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a. Slice: A portion of the plan that segments can
work on independently.

a. Gang: Related processes that are working on
the same slice of the query plan but on different
segments.
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Greenplum & ifitXIfE %

gpadmin=# EXPLAIN select * from t2 join tl on t2.cl = tl.c2;

QUERY PLAN

Gather Motion 3:1 (slice2; segments: 3) (cost=2037.25..97600.62 rows=7413210
width=16)
-> Hash Join (cost=2037.25..97600.62 rows=2471070 width=10)
Hash Cond: tl.c2 = t2.cl
-> Redistribute Motion 3:3 (slicel; segments: 3) (cost=0.00..2683.00
rows=28700 width=8)
Hash Key: tl.c2
-> Seq Scan on tl (cost=0.00..961.00 rows=28700 width=8)
-> Hash (cost=961.00..961.00 rows=28700 width=8)
-> Seq Scan on t2 (cost=0.00..961.00 rows=28700 width=8)
Optimizer status: legacy query optimizer
(9 rows)

61T » E 24 MotionTi 4 -

VAR VAR
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select * from t2 join

slice 0
tl on t2.cl = tl.c2
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Pivotal

SELECT s.beer, s.price
FROM Bars b, Sells s
WHERE b.name = s.bar

AND b.city = 'San Francisco'

Bars is distributed randomly

Sells is distributed by bar

Mot Slice 1

otion

Slice 2 Gather
Pro.]eCts.beer, s.price
HaSh'@.n?me=s.bar

MOtlonRedist(b.name)
= .
Sc nSeIIs FII erb.city='SanFrancisc0'

b
ScanBars Slice 3
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Master
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MOtionRedist(b.name)
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Greenplum & ifitXIfE %

BT T ASHE="MbE1TE * cost, rows, width.

® Cost: GreenplumEREF MBI LES RIS TE WATRIRISRES - JFERAUT IR
BT %

o Bt JEIE—MtupleB 4T
o HEH 1 AETERTAtupleBIMT,
® Rows: Il fifiHtupleBI T8 (fAiTH{E) -
® Width: &1 71 S HAVtuple B K (f5HE) » BET T -
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Greenplum & ifitXIfE %

EXPLAIN ANALYZE
® HITEIMAVEINE (LAZRERAL)
o NEHEAE;
o EINTINFTENTIFHE
o BT REPLHFZZITHISegmenthABEIHYR AT TEILL K SegmentiIF &

o MIAEEEZ1THISegment L3RG —1TAED AN [B] (BRI 2ZER)) KM iZSegmentsk
BRr B 1TIED YA

EXPLAIN ANALYZE & T R & 111 G N A ST T 1+ £ 55 VDML 13 7 /] EXPLAIN
ANALYZE 7 #na##5 A& EXPLAIN ANALYZE FE 57 :

BEGIN;
EXPLAIN ANALYZE ...;
ROLLBACK;
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Gather Motion 3:1 (slice2; segments: 3) (cost=2360.80..7000.90 rows=99992 width=16) select * from t2 join tl on
Rows out: 33333 rows at destination with 26 ms to first row, 93 ms to end, start offset by 0.530 ms. t2.cl = tl.c2
-> Hash Join (cost=2360.80..7000.90 rows=33331 width=16)

Hash Cond: t1.c2 = t2.c1
Rows out: Avg 11111.0 rows x 3 workers. Max 11246 rows (segl) with 24 ms to first row, 83 ms to end, start offset by 0.821 ms.
Executor memory: 1042K bytes avg, 1043K bytes max (seg0).
Work mem used: 1042K bytes avg, 1043K bytes max (seg0). Workfile: (O spilling)
(segl) Hash chain length 2.3 avg, 9 max, using 14237 of 16384 buckets.
-> Redistribute Motion 3:3 (slicel; segments: 3) (cost=0.00..3137.97 rows=33633 width=8)
Hash Key: t1.c2
Rows out: Avg 33333.3 rows x 3 workers at destination. Max 33468 rows (seg0) with 0.433 ms to first row, 40 ms to end, start o
ffset by 25 ms.
-> Seq Scan ontl (cost=0.00..1119.99 rows=33633 width=8)

Rows out: Avg 33333.3 rows x 3 workers. Max 33348 rows (seg0) with 0.048 ms to first row, 4.813 ms to end, start offset
by 0.991 ms.

