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let rec fact x r =
if X <=1thenr
else fact (x - 1) (r * x)

] call

let rec fact x r =
if X <=1thenr

el sefact (x - 1) (r * x|

add R, 4, R,
call fact

nop

sub R, 4, R,
restore(R.)
retl

nop

save(R.) }

pop
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if return
[ [
m cf, cmp X, y cmp X, y
bgL, bgL,
B nop nop
- ... then .. ... then
bL, retl
nop nop
Ly: ... else .. Lq: ... else
L,: retl retl
nop nop
call return
m call goto [
save(Ry) - Tail:
add Ry N R, !
call L; .
no _ Iy
Sull)) R, MR, bL, NonTail(r):
restore(R.) iep ) r
retl
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gcd

letrecgcdmn =
if m <= 0 then n else
if m <= n then gcd m (n — m) else
gcdn (m-n)in

print_int (gcd 21600 337500)

. CPS

let rec ack x y =
if x<=0theny - -1 else
if y <= 0 then ack (x - 1) 1 else
ack (x - 1) (ack x (y - 1)) in
print_int (ack 3 10)
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S : SparcAsm.prog — string

S(({D1,...,Dn},E)) = .section ".text"
S(Dy)
S(Dy)
.global min_caml_start
min_caml_start:
save Y%sp, -112, Ysp
S(E,%g0)
ret

restore

S : SparcAsm.fundef — string

SLa(yrs---yyn) =E) =
S(EaR'O)
retl

nop
S : SparcAsm.t X Id.t — string
S((l‘ — e;-E)azdest) = S(eam);S(E>Zdest)
8(6, Zdest) = S(e; Zdest)

01: 0000000000 8(P),S(D)000 S(E, 24est)




S : SparcAsm.exp x Id.t — string

S C, Zdest)

0 &

Op(-rla s 7$n)7 Zdest)

if =y then Fj else FEs, Zgest)

(
(an Zdest)
(
(

S

S(if x <y then E) else E9, 24est)
S(xazdest)

S(apply_closure(x, y1, . ..

s yn>7 Zdest)

S(apply*di'reCt(La:u Yiy- - >yn)7 Zdest)

S(.Z'.(y), Zdest)
S(x(y) — Z»Zdest)

S(save(z,y), 2dest)

S(restore(y), Zaest)

set ¢, Zgest
set Ly, Zgest
0P T1,...,Tn, Zdest
cmp T,y

bne b;

nop

S(El, Zdest)

b by

nop

by :

S(E2, Zdest)

by :

o0

MOV T, Zgest
shuffle((x,y1,...,Yn), (Ro,R1,. ..
St Rya, [Ret + 4#€]

1d [Ro], Rnt1

call Ry4+1

add Rgy, 4(#e + 1),Rse ! delay slot
sub Rgy,4(#e + 1), Ree

1d [Ret + 4%f€],Rra

mov RO y Zdest

1Rn))

shuffle((y1,.--,Yn), (R1,.-.,Rn))
St Rra, [Rst + 4F€]
call z

add Rgy,4(#e + 1),Rge ! delay slot

sub Rgy,4(#e + 1), Rt

1d [Rst + 4#6],Rra

mov Rg, Z4est

1d [z + Y], Zdest

st z, [z + 9]

00 y&dom(e)00 e« (e,y—4#e)000
st z, [Ret + ()]

1d [Rst + E(y)]a Zdest

02 0000000000 S(e,20est)0c 0000000000000 00O0O0ODODOO#e0 0000

000 shuffle((x1,. .., xn), (r1,...,mp)) O a1, ..

