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SML#| C S8 DEEIER
A7 CREME SMLHCZDEE AV R—FTE3.
14 R— kL= CREBICIZIML OBEMEH < .

T —XEHRIE LIC SMLHDfE (XFHIWEHGY) Z CRRBICEE 3.

# val puts = _import "puts" : string -> int;
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SML#I C EB - DEEDFE

¥k2 72 CEBflZ SMLAHICEDFEF A VR—FTE 3.
1 > R— bk L7 CRAEICIZ ML OBBEE DT < .
T —XEHRIE LIC SMLHDfE (XFHIWEHGY) Z CRRBICEE 3.

# val puts = _import "puts" : string -> int;
val puts = fn : string -> int
#
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SML#I C EB - DEEDFE

¥k2 72 CEBflZ SMLAHICEDFEF A VR—FTE 3.
1 > R— bk L7 CRAEICIZ ML OBBEE DT < .
T —XEHRIE LIC SMLHDfE (XFHIWEHGY) Z CRRBICEE 3.

# val puts = _import "puts" : string -> int;

val puts = fn : string -> int
# puts "Hello";
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SML#I3 C S5 DEENEFE
A5 CREE SMLHCZDEEA Y R— T3,

1 > R— bk L7 CRAEICIZ ML OBBEE DT < .
T —XEHRIE LIC SMLHDfE (XFHIWEHGY) Z CRRBICEE 3.

# val puts = _import "puts" : string -> int;
val puts = fn : string -> int

# puts "Hello";

Hello

val it = 10 : int

#
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SML#I3 C S5 DEENEFE
A5 CREE SMLHCZDEEA Y R— T3,

1 > R— bk L7 CRAEICIZ ML OBBEE DT < .
T —XEHRIE LIC SMLHDfE (XFHIWEHGY) Z CRRBICEE 3.

# val puts = _import "puts" : string -> int;
val puts = fn : string -> int

# puts "Hello";

Hello

val it = 10 : int

# app (ignore o puts) ["Hello", "World"];
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SML#I3 C S5 DEENEFE
A5 CREE SMLHCZDEEA Y R— T3,

1 > R— bk L7 CRAEICIZ ML OBBEE DT < .
T —XEHRIE LIC SMLHDfE (XFHIWEHGY) Z CRRBICEE 3.

# val puts = _import "puts" : string -> int;
val puts = fn : string -> int

# puts "Hello";

Hello

val it = 10 : int

# app (ignore o puts) ["Hello", "World"];
Hello

World

val it = () : unit

#
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pthread_create H EIEMFAR S

fun spawn f =

let

val ’a#boxed pthread_create =
_import "pthread_create"
(unit ptr ref, unit ptr, ’a -> unit ptr, ’a) -> int

val r = ref (Pointer.NULL ())
fun callback f = (£ (O; Pointer.NULL ())

in
pthread_create (r, Pointer.NULL (), callback, f);
'r

end

(EFRDEEELH Pthread. Thread.create & L TIEEEIRHE TN T L B)
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HRIEXLY KSA751) MassiveThreads Z{E > TAHX X 715
MassiveThreads &5 X L v K& ILIFEENS.
fun fib ©

| fib 1
| fib n

0
1

fib (n - 1) + fib (n - 2)
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HRIEXLY KSA751) MassiveThreads Z{E > TAHX X 715
MassiveThreads &5 X L v K& ILIFEENS.

fun fib @ = 0
| fib 1 1
| fib n if n < 16 then fib (n - 1) + fib (n - 2) else
let val t = Myth.Thread.create (fn O => fib (n - 2))
in fib (n - 1) + Myth.Thread.join t
end
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HRIEXLY KSA751) MassiveThreads Z{E > TAHX X 715
MassiveThreads &5 X L v K& ILIFEENS.

fun fib @ = @
| fib 1 =1
| fib n = if n < 16 then fib (n - 1) + fib (n - 2) else

let val t = Myth.Thread.create (fn O => fib (n - 2))
in fib (n - 1) + Myth.Thread.join t
end

A BIREK e 2 X7 LHFAEED LI
> fib (n - DOFAEEfib (n - 2)DFHEIFEWNIIEIIE LB
> FNENOFAEZROYPIED 7 CTHILICTETIERTLI-S5EETKDS &1
> e ARHIC?
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RhxyY  HR=3L Y>3 (GC)
SARZEDBICIZE—TH5DXE) OEENRE.

fun fib ® = @
| fib 1 =1
| fib n = if n < 16 then fib (n - 1) + fib (n - 2) else

let val t = Myth.Thread.create (fn () => fib (n - 2))
in fib (n - 1) + Myth.Thread.join t
end

CORBIO—-T vk
» JO—NI)lBe—nrIMcraOsy—ran,
» Myth.Thread.create |[Ck > TEIH®D CPU tHBETN,
> REIZR 75 BFNICEN I NARITILR S0

REB7Z GCH ALy FREICEROEEKRFZEAHLTLES .
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YuasaDRXFy7Tav b
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stack:
T TR
B
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YuasaDRXFy7Tav b

Sa—TEANRAVEZESTRZIBZLE, AVWRAIVEDEZRERS (X
FvTTavbSANUT) TET, FAMNITZBMCLICEROAT
IV NS TRRETS.