-> Hash (cost=1110.91..1110.91 rows=33331 width=8)
Rows in: Avg 33333.3 rows x 3 workers. Max 33348 rows (seg0) with 24 ms to end, start offset by 0.904 ms.
-> Seq Scan on t2 (cost=0.00..1110.91 rows=33331 width=8)
Rows out: Avg 33333.3 rows x 3 workers. Max 33348 rows (seg0) with 0.045 ms to first row, 4.892 ms to end, start offset

by 0.905 ms.
Slice statistics:

(slice0) Executor memory: 386K bytes.

(slicel) Executor memory: 212K bytes avg x 3 workers, 212K bytes max (seg0).

(slice2) Executor memory: 4767K bytes avg x 3 workers, 4767K bytes max (seg0). Work_mem: 1043K bytes max.
Statement statistics:

Memory used: 4096K bytes
Optimizer status: legacy query optimizer

TOP'i'\VGt‘Gl 96.875 ms
(25 rows)
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with T1 ms to first row, T2 ms to end, start offset by T3 ms
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Greenplum & ifitXIfE %

Work_mem used
® X EIETI AT HEAFEAR/N
o WRNSELLXNEHTIEMNNGFEN CHFHRIMATIERE » SRR H s -

Work mem used: 68K bytes avg, 69K bytes max (seg0). Workfile: (3 spilling)
Work _mem wanted: 1042K bytes avg, 1043K bytes max (seg0) to lessen workfile I/O affecting 3

workers.
(seg0) Initial batch O:
(seg0) Wrote 480K bytes to inner workfile.
(seg0) Wrote 480K bytes to outer workfile.
(seg0) Initial batches 1..15:
(seg0) Read 611K bytes from inner workfile: 41K avg x 15 nonempty batches, 43K max.
(seg0) Read 613K bytes from outer workfile: 41K avg x 15 nonempty batches, 43K max.
(seg0) Hash chain length 2.3 avg, 10 max, using 14298 of 16384 buckets.
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GreenplumXZ FMMEiH(L{EES : Planner 1 GPORCA

{# FAPlanner:

SQL Parser Planner Executor Results
Query Plan

GPORCA
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GreenplumXZ M E1E/L{E2%  Planner 1 GPORCA

{£ FHGPORCA:

SQL Executor Results

Planner

GPORCA

Pivotal



Greenplum A EIFITRI4ERK

GreenplumXZ M E1E/L{E2%  Planner 1 GPORCA

ST TFGPORCAF X4, GPORCA£ B rfifall backZl|Planner:

SQL Executor Results

Plan

Fallback

GPORCA

Pivotal



GPORCA or Planner?

bootcamp=# explain select * from products;
QUERY PLAN
Gather Motion 2:1 (slicel; segments: 2) (cost=0.00..431.00 rows=1 width=11)
-> Table Scan on products (cost=0.00..431.00 rows=1l width=11)
Settings: optimizer=on
| Optimizer status: PQO version 1.628 [
(4 rows)

PQO: Pivotal Query Optimizer
+
Optimizer Version #

Pivotal



GPORCA or Planner?

bootcamp=# explain select * from products;
QUERY PLAN
Gather Motion 2:1 (slicel; segments: 2) (cost=0.00..1.01 rows=1 width=11)
-> Seq Scan on products (cost=0.00..1.01 rows=1 width=11)
|0ptimizer status: legacy query optimizer |
(3 rows)

Planner Plan

Pivotal



Greenplum M X E T RIERK

create table tl(cl int, c2 int, c¢3 int) distributed by (cl);

create table t2(cl int, c2 int, c3 int) distributed by (cl);

