CS6848 - Principles of Programming Languages

Principles of Programming Languages

@ Structural subtyping
V. Krishna Nandivada @ Unification algorithm

IIT Madras
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Extending a language

e u= x|Axel|eer|c|succe @ Extend the language grammar that will lead to new terms.
x € ldentifier (infinite set of variables) @ Extend the allowed values.
¢ € Integer @ Extend the types.
v = clAxe N tional i
t = Intjr—¢ @ New operational semantics.
°

New typing rules.
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Pairs New operational semantics

@ First element:
(Pair ﬁl)(vl,VQ).l — V1

@ Second element:

@ Expressions (Pair B2)(vi,v2).2 = vy
e =--|(er,er)le.1]e.2 o
/
o Values Projection 1%
vi=--|(vi,n) . e. e.
/
@ Types Projection 7 I e A
e2—eé2
to=-|ti Xt . . .
e — €|

Pair Evaluation 1

(e1,e2) — (e}, €2)

er — €

Pair Evaluation 2
(vi,e2) = (v1,€)
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Typing rules for pairs Properties of pairs

°
Pai Abe 1y Aber:

AR (ene0) X @ The components are evaluated left to right.
° @ The pair must be fully evaluated to get the components.

Projection 1 A Ai_: : tll _X 2 @ A pair that is passed as an argument will be fully evaluated, before

el-n the function starts executing(in call by value semantics).

°

Projection 2 Afeiixn

: Abe2:n
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Tuples New operational semantics

_ @ Element;:
@ Expressions - (B)(VIE"™)j — v
P el..n ]
en=--|(ei"")e.i
g /
@ Values - Projection 176_ — e, -
P 1 ..n
V--—“"(Vi ) el—e.l
o
@ Types
R icl.n . /
Fome |(t[ ) Tuple Evaluation 4 ¥,
P ( i€l.j—-1 k€j+l..n) N ( icl.j—1 k€j+1..n)
v; ,€j,€x v; 1€j5 €
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Typing rules for tuples

@ Expressions

° Tuple A.F Vie;: fi en=-|(li =€) el
AF () (55) @ Values _ icl.n
’ AF e (1) vi=--|(li=vi""")
Projection A I—.e.j 5 @ Types frm | £
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New operational semantics Typing rules for tuples

@ Element;:
. Li€l.n

(B)(li - Vi) — v .

° e— ¢ Tuple 2 l_eyl ok icl
Projection { ————— Ab (I = €€1m) - (1 - f€1m)
el—eé.l ! !
o ° i
e —s e Proicct Ale: (l;: £
. J j rojection
Record Evaluation P / T J Al-el:t
li:V,‘ 1“ l,lj:ej,lk:ellg 1“ )—)
el j— _ 11 _ k€j+l.n
(li=v; Ji=ellk=e; )
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Polymorphism

@ AppTwicelnt = Af.Int — Int .Ax:Int f (f x)
AppTwiceRed = Af.(L:Int) — (I:Int ).Ax: (L:Int).f (f x)
AppTwiceOther =
Af.(Int —Int) — (Int — Int).Ax: (Int — Int).f (f x)
@ Each significant piece of functionality in a program should be
implemented in just one place in the source code.
@ Type systems allow single piece of code to be used with multiple
types are collectively known as polymorphic systems.
e Parametric polymorphism: Single piece of code to be typed
generically.
@ Example: Java generics, C++ templates.
@ Uses variables in places of actual types and may instantiate with
actual types if needed.
e Ad-hoc polymorphism - allows a polymorphic value to exhibit
different behaviors when viewed using different types.
@ Example: Overloading ‘
e subtype polymorphism: A single term may get many types using
subsumption. \
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