
Partition:7 rows:0 clusters:0 slots:0 kept=0 T en 1 8 Pav.tltlons SP‘ ‘n. to Tem orar to Va e
Partition:8 rows:0 clusters:0 slots:0 kept=0 p\ k -

Partition:9 rows:0 clusters:0 slots:0 kept=0 (Part nr’ 0 i Part nr'17 w't ePt-o)

Partition:10 rows:0 clusters:0 slots:0 kept=0

Partition:11 rows:0 clusters:0 slots:0 kept=0

Partiticn:12 rows:0 clusters:0 slots:0 kept=0

Partition:13 rows:0 clusters:0 slots:0 kept=0

Partition:14 rows:0 clusters:0 slots:0 kept=0

Partition:15 rows:0 clusters:0 slots:0 kept=0

Partition:16 rows:0 clusters:0 slots:0 kept=0

Partition: :0 clusters:0

Partition: clusters:

Partition:19 rows:3176 clusters:27 slots:1 kept=1

Partition:20 rows:3134 clusters:27 glot=:1 kept=1

Partition:21 rows: 3069 clusters:26 glot=:1 kept=1

Partition:22 row=s:3178 clusters:27 glot=:1 kept=1

Partition:23 rows: 3065 clusters:26 glot=:1 kept=1 .. o o

Partition:24 rows:3214 clusters:27 slot=:1 kept=1 ( Ft ( P
Partition:25 rows: 3165 clusters:27 slot=s:1 kept=1 14 Partltlons e ‘n W\emory Par‘t nr' 1 8 °* art nr’ 31
Partition:26 rows: 3084 clusters: 26 slots:1 kept=1 ® h k -—

Partition:27 rows: 3029 clusters:26 slots:1 kept=1 Wlt ept- 1)

Partition:28 rows: 3140 clusters:27 slots:1 kept=1

Partition:29 rows: 3309 clusters:28 slots:1 kept=1

Partition:30 rows:2940 clusters:25 slots:7 kept=1

\ Partiticn:31 rows: 3022 clusters:26 slots:10 kept=1 j
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Trace details — Probe phase

kxhfSetPhase: phase=FROBE 1
gerhjFetch: max build row length (mbl=21&6)
wkd RowSrcId: 1 END OF BUILD (PHRSE 1) &+
Revised row length: 2123
Revised build size: 207270KB
kxhfReszize (enter): resize to 383 zlotsz (numilloc=48, max=48)
kxhfResize (exit): resized to 383 slotz (numbklloc=48, max=333)
Slot table resized: old=48 wanted=393 got=393 unload=0
kxhfFlush(): pid=0 nRows=3383 build=1l tcpl=0
kxhfWrite: Writing dba=730461 slot=23 part=0 o o
kxhfFlush () : pid=1 nRows=3038 build=l topa=1 In the probe_1 phase the Oracle engine will ONLY WRITE
kxhfWrite: Writing dba=9%33435 slot=47 part=1l . .. o ) o o
foxh£Flush (): pid=2 nRows=2942 build=l topo=2 the corresponding probe partitions that don’t fit in
kxhfWrite: Writing dba=760863 slot=4Z part=2 o . o
kh€FLush () : pid=3 nRows=2905 build=l topQ=3 /Memorg during the build phase in the Temporary Storage
kxhfWrite: Writing dka=730430 slot=% part=3
kxhfFlush(): pid=4 nRows=3425 build=1 tcpC=4
kxhfWrite: Writing dba=790483 slot=27 part=4
kxhfFlush(): pid=5 nRows=3072 build=1l tcpQ=5
kxhfWrite: Writing dba=760925 slct=3%9 part=5
kxhfFlush(): pid=6 nRows=3259 build=l tcpl=6
kxhfWrite: Writing dka=S857599 slot=0 part=6
kxhfFlush(): pid=T7 nRows=3248 build=1 tcpg=7
kxhfWrite: Writing dka=812191 slct=41 part=T
kxhfFlush{): pid=8 nRows=3252 build=1 tcpQ=8
kxhfWrite: Writing dka=0812222 slct=30 part=8
kxhfFlush{): pid=9 nRows=3085 build=1 tcp0=9
kxhfWrite: Writing dba=790400 slot=43 part=9
kxhfFlush(): pid=10 nRows=3040 build=1 tecpQ=10
kxhfWrite: Writing dka=730368 slot=1% part=10
kxhfFlush{): pid=11 nRows=2977 build=1l tcopQ=11l
kxhfWrite: Writing dka=7%0431 slot=1l¢ part=11
kxhfFlush(): pid=12 nRows=3242 build=1 tcpQ=12
kxhfWrite: Writing dka=812253 slot=45 part=12
kxhfFlush{): pid=13 nRows=3216 build=1 topQ=13
kxhfWrite: Writing dka=7%0462 slot=32 part=13
kxhfFlush(): pid=14 nRows=3032 build=1 tcpQ=14
kxhfWrite: Writing dba=730389 slot=11 part=14
kxhfFlush(): pid=15 nRows=327¢& build=1 tcpQ=15
kxhfWrite: Writing dba=%35517 slot=4 part=15
kxhfFlush{): pid=16 nRows=3088 build=1l topQ=lé&
kxhfWrite: Writing dka=775424 slot=38 part=16 t
kxhfFlush(): pid=17 nRows=299% build=1 tcpQ=17
kxhfWrite: Writing dka=532704 slct=6 part=17



