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WEEzRLET.

34.1 ZAYVIIVNIFYTaVYT

SML# S EDOWIZERTE X, 2003 4225 5 FEMOSCHRIAEE Y —T 4 v 77’8 Y =7 b e-Society £iE
7+ 27 ORERRE TEWAEEE D OEEEY 7 b = TEREMOBFE ) (http://www.tkl.iis.
u-tokyo.ac.jp/e-society/index.html) O —2>DHH 7 v 77 Lo HEfEHTICHED  EEBHY 7 b
72TV AT LREREA, (EREH AR TE) ELTAY— 2S5 E0TEELL Zo/RY ey
FDOTTE A HIED SMLAS B2 V284 T DOBFETL 72, SMLARBAF Y — 2 DREN 30 HiT2HA 2K
S AT LTT, Zo7/uy ey bOZENLITUEL, SMLADHBEIIREECH > L BbET, X
HEEE, e-Society DFEINARE D Friligithded:, B X OBRSMICER AL LET, oK uy ey
T Z, SML#D ML N OMZEBFIC L, EEOREMAEMMSIC X2 K-+ 22 Tw»
E

3.4.2 SML#bMERLTWBY 707

SML# S, 55 1.0 AL, SMLAHSTay A4 LV L2 T R>TWETH, 20U, Stan-
dard ML of New Jersey ¥ & Of MLton @ Standard ML 2 > /84 7 2> CHHEEZITVWE L 7.
SML#EHIf (3.3) OBAFEF —LIC ko THIFEINAY 7 b7 27 TY, Y—Ra—FDREEZAT T
FOFEL E L, —EiclToa—Fz2HHLTwET,

NE SML#Y — A LOHIE | V—A

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
TPEVINEBURL ST B src/runtime/netlib the Netlib

INBY—RF, WIND SML#ETFA VA LBEMDH L 74V ATEHAINT LA =7V Y =R
V7 b 727 TT. ISML#Y — A LONE) BXUNY =280 5 =Dy 7L RN ZENEFND T4 &
VAR INTHET,
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3.4.3 WMERARBHE

SML#EEOBRICHT-oTIE, L DAL DIEERZ £ Lz, BEBRAEOREF—L (5F (3.3)
i) LISV CERICEBRO H > & IZL T D@D ¢F,

o EARIHEG, KIg &bz, BIE 7 o —Y a VB R FioFi L v v 7 4 v OB X N2 0FEERN
RELERZITVWE L, COBBIZEBRNGEENS D) T8, FAMOREREREoNTEST
SML#4.0.0 BUZFHAA ZFN T ERFAD, FERID AN EEZTWET,

o KNKWRFHIC., Ao, ¥, #7227 28037\ GC OMFEHFICEDL D, MO
RFEERITL, COFADBPEHTH L E2MERLE L, ZOBRIE, HBEOA 7Y 27 280
IV GCOARDEFEEREDTME L o7 bDTT,

INSDTZLIHTDH, SMLAE, K% & OILFETIT 742 o 74 L RIBIER S 2 284 VIO FEREWTE
ZREICHEI ST E T, BUED SMLAS iBICHEEA D> ST 2 IR S L7 FEEDFFE R IC IR T D b
DIPEENET,

o L a— FLAAMD I (8, 9).

o T —F N—2DHIHEG [10].

o 7 — ¥ RX—AFiE (Machiavelli) [11, 1].
o 77 1 D TIBES [15].

e ML @ unboxed B [13].

o ML K} 5 HARLZT—FEKBL[7).
o HRXE D RIBHA [12].

o I 7Y M EREINI R\ GC[16).
e SQL D=k [14].

e JSON ¥ R—} [17].

o fifT GC[18].

ZNPAMC DL DILFAFEE D & ok BIRSITTIBLHE 2 THWTED, 201513 1989 FIcE Tl h
T, ZNS6DSADFIRIFHEFILTWLEEEET,

3.5 SML#58 4.0.0 iR DHEEE & HIFR

He4 BIFET — L1325 3.1 Hi CONTAKREZ I THASE L SMLAFIFERHIRIR IC HFR & L 7 #RE 2 FZBIL T
WET, FA40.0MICZDIREDPEETNTLE T, UTOHfIBH D £7.

L =79 b 7—%57F%. BUED SML#2 v 84 T3, Intel 7—F 7 7 F % (x86.64) [iFoa—
RORERAGETT. [k, <AF & =2y MuzfF) PETT.

2. Bodfl, BUEDAN—Y a v ITiE, 4 ¥ 74 2V VP REBDER L E ORIl b s X
NTVERA, E-5T, V3NV, av 3403 nfca— FOFTRHED EbIT T iBER
EFEA. FERORTIE, flhofidta > (4 ZICHBT 2HENR SN EHIFRFL TV E T,
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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 1S”, 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.
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EB58 SMLADAYVAR—=I

5.1 ENMEEIE

BT, SMLETTI RISV I % AY =3 570DF 12— b Y 7IL2EL £T, $1ESML#2
VLT BA VAR =L, SMLET QTS I v VBREREZFL &),
SML#4.0.0 lRIZLTD 77 v b 7+ —LTEMEL £ 7.

e Linux (amd64 (x86.64) Jii)

e macOS (10.15 DARFHESE)

e Windows 10 (Windows Subsystem for Linux % Ff)

F72, SML#D 2 V%A )V EFITITIEU T O — FR—=F 4 8y 7 b7 = 7B ETT,
e MassiveThreads 1.00

e GNU Multiple Precision Arithmetic Library (GMP) 74 77 Y

o LLVM 3.9.1 DI (LLVM 11.1.0 Z#E3E, HiL b DM E L\)

MassiveThreads (3 BSD ¥ A V74 £ ¥ ZAD P THATS N TV 57 Y=Y 7 +F 727 T, GMP IZ LGPL
(GNU Lesser General Public License) O FTHAFIN TS 7Y =Y 7 b7 =7 TY. LLVM 136445
JEf} & D Apache License version 2 D F CRAAIN TS 7Y =Y 7 b7 27 TY,

LLVM 3NN—=2 3 v 391 DD TE 272 LVWbDz2 THELSZI W, LLVM 11.1.0 ¥ TON—Y 3
UTa VAN EEMERERETY. 3.8 LIATD LLVM Tl SML#ZEL RT3 2 LR TEERA,
SRLEDY T Y 2T IRAT, SMLAD Y4 FOEL FOEFFICHETT. MTFOmMIEZL T2
I\,

e SML#a Y84 JDOENLFIZIE, IN6R2TDIA47 7Y L opt, 1lc, BL W 1llvm-as 2 <V P
fEH Z L E 9. SML#2 v /%4 7 22 FiZid MassiveThreads 8 XX GMP 74 777 U v 7 &
NET. LLVM D74 7713 v 7 InEEA.

o {YAF—)LIED SML# V8L Favy FiE, a— FEBDZDIZ opt, 11c, 1lvm-as, B LN
llvm-dis =¥ FZfHL X7,

o SML# 2 v 8L IMBERL 1o T RTDOFEFTEA 7 7 4 ViclE, MassiveThreads 8 X O GMP 74 7
ZUNRVYI7EINET (ZhoD74 77 ) OHEZHHL Twa Ty, ZR6D74 77U
YIINET. ORIFTERYGET 5 FETYT) .

IN6DIALT77)BIRawy P, SMLADEAA Sy 7= I3 ENEFA, SMLAI VIS, 5
EAVAP=LTE2—HE, IN6DITAT7T7VERIEA VA=V TI20EEHD 2T, %< DA,
OS D 8y r —PEL A5 L s ECHIBICEATE 313907,

Pl EoBEESH UL, SML#AE, SR TFIETA YA =L TEET, %5 0SHDA VA F— VLD
I N oKD LB D TT,
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5.2 Debian GNU /Linux

SML#Y V) — AR I T ) Y — A D Debian GNU/Linux ¥ X X Debian sid I LT7 74 X—+ Y
APV ZHBLTOEYT, ZOYRP PR RATLAIGENTS I LT, apt 27 FTSML#a %
ATDAVAF=NVELIETY FT—bZ2ITH) 2B TEET,

DFDawy FCA YA R—=LTEET,

e Debian sid:

wget -P /usr/share/keyrings https://github.com/smlsharp/repos/raw/main/debian/dists/sid/sml
wget -P /etc/apt/sources.list.d https://github.com/smlsharp/repos/raw/main/debian/dists/sid
apt update

apt install smlsharp

e Debian 10 (buster):

wget -P /usr/share/keyrings https://github.com/smlsharp/repos/raw/main/debian/dists/buster/
wget -P /etc/apt/sources.list.d https://github.com/smlsharp/repos/raw/main/debian/dists/bus
apt update

apt install smlsharp

FE, MTOLEDTY (sid D%H) .
1. SML#HFEF — L DORFHEZ Y 70— F LY AT LADREDHLIEICEE 7.
wget -P /usr/share/keyrings https://github.com/smlsharp/repos/raw/main/debian/dists/sid/sml
DUFDa<y FCHERZERTE £,
gpg —-with-fingerprint /usr/share/keyrings/smlsharp-archive-keyring.gpg

F7va— FLEORRD R E —8 5 2 E2MEE L TS 23w (KD IC#o 412
B L7ewBaE, SMLABRFEEARNICEE 2 > TSN 2 Z T - T2 W) | #ERUILIT O
HH T,

DD99 2B50 C9A3 BO75 DAO4 613A D299 F71F C5C1 D12E
2. 779AR=—PIVRY PYDFR7 74 V%2 ¥ 7 vyu—FL, YATLIEMLET.

wget -P /etc/apt/sources.list.d https://github.com/smlsharp/repos/raw/main/debian/dists/sid
3. TI9AR=—PYRZ MYy r—Y B2 R L £7.

apt update

4. SML#a 84 7% A4 A =)L L 7. LLVM % MassiveThreads 7% EDKFET 274 77U b
MBI TA Y A =L ENFET. SMLFormat 7 EDY =L b BT THRNwr—P L LTA VA
F=nENET,

apt install smlsharp
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5.3 Ubuntu

SML# Y Y — AWK TRFTDOY Y —AB IO LTS Y Y —RIZA L T PPA (Personal Package Archives
for Ubuntu) IZ 7’7 A X—=—FY R MY ZZHELTVET, COYRY MY EZTATAIEMTSI L
T, apt AY Y FTCSML#A VA 7%A VA=), Ty 7 T—bTH5ILENTEET.

DFDavwy FCA Y A=V TEET,

e Ubuntu 20.10 LTS (Groovy):

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

e Ubuntu 20.04 LTS (Focal):

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

add-apt-repository TY AT AT FARX—FVRY PYZEBMLET. apt 2% Fld Debian ®
Bty LB, Bl 5.2 iz JHE A ZI v,

5.4 Fedora

SML# Y U — AR CTHeHT Y V) — A D Fedora 8 X OF Fedora Rawhide I2xf L T7 74 RXR=F U ERI +Y
ZHELTVET, COVRTPYZSATAICEMNTAIET, dof 2 FTSML#2 Y831 DA
VAF=NVEBLXNT Yy FT— b RITH) T ENTEET.

DFoa<ey FCA YA F—LTEET,

e Fedora:

rpm -i https://github.com/smlsharp/repos/raw/main/fedora/smlsharp-release-fedora-31-0.noarc

dnf install smlsharp smlsharp-smlformat smlsharp-smllex smlsharp-smlyacc
e Fedora Rawhide:

rpm -i https://github.com/smlsharp/repos/raw/main/fedora/smlsharp-release-rawhide-31-0.noar

dnf install smlsharp smlsharp-smlformat smlsharp-smllex smlsharp-smlyacc
g, UToEEHTT (Rawhide DHA)

1. SML#BARF —2D0RHHAB LIS I7A R=— PR MYV DRE7 7 A NV EEL RPM Sy r =%
Fyora—FLA YA r—LLET,

rpm -1 https://github.com/smlsharp/repos/raw/main/fedora/smlsharp-release-fedora-31-0.noarc
2. SML#a 84 B XA Y =z Y A b=V L £,
dnf install smlsharp smlsharp-smlformat smlsharp-smllex smlsharp-smlyacc

dnf 22 ¥ FOFETH, SMLAMAEF —LOR#EEEZ A v A —1+F2 2 LiIZonTHELE»NE
T, HHEREMRO L, PRI TLE v, SHERUZ LT o h T,

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

CentOS 7 E XU CentOS 8 i LT, amd64 HD 77 A R=F YR PV ZHBLTCWET, 20V
R P2 AT LGEMTS2ZET, yuna< Y FRdnf 2 FTSML#EI VAL FDA Y A F—)L
BIOT Yy 7’T— 279 2L TEET,

DFoa<ey P4 YA F—LTEET,

e CentOS 8:

rpm -i https://github.com/smlsharp/repos/raw/main/centos/smlsharp-release-centos-8-0.noarch

dnf install smlsharp smlsharp-smlformat smlsharp-smllex smlsharp-smlyacc
o CentOS T:

yum install epel-release
rpm -i https://github.com/smlsharp/repos/raw/main/centos/smlsharp-release-centos-7-0.noarch

yum install smlsharp smlsharp-smlformat smlsharp-smllex smlsharp-smlyacc
aw v Pk, NDRZERT Fedora D & ZIZFBETT.
o CentOS 7 DYy, epel-release /Ny 7 —Y ZHANIA VAP — NV L TEIBEXRH Y £7.

ZOMOFEMIZ 5.4 iz TEL I W0,

5.6 macOS

Homebrew Z{fi>TA Y A b=V T 3DPRLEHETY, Homebrew 2ty b7y 7 L%, DITDa
RUREBEITL, EEIAT TV ESMLAEAL VAP =L LT EE W,

brew tap smlsharp/smlsharp

brew install smlsharp
FhliE, P Esh T,
1. http://brew.sh/ ZZM L, Homebrew v F7v 7L £7.

2. SML#FFEF — L 0MEHET 2 git YR MY % tap L, SML#BS# ¢y 77— % Homebrew > A 7
LITAET,

brew tap smlsharp/smlsharp

2DV RY Y IE MassiveThreads & SML# 2 ¥ 234 7@ formula (8 7 —3) 8 X W bottle (23
AF IR —) ZEAET. 72771, bottle iZ SML#Y Y — 2K DHHT D macOS 1IZxf L THH
Rt NnET. Sy r—YoIENERERTED, ZOVRS Y DK I v i SMLARREF — 4
DWERTEAINTVET, BHEZBAEL 2 WAL T D URL & 2%\ 1k PGP AR — N —
75 SMLABAFEF — L DRI Z TS L T & v,

https://github.com/smlsharp/repos/raw/main/debian/dists/sid/smlsharp-archive-keyring.gpg
HHERUILL T O ) T,
DD99 2B50 C9A3 BO75 DAO4 613A D299 F71F C5C1 D12E

3. SML#a v 84 5% 4 v A =L LET,
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brew install smlsharp

LLVM % MassiveThreads %2 b HEITA Y A F =L E N T, Bottle PHEINTWENN=Y a3 v
®D macOS Z i L T2 WAL, MassiveThreads & SML#AIZY — AL ENL NI NS0, Z
Dawy FOETIEEOCRRA 22D 7,

5.7 Windows 10

Windows Subsystems for Linux & Ubuntu Zt v 7 v 77925 2 £ T, SML#® Ubuntu H/NA
Ny —2% Windows ICZDEEFA VA=V LEITT LI ERTEET,

Windows Subsystems for Linux Z B2 9 % 7 O D FMEDFEHM X, Microsoft 2342ftd 2 F¥ 2 X~ |

TEZE W, bash ZEEIL72H E DA v A F—)LFIEIZ Ubuntu ~DA ¥ A b —LVFIEEF—TT
(5.3fliz ZEHSZI V),

58 Y—AWSEILRTZIZE

FOMDL AT LATIEY —ADPLENLRLTLEZI Y, V=250 Ficlk, UToORFEY —IL &
FGATIVDBHETICA VAP = LEINTHLAERRERH D 7,

1. 7v 77 LBFEH O Y — L GNU binutils (GNU Binary Utilities) .
2. CBXO C++av 84 7 (gee 713 clang)

3. make (GNU make % #£%%)

4. MassiveThreads 8 KON GMP 74 77 YRk L~y ¥ —7 7 4 )L

5. LLVM 3.91 DD 74 75, ~v ¥ =774, BXOla<wrF

IN6DY 7 2 T7BA VA= )ViFEARGIE, SMLAIZERERZ 3 27 v 7" . /configure && make
&% make install TA VA bF—NLTHIENTEET,

INSDY T ErT72T7B0OS DRV =S AT AL o TREINTHRVLIEES, s b Y —Ah
SELVRTAMNENRHD T, INoDav A LoFE, £V 772708 AFXaxv b al%
ST,

ASCE DR TD MassiveThreads 8 & N LLVM 11.1.0 DK ED %4 ¥ A F— )L FIHIZLL T D@D
Sk

MassiveThreads MassiveThreads ® Web ~X— https://github.com/massivethreads/massivethreads
7% ED> 6 MassiveThreads 1.00 @Y — & 2 — K massivethreads-1.00.tar.gz = AT, BHL, BN
%3 AT v 7 ./configure && make && make install TA YA F—)LLTL I,

LLVM 11.1.0 LLVM ® Web X—% http://1lvm.org/ %% ED>5 LLVM DY — A2 — F 1lvm-11.1.0.src.tar.xz
ZATF, BHL, UTO527y 7 CELFLET.

mkdir build

cd build

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

make install

FFEHIC cmake ICIREL CTW3 A 7 a VIZMHATIED ) FXAD, HETLZLE2ETTOLET.
-DCMAKE_INSTALL_PREFIX IZfth®d LLVM DA ¥ A b — )V L BZEZRET 272 DICIEET 5 2L 2BTTDHL
¥ 9. -DCMAKE BUILD TYPE=Release |& LLVM H{f% f®%i#ift; L £ 9", -DLLVM BUILD_LLVM DYLIB=0n % 7'
YavidtEI74 77V % )N FLET, -DLLVM_ENABLE BINDINGS=0ff (& SMLAIC AL EY 2 —)LD
ENVREEET.

P EOBEEDTFT, UTFOTFIETSMLAZY —APS5ELFLET,

1. Y—AXv/r—% (https://github.com/smlsharp/smlsharp/releases/download/v4.0.0/smlsharp-4.
0.0.tar.gz) 2% 7 ru—FLET. RHFDOY—A/8y 7 —|d https://smlsharp.github.io/
ja/downloads/ 7°6 bHUFTE X 7.

2. WM SMLAY —AT 4 L7 b RRD, ZIIWXY—ARvr—Yz2BRLET. 2L, fi
ACHAFEREENSE T4 L7 PV IRRT TS, SMLA#EZEL FTEEEA,

3. M7 SMLADA Y A b=k T4 L7 MV ZRDET, DU, ZOT4 L7 V% prefiz L LE T,

4, SML#Y —AT 4 L7 FJIZT configure A7V 7+ 2FEfTLET. ZDEE, —-prefix 4 7> 3
VI prefiv %, --with-1lvmIZ LIVM 24 Y A b=V L7714 L 27 bPUZEEL £7.

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

--prefix & 7> a v 2 EM L 728541 /usr/local IZA4 Y AP — L INFET, —-with-1lvm & 7
vavERBBLIEAIL, LIVM D74 779 Laey FEBENLREIT (/ust/bin %2 ) O
L9,

5. make 29 Y FZFETLENL FEITVWET,
$ make

B, ENFKTE, UTDawy FTSMLAaY S, 7% A4 VA M=)V T 2HICEE T2 2 £23
TEET.

$ src/compiler/smlsharp -Bsrc

6. (A7>av) UFDa<wy FT, EAFLEZSML#a Y 8L 3 TSML#Ea Y84 7% )L R LA
TIENTEET,

$ make stage

$ make
7. make install a¥ Y FCTA YA b= L %7,
$ make install

AT LEHOHEE L, A VA=V ENDE T T ANE prefir EIZELRDZ T4 L7 MY prefic’ 1ITH
NEEOE X, make install 2 ¥ FIZ DESTDIR=prefiz’ & 7> a v EZIFEL TLEE 0,

DLEcXY, DTO77 AL VA F—LINET,
1. smlsharp 2<% ¥ I ! prefir/bin/smlsharp

2. smlformat 2% N : prefir/bin/smlformat
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3. smllex 2<% I ! prefiz/bin/smllex
4. smlyacc 2% ¥ N ! prefiz/bin/smlyacc
5. 74 77V 7 74V prefiz/lib/smlsharp/7T 4 L7 FUBTFD7 74V
DTFoa<y FTSMLA2 v 34 I 0EETE 3139 T,
$ prefiz/bin/smlsharp
e b

e ¥LF 27 CPUZEM D%, GNU make %% 5 (¥ make v FZ2FETT 5L E-j(n) AL v F
ZHET S &, WINZav 4 Sn, EITREPEHI N2 HGRHD 7. (n) BAINETT,
AT7OBRREICHET 2 L RUFERVPBRONS EvwE T,
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B6E SMLA/AYZIVIRIBEDERE

6.1

Unix % 0S, Emacs TF a1 %, =Dy —ILDE(H

7rars v rnkoici,

P TOEERE L T 1 5

AV ZEY -

zEb7ar s I v IBEENKLETY, SMLATO /RS Iy B EING Tu s s 3 v R,
SML#2 v %4 7D A4 Y A =L ZRITIE, CFBOEALHAKRTT. JavaR EDOFRETIE, N6 2k
G LENRFEEICRE L 7 Eclipse 7 £ OGBS 2 M T 2 5803% w108, C L oEESHEERE
RV AT A T0 Y5 IR SQL 2o F— & X— 2l £ D SMLADJLIitERE 2 BRff L
727077 v 7L, DTo X)) RN L T s 7 S v REREZ 5L R B
Bl £,

Unix 2O OS. 5fEL 71 7' LABFICIE, Linux, FreeBSD, Mac OS X D Unix & OS 23 &
Y =V EEATOTERNTY, Windows 2D OS 34 ¥ & b =)L E N7 PC DEE X, VMware,
VirtualBox 7% EDRAE<= > v ZFH L T Linux %2 EOBEZ R IR TE £ 7.

Emacs TT74%. Emacs 37077 3V b2 bl LT A Y D—DTY, 7’0nr733v)
X, TXAMEROLEHE, av A LLTALEL, BIET S, EWIHIEEDBRYIKELTHD,
ZOREIOEIEZT FAPZT A Y EDMNEHEVELRDET, 22T, MUTHAY <A XJHER
FHEAFIZT 4 Y OERPEETYT, Emacs 27T ¥ A P L5 4% (GNU Emacs, XEmacs 72 &) (3,
BEBDONY 7 7 D8ME, TALIZ RV BREDT7 7 A NVOEM, av i, IhEoa~ey ViEd, X6
2, ZNODFMBE N AY A4 AR AT 4 ¥ ThHh, 707327 LaTeX X
Hie EOBEMECEE S CEHOERICERE R T T 4 7 TF, IR0 3 RICD 4 O DSHETT s,
WIEE, RS ABREOBNER %) 9. Unix & OS T, BHETHEIR TV
E3

COAVINALZ. SML#a v 84 91F, V—Aa—F%Zx8664 7T —FT727F v DEA T4 7a—FI
ALV L, OSEREDA 7V 27 b 7 74 VEMEKL, Eoiczhoz) v 7 LEFTER7 74
NVZERLEY, ZOMBTC ary 47 K747 (gcc P clang 5 &) 2@l TY v —2IFN
HMLET, Carv,8471F, Unix ROSDA VA=A 0 7S LBFEHICE LS AT L%
BRI IUIEERETA Y A P — L ENTWV BT T,

SML#7 075 LDH%AVNANLY 7T 5841%, —YDEEC a2y 3 72PN T4%
HixHh A, CHilL OBEEHEERELZIWX YV EELR 07 I v 72771, C 2
VA BN TBL ZEE2BEIDLET.

T=IR=RAVAT L. SML#D T — ¥ RXR— A EEH T 21037 —FR—AT AT LEAL VA
F—=VTBRENH D F T, 4.0.0 fiF PostgreSQL, MySQL, ODBC, SQLite3 IZXJI L Tl»
T, TIR—AT 7L AKBEMHT2121E, CNEDIBLTNHLDT—FR=—AT AT 4
ZAVAF=AVTERERHDET. INoDH L, SMLEEDHEENRDLTAFINTVREDIE
PostgreSQL T, #HfllE OS ICIKFEL £ 328, WINOEABHEHICA VA =)L TEZ1ETTT.
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6.2 SMLAAVINASDBEET—FAMTIYT

ZOEHDONEIE, SMLEA Y SA F% A4 Y A =)L LT 2 ECHET 20813 H ) AN, PP
RiI23222 % SML# 2 ¥ 284 T DA v A b — )V OBRES, X 5123 v 84 7 O— i % HfE 9
2 EcEHEEWET,

SML#4.0.0 flia > 34 7%, SML#SETEINLT7 7 AN EZFEH a4 VL, 24 T4 7a—F%
ARLET, MNEEHE—FD, Zoar 4 72w, (1) BIEOBRE FTaflay 4N, (2) AT 4
EDVY Y, 3) ATV b7 7 ANDOENO - FEEDIRT I LIk THEHEALTWE T, SML#I Y
N4 71X SML#AFE, CHil, BEXOXCHEEETHEINTED, SIHICHTHED 2 Y 84 VIKFIZBLIT
DY —NVEFHALTHET,

e ml-lex, ml-yacc. FHIEMNTE X CHESURENTY — L,
e SMLFormat., 7'V ¥ ¥ BE4EKY —
o RFAL T35

N5 D SMLAS B TEHEIPULTVRET,

SML#a >34 1%, % SML#7 7 4L (Standard ML 7 7 A V%2 &E) 23 AT LEHEDF 72 27
F77ANMCAYSANLET, aURALN LT TANE, YATLAEEDY) VAL L > THETERT 7
AVIKEARTEET, H6oT, SML#EA Y S F1F, C/CH+av 284 5 & SML# 234 F3HIUTHE
TCTEFT. L2L, bBAA, SMLAEI VA 2O TA VA =T BRI, SML#EA V81 7
G ELHFELEEA, SML#4.0.0KTIX, U FOFIETI D7 =+ A7y 7ORMERERL, SML#%
ELFLAYAP=LLTWBET,

1. C/CH+TEPNIL TV IALTATIVEZAY LNV LEINY v 794 75V RERLET.

2. SML# 2V 84 7DV —AaA—=FZ2ay 4 VT 5D KREIDSML#I Y734 7 (ninismlsharp)

%, #SML#T Y84 7 CHEANC I SA L LTEE, SMLADY — 2V Y —I2 281 LIFEH
DLIVMIR 7 7 A VEHEL TV T,

3. AVALF—NVEDY AT LD T T, minismlsharp @ LLVM IR 7 7 4 V% LLVM ZHWwT a3
ANL, V407477,V 7 L, ninismlsharp 3< ¥ FEAERL 7.

4. minismlsharp 292 ¥ FZHWT, SML#Z AV XA VT 270DKEY -V ETA4T7 7Y, BLO
SML#A YA F% AV NANVLET. 2OV ALNIE, Y= E T4 77 ORERGRPS, B
BLZUTOFETCIrONLE T,

(a) #AR 74 77V (Basis Library) ® 2734 )L,
(b) smllex a~¥ FDa v ,3f )Lt Yo,

(c) ML-yacc 74 77V & smlyacc 22 ¥ FD AV 8L L e v 7,

(d) smllex ¥ & U smlyacc 37 ¥ FIZ Xk 28— DAER,

smlformat A~ FDa v A )L LY 7,

e

f) smlformat 2= FIZXk 3 7V v ¥ DA,

(
(
(g
(

h) smlsharp 2~ FDa vy XY 7,

)
)
)
)
)
)
) IRTDIA 77V DAy 4L
)

5 UTD7 74 VEFIEDNMBEILA VA =1L LET,

o FIUIALTATIVDIAT IV T 7AIN,
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¢ ATV DAVEI =T 2—RAT7 74N, FT7V 27 774N, BIRT2F 7740,

e smllex, smlyacc, smlformat, smlsharp D/ awv F.

INSBLEDRTy THRTHRIC, &Y —A7 74V a~y FRICIZEMERKAERRSH D £, &
5T, W OPDY =7 7 A NVDOMEIE, OS DERBEIEKAFEL TWET. Insld, KBRS 2T 4
DOIHTT ZNoKAERBRZHIET 2 2D FiklE, GNU Autoconf IZ X % configure A7 VY 7'+ &
make 37 Y FOMHTYT., SML#EA VL T, A VI =7 2 A A7 7ANHSTE 7 7 A VEa s
ANVLET, HMNDO7 7 ANVDBREETE 774 0E, TDOAL VI —T7 24X 7 7ANICEHBREINTVE
T, SML#T V84 5%, T OKEMGE% nake 27 ¥ FHHAAD 2 7 +—< v P THIT 212 Hi -
TWET,

1. smlsharp -MM smlFile. Y — A7 7 A )V smiFile ZHtH, DV —AT77ANZ AV )NT 5T
DICHEL 7 7 A NVDY A % Makefile JEATH I L £,

2. smlsharp -MM1 smiFile. £ ¥ % —7 2 A A7 7 AV smiFile Z b v 7’LXVD7 7 A4 )V EHKL,
DYy TLRUDBSERINEREETHA A FOY Y ZICBBERA T =27 b 774 LD Y
A b % Makefile JEATH AL £ 7.

3. smlsharp -MMm smiFile. £ ¥ % —7 A A7 74 smiFile 2+ v 7L _X)VLD7 7L NV EREL,
Dy LN S ERENDENZEITIEAT7 74 V2 EL BT 570D Makefile Z/EK L £

SML#> A7 L%, ZoWEE2FMHL T, LilOFHEZFEITT % Makefile ZER L T0ET. 2D
Makefile IZ ko T, WHOKMBL 257 L OB L FEE, THa v A VBN L 7 7 4 LD H nake 2%
VRIZkoTav Rt VU INETINET.

6.3 SMLH#DWEBE—RZE->THLD

AYAL=ETT B E, SML#R Y84 75 smlsharp £ W AHiDa~ v FE L CTHEMTREE &
NEFT., ZoavwryFz2a<wy FYy /)L Emacs D shell E— F o EH T2 Z itk >T, SML#7 1
T LAV ), FATEET, bo L bR AMNEE, SMLA2 VA 7 2 WEEE— FTHTT
% Z & T, smlsharp 25|87 L ClEEE§ % &, XWEHE— FOREIER E AL, EEIX v —2 2FR
LI—FDoDANRELOREERD 7

$ sml sharp
SML# version 4.0.0 (2021-04-06) for x86_64-pc-linux-gnu with LLVM 11.1.0
#

T | W SMLAS AT LAPAIF T2 70y 7 XFTY, $L20XETE, YL (awvF) o7nm
Y7h& TS ) LIRELET.
ZD%, VAL FIEMTOMBZED KL 7.

1. XYY T 2T, Wike6T7ar s LEGHaAy
2. MARAAL TR T T L%y 4N, TRl T eI LETT S,
3. 70T A0NETHIRERRT 5.

DUM Iz 9drplz m L £,

# "Hello";

val it = "Hello" : string
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BRYIDIT N L= DANTT, 247HD, =T DA TS SMLAS AT LDIHETT, ZoHlD X
I, AL TE, Tl AOETHERICMA a8 SHHERL M2 LR L ET. 61, EiT
R Z O, Zucid ky ya vy CHATBIC L £ 9, =PIk 2EDRITIUL, it £
LRI o E T,

6.4 SML#DIAYVINAILE—RZHLTHLD

SML# 2 v 34 Z1%, MEEHPAS, Cav R4 F7DEH)TT7 7 AN Za VA NVTHIENTEXT,
9, fiFaplE LT, Hificd ANI# "Hello world";
BI77ANEOTAV AL LTAHAELLES. ZDODIC, hellol.sml ZPITFD L) LNETERL £

"Hello world";

BEOLI a0 VIEH->THLERLTHRALTT, ZOFERKLEZ7 74013, MTFTOoLHilcLTavy 4L
TE%9,

$ 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#IZ, BIEELT7 7ANKZDADBEZEND L, Cav L TR, ZO7 74 0Ea v %4, Y
YO LEGIR 7 7 ANV EZERLET. ULED LI ITy AT AEEDETIBA 7 74 )L a.out DBMER I 1L
TVE I EDHERTEET, FREINDE 774 VAl tt-0 AL v FTIRETEE T,

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

hellol hellpl.sml

$

ER L7 7 A 0L, BEDa<wy FEREL LI ICETTEET,

$ ./hellol
$

MHRRINFETAD, TNTIEFTT. 7740084 ClE, WEEHE—F EEYL, FBROMEE
ReRRTHa—FEfmEnEei,

WMHEA2ERTNLAZTNUE, BEZ2ETTIBEEZESLENH D £9. 22T, hello2.sml ZLA D K9
BN TIER L £7.

print "hello world!\n"

ZD7 74N, TDT77AINVTERL TRV print BIEMFHINTLE T, HLx OBEXIZHEAS
477 CEZI N print :  string -> unit ZHEHT 2 2 LTI, print FHMICHERTE F
T 6, SML#EI V84 FI2E 5 TUE, 4l print 23EAR T 4 77 VKD print 2157 L I &)
. ZZTIDT77ANEZAV A NT H7DICHE, print DERINTVDE 7 74 VE a3y 34 71
AT 2R HD 7

ZDXITT7 7 ANVICERSNAMDNO AT Z2HEH T2 7 7 ANV 22y A VT H7DITIF, Z0
7 7 ANTHRAT 24H3MEDY — A7 7 A VTERINTWEI L%, AVI—TTARAT7AILTH
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BIT20HERH D £T. SMLAE, V—RA7 7 A NVAIWIET 24 —7 24 A7 74 )L"hello2.smi"
ZRL E7. hello.sml ZFEITT27-DI121F, UTD"hello2.smi" 7 7 A NVETD X ) IT/ERT 2 031
BHHET,

_require "basis.smi"

ZDEEI, hello2.sml 34 V¥ —7 24 A7 74 L"basis.smi" CHEINTWEIEFRZHE L LT
W3 ZERFRLTVET, "basis.smi"ld Standard ML DHEAR T 4 77 ) TERI N TV B TXTOLH]
MWEHEINTVEAL VI —T7 24 A7 74NV TT,

COMBOTT, DToawy F2FEgTE, ETBX 7T v 77 A0S E 7.

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

6.5 smlsharp AVY KDEETE—K
smlsharp D ELFEITE— FIELLTD 4 DTT,
MEERE—R smlsharp Z/87 XA ¥ R LIGEBIT 2 &, WEilley s a v 29Tl £7.

AVIRAIL - VI E—RK DDV —RA77ANVZRELTEETZEZD 774V Eav 34 L], &
(3| WA A NN 2 (5 A

AYVIRALILVE—R -c AL v FZEELTERIHTZ L, BEINLY—RAT77ANVELXT T2 774
WMZav LV L ET,

DIIDEFE—=RK DDA VI =724 A7 74 (smi 774)) ZIREL TS E, fvF—7 x4
A7 7 ANMTHIRTBY—A77A4NEL VI =7 24 ATSHEINZTRTOY —A7 74 Lha
VURANFERERZL, FNOTITXRTCDOL T2 b 77402 ) 7L, EFER T v I 0%21E
BLET.

o FTEHHT 2REAL v FENTAFICBUTOLONEENET.
-~help "V A vk —=% 7Y VR LT,

v A DA v —%FR,

-0 (filey N7 74N (A7¥ =V 774N, EIAWR7 74 V) OAHTZIEE.
—c AVSANLA T 7 b7 A NERER,

-s avAANLTRY T 7 7 A NEEK,

-M 2 Y8 L ORIFEBIR & FR

MM Y AT LTA T 5 ZERG T3 VoS4 OV ORGFEIR 2 FOR

-M1 Y v 7 OEKEBITRE FR

-MML Y AT ATA 7T R v 7 OEFBIRE R

-Mm Makefile % 421

“MMm ¥ AT L7477 &\ Makefile 2 4%



30 Wem SML#7'n 2o 3 v 7B Hef
-1 (dir) VY —AR7 7 ANDF—F,RADIEN

-L {dir) VY A—~DFAL 75774 NDY—F RADEN

-1 (libname) V¥ Z7WHTT74 77V (libname) &Y ¥ 7

-W1, (args) V¥ 7RI C av %4 7 K743 (geec  clang)  (args) /87 X% L LCHET

—ct+ VY IIRICHWZ a2y 8L FFI7ANELTCH+a vy L 7205, CH+TEPNITIA T T
YESMLAZR L% Y v 732 EEITRELET.
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E7E ML7ATZIVJ AR

SML# 57613, Standard ML Sk & BT HIEDH 2 70 75 S v 7SiETT. SMLADEE L iRE
W d7-0lc, AETET, Standard ML 7’82275 2 v FOHEEZ I B3 L £ 7
LBAEONEIL, BT D Standard ML D& k&

Kig . TRV S I VI EEE Standard ML AFI. 37 HK, 2000.

ICHERLL Tk 9,

7.1 MLEEEICDOWT

SML#& ML 2B 70 7' 7 2 v /' SiEDO—> T,

ML 53l Edinburgh LCF[3] ® X ¥ 556 (Meta Language) & L CHIFEINE L7z, X% &) B
FEDO ORI b, ¥V viED “ta meta ta phusika” &V NS LvbhiTwET, Z
D7 L=, HARY (physics) D dH & ICEPNLLAFDMITENTOREVAREZRTEY > viBETL
723, ZDORONELIE Y (M L%, metaphysics) THo7 I L6, DAY LI GRS, H#E
DIEEDORITLER Z 2 TYEZIWNT 2 FNEREE, LLIBERNGEZONE LHICRD F L. Sl
DINRTIE, AV FEEE, HLEHEOINCilihz2 520D EEKLE T, v/ 7y /55
EEMLEVAIET 2 0DZEOAYZEEART I ENTEEY, Edinburgh LCF 13 FHFATHE 22 BI%K
(FEh7urILh) ZRRE L—MEOEHGEHY A7 4 THD, ZONRE % 2888013 PPLAMBDA &
MEN BRI 7 AR TRBLE N E Lz, LCF ML 1& PPLAMBDA @ X ¥ 53k, 2% ) PPLAMBDA
TEIN TR I L EBEL TS0 ST I v FETL, ML O4HINZ Z OFERNEIEICH
KLTOET, BEZEET 7 Ly 2TKICEET2HNOOIC, ML HE 7 L5523 E 320
BRIGHELE LCREIINE L, S61I7/u 07 028532 7007 5% FWICo 5% - T
W9 5701z, BMoBESMEZ ABINICHE T 2 BRSO X SN E L 7.

Z® LCF ML I%, PPLAMBDA Of{ESEEICE EE ok wHO 7 v 77 2 v 7Sk L L Clifinid %
CEDEREREN, Cardeli iCk>TCLCF &3 L7053 v /8L LToO ML av 4 7258
SN, PDP11®° VAX VMS & &0 hicFEEI N INE L. ZDH%, Milner, Harper, MacQueen %5
WKkoTour7 v /EiEe LTOMERKEEDS 103 i, I 5122 DFHED Edinburgh KFEIC & -
T Cardelli ® ML RICEEINE L7, INO6DBARZHE 2, Standard ML DAk [5] 3HEEL, 2D
BUGET S NBIED Standard ML SaE1HE [6] & LTI L £ L7,

7.2 EEMT/OJ53vY

Riflr, BIEOR 70 "o S v 2703 THEEMN) THhEESbNE T, ZOSEIRE LEMNWHTE IR L,
T LMEBR LW EZDH0DHBT 3 Lo BRoOBHEDH 2 ZHETT. LirL, Thh
5EHIINETETUT I LBERBHIREILORH oL OBMIN TV BEA, BBz, KoM
M B®E RS £ 7.

HIHNETZ270 T 7P ANEZIIRY BAOZRE TR TE25h, Zo7/vr70%, AN
EHNIOBGRE LTS E L CEEEHTENE, IDESWEDRELRD, LEB-oTEID T K
2 7v 775 %5139CY, MLIX, COBEKTLDESENLZEAZWEBICTZ 7 vr 73078
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FEEWZET ML7RV IV %9 RAY—F38D—2I1F, ZOBRTOESHN I 0730 7D%
ATEHIIOFAZ LT,
B ZRE E LT, BEEOBRETCEALBEZHE T 707022 CAEL 9. BREn DR
Feolld, UTOLIITERINET,

o = 1

nl = nx(n-1)!
ML TiE, 207077520 T0LH B TEET,

1
n * fact (n - 1)

fun fact O

| fact n

CHEBILE-T fact EEI)LHOBEEDPERINE T, ZOERIZ “I” ICXoTRU s 2o0D;
BB RoT0ET, LB, FIEDS0EAIZ1 Z2RTIE2EL, TRIZAUADESE, 51%n &
n - 1DOWEEEZHILMEEZRETIEEZRLTVET, 20NN, LRlOBEOER LIZIFHERIC—
HLTWBIENBLLYTL X,

DX RHEMiRBEBICIRS T, AT r 7 L%, ZOREKTIEKRIEVESNRBEE LTE
ez, EML 707702 X0 fRr O )R T CHETTI LN TELZ2L LNERA. 70
77 IV IEEMLIZ, TOEZFICH, KB TEMRGIEEZ 7 v 7095 5EESAET. MUT
IR i T, ZDHARERDZEZEZ S ZFATOEEL & 9.

7.3 HNOBEHFELEICLZFEDORI

HIfi OBEOFETIZ, 51BN 0 DEEIF 1 2R, ZNLHND—RD n DEGEIE, n * fact (n - 1)
ZRTEIHICTU T ILENTHELR, 20X, BENRTREEIZ, fizRdNcEHINE T,
RADEED 1D, HZDHDTIE R, ¥R WwIHEEZETAEALLET, n *x fact (n - 1) &, &
oo LB ELATT. ki ML 53O KRERNL,

ML O7AJVZZVJ, HELEEZEDODREEEITDIEEELTITS
EWVWIHIHDTT,
KIFUTOBEZZHAELE THRINE T,

1. 0 7z EDEH

[\

. BEBOFBR T TICERIN T VL AEEZ KT LR
3. B EONH L
4. BEeEUEL DT — Y REE DR

1525 3 F TGO, Wik ECHUB L AZERNEFAU#EZR>TwE T, fIZIE, 125
n FTOHRBD 2D S, =12+ 22+ - +n? BUTOAKXNTRKDSNE T,

nn+1)(2n+1)
6

ZoRIE, ML CEEUTOXI IS0 S5LTEET,

Sy =

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

b div 2 NTNHAMOT RN A EL £7. CoRid n BERINCLIUE, ELL S, izt
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 TEBR EHAHEE

M EZETH S ML T, EHERETXRTEFES>ABZ2ES 9. ML ckfibn 2HAARENIC X
UTFobDnHH £,

x| W%

int (v Vi1 7—FDOREID) o SEH
real | RERSEEIRENINEUS

char | X5

string | X1

word | (R¥VEE1 7 —FOREID) FFo5M LEK
bool | EFEfETY

BHIMERIDIANE, o7 a s 3 v EEEEZFIEZARILTYT. 2o DFAA T DERE & BARFHIA A
HEZHEZEFL &9, HEEMERHNOTAIZRETCHHAL £ 7.

