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SELECT c.course_id, COUNT(x) AS learner_count
FROM enrollment AS e
JOIN course AS c ON c.course_id = e.course_id

WHERE e.status <> 'canceled'

GROUP BY c.course_id

HAVING COUNT (%) >= 1

ORDER BY learner_count DESC, c.course_id
LIMIT 20;

2.2. =2|H oJ5l| =M
1. FROM-JOIN : source row= CHSLIC}
2. WHERE : 7Y row = TRUESt =HZIL|C}
3. GROUP BY : =2 rowZ group = £5LILCE
4. HAVING : group & X71E 0t&5H= groupt =HZIL|CE
5. SELECT : output column-expressionS Bt5L|LC}
6. ORDER BY:LIMIT : Z1} &=A2 H|E FelLICh
PostgreSQL 2A{= table expressionO| FROM Of|A A|Zt8H WHERE , GROUP BY , HAVING = X SELECT list0j|

MEL| = virtual tableg BHECHD MHESHL|CEH CHEE DBE= 242 ZAE HZESHH A index-join algorithm-predicate

pushdown2 2 =2| A A2l S HtE = AFLIC

alias7} ot HO|= 0|§

SELECT e.status AS enrollment_status
FROM enrollment AS e

WHERE enrollment_status = 'active';

WHERE £ O|alist= A|=0ll= SELECT list9| alias7t OF%! output@ 2 BHEO{X|X| LUCtD MZ2I5HH OfsHst7| &l&L|Ct.
AlZ gH=ESE7HLE subquery-CTERE THAIE LisLICH
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3. st& dataset?| grain-key-NULLES MX| FL|C}

Mx| 22 dataset?| grainz} keyS =22 slolsir}

3|9-42 MH-Z3t rowE HE 712|7|H JOIN Zatt 2 20|00k SH=A| 0| F& 4= Tt

enroliment - 4 rows
member - 3 rows course - 3 rows

enr_1 | mem_1 | crs_1 | active

e
Ho

mem_1 | &Of crs_1 | SQL

TN N:1
—> enr_2 | mem_1 | crs_2 | completed —>
mem_2 | Y& crs_2 | API A

enr_3 | mem_2 | crs_1 | active

mem_3 | MY crs_3 | AL &7t

enr_4 | mem_2 | crs_3 | canceled

]
|:||'IJ

Oi"l= 22 370 ZollM S-eLICE SQLS A 57| Fof input row 107HE =22 EtQlgfLCt.
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enrollment - 4 rows
member - 3 rows

enr_1 | mem_1 | c

mem_1 | &0t

1:N

—> enr_2 | mem_1 | ¢

M4

mem_2 |

enr_3 | mem_2 | ¢

mem_3 | M

enr_4 | mem_2 | c

0= - INNER JOIN 4 rows - member LEFT JOI
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rs_1 | active

crs_1 | SQL

1854

HO

N:1

rs_2 | completed —>

crs_2 | API &7

rs_1 | active

crs_3 | AL 7t

rs_3 | canceled

enrollment 5 rows - active?t WHERE™ 2 rows
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3.1. member - 8t row =

member_id mentor_id

mem_1 20} yuna@example.com NULL
mem_2 oz minjun@example.com mem_1
mem_3 A& seohyun@example.com NULL

3.2. course - 8t row = 8t ZZ}

course_id

crs_1 SQL &2 active
crs_2 APl A A active
crs_3 Al "7t draft

3.3. enrollment - gt row = ¢t 3|2l 5t ZZ} AMAH

enrollment_id member._id course_id status completion_percent created_at

enr_] mem_1 crs_1 active 100 2026-07-10 10:00
enr_2 mem_1 crs_2 completed NULL 2026-07-10 10:00
enr_3 mem_2 crs_1 active 80 2026-07-1111:00

enr_4 mem_2 crs_3 canceled 0 2026-07-12 12:00

member rows = 3
course rows = 3
enrollment rows = 4

active enrollment rows = 2

completion_percent IS NULL rows =1

INNER JOIN enrollment-member-course rows = 4
LEFT JOIN member-active enrollment rows = 3
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30X &9l 2
*member JOIN enrollment” 2| ZA10|A 07} &= H HO|H =2 data®lL|7}, one-to-many Zt74|2| HAHA

|:||-Eol|__|77|.?

[Ee = |

4. SELECT-FROMS 2 Z1}9| st row?} columneS ™&ekL|C}

SELECT enrollment_id, member_id, course_id, status

FROM enrollment;

schemad| column 7} APl-export Z1}7} of| 0 Q{0| HFRICH
@ ol C22k-01Zt column I/O- HQF Q|7 HEIC

JOINOJ|A Zt2 column name A7 BIt SYESICH

ordinaldj| 2|&3st= client column =X H#1A0]| 7H=ICt

4.2. aliasE &= 2|0|E ce{ifL|C}

SELECT
e.enrollment_id,
m.name AS member_name,
c.title AS course_title,
e.status AS enrollment_status
FROM enrollment AS e

JOIN member AS m ON m.member_id e.member_id

JOIN course AS c ON c.course_id e.course_id;

table alias e - m - ¢ £ %7 A&| JOINO| 22 UHT sourceS &H FXE 4= 210{0f ELIC} output aliase AFZ X}
-API-reportOil A 2|0]7} HO|E2 #L|C}
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4.3. expression0f| = NULL-type #|20] Q&L|C}

SELECT

enrollment_id,

COALESCE(completion_percent, @) AS display_progress
FROM enrollment;

COALESCE(..., 0) = EA| A& 4 UX|2H MFE NULLS| o|0|E 022 HH0| HYst= 242 OfELICt TA|-¢F
oM E 01 2 0% E [z F

5. WHEREZ| TRUE-FALSE-UNKNOWNS rowd = FXshL|C}

WHERE+= TRUE?! row2t 7|11 FALSE?I UNKNOWNS H{ZIC}

NULL H|1E true-false & 22 M= et ZZAT CHEB 2 |S NULLE AHSSHTH

WHERE completion_percent = 0

FALSE TRUE UNKNOWN IS NULL = TRUE

A &2 e &2

x = NULL - UNKNOWN - x <> NULL - UNKNOWN - x IS NULL - TRUE/FALSE
NULLZEX| Z k5t =S HA|SICH completion_percent = 0 OR completion_percent IS NULL

NOT IN-AND-OR0|= UNKNOWNO| 412IC} - sample row2 truth table2 &tol

15ic}

72l 4, WHEREE= TRUEQ! row2F SZIL|C} FALSEQ UNKNOWNE 2= Aol A M ElL|Ct,
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WHERE comple

