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open SparcAsm S.empty
free in
let r = (¥ ZITCRVOLVIREZEIFT *)

(* for register coalesc1ng *)
(* [XXX] CallXH-olzb, 2 ﬁlb;’%lﬁﬁ@%zoxjﬁ)ﬁﬁﬁ‘ﬁ&@ﬁ_b&w
FDEDIC [CallWh -l & 50 2IBVEDOHIFERICED S, *)

let rec target’ src (dest, t) = function

| Mov(x) when x = src && is reg dest ->
assert (t <> Type.Unit);
assert (t <> Type.Float);
false, [dest]

| FMovD(x) when x = src && is_reg dest ->
assert (t = Type.Float);
false, [dest]

| IfEg(_, _, el, e2) | IfLE(_, _, el, e2) | IfGE(_, _, el, e2)

| IfFEq(_, _, el, e2) | IfFLE(_, _, el, e2) —>
let cl, rsl = target src (dest, t) el in
let c2, rs2 = target src (dest, t) e2 in
cl && c2, rsl @ rs2

| CallCls(x, ys, zs) ->
true, (target_args src regs 0 ys @

target_args src fregs 0 zs @
if x = src then [reg_cl] else [])
| CallDir(_, ys, zs) ->
true, (target_args src regs 0 ys @
target_args src fregs 0 zs)
| _ —-> false, []
and target src dest = function (* register targeting (camlZhtml:
) *)
| Ans(exp) -> target’
| Let (xt, exp, e) —->
let cl, rsl = target’ src xt exp in
if cl then true, rsl else
let c2, rs2 = target src dest e in
c2, rsl @ rs2
| Forget(_, e) —-> target src dest e
and target_args src all n = function (* auxiliary function for Call *)
I [1 => [1
| vy :: ys when src =y -> all. (n)
| _ :: ys -> target_args src all

type alloc_result = (* alloclCBTspillingWdo/lzPE IneRTF—5T *)
| Alloc of Id.t (* allocated register *)
| Spill of Id.t (* spilled variable *)
let rec alloc dest cont regenv x t =
(* allocate a register or spill a variable *)
assert ( not (M.mem x regenv));
let all =
match t with
| Type.Unit -> ["%gO0"] (* dummy *)
| Type.Float -> allfregs
| _ —> allregs in

regalloc_target

src dest exp

target_args src all (n + 1) ys

(n + 1) ys

if all = ["%g0"] then Alloc("%g0") else (* [XX] ad hoc optimization *)
if is_reg x then Alloc(x) else
let free = fv cont in
try
let (c, prefer) = target x dest cont in
let live = (* £EFTNILIRE *)

List.fold_left
( fun live y —>

List.find
( fun r -> not (S.mem r live))
(prefer @ all) in
(* Format.eprintf "allocated $%s to $s@.
Alloc(r)
with Not_found ->
Format.eprintf "reglsler allocation failed for %s@." x;

" x r; *)

let v = (* HOEI LIS EWEFRT *)
List.find
( fun y —>

not (is_reg y) &&
try List.mem (M.find y regenv) all
with Not found -> false)
(List.rev free) in
Format.eprintf "spilling %s from %s@." y (M.find y regenv);
Spill(y)
(* auxiliary function for g and g’_and_restore *)
let add x r regenv =
if is_reg x then ( assert (x = r);
M.add x r regenv

regenv) else

(* auxiliary functions for g’ *)
exception NoReg of Id.t * Type.t
let find x t regenv =
if is_reg x then x else
try M.find x regenv
with Not_found -> raise
let find’ x’ regenv =
match x’ with

