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select 0 0 employees 0000000 OO TOEIC_ _score >= 6000 0 00O
000000 00ooooododooooo0 named00dooooOog
0000000000 D0O0D000DdOselect 00O select...from...where...
0000000000000000Onamed TOEIC_score0 00000
00000000000 oooooooooooooooogs>=
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select name from employees where TOEIC_score >= 600 and age < 40
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// 00000000000
SQLResult* select_-from_where(charx col, Tablex tbl, charx cnd) {

}

// 00000

#define select select_-from_where(
#define from

#define where |,

#define end );

// 0000 employeesd TableDDOOODOOOOO
SQLResult* result =
select "name” from employees where " TOEIC_score >= 600" end

023 000000000000000 SQLO selectOODOO

000 select 00 where D0 000000000000 000O0ODOOO0O00O0OO
goboooooboooboooooooo



020 0000000000 14

select "name" from employees where "TOEIC_score >= 600" end

O select O select_from_where(d O from 0 whered , 0 0end 0); O
ogooooao

select_from_where("name", employees, "TOEIC_score >= 600");

goobobbooooooooooobooboobobbboo 21000000
ggbobobuboobdgbobobobobooobobobobob
gbboboooooboboooooboboooobooboooboooboon
gobobooooboboooboboobog210b000000Db00
end00000000OOselect00000O0O0DOOOODOOOOOOO
gboboboooobobobooobooobooboooboobobon
O00ooboo0oooboDbouobDDselect00nooOOoOoOoooO
00 select 0 fromOwhered end 000000000 OO0OCOOOODO
gboboboobooooboboooboboboooobobobon
goboobobooboobooboobooboooboobobooboo
gboboboobobobooooboboobooooobobon
gboogoobooboobboobuoobobooobooo

goboooboooobooobooobooobooboooboooboobooobo
gboboboboobooboboboboobobobboboobon
gboboboboooobobobooboboooobobobon
goboooobooboobooboobooboboobooboobobooboo
Ooooooboobooo 240 C++000000O0DO0OOOOODO 210
gboogoobooboogoogd

select(name) from(employees) where(TOEIC_score >= 600)

O select(name) O (new Select("name")) D0 OO O0O
from(employees) O ->from(employees) U Owhere (TOEIC_score >= 600)
0 ->where("TOEIC_score >= 600"); 000000000

(new Select("name"))->from(employees)->where ("TOEIC_score >= 600");

OO000OD00OnameO select DO O O0O0O0O0OOOOOOOODOODO
gboooooopoboboboooobooboooooooobbooooon
gbbobooboboboobobobooboboboooboon
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class SQLResult {
public:

SQLResult(char*x col, Tablex tbl, charx cnd) { ... }
¥

class From {
private:
charx col;
Tablex tbl;
public:
From(charx col, Tablex tbl) : col(col), tbl(tbl) {}
SQLResult* where(charx cnd) {
return new SQLResult(col, tbl, cnd);

}

}

class Select {

private:
charx col;

public:
Select (charx col): col(col) {}
Fromx from(Tablex tbl) {

return new From(col, tbl);

}

¥

// 00000

#define select(s) (new Select(#s)) // #sO000s00D000

#define from(t) —>from(t)
#define where(c) —>where(#c);

// 0000 employees TableDODDOODDODDODOODDOODOOO
SQLResult* result =
select (name) from(employees) where( TOEIC_score >= 600)

024 00000000000 SQLO selectOOOOO

0000000000004 000000000000000000
gboboboobooooobobobobooboboboboboon
goboobooboobooboobobobobooooboobobooboo
gbooobobooboobboobuooboobbod

#define MUL(a,b) a * b
goooooooooooooo
MUL(1 + 2, 3 -4) /2

O

1+2%x3-4/2

00 from 00 where 00 0000000000000 O00O0O00DOOOOOOCOO
Oo000o0oooooo00oooooo0o00oooooo0O0ooooooOogdfrom
gobooooboooboooobooooo
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gbobobobuooboobobobobooboooobooboobob
googn

gooobooboobooboboboobobuoboobobooon
gbobooooobobuoooobobuooboooboooboaobob
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222 00000

0000000o0000oooo0o0o0ooooooooooOooon
00000000000 0ooooo00ooooooooooooooon
O0000o0ooo0ooooooooooooooooooooooon
O00O0O000O0b00O0o0oO0obOoobO0oO0obOoOo0oOon 250 LispOoOd
000000 SchemeOOOOOOODOOOODO 21000000000
O0000o0oooooooooooooooooooooooooon
000000000 Odefine-syntax 0000000000000 select O

;, 00000000000
(define (select_-from_where col table condition)

)

;,, 00o0o0oo0oocooODooooooo
(define (greater—equal col val)

)

;;, 00o00ao
(define—syntax select
(syntax—rules (from where)
((select col from table where condition)
(select_from_where 'col table condition))))

(define—syntax >=

(syntax—rules ()

((>= col val)
(greater—equal 'col val))))

;, 00 00 employeesO0 0 0OD0ODO
(define result
(select name from employees where (>= TOEIC_score 600)))

O 2.5: Scheme DO OODO0OO0O0DO0O SQLO select 0O OO0

O00>=0000000000000D00syntax-rules0 0000000
goboooboooobooobuoboooboooboooboboo
O0D000000D00O00O00O0Oselect 0000 from O whered OO
0000 O (select col from table where condition) O (select_from_where
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"col ’table condition) 0 OO0 0O>=0 000 (>= col val) O (greater-equal
‘colval) DO OO OO

bgboobobobobooooobobobobobobooogooon
00000000000000D0O(select col from table where condition)
gooooobbooooooooooooooooooobbuooooo
gogbbbboooouobbbouoaobbuooubbbiod name
O TOEIC score 00D O0O00ODOOODOODOODOODOODOODOODOO
goo0oooooooobooobooooboooobooobooo
gogobobobbboduoooobobooboboddoooooubooog
Scheme 0O O0OODO0OODOSOODOODOOODOODOODOOODOODOODO
goooooboboboooooooooooobooboobobooooo

g2s0dbbdobobodobooobuoobobooobooobo
>>0000000000000000D0000000Scheme00OOn
gb260000000000000000O0O00O0O00O0O0ODOOO0OO
let-syntax 000 000000000000 OODOOOOOOODOOOOO
O00000000000000000000000000,(syntax->datum
(syntax (begin expression ...))) 000000000000 Oselect 000
O>=00000000000000D00000 sqlsyntaxd0 00000
O0selectDODOOOOOOOODO