FALSE TRUE

A

ot
oy

X = NULL - UNKNOWN - x <> NULL -
NULLZ7FX| Z2&tsta{™ =742 HA|SIC} completic
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ion_percent =0

r

NULL

UNKNOWN

A

r

UNKNOWN - x IS NULL - TRUE/FALSE
»n_percent = 0 OR completion_percent IS NULL

NULL

IS NULL = TRUE

Lt7|
[= =]
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5.1. H| 212 NULL

— 0ol& @ rows

SELECT enrollment_id

FROM enrollment

WHERE completion_percent = NULL;

— oA 1 row: enr_2

SELECT enrollment_id

FROM enrollment

WHERE completion_percent IS NULL;

ordinary comparison0i| NULLO| 410/ ZI}= HE UNKNOWNQILICE = NULL , <> NULL 2 NULLZ ZX| o4&L|Ct
IS NULL, IS NOT NULL £ AME%fLICE

PostgreSQL2| IS DISTINCT FROM - IS NOT DISTINCT FROM £ NULLZ “unknown’@Z Sz{HL{X| &1 H|n

Jtse UMY OHE o FERLIC

SELECT NULL IS DISTINCT FROM NULL; —- false
SELECT @ IS DISTINCT FROM NULL; —— true

5.2. AND-OROjl=

[l12]

1SS SLCt

—— 9|&: activeO|HAM progress?t NULL =& 0
WHERE status = 'active'
AND (completion_percent IS NULL OR completion_percent =

status progress

active NULL =5t
active 0 gl
active 80 H 2|
canceled NULL He|
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10

5.3. NOT IN 2} NULL |StL|C}

mio
14

WHERE member_id NOT IN (SELECT mentor_id FROM member)

subqueryOf| NULLO| Z&tx|™ H|w 7t UNKNOWNO]| ttitA off &2 CHE O rows7t & 4 QELICE NULL 2|0|E HA[st
NOT EXISTS 2 A $IH§ T5I5H= CforS AESH|CH

SELECT m.member_id

FROM member AS m

WHERE NOT EXISTS (
SELECT 1
FROM member AS mentee

WHERE mentee.mentor_id = m.member_id
)

30 &lol 3
*completion_percent = 0 OR completion_percent IS NULL' € 01} O|H S Z'2 2 MEfZ CIE= QL7 O

221 o|0|E HE 802 #M|Q.
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6. JOIN2

JOIN &

ONL 7| matchE T

OtS 1 WHERE= 1

2t} unmatched row &

= unmatched rowE 0

Z1t rowE CHA| HE & QUCH

ZNHx| BESHK]

INNER JOIN LEFT JOIN RIGHT JOIN FULL JOIN
QFZ match@t 1% ME + match QEZ M + match QFZ unmatched Zgt
2 rows 3 rows 3 rows 4 rows
LEFT JOIN ... ON e.member_id=m.id AND e.status='active'
right 2742 WHEREOI| &% unmatched NULL row?} HM|7{=|0f AFAIAH INNERMZ! HER 4 QICH
JOIN H row £= x 72| Z|cj |52 23 row =8 MK o S3iC}
EF = 0l= Z unmatched rowE EZEX| FIL|CE 22 F| WHEREZ} O] rowE CHA| HE = J&LICH
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INNER JOIN

LEFT JOIN

rio
1B
ra
I

+ match

3 rows

right

LEFT JOIN ... ON e.member_ic
2712 WHEREO|| =™ unmatched NULL
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RIGHT JOIN FULL JOIN

+ match QFZZ ynmatched E&t

0]
i
B[}
rad
1r

3 rows 4 rows

J=m.id AND e.status='active'
rowZ} M|HE|0 AHE AN INNERAE HEE £~ QUL
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6.1. INNER JOIN - match2t 77|

SELECT e.enrollment_id, m.name, c.title

FROM enrollment AS e

JOIN member AS m ON m.member_id e.member_id

JOIN course AS c ON c.course_id e.course_id;

foreign key7t =5t &t& datasetOf| A enrollment 4 rows= 25 member-course@t matchgfL|C Zot=

4 rows@IL|LCt.

6.2. LEFT JOIN - 21% row HE

SELECT m.member_id, m.name, e.enrollment_id, e.status
FROM member AS m
LEFT JOIN enrollment AS e
ON e.member_id = m.member_id
AND e.status = 'active'
ORDER BY m.member_id;

member active match

Zit= 3 rows@IL|C

6.3. right ZZ12 WHEREO| £™ unmatched row7} Al2}EIL|CH

SELECT m.member_id, m.name, e.enrollment_id, e.status
FROM member AS m

LEFT JOIN enrollment AS e ON e.member_id = m.member_id

WHERE e.status = 'active';

M&i9| e.status &= NULLQLICE NULL = 'active' = UNKNOWNO|EZ WHEREO|A HM|AHEL|Ct ZIH= 2
rowsz ESL|C}.
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ONI} WHEREZ L}5E= 22

al E2 2
o™ rowZ} 2412 matchdt=7t ON
JOIN Z1} & oftH rowE | HZ 2017t WHERE
unmatchedE HZ5HA] right AEH2F matchgt Z4Q17¢ ON
unmatched= H|2|&t Z{Q17} WHERE 7}s

one-to-many JOIN2 one £ 2}2 many 213 BHESIC}

2T 20{ DISTINCTZ &7|7| H0| relation grainz} 0f

A row countE EQIstCH

20 | SQL &
mem_1 | crs_1 ! =
mem_1 | &Of 1N 3 rows I
mem_1 | crs_2 80t | API &#
mem_2 | @E
L ) mem_2 | crs_1 oz | Sl ole
2E | SQL Y=
— J
| J
member 2 rows child 3 rows match 3 rows - 20} HHE2 4

o

A 1&g - member.monthly_budgetZ JOIN F| SUMSM enrollment #0t2 &2 &t

=3 = g
3

[N

2 Z2 grain0l| Y& pre-aggregate-EXISTS-#H = subquery0|0{ 2271 DISTINCTZ} OFL|Cf.

5 EHCh = 212 output rowQI7L - 27|14 BHE 017} - JOIN = F2felvt

SO

18l 6. one-to-many JOINS| EI52 5 =7} ot £ JELICE EXlE= one Z 2H-22 JOIN Fof| gHitel ti2
Hbtsts 42eiLct
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mem_1 | crs_1
mem_1 | &Of N »
mem_1 | crs_2
mem_2 | RI&E
L ) mem_2 | crs_1
\
member 2 rows child :
g7 2™ - member.monthly_budgetE J0O