7.4.1 int B

int BUIEEEOUCF, SML#A T, C FiED long &A—D 2 DHIBERITLING | BROFKF S &%
Bod. int BUEEICIRER O TER OB LIS 0x (B) TEROD 16 L THIBTE LT, (B) 1Zon
59DHFL aATHLL) L EFTHLEL) ETOTAL7 7Ry FOWNNTT, ABOERIZF VI
FRMFTELET. SMLAZ int BOMEZ HERTRRLET.

# 10;

val it = 10 : int
# OxA;

val it = 10 : int
# “OxFF;

val it = 7255 : int

int BUCHR L TiE, BEHOPUHNES+, -, *, div S 2HEEE T & L TEBRBINTVET,

# 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

INs DGR, BEOBEMEEO BB, *,divddy, X DMIHEAELET. £/, H—-OMK
FREDPSIHICGHRINE T,
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#1 + 2 % 3;
val it = 7 : int
#t4-3-2;
val it = "1 : int
7.4.2 realB

v 7 A

real IZFEVINE T — % OBICT, SML#TIX, C BiED double IZHHYT 2 64 ¥y b DFKEELFE)

INBTY, real OERIT (s) . (E(s) DIFTREL £, 22T (s) IFF51F & THEE,

(d) |75

i UHERCTY, BEGE, NG, RO LT NLERTE 908 NG & IRBIR OIS & A 5

% & real BITIE 74 int B EMBIRINE 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 B LT int BUEBRICPUHIEEDSERZINTWET, 2720, BREIX div T3k /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 13 | XF2RTT—FHTT., XF (¢) ZRT char BUELII#" () "L HEZET. (o) |
TLIHLU T ORI T D LR =7 £ 7
\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 "
AR 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

RN LT N OMUAAERERER SN TV E T,

val chr : int -> char

val ord : char -> int

chr 352 6N B F% ASCII a—F AL, Z20a—FOXF%IELEFT. ord 13X
ASCIT a—FZ&RL £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 BY

35

THRT—5 D

string 3TN 2R T T —FUTT. string EFUE" L " THATXFINIRL £T. ZOXFFIDOHIC
R FEE2 B A1, char FITERINTWE IR =7 =7 VA&V ET, string T—F I
&, BREHINIC 7Y v 9% print & 2 DD XFHNEERET 2 DHOAARBIE L L TERI N TV ET,

# "SML#" ~ "\n";

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

SML#

val it = () : unit

7.4.5 word B

word |3fF5 7% LEBI T, word BUERZ ow (d) £7:13 owx (h) DIFTRIL 7. Z
NZNAMEE, (h) 13 16 EOETFHITT, SML#IE word BUEH % 16 LB TR L £ 7.

# OwlO0;
val it = Owxa : word
# OwxA;

val it = Owxa : word

2T (d) 3%

word ;17— & ICH L CH int M & M UPIHFHAER I N TV XY, S 512 word M7 — 4 Icxi L T,

Mz ory PHEENERINTVLET,
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7.5 bool B & TG
St G UitE D
MLOZ7O7332271, DELGEZHOXNEERIZDIELEBULTITS
&) ML DN TERINE T, K
if E; then E, else FEj
FEERTATT. Z2ofElx, MToX)ickdong T,
1. X E1 ZaHfi LiEZ KD 5,
2. b L ZDMED true THIULX B2 Z5Hii L Z DiEZ R T,
3. b L E1 Offid’ false THIUL E3 25l L Z DfEZIR T,

2D E1 ORXDFFOf true,false 224 TH & ", 2R TH bool D2 ODEHTT. bool BD
fiizfioA, NS EHDOMIZ, BORNHBCHmMEHE R E23H ) £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

FERIE, 205 bool M2 FFOHXZM > TERL X7,

# if 1 < 2 then 1 else 2;

val it = 1 : int
ZOFMEABMEZFFOXTT 20, oL HHICHAGDLE S Z LB TEXT.

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

7.6 EMLTIN LB

ERL, EB, MARBBOMAGDEL T TR, bbAA, EHRINEZES 707 023HRT2 2
EWFTEERA. ML 7u7 73y 7oFMIEREZHL 2 LICE->TTu s 7LT252LTTH, 20Hh
CHELSE Z R T A E £ T TT,

B, T T2 i THARL LI I,

fun funName param = expr

DX TEZRSINE T, ZOESUM, 28 funName 1%, BB param % 3ZFHLD, X expr DEZFET
ZEIBE LCHAMREE 22D 3. HlZIE 156 n FTOHRED 2 FOMDONRIZ, n %522 EI%

LHBEET,

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

COERI fun XK DEREMLO 7R 778 LTERTEET.

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

val S = fn : int -> int
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CORBIE, UToXIIcfliffcExd,

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

7.7 BRIV

HIffi CPA Y fun BESUS PRI A ERZFTLET. Thbb, ZOMXTERI N LB funName %,
BIBERAR expr DR CHHT 2 Z 3 CEE T, DX RERNEBEEERE, Tk 2P IHT
FEFL TS, BEOBEMBAEFRUC L) ICHRICERTES L) IR D T,

1. B3 funName DIR 25 %2 H 60U ORET 5.

2. MUESINTIRD IR % T 2B funName 3% % EARE L, ZVTH - 751803 param DHAITE TR
E0MERRT X expr ZEFRT 5,

BIZE, B 7.2 Hi ORI L B2 51 2 BI%L fact WBIT D X ) ICKGFHTE £,
1. fact ZPEZAH T 2B EMEL £
2. PERZEIE T 2 B8 fact 2V, PEROERICHE:, BIRSMEZLUTO L) ICERT 5.

(a) 5B 0 DGE, 0 DRERIZ L THL06, 1 2K,
(b) 0 UANAD—DEI B n DEty, BEROEEDNS, n * fact (n - 1) ZiKT,

D200 AZHICEEZTRIE, UToEENMEONET.

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

val fact = fn : int -> int

DL ED#E Z it fEe OB Z HICERTE T, 2L 2R, TXRTORDORZ KD 2B sum
PHBn I L TEZLNTER c D n TZGHET 2 power D, INOEEDTTILHLLE) Z L
ko> T, UTDOL)ICHRICERTE X,

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

fun power 0 =1
n

| power c * power (n - 1)

sum % power VAHE L 7R 2 H %2 7 2 LRE T UL, BIBDRITMEIZIEL WO T, BBEEHOERD IE
LI EDbrhxT,

7.8 BEOD5|H =S

Hifii D power BI%IEH & U DER I NIER C DIBERZ AT 2B T L 7228, T, ZOHRHBEDIE
CHHIBUTMZ, nt CEZTM->TCOnFT,RFHRET ML ERT 2ITIFEI LS L WTL & 90,
ZHUTlE, 2O00FEHBRHD T, DUTOMNGEM ey > avyTlk, ZORERE EDITRLET.
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# fun powerUncurry (0, C) =1

> | 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 OHfEH int * int -> int I, FIEZEME L TRITI) BEZRITEBTH S 2 L 2R
LTWwET, ZHUIH L T powerCurry DTUER int -> int -> int 1, 518% 2 DIHFICZIFIND ¥
BRI THLI L2 LTwET, Lol oI ns@, ML CRRERERDTIEE, Z0
Bl b N 2 E £9. 21X powerUncurry I3 fun powerUncurry (C,n) = ... EERINT
WE TS, powerUncurry (2, 3) DX )iV T,

7.9 BEEERADNE

powerUncurry |3, HEG 2% C SiEOBL L AR TT. ML SRE0MEAIE, LM, powerCurry
X I BZ RIS Z T A BEBNE T 5 2 LT, TNZIEMEICEET 572012, 2 I2TML DR
KOBXEEBLTEBEEL & ). BEREOXRTIEIBBOMNM GEH) 13, BIKO518%E fHIITh A
f@)DEIICEHRL £9723, ML AL I LR OFEZ 25 LB EETIE, JUCBIsE 515
ZANRTE xDE)ITHEET,

KOEAZ expr TRT L, B, 28, BIEGEMZ &L ML ORESUT—iBIE, AND X)) 230k E %D
ER

expr = ¢ (EH)
| expr expr (BIEGE])
| s Z OO

Z ORESCHN O A CIBSGEA AN W 5E, ZOMEAETE2 Z03 2B TEETA. Hl2IE, K
WH D BORE expr/expr LR LB expr +expr ZEALGEEZEZTAHAEL LS. 2Ok, 60 /
6/2+1DkH3%X2@w25LETH, EOHEDELIITONL D T2 DRI HEETYT, D
B Clk, EHEED» I H B EAKL, ((60 / 10) / 2) + 1 ERINET. Tk RMBR
Z, HIDHEONSUT ThfeG, L, 2 2R LEOHXLD THiahdEy,, L5VwET,

I LYEIEETEHE L LBEEHZ b -EiECE, BIEEHICE L T TOREELZNHELH ) 7.

BIFCEM A3 A L, 2 DRE I3 b iE»

BIBGEUL RSB T 2 LRI N T WS DT, powerCurry 2 3 I ((powerCurry 2) 3) LRI NF T,
—HRIZ, el e2 e3 --- en EFEWAFUL (- ((el e2) e3) --- en) EALRINET.

7.10 SFEDOREH

powerCurry 2 313 ((powerCurry 2) 3) &SN &9 2 L, ML ST 2L MO EY L
HEHZERLTVWET,
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(powerCurry 2) IZPETH 5.

2D LI ML T, BIBUE powerUncurry @ & ) IZBISBEBME L 2@ U CER I BB 72T CTlddk
(7B T FLTELZENTEET. 2D X IHITRINAEIE, powerCurry DHID X I iz, i) 2 EHT
TET. 3o, HAHIEZMILOBEBICELD T2 eNTEET. HIZIX, MTDX)Ra—FzH
CIENTEET.

# 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 (W L CHERm I 17T, 2 OBI%S, BIE2 2 - THE R TRASCH B 2 L 2R LT E T,
DL EDHIDSREINEED, MLIZUTOEEEZRi>TWET,

B, BEM L 0T —% LFRRE, 7u/IL0RTIENTELMETHHY, HIIZZT
L, 89 2 TE5. FrcBBZ, oIS E L TRITMS I EXNTE 3,

I, 7077 A2 CERL TR L) W) REFEHIOTTH, ML 7027 v 7Dl b HE 5]
TY., BSER LD ZIM -7 § 2Bz SREDRE L WO R T

7.11 SEREOBHOFIA

ML T27 =7, DFDHARTL pOMER 70 VT I v 728 ECTH L #EIE, ERBEED
BEREZ PR L, SO ZMH, R2HAGHLE TV I ETT. oMo BEICIE, LREHIDN
PCIDFa—FYTALTREEZLDTIEHY TEAD, ZOHALERZEZ2HHET S LIZEE
ElwExd. 227, DT, iz, SEOBEBOEREAMICEAT2EI 2P 0FE L &),

B oA OMICEET2 Stz Mm L L BnET, ZoERM IO X5 AEUenE T,

0

D ftk) = 0

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

R DOBRIEL ETIOHERESHEE, bbBA, IO CREIN @IS b EHZ D
5TF. FE YR, f(k) OFEMANTE LTAHAEL & 9.
o Y EHHEEICR kon, f D3ODEEMEENS, ZONTEIR, 1250 ETEMTEIEEZETHD
ETH 5.
o AT f(k) &, GASNIARE D EBIB FISHLT FQ) + F2) + -+ f(n) DiEEERTAT
b5,

fiE>T, S i3 n EEERGIEE LBEZIRTREE f 2205805, S% D @EMEOBIE L ALy I LT
EE7. RO E 705 I v SORARLET S ML TR, ZOBBEZNTOX ) ICHEERATRETT,

# fun Sigma £ 0 = O
fn+ Sigma £ (n - 1);

> | Sigma f n
val Sigma = fn : (int -> int) -> int -> int
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Z D Sigma 2 AL, EEOHREBABOME KD 2 ENRTEXT,

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

EREOBIEIE, COLIICVEFLEYDKEEZRIT 2 LTRELNZOLET. EHLn 707 J L%t
BCHAPTOMLDOaA—FELTEETLTCLBHZHICOT S LTHRERRAT v 7, 0L FLF
D OftFEZEROBSE L TREHL, 2o 2iflatbe s, REED LT T Hiiz w25 —
T22LETT, BIKE 720 HTHHT L ML DS AT 41k, TORAIYANDTRT 7 L%LDES
KT E WA E T, ColE &b, ML OEEIBEZIEH UL, Bz 2T L2 EH S
BICEETLTW ZERTES L2313 TT,

7.12 ML IcET 2 FH=HEE

INFTHEATELED, ROMAGOE TR 7 L2 LT ML SiElE 7077 L2 EH5MN
WCEHS ECROBELASHEO—DTY. InFlg, S Bk & ofinHERE %217 ) BIEEFICHIHL £ L
7e0s, HET2EITCHIHLZEY, HEEMEIE, BRT2EKZCE2RIZ0EEERHAT LI LV LT
HO, IRLTEENLGEBE L TR FL2FH BT ZEREE LY, LOEWHTIEHD FRA

L, EHLEIELTO LD, FREMNBEFEICI > TURDERICKRELMETE 2.5, 20
Fh& i ZDFEFRUT2ODPEE L IFTTT. Hl2IE, ARIADSTEDT 4 AT VLA I TFRER
NTLEMEE, CThEFTICEHIPN TV INEZNZERT EHFE T 28/MThH D, BAENITE, 74 A7
LADNy 7 72 BEMMZ 2 FRENLEETT. T4 A7TVAIKRS T, B LD AR, JHF
DIRFEITRAT T 2 AR e SR BRIETT., ZDE», HlZIEH L AR T 04K 7 & oML,
I, YA IVDH 275770 LS, FHRENBZETNVTHEL 7’0 /7 L L7IEN, XVES
M7 Flic R 256 0N%WESZET.

CD &) R 70 s AR T DT RIT 5101, FhRENRUHEIFLATE 1T A
FRTY, RolaabeTca—F2H VLTV 2 ENEATH ZBBISEICZD X 5Pl S0
HAEAT L7008 RI L, UTD2oTT,

1. REZZTHTAHEEDE A, FlcHIT7-F4 2 7L A DERNFIR, HMRNICTIZF 4 A7 LA DIREE
CHAAIEMTEET, FRENL 705 L0HEARZ, CORER2LEHTZZE2L DIRLHEHBY
LT RRERZEDLETILETYT. Z00I121F, ZBHAGBELRT—Y00EE LD T

2. FHliNEF DHEE. T4 2 7L A DRAWNEDLEBEREDBEE D - 75y, 206 DWHINAFIC &> T
EDE) BBRIBHEZAZ0DRED 9§, #6oT, FhEh7nr 7 Lz2EH olcix, BHEEEDS
EDNIA TIN5 B 2 J0ak & HlES g L % D) 7,

ML 21, 206 2 0WBBREFEORMADTICEAIN TR ET,

7.13 ZTHEOEEBRAEY —t/IE2RKITSHRE
ML 2%, DUTF o LB HAATF N TVET,

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

val := : ’a ref * ’a -> unit



7.14. fERINE, 7ids & 45~ Rl 41

Ba ref i Na DENDZM, 2R IBTT. ZHMEBIFA YD LTT. Bfiref I, EEDOEDa
DIEZZITED, ZDE~NOSIZER LRI, BIE0 I, S22 235 iz k4B
BT, BAEC=13RAZITHIBE, T4bb, SREMEEZITID, SHPETHEZZITI - /2 EICEE
THRETT. UM, SR ZEH L 2R v > a v ol

# 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

ZozEM e, IREZSIAE U TR 2 2 812 X DIRRBICIRTE T 2 LB 7 £ OARBE I Fie 3 10 70 ALEL
T, WEOBBELTELIENTEET,

7.14 {ERIE, EHSENOFHESE

TSN ZEL 2DIZ 70 77 LK DOFEFTZ IS 205 3H ) £ 9. fHERTX%2HH
AfEbE¥T7Tu s 7 sxFOTOL EERIEETE, Fhhl7 v s 7 L0E T, Xofizked s e
WRIGL £, 2z, RO EFOET, ML TIE, ROFMIUTD LI RIETHHONET.

1. R, F—Lrvchiuk, EroGIEHiidT 5. 72 & 21X, (power 2) (power 2 2) Df, ¥

7 (power 2) HSEVAi & 41 2 Y 2 BIKHMEF SN, KIC (power 2 2) FHli SN 4 BH SN, Bk
I, 2T HBBUC AW I N, UBoNFE T, £, HEEOE, HEOMICHHi S E 7.

2. BIBOAMIL, SIBICEN S5 £ TRl S 17z,
I6IT, FhENBUMZEGICT 57012, DT OBRHMEXSHEINTOET,

expr =
| (expr; --- ;expr) (B G5 0)
Cexpri; -+ ;expry) \&, expri 5 expr, T CHEEFIZFHLL, REDK expr, DEZRITHLTT,

D EOFEIER D b & TEBRIZ# 21, THREWLUBEZ2BEEASEORMEA T, fHHIcEL R
TEET, LEZEH LA EERT 250, UToXkH)cETET,

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 FHEZRIHIE

FRe W BN 2272 L 2 AT, FhiENAaSECoOREREDFE & i X 2 BB DGR oBI%E %
RVE->TAHAEL &), REOEHEZMN Pt WAL, IRBOREZZEET 2 1/0 & EOBRED R
W RPEZODDTY, Zhold, FHENEREL L TREHT 20080580 T w7 aer s

LERDET, PREBMSETIE, INSITMA, V— 7254 £ O/ 4 ORIMREE S THt X 1 7e kg
&T%ﬁ%h%@uﬂbf,MLTif@ﬁ&AbﬁT%ﬁéﬂi? INEFTRTEEAD, ML TIE7
077 ARSI TR S R ICBIRO 2 LR TT 5, BEHIRENEFZ2ATRT ML OABIVES
WTHELSLT W 7052 F 7.

L2L, COMEZRPHIETT, COX) RFREMSETE, FHREIOUHEIIELTTHLS, BE
%R DB fact 1k, FHRTIEARL, V=T 2HioTUTO L) ICH S o3I E Mo £7,

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

return s;

}
ZDEIIN=7%FoTELIZID, FREMoLEFEH, & ZIEML TD

fun fact 0 = 1

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

DEI)a—FXORENTT, Lal, ZOFRER, BEBUESEORENZIEEIZERTLH0T
EHH EEA.

7.16 I —7EXRKEHIFEH
CHBRLAE (V—7) OFEF DAL
1. RDBEHICEZ (ZNZ2REEALE L TED) SHEOEHFIREZBEL .
2. it (D) FRZRFT27-0D0EH L
3. BrREDMETREZ R T 2 2%,

ZHAE LR WR EDF v 7 LN, INGEREEHT2a—F2ELILTT. 1060 ToOMEE
kb5

o IMHDFHFIRIE 1 s =i*(i+1)*...*n
o AR RARFOLH 1 s
DIRFEZ PREF S 2 &%

=(H18
-

EEZ, WmIREE (1 =0) 2F 2y 7 LEARAEHT 22— F2EH LHID fact DX I ka—FExnD
9. ZOFEZHIHEZL, @&@@%ﬁk@%»—f&LfiﬁF?’&ﬁ@%i?

COEZNE, FREHESHBIIREOLOTIIH) XA, FHSMFETIE, REERZROERL
REZFIHT 2EHOMEEZETL 2B 6L—7LET, ZOEROEEL LTI,
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ZBDOBUED 2 ZITIY, H Lz AT % Bk

EEZ2E, BB EHROHTZUIOBKE R ET. CEiED fact B cRBINIV—Ta—F
3, UFO ML a— FCHEBRTEET,

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

fun fact n = loop (m, 1)

2D Toop BF 9 FIATEH ENFOMIT 721 O BHAMIECE ARG L IO E T, RBARHE, THEEHEHED
V=7 L DA 2 % 34 L SR K CRTENE T,

717 letxX

ML 7R 77 2 v 7 OHARIL, HrORXEZERL ZNS A2 THAGDE T ZETT. I
FCRTELHITIE, AHIETRTE Yy 7L VICERINTWELL, L2L, KERTu /74T,
—RICHEH T 2 SO AR L 7D, ZNOAHTZEHT 20803H ) £7. HIZIE fact 13, by
L NVITEFR S L7z Loop Z2fli o TEREI LT X8, ZOHANNE fact DERD DL IFITHAIN
72D THD, OB TIIRD L — TEBDINETY. 22T, ZSREE DI D AEE T 44T
DA a—7 (G%h#EM) ZHRcEhE, LOBEHIUEELINZZa— AR ET, Z20kdi, B
T let EXBHEINTOET,

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

let & in DfICIZ, in & end DROTLE I TCHLESRE T 7. Hl21LX, KEFRD fact B
BEUTOLIICERL T,

fun factorial n =
let

fun loop (s, 0) = s

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

in
loop (1, n)

end

718 URKNF—4H

ML 7u2's I v 7k fHHINZEET—7I1ZY A b LEELSHEIETT. VA r2HwE T a s
751213, ML 70277 S v JOREARTH U TOEENREGEFNTVET,

o HIFINT — % D4R & JLFR
o RY—VU2yF U X BTF—IEEDSE
o ST ERERE %L
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Y2 ZHWTINOEEEZAY—LTEEL &),
Y2 FMZEEZOWNTT, ML TR “[” & “]” officBEZEORZERE L, VA FDBNEEINET,

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

ZoRIF, UToXOMEHETT.

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

DR EZ DFHiFEREZ ML EL X 9.

ec :: LIFEFELZER TR e LYRAIZERTALD2S, YAFLORHEHICe ZHIIMATHSNE Y X
~ &Y 5 3,

e nil 134D Y 2 b ZETERK.
o int list I3 int MZHEFE LTV R 2HRTH

7.19 HOEAHFHEDFEA

ML 7027275 3 v 7oL, RZ2HAEGLETWLILETLED, bLAALLED L) BHlAGHLE T
LIHINIDLITTIEHY A, ML T, 7075 %2R T 51, UTFOREARFHNCELET,

RIFRPEL VR HRICHAGDEE 2 L2ITE S

V2 LDGEEINCZDFEZEZEZTCAEL L. YVRAMNE, ZOBEEZEORICHIBIZHH FHA. EDk
IRMETHN, FLCDHDEFA—DYARAMITAEIENTEET. UToONER Ly a3, LD
YR MEREELTHET,

# 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 (3 ZNZENLFDY R b & XFFNZHT 2 BIBE X OSCFH 2 7D Y A Iz
5B TY.
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7.20 ZHBZFOREE

FFUZEBIEL WD BHICHAGHLE BRI ENTES ) L) FEHZREKBICELT 20120, e
AbEEEBET I, a2 ORICRIGL TV AH0ENH ) £3. wiffio ) 2 b 2T 2 B% (HEE
T) BN OMED T

# op ::;

val it = fn : [’a. ’a * ’a list -> ’a list]
op l&, TEMEETZBLCEH OOl ) 720 DFHEETT. 2oL, 28, RO a L ZNEHL
Bloa OBEEETSY R a list #RITMW-T, aDBEELET B Y R ba list 2 RTEEEZERL T»
F9., ZZCflibnda MTEEORELRIAETT. £/ Da.-- 113 TIXRTOE 2 12OV, -]

TH5, LORYZERLET., X)L E2ER, ML OMDT—5ICHMTE 28%% ZHERY
EWUET, 518, oS MBEBzHAGDE TERSNIELOUTOL ) ICEMEZRE £,

# fun cons e L = e :: L;

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

ML i, ROfAEDLEICLEZ 70l 7 I v 2 RRBICVR—FT237-012, BEBERICHNLT, 20
BID D - b N RHEWA2TTL %, ROD—MRWGBZBEBLZHARL . DUTORBBESRL2E Z
THFEL &I,

fun twice f x = £ (f x);

COBIE, BIEEBIHAEZIRD, BRI 2MENL $T. C055F0EELLE, LT
Pk R BRI 2 FF S CH B LR TE S TL £ 9,

[’a. (’a -> ’a) -> ’a -> ’a]
EEE ML T TO L) IcHwmINnE 7.

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

val twice = fn : [’a. (Pa -> ’a) -> ’a -> ’a]
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H8E SMLADIIREERE : LI— KRS

AREEPIED AT T, SMLATHEA I 17z Standard ML DOIREREBEEE % 612 W CHIA L £ 3
FPAETIE, La—FEMHE2EEE LML TOLa—F 2wk 7a s 307 %2%0%9, L
a— PR, Rl HnEERE < ix e <, ML @JEHI TUERIPSIE L WR D AfHICilAGbE 2 2 LH8
TE3 ) IfEoTLva—FEzagt7ar s v 7279 Lol ABERE 3. Standard ML 1213 Z DR
BRIFTBD, La—RFoREz2ELLEZMLAYAND 70 Y5 A0 FHITEFLATLEL, ZOHH
o, AETIE, La—FOFHWAZELL TwELA 7, La—FolEE»S¥0FL & 9.

8.1 LIO—K#EX

ML TidL a— PRGN OSGETELRL £7.

exrpr n=

| {li=expry,---, l,=expr,}
7 OV ERESSCFAITY, La— FOERDHEHapl 2Rl £7.

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

1220 E 28k L7 BT 2 7L E LTHROL a— R, fHaBeMRshille LTRRSINET,

# {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

DARGEE 7.8 HiiCHiAH L 72 205 1 2 D BI% L powerUncurry (n, C) DL I ICEEL £ L7742, INHEF
IRV ELTLaAa—FORZITWEZ E2RLT0ET,

FRUISTRIE L IR Y HHICllAaAH©E S 2 8 TE S, w9 ML OFHNCHE Y, La— RoZEEIC
E ML TERCTELEREOMEEL I ENTEET. o C, La—F2AERT 2% L TS, YR
F DG L RIS RS 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]]

82 74—ILREOHULEE
La—FRicyd 38EIZ, La—FD7 44— L FORHYHLTY. ZD-dIg, fHAAARBE

#l
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DHEINTOVET, ZOBKEI IRV I Z2EHLa—F2RITD, ZOIVD 74—V FOfE%ziR
TEIBTY. ML OZMHADFERNCHEZ I, TOBEUIZ, SV Z2EDTEDOL a—FELSZD7 4 —
VR DEDRINDBIE T, SMLATIX, YT L) AMsHfwmInEd.

# #X;

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

KB a#{X: 70} 13, WAV b D7 4 =V F X 2EUEREDOL a— FRIZRET 2 ALK TY. 1E-T, e
N, XZEUAEEOLa—F2RITED, XO74 — L FOEZETHEEAZELELTED, #X OH)
EZ IEHEICERB L T E T, oK@ 2T L £7.

##X {X =1.1, Y = 2.2}
val it = 1.1 : real
INOHEEAZ GBI L TIE, Lva— FIcBT 34 HERI N E T
# fun £ x = (#X x, #Y x);
val f = fn : [Pa#{X: ’b, Y: ’c}, ’b, ’c. ’a => ’b * ’c]

CORBUL, BIBUCHLTXEYD 74—V FRID LM TON T35 70, jlEiEduiEtdbIng 2
DD 4 =N FEEGLLa—FThFERD E¥A, SMLADHERT 21U, ZOMWE % IEMEIC L
b R LT,

83 LaA—kFNY—Y

La—FD74 =L FROHELIZ, R¥y—rv=vFr JOBREZHACTHITI) 2 ENTE Y. Standard
MLICIEU TRy — v BEENTHET,

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

BOYIDNSY — VIR ESINTL 74—V DR oR5La—FRiie vy F T3 -, 2BHD Y —i3d
Tl EDRESIN 74—V F2ELLA—FIZevFTERI—=TT, 74— FE74—IVFHD
ARELZEDTEET. Z08H, 74—V FHRERUEBEPEEIN/bDEALINET. DT, L
aA—FRy—vzHwle7 4 =)L FED L OHITT,

#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 £ = fn : [Pa#{X: ’b, Y: ’c}, ’b, ’c. ’a -> ’b * ’c]
DL a—FRy =i, oy —v LA DE THHATE T,
# fun £ ({X,...}::_) = X;

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

ZOHITIE, X 74—V FZELLaA—FDYAMDREDL I—FDX 74—V FDOEHZIRL TWET,
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84 714—ILRODZEE
SML#E#ETIE, UToMXIcLk3La—FD7 4= FD (B%N) ZEPERINTHET,

expr =

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

ZOMXIE, La—FHRerpr DIz ZNZIURCESINMEICEAE L HEoNSLa— V248K LET. 2
ORECE, FICH LWL a—F24ERL, bEDLa—FREEINETA. oS ML OFoEH]
e L a— FEMtEZ2{FL 3. DT, ZoMCECBEEod & Z ol OH 7,

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

COWEXELa—FRY = EZHAGOLELUTOREOBEEE, La—F2k) 776k EgLT
2AFAALEEZET.

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

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

BY%( reStructure 1, fEEBL 2 —Fp ZRITHLYD, Z?D Salary 7 4 — )L N % 8.03% AT %I4T
TGRS EI NS LB, ZOB%IE, Salary 74 — 1V P2 EUEREOMEERE L o — FICEHAREZ,
NJH DRI L > T E T

8.5 LI—KZ7ATSZ2JHI

ML a— FIHEHFEKEZ o758 BHEDELE ZASMLAL2H Y FHAD) TIE, La— ik
HaDBRMHICERLLEY 2 - D7 v 77 A ERILRITHEL T ETRERRBMERD 7.
T ko T, SHBEBIC X 3D 3 7Fa 75 L0, KL 70 75 ARICAT— LT 5 kI I
7hET.

ZOEIBHIE LT, BVRERCTHET T 20h%E 70y T 2845%F2TAHAEL 9. Wik

BEIZEREECRE T2 L LET, 2 LT, Uik, BIEMEZR T Xireal & Yireal D7 4 — L F B
EOREEZRTEZELL 3 —FVxireal L Vyireal D7 4 — L FE2ELLa—FTRETLILICLZF
T, INRFEROTEITIE, KD Z 0o EiEoihd & 3z, Bkt EE2BET 2 %R ElT
X7, UihoEEN, Wik e BARRIREEOMEICBEI S $ 2% tic 2HE, ZoBKEDEL
RO UEFEBITE 7.

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

D7 O IC I Z 1 & LET, BT EEZTOUEROBIIRY MLk, ZRFROEED N kL
DERTTH S, XhE Y OWTHOLICBEHZEE Z N 2GR T I WIET T, ElE, 20nz
NHEDNE IS, BRI H 72 D OB, > DEEZMA UL X DT, XEYTHI Y BTz n
zn, Mok yica—FTExd. (el y > a vy oM EHITIRL £7)

# 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]

RIZ, ZNFNOEGIAOEERZZEH T 2 2ES 7. XHFmIEEES 2 L, Y5 EinE
Iz Xk AEEINEEER % T 2 B A OKI, MEOZEEEEME, MUTo k) Icffiica—FTEET,
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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 I\ DT, AHETTD, ML LGB L T EREROEHICERN T,
HANL R O Z kD 2 B8 tic 1X, M EOBBZEZGR T2 Lick> TN E T,

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

DXL TENAETO ST LIFEY 2 —WEICEADPORIRETRERL AT L ERDET,
ZAE, AKFETT R O JRD U IRAE DRI LT 10%5HA L T {E il 7 £ b, accelerateY #

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

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

LB 51 THBTE £
2O vic BEICH LT, AEIO HIECH AR S 1, R & RITIRIEE b D IEEOYkICEN
AT,

8.6 ATV VhMDRR

La— R4 DOT = BEDOERDIERTH D, T—FIR—APT 7V =7 Mg Tw 730 7%k
EoffibhTouEd, HI2FTCHLIFHHAT2ED, SHL a— FEEZERL, T X—2DM0éH
HEEESQL 2% LB TML SENICE — AL AICDAL I ENTEFT. A7V 227 MEA7 1
772U ICBELTE, HEETAREL SO, ZOBEETERICERTAIEIITEEIEAD, 47
Yz bOBMEICBIL L, ML a— P TRBTEE T

A7 b, REZRDL, AV FRL P2 Ay =L LTRIID, A7V 27 b DET S
FADNIET B AV y FERBLIREZEHRLET, 77 A, Avk—IioGRECHINLE XY v
FEATTH S, BBOLa—FCRETEET. 2V v PR, 7Y 27 MREEZZUIY 20
ZHHTLa—FTT, HlZIE, XEE, YEE, Color JEM%Z i1 pointClass DA 7Y = 7 F £
ZEZTCHELE). A7V M, HIZIR{EX = 1.1, Y = 2.220 X9 &L a— FADZHZNIRIC
FOoLLET., 728, EXVYFRIRIDATV 2 M % self & LTRITMOBEHT L5 RTETEF
T, BIAEXEEICH LWz Y FT22AY Y R, MTOXIHica—FTEFT,

# fn self => fn x => self := (!self # {X = x});

val it = fn : [’a#{X: ’b}, ’b. ’a ref -> ’b -> unit]
ZOXYy P, XEGEUEEOA 7Y 27 MCEATEEY., InoxXYy FigxYy FazMITTL
A—FIZL7bD2 77 ALEZFT, HlZI1E, pointClass IFMTD LI ICERTEE T,
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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})
}

7TV ME, AvEe—YRRZIFED, TOZ5ADOHENREXY v FAAL —FDOdns, WiST 5K
ZIEIRNL HooREBICHET T 2% d. BEEE LT#iicEs ML TIZ, MFTok)ica—FTx
E3c

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

end
Color EMEZ DA 7Y =7 M bFHIRTT,

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

end
CDEBEDTT, UTOII A7 =27 MERMAYANVDa—T 4 v IBUEETT,

# 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

BREDOBID X912, TEREEHINAHF 2y 7 RSN T T,

8.7 ZHNVUF7ZYMNDFRE

La— i, SERICAZ T - METY. oGO 2 2 THEZIC 7 NUFE Y
TYERBHNFET. ZLOFICE>TMEANGEIR L BN 723, BHELIhIEEIZL a—FLiEiE
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H—Tbhbs7:0, ZHL a— FRRETEIUL, LHANY 7Y FPLRBETEET. LH AN 72 bk
DHDIF~DSHEIZ, T, 20FZFE a— FHlzfEHRICENL T,

La— RN EDT =Y DEATHZDICHRHLT, FUMNENY 7 MR, AFfEOUIEDE
ADFTTOUHIER T RVLDOVET—F LEZ LT ENTEET, EITHEER LR O D7 —
TP nwGEEEZET. FNEFNOT =Y UL TR LR ETHIS, T—FIZEL 5 DR
FoEERTY T (K1) 2HIET. NS T —FELMBIKE HICHEATE 3 X9 ICT 2B S
NYFZYRTT, 2, NUTYRF TR, AV Y FEEPSEHY R XY vy FEECHT XL 7Y L%
Z5E, ZHHLa—FE2HoTRETEEZT, A—DHD 20D ZNFTNDMEERTOREIL, § 21X
Tokdica— FafgEcT.

# 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]

DENYTT 2L ONYT YL, 7T 2T ZXYy FAA—F 2D, HIHHIZZ DL
ZIFOHTTIA 7Y 27 P ERBILET. & Eld, DELUHZ ZNZNORBUIGL THE, ¥
JEC AT Z b oL a—Ficdud X webir oy, S, EHRE»60Mi2iHE T2 XY v FIRHUTO
L) ICHBTEET.

val distance
{
CPoint
PPoint
};

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

SNV T YT =8 %XV y FAAL— MBI LICk> TRETE X,

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

Tk oT, REOELZT—Y DV R E2 S MHBARKIC X > TEEICNIETEL L) ICR D £,
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FIOE SMLADILIREERE : ZDDED:

SML#TI¥, La—FEMEImz, UFD2008EE2 L TwET,
1. 77 1%
2. H—tDF—nN—ua—51 7

AETIE, INOHEREZICHHL £

9.1 SV 1%L

Standard ML O ZAEIS 2 5 LA DHERTE 3 L HAIZ, TR TOLHBER D R D IMICHEB I L 57
<Y, HlZ IR

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

val £ = fn : [’a, ’b. ’a -> ’b -> ’a * ’b]
ORI NE T, SMLATIE, D& ) RBBICH LT TD X I %22 b LS 2 iR mThE I
R L TV E T,

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

val £ = fn : [’a. ’a -> [’b. ’b -> ’a * ’bl]
oML, 2a b LTHh2Mr 22T M- TEHHBIE ['b. b —> 7 * *b] ZIRTEIEM ¢, FEE, DT
D& EERZ LET,

# f 1;
val it = fn : [’b. ’b -> int * ’b]
# it "ML";
val it = (1, "ML") : int * string
RZEE % ¢, MA2OBICA Y A8 Y ZERTE L VAR Z 7, £ % ¢ THT &, Standard ML &
EOLMHMIEEE X ZUTOLIICERINSE T 7 0 LI AT,
T ou= t|b|ToT|THT
o = T |V(t1,...,tn).T
UK LT, SML# Tt R ZHIE, ZHADBB O BDOMELAOALEIZC 2 2 & 2FF M
TokI%7v7 1 EFENBZHITT,

T ou= t|b|ToT|THT
o = T|V({t1,...,tn)T| T 0| 0ox0
COPRIE, bEdELa— FEMEORERNLERLZ BHiG L 28NN AR TH D, #ike ML ORI

FHOMHATIIFR EEIZH D FX¥ A, L L, Standard ML OSETHRCEA I N EEHEEERO b &
T, EELSBRE Lo T0WET, RETCHEEMEE 7> 7 1 ZHEOREZ MBI 7.
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9.2 V7 1ZHKEICLBESHERKIDOREM

ML D% 25 1%, B 1 I3HCHEALTFHENEREZEAT S &, BEEPHNS Z Lo
TWET, FIZIESHIER T ref X, TRICHOSIHEZESL Z LN TEZDT, ML ORY 25 LD
HIZHE W F A =T ICEAT R E, UTDX ) BSMHAlZEH >k clvwxd,

val ref : [’a. ’a -> ’a ref]

val := : [’a. ’a ref * ’a -> unit]

L2L, 2O &ML OEHERZFHTTEE, UTDXHIRa—FBRHEITTLEY, B RT
LI TEVNET,

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

val _ = l!lidref "wrong"

F31f7HCidref OFIA [’a.7(Ca -> ’a) ref] EHEEINET. ZOFUZ (int -> int) ref £ LT
SEEHTE MY, i, RAHEF =L ZHBMZEL 325 (int -> int) ref M & int -> int
RAEZITIS ZENTEET, o T2THOMMEL S RN T SNFETINE T, ZON idref Off
13 int -> int OEANDOSRICAEIN T E T, ZOHRIILEIOF F [’a. (Ca -> ’a) ref] T,
P> T3ITHDOMDIEL K, EFINTLEFWETY, ZofiHIE, BMNEEI I I EITR
M-t %9,

ORIz BT 5 721z, ML TIZ,

LM 2R 6152 N EC R 5

VLI EEMERRIPEA SN T E T, H e, SERETEINGRDZ L Th Y, EEREK, B
Bl fn x = x, 2ol ETd, BIFERH L 2179 RIERTIIH D FHA. 72E& 21E, ref (In
x => x) 1Z7V T4 7 ref WFOHINETLLMEATIEH D A, oL >T, BEEFOH
L OFEFICEAAT 2 5.2 2 2 ekl an g 3. Zuck->C, 2RZEY AFICSREZ &T ref (fn x
=> x) D& BRI ZEFTRARD, Lo EEEIToNE T,

SML# S ZDOHIFIICHE > TWET, Lo L, SMLATIE, ZHBNHOBEESLEB ORI s
Wb 5252 EDTELRLD, ZOMAFRIPRESINIbDLERD, =PIk > TKRIEICZ DHIFIH
BHIN2R3H D 3, BIZAIEUTORBER LBEEZATAHAEL X ).

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

Standard ML Oy 2 5 AClx, BI% £ 1213
val £ = _ : [’a, ’b. ’a -> ’b -> ’a * ’b ref]

D& BEMHUBHT-Z6NETH, ZOBBOHEM £ 1 ORFRICHN 2 HELZHORM 2 2 LI3H
SHERFINCK L ET DT, glic3 Sz 522 2 L3 TE&FHA. UKL TSMLATIE, v 7
1 AHMEIC XD, ZOBBUCI TR SHimInE T,

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

CDREROIBNKR L THER S -, BIBCER ORIcHER SN b0 THh D, BBET DR RIC K
LCH#wmEINb0Tiddh A, Mo, BBEHORREIZZDLMHIIZ a DEBEOEIRA I
DTD&I) %M 9,

val g = _ : [’a. ’b -> int * ’b ref]
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9.3 HE—HA—IN—0O—FT1>Y

ML Tk b AAREE L, F—N—a—FINTwET, HAIE, INEESE+Z, int, real,
word 7z L2 MBI HHTE £,

#1 + 1,

val it = 2 : int

# 1.0+ 1.0;

val it = 2.0 : real
# Owl + Owl;

val it = Owx2 : word

ZD+HILAHBIE L B, B I NBEIC L > TR T 2 H0AAER (EO#lDgA Int.+, Real.+, Word.+
D END) MERZINE T, Standard ML TlE, ZDOF—N—a— FEREIZ v 7L )L TR T 2 BRI
BEoNTVRET, by 7L THA—N—0—=FPEHE L 2o, a4 735500 Ok
DoNFMEERL £9. Fl2E, B

fun plus x = x + x

BERTZE, HETOF—N—0— 2T 27200 x ICHT2RIERI V0D, HoLdkd
LT3 int RIDNEIRINE T,

ZOWIEIE, T—F R=ZADMALEEEEZY— L L A AL BT, KELFIREARD £9. SQL
TEREINTOIHEL DHDARFHED L L 1X, T—F R—ZADH T MM TI 2 L TF— " —a—
FEnTwxd, Zns0EETOME TTSQL ADBELN R TIRELTLE ) &, SQL DK
HEDRbI, SML#ED S T —F X—A % FIZHEHT 2 EToRSEZT2ICE»T I ENTEEEA, £
CTSML# T, A—"—u— FINEE T2, HRoOBEE RARICHEHTE 282 EAL 0 E
T, A—N—p—-FINLEHETEZ &G, 2 OEHE TG LRI LTSN 3. 4
ZIXBIE plus KR L TN D & 9 BRI T,

# fun plus x = x + X;

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

Z DA%, BIZHa I int, word, int8, word8, int16, word16, int64, word64, intInf, real, real32
(int16 L FIFEBIN TV ET) DffhrZRAL 2B o822 OB E LT TE £9, BIZH
AMEI T aHlF: :{.. . 3, A—"—v— FEHE I I N ICHIRD S 2 7 D DflfT 7.
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F10E SMLHADIMRERE | C EDEEEE

SML#IZ, CEIELEDY — LV AREEZHEELZ YA —F L TwE T, CEEIFHEELOT AT LR
SETY. OSPRET LS AT LAY —EALED, CHEEDA VI —T7 24 AL LTREINTVET,
SML#ATI, I oz, Rl 74 77 ) %2R T2 2 L K EENMAT 2 8T ET, A
fiicik, ZOMMAGEEZENET,

10.1 CEAHOFERDES

SML#%5 C S TEHIrNBEEAZMOH T 2oIcdEa— X, ZOMBOESOATT. 531F
DT osGEcitd L £ 9.

val id = _import "symbol" : type

symbol ¥ T % C B D 41, type 132 OMOFATT. BHIZOWTRHRECHHL T, COES
k5T, SML#2 V84 513, CEBETAV A NENLIATIVRET TS 27 F 774 LDHFD
HESINI AN ZFFOBEE Y 7 L, SMLADEK id & L CHIHAREICL 3. Vv r7koa—Fig,
SMLADEEL T3 0S DY AT LMEEDMEONH LI Tw 2 b oThiu, CFiEbsca v s
ANENLLDTHOETA, DY Y 7iFarv LU fTbnE T, #->T, ZD import 3% &
BSMLA7 U5 06% )y 7§52 EEIE, symbol B2V AR—bT 554757V FERBA T2 b7 7
AN%E SML#Z R 77 L) v 7T 208350 T, 72720, COEHET L 77 ) D—ff (Unix £
OS Tl libe, libm) % pthread 74 77 VIC& TN LB%E, 20574 77 VIZ SML#Ea V84 I
WICV v 73 50d, Vo 7oRERLIEAT2I LR TcEET.

