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34.1 Oz oI 7oTFa0>Y

SML# S iEDOMFREFEE, 2003 25 5 FFOXXERFEEY —T 4 7 7aY =7 |+ e-Society Bfig Y
7 b2 7 OREFE TEWEEEEZDORGEY 7 by = 7EREM 0BT (http://www.tkl.iis.
u-tokyo.ac.jp/e-society/index.html) O—2O0DFH#E [ 7 v/ J oD HEfFEITICE S &EEY 7 b
V27 Y AT LREREMM ) (FEREE K E) L TAR— b N2E3 2R TEX L Z0o7ayey
F D EF A HAEA SMLASFET > %4 T ORI T L. SML#AIFRY — RDBRED 30 HITZ2IEBZ 5K
B A7 LTS, Z07uY =7 POXEPZRITIE, SMLEDFFIIRETH -7z EbhET. X
HRIEA, e-Society DREIBRE D Friligithiet, B X OBBREMICESHEZLE Y. cokM Ty =
M Z, SML#DMGmEETNOMILFFICIE, ERORAHRBRBISICL 2V R—-rE2ZIT TV
£7.

3.4.2 SML#DMEHALTWRY 7RI 7

SML#S7EIX, B L.ORLRZ, SMLEHETa Y L VU EI TR TWE T2, ZHLENZ, Stan-
dard ML of New Jersey 3 & ¢f MLton @ Standard ML 2 > %4 Z 2> THEEZITVWE L .

SML#IXFGHT (3.3) DREREF — LI THEINZY 7 V27 TY. V—RA—RDJREEZR T T v
FRORFBELE LD, —HIcIFoa—- F2RALTVET.

Ea SML#Y —Z LOHE | V—2Z

ML-Yacc src/ml-yacc Standard ML of New Jersey 110.73
ML-Lex src/ml-lex Standard ML of New Jersey 110.73
ML-Lpt src/ml-1pt Standard ML of New Jersey 110.99
SML/NJ Library src/smlnj-lib Standard ML of New Jersey 110.99
TextIO, BinlO, OS, Date, Timer | src/smlnj Standard ML of New Jersey 110.73
IV INEBUR SCFH1| 2545 B R src/runtime/netlib the Netlib

Y =2, WIND SMLETA Y R BEEHZ 74V ATRHRHINTVWE -V —2R
VI b 27T ISML#EY — 2 EDfIE )] BEUEY —ZARv 5 =YD by TLRNVRZENZLD T4 &
VAP ENTVETS.
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3.4.3 WEREBHE

SML# S RBDHRBICHTzoTIE, ZLDAADPLDIRERZITE L. MEHEOHREF—2L (B (3.3)
) LN TRICEBROD > 7217 2 3L F D@D TF

o BAENIR. KL, BT 2 —Y a VIKRERFFOFT- LA ¥ F 4 » OBEB X 02 DFEBRI
BREEZITOVE L. ZORRRIZFERNLREEN DD L3528, L TIRERENGTONTEST
SML#4.2.0 BICHHAA TN TWEREAD, FRIND ARV EEZTVWET.

o RKMEHAK. AU, E¥FeItic, A7 Y =2 be8ih S0 GC OMFERIEICED D, MO R
BRREEZITV, COLHRAPAELETHL I 2R LE L. ZOMRRE, BEDF 7Y =2 28D
S0 GC DS ADIFE L HEDRK L L > 72 DTT.

INBDTTALANTH, SMLAE, KIEE L OHEFETITR o bk 4 R BUBER S 2 > )4 VT D EENF 5
ZRICEET SN TV Y. BIED SMLASBICIERE D STV S R E BT RR I T O %
DHREENET.

o L a— FZAMEDHER 8, 9].

o F—&RN—ZDHIHER [10].

o 7—XR—2Fih (Machiavelli) [11, 1].
o 7> 1 ZHMEDORIBE [15).

e ML @ unboxed B [13)].

o ML IZHIF % HARKR T — ZKEL[7].
o REDORBHEIE [12].

o IV FEHDXL GC[16)].
e SQL DA [14].

o JSON #E—k [17].

o fifT GC[18].

ZRLNC DL K DFLFEIFFRE 2 S 4 RERITREPHE 2TEVWTED, TR 51X 1989 FICEFTHD £
ITH, FNH5DHA2DFNBFENEZEIRETWEEET.

3.5 SML#E 4.2.0 kRDKLEE & FIFR

WA BAFET — L1350 3.1 BITONIAKAEE TN THIFE L SMLAFFERALARFIC HIR & L 7oBREZ B L T
WET. BA20ICZDIREDEGENTVE T, UTOHlEH D £7.

1. =79+ 7—FF27F % . BAED SML#Aa > %4 5%, Intel 7—F 77 F v (x86.64) BXU
armb4 7 —F 7 7 F ¥ MDD a— FOAERAETT. ARV —T 4 7Y 27243 Linux B
macOS DAHDIIETT. ZHLIND T —F 57 F v 0S NOXIGIZIFRDOETT

2. &b, BEON—Ya v T, 4 V74 =2V 7RERMDIERE Y ORARN 2Rt o A% 2 LT
WET. FERORTIX, &Y EERRELEREL, hofmita s 4 ZICHET 2 EENE LN
ZrHFLTCVWET.
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SML#% 4.2.0 iR DO FEHE & HIBR 13

. arm64 IROFIFR. arm64 7 —F 7 7 F ¥ NOX I EERP TS . x86.64 TTE 3 Z &) arm64 Tl

TERVWIEDRHDET. HlZIX, ML OBEEE CIcETa—RF2ary {1352 %, armb4 bR
macOS TIELLRD LIVM L5 —H»RET 2 ehdh 7.

LLVM ERROR: INIT_TRAMPOLINE operation is only supported on Linux

Z ORISR DI THHE XL 2 FTETT.






15

FA4E SMLAS1EVR

The MIT Licence

Copyright (c¢) 2021 The SML# Development Team

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and
associated documentation files (the ”Software”), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is furnished to do so, subject to the
following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial
portions of the Software.

THE SOFTWARE IS PROVIDED ”AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS
OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABIL-
ITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT
SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES
OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE,
ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR
OTHER DEALINGS IN THE SOFTWARE.






BITER
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FT58F SMLH#D1YXE—I

5.1 EERIE

BIETIE, SMLATI BRI I IV IR RAXR—F2720D0F2— ) 7LEREHLET. £FIESMLAD
URASEBA VA —=NL, SMLET RS IV BRERBZIEL & .
SML#4.2.0 UZLFDTZ v b 7+ — L TEHEL £ 7.

e Linux (amd64 (x86_64) hftE 721% aarch64 (arm64) hR)

e macOS (10.15 UM, x86_64 ik % 721& arm64 i)

e Windows 11 (Windows Subsystem for Linux 2 % F| )

F72, SMLAD 2 Y RA L EIFIWEMUTOY — =7 1 Y 7 b = 7 BRETT.
e MassiveThreads 1.02

e GNU Multiple Precision Arithmetic Library (GMP) 74 75 U

e LLVM (7.1.0 25 20.1 £T. FHILLHDPLEFE L)

MassiveThreads {Z BSD A XA L5 4 £ ZAD R CEHAAENTWS 7Y =Y 7 bv =7 T3. GMPIZLGPL
(GNU Lesser General Public License) O R TEHAEINTWS 7Y —Y 7 b =7 T9. LLVM 314
JEfT = @ Apache License version 2 O RTHEAEINTWAS 7V =Y 7 bV =7 TH.

LLVM 3N—Y a Y 710 BEOTE 220 L0d 0% THEL XV, LIVM 20.1 £ TOAN—Y 3
YTaAY AN ENERERRIE TS, 7T X DAETD LLVM TIZ SML#%#ENL RT3 e BN TEEHA.
IRHEDY 7 Y2 73T, SML#EQ Y4 SO RRETITHETY. UROBICERLTLE
XV,

e SMLAA Y RA FDEINRIZE, ZALETDIALTIV L opt, 11lc, B 1lvm-as 27> FH
ERXNET. SML#ET V%A T a~< ¥ RiZi MassiveThreads B XL GMP 54 77 ) 3) 7 X
NEF. LIVM D4 753030 7 EhEHA.

o £ YA PM—ILED SMLE YR, T a~vy RiE, a— FEKDZDIZ opt, 1lc, 1lvm-as, BI Y
1lvm-dis a~ > REHEHL X7,

o SML#AT YA FHER LT RTOETIERX 7 7 4 112iE, MassiveThreads B XX GMP 7 1 7
ZUMBY I ENET (TNoDFA4 77 ) DEEEZHM L TWiARLSTH, ThoDFA4 77 VDY
YIENFET. ZORIBREET L TETT).

INBHDIA4 77 VBIIa~y Fid, SMLE#OE ARy 7 =D& ENEHA. SMLET VL 5
BAVAM=LTEL-HX, INO6DIATIVRHRA VA =N TI2HENRDD T, £ DHEAE,
OS DRy 7 —VEHI 27 L7 Y CRHEICEATE 3139 T,

D EoBESHIUE, SMLAE, fAHZFIETA VAR —LTEET. K 0SEDA VA ~—LAUEH®D
I TORHiO B T
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B53 SML#EDA YA F—Jb

5.2 Debian GNU/Linux

SML# YV V) — AR THERHT Y U — 2D Debian GNU/Linux 8 & Of Debian sid i L T7 74 X— kI

RAYMIEZHEBELTVET. ZOVKRI NIRRT LAITEMT2Z 8T, apt 272 FTSML#a > %
AFDAVAM=ABIUOT Yy FT—= 2T 2D TEET.
MUTFDa~<wY FTA YA M= TEET,

e Debian sid:

wget -P /etc/apt/keyrings https://smlsharp.github.io/repos/debian/dists/sid/smlsharp-archiv
wget -P /etc/apt/sources.list.d https://smlsharp.github.io/repos/debian/dists/sid/smlsharp.
apt update

apt install smlsharp

e Debian 12 (bookworm):

wget -P /etc/apt/keyrings https://smlsharp.github.io/repos/debian/dists/bookworm/smlsharp-a
wget -P /etc/apt/sources.list.d https://smlsharp.github.io/repos/debian/dists/bookworm/smls
apt update

apt install smlsharp

e Debian 11 (bullseye):

wget -P /usr/share/keyrings https://smlsharp.github.io/repos/debian/dists/bullseye/smlsharp
wget -P /etc/apt/sources.list.d https://smlsharp.github.io/repos/debian/dists/bullseye/smls
apt update

apt install smlsharp

iy, LR BDTY (sid DHA) .
1. SMLAMZEF — LD RFE#EZX T >0 — R LI AT LADOMEDMBICE X £7.

wget -P /etc/apt/keyrings https://smlsharp.github.io/repos/debian/dists/sid/smlsharp-archiv
RO a~y FCRIENEHRTE X7
gpg —-with-fingerprint /etc/apt/keyrings/smlsharp-archive-keyring.gpg

Xy ra— R LU ORERD FEliei e =32 Z e 2R L T 23w (XD EEICHOIEY R
MR L7 WHEE, SMLABREER NICEER o TSR 2 Z T - T 22 W) - SHERII T D
wHTY.

DD99 2B50 C9A3 BO75 DAO4 613A D299 F71F C5C1 D12E

L TIAR— PRI MNYDER T 7 AL E Y ra— R, YATAIEBMLET

wget -P /etc/apt/sources.list.d https://smlsharp.github.io/repos/debian/dists/sid/smlsharp.

CTTAR—P VRS MY DRy =Y —HERIFLET.

apt update

.SML#aA>RR4 7% 4 A= LZET. LLVM % MassiveThreads ¥ DIFET 274 771 %

BB TA Y A =L ENFF. SMLFormat REDY — L BT TDHRNwFr—I LTA VR
b= 9.

apt install smlsharp
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5.3 Ubuntu

SML#Y V) — AR THRZZ LTS U Y —ZRIZxf LT PPA (Personal Package Archives for Ubuntu) 2
TIAR=PURY PV ZZHBELTVES. ZOVRY M EZIRATAIGEMNTSZET, apt A7 Y
FTSML#I Y RA ZBA VA=V, T T T—FTB5IEHNTEET.

roa<y FTA YA P—LTEXT.

e 22.04 LTS (jammy), 24.04 LTS (noble):

add-apt-repository ppa:smlsharp/ppa
apt update
apt install smlsharp

add-apt-repository TY AT AT F7AR=PFVRI MY ZEIMLFT. apt 2% Fid Debian ®
La e FMRTT. FHlllE 5.2 fiz ZE X0

5.4 Fedora

SML# U VU — AR TD Fedora Rawhide IZM L TTI7AR= P YRS VYV ZHABLTOVET. ZOVURK
PhrVETATLITEMTZIET, dof A Y FTSMLAEAY R4 D4 YA b —ABLUT v 77—
FEITS N TEET.

UFDa<>Y FTA YA M=LTEET.

e Fedora Rawhide:

rpm -i https://smlsharp.github.io/repos/fedora/smlsharp-release-fedora-41-1.noarch.rpm

dnf install smlsharp smlsharp-smlformat smlsharp-smllex smlsharp-smlyacc

A, UForBHTF (Rawhide DIHFEH) .

1. SML#BREF — LONHBEBIL T IAR—PIRI NV DRET7 7 A L EEL RPM Sy I —J%
Xyra—FLA YA P—ILLET.

rpm -i https://smlsharp.github.io/repos/fedora/smlsharp-release-fedora-41-1.noarch.rpm
2. SML#a YA ZBXUVRELY - YA b= LET.
dnf install smlsharp smlsharp-smlformat smlsharp-smllex smlsharp-smlyacc

dnf 2<% Y FOFETH, SMLAMEF — 20T A VK= 1T 25 Z o0 THE» EINE
T, BHERCEMEGERD B, AL TL V. BIERUILI R o@D T

DD99 2B50 C9A3 BO75 DAO4 613A D299 F71F C5C1 D12E

5.5 AlmalLinux

AlmaLinux 8 BX P9I LT, amd64 DT FAR— MU RI PV EHBELTVWES. ZOUKRI b
VEYZATAZBMTA2IET, yum 2~ > R dnf 2> RTSMLAI Y8 SDA4 Y A b —ABIUL
7T T 7O N TEET.

YUFDa~Y FTA VYA M= TEET.
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e AlmaLinux 8, Almalinux 9:

rpm -i https://smlsharp.github.io/repos/almalinux/smlsharp-release-almalinux-8-1.noarch.rpm

dnf install smlsharp smlsharp-smlformat smlsharp-smllex smlsharp-smlyacc

< Rl Fedora DA EIZIEFARETT. AL 5.4 Hiz JE L 72X W,

5.6 Nix/NixOS
Flakes ZHMI L7z ETUTDa<y REF(TT 5L SMLAD V8] SHEE L £7.

nix run github:smlsharp/nixpkgs

5.7 macOS
Homebrew 2{fi->TA YA =13 2DDHEHEHETT. Homebrew -ty b7 v F L%, MUTFDa
<Y REFEITL, BERIA TV SML#EEA YA =L LTL W,

brew tap smlsharp/smlsharp

brew install smlsharp
A, A ForshTY.
1. http://brew.sh/ S L, Homebrew Zt vy b7 v 7L ET.

2. SMLABAFEF — 2038t 2 git YR b VU % tap L, SML#ESH Sy 7 —2 % Homebrew > A 7
LITMA T

brew tap smlsharp/smlsharp
ZD VKT b VI MassiveThreads ¥ SML# 2 > 284 D formula (V%v 7 —3) BX U bottle (N

AFVRYTr =) ZEAET. /2L, bottle & SML# YV V — ZAREDHEFHTD macOS 1ZH L TD A
REftEh Y.

3. SML#2A A 5% A4 VA=V LET.
brew install smlsharp

LLVM % MassiveThreads 72 ¥ HEITA Y A b — L ENFT. Bottle PHEZINTWVWEAN—Ta v
®D macOS ZHH L TV WiE&ElE, MassiveThreads & SML#AEY — A S EIL RENB 720, Z
DAy FOETIERVRKEZ 22D £5

5.8 Windows 11

Windows Subsystems for Linux 2 & Ubuntu 2t v +7 v 7§25 Z & T, SML#® Ubuntu N4 7V
Ry —I% Windows ICZFDEFA VAP =L LETT AN TEET.

Windows Subsystems for Linux 2 2 B2 T 5 72 DFEDFEMIE, Microsoft BEftS 2 F¥a X~
M2 ZEL XV, bash ZEEI LD DA ¥ A b — L FNEE Ubuntu NDA > A b —AFEHL [H—TF
(B3 HiIZZEZEW) .
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59 Y—XHBEIRTREEG

FOMDT AT LTIEY —ZAPHEALRLTLEIWN. Y—ZAL5DE L FIZiE, ROy —LE
A T UDHEFNIA VAP —NLEINTVWEIRENDH 7.

1. 7u2'Z ABFH DY — LB GNU binutils (GNU Binary Utilities) .

2. CBXU C++av 4 F (gee £721% clang)

3. make (GNU make % #£5%)

4. GMP 74 75 VERKE Ny X—=T 7 4 )L

5. LIVM DI 4 751, "v&X =774, BLUa<vwry K (X=Yar 71055 20.1 £T)
6. MassiveThreads 74 7 VARIKE Ny X—7 7 f )L

INBEDY 7 bz T A VA =AFEARBIR, SML#IEHERZ 3 X7 v 7 . /configure && make
&& make install TA YA F—ILTEIENTEET.

FRCZ7ZD b RITUE, ZhesDdY 7727 E0SERD Ry —I S AT LTA YA M—=1L1LT
IV, TRABEDY 7727 0S DRy T —I T AT AL > TIRHEINTORWES, thbd
V—ZAMPHELRTERERDDET. TS50V A LDFMZE, BV 772 7DRARFFaxXy
FREEZELTLIZZW.

A EDENER; 55T D MassiveThreads 3 & X LLVM 7.1.0 D KEH A >~ A b — L FIEZLL RO D
TY.

MassiveThreads MassiveThreads ® Web ~R— https://github.com/massivethreads/massivethreads
72 ¥ & MassiveThreads 1.02 @Y — A 32— K massivethreads-1.02.tar.gz % A, BRI L, RN
723 A7 v/ ./configure && make && make install TA YA b—JLLTL W,

LLVM 7.1.0 LLVM ® WebX—2 http://1lvm.org/ 72D H LLVM OY — X3 — F 11vm-7.1.0.src.tar.xz
ZAF, BHL, MFO5 ATy S TEALRLET

mkdir build

cd build

cmake -G "Unix Makefiles" \
-DCMAKE_INSTALL_PREFIX=/where/llvm/is \
-DCMAKE_BUILD_TYPE=Release \
-DLLVM_BUILD_LLVM_DYLIB=0n \
-DLLVM_ENABLE_BINDINGS=0ff \

make

make install

EEEHIT cmake ICIEELTWE A 7S a VIIMETIED D FVAD, BETA2ZE2BITIDLET.
-DCMAKE_INSTALL_PREFIX IZfthidd LLVM DA ¥ R b —)L L EZEE BT 2 7= DITIEET 2 2BTIHL
% 7. -DCMAKE BUILD_TYPE=Release |& LLVM H{f% f@{t.L 3. -DLLVM_BUILD_LLVM DYLIB=0n A 7’
ayiEHEIA4 75BN R LEY. -DLLVM_ENABLE_BINDINGS=0ff & SMLH#ICAELES 2 —LD
LIV RZFEET.

M EOBEBEDOTRT, UROFIETSML#Z Y — A5 LR LET.
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1. Y—=A w4 — (https://github.com/smlsharp/smlsharp/releases/download/v4.2.0/smlsharp-4.
2.0.tar.gz) XV >YB—RKLET. BHDOY —A %y —I13 https://smlsharp.github.io/
ja/downloads/ 56 HHUF T X 7.

2. WY SMLAY —RAF 4 L7 FURRD, ZIXY—ARNvr—IURERLET. 2L, Huokt
ZWCHAENEGENET 4 L 27 P VIFRITITL IV, SMLAZEIL R TEERA.

3. WY SMLH#ADA YA =TT 4 L7 VY ZRDET. U, ZOT4 L7 MU % prefir £ LET.

4. SML#Y —RXT7 4 L2 P VIZT configure A7 VS 2T LET. ZDL X, —-prefix A > =
VT prefiz %, --with-1lvm I LLVM 24 Y XA b=V L7774 L2 U ERIREL 7.

$ ./configure --prefix=prefix —-with-1lvm=/where/llvm/is

--prefix * 7> a Y EEM LIS EIX /usr/local ITA Y A b=V ENFET. —-with-11lvm 4 7
TavEEAK LGSR, LLVMO I 4 75V avy FEEERNREMN (/usr/bin 2 Y) 28
LXT.

5. make A7 REEITLEIL RETVWET.
$ make

nB, ELFKRTHEK, UFROa<wy FTSMLAa Y, 5% 4 VA =L F3RNEENT 2 Z 2
TZXET.

$ src/compiler/smlsharp -Bsrc

6. (FF>ay) ULROa<wy KT, EARLESMLEI YL S TSML#EI Y R4 SR LR LE
FTIEATEZT.

$ make stage
$ make

7. make install A~¥ Y FTA YA b=V LZET.
$ make install

AT LEHOHE L, A VANV ENDE T 7 ANE prefizx LIEERBT 4 L7 MY prefiz’ [H
HEBT2WEEE, make install 2% > FIZ DESTDIR=prefiz’ 7> a Y EIEEL T XV,

PRk, DMFRD7 7404 VA =L ENET.

1. smlsharp 2~ F ! prefiz/bin/smlsharp

2. smlformat 2 F ! prefiz/bin/smlformat

3. smllex I < F ! prefiz/bin/smllex

4. smlyacc 2= > N ! prefiz/bin/smlyacc

5. 9472107 7 AV prefir/lib/smlsharp/7T 4 L Z FULIRD 7 7 4L
RO a~y FTSML#ED Y A I DRETE 213 FTT.

$ prefir/bin/smlsharp

WELE Y
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o VLF a7 CPU ZBMHVDIX, GNU make 72 Hli¥make A~ FEFETT 5L Z-j(n) R4 v F
RIEET AL, iFlicar g rdh, SATREIERINI5E2H D £3. () ZXIFETT.
a7 OBEEICIEE T 2 L ROWERENESNE L BWET.

o SML#AT Y4 T EREHFET 272D121%, SML#a Y34 5237200 LIVM Iz, 7—

FRNZ Y 7D7%HIZ LIVM 7.1.0 BRHETS. FFEBEMRNT SML#EZ Y84 5% L KT 255103,
./configure ETRHC--with-11vm7 A 7> a2 ¥ #MZ T, LLVM 7.1.0 5’4 ¥ A b —LEZhTW53

G Z4EE L TL 2 &,
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FT6E SMLATOT I VIJREBO%E(E

6.1 Unix%O0S, Emacs T7« %, OtV —ILDE(E
oI IDEHITE,
o VR ITVEMKEELT 1+ X
e OVNRATXY VH—

PEtIar s I v OREPHRETT. SMLETOT0 Y S IV IChEr ans Far s 3 v ZBREE,
SML#T Y R4 TDA Y A b —LEFRTIZE, CSBOHBELERETT. Java REDFRETIX, Tho%E
B LRSI L 72 Eclipse 72 ¥ OMAKBEREEZHH T 255052 0WTTH, C & OEEEIERK
RERHWEY AT L7005 3207 SQL Bffio /7 — XX — ZMER ¥ D SML# D SLifHHEEE % BRAE L
727075 IR LTI, LTS BIEEN LR Tn oI v VREREZ 22 %28
HHLET.

e Unix &M OS. HER 70/ 7 ABFICIE, Linux, FreeBSD, Mac OS X FF® Unix & OS BEE
B —=NEEATHWTERTY. Windows ZRD OS 254 ¥ R b —L XNz PC DEEE, VMware,
VirtualBox 72 ¥ O~ > % FH L C Linux R EORBEE BB ITHERTCE F 7.

e Emacs T7«4X. Emacs 370279330122 d@LI-ZT 4 XD—DTY. 7urss3307
X, TFAMEROXEEE, av LML LTAMEL, BIET2, CWSEEDEDIELTHD,
ZDOREBA ORI T FAPZT 4 XD EBEVERD ET. 22T, BOTHAR~ A XAJHERR
TXAMLT 4 XROBRPEETT. Emacs Z7 ¥ X P L7 1 % (GNU Emacs, XEmacs 72¥) 13,
BREDNY 77 DEE, T4L 27 I REDT 7 ANVDEM, av L IkyYpa~xy P, X5
2, TNSDFMIR A AR A ZERER A 2381787 4 X THY, IurF IV 7% LaTeX X
B OEMTEE LR CEOERICRER T 4 2 TY. HWERD ZRHCD 2 HE BB ET T,
WZRER, rr 7 AABEOMNLERL LD £3. Unix & OS Tld@E, BECTHEIATY
£7.

e COAVNAZ. SML#T Y N4 T, Y—RaA—F% x8664 ¥7id armbd 7 —F 77 F vy DA
T4 7a—Rizarv{l, OSEEDF T =27 b7 7 A VBERL, EHIENLEZY L
ETHRT7 7 AVEERLET. COBETCaY 47 K41 (gec % clang 2Y) %@ELT
VYA —%MFUHLET. Car 4 7i&, Unix R O0S DA YR b=z 7 v 7o ABIFHICHE
L7z AT LB R TAUSKERET A V2 F— L ZRTWVWARIETTY

SML# 7B 72 L5DAEAVRANLY VI T 2581, T—FDPEHECaY 4 7 Z2FFEHTH
FiIH D FRAD, C i OEHHEERELZ VLD EER TR I IV 72T 7D, Ca
UL FIZERTBL I EBHOLET.

o T—AR—AYV AT L. SMLAD T —RXRX—ZRERHH T 2I1CIET —XR—RAT AT %A VA
Pl T BERENRDD FT. H 4.2.0 BRI PostgreSQL, MySQL, ODBC, SQLite3 IZMH L TW
FF. F—AR—ZA7 7L AMEERFHT 2121F, Tho6D3BbVTFRALDF—EZR—RAT R T A
BA VANV TERERHDET. ZhoDHE, SMLAL OFEENRD 7T X PINTVWBEDIZ
PostgreSQL TF. FMlZ OSIKTFEL T2, WINDGEELHHEICA VA =L TEBIXITT.
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6] SMLAT BT I v BB

6.2 SMLH#OAVINAISDWEEET—rALSYS

COHIDOHNEIE, SML#ET YL S84 VA=V UEHT 2 ETHETZHEIH D THAD, P
FEED3 2020 5 SML# T > o84 S DA VA b — VDRSS, X 512384 5 DO— RIS 2 Bfg s
2L TcERAEEVET.

SML#4.2.0 fiRa > %4 1%, SMLASHETEINT7 7 AV ERE a4V L, XA T4 Ta— K%
ARLET. MEHE—FD, Z0ay 4 F&2Ew, (1) BEORE N TOEar (L, (2) YAT A
DV, Q) AT b T 7 ANOENE - FEBEDIERT I EICX>oTEBLTVWES. SML#Aa

%A

FI1E SML#E:E, C 538, BIUCH+ERBTEINTED, XLICHTHED I VA VFHZLLT

DY —NEFEALTVET.

e ml-lex, ml-yacc. FHIfRNTIB & ORI — L.

e SMLFormat. 7V v X HEAERKY —L

o K477

INod SMLAZRETHEINATVET.

SML#2 > %4 1%, % SML#7 7 4L (Standard ML 7 7 A L2 &E) 2L AT LMEEDF 7 =7
P77 A4V RANLET. AV RAN LT 7 A MK, AT LEED) VHIZK > TETERT »
AVITKEETEET. o T, SML#I V%4 Z1%, C/CH+a > %4 F & SML# 2> %4 08 HIUIHE
LTEZFT. oL, bBAA, SMLEAV A FHPIDTA YA b =T BRCIE, SML#EI V84 F
WBELETFAELEHA. SML#4.2.0R TR, UTFOFIETIDOT— R Ty 7OREERRL, SML#R
EARLA YA =L LTVWET.

1

2

5

. C/CH+TEDPNT T Y RALTGAT IV RV NANVLENY Y754 77V AR L ET.

CSML#EI YR FDY =R A= REAVNANVTEDITTFRBREZIDSMLAT Y84 5 (minismlsharp)
%, HWSMLAT Y84 STHENCIT Y ANA L LTEE, SMLED Y — AV Y =23 284 LiFEH
DLIVMIR 7 7 A VEHELTWET.

CAYANIVEDY AT LD RT, minismlsharp ® LLVM IR 7 7 £ L% LLVM % T a > o8
ANL, FYEA L7477V Y7L, ninismlsharp 2~ REAERLET.

. minismlsharp 2~ RZHWT, SML#Z AV A NTE50DEEY -1 54759, BXU
SMLAT Y RSA 5%V RNRANLET. ZDayLUE, V=Lt 5475 DKREFEEGR»S, B
BEELTOIEETITON LT

(a) FEARZ A4 771 (Basis Library) ®a ¥ 81 L.

(b) smllex A< FDary L) 7,

(c) ML-yacc 4 75V & smlyacc A< Y FDaAY {2,
(d) smllex B XU smlyacc 2% NIZ K 2 —HF DA,

e) smlformat A~ FDIay Xf)Le ) 7.
)
)
)

(
(f) smlformat 2~ NIZK 27V ¥ XDAEK.
(g
(h

FTRTDIATZ7VDaAT AL,

smlsharp I~ > FDay f L) >r 7,
RO T 7 A VEFTEDMBIZA Y A b= LET.

¢ TVRALTATIVDIAT IV T 7 A,
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e IATITVDAVR—=T2—RT 74N, ATV 27 774N, BRXUOZTAXF ¥ 774,

e smllex, smlyacc, smlformat, smlsharp DFa< v k.

ISR ED ATy THRIHIC, BV —AT7 74 Ava~y FRICIIEMEREGEREGRID D T3, &
512, WS DHhDY =R 7 74 VO, OS DIRBICKFL TVWET. ok, KBRS X T A
DOHRTT. ZhHKFREFRZHIEST 2 —D2DFEX, GNU Autoconf IZ X % configure RZ7V 7'+ &
make I ROMHTYE. SMLAI V4 51F, A VR —T 24 A7 7 A M- THE T 7 A LB a X
ANLET. HAO7 7 ANDBRELTBET77ANME, TDA VR —T 24 A7 7 A MBI TVE
3. SML#AT V84 T3, 2 DMIERR%E make I~ ¥ RAFHAAD S 7+ —< v N THIF 2HRE2H -
TWET.

1. smlsharp -MM smliFile. Y —R 7 7 A ) smiFile Z§is, TDV—AT7 7 A)NEAV L )IVT b7
DITHETR T 7 A VDY R b % Makefile FXATHI T L 7.

2. smlsharp -MM1l smiFile. 4 ¥ X —7 x4 A7 7 AV smiFile &~y TL_XVLDT 7 A Ve AL,
Dy TLNAMSERINERNER TR I FOY V7 TREBERA TS =27 b7 741D Y
A b % Makefile E=CTHI L %9

3. smlsharp -MMm smiFile. £ ¥ X —7 A4 X7 7 4V smiFile & b v TLRXLVDT 7 A VBT,
DLy TLRADLEREINENEFTIEAT 7 A L% BV BT % 728D Makefile Z2E L 7.

SML#Y A7 2%, ZOHEEEZFIAL T, LELOFIEEFEITT % Makefile ZEKLTVWET. Z0D
Makefile IC & » T, BHEDOKFE S X7 L DBIFE L ARk, Ha Y A ADPRERT 7 4 VDA mnake I<
YRICEkoTav AN, UV IBNETEINET.

6.3 SMLH#DWEFEREE—RZE>THLS

A VA=A T T B, SML#T Y34 FH smlsharp WO ERTDa~ > K& U TEHRTBEL 72
hE3., Zoa~vry FEa~vy FY =l Emacs D shell E— R HEH T2 Z 2L > T, SML#7 R
I LAy AN, ETTEFET. bo bfHERMHER, SML#a Y (L ZZ2MGEE— R THEITT
5Z 2 T7F. smlsharp 251807 L CEHT 2 &, XFEE— NORBER ARL, EBEX v L—I%HR
LLZ—F06DANFFEORAEL 2D £7.

$ sml sharp
SML# version 4.2.0 (2025-03-24) for x86_64-pc-linux-gnu with LLVM 20.1
#

M# ) X SMLAS AT LAPHFT 270y P NFTY. FRIOXETE, Y=L (axy k) oFn
YT TS ) EIRELET.
D, AV ZEUTONHEZEEDIRL £

1. XKUY 55 T, WiR»H6TT a2 T LxiiiHAD.
2. MARALE TR TS 8% ay 4L, TarsskZECHLETT 3.
3. 7077 APIRTHEREZERT 5.

PURIC i RTH 2 R L %3

# "Hello";
val it = "Hello" : string
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DTN L—FDANTT. 21THD, Z—HFDAININT 2 SMLASZ AT LDINETT. Tl X
512, VLT, TS ADFETERICMNA L AL SPHERLULME2RRLET. 512, FT
MRICHRTZ DT, Zhuki ty > a Y THAMRICLE S, 2—HF I X 3EENRTFL, it v
AT o h 7.

6.4 SMLADOAVNTILE—FZEHLTHLS

SML#a ¥ %4 1%, MEERLSNC, Cav R4 IDXIRX T 7 AN AV A NTEI DN TEET.
9, fHELfle LT, FiTDAN# "Hello world";
EIT7ANEBNTAVy AL LTAELLD. ZDHIT, hellol.sml ZLLRD L5 BRANETIERL T

"Hello world";

BREOELIan EHoTIRSTHELTY. ZOEHR L7 74 UE, IR ksl Tay f v
TEE¥7.

$ smlsharp hellol.sml

$ file a.out

a.out: ELF 64-bit LSB executable, x86-64, version 1 (SYSV), dynamically linked,

interpreter /1ib64/1d-linux-x86-64.s0.2, for GNU/Linux 2.6.32, BuildID[shal]l=43a2c24d3728ad6a35
not stripped

$

SML#E, 51 LT7 7 A VRDABEZ N2, Cav L IEkE, ZOT774®2ar84L, U
IO LUERIMTER 7 7 A VEBERLET. UED XS ICY AT AEEDFEITER T 7 £ )L a.out BER S
TWB I DHERTEET. ERENE 77 A Ll tt -0 A v FCIRETE X T.

$ smlsharp -o hellol hellol.sml
$ 1ls hellolx

hellol hellpl.sml

$

B L7277 7 A0, BHEOa~Y FERIUESICETTEET

$ ./hellol
$

MHFRREINFEBAD, TUTEETT. 77400324 LT, MEFEHE— FLEL, EROMEL
BEFRRTZa— REfMahiEA.

EREFRLEZTIUR, BEREFRRTZHEMEFEIDENHD T, 22T, hello2.sml ZLIFD LS
RANBETIER L £7.

print "hello world!\n"

TDT7 7 AN, TDT7 7 ANVTERL TR W print BIEBFEHIATOE T, BLDOEXIIEARS
477V TERS N print :  string -> unit ZFHT2 22 TT, print FHHICHERTEX
TH5, SML#ET YL T2 > TX, %Al print DA T £ 75 VO print ZIET LI ED £8
Ao ZZTIDT7ANEIAYRALVT 720121, print BERINTVWDE 7 7 ALk a >4 F12H
H320EBHD FT.

ZDEICT7 7 ANVITERSINAFUNOHFIZEHT 27 7 A Va4 LT 57012F, Z0
7 7 ANTHERAT 2400050 =27 7 A VTERINTVWE IR, AVYE—TIARIT7AITEHE
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BITH2LENDHD ET. SMLAR, Y—RX7 7 A NVAIWHIET 24 VX =724 X7 741" "hello2.smi"
FEHLE T, hello.sml 57T 5720121, IRD"hello2.smi" 7 7 A VW ELLTD X 5 IHEN T 5 HHE
BHHET.

_require "basis.smi"

ZDEEIE, hello2.sml B3 VX —T 24 A7 7 £ )L"basis.sni" TEHS EINTWEIEFRENEYL LT
WBZEeERLTWET. "basis.smi"l Standard ML DK T 4 75 UV TERIN TV B TR TDOLH]
MESEINTWEA VY R—T 24 RT7 74 LTT.

COHBEDTRT, UToa<ry F2FETITL, EITEX T a7 anfElshn .

$ smlsharp hello.sml -o hello
$ ./hello
hello world!

6.5 smlsharp AV FODEEHE—F
smlsharp D ERFEITE— NIUATD4DOTT.
XEEBE—F smlsharp 287 X X2 LICEEIT 2 &, WMFllty > a v 2ERTLET.

AVNAN VYT EFE—FR =00V —RI7 74 NVERELTEHNTEIEZD 77 ANV Eay [ VL, H
TR 70 75 L %21ER L 7.

AVNAILE—R -c AL v FEBELTEFT I, HBEINEY AT 7 AN EF TSI V774
AL LET.

UYUE—R —2DA v E =724 RX774) (smi 774V) RIEELTHEEITRE, A &X—7 x4
AT 7 ANMIET BV —RAT77ANEAL v E—T 24 ATHBRINTETRTDY —RT7 7 AHa
URANBREAZL, FNHLIRTDA T2 2774 1%Y 7L, ETHRA T 7S A %1E
MLET.

CHBETEGIHT 2REERA v F e RIXARCEUTODONEENET.
-—help "NV TR v —I% TP LKT.

-v fADRX v -V R

-o (filey N7 74N (XTP27 b7 740, FTHAT 7 40) OHRIZIEE.
- AVRANLA TS =7 M T 7 A NEERK.

S AYRANLTEY TV T 74 NEAERK.

-M I VA LV DIRFRIMR RN

MM Y RTATA T TV RRWza 2 o84 L OKFRGRERR

-M1 U v 7 DIRFERGRE TR

-MML YR T ATA T IV RO V7 ORFRGRERR

-Mm Makefile % 4E %

-MMm AT LT A T T ) EERWTZ Makefile &R
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-1 (dir) Y —R7 7 A NDH—F DB

-L (dir) VY H—=\DFA4 759774 NDF—F RZADEN

-1 (libname) V¥ ZWHZZ4 7V (libname) &V > 7

W1, (args) V¥ ZRHCCa> %45 K54 (gee % clang) N (args) 287 A XL LTHET

—ct+ YU IZRRCHWZa L F RIAN LT CH++ar 4 2 HWS., C++TE NI4T 5
VY SML#ETR 7S 6% )7 FT2 EIHEELET
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SML# 781X, Standard ML SFE B MDD 2 7075 IV 7 5iETT. SMLADEE 2 F&HE
N T 701, AETET, Standard ML 71275 I > 7 OHME 2 I L £ 5.
BBAEDONRE, AL ® Standard ML OFEE

KIE E. OS5I VY ESE Standard ML AF3. 37 HIAR, 2000.

ICHEIL L T WE .

7.1 MLSEICDOWT

SML#i: ML R T 0 75 3V V' EED—DTY.

ML F7#EX Edinburgh LCF[3] ® X X 55% (Meta Language) ¥ L CHFEINE L7z, XX WS
RO ZORHREDONITIE, ¥V vEED “a meta ta phusika” & WS AN Z 2 Wb TWET. Z
D7 L —XFHIZ, BARY (physics) DD L ICEPNLFIRFITONTORWAREZRTFY S vEETL
72, ZORONENT Y (UM LY, metaphysics) THo/Z b, TDXX WS EEHEIZ, @
®M%®ﬁmébe%$%\ﬁT6ﬁH%ﬁ?§,Zm5%%#§x6héijktbibt ELEd
DOXARTIE, XXFiELIX, HE2EBOTNCLRE T 200 FHELERLES. Tur7 I/ 5iE
EELUIDAEST 27-DDEEDIRXAXEiELART N TEF Y. Edinburgh LCF [ 3FH AT HE 72 BA%EK
(0FbFursn) BRRe L-—MOEBEIHY 257 4THD, ZOX5E 225 EZ PPLAMBDA ¥
MEEN BTG S A XFHE TR E L. LCF ML X PPLAMBDA O X 2 53, ©% b PPLAMBDA
TEMNETR I LB BELT 22007 0T I 7 EFETL. ML OZHNE Z OFRERNEHEIICH
KLTVWET. BERT 7 242 FCHET 2 HODIZ, MLEB Z 2 XG5tE 2B 358
BAEEE LTREIENE L. 26170l 7 0285327007 22T OfEEEL R - TEd
BT 272012, MBS BEINCHRE S 2 BRSSO THEI N E L.

Z®D LCF ML 1%, PPLAMBDA O#{ESEICE Y E S RWIHDO v 7S 3 V7 Eite LTIMEDR D 5
Z e PERERE N, Cardelli iZ& > TLCF 23N L7=7mro5 v E3EL LTOML a8 7645
X4, PDP11 % VAX VMS 2 ¥ D MicSEZEXMERINE L7z, 2D, Milner, Harper, MacQueen 3%
WKEkoTFuTT7 IV 7EiEr LTOMMKEDE IR Ih, X512 DERED Edinburgh K22 X -
T Cardelli ® ML hiCEEXRELE. ZhoDMELEBE X, Standard ML OfLEE [5] SHEEL, 20D
BWET SNBITED Standard ML SaBtEAR [6) & LT L £ L 7.

72 BEEMIOISZI>Y

e, BAEO 70250 23 TEER) THR bk d. ZOSHEIIHELREMHETIZRL,
TaZSAMNERLEVWIEZFDDDDERT 2 Vo BROBKEDH 2 FHETT. LirL, ok
5EIHITETIUTTLARREAIRZIOND S ORI NTWEEE, E5MREEHRIE, KO
ﬁ&a%%h%i?

253357077 ABANERIMD MO ERTEKCERETEIGE, TS vrIn%k, A
tﬁﬁ@%%%ﬁ?%ﬁttfﬁ%ﬁﬁf%nm,;b SRR 2D, Lo TEhahbedL
fRR 77 I 0725133 TY. ML, COBEKRTIVESNRIEAZAEICTSZ v 7V F
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FBEWVWRAET. ML R 5V 723 RAX—F5HD—DF, ZOEKRTOEENvrI7Iv70%E
ZHEHITOFB I TY.
fHEHELREHE LT, BMEOEREFETHEALMRLZHE ST 2070 2F2ATAEL k5. BRE n OFF
Fenllx, LFROXIICERINZTT.

0 =1

nl = nx(n-1)!
ML T, ZO7R25 5% R0 L5 TR TE T,

1
n * fact (n - 1)

fun fact O

| fact n

COEHFICL->T fact L EHXLHOBBMPERINTT. ZOERIT 1" 1L TRYISN/]Z2 DD
EhbioT0ET. EBIZ, 5IBP0DEEEF12ET 2R, FEEZALMDEE, 5/8n
n - 10OEEPHILEREZESTZLZ2RLTVET. 2hzhd, Lo REOER L IZIFTELIC—
BLTWAZeRBORHTL .

D& REMABEEICRS T, roTurs sk, ZOENTIERICEVESHRBERY LT
Hoaghuf, 8L T e 722 X0 EHEPORPDRTLEEXTTTIENTEEZ0d LNLERA. TR
77 IVIEEMLIE, ZOFEZHIHMHY, KRB TEERGIEE2 070525 E52%7. UT
WK BT, ZORARLRIZEZHEHEATOELL £ 5.

7.3 HNOMEAEDLEICLZFARORIA

HIHETDFERDEIETIE, 5180 DEEIX 1 2R, ZALNO—KD n DFEIX, n * fact (n - 1)
ZRTIICTOTIAEINTVELRE. 20X, BRI REEE, EH2RIXNTERAILET
BRYIDGZED 1D, BZDHDTIERL, TrEWHHEHERTREARLET. n * fact (n - DI, &
Bon B EELRTYT. i ML SiE0RFEANZ,

MLOZ7OJZZ201, HEREZLOXNZERTSI_LZBELTITS
EWVHHDTT.
REUTOEREEMHASOE TR INET.

1. 0 2 ¥ OEHK

[\

. BB OB BRI TICEBRIN TV AHEZ R TER
3. BEEOH L
. BEEEDEA DT — ZHEDORER

>

156 3 £ ToOMAEDRIE, @RRETEBLALZENREFAUHEZF>TWET. IR, 1256
nETOHRBD 2EOM S, =12 +22 4+ -+ n? BUTORATRDLENET.

nn+1)2n+1)
6

ORI, ML CEZEU RIS/ LTEXYT.

Sy =

val Sn = (n * (n + 1) * (2 *x n + 1)) div 6

& div I ZZENETNERRORE L RAEZER LY. ZoRdndERSIOLTVIUE, ELL S, DIEZE
"BLET.
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# val n = 10;

val n = 10 : int

#val Sn = (n*x (n+ 1) * (2 *xn + 1)) div 6;
val Sn = 385 : int

7.4 TEHACHAHBEE

BN EEFETH S ML TR, EBRNEIRTRE-AZRES 9. ML T b2 HEAARITIE
UrobDnHh 7.

7y N

int (v Vil V7 —FOREZD) e EK
real RS T E NSO

char P& =i

string | I

word | (RYVEE1IV—RFOKREXD) FFEMUEEK
bool | EH{ET

HMERIDUNE, thoTn o IV Ve EZTERELTY. 2o DOIARTT OFERM & BAKIA A
HRHEZEZEL 5. BEEHNOFNGRETHIAL 9.

7.4.1 intH

int BUIBHAITT. SML#A T, CFiED long L[F—D 2 DMK TRINS 1 EBROTFE(T &8
T3, int BUEBICIEE O HER OGRS 0x (h) FERD 16 EHETHFARTEET. (h) Fo»
H9DHFL aATHEWV) 2B EFTHEV) ETOTLT7 7Ry bOWMRTT. BROEBIZFILKE
B2 TRLET. SMLAZ int HOfEZE HEBTRRLET.

# 10;

val it = 10 : int
# OxA;

val it = 10 : int
# “OxFF;

val it = 7255 : int

int BNTH LT, @HW ORISR, -, *, divA2HEETFL LTERSINTVET.

# 10 + OxA;

val it = 20 : int
# 0 - OxA;

val it = 710 : int
# 10 div 2;

val it = 5 : int

# 10 * 2;

val it = 20 : int

INoOMERE, EHORMEEDOEBEICWN, *,divii+, -KDEIEELET. £, F—DEE
T3 olHCEHEEhET.
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#1 + 2 % 3;

val it = 7 : int

#4 -3 - 2;

val it = "1 : int
7.4.2 realB!

real \IFEVINEUS T — X DEITF. SML#ATIE, C SiED double MY T3 64 £ v b ORSFEETFE)

NIRRT T. real BLOERII (s) . (HE(s) DIFTRILET. T IZT (s) BRAESMEHER, (d) 135

S UHEBTE. BBEER, N, HEEEROWT NS AT E 908, IR L FERBER O 77 %2 Al 5
%% real BITIZA K int MR N T

# 10.0;

val it

# 1E2;

val it

# 0.001;

val it
# “1E72;

10.0 : real

100.0 : real

0.001 : real

val it “0.01 : real
# 10;

val it = 10 : int

real BICHI LT % int BUERRICHUETEENERINTOE T, 72720, BREWE div Tld</TT.

# 10.0 + 1E1;

val it = 20.0 : real
# 0.0 - 10.0;

val it = 710.0 : real
# 10.0 / 2.0;

val it = 5.0 : real
# 10.0 * 2.0;

val it = 20.0 : real

7.4.3 char &

char X 1 XF2RTT—XBTT. XF () ZRT char BUERII#" (o) "¢ FZET. (o) IKIFHAFE X
FLHMZLA T ORAR X FD IRy — T HHT LT
\a warning (ASCII 7)
\b backspace (ASCII 8)
\t horizontal tab(ASCII 9)
\n new line (ASCII 10)
\v vertical tab (ASCII 11)
\f home feed (ASCII 12)
\r carriage return(ASCII 13)
\"C' | control character C
\" character "
A\ character \
\ddd | the character whose code is ddd in decimal
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# #Hall;
val it = #"a" : char
# #Il\nll;

val it = #"\n" : char
XFEN LT T OMAAEENERINTVWET.

val chr : int -> char

val ord : char -> int

37

chr Z5 26N 8F% ASCIL a—F2ARL, FOa—FOXFZIELET. ord 3XFRFT—&ZD

ASCII 2a—F%IRL % 7.

# ord #"a";

val it = 97 : int

# chr (97 + 7);

val it = #"h" : char
# ord #"a" - ord #"A";
val it = 32 : int

# chr (ord #"H" + 32);
val it = #"h" : char

7.4.4 string B!

string IIXFHN 2 KT 7T —FZMTF. string ERI" " THATFIIERLET. ZOXFHNDHIZ
FH X EE B0 5581%, char I TERINTVERTRATr =T =7 YA ZHVE T, string 7— &I
&, BEEHINCTY M5 print & 2 DDA 2 HRE T 5 SHAABEB L LTERS ATV T.

# "SML#" ~ "\n";

val it = "SML#\n" : string
# print it;

SML#

val it = () : unit

7.4.5 word B

word I3fF5 72 LB TS, word BUERIZ ow (d) 721X owx (h) DETRIL . ZIZT (d) 3%

nENHER, (b)) 13X 16 EOEFFHNTT. SML#E word BUER % 16 #ERBTRRLET.

# OwlO0;
val it
# OwxA;

val it = Owxa : word

Owxa : word

word 17— X I LTH int M F CHAREERNEZRINTWVWET. X512 word B7 — &2t LTI,

FeDVy MEANERINTVET.
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7.5 Dbool B EMH
e EURES
ML O7OJ322713, RELEZDLOANEZERI S CZBLTITS
W5 ML otttk ET. K
if F; then FE5 else Ej
BMEZEXTHTT. Z20OEIEZE, MTFo X512k o6NET.
1. R ELZFHE LEZRD 3.
2. b LZDMED true THAUF B2 Z7Hli L 2 DEZ IR T .
3. B L F1 Offid false THAUX E3 ZFHli L 2 D ZIRT.

ZD E1 DXDFFOMH true,false iFzheh TH] & A 2ETH bool D2 DDEITT. bool D
EZFORZ, ZhoEBHOMIZ, BOR/NEECHHEEE R DD £7.

# 1< 2;

val it = true : bool
# 1 < 2 andalso 1 > 2;
val it = false : bool
# 1 < 2 orelse 1 > 2;

val it = true : bool

ZERE, 2D ool AR OREFH o TERLET.

# if 1 < 2 then 1 else 2;

val it = 1 : int
OB EEFORTT2 S, o BHICHAGDLDEZ Z e TEET.

# (if 1 < 2 then 1 else 2) * 10;
val it = 10 : int

7.6 EHE K

B, 28, HAABEBOHAGDLEET T, dbAA, BHLBEZEL I nro02iibd52
LIETEERA. ML 277 IV 7ORAIEK2EL 2L oTIR I I 46352 TID, ZOH
THELREHZR 30K ERITTT.

BSE, T TCIREB T2HITHARE XS,

fun funName param = expr

O TERINET. ZOESUE, 28 funNamel, 518 param 22 FED, X expr DEZFHE T
LB LCHEAMREE D E3. FlRIE1 26 n FTOERKD 2 ROMORNNRIE, n Z23Z2ITHLS B

CAREELT.

S(n) = n(n + 1)6(2n +1)

COERIIZfun B XWCEDVEZEMLO 0S54 LTERTEET.

# fun Sn=(n*x (n+1) * (2 *xn + 1)) div 6;

val S = fn : int -> int
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CORENZ, MTFo XS IfEHTE:T.

# S 10;
val it = 385 : int
# S 20;
val it = 2870 : int

7.7 BIRHEREEK

HIEICH A fun BSUIFHRIIRERZFFLE Y. Thbb, ZOMITERI NS funName %,
BIBEBRAIR expr DFCTHEHATZ2 oM TEET. 2D LS RHBNRBEBER I, UTDOX > RFIEHT
FETL TV, BEOEMBEK LRI XS ICBRCERETE S X5k ET.

1. B funName DIRZ2 N2 H 50 UHEET 3.

2. MEINIRZEBNE T LB funName 535 3 IRE L, U EL - 7258003 param DHFEITIR TN
ENMEERITN eapr ZEET 3.

BIZIE, 72 TR LEREZFE T 2B fact AT D L5 ITHRFITEET.
1. fact ZRERZAE T B EEL 7.
2. ERZEIHE T 2B fact 2V, BEROERICHIE, BINZHEZUTD L5 ITERT 5.

(a) 5B 0 DGE, 0 DERIZ 1 THEH 56, 1 ZiRT.
(b) 0 LND—E D5 ¥ n DYE, FEROEHED S, n * fact (n - 1) KT,

D200 EZHICEE TR, UFOERMELNET.

# fun fact O 1
> | fact n = n * fact (n - 1);

val fact = fn : int -> int

Y EDE 2 ie A OFREMEHEICERTEET. 222X, TXRTOEOMERD 2 sun
R I L TERZONZEE c D n FEFHET 2 power D, ZHOMEBBITICHILES L
WEkoT, URDXSICHBICERTE T,

fun sum 0 = O
| sumn=n + sum (n - 1)

fun power 0 =1
n

| power c * power (n - 1)

sum <P power DMEE L7=IR 2T\ E T3 LIRETHE, BARNETHEIZIELWVWOT, BARSEOERD IE
LWwZebrb 7.

7.8 EEOD5|HzSEH

AiET D power BRI D & UHER SN EK C DIEERLEHE T 2HMT LD, TlE, ZoFHRDE
CHHIENTMA, nt CEZRIIM-oTCOn{EFHBT ML ERT I ICEFESI LELIVWTLE S 2
X, 2200FEXHFVHDET. DTG Ey > a Tk, 2oREHRE L bITRLET.
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# fun powerUncurry (0, C) =

> | powerUncurry (n, C) = C * powerUncurry (n - 1, C);
val powerUncurry = fn : int * int -> int

# powerUncurry (2, 3);

val it = 9 : int

1
C * (powerCurry (n - 1) C);

# fun powerCurry O C

> | powerCurry n C
val powerCurry = fn : int -> int -> int
# powerCurry 2 3;

val it = 9 : int

powerUncurry OMHH int * int -> int(F, IR E L TR DEEZRIEHETH L 2R
LTVWET. ZHICH LT powerCurry OTUER int -> int -> int &, 518%E 2 DIEFICZITHL D ¥
BreRdBTcH2 2Rl T0WET. Loflrsffgahnsi@Eb, ML TIEBEEERDTIEZ, Z0
B bn 2 TEZET. AL powerUncurry I fun powerUncurry (C,n) = ... EERINT
WEFTH 5, powerUncurry (2, 3) DX S ITHNET.

7.9 BEEERDNE

powerUncurry I, BEH [$ZH 5 C SFEOB L FAEETS. ML 5iB05EAE, ZHIINZ, powerCurry
WX D ICH IR IEFRICZ M AN E TS 2 TY. IR EMICHES 27-912, 2T ML OB
RO EEELTBEZL &5, FERZOKXTIZEKOFA GEH) 1%, BEBO5IBEFEILTH, I A
f@) DEIWCEBRLETH, MLARY T LAXFHEOEZ T 2Ry U-BEBEISETE, B 515
ZAUANTE xDEXHCHEEXFT.

ROEEE expr TRT &, EH, X, BEGEHZ &L ML OMSOI—5E, UTRo X530k &b
£7.

expr = ¢ ()
|z (RO
| expr expr (BIRGEMH)
| - ZOfDMX

ZORESURAND A CIXBEBER RS W5E, ZOEAEREZ 2D A TEEHA. HlzE, R
WEID BONSE expr/expr R UE expr + expr ZBALTGAEZEZTAEL &S, ZOEE, 60 /
6/2+1DE5EREWELETH, COHDERIITHLRZDHNT 2B ORHAHETT. 20
BT, @EE,SIEMDLHZ AL, ((60 / 10) / 2) + 1 LEREINTT. ZD XS RHER

HOEOWUX TEMEG) L, 2O LEOHX LD HEEmMy), E5VET

SAREEE T =L L-BEGERZ 058, BEGERRCE L TUTOEELRNELD D 5

RGeS L, ZOREE TR D HmW

BRI/ E T2 R INTWB DT, powerCurry 2 3 1d ((powerCurry 2) 3) ERXNF 7.
—f%IZ, el e2 e3 -+ en EHWVAIUL (- ((el e2) e3) -+ en) EAKREINET.

7.10 SEOEAK

powerCurry 2 3% ((powerCurry 2) 3) LfEIREN 2 W5 Z ¥, ML SiBICBIT 2 U NOHEER
HEHZEKRLTVET.
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(powerCurry 2) R TH 5.

2D XK HIZML TlE, BIEUZ powerUncurry @ X 5 ICBABUEFRM S 2l U TER S N2 Tld R
TS LTERZZEDNTEET. ZDOLIIRSINIMEIX, powerCurry DD X S51Z, 5 Z T
XE9. 5, BHiEMILOBEBICELLED T 2R TEES. FlRIE, MFoLS5%a—Fx2HE
LZEeMNTEET.

# val square = powerCurry 2;

val square = fn : int -> int

# square 3;

val it = 9 : int

# fun apply £ = £ 3;

val apply = fn : [’a. (int -> ’a) -> ’a]
# apply square;

val it = 9 : int

apply IO L CHEm I N72TNZ, Z OB, BE - TEEE RSB THE 2 ZRLTOVWET
Y Eoflreifgxh s, MLIZMFOMEZF > CT0WE T

BfE, BEAGR DT — X LFkk, a7 a0RTIENTESHETHHD, HEIZRIT
L, 5 2enTE2. FUIBEZ, BIOBBES L LTINS ZeNTES.

s, 1 7a 277 22X TERL TV EWHIKFEHIORTO, ML 7027 3 ¥ 70O d BHERFEA
TY. BAEERLIZDZTE 720 388 SREOBEKE MR E 5.

7.11 SREOEEHOFIA

ML TZ =17, DEDHEART L ORRTI0 ST IV I 2MRELEBEVTWLH#IX, SREERD
FEREZ PR L, SR E# Y, REHASDE TV I TY. ZoHMOBEFICE, SREANL
BHETIDFa—bI 7L TRAEZBDTEDD FVHAD, TOHARLRIEZHEMET L ITERE
CEWES. 22T, MR, EZAZHCT, SREOBBOEREFHICETZ2EZTEFUEL & 5.

B TBAIOMNCE ST 2 S ERME L BnET. ORI TO &5 REREVET

0

D fk) = 0

o .
Sk = f)+> (k)
k=1 k=1

EROERIER T IORLEEYIEHIZ, bbDA, O X TREINZE XA D b @7 5
5TT. RiE Y, f(k) OREEZHZLTAEL £ 5.
o YRRk, f D3 ODEHMNEEND. ZOFTEE, 1205nFTELTZILERTRD
EHTH5.

o Y0 fk)F, BAONTBRE n B FITHLT F(1) + f(2)+ -+ f(n) DEEZRTAT
H5.

WEoT, Y ldn &BEEGIE UBEBE R T f 22U A8E, o) GREOBKE AT ZedT
x2FY. BEOBEE 0SS I SOEAEY T3 ML T, ZOBEMUTO LS ICHEEESERETTY

# fun Sigma £ 0 = O
> | Sigma f n =f n + Sigma f (n - 1);
val Sigma = fn : (int -> int) -> int -> int
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Z D Sigma XX, EEOBARBEKOMEZRDZ P TEET.

# Sigma square 3;
val it = 14 : int
# Sigma (powerCurry 3) 3;
val it = 36 : int

FEFEOBENZ, TOXICVOLEeEDDOKAEEZRIIT 2 LTRERNEZBHET. BT arJ 1%
BTHAPTOMLOI—FELTEEZNLTWRBNZHIZOIT S LTEHERRA Ty FIE, Ve xrF
D OEEERHOBE Y LTIREHL, Zho2llaabEiss, NEMED BT TV Hffiz v & —
T25ZrTY. RICE 720 HTHAT 2 ML OIS AT L1, TOREXALDTRT T L% L DES
WKW ET. 2o 2 dic, ML OEBBEBURTEHRTUE, BRI AT 0255
BICEETLTW IENTESLSICRZIETTY

7.12 ML ICE T3 FH I r9ksE

INEFTHATEREDY, ROMEAGHLETTO I I LEHEL TV ML E/BIE7r 77 22 EHEM
WWEL ETRDELESHEO—DTY. ZhETIE, S BER Y ORMEE 2175 B FICHHL £ L
e, BI2ETHHALKED, EENLE, BENIT2E®RETE220Z0FEERAT L2052 T
HY, RUTEENLZERE LTI eI 420 TW ZeDBEF LY, LOEATIEDD A

L, EHLES & LTVAHERED, FHEMBEFCI o TRLERICKRELERTE2R5, Z0
FREEZZDEERBTI2ODPEFELVIETTT. HlRIE, ARIADSITEDT 4 AT VLA ITXFEHR
R AIMER, TNETREFIPATOINELZIERT EEEXT28ETH Y, BERMNCIE, T4 X7
LADNY 77 2 BEMZ 2 FRMEMBIREETT. T4 AT LARBS T, S8 o A, 456
DIRBEITHRIT T A AREHNC TR RIRET S, Z2DIEH, BlZIEH L WARTRFE 7 DE 7 & DI,
EBWE, YA INVDH 2757 7DEMRED, FREMNRETAVTHREL 074 10701E0, XDES
RN R D GEDNZ NV EAET

COEIBEEE T ST ATHER TP DT KRBT 21201, Fh MNRUEIFERTEIES>
FRCTY. ROMAEDLETI—F2EVTWL ZeAEATH 2EBSEICID X S TR ERAL
HEPEAT 57200 BRZLIE, DURD2DoTY.

1. REEEET EAEDEAN. BICHITT 1+ AT LA DRFNER, fIRINIZT 4+ 271 A DIRRE
ERADIENTERY. FHEMNATOT 7 L0EARL, ZORELZEETLZ 2 DELHK
ETANRERMEDLT I TY. 207013, ZHARLR T —XPR0E LD 7.

2. FHINERF OMEE. 714 A7V A DFTRNEDEBRENER D - -6, 2h o OHEHINEFIC X - T,
EDXSBBBRZ2DBRED T, EoT, FhEWNL TSI L%2EL DI, ZHEEEN
E DN THI 2 2B S 2 HIk & Hlfl s B e 72 b 5.

ML 1Zi%, a5 2 0B SFEOVHADHFICEA I N TVE T,

7.13 ZTEORELGEXEY -t/ ERITESEBH
ML IZWE, LRy BBBHAAERTVET.

type ’a ref
val ref : ’a -> ’a ref
val ! : ’a ref -> ’a

val := : ’a ref * ’a -> unit
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Bloa ref 1& Na DEADSIR 2RIUTT. SWLEIRA > XDZ2TY. B#flref IX, TEDOT a
DEZZITED, ZDEANDOSHEEER LRI TS, BKIE, SREZUID Z2anfe T EZ R 3R
Bed. BEC=3RAZITORE, bbb, ZREEZZITID, SRIETHEZZITE - 7HICEHE
THEETYT. UM, SRR LRy 2 Y ofITd.

# val x = ref 1;

val x = ref 1 : int ref

# 1x;

val it = 1 : int

# x 1= 2;

val it = () : unit

# 1x;

val it = 2 : int
OB E, REZSRE UTHRRS 2 2 212 X DIRBEICIRIE T 2 W72 ¥ O AR B RN Fe = A 72 L
Z, WEOBBE L TEL LD TEET.

7.14 {ERIE, Eb 5AENDFHEEE

FhR WU 2 FHEL 720137077 LOEMIOFETIRF 2RO 20803 H D £5. EE2RTAZHM
AEbETT0 7 2B NTW BB SETIE, Ehh7T0r 7 L20ETE, ROEE2RDZ
WWXHIRLES. Zhrk, ROFHiie FERE . ML TiF, ROFHEIMI RO & 5 ZIETIThbh 3.

1. X, A—rv A nThihuX, £roHIElT 5. 728 21X, (power 2) (power 2 2) DEHE, F

3 (power 2) DFMlIX AL 2 T Z2KME SN, KIT (power 2 2) VFHliX N 4 B SHH, BiE
12, 2T LEBCADFEHEIN, 4P FoNET. £, EE0HNI, ESOIHICHHGENET.

2. BROARKIL, SIBUTEH SN FTiMii S s,
EHIT, FHEHNRUEEZEGIZT 572018, U NOBRRTHEMLOBHEEI A TVWET.

expr =
| (expr; --- ;expr) (BRGS0
Cexpri; -+ sexpry) &, expry 25 expr, ¥ TIEFICFHML, REDOX expr, DEZIR T TT.

MU EDFHENEFF D & & TERA 24 21E, T & 720z BB EHEOMEA T, fEIcEL s
TEXT. R LVAATZAER T 2881, UFDXS5ICETXT.

fun makeNewId () =
let
val cell = ref O
fun newlId () =

let
val id = !cell
in
(cell := id + 1; id)
end
in
newld

end
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7.15  Fhe F AYHIE

FREMNRUEE2AT L 25T, FhElRSEcofliifaEoidd & iz X 2 BB oROBG%RE
ROKB-OTAEL k5. KREBOLHEEMHS Fht S MLELE, HEBOREELEET 2 1/0 & ¥ OHERED R
WIERPERVWDDTT. Zhdid, FhRENZBEEL LTRET2008bo 80T nwrunr s
AR DET. FEEMEETIE, TASITNA, L— IR Y o4 OFlHRESE b Tt = 72 k%
BECEBHINZ DI LT, ML TRZROMHAEDLETEREHEINES. TRFETRTERED, MLTRY
0275 AREEIZ TR X RSEEICBIRO VS T2 5, BHINRZNEEZR TR I MLOAARIDES
HTHELST WSS AL EZET.

