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(<’ PostgresPro

3ayeM elle oAnH TabNNYHbIN ABUXKOK
nna OLAP?

Citus Columnar

Greenplum AO

Timescale Hypertables
Hydra (Citus Columnar fork)
Zedstore (RIP)

[1pON3BOANTENBHOCTb AO/IKHA ObITh BbiLLE
COB6CTBEHHbIE ABUMXKKM CITOXKHEE Pa3BMBATb
CobCTBEHHbIE (DOPMaTbl HE MOAKIHOUYNTE K CTOPOHHUM
MCMOTHNTENAM 3anpOCoB



YacTtb 1.
[lo3HaBaTe/ibHaA.



(<’ PostgresPro

Pa3spaboTka ABWXXKa

« TableAmRoutine
«  OrpaHu4eHmnsa ans KONOHOYHOIo ABUXKKa

CBoW state anga ka)aoro INSERT
«  HeT npobpoca npoekLnm
HeT npo6poca npegmkaToB
IcnonHeHue 3anpoca He BEKTOPK30BaHO

IcnonHeHne NpMeHAET pPaHHKOK MaTepuanm3asmto
[TonesHoe

-  Soft DELETE
bydhepnsaumsa CTpok
WAL. Resource Manager.
- Storage Manager
Icnonb3oBaHKe annokaTopoB Postgres B CTOPOHHEN nbe



(<’ PostgresPro

CTpoKoBOe XpaHeHHue

N-ary storage model, NSM
heap1.dat

10 lvan 14.08.1987 11

Peter  26.02.1984

ID Name Birthdate
T 10 lvan 14.08.1987
2 11 Peter 26.02.1984 —
3 12 Sidor 09.11.1995 heap2.dat

12 Sidor 09.11.1995

Postgres Heap



Ko/noHOYHOEe XpaHeHue

Decomposition Storage Model, DSM

ID Name Birthdate
T 10 lvan 14.08.1987
2 11 Peter 26.02.1984
3 12 Sidor 09.11.1995

Greenplum Append-Optimized

(<’ PostgresPro

column1.dat

10 11 12
column?2.dat

[van Peter Sidor
column3.dat

14.08.1987 26.02.1984 09.11.1995




PAX

Partition Attributes Across

(<’ PostgresPro

ID Name Birthdate
T 10 lvan 14.08.1987
2 11 Peter 26.02.1984
3 12 Sidor 09.11.1995

Citus Columnar

pax1.dat
group#1
10 11
lvan Peter
14.08.1987 26.02.1984
group#2
12
Sidor
09.11.1995




CTpoku vs KONOHKM

= Ctpoku->OLTP

SELECT ogHow CTpOKMU
DML oHON CTPOKM

= KonoHku -> OLAP

CxkaTune

YTeHne TONbKO NCNOIb3YEMbIX KOSTOHOK
+KaL

BekTopHoe ncnonHeHune, SIMD

select |, | from table;

\J

k

4
//ﬁable (10 columns)\

r

(<’ PostgresPro



(<’ PostgresPro

PAX

= Ctpoku->OLTP = PAX
« SELECT ogHoM cTpokM « CTaTuUCTWKa 1 NerkoBecHble
- DML oAHo# cTpokw 1 nHAekcbl (min/max, bloom)
CTpoK B select * from table where id = 50;

rpymnne

MinID: 10; MaxID:20;

= KonoHku -> OLAP N i, N
- Oxatne
« YTeHne TONbKO NCMOJIb3YyEMbIX KOJIOHOK lvan Peter
I +KaL
. BeKTOpHoe ncrionHenune, SIMD 14081987 26.02.1984

PAX: Parquet, ORC, CarbonData ...



(<’ PostgresPro

Havano

TableAmRoutine, 40+ pyHKLMN

280  /*
281 * API struct for a table AM. Note this must be allocated in a
282 * server-lifetime manner, typically as a static const struct, which then gets
283 * returned by FormData_pg_am.amhandler.
284 *
285 * In most cases i1t's not appropriate to call the callbacks directly, use the
286 * table * wrapper functions instead.
287 *
288 * GetTableAmRoutine() asserts that required callbacks are filled in, remember
289 * to update when adding a callback.
290 */
Alexander Korotkov, 11 months ago | 10 authors (Andres Freund and others)
291  typedef struct TableAmRoutine
292 {
293 /* this must be set to T TableAmRoutine */
294 NodeTag type;
295

10

Postgres: src/include/access/tableam.h; TableAmRoutine



YTeHue

TableScanDesc (*scan begin) (Relation rel,

Snapshot snapshot,

int nkeys, struct ScanKeyData *key,
ParallelTableScanDesc pscan,

uint32 flags);

bool

(*scan getnextslot) (TableScanDesc scan,

ScanDirection direction,
TupleTableSlot *slot);

void

(*scan end) (TableScanDesc scan);

void

(*scan_ rescan)

Example. Citus Columnar: src/backend/columnar/columnar_tableam.c; columnar_beginscan; columnar_getnextslot; columnar_endscan

Postgres. ResourceReleaseCallback: src/include/utils/resowner.h

(<’ PostgresPro

ExecutorState (Context)