Pivotal



Greenplum 2 R &EHITRI4ERK: Scan

Y FScanTig » & segmentiTIffE A EHE > Fx/omasteri@iit
Gather MotionZEE L E -

IIIIMHHHIIII
SELECT * from tl where tl.c2 = 1;

QUERY PLAN

i > i Y Gather Motion 3:1
3 -> Seqg Scan on tl
P N Filter: (c2 = 1)
// h
(3 rows)

7
P
D
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Greenplum 2R EHITRILER: Join

YSFJoinTi g » WMRBMTAITHRET T MRNFEERE » o8N
segmentR] LU T AN ZERE » Bfomasterifiid Gather Motion UK £ 45

%o
! i SELECT * from tl, t2 where tl.cl = t2.cl;

5 | QUERY PLAN
(o) e
| § Gather Motion 3:1
¥ 4 TS F N -> Hash Join
P f R Hash Cond: (tl.cl = t2.cl)
//// } ‘\\\ -> Seqg Scan on tl
H N -> Hash
o } \\\\ -> Seq Scan on t2
i | e (6 rows)

[ Segment J [ Segment J [ Segment ]
: - - r

% Scan on Scan on i i Scan on Scan on i i Scan on Scan on E
' t1 t2 i | t1 t2 i ' t1 t2 i
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Greenplum WX &R 4 HK: Join

G0 > BATTRESTEETMHE TR -

S

\ g
Segment } Segment J Segment }
Local Join : ‘ :

/[ Scanon Redistribution /[ Scanon Redistribution | | ' { Scan on Redistribution | |
: t1 Receiver )< | t1 Receiver | i t1 Receiver i
1 ‘ i 1 e 1

; E S
! ! 5 3
i Scan on N Ve __ st Scan on ' N el e Scan on
' t2 LR ; S A 2 [ T i ©
5 ' - Ne” 5

Redistributing t2 by c2

Pivotal

SELECT * from tl, t2 where tl.cl = t2.c2;
QUERY PLAN
Gather Motion 3:1
Hash Join

->

Hash Cond: (tl.cl = t2.c2)

-> Seqg Scan on tl

-> Hash

-> Redistribute Motion 3:3
Hash Key: t2.c2
-> Seqg Scan on t2
(8 rows)



Greenplum WX &R 4 HK: Join

REFTHRTR.

==l
5 : SELECT * from tl, t2 where tl.c2 = t2.c2;

QUERY PLAN

[ e Gather Motion 3:1
\ TR -> Hash Join
[ Hash Cond: (tl.c2 = t2.c2)

Segment Segment Segment -> Redistribute Motion 3:3
Hash Key: tl.c2
: : ! 3 -> Seg Scan on tl
] 3 i j ‘ 3 -> Redistribute Motion 3:3
Redistribution Redistribution | | Redistribution Redistribution | Redistribution Redistribution |
| Receiver1 Receiver2 | Receivert Receiver2 | } Receiver1 Receiver2 Hash Key: t2.c2
: " ‘;\\ //%Y e oA x| Pl o~ P i _
| | Scanon \\\ Scan on v N7 || Scanon || /[ Scanon .- /1 [ Scanon 7 3 Scan on : > Seq Scan on t2
: t1 N2 SN, t1 7 2 . 1 ! 2 ‘ (10 rows)
SN \ il 2 i)

Redistributing t1 and t2 by c2
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Greenplum WX &R 4 HK: Join

RE BRP—TR,
| - : SELECT * from tl, t2 where tl.c2 = t2.c2;

QUERY PLAN

s ) . Gather Motion 3:1

----- | ' -> Hash Join
N Hash Cond: (tl.c2 = t2.c2)
' - -> Seg Scan on tl

\ By -> Hash
‘ ‘ -> Broadcast Motion 3:3
Segment -> Seq Scan on t2

Segment
(7 rows)

! ! 3 Local Join i
' ( Scanon Broadcast | | f 3
: t1 Receiver s

~No
< S~
N
N,
N

Scan on | Ve
2 | % -
oA \, AL

ST e D TS O . = S
~-__%
N————

Broadcasting t2
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Greenplum & HITRI4EER: Aggregate without Group