Lz,0r,...,r,00000000000000




S :S.t — SparcAsm.t X Id.t — S.t X string

Ss((z — € E), Zgest) = Ss(e,z) = (¢,9),
S (E, zqesy) = (¢7,5) 000
(s",85")

Ss(e, Zgest) = S(e, Zgest)

S:S.t — SparcAsm.exp X Id.t — S.t X string
Ss(if z =y then F; else Fo, zgest) = Ss(E1,2gest) = (51,51),
Ss(E2, 2gest) = (82,592) 000
(s1 N s2,
cmp .,y
bne b;
nop
S
b by
nop
by:
Sa
b )
Ss(if <y then F; else Eo, z4est) = OO
Ss(save(x,y), zgest) = (s,nop)

yestOO

Ss(save(r,y), Zaest) = 00 ygdom(e)00 e« (e,y—4#e) 000

(s Ufy}, st 2, Ree +2(y)])
Ss(eyzdest) = (S, ooooo )

y€sOO0d
goooooo

03:000savel 00000000000 Ss(F, 24est) 00 0 Sele, zaes:)ds 0000 save D OO OO
0000000000 S(B, 24ess) 0 Sp(E, 2aess) = (5,5) 000 SO0O00D000O




S : SparcAsm.fundef — string

S(Lm(yla7y’ﬂ) = E)

Sp(F,tail) = (s,S) 000
x:

S

S:S.t — SparcAsm.exp X Id.t — S.t X string

Ss(if z =y then F; else Ey, tail)

Ss(if <y then F; else Es, tail)

Ss(apply_closure(x,y1, ..., yn), tail)

Ss(apply-direct(Ly,y1, .-, Yn), tail)

Ss(e, tail)

Ss(Eq,tail) = (s1,51),
Ss(Fa,tail) = (s2,52) 000
(@,

cmp T,y

bne b

nop

S1

b:

S2)

oo

(0,

shuffle((z,y1, . - .
1d [Ro), Rnt1
Jmp Ryt
nop)

(0,

shuffle((y1, - - -
bx

nop)

Ss(e,Ro) = (¢/,5)000
(@,

S

retl

nop)

7yn)a (RO;Rla cee 7Rn))

7yn)a (Rla s ’Rn))

ooooooo

04 0000000000000000000 8(D)000 Ss(e, zqest)T 2aese = tail 0000000




C

OP(LUl,...,

Tn)

if x =y then e; else ey

if x <y then e; else ey

let x = €1 in ey

x

letreczy; ... Yo = €1 in eg
TYr - Yn

(T1,...,Zn)

let (x1,...,2,) =y ine
z.(y)

w(y) 2

O 5 MinCamlO KOOODOOOODOOOODOOOOOD

C:1d.t — KNormal.t — KNormal.t

Cr(if = <y then e; else e3)

Cr(if x =y then e; else e3)

Cr(let (x1,...,2n) =y ine)

Cr(let © = (if y < z then e; else e3) in e3)
Cr(let x = (if y = z then e; else e3) in e3)
Cr(letx=yz ... z, ine)
Cr(let x =1 in eq)
Cr(let rec f 1 ... ©, = €1 in eq)
Yn)

Cr(zyr ...

Ck(e)

if <y then Ci(e1) else Ci(e2)
if =y then Ci(e1) else Ci(e2)
let (z1,...,2,) =y in Cx(e)

let rec k' x = Ci(e3) in
if y < z then Cp/(e1) else Cy/(e2) UK O freshO
(es) 1
(e1)

e

let rec k' 2 =Cs
else Cp(ez) OK O freshO
. Zn

Ok O freshd
goooooooo

if y = z then Cy/ (e
let rec k' z = Ci(e) i

let © =e; in Ci(e2)

2 = Ce(e1) in Ci(e2)