MOKa He Tporaem

11



(<’ PostgresPro

3anucb

= A
>
)
4
-
Single INSERT: S
/* see table tuple insert() for reference about parameters */ g
void (*tuple insert) (Relation rel, TupleTableSlot *slot, g
CommandId cid, int options, S
struct BulkInsertStateData *bistate); =
O
Q
>

L v
.|_J
COPY: O
4
/* see table multi insert() for reference about parameters */ %
void (*multi insert) (Relation rel, TupleTableSlot **slots, int nslots, O
CommandId cid, int options, struct BulkInsertStateData *bistate); <
LLl

v

12

Example. Citus Columnar: src/backend/columnar/columnar_tableam.c; columnar_tuple_insert; columnar_multi_insert



XpaHeHue

‘(‘Jk

* This callback needs to create new relation storage for "rel’, with

* appropriate durability behaviour for “persistence’.

*

* Note that only the subset of the relcache filled by

* RelationBuildLocalRelation() can be relied upon and that the relation's

* catalog entries will either not yet exist (new relation), or will still

* reference the old relfilelocator.

*

* As output *freezeXid, *minmulti must be set to the values appropriate

* for pg_class.{relfrozenxid, relminmxid}. For AMs that don't need those

* fields to be filled they can be set to InvalidTransactionId and

* InvalidMultiXactIld, respectively.

*

* See also table relation set new filelocator().

*/

void (*relation set new filelocator) (Relation rel,
const RelFilelLocator *newrlocator,
char persistence,
TransactionId *freezeXid,
MultiXactId *minmulti);

(<’ PostgresPro

13



(<’ PostgresPro

OueHKa CTOMMOCTMU

T
*

See table relation estimate size().

While block oriented, it shouldn't be too hard for an AM that doesn't
internally use blocks to convert into a usable representation.

This differs from the relation size callback by returning size
estimates (both relation size and tuple count) for planning purposes,
rather than returning a currently correct estimate.

* O O ¥ X X ¥ X

*/
void (*relation estimate size) (Relation rel, int32 *attr widths,
BlockNumber *pages, double *tuples,
double *allvisfrac);

Example. Citus Columnar: src/backend/columnar/columnar_tableam.c; columnar_estimate_rel_size

14

Example. csv_tam. https://github.com/InnerLife0/csv_tam/blob/main/src/impl.c; csv_relation_set_new_filelocator



(<’ PostgresPro

Cnotbl. TOAST.

{a’#
* Return slot implementation suitable for storing a tuple of this AM.
*/
const TupleTableSlotOps *(*slot callbacks) (Relation rel); \\\\\\\
csv _slot callbacks(Relation relation)
{
/* use virtual slot implementation as is */
return &TTSOpsVirtual;
/* }
* This callback should return true if the relation requires a TOAST table
* and false if it does not. It may wish to examine the relation's tuple
* descriptor before making a decision, but if it uses some other method
* of storing large values (or if it does not support them) it can simply
* return false.
*/
bool (*relation needs toast table) (Relation rel);
bool
csv_relation needs toast table(Relation relation)
{
| return false;
}

Example. Citus Columnar: src/backend/columnar/columnar_tableam.c; columnar_slot_callbacks; columnar_relation_needs_toast_table
Example. csv_tam. https://github.com/InnerLife0/csv_tam/blob/main/src/impl.c; csv_slot_callbacks; csv_relation_needs_toast_table 15



[lepBbIN 3anyckK

[Mpumep Table Access Method Ha 6a3e CSV

static const TableAmRoutine routine = |{
.type = T TableAmRoutine,

.slot callbacks = csv slot callbacks,
.scan_begin = csv beginscan,
.scan_end = csv_endscan,

.scan_getnextslot = csv getnextslot,

.tuple insert = csv tuple insert,
.multi insert csv multi insert,

.relation estimate size = csv estimate rel size,

.relation set new filelocator = csv relation set new filelocator,
.relation needs toast table = csv relation needs toast table,

(<’ PostgresPro

https://github.com/InnerLife0/csv_tam/

16



NHpekcbl n goctyn no TID

struct IndexFetchTableData *(*index fetch begin) (Relation rel);

f*
* Reset index fetch. Typically this will release cross index fetch
* resources held in IndexFetchTableData.

(<’ PostgresPro

TID = 6 62T (-orpaHUYeHns)

typedef struct ItemPointerData

{ .
BlockIdData ip blkid; «—1 2xuintl6
Of fsetNumber ip posid; «—— 1x uint16

}

*/
vold (*index fetch reset) (struct IndexFetchTableData *data);
’f*

* Release resources and deallocate index fetch.

*/
vold (*1ndex fetch end) (struct IndexFetchTableData *data);
bool (*1ndex fetch tuple) (struct IndexFetchTableData *scan,

ItemPointer tid,

Snapshot snapshot,

TupleTableSlot *slot,

bool *call again, bool *all dead);

Citus Columnar. About TID limitations: src/include/columnar/columnar_tableam.h

17



(<’ PostgresPro

Parallel Workers

Ilf*

* Estimate the size of shared memory needed for a parallel scan of this
* relation. The snapshot does not need to be accounted for.