L2L, CORIEERPDHETT. COLXIRFREVFIETE, FRENUENPEARTTDIS, FEE
B3R BB fact 1X, HIFTIERL, V—TE2Hs TUTDO LI ICEL DR Ebh 7.

int fact (int n) {
int s = 1;
while (n > 0) {
S = s * n;
n=n-1;
}
return s;

}
DLW =T ERHoTELIESN, AREM7-FE), 2 ZIEMLTOD

fun fact 0 = 1

| fact n = n * fact (n - 1)

DEIa—FEIVFRNYTY. Lrl, ZOHFERERZ, BEUSHEORENZINRSZERT2HDT
EHHEEA.

7.16 IL—TrREBREHK
CHRLE (v—7) OFEETORRIL,
1. RDBEICES (ZNZFHIRGEE LTED) HEOBHIREBEZEET L.
2. itE (DY) WREZRFT 200 LH L
3. Bt ROMETIREEZ R T 2 EHL,

PHELREREDF =y 7 LAENS, INOEREFHT2a—RF2EL 2T, 12050 FTOMESE
kb 2581,

o RHDFEIRE i s=ix(i+1)*..%n
o AtRAEREFOZR ! 5
o AR DIREZREF T 228 14

CEZ, BREKE (=0 2F =2y 7 LEBEZEET 22— F2EL LHID fact DL SRa—FeRDh
F9. ZOEZNNAIE, e OEMBRUHEEZL— T LTHEE T TN TEXT.

COEZHE, FHREMUSHIRHAOLOTREDD A, FREVSHETE, FEMREZREOLHE
REZHEH T 2EBDMELZEBLREOL—TLET. ZOEHROLEHE L V— T3,
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ZROBHEDEZZITID, #H L WEZZER T 2B

YEZLY, BHoHEEMOHTZ OB 2 £3. C E/BD fact R TREINL—Ta—F
1%, UFOML a— FCEBTEES

fun loop (0, s) = s
| loop (n, s) = loop (n - 1, s * n)

fun fact n = loop (m, 1)

Z D loop M7 5 HTHE ZM-OH 7217 O BRI E REHR MO, REMME, FHEAFHED
N—T L AREDFEITINC T Y RA N IR I EfTINFE T

717 letT

ML 7027 I v 7OEARZ, BrOREERLZNL AN EMFHAGDE TV ZETT. Ih
FTRTEREHITIX, LENETRTH Yy L OMZEREINTWE L. LarL, KELRTrS I AT
—HENICHH T 2 2ROLRBREL 2D, ZNUOHATEEMTI2LENH D 3. FlZ fact X, +v
TLARUVIEFRENT: loop ZH o TERINTVETH, ZOHHNE fact DERDDHZITITEATH
725D THD, MOBEKTIINRORL—TEBPRETT. 22T, THLFRHEDUIIC D AHSER AT
DRa—7 (BXM#EHE) ZHIRTEE, IO EBEIUVEELINza—-FehkhFET. 20D, Y
O let EXPHBEINTVET.

expr BES
| let decl list in expr end
decl = val x = expr
| fun f py -+ x, = expr
|

let & in DRICIE, in ¥ end DRDOHF I TEMRESHHFTET. HlZIE, REHFOD fact B,
HHEUTDOLSICERLET.

fun factorial n =
let

fun loop (s, 0) = s

| loop (s, i) = loop (s * i, 1 - 1)

in
loop (1, n)

end

718 URbF—4HH

ML 7u25 Iy TEEHINIEETFT—&ITV X e EREZHBERTYT. VX M2HWES e
FLI2E, ML 7022 30 JDERTH LU TROBRENEGENTVET

o HIFHF — & DA AR & JLFH
o RE—V v F UL BT —REGD I

o ARG BERL
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VA PZHWTINOKEZYRAZ—LTWEEL £ 5.
VR MIERDOUKRTT. ML TE “[” & “]” ORICERDOXZURNS e, VA IPERSINET.

# [1,2,3];
val it = [1, 2, 3] : int list

ZORIZ, UFORDOIEEIETT

#1 :: 2 :: 3 :: nil;
val it = [1, 2, 3] : int list

ZOMEX L ZDFMIFEREZEMLEL £ 5.

ec :: LIFERERZR TR e L VR TIZRIALNS, VAT LDOKHEHICe ZMIMATHESNZY X
k2R %5

e nil IIZED VY X BRI ER.
o int list X int MEHEHELX T2 U XM ERTH

7.19 HOEAEHEDEREE

ML 7u 25 I v Z7oEANE, REHAEDLE TV ZETLEDR, bbAAYD LS BHAEDLET
HTFEINBZDITITIEHDERA. MLTIE, 7025 2% RT3, UTOEARFANZIENET.

RIFEPELWIRD BHICHASDES Z LD TES

VA MDGERFNCZDFHZEZTCAZL D, VAME, ZOEZORIIHIBIESD THA. DX
STHMETHN, FILDDEFR—DVRAMITEZIEeNTEET. UTFTOMNGENEYy > a i, HeAREOD
VR MERERLTOET.

# fact 4 :: 4 + 4 :: (if factorial 1 = O then nil else [1,2,3]);

val it = [24, 8, 1, 2, 3] : int list

# [1.1, Math.pi, Math.sqrt 2.0];

val it = [1.1, 3.14159265359, 1.41421356237] : real list

# "I"::"became"::"fully"::"operational"::"on"::"April 2, 2012"::nil;

val it = ["I", "became", "fully", "operational", "on", "April 2, 2012"] : string
list

# [factorial, fib];

val it = [fn, fn] : (int -> int) list

# [#"S", #"M", #"L", #"#"];

val it = [#"S", #"M", #"L", #"#"] : char list

# implode it;

val it = "SML#" : string

# explode it;

val it = [#"S", #"M", #"L", #"#"] : char list

implode & explode (ZZNZNLFD Y R b & XFFHNZEH T 2 BB K USCFHNZLFD Y R M
T HETT.
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7.20 ZHEBZF OB

TR ELWED BHICHABRDE S Z B TE 5 WS RAIZRARRICE» T 720121%, i
Eh¥EERT KL, BLAORISHELTWARERH D 3. AifioV R M 2T 288 (EE
F) o ORNIL T o@D T,

# op ::;

val it = fn : [’a. ’a * ’a list -> ’a list]
op i, HEHBEFZBEEEHOM S THES 20 0EHETS. 2o, 2, FEOR at Zh [
UL a DERL T2V A a list ZRIFE - T, "aDERY T2 X b’a list ZIRTERERL T
WET. ZZTHDLNS a iMERORERTULTT. £z Da.---11F FRTOA 212DV T, -+
ThH2, tORHAEZRLET. ZOXSICHEREEA, HrORD T — X IHHT % 2 B¥: Z1EEEH
CREET. X512, INLZHBMEHASDODE TERINT-ERDILUTO LS I ZEE ET.

# fun cons e L = e :: L;

val cons = fn : [’a. ’a -> ’a list -> ’a list]

ML %, ROMAEDLBICEE T 0T T IV 2R ABICHR— 1357201, BEEERICHLT, 20
Db - d R RFENTZ2HET LR, BO—RMNAZIHEEZHRL TS U NoOBEBERERLZE X
TAZEL & 9.

fun twice f x = £ (f x);

Z OB, BRI EZIERD, BRESIBIC2EEHALES. Z0553F0WEEZDE, DUTOH
Db RN BFHEHF TR TH 2 L A TEZTL & .

[’a. (Pa => ’a) -> ’a -> ’a]
EREML TR T X5 IcHsmz x5,

# fun twice f x = f (f x);

val twice = fn : [’a. (Pa -> ’a) -> ’a -> ’a]
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E8E SMLADILRMEE : L 1— FZHHEME

AEDFEDHZFETIE, SMLATEA XN/ Standard ML OHEIRFESEE % 6] % W THAL % 7.
FFARETIE, La— FEMHEEZERBL LML TOLa—FEHAW:ET0r5 I 07 2%20%7. L
a— RZAEME, Rl mgEE T3z <, ML OFHI MBS IELWR D HHICHAGDE 2 Z 2
TE3 o TLa—F2E0L70rI I 7 %2175 L TOEAKAETT. Standard ML 121& Z OF&RE
MRITTWAED, La— FOoREEELLEML AZAADTO 7S5 ADRETERATLE. 20N
Mo, AETIE, La—FOFMHAZBEL TVELR. 3, La— FOEEILZFEL & 5.

8.1 LIO—FKR#EX
ML Tl a— FREIUTOETERL 7.

expr

| {li=expry, -+, lp=expry}
LNE T~ OLEMERFHTY. La— FOEROEHEREIZRLET.

# val point = {X = 0.0, Y = 0.0};
val point = {X = 0.0, Y = 0.0} : {X: real, Y: real}

1o E 2 i LT 2 7" e LTHRD L a— R, A REhile L TRRENET.

# {1 =1.1, 2 =fn x =>x + 1, 3 = "SML#"};

val it = (1.1, fn, "SML#") : real * (int -> int) * string
# (1, 2);

val it = (1, 2) : int * int

LI5S 7.8 #iCHH L 7B E5 1 B O BEENIX poverUncurry (n, C) DX I IWCERL E LD, TABEF
ZIARNLE LTl a—FRORITMS I 2R L TVWET.

IFUEERPELWR D HHICHASDEZ Z BN TE S 205 ML OFHANZHEY, L a— FOERIC
XML TERTEAIEOMEZEL I N TEET. /o T, La— FEERTZEBICHLTD, VR
F DOGE L RIS HE DRI N E T

#fun f xy={X=x,Y =y}

val £ = fn : [’a. ’a -> [’b. ’b -> {X: ’a, Y: ’b}]]
#fungxy= (x, y);

val g = fn : [’a. ’a -> [’b. ’b -> ’a * ’b]]

8.2 Zas—JLFEDELEH
La— NSRS 2B, La—FD74— L FORDHELTY. Z0koHIZ, MAaAAREEK

#l



50 %8 E SMLH#DILIRMERE : L a— FZME%E

PHEXNTVEST. ZOBEBE IV ZELLa— REZIFIWD, ZOILDT7 14— FDOERIKR
FTRITS. ML OZMHADFEANHEZIE, ZOBEE, SNVIEZELTEDLa— RN ZD T 4 —
LR OEDRIANDBEETS. SMLATIE, LU XS RAEN#HRI I E T,

# #X;

val it = fn : [Pa#{X: ’b}, ’b. ’a -> ’b]

FH a#{X: b} 1E, WAV b D7 4 — L F X 2BDEEDOL a— FREZRET 2HEHTT. M-, Hm
INHNE, XEEUDEEDL I —FE2ZITWD, XO7 4 — L FOEERITEEEZRLTED, #X OF)
VEZ EREICEBR L TVET. ZoBEBoBERMZL RISRLET.

##X {X =1.1, Y = 2.2}

val it = 1.1 : real
INSHHEEERETEEICR LT, La— RICET 22 RN E T,

# fun £ x = (#X x, #Y x);

val f = fn : [Pa#{X: ’b, Y: ’c}, ’b, ’c. ’a => ’b * ’c]

OB, SHEICHLTXE YD 7 4 — L FEDHLAThbhTWaR0, b iriedihns?2
ODT 4 =L REELLa— RTRIFNUIRD T¥A. SMLADHEGRT 250E, ZOMWE 2 FREICKML
oD — e ZHERC .

83 LIO—FNE—Y

La—FRD74— L FERDODHLIE, RE—r~<vF U ZORERZHAVWTHITS Z 2 TE £ 9. Standard
ML I ROREX— U REENTVET.

pat =
| {field_list}
| {field_list,...}
field == l=pat |l

BRAIDNRR — NIEEINZT 4 — L R 5R3La—RIIv v F T3R8 —, 2BHD AR — 3D
B BBEINET7 4 — L EREELLI—RIIYFTERE—2TY. 74— RE 74— FHD
AELZLDTEET. 208G, 74—V FREFELEBDIEESIN b0 ARINET. IR, v
a— RFRE—=VERWET 4 — L REODHLORFITT.

#fun £ {X =x, Y =y} = (x, y¥);
val £ = fn : [’a, ’b. {X: ’a, Y: ’b} -> ’a * ’b]

#fun f X =x, Y=y, ...} = (x, y);
val £ = fn : [Ca#{X: ’b, Y: ’c}, ’b, ’c. ’a -> ’b *x ’c]
# fun £ {X, Y, ...} = (X, Y);

val f = fn : [Pa#{X: ’b, Y: ’c}, ’b, ’c. ’a -> ’b * ’c]
ZOLa—RFRX—2F, ok —rr HRHICHASDE THHATE X 7.
# fun £ ({X,...}::_) = X;

val £ = fn : [’a#{X: ’b}, ’b. ’a list -> ’b]

ZOBITIE, X 74— L FEELLA—FOYZAMDEHOL I —FDX 74— L FOEEERELTVWET
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84 T7a4—ILFRDEE
SML#EFETIE, UFoMXIicks3Lra—Fo 74— o (BN ZEIERINTOVET

expr =

| expr # {li=expri,---, lp,=expr,}

ZOXIE, La— FRexpr DERZ ZRZIIEEINEICEBEL TSNS La—FEERLET. &
OFSE, BIZH LWL a—F24ERL, drDOLa—RFREEXAEEA. 2O ML ORI OEH|
KWL a— FE2EEZEL 3. LURE, ZOEXEUEBOE L ZoRHiaon T 7.

# fun f modify x = modify # {X = x};
val £ = fn : [Pa#{X: ’b}, ’b. ’a -> ’b -> ’a]

O L a— X =VEHAEDERUTOROBEE, va—RE2H> 7ur I 0TI BET
BATAFTLEEZFT.

# fun reStructure (p as {Salary,...}) = p # {Salary = Salary * (1.0 - 0.0803)};

val reStructure = fn : [’a#{Salary: real}. ’a -> ’a]

BA%EL reStructure I&, EEBL 2 — N p Z%IJHD, Z® Salary 7 4 —/L F% 8.03% &3 5 A% T 7.
AER» SR N 2 B0, ZOEUL, Salary 74—V FEETEEONEEE L a— FISEARRELR,
A OB Lo TWET

85 LIOA—KFOT3Z>54

ZHL a— FHEHBEKEEER D o255 REDL 25 SMLAL2H D THAD) TiE, La— FHEER,
erDBBMHICEH LT 2 — M HoEWT 0 7S AR TIR2ITHEREL W ETRkERABL D 3.
TR Lo T, ZHBEBICK2NAHMD 2 T 0 s 5 a0, KL T 077 AHFICA S —13 25 K512
BHET.

ZDESHE LT, B CTENT 202 70y v 3258282 TAEL & 5. WIKDNL
EIZEREETRET 2 LES. 2L T, UMK, BEMNEZRT X:real ¥ Yireal D7 4 —)L F ]
HEOREERTEZEZLL I — K Vxireal ¥ Vy:real D7 4 — L REEZLLa— R TRETAZ2ICLE
T INREFERRDTEBIE, MADZ DM E MRS & 3N, BRR L2 B8NS 2 B ZaRET T
X9, MKROEENZ, YKz BAREREROMEICBE S B 28 tic 25 %, ZoHEIDRL
FEOHEFAUS R T X £7.

val tic : [’a#{X:real, Y:real, Vx:real, Vy:real}. ’a * real -> ’a]

O DICHARRZ 1 2 LET. BEfTEERTOVMEROBEIRY b X, ZAZFRDOEZEDRYZ b L
DERTTH S, XEHy YEIZOWTHIZICEKEEZZE 22zl T AR vty LER, 20z
NBEDE, BARRH 2D OBEIERE, S b#HEEZMZIUT X VDT, XEAAN Y 852 R
Z2H, ML R kS ica—FTEEd. Gty >y a TR IR L ET.)

# fun moveX (p as {X:real, Vx:real,...}, t:real) = p # {X = X + Vx};
val moveX = fn : [Pa#{Vx: real, X: real}. ’a * real -> ’al
# fun moveY (p as {Y:real, Vy:real,...}, t:real) = p # {Y = Y + Vy};

val moveY = fn : [’a#{Vy: real, Y: real}. ’a * real -> ’a]

R, Theh O mOEEZZE S 28 EZ LY. XMIEIIFERES 2 L, v 85X E S
FEC K 2 IEELER 2 3 2 58 OB, MEOLEHE L FEk, UTO X5 cifica—FTExd.
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# fun accelerateX (p as {Vx:real,...}, t:real) = p;
val accelerateX = fn : [’a#{Vx: real}. ’a * real -> ’a]
# fun accelerateY (p as {Vy:real,...}, t:real) = p # {Vy = Vy + 9.8};

val accelerateY = fn : [’a#{Vy: real}. ’a * real -> ’a]

accelerateX IZZ(LDR VDT, FETITD, HWEE LTEHAL TEL L IEROETEIMFEHTT.
BN FEEZOYIRE KD 2B tic i, ULEOBEBEAR T2 Ick>TRONET.

fun tic (p, t) =

let
val p = accelerateX (p, t)
val p = accelerateY (p, t)
val p = moveX (p, t)
val p = moveY (p, t)

in
p

end

COXSICLTRONLT BT AEEY 2 NVHICEADP ORI TERERS AT LERDET. 2k
21X, KEF A OEEIFEDESUTHAE DI LT 10%HD LTV HEEIR Y S, accelerateY &

# fun accelerateX (p as {Vx:real,...}, t:real) = p # {Vx = Vx * 0.90};

val accelerateX = fn : [’a#{Vx: real}. ’a * real -> ’a]

CEBET LRI THETEET.
C0 tic MEICH LTI, AKEIO HITHC AR S R, (8 LSRRI b SR
AIRET

8.6 ATV hDFERIR

La—Ri3EA DT —XWEDERDEARTHD, 7T —RZRN—ARLE 7V MM TR T FI VIR
ETHEONTVETS. FHI2ETHLLFHAT 28D, ZHL a— FEEZERL, 7-2X—2DWE
DHEEESQL 2R T ML SENICY —ALRAZEWMDIADL IR TEEY. A7V =7 MER T 1
TI2IVCELTE, FHEETANERS D, TOKEZTELICRHAT A ZLIETEEEAN, 7
Yz bOBEICELTIE, SHEML - FTRETEZET

G727 M, REEED, XYy FELZ7ZEXvE—Y L L TR, A7V VDET B2
FADMIETHRAY v REEBLUKEBZEFHLET. 77, Xvb—JRE-oTEIHINIRXY v
FEETTH»S, BBOLa—-FTRETEET. XYy FEKEZ, #7027 MREZZTID 20
EPEHT52a—FTT. HlZIE XEBE, YEE, Color BHE2FiH182 pointClass DA TV =7 FREY
BEZTAELEY. A7V 7ME, HlZIE{X =1.1, Y = 2.220 K51 a— FADZRENEIC
ot LET. 3582, BXYV Y RRIDATI 27 b self & LTRITMD EHT2HHB e RHTEF
T B X EEICH LWMEZEY P T A XYy FiIE, MR XS i1Ica—RTEE T,

# fn self => fn x => self := (!self # {X = x});
val it = fn : [’a#{X: ’b}, ’b. ’a ref -> ’b -> unit]

ZORAYy NI, XEBUPEEOA TV 27 MTHATEET. Tho XYy FIZX Yy REZFITTL
a—RRZLEDBDEIZIRALEZET. HlZIE, pointClass XA TD XS ICERTEZT.
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val pointClass =

{
getX = fn self => #X (!self),
setX = fn self => fn x => self := (!self # {X = x}),
getY = fn self => #Y (!self),
setY = fn self => fn x => self := (!self # {Y = x}),

getColor fn self => #Color (!self),
setColor = fn self => fn x => self := (lself # {Color = x})
}

FI7T 27 ME, Avb—VBZITRD, TOZIADHRERAY v AL — OHhs, wind 2R
PBEINLEHSOREICHEM S 28Ty, BABEZEE LTHEHTES ML T, UFDOLSI2a— T
7.

local
val state = ref {X = 0.0, Y = 0.0}
in
val myPoint = fn method => method pointClass state

end
Color @M%EHOA TP 27 FHFEMTT.

local
val state = ref {X = 0.0, Y = 0.0, Color = "Red"}
in
val myColorPoint = fn method => method pointClass state

end
ZDEBDORT, UFDE5RA TV 27 MERIRAZRALDa—TF 4 ¥ 7 HH[EETT.

# myPoint # setX 1.0;

val it = () : unit

# myPoint # getX;

val it = 1.0 : real

# myColorPoint # getX;

val it = 0.0 : real

# myColorPoint # getColor;

val it = "Red" : string

# myPoint # getColor;
(interactive):15.1-15.12 Error:

(type inference 007) operator and operand don’t agree

BEROBIO X512, FREHNLMF =y 7 S HEESNTVE T,

8.7 ZHMANVTY ORI

La— MER, SERCHAHI2NI T —2METT. ZoMEDI 2 2 I 7 NS &N
TYEBHDET. ZLOFI o THMENGERE BN E I, BEE SNHHKEEIL 2 — FeIX
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F—TbHs7D, ZHLa—FPRFATEL, ZHANV 7Y FHRBTEET. ZHANY 72 M
DHBZHANDBEZ, LU, Z2O0FEZT a— FElEHEICHEALET

La— RDBAHIFEDTFT—RDEETH DI LT, TNAMFEANY 72 MNE, LRIl E O DE
BDRTOUHTER ST RLDONWT —RXREZ BN TEET. EITHEER L BEERDOWE S DT —
REPNTWEEEEZET. ZNEFNOT —XIFNBEOEADBEDPVETLS, T—RIZEE 5 DR
ZheRT R (%D 2HIET. 2heF— X 22BN —ICERTE 2 X 5107 212
NYZYFTE. ZHE, NRVTYRRZE, XYy FEEPLELYRXY v FEECET L 722 E
Z5%, ZHLa—FEFoTRETEEY. A—DHED2ODZNZROEERTORRIZ, #ilzI1XU
TokSi1ca— FAJEETT.

# val myCPoint = fn M => #CPoint M {x = 1.0, y = 1.0};

val myCPoint = fn : [’a#{CPoint: {x: real, y: real} -> ’b}, ’b. ’a -> ’b]

# val myPPoint = fn M => #PPoint M {r = 1.41421356237, theta = 45.0};

val myPPoint = fn : [’a#{PPoint: {r: real, theta: real} -> ’b}, ’b. ’a -> ’b]

DEDRTT 2OV TV ME, X7 T RS ZXAY v FAA4 —b2ZITWD, BOEHIZZDUH
EROHITH> ATV =27 PeRBILET. deld, BELRNMZ ZhZhORBUINLCTHEE, 271
WL ARTZ DOV a— FiZFE L wbiI Ty, IR, FER»o0mBEZFHE T2 XY v FIZUTD
FOWHEBTEEXT.

val distance
{
CPoint
PPoint
};

fn {x, y, ...} => Real.Math.sqrt (x * x +y * y),
fn {r, theta, ...} =>r

ZHNYV 7V P TF— R RXYV v FAL - FHEAT A ik THEITE X T

# myCPoint distance;
val it = 1.41421356237 : real
# myPPoint distance;
val it = 1.41421356237 : real

ZHCE-T, BREORRZFT—XDV R M ERZHBMICE > TERWIBETEZ X512k ) £9.
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FEIEF SMLADILIRKEEE | € DMDOE DILE

SML#TIX, La— Rz, UTD200kRE L TWET.
1. 2> 7 12M%
2. H—WDOF—nN—p—F 4 v

ARETIX, TNOHEREZRHEICHAL 3.

9.1 S>V1%iEH4

Standard ML D ZAHAI S X 7 AHHERT & 2 2L, TR TOZSMHULEE D mHIMII TR 55
TT. Bl IXRE%

fun f x y = (x, y)
WAL T,

val £ = fn : [’a, ’b. ’a -> ’b -> ’a * ’b]
DOEIPHERINFE T, SMLATIE, ZOXS RBEBICHLTUTDO LSRR+ L2 HRE#HRAREIC
JEERLTVWE T,

# fun f x y = (x, y);

val £ = fn : [’a. ’a -> [’b. ’b -> ’a * ’bl]
COMNZ, rat LTHAM 7 22 TH- TEMHBE ['b. b -> 7 x ’b] ZRTEAEAI TS, EE, DUIF
DEOLEERE LET.

# f 1;
val it = fn : [’b. ’b -> int * ’b]
# it "ML";
val it = (1, "ML") : int * string
R % ¢, A DRI Y AR Y 2R T ERVEEZ 7, 2% 0 TK I L, Standard ML &
EDZMHMIBBLZUTDOLITERSNSE 77 0 LI 28T
T ou= t|b|ToT|THT
o = T |V(t1,...,tn).T
ZAUTK LT, SML#THERATRER ZMHANE, 2D O5 I BOMEBUNDALEICL 2 Z e ZEFFT DL
TRy 1 EMINZRITT.
T ou= t|b|ToT|THT
o = T|V({t1,...,tn)T| T 0| 0ox0
COHRRIE, b a— FZMEORRNRERZ B L BMilaiskTd b, #ike ML ORI

AOMHHATIZIREEWNIDH D FEA. Lo L, Standard ML OHGETTEA SN 7HEZAHEERIFI O S &
T, BEEBIGRE R > TVWE Y. XEICTHEHSMANEE 7027 1 2N OR#EZ EH L £ 7.
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9.2 S 27 1ZHMICKBESHERFIDE

ML OZHTS 27 2%, H 713 HTEALFHREMEEELZEA T2 2, BEULHNE Z e FHI5H
TVWET. FIZIXSREERT ref 1¥, FREICHOSBHEZEL P TE5DT, ML OIS X7 LD
AN WF A4 —TWCEAT 2, UFD XS BZBHEMEZEO XS ICBWET.

val ref : [’a. ’a -> ’a ref]

val := : [’a. ’a ref * ’a -> unit]

LaL, ZORENTIDD T ML ORMGREZETTZL, URO LSRR a—RRBEFTLEL, By 27
AP TWEWE T,

val idref = ref (fn x => x);
val _ = idref := (fn x => x + 1);

val _ = l!lidref "wrong"

F3 11THT idref DM [’a.7(’a -> ’a) ref] XN FT. ZDHNX (int -> int) ref ¥ LT
HHEHATEZRTY. /2, RAHAT :=3ZMHUEFHEHEIHS (int -> int) ref BI¥ int -> int
BAEZUWMEZ PN TEET. WMoT2THOEMPE L ZIHMITONFEITEINET. Z DK idref DI
1Zint -> int DEANDSBIICEEINTVWETH, ZOHRIILEIOEE ’a. (Ca -> ’a) ref] TY.
o TITHDORMIEL L, FEITEINTLEVWETD, ZoMEHRIK, BMEEN CFINHEH X N EITHR
Blros—rixhEd.

Z DMEZ BT 572912, ML T,

AR 2R 515 2 UAMEICIR 2

EWHEZMHMERRPEA IR TOWET. EXE X, FHEPETIRRVWKDOZeTHD, EHCLEE, B
B fn x = x, TRy Ty, BETOH L2175 NMMEXTIED D FHA. 72 213, ref (fn
x => ) IETVIT 4 T ref PO HEINFTOHMEXTIEDD FEA. ZORHIFNC K o T, BEKFSH
LOFERICEHEEZ 2 2 e A EXnET. CAICE-T, ZREZEDNEICSRE &L ref (fn x
=> x) DL BRREIZHEEEFTRARD, LLoREERITIONE T

SML#® Z DHIFNCHE > TWE T, L L, SMLATIE, ZSHASHOERLEOMER L ¥ OEs 5
WHEZ2Z2e 0 TESD, ZOERFIPREZINIzdDrRD, 2—FITt o TKIEIZZ DFIFIH
XN 2RRDHD 5. FIZITUTORBEE L BEGEHZATAEL & 5.

val £ = fn x => fn y => (x, ref y)
val g = f 1

Standard ML O 25 ATlE, B £ 121
val £ = _ : [’a, ’b. ’a -> ’b -> ’a * ’b ref]

DESIBREMIDDHT-ZONETH, ZOBEBDEMH £ 1 OFRICHN ML HORET 2 2 2 I3ME
ZHMRFINCK LETODT, glQ3 B E2E52 228N TEEHA. TN LTSMLATIE, 7> 7
12 &Y, ZOBBICU TR psHwHmInE T

val £ = _ : [’a. ’a -> [’b. ’b -> ’a *x ’b ref]]

ORI U THERR X N -2 AN, BEGEA OISR SN D TH b, BEGEH ORI
LTHERRE N2 DTIEH Y FHA. o T, BEEHOERIZZDZHERIC a DEBROEIBIRA X
UTRD &S RZMA e 3

val g = _ : [’a. ’b -> int * ’b ref]
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9.3 ET—H{A—N—0O—FT1>%

ML T bNBHAABEEIL, F—N—bn— FXNTVET. FlZiE, MEEEF+ZL, int, real,
word R ¥R ELROMEICEHTE £ 7.

#1 + 1,

val it = 2 : int

# 1.0+ 1.0;

val it = 2.0 : real
# Owl + Owl;

val it = Owx2 : word

ZDHIZAHBEE L B, XN I X > TR T 2HEAAEE (LOFIDSE Int.+, Real.+, Word.+
DY) MPEININET. Standard ML TlE, ZOF— "—1— FHEREIZ N v 7 LAV TRRT 2 8K
HHENTVWET. by FLRALTHIA—N—0— FRRH LRG58, a1 313H61 LMk
B ORI £ 3. fl 21X, B

fun plus x = x + x

BEEHRTIE, HETOF—N—0— FERRT 27200 x 1T 3RERB V=D, HorLHHRD
5 TW3 int BB RX N FE T

O, T ER—ZADMWEDEEEES — AL AW D AL BT, KERFE D 5. SQL
TREXN TV RELDHIAAEEDZ X, T—RXRX—ZADH 7 LR TE BRI L TAH—N—m—
FEATWET. ZhoDEETOREITNT SQL APELNMRETHRELTLE S &, SQL DX
DR DI, SMLADSH T —XR—=ZAZFZWIMHT 2 L TORRZTRDEDIPTIENTEERA. £
ZTSMLATIE, A—nN—b— FENLEETZ, H—ROBKEFMRICHEHTZ2HEZEALTHE
T, A= nN—p—- FINLHETEEGNZ, ZOEHETAMICATRERENCE U TZMHEMIcR Y 3. fi
ZAXEA plus WX L TULT D & 5 AR E 3.

# fun plus x = x + X;

val plus = fn : [’a::{int, word, int8, word8, ...}. ’a -> ’al

Z OBERE, TN’ all int, word, int8, word8, int16, word16, int64, word64, intInf, real, real3?2
(int16 L NFEBINTCVET) ofifhurZRA LB LN E2 S OMMe LTHEATE 3. A
A T0AHIF:{. . . HE, A——v— FHETFIZFHFE N2 8UCHIRD D 5 70 DflFy TS,






F105E SMLADILEREESE : C X D EEEHE
SML#X, CFiEL DY — ALV AREEEEZY K- PLTVET. C
SETY. OSHREMEET AT 69— RRED, C

=:h

iy, ZOMMGEZHETET.

SHBEEELoY X T LR
SEDA VR -T2 R LTEREMBEIATVET
SML#TIX, THOHEER, Rl o4 77 VR EHE T e BEEMAET 2 e TEFd. K
10.1 CRE#HOFERADES
SML#m 5 C E3&
TROXETHRL £ 5.

val id = _import "symbol"

TEPNLER 2O T Dbz a—Fid, ZOBBOEEDOATT
1 type

|}
(]
[

ICE 5T, SMLAa Y54 1%, C

=zZh
= A0

symbol WIMEH T % C BB O T, type 1 ZZOBDFARTT. BICOVWTEXEITHIALET. TOES

TaAYRANEINTZTATIIVREF T2 b7 74 LDHD
TBE XN LRI EROBEEY > 7 L, SMLADZER id ¥ LCHAREEICLET. YV 2koa— Fig,
SML#DEHEL TV OS D> A7 LMFHEDUOH LIEMNICIE-> Twd b THhiuR, C

ANINTZHDTHHONERA. ZDY 7 Xay L AR TbhET. [>T, ZD_import HE5 %28

ELPUSERPR
LSML#AT R T L% 752 EIE, symbol BL 7 AR—bF274 77 VELBATI=2 77
ANE SML#T 0T 5 L) > 75208 BHY 5. L, COFESATFY

OS Tlik libe, libm) X pthread 74 77 VICEFN2BHUL, ZNS5T74 77 VX SMLAT YL I
WV Y5270, VY IOEERMUICHHT 2N TEET.

—¥ (Unix &
COEHEIR, valHE2H T2 IARHEIICELILNTEET. ZOEHSE TERS N SML#D
ZRid ¥, SMLATERSINBABEFERICHERHT 22N TEXT.

PlziE, COEES 475V TiE, UTOMERFEEATHET.
int puts(char *);

a3, UMPoLSICEFLET.

Linux TIX —1) TF. ZOAZ SMLATIX, string -> int BB L 5. ZOBBEMHLZWE
val puts

CDRBRNZ, XFHNERZTID, ZOXTHN e BT T R RN NCEHI T LR TIREZ IR L %3, TR

_import "puts"

BRI, [EERSHIF LT H, [EREICHFETERD - 5E 3 BEE M EoF (AR 2 HIZ IR IKTT.

string -> int
2D XS, _import ¥—7— FODIRIC

=Zh
SR =]

WHHT 2z epTtExd. UG, MEElty v a Y CoOES EHHOEITT.
# val puts =

_import "puts"
val puts =

B oA e B EES T 57200 T, @O ML B Y R
string -> int;
string -> int

# puts "My first call to a C library";
My first call to a C library
val it = 29

: int

# map puts ["I","became","fully","operational","in","April","2nd","2012."];

59



60 H10FE SMLHADILRMEEE : C ¥ DELHEE

I

became

fully

operational

in

April

2nd

2012.

val it = [2, 7, 6, 12, 3, 6, 4, 5] : int list

o b BEEINZED, A R—FENCHEED, ML 7u2'o 3 v 7olFEH] TRIERBEL W
B HHICHASDLDEZ ZENTE S IV, SMLEDO TS A CTHHTE RS

10.2 CE#HER

SML# 2 & FIH AT REZ: C BEEIE, SMLADHIS 27 A TRETE 28R FOBETY. _import HEEIC
X, 4 R—=132 CHBOAFTNIIMZ, Z0 CHBOAE ML 74 7 RitiETitdbLES. val HET
G2 o280 CBED R ES. ZOZHOM, CREBORD HAM S 7z SMLADBIEE
TY. DITF, _import EEICHEH L C ORI, 2GS 2 ML OO~V 2/ RLET.

_import HE I TDET C SiEOHMORZEXET.

(7—1’ T2, """, Tn) -> T

TR n 8D 1,75, 7 MOG I ZITED, T HMOMBEZRTEBERL X5, 5180 1 DD5EIE5]
BUZAoflzEBTExd. IR EOENCMANAEFIT 203 8E L 3. BB 5182 M 82T
oGS, 5 XA ol 2HE £

O >

BIR0NR D R IR X 7 0WIGE GRDEOMD void MOGE) , IRDHEOHL LT O 24EEL 7.
(t1, T2, =+, ™) > O

C BRI ZER DG X+ Z2Ri25 813 T OREZ W E .
(T1s 5 Tms oo (Tg1s 005 o)) => T

ZAUE, mBEOEED5IEE ki 0 Ll Lo 2@ D5 ([ £% i 5 B DR T3 . SMLAITAZEED
BB IBE SR — b LTwiWwizd, AIEHNICEGZ 2500 A MSIEETI2HLERHHET. ZODL
X, AIEBIE) A M Tongts .. T OB EEZ 5 BRLET

CRHO5 1B XTR Y EDRIZIE, CORIHIET 2 SMLADRZREL £3. T, CBEBDO5I%
BIRDEICE T2 SMLAOR Y MHEEAR O E S, HEEARIEIUTORMEEAET.

o IntInf ZR 2ETOEEA. int, word, char 72 ¥.
o R TDFHI/NEEI. real, Real32.real 72 Y.
o HEDHINETHEERTH S X5 2MA. int * real &Y.

o HEOMMGMHAEEMMTHZ KSRy 2B FiFA, B XN ref B, string, Word8Array.array,
int ref R ¥.

ChoMHEEAR Y C ORDOMBEBE X ZUTDED TY.
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o BEB X OFEV NIRRT DHSIZ LR OED T

SML#OHHEERE | X532 C Rl 8%
char char C @ char Ak, FEIXMHERICKELET
word8 unsigned char INA MISEY N THLEZEERELET
int int PREFRD HRBKE X DFYY
word unsigned int
Real32.real float [EEET54 JEA D 32 ¥ v MFEI/MNIUREERE L £ 3
real double IEEE754 JEA D 64 &y MEBVMIGIBZREL 3

o 7 vector B XU 7 array BIX, 7 BIIXIET 3 C ORI ZEFRH T 3EFIAND R A > ZBNTNE
JBLET. array BDOKRA VAP THOEINI C O OEFEZXMMZ LN TEET. —F, vector
DKL VXA TEINIEZE I LI TEERA. T2DB, vector BUTHINT 2 C DRA
VEANIE, KA VEPEBIT DT — X DA const BT E F 3.

e string B3 const char B2 EHEM L T HHININDRA Y ZBUTHIG L ET. TDKRA V EHHET
FEDEHNDIRIRIIZRAT XV FEBA>TVET. o T, SML#D string DA% C D XV
NFHNDRA Y2 UTHEHT 2 2 A TEET

o 7 ref BNX, T HNIIET 2 C OBRADRA Y EZANTIIG L ET. KA ¥ XHHETHICITE SHZA]
RER B 1 ORAID DD %7

o MBI 7 * o x T X, T, .., T WHIRT BARD X U N—% Z DIEFTEOBEEADRA > X H
WHELET. ZORA VY EPETEOMERIICHLOEZMMZIZ I IETEERA. 1,..., 7 D
ETHUELZHIE, ZOMREEFH L T EINANDRAL > XD L FET.

C BB, SMLADHENZDEZDHTHEINET. CEBOMNUHLOBICT — 2B iTbid 2
LIEHDFEVA. o T, SMLETIE-ALSI% CEAEICE L, CETEEL, ZOZEHE % SMLAHIT
BTz ernTEET.

C BBk RNZ, 518V X M &AL 32 ML OBBANSHIGF T o E T, 2721, CEBD5IE
IR D EICE T 2 HEEERRICE, DIROFRD D 35

o FLHIUSAHRLZ Y, C DRA Y ZANTHIGT 2 HAEMAZ, CBMOR Y EOME LTHRET %
LI TEHEA.

A VR—FTES CHHOAIR, SML#Y C OROBEFBROFMME, & IS 20 EESIRL 72X W

10.3 EAXWLG CREMD1 >R— Ml

W O0D COIFEHES A 77 VA Y R—FLTAFLED. £F, A1 YF—1+735 CHEDSn
FRATEERHRLES. CZTREUTO CRBfzA v R—PbF 52 8ITLET.

double pow(double, double);
void srand(unsigned);

int rand(void);

iz, 5lEEB X TR EDORNINIGT %2 SMLADHBEEHRZ HWT, SML# 7025 47102 _import &
ErExET.

val pow = _import "pow" : (real, real) -> real
val srand = _import "srand" : word -> ()

val rand = _import "rand" : () -> int
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50 CHEEIIUTOROBEE Y LT SML#IZA Y FR—FSNET.

val pow : real * real -> real
val srand : word -> unit

val rand : unit -> int

AIZERG Y X P otz HwAuE, printf(3) BBz 4 Y R— 135 2 L BAJAETY. printf BIELD
Ju XA TESEUANOED TY

int printf(const char *, ...);
D78 b &4 TEFITHIHITT, UTND _import S T printf BZ A VK- L 7.
val printfIntReal = _import "printf" : (string, ...(int, real)) -> int
Z @ printfIntReal BABORIIL T D@D TF.
val printfIntReal : string * int * real -> int

72721, 2D EIITLTA ¥R— b L7 printfIntReal BEZ MO TR, ZDHE—5180%, BMmMD5|
B U FE/ NS EE COIRBCTERT 2 L5 N7+ —~< v FTHIREXRHD 7.

RA V2B e E 3 2 HEEAROR D o NIFFEESBETT. C FETIERA Y &518%, BERR
F-AEEESREL T 25EY, BROBREZA N7 T5-00 XY EBERETHEOmMAICHVE
T RA Y RFIBOFENFDENICE 5T, WETAHEEERRIIRLZD T, #oT, KA VXA D5]
Befio CEEA VR—FTB3EEE, ZO0 XA TEERRIFITITRL, ZORL U Z5|8D
BHE~v= 2 7 VETHANR, ZOMHONHIKIELL WGT 2HEERARZEIRT 20803H D 3

RA R EFBUCHS CEBE WSO AL Y K—FLTAHEL LS. HlZIE, CHEHES L 75V
modf A4 VAE—FFTRBIEEZZT. IO T F R4 TESEUTO@ED T

double modf (double, double *);

COBBDEE, B oBoORA &I, FEEROHEERLET. toT, ZOBBEA VK-
5, FMAFRERMEZFOMLERN 2 5 oMe LTHRELET.

val modf = _import "modf" : (real, real ref) -> real

char NDRA ¥ ZIRNZBFFTEEBLETT. CEBETRIOME, VM FIZR I LTEio
7D, ROSWHNZANY 77 0R e LTE-7ZD LET. HIZIE, CIEES A 75 VB sprintf 2& X
£9. Zzo7n b x4 FTEFERUTO@ED TY.

int sprintf(char *, const char *, ...);

2 OB char NDEKRA Y RIX, H5IBIHE NNy 77, B BIBEXVEIRX T ERLET. =
DEA Y EZDFEDONTDENIE ST, o 200K, »EBNZE L AHEERARAZ Y TIZD, UFD
ko4 R—PLET.

val sprintfInt = _import "sprintf" : (char array, string, ...(int)) -> int

CIETE, CHEMES 4 77 VEEBERIC, CBBEA VR bT2HEEHHALTEE L. LML
SML#1X, 2—H¥—2F W CEEE, TEDO CHlEA VRT3 N TEET. SML#DL S
I—H—ERD C BEBUTHHERDZ I E S HELHZX 103 1R LET.
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sample.c 7 7 L .

#include <math.h>
double f(const struct {double x; double y;} *s) {
return sqrt(s->x * s->x + s->y * s->y);

}

sample.sml 7 7 £ JL:

val £ = _import "f" : real * real -> real

val x = (1.1, 2.2);

val y = f x;

print ("result : " ~ Real.toString y ~ "\n");
KATHI:

# gcc —-c sample.c

# smlsharp sample.sml sample.o
# a.out

result : 2.459675

4 10.1: MHERS Bz o2 —¥ —EFE C BB OO LA

10.4 BMNU>IS51473)DER
INETHALL CHBES
val id = _import "symbol" : type

W& symbol DRI Z D C B ZFHINCY ¥ 732K TT. SMLAX, ZOES*EL 07 0% 4
T2 N7 7 AMIay 4V T B, CEABOARTE Y Y Ko TRRITRENE L LTHEH
LET. CEEUIY Y IZRICSMLAEDA 7927 b7 74V 73T, XMEEHE—F b 14
BETHHAT A2N0Ea > A ND L AEfioTHEEINTWE D, ZOEFIIXNFHHEE— FTHHHT
ER=m

LLahns, ETRRIL2rD2oR0WI A4 77 VDR EZRAL-WESREIX, oMY
YOIIMEHTEEEA. SML#IE, ZO X5 BGEDMCTEZEHNY ¥ 7BELZLITOEY 2 -1 L
THRMEELTVE T,

structure DynamicLink : sig
type 1lib
type codeptr
datatype scope = LOCAL | GLOBAL
datatype mode = LAZY | NOW
val dlopen : string -> 1lib
val dlopen’ : string * scope * mode —> 1lib
val dlsym : 1lib * string -> codeptr
val dlclose : lib -> unit

end

IHRSEEE, Unix R OS TIMENTVWARIZD I AT LAY — AL RAIEOHIEE D > TV E T
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samle.c 7 7 AL .

int f(int s) {
return(s * 2);
3
KATH:
$ gcc -shared -o sample.so sample.c
$ smlsharp
SML# version 1.00 (2012-04-02 JST) for x86-linux
# val 1lib = DynamicLink.dlopen "sample.so";
val 1ib = _ : 1lib
# val fptr = DynamicLink.dlsym(1lib, "f");
val fptr = ptr : unit ptr
# val £ = fptr : _import int -> int;
val £ = _ : int -> int
# £ 3;

val it = 6 : int

X 10.2: C BA%o#EmY >~

e dlopen!d, HH A 77V DHHTZZITIMD, ESA TS5V LT LET.

e dlopen’ &, K DFHMliZRA— 7 U HRREZFEETEZ £F. scope & mode lF, OS DI AT LH—E R
dlopen {Z %+ Z 4 RTLD_LOCAL, RTLD_GLOBAL 3 & {f RTLD_LAZY, RTLD NOW Z#5E L 3. FEL <
1%, OS @ dlopen Bl ~= a2 7 LB SR ZX 0.

e dlsym ¥, dlopen TA—TYINLHEEIA TV T4 75V NOBEEELEZITID, ZOREEK
ANDKRA Y RERLET.

e dicloseld, £HEFA4 77V %/ u—XLET.
disym TIRINBZBAERA > 2%, DIROHEUZ L o T SMLADBEBICERT 22 e A TE LS.
erp : _import type

exp 1%, codeptr BEFFD SML#ADRTT. type %, FHNY > 27 %475 _import H 5 Tatih 3 28 & [H—
DX & - TRtdb &z CORITY. ZoRiF, MEd 2 SMLADRIZHFKOH e 2D £7.
Y > 7 74770 OFHFIRELL 0@ b T

1. CERBRETHMNY > 277477V RERLET. HZIF Linux T geec 2284 2 V54,
-shared 24 v F2HE TIUIMERTZ £ 7.

2. SML# T TDa—FEFEFTLET.
(a) dlopen TI7A 77 V%A - L %7,
(b) dlsym TRHEKRA &2 ZHD L £7.
(c) BA4REL, CPRB%E SMLADZEEICHEL £ 7.

X 10.2 B Y > 7 OFAFIERLET. HEHEZ 4 7210 OFEHIE SML#IZ X % a— FOEITHITHIUR
WOTHEWVWDT, VY ZRHITIEFEELRWCEERZY S, FHTAZ A TEET.
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F11E8 SMLADILERKERE :: YILFALy RFZ7O
g5z

SML#E, RIE TR C B DY — ALV AREHEEMEEZE L T, v F a7 CPU LT TIC
ALy FZE#HYR—PFLET. SMLAZ 2290 LF ALy FFurs I v AR EBRELES. O
&0l%, OSHEH5 % POSIX AL v K (Pthread) 74 77V ZEEMFHT 25K TT. 50D,
BEEAKERA L v ¥ F 4 75V MassiveThreads ZFH 3T 27X CTF. wWIhoAicB\WTd, SML#AT
WL —F Uk, HBDAL v BT, 0OS° MassiveThreads MBS 2272 -V U IHER 2D F
FHALCUITICEIN T Z e AAEETT. AFETIE, SMLAZHWEYLF ALy K705 3 v 70
L 3as JON= 3

11.1 Pthreads 7O 534

OS 2325 % Pthreads 74 77V ZIXXZ D E £ N1 ¥ F L7 Pthread A b 7 7 F v FHECTHEAE X
NTVWET. AL vy FZAENT % pthread create BB L UHEE T % pthread join BAEUILLT O£
CRITRAtI N E T,

Pthread.Thread.create : (unit -> int) -> Pthread.thread
Pthread.Thread. join : Pthread.thread -> int

<TAFRALy RS I v 7ol LT, ZhboMBizHaabE, REO 2 23EZIIZL v R
TS 7702 NWTAEL LS. LUNE, fib 422y 2759 Y RTCtETE 05 0%, it
FEE— R TEWHITT.

# fun fib 0 = 0 | fib 1 =1 | fib n = fib (n - 1) + fib (n - 2);
val fib = fn : int -> int

# val t Pthread.Thread.create (fn
val t = ptr : Pthread.thread

# Pthread.Thread. join t;

val it = 267914296 : int

=> fib 42);

SMLAFHED AL v FFY I 74 7EHBELTWERA. £z, SML#X, Pthread 74 77 VTN
LT, MpRRlRZZLT0WEHDIITHIH D ERA. CERDA > R— MERELY o — Ny JHEEER A
&hH, Pthread 94 75 V%A Y R—1+FT3Z8T, SMLETHRA T4 TRIALFALy R 7 53
VIUMTEET. SMLAD =Ny ZHKREE, CBEBEREEH LR L Yy FEIZERZ ALYy FhHa—
ANy Z7E N LTH, BARED ICEIK KO ICRETENTVET. 2D7®, SMLATIE, ALy RE4E
BT AAREHEDH 2 D CREKD, 727Z2DFFEA KR— b LRUHTEIIT, XLy FESKREEZ &
72 TOMRER, SML#ADPOIEH T2 28 TE T, 5T, Pthread 74 77 VIR ST, il AR
Ly FCIERHARNICa — ANy JEEIRUH T R ro 30754 7707 S, SMLAIZA ~
A—bFL, =N 7V —F 2% SMLATEL ZENTEZT. 3bAA, 2—F—DERLIZHED
ALy R4 77V % SML#POFEHTE2Z2dTEFEY. LR 7z Pthread A M 77 F ¥ &, Pthread
FAT T UNERT ZEEFE SMLAICA Y R— L TEESINTVET.
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Pthread 74 75 V%4 Y K= bLT, SML#D2HF-oTAHAEL LS. 3, ALy FONY FILOH
pthread t IZXE3 5 SMLADMZIRD ZHENH D FF. ZOY=2 7 VOYWERFHTIE, pthread-t
!X Linux Tl unsigned long int, macOS TIIHRA Y X EERINTVET. Y5607 Fv b7 4 —
LT, pthread t IR A Y X EFUKRE I ZFFONBHLBREAR L AR TN TEETDOT, SMLAT
\¥ pthread t ZUA D XS WCERT LI LICLET.

type pthread_t = unit ptr
AL v RZ4LT % pthread create BIBIDRIL, UTD KA Y KR—1+FT 2T eMNTEET.

val pthread_create =
_import "pthread_create"

: (pthread_t ref, unit ptr, unit ptr -> unit ptr, unit ptr) -> int

OO LAL Yy R4 T 2% spam Z2FXE L x 5. F 293 ALy FoEM, F49]
BliZa—nNy ZEBUCETSIETTD, ZZTEFEALRVWOT, ZALHIIENULL Z2ETZ2ICLE
3. NULL R4 > &3 Pointer .NULL () THOHNZFET. o> T, spawn FIBIILTO LS WCERTE XS
(=7 — LI E L 3 .

fun spawn f
let
val r = ref (Pointer.NULL ())
in
pthread_create (r,
Pointer.NULL (),
fn _ => (f () : unit; Pointer.NULL ()),
Pointer.NULL ());
'r

end
FIRRIZ, ALy FOKT ZF OB pthread_join &, HiHICA VK- 1P TEE 7.

val pthread_join =

_import "pthread_join"

: (pthread_t, unit ptr ref) -> int
fun join t =

(pthread_join (t, ref (Pointer.NULL ())); (O)

ZDEIICLTERKL spawn & join 2> TZOHFHEHOHI L F L v 7T 2EXFEE— FTEHL
ELLRD LI £7.

# fun fib 0 = 0 | fib 1 =1 | fibn = fib (n - 1) + £fib (n - 2);
val fib = fn : int -> int

# val r = ref O;

val r = ref 0 : int ref

# fun g O =1r := fib 42;

val g = unit -> unit

# val t = spawn g;

val t

ptr : unit ptr
# join t;
val it = () : unit

# Ir;

val it 267914296 : int
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B,

=+
<
©
'_I
ot
I

spawn g;

# val t = spawn (fn () => r := fib 42);

YELZRERERTT. BERS, IR—aL 7 ZPEBR0ER TS e—Y vy 2HIRA Ly FTHEK
DIEFHEINSENCEN LT LES AJREMERH 2025 TF. IR—Yal 7> a ryOEE T OWNWTIE 29.2
HiEZRBL T X,

11.2 MassiveThreads Z AVWHIREX Ly RO 53>

SML#1!%, MassiveThreads X— ZADMIRERAL v 2L 3. MassiveThreads (&, HEKFIHER
HT2RMERTHEINATVS C SREBANTOBEEMANEAL Yy N4 75V TT. ¥—ALLRAKRCE
R OB AL v RZIEDRWIITT GCIZX D, SML#IX MassiveThreads Z EfHR— b LET.
MassiveThreads Z2F|f 32 Z 2T, SML#7 07 a5 KkED (21X 100 FEMY ED) 2—F—2
Ly FE=LFa7 CPU L TELHES I EHARETT.

FTI7FNVETIE, YYIZNARLy R0 T LDETHNEOFAED 125, SMLE» S22 1Do0Da7
DAHEE[FD EDCHREZINTVWET. wLF a7 ETOD MassiveThreads ZHINTT % 720H121F, MYTH_%»
SU5F % MassiveThreads BIEHDIREZZ D72 b 1 DFEL TLEZX V. Hl2iX, NEEE— R
FIRFIZ,

$ MYTH_NUM_WORKERS=0 smlsharp

¥ LT, BRIEAS MYTH_NUM_WORKERS % 7EF% L T 72 &\ ., MYTH_NUM_WORKERS I¥, =—%#—ZL v K%
AT a—=NTET—h—AL vy FOE, TROBMEHT 2 CPU 27D %EE L £3. MYTH_NUM_WORKERS
B0DrE, Linux BHEZSIE, ETOCPUa7 2T 2RLET.

MassiveThreads 74 77V ZIXEZDEE A ¥ L7 Myth A b5 7 F ¥y PIEEETHEEIATHE T
Myth.Thread A b 77 F ¥ 121, AL v FOERLBEE DD OFEARMNZBEENEEhTHET. REKW
BRI T o b TS,

o 1—H¥—21L v FDiEH.
Myth.Thread.create : (unit -> int) -> Myth.thread

create flX f O ZiHAT 2HL VLI —HY - Ly FEEHLET. 2—¥—XL v Fid Mas-
siveThreads |2 & » CiH]72 CPU a7 XA TP a— L& ENET. AT TPa—YrI7RYT =3/
YIVZYT T4 TTT. DD, —EHBAL Y FHHSLCPUa7 LTEDHDLI L, BTT2
», ALy FOETEHIHFT % MassiveThreads 7 4 77 U Bi%{ (Myth.Thread.yield) ZFHI7W
R, ZORLy RiZZD CPU a7 ETEDHITET.

o 1—H¥—2AL v FOIEA.
Myth.Thread. join : Myth.thread -> int

join t IZRA L v Ft DIET Z2Hib, t OFHERRZIE L £, create BITAK L o2 —F -2 L v
RliE, VWO join INRIFIUIRD FHA. ZDRX T F ¥ id MassiveThreads 74 75V
BEBENAL Y FLEBDTIDT, ZLDC 7477V R, ERLERAL Yy FIZPIRINCHE
BENRFIRD FEA.

e ALy RAF Y a—Y 7.
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Myth.Thread.yield : unit -> unit

yield) 1¥id R L v FIi2 CPU a7 Ofill#lZiED £ 3

MassiveThreads DV 227012, L X2 757075 ARENTAZL 5. XA 7
a3 ni, BBIFLUTOFETEL ZENTEET.
1. DEWIEETS AREREE X 3.
2. HRMOHLOZTICH LWL —F—ZA Ly FAELN S K512, HIFFUOH L% create & join
THAET.
3. 277L, ALy ROFHEIZAIBALy FOERaR M2 TRESLRWESIZ, HIHME (Hy b4
7) B REl-E5EEFALy FERZES, FCAL Yy FCEXHICHRIPOHELZ T2 X512
T, BIGIEICUID B2 2MMEIZ, ALy FERDF ——~Av F & D HBRUHFEE S H5EL I
ZXIITHRDET. BB, 1ALy RHEDEBEBXZ 3~4 <4 7 o WEEDOFMRMI27 2
IIICHEKETZ2DHRVWES TY.
BIZIE, fib 40 ZHEIFHINCHET 2 70275 ZE3BRINTIEUTO LS I2ET 7.

fun fib 0 = 0
| fib 1 =1
| fibn = fib (n - 1) + fib (n - 2)

val result = fib 40

fib (n - 1) & fib (n - 2) PWINIEEINZ X512, ZDH A% create ¥ join THIrY, X7
WHDTars sk £

fun fib O

| fib 1

| fib n
let

val t2 = Myth.Thread.create (fn () => fib (n - 2))

0

in
fib (n - 1) + Myth.Thread.join t2
end
val result = fib 40

72720, BB a3+ 2i/h&ik5y, fib n DFHEIA M AL Yy ROAEKIRX M2 TEID T, #
T, n210 Z FE- 2583 ERTHET 2 2ICLET.

val cutOff = 10
fun fib 0 = 0
| fib 1 =1
| fib n =
if n < cutOff
then fib (n - 1) + fib (n - 2)
else
let
val t2 = Myth.Thread.create (fn () => fib (n - 2))
in
fib (n - 1) + Myth.Thread.join t2
end

val result = fib 40
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ZHTAFN £ib IF5ERTT. 2T I 6 %2EHTT 5L, 3524 57T MDA L v ROERINET.
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F128 SMLAODILEREE | SQL OIS

F=REWSERAWNZT0 77 5 2EL DI, T—EARN—RATRAT L OEENRLETT. BHED -
EHERLTWVWET—ER=ATRAT LI, MOEOEFTESQLZHVWTIEELES. Bx o urJ 3
VIBRET, TAR=REEDT-DD~ 7 u BB REINTVETD, T—IR—RZHFNIRT
AR T 7T 2EEL 72DICE, SQLEREZDDDEFHNT —ZN—A AT LRI Ta— K%
FELARERHDET. TNETOHER, SQL XFHNZAEKT 2 a—F2EE, - \IZKLZZLTLL
2, SML#TIX, SQL ZDd D EMEZED (Lo THE—HD) R LTEL A TEEY. AHIT
X, ZONAAEEFSET

12.1 BRT—E2R—ZX & SQL

HEDOAREN R T =2 R=21F, BT —XETVEEBEL L THEINLBEFRT —XXN—=2T7F.
SML#®D 7 — ZR— 2 HEL R LN 225200 E LT, $IARHT, BHRT—&ZRX—2¥ SQL
OHAZEELEL £ 5.

BT — X ETFTATIE, T—X2EGROEZTD LTRLET. BRIZ, N0 £, H52r0
BROBREOMEEEZRL, BEUTOLS KEEAZ I L LTROT— 7L TRELET

name | age | salary
"Joe” | 21 | 10000
”Sue” | 31 | 20000
"Bob” | 41 | 20000

BT — 2 RX—21%, ZHSBROEZ D ZHET 2 A7 4TT. Bk RIX, BEAMNIEE X2 507
WA, Ag, - A, DFERA Al x Ag - x A, DERDERETT. BRROEZR X, nflDX TN (ay,...,a,)
TY. EBDTF—EZR—2ATIE, ZINLDENFTRDOBERIITILEMT, La—Fe L TRELZT. 4l
ZXEDT =71 D 1{THDEZEIE, L a—F {name="Joe", age=21, salary=1000} WZXIGL¥T. Z
NHBRITA LT, MESHR, ME (n HERZ m(< n) HERHE) , #R (EBEOREDEED
BEUHL), THLVME Rx SHREDHANERINTVET. INOHEEREBERRECIFCES. &
CTHEIANEZNE, BFREFLVEILa—- FOESIHNT2RENZSETH 2 HTT. REMRSER
BBERT ST R VEKEISETT.

BT — 2 R—2 T, ZoOBRREE SQL I 2 ESESFETREL 3. SQL o, M
o SELECT RTJ.

SELECT t'.ly as lf,..., t™.l,, as I,
FROM R; as t1, ..., R, as t,
WHERE P(t1,...,tn)

TITE, UTORHRIZHE > TA XL ZHERHLTVE S
o R:BfRERTH.
o t:HFROFD—DDL a— FERERET 2L
o | EMA



72 912 % SMLADHLRKAE : SQL DA
o i1t DTOREMNE DEEKTH.
SELECT KOERIZ N OHME T E %7
1. FROM HiCHIESNBIRR R, ZFHliL, THNL M Ry x -+ x R, Z21E5.
2. THANMEOEBEDBERZD X TSNV (t,...,t,) £ T 5.
3. 7T HN MED S, WHERE HiCHRE S NZIRGE P(ty, ... t,) i/ TEHROAEENHT.

4. LR OREREFONTEEORER (L, ..., tn) WWHLT, La—F{li=ttly, ..., I,=t™l,} ZHEE
35.

5. ZNSHLa—REIRTEDELGE, ZO0XEROERE T5.
Bl zix, EofloT—T 1% Persons £ L, UFDSQLHXEEXTAFEL & 9.

SELECT P.name as name, P.age as age
FROM Persons as P
WHERE P.salary > 10000

ZOMWELERIZLLTD XS ICFHi X E 5.
o 1% Persons DAD T H )L b FEIZEE(R Persons ZNHHTH 5.
o % Persons DILED X L %E P 2T 5.

e P.Salary > 10000 D&%/ 3T X TN EBEOH L, LTROEEEE5.

name | age | salary
”Sue” | 31 | 20000
"Bob” | 41 | 20000

o ZORABDHREFPITH LT {name=P.name, age=P.age} ZitH L, ITOES%2E 3.

name | age
”Sue” | 31

"Bob” | 41

ZDT7T—7WZ, {{name="Sue", age=31}, {name="Bob", age=31}} DLkH5RLaA—-KDV X}
DRI HHETE 2.

12.2 SML#A®SQLXDEA

SQL O SELECT 3% FROM HilCitib X 27 — TN DEEL S —2D T — IV 2ER T 3R T, SQL
SiBlE, HAFEDT — RZRN—=2ZADEHD T SQL NEFHli 3 2 HREZ IR L 32, TheT7—X&
N— 2R EZ D 77— 7 VR TSI, BEBEISEORS AT LITRAETE e
TEFET. 7—7MEFLa—FofEEr LTWwWa720, 2L a— FOR(GINZEZOF FHHTEZ
T, L LEASMLAF — L DWFFRICE > T, ZTDT—RRN—REZITES BEBOTHHE, Z2HLa—
RN X IR ERI BN ETH 5 Z e DRENTVE T [14]. 22T, T—XR—REHiE =
VFEL S ARG IIRF R O SOEE FE L 5. SMLATIX, #iffio SQL Kok, IR &5 R TREXH
x7.
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_sql db => select #P.name as name, #P.age as age
from #db.Persons as P
where #P.salary > 10000

sql db => ... &, T—RAXRN—REHREE db & L TZUWAMWEOEEKTHE 2 RLTW
7. sql ROHFD>E T —ER=—ZWEDEZERT 25475V EY 2—)LSQL DFITER S Nz
SQL DED 7= DR/ TV 2 7 4 7T, #P.Name &KX 7L P @ Name 7 4 —/)L K OHUD H LI#HE,
#db.Persons 7 — X X—Z db 225D Persons 7 — 7 VIO B LEETS. 2ok, SMLARKTIE
#Name P#Persons db & HENNLL I— 26D 7 4 — L FED P LAWTHYE LET. sql =z => expr X
TlX, SQL OSECHLOMIZRALTVWES. 2o LT RoRs#imsh % 3.

val it = fn
: [’a#{Persons: ’b list},
‘bi#t{age: ’c, name: ’e, salary: int},
’c::{int, intInf, word, char,...},
N
3,
..}

B

’d::{int, intInf, word, char,.
’e::{int, intInf, word, char,.
’f::{int, intInf, word, char,.

’a SQL.conn -> {age: ’c, name: ’e} SQL.cursor]

DN, 'a DWMELZFOT — X RXR—AEHDE a conn 25 {age: ’c, name: ’e} BFH| & T HHIR
T—=7NVORANDOEKATT. ’ald, ZOMVWEDRIRBERT —EXN—AETRT L a— FZHEMT
T 2D X3 SQL NI E RO, ML 7025 3 v 7 oFE# [FUIRAE L WIR D BHIcHA
BOEDLIENTES] IE-T, HMDT -2 LT SMLADHOEEL & HICAHIC TS T AF
H5ZEMTEET.

12.3 BULWEDHLHEDEIT

sql x => exp A TERINIMVEDOEEEICT —ZAR—RAEHREZEHTIUL, 7 —KX—X%7 7
LATEET. 2070, UTOMXEBEEPHEIATVET

o FeRN—ZF—N—RK.
_sqlserver serverLocation : T

ORI, T—EAR—ZAV—N—FHEELET. serverLocation |7 —XX— AP —N—DEFT &
ZETTY. ZOEMKMNAENEL, FHT 27T —EZARXR—AT AT LDT —ZRX—AIGEM N FE T
TIRT—ER—ADWETT. 77NV D4H ZOMEZ L a— FEOSGETHEELET. 2o
FEHMliS 2 ¥, 7 SQL.server BWE H O TF — AR —A P —N—ERDPELNTT. FHEML 22.3 Hix
TELEEW,

o T—AR—ANDEHT Y 2 T 1 T
SQL.connect : [’a. ’a SQL.server -> ’a SQL.conn]

SML#2a>,%4 9%, 7 SQL.server DT — AR—AEREZITWD, FOHIHEI N T —&
R—AWEGR L ZOMEEF 2 7 L1 2 —B LTV Z L 2R L=, 7 SQL.conn D% 3D
T RIDF— R —ZAANDEFHEZIR L FT.

o BIVEDOLEDEIT. sql REDDBDY, T—ER—ATHVEGOEZETTIHEMERLET. 7—
ZR=AMNVEDEEBUCT — 2N L2 EHHAT 2 &, ZOMWELESZOHEREZEETT—
AR—ALTERITEIN, FORMRICT 7R T35720DD 1 SQL.cursor DA —V L EIRL £5.
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o BWHDOEEROIIF. LUITD 2 o0Fh MR REINTOET.

