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Main result of these talks

Description: The system LFPL,, is a linearly typed functional
language with recursive datatypes and higher-order functions. The
growth of definable functions is controlled by an abstract type <
elements of which must be present in order to construct a member of a
recursive datatype and which become available upon destruction of such
a member in a pattern match.

Theorem: A function f: N — {0,1} is in the complexity class
EXPTIME = DTIME(2"°""

N

) if and only if it is representable in LFPL,,.
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Today:
e Motivation and background

e Definition of LFPL and LFPL,,
— Thema 1
— Thema 2

e Relationship to memory management
e Statement of main result
e Related, further, and ongoing work

Tomorrow:

/o Proof of “only if": EXPTIME functions admit representation \




Day after tomorrow:

e Proof of “if": LFPL, programs can be evaluated in EXPTIME.




Motivation and Background

1. Programming languages capturing complexity classes.
e Bounded recursion (Cobham, Cook-Urquhart)
e Safe and ramified recursion (Cook-Bellantoni, Leivant, Caseiro)
e Finite model theory (Gurevich, Goerdt)
e Higher-order and type-theoretic extensions (BLL, LLL, SLL,

Bellantoni et al, Aehlig-Schwichtenberg, MH)

2. Memory management
e Alias analysis (Morrisett-Walker, Reps-Wilhelm)
e Logic for pointers (O’Hearn-Calcagno, Reynolds)

e Pointer analysis (Klarlund et al.)

/ e In-place update (Shankar, Mackie, Cooper)




on si e increasing functions

Want to discover statically whether
e the complexity of a function does not “explode” under iteration
e a function can be evaluated in a given amount of space.

Answer: isolate statically functions that do not increase the si e of their
input.
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affine linear functional language

o T booleans (B), lists (L( )), binary trees (T( )), products

( ), dis oint union ( ), resource type ().
In examples: =B B ( 2 times), type variables.
o mapping of function symbols f to “arities”
()= 1, 2, , n— ,eg,append:L( ),L( )—=L( ).
o P Signature  for each function symbol f with
(/)= 1, , n— aterm of type containing free
variables 1: 1, , n: n. Theterm  may contain calls to f and

other functions declared in
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built up from function calls, constructors, and pattern matching like in
functional programming with the following exceptions:

e Constructors of recursive types take an extra argument of type <
(unless they are nil):

cons( 1, 2, 3 ):L( )

match ,  withnil , cons( , ) 3

(as always pattern matching binds variables)

e Free and bound variables occur at most once (in the usual sense of
a ne linear types, e.g. occurrences in di erent branches of case
distinction count only once.)

e ariables of type B,B B, , may be used more than once.




(1, 2) = match | with nil 5

cons( , , )

() L)
(nil) = nil
(cons( , , )) =

cons( , (,2))

( (),cons( , ,nil))




: O, L0 ) = L( )
(, ,nil) =cons( , ,nil)

(1, ,cons( o, , ))=let(, , )=

if then cons( 1, ,cons( 2, , ))
else cons( 1, , (2, ,))
:L( ) —L( )

(nil) = nil
(cons( , ,)) = (s ()

(, )in




L )= T( )

(nil) = leaf

AnOBmA ’ VVH A ’ Avv

(O, LT )=TC)

(, ,leaf) =node( , ,leaf,leaf)

(1, 1,node( 2, 2, , )) =if 4 o then
node( 1, 2, (2, 1, ), )

else node( 1, o, , (2, 1, ))
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:L(G B)—=L(B) L(B)
(nil) = nil  nil
(cons( 1, 2, )) = match () with

cons( 1, , ) cons( 2, , )

:L(& B) — L(B)
( ) = match () with
()

ote: Function duplicates length. There is  definable function
that squares or exponentiates length. So, really, & enforces linear
growth, not ero growth.
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ould like to see ore e a les

See

for more examples and online experiments.
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