mark  stack:
T T
B
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YuasaDRXFy7Tav b
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mark  stack: AD
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YuasaDRXFy7Tav b
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YuasaDRXFy7Tav b
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YuasaDRXFy7Tav b
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YuasaDRXFy7Tav b

Sa-T—EIPRAVAZEETRRBZLE, LRIV EDEZREZS (R
FvTTavbSANUT) TET, FAMNITZBMCLICEROAT
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mark
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YuasaDRXFy7Tav b
Sa—T—ZWNRAVEAEEZIHRZIZIEE, LRIV EDEEEZDS (R
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YuasaDRXFy7Tav b
Sa—T—ZWNRAVEAEEZIHRZIZIEE, LRIV EDEEEZDS (R
Ty FogybSAMNDT) T, AN T7EBMICLIERSEDA T
STV NI TOERRETD.
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YuasaDRXFy7Tav b
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YuasaDRXFy7Tav b
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YuasaDRXFy7Tav b
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YuasaDRXFy7Tav b
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YuasaDRXFy7Tav b
Sa—T—IWNRAVEEZEZIHRZZEE, dLWRAVEDEEZEZRDS (R
FwToayhSAMNUT) JET, 54 CNUTEEMICLIESDA D
STV NI TOERRETD.

sweep stack:
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YuasaDRXFy7Tav b

Sa-FoSHRAVEEBEIRABLE, VRS VAOMEERS (X
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Thread 1 ’/
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Thread 2 ./
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HREIEDHHRVDT, 2XAL Y RARKICRFTY I3y bS14 MNUT7E2BYN
ICL7=D, IL—FrtEy RFIZELED TERL.

snapshot root /K
Thread 1 L L .
.| snapshot ! ' root
Thread 2 : L ! L/ R
ho f ty

KHbiZ, EALYRDRFY T3y b0 N T7EERICEMICLTH
SIL—hrEY bEIETS. DX Yy, RAVREZBRIEFICHL
WRAVEADEZEEZD (AX—EVT 514N T) CETEDS.
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Levanoni & Petrank DXSA1 541 5 E 21—

HREIEDHHRVDT, 2XAL Y RARKICRFTY I3y bS14 MNUT7E2BYN
ICL7=D, IL—FrtEy RFIZELED TERL.

snapshot root HE
Thread 1 L L ~ .
. . N/ g
1 1 -----* 1
! _ ! SNOoop !
: | snapshot . root
Thread 2 : L ! L/ R
ho b s ty

KHbiZ, EALYRDRFY T3y b0 N T7EERICEMICLTH
SIL—hrEY bEIETS. DX Yy, RAVREZBRIEFICHL
WRAVEADEZEEZD (AX—EVT 514N T) CETEDS.
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AHICCOHBETEH DH--?
WITWSH 7O 5 VT IEANEDOFITER RN !
> BINTRUIES ZeHHEC B
> TNYHZEFESTEDTNY T T b2 ANDZ CEFHEDLDS
> TNTULTHERIZBVLWTINBEWVWERS

> ERIDEF : https://github.com/smlsharp/smlsharp/blob/master/
src/runtime/control.c (201717055 1122 7AAARED IX > )

CATRETE I
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https://github.com/smlsharp/smlsharp/blob/master/src/runtime/control.c
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WATHMS O 52V JIFANEOFISER R !
> BINTRUIES ZeHHEC B
> TNYHZEFESTEDTNY T T b2 ANDZ CEFHEDLDS
> TNTULTHERIZBVLWTINBEWVWERS

> ERIDEF : https://github.com/smlsharp/smlsharp/blob/master/
src/runtime/control.c (201717055 1122 7AAARED IX > )
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https://github.com/smlsharp/smlsharp/blob/master/src/runtime/control.c
https://github.com/smlsharp/smlsharp/blob/master/src/runtime/control.c

EI2 [Ueno&Ohori 2022]

Letthread i (1 < i < n) enumerate its root set at ¢, ¢, be any time before r;, and
t be max(zy,...,t,). For any thread i and time ¢’ > ¢, the following set G is
disjoint with R(#')*(Si(¢)).

G=H\T
where

= H(to) U A [to, ;] U --- U A, [0, 1],
Si(t) U -+ U Su(tn),

= snd(‘Wl(ty, t]) U snd(D| 1o, t]),

= R(®*(S UB).

N W Y T
Il
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EI2 [Ueno&Ohori 2022]

Letthread i (1 < i < n) enumerate its root set at ¢, ¢, be any time before r;, and
t be max(zy,...,t,). For any thread i and time ¢’ > ¢, the following set G is
disjoint with R(#')*(Si(¢)).

G=H\T
where

= Hty) UA[to, 1] U -+ UA,lto, 1,1, | < [CIUNEEEH
Sit)U---US,(t), |[<I—hEVE
= snd(Wlto, 1)) Usnd(Dlro, 1), |<FA RNUT
= R@'SUB). |<bhL—2X
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SML#DIA{TAES) GC 7ILIV X s

420 T F I EALY REITEDH>TN\VY R T—7
1. SYNC1: 22DS5A bN\UTZEAY. CNTBHFICAD. 2XL vV RH

FAMNIVTZAUNCLIERRZ T 5.

2. SYNC2: ALy RZtIZI— bty FAIZE. CNTS BFICAS. EH5IC

REOC7OQ7—2+3a Y RA VA %2HERBPETHEFICLWNS.