Oc¢ O freshd

letrec fcxy ...
xkyr ... Yn

letz=cinkx OD00O0O0O0O0O0O0OxzO freshO

06: 0000000 ADO0O00OO00UDOD KOODODOOOO CPSOO Cr(e)ODO KD eOOOO
O000UO0O00OOOletreckaez=zinC,(e) 0000000 0O0O0O0O0OOOOOOOOOO
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open SparcAsm | NonTail(x), Neg(y) —-> Printf.fprintf oc "\tneg\t%s, %s\n" y x
| NonTail(x), Add(y, z’) —-> Printf.fprintf oc "\tadd\t%s, %s, %s\n" y (pp_id_or_imm
external gethi float —> int32 = "gethi" z') x
external getlo float —-> int32 = "getlo" | NonTail(x), Sub(y, z’) —-> Printf.fprintf oc "\tsub\t%s, %s, %s\n" y (pp_id_or_imm
z’) x
let stackset = ref S.empty (* 9§ CiCSaved N/ EHDESL (caml2html: emit_stackset) * | NonTail(x), SLL(y, z’) —> Printf.fprintf oc "\tsll\t%s, %s, %s\n" y (pp_id_or_imm
) z') x
let stackmap = ref [] (* SavedH/ERD., X5y ZICBIISE (caml2html: emit_stackma | NonTail(x), Ld(y, z’) —> Printf.fprintf oc "\tld\t[%s + %s], %s\n" y (pp_id_or_imm
p) *) z") x
let save x = | NonTail(_), St(x, y, z') —-> Printf.fprintf oc "\st\t%s, [%s + %s]\n" x y (pp_id_o
stackset := S.add x !stackset; r_imm z7’)
if not (List.mem x !stackmap) then | NonTail(x), FMovD(y) when x =y —> ()
stackmap := !stackmap @ [x] | NonTail(x), FMovD(y) ->
let savef x = Printf.fprintf oc "\tfmovs\t%s, %s\n" y x;
stackset := S.add x !stackset; Printf.fprintf oc "\tfmovs\t%s, %s\n" (co_freg y) (co_freg x)
if not (List.mem x !stackmap) then | NonTail(x), FNegD(y) ->
( let pad = Printf.fprintf oc "\tfnegs\t%s, %s\n" y x;
if List.length !stackmap mod 2 = 0 then [] else [Id.gentmp Type.Int] in if x <> y then Printf.fprintf oc "\tfmovs\t%s, %s\n" (co_freqg y) (co_freg x)
stackmap := !stackmap @ pad @ [x; x]) | NonTail(x), FAddD(y, z) -> Printf.fprintf oc "\tfaddd\t%s, %s, %s\n" y z x
let locate x = | NonTail(x), FSubD(y, z) -> Printf.fprintf oc "\tfsubd\t%s, %s, %s\n" y z x
let rec loc = function | NonTail(x), FMulD(y, z) —-> Printf.fprintf oc "\tfmuld\t%s, %s, %s\n" y z x
| 1 —> [1 | NonTail(x), FDivD(y, z) -> Printf.fprintf oc "\tfdivd\t%s, %s, %s\n" y z x
| v zs when x =y -> 0 List.map succ (loc zs) | NonTail(x), LdADF(y, z’) —> Printf.fprintf oc ™\dd\t[%s + %s], %s\n" vy (pp_id_or_
|y zs —-> List.map succ (loc zs) in imm z’) x
loc !stackmap | NonTail(_), StDF(x, y, z') —-> Printf.fprintf oc "\tstd\t%s, [%s + %s]\n" x y (pp_id
let offset x = 4 * List.hd (locate x) _or_imm z’)
let stacksize () = align ((List.length !stackmap + 1) * 4) | NonTail(_), Comment(s) -> Printf.fprintf oc "Wt! %s\n" s
(* IBBDOREF DT (caml2html: emit_save) *)
let pp_id_or_imm = function | NonTail(_), Save(x, y) when List.mem x allregs && not (S.mem y !stackset) ->
| V(x) -> x save y;