Y FEHTHIEE > GreenplumE BT PRI ER TR EERSERKRY
E—MEL 1 & segmentPliT—RAHTE -

B EE : Masteri@iid Gather Motion it F— ERENEE - NS
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Greenplum & HITRI4EER: Aggregate without Group

IR ZEAFDISTINCT, ELEDISTINCTRESR » .0 DLEBEIITRA

igEaer =

§ | SELECT avg(cl) from tl;
3 Aggregate i QUERY PLAN
A \ ,: g™ Aggregate

S E———— . B -> Gather Motion 3:1
B -> Aggregate
-> Seqg Scan on tl
(4 rows)

| | Aggregate |

Aggregate



Greenplum & HITRI4EER: Aggregate without Group

FN > BEAESIE  ASEHTHNERSE -

SELECT avg(distinct c2) from tl;
QUERY PLAN

Aggregate
-> Gather Motion 3:1

: - -> Aggregate
Segrent Segrmisfit Segment -> Redistribute Motion 3:3
\ ‘ \ . \ . Hash Key: tl.c2

-> Seq Scan on tl

Aggregate with Aggregate with Aggregate with !
DISTINCT 3 ! DISTINCT | : DISTINCT | (6 rows)
Redistribution |, ' ! ("Redistribution | ! . _[ Redistribution |
Receiver J~e_ _~-7|U_Receiver J>~{_ = __--"7 | Receiver
N sl | e [PAA
. K ~zs U
e e TN, e ot ~———
] . P
""""""""" Bls - RS-
Rt -

~ -

Redistributing by c2
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Greenplum & HIT R4 Aggregate with Group
WTFETHNESE > GreenplumMIFANEKRRNE :

1. ERTE—HREEE DA EI[E—segment EHRFERE,
2. REEFRMHADE R EHIsegment EMTIIREHF L -
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Greenplum 73 X E {814

= ¥: Aggregate with Group

MERRBFESTESAE > LT segmentilfT—IEZEE -

[ Master ]

[ Segment ] [ Segment ]

|| Aggregate Aggregate

Pivotal

SELECT avg(c2) from tl group by cl;
QUERY PLAN
Gather Motion 3:1
-> HashAggregate
Group Key: cl
-> Seq Scan on tl
(4 rows)

[ Segment ]

1 Aggregate

|
i

|
|
! '
! |
|

|
'
|



Greenplum 73 X E {814
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= ¥: Aggregate with Group

MRRREFEESMRSH » ERZEDISTINCTERE, Bt

segmentfl{TPIRTELREE -

e S
A

| 2 s
Redistribution
g 1

Aggregate H Aggregate
Z 3 | 2 3
A Redistribution
AT Receiver Tk e

T~ [Aggregate o
: 1 f

2 -

i s
—

-

g
3
s
/
o2
/
/
7
/
s

N -

Redistributing (group key+transvalue) by group key

ol
b
¥ ~{ Aggregate
/

P A5
Vs
\/

A
7R
.
.

SELECT avg(c3) from tl group by c2;
QUERY PLAN
Gather Motion 3:1
-> HashAggregate
Group Key: tl.c2
-> Redistribute Motion 3:3
Hash Key: tl.c2
-> HashAggregate
Group Key: tl.c2
-> Seqg Scan on tl
(8 rows)
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SELECT avg (c3)

c2 c3
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aggtransfn

WO

from tl group by c2;

group sum N

10 400 |2
20 600 |2
group sum N
10 500 |2
20 700 |2

Redistribute(c2)
group sum
——————— —>10 400
N 10 500
\ /T
\ /
\ /
\ /
\ /
X
/ N\
// h
\
// \ group |sum
\
4 420 |600
_______ —>20 |700

aggcombinefn

\>
/

group

10

group

20

sum

900

sum

1300

aggfinalfn

group

10

group

20

=B Aggregate with Group

avg

225

avg

325



Greenplum R & HIT X4 Aggregate with Group

MR ERIEIESTRSYH > HEDISTINCTERME, L FAsegmentsk
BEESMEBE ABRBNTHRMERE -

SELECT avg(distinct ¢3) from tl group by c2;
! | QUERY PLAN
(o)