3. MARK: ALy FTEICAX—EYT S MNUTZFTICLTHL—X,

THFICAS.
4. ASYNC: G Z[ElfX ¥ 5.
Thread, roots mark sweep
SYNCH1 i éYNCZ MARK ASYNC
Thread, roots mark sweep

> time

h n
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RIOFI—2 (20224F (SML# 3.6.0) BFm

mandelbrot nqueen
64 T T T T T 64 T T T T T
C —o— ) C —o—
s | SML# —B— s | SML# —B—

40

Y /, p/z/ ) /,
y % y /
16 /2/ 16

0 8 16 24 32 40 48 56 64 0 8 16 24 32 40 48 56 64
The number of workers

Speedup
Speedup

The number of workers

FTMfiEREE © AMD EPYC 7501 2.0 GHz (32 O 7) x 2, 128 GB, Debian GNU/Linux 11
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Aarch64 33t
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ARM X} & D EIHRIRE ?

Q: LLWM D& =7y bZIDEZX B3I TARM I—FHRIFBAL»HR7?
A: E<RITBRETEET. BM<KHMRBBRALSD -

FHeWERA :

MassiveThreads h' ARM 33 L THR UL — 2021 F(Zf#R
GCHARMMIGLTHEW? — RFIFFABLELSTEN o7 (1)
BINEERED ARM IS L THW?  — amd64 £ [E L Itanium ABI 72 o 7=
LLVM OFREMFUH LRBEIEHAH ARV | - SHOERE

LLVM @ nested function BMEX 2LV ! — (R DFRRE)

ok~ 0N~

mod_poppo K & % Apple Silicon X3t SML#®D A (Thanks!)
> https://zenn.dev/mod_poppo/articles/smlsharp-aarch64-mac

20/57
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REBRES v 2T

BREIFUVHLOBICHEDNZR>TWVWE=XXy I %z HETS (O-J):

fun sumList nil = 0

| sumList (h ::

t) = sumList t + h
__SMLF7sumList:
sub sp, sp, #48
cbz x0, L4
1dr wl9, [x0]
ldr x0, [x0, #8]
bl __SMLF7sumList
add wd, w0, wl9
L4: add sp, sp, #48
ret
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XEBRECO VYT
BIRFUOHE LOBICHENZ > TLWARWVW=2E v I EHEE LA, (v ):
fun loop nil a = a
| loop ¢h :: t) a = loop t (a + h)
fun sumlList 1 = loop 1 O

__SMLF7sumList:
sub sp, sp, #48
mov wl9, wzr
L2: cbz x0, L4

1dr w9, [x0]
1dr x0, [x0, #8]

add wl9, w9, wl9
b L2

L4: mov w0, wl9
add Sp, sp, #48
ret
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KREMFUH LRBELH DS L

> SMLADKREMN U LE#ELIFB S KREBRZRVLTLLVMICE > TLW
> LLVMIZARM &2 =47y MCT B EREHUHLZSY v > FICL T MRL

> TORR, RERRBRTRZ v o4 —N—70—

frame
frame
frame
frame
frame
frame
frame
frame
frame
frame
frame
frame
frame
frame

#53998:
#53999:
#54000:
#54001:
#54002:
#54003:
#54004:
#54005:
#54006:
#54007:
#54008:
#54009:
#54010:
#54011:

0x000000010048£914
0x000000010048££08
0x0000000100490188
0x000000010048£914
0x000000010048££08
0x0000000100490188
0x000000010048dafc
0x000000010043££08
0x0000000100490188
0x0000000100490554
0x000000010009£2d4
0x000000010009fe14
0x00000001000a0540
0x00000001000a6b78

smlsharp‘_SMLLL6action_3837 + 24032
smlsharp‘_SMLLL4scan_3836 + 1204
smlsharp‘_SMLLL8continue_3835 + 296
smlsharp‘_SMLLL6action_3837 + 24032
smlsharp‘_SMLLL4scan_3836 + 1204
smlsharp‘_SMLLL8continue_3835 + 296
smlsharp‘_SMLLL6action_3837 + 16328
smlsharp‘_SMLLL4scan_3836 + 1204
smlsharp‘_SMLLL8continue_3835 + 296
smlsharp‘_SMLLL31ex_3896 + 52
smlsharp‘_SMLLL3get_31 + 192
smlsharp‘_SMLLL9parseStep_190 + 444
smlsharp‘_SMLLL7ssParse_195 + 48
smlsharp‘_SMLLLS5parse_274 + 2468
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Ay oEnzEC L=a—F (imllex.sml)

fun continue () =

let
fun scan (---) =
let
fun action (---) =
case --- of --- => action (---)
| -+ => continue ()
| --- => result
in case --- of --- => action (---)
| -+ => scan (---)
| --- => result
end

in scan (---)
end
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Ay oEnzEC L=a—F (imllex.sml)

fun continue () = entry
let
fun scan (---) =
let "iﬂﬂ!ﬁﬂﬁ!
fun action (---) =
case --- of --- => action (---)
| -+ => continue ()
| --- => result
in case --- of --- => action (---)
| -+ => scan (---)
| --- => result
end
in scan (---)
end
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Ay oEnzEC L=a—F (imllex.sml)