Trace details — and if the Build input not fit in memory (onepass)

In the probe 2 phase the Oracle
engine get a pairs of flushed partition

Free existing hash-table on Temporary Storage
*** (continued) HASH JOIN BUILD HASH TABLE (PHASE 1 x

Requested size of hash table: 1024
Actual size of hash table: 1024
Number of buckets: 5192
Match bit wector allocated: FALSE
*** RowSrcld: 1 HASH JOIN GET FLUSHED PARTITIONS
Getting a pair of flushed partitions.

BUILD PARTITION: nrows:2942 size=(25 slots, 6200E)
PEOBE PARTITION: nrows:2942 size=(25 slots, 6200EK)
= Unk: = CHUnkK U (5z—6GX)

kxhfSetPhase: phase=PROBE 2

EHASE 2) ***

2942 rows processed from the build
and the probe table

(+++ RowSrcId: 1 HASH JOIN BUILD HASH TABLE (FHASE 2) **% ) The are no rows to be subw\[tted to
Number of blocks that may be used to build the hash hable 775 iteratioy\
Number of rows left to be iterated over (start of function): 29

Number of rows iterated over this function call: 2942 ‘//92//

Number of rows left to be iterated over (end of function): 0

J/

Confidential | ICTeam®© 2018 . 27



Agenda

v How improve the performance
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How improve HJ performance - Partitioning

— s s s o e o - - - — o o w— —

How can it help you from a I
performance point of view? .
c R |I

Pruning (where col = value) .

—|
-
—|

A [

PWJ [full or partial] i

J

A
b
L)

If SQL statement running in sequencial mode only one
server process joins all rows between two table
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PWJ (Partition Wise Join)

Is an optimization technique that allows to split join betweeen large tables into join of
identical smaller segment pair

v < CPU

v < Memory usage
v<I/0

v < resource in general
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Full PWJ (Partition Wise Join)

How do [ recognize it?

PWJ NO - PWJ

| Id | Operation | Name | Pstart| Pstop | | Id | Operation | Name | Pstart| Pstop |
| 0 r_sm::l‘_smﬂ‘ | | | | 0 | SELECT STATEMENT | | | |
| 1§ PARTITION LIST ALL | 1| 4| |* 1 | _HASH JOIN | | | |
|* 2 | HASH JOIN I | I | | 2.1 I PARTITION LIST ALL| | | 1 4 |
I 31 TABLE ACCESS FULL| T PARTL | 11 41 | 3] TABLE ACCESS FULL| T PARTL | 11 4 |
| 4 | TABLE ACCESS FULL| T_PARTZ | 1) 4 | | 4 | TARLE ACCESS FULL | T | | |
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Conditions for get a Full PWJ

| Id | Operation | Name | Pstart| Pstop | Full PWJ, it's possibile with equi—
------------------------------------------------------- partitioning table. No write/read build and

| 0 | SELECT STATEMENT | | | | . . oy .