SQL.fetchAll : [’a. ’a SQL.cursor -> ’a option]
SQL.fetch : [’a. ’a SQL.cursor -> ’a list]

SQL.fetch [FFEHHD L a2 — R ZIR L, H—VILERDOL a— RIZEDFT. SQL.fetchAll i, v
BORICL > TELNTMRETRNTHARAA, VA MIEBRLET.

o MWEDE DB,

SQL.closeCursor : [’a. ’a SQL.cursor —> unit]

SQL.closeConn : [’a. ’a SQL.conn -> unit]

SQL.closeCursor X WEHBUHDK T %, SQL.closeConn X7 — R N—XEEH DK T 2 21 2F
NT—RZRN—=2 P —NIGEHIL F T

124 FT—AXR—IBUVEDHEEITH

P EDHXEFNWT —ZRX=XDWEDLEEITR-oTAEL £ 5. SMLADBEHFEDA > A —L T,
T — X R— AP —N\F PostgreSQL ¥ Hfii T2 LDICREINTVET. T—ER—ZA%ET7 7R T 57
DX, PostgreSQL H— "% A4 Y2 F— )L LIEEI L TEL DERH D 7.

FITLIRDFIET, PostgreSQL —NTTFT—RXRX—XZMERLFL & 5. UNHEHELRFIEELRL E
3. FFL <& PostgreSQL R¥F 2 X ¥ hESMHML T XV,

1. PostgreSQL ¥ — "% #EE L £3. 21X pg_ctl start -D /usr/local/pgsql/data £ HIZF 3
CEHTE 53T

2. A< Y KJ 4 2T createuser myAccount % 51T L PostgreSQL D L —H D u — L ZEKT 5.
myAccount 1%, T 21— DHHEITT.

3. Av Y KF A4 2T createdb mydb 2FfTL T —XR—RAZEKT 5.

4. SQLEFEA v &2 -V 2 2EEFHL, F—EXR—AOAZT— 7 EERT 3. HlZIE, $12.1 50
FloF—2R—=21%, UTFTDO XS5 FIIERTEET.

$ psql mydb
mydb# CREATE TABLE Persons (
name text not null, age int not null, salary int not null
);
mydb# INSERT INTO Persons VALUES (’Joe’, 21, 10000);
mydb# INSERT INTO Persons VALUES (’Sue’, 31, 20000);
mydb# INSERT INTO Persons VALUES (’Bob’, 41, 30000);

BODO7 v >t (ZZTIE myAccount) WCRD, T—RXRXR—RIZT7 7L ATELZMHERLTAEL & 5.
PUR D & 2 iR H»1E o hdu, Ty

$ psql mydb

mydb=# SELECT * FROM Persons;
mydb=# SELECT * FROM Persons;
name | age | salary

______ e ——_
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Joe | 21 | 10000
Sue | 31 | 20000
Bob | 41 | 20000
31

TEWVWEWE, ZOF—EZR—2% SML#»567 272 AL TAEL:D. B 122HTERLEZBWED
BRIECE myQuery ¥ LET. M8l vy > a Y TUTO LS BERMPE LN BT TT.

$ smlsharp
# val myServer = _sqlserver SQL.postgresql "dbname=mydb" : {Persons:{name:string,
age:int, salary :int} list};

val myServer = _ : {Persons: {age: int, name: string, salary: int} list} SQL.server

# val conn = SQL.connet myServer;

val conn = : {Persons: {age: int, name: string, salary: int} list} SQL.conn
# val rel = myQuery conn;

val rel = {Persons: {age: int, name: string, salary: int}} list SQL.conn

# SQL.fetchAll rel;

val it = {{age=32, name="Sue"}, {age=41, name="Bob"}} : {age:int, name: string}
list

12.5 FOMD SQLX

SQL BB, 7—XRN—A056 T —XEZHWH HT select XUUHIT, BEALBEEENTREI N TV T
SMLAD 4.2.0 BRTIE, UTFDSQL a~> REHHE—FLTVET.

o fH\E b (SELECT)

o X7 N 0B HIFR (INSERT, DELETE)

o 7 — 7 VDHEH (UPDATE)

o NI VYT a DT (BEGIN, COMMIT, ROLLBACK)
SELECT 7 TV TI&, HEAWNRMZ, LINOKRENHZ 5

o HAME (NATURAL JOIN)

o MEBAEA (INNER JOIN)

o 1TH#4Y (GROUP BY, HAVING)

o 7 Ty, YTV, EXISTSH 77TV

e Y — L (ORDER BY)

o fTHLHIFR (LIMIT, OFFSET, FETCH)

SQL X DFAlE 22 B ZE L 72X W, SMLABRF — 213 X W 5EL2% SQL SBOME % Bs L THEE
DBMEZFTTVET.
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F13EF SMLADILREEE - BIBVE(TITHRE
JSON OBT Z2(E

3y NT—=TBER T 7 ANVAHNRY, T—2%2 707700 eeh e h LT 3L &2,
F—REHIEAROLFINCEHEL T, FHlZ1X, JSONIX, SHDA X —%v PTIELERLTWS
F=RERDOVEDOTT. XFINCEBREINT—RIX, MLOF—&Z 38D, Bofilisdbh x4
. FOD, XFINEBINT-T—2ERBI LT3, T—XHEICH > 28BZ2 T 50w ()
ZIX, La—FEdEZ2FK->TwWaIZdhrbb3La— R fIFoniwn) 225D 3. SMLED
BB ORI, SCFINE T — & R CEI IR S N fE Yy, BRI X ML OfE & 2B ZE
P 2RERERIRIE L £ 3. SML#AIZX 512, ZOMMEZE T T, JSON BRI 27— X & ML O L
a— RANSEWVER 5 2 BN SN2 JSON #B-E7 Y I 74 7R L 25, AFETI1E, Z2of)
RAEE2OET.

13.1  FBRMHIT

PR EFEE T, OB ZEITRICOM L, ZORIZISUCMMZITS Ze BN TE X3, BRI

BRICB 2 MEIE, BMERTETRRRA L Z0RIZIGCEL 25>, — R0 7F -4 AaLEE
F. SML#X, ZOMEREMHESEOEXBZ, HIVUMNEFETH S ML oW D F 5> et L £3.

Dynamic.void Dynamic.dyn (%, ENHICEIIF ENEORITT. BG4 Dynamic. void DEMIIZRIA
LEY. ZORIZHLT, UTNOREANLEEPERINTVET.

o F4%4 Dynamic.dynamic : [’a#reify. ’a -> Dynamic.void Dynamic.dyn]. Z DREUIEERED
ML OfED SEITIS T SNTMEZED 5. Cattreify iF, a DA ¥ A X ¥ ADEITRENER DL
HTHHIemRLET. MOHA Y FERERD, reify A4 ¥ FIFRZER»E  #FHZ MR L %
TA.

e X _dynamic exp as 7. ZORUZ, BIIVET ZNTME exp ORERE EITRRCHREL, Z0E%E
THRNZEF ¥ AP LET. Fr R MIRMLGEIEETRAIS Dynamic. RuntimeTypeError 2354
LXT.

SR TNOABHESINTVET.
_dynamiccase exp of dpat; => exp; | --- | dpat, => exp,

oL, BT ENIAE exp 1T L TERRIREZH 5 X - =y FRITVET. X — dpal;
W, EEOARR—V2EL B TERT. kL, BBSR B3 RTRE2E S LERDHD $5.
UTOXGEEy > a i, A7aY=7 A%V R 2020 T 28 oFTF.

# val x = Dynamic.dynamic {name = "Sendai", wind = 7.6};

val x = _ : Dynamic.void Dynamic.dyn

# val y = Dynamic.dynamic {name = "Shiroishi", weather = "Sunny"};
val y = _ : Dynamic.void Dynamic.dyn

# val z = Dynamic.dynamic {name = "Ishinomaki", temp = 12.4};

val z = _ : Dynamic.void Dynamic.dyn
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#val 1l = [x, y, 2];

val 1 = [_, _, _] : Dynamic.void Dynamic.dyn list

# fun getName r = _dynamiccase r of {name:string, ...} => name;
val getName = fn : [’a. ’a Dynamic.dyn -> string]

# map getName 1;

val it = ["Sendai", "Shiroishi", "Ishinomaki"] : string list

# fun getTemp r =

> _dynamiccase r of
> {temp:real, ...} => SOME temp
> | _ : Dynamic.void Dynamic.dyn => NONE;

val getTemp = fn : [’a. ’a Dynamic.dyn -> real option]
# map getTemp 1;
val it = [NONE, NONE, SOME 12.4] : real option list

La—FRIRSS, 7—&8, B, &R CEROROMEE BT S hfEc LD, &

AR X NTAEICR L 72D T5 2B TEXT.

13.2 BrEQU—Ja—>3Y

IR 2 SRETIE RIS, IFHRIT 2 2 ZJDADPEHT 2 X X ZIFERTH D, BFHITa >34

NEDa— R TF—ZEL LTEINEBA. £/, HOXEY LOoF— &S, BTk > T
LNBAXBEMTYT. OO XXRERETI - FPWZEF 727 e LTRDHT IR Y —T7 4
r—aryrEWET. SMLADOEFAETTIE, OV —T4 5 —>arrRe LTHEXhTVWET
I—H—3dIDV—T 4 r—a VEBEARL T, AHRPHEONEH#ES, ML O datatype & L TH
Y3 ZehTEFET.

SMLAIU N OB ZIREE L 5.

e Dynamic.dynamicToTerm : Dynamic.void Dynamic.dyn -> Dynamic.term. ZDBIEUZ, BIAVIC

B S TAED SEDOHEE % Dynamic. term MOIHRB ¢ U THD H L £ 3. Dynamic.term A4l
—f& 7 ML @ datatype TH D, fid datatype & [FlEE, ML D case R ETHM T2 Z e BT
EJc

e Dynamic.dynamicToTy : Dynamic.void dyn -> Dynamic.ty. Z DB, BIINICEISIY X N/-(E

7 HHEH % Dynamic. ty BMOIHKRH & UCHD L %9, Dynamic.term ! & [AFRIZ, Dynamic.ty
g Z K —fEH72 ML O datatype TF.

Dynamic.termToDynamic : Dynamic.term -> Dynamic.void Dynamic.dyn. Z DEIEIIIERE®
BIFNCHIT I SN FAEICZEHR L £ 9. _dynamic X E#lAEHE S Z ¥ T, Dynamic.term D fH
UTHSE I NG %, ML OFRIRT SN EICER S 52 2 L SATRET T

IR oxfEf+t v & a 13, Dynamic.term 2B TML DL a— FhoRloMO L a— F2HEET 2

Bty

# open Dynamic;

# val x = {name = "Sendai", wind = 7.6};

val x = {name = "Sendai", wind = 7.6} : {name: string, wind: real}

# val d = dynamicToTerm (dynamic x);

val d RECORD {#name => STRING "Sendai", #wind => REAL64 7.6} : term
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# case d of
> RECORD m =>
> RECORD (RecordLabel.Map.insert

> (m, RecordLabel.fromString "weather", STRING "cloudy"))

> | x => x;

val it =
RECORD
{#name => STRING "Sendai', #weather => STRING "cloudy", #wind => REAL64 7.6}
. term

# termToDynamic it;

val it = _ : void dyn;
# _dynamic it as {name:string, wind:real, weather:string};
val it =

{name = "Sendai", weather = "cloudy", wind = 7.6}

: {name: string, weather: string, wind: real}

13.3 FUFaTU>A

SML#DN Rt v > a Y THEERRT 2HEED, V—T7 47— a Vo LicEBRIhTwES. 2
DGy > aryd YV rRE, TEOMLT—X%2 7 )74 7V T3 LTCa—Y—TRnrT S
LAPBFEOHT N TEET. UTNOBBIREIZATVWET.

e Dynamic.pp : [a#treify. ’a -> unit]. ZOBEIIEED ML 77— %2ty > a v eHU
FEATHEELNCHALET. PV TNy FREICHEHTY.

e Dynamic.format : [’a#reify. ’a -> stringl. BREHINICHIIT 200 DITIFHIZRL T,

IS OB HBEEN» S bHWE Z e TEET. 220, SHERTHWGE, ZOZHEH
BOINZ reify HA ¥ FHRMOTLEW, MHAZDLSoTLES TeMH LT IKHERENNETT.

13.4 JSON rZo#ML I—K

JSON 1F, BERXFINREDHEAT — 2B, F—R% 7 \NVIHIEDF 24727 b BXOT
BOF—RENNREHEP S22 77— 2T, IhoF—xEExzhzi, ML ORAR L
a—RAEL YR FENSHRIGL 5

L2L, MLOZhs IZERLD, JSON WZZBoHHBRHH FHA. JSON A7 =7 FTlX, FU
FANVRZECHD T —ZP Ao TVWBEIERDFRAL, 2D ZDZDINIUDNEICHE DR FHA.
%7z, JSON OFAHNE, £ TOEROMEN T 2L IEH D A, EFRZ JSON 25FH X 2 fHiH
WWBWTH, TOXIBATOAI =T RART—XPMHEICHNET. Z2D7k®, JSONIZ ML 0% Z D
FEMIZLFHELL, £/ ML OBRPF L BDICRET S Z LI1X JSON DEEICE> TVWEHA.

SML#ATI, EIERD L a— K eMHENR B3 E Z IO %, SML#A S0 25 AT JSON 57— & 12
ZEZFET. BED L a—-F e, ZOMEO DAL D > TWT, TS OMEITET
FFzy 72 LRGP HRVWES R a— FEEDZ & TF. SMLATIX, ETRIZE SN JSON
F—REENESLa— R LTRO IR ET.

SML# TOHIf} = JSON #iff%, HlZ@E L TR TAZL & 5. SML#TIX, #WI®TiHAAENz JSON
7 —Z1Z2 T Dynamic.void Dynamic.dyn %5 £3. Z D Dynamic.void i, 7 — XMHELHHINICIE
—YIahoTnwhnwZ e 2RLET. filzF,
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{"name" : "Sendai", "wind" : {"speed" : 7.6, "deg" : 170.0}}

W5 JSON I&, %3 Dynamic.void Dynamic.dyn BDfEY L CHARAENFT.

Z D JSON 2%ZIFHL S 7175 51%, ZIFH -7z JSON 13474 < & XFHAEI D name 7 4 — )L K& 4%
DI ERIFFLTOT Fo TORIFINIFETREINE T2), 207 4 — L ROfERRDHLZVWE L
9. 20RDIT, 0T T NIRRT -7z JISON 7 — ZI2h L TEIRY R E 21TV, 7Y 2 F5D name
TA—NVEDPFETH I EHRLET. ZOMBADIKNTIUL, ZD JSON 134747 & b FHED
name 7 4 — LV EBH B3 Z PR INTWBIEXITTY. ZOBMEBEOBRICHTL, SMLH#XK, Z0IZ L
WENT2Z e KT A {name : string} Dynamic.dyn Z#HICEH R £ 7.

ER AN L T 5 JSON 22 SEZEL D 3 i2id, DR OBEKERWT, 20K E 2 —%H
DL ET.

Dynamic.view : [’a#reify. ’a Dynamic.dyn -> ’a]

C o, BINERDL 2 — FTH 2 JSON F—XD 55, FINSHAL TWa#iEDA%Z, ML D7 —
ZEICERR T 2T, CoMBEH WS Z 2 T, {name : string} Dynamic.dyn Z® JSON 7—
X525, {name : string} MOLaA—-FZWOHTINTEXT.

JSON & L TR -7 —&1F, dIEFP ML OTFT—RICEHEInFE L. ZAEOHRIEZX, ML O
SiEEE T HHICHAS DR THEZLICEL N TEET.

13.5 JSON DiEfE
SML#ATIILA N OB L OBz AL £
e JSON DFiAIAHA.
Dynamic.fromJson : string -> Dynamic.void Dynamic.dyn

Z DBIBUZ, JSON CFHI 2 L, BIREI T L a— P& U THiAAA TS, MUK L
723%5E 3 Dynamic.RuntimeTypeError fIft 2 H4E X ¥ £ 3. Dynamic.void i%, HOMEEDL—YH
BHLTOWARWZ e 2RLET.

e JSON OEIHANRE dynamic ezp as 7 BIUCHHEREZH S X — >~ v F _dynamiccase 3.
13.1 §iTibR72 2 5D JSON OMEICH ZDF MR ET. 7 AU TORMEELS LN T
ER3

— int, bool, string REDHEAR L a—F R VXM BIUZhsoAEHE. JSON
TR T PRIMEI -T2 Z2DAH, FY A MIFNLET.

— BmELva— 8 {l:m, -+, l,:7,} Dynamic.dyn. JSON 7 =&t b ly,...,1,
DnfADZ NV EFEL, FTXVOMEN 7,7 KF Y APTELLE, Fr A MIKIL
ES

— WHEHHEA LTV WE Dynamic.void Dynamic.dyn. ZODBEADF v 2 MIFITHRINIL 9.
— D Eo®rHHICA A M EEMHAEDE.

o HHNRE 2 —DEUS.
Dynamic.view : [’a#reify. ’a Dynamic.dyn -> ’a]

ZOBBUE, ANz ISON T—XD 55, HINCHEIHHL TWaEHT DA% ML D7 —&
CEMIL ¥ S, 51300 Dynamic.void Dynamic.dyn #® ¥ %3 Dynamic.RuntimeTypeError {5}
MFEAELET.
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e JSON 7'V ¥ &,
Dynamic.toJson : [’a#reify. ’a Dynamic.dyn -> string]

o, HEZX o0 JSON 7= RO FHIRBZEL 5. XFAIERHRITE, Padf Y AR
212&57F, JSON 7—XIZEEN22HDEENET.

Zoft, BNEMFIIRY —T7 4 F—2 a VOFEEREED, BRI X I, ZOFF ISONICHWS Z &
MTEXT. W, BB SN EZROEMNL a— RT3 28 dAEETT.

13.6 JSONZ7O45=>44
TRty avid, MLOLa— ROV R MIMIET 28E %52 JSON ZHAALHTF.

# val J = "[{fiame?Joe; &ge?21, grade?1.1},"
~ "{fiame*Sue; dge?31, gradei2.0%},"
= "{iiame*Bob; &ge¥41, grade?3.9}1";
val J =
"[{"name":"Joe", "age":21, "grade":1.1},
{"name":"Sue", "age":31, "grade":2.0},
{"name":"Bob", "age":41, "grade":3.9}]" : string
# fun getNames 1 = map #name 1;
val getNames = fn : [’a#{name: ’b}, ’b. ’a list -> ’b list]

# val j = Dynamic.fromJson J;

val j = _ : Dynamic.void Dynamic.dyn
# val vl = _dynamic j as {name:string, age:int, grade:real} list;
val vl =

[

{age = 21,grade = 1.1,name = "Joe"},

{age = 31,grade = 2.0,name = "Sue"},

{age = 41,grade = 3.9,name = "Bob"}

] : {age: int, grade: real, name: string} list
# val nl = getNames vl;

val nl = ["Joe","Sue","Bob"] : string list
IO MR ERTAZTLEY. UFRD X572 JSON 2E X £ 7.
[

{"name":"Alice", "age":10, "nickname":"Allie"},
{"name":"Dinah", "age":3, "grade":2.0},
{nnamen : llpuppyn s llagell .7}

]

Z D JSON XFHNHNEM I ICHEEINTWE L LET. ZhiEATRI =7 ARV ANTT. ZDE5%
V2N, EEMLOYVAMIFYAMNTRIENTEETHA. —FH, ZOV A+ e, ZFEFZOHLEI S
WAL, M2 ¥ % name ¥ age 74 — L FEFOLa—FDV R b LRZ2Z2IITEZY. ZOR
HWHIE UFD LS LTI®EAAATT.

val j = Dynamic.fromJson J

val vl = _dynamic j as {name:string, age:int} Dynamic.dyn list
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vl D% {name:string, age:int} Dynamic.dyn list T3. ZDV X M DFFZ L 2 —13,

val 1 = map Dynamic.view vl

ELTMOHT I ENTEEY. 51T, BEFRD S name 7 1 —/L FOMHEZILD H L7213 41U,
val names = map #name 1

cLEY.
VA MDEERIIH LT, H574 -V FOFEEF =y 7 LI2WBER, 84 DERITH L CERMR

Br2TWET. 1212, nickname D BHEEENE, £ 5 THRIFAUSL name ZHD H L72WEEE, M
TOLSICEHEEZET.

fun getFriendlyName x =
_dynamiccase x of
{nickname = y:string, ...} =>y
| _ : Dynamic.void Dynamic.dyn => #name (Dynamic.view x)

val friendlyNames = map getFriendlyName vl

Z D getFriendlyName FI(DTNX, [’a#reify#{name : string}. ’a Dynamic.dyn -> string] TTF.
ZHLa—- NI EFNL a— FEIPHAGDE > TWVWE ZEIERLTLZE W, Z4UuE, JSON Z LM
TABIRDOIE, EEAIZIE {name : string} Dynamic.dyn -> string & [FARROEMRZFFDO X SITH
ZETH, INLOMERERIIEZD £F. %EZ, name LULD 7 4 —)L N OIFEIZEINEIE LR
TSR ND DT LHSIEBICENZ VDI L, Ai#E L name MIAD 7 4 —L R OEAEDTER IR T
W5HDHGIEICHNS Z e B TEET.
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148 SMLHADILIREEE : SMLADEIO >IN
TIV AT L

FHFFEL LTO SMLAD K ELRHIE, ERBDE A NDFR— 1 TF. LUNOFNETRBUE
BT T5 LA L TN ZEHNTEET.

1. HADTO I LET 2 —NDA T2 b T 74 NADA VNS )L

2. AT 7740 %, CBREBDODATI2I NI 7ANRIRATLIAT IV LEHIZY VI LE
TR 7 7 A VEIERRT 5.

EHIWTSMLAA YL 1, £A4 TPV 27 bOKEFERFREZ S X7 LD nake a7 ¥ RORINT Z 2T
OS2 TE%d. COMRERGHITIUE, CESERYLEHITABES R 7 428K IR T
5 ZEDARETT. AETIE, ZOHFN Y AV AT 2OBMEZHAL £7.

14.1 DENIANTILOEE
FE Y RA N AT DI TOFIETHEHL T

1. AT LZMRT 2V —R2a Y A NVBEAMIZHEIT 2. Zo08E, EOX5uKRE2ETH KL,
TEII NI & DOREREIE, SML#TRLANATRERE S CTEETZ 2O THIUL, FCHFEH b £¥
A. ZZTIX, YRAT L% partl & part2 IZHHI L7z LET.

2. MELBHEBEDA VR —T 2 A ABERT L. IO VR —T x4 R%, B 1438 THHAT 24
VR =T 2 A AEFEBTHALET. AT L% partl & part2 KAEITEF VAT, £73, 4
VR =724 RXT7 7 A partl.smi ¥ part2.smi ZHIEL 7.

3. BAVR—T 24 AT 7 ANEHLT, ZRAEERTEY -2 77 A VEBKL, 2hThoy —2
T7ANZaAVRANLF T2 VT 7 A VEIERT S.

RS F VA DEE, partl.smi & part2.smi ZFEBIT S5 Y — A7 7 { /L partl.sml ¥ part2.sml
ZRFEL, aYy AV LA TT 27 T 74 )b partl.o ¥ part2.0 ZIEFR L 7.

ZORFIE, TNENTERITHIIATO N TEET. ML REBOHEG, Y—RA7 74 LVDH
FTE, a4 I EMERPBNZREELET. DEI Y RAVS AT LI, Z20HDEB
DZENRZIMNICa Y RANTEZT. HlZ1E, part2 23 partl OB Y Z2HEHT 255 TH,
partl.sml ZBHFE T B LIETIZ, part2.sml #3284 L TEET. ZOKEEICE D, A7
DEFTDH, ML ORHEGROEELR 7 VIIEA L, BIREITS e TE 7.

4. AT 20 V77 ANEEGRZRERIA TV eHICY L, BETERT7 7 A L BIERT 5.

il 21X, partl & part2 DIANC, ZhoroBlans CEEO 7 7 4 L2 C FRETHEVWMED
ATV ERGHTIEE, TRAOLDOEMEa LR, JIHERTEILICE->T, Thbdick
V7 L OSHEEDFITIER 7 7 A VEERTEET. BB, SMLEI Y8, F1%, SML#T XA
LDEATICHER CSHEOEES L TS VEREIZY 7T 57, EBUES 4 75 V36 ER LIcH
HTA2ZENTEET.
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OB OEERS F U I TO LI BIONEZLNET.
1. YRT7 0% CEETELH T SMLASFETE S HICHET 5.
2. CEEDEDTZE, "Ny X T7740L (Wh774N) V=774 (c7741) ZHHKTS.

3. SMLASFEOE T, AV Z—Tx2A4 A7 74 (smi774) V=27 74)L (sml 774
V) BT S.

4. SML# 2 ¥ %4 5 DIRIFMHEH IHEEEZ FIF L, Makefile Z1ERK T 5.
5. Y AT L% make AV Y REHWT, a4 Le ) r 7273,

SML#a >34 5HY, C S SMLATEIPNLTWT, ZOFIETHADY —LE2ELT AT LMY
RANY 7 &R, SML#3 284 IERENET.

14.2 FEII>NAILE

HIffiD > F U A, BLEEMES BAL L TR 77 a2, FEay f e L TETERT 7 4
NelEoTAHAEL XS, VAT L%

e random : LA AR

e main ! XA ¥ %—}
WHEITZZICLET. £, ZOAYVXR—T 2 A RT 7 A VEMRODIS K LET

e random.smi DJEF

structure Random =

struct
val intit : int * int -> unit
val genrand : unit -> int

end

DA VER—T 24 RAT7ANME, TOALVR—T 2 A AT 7 ANEBEETEZY 27 745,
DT 7 A VIESHEE 912 Randon structure ZIEET 2 2 2R L TWVWE 7.

e main.smi DER.

_require "basis.smi"

_require "./random.smi"

DA YER=T 2 A RT7 74 0IE, SMLEDEAKRS £ 75V "basis.smi" (The Standard ML Basis
Library) £ ZD7 4 L2 bV IZH 5 random.smi ZFHL, AKX HIBHEL LN 2 EKRL
TVWET.

DA VR =T 24 A%MZIE, main.sml ¥ random.sml ZHITICFAFETE 3. main.sml 1IX 14.1
DEICERTEET. ZD7 74U, random.smi ZFHET LY —RAT7 7 A ADPFELRL TS, av
NRANVLZ T =R VDRI 2P TEET.

$ smlsharp -c main.sml



14.2. #2814 LB .

—clESML#IA Y RA WAV RAN LA T I V7 7 A NVEERERRLES. M TOMEA e [ERRC
BF 2y 7% Ltk =7 —=2RFNE, 7927 V774V nain.o Z1EDET. A VX —T 24 RX7 >
A, 77ANVHAD . snl % . smi WA T2 d DX EINAEH SN ET. ¥ —RAa— FEIHIC interface
filePath EE%E ZICEV A v R —T 2 — R 7 7 A VEHRINCHEET 5 2L B TEET.

XIZ, random.sml ZFAFEL £ 7. mmEOEBFEERBOMIE, BN TEFRwa—T 4 &~
THRERINET. ZITE, ZHERIZ Iy FrLHAKETEDOTIERL, BIFO C TOEREEZMFES &
WCLET. BAH2EEBFET LY X LDOHT, ZOWE L FEDM G DD 5 Mersenne Twister 235
BTEFET. ZO7NVITVRLECHDY—RT7 744 mt19937ar.c & L TIREEATVET.

ZFITIDI77ANERy>B—RLELED. £ &R —%» FT Mersenne Twister 2 Imt19937ar. c
PY—FTHIHHEICERDTZ 2N TEET. 207 7 A NZEUTOBBPERINTVET.

void init_genrand(unsigned long s);

void init_by_array(unsigned long init_key[], int key_length);
unsigned long genrand_int32(void);

long genrand_int31(void);

double genrand_reall(void);

double genrand_real2(void);

double genrand_real3(void);

double genrand_res53(void);

int main(void);

ZOHFDmainlE, TOT7NIY XL%ETANTEHDAAL VEETT. BAZH-REGE 0 S
LRVERT 2 DT, main BENE, FADFY LNV T7 74 bmain.sml Z2a > R4 LA TP =2 b
T 7 ANZEENTWBIXITTY. £ T, mt19937ar.c 7 7 A LD int main(void) DEFH%E I X
YETUNTIRENDD T, ZOMOBENE, SMLA»SFHATES 74 77 VEKTY. 22T
DURD2o0%5 2L %T.

e void init_genrand(unsigned long s). ¥ —ADRIEZITIWD 713V X 22 WL T 2%
TY. =X s BIFALBMLZOBRATOMNEEA.

e long genrand int31(void). FIHHLXN/tiE, MIIN2EBIT3L Ly OSSR LEH 2Ly
MFREED O VXL HEELET.

ZZT, TNEFHLT, random.sml ZLLTDO XS ICEERELFT.

structure Random =

struct

val init = _import "init_genrand" : int -> unit

val genrand = _import "genrand_int31" : unit -> int
end

DY —=RAT77A40d, UFOa~vwY FIZ&D, ZO7 7 A NP THMICaY { L TEET
$ smlsharp -c random.sml

DV —=RT7 74 NDEHZRLAAITLT, (nain BAEE I X > b 77 b L72) Mersenne Twister % 3 > %4
N, A7z b7 7 ANVBERLTBEXT.

$ gcc -c¢ -o mt.o mt19937ar.c

UETERTOY R T 7 AADBERNEFNA Y RANER, AT 27 V77 AADBMESNEZTTY. %
NI T2 b7 740E, Py LNV DA VR =T 2 AR T 7 AN EREBERA TS 7 V774
RIETHIICEoT, X7 7 A ADMER S ET



86 514 % SML#A#DYLERMEAE | SMLADEIa > XA LT 2T 4

fun main() =
let
fun getInt () =
case TextIO.inputLine TextIO.stdIn of
NONE => 0
| SOME s => (case Int.fromString s of NONE => O | SOME i => i)
val seed = (print "FFEREEANLTLIZE W (0 THRTTT) . "

getInt())
in
if seed = 0 then ()
else
let
val _ = Random.init seed;

val oracle = Random.genrand()

val message =

"HIRT- DK, v -
(case oracle mod 4 of 0 => "K&H" | 1 => WhF"| 2 => ngn
| 3 => "X")
S~ " TE. \n"
val message = print message
in
main ()
end
end
val _ = main();

14.1: main.sml Ol

$ smlsharp main.smi mt.o

SML# > %4 1%, smi 7 7 A VERHTIL, TO7 7 A ADEBBINT VS sni 7 7 4 L EFHIFNIC
eh, MEF 24727 77 ANDY R EMED, av Y FI4 VIHEEINE CERHROA 7Y =
I r 77 AneR, SRATLDV H—REEIL, EITERXT 7 A VEBIERL T

14.3 AVF—T 14 RXT71ILDIEE

AR =T 2 ART 7 AME, DEURANTEAV A NVBMANDA VR —T 24 RZTR LT 7
ANTT. AR =724 R7 74 NVDNEIX, Require HE & Provide HEE2 572D £3. Require S
X, a Y RANVBARFRT 3o A VBN R TOEOES  LTHIELET.

_require smiFilePath

smiFilePath 1%, D2 Y A VBENDA VR —T 2 A RXAT7 740 (Lsmi 7 741) TI. ILLfHHEH
A4 R =724 ZADEFITNZ, FNOEFTLOELHEIPHION, YR TAERIATHET. KK
172 d D&, The Definition of Standard ML Basis Library TEENFEZETIIONTWEIHEAS L T 5V
DA YE=T 24 RT 7 ANV FTRTEL basis.smi TF. TRITITLDA VR —T 24 X7 74 LVDE
BHIZ

_require "basis.smi"
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queue.smi 7 7 A )L .

_require "basis.smi"
structure Queue =
struct
datatype ’a queue = Q of ’a list * ’a list

exception Dequeue

val empty : ’a queue

val isEmpty : ’a queue —> bool

val enqueue : ’a queue * ’a -> ’a queue

val dequeue : ’a queue -> ’a queue * ’a
end

queue.sml 7 7 4 JL:

structure Queue =
struct
datatype ’a queue = Q of ’a list * ’a list
exception Dequeue
val empty = Q ([1,[1)
fun isEmpty (Q ([1,[1)) = true
| isEmpty _ = false
fun enqueue (Q(01d,New),x) = Q (0ld,x::New)}
fun dequeue (Q (hd::tl,New)) = (Q (tl,New), hd)
| dequeue (Q ([],_) = raise Dequeue
| dequeue (Q(0ld,New) = dequeue (Q(rev New,[]))

end

X 14.2: £ Y& —7 24 X7 7 4 LD

rENTEL Y, HASA TS UNEHAREL 2D 5

Provide EF 1%, 2 Y A VMDD 3 ¥ A VHANICIREES 2 SMLADOEIRZ AL £ 3. Fibs
2EJFIZ, BBXZ, Standard MLDY — 27 7 A LDBESERTEXLZHDITRTEEZ S LWTL &
5. BRI, LT EENET.

e datatype EF.
e type EFR.

e exception EF.

o T ZDRIDER.
e EV a2 —ILDERKR
e functor DEFH

Fa2-—DA YR =Tz A RXT7 74V quene.smi EEDA VR —T =2 f RA%FHT 3 queue.sml D% K
142 1RLET.
queue.smi 7 7 A LD FHIZE PN TV S require "basis.smi"ld,



88 514 % SML#A#DYLERMEAE | SMLADEIa > XA LT 2T 4
o 2D queue.smi 7 7 ANNDEKRTA T RHES Z

e ZDqueue.smi 7 7 A VOHFTERINTIMAONTWVS a list REDHZ, BEARS AL 75V
EREINTWBEZE

ERLTOVET. ZHLIBEDERD Provide EEH7TT. ZOHITIE, ZDA YR —T7 =24 A%52ET 3
EY 12— Quene ¥ W\ structure BIRMETZ 2L ERLTVWET. ZoflhsMfgxhseBh, 4~
X—7 x4 A7 74 ND Provide E& & Standard ML O > 72 F ¥ 7 Talih L ES. Ll
IF ¥ L BEZHPREZLED DIE, datatype ¥ exception B ENIMAETIZ R, ERIHIET R 0H 2
£ T7. queue.smi D TEFHZ IS datatype ’a queue & exception Dequeue |, queue.sml TER
ENBZHEBIOFNZEDDDE LTRONET. - T, ZD queue.smi ZEBDEY 2 —/V"T _require
BEEZEUTHHALTD, queue.smi TERINLFA—DdbDE LTRONET.

14.4 BOEHk
HiEiofl» XN e BD, A v &—T7 24 A7 7 A NVDEANEZ X, UForBhHTT.

1. datatype X° exception 7R DA Y XA NMRFIZER SN L EIR (FHIEP) 1, FERZDA V& —
7z ART7 7 A NVTERSNIERZD L DZFET 5.

2. B E R Y OETREDEERT DDIEX, TOROAREST 5.

CNBEWMY, AV RRAITBIDA VY R—=T 24 R T 7 ANVE[FSIFIOY —Ra—KE2aryf 155 L
TREP DT IRIERTT. LrL, ZOFAIFZIITIE, Standard ML DEY 2 — LY 27T ADHRMT 3
BEHROREMROEEEZES Z e B TEFHA. HIRIZ, Fiffio4 & —7 24 X7 7 4 )L queue.smi TiI,
‘a queue DFHEEN, Q of ’a list * ’a list EERINNFAINTOE T2, Z DEEDFHMNIIFERL
L7WEERZ W Bbh s,

COMEDRDI=DIZ, £ YR T 24 AT 74 ILIZ

type tyvars tyid (= typeRep) (x NI Z D F FRLIRT 2 %)
eqtype tyvars tyid (= typeRep) x FEMZZDOFEXHRT S %)

DIEDREMENTHOEZTZFFLTVWET. ZOEEIE, M tyid WERSINZEDFEEDRIUI type Rep T
H2BH, TONRIZDA R —=7 24 ADFHEP HIIRBEINE 2R LTVET. ¥ 732 F Ak,
type HE %, F—MHHEZFHFIRVE, eqtype (ZA—MHIENSTRERZ R L ET. typeRep 121X, tyid
RRETIZHEOMa AN 7 X EREELET. BRI,

type t1l int
type t2 = int list

type ’a t3 = (’a * ’a) array
PVIHIEEIIHLT, A VR —T7x2—RX7 74 ME

type t1 (= int)
type t2 (= list)
type ’a t3 (= array)

cEXFT. FEAPL a— N B BIEBEIR SR, typeRep WX ENEN{}, *, >EHEELET.
FLEEAI DS datatype TERI N 51T, a VA S 7 RDERIISELTUTOWTRA2Z2IEEL 5.

e unit. FIBERLVIAVRA NI I REZINSIRD, DAY AT T XN 1D UNFELIR.

e contag. FIBEFRIBRVAVA NI I RIEZFNSLRYD, POAVANI I RN 2O EEET 5.
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e boxed. FEIDWVFTIUTH Y TITE SR,
Bl Z1X, queue.smi @ datatype ’a queue Hg Db DIT

type ’a queue (= boxed)
EELIEHTERT.
BT, IR F Y OHEFM, AV R—T 24 RXT74ME, ZDAVR—T 24 RERET LY -2
PERTIEBEZITRTHEL TOLIREEIDHDEVA. A VEX—T 2 A RZEEINbDDAD, £
DAV R—=T 24 A% require HE 2B U THHT 22—V ICRZ 2 X512 %7

14.5 ST %F v DKL

Standard ML Fa5 T, % 14.3 HiTHH L LEHELINZ, 72 F v bAFTDOMNWLERTT. Flx
¥, Queue A b T 7 F ¥ ITH L TIE, QUEUE ¥ 273 F ¥ DEZRINTVWS LMEFTF. SMLEDA VX7 =
A 2D Require HF 1%, LFOHICED, 72 F ¥ 77 ANVDHEHES EL N TEET.

_require sigFilePath

sigFilePath \3> 72 F % 7 7 A VDIRRGETY. ZOEMEEZEAET 272912, Standard ML D 73 F %
DODUUTNOWEZHRET 20EBH D £5.

o I AF viX, D structure TEHRI N (DFEK) OBREEL L TE 3.
o I AXF Y HEIZ, B (DEEK) ZAERLR.
SML#2 > 84 Z1%, _require sigFilePath EE%ZMTFD X 5T TN EF.

o VI AF ¥ LANDFTRTD Require S D RT, sigFilePath 7 7 A VTERINI T2 F v %
AT,

o CDEEEAUVA VYR —T 24 AT 74 )% require E5 2B L THHT 2 Y —RAa— KOFHT,
FHiE A D sigFilePath 7 7 A VHBERINTWS L AT

X 14312, 72 F ¥ 2 8AUPREMEINIHEEITIDA V27 24 R EEDOHIZRLET. ZOfIT
&, BT > AR RERT 22 72 F v Hllf 2SI TH, FHZICE > TOMRIIEDD FEA.

14.6 7720320 YR—F

SML#DREN QY RANTRATHE, 777 XbATI2 7 v T 74 MHEIay 4L, fida
VA NHENIP D require HERMUTHHTZ N TEET. 77V 7 RZDAVR—T 24 AT 74
ME, ZD Provide EEICTRDO XS IZitib L £3.

functor id(signature) =
struct
(* ZDEITIE structure D Provide & [Fl— %)

end

Z 2T, signature & Standard ML fSCRHRNCHED > 742 F ¥y HETT. A VX =Tz A A PUTVWET
B, AR =T 24 ATRERL, BEOS 72 F ¥ RETET. LN BRZ2EBT57 77 &
DAY E=T 24 RAT7 74 NDHIZLDLET.
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%143 SML#DILRMEAE

queue-sig.sml 7 7 £ )L :

signature Queue =

sig

datatype ’a queue =

Q of ’a list * ’a list

exception Dequeue

val empty :

val isEmpty :
val enqueue :

val dequeue :

end

queue.smi 7 7 A )L .

’a queue

’a queue —> bool
’a queue * ’a -> ’a queue

’a queue -> ’a queue * ’a

_require "basis.smi"

_require "queue-sig.sml"

structure Queue =

struct

type ’a queue (= boxed)

exception Dequeue

val empty :

val isEmpty :
val enqueue :

val dequeue :

end

queue.sml 7 7 A JL:

structure Queue

struct

datatype ’a queue =

’a queue
’a queue —> bool
’a queue * ’a -> ’a queue

’a queue -> ’a queue * ’a

: QUEUE =

Q of ’a list * ’a list

exception Dequeue

val empty =
fun isEmpty
| isEmpty
fun enqueue
fun dequeue
| dequeue
| dequeue

end

Q ([1,ID

Q I,y =
_ = false
(Q(014d,New) ,x) = Q (01d,x::New)}

(Q (hd::tl,New)) = (Q (tl,New), hd)
(Q ([1,.) = raise Dequeue

(Q(01d,New) = dequeue (Q(rev New,[]))

true

14.3: £ X —T7 x4 RX7 7 4 LD

CSMLADE T R LS AT A
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_require "basis.smi"

functor BalancedBinaryTree

(A:sig
type key
val comp : key * key -> order
end
) =
struct

type ’a binaryTree (= boxed)
val empty : ’a binaryTree
val isEmpty : ’a binaryTree -> bool

val singleton : key * ’a -> ’a binaryTree

val insert : ’a binaryTree * A.key * ’a -> ’a binaryTree
val delete : ’a binaryTree * key -> ’a binaryTree
val find : ’a binaryTree * A.key -> ’a option

end

2L, ZOMMERHET S s I<d, MTORICHET 2HENDD £7.

o functor I3 EY 2 — L REDDDEETIERWV. BE|a A4 D TER WV ML REBLHARTIE,
EY 2 —ILOBOEZEOKRFEREARENBUIZFEL LTO 7 7 7 XOMFHAIPMEINZ Z 3D D
F L= Bz,

Asml 774

structure A

struct

end

B.sml 7 7 AL .

structure B
struct

open A

end
YECELB.sml 77 ANDRIREE T > AL A sm]l 77 AIVCEFEKELTLEVES. ZDB.snl
777 RBHEODTO LS ICEETRBRIIKERIEEINET.
B.sml 7 7 AL .

functor B(A:sig ... end) =
struct

open A

end
ZOMEEEE, DEIa Y RANLNOEREZD B DTY. HEa 4 ) v 7 OERERSERITH R—
LTW3% SML# TlE, TOHWBDEDIZT 7> 7 ZB[ES BT L, Z0 XS5 RERIET 3N
XT9.



92 514 % SML#A#DYLERMEAE | SMLADEIa > XA LT 2T 4

o 77 I RDARITIZAR IR0 DE. 7772, BBRYDEDANIEIS T X2 LTI
WABRENDB DD ET. ZhD, 777 RRBRLUTIEERTERNWT 7 V7 XAROEBETT. LaL,
FIRRCIZ %5 X 2 e LTI, ZOTRUG U EITS 720, 77 Y 7 XRRIKDa v 4L
W, BARESTVWARRA NI 7 F 2 ITHRTay A M ary AL NEF TV 27 ba—F
WHA— ANy FPEFRET. ZhUE, SELREEZMEHRT 2 LTE#IshinwI e Ty, 77
ZRIE, TDOF—N"Ay FEZEFLT, a— FIRNEEELREETT

BTED SMLAD 7 7 ¥ 7 ZDFEIIZLI R OHIRDH H £7.

o 77 I ADFIBIHIBIMER OBV AN I ENETNTVWERES, Z0Ra A 57 &
Wi —FIc7ue s — b XN 3EERD (array, boxed, {3, ->, *72 ) 2FOMDAEHEHT 2 2
EPTEET. FIZIE, SMLAETIEDL ORIy 4 VL5 -2 D E7.

# functor F(type ’a t) = struct end structure X = F(type ’a t = int);
(interactive):2.17-2.34 Error:

(name evaluation "440") Functor parameter restriction: t

147 L7V5—23VES
AVET 2 A AT 74V, BREOFEKRORETT. 1E-T, #HlZRX

structure Foo

struct
structure A = Bar
structure B = Bar

end
DEIBHEDED 2 —NIH LT, 2 F v LEW,

structure Foo =
struct
structure A : SigBar

structure B : SigBar

end
DEIREBEXHITEFRA. TRHETDOAHZXLDATIE, Bar ONEZE L DIRLELXLERH D £
T ZONEIEMIETSEDIC, A v X724 A7 74 ME, UFOBFEOL AV r—>ary (BH) &
SEHFLTVET.

e structure id = path

e exception id = path

e datatype id = datatype path
e val id = path

THICEkoT, TTICERBBFADERICHLTIE, A VX724 A7 74NV THoTD, BEDY—RT7 7
ANERBBICEFDOEBOES2EL N TEET. Hl21E, Bar AV 77 F v 242t 234 0 2724
A7 7AND bar.smi TH2L T2, UFDXIICEL N TEET.
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_require "bar.smi

structure Foo =

struct
structure A = Bar
structure B = Bar

end

14.8 b~y ZFLARILDEST

SML# 70272 ADFETIX, .sml 77 41D by TLOLICEDPNT val HE % L2 SIEICFHES 2 2
ETITONET. 020D/ T I ABERD . sml 7 7 AN 5RZLE YOT7A41D v L)L
MEDEFTETEINI DT, BHTEDD FEA. SMLATIE, F.sml 774 LD b v FLRILDELT
g%, DUROHANCHE-> THREL 9.

1. V¥ ZKHIZ smlsharp 2~ ¥ RIZHEE L7z smi 7 7 A UISHIET % .sml 7 7 A LD b v L&
BIRBICFITEINET. ORI TOEDRA I D BRI ET. IN, ZoOFRMICERT
%.sml 77 AND by TLNLEY YT by TNV EIENET.

2. A.sml 23 Provide LTWAZEE%Z B.sml DMEHLTWVWAEZ, A.sml Dby FLUUIB.sml D b »
TRV EDEIRFETENET.

3. EF-FHBERICHEN 20D .sml 77 41D by FLLVDOETIEFIIFETT.

4. A.sml 2MA[ D Provide L TWERWD, HEZWIY VT by L Lh b BB OER-FHBEGRZL -
TA.sml ICEHETERZWES, A.sml D by FLNOLIEEITEINERFA (SMLA2 > %4 Fi Ao
EFUVYILERA).

Py PLRLVDEFTIBEFB LSV V7 ENE2F T2 27 7 A VOEBE, require iZLX->TRESZD
TERL, 77 ANV TOEBOER-HFRBERICE>TRES ZLIWCERLTLEZZW., 22 X Asni A
o .smi 7 7 £ 55 _require STV LTH, A.smi b Provide TH5EMZ D . sml 77 41D
FHLTOWARTIL, Asml DA TI =27 b 774080V Y 7ENERA. - T, HlZiXprint L
LW .sml 7 7 ALY, BWEHDHZ by FL~va— R7EF057% DS Provide L72W.sml 7 7
AW, VY7 HETHINERA.

BIAE20oHDET. VDBV Y2 by FLRALTY. Vo2 by PR TETEIRET. B
5 02 2l%, Require EE%

_require smuFilePath init

¢EHELZETY. A.smill require "B.smi" init EELPNTVWEEE, ZROER-SHERICOL2D
53, BsmiDFy FLNUD A.smi Dby FLLKDRICFETINET. 72720, ZOEXHIIE%
BRBICHERAIRESDTHD, HHEHRIAZEA. oT, 727 200HLRICHFEI TSN
TR 5720 print RCECAI OSBRI EHZ, V> 27 by TLNLTITSH, Vo Z by LS5
PEH XN ZBEETITS oI LT E&X 0.
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B155 &g

FBUIETIX, 578, 74 77V, smlsharp A< Y K, Y AT LMRUINEEA > & —T 24 R%ET SMLH#D
AT AAMEERT S, B IEHTHBAED, SMLAE The Definition of Standard ML[5] & #77 B
HDH 3 FFETH 5. The Definition of Standard ML IZIFFER ¥ IEDERIZMZ, FHEKR (UF v
7R BLXUBNEK GHEOMLS) PEKEFRLECEHI A7 L LTERINATVWS. LAL,
SML#1X, ZNHBE TR LZEDLIEH TR TH % Standard ML £ B2 b C & O EHEEE, SQL D> —
LV ARMESE RGO —T v RATHY, Tho itz aL AN O —FOMBICEIRT 2 X 5
BB ERTREIREHILIATVRY. 22T, ABRBY= 271 TR, SHEOHOBOME ¥ Bk
Z, BREBLT, HAFEICEZ2ERELTEH5X2Z2ICT 5.

15.1 RT3 RKRCE

BSOSO EHR D> T, LIFORILEHNS.
o MUHALBIX, XA T4 X742 P EHWT SMLA"D X 5 1IR3 %
o JHRIHFL SO LOKENE (eap) D& S WA v aBZATHAT 3.
o HEEFIREZREZRIL (opt)? & EHL.

o BMXDZ TR (2) \THUT, (zList) 1%, ZEHTRYISN (2) D 1AL LEDHNZERL, (25eq)
BLUIRD &5 o,z &Y.
(zSeq) = (x) R 1M
| 225
| (@)1, (0) ) nfED
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F£16E SMLHADIES

ARETIE, SML#7 07 A0S, BMoBR, ETOETVELrEOSEMELRRT 5.

QA

16.1 MEFEEE—RO7OJ I L

MEHE— RO SMLATBZ I A1, £3avY (5) TRTTLZESDINTHL. UNIA ¥ &I T 4
Ty arollths.

$ smlsharp

SML# 4.2.0 ...

# fun fact 0 = 1

> | fact n = n * fact (n - 1);

> val x = fact 10;
val fact = fn : int -> int
val x = 3628800 : int

T 2T, #>13, MEER SML# 3 ¥ o84 I DHITT 2 8BITROMHEDO Ta >y 7 M CFTH S, 2D
Blo XSz, MEEHa Y14 F1%, ANSNESOFHEiFERERRT 5.

HEIX, B La—FREDMEEERTE2 7077 LA THIKSEDES (decl) &, ThOHES%
UL FELEDRRLTHHIZDTREY 2 —LFBOEST (topDecl) IZRBIENS.

(interactive Program) ;

| (decly (interactiveProgram)
|

(topdecly (interactiveProgram)

BURICAE S ((decl) ) ORES ¥ 75 1 % 77

(infizDecl) infix 55
(valDecl) val BES
(valRecDecl) val rec B 5
(funDecl) BRE S
(datatypeDecl) 7 — &%
(
(
(

o}
o

typeDecl) DR
exceptionDecl)  BINE S
localDecl) RIfTE S



100 %16 3 SML#ADHEE
HE O L7215
infix 55 infix 4 =
val HE val x = 1
val rec 5 & val rec f = fn x => if x = 0 then 1 else x *x f (x - 1)
BES fun f x = if x = 0 then 1 else x * £ (x - 1)
7 —XHEE | datatype foo = A | B
MESF type person = {name:string, age:int}
IEAN=R=1 exception Fail of string
JRFE S local val x = 2 in val y = x + x end
e EVaA—ILEHEDES
MRZEY 2—VEE ((moduleDecl) ) OiE & i HZ2 RT3
(topdecl) = (strDecl) A7 7F¥EF
| (sigDecl) YA FXES
| (functorDecl) 77 Y27 XREF
| (localTopdecl) JRFFTES
structure Version =
2V 5 oF R EHE struct
val version = "4.2.0"
s1e8dture VERSTON =
Y IAF v HE >
val version :string
fugg%or System(V:VERSION) =
struct
77U REF val name = "SML#"
val version = V.version
logg%
structure V = Version
in
B structure Release = struct
val version = V.version
val date = "2025-03-24"
end
end
16.1.1 XSENES DO

MEERLT 1 275 A DFATIE, ESHNZIEKEHIET 2 Z Ik > TiTbh b, a6k
SREENLIR R OEREZHMAL, HE2EKL, EE5TERINL AT ZNOMHEICHM T 2 MR ZFH;

==
=)

DEF DFHII,

D, ERINBEICIE, B, ETRRCERINZHNREND 5.
B EE, av L IR ar A ERCED IHTETH D, DUTFOEERD 3.

PEERETFREM

WA, MEEEFE LT S 227, MEeomE (GG, AWa
CRE (0H259) 2Ho.



16.1. ¥EERE—FOTI0 I T A 101

AVR S V2BY B TFHT—Zav A 7R THZIeERT. av R 77 2EEEFHOMAT
iZ, RE=—v2vFr7IZBVWT, METE2aAVA NI I7RXREDATYF T 5.

BIBAF M3, datatype EETERSNBHLWVUOERTH 2. B5[Hefio 7 X 2Rz E
RT3,

B O, SIST 20T AEHAETRHCER S 2 BN EONE 2 £B T 5.

aYRATNE, AV NVRHICESICE SN S MRERI R OB REEZ AR L, ChoiFiREz
ffio TGN R F xv 7 LzDb, EETERINIMINTE, MHT 2N LRMEICHEST 5. 51,
(valDecl) 72 ¥FEITRMED T 77 2 LT, E7a—F24ERT 5. AREIFETa—FE, 551
BENLMMERIIN T 2 REEZAERL, ERS N7 2 20 5B REICHKET 5.

B2 EICIE LT O D 5.

(]

HHRABT—2 B 18 HTERT SMHAAAMDETRRITH 2. HHT7—% VN, BS], X7
g2eat. HIZIE, int321F, FIEET —F 77 F ¥y HED S 2y MFSNEBET -2 TH 5.

B#o/O—Y v HBUORITRHERRTH 5.
T—RBHRTF T XGRS 2 HAAARBEBTH S,
BINBRF BIS KRB E RS 2 HAARBBTD 5.
LO—F La— R X 7 VBORITRERBITH 5.
TF—ABRE F— ZERTICE > TERIN S 2 —PEED datatype HDOF—XTH 3.
BINT—5 BISMER T CTHER XN B HI5 2R T FEITHRRBTH 5.
HEWERT 5B E L BNREDOY <) 2 I TIORT.

B2 7 A AR S 2 BRIV AE AR E 2 EE HAOTR

infix 55 HE T B B, aVvA T RY

val 55 i NS U787 fE | 28

val rec & Al B 7 u—-oy EH

REE S i B on—o EH

T—&HET | BT AR AT %4
avRA oo REW | TR T T — XM T %

OB ES | BB B T4

FINE S aryR oo @MW | BISMERT B ME R T4

JAPE S N HRAT NEIZHRTE NEIRTE

a4 7%, BRMEORMOEEEZRIT 25N BRE T 2B LTHL, EiTa— R, 8
PO REE RET 285 F 2B L TH>. ES0iHIE ZDBREO R TiTbh . R ICEE
NBLENZE, ZOHBABREDERBEOT THMIN TV BHICTHIIE NS, a4 FI12& 3 EHE DM
X, a4 T OBIEDORERE ESWAERT 2N R TIR T 2818 % 0. B OBNRGHE, 3
BbBAVATIREFTIINUTER L a— FOFETE, BHEOHNLEREL, ES,14EMT 28K
TR T 28R % 0.

FAMERDELTREIL, BFES NI 2B RMHEDERICHESBIEIC L > TiTbh s, X512, xfEsi
E— T, F2MEE BINREEZ RRT 25k a— R a v 4 ZiIck > T h, 2 —HIcRR
INhb.

FESOWMEY, MFEHE— FTOFMAOFIZRT. ZRLTIDES OEXDFMERIISE 23 HETH
Z5.
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(infizDecl) ¥&E X NIZFATF (id) (DVA M) WHETFEE (1> 74v 7X@ 252255 TH
5. ZOESDORa—7TIX, (id) 1%, HEHEHET LTHEHIIS.

# infix 7 *;

# infix 8 7

# fun x "~y = if y = 0 then 1 else x * x = (y - 1);
val = = fn : int * int -> int

#vala=4 %3 " 2

val a = 36 : int

xR ENFNEEH 7 L SOEBEFREHEZE DT, 4 x 3 - 21F, x4, - (3,2)) LEBZH
3. ZOES TENRMEIZERI N,

(valDecl) val (pat) = (exp) DIEDEETH 5. K (exp) ZFHHiZ SNTME (BB X CFHYRME) &3
X—Y (pat) L DR == v FVITRITV, v v F LIAEZ#AlF IR s 5.

# val x = 1;

val x = 1 : int

ZofITIE, R x Iz, X1 ZFHELAROM int L EH 1 2RI 5. ZRLUNC b L DR
EERT X -V ZFRTES.

# val (x, y) = (1, 2);
val x = 1 : int

val y = 2 : int
R (exp) OFFMIIE 19 BT, & — Y DOFFHIIE 20 ETERT 2.
(valRecDecl) —fICAH A FIRAVZBEBUERICIRE L val EETH 5.

# val rec even = fn x => if x = 0 then true else odd (x - 1)
> and odd = fn x => if x = 1 then true else odd (x - 1);
val even = fn : int -> bool

val odd = fn : int -> bool

-

COEFIZLD, Bl Foxes 5 BB X OB OMICREE 5.
(funDecl) —fRICHAEHIFILBEBERESTH 5.

# fun even x = if x = 0 then true else odd (x - 1)
> and odd x = if x = 1 then true else odd (x - 1);
val even = fn : int -> bool

val odd = fn : int -> bool

COEBIZED, B#AlFHNET 2B B X OB OEICREENS.
(datatypeDecl) MHEFIFRIIRHT L WRIMK F 2 ERT 5.

# datatype foo = A of int | B of bar and bar = C of bool | D of foo;
datatype bar = C of bool | D of foo

datatype foo = A of int | B of bar

# D (A 3);
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val it = D (A 3) : bar

COEEMFHIENZ L, LW (T XX E2F R WA T) foo MU bar BMESN, #ilF
foo BL U bar BENZTIFT L VWAIRRFICHEEINS. X51T, #lF A BBXUC, DITET—
XN T BN S Z 5, N2 foo B bar HDEEIES 7 — X T ICHB XN 5.
AXETIE, FICRALZ5I I XARWVERD EFLoFHAD X 512, BN 7 — Xl T%, Zh
LR NS HHTE F—HT 5.

(typeDecl)y AT 72 BIBIBICHE T 2EETH 5.

# type ’a foo = ’a x ’a;

type ’a foo = ’a * ’a

# fun f (x:int foo) = x;

val £ = fn : int * int -> int * int
COESICED, a TREINAAEZIFI->T’a * ’a BRI ER XN, FHAF foo ITH
HMaING., ZhLET foold, 7 x T DRI E LTHEHZNS.

(exceptionDecl) BISMERFDEZTTH 5.

# exception Foo of int;

exception Foo of int

COESVFHMAXN S e, Bint 258 T EHLWHINERTFIMELNSE. ZOEEDAa—T
TlX, #AlF Foolla Y A M7 7 REMNE X 6N, BINEHKFICHEINS.

(localDecl) local B XU in THIDONZEFIZ end ETTOAENLEANRESTH 5.

# local

> val x = 2

> in

> wval y =x +x
> end;

val y = 4 : int

HEval x = 20RA3 =7 end ¥ TTH5. Mo TxIEIDRAATESOHTIIAHTIEIRL, *f
ity aryThyDHEDANRRINS.

16.1.2 EZa—JLEEDEE DM

EVa—NEROMRERTHLANI77F ¥ ESFIZ, EEQVAM2UEFTLEDIRLTHARTIZDT
LM THZ. A7 7 F v RDFHEE N2 &, HTORLREORETH 2 BIRE L B2 a0 %
BTHL2FAMBRENERES NS, A F77F v HEE, ThoRETHREINS ZhZzhofiz X b
Z27F %% TTV 7 4y 7 AL TR LN RBRIE L STINEREE 2, BIEORIIREE & SUTINEREISEMN T %
MR ZFFO.

Bz, Ab727F xR

struct
val version = "4.2.0"

end
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1, BUBRLE {version: string} & E{THFERIE {version:"4.2.0"} 24T 5DT, A+F7FvEHEF

structure Version =
struct
val version = "4.2.0"

end

X, BIFEORIBR & FITREREEICZh e, vy VA HIE {Version.version : string} ¥ {Version.version :
"4.2.0"} ZBMT 2RIREFO.

A7 7F 2 RES T A F v HlIRNZIMT 2R TES. 72 F 2 HilfNE, AT 7 F 2 K
TR ORI TH 2. ZHOMEOMOFIRILSING, MEF ORI L EBIETES. 72 F v
ffIEERFOR T 7 F viE, Y72 F X HNHE S NAFTIDAE b OBRENER I NS.

T7y0RF, A7 7F ¥ 2RITMODA NS 7F xZ2RTBBTH L. 2L, MEEoMBie 2ix
D, 77 RERIL Yy TLNMHIE N, D, 7707 X %ZIFHS 7 7 > 7 REIZEHRTER.

HEONGHEHE— FTOFHliofZRd. ZAZhDESOMXDOFMERIIN 24 ETE52 5.

(strDecl) A7 27 F ¥ ERTIESTDHS.

# structure Version =

> struct

> val version = "4.2.0"

> end;

structure Version
struct
val version = "4.2.0" : string

end

ZDEFITED, #AlF Version SR b 7 7 F ¥ 2R TEBRICHME XN, v ¥ 735 F Version.version
B3, string B EYE"4. 2. oMZHHE S 5.

(sigDecl)y Al FZ2> 72 F v I CHMTH2EESTDH 5.

# signature VERSION =
> sig
> val version : string
> end;
signature VERSION =
struct

val version : string

end

COEFIZED, VERSION ¥ A F ¥ ICHE IS, 72 FviE, A7 7 F ¥ TERINSH
HRIDPF OB Y OEMERHTH 5.

(functorDecl) A MZ27F ¥ WORA M7 F ¥ 2ART BB TH27 7 V7 X2 ERTHESTDH 5.

functor System(V:VERSION) =
struct
val name = "SML#"
val version = V.version

end;



16.2. HEa YA NE—RFDTO T T A 105

ZDHEFIZE-T, System’, VERSION > 72 F ¥ %2 b DX M F7F v% 517 D, name ¥ version
RERARCTDHDANIVF v RIBRT 7 7 0 7 RICHBENS.

(localTopdecl) local B & in THDON/EE 3 end L TTOAARRRANRESTH 5.

# local

> structure V = Version

> 1n

> structure Release = struct
> val date = "2025-03-24"

> val version = V.version

> end

> end;

val Release =

struct
val date = "2025-03-24" : string
val version = "4.2.0" : string
end

HE structure V = Version DA 22— Sl end T TTH3. /o TVIIZDRAES D/ TIXH]
TR L, XWifity > a o Td Release DANPKRINS.

16.2 LDEIAUNAILE—ROTOTS LA

BEQRANE—FRDTOTITLE, V—AT7ANEEFTDA VR =T 2 A ARFTR LA VR —T =
ART7ANDEETDHD. V=R 7 7 A VONE (source) [ FLLTD@EDTH 5.

(source) == ((interfaceFileSpec))? (sourceProgram)
(interfaceFileSpec) = _interface " (filePath)"
(sourceProgram)

| (decly  (sourceProgram)
|

(topdecl)  (sourceProgram)

V—=RAT7 7ANVIINIET 24 VR T 24 RX7 7 A VDIEE (interfaceFileSpec) ¥EE L2 WHETHD,
V—=RAT7 74N S.sml ER—FT 4 L2 PVIZY T4 7AW smi DE—DHD T 7 AV S.smi HHIUI,
ZFDT7 7 ANPEEICA VBT 24 AT 7 A Ve LTHREZINS. (filePath) I 3HM SR TH D, OSIT&
5%, 74 L7 PUORYIDXFITI/ (RF v a) ZHVS.

AV R=T 2 A RT7 7 A VDNE (interface) 1, VY —RAT7 7 ANDREL T MDD a v A LVHEfLDS
HE S D (requireList) ¥, Y —R7 7 A DD a > A )VENIERIE ST 2 A DF (provideList) %
LS 5.
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(interface) = (requireListy (provideList)

(requireList)

_require (local)? (interfaceName) (requireList) (init)?

_require (local)? (sigFilePath) (requireList) (init)?

(interfaceName) ==  (smiFilePath)
| (librarySmiFilePath)

(provideList)
provide) (provideList)
(provide) providelnfiz)

provide Val)

(

(

(

(provide Type)
(provideDatatype)
(provide Exception)
(provideStr)

(

provideFun)

(requireList) &, Y —A7 7 A VBB T MDY —RXT7 7 A NVDA VR —=T 2 A X7 74V (smi 7 7
AN) RR, 4TIV Dsmi 77 A NVK, FRESTAF ¥ 77 A NVNDRAKEIRET 5. _require IZ
ft< local l¥, Z®d_require THEINIA VR =T 2 —RA T 7 A NPV =X T 7 4 LD 5HDASIX
N, (provideList) > HIIBREINB NI e ZERT. ZD local ZWYNIIA S Z ITko>T, RNERA ¥
R—=T 2 =R 7 7 A NVDGHAAABEIIEL, 3V A VHZEMT 2 222 TE 2. init ld, #EEIN
oAV R—=T 2= AT 7 ANIHIET 2 7077 L0, _require BWEILNT2T0 T L KD BIITHTHE
flixNzZeZRTFRTHS. (provideList) 1%, Y —R7 7 AVH, D > A )VEAICREEST 2 EH
FOMETH 5.