S22 &2 grain0f| & pre-aggregate-EXISTS
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20t | SQL &
3 rows >
20t | API AA
TlIE | SQL ¥
J
. _J
3 rows match 3 rows - &0} BI22 XAt

IN 5 SUMSIH enrollment $CHE =2 &t
B subqueryO|0{ 2271 DISTINCTZ} OfL|C}.
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6.4. row SZ& 0| &FetL|C}

member mem_1 - enrollment 2 rows -

member mem_2 - enrollment 2 rows -
member mem_3 - enrollment @ rows -

DISTINCT £ 2I912 &7|X| &Lt

one-to-many?| M4t Ht=

JOIN key &2t

—— Yol LAt 2

SELECT m.member_id, m.name

FROM member AS m
WHERE EXISTS (
SELECT 1

FROM enrollment AS e

WHERE e.member_id
Je

YEONCORE - GIBALJA IT-Al SERVICE DEVELOPMENT ROADMAP
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result grain® many2 %

ONO|| M| key-scope 7}

JOIN CHAl EXISTS ZE

MX GROUP BY$t subquery2t JOIN

o|o|E &olst & DISTINCT




7. GROUP BY2} HAVING? result graing Hf£ZL|C}

WHEREE input rows, HAVINGS aggregate group= 7{£LC}

FROMEE] EAIE row-group 28 MO0 GROUP BY 229} E7i| #9IE Alaist & Qict

0] [ 2 (=] s

FROM-JOIN —p| WHERE —Pp| GROUP BY

4 enrollment rows canceled H[7{ - 3 course® 2 groups count=2 — 1 group course + count

SELECT course_id, COUNT(x) AS learner_count
FROM enrollment WHERE status <> 'canceled'
GROUP BY course_id HAVING COUNT(x) >= 2

WHEREE group & - HAVINGE group £ - SELECTQ| non-aggregate column groupOi|A{ Et2i7+0|0{0F Bt}

evidence - input rows 4 — filtered rows 3 — groups 2 — output groups 1

J2l 7. WHERE= Z A A input rowZ, HAVINGE /| & group2 HSL|CE
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7

FROM-JOIN

4 enrollment rows

7

WHERE

canceled H|7{ - 3

—

GROUI

courseH ;

SELECT course_id, COUNT(x) AS learner_count
FROM enrollment WHERE status <> 'canceled'
GROUP BY course_id HAVING COUNT(x) >= 2

YEONCORE - GIBALJA IT-Al SERVICE DEVELOPMENT ROADMAP

WHERE= group M - HAVINGS group £ - SELECT2| non-aggregate column §
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) ( N\ ( )

o i
> BY —J| HAVING —J| SELECT

2 groups count=2 — 1 group course + count

broupOi|Af EFZ£0|0{OF BiCt.
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7.1. group ™-$E L}sL|C}

SELECT course_id, COUNT(x) AS learner_count
FROM enrollment

WHERE status <> 'canceled'

GROUP BY course_id

HAVING COUNT (%) >= 2

ORDER BY course_id;

FROM enrollment St row = §t A1F 4 rows
WHERE status <> canceled St row = §t A1F 3 rows
GROUP BY course_id &t group = 3 2%t 2 groups
HAVING COUNT(*) >= 2 St group = &t Zt&t 1 group
SELECT 8t row = 3t ZZt T 1row

7.2. SELECT list2| non-aggregate column2 group key0{O} €tL|C}

—— name2 O rowlA DEX| Folg =+ QiCt

SELECT course_id, member_id, COUNT ()

FROM enrollment
GROUP BY course_id;

PostgreSQLE 2HIM O 2 group keyZf OfL| 11 aggregate® Oftl column & &35FX| 2&L|C} functional
dependency?} QML= EF A& 0|27t X[t =5 HAHO|M= “output graing F48H= keyRI7V'E

X ZelgfLCt.
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aggregateOlC} NULLZ} 8l input?| Z3}7} CI2C}

COUNT(*)-COUNT(column)-SUM-AVG2| 222} NULL X2|

100

80

NULL

Ak

HEAI
o=

2 A1} schemaOl] WAt

aggregate result

COUNT(*) = 4

COUNT (score)

SUM(score) =

AVG(score) =

COALESCE (SUM

=3

180

60

(),0) - ¥ group ®H

AVGE| 22 = non-NULL 37

NULLS 09 Hie Bao| {2 o|n|7} ZrafFict,

metric A|2F - CfAF row - NULL Z#t 0{% - distinct 0% - 4l input Z3} - unit

2 8. aggregateliC} NULLE Mi= @'#0| CHELICE metric F2|Mof| 2AH22-NULL &S MOf gfL|Ct
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100 COUNT ()
A COUNT (sc
80 —
SUM(scor
NULL
AVG(scor
0 COALESCE
\ J \
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ore) = 3
e) = 180
e) = 60

:(sumM(),0) - &l group E=

AVGE| 22 = non-NULL 37}

NULLS 0CZ HHM ™ol AL o|O|7t EabEICt,
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7.3. COUNTS} NULL

SELECT
COUNT (%) AS all_rows,
COUNT (completion_percent) AS known_progress,

SUM(completion_percent) AS progress_sum,

AVG(completion_percent) AS progress_avg

FROM enrollment;

expression

COUNT () 4 input row Fx|

COUNT (completion_percent) 3 non-NULL Zf 7H%=
SUM(completion_percent) 180 non-NULL 100+80+0
AVG(completion_percent) 60 180 / non-NULL 3

7.4. metric 7|2k

completion_percent?t NULLO| Ol enrollment® & / non-NULL Zi=
active + completed
created_at [start, end)

-rounding = 1 decimal, half up

COALESCE (completion_percent, 0) £ AVG 0]l '22™ NULLO| 022 HHYO| 227} 47} EL|C} 00| AZ
o[o|et Sh=X| =tolgfL|Ct

—_

0" ZI=E 022 755t Wi 2 457} ElL|CE 602t 45 5 0= 20| 2HHEX|= SQLO| OfL|2} Ot A0
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8. ORDER BY¢g10| e X0l LIMIT2 gi&LICt