fun continue () = entry
let
fun scan (---) =
let continue
fun action (---) =
case --- of --- => action (---) v
| -+ => continue () ( scan )
| --- => result
in case --- of --- => action (---)
| -+ => scan (---)
| --- => result
end

in scan (---)
end
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Ay oEnzEC L=a—F (imllex.sml)

fun continue () = entry
let
fun scan (---) =
let continue
fun action (---) =
case --- of --- => action (---) v
| -+ => continue () ( scan )
| --- => result
in case --- of --- => action (---) y
| - = scan G- action
| --- => result
end

in scan (---)
end
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Ay oEnzEC L=a—F (imllex.sml)

fun continue () = entry
let
fun scan (---) =
let continue
fun action (---) =
case --- of --- => action (---) v
| -+ => continue () ( scan i )
| --- => result
in case --- of --- => action (---) y
| - = scan G- action
| --- => result
end

in scan (---)
end
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Ay oEnzEC L=a—F (imllex.sml)

fun continue () = entry
let
fun scan (---) =
let continue
fun action (---) =
case --- of --- => action (---) v
| -+ => continue () scan i )
| --- => result
in case --- of --- => action (---) y
| - = scan G- action
| --- => result
end
in scan (---) exit

end
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Ay oEnzEC L=a—F (imllex.sml)

fun continue () = entry
let
fun scan (---) =
let continue
fun action (---) =
case --- of --- => action (---) v
| -+ => continue () scan i )
| --- => result
in case --- of --- => action (---) y
| - = scan G- action D
| --- => result
end
in scan (---) exit

end

23/57



Ay oEnzEC L=a—F (imllex.sml)

fun continue () = entry
let
fun scan (---) =
let continue
fun action (---) =
case --- of --- => action (---) v
| -+ => continue () scan i )
| --- => result
in case --- of --- => action (---) y
| - = scan G- action
| --- => result
end
in scan (---) exit

end
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Ay oEnzEC L=a—F (imllex.sml)

fun continue () = entry
let
fun scan (---) =
let continue
fun action (---) =
case --- of --- => action (---) v
| -+ => continue () scan i )
| --- => result
in case --- of --- => action (---) y
| - = scan G- action
| --- => result
end
in scan (---) exit

end
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ES5L&S5
CPSZ#M L T2 TOREBERZREFUHLICTNL?
> CLRILETETILEIATY S SMUATENIEE Lo L

v TZRBRL TESBREFVH LIFEEAYID D v > FICERIEHR D FWV
> BIRFOH LIFESZHZ 5
» COXRALIMEEBRB#EENSZEIL—TZ2ENEZH - ?
> OAVNAIIVBENRZECHBEIEFHEHTH LWL
> BN IIVEBEARZRSBENICP D -0
> REMUEBEDHREIZTH) —b IO
> 7oA —tBEFICRP 5T B EFHRL
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BANL

B ADLBER BEREFVOCEL (AJ—bETNTULBRBEEZEL) LTWLWBL
F, BY (ACKREBRZRVT) ADSLHIEENEVWESIE, BEAICKS
L, REMUHELEZS Yy > FICBESIHRZD. INETIHRIADZIETEDIRY.

S4B

action
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BB A
B ADLBER BEREFVOCEL (AJ—bETNTULBRBEEZEL) LTWLWBL
F, BY (ACKREBRZRVT) ADSLHIEENEVWESIE, BEAICKS
L, REMUHELEZS Yy > FICBESIHRZD. INETIHRIADZIETEDIRY.

S4B

action
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BB A
B ADLBER BEREFVOCEL (AJ—bETNTULBRBEEZEL) LTWLWBL
F, BY (ACKREBRZRVT) ADSLHIEENEVWESIE, BEAICKS
L, REMUHELEZS Yy > FICBESIHRZD. INETIHRIADZIETEDIRY.
NEB

1
1
A 4

continue

S clan D

action :)

- ~ —
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Ty T eRBBRAUNTESRRTSH?

SML#TIIPFRISEEIC TEZHI BVLEISNEE ZEA.
> throw § 3 ERDAR X M ZRVBEZ T catch oo v >
> catchIATO throw Z5F g & TNy I I vz R
fun loop nil a = a
| loop ¢h :: t) a = loop t (a + h)
fun sumlList 1 = loop 1 O

Y

rval sumList = fn 1 =>
try {
throw L (1, ®)
} rec catch L (17, a’) {
case 1’ of nil => a’ | h :: t = throw L (t, a’ + h)

}

J
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KEMFUH L/l (TailCallCompile)
COBBICHLTPNE xR TLEP S !
1. 7970 2TOEHZLBER L A -7 4#HFzik3
2. A7y 71 BHETEUH LEROHME & I8
3. A7y 2 A=IIZT7DERE IV Z AR VT
4, 7Y 73 INETICFBRBERICEOVWTI—REH#H

GARB L DEICFEZEFHDLIZV (—ELVEE))
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ATy 7 1-1: BUH U REER
ITERCEASE8ZRETS.