(smiFilePath), (sigFilePath), ¥ X (librarySmiFilePath) 1%, _require A&HHN7z7 7 4 LD oAt
D7 7 ANNOHNARTHS. OSIZLBT, 74127 FPVORYIDIFIE/ (RTv>a) ZHVS.
RNAM. (BEVEFR) DOBE->TELIT PO 7 AVPIFELRVWESE, avYy o4 v TEX6MT:
O—RXZAD67 7 A VERET 5.

SML#DEMET 2 REMNRSA T3V DAV E—T 24 A7 7 AN TDO DD 5.

[ 5475 VUsmi 77408 | WA |

basis.smi Standard ML #4K5 4 751
ml-yacc-lib.smi yace, lex ¥ —)b

smlformat-lib.smi SMLFormat 7 # —<~< v R4ERY —L
smlnj-lib.smi Standard ML of New Jersey 74 72V
ffi.smi C oY RK—+74771
thread.smi ~ILVFAL Yy RYR=FF4 750
reify.smi BRI A= I 4 75D
smlunit-lib.smi BIKTF 2 Y —L

EECHIET 570 FIENTFOE) TH 5.

o MEFDES LA VYR T 24 ZADXE
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e EVa—INEHEDESLA VR T A ADMG

DEaL A NLE-RDOTRTT L
HE ((decl)) MIGF 2 7 aNA F ((provide) )
(infizDecl) (providelnfiz)
(valDecl) (provide Val)
(valRecDecl) (provide Val)
(funDecl) (provide Val)
(datatypeDecl) (provideData)
(typeDecl) (provide Type)
(exceptionDecly | (provideException)
(localDecl)

HE ((topdecl)) | RIET 571 NA T ((provide) )
(strDecl) (provideStr)

(sigDecl)

(functorDecl) (provideFun)

(local Topdecl)

107

TR F X T 7 ANME, AV RT = A RITEHE _require (sigFilePath) EETSRT 5.

LURICfiEiz 7 a 2o nl e R,
o 1 (BEARZA 75V D)

’ 77 AN

a— K

hello.sml

>

val _ = print "CZ

£5 ZF\n"

ATHIE, SML #\

hello.smi

_require "basis.smi"

a2 %4 L ¥ FEZT

$ smlsharp hello.sml

$ ./a.out

ZARBIE, SMLHE#EANES ZZ

$
o B2 (EIa > AL)
[ 7740 S
val _ = puts "ZAIKHIE, SML #AK
hello.sml .
9 Z %II
hello.smi _require "puts.smi"
val puts = _import "puts" :
puts.sml . )
string -> int
puts.smi val puts : string -> int

a %4 )L & FEL T

$ smlsharp -c hello.sml

$ smlsharp -c puts.sml

$ smlsharp -o hello hello.smi

$ ./hello

ZAHBIE, SML#ANLS Z

$
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16.3 TOJSLDERIBRESR

INBEELA YR T 24 ADENENOMX EEREERT A1, £, ThHESEA VX —T =
A ZRZRKT 2 U T OEROML L KREERT 2.

FEBE T0 ST LMY 2 RNENTH 5 FHREECHA T, KUIDRLSOERTHS. (5 17 H)

L FaEHAVTOL6NE 0T T LD0ERBRER. BNRBZEBLEMNRELYERTZ 707740
FITHNTH 5. (3519 )

B il 7o OREHOIFERA Y R — T 2L ADERICHAVOLNS. (5 18 &)
NZ—> BEEDOIRE IO FHEE R C DEDZ IR D BT 2 Z I WME R EEOHEDRTH 5.

(%5 20 )
HAFDORO—FRA AT ORPE N RO BRI O TR, (5521 =)

SQL & SMLAIICS — AL RICHAAENSQL a~ > F2ERHT 2. thoR e FEICZHER LS,
X BELTHHATE S, (B 22F)

ZFRUCTHEE, B W ECKSHEOESOMLEEREERL, BUETEY 2 - LEB0ES DM LR
REEHKT 5.
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BITE FoEE

AFETIX, SMLASHETHHAT 2 X TF e FHMEZERT 5. TAMEDOERTIE, BHEOEHKRNEE
Auws,

17.1 XF&8&

SML#SFETHMATZ 27X, HERTO 25 255 FTOHER ASCII XFTH 5. XFOHT, it
BTOD»5 127 £TOD ASCII XFIE, SMLASEBO THEECLPRYIDEES  LTHHENS. Zh o THIEE
PRYIDEAELELSBRWVED, HHERT 128225 255 ETO 8Ly bANA M2 ELXFEZHINTFL LT
HHTE2. ZOMAEICED, UTF-8 T ya— RINHARELZ#A T LEHATE 5. UFOxEE
tyTalid, HREZHEHLEZT w77 46TH 5.

$ smlsharp
SML# 4.2.0 ...
# datatype X N— =
> B of {K#f:string, F#n:int, ¥fi:string}
> | BB of {iK#:string, WS int};
datatype X > N— =
9B of {¥fi:string, FHn:int, Kfi:string}
| BB of {{F#fi:int, Kf:string}
# WIEE {#£fi="Ph.D.", fFln=21, KHA="KJE"};
val it =

WiEE (%L = "Ph.D.", s = 21, Kf = "R} : XN

HAEED Shift JIS a— XD k5%, HHEROD2S 12T FTONAS bW Z Y a—T 4 V7%
L7258 ORI RERTH 5.

17.2 FAES
SML#DFANE, LUROREELNH 5.

F#958 LITNIX SMLADTHEETH D, Al IR TE v,

abstype and andalso as case datatype do else end eqtype exception fn fun functor

handle if in include infix infixr let local nonfix of op open orelse raise
rec set sharing sig signature struct structure then type val where while with
withtype ( ) [ 1 {2}, : :>; ... _==>—>#

CHBFHN, UTFOMATOETERSNSSEHEY 5 R (alphald) IIFATHE.
SQL F#IEE LIFO&ER, SQLMCOHTIZPHEETH D, #ils e LTHETE R,
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i

asc all begin by commit cross default delete desc distinct fetch first from
group inner insert into is join limit natural next not null offset only on

or order rollback row rows select set update values where

INHFIN, HI9EBIUE 22 ETERSNS, _sql THE S SQL AANTIX, FHZ IR
(alphald) \ZIFE&ENRRV. ZOFHMIIEE 22 BTN 5. SQL AL, Standard ML T & L
i ninzo, ZThHHIRZEML TS Standard ML & %5 BB R TN 5.

PR FHIFE _THE 2L TOARNE, SML#DYLRIKREL EH T 27 DICBAINLTHEETHS. Zh
SRR THIEELE, Standard ML TIEFAI LB INRVEETH D, 5 %EML TH Standard
ML & 0% BRI TV 5.

__attribute

builtin _foreach _import _interface _join _dynamic _dynamiccase

_polyrec _require _sizeof _sql _sqlserver _typeof _use

HAF AT, Tur g Ak THHIN LA DEHETTH L. SML#ATIX, LUTO 7 EEOHHF23H
3. s THEEEZOEAIRICEC TRBXNZ DT, [F—4Hi%E o F@HER LTI

€4 Hi
(vid) B, 7—RaAVAIIIR
(lab) La—FDIR)L

(stridy | A+ Z727F x4

(sigid) | 72 F x4
(
(
(

funidy | 7 7> 7 &%
tycon) | BUNERLT%4

tyvar) | BUZEEL

(vid) = (alphald) | {(symbolld)

(lab) = (alphald) | (string) | (decimal)y | (decimal) _ {alphald)  (FF 1)
(strid) = (alphald)

(sigid) = (alphald)

(funid) = (alphald)

(tyvar) = (alphald) |’ (alphald)

(tycon) == (alphald) | (symbolld)

L La—=FI7~0ud, X785~V ((alphald) F721% (string) ) , BEZ~v ((decimal)) , I
Feft &SXFH 5 v ((decimal) _ (alphald)) @ 3T H 5. SML#TIE, La—FiE, 7
NADEFIHE->TY — bER, XY —DEIDHTHNS. XFHFNVDIEFE, T
DIEfF String. compare TH 5. BF 7 NIVDNEFIE, BTFH% HIRE & IR L 721 D B IR
DIEFTH 5. NEFM ETFHN T ME, BT 7V EFHN T RUH_THEFGE N DTH
b, ZOIEFIZ, BF IV EXFHZ RV DIEFOEERIEFTH 5.

BXTF7 7 ADEFRIILLTOED.



(alpha)
(symbol)
(alphald)
(decimal)
(symbolld)

[A-Za-z\127-\255]

VIRl el s+ /7] ] <[=]>]7]c¢]
(alpha) ((alpha) [[0-9] [~ | _)*

[1-9] [0-9]*

(symbol) *

111

LSl L # -1~ [\
1D

GE2)

1. F4127 5 R (alphald) \IFTFHEEEE TRV, X B, _sql ThAE % SQLANTIX, (alphald)
IZHE SQL FRUEEIZ & E 0.
2. (symbolld) 1TIXFHRIFBIZEZ FNR V. Lo T, ==>I& (symbolld) DEFRETH 5, =>%
(symbolld) DEFRTIZZRW.

long SBAF ZE T — 2K TH (vid) EANT 7 F v % (strid) THLTE, AMNZ7F¥HDY R
FRTVL T 4y 7 2SN long AT HERINS.

(long Vid) =
(longTycon) ==

(longStrid) n= ((strid)

T TZIL (scon) ERVTINVDERIILLTOBEDTH 5.

(scom)
(int)

(word)

(real)

(char)
(string)
(printable)
(

escape)

(inty | (word)
(7)?[0-9]+
(7)?70x[0-9a-fA-F|+

| (real) | (string) | {(char)

0w[0-9]+

Owx[0-9a-fA-F]+

(7)?[0-9]+ . [0-9]+ [Ee](™)?[0-9]+
(*)?[0-9]+ . [0-9]+
(7)7[0-9]+ [Ee](7)7[0-9]+

#" ((printable) | (escape)) "
" ((printable) | (escape))* "
\ & "RV

\a

\b

\t

\n

\v

\f

\r

\"[\064-\095]

\\

\Il

\ddd

\f oo f\

\urxze

((strid) .)* (vid)
({strid) .)* (tycon)
)% (strid)

TRV T I

10 EEREKL

16 HEEEL

10 HERF & 72 LR
16 ERFE 72 LB
BN

X
A

BT (ASCIL 7)

Ny 7 ZR— A (ASCII 8)

&7 (ASCII 9)

BATSF (ASCII 10)

HEH X 7 (ASCII 11)

R—247 4 —F (ASCII 12)

Y &—> (ASCII 13)
[\064-\095] 37% 3 il {HI L F
ST\

S

THERL ddd DFEB ZRFOF
ZEEAXFDYN f - f R IEAHT 2
16 EBERH voxvr TRINZHEES L RO UTE
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F£18F

AEHITIE, BOBYB LI SMLAT V3, FITHAAENTWERIZERT S,
ANZ, HAEA ((ty)) ©ZHE ((polyTy) ) XIS, BFHBMOESIZ, UFOXETHI-2Hh 5.

(ty) = (tyvar) RZE R4
| A((tyrow))?> L a— NA
| (tyn) * - x (tyn) AL (n > 2)
| () > () Eap s
| ({tySeq))? {longTycon) (ST REN)) BT =&
| ({ty) )
(tyrow) = (lab) : (ty) (, (tyrow))? L A—=K7 4= FOH

(tyvar) 1%, BMOEBRZEIEKTH S, FH1T2HTERLZED ’a, "foo BXU’a, »’fooD XD
IZFRiLE N5, BEFEIFEESY 27 4 THEEIEHATRER eq BICRESINLBEHRTH 5. eq BUX, B
BALY eq BT R WHAIAAT (real, real32, exn) ZEFRWEREDOHTHE. 2 —PFEHXRDT —X
By, ZOERICEEFNAEDPIRTeq B THNE eqTHB. - T, FIZRZUTDLSITERIN
51 1list X518 1+ S eq U THIUL eq BITH 5.

datatype ’a list = nil | :: of ’a * ’a list

BB >3 7 A RETEDGIHRICEWERET 5. L7z - T, int -> int -> int Zicdh$ 5
¥, int -> (int -> int) fRRIN 3.

(longTycon) 1%, datatype HE CERINLMHWRTFOHAITH Y, HE I N structure D>SZAHKT
BAfixN 5. int BFOREIRNI AT X X (tySeq) ZHFilz/2 W7 —XBTH 5. SML#4.2.0 IIZLL T
R B X7 — XN T AR EN TV S.
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ARG T% | @iH eq By ?
int 32 By MFEAEEEE Yes
int64 64 ¥y MFSAEEEE Yes
int16 16 By MFST 2 REL Yes
int8 8 By M =EEL Yes
intInf MBI D72 WIF ST 2 8L | Yes
word 32y MFESR UEK Yes
word64 64 By M LB Yes
word16 16 ¥y M5 UEK Yes
word8 8 By MFSR LEH Yes
real FE NI No
real32 32 By MBIV INESEL No
char N Yes
string XA Yes
exn A% No
unit 2=y ME(O) Yes

T ref ZH (KA > &) Yes

T array il Yes

T vector | N7 hL 7 eq 272 51X Yes

2=y MEDT unit ¥ ZED L a— FRI{HIER 2y L TRAlEN3E. Z4UE Standard ML 12x13 %
BHEBHOMNEEHETH 5.
ZHAOEF I TOIETEZ SN 3.

(polyTy) n= (ty)

| [ (boundtyvarListy . (ty) ]

| (ty) —> (polyTy)

| (polyTy) * --- * (polyTy)

| { ({polyTyrow))? ¥
(boundtyvarList)y = (boundtyvar) (, (boundtyvarList))?
(boundtyvar) = (tyvar) (kind)
(kind) =

| #{ (tyrow) }

|  # (kindName) (kind)
(kindName) = boxed |unboxed |reify |eq
(poly Tyrow) m= (lab) : (polyTy) (, (polyTyrow))?

o [ (boundtyvarListy . (ty) 1%, HFEMZEE (boundtyvarList) DR — T PRI N7 ZHET
H5.

o FUHIIZRE, TOHD 5 2MOEEEFHIRT Z2LUTDA A ¥ Fil# (kind) 22132 Z B TE 5.
La—RHhA4 2 Rl (tyrow) HZE, (tyrow) DRT 7 4 =L FEEL L a— FRUCHIR T 2. boxed
A4 Y PR =77 nr— NS EOBICHIR ST 5. unboxed 74 ¥ Fldb—F 27w s — b &
NRNMEDTNZHIR T 2. eq B A ¥ Fid eq BICHIR T 2. reify 74 ¥ Ni3BOV -7 1 r—> 3
VHEREZ WS Z e DI TH D, BIZEHHE) < HPH 2 HIR L.

ZDEAX, Standard ML OZtARIZ L a— FEMEEB LU V7 1 2R LD DTH S, fFHlx
3, UTFD X5 B2 R OBBIPERTE 3.
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# fn x => (fn y => (x,y), nil);
val it = fn : [’a. ’a -> [’b. ’b => ’a * ’b] * [’b. ’b 1list]]

Wity arTlE, FROIA Y RIKMAT, A—"a—FhA4 >R { (tyList) 37TV ¥ &
DD, ZiUF, BEDE) S HFE A AR AR (tyList) DWTHAICHIRT 204 > K TH
5. BUIE, A—N—0 =T 4 Y IRE AT LERDTV IT 4 TOAIREZINTED, F—N—m—F
B4V REGODEHAE L TS T LHIEETE I IETERY
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R (erp) DX DEFRIL, HETFRX (infir), BIBCEAR (apperp), JRFK (atezp) & HWTREERIC

EFRIND.

e I (Fy LX)

(exp)

(match)

o HE TN

{infiz)

o BIRGEHIA

(appexp)

o AT

(
(exp) : (ty)

(exp) andalso (exp)

(exp) orelse (exp)

(exp) handle (match)

raise (exp)

if (exp) then (exp) else (exp)
while (exp) do (exp)

case (exp) of (match)

fn (match)

_import (string) : (cfunty)
(exp) : _import (cfunty)
_sizeof ( (ty) )

_dynamic (exp) as (ty)
_dynamiccase (exp) of (match)
_sqlserver ((appexp))? : (ty)
-sql (pat) => (sqifn)

_sql (sql)

u= (pat) => {exp) (| (match))?

(appexp)

= (atexp)
| (appexp) (atexp)
|

CEEHBDA v R—1
CB#DA4 vR—-1
DY A4 X

BAEF v 2 b

BN X v X M EGE DT
SQL #—n

SQL FATRE%L
SQL 7 =V Wifr

RE—VwF T

BRoEN (efba

(appexp) # { (exprow) } L IA—FT74—)L 7 v F7F—}
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(atexp) = (scom) TER
| (op)? (longVid) E Vil
| {({exprow))? } La—FR
| ((eapy) ,- -, (expn)) fH (n>2)
| O unit BERL
| #(lab) La—F74—LFEL 27}
| [expr) -+, (expn) ] VAR (n>0)
| eapr) 5+ (eapn)) BERFFTR (n>2)
| let (declList) in (exp;);---; (exp,) end JRFATES (n>1)
| _sql ({sql)) SQL 7V Wik
| exp))
(exprow) = (lab) = (exp) (, exprow)? L IA—FT7 4 —)LF

(cfunty) DFEFIIEE 19.21 H#lZ, (sql) BEL (sqlfn) OEFRIIE 222 iz ZNEZ 5.

COREEIC K- T, BXOME (FxhomX) BRI S. JHFsEao i TthHd, M
BOEAX (appexp), HETFIX (infir), I (ezp) DRERZ, ZOIHDFEEHEN. 7721, HEFX
(infir) MK T 2 BEZEMOMEINE, ETERL, HEFESIKX-oTREEINS. S HIHEAETFR
X, HETFESOMADOMS > T, MHAOBEGEHICEMINIBEREXTHS. 22 T3, Xii
(19.1) KBVWTHATXOREMZERLDL, ROGETRBESNLMENTOEIAIC, SfEL 20X
bW EZFHAT 5.

19.1 EEFXOEMR
HETESE, MUMEORECEDIMRESTHD, UFOMLTERSNS.

infix (n)? (vidList)
infixr (n)? (vidList)

INBHESE, (vid) WNLTHEETEEE25 2%, infix B, @AlTF2EMEET2HE T2 LTHH
FTHILEESL, infixr SR, BUTOERHETSHETL LTHAT 2L 2EST5. A7 a
SELTHENEONE O X TOME (n) TINET 5 LA TES. FFENKZWVIE S HEEE DML,
WENIn 28 T22, 0RIBELIzARINE. HE,

nonfix (vidList)

\&, (vidList) OHEETFBIEZHIFRT 5.
CNHHAETEER, (vid) DESVEITSINCES ZEHTE, (vid) DESHERT 20l TOER
CABRDOFRII R 2 — FIHE S A3, BRTUBEADIERTDH D, il FOER L 3MLIckhIh 5.
HETEENEG X oAl F (id) DPRNFFE 2 —iciing e, HEFOBREIIEDLITOR
T ON 5.
ZEABR A
(exp1) (vid) (exps) | op (vid) ((exp1),{exps))

(pat1) (vid) (patz) | op (vid) ({pat1),(patz))
T, (expr) ¥ (exps) X, HETFEEDOHENOMIIIIECTREINS. NF/F 2 —VITH
N

op (wid)

i, (vid) LA—TH35, (vid OWETEEIEHINS.
ftoT, foo BEETEIEE bOMATOHE, UFD200RIIEMTSH 5.
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1 foo 2
op foo (1,2)

HETESREAVE T 2A AT 7ANLTHITI TN TES. SMLESETIE, TRTOa VA LH
MBIOHEHE—FT, UTOHEBETESE2E8LA VR 724 A7 7 A ADMEERIZ _require TNLTW5.

infix 7 * / div mod
infix 6 + - °
infixr 5 :: @
infix 4 = <> > >= < <=
infix 3 := o

infix O before

DI LD DERE A V7 4v 7 RAEFICE - T, MIXEOMEOMINERINS. HlZIF,
La—F7y 77— MEX ((expr) # {(lab)=(exp2)}) DFEENNE, mBME D (infix 9 L HF S
N7e) WEFID DML, if (exp) then (exp) else (exp) FDMOEXDIEE X, BRSO
W (infix 0 L' HE Shi) HETOMENLD 550,

19.2 FEHI (scon)

EBEUZE, BIT2HITERLLERY 77V (int), (word), (real), (string), (char) TH 3.
INBHOHT (int), (word), (real) DEEBIILTDORDED A —"u— R THBH, AR
Ko THALRADEIN L. XIROFKIAZFIUL, 77 44 b ORIZFD.

77 | Y S MRS A VIO
(int) int, int32, int64, int8, int16, intInf | int

(word) | word, word32, word64, word8, wordl6 word

(real) real, real32 real

(string) O (char) V77 ME, ZhZh string MU char B2,

¥, TUOERY 7, BITSCTE %27 —F727F v LOBARLENREZERT 5. E
TR DERIADFEHNEES 20 ETERT 5.

IR, EBoiHGiofltch 5.

# val one = 1;

val one = 1 : int

# val oneIntInf = 1 : intInf;
val onelntInf = 1 : intInf

# fun fact 0 = oneIntInf

> | fact n = n * fact (n - 1);

val fact = fn : intInf -> intInf

# fact 30;

val it = 265252859812191058636308480000000 : intInf
# 0wl00;

val it = Owx64 : word

# "smlsharp";

val it = "smlsharp" : string

# #"3S";

val it = #"S" : char
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# 3.141592;
val it = 3.141592 : real

19.3 long&#&AlFIU (longVid)

K& UTHNT long #&H T (longVid) OB Y fEHIZ, HEDERDOHT, ZD (longVid) HEBX iz
R ETH5.

(longVid) 1%, ZEGHEANT (vid) \CA S Z 27 F vl + (strld) DM TV 7 49 7 ANz (strldy).
<o (strldy) . (vid)y DTEORTH 5. & (strid;) ¥, H21 ETERT HNRAa—THANC X > T, xR
FLERMZZ7F v EECHETS. A7 27F¥ESIE, HI6ETERIND LS1T, BIEDOREICH
VAT ORMOEEBIT 2RERED. X512, (strld,_,) PERT 20> @Al TOFEOES
&, (strld;)) HVERT 20> BT ORBOEEICA N 7 F v 4 (strld) ZFMLTHLAZ Y
W T ORMOEE 2 BT,

WoT, (longVid) ORILAEIE, (strld,) WZXHIETE AT 27 F v OHT (vid) ISR R L fHE [H
CTH5. nPEROFEE, +y TLULT (vid) CHRBINBLETH 5. HHERHEZLINIORT.

# structure A = struct val x = 99 end;
structure A =
struct
val x = 99 : int

end

# structure B struct structure C = A end;

structure B
struct
structure C =

struct

val x 99 : int

end
end
# B.C.x;
val it = 99 : int

19.4 L 3O—F= {(lab)) = (exp1), ..., (lab,) = (exp,)}

La—RFRUEF (lab;) 3 (exp;) DMAPHLRELIA—FT7 4 =L FDEETH .
La— RFRELTD X5 IcFHfix 5.

1. La—FRDFRUDRITRTEREZDNF v 7 &N, FA—0 7 UBEEHANE, Bz -r7R5.
2. Kz, &R (exp;) 23, La— FRICHB T 2IHICEHME XN, 208 (ty,) &l v, DFTHEIN 5.
3. ZNS 2, FRAFHITY — b Ehiza— N
{(laby) = (tyy), ..., (labl) = (ty,)}
YL a— Ri
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{(laby) = v}, ..., (lab)) = v}
HRDHN, La—FROBEfEE 725,
E-T, BRI

val x = {SML = (print "SML#";"SML#"), IS = (print " is ";" is "), SHARP = (print
" sharp!\n";" sharp!\n")}

P35, "SML# is sharp!"¥ 7V ¥ F ENIE,

val x = {IS = " is ", SHARP = " sharp!\n", SML = "SML#"} : {IS: string, SHARP:
string, SML: string}

D &S BRI fED x ICHEES NS,

19.5 #T ((expy) , -, {exp,)) L unit T O

A Cleapr), -+, (ep)) 1F, BFE IV TELa—FR{L = (ewp1), -+, n = (exp,)} D
BRI TH 5. HiicLr a— FRicEfix iz, La—-Fe LGHiians. 72720, SML#D
MEER a4 1, BFE I T 5L a—FoMLfEzifle LTRILT 5.

unit BB TH 5. SMLATIX, Standard ML OEZE L IEERL D, uwnit B DL a— R}
WFEZH Y LTifbid., 220l a— FR{ZEDL a— Fh4 > ReHEo.

IR, MEEREREE T oMRXOFHEOHITH 5.

#val a = (1, 2);

val a = (1, 2) : int * int

# val b ={1 =1, 2 = 2};

val b = (1, 2) : int * int

# type foo = {1: int, 2: int}

type foo = int * int

# fun £ (x : foo) = (x, x);

# val £ = fn : int * int -> (int * int) * (int * int)
val £ = fn : int * int -> (int * int) * (int * int)

# f a;
val it
# f b;
val it
# O
val it
# {};
val it = {} : {}

(1, 2), (1, 2)) : (Ant * int) * (int * int)

(1, 20, (1, 2)) : (int * int) * (int * int)

() : unit

19.6 Ta—ILRFELIE #(lad)
DIRORIZE S OZMH 7 4 — L LI XTI 74 T TH 5.

[>a#{ (lab) :*b}, ’b. ’a -> ’b]
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ZOENZK, b D (lab) 74—V FEEGLa—RFDa B ANOZMHEEERS. ZoM,1s, 20
TV T4 ITOEAATRER UK, TV (lab) ZETEADL a—- FRZEObDICHINENE. 207
V274 JOBEAMBROR Y EIZ, BEHINZ (lab) ZELLaA—FD (lab) 74—V FORIYETH 3.
IR, va—R74—nAFEL 27 2E2E0R0OFMERTH 5.

# #y;

val it = fn : [a#{y: ’b}, ’b. ’a -> ’b]
# #y {x =1, y = 2};

val it = 2 : int

# #2;

val it

fn : [Pa#{2: ’b}, ’b. ’a -> ’b]
##2 (1, 2, 3);

val it = 2 : int

AN, La— FUORKRLHRETH S0, AL THLa—RF 74— FLL 7 XHPEHTE .

19.7 DX [{exp), -+, (exp,)]

D2 MR, [2] ohicary<TRY-EZROBEOV A RTHY, VA MNIOZOMEEERTS. VR
FNZ, TOURD LS CEREINT —XBTH 5.

infixr 5 ::

datatype ’a list = op :: of ’a * ’a list | nil

V2RI D & 5 ITHXXERDBITON, ZOMRDAA N L7zary A+ 77 ZEAADFHI XN 5.

ZE AT 2%
: (0<n)
[{exp1) ,---, {exp,)] | (expy) -+ = (expn) :: nil

ZOEEN S, VA MROEZORIIRTHEUCAEZEFHE LR IINIRST, Z0MPEZOHE T3
2 Mty list 23, ZORDOEERD, (v, :: (g, - ::(v,,nil)--)) OFEDOMEHRZDORDEL 72
5ZeDbh5s.

YRy 2 rRofilzrdg.

# [1, 2, 3, 4];

val it = [1, 2, 3, 4] : int list

# [fn x => x, fn x => x + 1];

val it = [fn, fn] : (int -> int) list
# [1;

val it [ : [’a. ’a 1list]

BBEOBIO X512, 0 E3SHE2ROEZDO) AT THS.

19.8 ZEXRERITN ((eapr); ---; (expn))

(exp1) 7B (exp,) ETOR%E, ZOIHIZFETL, BREOXOMLEZETNTH L. SMLADKDGFT
filx—fCEIEFHz &, ZoBXRFETNZ, Fig, AWEHZHIET 2 720cHws . I ICHHEG)
AN
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# val x = ref 1;

val x = ref 1 : int ref

# fun inc () = (x = Ix + 1; !'x);
val inc = fn : unit -> int

# inc();

val it = 2 : int

# inc();

val it = 3 : int

ref, :=, NI, % 19.20 HiTHAT 2 WA (K4 > 2R ZHET2HAAALHATH 5.

19.9 RFIEER let (declList) in (exp;);---; (exp,) end

R let (declList) in (exp1);---; (exp,) end ITX > T, R (exp1); - (eap,) I THMGEELDE
ST TES. ZOREBUTDO IS IFHlENS.

1. (declList) DMECFHI XN, Z DFEROZHCE ORI BEDEREICBMI N 5.
2. BIMEINZEIHD FTHK (expr) ;- (exp,) B3, T ONEICFHliE 5.

3. BRICFHi X 7 KOB L 2y, ZORBERORLEL 5.

19.10 FBABEAIN (appezp) (atexp)

kiR L TR, M EfcoXyh z2EAnsXom/ M TH 5. I ZoFFHKz2K
HRFIC Lo THAEDETHEREINTWS. HAEOEDOPTROMEE RN T 25, BECEH
THb. 7LXROEHETIZH S SMLATIX, BIBCEAZ, & (appexp) (atexp) WTmn3T L 51T, B
BaRT (apperp) 5I1BERTK (aterp) ZHITAZ M ARTEIRT 5. (expl) (expl) (exps) DX
Wi LTS eRE, ZOXE,S, FEET 2BBCER DO R+ (((expl) (expl)) (exp3)) &M
Rahs.

BARGE X (appexp) (atexp) DFHMIHIILATD X 51T .

1. X (appexp) ZHHHNCEHME L, 2 KRD 5. & LHDBEEI (ty)) -> (tye) TRINUE, WLI—
L%,

2. X (atexp) ZEINZEHMI L, (tys) BZRDB. (ty) & (tys) DEA—TRINIE LI - R 3.
3. R (apperp) ZEIFNCFHIE L, H Cls ZRkD 2. fHFBEK I n—Y v TH 3.

4. R (atezp) ZEHNCEHE L, Ho Z2KD 2. B 01— % Cls ITRF S NBRITIC, (RGIEDME v
NOFFZBML, ZOEEDORNT, B/ 0—2 % Cls KIRMFEFSNza— F2ETL, BRYRE
ZRDD. B (ty) & o' D, BIBEHKXOMEETH 5.

DNz BEcER A2 Z0hl e 3. REOFITIE, #name £("joe", 21) IX ((#name f) ("joe", 21))
LRI, Blro—r kb,

#val £f = fn x => fn y => fn z => (x,y,z);;

val £ = fn : [’a. ’a -> [’b. ’b -> [’c. ’c -> ’a * ’b * ’cl]]
#f 12 (3,4);

val it = (1,2,(3,4)) : int * int * (int * int)

# fun f (x,y) = {name=x,age=y};
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val £ = fn : [’a, ’b. ’a * ’b -> age: ’b, name: ’a]

# #name (f ("joe", 21));

val it = "joe" : string

# #name f("joe", 21);

(interactive) :5.0-5.6 Error:

(type inference 028) operator and operand don’t agree
operator domain: ’BCUJ#{name: ’BCUI}

operand: [’a, ’b. ’a * ’b -> {age: ’b, name: ’a}]

19.11 T4 —=ILET7yvFT—FR (apperp) # { (ezprow) }

R (appezp) DEDL a—ROKE, ZD7 4 = F%E{ (exprow) ITIHELBIIEELTEONIH
LWwbLa—F24ERT2XTH5. ZoXD8E, X (apperp) OB EFE—TH 5. DLNHIZRT.

#{x=1,y =2} # {x =2}
val it = {x =2, y = 2} : {x : int, y : int}

LUITRoflpnrd@Eb, oL a— FIcEL T2HEEE2E-.

# fun incXr =r # {x = #x r + 1};

val incX = fn : [’a#{x: int}. ’a -> ’a]

# incX {x = 1, y = 2};

val it = {x =2, y = 2} : {x : int, y : int}

19.12 BB (exp) - (1)

R (exp) OBE (ty) WHIKIT 2N THS. (eap) 138 (ty) XD —RARBTHZDENDH L. LTI
Bz R

# [] : int list;

val it = [] : int list
# 1 : intInf;

val it = 1 : intInf

# fn x => x : int;

val it fn : int -> int

# fn x => x : ’a -> ’a;

val it = fn : [Pa. (a -> ’a) -> ’a -> ’a]
BEOFID X 51T (ty) 3RHEHEEATHRV. GENRERIE, 1 v R&y2{bEhkv. £0%E
BORa—713, FICEZBOESHRIFIUE, ZOREHEIBINE D - bHHID val EERIKTH 5.
ZHOESBLUOZDRa—FHANCOWTIE, 231 iTERT 5.

19.13 FRIEEEI (ezp;) andalso (expy) BKXU (exp) orelse (exps)
HIEREL T O XS ICFOERSIN TS,
datatype bool = false | true

WH T — 2B FIEIKLFETHE 2880 D 553, false & true W3HIHNTH 5.
bool M ZHiD 2 DD (expr) & (exps) WAL TUANDOW A ERINTNS.
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o FmHHfE : (exp;) andalso (exps)

(exp1) DEZFHMEL, ZOFERD true THIUX, (expy) ZEFMEL, ZORERIAEMROFER L 12
%. (exp)) DfED false THIUX, false DMETDH 2. ZDGE, (erpy) IFFHHE 2.

o FWHEFI : (exp;) orelse (exps)
(expy) DIEZFHE L, ZDFERD false THIUL, (erpy) REHHEI L, ZOFERNPXEEDOFER L 72
%. (exp;) DED true THIUZ, true NRDETH 5. ZDHE, (expy) EFFHHEX 2.

D &S HeHiliZFE T 27012, THLEHEIIEETER I LTREEATWS.
INHMEUINWITNDERET S, £, FA—LNLOMSCERTIE, LN E %I
HBLL 22 X D5, 1Eo T,

false andalso true orelse false

X (false andalso true) orelse false BRI, FHEFEHRDMEIX false ¥ 75,
bool BIDEIZIE, T SMXLUMIBEBIERINTWVWS.

not : bool -> bool

19.14 HIANNIET (exp) handle (match)

R (exp) FHHEFICHRET 2052 F vy F LT 2HXTH 5. (match) TIE, P K- 2D
NE =27 v F LGS DRl X A1 2 ool 2 BIgK & FfRICU T OE Citik 3 5.

(paty) => (expy)
| ...
I (pat,) => (expn)

FRRZ = (pat;) \FHIMERF 2 BT X =2 TH D HIHVEY (exn) ZR7-RIR SRV, Fiz, &R (exp)
DOENZ (exp) DB [E—TH2RXEDDH 5. ZORDFHMILLTD L 5 12fTbh 3.

o K (ezp) ZFHliS 2. FHEDIERE KT T4UL, ZDEIZOXBERDMHEL LS.

o X (exp) FITHINDFAETIUL, ZORIINDZ =2 (paty) DD (pat,) & ZDIHICHEZN, < v
FF 28— (pat;) BHIUIL, (pat;) OFDOZEEDMIGT 2615487 X —RiIZHfEEh, ZOR
f@pEME N BRBE T, X (eap;) ZFHHE L, ZORMEIARKOFERE LS.

o ¥y F I RPN E =T IUE, ZORTR—DHNBFEELZD L LT, ZORXZHOADRT
MiDHATE N 5.

19.15 BIAFEI raise (ezp)

HIAEL (exn) ZFFOMTEED (eap) XL T, ZORDANZ, XROHIFINC X > TR FE ZEEOEI
D, XIROFRID T IUITIE R a TREIN D ZHEZFFD.  (eap) DHISVEEF 220 uE, ZoR
BHTS -3,

ORI AT 2 &, FITR (exp) PFHIEIEH, ZOFBROHIIMEZEFEOBINDFE LRI
ERENDE. Lo T, ZORMEEEZZ .
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19.16 M3V if (ezp;) then (expy) else (exps)

G ERINTH 5. K (eapr) Ebool BB, K (exps) &N (exps) BRI UM ZFD Z L RS
ns. oD R~T, oL (expy) LR T ZHD.

ZOROFIIATD X 5124T7bN b, (exp) ZFHHL, ZDED true THIUIN (expy) ZFHMIL Z
Dfi% ZORDFHEDME L T 5. (expr) DD false THIUIN (exps) % FHlI L Z DfE % Z DD FH
DIEL T 5.

19.17 while I, while (exp;) do (exps)

(ezp1) H3bool MEHiOXTHIUL, ZOXLKIZ unit MZ2FD. ZORXOFHIZ, (expr) DIED true
THIUR (expy) ZFHEIT 2 Z e ZMEDE L. (exp)) DOfED false THIUX, O &TiRT.

19.18 HZHIITIN case (exp) of (match)

(exp) DFHIEFERDMEZIGE T CUBT 28X TH 5. (match) T, T—EBRTFEEL K->
EEDOARE—VIZvy F LRI SN 2 RO Z L NOE Tl s 5.

(pat1) => (expr)
[ ...
| (pat,) => (exp,)

EoRB = (pat;) 1, FH220ETERTIT —XWRTLE-DPORDT—XAAX—=2ThHb. o
2 — VEBIILIR ORI 2R X il o7,

o Al—DNREX—VITEENDBNDZERIITRTRLD.
o NRX—FTNRT (exp) ORLFURZHD.

¢ 2<i<nRBITRNTDIIDONVT, K= (pat;) DIIERTH->TERSRWV. THDE (pat;) 7
HIN=F 5T —=RDEEH, K= (paty) D6 (pat;_1) BHN—TF 2EEDORNTERIIEENT
F72 5720,

BIZ XL R DB 3 B HDSRMFITER LTV

# fn x => case x of (X, 1, 2) == 1| (1, X, 2) == 2 | (1, 1, 2) => 3;
(interactive) :6.8-6.65 Error: match redundant and nonexhaustive
X, 1, 2) => ...
(1, X, 2) => ...
-—> (1, 1, 2) => ...

C@%’%’J@fb T, ZOXEHRIIEKX (exp;) DB EFR LR ZFD.
DGETIROFHMILL D X 5 1f7b s, (ewp) ZFHMLIFONMEZ, (pat1) D5 (pat,) D
ﬁ&*/kﬂbf,;@MK7/4/7%56,ﬁ@ﬁvy%bkﬂ&wVQMQCﬁiﬂégﬁ%ﬂm
TAHEICHML, ZORMMETEDEREENM L THEONZBRIET, (pat;) RGBT 23N (exp;) ZFHML,
Bohzfiz, CORDMELTE. vy F T 58— UGG Match IV 2 FESE 5.
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19.19 B fn (maich)

(match)y PRIAT 2B ra—Y ¥y 2AERT 5. (match) X, T—2ERFrELREX-—, %
DRE—=Z2 v F LT 2518052 bh Rz h 2 X0l TH 5.

(paty) => (exp)
[ .-
I (pat,) => (expn)

ERR = e ROM (pat;) => (exp;) T LT, (pat;) O (ty;) ZKD, & —>DHOEHORZH
TEORIBRENC M A 72 BUBREED R T (eap;) DM (1)) KD, BB (ty;) -> (t) 215%. IO 6B
g RTH—LLTELNZEEE (y) > () PZOBBEOMTH 5. BAKAOMHEIE, BEDHE
DRREE ZOMBXOMAL» SR BB/ v - v TH .

19.20 #HAHAABIE ZDER

SML#DHAAABIDHT, FISE (exn) DIRIEIX, 26 19.14 HiTEFR L 72 handle X & raise MY
TiTbh . 2=y M (unit) X 2 RIREEEE V. 2N OHAABTIDOEOERIER, HAA
AR e LTt h, BIRERZz @ TN 5.

SR (Pa ref) LHVI (Pa array) AV DMEIX, BAZBEBHSEOEMGRICESMETH D, HAA
ABAEUMMEZ Z T D EZ R TR TH 5.

S (Pa ref) LEAIM (Pa array) i, XEV —fHBOBIRN LR EHRZFFT.

(ty) ref DfHIZ (ty) BLDEANDKA > X —THH, LIROMAAABEMTEEIEEINS.

ty) -> (ty) ref

o

(ty) ref —> (iy)

:= : (ty) ref * (ty) -> unit
3

infix

ref (exp) WCKoT, (exp) DFHfifEROMEZRIET RA  XDBERS NS, ref (exp) &, (exp) DFVi
FRDEDBRA X THIUX, ZORA Y EBETEZIO MT. (ezpr) := (exps) &, (exp)) DFVHif
FRDOMEDRA Y XTHNZ, ZDKRA Y EHHETEE, (eapy) DFMEFEROMETE ZIRZ 2.

(ty) array OfEIZ (ty) HOMEZEEOR L § 2 ZHAJREREYTH 5.

(ty) array 2@ 02 DOMMOMAALR ZIRIET 2 AAABENZ, BT I8 25 BiTERT 254
A7V LTUROHHTIDRA NI 7 F ¥ I2FeDHNT WS, General R + 77 F ¥ 12X, SIRAE DM
AIAAER, HAAATZHET DBCHEAET 2 AT LEROPIN L EDPERI N TV S.
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HAABR | AT 7 F % I F ¥
int8 Int8 INTEGER
int16 Int16 INTEGER
int Int, Int32 INTEGER
int64 Int64 INTEGER
intInf IntInf INTINF
word8 Word8 WORD
word16 Word16 WORD
word Word, Word32 | WORD
word64 Word64 WORD
real32 Real32 REAL
real Real, Real64 REAL
char Char CHAR
string String STRING
T array Array ARRAY
T vector Vector VECTOR
7 ref, exn | General GENERAL

F19E RN

ERINTVBHE I, UPO XS5BT THICT 2 A 77 F vy 2HERLTAZ L, R

5ZENTED.

# structure X = Int;

structure X
struct
type int
val *x =
val + =
val - =
val < =
val <= =
val > =
val >= =
val abs
val comp
val div
val fmt

val fromInt = fn : int

= Int32.int

<builtin> : int * int -> int
<builtin> : int * int -> int

<builtin> : int * int -> int

<builtin> : int * int -> bool

<builtin> :

int * int -> bool

<builtin> : int * int -> bool

<builtin> :

= <builtin> :
are = fn : int * int -> General.order
= <builtin> :

= fn : StringCvt.radix -> int -> string

val fromLarge = fn :

val fromString = fn :

val max
val maxI
val min
val minI
val mod
val prec
val quot

val rem

int * int -> bool

int -> int

int * int -> int

-> int

intInf -> int

string -> int option

= fn : int * int -> int

nt = SOME 2147483647 :

= fn : int *x int -> int

nt = SOME 2147483648 :

= <builtin> :

int * int -> int

ision = SOME 32 : int option

= <builtin> :

= <builtin> :

int * int -> int

int * int -> int

int option

int option
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val

val

sameSign = fn : int * int -> bool
scan = fn
: [’a. StringCvt.radix
-> (’a -> (char * ’a) option) -> ’a -> (int * ’a) option]
sign = fn : int -> int

val
val
val
val
val

end

toInt = fn : int -> int
tolarge = fn : int -> intInf
toString = fn : int -> string
” = <builtin> : int -> int

19.21 §BE91 >R—FI: _import (string) : (cfunty)
C BI¥z 64 SMLARIE  LTHAT 2700 TH 5. MXOWMNEZDOERIIUTOL B THS.

o (string) : CBAEH. ZOHHID, VY IRV Y AR KXo THEK e LTSRN 4HTTH 5.

o (cfunty) @ CERDHDIEE. LUFORIHE, CEBORZIEET 5.
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C BAE © (cfunty)

(cfunty) = ({cfunattr))? (argTyList) -> (retTyOpt)
(argTyList) w= (A{argTy) ,..., (argTy) (, (varArgs))?

| {argTy)

| O
(ret TyOpt) n= (retTy)

| O

=Ny BB ¢ (argfunty)

(argfunty) m= ((cfunattr))? (retTylist) > (argTyOpt)
(retTyList) m= ((retTy),..., (retTy) (, (varRets))?)
| (retTy)
| O
(argTyOpt) m= (argTy)
| O

MHEERR © (interoperable Ty)
(interoperable Ty) ((tySeq))? (longTycon)

SML#%25 CIZHET5 DR & (argTy)

(argTy) (argTy) * -+ % (argTy)
{ (argTyRow) }
(tyvar)
(interoperable Ty)
(argfunty)
(

(argTyRow)

C 5 SMLACESNZEDHEDOR © (retTy)
(retTy) == (interoperableTy)

| (tyvar)
AIERGIBAHEE © (varArgs) B XU (varRets)
(varArgs) s= ... (A{argTy) ..., (argTy) )

(varRets) w= oo ((retTy) ,..., (retTy) )

C BIBUBYHIEE © (cfunattr)

(cfunattr) n= __attribute__(({attr),..., {attr)))
a = cdecl | stdcall | fastcc ure | fast
tt P

laby : (argTy) (, {argTyRow))?

F19E RN

(BH5 15
(B 7=75 1 0)
(51E7z L)

(C @ void BUTXIIR)

(BH5 15
(B18h37=75 1 0)
(51802 L)

(C @ void BUTHIIR)

(C &R UATREZRAUCIR 2. BUNICEER)

(C DFEERANDRA ¥ ZBENHHY)
(C DGERANDEA > ZBENTHHY)
(boxed 1A ¥ F&FOHDICIR )

(T—noNy 7 BEEG 158
({lab) 1% (decimal) TIHE 2D DIZR3)

(boxed A4 ¥ FZHDOHDITIRD)

C BBz HN 2814 (interoperableTy) &, LARD 2 DD5EM%2 R Tili/z 2 R ITFAUIIR S 720,

1. (interoperable Ty) \FLARDWT N TR ITIUIIZ 20,

o MHAEMFIREAR R T int, int8, int16, int64, word, word8, word16, word64, real, real32,

char, 721X string.

o CHKA Y ZDAL: codeptr, (interoperableTy) ptr, £7z1% unit ptr.

o ZHCRAVEE L (tyvar) ptr (772U (tyvar) IX boxed /1 A

ZFROLDICIRB).

v R %7213 unboxed A ~ K
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o A XA (ty) size.

o HCHIEY o (interoperableTy) array, (interoperableTy) vector, E7zl% (interoperableTy) ref.

o ZHMHBIHIEY @ (tyvar) array, (tyvar) vector, £7z1& (tyvar) ref (7z72L (tyvar) 1% boxed
A4 > FE71% unboxed H A ¥ F2HiD0 8 DIZIRS).

e type HE THMII7, LELDBDWTIALDHI%. ((tySeq))? (longTycon) Z BT % & LoD
WINPT S RITUIR SN, 72720, (argTy) & LTD (interoperableTy) I type &
TNIBDRNGDRIZGETRD, ((tySeq) )? (longTycon) % B LIAGRDS (argTy) FH4
OIS 2V L a— FRITH 5 TH R,

2. CHh o SML#ZEEND, CHFEEZHZ D TER[EEMHOD 2HDOMIZ, string B, array A,
BEUref BIBNATIE RSBV, T8b5, ZNO6ORIIDIROBERNCEHNTIER S

vector i,
VAQRAN

o (retTy) £ LTD (interoperableTy)

e array, ref, BXU ptr MDA T X &

Mtz 3 (interoperableTy) &, ZDRIHN 6 BARIEMEEI NS C OEITHY T 5. Xz
BURIZRS.

(interoperable Ty) WE3 5 C ol

int BEOZOMHE | BT Y4 XRS5 =AY
word B XU Z D | FUH A XOFFE1F = EHo

real double

real32 float

char char

string const char *

codeptr C OBEBADRA > 2H

T ptr TANDRA ¥ EZDH

unit ptr void *¥7ZIIATERBADRA > 2H
T size size_t

T array T MDA DT RA > &2 A

T vector 7 B D const FLA|DIEHHZFE TR A > 2B
T ref T BOERL 1 s 2ie 3 KA > 28

SML#® int BE UL word lFHIZ32 Y A XOBTH 2 Z L IHEEINWV. SHDIZLAED
YRAT LTI SMLAD int ¥ C @ int [ EXET 523, int 2332 By b TRV AT LTINS
LW,

(argTy) D (argTy) * --- x {(argTy,) BEF{ (laby) : (argTy1) , ---, (lab,) : {argTy,) YHZ, (argTy),
-, {argTy,) & F VD (decimal) DNEFE TR >N LTHD const fff ERGEARTRIAND KA > X0
5. bL, BTD (argTy;) BRILESIE, EEEn D (argTy;) O const I FHFNDFHFANDRA ¥ &
HXIT 5.

C BB SML#D 6 R T8 7 X X ZHANCEH K & &, O Z0HEIKRYD, CEBO5EEB LR DA
DRl LTHRZBEENTH RV, flziE, C oEFEHEK

void *id(void *x) { return x; }
ZUTDESIZA Y R=PFLTH K.
7a _> 7a

val ’a#boxed id = _import "id" :

F7, (EEDKRA Y EZDEZERT 5 printf BIBEMLTO X 5124 Y R—FLTD K.
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val ’a#tboxed printPtr = _import "printf" : (string,...(’a)) -> int
C O DFNIEDR Y 2 JBHEDERIZUATOED TH 5.

cdecl X—% v b7 Ty b 74— LIFEHED CBRIFCH LBINCIES CRAKTH 2 2 2£ Y. MUHL
BB T 2 BUHAMEE SN TORVWEEDT 7+ L M TH 5.

stdcall Windows 77 v b 7 # — LIBT3 stdcall FEH ULERICHES CEABTH 2 Z 2 2K T.
fastcc LLVM 22453 3 fastcc FEOVH LERIICIES CREBTH 2 Z v =R 7.

pure C BAEDY SMLAD 6 R THIRAGEBTH L2 2RT. Thbb, ZoEEELHE> CEEX, XE
VOEZMZ 21TDT, O3V X DA HIRDENIZ 1 DICEES. SML#AT V4 7D
W EL 2 5.

fast C BABDIIERICH ORI TR T 32 222 R T, ZoOBMEERRO CBEIZ, a— Ny ZEEEE
CTSML#Da—REMFHLZD, ALy FOFTEZHE L TIZR 5KV, SMLER V%1 F13,
COEMEFO CBBIIH LT, EDMROBVWEIH L a— F24ERT 5. 272L, ZoEMLZE
O CHEEPRVWRHEZHEEST 2, GCIKHEELEZ, 2O CHBDKTIT2ETOM, ALy
FOFEITHRIEF ZATREMED D 5.

ZORDENE, (cfunty) THEE L7z C BBOBIIHIET 2 SMLADEBIITH 5. MIGDEFRIILIT
DEHTH 5.

C BE#AY SML#RE%

C {argTy) 1, ..., {argTy) » ({varArgs))? ) => (retTy) | (argTy)1 * --- * (argTy) , (* (varArgs))? -> (retTy)

{argTyList) £721% (retTyOpt) 73 ) OHEIX, unit B LT SMLADTRNIHINS. (interoperableTy) ,
(tyvary, BEL () ZZDFF SMLADHRICHNS. ZDERIE, -y 7BBI (argfunty) 12D
WTBFRKTH 5.

ZORDER, (string) THRE S N7z CBEBZIFOH S SMLADBKTH 5. CBEIOIEENEL W
RO, #@HD SMLAMKE LTHEMATE 3.

19.22 EE9A AR —bFI: (exp) : _import (cfunty)

BRI A > R— bR ARROERER, B Y ¥ 212K > TRZBEBERA Y 2T L TITH5TH 5. (exp)
¥ codeptr B TRIFIUIZ SRV, ZOXEFHMET 2 &, (exp) DFHMXH, BEKRA > 252155, B
RAVEDPET 3 — FD (cfunty) THERINLED CRAELROIE, ZOXDMHEIZ, (erp) THREIHNLC
BRI IF U 3 SMLADBIITH 5. Z5 TRVWEGEDOROERIIRERTD 5.

19.23 A X _sizeof ((ty))

(ty) BIOMEDRXEY ETOREX (N1 M) 2RIEBKTH2. ZoXDBIE (ty) size THD,
fEIEANA M EERTERTH .

B4 XRUFFEIZAL Y AR—= b L7 COZHBEBEZHOHTDICHWS. flZiX, COFEES 475 1)K
memcpy ZELFI DI EIE 1 BEROa b —ICHWREE, 4 K- bREULFO@ED TH 3.

val ’a#unboxed memcpy =

_import "memcpy" : (’a array, ’a vector, ’a size) -> unit ptr

CDEIA YAR— P LEBEEZUTOIS L THUHT e TES.
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fun ’a#unboxed copy (a : ’a array, v) =
if Array.length a > 0 andalso Vector.length v > 0
then memcpy (a, v, _sizeof(’a))
else ()

19.24 BWEIF v X b _dynamic (ezp) as (ty)

ZORIEHIR T ENIAHE (exp) & (ty) TF ¥ A M T 5. (exp) DB 7 Dynamic.dyn TRIFIUI
BBRN. ZORORE (1) THD.

CORZIHET 2 L, (exp) HFHlEN, BN ITSNAE 2155, ZORXDMHEE, v OFEEE (ty)
WHKEFELTRES. ZORAEUTOEY TH 5.

(ty) 7’ Dynamic.void Dynamic.dyn D ¥ &, ZOHRODfEHIZv TH 3.

(ty) 737 Dynamic.dyn DY X, v B 7 BDOL 2 —%FD (v OEIMHEE  BOEE LTI H
w3) %olX, ZOXDHEIF v THS. %5 THRIJIUL Dynamic.RuntimeTypeError fil44 2 FAE X
5.

(ty) 73 Dynamic.dyn BZEERVE X, v OFEID (ty) =T 24K 61X, ZOXDMEIZ v Z (ty)
BZF¥ vy A M LETHS. #5TRIFINIL Dynamic.RuntimeTypeError FAf & FEXH 5.

(ty) »3 Dynamic.dyn A EZLRO L X, v BXU (ty) OMEICH U THEIRINIC LD HAZ j#EH
T5.

BIZE, UPDESCLTEo7zLa—FDY R MINLT

val r = Dynamic.dynamic [{name = "Joe", age = 21}, {name = "Sue", age = 31}];

UFRDX ¥ A MEIETIELW.

_dynamic r as {name:string, age:int} list;

_dynamic r as {name:Dynamic.void Dynamic.dyn, age:int} list;
_dynamic r as Dynamic.void Dynamic.dyn;

_dynamic r as Dynamic.void Dynamic.dyn list;

_dynamic r as {name:string, age:int} Dynamic.dyn list;
_dynamic r as {name:string} Dynamic.dyn list;

_dynamic r as {name:string, age:int} list Dynamic.dyn;
_dynamic r as {age:int} list Dynamic.dyn;

v BRI T LS ML TR OIEETRS TS LW, FIZIEUTD XIS I L TEo/enT B Y =7 X
BYRMIHLT
val 1 = Dynamic.fromJson
"[{\"name\":\"Joe\", \"age\":21},\
\{\"name\":\"Sue\", \"grade\":2.0},\
\{\"name\":\"Robert\", \"nickname\":\"Bob\"}]";

URDXx % A MIETIELW.

_dynamic 1 as Dynamic.void Dynamic.dyn;

_dynamic 1 as Dynamic.void Dynamic.dyn list;

_dynamic 1 as {name:string} Dynamic.dyn list;

_dynamic 1 as {name:string} list Dynamic.dyn;

_dynamic 1 as {name:Dynamic.void Dynamic.dyn} Dynamic.dyn list;

CORETE A A NE— FTHWSSE, "reify.smi"% _require T2 MNENDH 5.
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19.25 EVEIF v X MIEFIHE 51T _dynamiccase (ezp) of (match)

(exp) DFHAEROBINAIT X A7 % BIOH L OIS 2589 CLET 2 Th 3,
(match) Tl&, 7F—XRRFEEGLAX =Y L ZOAR—1C7 v F LR IHE N 3 ROME L RO
Citdb T 5.

(pat1) => (expr)
[ ...

| (pat,) => {exp,)

EFRZ =V DINIZNEFNEZ > TWTHRW., 72720, BRE—VIZHEHNZHBANTRE =D BER
DR =V BLXOEH AR — VI TXTRHTRMM T ohTuRiFhI e oin. Fk, Tho k-
VEESEFMUT OGN E R X R S 0.

o FEEEINENRX—VEZOMTHE LI &, BHDAREZ— VDI RIZDOWT case I & [AREDHIKY
7 XUl sk,

B Z I FOMIE int ICOWTHERZDITS—2 5.

# fn x => _dynamiccase x of x:int => "int" | x:real => "real" | 0:int => "zero";
(interactive):1.8-1.76 Error: match redundant
X => ...

-=> 0 => ...

ZDGEFTFROFHMILTD X 5 12fT7bN 5. (exp) ZEHMl LT O MBI XN &, (paty)
25 (pat,) DRE—=VIIRLT, ZOMEIIY Y F> 7 EikAS. vy F 7O, _dynamic R & [FRED
FHET, v 25X =V ORICHNUX Yy A T 5. Fr APy F Y TOMSFITHRY L IBAD 2 —
¥ (pat;) WEENDZEBENIET 2EICHE L, ZOREE2BEORGEEML TRONZIRET, (pat;)
WS 2R (exp;) ZFHEIL, 1§50 2MHEZ, ZOoXDEL T5. FHPRF v X MIEIT 28 2HF0 8
R — Y PFE L7V E 21X Dynamic.RuntimeTypeError BN RET 5. v FF 588 = U WS
' Match FISADIFEAET 5.

ZOREFE YA VE— FTHWSEHE, "reify.smi"% _require 3 2 M4ENH 5.
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FT20E NHA—DENR—IIVFYT

fERMEE (valBind) (23.1) OFFMENRB L OBEE S (funDecl) (23.2),
agw%hmﬂeﬁuau)wﬁﬁk@,A&—/%ﬁﬂﬁé.
NRE—=F, EIFONEERLRT 5. Sz =2, WS 2HE <y F ¥ 7DiRA S
N, vy FFTIUE, REX—VICEETNIERD, ZOBNBMNBICHIET 2ECHEINS. Z—r<y
FUE, ERR—VDRA—THZAEFHAD 720 DRI S X — V2 EH F N2 RO R IEERE
ZBMT 2R ERD. (EoT, H1X—F, #NLFHIOSLE, BIMTNESRREY, FITROFN

case R (19.18), fn X
BRI ARE— Y DRRIZGETH 5.

ZeHiiogE, MEREIMIG U HEDREZ A/ T 5.
(pat) ESUILLFOIETHEZ BN 5.

e XEX—Y (Fvy L RIL)

(atpat)
(op)? (longVid) (atpat)

\ 7 — X WG
| (pat) (vid) (pat)

\

\

7—xkiE (HETFRED)

(pat) = (ty) RIHIRI R R — >
(vid) (: (ty))? as (pat) ZBESRRX—Y
o JRF K-V
(atpat) = (scom) TER
[ B R —
| (vid) ZHRPFaAY AT o X
| (longVid) aAvRAEITAR
| {({patrow))? } La—R&k—y
| O unit BUER
| ((patr) ,- -, (patn)) fH (n > 2)
| [{pat1) ,- -, (paty) ] YZ b (n>0)
| ({pat))
(patrow) == ... B 74— K
| (lab) = (pat) (, {patrow))? La—RK74—iF
| vid(: (ty))? (as (pat))? (, (patrow))? ZBERZ ~v
MR, %2 = (pat) ICDWT, ZO8 (1) LERINZBBEET BXO~vy F 5 2HEEHT 2.

FATIRF DENH L FHMIRF I AR S N B BRI, ARSI N2 BBREICHICT 2~ v F LHOFRERIE TH 5.

BN — > (scon)
5. [A—DEREC~ Y FF 5.

BN —>:_
Bz~ vy F5 5.

MHRICHE - TR F 2RO Z R D, ZEORIBRE

192 TERSNIEHAF—TH D, MLT2MEHK5, ZORBRE 0 Z24M T

0 BERT 2. RE2—ORIZFOME
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BAFNE—>: (vid) ZOBANTED, ZORR—UPBEIBNMBEERa—-T L TEaY AT
X2 LTERINTOWIUL, 20aYR 77 20MeHE, BORMREZHENRT 5. ZOavyA 77
Ry FT 5.
BAIFEREINTORWD, £, ZHEEZRO AT LTERI L TOIUE, ZOAFNISR
WEoTEEZEREDH (ty) Z2Feb, BUBRE { (vid) : (ty) } ZHENT 2. B (ty) Z2FROEEDHEIZY v
FFT5. TDRX=VE, K=V EEOREIDED B A3 —THEANGEN, %0 (vid) DFHERINS.
DR is el 2R 3.

SML# 4.2.0 (2025-03-24) for x86_64-pc-linux-gnu with LLVM 20.1

# val A =1
val A =1 : int
# fn A => 1;

val it = fn : [’a. ’a -> int]
# datatype foo = A;

datatype foo = A

# fn A => 1;

val it = fn : foo -> int

# datatype foo = A of int;
datatype foo = x of int

# fn A => 1;
(interactive):12.3-12.3 Error:

(type inference 039) data constructor A used without argument in pattern

long #BIF/INEZ—>: (longVid) Z D long inlF5%7D, TORKX—VRHEHNLMEZAa—-T LT
LI ER VA YR YT 7R (vid) £ LTERSINTWIUL, EZORBENERIhN, a2 T
7R (vid) \CxvF T 5. BEORREIZ long Al FHa YA I 72 LTERINTOWRWLD, 203,
SR a YA NS 72 LTERSATVIIE, =5— k3. LIRCHEELHZRT.

# structure A = struct datatype foo = A | B of int val C = 1 end;
structure A =
struct
datatype foo = A | B of int
val C =1 : int
end
# val £f = fn A.A => 1;
val £ fn : A.foo -> int
# val g = fn A.B => 1;
(interactive):3.11-3.13 Error:

(type inference 046) data constructor A.B used without argument in pattern
# val h = fn A.C => 1;

(interactive):4.11-4.13 Error: (name evaluation "020") unbound constructor: A.C

ABIFSIEERK AV A NI 7R THD, A.CREHTHZ7-0, HES g hiZzo— i3,

LO—RNE—=2: ({((patrow) )? }) L A=K7 4 =)L R XK= (patrow) HHEE S NZN{FDED S
R—YOBE, ZOLa— FHIvy 735, EROBBREIIER IR0,

La—R7 4= FXR—Y (patrow) BIEESNTWDEE, TDT7 4 —N F% (labi) : (tyr) ,..., (laby) : (tyn),
ARSINEZHOMBREEZ T &35, La—F74 =)L KX —= (patrow) DIBIZJSCTUATO 23D
DEGEHDH 5.
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LEAZ7 4=V . 2@8FRVEEL - FRX—VDgE. 74—V PRSI BEHL a— W
{{laby) : (ty1) »..., (laby) : (ty,) ¥ ZHib, BERET 24N T 5.
ZDORE=VF, La—F7 4 =)L FRE = (patrow) 1Ty FFT2H5LaA—-F7 41—V 2881
oD a—-FRievy FT5.

2. ZHLa— & =Y. La—RF7 4 =)V FXE =V (patrow) B3, EHT 14— F... ZB0LHE
(patrow) D7 4V Iz L a—FH4 2 Fe LTHOZMEL a— PR a#{ (laby) : (ty1) ,..., (laby) : (ty,) }
ZEE, La— K7 4 =L FRZ— (patrow) DERT 2EBAHREEZERT 2. Z02HE, X
MROTUFFNC XD, FeDZMHL a— FRIFIZHHL a— FEIZS Y 2&2 0 2{LEh s 5.
ZDORX=VF, LAa—F7 4 =)L FRE = (patrow) 1Ty FFT2H5LaA—-F7 4=V FZ2E¢ L
LoMDOLa—FIxyF35.

LO—KZ7 1 —=ILRNZ—>: (patrow)

o EXT 4 — R A= EESNET 4 -V RRED, La—-FO—HTHL I L DIFET
H5.

o T4 —ILRRKX—=2{lab) = (pal) (, (patrow))?. (, (patrow))? D7 4 —)L F8I% (laby) : {ty1) ,..., {lab,) : (tyn),
B Z T, N&Z— (pat) DBI% (ty), ERTHREREEZ T, &5 5.
Z0V (lab) B3 (laby) ..., (lab,) & T NTERZGE, 74— R (lad) : (ty) , (lab1) : (ty1) ,..., {lab,) : (ty,),
%%%,Wﬁﬁnmrﬁiﬁéh%.7«»(Mﬁ#ﬂ@ﬁwww%>@ﬁﬂ#k*ﬁ?%%@@

Mo —Th3.

o ZHGET LK = 1vid(: (ty))? (as (pat))? (, (patrow))?.
BIRD 7 4 = RR&— BRI N hilis 5.

vid = vid(: (ty))? (as (pat))? (, (patrow))?.

AR NBRIRIE, ~vF 35, MET 2L a— R —VOGELFA—TH5. LUNCHER
R

# val £ = fn {x:int as 1, y} => x + y;

(interactive) :33.8-33.34 Warning: match nonexhaustive
{x=xas 1, y=y}=> ...

val £ = fn : {x: int, y: int} -> int

#val g =fn {x = x:rint as 1, y = y} => x + y;

(interactive) :34.8-34.37 Warning: match nonexhaustive
{x=xas 1, y=y}=> ...

val g = fn : {x: int, y: int} -> int

#f{x=1,y =2}

val it = 3 int
#gix=1, y =2}
val it = 3 int

HINZ—>:((paty) -, (pat,)) L IA—FRR—=2
{1 = (pat1), -+, n = (pat,)}

WEREAR, FHMiXN s, ARSI NLZRERE, v v F 5 LHEIE, HETsLa— IR —VDEaLH
—TH5. UNHEZEZRT.
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#val £ = fn (x,y) => 2 *x x + y;
val f
# val g = fn {1=x, 2=y} => 2 * x + y;

fn : int * int -> int

val g = fn : int * int -> int
# £ 1=1, 2=2;

val it = 4 : int

#g (1,2);

val it = 4 : int
DR MNE—=>:[(paty) , -, (pat,)] HXAFLTVR T —XME K-

(paty) :: --+ :: (paty) :: nil

CEHEN, FHMlENG. AREINLHRBRE vy FITSEE, NET23aVRA NI 2R T TV — g
URR—VDFE LR —TH D, DINICEERH RS

# val £ = fn [x,y] => 2 * x + y;

(interactive) :24.8-24.26 Warning: match nonexhaustive
: (x, 1 (y, nil )) => ...

val £ = fn : int list -> int

# val g = fn (x::y::nil) => 2 * x + y;

(interactive) :25.8-25.32 Warning: match nonexhaustive
iro(x, 1 (y, nil )) => ...

val g = fn : int list -> int

# f (1::2::nil);

val it = 4 : int

# g [1,2];

val it = 4 : int

T—REE/NRZ—>:(op)? (longVid) (atpat) (longVid) 23 (tyy) -> (tyo) ZFDOAVRAIF 27X C
WHAE SN TWBRE, B (tyo) 285, (atpat) DVHERT 2RBREZ AR T 5. 2D %=1, (atpal)

DRy FTET—R o ZHAHEL LT D7 —ZMiE Cv) IT~v vy FT5.
HEFRIHADO 7T — &S & — > (pat;) (vid) (patx) &, op (vid) ({(paty) , (paty)) WCEHX N4

FHiic s, 2O ARSI N AR, ~v 73 28HEIEZ, ZREOAZ -V EF—TH5.