*/

Size (*parallelscan estimate) (Relation rel);

P L T P o T R i P R

R A e ey

* relation.
*/
Size (*parallelscan initialize) (Relation rel,
ParallelTableScanDesc pscan);
II,:‘#

* Reinitialize "pscan” for a new scan. ‘rel” will be the same relation as
* when “pscan’ was initialized by parallelscan initialize.
*/
void (*parallelscan reinitialize) (Relation rel,
ParallelTableScanDesc pscan);

Example. Postgres: src/backend/access/table/tableam.c; table_block_parallelscan_initialize



OrpaHVI‘-IeHMFI and KOJIOHOYHOIro ABMXXKa

CBoW state anga kaxaoro INSERT

HeT npobpoca npoekLunm

HeT npobpoca npegmkaToB

IcnonHeHwe 3anpoca He BEKTOPK30BaHO
\CNONHEHWE MPUMEHSET PaHHIOK MaTePUanM3aLmio

(<’ PostgresPro

19



OrpaHunyeHus. Stateless Write.

HeT mMeTo40B begin 1 end

BEGIN?

/* see table tuple insert() for reference about parameters */
void (*tuple insert) (Relation rel, TupleTableSlot *slot,
CommandId cid, int options,
struct BulkInsertStateData *bistate);

END?

(<’ PostgresPro

20



(<’ PostgresPro

OrpaHunyeHus. Stateless Write.

PelueHune:

1.

2.

XpaHUTbL state B
rnob6anbHOM NepeMeHHOM
OcBo6OAMTDL State npwu
3aBepLUEHNM TPpaH3aKL K

['11roChl:

1.

2.

36eraemM NOBTOPHOW
NHULUManM3aunm

by epuanpyem CTpoKH
BHYTPM TpaH3aKLUMM Ha
Kaxkabin INSERT.
3anuncblBaeM faHHble
NaKeTHO.

‘;’*
* Mapping from relfilenode to WriteStateMapEntry. This keeps write state for
* each relation.
*/

P e e

/* memory context for allocating WriteStateMap & all write states */
static MemoryContext WriteStateContext = NULL;

void
RegisterSubXactCallback(SubXactCallback callback, void *arg)

void
RegisterXactCallback(XactCallback callback, void *arg)

Example. Citus Columnar: src/backend/columnar/write_state_management.c

Postgres: src/backend/access/transam/xact.c

Custom Context under

TopTransactionContext

21




OrpaHunyeHusa. Het npob6poca npoeKLuum.

CnMCOK MCNONb3yeMbIX KOSTOHOK He MepeaaeTcs B scan

329
330
331
332
333

TableScanDesc (*scan_begin) (Relation rel,
Snapshot snapshot,

int nkeys, struct ScankKeyData *key,

ParallelTableScanDesc pscan,
uint32 flags);

‘Bitmapset *attr_needed” ?

(<’ PostgresPro

22



OrpaHunyeHusa. Het npob6poca npoeKLuum.

PelueHne:
cnonb3oBaTb CustomScan

MeToabl CustomScan n CustomExec
OTKPbIBAKOT AOCTYM K OONbLUEMY YUCTTY
CTPYKTYP A4pa, B TOM 4Mce K ScanState.

explain select i from c_test where i = 1;
QUERY PLAN
Custom Scan (ColumnarScan) on c_test (cost=0.00..0.00 rows=1 width=4)
Filter: (i=1)
Columnar Projected Columns: i
Columnar Chunk Group Filters: (i = 1)
(4 rows)

Example. Citus Columnar: src/backend/columnar/columnar_customscan.c; ColumnarAttrNeeded
Postgres: src/include/nodes/extensible.h

(<’ PostgresPro

typedef struct CustomScan

{

Scan
uint32
List

List

List

List
Bitmapset

const struct CustomScanMethods *methods;

} CustomScan;

scan;

flags;

*custom plans;
*custom exprs;
*custom private;
*custom scan tlist;
*custom relids;

23



OrpaHunyeHusa. Het npob6poca npeamKaToB.

= [1po6poc ycrnoBunn GubTpaLMmn TONbKO BHYTPU HEKOTOPbLIX METO0B
Aaapa 1 Tonbko anda ycnosuin AND
= [1na SeqgScan OTCYTCTBYET NOSIHOCTbIO

scandesc = table beginscan(node->ss.ss currentRelation,
estate->es snapshot,
0, NULL);

nude—}ss.ss_currentScanDesc\f sthﬂegE;

TableScanDesc (*scan_begin) (Relat\ion rel,
Snapsipt snapshot,
int nkeys, struct ScanKeyData *key,
ParallelTableScanDesc pscan,
uint32 flags);

Postgres: src/backend/executor/nodeSeqgscan.c

(<’ PostgresPro

24



(<’ PostgresPro

OrpaHunyeHusa. Het npob6poca npeamKaToB.

