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4 N
SELECT =*
FROM Result
WHERE Result.boolean =
NOT EXISTS [ U0 0O0O0OOO0O0O0OOOOoooooOonOo ]
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SELECT Context.id
FROM Context
WHERE Context.id NOT IN [ ODO0O0O0O0OOOOOOOOOOOOOOO 1

SQLOO0DO00OO0O0DOOoINODOOoOooOobooobooooobooooobobooboo
gbobboogobobbooobboboogobobuooobobboooon

<erp> [NOT|] IN (< subquery>|<exp>|[,<exp>---])
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SELECT Context.id
FROM < OO 0O0OQ0OOOOODOOOO0oDOOoogooboooooo >
WHERE < 00O QO4QQOoOOOonoO >
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ad

4 I
SELECT *
FROM Result
WHERE Result.boolean = NOT EXISTS
SELECT Context.id
FROM Context
WHERE Context.id
NOT IN [ D00 0OO00O0O0O0D0DOO0O0oooooon ]
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OO000D00000D00000 SELECTODO Context.idO OO OODOOODOOODOODO
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4.4.1 FROMU

NOTINODODOOODOODODO FROMOOODODODOOOOODOODOODOODOOO
gbbboooobbobobbuoooobbbooobbn

e JUUUUOODLODODDOO

e JJ0ODDDODOCollection O O Set O O Bag 0 O Sequence 0 ) 0 O O 0O O Boolean
0000000000000 0000size: int 00

e OCLODOODODOOUODOOUOLODUOUODLOUOLDOO Context.id ODOOODODOOO
gbo1o0boggoboobogd

oCLOb0ooooboooobobOoboboboboooobOobOobobobooboobog
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self.navigation_1. ... .navigation_n
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0 4.4: Navigation U O O [

gbouodbbgobogbuogbooobuooboobobooboooboobobad
gboogbugbodbbuoobbooboobuoobobbobobboboboon
gbobogdbogobuooogobogbuogbboobobbuoobobbooobon
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OO00O0D00OSQLODOobOOobOoboouoboooooooo

4 N
SELECT Context.id
FROM Context INNER JOIN Navi_1 ON Context.navigation_1 = Navi_1.id

INNER JOIN Navi_n ON Navi_n_1.navigation_n = Navi_n.id
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OO00Collection0 O OOOO Boolean OO OO OOOODOOODOOOOODOOODOO
OO00D00O0000OcO Collection D OO O0OO0OODOODOODOOODODOOODOCT
gbbboodbobbooobobbbuoogn

e Collection (0 OO0 Boolean OO OO ODO)

— ¢ -> size
cOOd00oQOoOogno

SELECT Context.id
FROM ( SELECT Context.id, COUNT(*) AS size
FROM ( SELECT DISTINCT Context.id, c
FROM c_T )
GROUP BY id )
WHERE size

— ¢ -> count (object)
cO00O0OD0 object DO OODOMO

SELECT Context.id
FROM ( SELECT Context.id, COUNT(*) AS object_count
FROM ( SELECT DISTINCT Context.id, c
FROM c_T
WHERE ¢ = object )
GROUP BY id )
WHERE object_count

— ¢->sum
cbbbouogoobboboubbuooogbbbouoooobbbouoon
gobooo

SELECT Context.id
FROM ( SELECT Context.id, SUM(c) AS total
FROM ( SELECT DISTINCT Context.id, c
FROM c_T )
GROUP BY id )
WHERE total
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OO0 DISTINCTOOUODOOOODODODOOODODOOoOooOOooDoboobooogo
gogoboguoobuobobooobobboobboobboobooobooon
OO00OoooDoOopooosQLibobob GROUPBYDOOODOODOOOOODOD
goboboggobobooan

OO0O000000D000D0obDOn CollectiondOOOOO Boolean DO D OODOO
godbbdgobogobuogbbooboobbuoobbououooboobobon
ooooo T1T2 ... TnOOOOOFROMOOOODOOOOOO

T_1 INNER JOIN T_2 ON T_1.id = T_2.id

INNER JOIN T_n ON T_n-1.id = T_n.id

gbuogogobooobbuogbbiligbbuoobbodbbooboooooboon
gooobboboobobbbbbbbbobbobbiuodoooooooooboooon
guobuogbogbuogobuodgbbogbbuoobbobuoobbuooboobooon
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4.4.2 WHEREUU

NOTINODOODOOODOODO WHEREDO oOCLODODOODODOOODOODOO
gbobobuoooobbbobooooobboooobbbuoooob

e WHEREODOODOOCLODODODOOOOOOOO O logicalOperator [ relationalOp-
erator 1 OO OO0

e JOOORealOOInteger0)0 0000 (Stringd)0000000O
(0000000000000 00000000O0O000000OOO0On)

OO logicalOperator(and, or, xor, implies) O relationalOperator(=, >, <, >=, <=, <>

