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PostgreSQL flow chart

* https://wiki.postgresgl.org/wiki/Backend flow
chart

* https://www.postgresql.org/developer/backe
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 OProfile
— http://oprofile.sourceforge.net/

operf [ options ] [ ——system—wide | ——pid=<FID> | [ command [ arg= ] 1 ]

— mkdir /tmp/optest ; cd /tmp/optest ; operf -l postgres -B 2GB -c
port=Si -c listen_addresses='0.0.0.0' -c synchronous_commit=off
-c full_page_writes=off -c wal_buffers=1900MB -c
wal_writer_delay=10ms -c max_connections=100 -c
max_wal_size=4GB -c log_destination='csvlog' -c
logging_collector=on -D SPGDATA -k SPGDATA

— AT LR
e perf
— perf top
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. OProfile
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* cd/tmp/optest; opreport -I -f-w -x -t 1

Umad

ge7827a0
aa49a8380
aB78as8cH
#858afbH
#858bafig
Ad4chdan
aB67/5420
a8675d20
#878a7ed
A8655590
Aa488940
ae7624d0

samples
20891381
088600
698665
676822
385839
J65407
229805
184668
169808
147647
1393890
86239

%
26,
1

app name

fopt/pgsql?.
fopt/pgsql?.
foptipgsql?.
foptipgsql?.
fopt/pgsql?.
foptipgsql?.
foptipgsql?.
foptipgsql?.
foptipgsql?.
foptipgsql?.
fopt/pgsql?.
foptipgsql?.
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symbol name

-1/bin/fpostgres
.1/bin/postgres
.1/binfpostgres
.1/bin/fpostgres
-1/bin/fpostgres
-1/bin/fpostgres
.1/bin/postgres
.1/binfpostgres
-1/bin/fpostgres
-1/bin/fpostgres
.1/bin/postgres
.1/binfpostgres

HeapTupleSatisfiesUacuum
heap_page_prune

pg_qgsort

vac_cmp_itemptr

lazy wacuum rel
SLogInsert

itemoffcompare
PageRepairFragmentation
swapfunc
BufferGetBlockHumber
heap_prepare_freeze_tuple
hash_search_with_hash_value
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*  OProfile
*  opreport -l -f-g -w -x -t 1 /Jopt/pgsql/bin/postgres

uma samples % linenr info symbol name

BA7827a8 2891381 26.7572 Joptssoft_bak/fpostgresql-9.4.1/src/backend/futils/stimestqual.c:1116 HeapTupleSatisfiesUacuum
B849830060 988608  12_6482 Jopt/soft_bak/postgresql-9.4_1/src/backend/access/heap/pruneheap.c:174 heap_page_prune
BB78a8ch 698665 8.9387 Jopt/soft_bak/postgresgl-?.4.1/srcfportfgsort.c:184 pg qgsort

B858afbB 676022 8.6491 Jopt/soft_bak/postgresql-9.4.1/src/backend/commands/svacuunlazy.c:1728 vac_cmp_itemptr

8a58baf @ 3B58397 4.9262 Jjopt/soft_bak/postgresql-9.4.1/svrc/backend/commands/vacuumlazy.c:172 lazy_wvacuum_rel

B8hchdBB 365497 L.6762 Jopt/soft_bak/postgresql-9.4.1/src/backend/access/transam/xlog.c:B4l Xloglnsert

886754208 220865 2.9481 fopt/soft_bak/postgresql-9.4.1/src/backend/storage/spagesbufpage.c:415 itemoffcompare

BA675dZ2 B 1Bu668 2.3626 /opt/soft_bak/postgresql-9.4.1/src/backend/storagefpagesbufpage.c:433 PageRepairFragmentation
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e OProfile

*  opannotate -x -s -t 1 /opt/pgsql/bin/postgres -i HeapTupleSatisfiesVacuum | less
ot

Command line: opannotate -x -s -t 1 fopt/pgsql/bin/postgres —-i HeapTupleSatisfiesUacuum
Interpretation of command line:

Output annotated source file with samples

Output files where samples count reach 1% of the samples

CPU: Intel Corefi?, speed 1995.14 MHz (estimated)
Counted CPU_CLK_UNHALTED events {(Clock cycles when not halted) with a unit mask of 8x88 (Ho unit mask) count 180088

LINE T T B

*
-

i

= Total samples for file : “/opt/soft_bak/postgresql-9.4.1/src/backend/utils/time/tqual.c”
*

* 2091381 100.9000

=/

e
*

POSTGRES "time qualification" code, ie, tuple visibility rules.

HOTE: all the HeapTupleSatisfies routines will update the tuple‘s

"hint" status bits if we see that the inserting or deleting transaction
has now committed or aborted {and it is safe to set the hint hits).

If the hint bits are changed, MarkBufferDirtyHint is called on

the passed-in buffer. The caller must hold not only a pin, but at least
shared buffer content lock on the buffer containing the tuple.

*
*
*
*
*
*
*
*
*
*
*
*

HOTE: must check TransactionIdIsInProgress (which looks in PGXACT array)

1879024 89 .8461 if (tHeapTupleHeaderiminConmitted(tuple))
{
63 0.8030 if {(HeapTupleHeaderiminInvalid{tuple}}
return HEAPTUPLE_DEAD;
/* Used by pre-9.8 binary upgrades =/
18 &.6e-84 else if (tuple->t_infomask & HEAP_HOUED_OFF)
{
TransactionId xvac = HeapTupleHeaderGetXvac{tuple};
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SQL Type C Type Defined In
abstime AbzoluteTime |utils/nabstime. h
bigint (intd) int6d postgres. h
boolean bool postzres. b (mavbe compiler built-in)
box BOX* utilsfgeo_decls. h
bytea byteak postzres. h
" ehar” char (compiler built-in)
character EBpChar* postgres. h

SQL cid CommandTd postgres. h

- date DatepDT utils/date. h

(: smallint (intZ) intlB postgres. h

. intZvector intZwvector® postgres. h

g’féﬂ_j‘g integer [int4) int32 postgres. h

XTJ‘EZ real (floatd) floatdk postgres. h
double precizion (floatd) floatS# postgres. h

interwval Interval* datatypeftimestamp. h

lzeg LEEG* utilsfgeo_decls. h

name Hame postzres. h

oid 0id postgres. h
LA

oldvectaor oldwvectaork postgres. h

utilsfgeo_decls. h

Z( — ﬁ {ﬁ Eﬁ path EATH#*

polnt POINT* utilsfgen_decls. h
regproc regproc postgres. h

reltime BelativeTime |utils/mabstime. h
text text# postgres. h

tid TtemPointer storagefitemptr. b
time TimedDT utils/date. h

time with time zone TimeTzADT utils/date. h
timestamp Timestamp* datatype/timestamp. h
tinterwal TimeInterwal |utils/nabstime. h
varchar VarChar* postgres. h

xid Transactionld postgres. h



%?ﬂlargs macro(Datum -> c type)

e contrib/*/*.h FE{FHTE ST M arg MACRO
— contrib/hstore/hstore.h:#tdefine PG_GETARG_HS(x) DatumGetHStoreP(PG_GETARG_DATUM(x))

— contrib/cube/cubedata.h:#define PG_GETARG_NDBOX(x)
DatumGetNDBOX(PG_GETARG_DATUM)(x))

— contrib/Itree/ltree.h:#define PG_GETARG_LTREE(x)
((ltree*)DatumGetPointer(PG_DETOAST _DATUM(PG_GETARG_DATUM(x))))

— contrib/Itree/Itree.h:##define PG_GETARG_LTREE_COPY(x)
((Itree*)DatumGetPointer(PG_DETOAST DATUM_COPY(PG_GETARG_DATUM(x))))

— contrib/Itree/ltree.h:##tdefine PG_GETARG_LQUERY(x)
((lguery*)DatumGetPointer(PG_DETOAST DATUM(PG_GETARG_DATUM(x))))

— contrib/Itree/Itree.h:#tdefine PG_GETARG_LQUERY_COPY(x)
((lguery*)DatumGetPointer(PG_DETOAST DATUM_COPY(PG_GETARG_DATUM(x))))

— contrib/Itree/ltree.h:#tdefine PG_GETARG_LTXTQUERY(x)
((ltxtquery*)DatumGetPointer(PG_DETOAST DATUM(PG_GETARG_DATUM(x))))

— contrib/Itree/ltree.h:#define PG_GETARG_LTXTQUERY_COPY(x)
((ltxtquery*)DatumGetPointer(PG_DETOAST DATUM_COPY(PG_GETARG_DATUM(x))))