1. A ERval f=fny = - = fny, = e ZRDITHES
[f is fun(y;---ym)]
%Z RIZEM.
2. B f OFICEIEERN ger - e, (n20) ZRDIFRS

[f calls g(e;---e,) at p]

% RIZEM.
> p (mid £72id tail) IFREMUBNE S THVLWHERT T
> by LRI Top EVWSHRILGEBGZIF DO TS
> B f NOELBEHIL 7 WS AFIZEDOE T3
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ATy F1-2: Ty FO—FRE
UTDERGEZIRNTHRLETITRND LZKDSB.
1. Tope L
2. [f calls g(e;---e,) at pleRDD felL?bBlEgelL
3. [f? calls g(e;---e,) at pleRDD feLiEBlEgelL

[f calls g(e;---e,) at pl]e RENENICDWVT
> feLETldg¢ LESIERHSHIFR
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27w 7 1-3: caller ¥ callee T HORAMEH RS
BIZIE[f is fun(yyy) ] ICTF LT
» [g calls f(eje;) at py]
» [h calls f(e;) at p;]
DESICIKFBDFIETLHIEENTWARWE E, £ %2 25| MBERICHEAERS.

[f is fun(yiy2y3)], [f calls g(e)]
val f = fn Viyays => -+ g e ---

A 4

val £ = fn yjy, = (fn y3 => -+ g e ---)
[f is fun(w)], [£? calls g(e)]
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25w 7 1-3: caller & callee T #DBRAEKEHI RS

WIZ[f is fun(yy,y) ]IS LT

» [g calls f(ejerezes) at py]

» [h calls f(ejey) at p»]
DEIICIEDZVFIHMTHEIINTVWBRIZEEDH DL E, BED D58 ZHIFR
95.

[g calls f(€1€2€3€4)]

val g = -+ f e e ez e4 -+

Y

val g = -+ (£ e e e3) ey )

[g calls f(ejeres)]
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AT v 7 1-4: eta-expansion
BIZIL[f is fun(y,y)] ICXF LT

» [g calls f(eje;) at p]
DESICIKBDIIMTHEEINTVWRHEENH B LT,

val f, = fn y;y; => (n y3 => £ y;yy3)

DESBEBERZHE THATDILICLT, UTDERZ RISEMT 3.
> [£, is fun(yy»)]
> [£,7 calls f(y;y,y3;) at tail]
> [f, is eta(f, 2)]

T5IC[g calls f(ejey) at pl & [g calls fi(ejer) at plICETHRZ 3.
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ATy 7 2-1: A=IT 57 DIERK
B zlER, REMUHLZIET2ERI S TZHEETS.
1. [f is fun(--- )] eRBBIE fZIERE LTI S TICMA S
2. [g calls f(---) at tail] e REBBIEgh'S fFADTAET ZTICMMZ D

THIC, UTOERMEZREIIER f72 TAOER] CMERZEICTS
H3ghFEL [g calls f(---) at mid] e R
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ATwT2-2: FSIFaE
AOEE f ENENICDOWVT, fHOSTETRERIANTOESR g ICB fEES.

2DOULDEDRESNITER g BHNIL, gICABETOILEHIBRL, g Z AN
BRICMRAT, EBZRIHNSPDET.

FaH&H o715, [f calls g(---) at tail]e RFNEFNICDWVT,
> fE g DBEHRELTRIFNIL[f calls g(---) at mid] ICEZFHEZ D

C_EXTT, MEITRTBEMDEESHEZ - -.
(FALEexFOBEKIIF CEHO—E 1 3)
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AT 7 2-3: 5|16
B BRE BRI B THEDRSIMNEING Z N BNICHRATINS B5IE, £
DIREIBOBRE T DREDBICBS B L.

EESICT BRMICIEFER) ¢ 1L CGREA) ZMX TEREED, R5IKICET 3
BEIAFXZIIT, #D&/) % union-find TK& 3.

[f is fun(y;---y)]eRENENICDOWVWT .
gDBM g BSIL, EIAERICY, >y1,..., o>y, 2R D
[g calls f(e;---e,) at tail]e RENENICDWLT :
BIIAERXICy >e,. .., ya>e, 2R3
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ATvw 7 3: BRERDEHR
R EZval f=fny = - = fn y, = e TNFNICDOVT:

HHOSHMEENTUVARWL ([g calls f(---) at p] ¢ R) & 5IXHIRR.
[f is fun(y; - yu)] € RDIFTHRDT, MEDSIKRTT>H)—1k.
[fi is eta(f,D] € R ENZFNICDOVWTEBEERZERK.
fFoEMN fFR5IF:
[¢g calls f(---) at mid] e RDcFEO DR FEHRETZEH(E
174 EBEOHIZEEEL THIRR.
Z5TRITNE, BBERZ COBICTDFEFFREKT.
[g calls f(---) at pl e RD\T=IEVDEDIEIFEFEIET B R 51K
154 VEBEOT-HICEEE L THIRR.
COBBERZSTHHOBL fOBHRELES
C DIF T catch ICEH#.
UEoWwghnichHTIFE5RITNIE
catch{btD7=®IZEE1E L THIBR.
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27w 7 3: EEERNDOZEE:
BIRGERIN f e1 --- e, TNENICDOWVT

[f is fun(y;---y,)] € RDIFT .
n<mB5IL, [f, is eta(f,n)] e RDIETHRDT, f%& [, ICBZTHRZ 3.
min(n,m) TP >Hh')—1t.
OIS0 VAR LTREESNTVWRARSIE
COUEBTfZ1 Vo714V RHE
RKEMETHO WD OBEBERZICEBROBL f DEARILESIE
throw ([C

