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used_tables table_map

HERE KN AE. & A E Bk A-E
KW mEKRAZL,2,4,8,16,1,
(nested_join)—>nested_join—
>used_tables = 14, (nest_last_join)—
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% KA Wt A
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cond_result enum cond_result

traverse_order |enum traverse_order

name my_string 4 FR

next [tem*

Ttem 4247 —ANEEZ W@ B fix_fields, XAMBH” HE" —/ Item. T E# ITtem ty F
RFEZI TN RiF" Tk RAMABEREENE 0 80E EF &R (Field W5l A,
X e Ttem_field ko LW, N TH & 4
bool Item field::fix_fields(THD *thd, Item **reference)
A F MySQL o BT A By 8 B 2 B Ttem_func 2 sk & 7By, X A £ A Item **args fu

uint arg_count KRk &% 5%, #) 4 ifnull ( a.col ,

"ENULL') #,a. col #a "fNULL " 7 =

Ttem_func B F /N5 40, Ttem_func By fix_fields & %t S22 4 8 Fl &4 A 400 fix_fields

EEE

for (arg=args, arg_end=args+arg_count; arg != arg_end ; argt+t)

{

if ((!(farg)—>fixed && (*arg)—>fix_fields(thd, arg)))

}
XA FF,a. col Pz & —A Ltem_field 24, "#NULL " piiZ & —A Ttem_string 5247, T
HRA” FET AT Field WEl .

% ,J0IN
& %A Wt WA
::prepare M & & R0 7 B
tables_list TABLE_LIST* B R &R
conds COND* where ¥ 4]
order ORDER* order ¥4
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having Item* having F 4

select_lex SELECT_LEX* otz By SELECT_LEX

proc_param ORDER* procedure By % #

join_list LiSt<TABLE_LIST>* | #1746 1t 4% 11 SELECT_LEX: :top_join_list

JOIN £ prepare EAn v 3 LWy * %

select_result <—

JOIN

—> THD
| ———> SELECT_LEX

:optimize fr & ¥ Kty F &

cond_value

Item::cond_result

8 A optimize_cond % conds #4742 f& By
8. 4 X AME A Ttem: :COND_FALSE, #44
HEARALERERE MySAL 21X &
zero_result_cause 7 Impossible
WHERE™ .

having_value

Item::cond_result

Bl b, %t having #4740 38 JE (. 4 Rix
AME Y Ttem: :COND_FALSE, £ & & £ & H
2 RERE MySA 2% E
zero_result_cause %~ Impossible
HAVING”

zero_result_cause

const char*

R E 0478 R H. & WL JOIN: :optimize
o 3.

JOIN::JOIN

select_options ulonglong A A3 JOIN B 47 46 . 72 — R IAAT B #] LA
BHR. ZMELEFEGHRLATH. XA
BEEXRE:
SELECT_NODE: :options #¢ THD: :options
% W, mysql_select & #x. WK
mysql_priv.h::298 &, X B A A ¥ F 1Y
#HH FET 2 K.

select_distinct  |bool 2 select_options # 4 SELECT_DISTINCT
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result select_result “£RE
fields_list List<Item>& B #AT setup_wild AL 2277, Bt £ B
all_fields List<Item>

JOIN EAT#e 1L G A e 3t Z By = & -
select_result <— JOIN —> THD

£

Za)

conds_history [tem* B | EX::describe &4 #
DESCRIBE_EXTENDED H, 3% # /> F £ 2~ 7 A
3k # 7 conds #1 having. & W mysql_select

having_history [tem*

2.
tables uint T oeb T A A A%, £ WL JOIN: iprepare
join_tab JOIN_TAB* JOIN_TAB # 41, # tables A/N, 5 I,

make_join_statistics &4t

fir A

const_table_map |table_map

found_const_table |table_map
_map

outer_join table_map e shERE R, 5N
make_join_statistics

7, JOIN_TAB

% %A WA
dependent table_map

key_dependent table_map

embedding_map  |nested_join_map |HEEERABEHKEL K. H
NESTED_JOIN: :nj_map & k. % W,
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on_expr_ref [ tem** JOIN # 1 4F #9 ON F 4
+,THD
% XA WA

temporary_tables

options ulonglong # W, JOIN: :select_options
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FF SQLHEEMITRE
BT EERE

