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FeAiiy S ORI LA T TAEMT H i, AP AER L), ATRESAHEM S, Ax%
FUTATER A

LI 3¢

SQLite FPEACIEAE S dh, 95 1HRET. SQLite JHACILAL KZ) 30000 174tk C %15,
TR TR BEHAL IR S LR . SQLite YARKE 7 BEAAE . S e il

SQLite [ VA (PEAT T H) tH £ 30000 ATARRD 2 fl, H 43 A& HIRE 7 Hh A5 L 30000
ATRIENAIRARRS, EAVE R T 97% M AR5 . 2 3, B — 119 SQLite i H AXH5
LT TR TR, Wi, ZAZHE TR0, #MZE 47X ek
AT

Z Rt

SQLite M{Rfit—LLMURr Y D REA SR i oy VL, CUFmahZSRIY L PR R “Bbn” 24
I e B — AL fE



4 5EF0 BR %1

SQLite & —/MPCH A . AH PR XA G A A R IR ] . ks b,
L HE SQLite i L IL B Bm FEMAR R, A Le s ANEE. X AU, FIFH SQLite F2 L
il & 240, SQLite & B PUE M =R . K2 HILEHIE—FF, SQLite fliH B-tree &b
HEG], fliH B+tree AbHIREH . Kk, 7EXFHRIAT AW, SQLite ZHPT (2 AHY
T Hd A T

TE—S5H5 00T SQLite HJ BEAS WK B HE FER, (H K 2 X Lol il & vl BEAR 1Y) . SQLite f&—
A PRI BAE Bk T N RS R R 7 o IR SRR AT A et H . IR 28
FUR RIS SQLite W LIRS KOG R BB, XA AT, (HA AT, TR
Y4 HT) SQLite KAt —IEHL T, SQLite 7F =N B 1) Jy 1l B AT J) PR -

o Jik.

® RN/

® [,

S SQLite M3 CLAARUT T, (B S FEPEAR RESCIL, AUFE:

o JMEZK

T SQLite T IRA 3.6.19 IF R AR T o

SEHE I fik 2% S

SE#L() ALTER TABLE 3§

FEHE,

RIGHT #1 FULL OUTER JOIN.

B

GRANT #1 REVOKE.

s 2

SQLite MY FEE GRS, BT MR Wiki e r—BE S, Ermak
& www.sglite.org. SQLite £ X &R A BIIT, ARTT R M IB 513 b $R BTA] 4k T 7 2L 1)
K. Ji4h, SQLite PIFEEHEAL T SQLite HIENVERIRISCRE, QG2 IR 7 (W B A 2K A
P BRI SQLite JRAS, IXSCRRANELFE PY B T 105 DB AR FI A e N 208 AR AL 1
W MERRAS . 5522 {45 )5 AT LU www.hwaci.com/swi/sqlite/prosupport.html FH#k 3]



F2E AJ]

T AT ERAE RS, SQLite AMRA S LT XRZHN ™, ke SQLite FHAIH 4
BriEEE ALl 5 b, HATEALMZR .
ks ATHE T Windows #:AE RS T VC IAZE

MEBZE] SQLite

SQLite i (www.sqlite.org) [ i $2 41 SQLite (1) E4u i A FIIEFET o G B RAS i [R] i 38
+ Windows FI Linux.

UM 3 ik $E, LUER SQLite AN AL 77X, .

® N HEHEIN A 1T HEF (CLP)

® SQLite 3 A&H54%%(DLL)

® Tcly R

SQLite JEACH LA FE g2 fit, LUENARKE G —FiCh 778 Windows R4, 53—
i THE POSIX *F- % (1 Linux, BSD, and Solaris) F4ui%, XPFEFEARREAS & &5 7
S

£ Windows E{EF SQLite
TEE R 1 o R3] R B KA SQLte, SQUite #57T LU % 53 M 25 45

Windows I8 I o AT BATPRE 18 P A7 A IR A 28— 228 1 0l s 5 J0E ) G P 5
NG AR .

R ITER

SQLite i AT/ (CLP)&IT 4 ] SQLite 4> LA AF IR FE
i, ZECs

KA SQLite Mz AEEBEE(DLL)

SQLite 1) DLL SCOFEfbgm PR (R 7 5h A% 4% SQLite. K ZE# ] SQLite [y# A # <414
H . SQLite DLL # DU Jf-Fti A H 5 2% .

7E Windows ¥R T 4% SQLite YRS

7t Windows R85 T 4 1 SQLite YA AR HL1 o ARHE AR P4 1R 2 P R BT 4
H LRI 772K 4073 SQLite. i UL & Microsoft Visual C++5k MinGW, AT #43 in LA
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A . kT A HCE g A gn B SQLite 1 N &, W 2 % SQLite  Wiki
(www.sglite.org/cvstrac/wiki?p=HowToCompile).

A Microsoft Visual C++#f4J% SQLite DLL

W LN AR, AR JEARY, 7E Visual C++ EA4 % SQLite DLL:

1. Ji3h Visual Studio. Ef#ELIT) SQLite WAL H s @l —ANHi) DLL “=5” TiH .

e ANFIRAEAERS A A, AEARRET .

2. ¥4 SQLite YE SN IN H Hok . BISHTAT 1.c SCIFRLh SCfF. BT

shell.c: 1ZSCPFAFE main() %, FH TG CLP n TR

telsglite.c: 1% 3CAEH T TCL 3CF.

T AT I RCA (sqlite-source-3_6_18.zip) A LL R ECH T E X, LGP SCAE, A
manlA G, AT fts3.c Al fts3_tokenizer.c.

3. PATHE(Build)fir 4, OK.

] DUE PR 2 FE 58 421 DLL 50k A (Release) Ji[f) DLL, ZJR3C.

A Microsoft Visual C++#4%t SQLite CLP

JiEEEAR A .
BUE I H I 1% £ Win32 Console Application, 8IS AT shell.c thn b, Binl,

£ SOLite #iERE

SQLite 1) CLP &1 A # SQLite Hd 122 5 5 FH (1K) J5 5

BT T2 E, o CLP, W LARIUEAR I A N H A AR (1 & A7k HLAR
AR, CLP JLSZ ML . B AT LUSATE Ay AT AT 58 &5 P Bcs PR 45 BT 55
W LLBATAE Shell £, DAASH (177 AT & b1k

Shell BEX T~ A CLP

1217 DOS shell, #EANTAEHZ, a7 BN sqlite3 iy, w4 Ja ERBE— AN ] 2 i il
A% . i RAE AT EATR R HE A4, SQLite Ko H — AN WAEEIEE, N AAE
B CLP B E k.

CLP MR H B IEAT, IR AR EPAT Ay, 3K43 schema 55 2 A/ HEAR MIHAT L
BRI EFE B TS5 . CLP ARSI A BT A 15 AR 2 — A A it fir 2 (query), BRAFdAT 4
FELLS ()T, XEedy & H TR ERE. S help BL.h 7] LIS BIXSERE 1) 5e 85138 .
A.exit Bi.eiEH CLP,

EFRATABIEE —AFR test.db IEHRIEIT 4R, 7E DOS shell FHEA:

sqglite3 test.db

S TATHRAE T B A AR SR IX Al PR O ANAFAE , SQLite I ANy LRI E . SQLite
S FIPRICIE R ) e N T Bl PEX B2 JE A G, BandEIrh g T AR B E . IXFE
AR D RS 2 VR 2 A St P2 5 3 AR ST 2 B s P — 5K AR B, a0 DT K

11



N AR, WU/, ERFE(UTF-8 8 UTF-16)%%, — BAWRE FEAIEE 2 J5 A re

BT o XA PR ARAESCE AT IIME Bl RATRKHEVARE, ik, ZOREdEES 3|

fbd, PAULTHEAEL PR WAL T iER):

sglite> create table test (id integer primary key, value text);

BUHEVRA T AR test.db fEcE FESCrF, b oAV test, IZRU TN T B

® MK id BT EEWH HAN KB Toie I URE S AR B
SQLite #eXfi% 7 BN ] A s K& 1k -

® —MEHINFRA value [MSTAZEEL.

OELEVIRTECF

sglite> insert into test (value) values(‘eenie");

sglite> insert into test (value) values('meenie’);

sglite> insert into test (value) values('miny");

sglite> insert into test (value) values('mo’);

EEECPANIOE €/ R

sglite> .mode col

sglite> .headers on

sglite> SELECT * FROM test;

ARG WIR:

id value

1 eenie

2 meenie

3 miny

4 mo

SELECT i&fJHi i) P> & (.headers and .mode) A - etk H (1 4% 2. DL 31 SQLite 2% id

FBURT TIERMREUE, XS IR ATIE INSERT TEA)H B3R ME . ST T H Kb 5

B, IRAT RE 2 R S Al AN — 2510 3% A BUEUE, BB T LAR SQL pR % last_insert_rowid()

(GEIB

sglite> select last_insert_rowid();

last_insert_rowid()

4

FEIR CLP Z Y, ihFATIR B N — DR G TR — AL, 5 i N & ok 2 ] 2

1.

sglite> create index test_idx on test (value);

sglite> create view schema as select * from sqlite_master;

fii ] exit T &Rt CLP.

sglite> .exit

C:\Temp>

FSBUEER Schema 52

LA shell 14 F3RA54 R0l 4 A 45 B /7T UBE A\ i tables [pattern] kA5 21 pir
TRAFLIE 12, b [pattern] n] LU AEATSE SQL IUERAERF . AT Lidiair & IR IR 43 4%
PP R, W RBAT pattern T, 3R (8] Fr A7 R AIHLIE o

sglite> .tables

12



schema test

A LUE BIRAIBIE R test AALE schema. [RIFERT, ZEEOR—NRRS], T LUEEN
4>.indices [table name]:

sglite> .indices test

test _idx

AT LA BN RAT MK test BB 44 K test_idx 251, {#iH].schema [table name]r] LA153]—
AR AL B )52 SC(DDL) R ) o A SR HR AR A4, IR [P B 2 ) 4 (£0.455 table. indexe.
view Fll index) & i)

sglite> .schema test

CREATE TABLE test (id integer primary key, value text);

CREATE INDEX test_idx on test (value);

sglite> .schema

CREATE TABLE test (id integer primary key, value text);

CREATE VIEW schema as select * from sqlite_master;

CREATE INDEX test_idx on test (value);

TR schema {5 5 AT LA I SQLite ME——AN RG ALK sqlite_master £33, XN HLE 2
ARG HZ, BRI 2-1 iR,

% 2-1 sqlite_master & &5 14

w5 | Ta [

1 type {H A "table". “index". “trigger"nk"view"Z —.

2 name YRR, AHN TR .

3 tbl_name AR R AL RN S, T BUE S T B 2 Rl iR ER T el
RIS, B A 5 E A .

4 rootpage Xl R 2R B 5, P BN 00 XPREUERGIN S, T B
{E A HAR TR G o

5 SQL FRFER, IO B AT ) SQL i) .

AU Y HTEAR R 1 sqlite_master £, IR [H]:

sglite> .mode col

sglite> .headers on

sglite> select type, name, thl_name, sql from sqlite_master order by type;

type  name tbl name  sql

index test idx test CREATE INDEX test idx on test (value)
table test test CREATE TABLE test (id integer primary
view  schema schema CREATE VIEW schema as select * from s

W Tip: A ) _E 0 5 Sk B m DL S T A O ) i 4
HIESH

A LU dump i 2odf 22 O SQL A I SCAE o AMERME 24, dump 355 A
e RIRHESH, CLP S4B R L B E 4
sglite> .output file.sql

13



sglite> .dump
sglite> .output stdout

RSN

A PIRPTTIE AT LU N, WA VA D€ T2 AR S ks 2. e SQL iy
P, mTLME ] read iy SN (BUAT) SCAF o n RSO 2 10 5 B B AT 4 B I E
(comma-separated values, CSV)ZH %, w1 H.import [file][table]#ir 4. Ltim 2 KA 5 2 1) 3
PRI R AN B R R .

sglite> .show

echo: off

explain: off

headers: on

mode: column

nullvalue: ™

output: stdout

separator: "["

width:

read i K3 i .dump iy & 6 B9 SO RS T A AR D & SO R
file.sql, 5B LR B O AL (K EHE 0 52 (test A1 schema ML), #RJaH N 7S
sqlite> drop table test;

sglite> drop view schema;

sglite> .read file.sql

=84

CLP 24t T JUAMS Kbk i iy &« (A1 510 A2 .echo, WK .echo on, TIHTHIA MK iy &7
PATHTER 2142, BRIAE 2 off. .headers Y& 4 on I, A4 R Bon i 7 Bid . il
F NULL B, an R — AP R/ sk o, 8] nullvalue fir & 3CE, Al

sglite> .nullvalue NULL

BRI UL A 25 . R 2R CLP 1) shell #2757, {#H.prompt [value], i

sglite> .prompt 'sglite3>

sglite3>

.mode & ] LA 45 FER I LR RS o nTIE % = csve columin, html. insert.
line. list. tabs F tcl. BRINEAE list, RN SR gl Rt 41 [a] ABR A 73 BR £ 73 Bf . 4n
RARAELL CSV s it — R, mr i 44k

sglite3> .output file.csv

sglite3> .separator ,

sglite3> select * from test;

sglite3> .output stdout

A file.csv I 25K -

1,eenie

2,meenie

14



3,miny

4,mo

B —A CSV B, LU I ) fir & 25 BAHLL I 45 2R«
sglite3> .output file.csv

sglite3> .mode csv

sglite3> select * from test;

sglite3> .output stdout

EMAITH A TPAT CLP

7F DOS 8¢ UNIX (247770, BHHEHUT SQLite % 14 # 15

iR EE

FITAT (08030 122 BRAT 55 S nT LAAE shell A 4780 R 58 i

A, &5 R B A

Bl R I A AT WA s B 1 RO AE . dump, AI738) SQL M Sk, fEdr AT AT
AR

sglite3 test.db .dump > test.sql

11 CLP Al an A

sglite> .output file.sql

sglite> .dump

sglite> .exit

AR, A SQL A% 2 03 R4 il b i

sglite3 test.db < test.sql

IEARE B test.db AAELE. WIEAVEAAAE, T EAF 2 BRI Hiodhe 122 A [R] 44 R0 St H 4

A A A 5 VEAS B A BRI 0 R SR DL (VAR A 2 AR AR S il
(vacuum)'el, W RIS A SR AR T s Ta], DA 8N SRR 3 SCA o vl 4
YEUF

sglite3 test.db VACUUM

cp test.db test.backup

DL R, RIS i A SQL i M ELF . SR SQLite A ARLF A A bR TEAS
BAE RGN SR R — vk, H AR AR EOR & Or SC IR B AR I ], 382 SQL s ks

— 1

N AR AN I, 7] S SR AR G ol SO N R AT T

RABEIEE IR B

FERy SO IR, SRGEE (S B E 2 &2 A sqlite_master LI, B AE— AN s TR
A EEPE O REE P

15



WA AR SRAR O T W ER R B e R L5 A5 S, T DU — ANk SQLite Analyzer (1) T H., &
A LLE SQLite Ml [ 3545 %1 . SQLite Analyzer 7] AH LR AL SQLite Hodl I PEAN e AR
El

kiﬁﬁtﬂé%%w%)
H'E SQLite TR

AR Z e TR el RE P ] TAET SQLite, v FUE IR TS AL S HES V- 4 1019 -
® SQLite Database Browser (http://sqlitebrowser.sourceforge.net)

® SQLite Control Center (http://bobmanc.home.comcast.net/sglitecc.html)

® SQLiteManager (www.sglabs.net/sqlitemanager.php)
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FIE RAREH

SQL HAT AW 5 U AMOURTAE 3 BAR AL IR R, XA IR AIEE R AR AR . SC R B L1 SQL
BB SQL M Bt 7 /oK. SQL MBI I AETE FA L, T2 AL % AR R
S, XSS T SQL Bt ANER AT IR A

VR BUEEEREAIR, SHE .

17



FA4E SQL

AFEA 4 SQL IFEA A AT SQLite IRFIRSEHL. AT N A (g HEBR IR BcAT SQL MR AR
BRI EERI AN IR . I SRR 2 SQL H7 T, SQLite ey Rk A K R BAL RS R

R AR Z R, I DLACE G SQLte 5 e DBMS ANRE s, gy
s

KRR

e 3 FTIA, SQL R AMALN) W), KAKALEH E. F Codd 7 1969 FF#E K. CHR
BRI LR OC R M e Re e A it — R B f)iE 5, JLAE)S, SQL Bz 4k,

K BT =K. 2 B (Form) . THRE (function) F1—E1E (consistency) . #FR (s K )
ShiRE o 7E G R MR rh FUAS ] — B s R B A MR RIA T AR R, XM MRS KR
(relation, 7E SQL H#FR MK table). X FRHZ ATt (tuples, 7E SQL HHBFR AT Il
rows)f e, AN TCA X 2 A& Pk (attributes,  7E SQL H R A%, FBE . columns) A B .

HHES

BTG 5 RSN AN S (K R IR AR AE i, JHEE AR . 3t 1 I AN
B g AR, JER R o

SQL Kk &

MR S WIIE 5 AT g2 LE 1IBM 1) System R 24+, System R J&— ANk R AV
FEMWERH , I H HERAEH T Codd RS0, IXANE T FFUAI # Ak 1E SEQUEL, 42
“Structured English Query Language”[MI4i5 . Ja k¥4 K SQL, Bk “Structured Query
Language”.

T I E R

AN B PEAE AR R E T = o 2], 76 T Seinfeld fTfs episode(%) 180 /)
M (2 412 Bl Bl P R Wil 4-1 s

foods foods_episodes
food_types L . episodes
.. |+id: integer M5 s food_id: integer
+id: integer —C=] +type_id: integer +episode_id: integer =01 4id: integer
+name: text +name: text +name: text

K] 4-1 Seinfeld £5 B0
BHEFEM) schema & XU R :

18



create table episodes (

id integer primary key,

season int,

name text);
create table foods(

id integer primary key,

type_id integer,

name text);
create table food_types(

id integer primary key,

name text);

create table foods_episodes(

food_id integer,

episode_id integer );
FKIE foods. foods HM AR ILRAE —Fh i, HAKLMET name FB. type_id S|
food_types, food_types KA7-fifi 1 £ b 173 8 (A AE A5 £ i o 1 B0 B i 45 . foods_episodes
& foods 1 episodes [t

<AV

S R A 1380 zip S 4.
BT

h TEETTE, AFERI SQL I #RAFAERE 1S zip STHHAR H %1 sql.sql SCfF .
X SQL i), —NTFAE AT I3 A R FLA I B — A B SCA SO, A test.sql
ARG AT

sglite3 foods.db < test.sql

T R S e, ARSI T A A A

.echo on

.mode col

.headers on

.nullvalue NULL

Bx

SQL MR RG HARTE T . BMERHGE M), Dbk, RomPraimshfe.
Jo BRI 2 AT E 1R, an &l 4-2 Fros
select id from foods where name="JujyFruit’;
Ll Il |
verb  subject predicate

K 4-2 I SQL 5 E4E#)

19



Life

SQL il AL AT G Wt 3 ML 4
SELECT id, name FROM foods;

INSERT INTO foods VALUES (NULL, 'Whataburger");

DELETE FROM foods WHERE id=413;

HE

WA Literals, FoRMIVIHIME, 41 3 Fl: FRAHFHE, Bl M b HHE, FAEE
/B

Jerry'

‘Newman'

JujyFruit’

AT RIS ORGSR, R FAFH AR WA RG], 552X . 41“ Kenny’s chicken”
'Kenny"s chicken'

e A, PSRRI BOE R RN R, W

-1

3.142

6.0221415E23

TREHNE T x0000 ) R, SRR B S A 16 REdIE. T BERIE L AT AP
1) 16 it %5 (8 bits) 4Lk,

x'01'

X'Offf'

X'OFOEFF'

X'0fOeffab’

OR BRI IRFF

B 7l SQL 4 B FI ek ki Fli&, fn SELECT. UPDATE. INSERT. CREATE. DROP
I BEGIN 55 bRl fFFe BIEGE E BL W BAAN 4, Rk S|. RE7FoE , Aaeiks
P SQL A4 K/ANE, IR R K ) -

SELECT * from foo;

SeLeCt * FrOm FOO;

RN, ATEPREFEHHRE, FRRFEHDNS.

H2&, SQLite X4 H IELZ K /NS U o

HR
SQL AR RS TF e, % ATHERERIT C AU 0/ %1

20



tIE— I EURE

ol b BT 1) TAERS I S8R4T o R EATFIZILL, F R o, (HILSEIFIR . &R
e RS %, WRATR NI RlE. AR 2 73 BRI )45 AT

RIER

71 SQL 1, G I B3 500 i ot 5 () ) FBAPR ok 54l 72 7 75 (data definition language,
DDL), #AfiX2ess G b Hodis 16 v f Bk ok 254 #4515 5 (data manipulation language, DML).
B £ NiER))E T DDL, f CREATE TABLE 4, R i& X:
CREATE [TEMP] TABLE table_name (column_definitions [, constraints]);
H TEMP 5 TEMPORARY TR 7 A IR A IGIN 2, RAAE T 9arssih, — HEERIT,
et 2 S IMER .
G5 TR A IR I
Hhh, BEFRIRAEZ AR, .
CREATE [TEMP[TEMPORARY] TABLE ... ;
WA RA TR GIERIRN, WERRIEAR, B Bl R h R AL
eI A LR EER, WMRGERAE, WAL ANH,
CREATE TABLE % 2/ bFHE—NRLH— NP4 . an S table_name KK 4, Wol
LB ES R . column_definitions 7 —ANHIE 500 Ba 1) 7B A R o BT BOE
NAFEFE DR — DR —NE 50BN FBRARE. W7 — RSN E R, 5
GfEiE S RSB F A, SRIAAE XA I B s 1) 28 . {1 SQLite A 5 FPACHI A .
INTEGER. REAL. TEXT. BLOB Fl NULL, JifiX&esdols /e AT S “Aifig2s” —17
et AR RIREEBI A FE BE W] DA AE e vh slRE @ 7 B o i, AR LU
UNIQUE £y AR E P Al sk A FBUIME & A A . L9057 “ Bl e k" —
LTI
TEFBANR G, n] DUERBE— AN B 7B o), Wi
CREATE TABLE contacts (id INTEGER PRIMARY KEY,

name TEXT NOT NULL COLLATE NOCASE,

phone TEXT NOT NULL DEFAULT 'UNKNOWN',

UNIQUE (name,phone) );

RG: &3

PRATLAH] ALTER TABLE iy & BUE £ 1458 . SQLite Ji[f) ALTER TABLE iy & BE ] LAk AR
®A, WAL B %Ol

ALTER TABLE table { RENAME TO name | ADD COLUMN column_def }
RSB TR AT 5 3o Aeff Sl k — M IgIyEk, DAL 1. 1t
Ak, Al 15 ALTER TABLE table RENAME..., 53 ALTERTABLE table ADD COLUMN....
That is, you can either rename the table using the RENAME clause, or add a column with the
ADDCOLUMN clause. To rename a table, you simply provide the new name given by name. If
you add a column, the column definition, denoted by column_def, follows the form in the

21



CREATE TABLE statement. It is a name, followed by an optional domain and list of constraints.
LR
sglite> ALTER TABLE contacts
ADD COLUMN email TEXT NOT NULL DEFAULT " COLLATE NOCASE;
sglite> .schema contacts
CREATE TABLE contacts ( id INTEGER PRIMARY KEY,
name TEXT NOT NULL COLLATE NOCASE,
phone TEXT NOT NULL DEFAULT 'UNKNOWN',
email TEXT NOT NULL DEFAULT " COLLATE NOCASE,
UNIQUE (name,phone) );
TR T ET R E X
FIE T LA SELECT iR @E, R mT LAAE QRS54 (1 A I G it it » XMz 03] (1) CREATE
TABLE it “HfiANdx” — e,