Scheme 0000000000000 0O0O0DOOOOOOOOOODO
ggboodooobobogoboobooobbooouobooubooboa
bbb boooobtooobboooobooobooboo
OU00oooou0bDbooouboDODsgl-syntax00 00000 select O
O00sqlsyntax 00000000 select OO0 O0DOOOOOOOOO
000 datum->syntax 00 000000000000 0OOOOOOOO
goboobooboobooboobooobooooboooooooobo
260000 sql-syntax OO0 OO0 0000

goobooobooobooobobooobooobooooboobon
goboobooobooobooboooboboobooboooboooobooboo
ggbooobooduoboouobooobouoboooboooooboa
O datum->syntax 0 0000000000000 O0O0OOOOOOOO
goboooboooooboobooboooboobobobbobogd»>=0
000 whereOOODOOODODOODOOODODOOOOODOOODOO
gogooon

Scheme 0 O0OO0ODOOOO0ODOOOODODOOODOOODOOODO
bbb obuooooubobbuouoobo
goooobobobobbbooooooooooooooboo
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;,, 00o00o0ocooo0oao
(define (select_from_where col table condition)

)

;,, 000000000000 0oDo0OO
(define (greater—equal col val)

)

;;, 00000
(define—syntax (sql—syntax x)
(syntax—case x ()
((sql—syntax expression ...)
(with—syntax
((expr (datum—>syntax
(syntax k)
‘(let—syntax
((select
(syntax—rules (from where)
((select col from table where condition)
(select_from_where 'col table condition))))
=
(syntax—rules ()
((>= col val)
(greater_equal 'col val)))))

.(syntax—>datum (syntax (begin expression ...)))))))
(syntax expr)))))

;, 0000 employeesd 0000
(define result
(sql—syntax
(select name from employees where (>= TOEIC_score 600))))

0 2.6: Scheme 0000000000 SQLO select 00D OODOOODO
god

2.2.3 Scala

Scala3] 0000000000000 DOOUODOOUOOOUOOUDOOO
O0O0000DOoOO0ODO00DOO0O0O0000 implicit conversion 0 0O O
O0000O00D0OO00DODO00DO0O0DO0O0ODOOOScaladdn
goboobooobooboobooboooboooobooboooboobobooboo
gboboooboboooboboobobobboooboobobon
gobooooobboooooboobooooobbboooooon
O Oimplicit conversion 0 0000000000000 ODOOOOO0ODO
gboboogbooboooboboobbobobobooboobonooboobo
O00000DO0O0OD0OD0OO00OD0O0O000 270 Scalad0D0OO0O 21000
goooooogoogog

sql select '"name" from employees where "TOEIC_score" >=" 600

gboooboboobgoaoo
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class Column(col: String) {
def >="(value: Int) = new SQLCond_-GEQ(this , value)
}
abstract class SQLCond
class SQLCond_-GEQ(col: Column, value: Int) extends SQLCond

class SQLResult(col: Column, table: Table, cond: SQLCond)

class From(col: Column, table: Table) {
def where(cond: SQLCond) = new SQLResult(col, table, cond)
}
class Select(col: Column) {
def from (table: Table) = new From(col, table)
}

object sql {
implicit def stringToColumn(str: String) = new Column(str)
def select (col: Column) = new Select(col)

}

import sql._
val result
= sql select "name” from employees where "TOEIC_score” >=" 600

O 2.7: ScalaO 00O SQLO select 00000

sql.select("name") .from(employees) .where ("TOEIC_score".>=~(600))

O0000000D00DOsglselect 0000 Column O 00O String O O
000000 sql.stringToColumn OO0 00000 O implicit conversion
O007name”’d Column OO O0OO0OOO”TOEIC _score”’0 00 OO0
String00>="00000000000000O0O implicit conversion O O O
O ColumnOO0O0O000O0ColumnO0O>="0000000000

Scala 0000 ODO0OODODOOOOODOODOODODOODOOODOO
oo0o0bOo0obOo0obOoboboboboboboboobobobOobobo
0000000000000 0sql0O000 2100000000000
000000000000 0000000O0Scalad00O0O0OO0OOOOO
000000000000 00O0000O0bO0000000O named
TOEIC_score 000000000 DOOODOODOOOOOOScaladnOOd
000000000000 0D0O0DO000O0O0goO>="0000oooag
ooooooo

implicit conversion D O 00 0OO0O0OOOOOOOODOOOOOOO
0000000 270>=0000>=>"0000000000000000
0000000000000 String0000O0DO0ODO0ODO implicit
conversion 0 000000000 D0DOO0OOOODOODOOOOODOOOD
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00O000O000O0bO0o0bOo0ooObOOo0ObOOobOOoo0DbOoobOoooo
O00D000oO00ooOOooooooooDooooooooooooooag
oo0

Scala 0O O0O0OD0OD0OODOODOODOODOOODOODOODOODOODOO
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ONOOOO

goboooobooobooooobooooobooooboog ND
gbobobobbobooooboboboboooobooboobob
googooooo

3.1 00U

ooboboooboboboooboboboo N NOboobobuoooo
gboboboo NDbOOOooObobobooboboboobobo
gboboooooboboboooboboboboobooboooooon
gb210000000000000 310b0b00boboobobon
gboboobobobooogboboboboooobobobob
gboboooooboboooboobooobobooooboooobo
Joodooooooboood»>=000do00ooobbbboooo
guooouooobbbt>=0b0gdooouooobbbboodoa
gboboboobooobobobooobooooboobobooog NGO
0000000000000 0000 whereDOODO SQLODOOODO
OO0O0DOoOoOoOosSQLuobooooooDbo»>=0000boo

