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14> +=)L (1)

* V—=ADD

- GitHub (https://github.com/sraoss/pg_ivm) Hh6Y—XA—KR%ZAF

~ PostgreSQLDY —X. FTzlF. devel /Ny — (postgresqll4-devel. postgresql-

server-dev-1473 ¥) HHE

* RPMN\NwTr—o D5

- yum®dnfZ{E>TA >R b—)LAJgE

S make install

~ PostgreSQL Yum Repository (https://yum.postgresgl.org/) TieEETN TS

$ sudo yum install pg ivm 14
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* CREATEEXTENSION ZE1T 325 EUTDA T2 7 bHMERRET NS

CREATE EXTENSION pg ivm;

- =7
* pg_ivm_immv: IMMVDXX7T—R%=Z1&NS 2 Hh20O7

- B
* create_immv: IMMV Z{ERT 3
* refresh_immv: IMMV ZF&1 Tt (refresh) 93
* get_immv_def: IMMVOEZEHNITS
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@ SRA 0SS

IMMV D 1ERK

* Ea—DABICEHZZTIETE L Tcreate_ immv ER=E179 3
- CREATE METERIALIZED VIEW XD E{TICHEH
- AIRERBEIET VT v IR EFERMINDS

test=# SELECT create immv('mv(aid, bid, abalance, bbalance)',
'SELECT a.aid, b.bid, a.abalance, b.bbalance
FROM pgbench accounts a JOIN pgbench branches b USING(bid) ') ;

NOTICE: created index "mv_ index" on immv "mv"
create mv

10000000
(1 row)
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IMMV D 15#k

pg_ivm_immv AXOJICT> UAEMENTWS

test=# SELECT * FROM pg ivm immv WHERE immvrelid = to_regclass('mv');
immvrelid | viewdef | ispopulated

{QUERY :commandType 1 :querySource 0 :canS.
.etTag true :utilityStmt <> :resultRelation.

0 :hasAggs false :hasWindowFuncs false :h.
.asTargetSRFs false :hasSublinks false :has.

(FrEs)

| .nList <> :mergeUseOuterJoin false :stmt lo. |
| .cation 0 :stmt len 0} |
(1 row)
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o

IMMV®D E 2 —%F

* Ea—DERIL get_immv_def B TR TE 3

- psql D \d+ X237V RICHEY

test=# SELECT get immv def('mv');
get immv def

SELECT a.aid,
b.bid,
a.abalance,
b.bbalance
FROM (pgbench accounts a
JOIN pgbench branches b USING
(1 row)

(b1id))
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IMMV D B &1 5h

« F—TLEBET B IMMV EEBTEF NS

- PhERR]IEH T H 15.448 ms
- ALESEDTTUTS1XRE 2—% REFRESH L7I8AICIE 20 B EAHB

test=# UPDATE pgbench accounts SET abalance = 1234 WHERE aid = 1;

UPDATE 1
Time: 15.448 ms

test=# SELECT * FROM mv WHERE aid = 1;
aid | bid | abalance | bbalance
————— e -

1 | 1 | 1234 | 0

(1 row)
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IMMVOF&IU T Ly a

* Ea—0D&ARIZIEE L Trefresh immva3E1T
- REFRESH MATERIALIZED VIEW XD =TI 48

- B25|RIEIT—AEROEEXIEE T DEAME (WITH [NO]DATA A > a3 VICHEY)
* true: VIUEEFTLTHLLWTF—2Z2ER L. BEEFHERICE S,
* false: IMMV OFBREHZEICLHD. BEIEHIIEMICTD

test=# SELECT refresh immv('mv', true);
refresh immv

10000000
(1 row)
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ER SNz IMMV OEEITT—T )L
* psglD\d XXX > RTli& Table e RREND

test=# \d mv
Table "public.mv"

Column | Type | Collation | Nullable | Default
—————————— -t
aid | integer | | |
bid | 1nteger | | |

abalance | 1nteger | | |
bbalance | integer | | |
Indexes:

"mv index" UNIQUE, btree (aid, bid)
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IMMV D EFid A AT

* BEDONT U754 XRFE 2 —DEH LAk
- BHLESLTBLIS—ARE

ERROR:

test=# DELETE FROM mv WHERE aid = 1;

cannot change materialized view "mv"
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IMMV D §l &