| 1| DARTITION LIST ALL | | - . probe table in segment pairs, partitioning
|* 2 | HASH JOIN | | | | has a’r@&uig done this work. So, there are
| 3|  TABLE ACCESS FULL| T_PARTL | 1| 4| not extra setup cost due to this. The join is
| 4 | TABLE ACCESS FULL| T PART2 | 1| 4 |

performed on (identical) pairs of partitions

| 0 | SELECT STATEMENT | | | | If the partitioning schema between the
|* 1| HASH JOIN | ! ' ' two table s different (and other
| 2 | PART JOIN FILTER CREATE | :BFO0000 | | | o .

| 4| TABLE ACCESS FULL | T PART1 | 1| 4 | NOT take place

| 5 | PARTITION LIST JOIN-FILTER| | :BFO000| : BFO00O0 |

| 6 | TABLE ACCESS FULL | T _PART2 |:BF0000|:BF0000] t
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Full Partition Wise Join (PWJ) and parallelism

= = = o mm mm g —— — - ——

\ \ \ \
I' Partl I’ Part2 | I’ Part3 I' Part4
| g LRy \ 11 g n | | g n |
DOP - 4_ 1 X 1 X 1] X 1 X |
table || EEEE | (EEEEE | (NN | (SN
11 11 11| 11|
11 :I‘-ll,:l.-ll :l.-Il :
1 il B il I [
I I I (' I
| M : i M I M I Dq I
i — LI | — }
1 () = - 1 1 NR 111 =i = |
table? 1 ‘ =150 " | | —— ‘ N —H ‘ I
W— IRy IR — ey —
I 11 | : 111 1] 1 |} | I _—--_ I
[ T (] 1 |
y Partl | Part2z | Part3 | Part4
\ ————— , o - , e o — — ; e e —— }
AT N PR AT T PR
( Slavel } ( slave2 ) ( sSlaves ) ( Slaved :
SN \___/ \____/ \____/
| Id | Operation | Name | Pstart| Pstop |
| 0 | SELECT STATEMENT | | | |
| 1 | PX COORDINATOR | | | |
| 2 | PX SEND QC (RANDOM) | :TQ10000 | | |
| 3 | PX PARTITION LIST ALL| | 1 | 4 |
|* 4 | HASH JOIN | | I I
| 5 | TABLE ACCESS FULL | T PART1 | 1| 4 |
| 6 | TABLE ACCESS FULL | T PART2 | 1 | 4 |
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Partial Partition Wise Join and parallelism

When one of the two tables is not partitioned or is partitioned but on a
different field from the join key (and SQL statement running in parallel)

/*+ PARALLEL(4) */

——— e — - —— - — - - — —— i ——————————————————————————— ————————— ——— ————————————————————

!/ Ny A AN \
, Partl : , Part2 | Part3 , = Part4 | | Id | Operation | Name | Pstart| Pstop |

- 1 1 |
: X 1 : X 1 : X 1 : X T
1T—HE—HER R RS 0 | SELECT STATEMENT I I I I
11 : T TR R— T TR — Tl I 1 | PX COORDINATOR | [ I |
) : , : :: : : - : | 2| PX SEND QC (RANDOM) | :TQ10001 | | I
—— . o« IR b2 < T > < I < |* 3| HASH JOIN BUFFERED | | | |
L i — ; — = | 4 PX PARTITION LIST ALL | I 1| 4 |
E—— T \ ] '(eman] (===l 'l——== | 5 | TABLE ACCESS FULL | T PART1 | 1] 4 |

— T 1T RE W N — N — Y — |
— 11— =7 I —+H K I e (" — K I —H K table2 | 6 | PX _RECEIVE | | | |

(s D - [ (mmEny | (e {(S————, {(S—— 7 . 0000

N | A 1 & ' | | PX SEND PARTITION (KEY)| :TQ I I I
=== {-5‘4\ 4 | Part1 | l Part2 I l Part3 I l Part4 1 I 8 l FA BLOCR  1IERAIOUKR I I I I
r———— | U AR 2 M b N ’ I 9 | TABLE ACCESS FULL | T_PART2 | | |
i85 { 851 f\’s; \ (s T T T T T

Compared to the full PWJ the Oracle engine does an extra work to
dynamically partition table2 as tablel

t
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Partition Wise Join by LIST pitfall