HEHREETEN

SELECT J& SQL v &g K B 2414 . SELECT MR 28 # kI T R 05,

KA

SELECT HiiH] 3 K38 13 T G R AE:
CEAERAE

. Restriction(FR 1)

. Projection

. Cartesian Product(£ < /R

. Union(}t4)

. Difference(%)

. Rename(F i1 44)
- B ERAE

. Intersection(3¢ X)

. Natural Join( [ 4Xi%E4%)

Assign(#57Jk OR T 1H)
YRR

. Generalized Projection

. Left Outer Join

. Right Outer Join

. Full Outer Join
FEARBICRERAE, BREmAAL, (RGP AA AN K BIRIER . B InERER N T, &
ATAT DU BEASRA R e s, — IS DL, B DA mT UAE A & B AR5 A e 41 ) At o7 X
T AR A AR AR B A 1S Rk
ANSI SQL 1) SELECT wJ A5 i ik firf7 Bk Z i df . X484 4E 7 o 1 Codd #5c4] 7€ SCH
HRRIBHELF, WA —Mil4b——divide. SQLite 374 ANSI SQL 154 right 1 full outer join
Z AN BT R AR (X L A n] H L TR 1 7 R e ) -

22



BIFEE

Mt Fki, SELECT #rdH— ?ﬁﬂ%@ﬂ%ﬁﬁ%%?%ﬁéfﬁ?ﬂ/*f e BN TR R
FiE IR AR AE . LT Py IXLe 1R HR 2 v, fu\ AR BTt B ER A

SELECT & MR KN fir<. Nifist SELECT fJ— $ﬁ/it:

SELECT DISTINCT heading FROM tables WHERE predlcate

GROUP BY columns HAVING predicate

ORDER BY columns LIMIT count,offset;

MR F—DISTINCT. FROM. WHERE 1 HAVING—#f & — /Nl 7 a). &4
T F R B R ER B PR 2 B ik

% 4-1 SELECT ) 1-4)

G T HAE EIRN
1 FROM Join List of tables
2 WHERE Restriction Logical predicate
3 ORDER BY List of columns
4 GROUP BY Restriction List of columns
5 HAVING Restriction Logical predicate
6 SELECT Restriction List of columns or expressions
7 DISTINCT Restriction List of columns
8 LIMIT Restriction Integer value
9 OFFSET Restriction Integer value

‘ l RE Result

R4
R2

SELECT DISTINGT heading FROM tahles WHERE predinate GROUP BY columns HAVING predlcate ORDER B’l" columns LIMIT int.int;

EX I

K 4-3 SELECT phases

R SELECT #& SQL "B i 4, 4 WHERE /& SELECT i & 44111,

&

“AE” ATLAE AT TR I (R A SR 2, TR, 2, 3, ete.) A HE (“Jujy-Fruit”) .
H AT AR I SCF IO (L, 2, 3 or “JujyFruit”). A8 (— M2 40 foods.name [11%51)44). ikt
(3+2/5) 5k ki £ (1) 25 FL (COUNT (foods.name) )i -

23



HRIETF

BAERHAE ] — A s AMEMCY AT E—ASFE O F i o I DAY “3RAE4F 7 S R E
SERCRERHRAE I AR AR . — HARAEAT R I I AL (PR R A ), — H B R4 AT:
SARAEAGL R H R ERAE R, SR

—» unary —)--—)- binary —}-—) ternary —}-

K 4-7 RH. —HA S HEES
—BHIREF

T BRI R I SQL BT K 4-2 B T SQLite PSRRI T HARIERF. Rrhiil
SEH N R BRI UPHES ], [ — AL B R R B IR5E 4 [45 55 T LA s I AT 2 4
% 42 HEAER

BAEAT KA YEH]
[| String Concatenation
* Arithmetic Multiply
/ Arithmetic Divide
% Arithmetic Modulus
+ Arithmetic Add
- Arithmetic Subtract
<< Bitwise Right shift
>> Bitwise Left shift
& Logical And
| Logical Or
< Relational Less than
<= Relational Less than or equal to
> Relational Greater than
>= Relational Greater than or equal to
= Relational Equal to
== Relational Equal to
<> Relational Not equal to
1= Relational Not equal to
IN Logical In
AND Logical And
OR Logical Or
LIKE Relational String matching
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‘ GLOB Relational Filename matching

LIKE $#2ER

MR R BAER S LIKE. LIKE MPEH SAHAEE)IR G, MOk
ITFAFERULAC . BN, ZAWPTABRRLLERT “07 THRI s, A M iEA):
sglite> SELECT id, name FROM foods WHERE name LIKE 'J%";

id name

156 Juice box

236 Juicy Fruit Gum

243 Jello with Bananas

244 JujyFruit

245 Junior Mints

370 Jambalaya

B 05 (%) AT HATE 0 BIZ AN FRF LN . R RIZO) AT SRR AT UL .
sglite> SELECT id, name FROM foods WHERE name LIKE '%ac%P%";

id name

127 Guacamole Dip

168 Peach Schnapps

198 Mackinaw Peaches

T MR E T A NOT:

sglite> SELECT id, name FROM foods

WHERE name like '%ac%P%' AND name NOT LIKE '%Sch%'

id name

38 Pie (Blackberry) Pie

127 Guacamole Dip

198 Mackinaw peaches

R s FTHR P

FTEAHS LIMIT H1 OFFSET R B 7 & 45 R A /NG o LIMIT 45358 32 [0 ]d 5% (0 fio KL
H. OFFSET fi5 € A% ic 2. an, N4z [m food_types & id HEZE 2 f)idok:
SELECT * FROM food_types LIMIT 1 OFFSET 1 ORDER BY id;

{# P8 7> OFFSET 7E45 AR Bk —17(Bakery), fREF LIMIT Bl % iR [0]—47 (Cereal).
LIfE A IS A ORDER BY 14, BAFd K AL R B ik — AN s A B HE T
.

sglite> SELECT * FROM foods WHERE name LIKE 'B%'

ORDER BY type_id DESC, name LIMIT 10;

id type_id name

382 15 Baked Beans

383 15 Baked Potato w/Sour

384 15 Big Salad

385 15 Broccoli
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362 14 Bouillabaisse

32812 BLT

327 12 Bacon Club (no turke
326 12 Bologna

329 12 Brisket Sandwich
274 10 Bacon

BRE(Function)f1Z & (Aggregate)

SQLite $2ft 7 MW ERIRBFNE S, " LUNEARK 7. BREEIMRAH. Borm
H, W ABSQOTFEAIXE: TR, W UPPER(OMI LOWER(), "Bl TKE 745 Hi ) {8
A RS8N . it
sglite> SELECT UPPER(hello newman’), LENGTH(hello newman'), ABS(-12);
UPPER('hello newman’) LENGTH(hello newman’) ABS(-12)
HELLO NEWMAN 12 12
PREA JEANT K/NS (R upper()f UPPER()Z Al —A~efi %) e AT LAz v B AE N 2
e
sglite> SELECT id, UPPER(name), LENGTH(name) FROM foods
WHERE type_id=1 LIMIT 10;
id UPPER(name) LENGTH(name)
1 BAGELS 6
2 BAGELS, RAISIN 14
3 BAVARIAN CREAM PIE 18
4 BEAR CLAWS 10
5 BLACK AND WHITE COOKIES 23
6 BREAD (WITH NUTS) 17
7 BUTTERFINGERS 13
8 CARROT CAKE 11
9 CHIPS AHOY COOKIES 18
10 CHOCOLATE BOBKA 15
LA e AT UORAT R IA A — 8623, Frbh e 8ot nl U AE WHERE 1
sglite> SELECT id, UPPER(name), LENGTH(name) FROM foods
WHERE LENGTH(name) < 5 LIMIT 5;
id upper(name) length(name)
36PIE 3
48 BRAN 4
56KIX 3
57 LIFE 4
80 DUCK 4
R REFRR R AL N Al PSR S PRI SRS BREEHS SUM(). AVG().
COUNT(). MINQOFT MAX(). i, L3208 € b (type_id=1) %, Wl R iE)-
sglite> SELECT COUNT(*) FROM foods WHERE type_id=1;
count
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47

414H.(Grouping)

RAHREHEIR 2 BEA TR SN GIRER R G, IRIE T LHEE R 1)
AL WG EN ARG KR LA 5k, J7 ka2 e 1] GROUP BY
1A,

sglite> SELECT type_id FROM foods GROUP BY type_id;

type_id

1

2

3

EHER

BRI )R —ANBRAE DISTINCT. DISTINCT 4b¥E SELECT 45 SIfid kb b S 42
AT . lan, RAEMN foods 2 AR T AN type_id 18 :

sglite> SELECT DISTINCT type_id FROM foods;

type_id

1

2

3

15
LREE

H% (join) st SELECT x4 A2 MM, B AEMIMGAIEE, BEE R E R T ug A ik
Bl JERMEIRE DO KRR (EER), Bt SELECT JR2kERAEIIHA -
WVF M5 TR L R 15 1 o
sglite> SELECT foods.name, food_types.name
FROM foods, food_types
WHERE foods.type_id=food_types.id LIMIT 10;
name name
Bagels Bakery
Bagels, raisin Bakery

27



Bavarian Cream Pie Bakery
Bear Claws Bakery

Black and White cookies Bakery
Bread (with nuts) Bakery
Butterfingers Bakery

Carrot Cake Bakery

Chips Ahoy Cookies Bakery
Chocolate Bobka Bakery

AR 4

LB RIELAE BN, FROATREEA.
SELECT B.name FROM A JOIN B USING (a);

MR

¥R SELECT 2 #Htk, HF B EdmiEf)s KE KA S M T . A 34 DML B H T
B E——INSERT. UPDATE #1! DELETE.

AR

ffF] INSERT iy 4 [ & hdfi N id 5. fITH INSERT iy & AT LA—IAd A 1 45, tnr DU
SELECT #r&— X4l AN £ 4 idsk. INSERT ifif ¥ — ks X0

INSERT INTO table (column_list) VALUES (value_list);

Table Fi5 Wi Edn i A ZWES L. column_list & 5 7y ) B R, IR B e &
HHAEAEI . value_list A& FHE 520 Ba E %, IX 46 5 column_list K B—— XtV o i,
N EA) ) foods ZRAf AR -

sglite> INSERT INTO foods (hame, type_id) VALUES (‘Cinnamon Bobka', 1);

Bitx

UPDATE fir & F&M— AN F P id3t. UPDATE #rdal Ut — R P47 247 i
—AEEZ AT B UPDATE AU — Bk = -
UPDATE table SET update_list WHERE predicate;
update_list & —AERZ A “CFRIRMA” MK, FEIRERR XS column_name=value.
WHERE 7l SELECT i tAHIR], i€ Wy ST B i id . -
UPDATE foods SET name="CHOCOLATE BOBKA'
WHERE name='Chocolate Bobka’;
SELECT * FROM foods WHERE name LIKE 'CHOCOLATE%;
id type_ name
10 1 CHOCOLATE BOBKA
11 1 Chocolate Eclairs

28



12 1 Chocolate Cream Pie

222 9 Chocolates, box of

223 9 Chocolate Chip Mint

224 9 Chocolate Covered Cherries

ERI3R

DELETE H T-MEr— P iid . DELETE & 1)1 — ks X0«

DELETE FROM table WHERE predicate;

[f#E, WHERE FA)i kS SELECT iBEAJAHIR, e 75 W B it id sk . 4
DELETE FROM foods WHERE name='"CHOCOLATE BOBKA'";

HimTE

By e B ] 1 SCRMRA R R s 2 TR Bl R R o AT DU g bk 358 Bk L S A58
Ve SIRGERNERT] P E ek

SRR
B—25

DU PE—(UNIQUE)ZT AU TR AR, PR/ E . M ZRESR ARl -4l
TR A E LA, s B RSB mA — A ERA, 8ok —Miduk— e
FAENE, BRI 51— DN ARARE, DGR ERE . ME— 2T DR 7 BER BaR 40E X

NULL A1 UNIQUE:

)R SR — AN BEO A O UNIQUE, A LA XA 7 BEli A £ /b4~ NULL {12

1% 5580 P B R 24 5% . PostgreSQL £ Oracle 1] LA3E A £ Informix Al Microsoft SQL
Server H fiE—>.DB2.SQL Anywhere Fll Borland Inter-Base /~fit . SQLite S J T 5 PostgreSQL
F Oracle AH[RI I fif 47 4

T NEPERFE I OGTF NULL & n) @2 A NULL B2 AAHSE? IR L INE R
KUEEATAHEE, R ARA 2 G BRI S 1A% . SQLite BB TA I NULL
HRAR o By AR AT B g E— - B ddi A 2> NULL 1H

ERAR

7E SQLite 1, MR L— RN SEME A, ANEIRACEREE L. EANTBUE
—A> 64-bit BRI T By, FR ROWID. BibH WA 44— ROWID_F1 OID, HIXHAN 4
RIFE RS DA S A B BRI 2 B I8 e A 3B . SQLite b 87 BARAL A sh K

FEE
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e EE

BIAE

TR B - DEFAULT b7 Bt ANBRINE . a0 SR H] INSERT 14l A sk IN 384T 1% e s
SEAH, WA EMERIAME. DEFAULT A2 (constraint), PRI & AAT S filAE AT F45
REATLAE B ke e, SR E R T AR BE NULL {1 —AN SRS . Wik — /M rBs
frE BOAE, ERR AR & T B e i, SQLite Hf m % - Beddi A —A> NULL. i,
contacts.name 7-B: A — M ERIAME'UNKNOWN', 1EE I HF] 7
sglite> INSERT INTO contacts (name) VALUES (‘Jerry’);
sglite> SELECT * FROM contacts;
id name phone
Jerry UNKNOWN
DEFAULT & 1] LLEESZ 3 Fhiie k% X ANSIISO TilsE 7 FH 128 Bl H 3R i 1) 4 .
CURRENT_TIME ¥4 4E ANSI/ISO #%3 (HH:MM:SS) i) 4 fi i} i) . CURRENT_DATE 2>
AR HTH IR N YYYY-MM-DD). CURRENT _TIMESTAMP 43/ i —AN H I a] 145
AR YYYY-MM-DD HH:MM:SS). filt:
CREATE TABLE times (id int,

date NOT NULL DEFAULT CURRENT_DATE,

time NOT NULL DEFAULT CURRENT_TIME,

timestamp NOT NULL DEFAULT CURRENT_TIMESTAMP);
INSERT INTO times(1);
INSERT INTO times(2);
SELECT * FROMS times;
id date time timestamp
1 2006-03-15 23:30:25 2006-03-15 23:30:25
2 2006-03-15 23:30:40 2006-03-15 23:30:40

NOT NULL &3
CHECK &3k

HEFRs% (Collation)

HE i e ST E— i e SCARIIE . HEP i R 2 T Re SCAR(E WHTdi AT th s . AR HE
PR AN R EE AT 150 a0, JERHRE R RN G AR, T2 ujyFruit F1JUJYFRUIT!
BN A RAHEE ) o I3 Ah— AR IR BV R /NS BB, SN BT PS5 B ANAHE T
SQLite 5 3 AN B HIHEFVE . BRA 4 BINARY, ‘Bl H—/ C B4 mememp() kX SCARIEAT
BRI ARG S TR ZHOE TS, Wih. NOCASE X 26 A~ REE K/NE A
&P . Finally there is REVERSE, which is the reverse of the BINARY collation. REVERSE is
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more for testing (and perhaps illustration) than anything else.
SQLite C API $4t 7 — MBI il ki B, PEET 7 5.

FEfEZ (Storage Classes)

WIFT SO, SQLite 7k Ab BRI ST I 15 JL & B EAR FEA R o DX T8 P SR 2 AL A
FOX B AN AE A LB, 54k (enforc) FIFR IR (assign). I I & 15 /14 SQLite b3 %4
AR T VAN S SR ) O R

X THARIETY, SQLite TS REVEYRR A ok FPE (affinity) BH 53 . 7E SQLite HY, ‘EIHFR
KRR E (type affinity). 4 T AR R SERME , UR200 5 EEER AR A7t AN 9525 28 (manifest
typing).

SQLite 17 5 MEAMIEARA, WRAAAES . AP IXAN AR T — AMELEE A7
AR, LSRR S Y B R S ()[R ] o IX 5 AMFAERAER 4-6 A .

#* 4-6 SQLite 17k

R B

INTEGER BRE RS (URIERA) . BEOTLUE L, 2, 3,4, 6 88 8 F17. HEHUM)
B KT HI(8 bytes) & {-9223372036854775808, 0, +9223372036854775807} .
SQLite M H 7 HIE F 345 IR EIT &7 10 1 4

T SRS

REAL SEHUE 10 JEHIIEUE. SQLite 81 8 A AT sRHCR Al S 4L

TEXT SCAR(TEXT) A2 F 1458k - SQLite S FF LA 7174w, £u45 UTF-8 fil UTF-16.
FAFER RN AT PR

BLOB HEHIRXN SR (BLOB) AR R A 4 . BLOB [ /NAAT R

NULL NULL F/R¥%A7 . SQLite HATXH NULL [H)584 % FF.

SQLite LA A& 7L R AW IR, R il & SQLite FHERE )5

®  SQL iy A 51 B S |5 5 R K SC P HHRIR A TEXT,

MRS IRAR G SRR s, JF R /NUIREL #dRIR INTEGER.
WMRSCFRRAR MG SRR EEE, JF A /NOTedR L BdRIR N REAL.

HI NULL 3¢ B (B B FiE IR A NULL 725

U —AMERIRE U X'ABCD', M ABCD 4 16 #Eil%, MIZEwifaIk A BLOB.
X ARG Bl

SQL i 4L typeof (VHR i 1 7 iduilk [ A7 2R o ISR K, i SQL iR 1] i 45 R
y‘] :

sglite> select typeof(3.14), typeof('3.14"), typeof(314), typeof(x'3142"), typeof(NULL);
typeof(3.14) typeof('3.14") typeof(314) typeof(x'3142") typeof(NULL)

real text integer blob null

SQLite FA ) — N FBOT R S A FFAER I . WA Rzl
sglite> DROP TABLE domain;

sglite> CREATE TABLE domain(x);

sglite> INSERT INTO domain VALUES (3.142);

sglite> INSERT INTO domain VALUES ('3.142";

sglite> INSERT INTO domain VALUES (3142);
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sglite> INSERT INTO domain VALUES (x'3142";
sglite> INSERT INTO domain VALUES (NULL);
sglite> SELECT ROWID, X, typeof(x) FROM domain;

EAGIEES SR

rowid X typeof(x)
1 3.142  real

2 3.142  text

3 3142 integer

4 1B blob

5 NULL  null

RO R ) (B, IXRR B R AT AE AN ER 2 el —AME 5 T INTEGER. REAL.
TEXT. BLOB Il NULL {H[1“ZBtHE 7?2 —ANHEEUR—A> BLOB Wi Lbse? WEANSE K2 BAT]
REAH S50 2

B BN EAERRME ] UAA R R — AN B o nTDAREHERR, DR ax Se g n) DAAH B
bbast o A7 5838 e LIRSS AR g5 . AN AE R vT LLE L e A4 A2E “ 88 3T
R, o Lnrr

1. NULL fEf# 2 BA A28 . — AT NULL 262K 018 L BT 5 e (a#0/ ( 35 g
HAT NULL fEAE 2508 ) . 76 NULL A2 18], 34 5 i T HE A

2. INTEGER 1 REAL {7t 28l 1 NULL, ‘EATMSEAM4 . INTEGER {Hf1 REAL {iif
REICEE AT TR

3. TEXT fHitZ A LE INTEGER Ml REAL 5. BUE /K Lo 775 B AR . 44 TEXT {8
HAT ORI, HAE RN “HEP R YUE

4. BLOB it BAT e m 2. HAT BLOB 2K IR{H K T-Hoe s 511t - BLOB {2 [H){E
FEA AL C &% mememp().

BT EL, 24 SQLite X — AN FBUHEATHE PN, 1 et A ST T, SRS TR T R A HE T (NULL
FKWIBEAAALHET) o« FHIM SQL Ut T A- R I A -

sqlite> SELECT 3 < 3.142, 3.142 < '3.142', '3.142" < x'3000', x'3000' < x'3001";

R [A]

3<3.142  3.142<'3.142°  '3.142'<x'3000'  x'3000' < x'3001'

1 1 1 1
527 (manifest typing)

SQLite fis 1§57

TR %

CREATE TABLE foo( x integer,
y text, z real );
RS L AN ST
INSERT INTO foo VALUES ('1', '1, '1%;
24 SQLite G IX ALK, xoy Al 23X 3 AP Beh A 2 AR IUNE? 2582 INTEGER,
TEXT F1 REAL.

W& T
CREATE TABLE foo(x, Y, 2);
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RAERRAT [FIFE )4 A1)

INSERT INTO foo VALUES ('1','1', '1");

MAE, xv y Mz PAEER AT ARAIE ? 2% TEXT. TEXT #l TEXT.

M, 7 SQLite (T BEEAIERIN TEXT WE? F-E, MRS 243K, PUTW FdAIEAR]:
INSERT INTO foo VALUES (1, 1.0, x'10");

WAE, Xo y Mz PAAER AT A8 ? %52 INTEGER. REAL #1 BLOB.

WMRAREGE, ATELK SQLite 197 BUE AL, XA FRIRILEEHRE—F . (HIXA LU0
(17, PRAT LU A E o Xt A EAT 1B L T, SQLite #SmT AHZ 2 —AME HHE W
CLUESER

B2, SQLite PFFHRAI A FRIR N 1) F- BT DI R, 2)RA ] DLd e (kAT . RASER
PES GHX PN E WA ELOCIR o I il 21 2R SR 1 gl i A 1R 28 0 (strict. typing) FH ) 28 28 Y
(dynamic typing).Z [A] {1 P-4 2K

RRISEFE (Type Affinity)

£ SQLite "1, FEBCARME, M4y AT TR, 12 B EAUEAT T %
RAUPPHANTE . 7SR ASAGANERE Rl . SRARDRAIPETIGE SQLite AT A4 i FAE
TBOPAAE . AN E IR RIS SQLite 2 7R 1% 7 BOh AT AR Y E THE
FAERIN T BORMPE S 5o AR A — T P B A g i 2 A

FEREBMFEMME

o, BANFERACRA AR tE. A IYMSRAYE: NUMERIC. INTEGER. TEXT Al

NONE. — B ISR FVEH & WS B Yo o BTeL, Ao BOE I T 28, ARA

RN BRI TR . SQLite 4% K I (KR Ky T B IR 3G A -

® IR, —ANFEELANSEMYEE NUMERIC. Hii— M FEBOARE INTEGER. TEXT
8¢ NONE (1), e B sl firIk A NUMERIC SERIE,

o WM EBUS RS T INT (LR K/NE), X FBAFRIR N INTEGER SEAIE

o IR NTFBIEUIRSAPALE T'CHAR' . 'CLOB' B TEXT' (L K/NE), % T Bds IR
J TEXT 2EM11E. 4I'VARCHAR'ELE T'CHAR', T UAHFRIR A TEXT SERIME .

® N NFEFWMAEI P E TBLOB (LI K/NG), B N ZFBA R, Z%
F-BAHRIR 23 NONE S FIdE

TR WA FBOR IR, 2 BSEAIPE ) NONE, EIXFHGHLN, B IE#HS

CLEATTA S (BN E TR R R HEWT R AF i A7 it o A SR ARET IR AN 2 B — A B

BB ANEs, SRR RIENS, H NONE SR & — M ke, {3 SQLite ERINIFIZEHI

PEJE NUMERIC. flan, S —w P Bf i 7288 JUIYFRUIT, %5 BIFsE fT A 2

NONE, (24 SQLite AMAHIXFPEA, 25 iRIRELAN NUMERIC SEffE. ik, S5

F—MAINR PR 445 5] NUMERIC SERMWE, IEAMWA N Efeeia, e 2]

NONE SZF1 o
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FIEFFE

SR AR U A 27 BEA 52, AT

—A~ NUMERIC 7B rl e 45T 5 Mififit2s. —/ NUMERIC F-BLHA R A7k
R LF(INTEGER F1 REAL). 24—/ TEXT {H4dAF]—4 NUMERIC 7B, #4iR
KIR SLEAL S INTEGER 726628 R H AR, K2l K L REAL 17665
W R R, K2 H TEXT Fi6id k171 -

—A~ INTEGER 7B AL FEARA% NUMERIC F-Bt. —A4 INTEGER Bt 2K REAL {4
REAL fEREAEAE AR 30, a0 XA REALAE B A /NS 4) » st 2 e 4 2} INTEGER
1795, INTEGER FBUH &G ¥ TEXT {Hi% REAL f7ifi; B AL RIG, K2l
P AR INTEGER (72 WAL R, ¥ H TEXT AEERA7 i

— TEXT ZBSS0 A 1 INTEGER 5% REAL 546K TEXT.