COEHFIE, valHES2HIT2LEIARGETICHS I EDTEET., ZOHEFTERI L SMLAD
R id 13, SMLACTERS NI FAMRICHEMN T2 L8 TEXT

Bl ZIE, COERES £ 75 ) TlE, UTFOMEBEBERESNTHET,

i)

int puts(char *);

COBBUZ, XFHNEZITIY, ZO3FH E ST R BN NICAI T LI TIREBZIE L £ 9. KR
fEIZ, IER R SHIFEL 723078, IERICHIE T E 22 7B 3 BEEUE S EOF (BRI 72 fiH 1 AR IR AE.
Linux Tl& —1) TF. ZOHIE SML#TIE, string -> int BUSHIEL 3. ZOBBZEHHL 20
#iF, UToXkIIcEHSELET.

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

DX HIT, _import ¥ —7 — FORIC C FibBBOAHI L MEZEHF § 27210, @O ML BI% & [tk
T2 2 EnTEEY, DML, WiEHte v > a v COES EAHOHITT,

# val puts = _import "puts" : string -> int;
val puts = _ : 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."];
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I

became

fully

operational

in

April

2nd

2012.

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

OB SEREIND EED, A A= CB%KD, ML 7027 2 v 7oAl TRIZRIDNEL »
RO HHEICHAGDE S Z 3 TE S eV, SMLAD 7077 ATHHTE X7,

10.2 CE#HOBR

SML# 72> & FIHA[EE 72 C B%E, SMLADHIY 27 A TRBTE 2R AR OBBTT. _import H S I
&, A v A—132% CEEDLENIIMA, 20O CHBDE%Z ML 74 7 %ilECiti L £, val H5T
HZ o280 CRED R I N E T, ZOZHDMIE, CREBDMD 6 AR S 17z SML# D BIEI
T, DIT, _import HFEICHC C OBIBIIOM X L, ZiUIMIEd 2 ML OBRIOH <Y 2R L £7.

_import HFICIFLA T DI T C FREOBBOMZHZ £7,

(7—1’ T2, """ Tn) -> T

I n D 1, 7,..., 7 MOGIEZZIIY, r MOMEZRTEBZEL . 5B 1 >DHA&IF5]
BIA L OFERZEBBTEET., I ERE D EORICMIAE T 20388 L £ 9. BB HZ2Mb 21T
WS wiGty, 518 A ORI 2EHEET,

O >

BIBNE D 2R S 2 wiGty GRDEDOIDS void DY) , IBDEOBE LT O 2HEL £7.
(11, T2y *++5 ) => O

C BB ZR DI A+ 2R 250 3L F Oz v %7,
(1 5 Tms oo (Ting1s o005 T)) —> T

iU, mEADEEDGIEE Z Ui < 0L oA ZEME D5 5% B2 BB ORI ¢F, SMLAIZAIZE D
BIBEI B R —F LTk wnicd, ARG 55800 A FSIEETLI2HERH) T, Zoid
Bx, WIEBIBY A M T, OB EE AL EEELET.

CRBD5IHE IR EORICIE, CORUIHIGT 5 SMLADRIZIEE L £9. MUT, CBEEDIIE
BXWRDEICE T 2 SMLAOR %, MHAEMAR & WO E 3, HAEARICIE ToME &R E T,

o IntInf R B THOEEM, int, word, char 72 &.
o ETDIFHI/NEEETY, real, Real32.real %2 &,
o WEDHINRETHAEMARITH % &k 5 AL, int * real %% &,

o WROMMBHIENETH 5 &) %7 FH, BHIR, X ref Bl string, Word8Array.array,
int ref %% L.

IS E C OMOXIRIEE L L Z T O@) ¢,
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o BHUNE X OTFE NER BT D RNIGIZ LT Ol ) T,

SMLADHAEME | Wid 5 C DR fii%
char char C @ char [AER, fF530BRICHEAFL T
word8 unsigned char INA FE8EY P THEIEZRELFT
int int I RERD AR LR E S D
word unsigned int
Real32.real float [EEET54 TR D 32 €y MZEV/NSURE 2 IRE L £ 7
real double IEEE754 6D 64 €y MZE/NUREZRE L £ 7

o 7 vector MEB KXW 7 array i, 7 RUCKIGT 2 C OMAEER L T 5 HGI~D R A > & BIxf
JGLET. array MORA VDT HROIMINE C o HZWMZ 52 LW TEET. —J7, vector
BORA VI DI TEINIFEHZ L2 LT TEERA. ThbE, vector BUITHIGT 2 CDHRA
VEINZIE, RA VI DI THROT—F DRI const Bl 73 & £ 7.

e string |3 const char M2 ZHM L T 2SI~ D KA VI RUTHIGL 9. ZORA Y IHET
FDBANDEARITIINT ZNVLFBA> T E T, > T, SML#D string BOfiliz C O X Vi
XFHNANDHRA v F E LTSS ENTEXT.

o 7 ref B, THICHIET S COBADRA VIR L T, A4 VI 2MFTICIFESHRZT]
B EER 1 ORTNHH £7.

o MM 7 * o x T 1E, T, L, T IR T BTID X U N—% Z DIEFR TROBERAND R A v ST
WL ET., 2OFRA VIR THROMERIICOOHEMHMIL I LIFTEEYA., ..., 7 D
ETHURZSIE, Z2ORE2EEMLE T IRI~NDORA VY ZIZHIHL FT.

CBIBUC I, SMLADIENZDE F DI TEINE T, CREKDOIOH L DRI T — ¥ ZHnfrbins 2
EIEHD EXA. fE>T, SMLETE-ZAH %2 CBAEIZIE L, CBASTEEL, 2D % SMLAMT
WMOHdZenTEET,

C %k, 5150 A b2 E 32 ML oBRIceMf o, 2720, CBEEDIIK
IR I E T A EERTICE, UNORNHh £9,

o FAIMISAIRLZ L, C XA ¥ F UG 2 AEMNEZ, CBIBORY HOME L THET 5 2
LIFTEEEA.

A VA= FTEL CEEDORPL, SML#E C OROBROFEMIZ, 5 IO 29 A S 230,

10.3 EXWEG CREABD 1 > iRk— kol

W OPD COERES 4 75V ZA Vv R—FLTHAELEI., £7, A vA—+T 3 CEHD 7 n
FYATEERHELET. CITCRUTO CEHEZA v R—FrT5ZLICLET,

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

int rand(void);

KIZ, BIEE LR EORUC G 2 SMLADH AEM L2 HvT, SML#7'1 77 AHi _import H.
BeEIET.
val pow = _import "pow" : (real, real) -> real

val srand = _import "srand" : word -> ()

val rand = _import "rand" : () -> int
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IN6D CPREEIZLLTOMOBE%E LT SMLAICA v R—FINET,

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

val rand : unit -> int

AIZERGIEY R P oitdz Hviud, printf(3) BBZA v A—1+T252 L AT, printf BIED
7a by A TEERUTOE) TT,

int printf(const char *, ...);
Zo7a by A4 TESICHIBMT T, UMD import H S T printf B2 A v A —F L £7.
val printfIntReal = _import "printf" : (string, ...(int, real)) -> int
Z @ printfIntReal BIBORIILI T D@D T,
val printfIntReal : string * int * real -> int

7L, ZDXIHICLTA K=} L% printfIntReal BASZ WO TBZ, = DHE 5150, MO
B UCBEE R/ INEUS B E COIERCTERT 2 X9 RN 74—y b THIMBERH D T,

RA I RE IS 2MHAEAR O o ICIZFEEBINE T, CFETIERA v I518%E, BERA
F=oEESREL T35 L, BEROMEZ AN 7T 5200 X Y) fEEZ R THAGOMTICHC ¥
T, KA VI FIBDECTTDENC K> T, MNT2MHAEAIIELZD £7. >, K4 v yHD5]
BERHO CHEEA VR T35481, 2070 b9 A4 TES2H2E23TEL, Z2ORAL VP51 BD
BWE =2 7 VETHR, Z2obAFICEL NS T 2 HIERARZERNT 208N’ H D 7.

RA VI EBIBICHS CREEZWS DDA VA= LTAEL 1), HZ2E, CEETS {75 VEIK
modf 24 VY AR—V+FTBILEEZLET, OB YL TESEDTOED TT,

double modf (double, double *);

ZOBBDYGE, BEIBDOFRA YL, FHEEROBNEEELET. o, ZOBKEAL E—1L
T5EEE, ESHRANELMEZFHOMERNZE G BB E L CEELET.

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

char "D R A ¥ FHRITIZFHOEREDSHETY, CHETIEZOMZ, XV XTI 2 LT E LTiis
720, ROMNHNZG ANy 77OBE LCflioZ) LET, B, CEHES A 75 B% sprintf 25 2
£9. 2070 b IA TEHSEUTOMEY TY,

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

22BN B char ~DXRA V' 71%, FHBIEIZHE NNy 77, B HIBIEINVKEXTIEZELET. 2
DRA VIDHEONTTDOBEBGIZHE ST, T05 2200 RA AN R 2 HEEHARZ YTz, UTFD
XA v A= LET.

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

ZZETIR, CHEMES A 7T VBEEEMIC, CRBZA vV AR— T2 h5E2HHLTEELEL LaL,
SML#Z, 22—V =T\ CBIfz &, MEDCHEEEA Vv RA—F T3R8 TEET. SMLADS
I —H—FHD C B HEERDOZ I SHME 225 10.3 IR L F7.
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sample.c 7 7 4 )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 1 b

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

¥ 10.1: KEEAG Bz Fi> 2 — 3 —E 5% C BB OH L)

104 EMU>I753473)DER
INECTHMHLZ CBBES
val id = _import "symbol" : type

\& symbol DA ZFFD C B ZEHNICY 7§ 2481 TT. SML#Z, ZOES 27 0ur70%2%
TPz b7 AN ary LT B, CBBDOANTEZ Y U AIZ X > TRRTRENTHE L THEHR
LET, CBIBURY v 7R SMLAD A 7P 27 b7 74Ny v o7 a3, WEfle— P 14
HCHHT 20y A LD L Ao THEIN TV S, ZOHESIIWGEHE— bl
EE

L LAaDs, FTRHC L2000k I4 77V 0A E2FH L 20WEAR X, Zoilisy
YOI E FH A, SML#IE, 20X BEAELMCTELZHNY v 7EBEEMUTOEY 22—V EL
THEELTVLET,

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

I B%E, Unix % 0SS TIREHESIN TV ERRILZDI AT LAY —E R LAZEOEEZ b > TWET,
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samle.c 7 7 A )L :

int f(int s) {
return(s * 2);

¥
EXEE

$ 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: CBA%DENINY) >~ 7

e dlopen i, #7477V DA4HIZZ TN, HGFIA 77V 24 —T L £,

e dlopen’ |, KDt A — 7 U IKAEZFEETE £, scope & mode lF, OS DY AT LAY —E R
dlopen |Z#Z #1Z#1 RTLD_LOCAL, RTLD_GLOBAL # X (N RTLD_LAZY, RTLD.NOW Zfi&E L £ 7. FEL <
%, OS @ dlopen BN 2 =2 7N ZZHZE 0,

o dlsym ¥, dlopen TA—7YENIEIETA 75V T4 75 ) NOBIEALZZ I, Z OB
~DRA VI EELET

e diclose ¥, HIF7A4 77V %7/ u—AL£7.
disym CRINBZBAERA v & 1%, DITOMIZ X > T SMLADBEKICER T2 2 LB TEF T,
erp : _import type

exp 1%, codeptr TEFFD SMLADK T, type &, HIVY > 27 %179 _import HS Cicilh T 52 & [H-—
ORI o TRt s e CoMTY, ok, MIET 2 SML#ADOHzZF>AE 420 7.
BV > 7 74770 OMATFIIEEIT 0@ ) TF,

1. CEMBRETHNY Y 7747790 %FERL T, #lZI1F Linux Tgeec 234 72w 354,
-shared A A v FZEETIUINERLTE T,

2. SML#ATU T a—F2FTL 7.
(a) dlopen T74 77 V%A —7v L %7,
(b) dlsym TRHE KA v & ZHD HL £7.
(c) BZFEEL, CEE%E SMLADELICHAML £7.

X 102 I8 > 7 ORHEIZ R L E9, HEITA 77V DERKIZ SMLAIC X % a— FOERTHTThIUL
WOTHLEWDT, VY Z7RICIREELRL C R EY, AT TEET.
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F118 SMLA#OIEEEE : VILFALy K70
J22=29

SML#%, HiEE TR/ CFiEL DY — LV AR EEEEEREEZE L T, vV F 237 CPU _LTilfifric
B ALy FZEBESR—FLET. SMLARZ 22ODLF ALy F7u 25 3 v 7R L 9. O
EDlE, OS 23 % POSIX AL v F (Pthread) 74 77V 2 BEEHHT24HXTT. 0L
BERATRIEE R Ly N7 4 7' ) MassiveThreads ZFIH$ 2 T3, winoFRickEW»Th, SML#T
B —F v &, BHEDAL v KT, 0S % MassiveThreads 232t T3 27 2 —V v /¥lE2 2D F
FHAHL CUATICEH»T 2 EDXAETT. AETIX, SML#EZHWASLVF ALy K702 3 v 7Ol
PR ONET.

11.1 Pthreads 7OY 534

OS D342t 3 % Pthreads 74 77 Y 2121FZ D E £/34 » F L7 Pthread A b 7 7 F v HMEHECHIL X
NTWET, AL v FZ2AERT 5 pthread create BI%E L &3 % pthread_join BAEUI LU T D AT
Rl SN E T

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

RILFRALy R Iy 7ollE LT, InonfizHAadby, KoL 35EE2 AL v F
T 7702 HEOTAEL X9, DT, fib 422Xy 7 7059 FCetET2 7075 0%, X
e — FoEVEATT,

# 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);

SMLAFMED AL Yy R 7Y 354 72HBLCwEYA, £/, SML#IZ, Pthread 74 77 VK
LT, 2RI t2 L T0abllTdbdh A, CHBBODA v R—MEREL a— Ny 7EEEZ A~
“bt, Pthread 74 77 V%A YA —F T35 LT, SMLETHRA T4 7%V F ALy F7/ur 73
VIMMTEET, SMLAD A — LNy ZHEREIE, CBABZEIH LAV Yy FEIZREZ ALYy Fh 6 a—
ARy 7E3NE LT, WRRED ICEIC X ) IS TwE T, 20k, SMLATIE, ALy Fz4
R BAEEMEDH B ED CREKD, 2720 EA VA= F LT ZT T, ALy FEREREZ &GO
72 TOWEE, SMLAD»GIEHT 22 ENTEET. 6> T, Pthread 74 77 VICIRS T, HlZIEHIA
Ly FCIEEIAMIC a— Ny BB OIS 7 R 7n 7730 794 7708, SMLEICA &~
B—=FL, a=ANy 7V —F % SMLETEL ZENTEET, bBAHA, 2—F—2MERLMED
ALy FI94779% SML#DSHHTZ2EHTEET. BB L% Pthread A b 77 F v &, Pthread
54 75 ) PERT AEBREE SMLAICA v A—F LTERENTVET,
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Pthread 74 77 V%A v R—F LT, SML#»LH>TAHAEL ). £T, ALY FONY FILOR
pthread t ICXIGY 5 SMLADM 2RO 2 0813 H D £9. O3 =2 7 VOHRER LTI, pthread-t
l¥ Linux Tld unsigned long int, macOS TIEFRA V¥ LERINTVET, EL6D7 5y 74—
LTH, pthread t 1A A V¥ ERUKRE I ZFRFONEHLEAR L QT I ENTEETOT, SMLAT
| pthread t ZA T DX I ITERT S EICLET,

type pthread_t = unit ptr
ALy FE4HT % pthread_create BAEIDMIE, YITDXHIICA VA= T2 EBTEET,

val pthread_create =
_import "pthread_create"

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

COBBEFOHLAL Yy F2AKT 2B spavn Z2HEE L £ 9. H251BUIIA Ly FoJEM, 5451
Blxa—noNy 2BIBICIETHIECTA, SITIRMEHLAVDT, INLITIENULL 2§ 2 Ll %
. NULL A4 » %l Pointer .NULL () TSN ET. > T, spawvn BIBUIML TO X ) ICERTE LT
(Z7—BIdEmL 7).

fun spawn f
let

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

end
FRkIC, ALy FOKT ZFFOBI% pthread join b, flifiicA v RA—FTEE T,

val pthread_join =
_import "pthread_join"
(pthread_t, unit ptr ref) -> int
fun join t =

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

ZDEHICLTEREL % spawn & join Zfio TZOHIFHEHOF L F U 7’1 77 A %20 GFEE — FTHE<
EUTDEYIITHD X9,

# 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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7B,
# val t = spawn g;
DIT%E
# val t = spawn (fn () => r := fib 42);

EELZLRBMTY., BRERS, AR=—al 2 yBBEROERT 70—y 2 AL vy B TR
DRENHZINBFHCEIN L CL E )RR H 2006 TF, A=Y aL 7y a vy ogEIZonLTIE 29.2
fHizSBLTL LI,

11.2 MassiveThreads ZFWEHHBEAL Yy R7AT52>9

SML#!%, MassiveThreads X— ADMFEA L v FZE{EL £9. MassiveThreads (%, HERFER
BT ERMARICHX SN Tw 5 C S OBEMBIEAL Yy B934 77T, —LLVABCH
G OHEERME L AL Y FZIED W T GCIT X D, SML#13 MassiveThreads Z [E#4H K —F L £7,
MassiveThreads ZFfH 5% Z & T, SML#7 0 77 406 KED (A3 100 HEM D) 22— —2
Ly FZ2<2LF a7 CPU LTESY S I EARETT.

T7ANETE, Y INVALY 7077 LOFETRBOFTED =S, SML#E» S IEE 12027
DHEM) LHICHREINTVET, v F 37 LETD MassiveThreads Z HNCT 5 720121, MYTH_H>
5 FE % MassiveThreads BHEDBHRA R Z V722 b 1 DFREL TL 23w, flz2iE, WNEEeE— ok
BRI,

$ MYTH_NUM_WORKERS=0 smlsharp

&L LT, BRAEIMYTH_NUM_WORKERS Z%E# L T < 72X\, MYTH_NUM_WORKERS I, Z—¥—AL v %
AT a—NTE7—A—ALy FOR, THOLMMNT S CPU 27D %KL £9. MYTH_NUM_WORKERS
NODEE, Linux BEZS1E, £2TOCPU a7zl T5I 2R L ET.

MassiveThreads 7 4 77 U ZIZEZDEENA Y FLAMyth A b7 7 F v DPEHETREEIN TV ET,
Myth.Thread A b 7 7 F ¥ (2i%, AL v FOERLMBEED IO DRI EGEFN T E T, REW
ZBIBUILL T o b T

o I—H—2L v FOEH,
Myth.Thread.create : (unit -> int) -> Myth.thread

create f X f O ZFHliTAH LV —HYF—2ALy FZ2EHLEFT. 2—F—2AL v FiE Mas-
siveThreads IZ & > T %4 CPU a 7ICAT P a—LEINEFT, A7 Pa—) vy 7R Yy —Ii3/
YIVEZYTT47TT. 0F), ~EHZAL Y FHB CPU a7 ETENRDEE, KTT5
D, ALy FOETZEIHIT 2 MassiveThreads 7 4 77 V) BI% (Myth.Thread.yield) %ML\
RO, Z0AL vy FidgZdD CPU a7 ETEYRITET,

o T—H—2L vy FOHEA,
Myth.Thread. join : Myth.thread -> int

join t IFAL Y Nt DT 2, t OFHMfifERZIE L £7. create BIEITER L 7c2—HF—Z L v
R, WO RT join SNHTNERD FHA. DAL T 7 F *id MassiveThreads 74 77 Y
ZEBENA Y FLELDTIDT, £<DC 7477 LFRIC, BRLEAL Y FIZPIRIICHE
I NeFuEnh A,

e ALY FA Y a—) 7.
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Myth.Thread.yield : unit -> unit
yield() Zfhd AL v FiZ CPU 2 7Ol 258D £ 7.

MassiveThreads Dy FZ 2287912, Ry 22570 77 52BN THAEL &), ¥ A7)
7urshik, BBXZUTOFETEL Z LB TEET.
1. FEIFIG 2T BREBrEE 7.
2. BRFEONH LD ICH L ==Ly FMES N5 K912, FRFCH L % create & join
THAE T,
3. 7L, ALY FOHEIAINBALY FOEFaR 2 TR EVWEIIC, HoEME (By b F
7) ZRRE>7EAIFAL Yy ReEZES, AUAL Yy FOERWICEIFITOHR L2323 X5l £
T, BB DB Z I, ALy FAERD A —N—~vy F L) HBRAIREEF+H0R L 7%
XD ET, BERNICIE, 1ALy FH7-D BB X Z 3~4 <4 7 0 RE DR ENIC 2 5
IINICEETZ2DOBENL S TT,
Wl Z1Z, fib 40 ZFERMNICGHE T2 7077 AZBRICIEBM T LY IcE T T,

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

val result = fib 40

fib (n - 1) & £fib (n - 2) PFNCFIHINDE L)L, ZDR % create & join THTr L, ¥ 27
WHD7a 77 sicmh) £7.

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

7L, SIBD BTN E( B L, fib n DFHRAA B ALy FOEKaRA M2 FHD X9, 2
2T, n 2310 & M- A IR TIHHET 5 2 LI L £,

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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ZHTUS £ib 1F5BKTT. 27U s 7L %2F 7T 5L, 3524 5TT DAL v FOERINE T,
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F128 SMLADILREERE : SQLDOHES

F=8 %W FERANL TR 77 0%EL DI, T—FR=AL AT L EDOHEEERNETT, BEDL -
EBEMLTRET—=FR=AT AT AL, BOALESESQLZHOWTEELEY, s 7nr 73
VBT, TR AEED IO D2 7 u BB REINTHETY, TSI R—2 %2 kT
AW 70 77 LEEL DI, SQLEEZDObDEZHVT —F R—2A 27 22T a—-F%
ELARERDH Y £3. ThFTOHEE, SQLXFINEHERT 2a—F2EE, y—NIKksILTLE
723, SML#TIE, SQL ZDb D% MERS (Lo THE D) e LTELZENTEET, AfiiT
&, ZORMAGEEZYTET.

12.1 BART—IR—X & SQL

BREOAKN 2T =7 X=21%, BRT =T V2L L CRESINKLBERT - R—=2T7.
SML#DF—F X— 2 HHER PR L2 3200 fHE LT, FIAHT, BRT—¥X—2 L SQL
DHAZEHLEL £ 9.

BRT—2 70T, T 2BROETH ELTELET. BRI, AOAH, Fif, BE5kED
BEHROEEOBEZRL, @HEUTO LI REEAZ 7L E LTR2T—7 LV TRBL £ 7

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

BIfRT— 8 XR—213, TNOPROEZ D Z2HET I 274 TF, BIR RIE, BEANICIEE Z 6 1l
WA Agy e A DB Ay x Ay - x A, DIFTHEAGTT. BIR ROEFE L, nfllDs 7N (aq,...,a,)
TY., EEDOT—FRXR=2ATlX, ¥ 7NDZNZTNOEBZICTIXNVEMNT, La—FELTEHLET, 4
ZIE DT =7 VD 1{THDOHEFEIZ, L a— I {name="Joe", age=21, salary=1000} IZXGL £7.
NSRRI LT, REAEE, 5 (n FRIRZ m(< n) FHERICERY) , E#IR (EEOREDEED
HEOHL), 7AVME Rx S 2 EDHENERINTUE T, INoHERZBRARE L NET. 2
COHBETRESE, BREFLEL a— FOESIINT 2REMNLESETH 3 58T, RN SER,
BEERZE VBB SETT.

BIRT — 7 R—=2TlE, ZOBRMAEE SQL & WHEN 2 ELGRESECEIL £3. SQL ofulnx, B
o SELECT X T,

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

2T, UTOMRICHES TA Y EHEBHL T E T,
o R:PIfREETA
o t:HARDFTD—ODL a— FEEZRET 2L
o [ EMA



70 %12 % SML#DILREERE © SQL Dffi sy
o t.1:t DHDJENE | Dz T
SELECT D EWRIZLAIT O L B TE £ 7,
1. FROM fii CHIZE S N7BIRA R, 25 L, TANV IR x - x R, 21F%.
2. TANMEDEBOBEEDY TV%E (t,...,t,) LT 5.
3. 71V B> 5, WHERE i CHE S N7BEE Pt ... t,) Zili7c THED A ZIEOHIT,

4 PR S N EADREHE (... t) ICHLT, La—F {{=thly, ..., I, =t} ZH5%
3.

5. ZNH6 L a—F2IXRTEDRESE, ZOXLEROFERET 5.
B zZ1E, LEofldT—7 )% Persons & L, UTFDSQLAAEEZTAHEL &9,

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

ZOMuELERIIDTO L HIFHTiI N E 7.
o 1% Persons DAD T AL + T IXEH{R Persons ZNHHTH 5,
o 1% Persons DIEEDY L% P £T 5,

e P.Salary > 10000 D&M= 48 7V 2B O L, UTOELGEM 2.

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

o ZOELGDELEHKPITH L T {name=P.name, age=P.age} ZilH L, UTOEAZES.

name | age
"Sue” | 31

"Bob” | 41

ZDT—7 W%, {{name="Sue", age=31}, {name="Bob", age=31}} DLk IHI%HL I —FDVY R}
DR LHRTE 5,

12.2 SML#A®D SQLXDEA

SQL @ SELECT I FROM fliiciiiB I N T — 7N DEED - —2D T — 7V ZEKT 2 C7. SQL
S, HIRED T —F RXR—ANDOEHGED N T SQL NEiHii§ 22 Mt L 925, ThzxT7—%
N—2FHi 2 ZTHD 7 — 7V 2R TR0 b g, BIBESEOR S A7 LG5 2 &
TEET., 77NV a—FoEEZ L0370, L a— FoRfIIIRIEZ0E EHHATE £
T, L2 LEASMLATF — L2 DWFRICE T, DT —F RXR—=R %2 EBORAF T2, SHL a—
PO S & IR 2RSS CH 5 T LAVRINTWVE T [14). 22T, 7T—FIR—AEHER
VTE S B 3B oSGk 2 I L £ 9. SMLATIE, Hififio SQL Xofilix, T k) N cEHI N
3
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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 R—RAEHELEK b & L TR CEOEEETHL I EEZRL T
£9. sql ROHD>ET— I R—AMEOEZEIHT 27477V EY 2 — )L SQL DHFICERI N
SQL DIED 7= d D K/NHEL 7Y 2 57 4 7°CT . #P.Name 1&% 7L P @ Name 7 4 —)b DY H LA,
#db.Persons 17 —% X—Z db 75 D Persons 7 — 7 VIO HHLIERTT. T 61%, SML#ATIE
#Name P#Persons db & FHHPNHL a—F0o6D7 4 — NV FRO M LAIHB L T, sql = => expr i
TlE, SQL OSGEICHEMOEXLEZRALTuE Y, 2oL TUTORHERmINE 7.

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

B

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

oML, 'a DG ERIO T — ¥ RX—ZAFHDM a conn 7°5 {age: ’c, name: ’e} ZFIE T BHHE
T—=7NORADOBBICT. ald, ZOMOAELRICHELRT—F XR—2iExEETL a— FEHEMT
T, 20k HISQL RIS EFS 70, ML 70275 3 v 705 TUZRIASE LR D A iz fla
BbEBIENTESL ) IEST, FWDT—% £ LT SMLADDIEREE E b ICHEHIC 7R /547
52 LEITEET,

12.3 BWAHLEDETT

sql x => exp ATERBI NI OEDLEEBIC T —F R—AgEHZBEHTIUEL, T—FRXR—RA%T 7
L ATEET., 2000, UTOBXEMEBBHEINTHET,

o F—HR—AY—N—ZR,
_sqlserver serverLocation : T

ORI, T—FR=AY—=N—%EL T, serverLocation |37 —F X— A — X—DGAT L
LHTTY. ZOEMENAENRE, AT T7T—FR—ZAT AT LDT—F RXR—AIEEM U F T,
TIRT = R—ZADWETY, T—7 VDAL ZOREEZ L 2 — FRIOGETIHEL 7. 2o
ZiHlid 5 &, 7 SQL.server M2 b DT —F R—2A % —N—ELBR SN E T, ML 22.3 iz
TEL R,

o T R—ANDEHE T 2T 4 7BIKL
SQL.connect : [’a. ’a SQL.server -> ’a SQL.conn]

SML#a v %4 7%, 7 SQL.server BID T — ¥ R—RAEHREZZITWD, ZORIIHEINILT—¥
R—2AHR L ZOEZF 2y 7 L7 LML TWAE I E2MER L%, 7 SQL.conn D% H D
T DT —F R—=Z2~DEFZEREL £7,

o MLEDLEDET, sql XZDDHDY, T—FRXR—XA TGO ZEZTTIHBEERLET. 7—
F R—=Af ALY T = RXR—A 2 EA T2 £, ZOMWEOERZOEHZEL T —
I R—=R FTCETIN, ZOREBIZT 70X TE572DD r SQL.cursor B A —V L ZRL £7,
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o AL ROHE. DITD 2 20Tk ZAEBDMRt S T T,

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

SQL.fetch 1ZEHHDL a—F &R L, A—VILEZRXRDOL a— FIZ#ED EF. SQL.fetchAll I, v
GORIZI o THLNTERE TRTHAAK, YR MIEHL £7.

o WAL DHBULE,

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

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

SQL.closeCursor [\ EHE IO T %, SQL.closeConn 13T —F R—AFEHROK T2 2 N7
NT = R=2F = NITHEAIL 7,

12.4 F—IR—ZXABWVWEDHLEETH

DLEDOREL T — 5 R= 2D WELE 272> THEL & 5. SMLADMEH DA > A b —IL T,
T =& RX— A% — 3% PostgreSQL i T 5 L HICREINTVWET, T—FIR—RA%ET IV AT 57
DIZlE, PostgreSQL — "% A Y A F—)L LEE L TESLERH D £7.

FTLUNDFIET, PostgreSQL H—"TTF—F R—2ZHHELFL &9, UTIEHELFEELZRL $
. FEL < 1X PostgreSQL FF 2 X v F 2L T 23 W0,

1. PostgreSQL ¥r— "% #@) L £9. #l21X pgctl start -D /usr/local/pgsql/data £ 9 IZT %
LEBTESIET T,

2. 22 Y K74 VT createuser myAccount % FfT L PostgreSQL D L —H D — )L Z{EKT %,
myAccount 1%, T 22 —FDOHHITT,

3. A9 Y F 74 v Tcreatedb mydb ZHITL T —FRXR—AZ{FLT 5.

4. SQL SiEA v =7V ¥ %BH L, T—FR=2DHIT—7NVEZERT 5. AL, #12.1 0
BlDT—5 R=21F, LTDXIICTIUIFRTE £ T,

$ 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);

HaDO7 A7y b (22T myAccount) ICRYD, T—FR—AIZT 72 ATELDMHERLTAHEL &9,
DT D & 9 BFERBE S U, RI<7,

$ 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
(3 11

TRRVWIWVE, ZOF—FR=—2% SMLARLT7 7R AL TAEL &9, B 122fiCEELZMWED
FRI% % myQuery & LE T, Wity s a v CUTD L) BERMPEFON 13T T,

$ 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 ZDED SQL X

SQL i, 7= R—A»6T—F %MD HT select XLAMIZ, KR4 LRI REINTVET
SML#® 4.0.0 BiTlx, U FD SQL 2wy Fa¥HE—FLTVwET.

o [f]\ &t (SELECT)

o ¥ 7)LOENN & HIER (INSERT, DELETE)

o 7 — 7 )LD (UPDATE)

o NI VYT arDIELT (BEGIN, COMMIT, ROLLBACK)
SELECT 7 = U T3, HAMZMA, AT ORBENHZ L7,

o HAAM A (NATURAL JOIN)

o WB#E# (INNER JOIN)

o 17449 (GROUP BY, HAVING)

o 7Y, MY 7Y, EXISTSH 771V

e YV —1 (ORDER BY)

o fTHUHIPR (LIMIT, OFFSET, FETCH)

SQL X DtfllI% 22 A2 8 223 v, SML#AJFE T — 413 X b 584 7% SQL S0tz Hig L THERE
DBEMEHITTVET,






(0]

F13E SMLADIMRERE - BIRNE(TITHEE L
JSON DBIF = 181E

Py P = TBERTFANABNLEE, F=%%270 77500 ERD LD LD TS E EITIE,
F—=%%2HBWROLFINLE L £F. HAIE, JSONIZ, SHDOA ¥ —% v P TIALERLTw3
F=IWRDOOEOTT, XFINE BRI T =51k, MLOT—% Li38iD, Boflirsdh ¢
b, ZDLD, LFINEBRINLT =5 2H/EI LT2LE, FT—IEIcAEBZ STz n (il
A1, La—FiEgEzEoTwaicbrrbodLa—FRZfToNRG) ZE3HD £T. SMLAD
BRI BRI, SCTFIUE T — 7 2 EEIICE SR S i, BRIICTELAN S ke ML ofi & 2 AE
g 2B 2 IR L 37, SMLAIZ I 61, ZOMEZ@EL T, JSON 2% T 27— ##i&Eic ML O L
a— FRNSGEWEIZ G 2, FRIICEIM ) Sz JISONRIET) S 7« 728t £3. KETlE, Zofl
Mk %z2NET,

13.1  ENRIBIT T

BALA E SEE T, O 2 EZITRHC ML, ZORIEU 0B 2179 Z ERTE £9. BINAA

BRBlC BT AfEIE, ME2RTFETRHRIL ZORIGU Ml L 25>, KA T—% LAkE
T, SML#3, ZoORER2ZME) oLz, HVENZEETH S ML 25 MUY ) MR Z 52t L %9,

Dynamic.void Dynamic.dyn (%, SIfYICHIMTT S N7EORTY, BEI% Dynamic.void DEIKIZRID
LEY. CORITHLT, UTORERNLEENERZINTVET,

o PY%( Dynamic.dynamic : [’a#reify. ’a -> Dynamic.void Dynamic.dyn]. Z DBIEIIEED
ML DD & BITIA G SN7EZED £3, rattreify X, a DA ¥ A ¥ ¥ ZADETIREUFHRLIN
WCHHILZRLET, DALV FERRD, reify A4 ¥ FIZMELEDH) < #HiHz2HIE L £
A

o X _dynamic exp as 7. TDOHIE, BT I NTAE exp DTUEREZ ETRIHEEL, Z0fE%
TRIZF P AP LET. F¥r R MCRKL 25513715} Dynamic. RuntimeTypeError 237642
L%,

LI TORXBHEINTVET,
_dynamiccase exp of dpat; => exp; | --- | dpat, => exp,

Z oA, BN S Al exp 1T L TEIWBIRE 2L ) Y —v =y F2ITVET, 8 — dpat;
IiE, fERDONRY =2 E I ENTEET. LRL, BRSNS — BTN ZEHCLERH ) 7.
UFoxfEGit vy & avid, ~Tguy=7 %) A+ EZnzl3d 28506,

# 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



76 9137 SML#DILIRKEAE « BRLLH I BERE & JSON D RIAf & B

#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— RIS, 77—, B, NEHLML SEROBMOMEZ BN Sz L),
RIS SNAEICR L 72D 95 2 L3 TEX T,

13.2 BEEBOY—TJ7100—>3Y

EIOEIN & SRR, BERIZa v L FOAPEHT 2 X ¥ kiEHRTH D, BERIZa 4
NMEDA—FIZFT—IMEL L TEENERA. £, fEoXEY) LoT—FHEd, B> Tk
SNDAYRERTT. INSGAYREREI—FPWAIZA 727 LTV TIERZY =74
r—=yaviEVET, SMLAOTWEAIHZ, 2DV =74 7r—varvzEiEE L UBEIRTHWET,
2= =bIDY =7 47— a VEMEAHL T, BERDHEO NG, ML O datatype & L CHL
DHTZ ENTEET,

SML#AIZDATN DBI% 2 St L £ 97,

e Dynamic.dynamicToTerm : Dynamic.void Dynamic.dyn -> Dynamic.term. Z DBEIEUZ, By
BT S N7 AD> & HOWEE % Dynamic. term BIDOIHKHL L LTHUD L £ 7. Dynamic.term i
—#&1 7% ML @ datatype TH D, o datatype & [k, ML @ case X ECoMMT 2 2 L3 TE
ESC

e Dynamic.dynamicToTy : Dynamic.void dyn -> Dynamic.ty. ZDBIUE, BIRVICHEIAT I 7-fl
7 5 1% Dynamic. ty BOHEH L LT L £ ¥, Dynamic.term 1 & [AFkIZ, Dynamic.ty
B 2 — 7% ML @ datatype T,

e Dynamic.termToDynamic : Dynamic.term —-> Dynamic.void Dynamic.dyn. Z DBEHEIZIHZHI%
BIIICRUAT S UTABIC A L £9. _dynamic FiXC &A% 2 & T, Dynamic.term Ol
& LTS g%, ML ORIVEAT I SNfEICEIRT 2 2 L3 HHETT,

PUTFoRfGhE€ v & a » 13, Dynamic.term 2@ U CML DL a—F2oRloMOL a— F2HET 5
Qe

# 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 TUFa«7U2%

SML#DX GG v ¥ a v Oz RRT 288D, V—747—v a VO LicEZHInTwxd, 2
DXFEL Yy avD )V vy %E, EOMLT—=%% 7V 74 7)Y 9588 E L Ca——7nr
LSO T ZENTEET, UTOMEPREINTHET,

e Dynamic.pp : [’a#treify. ’a -> unit]. ZOBABIITEED ML 7—%ZxGiky > a v LML
A TEER AL ET., TV b TNy 7R EICHITT.

e Dynamic.format : [’a#reify. ’a -> string]. BENNINNT 200 D ICFINERL £7.

IS OBBUILHBIBNDG S b2 2 ERTEET. L L, ZHBEBTHW A, Z0%HE
BOMIZ reify A4 ¥ FRNLTLE W, MPLDL-TLE) 2 EDBH 2 I LITEEPLETY,

13.4 JSON &Ea@pLd—R

JSON I, B XTI EDHAT =M, F—=8% 7 VIG5 4 7Y =7 M, BXOT
BOT =8 ZWRIEFIED» 625 7= ETY. INon7—FhElEZNnzn, ML ORAT, L
a—FR YR RIS L £ 7,

L2L, MLOZIS EIdHEZD, JSON I oflfyaid h £¥A. JSONL 7Y =7 FTlE, FU
TROUVIZRAIC D T =B AS TR EIZR) FRAL, ZLZ2HZDT7UNHFEIZH B EHRD FHA.
¥7:, JSON Dfitslix, £ TOEEOMED KT 208EH ) T A, EBEIC JSON M S 2 ik
KBWTYH, TOXIB~NTUP T AR T—YPHEICHNET. 2079, JSON I ML ORl%Z Z 0D
FEMTLZIEIZELC, /ML OB LDIRET S Z L1k JSON DHEEIZA->THREYA,

SML# T, "By L a— ) EMEEN2EZ N ICHSE, SMLA7 1 25 AT JSON F— 4 1
ZLZET, BT L 2 - FElX, ZOWED ORI T > TWT, ZNUNOREEIXFT
RFzy 72 LT nronk )L a—FED 2 &£ T, SML#ATIE, FETRICHE 57z JSON
F=FEEESLa—FE LTI HWET,

SML# CTOAFE JSON #ifE%, #lZ2@E 0 TR TAEL & 9. SML#TIE, #O TiHAAZILZ JSON
7 —#134:C Dynamic.void Dynamic.dyn % %f% £3. T Dynamic.void %, 7 — ¥ HEiE23EHAIVICIE
—Y o TnuhnI E 2R LT, M,
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{"name" : "Sendai", "wind" : {"speed" : 7.6, "deg" : 170.0}}

&9 JSON &, %7 Dynamic.void Dynamic.dyn BUDfEHE L TiiAr i E §.

ZD JSON #ZIJHLS 70 77 K%, ZIFHL->7: JSON 1347 < & XFFHNIHID name 7 1 — L F & §f
DI EBIFLTOT (Fo TR UEETRHIIETSZ), 2074 — LV FOEZID LA EL
¥9. 20D, 70T T LERITE -7 JSON 7—F 18 L CEIEIBRE 2T\, SCFEF1 25D name
T7A—NVEPHET L2 E2MHERL 7. ZOMEVPERDTIUL, ZD JSON 1347 &b FFNRD
name 7 4 — )V FPH 5 2 EPHERIN TV ZIETTY, ZOMEDRIICH L, SML#IE, 0 LM
It 2 & 2K I {name : string} Dynamic.dyn ZEHNICH 2 £ 7.