— contrib/isn/isn.h:#define PG_GETARG_EAN13(n) PG_GETARG_INT64(n)

— contrib/intarray/_int.h:#define PG_GETARG_QUERYTYPE_P(n)
DatumGetQueryTypeP(PG_GETARG_DATUM(n))

— contrib/intarray/_int.h:#tdefine PG_GETARG_QUERYTYPE_P_COPY(n)
DatumGetQueryTypePCopy(PG_GETARG_DATUM(n))
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v HXargs macro(Datum -> ¢ type)

o VAR IEE arg MACRO

— src/include/tsearch/ts_utils.h:#define
PG_GETARG_TSQUERYSIGN(n)
DatumGetTSQuerySign(PG_GETARG_DATUM(n))

src/include/tsearch/ts_type.h:#define PG_GETARG_TSVECTOR(n)
DatumGetTSVector(PG_GETARG_DATUM(n))

src/include/tsearch/ts_type.h:#define
PG_GETARG_TSVECTOR_COPY(n)
DatumGetTSVectorCopy(PG_GETARG_DATUM(n))

src/include/tsearch/ts_type.h:#define PG_GETARG_TSQUERY(n)
DatumGetTSQuery(PG_GETARG_DATUM(n))

src/include/tsearch/ts_type.h:#define
PG_GETARG_TSQUERY_COPY(n)
DatumGetTSQueryCopy(PG_GETARG_DATUM(n))
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v HXargs macro(Datum -> ¢ type)

A2 arg MACRO

src/include/utils/timestamp.h:#define PG_GETARG_TIMESTAMP(n) DatumGetTimestamp(PG_GETARG_DATUM(n))
src/include/utils/timestamp.h:#define PG_GETARG_TIMESTAMPTZ(n) DatumGetTimestampTz(PG_GETARG_DATUM(n))
src/include/utils/timestamp.h:#define PG_GETARG_INTERVAL_P(n) DatumGetintervalP(PG_GETARG_DATUM(n))
src/include/utils/timestamp.h:#define PG_GETARG_TIMESTAMP(n) DatumGetTimestamp(PG_GETARG_DATUM(n))
src/include/utils/timestamp.h:#define PG_GETARG_TIMESTAMPTZ(n) DatumGetTimestampTz(PG_GETARG_DATUM(n))
src/include/utils/timestamp.h:#define PG_GETARG_INTERVAL_P(n) DatumGetIntervalP(PG_GETARG_DATUM(n))

src/include/utils/nabstime.h:#define PG_GETARG_ABSOLUTETIME(n)
DatumGetAbsoluteTime(PG_GETARG_DATUM(n))

src/include/utils/nabstime.h:#define PG_GETARG_RELATIVETIME(n) DatumGetRelativeTime(PG_GETARG_DATUM(n))
src/include/utils/nabstime.h:#define PG_GETARG_TIMEINTERVAL(n) DatumGetTimelnterval(PG_GETARG_DATUM(n))
src/include/utils/date.h:#define PG_GETARG_DATEADT(n) DatumGetDateADT(PG_GETARG_DATUM(n))
src/include/utils/date.h:#define PG_GETARG_TIMEADT(n) DatumGetTimeADT(PG_GETARG_DATUM(n))
src/include/utils/date.h:#define PG_GETARG_TIMETZADT_P(n) DatumGetTimeTzADTP(PG_GETARG_DATUM(n))
src/include/utils/xml.h:#define PG_GETARG_XML_P(n) DatumGetXmIP(PG_GETARG_DATUM(n))

src/include/utils/varbit.h:#define PG_GETARG_VARBIT_P(n) DatumGetVarBitP(PG_GETARG_DATUM(n))
src/include/utils/varbit.h:#define PG_GETARG_VARBIT_P_COPY(n) DatumGetVarBitPCopy(PG_GETARG_DATUM(n))
src/include/utils/uuid.h:#define PG_GETARG_UUID_P(X) DatumGetUUIDP(PG_GETARG_DATUM(X))

src/include/utils/numeric.h:#define PG_GETARG_NUMERIC(n) DatumGetNumeric(PG_GETARG_DATUM(n))
src/include/utils/numeric.h:#define PG_GETARG_NUMERIC_COPY(n) DatumGetNumericCopy(PG_GETARG_DATUM(n))
src/include/utils/acl.h:#tdefine PG_GETARG_ACLITEM_P(n) DatumGetAclitemP(PG_GETARG_DATUM(n))
src/include/utils/acl.h:#tdefine PG_GETARG_ACL_P(n) DatumGetAclP(PG_GETARG_DATUM(n))
src/include/utils/acl.h:#tdefine PG_GETARG_ACL_P_COPY(n) DatumGetAcIPCopy(PG_GETARG_DATUM(n))



FH 2K arg MACRO

src/include/utils/geo_decls.h:#tdefine PG_GETARG_POINT_P(n) DatumGetPointP(PG_GETARG_DATUM(n))
src/include/utils/geo_decls.h:#tdefine PG_GETARG_LSEG_P(n) DatumGetLsegP(PG_GETARG_DATUM(n))
src/include/utils/geo_decls.h:#tdefine PG_GETARG_PATH_P(n) DatumGetPathP(PG_GETARG_DATUM(n))
src/include/utils/geo_decls.h:#tdefine PG_GETARG_PATH_P_COPY(n) DatumGetPathPCopy(PG_GETARG_DATUM(n))
src/include/utils/geo_decls.h:#tdefine PG_GETARG_LINE_P(n) DatumGetLineP(PG_GETARG_DATUM(n))
src/include/utils/geo_decls.h:#tdefine PG_GETARG_BOX_P(n) DatumGetBoxP(PG_GETARG_DATUM(n))
src/include/utils/geo_decls.h:#tdefine PG_GETARG_POLYGON_P(n) DatumGetPolygonP(PG_GETARG_DATUM(n))

src/include/utils/geo_decls.h:#tdefine PG_GETARG_POLYGON_P_COPY(n)
DatumGetPolygonPCopy(PG_GETARG_DATUM(n))

src/include/utils/geo_decls.h:#tdefine PG_GETARG_CIRCLE_P(n) DatumGetCircleP(PG_GETARG_DATUM(n))
src/include/utils/inet.h:#tdefine PG_GETARG_INET_P(n) DatumGetInetP(PG_GETARG_DATUM(n))
src/include/utils/inet.h:#tdefine PG_GETARG_INET_PP(n) DatumGetlnetPP(PG_GETARG_DATUM(n))
src/include/utils/inet.h:#tdefine PG_GETARG_MACADDR_P(n) DatumGetMacaddrP(PG_GETARG_DATUM(n))
src/include/utils/array.h:#define PG_GETARG_ARRAYTYPE_P(n) DatumGetArrayTypeP(PG_GETARG_DATUM(n))

src/include/utils/array.h:#define PG_GETARG_ARRAYTYPE_P_COPY(n)
DatumGetArrayTypePCopy(PG_GETARG_DATUM(n))

src/include/utils/array.h:#define PG_GETARG_EXPANDED_ARRAY(n)
DatumGetExpandedArray(PG_GETARG_DATUM(n))

src/include/utils/array.h:#define PG_GETARG_EXPANDED_ARRAYX(n, metacache) \

src/include/utils/array.h:  DatumGetExpandedArrayX(PG_GETARG_DATUM(n), metacache)
src/include/utils/array.h:#define PG_GETARG_ANY_ARRAY(n) DatumGetAnyArray(PG_GETARG_DATUM(n))
src/include/utils/pg_lsn.h:#define PG_GETARG_LSN(n)  DatumGetLSN(PG_GETARG_DATUM(n))
src/include/utils/cash.h:#define PG_GETARG_CASH(n)  DatumGetCash(PG_GETARG_DATUM(n))

src/include/utils/rangetypes.h:#define PG_GETARG_RANGE(n)
DatumGetRangeType(PG_GETARG_DATUM(n))

src/include/utils/rangetypes.h:#define PG_GETARG_RANGE_COPY(n)
DatumGetRangeTypeCopy(PG_GETARG_DATUM(n))

src/include/utils/jsonb.h:#define PG_GETARG_JSONB(x) DatumGetJsonb(PG_GETARG_DATUM(x))
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v HXargs macro(Datum -> ¢ type)

