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O LT P (<t PostgresPro

Online Transaction Processing

bBonbLloe KONMmM4ecTBO NoJsib3oBaTenen
User — Order
MunHuManbHoe BpeMs OTKINKA

ToyeyHas obpaboTKa AaHHbIX

OnTUMKn3saLus BbIMOJIHEHUS
HebOoNbLLUNX 3anMpocoB

é




O LA P (< PostgresPro

Online Analytical Processing

MeHblLUee KOSIM4YeCcTBO NoJib3oBaTenen

bonbluee BpeMsa OTK/IMKA

[MakeTHasa o6paboTKa AaHHbIX

OnTnMmnsauuns BbINOJIHEHUSA 601bLUNX 3alrfpocoB

Hy>xeH nn Sharding?




OLAP B Postgres?

dopmMaT XxpaHeHUA faHHbIX

Ncnonbayem noaxoaswmn ana OLAP ¢opmaTt BMecTo heap

Mpob6poc npoekuum

YnTaeM TONIbKO KOJNTOHKM, ncnosib3yemMblie B 3arpoce

[Mpobpoc npeankaToB

V|CI'IOJ'Ib3yeM ycnoBu4d d)VIJ'IpraLl,I/II/I Ha ypoBHE ABWXXKa XpaHEHUA

[MTakeTHaa BCcTaBKa

Peanusyem npenmyLecTBa HOBOro popmMaTa AaHHbIX

Resource manager

Muwem B WAL HOBbIN ¢opMaT AaHHbIX

[Mo3aHAA MaTepuanusauma

ﬂ,OCTaéM 3Ha4YeHnA CTPOKKM Ha NMo3aAHUX 3Tarnax BblMOJIHEHNA 3anpoca

BekTopHOe BbINoJIHEeHUe 3anpocoB

O6pabaTblBaeM Mo HECKOJIbKY CTPOK 3a pas
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XpaHeHUs AaHHbIX



CTpoKoBoOe XpaHeHue (+7 PostgresPro

N-ary storage model, NSM
heap1.dat

10 lvan 14.08.1987 11

Peter 26.02.1984

10 lvan 14.08.1987
—
11 Peter 26.02.1984
heap2.dat
12 Sidor 09.11.1995

12 Sidor 09.11.1995




KonoHo4yHoe xpaHeHue
Decomposition Storage Model, DSM

10 lvan 14.08.1987
11 Peter 26.02.1984
12 Sidor 09.11.1995

(<f PostgresPro

columni.dat
10 11 12
column?2.dat
lvan Peter Sidor
column3.dat
14.08.1987 26.02.1984  09.11.1995




PAX

(<f PostgresPro

Partition Attributes Across pax1.dat
10 11
Ivan Peter
10 lvan 14.08.1987 14.08.1987  26.02.1984
—_—
11 Peter 26.02.1984
12 Sidor 09.11.1995 -
Sidor

09.11.1995




(<f PostgresPro

CTpoku vs KoJIOHKU

heap1.dat

Ctpokun — OLTP
« SELECT ogHOM CTpOKM

« DML ofHOi1 CTPOKM ‘\/,/

Peter 26.02.1984

10 lvan 14.08.1987 11

KonoHku — OLAP

« CxaTtue

* YTeHue TONIbKO UCMOJIb3yeMbIX
KOMOHOK (+ K3LL)

* BekTopHOe ncnosiHeHne



CTpoku vs KONoHKM (7 PostgresPro

columni.dat
Ctpoku — OLTP 2 10 11 12
 SELECT ofHoii cTpoKM \//
DML ogHOM CTpOKM
column2.dat
N |van Peter Sidor
/
KonoHku — OLAP
 CxaTue
* YTeHune TONIbKO UCNONb3yeMblIX column3.dat

KOMOHOK (+ K3LL)
* BekTopHOe ncnosiHeHne

14.08.1987  26.02.1984  09.11.1995




CTpoku vs KoJIOHKU

Ctpokun — OLTP

 SELECT ogHOM CTPOKM
« DML ogHOM CTpOKM

KonoHku — OLAP

« CxaTtue

* YTeHue TONIbKO UCMOJIb3yeMbIX
KOMOHOK (+ K3LL)