BN RIASHH LT % JSON 22 62 B D 92, DIToOBEE HWT, ZoFNAE 2 —%21
DL £7.

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

Z OB, BETL a—FTH5 JISONT—F D)L, ENTHBIL Tw2iiEn A%, ML DT —
S REGE IS AT 2BA%CT. OB w5 2 & T, {name : string} Dynamic.dyn {® JSON 7 —
&5 5, {name : string} MDOL a—FZNHHTILENTEEXT.

JSON & LTEIMo 77 —21F, bIEPMLOT—FICEBINE L, Z0UEO#IEE, ML O
SR HRICA D THRZ2ICHS LN TEET,

13.5 JSON DIR{E
SML# TIEDAI T O E K VRIS & 2t L £ 97,
o JSON DEEAIA,
Dynamic.fromJson : string -> Dynamic.void Dynamic.dyn

COBIEUE, JSON XA 2 ST L, BB L 2 — F & L TaiAAAR E T, HSUTIc R L
72854 1% Dynamic.RuntimeTypeError fI#t % 54 I £ . Dynamic.void &, HDREED—Y)H]
LTI E2RLET,

e JSON OEJIVEIMEE dynamic exp as 7 B X OBINEBEAEZ S /¥ — < v F _dynamiccase .,
13.1 fii Cili 72 25 DAL JSON DREICH ZDEFMHAE T, 7 I TOREEH LT
EE3

— int, bool, string K EDHAM, La—FH, VX MY, BXOXInsoffiasabe, JSON
T8 BRIEIS T L2LEDR, T AMIEDL 7.

— WoEmya— P8 {7, -+, l,:7,} Dynamic.dyn. JSON 77— 0% &b 1h,..., 1,
DnflDT7XNzERE, £ VDMEPr,..., 7 KXY AFTESZLEE, FYAMIRIL
E3c

— HH&EHVHEA L T2\l Dynamic.void Dynamic.dyn, ZODTAD X v 2 MIFIHRIIL £ 7.
— D EO®EZAHRHICHA b XY LMALGDYE,

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

COBBIZ, 5A507 JSON 7—=8 D9 b, ENCHEIHAL T 2870 A%Z ML D7 —%
WML £9. 5144%% Dynamic.void Dynamic.dyn @ & ¥ (% Dynamic.RuntimeTypeError {5}
AL £
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e JSON 7'V v %,
Dynamic.toJson : [’a#reify. ’a Dynamic.dyn -> string]

:@%ﬁi 52607 JSON 7 =8 OXFHNERBI 2R L £9, XFHIERBICIE, adf v ATV
2L 59, JSON T—2ILEEN22ENEENE T,

ZOfth, BIVEIMN TRV —7 47— a v OEBREYS, BVRT X I, ZOEFE ISONICHWE Z &
WTEET, W, BT INERZBOENL 2 —FIcT23 2 b AETT,

13.6 JSONZAJZZVI6l
DTty avid, MLOLa—FDY R MY 2#5E% £52 JSON ZieAr el ¢ 7,

# 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

FOEMLHZHTAEL X, IFD L) %2 JSON 252 £9.
L

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

]

2D JSON XFHNDPEB I ICHMBIN TR ELET, ZHEANTRY=ZTARYALTY, 2DLH%R
YAMIE, EEMLOYAMIFYANTEIERNTEELA, ), TOVARNE, SEEZEOHELY
WHEHL, ™% L name L age 74—V FZ2FOLa—FDY R b, ERZILEIETEET. ZOR
FIHDE, UTDXHIICLTIZHAAARET,

val j = Dynamic.fromJson J

val vl = _dynamic j as {name:string, age:int} Dynamic.dyn list
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vl OMlE {name:string, age:int} Dynamic.dyn list TY. DY R L DEYLE 2 —I3,

val 1 = map Dynamic.view vl

ELTIMD T 2 ENTEEY, 512, KEHEDS name 7 4 — )L FOEZILY L 200U,
val names = map #name 1

ELET.
VAL DRERIINLT, 274 —VFOHEZF =y 7 LcwEaR, fl4 0%EITx L CHEifR

BE#ITWET, #l21F, nickname 23H 25EIEFN%E, Z 9 TS name ZID L 25413, ML
TokyicEEET,

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 BA#tDMIL, [’a#reify#{name : string}. ’a Dynamic.dyn -> string] TY.
LY a— FRILBINL a0 — FERIDAAD S5 T3 2 LICHEEL TS LS, Zhud, JSON % s
THEIAED» 51X, EERICIE {name : string} Dynamic.dyn -> string & [FBROERZFFD X ) ICH
ZFETH, INODMERERITELD X7, £5E, name D 7 4 —)L F OEAEITEINERIRA L %21
LD 5 b DT LA SIBICE AR DI L, B E name UHHD 7 4 — )L FOFEDHER I 11T
WELDBGIEUCINS 2 ENTE XTI,
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F14E SMLADILREEEE : SMLASEI OV IN
TILV AT L

FHFFELE L TO SML#DKRE BREUL, BRen#ary L LoHR—FTT, UTOFIHETREIE
7T LEHFEL T ZERTEET,

1. 2D 7S LTS 2a—NDE T 27 FT77A4ANNDI VIR, )L

2. ATV 7 7ANE, CBHEDA TS 2T F 7 7ANRLATLIA T IV ELEDIZY Y7 LHE
TR 7 7 A V2T 5,

XS SML#EaA Y 8L 7%, £A4 7Y =7 b OREHFRZE S AT LD nake 27 ¥ PR TE 2T
AT 22N TEET. ZoBBERZMBHTIUL, CEERELELICTABBEY 272028 X SRS
22 EPHEETCT. AETI, ZO00Fa v SN AT LAOMEEFHL 7,

14.1 DEIOYVINAILDBRE
FE QY RA NS AT LI TOFIETHAL 7.

1. AT LZKT 2V —RZ2 a4 VEMIZO#ET S, 2o, EDLHIRREITH LK,
DEIZ K4 DOBERE L, SMLA TRl g2 ES CRIHTE 2 b0 ThiuL, FICHlFIEH b T8
A, 2TIZTlE, AT L% partl & part2 IZFE L ELET.

2. NENLIBBEEDA VY =T 2 A AZEHKT D, TV Y —7 24 R1F, %143 HiTHIT 2 A
V=7 2 AAGHETHBL T, AT L% partl & part2 ICEITEF VAT, 9, A
v —=7xA A7 7A ) partl.smi & part2.smi ZHEL £7.

3. BRAVI =T ART7ANIINLT, ZN2EBTEY—2A7 74 VE2HFEL, Z0Z0DY —R
T7ANZAVRNANILA TV 27 b7 7 ANVEERT 5.

FEdF Y A DY, partl.smi & part2.smi 2Bl %Y — X7 74 )L partl.sml & part2.sml
ZRIFEL, av AV A TV 27 b7 74 )V partl.o & part2.0 ZfFR L £ 7.

CORFIE, ZNTNERICHNIAT) LB TEET. ML RS5HEOEE, Y—A7 74 LD
FETIE, VL FIC X BBHERDIEN 2RI L £ 9. DE VRN AT LR, ZOHDEE
DZNZFNMTICa Yy A NVTEET. HIZIE, part2 ¥ partl ORAEZ EZ2 T 2546 TH,
partl.sml ZBAFET 2 DAETIC, part2.sml 23 V84V TEE T, ZOREREBICXD, YATLDLE
DS TH, ML ORI OBEREZ 7 VICTEA L, BIFZT) 2 e TE £,

4. A7V 27 V7 7 ANEGERE 7477 ) iy v L, FEITBAT7 7 AV E2ERT 5.

Bl Z1E, partl & part2 DIAHC, 2662 MINn s CBED 7 74 L2 C SiETHOIMAD
ATV RHEHT S, ZNO082a v 4 IR TAILICEST, ZNHE LB
V7 L OSTEHEDFEITIER 7 7 A VR ERTEE T, ok, SML#Ea Y84 7%, SML#7 V¥4
LADEITICHE ) C SHEOERES L 7S5V 2T v 7§57, HEHES 4 75 ) I3EER LIl
T2 EDTEET,



82 147 SMLADIRIRKERE © SML#ADE 2 v 84 Ly AT A
X ORI OEERS TV FEUTOEI BRI EZLNET.

1. A7 L% CEHibCH T L SMLAF#ETE S HTIAHT 5.

2. CEHEDEIE, ~v 7740 (h774N) EV=A774N (c774)) 2BFT 5.

3. SMLASHEDHTIE, A V7 =724 A7 740 (smi 774) £V —A7 74 (sml 774
W) mBHFET 5.

4. SML# 2 v 34 7 ORI IBEREZ A L, Makefile Z{ER$ 2,
5. Y AT L% make AV Y FZHWT, av A LEY V72179,

SML#2 >34 7 HE, CEiEs SMLATELNTWT, ZOFETHLDY —LE2ELY AT LAY
RANY v 7 &R, SML#2 V34 IBMERENET,

14.2 SEI>INA LA

Hiffio s 7 ) A icfew, flEz#IBAL L 7w 7702602, S#Elary 3L LveE LTEITER 7 74
NEeEoTAHELLE), YRATL%E

e random : HLECEERR

e main: XA ,3—}
CHEITEZEICLET, £7, COA VI —T2AR77ANVETDO L) ICHEIL 7,

e random.smi DEZE.

structure Random =

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

end

DAV I =T 2 A AT 7ANE, ZDA VI =T 2 AR T 7 ANEEETEZY—27 74 LD, fii
D7 74 INWIESIEE I Random structure ZHftd 2 2 L2 FEL TV FE T,

e main.smi DIEZRE.

_require "basis.smi"

_require "./random.smi"

DA VI =724 A7 74 NIE, SML#DHEARF A 7°7 V) "basis.smi" (The Standard ML Basis
Library) £ ZD7 4 L7 FVICdH % random.smi ZFIH L, SRFICIZH5EL W L2 FRL
TV,

DA VI —7 24 A% ZIE, main.sml & random.sml ZHANZICHHFETE 9. main.sml 1ZX 14.1
DEIIICEETEET., ZD77A4)VIE, random.smi ZFEHETEY —A7 7 A NDBHFELELTYH, av
NRANLZ T =D PHERT LI ENTEET,

$ smlsharp -c main.sml



14.2. GrEla o4 L 83

—clEFSML# AV RA 2 v AN LA TV 2T b7 7 A NEEREZER L £9. MEERICOfiH & FikC
WFxy 7% LI, 700 0E, 2727 b7 74 Vnain.o 21ED T, A V9 =724 RA77
AWE, 774 NVHD sml % .smi \ICEZ D OVHBIMCHEHINE T, ¥V — A2 — FHIHIC interface
filePath BEE%2EHL LIk DA v — 72— A7 7 AV EZWRINICIBET S 2 L HTEE T,

RIZ, random.sml ZFAFE L 9. i E OELEFEBIBOTE X, BANBARR EEREEa—T 1 v
JISERINET, TITRE, SNERAZ Ty FhoFET20TIERL, BHFO CToFEEEMH) Z L
LT, a2 0EFEET VY ZLDHT, ZDMWE & EEDMH D E D5 Mersenne Twister 232
BCTEET, ZOTNVITYVRALETCDY—RA7 74/ nt19937ar.c & L THREINTVHE T,

ZITIDI77ANEY 7 u—FLELLI. 4 ¥ —Fv b TMersenne Twister & %\ > Emt19937ar.c
ZH—FTIEEHFICHOT 2 2L CEET. 27 7 A NI T OB ERIN TV ET,

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);

ZOHDmain ¥, COTNVIVRALETALT 270D VBETY, Fix 327077
LR T 2D, main BEUE, A DEF Y LV 7 74 )bmain.sml Za VA VL4727 b
T7ANCEEFNTVLEIETTT. 22T, mt19937ar.c 7 7 A VD% int main(void) DEFR%E a X
VRPN T 2RERH Y ET. 2OMOBIEIE, SMLADSAIITE 254 75 VEKTY. - 2Tl
DTo2o%f5 2 LicL T,

e void init_genrand(unsigned long s). ¥ — ADEIZZITHD 71 3 X &2 @)L % BI%
TY., ¥R s BIFAREBE LS RATOHOEEA,

e long genrand int31(void). ML I N8I, WHIENZMHIT3IEY FORFTHLER 328y
FEARE) DT v LRERL T,

2T, ZhZEHMMHLT, random.sml ZATD LI ICEREL FT.

structure Random =

struct

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

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

ZDY—=A774Nb, UTFDawy FickD), ZO7 74V CHMIZa Yy AV TEET,
$ smlsharp -c random.sml

DY —=A77ANVDEFRENMITL T, (nain BI%Z a X~ b 77 b L7) Mersenne Twister % 2 >34
N, A7z v 774NV EERLTEEET,

$ gcc -c¢ -o mt.o mt19937ar.c

DETITRTDY —RAT77ANADBEFNFNALRANIN, TP P77 A VBMESNAIET T, #
NOEAT2I b 7740, Py TLR_RLVDA VI =T 2 A AT A NERBLRAT TS 27 b7 740
FIEETLZEICE-T, ETWEA7 7 A VBMERESNE T,
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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)
(print "HFE R BEANLTLEZI W (0 THRTTT) . "

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

val message =
"o 7g T DB, v -

(case oracle mod 4 of 0 => "R &FH" | 1 => "phNF"| 2 => nFH"
| 3 => "X")
- T \n!
val message = print message
in
main ()
end
end
val _ = main();

14.1: main.sml O

$ smlsharp main.smi mt.o

SML#a Y84 714, smi 7 7 A VERITL, ZO77ANLDESMINT W2 sni 7 7 4 V% FRIIC
72D, WMt T24 727 b7 740D XA FEED, a2y FIA4 VICHESNKL CEHEOA 7V =
2R 7 7ANERIIT, SATFLADY vh—REEIL, EFERX7 AL E2ERL T

14.3 A=A RT771ILDBE

AVF=T 2 A A7 7ANE, FEavy AN TEaV L VBDOA V¥ =7 2 A ZA%TB L7 7
ANTY, A V=724 A7 74 NVDOHNEIL, Require 55 & Provide EE2°567% 0D £7. Require &5
&, VA NVBEADEN T 2D a3 VA VHAIZ D NOEDOEF & LTHIZEL £7.

_require smiFilePath

smiFilePath 1%, D3V AL VBENDA V7 —T7 2 A A7 740 (Lsmi 7 7A4V) TF, KL fFHAIN
2408 =7 24 ADEHRITE, ZNox LAV ITON, AT AICERINTVET, A&
17 % D1, The Definition of Standard ML Basis Library THEENEBEMN TSN TV EFEAT L 77
DAVEI =72 A A7 7ANETRCEY basis.smi TY., 70/ 7LD v —7 24 A7 74 IVDE
SHIZ

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

_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 A )b:

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: £ v —7 24 A7 74 LD

EEWTE L, ERIA 77 VMEHTREE D £ 7.

Provide 5 1%, 2 ¥ 8A )VHNMBO 3 >S4 VIERLICEE T 2 SMLAOERZ AL £ 3. b7
2EJIZ, BB X%, Standard MLDOY — A7 7 A VDESTERETELZHDTARTEEZS L L WTL &
9. BEMIZE, DToborRgEh s T,

e datatype T 5.

e type TEFR.

e exception iEF.

e infix HE,

o L ZDIDIER,
o BV 2 —LDER
e functor DIEFH

¥2—DA I =724 RA7 74 quene.smi L ZDA V¥ —7 24 A%HEIET 2 queue.sml DHIZX
14.2 128 L £ 7,
queue.smi 7 7 A VO FIHIZEFEDPINL T\ 5 require "basis.smi"l,
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o 2D queue.smi 7 7 ANDEEKRTI AL 77 &fHH L,

e 2D queue.smi 7 7 A NVDHPTERINTIHONT VS a 1list R EDRNL, HEAIFAL 77V
EEINTVE L

ZRLTREY., ZNDEDERD Provide EEHATY. ZOBITIE, DA vy —7 x4 2%2HET 5
EY 22—V Quene &2 structure ZIRMHETE 2 EERRLTET, ZoflroHEINs 8D, f v
5 —7 x4 A7 74 1LD Provide &5 & Standard ML D> 7' % F ¥ L RIHECTRUA L £9. Lo Ly
2 F v LZEZTIDRECE) DIE, datatype ¥ exception 7 ENIEARTIZ %A, FERITWHIETE L9
£ TY. queue.smi DHTEFKI NS datatype ’a queue & exception Dequeue lE, queue.sml TiEF
SNBZMEIMHNZDOLDE L TbNLE T, 6>T, T queue.smi ZHBMDEY 2 — )L T require
HEz#U THHLTYH, queve.smi TEXEINLFA—DHDE L THbONET.

14.4 BIDEHL
AiffioF» S HIEINBE EBD, A VI —T7 24 A7 7 A NVDRERNEZ T, UTOLEDTT.

1. datatype ¥ exception % £D I Y XA VIRHCER I N2 EIH (HVENR) 12, k2o v 5 —
72AA7 7ANVTERINSZEEKZOLDZFIBT 2

2. BB EDFETROMEZERT DIDIE, Z20HMOARAEZEET 5,

CNGERD, av L IWIDA VI =T 2 A A7 7ANELIPDOY —Ra—=FE2arv 4 VT2
TREPOTIRERTT. LaLl, ZoFEAZTIE, Standard ML DEY 22— )Ly AT LADHRMET 5
HEROBMOWREZMH S 2 L3 TCE A, HIZE, Fifiof ¥ —7 x4 A7 74l queue.smi TlZ,
'a queue DHEAA, Q of ’a list * ’a list EERINAFIN TV E T, Z OFELEDFHM XK
L7zWiGaERL 0wt Ebnx .,

COMBEDBRDI=DIZ, £ V¥ 724 A7 74V

type tyvars tyid (= typeRep) (x FEIZZ D F FEBT 25 )
eqtype tyvars tyid (= typeRep) G FEMEZ D F £5dk T 25 %)

DO S NAMOEFT2FF LT XY, JOHEFZ, Mityid PERINZ DHEEDRILUL typeRep T
HDW, ZONKIEIDA VI —7 2 A ADHHEDPSBRINE I EEZRLT0E T, ¥ 72 F v,
type Hig &, F—MHHEZTFIHOE, eqtype IZA—MHIEFREL 2R L £ 7. typeRep ITIE, tyid
ZFRETZRMOMa v 27 78 %BELET. HZIL,

type t1l int

type t2 = int list

type ’a t3 = (’a * ’a) array
EVHFEEIHLT, A8 —72—A7 74V

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

EEEFET, AL a— PR, A, BB 51F, typeRep IIEZNEN{}, *, >EHFELET.
FLEER DY datatype TEBRIN/MESIE, AV A NI 7 FDERIIGE TUTOWTNLZIEEL T,

e unit, SIBEFRALLVAVALIIEETFNSLRY, DAV AETIIINLDOLBFEEL R,
e contag. HBEFiIBVAVYA NI IIEFLRY, POAVANTIIIN 2O EFET 5.
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e boxed., LEDWVTIUTHYTIZE S R\,

-

i 21X, queue.smi ® datatype ’a queue H g Db HIC
type ’a queue (= boxed)

EFEHQZEMTEET.

oI, YR FYOEAR A V=72 A RAT7 74N, FDA VI =T 24 ARFEHET LY — R
WERTIEHE TR TEREL T I2HLBEIHDFHA, A VI —T 2L RCESINLDDAD, %
DA VI —7 24 A% require Hg 2l THH T2 2 —HICHZ 2 X% £7,

14.5 YT ZXF v DHFWL

Standard ML &%, % 143 HiCotH L &R, v 72 F v b AHT DL BERTT. #lz
12, Queue A7 7 F vIZW LT, QUEVE > 7 #F v BERIN TV EEATT, SML#ADA V¥ 7 =
A Z®D Require BF 121, UTOWLIZLD, 272 F v 77 A VOHHES O HL N TEET,

_require sigFilePath

sigFilePath 133 7% F v 7 7 A VDN RAZTT, ZO¥EZEET 572912, Standard ML DY 7 % F v
DU OWE 2 BAT 2 083 H D 7,

o V7% F ¥, oD structure TEEXI N (DER) OSHEEZEL I ENBTE 3,
o IR F Y HHIZ, M (DIFE) ZAKL Vv,
SML# 2 v 34 1%, _require sigFilePath EE%2ATD & 5 I o4

o > 2F ¥ PUHDFTRTD Require HED T, sigFilePath 7 7 A VTEREI N T3 F v %
il

o COHBZHUA VI —T7 2 A AT 7ANV% require Hg 2B LU THIHT %Y — 23— FOFHHET,
T A D sigFilePath 7 7 A VBB ES N T3 L ART,

X 14312, ¥ 7% F v 2 GAMPEKSNAELTIDOA v 8 7 24 A LREDHIZRLET, ZOfIT
¥, RE7 7 AVICHZRERT 2> 72 F v flfI2 0TS, FHAFICL > TOMREBEDY FEA

14.6 77279 DYR—k

SMLADZH AV RANT AT HE, 77V 786 F 727 b7 74 MaElary 4L, fihoa
VS VHALD S require HE ZMU THIHT 2 2 LR TEET, 77V 7 8DA VI —T7 24 A7 74
WL, Z® Provide EFICAFD X H Gl L £ 4,

functor id(signature) =
struct
(* ZDELTIX structure @D Provide & [Al— %)

end

Z 2T, signature l¥ Standard ML #CHANCHE) > V2 F ¥ EHE T, A V¥ —T7 2 A RAEPTET
W, A V7 =724 ATIEERL, @EDOYI72F2EITET. UM oWRERE2ERHTL 777 %
DAV =T 2 A AT 7ANDHEZLDLET,
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queue-sig.sml 7 7 4 )L :

signature Queue =
sig
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.smi 7 7 A )V

_require "basis.smi"

_require "queue-sig.sml"

structure Queue =
struct
type ’a queue (= boxed)

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 A J:

structure Queue : QUEUE =
struct
datatype ’a queue = Q of ’a list * ’a list
exception Dequeue
val empty = Q ([1,[1)
fun isEmpty (Q ([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

14.3: £ v —7 24 A7 74 LDH
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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

7220, CoMENMT S s, DToORICHET 208N H ) £7.

e functor IFEL 2 —NFHE D7D DBEETIE R\, 3 a v 84 LT E R\ ML %5 3E0HR T,
Y 2 VOROEHEDVKEHRZN LY 2 FERE L CO7 7 v 7 ORI NE Z L2236 D
F L7 #HlZE,

Asml 774

structure A

struct

end

Bsml 774

structure B
struct

open A

end
EELEB.sml 77 ANDHNGREE 7 ANV A sml 7 7 A VICHEBEEEFELTCLEVE T, ZDB.sml
77 REOHTO L ICEEZBHITERFELRIZEHEINE T,
Bsml 774

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

open A

end
OB, AEa Y AL NVOKEEZDOLDTT. gElav AL E ) v OREER RIS R — b
LT3 SML# TliX, ZOHMNDEDIZ7 778 %M bBIx7% L, TD X RHIET 25X
ERck
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o 77V I ADOHMHIIZaR NN S, 77, BB EDEPDMTLGE 8T XY E LT
WEENBH D ET, 20D, 77073 L TCIRERTELRWT 7V 7 IRROBEEETT. LaL,
FRHCRZ ST X & L LTRITIY, ZORNIG U 7B 2T ) 72, 77 7 IRMED a4 )L
121X, BBRRESTVRBRRA NI 7 F iR Tav 4 b ar St vE3N-4A 7927 ba—"F
WA=~y FREENFET, i, BEAEEZHEHT 2 LTl onkwI Ty, 777
781, ZOF =N~y FEEH#RLT, a—FIXRESEHELERETT.

BED SML#D 7 7 v 7§ DFEIIILAT Oflf2 % » £ 7.

o 77 ADFBICHIE B oMREa A NI 7 IBNEENTBIEA, 2oflav A 50%
ide =7 ar — SN EERL (array, boxed, {}, ->, *% &) ZEORMOAZHWHT 2 2
EXTEET, HIZIE, SMLATIRUTOFZary S s —icih 7,

# 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 L7VIr—v3vEE
AV T2 AT 74N, BIROEROERTT, {t->T, Mz

structure Foo

struct
structure A = Bar
structure B = Bar

end
DEIBEREEDEY 2 — I LT, ¥ 32F v LW,

structure Foo =
struct
structure A : SigBar

structure B : SigBar

end

DEIBEZIFIITIIHA, NEFTORDZRLDATIE, Bar DNAEZ L DR LELBERH D F
T, ZONEIZINMET 7012, A v 72427740, DTOEEFEDOL 7Y r—yay () 5§
ERHFLTVET,

e structure id = path

e exception id = path

e datatype id = datatype path
e val id = path

CHITEHST, TTIRERFADERICH LTI, A vF 724 A7 74V TH>TYH, BHEDY—A7 7
ANERARRICZDEBDEZS2EL I ENTEET. WA, Bar A7 7 F v 2RMET24 09724
A7 7 AN bar.smi THHETBE, LTOLIICEL I ENTEET,
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_require "bar.smi"

structure Foo =

struct
structure A = Bar
structure B = Bar

end

14.8 My 7LANILDEST

SML# 7877 LDFETIE, .sml 774Dy 7L )icEP N val HE % Lo S IHICEHT$ 2
ETITONZET, 0207077 L0EED . sml 77 AN 6%5EE, EDT77A4LVD Ly L)L
NEDEFETHITI NS 2E, AHTIEH D FEA. SMLETIE, K.sml 774 LD kv 7L _)LDFEST
7%, LAT BANCHE> THEL £ 7,

1. V¥ ZIfIZ smlsharp 29 ¥ FIZHEE L7 .smi 7 7 A WICHIET % .sm1 7 7 A LD+ vy 7L ~0LIE
DTRBICETINE T, ZOFRBBUTOEDERAELD bEREINE T, T, ZOFRMAICHRT
%.sml 7 7ANDEY TLNV2Y Y7 by TV ERYNE T,

2. A.sml 23 Provide L CWA A% B.sml DMEHL TVEEE, Asml Dby 7LLIEB.sml D b+ v
TLV KD BICETINET,

3. EERHHBMRICHEN 22D .sml 7 74 LVD v LRV DOEFTIEFIZAETT.

4. A.sml 2MA[H Provide L TR0, HEWIZY V7 by LU 5B EE-EHBERZWL-
TA.sml ICFFETERVEA, Asml Dy 7L LIFFEITENEEA (SMLA2 Y84 FiF A0
2V LERA).

Py FPLRVOFEFEFE LR V7 XINDF TP 27 F 7 74 VOEEIE, require ICLH>TREDZD
TIE%L, 77 A VETOLEBOERMERBIRICK > TRE 2 2 LICHERL T ES v, X Asni DY
o> .smi 7 7 A VD5 _require STV & LTH, A.smi ¥ Provide TH2EHZED.sml 7 740D
AL TOuRIFIUE, A.smlDF 727 774N A0 lZY V7 3NFERA, 5T, HlZIL print L
L. .sml 77 ANEE, BIEHO®H 2~y FLLa— 106420 Provide L&V .sml 7 7
ANE, VU7 bEITLINEREA.

Bz 2o0H D ET. VEDRV VI Yy TLRLTT, Y27 by PLRLRBRTEITFINET. b
) O EDlX, Require %

_require smuFilePath init

EHCZETT, A.smi il _require "B.smi" init EEDPN T I5E, EROER-SHEBRICL2D
53, Bsmi Dby 7L LB Acsmi D by 7LV XD RICFEFTINE T, 2L, ZOFEHTIIRH®
BHEIHHATRELDTH D, WHEBHRINITA, €oT, 7077 20PLRICHTEITIN
2T UL 6 720 print PEAIOBEENERIX, VY7 by 7LV TITID, V7 by 705
O I N BB TIT) L HIT LTSIV,
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95

F15EF i

IR, 53, 74 7 7Y, smlsharp A7V F, Y AT LAROINEBA v ¥ —7 24 A% &8 SML#D
AT LR ERET S, H I TR D, SML#E The Definition of Standard ML[5] & %5 A
MDdH 2 5iETH 5. The Definition of Standard ML 12 13 5E5E & SEDERIT A, FREK (BF zv
7AEER) B X OERER GHliofT7) 2PEWBRZECERS AT AL L TERINTWS, Lol
SML#1%, ZNHET5EME L 72D IZBL 2% TdH % Standard ML & %72 0 C & DR, SQL D> —
LAV ALMESE 2 GG A =T v RFTHY, IhoolEZ2 AN 2 —FOBFRICEHRT 2 X 9
BEBZERTFIRIIRLZHELINTORY, 22T, KM= 27 )L T, SiEOMOBOIE L EIK
Z, IR T, HAGEICKZ2HERELTHERABILICT S,

15.1 fERAYBHRELE

RGO ERKH 72> T, UTOELEMS.,
o IR F X, ¥ A4 7748 74 bEHOGTSMLA"D X ) ICFEidRT 5,
o FE&IHFLE PR EDATHIE (eap) DX I ICHED v aFHZATHBT 3.
o HWETIREZ TS IZ (opt)? & : <.

o XWX DY T A (z) ITHLT, (zList) 1, ZHTRYISoNT (2) D 1AM EDIIZFKL, (15eq)
FELT O &) Gl omns 2R,
(zSeq) = (x) FE 1M
| 224
| (@)1, (1)) nfdof






F16E SMLAODEE

ARETIX, SML#7'0 77 L0kE, Mo, FEITOETLVELED

16.1 WERE—KFO7OI5L

NEFE— PO SMLA7 R I 41F, £2aay () TRTT2ESDINTHS, UTEBA VY I 74
Tk arvollths,

$ smlsharp

SML# 4.0.0 ...
# fun fact 0 =
> | fact n =

> val x = fact

val fact = fn :
val x = 3628300 :

C 2T, #E>13, NEERLSML#A 2 v /84 7 3HIT Y 2G0T M OHkGEED 70 v 7 R T CH B,
Bl X9z, MNEEHa 8L F1%, ANSINIES OFHIiR R Z ERT 5.

HEICE, B La—FREDEZERT 27077 LT H1%
DEFLEEDICLTAHIZDTHEY 2 — VEFEDET (topDecl) [CRHI NS,

(interactive Program)

== P
o MEHEDES

1
n *x fact (n - 1);
10;

int -> int

int

)

(topdecly (interactiveProgram)

WTFIME S ((decl) ) DR L FA7H1 % 5T

(decl)

exceptionDecl)  BISNVES
localDecl) JRTES

(infixDecl) infix 55
(valDecl) val HiE
(valRecDecl) val rec 55
(funDecl) BIBES
(datatypeDecl) — 7T—FHIEF
(typeDecl) oA E S
(

(

G2 3 5.

| (decly (interactiveProgram)
|

97

ZD

DEF (decl) &, ZNOLHFZ
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Hie OME | R

infix H5 infix 4 =
val HE val x = 1
val rec H5 val rec £ = fn x => if x = 0 then 1 else x * f (x - 1)
BIfE S fun £ x = if x = O then 1 else x * f (x - 1)
7T —%M'EHE | datatype foo = A | B
MNES type person = {name:string, age:int}
BIsVES exception Fail of string
JRATE S local val x = 2 in val y = x + x end
e EY a2 ILFHENES

DIFIcEY 2 —VEE ((moduleDecl) ) Dt & & aplz R,

(topdecl) strDecl) ALI77FvHEHE
sigDecl) YU rFRES
functorDecl) 7 7v 7 ¥ EHET

localTopdecl)  JRFTES

structure Version =

AL U FREE struct

val version = "4.0.0"

end
signature VERSION =

.S — si
YR Y EE &
val version :string
end
functor System(V:VERSION) =
struct
ITrVYIYES val name = "SML#"
val version = V.version
end
Tocal
structure V = Version
in
e structure Release = struct
AT H. &

val version = V.version
val date = "2021-04-06"

end

end

16.1.1 BEEBOES O

XNEERL 70 75 LOF TR, HEMNZMEXGHET 2 2 k> TTbi s, EEDES DFHlilE
BILEEN AL EOUERZFHEL, H2ERL, HE TERINL A2 Z 0O HEICHET 20K % £
O, BRI NBHEITIE, FVREE, FATRHICAR S N LB RMEN D 5.

RV ZfEIE, 2 v %A I3 XA VIRICED T ETH D, DITOMEND 5.

PEERFRE 0723, hEEET L L THSU#T SN S 2 L2 R T, MaomE (GG, ZAG)
LIRE (0259) 287,
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AVARZ VBN BINTHRT—Yav A 7278 THbHIE%2ET. avA 77 7 EEZROENNT
i, Y —r=ovFrItBVWT, WIRTZAVAN I I EDART YT TS,

BIBRF MRS 113, datatype B S THERINH L WIMOERTSH 5. ME[H2 R8T X 52 5E
ETE2,

B ORE, WIS 5 70 7T AT DIFEATIRIC AR T 2 EIN R EOEE 2 RBLT 5.

AYRATUE, AVANANVFICESICE EN D MERDP RO A EE AR L, JnoEN A EE
flioTHESEZF 2y 7 L7-Db, HEECTERINZBINTZ, WET2ENRMEICKHET S, 351,
(valDecl) 72 EFATZAMED) 70 77 2 LT, FTa— F2ART 5, BRINETa—FiF, HIIC
EGENDRRERICNT 2262 ER L, ERI N0+ 2 20 6B EICRET 5,

B2 EIC I AT ORI S 5,

HMABT—F 5 18 HTERT 2MAAARDETREBITH 2. FHTHT—%, VAL, FHl, ~7
Frgt, PIZIE, int321d, FREET—F T 7 F v VED S 28y MESNEEET -5 TH 5.

BHI/O—Yv BB OEITHERTH 2.

F—IBRF 7GR R T S HRAR R TH B,

BINERRF BINKBLZ KR T 2 AL AR TH 5.

Ld—K L a— by 7VHOFETRERTH 2.

T—IBRRE 7RIS L > TERIN S 2 —FERD datatype DT —¥ ThH %,

FINT—5 BISHER T CER S N 20192 £ T HGHRERBTH 5.
HEDWERT 5 fH & B ZAEOY <) 2L MR,

HE7 7 A R Z B iAE K I 12 BNAE AN 52
infix 55 LA B, avALT 784
val 55 x| NS U 7= B2 fiE | 254K
val rec 55 x| B /7 m—> % L
B ES s Bfirn—yy ZH
Ty HES | BT HIREIR 44
avAr7 7 8EE | T— YRR T — T4
HMoR#AES | BB HURE R4
BINES av A b7 8@ | HISMER T B RERR 144
JRES NI AT NI A NI A

VA 70E, BNREOFEOESZ KRBT 28N LRRE T 2 REE L CRb, FEfra—FiE, &
M fEO R %2 KRBT 285 B 2 RE L L TR, HEE 0N Z 0RO Fcfibis, Rk LicagE
NB 400, ZDAHPEEDEBEOT THMIN TV AT I NS, a v 84 712X 2E S Ol
&, 2V A 7 OBHEDORIBE# E SR T 2 B A d IR T 2809 % b0, HE OB 225, 3
BbbavNIPEFICNLUTERL 2 a— FOETIE, BEOBNZERELZ, S50VERT 28174 H
IR T 22058 % b o,

FATREROELRE L, FEHSINT 2B RMEOERICHE) BIEHIC X > TiTbhi s, I 512, xEGM
T— N, B2 EEEBNREEZERT 2R R a—F2av 0 JicksTmEth, 2—HicEn
Ih3,

KESOMIEL, Wi — FTOFHGOH 2R T, ZNENDES O XDFHMERRILE 23 ETEH
25,
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(infirDecl) HE I NI T (id) (DY A L) CHETEE (v 74y 7 2@ 252 2EH5TH
3., ZOESOAI—=7TIE, (id) 1%, PHEEETELCEHINS,

# 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

*ECBENTNKTEN T & DUHETEIEZRODT, 4 * 3 ~ 21F, *(4, ~ (3,2)) LEHIN
%, ZOHEZ THNZMEIERI NG,

(valDecl) val (pat) = (exp) DIVDESTH 2. X (exp) ZiHliZ 67 fiE (FFk X OB Z2fE) &3
Z = (pat) EDIRY ==y F VY TRITV, v F LIEZENFICHET 2.

# val x = 1;

val x = 1 : int

CofITIE, ZHx Iz, N1 2R L 25 ROM int LfE 1 2SRFES N5, BELIHC HIEAL DR
BRI NI —v 2 TE 2,

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

val y = 2 : int
R (exp) DFMILEE 19 T, /¥ — v OFEMIEE 20 HCEFRT 5.
(valRecDecl) —MBUZHH A% BIECERICIE L 72 val HE TH 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

COEFICED, BTGS2 BB E X OBBOEICRE NS,
(funDecl) —MICHAHRIRBBERES TH 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

COHEFIZED, il 123505 2 BB X OBBDMEICHM I NS,
(datatypeDecly MHFHRNZH L AR 2 €% T 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

COESWIHHI SN S &, HLOWE (7 X5 2Rl WEIREET) foo XU bar 2MES 1, #AIT
foo B X Wbar 32 NZ U L WIS T Ic i s, o0, @l A BEXUC DICIET—
YR TIBEDS Z 50, NF I foo BX W bar HDEZES T — ¥R ICHE I N 5,
ASCETIE, FRICEELZFI SRS AVIRY Eo@iHO X 9512, BEK -7 —BRT%2, Z1
SO I NS A0 L P 5.

(typeDecly AT 2 RBEABICHKIE T 2 HE5TH 5.

# type ’a foo = ’a x ’a;

type ’a foo = ’a * ’a

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

val £ = fn : int * int -> int * int
ZODEBICED, 'aTERINGTZZITI S T?a * 2a IR TR LKL I 4, #&AIF foo ITH
HMIND, NPT foold, 7 x TDHIHE L THHINS,

(exceptionDecl) BIIMELFDESETH %,

# exception Foo of int;

exception Foo of int

COEEVIHMIENS &, Blint 2K ETIH L WHISERTMEoNnE, ZoESOARAa—7
T, @l Foolcav A b7 7 7 EMUEDEZ 5N, HIIMER ICHEBINS,

(localDecl) local £ XU in THHNEHF 3 end FTTOARINERANEES TH 5.

# local

> val x = 2

> in

> wval y =x +x
> end;

val y = 4 : int

HEval x = 2DA3—7ldend TTTH5, Mo TxIZZDRFTEZSONTIITHTIZZRL, X
ity arvThy DHOABERRINS.

16.1.2 FYa1—I)LSEOEE DM

EY 21— VEBEOMEEZETHLA L7 7F v EHSIE, HEDQYVA 2O LEELEDICL THAHTZDT
LHEMETH S, AL 77 F v ADGHIiS NS &, IO LAFEOEE TH 2 MBI & B2 R i o 5%
BTHLFTREENER I NG, A7 7F v HFER, INoBRETHIN S ZnZThofHiz 2 b
77FxHTTY 74w 7 AL TRO N5 MIBE & ST 2, BIfE 0 B & FHUTIRBRELIB NS 5
SR 2RO,

BlziE, A7 27F v

struct
val version = "4.0.0"

end
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\&, HUBRES {version: string} & FEATIRFEREL {version: "4.0.0"} ZAERTEHDT, A7/ FvEHEF

structure Version =
struct
val version = "4.0.0"

end

(&, BHEDRIBRET & FTIEEIIC ZNZh, v v 74l {Version.version : string} & {Version.version:
"4.0.0"} ZBEMT B ZFFO,

AL 77 F 2R RICBY 7 AT v HlfIZMIMT 22 EBTES, 272 F v HiliE, AT 7 F v hEK
T 2 RBUEOFHNGIKICH 5. ZBOEOTIDOHFILSHC, HESOHKL ESIRETES. ¥ /2 F v
fIZROA T 77 F v, ¥ 73 F 2 HRNHEE SN AHDAZ b OBENER I NS,

7778 ALV F 2RO AL 77 F v 2B TH L, L, REFEOBMLE RL
D, 77V IERIE Ly TLVVCHIRIE N, o, 77 I8 ERIMSE T 7y 7 Y FEERTS L

HE OXNGENE — FTOiHliof 2R, ZNZNDOES O OFHMERITN 24 HTEZ 5,

(strDecl) A+ 77 F ¥ 2ERTIEHSTH 5.

# structure Version =

> struct

> val version = "4.0.0"

> end;

structure Version
struct
val version = "4.0.0" : string

end

ZOESITLD, AT Version 23R b 7 7 F ¥ 2R THERICHM I N, v JikHlT Version.version
23, string M LB 4. 0. 0" ICH I N5,

(sigDecl) @M T %> 72 F 2 ICHMT2ESTH 5.

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

val version : string

end

COEEI LY, VERSION B SR F ¢ RIS NG, L IRF v, AL TS CRESNSE
ZB RO M E ORI R RBITH 2,

(functorDecly A+ 77 F¥WOAL 77 F v 2EWT 5B THE7 7 v 79 2EXKTLEHETH S,

functor System(V:VERSION) =
struct
val name = "SML#"
val version = V.version

end;
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ZOEBIZLST, System?’, VERSION > 7' % F ¥ %2 b DA77 F ¥% )} LD, name & version
FRERLTLAMNIVF X RIRT 77 77 ICHBINS,

(localTopdecl) local & U in THbNHE 3 end £ TTOARANLRHTNGES TH 5.

= struct

V.version

# local

> structure V = Version

> in

> structure Release

> val date = "2021-04-06"
> val version =

> end

> end;

val Release =
struct
val date =
val version =

end

"2021-04-
"4.0.0"

06"

: string

: string

‘HE structure V = Version DA 22— 7l end TTTH B, o TVIIZDORIEZSDHNTIZH
HTlE7e <, WNEhik vy a2 v Th Release DAVERNINSG,

16.2 LRIV INC1ILTE—RO7O7 5L

DAV RSANE—FDTRTTLE, VAT 7ANEZDA VI =7 2 A ZAZFBLIA ¥ I —T7 =
ARAT7ANDEGTHSD, V—AT7 7 A IVDNE (source) IZLLTDEH TH 5,

(source)
(interfaceFileSpec)

(sourceProgram)

( (interfaceFileSpec))? (sourceProgram)
_interface " (filePath)"

(decl)
(topdecl)

(sourceProgram,)

(sourceProgram,)

V=AT7 7 ANMIHIBT 545 7 24 A7 7 A4 IVDIRE (interfaceFileSpec) HRE L %5\ B Th,
V—A7 74N S.snl EFA—T4 L7 FVICH 7 47 A . smi DFA—DHD 7 74V S.smi BHUL,
ZD7 7 ANDPERIZA VI T2 A A7 74NV E LTIREINS, (filePath) (X2 THD, OSITk
59, 74L7 PYORYID XTI/ (AT vy a) ZHv5.