FHI<ZEAY arg MACRO

src/include/fmgr.h:#define PG_GETARG_DATUM(n) (fcinfo->arg[n])

src/include/fmgr.h:#define PG_GETARG_INT32(n) DatumGetInt32(PG_GETARG_DATUM(n))
src/include/fmgr.h:#define PG_GETARG_UINT32(n) DatumGetUInt32(PG_GETARG_DATUM(n))
src/include/fmgr.h:#define PG_GETARG_INT16(n) DatumGetIntl6(PG_GETARG_DATUM(n))
src/include/fmgr.h:#define PG_GETARG_UINT16(n) DatumGetUInt16(PG_GETARG_DATUM(n))
src/include/fmgr.h:#define PG_GETARG_CHAR(n) DatumGetChar(PG_GETARG_DATUM(n))
src/include/fmgr.h:#define PG_GETARG_BOOL(n) DatumGetBool(PG_GETARG_DATUM(n))
src/include/fmgr.h:#define PG_GETARG_OID(n) DatumGetObjectld(PG_GETARG_DATUM(n))
src/include/fmgr.h:#define PG_GETARG_POINTER(n) DatumGetPointer(PG_GETARG_DATUM(n))
src/include/fmgr.h:#define PG_GETARG_CSTRING(n) DatumGetCString(PG_GETARG_DATUM(n))
src/include/fmgr.h:#define PG_GETARG_NAME(n) DatumGetName(PG_GETARG_DATUM(n))
src/include/fmgr.h:#define PG_GETARG_FLOAT4(n) DatumGetFloat4(PG_GETARG_DATUM(n))
src/include/fmgr.h:#define PG_GETARG_FLOAT8(n) DatumGetFloat8(PG_GETARG_DATUM(n))
src/include/fmgr.h:#define PG_GETARG_INT64(n) DatumGetInt64(PG_GETARG_DATUM(n))
src/include/fmgr.h:#define PG_GETARG_RAW_VARLENA_P(n) ((struct varlena *) PG_GETARG_POINTER(n))
src/include/fmgr.h:#define PG_GETARG_VARLENA_P(n) PG_DETOAST_DATUM(PG_GETARG_DATUM(n))

src/include/fmgr.h:##define PG_GETARG_VARLENA_PP(n)
PG_DETOAST DATUM_PACKED(PG_GETARG_DATUM(n))

src/include/fmgr.h:#define PG_GETARG_BYTEA_P(n) DatumGetByteaP(PG_GETARG_DATUM(n))
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src/include/fmgr.h:#tdefine PG_GETARG_BYTEA_PP(n) DatumGetByteaPP(PG_GETARG_DATUM(n))
src/include/fmgr.h:#tdefine PG_GETARG_TEXT_P(n) DatumGetTextP(PG_GETARG_DATUM(n))
src/include/fmgr.h:#tdefine PG_GETARG_TEXT_PP(n) DatumGetTextPP(PG_GETARG_DATUM(n))
src/include/fmgr.h:#tdefine PG_GETARG_BPCHAR_P(n) DatumGetBpCharP(PG_GETARG_DATUM(n))
src/include/fmgr.h:#tdefine PG_GETARG_BPCHAR_PP(n) DatumGetBpCharPP(PG_GETARG_DATUM(n))
src/include/fmgr.h:#define PG_GETARG_VARCHAR_P(n) DatumGetVarCharP(PG_GETARG_DATUM(n))

src/include/fmgr.h:##define PG_GETARG_VARCHAR_PP(n)
DatumGetVarCharPP(PG_GETARG_DATUM(n))

src/include/fmgr.h:#define PG_GETARG_HEAPTUPLEHEADER(n)
DatumGetHeapTupleHeader(PG_GETARG_DATUM(n))

src/include/fmgr.h:#define PG_GETARG_BYTEA _P_COPY(n) DatumGetByteaPCopy(PG_GETARG_DATUM(n))
src/include/fmgr.h:#define PG_GETARG_TEXT_P_COPY(n) DatumGetTextPCopy(PG_GETARG_DATUM(n))

src/include/fmgr.h:#define PG_GETARG_BPCHAR_P_COPY(n)
DatumGetBpCharPCopy(PG_GETARG_DATUM(n))

src/include/fmgr.h:#tdefine PG_GETARG_VARCHAR_P_COPY(n)
DatumGetVarCharPCopy(PG_GETARG_DATUM(n))

src/include/fmgr.h:#tdefine PG_GETARG_HEAPTUPLEHEADER_COPY(n)
DatumGetHeapTupleHeaderCopy(PG_GETARG_DATUM(n))

src/include/fmgr.h:##define PG_GETARG_BYTEA_P_SLICE(n,a,b)
DatumGetByteaPSlice(PG_GETARG_DATUM(n),a,b)

src/include/fmgr.h:##define PG_GETARG_TEXT _P_SLICE(n,a,b)
DatumGetTextPSlice(PG_GETARG_DATUM(n),a,b)

src/include/fmgr.h:#define PG_GETARG_BPCHAR_P_SLICE(n,a,b)
DatumGetBpCharPSlice(PG_GETARG_DATUM(n),a,b)

src/include/fmgr.h:#tdefine PG_GETARG_VARCHAR_P_SLICE(n,a,b)
DatumGetVarCharPSlice(PG_GETARG_DATUM(n),a,b)
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contrib/cube/cubedata.h:#define PG_RETURN_NDBOX(x) PG_RETURN_POINTER(x)
contrib/isn/isn.h:#define PG_RETURN_EAN13(x) PG_RETURN_INT64(x)

src/include/access/gin.h:#tdefine PG_RETURN_GIN_TERNARY_VALUE(x) return
GinTernaryValueGetDatum(x)

src/include/tsearch/ts_utils.h:#define PG_RETURN_TSQUERYSIGN(X) return
TSQuerySignGetDatum(X)

src/include/tsearch/ts_type.h:#tdefine PG_RETURN_TSVECTOR(x) return
TSVectorGetDatum(x)
src/include/tsearch/ts_type.h:#define PG_RETURN_TSQUERY(x) return TSQueryGetDatum(x)

src/include/utils/timestamp.h:#define PG_RETURN_TIMESTAMP(x) return TimestampGetDatum(x)

src/include/utils/timestamp.h:#define PG_RETURN_TIMESTAMPTZ(x) return
TimestampTzGetDatum(x)

src/include/utils/timestamp.h:#define PG_RETURN_INTERVAL_P(x) return IntervalPGetDatum(x)
src/include/utils/timestamp.h:#define PG_RETURN_TIMESTAMP(x) return TimestampGetDatum(x)

src/include/utils/timestamp.h:#define PG_RETURN_TIMESTAMPTZ(x) return
TimestampTzGetDatum(x)

src/include/utils/timestamp.h:#define PG_RETURN_INTERVAL_P(x) return IntervalPGetDatum(x)
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src/include/utils/nabstime.h:#define PG_RETURN_ABSOLUTETIME(x) return
AbsoluteTimeGetDatum(x)

src/include/utils/nabstime.h:#define PG_RETURN_RELATIVETIME(x) return
RelativeTimeGetDatum(x)

src/include/utils/nabstime.h:#define PG_RETURN_TIMEINTERVAL(x) return
TimelntervalGetDatum(x)

src/include/utils/date.h:#tdefine PG_RETURN_DATEADT(x) return DateADTGetDatum(x)
src/include/utils/date.h:#tdefine PG_RETURN_TIMEADT(x) return TimeADTGetDatum(x)
src/include/utils/date.h:#define PG_RETURN_TIMETZADT_P(x) return TimeTzADTPGetDatum(x)
src/include/utils/xml.h:#define PG_RETURN_XML P(x) PG_RETURN_POINTER(x)
src/include/utils/varbit.h:t#tdefine PG_RETURN_VARBIT_P(x) return VarBitPGetDatum(x)
src/include/utils/uuid.h:#define PG_RETURN_UUID_P(X) return UUIDPGetDatum(X)
src/include/utils/numeric.h:#define PG_RETURN_NUMERIC(x) return NumericGetDatum(x)
src/include/utils/acl.h:#define PG_RETURN_ACLITEM_P(x) PG_RETURN_POINTER(x)
src/include/utils/acl.h:#define PG_RETURN_ACL_P(x) PG_RETURN_POINTER(x)
src/include/utils/geo_decls.h:#define PG_RETURN_POINT_P(x) return PointPGetDatum(x)
src/include/utils/geo_decls.h:#define PG_RETURN_LSEG_P(x) return LsegPGetDatum(x)
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src/include/utils/geo_decls.h:#define PG_RETURN_PATH_P(x) return PathPGetDatum(x)
src/include/utils/geo_decls.h:#define PG_RETURN_LINE_P(x) return LinePGetDatum(x)
src/include/utils/geo_decls.h:#define PG_RETURN_BOX_P(x) return BoxPGetDatum(x)