| C(i) -> string_of_int i Printf.fprintf oc "\tst\t%s, [%s + %d]\n" x reg_sp (offset vy)
| NonTail(_), Save(x, y) when List.mem x allfregs && not (S.mem y !stackset) -
(* BT L DXDICF I EWNER S (register shuffling) (caml2html: emit_shuffle) *) >
let rec shuffle sw xys = savef y;
(* remove identical moves *) Printf.fprintf oc "\tstd\t%s, [%s + %d]\n" x reg_sp (offset y)
let _, xys = List.partition ( fun (x, y) -> x = y) xys in | NonTail(_), Save(x, y) —> assert (S.mem y !stackset); ()
(* find acyclic moves *) (* EIFDOREMBDORE (caml2html: emit_restore) *)
match List.partition ( fun (_, y) -> List.mem_assoc y xys) xys with | NonTail(x), Restore(y) when List.mem x allregs —>
| [1, [1 -> T[] Printf.fprintf oc "\Ud\t[%s + %d], %s\n" reg_sp (offset y) x
| (%, vy) xys, [1 -> (* no acyclic moves; resolve a cyclic move *) | NonTail(x), Restore(y) ->
(y, sw) (x, Vy) shuffle sw (List.map assert (List.mem x allfregs);
( function Printf.fprintf oc "\Udd\t[%s + %d], %s\n" reg_sp (offset y) x
| (y', z) when y = y’ —> (sw, z) (* KEXSEbFHEBERREFH LIPZXZICEy ML Tret (caml2html: emit_tailret) *)
| yz => yz) | Tail, (Nop | St _ | StDF _ | Comment _ | Save _ as exp) ->
XYS) g’ oc (NonTail (Id.gentmp Type.Unit), exp);
| xys, acyc -> acyc @ shuffle sw xys Printf.fprintf oc "\trethn";
Printf.fprintf oc "\tnop\n"
type dest = Tail | NonTail of Id.t (* KENELIPEKITF—FM (caml2html: emit_dest | Tail, (Set _ | SetL _ | Mov _ | Neg _ | Add _ | Sub _ | SLL _ | Ld _ as exp)
) *) ->
let rec g oc = function (* RO 7> T VALK (caml2html: emit_g) *) g’ oc (NonTail (regs.(0)), exp);
| dest, Ans(exp) —-> g’ oc (dest, exp) Printf.fprintf oc "\tretl\n";
| dest, Let((x, t), exp, e) —-> Printf.fprintf oc "\thop\n"
g’ oc (NonTail(x), exp); | Tail, (FMovD _ | FNegD _ | FAddD _ | FSubD _ | FMulD _ | FDivD _ | LdDF _ a
g oc (dest, e) s exp) —->
| _, Forget _ —-> assert false g’ oc (NonTail (fregs. (0)), exp);
and g’ oc = function (* HHHDF7E>TVAEK (caml2html: emit_gprime) *) Printf.fprintf oc "\trethn";
(* KETHED» e bitERRZdestiCZy b (caml2html: emit_nontail) *) Printf.fprintf oc "\tnop\n"
| NonTail(_), Nop -> () | Tail, (Restore(x) as exp) —>
| NonTail(x), Set(i) -> Printf.fprintf oc "\tset\t%d, %s\n" i x ( match locate x with
| NonTail (x), SetL(Id.L(y)) -> Printf.fprintf oc "\tset\t%s, %s\n" y x | [i] -> g’ oc (NonTail(regs. (0)), exp)
| NonTail (x), Mov(y) when x =y —> () | [i; j] when 1 + 1 = j —> g’ oc (NonTail(fregs. (0)), exp)
| NonTail(x), Mov(y) —-> Printf.fprintf oc "\tmov\t%s, %s\n" y x | _ —> assert false);
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Printf.fprintf oc "\trethn"; let ss = stacksize () in
Printf.fprintf oc "\tnop\n" Printf.fprintf oc "\tst\t%s, [%s + %d]\n" reg_ra reg_sp (ss - 4);
