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HEEXFINZELTHD

// JavaScript
const x = 1 + "hello"; // "lhello" (FRFEADEIZT i)

# Python
x =1 + "hello" # 3R1TEFIC TypeError

// Rust
let x =1+ "hello"; // AN AIIT5—
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BATHEEBREINS?

1 + "hello" TOMRBEDEZIE(E JavaScript @ TtER)

If lprim is a String or rprim is a String, then

. Let Istr be ? ToString(lprim).
ii. Let rstr be ? ToString(rprim).
lii. Return the string-concatenation of Istr and rstr.

ELE5HH String &5, A% String ICUTERET S
— ECMA-262 §13.15.3
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WIBRHERE EDLER BASEDLERSE

- Python (CPython) - JavaScript (ECMA-262)

- Ruby (MRI) . Java (JLS)

- Rust (rustc) . C (1SO)

B<HDDIRDZEVWH IR (Y= 2 7ILIZ#EEh) X DEKRZBRIRL TERDER
A2 TURI 75 #ESm AR Al

SML (The Definition)
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The Definition of Standard ML IZ U I

SROIRSZE Wz HRMADEFD & LTHIlE

COWSHAITER= NS :

Romin MiLner

CkHdec=F C®ErFexp=T1 e
C F let dec in exp end = 7 ey Nateie

Davie MacQueen

The Definition of Standard ML
(Revised), 1997
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BATIABILETS?

A—FT a4 V0T 3ETHS, BMXEBNFOUIT77LYANYNZ17ILTCERED 3
TO0SIVIEBEBZFDHDERSAFTTTEEL, ELEITTRCEANBERSEERL

-+ a robust program written in an insecure language
Is like a house built upon sand.

BELR 7O LELZETHWEETEMMNTVWES, REOBEOLSHBED: -

—— Preface
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BIFHRHDHEZ

// TypeScript
const add = (a: number, b: number): number => a + b;

¢

// JavaScript (A /SMIVTENEZS)
const add = (a, b) == a + b;
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EITIFICBIBIRISWVS R ?

BBS S 555 (JS / Python)
EOHETRER (BRI V) 2RD

// EITRICEIDREEAZ A
const x =1 + "hello"
// => "1lhello"

# RTEICETHENMIMS
Xx =1+ "hello" # => TypeError

sryBIfT EF5EE (SML)
EQFHFEICEBRIE "RE) « 7

(k AVNAIVEFICEIS— %)

val x = 1 + "hello"

(x Error: operator and operand
don't agree x)
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Standard ML Q&R

| sERKSE (Elaboration) | HREMKSE (Evaluation)
707 5L0 TELME ZHE TR7SLD "THEHER EER
Chexp=r1 EFrexp=wv
Xk ¢ T exp FE 7 ICEEIL BB F TR exp (3ME v (CFH

EE5%H A phrase = A’ WS (4 FIRIEBEDEHESH)
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AR Al DR 77

LFERIC IRTE / TEBIC $55@ Z 5ok -

RE PP, P& TRITNIE, #&H C bRIT2
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AR SRR DR Al

let I —— Rule (4), p.25

Chdec=F CHEFexp=rT
C' F letdecinexpend = 7

E#uEA — Rule (8), p.25

Chexp=717 -7 CFatexp= 171’
C'Fexpatexp = 7

Bl r MK EEEERT D (C P E DHICHBEBEBRMAESEND)
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BRI SRR DA

let I —— Rule (93), p.49

Ftrdec=FE FE+FE Fexp=v
E - letdecinexpend = v

B%#GEA —— Rule (102), p.49

E + exp = (match, E', VE) FE | atexp = v B’ + Rec VE, v F match = v’
E F expatexp = v’

E v, ICEHESNSFRGZERT S (BIEHIT VE P E [CHEENT)
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EDETRICRIIAE

E + exp = v; is_function(v,) = false

E - exp atexp = TypeError

CABHABFELEW!

Note that none of the rules for function application has a premise in which the
operator evaluates to a constructed value, a record or an address.

B#uEAO#HERMRAlIC, A TRWVENERAINS T —X I EH0L
— p.49

BB i / @silasolla 2026 fFE(c5xE “The Definition of Standard ML” BEAEIE DD 2026



REWDFRTEIR ?

MDA FEZ BRLRWDT, EITRICEERIE WL

EE(L (RURE), & IRl ERRELEEWS T E

BREICENERTHOAIIBHELRVL, Ce2ETS ! (BR2H)

RIERA (SR BT DT
Milner & Tofte (1991) ~ Lee, Crary & Harper (2007) D#EMIRELE
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AICTEXFINEES & ?

