


Greenplum B & 5|



KA

B B At A0IH
FER F oA
BEEE
¥ & 12 il
BXRGR
BHE5RE

GREENPLUM
DATABASE’

Greenplum

B-Tree
Index



GREENPLUM
DATABASE’

B E At 4NH

FNMLEEHE(SRBEMNEREFE I TBN, MEILENBERIZE—T
R iR ER S| Sk FABRK X FhEEYang ?
Greenplumf BRI R 51 FIRIE PSS STE — MG 2



3B © simanse

o LR3I ? MEEMEEREIE SN

o I
o BRZ5I
o Hash35l, #l40cache
o RSl ATFEXKEER

o b —AKFH FKNEEHK apple’BITFMFFEN
o THALMLIEERTERK
o HEFERAMFEPMES!

m apple->202m




5\ GREENPLUM

B EI i ) DATABASE’

BRI Z— TN RKIE, Al WD AT F K7l
MEEZX B EHME AN, EEBMNPHET TR

GEYS T Enmx@x%/,
" Jnnn

o EPEMETARE, S EEEET ool

o TR EE{EEM B FREIE (key->data)
o B+i [

o MFPAFMTEEEEKey), XEHEEBFIEM
B Rz

o MEBARELEHEARE EFEREES | 00\ (L) )
by |

o MFNHREA—FKIEREMMIER




GREENPLUM

B &t (@) bAtaBAsE:

o B+iMIEEERTHIEEDTMESIEH BLEEIO, 1M TPTANNEERM—1 T,
18] | N — REE 10

o TEREGreenplumdHIBIAZET|LEY

demo=# select * from big where id=10000;

Time: 19490.566 ms @

demo=# create index on big(id);
CREATE INDEX

demo=# analyze big; et [@ H@ H ’

ANALYZE I Vo Lo

demo=# select * from big where id=10000;

Time: 210.594 ms \
100X boost!
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segment-0 segment-1
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o HFEMEENMAFHBEE N segmentt, EFRFIH

BN R segment L FIEIE D A

demo=# select relname, relfilenode, gp_segment_id from gp_dist_random('pg_class') vxlrhére-relﬁamer"] ------------------- S ? ---------- ]"-:
'student_id_idx’; : |

heap data table relation ap data

relname | relfilenode | gp_segment_id

+ +
student_id_idx | 16524 | 1
student_id_idx | 16524 | 0

(2 rows)

$ find . -name 16524 | xargs Is -I
-rW------- 1 interma staff 1212416 Mar 17 10:44 ./gpseg0/base/16384/16524
-FW------- 1 interma staff 1179648 Mar 17 10:44 ./gpseg1/base/16384/16524
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Pageinspect®ZGreenplumi— 1M &, BIIEREFENEFPHRNE,
https://www.postgresgl.org/docs/9.5/pageinspect.html

bt_metap returns information about a B-tree index's metapage

bt_page_stats returns summary information about single pages of B-tree indexes
bt_page_items returns detailed information about all of the items on a B-tree index
page

# BN R
demo=# create table test_index (a integer, b text) distributed by (a);
demo=# insert into test_index(a,b) select s.id, chr((32+random()*94)::integer) from  generate_series(1,10000) as s(id)

order by random();
demo=# create index on test_index(a);
demo=# create extension pageinspect;

PGOPTIONS='-c gp_session_role=utility’ psql -p 6000 demo #&id TE# X EiEiE#ESIsegment k


https://www.postgresql.org/docs/9.5/pageinspect.html
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MetaTiHE, MEIGHEHERILIEH -
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o RERTAMETRZR—1TRERSHERE, 573)

demo=# select * from bt_metap('test_index_a_idx');
magic | version | root | level | fastroot | fastlevel \
+ + + + +
KB FR eER
uint32 btm_magic B-Treefmagici¥ &
uint32 btm_version B-TreefIhRAS &
meta — page3
BlockNumber btm_root BN RRE
‘// \\ uint32 btm_level BT RNHER
page1 page?2 page4 pageb BlockNumber btm_fastroot POEIBET AR S

uint32 btm_fastlevel PRIZIRT RRER
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o FHFERMIENWMEZTF, HdbtpoRRES rooth RHESE1
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o 4N FEBITH key => tid

demo=# select * from bt_page_stats('test_index_a_idx',3);
blkno | type | live_items | dead_items | avg_item_size | page_size | free_size | btpo_prev | btpo_next | btpo | btpo_flags