src/include/utils/geo_decls.h:#define PG_RETURN_POLYGON_P(x) return
PolygonPGetDatum(x)

src/include/utils/geo_decls.h:#define PG_RETURN_CIRCLE_P(x) return CirclePGetDatum(x)
src/include/utils/inet.h:##define PG_RETURN_INET_P(x) return InetPGetDatum(x)
src/include/utils/inet.h:#tdefine PG_RETURN_MACADDR_P(x) return MacaddrPGetDatum(x)
src/include/utils/array.h:#define PG_RETURN_ARRAYTYPE_P(x) PG_RETURN_POINTER(x)

src/include/utils/array.h:#define PG_RETURN_EXPANDED_ARRAY(x)
PG_RETURN_DATUM(EOHPGetRWDatum(&(x)->hdr))

src/include/utils/pg_lsn.h:##define PG_RETURN_LSN(x)  return LSNGetDatum(x)
src/include/utils/cash.h:#define PG_RETURN_CASH(x)  return CashGetDatum(x)

src/include/utils/rangetypes.h:#tdefine PG_RETURN_RANGE(x) return
RangeTypeGetDatum(x)

src/include/utils/jsonb.h:#define PG_RETURN_ JSONB(x) PG_RETURN_POINTER(x)
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/* To return a NULL do this: */
#define PG_RETURN_NULL() \

do { fcinfo->isnull = true; return (Datum) 0; } while (0)
src/include/fmgr.h:#define PG_RETURN_VOID() return (Datum) 0
src/include/fmgr.h:#define PG_RETURN_DATUM(x) return (x)
src/include/fmgr.h:#define PG_RETURN_INT32(x) return Int32GetDatum(x)
src/include/fmgr.h:#tdefine PG_RETURN_UINT32(x) return UInt32GetDatum(x)
src/include/fmgr.h:#define PG_RETURN_INT16(x) return Int16GetDatum(x)
src/include/fmgr.h:#tdefine PG_RETURN_UINT16(x) return UInt16GetDatum(x)
src/include/fmgr.h:#tdefine PG_RETURN_CHAR(x) return CharGetDatum(x)
src/include/fmgr.h:#define PG_RETURN_BOOL(x) return BoolGetDatum(x)
src/include/fmgr.h:#define PG_RETURN_OID(x)  return ObjectldGetDatum(x)
src/include/fmgr.h:#define PG_RETURN_POINTER(x) return PointerGetDatum(x)
src/include/fmgr.h:#define PG_RETURN_CSTRING(x) return CStringGetDatum(x)
src/include/fmgr.h:#define PG_RETURN_NAME(x) return NameGetDatum(x)
src/include/fmgr.h:#define PG_RETURN_FLOAT4(x) return Float4GetDatum(x)
src/include/fmgr.h:#define PG_RETURN_FLOATS8(x) return Float8GetDatum(x)
src/include/fmgr.h:#define PG_RETURN_INT64(x) return Int64GetDatum(x)
src/include/fmgr.h:#define PG_RETURN_BYTEA_P(x) PG_RETURN_POINTER(x)
src/include/fmgr.h:#define PG_RETURN_TEXT_P(x) PG_RETURN_POINTER(x)
src/include/fmgr.h:#define PG_RETURN_BPCHAR_P(x) PG_RETURN_POINTER(x)
src/include/fmgr.h:#tdefine PG_RETURN_VARCHAR_P(x) PG_RETURN_POINTER(x)
src/include/fmgr.h:#define PG_RETURN_HEAPTUPLEHEADER(x) return HeapTupleHeaderGetDatum(x)



composite type arg %1

#include "postgres.h"

#include "fmgr.h"
#include "executor/executor.h"  /* for GetAttributeByName() #R#Ecomposite JG 2 44 i Datum */

#ifdef PG_MODULE_MAGIC
PG_MODULE_MAGIC;
#tendif

PG_FUNCTION_INFO_V1(c_overpaid);

Datum
c_overpaid(PG_FUNCTION_ARGS)

{

HeapTupleHeader t = PG_GETARG_HEAPTUPLEHEADER(0); // 3H{Z%i1 composite Datum#% il A IS B ¢ type
int32 limit = PG_GETARG_INT32(1); // kK Z%12
bool isnull;

Datum salary;

salary = GetAttributeByName(t, "salary", &isnull); // Bl composite F K H: AN TG FDatum
if (isnull)

PG_RETURN_BOOL(false);
/* Alternatively, we might prefer to do PG_RETURN_NULL() for null salary. */

PG_RETURN_BOOL(DatumGetInt32(salary) > limit); // Datum ¥ctypeitt {7 L5, i idPG_RETURN*#i HiDatum
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BB fun( B & (a,b,c)) #itlc b, a, c*b+a
Datum
c_reverse_tuple(PG_FUNCTION_ARGS)
{
HeapTupleHeader th; // & &A% B [HC type
int32 a,b,c; // BA RN I = A7 A
bool aisnull, bisnull, cisnull;  // &5 N4
TupleDesc resultTupleDesc; // 1% [Flrecord{H i) #id 25 7Y
Oid resultTypeld; // X [FMEFIOID (WI5A HIEH)
Datum retvals[4]; // R [FH{E T
bool retnulls[4]; // R [FUETREEH AT
HeapTuple rettuple; // 1% [Bltuple
// get the tuple header of 1st argument
th = PG_GETARG_HEAPTUPLEHEADER(0);
// get argument Datum's and convert them to int32

a = DatumGetInt32(GetAttributeByName(th, "a", &aisnull)); // Mcomposite c typeZRHLF-2E
DatumFFF5 3N C type
b = DatumGetInt32(GetAttributeByName(th, "b", &bisnull));

¢ = DatumGetInt32(GetAttributeByName(th, "c", &cisnull));
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// debug: report the extracted field values
ereport(INFO,
(errmsg("arg: (a: %d,b: %d, c: %d)", a, b, c)) );
// set up tuple descriptor for result info
get_call_result_type(fcinfo, &resultTypeld, &resultTupleDesc);
// check that SQL function definition is set up to return arecord
Assert(resultTypeld == TYPEFUNC_COMPOSITE);
// make the tuple descriptor known to postgres as valid return type
BlessTupleDesc(resultTupleDesc);
retvals[0] = Int32GetDatum(c); // #4Ji& iR [A{H F 5
retvals[1] = Int32GetDatum(b);
retvals[2] = Int32GetDatum(a);
retvals[3] = Int32GetDatum(retvals[0] *retvals[1]+retvals[2]);
retnulls[0] = aisnull;
retnulls[1] = bisnull;
retnulls[2] = cisnull;
retnulls[3] = aisnull | | bisnull || cisnull;
rettuple = heap_form_tuple( resultTupleDesc, retvals, retnulls ); // #Ji&tuple
PG_RETURN_DATUM( HeapTupleGetDatum( rettuple ) ); // iz [F|Datum
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P ALHS
Datum
my_set_returning_function(PG_FUNCTION_ARGS)
{

FuncCallContext *funcctx;

Datum result;

further declarations as needed

if (SRF_IS_FIRSTCALL()) // W iZ ek He & A % 10 38 — R H
{

MemoryContext oldcontext;

funcctx = SRF_FIRSTCALL_INIT(); // #4654t FuncCallContext
oldcontext = MemoryContextSwitchTo(funcctx->multi_call_memory_ctx);
/* One-time setup code appears here: */
user code
if returning composite
build TupleDesc, and perhaps AttinMetadata
endif returning composite
user code
MemoryContextSwitchTo(oldcontext);



}

i [ (SRF) 441+

/* Each-time setup code appears here: */

user code

funcctx = SRF_PERCALL_SETUP(); // iRk < B Vi FH 7= AR ) 45

user code

/* this is just one way we might test whether we are done: */

if (funcctx->call_cntr < funcctx->max_calls)
{
/* Here we want to return another item:
user code
obtain result Datum

*/

SRF_RETURN_NEXT(funcctx, result); // iR [Fl—Z&ids%, EHER

}

else

{

/* Here we are done returning items and just need to clean up: */

user code

SRF_RETURN_DONE(funcctx); // i FH %5

}

, R[]



#tinclude <string.h>
#include "postgres.h"
#include "fmgr.h"

PG_MODULE_MAGIC; //V1CUDF
PG_FUNCTION_INFO_V1(text_reverse); // 70

/*

* Return reversed string

*/

Datum

text_reverse(PG_FUNCTION_ARGS)