* BekTopHOe ncnosiHeHne

(<f PostgresPro

columni.dat

10 11 12

10 — 1000010

(1 million of sorted primary keys)

( Delta Encoding )

columni.dat

Start Count Delta

10 1000000 1



CTpoku vs KoJIOHKU

select max(birthdate) from users;

Mpobpoc npoekuumn

(<f PostgresPro

v

columni.dat
10 11 12
column?2.dat
lvan Peter Sidor
column3.dat
14.08.1987 26.02.1984  09.11.1995




CTpokun vs KONoHKH (A7 PostaresPro

column3.dat

Ctpokun — OLTP

 SELECT ogHOM CTPOKM
« DML ogHOM CTpOKM

10 11 12

select max(birthdate) from users;

KonoHku — OLAP

KOMOHOK (+ K3LL)

CxaTtue
* YTeHue TONIbKO UCMOJIb3yeMbIX
* BekTopHOe ncnosiHeHne

SIMD (single instruction, multiple data)

_mm512_max_epi32

(get max of 16 int32)




PAX

Ctpokun — OLTP

 SELECT ogHOM CTPOKM
« DML ogHOM CTpOKM

KonoHku — OLAP

« CxaTtue

* YTeHue TONIbKO UCMOJIb3yeMbIX
KOMOHOK (+ K3LL)

* BekTopHOe ncnosiHeHne

CTpok
B rpynne

(<f PostgresPro

PAX

« CTaTucTMKa 1 NIerkoBecHble
nHaekcbl (min/max, bloom)

select * from table where :

( [Npo6poc npeankaToB )

[ min_id: 10; max_id:20; ]

£

10 11

lvan Peter

14.08.1987 26.02.1984




Pacwmnpsem Bo3MOXXHOCTU Postgres (A7 Postgresro

Postgres Extensions

1. A3bIKN nporpaMMmnpoBaHuns postgres=# create extension bloom;
CREATE EXTENSION

postgres=# create table test bloom(i int, j int);
CREATE TABLE
postgres=# insert into test bloom select i, 1 from generate series(0,100000) 1i;
INSERT 0 100001
postgres=# create index idx1l bloom on test bloom using bloom(i, j);
3. HAaeKcbl CREATE INDEX
postgres=# explain (analyze, costs off) select * from test bloom where i = 1000 and j = 1000;
QUERY PLAN

4. MOHUTOPUHT M OTJTAJIK@ ~ oooo oo oo oo oo oo o oo oo oo oo r oo
Bitmap Heap Scan on test bloom (actual time=0.947..0.948 rows=1 loops=1)

Recheck Cond: ((i = 1000) AND (j = 16000))

Heap Blocks: exact=1

-> Bitmap Index Scan on idx1l bloom (actual time=0.926..0.926 rows=1 loops=1)

Index Cond: ((i = 1000) AND (j = 1000))

Planning Time: 0.268 ms
6. nO,D,KJ'II'OLIeHVle Execution Time: ©.979 ms

K BHELWHMM AaHHbIM (7 rows)

2. ArperaTHble GyHKLMK

5. TabnnuHble ABUXKXKU

/. N MHOroe gpyroe



HoBbl TaG/IMYHDBIN ABUXOK (57 PostgresPro
TableAmRoutine, 40+ ¢pyHKLMIA

typedef struct TableAmRoutine

{
NodeTag type;

const TupleTableSlotOps *(*slot callbacks) (Relation rel);

TableScanDesc (*scan begin) (Relation rel,
Snapshot snapshot,
int nkeys, struct ScanKeyData *key,
ParallelTableScanDesc pscan,
uint32 flags);
void (*scan end) (TableScanDesc scan);
void (*scan_rescan) (TableScanDesc scan, struct ScanKeyData *key,

nnnnnnn

bool (*scan_getnextslot) (TableScanDesc scan,
ScanDirection direction,
TupleTableSlot *slot);
vold (*scan set tidrange) (TableScanDesc scan,
ItemPointer mintid,
ItemPointer maxtid);

hanl (e ran Aantrnaviel at 3 dranan \ [ Tahl AC ranfares ~ran




Citus Columnar

Citus Columnar — paclumpeHue ans Postgres, koTopoe fo6aBnaeT noaaep)KKy KofioHoudHoro (PAX) xpaHeHUss AaHHbIX B Tabnuuax.
Citus — pacluupeHnue ana Postgres, npeBpallatollee ero B pacrnpeaenéxHyto CYB/, (LuapamMpoBaHHYO KNacTEPHYHO CUCTEMY).

