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Abstract

This proposal describes a design for direct support for lambda expressions in C++. The design space for lambda
ex pressions is large, and involves many tradeoffs. We include a thorough discussion of the benefits and the drawbacks
of our design. In addition, we describe several other viable alternatives that warrant consideration.
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m Haskell (www.haskell.org)

m ML (www.standardml.org, caml.inria.fr)

I o Standard ML (SML), Objective Caml (OCaml)
.

m Scheme (www.schemers.org)




low level
- GCC C N

[
« GCJ Java -
I — Javac Java - JVM
— ocamlc OCaml - OCaml VM
o — ocamlopt OCaml -
l — |\/|Lj SML - JVM




(MinCaml)

letrecgcd mn =
If m =0 then
n
else if m <= n then
gcd m (n - m)
else
gcd n (m - n)




!
!
|

(MinCaml - SPARC)

letrecgcd mn =
If m = 0 then
n
else if m <= n then
gcd m (n - m)
else
gcd n (m - n)

-

gcd.7:
cmp
bne
nop
mov
retl
nop

be else.17:
cmp
bg
nop
sub
b
nop

ble_else.18:
sub
mov
mov
mov
b
nop

%i2, 0
be else.17

%:i3, %i2

%i2, %i3
ble else.18

%i3, %i2, %i3
gcd.7

%i2, %i3, %i2
%i3, %04
%i2, %i3
%04, %i2
gcd.7



(* MinCaml main.ml
Emit.f outchan

(RegAlloc. T
(Simm13.f
(Virtual . f
(Closure.f
(rter limit
(Alpha.f
(KNormal . f
(Typing.f
(Parser.exp

")

Lexer.token 1)))))))))

> wc --lines *.ml*

46 alpha.ml

2 alpha.mli

18 assoc.ml

1 assoc.mli

38 beta.ml

1 beta.mli
106 closure.ml
33 closure.mli
50 constFold.ml

2020 | total



MinCaml

OCaml

! .
[ ]
m minimal
ML

[




MinCaml (1/2)

M, N =
C
B op(My,...,M,)

If M then N, else N,
I letx=MiInN

X
letrecxy, ...y, =MiInN

= MN,..N,




MinCamli

B v,
let (X;,...,X,) =MiInN
Array.create M N
M.(N)
M;.(M,) < M,
T ’

(2/2)
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m OCamlLex/OCamlYacc

Cf. packrat parsing

(http://pdos.csail.mit.edu/~baford/packrat/)
I tricky
.

X-y  x(-y) parse
simple_exp
exp
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MinCaml SPARC

a:
|



K

m ML Kit (http://www.it-c.dk/research/milkit/)

= MinCaml SPARC
F (X=y)-(y-2)
- let tmpl = X - y 1IN
let tmp2 =y - z 1IN
tmpl - tmp2

4,5




12345-x
let tmpl = 12345 1n
let tmp2 = X In
tmpl - tmp2
let tmpl = 12345 1n tmpl - X

Bl letinsert letek=
match e with Var(x) -> k x
| _->letx=gensym () in Let(x, e, k X)
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"fresh”

let X = 123 - 456 1In
let X = X - 789 In -X

1
let x;, = 123 - 456 1n
let X, = X; - 789 1In -X,

6




letrecfxyz=Min...(fabc).. -
letrectxyz=Min... ([a,b,c/x,y,z]M’) ...

— A

heuristics



letx=7Iinlety=3Inx-y
> letx=7Inlety=3In4




let

—X N

\ 4

g let rec
letx=MINN - N
N
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K SPARC

! Closure
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(OCaml )
let quad x =
letdbly =y +yin
dbl (dbl x)
In quad 3
1
letdbly =y +vy;;

let quad x = dbl (dbl x) ;;
quad 3




let make adder x =
let addery =x +yin
adder

In (make_adder 3) 7

277
1 7 = D

letaddery =x+vy ;;

let make adder x = adder ;;

(make_adder 3) 7




a.
e (C,C++

b. !
« GCC

« Scheme, ML, Java (inner class)

5
i



Closure

(closure)
- . closure

let make adder x = (adder, X) ;;

let (body, fv) = make adder 3 In
body 7 fv

letaddery x =x+vy;;



2

let make adder x =
let addery =x +vyin
adder

In (make_adder 3) 7

l
letaddery x=x+vVy;;
let make adder x = (adder, X) ;;
apply _closure(make_adder 3, 7)

apply closure((body, fv), arg) = body arg fv




Closure

13,14

m letrec

I 3. Closure
N

closure

A

4. Closure (




Ietfx X+3Inf7

U

letLix () =x+3;;
make closure f = (Lf, () In
apply closure f 7

Closure
make_closure apply closure
=



]
i

closure

closure

etx=11In
etfy=x+yin(*
etgz=z+2In(*
(if .. thenfelse g) 3 (*

g

closure

")
")

closure

")
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greedy

MoV
m MinCaml

5
i



(register shuffling)
- call

! pretty print
o



179
46
255

163
32
251

170
50
164

100
-
32
106




: Sun Fire V880
— Ultra SPARC Il 1.2GHz
-8 GB
— Solaris 9

— MinCaml (32 bit, -iter 1000 -inline 100)

— OCamlOpt 3.08.3 (32 bit, -unsafe -inline 100)
— GCC 4.0.0 20050319 (32 bit & 64 bit, -O3)
— GCC 3.4.3 (32 bit "flat", -O3)




6
5
[ min-caml
4 B ocamlopt
[Jgcec -m32
3 [Jgcc -m64
B gcc -m32 -mflat
2
| I
0

ack fib tak




3.5

3 -
25 |
[ min-cami
2 B ocamlopt
[Jgcc -m32
15 ¢ [Jgcc -m64
B gcc -m32 -mflat
1 -
05
0

raytrace harmonic mandelbrot huffman
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