P1 P2 P3
TABLE NAME PARTITION NAME PARTITION POSITION
C T T T
T1

A 1
T1 B 2
T1 C 3
T2 A 1
T2 C 3
T3 A ]
C 2
B 3

EE |

even if the by-list partitioning schema is identical (same number of partitions, same values etc.)
but the partition order position is different, PWJ can not take place

____________________________________________________ | Id | Operation | Name | Pstart| Pstop |
| Id | Operation | Name | Pstart| Pstop |  ~ T TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT T T T T T
____________________________________________________ | 0 | SELECT STATEMENT | | | |
| 0 | SELECT STATEMENT | | | | |* 1 | HASH JOIN | | | |
| 1 PARTITION LIST ALL | | 1 | 3 | 2 | PART JOIN FILTER CREATE | :BFO0O0O | | |
|* 2 |  HASH JOIN : | | : | 3 PARTITION LIST ALL | | 1 3 |
| 3 TABLE ACCESS FULL| T1 | 1| 3 | | 4| TABLE ACCESS FULL | T1 | 1 31
| 4 | TABLE ACCESS FULL| T2 | 1 | 3 | 5 PARTITION LIST JOIN-FILTER| | :BFOOO0OO | :BFO00O |
____________________________________________________ | 6 | TABLE ACCESS FULL | T3 | :BFO0O0O| :BF0OQ0O0 |
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Partition Wise Join by LIST pitfall ALTER TABLE T1 DROP PARTITION C;

P1 P2 P3 ALTER TABLE T2 DROP PARTITION C;

ALTER TABLE T3 DROP PARTITION C;

TABLE NAME PARTITION NAME PARTITION POSITION

T1 A 1

T1 B 2

T2 A 1

T2 B 2

T3 A 1

T3 B 2
| Id | Operation | Name | Pstart| Pstop | | Id | Operation | Name | Pstart| Pstop |
| 0O | SELECT STATEMENT | | | | | O | SELECT STATEMENT | | | |
| 1 | PARTITION LIST ALL | | 1 | 3 ] | 1 | PARTITION LIST ALL | | 1 | 3
[* 2 | HASH JOIN | | | | |[* 2 | HASH JOIN | | | |
| 3 ] TABLE ACCESS FULL| T1 | 1 | 3 | 3 TABLE ACCESS FULL| T1 | 1 | 3
| 4 | TABLE ACCESS FULL| T2 | 1 | 3 ] | 4 | TABLE ACCESS FULL| T3 | 1 | 3
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Agenda

v’ Different Hash Join access type
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Hash Join Access Type ot o fable  the

Ovracle don't have other
possibility on the tree

J

HASH JOIN
TABLE ACCESS FULL| T1
TABLE ACCESS FULL| T2

what happens in a HJ of multiple tables?
t
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Hint

/*+ leading (table alias) */

Specify the order in wich the tables are accessed

/*+ use_hash (table alias) */

Instructs Oracle optimizer to join each table with another row source using hash join
/*+ swap_join_inputs (table alias) */

Allow the Oracle optimizer to swap table side when performing hash join (build table)
/*+ no_swap_join_inputs (table alias) */

Not allow the Oracle optimizer to swap table side when performing hash join (probe
table)
§
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Hash Join Accegs Type on multiple rowsource

this 1s a Right-

DeeP Jonf\ Tree Plan hash value: 2713846315

| Id | Operation | Name |
SELECT * == Qg 2 ===
FROM tabl | 0 | SELECT STATEMENT | |
JOIN tab2 |* 1 | HASH JOIN | |
ON tabl.cl = tab2.cl | 2 | TABLE ACCESS FULL | TAB4 |
JOIN tab3 |* 3 | HASH JOIN | |
ON tab3.cl = tab2.cl | 4 | TABLE ACCESS FULL | TAB3 |
JOIN tab4 |* 5 | HASH JOIN | |
ON tab4.cl = tab3.cl; | 6 | TABLE ACCESS FULL| TAB2 |

| 7 | TABLE ACCESS FULL| TAB1 |

The Oracle optimizer in this case choose this execution
plan t
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Right-Deep Join Trees

