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Motivation Problem : Current A is impractical! Solution
Q. Is 1t possible to use A-calculus to describe hardware circuits? 1. I\ requires programmers to write all type annotations! 1. Complete polymorphism
A. It Is Possible but it demands some Modifications! | - Linear type variable & monomorphic type variable.
<Examp|e : a. plece Of FFT COde> monomorphic type T = sharable type
K | linear type
g -("i< monomorphic type variable
- _ ~ - _ ~ let twoC : tforall 'a.(('a->'a) -->"2 (‘a’2->'a’2)) = sharable oype 6 x= 1 Zﬁ%ﬁitiomip
funCtIOn ~ hardware Because Of hlgher' fora" a=> Ifn f:'a_>'a ==>2 fn (X:Y)3('a*'a) => ((f X)'(f Y))i v sh;r;ble pre variable
: . ~ | . . let prOdC : tforall 'a.(('a->'a’\2) -->N2 ('aA4->'aA2)) = linear type K = i:: s}:]irjffle] ilrlltput
- appllcatlon ~ |Ink Of ) Order funCtlonS In forall 'a => Ifn f:'a”*2->'a ==>2 fn ((x,y),(z,w)):(('a*'a)*('a*'a)) => ((f (X,Z)),(f (y,W))), R >-d :ine;rtygevariable
_ two components _A-calculus y let riffleC : tforall 'a.(('a’2->'a’2) -->A2 ('ar2->'ar2)) = polymorphic type = T monomoric ype
forall 'a => Ifn f:'a”2->'a”2 ==>2 fn ((x,y),(z,w)):(("a*'a)*('a*'a)) => ((f (x,z)), (fy,w))); V.o type scheme
let unriffleC : tforall 'a.(('la®2->'a”*2) -->/A2 (‘ar2->"'a’2)) = o ype scheme
_ _ forall 'a => Ifn f:'a*2->"'a*2 ==>2 fn (p,q):(‘'a*2*'a”2) =>
< A-calculus and hardware circuits> | . Proi (fp) of (xai(a”a) => proj (F ) of (ywi(a"a) => (k) e | - Conventional let-expression
" ) et spread( : tiorall a.(a"4->a%4) = forall @ => n ((uy)zw)):((a7a)"(a72)) => ((x.2).{y.W)) . enables programmers to define polymorphic expressions.
a pit
S A . ; 0 2. Incomplete polymorphism - Polymorphic typing context
[: }\.l 1. (:1‘-*_ 2_1_-') ) ZeI’ o ) 0 . {:. <p0|ym0rphism IS...> sharable typing context T’ == -|[T.a2:6
““““““““““““““““““““““““““““““ ' linear typing context A = - |Af:R
i a function that polymorphic typing context Q = | f:0
- receives a bitstream, and o ; |
emits two bitstreams. @O+ 2. Type Inference algorithm(lW)
- _-— . = Revised version of the Hindley/Milner algorithm(1//)
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They are similar in structure,
but different in the number of wires.
w:.WwWI(, e) = (S, 1)
_ - Type variables in [\ range over not all monomorphic types but only sharable
Linear A-calculus(IA) types.
: Incomplete polymorphism acts as an obstacle to the design of a type [W ler, AA, Q' e) — (S, T, Ar)
Q. What is the meaning of ‘linear’? inference algorithm.
A. ‘Something Is linear means that it can be used only once and it is | _ |
not sharable! . .
Goal : Complete polymorphlsm & Type Inference ZCC}i f/\ """ f&
©. Bitstreams are sharable(not linear), but hardware circuits are not g L a K-
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200" Untyped (or Type § _ .
partially Z> .| Inference | * Conventional W algorithm can be transformed to the type
typed) IA L_Algorithm _| inference algorithm for linear A-calculus(IIV/).
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Cre1q , o« $0O v 1/\r » The type inference algorithm can infer types of untyped
(Af:1—1.f zero) reg —> o9 expressions, and this allows programmers not to write all type
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Z> o lator annotations.