A

’ /,,/‘ B e T ,,,,,,, i

Gather Motion 3:1
\x\‘ -> GroupAggregate
e Group Key: tl.c2
- -> Sort

A B>

2
sl | =
Segment Segment “ Sort Key : tl.c2
-> Redistribute Motion 3:3
[ ] { J ) Hash Key: tl.c2

(O e i 0 e O sort Key: tl.c2
R j Redistribution § Redistribution : -> Redistribute Motion 3:3
PR Receiver  J"~==-r-__ Receiver '

N Tmes
—>

edistribution !
Receiver LT,
! = e 3 Hash Key: tl.c3
Lol vl NP -> Seq Scan on tl
i\: -------------- R o (14 rows)
Redistributing tuples by aggregate key Redistributing groupkey+transvalue by group key

Pi



Greenplum R & HIT X4 Aggregate with Group

SELECT avg(distinct c3)

c2 c3 Redistribute(c3)
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aggtransfn ]

NVERN

10 100
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20 400

Nl
N
.,
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from tl group by c2;

Redistribute(c2)
group sum N group
1 ————5>/10
2\ /4 10
A /
N/
\
\/
A
/ N\
/
group |sum N / N\ |group
/ N
5 20
20 |400 |1 |- ———"720

sum

100

600

sum

400

400

aggcombinefn

N group |sum
1 710 700
2

N group sum

2 7 20 800
1

N

aggfinalfn

group avg
ll 10 233

group |avg



Greenplum 5 A& 1TX|4£EK: Aggregate with Group
B R N segmentHiiT SRS -

SELECT avg(distinct c¢3) from tl group by c2;
QUERY PLAN

Gather Motion 3:1
-> HashAggregate

Group Key:

Segment Segment Segment e Ha ShAggregate
Group Key:|tl.c2, tl.c3|
-> Redistribute Motion 3:3

Hash Key: tl.c2

Aggregate 3 ! Aggregate 3 > Ha ShAggregate
Group Key: [EL67, €107
| ‘ i 3 ->
Redistribution i Redistribution Redistribution } Se gq Scan on tl
Receiver Receiver Receiver ! (10 rows)
- / Il
|

Redistributing (group key + aggregate key) by group key

Pivot .



Greenplum R & HIT X4 Aggregate with Group

SELECT avg(distinct c¢3) from tl group by c2;

c2 c3 Geduplication Redistribute(c2) deduplication aggtransfn aggfinalfn
10100 5 10 100 ————— > 10 100 ——— 5 10 100
group sum N group avg
20 100 10 200 |————— > 10 200 7 10 200
10 (700 3 10 233
10 200 >< 20 100 | A 10 200 10 200 —
A / /
20 300 |——>| 20 300 N/ 10 400
NN/ 7
x 7/
Y
A 0N
2 I
10 200 ——> 10 200 / 7\ 20 100 20 100
; \ _/— group 'sum |N group avg
20 100 10 400 \)\,, 20 100 20 300
>< N /' 20 800 |3 20 266
10 400 20 100 7 N[ 20 300 / 20 400 /

20 400 ——>( 20 400 |f— ———— > 20 400
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Greenplum EH1E{L: Example 1/2

# explain analyze select * from tl join t2 on tl.cl = t2.c2;
QUERY PLAN

Gather Motion 3:1 (slice2; segments: 3) (cost=1192.55..5169.33 rows=50380 width=16)

Rows out: 51500 rows at destination with 88 ms to first row, 187 ms to end.