(NoReg (x, t))

| V(x) -> V(find x Type.Int regenv)
| ¢ ->c¢
let rec g dest cont regenv = function (* WD PZLZEY LT (caml2html: regallo
c_g) *)
| Ans(exp) -> g’_and_restore dest cont regenv exp
| Let((x, t) as xt, exp, e) —>
assert ( not (M.mem x regenv));
let cont’ = concat e dest cont in
let (el’, regenvl) = g’ _and restore xt cont’ regenv exp in
( match alloc dest cont’ regenvl x t with
| Spill(y) ->
let r = M.find y regenv in
let rl = M.find y regenvl in
let (e2’, regenv2) = g dest cont (add x rl (M.remove y regenvl)) e in
(seq(Save(r, y), concat el’ (r, t) e2’), regenv2)

| Alloc(r) —-—>
let (e2’, regenv2) = g dest cont
(concat el’ (r, t) e2’, regenv2))
| Forget(x, e) —-> assert false
and g’_and_restore dest cont regenv exp =
e (camlZhtml: regalloc_unspill) *)
try g’ dest cont regenv exp
with NoReg(x, t) ->
( (* Format.eprintf "restoring $s@." x; *)
g dest cont regenv (Let((x, t), Restore(x),

(add x r regenvl) e in

Ans (exp))))

(* EHINEERERXY v 7006 LY XF \Restor

if is_reg y then S.add y live else and g’ dest cont regenv = function (* FWHDLIIZEHY LT (caml2html: regalloc_g
try S.add (M.find y regenv) live prime) *)
with Not_found -> live) | Nop | Set _ | SetL _ | Comment _ | Restore _ as exp -> (Ans(exp), regenv)
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| Mov(x) -> (Ans(Mov(find x Type.Int regenv)), regenv) ( fun e x —>
| Neg(x) -> (Ans(Neg(find x Type.Int regenv)), regenv) if x = fst dest || not (M.mem x regenv) then e else
| Add(x, y’) —-> (Ans(Add(find x Type.Int regenv, find’ y’ regenv)), regenv) seq(Save (M.find x regenv, x), e))
| Sub(x, y’) -> (Ans(Sub(find x Type.Int regenv, find’ y’ regenv)), regenv) (Ans (constr
| SLL(x, y’) -> (Ans(SLL(find x Type.Int regenv, find’ y’ regenv)), regenv) (List.map ( fun y —-> find y Type.Int regenv) ys)
| Ld(x, y’) —> (Ans(Ld(find x Type.Int regenv, find’ y’ regenv)), regenv) (List.map ( fun z —> find z Type.Float regenv) zs)))
| St(x, y, z’) -> (Ans(St(find x Type.Int regenv, find y Type.Int regenv, find (fv cont),
’ z' regenv)), regenv) M.empty)
| FMovD(x) -> (Ans(FMovD(find x Type.Float regenv)), regenv)
| FNegD(x) -> (Ans(FNegD(find x Type.Float regenv)), regenv) let h { name = Id.L(x); args = ys; fargs = zs; body = e; ret =t } = (* oL
| FAdAAD(x, y) —-> (Ans(FAddD(find x Type.Float regenv, find y Type.Float regenv RZ#Y LT (camlhtml: regalloc_h) *)
)), regenv) let regenv = M.add x reg_cl M.empty in
| FSubD(x, y) —-> (Ans(FSubD(find x Type.Float regenv, find y Type.Float regenv let (i, arg _regs, regenv) =
)), regenv) List.fold_left
| FMulD(x, y) —> (Ans(FMulD(find x Type.Float regenv, find y Type.Float regenv ( fun (i, arg_regs, regenv) y —>
)), regenv) let r = regs. (i) in
| FDivD(x, y) —-> (Ans(FDivD(find x Type.Float regenv, find y Type.Float regenv (i + 1,
)), regenv) arg_regs @ [r],