LIMITSF AAo§ 01-— row7r A 0| X|2IX] HEE|X] =L

ORDER BY= SE7HX| Rst7| 2HE1 CH3 HO|X| AT Z2 keyZ 0]0{0f HCt
10:00 | enr_81 created_at DESC last_created_at

tie-bregk
10:00 | enr_82 ZP| enrollment_id DESC —P| tast_id

10:00 | enr_83 SE A WHERE tuple < cursor
SE =M 0% ghe M Azt ORDER + LIMIT 20
- ), L J L J
[ ORDER BY created_at DESC, enrollment_id DESC LIMIT 20 ]
OFFSET2 tha=51X|2t 2 offset-SA| HZ0|M H|E:
8 9. SES dlja5h= stable keyZt RL0{0F 0= row?} A QIX| Yo|Mo= e 4= USLICH
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=0 - created_at2t stable order

10:00 | enr_81 created_at DE

tie-bregk
10:00 | enr_82 Ie—re‘r enrollment_id

10:00 | enr_83 SE dix
s= =M 0O/F grs A3 gt
\. J \.
[ ORDER BY created_at DESC, ¢

YEONCORE - GIBALJA IT-Al SERVICE DEVELOPMENT ROADMAP M05-02 - 39 /76



SC last_created_at

DESC —P| tast_id

WHERE tuple < cursor

ORDER + LIMIT 20

anrollment_id DESC LIMIT 20 ]
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8.1. WA|X ORDER BY

PostgreSQL 2A{= ORDER BY7} 12™ Z1} row?| &M7} 0|S E7+s5HCtn AHEH|CE query plan-disk
layout-parallelism-indexZ} HF ™ =AM E B 4= ASLICEH

SELECT enrollment_id, created_at, status
FROM enrollment

ORDER BY created_at DESC, enrollment_id DESC
LIMIT 20;

created_at Ol Z2 enr_l-enr_2= enrollment_id 2 CHA| £MZ FehL|C}.

8.2. OFFSETZ2] ||

ORDER BY created_at DESC, enrollment_id DESC
LIMIT 20 OFFSET 40;

OFFSET2 ZHEHSHX|2E 2 offsetO| M 2 rowE 21 %= HIZ0| HE 4= 1, TO|X| O|F AtO[0] rowZt F7+AH|=|H

8.3. keyset cursor 72

PostgreSQL tuple comparison Of|:

SELECT enrollment_id, created_at, status
FROM enrollment

WHERE (created_at, enrollment_id) < ($1, $2)
ORDER BY created_at DESC, enrollment_id DESC

LIMIT 20;

ordered fields created_at DESC, enrollment_id DESC
cursor values OFX|2f row?| & 3t

NULL order-comparison T#&! HA|

encoding B{=X HtX|-version ZE
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9. parameterized query= SQL code®} datag 2z|stL|C}

parameterized query= SQL code?} At2X} datag £2|stC}

EXtA HZZ query 1XZ BHSX| 91 placeholder®} typed valueZ 2 MEHSHCL

placeholder + bind - 2%

Mo
2
12
re
Y
do
ot

sql = "... WHERE email = ?"

sql = "... WHERE email=""
+ input + "' params = [input]

input0| SQL 2o 2 s§AI%|0] query Q= E H}E 2= QICt DB7} code &2} data 742 FEFICL

input = x' OR 1=1 — value = literal user data

column-table-ASC/DESCH& bind& = gl= X ME#2 code allow-list2 mapping8iC}

2 Fehd-Eoktype AloFe| 7|2 JL|CH

121 10. parameter binding2 AF2X} 22 SQL 2810| OfL|2} dataZE MEHEtL|C O|A
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sgl = "... WHERE email=""

4L input + miin

inputO] SQL Mo 2 sHME|X query 2|=E HFE 4= QULCL

input = x' OR 1=1 —

|
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placeholder + bind - %t

sgl = "... WHERE email = ?"

params = [input]

DB7} code 7:X2} data gt 2SI}

value = literal user data
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// SI8: inputO| SQL #=E HiE £ QlCt
const sql = "SELECT x FROM member WHERE email = '" + input + "'";

OWASPE£ SQL injection H0{2] = IO 2 prepared statement-parameterized queryS # O EHL|C} DB driverd|

PostgreSQL client 74 0|

SELECT enrollment_id, course_id, status
FROM enrollment

WHERE member_id = $1 AND status = $2
ORDER BY enrollment_id;

parameters = ["mem_1", "active"]

Al&7|9| SQLite/sqljs= ? placeholderE AFZELICE

WHERE member_id = ? AND status = ?

9.2. B E Z1& parameterZ bindgt = USLICE

table name, column name, ASC - DESC Z2 SQL X = EHE value parameterZ bind& 4= §I&LICE AFEXITL
MEHSHOF SHCFH R E allow-list2 9 SH SQL E20i| mapping&L|LCt.

const sortMap = {
newest: 'created_at DESC, enrollment_id DESC',
oldest: 'created_at ASC, enrollment_id ASC'

g

const orderBy = sortMapl[userChoicel ?? sortMap.newest;
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9.3. parameter 7

SQL template-hash > B BT A

parameter name-type 4 EFQI-NULL 7|2k

oIzt | A5t password-token-F2IHS log 2X|
parameter value hash-mask MEl gt Hot 7

actor-tenant s scope A&

ALEXI} “&| A4 QeSS T1E lf *ORDER BY ?° stLIE X2|5HK| &1 allow-list mappingE M= 0|8=
2ol

10. =8| &= result schema-count-sample® ZAZEgtL|LC}

10.1. query evidence %|4 Ei9|

question

result grain

SQL hash : query.active-enrollment.v3
parameters : tenant_id=tnt_1, status=active
expected rows : 2

actual rows P2

result schema : enrollment_id text, member_id text, course_id text

sample IDs :enr_1l, enr_3
NULL count : 0 / 3 output columns
ordered by : enrollment_id ASC

10.2. O rowst AOsSHL|C}

O rowse CH 013 20 4= ASLIC,

[
ro
Jiok
ro

HAXOR dataZt QIS

1%

2 5i&k-test fixture
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siol gol
tenant-&El-7|Zt scope?} CH&E parameter Zf

NULL H|m &= = NULL ‘- NOT IN
INNER JOINO| unmatched& |74 JOIN £&-0ON

LEFT JOIN & WHEREZ} NULL row H|7{ logical pipeline

Hot H=0| rows ZEZ actor-policy context

10.3. sample@t HX| o¥&L|C}

sample 5 rows7} AE S8 E LFHX| 1008t rows7 E& £~ QI&L|CT
=
=

count-min/max-NULL-distinct-duplicate-unmatched X|EZ &4 SL|LC}.