PelLueHne:
cnonb3oBaTb CustomScan

[11r0C/MUHYC:
H0p0 MOBTOPHO NPOBEPUT YCI0BUA A1 CTPOKM 13 ABUXKKA

explain select i from c_test where i =1 and jis null; AND (BOO|EXDF)
QUERY PLAN /' '\
Custom Scan (ColumnarScan) on c_test (cost=0.00..0.00 rows=1 width=4)
Filter: ( IS NULL) AND (i = 1)) = (OpExpr) IS NULL (NullTest)
Columnar Projected Columns: |, |
Columnar Chunk Group Filters: (i=1) v
(4 rows) i (Var) 1 (Const) j (Var)

Example. Citus Columnar: src/backend/columnar/columnar_customscan.c; FilterPushdownClauses



OrpaHuyeHus. HeT BeKTOpUu3aLum.

Per tuple execution: Vectorized execution:

a1
\L WV L WV WL WV, . O, O, WO
al

(<’ PostgresPro

26



OrpaHuyeHus. HeT BeKTOpUu3aLum.

PelLueHne:

1) Hata [TATH & A0P0. x 1%

2) CTOpOHHWMI executor (CaMOMUCHbIN U FOTOBbIN)

(<’ PostgresPro

27



OrpaHquH nda. PaHHAA MaTepuasjin3ayus.

from (

) to

select i, j
from test@
where exists (select 1 from testl where test0.i=testl.k)

explain (analyze, verbose, costs off) select t0.]

offset 1000000 limit 10;

Hash Cond: |
-> Seq Scan
Output

Output

Planning Time: 0.162

(14 rows)

testf.],

: testl.k
Buckets: 262144 Batches: 16 Memory Usage: 6492kB
-> Seq Scan on public.testl (actual time=0.010..198.298 rows=2020000 loops=1)

Output: testl.k

ms

Execution Time: 11755.489 ms

+=ma=11660.533..11660.540| rows=10 lpogs=l)

] \ A ncnonbsyem Tofbko 10
0in (actual time=516.460..11621.005 5=1000010 loops=1)

Output: TBgEA.]
tegtf.1 = testl.k)

test® (actual time=0.016..4427.402
testo.1

-> Hash (act@t TIme-516.134..516.134 rows=2020000 loops=1) | Joctanu MUIINOHDI

rows=30100000 Foﬂp5=1}

3Ha4YeHNn N3 ctonbua j

(<’ PostgresPro

28



OrpaHVI‘-IeHMFI. PaHHAA MaTepuasjin3ayus.

PelLueHne:

1) Ewe [TATHN & a4p0.

2) CTOpOHHWMI executor (CaMOMUCHbIN U FOTOBbIN)

(<’ PostgresPro

29



CtopoHHun ncnonHutenb. Duck Tales.

DuckDB is an analytical in-process SQL database management system.

(<’ PostgresPro

pg_duckdb is a Postgres extension that embeds DuckDB's columnar-vectorized analytics engine
and features into Postgres.

postmaster

'S

Py

backend
+libduckdb.so

select * from test where i =1;

|

psql:

https://github.com/duckdb/duckdb
https://github.com/duckdb/pg_duckdb

T~

backend

+libduckdb.so

|

psql:
select * from test where | =1;

30



Parquet

dopmaT OCHOBaHHbIN Ha naesax PAX

(<’ PostgresPro

Compression

(SNAPPY, GZIP, LZO, BROTLI, ZSTD, LZ4)
Encoding

(PLAIN/RLE_DICTIONARY, RLE, DELTA¥,
BYTE_STREAM_SPLIT)

Checksumming

MIN/MAX, bloom and others

31



DuckDB + Parquet + Postgres

P L P R P i TR

explain select r['watchid']
from read parquet('/tmp/hits.parquet') r

Postgres

SELECT

-

-

planner_hook

test_heap

Result

libduckdb.so

Plan + Execute

hits.parquet

(<’ PostgresPro

Custom Scan (DuckDBScan)

DuckDB Execution Plan:

QUERY PLAN

(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

DEAD DADNIIET

DACTCRDES S AR |

32



[lone3Hoe

Soft DELETE

bydpepusaumsa CTpok

WAL. Resource Manager.

Storage Manager

lcnonb3oBaHmMe anokaTopoB Postgres
B CTOPOHHEW nnbe

(<’ PostgresPro

33



Soft DELETE

Parquet

Row Group #1

10 lvan

11 Peter

12 Sidor

Row Group #2

14.08.1987

26.02.1984

09.11.1995

(<’ PostgresPro

deleted_tid (heap, MVCC)
TID

1

Example. Hydra: columnar/src/backend/columnar/columnar_metadata.c; UpdateRowMask; “row_mask” table
Example. Greenplum: src/backend/access/appendonly/appendonly_visimap.c; AppendOnlyVisimapDelete_Hide; “pg_aovisimap_*" tables

select * from parquet;

[Tpo3payHO And nonb3oBaTend

select *
from parquet
where tid not in
(select tid from deleted tid);




bydepusauus cTpok

10 lvan 14.08.1987
‘ 11 Peter 26.02.1984
\ 12 Sidor 09.11.1995
ID Name Birthdate
1 10 lvan 14.08.1987
Sort &