* DROP TABLE X% fEH T 3
- pg_ivm_immv A2 O OEHRH BFNICHIRINS

test=# DROP TABLE mv;
DROP TABLE

test=# SELECT * FROM pg ivm immv WHERE immvrelid = to_regclass('mv');
immvrelid | viewdef | ispopulated
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ng_ivm D3E
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- TOHRTT—IJIINEDOHHYE., Ea—Z705A88 X ERZITS

« B#X (Transition Tables) %=#
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Ea—ICRETIEDTDIHE

* Ea—TEHRIJIVZEZIHBRATETITS
- BEOOH>I-T7—T I 2BRRTEZITRZS
BEHOHoT=T—TI

Ea1—%F%: SELECT ... FROM R, S WHERE ...
SRR SELECT ... FROM new table R, S WHERE ...

BRER (T—TIIRICEATNIITOES)

- RITRERIE TE2—-ICFHLIEATSIITOES) B3

© 2022 SRA OSS LLC




@ SRA 0SS

ENHEE 31— IEE

* NEBTSQLZ 1T
- DELETE 2317 L T IMMV h517% HIB&
- INSERT Z{TL T IMMV |[ZfTZ @A
- EHESUE1—DIFEIX. UPDATE 2T L TENEEEHTS

* IMMV ED1>T v IR

~ DELETE *°> UPDATE DXIRITZRE T 51 HBYR1 > T v I XD IMMV EICKHE

- ARERHBEICIFEBTERT S
* EFXF—NTLHFET BHAP. GROUPBY H'H 2155
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ENZELCE2—DXYTFUR

* T=TILCKELLEDTICH L TENZITL. TORBRZFE->TELI—RHD

R THT S L
- EHOSEE. EOOBIEICL > THA Ty
- 1) F—TI ; 2510
* count(x) < count(x) = [Z%9 LD count(x)] ETAN ! £ 44
* sum(x) < sum(x) = [E LD sum(x)]
*avg(x) < (sum(x) £ [ZE53 LD sum(x)]) / (count(x) £ [ZE5 LD count(x)]) i &
* WKODDATLABETEMEIND “

- Ea—2@&BLURBITIN—TORICEENDTE (Livm_count_...)
— avg DIF/FRIFT SIS, count BEL Y sum DFERZENT D H T L
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£49: min(x) LU max(x) EFNEDEH
 XFILIEAR .

- min(x) < least (min(x), [Z4% L£® min(x)])

— max(x) < greatest (max(x), [Z£4 £ D max(x)])

* X7 )LEIBRET !

- BEE® min(x) (F7cid max(x)) HE 2 —D5HIBRENDEEIE. FILLWR/IME - RKIE
ZNRN—RT—TIDEFARLESTHEL DS

- TNLNDIZE. AH T BBEHEL
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DISTINCTZ2ECEa2a—DX>TFH2R

s RITOTH =M T D N> L (ivm_count ) #

- EHOBEEEFRIC. T—TILICEEHDE L 5T HDIERE B
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TRUNCATE

s Ea—TFRICEEZNSZT—TILH TRUNCATE SN7-155
I¥. IMMVHTRUNCATEYS 3
- BEOREEDHE. VIURERTOERINTITELS
- fe72L. GROUPBY ' WEHN I T D& I3
* BIC1TOBRIAEI—ICEENS
c JIVDBETICEDE 2a—DAHABR=RTHLT S
> ERE LT, SDENNULL TH S LITHiEmMIND
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EBHT—JIEHKBECHEE

© EREBRR

WITH x AS (INSERT INTO r VALUES (1,10) RETURNING 1),
- EHCIE vy AS (INSERT INTO s VALUES (1,100) RETURNING 1)
- RUH— SELECT 1;
- S —

* HOREEIIABRICIFERT —TJILEHEFEL
- SIUROR—F—T) = ALRBEOREZF— 7L

* Ea—0DEREHRICIE. T—TILD TE#HENL & EFHERI OmADRENNE
- JOINE 2—0DB5 DA
* TE VERNS
© FE R<RU AR,S«<SUAS
© EHNEE AV=(ARMS_old) U (R_new I AS)
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T—7ILD TEHHhE OREDEIR

* AFTER FUHDOHTIE TEHH ORELHNBBTEAL

* I&E#Hm ORREIF. RFvyTFay bzERALTEE
- T=JIILEFERRORFTYy I ay bz&EREL TE L (BEFORE U AH)
- EFHEIORELX TS 76 WHERE 4] THRB A B8 % I3