Mntocobl:

* [lpobpoc npoekuunm

« [lpobpoc npeankaToB
+ Cxatue

MwuHycbl:
» Co6CTBEHHbIN hopMaT AaHHbIX
« [loTeHuman He packpbITb MOCTPOYHbIM 3K3eKbOTOPOM Postgres

[pyrne aBMXKM:

« Greenplum AO (c natyamu ssapa)
» Timescale Hypertables

« Hydra (Citus Columnar fork)

« ZHeap (RIP)

« Zedstore (RIP)



P a rq u et (< PostgresPro

dopmMaT OCHOBaAHHbI Ha Maesax File /f%

PAX Magic Number (4 bytes): "PAR1"
. Row group O
¢V| Hu. Column a Footer
« Compression (SNAPPY, GZIP, LZO0, Page 0 Il FileMetaData (ThriftCompactProtacol)
BROTLI, ZSTD, LZ4) Page header (ThriftCompactProtocol) - gg:'a{ﬂf the format)
- Encoding (PLAIN/RLE_DICTIONARY, ﬁmlﬁs - extra key/value pairs
RLE, DELTA*, BYTE_STREAM_SPLIT) - Row group 0 meta data:
Checksumming vales i Gﬁl:'mna:‘ma?mélm
° - ath / encodings / co
= tF‘il..llll.l.lt:: ?EIIJES :
« MIN/MAX, bloom and others W -H - offset of first data page
- offset of first index page
/ - compressed/uncompressed size

- extra Key/value pairs

Row group 1
Footer length (4 bytes)
Magic Number (4 bytes): "PAR1"

Column b
,U,m'-l pa6OTbI C d)OpMaTOM BHYTPMU /

Postgres MOXHO ncnonb3osaTthb libarrow
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HeT npobpoca npoeKkuuu (A7 Postgresro

Cnuncok ncnosnb3yemMblx KOJIOHOK He nepefaéTca B scan

329 TableScanDesc (*scan begin) (Relation rel,

330 Snapshot snapshot,

331 int nkeys, struct ScanKeyData *key,
332 ParallelTableScanDesc pscan,

333 uint32 flags);

«Bitmapset *attr_needed» ?



Mpo6poc npoekuun yepes CustomScan (S Postgresro

MeTtoabl CustomScan n CustomExec oTKpbIBatOT AOCTYnM
K 60/1bLLIEMY YNCNY CTPYKTYP AA4pa, B TOM yncse K ScanState

typedef struct CustomScan

explain select i from c_test where i =1; {
QUERY PLAN Scan scan;
________________________________________________________________________ uint32 flags;
: List *custom plans;

Custom Scan (ColumnarScan) on c_test (cost=0.00..0.00 rows=1 width=4) .

. . L1st *custom_exprs;

Filter: (i =1) List *custom private;

Columnar Projected Columns: i List *custom scan_ tlist;

Columnar Chunk Group Filters: (i = 1) Bitmapset *custom_relids;
(4 rows) const struct CustomScanMethods *methods;

} CustomScan:
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[Tpob6pocC NnpeanKaToB



(<f PostgresPro

HeT npobpoca npeankaTtos

[pobpoc ycnosuin dunbTpaumm TONbKO
BHYTPU HEKOTOPbIX METOL0B Apa U TONbKO
ana ycnosun AND

Ina SeqScan oTCyTCTBYET NOJIHOCTbHO

scandesc = table beginscan(node->ss.ss currentRelation,
estate->es snapshot,

0, NULL+
node->ss.ss currentScanDesc & scandesc;

TableScanDesc (*scan_begin) (Relat\on rel,
Snapshpt snapshot,

int nkeys, struct ScanKeyData *key,
ParallelTableScanDesc pscan,
uint32 flags);



(<f PostgresPro

[Tpo6poc npeamkaTos Yepe3 CustomScan

Mntoc/MUHYC: AP0 NOBTOPHO NPOBEPUT YCIOBUS
ONS CTPOKU N3 ABUMXKA

AND (BoolExpr)
explain select i from c_test where i =1 and jis null;
QUERY PLAN

Custom Scan (ColumnarScan) on c_test (cost=0.00..0.00 rows=1 width=4) = (OpEXpr) IS NULL (NuIITest)
Filter: (G IS NULL) AND (i = 1))

Columnar Projected Columns: i, | / \ l

Columnar Chunk Group Filters: (i = 1)

(4 rows) i(Var) 1 (Const) j (Var)
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Stateless Write (S PostgresPro

HeT meTopoB begin 1 end
BEGIN?