Heap 1 Peter 26.02.1984 Compress
Buffer

3 12 Sidor 09.11.1995

Example. TimescaleDB: tsl/src/compression/api.c; tsl_compress_chunk_wrapper

(<’ PostgresPro

Parquet
Row Group #1
10 lvan 14.08.1987 1
11 Peter 26.02.1984 2
12 Sidor 09.11.1995 3
Row Group #2
4
R
6



Storage Manager

smgr.c

(<’ PostgresPro

typedef struct f smgr

{

voild
voild
voild
voild
voild

bool
void

void

void

bool

volid

voild

(*smgr_init) (void); /* may be NULL */
(*smgr shutdown) (void); /* may be NULL */
(*smgr_open) (SMgrRelation reln);
(*smgr close) (SMgrRelation reln, ForkNumber forknum);
bool isRedo);
(*smgr_exists) (SMgrRelation reln, ForkNumber forknum);
(*smgr _unlink) (RelFilelLocatorBackend rlocator, ForkNumber forknum,
bool isRedo);
BlockNumber blocknum, const void *buffer, bool skipFsync);
(*smgr_zeroextend) (SMgrRelation reln, ForkNumber forknum,
BlockNumber blocknum, int nblocks, bool skipFsync);
(*smgr_prefetch) (SMgrRelation reln, ForkNumber forknum,
BlockNumber blocknum, int nblocks);
BlockNumber blocknum,
void **puffers, BlockNumber nblocks);
(*smgr writev) (SMgrRelation reln, ForkNumber forknum,
BlockNumber blocknum,
const void **buffers, BlockNumber nblocks,
bool skipFsync);

36



Storage Manager. 3a4yem Custom?

(<’ PostgresPro

void
mdwritev(SMgrRelation reln, LockNumber blocknum,
const void **buffels, BlockNumber nblock$, bool skipFsync)

{

/* This assert is too expensive to have on normally ... */
#ifdef CHECK WRITE VS EXTEND

Assert((uint64) blocknum + (uint64) nblocks <= (uint64)
#endif

iblocks(reln,

while (nblocks > 0)

{
struct iovec 1ov[PG IOV MAX];
int lovcnt;
off t seekpos;
int nbytes;
MdfdVec *V;

BlockNumber nblocks this segment;
size t transferred this segment;
size t size this segment;

v = mdfd getseg(reln, forknum, blocknum, skipFsync,
EXTENSION FAIL | EXTENSION CREATE RECOVERY);

(off |t) BLCKEZ * (blocknum % ((BlockNumber) RELSEG SIZE));

seekpos =

forknum)

10;Ivan;1987-08-14
11;Peter[J[Y; 1984-02-26
12;Sidor;1995-11-09

Postgres. Useful functions for custom SMGR: src/include/storage/fd.h

o Xungepbl Kaxable 8K

« BbipaBHMBaHME MO
8K6 — nycTble
[JaHHble B KOHLIe

37



(<’ PostgresPro

WAL. Generic XLog vs Custom RMGR.

Generic XLog:

-  Ecnu @popwmar
YKa4blBaeTCs B O/10KM

« MeHblle Kofa

«  Onepaunun 4yepes
oyPepHbIN Ny

Custom Resource Manager:

«  Ecnn popmart He

yKagblBaeTcsa B O/10KM
« bonblue BO3MOXHOCTEN
« bonble koaa

Postgres: src/include/access/generic_xlog.h
Postgres: src/include/access/xlog_internal.h

Example. Citus Columnar: src/backend/columnar/columnar_storage.c; Write ToBlock

/* API
extern
extern

extern
extern

for construction of generic xlog records */

GenericXLogState *GenericXLogStart(Relation relation);

Page GenericXLogRegisterBuffer(GenericXLogState *state, Buffer buffer,
int flags);

XLogRecPtr GenericXLogFinish(GenericXLogState *state);

void GenericXLogAbort(GenericXLogState *state);

Example. Postgres: src/test/modules/test_custom_rmgrs/test_custom_rmgrs.c

P AL

{
const char *rm name;
vold (*rm _redo) (XLogReaderState *record);
vold (*rm desc) (StringInfo buf, XLogReaderState *record);
const char *(*rm identify) (uint8 info);
void (*rm startup) (void);
void (*rm_cleanup) (void);
void (*rm_mask) (char *pagedata, BlockNumber blkno);
vold (*rm _decode) (struct LogicalDecodingContext *ctx,
struct XLogRecordBuffer *buf);
} RmgrData;




Annokartopbl

server closed the connection unexpectedly
This probably means the server terminated abnormally
before or while processing the request.

The connection to the server was lost. Attempting reset: Succeeded.

postgres=# select 1;
?column?

server closed the connection unexpectedly
This probably means the server terminated abnormally
before or while processing the request.
The connection to the server was lost. Attempting reset: Failed.
The connection to the server was lost. Attempting reset: Failed.
I?> select 1;
You are currently not connected to a database.

(<’ PostgresPro

39



Annokartopbl Postgres B cTOpoHHEeN nnbe

Kak mogkato4nTs?

