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Motivations

There are features of query/programming languages and environments that
make implementation of types extremely difficult. Among them are such
notions as: mutability, collection cardinality constraints, collection kinds,
single-, multi- and dynamic inheritance, modules, export/import lists,
auxilliary names in queries, etc.

Many type systems do not support these complex structures.

Queries and: irregularities in data structures (null values, repeating data,
varlants/unlons unconstralned data names) elllpses and coercions, etc.
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Runtime Query Evaluation

<0, entry, {i1, 12, i3}> [. Imitialize ENVS and QRIES.

Employee(i1), Employee(i2), Department(i3)

<1, Employee, {id. ) <i2, Employee, {i6, i7}> <i3, Department, {i8, i9}=

2. Execute bind Employee)

Employee(i1), Employee(i2), Department(i3) bag(i1, i2)
<id, Name, "J. Smith"= =i, Name, "S. Bush"s <if, Name, "Sales"s

<i5, Salary, 65000 <7, Salary, 45000 <id, Location, “London"s

2. Pop one element from QRIS.

Employee(i1), Employee(i2), Department(i3)
3. Create a new ENVS section. Execute nested(i1 .
Name(i4), Salary(i5)

Employee(i1), Employee(i2), Department(i3)

Employee Where Name e 4. Execule bind/ Name

€6 S . h” d S I > I OOOO Name(i4), Salary(i5)
J g m It an a ary Employee(i1), Employee(i2), Department(i3)

J. push(™J. Smith™

Employee(i1), Employee(i2), Department(i3) _

6. Pop two elements, dereference 14, compare “J. Smith’
and “J. Smith”, push true.

Name(i4), Salary(i5)

Employee(i1), Employee(i2), Department(i3) and SO On...




Our approach to type checking

® Runtime structures of SBA:

® Data Store . A ey
Represents objects stored in the database. Chem—’

®  Environment Stack
Responsible for name binding, enforcing scope rules,
supporting non-algebraic operators, procedure calls, etc.

®  Query Result Stack
Responsible for storing temporary and final query results.

® Compile-time structures:

® Metabase
~ Represents the database schema.
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Database Schema and Metabase

Person[0..*]

name: string

changeName(string)

I

works_in —»

<4 employs[0..*]

Emp[0..*]
empno: it
sal[0..1]: int

manages[0..1]»

<4 Dboss

Dept[0..*]

name: string
loc[0..1]: string

job: string
changeSal(int)

name: Person
kind: class
card: *

lA

name: changeName
kind: method
type: string — void

kind: class
card: *

name: changeSal
kind: method
type: int — void

name: name
__»lkind: object
type: string
card: 1

name: works in

kind: link
card: 1

name: Emp|q——|

kind: link
card: 1..*

name: employs

P — name: Dept

kind: class

kind: link
card: 0..1

name: manages

»|card: *

name: boss
kind: link
card: 1

\ 4 \ 4

name: empno| |name: sal
kind: object | |kind: object
type: int type: int
card: 1 card: 0..1

name: job
kind: object
type: string
card: 1

name: name| [name: loc
kind: object| |kind: object
type: string | |[type: string
card: 1 card: 0..1




Signatures

S - set of signatures, SC - set of signature components

® Names of atomic types (e.g. integer, real, etc.) € SC

® Static identifiers of the metabase graph nodes € SC




Type Inference Decision Tables

pddion [

int[l..1]bag int[|..]1]bag int[]..]1]bag
int[|..1]bag real[l..1]bag real[l..1]bag
int[x..y]bag,x != | ory != | int[x..y]bag,x!= | ory != | type error

T[a..b]bag

T[x..y]bag

T[a+ x..b + y]bag




Static Type Checking

The type checker simulates runtime query evaluation using the metabase, the
static environment stack, the query result stack and type inference decision

tables. It performs the computation on signatures just as if they were actual data.
It also:

® Checks names used in the query
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Thank you!
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