/* see table tuple insert() for reference about parameters */

volid (*tuple insert) (Relation rel, TupleTableSlot *slot,
CommandId cid, int options,
struct BulkInsertStateData *bistate);



3anucb Yyepes 6ydep + Transaction Callback

PeweHue;

1.

XpaHuTb state
B r106anbHON NnepeMeHHOon

OcBoboaunTb state
Npw 3aBEPLUEHNN TPAH3aKLNK

[nochbl:;

1.

N36eraem NnOBTOPHOM
MHULMann3aymm

Bydbepnsnpyem cTpoku BHyTpU
TpaH3akumun Ha Kaxxabin INSERT.
3anncbiBaeM JaHHble MakeTHO.

typedef void (*XactCallback) (XactEvent event, void *arg);

void
RegisterXactCallback(XactCallback callback, void *arg)

typedef enum
{
XACT EVENT_COMMIT,
XACT EVENT_PARALLEL_COMMIT,
XACT EVENT ABORT,
XACT EVENT PARALLEL ABORT,
XACT EVENT PREPARE,
XACT _EVENT PRE_COMMIT,
XACT EVENT PARALLEL PRE COMMIT,

XACT EVENT PRE_PREPARE,

A R

(<f PostgresPro
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Resource manager



WAL, Generic XLog. (<7 PostgresPro

* Ecnu popmart

yKnaabiBaeTcs B 6710KU /* API for construction of generic xlog records */
extern GenericXLogState *GenericXLogStart(Relation relation);
* MeHblle kofa extern Page GenericXLogRegisterBuffer(GenericXLogState *state, Buffer buffer,
int flags);
. Onepau,vm yepes extern XLogRecPtr GenericXLogFinish(GenericXLogState *state);

extern vol ENEr1caLo ort{GenericXxLogState *state),
6ydepHbIn nyn 1 id G LcXLogAbort (G LcXLogS * )



WAL. Custom RMGR. (S PostgresPro

e Ecnu cl)opMaT typedef struct RmgrData
He yKNnaablBaeTcs B 6/10KU {
const char *rm_name;
 Bonblue BO3MOYXHOCTEN void (*rm_redo) (XLogReaderState *record);
void (*rm_desc) (StringInfo buf, XLogReaderState *record);
* bonblle Kofaa const char *(*rm identify) (uint8 info);
void (*rm_startup) (void);
void (*rm_cleanup) (void);
void (*rm_mask) (char *pagedata, BlockNumber blkno);
void (*rm_decode) (struct LogicalDecodingContext *ctx,

struct XLogRecordBuffer *buf);
} RmgrData;
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[lo3gHAA MaTepuannsayums



HeT no3pgHen MaTepnannsauum (7 PostgresPro

explain (analyze, verbose, costs off) select t0.]
from (
select 1, j
from teste
where exists (select 1 from testl where test0.i=testl.k)
) to
offset 1000000 limit 10;

Limit (actual time=11660.533..11660.540

loops=1) A ncnonb3yem TosbKo 10

-> Hash Sem\ Join (actual time=516.460..11621.6005 Tews=1000010 loops=1)

-> Seq Scan on ic.test® (actual time=0.816..4427.402| rows=30100000 ﬁ00p5=1}

output{ testo.j, |teste.i
-»> Hash (actua 16.134..516.134 rows=2020000 loops=1) ,EI,OCTaJ'IVI MWUNTNOHDbI
Output: testl.k 3Ha4YeHun n3 ctonbua j

Buckets: 262144 Batches: 16 Memory Usage: 6492KB
-> Seq Scan on public.testl (actual time=0.010..198.298 rows=2020000 loops=1)
OQutput: testl.k
Planning Time: 0.162 ms
Execution Time: 11755.489 ms
(14 rows)



[lo3pgHAA MaTepuannsaunsa B Postgres (¥ PostgresPro

EcTb 2 pewleHusa

Harw-IMATHU B agpo CTOpOHHUIN executor

(caMOMUCHbIV WX TOTOBbIN)
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BekTOpHOeE
BbiNOJIHEHMe 3anpocoB



HeT BekTOpM3auumn (7 PostgresPro

Per tuple execution Vectorized execution

o l

3 ) 3

. ) .