SELECT /*+ leading(tab4 tab3 tab2 tabl)
use hash(tabl tab2 tab3)
swap join inputs(tabl) @ 0 - -»-»---—-"i—C— - — —

swap_Jjoin inputs (tab2) | Id | Operation | Name |

swap_join inputs(tab3) @ @ = -

*x/ * | 0 | SELECT STATEMENT | |

FROM tabl |* 1 | HASH JOIN | |
JOIN tab2 | 2 | TABLE ACCESS FULL | TAB1l |
ON tabl.cl = tab2.cl |* 3 | HASH JOIN | |
JOIN tab3 | 4 | TABLE ACCESS FULL | TAB2 |
ON tab3.cl = tab2.cl |* 5 | HASH JOIN | |
JOIN tab4 | 6 | TABLE ACCESS FULL| TAB3 |
ON tab4.cl = tab3.cl; | 7 | TABLE ACCESS FULL| TAB4 |
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Right-Deep Join Trees Hint explanation

SELECT /*+ leading(tab4 tab3 tab2 tabl)
use_hash(tabl tab2 tab3)
swap join inputs (tabl) L. .
swap:join:inputs (tab2) swap_join_in puts(ta b3)
swap_join_inputs (tab3)
*/ *
RN tab tab3,tab4
JOIN tab2
ON tabl.cl = tab2.cl
JOIN tab3
ON tab3.cl = tab2.cl ( )
ON tab3.c tab2, (tab3, tab4
ON tab4.cl = tab3.cl;

swap_join_inputs(tab?2)

swap_join_inputs(tabl)

| Id | Operation | Name |
————————————————————————————————————— (tabl, (tab2, (tab3, tab4)))
| 0 | SELECT STATEMENT | |
|* 1 | HASH JOIN | |
| 2 | TABLE ACCESS FULL | TAB1 |
|* 3 | HASH JOIN | |
| 4 | TABLE ACCESS FULL | TAB2 |
|* 5 | HASH JOIN | |
| 6 | TABLE ACCESS FULL| TAB3 |
| 7 | TABLE ACCESS FULL| TAB4 |
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Right-Deep Join Trees workarea

| Id | Operation | Name |

o emmen smmae 1 How many workareas
:* ; : H?ingol:-[\I(;ICESS FULL : TAB1 : are allocated at the

:* 131 : H?igL;O;I(;ICESS FULL : TAB2 : Sa W\e time?

|* 5 | HASH JOIN | | o

| 71 amiE Access FULL| Taa n=nr. join
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Hash Join Accegs Type on multiple rowsource

Right-Deep Join Tree

is the only chance to solve a multi-table Hash Join?
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Left-Deep Join Trees

SELECT /*+ leading(tabl tab2 tab3 tab4)
use hash(tab2 tab3 tab4)
no swap join inputs(tab2) = = @ - -

no_swap_Jjoin inputs (tab3) | Id | Operation | Name |
no_swap_ join inputs(tab4) -----\-\-\- """~

*x/ * | 0 | SELECT STATEMENT | |

FROM tabl |* 1 | HASH JOIN | |
JOIN tab2 |* 2 | HASH JOIN | |
ON tabl.cl = tab2.cl |* 3 | HASH JOIN | |
JOIN tab3 | 4 | TABLE ACCESS FULL| TABl |
ON tab3.cl = tab2.cl | 5 | TABLE ACCESS FULL| TAB2 |
JOIN tab4 | 6 | TABLE ACCESS FULL | TAB3 |
ON tab4.cl = tab3.cl; | 7 | TABLE ACCESS FULL | TAB4 |
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Left-Deep Join Trees Hint explanation

SELECT /*+ leading(tabl tab2 tab3 tab4)
use_hash(tab2 tab3 tab4)
no swap join inputs(tab2) Lo .
no:swap:j oin:inputs (tab3) NO_swap_join_Inp uts(ta bZ)

no_swap_join_inputs (tab4)
*/ *
CROM tabi tabl,tab2
JOIN tab2
ON tabl.cl = tab2.cl
JOIN tab3
ON tab3.cl = tab2.cl (tabl, tab2), tab3
JOIN tab4
ON tab4.cl = tab3.cl;

no_swap_join_inputs(tab3)

no_swap_join_inputs(tab4)

| Id | Operation | Name |
------------------------------------- ((tab1l, tab2), tab3), tab4
| 0 | SELECT STATEMENT | |
|* 1 | HASH JOIN | |
|* 2 | HASH JOIN | |
|* 3 | HASH JOIN | |
| 4 | TABLE ACCESS FULL| TAB1l |
| 5 | TABLE ACCESS FULL| TAB2 |
| 6 | TABLE ACCESS FULL | TAB3 |
| 7 | TABLE ACCESS FULL | TAB4 |