—A> NONE “FBA KB MAT I 2RI Ak . P A (E4L EA 1A G A GG R A7

WA T BOAE ) NULL 58 BLOB fi & tb——noig F A2 sk . NULL 1 BLOB 1H
TR AL AR T7 AR 7B

XL G R L R A%, R Beh HARR T, g ARTEEL, SQLite &R
BT e RMBHRE . Wt dl, WY SQLite B it MEGHURE, 5 EA
PG S ORISR AP (. WURIRFE W T — INTEGER 7B, I i) LT C— /N384, it
SAERHORAT . WIRAR A W] T — AN AT TEXT, CHAR 5 VARCHAR 25 (1 7 BT 1) BLIK
— AN, BBCK SEA) TEXT . 2, WA IX e filE, SQLite th xR BNk
FEABRIPIAE -

FEIHERYELT

TR 28 7oK T SR AN an o] AR

sglite> CREATE TABLE domain(i int, n numeric, t text, b blob);

sglite> INSERT INTO domain VALUES (3.142,3.142,3.142,3.142);

sglite> INSERT INTO domain VALUES ('3.142','3.142''3.142','3.142";

sglite> INSERT INTO domain VALUES (3142,3142,3142,3142);

sglite> INSERT INTO domain VALUES (x'3142',x'3142',x'3142',x'3142");
sglite> INSERT INTO domain VALUES (null,null,null,null);

sglite> SELECT ROWID,typeof(i),typeof(n),typeof(t),typeof(b) FROM domain;
R[]

rowid  typeof(i) typeof(n) typeof(t) typeof(b)

g b~ W DN -

real real text real
real real text text
integer integer text integer
blob blob blob blob
null null null null

N SQL Ui MIAF A KR R L -

sglite> SELECT ROWID, b, typeof(b) FROM domain ORDER BY b;
IR

rowid b typeof(b)
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5 NULL null

13.142 real

3 3142 integer

2 3.142 text

4 1B blob

sglite> SELECT ROWID, b, typeof(b), b<1000 FROM domain ORDER BY b;
R[]

rowid b typeof(b) b<1000
NULL null NULL
13.142real 1

33142 integer 1

23.142 text 0

4 1B blob 0

EiERMERFIR

KTAHES, FTFEOGEN 7 — 8 G I g B T A7 LR . Rl & SQLite

HIRAEHATHR Z 0T, SR EAES T2 (INTEGER A1l REAL)FI TEXT Z [a)3HE4T#64k.

AT BRI LR, A A R .

® Y NFEAE—NRIEAM G RIAT R, FBRSE MM SRR Z BTN H T2
IIESE N

® YN TEBUEMAT IR, R — AN B INTEGER 5 NUMERIC SRR 1 o — /%
A, NUMERIC SEfitE<s v H T-9E NUMERIC B TEXT {H.

® YN FRIAAIATILER, SQLite AMBATATH . WA FIEXAG AR FEAEZE, W)
B EATRAEIAT H A A WSR2 T E A

HE NI

sglite> select ROWID,b,typeof(i),i>'2.9' from domain ORDER BY b;

rowid b typeof(i i>'2.9'

5 NULL null NULL

13.142real 1

33142 integer 1

23.142real 1

4 1B blob 1

HERE “sEIEEI(STRICT TYPING)”

AR SR ARG EELE SR I SRR B o 3 e HE 0, W DM ] CHECK 23R ARl LU T — AN S )
B RR HORT— > CHECK 2y ORI —A> “fRIK 7 51282

F5E ST A SQL A & ML FE, XAy wE A MR AT, B AT
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F5 IR A S ek

HEHIVaE

F55 1k 3 A Ed]: BEGIN. COMMIT Fl ROLLBACK. BEGIN JTis—ANg4%, 25
BT BAE AR AT LG . COMMIT i BEGIN J& TG fir 2153 206fik; 1 ROLLBACK 4 Jit
BEGIN Z Ja i #4F. -

sglite> BEGIN;

sglite> DELETE FROM foods;

sglite> ROLLBACK;

sglite> SELECT COUNT(*) FROM foods;

COUNT(*)

412

BTG T — AN 45, SeMER T foods AT, {HZXH ROLLBACK AT T[4,
AT SELECT I A IR s R AT A

SQLite BRIME ML, £F4% SQL iEf) A B34 (H shHRAc ) .

TR R

WIFTPTIA, R RS TS N ARESE A K22 B e (B T AR 40) #1517 o 5 117 1 B
MRS AL T

SQLite A7 H AR 7 VEA AL B2 U S (BN L A S TR, PR A I AR

.

sglite> UPDATE foods SET id=800-id;

SQL error: PRIMARY KEY must be unique

SQLite $24it 5 Fiyph MR ¥ J7 % : REPLACE. IGNORE. FAIL. ABORT #ll ROLLBACK.

® REPLACE: 43l it T ME—5885 4%, SQLite H4 3 Box A K Ac s, 2R LAFHEG
ANEEHIHTC S, SQL 4kEEhAT, AHRkf.

IGNORE

FAIL

ABORT

ROLLBACK

B0 B

7t SQLite 1, BHAIFSSEEHKEARN . h T AMMATH F55, FFE T80Ty it
FHESIA

SQLite RHIRUSMAIMBL . 29— MERESEIE, i e NS siE, B35 EEs
W eSS . SQLite A — /MBI, AT BhAS [R5 Kt e S Re 8 A6 5 5 — 20 P et
DAERAIE S5 KR I R A

SQLite fEHBIZEL FIHHLEI, A T EEIEE, SR ER MG E 8. SQLite 4 5
ANFEIBUIRA : RN (UNLOCKED). = (SHARED). {4 (RESERVED). & #:(PENDING)
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AHEE (EXCLUSIVE). SR AR I 2V ekl T Herh —ARES . SERPIRES RN
BICIRZARERIN) AT P 2 X6
BRAIFPRSRARMBUIRE, IR N, EHIEBAT I . SRR T %,
HECZH BEGIN JHUR T— M550, ERAIEAL T AR IMBURE .

ARINBRAS ) — SRR ILIRES . o T R B T B (AN B ) B, JE R A 00 Sk
AFLERAS, WAt Ul B B — ML, 2/ MIERTT RN SR F ORI 28, Rl
7 Ut 2 AN IERE T LU I A T] S Bt e P i3l o AER I HA I BUE AR A
FOVFATAT I S B

WER AR SHARE, B SERA MR B R LR R g R
B PR B BT DA S IO, R BB SR 2R (058 1 BB, DR BRI ANBHLE e 9o
SCE B E IR S e, AR I E SRR BT 3L 2

— HANERRA TR B et i LU AR AR BRI PR B A T, RV I B U R A 2%
PRDCHREAT, AN SE RS B AL 032 N AT SR AFAE NAF D P X
ERAEHR A (A5, F R R BT v HEE B T TRBIHRFESL et
SR R B BT 0 R e PATRBIZ I, FCEERANRE PR BT 32 1, HE &
P IR E LA IR T DLk S 1 et e o BRI, I R B E RS e A I 5
BUERE SE  TAE IR =8

— B eI BRI, A R DB Rt T LU ST e B, el T LA
I H Bl EREATIE 0T o BT AR G2 i DX T K A8 5 e e 55 280 128 ST

FE

N AT T B ALEIE? o 18 S dta.
F I8 NI 4-7 P D0 . WA EEH——A Tl B——I[R]INAH 58 280 7t T AR T [F)—MK
Pl APATES 1 %, BIATH 2. 3 4%, 55k
R AT —HEBIIEGRS O

A % B %%

sglite> BEGIN;

sglite> BEGIN;
sglite> INSERT INTO foo VALUES (XY);

sglite> SELECT * FROM foo;

sglite> COMMIT;
SQL error: database is locked

sqlite> INSERT INTO foo VALUES (');
SQL error: database is locked
PINERAAEAEBIT SR . B B2 B, Wiy 7Rk, A iS5, H
3L INSERT Ak LR 3L AR T O O B B 2 6

T UHEITE, BOER: A N B #— HAR U ERT S o IR A Bb, O 1) AT
ANRENS PR 2R T, AOA B AT ARG (e RE R I B R R A I =) . IR A I, AMY
AR B ANBE TAE, JE AT REREAAS RE PR E I B 1 T

R LR 2 SRR A R B Al AR, DA AT A RGBS A A
B ST K T IE A 2 55 28 Ak e 1 LA
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HEHIPR

SQLite A7 =FAE F 5, A RIMBRE . F155 7] LUJFIGT: DEFERRED. MMEDIATE
o EXCLUSIVE. #4528 71 BEGIN fir %145 5E

BEGIN [ DEFERRED | IMMEDIATE | EXCLUSIVE ] TRANSACTION;

—/> DEFERRED =45 A IREUATAT 8 (1 21 e T 2B K I 45), BEGIN TR AR 5 A i f 4
FE——E AT UNLOCK RZS . BRIMEDL Pl X it ), WA H BEGIN FHah—A
$i%, MMA %55k /& DEFERRED [, [l & A IREUEATEE; 200 B FEEAT 55 — IRt
PERF, B4 3RHL SHARED s [AIFE, QT — X GHEAER, ©4 3k RESERVED 4.
i BEGIN JF4A1 IMMEDIATE 454543k 0 RESERVED #i. Wik, BEGIN
IMMEDIATE {RAF AT 5 R o] LUS B0 e o AH2, 3 10342 vl DO B0l 22 R A T i A 5
{HJE, RESERVED #i£:PH ik %81 BEGIN IMMEDIATE 3% BEGIN EXCLUSIVE fiy
Ly MILEIEBPAT LRG AN, &IR[E] SQLITE_BUSY ik, X BMREE AT LG Ed 2 1t
ITENERE T, HEREABESRAS, 24k COMMIT I, £:iR[A] SQLITE_BUSY 44i%, X
A A B WA Sk, A5 AN AT 58 5 A Re i AL 55 .

EXCLUSIVE #4528 3R BON $04E FE R EXCLUSIVE 4. iX 5 IMMEDIATE 25181, {HjE—
H R, EXCLUSIVE F4-RAERAT eI, T LUk n] e 5o PR T S 544 T
AT A T AN R AR S R, (R EA TR AT T B R B,
%, SHARED #3201 il @ L. 4 RPN Ll BEGIN IMMEDIATE H4:555,
IS ATCBA R ACK PG LT, 78 [7— I 21 K Be A — M i% #2838 X\ BEGIN IMMEDIATE,
He WEEM A5 45 . BEGIN IMMEDIATE F1 BEGIN EXCLUSIVE 8 #5345 H . #it
BIRDEHLEI—FE, EPiik 728t

FEARHEN] 0 AR IE AR AT R 25ds AT L e (342, HI BEGIN U2 1. HZ,
SRARRASE A 0 5080 A L (R e et oo B AT S B4, A BEGIN IMMEDIATE
8¢ BEGIN EXCLUSIVE FFEA/R IR 555

HiEEEE

B PR R TR AR PR TRV E . AN SQL RIS BE,  Hd PR PR — L5 3 U 2 R
(view). filii #5(trigger) A% 5 (indexe). J34h, SQLite tifi H b LEMEF AU BE, Wkl 1
pragma, ] LU SRS B 50 S 4

LA

MLRIRE

FER AR AR Bl B B LA
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=5l

#5IR9% A

PR 2R 5 AT IR P R AT IS ANABER) T 2 TE 221 . SQLite A7 WA ) 4% AR g T &R 5 1o
WA RE, {E WHERE 74417 N oIRIAZIN, SQLite K fii ] r Bt & 5l -

column {=|>|>=|<=|<} expression

expression {=|>|>=|<=|<} column

column IN (expression-list)

column IN (subquery)

Z P BRI IR 55 AF o X a1 7R (BB AT 0 R 2 L) — Ak
CREATE TABLE foo (a,b,c,d);

fih e 2%

MR8 R ER AR E A FE AN, R A S PAT R E ) SQL fin %o AL R A

BRI

CREATE [TEMP|TEMPORARY] TRIGGER name [BEFORE|JAFTER]
[INSERT|DELETE|UPDATE|UPDATE OF columns] ON table

action

UPDATE fili % 2%

/NJFF INSERT and DELETE fii & #%, UPDATE fihi & #% nJ L 52 SUEE— AN R IR 2 1 B L
The general form of this kind of trigger is as follows:

CREATE TRIGGER name [BEFORE|AFTER] UPDATE OF column ON table

action

The following is a SQL script that shows an UPDATE trigger in action:
.hon
.m col
w50
.echo on
CREATE TEMP TABLE log(x);
CREATE TEMP TRIGGER foods_update_log UPDATE of name ON foods
BEGIN
INSERT INTO log VALUES('updated foods: new name=" || NEW.name);
END;

BEGIN;
UPDATE foods set name="JUJYFRUIT" where name="JujyFruit’;
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SELECT * FROM log;
ROLLBACK;

HiRALIE

TE X —/NFAE before il k#5457 AR —ANBHIE SR 2B FIHL S o before fil 2 #8 il LASZELHT Y
SEHEVEL . SQLite Mk AL T —FRCh RAISEQIRFK SQL sRil, nLATEfidA #5344
Hi e — AN . RAISE 41 R X

RAISE(resolution, error_message);

{5 P fol 4 2R RO S R L3R

7F SQLite 1, il BB AT RN T — S SEIIAMB A R . b T T bk B, BT
IXANAEEAE foods A1 food_types 2% 22 [R) S HIA M .

B In (Attaching) $53#E B

SQLite SLVFIRH] ATTACH iR 2 N Ea A “BiEn” 2210 Bk RN 17— 44
P, E R A B 2 AR P SO ) 4 R S rTAE I . ATTACH HIEE N :
ATTACH [DATABASE] filename AS database_name;

RiEEEE

SQLite 5 P T A H T Bl 15— —REINDEX A1 VACUUM. REINDEX T E#ZE5],
G

REINDEX collation_name;

REINDEX table_namelindex_name;

S FIE R 45 @ I HE L A4 R L T A & 5

VACUUM i iod 5 H0 30 P SCAF SR e e A B 1R R ] = 1

B ERE

SQLite A BLE S o T A X LEL B S A0 24 H pragma K SEIR . Pragma LSRR 1) 7 =X LA,
FEgA G, VHY%Gm4.

EEREZ XK/
YEphIX R pragma ) MUERE T BAZE WA A 20 AN SR 0T, EEAET TR K

NHIERIME, AT
sglite> PRAGMA cache_size;
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cache_size

2000

LRGN, AT

sglite> PRAGMA cache_size=10000;
sglite> PRAGMA cache_size;
cache_size

10000

REHEEER

A DU I $8 2 1) schema pragma Sk 3R B PEAS B, 2 XU R

® database list: Lists information about all attached databases.

® index_info: Lists information about the columns within an index. It takes an index name as
an argument.

® index_list: Lists information about the indexes in a table. It takes a table name as an
argument.

@ table info: Lists information about all columns in a table.

W& N7

sglite> PRAGMA database_list;

seq name file

0 main /tmp/foods.db

2 db2 /tmp/db

sglite> CREATE INDEX foods_name_type_idx ON foods(name,type_id);
sglite> PRAGMA index_info(foods_name_type_idx);

seqn cid name

0 2 name

11 type_id

sglite> PRAGMA index_list(foods);
seq hame unique
0 foods_name_type_idx O

sglite> PRAGMA table_info(foods);
cid name type notn dflt pk

0id integer 01

1 type_id integer 0 0

2 name text 0 0

K/ mASFNEBHEE

The database page size, encoding, and autovacuuming must be set before a database is created.
That is, in order to alter the defaults, you must first set these pragmas before creating any database
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objects in a new database. The defaults are a 1,024-byte page size and UTF-8 encoding. SQLite
supports page sizes ranging from 512 to 32,786 bytes, in powers of 2. Supported encodings are
UTF-8, UTF-16le (little-endian UTF-16 encoding), and UTF-16be (big-endian UTF-16 encoding).
W SAGH auto_vacuum pragma, R UAEEGE 7 B ahdidr . —MIEOLT, NS ML
e PR T 2E 0 3 A n B SR MR A . A T auto_vacuum pragma
o, MRS, H RS2 B B4R/

RGR

sqlite_master FJ& —MRGE, BUEHIAET IR WKL ROINRA S IE . i,
foods ¥4 HT NI F -
sglite> SELECT type, name, rootpage FROM sqlite_master;
type name rootpage
table episodes 2
table foods 3
table foods_episodes 4
table food_types 5
index  foods _name_idx 30
table sglite_sequence 50
trigger  foods_update_trg 0
trigger  foods_insert_trg O
trigger  foods_delete_trg 0
A% sqlite_master K FIZHTEZH 5 2 F) “IRGEARE Schema (557 —15.
sqlite_master f & — R4 sql 7B, A7fif 1 B %) DDL fir%-, 4l
sglite> SELECT sql FROM sqlite_master WHERE name="foods_update_trg';
AR [A]
CREATE TRIGGER foods_update_trg
BEFORE UPDATE OF type_id ON foods
BEGIN
SELECT CASE
WHEN (SELECT id FROM food_types WHERE id=NEW.type_id) IS NULL
THEN RAISE( ABORT,
'Foreign Key Violation: foods.type_id is not in food_types.id')
END;
END

AF Query KI#AT

LU EXPLAIN 4 A& SQLite $AT A J774. EXPLAIN ZIJH—> SQL #ir 4%
P51 VDBE f2/7 .

sglite>.m col

sglite> .h on

sglite> . w415333103
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sglite> EXPLAIN SELECT * FROM foods;

addr

opcode

O© 0 1 O O = W Nn —= O

e
[ S N =)

Trace

Goto
OpenRead
Rewind
Rowid
Column
Column
Resul tRow
Next

Close

Halt
Transaction
VerifyCookie
TablelLock
Goto

pl

S O O O O OO = O O O O o o o

p2

O O O B~ WD~ = O N~ O
—

[NCREENS TN
o

p3

O O O O O O O O WwWwhNn o o o o o

foods
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p5

00
00
00
00
00
00
00
00
01
00
00
00
00
00
00
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BOEE WIFNBS

AFENJGMN 3 FF] FHEAL, X JLFELVET SQLite fifd . XL Lk TIEARET I, 7659
T AR BT V12 T fif (14 ¢ SQLite 77 . Ltk C i % SQLite MEAT4wfE, i & JL
EIgRTE TS, XA AL LN MR T ## AP, B RLEES7OC SQLite )
PR REERIRISZIL TP A 2 HLAG T IR0, AREE AT LAg th BT 4 (A0, X ARSI AT 13
B, HASAERE8. AN AU RS 8. JRFEH) SQLite 4l bHARIARID, Rk
SAEIALE, BUIRENE A C1E AT SEAE g i B e a7 ) .

PRANTG NSk 2 R M3 A AS A e BEAR X Le Ny 7%, IR & —AS C FEJF 1. SQLite 1)
BRI AR A2 BRI 25 2 B 1R o U — /N 23 I S UR TR 20038, ANt A HiX Se iy
7o

1. WIEHh, RTEELNE AP A0 TAEM . ToEAE N —5F AP BES AT 86, |
N T RPN, AP G BT RIS R R B TT LA B SQLite [ L 2 K
TR, KT RGA M PSR RS EEAEH .

2. BT AIBEAARBAT A, PRISTTE L API A FESRE )8, & T X S8 ek B
=4 (transactions) & Wi #E T . SQLite MIFTH I LAEAR EEH S5l T, IRF
TIHITELE AP 2, AU VB 0 Ok TAE . A SRR AN FIE UL i1, X4t
Bigh o S S YR T TR G, PR AT URE B AR A I L, 3 o] Ui i R
FEHEARIAAR I A o

3. B, VRELINERR WAL IX e Y AN Tt o ANFE RS 3 AN A A
———API, FEME, It HE—FERIS SRR X 5.

T ARG, B 4,

API

MINREI AKX 73, SQLite 11 API A 40 8 #40 API 978 AP, #%.0r AP HIJITH
SEIRIE AL PR I R AR B, B0FE . FEREER . AT SQL Rl i 4 e . B IR
—UETHEERR A, FIORSERCT AT A At ARl R R T4, 78 APL 42
BEARF 715Ky i SQLite, ‘B RAERS O F LW SQL ¥, 55 SQLite A5 1) SQL
FHAE o

SQLite kA 3 HIFTHR

FEFFURZ AT, FATISE1HE— T SQLite WA 3 HIHRR(:

—. B4, SQLite ) API B E B T, JEEA T2 BetE. S R 15 ARk
Hahns) 88 MNeR K. XUERBALSE S FF UTF-8 Al UTF-16 4ifi () ThAe . SQLite3 A4
SRR AR, A A () P EE 2R 5 O HSCRERT I S 5 e Tk SQLite3 iB s N T
F P s SUHE 741 . CHECK 293, 64 A7 [ BEAEAUHT I & 1L .

T A KK S T IR R . BT R GG [ T R B O, A T R
15 RERR R ) 8o PR R LR IE 5 1 R4 R S ok 58 AR 45 () 503245 10 HE & B (Exclusive
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Lock). L7, B BERLMIINSE 55 NI g2 X (Temporary Buffer), ] LAESIHEE B2
HISRITAR TAE . 0 T 52K m KN AT, PERE T4 400%.

. SQLite 3 &Nt T 1 B-tree B, BUAEXS FER A B+tree, K AHEF AR,
et R 5 BUE AR JF AT UNRESE L MIBRA T T 107 B SE4 AU B0l e SO IR R
NT 25-35%Jf 153 T Atk fik . Btree #57EH 9 WA

VY. SQLite 3 55 T EL AR & B IR IR o H1 SR —RRUUSCRESORMEAY, R BS0HF 5 FoA
HEARIEA, WIS 4 TEPTAARIN, IEH R T SNSRI (K . RERR R AL,
DL 25w i At PEBE P D (AR ). B, BRIV s B b i B XA A
AT LL ASCH JE A7, XRE, Al A6 Fe WHERE -6 b 1 (E BEAT Fedfe (1558 2 JUIR
PE)o SSRAUMEARBEN A DT BUNIE PR RIS IR . SRR 2 —MEAEE T

B A2 TR R RE AN S SR AN o SRR AN b 559 R BRI —— B IR SR ANk
HT ST IR 75 WM E

FEARZ 71, SQLite 3 J&—M1y SQLite 2 5E AR MIHHE 1, I HILHt TIRZAEENAE. Fy
CRIERE T T AR etk o

FERIEREH

1E55 1 HEARES] TR 2 SQLite AIfF——rilds . 7B ds MU LS4 . (HJ2 AR B A
FE, fes BANIE ) /& connection. statements. B-tree Al pager. ‘EAITZ 1A (K5 R WK 5-1 fr
TRe IXEEXT ML T ST ARRD FT LA ZANE 1Y) 3 N e ZEN 2 APLL 45 RE.