5 ) 5

o 3

8 ) 8 !
sum(i) = 36 Sum(i) = 36



(<f PostgresPro

HeT BeKTOpU3auum

postgres=# explaln

select sum(testl.1 + test2.1)

from testl join test2 on testl.] = test2.]
where testl.i > 10

and test2.1 > 100;
QUERY PLAN

Aggregate (cost=6508.28..6508.29 rows=1 width=8)
f -> Hash Join (cost=2941.85..6008.80 rows=99897 width=8)

A Hash Cond: (testl.j = test2.j)
‘ -> Seq Scan on testl (cost=0.00..1693.01 rows=99991 width=8)
Filter: (i > 10)
-> Hash (cost=1693.01..1693.01 rows=99907 width=8)
-> Seq Scan on test2 (cost=0.00..1693.01 rows=99907 width=8)

Filter: (1 = 100)

(8 rows)



BekTopHOe BbinonHeHue B Postgres (¥ PostgresPro

EcTb 2 pewleHusa

Ewe NMNATYHA B agpo CTOpOHHUIN executor

(caMOMUCHbIV WX TOTOBbIN)

T



CtopoHHuu ncnonHutenb. Duck Tales. (7 PostgresPro

DuckDB is an analytical in-process pg_duckdb is a Postgres extension that embeds
SQL database management system. DuckDB's columnar-vectorized analytics engine
and features into Postgres.

/ postmaster \

backend backend
| +libduckdb.so | | +libduckdb.so |
psql: psql:

select * from test where i =1; select * from test where j =1;



CTtopoHHuU ncnonHutenn. Planner Hook. (7 PostgresPro

f* HUGk fDF pluglns to get cmntrul in planner{} *f

typedef PlaﬂﬂedStmt *{*planner hGGK type} (Query *parse,
const char *query string,
int cursorOptions,
ParamListInfD boundParams) ;

P B R TR, Pl R T T R P T, P P T

Core

[ Core code ] —> [ PlannerHook ] — [StandardPIanner] — [ Core code ]
\ 1 1

\ [ Exter|1$ion ] /




DuckDB + Parquet + Postgres

explain select watchid
from hits

P L P P S T

Core code libduckdb.so

[ SELECT ]

l

[ PlannerHook ]\
Est_heap

[ Result

<—[ Plan + Execute ]—>

%

hits.parquet

Custom Scan (DuckDBScan)
DuckDB Execution Plan:

(<f PostgresPro

(cost=0.00..0.00 rows=0 width=0)

PROJECTION

#0

~19999499 Rows

FILTER

(NOT SUBQUERY)

~19999499 Rows

HASH JOIN

Join Type: MARK
Conditions:
WatchID = CAST(#0@ AS
BIGINT)

~99997497 Rows

| DEAN DADNIIET

[
[ 1 DNCTADEC CrAM [



OLAP B Postgres!

=  (dopmaT XpaHeHua faHHbIX

Parquet yepes libarrow -> TableAmRoutine

= [lpo6poc npoeKuuu

Ina ctaHgapTHOro ucnonHutensa Yyepes CustomScan

= [lpo6bpoc npeankaToBs

[na ctaHpapTHoOro ucnonHutens yepes CustomScan

= [lakeTHas BCTaBKa

State + Buffer + Transaction Callback

= Resource manager

Custom RMGR - nuwem Parquet

= [lo3pgHAdA MaTepuaian3ayus

He nopgaep>xuBaetcsa B DuckDB npu paboTe ¢ parquet, aa u... \

= BeKTOpHOe BbINOJIHEHUE 3anpocoB

DuckDB (+ npo6poc npoeKLuumn 1 npeankKaToB)




pgpro_tam. Extension for vanilla Postgres.