BB =2 (pat) : (ty) 28K =2 (pat) W (ty) CBIBRE Do ZFFHE DD (tyr) & (ty) DBIKA
SDOHrTHLTEZ5E, B S((ty)) b, BERE S(Ty) b2, HHIRKIDORT, <"&X— (pat)
vy FFHHIZYY FT 5.

ZRENZ—>: (vid)y (: (ty))? as (pal) XX — (pat): (ty) W (t/) LRBFE T 2T, 2O
RE=F8 () CBREGE T U{x: (ty)} 2dD. TDE =X, (pal) : (ty) < v F T 2EHIEIC
XYy FID.
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F21E HHFOXXO—FRE]

AETIX, 7077 sEHIN2 L OEEH (Ra— A 2ERT 5.
1728 CERL-EY, #AFE, UTRO THEDZ S ZAD04R T LTHERENS.

Wl | FETZ 2 A

(vid) BT —RaAvANT 7 &%
(strid) A7 7F x4
(sigid) A F A
(funid) e £
(
(

tycon) ARG T4
tyvar) RIZE R4
(lab) Lra—FIR)L

ZOHT, 7., OIE LERIERGE, ol 3T EXFE 5. 2SO LT FAINE
EIER D 2RO, FlE A, BMEBADSOMOETOARTE LTHHSNS. B2 ETERT S8
D, ThLE—DHEINTDZ 7 RF, ZhNTaZ 7 ARICEHASMBEICL > T—RBICEES X1, X
EPERINTVS. IHICINLDHHENX, 2DV 7 ABIHN RATZEMTERE NS 2D, K77
ZDZHT LTRI—DFaZFHT 208 TE 3. URE, 4EiofHOBITH 3.

(x1 %) val A = {A = 1}

(* 2 x) type A A = {A: ’A}

(* 3 %) signature A = sig val A : int A end

(x 4 %) functor A () : A = struct val A = {A = 1} end
(x 5 *) structure A : A = AQ

(x 6 x) val x = A.A

(* 7 %) val y =A : int A

THTHOBRUID AMZ1ITHOZE A%, 2HFHD A X 21THORMKR T A 2SR LTED, 61THORY
DAFSITHDOA NI Z7F v 2SR LTV 5.

La— RNV DOAFNL, 7027 A0 X > TERIN, ZOERDENREHETSRIN
3. LHIOEBZ SO L ZAIC o TERINALFNILTO®EY TH 3.

1. DEIANAINDA AT TIART7AIL. A VR T2ART7ANCEENE T "{ FY X M
HHIEERTS. HZIE A VEZ 724277402

_require "myLibrary.smi"
val x : int

datatype foo = A of int | B of bool
DB DR, B x, 7T—XHET A,B, TH foo HERINS.
2. AN UVFVYEE. ANI 7 FYHERI TV F XY NOBESHERT DHHNCA NI 7 F v %%
V7 4y ZALR Y ZEMPERING. HIZE, AT 7F X SHuy Ml FRES L EE

BITD5G, AV I 7F¥YES structure S = SICEoTAN I I7F¥HSBLY, nrr740E
& {S.path | path € L} DEFEI N 5.
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3. IPVIREE. 777K Ty 7 ROFIBOESHIROELH IV ER S NS, HIZIX functor F(type foo) = --
WKEoTT 7 7 X% F LI T 4 foo DERSNS.

4. BIBRFORBRES. BN % e BN FORZEHG 1B ERE NS, HlZIX type foo = -+ I
o TR BIEER VAR T) foo DIEFRINS.

5. T—RBIEE. B4 L IR T OTIEHE K, 7 — 2R FA0EFRE NS, Bl Z1X datatype ’a foo = A of ir
12K o TR foo, BIZERa, T — AW TH A, BORERINS.

6. FINEE. BINERFEIERSINS. flZIF exception EICK o THINHEDNERIND.

7. [EREEE. HEARX-—VICEEFNLI2EHDERINS. HIZIX, x 37— TFL LTERIN
TWAHRWIETval x = 1 LESTR AR xBNTERINS.

|

8. BAREE. BB LB DG ARX -V ICE N ERMIERSND. HIZIE, x 7 — XMl
LTERSINTVWARWET fun £ x = 1 LHET AR £ HIERINS.

9. fn X, GIEREZ—VICEFNIERMERSINDS. BIZE, x BT —XHEFL L TERSI LT
ROALET fn x => x T, Rz PERIAEH STV S.

10. case . T—ARR—VICEThIEHDPERING. HlZIE, x B T7—XWET2 LTERSh
TWARWET case y of A x => x CIIEHM x WERINFEHINL TV S,

11. SQLR. _sql 2 5% 2ED SQL K23, ZHERDV ST EIN 2D DHDH 5. THHIEHE 22 HTE
#®T5.

INHERINIZAFMDERIE, ThPhOBAIZEMEIC, TOAFMERIBHENIM U ->TRE S
Za—7 (BEHSIRTE 28H) 21D, ALGOL 271 v 7l SENRHEZ TS SMLASFET
X, Ra—7ERUIZEUIANTEEER T 20, GRIERDORA -7 RICANTIRICERD 23
D, BFHAERD R -1, WINCHNZFA—FEHOFZHDOEBD R a— T 2RWiilin e EFEIN 5.

SMLASHED R a— T2 XY 2 ZAOMUICHN A LRI D ERD R a— FTHRAIZ EHET 5. FHE
DRAa—F1%, UFEFEINDZ Z2a—705, FANCEIA 2 FAEEORZDEETD R a— 7 2R\ IzEH57
ThH5.

o 73T 2 XA VHL.
DE| VA NVBEAE—DDY — R 7 7 A )V (srcFule) .sm1 TH 5.

(srcFile) .sm1 D v FLNLVOEBICEENDGHTERD R 2 —71Z, ZAUHK 7 7 4 VEIKT
H5.

XHIZ, ZOY—=RT7 7 A NMIHIRT B4 YR =T 24 X7 7 4 )V (srcFile) .smi HEFRT 2 HATD
RaA=FZ, V—RT7 7 ANVERTHS. f X =T x4 X7 7 AL (srcFile) .smi TERIN D%
i, A V2= 24 RT7 7 A NICEEZEN DS _require X TEHEINEA VX =T 24 R T 7
ANPERTZ2ITXNTOHHITH 5.

o AT UF M.
struct --- end D by FLNVDESICEENDILHERD R A —TF, FOEFRICH end T
DEITTH 5.

e local HiZ.

H3 local (dech) in (deckh) end D (decl) PHDEFIXEZENIEFDRa—-FF, ZOESF
LD (decl;) DERDB XU (deck) 2K TH 2. (dech) DHFDEFIZHEENZHFD R a— 71,
ZOEZUED (deck) DHITTH 5.
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o let M.
W3 let (decl) in (exp) end D (decl) DHFIHNIEZSIKZENIH/FERD R —S1ZZD
HELRED (decll) DEDTB X (exp) TH 5.

fun (id) (pati1) --- (patin) = (exp1)

I (id) (patm1) -+ (patmn) = (ezpm)

WBWT, B (id) ODRa—=71, (exp1) 55 (exp,) DEIX, K=V (pat; ;) TEENDE
BERDRa—FF, W23 (exp;) TH5.

o fn i
57
fn (paty) => (ezpr) | -+ | (patn) => (expp)
WZBWT, RNZ— (pat;) ITEENIEBERDRA T —FF, WET 3 (exp;) TH5.
e case I\
57
case exp of (pat;) => (exp1) | -+ | (pat,) => (expm)

WBWT, RZ—=V (pat;) TEENDIEBERDRAA—T1ZX, ME5T 2 (exp;) TH5.
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g£228 SQLAravUFk

SML#TIX, HHESQLICEENLZ2REMN LRI ZVMXDEZEL 22D % ¥ SMLADR LTTurJ 4
HIZEL 22 TE S, SQLZ T Z2Dd D, TNEMHKT 257, SMLATIEHE R4 7Y <
b THB. Thbb, FAHIESMLADENE Z 57, ML R LRI, SMLADREDHHAD
TCTEEEIBEINS. £/, MHREGoTWVWEIRD, SQL & SMLADMMD FEEHRE L Z HHIHARD
BEIENTES. BIZIE, BRI NZSQL 7R SQLRETF— X LTH-TEE, Zh
5EHINCHARDLETHEEHR SQL 7 L) B{ESZ e N TE 3,

22.1 SQL®O#E

22.1.1 SQL OEAHR
NULL ZFR\T, DURD SML#DOHEARTD SQL AR I ZZ2hEnT 5.

SML#DFEARA] FIE$ % SQL &

int, intInf, word | B

bool SQL:99 (F%KE ID T031) @ BOOLEAN 7%
char CHAR(1) A

string TEXT % 7213 VARCHAR %!

real RS T BN N Y

real3?2 BARE R N Y

X512, UTFOBYERID SQL ¥ DMHEERD/2DICERINT V5.
SML# DA WIES % SQL DAl
SQL.numeric | NUMERIC % (B AAEE D 10 XD
SQL.decimal | DECIMAL %! (NUMERIC %! %4)
SML#DH & 7 — 2 R—= 2O BRI D BARKR MG HE, #ERED T — 2 R—22 I v, SMLAIZ
BUIEZDT—EZR—RAZY I VDY R= MRIKFET 2. T—EZRXR—RL T T DEAKNZAOD
S 22.8.1 fi TR
SQL @ NULL 1%, SML#TiZ option A ®D NONE (IZXEHT 5415, NOT NULL HlfIA NS 5 4D
S Y, NULL 2R3 H 2 No8E, OB WT DD option B TH 5.

22.1.2 SQL OHREFEEXNDE

SQL.bool3 BliZ, EEE FPmFEE T 57422 SQL ORMEHEEROMTH L. D SQL.bool3
&, SQL 7=V OB EMMEDDIZ, BMHEICHHE X 2 SQL FHEX ol icEE L) 725
Thh, YOESQL OBy d3fE LAz,

A DAY SQL . bool3 & EAMED bool ZXHIL T3 Z 21X, SQL OEAAEDE D H iz L
TREEMNRIELLDS D 2 Z L ICHK L TWS. SQL TIMaHC, BEEHEZE, B, RHO 3HETTHbA,
BEBMEITE R TIERL WRAIEEBE2Z T — 7 NMREET 223 TERY) , BEBEOY TS5V 1F
LD o7z B HRoEMBMER BOOLEAN X, SQLII IZBWT, * 7> aFiztéaE (BEE ID T031)
CLTEAINE L, ZTOF 7Y a Fuafiifgicid SQL ooy & ORI THMN AR EE R H %
ZedfefEh T, &, Z® BOOLEAN I RDBMS RV X —n 5D HFRITL A YED D5
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7z HIRSSRED B 20 L Mo 12BIEICBWT D, T8 RDBMS &, ME—DFI#TH % PostgreSQL %
T, BOOLEAN ZUZ$RE L Tz,

Z DIRELD 5K 2 AL IEHAAME R BT 2 72, SMLAZGRFEE R » BEAMEO XA 28 E el s
5. BHEY) 77 true BX O false MmEHEER L LTHFEHAT 222X TE Y, inMEAEORKRE
% BOOLEAN fEX LTHUD T Z 2 X TERWV. HEBMEY 77000 TIiE 22.4.2 Hiz, SQL imPj#EE
FUTOWVWTIZ 22.4.6 Hix B X.

22.1.3 SQLDT—7ILELUVRAF—TDH

SQLOT—7, Ya—, BEXUEAF—<I2Z, SMLADL a— KDY X NIRRT 575, SQL
DTF—TNBIUOEL 22X, H72D4HHEZNZNT 4 =V RITNABLEZDT 4 —L FOH
rLlva— Ry 2 VR EZ 53, #5402 NOT NULL #l#) £ 7212 PRIMARY KEY #l#23(+
WTWRWE X 2087 AD0BIZWTIDrDEARTID option BITH 5. HlZIZ,

CREATE TABLE foo (bar INT, baz TEXT NOT NULL);
LEBEINTT— T foo DMHEEIX, SML#TIZ
{bar : int option, baz : string} list

EWVWHTITRIINS.

ZDEIIE, T—INHBEZWVEH T LN LAERID S H, NOT NULL #l#38 & & PRIMARY KEY il
#> TNULL TldZa\Wv g 227201 SMLADRITRBLE N, SMLADH S 27 22 k- THITHRE I I
3. ZOMOHFNZ SQL F—ZR—RI2 ko TZ T ) EfTFHICHREINS.

SQL Z2F =<, 7—IVBIPL2—D&HTE 7 4 — LRIV, ZOEEERTHE T 4 — 0 REI
r¥3La—REITREINS. HlZIZ,

CREATE TABLE employee (id INT PRIMARY KEY, name TEXT NOT NULL,
age INT NOT NULL, deptId INT, salary INT);
CREATE TABLE department (deptId INT PRIMARY KEY, name TEXT NOT NULL);

YIEBEINZRAF—<IE, SML#TIX

{
employee : {id : int, name : string, age : int,
deptId : int option, salary : int option} list,
department : {deptId : int, name : stringl} list
}

ERIEINSD.

22.1.4 SQLZIZI VB LIVZEDETHDE

SQL 7 2V BLUZDEDRZ, ZOWMLAHTITVIHEL T, ZRZNELZMERD. SQL D&M
XATIV e ZDMILFO@D TH .
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Hxhrav ZDHDH

SQL FFifi = (11 => m,w) SQL.exp
SQLa< > K (7,w) SQL.command
SELECT 7=V | (r,w) SQL.query
SELECT #]J (11,7 ,w) SQL.select
FROM 4] (7,w) SQL.from
WHERE 4] (t,w) SQL.whr
ORDER BY f] | (r,w) SQL.orderby
OFFSET 4] (rt,w) SQL.offset
LIMIT 4J (r,w) SQL.limit

ZZTC, TR T—TNDRB B VIEIEARR ) w l3ERLE T — A RXR—X AT AEITH DS, FRHOER
B Ro@EhThH 5.

o (1] => 7, w) SQL.exp I&, 7 —RXR—AFEH w BEUL rn HOITD R T n BEFD SQL FHifi=
DETH 5.

o (11,7,w) SQL.select X, T—AR—RFEH i w DN T MOT—TN% DT — TR
3% SELECT A]OTITH 5.

o ZNBLLMOMTH TV D (7,w) SQL. X 1&, F—&XN— Rkt w O RT 7 BEHED X ORIT
»H5.

22.1.5 SQLPBEHED/N>V FILDE

SQL 7 — &N —ZADERR, SQL 7TV DFERICH LT, SMLAELLRORZE X .
Al A

7 SQL.server | THDAF —<2ROT —XN—AZEMT 3 — N—~DEHSL

7 SQL.conn THRIDAF =<2 R/HOT —EAR—ZAZEHT 29— N—~DEHN> KL
7 SQL.cursor | THDT—TINIKZT AT E=HDH—Y L

(7,w) SQL.db | ¥ w THEHREINTWVWE 1 DR F—< 207 —XRX—2ADHEK
SQL Z W 2 BN SML#T R 2T AT, ZA60REEBIZU T XS I 3.

1. _sqlserver XX ZH\WT, 7 SQL.server BIDEHILIERETIES. (22.3 HiZHR)

2. SQL.connect BAZ FWT, 7 SQL.server B OIEH/ICHER L, 7 SQL.conn BOEEHi N> L%z
8%, (22.8.1 His)

3.SQLZ7x V%, [’a. (7,’a) SQL.db -> (7’ SQL.cursor,’a) SQL.command] B!% £F>ZAHEEEL
ELUTHRT 2 (22.1.6 HiZR) .

4. _sql B¢ HWT, SQL 7=V % 7 SQL.conn -> 7' SQL.cursor R DBIEIC AT 2 (22.7 Hi
ZiR) .

5. 2% © SQL.conn BN FARF e LTHOH T, SQL 7 =V 23— N—(Ti%
Ba&h, 7ZURY—N—TFfliEN5. 7V DOFMICKINT 2 &, FHMbifERICT 72T 5
7' SQL.cursor D H— YV NGNS (22.7 HiSH) .

6. SQL.fetch BB FE /=13 SQL. fetchAll BAEZ I WT 7/ SQL.cursor O H—Vud s ¢/ Bl a—
FEEUET 2 (22.8.2 HiBH) .
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22.1.6 SQLXDEFITAHH

SML#® SQL Rk, ZTHhEFTIKERLLEAOMNE, mHEHEAOEAN, 7—7 e L a—
R Y 2 MO T 2 HWTHETER 3. SQL 72 V1iE, ZAMT5 F—7 AN rFRILZ 2L
I—FDYRMIHRLTITS SMLED 71 75 4 AAOR Z £

Bl 212,

SELECT t.name AS employeeName, t.age AS employeeAge
FROM employeeTable AS t
WHERE t.age > 20

W95 SQL 7Y %, SML#Ti&

val Q = fn db => _sql select #t.name as employeeName, #t.age as employeeAge
from #db.employeeTable as t
where #t.age > 20

ELL JEO SQLIZIFHNBZWE R db 1, 7TV DERITININREDT —EAN—X MR T IEHTH 5.

XT, Z0ZxTVIiE, FROMAIMBBIT 32 57— 7L DE{T%2 WHERE A)DSMET 7 4 LR ITHIT, o
72%47% SELECT H]OKXTEW L7 — 7NV EFHET 272 YTHS. ZOZTYeFELI L%, SQL
DT =T NDROVIZSMLADL 2 —FDY XA MIMNLTITH SMLATB V' Z L 2BHICEL , DITD
X2 5.

val Q’ =
fn db => List.map
(fn x => {employeeName = #name (#t x), employeeAge = #age (#t x)1})
(List.filter
(fn x => #age (#t x) > 20)
(List.map
(fn x => {t = x})
(#employeeTable db)))

ZOBKQ Bk

val Q’ : [’a#{employeeTable : ’b list},
’b#{age : int, name : ’c},
J
c.

’a -> {employeeAge : ’c, employeeName : int} list]

ThH3. ZOBBQ oZr%, SQLZTV QD M, 775 LS.
ZDSQL 7Y ¥ SMLARDOMIGZEL T, Loz y Qicix, T2 2 &S SML#Ta 'S
LEFRIFEDZ 2T —RZRN=AYP—=N=2FTT 2 SQL 7TV 2RITUTOABEZ SN 5.

val Q : [’a#{employeeTable : ’b list},

’b#{age : int, name : ’c},

‘c::{int, ...}, ’d.

(’a, ’d) SQL.db -> ({employeeAge : ’c, employeeName : int} list, ’d)
SQL.query]

ZOQOENIHNZ A ¥ R ERIZERIE, o7 YO TOWEEZZNEFNRL TNV,

o ald, TOZTVRWRETET—EZR=121FAH7% L H b BD employeeTable 7 — 737
CTRELRNWIEZ2RT. ZANDT —TVDFERZ D7 =) OFHEBIFR L 2.
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e ’'bl, employeeTable 7 — 7P b int D age T L ¥ 'c DRID name 7 7 L5374 <
TRERLRBRNVWIEZRT. ZNLIND D T L)% employeeTable 7 — 7 MIZH > TH .

e ’cl¥, name 7 7 L DANI SQL EARDHFHATETETH 2 2R (FHEX, cDHA > K
LHBBANZBERDS S5 VO DFMAET B0, ZITRERTS).

e diX, TOZTLYBNMEEDEHRANAY FALZBE L TH —AN—ICEETEZERT Uo7V
R DEERICE N o TEIPN TRV L ERET A7-HICHVENS) .

QL a— REZMHEEBTNTWE Z o600 25ED, SQL 7TV IX7 =X X=X L TEZHENTH 5.
SML#IX, SRDOT—RZRX—=ZAPMRI N SQL 7 =)L T, 2D SQL 7V HFokd — iz
Bleiims 5.

SQL 7 =V 2K FRRIZ, SQL 72V DWW OhDWFIZOWTSH, La— R U X &K S SML#R
COERBMNIEEZEZ S Z P TE S, RETERT 5 SQL BEM X OTTFHANITRT, BRI
WKt TEDLNTWS.

22.2 SQLZIYJDT=HD ML ADILREX

FBI9ETERINTVWDED, SMLATIXSQL 72V D7D FOYRRIEC ZEA L TW5.
(ezp)

_sqlserver ((appexp))? : (ty) SQL ¥ —

|

| _sql (pat) => (sqlfn) SQL FEATRI%K

| _sql (sql) SQL 7 =V Wik
(atexp) = ---

| _sql ((sql)) SQL 7 =V Wi kv

(sql) BEY (sqlfn) I ZLLTOHEDTH 3.

(sql) n= (sqlexp) SQL FHitti=X

| (sqlselect) SELECT 7=V

| (sqlclause) SQL 7 =V A]

| (sqlcommand) SQL a~< > F
(sqlfn) == (sqlselect) SELECT 7=V

| (sqlclause) SQL 7 L.V A]

|

(sqlcommand) SQL a<>¥ F

(sqlexp) 1% 22.4 8T, (sqlselect) B XU (sqlclause) & 22.5 §iT, (sqlcommand) 1% 22.6 fiT, Zh2
NWERT 5.

INHDHELD S B _sql THEZFUTHNSD (pat) B (sql) OFTIZ, ... ((exp)) T2 (... (exp))
YWOIETHDNS (exp) DFZEFRE (224 8, 225, BXU22.6 i), DINEFHREL LTkbD
N3 (ZOTFHEOVRAMNIFE 1T2H I HLOEETHS) . IO TRFEL SQL THIGE & MER

asc all begin by commit cross default delete desc distinct fetch first from group
inner insert into is join limit natural next not null offset only on or order

rollback row rows select set update values where
F7e, THSHORUTELLROHIRY S 5.

o _sql IZHi< (pat) EBAZHAAEIN “O 2B F o TIR R0,

o X (Fy 7LUL) D_sql (sgl) D (sql) 1%, SQL FHFETIHE SR FIUIZ 570,

o X (MY FLRL) D_sql (sql) &, LIFDMELSNIENTIZR SRR,
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— val % fun H 5 D=0 4|

— let XD in ¥ end D

— BREFTK G500 o

— MTERNAZ S Ao H

— LE4ODMEICH B fn RDO=>DFH

22.3 BEEHREAT—EIR—IXEET ! sqlserver

_sqlserver RiE, AT —XRXR=—ZAY —N—DFERL ZOH —N=—DEHT L7 —XX=-ZAD R
F—<ERT. _sqlserver NDOFHMfERZ 5152 LT SQL. connect B (22.8.1 HiZIR) ZIEUHT &,
_sqlserver AWK TH — N— DR IRA SN, EHDHEL L, ORI T — KX X— XD _sqlserver
APRTAF—VEURTET—AR—ZAEBEHL TV2 PR TELLROIE, ZOH— =0
LTRAN W% N CI5F gl

_sqlserver TICIX, BHLT —ZR—ZADMEMH, 77— ZRX—AFEHOES T XX BIUT—E—
ARF =R TLa— FEZZDIEIZE . _sqlserver ADMBIRRFEZXFH OHIZ LI FITRT.

_sqlserver SQL.postgresql "host=localhost port=5432"

0 {
employee : {id : int, name : string, age : int,
deptId : int option, salary : int option} list,
department : {deptId : int, name : stringl} list
}

Z DN, localhost:5432 TREH I TV B PostgreSQL Hr— =23, ZDL a— REIrFERDRF—<%
FOT—ZR—ZEHLTVWL I ERLTVS. ¥ R— T 27— XR—2RDOFHELHER T X XD
e owTid 22.8.1 Hix S HE K.

%8, EBRTIE, _sqlserver ¥ : OMIIMMEREOBIBGEMX (apperp) ZEFL 2N TES. ZoOfliC
BWTDH, SQL.postgresql IFFEFFIIEAELTH D, "host=localhost port=5432"13Z DR DE|ETH
5. ZOMBIMEED SMLADRKZH 28T, MURAF—<Z2FORLITEHILD VL DOZFITRITE
K& Tu I reELZLHAEETHS. X (apperp) DENE SQL.backend TRIFIUIZ SR,

_sqlserver (appezp) : (ty) DHUX, (ty) SQL.server TH 3. (ty) I¥, 22.1.3HITRLK, 7—4X
N=ZZF—<iERTLa— FRTRITINIR LR,

BWEDAN=Y a e DD -0, LITOFEZXHFPFINTVE. ThLDEEEZHHO Ta 7 I A
TS Z zidHERR xR0,

o (apperp) HEMT HZ N TES. HMELHEIE, PostgreSQL H— =127 7 1L b OFEHi<
TRARTHHET 5 L2 RT.

o (appexp) WXXFHN) T INR T 2F T S, ZDXFIHNE PostgreSQL H— =D T X X &
fEREh 3.

22.4 SQL M@=

SQL iz (value expression) &, SQL 2~ FOHTHEIICFHTENZ2KTH 5. SML#D SQL FAfi
R, Y= AN—TiHli XN 2 R2WRT IR TH 2. SML#D SQL FHlirly L TEWZIFEFZDETTON
WD, b—N—1ZEEFEEIN S SQL FHfik & 72 3. SQL fHfizl B A DFHi 1L 7 — & X — 2P — N —T1ThH
na. Bz,
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_sql(1 + #employee.salary)
W5 SMLA®D SQL #Hlliztix, ¥ — N—I123E(E T % SQL 7V O f
1 + employee.salary

ICFHiix 3.
SQL FHfiE A SMLATHHMET X 2 80N 2 @A TWAIEE, Z0EnE SQL FHE RS 12 31 <
N, I X NTAES Y —N—IZEET S SQL 7=V ICHDAEN S, HlZIT,

_sql(1 + 2 + #employee.salary)
W95 SMLAD SQL #Hfizlix, ¥— N—I23E(E T % SQL 7=V Dk
3 + employee.salary

WMl 5.
SMLATIEA N ICFEEINCER I N SQL 0V 7 v F 2 &L (sqlexp) % SQL #Hiizty LTl
HI3ZeWTE 3.

SQL #Hfiz=t (b v 7L ~0L)

(sqlexp) = (sqlinfexp)
|  not (sqlexp) SQL DimB A E
\ (sqlezp) and (sqlezp) SQL DamiHfE
| (sqlexp) or (sqlexp)  SQL DFmIHEAI
e SQL HHE T
(sqlinfexp) == (sqlcastexp)

| (sqlinfexp) (vid) (sqlinfexp)  _JH{HHF

SQL A ¥ » 2 p X
(sqlcastexp) =  (sqlappexp)
\ ({vid)) (sqlcastexp) HFx Z

e SQL BI%uE X
(sqlappezp) =  (sqlatexp)
| (vid)  (sqlatexp) B %GE
| (sqlappexp) (sqlatexp) SML# D BE £
| (sqlappezp) is (not)? (sqlis) SQL O IS 7h3E
(sqlis) = null | true | false | unknown

SQL 457K
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(_sql)? exists ((_sql)? (sglselect)) SQL @ EXISTS #7271
((sql)? (sqlcommand))

((_sql)? (sqlclause))

{sqleap))

C ... (exp) ) SQL FHHizl D 6D IA %

(sqlatexp) = (scon) SML# D EE
|  true SML#®D true U 7 7V
| false SML#®D false V 7 7V
| null SQL & NULL V 77 v
| #(lab) . (lab) HHTDH B BMRICIET 25 7 L DS
| #. (lad) HZHIDIZWBIRICIE S 5 7 L DB
| (vid) SML#DZEEZ R
|  op (longvid) SML#DZEEZIR
| ((sqlexp) , ---, (sqlexp)) Hl
| ((Lsql)? (sqlselect)) SQL @ SELECT %7271V
|
|
|
|
|

fliod SQL BEfEC & D B 7-H Eoff—E&E 372012, —HD 42 b L7z SQL #FHMi=E FHI5E_sql 2»
SEEHTHREV. ZThoD_sql IFHMICEAINS.

SQL #Hiizk (sqlezp) O 1%, EARXRE LTHEZ N2 T — I NVEEGOR 7/ BIUT —X X=X
BT 272008 w O R TIREZINS. 0&DOD SQL FHtiRICE EN 2 2 TOHDRNOIE, [
CrBLwortEZLNS. UTF, e BERwOFTHr2HOZ %, e DRI (7, w)>T
BThHz, ). " BIUOwIZERTIZDENLZVIGEIZHEIIZ, cDBIZTrTHB, 255,

22.4.1 SML# TSI

MR ORI 525723 SQL #Hliztid SMLATFHMi XA, Z DEN T — XX — 2 — N —1TK[E
AN 7T VICHDIAENS.

1.

2.

B (scon) 1Z SML#TFHIH XA 3.
ZH (vid) BE K op (longvid) & SML#ATRHHE AL 5.

M C(sqlexpy) , -, (sqlexp,)) &, &TD (sqlexp;) H° SML#TEHHiX 1237 51F, SML#THE
flixiLa.

. BIBGEAN (vid) (sqlatexp) &, (sqlatezp) 73 SML#ATHHMI X 1572 51X, SMLA TN 3.

. ZIHIEES (sqlinfexpr) (vid) (sqlinfexps) 1%, ®TD (sqlinfexp;) 73 SMLATFHiiZ 2725

¥, SMLATRHMIEXN%.

SML# D BEEGEHF (sqlapperp) (sqlatexp) (& SML#ATRHliE N 5. (sqlappexp) F721% (sqlatexp)
2 SMLA TN 2 R TR WIEER#Y TS —Th 3.

flziE, SQLZ =V

val q = _sql db => select SOME 1 + sum(#a.b) from #db.a group by #a.c;

WCBWT, #8933 SOME 1 1& SMLATRHEiX 1, ZDEH SQL 7 = VWi ic#ldiAEh 3 (b L SOME 28
REFZOIZRERER LS —2FET5) . sum(#a.b) 1 SMLATIHMlixS, ZDE% SQL 7V
WIRICEEND. qBETLEE ZZY—AN—I1TEEEINS SQL ZZ VI RO@BH TH 5.

SELECT 1 + SUM(a.b) AS "1" FROM a GROUP BY a.c
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SMLATFHMEi XN 2 DAL, 22.1.1 HiTEFE L 72 SQL OEARID 55D WFNHLTRITIUIR S0,

SQL FHiizic & £ 5 SMLA T X 12 2k, #EHED SMLEDOR L F UNEE T, SQL FHf=23 -
IND L BT HICGEHMEiZ 5. SMLA TR X 1 2 U BIBGE R E & T SQL #Hfizlid expansive T
5. SQL iz SQL 7 =V 32 DEAZHENTH 5729, SML#TiHiiXh 2 BEEGEARZ &
SQL =& b v 7L NILT value restreition BE 25X 3. X, LT X512k 5.

# _sql(1 + 2);

none:~1.71-"1.71 Warning:

(type inference 065) dummy type variable(s) are introduced due to value
restriction in: it

val it = _ : (?X1 -> int, 7X0) SQL.exp

SQL FHizN % b v FLoUZE WD, ZHEMICHEWZ0WE X, fn O = - 2 fIF22E LT, value
restriction Z A3 20 E N H 5. FHlZ X, LEROBEHFEILITD L5 125Ut 3.

# fn () => _sql(1 + 2);
val it = fn : [’a, ’b. unit -> (’a -> int, ’b) SQL.exp]

22.4.2 SQL E#HIH

EBAREILT SMLATHMIE N 2 TH 5. EBY 77 VDOEZ/E SMLEADGRICHEL 5. ZD7:
B, FHIXXFHN T ADEZXHIZONTIE, ERESQL LI KRE i3,

true B XU false 23 SQL.bool3 A K- W L ICEE LR NE v, Zhol3FE —HhoER
oV FIATHD, HEHEERE LT3z 2w, HmEEER L BABEOXINCOWTIZ 22.1.2 25
ii:Ecai

SQLI9 DHEHE TO31 ITER XN TWS UNKNOWN U 7 FL1iE, SMLATIEEMHI LW, Zhig, £
Fi72 RDBMS OHTlEME— T031 %2523 L T\ % PostgreSQL 78 UNKNOWN V 7 Z L& Fil= W 5T
HYH, FIFEK PostgreSQL LIAMZ T031 2525 %5 RDBMS 2387z LTS, UNKNOWN 1 7 F )L
W NULL YV 72 L CRAMRERE 225 TH 5 (B, 20O UNKNOWN DfbkE SQL a7 ¥ —EErEn
ZeDEHEATVS) .

22.4.3 SQL#&FRX

SQL #HHEzICHN 2 2 TD (vid) BXU op (longvid) 1¥, SML#DEKSITH 5. SQL 7o
T, AN 7F XAl Fr—2U LHiE XNz (longvid) 1%, & op ZRIE LR FIUIR 2.
SQL FHiliX O TIZ W O DFAIF 2L T D@D infix EE SN 5.

infix 7 %
infix 5 like ||

nonfix mod

HWAT ORI X, ZD#HITH SMLATFHIEX N2 RCEHA TV ALY SN L > TRR S, #AlT
S SML# CaHii S 2 BN TV 22 51X, Z DB L {HIZBIED SMLADBRREDH T Z DAl T H afd
TN ETH S, 25 TRIUL, @A TFIESQL.0p A+ 7 7 F v ICERSN-B L [HEFo.

il z1x, X

_sql(1 + 2 + #a.b)
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WS 2 0D+HIERDPEL . BRUDOHIIRED SMLADERBETHEBXNTWS+THD, 2 OHD+HZ
SQL.0p.+TH 5.

SML# CaHii X 41 % X CHRWERNCEIN 250051 71X, SQL 27 =V IZBNRWBIEGER N ((vid) ) (sqlappexp)
D (vid) ZERNT (22.4.5 HiBHR) |, @l FHZ D F FACFICEHLZINTH S SQL 7 = ) ITHEDAEN
%. SQL.Op R } 77 F ¥ DEMIEBRCSIRIN 201X, M 70l 7 6257 (2283 HR) LGS
WIRHMNZ. SQL.0p R + T 27 F v IZER S Nl FoME SQL fHEit 0B icHws L. il 2R
_sql(1 + #a.b) 25 SMLA T Z D7, SQL.0p.+DEIEFHARS Z 2 THh 5.

22.4.4 SQLBE#HEARS &LV SQLEEFR

SQL BIBGEA B X O SQL A FE, HHARAAWSITE - TV 2 imHHE F 2RV T, SML#D
BIRGE T B X TEEFR e AR, SMLADORE L THET S 2. EETFOMEEIE SMLADHEA
FESRX-oTHIEINS. ZD, infix a5 DFEWHIZ K o T, % SQL L IXE R 3 HE T O
BIELIT SQL 7 U BRI NS Z L ICHERPRETH 5.

FEHE SQL 23R4 b, SQL BEECEHA RN oM, SMLADREGEHR & B 515 E A TK
YoTEE, 5IEIENTHS 2 208X LW, L L, FEHSQLIZBIE 372912, SMLA#D A
XA HEIPT, BATHIEBEAEINCHEY, BB I EED THEL 22 TE 5. SELECT A THEN
BHEHAWS L ERVICCOEREIHWSNS. FIZIZUTD XS I1cEITS.

fn db => _sql select avg(#e.age)
from #db.employee as e

group by O

Z D avg(#e.age) 1%, SQL.Op.avg B#IC#e.age Z WA T 2 BEBGEANTH 5.

FREEEE LA D SQL OEHE T8 X UBIEUE, SQL.0p A F T 7 F ¥ ICER SN SMLAD T A 75 1)
By LTIt I T 3. SML#A CRHE X Az SQL FHiliz T Rl e 2 BB X CTEE 70— 1356
2292 fICH 5.

SQL B&GEA B & OF SQL #HEFRIE SMLAD Z N5 ¥ RIS IT I N 5.

22.4.5 BxvX+H

SML#® SQL FHiffiX Ti&, #&A1772 0 % AUEIMTH - 72 2Rl 72 Bk 2 750, FUFEICH - 72385 1
ZROBNCHTET 2 &, ZOROFMFERICHIEINCTH - 72# e T2 EH T2 v 2R Y. -
721, AFEINCTH - 723808 1 — N —I1SEE XS SQL 7 = Vi3 izwn., AFEN el b 235+
X SQL.0Op R b T 7 F ¥ ICEFRI AT TRITIIZR S0, DUR, AFElc b7z 385+ % #i i
L7R%, BHxrr X b5,

Bl v 2 PRUE, SMLADYR— b LERWVEROF v 2 bRt —N—1— FADXGE LT, SML#TH
OitEEEbE DAL E. ERFRARDO UL DX option BISRPHER O D HNTH 2. 22.1
Mtz BD, SML#E NULL 127 2 AlHEM: % option B & FIWTH ECXAIT 5. —F, FEHE SQL
T, NULLRZ Y oREARNCHEENS. ZOE VDD, SQL TRHL S —THW\WIZ Y T, SML#T
BT —vR32ehdH5. £, BHEEIZOWTS, HEHE SQL TIIREERICEBERI O X » X F2Thh
5—F, SMLAZBEERD X v+ 2 b 2{TbRWED, SMLATEHUIS -2 Zehds. HlziX, 8
T DEHERE D ECADVEDE AU TD IV R TA LS.

fn db => _sql select #e.department as department, #e.name as name
from #db.empoloyee as e
where #e.age < (select avg(#t.age)
from #db.employee as t
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where #t.department = #e.department

group by ()

ZORIIFHDI DL DD, employee 7— 7D age 717 L DAYE SQL.numeric option HEFHI 5.
o T, age D int MDTFT =X R—RIIHMLTZDI ) ZFETTERV. ZORKE, FEHBEE avg DFER
EH T Ltte.age L TS ZLIZH D, avg DFFRDOAIT SQL . numeric option B TH 5. SMLAIZ
B 5 SQL BHHEF ORI HRANC LD, HBEETFOALGOXOAI—H L TWRITIR S R0,
PE-T, #e.age DA SQL.numeric option B ¥ 422, 1EHE SQL THIUK, WEERIZ NUMERIC BIND* %
A MPTONE 72D, age 7T LDRNIEUERZ S5 XE DR TH RWIETTH 3.

CDES5%, SMLEDYE—F LAEVEROF ¥ X bt —N—0— RIS 5720, LR XS5
OB DTS Num BN D@ Z A % &, EEORERD age 77 LML TZ DI ) 25(TT
ERCP N N

fn db => _sql select #e.department as department, #e.name as name
from #db.empoloyee as e
where (Num)#e.age < (select avg(#t.age)
from #db.employee as t
where #t.department = #e.department

group by ()

2O (Num) ¥ SQL 7 =) AR TIFER NS, oT (un) OHFEZLIPHOLTH—N—ITEEZ N
% SQL Z V2 b LW, (Num) (X SQL FHI DT 1F D72 72 ICE ANl X AL 5
By 2 PROEDICHEINR TV ABEHO—BEIZOoWTIZ 22.9.1 Hi2ZEE k.

22.4.6 SQLRIEEHEI
DR oim A ISH A AL TDH 5.
e not (sqlexp)
* (sqlezp;) and (sqlexps)
o (sqlezpy) or (sqlezps)
o (sqlezp) is (not)? (sqlis)

INBHDI B and ¥, SMLADMDOEL L BIHKICKE 520X 512, and ZEOLRNEERBFEINTHbOA T
RIS RV, FIZIEM OB -k 5.

# fn () => _sql where #t.c >= 10 and #t.c <= 20;
(interactive):1.31-1.35 Error: Syntax error: deleting AND HASH

TRoHD &L 512 and 2 ECREEEITEMCH Z 2 THYX =S -2 TE 5.

# fn () => _sql where (#t.c >= 10 and #t.c <= 20);
val it = fn : [a#t: ’b, ’b#c: int, ’c.
unit -> (’a list -> ’a list, ’c) SQL.whr]

s oimiEHENRIZEhZN, ZOR2TOEDTA SQL.bool3 BID & = SQL.bool3 MEHiD. *
7z, 9477 VEKE LRt X 3 SQL HEEE T (22.9.2 HiZfH) 3T, SQL.bool3HdD LY
ZiRT.

22.1.2 i TNz & 512, M SQL TOEMBEDI D B § 2 IRELZ 8 5728, SMLAFGmEH
BB BBMHEORZXAT 3. #£-5T, SQL ® BOOLEAN D 5 A DBERL, true 12 ¥ DEAEE
V77X, mfEERE LTEI RV I EKEESLETH S, Fl2E, UFRofidde s -2k 3.
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# fn () => _sql(true is false);
(interactive):1.14-1.26 Error:

(type inference 016) operator and operand don’t agree
operator domain: SQL.bool3

operand: ’HBP::bool

—77, UTofNIR S — 12/ sk,

# fn () => _sql(#t.c = true is false);
val it = fn : [’a, ’b. unit -> (’a -> SQL.bool3, ’b) SQL.exp]

KRR S, true ZEMBEY 7710 THSD, #t.c = true 1X SQL.bool3 BID LIHE X5 TH 5.

22.4.7 SQL HhS5 LEBEK

H2HT—TNDH T LEBIRT BT, #(laby) . (laby) ¥EL. 22T, (lab) 37— 7L D%, (laby)
3Ah 7 LDHETTHS. SQL B 7 1BBADHNZ, XRTEZHZ 57T —IVEEGORDSE, 7—-71
(lab)) DHF 2 (laby) DHITH 3.

fBME SQL TlE, 7— 7V EEABLTH T LEBRTE 2L 2035 505, SML#AD SQL #HiiX T,
TRTDH T LZIET —TVEDHIB I ATV RTIUEE SRV, £z, SMLADMO#ET L OFZE%
BT 272, SQL H 5 A4S ERAICIZ#EHET 5.

TF—INEB LI T LLDRKLTF/INEFIZ, SMLET 025 AP TIRRAIENS. HlZ13, B SQL
Tl

SELECT Employee.name FROM EMPLOYEE
D ESIZ, KXFr/MF2EETEMPLOYEE 7 — 7L 2B TE 325, SML#TIX
_sql db => select #Employee.name from #db.EMPLOYEE

EEQEM IS -7 5. SQL A1 7 2B RA DRGSR, KT INLFREH T 52 7%, SML#T
077 LMIE VB DT —TINEBBEOH T 248 DAENS.

SQL TRE&RIMBHT s TwiRWwT =7 (£7238R) OHF1%2BRT2ehbb. ZOREN
726k, SELECT AJ»EE L7255 4% ORDER BY A)0 68T 2 2 TH 3. TDLSLH T L D
SHE, SML#ATI#. (lab) £FEL. ZOINIH T 4 (lab) OBITH S, fflziE, SQL 7TV

SELECT e.name AS name, e.age + 1 AS nextAge
FROM employee AS e
ORDER BY nextAge

%z, SML#TIX

fn db => _sql select #e.name as name, #e.age + 1 as nextAge
from employee as e

order by #.nextAge

22.4.8 SQLH7oxTl)
SML#®D SQL Mz TiE, U RO 2 DY 77 )V 2EL e TE 3.

e SELECTH 727V : ( (sqlselect) )
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o EXISTS %727 LV : exists ( (sqlselect) )

SML# DD D B7-H Eo#Hi—EEH 372912, SQL TREEDHINIC _sql ZEWVWTH KXW, ZD_sql
FHRTIC NS,

SELECT %7 27XV ( (sqlselect) ) D (sqlselect) 1&, 11T 14|%:RFT 7 ) TRIFhI Lo 0. 2
DHB, (sqlselect)y W 1FHNZRT 7TV THSZ X, SMLEDHE S X7 LI X o> THINIZHREINS.
(sqlselect) 1%, SML#T

({1: 7} list, w) SQL.query
BRI INIR RN, 2oL E, 3771 ((sqlselect)) DTZ, B2 7/ 1ZOWT (7', w)>7 TH
5. 77 TYPBRTITRE, 7TV RETTEY—AN=DETRICF =2y 7T 5. JTVRETLEE
FIT (sqlselect)y D3 01T% 7213 24T LT 2B L 723581, HiIF) SQL.Exec D3FET 5.
EXISTS %727 £V exists ( (sqlselect) ) &, (sqlselect) DA
(r 1list, w) SQL.query

DEE, B2 7 IZOWTH (7, w)>SQL.bool3 ZHfD

22.4.9 SQL FHBEXNDIRSDHAH

SQL #HiflizX (sqlexp) ZH—RD SMLAA TP =7 b & LTHD HH3IiE_sql ((sqleap) ) £EL . (sqlexp)
DD (7' w)>T D E, K_sql((sqlexp)) DI (+' > 7, w) SQL.exp TH 5. HlZIZ,

val q = _sql(1 + #employee.salary)
LitYEe
val q : [ ’a#{employee: ’b}, ’b#{salary: int}, ’w. (a -> int, ’w) SQL.exp ]
TH5.
DX ST U THLD L7z SQL aHifiX o Wi Fr 2 5l SQL 5z H DIA T IZIZIHDIABIL (... (exp))
ZRAWS. B2, kibo SQL FHM=XK g Z HOWTUTO & 512 SQL FHfiX 2 R T = 5.
_sql((...q) > 10)
Z @ SQL FHiiIZLL RO SQL 7 =) 2K .
1 + employee.salary > 10

X .. (exp)) DIIE, (exp) WD (77 —> 7, w) SQL.exp D& X, (7 ,w)>7 TH 5. HDAAKLD
DB T 27 —TNORlL o IR D 556, Mo —rks. fIZE, UTOREHLS —TH 2.

_sql((...q) > 10 and #employee.salary = "abc")

(... {(exp) BIEITEEND (exp) 1F, SQLFHEXTIZR L, SMLADKTH 2. ZD (exp) DHFTIZ,
D SML#DOI L FIFRIZ, SQL FHIFRIZTHIEE TR MRl F L R .

SQL FHfiX 2 DA AR RICERH A BN L LTS, 2OEHBEUE SMLATHAT X iz, SQL
AHiizlhY SML# TRl S L2 KA ¥ 5 21X, IR SEIEIC X > TOAEX 5. HIZIE, UFoHmE
Honat nid, 129 nflAROLALSQLAHEX 1 + 1 + - + 1 ZHEEIT 2K THDH, ZOFEFHRTH
% n ZEtE T BB TRV,

# fun nat 1 = _sql(1)
| nat n = _sql(1 + (...nat (n - 1)));
val nat = fn : [’a, ’b. int -> (’a -> int, ’d) SQL.exp]
# SQL.expToString (nat 5);
val it = "(1 + (1 + (1 + (1 + 1))))" : string
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22.5 SELECTZ XTIl

SML#TIX, SML#TIX, SELECT 7TV O&A) 2 MILITEHZINERL, TALEANT 5 Z LT,
SELECT 7 TV &K% T2 Z e TE 5. SELECT 7V /KT 24 (sqlclause) \ZIZLLRDH D
BH5.

(sqlclause) sqlSelectClause) ~ SELECT f
sglFromClause) FROM 4]
sqlWhereClause) ~WHERE 4]
sqlOrderClause) ~ ORDER BY 4]
sqlOffsetClause) ~ OFFSET 4]

\ sqlLimitClause) ~ LIMIT ]

HH DR DFHIEARE CRIENIC T TERT 5.
SELECT 7 V) 2{fiZZ 6 Df)B X & GROUP BY 4] (sqlGroupClause) ZflAGEHETHEINS.

ORI T O TH 5.
(sqlselect) == (sqlSelectClause) SELECT #]%#i> SELECT 7 =

(sqlFromClause)

((sqlWhereClause) )?

({sqlGroupClause) )?

((sqlOrderClause) )?

((sqlLimitClause) )?
| select ... ( (exzp) ) SELECT fyp#i®diAEh 3 SELECT 7=V

(sqlFromClause)

((sq!WhereClause) )?
((sqlGroupClause) )?
(
(

o~ o~ o~ o~~~

(sqlOrderClause) )?
(sqlLimitClause) )?
| select ... ( (exp) ) SELECT 2LV 2{KDHDIAA
BAID 2 DDA SELECT 7 =Y 23 5. SELECT 7 V%, SELECT fj FROM f]% 43

. ZOMDOANIEETH S, —EH D RDBMS DFEEE (| 213 PostgreSQL 72 ¥) Tl FROM )% £
7272\ SELECT 27 = U SFFENTW B A, SML#TIX SELECT 27 =V 343 FROM A& Fi7- 727Uk
2570, 2 OHDOHEXEHED select ... ({exp)) ICDOWVWTIIEART 3.

SELECT 7 =V Z# 3 2 FABLL FOM 2 F072 51F, SELECT 7 =V 2{Ki% (7, w) SQL.query
B2k,

o (sqlFromClause) 1% (11, w) SQL.from %2 FD.

o (sqlWhereClause) \ZTEET 225K (1, -> 71, w) SQL.whr B %D,

GROUP BY A FHET 2 2 X, 1 7N —FEL728 n S5TE I 5 (22.5.4 HiZlH) . GROUP
BY A7 03U, =1 TH5.

(sqlSelectClause) 1%, (12, T, w) SQL.select B ZHiD.
o (sqlOrderClause) \3FET 57K 513 (r -> 7, w) SQL.orderby 2= #fD.
o (sqlLimitClause) \IFET 261X (+ -> 7, w) SQL.limit B2 HD.
Bl ziX, U RNE5EL% SELECT 7 ) OfTH 5.

val q = fn db => _sql select #t.name as name, #t.age as age
from #db.employee as t
where #t.age >= 20
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3 DOHDH select. .. ({exp)) IF, SELECT 7V ZEHE D DIT, SMLADK (exp) ZiHiliL
ARG 57z SELECT 7 V) Z#iALe. (exp) 1& SQL.query B TRIFIUIZ S0, FIZIX, BIF
B EAROFIDO I ) qY T 7 LTHOZ TV g2 ITHEDIALHITH 5.

val q2 = fn db => _sql select #t.name as name
from (select...(q db)) as t

where #t.name like "%Taro%"

2 SHOMLH LU FORIEICRT S AOMIOERD LD, ~HOPIERE, W8IHTT
. (leap)) L 22T, SMLAGREFM L 6HRE Z20M L T2 2 A TES. iz, Ehofily
4% SELECT 7V %, M F® & 512, SELECT fAj¥ FROM A& MNICEH L7205, ... ((ezp))
SRR THAGDES 2 L CHET 3 2 L AT 3.

val s = _sql select #t.name as name, #t.age as age
val f
val q = fn db => _sql select...(s) from...(f db)

fn db => _sql from #db.employee as t

I ... ((exp)) BLIECEENS (exp) 1F, SQL #HliTIEZ7% <, SML#DHKTH 2. ZD (exp) D
T, @E O SMLADOK L [ARRIC, SQL FHREEIE THEETIIR SFBAIF e R 5.

22.5.1 SELECT 4]

SELECT #J (sqlSelectClause) DRESUILLTROHEH TH 5.

(sqlSelectClause) = select ((distinct_all))? (sqlSelectField) , ---, (sqlSelectField)
(distinct_all) = distinct |all
(sqlSelectField) n= (sqlexp) (as (lab))?

SELECT AJi& 1 DA LD 7 4 — IV R (sqlSelectField) D572 5. &7 4 =N RiZF L (lab) ZFFD. i
ZFHDOZ7 4=V BAIDOZ7 4 =N R%E21235) Das (lab) DEWINTVWEEE, as i BHEEIH
TWBEART. EDT 4=V FDIRABMDT 4 =L FD TRV LB > TORITNZR 5730,

nflD 7 4 =N F2HiD (sqlSelectClause) DRI, ZDiHH (1 <i<n) DT 4—F (sqlexp;) as (lab;)
D SQL izl (sqlexp;) DRID (,w)p1; DE F,

(r, {{aby) : 71, ..., (lab,) : 7} list, w) SQL.query

TH5.

22.5.2 FROM 4

FROM 4] (sqlFromClause) ODHESIILALTOHED TH 5.
(sqlFromClause) == from (sqlTable) , ---, (sqlTable)
|  from ... ({exp))
RO A FROM A2 M85 5. 2 5 HOMZIERA (cop) OFHIRERE FROM f) 2 L THIDAL:,
(exp) 1 SQL. from BTRIFIUIR & .
BOIOEX D ELa <k, SML#OHADary v e Bifkick2 Ze2H 5. HlZII,

(1, _sql from #db.tl, #db.t2, #db.t3)

1%, 1 £ FROMAIOR7 DD, 52 WE 2 FEHDEES _sql from #db.t1 ¥ ¥ 53 4 DMl dh, Bk
ThHa. MiELTERLTVWSERZHIE

(1, _sql (from #db.t1, #db.t2, #db.t3))
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BEETERLTVWE R HF
(1, _sql (from #db.t1), #db.t2, #db.t3)

D EDI, FEMZNTF TEIPLRTUIL SRV, 222 I T/RL7z_sql A1 EF T 2 EOHIRIE, Z DBEK
ST 27 DIEAINT WS, 1E,

(_sql from #db.tl, #db.t2, #db.t3)

(&, BHEFEIMOERIC_sql 2R TV S0, 2ENOEL DD SQLHELTH 2 Lilikdns.
(sqlTable) 3T —TN%2RTATHD, ZOMUILITOMED TH 5.

(sqlTable) = #(vid) . (lab) 7 —7NVER
| (sqlTable) as (lab) T =T NDZ AT
| C (Csql)? (sqlselect) ) T—=INY T
| (sqlTable) (inner)? join (sqlTable) on (sqlexp) T — 7 VONERKEE
| (sqlTable) cross join (sqlTable) 7 — 7NV DEFE
| (sqlTable) natural join (sqlTable) T—=7NDORAREE
(

| (sqlTable) )
5 ROUF I HESIZ DO W TR O MERIA S 5 .

o TAULIFHESIEMED ¥ D (sqlTable) ML X D bAEET1HHR.

o T — 7 NBIR# (vid) . (lab) WZIERLD B 7 NI NG S, as (lab) DR, 7—70
ERIZD T NPT HENT VS HDEHKT.

%7z, (sqlTable) DRI T DHIRH D .

o (sqlFromClause) \ZHNZETD as (lab) W ZAVICERZ > TWRIFIUIR SRV, E-T, FHUART
DT —=TN% 2B EBRT S X3, ZAZTNOSRITHID Z L% as THIFRFIUIIR S0,

o (sqlTable;) natural join (sqlTables) D (sqlTable;) I KT (sqlTabler) 1%, WEBHEE F 723 EMHE
THoTIFRBHIR.

o (sqlTable) as (lab) D (sqlTable) ZNHEFEEB KVEMTDH > TIR 5.

n 8D (sqlTable;) as (lab;)) (1 <i<n) ZH>DFROM AOAUL, (sqlTable;) D% 7, £ T 5L X
H{labyy : 7, ..., (lab,) : 7,} list, w) SQL.from

TH5.
(sqlTable;) DENILLFD@ED TH 5.

o #(vid) . (lab)y OENZ, SMLHADZEE (vid) DHEIDS (7, w) SQL.db THD 7237 4 — K (lab) :7’
ZRiOLa—FRHOrE, 7/ TH5.

o (sqlTable) as (lab) DENZ (sqlTable) DHRUTTFE L.
o ((sqlselect)) DBUL, (sqlselect) DBIDY (1,w) SQL.query D& X 7 TH5.
o (sqlTable;) natural join (sqlTables) DBUL, 2 ODTFT—TNZHRME L a—-FTH 5.

SMLAZMEFEARB L OCEREROREZHE LRV, 20720, NEREEE L OEBOFEIC as THEHIEIZ
SARMPTFETZZ 2R TERY (B EHIRXATW3) . NEHEE S L CEREOREEDRIZ FROM f)
2RO TH B L a— PR LTHALS.

FROM AJi%, $E& L, 7— 7L Z2ME L0207 — 7L 25H T 5. FROMAIORICEHN S L a—
REIL (laby) = 71, ..., (lab,) : THE, TOT—=7NVDORITIIBIT S, TN I ENLHDERLT
W3, BN S SQL T B8R4 (laby) . (laby) D (laby) 1%, FBRAMTTI 5Nz heED TR
LEET.
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22.5.3 WHERE 4]

WHERE f] (sqlWhereClause) ORESIILLTD@ED TH 5.
(sqlWhereClause) ::= where (sqlexp)
|  where ... ((exp))
BAIOWMEXH WHERE f] 2K 3 5. (sqlexp) DTIDS (7,w) > SQL.bool3 D ¥ = WHERE A O
(r => 7, w) SQL.whr TH 5.
2 OHDOHESUIK (ezp) DOFHEIFER%Z WHERE fij & U THDIAT. (exp) & SQL.whr B TRIFIUXR
B,

22.5.4 GROUP BY 4

GROUP BY #] (sqlGroupClause) OHEXIILLTDED TH 5.

(sqlGroupClause)  ::= group by (sqlezp), ---, (sqlezp) (having (sqlexp))?
| group by O

iy L3, GROUP BY A)iCid. .. ((exp) ) SLEMIFER T, o TSELECT 72V 0508 L
THEERT 2 Z e T &RV, GROUP BY fii%, #iE, 022®d SELECT 7V ®—#f¥ LT SELECT
f]B L FROM A & FHicHN 3.

FROM fjo % (7, w) SQL.from ¥ 3% ¥, GROUP BY Ajica ¥y XY h THRsHATWVWS
(sqlexp;) \FZ0ZN, (1,w)> 7 MTRITFUIER S0, GROUP BY A)id 20 6 o X o Ffifi R o
%% —r LT, FROMADEIHE LT — I N EEBOITO N —ICHhET 5. fTOIV—TDT—7)1
O 7 1 3%IR T B HIETHEINS.

GROUP BY Alld&E 4 U & 2D HAVING fJ % - T3 X\, HAVING AJD SQL #HifizliZ GROUP BY
FDFMRIATOIN =T 7 4 VR T 270DFGEATHD, o TZDANZ (7, w) > SQL.bool3 T
H5.

2 OHDEL group by O 1%, FROM AIDFE LT —I A ERKE VDD N—T T3 2R
FHEUE SQL DXL TH 5. (EFEAYRIEHE SQL Tk, GROUP BY AJ&E 312 SELECT AJ CEMBEE %
Awade, 2072V 37— V2R 2ENT b0 ARENS. HIZII,

SELECT avg(e.age) FROM employee AS e

X, 7= NEED e.age DFEHERDBIELWVWSQL 7YV TH5. —F, SML#TIE, 7—712lk
ZENTSH 7TV E group by ) ZELRITUILSLWV. o SQL 7 2V 1E, SMLATIEA D
Eo1c&EL.

fn db => _sql select avg(#e.age) from #db.employee as e group by ()
F—BR—= 2P —N—12&, SML# 7075 JZEPNTWEED,
SELECT avg(e.age) FROM employee AS e GROUP BY ()

MEEENS.
GROUP BY A]23Et R T 21707V —7 DR 71X, BEIZUTO LS KL THREENS.

1. Z =75 20T 0R %z

T=Aki:11, ..., kn:mn}
£3%. FROMABHNT 27 =71 0HIE 7 1ist TH 5.
2. f7N—t3 B, FOMIE T 1list list ¥ 72 5.

3. AT N —T k111, ..., kp:To} list ZEEEL, 78 = {k;:7y list, ..., k,:7, list} £ 3§ 5.
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FIE 3 DEREZITS 72D121%, BT LZLDEE k... k, DPEINCHEE L TO 20N H 5. SMLAZ, &
7 LrHOESE, FLZ ) I EEaENs 7 22BAOEEH» 5B T 5. GROUP BY filic ¥ —
ELTHREEINTWS D, SELECT R IC&EENL N — T 2363 H 7 158 (laby) . (laby) ZH 2
UZDOWT, b LEZDH 7 LB D GROUP BY AllZELNF —DWIT LV EDI—HT 31K 51F,
ZDAT L EH—DMEDAHF 52 LTGROUP BY {OMEROENCED Z. ZH TSI, 0Hh T
LHMEDV R b 2FOh T a kDb, BREINLNA T L0HZE, GROUP BY Ao 1o e LTEHE
.

TORGOMDEHEIL, B EFTHLLEDOXRICESWTITON, ZHOSIRERLE 2ER LWV, fl
Z13,

val q = fn db => _sql select #e.department, avg(#e.salary)
from #db.employee as e

group by #e.department

& GROUP BY fiJZ2HiDIEL W7 Y TH 3 —/7, SELECT fAjZ 7 L =L T OB T3 7 —»54:
5.

val s = _sql select #e.department, avg(#e.salary)
val q = fn db => _sql select...(s)
from #db.employee as e

group by #e.department

7%¥7 6, SELECT fij28 GROUP BY fij £ #3Z LR U SELECT 2 =V IZHN 2 &AM OHITIE, GROUP
BY AJO ) DHIZ#e . department & #e.salary DM AN E T2 —T5, 2 DHODHITIX SELECT
f155 GROUP BY fij%#5> SELECT 7 =V OHIZHEW/=8%, GROUP BY A]OfERIZEL SRz Ww
D LT GROUP BY A]IOWMEHEZINEZ 056 THS. BWEEL LT, group by 2@t/ ) &
r EiF, selectZ...({exp)) SIEZMEDRVI EEL L L.

MR, BFEFEVHEDEZDOMEHHTH 2. SELECT fAj2n#L Td, » LZD SELECT fyH
GROUP BY fJTIEE L =2F — e LAavAE SR, B —@3F¥ELRV. flXiZERofo s dE
FrEZWZ T avg(#e.salary) ZHIBRL,

val s = _sql select #e.department
val q = fn db => _sql select...(s)
from #db.employee as e

group by #e.department

LRI, B - 3EELRV. ¥R 5, #e.department X GROUP BY AJ CTfEE SNz F—T
HYH, > TSELECT AJ TOSROEEIZDH 53 GROUP BY AJORNCEENE2 15 TH 5.

22.5.5 ORDER BY &

ORDER BY f] (sqlOrderClause) OWSUILLTD@ED TH 5.

(sqlOrderClause) = order by (sqlOrderKey), --- (sqlOrderKey)
| order by ... ( (exp) )

(sqlOrderKey) = (sqlexp) ((asc_desc))?

(asc_desc) = asc |desc

BAIOMEZH ORDER BY Al #5835, 2 DOHOHSUIA (ezp) DFHifER%Z ORDER BY fix LT
HeiATe. (exp) 1 SQL.orderby B TRIFIUITZ 520,

ORDER BY fiJi& SELECT AJ253tHE L AR D 7 — 7 L TIT O M 2 %217 5. SELECT AJ0
RO E 235, ORDER BY I 5% (sqlexp;) & (r,w)> 7, 2 THH, ORDER BY fj£fk
DOENE (1 -> 7, w) SQL.orderby TH 5.



22.5. SELECT 7=V 161

ORDER BY fJicid, %A BEHMEZF R WHRREE S, XX —HE ORI FEET 5. SML#T
ORDER BY fJlcFx —¥2 LTEIT 2D, SELECT Al NI T 3RO D 5 428 WBIT23EZ0RNTH
%. ORDER BY fJ2*& SELECT fJOFERD A Z £ 2 BT 2121, 7— I NVE2Fiwd 7 128K
#. (lab) ZFHVS. BIZIXLITD K 51cFEL<.

fn db => _sql select #e.name as name, #.age as age
from #db.employee as e

order by #.age

ZL DT —ER—RAL Y UZ, SELECT AJOFRICEENLR WA T L2 F - LTY—1+F 5 L ZdrF
LTWa—7, ZDX53%H 7 L2ZRIE SMLATIIALS - x5, 2, XFor7z V3L s —T
H5.

fn db => _sql select #e.name as name, #.age as age
from #db.employee as e

order by #e.department

22.5.6 OFFSET @ Z7-13 LIMIT 4

OFFSET fJ3 X Of LIMIT fJi&, SELECT A]OFH &Ry HfaE#HFAOITOAZED 3. 1514 SQL
WICED BN TWBDH OFFSET f], N¥ X —IZ X 2PLEHMS LIMIT A TH D, ZHHIIEERNCEMTH
5. EELBIEZFIANLNTVWS ), SMLATEKINLHAFZY K- T 5.

(sqlOffsetOrLimitClause) DL %L NIRRT,

(sqlOffsetOrLimitClause) ::= sqlOffsetClause | sqllimitClause
(sqlOffsetClause) = offset (sqlatexp) (rowrows) ((sqlFetchClause))?
(sqlFetchClause) n= fetch (firstnext) (sqlatexp) (rowrows) only
(row_rows) = row |rows

(first_next) = first | next

(sqlLimitClause) limit (sqlexp) ((sqlLimitOffsetClause))?

|  limit all ((sqlLimitOffsetClause))?
(sqlLimitOffsetClause) = offset (sqlexp)

%%moﬁmt@ﬁmﬁ#Lmnrm$iUONBEP@T%%%&%&% CRERDPBETDH 2.
LﬂﬂVﬂi&W%ﬂﬂﬁ%h%,%%mlmm#6%ié.mWﬁEﬁMFEmﬂﬂﬁ%h%,%@
iGoffset OIRES. TNHDEIAZEETHES ZIFTERWV. ¥/, OFFSET AlTERMTRVAE
FLHER, APHFEINTHERTWRITIUIRS 0.