AV =724 RA7 7ANVDNE (interface) 1&, VY — A7 7 A NVDBBELE T HMthd a2 v 8 VHLDS
WSS DI (requireListy &, Y —A7 7 A NHMUD 3 ¥ A VAL ERBET 28D (provideList) %

Ly %,
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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)

o~ o~ o~ o~ o~ o~~~

|
|
|
|
|
| provideFun)

(requireList) 1%, ¥ —A7 7 A VBB T MDY —RA7 74 NVDA VI =T 24 A7 74V (smi 7 7
AN) RA, FA4T77VDsmi 77 ANV, FRESTRTF X7 7 ANDNSALERET S, _require IZ
#t < local I, #?D_require TIHEIN/A VI —T 2 —AT77ANDBY —A 7 7AND6DASMI
1, (provideList) D»5 IFZMINH VT L 2KT, TD local ZWYNIMA S I LITE>T, AHELA
Y =72 =27 7ANDEAABEIIEL, 2 SAOVIRZETT 5 2 EA3TE S, init i, HEIN
TeA VI =T 2 =R 7 7ANMIIBT 57077 LD, _require BEHI1N/ 70 7T LKD) HIICHTHE
fliZis 2 &2RTENTH S, (provideList) 1%, Y —A7 7 AN, o a > A VEAIRMET 25
SOMTH B,

(smiFilePathy, (sigFilePath), ¥ XU (librarySmiFilePath) %, _require 23&HN 77 7 A V1S Ath
D7 7ANNOHIIRATH S, OS2k 5T, T4 L7 PVDORYIDILFITZ/ (RT vy a) 2Hlva.
WA, (EVAR) DoIRES>TESTOO7 7ANVBHIELBVEARIE, av Yy R4 vy Thaohik
O—FR2AD67 74 VERET 5.

SML#DEMET 2RENLE T4 T I7VDA VI =T 24 A7 7 A NICRUTOLDDH 5,

| 9472V smi 7 7 A M | WA |

basis.smi Standard ML 34K 7 4 77 Y
ml-yacc-lib.smi yace, lex ¥ —)b

smlformat-lib.smi SMLFormat 7 # —< v & LY — b
smlnj-lib.smi Standard ML of New Jersey 7 A 7 7
ffi.smi CLOEHESR—FF747 7Y
thread.smi 2ILFALY FYR—=FF74 77
reify.smi VRS R—=1 54 77
smlunit-lib.smi kT A by —)L

HEICHIRT 5 7031 FIZLLTOMY TH %,

EDES EA v 7 24 ADX)G

Ul

o %5
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HE ((decl)) XIS 2 704 F ((provide) )
(infizDecl) (providelnfiz)
(valDecl) (provide Val)
(valRecDecl) (provide Val)
(funDecl) (provide Val)
(datatypeDecl) (provideData)
(typeDecl) (provide Type)
(exceptionDecl) | (provideException)
(localDecl)
o EV2—LEFHEOET LA VI 7 A4 ADH)G
HE ((topdecl)) | M9 5 7034 F ((provide) )
(strDecl) (provideStr)
(sigDecl)
(functorDecl) (provideFun)
(local Topdecl)
SITRF T AN, AV T 2 A AIZJEE _require (sigFilePath) 'HE T2MT 5.
DINIicfiidz 7 a 75 sz R g,
o 1 (FEARZA 77V D)
’ 774 a—F
val _ = print "ZAICHIE, SML
hello.sml .
&9 T Z\n"
hello.smi _require "basis.smi"
a8 AL & FTH
$ smlsharp hello.sml
$ ./a.out
TAICBIE, SML#ENKD) %
$
o 12 (3Elav R4 N)
| 7740 a—F
val _ = puts "ZAICHEIE, SML #~K
hello.sml .
Dz
hello.smi _require "puts.smi"
val puts = _import "puts" :
puts.sml ) .
string -> int
puts.smi val puts : string -> int
a v 84 L & ETH
$ smlsharp -c hello.sml
$ smlsharp -c puts.sml
$ smlsharp -o hello hello.smi
$ ./hello
ZAITHIE, SMLENKH %

$
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16.3 7AJSLDERBRES:

INSESEA VI T2 A ADENFNOEL L BREZERT H0IC, £, TNoEFEA VY —7 =
A RAERERT AU TOEEZOM L L BRZERT 3.

FHBE 7077 LKLY 2N EATH 5 PRIECREN T, XYY ETOERTH S, (17 H)

® FOEAOTOL SN2 71079 AOTAMRER, HNAMNER L BINAEEERT 37075 50
FIFHMTH B, (3 19 )

B AL T OROREOIHERA v ¥ —7 2 A ADERIH S5, (5 18 B)

Y —> BIBDREIEAED R 7 E DD 128 1) 5ZITHLS REMORMEDFLTH %,
(55 20 #)

WAl FDRA—FHA B 1 ORI B 2 BRI O FRIEH OE R, (5 21 &)

SQL ® SMLAICY — AL AICHARAENT SQL 2> F2EET 2R, hoR & RIS ZEY,
b LR L TRIHTE 2. (B 22 5)

ZHUCHEE, W2 ETKSHEDOEHSOM L EERZERL, HUETEY 2 - VEHEOESOML LR
K2 ERT 5.
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BITE FAWE

ARFETIE, SMLASHCHAT 2 X r L MG 2ERT 2. FHMEDERTIE, HEHEDIEREEZ
M2,

17.1 X=ZF&EAH

SML# SO TE 2 3C73, H#EET 025 255 £ TOHRER ASCII XFTh 5. L7, it
HTOD 5 127 £TD ASCII XF 1%, SMLASED PREEPXYID GG & LTSNS, 2o PR
PRUIN S EELRSLWIRD, TERT12825 255 $TO8E Y XA F2ELXFEEHINTE LT
fliflcE 2, ZoHEICkD, UTF-8 Ty a— FENALHARERZBNT- L LHEHTE 2, DUF oS
tyTavid, HREZHEHALL 07 06TH 5,

$ smlsharp
SML# 4.0.0 ...
# datatype X ¥ /¥— =
> KR of {IK#:string, Fln:int, “#{7:string}
> | TkE of {IK#:string, 4Ffii:int};
datatype X ¥/¥— =
I8 of {¥fL:string, Fi:int, K :string}
| T&E of {4Fiffi:int, K#:string}
# WF%EE {%¢0="Ph.D.", =21, KH="KIi"};
val it =

WHEE {7 = "Ph.D.", s = 21, [KF = "AIE"Y + XA N—

HAZED Shift JIS a— F DXk H 7%, HERO2S 1271 FTONL bRy a—F 4 v 7%
LA OEEIZRERTH 5.

17.2 FHEH
SML#DTANZ, T OMENH 5.

FHEE LI IE SMLADTFHIEETH D, Al iR TE 2w,

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}, : :>; ... _==>—>#

IS XTINE, UTFOMNTOHETERSNSZHEL 7 A (alphald) 1CIEEENEL,

SQL F#I5E DL T OH&GEIE, SQLEX DR TIIFREETH D, @nld e LTEHTE 2w,
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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

INGFINZ, FI9EELUE 2 HTERINS, _sql THZE % SQL XNTIEX, FH7 7 A
(alphald) \TIZEENZ\, Z OFIE 22 fiiciiR %, SQL 3L, Standard ML TIFHX E L
TRHEI NV, ZNoHlRZEML TH Standard ML & DA AR N T W 5,

IERFHIEE _ TR E 2D T DAL, SMLADIRERKE 2 EHT 5 7-DICBEAINLTFHETH S, i
5IRREFIEEIX, Standard ML T T EBEBESI N WEETH D, TN ZBML TH Standard
ML & O A#ED R 7TV 5,

__attribute builtin _foreach _import _interface _join _dynamic _dynamiccase

_polyrec _require _sizeof _sql _sqlserver _typeof _use

HEAF T, Tu s ahelHAIN AL DAHTTH B, SML#ETIE, MITO 7 HEOFRINTH
%L, e THEEIZZOMAHRICGE CEAEI NS DT, F—D4EiZHOREICERL T X,

% A&
(vid) R, F—FavALI7H
(lab) La—FD7~\)L

(stridy | A+77F x4

(sigid) | > 7 %F x4
(
(
(

funidy | 77784
tycon) | BIKEIRAF%4

tyvar) | BIZEHL

(vid) = (alphald) | {(symbolld)

(lab) = (alphald) | (string) | {decimal) | (decimal) _ (alphald) (¥ 1)
(strid) = (alphald)

(sigid) = (alphald)

(funid) = (alphald)

(tyvar) == (alphald) |’ (alphald)

(tycon) == (alphald) | (symbolld)

1
L. La—F70uE, CF7 0V ((alphald) 7213 (string)) , 7~V ((decimal)) , N
JPAh & SCPH 7 v ((decimaly _ (alphald)) O 3D H %5, SML#TIE, La—FiE, 7
NUVDIFFIHE>TY — P3N, XEY =BEHHDHBToND, XFH T XVDNEFIE, CFF
DAY String.compare TH 5. BT 7 ~NIVDMATF L, BT % HIRE LRI L 7D H 238K
DIEFTH 2. NP E XTI T ik, BT T NV ESCEIN T RND_CHlfE I N7 b DTH
D, ZOMEFIE, BT7 0 EXFHNT7 XVDNEFOFEFRANEFTH 5.

BEXT 7 I ADERIZLTOMED .
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(alpha) = [A-Za-z\127-\255]

(symbol) == V[ %[ & S| +[ /] | <[ =[>[2]e] [ [ 1]#] ][\

(alphald) = ({alpha) ({alpha) |]0-9] |’ | _)* (1 1)

(decimal) = [1-9] [0-9]*

(symbolld) == (symbol) * (1 2)
1

1. 427 A (alphald) W\ FRIEEIZ G ENE 0, 6512, _sql THE % SQLANTIZ, (alphald)
1213 SQL PRIEIR G Ehz o,

2. (symbolld) \IFPRIFEITE EFNZ ., Lo T, ==>IF (symbolld) DEFETH 573, =>IF
(symbolld) DEFRTIZ72\>,

long #BIF 2T — IR T4 (vid) EA T 7 F v (strid) 1T LTE, APF77FvZDY A
LT 4 7 AE NI long ik TFIERIND,

(long Vid) n= ((strid) .)* (vid)
(longTycony == ({strid) .)* (tycon)
(longStrid) n= ((strid) )* (strid)

FEUFSIL (scon) THY T INDOEHEUTOEY TH 5.

\urxze

16 MEE LT coar TREIN D E T EFO UTE

(scon) m= (int) | (word) | (real) | (string) | (char) EB)T I

(int) m= (7)?[0-9]+ 10 HEFEEL
| (7)?0x[0-9a-fA-F]+ 16 MR

(word) = 0w[0-9]+ 10 ERF &7 LB
| Owx[0-9a-fA-F|+ 16 MERF O 70 LHERL

(real) n= (7)?[0-9]+ . [0-9]+ [Ee](")?[0-9]+ AN
| (7)?[0-9]+ . [0-9]+
| (7)7[0-9)+ [Ee](7)?[0-9]+

(char) n= #" ((printable) | (escape)) " P

(string) = " ((printable) | (escape) )x " P2l

(printable) == \&"ZEROCT

(escape) = \a BT (ASCIL 7)
|  \b Ny 7 AR—Z (ASCII 8)
|\t % 7" (ASCII 9)
| \n BATICF (ASCII 10)
| \v MEHSY 7 (ASCII 11)
| \f F—2547 4 —F (ASCII 12)
| A\r ) & —> (ASCII 13)
| \"[\064-\095] \064-\095] %37 ¢ HllfHl 3¢5
I\ ST
|\ P&
| \ddd PR ddd D% FEo ST
| \f-—- A\ RHXTFOI f - f 2 MALT 5
|
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FE18EF B

AHiTIE, BOLE L OSMLAD V84 FITHAAEFNR TV B RIZERT 5.
RUE, HUAEAL ((ty)) ESHEL ((polyTy) ) I I NS, YMHBOELSE, UTFoEThikidbin s,

(ty) = (tyvar) IR
| A((tyrow) )7} La— FH
| (tyn) * - % (tyn) 7 (n > 2)
| () > (ty) Epes!
| ((tySeq))? (longTycon) (NI AZ) &F— 2R
| () )
(tyrow) = (lab) : (ty) (, (tyrow))? L IA—F74— ) FDH

(tyvar) 1%, MOEAEZEEBTH S, FIT2HTERL MDY ’a, "foo BL U ’a, ’foo DL
WCRFLI NS, BEFIFFE 7Y 7 4 7HEINEH 2 eq MICIRE I NIHEKTH 5. eq BT, B
B eq BT R OIHAAAR (real, reald2, exn) &R WIEOMTH L, 22—V ERDT—¥
By, ZOERICEEFNIRP TR T eq MTHIUL eq BTH 5. HE-oT, PIZEMUTO LI ITERI N
51 list ZBIBDTR 1+ W eq WTHIUL eq T TH 3,

datatype ’a list = nil | :: of ’a * ’a list

BIBUIRE L T—>13 7 2 SRR OEHRICIE VAR ST 5, L7235 T, int -> int -> int LEdibd %
&, int -> (int -> int) RSN 3.

(longTycon) 1%, datatype H 5 CERINLBLTOARTTH Y, HE SN structure D/SAH/T
BEHiS %, int MEDIEMII T XY (tySeq) ZFi7cla\ T —FMTH 5, SML#4.0.0 IZIFBLU N D5k
B E L 7 — 8 R S AR T 5,
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HIREIR T4 | B eq 1 ?
int 32 B A E Yes
int64 64 £y PRI S Yes
int16 16 €y N S Yes
int8 8 By P EHERL Yes
intInf HIBHIBR D 70 R S BB | Yes
word 32 B MiE i LB Yes
word64 64 £ v e UL Yes
word16 16 ©y M5 LB Yes
word8 8 By M LB Yes
real FEIINBURE No
real32 32 'y MBI N No
char XF- Yes
string S Yes
exn st No
unit 2=y MH (O) Yes

T ref 2 (R4 v %) Yes

T array [I5Y]l Yes

T vector | N7 LML T D eq 72 513 Yes

2=y MEOM unit DL a— FRI{FFELR 2L LTINS, 3 Standard ML 1209 %
BITHEEDNEEHETH 5.
ZHBOERIIUTOXETEZ 6D,

(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) = (laby : (polyTy) (, {polyTyrow))?

o [ (boundtyvarList) . (ty) 1 1%, HAERZE (boundtyvarList) DA 32— 7R I 7z L HIT
H5.

o HHHHIZRIL, ZOMWD ) 2MMOEGEZHRTZ2UT DA A~ FllFY (kind) 22135 Z LN TE S,
La— a4 v F#{ (tyrow) HE, (tyrow) D3RI 74—V FzE&0L a— FRICHIRT %, boxed
A v Pide—7lcrar—F 3N EOTICHIR S %, unboxed 74 ¥ Flidk—7Ic7ar— b &
N WHDBRUZHIR T 2. eq 4 A~ Flid eq BUCHIRT 5. reify A4 ¥ FI3MDY —7 47— 3
VB 5 2 EDIERTH D, BIZEEDHH) < HPHZ HIR L 2w,

Z DAL, Standard ML D%HEZ L a— FEAUEB XTI v 7 1 SHICIERL 725D TH 5, #lZ
X, IFD X9 iz OB ERTE 5,
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# fn x => (fn y => (x,y), nil);
val it = fn : [’a. ’a -> [’b. ’b => ’a * ’b] * [’b. ’b 1list]]

Wity avTld, ERoAA Y FIIMAT, A—=u—=FhA > R { (tyList) ¥37 ) v b Eh
2L 5. iU, REBDE HiFE A v R Y v AR (tyList)y DWTIDICHIRT 2 H 4~ FTH
5. BUE, A—N—0—T74 VTR IATLERDT) T4 7DAIREINTED, A—"—u—F
ALV PO ZL—F 70 77 AP EETHI LT TE RV,
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F19E N

A (exp) DWXDOEFR, FH T (infir), PIBOEM (appexp), WT (atexp) % T\ CTHEIIC
EEIND,

e X (Fy 7L

(exp) == (infix)
| {eap) : (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) CBEDA v A—F
| (exp) : _import (cfunty) CREEDA v R—F
| _sizeof( (ty) ) BoH A4 X
|  _dynamic (ezp) as (ty) X v 2
|  _dynamiccase (exp) of (match) BINAELF* v 2 i E5E7T
|  _sqlserver ((appezp))? : (ty) SQL #—
| _sql (pat) => (sqifn) SQL F1TBI%K
| _sql (sql) SQL 7 =V Wrf
(match) == (pat) => {exp) (| (match))? ¥—v2vF T
o fHE I
(infiy) == (appexp)
| (infiz) (vid) (infiz)
o BHBGE I
(appexp) (atezp)

| (appexp) (atewp) BICEA (Aifter)
| {appexp) # { (exprow) } LV IA—F74—VF7v75—F

o Ji1i
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(atexp) = (scon) TERL
| (op)? (longVid) AR
| {({exprow))? } La—F
| (leapy) -, (expn)) fil (n>2)
| O unit BIEEL
| #(lab) La—F74—LFxL 7k
| [{exp1) , -, (expn) ] YA+ (n>0)
| ({expr);---; (expn)) BRFTA (n>2)
| let (declList) in (ewpi);---; (exp,) end JHITEST (n>1)
| _sql ({(sql)) SQL 7 =V Wik
| (leap))
(exprow) == (lab) = {exp) (, exprow)? L aA—F74—)LF

(cfunty) DEFIZH 19.21 fiil, (sql) BELD (sqlfn) DEFKIFE 222 filcZENENG2 5.

ORI L > T, MXDRE (FLFDDmE) BREI NS, FFABfaor/hiitcd D, B
BoEHC (appexp) , BT (infir), X (exp) DH/EEE, TOMHOKEIDER, 7721, HETFH
(infir) ZHEIRT 2 REEFORA L, ETII RS, HEFESICL>TREI NS, S5 ICiERLK
i3, HETESOMADOMS IS T, MAOPBCEM IR S N FERCTH 2. 2 2TET, KA
(19.1) ILB VW THETRORHZELZL 72D L, ADGETRIINSHEATTOEIEIC, #iE s 2D
23 OM L2 IS 5.

19.1 BEEFHXOERM
WETE S, WSO RE I lb 2BREETh Y, UTFOMCERING.

infix (n)? (vidList)
infixr (n)? (vidList)

CHBEEE, (vid) N L CHE TR 523, intix €S, M TAEGEAT B HET & LM
T2 L2EEL, infixe B2, BATOAEET2EETE LTHAT 22 L28ET 5, A7y 3
VELTHANE 02D 9 2 TOMT (n) TINET 3 2 EWTES, HFIAELIEI DA NI,
Sl R BET DL, 02IELELALENG, HE

nonfix (vidList)

1%, (vidList) DA FEMEZHIERS 5.
CNSHETESE, (vid) DESHETZHNCELS ZLDITE, (vid) DESHIVERT 27O E#H
LABEDEINA 2 — 7I2hE D 23, WERFTIEANDIRRTH 1, FAlTFOER & FMI R I NG,
ARG Z & AT (id) PR E 238y —icHn g &, R TFOBEREICHEOLIT O
EHIM IO D,
3] 2t
(ezp) (vid) (exps) | op (vid) ((exp1),{exps))

(pat1) (vid) (patz) | op (vid) ((pat),(patz))
ZTT, {epy) & (eapa) & BATREORENORSIIGL THRES NS, RERIE P —ICH

op (wid)

i3, (vid) EFA—TH 2D, (vid) OBETEERIEI NS,
5T, foo MHETEIER bOMA TOBE, UTFO250RIZEMTH 2.



19.2. EH (scon) 117

1 foo 2
op foo (1,2)

HETHESREA VI 724 A7 7ANVTHIT) ZENTES, SMLASIETIE, TRTOa VA LV
B IONGEHNE— T, UTOHETFESZEUA VY 724 A7 7 A VDIEBRIZ _require LT 5,

infix 7 * / div mod
infix 6 + - °
infixr 5 :: @
infix 4 = <> > >= < <=
infix 3 := o

infix O before

P EOMREHLEREXDEREA V74 7 RAEEICL > T, BXEOEEDOMIVBERING, HlAiZ,
La—F7y 77— bR ((expr) # {(lab) = (eaps) }) DFEATIE, BmOMEAT DM (infix 9 EHEF
nrz) WHEF LD ML, if (exp) then (exp) else (exp) FDMDWEXLDFEEG L, mbIEEIDY
W (infix 0 LEHEFIN) HETORAGLD b,

19.2 TEHI (scon)

EHAE, BIT2HTERLERY T IV (int), (word), (real), (string), (char) TH 5.
ZNSDHT (int), (word), (real) DFEBUILATDOEDMEY A —"u—FEnTED, HHZIRIC
Ko THYLRRNEIIN S, XWROHIKIDZ FIUL, 77 4V ORZRD,

77 A | Y9 RIS 77 4V F DR
(int) int, int32, int64, int8, int16, intInf | int

(word) | word, word32, word64, word8, wordl6 word

(real) real, real32 real

(string) KO (char) V) T 7 Vi%, ZNZN string KU char B % FfD,

E7, INGER) TINVE, BIOSUTERELT7—F7 7 F v Lo BRLGEN AL ERT 5, %
FIREDERILDFEMNL S 20 HCEHRT 5.

PN, EHXOFHGOBTH 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
# Owl100;

val it = Owx64 : word

# "smlsharp";

val it = "smlsharp" : string

# #"S";

val it = #"S" : char
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# 3.141592;
val it = 3.141592 : real

19.3 long @B+ (longVid)

H & L TBNT long @l T- (longVid) DML LA, BHEDBREIOHT, ZD (longVid) 23HFE I 7z
BLiETH 5.

(longVid) %, ZEGEANT (vid) \ZA 7 7 F vifilT (strld) DIV 7 4y 7 AI 4T (strldy).
e (strldy) . (vid) DIEDRTH 2. & (strld;) 1%, 21 ETERT LFNRA 2 —7RANC K >T, *2
FLZEARFZ77FYEHFICWET S, A7 7F¥EHFIE, H16ETERINS L) I, BfEOREICH
AN T ORMOESBMT 2R E2 D, 612, (strldi_y) PAERT 20 v 7l FOFEoEE
V&, (strld;) DVYERT B0 v ST OFRBOEEGICA T T 7 F v 4 (strld) ML o swy S
WAl OFFEOEE R AT,

fE>T, (longVid) DEILAEIL, (strld,) \CHIET B AT 7 F DT (vid) IS 7B L fifi & [
UThs. nEROEAE, by 7LLT (vid) IS NALfiTh 5, fliefZ2 L FIcRT.

# 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 L3—FxX {{lab)) = (exp1), ..., {(lab,) = (exp,)?}

La—FRE 70V (lab;) £ (exp;) DMADPSLRZLa—F7 4 =LV FOEATH .
La—FREUTO L) ICFHT S5,

L La—FRAD I AARTRTRE ST 20 7 SN, F—0 7 VBEEHIIUL, MT5— %5,
2. Rz, &R (exps) B% L a— FRICHBIT 2 S 1, Z O (1y;) &fitiv, DSEHE I NS,
3. ZN5 2, FOLLFEHITY — F 3N a— P
{abl) = (), ..., (labl) : (t)}
Ll a— i



19.5. #H= ((expr) ,- -+, (exp,)) & unit X O 119

{({labl) = v}, ..., (lab)) = v}
RO, va—FROBEfEL 745,
fit>T, B2

val x = {SML = (print "SML#";"SML#"), IS = (print " is ";" is "), SHARP = (print
" sharp!\n";" sharp!\n")}

ZEHiid % &, "SML# is sharp!"& 7Y ¥ b I fE,

val x = {IS = " is ", SHARP = " sharp!\n", SML = "SML#"} : {IS: string, SHARP:
string, SML: string}

DE ) B EMED x ICH I NS,

19.5 83X ((exp1) , -+, (exp,)) Eunit X O

L Clexpr) , -+, (expu)) &, BFZ IV ETHLa—FR{L = (exp1), -+, n = (exp)} D
WA TH 5, WXL a—FRicEfis g, va—RFE L TGHish s, 7720, SML#D
MNEEH a4 7%, BFE IV ETrLa—FoRLEfEzflE LTRILT .

unit BUIZEDFMARTH 5. SMLATIX, Standard ML DEE EZEZL D, uwnit B EZEDL a— PRI}
FEp M E LTkbi s, oL a— FR{HIEDOL a— FA4 v R,

DUTIE, WEERIBRE CoMADFHTiOfTdH 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 Z4—ILREL 79K #(lad)
UTFORZ OB 7 4 — L FXeL 27 7Y 54 7B TH 3,

[>a#{ (lab) :*b}, ’b. ’a -> ’b]
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ZOMIE, b D (lab) 74—V FEELL a—FEDba 68 ~NOEHEKEERT. ZoB»rs, T

7V T4 TR R, T (leb) 2EUADOL a—- PRz OboICHENSE, 20T

V274 7OMAMEOR L fEE, WHINK (lab) 25 L I —FD (lab) 74—V FOREETH 5.
PIFIZ, va—F74 =L FeL 2% z2a&bR0HifcHh 2.

# #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

AL, La—FPRORKEGETH L0, HAIRHLTHLa—F74— L FeL 7 ZNBHIHITE 3,

19.7 JAMK [(exp)), - -, (exp,)]

Y2 R, [l oficary=TXY>E2RDEDOY A FTHY, VA NIDOZDlEZERT S, U R
FELZ, POUTOEIICERINLT—IETH 3,

infixr 5 ::

datatype ’a list = op :: of ’a * ’a list | nil

U A PREBUT D &) IHCLRBThN, ZORRDXA N LIcary Xt 7 7 AL FliS 1 5.

2B AR
: (0<n)
[{exp1) ,---, {expy)] | (expy) = -+ = (exp,) :: nil

CO&WH) S, VA PAROBEREOXITRTELUHZ R UE% 6T, Z2OMZEEOMLETZY
A MRty 1ist 2%, TOXOMEZRD, (v, ::(va, - ::(v,,nil)---)) DFOENZ OADHE & 7
52 ERbr5,

DTy 2 rRoflzRd,

# [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]

REDOBID X 52, 0 BEMEZFEOEDY XA FTH S,

19.8 ZFRITITR ((ezp); ---; (exp,))

(expr) 225 (exp,) £ TORZE, ZOMICHETL, REDXDOHLIEZKETHATH S, SMLADKDFE
flild—McEIfEH 2 &, Zo@FRETRE, T, EREH2ZHET 27201 ivshns, BUNICHHf]
NG



19.9. JAAE S let (declList) in (expi);---; (ezp,) end 121

# 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, := 1%, 1920 i THMT 22MA (KA v ¥ —H) ZEETIHAAARBEETH 5,

19.9 RFEER let (declList) in (exp;);---; (exp,) end

N let (declList) in (exp1);---; (exp,) end IZX>T, X (exp1); - (exp,) 72T THIMEFEL DE
B2f1) 2P TEL. ZOXBUTDO L) ICFHIIS N5,

1. (declList) DMBICHHTi S 4, Z OFEROZEBRMOBEE B OBEIGEM I L 5,
2. BMINZBEID T T (expr) ;- (exp,) Y, TOMICFHli S 15,

3. BRARICEHIT S e KB L DS, ZORREDOMEfHE 85,

19.10 BAEUERAIN (apperp) (atexp)

PLRicE# L 2257303, #XARIcRoRKY ) z&A w3 Rom/ i chd 2, N olirzR
R IC X o Tl ADETHRIN TV 5, fHlAGbE O TR OEGHIEGARR 25, BIECEH]
ThH5., 7L5ADEHEGEM T SMLATIE, PIEGEM I, Sk (apperp) (aterp) 12T LI, B
HaRTX (appexp) EHIBZRTA (atexp) ZHUCKZWRTEIRT 2. (eapl) (expl) (exp3) DX
Wi LN s L, Zo3ESS, e T 2BBGEM D+ A b (((expl) (expl)) (exps)) &M
s,

BAEGE N (appexp) (atexp) DFHIIZLAT D X 9 1ZfTbi 5,

1. X (appexp) ZEICEHGIL, BZRKD 2, & URIDBIEA (ty) > (tye) THIFUE, Bz I —
L5,

2. 3 (atexp) ZERIVICEHIIL, (tys) 2RO 2. (tyr) & (tys) DBE—-TRFIUIHL T —L 725,
3. X (appexp) ZEIICFEIL, i Cls 25k 5, fHIFREAK I/ 0 —2 v TH 5.

4. A (atesp) ZBINCIHGL, o Z2kD 2, BB 0— v Ols ICAES MBI, K515 o
~OFFEREML, ZOBEO FT, Bss u— v Cls (Kb S iz 3 — FREGL, Bkt
EROD, M () Lo B, BECETNROM L HTH 2,

UM icBaEf Az &0l 2§, mEOHITIE, #name £("joe", 21) (¥ ((#name £) ("joe", 21))
RSN, Mxo—-Ltk3,

#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};



122 HH19E K

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 Z«14=ILRZ v FTF—bMR (apperp) # { (exprow) }

K (apperp) DIEDIL 2 — F DI, ZD7 4 =)V F&{ (exprow) Y THE L 7fEICEHE L THONLH
Lwba—FzERT2TH2. ZOXDMIE, KX (appexp) DR ELFA—TH 2., UTFIHlZRT,

#{x=1, y =2} # {x = 2};

val it = {x =2, y = 2} : {x : int, y : int}
DTFofprRT@E), Zoidra— RIcB L TEMHAz2 D,

# 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 (eap) - (1)

A (exp) DW%E (ty) IZHIFIT 2K TH 2. (exp) 1FH (ty) XDV TH 2053 H 5. DATIC
Bl

# [] : 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 : [’a. (’a -> ’a) -> ’a -> ’a]

=AY

RBEOBID X I (ty) 3L ZEATORG, GENMELZ, v AF v 2 Ld3 sy, FAE
BDZa—713, FICHEROESHR UL, ZOREEDPENZ - HNHID val EE2EKTH B,
BEBDESBE L ONZD R a—=7HHANCOWTIE, 5231 ficE®RT 3.

19.13 FREEEI (czp)) andalso (expy) KU (exp)) orelse (exps)
HIERLE T O X ) ICFOERIN TS,
datatype bool = false | true

WE T — Y R A IRSCF TR £ 2 B2 H 503, false & true (3HIH4TH 5.
bool MZHfD 2 DD (expy) & (expy) I L TUA T ORI ERINT VS,



19.14. HIAIEX (erp) handle (match) 123

o PN ¢ (exp;) andalso (exps)

(expr) DIEZFHITL, Z DFEHRD true THIUL, (ezpr) ZFHHiL, Z DFRVBABEORERL &
%. (exp) DY)’ false THIUL, false WADETH 2. T DHA, (expr) IFEHM S 1175\,

o iwBHAI ¢ (exp) orelse (exps)

(exp1) DIEZFHM L, % DFEHD false THIUL, (exps) ZFHM L, ZDFERDXEAEORER L %
%. (expr) DAEDS true THIUL, true BRDOMETH 5. ZDOHEE, (expr) IFFHI S 1175\,

ZDEI Ml ZFERT L7012, ZNSHEEIFEIE IR (M E LTRian w3,
INOETIIVTNOLEREEST S, 72, AL VOB CERTIE, BIcHNB L OEESTIZBIC
HELL 2285 & D asv, o,

false andalso true orelse false

¥ (false andalso true) orelse false &R N, FHiFSEHEDMEIZ false £ 725,
bool BIDIEKIZ X, NS CUIMIBEEIERI N TNV,

not : bool -> bool

19.14 FIANNIEEIN (ezp) handle (match)

K (exp) FHliHICFET 201502 X vy F LT 28X TH 5. (match) TIE, BINY—v 2D
R =iz y F LB ORI S 15 X% BIBGR & FBRIC U T o citid 3 5.

(paty) => (exp1)
| ...
I (pat,) => (expn)

Ho88 — (pat;) \FBIIMER T2 E&L88 — 2 TH D HISME (exn) 27l 6 v, £z, &3 (exp)
DS (exp) DL —THZ2LENDH 2. ORI T D X ) IcfTbi 5,

o 3 (eap) ZIMIT 2. FHMASERICKT TIUE, 2 OMEH I ORBEOIE % 5.

o X (exp) TITHINDFATIUL, ZOHINDEY =2 (paty) D5 (pat,) & ZDMHIIHAEI N, <
F$ 2889 = (pat;) BWHNUL, (pat;) DHDEEDINIGT 2H10437 A =2 IH @I, ZOR
MANEM S MBI T, K (exp;) ZFHHiL, ZDOFIRPIAREORRE %22,

o vy T I HHNARY =T iuE, ZORTHR—DBINPFEELD E LT, ZOXZHOADRE
fliZsHeiT SN 5.

19.15 PIAFEET raise (eap)

BIAEL (exn) ZFFOEED (eap) WL T, TOXOAIE, XROFIFIIC X > T F ZLEORIZ £f
2, XIROHRIDI 72\ F USRI R a TRBISN L LM 2D, (exp) DMHIIVEZ R -3 0L, Tk
IS —L% 5,

ZOADFHIiZFHi T2 £, T (eap) HREMI S 1, Z DFEROBIIME Z KO FISF 235 E L 7R PLD3
ERENS, LEoT, ZoRIIEEE -2,
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19.16 X if (exp)) then (expy) else (exps)

Gz 2T TH 5. I (eapr) 1Ebool ML, K (exps) & (exps) BRI U ZEFD Z LSRR S
ns, ZofFDTT, ToHUF (expy) EFMUMZERD,

CORDOFHEIAT D X ) IcfTbi s, (exp) ZFHliL, % DD true THIUII (eapo) Z 7L %
Dz ZDOXDFHHDMEE T 5. (eaxp1) DD false THIUX (exps) % FHl L Z Dfiz 2 DA D FFA
DT %,

19.17 whileX while (exp;) do (exps)

(exp1) M bool MEFFOXTHIUL, TOXEAEKIF wnit BAEFFD., ZORXDFHLZ, (exp;) DEAY true
THIUL (expe) ZaHIIT 2 L Z2#EDIEL. (exp) DfED false THIUE, ) ZiRT.

19.18 JBE I case (ezp) of (match)

(exp) DFHMiFERDEZ GG TUBT 28X TH 5. (match) T, T—IWET2EL Y —v
Ex DY =ity F Lk S 02 Koz DT ol tididi ¥ 2

(patr1) => (expr)
[ ...
| (pat,) => (exp,)

B8y =y (paty) &, 20 BCERT B F— SHIRT LB 5B B F— 585 — v THE, THB
8 — AR DL T ORI W7 X 7 U R 6 A,

o A—DNRY—=VICHEENBHNLLBIITNTRLE S,
o N —UFTRT (exp) DIMEFUMERFD,

0 2<i<nBBETRTDIIIDNVT, RF—V (pat;) WILETH->TE 6KV, Thbb (pat;) 23
AN=F 57— DEED, ¥ — (paty) D6 (pat;_1) DA N—TFT ZHEEDORNTERITEENT
375 7250,

B ZAZLU T ol 3 HHDEIGER L Tw» 5

# 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) => ...

Zoflfo b LT, ZORXREEHIEER (exp) OB EFURZFFD,

CO)%’:}% JRXOFHIMZLAT D & 95 1IcfTbin s, (exp) ZaHili LS N Mli%Z, (pat1) 225 (pat,) D
NE—IRLT, ZOMIZ~y F v 7 2ild, &N~y F LI = (pat;) \[ZE&ENDEEEZ WG
TAMEICHML, ZOWMZBIEDOERELEM L TRONZBEET, (pat;) ICHIET 23 (eap;) ZFHEIL,
Fonsfz, ZOXDMEET S, vy F T 589 =V DPECLEIE Match fIA 2 FHESE 2.
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19.19 B fn (match)

(matchy DEHIT BN E 70— v 20T 5. (match) 13, T—IREFZ2ELs—vE, Z
DIRY =22y F LT 358035 2 o N RFHIi S 2 KoM TH 5.

(paty) => (exp)
[ .-
I (pat,) => (expn)

&y = ERXDOM (pat;) => (exp;) 1L T, (pat;) DI (ty;) KD, ¥ — v DHDZEH DO % B
TEDBIBRE M Z 7 BBREE D T (eap;) DB (ty)) 2K, BB (ty;) -> (t) 285, TG
M2 gRTHLL THRLNIBEEBE (ty) > (ty) PIOBEADRTH 5. BIBA DI, BfEDOfE
DEEL L ZOMBAOMAD» SR/ n—Y ¥ TH 5.

19.20 #HAHAAHBIEFDER

SML#DAAATIDFT, FIFE (exn) DEAFI, 25 19.14 HiTEFE L 7 handle HiL & raise HiX
Titbi s, 2=y M (unit) IKAT R EEE V. 2R DN DO AAATIDEDOEEL, HARA
AR L Tieftsn, BIBuEHA 2@ T s n s,

S (Pa ref) LECHIM (Pa array) DAL ofiElx, BAARLZBIBINSEO BRI ) ETH D, MHAiA
APIENIEZ Z T iz R S BIBTH 5.

S (Pa ref) ERLHIEL (Pa array) (&, X TV —FHIOWEEN L HF 25T

(ty) ref DffilZ (ty) HMOME~NDKRA 5 —THYH, UTOMABAABETEESNS,

ty) -> (ty) ref

o

(ty) ref —> (iy)

:= : (ty) ref * (ty) -> unit
3

infix

ref (exp) 12X >TC, (exp) DFHMIFIROMZITHA VI DERI NS, ref (exp) 1%, (exp) Dl
FERDMENEA ¥ 7 THUR, ZORA Y IBIETHEZWD T, (eapr) := (exps) X, (expy) DT
TERDMENRA v & THIUE, ZORA Y IHBHETEZ, (eapy) DFHliFROMETH SHRZ 2.

(ty) array DfHIZ (ty) BOMEZEROME T 2 LH AR LRI TH 5.

(ty) array Z &8 Z DMOMAAATE 2 BT 2 MHAALBIRIL, BT EIH 25 i CERT 21587
A 77V ELTUTOARDAN 77 F %ICELEDENTVS, General A b7 7 F v i2ld, ZRHDOH
HIAATEGL, AR Z BT BRI ET 2 AT DERDHIN 2 EWERI N TS
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FHAAATL | 257 F % IR F v
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

ERINTOHE—FIL, UML) ICHEFEMEECWIET 22 F 77 F vy 2HERLTAS L, R

52 LITES,

# structure X = Int;
structure X =
struct

type int = Int32.int

val * = <builtin> : int * int -> int

val + = <builtin> : int * int -> int

val - = <builtin> : int * int -> int

val < = <builtin> : int * int -> bool

val <= = <builtin> : int * int -> bool

val > = <builtin> : int * int -> bool

val >= = <builtin> : int * int -> bool

val abs = <builtin> : int -> int

val compare = fn : int * int -> General.order
val div = <builtin> : int * int -> int

val fmt = fn : StringCvt.radix -> int -> string
val fromInt = fn : int -> int

val fromLarge = fn : intInf -> int

val fromString = fn : string -> int option
val max = fn : int * int -> int

val maxInt = SOME 2147483647 : int option
val min = fn : int * int -> int

val minInt = SOME 2147483648 : int option
val mod = <builtin> : int * int -> int

val precision = SOME 32 : int option

val quot = <builtin> : int * int -> int

val

rem = <builtin> : int * int -> int
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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

BRI VIR— B _import (string) : (cfunty)

C BI%rz 64 SMLARE E LT T 270D TH 2. MXDWREZEDTERIIUTDOELE ) TH 3.

o (string) : CBIEH. T OL4NHID, VY ZRICY VALK T E LTSI N2 411TH 5.

o (cfunty) : CBHBDOMDIRE, UM D3GERICHE, CRBBOMZIEET 5.
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C BB ¢ (cfunty)
(cfunty) = ({(cfunattr))? (argTyListy => (retTyOpt)
(argTyList) m= ({argTy) ,..., {argTy) (, (varArgs))?)
| (argTy)
| O
(ret TyOpt) n= (retTy)
| O
=Ny 7R (argfunty)
(argfunty) m= ((cfunattr))? (retTylist) > (argTyOpt)
(retTyList) m= ((retTy) ,..., (retTy) (, (varRets))?)
| (retTy)
| O
(argTyOpt) m= (argTy)
| O
FHAEMAL © (interoperable Ty)
(interoperableTy) == ((tySeq))? (longTycon)
SML#%5 CITHE TGO 1 (argTy)
(argTy) i= (argTy) * - % (argTy)
| { (argTyRow) }
| (tyvar)
| (interoperable Ty)
| (argfunty)
(argTyRow) w= (lab) : (argTy) (, (argTyRow))?
C 6 SML#AICHEINEIREDEDHL © (retTy)
(retTy) == (interoperableTy)

ISR B -

(varArgs) = . ({argTy) ,..., {argTy) )

(varRets) . (A(retTy) ,..., (retTy) )

C BIBUBIERRE © (cfunattr)

(cfunattr) n= __attribute__(({attr),..., {attr)))

(att) = cdecl | stdcall | fastcc |pure | fast

| (tyvan)

(varArgs) 8 X O (varRets)

(150
(BB 72721 )
(%= L)

(C D void BT XFIE)

(B850
(BRI 72 1)
(B8 L)

(C D void BUZHIE)

(C EZIFIELREARIICIRZ . DU ICEER)

(C DWEEIRA~ND R A > & BUAHY)
(C DRBERAND KA v & RIHEY)
(boxed 74 ¥ FZ2HiDbDICIRS)

(=N 7 BRE 50
((lab)y & (decimal) TIHE 5 HDIZIRS)

(boxed B4 ¥ FZRFFODHDICH )

C BRIz BN 2814, (interoperableTy) 1%, LLT D 2 DD&AM 2 2 Tilile S R FHUE7ZR 575\,

1.