Parquet

r

Feather

(Arrow IPC)

N\

CSV

JSON

ORC

DataFrame

Format
API

Block

pgrpo_tam — extensible core

SELECT/INSERT/COPY

Custom RMGR (Recovery, read-only
Replica)

Predicate pushdown

Projection pushdown
ACID-compatible

Mimic Postgres datafiles

Basic TID support

More TBD

N

Execution
engine
API

Local + Mem

S3

(<t PostgresPro




pgpro_tam. Universal analytic engine.

[ Parquet ]

-

.

create extension ppg tam;

create table test(i smallint, j int, t timestamp, tx text)
[using ppg_parquet_fmt;]

insert into test
select mod(i, 1leees8), 1 * 18,

CURRENT TIMESTAMP + make interval(secs == 1), 1::text
from generate series (1,100080) 1i;

[set ppg_tam.engine:'ppg_ﬂg&ﬁgg_ngn';]
select 1, min(j) from test group by 1i;

Local ]

(<f PostgresPro

[ DuckpB |
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pgpro_tam. ClickBench. Hot run. (S PostgresPro

ClickHouse ¢ (azure) (3x120GiB): ¥5.42 Umbra (c6a.metal): ¥1.22

ClickHouse © (aws) (2x64GiB): x5.5@ CedarDB (c6a.metal): ¥1.67
SingleStore (524)t: X5.58 ) ;

ClickHouse (web) (c6a.4xlarge): %5.55 Hologres (8x16 CU): x2.23

MotherDuck (Standard): X5.62 Firebolt (c6a.metal): x2.49

ClickHouse (c6a.4xlarge): X5.64 Umbra (c6a.4xlarge): x2.88

ClickHouse © (azure) (2x64GiB): x5.77 Hologres (4x16 CU): x2.96

DuckDB (Parguet, partitioned) (c6a.4xlarge): ¥6.21 CedarDB (cBa.4xlarge): x3.@5

chDB (DataFrame) (c6a.metal): ¥6.22 pg_duckdb (MotherDuck enabled) (Jumbo): x3.48

ClickHouse > (gcp) (3x64GiB): x6.33 Hologres (2x16 CU): %4.15

chDB (c6a.4xlarge): X6.5@ Hydra (XL): %4.65

Firebolt (c6a.4xlarge): x6.59 Firebolt (cBa.4xlarge): x6. 71

ClickHouse & {gcp) (2x64GiB): x6.78 Crunchy Bridge (Parguet) (Analytics-256GB): .35

]
s}

|
|
|
|
|
|
|
|
|
|
|
|
|
Crunchy Bridge (Parquet) (Analytics-256GB): | X6.74
|
|
|
|
|
|
|
|
|
|
|
|
|
|

: _ (parquet, local + cache) (c6a.metal): X7.65
ClickHouse ¢ (azure) (3x64GiB): ¥6.97

QUESIDE (c6a.4xlarge): o os (parquet, local storage) (c6a.metal): x7.72

DuckDB (Vortex, partitioned) (c6a.4xlarge): x7.81 Tablespace (L1 - 16CPU 32GB)- ol
chDB (Parquet, partitioned) (c6a.metal): %7.83

DuckDB (memory) (c6a.4xlarge): x7.89 : - :

Snowflake (64x3XL): 5.03 TimescaleDB (c6a.4xlarge): | %35.23

Databend (c6a.4xlarge): .03 Timescale ¢ (16 vCPU 64GB): | x44.30

(parquet, local + cache) (c6a.metal): x8.11 Cloudberry (c6a.4xlarge)t: | X45.63

(parquet, local storage) (c6a.metal): x8.19 Greenplum (c6a.4xlarge): |l x48.36

Snowflake (32x2XL): x8.34 Timescale & (8 vCPU 32GB): | x62.03

ClickHouse ¢ (aws) (2x32GiB): %8.36 Timescale & (4 vCPU 16GB): 1B ¥78.43

Apache Doris (c6a.4xlarge): x8.41 Citus (c6a.4xlarge): 1IN x319.67

ClickHouse & (aws) (3x32GiB): X8.58 TimescaleDB (no columnstore) (c6a.4xlarge): NI ~100:.71