A—H%ID HEX—=IL7ZKLAH string f£& -
function updateEmail(userId: string, email: string): void { ... }

updateEmail(email, userId); // #HITELTHII/INAIVDNES
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Branded Types

(BENBENMITERDT) T5SWSTI v IPONRS

type UserId = string & {
readonly __brand: unique symbol

b
const uid = "A—H L& IVELA" as Userld; // {EICHHIANS

SETEBC, LE2—P lint PIEELRE (BEFORMHIRENZ )
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DB BNIEFTER ?

EECEICHULLWRZZEA

// Rust (x SML x)
struct UserId(String); // newtype datatype user_id = UserId of string
struct Email(String); datatype email = Email of string

ECTH Userld 2t cLE -5 ?

- UserId "SICx—A"
- UserId ""

BB i / @silasolla 2026 fFE(c5xE “The Definition of Standard ML” BEAEIE DD 2026



BzlEmid 5

structure (EZ&ED1%)

type t = string

val prefix = "u_
fun create s = prefix * s

signature (1 % —7 x—2X)
type t — HMRE (string Z[EH)

val create : string —> t

VT RFvICIRWEE (prefix) &, ADNSEREELLLSLS

type t £7EIFEC E t = string [E>cEECE BEBIBHSHEZS

BB i / @silasolla
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FERAITXRF ¥

signature USER_ID = sig

type t
val create : string —> t
end

structure UserId :> USER_ID = struct
type t = string

val prefix = "u_"
fun create s = prefix ™ s
end
val x = UserId.create "hello" (x OK: create ##H x)

val y : UserlId.t = "hello" (x Error: t # string x)
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Rl ZRTHD

FERAS T XF+v — Rule (53), p.39

B+ strexp = E B I sigexp = (T")E’
B |- strexp :> sigexp = E’

XM (TE' >E"<E, T'"N(T of B) =g

FHUWEE 77 (&, IRED Basis B I FEULBWERT TRIThIEES AW
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#esmARAIC Userld 2 BULTH S

REE 1 BFstrexp=F AXNZIVFvOERIL (t DEFHIHEZS)

struct
type t = string _ _ o _
val prefix = "u_" . E={1t =string, prefix : string,
fun create s = Erefix N create : string —> string }

end

{RRE 2 Btsigexp= (T")E' Y7 XFvOREHEIL GTLUWEE ¢ Z4RR)

sig
type t T =4t }
) E—
val create : string —> t E'={t=1t, create : string —> t’ }
end
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#ERMAIC Userld Z@UTHS (DD )

4 {(t'VE' >E"<E ¢={ t 1+ string } ZBATE" ({YRATVRA) ZEBR

E”" =¢(E')={ t = string, create : string —> string }

E" <E Il E" DEBAD EICEFENDZEZEK (RAE prefix [FHEERL)

¥&i@ B strexp :> sigexp = F' ¢ ZEIRID E’ H{F<

E'={t=1, create : string —> ¢ }

BORERKISIERD B THDEWD HmRADOE 2060
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g | VU XF v DESH

B DMIEICR B IZRIEERAY IR F vy Z2ESHEEH D

structure Impl = struct
type t = string
val prefix = "u_
fun create s = prefix © s

end

structure Trans : USER_ID = Impl (x 1EBR %)
val a : Trans.t = "hello" (* OK: Trans.t = string x)

structure Opaque :> USER_ID = Impl (x AiFEER x)
val b : Opaque.t = "hello" (x Error: Opaque.t # string )
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DI Y77

container.bind<Logger>("Logger").to(ConsoleLogger);
const logger = container.get<Logger>("Logger");

Error: Cannot resolve dependency <Logger>
required by UserService

HAIR(C (3 EENRF (c, BEFARSEZIEI—ND TR K55

BB i / @silasolla
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72794 (Haskell &i35149)

ANZVFvERITRST, HILWA KNSV F v 2RI EEK

signature LOGGER = sig
val log : string —> unit
end

(* FIEICIKTFEDIRENS *)
functor UserService (Log : LOGGER) = struct

fun create name = Log.log ("created: " ~ name)
end
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SML OERRRRYICIE

structure ConsoleLogger : LOGGER = struct
fun log s = print (s ~ "\n")
end

structure Service = UserService(ConsolelLogger)

r ERRUERKSE (Elaboration) 1 ENRIERKSR (Evaluation)
ConsoleLogger h' LOGGER % Y 1—ILAEDOI— RZET
T AMREE + R D ERK | | BOBERIEITDIL