SELECT
COUNT (%) AS row_count,

COUNT(DISTINCT enrollment_id) AS distinct_ids,
COUNT () FILTER (WHERE completion_percent IS NULL) AS null_progress
FROM enrollment;

FILTER clause= PostgreSQL 2HQ!L|C} A&7]| SQLited|ME Xl H{XE X|ISHK|2H 2 DB B
-dialectE &tOIStL|LCE.
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11. INSERT-UPDATE-DELETE= CH& ¥e| 571

H{Z4 sQL2 L& &tol-transaction-RETURNING: ro

4 22 WHEREE SELECTZ ZZ6t F commit 0{£E &4

UPDATE-DELETES HIZ A8451X| o411
1 READ
Z+2 WHEREZ PK-3xH| AEH-0f| & count &tQ1
2 BEGIN
transaction boundary A|Z}
3 DML + RETURNING
#47 row ID-old/new-count &l
4 VERIFY
constraint-2%¥Al- 4 row &0l

solspLt HE Fh

[ 5 COMMIT / ROLLBACK ]

stop rule - expected 1 row®It]| 0 = 2 O|AH0|™ AHE commitsiX| =Lt

K| &1 CHAb-transaction-2t&t row-2HAlS & MO E ASEHL|CE

MO05-02 - 49/ 76
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1 READ

= L

2 BEGIN

transaction boundary A|%}

3 DML + RETURNING

B2 row ID-old/new-count &t9I

4 VERIFY

constraint-2HAl- S £ row &9

= -

5 COMMIT / ROLLBACK

Ql5i7{L} FE 2|

—
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11.1. INSERT - columng HA|&hL|LC}

PostgreSQL parameter 7HE Of:

INSERT INTO enrollment (
enrollment_id,
member_id,
course_id,

status,

completion_percent,

created_at
) VALUES (3$1, $2, $3, $4, $5, $6)
RETURNING enrollment_id, member_id, course_id, status;

A
A% 3

column HA| schema &=A2} SEIAQIL|7}

parameter code®} dataZl 22| = SL|7t

key client'API-DB & MA F|7} 2HEHL |7t

defaults M2to| o|O|7t schema®t I&LI7E

constraint FK-UNIQUE-CHECK AI{E At2Xt ZItZ HIR RSt
RETURNING AlH| MMEI ID-default-statusS EHASLII

11.2. UPDATE - $ixjj AEjE precondition@ & £5L|LC}
MX Zt2 WHERES| target SELECTE AlafighL|C},
SELECT enrollment_id, status, completion_percent

FROM enrollment
WHERE tenant_id = $1

AND enrollment_id = $2
AND status = 'active';

Ofl&f countZH 1 WHEF HAS TI#SL|Ct
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UPDATE enrollment
SET status = 'completed'
WHERE tenant_id = $1
AND enrollment_id = $2
AND status = 'active'

RETURNING enrollment_id, status;

actual count

0 not found-wrong tenant-stale state commit 2X|, AEff RE3F|
1 expected target EHA HE S commit
2 O|g|' key-scope-join 9?,— roIIback, SQL IH%WI

11.3. DELETE - &M= B= M S ZshstL|C}

DELETE FROM enrollment
WHERE tenant_id = $1
AND enrollment_id = $2

AND status = 'canceled'

RETURNING enrollment_id, member_id, course_id, status;

BN ZEAF HEHof| H=X| = W 2 SIEH|C soft delete-status
I.

242
E3 4 gLt

SQL E4Q|7}F 1 row0{ = hard delete7} &
.I

transition-archive-anonymization2 4
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UPDATE-DELETE®| 2|82 SQL Z!0|7} otL|2} HH= row HSIC}

WHERE £2join ZZ 2F-NULL &7 tenant 22 A3 F count?t sample IDZ2 &I}

el 52 2t

all rows cross-tenant terminal =£§t
ZA| BH scope 7} precondition 37}

same row HH2 match

EXISTS-unique join

SELECT enrollment_id, status FROM enrollment

WHERE tenant_id = ? AND enrollment_id = ? AND status = 'active';

UPDATE enrollment SET status='canceled' WHERE ... RETURNING enrollment_id, status;

expected count=1- 00|™ stale state-not found - 2 O|A0|™ key-scope 2LF

expected/actual count - returned IDs - transactio
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4 \ o )
all rows cross-tenant
SA| BE scope F7}

\_ ) \_ )

SELECT enrollment_id, status FROM enrollment

WHERE tenant_id = ? AND enrollment_id = ? AND status = 'act

UPDATE enrollment SET status='canceled' WHERE ... RETURNING

expected count=1- 00|™ stale state-not found - 2 O|A0|™ key-scope @F
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4 N\ 4 N\
terminal =gt same row HIE match
precondition &7} EXISTS-unigue join

. J \. J

enrollment_id, status;
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11.4. WHERE §!= UPDATE-DELETE+= stop rule@iL|C}

UPDATE enrollment SET status = 'canceled';

DELETE FROM enrollment;

PostgreSQL DELETE ZA= WHEREZ} §/9™ tablel| Z= row7} AHH|EICHT HAIEILICH HH| #1Z40| A2 o0l

migration-maintenance2t™ #H & £9Ql-backup-count-rollback plang 7t%l M runbook2 2 %=

o
]
C
o

Ol

11.5. JOINS A2

F 42 match ZZS stolghL|Ct

r

PostgreSQL2 UPDATE ... FROM, DELETE ... USING 2 X|EL|C} source JOINO| target row StLIO)|
012 rowE matchstH Z17 H|A™-EO| AL o| =2 CHE &~ QU SLILC} target PKE match count?t 1 0|5121X|
M Z=3|gtL|Ct

SELECT target.enrollment_id, COUNT(x) AS match_count
FROM enrollment AS target
JOIN change_request AS source

ON source.enrollment_id = target.enrollment_id
GROUP BY target.enrollment_id
HAVING COUNT(x) > 1;

30X &lol 6
"UPDATE ... WHERE enrollment_id = $1° EC} ... AND status = 'active’” & F7}5t

Hx[sk= Olf= FRYULII?