—A> SQL 8 Z LT G , 5 440 i iy %E*A*%%‘ﬁé@ﬁ%éﬁﬁ}\ﬂ /I\M@J Y ML
BAEE L. EERERRRAE LR T e R A mATIATE S, B

nest_Toop( tab )
{
for rowi in tab
for rowj in tab+l
if( rowi match rowj )
{
result = rowi join rowj;
if( tab + 1 is the most inner table )
return result;

else
nest_loop ( tab + 1 );
}
}
—,EAH
(1) |—> mysql_union —> SELECT_UNIT::prepare —> SELECT_UNIT::exec
| | |
handle_select —> | | | —|
| \|/ \|/
(2) |—> mysql_select —> JOIN::preapre —> JOIN::optimize —>JOIN::exec

SQL By $hAT A W 4% £ Z o A B 42, — N UNION 21 17 WL T W HAT 842, KB | (1) fr
T, — /BN SELECT B AT B 42, KB i (2) B .

bool mysql_select (THD *thd,
[tem ***rref_pointer_array,
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TABLE_LIST *tables, //#18# K %k ,SELECT_LEX::table_list

uint wild_num, // * F B #y4~%k,SELECT_LEX: :with_wild
List<Item> &fields,//SELECT_LEX::item_list

COND *conds, //where ¥4 ,SELECT_LEX: :where

uint og_num, //SELECT_LEX:: (order_list.elements+group_Iist. elements)
ORDER *order, //order ¥4 ,SELECT_LEX::order_list

ORDER *group,//group ¥4 ,SELECT_LEX: :group_list

Item *having, //having ¥4 ,SELECT_LEX::having

ORDER *proc_param, //procedure #{E# % % ,SELECT_LEX: :proc_list
ulonglong select_options,

select_result *result, //Z% %%

SELECT_LEX_UNIT *unit,

SELECT_LEX *select_lex)//#m JOIN 2 31 % Bk

[IZEABE W EEZ BT
JOIN *join;

/1

if (select_Tex—>join != 0)
{

/] ZRHAT

Jjoin= select_lex—>join;

join—>change_result (result)

/3%

Join—>prepare (rref_pointer_array, tables, wild_num,
conds, og_num, order, group, having, proc_param,
select_lex, unit)

felse

join= new JOIN(thd, fields, select_options, result);
Jjoin—>prepare (rref_pointer_array, tables, wild_num,
conds, og_num, order, group, having, proc_param,
select_lex, unit)
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/14
join—>optimize() ;
/1 $#AT
join—>exec();

}

ZLEE

int

JOIN: :prepare (Item ***rref_pointer_array,
TABLE_LIST *tables_init,//248 th ¥ & th %
uint wild_num,// * FEAN%
COND *conds_init,//where ¥4
uint og_num,//SELECT_LEX:: (order_list. elements+group_1list. elements)
ORDER *order_init, //order ¥4
ORDER *group_init, //group ¥4
Item *having_init, //having ¥4
ORDER *proc_param_init, //procedure % #t
SELECT_LEX *select_lex_arg,//#2 JOIN % 51 7 Bk
SELECT_LEX_UNIT *unit_arg)

EX S

if (! (select_options & OPTION_SETUP_TABLES_DONE))
setup_tables_and_check_access(...);

setup_wild(...);// BIF*5 B

select_lex—>setup_ref_array(...);//4 . ref_pointer_array 41

setup_fields(thd, (*rref_pointer_array), fields_Iist, MARK_COLUMNS_READ,

&a11_fields, 1);//x A& #4746k ref_pointer_array %t 41 : $ 41 e 77
//fields_l1ist.elements /N0 &

setup_without_group(...);
setup_conds(...);//
setup_order(...);//XA @ #E order F4H H B AW F B LE (), £