-> Hash Join (cost=1192.55..5169.33 rows=16794 width=16)
Hash Cond: t2.c2 = tl.cl
Rows out: Avg 17166.7 rows x 3 workers. Max 50000 rows (seg0) with 132 ms to first row, 166 ms to end.
Executor memory: 524K bytes avg, 1563K bytes max (seg0).
Work mem used: 524K bytes avg, 1563K bytes max (seg0). Workfile: (3 spilling)
Work mem wanted: 1563K bytes avg, 1563K bytes max (seg0) to lessen workfile I/O affecting 1 workers.

(seg0) Initial batch O:

(seg0) Initial batches 1..7:

(seg0) Secondary Overflow batches 8..15:

(seg0) Hash chain length 50000.0 avg, 50000 max, using 1 of 1024 buckets. Skipped 15 empty batches.
-> Redistribute Motion 3:3 (slicel; segments: 3) (cost=0.00..3098.10 rows=33190 width=8)

Hash Key: t2.c2
Rows out: Avg 33333.3 rows x 3 workers at destination. Max 33348 rows (seg0) with 0.429 ms to first row, 38 ms to
end.
-> Seq Scan on t2 (cost=0.00..1106.70 rows=33190 width=8)
Rows out: Avg 33333.3 rows x 3 workers. Max 33348 rows (seg0) with 0.049 ms to first row, 4.865 ms to end.
-> Hash (cost=562.80..562.80 rows=16794 width=8)
Rows in: Avg 99.5 rows x 2 workers. Max 125 rows (segl) with 1.178 ms to end, start offset by 0.929 ms.
-> Seq Scan on tl (cost=0.00..562.80 rows=16794 width=8)

Rows out: Avg 17166.7 rows x 3 workers. Max 50000 rows (seg0) with 0.048 ms to first row, 7.870 ms to end.
Optimizer status: legacy query optimizer
(38 rows)

Pivotal



Greenplum EH1E{L: Example 1/2

1. BURGIR
ALTER TABLE SET DISTRIBUTED BY

1. #iEaH
SET statement_mem TO XXX

Pivotal



Greenplum &EH1E{L: Example 2/2

# EXPLAIN ANALYZE select avg(distinct c2) from tl group by c2;
QUERY PLAN

Gather Motion 3:1 (slice2; segments: 3) (cost=144826.86..164922.45 rows=946623 width=36)
Rows out: 1000000 rows at destination with 829 ms to first row, 6591 ms to end.
-> GroupAggregate (cost=144826.86..164922.45 rows=315541 width=36)
Group By: c2
Rows out: Avg 333333.3 rows x 3 workers. Max 333385 rows (seg2) with 828 ms to first row, 6623 ms to end.
Executor memory: 10692717K bytes avg, 10694374K bytes max (seg2).
Work mem used: 33K bytes avg, 33K bytes max (segO0).
-> Sort (cost=144826.86..147581.13 rows=367236 width=4)
Sort Key: c2
Sort Method: quicksort Max Memory: 36857KB Avg Memory: 36857KB (3 segments)
Rows out: Avg 366666.7 rows x 3 workers. Max 366704 rows (seg0) with 823 ms to first row, 892 ms to end.
Executor memory: 36857K bytes avg, 36857K bytes max (seg0).
Work mem used: 36857K bytes avg, 36857K bytes max (seg0). Workfile: (0 spilling)
-> Redistribute Motion 3:3 (slicel; segments: 3) (cost=0.00..34263.24 rows=367236 width=4)
Hash Key: c2
Rows out: Avg 366666.7 rows x 3 workers at destination. Max 366704 rows (seg0) with 1.061 ms to first row,

422 ms to end

-> Seq Scan on tl (cost=0.00..12229.08 rows=367236 width=4)
Rows out: Avg 366666.7 rows x 3 workers. Max 366704 rows (seg0) with 0.052 ms to first row, 122 ms to

end.
Optimizer status: legacy query optimizer
(27 rows)
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Greenplum &EH1E{L: Example 2/2

ZI R
SET gp_enable_multiphase_agg TO on;

SET gp_enable_agg_distinct TO on; 2-phase
DQA

SET gp_enable_agg_distinct_pruning TO on; 3-phase DQA

Pivotal
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