GConnection 1 Connection 2

Stmnt 1

Stmt 2

Stmt 1

Stmt 2

VDBE

Cursor

VDBE

Cursor

VDEE

Cursor

VDBE

Cursor

|

v

v

] 5-1 SQLite C API X % A7

¢ ¢ Table Locks
| B-tree | B-tree
| |
| Pager | Pager
Database Locks

MEAR ok, B-tree A1 pager A& AP H—3 45, {H A& CATTENIAE =R 45 A L6 S B4 H .
X HE RPN, FEAR N/ AE “H5” —NN A,
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#EF#E(Connection)#iEfI (Statement)

4% (Connection) F1i# 1) (Statement) ;& 44T SQL i3 M A T2 lm 45 4, LT A7 il
i API HEHTRIBRAERRE I B EA . AR A — T (R B 45 IR i — A BB A B 122
B BB AR ANE RO, W R R — AR SQL . fEN S, &L VDBE
FHHERR. EUEPAT a2 HRE—V), W RAF VDBE P HATIRES i it 5t
VR, FRIMEEEAC SR B-tree bR, LLASESEAE,

B-tree #A Pager

— AR LI 24 database X A~ = 50E E R I B 1 . N B PEXRT S
—> B-tree 5%, —> B-tree 5 pager X% (X BLAXT AL X B “X%”, H 2
h T UL A ) ) o

T e 24 A T L 1E B2 1K) B-tree A1 pager A P2 al 5 Hidls, 1@ B-tree X134 (cursor)
i I3 A7t AE DT (page) H ISR o LEWERR U 1) UL 2 117, DTLA 2 MREASE INA 2 N A7, T IX /& pager
TS o ATATI%, Wik B-tree TFE 0L, "B K pager MBEALEEN S, pager 40T N
AT IPIX (page cache). 2 Jri, B-tree A5 2 SCHEHIU AR L ol LAVT ML T O e 5 7 o
WERWARSAS T, TR IEF 4501, pager WK EUER R I 5 SARAEIE ORI T . Sk
Ut, pager BTG E A, EHNAFZAEAL, DURE FIEESS BIUAKE (X Le e “
57 —WRTEAANH).

B, RTEHRES, RLAFIEMF: QX BT #E, — NS T —
NHBZZ N @ MNERLASFNAAAET ZAHELZ T TR, —ANIEEAEEdE
PEMUE T RIS, MR RER A HBEZT, A2, hsd.

%0 API

%0 APl FELEHAT SQL fr 2 Ko HMFITIEIAT SQL W 1y: T e A1 B e A it
ThZ 12 A v B =AM BeA . 1% (preparation) . $447 (execution) fl 52 Z& (finalization) . 5k &
P 2 5 1 L 0 T2 3 A U () = AN I R EAT TR O, e 2 S A R T 1R A R
iTe

HEIERYSE & B H(The Connection Lifecycle)

UK 2 B e e et ), H A= i Ja 19 e = AN B s

1. JEBHR A (Connect to the database).

2. Wb S5 (Perform transactions): WIWRHTAN, LAy 2 ARAEF4 FHAT. BRINELL T, &+
5 AZRAS, WAt SQL B AJERAE — ML FigAT. ARt AT DL i A A
BEGIN..COMMIT F-E$35 445 .

3. WrJTi%#E (Disconnect from the database): < P s 22 S0 o3BG P A B I i) 24k 12 5
.

EE AL B R R AR I e — 24Ty, WUAREEET R A0 AUMAT schema B4, FFfy
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IXSEHECKLLE utility functions — A

EFEE i % (Connect to the database):

EEAE FEAN JURFT A3, BEAS SQLite B PR ARA7 il A6 PRI R4 E RGeS rp——
BHEPES XN . FTIFEBHEFEN C APL Jy sqlite3_open(), & H A& AR IR
G, RT3, ERISEIA T main.c ST

SQLite I mT LLGIEE A7k e . SR F :memory: BY — AN E A5 AR R4, i R
7 RAM F 815 . AF 80 e U Re i QA & (R T AP I, ANfe S e R =. 514k,
WAEEE 2 B 1S TR, — BRI, Hl R A7 B I
AN TGRS E B T, a0 R B SO A, T RZ SO W RANEALE,
SQLite 2 fEE AL —ASF IE . fEXFIMEDL R, SQLite AN BIFEMLA o) g—
AN, VA SR I s RS N BRI A S B SO, tedn . QR . PRI e e e e
WG WRARITH— A EE, AT, KRGS, SQLite £ald—Micffh, HH
KR 0 AR .

TIHE AL EIEE SRR, SIS, e gafd, BOR/NEE, K RefE
Bl FE G AT . BRIMBDL R, TUR/NA 1024 745, HJZAR W] L% £ 512-32768 -
IR 2 REEC AT . AT LRI, ORI DU RE T AT S Ak BRI e . AR T DA
page_size pragma 15 B 5 # e iK1

TR ST B ) o — AN K AR . /R AT L#T encoding pragma K B F A Y, A
A LA UTF-8. UTF-16. UTF-16le (little endian) 1 UTF-16be (big endian).

AT E )

HIT42 5], THALFE 25 (Prepared Query) & SQLite 4T HTf SQL wr A7z, AdELLF =4
—}J}:Eé:

(1) #E#%(preparation):

53] 75 (tokenizer) « 7 M7 4% (parser) R4S 2E Rl 45 (code generator)3™ SQL & fJ4m ik VDBE
TG, eSS —ANEA) A (sqlite3_stmt), B HE TS DU B AT iy A Rl g
aE AL TR AT Y. AN C AP K sqlite3_prepare(), 47T prepare.c U4 .

(2) 44T (execution):

FERHLPAT 250, ST IR S — bk (stepwise) (Rl B, &F— b (step) i sqlite3_step() 3
3ll, I VDBE $AT— Bt 150 . 45— H sqlite3_step(Q i, —MesakAg—Fra, Bi
P iy 2 BT A (B S) vk . KT SELECT B4, SR sqlite3_step() i & f) f1)
W bR RS BN GURAER) N 4T X T & REP KIS 1T, €kl SQLITE_ROW, FiA%;
RAERE, JRIF] SQLITE_DONE. *}¥H'e SQL i&EfJ(INSERT. UPDATE. DELETE %%),
A sqlite3_step()wh 3 VDBE AT A4 -

(3) &% (finalization):

VDBE JCiR), BCE. AN C APIL A sqlite3_finalize(), ‘& ‘7% VDBE 45 ifi/via
ATIFR MBI QR R 5t N THEHIIFAG 1, e N T AT IR AT B s , 5
I sqlite3_finalize()£x ik [Al— MR . 24 sqlite3_finalizeOBAT ), Frfs S A) 5t % ey
AR RIS 7 G B S It Wl N U G R 4G T S

5t — 2 (preparation. execution 1 finalization)#S JGH -1 f1) i (1) — Rk 25 (prepared.  active
A finalized). Pepared /R TH HIHA O AL, WAL PLAT, (HEEEHIT. IER
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BAHIESL BB sqlite3_step() I 4 < i 8. Active JRZEFFUH T4 sqlite3_step() i)
WHL, IS A IE RS T T SRl Finalized MR TE A 2w ¢ M) EL BT A M 5% %8 U5
TR, T3 (] 5-2 AT LASE 7% 5 M B A e -

v

Compilation

v

] [ ]

statement
5 Byte Code VDBE
Parameters
Reset Execution
4 v
statement
Byte Code VDBE

Parameters

v

Finalization

!

statement

K 5-2 iEnA)abFE

AR B s T SQLite AT query (U .

#include<stdio.h>
#include<stdlib.h>
#include"sqlite3.h"
#include<string.h>

#pragma comment(lib, "sqlite3.lib™)

int main(int argc,char **argv)

{

int rc,i,ncols;
sglite3 *db;
sglite3_stmt *stmt;
char *sql;

const char*tail;
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EAPIRE

rc=sqglite3_open("foods.db",&db);

if(rc){
fprintf(stderr,"Can'topendatabase:%sn",sqlite3_errmsg(db));
sglite3_close(db);
exit(1);

sgl="select * from episodes";

HTRALEE

rc=sqlite3_prepare(db,sql,(int)strlen(sql),&stmt, &tail);

if(rc!=SQLITE_OK){
fprintf(stderr,"SQLerror:%sn",sqlite3_errmsg(db));

rc=sglite3_step(stmt);

ncols=sqglite3_column_count(stmt);

while(rc==SQLITE_ROW){
for(i=0;i<ncols;i++){

fprintf(stderr,""%s™,sqlite3_column_text(stmt,i));

}
fprintf(stderr,"\n");
rc=sqlite3_step(stmt);

}

IR T statement

sglite3_finalize(stmt);

115K P B 4

sglite3_close(db);

printf(*\n");
return(0);
}
PVE:
IR VCo++ T i, PR
¥ EIRARS RS> cpp ST IF A e B AR A
¥ sqlite3.def Al sqlite3.dll SC#F & H 2] TAE2 W T4 H X . (XMW A SCH T H
sqlitedll-3_6_18.zip Ak i 1)
BEA DOS i 2ATIRAS, BEATAER WP H 3, $ATWT 3 A
PATH = D:\Program Files\Microsoft Visual Studio 9.0\WVC\bin;%PATH%
PATH = D:\Program Files\Microsoft Visual Studio 9.0\Common7\IDE;%PATH%
LIB /DEF:sqlite3.def /machine:1X86
e Bk HTEIElib SO, FHTOUH . W PATH CEWF, HiMskar 2l he
ATTEPAT: WERPAT, W RETR ZEME VC 1RGO A Pkl .

49



e P A7 4 <

1 BN A7 it 2 A 5 U AR B R AT BG40 . SQLite A7 I 5 ZE A7t iy 2 AT b R v 7 A 1y v ]
i R——n45 R4 h ORDER BY FHUfRE iy BHE/y, sliliirT 2R AW . FiE 45 R A7
AR A A o A A A BE AL AT, BE RSP

ERSHLR SQL

SQL &M AT LA E S 4. ZHUE SQL dir 2 IS ALAT, EAT T 23 a2 Ja 1R (FR 4 98
B )e NHZTZE SQL /-l 1)

INSERT INTO foods (id, name) VALUES (?,?);

INSERT INTO episodes (id, name) (:id, :name);

FIRTERRIL T SE I E TT R LA E AR B L S K TALE S, B 2
Fi P NEAe = ¢

Positional parameters are defined by the position of the question mark in the statement. The first
question mark has position 1, the second 2, and so on. Named parameters use actual variable
names, which are prefixed with a colon. When sqlite3_prepare() compiles a statement with
parameters, it allocates placeholders for the parameters in the resulting statement handle. It then
expects values to be provided for these parameters before the statement is

executed. WIRVREA ASELE(E, fEiHAIPATIS, SQLite ERIANAZHUK NULL {H.
A S 50 e (YU Ak AR ] DL 22 IR BAT AR [R) (RE A T AN D 8w 3EE 41 1. You just reset the
statement, bind a new set of values, and reexecute. This is where resetting rather than finalizing a
statement comes in handy: it avoids the overhead of SQL compilation. By resetting a statement,
you are reusing the compiled SQL code. You completely avoid the tokenizing, parsing, and code
generation overhead. Resetting a statement is implemented in the API by the sqlite3_reset()
function.

EZHH) o — M Akt SQLite AJ LU ARYEE B ZH ) 747 H A A — 2 A AL BE . il
H—/NSH{H Kenny's Chicken', Z$45 i 4 A shhks L% 46 ' Kenny"'s Chicken'. T [
AL AN B ] T 28 58 Z B0 HE A TT 1

db = open(‘foods.db")

stmt = db.prepare('INSERT INTO episodes (id, name) VALUES (:id, :name)")

stmt.bind('id", '1")
stmt.bind('name’, 'Soup Nazi')
stmt.step()

# Reset and use again

stmt.reset()

stmt.bind('id", '2")

stmt.bind('name’, 'The Junior Mint’)

# Done
stmt.finalize()

db.close()
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MITE IR Query

UG SCATIR, A PIAMRA T BR80T AR A b i) g PRI B, SO VEIRAE SR — (0 e B0 ]
AT SQL fir % — M EREUE sqlite3_exec(), FEnlid AT AT EER MIEHE KA. 55—
J& sqlite3_get_table(), i&[Ml—PEAALILE 4. In many language extensions you will see
analogs to both functions. Most extensions refer to the first method simply as exec(), and the
second as just get_table().

sqlite3_get_table() ) s Z 44 G A KA, Wi G Rk o] — R e i ddn . e
il 44 R IR 2 IR (] — A RAR AL AR 45 R A

db = open(‘foods.db’)
table = db.get_table("SELECT * FROM episodes LIMIT 10")

for i=0; i < table.rows; i++
for j=0; j < table.cols; j++
print table[i][j]
end
end

db.close()
EIRALTE

I 48 12 IR A T IR, HOQE BT o ESERRIE AL T, IR S A )
RETE o VRATIH TG B A0 LT R B BE RS D0 R8T BE 5 1 AR R o TR IR 20 B AUy
SQLITE_ERROR. SQLITE_BUSY #1 SQLITE_SCHEMA #74b#, SQLITE_BUSY 7£ 4T
HERAREE RS — AN it %, SQLITE_SCHEMA 7EiE ) (14 215 #0472 7] schema &4 T
I L . A7 RAHFEATE RIS 1P A 4. Schema B BUKZESS 6 T4,
IRZAEFY AT A2 schema #7483 WA A7 Ab TTOIRAS A7 L8 BB 0] 52 B (1)
A, TR, WARARIER]T schema #iixR, XKonAH & FERIERIEE S Z Mg
TR, REER)CAEET. RS EEH e R, MEREN SO AT €. Schema fif
P 2 R AEAERT prepare() i AT ES 1 vk step() i A 2 1) o 4n BRI 26 1 2% step() I FH ik
Ty, IBRERAS Db FHHOAE S5 T FH step()if 235 1% schema £ i T, PR ARIER: 2B T
B e, S RE R AN T REAE I T8 OB 1
BT R, APL 245 T sqlite3_errcode()SRIREUE G — T API BREUR IR [F165
PRn] LS sqlite3_errmsg () ok 2075 21 S HARI R 15 5, R BRI T 0 85 5 B R IR S04
®, KREZHE ST AR R
AT RXAWEE, ] RS R A AT LR SRALL T 1 R A R A B R R
# Check and report errors
if db.errcode() = SQLITE_OK

print db.errmsg(stmt)
end

—RRIEOLY, B RRAL BT AN A . AR FRER R VS AR ) AR AT AR
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1L SOL ER

I3 AN IHAE R EUE sqlite3_mprintf(), ‘B EARAE C FERKHL sprintf() i) — 4K, BRIy
FRHAT, Rl 7 (R SQL EATALER . BRI AT IE%q MI%Q. %q ) TAF 5 %s, M
ZHRHNR PG DL NULL R f . Bl ms o SORFLEDNE , IR A 5
6 SQL EAXBEHZS AT T “SQLIEAXTGE” —BY). it

char* before = "Hey, at least %q no pig-man.";

char* after = sqlite3_mprintf(before, "\he's\");

IRFEF AT )G after [11E 4'Hey, at least \\ne"s\\ no pig-man'. The single quote in he’s is
doubled along with the backslashes around it, making it acceptable as a string literal in a SQL
statement. The %Q formatting does everything %qdoes, but it additionally encloses the resulting
string in single quotes. Furthermore, if the argument for %Q is a NULL pointer (in C), it produces
the string NULL without single quotes. For more information, see the sqlite3_mprintf()
documentation in the C API reference in Appendix B.

SQL i ATt

L AR ) S FH AR P RO - B N KR 38 SQL TEA), B A B IR 5 2 3] SQL 1 AN Bt
WERR AR ORI N, A AT RES A A FLOD N, TEAZIRE SQL H,
FFAEIL G R BN BT SQL i )o B, AREIAE R I P 3 AR 78 1 1 SQL 1)
SELECT * FROM foods WHERE name='%s";

AR TR AT A E A He%s, AR R B 2 T, AT DU A
N A

nothing' LIMIT 0; SELECT name FROM sqglite_master WHERE name='%

K0 P N BE IS ) SQL B2 5, AR R T PIAS BT £

SELECT * FROM foods WHERE name="nothing' LIMIT 0; SELECT name FROM

sglite_master WHERE name='%,;

81 MBI AEAIR], HEE 2 MRIREE P T Id 5. Granted, the odds of this
happening require quite a bit of knowledge on the attacker’s part, but it is nevertheless possible.
Some major (commercial) web applications have been known to keep SQL statements embedded
in their JavaScript, which can provide plenty of hints about the database being used. In the
previous example, all a malicious user has to do now is insert DROP TABLE statements for every
table found in sqlite_master and you could find yourself fumbling through backups.

BRIER

AP LS JUAN A R IR RE . 5], e U BRI B e 48/ . SQULite ] & (=R [mT L) egg
Bk 5e UL D BE AR AT LAV N E AT Ry 2 B SR T . AT 3 /> “hook™ B 4L -
sqlite3_commit_hook(), ‘&M F % HIHEAS; sqlite3_rollback_hook(), ‘& MR EH55 11114 5
sqlite3_update_hook(), ‘& ¥ INSERT. UPDATE Il DELETE #4F . iX 48R e is 47 I 4
B4y 2 HATH # H . Each hook allows you to register a callback function on a
connection-by-connection basis, and lets you provide some kind of application-specific data to be
passed to the callback as well. The general use of operational control functions is as follows:
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def commit_hook(cnx)
log(‘Attempted commit on connection %x’, cnx)
return -1
end
db = open(‘foods.db")
db.set_commit_hook(rollback hook, cnx)
db.exec("BEGIN; DELETE from episodes; ROLLBACK")
db.close()

[EMZE

SQLite )L/ F LAYE L 2R FEIAES N e 8. 7F 3.3.1 [, SQLite 51N T —F#x ik
S P IX B R RS (B VR, st ok 2 R R IR P iR IR 45 28 B2 T 1) o I MR T —Fol
FH R R R A B 22 3 2 1) 50, ml DS AT R (R DU IR DX, AT ARG T 38 AN R 55 S 1K) PO A7 75
Ko EABRAIE LA RECREFENARIRS 5. TEIL 6 5 “ILmggph X" —75.

¥ 78 API

SQLite [ 78 APl FIRSZH I e e . A M. e XsBoE—4 SQL B
0, e N TR C T B ST I R R AR . AEH] C AP IR, X SR CIC+H+
S

FH P e SCHIT b 253 i 31— A 1 3% 12 3134 B2 1Y L Al (connection-by-connection basis)Z I,
TERBLERET AT o 2 Uk, "EAT A R A7 A E5d e b (B (5 R Bl B (A7 ik 72 —AF),
MR ER IR T

tIERFRBEXER

SN BE X REr D . G, BAR. RRTSEIL S RARE SQL S R
Difig. SRJG, MO, hedett SQL 48R, SEIM A Me AR FFEE .
Bihn, PRAEE]E— N4 hello_newman()i¥) SQL A%, ‘el ik [H S A Hello Jerry'. {E SQLite C
API 1, SEAIE—AN C RECKSILIL D) BE, Wi
void hello_newman(sqlite3_context™ ctx, int nargs, sglite3_value** values)
{
/* Create Newman's reply */
const char *msg = "Hello Jerry";
/* Set the return value. Have sqglite clean up msg w/ sqglite_free(). */
sglite3_result_text(ctx, msg, strlen(msg), sqlite3_free);
}
ANTHE C HC APl B KR XANAJWAGREI'Hello Jerry's R & SEbafl e . 4
sqlite3_create_function() g %5y /i iX > 44 «
sglite3_create_function(db, "hello_newman", 0, hello_newman);
% 1S H(db) 28 FEiE S . 9 2 DN SECE B AR, XA AR HILAE SQL . 28 3
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NS IREANREA 0 NS (WA HUE N -1, KoL B2 A E 25 . &
Ja—MZ%0& C AL hello_newman()I\IFE%E, 4 SQL BRI FHIN, 3l XN R H
SRR IR R EL

— BT TN, SQLite it 413E 72438 %) SQL k%A hello_newman()itf, ‘& FHE A C
BRI hello_newman() K15 245 5. IAE, R LAZERERHF$4T SELECT hello_newman()i& ],
B IR [P HAT HLB K SCAHello Jerry'.

WIHTETR, RZEFY AV & B I0ESREIH - 3w X% filln, Java. Perl 55,
ANRIRITE B4 R FHAS R 0 72 0 R 0, A7 S04 AR 5498 35 10 R 280K 58 b o T A, il
7t Ruby fi /| block—one.

tIEAFREEXRES

FiB R AR A, WA B s A N T A8l 3, IR TR SR A E 1 R AL
SUM(). COUNT()F1 AVG()#F & SQLite Frifk S & & K51 1

SUEEH T H e SCRA T E = IR A sSKOUD RSO 45 R T A A id s T ) s
P ZE R (e P A e s A 3 58 S W) o 7008 BRI T TS R G, Il — S b B2
AR

B P EEXHFZ

=%

PUAE, PRNAZCZXN AP T — NI T AREIE T AT SQL i HIAN[R Ty ik A — 2
AHIDIRERR S, (B2, RJNIE APL IEAMS, F55 AL A (K A B R 5 3 DGR .
mjACE HREEF S E, FEUEEL MUCRAER B SRRt 4, SRS
S ARIEARZ TR SQL S il A, A T AP I B R SR R ARSI 1]

5 4 BEDR T MR R EAR: P9I A IE R R I AT I S 350 T 2. AoN R 01, IR
AT AMACHE ) 1 B A ) L, AR PP T RE IR AL T 2 RS I 2 AN, T 2R AR
W, TR AR AT BEAEAR AR I 00 R AtFE 7 7 EXCLUSIVE 8, i AN g
AR5 o

KR AT ASERE N R R BT TAE, e AP 45 &R B AH
BUARK H bRt RIVAZRENS A6 VRS (ARSI F Ui th 355 A0 AT 2IRZS, B 2=/ el i DL
FERTREL AT S S5 MBI 5 I AL, R 1R S A ) St 2 b

HE A fr A

A LSRR AN = 25 1) ) R 7 20V o B S e BEAE W N X RISAT AN H 52 R 57—
AN 0] BRI (i) —— AN ST I T 4R, TINS5, R ST aa s m Hoe e 54
o) 5 APL FLHEERIE, 55—/ SQL MMt & SQLite [FIRF 7 SEILICHE o

— A& % (connection) 1] LA 2 2 ANiE A (statement), 17 FLAEANIE B — 5 B 1 S BE )
B-tree Fil—~> pager. Pager fE& G R EZMEH, B EEEGS. Bl. W%
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KA BT AR & (crash recovery). MR TE R FE S EAER, dAERE LW g R
g, RAE—AFS FPAT—AIER. XBEE TN hE.

KFHE ARG, — ki, —NHELSAEGABAENEARAZ, RIETUTFIERE . B
IR, 4 AR, JRIRE AT LUE BEGIN.COMMIT T-ah#28. # Nk &
eSS ] 5 BOCHR .

AR

KEZHAEDT, B A G A R4 1A ar R s eI [RI RG] B 45
o MREER—ANFEH, AR, siE 3, B R F45 45 el R G0 B A
DRI R RGAEFEBA G NGO R, I5A T — A5 ) B0 e 1R 2 45 A BRAX Fof
THOL, TEW “BUS mmkE” —15.

7E SQLite "5 5 A A IR A, 4% (connection) (A IS &R b T 1 rp i — IR & . 14 5-3
BIR T BURIRAS DL AR A B 4t

BEGIN —_> UNLOCKED

l Read/Check

PENDING

v

SHARED —

l Write

BEGIN IMMEDIATE —> RESERVED Recovery

l Commit

PENDING

v

BEGIN EXCLUSIVE —

Flush

Yes

K] 5-3 SQLite &% 4
KT IXANEE LR LA AR



(1) /M4 T LLfE UNLOCKED. RESERVED i} EXCLUSIVE —FfR& T . BRSO
"N{E UNLOCKED I JF4

() A EHEF ) UNLOCKED. PENDING. SHARED il RESERVED 1] LL7E—/N 4k 22 [ 7]
—INZIFAE

() K 4[] PENDING JF#h, Hiff s AL 13 /™ ks ok, KA o 55 815 2 4k & B
(EXCLUSIVE) (i &5 FHtHEF X 1)) o

BRI IR A ZRES, R MRS EREE, HAPIAMIE L SRS AE $55.