ETRICOITRXFrhEblah ol EVWSKKOARIE FELEW
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R
> (& HEIDRTIE HFUWREELESD

structure M = struct type t = string end

signature SIG = sig type t end

structure A :> SIG =M structure B :> SIG =M
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¥R 7705

signature DICT = sig

type key

type 'a dict (x HHSRE! *)
end

functor Dict (Key : sig type t end)
:> DICT where type key = Key.t = struct
type key = Key.t
type 'a dict = (key x 'a) list

end

structure A = Dict (struct type t = string end)
structure B = Dict (struct type t = string end)

(x A.dict # B.dict / A.key = B.key = string x*)

BB i / @silasolla 2026 fFE(c5xE “The Definition of Standard ML” BE%AEIE DD 2026



A%

EEIHBIESICELWV

functor Cache () :> sig
type token
val save : string —> token
val load : token —> string
end = struct
val tbl = ref ([] : string list) (k £ 2RI VAT EDABBIREE *)

type token = int (x tbl DRF *)
fun save s = (tbl := !'tbl @ [s]; length (!tbl) - 1)
fun load t = List.nth ('tbl, t)

end

structure A = Cache () structure B = Cache ()

B.load (A.save "x") THEEULRWREZS|IC EXT L)
Fresh Name &aiIc &k D A.token # B.token ® BT 55— TIlEFx->T< 3
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i : OCaml @7 7> %% applicative

module MakeDict (Key : ORDERED) : sig
type 'a t
val insert : Key.t —
end = struct
type 'a t = (Key.t x 'a) list
let insert k vd=(k, v) :: d
end

a—> 'at - 'at

module DictA = MakeDict(StringKey)
module DictB = MakeDict(StringKey)
(x DictA.t = MakeDict(StringKey).t = DictB.t — RU/NXRIZRCE x)

BC77Y7%7ICEUSI#ESEUCE
R31#UC () &ZDIF5 & generative ZENRS (JV\A%ZET)
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ZHtE & TEIARE

SML (I CrRIZE L Z{FN S

(* L ref [1 A 'a list ref [T—f¥kEn/=5H... *)

val r = ref []

val _ = r := [1] (x int Z#&#H *)

val s : string = hd (!r) (k string ELTHRRUEL (v ;) *)

ZAK AR REOHEAGLEIR, BErxeiteRUhREGWN !
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‘BERAD77A—F

ZEEEATREZRBEIESICIE, &£ITENLGHREINIES !

Haskell ref (IORef) D&ERZDHDZ 10 OHRICEHAUIASD
Rust let FEZZEHZFHZHEILULAW (ZHEIE fn O T XET)
SML AIZREIFFELDDH SHHIETSXDAIZHIRL /=

2026 fFE(c5xE “The Definition of Standard ML” BE#AIE DD 2026
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E#%Y (Value Restriction)

BXHIC &, THBR (hon-expansive) £ & %1E{kT 5

(Section 4.7, p.21)

nexp == scon | [op] longvid | { [nexprow] } | ( nexp )
| conexp nexp (conexp & ref Zfx<) | nexp : ty | fn match

BNF [C&>TWBhERBEITT BOEHRIEFVLS L
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ZHED EFH)

KYICEZEDTIEERL, HLETHEXHICHIFT

(* non-expansive x)

fn x => x (x 'a —> 'a x)
[] (x 'a list  x)
NONE (x 'a option x)

(x expansive x)

ref [] (x fEf% (#VTIERE) *)
compose (id, id) (x &€ (BENRZ...) *)
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1—9 KR

EERZEB-TA%E fn TED

fun compose (f, g) x = f (g x)
fun id x = X

val f_ng
val f_ok

compose (id, id) (x NG x)
fn x => compose (id, id) x (x OK x)

- BEIO—NRK 20 A1T#8%Z Wright i A&
- EFNOBATEZTBRIMNELE STEDIF1M—YER 31 &EFTIEND -

COFHAID LT HADEMS EBRE2MN =& U /cHIBT
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SODZD

Sk D 7 Rl BB ICFHER A ARTF L R W
AERAVIRF¥ Fresh Name BB OR—MEZY] > THEBRRZFS
RN 77v949 BEESED Fresh Name b1 VATV ADEAZIES S
EFIY ZHE1ILZHIRL, AIZRETHRZEMZRD

ESREIT BN TRIEL ESRBEOINED ZETE

BE%AEIEZ DD 2026

2026 fFE(c5xE “The Definition of Standard ML”