ClickHouse & (gcp) (2x32GiB): x8.64 PostgreSQL (c6a.4xlarge): NN ~cos2.62

63 n3 ~210 13 n3 ~42 (Postgres compatible)



pgpro_tam. ClickBench. Cold run. (S PostgresPro

ClickHouse (TCHouse-C) (c6a.metal): | x9.26 Umbra (c6a.metal): <1.10
ClickHouse © (azure) (2x120GiB): | x9.31 CedarDB (c6a.metal): ¥1.51
ClickHouse & (aws) (3x64GiB): | x9.40 Hologres (8x16 CU): | x5.30
ClickHouse > (gcp) (2x64GiB): | x9.41 CedarDB (c6a.4xlarge): | x7.02
Umbra (c6a.4xlarge): | x9.61 pg_duckdb (MotherDuck enabled) (Jumbo): | x7.25
ClickHouse & (gcp) (3x120GiB): | x9.78 Hologres (4x16 CU): | X7.58

StarRocks (c6a.metal): x9.97
Snowﬂakr[e {de:BXLi: : . Umbra (cﬁa.ﬂ,xlarge}f | x7.88
Snowflake (32x2XL): | x10.68 Hydra (XL): | *3.60
ClickHouse & (azure) (2x64GiB): | ‘10.34 (parquet, local + cache) (16 vCPU 32GB): | x1@,32
ClickHouse & (azure) (3x120GiB): | ‘6 ca (parquet, local storage) (16 vCPU 32GB): | x10.98
ClickHouse ¢ (gep) (3x64GiB): | 11,35 Hologres (2x16 CU): | x11.29
YDB (3x64 vCPU 256GB): | B Crunchy Bridge (Parquet) (Analytics-256GB): | x11.52
ClickHouse o (aws) (2x32GiB): | x11.46
Hydra (XL): | 11,71
CHYT (9x10 vCPU 40GB): | 11.72 Timescale &> (16 vCPU 64GB): | x38.20
Snowflake (16xXL): | %11.75 Cloudberry (c6a.4xlarge)t: | ¥51.58
Snowflake (128x4XL): | x11.81 Greenplum (c6a.4xlarge): | ¥53.27
ClickHouse (web) (c6a.metal): | x11.82 Timescale > (8 vCPU 32GB): | X67.13
ByteHouse (8xL): | x12.06 TimescaleDB (c6a.4xlarge): W x105.69
(parquet, local + cache) (16 vCPU 32GB): | x12.59 Timescale & (4 vCPU 16GB): Il x142.75
FETIEEEN (parquet, local storage) (16 vCPU 32GB): | x13.39 Citus (c6a.4xlarge): IR x374.48
Ursa (c6a.metal): | x13.62 TimescaleDB (no columnstore) (c6a.4xlarge): NG  »0c:2.¢°
Hologres (2x16 CU): | %13.76 PostgreSQL (c6a.4xlarge): I ~5230-2°
Ursa (c6a.4xlarge): | x13.82
Crunchy Bridge (Parquet) (Analytics-256GB): | %14.05

41 n3 ~210 9 ns ~42 (Postgres compatible)



pgpro_tam. ClickBench. Storage Size. (¥ PostgresPro

.16 GiB (x1.0@)
.66 GiB (x1.06)
.66 GiB (x1.86)
.81 GiB (x1.1@)

Bigquery (serverless):
(parquet, local, parallel) (16 vCPU 32GB):
(parquet, local, parallel) (c6a.metal):

(parquet, local + cache) (c6a.metal):
(parquet, local storage) (16 vCPU 32GB):

(cBa.4xlarge):

(parquet, local + cache) (16 vCPU 32GB):
(parquet, local storage) (c6a.metal):
ClickHouse & (gcp) (3x16GiB):

ClickHouse & (aws) (12GiB):

ClickHouse ¢ (azure) (2x12GiB):

ClickHouse & (aws) (3x12GiB):

AlloyDB (16 vCPU 128GB):

AlloyDB (8 vCPU 64GB):

ClickHouse ¢ (azure) (3x16GiB):

ClickHouse ¢ (gep) (12GiB):

ClickHouse ¢ (aws) (3x16GiB):

ClickHouse ¢ (azure) (12GiB):

ClickHouse & (azure) (2x16GiB):

ClickHouse ¢ (aws) (2x12GiB):

ClickHouse & (gcp) (2x12GiB):