F o + + + + + + + F e +
3r | 4] 0] 14| 32768| 32652 | 0] 0] 1] 2
(1 row)
demo=# select * from bt_page_items('test_index_a_idx',3); ATFHREHDAER T, 2, 4, 55TE
itemoffset | ctid | itemlen | nulls | vars | data / ITREMNESFE: 2973, 5923, 8824, IHTHIRUT:
+ + + + + $ python
hon 2.7.10 (default, Aug 17 2018, 19:45:58)
111 81f |f | il 2
211 16|f |f |9dO0b 0000 00 00 00 00 1 eueemtead, 1
3|(4,1)] 16]|f |f |2317 00000000 0000 >>> int('1723°, 16) # KISFIEe
41(51)| 16|f |f |782200 000000 0000 5923

(4 rows) >>> int('2278', 16) # ElREIRe
8824
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HF35 R stats
o type#EBE T, FKHHleaflT; btpo#iFETFO0, RREOE
o live_itemsE$:1473*3+597=50161"F& 5|7t ¢H, MB— 1 segment L H 49841 K 5|t

, XE5ERGBH£I10000MNIEEME
o FHI3 M leaflMMEA B RIEH, EFIELH(1-3264/32768)=90%, Xt ZB-TreeIMtF 5 HY

FINEFREF (RER T RAEFREFZ 70%)
e btpo_previllbtpo_nextTiExBHleaflTTMIFE (HEZRIA)  1<>2<>4<>5

demo=# select blkno,type,live_items,page_size,free_size,btpo_prev,btpo_next,btpo from
bt_page_stats('test_index_a_idx',1) union select blkno,type,live_items,page_size,free_size,btpo_prev,btpo_next,btpo
from bt_page_stats('test_index_a_idx',2) union ... ; -- KRB Eif)4, 571

blkno | type | live_items | page_size | free_size | btpo_prev | btpo_next | btpo
+ + + + + +
111 ] 1473 | 32768| 3264 | 0] |
211 1473 | 32768 | 3264 | 1] [
4|1 | 1473 | 32768 | 3264 | 2| 5]
511 ] 597 | 32768 | 20784 | 4| 0]
(4 rows)

O O OO +
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demo=# select * from bt_page_items('test_index_a_idx',1) limit 5;
| itemlen | nulls | vars |

HF3 Ritems
F—1EHE : ctid=(1,628), #0EI
121B-TreelZ 45/~ 5l & H0 Ak,

BITTENEENE—N32E

£HighKey, MME_ZNMTHEFF

8, TEREEMF T RFMHN

#E
Rl th

= e —

E 5 —

NHE—TE

BEE(XELRZNE, B-Tree
MEMETHERIO/NSRIE
), ME—TTE 21 H#EN

2, ELZ X B-Tree®k 5

IME,

HIER

itemoffset | ctid

-+

+

data
+

(5 rows)

demo=# select * from bt_page_items('test_index_a_idx',2) limit 5;

itemoffset | ctid

16|
16| f
16 | f
16 | f
16 | f

| itemlen | nulls | vars |

-+

| f
| f
| f
| f
| f

+

| 9d Ob 00 00 00 00 00 00
| 02 00 00 00 00 00 00 00
| 03 00 00 00 00 00 00 00
| 04 00 00 00 00 00 00 00
| 06 00 00 00 00 00 00 00

data
+

demo=# select * from test_index where ctid='(1,628)" and gp_segment_id=0;