SELECT.. FROM tbl

WHERE 1ivm visible 1n prestate(t.tableoild, t.ctid ,matview oid);

- ORI, tableoid, ctid TIEESNX TILDEHREEZREFEADRAFT v I3y b= E-T
HEL. EREZIRY
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IR DY

* UTFZETE 2 —IFIEXRIS
- HAAHAAHD count, sum, avg, min, max UNDEKN. T > R IR
- HNEEES
- CTE (WITH®)
- EHPRDISTINCTZEOH o T

~ HAVING, ORDER BY, LIMIT/OFFSET, UNION/INTERSECT/EXCEPT, DISTINCT ON,
TABLESAMPLE, VALUES, FOR UPDATE/SHARE

- Ea— XTIV T7SAXREa— #ET—TI. N—=Ta>a>7—TII. A&BT—7
L
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TPC-H 7T )%

Q0l: 1 DDEXT—TIIC
- BEOIYTVT7SAXRE2—DZE
* lineitem 7—7J L% 117E#H . 10ms 12E
* REFRESH: 10012

UV o [ Re ST

X AT—=I)ILT 702 =1
(lineitem:; 6005 1TH2E)

(1)

x19 % EHY

tpch=# UPDATE lineitem
SET 1 quantity = 1 quantity * 2
WHERE (1 orderkey, 1 linenumber)

UPDATE 1
Time: 9.995 ms

tpch=# REFRESH MATERIALIZED VIEW mvO01l;
REFRESH MATERIALIZED VIEW
Time: 10438.409 ms (00:10.438)

= (3653,1);

CREATE MATERIALIZED VIEW mv@l1l AS
select
1l_returnflag,
1_linestatus,
sum(1l_quantity) as sum_qty,
sum(1_extendedprice) as sum_base_price,
sum(1l_extendedprice * (1 - l_discount)) as sum_disc_price,
sum(1l_extendedprice * (1 - l_discount) * (1 + 1_tax)) as
sum_charge,
avg(l_quantity) as avg_qty,
avg(l_extendedprice) as avg_price,
avg(l_discount) as avg_disc,
count(*) as count_order
from
lineitem
where
1_shipdate <= date '1998-12-01' - interval '78' day
group by
1l_returnflag,
1_linestatus;

Panasonic Let's note CF-SV7

CPU: Intel(R) Core(TM) i7-8650U CPU @ 1.90GHz (8 core)
DRAM: 16GB

AL —2:SSD

OS: Ubuntu 20.04.5 LTS (64bit), linux kernel 5.4.0-126-generic

PostgreSQL 15rcl + pg_ivm 1.3 (M TFEIHR)
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TPC-H 7 I') Z# U\ /=4 BEETE

X AT—=I)ILT 702 =1
(lineitem:; 6005 1TH2E)

(2)

Q01l: 1 DDERT—TILICX T &K

BEDODIYTIVT7SAAREa—DZE .
lineitem —7J)L% 1{T9¥% . 10ms i2E
REFRESH: 10¥12E

- pg_ivm ZES TGS -

lineitem 7—7 )L % 1 178
& IMMVD BENEST | 20ms 12E

Ea2—OFH
488 (I KI5001F

tpch=# UPDATE lineitem
SET 1 quantity

1 quantity * 2

SELECT create_immv('immvoe1l',
'select
1l_returnflag,
1_linestatus,
sum(1l_quantity) as sum_qty,
sum(1_extendedprice) as sum_base_price,
sum(1l_extendedprice * (1 - l_discount)) as sum_disc_price,
sum(1l_extendedprice * (1 - l_discount) * (1 + 1_tax)) as
sum_charge,
avg(l_quantity) as avg_qty,
avg(l_extendedprice) as avg_price,
avg(l_discount) as avg_disc,
count(*) as count_order
from
lineitem
where
1_shipdate <= date ''1998-12-01"'
group by
1l_returnflag,
1_linestatus');

- interval ''78'' day

WHERE (1 orderkey, 1 linenumber)
= (3653,1);
UPDATE 1
Time: 19.525 ms
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TPC-H 7 I') Z# U\ /=4 BEETE

( :E; :> XRAT—=ILT o2 =1
(lineitem: 600 5 1TIZE)