| LdDF(x, y’) —-> (Ans(LdDF(find x Type.Int regenv, find’ y’ regenv)), regenv) ( assert ( not (is reg y));
| StDF(x, y, z’') —-> (Ans(StDF(find x Type.Float regenv, find y Type.Int regenv M.add y r regenv)))
, find’ z’ regenv)), regenv) (0, []1, regenv)
| IfEq(x, y’, el, e2) as exp —-> g’_if dest cont regenv exp ( fun el’ e2’ -> IfH ys in
g(find x Type.Int regenv, find’ y’ regenv, el’, e2’)) el e2 let (d, farg_regs, regenv) =
| IfLE(x, y’, el, e2) as exp —-> g’_if dest cont regenv exp ( fun el’ e2’ -> IfJ List.fold_left
E(find x Type.Int regenv, find’ y’ regenv, el’, e2’)) el e2 ( fun (d, farg_regs, regenv) z —->
| IfGE(x, y’, el, e2) as exp -> g'_if dest cont regenv exp ( fun el’ e2’ -> If( let fr = fregs.(d) in
E(find x Type.Int regenv, find’ y’ regenv, el’, e2’)) el e2 (d + 1,
| IfFEq(x, y, el, e2) as exp —> g’_if dest cont regenv exp ( fun el’ e2’ —> IfH farg_regs @ [fr],
Eqg(find x Type.Float regenv, find y Type.Float regenv, el’, e2’)) el e2 ( assert ( not (is_reg z));
| IfFLE(x, y, el, e2) as exp —-> g’_if dest cont regenv exp ( fun el’ e2’ —-> IfH M.add z fr regenv)))
LE (find x Type.Float regenv, find y Type.Float regenv, el’, e2’)) el e2 (0, [1, regenv)
| CallCls(x, ys, zs) as exp -> g’ _call dest cont regenv exp ( fun ys zs -> Call zs in
Cls(find x Type.Int regenv, ys, zs)) ys zs let a =
| CallDir(l, ys, zs) as exp -> g’_call dest cont regenv exp ( fun ys zs -> Call match t with
Dir(l, ys, zs)) ys zs | Type.Unit -> Id.gentmp Type.Unit
| Save(x, y) -> assert false | Type.Float -> fregs. (0)
and g’_if dest cont regenv exp constr el e2 = (* ifOLPRXFZEYLT (camllhtml: re | _ -> regs.(0) in
galloc_if) *) let (e’, regenv’) = g (a, t) (Ans(Mov(a))) regenv e in
let (el’, regenvl) = g dest cont regenv el in { name = Id.L(x); args = arg_regs; fargs = farg_regs; body = e’; ret =t }
let (e2’, regenv2) = dest cont regenv e2 in
let regenv’ = (% Wﬁh/\ HD L P22 ERIZGAIF *) let f (Prog(data, fundefs, e)) = (* TEZILALUDLVIZZEY YT (camli2html: regall
List.fold_left oc_f) *)
( fun regenv’ x -> Format.eprintf "register allocation: may take some time (up to a few minutes, depending on the size of functi
try ons)@.";
if is_reg x then regenv’ else let fundefs’ = List.map h fundefs in
let rl = M.find x regenvl in let e’, regenv’ = g (Id.gentmp Type.Unit, Type.Unit) (Ans(Nop)) M.empty e in
let r2 = M.find x regenv2 in Prog(data, fundefs’, e’)
if rl <> r2 then regenv’ else
M.add x rl regenv’
with Not_found -> regenv’)
M.empty
(fv cont) in
(List.fold_left
( fun e x ->
if x = fst dest || not (M.mem x regenv) || M.mem X regenv’ then e else
seq(Save (M.find x regenv, x), e)) (* %9 CHROWERIIMRERNICE—T *)
(Ans (constr el’ e2’))
(fv cont),
regenv’)
and g’_call dest cont regenv exp constr ys zs = (* BEEFFHL DL P ZED LT (caml
2html: regalloc_call) *)