{
text  *str=PG_GETARG_TEXT_PP(0);
const char *p = VARDATA_ANY(str);
int len = VARSIZE_ANY_EXHDR(str);
const char *endp = p + len;
text *result;
char *dst;

result = palloc(len + VARHDRSZ);
dst = (char *) VARDATA(result) + len;
SET_VARSIZE(result, len + VARHDRSZ);

AN



if (pg_database_encoding_max_length() > 1)

{
/* multibyte version */
while (p < endp)
{
int sz;
sz = pg_mblen(p);
dst -=sz;
memcpy(dst, p, sz);
p += sz;
}
}
else
{
/* single byte version */
while (p < endp)
*(--dst) = *p++;
}

PG_RETURN_TEXT_P(result);

Nl



ZN il

gcec -03 -Wall -Wextra -Werror -1 /home/digoal/pgsrc/src/include -g -fPIC -c ./reverse.c -o reverse.o
gcc -03 -Wall -Wextra -Werror -1 /home/digoal/pgsrc/src/include -g -shared reverse.o -o libreverse.so

cp libreverse.so /home/digoal/pghome/lib

postgres=# create or replace function reverse(text) returns text as
'/home/digoal/pghome/lib/libreverse.so', 'text_reverse' language C STRICT immutable;
CREATE FUNCTION

postgres=# select reverse('abc');
reverse

postgres=# select reverse('a f d12');
reverse

(1 rom) PG_GETARG_*

postgres=# select reverse(null);
reverse
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http://blog.163.com/digoal@126/blog/static/16387704020121118112533410/

digoal=# create aggregate agg_append (text) (
sfunc = textcat,
stype = text);

digoal=# create aggregate array_agg (anyelement) (
sfunc = array_append,
stype = anyarray);

digoal=# create aggregate agg_append (text) (
sfunc = textcat,

stype = text,

FINALFUNC = final_array_agg);


http://blog.163.com/digoal@126/blog/static/16387704020121118112533410/
http://blog.163.com/digoal@126/blog/static/16387704020121118112533410/

;

PR 25 R B




src/include/utils/builtins.h
src/backend/utils/adt/windowfuncs.c

/*
* first_value
* return the value of VE evaluated on the first row of the
* window frame, per spec.
*/
Datum
window_first_value(PG_FUNCTION_ARGS)
{
WindowObject winobj = PG_WINDOW_OBIJECT();
Datum result;
bool isnull;

result = WinGetFuncArginFrame(winobij, O,
0, WINDOW_SEEK_HEAD, true,
&isnull, NULL);
if (isnull)
PG_RETURN_NULL();

PG_RETURN_DATUM(result);
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snpot fonctfen

The name of a function that converts data from the type's external textual form to its internal farm.
cotpot_fanctsen

The name of a function that converts data from the type's internal form to its external textual form.
recesve functsien

The name of a function that converts data from the type's external binary form to its internal form.
send fancifen

The name of a function that converts data from the type's internal form to its external binary form.


https://www.postgresql.org/docs/9.6/static/sql-createtype.html
https://www.postgresql.org/docs/9.6/static/sql-createtype.html
https://www.postgresql.org/docs/9.6/static/sql-createtype.html
https://www.postgresql.org/docs/9.6/static/sql-createtype.html
https://www.postgresql.org/docs/9.6/static/xtypes.html
https://www.postgresql.org/docs/9.6/static/xtypes.html

T

L\~
VIS
g

1 5E X
i

https://www.postgresgl.org/docs/9.6/static/sql-createtype.html
%1+

https://www.postgresql.org/docs/9.6/static/xtypes.html

typedef struct Complex {

double x:
double v
I Complex;

PG_FUHCTION_IHFO_¥1 (complex_in);

Datum
complex_in (PG _FUHCTIOH_ARGS)
{

char ¥ztr = PG_GETARG_CSTRING (D) ;
double X,
¥

Complex *result;

PG_FUNCTION _INFO_W1 (complex_out];
if (sscanflstr, ™ [ %1f , ¥1f 17, o, &) 1= 22

ereport (EREOER, Datum
[errcode (ERRCODE_TWWALID TEXT EREPRESENTATION), complex_out (PG_FUHCTION_ARGS)
errmsg(“inwalid input syntax for complex: WHsYTT, 1
str])]: Complex #complex = [Complex *) FG_GETARG _POINTER(0);
char *¥result;

result = [Complex *) palloc(zizeof (Complex]);
result—rx = x: result = psprintf (" ¥z, %1”, complex—ru, complex—rw);
result—2y = ¥; FG_EETUEN_CSTREING (result];

PG_RETURN_FOINTER (result); h
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internallength

— A numeric constant that specifies the length in bytes of the new type's internal representation. The default

assumption is that it is variable-length.

alignment

— The storage alignment requirement of the data type. If specified, it must be char, int2, int4, or double; the default

is int4.

PG_FUHCTION_IHFO_¥1 (complex_recw);

Datum
complex_recw (PG_FUNCTION_ARGS)

{

1

Stringlnfo buf = (Etringlnfo) PG_GETARG _POINTER (D) ;
Complex *¥result;

result = ([Complex *) palloc(zsizecf(Complex));
result-2x = pg_getmzgfloatd (buf);

result—>% = pg_getmeszfloatd (buf);
PG_RETURN_FPOINTER (result);

FG_FUNCTION _INFO_¥1 (eomplex_send);

Datum
complex_zend (P3_FUHCTION_ARGS)

i

Complex
Stringlnfollata buf;

rq _begintypsend (Bbuf];

pq_sendfloatd (buf, complex—ix);
pa_sendfloatd (buf, complex—iv);
PG_RETUEH_EYTEA_F ipq endtypszend (Sbuf));

#complex = [Complex ®) FG_GETARG _POINTER(0);

CEEATE FUHCTION complex_inl(estring)
RETURHS complex
A5 ' frfename’
LANGUAGE C IMMUTARLE STRICT;

CEEATE FUHCTION complex_out (complex)
EETURHS c=tring
AS ' frlenawe’
LANGUAGE C IMMUTAELE STRICT,

CEEATE FUHCTION complex_recv(internal)
BETURHS complex
43 Friename’
LAWGUAGE C IMMUTABLE STRICT;

CEEATE FUNCTION complex_send (complesx]
EETUEHS bytea
AS * FrTename’
LANGIUAGE C IMMUTABLE STRICT;

CEEATE TYFE complex [
internallength = 18,
input = complex_im,
output = complex_out,
recelve = complex_recw,
send = complex_send,
aligoment = double
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https://www.postgresql.org/docs/9.5/static/sql-
createoperator.html

http://blog.163.com/digoal@126/blog/static/16387704020
156158447718/

CREATE OPERATOR name (
PROCEDURE = function_name
, LEFTARG = left_type ] [, RIGHTARG = right_type |
, COMMUTATOR =com_op ] [, NEGATOR = neg_op ]
, RESTRICT =res_proc ] [, JOIN = join_proc |
, HASHES ] [, MERGES ]
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Datum
citext_ne(PG_FUNCTION_ARGS)
{
text *left = PG_GETARG_TEXT_PP(0);
text  *right = PG_GETARG_TEXT_PP(1);
char  *lcstr,
*restr;
bool result;

/* We can't compare lengths in advance of downcasing ... */

Icstr = str_tolower(VARDATA_ANY(left), VARSIZE_ANY_EXHDR(left), DEFAULT_COLLATION_OID);
rcstr = str_tolower(VARDATA_ANY(right), VARSIZE_ANY_EXHDR(right), DEFAULT_COLLATION_OID);

/*

* Since we only care about equality or not-equality, we can avoid all the
* expense of strcoll() here, and just do bitwise comparison.

*/

result = (strcmp(lcstr, rcstr) 1= 0);

pfree(lcstr);

pfree(rcstr);
PG_FREE_IF_COPY(left, 0);
PG_FREE_IF_COPY(right, 1);

PG_RETURN_BOOL(result);
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CREATE FUNCTION citext_ne( citext, citext )
RETURNS bool

AS 'MODULE_PATHNAME'

LANGUAGE C IMMUTABLE STRICT;

CREATE OPERATOR <> (
LEFTARG = CITEXT,
RIGHTARG = CITEXT,
NEGATOR ==,
COMMUTATOR = <>,
PROCEDURE = citext_ne,
RESTRICT = neqsel,
JOIN = negjoinsel

);
&3V

https://vqg.aliyun.com/articles/51131
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T RRLIEX
CREATE OPERATOR CLASS name [ DEFAULT ] FOR TYPE data_type
USING index_method [ FAMILY family_name ] AS

{ OPERATOR strategy_number operator_name [ ( op_type,
op_type ) ] [ FOR SEARCH | FOR ORDER BY sort_family _name |

| FUNCTION support_number [ (op_type [, op_type])]
function_name ( argument_type [, ...] )

| STORAGE storage type
.