INODANZHND (sqlexp) F7213F (sqlatexrp) DFIE ({3, w)>int THS. E-T, ZHALDADH
WH 7 LZBA2EL I TERL.

WLKORDT —=ER=ZALY I YT, 1207 TY DR TINSDAEZEBEEE LD, ADIEF%
ANEZ DT 228 ZiFLTWVWS. SML#ATIX, 24 SQL eV, T o OEMNIEADOFZICHNTH
NRFIUEIR S0, £z, OFFSET A XU LIMIT AllZEH 65 FE 41 DFETLOAFT R,

22.5.7 tHEYIToTV

SELECT ZZUMBA AR LTW2 L E, WO SELECT 7=V idSMIlOo 7 YV DH 77 ) TH 5.
HES 727y ik, SMilo 2=V O FROM AP EAT 207 05258329772V %5 5. DU,
FEHE SQL THEONAEY 77 ) ofilTH 3.

SELECT e.department AS department, e.name AS name
FROM empoloyee AS e
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WHERE e.salary > (SELECT avg(#t.salary)
FROM employee as t
WHERE t.department = e.department
GROUP BY ())

SML#Ti&, 7271V % SELECT fJ72 ¥ (sqlexp) 75E T 23577 (22.4.8 Hizl®) ¥ FROM fJ (22.5.2
i) 1ICEL e TES. 77X, UToEBX LofilifyeiE-sr &, HEY 72y Tho
T3 K.

1. ZO0¥ 7272V BIUOHEX EZ20Y 772 2Hty42ToD SELECT 72V ® FROM A]2% from. . . ( (exp) )
D THRVWEE (225fiBH) , 2OV 772 VIIMEEY 772U TH->TdH LW

DURZ, EdhofFHE SQL THEWAMEY 727 2V % SML#ATEWHITH 5.

fn db => _sql select #e.department as department, #e.name as name
from #db.empoloyee as e
where #e.salary > (select avg(#t.salary)
from #db.employee as t
where #t.department = #e.department
group by )
3 A b L7 SELECT 27 Y OWFhhD FROM 425 from. . . ((exp)) DA, ¥7 2 =V I3HMY 72

) efEfRE v, FIZIEL T L5112, Edoflos 7272y D FROM A% from. .. ({exp)) IZFH
EXELEL X,

let
val £ = fn db => _sql from #db.employee as t
in
fn db => _sql select #e.department as department, #e.name as name
from #db.empoloyee as e
where #e.salary > (select avg(#t.salary)
from...(f db)
where #t.department = #e.department
group by ())
end

B 77 TV D#te.department D e i, MDD from #db.employee as e D e TIIA <, from ...(x db)
MPEAT 2 e 2 BT 5, LMREINS. 5T, x dblde ZHET 2 FROM AJTHRL TR ST, Z
OFNI T Z —r iz 5. HHilo FROM A% from. .. ((exp)) I L7=HE

let
val £ = fn db => _sql from #db.empoloyee as e
in
fn db => _sql select #e.department as department, #e.name as name
from...(f db)
where #e.salary > (select avg(#t.salary)
from #db.employee as t
where #t.department = #e.department

group by ()

BT 7T VFMHEEY T ) 2 ARINT, VTV Y D#e.department D e IXAREFRL D, LI —
ERRb.



22.6. SQL 2~ R 163

GROUP BY AJ e MBIV 77 = V1%, HIfFSI N2 @D IHASDEZ Z e TE S, flxiX, DING, &
ERB DR R ERI2HEEEZ S 5 o TWBREDD NDERZENVEDLESZ 7 ) TH 3.

fn db => _sql
select #e.department, (select min(#t.age)
from #db.employee as t
where (#t.department = #e.department
and (Some) #t.salary > min(#e.salary))
group by ()
from #db.employee as e

group by #e.department

ZOZ )T, SMIlO GROUP BY Al T/ — Tt L7z h 7 Ltte.salary %, + 727 ) OHT nin B
EHOWTENLTOS. GROUP BY AJOBRNIME LD, HETHE XS0 (22.5.4 HiBHR) , SML#2
VRAZEIN—TPHEY T ) h S BBEANTVWE I RIELLB#RT 5.

MIRNE, EEFECGED-DOMESRHATH 2. HEY 77 V%, Hxxt, oy onilicily
R BRVH, 226 woT, MY 77 ) e FHi L 72211 50 5 SQL a2, ML o
2a=TDEIELEAR T 27 2) e Z2MEET 5, 2o birTidRv. HEY 722 ) 8EFT
ZGMOfINE, HL ETHEY 7272V OREZFHETE 2 X51F 220 OHANGEE 20, HEY 7
72 & SQL FHERAH TR TH 2L L, SMLADSIEMEEZEHE LT, 22721 A DR
TlE- 7MY 72720 BEERODHLAIOZ ) CIiclldiArZ e b, BXZ 5o TWA R LIIAEETH
5. Zotx, ClZHDAEN BHZRT2IMIDT—T701F, ADDDTIFRLS, COHLDTH 3.
SQLZZUNREYD XS RFFETHALTONIE LT, ZOMALTHRIEORBIEL WA SHIX, ERE
LTIEBNS SQL 7 = VIXIEL VL.

22.6 SQLIIYE

SML#%, SELECT 7z Vi2hnzx, UTOMAITERENS SQL a~< > RO¥ 7y b (sqlcommand)
ZRZIMNT 5.

(sqlcommand) == (sqlinsert) INSERT a~< > F
| (sqlupdate) UPDATE 2~ F
| (sqldelete) DELETE 2> K
| (sqltransaction) Mo UH I avEEa<w Y R
| ((sqifn); --+; (sqlfn)) A=Y RDT—=HF VR
|

. ({exp) ) SQL a~v ¥ FOHDHAAL
INSERT, UPDATE, DELETE, F35 #7232 vBlidia~y KoB3,

(unit, w) SQL.command

TH2. HFa<vy FOFMILLTOREETEZ 5.

((sqlfny) 5 -+ (sqlfng)) (niF2 DL ETRIFUIR SRV 1F, —EIXEINSEIaarTRY)
Shiz—@Hoa~wy FEKRT. TORERED A~V R (sqlfn,) ORITFEL W,

oo ((eap)) 1, SMLADORZFME L 45 REa~< > F e LTHDAL,

22.6.1 INSERT OV¥ >k

INSERT 2> ROMIZLITO@EY TH 3.
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(sqlinsert) = insert into #(vid) . (lab) ((lab), ---, {(lab))
values (insertRow), ---, (insertRow)
|  insert into #(wid) . (lab) ({lab), ---, (lab))
values (insertVar)
|  insert into #(wid) . (lab) (((lab), ---, (lab)))? (sqlselect)

(insertRow) == ((insertValy, ---, (insertVal))
(insertVal) = (sqlexp) | default
(insertVar)y == (vid) | op (longvid)

DR O Fofillfynid 5.

o ((lab), -+, (lab)) KKHNB T LEFLETHWCER > TOWARTIUSAZ SR,

o (insertRow) IZHN 2 (insertVal) OBUZX, ((laby, ---, (lab)) DTNV OEE —FH L& IT UL
5720,

INSERT 2= ¥ R, values AJ THRE SN2 E1TH 20X (sqlselect) 7 V) OFHMliFGEROZATR, 16
FE LT =7 MHAT 5. values A)IZ SMLADZEE (vid) $72id op (longuvid) ZEWHE, 7L
(laby), -+, (lab,) ZFOL A= FDY R b 2T =7 /WHATS. AL LS L LTWBITHHRAKT —
TNDH T LEMELTONRNE E, FEEDRWA Z 2, T MERRICEE ST 7 + L ME
PHEAZINS. £z, values AIC default ¥ ELPNTWVWBEANIOWTSH T 7 4L MEDTHEAZXNS. &
FARZT 7 4N MEDSEESH TV ARWE X, a~<y FEMET 29— N—TEITRHZ S —2REL,
SQL.Exec BINDFHLET 5.

BOHFNIL D@D TH 5.

o (vid) |37 —7 N4 (lab) Z&Te SQL.db BT IFIUTR 5720,

o ((laby), ---, (lab,)) BEINTVB L X, #(vid) . (lab) PFERT 2T —T VB XL (sqlselect)
&, D edAh T n (lah),. .., (lab,) ZFo TOWRIFIUIZR SRV, ERNDH T 1 %2Hi>T
WTHRW., Fi, BALT =T (sqlselecty 7TV DH T LEEH—HLTWARLITSH K.

o ((laby), -+, (lab,)) BEIPNTVRVE Z, FHALT — T E (sqlselect) 7TV DA T LEEZ
—E LT UTIR S0,

o values fMICWRNEAHD i HHDIK (sqlexp;) DBNL, FALT =T NDAH T 4 (lab;)) OB 7, D&
= (3w BTRINUIRZ SRV,

22.6.2 UPDATE OY¥ >k

UPDATE a~ > FOMIIMTO@ED TH 5.

(sqlupdate) = update # (vid) . (lab)
set (updateRow), ---, (updateRow)
({sqIWhereClause) )?
(updateRow) == (laby = (sqlexp)
o LoflfInd %.

o (updateRow) @ (lab) FRTHWIER > TWARITIUIR SR,

UPDATE a~ > FiZ, {8E L7 —71v®D 55 WHERE )]0 %ii7-517%, SET AJOETHEHT§
%. SET AJTHEESINTWARWA I AZEH IRV, FriLWEZHET 2R, BEFHFOTOEEZS
3272012, (lab) 27 —IN%2 T30 7 28BAEHCTHRL

BOHFNILL T oMY TH 3.
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o (vid) 37— 7% (lab) % &L SQL.db T TRRIFAUTL H 72,

o % (updateRow;) THRESI NS AT L (lab;) BT RTEFIET -7 MZEFTATVRITNIZR SR
V. BT - I ENDAND S T L e R o TOTHRL.

o % (updateRow;) DI (sqlexp;) DRUZ, BHET — T NDITOWD 7, H15 L (lab;) OBED 7, D&
= ({{lab) : THw)e T MTRIFINUIR SR,

o (sqlWhereClause) 1%, T#ET 2% 51X, BHET—T7LVDOEB r D %, (r -> 7, w) SQL.whr
BICRIFUIZ S0,

22.6.3 DELETE OY > F

DELETE a~< > FOWSUILI D@D TH 5.

(sqldelete) ::= delete from # (vid) . (lab) ((sqlWhereClause))?
DELETE a~ Y RIIEE LT —7 1D 5% WHERE A5 E 72 51T 2HIBRS 5.
BOFFNILTO@ED TH 5.

o (vid) |37 —7 N4 (lab) ZETe SQL.db BT IFIUTL 5720,

o (sqlWhereClause) 1%, FET 272 561%, BHET -7 LD r DL E, (+ -> 7, w) SQL.whr
BT UITR B0,

22.6.4 BEGIN, COMMIT, ROLLBACK Y > F

SML#, FS o ¥ ryarvzHlidza~yFoob, UFoavy FeEHR— T35,
(sqltransaction) = begin Fo ¥ a rohia

|  commit FIUH IS a DT

| rollback FZ¥H¥H 7 aroHi

22.7 SQL EZ17E#HAR

SQL FATREF_sq1l (pat) => (sqifn) 1, SQL a~> K (sqlfn) T —RR—=RAP—N—TFEITT 3
BEUEER T 5. T —ZN=AP—N—ADEHNY FAZE e LTZOBBENUH T, K (sqlfn)
MM X, ZOMRELN SQL a~ Y RPY —N—IEREFEINFETIND. FITTHRN L7251,
ZOBBIZFDOFEITHEREIRL, TR L ZL i SQL.Exec il EFREXE S, BRI, Z0D
BT Z e 2175,

1. 7 SQL.conn BID T — X RN — 2% — N—$HiNy L2518 UL TRITE 5.

2. T—ARAR—ZAY—N—FGANY R 5 (1, w) SQL.db BDTF — X R—2ZDEREERDHEL, 8
& — (pat) DFAF % ZAURET 5.

3. K (sqlfn) ZFHEL, (7', w) SQL.command DA<= F21§5%. 772U, (sqlfn) 2% (sqlselect) D
BaX, (7, w) SQL.query Z¢d SELECT 27 =V % (7 SQL.cursor, w) SQL.command F{d SQL
avw Y ReEmRT 5.

4. A Y REY—N=ITEELFITT 5.

5. FATWCHIIL 72 0lE, 7/ Bloa<y NETHRZIRY.
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ZDIRBEEND S5 L1, a~vy FORM (r, w) SQL.db -> (7', w) SQL.command D& X, Z
DR DAL 7 SQL.conn —> 7/ TH 5. —fMRIT 7/ 1%, (sqlfn) B3 (sqlselect) D& = SQL.cursor M, 2
STRVWE E unit B2 5.

SELECT 7 VX SQL a2~ > F% SQL ETRKRICEEZE L 0, o bffiff7k SQLa~vY Fo
FEITHETH L. BRI,

val q = _sql db => select #t.name as name, #t.age as age
from #db.employee as t
where #t.salary >= 300
order by #.age

LELE, TPV ERT—EAR—AY—N—THETT 8B g VEBIHFEONS. BRERICHEEL -
SELECT 7 =V ZFETAIREIC T 5121, AT D X 512 SQL EITBEN T select. .. ({(exp)) sliE% H
W3,

val s = _sql select #t.name as name, #t.age as age
val £ = fn db => _sql from #db.employee as t

val g = fn db => select...(s) from...(f db)

val q = _sql db => select...(q db)

SQL a< ¥ FOHEE, SQL EITRAENIZ SQL. command R OX %2 FE <.

val w = fn () => _sql where #employee.name = "Taro"

val c fn db => _sql update #db.employee
set age = #employee.age + 1,
salary = #employee.salary + 100
where...(w )

val q = _sql db => ...(c db)
SQL E1TEAEA _sql (pat) => (sqifn) 171%, NI T 2H#9035 5.

o (sqlfn) OB (7,w) SQL.command 721 (r',w) SQL.query ® w i, (sqifn) OEDHDE ZI12H
LN TVRWEZER TRITIUIIR S TR0,

ZORIINE, BRDT —ER—RICERH 27 TV DETR2EREILT 57D I T0S. FlZIE, XU
TOBBER LS -2/ 5.

# fun f exp = _sql db => select #e.name, (...exp) from #db.employee as e;
(interactive):1.12-1.65 Error:

(type inference 067) User type variable cannot be generalized: ’$h

ZDEEDFKIX, select DHIIEHEL £ D5 [# exp BIA- TV B 7201, select --- DB (7,w) SQL.query
D w D58 exp DB (7/,w) SQL.exp D w & LTHHWHLNTED, LAROHIICGER TSI TH 5.
X DEEANZIE, 518 expld, _sql db => --- D db LIFERRZ T —EARN—R %22 F % SQL i
bLOWBWASTHS. ZOZ 2T 27012, FIAIE, ZOBEE Z2IFCH OB EE X TAH
9.
fun badExample connl conn2 =
(_sql db2 =>
select...((f _sql((select #tl.cl from #db2.t1)) connl;
_sql(select #t2.c2 from #db2.t2))))

conn?2
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Z @D badExample BEXEAIL, £ DZMHBEER X, LiROHFNC 20 & FHNT L. badExample BEEL
Z, B3 2007 —XX—2AH/H Y F)L connl, conn2 #%IFEXD, B f D2 =V % connl T, %
NEHDZ Y % conn2 THEITT 5. ZOBEBROTW R L Z A1, SQL EITEROAMAKD B £ D2
TVZFETLEIELTVWAZETHS. Lad, B O5FIBICEINSDIE, conn2 DT —XRX—2
db2 FFHWTEINZT T 7Y TH L. #BReLT, tPFEITLES T2 70, £ 2HET 5 db
¥ badExample 25T 2 db2 D 2 DD T —EARN—R%EBMMT 572V 5. ZDLIRI T BFET
TAHILIEXTERL,

ZofilfNg, EEIIZ, FurF adT SQL ETEBLEF T 25 GRS 5. FICEESBLELRD
1%, EROBEE DX, S LTRIM-722 ) 2ETT2EBIZETI RN TH S, 0l
R2[EhES 2 0 DD, 72V Z2E2BBEFETT 28252 TH5. HlziE, bdof
% SQL ETRTII R 72V 2RI T X 5 REFICE2ERIX, ZOflRZEE#TE 5.

fun f exp = fn db => _sql select #e.name, (...exp) from #db.employee as e
val q = _sql db => select...(f _sql(#e.saraly) db)

SQL a2~ > FOFHili €= 7 =A% L SQL.Exec BINDFAET 255121, UTOEEPEENS.
1. NOT NULL fill# A5 o fill#)5E <.

2. B FHN DI —N—T 11—,

3. 0 BRE.

4. SML#® SQL X TIEFFEINTWE D, 7TV RFITT 2T —XN— 2P — N—=DFRT = Rk
XBEDNATNS.

ZD3H 4 WL THET S. SMLADYR— hT 2 SQL ML, FEHERK SQLI9 Z Ay L, FE Ak
NYR=IZE3BOERY, SHEMGERZEMICT 27200 (BBAISEOH LN, RT) HARILED
55, BHESQLITN T 2HERES, 7o) oFEXHICHET 2MrRHANE, #EDT—4R—2A Y
VN EoTER S, 2D, SML#D SQL ¥EREER 3 23581, SMLADRES 22 To SQL #%
BERMESAFITMES DTIERL, HHTATF—ZR—AL Y I VIZEDE THEER BN T ARXTH 5. f
ZIE, UREARY = 2 7 VHERF S THIHL TW2 SMLAL T — X R—ZADERTH 5.

e PostgreSQL TiZ, FROM A/IZBWVWT, 7— 7L 2R LRI AS THRIDNIT bR T VWS & &,
FEENRD T — 7 NI AS THT 7=45T% SELECT fi 6B\ 3 23 Z e AT ERWV. flZE, U
DIZTVET =TI xBBRTERVWE LTI -5,

SELECT x.col FROM (a AS x NATURAL JOIN b AS y) AS z

e SQLite3 i group by O EiEEYR—bt LRV, DD group by ""REZHWA ZENTE 3.

22.8 SQLZA173V :SQLALSIF ¥

SML#%, SQL B #HOILRIE S ¥ HICHH T 2720 DBELRIEZ 54 75V v LTS 2. SQL 12
22 TOREEBIE, A1 V2 —T7x2—RA7 74V sql.smi B 7BNL FFTBSQL A NIV FXIZEE
N3, SQLIHER A L TE N SMLADY — R 7 7 A NME, FDA YR —T 22— 7 7 4 MIZLLFD
—{TEMZ, sql.smi ZSMRLRIFIUIR S0,

_require "sql.smi"

SQLANZ Z7F v DI T F X ZLUTO@EY THS.
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structure SQL : sig
type bool3
type numeric
type decimal = numeric
type backend
type ’a server
type ’a conn
type ’a cursor
type (’a, ’b) exp
type (’a, ’b) whr
type (’a, ’b) from
type (’a, ’b) orderby
type (’a, ’b, ’c) select
type (’a, ’b) query
type (’a, ’b) command
type (’a, ’b) db
exception Exec
exception Connect
exception Link
val postgresql : string -> backend
val mysql : string -> backend
val odbc : string -> backend
val sqlite3 : string -> backend
structure SQLite3 : (22.8.1 HizMR)
val comnect : ’a server -> ’a conn
val connectAndCreate : ’a server -> ’a conn
val closeConn : ’a conn -> unit
val fetch : ’a cursor -> ’a option
val fetchAll : ’a cursor -> ’a list

val closeCursor : ’a cursor -> unit

$220% SQLAravr K

val queryCommand : (’a list, ’b) query -> (’a cursor, ’b) command

val toy : ((’a, ’c) db -> (’b, ’c) query) -> ’a -> ’b

val commandToString : ((’a,’c) db -> (’b,’c) command) -> string

val queryToString : ((’a,’c) db -> (’b,’c) query) -> string

val expToString : (’a,’c) exp -> string
Structure Op : (22.9 HiZHR)

Structure Numeric : (22.10 fiZ[R)
Structure Decimal = Numeric

end

IR, 221 HiTER LB ZRE, ZhoDERZEEIZ LICEIENCTITT

22.8.1 TFT—HAR—RY—/\—ADIEH:

e exception Connect of string

T = RAR=ZANDOEHICE T 2 27— 2K TS, string lFTF—X

e exception Link of string

HHT 5.

vt —ITh3.
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T=RR=—ZAZAF =DM F =2y ZITHT 27 -2 RKTHI. string 37 —Xvt—ITH5.

e type backend
_sqlserver HOIZEH { HHILIEMOR (223 HiZH) . UTOBBOWThhrZHWT Z M2
SAEEL.

e val postgresql : string -> backend

SQL.postgresql paraml¥, PostgreSQL H— N—~DEFEIFHREIRT. XFF param X, Post-
greSQL 7 4 77 V libpq DR XFHNTH 5. Fhi XFHIDFMIE PostgreSQL ~ = =2 7 L2
¥ &, param HEY)TIRWEE SQL. Connect FISN D FEAET 5.

B HR— T3 PostgreSQL DT ¥ SMLADT Y DX IMILL T DED TH 5.

PostgreSQL SML#
INT, INT4 int
BOOLEAN bool
TEXT, VARCHAR | string
FLOAT8 real
FLOAT4 real32

e val mysql : string -> backend

SQL.mysql param ¥, MySQL ¥— N—AD#EHEIEMZIR . XFH param iZiZ, “F—=fE" &
WO TERDIEE R A FTRY o TS, FEEARERF — L ZOERIZUTOMED TH 5.

e 5

host MySQL #—N—DHKZ 4%

port MySQL ¥ —N—DK— + &S

user MySQL H—nN—=iZus 4 v 32 ZD1—¥—-%
password MySQL H—N—iZu /4 5232 ZDNRAY—F
dbname e 7 — 2R — 2 DA

unix_socket | #HEHE UNIX V7 v FD T 7 4 L%

flags WETararor 2 (10 EETHED)

Z D> dbname [INTIHE LR ITIUIR SV, TRHDRT X RITOWTEL & MySQL O~
a7 VESRE L. param HEYI TR WS SQL. Connect HIAM D FAET 5.

HK— T2 MySQL OB ¥ SMLADH ¥ O FO@Y TH 2.

MySQL SML#
TINYINT, SMALLINT, MEDIUMINT, INT | int
TINYTEXT, TEXT, VARCHAR string
DOUBLE real
FLOAT real32

e val sqlite3 : string -> backend
val sqlite3’ : SQL.SQLite3.flags * string -> backend

SQL.sqlite3 filename B X F sQL.sqlite3 (flags, filename) 1%, SQLite3 7—XN—27 7
A NANDEFNEREIR T, LFH filenamei2ld, 7—RX—27 7 A VOZ4ETEFEET 5. SQLite3d
" THRE AT ZRANCHER ST 2 2 L CHEENDBETDH 5.

flagsix, U RO 42D7 4 =V Kbk 23La—KThH5.

— mode : 77 ANEBF—TUTBE—FRERT. UROWVWTHLDEEES.
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* SQL.SQLite3.SQLITE_OPEN_READONLY
* SQL.SQLite3.SQLITE_OPEN_READWRITE
* SQL.SQLite3.SQLITE_OPEN_READWRITE_CREATE
— threading : ¥V F ALy FE—-—FZXKT. UFOWTIHILDEZILS.
% SQL.SQLite3.SQLITE_OPEN_NOMUTEX
* SQL.SQLite3.SQLITE_OPEN_FULLMUTEX
— cache ! ¥ ¥y ¥ aE—F2ET. UTOWVWTNHIDEZS.
* SQL.SQLite3.SQLITE_OPEN_SHAREDCACHE
* SQL.SQLite3.SQLITE_OPEN_PRIVATECACHE
— uri: 77 ANVEZOBROMT2RST. LITOHEZES.
* SQL.SQLite3.SQLITE_OPEN_URI

INBD T T T OWTOFMIE SQLite3 C/C++ APILO~v =2 7 L2 ZHE L. 2o DEHT
2T SQL.SQLite3 A M T 7 F ¥ ITERIN TS, F7z, SQL.SQLite3 A b7 7 F ¥ i flags A
BEDHECHWLNE T 7 4L hD 7527 SQL.SQLite3. flags %D, 74—V F7 v 77—t
¥ SQL.SQLite3.flags EFHWA I X T, T 7 4L FOREE —HEHE L7 7 7% Z T
x5,

SQLite3 @ type affinity & SML#DRIDLIN D1 D X BT STV 5.

Type affinity | SML#

INT int

REAL real

STRING string

NUMERIC numeric

BLOB (R
CREATE TABLE FHZ& A 7 LTHRE SN2 L type affinity & OFIGIE, SQLite3 D=2 7L
WAt SN TWAED TH 5.

e val odbc : string -> backen

SQL.odbc param ik, ODBC ¥ — N—~DOEHERZIRT. XFF param 2, DSN&, 1—3—
£, AV — R%E ZDIEICAR—ZXATRY]>THiN3. param H35#EY)THWEEIX SQL. Connect

ID3FHAT 5.
YR — 52 ODBC Oy SMLH#DT L OXIMILLFDED TH 3.
ODBC SML#
CHAR string
INTEGER, SMALLINT int
FLOAT real32
DOUBLE real
VARCHAR, LONGVARCHAR, NVARCHAR | string

e val connect : ’a server -> ’a conn

SQL.connect serverid, G server PR TR DO Y — = DER 2L L, FEOT—
RR—=ZARF =D server PRITAF—<Z0BZ T2 ZHREL, T7—2EIFINUE, ——
ANDFERNY RAVEIRT. == ORI T T —HH UL SQL.Exec BN FHET Z. RF—=
DREICTF —HHAUL SQL. Link FIA D FET 5.
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BeleIE M server DBNX, ZOEHEBELC TS 7— IV BI A 2 —DR%ERT. SQL.connect I,
server RN H 28T — T NZIIZONWT, BHDT—TNVEREZC a—0BHTETINE S 0E, T—
RRN—ADI AT LAZA T/ TF 2y 735, FIETERH5IE, SHIZZEDT—INFRIFL 2—
B, server DENZH DB Hh T 2@ THRHOI L ZMET 5. Fxv 7O, HARIOKIF/INFIZX
ML, F—&ZR=21%, server DENZENT — TR 2 —%2EATH IV, —F, &7—7
MZ, server DENZEINTWVWE A 7 LR IEHICE R TUIR S0,

D TT—RER—=ZAF—N— FEHL LS L LIz &, #HEhifT — & RX— ZOMEIZIG U Tt 7
BoATSVNHINCY 27 NDE. TNV DA T 5V ABEYTRWGER, REEEE @
CTCoATI7VAEIBETAIENTEL. Bt —nN—, 7741 D74 T77V%, BLUR
BREROZLINILL TOMD TH 5.

T—=BER=R | 7475 V4% BRIGZE RN
PostgreSQL | libpqg.so.5 SMLSHARP_LIBPQ
MySQL libmysqlclient.16.so0 | SMLSHARP_LIBMYSQLCLIENT
ODBC libodbc.s0.2 SMLSHARP_LIBODBC
SQLite3 libsqlite3.s0.0 SMLSHARP_LIBSQLITE3

e val connectAndCreate : ’a server —-> ’a conn

MIRDEEFRNT SQL. connect XA U TH 3. 5IHOBICTHRI NIz T — T DERET — X2 X—
AWZTFEE L WEE, SQL.connectAndCreate !& CREATE TABLE 2 <Y REZFETLEFDT—T 1%
BT 5. P R=PINRVEZELT TV RERL &S & Lzt % SQL.Link BN 5ET 5.
CREATE TABLE 27> FOFEITITKRM L7z & ¥ SQL.Exec FISADIFEET 5.

e val closeConn : ’a conn -> unit

SQL.closeConn conn i, SQL.connect BABDHEN LTz T — X R— AP —N—ADEHMEHAL 5.
SQL.connect THEY. L7-#6i1%, SQL.closeConn THATEAL SNRITFHUIR S0,

22.8.2 SQL I DERTLERDEIS

e exception Exec of string

SQL 7 V) OFEATRIC T — ZRR—= AP —N=D L7 =2 WE L2 e 2R THIS. string 1Tz T —
Awl—ITH5b.

e val fetch : ’a cursor -> ’a option

SQL.fetch cursorix, »—Y I cursor BME31T7% —1TitAAA, cursorz—{Ti#ED 5. b LIH—
VLT — T DRIMCEE L TWEISEIE NONE 28T, & LA—VIABHLE LR TWE 5T
SQL.Exec A3 FAET 5.

e val fetchAll : ’a cursor -> ’a list

SQL.fetchAll cursorik, #—Y L cursor BT ObREBEDITE TR GAAA, T— VEH
C%. dLA—YLADEHLSLRTWSX 5L SQL.Exec HIA D FAET 3.

e closeCursor : ’a cursor -> unit

closeCursor cursorlk, SQL EITEBIGR LI — YV ET 3. £ Toh— Y i Z oD
fetchAll BIELCEAL SR IT AU S 720,
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22.8.3 SQL 7 I D%k

e val queryCommand : (’a list, ’b) query -> (’a cursor, ’b) command
SQL.queryCommand query %, SELECT 7V query % SQL a~ ¥ RIZEHT 5. Z OB,
SQL FEATBIEGE_sql (pat) => select...((exp)) BT TV (exp) XL TITH a~> MMk (22.7
HiZl) UL Z &% SQL ETRBEAMETITMTS.

e val toy : ((’a, ’¢) db -> (°b, ’c) query) -> ’a -> ’b
SQL.toy query data ik, SML#® 7 — XM data % 7 — XX — ZIZHITT SELECT 7 =)
query ZFHi$ 5. 7TV OFHEIE SMLADHFTITOM, H— "= DR HEDIZ—UThILL.
OB, SML#2 Y4 53 SQL OEUFTI DI ER LIz WA Ta 5 12 2D E FETT
5. 7Y OFETMREIFEINTOARWVED, ZOBPBUIERICGHEI RWIZEEBOATREEDN S 5.

e val commandToString : ((’a,’c) db -> (’b,’c) command) -> string
SQL.commandToString command %, B command OARKEFAGL TH SN/ SQL a~< > K
2T L TR, ZORBANR T SCFHN, SQL E7RI%EY SQL 2= ¥ FEFRICH — =1
EETLIFIN R HDTH 5.

e val queryToString : ((’a,’c) db -> (’b,’c) query) -> string

SQL.queryToString queryl¥, BI query OAMKZFHl L TH 507 SELECT 7 Y 2 X4k
35, ZOBBANE ST, SQL FEITRIEAY SELECT 27 ) FEATRHC Y — N—ITIRE T 5 3 F
HIEFETBDTH 5.

e val expToString : (’a,’c) exp -> string

SQL.expToString exp ¥, SQL #HiizX exp ZXFHUtT 5.

22.9 SQLZ14735Y :SQLOpA+ZIF+

SQL.0p A b 727 F %X, SQL #HizidHTHW2 SQL O —JHEE TLENBEE, BXUoZzofioa—
T4 V74— 2T 3. SQL FHERMEZOHFTIE, WL OB FHALRD@ED infix 5 XN 3.

infix 7 %
infix 5 like ||

nonfix mod

SML#ATaHii X 2N THW SQL FHMBRE XA T, TOR NI 7 F vy TEBRSIN TV SHEECHE T
AN F X HERMBETE I REHATAIZENTE S,

SQL.0Op A M 77 F ¥y TEBRIN TV LD Z {1X, HHD SQL AR (22.1 Hizf) L TAH—
N—m— RIhTW3. KFETIEX, SAOEEL, *F—N—p—FXhTWa3Rlr ZzoH &%, T
DRIEBDHHTTRT.

e ’sql 3R TD SQL HEAMB L UZ D option BZH<.

e ’sqlopt 32 T®D SQL BEARID option % H<.

e ’num | SQL FARD 5 b HEALS X U Z D option HZH <.
o ’strid string BB X N string optionHIDEH L EHEL.
o THLHLHNDRIZR, WHEED, EROREH .

SQL.OP AP 7 F v DI 72 F X IZUTDOHEY TH 5.
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structure SQL : sig

structure Op : sig

val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
end

end

Some : ’a -> ’a option

Part : ’a option list -> ’a list
Num : ’num -> numeric option

+ : ’num * ’num -> ’num

= : ’num * ’num -> ’num

¥ : ’num * ’num -> ’num
/ : ’num * ’num -> ’num
mod : ’num * ’num -> ’num

’num -> ’num

abs : ’num -> ’num

< : ’sql * ’sql —-> bool3

> : ’sql * ’sql -> bool3

<= : ’sql * ’sql -> bool3
>= : ’sql * ’sql -> bool3

= : ’sql * ’sql —-> bool3

<> : ’sql * ’sql -> bool3
[l : ’str * ’str -> ’str
like : ’str * ’str -> bool3

nullif : ’sqlopt * ’sqlopt -> ’sqlopt

coalesce : ’b option * ’b -> ’b

coalesce’ : ’b option * ’b option -> ’b option
count : ’sql list -> int

avg : ’num list -> numeric option

sum : ’num list -> ’num option

sum’ : ’num option list -> ’num option

min : ’sql list -> ’sql option

min’ : ’sql option list -> ’sql option

max : ’sql list -> ’sql option

max’ : ’sql option list -> ’sql option

PR, ZhoERZREZ L ICRIENT 3 THlT 5.

22.9.1 BEHHLEZ7-HDEH LAVEE

SMLADH K — b LEVIEROF ¥ X bt —nN—a— RICHIET 3720, Boid#rabe 37200
DTRoBBDREIATVS. 2500k 22.4.5 HizSHHE X.

e val Some :

e val Part

e val Num :

’a -> ’a option
’a option list -> ’a list

’num -> numeric option

173
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22.9.2 SQLEEFESIUVEH

SQL.Op A + 7 7 F ¥ I T O IHHAEF 2T 5. Zh5 DRI, IBUCES SQL iz [F
HOFEREF 2 MA T SQL #Hlirlz X 3. HEFRIZZ 2V Y — AN IZAE S N5 L THiiS Az,

o WHE T | 5 FEHOIEHE T<, >, <=, >=, =, OHETD SQL EAAIH L TAH—N—1— F X
NTW3., ZhslEEEFORIZ,

’sql * ’sql —-> bool3
TH3%.

o AT | 4 MO _IHEHE T+, -, %, /, § BLU 2 DOHIHHE T, abs 2 TD SQL DHH
IR LTA =A== FENTW2. SQLFHEOF T, #AlTHEinfix LEESNS. Th
5D,

’num * ’num -> ’num
s

’num -> ’num
TH5.

o BAREE  FINHEET mod 13, EHESQL ICEDLYE, TIHEEEF TR IEEY LTHEHAxATY
L. EEREDT—ZR—21L o T, mod YD EBLRFH LAY E—F L TVWRWNWT 2 IZHER
FT52r. SQL M DOHTIE, #5)F mod I& nonfix ¥ HEE XN 5. mod DT,

’num * ’num -> ’num
ThH53.

o WFHNHET : REX—U < v FHEET like LHMAHE T IDHHTE 3. ©5 50513 SQL
TMEROF T infix BEEEINATWVWAE. ZHASLOHFIMUTO@EDTH 3.

val like : ’str * ’str -> bool3

val || : ’str * ’str -> ’str
o NULLIF : I FOR®D nullif IRt E TV 3.
val nullif : ’sqlopt * ’sqlopt -> ’sqlopt
518X 2 D8 D option B THRIFIULZ S\, HEH Some THIZEHESZ Z L.

e COALESCE: option Z{DE D W DIE T, coalesce & coalesce’ @D 2 DDEK IR XN T
w3,

val coalesce : ’b option * ’b -> ’b

val coalesce’ : ’b option * ’b option -> ’b option

CHELOBBERWTD, = N—IGEEIN S EEHIE COALESCE TH 5. coalesce DR,
NULL % NULL THRWETE XX 20 HICEbETIROTVS. FHESQL 2I1dER D, 32D
Lo5IEEY A= LTwARV. 3O LEOEZIR DD & 2l coalesce’ AZ AR MT B L.
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22.9.3 SQL £#E%K

5 D DFEHE SQL DEMIBIR count, avg, sum, min, max BFHATRETH 2. ZDSH, sum, min, max
BRI, option BUDH D PV DiEWICE D, 2 FEOMEE (FIZIE sum & sum’) T HhTVE. ¥
LEH0MMERCTS, P—N—IREINI2BBHEFETCTHS.

NS DBBOBIILTOEY TH 3.

val count : ’sql list -> int

val avg : ’num list -> numeric option

val sum : ’num list -> ’num option

val sum’ : ’num option list -> ’num option
val min : ’sql list -> ’sql option

val min’ : ’sql option list -> ’sql option
val max : ’sql list -> ’sql option

val max’ : ’sql option list -> ’sql option

22.10 SQL 541735V :SQL.Numeric A FZ 7 F+

SQL.Numeric A b7 7 F ¥, U SQL TRADHEE ZHROBER NUMERIC 2 T I 2L — b F 5.
SQL.Numeric D 73 F ¥ I FDHED TH 5.

structure SQL : sig

structure Numeric : sig
type num = SQL.numeric
val toLargeInt : num -> Largelnt.int
val fromLargeInt : Largelnt.int -> num
val toLargeReal : num -> LargeReal.real
val fromLargeReal : LargeReal.real -> num
val toInt : num -> Int.int
val fromInt : Int.int -> num
val toDecimal : num -> IEEEReal.decimal_approx
val + : num * num -> num
val - : num * num —-> num
val * : num * num -> num
val quot : num * num -> num
val rem : num * num -> num
val compare : num * num -> order
val < : num * num -> bool
val <= : num * num -> bool
val > : num * num -> bool
val >= : num * num -> bool

val ! num -> num

val abs : num -> num

val toString : num -> string

val fromString : string -> num option
end

end
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IS DB DO ERIE Basis Library @ Int B X O IntInf A b 7 7 F ¥ IZERI N TV BRI DEEE L [F
U TdH%. toString BARUI/IMERLIFICR KT 16,383 XF 2135 0d LARWZ L ICHEER X.
SQL.Numeric A b7 7 F ¥ EBHL EFTT—ER—RDT—XDPLHIY D=DICHBEINZbDTH
D, —RIRERBED 108K T4 77V RHEMT 2 2 2ERIL TWRY. BUEEEOMEREZBER LT
RN TVRWED, 2o OBBIIEAICHI RWIEEEWAIEEELH 5.
7238, SQL.numeric TDHI% ¥ LT SQL.decimal F¥A%, SQL.Numeric DHI%4 & LT SQL.Decimal R b
Z7F %k, Thrhifftahtns.

22.11 1ZESQLIELDER (BZE)

SML#® SQL HAEFROMIE, AIEERIR D% SQL O IcETWwW5. 2535 28IC&k- T,
SML#® SQL HBED 7= DICHT LWHDIAAZTHEERE IR THLVEIIILTWS. LaL, HDAA
SREOME L, RANSEOEOHEEZI T, EESQL OXEEFEBETERWEERH 5. DI,
SML#® SQL XX HMEHE SQL L B> TW Az £ 5. DIFORIIK 2 UL, 2% SQLIXIZ
ZDFFEDEXFTSMLAD SQL BERER N B 2133 TH 3.

o ERV T INDEES (FRTXFH) 1 SMLAICHEL 5.

o IF#E SQL TlEF — 7 — FORXF/NLFIZEHEINE—T, SMLATIEETO SQL ¥—7— Fi
INCFTRITIUE I S0,

o T—INERN T DBDRLF/INCFAE SMLHED Y 257 5 ETIEXAIEN 3. 72721, SQL.connect
BAXF =< D—BEMET 2L DA, ARTOKLTF/NCFEXFIE R0,

o 1EHE SQL TIIBHIBGHE RS TE I EH O ETH 555, SMLATIX SMLADBEAEGE R & [k HE
MEE»E L TRV,

o BIFBHEETICIZ SMLAR L AR 2 W3,

o “IHIHE T OMESIENIZ SMLAD infix EFIC k> TRE 3.

o and WHEE FIXFENCH E Nz ROPTL2E X RV,

o T LT —TINDOBIICII#EHIEBET 5.

o 717 LADBRICINT T — I NZAEPIRLRITIURZ 5720,

e ORDER BY 225 SELECT 0 7 1% %2 BT 25813, #7 2%1C#. ZHIET 5.

e FROM AJ%° INSERT, UPDATE, DELETE a2~ FOTF—7UBHRICIZ, #k, T—TLHhET S
T =R R—=2A%4ET SMLADHAIT (—MiC_sql ® fa X THEINS) ZHIET 5.
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F238 BKSEBOEESCAVFA—TI1XR

HEn @*ﬁf&k, HE (decl) DEFRE, ZTHUTHIET 24 ¥ X —7 = 4 Zthk (interfaceSpec) DIE
FEEZ2, FhALESIINLTay L IHET AR ER AT 3.
23.1 valEE : (valDecl)
val 5 OMIE, UFOGETERSNS.
(valDecl) = val (tyvarSeq) (valBind)
(valBind) (valBind1)

| (valBind1) and (valBind)

(valBind1) (pat) = (exp)

CDEFTIE, and THEMSINLEBDOES TS TN LZBDRRIREEI NS, RESNWEBOH
MEPIE, COESEER—DRaA—-T2RHOZDESIIH G TH L. % (pat) ITHNDZZERIZTT
Bz o TORITIUIZ S TR0,

(valDecl) @ (tyvarSeq) &, (valBind) WCHNZHUEH DR a—-TOIETH 5. ThoBERII, &
(valBind1) @+ v FL~ L TRIMR N 3.

23.1.1 valEEAM VR TTA R : (valSpec)
val EEDA Y& —7 =4 RF, RS2 Z- e ZhTOVWT, L 2D TORTEET 5.
(valSpec) == wval (id) : (ty)
flz1E, val BEF
val (x,y) = (1,2)
WS val E5A Y X —T7 24 RBUATFD 20D Y X—T7 2 A REFETH 5.

val x : int

val y : int

val (pat); = (exp); and (pat)s = (exp)q

DFHilL, g <% — > DFH & OFHD 2 BRFETIThb .
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s /N2 — >3l

MEARRX — 2 EOEEIE, £3, X—VEBCEENIZHES {21,..., Ty} T 2 EEFIC
x5,

NRE=VEBCEBRP AV AN T I RZRR = PR—DbFENRWVIEGER, ZOEHIILIROFIETITD
nb.

1. KX = (pat;) &3 (exp;) DD, BIRANCG, R & —Y e HMPROMADEE DRI NS.

2. BAXE = (pat;) B3, ZOWEINWE, Ha & —roflicn@Eansg. ZOKE, (pat;) DI
PRTCIR, DREINERTZ = BGRIBAnE 5.

3. ROE, LR T vy T TS NG R = AT LT, MRS 2880 2D His#EZE, K
(exp;) IR L THINCFATT 2 2 IC&oTTI. Thbb, ApRERDGEEE, frHHmD
HEh, APEXTRVEEE, RNEZRTRML, FiEh oMoiEZ D H5 Bz ZR05E
R Wk 5 A< S g

4, RR =D id as pat DIEDREE X — > 2 E0GE, ERLOBIFEICMA T, id I L THEERK
DIEPERNTER I NS,

5. U EARE N =28 e ROMHDOEE D,

val 1 (:7)? = exp,

and T, (:7n)? = exp,,
DIEOEHFEES & LTAERSNS.

PIFD 2313 TRT &I, UEDXSICRZ -k 2HFMES %2, TRERIR D 2o Hdic e s
2222k, Bind fI R Z XA WERBICBWT, SMLEFHERT 2D 5 > 7 1 ZARIZZ 0
CLTHIEMS Z D AIREL 12 5.
RE—VEFIEBRAV AL 77 ZRR—UPEENIGE, BEE &M, ETRcHisz
FETZZeHD, FBRIHEEZ T2 2N TERY. ZOHEE, 50N EEENUTOFOE
BRI EfXxh 3.

val X = case ({(exp1), ..., {(exp,)) of
(paty) , ..., {(paty)) => (T1,...,%m)
| _ => raise Bind
val 1 = #1 X

and x,, = #m X

VP EDZEHIZE D, HHEEESICEEINIERESORANORIFREESIMESNS.

23.1.3 valEECA X711 ADH
MR, 7v71%2HEEEE0RREOHITH 5.

# val (x,y) = (print "SML#\n", fn x => fn y => (x,y));
SML#
val x = () : unit

fn : [’a. ’a -> [’b. ’b -> ’a * ’b]]

val y
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CDEIE, BRI ADFHE S %77 1 252605, ZOeHGNE, ERlD X5 icXo—H#8
WCEIEHZROHATY, ZETHL. UTFOFIOXS1T, "X—ynBavR 77 20ER2E05E
&, T OEFHEHESCEARDEIERZ SORTREEY D 570, ZEADOZHMIIEZ Shizw.
# val (x,y, 1) = (print "SML#\n", fn x => fn y => (x,y), 1);
(interactive) :2.8-2.8 Warning:
(type inference 065) dummy type variable(s) are introduced due to value

restriction in: y

(interactive) :2.4-2.57 Warning: binding not exhaustive
(x, y, 1) => ...

SML#

val x = () : unit

val y = fn : fn : 7X7 -> 7X6 -> 7X7 * 7X6

MR, Y—RI77A4NEAVR—T 24 RT7 7 A VOELHITH 3.

Version.sml file:

val (version, releaseDate) = ("4.2.0", "2025-03-24")

Version.smi file:

val version : string

val releaseDate : string

23.2 PBIRNEE : (valRecDecl), (funDecl)

BEE S ORMESUTIEZLLT D (valRecDecl) X (funDecl)y 3% % .

(valRecDecl) = val rec (tyvarSeq) (valBind)
(funDecl) = fun (tyvarSeq) (funBind)
(funBind) (funBind1)

(funBind1) and (funBind)

(funBind1) (op)? (vid) (atpaty1) --- (atpati,) (: (ty))? = (exp1) (m,n >1)
| (op)? (vid) (atpatyr) --- (atpatyn) (: (ty))? = (ewp2)
[ ..
| (op)? (vid) (atpatn1) --- (atpatmn) (2 (ty))? = (expm)
CODEFT, and THii SNEHOBEBDHERRINIERSI NS, ERSN 2 BEBLOHREHIZ,
CoEERKE, TOEBECHIHITHS.

(valRecDecl)y 128 % (valBind) @ val 513,
(vid)y = fn X

DIFICHIREN 2.

H—® (funBindl) WZHNZ#AT BB (vid) EFTRXTHE—TRIFIIUIZST, BirS (funBindl)
WHNZEE$ (vid) 1ZEWVICERZSRIFER SRV, £, F—0 (funBindl) \ZHNS (pat) 18
EFNBZERITARTERR > TOWRIFIUIR S0,

XL ZOESOFHEICEWTIE, BBH (vid) 23, ERSINZEBEFE—OfE EHNEE X CBINZ
fd) ZdH oL ERINS.

(tyvarSeq) 1%, (valBind) B X (funDecl) WCHNZBEKD R a—TDIFETH 5. TN ORIZEUZ,
& (funBindl) BEY (valBind) DH D (valBindl) O+ v TV TRGR I 3.
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23.2.1 BEARESAIX—T 1R

BBEEDA V2 —T7 24 RE, valEEDA VX —T7 24 R FA—TdH5. HBRESTERINIHEK
He e val EEDA VR —T 24 AL A—DOEX Tt 3 5. IR, BBRESIHT3Y—2774
NEAYR—T 24 ZADHITH 5.

Bool.sml file:

fun not true = false
| not false = true
fun toString true = "true"

| toString false = "false"
Bool.smi file:

val not : bool -> bool

val toString : bool -> string

23.3 datatype BT : (datatypeDecl)
datatype HE1X, FTLVWAEMKT2ERT 2. ZOMEIUTO@EDTH 5.

(datatypeDecl) = datatype (datbind) (withtype (tybind))?
(datbind) = ((tyvarSeq))? (tycon) = (conbind) (and (datbind))?
(conbind) = (op)? (vid) (of (ty))? (I (conbind))?

(tybind) n= (tyvarSeq) (tycon) = (ty) (and (tybind))?

BIRERL T4 (tycon) IZFTRTTERLR s TWRITINUIL ST, F—D (datbind) OFIX, 7 — XK T
% (vid) ETRTER> TORIFIUIRSRY. ZOESITED, BIZE ((tyvarSeq) )? 8T AR T
2 M HE IR ZHBRER T (tycon) &, 7 —XMERTF (vid) DEREINS. (tycon) DA —T3,
(datatypeDecl) 2iAt, ZOEFIHEFTHS. withtype i¥, (datatypeDecl) R A =T 5 2545
DHIZERTH D, FHERTICERINS.

23.3.1 datatypeEEAI VXTI —X

datatype ESICN T34 & 7 x4 AI2iX, datatype LRk & IREIIAEDIH 5. datatype (EFEIS, datatype
HEFA—TH%. HEAEAHEOWSUILL TO@EDTH .

(opeque TypeSpec) n= type ((tyvarSeq))? (tycon) (= (runtimeTypeSpec) )
(runtimeTypeSpec) := unit | contag | boxed

datatype EE 1M LT datatype EE A ¥ X —7 =4 R%ZFib T 5 2, _require ZHU TSI 5 a8
A VALK LT, datatype B8 SN BIMH T L& 7 — 2 FOER S NS . datatype B 2R LTl
FEA 2T 2 A 2 %bT % &, FA—HATOMBEMRTFHERSINS. MRS X T 24 2D IR
7 v RiZ, ZOBIDFETRERRE 224 1B T 2720DERTH D, datatype S 120 U T unit,
contag, F721d boxed DWI N %M T 5. unit BX U contag &, datatype DEITHRFRIIDMEE T
RITDATH2%2ENRT 5. datatype HEE W25 B ZHDO T — X TFHBWNGEICEART 5. M1
DD Y ZFunit &, £ I THRWVE X contag #FH <. boxed &, datatype DFITHRFRIADIRA > X TH
52 mEKT 5. datatype EE X5 EFOT — XK F2H 25515 T 5.
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23.3.2 datatype ESEAT 271 ADMf
MR, datatype EE2EHY —RA T 74 NEL Y R—T 24 2O TH 3.
Data.sml file:
datatype ’a list = nil | :: of ’a * ’a list
datatype ’a queue = QUEUE of ’a list * ’a list

Data.smi file:

datatype ’a list = nil | :: of ’a * ’a list
type ’a queue (= boxed)

23.4 typeEE : (typDecl)
type HE &, UTFOXETHICHZDII2ESTH 5.

(typeDecl)  := type (typbind)
(tybind) m= (tyvarSeq) (tycon) = (ty) (and (tybind))?

23.4.1 typeft#k : (typSpec)

type EE DA X 7 x4 AIX, type (HEE MRTIEEDH 5. type (EHEDHI I type EF £ R—TH
5. WMRBEARONSUILIRO@ED TH 5.

(opeque TypeSpec) = type ((tyvarSeq))? (tycon) (= (runtimeTypeSpec) )
(runtimeTypeSpec) = (tycon) |{} |* | ->

AL a— R AR BRI TEEXINTVWERHIX, (runtimeTypeSpec) WIFZFNENLY, *, —>%
f8ET 2. 25 TRrRINE, B2RETLZIHa A MF 7 X% (runtimeTypeSpec) WZHEET 5. FEITHR
HEZE-TWVWBERBIX, (runtimeTypeSpec) (FFEHER Y FAEIC—H LR TH X, ETRRBIZOWV
TRFL I3 29 EESiE XK.

23.4.2 BFEEAVRX7T414 A0

R, BEERZELY R T77402 40X =T 24 ADHITH 3.

Data.sml file:

type ’a set = ’a list
type ’a queue = ’a list * ’a list
type index = int

type id = int
Data.smi file:

type ’a set (= list)
type ’a queue (= *)
type index = int

type id (= int)
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182
23.5 PINEE : (eznDecl)

PINES ORI T OB TH S.
(exnDecl) =  exception (exbind)
(op)? (vid) (of (ty))? (and (exbind))?

(exbind)

& DA (1) BBE T 2PUMERT (vid) BEESND.

il

ZODH

23.5.1 BISNEER : (exnSpec)
BiskD A4 > 27 2 4 2ATH2HMERROREE, BINNESLR—TH 5.

23.5.2 FIAEECA X710 ADH
R, BINNESE2EGY A7 74084 YR —=T7 24 ZADHITH 5.

Data.sml file:
exception Fail of string

Data.smi file:
exception Fail of string
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F2248 EFEDa—-IEEBODEESCAURTIIAR

EOMMEIC, HE (topdecl) DEFRE, ZAUIHINT 54 & —7 = A ALk (interfaceSpec) DE
#rhHZ2, ThALEBIINLTaY 4 IR TR EZFHIAT 5.

241 RAMSUFVE (strDecl)

AN 7F2EFIE, ANIIF % (strid) &, AT 7F x5 (strexp) RI AT 7 F v ITHET
SIEDEETH 5.

[l

(strDecl) :=  structure (strbind)

(strbind) = (strid) = (strezp) (and (strbind))?

| (strid) : (sigexp) = (strexzp) (and (strbind))?
| (strid) :> (sigexp) = (strexp) (and (strbind))?

and TEDPNLEHDRA b F 7 F v 4%, FARICHEEEINS. ZOOAFORa -7, ZOESITH
KERTHSB. H€->T, LFTOESTIX, yid2 TldR 1IR3,

=

structure A = struct val a

1 end;
1 end;

structure A = struct val a = 2 end and B = struct val b = A.a end;

structure B = struct val b

val x = A.a;

val y = B.b;

IR F A HIRIMEDR NI 7 F v ZHEEL, UTFOS 72 F v HlIFfTEDZ b 57 F »y RADHFF[A
YE#END.

ZEABLI 2tk
(strid) : (sigexp) = (strexp) (strid) = (strexp) : (sigezp)

(strid) :> (sigexp) = (strexp) | (strid) = (strexp) :> (sigexp)
A7 7F ¥ EEDOFMEEIUATD X5 1AThbhs.

1. REIDEFRITIEN, A+ 727 F v XERHli L THIVRERE T L FATRERE E 2K 5.

2. FUBRIE T LB FE CHRMSh7n Y FHEA NI 7F B ST L 74y JALRERETD ¢ B
ZRDBUEDEREITEBINT 5.

BIZIXA N T 7 F v EHE structure (strid) = (strezp) WTBWT, A +F7F 2R (strezp) BEKT %
RIBREE & FATREEREEDY {longldy : 11, ..., longid, : 7,} B XL {longld; : vy, ...,longid, : v,} THIUX, T
DA LT 7F ¥y EHEOMRIX, FEOHNAREGEE X CFITRIEREC, {S.longld; : 1, ..., S.longid,, : 7, }
B XK {S.longld; : vy, ..., S.longid, : v,} DB ¥ THFMIPEMSNS.

24.2 RS TFYREEDFHE : (streap)
A+ 77 F > RNOEXELLTOE TH 5.
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struct (strdec) end
longStrid)
strexp) : (sigexp)

(strexp)

strexp) > (sigexp)
funid) ((strid) : (sigexp))
funid) ((strdec) )

decl)

structure (strbind)

(
(
(
(
(
(

&
o
Tul
o
S
il
T

(strdec)

local (strdec) in (strdec) end

|
|
|
|
|
|
|
| (strdec) (;)? (strdec)

BA L7 27F ¥y ROFHIIATD X 5 127N 5.

o HAZXTZ 7 F v ! struct (strdec) end.

BAZ S 7 F v ROFHIE, EF (strdec) ZIHXFHIT 5 Z & ko TITbhd. ZOREIE, #%
SHBOEZ I LT, 23 ETOERIC LD, ZHCEBR FFOLARO @I ER I 3.
A7 7F 2 EEIIHLTL, ERROFHMEFHANCIEN, R +Z 27 F »Hh5iRs 0y /ORI
XN,

o VIR F7UF x4 (longStrid).

BEOBREIZBWT, (longStrld) DHFAGX N TV 2RIBREE v RITREREEMNRE XN 5. BEOHMED
LEDHT (longStrid) 7V 7 4y 7k b0y THDRMEN S, <l0ngStrId> TV 7 4w 7 2D R
WCALNLHEORE LR —TH 5.

o I F v HIFUFTERDNF T F v ((strexp) : (sigexp), (strexp) :> (sigexp))
SIAF XM ER T T2 F 2y KOFHIMILLT D & 5 12(ThNn 5.

L. A7 27 F v XEFHliL, #HRBIRET 2K 5.
2. JH (24.3) DEBRINENS 73 F »REefHiiL, vy 7HOMILREDHIFIOEE S 2KD 5.

3. TIAEENZHK0  IEHOREIFERNICH L LT, TiIka Yy 74 ERTFEL, »DOFDZDiE
HEDHIF 2T o 2T 2y 7§ 5.

4. T Z L CHRESNa 78 ICHI LRRBRE T 2EKT 5.

5. & L (strexp) :>(sigexp) DIEDBWAZENZ S 72 F »HRTHIUL, 51T, ¥T72F D
BUHRIE (typdesc) XSS 2 TV Ofl%E, MR CTESBMZ THEONIBRE T 24EKT 5.

6. FATIRERE DA M, BINARMEOAERIZS 72 F IR+ 7 7 F 2L [F—TH %23,
AR NLBHHIEI T ICEEN LB a Y AT 7 XIRESND.

24.3 U %FvI ¢ (sigexp)
72 F > ROGEIUTOMEY TH 5.

(sigid)

(sigexp) == sig (spec) end
|
| (sigexp) where type (tyvarSeq) (longTycon) = (ty)

o BRI 2F v (sig (spec) end)
HEHHR (spec) DINITH 5.
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o IR F xH ((sigid))
Fy FURADY T3 F vy HEE T 74 F v NICHE SN ARTTH 5.

o HERNMNZDI 72 F ¥4
IR F v (sigid) RIS N2> T A F vy ROFD (tyvarSeq) (longTycon) % (ty) TEZHZ
TiEohdy 72 FrRAe kT,

HEMER (spec)y DWESLELLT D@D TH 5.

val (wvaldesc)
type (typdesc)
eqtype (typdesc)
datatype (datdesc)

(spec)

datatype (tycon) = datatype (longTycon)

|

|

|

|

|  exception (exdesc)
|  structure (strdesc)

|  include (sigezp)

| (spec) sharing type (longTyconi) = --- = (longTycon,)
| (spec) (;)? (spec)

|

( = (wvid) : (ty) (and (waldesc))?

(typdesc) == (tyvarSeq) (tycon) (and (typdesc))?

(datdesc) == (tyvarSeq) (tycon) = {(condesc) (and (datdesc))?
( = (wvid) (of (ty))? (I (condesc))?

( (vid) (of (ty))? (and (exdesc))?

( (stridy : (sigexp) (and (strdesc))?

exdesc) =

strdesc) — n=

ENENDEBDOEIRIZLLTOM®D TH 2.

e val (valdesc). val EE CHMEI N2 EMOMEIEET 5.

e type (typdesc). fEEXNz0 > 7 %% HD type Hia % 721F datatype B S DIEFET % Z & DIFET
H5.

SIGBIHZ S 72 F v IBEDEHE, ORI, X P57 27F %D type HE TEHZRI N BRI E =
DEFEMTT 5. datatype S DHE, A M7 7 F v OB TFVEINNIREH, 7 —XERT
FHEE R,

ZRARBERL Y 72 F 2 HEDLE, ZoOftkkE, S5 TERI N OMBEBONEIMES X
datatype TAEM I N FOR—MH2ER L, MRAEHBKRT e L THEHRREE 3 5.
e eqtype (typdesc)
type (typdesc) LA—TH 325, A MT77F ¥ THS SN 2RI FEEEEL AIRERANCE X 5.
e datatype (datdesc)
Fl—® datatype EEWFHET S Z L DIEETH 5. datatype ESDEIMITKR 5.
e datatype (tycon) = datatype (longTycon)

BN (tycon) WCHME I NIZBIRERLF23, (longTycon) WCHBMENTbDEF—TH5Z D
faE.
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e exception (exdesc)
exception ESDTFHET 2 Z L DIFETH 5. exception HEZ DEMTKS.
e structure (strdesc)
AT FPESN S TAF Yy RERORA NI 7 F v 2B L DIRETDH 5.
e include
fRESINS 72 F v BRI NT> 72 F x NONE ((spec) DFHI) AT DAEICEMINS.

e sharing type
R &N Ten » ZRIBRT A0S R TR UK T ICHEEN TV L 2L DIFETH 2.

244 FEDa—IEFBFBDAURTTM1R

EV2—NVEREOA VR T7 24 R, HI628TERLLED, AP F7F DT 0NA R ((provideStr) )
772D 7FaNA K ({provideFun)) D2OTH5. ZNOHDOWUILITDO@EDY TH 5.

(provideStr) = structure (strid) = struct (provideStrdecl) end
(provideStrdecl) provide Val)
provide Type)

(

(
(provideDatatype)
(provideException)
(

provideStr)

(provideFun)
(provideFunBind)

functor (provideFunBind)
(funid) ((strdesc)) = (provideStrEzp)

URERA S Z2FX¥EERELY AT 7ANEA LV R—T 2L ZADHITH 5.

Bool.sml file:

structure Bool =
struct
datatype bool = false | true
fun not true = false
| not false = true
fun toString true = "true"
| toString false = "false"

end
Bool.smi file:

structure Bool =

struct
datatype bool = false | true
val not : bool -> bool
val toString : bool -> string

end
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F258 SML#DZA1T S VHE

BBIIERETH 5 SMLA T, i D7 —XihE L Z2 0EIE, B (datatype) DEFR L TNEIIET S
BBESEEATLA NI 7F v e LTEREINDG. X512, SMLADE| a4 VEHEIC & - T, BEE
TREANIIF BT 7 ANCEEDOLN, ZRIHTEA SV R—=T 24X T 740 (smi 77 4L) B
ERINTVDE., KETWE, A YE—T2ART77ANRLCEEDONTA NI 7 F ¥R T4 T 5V LI
K BHETEIALATI7VIE, A VR T 24 AFFED _include XIZXk»TErHoh, BELINLTWS.

SMLADRMET 2 54 72 VI RICKAIE N 3.

e Standard ML #Z#5 4 75 1
Standard ML 7 4 77 V{LEk 2] TERSNZTFA T IV TH 5. HlAAAT —XDEECETHED
10 2 ¥Rt XN T W3, SML#TlX, Standard ML Basis Library D#EHZ 4 75 VDI NT
AT arI4A 770 0—EIREIN TN S.

o SML#5 4751

C r oE#ZHEE SQL #HA, JSON #HR— bR D SMLAICHAA TN -FEEER# S ETHERRIL
TOHR=-—+54 753V TH53.

FFI 5477V
SQL 7475V
Thread 54 751
Reify 24 751

o 1—7 V7T 4R

B —

FoR—T7 4 R ETHE L OFNHTHERHZBERPREENS. UTDbDEET.

SML New Jersey 74 77 U

o VDY R—FFTA4 77V

SML#DRME T 2@ty — L, EET0 77 L24EWY —L, TRANY =Lk %, SML#D» S
AT 22DD7477VTH5. LRDODDEET.

— smlyacc & smllex DV KR—+F74 751

BHEY —/)L SMLFormat 4" R—+ 54 751
2=y b7 A MY =L SMLUnit ¥ K=+~ 54 75V

AKFEFaXy TR, 7477V 0HBEZUTOEATERT 5.

1. Standard ML fZ#E5 4 75 V72 ¥, Standard ML O 742 F ¥ BDARICERINNDE T4 T 5 VI
OVWTIE, P72 FYDEFELRL, EHIZ, BAF T ZF¥ITONWT, P73 F v TRERI AR
WIS > 2% 0 ZDEREIBRLT 5.

2. FICSMLAMBED T A 77V RYE, BEDY IAF ¥y RERINTORENVWI AL TIVIE, 204V
R7 2 A AERERT. A VR T7 24 RIZ, 72 F ¥ BRISMZAT, BEa> 4 LTY 27 LT
T2 L TRERFREZATVS.
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HT26E Standard MLEZES 4TS

SML#1%, Standard ML Basis Library [2] TERINTWVWEIUNHEDR + 7 7 F v R IFETREL TV 3.
INBEITRTDAN T IZF ¥ I2E, DRI ITAF ¥ BEBRINTWS., FITHRETIE, hbnnR>
TAXF v ZERL, BT F X ERIHE, ZOO IR F y2RHETIA NI 7F v %2, HDEREDE
Fr L DIRT. AEHITHAT 2 ZEAROBRIEAHOFM A EHIX, Standard ML Basis Library [2] %%

Be X.
SMLADEME T2 (Fy TLRALD) T2 F ¥ AT 7F 2B TOBYTH 3.
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ST F xH SIUAF X REET IR NI T ¥ i
ARRAY Array (26.1)
ARRAY_SLICE ArraySlice (26.2)
BIN_IO BinIO (26.3)
BOOL Bool (26.6)
BYTE Byte (26.7)
CHAR Char (26.8)
COMMAND_LINE Commandline (26.9)
DATE Date (26.10)
GENERAL General (26.11)
IEEE_REAL IEEEReal (26.12)
INTEGER Int, Int64, Int32, Int16, Int8, Position, LargeInt | (26.14)
INT_INF IntInf (26.15)
10 10 (26.13)
LIST List (26.16)
LIST_PAIR ListPair (26.17)
MONO_ARRAY CharArray, Word8Array (26.18)
MONO_ARRAY_SLICE | CharArraySlice, Word8ArraySlice (26.19)
MONO_VECTOR CharVector, Word8Vector (26.20)
MONO_VECTOR_SLICE | CharVectorSlice, Word8VectorSlice (26.21)
OPTION Option (26.22)
0S Os (26.23)
PRIM_IO BinPrimI0, TextPrimIO (26.36)
REAL Real, Real32, Real64 (26.28)
STRING String (26.30)
STRING_CVT StringCvt (26.31)
SUBSTRING Substring (26.32)
TEXT Text (26.33)
TEXT_IO TextI0 (26.34)
TIME Time (26.37)
TIMER Timer (26.38)
VECTOR Vector (26.39)
VECTOR_SLICE VectorSlice (26.40)
WORD Word, Word64, Word32, Wordl6, Word8, LargeWord (26.41)

INBITRTDIATIVDA v E—Tz2—AT7 74 WE, BEHICEDON, A TF5V 40 &7
A A7 74 basis.smi ICFEDHOLNTWVWS. [EoT, LLND require 5%, Y—A70 75 LDA Y
BRIz ART7 7 ANMCEFE, 2OV —270275 LDHT, ¥ Standard ML E#ES £ 75 ) OFTXTD
AN IF eI AF v DERRREL 72 5.