(List.fold_left
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open SparcAsm

(* for register coalesc1ng *)
(* [XXX] CallXH-olzb, 2 ﬁlbiﬁlﬁﬁ@%zoxaﬁ)ﬁﬁb‘ﬁ&@ﬁ_b&w
FDEDIC [CallWh -l & 50 2IBVEDOHIFERICED S, *)

S.empty
free in

let r = (¥ ZITCRVOLVIREZEIFT *)
List.find

( fun r -> not (S.mem r live))

let rec target’ src (dest, t) = function (prefer @ all) in
| Mov(x) when x = src && is reg dest -> (* Format.eprintf "allocated $%s to $s@." x r; *)
assert (t <> Type.Unit); Alloc(r)
assert (t <> Type.Float); with Not_found —>
false, [dest] Format.eprintf "reglslerallocatlon failed for %s@." x;
| FMovD(x) when x = src && is_reg dest -> let v = (* HOES VIPRAZEREIRT )
assert (t = Type.Float); List.find
false, [dest] ( fun y —>
| IfEg(_, _, el, e2) | IfLE(_, _, el, e2) | IfGE(_, _, el, e2) not (is_reg y) &&
| IfFEq(_, _, el, e2) | IfFLE(_, _, el, e2) —> try List.mem (M.find y regenv) all
let cl, rsl = target src (dest, t) el in with Not_found -> false)
let c2, rs2 = target src (dest, t) e2 in (List.rev free) in
cl && c2, rsl @ rs2 Format.eprintf "spilling %s from %s@." y (M.find y regenv);
| CallCls(x, ys, zs) -> Spill(y)
true, (target_args src regs 0 ys @
target_args src fregs 0 zs @ (* auxiliary function for g and g’_and_restore *)
if x = src then [reg_cl] else []) let add x r regenv =
| CallDir(_, ys, zs) -> if is_reg x then ( assert (x = r); regenv) else
true, (target_args src regs 0 ys @ M.add x r regenv
target_args src fregs 0 zs)
| _ —> false, [] type g_result = (* g¥g/ICBNTspillingWHoPE I0EKRT T2 (caml2html: regall
and target src dest = function (* register targeting (camlZhtml: regalloc_target oc_result) *)
) *) | NoSpill of t * Id.t M.t (* new regenv *)
| Ans(exp) -> target’ src dest exp | ToSpill of t * Id.t list (* spilled variables *)
| Let (xt, exp, e) —->
let cl, rsl = target’ src xt exp in (* auxiliary functions for g’ *)
if cl then true, rsl else exception NoReg of Id.t * Type.t
let c2, rs2 = target src dest e in let find x t regenv =
c2, rsl @ rs2 if is_reg x then x else
| Forget(_, e) —-> target src dest e try M.find x regenv
and target_args src all n = function (* auxiliary function for Call *) with Not_found -> raise (NoReg(x, t))
I [1 => [1 let find’ x’ regenv =
| v :: ys when src = y -> all. (n) target_args src all (n + 1) ys match x’ with
| _ :: ys —> target_args src all (n + 1) ys | V(x) -> V(find x Type.Int regenv)
| ¢ ->c¢
type alloc_result = (* alloclCBWTspillingBokPE ek T =51 *) let forget_list xs e =
| Alloc of Id.t (* allocated register *) List.fold_left
| Spill of Id.t (* spilled variable *) ( fun e x -> Forget(x, e))
let rec alloc dest cont regenv x t = e
(* allocate a register or spill a variable *) XS
assert ( not (M.mem x regenv)); let insert_forget xs exp t =
let all = let a = Id.gentmp t in
match t with let m =
| Type.Unit -> ["%gO0"] (* dummy *) match t with
| Type.Float -> allfregs | Type.Unit -> Nop
| _ —> allregs in | Type.Float -> FMovD(a)
if all = ["%g0"] then Alloc("%g0") else (* [XX] ad hoc optimization *) | _ -> Mov(a) in
if is_reg x then Alloc(x) else ToSpill(Let((a, t), exp, forget_list xs (Ans(m))), xs)
let free = fv cont in
try let rec g dest cont regenv = function (* WHIDLIPZZEY 4T (caml2html: regallo
let (c, prefer) = target x dest cont in c.g) *)
let live = (* £EFTN3ELIRE *) | Ans(exp) —-> g’_and_restore dest cont regenv exp