YOl SAHEEH H

Ho
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12. transaction@ & HZ9o| &I 7| E gtSL|C}

transaction2 0{2] HHAZ slLie| ME == Al ti9| 2 [=C}

St MERE 220 &-sIX| 2211 2FH rollbackst savepointE YLEC £|FE 4 QUCH

BEGIN UPDATE A SAVEPOINT ROLLBACK TO COMMIT
UPDATE B
UPDATE A 9| UPDATE B %4 % CtZ Mt JHs

COMMIT M ZZ Mulf > ROLLBACK - client library2| auto-commit ‘SXL:

transaction0| 2!0{= Z2El WHEREE SHI2 HZOR HHRX|= oH=Ct

2013, transaction2 0{2] HA S StLte| M- Al the|Z FELICH savepoints 1 QoA L& E|S2! X|MS PHEL|CE
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BEGIN UPDATE A SAVEPOINT

——o— —

UPDATE A X

COMMIT ™ ZZ Alif] — ROLLBACK - clie
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ROLLBACK TO COMMIT

— o —@

UPDATE B

Mt 7

or

UPDATE B # 4 = C}

T

nt library2| auto-commit St
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12.1. BEGIN-COMMIT-ROLLBACK

BEGIN;

UPDATE enrollment
SET status = 'completed'
WHERE enrollment_id = $1
AND status = 'active'
RETURNING enrollment_id, status;

—-— returned row-count- ¥
COMMIT;

ROLLBACK;

PostgreSQL EE2|UL transactionS 012{ statementZ all-or-nothing EI|2 2= 7502 MatL|C} MF|7}
A 2515 COMMIT, OFL|H ROLLBACKQILICE,

12.2. savepoint

BEGIN;

UPDATE enrollment
SET status = 'completed'
WHERE enrollment_id = 'enr_1' AND status = 'active';

SAVEPOINT after_first;
UPDATE enrollment

SET status = 'canceled'

WHERE enrollment_id = 'enr_3' AND status = 'active';

ROLLBACK TO after_first;
RELEASE after_first;
COMMIT;

%|Z MEH= enr_1 completed, enr_3 active@!L|C}
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12.3. auto-commit2 &olgtL|C}

PostgreSQLOJ|AM Zt statement= transaction 90| A ASMEIL|CE T2{L} client-framework-DB consoleO| statementOHCt
XtE commitst=X], YAIA BEGINZ €A TR =X|= = EE SHQlsl{of §L|Ct.

12.4. transactionO| s{Zs}Xx| 25}= Z

transaction2] Bt transaction0| XHE {25}k 28

0121 statement2| atomicity A2 H=l Q5

Q2 Al AA| rollback ZRE| dataE SHIZ dataR HEH
isolation level0i| (k2 concurrency M| 2= SAE 2 ®MAH

durable commit backup-disaster recovery CH|

12.5. stop rule

expected 1 row
I actual @ - ROLLBACK - stale/not found/scope &l

I actual 1 - invariant #Z % COMMIT
L actual 2+ - ROLLBACK - key/join/tenant 47 22

13. PostgreSQL X2} SQLite/sql.js 2&7|2 AAIS
orolELICt

O Wx{e| 7|Z= E¥2 PostgreSQL 18YULICE A&7 [= EEIRX0|M FA| 25| 215l sql.js 1.14.12] SQLite 3.49.1
memory databaseZS AtZEfL|CE SELECT-JOIN-GROUP-DML-RETURNING-transactionS’-I A FE2 ZSO0|X|Tt
dialect X}0|= At2tX|X| &LIC

PostgreSQL 18 uXj SQLite/sql.js &&7]
positional parameter $1, $2 ?
RIGHT-FULL JOIN PNEE &1l SQLite X[5tX|2H &2 INNER-LEFT B4
RETURNING X2, PostgreSQL extension ME 7|5 U2 S47H engineOf| A X|&
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PostgreSQL 18 Xy SQLite/sql.js M&7|

UPDATE join UPDATE ... FROM =4-Hf CHE

DELETE join DELETE ... USING =M CHE

type AZASH type-CHASH native type dynamic typing £44, STRICT table Hx
concurrent server multi-client server HetX LY single memory DB &t&
query plan PostgreSQL optimizer SQLite optimizer

5% Zolo} &t 22

Al

Al = plan-concurrencyE E&siCt,

2o £7|7| Mo MEis DB & Q| ZAl 2], &4l schema, QIEIA, RSt transaction isolation, test data2

CHAl ZSefLCt.
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M05-02 SQL 8|15 FH &KL

| sQuite/sqljs WE2 2 row-group-change S E AFHLICh

e Ao

SAVEPOINTZ & #5 Het £|F2)7| ~

SQL 8-gate

A

group
Brain-expected

STATEMENT

ol Y

EXPECTED / ACTUAL

TRANSACTION 2 expected / 2 actual
result.expected TRANSACTION FoLicY
commit ALLOW_EXPECTED_RESULT

SQL-parameter SQLite 3.49.1
SAVEPOINTZE 5 txj #0h | g2)7|
enr_| M1Z2 RAISHD savepoint § enr_3 ¥ rollback H commitiLic

SAVEPOINT | ROLLBACKTO | | partial recovery
SQLEDITOR

BEGIN;

UPDATE enrollment SET status = 'completed’

WHERE enrollment_id = 'enr_1' AND status = 'active’;

SAVEPQINT after_first;

UPDATE enrollment SET status = 'canceled'

WHERE enrollment_id = 'enr_3' AND status = 'active';

ROLLBACK TO after_first;

RELEASE after_first;

COMMIT;

SELECT enrollment_id, status

FROM enrollment

WHERE enrollment_id IN ('enr_1', ‘enr_3')

ANNED DY amanlimane dds 4
BIND PARAMETERS - JSON ARRAY

0 EFTL
% DB 7|EM 334 rows

member - 3 raws enrollment - 4 rows course - 3 rows
nenber_1o
name « email LNIQUE

mentor_id NILL 7

enroLment_id PK course_td Px
menber_id FX + course_id FK title
status - completion_percent NULL | state

7

YEONCORE #¢8 SOL &l&s7] - §1E: salis 114.1/ 5QLite memory database - PostareSQL BB BUE Il Lol $E TA/HUC)

a2l 14, Mg 7| = mEIs

QL

S AlH| SQLite 2MFlof| &
modified-transaction Z1t=

bstHolA 209 FL|CH

ol ﬂJIO

:

14.1. 25 =M
1 ALEIR Mg gLt

2. A&l X0j| expected row-group 4=

result set-dd S

#1 - 2 rows - 2 columns

FAAMET
status
en1 completed
en3 active
B Fels
ROLLBACK

Ean 5’\>I3MH:(

ASHSH |CH expected-actual-parameter-result

3. SQLT} JSON parameterE 1&L|Ct

4. 3|z HiZ AAgL(CE

5. HZA2 target HQIE SIS Fl #1Z7@ 43 512 2 HLICE
6. expected-actual, result table, JSON £7{& H|uwgtL|C}
7.5QL §t &2 Hi 10 of| &S CHA| 2st & ARlgfL|Ch

YEONCORE - GIBALJA IT-Al SERVICE DEVELOPMENT ROADMAP

schema-rows

1 result set

ansaction &7} OfL{2t savepoint O/Fet SIBRLICH 5 rows] £ del
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14.2. 2074 ALIE|R K|

do AlLfz|2 SR 2

=3 HA|, active filter column-row-parameter
NULL = NULL , IS NULL UNKNOWNZ} O rows
JOIN INNER, LEFT ON, LEFT WHERE, row 5% unmatched-1:N

A GROUP BY, HAVING, COUNT NULL row—-group-£2

=M stable ORDER BY-LIMIT tie-breaker

Hot parameterized query code-data 22|

A INSERT, safe UPDATE, broad UPDATE, DELETE RETURNING-blast radius
transaction rollback, commit, savepoint SH-F A EA

14.3. W8 0| M
oM A - MBE H7]7]

LEFT JOIN ONZ| active =712 WHEREZ SZL|C}.