ES5TRITNUE, BEERZC CIC%RTY.
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RKEFUHLINSILI T —XDRE

> £ET 1456 17 : https://github.com/smlsharp/smlsharp/tree/
master/src/compiler/compilePhases/tailcallcompile/main

> BIMBIOEZ RS T-FHEIHNI—R
> BAMBIEETHFEIMICEITZILERZTLEEH D
> ZHHEX BHR) ICHXWIE ((B=FAHB+E8 1> X2 LH3B)

37/57


https://github.com/smlsharp/smlsharp/tree/master/src/compiler/compilePhases/tailcallcompile/main
https://github.com/smlsharp/smlsharp/tree/master/src/compiler/compilePhases/tailcallcompile/main
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LRSI DER - AHEEMTEL T
A SETIIEAMIHAEFRTIEESRIDRERZ D, LEOEBHR
CEBERN O S LHICEENS. LHL .
> BERGER (VO—Tv) IE—RICIEXEVERERED
» BEEER (O—JL) F—RICIEREZ YT T L —LERZHS
BIETHD, REICEET D&, EL.

ETHEDHICIE, MAICChE%E DL EDICEE [LAL] HHEE.
> HIFEOXREFVUHELIAVNTMILDS ZOFOHAMZHE
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EITAICHE 3BBERR AL TEE WL

fun score x y = x * 2 +y * 3
fun left x = score x 4
fun right y = score 4 y

HIcWBEI—RDBHoT- &,

score x4 — X *2+4*3 —x %2+ 12
score 4y —4*2+y*3 —>8+y*3

BOITRH SRR

fun left x = x * 2 + 12
fun right x =8 +y * 3

&, CRTFEICRYI>THE L.
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2RI SHE

H37O77L (B OAN (Gl O—EHIBNICEZT>TVBEE, D
ANEHSHLHEXTRLL I TOY S L2EKT BH0%.

f
fun score x y = x * 2 +y * 3

IR L Tx=4THBERBHOSNLOHDN>TWVBRESE, x=4DELBZHE
ZE2TEMIIToTHIELL

fun scored y = 8 +y * 3

ZRITEICED T .
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BB 5FH - & D ERE{L DRI EE
V=270 7 LRBICEEFNZIFIABRICEL T, ANTILEARDET
DR Z EZITRIICEME L TH E 0.

1714 VREYPERGHEEZ ¢ 55812k 3 9 TICHS (TCOptimization)
> 1S4 VERIFTINFEE TIEL T NAEW

> SE@IEFHNZEHL>TLESIHS BEKMIELAEVL (let ZHEA)

> BIFREEISERL &L

> HEEICTRE TSI AL

AVNAZICA R T ZZARABI NI EIVD TIFAG LD

> ML > 27U RIZADSBRERGRICEIVTELC LD
> o EHEES T BARKBO L S ICEIFSELWL

> (BEMARARZEICEDHZITFEEHD L)
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BSAEMkER (natural semantics)

TOSLMOEN%%, RIBEODTTMIHMEVICFHESIND, CLWSHIEEE
HI3RUOBAERICE>TE5 X 2EHKR. FEFAV2TIUREZDDHD.

Elx—>virx|v

Evr Ax.M | Cls(E, x, M)

E+r M, | CIs(E', x, M) E+r M, | v E{xe—weM|v
E+ M, MZUV

FERED LICHDHIENETESNIELASIETTOHIENEFOSNDS] .
NEefmEEICBLTLES OBERKRTOT T LIXESNERL--.
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ERR EEMD T- 8 D B ARE R
BRRTITOVSLEZRETZODBHA (E—7) ZHELLS.

> E—ICIE TERES 7 —21 ® TG ITHhaVitE] 2B N TES

> TREOME b, E—FICBO I LICLT, (EEESETIHRN) K1
VRELTRIRTETSDTIE

> BTIEEERET 37-RA VR —TRTIEEE5X 3

> TSHTHRVEE] FRA Y EPE—THIERENLTE—TRTY S
TBEZXRTIET. CNIIEKRTOTSLEFOHD
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EB 5 SHHD -8 D B AR MKGR - FHEFIED X T v F

HE+rM= Hv

H (=7 (TSIETHRVEE] ZHFF 757 0-NIILEEERESE

E (BHIRE) | TR OB OEDRIHTIT.

M (FOJZ L)  BRFH@ENROTOT 5 4.

H (E—=7Z%) : J0-NIBe—FICHEICMZ B NET—275).
v (fB) : FMEERDE. EHMc DRI 2 pDongnh.

vV v Vv Vvyy

E—THEYBEEDTTOSLMZIMATI L, e—FIZIdFHICH B
ZOFIFoNn, Z0BRLTEYHESNS.
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b5 ¥ (ias D 7= 8b D BFAE KGR - FHERAND T F (1)
R, BHIUE, TOEZRT T .