(interoperableTy) IFLL T DV TR ITFIUIE S v,

o HHAMTEEZ 7/ : int, int8, int16, int64, word, word8, word16, word64, real, real32,

char, ¥7213 string.
e CRA VIO :

o ZICHA vy
ZROLDICIRS).

codeptr, (interoperableTy) ptr, £7:l% unit ptr.
(tyvar) ptr (7272 L (tyvar) 13 boxed # A ¥ N ¥ 721 unboxed 1 ~
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o A XM (ty) size.

o LAY (interoperableTy) array, (interoperableTy) vector, ¥ 7213 (interoperableTy) ref.

o ZHMELHIEL ¢ (tyvar) array, (tyvar) vector, £7:1% (tyvar) ref (7272L (tyvar) | boxed
AV FE70% unboxed B A ¥ FEEFODHDICRS).

o type H 5 CHIT7, LELOMOWTNLDR%, ((tySeq))? (longTycon) %ZEHT 2 & Lild
WITNI RS RTNE RS R, 7L, (argTy) £ LTD (interoperableTy) | type B
THIF 7 BD AR IS E IR Y, ((tySeq))? (longTycon) % BEH L 72fiHRDY (argTy) X4
DS BV IEL a— FRTH>THR,

2. C6 SML#ICHEI D, COESMZ ) T2 HREDDH ORI, string B, array 1,
vector B, BEXWref MPBHINTREAS L\, T4hbb, TN 0MBALTOREATICEHNTIIRS
2\,

o (retTy) & LTD (interoperableTy)
e array, ref, LW ptr MDA AT X%

PLEDSAT 205723 (interoperableTy) &, Z OMAH 6 HRICEHES LD C ORUTHYS T 2, Witz
PUT ISR,

(interoperable Ty) XY 5 C oY

int BXOZ DM | LY A XORF5 A S 8508

word B X O Z D] | FHU YA XDOFF5 1 Z BH M

real double

real32 float

char char

string const char *

codeptr C DB~ D R A v 51

T ptr TNDRAL VIO

unit ptr void * X 7z IR AD KA &
T size size_t

T array T MO DO Z IR T R A v & B

T vector 7 D const MLHNDIIHZ IR TR A v &1
T ref T ROEFEH N ORI 2T A v 1

SML#® int 8L P word IZHIZ32 Y b YA ADEETH S Z LICHEEI N, SHDIEEAED
T AT LTI SMLAD int & C D int BT 2525, int 2332 By P TROWI AT A TIE 26 EE
L7,

(argTy) D (argTyr) * --- * (argTy,) B XL (laby) : (argTyr) , -+, (lab,) : (argTy,) YHIZ, (argTy),
-, {argTy,) % 7 VD (decimal) DMEAFET X 3L L THD const i EMHERTI~ND KA v 7 ITH)E
T5%. L, &TD (argTy) DEUL %61, BEBn D (argTy;) D const fF EFFNDEIH~D KA v ¥
ICHRIET 5.

C B82S SML#D> 5 LT85 A LI & &, 22 Z08EICIRY, CREEDTI#E X OHRD fE
DR E L THZHZFH O TH R, Hl2E, C oE%EREK

void *id(void *x) { return x; }
ZUTOEIRAVE=FLTH LW,
val ’a#boxed id = _import "id" : ’a -> ’a

7, EEORA VI DiEZFIRT % printf BIBZMU IO L) ITA Y A—FLTH X,
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val ’a#tboxed printPtr = _import "printf" : (string,...(’a)) -> int
C B DORDOFNIFA T 2 WEDOEIRIZA T OM) TH 2.

cdecl ¥—=7 v b 77 v b7 4 —LEHED CEBIFEOH LEFICHE) CBABTH D Z E2E£T, MOHL
BRI 2B EEIN TR LWEEDT 74V TH 5.

stdcall Windows 77 v b 7 # — A28 3 stdcall FEFOVH LHEFNICHE) CBIBCcH B Z L 2ET.
fastcc LLVM 232449 % fastce FEOVH LIERIICHES CREECTH 2 Z & 2T,

pure CBI%HS SML#AD 6 LTRGBS TH 2 L2 KT, Thbb, ZoEE2R> CBBUZ, *x=E
VOFEZWZ 2TOT, 20518 A FDHRD SR VIED 7721 DICEF 5. SML# 2 V31 7 D
WLIcEL2 52 5%,

fast CPBEDIEFICHWIRRHI KR T T3 2 2KRT, ZoEEZRS CBHEEUL, a—1 Ny 7BEEZHE
UCSML#D a— PRIV LD, ALy FOEFEHFW L TIEAS A\, SMLED Y81 713,
ZOEEERO CEBICH LT, XDFEDOROLIERHL a—-F24EKT5, 2L, ZOEEE2E
O CRHEDPEVWKEZEET S L, GCIIHEZLEZ, O CHENBKTI5EFToM, ALY
FOFRITHIEF AR H 5.

CORXDIIZL, (cfunty) THEL 7 CBEBDENIW)IET 52 SMLADBEMTH 5. MEDEEIZLLT
DY TH 5.,

C Bg%H SML#B#8

C {argTy) 1, ..., {argTy) » ({varArgs))? ) => (retTy) | (argTy)1 * --- * (argTy) , (* (varArgs))? -> (retTy)

(argTyList) £7213 (retTyOpt) 3 O DEHrld, unit e L TSMLADRICHINS . (interoperableTy) ,
(tyvar), BLO (N ZZDFEFE SMLADIICEIN S, ZOEEIE, a—N Ny ZEBEER (argfunty) 12D
WTHFRARTSH 5.

ZORDIEIZ, (string) THE S 7z CEBZPOHT SMLADBETH 5. CPREEIOIREDEL »
BRO, JBH D SMLAREKE LT 5,

19.22 B VIR—BMH: (exp) : _import (cfunty)

A v R — PR EFRROBEBEZ, B ¥ 71X > TRZBIBURA v 21T L TUTH) S TH 5. (eap)
l& codeptr B TRIFIUIL SRV, ZOXZFNT 5 L, (exp) DNHAI 0, BIEAFA v ¥ %2155, BIK
RA VI DBHRT a— P (cfunty) THRINZMO CBEKEL 51X, ZOXDfEIE, (exp) THEI N C
B2 O T SML#ADBETH 5. 29 THROUBEDORDOERIIKRERTH 5.

19.23 YA XX _sizeof ({ty))

(ty) MOED X EY ETORES (NA M) 2R TEBNTHSZ. ZOADMIZ (ty) size THD,
EIZ A Mz RTEHTDH 5.

YA AR FICA VA= P L7 COLHBESE TR T2, FlziE, COEHES 4 77 ) BI%K
memcpy % ML DI 1 WEDOaE—IcHV 254, A v A= FRELUTO@ED Th %,

val ’a#unboxed memcpy =

_import "memcpy" : (’a array, ’a vector, ’a size) -> unit ptr

CDEIAYHR—F LABBZLTOLIICL TR 2 L3 TE S,
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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 EIMEF v+ A MK _dynamic (ezp) as (ty)

ZORIFBNELHT SNAE (exp) % (ty) ICF X AT 5, (exp) DEIE 7 Dynamic.dyn THIF UL
%ok, ZOXOMIL (ty) TH 5.

CORZHET 2 &, (exp) DRHHlIS N, BINEAT S NIAMliv 2152, ZORDEIR, v DREE L (ty)
WAL TR S, ZOBANZLITOMEY TH 5.

e (ty) #%Dynamic.void Dynamic.dyn D & &, ZOXDfHIZ v TH 3.
e (ty) 2°7 Dynamic.dyn D L &, v 237 MO 2 —%Ff> (v DIEIHEEZ r RO E LT H

¥2) %61, TOXDMHIZv THD, %9 ThIFHUL Dynamic.RuntimeTypeError 4t % F4E X
5.

o (ty) »’Dynamic.dyn A EZERVEE, v OB (ty) L —HT 246X, ZOADHIZv % (ty)
BZ¥x v A M L7AETH S, %9 THIFHUL Dynamic.RuntimeTypeError flA %2 A I ¥ 5.
o (ty) ?3Dynamic.dyn MZELMD L Z, v BL Y (ty) OFEEITH L CTHmAIIC Do #LHI 2 5E H
5.
BZIE, UTokyicL o7z a—Fo) 2 ML T
val r = Dynamic.dynamic [{name = "Joe", age = 21}, {name = "Sue", age = 31}];

DTD* ¥ A MIAETIEL W,

_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 BFIEAS LS ML TS OCEE TR T kv, FIZIFUTO LI ICL T e~Tury =7 R
YA RIIHLT

val 1 = Dynamic.fromJson
"[{\"name\":\"Joe\", \"age\":21},\
\{\"name\":\"Sue\", \"grade\":2.0},\
\{\"name\":\"Robert\", \"nickname\":\"Bob\"}]";

DTD* ¥ 2 MMIAETIEL W,

_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;

ZORZTEH 2 A NVE—FTHG 2564, "reify.smi"% _require § 20D H 5,
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19.25 EBEINBIF v+ X MIEZIHZE DI _dynamiccase (exp) of (match)

(exp) DEFllifEF OB VT S N7l % BT & DG ICBIT 28540 0 TR T 20 TH 5.
(match) TIE, T—IMETEZEL Y-V EZ2DY—vicey F LERICHTT SN2 XOM%Z LT
JEcidihd 5.

(pat1) => (expr)
[ ...
| (pat,) => (exp,)

BTN = OB ZENETNR L > T TORY, L, 38 =IN35 — v D) LEK
DY =B IOEASNY =BT X TER2AH T o Tl iidh s ke, £k, Ihs 88—
YEARUT ORI 27 S T E RS v,

o MEININRY =V 2 ZDRITHBHLALLE, FHD/IY =2 DIAMNIT DT case Z & FREDHIFY
il I U R 5w,

BIZIED T oML int ICOWTTHEREZDII— L S,

# fn x => _dynamiccase x of x:int => "int" | x:real => "real" | 0:int => "zero";
(interactive):1.8-1.76 Error: match redundant
X => ...

-=> 0 => ...

COGETIROFHIEIZLAT O X 9 IfTbNnd. (exp) ZiHl Lo U BINWEIRH T S 7-fiiiv %, (paty)
25 (pat,) DY =R L T, TOMHICYy F v 7 %2iRkAs,. vy F v 7O, _dynamic X & FARD
HET, vEXY—vORICENEX » A+ T5, YA bE2yF Y TOMGIEYI L R DR 5 —
v (pat;) \ICEHFENDIEEZNIGT HMEICHEML, ZOH2BAEOBREDEML TR SN AEET, (pat;)
WET 2R (exp;) ZFHIIL, o1 2MH%, ZORDIEE TS, BIIVEX v 2 MR T 22> )
& —VDMFE L %8\ & Z X Dynamic.RuntimeTypeError BI04 2. v F9 588 — B HS
| Match BISFSF4E T 5,

ZOREDZEH 2R NVE— FTHWAEHA, "reify.smi"% _require T2 MM H 5.
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EHE S (valBind) (23.1) DHMXRE & OBI%
(19.19), handle x\ (19.14) D FFITIE, 7 —r % 5dihT 5.
N —F, EPFRFORENGEE GRS 5.
n, 2=vFTE, R¥—VITEETNIEED,

ZIBINY 250R 2 Ko,
i oY, MBS L 7 HOBRE 2 460§ 5.
(pat) WESLUIUL T OXETE A6 NS,

e ¥ —v (Fy 7L

B E (funDecl) (23.2), case &\ (19.18),
BRI — v DRk
sy —

Z DBNBALEICW)ET BEICR I NS,
Fr L, BT = DA A—=T1H B A% D7 D OHFEBET I35 —
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vFVY

fn X
TH 5.

&, WBTAHEE Y F AL
Ny ==y
VITEEN D ERORWIGEREL

E>T, %587 =%, HGFHTOL G, BT NSMESZ, FATR OB

(pat) (atpat)
(longVid) (atpat)y T —% Kt
(pat) (vid) (pat) T— YRS (R B

| (op)?
|
|
|

{pat) : (ty) R 88 — v
(vid) (: (ty))? as (pat) ZJE Y —>
o Y —v
(atpat) = (scon) TE
| _ B4 87—
\ (vid) BRI Nav A7 7%
\ (long Vid) AVALT U
| {({patrow))? } La— Ry —v
O] unit TEL
| Clpat) e (pat)) #(n>2)
| [(paty) ,---, (pat,) ] YZX+ (n>0)
| ({pat))
(patrow) == ... E4H7 14—V F
| (laby = {(pat) (, {(patrow))? La—F74—)F
| vid(: (ty))? (as (pat))? (, (patrow))? ZBHET )

DIF, %889 = (pat) I22WT, 2O (ty) EARINZAFHR T BX Vv vy 7§22 EHT 3.
FATRF OB 2 SRR ICAEBL S LB BB, ARSI N2 BBREICOHIRT 2 < v F L fHOHHEEREITdh %

EBHUNT —2: (scon) 19.2 TERSINZEHAF—TH D, M T2H2EE,
5. A—oEEfiic~y F3%.

ZEDTIBEL O 2 BT

Bg/IN\T—>:_ R
HofHicey 555,

o TRE 2EROMZFL, ROMENT 0 2EKT 2. < —rv DRz FOE
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HRIFINY —>: (vid) O T4D, ZORY—UBNLNEEZRAA-TELTELIA VAT
FELTERIN TN, 2OV A I 7 5DM%zRL, ROMBEZEK TS, 20avA M50
Ficw vy 575,

WAl FPERI T RwY, 03, ZEEEZFOAETE L TERSNTwiUE, AT SUR
WX TEFATEREOM (ty) 2855, MBEE { (vid) : (ty) } ZHET 5. W (ty) 2FOTEOMEIC
FE5. ZORY—VIE, NI = REURDED 5 A a— 7HANGE, 4 (vid) DPHRERI NS,

PUNIC i i 2 2 739,

SML# 4.0.0 (2021-04-06) for x86_64-pc-linux-gnu with LLVM 11.1.0

# 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 #BIFINT —2: (longVid) T O long il F4708, Z DY =Bl sfiiEZ2 2 a—7L L&
U BZR R wa vy A7 7% (vid) & L TEEIN T UL, BB BRI, a2V A5
7% (vidy (2o vF T 5, BUHEOBREIC long kAl 7233 A7 75 L LTEBRSN TRV, F2UE,
FIAER O a VAP 778 ELTERINTWIURE, T7—Lh2, DTICHHLH%Z2RT.

# 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

ABIFGIEZR2a VA 779 THD, ACRERTHL7:0, BIES gt hlidTI7—L 75,

La—KRNY—=2: ({((patrow) )? }) L a—F 74— ¥ — (patrow) DMEES LW {3IDFD /3
y—vDty, BOLVa—F{HIvy 95, ZHROUBEBIZERS Lz,

La—F74 =)L F Y= (patrow) DBEEI TR 2856, 2D 74—V F8Z (laby) : (ty1) ..., (laby) : (tyn),
BIRINDZEBOREEIZ T L$25, La—F74 =)L XY= (patrow) DIGIZIEL T D 238
DBZENRH 5,
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LEA74—VEF.. . 2&ERVEELa—F RS = D8A, 74—V PP 58 HL 2 — PR
{(laby) : (ty1) ,..., (laby) : (ty,) ¥ ZHi6, BBUET 24T %,

CONRE—=viE, La—F74 =R = (patrow) IZvvFT5La—F74—LFFz&E0 R
oML a—Ficvy 533,

2. L a—FR¥—> La—F74 =)V FR¥ =2 (patrow) B3, FEHT7 4 =V ... ZE0GEA.
(patrow) D7 ANV FHZ L a—FhA4 v FELTOOEML a— FRDa#{ (laby) : (ty1) ,..., (laby) : (ty,)}
ZFE, La—F7 14—V FRF— (patrow) D3HELT 2EEH M2 LT 5. ZOEHAIL, X
ROBIKFNC XD, L DL 2 — FELF ZEHMHAL a— FRIcA Y 28 v 2fhEh ) 3.
CONRNE—=viE, La—F74 =N —V (patrow) IZvvFT5La—F74—LFFz&E8 R
ROMDOLa—FiteyF3 3,

Ld—KR 71 —=ILRIXNT =2 (patrow)

o EXLT 4 — VR —v L BESINLT7 4 -V FEAED, La—FO—THS I LDIEET
b5,

o 74—V =i {lab) = (pat) (, {patrow))?. (, {patrow))? D7 4 —)V FH%Z (laby) : (ty1) ,..., (laby) : (tyn),
BB Z T, X% — (pat) W% (ty), BT 2MEEZ Ty £ T 5.
70V (lab) D3 (laby) ,.. ., (lab,) & TNTEEDZGE, 74—V R (lab) : (ty) , (laby) : (ty1) ,..., (laby) : (tyn),
L, WBUE T, UT AV S NE, 7 UL (lab) 35 (laby) ... ., (laby) DL & —8T A%
Br7-Th5.

o ZHET NNy — v tvid(: (ty))? (as (pat))? (, (patrow))?.
DIRD7 4 =V FXE — NI N7 S 4 5.

vid = vid(: {(ty))? (as (pat))? (, (patrow))?.

BRI NBHBNE, < v F§ 501, WETELa— PR —vogGLE—THs., ML
Bz,

# 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=1,7y=2}

val it = 3 int
#gix=1, y =2}
val it = 3 int

INT—>:((paty) ,---, (paty)) L IA—FRF—>
{1 = (pat1), -+, n = (pat,)}

I, FHIiS NS, BRI NLMENE, < v F951MHIF, WET 2L a— PRy —r D& L
—TH5, UMM ZRT,
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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
YANINT—=>:[(paty) ,---, (pat,)] FALLZVRALT—FHE Y —

(paty) :: --+ :: (paty) :: nil

AN, FHfiS s, BRI N MEE, v v T A, WET 22V R 537877V 5=y a
YR = DEGEER—TH S, DTN Z25R,

# 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—HRBEINY —>:(op)? (longVid) (atpat) (longVid) DL (ty) -> (tye) ZFfDaVRA+727% C
ICHMINTW B, B (tyy) 285, (atpat) BAERT 2B 2 AR T 5. ZD8% —21F, (atpat)
DRy F 2T —F v Z2WoEL LTO DT —IiE Cv) iy 575,

HE RO T — G Y — > (paty) (vid) (paty) 1%, op (vid) ({pat)), (paty)) \ZEMLI N7/
TS s, ZOMEARINGHERE, < v T 28EIF, 2HEONY -V LH—-TH 5,

BRSNS —>: (pat) : (ty) /87— (pat) D3 (tyy) ERBREE Ty 260D (ty) & (ty) BERA
SDbLETHAALTE 254, MS((ty)) 2Fb, MEE S(Dy) 2bo, WiKD T, 87— (pat)
Cey FI5fticey 795,

BREINT—>: (vid) (¢ (ty))? as (pat) %% — (pat): (ty) D’ (t/) ERBRET 2T, 2D
RN =3 (ty) ERIBET U{z: (&)} Z2dD. 2O =1, (pat) : (ty) 1=y FF 2EHIMHEIC
S AR
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F£218 FEBIFORAI—T7#HA

ARETIE, 7077 LIHHINZL4TOERE (2 a— 7)) 2ERT 5.
1728 CERLIZED, #HATE, UTo7HEEDO 7 72048 & LTHEHINS,

WAl | AT Z A
(vid) EWEF—yav A7 784%
(strid) ArZ7F v

(sigid) VAR ES

(funid) VAR EE:
(
(

tycon) HIREIR T4
tyvar) | BRI
(lab) La—FIxX)u

o, . DR LRIZEREAE, oA s 3G LXK S s, 2 bSto 4o E kg
WIFEZ D 28D, PlZE AL, HEEADSN OO TOARTE L CElIE NS, H21 ECELRT S8
D, INSHE—DFHFD 7 7 AL, Z2NB70 7T LAPICBNSMEICE>TRICEES L)1, X
ERERINTR S, I5ICINGDA4HIE, 207 F7 ABITHN ZAHZERTERINS 720, %77
ADAHTE LCH—DFHZH/ T2 2 B8 TE S, IMNE, AIOEHOHITH S,

(*
(*
(*
(*
(*
(*
(*

x) val A = {A = 1}

*) type A A = {A: ’A}

*) signature A = sig val A : int A end

*) functor A () : A = struct val A = {A = 1} end
*) structure A : A = AQ

x) val x = A.A

*) val y = A : int A

~N O O W NN

TITHORYIO AZ 1 ITHOZS A %Z, 2HFHD A Z217HORER A 22 L TED, 6 fTHDOERY
DARSITHDA N7 7F ¥ 2SI L Tw 5,

La— RNV PADLENZ, 7075 20Uk > TERIN, ZOERVPIER LTSI N
3., ZHIDERZEUHELEZNC L > TEBRINILHNIUTOMEY Th 5,

1. 9EIAVISIIWNDA VI ITTART 7L, AV 724 A7 7ANICEENE 70 N4 ) A FiZ
iz EET S, PlZIE, AV 724 AT 7L NI

_require "myLibrary.smi"
val x : int

datatype foo = A of int | B of bool
DFLBBHIULE, 2B x, T—FHRT A,B, B foo BEES NS,

2. ANZI9FYES. AL 77 FvHEALN IV FYHNORESHERT DHHNA 77 F v %27
V74 7 ALkuy 7anERINnD, 2, Ar727F xRS »u v il TF4ES L %25E
EIL5E, AbT77F v ES structure S = SICKS2TAM I Z7F &S BIY, vnry 740
& {S.path | path € L} WWEFRI N5,
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3. FPVIHEE. 77V 8%E 770 Y DBOESHMROSLNTIERLI NS, HIZI1E functor F(type foo) =
K&k T77 v 784 F ERIRYK T4 foo WERI NS,

4. BERFORRES. M T-4 L MR T-ORERGIBE#RINS, HlZIX type foo = --- (T
X o THIA (glﬁ%fgftﬁblﬁyﬁfﬁ?) foo WERI N5,

5. T—YBEE. MR T-4 LK T OTIZEEGIR, 7 — SR T4 ERI NS, HlA L datatype *a foo = A of ir
\_J:O"Cif:%foo, 2R a, T—IRKT4 A BUERINS,

6. BIAEES. BINERFAPERI NS, HlZAIX exception EWC L > THINGL EDERI NS,

7. EREBEES. WY —VICETNEIEBDERING, HlIZIE, x BT —FWRT L L TEHEIN
WZETval x = 1 EES T2 LA x PWERINS,

8. FHEE. BIBA LBIBDLIBUNY — LG EN I EEIVER SN D, PIZIE, x BT — I T &
LTEBEINTOWRWAETIun £ x = 1 EHE T2 LAH £ BWERI NS,

9. fn . FIESY —VICEENBZEBEMBNEEREINS, HIZIE, s DT —FHRTE L TERINTL
ZWET I x = x T, BEx PEEINFHIN T3,

10. case X, 7 =AY —VICEEFNLIEBIEREI NS, FIZIE, x BT —FHRTE L TEERIN
TWHRWE Tcase y of A x => x TEIEH x PNEXRIMEHI N T3

11. SQLR. _sql 226 F 3D SQL R, BEERIEENL2DD0H 5, Z 6135 22 B COFE
®75.

INGHERINIATMOERIE, ZNZTNOHAATZERIEIC, ZOAMEBRVIHN LB L >TRE S
Za—7 (BEPSMTE 2HiH) 28>, ALGOL %71 v 7EESHENEHZZ kS SML#SET
&, Aa—=7%XYUZHSCIANTHEEZ R T 720, LHTERDR a—7b I ANTRICERD ZD
O, FHAUEHED A 2—71%, NI 2 A—FEEORADOERD A a— 72w L EHIn D,

SML#SFEDO A =7 %KY 2 E ZNOREHN L AHTDOERD A 3 — 7 BHIZERT 5. FE
DAA—=71%, UFEZINEAa—7006, NWHNCBEN 2 FAFEEORADARID A 2 — 7 %R 7557
Th 5,

o JyEIa v RA VHAE,
ﬁ%ﬂVN4W$ﬁﬁ#O®V—X774w(mﬂ%%mﬂ?%%

(srcFile) .sml D+ y 7L RVOEHBICEENSAMERD A 2 —713, Z1UlHil 7 7 4 V2R T
b5,

I5I1T, TODY—=A77ANICHIET DAL ¥ —7 24 A7 74 (srcFile) .smi DEFHRT 2 4HTD
AaA—=T1%, V—RA77ANRETHED, A VI =7 24 RT7 7 A ) (srcFile) .smi TELEI N %
HilE, £ ¥ =724 A7 7ANICEEEEN 5% _require XTHMINLEA VI —T 2 A AT 7
ANDEET D2 TXTOHRITTDH 5.

o A+ T F v AL,
struct --- end D by LNV DESICETNLLHERDR a =71, ZOEFITHC end T

DRI TH 5.

e local HiX.
W3 local (decl;) in (decl) end @ (decl;) DHDEH Aiﬂ%%ﬁu@x: 7%, ZDEE
DIBED (dech) DEBTE L (dech) ETH 5. (deck) 0)'430) ICEENLH4HDR 3 — 713,

ZDHEGUED (deck) DI TH 5.
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e let 1%)'(

W3 1let (decl) in (exp) end @ (decl) DHICHNLZEFICEENLLHTERD A —T1ZZD
HE LD (decll) DIIE LD (exp) TH 5.

===
o fun H F

fi3C

fun (id) (pati1) --- (patin) = (ewp1)

I (id) (patm1) -+ (patmn) = (ezpm)

2BV, B (id) DA a—71%, (exp1) D5 (exp,) DHEIN, /8% =V (pat; ;) ITEHEENDHZE
BERDZA 2 —=71%, WET 2 (exp;) TH 2.

o fn X
[ 5°8
fn (paty) => (ezpr) | -+ | (patn) => (expp)
ILBWT, Y= (pat) IKEENDZERERDA I =TI, WNIET 2 (eap) TH 5.
o case 2\
[ 5'8
case exp of (pat;) => (exp1) | -+ | (pat,) => (expm)

IZB VT, NY = (pat;) ICEEFNDEEGERD A 2 —T138, NIET S (eap;) TH 2.
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g228 SQLx&EavYYVR

SML# T, #HHESQL ILEHEFN2REMNE 7 VX DL S 22D F % SMLADKXE L TTur 74
HFIZESC ZEDTES, SQLZ7 Y 2D D%, ZNZWKT 2#2:%, SMLATRE Fo4 7Y =
JhTHD, Tibb, ZN5ICIE SMLADHINE 2 51, ML & RIS, SMLADRIBE DA D
TCEAEPHESIND, £, BBRHE-TWBIRD, SQL & SMLADfhd SiEkkEE & % HHiclAaab
HBHIENTES, Hl21E, MOMIHEEINLZSQL 7Y SQLXZTF—2 L LTH-TEE, Zh
5ZEIIHAS O THER2L SQL 7 2V ZEL 2 LB TE S,

22.1 SQLD#

22.1.1 SQL OEZFE
NULL ZB\ T, BUF D SMLADIEARDS SQL DIEAT I 2 n 20 tiE§ 5.

SML# D HEAT MG % SQL DY

int, intInf, word | BEEUH

bool SQL:99 (#&fE ID T031) ®» BOOLEAN 7
char CHAR(1) %!

string TEXT ¥ 721 VARCHAR %!

real R V7B N B

real3?2 HARE R BN R T

512, DTOKERD SQL & DHIEH D/ DICERI LTS,
SML# D BT % SQL o
SQL.numeric | NUMERIC B! (FAHKEFED 10 HE%)
SQL.decimal | DECIMAL ! (NUMERIC FoD444)
SML#DH L 7 — 8 R— 2 OR D HARN 2256 o g, BT =9 R—2 2P v L, SML#IC
BU2Z0T7 = R—ZAZ Y vDYR—PRWIHKET 2. T—FIR—ZAZ 0PI EDEENZID
Rt E 22.8.1 fi TR T,
SQL @ NULL %, SML#TlZ option I NONE I 5415, NOT NULL filf3fE 7 5 5D
7 L, NULL #2583 0RgEDH 2 X0, LoD WTND D option BITH 5.,

22.1.2 SQL DHEEENDE

SQL.bool3 fliZ, HEIHE F-LHHNHEE 755 %% SQL OfHEEA ORI TH 5, 2 D SqQL.bool3
X, SQL 7 =) O 2 AWM D 7012, EREICEHE S 115 SQL FEAfi o A IS LA 728
TH, EOEHESQL ORI E LG L 2,

P A DR SQL . bool3 & EAEDM bool # XA L T3 Z L1k, SQL DEMBMHDOELD v IcBIL
THERN RS 2 2 LIk L T3, SQL TIHEHIVIC, BEAHIEIZE, %, RO 3ETTbR,
BAMEIE S ClE R B EBEEZ T — 7 NMRET 2 2 L IETE RV, EBEOY T L5
Lotz B oEBMEE BOOLEAN (X, SQLI9 IZH T, 47> aFuzbkid (B&EE ID To31)
ELTHEAINL, LL, 2OF 7Y a )l aBiigicid SQL Doy & ORI CHARi 2 REE D3 H %
ZEDERENTED, #F, 29 BOOLEAN #1i3 RDBMS RV ¥ =05 DH 21 LA EED D>
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7o, BUESEIED & 20 AR Vo L BIfEIC B VTS, F% RDBMS 1, ME—D IS TdH % PostgreSQL %
BT, BOOLEAN % $24t L Twaews,

Z DIRELD & K 2 AL IEF a2l B 720, SMLA PR & B o XA %2 B ol $
%, BIEY T I true B X false 3G E LCHAT 2 2 L3 TEY, FmBlEEORKR
% BOOLEANfH & LTHD I Z 23 TE R\, EAEY 7 7 WI2D0» T 22.4.2 fi%, SQL fmPEiHE
HUIZDOWTIE 22.4.6 i 2 SHEY X

22.1.3 SQLODT—7IHEIVRAFx—TDH

SQLDT—7), Ea—, BLUOAF—=I21, SML#DL a—FD Y 2 FEIABKHGRAHT S0 %. SQL
DT —=7NEIVOE 2=, DT7LDL4HERMEZNENT A=V FTNELRZDT7 4 — )L FDH
ElZzrva—FHloY 2 MIBEZ 5%, 5172512 NOT NULL #lf) % 72 12 PRIMARY KEY Hlfy23F
WTWARWEE, ZO8 7 LDORIICT N DHATID option BTH 5. HlZIL,

CREATE TABLE foo (bar INT, baz TEXT NOT NULL);
LEFZRINTT— 7L foo DIERGIX, SML#TIZ
{bar : int option, baz : string} list

EVWH)RITRBIIN D,

ZDEHZ, T=7NHDE0IEH 7 LM IO S B, NOT NULL ffil#9% £ O PRIMARY KEY il
F1D TNULL TldZe vy 2 &2 SMLADRITRILI N, SML#DRHY 2T AL > THIWICHRE I 1
%, ZOMOHFIE SQL 7= X=X o T 7 ) EfFRICHREI NS,

SQLA¥X ==k, 7—7VEXOE2—D4i0i2 74—V F IRV, ZOMEEZERTHZ 7 4 — )L FE
ET3Lva—FRICcREINS, HlZi,

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);

EEBINTAF—<1F, SML#TIZ

{
employee : {id : int, name : string, age : int,
deptId : int option, salary : int option} list,
department : {deptId : int, name : stringl} list
}

LRBlEN S,

22.1.4 SQLZIIVUEKLVZDRHDE

SQL 7 =) BXOZ0isRE, 2o h T IVICRIGL T, ZRZFNEL M ZE>, SQL D&M
XATFIVEZORIIMTOMY TH 5.
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WA 73 ZDHDOH

SQL i =L (ry => T9,w) SQL.exp
SQL a2~ v F (7,w) SQL.command
SELECT 7=V | (r,w) SQL.query
SELECT ] (11,7 ,w) SQL.select
FROM 47 (7,w) SQL.from
WHERE 5] (t,w) SQL.whr
ORDER BY f] | (r,w) SQL.orderby
OFFSET 4] (7,w) SQL.offset
LIMIT 4 (r,w) SQL.limit

CIT, 7T —T7NVDREB B IFEEARRL w 3T — I R—A 2T s THh 3. FROEK
BT O@E) THh 5,

o (1] => 7, w) SQL.exp &, T—FR—AFH w BL L r, MOITDT T n BAEF> SQL FHiffi =X
DETH 5,

o (11,m,w) SQL.select 1%, T—FR—ZAFEH w DT T BMOFT—7 V% nn BT — 7
9% SELECT Hj0HITH %,

o ZNSUNDKEX AT IV DOM (r,w) SQL. X %, T—F X—AFHiw D FTrMEF> X ORIT
H 5.

22.1.5 SQLBEHED/\> RILDE

SQL 7 — % X— 2D, SQL 7 TV OFERIZH LT, SML#EIUTOMEZE.2 %,
LAl i

7 SQL.server | THIDAF —< 2RO T —F X=X 2 HMT 53— N — DS

7 SQL.conn THDAF =22 FFOT— I R=—2AZEMT 2 —N—~DfEHi N~ Pl
7 SQL.cursor | 71 HDF—T7NICT 7R AT BHLDDH—V )L

(t,w) SQL.db | #&fit w TEAIN TV 5 1 MORA X —<2 %227 — ¥ XR—AD Ik
SQL Z V2 iRy Z: SML#A 70 7 5 4 Tl, TN60MREBELIZUTO X ICHHI NS,

1. _sqlserver X% T, 7 SQL.server BDEFLIEREZ/ES. (22.3 HisH)

2. SQL.connect % Z T, 7 SQL.server BIOEEHIMICEE L, 7 SQL.conn BIDEEFiNv FL %
525, (22.8.1 fiizlA)

3.8QL 7=z VY%, [’a. (7,’a) SQL.db -> (7’ SQL.cursor,’a) SQL.command] % £f->% S5
ELTHEEET % (22.1.6 i) .

4. _sql X EM\WT, SQL 7=V % 7 SQL.conn —> 7' SQL.cursor BDBARKIC AT 2 (22.7 fi

5. ZOREE% 7 SQL.conn BUD NV PV 25 HE LTERHT &, SQL 7 VU 39— X — 2k
B, 72UPY—N—TiHligNns, 7Y OFMICKNT % &, FHliFERICT 7R AT 5
7' SQL.cursor DA =V LBE LD (22.7 HizH) .

6. SQL.fetch PA%F 7213 SQL. fetchAll BA% % A>T 7/ SQL.cursor DA —V L6 7/ BloL a2 —
F2ES9 % (22.8.2 ffizH) .
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22.1.6 SQLXOBFIFAHEH

SML#® SQL %, N FTIZER L LFEAROMNIE, mEHEAMOEA, 7—7 Vs L a—
FOY R MOIGATZH TR SIS, SQL 72V 1iE, Z0NMTH) T —7 VA ERLT Z %L
I—FDY A ML TIT) SMLED 70 7' L L ARORI%Z KD,

il 71,

SELECT t.name AS employeeName, t.age AS employeeAge
FROM employeeTable AS t
WHERE t.age > 20

LW SQL 7Y %, SMLATIE

val Q = fn db => _sql select #t.name as employeeName, #t.age as employeeAge
from #db.employeeTable as t
where #t.age > 20

EHEHL, LD SQLICIEBIN R WA db 1F, 7 ZUDBFETININRD T — I R—AZMRTLEHTH 5.

T, 207 xViE, FROMAMPZHT 27— 71V D%f1% WHERE GO MT7 4 L Z I, o
7:%47% SELECT WO TEW L T — 7V EGHT 27 2)Ths, ZH/7x) EFLU I L%, SQL
DT =7 NVDRODIZSMLEDL 2—FDY A MK L TIT) SMLAZ B 7 7 LAz jfiicE L, DITo
X9k %,

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)))

Z OB Q R

val Q’ : [’a#{employeeTable : ’b list},
’b#{age : int, name : ’c},
’c.
’a -> {employeeAge : ’c, employeeName : int} list]

ThHD, OB DI EE, SQLZZY QDML Tu s T HESE,
ZOSQL 7 ) & SML#EROMIGZMEL T, o7y Qicix, T2DY A M2 H SML#ET v 75
LEFAFEDI LR T = R—AY—N—PEFTTESQL7 Y Z2RITUTORNEZ 5015,

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]

COQOEIZENB AL v P ERERIE, COZZVDOUTOWEZZNEFNEL TS,

o ’al, TOVTYDPNRETET—FRXR=RI12I1FH7% < £ b BD employeeTable 7 — 7 037k
(TR REVWI EZRT, ZNUNDT—7NVDFEIZI D7 ) OFHIICEERR L 2\,
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e ’bld, employeeTable 7 — 7 NWICIZA 7% &b int BD age 7 L L2 c DIID name /1 7 L0375 <
TRV IEE2ERT. ZNUNDAH 7 L7 employeeTable 7 — 7 NMIZH > ThH L\,

e ’cl¥, name /7 7 L DHNE SQL HEARIOHPHCERETH S 2 L2 RT (FEREITIE, "c DA A v Fh
SZMMINEMELDS ) O LOFET 5, ZITIIAKT ) .

o 'dlt, TV ZYNMEEDOEF NV PLEZBE L CTH—N"—I2EETE22L2ET o021
PEBMORERICE LD TEIPN TRV LZ2BETA2DICHVONS) |

QICLa—FEMHABMOTWE I e 05D, SQL 72V IE7F—F X=Z21Zxf L THHINTH 5.
SML#1Z, WRDTF—=F R=ZADBHRI N7 SQL 7 =) I LT, 2D SQL 7 TV 3ok b — 7
MZHEwd 5.

SQL 7 =V &k L FARIC, SQL 7 2V DWW D0DWiHIZOWTh, La—FEY R F%2#H SML#R
EDOHRGRNIEEEZ D LD TEL, ARTERT 5 SQL BEN X ORI BHNE TXT, BRI
WZHES>TEDSNT VS,

22.2 SQLZIYDHD ML RDILRES

IO TERIN TV EED, SMLATIESQL 7 2V DDLU T OILEMCZEAL T\W»W3,
_sqlserver ((appexp))? : (ty) SQL ¥ —

|

| _sql (pat) => (sqlfn) SQL FE17RE%L

| _sql (sql) SQL 7 =V Wi fv
(atexp) = -

| _sql ({sgl)) SQL 7 =Y Wik

(sql) BX (sqlfn) ZULT DY TH 5.

(sql) n= (sqlexp) SQL &t =

| (sqlselect) SELECT 7 .Y

| (sqlclause) SQL 7 .V A]

| (sqlcommand) SQL 2= F
(sqlfn) == {sqlselect) SELECT 7 .Y

| (sqlclause) SQL 7 =V A

|

(sqlcommand) SQL 2= F

(sqlexp) 1% 22.4 fiiT, (sqlselect) B XN (sqlclause) 1% 22.5 fiT, (sqlcommand) | 22.6 fiiT, ZN %
NELRT 5.

CNSDREXD ) B _sql THF 23BN S (pat) BEX (sql) DFTIE, ... ((exp)) £/ (... (exp))
LW TETHDLND (eap) DHREERE (22.4 1, 2251, BXUN 226 f{izH), UTIEPHEE L Tkb
N2 (ZOFPRFEDOY A MIE17T2HH»60HETHS) . TN6DTHEEL SQL THIEE LIS,

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
Fh, N5 OMSUTIEIT ORIRYS 5.
o _sql IZ#HE< (pat) IFFAZIFEIN “C o F > TIR S 2w,
o X (Fy 7LV) D_sql (sql) D (sql) ¥, SQL FRFETHZE SR FIE RS %\,

o X (Fy 7LR)L) D_sql (sql) 1&, DATOMEDIHBENTIZZ S KW,
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— val % fun HE D=0 4l

— let ?D in & end DI

— BXRETA o500 o

— Mz 9 Ao H

— R4 ODNEICH B fn RDO=>D L]

22.3 EHRFIET—IN—RAEESH : _sqlserver

_sqlserver Hid, BT — I RXR—AY —N—DHEREZDV —N—DEHT LT —FRX—ZAD A
¥—<%&K7. _sqlserver RDFHliFEH % 514 & L T SQL. connect BI%L (22.8.1 fiZlHd) ZWUHT &,
_sqlserver ANRT Y — N —~DERHEHEA S N, HEEOMNLL, OB T —F X—ZAD3 _sqlserver
APRIAF—2UET LTI R—AZEFHL T3 ZEPMERTELLSIE, 2OV —N— 0D
ey RV s,

_sqlserver HZld, #ideT — ¥ X—RADMHH, T —FRXR—RMEHOEHE T X5, BLIT—F_X—
AAFX—<%ETLa— %2 ZDIHICE . _sqlserver AR FEZ /TOH % L TITRT,

_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 DHZ, localhost:5432 TREH 21T T\> % PostgreSQL ¥ — =23, ZDL a—FRIEBDODA X —<%
FoT7 = R—Z2ZHFHLTwEIL2RL TS, YHR—FTE57—FX—ZDMBPLER ST X T D
G owfimslﬁ%%%&;

%k, FEBRITIX, _sqlserver & : DNIFMEEDEBEENR (apperp) ZH T EWTE S, TP
BWThH, SQL.postgresql FFHEEFIIBIBTH D, "host=localhost port=5432"13%%Z DEIEDLIEKTH
%, ZOMBEIEED SMLEDAZE L 2 T, FAUAF—<2R O8R4 286800 & D% FTIRICE#
Sk Tur 7 axEzELILLARTH S, X (apperp) DMIZ SQL.backend T IF1UX R 6 %o,

_sqlserver (apperp) : (ty) DML, (ty) SQL.server TH 5. (ty) |, 2213 HTRLZ, 7%
R—ZAAF—2%EKTLa— FRTRFUETRS KW,

WEDN—Y a3 v EDHHED T, DNTOFHSTBFHFINTWE, TNoDFEZHO 7a 77 4
T iR I N,

o (apperp) ZEMET 2 I LITE S, AWML 7EA L, PostgreSQL ¥ — 3N—I27 7 4V b O S
TAYCERTLZERET.

o (appexp) \ZXFHN) T I N T 2EFH T 5, ZDXFHNL PostgreSQL H— N— D87 X & L
RIS,

22.4 SQL FFfzC

SQL #Hii=\ (value expression) 1%, SQL 2= FOHFCHEICFHETI I 2 TH 5. SML#D SQL FHifi
A, = N"—TiHli SN2 XEWET2TH 5. SMLAD SQL iHlizE L THEWIZIEFZDEEFON
BD, V= N—ICREI NS SQL i & % 5. SQL MM A AR DFHIi 1L 7 — 8 X— A ¥ — N—TfTb
na, HZIE,
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_sql(1 + #employee.salary)

&) SMLAD SQL #Hiiaix, ¥ —"—I1Z&E59 % SQL 7 Y DWi i
1 + employee.salary

ICEHli S 4%,
SQL i A3 SML# TiHili ¢ & 2 87z &A T 256, ZOE7raUd SQL S U SR (2 5 S
, B S NUIAEDSY — N —ITRfET 5 SQL 7 =V ICHDIAEN S, BIAIL,

_sql(1 + 2 + #employee.salary)
&) SML#D SQL #Hfiizlis, H— N—IZEfET % SQL 7 =V Ol
3 + employee.salary

IR S 4L 5
SML#ATIFLA P ISP ENICER I LA EHE SQL O 7k v F 258X (sqlerp) % SQL fHfiztl & L Cfifi
AT 22 E0TE S,

SQL iz (+» 7L L)
(sqlexp) == (sqlinfexp)
\

\

\

not (sqlexp) SQL DB E
(sqlexp) and (sqlexp) SQL DimPRHE
(sqlexp) or (sqlexp)  SQL DimBEAl

SQL iR
(sqlinfexp) == (sqlcastexp)
| (sqlinfexp) (vid) (sqlinfexp) —JHUHEA

SQL ¥ v 2 3
(sqleastexp) == (sqlappexp)
\ ((vid)) (sqlcastezp) TIF* v A |

o SQL BIHGEHI
(sqlappexp) =  (sqlatexp)
| (vid) (sqlatexp) B 5w H]
| (sqlappexp) (sqlatexp) SM LD Ba%t FH
| (sqlappezp) is (not)? (sqlis) SQL O IS abhah
(sqlis) = null | true | false | unknown

SQL J#H=4
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(_sql)? exists ((_sql)? (sqlselect)) SQL @ EXISTS %77 1Y
((sql)? (sqlcommand))

((_sql)? (sqglclause))

((sqlezp))

C ... (exp) ) SQL FHili = D B &) 3A 2

(sqlatexp) = (scon) SML# D E
|  true SML#® true Y 7 7 )L
| false SML#® false V7 7 )V
| null SQL @ NULL Y 77 L
| #(lab) . (lab) FHIDH 5BRICET 274 7 L DL
| #. (lab) HHTD 2 CERIZIE T 2 4 7 L DS
| (vid) SML# DZH
|  op (longvid) SML# DEHZ M
| ({sqlexp) , -, (sqlexp)) il
\ ((_sql)? (sqlselect)) SQL ® SELECT %77 =V
|
|
|
|
|

flid SQL B SC & D A7z H Eoffi Kz 372012, —#d %A b L7 SQL dHliztid FHIEE_sql »
LIOTHRV, N5 D _sql FHMICEEINS.