ClickHouse ¢ (aws) (8GiB):

ClickHouse o [gep) (2x16GiB):

.83 GiB (%1.11)
.83 GiB (%1.11)
.83 GiB (x1.11)
.83 GiB (x1.11)
.26 GiB (%1.13)
.26 GiB (x1.13)
.26 GiB (%1.13)
.26 GiB (x1.13)
.26 GiB (%1.13)
.26 GiB (%1.13)
.26 GiB (x1.13)
.26 GiB (%1.13)
.26 GiB (x1.13)
.26 GiB (%1.13)
.26 GiB (x1.13)
.26 GiB (%1.13)
.26 GiB (x1.13)
.26 GiB (%1.14)

LV ¥ N ¥ N AV V¥ I ¥ ¥ N ¥ N T N ¥ N ¥ ¥ I ¥ I ¥ I ¥« T = N - = B o

.26 GiB (x1.14)

213 ~210



pgpro_tam. TPC-H. Native formats.

Scale = 5000. 5.8TB CSV. 30 cores. 480GB RAM. Timeout = 1h.

Average

Clickhouse (1.27x)

pgpro_tam (1x)

Umbra (-1.04x)

Greenplum (brin, 30seq) (-3.96x)
Hydra (-9.28x)

Citus (30shard) (-13.37x)

12/22

22/22

19/22

22/22

16/22

14/22

Median

Clickhouse (1.37x) -

Umira (1.04x)
pgpro_tam (1x)
Greenplum (brin, 30seq) (-3.33x)

Citus (30shard) (-4.54x)

Hydra (-4.87x)

(<f PostgresPro

12/22

19/22

22/22

22/22

14/22

16/22



pgpro_tam. TPC-H. Parquet.

Scale = 5000. 5.8TB CSV. 30 cores. 480GB RAM. Timeout = 1h.

Average

pgpro_tam (1x)

DataFusion (-2.15%)

Spark (-4.63x)

Trino (-5.02x)

22/22

15/22

22/22

17/22

Median

pgpro_tam (1x)

DataFusion (-1.28x)

Trino (-3 .45x)

Spark (-3.71x)

(< PostgresPro

22/22

15/22

17/22

22/22



pgpro_tam. TPC-H. Heap. ( postaresro

Scale = 500. 540GB CSV. 30 cores. 480GB RAM. Timeout = 1h.

Average Median

Postgres (pgpro_tam) (1x) I 22/22 Postgres (pgpro_tam) (1x) l 22/22



DUCk TaIeS 2 (< PostgresPro

DuckDB v Following
42 443 followers
3mo « ®

[.] How large can DuckDB scale with its out-of-core capabilities?

We have been testing DuckDE with the TPC-H queries on increasingly large scale
factors and found that all 22 queries completed on the scale factor 100 000 data set

—equivalent to 100 TE in CSV format — on a single AWS EC2 instance. The queries
were executed without any manual guery optimization.

Q TPC-H queries with DuckDB v1.2.2

SF 1 000 SF10000 SF 100 000

Raspberry Pi MacBook Pro EC2 i7ie.48xlarge
16 GB RAM 128 GB RAM 1.5 TB RAM



(< PostgresPro

NTtoru

AHanuTtuka B Postgres?

dopmaT XxpaHeHUs AaHHbIX
KonoHku, PAX

BblynTbiIBaHME MeHbLUEero Konn4yecTBa AdHHDbIX
Mpo6pochbl, N034HAS MaTepuanusayus

3anucb B WAL pasnuyHbix popmaTtoB

?ﬁ!
BcTpanBaHue CTOPOHHEro UcnonHuTensa %
V7

PaclunpseMocTtb Postgres
API, Hook, Callback, CustomScan




(< PostgresPro
NToru o

AHanuTtuka B Postgres!

be3 Mogudukauuin agpa

He nomas user experience

Ncnonb3ysa Ty xe UHDPaACTPYKTYpy

Ha YpoBHE APYIrUX aHaJIMTU4EeCKUX peu.leHm}i

Single instance




(~f PostgresPro

Q&A

Anekceu 'opaees pgpro_tam docker image:

a.gordeev@postgrespro.ru https://hub.docker.com/r/innerlife/pgpro_tam

@innerlife0
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