HErc=]]c

HErp=Ilp

HEx—virx=1],v
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B EHMiEz D foH D B AR KGR © FHERADO X7 v F (2)

H E{x— p}+ M= H',v ( ’ fresh)
HEF M= [p o Axlp o CH )L PP

> REIBC TREOM) (AHISSHVEL YR THRE) £ AN TAGEE

93
> KEEFMEL/=5E—TED H HE5ND. COH ICIEMOBERKRTOY

SLPMRESINTLS.
> (W) 1 THICLEDODN TV EZ vICESSHETHE T 51 L5548

#EZEE (LWhi 3 let-insertion)
> AR SNBEEHRIIE—FICEIDFITT, EORA R EFHEERDE

£953.
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EB 5 EHMiER D fo & D B AR KGR - FHERAID X7 v F (3)

HE+ M = H;, v HH,E+ M, = H,», HH]Hz(Vl):/bC.M
HHle,{x = Vz} FM = H;,v
HE+M M, = HH,Hs,v

M XM, ZZNZENCOIBICEHET 5.
JO—-NILRe—FICiFe—TERHERINTLL.
RAVEv, BBRBLTE—THSATI I M ERDOET.
ENHBEEHRES5IE, 31z EL AKX EZTMmT 5.

E—FICLEONTUVWEHMRIIEBRZERZF AV (TTICFHMAESN
TEHICHR->TWD).

vV v vyYyy
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B EHMiER D foH D B AR KGR © FHERADO X 7w F (4)

HE+ M = H;, v HH,,E+ M, = H,,v,» HHle(Vl) + Ax.M ( freSh)
H.E v My My = HiHylp — vi v2l.p P

> M, &M, ZEZFNENCOIBICFHMES D. FO0—NILRE—ICIFEEMEER
DeE—TEHEBERINTLKL.

> RAVEv ZBRBLTE—Th5A4T2oz I b ZzBDET.

> ThHBEBHKRTHY (BRTELVEELEE) B51F, CORZERIE
MS131T2%80W OT, EHER v v Z5t8 9581 ZE—FICLES.

> E—TICLESTHBEADRA V2 ZFHEERE T 5.
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sl

AxAy.(x+ (1+2) +y) 3
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ST

[J,OF (AxAy.x+(1+2)+y)3=
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ST

[LOF AxAy.(x+ (1 +2)+y=

[J,OF (AxAy.x+(1+2)+y)3=
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ST

[Lix—=plFAly.(x+(1+2)+y=
[LOF AxAy.(x+ (1 +2)+y=

[J,OF (AxAy.x+(1+2)+y)3=
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ST

(LixpLy plrx+0+2)+y=
[Lix—=plFAly.(x+(1+2)+y=
[LOF AxAy.(x+ (1 +2)+y=

[J,OF (AxAy.x+(1+2)+y)3=
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ST

(L{ix=pLy=plrx+(1+2)=

(LixpLy plrx+0+2)+y=
[Lix—=plFAly.(x+(1+2)+y=
[LOF AxAy.(x+ (1 +2)+y=

[J,OF (AxAy.x+(1+2)+y)3=
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ST

[],{prl,prz}sz

(L{ix=pLy=plrx+(1+2)=

(LixpLy plrx+0+2)+y=
[Lix—=plFAly.(x+(1+2)+y=
[LOF AxAy.(x+ (1 +2)+y=

[J,OF (AxAy.x+(1+2)+y)3=
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ST

[L{x— pLy= pa} - x= [l p

(L{ix=pLy=plrx+(1+2)=

(LixpLy plrx+0+2)+y=
[Lix—=plFAly.(x+(1+2)+y=
[LOF AxAy.(x+ (1 +2)+y=

[J,OF (AxAy.x+(1+2)+y)3=
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ST

[],{XHPI,)’HPZ} FXx= []’pl
l.{x—= pLy—> plrl+2=

(L{ix=pLy=plrx+(1+2)=

(LixpLy plrx+0+2)+y=
[Lix—=plFAly.(x+(1+2)+y=
[LOF AxAy.(x+ (1 +2)+y=

[J,OF (AxAy.x+(1+2)+y)3=

50/57



ST

[L{x— pLy= pa} - x= [l p
[L{ix—pLy>pdr1+2=1],3

(L{ix=pLy=plrx+(1+2)=

(LixpLy plrx+0+2)+y=
[Lix—=plFAly.(x+(1+2)+y=
[LOF AxAy.(x+ (1 +2)+y=

[J,OF (AxAy.x+(1+2)+y)3=
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ST

[L{x— pLy= pa} - x= [l p
[L{ix—pLy>pdr1+2=1],3

(L{ix—prLy—=plrx+A+2)= [ps+— p1+3],p3

(LixpLy plrx+0+2)+y=
[Lix—=plFAly.(x+(1+2)+y=
[LOF AxAy.(x+ (1 +2)+y=

[J,OF (AxAy.x+(1+2)+y)3=
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ST

[, {x > pi,y= plFx+(1+2)= [p3+ p1+3]ps
[p3 = pr+3L{x> pLy plry=

x> prLy plr(x+(1+2)+y=
[Lix—=plFAly.(x+(1+2)+y=

[LOF AxAy.(x+ (1 +2)+y=

[J,OF (AxAy.x+(1+2)+y)3=
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ST

[(l.{x = p,y plrx+(1+2)= [p3+— p1+3],p;
[p3 = p1+3l.{x— pr,y—> plry=1[lp2

[L{x— p,y plrx+(0+2)+y=
[Lix—=plFAly.(x+(1+2)+y=

[LOF AxAy.(x+ (1 +2)+y=

[J,OF (AxAy.x+(1+2)+y)3=
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ST

[(l.{x = p,y plrx+(1+2)= [p3+— p1+3],p;