BB i / @silasolla



ZESHRERR

SML/NJ - CPS Zift, Ry v I %ZFELIIce—TEDHT +GC

MLton - BYa—-)2BWEREL, C ERIFDERITEE (AtCorder THEZ 3)
MLKit - V=Yg vsahEsoXETYERE (GC 4fA)

Poly/ML --- Isabelle (EERAXZ1ER) OER, VYILFAL YR
HaMLet :-- The Definition ICEBELRY 77 LY R FEE
LunarML - Lua/JS #—%w b

ZDEFH CakeML, Moscow ML, Alice ML 7&&-----

EHRNDEEZEFDOET DHE -
SML/NJ .-+ higher-order functor % & O B LIk
SML# - LO—K%# / CFFl / SQAL &

Successor ML ‘- SML '97 ORSFHILRDIZEE
TML e BV —)LEOATFEEDHE
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AVINA FADIEFE

LiIE TV /A SOEN (BWEE) 2BEFALD LEEAD

BETNEEH
V=2 1

BEIICEIXH>TH (C DEREEEE ~ The Definition) BRIEPEFD THEIZH B
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CakeML

SML O Ekawm=zZ HOL4 ETHEmb

AV TDEINADEKRZRET D &AL LB X

BHERE (T12) - BIERE (£12) -
V=2 FRIEE (BR) L

REOTEEEZAMTDE TcOOAVIINASIFIELW,, FTER (ChD

BkiEIE The Definition Y7t v k&M B IC#m1t
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LLM DIZ_IE?

AEH->TIELWEHAETAENE7OY 7R E2E VW ABOERICKET S

— = REINZEHROEEHLL
HASEDENR P T————

__________________________ >

EREnfcd—RBERKICE, BREW lint VENERIIEITONS

INIFMENREET BASHEOEKRZDLDERELEDOWINEFRZEZR TWSDITTIFEL
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R ERET S

ZREDWHZRIITNIE BREKRETESR ICES TSI ULHGEL
BIZIEI=y R TRARNERS -

V=hr THADREIIEShTWD, EiIFEs, ZYRNUMNERESHBVWERESLEDS
BHILTWSZEPREREGREZRELTWVWC E, TR MIMEERISED <

EEINYF TIT5—HB<ET) T3LEFTTHELS TMEBEORIB TEHEEDRINARE,
IRZZFBVWODEZTUDORENAEWIEEKRE UTRIZLTWLL

The Definition |, BELREBRICZI S LDIC, HHRRATEEZBETEDH
LLM OHHE, BEEHIEE CEEI3LREFZETH—RUTWERZW
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A5V SEDHRERICEDBD LI

il

I]lI|I

MIBZHNEE FDMLEKRGS, WEBRORTNEZEDEREICEN S (Python, Ruby, OCaml)
— AT, XENMEERRS, ZEINSEDERICENSZH -

ECMA-262 (& TC39 WEFEXKETLTWS
The Definition DXETIE ‘97 D% & HTWRW GRRITEH o fehMEFHIZE S ) -

- we will not accept further revision of Standard ML. --- We expect, however, the

designers of any successor language to make it clear that their language is not
Standard ML.

SROWETIFR T AN
BKSFEOEBIFBEALD, £nd SML TRBWERARLT N

— Milner & Tofte, sml-implementors ML (2001)
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WebAssembly

The Definition (1997) WebAssembly (2017)

. SRR CTESEBZER . HESRFRBIDY W3C AR DA

- B2 DRI RO - B2 AFBTICEEMAREE (Watt 2018)
- WETIEIEE o - W3C DIEEZBRH MG = ki

The Definition DO NIE Wasm OA7THRE5END D (19 ?)

C'locals|z] =
C F local.get x : [| — [¢]

—— WebAssembly Core Specification, Validation

(FexX1bZ E£E U /= Andreas Rossberg (& HaMLet ¥ 1ML DE#&)
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&

LWE OCaml BA#LS L LAY

(Standard) ML H&y.--co- |
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Q&A

LToEMICIE O(1) TEETEET !

(ML D& #EsR L DEXPTIME-complete T©9 A [Mairson 1990])

. The Definition B&KRIT/\J 1R WV\WD ?

- BESATZYSHHRBITEIMNTVWED?
. (Standard U»&RW) fefcd ML £H5D ?
. SML ‘90 /5 ‘97 TN ZETb>7/=D?

HE53h, FRUADOERHEDTYT (*7%)
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