3.1.1 NOOOOODOOOoOo

NOOOoooooboobbooooboobooboobbooooo
gbobobobobobuoboooobobobobobobobob
ooooobo 3200 3100000000000 0NODOODOODOO
gboboboboooboboboooboobobbooboooobon

SQLResult result =
select name from employees where TOEIC_score >= 600;

031: 000000000 SQLO select000DO0O




0O~ O Ui W

030 DbObObObOobOobOoboNDbOoDOo 22

operators SQLOperators {
SQLResult select :col from :table where :cond
(readas Column col, Table table, SQLCond cond)
priority = 100 { ... }

SQLCond :col >= :val(readas Column col, int val)
priority = 200 { ... }

O 32: SQLO select OO OO0 NOOOODOODO

0000000000 ONDOODOODODOODOOODOOODOODDOO
000000000 3.20000 select, from, where, >0 0000000
g0bO00bO0o0bO0o0oboobooobooooooNODbODobODOOobOoo
O0OooOoNOOODOOOoOoobhooooboboooo 3.20000 :col,
:table, :cond, :val O OO0 DOO0O0OOOOOOOOODOOODOOODOO
000000000000 0000000DO0DO0Db0DO0ODOAO :table
O TableOOOOO table OO OOOOOOOOO 3.100 :tabled OO
O TableUODUOODOOO employees OO ODOOODODOOOOODODOO
O00bO0obO0o0OO0o0O0o0bOobOOooOOobOo0oooOobobobOobOooo
00000000000 00000bO000oo0OoooooDooooooo
gobboobooboobobooboobbooouobooboobooob oo
O00O000O0O0bOO00obO0o0ooOobOOoooOOooboDOoooobooOoboo
OO0oOooooood

3.1.2 readasOOOO0O

0320000:col000000000000O readas Column 0000
000000000000 000000000 ColumnOOODOODODOO
000000000000 000000 String000000OODOODO
OO0 Column OO0 O00D00O0OODOO0ODOO0O ColumnOOOOODOO
0000000000000 D0000000000 ColumnOO00 Java
O0b0o00oobobboobbooboboouobouonoDog 31000 Uselect
O0:col00D000000O00O0O0O0O nameO0O0OOselect0O0D0OOOO
000000000 new Column("name”) 0000

3.1.3 000

oNOOOOoboboboboboooobooooooooo

: priority = 00O
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000000000000 ooooooooooooooooooog
0000000000000 00000000000oooooooog
O00000000DO0OD0 3.20000 select :col from :table where :cond
0000010000000l >=wvalOOOOO2000000000000O
O00000000000ONODOODOOOO0OOoO0O0oO0ooooooooog
000000 NDOODOOOODODOooODOoooooDoooooooooo
000000D00do000o000o00od0odo0ooo0oo0UdonoO N
0000000000000 000000000000000000Do0g
O00DO0oO0o0oOoNOODODODODOODOODODOOooDoooooo
O00000o0oooNODODOoDooooooo

3.1.4 0000

NOOOooDoooooobooboobooboobooboobooob
gboboobooboboboooobboboboooobooboon
gboboboboooobobobobobooooobobobobon
goboobobobobobooo3sbobooooogonoong 3.30
gboobooooboobooooooooo-~obobbooooooo-gn
00000000000 0BitSet 00000000 ODOODOOODO
OO-OODouwbleDOODOOODOOOODOOOOD-ODOUOODOOOD
OO0O0DOCO0DOO0 ObjectDO0DOOODOODOOOODOOODO
googoobooboooo

operators BitOperators {

// Exclusive or

BitSet :left " :right (int left, int right) { ... }
}

operators MathOperators {
// Exponentiation
Double :left ~ :right (int left, int right) { ... }

}

BitSet xor =3 "~ 4 /] 7
Double exp =3 ~ 4 // 81
Object obj = 3 ~ 4 /] ?

033 0b00buooboboobuoobobooboobboobooon
gboogobooboobboobooboobbod
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3.1.,5 NOOOOODOOOoDOOoOooDOoo

NOOOooboobooboobooboobooobooobooo
gbobooooboboboobbobooboboboooboobon
goboooboooooNOODbOODbOoOoOoobooooobbooo
gobo0b0o0oooo 34000000 NDOODOODOO staticO OO
gbobooooooboboooobOstaticD 000000 O0O0O0OOO
OUO0O0O0Oreadas0000D000O0DOOO0ODOOOODOOODOOODO
uboobooboobooobooboooobooooo

SQLResult result =
SQLOperators.select_from_where(readasColumn(”"name”), employees,
SQLOperators. greaterEqual (readasColumn (" TOEIC_score”), 600));

034 031000000000

3.2 00O

gbopoooboboobooooobooboboooobobooboon
goboobooboobooboobooboobobobooboboboo
gbboobobooboobbooboobbooboobbodo

3.2.1 0000

Oo0ooooo0ooooooooooooooooooooooon
00000000ooooooo0ooooooooooooooooon
ooooooooog

O00oo0ooooooooooooooooooooooooooon
00000000000 00o0oooo00ooooooooooooon
0000000 3.200000select, from, where, >>00000000
O0000O:wcolDDODODODDODODO Collumn 0000000000000
0000000000000 00000000000000000000
ooooo