R CEES
expected 3 rows expected 2 rows
Mol + NULL E= Mad XA

CHAl MBS ©71= sQLE A& gL T
OjM B - T 22 HH7]

AVG(completion_percent) & AVG(COALESCE(completion_percent, 0)) SZ H111 600| 452 HIF| =

O|RE #ALICL
O|M C - stale update

safe UPDATEZ| parameter®|A| expected current statusE completed Z HFHIO actual O rowE ZHSLILCE 0] 00|

AlIHQIX| idempotent successQIX| API 7|QFS 44L|C}.
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0|M D - rollback =74

transaction rollback A|Lt2|2| OFX|2t SELECTE Qlofjn AlSHSHL

SELECTE =¥¢

15. =3|-H

L|C}.

o

Tt O SH7} AlREX[=X] 7|15

3 5

—

stop rule

pagination

INSERT

1row

UPDATE

A

0{2] HE

YEONCORE - GIBALJA IT-Al SERVICE DEVELOPMENT ROADMAP

SELECT-WHERE-ORD
ER

JOIN-ON

GROUP-HAVING

ORDER-LIMIT

INSERT-RETURNING

target
SELECT-UPDATE

target
SELECT-DELETE

BEGIN-SAVEPOINT

grain-expected count

cardinality-unmatched

input row-group %=

total order-tie-breaker

key-constraint-parame
ter

expected=1-current
state

HZ= MzH-expected

count

invariant-lock-timeout

schema-count-sample

row SZ-NULL

metric:NULL 22

page 3555

returned ID-defaults

RETURNING-actual=1

returned IDs-audit

COMMIT-ROLLBACK:-final
SELECT

ol M2t B

Sl key 813

duplicate-FK Almj

o
1A
rr
N
+

WHERE §{2-count

Ol

st

ol

=il
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8 T Bl sQL =8| A

HZ0IIM AlZtSH virtual rowE F&stn MZAE rollback 7ts8t 4 F8322 2Lt
1E8 2 source 3 row 4 group
grain-expected > FROM-JOIN > WHERE-NULL > GROUP-HAVING
5 output 6 order 7 change 8 evidence
SELECT-alias P | ORDER-LIMIT P | BEGIN-DML P | RETURNING-count

Z38| &8 - SQL + parameters + result schema + row/group count + sample

A ®|E2 - target SELECT + transaction + DML RETURNING + invariant + COMMIT/ROLLBACK

2115, SQLE 7| Hof| 22 -grain-expectedE & 11, X3|= result schema-count-sample, A4 target
SELECT-transaction-RETURNING:outcome2 & ZHHL|C}
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e ) 4 D
1382 2 source
grain-expected > FROM-JOIN >
\ J \ J
e w a D
5 output 6 order
SELECT-alias > ORDER-LIMIT >
\ J \ J
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a4 N a )
3 row 4 group
WHERE-NULL > GROUP-HAVING
. J . J
~ ™) ( D
7 change 8 evidence
BEGIN-DML > RETURNING-count
. J . J
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result grain : row-group2 2217t
source : 0| table-relation®!7}
row : WHERE-NULLO| 22 7Lt

group : A ®-= grain0| Foiolzt

output : column-alias-type2 FA2I7}

order 1 SEVK| PYECQITt

evidence : SQL:params-schema-count-sampleO| =it

target SELECT : Z'2 WHERES| ID-&Elf-countsS EfQI3iLt
transaction : BEGINIt &X ZH7t HolL}

DML : column-parameter-scope-precondition0O| HO|L}
RETURNING : A ¥Z rows ERULL

invariant 1 HE = AR [0 RX[=[LE

decision 1 expected=actual®lt

outcome : COMMIT tE&= ROLLBACKO| HQfLt
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17. 4= HAE - 125

281 =2 =M

CIS clauseE result row?} IFSUX|= =2|H 0|al| £A 2 HYX|5HM| 2.

SELECT - WHERE - ORDER BY - FROM/JOIN - GROUP BY/HAVING

=8| 2 - NULL

WHERE completion_percent = NULL O] NULL rowE 3tX| 26t= O|Re} SHIE EHE MM Q.

C}-
=

=H| 3 - AND-OR

MERTL activeO|THM FIETFNULL EE= 091 rowEt 3H= WHEREE MNM|2.

=H| 4 - LEFT JOIN

LEFT JOINQ] right table AEff &Z71= WHEREO| =12 I unmatched row7} AI2HE! 4= Q= O|RE MA|Q.

C|-
i -

=M 5-row &=
member 3 rows2} enrollment 4 rowsE INNER JOINSHES [ Z1t7t 4 rowsQ! O|RE grain@ 2 MM 2.

Ct-
=

25| 6 - WHERE-HAVING

Z|A rowZ H|Q5t F AIRO0| 27 O|AtQl ZEEpOE L2 Il A ERZAD} count RS 22 0= clausedl| E0{0F &L|77}?
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25| 7 - aggregate NULL
inputO| 100, 80, NULL, @ € If COUNT(*) , COUNT(column) , AVG(column) 2 Z{Zf HIL|7I?

C}-
-

25| 8 - stable order

ORDER BY created_at DESC LIMIT 20 O|A created_at SE2 AHXMOZE slAsH= HIHES MM Q.

C}-
i

25| 9 - parameterization

22 parameter2 H'Y £~ QX[ table-column-sort direction2 YLRHHoZ I HA| & £ AELICHL ALEX MEHS

O MEL7t?

C}-
=

23| 10 - safe UPDATE

expected 1 row UPDATE®| actual count?} O I 7tsst 2191 &= 71X LIS IS S MM,

Ct-
=

25 11 - transaction
COMMITZ} ROLLBACKS| X}0|, SAVEPOINTS| @5t ztzt 6t 2RO Z MA|Q.