Confidential | ICTeam© 2018 . 46



Left-Deep Join Trees workarea

| Id | Operation | Name |

T smmer smamene 11 How many workareas
|* 1 | HASH JOIN I I

P bout ' are allocated at the

|* 3 | HASH JOIN | | g

| 4 | TABLE ACCESS FULL| TABl | Saw\e t'me?

| 5 | TABLE ACCESS FULL| TAB2 |

| 61  TABLE ACCESS FULL | TaB3 | po more than two workeareas
| 7 | TABLE ACCESS FULL | TAB4 |
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/ig-/Zag Join Trees

select /*+ leading(tab2 tab3 tabl tab4)
use hash(tabl tab2 tab3 tab4)
swap_join inputs(tabl) === 0 0---»-»-»-"-----(\("—— .—C7—- — —.— . —

no_swap_ Jjoin_ inputs (tab4) | Id | Operation | Name |

x/ okl

from tabl | 0O | SELECT STATEMENT | |
join tab2 |* 1 | HASH JOIN | |
on tabl.cl = tab2.cl |* 2 | HASH JOIN | |
join tab3 | 3 | TABLE ACCESS FULL | TAB1l |
on tab3.cl = tab2.cl |* 4 | HASH JOIN | |
join tab4 | 5 | TABLE ACCESS FULL| TAB2 |
on tab4.cl = tab3.cl; | 6 | TABLE ACCESS FULL| TAB3 |
| 7 | TABLE ACCESS FULL | TAB4 |
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/ig-zag Join ITrees Hint explanation

SELECT /*+ leading(tab2 tab3 tabl tab4) (tab2, tab3), tabl
use _hash(tabl tab2 tab3 tab4)
swap_join_inputs(tabl)
no_swap_join_inputs (tab4)

*/ *

FROM tabl tabl, (tab2, tab3)

JOIN tab2

ON tabl.cl = tab2.cl ..

JOIN tab3 no_swap_join_inputs(tab4)

ON tab3.cl tab2.cl

JOIN tabd (tabl, (tab2, tab3)), tab4

ON tab4.cl tab3.cl;

swap_join_inputs(tabl)

SELECT STATEMENT
HASH JOIN
HASH JOIN
TABLE ACCESS FULL
HASH JOIN |
TABLE ACCESS FULL| TAB2
TABLE ACCESS FULL| TAB3
TABLE ACCESS FULL | TAB4
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/ig-zag Join Irees workarea

| Id | Operation | Name |
o emmen smmae 1 How many workareas
P i ' are allocated at the

:* i : EﬁggEJg(I:;ESS FULL : TAB1 : same time?

| 5 | TABLE ACCESS FULL| TAB2 | o
3| mmie cese ruin | mar | T max when nr. join
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Trees difference

Left-deep join trees

every join has a

table in the right

input

T Result

>

/|

tab4

>

A

/i

tab3

tabl tab2
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Right-deep join trees

TResuIt

/|

tabl D]

tab2

every join has a
table in the left input

tab3 tab4

51
N

A

Zig-zag join trees

T Result

>

/|

tab4

tab

some times to the right
and some times to the

\ every join has a table
left input

1>

A

tab2 tab4



Memory optimization

Right-deep join trees Left-deep join trees

| Id | Operation | Name | | Id | Operation | Name |

| 0 | SELECT STATEMENT | | | 0 | SELECT STWNT | |
|* 1 | HASH JOIN | | |* 1 | HASH JOIN | |

| 2| TABLE ACCESS FULL | TABl | |* 2 | HASH JOIN | |
|* 3 | HASH JOIN \\\/B | | |1* 3|  masd goin WA | |

| 4| TABLE ACCESS FULL | TAB2 | | 4| TABLE ACCESS FULL| TAB1 |
|* 5 | HAasH JOIN \\/C | | | 5| TABLE ACCESS FULL| TAB2 |
G TABLE ACCESS FULL| TAB3 | | 6 | TABLE ACCESS FULL | TAB3 |
|7 TABLE ACCESS FULL| TAB4 | | 7 | TABLE ACCESS FULL | TAB4 |
n (n=nr of join) workeareas no more than two workeareas
allocated at the same time allocated at the same time

which is more wasteful in memory consumption?
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Which is more wasteful in memory consumption®?