/1 E I F BRI R P FE) MNE TR &

setup_group(...);

if (having) {...};
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if (order) {...};
setup_ftfuncs(...);
setup_procedure(...);
result—>prepare(...);
rolTup_init(;
alloc_func_list();
}
bool st_select_lex_unit::prepare(THD *thd_arg, select_result *sel_result,
ulong additional_options)

SELECT_LEX *first_sl1= first_select();
sl = first_sl;

if (is_union)
{ /R EEEERE

union_result= new select_union;
}
/] % —/UNIT 4 9 2 1 v % JOIN Xt £
for (;s1; sl= sl->next_select())
{

JOIN *join= new JOIN(thd_arg, sl->item_list,
sl—=>options | thd_arg—>options | additional_options,
tmp_result) ;

saved_error= join—>prepare(...);
}
if (is_union)
{
//union_result 4 2 # |5 %
union_result—>create_result_table(thd, &types, test(union_distinct),
create_options, "")
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result_table_list.db= (char*) "";

result_table_list. table_name= result_table_list.alias=
(char*) "union";

result_table_list. table= table= union_result—>table;

fake_select_lex—>join= new JOIN(thd, item_list, thd—>options,
result);
fake_select_lex—>join—>prepare(...);

EAHBEHE U TH S
v ELEE
SN B N A

W 3% HE T 3E AL K 4 B B on_expr & 9F 2| where 41 1 4 on_expr B & (X B %

B 0 RRAT AR A5 A U 4 B B9 RRAT IRE— ).
AR E W H
v where #1 having 4 4k 1t
v WRESITEE
int JOIN::optimize()
{

if (sel->first_cond_optimization)//#& — kAT & 1L
{

sel—=>first_cond_optimization= 0;
conds= simplify_joins(this, join_list, conds, TRUE);

/I RN B SRS
build_bitmap_for_nested_joins(join_list, 0);

}
/1 1E Ak where 41
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conds= optimize_cond(this, conds, join_list, &cond_value);

//E Ak having 41
having= optimize_cond(this, having, join_list, &having_value);
/ /4 R INAE A 58 F B B where 33 having 18 (] 0 where 1=2) , | 3x AN & 19 1R A 2t
TRBATT
if (cond_value == Item::COND_FALSE || having_value == Item::COND_FALSE ||
(funit—>select_Timit_cnt && ! (select_options & OPTION_FOUND_ROWS)))

return;

make_join_statistics(this, select_lex—>leaf_tables, conds, &keyuse);

select= make_select (*table, const_table_map,
const_table_map, conds, 1, &error);

reset_nj_counters(join_list);

make_outerjoin_info(this);

make_join_select (this, select, conds);

}

1) L iE#E
B EZELENEE R A JOIN B, (C,D,E) ) on (...), U =F 5Lt fEATH
top_join_list

(nest_Tast_join)

/ \
A (nested_joinl)
/N
B (nested_join2)
/N N\
C D E

static COND *
simplify_joins(JOIN *join, List<TABLE_LIST> *join_list, COND *conds, bool top)