[p3 = p1+3l.{x— pr,y—> plry=1[lp2

x> prLy plr(x+(1+2)+y= [p3 = pi1+3,ps > p3+ pal,pa
[Lix—=plFAly.(x+(1+2)+y=

[LOF AxAy.(x+ (1 +2)+y=

[J,OF (AxAy.x+(1+2)+y)3=

50/57



ST

[(l.{x = p,y plrx+(1+2)= [p3+— p1+3],p;

[p3 = p1+3l.{x— pr,y—> plry=1[lp2

x> prLy plr(x+(1+2)+y= [p3 = pi1+3,ps > p3+ pal,pa
x> pibFr y.(x+(1+2)+y = [ps > Ay.(p1 +3) +y], ps

[LOF AxAy.(x+ (1 +2)+y=

[J,OF (AxAy.x+(1+2)+y)3=
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ST

[(l.{x = p,y plrx+(1+2)= [p3+— p1+3],p;

[p3 = p1+3l.{x— pr,y—> plry=1[lp2

x> prLy plr(x+(1+2)+y= [p3 = pi1+3,ps > p3+ pal,pa
x> pibFr y.(x+(1+2)+y = [ps > Ay.(p1 +3) +y], ps

[LOF AxAy.(x+ (1 +2))+y = [pe— Ax.Ay.(x + 3) + y], ps

[J,OF (AxAy.x+(1+2)+y)3=
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ST

[LOF AxAy.(x+ (1 +2))+y = [pe— Ax.Ay.(x + 3) + y], ps
[ps o AxAy.(x+3)+y],0+r3 >

[J,OF (AxAy.x+(1+2)+y)3=
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ST

[LOF AxAy.(x+ (1 +2))+y = [pe— Ax.Ay.(x + 3) + y], ps
[ps — Ax.Ay.(x+3)+y,0F3 = [],3

[J,OF (AxAy.x+(1+2)+y)3=
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ST

[LOF AxAy.(x+ (1 +2))+y = [pe— Ax.Ay.(x + 3) + y], ps
[ps — Ax.Ay.(x+3)+y,0F3 = [],3

[pe > AxA.(x+3)+y,{x >3} FAy.(x+3)+y=
[LOF(AxAy.(x+(1+2)+y)3=
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ST

[pe > AxA.(x+3)+y,{x >3} FAy.(x+3)+y=
[LOF(AxAy.(x+(1+2)+y)3=
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ST

[pe > AxAy.(x+3)+yl,{x— 3,y pilr(x+3)+y=

[pe > AxA.(x+3)+y,{x >3} FAy.(x+3)+y=
[LOF(AxAy.(x+(1+2)+y)3=

50/57



ST

[pe = AxAy.(x+3)+yl,{x—=3,y—> prlFx+3=

[pe > AxAy.(x+3)+yl,{x— 3,y pilr(x+3)+y=

[pe > AxA.(x+3)+y,{x >3} FAy.(x+3)+y=
[LOF(AxAy.(x+(1+2)+y)3=
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ST

[ps > AxAy.(x+3)+yl,{x— 3,y p;}lrx+3= [],6

[pe > AxAy.(x+3)+yl,{x— 3,y pilr(x+3)+y=

[pe > AxA.(x+3)+y,{x >3} FAy.(x+3)+y=
[LOF(AxAy.(x+(1+2)+y)3=

50/57



ST

[ps > AxAy.(x+3)+yl,{x— 3,y p;}lrx+3= [],6

[ps = AxAy.(x+3)+yl,{x—= 3,y pilry=

[pe > AxAy.(x+3)+yl,{x— 3,y pilr(x+3)+y=

{
{
{
[pe > AxA.(x+3)+y,{x >3} FAy.(x+3)+y=
[LOF(AxAy.(x+(1+2)+y)3=
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ST
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[ps > AxAy.(x+3)+yl,{x— 3,y p;}lrx+3= [],6
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x> 3,y pibb(x+3)+y= [ps 6+ prl, ps

[pe — Ax.Ay.(x + 3) + y],

[pe — Ax.Ay.(x + 3) + y],

{
{
{
[pe > AxA.(x+3)+y,{x >3} FAy.(x+3)+y=
[LOF(AxAy.(x+(1+2)+y)3=
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[ps > AxAy.(x+3)+yl,{x— 3,y p;}lrx+3= [],6

x—=3,y=>piiry= [l,p;
x> 3,y pibb(x+3)+y= [ps 6+ prl, ps

[pe — Ax.Ay.(x + 3) + y],

[pe — Ax.Ay.(x + 3) + y],

{
{
{
[pe = AxAy.(x+3)+yl.{x—= 3} FAy.(x+3)+y= [pg = Ay.(6 +y)], po
[LOF(AxAy.(x+(1+2)+y)3=
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[ps > AxAy.(x+3)+yl,{x— 3,y p;}lrx+3= [],6

x—=3,y=>piiry= [l,p;
x> 3,y pibb(x+3)+y= [ps 6+ prl, ps

[pe — Ax.Ay.(x + 3) + y],

[pe — Ax.Ay.(x + 3) + y],

{
{
{
{

[ps > Ax.Ay.(x+3) +y,{x = 3 FAWy.(x+3)+y = [pg > A.(6 + )], po

[LOF AxA.(x+(1+2)+y)3 = [ps > AxAy.(x+3) +y, pg = Ay.(6 + V)], po
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