Right-deep join trees Left-deep join trees
| Ta | operation | Name | | 1d | operation | Name |
| o | smmcr staTmaNt | | | o | sEmcr staTmast | |
|* 1 | HASH JOIN | | |* 1 | HASH JOIN | |
| 2 | TABLE ACCESS FULL | DIM1 | |* 2 | HASH JOIN | |
[* 3 | HASH JOIN | | [* 3 | HASH JOIN | |
I 4 | TABLE ACCESS FULL | DIM2 | I 4 | TABLE ACCESS FULL| DIM1 |
|* 5 | HASH JOIN | | | 5 | TABLE ACCESS FULL| FACT |
I 6 | TABLE ACCESS FULL| DIM3 | I 6 | TABLE ACCESS FULL | DIM2 |
| 7 TABLE ACCESS FULL| FACT | | 7 | TABLE ACCESS FULL | DIM3 |
the fact table can be the size of the fact table
pushed as probe table and influences  the  memory
does not affect the consumption of all workarea
memory consumption of (unless you want to make a
workareas Cartesian  product  the

dimension table)
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Bushy Join Trees

Bushy join trees

TResult | Id | Operation | Name |
E><j SELECT STATEMENT |
HASH JOIN |
VIEW |
HASH JOIN |

TABLE ACCESS FULL| TAB1

TABLE ACCESS FULL| TAB2
VIEW |
HASH JOIN |

| 0
| 1
| 2
| 3
| 4
| 5
| 6
| 7
| 8 TABLE ACCESS FULL| TAB3
| 9

| X
///’ K\ 4/f \\\ TABLE ACCESS FULL| TAB4

tabl tab2 tab3 tab4 =00 0mmmmmmmmmmmmmmmmmmmm—emeoeooeooooo

If the childs of a join tree is a join node
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Bushy Join Oracle 12¢ (12.2)

SELECT /*+ leading(blockl block2) */ *

FROM (SELECT /*+ no_merge | Id | Operation | Name |
leading (tabl tab2)  TTTTTmTmmTmmommmmmmommmomommmmmmmmmm T
swap join inputs(tabl) */ | 0 | SELECT STATEMENT | |

tabl.* | 1 | HASH JOIN | |
FROM tabl | 2| VIEW | |
JOIN tab?2 I 3 | HASH JOIN | I
ON tabl.cl = tab2.cl ) blockl 4 TABLE ACCESS FULL| TAB1 |

JOIN (SELECT /*+ no merge | 5 | TABLE ACCESS FULL| TAB2 |
leading (tab3 tabd) | 61 VIEW I |
swap_join_inputs (tab3) */ 7 HASH JOIN | |

tab3.* - | 8 | TABLE ACCESS FULL| TAB3 |
FROM tab3 Il 9| TABLE ACCESS FULL| TAB4 |
JOIN tab4 . mmmmmmmmmm oo

ON tab4d.cl = tab3.cl) block2
ON blockl.cl = block2.cl;

SELECT /*+ BUSHY JOIN((TABl TAB2) (TAB3 TAB4)) */ * | Id | Operation | Name |
FROM tabl -
JOIN tab2 | 0 | SELECT STATEMENT | |
ON tabl.cl = tab2.cl |* 1 | HASH JOIN | |
JOIN tab3 | 2 | VIEW | VW_BUSHY 3A2A9881 |
ON tab3.cl = tabl.cl |* 3 | HASH JOIN | |
JOIN tab4 | 4 | TABLE ACCESS FULL| TAB1 |
ON tab4d.cl = tab3.cl; I 5 | TABLE ACCESS FULL| TAB2 |
| 6 | VIEW | VW_BUSHY BO39EE45 |
[* 7 | HASH JOIN | |
| 8 | TABLE ACCESS FULL| TAB3 |
| 9 | TABLE ACCESS FULL| TAB4 |
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