%

BAVekEFR SELECT iBAJHATI B PR R, R i —ANERAIT SELECT
A, fil sk —ANFE4%, L UNLOCKED % SHARED, 24538 COMMIT I, X [1]3] UNLOCKED,
WA, RIBATHE BRI R A AW ? IX I Al Inaie 2 XA TR 2 iz T 7E F shik
ACRA . FHE T HEIE 7 Ch 7R, XHEHH T i)

db = open(‘foods.db’)

db.exec('BEGIN')

db.exec('SELECT * FROM episodes’)

db.exec('SELECT * FROM episodes’)

db.exec(COMMIT")

db.close()

i1 @ 7 BEGIN F1 COMMIT, B4 SELECT #ir A 7E— N4 R AT 55— exec()
PATIE, AL T SHARED, RJGH A execOAT. YIFSHLATHT, 4% X SHARED
1] %] UNLOCKED R 7, RSB MLUIT:
UNLOCKED—PENDING—SHARED—~UNLOCKED

WRBAT BEGIN FI COMMIT W47, WA SELECT #ig47 T HshiR30R A, IREZAL T -
UNLOCKED—PENDING—SHARED—~UNLOCKED—PENDING—SHARED—~UNLOCKED
IR LG, AT AR, SIS NI i iaEe, KRR 1 H, —45
RV REAGH RIS SELECT Al #dis EEATIE 0, XA, ARBUASBEORUIE S — X RERS 32 31
FERERIEE 7, 148 BEGIN..COMMIT &t nl LAAT L ARAIE .

5H¥E

N RATRF S H s PE, Ebin UPDATE. RIiLgiss—Hf, ©4% )i UNLOCKED—
PENDING—SHARED W2 fbik #2, (HE: N K27 £ PENDING 4 difar 2 21 5¢ A H 1)
7.

{% 88 (RESERVED)R7S

24— AN I Bz (connection) ZE i) Bl 14 S ¥ i, M SHARED kA48 RESERVED ARkZs. U
F©f3%] RESERVED 4, it v e it T S8 E T s agssA
B, nl DA E SR A7 247 T pager 2% X 1 (page cache) T -
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ARSI\ RESERVED RZS, pager St T 460144101713 H & (rollback journal) kS

BN, HF RS S, WL 5-1. £ RESERVED AR#& N, pager & His —Ff
s
DSBS 59 B-tree (B X1ids%, 7T page cache .

Q)ARMESIW I AL B B-tree 22Ul %

@) HE: KBS LI MA, HE AL page cache 17, 1M 2&7E B-tree 1514
WZ R B ANHK,

Page cache FH H 4L, IERKINEMAFAE, — Mk T RESERVED AR 14 AT LLEL IE I I
WHITAE, MASTIILERIER)ER:. BrLl, SQLite R LA s b BEAE [R]— I %1 1) 2 AN 5Li%E

B ANG
KRR (PENDING)IRZS

M ANEBSEUE Y, FEEIETF IR 5, PATZE R pager i2E N EXCLUSIVE #R
. M RESERVED R&TF4h, pager il 3k PENDING 8, —HA3], #Hi Y, Al
AT I e EH 1S PENDING 8. BESR'S#:/EHAT PENDING 8, e EmEaaAGEMN
UNLOCKED RA&HEAN SHARED R4, BIASHAR LR, WASFHA SR,

SUA R 4 kb T SHARED RAS % ETH%&IW MiALT PENDING RASH SRS
*E%ﬁ%ﬁﬁ%i%ﬁmﬁmmﬁ,%Fﬁﬁﬁﬁ%EﬂlﬁNE%,ﬁAEﬂlme
RAS, O HdE

HEERTE

7t EXCLUSIVE R R, T2 TAEZIEME MUY 5T page cache 5 NEHE 230, X2 HIE
AT EEARR T .

75 pager K& TS B SCAE 2 R, AL H A& e A T I H SRS N T
A EA TR REEAL THAE RGME PRI . BTl pager 1955 Uk OS #EHTH [ S5 N R

1X 55 synchronous pragma Jrfi i) TAEAHIR], W% 4 Zprik.

SRR ESA T I — T2, BTLLH X T DBMS JRH B, iR H B T 54
BN R AL, B RS RE R BB RCR IPRAS R A Ak T A —BURAS
HESHEHUE, pager EJETEF)TﬁE’JT@‘E&ﬁ’%)\i&%EI#O R R A BT SR AL
PR, Wi R AshiEas, A4 pager WEHEH & page cache, #RJ5H EXCLUSIVE #tA
UNLOCKED. W& TF-sh#¢3s, I 4 pager 4k4:F5f EXCLUSIVE BifmlEHE, HEE
F] COMMIT =i ROLLBACK.

B2, TR TS R, ﬂﬁﬁﬁﬂFb@E’JETlEﬂEﬁR RERY%E, FTLL DBMS I %5
JEAEEAE S U A 2 RS, R R I R
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BaRZ 53 E

AREEMX

[ 2T A1, 3545\ BEGIN JF4f, FE% UPDATE. AR E# 2R, B/
X H 58 T (st A2 A8 e 75 B T A S 2 i X)), X2 R AT A We ?

iR AHEE

FCOE I ) @2 B AERAS CRE B B0) I 2], B A4, pager M RESERVED #4:y
EXCLUSIVE. X RALEMMIGOLT : M RERIERAT i 8l ANHFEOIRES s sl gz X
OIS AR ERE.

AU ERADCE 2 T2 L A0l BA, 1658 2 P& 0L N KR AEATAWE? L pager CAAE
FEfEE Z I DB SO, IR AS RE BT St A . e o HE ek, DT TAERE
BT . SEBR BARATEAEIXAE, SRR A B A B ] 00 X o

HETTE R XA

Wy e T2 2 KGR X R0 ? 3 e ARAEBUT 4 1T 58 o B IRAEAE X episodes R (1T
W, AR T TS BAE S, L, Rt rT A5 episodes & L 222 /AN 1T
FErgg XA R . AT LA sqlite_analyzer #4534 ¢ T episodes 2 17 ZE A5 B o %)
AR, EEAT DU e AT, AR R Bl XY foods HcdiE)ZE, T LA RISC T
episodes K U1 17 E.:

*k* Table EP I SO DES *khkhkkkkhhkhkhkhkkkhkhhhkhkhhkhrhhhhhhhkhhhhhhhiikhkrrhriidkhikikikdx

Percentage of total database.......... 20.0%
Number of entries............cc....... 181

Bytes of storage consumed............. 5120
Bytes of payload...................... 3229 63.1%
Average payload per entry............. 17.84
Average unused bytes per entry........ 5.79
Average fanout...........cc.cecenne 4.00

Maximum payload per entry............. 38
Entries that use overflow............. 00.0%
Index pages used........ccccouenee. 1

Primary pages used..........c..c...... 4

Overflow pages used................... 0

Total pages used.........cc.ceevuenne 5

Unused bytes on index pages........... 990 96.7%
Unused bytes on primary pages......... 58 1.4%
Unused bytes on overflow pages........ 0
Unused bytes on all pages............. 1048 20.5%
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v 5, HSERR BRI T 4 00, I8 1 SRR S BUMERARIZZ XK/ 2000 A4
UL, P RMRBCA EE4H 0. {E episodes AT 400 4cidsx, Wigtie BiAE iU A7 I8 4) 100 451
3K o BT LA, AR EOIT AL S BT AR AN T 225 R R A DTS2 v X, B AR episodes %2 /047 1 196000
sk ELLAE, MRHGEAEAT I EIERIF A B B DL N A T 25 18Ik L, Wis)
SR A A, XA T EHE T .

S8t

PATT R 20T pager 5547 A PENDING JRZSHE N EXCLUSIVE IRZS, IS4 LEX AN ) 21 i
RAETHAWE? B9, B exec()sk step() ¥ H &R il gt N %565 . 24 SQLite B FIAREIRAT
BRI OU, & B BRI R IR ) B GR [H]— 4> SQLITE_BUSY JHA¥ R Ekak sl Fk 8. G
WHRHITH 44, #A T feid 5] SQLITE_BUSY, {uff SELECT 4, #A nREH A 1
EH SR TR YR AT 2] SQLITE_BUSY. 24i#5] SQLITE_BUSY I, i 8 (k%
edI. 2, PN SE BIXHA—E LRI RIEFE.

fER “ft” AW

PRAT DA — AU AR, A S F e TR A AR, ARG e B R S I ]
S AT AT A —— R e B A BB PE(? ). EAE SQLite AREIRFHIIN B A
FURE DA ME— (I F IR Bl —AME, 5 9F SQLite N —iZMift4 . Wi eiklHl TRUE,

SQLite ¥ 2 4k gl 22 3R 98 40 e iR Bl FALSE, SQLite Kt [ HH AR B ¥ pR £ IR 1]
SQLITE_BUSY. #& N1

counter =1

def busy()
counter = counter + 1
if counter ==
return O
end
spam_mother_in_law(100)
return 1
end

db.busy_handler(busy)

stmt = db.prepare('SELECT * FROM episodes;")

stmt.step()

stmt.finalize()

spam_mother_in_law()5& f&—AN & MBI fE

step() R L3R4S — 4> SHARED 4 LA5E ik SELECT #:4E. iR ki — AN SRS, 1
WIHOUT step(xiz Ml SQLITE_BUSY. fHi2, 7& LHFEFFHEIAZRIZFE, M2 H pager ¥
H busy( &%, b e O MM A4 . busy() pREE N4, 45 IR RER — B eE,
FEHIRFI 1, 7F pager W2 HiBH IR true——4k S 8. Pager FFIK HHiE 35753 SHARED 41,
HEE E R, T pager AT busy(ra%. R LI, busy(Q&%ERH 0, 7
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pager "2 %k false——i& 0] SQLITE_BUSY.

(ERIEMIES

4mED

WA, % APLL MBI O TR T T . &ea, AT 3 MABEE ;S
B,

EHZ AN ER

U SR ARG 2200 B IOk 3R B P 5 S R, ARl 2 A AT i I e PR T VEAS
—EIEH T SQLite. I EEA RN, LH AL AMULER T FTIF 2 ANEE,
Bl F LA NIERE IR B [ — SR ML S DR RS Il .

£ SQLite 1, fE [ AMURHR AP AE 2 DN IERL S G DR A, UMD XA G B . T
A .

cl = open(‘foods.db")

c2 = open(‘foods.db")

stmt = cl.prepare('SELECT * FROM episodes’)
while stmt.step()
print stmt.column(‘'name’)
c2.exec('UPDATE episodes SET ...)
end
stmt.finalize()

cl.close()

c2.close()

I AR W] 42, 24 c2 X K AT UPDATE I, c1 447 — 4> SHARED i, iX M8 JUA7 4% stmt.finalize()
ZIGA SRR FTLL, AV RERCEN S B W o S (I e — b e AR, I
HAER]—A BEGIN IMMEDIATE 4558/, FFEEu -

cl = open(‘foods.db")

# Keep trying until we get it
while cl.exec(BEGIN IMMEDIATE") I= SQLITE_OK
end

stmt = cl.prepare('SELECT * FROM episodes’)
while stmt.step()
print stmt.column('name")
cl.exec('UPDATE episodes SET ...)
end

60



stmt.finalize()

cl.exec(COMMIT")

cl.close()

FERXFPOL R, VR AZAE A R4 P A T ) (statement) KR 5E BRGNS, 3X6E,  TRmAN 4
FUL KRB A 5 R R T o R, XAV BRI R AR TR WRARLE AN
(statement) 7 & 3k JJj — SR IMAE 7y — MR B SCE R, @O B R
BT R, AR N4

=

R ST — N, 7EA S8 o0 o I . ANEEA — DM IER P AN E &
(statements) st e A TAF, /G —ADELRHI S5,

APE— R AT T SELECT s, iEfX SRRk EAIE > B-tree iifbr. WREK LA
/NGB B-tree Yy, R AIER DR E A WA B SuX AR W R
i, K735 SQLITE_BUSY. A R %I T

¢ = sqglite.open(*foods.db™)

stmtl = c.compile('SELECT * FROM episodes LIMIT 107

while stmtl.step() do
# Try to update the row
row = stml.row()
stmt2 = c.compile('UPDATE episodes SET ...")
# Uh oh: ain't gonna happen
stmt2.step()
end

stmtl.finalize()

stmt2.finalize ()

c.close()

X IRAT U T AN R H24R ] stmt2.step)IAZ: TAE, A stmtl #1145 episodes %

B — M bR. FERXMIGOLT, stmt2.step()f 7 fE IR BTH 20 8] EXCLUSIVE, {HA523iR

7] SQLITE_BUSY, X% episodes Hilifbrax b BB R . T BOXMHRAEA W7 12

® ) MEAIRET R, TENAE T IRAE T E R R BRI EER), KRG IITE SR
1E.

® i SELECT M4 RAF S| — AN N2 b IF B AR T T8 o IX IS [T — N g i —
MNEER), HENHEARKER L, FrUASENE X LS ERE. 5em)n, M
T2 T

MR AT —ANER], B B-tree SEFRIE P FMESL T SWEEER

® FiL TiEfE RAER R . XN step()ex HBhHbo MITE AU AR . A VDBE KIS, 24
FIE L RAE W ZES, CDBE 8% Close 4, XK SEUITAT A AR <A o

o B T finalize(), A& bRAG <] o

ERZHFETES Y Y, statement X4 1 close() %2 H 31 A sqlite3_finalize().
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BRI R

I I A8 T AR AN IS s R0 o SRR S it A — MRS He b A F A iz, el A ]
PN (statement) A5 [ — A&, URAT L2 A iim i 6 Eanbfi. 2 —Mdsandt 17—
AN, AT 243 RESERVED 8, [ A i N A7 7 T 5 SO 2 Ah e A7 I 572 m]
DRI — i, BRI B Ao A I A0S .

cl = open(‘foods.db")

c2 = open(‘foods.db")

c2.exec((CREATE TEMPORARY TABLE temp_epsidodes as SELECT * from episodes’)
stmt = cl.prepare('SELECT * FROM episodes’)
while stmt.step()
print stmt.column(‘'name’)
c2.exec('UPDATE temp_episodes SET ...")
end
stmt.finalize()

c2.exec('BEGIN IMMEDIATE')

c2.exec('DELETE FROM episodes’)

c2.exec('INSERT INTO episodes SELECT * FROM temp_episodes’)
c2.exec(COMMIT")

cl.close()

c2.close()

I AT LS T e, HARTF . episodes 3 FP K BUEE EEA NS SR A, XK EK
episodes &I FTAT SEHEMELI AR R 5| o T 1T 2 U A

cl = open(‘foods.db")

c2 = open(‘foods.db’)

cl.exec(CREATE TEMPORARY TABLE temp_episodes as SELECT * from episodes’)
stmt = cl.prepare('SELECT * FROM temp_episodes’)
while stmt.step()
print stmt.column(‘'name’)
c2.exec('UPDATE episodes SET ...") # What about SQLITE_BUSY?
end
stmt.finalize()

cl.exec(DROP TABLE temp_episodes’)

cl.close()
c2.close()
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/]l SELECT A A0 E &R %], H SHARED #i(Kk 2 HuHi) H 2 finalizeO# A M 5 42
B EA N A
stmt = cl.prepare('SELECT * FROM episodes’)
while stmt.step()
print stmt.column(‘'name’)
end
c2.exec('BEGIN IMMEDIATE; UPDATE episodes SET ...; COMMIT;)
stmt.finalize()
WARGRH CAPLE T 5 GG IR, ©5Lbr ERREW TAER) . JVEBATIHH finalize(),
B5 AN ERARBEN B S % . AE S VRO AT, JokE S AT
cl = open(‘foods.db")
c2 = open(‘foods.db")

stmt = cl.prepare('SELECT * FROM episodes’)
stmt.step()
stmt.step()
stmt.step()

c2.exec('BEGIN IMMEDIATE; UPDATE episodes SET ...; COMMIT;")

stmt.finalize()

¥ episodes 147 100 45icsk, FEPAUA Y r) T e 3 4%, X RAA 4B ? 5 2
ANERS33] SQLITE_BUSY.

TR LA b, 4 3ATE ) 45 R RN, 5B SHARED 8, )RV %A 1 H finalize().
e 2 Ml BATRIAER) S RAERHS, SHARED B AR, ATLh, c2 AREHAT
UPDATE #1F.

AR O A s ATLX AN, RAEARX AMOE T CAN . fEH 5 — AN ST 5 85
fE2 i, K ESe A finalize().

HEZFXHEK

IRAEARS FE A ARG T, HPIC LI FORPUEL IR . SQLite F2HE—Fhl L I &
B, BROMILEEM X, & VR R P AR 2 N E .

TEILE XA, — AN n] LA 2 AN R A R ) Uz ph X . JETT, X4
AL ZA “5” F—A “57 [ TAETAHRE AR R . S XA R E L RE AL, Bk
PR HL SR A e R . BRI, “u” R 57 AR SR AR B R A G — Ly
RGO

2 readers 2R, SQLite HAIEIXEEFR Fhndi, writer i AN AEFFSOX LR T . Wi writer
REME S M %, 25735 SQLITE_LOCKED. 1% readers iz4T 7 read-uncommitted
#E (8 i read_uncommitted pragma K% &), 24 readers B2, writer ] LU . X
gL T, SQLite ANh readers FTBE I B, 45 A /& readers FIl writer TLA T4, Al
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e, A writer (52 LI, XL readers A HEAS FIAS B4 L.
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$FO6FE fZD CAPI

ATEAE B FE AR ) SQLite AP, 25 5 B VRN T AP UM TAE, A&,
AKEFE MBI, RN CAPL. FE ARG, IReE 2T C API R30S 5 H
B AT 0%, AR HAT A4 RS, Bl AP RASEAE,

SQLite fHIIRA 3 1 API ALH5 K4 80 ANeR . HAT 8 MNRRBEERE . AN T IE B2 b
I, e IR R O ok S By E AT 55

W 5 TR, WA 35 2 1) AP AHEE AR o S A5 G I — AN 2 38 n 70 UTF
I SCRE o FITA H 52 745 B ANCA 2 B E0R R 7455 £ (17 R E5CHR [F) I B AT UTF-8 Fll UTF-16 [1AHALL
o o, sqlite3_open(), #e5z—A~ UTF-8 M4 4 =4 1M sqlite3_open16() A7 [Af:
MThRE %L, HSEAEH UTF-16 4ifih. A4 UTF-8 (1%, UTF-16 AL
RIS T AN R .

AT AT Rz, SRR A W, TS R B.

B 6. T RN IZMAABIKET, FEANHN SQLite BHTHwMMENI k. KEH
SQLite [P AT REHE G OIX P EE, (HIEOUATFRIET SQLite MM FHFE T, WFFT SQLite
AR H TG, A TGO SQLite A S RISEIN A2, T LAGT I 43 P9 258 S UM ARG B . %
LI SY A L oI 1 A O R L.

HEMNER

REZHZE T SQLite PATE WA, AHEAE— IR o8 BOH AT 3R SQL. FATM
B SQL TR e, ROYIXLEpq 3] oy N HAA M. ENTR A A, AEIRAER 2125
(I SUE ARG e

HEEAW T E R

TEPAT SQL x4 i, B ILEERE AR . 2y SQLite B FEAFEAE A R HRAE R R
SO, B DLVE R 2 T AR AT T B e o R, WO Rt 2 o5 P e e
FT I8 ] sqlite3_open()Ek sqlite3_openl6()eki %k, “SAIIMI A BT .

int sqlite3_open(

const char *filename, /* Database filename (UTF-8) */
sglite3 **ppDb /* OUT: SQL.ite db handle */

);

int sqlite3_open16(
const void *filename, /* Database filename (UTF-16) */
sglite3 **ppDb /* OUT: SQL.ite db handle */

);
e, filename Z30T LU —ANEAE RGESCAE 4, 80745 R :memory:', B — N84 (NULL).
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MG O WA 2 . Wik filename AN, Je22383TF, WRSCHEANELE, WTATIX
A2 RN AN R 1

5K MR sqlite3_close()BR %L, "MK AN T -

int sqlite3_close(sqlite3*);

T sqlite3_close()AEMS BEIIHAT ,  FTAT L5 422 T I IR 8 4t 19 1) A D0 Z0UH E 56 o A 2RAT)
IR B B4, sqlite3_close()K7ik 1] SQLITE_BUSY Fl4i%f5 B : Unable to close due to
unfinalized statements.

AT Query

pR %Y sqlite3_exec()# it 17— Al hAT SQL i HIPRH. S RITE, BRIIE & AL BN Hdf
PERE SR (AT 2R I 5dE) . sqlite3_exec()fy A G
int sqlite3_exec(
sglite3*, /* An open database */
const char *sqgl, /* SQL to be executed */
sglite_callback, /* Callback function */
void *data /* 1st argument to callback function */
char **errmsg /* Error msg written here */
);
SQL x4t sql ZEdeft, Tl 24 SQL a4, sqlite3_exec() 2 it I 4G4 iy &3k
AT IFAT , E B4 5 SRS B — AN D2 4136 6-1(CK B create.c) Ui T sqlite3_exec()
UPEERPN
F|2 6-1 X faj S 24 H sqlite3_exec()
#include <stdio.h>
#include <stdlib.h>
#include "util.h"
#pragma comment(lib, "sqlite3.lib")

int main(int argc, char **argv)
{

sglite3 *db;

char *zErr;

int rc;

char *sql;

rc = sqlite3_open("test.db", &db);

if (rc) {
fprintf(stderr, "Can't open database: %s\n", sglite3_errmsg(db));
sglite3_close(db);
exit(1);

sgl = "create table episodes( id integer primary key,"

66



name text, cid int)";
rc = sqlite3_exec(db, sql, NULL, NULL, &zErr);

if (rc = SQLITE_OK) {
if (zErr '=NULL) {
fprintf(stderr, "SQL error: %s\n", zErr);
sglite3_free(zErr);

sgl = "insert into episodes (name,id) values (‘Cinnamon Babka2',1)";
rc = sqlite3_exec(db, sql, NULL, NULL, &zErr);

if (rc 1= SQLITE_OK) {
if (zErr 1= NULL) {
fprintf(stderr, "SQL error: %s\n", zErr);
sglite3_free(zErr);

sqlite3_close(db);

return O;

AbFBiT R

W 5 B TR, &1 T HEM sqlite3_exec()HUARHiC K - sqlite3_exec()fd /\IEIDLI(caIIback)
BUb, BT RN SELECT iBAUf SIS B0 Tk XA sqllte3_exec()l$l¢& HIER
M ANZHEII . 5 3ANSHEE MR I R A FaEr, ARG gt 1 [y R 2, SQLite
WS EBAT SELECT 8 F1) JU1 1) 71488 3 55— 4 ac sy I FH el R 80 [l oy 250 P 75 A
typedef int (*sqlite3_callback)(

void*, /* Data provided in the 4th argument of sqlite3_exec() */

int, /* The number of columns in row */

char**, /* An array of strings representing fields in the row */

char** /* An array of strings representing column names */
);
BRI sqlite3_exec() 2R 4 NS HUE — MR AT AR 718 € BB a5, XAl 2R
HE SR AL [ nu pR HOAT IR .- SQLite K AUIX AN A5 0 [Rl ] eR £ i 56 1 A Hdt ik
M2, sqlite3_exec() SLVFARALEE—Hb a2, I HARWT LIEH [RIny pf 25k S48 B A 3R 9] s
i, 4% n) episodes FRAHAN—Z 10 3%, MR EW A IR, A IX L8R 7E—> sqlite3_exec()
WIS SRR AR WA 6-2, ERH exec.c.
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532 6-2 ¥ sqlite3_exec()F T sk Ak
#include <stdio.h>

#include <stdlib.h>

#include "util.n"

#pragma comment(lib, "sqlite3.lib")

int callback(void* data, int ncols, char** values, char** headers);

int main(int argc, char **argv)
{

sglite3 *db;

intrc;

char *sql;

char *zErr;

char* data;

rc = sqlite3_open(“test.db", &db);

if(rc) {
fprintf(stderr, "Can't open database: %s\n", sglite3_errmsg(db));
sglite3_close(db);
exit(1);

data = "Callback function called";

sgl = "insert into episodes (name, cid) values (‘Mackinaw Peaches', 1);"
"select * from episodes;";

rc = sqlite3_exec(db, sql, callback, data, &zErr);

if(rc != SQLITE_OK) {
if (zErr '= NULL) {

fprintf(stderr, "SQL error: %s\n", zErr);
sglite3_free(zErr);

sqlite3_close(db);

return O;

int callback(void* data, int ncols, char** values, char** headers)

{

inti;
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fprintf(stderr, "%s: ", (const char*)data);
for(i=0; i < ncols; i++) {
fprintf(stderr, "%s=%s ", headers[i], values[i]);

fprintf(stderr, "\n");
return O;

T B AL

int main(int argc, char **argv)

{
char *sql;
char *trouble = "'Here's trouble™;
sgl = sqlite3_mprintf("insert into x values('%q")", trouble);
fprintf(stdout, "%s\n", sql);
sglite3_free(sql);
return O;
}

The result sgl will contain
insert into x values("'Here"s trouble™)
Listing 6-3. Using sqlite3_vmprintf()
int execute(sqlite3 *db, const char* sql, ...)