SQL #Hii=X (sqlexp) ORI 713, ENAEXIRE L THEZ 6N T —7VEGOR 7/ BEXORT =9 R—2
B2 BT 2700w O T TIREINS, 0 EDOD SQL FiNIcE EN 22 TOFHIRN0MIL, [F
Crsittwolttizens, UT, Reddr BLXPwDTTHr 2822 L%, e DBIL (7, w)>T
BMThs, L5, 7" BERwERTI2HERLOEAIEHIC, edMiZrTHE, LFI.

22.4.1 SML#TiHlich3=X

PUN oy 25 5t 2 Wi 72§ SQL 3FAfi L SMLATRHIi S 1, Z DED T — 8 N— 2% — N —ITEfE
SNs ) ICHOAEN S,

1. BEE (scon) 13 SML# Tl I 45,
2. ZHAK (vid) EX DV op (longvid) 1¥ SMLATHHfi 415,

3. # ((sqlexpy) , -, (sqlexp,)) 1, &=TD (sqlexp;) H SML#THHli S 2% 51, SML#THE
filiZ#t s,

4. BIBCER R (vid) (sqlatexp) 1%, (sqlatexp) H¥ SML#ATHHli S 1157 61X, SML#CTiHiiI 415,

5. IEBHEI (sqlinfexpr) (vid) (sqlinfexps) %, 22 TD (sqlinfexp;) H3 SML# Tilli S 15X 7% 5
X, SML#ATHHii S 415,

6. SMLADREEGEHZN (sqlappexp) (sqlatexp) 13 SMLATHHi I 415, (sqlappexp) F71% (sqlatexp)
B SMLHACHHli SN 2 X THR WG 7 —TH 5,

#lz1%, SQL 7Y
val q = _sql db => select SOME 1 + sum(#a.b) from #db.a group by #a.c;

BT, #4573 SOME 11X SMLATIHli &4, ZDfEAYSQL 7 =V Wik ic#ldiAEns (b L SOME 23
REBLSIIRERER L7 —»%47 %) . sum(#a.b) 1 SMLATHAMIZI Y, ZDFEFSQL 7Y
Wi lcEENS, q2FTLIEZWY—N"N—IZEEBEINSSQL 7 VI TDHED TH 5,

SELECT 1 + SUM(a.b) AS "1" FROM a GROUP BY a.c
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SML# CiHilli X 411 2 oM, 22.1.1 fiTERE L 72 SQL DFEARID 5 DTN TRIFIUS R S 2\,

SQL FHiMlizlic & £ 11 5 SML# TRHili S 112 g, @i O SMLADR & A UMHEF T, SQL FHAlli =23 3:Ai
SN EZIHEBICHITS 5, SML#A TR & 215 22 BEuE Az & & SQL #fi =l expansive T
H 5. SQLaHli% SQL 7 =V 3% K DEELHINTH 5 7- %, SML#A Tl S 115 BEGEH X 2 &
SQL #Fi=tiZ & v 7L X)L T value restreition 525 & 29, Hlz2E, UTDXIHic%k 3,

_sql(l + 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, ?X0) SQL.exp

SQL #HllizX% F v 7L~ nicEniz D, SHICHGZWE ZE, fn O => - 2T 2% ELT, value
restriction Z [FBET 20 E 23D 5. HlZ21E, LEROZEHIFUTO L) IcTUIREEEcE 3,

# fn () => _sql(1 + 2);
val it = fn : [’a, ’b. unit -> (’a -> int, ’b) SQL.exp]

22.4.2 SQL E#HR

EHAEZAT SMLATHM SN2 TH L, EBY T 7NVDEESE SMLADEICHEL 5. 2D
b, FHIXTIN 77NV DEEHFITONTIE, EEESQL LIFRE L HLR 3,

true B XU false 23SQL.bool3 A FF- LW I LITHE L ATNIE RSB, s 3B —RoER
fED ) 771 Th b, FWwHEFRE LTz zy, wmEEER e EHfEo XKlicown i 22.1.2 iz %
T X

SQL99 DFERE TO31 ICEE I LTV %5 UNKNOWN Y 7 7 L%, SMLATIIRHE I L, Z4ug,
7 RDBMS O HCidME— T031 %2523 L T2 % PostgreSQL 7S UNKNOWN V) 7 7 L& 7 20 5T
HY, FIPEK PostgreSQL PAAHC T031 %2 %EEE$ 2 RDBMS 2384z & LCTdH, UNKNOWN Y 7 7L
& NULL Y 7 7 VCRATTEEZ 2 5 Th 2 (aB, 2D UNKNOWN DfAkid SQL a7 & —EHPED Y
ZEPRERMINTHS) .

22.4.3 SQL #BIFH

SQL FHizIc Bl 2 2 TD (vid) B X Wop (longuid) 1&, SMLADEHSITH 5. SQL dHiizto
TlE, A7 7 F il T O ERTE S N (longvid) (1%, 247 op ZHTIE L 214U 7% 6 %W,
SQL #HilizN D Tl v < O DEBI 23U T D@ D infix HE S5,

infix 7 %
infix 5 like ||

nonfix mod

WAl O EMEIE, Z D5 SMLATHHG S (L2 RCHN T 20 E) Ic k> TRE 2, kil
DISMLATHIHli S 2 RICHN T 22 518, Z DR L EIZHED SMLAEDBIR D H T2 OFRAIT 23 il
SNkBEfETH L, ZH)TrFiud, FEITIESQL.op A b T 7 F v ICERI N L EHERO,

Bz 1E, X

_sql(1 + 2 + #a.b)
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WCHND 2 OD+HFERDEZL 2. RHID+HIBAED SMLADBEE THMBIN TV 5+THD, 2 OHD+Z
SQL.0p.+ThH 5.

SML# Tl X 41 % X Th W BN 25851113, SQL 7 =V IcBldze WBIEGEM N ((vid) ) (sqlappexp)
D (vidy ZFR\T (2245 i), @02 D F FRCFICEBRINTH S SQL 7 2V ICHDIAF N
%. SQL.0Op A b 7 7 F x DIEMPFERRICSBHIN DI, MM 7007 L%2FET (2283 i5) Ligé
IS5, SQL.0p A b7 7 F v ITERES (Ll 7o lIE SQL FHli o BT I 6 s, FlziE
_sql(1 + #a.b) 28 SMLA T ZFFD%23, SQL.0p.+DHZFHRZ Z L THH 5.

22.4.4 SQLBEBEARXL LU SQLEEFK

SQL BIBGEM R E & O SQL #HE X%, MHAAAREIC% > T 2 5HEE X2 v, SML#D
BIBoEA RS X OEE TR & FRRIC, SMLADORK E L THSURIT SN 2, HEFORA 113 SMLADHHHE
TEHSBICE>THEENS, 20710, infix HESDMHWIHICX > TIE, HEHESQL & 13 %A 2 HE T DM
AIMER.TSQL 7 ) R I N D 2 L ICHEENIDETH 5,

HERE SQL & 13574 0, SQL BB H AR IZ, SMLADBEE0#EM R & FRRICBI% L 515% 22 TX
Yo THE, 518 AGNTHY 2208 E L\, UL, BHESQL I 272012, SML#A#D M
CHHF I HIPH T, B THIEE IFRIC Y, BISE BB ZED THEH 2 3 TE %, SELECT A THER
B W3 EEREICZoiErAVeNS, HIZIZU T X HIicET 3,

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 2 T 2 BIECEHATH 5.

ABIESL - DAt SQL D18 X OBI%IE, SQL.Op A+ T 7 F Y ICERI N SMLED I A 75
RIS L TIRBES T B, SML#A TRl S 4172\ > SQL 3THifli 2 ol T RE 722 Bk X ONESE 0 — 81358
22.9.2 ffilcdh 5.

SQL BI%cEM & X O SQL #HE 131k SML#AD Z 116 L FMRICEIMfIF SN 5,

22.4.5 By AR

SML#® SQL #HiliztTi%, #1721 % KGN TP - 72 SRR 2 B 2 F5o, AHILCHH - 7380101
ZROUNICHIET % &, ZOROFHIFERICHAFEI T - 7230 728 TS EEH T2 2 L2 £ 7. %
721, AFFINCPH - 725 F1d 0 — N =12 E SN 5 SQL 7 =V izl v, AR b7 ikAl 1
X SQL.0p A b 7 7 F X ICERSI NI FTRITUL R S 22w, DU, AT b 1 725k 5 1 % B
LeX%z, Mxey2bREn),

B v 2 PR, SMLADY R—F LAVEROF v 2 b4 —"N—0— FAOWIGE LT, SML#TH
Dt AbY 270V o NG, EREHAED O & Dl option HPHKMEMOHLD e ThH 5. 22.1
fli TR & B D, SML#3 NULL 127 2 W[t % option B% H W THLLECXAIT 5, —J5, HEHE SQL
T, NULL IZ ORI &N S, ZOEOLDLD, SQL TIEMLS —Th\w»w s 1) T, SMLAT
WHRIZ I =22 0B 5, Fi, BERICOWTY, B SQL TIHREEMICEIER O ¥ * 2 F 2MTbi
23—, SML#ARIEIRD X v A F 2{Tbk ik, SMLATRMLI S —L223 2 L23H 5. B2, &
TEDVHERE D EDCADRIOEDLE LU TO 7 2 ZRTHR LI,

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



22.4.  SQL A= 151

where #t.department = #e.department

group by ()

ZORUITIFHDI DL DD, employee 7— 71V D age /1 7 L DML SQL.numeric option & H#EFHI 1%,
iE>T, age W int WD T—F R—RICH L TZD 7 Y ZFEITTE R\, ZORRIE, EHIBIE avg DFEH
& T Ltte.age ZHIRL TV 5 2 LIZH B, avg DAGEHR DAL SQL . numeric option M TH 5. SML#IC
B 5 SQL A O RA T RN X 0, HEGHEFOLELADOXDORIT—H L TR iFiudz 6 2w,
#E>T, #e.age DML SQL.numeric option M & % 2. HHE SQL THIUX, WiERIC NUMERIC BN ¥ v
AT 1D, age H 7 LOTIIEKMER L SIFEDTTHRWVIZTTH S,

ZDEI %, SMLADY R—F LAVEROX v 2 A —N—u—=FIZWIET 5720, UTDLHIC
RGO TS Num BB~ D@ Z N2 5 &, EROBEID age 7 7 2N LTI D7 =Y 2FETT
ER- PN 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 2V DAL TIEHI NS, f-oT (Wum) DFEHICH b S TH —"—IZEEFI N
% SQL 7 = VAL L Z2\v>, (Num) & SQL FHliX DRI T D 72 & 22 IS EICETH S 41 5
X2 2 FADOZDICHEIN T 2B —EIZDWTIE 22.9.1 iz S X,

22.4.6 SQL®REHEER
DUT O imBEE I HAA AL TH 5.

e not (sqlexp)

e (sqlezp1) and (sqlezps)

o (sqlezpy) or (sqlezps)

o (sqlexp) is (not)? (sqlis)
INS5DI B and 13, SMLADMMOREL EBEBRICZ 5720 X 912, and 2 & O REEBFEINCHbA T
PR R SR, FIZIEUT ORI 7 — %5,

# fn () => _sql where #t.c >= 10 and #t.c <= 20;
(interactive):1.31-1.35 Error: Syntax error: deleting AND HASH

LU DB & 91 and 2 5O A2E 2 FHICHE 2 &L TR 7 — 2T E 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]

N OEHERIZZ N TN, 2O TOHIRL SQL.bool3 B & F, SQL.bool3 MZEKFD, F
7o, 7477 VB E LTI 5 SQL HilEFE 1 (22.9.2 fiiZ) &9 XT, SQL.bool3 M 1Y
ZiRT.

22.1.2 fii TR 7 X 9 12, 15 SQL TOEMBMEDOHL D P 1cBId 2 EEL 28T 5 72 ®, SML# I imH
HRR L BBEORZ XT3, #E->T, SQL ® BOOLEAN BlD A 7 A DSMHRL, true 7 & DEBHE
V7 70k, @BEERE L CET AL EICEEPBETH S, HlZIE, UTofMERL s -1tk 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

—7, UTNoFIZRIT S —I12k o2,

# fn () => _sql(#t.c = true is false);
val it = fn : [’a, ’b. unit -> (’a -> SQL.bool3, ’b) SQL.exp]

XS, true lZEBMEY T IV TH B, #t.c = true 13 SQL.bool3 WD HE K 7226 TH 5.

22.4.7 SQL AZLESER

HHT—=TNDA 7 L%BIT 12U, #(laby) . (laby) EFHL. 22T, (laby) (&7 —7 VD400, (laby)
EH 7 LD4HTTH S, SQL A 7 LZWADMIL, WIRTEAL A5 T—7VEGORDI L, 7—7
(laby) DA T I (laby) DILTH 5.

BHE SQL TlE, T—7NVHAEEELTAH T LE2BHTEL L EDH 505, SMLAD SQL #Hili=X T,
TRTDA T LI T — 7 NVADBHBEBINTHRITNI R S v, 72, SMLADMOE L DEfZE%
BB 720, SQL A7 LSEACIZ#ZHIET 3.

FT=INEE IO 7 DEAHDRILTF/INLTE, SML#EZ T Y7 LAohTiRRlEn s, #lz1E, 21 SQL
Tl

SELECT Employee.name FROM EMPLOYEE
D& I, KXFE/NLF-% BT EMPLOYEE 7 — 7 V2 2IHTE 325, SMLATIZ
_sql db => select #Employee.name from #db.EMPLOYEE

EEQEME I — L% %, SQL A 7 LA OFHiFERIC I, RPN LFELHT 52 L7, SML#7
077 ACENTEY) DT =7 VEE LA 7 LAPEDIAEFND

SQL TlRAHIBPMIF s TwuinrT—7)0 (2R A 7228 T22L83H5,. Z0RFEN
4k, SELECT #2335 L7=4 7 4% ORDER BY A0 2T B L ETHB, ZDXHIRHTLAD
2%, SMLATI3#. (lab) EFL. Z20HIIAH T L (lab) OEITH S, HlA1F, SQL 7Y

SELECT e.name AS name, e.age + 1 AS nextAge
FROM employee AS e
ORDER BY nextAge

%z, SML#TIE

fn db => _sql select #e.name as name, #e.age + 1 as nextAge
from employee as e

order by #.nextAge

22.4.8 SQLYI7o TV
SML#®D SQL #Hliz=X¢ix, UTD 2 EHDY 772V 2H LB TE S,

e SELECT #7272V : ( (sqlselect) )
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e EXISTS %77 1) @ exists ( (sqlselect) )

SMLADMDEL & DRI H EDHE—E%E2 B 37012, SQL PRIFEDHNIZ _sql Z2FH W TH kv, ZdD_sql
EHILC IR S L 5,

SELECT %727V ( (sqlselect) ) D (sqlselect) 1, 1f7151%iKET 7 ) TrFE s kw, C
DI B, (sqlselect) DX 1HNZIRT 7Y THHI LiE, SMLEDRS A7 LT K> THINICHREI NS,
(sqlselect) 1%, SML#T

({1: 7} 1list, w) SQL.query
Bzfil- i ozwn, ZoLE, 3771 ((sqlselect)) DB, H 5 7/ 122WT (7,w)p7 TH
5. 77 ZVMRNRTITRE, 72 2FETT Y- AN—ETRICT 2y 7T 5, Y RETLEL
EIT (sqlselect)y DXOFTEIF 217 LT 2K L 72 %5&01%, H14F SQL.Exec D3FEET 5.
EXISTS %77 1Y exists ( (sqlselect) ) 1%, (sqlselect) DD
(7 list, w) SQL.query

DEE, HD 7 ITOWTH (7, w)>SQL.bool3 ZHfD.

22.4.9 SQL FHlizX DR 8H3A

SQL #HifizX (sqlexp) ZEF—KD SMLAEZ 7Y =7 b & LTHY 91213 _sql ((sqlexp) ) £, (sqlexp)
DRI (7 w)> 1 D EE, K _sql((sqlexp)) DRI (' -> 7, w) SQL.exp TH 5. HlZiZ,

val q = _sql(1 + #employee.salary)
DR
val q : [ ’a#{employee: ’b}, ’b#{salary: int}, ’w. (a -> int, ’w) SQL.exp ]
TH 5.
DX HITLTHD L 72 SQL FHilizo Wi i 2 5l > SQL #HllizNIc B0 A T I IZ I DIAR (. .. (exp))
ZMv2, BIZIE, ko SQL FHEAE A q Z T T & 9 12 SQL #Hli 2 HSE T & 5,
_sql((...q) > 10)
Z D SQLFHilizIZ A T SQL 7 =) 27,
1 + employee.salary > 10

H (... (exp)) DEUL, (exp) DWD (7' —> 7, w) SQL.exp D& &, (7 ,w)>7 TH 5. HDARKLED
AD2MT 27— 7 Vofe 7 Il d 256, Bro—ths, I, UTORBHLT —TH 3.

_sql((...q) > 10 and #employee.salary = "abc")

(... {(exp) BEICEEND (exp) 1F, SQLFHIIX T, SMLADKTHS. ZD (exp) DHTII,
HHE O SML#DO I L FRkIC, SQL FRIGEIZ PRIGE CTld 7 SRR F LIRS i 5.

SQL FHli=X %2 H DIA A PHERICEBADTH N L LTH, ZDEEE SMLA TN X 1172\, SQL
A A SML#THHli S 412 s £ 9 2%, EHNARESEIC X > TOAEE 5. Hilz X, DIT O
$enat nid, 18 nflRoA7 SQL A1 + 1 + - + 1 ZREET 2K TH Y, ZOIMFEETH
% n ZEtET 3BT R,

# 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 SELECTZXIVY

SML#TI, SML#TIX, SELECT 7TV O&M%2HICEAMICERL, 2ho28RT 52 LT,
SELECT 7 ) (k%532 Z L 23C&%. SELECT 7 TV Z#K T 24 (sqlclause) IIZLLTFDH D
V5,

(sqlclause) (sqlSelectClause) ~ SELECT fi
(sqlFromClause) FROM
(sqIWhereClause) ~WHERE 4]
(sqlOrderClause) ~ ORDER BY J

(sqlOffsetClause) ~ OFFSET 4

\ (sqlLimitClause)  LIMIT #J
A ORELDFERNI A CRIETN 7 TERT 5.
SELECT 7 =V £ki3 216 Dk X O GROUP BY fJ (sqlGroupClause) % flAaGrbE TR I NS,

Z ORI T 0D ThH 5.
(sqlselect) == (sqlSelectClause) SELECT #J%#f> SELECT 7 *. )

(sqlFromClause)

((sqlWhereClause) )?

({sqlGroupClause) )?

((sqlOrderClause) )?

((sqlLimitClause) )?
| select ... ( (exzp) ) SELECT fUs#i&iAfn s SELECT 7 Y

(sqlFromClause)

((sqlWhereClause) )?
((sqlGroupClause) )?
(
(

(sqlOrderClause) )?
(sqlLimitClause) )?
|  select ... ( (exp) ) SELECT 7 XV &fADMDIAA
RAID 2 DDA SELECT 7 =Y 24K ¥ 5. SELECT 7 V1%, SELECT fJ & FROM fJ %z #479

Gt ZOMOFIIMEETH S, —HD RDBMS D %% (] 21X PostgreSQL % &) Tl FROM fi % k¢
7272\ SELECT 7 =Y 3 ST\ % 2%, SML#TId SELECT 7 =V 13469 FROM f% R/ 2 1 duid
%ok, 2 OHOHHED select ... ({exp)) DWW TIFERIAT 5,

SELECT 7 Y 7 2 KAV T O ZR>7% 518, SELECT 7 Y 2{ki% (r, w) SQL.query
HZHfD.

o (sqlFromClause) 1% (11, w) SQL.from M ZfD,

o (sqlWhereClause) \FHIET 5% 61X (1 -> 71, w) SQL.whr &2 FFD,

GROUP BY IDMAET B2 £ &, n 27N — UL 72 D35FE SIS (2254 i) . GROUP
BY /Djiﬁtf U’ﬁci, To = T1 Tb 5.

(sqlSelectClause) 1%, (12, 7, w) SQL.select MZHfD,
e (sqlOrderClause) \ZHET 57 51X (7 => 7, w) SQL.orderby Bl % FfD,
o (sqlLimitClause) \3fFET 5% 613 (7 —> 7, w) SQL.limit BZFFD,
P21, MUTd584% SELECT 7 =) OfTdh %,

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 DOHDHX select. .. ({exp)) IF, SELECT 7 Y ZiEEHE b DI, SML#ADK (exp) %7 L
7TAERS S 47 SELECT 7 =) 2H&iAte, (erp) % SQL.query BITHRIT1UL % & %\, HIZIE, DAY
G BRoBlD 7 ) gy 772 ELTD 7 1Y g2 ICHOIALHITH 5.

val q2 = fn db => _sql select #t.name as name
from (select...(q db)) as t

where #t.name like "%Taro%"

2 OHOHXE LV T OHEIENICOR T EDOBXDERD LED, —foblszlrE, WK T
oo ({eap)) EFLS T ET, SMLADRZ G L 7252 2D & §25 2 ENTE S, Bz, hbofle
%0 SELECT 7 £V %, MIFD k9, SELECT 4 & FROM A2 My IcEHL 2D, ... ((exp))
FLiEEHOWTHAGDE 2 2 L CHET L2 L3 TE 5,

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

NG ... ((exp)) BIEITEE NS (exp) 13, SQLFHHATIZ A, SMLADKTH S, ZTD (exp) D
e, O SMLADI L AR, SQL FHUEEIZ PREETIX & SRl LRI 1L 5.

22.5.1 SELECTf

SELECT 4 (sqlSelectClause) DREIZLLT DY TH 5,

(sqlSelectClause) = select ((distinct_all))? (sqlSelectField) , ---, (sqlSelectField)
(distinct_all) = distinct |all
(sqlSelectField) n= (sqlexp) (as (lab))?

SELECT fJi3 1 DL kD 7 4 =)V B (sqiSelectField) 7572 %. %7 4 =)V FiZ7 0L (lab) %FFD. i
FHO7 4=V E B®HID7 4=V FZ1ET2) Das (lab) DEMINTVWEEE, as i DMEEIN
TV LALET, ED74 =V FDIXLBMDT7 4 =L FD IRV ERLS>TLRITNERS KR,

nflD 74—V F&EFD (sqlSelectClause) DL, Z2DiHH (1 <i<n) D7 4—IVF (sqlexp;) as (lab;)
D SQL FHili=X (sqlexp;) DD (r,w)>1; DL E,

(r, {{aby) : 71, ..., (lab,) : 7} list, w) SQL.query

TH5.

22.5.2 FROM A

FROM fi] (sqlFromClause) OREIZLAT DY TH 5.,
(sqlFromClause) == from (sqlTable) , ---, (sqlTable)
|  from ... (({exp))
BRI DORESCH FROM A2 483 2. 2 D HOMCZ R (exp) DFFlifEHR%Z FROM A & L THloA L,
{exp) 1% SQL.from BT IF UL &\,
RO Etra v <id, SML#DOMADa v < EBBRICZR2 205, B,

(1, _sql from #db.tl, #db.t2, #db.t3)

X, 1 &£ FROMADORTHDD, H50IF2HFEHDEE%R _sql from #db.t1 &£ T2 4Oz, B
ThHD, MiEERBXLTCVE%251F

(1, _sql (from #db.t1, #db.t2, #db.t3))
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BEZBXL TS %2513
(1, _sql (from #db.t1), #db.t2, #db.t3)

DX, FERZAATTEP LT UIL S\, 222 fi TR L 72_sql ADE T 2MEOHIRIZ, Z DB
Szl 270l BEAINTVS, &,

(_sql from #db.tl, #db.t2, #db.t3)

&, FASFEIMDERIC _sql DR TV 270, RIENBOEDD SQLEXTH % LI N5,
(sqlTable) 13T —7N%2RKTATHD, ZOWIZUTOM) TH 5,

(sqlTable) = #(vid) . (lab) T =7
| (sqlTable) as (lab) T—=7ND T )UAF
| (_sql)? (sqlselect) ) T—7NYT7 7Y
| (sqlTable) (inner)? join (sqlTable) on (sqlexp) T — 7 VDNIBHE S
| (sqlTable) cross join (sqlTable) F—7NVDERM
| (sqlTable) natural join (sqlTable) T =7 VD HKR A
|

((sqlTable) )
5 _ROAFIFRESUZ D W T T OB S 5

o T INATFHESIIMED ED (sqlTable) HEL X D HAEE 1D,

o T—7NEHH (vid) . (lab) WZIEFEED D22 T N R IEEA, as (lab) Db, T—70
ERAD T RUVBHITENTREHDERKLT,

£7:, (sqlTable) DREIIZPAUT OHlR2YSH %

o (sqlFromClause) \ZHN 22 TD as (lab) IFAVICEL>ToRIFIUIR SRV, fE>T, FHUA4HT
DT =7 N%E 2B BB 5 L EE, ZNZTNOSRUIBND 7 V% as THITF A ITFIUTR S v,

o (sqlTable;) natural join (sqlTablex) D (sqlTable;) ¥ KT (sqlTabler) 1%, WIBHEA F 721X TEH
THoTIERS R,

o (sqlTable) as (lab) D (sqlTable) I FWEHEAE X PEHTH > TIIH S LW,
n 8D (sqiTable;) as (lab;) (1 <i<n) ZHDFROM fAIORUL, (sqlTable;) DM%E 7, LT 5L &,
H{labyy :+ 7, ..., (lab,) : 7,} list, w) SQL.from

TH 5.
(sqlTable;) DENILLT D@D TH 5.

o #(vid) . (lab) DRIUE, SML#DZEE (vid) DD (7, w) SQL.db T2 7237 4 —)L F (lab) :7’
ZRoLa—Fo L x, 7/ TH5.

o (sqlTable) as (laby DI (sqlTable) DHIZZEL >,
o ((sqlselect)) DRIZL, (sqlselect) DWIDY (1,w) SQL.query D& & 7 TH 5,
e (sqlTable;) natural join (sqlTablex) DL, 2 ODFT—7NEZHRKEG L L a—FHITH .

SML#IZNERE AL L OEBRXOBEZEE L 2w, 2070, NEHGEE X CEBORERIC as THEEZC
FRUATZTEZEIRTERY (X EFIRINTV3) . NEHEAE L OEBEOR RO IZ FROM 1)
SEOMTH L a— FE LTHHNS,

FROM fii%, &b, T— 7V Z2HAELEOED2DTF— 7V 2EET 3, FROM fyoiciHins L a—
FRIL (laby) @ 71, ..., (lab,) @ T HE, ZOT—7NDETICEIT S, 7T SINBrERLT
W3, BN S SQL A 7 22 W#t (laby) . (labs) D (lab) 1%, FRFIHTSNZINEDTN
NERT,



22.5. SELECT 7 xY 157

22.5.3 WHERE 4

WHERE 1] (sqlWhereClause) DRI T DY TH 5%,
(sqlWhereClause) ::= where (sqlexp)

|  where ... ((exp))
R DD WHERE #2669 5. (sqlexp) DBIDY (7,w) > SQL.bool3 D & &, WHERE fJD %

(r => 7, w) SQL.whr TH 5.
2 DHDOHESUIA (exp) DFEAMiIFESRZ WHERE fJ & L TH®IAT:. (exp) & SQL.whr TTH T %
57w,

22.5.4 GROUP BY @

GROUP BY 1] (sqlGroupClause) DRI TDHEY TH 5.

(sqlGroupClause)  ::= group by (sqlezp), ---, (sqlezp) (having (sqlexp))?
| group by O

bty L1372 D, GROUP BY Aicii. . . ({exp)) SEMIFEE T, > TSELECT 7 2V 26 55HE L
THES 2 2 L3 CT&E &\, GROUP BY fi, #3E, 0&2dD SELECT 7 2V O—i{ffi& LT SELECT
18 L' FROM fJ & Bl 3,

FROM Hjo M % (7, w) SQL.from B & 9% &, GROUP BY AJicay XY Hh TilisnTw3
(sqlezp;) T ZNZN, (r,w)e 7 MTHIFNIL% S &V, GROUP BY % 2015 O XD FHif R o fH
Z%—L LT, FROM DGR L 72T — 7NV 2 BTN =108 5, ITOTNV—=TDT—7 )\
DO/ 73BN T BT TEIE I NS,

GROUP BY fJldfH4 O & >® HAVING A% F->Td k>, HAVING A1 SQL #lizXiZ GROUP BY
HOFHIERIATD I N—T% 74 VET210DEMERXTH D, iE>TZDHIL (7', w) > SQL.bool3 T
b5,

2 DHODWHE group by O X, FROMAIMGFIE L7 T —7 V2 Z2 0 ELO2D /N =TT 5 %2R
THEAE SQL DX TH 2. a7 8% SQL Tk, GROUP BY 1% #2312 SELECT i CHEREIS %
Hwzl, 207237 —7 V2280 T5b0LARINns,. HIZE,

SELECT avg(e.age) FROM employee AS e

&, T—7IVRED e.age D ERDZIEL W SQL 7 2 ) ThH S, —H, SMLATI, 7—7 L2k
ZERT S 7 )2 group by O 2EFE2AFUEAR 672w, Bl SQL 7 2V 1%, SML#TIEMTO
k) icEL,

fn db => _sql select avg(#e.age) from #db.employee as e group by ()
T =8 XN—=RZAY%—/N—{2l%, SML#7' 077 LIZHEDIPNTVLHD,
SELECT avg(e.age) FROM employee AS e GROUP BY ()

DEEI NS,
GROUP BY A5 H$ 217D 7 V=7 DR 7/ 1%, BB L ZUTO X)L TEtREI N5,

1. Z V=7 T 2 HiD{TOE %

T=Aki:11, ..., kn:mn}
£9%, FROMABHAIT 2575 —7 NV DEIE r 1list TH 5.
2. 127 N—=7{tT 5L, ZORUE T list list & 725,

3.ATDIN=Thiim, oy ki } list ZEREL, 70 = {kiim list, ..., kni7, list} &F 5,
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FE 3 DUEEZIT ) 72 DI, B 7 LHDES Ky, ..., k, DEICHEE L T2 0803% 5. SML#AE, 7
7 L050%6%, WU 72V EEEh2H 7 220X OEAD» S EET 5. GROUP BY A2 % —
ELTHEIN TV S, SELECT ik EIC&EENLE IV — 72834 7 224 (laby) . (lab) ZNZ
HUTOWT, b LZDA 7 LSHAL GROUP BY AlIcEH LN ¥ — DT Np O E DIl KT 24513,
ZDOH T L B—OMEDA 7 L ELTGROUP BY HDOFEROBIED S, Z29) ThVWEHIE, Z0h T
LFED YV AL 2FEOA T LR D, SRENR VA T LDORIE, GROUP BY o liiofl & L CEHA
I,

FTOEEOMOEFIL, &< FTOHL ORI T ibi, EROSIHBRZ E2EEL v, 4
213,

val q = fn db => _sql select #e.department, avg(#e.salary)
from #db.employee as e

group by #e.department

13 GROUP BY %z H2IELWwW27 ) ChH % —J, SELECT %08 L 7T oflcidflo s —354E
T35,

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

¥ 6, SELECT A% GROUP BY A £ #X ER U SELECT 7 =V BN 5 g DFITlx, GROUP
BY A]DOH ) DI #e . department & #e.salary DM FANEYNICE TN 575, 2 DHOHITIE SELECT
1% GROUP BY fJ% > SELECT 7 =V OHIZf 720, GROUP BY fID#iRiE &< I N v
HDELTGROUP BY HHOWMMPFHHEINE D26 TH S, REHEE LT, group by Z&L 7Y 2F
CLEIF, select ... ((exp)) liEZlibR VI ENHEF L,

PIME, HERCHED O DHMiEHIITH 5, SELECT Wz Bl TH, $ L %o SELECT fJhs
GROUP BY A THEL ¥ —L»2R L v Aaoif, M7 —3RAE LA, fil2 i3 BRoflo s o
FrFEEZWZ T avg(#te.salary) ZHIRL,

val s = _sql select #e.department
val q = fn db => _sql select...(s)
from #db.employee as e

group by #e.department

ELZBoIR, Mo —13HEL B\, B¥R 5, #e.department & GROUP BY A CHEI N/ ¥ —T
»Y, fit>TSELECT A COZMMOAIIZH» b 53 GROUP BY AJoRICEEN 06 TH 5.

22.5.5 ORDER BY &

ORDER BY 1] (sqlOrderClause) DR UIL T D@D TH 5.

(sqlOrderClause) = order by (sqlOrderKey), --- (sqlOrderKey)
| order by ... ( (exp) )

(sqlOrderKey) = (sqlexp) ((asc_desc))?

(asc_desc) n= asc |desc

BAIOWE ) ORDER BY )2 #5892, 2 DHDOHEIIH (exp) DFFAMiAEHZ ORDER BY fij& LT
WAL, (erp) 1% SQL.orderby BTRIFIIZR S R\,

ORDER BY i3 SELECT A% L 745D 7 — 7 )Wk L TfT OO 2 %2179, SELECT fJD
fiRoM%z r L3425 L, ORDER BY WICBlN 5% (sqlexp;) 13 (1,w)>7;, TTH D, ORDER BY fij4:ff
DML (r -> 7, w) SQL.orderby TH 5.
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ORDER BY 2%, #45 AHa% R e WIERRE TR, XV & —MEH OIEDHFEET 5. SML#T
ORDER BY fjic¥ — & L TEIT 5 M, SELECT AN T 2RO A I L %22 0T 22O TH
%. ORDER BY fJ2>5 SELECT HJDFEHRD A 7 L% ST 2121, T—7 V4 %EFimwh 7 L2 1K
#. (lab) VS, HIZIELATO X5 IcH#HL,

fn db => _sql select #e.name as name, #.age as age
from #db.employee as e

order by #.age

%l DF—FIR—AL P IE, SELECTHOMRICEEINLEVATILEZF—LLTY—FTAZ L2
LTWw3—F, Z0OLI %07 L8 SMLATIRML -2, #H21E, DTorszy My —7
H 5.

fn db => _sql select #e.name as name, #.age as age
from #db.employee as e

order by #e.department

22.5.6 OFFSET @%x7fld LIMIT 4

OFFSET fJ¥ X O' LIMIT i, SELECT f DR o & HHOIT O A2 LD 3, £ SQL
ICED ST 5 DD OFFSET 1], R¥ ¥ —I2 X 2H55R2 LIMIT Ay ¢h D, T4 I3HEREICSH i ©oH
5, ELo LA RITANSGNTVE®, SMLATIRZINOMGZYR—FT 5,

(sqlOffsetOrLimitClause) DREX % LN IZRT

(sqlOffsetOrLimitClause) ::= sqlOffsetClause | sqllimitClause
(sqlOffsetClause) = offset (sqlatexp) (rowrows) ((sqlFetchClause))?
(sqlFetchClause) = fetch (firstnext) (sqlatexp) (rowrows) only
(row_rows) = row |rows

(first_next) = first | next

(

limit (sqlexp) ((sqlLimitOffsetClause))?
limit all ((sqlLimitOffsetClause))?

(sqlLimitOffsetClause) offset (sqlexp)
TG oﬁ%t@ﬁwﬁ#LMHfﬁ%iUONBEF@T%&%&%&% EICERDPRBETH S,

LIMIT i3 OFFSET ®lfy%£it, FHIGE 1init 22545 F 5. OFFSET fJi& FETCH ElfyZ b, ¥
FEoffset MOIRE D, ZNSHDRIMZREETHES Z L IFTER\, 7, OFFSET WICEH TV %E
EHOGEE, APFEIMCHENTORITNILR S 22,

NS DHIZHND (sqlerp) F721F (sqlaterp) DIIE ({},w)>int TH S, il>T, IhsDHDH
WA 7 LS HAEEHL I LIETE RV,

WL ODPDT—FR=—ALYYUTIE, 1207 ZYDOHTING DHZEEIRE LY, ADlETF%
ANEZTD T2 EZ2F LTS, SML#TIE, fHHESQL IZfE, s DM FEMDOEITHIVTH
Nz s, £, OFFSET B XU LIMIT Al 86 5 b &1 D TLaE T L,

sqlLimitClause)

22.5.7 HBEYI7oxY

SELECT 7 ZV)MZAFLTWAEZE, WHllo SELECT 7Y 34Mllo 7 =Y oy 77 ) Th 5.
MBS 77 ) g, Mo 7 =) O FROMAIDBEAT S A 7 6%28B3 597720 %5F9H. BTk
PEHE SQL TEIPNLMEY 77 ) oflTh B,

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&, ¥ 77V % SELECT fJ%2 & (sqlexp) D3 2551 (22.4.8 fiizlH) £ FROM 4 (22.5.2
fiizl) 1cEH L TES, 772 )E, LMo Eofiliziizd L&, HEY 772y Th-o
TH Lo,

1. Z20% 772V BLOEX 20y 77 1) 2Hts4CTD SELECT 7 Y ® FROM 4J28 from. . . ( (exp) )
DIETHVEE (225HiZH1), 20T 772V IIMHMY 772V ThoTH kv,

LT, EdofEE SQL o w2l 72 ) % SMLATH L 761TH 2.

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 )

F A b L7 SELECT 7 =Y W § D FROM A% from. . . ((exp)) D¥gty, 77 2V 3D 77
) LRI Ny, BIZIE T kI i, koo 72 2 O FROM % from. .. ((exp)) \ZFH
EHELLEE,

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

77 L) O#e.department D e 1%, M) from #db.employee as e D e TlF%% <, from ...(x db)
DEAT 2 e 2BMT 2, LMBRINS. 65T, x dbld e ZHMT 5 FROM AT TEARLT, C
DOFNIR L5 — L7225, HHllo FROM f]% from. .. ((exp)) IZ L7HED,

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 ()

H7 7 ZVIIMBEY 72 LARREINT, 77 T D#te.department D e IFREFHEE LD, ML I —
t 5,
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GROUP BY A £ By 77 =) 13, HIRFI NS WD ICHHAS DD Z ENTES, iz, DITIE, &
HEDOHEEZ LR 252D 5 o TR ARELDO NOEREZFIEDLEE 7)Y TH S,

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

D7 1Y) T, SMllo GROUP BY Wy T7N—7{0 L7 J Ltte.salary %2, ¥ 77 ) O CTmin B
ZHOWTERNL T3, GROUP BY ORI LR SR I 508 (22.5.4 HizlH) , SML#2
VR T IN=TBHEAY 77 2 S 2RI NTWE I ERIEL S RH#T 5.

DI, HEREFECHEO-OOMEHHTH 5, MY 77 201k, ik, flhor v oWl
WER S0, o LwoT, MY 77 ) X%l L 2285575 5 105 SQL 523, ML 0y
AA=7DEIXEXA LT 27 2) ERZTHBET 2, LwvdbiiTldzwy, HEEY 77 2 2331
5 OHFIE, B EFTHEY 77 2) 0BZFTRTESL L HICT 27-DDHANGEE 2w, HEIY 7
7 1Y) &t SQL A2 TR TH B L E, SMLADSHEMEZMEL T, 227U A DN
Tl 7MY 77720 BZIDH Lo 7 ) CIcllorirZ Ed, MEZA>T02E46I1E0ETH
5., ZOLE, CIKMOIAEFNT BOB2IRT 20T —7ViE, ADLDTIEEL, CDOHIDTH %,
SQL 7 Z V)R ED & ) g AN To N E LT, ZOMAVTERIEOTMBIEL Wi s, RE
LTES4L5 SQL 7 =V IZIEL W,

22.6 SQLIOVYFk

SML#!%, SELECT 7 =V IZhiz, ANOHHITERINS SQL a~¥ FOY 7€ v b (sqlcommand)
ZZIT 5.

(sqglcommand) = (sqlinsert) INSERT 2= v I
| (sqlupdate) UPDATE 2w~ F
| (sqldelete) DELETE 2<%~ F
| (sqltransaction) Fovy sy aviilae B
| ({sqlfny ; -+ (sqlifn)) ARV FD¥—F A
| . ( {exp) ) SQL 2 v FDE DAL

INSERT, UPDATE, DELETE, b7 v¥ 7y avi#Ea~y RO,
(unit, w) SQL.command

ThHs. £a=2y FOFEI T OREIFICL52 5.