| Tail, IfEg(x, y’, el, e2) —> Printf.fprintf oc "\tcall\t%s\n" x;
Printf.fprintf oc "\temp\t%s, %s\n" x (pp_id_or_ imm y’); Printf.fprintf oc "\tadd\t%s, %d, %s\t! delay slot\n" reg sp ss reg_sp;
g’_tail_if oc el e2 "be" "bne" Printf.fprintf oc "\tsub\t%s, %d, %s\n" reg_sp ss reg_sp;
| Tail, IfLE(x, y’, el, e2) —> Printf.fprintf oc "\Ud\t[%s + %d], %s\n" reg_sp (ss - 4) reg_ra;
Printf.fprintf oc "\temp\t%s, %s\n" x (pp_id_or_ imm y’); if List.mem a allregs && a <> regs. (0) then
g’_tail_if oc el e2 "ble" "bg" Printf.fprintf oc "\tmov\t%s, %s\n" regs. (0) a
| Tail, IfGE(x, y’', el, e2) —> else if List.mem a allfregs && a <> fregs.(0) then
Printf.fprintf oc "\temp\t%s, %s\n" x (pp_id_or_ imm y’); (Printf.fprintf oc "\tfmovs\t%s, %s\n" fregs. (0) a;
g’_tail_if oc el e2 "bge" "bl" Printf.fprintf oc "\tfmovs\t%s, %s\n" (co_freg fregs. (0)) (co_freg a))
| Tail, IfFEq(x, y, el, e2) —> and g’_tail_if oc el e2 b bn =
Printf.fprintf oc "\tHfcmpd\t%s, %s\n" x vy; let b _else = Id.genid (b ~ "_else") in
Printf.fprintf oc "\tnop\n"; Printf.fprintf oc "\t%s\t%s\n" bn b_else;
g’_tail_if oc el e2 "fbe" "fbne" Printf.fprintf oc "\tnop\n";
| Tail, IfFLE(x, y, el, e2) -> let stackset_back = !stackset in
Printf.fprintf oc "\tfempd\t%s, %s\n" x y; g oc (Tail, el);
Printf.fprintf oc "\tnop\n"; Printf.fprintf oc "%s:\n" b_else;
g’_tail if oc el e2 "fble" "fbg" stackset := stackset_back;
| NonTail(z), IfEqg(x, y’, el, e2) -> g oc (Tail, e2)
Printf.fprintf oc "\temp\t%s, %s\n" x (pp_id_or_imm y’); and g’_non_tail_if oc dest el e2 b bn =
g’_non_tail_if oc (NonTail(z)) el e2 "be" "bne" let b_else = Id.genid (b ~ "_else") in
| NonTail(z), IfLE(x, y’, el, e2) -> let b_cont = Id.genid (b ~ "_cont") in
Printf.fprintf oc "\temp\t%s, %s\n" x (pp_id_or_imm y’); Printf.fprintf oc "\W"s\t%s\n" bn b_else;
g’_non_tail_if oc (NonTail(z)) el e2 "ble" "bg" Printf.fprintf oc "\tnop\n";
| NonTail(z), IfGE(x, y’, el, e2) -> let stackset_back = !stackset in
Printf.fprintf oc "\temp\t%s, %s\n" x (pp_id_or_imm y’); g oc (dest, el);
g’_non_tail_if oc (NonTail(z)) el e2 "bge"™ "bl" let stacksetl = !stackset in
| NonTail(z), IfFEq(x, y, el, e2) -> Printf.fprintf oc "\tb\t%s\n" b_cont;
Printf.fprintf oc "\tfempd\t%s, %s\n" x y; Printf.fprintf oc "\tnop\n";
Printf.fprintf oc "\tnop\n"; Printf.fprintf oc "%s:\n" b_else;
g’_non_tail if oc (NonTail(z)) el e2 "fbe" "fbne" stackset := stackset_back;
| NonTail(z), IfFLE(x, y, el, e2) -> g oc (dest, e2);
Printf.fprintf oc "\tfcmpd\t%s, %s\n" x y; Printf.fprintf oc "%s:\n" b_cont;
Printf.fprintf oc "\thop\n"; let stackset2 = !stackset in