{

char *err, *tmp;

va_list ap;

va_start(ap, sql);

tmp = sqglite3_vmprintf(sql, ap);
va_end(ap);

int rc = sglite3_exec(db, tmp, NULL, NULL, &err);
if(rc 1= SQLITE_OK) {
if (err I= NULL) {

fprintf(stdout, "execute() : Error %i : %s\n", rc, err);
sglite3_free(err);
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sglite3_free(tmp);
return rc;

Get Table &

int sqlite3_get_table(

);

sglite3*, /* An open database */

const char *sql, /* SQL to be executed */

char ***resultp, /* Result written to a char *[] that this points to */
int *nrow, /* Number of result rows written here */

int *ncolumn, /* Number of result columns written here */

char **errmsg /* Error msg written here */

Listing 6-4. Using sqlite3_get_table
void main(int argc, char **argv)

{

}

sglite3 *db;
char *zErr;

int rc,i;

char *sql;

char **result;
int nrows, ncols;

/* Connect to database, etc. */
rc = sqlite3_open("test.db", &db);

sgl = "select * from episodes;";
rc = sqlite3_get_table(db, sqgl, &result, &nrows, &ncols, &zErr);

/* Do something with data */

printf("rows=%d,cols=%d\n",nrows,ncols);

for (i=0;i<=nrows;i++)
printf("'%-5s%-20s%-5s\n",result[3*i],result[3*i+1],result[3*i+2]);

/* Free memory */
sglite3_free_table(result);

If, for example, the result set returned is of the form

rows=2,cols=3

id

name cid
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1 Cinnamon Babka2 (null)
2 Mackinaw Peaches 1

AL BRI A

As you’ll recall from Chapter 5, prepared queries are performed in three basic steps: compilation,
execution, and finalization. This process is illustrated in Figure 6-1.

S0L sqlite3_prepare( )
sqlite3_step() «
Yes
Fetch row
No
No
Handle error
Yes

sqlite3_finalize() <«

Figure 6-1. Prepared query processing

Now that you’ve seen the whole process, let’s go through an example. A simple, complete
program using a prepared query is listed in Listing 6-6. It is taken from select.c in the examples.

Listing 6-6. Using Prepared Queries
#include <string.h>
int main(int argc, char **argv)
{
int rc, i, ncols;
sglite3 *db;
sglite3_stmt *stmt;
char *sql;
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const char *tail;

rc = sqlite3_open(“test.db", &db);

if(rc) {
fprintf(stderr, "Can't open database: %s\n", sglite3_errmsg(db));
sglite3_close(db);
exit(1);

sgl = "select * from episodes;";
rc = sqlite3_prepare(db, sql, (int)strlen(sql), &stmt, &tail);
if(rc '= SQLITE_OK) {

fprintf(stderr, "SQL error: %s\n", sqlite3_errmsg(db));

rc = sqlite3_step(stmt);
ncols = sqlite3_column_count(stmt);
while(rc == SQLITE_ROW) {
for(i=0; i < ncols; i++) {
fprintf(stderr, "'%s' ", sglite3_column_text(stmt, i));
}
fprintf(stderr, "\n");
rc = sqlite3_step(stmt);

sglite3_finalize(stmt);
sglite3_close(db);
return O;

PR sqlite3_exec()fHML, sqlite3_prepare()th il LA — MuFE £ A SQL WEAIFAF R . AN
12 sqlite3_prepare() H AL 45 B Fh 128 1 /N4 . But it does make it easy for you to process
subsequent SQL statements in the string by providing the pzTailout parameter. After you call
sglite3_prepare(), it will point this parameter (if provided) to the starting position of the next
statement in the zSQL string. Using pzTail, processing a batch of SQL commands in a given string
can be executed in a loop as follows:

while(sqlite3_complete(sql) {
rc = sqlite3_prepare(db, sql, strlen(sgl), &stmt, &tail);
/* Process query results */
/* Skip to next command in string. */
sgl = tail;
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fRA] LA sqlite3_column_name() i B 75 8- B IR 44 ik -
const char *sqlite3_column_name( sqlite3_stmt*, /* statement handle */
int iCol /* column ordinal */);
B, PRET LS sqlite3_column_type(VHUAS & 7 B IIAE A%
int sqlite3_column_type( sglite3_stmt*, /* statement handle */
int iCol /* column ordinal */);
XA BRHOR MR, ARER 5 MEERIAREY, 58 anF
#define SQLITE_INTEGER 1
#define SQLITE_FLOAT 2
#define SQLITE_TEXT 3
#define SQLITE_BLOB 4
#define SQLITE_NULL 5
X6 IE SQLite A B AU, BRFRIEAESS, (255 4 A VEA A48 . All data stored within a SQLite
database is stored in one of these five forms, depending on its initial representation and the affinity
of the column. For our purposes, the terms storage class and data type are synonymous. For more
information on storage classes, see the sections “Storage Classes” and “Type Affinity” in Chapter
4.
PR LAt sqlite3_column_decltype() B8 Bk £ 7B B i B 2R 7 .
const char *sqlite3_column_decltype( sqlite3_stmt*, /* statement handle */
int /* column ordinal */);
WEREE R —FIA K B —ADSEER 7Bk B TR, mEEZRama ), &4
PRECK IR M) NULL. For example, suppose you have a table in your database defined as
CREATE TABLE t1(cl INTEGER);
Then you execute the following query:
SELECTcl+1,0FROM 1,
In this case, sqlite3_column_decltype() will return INTEGER for the first column and NULL for
the second.
R DL 27 e B RAG  BUR e AR R
const char *sqlite3_column_database_name(sglite3_stmt *pStmt, int iCol);
const char *sqlite3_column_table_name(sglite3_stmt *pStmt, int iCol);
const char *sglite3_column_origin_name(sqlite3_stmt *pStmt, int iCol);

The first function will return the database associated with a column, the second its table, and
the last function returns the column’s actual name as defined in the schema. That is, if you
assigned the column an alias in the SQL statement, sglite3_column_origin_name() will return
its actual name as defined in the schema. Note that these functions are only available if you
compile SQLite with the SQLITE_ENABLE_COLUMN_METADATA preprocessor directive.
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A e -

FBATVEANE BT LN — ST ) query 3k43, 11 sqlite3_table_column_metadata() & %4,
PR .

SQLITE_API int sglite3_table_column_metadata(

sglite3 b, /* @nnection handle */
const dar zDbName, /* Database nane or NJLL */
const dar *TableName, /* Table nane */
const char *zColumnName, /* Column name */
char const **pzDataType, /* OUTPUT: Declared data type */
char const **pzCollSeq, /* OUTPUT: Collation sequence name */
int *pNotNull, /* QJTPUT: True F NOT NULL onstraint eists */
int *pPrimaryKey, /* QUTPUT: True T olumn pat of K */
int *pAutoinc [* QUTPUT: True f olumn & aito-increment */
);

XA REE S AR S5 EAYE statement R TAE, (HFFERALEBAIN .. 20
PEA S RGN o T3 (R K8 120 4 18 W BRIN PR32 S0 e 44 (AR mT RERR I 2> 4k
Pa ). KA TBLA LI o

MFE{E

A LU sqlite3_column_xxx () B8 BB FTd sk RN BCE, e
xxx sglite3_column_xxx( sqlite3_stmt*, /* statement handle */
int iCol /* column ordinal */);
XXX FENPRAS AR BHE A . sqlite3_column_xxx() L F5 LA N R %L
int sqlite3_column_int(sqlite3_stmt*, int iCol);
double sqlite3_column_double(sglite3_stmt*, int iCol);
long long int sglite3_column_int64(sqlite3_stmt*, int iCol);
const void *sglite3_column_blob(sglite3_stmt*, int iCol);
const unsigned char *sqlite3_column_text(sqlite3_stmt*, int iCol);
const void *sglite3_column_text16(sglite3_stmt*, int iCol);
XPEREANBRE,  SQLite HI2T R BAR AR AL N B BHR 2 A R . Table 6-1 thd %%
SR

Table 6-1. Column Type Conversion Rules

Internal Type Requested Type Conversion

NULL INTEGER Result is 0.

NULL FLOAT Result is 0.0.

NULL TEXT Result is a NULL pointer.

— AN SEEREYBIF

To help solidify all of these column functions, Listing 6-7 (taken from columns.c) illustrates using
the functions we’ve described to retrieve column information and values for a simple SELECT
statement.
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Listing 6-7. Obtaining Column Information
#include <string.h>
int main(int argc, char **argv)
{
int rc, i, ncols, id, cid;
char *name, *sql;
sglite3 *db; sqlite3_stmt *stmt;

sgl = "select id,cid,name from episodes";
sglite3_open(“test.db”, &db);

sglite3_prepare(db, sql, strlen(sql), &stmt, NULL);

ncols = sqlite3_column_count(stmt);
rc = sqlite3_step(stmt);

/* Print column information */
for(i=0; i < ncols; i++) {
fprintf(stdout, "Column: name=%s, storage class=%i, declared=%s\n",
sglite3_column_name(stmt, i),
sglite3_column_type(stmt, i),
sglite3_column_decltype(stmt, i));

fprintf(stdout, "\n");

while(rc == SQLITE_ROW) {
id = sglite3_column_int(stmt, 0);
cid = sqlite3_column_int(stmt, 1);
name = (char *)sglite3_column_text(stmt, 2);
if(name !'= NULL){
fprintf(stderr, "Row:  id=%i, cid=%i, name="%s"\n", id,cid,name);
}else {
[* Field is NULL */
fprintf(stderr, "Row:  id=%i, cid=%i, name=NULL\n", id,cid);
}
rc = sqlite3_step(stmt);

sglite3_finalize(stmt);
sqlite3_close(db);
return O;
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ZEMHEM

/ insert inte foo values (?,2,7) /

sqlite3_prepare()

v

Byte code p1 p2 p3
stmt T A A
sqlited bind int(stmt, 1, 2)
k4 sqlite3_bind_text(stmt, 2, "pi")
ited_ste
salite3_step() sqlite3 bind_double(stmt, 3, "3.14")

VDEBE

Figure 6-2. SQL parameter binding

HiRFIESD

A28 APLZ R AT REHV AR 1K, 7RG I B 20043 3 A8 B iR, MR schema B2

AR IR

IRZ API BREGRIA A S R, XA BT LUR IS . EREH e B iy, Wi
A A 0 T iz s B U (LI oK B), B e RES IR AT AR API g LT K4 23 R
o FTATI1 SQLite MR [FIE LK 6-2. JIrAT Ae s IR [F] 1 LA (1) bR B L HE -

sglite3_bind_xxx()

sglite3_close()

sglite3_create_collation()

sglite3_collation_needed()
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sglite3_create_function()

sglite3_prepare()

sglite3_exec()

sglite3_finalize()

sglite3_get table()

sglite3_open()

sglite3_reset()

sglite3_step()

sglite3_transfer_bindings()

AT L e 2 sqlite3_errmsg ()R A3 B DA R A5 S, JLA BTN
const char *sqlite3_errmsg(sqlite3 *);

U MNEREAWESE, IRIPZIEREE ) — 48R 15 B AR KRR, EiRIA
“not an error”,

# 6-2 SQLit [f1i& [
AR [F] Vi ]

SQLITE_OK The operation was successful.

SQLITE_ERROR General SQL error or missing database. It may be possible to obtain
more error information depending on the error condition
(SQLITE_SCHEMA, for example).

SQLITE_PERM Access permission denied. Cannot read or write to the database file.

SQLITE_ABORT A callback routine requested an abort.

SQLITE_BUSY The database file is locked.

SQLITE_LOCKED Atable in the database is locked.

SQLITE_NOMEM A call to malloc() has failed within a database operation.

SQLITE_READONLY An attempt was made to write to a read-only database.

SQLITE_INTERRUPT Operation was terminated by sqlite3_interrupt().

SQLITE_IOERR Some kind of disk I/O error occurred.

SQLITE_CORRUPT The database disk image is malformed. This will also occur if an
attempt is made to open a non-SQLite database file as a SQLite
database. SQLITE_FULL Insertion failed because the database is full.
There is no more space on the file system or the database file cannot
be expanded.

SQLITE_CANTOPEN SQLite was unable to open the database file.

SQLITE_PROTOCOL The database is locked or there has been a protocol error.

SQLITE_EMPTY (Internal only) The database table is empty.

SQLITE_SCHEMA The database schema has changed.

SQLITE_CONSTRAINT | Abort due to constraint violation. This constant is returned if the SQL
statement would have violated a database constraint (such as
attempting to insert a value into a unique index that already exists in
the index).

SQLITE_MISMATCH Data type mismatch. An example of this is an attempt to insert
non-integer data into a column labeled INTEGER PRIMARY KEY.
For most

columns, SQLite ignores the data type and allows any kind of data to
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be stored. But an INTEGER PRIMARY KEY column is only allowed
to store integer data.

SQLITE_MISUSE

Library was used incorrectly. This error might occur if one or more of
the SQLite API routines is used incorrectly. Examples of incorrect
usage include calling sqglite3_exec() after the database has been closed
using sqlite3_close() or calling sglite3_exec() with the same database
pointer simultaneously from two separate threads.

SQLITE_NOLFS

Uses OS features not supported on host. This value is returned if the
SQLite library was compiled with large file support (LFS) enabled but
LFS isn’t supported on the host operating system.

SQLITE_AUTH Authorization denied. This occurs when a callback function installed
using sqlite3_set_authorizer() returns SQLITE_DENY.

SQLITE_ROW sglite3_step() has another row ready.

SQLITE_DONE sglite3_step() has finished executing.

AEECRTS

HRIEEH

API SRAE T LA B, w] DURIK M AL sl B G PR IR RTIZ AT IR (1 SQL fir o X LR B fuiF
PR SE R R 58, I DA AN R] (0 e A A T AP 1B (A A R ) o

AT Hook PR

{1 sqlite3_commit_hook() B8 1 1T AZERE 2 i Beg A8 F145 o0t I T A . LA B an R

void *sqglite3_commit_hook

('sqlite3 *cnx, /* database handle */

int(*xCallback)(void *data), /* callback function */

void *data); /* applicat

[B]3% Hook &%

[0]45: Hook &5 #2485 Ho

ion data */

ok PR EAISRALL, HE AR S IE R PG 3 55 I LA T A

void *sqlite3_rollback_hook(sqlite3 *cnx, void(*xCallback)(void *data), void *data);

& Hook BR%k

PRI%L sqlite3_update_hook() FH >k Wi MU i Hidhs 121 2 T A7 1¥) UPDATE. INSERT 1 DELETE
BRAE, 0T IX SRR P R AT ST B, B

void *sqlite3_update_hook(
sglite3 *cnx,

void(*)(void *, int, char const*, char const*, sglite_int64),
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void *data);

The first argument of the callback function is a pointer to application-specific data, which you
provide in the third argument. The callback function has the following form:
void callback ( void * data,

int operation_code,

char const *db_name,

char const *table_name,

sglite_int64 rowid),

B

sqlite3_set_authorizer() & i A7 JJ (AT Ik DB RR K T 7E AT AAE 2 1 20 3 PR IR JE AT I
PR . AR
int sqlite3_set_authorizer(

sglite3*,

int (*xAuth)( void*,int,

const char*, const char*,
const char*,const char*),

void *pUserData

);
FCrpyE M 77— callback &%, 1 02 AR £ SQLite 75— L84l PE AT i 4 PER Bty
KW E N RAEPATIB) . XA BRG] SQLite BEMS 22 4P AT I /7 42 L1
SQL(user-supplied SQL). ‘B{#&Ht 7 — i@ AtRax 2 SQL PRI & M #8AE b Bldh 4% Fhat
R BHIAF AL
Callback f1 75 B TE AU F -
int auth( void*, /* user data */

int, /* event code */

const char*, /* event specific */

const char*, /* event specific */

const char*, /* database name */

const char* /* trigger or view name */);
5B 1NSEE N EIETRE, B afkiBgy sqlite3_set_authorizer() BRI 5 4 NE%. 2 A
SHOE—AE R, WA 6-3 A . X B RN T BB R A8 E . 2B 3.
AR e THAHUECE 2 28, 23K 6-3).
%S NMSEOEHITEA . B 6 NS EUL BN R il A% BT A4 PR, S XA il A s O
A EAF U . AR XANZHOh NULL, 05 WS A7 B £ [ 3 R T2 1) SQL 5
R
FRLER AR [B1E MY 1% SQLITE_OK. SQLITE_DENY 1§ SQLITE_IGNORE 2 —. Ri#if
(BRI E SOR A7 A 0 A2 7 H—— 32 Blidhi 4 SQL. SQLITE_DENY K2 BUH A SQL
WAHAT IR A R
SQLITE_IGNORE & X 535, Witk SQL A& i s, S7EiE AR EEAE
FEANFBE 75 SQLITE_READ 5% SQLITE_UPDATE Hiff, {EiXFEHL T, R mlny g %
&[] SQLITE_IGNORE, X487y Bos MM EER (R Tl 07 Bk S e, IX 487 Bl
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AEAET ). RpAUl, BEEMIRE NULL, B S A2 WA silently fail).

% 6-3 SQLite [ ALF1F
A ZH 3 ZH 4
SQLITE_CREATE_INDEX Index name Table name
SQLITE_CREATE_TABLE Table name NULL
SQLITE_CREATE_TEMP_INDEX Index name Table name
SQLITE_CREATE_TEMP_TABLE Table name NULL
SQLITE_CREATE_TEMP_TRIGGER | Trigger name Table name
SQLITE_CREATE_TEMP_VIEW View name NULL
SQLITE_CREATE_TRIGGER Trigger name Table name
SQLITE_CREATE_VIEW View name NULL
SQLITE_DELETE Table name NULL
SQLITE_DROP_INDEX Index name Table name
SQLITE_DROP_TABLE Table name NULL
SQLITE_DROP_TEMP_INDEX Index name Table name
SQLITE_DROP_TEMP_TABLE Table name NULL
SQLITE_DROP_TEMP_TRIGGER Trigger name Table name
SQLITE_DROP_TEMP_VIEW View name NULL
SQLITE_DROP_TRIGGER Trigger name Table name
SQLITE_DROP_VIEW View name NULL
SQLITE_INSERT Table name NULL

SQLITE_PRAGMA

Pragma name

First  argument
NULL

or

SQLITE_READ Table name Column name
SQLITE_SELECT NULL NULL
SQLITE_TRANSACTION NULL NULL
SQLITE_UPDATE Table name Column name
SQLITE_ATTACH Filename NULL
SQLITE_DETACH Database name NULL

I TG 1 B AL R ) A (G2 IR P AT authorizer.c ).
KR MR 1, 23 AR O AR 22 AR IR Kt s e A AT Ik g, i LAFRAT Jaa o 7

FBOREAT U . WA 6-10,
HI 6-10 FA bR B thil
BRI — BB A -

int auth( void* x, int type,

const char* a, const char* b,
const char* c, const char* d )

const char* operation = ga;
[lprintf( "

/* Filter for different database events
** from SQLITE_TRANSACTION to SQLITE_INSERT,

%s ', avent_description(type));
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** UPDATE, DELETE, ATTACH, etc. and either allow or deny
** them.
*/

return SQLITE_OK;
}
FERGRBMINEE 1L BEHSRESETEE: RS, W H—AME B
if((a '= NULL) && (type == SQLITE_TRANSACTION)) {
printf(": %s EAIR", operation);
}
BT B schema SR I A 1B AT 1ot g
switch(type) {
case SQLITE_CREATE_INDEX:
case SQLITE_CREATE_TABLE:
case SQLITE_CREATE_TRIGGER:
case SQLITE_CREATE_VIEW.
case SQLITE_DROP_INDEX:
case SQLITE_DROP_TABLE:
case SQLITE_DROP_TRIGGER:
case SQLITE_DROP_VIEW:

{
printf(": Schema A+3AE£");

}
N AR AR BT R A, XA R T B . X, T R ALV, BR T 2
TR MELY z TR, EOR ] SQLITE_IGNORE, iX¥4535 SQLite 7Rz M F BN iR
0] NULL, AT A o g H s«
if(type == SQLITE_READ) {
printf("": Read of %s.%s ", a, b);
/* Block attempts to read column z */
if(stremp(b,"z")==0) {
printf("-> DENIED\n");
return SQLITE_IGNORE;

}
N2 INSERT I UPDATE il . BT MHBARAVF. A x FEIVBEHEEL . XA
S8 UPDATE [T, 112 a7 St e Ry x B iz il o
if(type == SQLITE_INSERT) {
printf(": 24E6Y4CAY, into %s ", a);

if(type == SQLITE_UPDATE) {
printf("*: Update of %s.%s ", a, b);
/* Block updates of column x */
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if(strcemp(b,"x")==0) {
printf("-> DENIED\n");
return SQLITE_IGNORE;

}
feJ5, %} DELETE. ATTACH Fil DETACH HEAT I 9E, 7018 31X L8350 i JU2 ] s b g i
Hlo
if(type == SQLITE_DELETE) {
printf(": Delete from %s ", a);

if(type == SQLITE_ATTACH) {
printf("": %s", a);

if(type == SQLITE_DETACH) {
printf("-> %s", a);

}
N FERT, T AN E, BErmERE.
int main(int argc, char **argv)
{

sglite3 *db, *db2;

char *zErr;

intrc;

/~k
**  Setup

**

*/

/* Connect to test.db */

rc = sqlite3_open(“test.db", &db);

if(rc) {
fprintf(stderr, "Can't open database: %s\n", sglite3_errmsg(db));
sglite3_close(db);
exit(1);

**  Authorize and test

/* Register the authorizer function */
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sglite3_set authorizer(db, auth, NULL);

/* Test transactions events */

printf("program : Starting transaction\n");
sglite3_exec(db, "BEGIN", NULL, NULL, &zErr);

printf("program : Committing transaction\n");
sglite3_exec(db, "COMMIT", NULL, NULL, &zErr);

printf("program : Starting transaction\n");
sglite3_exec(db, "BEGIN", NULL, NULL, &zErr);

printf("program : Aborting transaction\n");
sglite3_exec(db, "ROLLBACK", NULL, NULL, &zErr);

/] Test table events

printf("program : Creating table\n");
sglite3_exec(db, “create table foo(x int, y int, z int)", NULL, NULL, &zErr);

printf("program : Inserting record\n™);
sglite3_exec(db, “insert into foo values (1,2,3)", NULL, NULL, &zErr);

printf("program : Selecting record (value for z should be NULL)\n");
print_sqgl_result(db, "select * from foo™);

printf("program : Updating record (update of x should be denied)\n™);
sglite3_exec(db, "update foo set x=4, y=5, z=6", NULL, NULL, &zErr);

printf("program : Selecting record (notice x was not updated)\n™);
print_sqgl_result(db, "select * from foo");

printf("program : Deleting record\n™);
sglite3_exec(db, "delete from foo", NULL, NULL, &zErr);

printf("program : Dropping table\n");
sglite3_exec(db, "drop table foo", NULL, NULL, &zErr);

Several things are going on here. The program selects all records in the table, one of which is
column z. We should see in the output that column z’s value is NULL. All other fields should
contain data from the table. Next, the program attempts to update all fields, the most important
of which is column x. The update should succeed, but the value in column x should be
unchanged, as the authorizer denies it. This is confirmed on the following SELECT statement,
which shows that all columns were updated except for column x, which is unchanged. The
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program then drops the foo table, which should issue a schema change notification from the
previous filter.
I/ Test ATTACH/DETACH

/I Connect to test2.db
rc = sqlite3_open(“test2.db", &db2);

if(rc) {
fprintf(stderr, "Can't open database: %s\n", sqlite3_errmsg(db2));
sglite3_close(db2);
exit(1);

/I Drop table foo2 in test2 if exists
sglite3_exec(db2, "drop table foo2", NULL, NULL, &zErr);
sglite3_exec(db2, "create table foo2(x int, y int, z int)", NULL, NULL, &zErr);

/I Attach database test2.db to test.db
printf("program : Attaching database test2.db\n");
sglite3_exec(db, "attach 'test2.db’ as test2", NULL, NULL, &zErr);

/I Select record from test2.db foo2 in test.db
printf("program : Selecting record from attached database test2.db\n");
sglite3_exec(db, “select * from foo2", NULL, NULL, &zErr);

printf("program : Detaching table\n");
sglite3_exec(db, "detach test2”, NULL, NULL, &zErr);

/*
**  Cleanup
**

*/

sqlite3_close(db);
sqlite3_close(db2);

return O;

%1z

W 2 TP, SQLite SCFFEAE. fEZ LALLM EH] SQLite INf, A7 LEILA RN 75 £
Fo
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Figure 6-3. The shared cache model

SENNFER

FLE G XA ) H S8 T 548 WAE, SQLite T JLAN BREUE 55 EFER N A7 BRAT 1)
AR B AT AT DA BRI 1) R BT T AR AP B, I 28 bR i 4

void sqglite3_soft_heap_limit(int N);

int sqlite3_release_memory(int N);

void sqlite3_thread_cleanup(void);
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FT7FE ¥ 7 CAPI

ATESH SQLite HUBIE o i K BEERE#RAE, AFCRITIE0F. 778 AP
Bt 3 PEEAT VA RS e (2l H)SQLite, AE: QUL A Xk, BEFIHF A
I B R BUE g5 TR € I SQL e —ELyENE, el BAAE SQL T ifd ] .
AFEREW STAIZ 3 AN E YT R TR R S Z AR APL B RaBE R, [500e
TR e s AN SR AR PR A A ARSI, T E SR E APLI AT ) 1, JFREDS SQLite
QG AR L.