Ee1EfFstrategy_number. PR #support_number
https://www.postgresql.org/docs/9.5/static/xindex.html
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—  &K5|458) value : (ctid1, ctid2, ....)
—  https://www.postgresql.org/docs/9.5/static/gin.html
- FFREN

— https://www.postgresql.org/docs/9.5/static/gin-extensibility.html

— int compare(Datum a, Datum b)
o LEHelement

— Datum *extractValue(Datum itemValue, int32 *nkeys, bool **nullFlags)
o A ctidii [A]0F N AT BT 7E S 1AF i ) elements

— Datum *extractQuery(Datum query, int32 *nkeys, StrategyNumber n, bool **pmatch, Pointer
**extra_data, bool **nullFlags, int32 *searchMode)

 column op query IR [FIX} AT (s) BT 7E Bl A7-fif ) elements
— bool consistent(bool check[], StrategyNumber n, Datum query, int32 nkeys, Pointer extra_data(],
bool *recheck, Datum queryKeys[], bool nullFlags[])

 column op query iZ[A] true or false

— GinTernaryValue triConsistent(GinTernaryValue check[], StrategyNumber n, Datum query, int32 nkeys,
Pointer extra_data[], Datum queryKeys|], bool nullFlags[])

* GIN_TRUE, GIN_FALSE and GIN_MAYBE(7 Zrecheck, lossyifi77).
%+

— array, ts, hstore
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*  operator strategy number
o AEEFRIET . EHERT

2
e
0

Table 35-6. GIMN Array Strategies

Operation Strategy Number
overlap 1
contains 2

is contained by | 3
equal 4

* Index Method Support Routines

Table 35-12. GIN Support Functions

Function Description Support Mumhb
compar e compare two keys and return an integer less than zero, zero, or greater than zero, indicating whether the first 1
extract¥alue |Extract keys from a value to be indexed 2
sxtractfuery | extract kevs from a query condition 3
consiztent determine whether value matches query condition (Boolean variant) (optional if support function 6 is present) 4
comparePartial | CcOmpare partial key from query and key from index, and return an integer less than zero, zero, or greater than |5
triConsistent |determine whether value matches query condition (ternary variant) (optional if support function 4 is present) ]
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GiST (balanced, tree%t 4 5])
—  https://www.postgresql.org/docs/9.5/static/gist-intro.html
- JPREO

—  https://www.postgresal.org/docs/9.5/static/gist-extensibility.html

— consistent
« column op query iR 7] true or false (recheck ¥ 7~ 7& 75 Alossy)

— union
o N —fttentry T Bl —entry, BT 45 Rentry Bl R 5
—  compress
o PR T entry k45 & A fEindex page HH /7-if ) Datum
— decompress
. fRIE
— penalty
« IHE IR [Elentrydfi A Z Jl branchfcost
—  picksplit
o MRLITTFESRN, HEilitlentry 7 2R L HHipage, Wltlentry T 242 2H I page.
—  same
o P entryse S AHSE
— distance
* column op query IR[AI"BEE", 7% EHEF U L ATSE i distance 2 1 R 2L
— fetch

o FRIUZ 5l entryXf B column value
1l

— range, point, box
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Table 35-4. GiST Two-Dimensional "R-tree” Strategies

. operator strategy number Operation Strategy Number
. it N strictly left of 1
o ABEERE S AR ! .
does not extend to right of | 2
overlaps 3
does not extend to left of 4
strictly right of 2
same a]
contains 7
contained by 2
does not extend above g
. strictly below 10
* Index Method Support Routines LY
strictly above 11
does not extend below 12
Table 35-10. GiST Support Functions
Function Description Suf

consistent determine whether key satisfies the query qualifier

uni o cormpute union of a set of keys

compress | COMmMpute a compressed representation of a key or value to be indexed

decompress CcOMpute a decompressed representation of a compressed key

penalty compute penalty for inserting new key into subtree with given subtree's key

picksplit | determine which entries of a page are to be moved to the new page and compute the union keys for resulting pages
equal compare two keys and return true if they are equal

distance determine distance from key to query value (optional)

L I S I o [ Wy T e N =

fetch compute original representation of a compressed key for index-only scans (optional)
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* SP-GiST (non-balanced %4 4514, quad-trees, k-d
trees, and radix trees (tries))

* repeatedly divide search space into partitions
that need not be of equal size

— https://www.postgresql.org/docs/9.5/static/spgist.ht
ml

- P RHEH
— https://www.postgresal.org/docs/9.5/static/spgist-
extensibility.html

» Bir

— range, point
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operator strategy number
AN E RS S A e 2R

Index Method Support Routines

Table 35-11. SP-GiST Support Functions

U 51 4%

I

Table 35-5. SP-GIiST Point Strategies

Operation Strategy Number
strictly leftof |1

strictly right of |5

came =]

contained by | B

strictly below | 10

strictly above 11

Function Description Support Number
config provide basic information about the operator class 1
choose determine how to insert a new value into an inner tuple 2
pieksplit determine how to partition a set of values 3

inmer_conszistent determine which sub-partitions need to be searched for a query 4

leaf consistent determine whether key satisfies the query gualifier 5



Operator strategy number

btree Table 35-3. Hash Strategies

haSh Operation Strategy Number
D S = equal 1

E RIS 5

brin

AN E RIS T . AEE 2R A

Table 35-7. BEIN Minmax Strategies

Operation Strategy Mumber
less than 1
less than or equal 2
equal 2

greater than or equal | 4
greater than g

U 51 4%

I

Table 35-2. B-tree Strategies

Operation

less than

less than or equal
equal

Strategy Mumber
1
2
3

greater than or equal | 4

greater than

3
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* Index Method Support Routines

— btree
— hash
— brin
Table 35-8. B-tree Support Functions

Function Support
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, ar greater than the second 1
Return the addresses of C-callable sort support function(s), as documented in utilsfsertsuppert. k (Optional) 2

Table 35-9. Hash Support Functions

Function Support Mumber
Compute the hash value for a key |1

Table 35-13. BRIN Support Functions

Function Description Support Number
apeInfo return internal information describing the indexed columns' summary data 1
add_walue add a new value to an existing summary index tuple z2
consistent determine whether value matches query condition 2

unian compute union of two summary tuples 4
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Operator(s) function

PG_FUNCTION_INFO_V1(hstore_contains);
Datum
hstore_contains(PG_FUNCTION_ARGS)
{
HStore *val = PG_GETARG_HS(0);
HStore *tmpl=PG_GETARG_HS(1);
bool res = true;
HEntry *te = ARRPTR(tmpl);
char  *tstr = STRPTR(tmpl);
HEntry *ve = ARRPTR(val);
char  *vstr = STRPTR(val);

int tcount = HS_COUNT(tmpl);
int lastidx = O;

int i;

/*

* we exploit the fact that keys in "tmpl" are in strictly increasing

* order to narrow the hstoreFindKey search; each search can start one
* entry past the previous "found" entry, or at the lower bound of the

* search

*/
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for (i = 0; res && i < tcount; ++i)

{
int idx = hstoreFindKey(val, &lastidx,
HSTORE_KEY(te, tstr, i),
HSTORE_KEYLEN(te, i));
if (idx >=0)
{
bool nullval = HSTORE_VALISNULL(te, i);
int vallen = HSTORE_VALLEN(te, i);
if (nullval != HSTORE_VALISNULL(ve, idx) | |
(!nullval && (vallen != HSTORE_VALLEN(ve, idx) | |
memcmp(HSTORE_VAL(te, tstr, i),
HSTORE_VAL(ve, vstr, idx),
vallen) I=0)))
res = false;
}
else
res = false;
}

PG_RETURN_BOOL(res);
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CREATE FUNCTION hs_contains(hstore,hstore)
RETURNS bool

AS 'MODULE_PATHNAME','hstore_contains'
LANGUAGE C STRICT IMMUTABLE;

CREATE OPERATOR @> (
LEFTARG = hstore,
RIGHTARG = hstore,
PROCEDURE = hs_contains,
COMMUTATOR ='<@',
RESTRICT = contsel,

JOIN = contjoinsel
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index method support functions (C code )

-- GIN support

Datum
gin_extract_hstore(PG_FUNCTION_ARGS)
{
HStore *hs =PG_GETARG_HS(0);
int32  *nentries = (int32 *) PG_GETARG_POINTER(1);
Datum  *entries = NULL;
HEntry *hsent = ARRPTR(hs);
char  *ptr=STRPTR(hs);
int count = HS_COUNT(hs);
int i;