1.@&

2. Vlcnonb3oBaTb BO3MOXHOCTU NbbI (BKIKOYas custom memory pool)
3. lepenncaTtb UCXOLHUKMN

4. LD_PRELOAD

5. Global Offset Table patch

(<’ PostgresPro

40



Annokatopbl. LD_PRELOAD

main.c

#include =stdlib.h=

int main()

{
void *p = malloc(10);
free(p);
return 0©;

(<’ PostgresPro

preload.c

#include =dlfcn.h=
#include <unistd.h=
void *malloc(size_t size)

{
void* (*malloc ptr)(size_t) =
dlsym(RTLD NEXT, "malloc");
write(1l, "Hi from preload!\n", 17);
return malloc _ptr(size);
ki

|

Hi from preload!|

= LD PRELOAD=SPWD/preload.so ./main

41



Annokartopbl. Global Offset Table patch.

Executable file layout

-fPIC
4 )\
Header
. J
4 N\
Program headers

\_ J
"~ Sections N

ot K

7

4 )

Section headers

T~

- J

Mimick: https://github.com/Snaipe/Mimick

Manual Example: https://stackoverflow.com/questions/27137527/overload-symbols-of-running-process-ld-preload-attachment

(<’ PostgresPro

Mimick
Unix Build Status (XN

coverity | passed

A KISS, cross-platform C Mocking library

license MIT

RAM
(T )
libc.so
P malloc()
// /
N cust.so

Modified manual example was tested on Apache Arrow lib.

\

N

custom_

ma||009

v Supported.
X: Unsupported.

?: Not Tested, but is expected to work.

A: Does not exist / not applicable.
~: Works on some conditions.

Arch Linux OS X/iOS
x86 v s
x86_64 v v
ARM v ?
ARM64 v ?
PPC X X

FreeBSD

4

Windows

4
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pgpro_tam. Extension for vanilla Postgres.

Parquet

Feather
(Arrow IPC)

CSV

JSON

N Y () [

-

ORC

Format
AP]

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

DataFrame

Local

% SMGR

Block

) AP

Execution
engine
API

s

Local + Mem

S3

(<t PostgresPro

DuckDB

ChDB*
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pgpro_tam. Universal analytic engine.

Parquet

| A

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, 1leees), i * 10,

CURRENT TIMESTAMP + make interval(secs == 1), 1::text
from generate series (1,100000) i;

set ppg_tam.engine='ppg duckdb ngn';
select i, min(j) from test group by i;

-—

Local

(<’ PostgresPro

DuckDB
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pgpro_tam. Compute-storage.

{’\:} grow compute
and storage
@ separately

(<’ PostgresPro
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pgpro_tam. Real-Time analytics.

AHanNUTMKa ¢ MMHUMabHbIMM
3aep>XKaMW OT CUCTEMDbI-
NMCTOYHWKA

+real time buffer

[ Local ] [ Local + Mem ]

(<t PostgresPro
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pgpro_tam. Data Tiering.

=R

NVME/MEM

SSD/HDD

HDD/S3

( A\
Local + Mem

S3

(<t PostgresPro
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pgpro_tam. NMporpamMmmHo-annapaTHbIA KOMIMIEKC.

* lcnonb3oBaHne 65104HOT0
ycTponcTea MuHysa OC
(128k block direct access)

« [Ipobpoc NpeamKaToB B

KOHTPOINEP AMCKa

[ Block ]

(<’ PostgresPro

49



pgpro_tam. Human-readable database.

 MakcumanbHagd
NepPeHOCMOCTb U
BO3MOXHOCTb MPoYnNTaTb
[aHHbIE «KaK eCTb»

CSV « Zero-copy import (all formats)

JSON

(<t PostgresPro
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pgpro_tam. Machine learning.

* ML 6e3 KoBepTauum aHHbIX

Feather n3 popmata b/l
« ML He Bbixoga ns CYb/]

(Arrow IPC)

[ DuckDB J

[ Local + Mem ]

[ DataFrame ]

o1



pgpro_tam. ClickBench. Load time.

Tinybird (Free Trial) (serverless):

ClickHouse (web) (c5n.4xlarge, 500gb gp2):
ClickHouse (web) (c6a.metal, 500gb gp2):

Polars (DataFrame) (c6a.metal, 500gb gp2):

DuckDB (memory) (c6a.metal, 500gb gp2):
MotherDuck (Jumbo):

Databend (c6a.metal, 500gb gp2):

MotherDuck (Standard):

ClickHouse (tuned, memory) (c6a.metal, 500gb gp2):
)
)
)
)
)
)
+

https://benchmark clickhouse.com/

pg_duckdb (MotherDuck enabled) (Jumbo):
DuckDB (c6a.metal, 500gb gp2):

ClickHouse (c6a.metal, 500gb gp2):

chDB (c6a.metal, 500gb gp2):

Hydra (XL):

ClickHouse (tuned) (c6a.metal, 500gb gp2):
QuestDB (c6a.metal, 500gb gp2)™:

ClickHouse Cloud (azure) (120GiB, 3 replica(s)):
)

ClickHouse Cloud (aws) (120GiB, 3 replica(s

ClickHouse Cloud (aws) (120GiB, 2 replica(s)):
ClickHouse Cloud (gcp) (32GiB, 3 replica(s)):

pgpro_tam (parquet, local, parallel) (16 vCPU 32GB):

e

85
1195
1245
1285
133s
1365
136s
1575
173s
174s

227s
23275
231s

stateless
1s (=1.
1s (=1.
25 (=2,
30s (x29.
695 (xB9.
70s (x70.
775 (x76.
5 (x84,
{»118.
(x123.
(x128.
(x133.
{x136.
{%136.
{x157.
(x173.
{x173.