00000000ooooo0oooooooooooooooooon
Oo00oOooooo 32000

select :col from :table where :cond

:col >= :val
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Oo0oOOodboObOooooboOo31000noooooooooooooooa
ScalaO0O0ODOOD0OOO0ODOODOOODODOOODODOOOOOOOOOO
O000000000DOO0O0D00D0O00DdOselect :col from :table where
:ccond 000000000 O0OOOOO0DOOO0OODOOODOOODOOOOO
000000000000 0000000000DO00000oOooog
O000000doO0ONOODODOOODOOoOoDODOoooooooooo
0d0d0o0doodoo0ooooooooooooooooooog
ooogd

dodo0Do0ooDoDoooDo0oDoDo0ooDoooDoooOoooooDOoon
O0ONOODOOODOOODOOOOOOO03200000:conddO OO0
SQLCond 00000000000 0ODODODOODO 3.10:conddO0O
O000000SQLConddOOO:col y=:valOOOOODOODOODO Owhere
odo0dooooooooooog
NOOOOOOOOOO0OO0O0ODOO0o0o0OOooooooooooonooo
O00O0oONDODOOOBNFOOOOOOOOODODOOOOOOO
00000 TnOOD0O0OODOODOOODOOOODOOOvnODOOOOO Tn
-vn0O0OOO0O0OOO0BNFOOODOOOOO TnODOOOO Tn -
valdvn OO OOOOODOOO0OOO0OO0OOO0OO0OvnOOOOODOOODOO
O0dd0do00ooooooooooo NODOOoooooooo
00000000 O0oOooONDOOODO BNFOOOODOOOOoOO
ooooooo

3.2.2 00000

oooboooboboboooboobobo NODObDOoOoboboobooo
goboobooobooobooobobooo NOODOooOoDoobooDbo
oboooooNOOOOoooooooooooooooNDooonoo
obooboobooboboobooboobouooobooobooog ND
Ob00ob0O0o0b0oboo0o0ob0o0ob0OoNOODOODOO0OD staticOOOO
gboogoobooboobbooboobbooobboobooon

OoO0ODO0O0ODODODOOOO000 SchemeODODOOOOOOOOOOO
gobooboboobobobooboboboboboboobob
gboboboboooobobobobooboboboboobon
oobooboooboooooNOOObOooboobobooobobooo
OO0O00D0ONOOOODOOOOOOOODOOOODOOOODOOScheme
gbobooooboboobobooooboboobooobo NODODbOo
goboobooobooooobooboobooobobobooobooboo
gboooboboobuoobboobuooboobbod
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gobooboobuodoboooboobooooboooooobooooo

gboboboobooooboboobobobouoooobobobon
vbobogbuobobuobuoboobobooboooobobob
gbobooNDOODOoOooobooooooboboooobobo
gboboboobooobobo NODObDOoooobuoboooobobo
gooboooboooboobooobooboooNObOooboooooboo
gbobobooboboobobooboobooboooobobobo N NDODOo
googobooboobooaon
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gbobobobooooooobobobobooooobobobon
gbobobobuooboobobboboboboooobobobob
gbobobooboooobobobooboooboobobbobooobogon
gbobooooboboobobuoboboboobuoboboobon
gbobooogbobobodgbobuobooobobbuoobobob
gooooo

NOOoDooooboboooo NbDOobOoobobuoboooob
gobooboobooNODbOoOobOoobooobooooobooboboo
gobooboboooooNDbOooboobbOobooboobboobooo
ONOOOOooboogoooobuobobooobuobuobooobuobo
gbobobuooboobobobooboobobobuooooboon
gboboboooobooobooooboboboooobobon
goooboooboobobobobobobobooooooooooboono
NOOOOooooooobooobooooboooboooboooooo
gobooooooNOObDooooooooooonoo

3.24 00000

gobooobooboboNODOOoobOooboobobbooobooo
gobobooooobobbooooooboboooooobobboooon
gbbobooobooboboooboboobobobooboobon
gboobooOoNOODbOOOooObOobobobboobooNOoDbOoDbo
gobooboboobooooooboo NODOOoboooooooooonoo
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gobooNODbOobOOobDobooboboboooobobooooobooo
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oobobooboooobotdJavad0ODOOOOOoOoDOOOOOOD
gboboboboooboobobobobooboooobooboobon
gboobooopooboboboobooboobbooboobooobooo

4.1 0OO0O0OO0OOOOO

gooobooboboooooboobobooobboobbobonboo
g400000000000O0DOOODOOODOOOOODOOODOObOOO
gbobobooboooboooooboboobooboooobobooobogon
gboogooboobooobuoobooboboobbooobooboo

4.1.1 DOO0O0O0O

gbooboooboobobobobooobobooboobooboooon
goobbooooobobbooooobbooooobobboooon
gbobobuoobooboboooobboboboooooboobob
gboboboboooobobooooooboobobooooooobobooooon
god

4.1.2 0000

gboobooobooboboboboooboboboobobooobooon
gboboboboooobobobboboboooobobobon
ggbooboooboobobooboobooboooboboboobogobobooo
gboooobooboobboobuoobooobbod

gobbooooobboobbooooobobobbooooooboobobo
gboobboobooboobudboobbooboobooboo
gbobooboooboobobobooboobobobbonoobooboon
gbobobooboobobooooboboboooooboobon
0DAQ0DODOOOOOOO0OO0OO0000OCOOODOAOODDOOOOOD
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gbobobooboboooboboboboboooobobooobon
gobooboobobooboogboobogobooboboooobob Lo
gbooaoodg

gboboobobobooobobooboboobobobooobooon
gboboboobooboboooooboboboooobobobo
gbobobuooboouoboboobooboboboooobobob
goboobooboobobooooooooboooooobobooooon
boobdb0O0OyaccOO0ODO0OOODODODODOODOODODOOO
O00000CO0O0OO0OO0O0000O0OLALROOOOOOODOOOOO
gogd

4.1.3 0000

gbboobuoobooboboobboboboboobooobobo
gbobobooobooooboooboboboobobobooooon
googoboobooboooboo

4.1.4 DOO0O0O0O

gbobooobooboboboboooboboboboobooooon
goobobooooboboboooooboobboooobbboooon
gooooooooboooon