OOoCLODO0ODOO0OOO0OODOnN BooleanODOOOOOOOOOOODODOODOOODOODO
O00O0OO0ObO BooleanODUO D DOOODOODDOOOOODOODOOODLOODOLTOOOOO
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gbboboogbbobooobbn

e logicalOperator

— b and b2

SELECT Context.id
FROM b_T INNER JOIN b2_T ON Context.id = Context.id
WHERE b and b2

b or b2

SELECT Context.id
FROM b_T INNER JOIN b2_T ON Context.id
WHERE b or b2

Context.id

— b xor b2

SELECT Context.id
FROM b_T INNER JOIN b2_T ON Context.id
WHERE (b AND NOT b2) or (NOT b AND b2)

Context.id

— b implies b2

SELECT Context.id
FROM b_T INNER JOIN b2_T ON Context.id
WHERE NOT b or b2

Context.id

e relationalOperator
relationalOperator (=, >, <,>=, <=, <>) O relationa_operator 0 0 0O

— b relational_operator b2

SELECT Context.id
FROM b_T INNER JOIN b2_T ON Context.id = Context.id
WHERE b relational_operator b2
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logicalOperator 0 and 0 orrelationaOperator DO O 0O SQLOOOODOOOOOOO
O000000000D000D000000D0O0D0OOO0OO]logicalOperator O xor O implies
OSQLUIODDOOODO0OOOobOOobOoobooooooboooooon

O0O0ORealO0 Integer 0000000000 0OO0OODO String0000000OOOO
O000000000000D000O0On0O RealOO Integer OO ODOODOODOOODOO
O000000000000sO String0 000000000 ODOODOODOOOOOOOO
sTOb. TOOODOOOODODOODDOODDOOOOOODOOooooO

o LI U
00000 (+,—,%,/)0 arithmetic_operator 0 0 00O

— n arthmetic_operatorand b2

SELECT Context.id
FROM n_T INNER JOIN n2_T ON Context.id = Context.id
WHERE n arithmetic_operator n2

— n.abs

SELECT Context.id
FROM n_T
WHERE ABS(n)

e String [

— s.size

SELECT Context.id
FROM s_T
WHERE LEN(s)

— s.concat(s2)

SELECT Context.id
FROM s_T INNER JOIN s2_T ON Context.id = Context.id
WHERE s + s2

OODOoo0sSQLObboobooooboboboooobooooobooooosQLog
OO00O0O0O0O0O0O0O0O0OABSOLEND SQLOODODODODODOOOODbDOoDbDOoO
ABSO)ODOODODOODOOLENOODOODOOOODOODOOOO
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OO000D0O00000000D00D0D00OflexOOOOOODOODOODObisonOODOODO

4.5.1 bison [ flex
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O0000000000O0bison000000000000OODO LALR()OODOOOOOO
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OO00O0b0oO0O0ObisonO0O0OO0O0ODOODOOO0OO0ODOOOOODOODOODOOOOOD
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4.5.2 00O

OO0O00ooooooboobgobbisondOOO0OoOoOoooOO

-

-

oo
constraint: /x empty */
| context_declaration expression
context_declaration: CONTEXT STRING
expression: relational_expression
| expression LOPE relational_expression
| expression IMPLIES relational_expression
| expression XOR relational_expression
relational _expression: primary_expression
| relational_expression ROPE primary_expression
primary_expression: NUM
| SELF DOT reference
| primary_expression ARROW SIZE
| primary_expression ARROW COUNT LB literal RB
| primary_expression ARROW SUM
reference: literal
| literal DOT reference
| literal property
property: DOT CONCAT LB primary_expression RB
| DOT SIZE
| AOPE primary_expression
| DOT ABS
literal: STRING

I

,/

ODoooooooocLoooobooobboooooooboboooooboooooobooo
constraint 0 00 00000 constraint 0 000 MM OO (constraint) 000000000

34



000000000 context_declarationd 0 O Oexpressiond D OO0 O OO00OO00OOO0O
dddodoooooobooooooobooooooooo o oooooooooooa
00000 SQLOODODOO0OO00000dooooocooooooooood query O
0oooooddqueryUOODOO0OOOOooQnQ

; N
struct query

{
char *from;
char *where;

};

- ,/
OO0 queryd 200 char DO OO0 0O0OO0O0ODO0OOOO0O0ODOODOOOOOO query
O00 fromOd whereDOOSQLOOODOO FROMOO WHEREODOOODOOOOODO
OO00OO0bisonOOOOO0OOOODO igptry DODOODOOOOOODOO0OOODODOODOO
gboobobugbbodbbdqueryd D DO0ooboooboobboobbon
OO00O0ObisonODOOOOOOODOO
4 N
/* BisonO OO %/
%union{
char strval[10000];
struct query *qptr;

b

Jtoken CONTEXT SELF LB RB

%htoken CONCAT SIZE COUNT SUM ABS

Jtoken STRING NUM

%left IMPLIES

%left LOPE XOR

%left ROPE

%left AOPE

%left DOT ARROW

htype <strval> context_declaration literal

htype <strval> CONTEXT ROPE STRING LOPE IMPLIES XOR NUM
htype <gptr> expression relational_expression primary_expression
htype <gqptr> reference property
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O00o0000o0oooo0o0ooooooO0oUUooooD (D4)00OO0UOODODOO
OO0000b0obobOo0obooooboooDobooboDobDobOobobobooOo sQLOuo
OOooocCLOboobooooboooobobon