List.fold_left | Let((x, t) as xt, exp, e) —>
( fun live y —> assert ( not (M.mem x regenv));
if is_reg y then S.add y live else let cont’ = concat e dest cont in
try S.add (M.find y regenv) live ( match g’_and_restore xt cont’ regenv exp with
with Not_found -> live) | ToSpill(el, ys) —-> ToSpill(concat el xt e, ys)
1/3
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| NoSpill(el’, regenvl) -—> E(find x Type.Int regenv, find’ y’ regenv, el’, e2’)) el e2
( match alloc dest cont’ regenvl x t with | IfFEq(x, y, el, e2) as exp —> g’_if dest cont regenv exp ( fun el’ e2’ -> IfH
| Spill(y) -> ToSpill(Let(xt, exp, Forget(y, e)), I[vy]) Eg(find x Type.Float regenv, find y Type.Float regenv, el’, e2’)) el e2
| Alloc(r) -> | IfFLE(x, y, el, e2) as exp -> g’_if dest cont regenv exp ( fun el’ e2’ -> IfH
match g dest cont (add x r regenvl) e with LE(find x Type.Float regenv, find y Type.Float regenv, el’, e2’)) el e2
| ToSpill(e2, ys) when List.mem x ys —> | CallCls(x, ys, zs) as exp —> g’'_call dest cont regenv exp ( fun ys zs -> Call
let x saved = Let(xt, exp, seq(Save(x, x), e2)) in Cls(find x Type.Int regenv, ys, zs)) ys zs
( match List.filter ( fun y -> y <> x) ys with | CallDir(l, ys, zs) as exp —> g’_call dest cont regenv exp ( fun ys zs -> Call
| [1 —> g dest cont regenv x_saved Dir(l, ys, zs)) ys zs
| ys_left -> ToSpill(x_saved, ys_left)) | Save(x, y) ->
| ToSpill(e2, ys) —> ToSpill(Let(xt, exp, e2), ys) assert (x = vVy);
| NoSpill(e2’, regenv2) -> NoSpill(concat el’ (r, t) e2’, regenv2) assert ( not (is_reg x));
)) try NoSpill (Ans(Save (M.find x regenv, x)), regenv)
| Forget(x, e) —-> with Not_found -> NoSpill(Ans(Nop), regenv) (* must have already been save
( match g dest cont (M.remove x regenv) e with d *)
| ToSpill(el, ys) -> and g’_if dest cont regenv exp constr el e2 = (* ifOLIIXFZHYYT (caml2html: re
let x_forgotten = Forget(x, el) in galloc_if) *)
( match List.filter ( fun y -> y <> x) ys with let (el’, regenvl) = g_repeat dest cont regenv el in
| [1 -—> g dest cont regenv x_forgotten let (e2’, regenv2) = g repeat dest cont regenv e2 in
| ys_left —> ToSpill(x_forgotten, ys_left)) let regenv’ = (* WHICHEFD LI X ERZGAIA *)
| NoSpill(el’, regenvl) -> NoSpill(el’, regenvl)) List.fold_left
and g’_and_restore dest cont regenv exp = (* HHINIEWE XL v 26 VP ZXH \Restor ( fun regenv’ x ->
e (camlZhtml: regalloc_unspill) *) try
try g’ dest cont regenv exp if is_reg x then regenv’ else
with NoReg(x, t) —-> let rl = M.find x regenvl in
( (* Format.eprintf "restoring $s@." x; *) let r2 = M.find x regenv2 in
g dest cont regenv (Let((x, t), Restore(x), Ans(exp)))) if rl <> r2 then regenv’ else
and g’ dest cont regenv = function (* BWFDLIAFEY LT (caml2html: regalloc_g M.add x rl regenv’
prime) *) with Not_found -> regenv’)
| Nop | Set _ | SetL _ | Comment _ | Restore _ as exp —> NoSpill(Ans(exp), reg M.empty
env) (fv cont) in
| Mov(x) —-> NoSpill (Ans (Mov(find x Type.Int regenv)), regenv) match
| Neg(x) —-> NoSpill (Ans(Neg(find x Type.Int regenv)), regenv) List.filter
| Add(x, y’) —> NoSpill(Ans(Add(find x Type.Int regenv, find’ y’ regenv)), reg ( fun x -> not (is_reg x) && x <> fst dest && not (M.mem x regenv’))
env) (fv cont)
| Sub(x, y’) -> NoSpill(Ans(Sub(find x Type.Int regenv, find’ y’ regenv)), reg with [] -> NoSpill(Ans(constr el’ e2’), regenv’)