*nentries = 2 * count;
if (count)
entries = (Datum *) palloc(sizeof(Datum) * 2 * count);
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for (i = 0; i < count; ++i)

{

text *item;

item = makeitem(HSTORE_KEY(hsent, ptr, i),
HSTORE_KEYLEN(hsent, i),
KEYFLAG);

entries[2 * i] = PointerGetDatum(item);

if (HSTORE_VALISNULL(hsent, i))
item = makeitem(NULL, O, NULLFLAG);
else
item = makeitem(HSTORE_VAL(hsent, ptr, i),
HSTORE_VALLEN(hsent, i),
VALFLAG);
entries[2 * i + 1] = PointerGetDatum(item);

PG_RETURN_POINTER(entries);
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index method support functions (C code E:Aift % )
CREATE FUNCTION gin_extract_hstore(internal, internal)
RETURNS internal

AS 'MODULE_PATHNAME'

LANGUAGE C IMMUTABLE STRICT;

CREATE FUNCTION gin_extract_hstore_query(internal, internal, int2, internal, internal)
RETURNS internal

AS 'MODULE_PATHNAME'

LANGUAGE C IMMUTABLE STRICT;

CREATE FUNCTION gin_consistent_hstore(internal, int2, internal, int4, internal, internal)
RETURNS bool

AS 'MODULE_PATHNAME'

LANGUAGE C IMMUTABLE STRICT;

CREATE OPERATOR CLASS gin_hstore_ops
DEFAULT FOR TYPE hstore USING gin
AS
OPERATOR 7 @>,
OPERATOR 9  ?(hstore,text),
OPERATOR 10 ?|(hstore,text[]),
OPERATOR 11 ?&(hstore,text[]),
FUNCTION 1  bttextcmp(text,text),
FUNCTION 2 gin_extract_hstore(internal, internal),
FUNCTION 3 gin_extract_hstore_query(internal, internal, int2, internal, internal),
FUNCTION 4  gin_consistent_hstore(internal, int2, internal, int4, internal, internal),
STORAGE text;
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PostgreSQLA Ml LE ik 422 11

—  UDF (BFERA. % 0L i ek £0

*  https://www.postgresql.org/docs/9.5/static/xfunc-c.html
GiST, SP-GiST, GIN, BRIN & X &5 #: 1

*  https://www.postgresgl.org/docs/9.5/static/gist.html ... ...
- ¥ RERRIIHE O (bloomf¥)

e https://www.postgresql.org/docs/9.6/static/bloom.html

e https://www.postgresql.org/docs/9.6/static/xindex.html
- BREFF

e https://www.postgresql.org/docs/9.5/static/sql-createoperator.html

- HERR

*  https://www.postgresql.org/docs/9.5/static/sql-createtype.html

- FDW

*  https://www.postgresql.org/docs/9.5/static/fdwhandler.html
- FRHEUEF handler

* https://www.postgresgl.org/docs/9.5/static/plhandler.html
— SPI

*  https://www.postgresgl.org/docs/9.5/static/spi.html
- Zh&fork #HE, EENEILENFE

*  https://www.postgresql.org/docs/9.5/static/bgworker.html
—  table sampling method

*  https://www.postgresql.org/docs/9.5/static/tablesample-method.html

—  custom scan provider

*  https://www.postgresql.org/docs/9.5/static/custom-scan.html
—  HEXREDOH Eencode,decodef# M

*  https://www.postgresql.org/docs/9.6/static/generic-wal.html

%
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* https://www.postgresql.org/docs/9.6/static/e
xtend-extensions.htm|

* https://www.postgresgl.org/docs/9.6/static/e
xtend-pgxs.html

 http://pgxn.org/about/
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e Makefile

# contrib/hstore/Hakefile
data

expected
hstore--1.06--1.1.5q1
hstore-—-1.1--1.2.5q1
hstore-—-1.2--1.3.5q1
hstore--1.3.sq1
hstore_compat.c
hstore._control

MODULE big = hstore
OBJS = hstore_io.o hstore op.o hstore gist.o hstore _gin.o hstore _compat.o %
$(WIN32RES)

EXTENSION = hstore

DATA = hstore--1.3.5ql hstore--1.2--1.3.5q1 %
hstore--1.1--1.2.5q1 hstore--1.8--1.1.5q1 %
hstore-—unpackaged--1.8.sq1

PGFILEDESC = "hstore - keyfvalue pair data type"

hstore gin.c

hstore gist.c

hstore.h

hstore io.c

hstore_op.c
hstore-—-unpackaged--1.08.sq1
Makefile

REGRESS = hstore

ifdef USE_PGRS

PG_CONFIG = pg_config

PGXS == %({shell ${PG_EDHFIG} ——pgxs}

include 5$({PGXS)

else

subdir = contribshstore

top builddir = ../f..

include 5({top_builddir}/src/Makefile_global
include 5({top_srcdir)/contrib/contrib-global . mk
endif

sl
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e control file

— # hstore extension

— comment = 'data type for storing sets of (key,
value) pairs'

— default_version ='1.3'
— module _pathname = 'Slibdir/hstore'
— relocatable = true
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* custom scan provider API

e https://www.postgresql.org/docs/9.5/static/c
ustom-scan.htm|
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* https://github.com/pg-strom/devel

* https://wiki.postgresgl.org/wiki/PGStrom
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src/backend/optimizer/plan/planner.c

PlannedStmt *
planner(Query *parse, int cursorOptions, ParamListinfo boundParams)

{

PlannedStmt *result;

if (planner_hook)

result = (*planner_hook) (parse, cursorOptions, boundParams);
else

result = standard_planner(parse, cursorOptions, boundParams);
return result;
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wa

_Pa_dnditi{woid)

{
J."*
*# Pa-Strom has to be loaded using shared_preload_libraries option
*i
if {!process_shared_preload_libraries_in_progress)

ereport { ERROR,
{errcode({ERRCODE_OBJECT_MOT_IMN_PREREQUISITE_STATED,
errmsgi "Pa-5trom must be loaded wia shared_preload_libraries")));

F* dump wersion number #F
elogi(l0a, "Pa-Strom version %s built for PostgreSQL %s",
PESTROM_WERSION, Pia_MAJORVERSION);

J¥ dnditialization of CUDA related stuff *f
pestrom_init_cuda_contral();
pgstrom_init_cuda_programi);

f* ipitialization of data store support #f
pestrom_init_datastore];

F* registration of custom-scan providers #/
pestrom_init_gpuscan(};
pestrom_init_gpujoin();
pestrom_init_gpupreaggil;
pgstrom_init_gpusort{);

S* miscellaneous initializations #f
pestrom_init_misc_pguci);
pestrom_init_codegen{);
pegstrom_init_plecudaf);

F* overall planner hook registration *5
planner_hook_next = planner_hook;
planner_hook = pgstrom_planner_entrypoint;
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static Plannedstmt *

pestrom_planner_entrypoint (Query *parse,
int cursorOptions,
ParamListInfo boundParams)

Planned=>tmt *result;

if {planner_hook_next)

result = planner_hook_next{parse, cursordptions, boundParams);
else

result = standard_planner({parse, cursordptions, boundParams);

1f {(pgstrom_enabled)

i
ListCell #rell;

fssert{result-rplanTree l= MULL);
pestrom_recursive_grafter({result, HULL, Aresult-:planTree];

foreach {cell, result-rsubplans)

i
Plan #**p_subplan = (Flan **) &cell->data.ptr_walue;
pestrom_recursive_pgrafter({result, NULL, p_subplan);

I

return result;
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static woid
pestrom_recursive_grafter(Plannedstmt *#pstmt, FPlan *parent, Plan **p_curr_plan)

i
Flan *plan = *p_curr_plan;
ListCell *#1c;

fesert{plan l= MULL);

sWitch (nodeTagiplan))
i

case T_hgg:

J."*

#* Try to inject GpuPrefgg plan if cost of the aggregate plan
* iz enough expensive to justify preprocess by GPU.
*i
pestrom_try insert gpupreag el == =T H
break;

case T_SubqueryScan:
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case T_SubquerwZcan:

i

h

break;

SubquervScan #*cubquery = (subgqueryscan *) plan;
Plan ##pn subplan = &subquery->subplan;
pgstrom_recursive_grafter{pstmt, plan, p_subplan);

case T_ModifyTable:

i

h
break;
case T_Append:

1

1

break;