(—()CIJD goob -001 ~

O Customer U UUDOU agel 180 0 [
Context Customer
inv: self.age >= 18

N\ Y,
00000000000000000000000000 SQLOO00O00O00onoon
oooo

/fEKQIID ggo -oob1 ~

SELECT *
FROM Result
WHERE Result.boolean = NOT EXISTS
(SELECT Customer.id
FROM Customer
WHERE Customer.id NOT IN
(SELECT Customer.id
FROM Customer
WHERE Customer.age >= 18));

_ J

OO0D0O0O0O NOTINODDOODODODOOODOUODODODODOOobOOoUObOoDOoDoDOo
OO0 SELECTODOOO00OO0O0ODO0OD0OODOOCCustomer0 00000 context O O
OO000000000DO00b0b0 Cestomer 000000000 DOODOOODOODODOODO
goboos10000
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0 CustomerCard U U0 00 [ printedName [
Customer U U UODO titleU name U OO O OOO DO O
Context CustomerCard

inv: self.printedName = self.customer.title.concat( self.customer.name )

_ J

OO0O00000bO0o000obob0OOo NOTINOODOODOOoobDboboDbuooDboo
OO00O0b0o0o0ooooboobD SELECTODODOODOOOOOOOooOOobOoboooogD
O CustomerCard 00000000000 DOODOOODOODOODOODOOS30000

lid | valid | cober | priniedName | owner | membership
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4 N
self.printedName

CustomerCard

self.customer.title
CustomerCard AS CC1 INNER JOIN Customer ON CC1l.owner = Customer.id

self.customer.name
CustomerCard AS CC2 INNER JOIN Customer AS C1 ON CC2.owner = C1l.id

- /
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CustomerCard 0 Customer 200300000 FROMOUOOOOOODOOOOSQL
000000000 ASO0OD0O0O00DOO0O0DOO0DOO0O00OOo0DoOOoDDOOooDoDOOooDa
String0 0 00000concat 0 SQLOODO'+ 000000O00OOOOODO WHEREO
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SELECT *
FROM Result
WHERE Result.boolean = NOT EXISTS
(SELECT CustomerCard.id
FROM CustomerCard
WHERE CustomerCard.id NOT IN
(SELECT CustomerCard.id
FROM (CustomerCard
INNER JOIN
(CustomerCard AS CC1 INNER JOIN Customer
ON CC1l.owner = Customer.id)
ON CustomerCard.id = CC1.id)
INNER JOIN
(CustomerCard AS CC2 INNER JOIN Customer AS C1
ON CC2.owner = C1.id)
ON CustomerCard.id = CC2.id
WHERE CustomerCard.printedName = (Customer.title + Cl.name)));

. Y,

SQLODODOD0DOD0O0ODODODBooleanOO “rue” DO DO ODOODOODOO Result
gboboggboobodbobobobobboobboobboobobooboonooo
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OO000b0o000o0O0ob0ob0oboboobDobO0obOoboooDOoDOobO SELECTOO
UO0O00DUOOcontext O DODOOOOOO
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U 0 LoyaltyProgram [ U U U O UOOOON ServiceLevel [ 201 1 0[]
Context LoyaltyProgram
inv: self.servicelevel->size = 2

. Y,

/SQLDDDD—DDi’; ~

SELECT *
FROM Result
WHERE Result.boolean = NOT EXISTS
(SELECT LoyaltyProgram.id
FROM LoyaltyProgram
WHERE LoyaltyProgram.id NOT IN
(SELECT LoyaltyProgram.id
FROM (SELECT LoyaltyProgram.id COUNT(*) AS size
FROM (SELECT DISTINCT
LoyaltyProgram.id,LoyaltyProgram.servicelLevel
FROM LoyaltyProgram)
GROUP BY id )
WHERE size = 2));

_ J

OCLO O self.serviceLevel O 00 0O 0O O LoyaltyProgram D 0 000000000 O0OO
0000000000000 10000000Collectiondd size0 000000 OO0DODO
O0000000000000000000000D0D00O0Oself.serviceLevel -> size
00000 LoyaltyProgram 0 0 0000000000000 idO0O0O serviceLevel O [
00000000 540 LoyaltyProgram OO0 00000000000 OO0O0ODOOOOO
0000000000 DO000DOO000ODO000DO000D00OoDDbOoOoooDO id
O serviceLevel 0 0000000000000 O0OOOOOOODOOOSQLO DISTINCT
O00000000id0O serviceLevel 00 0000000000000 OOODOODOID
00 serviceLevel D0 00000000000 FROMOOOOOOOODOWHEREDOO
000000000000 0000size0000000D0ODOODOOODOODOOOO 540
LoyaltyProgram D 0 0000000000 0OOOOOO0OO
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