env) | xs -> insert_forget xs exp (snd dest) (* €9 CROEKIIHKLIFIICE—T *)
| SLL(x, y’) -> NoSpill(Ans(SLL(find x Type.Int regenv, find’ y’ regenv)), reg and g’_call dest cont regenv exp constr ys zs = (* BEEFCHLDOLIZZEIY LT (caml
env) 2html: regalloc_call) *)
| Ld(x, y’) —-> NoSpill(Ans(Ld(find x Type.Int regenv, find’ y’ regenv)), regen match
V) List.filter (* =TI RELVIISIEREZIFT *)
| St(x, y, z’) —-> NoSpill(Ans(St(find x Type.Int regenv, find y Type.Int regen ( fun x —> not (is_reg x) && x <> fst dest)
v, find’ z’ regenv)), regenv) (fv cont)
| FMovD(x) —> NoSpill (Ans(FMovD(find x Type.Float regenv)), regenv) with [] -> NoSpill (Ans(constr
| FNegD(x) —> NoSpill (Ans(FNegD(find x Type.Float regenv)), regenv) (List.map ( fun y -> find y Type.Int regenv) ys)
| FAdAAD(x, y) —-> NoSpill (Ans(FAddD(find x Type.Float regenv, find y Type.Float (List.map ( fun z -> find z Type.Float regenv) zs)),
regenv) ), regenv) M.empty)
| FSubD(x, y) -> NoSpill (Ans(FSubD(find x Type.Float regenv, find y Type.Float | xs -> insert_forget xs exp (snd dest)
regenv)), regenv) and g _repeat dest cont regenv e = (* SpillW&< kb F Tqg#i#ViRT (caml2html: regal
| FMulD(x, y) —-> NoSpill(Ans(FMulD(find x Type.Float regenv, find y Type.Float loc_repeat) *)
regenv) ), regenv) match g dest cont regenv e with
| FDivD(x, y) -> NoSpill (Ans(FDivD(find x Type.Float regenv, find y Type.Float | NoSpill(e’, regenv’) -> (e’, regenv’)
regenv) ), regenv) | ToSpill(e, xs) —->
| LdDF(x, y’) —> NoSpill (Ans(LdDF (find x Type.Int regenv, find’ y’ regenv)), r g_repeat dest cont regenv
egenv) (List.fold_left
| StDF(x, y, z’) —> NoSpill(Ans(StDF(find x Type.Float regenv, find y Type.Int ( fun e x -> seq(Save(x, x), €))
regenv, find’ z’ regenv)), regenv) e
| IfEq(x, y’, el, e2) as exp —-> g’_if dest cont regenv exp ( fun el’ e2’ -> IfH Xs)
g(find x Type.Int regenv, find’ y’ regenv, el’, e2’)) el e2
| IfLE(x, y’, el, e2) as exp -> g'’_if dest cont regenv exp ( fun el’ e2’ -> IfJ let h { name = Id.L(x); args = ys; fargs = zs; body = e; ret =t } = (* BEoL>y
E(find x Type.Int regenv, find’ y’ regenv, el’, e2’)) el e2 2289 4T (caml2html: regalloc_h) *)
| IfGE(x, y’', el, e2) as exp —> g’_if dest cont regenv exp ( fun el’ e2’ -> If( let regenv = M.add x reg_cl M.empty in
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let (i, arg_regs, regenv) =
List.fold_left
( fun (i, arg_regs, regenv) y ->
let r = regs. (i) in
(1 + 1,
arg_regs @ [r],
( assert ( not (is reg y));
M.add y r regenv)))
(0, [1, regenv)
ys in
let (d, farg_regs, regenv) =
List.fold_left
( fun (d, farg_regs, regenv) z ->
let fr = fregs.(d) in
(d + 1,
farg_regs @ [fr],
( assert ( not (is_reg z));
M.add z fr regenv)))
(0, [1, regenv)
zs in
let a =
match t with
| Type.Unit -> Id.gentmp Type.Unit
| Type.Float -> fregs. (0)
| -> regs. (0) in

let Te’, regenv’) = g_repeat (a, t) (Ans(Mov(a))) regenv e in

{ name = Id.L(x); args = arg_regs; fargs = farg_regs; body = e’; ret =t }
let f (Prog(data, fundefs, e)) = (* TEZSADEDLIZZ#IY LT (caml2html: regall
oc_f) *)

Format.eprintf "register allocation: may take some time (up to a few minutes, depending on the size of functi
ons)@.";

let fundefs’ = List.map h fundefs in

let e’, regenv’ = g_repeat (Id.gentmp Type.Unit, Type.Unit) (Ans(Nop)) M.empty
e in

Prog(data, fundefs’, e’)
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