R AT AR R ARATHI Y, AR BRI B 70 P A P AR o ILhIX R 20 A A
SLA ISR A A R

API

R B SCR A BB HEFAEA I A dir R 3 I 0. EAIA AR A . IR
A RESIE AT AR B, Sl TR AR e 2 AN . BT AE TR I
(librarie), A= 4 J01™ R s FRABIE AR IO RE P Z N o

M R 2K
i d2E

H 8 SRR BN SR & 1D 2t ORI, mTn R g e
void fn(sqlite3_context* ctx, int nargs, sglite3_value** values)

iR [EE

Bk

iR [EE

— A SRR BT

Listing 7-2. The main Function
int main(int argc, char **argv)

{

86



intrc;
sglite3 *db;
const char* sql;

sglite3_open("test.db”, &db);
sglite3_create_function( db, "function”, -1, SQLITE_UTF8, NULL,
function, NULL, NULL);

/* Turn on SQL logging */
/Mlog_sql(db, 1);

/* Call function with one text argument. */
execute(db, "select function(1)");

/* Call function with several arguments of various types. */
execute(db, "select function(1, 2.71828)");

/* Call function with variable arguments, the first argument’s value

** being 'fail'. This will trigger the function to call

** sqlite3_result_error(). */

execute(db, "select function(‘fail’, 1, 2.71828, ‘three’, X'0004', NULL)");

/* Done */
sqlite3_close(db);

return O;

Listing 7-3. A Vanilla User-Defined Function
void function(sglite3_context* ctx, int nargs, sqlite3_value** values)

{

int i; const char *msg;

fprintf(stdout, "function() : Called with %i arguments\n”, nargs);

for(i=0; i < nargs; i++) {
fprintf( stdout, ™ arg %i: value=%-7s type=%i\n", i,
sglite3_value_text(values[i]),
sglite3_value_type(values|i]));

if(strcmp((const char *)sqglite3_value_text(values[0]), "fail"") == 0) {
msg = "function() : Failing because you told me to.";
sglite3_result_error(ctx, msg, strlen(msg));

87



fprintf(stdout, "\n");
return;

fprintf(stdout, "\n");
sglite3_result_int(ctx, 0);

— AN LB HI N R
RE

select sumiid) from foo;

v

sqlite_prepare()

v

sqlite_step()

A4

Yes
SQLITE_ROW P xStep()

vNU

sFinal()

v

sumiid)

Figure 7-1. Query processing with aggregates

— AN LB BT

Listing 7-9. The sum_int() Test Program
int main(int argc, char **argv)
{

intrc;

sglite3 *db;

char *sql;

rc = sqlite3_open(“test.db", &db);

if(rc) {

print_error(db, "Can't open database™);

88



exit(1);

/* Create aggregate table, add records. */
setup(db);

/* Register aggregate. */
fprintf(stdout, "Registering aggregate sum_int()\n");

log_sql(db, 1);

sglite3_create_function( db, "sum_int", 1, SQLITE_UTFS, db,
NULL, step, finalize);

/* Test it. */

fprintf(stdout, "\nRunning query: \n");

sgl = "select sum_int(id) from aggregate™;
print_sqgl_result(db, sql);

/* Done. */
sqlite3_close(db);

return O;

The step() function is shown in Listing 7-10.
Listing 7-10. The sum_int() Step Function
void step(sqglite3_context™ ctx, int ncols, sglite3_value** values)

sum* s;
int x;

s = (sum*)sqlite3_aggregate_context(ctx, sizeof(sum));

if(sglite3_aggregate_count(ctx) == 1) {

s->xX =0;
}
x = sqlite3_value_int(values[0]);;
S->X += X;
fprintf(stdout, 'step() : \alue=%i, btal=%i\n", X, s->x);
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}

The value sum is a struct that is specific to this example and is defined as follows:
typedef struct {

int x;
} sum;

B4 Context

Finalize BR%

Listing 7-11. The sum_int() Finalize Function
void finalize(sqlite3_context™ ctx)

{
sum* s;
s = (sum*)sqlite3_aggregate_context(ctx, sizeof(sum));
sglite3_result_int(ctx, s->x);
fprintf(stdout, "finalize() : total=%i\n\n", s->X);
}

HEFFIA
HFFIEEX
HEFE A TAE
FRAE RO HE RS 2R
— A R BT

Compare &%

Listing 7-12. The Political Collation Function
int political_collation( void* data, int 11, const void* s1,
int 12, const void* s2 )

int value, opinion; struct tm* t; time_t rt;
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/* Get the unpolitical value */
value = strcmp(s1,s2);

/* Get the date and time */
time(&rt);
t = localtime(&rt);

/* Form an opinion */
switch(t->tm_wday) {
case 0:F Mbonday yes */
opinion = value;

break;

case 1: ¥ Tueday no */
opinion = -value;
break;

case 2: /* Wednesday bigger is better */
opinion =11>=127? -1:1;

break;
case 3: /* Thursday stronglyno  */
opinion = -100;
break;
case 4: /* Friday strongly yes */
opinion = 100;
break;
case 5: /* Saturday golf, everything's the same */
opinion = 0;
break;
default: /* Sunday - Meet the Press, opinion changes

by the hour */
opinion = 2*(int)sin(t->tm_hour*180);

/* Now change it on a whim */
opinion = rand()-(RAND_MAX/2) >0 ? -1:1;

return opinion;

MAFEFF

Listing 7-13. The Political Collation Test Program
int main(int argc, char **argv)

{
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intrc;
sglite3 *db;
char *sql;

/* For forming more consistent political opinions. */
srand((unsigned)time(NULL));

rc = sqlite3_open(“test.db", &db);

if(rc) {
print_error(db, "Can't open database™);
exit(1);

}

/* Create issues table, add records. */
setup(db);

/* Register collating sequence. */

fprintf(stdout, "1. Register political collating sequence\n\n");

sglite3_create_collation( db, "POLITICAL",
SQLITE_UTFS, db,
political_collation );

/* Turn SQL logging on. */
log_sql(db, 1);

/* Test default collation. */

fprintf(stdout, "2. Select records using default collation.\n");
sgl = "select * from issues order by issue™;
print_sqgl_result(db, sql);

/* Test Oracle collation. */
fprintf(stdout, "\nSelect records using political collation. \n™);
sgl = "select * from issues order by issue collate POLITICAL";

print_sqgl_result(db, sql);

/* Done. */
sqlite3_close(db);

return O;
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¥ HEF (Collation on Demand)

Listing 7-14. Collation Registration Function
void crf( void™* data, sqlite3* db,
int eTextRep, const char* cname)

{
if(strcmp(collation_name, "POLITICAL") == 0) {
* Political collation has not been registered and is now needed */
sglite3_create_collation( db, "POLITICAL",
SQLITE_UTFS, db,
political_collation );
}else {
/* Punt: Use some default comparison function this collation. */
sglite3_create_collation( db, collation_name,
SQLITE_UTFS, db,
default_collation );
}
}

— A LB HI N R

EEB R

Listing 7-15. Oracle Date Collation Function

int oracle_date_collation( void* data,
int lenl, const void* arg1,
int len2, const void* arg2 )

int len;

date di;

date d2;

char zDatel1[25];
char zDate2[25];

/* Copy date 1 */
if(lenl > 24) {

len = 24;
}else {

len = lenl;
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strncpy(&zDatel[0], argl, len);
zDatel[len] =0

/* Copy date 2 */
if(len2 > 24) {

len = 24;
}else {

len = len2;
strncpy(&zDate2[0], arg2, len);
zDate2[len] ="\0";
/* Convert dates to date struct */
oracle_date_str_to_struct(zDatel, &d1);
oracle_date_str_to_struct(zDate2, &d2);

fprintf(stdout, "collate_fn() : date1=%s, date2=%s\n", zDatel, zDate2);

/* Compare structs */

if(dl.year < d2.year)
{
return -1,
}
else if(dl.year > d2.year)
{
return 1,
}

/* If this far, years are equal. */

if(d1.month < d2.month)

{
return -1;
}
else if(d1.month > d2.month)
{
return 1;
}

/* If this far, months are equal. */
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if(d1.day < d2.day)

{
return -1;
}
else if(d1.day > d2.day)
{
return 1;
}

/* If this far, dates are equal. */

return O;

B Bt

Listing 7-16. The Oracle Date Parsing Function
int oracle_date_str_to_struct(const char* value, date* d)

{

const char* date, *tmp;
char *start, *end, zDay[3], zMonth[4], zYear[3];

date = get_date(value);

if(date == NULL) {
fprintf(stderr, "Invalid date\n");
return -1;

/* Find first -' */
start = strchr(date,'-";

/* Find last - */
end = dgrchr(start+1,'-";

[* Extract day part, convert to int*/
strncpy(zDay, date,2);

zDay[2] = "\0";

d->day = atoi(zDay);

/* Extract month part, convert to int*/
strncpy(zMonth, start+1,3);
zMonth[3] = 0;

tmp = uppercase(zMonth);
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d->month = month_num(tmp);
free((void*)tmp);

/* Extract year part, convert to int*/
strncpy(zYear, end+1,2);

zYear[2] ="\0';

d->year = atoi(zYear);

free((void*)date);

return O;

Listing 7-17. The get_date() Function
#define ORACLE_DATE_REGEX "[0-9]{1,2}-[a-zA-Z]{3,3}-[0-9]{2,2}";

const char* get_date(const char* value)
{

pcre *re;

const char *error, *pattern;

int erroffset;

int ovector[3];

int value_length;

int rc, substring_length;

char* result, *substring_start;

pattern = ORACLE_DATE_REGEX;

re = pcre_compile(

pattern, [* he pdtern */

0, [* ddault opions */

&error, /* br eror nessage */
&erroffset, [* br eror ofset */

NULL); /* ue ddault daracter @ibles */

/* Compilation failed */
if (re == NULL) {
return NULL;

value_length = (int)strlen(value);

rc = pcre_exec(
re, /* the ompiled pdtern */
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NULL, /* no gtra dda - we didn't study the pattern */

value, /* the \alue gring */

value_length, /* the length of the value */

0, /* dart & ofset On he walue */

0, /* ddault options */

ovector, /* output \ector br abstring nformation */

3); /* nunber of dements h he ouput \ector */
if (rc<0){

/* Match error */
return NULL,;

/* Match succeded */
substring_start = (char*)value + ovector[0];
substring_length = ovector[1] - ovector[0];

[printf("%.*s\n", substring_length, substring_start);

result = malloc(substring_length+1);
strncpy(result, substring_start, substring_length);
result[substring_length] = \0";

return result;

MAFEFF

All three of the above functions work together to collate Oracle dates in chronological order. Our
example program is shown in Listing 7-18.
Listing 7-18. The Oracle Collation Test Program
int main(int argc, char **argv)
{
int rc;
sglite3 *db;
char *sql;

rc = sqlite3_open("test.db", &db);

if(rc) {
print_error(db, "Can't open database");
exit(1);

}
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/* Install oracle related date functions. */
install_date_functions(db);

/* Register collating sequence. */
fprintf(stdout, "Registering collation sequence oracle_date\n");
sglite3_create_collation( db, "oracle_date",
SQLITE_UTFS, db,
oracle_date_collation );

/* Create dates table, add records. */
setup(db);

/* Install date */
install_date_triggers(db);

/* Turn SQL logging on. */
log_sql(db, 1);

/* Test default collation. */

fprintf(stdout, "Select records. Use default collation.\n");
sgl = "select * from dates order by date";
print_sql_result(db, sql);

* Test Oracle collation. */

fprintf(stdout, "\nSelect records. Use Oracle data collation. \n");
sgl = "select * from dates order by date collate oracle_date";
print_sql_result(db, sql);

/* Get ISO Date from Oracle date. */

fprintf(stdout, "\nConvert Oracle date to ISO format.\n");
sgl = "select iso_from_oradate('01-APR-05") as 'ISO Date™;
print_sql_result(db, sql);

/* Validate Oracle date. */

fprintf(stdout, "\nValidate Oracle format. Should fail.\n");
sgl = "select validate_oradate('01-NOT-2005")";
execute(db, sql);

/* Test Oracle date triggers. */
fprintf(stdout, "\nTest Oracle insert trigger -- should fail.\n");

sgl = "insert into dates (date) values ('01-NOT-2005")";
execute(db, sql);
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fprintf(stdout, "\nTest Oracle update trigger -- should succeed.\n");
sgl = "update dates set date="01-JAN-2005"";

execute(db, sql);

print_sqgl_result(db, "select * from dates");

/* Done. */
sglite3_close(db);

return O;

99



F8E ESTE

SQLite AGEH CIETMEN, '©HHCK C APl {HjE, FFEAX DML T 25 SQLite
9 J&, ATURTE AR H e I g i v 5 B0 7 e v A2 X SQLite #54# , 4t Per. Python. Ruby.
Java. Qt F1 ODBC. fERZAENL N, REFgmFEE & A LA ek £, X uby gl
AFIN A F R TS -

VE: WAAEILEHTE T Delphi 097 ig, ANEIEAKE

100



#OE SQLite A%

ATt SQLite & FEET RGN — M. e RSk B—k 41 I Richard Hipp %I SQLite
P28 RIAEIREA i SQLite IUEAAIT, Rt o RIIXLE y B Wb A R . BPAE
SQLite ILERJE, (HAFFT /NS — I AL .
BUFE, RN 1% O 2030k SQLite (I TAIE T o 55 13— MR, 555 N4 T B-tree Al
pager, XL EARTMATNHT « AL MNERHANT, E7& SQLite [FLME; ARG 2T
it BaAgmIERE, En RS RA T R E AR

RIS R 51 8 (VDBE)

VDBE #& SQLite MJ#%Ly, B LEBHFIN EEHA BT F#E N eIRS I, B SEBA T
vbde.c. vdbe.h. vdbeapi.c. vdbelnth F1 vdbemem.c &5 JLANSCHE . Witk 5 #pTR, —ANE
1) (statement) s g 3 — N SE W VDBE 7, T4 HAMK SQL s . Bl RE
Fepih it B-tree $hAT H 2 1R (Compiler) A2 Sy A5 A0S, IX PP E AR AR s 5 e b T 1t
ATERW . SLHURIE B s a1 11

PR AE A7 s B ek sqlite3_stmt X5 (P EIUAR Vdbe, UL vdbelnt.h), Vdbe(sk# i
statement) (. % PATFE R I — ), AFE:

® VDBE &%

® Fipilsids

® SRR ARRAIZEN

o Y E(E

® S AT M E B g T ) N RS
o HEMsiTIRASGE R, W1 B-tree Yifhs

VDBE & —MHEIUNL, &R AR S Mg e+ R, 4546 % HERAEAD A1 =4
BEVEROM A <opcode, P1, P2, P3>, Opcode b — & ShfsMIERVERS, A T BRf#, LIRS
PREL. pl & 32 MIARFSHEEEL, p2 2 31 ALEAT 5 RE, wal i S BL Gump) e 4 H
Frtidik(destination), ARICAH LB IR p3 A — LA null 45 IR S4F 5 B H e 25 R AT
feEl. HAT SQLite FFAF 128 MNEAEID. FI C API ANFIfE, VDBE $EAESLH AR, FrLh
AN AL S H SRR

NTH LA C API H#: R VDBE A2 H
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sglite3_step()

sglite3_reset()

sglite3_column_xxx() functions
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JITf SQL #ir4 i) VDBE /-4 il LUk EXPLAIN dir 2432, -
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sglite>.m col

sglite> .h on

sglite>.w4 153315

sglite> explain select * from episodes;

addr opcode pl p2 p3
0 Goto 0 12

1 Integer 0 O

2 OpenRead 0 2 #episodes
3 SetNumColumns 0 3

4 Rewind 0 10

5 Recno 0 O

6 Column 0 1

7 Column 0 2

8 Callback 3 0

9 Next 0 5

10 Close 0 O

11 Halt 0 0

12 Transaction 0 O

13 VerifyCookie 0 10
14 Goto 0 1

15 Noop 0 0

LT 4 &4, amra A TR AE . A, BAESIE SQLite WAEA T
SQLITE_DEBUG &3, XAER T LIz r e 2 1M 8, b &7E p3 HI£ 4.

EVE: METARAT SQLite(3.6.18) i S A KR L, ILAEPAT EXPLAIN fix 21145 341 F o

addr opcode pl p2 p3 p4 pb comment
0 Trace 0 0 0 00
1 Goto 0 11 0 00
2 OpenRead 0 2 0 3 00
3 Rewind 0 9 0 00
4 Rowid 0 1 0 00
5 Column 0 1 2 00
6 Column 0 2 3 00
7 Resul tRow 1 3 0 00
8 Next 0 4 0 01
9 Close 0 0 0 00
10 Halt 0 0 0 00
11 Transaction 0 0 0 00
12 VerifyCookie 0 40 0 00
13 TableLock 0 2 0 episodes 00
14 Goto 0 2 0 00

ZVE: HK VDBE M E4N S %4 vbdec W, LS # SQLite M uh $2& 41t ) SC#Y
http://www.sqlite.org/opcode.html
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2R Ja ) RO ORI

#% (Stack)

/> VDBE Rl LA 58 R @ AT 45 R B (section) #a Jil, &F— AN B P AT Lo AR I
F2o X AMUERINARIMIESAANFAEEN S, AL HA 1248 A8RLKRA
R ARSI, XN = NMREEUR A T .

ZIERIX LG DL, TR KRG LS XSRS ARG ASMOX L T/E, FrLifE el
W5 B L — e A A ), DUIS FR 2 24, VDBE #ETH 1) 1) 45 SLAORAT 2 N A7 500
(memory cell)f, JLSZHERAT A7 5T H LT Mem 2544 (L. vdbelnt.h).

FEFP4A

iEFRAT KA AT IR F] T episodes R HIH] 1. B — AR HEAFEIREL 13,
%R (Integen) & 4 2 ARARSARUER 1), AR —RIFSPITH LN SEUENHE
#, OpenRead MMERk T HUH 2 H AR 5 AT -
SQLite I LAl ATTACH fir & 7E— MR T IF 2 A8l 30, #82 SQLite I 71— MK
e, EHAN I — DRG] (index), EEIRERIZRGIN 0, MBI —DEIEER 1, K
A Integer 45K B ER TIHMEI AR ARSI 0, AR TEHE%), 1 OpenRead M
WA, JT P BRI S 2 . e ] P2 KA E 5 BT TR R BT (root page) . AR JE BT
TF— MR B E R ) B-tree bR . T IXUE4E VDBE AU SCRY A A ke, 14,
OpenRead #ir4 7t SQLite SCRY RN T -
HBHEPERATTT— A I B0bR,  IXAS AR TULEEE P SCAF I P2 Ak o Bl e SO A
TR — M EHERE . 0 Fon BHWEE, 1 R TAF U N R R Bl e . BT TRl bR
PRIRFFAE PL the PL AL AHREI, (H IV 2t/ aRIAE o 7, ol
1%, If P2==0 then take the root page number from off of the stack.
HEFIFPRATIT, Bl — D EeBUn a8 e Lo W R B AR RIS, tdr
AR > TARFRIRAG el Seal v L e e R S s e (H R A AT AT R A Sk
PP o CEBUE DT AT W bR A8 OC AN TR 4n SRR A1 F A BB I SR e, R P 45 RO TR [
SQLITE_BUSY #ifi5,
P3 B AT ) — DG BHRET, XM E LR TN BRI PR S B 244
FRMRGIN, P3 AN,
XANSET OpenRead HSCRS 5 LB BISCRS —FE, W DUERRAEIRE S0 rh 4k 21, el 2
vdbe.c 1,
%%, SetNumColumns 54 EViFhn e ZAC B )51 5, X2 T ZE A0 B )R B 5 1 )
Hk g 1) PL bR R 51 (X 50 0, 2 WINIT T B bR 2 51 5) . P2 Sy Z1IHI% H , episodes
FKAH =5,
AREEA], Rewind $7-2- K br b E RIRTIT IR, B ERE TN 27 MEAIEKR).
WREA I, B FEIRSIREEE R P2 f55E i4a-S 4. it P2 2 10, B Close $54-.
—H Rewind BCETAR, % FRMSHIT N BFEL 5~9))LEH<. ENIMEZEIREZ
e 45 R4, Recno U IR PL 45 7E HICsk I B 7 BUE IS A HER . Column #5-4 MHT P1
fRE MlieAs, P2 FREMBIHUE. 5,6,7 =474 474 id(primary key). season I name 7B
(Weps 0 Fr4RWIHIER episodes 43 3 M B)ME AL . T2k, Callback 454 Mk H1HL
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H=AME(H PLRE), RIG—MC kB, (A ENAF 0 (memory cell) 1. 25,
Callback £ #E#2 VDBE [(J4047, HE4HIBAS 4, sqlite3_step(), %% iR 0] SQLITE_ROW.

addr opcode pl p2 p3
] Gato g 12
i Integer 8 8
2 OpenRead E] 2 £ episodes -¢— Opentable
3 Set MumCo lumns g 3
o} Rt & - Position curser
= 5 Recno 8 ]
E B Column 2 al Step through records
2 7 Column @ 2 -
= i Callback 3 g
] 9 Next B 5
= 18 Close 2] 2] ~#— Close tabke
11 Hal t ) B B - End program
12 Transaction B B
13 Veriftylookie a 18
14 Goto ] 1
15 Noop 2 2

& 9-1 VDBE 122 %%: Open #1 Read

—H VDBE % T it 5 25 ) (1% 25 W [F) FF S G 118 4] (statement) FU 4K) , R )7 5t T LA i
sqlite3_column_xxx() eREM I A N F BfE . =4 T il sqlite3_step()it, 54484l
23fR 1 Next #5840 Next #8230 R I~ —17, WAL EMIdR, ©aBkilh P2
TREMIES, EXHENFE4 5(Recno $54), B —ANECREH, FENT—IAEH.
ROLBRAIEWRATEL, Next ABkE, M2diT F 4454, XHEZ Close 54 . Close
A2 OC MR, ARFEHIAT Halt #74-, 4530 VDBE F2J¥, JFH. sqlite3_step()i Zﬂt’*&lil
SQLITE_DONE.