4.2 OJO0O0OOOOOOOO

4.2.1 ODUO00O0O0O0OOOOOO0OOO0

gobobooboooboooboobooboobooobooooboobooboobo
gboboboobooobooboboobooboboooobobooboon
OoNOOOOooboobooooobobuoboobobuobobooobobo
goboooboooboboobooooooboboboooboooobooonoo
gbobobooooboboboobobobobooooobobon
gboooboooooboooboobuobbobobobobobobooog N
gobooboobooboobooboooboooboooobobooboo
gboboboobooboobobobooboboooobobooboon
ooo0o0ooooc/C++0000000000000DOO0ODOOODOO
gbooooooooooooooooooooon
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gbobobooboobooboobuooobobobobobobon
oobooboobooobooobooboooobobooboogNDbDOoo
goboobooooobooboooboobooobooobooobooboo
gbooobobooobooboboobooboboboboooboooobon
gooooobooooboooNOOOOoooooooo
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gbooooboboobobobobobooboobobooooon

gboboboobooooobobobobooboboboobobon
oobooobooooobooboobooobooobOD NOODOobDOOoo
gboboboobobooboboooo NDOOOOobOobooobobo
gboooboboboboobooboooboobobooboobon
ooooooooogog

4.3 0OO0OOOOOO

4.3.1 000000

goboobooboooooooobooobbooboooboooobooobo
gbobodbobobobooooooboobobobooboooobob
gbobooobobooobobobooobobobooboboobon
oobooobooobooooboo NOOObooOobooboooobobooo
gboooboon
gboobooooobobobobooobobooboboboooon
ooobooNOOOoOooobbooooooo
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oooo0oLLbobooooooboooooboboobobooo
gobooobobooboooboobooboooboobogbobooboobooboo
ggboboouooboouobobboouoboboboobooobob
gbooooobooobooobooon

gobooboobooboooooboboooboobooboobo
gbobobuoooboobobobouboboboboooobobon
gbobobooboboboobobobonooobobobooooboobon
goboooobobooobooooboobooobooboobooboboo
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gboobobobooboboooboboobouooobobooboboonobn
gobooboooboobooNOOOobobboobuobboobooboobo
goboos11go0o00booooogobobooobobooobooboonDo
gbobobooobooboboooobooboooobobOooOo NGO
gbobobobobobobooooooobobobobobobon
gbobbobuoooodgbobobuooboboboooobobob
gbobobobooobomoooslioooooonooonooooon
gboooobooboobboobuooboobobooboobbooo
gboobobuooboboboboobobobooooboboan
gboogooogo

4.3.3 0000

00000oDoo00ooDooooooooooooooooooon
O00000NDODODODOOOOOoDoDOooOoOooooooooooooon
O0000ooo0oooo0o0o0oooooooooooooooooon
O TypeNameResolver 0 0 0 O 0O O TypeNameResolver 0 O O 00O O
0000000000000 0oDooooooooooooooooon
00O TypeNameResolver U 0 O O 0O NameResolver O OO DOOOOO
000000000000 000000000NOOOOOOODOO
0000000000000 staticOOOODOOODOOODOOODOO
O00D0000ONODOODOODOO staticO0OO0OOOODOOODOO
ooo

4.4 0OOOOOOO

0d0dd0o0do00doodooooo0ooooooooDoooono
000000000000 D00oO00ooOoooooooOoooOooog
odo0o0ooooo0oodoooooooooooooooooa
Od00d00dodoooooooooooon

0000000000000 000DO0o0DOooDooDooooDOoon
000000000 NameResolver U0 OO0 0DO0OOO0OOOOOOOO
000000000000 NameResolver 0 0O O 0O NameResolver O O O
O00D00000DO0D000000000000 TypeNameResolver O
000000000000 0D0O0D0000D00 NameResolverD OO OOO
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4.5 0O0OOOOn0
dbobobobobobobobobouooooooog
e NOODO
e JO0ODODOODO
e 00 Javall U

goobobob NObOobooboooooNODObODOooOooNDOoOo
gobooboooobobooboobooboooNODOOoboDobOoo
gboboboooooboboooboboboobobobooboobon
ooog

4.5.1 0O0O0OUO

ooboboooboboooobo NOObOobOooooooboooo
oooooooobooooboobooboboobobobOoDbO Javald
goobooboooboobonJaval0OO NOOODOODODOOOODOO
ooooNOOOooooooog

4.5.2 OO00O0OO0OO0OOOO0OOO0

gboboooboobobobuoboobooooboboobobooan
gbobobooboboobobooboobooboooobobobOo NODOo
gboboboboooobobbobobobouoooobobobon
goooabod

4.5.3 000 JavalD

obobobobobobobJawvaldbUoboobobooboooono
gobobobooboobooboboooboboobooboooobooboo
gboboboobobobooboboboobooonoooboooboon
gboboboobooboboooooboboboooobobobn
O0JavaO0OO0OO0OO0O0O0O0OO0O0OO0OO0ODOOOODODODODOO
gbooooboobooobboobooboobon

gbooooboboboooobobobooobobobooboooon
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gbobobooboboboonooobobooboooooobooboon
gbobobobooooboboboboobooooobobobon
gooooooooooomooosigo

b0 JavalOODOOO0OOO0OOOOOOOOOOOOOOOO0OOOO
gbooboboobboooboobooboobobooboobon
gbobobuoooobbobobobobobuoboooobobob
gbbobooooboobbobooobobooboboboooboooon
gbooboooobobuoooooboboooboboboboobon
gbobobuoobobobuoobooobooboboooobobob
gboooobooboobbooboooboobon

4.6 NOODDOOO

4.6.1 NOOOOOODO

ooobooboboboooboboboouoo NODODODboDoo
gbbobgbbooodobobobuooboboboooobobob
gobobooooboboooooboboooo NODDOooobooooDoo

oooNObObobobobobobbobooo NOOoboobooo
gbobobooooboobobwobob NODODOODOODODbOo
gb1woob00ob NOODOOoDboboooooobuobooooooNO
gboboboboooobobobobooboboobobobon
gbobNOODOODOOOOoDbOobooooboboboooboobo
gbobobooboboobo NObOoboooooboboooobobo
ooooooooooooog