g’_non_tail_if oc (NonTail(z)) el e2 "fble" "fbg" stackset := S.inter stacksetl stackset2
(* BIBEFEOH L ORESDFERE (camllhtml: emit_call) *) and g’_args oc x reg_cl ys zs =
| Tail, CallCls(x, ys, zs) -> (* FEWPHL (caml2html: emit_tailcall) *) let (i, yrs) =
g’_args oc [(x, reg_cl)] ys zs; List.fold_left
Printf.fprintf oc "\Wd\t[%s + 0], %s\n" reg_cl reg_sw; ( fun (i, yrs) y -> (i + 1, (y, regs.(i)) :: yrs))
Printf.fprintf oc "\timp\t%s\n" reg_sw; (0, x_reg_cl)
Printf.fprintf oc "\thop\n" ys in
| Tail, CallDir(Id.L(x), ys, zs) -> (* KEFPHL *) List.iter
g’_args oc [] ys zs; ( fun (y, r) -> Printf.fprintf oc "\tmov\t%s, %s\n" y r)
Printf.fprintf oc "\th\t%s\n" x; (shuffle reg_sw yrs);
Printf.fprintf oc "\tnop\n" let (d, zfrs) =
| NonTail(a), CallCls(x, ys, zs) —-> List.fold_left
g’_args oc [(x, reg_cl)] ys zs; ( fun (d, zfrs) z -> (d + 1, (z, fregs.(d)) :: zfrs))
let ss = stacksize () in (0, [1)
Printf.fprintf oc "\tst\t%s, [%s + %d]\n" reg_ra reg_sp (ss - 4); zs in
Printf.fprintf oc "\Wd\t[%s + 0], %s\n" reg_cl reg_sw; List.iter
Printf.fprintf oc "\tcall\t%s\n" reg_ sw; ( fun (z, fr) ->
Printf.fprintf oc "\tadd\t%s, %d, %s\t! delay slol\n" reg_sp ss reg_sp; Printf.fprintf oc "\tfmovs\t%s, %s\n" z fr;
Printf.fprintf oc "\tsub\t%s, %d, %s\n" reg_sp ss reg_sp; Printf.fprintf oc "\tfmovs\t%s, %s\n" (co_freg z) (co_freg fr))
Printf.fprintf oc "\WUd\t[%s + %d], %s\n" reg_sp (ss - 4) reg_ra; (shuffle reg_fsw zfrs)
if List.mem a allregs && a <> regs.(0) then
Printf.fprintf oc "\tmov\t%s, %s\n" regs. (0) a let h oc { name = Id.L(x); args = _; fargs = _; body = e; ret = _ } =
else if List.mem a allfregs && a <> fregs.(0) then Printf.fprintf oc "%s\n" x;
(Printf.fprintf oc "\Wmovs\t%s, %s\n" fregs. (0) a; stackset := S.empty;
Printf.fprintf oc "\Wfmovs\t%s, %s\n" (co_freg fregs.(0)) (co_freg a)) stackmap := [];
| NonTail(a), CallDir(Id.L(x), ys, zs) —> g oc (Tail, e)
g’_args oc [] ys zs;
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let f oc (Prog(data, fundefs, e)) =
Format.eprintf "generating assembly...@.";
Printf.fprintf oc ".section\t\".rodata\"\n" ;
Printf.fprintf oc ".align\t8\n";
List.iter
( fun (Id.L(x), d) —>
Printf.fprintf oc "%s\t! %f\n" x d;
Printf.fprintf oc "\tlong\t0x%lx\n" (gethi d);
Printf.fprintf oc "\tlongtOx%Ix\n" (getlo d))
data;
Printf.fprintf oc ".section\t\".text\"\n";
List.iter ( fun fundef -> h oc fundef) fundefs;
Printf.fprintf oc ".global\tmin_caml start\n";
Printf.fprintf oc "min_caml_start:\n";
Printf.fprintf oc "\tsave\t%%sp, —112, %%sp\n"; (* from gcc; why 112? *)
stackset := S.empty;
stackmap := [];
g oc (NonTail ("%g0"), e);
Printf.fprintf oc "\tret\n";
Printf.fprintf oc "\trestore\n"

2005% 118168 Kk#&H emit.ml 3/3