B SEIE

RO T R A% 0, IR E B RIS, REIR4S 5 B Ryiihia e, WK
9-2 9@ /ﬂaé\% Goto f54, ‘Bt SBkiLIE S, kB P2 4b, A 2BREIN 12 &IE4

84 12 /& Transaction, ‘EIFUH—"MFTHIESs RIEHAT T —5%F54 VerifyCookie, ‘&1
BIhRE S VDBE FEY4ni%)5, HiZE schema S 15 A8 (RS2 15 HEA TRl BB 1) . 3XHE
SQLite 12— MR EZERIM S, E SQL # sqlite3_prepare()4i i il VDBE fUiE £ 52 7 i A
sqlite3_step() P AT 7= 15 G IRX BE I () P, 53— SQL iy 4 1 R £ e AR Hi s e A =X (b
ALTER TABLE. DROP TABLE & CREATE TABLE). — H &ZAEIXFHE L, schema A st 2
AR, 2 R G PR 1R T (statement) 5 & AR 1S TE AL . AT IR ZE schema {5 Bl iC S B0 R S
PERIRR BT o S0, BRRANEADEE — 00 F T LU e G 1R I 21245 201K #4540, VerifyCookie
PR S A AR UCHL, nRAULAL, Bt ERPOE MR i .
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addr opcode pl @2  p3
B Coto o— —4— Goto 12

—= 1 Integer a a
2 OpenRead i 2 # episodes
3 SetNumC ol umns 5] 2
4 Feewa nd o] 18
5 Fecno o] B
& Column g 1
7 Column g 2
g8 Callback 3 8
9 Next g 5
16 Close 2 ]
11 Halt g B

g 12 Transaction 2 B Begin tmnsaetion

13 Yeritylookie a8 18 -w— Check schema.
14 Cadn & ] Goto instruction 1.
15 Noop 2 2

Kl 9-2 VDBE [V BR: 27 TR

BRI RCA S 1 VerifyCookie 1) P2 24tk , & g A: b4 8 schema hiiA 5 HEAT L
B WA schema S XA, PHANRAS S %3, WA, W VDBE 2 K8k, 7Elt
TR, VerifyCookie 428 1R 1R ] SQLITE_SCHEMA 45i%. 7RIt ., M
J7 s ELE B a1k SQL B A, FETBN1 schema WA AE OB 1) VDBE F2/7 o

WRMHHILHL, SPAT T 4484 Goto; 'EaBkEIF PN EEHEy, MIE 4484, 17
FEERUC . X EA W AEAEE:

(1)Transaction F§ 4 A G AL IRACE . &M DIEEAH 4T BEGIN, iy HL=281 5 fr /2 H1 OpenRead
TRASREUN . 44N RS, 1 Halt 382588, Bt TR Tk,

(2) RIS (VDBE F2)7) BT 7 (A7 it 205 RI{E AR P AT ATt DL e« IX T 5L
A, HRIMEREAS LIRSS HEZ . IR, A2 IT(memory cell) 3R KIE A& % T
e A AR BT DA 2) . 18k AT VDBE F2FP 2 1, SQLite nf LATHE H 43 e % 95 i 75 ZE (¥ Y
15

R HIRE

VDBE [N R AT 4 di5% o REAARL ARSI HAOAEST, 1 FLAE %R 4 Hiri
SRR A R KM BRI, 7770 =K.

(DALBRAE: XL S AB S, teanhn. JoMgR; EHEss, Wb me; afy
TAF A

QERAE B XSRS RAEAE N A A B . AR 3T AR R A BB AE N A7 5T
Z I o WAL AR 2456 B-tree F1 pager #T TSR 1R UibhR, FRURERG R 45, 2555,
@Rl FEHE S T 2R R EE R B 1R L 1R E

—HRGE T4, i AENI N VDBE FEF 2 Ui TARM . A/ RAT LU T g e FH Mok
N JE TR 2 B RAT WS o

B-Tree 1 Pager &8

B-tree {if VDBE AT &4k MAMMERAIZBARIES] O(logN), LAAAE O(L) IR~ Xl ik [
GUREE . et BT, T A S AT R AR A ] [, B-tree A B A HAR IR E AT,
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AN YEY 1 U1 (page) Z (Al R o 24 B-tree w7 2 iL sl F B UL, &t A pager. 4%
MU, pager PRAEIRIG T S B N HE . e e S #ER, pager M4 S 454k & vk e
LURCIR @

e B SR

BAREE TR U 1 IR o — MR th 24> 2 5 B-tree f4 ili——B-tree H T-%F
—ARMRG . BARMRIIE 1 ADATEHEE)FRNRTT . FToT R MR 51 T H A A
sqlite_master &,

Bl R 25— AN T (page 1) Ak, page 1 HIHT 100 4N T 2 — AN BdE B SO HEAT A
IRFIR A o BAFERPEIIRRAS . AR UMIRRAS . TR/ S 45 i 0 2 25 P26 ol 182 2 1) 7K
ANESH . A XA SO L ) SCRYAE btree.c 1, page 1 52 sqlite_master 2 AR 1T .

EHR XA

SQLite A > UEESR (free list) e WU RIEIAME I o 25— AN BT BT AT I AR BRI
WA PRZBER . S ATHH 5 B BN PRI, AL 102 Oz b, 3T 25 I 0L
I, A BB BT (8 I SO IR/ 24i84T VACUUM fir &I, i S IR iR, B
A P 220 /1 o A 5L S AE B R S o S0 A S e e T T I £ e DL 2%,
IS TUEERANE , G5 A2 — BT, A2/ T IEO A . S8 1K) autovacuum JF A I,
SQLite AN IS N BUHER, 10 HAERE— X555 B 3h IS 4 B 1

B-Tree i85

B-tree "1 ¥ UL H B-tree iS4, WA payload (5 & &k i) - A~ B-tree i 3% (5X payload)
A S8 T 18 (key field) FI%HE sk (data field). <710 /£ ROWID fIfE, it
AN Kt PR R AR 2 AR AL OB 1A . A B-tree A, Eidhtak ] LI AT JE 45 M K0 5t « %
I (PSR PR AT AE X e s I o B-tree [WAT45 2 HE /7 Al [, S AN 7 ZOCBE 2 B .

Payload (1 K/N@ANER], X5 AR OCHFFEH AT G, PIELL Y, BA—Ras
Z > payload, 2R Al e~ payload 7 F LA JI(24— payload A KANREAAAE— D TTN).

B+

B-tree 1% CHE T AN, 76— B-tree TG M) D6k 5 0 M — (X — 5 [ 2 Hh iy
ROWID FHETEBARIE) . 2K/ B+tree, Betree )4 45 AN & R B0l (Bs HEid %) . K
9-3 J& K1 B+tree [F7~H1:
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Root Page
[Ty data [TRej] data [TREyT] dafa |

|
l Internal Page Internal Page Internal Page

ledalal-kwldalalmﬂdilal [hey | data [hey | data [[key | dala | | [Tkey | data [hey | data [hey | dala |

Leaf Page ¢ Leaf Page Leaf Page
T fata — - [T datadita = I dafa

|
07 i | . — T

[ — T
e 417_I_| w1 | |

Kl 9-3 B+tree 141 4L(R)

B+tree (1A Ui (root page) Al P U (internal page) s HISK ML, 1% 48 U1 £ A e fis
)RR EREE, AN RS OGS . BT IR B B ] A (R T U (leaf page) . FEI
T, SN AR R e O P HES ), X B-tree VbR HUAEH D4 SR IE )
RIS 1) (K- My i [y i 5%, Al g 1R 2803 (1) 52 2% B55) AT EIA 1) O(1).

ICRFFE

s Pl s T DU i ek, VDBE BB (RTTI/E 41 Callback iy & I/ 2Hid) . 254
A s DL BT XA, (R A 20, XM Ui 1l s i iy 7 B il
A IS ELL R T, A S — N2 483k (logical header) F1—/™ %4 [X (data segment),
PR SALHE SR/ OTAR K1) 64 17385 ” Rl AN 27 (2 v AR K 1) 64 £ 3250 K
H I AR AP AR A X I - B2, ] 9-4 . 64 (i 3E40H Huffman 465
SR

B-Tree VDBE
Leaf Page

Wl 1 > 'D1|D2) D3| DN|
105 |
106

K 9-4 0L

RN DS S FBHCEAN S . AN S F B G 344 FARMIX B . — RO
TN 7 BB R IR B8 8 o TN PR A] RERUAEL M 5 XAERR 9-1 WA .
*9-1 TR

A £pd Kt i
0 NULL 0
Nin 1.4 HIF5H8H N
5 EERERER LS 6
6 EEREREE £ 8
7 IEEE FF 2554 8
8-11 RALEH N/A
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N>12 5% BLOB (N-12)/2
N>13 7741 TEXT (N-13)/2
i, HL episodes F M5 1 451 %
sglite> SELECT * FROM episodes ORDER BY id LIMIT 1;
id season name
0 1 Good News Bad News
E s K Al sk As XN 18] 9-5

040110149 § 00 01 | Good News Bad News |

7 9-5 episodes K1 1 4cid%

WK 4 7050 SRR SOk S EE R A B i . B AN 2R, XY id B
e LA S AN, XY season FBL, RN 1A TS AL
Name Bt ISR BIN g —AN KT 13 Ak, Rl —> text {H, %[H 17(49-13)/2=18 4~
T WX LEF R, VDBE ] LR T IC s I EE BT AT IR B

BREHRAR

SQLite )= R AHE AL 9-6 Jrais e AERLALp, REZAC AR K s, R b,
HHs BB EE A ; AR, BdhmBoRBIE . C-API AL 7 Befl, VDBE 4bEHid >k, B-tree
AL A ) EHE, pager AP T, OS 42 111 A FHL 3L (1) B A A 470 4% o

C AP| Fields
sqlite3 column_text{stmt, 2)
VDBE Records
id season name
Payloads
Pager Pages
L
0S Interface Binary data
Y
Storage

Database file

Kl 9-6 LI NI % 53 Fr 0 . ) e
Each module takes part in managing its own specific portion of the data in the database, and relies
on the layer below it to supply it with a more crude form from which to extract its respective
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pieces.
it tH 5T

WIFT P&, B-tree sk HA W AR/, 0T /N R BHE R X HE 7 HE—A> B-tree 3%
EE— N B TR . IR, BRI B-tree 0wt 3 phs HH UAH R R L, K]
9-7 7R

e, 3 4 ANTUKK, B-tree BEHRalial dt— AN th TORB N E . AR Nk H e A,
RS 2 A XL B IO I DT IR AR BLOB
W, Eszbr bR TR . R BLOB SZfERK, BEEMARK, #AFMESRAK
o IEXMEHCT, K BLOB A7 /1 — AN SO rh iy £ £l e b R AE S A B Vr S b

gﬂ;:[go

Page
key | data
key | data
key | data
key [ data  FTEE—

Overflow Page

Overflow Page

K 9-7 Wi T
B-Tree API

B-Tree B A& H O APL, ‘& a LI T CAPHE ] . i, Wk, ARl LT
© AT IS T R ], BRAE SQLite T EAFEUF K . SQLite B-tree AR 55—
AR ARG SRS . pager AFRY S . B H B RS N B-tree 5510, ARHE D)
A, Tl B-Tree APl 2) LA R JL:

B PR 55 ek B

35

® sqlite3BtreeOpen: 4THF—ANHr A S0, 1R[]~ B-tree X%,
® sglite3BtreeClose: [ — M

® sglite3BtreeBeginTrans: JTF4h— P HiIF 5.
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sqlite3BtreeCommit: #2238 4R 455 .
sqlite3BtreeRollback: [7]35 24 /i 5545
sqlite3BtreeBeginStmt: 45— statement 755 .
sqlite3BtreeCommitStmt: $24Z—~|> statement i %5-.
sqlite3BtreeRollbackStmt: [1]45—> statement i55-.

REH

(OELE

® sqlite3BtreeCreateTable: fE£uH i SCAFH A — N BRI 21 B-tree. HSH e &K
F 2% 2 (B+tree)il 2 R 5 145 X (B-tree) »

® sglite3BtreeDropTable: M %di e il — B-tree.

® sqlite3BtreeClearTable: A B-tree "R i %4, (HOREF B-tree [45H4 .

R R B

® sqlite3BtreeCursor: Creates a new cursor pointing to a particular B-tree. Cursors can be either
a read cursor or a write cursor. Read and write cursors may not exist in the same B-tree at the
same time.

® sglite3BtreeCloseCursor: Closes the B-tree cursor.

® sqlite3BtreeFirst: Moves the cursor to the first element in a B-tree.

® sqglite3BtreeLast: Moves the cursor to the last element in a B-tree.

® sqlite3BtreeNext: Moves the cursor to the next element after the one it is currently pointing
to.

® sqlite3BtreePrevious: Moves the cursor to the previous element before the one it is currently
pointing to.

® sglite3BtreeMoveto: Moves the cursor to an element that matches the key value passed in as
a parameter. If there is no match, leaves the cursor pointing to an element that would be on
either side of the matching element, had it existed.

IEREE

(@KL

® sqlite3BtreeDelete: Deletes the record that the cursor is pointing to.

sglite3Btreelnsert: Inserts a new element in the appropriate place of the B-tree.

® sqlite3BtreeKeySize: Returns the number of bytes in the key of the record that the cursor is
pointing to.

® sqlite3BtreeKey: Returns the key of the record the cursor is currently pointing to.

® sglite3BtreeDataSize: Returns the number of bytes in the data record that the cursor is
currently pointing to.

® sglite3BtreeData: Returns the data in the record the cursor is currently pointing to.
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B & R

® sglite3BtreeSetCacheSize: Controls the page cache size as well as the synchronous writes (as
defined in the synchronous pragma).

® sqlite3BtreeSetSafetyLevel: Changes the way data is synced to disk in order to increase or

decrease how well the database resists damage due to OS crashes and power failures. Level 1

is the same as asynchronous (no syncs() occur and there is a high probability of damage).

This is the equivalent to pragma synchronous=OFF. Level 2 is the default. There is a very

low but non-zero probability of damage. This is the equivalent to pragma

synchronous=NORMAL. Level 3 reduces the probability of damage to near zero but with a

write performance reduction. This is the equivalent to pragma synchronous=FULL.

sqlite3BtreeSetPageSize: Sets the database page size.

sglite3BtreeGetPageSize: Returns the database page size.

sqlite3BtreeSetAutoVacuum: Sets the autovacuum property of the database.

sglite3BtreeGetAutoVacuum: Returns whether the database uses autovacuum.

® sqlite3BtreeSetBusyHandler: Sets the busy handler.

A HE IR, T XS ALE btree.h FI btree.c "P#SA TR 524 ISCRY, (0 L2 iR

o] DME IR T — N B R EI

YmIERE
A2 2/44 T VDBE LA N E.3| OS EM4% 2K FI/A44 VDBE R/ 2 B4 kM. it

FRIE AN M) SQL 4, i R R AL AL VDBE 27, XYL TAELE 3 AN
Bt B5ER: 4 inl 4% (Tokenizer). 43 #r#s (Parser) FIARAL AL B 25 (Code Generator).

4317]8%(Tokenizer)

VR0 SQL iyl i A A W £ SO IRV (token) o 1] TT
DU AR & I — AR5/ 01 o BN A HOGHR Y 1 2K (token  class), )28
e MCFRRIR, RN ERAT A AT 1 2R TK_LP, {REH ¥ SELECT [K]id]
HKJE TK_SELECT. Frfiia24 parse.h 15E o 40 R SQL 54

SELECT rowid FROM foo where name='bar' LIMIT 1 ORDER BY rowid;

Lo a AL B 5 By 85 AR AR 9-2 thég it .

#* 9-2 —pidl )5 SELECT i)

A W Ak
SELECT TK_SELECT Reg oy ds
o TK_SPACE PR
Rowid TK_ID awailE
. TK_SPACE FF
FROM TK_FROM awailE
. TK_SPACE FF

11



foo TK_ID Rt s
o TK_SPACE PRED
WHERE TK_WHERE RIS
. TK_SPACE FE3
name TK_ID KRG AT 2%
= TK_EQ Ry s

B, oyl LI SQL IRNE E S E VI A — AN a, LSS i & (Parser)3EAT
WA T (BIEZER) o

*EF

o3 28t F L4945 ) (hand-coded), FEAE Tokenize.c "H5EH. KT LAY, AEH A
I AR SQL PR 40K R 741 keywordhash.h SCEFH e o IXAN SO & —A
BARALH S KT SQL Or B 7 Hs 4 3 v] B de /NI ZE X, T5 1008 AL R e 91 B AT
SQLite i W] 1B OR B 7 A% F A1 B AR PURI DR B A N e X7 VR — T
AT, AT RN TR e — AR T 22 i X 455~ 4 F

static int keywordCode(const char *z, int n) {

static const char zText[537] =

” ABORTABLEFTEMPORARYADDATABASELECTHENDEFAULTRANSACT IONATURALTER”

” AISEACHECKEYAFTEREFERENCESCAPELSEXCEPTRIGGEREGEXPLAINITIALLYANALYZE”
”XCLUSIVEXISTSTATEMENTANDEFERRABLEATTACHAV INGLOBEFORE IGNORE INDEX”

” AUTOINCREMENTBEGINNERENAMEBETWEENOTNULL IKEBYCASCADEFERREDELETE”
”CASECASTCOLLATECOLUMNCOMMITCONFLICTCONSTRAINTERSECTCREATECROSS”

”CURRENT DATECURRENT TIMESTAMPLANDESCDETACHDISTINCTDROPRAGMATCH”
“FATLIMITFROMFULLGROUPDATEIFIMMEDIATEINSERT INSTEADINTOFFSETISNULL”

” JOINORDEREPLACEOUTERESTRICTPRIMARYQUERYRIGHTROLLBACKROWHENUNION”
“UNIQUEUSINGVACUUMVALUESVIEWHERE” ;

The keywordhash.h file includes a routine sglite3KeywordCode(), which allows the tokenizer to
quickly match the keyword with its appropriate token class with minimal space. So, the tokenizer
first tries to match a token with what it knows, and failing that, it resorts to sqlite3KeywordCode(),
which will return either a keyword token class or a generic TK_ID.

The tokenizer and parser work hand in hand, one token at a time. As the tokenizer resolves each
token, it passes the token to the parser. The parser takes the tokens and builds a parse tree, which
is a hierarchical representation of the statement.

431 8% (Parser)

SQLite FIEVESHT 285 ] Lemon A= Eif)(Lemon & — N ITUR ) LALR(L)iE 20T 2t AE %
#x, SQLite EAL I HEAT T2 M) 2701431 parse.c A 7E SCRTE LI INLRE — s in] ZH U=
KRG 50 BT B4 (parse tree).

The parse tree is primarily composed of expressions and lists of expressions. An expression itself
iS a recursive structure that can contain subexpressions under it. For example, the WHERE clause

112



in a SELECT parse tree is represented by a single expression. The SELECT clause, on the other
hand, is represented as a list of expressions; each expression is a column that will be returned in

the result set. 21, 1 ki ) SQL iEAJ:
SELECT rowid, name, season FROM episodes WHERE rowid=1 LIMIT 1

AL 2 an B 9-8 From i) 3 M

SELECT

Result List
rowid name Season

Source List
episodes

Where Expression

eq
+
b

rawid 1

Result List

rowid name || season

= limit (1)
—» offset (0)

&l 9-8 fifk 1 I M B
— HARR AL R, AR — Rl g R e s e AU A s

AL 4 B 2% (Code Generator)

ARAS A i SQLite qﬂy’i’i%ﬂt E%’Ejﬁ e HIERIPAR, AR R as A 2 X W]
BRI, AR A HT s SR B o A A e B 2 /NSO G, X85 SO R 2 B RTERE
SE M SQL e, B, ARk SELECT ER) RIS LE select.c H, e YR SCAFALEE update.c.
insert.c. delete.c Al trigger.c 5%,

ARBS A AR TR 73 M A2 i VDBE #2158 RE— 8620 R > VDBE 454 741k 58
B SE 11445 . The values for the operands are taken from the data structures associated with the
parse tree. it e — AN ERAE TP FTITR A I A RS

/* Generate code that will open a table for reading.*/

void sqglite30penTableForReading(

Vdbe %, /* Generate ®de nto his VDBE ¥
intiCur, /* The cursor number of the table */
Table *pTab /* The table to be opened */

A

sglite3VdbeAddOp(v, OP_lInteger, pTab->iDb, 0);
sglite3VdbeAddOp(v, OP_OpenRead, iCur, pTab->tnum);
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VdbeComment((v, "# %s", pTab->zName));

sglite3VdbeAddOp(v, OP_SetNumColumns, iCur, pTab->nCol);
}
Sqlite3vdbeAddOp M%7 —~Z541: (1)VDBE SEBI(E BN INTES), QMEAEIL(—%&1E2),
GV EAEEL. En—4454 %] VDBE f2/%. L+, sqlite30penTableForReading 4 il
T 345, MK 9-1 FiHE4 1~3, DIRELATIT MR B-tree HI T2, WL, ¥
K 9-1 4R L FPAIE S Ttk

sglite> explain select * from episodes;

addr opcode pl p2 p3
0 Goto 0 12

1 Integer 0

2 OpenRead 0 2 #episodes
3 SetNumColumns 0

4 Rewind 0 10

5 Recno 0 O

6 Column 0 1

7 Column 0 2

8 Callback 3 0

9 Next 0 5

10 Close 0 O

11 Halt 0 0

12 Transaction 0 O

13 VerifyCookie 0 10
14 Goto 0 1

15 Noop 0 O

(YR

ARAG A A AN A T A A, B SR AT A AL . A SRR A ) — B 43, LS
AT where.c e AR WHERE )il 9 L e it L=z, Lhln select.c. update.c Fil
delete.c. iXLEHELLI H sqlite3WhereBegin() 45 WHERE W5 AJHLF8 2 A2, 2R 51 B (1)
RESIMAZIEATH AR VDBE S, )5 sqlite3WhereEnd(), E 4 i WHERE +
ARG VDBE $i54 . R — gt in & 9-9 pion:

VDBE Program

For each row thal matches the
sqlite3WhereBegin() _'*' WHERE expression

SELECT/UPDATE/DELETE —» Do something with row

sqlite3wWhereEnd() —— End WHERE Loop

] 9-9 WHERE 111 VDBE A4 ¥4 i
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Pl A7 sqlite3WhereBegin()F B . B 78 CL5e R TAE AL B, SR TUMEH RG],
AT ESHRIAA, F5.

H T RS — ML, AT — AT WHERE 1)1 {7 51 SELECT & /)T 45,
K] 9-10 fr:

sglite= explain SELECT name FROM episodes:

addr opcode pl p2 p3

Gato 1@

Integer
OpenRead
SetNumCo lumns
Rewind
Column
Callback
Next

Close

Halt

18 Transaction
11 VerifyCookie
12 Goto

13 Noop

K 9-10 —MANEr WHERE A1) ] SELECT 4]

& episodes

- sqlite3whereBegin()
-w= SELECT loop
= sqlite3whereEnd()

WO~ AW L~ o
ODOoODODDO0OHO OO OO o
@ = @@ LN @R 0L @D
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