_require "basis.smi"

26.1 ARRAY
MAABT — 2T H HEHNE 7 array OIFEEREET 2.



26.2. ARRAY_SLICE

S
signature ARRAY =
sig
type ’a array = ’a array
type ’a vector = ’a Vector.vector

val all : (’a -> bool) -> ’a array -> bool

val app : (’a -> unit) -> ’a array -> unit

val appi : (int * ’a -> unit) -> ’a array -> unit

val array : int * ’a -> ’a array

val collate : (’a * ’a -> order) -> ’a array * ’a array —-> order
val copy : {src : ’a array, dst : ’a array, di : int} -> unit
val copyVec : {src : ’a vector, dst : ’a array, di : int} -> unit
val exists : (’a -> bool) -> ’a array -> bool

val find : (’a -> bool) -> ’a array -> ’a option

val findi : (int * ’a -> bool) -> ’a array -> (int * ’a) option
val foldl : (’a * ’b -> ’b) -> ’b -> ’a array -> ’b

val foldli : (int * ’a * ’b -> ’b) -> ’b -> ’a array -> ’b

val foldr : (a * ’b -> ’b) -> ’b -> ’a array -> ’b

val foldri : (int * ’a * ’b -> ’b) -> ’b -> ’a array -> ’b

val fromList : ’a list -> ’a array

val length : ’a array -> int

val maxLen : int

val modify : (’a -> ’a) -> ’a array -> unit

val modifyi : (int * ’a -> ’a) -> ’a array -> unit

val sub : ’a array * int -> ’a

val tabulate : int * (int -> ’a) -> ’a array

val update : ’a array * int * ’a -> unit
val vector : ’a array -> ’a vector
end

DIXRFYEREIBDANSIFY

e Array:ARRAY.

26.2 ARRAY SLICE
FeA D —FR %2 KBS 2 MR T — 2B & Z ORfE 2 f2fit.

signature ARRAY_SLICE =
sig
type ’a slice
val length : ’a slice -> int
val all : (’a -> bool) -> ’a slice -> bool
val app : (’a -> unit) -> ’a slice -> unit
val appi : (int * ’a -> unit) -> ’a slice -> unit

val base : ’a slice -> ’a Array.array * int * int
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val collate : (’a * ’a -> order) -> ’a slice * ’a slice -> order

val copy : {src : ’a slice, dst : ’a Array.array, di : int} -> unit

val copyVec : {src : ’a VectorSlice.slice, dst : ’a Array.array, di : int} -> unit
val exists : (’a -> bool) -> ’a slice -> bool

val find : (’a -> bool) -> ’a slice -> ’a option

val findi : (int * ’a -> bool) -> ’a slice -> (int * ’a) option

val foldl : (’a * ’b -> ’b) -> ’b -> ’a slice -> ’b

val foldli : (int * ’a * ’b -> ’b) -> ’b -> ’a slice -> ’b

val foldr : (Pa * ’b -> ’b) -> ’b -> ’a slice -> ’b

val foldri : (int * ’a * ’b -> ’b) -> ’b -> ’a slice -> ’b

val full : ’a Array.array -> ’a slice
val getItem : ’a slice -> (’a * ’a slice) option
val isEmpty : ’a slice —-> bool

val modify : (’a -> ’a) -> ’a slice -> unit

val modifyi : (int * ’a -> ’a) -> ’a slice -> unit

val slice : ’a Array.array * int * int option -> ’a slice
val sub : ’a slice * int -> ’a
val subslice : ’a slice * int * int option -> ’a slice
val update : ’a slice * int * ’a -> unit
val vector : ’a slice -> ’a Vector.vector

end

SIRFYERETBANIIFY
e ArraySlide : ARRAY_SLICE

type ’a slice (= boxed)

26.3 BIN_IO

ANA FFNEHE 2 10 AR 3. FHEXA 10 DS 7 3 F ¥ IMPERATIVE_I0 (26.4) O¥LEY LT
ERINSD.

signature BIN_IO =
sig
include IMPERATIVE_IO
where type StreamIO.elem = Word8.word
where type StreamI0.pos = BinPrimIO.pos

where type StreamIO.reader = BinPrimIO.reader
where type StreamIO.writer = BinPrimIO.writer
where type StreamIO.vector = Word8Vector.vector

val openAppend : string -> outstream

val openlIn : string -> instream

val openOut : string -> outstream

end



26.4. IMPERATIVE_IO

IR FYEREIBANSOFY

e BinIO :> BIN_IO

26.4

signat

sig
stru
type
type
type
type
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val

val

structure StreamI0 = struct
type elem = word8
type instream (= boxed)
type out_pos (= boxed)
type outstream (= boxed)
type pos = Position.int
type reader (= boxed)
type vector = word8 vector
type writer (= boxed)

end

type elem = word8

type instream (= boxed)

type outstream (= boxed)

type vector = word8 vector

IMPERATIVE_IO

ure IMPERATIVE_IO =

cture StreamIO : STREAM_IO
elem = StreamIO.elem
instream

outstream

vector = StreamIO.vector

canInput : instream * int -> int option
closeIn : instream -> unit

closeQut : outstream -> unit

endOfStream : instream -> bool

flushOut : outstream -> unit

getInstream : instream -> StreamIO.instream
getOutstream : outstream -> StreamIO.outstream
getPosOut : outstream -> StreamIO.out_pos
input : instream -> vector

inputl : instream -> elem option

inputAll : instream -> vector

inputN : instream * int -> vector

lookahead : instream -> elem option
mkInstream : StreamIO.instream -> instream
mkOutstream : StreamIO.outstream -> outstream
output : outstream * vector -> unit

outputl : outstream * elem -> unit

setInstream : instream * StreamI(O.instream -> unit
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val setOutstream : outstream * StreamIO.outstream -> unit
val setPosOut : outstream * StreamI0.out_pos -> unit

end

FAMLIEDTRTF Y

e STREAM_IO0(26.5)

26.5 STREAM IO

signature STREAM_IO =
sig
type elem
type instream
type out_pos
type outstream
type pos
type reader
type vector
type writer
val canlnput : instream * int -> int option
val closeln : instream -> unit
val closeOut : outstream -> unit
val endOfStream : instream -> bool
val filePosIn : instream -> pos
val filePosOut : out_pos -> pos
val flushOut : outstream -> unit
val getBufferMode : outstream —-> I0.buffer_mode
val getPosOut : outstream -> out_pos
val getReader : instream -> reader * vector
val getWriter : outstream -> writer * IO.buffer_mode
val input : instream -> vector * instream
val inputl : instream -> (elem * instream) option
val inputAll : instream -> vector * instream
val inputN : instream * int -> vector * instream
val mkInstream : reader * vector -> instream
val mkOutstream : writer * IO0.buffer_mode -> outstream
val output : outstream * vector -> unit
val outputl : outstream * elem -> unit
val setBufferMode : outstream * I0.buffer_mode -> unit
val setPosOut : out_pos -> outstream

end

26.6 BOOL
FLPRE 7 — 2 8 ¢ AR 2 1245
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signature BOOL =
sig
type bool = bool
val fromString : string -> bool option
val not : bool -> bool
val scan : (char, ’a) StringCvt.reader -> (bool, ’a) StringCvt.reader
val toString : bool -> string

end

SURFvERETEIANSIFV

e Bool : BOOL

26.7 BYTE
XFEAA PRBOZEHEF K~ b

signature BYTE =
sig
val byteToChar : word8 -> char
val bytesToString : Word8Vector.vector -> string
val charToByte : char -> word8
val packString : Word8Array.array * int * substring -> unit
val stringToBytes : string -> Word8Vector.vector
val unpackString : Word8ArraySlice.slice -> string
val unpackStringVec : Word8VectorSlice.slice -> string

end

DIXTFYEREIBANSOFY

e Byte : BYTE

26.8 CHAR
NFT — R DEEARERE 2 fR .

signature CHAR =
sig
eqtype char
eqtype string
val < : char * char -> bool
val <= : char * char -> bool
val > : char * char -> bool
val >= : char * char -> bool
val chr : int -> char
val compare : char * char -> order

val contains : string -> char -> bool
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val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val

end

fromCString : string -> char option

fromString : string -> char option

isAlpha : char ->
isAlphaNum : char
isAscii : char ->
isCntrl : char ->
isDigit : char ->
isGraph : char ->
isHexDigit : char
isLower : char ->
isPrint : char ->
isPunct : char ->
isSpace : char ->
isUpper : char ->
maxChar : char
max0rd : int

minChar : char

notContains : string -> char -> bool

ord : char -> int

bool
-> bool
bool
bool
bool
bool
-> bool
bool
bool
bool
bool
bool

pred : char -> char

%26 % Standard ML fZEH#ES £ 75 1)

scan : (Char.char, ’a) StringCvt.reader -> (char, ’a) StringCvt.reader

succ : char -> char

toCString : char -> string

toLower : char ->

toString : char -> string

toUpper : char ->

char

char

SUXRFvERETEIANSIFV

e Char : CHAR

26.9 COMMAND_LINE

SMLATIER L2 E TR T n I ada<xy F 74 07— X0t

signature COMMAND_LINE =

sig
val
val

end

arguments : unit -> string list

name : unit -> string

SIXRFYERETBANIIFY

e CommandLine

: COMMANDLINE
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26.10 DATE
Hi 7 =&y ZD8ETY 2 7 4 T DR,

signature DATE =
sig
datatype weekday = Mon | Tue | Wed | Thu | Fri | Sat | Sun
datatype month = Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
type date
exception Date
val compare : date * date -> order
val date : {year : int,
month : month,
day : int,
hour : int,
minute : int,
second : int,
offset : Time.time option} -> date
val day : date -> int
val fmt : string -> date -> string
val fromString : string -> date option
val fromTimeLocal : Time.time -> date
val fromTimeUniv : Time.time -> date
val hour : date -> int
val isDst : date -> bool option
val localOffset : unit -> Time.time
val minute : date -> int
val month : date -> month
val offset : date -> Time.time option
val scan : (char, ’a) StringCvt.reader -> (date, ’a) StringCvt.reader
val second : date -> int
val toString : date -> string
val toTime : date -> Time.time
val weekDay : date -> weekday
val year : date —-> int
val yearDay : date -> int

end

SUXFvERETIANIVFY
e Date :> DATE

type date (= boxed)

26.11 GENERAL

SR HIND T I 7 4 7B LU T AT sdk@filsig z 2t

N\
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signature GENERAL =

sig
type exn = exn
datatype order = datatype order
eqtype unit
exception Bind
exception Chr
exception Div
exception Domain
exception Fail of string
exception Match
exception Overflow
exception Size
exception Span

exception Subscript

val ! : ’a ref -> ’a
val := : ’a ref * ’a -> unit
val before : ’a * unit -> ’a

val exnMessage : exn -> string

val exnName : exn -> string

val ignore : ’a —-> unit

val o : (’b => ’c) * (’a -> ’b) -> ’a -> ’c

end

SUORFvERETEIANSIF YV

e General : GENERAL

26.12 IEEE REAL
IEEE Yl 128/ NS FRIR % TRt

signature IEEE_REAL =
sig
type decimal_approx = {class : float_class,
sign : bool,
digits : int list,
exp : int}
datatype float_class = NAN | INF | ZERO | NORMAL | SUBNORMAL
datatype real_order = LESS | EQUAL | GREATER | UNORDERED
datatype rounding_mode = TO_NEAREST | TO_NEGINF | TO_POSINF | TO_ZERO
exception Unordered
val fromString : string -> decimal_approx option
val getRoundingMode : unit -> rounding_mode
val scan : (char, ’a) StringCvt.reader -> (decimal_approx, ’a) StringCvt.reader
val setRoundingMode : rounding_mode -> unit

val toString : decimal_approx -> string
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end

DIXTFYEREIBANSOFY

e TEEEReal : IEEE_REAL

26.13 10
WA IO fISNEEERTEA 77 F ¥ TH5.

signature I0 =
sig
exception BlockingNotSupported

exception ClosedStream

exception Io of {name : string, function : string, cause :

exception NonblockingNotSupported
exception RandomAccessNotSupported
datatype buffer_mode = NO_BUF | LINE_BUF | BLOCK_BUF

end

SUXRFvERETEIANSIFV

e I0 : 10

26.14 INTEGER
Rt SR 2 R4S 5.

signature INTEGER =
sig
eqtype int
val * : int * int -> int
val + : int * int -> int
val - : int * int -> int
val < : int * int -> bool
val <= : int * int -> bool
val > : int * int -> bool
val >= : int * int -> bool
val abs : int -> int
val compare : int * int -> order
val div : int * int -> int
val fmt : StringCvt.radix -> int -> string
val fromInt : Int.int -> int
val fromLarge : LargeInt.int -> int
val fromString : string -> int option
val max : int * int -> int

val maxInt : int option

exn}
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val min : int * int -> int

val minInt : int option

val mod : int * int -> int

val precision : Int.int option
val quot : int * int -> int

val rem : int * int -> int

val sameSign : int * int -> bool
val scan : StringCvt.radix -> (char, ’a) StringCvt.reader -> (int, ’a) StringCvt.reader
val sign : int -> Int.int

val toInt : int -> Int.int

val tolarge : int -> LargeInt.int
val toString : int -> string

val © : int -> int

end

INTEGER 3 7" F % & 523k,

DIRFYERKTBANIIFv
e Int : INTEGER
type int = int
Int32 ¥ Position X Int DV SV s —> 3 .
e Int64 : INTEGER
type int = int64
LargeInt X Int64 DV SV s —a v,
e Int8 : INTEGER

type int = int8

26.15 INT_INF
HIBHIBR D 72 WS & B D IR IEBIRL.

signature INT_INF =
sig
include INTEGER
val << : int * Word.word -> int
val andb : int * int -> int
val divMod : int * int -> int * int
val log2 : int -> Int.int
val notb : int -> int
val orb : int * int -> int
val pow : int * Int.int -> int
val quotRem : int * int -> int * int

val xorb : int * int -> int
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val ">> : int * Word.word -> int

end

DIRFYEREIBANSIFY
e IntInf : INT_INF

type int = intInf

26.16 LIST
MHARAALDY XA VDY 357 4 T EREMET 3.

signature LIST
sig
type ’a list = ’a list
exception Empty
val @ : ’a list * ’a list -> ’a list
val all : (’a -> bool) -> ’a list -> bool
val app : (’a -> unit) -> ’a list -> unit
val collate : (’a * ’a -> order) -> ’a list * ’a list -> order
val concat : ’a list list -> ’a list
val drop : ’a list * int -> ’a list
val exists : (’a -> bool) -> ’a list -> bool
val filter : (’a -> bool) -> ’a list -> ’a list
val find : (’a -> bool) -> ’a list -> ’a option
val foldl : (’a * ’b -> ’b) -> ’b -> ’a list -> ’b
val foldr : (’a * ’b -> ’b) -> ’b -> ’a list -> ’b
val getItem : ’a list -> (’a * ’a list) option
val hd : ’a list -> ’a
val last : ’a list -> ’a
val length : ’a list -> int
val map : (’a -> ’b) -> ’a list -> ’b list
val mapPartial : (’a -> ’b option) -> ’a list -> ’b list
val nth : ’a list * int -> ’a
val null : ’a list -> bool
val partition : (’a -> bool) -> ’a list -> ’a list * ’a list
val rev : ’a list -> ’a list
val revAppend : ’a list * ’a list -> ’a list
val tabulate : int * (int -> ’a) -> ’a list
val take : ’a list * int -> ’a list
val t1 : ’a list -> ’a list

end

PIRFYERRTIBIALSIF Y
e List : LIST

type ’a list = ’a list
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26.17 LIST_PAIR
U2 b D7 =S L BEECE 1R 4L,

signature LIST_PAIR =

sig

exception UnequallLengths

val
val
val
val
val
val
val
val
val
val
val
val
val
val

end

all : (’a *x ’b -> bool) -> ’a list * ’b list -> bool
allEq : (a * ’b -> bool) -> ’a list * ’b list -> bool
app : (’a * ’b -> unit) -> ’a list * ’b list -> unit
appEq : (’a * ’b -> unit) -> ’a list * ’b list -> unit
exists : (’a * ’b -> bool) -> ’a list * ’b list -> bool

foldl : (Pa * ’b *x ’c -> ’c) -> ’c -> ’a list * ’b list -> ’c

foldlEq : (a * ’b * ’c -> ’c) -> ’c -> ’a list * ’b list -> ’c

foldr : (Pa * ’b * ’c -> ’c) -> ’c -> ’a list * ’b list -> ’c

foldrEq : (Pa * ’b * ’c => ’c) -> ’c -> ’a list * ’b list -> ’c

map : (’a * ’b => ’c) -> ’a list * ’b list -> ’c list
mapEq : (’a * ’b -> ’c) -> ’a list * ’b list -> ’c list
unzip : (’a * ’b) list -> ’a list * ’b list

zip : ’a list * ’b list -> (’a * ’b) list

zipEq : ’a list * ’b list -> (’a * ’b) list

DIXFYEREIBANSOFY

e ListPair : LIST_PAIR

26.18 MONO_ARRAY
HABCAIAL ¢ 2 DI(ET Y 2 7 1 T2t

signature MONO_ARRAY =

sig

eqtype array

type elem

type vector

val
val
val
val
val
val
val
val
val
val
val

val

all : (elem -> bool) -> array -> bool

app : (elem -> unit) -> array -> unit

appi : (int * elem -> unit) -> array -> unit

array : int * elem —-> array

collate : (elem * elem -> order) -> array * array -> order
copy : {src : array, dst : array, di : int} -> unit
copyVec : {src : vector, dst : array, di : int} -> unit
exists : (elem -> bool) -> array -> bool

find : (elem -> bool) -> array -> elem option

findi : (int * elem -> bool) -> array -> (int * elem) option
foldl : (elem * ’b -> ’b) -> ’b -> array -> °’b

foldli : (int * elem * ’b -> ’b) -> ’b -> array -> ’b
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val
val
val
val
val
val
val
val
val
val
val

end

MONO_ARRAY_SLICE

foldr : (elem * ’b -> ’b) -> ’b -> array -> ’b

foldri : (int * elem * ’b -> ’b) -> ’b -> array -> ’b
fromList : elem list -> array

length : array -> int

maxLen : int

modify : (elem -> elem) -> array -> unit

modifyi : (int * elem -> elem) -> array -> unit

sub : array * int -> elem

tabulate : int * (int -> elem) -> array

update : array * int * elem -> unit

vector : array —-> vector

SUXRFYERETEIANSIFYV

e CharArray : MONO_ARRAY

type array = char array
type elem = char

type vector = string

e Word8Array : MONO_ARRAY

type array = word8 array
type elem = word8

type vector = word8 vector

26.19 MONO_ARRAY SLICE
BRATIECH 0 B 7 Bes| o #REBE R 2 12 4L

signat

sig
type
type
type
type
type
val
val
val
val
val
val
val
val
val

val

ure MONO_ARRAY_SLICE =

array
elem

slice

vector

vector_slice

all : (elem -> bool) -> slice -> bool

app : (elem -> unit) -> slice -> unit

appi : (int * elem -> unit) -> slice -> unit
base : slice -> array * int * int

collate : (elem * elem -> order) -> slice * slice -> order
copy : {src : slice, dst : array, di : int} -> unit

copyVec : {src : vector_slice, dst : array, di : int} -> unit
exists : (elem -> bool) -> slice -> bool

find : (elem -> bool) -> slice -> elem option

findi : (int * elem -> bool) -> slice -> (int * elem) option

203
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val
val
val
val
val
val
val
val
val
val
val
val
val
val
val

end

foldl
foldli
foldr :
foldri
full

getItem :
isEmpty :
length :
modify :

modifyi

slice

%26 % Standard ML fZEH#ES £ 75 1)

(elem * ’b -> ’b) -> ’b -> slice -> ’b
(int * elem * ’b -> ’b) -> ’b -> slice -> ’b
(elem * b => ’b) -> ’b -> slice -> ’b
(int * elem * ’b -> ’b) -> ’b -> slice -> ’b

array —> slice

slice -> (elem * slice) option
slice -> bool

slice -> int

(elem —> elem) -> slice -> unit

(int * elem -> elem) -> slice -> unit

: array * int * int option -> slice

sub : slice * int -> elem

subslice :

update

vector :

slice * int * int option -> slice
slice * int * elem -> unit

slice -> vector

SIXTFYEREIBANSOFY

e CharArraySlice :> MONO_ARRAY_SLICE

type
type
type
type
type

array = char array
elem = char

slice (= boxed)
vector = string

vector_slice = CharVectorSlice.slice

e Word8ArraySlice :> MONO_ARRAY_SLICE

type
type
type
type
type

array = word8 array
elem = word8

slice (= boxed)
vector = word8 vector

vector_slice = Word8VectorSlice.slice

26.20 MONO_VECTOR
BRZ AR ZDBET Y 2 7 4 7212

signature MONO_VECTOR =

sig

type vector

type elem
all : (elem -> bool) -> vector -> bool

val
val
val
val

val

app : (elem -> unit) -> vector -> unit

appi

collate :

concat

(int * elem -> unit) -> vector —> unit

: vector list -> vector

(elem * elem -> order) -> vector * vector —-> order
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val exists : (elem -> bool) -> vector -> bool

val find : (elem -> bool) -> vector -> elem option

val findi : (int * elem -> bool) -> vector -> (int * elem) option
val foldl : (elem * ’a -> ’a) -> ’a -> vector -> ’a

val foldli : (int * elem * ’a -> ’a) -> ’a -> vector -> ’a
val foldr : (elem * ’a -> ’a) -> ’a -> vector -> ’a

val foldri : (int * elem * ’a -> ’a) -> ’a -> vector -> ’a
val fromList : elem list -> vector

val length : vector -> int

val map : (elem -> elem) -> vector -> vector

val mapi : (int * elem -> elem) -> vector -> vector

val maxLen : int

val sub : vector * int -> elem

val tabulate : int * (int -> elem) -> vector

val update : vector * int * elem -> vector

end

SUXFYvERETIANSVFY
e CharVector : MONO_VECTOR

type elem = char

type vector = string
e Word8Array : MONO_ARRAY

type elem = word8

type vector = word8 vector

26.21 MONO_VECTOR_SLICE
BRI 7 bLDFERII R 7 b L DIR(ERIE 7 T2 L.

signature MONO_VECTOR_SLICE =
sig
type elem
type slice
type vector
val all : (elem -> bool) -> slice -> bool
val app : (elem -> unit) -> slice -> unit
val appi : (int * elem -> unit) -> slice -> unit
val base : slice -> vector * int * int
val collate : (elem * elem -> order) -> slice * slice -> order
val concat : slice list -> vector
val exists : (elem -> bool) -> slice -> bool
val find : (elem -> bool) -> slice -> elem option
val findi : (int * elem -> bool) -> slice -> (int * elem) option
val foldl : (elem * ’b -> ’b) -> ’b -> slice -> ’b
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val foldli : (int * elem * ’b -> ’b) -> ’b -> slice -> ’b
val foldr : (elem * ’b -> ’b) -> ’b -> slice -> ’b

val foldri : (int * elem * ’b -> ’b) -> ’b -> slice -> ’b
val full : vector -> slice

val getItem : slice -> (elem * slice) option

val isEmpty : slice -> bool

val length : slice -> int

val map : (elem -> elem) -> slice -> vector

val mapi : (int * elem -> elem) -> slice -> vector

val slice : vector * int * int option -> slice

val sub : slice * int -> elem

val subslice : slice * int * int option -> slice

val vector : slice -> vector

end

SUOXRTFYERETIRANIIFY
e CharVectorSlice :> MONO_VECTOR_SLICE

type elem = char
type slice (= boxed)

type vector = string
e Word8VectorSlice :> MONO_VECTOR_SLICE

type elem = word8
type slice (= boxed)

type vector = word8 vector

26.22 (0PTION
F T a By Y I T4 TR

signature OPTION =
sig
datatype ’a option = NONE | SOME of ’a
exception Option
val app : (’a -> unit) -> ’a option -> unit
val compose : (’a -> ’b) * (°c -> ’a option) -> ’c -> ’b option
val composePartial : (’a -> ’b option) * (’c -> ’a option) -> ’c -> ’b option

val filter : (’a -> bool) -> ’a -> ’a option

val getOpt : ’a option * ’a -> ’a
val isSome : ’a option -> bool
val join : ’a option option -> ’a option

val map : (’a -> ’b) -> ’a option -> ’b option
val mapPartial : (’a -> ’b option) -> ’a option -> ’b option
val valOf : ’a option -> ’a

end

e Option : OPTION
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0S

26.23 O0S
OS DA v &—7 x4 A&,

signature 0S =

sig

structure FileSys :
structure I0 :
structure Path :

structure Process :

0S_FILE_SYS
0S_IO0

0S_PATH
0S_PROCESS

eqtype syserror

exception SysErr of string * syserror option

val errorMsg :
val errorName :

val syserror :

end

syserror -> string

syserror -> string

FARLIEDTRTF Y

e OS_FILE_SYS (26.24)

e 0S_IO0 (26.25)

e OS_PATH (26.26)

e 0S_PROCESS (26.27)

SURFvERETEIANSIF YV

e O0S :

0S

eqtype syserror (= int)
structure FileSys = struct
type dirstream (= boxed)

end

structure Process = struct
type status = int

end

structure I0 = struct
type iodesc (= int)
eqtype iodesc_kind (= word)

end

26.24 O0S_FILE SYS

OSDT7 7 AN AT LA VR T =4 Rz,

string —-> syserror option

0S A TF ¥ DY T T HF %.
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signature 0S_FILE_SYS =
sig
datatype access_mode = A_READ | A_WRITE | A_EXEC
type dirstream
eqtype file_id
val access : string * access_mode list -> bool
val chDir : string -> unit
val closeDir : dirstream -> unit
val compare : file_id * file_id -> order
val fileld : string -> file_id
val fileSize : string -> Position.int
val fullPath : string -> string
val getDir : unit -> string
val hash : file_id -> word
val isDir : string -> bool
val isLink : string -> bool
val mkDir : string -> unit
val modTime : string -> Time.time
val openDir : string -> dirstream
val readDir : dirstream -> string option
val readlLink : string -> string
val realPath : string -> string
val remove : string -> unit
val rename : {old : string, new : string} -> unit
val rewindDir : dirstream -> unit
val rmDir : string -> unit
val setTime : string * Time.time option -> unit
val tmpName : unit -> string

end

26.25 0S_IO0

OSDIOA &7 A AP M. 0SS VA F v DY T 7 2 F .

signature 0S_IO0 =
sig
eqtype iodesc
eqtype iodesc_kind
eqtype poll_desc
type poll_info
exception Poll
structure Kind : sig
val device : iodesc_kind
val dir : iodesc_kind
val file : iodesc_kind
val pipe : iodesc_kind

val socket : iodesc_kind
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val symlink : iodesc_kind

val tty : iodesc_kind

end
val
val
val
val
val
val
val
val
val
val
val
val
val

end

compare : iodesc * iodesc -> order
hash : iodesc -> word

infoToPollDesc : poll_info -> poll_desc
isIn : poll_info -> bool

isOut : poll_info -> bool

isPri : poll_info -> bool

kind : iodesc —> iodesc_kind

poll : poll_desc list * Time.time option -> poll_info list
pollDesc : iodesc -> poll_desc option
pollIn : poll_desc -> poll_desc

pollOut : poll_desc —> poll_desc
pollPri : poll_desc -> poll_desc
pollToIODesc : poll_desc -> iodesc

26.26 0S_PATH

OS D7 7 A AR ZAREBERE R, 0S 72 F ¥ DY T T2 F .

signature OS_PATH =

sig

exception InvalidArc

exception Path

val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val

val

base : string -> string

concat : string * string -> string

currentArc : string

dir : string -> string

ext : string -> string option

file : string -> string

fromString : string -> {isAbs : bool, vol : string, arcs : string list}
fromUnixPath : string -> string

getParent : string -> string

getVolume : string -> string

isAbsolute : string -> bool

isCanonical : string -> bool

isRelative : string —-> bool

isRoot : string -> bool

joinBaseExt : {base : string, ext : string option} -> string
joinDirFile : {dir : string, file : string} -> string
mkAbsolute : {path : string, relativeTo : string} -> string
mkCanonical : string -> string

mkRelative : {path : string, relativeTo : string} -> string
parentArc : string

splitBaseExt : string -> {base : string, ext : string option}



210

val
val
val
val

end

%26 % Standard ML fZEH#ES £ 75 1)

splitDirFile : string -> {dir : string, file : string}

toString : {isAbs : bool, vol : string, arcs : string list} -> string
toUnixPath : string -> string

validVolume : {isAbs : bool, vol : string} -> bool

26.27 0S_PROCESS

OSD7utR -« ALy FIEEBIREZRE. 0SS A F vy DY T2 72 F v,

signature O0S_PROCESS =

sig

type status

val atExit : (unit -> unit) -> unit
val exit : status -> ’a
val failure : status
val getEnv : string -> string option
val isSuccess : status -> bool
val sleep : Time.time -> unit
val success : status
val system : string -> status
val terminate : status -> ’a
end
26.28 REAL

BV NBUR TR 2 TR L.

signature REAL =

sig

type real

structure Math : MATH where type real = real

val != : real * real -> bool

val * : real * real -> real

val *+ : real * real * real -> real
val *- : real * real * real -> real
val + : real * real -> real

val - : real * real -> real

val / : real * real -> real

val < : real * real -> bool

val <= : real * real -> bool

val == : real * real —-> bool

val > : real * real -> bool

val >= : real * real -> bool

val ?= : real * real -> bool

val abs : real -> real

val

ceil : real -> int
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val checkFloat : real -> real

val class : real -> IEEEReal.float_class

val compare : real * real -> order

val compareReal : real * real -> IEEEReal.real_order
val copySign : real * real -> real

val floor : real -> int

val fmt : StringCvt.realfmt -> real -> string

val fromDecimal : IEEEReal.decimal_approx -> real option
val fromInt : int -> real

val fromLarge : IEEEReal.rounding_mode -> LargeReal.real -> real
val fromLargeInt : LargeInt.int -> real

val fromManExp : {man : real, exp : int} -> real

val fromString : string -> real option

val isFinite : real -> bool

val isNan : real -> bool

val isNormal : real -> bool

val max : real * real -> real

val maxFinite : real

val min : real * real -> real

val minNormalPos : real

val minPos : real

val negInf : real

val nextAfter : real * real -> real

val posInf : real

val precision : int

val radix : int

val realCeil : real -> real

val realFloor : real -> real

val realMod : real -> real

val realRound : real -> real

val realTrunc : real -> real

val rem : real * real -> real

val round : real -> int

val sameSign : real * real -> bool

val scan : (char, ’a) StringCvt.reader -> (real, ’a) StringCvt.reader
val sign : real -> int

val signBit : real -> bool

val split : real -> {whole : real, frac : real}

val toDecimal : real -> IEEEReal.decimal_approx

val toInt : IEEEReal.rounding_mode -> real -> int
val tolLarge : real -> LargeReal.real

val toLargelnt : IEEEReal.rounding mode -> real -> Largelnt.int
val toManExp : real -> {man : real, exp : int}

val toString : real -> string

val trunc : real -> int

val unordered : real * real -> bool

val : real -> real
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end

RAMLESTRFv

e MATH (26.29)

DIXRF R ERETBANSIF v
e Real : REAL
type real = real
Real64 ¥ LargeReal {ZReal DA FF 7 F xSV —a .
e Real32 : REAL

type real = real32

26.29 MATH
PR/ INBURTEE R ORUERT R AR Z JE . REAL OH 7> 742 F %,

signature MATH =
sig
type real
val acos : real -> real
val asin : real -> real
val atan : real -> real
val atan2 : real * real -> real
val cos : real -> real
val cosh : real -> real
val e : real
val exp : real -> real
val 1n : real -> real
val logl0 : real -> real
val pi : real
val pow : real * real -> real
val sin : real -> real
val sinh : real -> real
val sqrt : real -> real
val tan : real -> real
val tanh : real -> real

end

26.30 STRING
SCFFIFR DR ERIRL.
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STRING_CVT

signature STRING =

sig

eqtype char

eqtype string

val
val
val

val

val =

val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val

end

< : string * string -> bool
<= : string * string -> bool
> : string * string -> bool
>= : string * string -> bool

string * string -> string

collate : (char * char -> order) -> string * string -> order

compare : string * string -> order

concat : string list -> string

concatWith : string -> string list -> string

explode : string -> char list

extract : string * int * int option -> string
fields : (char -> bool) -> string -> string list
fromCString : string -> string option

fromString : string -> string option

implode : char list -> string
isPrefix : string -> string ->
isSubstring : string -> string
isSuffix : string -> string ->
map : (char -> char) -> string

maxSize : int

scan : (char, ’a) StringCvt.reader -> (string, ’a) StringCvt.reader

size : string -> int
str : char -> string

sub : string * int -> char

substring : string * int * int -> string

toCString : string -> string
toString : string -> string

tokens : (char -> bool) -> string -> string list

translate : (char -> string) -> string -> string

DUOXTFYEREIBANSOFY

e String : STRING

type char = char
type string = string

26.31 STRING. CVT
733 AR AL R 2 1R AL

signature STRING_CVT =

213
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sig
datatype radix = BIN | OCT | DEC | HEX
type (’a,’b) reader = b -> (’a * ’b) option
datatype realfmt =
SCI of int option

| FIX of int option

| GEN of int option

| EXACT
type cs
val dropl : (char -> bool) -> (char, ’a) reader -> ’a -> ’a
val padLeft : char -> int -> string -> string
val padRight : char -> int -> string -> string
val scanString : ((char, cs) reader -> (’a, cs) reader) -> string -> ’a option
val skipWS : (char, ’a) reader -> ’a -> ’a
val splitl : (char -> bool) -> (char, ’a) reader -> ’a -> string * ’a
val takel : (char -> bool) -> (char, ’a) reader -> ’a -> string

end

DIXRFYERETBANSIF Y
e StringCvt : STRING_CVT

type cs (= boxed)

26.32 SUBSTRING
T 2 D HINILEERR % 1R L.

signature SUBSTRING =
sig
eqtype char
eqtype string
type substring
val app : (char -> unit) -> substring -> unit
val base : substring -> string * int * int
val collate : (char * char -> order) -> substring * substring -> order
val compare : substring * substring -> order
val concat : substring list -> string
val concatWith : string -> substring list -> string
val dropl : (char -> bool) -> substring -> substring
val dropr : (char -> bool) -> substring -> substring
val explode : substring -> char list
val extract : string * int * int option -> substring
val fields : (char -> bool) -> substring -> substring list
val first : substring -> char option
val foldl : (char * ’a -> ’a) -> ’a -> substring -> ’a

val foldr : (char * ’a -> ’a) -> ’a -> substring -> ’a
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val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val

end

TEXT 215

full : string -> substring

getc : substring -> (char * substring) option

isEmpty : substring -> bool

isPrefix : string -> substring -> bool

isSubstring : string -> substring -> bool

isSuffix : string -> substring -> bool

position : string -> substring -> substring * substring
size : substring -> int

slice : substring * int * int option -> substring

span : substring * substring -> substring

splitAt : substring * int -> substring * substring
splitl : (char -> bool) -> substring -> substring * substring
splitr : (char -> bool) -> substring -> substring * substring
string : substring -> string

sub : substring * int -> char

substring : string * int * int -> substring

takel : (char -> bool) -> substring -> substring

taker : (char -> bool) -> substring -> substring

tokens : (char -> bool) -> substring -> substring list
translate : (char -> string) -> substring -> string
triml : int -> substring -> substring

trimr : int -> substring -> substring

SUORFvERETEIANSIFV

Substring :> SUBSTRING
where type substring = CharVectorSlice.slice
where type string = string

where type char = char

26.33 TEXT
NFHNA 7 F v gt

signature TEXT =

sig

structure Char : CHAR

structure CharArray : MONO_ARRAY

structure CharArraySlice : MONO_ARRAY_SLICE
structure CharVector : MONO_VECTOR

structure CharVectorSlice : MONO_VECTOR_SLICE
structure String : STRING

structure Substring : SUBSTRING

sharing type

Char.char

String.char
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Substring.char

CharVector.elem

CharArray.elem

CharVectorSlice.elem

CharArraySlice.elem
sharing type
Char.string
= String.string
= Substring.string
= CharVector.vector
= CharArray.vector
= CharVectorSlice.vector
= CharArraySlice.vector
sharing type
CharArray.array
= CharArraySlice.array
sharing type
CharVectorSlice.slice
= CharArraySlice.vector_slice

end

DIXTFYEREIBANSOFY

e Text : TEXT

26.34 TEXT_IO

signature TEXT_IO =
sig
structure StreamIO : TEXT_STREAM_IO
where type reader = TextPrimIO.reader
where type writer = TextPrimIO.writer
where type pos = TextPrimIO.pos
type elem = StreamIO.elem
type instream
type outstream
type vector = StreamlIO.vector
val canInput : instream * int -> int option
val closeln : instream -> unit
val closeOut : outstream -> unit
val endOfStream : instream -> bool
val flushOut : outstream -> unit
val getInstream : instream -> StreamI0O.instream
val getOutstream : outstream -> StreamIO.outstream
val getPosOut : outstream -> StreamIO.out_pos

val input : instream -> vector

5526 =

Standard ML fZ# 5 4 75 Y
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val inputl : instream -> elem option
val inputAll : instream -> vector
val inputline : instream -> string option
val inputN : instream * int -> vector
val lookahead : instream -> elem option
val mkInstream : StreamIO.instream -> instream
val mkOutstream : StreamIO.outstream -> outstream
val openAppend : string -> outstream
val openlIn : string -> instream
val openOut : string -> outstream
val openString : string -> instream
val output : outstream * vector -> unit
val outputl : outstream * elem -> unit
val outputSubstr : outstream * substring -> unit
val print : string -> unit
val scanStream
((Char.char, StreamIO.instream) StringCvt.reader
-> (’a, StreamIO.instream) StringCvt.reader)
-> instream
-> ’a option
val setInstream : instream * StreamIO.instream -> unit
val setOutstream : outstream * StreamIO.outstream -> unit
val setPosOut : outstream * StreamIO.out_pos -> unit
val stdErr : outstream
val stdIn : instream
val stdOut : outstream

end

RAMLEYTRFY

e TEXT_STREAM_IO (26.35)

SUXRFvERETEIANSIFV

e TextIO : TEXT_IO

26.35 TEXT_STREAM_IO

signature TEXT_STREAM_IO =
sig
include STREAM_IO
where type vector = CharVector.vector
where type elem = Char.char
val inputLine : instream -> (string * instream) option
val outputSubstr : outstream * substring -> unit

end
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26.36 PRIM IO

/!

KL ~Ld 10 7Y 3

signature PRIM_IO
sig
type array
type array_slice
type elem
eqtype pos
datatype reader =
RD of {name

%26 % Standard ML fZEH#ES £ 75 1)

T4 TR,

string,

chunkSize : int,

readVec : (int -> vector) option,

readArr : (array_slice -> int) option,

readVecNB : (int -> vector option) option,

readArrNB : (array_slice -> int option) option,

block :

(unit -> unit) option,

canInput : (unit -> bool) option,

avail
getPos
setPos

endPos

: unit -> int option,

(unit -> pos) option,
(pos -> unit) option,

(unit -> pos) option,

verifyPos : (unit -> pos) option,

close
ioDesc
type vector
type vector_slice
datatype writer =
WR of {name

: unit -> unit,

0S.I0.iodesc option}

string,

chunkSize : int,

writeVec : (vector_slice -> int) option,

writeArr : (array_slice -> int) option,

writeVecNB : (vector_slice -> int option) option,
writeArrNB : (array_slice -> int option) option,
block : (unit -> unit) option,

canOutput : (unit -> bool) option,

getPos : (unit -> pos) option,

setPos : (pos -> unit) option,

endPos : (unit -> pos) option,

verifyPos : (unit -> pos) option,

close
ioDesc
val augmentReader
val augmentWriter
val compare : pos
val nullRd : unit

val nullWr : unit

: unit -> unit,

0S.I0.iodesc option}
reader —-> reader

. writer -> writer

* pos —> order

-> reader

-> writer
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val

end

TIME

openVector : vector -> reader

SUXRFYEREIBANSOFY

structure BinPrimIO :> PRIM_IO
where type array = Word8Array.array
where type vector = Word8Vector.vector
where type elem = Word8.word

where type pos = Position.int

structure TextPrimIO :> PRIM_IO
where type array = CharArray.array
where type vector = CharVector.vector

where type elem = Char.char

26.37 TIME

K7 — 28 e 7Y 2 7 4 7HE 2 724t

signature TIME =

sig

eqtype time

exception Time

val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val

end

+ : time * time -> time

- : time * time -> time

< : time * time -> bool

<= : time * time -> bool

> : time * time -> bool

>= : time * time -> bool
compare : time * time -> order
fmt : int -> time -> string

fromMicroseconds : Largelnt.int -> time
fromMilliseconds : LargeInt.int -> time
fromNanoseconds : LargeInt.int -> time
fromReal : LargeReal.real -> time
fromSeconds : Largelnt.int -> time
fromString : string -> time option

now : unit -> time

scan : (char, ’a) StringCvt.reader -> (time, ’a) StringCvt.reader

toMicroseconds : time -> Largelnt.int
toMilliseconds : time -> Largelnt.int
toNanoseconds : time -> Largelnt.int
toReal : time -> LargeReal.real
toSeconds : time -> LargeInt.int
toString : time -> string

zeroTime : time

219
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SURXRFYERETEIANSIVFY
e Time :> TIME

type time (= real)

26.38 TIMER
RA< =R Zz207Y 27 4 TR R

signature TIMER =
sig
type cpu_timer
type real_timer
val checkCPUTimer : cpu_timer -> {usr : Time.time, sys : Time.time}
val checkCPUTimes

cpu_timer

-> {nongc : {usr : Time.time, sys : Time.timel}, gc : {usr : Time.time, sys

val checkGCTime : cpu_timer -> Time.time

val checkRealTimer : real_timer -> Time.time
val startCPUTimer : unit -> cpu_timer

val startRealTimer : unit -> real_timer

val totalCPUTimer : unit -> cpu_timer

val totalRealTimer : unit -> real_timer

end

SDUXFVYERETEIANSVFY
e Timer :> TIMERE

type cpu_timer (= boxed)
type real_timer (= boxed)

26.39 VECTOR
N7 bV (EFAAOES) e zn7) 274 7RSS,

signature VECTOR
sig

type ’a vector = ’a Vector.vector

val all : (’a -> bool) -> ’a vector -> bool

val app : (’a -> unit) -> ’a vector -> unit

val appi : (int * ’a -> unit) -> ’a vector -> unit

val collate : (’a * ’a -> order) -> ’a vector * ’a vector -> order

val concat : ’a vector list -> ’a vector

val exists : (’a -> bool) -> ’a vector -> bool

val find : (’a -> bool) -> ’a vector -> ’a option

val findi : (int * ’a -> bool) -> ’a vector -> (int * ’a) option

: Time.time}}
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val
val
val
val
val
val
val
val
val
val
val
val

end

221

foldl (’a *x ’b => ’b) -> ’b -> ’a vector -> ’b

foldli (int * ’a * ’b -> ’b) -> ’b -> ’a vector -> ’b
foldr (’a * ’b => ’b) -> ’b -> ’a vector -> ’b

foldri (int * ’a * ’b -> ’b) -> ’b -> ’a vector -> ’b
fromList : ’a list -> ’a vector

length : ’a vector -> int

map : (’a -> ’b) -> ’a vector -> ’b vector

mapi

maxLen :

(int * ’a -> ’b) ->

int

’a vector -> ’b vector

sub : ’a vector * int -> ’a

tabulate

update

’a vector * int *

DIXTFYERREIBANSOFY

e Vector

: VECTOR

26.40 VECTOR_SLICE

BRI R MBI 2D 3 5 4 TTEHE OFEAL.

signature VECTOR_SLICE =

sig

type ’a slice

all : (’a -> bool) -> ’a slice -> bool

val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val

val

int * (int -> ’a) -> ’a vector

’a -> ’a vector

app : (’a -> unit) -> ’a slice -> unit

appi
base
collate
concat
exists
find :
findi
foldl
foldli
foldr
foldri
full

getItem :
isEmpty :
length :

(int * ’a -> unit) -> ’a slice -> unit

’a slice -> ’a Vector.vector * int * int

(’a * ’a —-> order) -> ’a slice * ’a slice -> order

’a slice list —>

’a Vector.vector

(’a -> bool) -> ’a slice -> bool

(’a -> bool) -> ’a slice -> ’a option

(int * ’a -> bool)
(’a * ’b -> ’b) —>
(int * ’a * ’b ->
(’a * ’b => ’b) —>
(int * ’a * b >

’a Vector.vector ->

’a slice -> bool

’a slice -> int

-> ’a slice -> (int * ’a) option
’b -> ’a slice -> ’b

’b) -> ’b -> ’a slice -> ’b

’b => ’a slice -> ’b

’b) -> ’b -> ’a slice -> ’b

’a slice

’a slice -> (’a * ’a slice) option

map : (’a -> ’b) -> ’a slice -> ’b Vector.vector

mapi

slice

(int * ’a -> ’b) ->

’a Vector.vector x*

’a slice -> ’b Vector.vector

int * int option -> ’a slice
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val sub : ’a slice * int -> ’a
val subslice : ’a slice * int * int option -> ’a slice
val vector : ’a slice -> ’a Vector.vector

end

SUXFVvERETDIRANSVF Y
e VectorSlice :> VECTOR_SLICE

type ’a slice (= boxed)

26.41 WORD
FER LB ) 3 7 1+ 7HE O,

signature WORD =
sig
eqtype word
val * : word * word -> word
val + : word * word -> word
val - : word * word -> word
val < : word * word -> bool
val << : word * Word.word -> word
val <= : word * word -> bool
val > : word * word -> bool
val >= : word * word -> bool
val >> : word * Word.word -> word
val andb : word * word -> word
val compare : word * word -> order
val div : word * word -> word
val fmt : StringCvt.radix -> word -> string
val fromInt : int -> word
val fromLarge : LargeWord.word -> word
val fromLargeInt : Largelnt.int -> word
val fromLargeWord : LargeWord.word -> word
val fromString : string -> word option
val max : word * word -> word
val min : word * word —-> word
val mod : word * word -> word
val notb : word -> word
val orb : word * word -> word
val scan : StringCvt.radix -> (char, ’a) StringCvt.reader -> (word, ’a) StringCvt.reader
val toInt : word -> int
val toIntX : word -> int
val tolarge : word -> LargeWord.word
val tolLargeInt : word -> Largelnt.int
val tolLargeIntX : word -> Largelnt.int
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val tolLargeWord : word -> LargeWord.word
val toLargeWordX : word -> LargeWord.word
val tolLargeX : word -> LargeWord.word

val toString : word -> string

val wordSize : int

val xorb : word * word -> word

val © : word -> word

val ">> : word * Word.word -> word

end

DIXTFYERREIBANSOFY
e Word : WORD
type word = word
Word32 iZWord DA+ 527 F ¥ VSV Fr—>a v
e Word64 : WORD
type word = word64
LargeWord {Z Word64 DA+ 7 F VSV r—>a v
e Word8 : WORD

type word = word8

26.42 by TLARNILERE

SATIVTERINTVE LLMFSEBII Ny FLRALTHEEINATWS. AFHTlE, Standard ML
EHES £ 77 VTERIN TV BHPEBDOF Ty 7L NNV THERINTWSEHDERT

o infix S

infix 7 * / div mod
infix 6 + - ~

infixr 5 :: @
infix 4 = <> > >= < <=
infix 3 := o

infix O before

il

o type H

type substring = Substring.substring

datatype order = datatype General.order

R
e ecxception B &
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exception Bind = General.Bind
exception Chr= General.Chr

exception Div= General.Div

exception Domain= General.Domain
exception Empty = List.Empty
exception Fail = General.Fail
exception Match= General.Match
exception Overflow= General.Overflow
exception Size= General.Size
exception Span= General.Span
exception Subscript = General.Subscript
exception Option = Option.Option

exception Span = General.Span

o val 5 S
val = = <builtin> : [’’a. ’’a * ’’a -> booll}
val <> = <builtin> : [’’a. ’’a * ’’a -> booll}
val ! = General.!
val := = General.:=

val @ = List.Q
© = String.”

val app = List.app

val before = General.before
val ceil = Real.ceil

val chr = Char.chr

val concat = String.concat
val exnMessage = General.exnMessage
val exnName = General.exnName
val explode = String.explode
val floor = Real.floor

val foldl = List.foldl

val foldr = List.foldr

val getOpt = Option.getOpt
val hd = List.hd

val ignore = General.ignore
val implode = String.implode
val isSome = Option.isSome
val length = List.length

val map = List.map

val not = Bool.not

val null = List.null

val o = General.o

val ord = Char.ord

val print = TextIO.print

val real = Real.fromInt

val rev = List.rev

val round = Real.round
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val size = String.size

val str = String.str

val substring = String.substring
val tl1 = List.tl

val trunc = Real.trunc

val valOf = Option.valOf

val vector = Vector.fromList

FMEMETF =v 7 7Y I 74 T= <, av (4 I AABERE LTEEREY K- LTV,
o F—o\pm— FINhlT

val * : [’a::{int, word, int8, word8, int16, wordl6, int64, word64, intInf, real, real32}. ’a
val + : [’a::{int, word, int8, word8, intl16, wordl6, int64, word64, intInf, real, real32}. ’a
val - : [’a::{int, word, int8, word8, int16, wordl6, int64, word64, intInf, real, real32}. ’a
val / : [’a::{real, real32}. ’a * ’a -> ’a]

val < : [’a::{int, word, int8, word8, int16, wordl6, int64, word64, intInf, real, real32, str

val <= : [’a::{int, word, int8, word8, intl6, wordl6, int64, word64, intInf, real, real3d2, st
val > : [’a::{int, word, int8, word8, int16, wordl6, int64, word64, intInf, real, real32, str
val >= : [’a::{int, word, int8, word8, inti16, wordl6, int64, word64, intInf, real, real32, st

val \ : [’a::{real, real32}. ’a -> ’a]

val abs : [’a::{int, int8, int16, int64, real, real32}. ’a -> ’a]

val div : [’a::{int, word, int8, word8, int16, wordl6, int64, word64, intInf}. ’a * ’a -> ’a]
val mod : [’a::{int, word, int8, word8, int16, wordl6, int64, word64, intInf}. ’a * ’a -> ’a]
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BL2TE SMLHAVATLZATS

SML#%, Standard ML 5 4 7°5 VI Z T, SML#HMEM T 2HEEER V2723720 D SML# 5
A7V EREELTVWE. 265475 V1F, SMLABBED S A 75V TH B0, P73 F v I3EHE
B, EHEA VR T2 AR T 7 A VEBUTIRHEEINS. ThHI3A4 TSV EERTZ2A NI 7FvIX, 5
A7V A4 R T 24 R7 7 4N% ((librarySmiFilePath) ) THIEATRER X 5 (CREEBICHEI N, sni
T 7 ANDBERINTNS,

BHEDOHMTIREL TWE 74 77 VI ROED TH 5.

FAT75V0% | A7 7F x4 (H)
"ffi.smi" DynamicLink (27.1)
Pointer (27.2)

"sql.smi" SQL (27.3)
SQL.0p (27.4)
SQL.Numeric (27.5)

"thread.smi" | Pthread (27.6)
Myth (27.7)

"reify.smi" ‘ Dynamic (27.8)

INHDT 475 V1F, SMLADHGRIEREZ FEHT 272DI12a > 4 I 0BRINDZ DD 5. 77
Ha >4 LE— FTUURD SMLIHEREEE R WA 5E1E, 72274 77 VEBEFERL TWED2-
e LTh, AVR=—Tz—=RT7 7 ANDLUTDTI A7 7Y % _require LZRITIUIZ B2,

o SQL WX ZHW25A, "sql.smi"% _require LRIFIUIZ 570,

o #reify 4 ¥ FMIZDZMHBERMZ MO T8, "reify.smi"% _require LZRIFIUIIL &R0,

27.1 DynamicLink
12T M1R

structure DynamicLink =
struct
type lib (= boxed)
datatype mode = LAZY | NOW
datatype scope = GLOBAL | LOCAL
val default : unit -> 1ib
val dlclose : 1lib -> unit
val dlopen : string -> 1lib

val dlopen’ : string * scope * mode —> 1lib
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val dlsym : 1lib * string -> codeptr
val dlsym’ : lib * string -> unit ptr
val next : unit -> 1lib

end

i)
o lib A—TYENLFI V274 T 7 VDAY FAZRTHR T — XA,

e mode dlopen’ TI7A4 75 V%A —7F 5FEDE—F. NOWIX dlopen’ MM LIFICA =TT %
e ZEWT 5. LAZY I dlopen’ MU LIS A 77V 7 7 AN F 2w 7 LA—T Y OUEfH%LT
2DHT, 7477V 7 74U, FITRICSHRESINRCA =T 03 20 E2 4R T 5 2 & & Bk
9T5.

27.2 Pointer
AR TTM1R

structure Pointer =
struct
val NULL : [’a. unit -> ’a ptr]
val advance : [’a. ’a ptr * int -> ’a ptr]
val importBytes : word8 ptr * int -> word8 vector
val importString : char ptr -> string
val isNull : [’a. ’a ptr -> bool]
val load : [’a. ’a ptr -> ’al
val store : [’a. ’a ptr * ’a -> unit]

end

27.3 SQL

SQL 74 77V Ot 22.8 Fiz S lE &

RARLER NS OF ¥
e 0p(27.4)

e Numeric(27.5)

27.4 SQL.Op

SQL.Op A b 7 7 F x OFfME 22.9 iz SR E K.

27.5 SQL.Numeric

SQL.Numeric & b 7 27 F v OFHMIE 22.10 iz SHEE X.
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27.6 Pthread
AR TTM1R

structure Pthread =
struct
type thread (= *)
structure Thread

struct

type thread =

val create
val detach :

thread
(unit -> int) -> thread
thread -> unit

val join : thread -> int

val exit : int -> unit

val self : unit -> thread

val equal : t

end

hread * thread -> bool

type mutex (= array)

structure Mutex =

struct
type mutex =

val create

mutex

: unit -> mutex

val lock : mutex -> unit

val unlock
val trylock
val destroy

end

. mutex —-> unit
: mutex -> bool

: mutex -> unit

type cond (= array)

structure Cond =
struct
type cond = ¢
val create
val signal
val broadcast
val wait : co
val destroy :
end

end

27.7 Myth
AR TTAR

structure Myth =
struct
type thread (= %)
structure Thread

struct

ond

: unit -> cond

cond -> unit
cond -> unit
nd * mutex —-> unit

cond -> unit

229
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type thread = thread
val create (unit -> int) -> thread
val detach : thread -> unit
val join : thread -> int
val exit int -> unit
val yield : unit -> unit
val self unit -> thread
val equal thread * thread -> bool
end
type mutex (= array)
structure Mutex =
struct
type mutex = mutex
val create : unit -> mutex
val lock : mutex -> unit
val unlock : mutex -> unit
val trylock : mutex -> bool
val destroy : mutex -> unit
end
type cond (= array)
structure Cond =
struct
type cond = cond
val create : unit -> cond
val signal cond -> unit
val broadcast cond -> unit
val wait cond * mutex -> unit
val destroy : cond -> unit
end
type barrier (= array)
structure Barrier =
struct
type barrier = barrier
val create int -> barrier
val wait barrier -> bool
val destroy : barrier -> unit
end
end
27.8 Dynamic
S A e

structure Dynamic

struct

datatype term

ARRAY of ty * boxed

SML#S AT L7477
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| ARRAY_PRINT of term array
| BOOL of bool
| BOXED of boxed
| BOUNDVAR
| BUILTIN
| CHAR of char
| CODEPTR of word64
| DATATYPE of string * term option * ty
| DYNAMIC of ty * boxed
| EXN of {exnName: string, hasArg: bool}
| EXNTAG
| FUN of {closure: boxed, ty: ty}
| IENVMAP of (int * term) list
| INT32 of int
| INT16 of intl6é
| INT64 of int64
| INT8 of int8
| INTERNAL
| INTINF of intInf
| LIST of term list
| NULL
| NULL_WITHTy of ty
| OPAQUE
| OPTION of term option * ty
| PTR of word64
| REAL64 of real
| REAL32 of real32
| RECORDLABEL of RecordLabel.label
| RECORDLABELMAP of (RecordLabel.label * term) list
| RECORD of term RecordLabel.Map.map
| REF of ty * boxed
| REF_PRINT of term
| SENVMAP of (string * term) list
| STRING of string
| VOID
| VOID_WITHTy of ty
| UNIT
| UNPRINTABLE
| VECTOR of ty * boxed
| VECTOR_PRINT of term vector
| WORD32 of word
| WORD16 of wordl6
| WORD64 of word64
| WORD8 of word8
datatype ty =
ARRAYty of ty
| BOOLty
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BOTTOMty
BOXEDty
BOUNDVARty of BoundTypeVarID.id
CHARty
CODEPTRty
CONSTRUCTty
of {args: ty list,
conSet: ty option SEnv.map,
id: ReifiedTy.typld,
layout: ReifiedTy.layout,
longsymbol: {loc: Loc.pos * Loc.pos, string: string} list,
size: int}
| DATATYPEty
of {args: ty list,
id: ReifiedTy.typIld,
layout: ReifiedTy.layout,
longsymbol: {loc: Loc.pos * Loc.pos, string: string} list,
size: int}
| DUMMYty of {boxed: bool, size: word}
| DYNAMICty of ty
| ERRORty
| EXNTAGty
| EXNty
| FUNMty of ty list * ty
| IENVMAPty of ty
| INT16ty
| INT64ty
| INT8ty
| INTERNALty
| INTINFty
| INT32ty
| LISTty of ty
| OPAQUEty
of {args: ty list,
id: ReifiedTy.typIld,
longsymbol: {loc: Loc.pos * Loc.pos, string: string} list,
size: int}
| OPTIONty of ty
| POLYty
of {body: ty,
boundenv: BoundTypeVarID.id BoundTypeVarID.Map.map}
PTRty of ty
REAL32ty
REAL64ty
RECORDLABELty
RECORDLABELMAPty of ty
RECORDty of ty RecordLabel.Map.map
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REFty of ty
SENVMAPty of ty
STRINGty
TYVARty

UNITty
VECTORty of ty
VOIDty
WORD16ty
WORD64ty
WORD8ty
WORD32ty

type ’a dyn (= boxed)

type void (= unit)

type dynamic = void dyn

exception RuntimeTypeError

val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val

val

end

dynamic = fn : [’a#reify. ’a -> void dynl
dynamicToString = fn : void dyn -> string
dynamicToTerm = fn : void dyn -> term
dynamicToTy = fn : void dyn -> ty
dynamicToTyString = fn : void dyn -> string
format = fn : [’a#treify. ’a -> string]
fromJson = fn : string -> void dyn
fromJsonFile = fn : string -> void dyn

join = fn : void dyn * void dyn -> void dyn
pp = fn : [’a#treify. ’a -> unit]
termToDynamic = fn : term -> void dyn
termToString = fn : term -> string
termToTy = fn : term -> ty

toJson = fn : [’a. ’a dyn -> string]
tyToString = fn : ty -> string

valueToJson = fn : [’a#reify. ’a -> string]

view = fn : [’a#reify. ’a dyn -> ’al

233
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F28F SML#IOV/NAT S DEEHE

SML# 2 > %4 Z DOEE#E)Z smlsharp 2% RIZ K-> TITS. smlsharp 2 < RIESMLAI Y81 %
EEIL, SML#7 025 AZMGEICEIRRL, A 7Y =227 b7 7 AL BERL, V2275, GHNRC
Ay AT RIANaey ReFAfZ, 2—3% =& smlsharp 2~ NICE— FERA 7> 2 Y E2HET 2
T, ZO—HDRT v TDIBbDO—HMEETTAI N TES. £z, SML#DMNGEERRE D snlsharp
av Y R oiEEs 5.

smlsharp 3~ FOHFRIILTOEH TH 5.

smlsharp [ option --- | [ == ] [ inputFile --- |

smlsharp I~ RDFIEIZ, a~Y FIA4 AT arEREANT7 7 ANGDHTHS. a<v> K4
VAT avidi oA FREE (<) THES. a~xry R340 F T a ViE-IR-L R D—Eo+
T a v EREEAFETHZ. -4 7> a YHogbY ZIHRT 27DICHCTHRV. LK D&RD5|
BIIRTA T arve LTHEREORW. 2O OEIBIEATI 7 7 ANVETHS. A7 7405
X, avYRIA VAT arvDFOBRFICENTS LW, 2TOF T aYZEANT7 7 A B & Dk
R EN, ZOMRIZ, ETOANT 74 VL THEHAENS.

F7z, WL O DOEIEARIL, smlsharp 2~ ROEWERISHER 52 5. 2o DEREZHIX, SML#2
URATGHAVARA N LTRSS AOEHEICD RIRRICHET 3.

LUF, smlsharp 2~ Y FWBEIRT2a~xY R4 A7 a VBIUREEZRE, 7> a > OfFIC
T THIET 5.

28.1 ET—RFEIRA T3>

DROF 7> a vid smlsharp <Y ROFETE— F24EET 5. smlsharp AX Y FOaAXY K74 ¥
Wi, IR 7> a yOnThdrREic1l DEESINTOWARITIUI RS W,

-—help "NV TR v —VEFRRLTKT T 5.

-fsyntax-only fHESIN/z.sml BE L. smi 7 7 A VOEXRED AZITWV, a v A vl 5. %
W B-0F T arelDA Ty ay b ARICIEET 2 Z L ETERL. MEADRRILI — Ay
LY URTRAT—XATEMENS.

-ftypecheck-only #HE XN/ .sml BL L .smi 7 7 A VORI E LTV, A A L eHlid 5. -oF
FravEIDF T a Y L ARHCHEET 5 Z LI TERV. MEDKERIZLI — Xy —Y kT
AT —RATHEHENS.

S fEEXN.sml 77 A NBary AL, TEyITVa—FEIZsANCHNTS. 774 0%
12, A7 7 A NVADIIRTF .sml % .s B XWX HHTE WS, A7 7 A AD72721 2720
DHEWRD, oA T2 aTHIT7 7 ANVHEIEET D5 ENTES.

-c HHEEXNz.sml 77 ANEaAV AL, ATV 774 VEHNTS. Hh7 74081201, A
N7 7 ANKBOIEIET . sml % .0 ICEEMR 2HFTEH WS, ASI7 7 A V072721 DT DEEIC
RO, oA T arTHITZ7 7 ANVGBEIBETEIENTES.
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-Mm AN 7 7 AN LTHHRESI Nz .omi 7 7 A VTR I 0y b3 570l nekear 4
NBEKEY V7T 57-DITHEIR Makefile Z4AENT 5. HHES Nz .smi 7 7 A A0 5H, a4 )L
BIEY Y7 ITRBERETD T 7 A VOKFREARIFIE IS, ml-lex  ml-yacc REDY — A7 7
ANEBERT BY NV EEGFEhnwuder b b, ZOE—REZZEOTUI =7 DD DTEE
72 Makefile #1153, o A 7Y a e HIEEINTWRGE, EELTIOMRDDIT-0 THEX
N7 7 ANVCHEREPH T 5.

-MMm -Mm 2[R U7E03, fEHES £ 75 VIIHE LSRN EINS.

-MIBEINE.snl 77 ATV RANTREEXICHAAENSE 7 7 4DV R + % Makefile TG THE
EHNICRRT S, o X 7Y a e HIIBEIN TV A GE, EEHTDORbDIC-0 THREX N
77 ANVIKEREH 1T 5.

-MM -M E R U7EA, BHES A 75 VI okt EnG.

-Ml FEEENz.smi T 7 ANV EIEELTY VI T2 EWCY UV INRERDZFT T 8T 741DV R
b % Makefile BN CTHEHEHR NICERT 2. -0 A 7> a Y e HITHEEEI R TV BRIEE, SHEH DR
bHOIZ-0 TIHREXINZT7 7 A NIKEREH 1T 3.