a|b
——— e
2973 |H

demo=# select * from test_index where ctid='(3,613)" and gp_segment_id=0;

alb
[N S

16| f
16|
16| f
16 | f
16 | f

| 23 17 00 00 00 00 00 00
| 9d Ob 00 00 00 00 00 00
| 9f Ob 00 00 00 00 00 00
| a2 Ob 00 00 00 00 00 00
| a3 Ob 00 00 00 00 00 00
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Search(Key) {

currentNode = Root

LockRead(currentNode) // NNiE§i

while (currentNode.level() != LEAF) {
idx = SearchNode(currentNode, Key)
LockRead(currentNode.Child[idx])
UnLock(currentNode) // TERLSH
currentNode = currentNode.Child[idx]

}

tid = GetTID(currentNode, Key)

UnLock(currentNode)

return tid

HAEETTRLEA—

MRUBRET A

)\ GREENPLUM
/ DATABASE"

Sl

N
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Insert(Key) {

currentNode = Root

LockWrite(currentNode) // IN5 i

while (currentNode.level() != LEAF) {
idx = SearchNode(currentNode, Key)
LockWrite(currentNode.Child[idx])
currentNode = currentNode.Child[idx]
if (currentNode.isSafe()) // HHRETRLET S

UnLockAllParents(currentNode) // BERERT APAIH

}
InsertAllParents(currentNode, Key) // BEAHRIT R, FHRABAIERT AP (NRE

)

UnLock(currentNode)
UnLockAllParents(currentNode)

]

= VAN

THRSITEE FEMAEMTR, BLEXITHR
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o BlinkiF L= HIE %, 5IAT— moverightiE{E, FIFBZEIT HighKeyF£ 7216 5t
ATEMEZMTREEESNH - MRS H, fTERWBEE—EEERFETRL

/] BREY, WTEREEEHINT R LRFEB
_bt_moveright() {
while {
/] BERZHRANATESR
]

// ScanKeyAFHighkey, EILEERRE
if (P_IGNORE(opaque) || _bt_compare(rel, keysz, scankey, page, P_HIKEY)
>= cmpval)
{
// EEBH—T, FERRETHRLARE, BIREA RS TR LR
buf = _bt_relandgetbuf(rel, buf, opaque->btpo_next, access);
/] BERA: IREREESZLR

continue;

else
break;
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// BRPEAIEFERENEBEER
// B{EA, Search(15) |
I

node = read(x); |

& node, RMISTEMHFyHarh |
|
|
|
|
I
I

/! yEES %, BRIREE(8,9,10)! |
node = read(y); |
Ty PR RikR15! |
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node2 = read(x);

#Hi&node2, RMIRIZIBEAHFT Ry
HEENZyh, BRERMyELH T
2By D RHTBAN:

y = (8,9,10); y’ = (12,15)
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o RilCHHhRZRE X

o  https://www.postgresgl.org/docs/9.5/xindex.html

Table 35-2. B-tree Strategies

o B &5 7/I\?§ A, o ?'*J 2 % Operation Strategy Number
o  FWESIBIER, 51 i ‘
\ less than or equal 2
o XFEH 21 — -
o KEL%B% BHE XA greater than or equal | 4
greater than 5

Table 35-8. B-tree Support Functions

Support
Number

Function

Compare two keys and return an integer less than zero, zero, or greater than zero, indicating whether the first key is less than,
equal to, or greater than the second

Return the addresses of C-callable sort support function(s), as documented in utils/sortsupport.h (optional) 2


https://www.postgresql.org/docs/9.5/xindex.html
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Pg_proc

procedure

A
o  Operator family, FE#H1T 58! Ay
ER#% O
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pg_operator
operator
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pg_am
access method

A\

Pg_type
datatype
Pg_amproc
access method’s P
support procedure
N
pg_amop
<  access method’s P>
operator

pg_opfamily

operator family

ViN

pg_opclass
operator class B
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