NOOOooOooooobooobobooooboboooobooboooob
goooboooobbooooooboboooooobobboooon
gobobooooboboboboboboooobobooboooDoo
gbobobooboboboooobooboboooobobobn
O0Oreadas 0000000 ODOOODODOOODOOOODOOODO
oo

4.6.2 DUO0O0ONOODOO

NOOOoooooooooooooooooNOOoOoooboDboooo
gboboboboooboobobobobooboboobooboobob
gboboboobooobobooooboboooo N NObDooboDbo
0000000000 0000DO0OC00C0O00000000 4.10:1eft
and right 00000 NOODOOOOOOD
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operators SQLOperators {
SQLCond :col >= :val(readas Column col, int val)
priority = 200 { ... }

SQLCond :col < :val(readas Column col, int val)
priority = 200 { ... }

SQLCond :left and :right(SQLCond left , SQLCond right)
priority = 150 { ... }
}

SQLCond condition
= TOEIC_score >= 600 and age < 40;

U 41: 0000NOOOOOOOO

412000000000000000DLO0D0ODODOOOOOOOODO
gboboboboooooooboboboboooobobobon
000000000000 000O000000 2oboboo0ooooo
gboobooboooboboboobooobobobooooobooboobn
gbobobooobobuoboooboboboboooooobobon
gbobobobobobuobooooboobobobobobobob
gboboboobooobobobobooboboboboboooboooboon
gbobboboobooboboboooboboboooobbobon
gbobobooboboboobobobbooboobooboobob
gboooobooobooonoog

4.6.3 00U

ddod0ooodooooooooobogoooooooooooo
O00D00d000o0oodoDoU0oooooooooooooOooog
0000000 000o000od0oooo0ooooooonooonoooonog
00000000 420000000000 select :col from :table 0 OO
000000000 O:colO:table0 000000 DOOOOOOO

’ type priority ‘ begin ‘ end ‘ memo
readas Column | - 28 33 | name
Table - 38 48 | employees
SQLResult 100 21 48 | select :col from :table
((readas Column, 28, 33), (Table, 38, 48))

O 4.1: select :col from :table 00000000000

select :col from :table 0000000000000 O0OOO0O 4100
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operators SQLOps {
SQLResult select :col from :table
(readas Column col, Table table)
priority = 100 { ... }

SQLResult select :col from :table where :cond
(readas Column col, Table table, SQLCond cond)
priority = 100 { ... }

SQLCond :col >= :val(readas Column col, int val)
priority = 200 { ... }
}

oooo {
SQLResult result
= select name from employees where TOEIC_score >= 600;

042 00000000o0ooooooooooooooooog

O0000d0oo0ooU0DoOo0ooUoooooooDooOoooOooog
0000000000 0000oDooooO0ooOooooooNODoOOg
000b0dbOO0ooooooooooo-oopoooooooNDoDOooo
O00D00D0oU0DoDOo0o00oUooooooooooooooOooDoog
0000000000000 DOo0ooooo0oooooooooooong
0000000000000 0000000DO00DO00 SQLResultn O
0000 1000NOODOO (21,48)0000000000ONOODOOO
select :col from :table 0 00 00 00 readas Column 0000000 (28,
33) 000000 TableOOOOOODO (38,48) 00000000 0OO0O

0d0ddod0ood0ooooooooooooooooooooono
410000000000000000000D0DODO 4300000000
O00oo00Doo0oOo0ooooooooooooooooooooog
oooooooooood

select :col from :table where :cond 0000000000 4100000
000000000000 000000000DO00000 4.50 select
:col from :table where :cond OO0 00000000 DOOOOOODODOOO

0000000000000 00000000000000 44000
O000d0o0dodooodooooooooooooooooooooa

gobooboobbooobobooboobooboboobooobo
gbobobuooboobobobooboobobobobobbobob
gbobooobooboboooboboobooboboooboooooboon
gbobobobooobooboboboboobobobobobbon
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SQLResult

36

select :col from :table

readas Colum

employees

043 04100000000 0Db0bDU0ODbODbDO

type priority | begin | end | memo
readas Column | - 28 33 | name
Table - 38 48 | employees
SQLResult 100 21 48 | select :col from :table
((readas Column, 28, 33), (Table, 38, 48))
readas Column | - 54 66 | TOEIC_score
int - 69 72 | 600
SQLCond 200 54 72 | :col >= :val
((readas Column, 54, 66), (int, 69, 72))
SQLResult 100 21 72 | select :col from :table where :cond
((readas Column, 28, 33), (Table, 38, 48)
,(SQLCond, 54, 72))

O 4.2: select :col from :table where :cond 00000000000
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SQLResult

select :col from :table where :cond

readas Colu Table sQ

employees :col >= wval

readas Colu int

U 44: 04500000000000000D0ODO

gogboooooboooooon
gobooboboobooboobooooooboooboobooboooboobo
gogbooobbooboooboboobooobobooboan

4.6.4 0OUOO0O0OOOO
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sQLCond

:left and :right
SQLCond .
left and right
SQLCond .
:left and :right
sQLCond )
:left and :right

045 041000000000000000000000

4.7 UO0O0oOoOooOoOO
obobod4e0d
select name from employees where TOEIC_score >= 600 and age < 40;

gbooooooooooooooooooo

1. 000000000000000 SQLResut 0OO0OODOODOODO
000 D00 0O select :col from :table where :cond 0 0O 00O

2.select OO ODOOODOODO select DOOOODOOODOOODO
oon

3.:col00D0D00OODODOODOOODODODODO readas Column OO0 OO0
00000 named Column O 000000 new Column(”name” )0
doooooobobbbbboboboooooogoga