-MM1 -M1 2 [RIU/E23, fEHES £ 7 VIIH I 6N En 3.
HEDWTIhDL T a VHIEEINTOWRWES, AN7 7 A VOERICE > TEITE— FPERS.
o ANI7 7 ANDBEEINTVRWIES, MELREEEET 5.

o AN7 7 ANPIEEINTVBIES, smlsharp 2~ Y RIZV V7 E— FTREBIZNS. ASJI774
NADYZAMIE, EALDOD.smi 77 ANVERE . sml 77 ANVEEDTHRWL. ANW77A4 1V R
FOHIZ . smi 7 7 A ADPEEZINTOVWEEE, ZD.smi 7 7 4 D5 require BfR% Il - THE
TEZ2ETD.smi 77 ANEHNZEL, K.smi 77 A NVKEININT AT 27 b7 74V EREL,
ENOF T2 VT 7 ANV IDONEE T D, T2 N7 7 AVDOBRIZOWVTIE, &b
3 5-filemap * 7> a YOFHEZRE L. ANJT77 ALY X PDOHIZ sml 7 7 A ADHEESINT
WBHE, ZD.sml 77 AN AV R4 N LR, £D.snl 7 7 A MBS 5 .smi 7 7 A V5
VYIMNRDATS 27 b7 7ANDY A2t BT 5. @41 DOD.smi 77 A VKX sml 7 7
ANDEENS. smi EF.sml UHNDASI 7 7 A MK, SRAT LV U APRINTIZ2A TS =2
N7 7ANRTAT IV T 7 ANEIEET S, smlsharp AT Y R, TNH6A T2 7740
DYVRAFESML#ETZ Y RALTA T IV EIATAY) Y havwy FEEFHLTY V7T 5.

B, DATLAVVHLEEE, AN T 7 ANVEIEET ZIERICIERLD S, KBRS VRV ERD
FTO 2T R T 7 AME, FDOSUVRABERTAF T2 b7 740 KD ENCEESINTWA
AU S,

HOENZETER 7 7 A LDTFT 7 4L FDEHE a.out THD. oA T a itkoTHN7 >
ANZEIRET DI ENTES.

28.2 E—FHBEDA T3V
-o filename M7 7 ANGBEIBET S, 7 7 A MTHANZINEZNBRITEIRINZE—RICX->TER 3.

-v smlsharp a~< Y F% verbose €— FIZ§ 5. FIT smlsharp I~ Y RMRETTEH4a~v> Foa~
VRIA LV ZOMNDBERREINE. AT 7 ANEHEDTIC-v BRESNGE, 247D
N=ParveRRLKTT5.
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28.3 AVNAIA T3y

MUFRDF T a iESML#EQ Y RA FI2E 27 7 ANMVBRBEICa— FERZTHIHT 2. ZohTray
WET 24 7> a VEINERESL Y 7 E— FIZHIEHT 5.

~Idir .smi 7 7 A NVDBRAAZIZT 4 L2 Y dir 2BIT 5. BEO-1F 7> arPavrFoL o
BEINTVWAREE, BEXINLIEBFTHET 4L VVERRT S, BB, oA 7 alii, Vv
ZHED smi 7 7 A NLDOBRRICHFHINS.

-nostdpath .smi 7 7 A VOB %E-I THELZT 4L 27 M DARRET 5.

-0, -00, -01, -02, -03, -0s, -0z HE(LL IV EEET 3. -00 1Z 2 TORBEILEEMNCT S, -01 025
03 BN RZIVIZE XD SERRELZAMCT 5. -01F-02 DI THS. -0s BLU-0z &
a— R A XN TARELEENCT . ZhodFFrarvha~wy R4 IEBTEE S
NHEEX, REOVEODADEE 5.

--target=target, -mcmodel model, -march arch, -mcpu cpu, -mattr attrs LLVM D3 — RARKZHTNS
LTHRESTZ2X =7y b, a—FETIL, 7—F77F v, CPU, BIUa— FMERBEEZRET
%. model 13 small, medium, large, kernel DWITNNTH 3. attrs IIFEBHEDV X P ar <X
YIDTHRET 5. target, arch, cpu, attrs X U THMBIEEX LLVM ¥ =2 74 H % W& LLVM
HED 11c a~ ¥ FONLTZSHE K.

-fpic, -fPIC, -fno-pic, -mdynamic-no-pic 2— FOHAEET IV ERET 5. -fpic lZ-fPIC D%
TH5. —fPICIIHAEFGER I — F24N T 5. —fno-pic IFFHALE L7V (non-relocatable 73)
a— FZAT 5. -mdynamic-no-pic IZIFALERRERINIZIRZ S OHAE Lawnwa— F24RT
L, INBDXF T a vMEEINTVWRVWE X, AT AMEEDT 7 40 OFAE T FILIE
Rahs.

-Xllc arg, -Xopt arg 32— RAERDPICIHITENS LLVM D 11c BL W opt 2~ ¥ RIZHETEMDEEL
ZIEET 5. HED-X11c -Xopt A~ K I A4 VIHHEINLGE, 2ToOEMEIBBEEES N
FlEica~ > RicjExh 3.

—emit-1lvm IV XA NFEREZ 7 7 A VICEZH T X, 14740 73— FORDODIZ LLVM IR ZHih
T 3. —emit-1lvm -8 L HIIBEXINTWVWB 2 E, 7y 7 Va—RFoRbbicTF 2 MED
LLVM IR a—FZ2HHN35. 774V DOHN7 7 A VADIERFIX.s 20511 ITEDS. -c &
HIIEEEINTWVWE e E, 7927+ 774D DIZ LLVM bitcode 7 7 A VEH 1T 5. 7
74V OMNT T 7 ANZHDIEEFIE .0 D25 . bc ITED 5.

284 VO F T3y

URDATSa i) v HDORBBOEHIETZ. ZOHTITVIKET 24T a VIFHEEREICHE
35,

-llibrary 8ESNTHAIDIA T2V %) ¥ 7T 5. WNaERETIRESINLGE, TDI74 77 OB
%ﬁnﬁﬁ’ﬂu/f VAR— ]‘j‘éx_t\_).i))ﬁj RARA

-Ldir VYIRHII7A4A T VEMRTERAZT 4 L7 M) dir 2 BINT 5. BRO-LAT>arvhav
VEIAVIIREEINTWAES, BESNLIERTET 4 L7 PV EREKT 5.

-nostdlib 74 77 VKB NSRA%E-L TIEELZT4 L 27 P DAIRET 3.



238 %28 F SML#a 34 J DOiEH)

—ct+ V2 7avwry e LTCary {7 FFANTERL C++a sy L I FFANZHWS., C++T
EPNTA T2 P T 7 ANRTA T TV %R SMLAET QI L) Y 7T 35832047 3
VEIEET 5.

-W1l args, —-Xlinker arg V> 7 DRRICa Y4 T R A NITBINTEZ 25[82H6ET 5. -Wl D args
WKIZa <X b T8 Y R RIEET S, -Xlinker 1372720 D525 ET 5. EHO-w1
BXU-Xlinker Ba~y K 74 VIHEEINGE, £ TOBMEIBIEESINLZIEHIY v 7 a<
YRIZEENS.

-filemap filename AV N4 IV T 7 A NEET L JIMEHT 2 7 7 A VROMILGRZIEE T 5. smlsharp
a< Y Fix.smi 7 7 A VADIGRT % .smi 5 .o KB EMZ AR EMIET 24727 b7 74
NDHFTE TS, ZOF T2 a ®RIFETHILT, ZOMBEEETLIENTES. filename D
FBATZE, =itE, AV A IDBER L7 7 A NVE, BIUOKKR7 72 ZATRET > A NE%E, T
DIEFT, AR—ZATRY>TEL. filename 121X, SML#2 YR IPREBL LS L TH3LETD
7 7 A VDGR FEE Z N TVRIFIUIE B2V, filename IZEEH S LT WIRWT 7 £ )LD EIZ
BRolbZEqZFLo7—-rXk5.

28.5 WEEE—KRDA T3>

-r smifile Xty > a YOPERE Yy b7y ST F, EESNz . smi 7 7 A VR BNITHA
A, ERIATIVICMATLI—YF—HEDIA 77 ) ZXFERETH VW 2ICEHTH 5.
csmi 77 AADIEURT A4 77V, BEIICaI VA LER, ®BTOXF TV 7 74 LDH
BEEINTORIFIUIR SV, smlsharp 27 Y FiE, £D.smi 7 7 A ADY V27— R THEEZXH
ThDEICATI 2 M7 7 ANDYV R ERFHEAL, ZOOA T2 v 77 ANEHES AT
VELTYYZL, AT L0 — FEEEZHWTRr— N5 5.

28.6 AVNASHRERIIA T3y
DTROA TS a ld SMLAa > 84 S DBFREHATH 3.

-d [switch] SML#2 > %4 FRAFEEMT AL v F switch ZIEET 5. switch DEM I NG, a v
A ZBFEE N D verbose E— FEZEHINIT 5. switch DIV -d D3--help ¥ HIITEE XN 25E
&, BREAIZRA v FO—EE2RRT 5.

-B dir SML#3 > %4 S DFIET 7 4 )V (configmk) BLUEHES 4 75 UBEET 2T 4 L7 bV &iE
ET5.

28.7 RIREM
SML#2 > %4 JIEUTORREK ST 5.

SMLSHARP HEAPSIZE F/NBXURAL—7HA XD > + %, ZOIEEFETan Y TRYI- TN, N4 b
B CHRET 5. b= A XCREERHK (Fr), M (XA), ¢ (FH), T(F7) 2fIs2
EDTEDS. RRb =TI A XBEWT 22N TES. Z20HE, b—7OENZRILRIEITHONIR
W, T 7 4L ME “32M:256M" THB. D LAXEVNETaAY A IBHM L7 51E, ZOREE
HEBRELL—TH A ZEHPLTAHD LR,

SMLSHARP_VERBOSE 7 > &Z A A D verbose E— K& 0725 5 DB THEETS. 774V NI2TH5S.
SML#a > 84 S DBFEHTH 5.
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SMLSHARP_LIBMYSQLCLIENT, SMLSHARP_LIBODBC, SMLSHARP_LIBPQ SML#DEHIM ) > 73257 —XRX—2
FGATI7VDT 7 ANLEIEET S, SMLAD T —AXR—ZAKRELZHFH L 227475V Du—
R o —DRET 258, ThoDREEAREZRET 3.

28.8 HEIWR{ERF
28.8.1 XYIERIRIE
SFEBRE A BT 5 D MR AL, 518072 LT snlsharp 2% KEETF 2L THB.
$ smlsharp

SML#DMFEESTR D H % C 74 77 V) OBBENGENCHH LI WES, 207477 OHHiTZ-1 F
T ayTRET 5. BIZIE, NEERE,S 2ib 74 77V eI Lizwe 2@ Roa~y FeET
5.

$ smlsharp -1z

CHEH¥ESIATIVRLPOSIX ALy FIA4 T VRYE, SML#AY A IBT 74NV MTIV Y2554
77 VI3-1 THELZS THAATE .

28.8.2 O ZLOaAYVINATIL

T 7 ANMCEPNT SMLAT R TS A A LTEEE, b LEFUOEDD. sml 7740 (B
CIET % .smi 7 7 A L) DANLES TR 748751, ZD.sml 77 A NERFRET 2750 TH
TER 7 7 ANEH/ZZENTES.

$ smlsharp foo.sml
FIW T 7 A VOEHTZ a.out BPHEZTVE Eld-0o A T a v 2IET 5.

$ smlsharp -o foo foo.sml

28.8.3 LEIaVNTILED VY

BEO7 7 ANDPES SMLE T Y5 LB FTay AL LTY Y753 EDOEERZTFIEILLR
DFEHTH 5.

smlsharp -c¢ -02 foo.sml
smlsharp -c¢ -02 bar.sml

smlsharp -c -02 baz.sml

®©H BH H P

smlsharp foo.smi

7, SML# 025 LB T 5% .sml 7 7 4 V% -c Z{H) 72 smlsharp 2~ ¥ R TZRZHHNL DD
JEREZ T > %4 VT 5. foo.sml DAV A NVIIKINT 2L, 73227 b7 740 foo.o BEMSN
5. BTD.sml 77 A NVDAVINANADTET LI, ol I8k M)z a— RE2RED. sml
T7ANDA YR —=T 2 —AT 74V (ZZTld foo.smi) % smlsharp I~ FIZIEEL, BT A
2REV 7T 5. DL X snlsharp 27 Y R, foo.smi 2*5 require HE T3 .smi 7 7 4 )L
ERTHIEL, HRFE .o KEX, VY INRDATI I V774 VDVRMNEHS.

V=2V —DEHDOEEZREICED .smi 77 AAD 5.0 7 7 A AANDXIGZHIE L 72 W5EE, L
TOBIDESIZ, 77 ANHDONEREFEDT 7 A VZ2fED -filemap &+ 7Y a3 Y THRET 5.
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smlsharp -c -02 -o obj/foo.o foo.sml
smlsharp -c -02 -o obj/bar.o bar.sml
smlsharp -c¢ -02 -o obj/baz.o baz.sml

© H H &BH

smlsharp -filemap=objmap foo.smi

ZDE %, objmap DNFIZLLFOMEY TH 3.

foo.o obj/foo.0

bar.o obj/bar.o

baz.o obj/baz.o

SML# 70277 MIEED C/C++TR T T LRTATIV VI FTHIeNTES. SML#ETa TS
L% C/CH+7A4 77V V73558, VY IREO® snlsharp A~v Y K74 2V ¥ 2735 C/C++
DATI2 T DT 7ANRTA TV 774 VEFNET S, FIZIR, MED CFRr2F Lutil.c & OpenGL
RIS 2 SML#AT AT L foo.sml ZaA V%4 - VY I FB3HEREUTDEII1ICT 5.

$ smlsharp -c -02 foo.sml
$ cc -c -02 util.c
$ smlsharp foo.smi util.o -1gl -1lglu

28.8.4 Makefile D4R

BEY A NEHFNZRTINE, a4 ) 7 2HEET % “make” a~v ¥ FEAGDOE
52 RBW. make a~x Y FEM S 720121, 7 7 A LVEOKERIRNE D72 Makefile Z1E 2 L ED D
%. smlsharp -Mm 2<% FZffi5 Z & T, SML#7 12 J A% make TEIL N T 37 DITRERTERIR
Makefile % HEIFNIC/ES Z L D3 TE 3.

Bl ZIX, 3 OD.smi 7 7 AL foo.smi, bar.smi, B L baz.smi (2 ZNHIIHIET S .sml 7 7 4
V) WoREZTIAI 7 NBEHBLTEH. ZHSHDMITIXLI R D require BfRD3H 5.

e foo.smi (X bar.smi % _require L T\ 5.
e bar.smi (X baz.smi % _require L T\ 5.
DL X,

$ smlsharp -MMm foo.smi -o Makefile

LR D Makefile 4K 5 5.
SMLSHARP = smlsharp
SMLFLAGS = -02

LIBS =

all: foo

foo: foo.o bar.o baz.o foo.smi

$ (SMLSHARP) $(LDFLAGS) -o $@ foo.smi $(LIBS)
foo.o: foo.sml foo.smi bar.smi baz.smi

$ (SMLSHARP) $(SMLFLAGS) -o $@ -c u.sml
bar.o: bar.sml bar.smi baz.smi

$ (SMLSHARP) $(SMLFLAGS) -o $@ -c u.sml
baz.o: baz.sml baz.smi

$ (SMLSHARP) $(SMLFLAGS) -o $@ -c u.sml
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H 377 make ZEITTZLRIT TV RDET T 5.

% make

smlsharp -o foo.o -c foo.sml
smlsharp -o bar.o -c bar.sml
smlsharp -o baz.o -c baz.sml

smlsharp -o foo foo.smi

a7 LEEBLT require BARPENL LRSI, ZDHEE smlsharp -MMm 2= > KT Makefile %
AR LETRENRD 5.

HLIHRZDIRY =7 MZml-lex R ml-yacc BEDY — A7 7 A ADBEENTVWE R 51X, smlsharp
-MMm 72 TR TIERRN. 250V — A ZEH LT .sml 7 7 4 L 2AERT 20— ZBINT 2056503
H3. PIZIX, WXHENER parser.grm Z F 172 51X, smlsharp -Mm 24K L 7z Makefile i2xf LT, DA
RD & 572 parser.grm.sml 2R T 270 DOFHIZ FTEMT 24E1DH 5.

parser.grm.sml parser.grm.sig: parser.grm
ml-yacc parser.grm

parser.grm.sig: parser.grm.sml

smlsharp -MMm D343 % Makefile &, ZHSIEMD/L—A23E DTz Makefile 2 771F TH L L fEF]T
HAS5. FDDHDOEDODFEX, Makefile IZITEMDNL— 1 HEIEK T 7 4 LD include ZHEHL Z
*TH5. HlziX, Makefile I TD X5 1cEL.

# 774NV PDR—7 v Mdall TH?D
all:

# RAFBEMRIZEEIER L T AL
depend.mk:
smlsharp -Mm foo.smi -o depend.mk

include depend.mk

# BINOEAFRIR
parser.grm.sml parser.grm.sig: parser.grm
ml-yacc parser.grm

parser.grm.sig: parser.grm.sml

HbBEAA, BRIZOBXITAD D Makefile 77 = ZEERMELTDH K.
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F298 SMLAERTET—4EIE

SML#X, @ TOEARNZ T — 2 EOFEITRERIHA L LT, C FiEO—MNRUMR & [k, %—
FoMNTI9 b7 —LICBOWTHROEHARR T —ZRH (H2WIX, =7y N I7v M7 5—240D ABI
(Application Binary Interface) 2325 27— &ZRH) ZHAL TW5. FlZIX, x86.64 7T v 74—
ATIE, int B3I 32 vy FEBOA real M 64 v D IEEETH FEVNISERORITH B, Zhb
ORIDAXDFHIE, ZNZTNORDEEFHE T 2DICHRDELIZL IR ZEHWTITbIE. 7, h
5 DRI PEAN D ELRTH - 128586, ZhPNORNHE L RASG TEENEY XN, Z0X5%k
HARZZ 7 — 2 KRB, ZHERE S, SML#7 027 o2k TiiRixh 3.

SMLADBENa Y A NVB XU C Fibe OMHAERMR, ZOBRRRETRT —XRHAZEMEE L TH
LXNTWE. EoT, INOHDEBER WS 22— —1%, SML#DFETR T — X RIIZ DWW T DEIFRD
RETHZ. LUF, RETIE, SML#DETRFF— X KB XV EHICOWTHERT 3.

29.1 SR{TEFRIA

SML# D EMT 32 TOREEFIZ, XEV ETO (M4 X)), GCOFL—AWRNE I ERT (&
71, BEXUXEY Loy MIOEKB XUWO[{2HM2ZRT R O3 O00EKELZFD. Z03
Offl%, FORIMEMT O TETRRE) e, BoFTRERIZ, BEMRT 2 /%D MUl 0B R T 12
XoTEINS. FERMAAATEKFOFITRRBUIL T OMED TH 5.
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HAALBET | T4 X (N4 MO | &7 R
int, int32 4 0 | C O B DNERERB
int8 1 0 | COFEN EEBDONHERE
int16 2 0 | C OFFESA EBBONERE
int64 8 0 | C O EBHDONERE
word, word32 4 0 C D572 LB DO NER R
word8 1 0 | CoOFER LEKRONEERE
word16 2 0 | COMEL LEKRDONEFRE
word64 8 0 | COMFSL LEKRDONERE
char 1 0 TE
real, real64 8 0 [EEE754 {#Eh/ NS
real32 4 0 IEEET754 {FE/ NS
ptr 4 F721%8 0 C @ voidxD AR
codeptr 4 72138 0 C OBEURA ¥ 2 DNERERI
unit 4 0 H—ny7 >k
contag 4 0 TE
boxed 4 £721%8 1 TE
array 4 7213 8 1 NULL TZRWARA &
vector 4 7138 1 NULL THRWARA &
ref 4 F£7/21%8 1 NULL TRWERA &
string 4 F£721%8 1 NULL TRWARA &
exn 4 F71%8 1 NULL TRWERA &
La— R8I R 4 F721% 8 1 NULL THWAEAL » &
BRR 4 F7213 8 1 NULL THRWARA ¥ &

PAZXH T4 %7258 THRAHMOYARZ, X—F v b TI79 b 74—y b2 64E Y b2
WELTHRE 3.

FTRTORBRFITONT, BEFIELIEIFTY 4 RI2E LW, C SREONERER & % L WEITHERI,
ZD CEBONHRH L FL VWK E X L ERBFIZEMELRO Z e BMAFE N TV S —F, BIfED SML#2
YA TE, BEAERBOKZ I HEARY|IZEMEE X -7y MCXOTEETEZATWVWS (2O
SMLADFRDFETHETZTETH ) .

datatype i CER I N/ L —F —ERMOETIREIIL, 21—V 252 7a A 577 2DEED
LEtEINS.

o JHEWSBNWSEE—DDF—RAV AT 7 EZpOERINS L —F —ERAOFETRRIUL unit
WEHELW.

o GIBZMOLN2 DL EDTF XAV A5 7 RDADHRERS NS 21— —ERB D EITIRRI
% contag IZFE L V.

o FNUMND - —ER D EITREIRIL boxed ITF L.

type 5 TERINLHDHIHAZ, HOFTRREZE T 2RI TREMASNS. NEWHS 74 F v
HilfC & o THEA S NAERE O FITRERIUL, ZDONEHMOFEELRDOETRRBUCHE L. 4 v X —
72 —=RA7 7 AN Ko TABER L LTES SNLBOETREIIZ, ZoRBHESTEZ o0
TR DFATRRBLZ HiD.
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290.2 H—ARTOAL I a>DORE

RIP1THEHDT—21E, SMLAD X ) EMEHOFZE LT 5. UK, 2607 —X% boxed
F—X YR, boxed T—REHFFT A XEBVHEEIX, FOTF—&XDar R T 7 ZBFHGiENZL &I
BEERICEI D YT o, SMLEDH —RTPaL 7y a ko THIIZHBKRENS. boxed 77— &% C B
BIWETHS, ZOT—ROWNEEITITRL, ZOT—REFFFT 2 XV HEHEBPRREINDE XA IV
WKHTFETIDEND S. boxed T—&IZ, C 77 I a056 R TUROMEZRE.

1. boxed 77— &%, C ® malloc BT L /=X BV EIBE FREIC, —EXEY LICHEEEINS L,
RENZETZDT FLRRZEL LW, 8- T, SMLADEH® ref 72¥, SML#7 1275 A
PO RT—BEEE2RHOFEHMIAEER T — X1, CEED SR THR—D—EMEZ2R>. ALY
XEY EEBEILAWESD, —E CREEDHED boxed T — X ANDKRA VX BB LEROIX, Z
D boxed T—RIWEETWVWBRD, ZOT—XADEAL Y RIFIFLLETH 5.

2. SML#7 0275 u0 56 CBEBZMNOHTEICE e UTHE E Nz boxed 7—&1F, FHAlE LTZD
FF CBEuCEINS. CEBMFFOH LIS 77— 2 D&, BER, BAERRSIZITbARV.
€5 T, array ® ref R DHEEXMZIARER T — 2% CEMTEXMZ 258, Z0EXHION
RE SML#ETR TS L0 o8HT 2R TE 5.

3. CEIB D5 # e LT Xz boxed 77— X1, FEOH L7z CBIBOFETHIET T % £ TORIIMMX
N, CRDFATHIR T L SMLAT 1 2S5 AZHIEINERE-S7- & %, Z®d boxed 7— X 25 SML# 7
027 L5 HSBATRETRITIUE, #D boxed 7 — X IR I N 5.

4. CEBuza— Ly ZEB Y LTEXI N SMLADBBIZ, a2 A0 T ETHME N,
WE-T, CREEUZ, ZTE -7z SMLHABEBADBEEKR A > X% rm — VAR YR+ F L, BRI
CHLEZBATHUOHT IR TES. /2, BRE2ALy Fhoa—nANy ZEBNFCH XN
ELThH, =Ny ZEROBHEZBOEIINTRIEINT VWS, —F, ZOMHDz0, SML#S
0rZ AT, =Ny ZBEBEIRS CEBOMOHELAXEY Y =2 2RI TARENESH 5 Z
CPIEBELARTNE RSV, SMLEI Y RL T, by LRIV TERSIN-BEROAEZa—L
Ny JEEE LTHERAT 258, XBVV—2IB/EILRVWI EE2RIET 5.

5. SML#DHR—YaL 2 RZEMRHIRN—TaL 7 X TH 5. boxed T—XADEA Y ZHBCDE—
THEBUREZN, C TR I oD T —XBBRAJRETH-/ LT, ZOT—XHB SML#
07 AL SBTERITIUE, H—RTaL 7 XEZD boxed T—XERNT 2. D=, C
BI¥0E, SML# 7025 A 552 3 - 72 boxed T — ZANDEA VX%, 7a—r)LZERR nalloc
RERCCHER U =8I 72 IR I L, SML#2 50 C BEPFEH L %8 X T boxed 7 — ZADRA ~
XEREREL RS2V, 2B, EdomdEh, CRREEDRZITE -7z boxed 7T —XB LU Z 2 HEE
AJREZR 2T D boxed 7— &I, Zd CBBOFETHET T2 X TOMIIBE B RS T nizo,
boxed F—ZADKRA VY RELIARRAR Y 77 L — LR ET 5 Z L IZRIER S AJRETH 5.

20.3 RAAYVIEEIRIOvVITODEE

SML#B XU C/C++1Z, BHEDA =/ X—=V12FTRL, BEBOMIHLRAZ Yy 7 2BEZRL, V
R — RPN DIBFTICY ¥ > 7T 2HRER B2 T 5. SML#AB L U C++TiEHIH, C Tld setjmp B &
U longjmp 28 ZAUCELY T 5. A=A N\v 27280 CHBEA Y R—b LI SMLET BT T LI2BNWT
b, TNHOY ¥ v TR, ZORIICIGT 28D ICFHT 2222 TE 5. SML#ADFISMERES X
L C/CH+DY v ¥ T X 2 SML#T R 7T AANDRER LI NICHIET 5.

1. SML#DHIAERE L, CH+DHISEERE ¥ [, Ttanium ABI Zi@ U TEEXATWS. #-T, [
U Itanium ABI THEEXNHIAERED cleanup N> F 51, SMLADHINC k> THETENS.
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P2, C++Dr—ANERIIHNT 2T AN Z 27 X, SMLED I —ANy 7 BZEFOH LB
WHINDRE LG E TS, BUNCFEITEINS.

2. SML#® raise T THAE L72HI4ME, SML#®D handle R TOAMIETE . handle Tid SML#D
BISDAZHIEL, ZOMDEZREL S ¥ ¥ I3 T E R0,

3. SMLADHEIAH L D handle RICDIHIL SN o 7258, 707 I A 2REHW XN, AT A
BEMRTEMET 5.

4. CH++DHIH  SMLEDHISNE, FEFH LR &R Y 712 SMLED a— LNy ZEBBEERTHWz L
T, BV, HREED ICEfET 5.

5. C D setjmp B XU longjmp b, SMLAT O 7 AL R THERZEBEZRLY ¥ v e LTHHAZ
NTVBEEICED, MEHLAZY 712 SML#ED I — Ly ZBEERATWEZ LTS, HifF
HEDICENET 5. setjmp B XU longjmp BIEUZ FHIWT SMLAT R J ANV —T21E5 Z 21X
TERW.

20.4 TILFRALwYEROEE

SML#TIX, AL v FEAENRTAEED CRBEE SMLAT R 58124 Y E— T2 TES. C
BRI X o THiZICER I NI AL Yy R 5 SMLED I — Ay ZEBIC X > TSz LT,
SML#Z > & A DI A Ly FOERERIML, SMLA70 75 LB EBORA Ly RTEITT S, Z
DrE, BHEOAL Y FIZX3 SMLAT 0275 LDFETZ, CFar s nFkE AXL—F4 72
TLDRALF ALy RYR—MIED, BRZALy RTHTICETEINS., bLARL—T 4 VTR
T A< NF a7 CPU L TOEBAL v FORKEITZHR-F L TW3R51E, SMLETB T T LD
ALy RHFRIFFCEITEINS.

BEO SML#70 275 54DA Ly RiE, B—ob— P21 ET 2. 65T, SMLADESZ Y DE
MR RER T —XWEEFIA T2 28T, E—7EN LAV y FREEZITS 22 TES. ALy
FHEITHA XN 2 X €V FEBOPMEIENE, HbHEETS> C BEE AV R— b LT Z 2 TfT 5.
SML# Xt — FICHER L2 7 — R OBEI 2 {Th R\, SMLEDE — 7 FIZ, t~ 7 7 OHEMHH
DDDT —AEELHRRTE D TES.

DLEDS, SMLADRMET 2B HAN L F AL v R E— 1 TH 5. SMLAIFHEHETIZEKAE X
Ly R4 752 LARVA, 2—F—13Z0LF ALy FHE—F2HHL, &b EKERIT
TarSI VIR EEMET 5475 2 SMLATEL A TES. SMLAICHELZ, X hEK
HWRNHN T 75 I 77— —21%, FERORD SMLATHRET 2 TETH 3.
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B30E BXEhIERERY —)L smlyacc &

smllex

SMLA ISR 8RAE Y — L smlyace SERE N TWS. D7 v s F A%, SML/NJ110.73 i
Andrew W. Appel ¥ David R. Tarditi Jr. iIC X > TR IN/= 70 7T 4% SMLACBHELZHDTH 5.
FAVIFANRY TV 27 DT 422 RERIE, smlyacc DY —Z7 4 L2 bV src/ml-yacc/COPYRIGHT
W2, ¥z, FOMHVGIE sre/ml-yacc/doc/mlyacc.pdf IZH D, IEHRAIOEZHEX, FFaxXr %
ZIDZ . ZZ T, smlyacc & smllex % SML# & & IR T2 HEEHHT 5.

30.1 &£ EINdYV—XT771)

SML#Y AT L% A4 YA M=RF5Ea~<> K smlyacc & smllex DSAIFICA Y A b—L&N5B. Zh
BDIE SML#AET VR, FERERT 272D HHINS. Zhdavy R, DUIRO7 7> A VEERT 5.

avwy kR | Ah77400 ERLT 7 AV k=S

smlyacc | (YacclnputFileName) .grm | (YaccInputFileName) .grm.sml | SR 70 275 L
(YaccInputFileName) .grm.sig | S—=¥F b =2 2> 73 F ¥
(YaccInputFileName) .grm.desc | LR % — b= b > IREEGCHD

smllex (LexInputFileName) .lex (LexInputFileName) .lex.sml TR T 0 75 A

e smlyacc I Y RIZWEAN 7 7 A VE AN 7 7 4 V4 (YacclnputFileName) .grm D AZIEET 5.
7 7 ANBHEEELLWGEE, UNOREABTRETE 3.

SMLYACC_OUTPUT= ( YaccOutputFileName) .sml

COETEERTDE, =2 3 xFxviX, BELE7 7 ANDHEICH IS, 77415
DIEWEFY 7 4v 7R (sml) bEDIGET 5.

e smllex IV Y FITIEAN T 7 A V&A1 7 7 A V% (LexInputFileName) lex DAZIEET 5. H
N7 7 ANBEEBRLEVWEEIE, UTORBEZRTRETE 5.

SMLLEX_OUTPUT= ( LexOutputFileName) .sml

WHZ7 7 ANBOIERZY 7 4y 7R (Lsml) HEDIET 5.

30.2 smlyacc A7 71 ILDEE
smlyacc D AN 7 7 A WL FDOTEATREiR T 3.

(=Y ERD SMLAI—TF)

Wh
(RSURAIRFT D 72D YACCES)
Wh

(HESTHIRI L 2 DRI D EFE )
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1. —PERD SMLH#— FDt 7T aridid, RO EEEERSE CHEHRT 2MERR Yoo —
Ya— FEETT3.

2. MSCHRNET D72 D YACC HETIX, JHEIRRCS OREET1A7% & ORSCEROIICE T 2 &
% smlyacc DEIfFICBIT 28R 246ET 5. JERIREL S ORI ETTA7L Y @%Yﬁﬁ@@@ﬁk@ﬁ?%
HE WAL TIEED YACCOANEREA—TH 5. L <1, src/ml-yacc/doc/mlyacc.pdf
EZHE L.

SMLATHAT 254, smlyacc BERTE A NT 27 F ¥ BT 2L RDIEREIEET 5.

%name <Name>
Y%header (structure <Name>)
%eop EOF SEMICOLON
%pos int
%term EOF
| CHAR of char

%nonterm id of Symbol.symbol
| longid of Symbol.longsymbol

e Yname fEE. N—VOELHEIET 3. TOLHHLSL F—27 YA+ 5 7 D&Ri<Name>_TOKENS
DERINS.

e %header f57E. smlyacc ¥, N—VPARKEKZZAPF 7 FxDRT 1+ & LTUTFORAXTERT 5.

= struct

end

%header ) IXZ DA+ I 7 F ¥ RIRICHIB T 22 —F 757X b2 hy adHIZEET 5.
NR—P% SML#DZE|a v A VE— FTHEAT2EE, BHOA NS 7F v 225 L3518,
FROXSWCA NI I F Y ESEIBEET 5.

e Jpos 15/E. smllex THEMHT 2RI > a v ORIZIEET 5.

o Jeop 1HE. M2 T ¥ 2 MImL S REZIET 5.

o Yterm 5. IR 5L DES % SMLAD datatype DAY R b 77 ZRDIEEDH XN TERT
5. ZITHREINLZhZhOIRSHII LT, EOF : pos * pos —> token (5/8A?
NI E) S CHAR : char * pos * pos —> token (H|EDH2458) OMD ~—2 VA

BEDEREINS. ZASEBIEZ N —2 Y X 5 27 F ¥ <Name>_TOKENS I2F ¥ % 54 smllex
sHEXNS.

e Jnonterm F5E. IEMIHEE B R DES & 7 DIEKIHEE B 2 012 d oRAIDEITT I NG EICZ
AHBEL THER N2 BRI ZIEET 5.

3. Al Z 0B D EFR T, HinlS & IFRIREL S OERB B UM RN ONRE7ED LALR
Xk 2zoEEZHAOESE L LTl s 5. a6 HRIOSGEIIEED YACC o ANE & F—
THb. F#LLIE, src/ml-yacc/doc/mlyacc.pdf ZSEE K.

30.3 smlyacc HAT7 7MILDEEE AR T A4 X7 71 )LEEik

smlyacc 23T % (YaccInputFile) .grm.sml &, U FDI I3 F ¥ ZbDAMNT 7 F ¥ TH5.



30.3. smlyacc HI 7 7 A VDL 4 VX7 24 27 7 A Ll

signature ML_LRVALS =
sig
structure Tokens : ML_TOKENS
structure Parser : PARSER
sharing type Parser.token = Tokens.token

end

251

DI 3T ¥ &L smlyacc DY R— 1+ 74 77V, smlyacc-lib.smi ICF & ®HHNTWVS. 4
X NN 70 275 L% SMLATHAT 2720121, URDA VX724 ZA%RELRERD 5.

_require "basis.smi"

_require "ml-yacc-lib.smi"

structure <Name> =
struct
structure Parser =
struct
type token (= boxed)
type stream (= boxed)
type result = Absyn.parseresult
type pos = int
type arg = unit
exception ParseError
val makeStream : {lexer:unit -> token} -> stream
val consStream : token * stream -> stream
val getStream : stream -> token * stream
val sameToken : token * token -> bool
val parse : {lookahead:int,
stream:stream,
error: (string * pos * pos -> unit),
arg: argl
-> result * stream
end
structure Tokens =
struct
type pos = Parser.pos
type token = Parser.token

<the set of Token forming functions>

val EOF: word * pos * pos -> token
val CHAR: string * pos * pos -> token

end

end

Parser A b 727 F ¥ Dpos, arg, result LML, ZOFFEET S

. Token A b 77 F ¥, smlyacc

AT % (YaccInputFileName) .grm.sig DNEZ I ZIZaA—73 5.

ENZTHhOEZOHEZ I NICHAT .
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5530 B MESURENTARAERY — L smlyace & smllex
token M. smllex THRK XN 2 FHIMEHTUIE IR TEERE (F—2 V) 2RITHGR T — K4
stream M. smlyacc THEMI N B W UFMEEDATIA MV — L8

result M. WEEMNERDOHIITH 2 MEEXRD T — X B (YaccInputFile) .grm THHE L7z L
MO DEDOEDT Rl —TH 5.

pos M. (YaccInputFile) .grm THRE L, smllex TH L /2 FHIEMEREH T 2R > a VAL
arg B, (YaccInputFile) .grm THEE L7e X—F D5 [EA. HE2F UL unit BT X W,
ParseError 4}, WECRMTER MM T 7 — 2 M L 7zl D fil 5t

makeStream B, REUENTER D5 BUCTEE T % stream B Z AT 2B 518X, #H, smllex
DT 2 FHIfEa 2 E S 5.

consStream B, HED AN A+ VY — 2 1FA 2 — DR T
getStream B, BEDATIR bV — 2 ZHALEO T T —1R TR,
sameToken BA%. FHDFRI—M%F =v 73 2.

parse BIEL. RESCHAATBERL. BUED AN ZIEE L T T &, MXXBTFERERD DO P —2 2 2 b
V—L%ZiRT.

30.4 smllex AT17 71 ILDIEE

smllex D AN 7 7 A MIZLL T OER TELih§ 5.

(2 —PER)

%o

( FHIfET DD LEXEE )
Hoth
(IEREB L ZDBIEDER )

L A—WERE Y S a v TR ER S 2R OER, ERKRBOBEMERECHMT 2 MBI

Bhroa—¥a— F2EET 3.
DIRD 22363 E L RTIUI R 5720,

type lexresult = ...

fun eof () = ...

o lexresult B, FAFNZARDIEMEEZZH L FHIGRTHEORZHEET 5. smlyacc &3
T 258, @%, (YaccInputFile) .grm 7 7 A VTEFRT % token M TH 5.

o cof BERL. HESURMNTERD 7 7 A VT 2 L72RRCME U X 0 2 B8%8K. lexresult BUDET
end of file 2RI T 2 {EHZIRT.

. LEXEEtRZvav

smllex DENEICEET 215, IERERBEERTL2-O0MMERLREYEEST 2. EHREEEE
EITL2-00MBIERE, BEDOLEX AT ALFAKTHS.

smllex DEEICEAT 248RICIEUTOD DD 5.



30.5. smllex W77 ANDA VR T 24 X7 7 4 VAR 253

e Ystructure declareation. smllex X, FHAIEN 70 I L% —DDA NI 7 F v & LTHEMK
T35, KEETE, ZOR M 7F v DAHEUTDO XS IZHET 5.

%structure MLLex

e Jarg declareation. smllex VAT 2 FHIWIET 17T MZEZ 2 12—V 5BORIZIEET 5.
I —F5 BB EIR NG EIIEEAEETD 5.

e %full declareation. 8bit XFZMHT 22 EET 5. HAEEZWMSI LI ZDIEEZ T 2
REDID 5.

3. IERIEREL 7 > a v BTN ETFHOREEZIERRBITIETET 5.

IEEDFEMIZ, src/ml-lex/doc/mllex.pdf %S HE.

30.5 smllexH A7 71INDA>RT A RT 71 I)Ldik

smllex &, FHIEMNTERBIE makeLexer BT R T 7 F v BAERT 5. ERIN=FA)f#T a2
S L% SMLATHHT 27201201, ZOAVET7 24 A ELRERDS. PNDA VX T 24 ZZLLR
DETH 5.

_require "basis.smi"

_require "coreML.grm.smi"

structure CoreMLLex =
struct
val makeLexer : (int -> string) -> unit -> CoreML.Tokens.token

end

makeLexer D —5 8L, AXXFEET By LT D XFAIFNEZRTERTH 5. Z DL, makelexer (fn n => Tex
DX FHNAINCHEA T 5 &, MO XN 2 BICFA 2R T FHRITEED AR E 5. smlyacc i
X o THEM X172 makeStream B Z Z DRBNCEH ST % &, MXX@ENBRPHFEHT A2 V=2 A ) —%
ERTE 3.
BINEIEED 22—V E S UserDeclarations A b 7 7 F ¥ ITERINSE. T %5 PN 71
TILDAYRT 2 ART 7 ANMILLFOETH 5.

_require "basis.smi"

_require "<YaccInputFile>.grm.smi"

structure MLLex =
struct
structure UserDeclarations =
struct
type token = <YaccName>.Tokens.token
type pos = <YaccName>.Tokens.pos
type arg (= boxed)
end
val makeLexer
: (int -> string) -> UserDeclarations.arg -> unit -> UserDeclarations.token

end
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FT31E KX

B VETIE, SML#2 Y84 ZONFGEZ AT 2. RSO HMN, AXEDOHE 4L %2EHE L ML
R SEOREL R OEN SMLAY — A a— FOFMEMEST 22 Thb. side LTE, SML#2
VRATDRFITHIDAS T AERSMLAY —Ra— FEFLWVWa Y AL SERFICHHELEIS T3
FHrEWHELTWEA, BKETO T Z IV VDAY L JICHEKR 2R O—ROTHEICDSE LR
LZNELRL XS ICEHEL .

F =TV =RV T Y 2 T IRERTREBENT-a— R BEET S, 2hobicE L TE
HHPEL MR O—DIF, Zh BN a— FOMECHREY, thoBRECHIED 25H ICHETE 3
IO ENT 2B NPEACLTRMLTWE I THS. a— RZNHEBEFF2 X THI LD
FIRFBOTIT MR 2 KBS 27 2020 U TEHRERNTIE R Y. KBS A7 4T, 2hzhoa—
R WA B & CEEREAATRE R KB AE S, oD a— REFIHT 272007 —X¥EFNh5. Z
NSEEREST 2121%, BET AT L42RCHET 2 OMNhE, TOEBDZDIIT AT LDEERD
WKL Ta— FMeEn T — X OEKREIER T 20BN H 5. HFETOME—DHEEIXELTHZ
EZBH., I, a—FOREKSPHEEZEAR L CER, 2hBE, Hil-kEEeliEorgr 525 %
BEEr 722 a3,

ZIT, RXETI, 2oy, EHIERT 2 VAX/VMS OS O AFIEE O FEHl 22 soub s [4] 1CH
D, SML#2— Rk 7 — 2y a— FONE O E, SHERENHEREY T2 7 LI N L
iy sz ricL.

FBVIEHOBEIILITOEDTH 5.

1. % 32 ETIE SML#Y — 2w r — VDMK 2 iR T 3.
2. 45 33 ETIE SML# 2 >34 Z OflHlORAOME LIRS 3.

3. BB ETIX, HBI3ETEHARLZa 7 DHlHOFRIIHEY, BT 2 — L OKE L EEELY
RT3,

5. EXRHEL UPLOAD WL %9
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SML#HAfi>S v 77— smlsharp-4.2.0.tar.gz i&, SML#2 >4 7, BEAIA4 751V, B KR—-bY—
DY —REEE.

32.1 Y—ZANvIT—I DR

SML#DY —AF7 4 A MY ¥ a—3 3 snlsharp-4.2.0.tar.gz WCIWEUATFDOTF4 L7 vV T 740
NEEND.

config.h.in
config.mk.in
configure.ac
depend.mk
files.mk
mkdepend

precompile.mk

e 7 4L MY
benchmark/ RNYFI—=T V=R
precompiled/ minismlsharp D7 t> T VY —RX7—=HA47
sample/ VAN 2 B/ N
src/ SML# Y —RX7 7 AL
test/ TANIR T I LT —&
e 774
Changes VY —21E®R7 7 4 v
INSTALL A A b —LFE
LICENSE SML#Z A4t A
Makefile.in Makefile 7 7 A L7 ¥ 7L — 1
RELEASE_DATE U U —ZfRHfF
VERSION N=Tav

config.h 77 A V7Y 7L — b

Makefile DEIEZ Ml F % config.mk 7 7 A LT ¥ 7L —h

autoconf "D AN 7 7 f L

YV — 27 7 4 L OWIER R

77 ANVEEERDERT 7 4V
depend.mk fERAZ U 7+
precompiled/FEEE A make A7 UV 7 b

32.2 SML# V—XV1)—
SML#DY —AT7 4L 27 bVIX, LRODT A AT 4 L7 MV T 7 AADEENS.
e 7 AL 7MY

— SML#a 84 7YV —Ra—F
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basis/ Standard ML #AK5 4 751
compiler/ SML#2 > 284 5
config/ configure BRET DI AT LRTIRRTIELATA TV
ffi/ CERBEHEET R—-1+7 1477
1lvm/ LLVM a— FAERZ A4 75V
runtime/ FATRLE R
sql/ SQL#MEHR—=bF 475V
thread/ ALy RYR=FF4 75V
unix-utils/ UNIX#EAa<wRFIA477V
— SML#>Y —)v

smlformat/ smlformatifis /172 7 LKA

smlunit/ BRTZA NI4T
I BIE, SMLAD/=DITHFE LZINHAEDH Y -1 TH 5. Zhold, LN RNy
L7z AT LTHD, KFEFTIEZZNSDOFRIIENT 5.

- —=F =74 Da—F

ml-lex/ FR) T ERAE R — L

ml-yacc/ WSS AR AR Y — v

smlnj/ basis/THHT % smlnj YV —RA7 7 f )L

smlnj-lib/ smlnj21—774 U7 47477
INHY—F =T A4 Da—FIXSML#AZEIL R 372012, SMLAFHICBEZNZZHDTH
%. make AT LT Lo T SMLAL L RIIZa v 4 LEUEFHE N 720, FAZhD T4
YR EHIY AT RKBIZREINTVS. IHba— RIIARMHOMNGR L L.

o 774
basis.smi Standard ML A Z7 4 75 VDA VX7 2L AT 7 4L
builtin.smi HAAT — R RET 24 R T7 24 R T 7401
config.mk avo4 Za~y ROMEHT 2 BREARUER
config.mk.in config.mk D7 >~ 7L — b
config.sed config.mk ZEMD/zHD sed A7 1) 7' b
ffi.smi CroEHKEHEI A 77 VDA YR T =24 X T 74V
foreach.smi WHIERED A > R T 2 A R T 7 4 )L
json.smi JSON % R— MEREDA VX T =4 AT 7 4 )L
ml-yacc-1lib.smi smlyacc 74 77 VDA VR IT2f AT 7 4L
prelude.smi MEERBREEDA Y X 7 2 A AT 7 4L
reifyTy.smi HOKMETEHEEED A VX 72 A X7 7 4L
smlformat-lib.smi smlformat 74 75V DA VX724 X7 7 4L
smlnj-1lib.smi smlnj-lib DA Y RT7 = A AT 7 A )V
smlunit-1ib.smi smlunit DA Y X7 24 X7 7 AV
sql.smi SQLMEVR—=bFA4T7VDAL R T 24 X T 74 )L
thread.smi ALy FYR=FFA4T7VDA YR T2 A4 AT 7 4L

32.3 compiler7a4 LI kU
ZNHDHT compiler 74 L7 P VIFEHICHEE LI TS,

e 7412V



compiler 74 L2~V

— compilePhases/: 284 )7 =z —X

bitmapcompilation/ vy bvy TR
cconvcompile/ a-YrrZarvRyyaryarqiin
closureconversion/ ra—Y 3%
datatypecompilation/ F—ZM a4 )L
elaborate/ RESCEm AR
fficompilation/ CEiEEEEa L
llvmemit/ LLVMa—FxIv>av
1lvmgen/ LLVM 22— FAK

loadfile/

machinecodegen/ L ~La— FAR

main/

matchcompilation/ NRE=V=vFT7ar, 4
nameevaluation/ HHTEHEi & €Y 2 —a v 84 L
parser/ &S f AT
recordcalcoptimization/ HffZ1L a— FEHE R L LB
recordcompilation/ BEELa—-Fary{iu
stackallocation/ ARy 7 7L —LEHYT
toplevel/

typedcalcoptimization/  HIfZHRIFEEREL
typedelaboration/

typeinference/ AU, ) —BIRURGE L

valrecoptimization/ . P 1) B e L AL
— compilerIRs/ : 2> %4 JHIEFRE
absyn/ BT SN
anormal/ A-normal S8
bitmapcalc/ Ev b~y FERHRLHHEEE
closurecalc/ 7R —I ¥AEMEIHRL-FHEERE
idcalc/ R a— TR R 7z T T S R
1lvmir/ LLVM HfEzRE]
machinecode/ LY AXFMI VAT 7 Fik
patterncalc/ UM L HRHIZRI
recordcalc/ ZML a— REIE
runtimecalc/ (KL ~VHIESEE
typedcalc/ B = EEE
typedlambda/ MffZJ A XFE
— data/: BRERR Y DT — X

builtin/ a4 FHABT — &
constantterm/ EXER

control/ VA T OEENRT X X
name/ FEfTa—-Fr~p
runtimetypes/ FTHFE

symbols/ ZR, T NVFEDRD
types/ RIS

— extensions/ : F& D a4 LHKEE
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concurrencysupport/ AL v FHKR—F

debug/ TNy T HERE

foreach/ N F_foreach HC ¥R — b
format-utils/ smlforma H7 #—~<v X734 75
json/ JSON #HR—k

reflection/ aVRAAFFDOL LT Y a v KR— b
usererror/ avR4 o -

userlevelprimitive/ ZL—HI— FIZX53 a1 FHLRIKRE
— libs/: A RASBEMT L5475
digest/& SHA Ny > 254751

env/ HEL—TV T«
heapdump/ FITR e — 74 X =T &> TEIE
ids/ AV RAI—=T VT 4
interactivePrinter/ WEEEL Y v &
list-utils/ VA+P2—=T74YUT4
toolchain/ UNIX toolchain 2~ F
util/ B —7 1 V7 1 B

e 774

minismlsharp.smi minismlsharp DA VX7 A X7 7 AL
minismlsharp.sml smlsharp DIV NA VAV NL T by TLANIL
smlsharp.smi smlsharp DA Y X7z f AT 7 A )V
smlsharp.sml smlsharp F v 7L ~L

compiler DV 7T 4 L7 MU RELET 4L 7 M, main 7 T4 L7 MU ERER, ZDT 4L MU
Y =R 7 7 A ADBEINTWS. 15T, BIZITHRNSIRD Y — 2 7 7 4 U3 compilerIRs/absyn/main/
TRZEPATWVWD. V=27 7AW, TERT . snl 2070277 47 7 A )L L JERT . smi & FO[H
DAY R=T 2 A AT 7 ANDEENS.
ZHTIZT, URDIRTFZRO 77 AL, V=R T 7 ANVEBERY VDA T 74 VTH 5.
.ppg 7V ¥ &—a— FHEERA smlformat DA 7 7 4 L.
.grm  smlyacc DA 7 7 A L. TN 77 AN smi DNL

.lex smllex DASI7 7 4L,
A VR—T 2 AR T 7 A0, BEERENZY AT 74 N0DAL VR T 24 AGLBTH 5.

32.4 basisTa LUKV

basis/FA T I VEEERSA TS5VDY—RXT 74 LTHY, FOnain ¥ 7574 L7 FVIEULTFD 7 »
A NEEL.

1. 7% F ¥ 774



32.4.

basis 74 L Z FV

ARRAY .sig
ARRAY_SLICE.sig
BIN_IO.sig
BOOL.sig
BYTE.sig
CHAR.sig
COMMAND_LINE.sig
DATE.sig
GENERAL.sig
IEEE_REAL.sig
IMPERATIVE_IO.sig
INTEGER.sig
INT_INF.sig
I0.sig

LIST.sig
LIST_PAIR.sig
MATH.sig
MONO_ARRAY.sig

MONO_ARRAY_SLICE.sig

MONO_VECTOR.sig

MONO_VECTOR_SLICE.sig

OPTION.sig
0S.sig
OS_FILE_SYS.sig
0S_I0.sig
OS_PATH.sig
O0S_PROCESS.sig
PRIM_IO.sig
REAL.sig
STREAM_IO.sig
STRING.sig
STRING_CVT.sig
SUBSTRING.sig
TEXT.sig
TEXT_IO.sig

TEXT_STREAM_IO.sig

TIME.sig
TIMER.sig
VECTOR.sig
VECTOR_SLICE.sig
WORD.sig

2. HEa—F

ArraySlice_common.sml

Array_common.sml

VectorSlice_common.sml

Vector_common.sml
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3. AbVIOF ¥ T 7ANT 4 LI MY

MTOELENC . sml 2 ML 0807 7 ANEBXN . sni ZAMULIA YR T 24 R T 741
NEEND.

Array
ArraySlice

Bool

Byte

Char

CharArray
CharArraySlice
CharVector
CharVectorSlice
CommandLine
Date

General
IEEEReal

I0

Int

IntInf

List

ListPair

0S

Option

Real

Real32

String
StringCvt
Substring

Text

Time

Timer

Vector
VectorSlice
Word

Word8
Word8Array
Word8ArraySlice
Word8Vector
Word8VectorSlice

4. SML#YE—+7 7 4L

RE, BANII7F 27 7 ANNDBZDOMRIVEELEET 57-0IHHT % SMLADKL XL
BYR— b EB I 7 AL THS.



32.4. basis T4 LZ MV 265

SMLSharp_Runtime SML#FETRE T 2 747
SMLSharp_0SFileSys O0SA NS 7FxHIVIT 47
SMLSharp_0SI0 ORI Z2FYHTVITH T
SMLSharp_0SProcess 0S.Process 7V I7 17
SMLSharp_RealClass Real A I 7F ¥ ATV IT 47
SMLSharp_ScanChar scan 7V 3I7 4 7

5. by FL~b
toplevel.sml kv FLNILER
toplevel.smi by L UVERA VX =T A AT 7 4L
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BF33EZ VN1 SOHIEHEE

AETIE SMLAT V34 5 OflEHOTNERRT 2.
1. V—Xua¥r—>3 v

e src/compiler/minismlsharp.{smi,sml} 7 7 A )L src/compiler/smlsharp.{smi,sml} 7
7 AN

e src/compiler/compilePhase/main 7 4 L2 VU

e src/compiler/compilePhase/toplevel 7 4 L 27 MV
2. W

(a) src/compiler/minismlsharp.smliZK2I Y4 FDRAKX—+T v 7.
(b) src/compiler/compilePhase/main €Y 2 —/llXk 23> %4 T a< Y RO X A VUL,
(c) src/compiler/compilePhase/toplevel EY 2 — LIl k 2 kv FLLDa v oA VAL,

33.1 AYNAZRARRZ—F+T7vS

SML#a > %4 Za= Y RiE, SMLESETEINI2T 0T T L% SMLAA VN THE|a (L)L -
Vo7 LEREINEITER T 075 4 TH3. SMLED T O FLDAX A4 >a— Rk, SML#a<> R
VU7 E— RN CHEEILERIHEEINI A VX T2 A AT 7 ANITHINT EY —RAT7 7 A NVB I, *
DAVERT2ART 7 ANDEBRENEZA VR T2 A AT 7 ANCHIETEY —RAT7 7 A VEEZD by
TLVDEE DA E, HFBRRICEVIERFEITT 23— FThH 5.

SML#A Y84 S %) » 27§ 53— Fld Makefile IZ src/compiler/smlsharp Z X —7 v b & L TaL
WENTOBLLRD shell a~v > FTH 3.

$ (SMLSHARP_ENV) $(SMLSHARP_STAGE1) -Bsrc -nostdpath $(SMLFLAGS) \
-filemap=filemap \
$ (RDYNAMIC_LDFLAGS) $(LLVM_SMLSHARP_LDFLAGS) --link-all \
$(srcdir)/src/compiler/smlsharp.smi \
$ (COMPILER_SUPPORT_OBJECTS) $(LLVM_LIBS) $(LLVM_SYSLIBS) -o $@

EHED BRI TIX, SMLSHARP_STAGE1 | minismlsharp 2~ R ERINTWAS. minismlsharp i,
SML#I YA FDY =R —=FaA VA NTEDIRHERRNDTA 77V 7 XN/ snlsharp
aY4 5 TH%. smlsharp AN TDhy FLNLY =27 74 NI ZDavxy RTIEE SNz —
M YR 724 A7 7 AN, /src/compiler/smlsharp.smi IZXETAUTDT7 7 4 L TH 5.

./src/compiler/smlsharp.sml

DV —RAT7 74 IVONBIIUTD41TTH 5.

val commandLineName = CommandLine.name ()
val commandArgs = CommandLine.arguments ()
val status = Main.main (commandLineName, commandArgs)

val () = 0S.Process.exit status



268 ¥ 338 avo8A4 S OFIEKS

Main.main !¥ comiler/compilePhases/main/main 2% 3 Main.sml 7 7 £ JWIZELNTZLL O %2 Fr
D main BIITH 5.

val main : string * string list -> 0S.Process.status

COBBMS SMLAT Y AL TD Fy TLLVETH 2. ZOBEIE, a2~ F4% (smlsharp) £ a~vwy
R4 VEIECCFHNY A N ZRZITED, ay 4 Ae) v 7 EFEITT 5.

33.2 OAYVNAZAIVEFDXA I8

SML# 2 > 814 5 OHIFMEAUEE 21T S X 4 Y BIUE, comiler/compilePhases/main/main/® Main.sml
7 7 A MCEPNT-DOR RO nain BT H 5.

val main : string * string list -> 0S.Process.status

COMBIE, avy FAETIY R M ERIFID, command BIEEIFUH L, UFOLMELTS
1 58I L, a4 Z08FE— NEEIEL 7> a v 2P0ET 5.
2. BIfFE— MG LA RO WT DU 2 FITT 5.

(a) Y=RT77ANVVRbPDIy 4L

(b) Y=RAT7 7 ANDaA A VRS >

() A VR T2ART 7 ANTHRESINIZY AT LDY) ¥ 7
(d) WKFBIR 7 7 4 LD & Makefile DA K

(e) FE& DIFHD TV > b

V=R 77 A4NDAYRA I, compileSMLFile BHEUIC X - T ROFIHTITONS.
o V—RI7ANEF =T
o I A )LE—FZIEL, command BIITHE SNz > 4 LIRSS topContext 24T 5.

e Top.compile ZMECNH S . Top.compile BEIE, comiler/compilePhases/top/main/® Top.sml
7 7 ANCE PN DR E R OBKTH 5.

val compile
: LLVMUtils.compile_options
-> options
-> toplevelContext
-> Parser.input

-> InterfaceName.dependency * result

BRENA{EDE InterfacceName.dependency &Y — R 7 7 A ADBMIFT 2 VR T2 A AT 7
ANDY R, result lFA VA NVFHEROA TS 27 V774 NVTHB.

Y RANKIY Y 270F, link BB X > TUFOFIETITONS.

() ATV —=RAT77ANM.sml 77 ANKRE, AV ANLATI2 T b7 7 A VEERL, L—
FDATS 2 b T2 ANET DB, ANV —RT77A4AD.smi 77 ANEE, 77 ANEDD,
N—bt DI T2 VT 7 ANEBZLERET 5.

(b) ANV —=RA7 7 A4 NH.sml 7 7 AN, AV SANVEBPRITHRET 24 VX724 X7 7
ANVDYVANDPS, VI FT2ATI27 VI 7 ANERGERETS. ANV —RT7 7 A AD
.smi 7 7 A NS, 77 A4 )V% loadSMI BEEKTHEMNT L, + v LDV —ADBKIFT 54 >
RI2ARAT7ANLDYA bbb, Vo IT23F T2 77 ANEERRET S.



333. AVARALTDEy TN 269
() V= b FTT 2T T 7 AN, MFATS =TT 740, FATFVIVRAMEIELIRT

LY UHMUPHLY V7 2RITT 5

33.3 OANA1ZDLYyFLANI

SML#A Y %4 5D b v FL~ULBEIX, comiler/compilePhases/toplevel/main/® Top.sml 7 7
A MZEPNTLTORIZFED compile BAITH 5.

val compile :
: LLVMUtils.compile_options
-> options
-> toplevelContext
—-> Parser.input

-> InterfaceName.dependency * result

ZOBENE, LLVM a— FAERA T ay, av St Fyay, av ARG Y—2XAT7 74 1DA
YTy RARMY—LABZIFED, V—R T 7 ANEAYNRANL, V=R 77 ANDPMKET B R T =4

A7 74 VDY A (InterfaceName.dependency) & IV XA NMERDA 727 b7 7 4L (result)

ZIRY.

Z OBIBUZ, Main.sml @ compileSML BI¥ip SMEUH N, UTFDRITRTHED, Fa 4L 72—

ZXDOBEBEINECFERHELY — A7 7 A NADa VAL LEITD

Compile step | Compile Phase Function Source Language Target Language
1 Parser.parse (input stream) Absyn.absyn
2 LoadFile.load Absyn.absyn AbsynInterface
3 Elaborator.elaborate AbsynInterface.compile_unit PatternCalcInt
4 NameEval .nameEval PatternCalcInterface.compile_unit | IDCalc.topdecl
5 TypedElaboration.elaborate IDCalc.topdecl IDCalc.topdecl
6 VALREC_Optimizer.optimize IDCalc.topdecl IDCalc.topdecl
7 InferTypes.typeinf IDCalc.topdecl TypedCalc.tpde
8 UncurryFundecl.optimize TypedCalc.tpdecl list TypedCalc.tpde
9 PolyTyElimination.compile TypedCalc.tpdecl list TypedCalc.tpde
10 TPOptimize.optimize TypedCalc.tpdecl list TypedCalc.tpde
11 MatchCompiler.compile TypedCalc.tpdecl list RecordCalc.rcd
12 FFICompilation.compile RecordCalc.rcdecl list RecordCalc.rcd
13 RecordCompilation.compile RecordCalc.rcdecl list RecordCalc.rcd
13 DatatypeCompilation.compile RecordCalc.rcdecl list TypedLambda.t1
14 BitmapCompilation2.compile TypedCalc.tpdecl list BitmapCalc2.bc
15 ClosureConversion2.convert BitmapCalc2.bcdecl list ClosureCalc.pr
16 CallingConventionCompile.compile | ClosureCalc.program RuntimeCalc.pr
17 ANormalize.compile RuntimeCalc.program ANormal .prograi
18 MachineCodeGen.compile ANormal .program MachineCode. pr«
18 ConcurrencySupport.insertCheckGC | MachineCode.program MachineCode. pr«
19 StackAllocation.compile MachineCode.program MachineCode. pr«
19 LLVMGen.compile MachineCode.program LLVMIR.program
20 LLVMEmit.emit LLVMIR.program LLVM.LLVMModul







BEVIZR

SZXHR, €Ot






273

X

FERE

1]

P. Buneman and A. Ohori. Polymorphism and type inference in database programming. ACM
Transactions on Database Systems, 21(1):30-74, 1996.

E. R. Gansner and J. Reppy. The Standard ML Basis Library. Cambridge University Press, 2002.

M.J. Gordon, A.J.R.G. Milner, and C.P. Wadsworth. FEdinburgh LCF: A Mechanized Logic of

Computation. Lecture Note in Computer Science. Springer-Verlag, 1979.

Lawrence J. Kenah and Simon F. Bate. VAX/VMS internals and data structures. Digital Press,
Newton, MA, USA, 1984.

R. Milner, M. Tofte, and R. Harper. The Definition of Standard ML. The MIT Press, 1990.

R. Milner, R. Tofte, M. Harper, and D. MacQueen. The Definition of Standard ML. The MIT

Press, revised edition, 1997.

H-D. Nguyen and A. Ohori. Compiling ml polymporphism with explicit layout bitmap. In Proceed-
ings of ACM Conference on Principles and Practice of Declarative Programming, pages 237-248,
2006.

A Ohori. A compilation method for ML-style polymorphic record calculi. In Proceedings of ACM
Symposium on Principles of Programming Languages, pages 154-165, 1992.

A. Ohori. A polymorphic record calculus and its compilation. ACM Transactions on Programming
Languages and Systems, 17(6):844-895, 1995. A preliminary summary appeared at ACM POPL,
1992 under the title “A compilation method for ML-style polymorphic record calculi”.

A. Ohori and P. Buneman. Type inference in a database programming language. In Proc. ACM
Conference on LISP and Functional Programming, pages 174-183, Snowbird, Utah, July 1988.

A. Ohori, P. Buneman, and V. Breazu-Tannen. Database programming in Machiavelli — a poly-
morphic language with static type inference. In Proc. the ACM SIGMOD conference, pages 46-57,
Portland, Oregon, May — June 1989.

A Ohori and I. Sasano. Lightweight fusion by fixed point promotion. In Proceedings of ACM
Symposium on Principles of Programming Languages, pages 143154, 2007.

A. Ohori and T. Takamizawa. A polymorphic unboxed calculus as an abstract machine for poly-

morphic languages. J. Lisp and Symbolic Comput., 10(1):61-91, 1997.

A. Ohori and K. Ueno. Making Standard ML a practical database programming language. In
Proceedings of the ACM International Conference on Functional Programming, pages 307-319, 2011.

A. Ohori and N. Yoshida. Type inference with rank 1 polymorphism for type-directed compilation
of ML. In Proc. ACM International Conference on Functional Programming, pages 160-171, 1999.



274 BE X

[16] K. Ueno, A Ohori, and T. Otomo. An efficient non-moving garbage collector for functional languages.

In Proceedings of the ACM International Conference on Functional Programming, 2011.

[17] Atsushi Ohori, Katsuhiro Ueno, Tomohiro Sasaki, Daisuke Kikuchi. A Calculus with Partially
Dynamic Records for Typeful Manipulation of JSON Objects. In Proceedings of the European
Concerence on Object-Oriented Programming, pages 421-433, 2016.

In Proc. ECOOP Conference, pages 18:1-18:25, 2016.

[18] Katsuhiro Ueno, Atsushi Ohori. A fully concurrent garbage collector for functional programs on mul-
ticore processors. In Proceedings of the ACM International Conference on Functional Programming,
pages 421-433, 2016.

[19] K¥E %, 7O 5= > J 858 Standard ML AP. F37HAR, 2000.