(%226,
(x227.
(x231.

oo}
oo}
30)
57)
39)
oa)
80)
73)
62)
60}
43)
28)
oa)
44)
oa)
24)
91)

85)
27)
0e)

(<’ PostgresPro

Additional test:
~80Gb of heap

to pgpro_tam
30 vCPU
6/% avg CPU usage
Result:
34.6 seconds

35 13 144 (6e3 stateless)

52
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pgpro_tam. ClickBench. Hot and Cold run.

ClickHouse (web) (c5n.4xlarge, 500gb gp2): %6.03 Snowflake (64x3XL): x7.32

Databend (c5.4xlarge, 500gb gp2): x6.05 Snowflake (32x2XL): x7.40

ClickHouse Cloud (gcp) (64GiB, 3 replica(s)): %6.32 ClickHouse {(web) (c6a.metal, 500gb gp2): x7.48

ClickHouse Cloud (gcp) (64GiB, 2 replica(s)): %645 ClickHouse Cloud (gcp) (120GiB, 3 replica(s)): x7.49

QuestDB (c6a.4xlarge, 500gb gp2): x6.74 Snowﬂaﬁ;‘:{jgiiﬂf ”22;

chDB (Parquet, parhtmn.ed} (c6a.metal, 500gb gp?'}: x6.99 Snowflake (128x4XL): 5. 67
Apache Doris (c6a.4xlarge, 500gb gp2): x7.83 Oxla (c6a.4xlargs, 500gb gp2)™: 879

StarRocks (c6a.4xlarge, 500gb gp2): x7.08 ByteHouse (8xL): 8 87

Snowflake (64x3XL): *7.15 ClickHouse Cloud (aws) (32GiB, 2 replical(s)): x8.90

Parseable (Parquet, partitioned) (c6a.metal, 500gb gp2)*: x7.23 ClickHouse Cloud (aws) (32GiB, 3 replica(s)): x8.98
(parquet, local + cache) (c6a.metal, 500gb gp2): x7.25 (parquet, local + cache) (16 vCPU 32GB): %9.25
pgpro_tam (parquet, local storage) (c6a.metal, 500gb gp2): x7.32 Ursa (c6a.4xlarge, 500gb gp2): x9.39
Snowflake (32x2XL): %7 .43 pgpro_tam (parquet, local storage) (16 vCPU 32GB): %9.85

Snowflake (128x4XL): «7.90 Apache Doris (c6a.4xlarge, 500gb gp2): x10.1@

e T 8 18 F:HCKHOUSE Cloud (gcp) {326!8, 2 repI!ca{s}): x10.13

DuckDB (Parquet, partitioned) (c6a.4xlarge, 500gb gp2): xB.28 ClickHouse Cloud (azure) (32GiB, 2 replicals)): *10.22

! ’ ! ) for Analytics (Parquet) (Analytics-256GB (64 vCores, 256 GB)): x10.33

ClickHouse Cloud (azure) (32GiB, 2 replica(s)): %8.46 ClickHouse Cloud (azure) (16GiB, 3 replicals)): 10,34

Tablespace (L1-16CPU 32GB): x8.48 pgpro_tam (parquet, local + cache) (c6a.metal, 500gb gp2): x10.44

Snowflake (16xXL): x8.71 ClickHouse Cloud (azure) (32GiB, 3 replica(s)): x10.55

pgpro_tam (parquet, local, parallel) (c6a.metal, 500gb gp2): xB.83 ClickHouse (c6a.metal, 500gb gp2): x10.58
Oxla (c6a.4xlarge, 500gb gp2}+: x8.92 pgpro_tam (parquet, local, parallel) (16 vCPU 32GB): x11.33

ClickHouse Cloud (aws) (32GiB, 3 replica(s)): x8.98 SingleStore (524)": *11.35

pgpro_tam (feather, local + cache) (c6a.metal, 500gb gp2): x9.43 Snowflake (8xL): x11.59

57 13360 35 13 360
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pgpro_tam. ClickBench. Storage Size.