ModifyTable *mtplan = (ModifyTable *#) plan;

foreach {lc, mtplan-:plans)

i
Plan ##*p_subplan = (Plan *#+) &1first(1c);
pestrom_recursive_pgrafter{pstmt, plan, p_subplanl;

fppend *aplan = (Append *) plan;

foreach {lc, aplan-zappendplans)

i
Plan #*#*p_subplan = {(Plan #*) &1Firsti{lc);
pegstrom_recursive_grafter{pstmt, plan, p_subplanl;

case T_HMergeAppend:
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case T_Hergebppend:

i
Mergetppend *maplan = (Mergefppend *) plan;
foreach (lc, maplan-rmergeplans)
i
Flan #*p_subplan = (Plan #**) &lfirst(lc);
pegstrom_recursive_grafteri{pstmt, plan, p_subplan);
h
h
break;

case T_BitmapAnd:

i
BitmapAnd *baplan = (Bitmap&nd *) plan;
foreach ({lc, baplan-zbitmapplans)
i
Flan #*p_subplan = (Plan #**) &lfirst(lc);
pgstrom_recursive_gratteripstmt, plan, p_subplan);
¥
h
break;

case T_BitmapOr:

i
Bitmaplr *hoplan = (BitmapOr *) plan;
foreach {lc, boplan-rbitmapplans)
i
Flan #*p_subplan = (Plan #**) &lfirst(lc);
pgstrom_recursive_gratteripstmt, plan, p_subplan);
b
h

break;
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«  plannerhook , #tplanf T/ 558 2] H P & #1050 S AL P
o FFUEHIN plannersy 32 A RIE T GPU M plan tree (7l iidmaf3dE 15 10, £ T CUDAFE K 34T+ 5 45)
«  executor H{TiX plan tree

Query: SELECT * FROM 1_tbl JOIN r_tbl on|l_tbl.lid = r_tbl.rid;

/_C CUDA
: 1 Custom- Sf:éf_,e x A
[ Parser J Scan/Join = = Massive

1 4 Interface —> nvrtc )
> PG-Strom

[ Planner

Executor

I | A b
) 'L driver
‘ . DMA Data Transfer
B % S
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. pgrouting
. http://pgrouting.org/
. http://workshop.pgrouting.org/
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bitiz &

/*

* bit_and

* perform a logical AND on two bit strings.

*/

Datum

bit_and(PG_FUNCTION_ARGS)

{
VarBit *argl = PG_GETARG_VARBIT_P(0);
VarBit *arg2 = PG_GETARG_VARBIT_P(1);
VarBit  *result;

int len,
bitlen1,
bitlen2,
i;
bits8  *p1,
*p2,

*r’.

b




bitlen1 = VARBITLEN(argl);
bitlen2 = VARBITLEN(arg2);
if (bitlenl != bitlen2)
ereport(ERROR,
(errcode(ERRCODE_STRING_DATA_LENGTH_MISMATCH),
errmsg("cannot AND bit strings of different sizes")));

len = VARSIZE(argl);

result = (VarBit *) palloc(len);
SET_VARSIZE(result, len);
VARBITLEN(result) = bitlen1;

pl = VARBITS(argl);

p2 = VARBITS(arg2);

r = VARBITS(result);

for (i =0; i < VARBITBYTES(argl); i++)
*re+ = *ple+ & *p2++;

/* Padding is not needed as & of 0 pad is 0 */

PG_RETURN_VARBIT_P(result);

‘)
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PostGIS

- http://postgis.net/docs/manual-2.2/ST_Contains.html
— boolean ST_Contains(geometry geomA, geometry geomB);

—  lwgeom_geos.c PG_FUNCTION_INFO_u1 (TTEE) ;
patun [FTTILEE(PG_FUNCTION_ARGS)
{
GSERIALIZED =geomi;
GSERIALIZED =geom2;
GEDSGeometry =g1, =g2;
GBOX box1, box2;
int type1, type2;
LWGEDH =lwgeom;
LWPOINT =point;
RTREE_POLY_CACHE =poly_cache;
int result;
J PrepGeomCache *prep_cache;

geoml = PG_GETARE_GSERIALIZED_P(9);
geom? = PG_GETARE_GSERIALIZED_P(1);

errorIfGeometryGollection{geom,geon?) ;
error_if_srid_mismatch{gserialized_get_srid{geoml), gserialized_get_srid{geom2));

/% A.Contains(Empty) == FALSE */
if { gserialized_is_empty{geom1) || gserialized_is_empty{geom2)} )
PG_RETURN_EO0OL(false);

POSTEIS_DEBUG(2, “[IIITILE called.");

FE3
| POL PG ;’}Tlﬂ #% chort-circuit 1: if geom? bounding box is not completely inside
** geoml bounding box we can prematurely return FALSE.
%% Do the test IFF BOUNDING BOX AUAILABLE.
=/
if { gserialized_get_gbox_p(geom1, &box1) &&
gserialized_get_gbox_p{geom2, &box2) )

if ( t gbox [TTIEELE 2d(&box1, &box2) )
1

PG_RETURN_BOOL(FALSE);

{

*% short-circuit 2: if geom2 is a point and geoml is a polygon
*% call the point-in-polygon function.

=/

type1 = gserialized_get_type{geoml);
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type? = gserialized_get_type(geomn2);

if {{typel == POLYGOHTYPE || typel == MULTIPOLYGOMTYPE) && type2 == POINTTYPE})

{
POSTGIS DEBUG{3, "Point in Polygon test requested...short-circuiting."};
lwgeom = lwgeom from_gserialized{geom1);
point = lugeom as lwpoint{lugeom from gserialized{geom2}};

POSTGIS_DEBUGF{3, “Precall point_in_multipolygon_rtree %p, %p", lwgeom, point);

poly_cache = GetRtreeCache{fcinfo, geoml);

if ( poly_cache && poly_cache->ringIndices }

¢ result = point_in _multipolygon_rtree{poly cache->ringlIndices, poly cache->polyCount, poly cache->ringCounts, point}j
glse if { typel == POLYGOHTYPE )

¢ result = point_in_polygon{{LUPOLY*}lwgeom, point};

glse if { typel == HULTIPOLYGOHTYPE )

¢ result = point_in multipolygon{{LWHPOLY=*)1lwgeom, point};

H

{
/= Gulp* Should not be here... =/
elog{ERROR,"Type isn't poly or multipoly*"});
PG_RETURN_HNULL{};

b

lwgeom_free{lwgeom);
lwpoint_free{point);
PG_FREE_IF_COPY{geomi, 8);
PG_FREE_IF_COPY{geom2, 1);
if { result == 1 ) /= completely inside =/
{

PG_RETURH_BOOL{TRUE);

PG_RETURH_BOOL{FALSE):;

POSTGIS_DEBUGF{3, "Contains: typel: %d, type2: %d", typel, type2);

initGEOS {(1lwpgnotice, lwgeom_geos error);
prep_cache = GetPrepGeomCache{ fcinfo, geomi, A8 );
if { prep_cache && prep_cache->prepared_geom && prep_cache->argnum == 1 )}

(GEOSGeometry *)POSTGIS2GEDS{geon2});
F* exception thrown at construction =/




HAHMDLE GEDS ERROR{"Geometry could not be conuverted to GEOS"};
PG_RETURHM _MULL(}:

b
POSTGIS_DEBUG(4, "MIIEELEPrepared: cache is live, running preparedBlEIE ") ;
result = GEOSPreparedContains({ prep_cache-»prepared_geom, g1});

GEOSGeom _destroy{g1};

(GEOSGeometry =)POSTGIS2GEDS{geom1};
B ==0g1}) /% exception thrown at construction =/

HANDLE GEOS ERROR{"First argument geometry could not be converted to GEDS");
PG_RETURHM _MULL(}:

= {GEOSGeometry =)POSTGIS2GEDS{geom2};
B ==0g2}) /% exception thrown at construction =/

HAHMDLE GEDS _ERROR{"5econd arqument geometry could not be converted to GEOS™});
GEOSGeom _destroy{g1};
PG_RETURHM _MULL(}:
b
POSTGIS_DEBUG(4, "MIIEELEPrepared: cache is not ready, running standard [OLLERNE"):
result = GEOSContains{ g1, g2);
GEOSGeom _destroy{g1};
GEOSGeom _destroy{g2};

b

if {result == 2}

1
HANDLE GEOS ERROR{"GEDSContains');

PG_RETURHM MULL{)}; /% never get here =/
¥

PE_FREE_IF_COPY{geomi, B);
PE_FREE_IF_COPY{geom2, 1};

PE_RETURN_BOOL {result);
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