Q09: 6 DDT—TJIL%=FEE L TEN
- BEOIYTVT7SAXRE2—DZE

* lineitem 7—7J L% 117E#H . 10ms 12E

* REFRESH: 3f012E

- pg_ivm ZfE-FE - E 1 —QEF

* lineitem T—7 /L% 1178 4BEIFHI651E
& IMMVD BENEST : 45ms 12E

tpch=# UPDATE lineitem
SET 1 quantity = 1 quantity * 2
WHERE (1 orderkey, 1 linenumber)
= (3653,1);

UPDATE 1
Time: 45.688 m

SELECT create_immv('immv@9',

'select
nation,
o_year,
sum(amount) as sum_profit
from
(
select
n_name as nation,
extract(year from o_orderdate) as o_year,
1_extendedprice * (1 - l_discount) -
ps_supplycost * 1_quantity as amount
from
part, supplier, lineitem, partsupp, orders,
nation

where

s_suppkey = 1_suppkey
and ps_suppkey = 1_suppkey
and ps_partkey = 1_partkey
and p_partkey = 1_partkey
and o_orderkey = 1_orderkey
and s_nationkey = n_nationkey
and p_name like ''%sandy%''

) as profit

group by
nation,
o_year');

© 2022 SRA OSS LLC 43




@ SRA 0SS

MEED L —RA T

* REFRESH& D @RICNY T U7 A X FE a—=EfHalgefchl
T—7 I OEFMEEICEEDL H D
- F—JUEFHEEHEND, BHABH S LBICIET CICBHFOI TURBRIMLL LV SRRICER
- KBF—2%O-FT3HEI0IE. —BIICE 1—ORBEHEENICT S DHEL

SELECT refresh immv('mv', false);

© FIRSRATIERE
- BRSOV I aVHERICE - B I SRICABEDRETBRGBEN DB TcH. Ea—DEFHIF
HttOw V7 ZBF L TITS
* READ COMMITTED S L NILTIZFEHHEE
* REPEATABLE READ BEEL NILUAETIREAD S >0 a>h 7 R—bFENS
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@ SRA 0SS

pg ivm : & &

* PostgreSQLICIBEREa—X>TF >R (VM) ez it d 5L
_REDa—IL
- BAXYTFURAARBITITSAARE2— (IMMV) DTERK
- TN ZEHITB L. IMMVHAEFHNI ODERICEF NS
* A &% (count,sum, avg, min, max) . DISTINCT. BffiZt 70 T IR
- REFRESH&E D SZEICNT U7 54X RE 2a—Z=FE#HoJ6e
—JIILDOEFERICIIREN DD
- PostgreSQL 13, 14, 15 T{EHRTHEE
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PowerGres Plus V13

* PostgreSQL ZRX—X|[ZHBICHER LT —XRX—X
- BDDOYR—F—EX
- FELRTLGUIBEY—)L PowerGres Plus 13
- BENT—XEShICLZ3EFa )Ty
- cIUY O 3O ZEICKSZERM
(https://powergres.sraoss.co.jp/product/plusvi3/)

* V13 H*'5 pg_ivm H* PowerGres Plus THIBERIEE
~ Windows X fShRd D
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@ SRA 0SS

pg ivm DFF

* GitHub : https://github.com/sraoss/pg_ivm
* BHJT ¢ IVM Development Group
* 1t >R  PostgreSQL License

* 1.0 (2022/4) ° 1.2(2022/7)
- BEARWNLHEES (REfEE. BCHES) « DISTINCT ISX - min/max EHIXTIE
- PostgreSQL 14 & - BRY T T UICHIG
* 1.1 (2022/6) — PostgreSQL 15 X3ty
- &% (count,sum, avg) XTIt ° 1.3 (2022/9)
- TRUNCATE %/ - Ea—E&MEREH (get_immv_def())
- FE)JTJLwv>a (refresh_immv() MIS - NJELE

* XIDE[REIFRDOREL

PostgreSQL 13 X
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@ SRA 0SS

pg ivm HAEDSEDFE

s WIHEa—2o ) OILTE

EXISTSH 72T, CTE (WITHG) . HEEES

* T

MREDHE
BIEX VT F R
IN—TFT 4> 3> T—TILDOMN

Pull Request *° Issue [ AELD !
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@ SRA 0SS

Thank you!

SRA 0SS
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