System & Machine Relative size (lower is better)

.80 GiB (xDb.0@)
.66 GiB (x1.08)
.66 GiB (=1.00)
.01 GiB (=1.04)
.03 GiB (x1.084)
.03 GiB (=1.04)
.03 GiB (=1.04)
.26 GiB (x1.07)
.26 GiB (x1.07)
.26 GiB (x1.07)
.26 GiB (=1.087)
.26 GiB (=1.07)
.26 GiB (x1.087)
.26 GiB (=1.07)
.26 GiB (=1.07)
.26 GiB (x1.07)
.26 GiB (x1.07)

Tinybird (Free Trial) (serverless):

pgpro_tam (parquet, local, parallel) (16 vCPU 32GB)¥
pgpro_tam (parquet, local, parallel) (c6a.metal, 500gb gp2):
pgpro_tam (parquet, local + cache) (c6a.metal, 500gb gp2):
pgpro_tam (parquet, local storage) (16 vCPU 32GB):
pgpro_tam (parquet, local + cache) (16 vCPU 32GB):
pgpro_tam (parquet, local storage) (c6a.metal, 500gb gp2):
AlloyDB (16 vCPU 128GB):

AlloyDB (8 vCPU 64GB):

AlloyDB (tuned) (8 vCPU 64GB):

ClickHouse Cloud (aws) (12GiB, 1 replica(s)):

ClickHouse Cloud (aws) (12GiB, 3 replica(s)):

ClickHouse Cloud (gcp) (12GiB, 2 replica(s)):

ClickHouse Cloud (aws) (16GiB, 2 replica(s)):

ClickHouse Cloud (gcp) (12GiB, 1replica(s)):

ClickHouse Cloud (gcp) (16GiB, 3 replica(s)):

ClickHouse Cloud (aws) (12GiB, 2 replica(s)):

1(?) n3 ~180

L= = = ¥ = ¥ = = = = = = = D= = N = = B = = B <
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pgpro_tam. TPC-H. Native formats.

TPC-H. Scale=5000. 5.8TB CSV. 30 cores. 480GB RAM.

W pgpro_tam B Greenplum W Hydra M Clickhouse Umbra
(parquet, duckdb, 1.3TB) (ao+brin, 1.3TB) (1.5TB) (mergetree, 1.3TB) (3TB)
3,500+
2,500
1,500
1,000
500
v
(]
=
€
=}
o
0* T T T T T
1 2 3 4 5 6 9 10 1 12 13 14 15 16 17 18 19 20 21 22
Query
Success M Failure / Timeout(3600s)
Clickhouse 1 1 I D N I N I
Greenplum
o
B Hyda I I I I [
Umbra - E— ]
pgpro_tam
T T T T T T T T T T T T T T T T T T T T T T
— (o] o < [Tp] [le} M~ 0 [+)] o — o~ m < Ta] (o) ©0 [+)] o — o~
— — — — — — — — — — ~ ~ o~

[ononHMTeNnbHO. XopoLwo nokasann ceda Ha Masbix 06bEMax, HO He MPOTECTMPOBaHbI MOIHOLEHHO: SingleStore, StarRocks. Xopolwo nokasanu ceba B ClickBench, Ho nnoxo B TPC-H: Oxla. )
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pgpro_tam. TPC-H. Native formats. CpegHee.

Average:

Median:

Clickhouse (1.26x) .

pogpro_tam (1x) -
Umbra {(-1.07x) -

Clickhouse (1.24x) -

Greenplum (-3.48x)

arwN =

pgpro_tam: 22/22 queries
Greenplum: 22/22 queries
Umbra: 19/22 queries
Hydra: 16/22 queries
Clickhouse: 12/22 queries
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pgpro_tam. TPC-H. Parquet.

TPC-H. Scale=5000. 5.8TB CSV. 1.3TB Parquet. 30 cores. 480GB RAM.

B pgpro_tam W DataFusion Spark W Trino
(parquet, duckdb) (parquet) (parquet) (parquet)
3,500
2,500
1,500
1,000
500

Runtime (s)
o
——

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Query. Runtime in seconds.

Success M Failure / Timeout(3600s)

pataFusion T I ] I T
oM Spark
S rino I I ] I
pgpro_tam
T T T T T T T T T T T T J T T T T T T T T T
- ~ ™ < n © ~ © o o — N ™M < n 0 ~ 0 =] 5 N

AMD EPYC 9354 30 vCores; 480GB RAM,; 4x INTEL SSDPF2KX038XZ RAID10
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pgpro_tam. TPC-H. Parquet. CpegHee.

Average: Median:

DataFusion (-2.15x%)

pgpro_tam (1x) pgpro_tam (1x)

DataFusion (-1.28x%)

Spark (-4.63%) Trino (-3.45%)

Spark (-3.71x)

Trino (-5.02x)

o~

pgpro_tam: 22/22 queries

Spark: 22/22 queries

Trino: 17/22 queries

DataFusion: 15/22 queries -
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BIG DATA IS DEAD (?)

WORKLOAD SIZES ARE SMALLER THAN OVERALL DATA SIZES

MOST DATA IS RARELY QUERIED v

a0

Pe,rce,n’tile_

100MB 10 6B
Query Workload Data Size (Log)
59

https://motherduck.com/blog/big-data-is-dead/
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NTtoru

«  HanucaTb 6a30BbIN ABMXXOK — MPOCTO

« HanncaTb NOSHOUEHHbIW OBUXXOK — CTOXXHO, HO
Bbl 3HaeTe Kak

= YMan — BCTaBaW, BCTal — ynau

=  Postgres MOXET B aHaUTKUKY

60
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pgpro_tam docker image:
https://hub.docker.com/r/innerlife/pgpro_tam

E. - E

a.gordeev(@postgrespro.ru
@innerlifeO o
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