{
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// M top_join_1ist JF 44 i & B -
/11,1t B B4 51 used_tables &
/12,7 E&N 5 R B dep_tables
while ((table= 1i++))//11 % join_list ty)m e 2
{
if ((nested_join= table—>nested_join))//# &4 &
{
if (table—>on_expr) //f|4r (nested_joinl)
{
expr= simplify_joins(join, &nested_join—>join_Iist,
expr, FALSE);
}
conds= simplify_joins(join, &nested_join—>join_Iist,
conds, top);
Jelse// ¥4 &
{
if (!table—>prep_on_expr)
table—>prep_on_expr= table—>on_expr;
used_tables= table—>table—>map;
if (conds)
not_null_tables= conds—>not_null_tables();
}
/¥l RIS B i L o W
//4m:select a.col, b.col from a left join b on (a.coll = b.coll )
// where b.col < 10
[/ XA AN R T AL, B YR a I T FICE b AT, EANEET
//b. col ¥ 4 %, T b. col <10 X AN Fo 4 T R 4 X N AT, 5L I 201 ) R ey 45
[/ RN EET RN, B, SO AN B T LB Lo N R AE
//where 44 i 4n: b.col is null # nvl( b.col, 'DD') = ...Z X F#
JIER BB FERARE, XA EERT 2.
/3¢ R E AT on_expr Rk XA
if (Itable—>outer_join || (used_tables & not_null_tables))
{
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}

table—>outer_join= 0;
if (table—>on_expr)
{
/ /¥ on_expr 3 X conds
if (conds)
{
conds= and_conds (conds, table—>on_expr) ;

Jelse

conds= table—>on_expr;
/1A R A JE WA table FIEALT
table—>prep_on_expr= table—>on_expr= 0;

if (!top)continue;

//0nly inner tables of non—convertible outer joins
//remain with on_expr.

if (table—>on_expr)

{

//dep_tables 3 +& on_expr ¥ F & 8 %
[/ 4. a join b on ( a.col = b.col )
// M b—>dep_tables ¥ & 4 a
table—>dep_tables|= table—>on_expr—>used_tables () ;
if (table—>embedding) //ix & —/N#H k£, Fldm, (A,B)
{
[T =B 4 E TR (BB T) T LR
table—>dep_tables&=
~table—>embedding—>nested_join—>used_tables;
[/ BT R R E A BT
table—>embedding—>on_expr_dep_tables|=
table—>on_expr—>used_tables() ;
jelse
/B EAHE
table—>dep_tables&= ~table—>table—>map;
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}
if (prev_table)
{
//The order of tables is reverse: prev_table follows table
//EBRZZ a join b #,b & prev_table
if (prev_table—>straight)//STRAIGHT_JOIN
prev_table—>dep_tables|= used_tables;
if (prev_table—>on_expr)
{
prev_table—>dep_tables|= table—>on_expr_dep_tables;
table_map prev_used_tables= prev_table—>nested_join ?
prev_table->nested_join—>used_tables :
prev_table->table—>map;
if (! (prev_table—>on_expr—>used_tables() &
~prev_used_tables))
prev_table—>dep_tables|= used_tables;

}
prev_table= table;
}
£R T
top_join_list
|
(nest_last_join) —> (A,B,C,D,E)

/ \
A (nested_joinl) —> (B,C,D,E)
/N
B  (nested_join2) —> (C,D,E)
/NN
C D E

¥ 2 F7 SR % used_tables

[/ — SR b B kB

/] — % (nested_joinl) Fa A 2 J&] 2 < ] # v By b 5

/] B RRAT B (nested_join2) £ & 5t & T 7 LAF3E AL B, 3X AN 45 B fn (nested_joinl)
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WX B A TR B on_expr R R oA, FHEAE WL R T :
top_join_list
|
(nest_last_join)
/ \
A (nested_joinl)
/N NN
B C D E
%£4F A JOIN (B,C,D,E) on (...)
/&R = g% (nested_joinl) fr A z 8] 2 W 3, NIl (nested_joinl)—>on_expr & 7 @
E4#E R, Hk, (nested_joinl) 427 DL F3EfL ey, 45 R4
top_join_list
|
(nest_last_join)
/2 U U
A B C D E
&ZH#F A,B,C,D,E where (...)
}