4. from 00 0000C0O0D00OO romO000000DOOCOOOO

5. :table00000000O00D0ODOOOO TableD OO O Table O
oo NOOOOooooboooboobooooobooobooo
oobodbo0oJavaDOOOOO0OOD0OD TableODOOOOOO
employees 000000000000 ODOOO0OOO
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operators SQLOperators {
SQLResult select :col from :table where :cond
(readas Column col, Table table, SQLCond cond)

priority = 100 { ... }

SQLCond :left and :right(SQLCond left , SQLCond right)
priority = 150 { ... }

SQLCond :col >= :val(readas Column col, int val)
priority = 200 { ... }

SQLCond :col < :val(readas Column col, int val)
priority = 200 { ... }

}

SQLResult result
= select name from employees where TOEIC_score >= 600 and age < 40;

0 46: 0220000

6. where 00D OO00O0O0O00O whereUODODOODOOOOOOO

7. :cond 0 SQLCond 0000000000 ODOODOOSQLCondOO
0000000000000 00DO0O0O00 Oselect :col from :table
where :cond0 0000 1000000:cond00000O0OOOOO0O
do0oDodoodoogloob0odooOoonoooooon

8. SQLCond DO DOO00OO NOODOODOO :left and :right O :col >=
wvalO:col<:val 0O ODOOOODOOOO:left and :right 000 O
0 1500000:col >=:valO:col<wvalOOODOO 200000000
O0D0:left and :;right 000 O0O0O0DOO

9. J0D0O:deft DOODOO SQLCondD OO OOODOOOODO
1500000000000 CC0O0O0O000DOADO :left and :right O
goboboboooobooboobooboobogsboonoo
gboogobooboooobooboooobomuo4rogboOO
000000000000 O:col > wvalOOOO

10. :coll readas Column O 00000000 O0O0OOOOTOEIC score
OCdlumn 000000000 O0ODO0OO0OOOOOOOOO0O

11. >=00000000000>=000000000000

12. val0 it OO0 OD0O000O0OO0O0DOO000ODLOO0O0ODOooD
O0int 0000 NDODDODODOOOODO'DO0000000000a

D00U0000000D0000000000D00000DUoooon
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13.

14.

15.

16.

17.

18.

19.

20.

SQLCond —

:left and :right

SQLCond

:left and :right L 72

WIE29XXFEKR

sQLCond e
:left and :right

SQLCond o

. TOEIC_score >= 600 and age < 40
‘Jeftand :right <: s
‘ [F3IXFRDTRET 5. J

047 0000000000000000

-

OJavalODODOODOO0ODODOODOO0OD nt00DOOO
o000 00000000o00ooon

:col >= wval 000000000 ODOOODOOODODOODOOODO
O:col >>:val 00 O0ODO:left and :right 00000000000
00000000430000000000000000020 select
000oooOdo0oDoOOoDOO0000ooDDoD 480000000000

O0000andO0DOOO0OCOOOxight DOODOOOOO

SQLCond 00 O0O0OCOO0DODOOOxight 01ONOOOODOOODOD
obooooooobooogobobo whooogooooobooon
O0o00o00o000D00 2000:col >= :val O:col < :val OO OO
O0OO:col>wvalOOOOOODOO

:col 0 readas Column 00 000000000000 Oaged Col-
umn 0000000000000 00000O0O0000O

O000D0>=0000000000000>=>0000000:col>=
vl O0OOO0O000000O:col < wvalODOOO

:cold readas Column 00000000000 0OO0O0O0OOODODOO
O000000o0ooooOoooooooa

ooobOo<goooon

valO int00 0000000000000t 0000 NODODODO
oooooooooooooobobogoooopooonDn Javald
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type priority | begin | end | memo
readas Column | - 7 12 | name
Table - 17 27 | employees
readas Column | - 33 45 | TOEIC_score
int - 48 52 | 600
SQLCond 200 33 52 | :col >= :val
((readas Column, 33, 45), (int, 48, 52))

0 43: :col>=nalJ0O0OOO0DOOOOOO

SQLResult

select :col from :table where :cond

readas Column/,W sQLCon

—

<

sQLCond

:left and :right

sQLCond /

Jleft and :right

sQLCond /

:col >= :val

readas ColumA
TOEIc_score “

O 48: :col>=wvalOJOOOODODOOODO
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gbooobooogoboooobobl it0booboogo40000
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21. :col<valDOOOODOOODOOO0O0O0OOODOOO0OOODODO :col
<:walO0OD0O0OO:left and :right 00 0O

22. left and :right 000000000 D0OCOOOOOOOODOODO
OO000O000O:deftand right 0000000000 DOOODOO
bbb 44000000000000D00O0D0490000000

0oon
type priority ‘ begin ‘ end ‘ memo
readas Column | - 7 12 | name
Table - 17 27 | employees
readas Column | - 33 45 | TOEIC_score
int - 48 52 | 600
SQLCond 200 33 52 | :col >= :val
((readas Column, 33, 45), (int, 48, 52))
readas Column | - 56 60 | age
int - 62 64 | 40
SQLCond 200 56 64 | :col < :val
((readas Column, 56, 60), (int, 62, 64))
SQLCond 150 33 64 | :left and :right
((SQLCond, 33, 52), (SQLCond, 56, 64))