Ct-
=

25| 12 - dialect
AET|0|M SQLO| A=A = 2 PostgreSQLOIA CHA| AZ3l0F 5= QA E || 7HK| MM|2.

Ct-
ke
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FROM/JOIN - WHERE - GROUP BY/HAVING - SELECT - ORDER BY QIL|C} O|Z2 Z1IE 0o|al5t7| {let =2
#=M0|04 optimizere| 22| plan &AM} ZCh= =2 OFElL|CE

e 2

ordinary comparison0| NULLO| A10|™ Z2}7}F UNKNOWNO| @ WHERE= TRUEEZH 7|2 2 rowZt MAHEIL|CE WHERE
completion_percent IS NULL & AMZ2giL|Ct

YEs3

WHERE status = 'active'

AND (completion_percent IS NULL OR completion_percent = 0)

M4

unmatched row?| right column2 NULLRIL|Ct. WHERE right.status = 'active' = NULL H|RE
UNKNOWNS Z ZHS0{ unmatched rowE HMZAELICH E&0] 2| =2tH match =742 ONO|| FLICt

"ES

A} grain2 st 3|210| ofL|2t st =2 MAHQILICE mem_10]| 27H, mem_20]| 27, mem_30{| 077} matchs}od 4
rowsZ} ElL|C}

YEe6

F| A MEf ZH2 7HEH input rowE 222 WHERE, COUNT (%) >= 2 = aggregate group= {222
HAVINGO]| EL|C}.

"E7

COUNT(*%) = 4, COUNT(column) = 3, AVG(column) = (100+80+0)/3 = 60 2L|Ct. AVG= NULLZ H|2|st
EDE ALEEILICE

YEONCORE - GIBALJA IT-Al SERVICE DEVELOPMENT ROADMAP MO05-02 - 73 /76



SUSt OHHAOl keyE tie-breaker2 ZE7}EHLICE Ol: ORDER BY created_at DESC, enrollment_id DESC
LIMIT 20 .

HEH 9

5126t Ar2X} MEHS code allow-liste] 178 SQL fragment0] mappinggfL|Ct. 121 2Xt¥ S a2
table:column-ORDER BYOf| 91Z5}X| k&L Ct.

HEH0
rowZ} Qi7Lt, tenant?t Ct27{L}, CHE @FO0| current statusS M| HHE stale state 4= Q&LICE A= commitdhX|

%11 rollbackst 7 Al rowet AFEXt Q| = S Rf2tQIRtLC.

gEn

COMMITE transaction®| B4 S 24510 ROLLBACKE2 & ™M B1A S F ATILICE SAVEPOINTE= transaction |7}
otel £ XM o|=t = SE + A &L

gE12

0f|: parameter placeholder, type-NULL behavior, DML-RETURNING 2%, JOIN-UPDATE-DELETE dialect, index-query
plan, transaction isolation-concurrency, role-row security, 2 schema-version®{L|C}. O] 7+24| 4| 7tX|&
MYstH gL|C

19. &t& H|32|AE

x3|
. AR HES St 22 ML
. result grain® 3t row = ... EX9OZ ¥LC|
. input row-group-output row 2= A3l HMoj| 0f| AHSHC}
. SELECT columnz} aliasZ} 7|2Fof| 2L},

o NULL-AND-OR-NOT IN2| UNKNOWN<S AESHCT
. JOIN cardinality?t unmatched row 2= MoisiC}
. GROUP BY M & grainzt NULL 222 HoJ3iC}

. ORDER BYO0| tie-breakerZ} Q\LC}.
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. SQL template?} parameters7} 22| E|QiCt.

. result schema-count-sample-NULL-duplicate ZH&E YZiCt.

. 22 WHEREZQ] target SELECTE AlSH3iCt

. target PK-&El-tenant-expected countE MZEZHLCE.

. INSERTS| columnZ HA|ZHCE.

. UPDATE-DELETEO|| WHEREscope-current state preconditionO| @ILC}.
. parameterized queryS AtE3HCH.

. BEGIN-COMMIT-ROLLBACK ZZ|Z &toliLCt.

. RETURNING EE= S SELECTZ actual rowZS EQIZiCE
. expected-actual countZ} Ct2M X}5 commitstX| OH=LC}.
. B4 & 42 E8{Al.constraint-auditE AS3ICE

. £|Z outcomeS COMMIT EE= ROLLBACKS 2 7Lk,

PostgreSQL 18

e PostgreSQL Tutorial: The SQL Language
o PostgreSQL Queries

e Overview of query processing

e Table expressions: FROM, WHERE, GROUP BY, HAVING
o SELECT

e Sorting Rows: ORDER BY

o LIMIT and OFFSET

e Comparison Functions and Operators

e Logical Operators

« Data Manipulation

o INSERT

o UPDATE

o DELETE
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https://www.postgresql.org/docs/current/tutorial-sql.html
https://www.postgresql.org/docs/current/queries.html
https://www.postgresql.org/docs/current/queries-overview.html
https://www.postgresql.org/docs/current/queries-table-expressions.html
https://www.postgresql.org/docs/current/sql-select.html
https://www.postgresql.org/docs/current/queries-order.html
https://www.postgresql.org/docs/current/queries-limit.html
https://www.postgresql.org/docs/current/functions-comparison.html
https://www.postgresql.org/docs/current/functions-logical.html
https://www.postgresql.org/docs/current/dml.html
https://www.postgresql.org/docs/current/sql-insert.html
https://www.postgresql.org/docs/current/sql-update.html
https://www.postgresql.org/docs/current/sql-delete.html

o Returning Data from Modified Rows

o Transactions

« OWASP SQL Injection Prevention Cheat Sheet

e sqgl.js Documentation
« sqljs official repository

&71& sqljs 1.14.19] £k T asm.js buildS

HA 7|2 2026-07-15. AS
SQL &g ZAnt= AlN| SQLite 3.49.1 memory databaseZ} AAISIH, 2 232 MENSH PostgreSQL B

-driver-framework-schema-#3&tconcurrency 2-230{| M ZHASEHL|CY
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https://www.postgresql.org/docs/current/dml-returning.html
https://www.postgresql.org/docs/current/tutorial-transactions.html
https://cheatsheetseries.owasp.org/cheatsheets/SQL_Injection_Prevention_Cheat_Sheet.html
https://sql.js.org/documentation/
https://github.com/sql-js/sql.js/