2) &k
static COND *

optimize_cond (JOIN *join, COND *conds, List<TABLE_LIST> *join_Ilist,
Item::cond_result *cond_value)

if (!conds)
*cond_value= Item::COND _TRUE://% & 4728 &
else

{
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3) &G it i
top_join_list
/ \
(nest_last_join) F
/ \
A (nested_join)
/o \
B C (nest_last_join)
/ 0\
D E

A JOIN (B, C,DJINE) , F

1B3% T 8 make_join_statistics bL b T X 4% M AT A% h #2162t £

static bool

make_join_statistics (JOIN *join, TABLE_LIST *tables, COND *conds,
DYNAMIC_ARRAY *keyuse_array)

/] RA

table_count=join—>tables;

X2 X e E &

stat=(JOIN_TAB*) join—>thd->calloc (sizeof (JOIN_TAB)*table_count) ;
stat_ref=(JOIN_TAB**) join—>thd—>alloc (sizeof (JOIN_TAB*)*MAX_TABLES) ;
table_vector=(TABLE**) join—>thd—>alloc (sizeof (TABLE*)*(table_count*2));

for (s= stat, i= 0; tables; s++, tables= tables—>next leaf, i++)
{
TABLE_LIST *embedding= tables—>embedding;

s—>dependent= tables—>dep_tables;// s & & W K B %k
s—>key_dependent= 0;

s—on_expr_ref= &tables—>on_expr;
if (*s—on_expr_ref)//4w E
{
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if ((Itable—>file—>stats.records||table—>no_partitions_used) &&

lembedding) // lembedding && *s—>on_expr_ref By % &

s—>dependent= 0;

set_position(join,const_count++,s, (KEYUSE*) 0);

continue;
}

outer_join|= table—>map;//table_map
JITERFENRESE S AN, B AEME R
//% 3L NESTED_JOIN: :embedding_map % ¥

continue;

if (embedding)//#= A,B,C,D

{

}

[IWHERTRN R ESE S AN, B EEME R
//#% W NESTED_JOIN: :embedding_map i, A

//it & outer_join

continue;

if ((table—>s—>system ||

table—>file—>stats.records <= 1 ||no_partitions_used) &&

Is—>dependent &&

(table—>file—>ha_table_flags() & HA_STATS_RECORDS_IS_EXACT) &&

Itable—>fulltext_searched)

set_position(join,const_count++,s, (KEYUSE*) 0);

stat_vector[i]=0;
join—>outer_join=outer_join;//f# W shik %k
if (join—>outer_join)

{

//
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}

join—>join_tab=stat;

join—>mapZtable=stat_ref;

Jjoin—>table= join—>all_tables=table_vector;
Jjoin—>const_tables=const_count;
join—>found_const_table_map=found_const_table_map;

W, 347

1) 84> SELECT B9#UIT

void

JOIN: :exec ()

{
/1A R B
if (Itables_list && (tables || !select_lex—>with_sum_func))
{

return;
}
JOIN *curr_join = this;
List<Item> *curr_all_fields= &all_fields;
List<Item> *curr_fields_list= &fields_Ilist;
TABLE *curr_tmp_table = 0;
//
if (select_options & SELECT_DESCRIBE)
{

return;
}
if (need_tmp)//3 1
{
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if (tmp_join) { curr_join = tmp_join; }
curr_tmp_table= exec_tmp_tablel;
//Copying to tmp table

if (curr_join—>group_list || curr_join—>order)
{
//Sorting result
}
if (is_top_level_join() && thd—>cursor && tables != const_tables)
{

}
else

//Sending data
do_select (curr_join, curr_fields_list, NULL, procedure);

}

2) &4~ SELECT (UN1ON) B9 14T

16— AN UNIT %5 & T 0 SELECT 4 A AT, 2 W T H, &1 &2 AR TUE B UNIT FF 44, %
“HRUERMUNITE EREAN—E 2T HY, TEHETEHRARARMAEFHAT, &
W, & T T 21 B 8.