044 0000000O0O:leftand :xight 0OO0D0OO0O0OOO0ODO

23. 00000 and0OD0O0OOOOOOODOO :left and :right 00 O
000000000000 00000 SQLCondOOOO0OO 1500
003300000000000000000000000000O0
O:left and :right 00 000000 OO 0O O select :col from :table

where :cond D 0000

24. select :col from :table where :cond OO0 0000000 OOOO0O
0000000000000 000000o0oOo0o 450000

goo

25. 0000000000O0C0O0ODO0O SQLResut0O0OO0OOOOODO
godoboooooboe4bbObbobOonobOoboooobo
obobgoo 4s500000000000000D0OODODOOO
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SQLResult

select :col from :table where :cond
readas CulumW m\

employees

:left and rlght

SQLCond

sQLCond

dleft and rlght 75
sQLCond
left and r|ght

/m
:col >= wval

:col < wal

TOEIC_score

readas cclum'/\

readas Colu p/\

049 00000000O0O:leftand :right OO O0D0OOOO0OOO

type priority | begin | end | memo
readas Column | - 7 12 | name
Table - 17 27 | employees
readas Column | - 33 45 | TOEIC_score
int - 48 52 | 600
SQLCond 200 33 52 | :col >=:val
((readas Column, 33, 45), (int, 48, 52))
readas Column | - 56 60 | age
int - 62 64 40
SQLCond 200 56 64 | :col < :val
((readas Column, 56, 60), (int, 62, 64))
SQLCond 150 33 64 | :left and :right
((SQLCond, 33, 52), (SQLCond, 56, 64))
SQLResult 100 0 64 | select :col from :table where :cond
((readas Column, 7, 12), (Table, 17, 27)
, (SQLCond, 33, 64))

O 4.5: select :col from :table where :cond 0000000000000
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gbboobobobobobobooboboboboboooon
oobooooboob 400000000

SQLResult

select :col from :table where :cond

readas Culumm
“ employees left and :right

sqLCond A
:col >= wal :col < :val

readas Colum

int
“

readas Column

int

TOEIC_score
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5.1 O0OOO
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o000 s10b00b0b0bob0 NODODODbOoDbOoDbOoD

operators IntOps {
native int :left
native int :left
native int :left
native int :left

:right
cright
cright
cright

int left, int right) priority
int left, int right) : priority
int left, int right) : priority
int left, int right) : priority

100;
100;
200;
200;

,_\A,_\A

~=* | +
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native UOOOOO0OONODOODO JavaODOOOOOOOODOODO
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int foo() {
int x =
int y =
return x *x vy,

2«3 +4—-5/6;
1-24+3—4+5;

O52:.0510NOOD0ODODOO
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int foo() {
int x =
int y =
return ((x xy ) ;

0 s53: 05200000000000

000000000 :left + :right O :left - :right 0 0 0O O O O :left * :right
O:left /right 00 000000000000 520000000000
00550000000

int x
int y
return ((x x y ) ;

int fool() E

Os54 000000000000000O00O0bB200000000000

int foo() {
int x = ( (2 % (
int y = ( ( ((1-
return ((x xy ) ;
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5.2 BNF

oo0oob0oobooboO0  BNFOOODODODOOOBNFODOOODOOO
gboboboobbobooooboboboboooobobobon
gooooooooon

BNFOOOOOOOOOOOOOOODOOODOO

ogoogo =0
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0000000000 0000000000000000000000
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0560 BNFOOOOONDODOODDOODODOOODOODDOOODO
0O O Nonterminal 0 00 Terminal 0 BNFExprOOOOOOOOOOOO
ooono

operators BNFOps {
BNFExpr :term (String term)
priority = 250 {
return new Terminal(term);

}

Nonterminal < :name > (readas String name)
priority = 250 {
return new Nonterminal(name);

}

BNFExpr < :name > (readas String name)
priority = 250 {
return new Nonterminal(name);

}

BNFExpr :syml :sym2(BNFExpr syml, BNFExpr sym2)
priority = 200 {
return syml.append(sym2);

}

BNFExpr :syml | :sym2(BNFExpr syml, BNFExpr sym2)
priority = 150 {
return syml.or(sym2);

}
BNFRule :symbol ::= :expr(Nonterminal symbol, BNFExpr expr)
priority = 100 {
return new BNFRule(symbol, expr);
}

O 5.6: BNFOOOOONOOOOOODO

0d000O00oOO0bOOooobOoDoobOOoos7y00bOooOoOobDOonoo
O000000OmakeNumberBNFOOOOOOOOOOOO BNFODOODO
o0o0doodoooooooooooooon

O560<mame>0000000000000ONOOOODOOOOO
O00D000000o00o00oooooooooonooonooonog
000 BNFRule0 OO 0O0O< :name >0 Nonterminal 0 000000
OO0OBNFRuleOOOODOO< :mame >0 BNFExprOOOQOOGOOGOO
O0o000oo0oooooooog

O0570000000000000006K800000000000O0O
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BNF makeNumberBNF () {
BNFRule rulel = <digit_non_zero>

= 1M | 2t | "3 | "4 | UsT | 6" | "TT | "8 | "9r;
BNFRule rule2 = <digit>
1= <digit_-non_zero> | "0";

BNFRule rule3 = <digit_repetition >

= <digit> | <digit> <digit_repetition >;

BNFRule rule4 = <number>

= <digit> | <digit_non_zero> <digit_repetition >;

return new BNF(rulel, rule2, rule3, rule4d);
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BNF makeNumberBNF () {

BNFRule rulel =

BNFRule$_::=_(

Nonterminal$<_>(readasString (" digit-non_zero")),

BNFExpr$_| - (BNFExpr$_| - (BNFExpr$_|_(...),

BNFExpr$_("8")),
BNFExpr$_("9")));
BNFRule rule2 =

BNFRule$_::=_(

Nonterminal$<_>(readasString (" digit")),

BNFExpr$_| - (BNFExpr$<_>(readasString (" digit-non_zero ")),
BNFExpr$_("0")));

BNFRule rule3 =

BNFRule$_::=_(

Nonterminal$<_>(readasString (" digit_repetition”)),

BNFExpr$_| _(BNFExpr$<_>(readasString (" digit”)),
BNFExpr$__(
BNFExpr$<_>(readasString (" digit")),
BNFExpr$<_>(readasString (" digit_repetition”)))));

BNFRule rule4 =

BNFRule$_::=_(

Nonterminal$<_>(readasString (" number”)),

BNFExpr$_| _(BNFExpr$<_>(readasString (" digit")),
BNFExpr$__(
BNFExpr$<_>(readasString (" digit_.non_zero ")),
BNFExpr$<_>(readasString (" digit_repetition”)))));

return new BNF(rulel, rule2, rule3, ruled);
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