start from here —> SELECT_LEX::unit
/ \ \
sell sel?2 sel3
|
unit —> Item_subselect
/N
sel3.1 sel3.2
bool st_select_lex_unit::exec()
{
/AT — A UNIT, ] 4m sell,sel2,sel3 # # sel3.1,sel3.2

36



MySQL #4F

for (SELECT_LEX *sl= select_cursor; sl; sl= sl->next_select())
{
sl=>join—>optimize () ;
sl->join—>exec();
}
//#AT fake_select
init_prepare_fake_select_Tex(thd);
JOIN *join= fake_select_lex—>join;
it (1join)
{
fake_select_lex—>join= new JOIN(thd, item_list,
fake_select_lex—>options, result);
}
mysql_select (thd, &fake_select_lex—>ref_pointer_array,
&result_table_list,
0, item_list, NULL,
global_parameters—>order_list. elements,

(ORDER*)global_parameters—>order_list. first,

(ORDER*) NULL, NULL, (ORDER*) NULL,

fake_select_lex—>options | SELECT_NO_UNLOCK,

result, this, fake_select lex);

E1:

need_map 7£ JOIN: :optimize ¥ {8, E 40 T :

need_tmp= (const_tables != tables &&
((select_distinct || !simple_order || !simple_group) ||
(group_Tlist && order) ||
test (select_options & OPTION_BUFFER_RESULT)));

i, ¥EH

MySQL v & T 2234 SE I B 4k, 3 20 i B R AN Ttem 4k R IR, 2 LT H MK R A :
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% P, B

Item

|__Item_result_field

|__Item_subselect

|__Item_singlerow_subselect 4n where a=(select ...)

| |__Ttem_maxmin_subselect

|__Item exists_subselect #mexists (select ...)

|__Item_in_subselect #min (select ...)

|__Item_allany_subselect
subselect_engine i % 3% 5 & 14 19 $ 4T
Sql_alloc

|__subselect_engine

|__subselect_single_select_engine BN A

|__subselect_union_engine UNION #y ¥ #14

|__subselect_uniquesubquery_engine

| __subselect_indexsubquery_engine

void Item_subselect::init(st_select_lex *select_lex,
select_subselect *result)

/]3> 6 B S A Ttem Frn H IR 35 8y F 2598 (UNTT) 2 J8] 89 % %
unit= select_lex—>master_unit();

if (unit—>item)
{
unit—>item= this;
felse
{
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SELECT _LEX *outer_select= unit—>outer_select();

// T T #9 engine A4 1% i 4k o &7 51 UNIT A Item x #
if (select_lex—>next_select())
engine= new subselect_union_engine(unit, result, this);
else
engine= new subselect_single_select_engine(select_lex,
result, this);

A B AN AN TFEERAR, KL AT AR F £ select_lex W5 A, H b, £ R #E X
WKL, ZFEWRE S HATT B

HiE > A

::fix_fields —> engine—>prepare —> JOIN::prepare or SELECT_UNIT::prepare

RKE > AT

[tem subselect::val_* —> Item subselect::exec —> engine—>exec —> JOIN::exec or
SELECT_UNIT: :exec

BTV &ERE

39



	第一章 MySQL主要结构
	第一节 MySQL主要对象关系
	第二节 表定义及表
	一,TABLE_SHARE和frm文件
	二,TABLE

	第三节 SQL语法解析及执行
	一,LEX
	二,SELECT_NODE,SELECT_LEX和SELECT_UNIT
	三,TABLE_LIST
	四,Item/COND
	五,JOIN
	六,JOIN_TAB
	七,THD


	第二章 SQL的主要执行流程
	第一节 连接操作
	一,主入口
	二,准备
	三,优化
	1)简化连接
	2)条件优化
	3)收集统计数据

	四,执行
	1)单个SELECT的执行
	2)多个SELECT(UNION)的执行

	五,子查询

	第二节 结果集