((sqlfny) 5 ---; (sqlfn,)) (i 2L ETHRFIUELRSRW) X, ~EIEEINLLIanrTRY)
chfc—EHDavy F2RT, ZORMERED a2V F (sqlfn,) DRUTEL W,

.. (lexp)) 13, SML#OAXZ Ml L 755K %2 a~> P& L THOIAL,

22.6.1 INSERT VY k

INSERT a= > FORESILITOM@E) TH 5,
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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)

DT o Eotfns 5.

o ({laby, ---, (lab)) KN 2 7 VUFETHWVICE 2> Tz s 720,

o (insertRow) \ZBIiL 2% (insertVal) DEIZ, ((lab), ---, (lab)) D7~V DO E L & FiUL %
572\,

INSERT 2= [, values Al TIRE S N B1TH 2\ 13 (sqlselect)y 7 V) OFHlifE RO HATZ, 1§
E LT — 7 VAT 5, values fJIC SMLADZEE (vid) £7213 op (longuid) ZFH\ 728y, 7L
(laby), -+, (laby) ZFFOLA—FDYR 2T —7NWICHAT S, AL LD & LTI AT —
TNDA T LZMEL TR BEE, HEDRVA T LIZE, T—7MERRICIE SN T 7 4L MA
DFEAZNS, F£72, values fJIC default EEDPNTWVLAHEFICOWTH T 7 4V MEBFEAZINS, A
FZLHIZT 7 AN MEPRES N TR WE ZIE, a~vy FEFT 2 — N —THETRZ 7 =254 L,
SQL.Exec IS DSFEAET 5.

HOHFFNILLT DD TH 5.

o (vid) 137 —7 N4 (lab) Z &L SQL.db M THRITFNIT 5 7\,

o ({laby), ---, (lab,)) DEHPN T2 L E, #(vid) . (lab) DR TET—7 L E XL (sqlselect)
i, BECESAT N (lab), ..., (laby) ZHoTORIFIER DB, 2RO AT LEFE->T
WTHRV, F7, AT -7V E (sqlselect) 7 ) DA T LEED-EL TR TH LW,

o ((laby), -+, (lab,)) BEDLN TRV EE, AT —7 VL (sqlselect) 7 TV DA 7 LHEEZ
—HL 2T IS ke,

e values WIS SEAHD i FHODR (sqlezp;) OBIX, FFAKLT —7NVDH 7 L (lab)) DWW 1, D&
E, ({w) e MTRINIEES KRV,

22.6.2 UPDATE OV¥YV K

UPDATE 22 ¥ FORSUILATO@ED TH 5.

(sqlupdate) = update # (vid) . (lab)
set (updateRow), ---, (updateRow)
({sqIWhereClause) )?
(updateRow) == (lab) = (sqlexp)
PUN oM EoTlifD3H 5

e (updateRow) D (lab) 3B THWIZHE L > TR IFIIEZR 5 %0,

UPDATE a=< v R, &L 77— 71D 9 b WHERE fJDO&AM: 217 $17%, SET AJOETHEHHT
2. SETHTHREIN TV RWLA I AIEFINLZ L, HLwEzHET s, BEFfiofToiEzs
WS 27012, (lab) 2T —7N%ETEH 7 L28HAEHFHTHR,

BOFKNILL T DM ) TH 5.
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o (vid) 137 —7 N4 (lab) Z&T SQL.db TR T IUEER S 740,

o % (updateRow;) THEIND AT L (lab) FTRTHEFET—7VICEENTOLRTER S %
VBT — 7V NDND A T LR o TR TH R,

o % (updateRow;) D3 (sqlexp;) DHUE, HHFLT — 7 NVOITORD 7, A5 L (lab)) DB 7, D&
Z, ({{lab) : 7Hw)>r HMTHRITINUIERS LW,

o (sqlWhereClause) 1, FFET 57461, BHHLET—7NVDORB r DL E, (+ -> 7, w) SQL.whr
BCh U 6w,

22.6.3 DELETE VYK

DELETE 2<% ¥ FOMXITOMEY TH %,

(sqldelete) ::= delete from # (vid) . (lab) ((sqlWhereClause))?
DELETE 2= ¥ FRFEL 727 —7 VD 5 & WHERE D5l 2l 72 T1T 2 HIBR§ %
ROHFYIL T M) TH 5.

o (vid) XF—7 N4 (lab) %& ¥ SAL.db BITHR UL & 7500,

o (sqlWhereClause) %, FFAET 274 6\E, HWHET -7 VOB T DEE, (1 -> 7, w) SQL.whr
BIThiFuEE o ko,

22.6.4 BEGIN, COMMIT, ROLLBACK A¥> kK

SML#!%, F7v¥r7vavizilfitsa~vryFrods, UFoavry P24 R—1+7 5,
(sqltransaction) = Dbegin N7 YTy ay Dbk

| commit IV a v

|  rollback L+ 7 v¥ 27> avorl

22.7 SQL TR

SQL FEATBIBGN _sql (pat) => (sqifn) 1¥, SQL 22 F (sqifn) 2T —F X—AH%—"—THTT %
BBz AERT 2, 7= R=2AF ==~y PV E LT ZOMBEFENHET &, X (sqlfn)
DRI S 41, Z OGRS L7z SQL 2~y R — N—ICREINFETINDE, ETICRI L% 613,
CDORIBUT Z DFITHEREZIRL, FITICRKL 72 & 21E sQL.Exec BNt 2B I W %, BfARICIX, 2D
BISUIDA T D 2 & %2479,

1. 7 SQL.conn D 7 — ¥ R— 2% — N—$fi v A2 58 LTRITIS,

2. T—=FR=ZAF—=N—=FFGFNY P25 (7, w) SQL.db DT =¥ R—2DEMAHEEWD B L, /<
8 — (pat) DIFANT % Z RT3,

3. R (sqlfn) ZFHEL, (7', w) SQL.command D a<w v N5, 7721, (sqlfn) D% (sqlselect) D
BariE, (7, w) SQL.query M d SELECT 7 £V % (7 SQL.cursor, w) SQL.command F{o SQL
avy REMIRT 5.

4. ATV R RS —A—ITEE LT 5,

5. TP L7275 618, 7/ Bl a <y FETRRZIRT,
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COIRBEE 553005 X512, 2= FOMAY (7, w) SQL.db -> (7', w) SQL.command D & &, Z
DREBDOMIE 7 SQL.conn —> 7/ TH 5. —MIT 7/ 1L, (sqlfn) D3 (sqlselect) D & Z SQL.cursor M}, %
I THRVEZ unit BTk 5,

SELECT 7 =V % SQL a2~ F% SQL ETRHAICEEEC 0D, b-o L bfiiffie SQLa~v> Fo
FTNETH L, BIZI,

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

EEE, 207XV RT =N AT —N—THTT M q BEL ICRFOoN S, BREMICHEL 2
SELECT 7 =Y % FfTHHIC§ 2121%, BT D X 912 SQL EATBIEIN T select. .. ((eap)) ilikiz H
W3,

val s = _sql select #t.name as name, #t.age as age
val f

fn db => _sql from #db.employee as t
fn db => select...(s) from...(f db)
_sql db => select...(q db)

val g

val q
SQL 2= v FOEEE, SQL ETBIENIC SQL. command MO 2 F <,

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 FETPI%G_sql (pat) => (sqifn) 1Zi&, DA DBUZBIT 2Hl§23H %

o (sqlfn) DM (7,w) SQL.command ¥ 7-1% (7/,w) SQL.query ® w %, (sqlfn) DTLSND EZITH
LN TR WHZEETRITFIULR S 7\,

ZORIHENZ, EBDTF—FRXR—2ICE 033 72 DFETE2EIET 2 -0ICBAINTY S, Fl21E, B
ToOBEEIMLT 7 —Ick 3,

# 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

COEFEDIEAIL, select DHUIBIE £ D5 E exp DBIAST VB 72DIZ, select --- DM (r,w) SQL.query
D w D35 E exp DR (7/,w) SQL.exp D w & L THHVHNTED, LAOHKIGER TSI L TH 5.
X D FEEIIZIX, 518 expld, _sql db => --- D db L IFREZ T —F¥ R=2% 2T % SQL ##li=2
bLzehroThs, O EZMET 0, HIAE, ZOBEE 2PN NOBEEE 2 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 @ badExample BASCE (KIZ, £ 23 MHBE% 512, BBROHIFIC»00 & THIANS . badExample BI%L
%, B2 20057 =9 X—2AEEHNY )L connl, conn2 Z3%2FHELD, BA% £t 27 =) % connl T, %
nEFHD 7 LY % conn2 THETT 5, ZOMBOAR R E A%, SQL ETBEBOARMEY S B £ D7
IVZFETLEIELTVARILETHS. Lad, Bt O BICHEINSDIE, conn2 DT —F RX—2A
db2 ZHOTEHPNY 772V THD, FHRELT, tPFEFTLIIETZ 27V, £ 2PHMT 2 db
¢ badExample KT % db2 D 2 DD T —FR—ZA% BT 27 VI %, ZDXH) %7 ) BET
TBHILEIFTER D,

CofilfE, FEWIC, 7a 77 AdT SQL ETREENEF T 252 HIRT 5. RICERSLELD
&, EdROBE s DXHIC, BIBE LRI 72 2 T T5BBFETI RN ETHE, il
RAzENEET 202Dk, 72V 2E2B8EFETT28E27 52 L TH 5. Bz, Lidof
% SQL FEfTBIETIE 2 7 2 ) iR TUT O & 9 R ICEZESIE, ZoOHE%ZEETE 3,

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 2= v FOFIi T 7 —73%%E L SQL.Exec BISMDSFET 258101, UTOBAREENS.

1. NOT NULL #I# A o #lFE IR,

2. BB THN DA —"—7 10—,
3. 0 BREL
4. SMLAD SQL XTI INTWED, 72 %2FfTT 5T —F R=2AY— =R T E 20l

XML T 5,

ZDI B 4 B LTHIRT S, SMLAEDY R — 72 SQL HEIZ, BRI SQLI9 5L/ E L, T%k
Ry =2k p@EDR &, SHERRZEMICT 2200 (ABHSEORBNL 6 R T) HALRILED
575, BHESQL AT 2 MEJLE S, 7 2 oEFZHICBT 2o BlHNE, i T - XR—2x2v
DU Ko TR S, 2070, SMLAD SQL BEREZ A T 2 8541, SML#ADRMET 24 TD SQL #
BEZ ST ) D TIE AL, HHTATF— I R—2AL v VIchbe THEZERT2ETH 5. H
ZAE, IR =2 7 VHERS THIH L T2 SMLA L T—F R—ADERTH 5,

o PostgreSQL Tl¥, FROM fIZE VT, T—7NVEMEAE L HRIC AS THETBTITF s nTw 3t &,
FEAWNRD T — 7 NI AS TRHT 72411 % SELECT fU2 6232 Z L3 cE 2w, flziE, DT
DYIVET =7 NV x BB TELRLELTII— L2,

SELECT x.col FROM (a AS x NATURAL JOIN b AS y) AS z

e SQLite3 | group by () aikz ¥ R—F L&, o DIC group by ""&REZH2 I LTE S,

22.8 SQLZA473Y :SQLAMZYVF ¥

SML# %, SQL B#HDOILRESC & I T 2 72 DRSS Z 74 77 ) L LTHRET 5. SQL I
T 22 TCOMEBEBIL, A V¥ —T72—RA7 74V sql.smi B7BNA FTESQLAMF 7 F X IlEE
N5, SQLIEHEZ M L THIP NI SMLADY — A7 7 A NIE, ZDA VI —T7 2 —A7 74 NVIZEFD
—fTZEMZ, sql.smi ZSMWL 2T S 2w,

_require "sql.smi"

SQLANZ77F v DL 72 F 2 I TO®E) TH 5,
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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 :
val odbc :

string -> backend
string -> backend
val sqlite3 :
structure SQLite3 :

string -> backend
(22.8.1 i)

#22% SQLALawy P

val connect : ’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
val queryCommand :
val toy :
val commandToString :
val queryToString :
val expToString : (’a,’c) exp -> string
(22.9 HiZH)

(22.10 HiZ:H)

Structure Decimal = Numeric

Structure Op :

Structure Numeric :

end

DU, 221 fficER L M2 FRE, ZhonERz Kl

22.8.1 TFT—HINR—RAP—)\—ADEHH

e exception Connect of string

(’a list, ’b) query -> (’a cursor, ’b) command
((’a, ’c) db => (b, ’c) query) -> ’a -> ’b
((’a,’c) db -> (’b,’c) command) -> string

((’a,’c) db -> (’b,’c) query) -> string

T EACRIENC TR 5.

T = N=ZANDEHUIT 2 7 —2 LTI, stringld L7 —Av L —ITH 3,

e exception Link of string
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T—=FRXR=ZAAFX =2 DMF z2y 71T 227 —2ELTHIH. string 37— Xy —YThH 5,

e type backend

_sqlserver M 3CICH C Baiselio® (22.3 fizll) . DT OB w2 T ofli§;
>z EL.

e val postgresql : string -> backend

SQL.postgresql param (%, PostgreSQL ¥ — N—~DEHEGHRZ XS, XTI param 1, Post-
greSQL 7 A 7°7 Y libpq DR XTI TH 5. B LTI DOFMIE PostgreSQL v = 2 7 )L % £
¥ k. param 25EY) T w413 SQL. Connect B IFEAT 5.

H R — 5 PostgreSQL DML & SML#ADH L DXJFIILAT DY 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—~DEHifE#RZIE T, XFI param 1213, “F—=f" &
VI TEADIREZ AT TRY > TN S, fEEARLE X — L ZDOEKIZLLTOME) TH 5.

¥ — i

host MySQL #—/N—DH A 44

port MySQL ¥ —N—DF— + &5

user MySQL #r—nN—icu /{35 L ED2—% -4
password MySQL ¥ —N—lcu /4 v §25 L ED/AT7—F
dbname Pl e 7T — & X — A D44

unix_socket | i UNIX V7 vy FD7 74 V%4

flags WEZTararo7 77 (10 EETHEE)

Z D9 b dbname FMTHEL BT IULE SR, ZNED/8F A FZIZOWTEEL 13 MySQL O =
a7 NVEZSIRE X, param D3EY] T2\ T SQL. Connect I FAET 5.

4 E— b ¥ 2 MySQL OHL L SMLADHL L DIEIK T OMEY ThH 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 ¥ X U SQL.sqlite3 (flags, filename) (%, SQLite3 7—% X—R 7 7
A N~DOEFRIERZIR T, CFY filename l2iE, T—F XR—=RA7 74 VOL4HTIZIEET 5. SQLite3
i3« CIRE ZAFT 2 RN 5 2 LIRSS ETH 5.

flags ik, UTFD4oD7 4 =L E»652La—FTh5,

— mode: 77 ANEF =TT EE—FEERT. UToVTN2DHEEZIS
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* SQL.SQLite3.SQLITE_OPEN_READONLY
* SQL.SQLite3.SQLITE_OPEN_READWRITE
* SQL.SQLite3.SQLITE_OPEN_READWRITE_CREATE
— threading ! ?)VF ALy FE—FZ2EKT. DLTFOVTNHIDEEZES.
% SQL.SQLite3.SQLITE_OPEN_NOMUTEX
* SQL.SQLite3.SQLITE_OPEN_FULLMUTEX
— cache! ¥ ¥y ¥ 2 E—F2XT, DTOLTNHrDiE2IL5,
* SQL.SQLite3.SQLITE_OPEN_SHAREDCACHE
* SQL.SQLite3.SQLITE_OPEN_PRIVATECACHE
— uri 7 7 A NVEHDRROMTT 2R T, LT OEZILS.
* SQL.SQLite3.SQLITE_OPEN_URI

IN6D7 7 7o TORMIE SQLite3 C/C++ APIDOw =2 7 V22 k. 2o DEKIE
A CSQL.SQLite3 A M 7 7 F v ICERIN TS, 72, SQL.SQLite3 A F 7 7 F vk flags h3A
BEOHGHICHVOGNE T 74V D7 F 7 SQL.SQLite3.flags D, 74—V F7 v 7’F—1
KL sQL.SQLite3.flags EH WA I LT, 774NV FORELE LB L7 7 7 %2{ED 2 L23T
Z5,

SQLite3 @ type affinity & SMLA#DRIAILAT O D IZH)ETF 511 TW0» 5,

Type affinity | SML#

INT int

REAL real

STRING string

NUMERIC numeric

BLOB CRASIE)
CREATE TABLE R IC# A 7 LICHE Z 1Bl & type affinity & OXRIE, SQLite3 Dv =27 )L
RSN TWBHEH TH %,

e val odbc : string -> backen

SQL.odbc param i, ODBC ¥ —/N—~DOEHilEHR =z, X751 param 121%, DSN 4, 21— —
%, NAT—F2 ZOMHICAR=2TXY]> TR S, param H3EY) T4 \355413 SQL. Connect

NFAET 5,
P HR—FF % ODBC DHLL SMLADHI L DRIGIZL T OEY TH 5.,
ODBC SML#
CHAR string
INTEGER, SMALLINT int
FLOAT real32
DOUBLE real
VARCHAR, LONGVARCHAR, NVARCHAR | string

e val connect : ’a server -> ’a conn

SQL.connect ServerlX, HHtIEMWM server R TERILD Y — N— L OERZHEL L, EBEDT—
FR—=AAF =2 server PRI AXF—2WUETLILE2REL, =7 —PEFIUL, F——
NN Y FIVERT, == DRI 7 —23H 1L SQL . Exec PN FHAETSZ, 2AF—=
DOEIC T 7 = H U SQL. Link FIADFET 3,
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BE G server O, TG EEL TKY T—7 LB IR 2 —DRIZ KT, SqQL. connect I3,
server DI H 58T —7NHICOVT, HADT =7V ELIEZC 2 —DFET 208 0%, T—
FR—ADYAT LAY T %20 TF v 7 $5, H#ETLROIE, I6ICZDT— 7V FERIFE 21—
2, server DRNCH HH 7 L2 TROI LZMEBT 5. F v 7D, LD KCF/INCTFIZIX
L2, 7= X=21%, server DI T —7 L2 —%2EATH X\, —FH, &7—7
ik, server DRLZHEPN TV L H 7 L2 EMICE FRITNER S 2w,

HDTTF—FR=AF—N— LR L L5 L Lt &, $LT — % R— 2 OMEICIE U i) o
FeoA 77U v 7 END, T7AVEDIA 750 L4HEYTROLEAR, BEEAKEE
CTCIA 77 VHEIRET DI ENTES, Bt —1—, 774V D74 7704, BLXUBK
BEBOLEIILLTO@E) Th 5.

T—=FR=A | 7477V BRSGZE R
PostgreSQL | libpq.so.5 SMLSHARP_LIBPQ
MySQL libmysqlclient.16.so | SMLSHARP_LIBMYSQLCLIENT
ODBC libodbc.so.2 SMLSHARP_LIBODBC
SQLite3 libsqlite3.s0.0 SMLSHARP_LIBSQLITE3

val connectAndCreate : ’a server -> ’a conn

DI D E%ZER\AT SQL. connect MU TH %, FIBORB TR I T — 7T IVPERGET — 7 X—
ZUTTFLE L 22354, SQL.connectAndCreate |3 CREATE TABLE 2<% ¥ RZ2 T LZDT—7 )%
BT %, A= INB0EZELT— 7V EERL LS & Lz E & SQL.Link IS FAET 3,
CREATE TABLE 2~ ¥ FOFEITICKM L 72 £ ¥ SQL.Exec BPIAN 74T 5.

val closeConn : ’a conn -> unit

SQL.closeConn conn ¥, SQL.connect BABDHEN L 72T —F R—=2A Y —N—~DEHRZHAL 5.
SQL.connect THEN L 7-4%Hi1%, SQL.closeConn THIEAL SN T L% 5 e,

22.8.2 SQLYZIYODORTEHERONE

e exception Exec of string

SQL 7 Y DEIFRFC T —F R—=A P —N—NL 57 —%2HE L 72 2 L 2L THII. string 1327 —
Ayt—2Th5,

val fetch : ’a cursor -> ’a option

SQL.fetch cursorix, B — )V cursor D317 % —{TicAAA, cursorz—{TiEDH 5, b LAH—
VLDIT — 70 DREGHICERE L TOREAIX NONE 238 T, b LA—VY DB TwE % 56I1F
SQL.Exec BINDFHAET 5,

val fetchAll : ’a cursor -> ’a list

SQL.fetchAll cursorix, B —Y b cursor WEITITHOREDITE TEHRAAAR, H—YVILEEH
L%, bLA—=YVIHIBEHL 5T\ 57 51F SQL.Exec FIA D354 T 5,

closeCursor : ’a cursor -> unit

closeCursor cursori¥, SQL FEATBHEDNR L7 =YV ZEAL %, £TDH— Vv Z DR
fetchAll BIECTRAL s ik T ud % & %5\,
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22.8.3 SQL Y IYDIRE

e val queryCommand : (’a list, ’b) query -> (’a cursor, ’b) command
SQL.queryCommand query %, SELECT 7 =Y query % SQL 2 v FIZZE#T 2, 2 OBIEIL,
SQL FA7BI#G_sql (pat) => select...({exp)) M7 LV (exp) KL TITH a~v Pk (22.7
fizi) LEU 2 &% SQL FATRISZ AR 312479 .

e val toy : ((’a, ’¢) db -> (°b, ’c) query) -> ’a -> ’b
SQL.toy query data X, SML#® T — ¥ #ii& data % 7 —% X—AICHSCTTSELECT 7 =)
query zeHiis 5. 72V OFHliIZ SMLADHTITbi, H— "=t DR HID Z—UfThbihky,
ZOBIBUZ, SML#a V4 73 SQL DEUHF D I=DIZER LIz v A4 7 a o7 0% 2D F FETT
2. 72 DFGHHEBERBIN T ARVED, IOBBUIEMOES 2WvIZ BV AL S 5.

e val commandToString : ((’a,’c) db -> (’b,’c) command) -> string
SQL.commandToString command %, BIE command OAEZFHM L TR 647z SQL a <>~ F
ZXFIULL TGRY, ZOREDNET XFFE, SQL ETBIEA SQL a < v FFEFTRICH — 3 —I(C
EETHIXINERLCDDTDH 5.

e val queryToString : ((’a,’c) db -> (’b,’c) query) -> string

SQL.queryToString query %, B query OAMAEZEH L T 5 17z SELECT 7 =) % X541
T 5., ZOBBHSET TN, SQL FEfTBI%AHY SELECT 7 &) EfTRF IS — N — IR E T 5 F
FIERILC S DTH 5.

e val expToString : (’a,’c) exp -> string

SQL.expToString exp %, SQL il exp %2 X757 5.

22.9 SQLZA473Y :SQL.OpAMZIF¥

SQL.Op A b7 7 F %13, SQL FlizX % SQL o “JHEHE L EMNEIS, B Xz ofto—
F4 VT4 — 2T 5, SQL AR Lo TR, W ODOMBMITAUTO®EY nfix HS 3N 3.

infix 7 %
infix 5 like ||

nonfix mod

SML# CaHifi X 115 ¢\ SQL FHliE XN TR, ZOR 77 F ¥y TERIN T BB CHE %
ANT 7 F v LEWMET LI ERHEHTZIERTE S,

SQL.Op A F 77 F ¥ TEHZSIN TV AHEMDL L 13, HED SQL FAR (22.1 fHizM) cxLTA—
N—a—FEINTWw3, Ktk HHOEELE A—N"—o—FXNTw3iLzo@E &z, MUT
DRI DX TRT,

e ’sql 134 TD SQL FAME L V% D option M2 H <,

e ’sqlopt (34T D SQL FEARID option M2 H) <,

e ’num (¥ SQL FEAMD ) & EfHMNE L N Z D option MZH) <,
o ’'str ¥ string T E L U string option D EL 502 %H) <,
o ZNSLSORIZEIL, EHED, EEOMEZH) .

SQL.Op A b7 7 F ¥ D> 72 F v IZLLT D@D TH .
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structure SQL : sig

structure Op : sig

val Some : ’a -> ’a option

val Part : ’a option list -> ’a list
val Num : ’num -> numeric option
val + : ’num * ’num -> ’num

val - : ’num * ’num -> ’num

val * : ’num * ’num -> ’num

val / : ’num * ’num -> ’num

val mod : ’num * ’num -> ’num

val “: ’num -> ’num

val abs : ’num -> ’num
val < : ’sql * ’sql -> bool3
val > : ’sql * ’sql -> bool3

val <= : ’sql * ’sql -> bool3
val >= : ’sql * ’sql -> bool3
val = : ’sql * ’sql -> bool3
val <> : ’sql * ’sql -> bool3
val || : ’str * ’str -> ’str
val like : ’str * ’str -> bool3

val nullif : ’sqlopt * ’sqlopt -> ’sqlopt

val coalesce : ’b option * ’b -> ’b

val coalesce’ : ’b option * ’b option -> ’b option

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
end

end

PN, Iho iRz I &R THHT %,

22.9.1 BEHHLEIHOME L EVEIE

SML#D Y A—F LEVEERO ¥ ¥ 2 b oA —nN—n— FIZHIET 270, BoilgizAbe 5200
DT OB REINTLE, s Dffiviiid 22.4.5 iz 2He X

e val Some : ’a -> ’a option
e val Part : ’a option list -> ’a list

e val Num : ’num -> numeric option



172 227 SQLAEawv N

22.9.2 SQLEEFHIUEE

SQL.Op A F 7 7 F v IZLL P HHA 249 2, T s ok IE, 18IS SQL R [F
DB T2 N Z 72 SQL it 2R ¢, HE 7 =) B3 — A —IREI N5 £ Tl S 117z,

o HHFL T« 5 MO KIHE 1<, >, <=, >=, =, SPETD SQL HARIZH L TA—N—a—F X
nTws, s pigiEE oz,

’sql * ’sql —-> bool3
TH5.

o BMMPHEL T ¢ 4 MO IS T+, -, %, /, % B LV 2 DOHRIHHE T, abs 2342 TD SQL DA
Bz LT —"—u—FEnTw»3, SQLaHiiotTid, @nliidinfix LEEINS, Ih
5 DRI,

’num * ’num -> ’num
F X

’num -> ’num
TH 5.

o FIAHE : FIRMEE T mod 1, BEHESQL IcH b, TIHEHETFCIIR (B E LTh Rt Twn
%, BERGEDT = R=RIL o T, mod E4DEL SR HF LY ER—FLT0ARWI LITHER
9% Z &, SQL FHitodclz, #51F mod & nonfix £ HE S5, mod DI,

’num * ’num -> ’num
ThH 5.

o TFHFHEHET 1 Ny —v 2y FHEET like EMOHET | I1MEHTE S, 5508117 SQL
TP T infix EEINTVE, TNSDRIILITO@ED Th 5,

val like : ’str * ’str -> bool3

val || : ’str * ’str -> ’str
e NULLIF : L FOM®D nullif BRI N T 5,
val nullif : ’sqlopt * ’sqlopt -> ’sqlopt
F18UE 228 b option BT IUEAR 5 7%\, #H Some THIZ ALY S T L.

e COALESCE: option BIDH D #a\ > DE T, coalesce & coalesce’ D 2 DDA IR I T
w3,

val coalesce : ’b option * ’b -> ’b

val coalesce’ : ’b option * ’b option -> ’b option

EL 50 ERACTDH, V= "—IREINBE4 X COALESCE TH %, coalesce DI,
NULL % NULL THWETEZMWZ 20 HICAbETHROTW A, BHESQL L1382 D, 32D
FoRIEEY R—=F LTy, 3O EOEERDIKS £ EiF coalesce’ BIEZ + AT 5 2 &,
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22.9.3 SQL &£HB#

5 D DOEHE SQL DEFIBIEL count, avg, sum, min, max D’FJHARETH S, TDIH B, sum, min, max
B, optionﬂ@ﬂlbf&bl@%b)ﬂli D, 2FEOEE (FlZ21F sun & sum’) DRI NTWE, £
5L 5 DBERGTY, —N—ICREINZHBLIFAL TH 3.

NS ORI T OM) Th 5.

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 SQLZ473Y :SQL.Numeric ANZ 7 F+

SQL.Numeric A k7 7 F %1%, E#E SQL TRADIBE %2R OB{EM NUMERIC 2 23 2L — T 3,
SQL.Numeric D 7 % F X ZLLTDH N 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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6 DRI D LIS Basis Library @ Int 8 X O IntInf A M7 7 F P ICERI N TV B FEADBIE L [FH
UTh5. toString BABUI/NBURLA N ICIK T 16,383 LT x 206 Ltk 2 EITHERY X,
SQL.Numeric A F 7 7 F ¥ ZH EFTT—FR—RLDT—F DR NN D DICHBI NI LD TH
D, MG EEEED 108K 74 77V 2132 2 L 2B Tokv, BEEEOMREZBR L T
FEEXNTHLRVLED, NS DBIRIFEMIES 2\ IF BN S 2.
728, SQL.numeric BUDHI% & LT SQL.decimal #iA3, SQL.Numeric D44 & LT SQL.Decimal A bk
7 7F %D, ZNFREINTHS,

22.11 EXRSQLIGEEDER (%)

SML#® SQL RO IE, "REZR D EHE SQL o e Tw3, 29352 LICk-T,
SML#®D SQLHERED 7= D ICHT L WHOIAASHEEZE A 2 ThbkwkIicLTws, Lal, HdAA
SmOWHE L, FA FSEOGEOFEEZZIIT, BHESQL O EE R TELVLEAELRH L. LITIC,
SML#®D SQL M X EHE SQL L x> T a2 £ L %, DTORICKZ DT UL, B SQL IZIF
ZOFEFEFDEEHTSMLAD SQL #HEZ V2 28 5139 TH 3.

o EHY T INDEST (FHZXXTI) 13 SMLAICHEL %,

o I SQL TIF ¥ — 7 — FORLF N TFIIMBAE N2 4, SMLETERTO SQL ¥—7—Fi3
INCFTHR T UL H S B,

o T—T7NHRH T LHDIRLTINCTAE SMLADHIY A5 A BT %, 72721, SQL.connect
BAF = D—H2WRET 5 L EDAH, LHTORLF/NLCFFER S 170,

o IEHE SQL UL BISCE TR SC TR B Z BT b BT H 553, SML# Tl SMLADBIBGE A & MRk iE
MzEFED TR,

o BFSHEETICIE SMLAR & Ak~ 2 v 3,

o IHIHHE T OFEANEN X SMLAD infix S IC k> T E 3.

o and amBEHFE IR F e Ko T L EZ 0,

o NI LT —7NDEMICII#ZHIET 5.

o W7 LADBIRTIINT T =7 NAEHRL 2T UI% S ko,

e ORDER BY fJ%>5 SELECT fiiD % 7 2 4% ST 28618, H 7 2414, ZHET 5.

e FROM fJ% INSERT, UPDATE, DELETE 2= FOF— 7 VEHIClE, #&, T—7LADET 3
F = N—= 2% HT SML#D#A T (— I _sql ® fn X THME N 2) ZHliiET 2.
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F23E BKESREOVESEAVHI—Tx1R

HE n OFMBEIC, HS (decl) DEFRE, ZHUTHINT 24 ¥ —7 = 4 ALk (interfaceSpec) DIE
#BrE2Z, ZNOEBICHNLTay 34 SMHET R L H2 3T 2,

23.1 valEE : (valDecl)
val HE ORECE, DLTOSOETERI NS,

(valDecl) = wval (tyvarSeq) (valBind)
(valBind) = (valBindl)
| (valBind1) and (valBind)

(valBind1) (pat) = (exp)

COESF T, and TERINAEROES ICHE TN LB FAKICRBI NS, Tl L2806
BRI, COEFER—DRa— 7%%’)_0)%';Jfﬁ<*ﬁ TCH B, % (pal) WKHNDEHIZTRC
BizoTuhiIFUI ko 2w,

(valDecl)y @ (tyvarSeq) 1, (valBind) \ZHNZMEHD A a—TDIRETH ., TNOMERZ, &
(valBind1) D+ v 7L )L TR I NS,

23.1.1 valBEEA VYT AR : (valSpec)
val HEDA ¥ —7 24 A1F, RSN 2ZHZznZ0UIO0T, LZDBEZHUTORTEST 5.
(valSpec) == wval (id) : (ty)
Bl Z 11X, val 55
val (x,y) = (1,2)
N2 val HEA VI —7 24 AIUTD 20D VI —T7 2 A AESTH 5,

val x : int

val y : int

23.1.2 val ES O
RS =
val (pat); = (exp)1 and (pat)s = (exp)s

DI, HE Y — > OFHT & ADFHT D 2 BFETfrbin s,
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HE A vy —7x4 A

b
&
g
&
I
i
S
m}

BE/NY — 2 FHiE

Wy — v 2B UEREE, T, Y —VEAIEEFNDIERES {v1, ..., 1, WSWT 2 EHEIC
X5,
WY —VEBICERRLA VAN 77 IR = BR—ob &N 0nGE, ZOEBIMTOFRIETITH

ns.
1.

2.

S$F = (paty) £ (exp;) DHLDS, BRIV, WY —v LEIROMADEAIHREND,

BRZ =2 (pat)) B, 2 ORBEICHED, BANY—  OMICHRE NG, ZOB, (pat) HHHK
EHTIE, DRI NI S5 — 1 b RHRIDH IS 15,

RogE, LA T vy 7o ntiBg 88 — I LT, MIET 28020 Hid#fEz, KX
(exp;) TN L THINICEITT 2 2 LIk >TT). ThbE, APHEADLAIL, MrA2HD
Han, A Trngaid, A2ZBCHE L, Wids o MaoiE2 I B B#e 280 HE
M 2ABLRSNn 5,

NG —Vid as pat DIGOVEENY — v 2 G086, LRLOBREICMAT, d iox L Tigad
DIEDFHI AL S LS.,

DUEAR S 25 L OO EADS,

val 1 (:7)? = exp,

and T, (:7n)?7 = exp,,

DIVDEBHGES & LTERSIN S,

DTF?D23.1.3TRT LI, MEDEIIIRY —Ick 2lES %2, THERIR D 280 diflic 24

5z

L2k, Bind A2 2 I B WIEFEMICE VT, SML#MERT 2D 7 > 7 1 SHIZZH DR

ELTHIESMS Z LD HREE 2 B,

NY—VEEGITERPL AV AL 7 7888 =BG EN5E, WiEE TR, FETRicEst
FETHZEDRHY, FNRITHEZ T2 2 ENTEL Y, ZOEHEE, 5A0NLERENIUTOROE
B Az ng,

val X = case ({(exp1), ..., {(exp,)) of
(paty) , ..., {(paty)) => (T1,...,%m)
| _ => raise Bind
val 1 = #1 X

and x,, = #m X

DlEDZHIZ XY, HFRMEES ICE TN 2 EBEADANDRAKRRMESES NS,

23.1.3 valEE &AMV 71 ADHI
DR, 7v7 1 %Mtz a0ME@omcs 3.

# 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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DX, BEICERDOFLIBZ I 1 4MB5 2603, ZoFHIAERZ, Bl XS icXo—i8
WCHITER 258 ATY, ZeThs. T LI, "¥y—vBarv R+ I 780 ERz2 54
1, Z OMEWERECEEDEIE 2 & iR D 2 70, BBRA~OEHHMIZE 2 5k,

# 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

T, V=A7740 LY 8 =724 27 7 A VOfEHLBEITH 3.

Version.sml file:

val (version, releaseDate) = ("4.0.0", "2021-04-06")

Version.smi file:

val version : string

val releaseDate : string

23.2 BIEE : (valRecDecl), (funDecl)
BHECE S ORESUTIE LT D (valRecDecl) O (funDecl)y 3% 5.

(valRecDecl) = val rec (tyvarSeq) (valBind)
(funDecl) = fun (tyvarSeq) (funBind)
(funBind) = (funBindI)
| (funBind1) and (funBind)
(funBind1) = (op)? (vid) (atpaty1) --- (atpati,) (: (ty))? = (exp1) (m,n >1)
| (op)? (vid) (atpatler) --- (alpata,) (: (ty))? = (expa)

[ ..
| (op)? (vid) (atpatm,1) --- (atpatmn) (2 (ty))? = (expm)

CDEEFT, and THHE S NIEBOBBDSHAHRINER I NS, B S 15 B O AR I,
oEFEKE, ZOHEFIHCHTTHS.
(valRecDecl) 121} % (valBind) @ val H5 (3,
(vidy = fn 3\

DBICHIR SN 5,

Fl—® (funBindl) (BN 2801 BI%4) (vid) 13 TXRCE—THFUIE ST, B2 (funBindl)
ICHN 2B (vid) BH VISR S 2T UE S, 7%, F—0 (funBindl) 2B 3 (pat) 12&
FNHEENT TR TR TR TR S 720,

EHICCDEFOFHEICE VT, BIBL (vid) 2, ERINZBBE A (EHNHE X O8N
i) Zb OB LELIND

(tyvarSeq) 1%, (valBind) ¥ X (funDecl) \CBNZMEKD A a—TDIETH 5. 06 BZEHIL,
% (funBindl) ¥ X (valBind) DD (valBindl) O+ 7LV THIRE NS
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ol

178 H23E S

23.2.1 BREEAIVHY—T711R

BIBESDA vy —7 24 R, valBESDA V¥ —T7 2 A A EFA—Th %, BHEES TEEI NS
HERE VAl EEDA VF—7 2 A R EE— DX THLT %, MU, BEBESICNTZY—X7 74
NEAL VI —T7 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 datatypeEEF : (datatypeDecl)
datatype H 5 1%, HILWERTFZEET 2. 2O TOME) TH 5.

(datatypeDecl) = datatype (datbind) (withtype (tybind))?
(datbind) = ((tyvarSeq))? (tycon) = (conbind) (and (datbind))?
(conbind) = (op)? (vid) (of (ty))? (I (conbind))?

(tybind) m= (tyvarSeq) (tycon) = (ty) (and (tybind))?

RIRSE T4 (tycon) IETRTTELS>TORITNEAE ST, FH-—D (datbind) OHIE, 7 — ¥ HERT
% (vid) BITRTERZ> TR IT IR SRy, COESITED, BZE ((tyvarSeq) )? 237 A8 & T
2 MR N 70 2 HHBRURE R~ (tycon) &, T — MR T (vid) DIEZEI NS, (tycon) DA a2 — T3,
(datatypeDecl) kL, ZOEHFICH S EF TH 5. withtype I, (datatypeDecl) Z A —7"L§ 2
DHAERTH ), Ml I N2,

23.3.1 datatypeEEMI VY7 x—R

datatype ESICRNT 54 ¥ 7 24 RITIX, datatype fAk & i IARD S %, datatype {LERIZ, datatype
HEEMA—TH 5. HEBURORE I T O TH 5.

(opeque TypeSpec) m= type ((tyvarSeq))? (tycon) (= (runtimeTypeSpec) )
(runtimeTypeSpec) := unit | contag | boxed

datatype H 5 ICX L T datatype HE A ¥ ¥ —7 =4 A%GtibT % L, _require WL T 2 a0 %
A VHAIZH LT, datatype S SNUBRELT £ 7T — YR - 0SE R I 5. datatype B SIS0 LTk
REA VS 7 2 A AZFBT 5 &, FA-AROMPEMR T PERS NS, RS 57 24 ZDF R
7V FIE, ZOROFETREREZ 2 v 34 ZIGHEAT 272 ODIFERTH D, datatype HF I T unit,
contag, ¥ 7:1% boxed DTN %GBT 5. unit B XU contag |&, datatype D FEITIRFRIIDHEH T
BT DHTH B %HEKT 5. datatype HF ICHIB2R DT — Y RT3 OIGAICERT 5. HRTFY1
DD E Z unit &, £ 9 THWLE Z contag #FH (. boxed %, datatype DIFIATRFRIADI R A ¥ TH
52 L REWT 5. datatype HE ST 2RO T — I HIRT-03H 2 5512508 T %,
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23.3.2 datatype EEEI VY7 1 ADH
DIFIE, datatype HSZ B8 LY — A7 7ANVEL VI —T7 24 ZADHITH 5.

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 HEE 1, UTOGETCHIZAZ DT EEETH S,

(typeDecly  := type (typbind)
(tybind) m= (tyvarSeq) (tycon) = (ty) (and (tybind))?

23.4.1 typeft#k : (typSpec)

type EE DA V¥ 7 =4 A%, type {hhk & MBREAEDH 5. type (EERDHECIL type HF £ H—ThH
5. WREAROW I T oMY TH 5.

(opeque TypeSpec) = type ((tyvarSeq))? (tycon) (= (runtimeTypeSpec) )
(runtime TypeSpec) = (tycon) |{} |* | ->

B3 a— PR FHA, BIBUNCEEIN TV L% 61, (runtimeTypeSpec) \ZIZZNZFNA{Y, *, ->%
BET 2. ZIH)ThiFruL, ME2RETLZMa vy A5 7 5% (runtimeTypeSpec) \HET 5. FITHR#R
BRI ZH->5T0 5% 61F, (runtimeTypeSpec) 1FFEEER L FIREIZ—3L & < TH kv, FATRERBLICO W
THLIF 29 B2 S K.

23.4.2 BEEEAVY 71 ADH

DM, WESEZ2BU0Y A7 7ANVEAL VI =7 24 ZADHITH 5,

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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23.5 BIAEF : (eanDecl)
BINE S ORSUIL T D EB ) TH 5.

(exnDecl) =  exception (exbind)
(exbind) m= (op)? (vid) (of (ty))? (and (exbind))?

TOEBFITE DA (1) ZRIBET PR T (vid) DERS N D,

23.5.1 HISMEER : (eanSpec)
s DA v 5 7 24 2 ThH 2 HUMIBRORECS, BISES LIH—TH 5.

23.5.2 BIAEEELA VT T 1 ADH
I, PINNEEZELY —R77ANEAL VI —T7 24 2ADHITH 3,

Data.sml file:
exception Fail of string
Data.smi file:

exception Fail of string
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P24 ETIVA—-ILEBODEEELAVY97x1R

HE OMEBEIC, 55 (topdecl) DEFE, ZIIINIET 24 5 —7 = A AMERE (interfaceSpec) DIE
#rEZ2, ZNSESICHLTav S8 IEET 2R Lz T 5.

241 ABMZIVFVYEE : (strDecl)

ALZ27FXEHFE, ANIIF 24 (strid) &, AT 7 F v (strexp) BT AL 77 F v ICHfET
LIDEHETH 5.

(strDecl) :=  structure (strbind)

(strbind) = (strid) = (strezp) (and (strbind))?

| (strid) : (sigexp) = (strexzp) (and (strbind))?
| (strid) :> (sigexp) = (strexp) (and (strbind))?

and TEBNLEEDA L 7 7 F v 41F, FARICEMBING, ZNOHATOR a—71%, ZOHEFITH
(D THB, ftoT, UMTOESTI, yid2Tlr%L 1iIcdilisns,

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;

VIR FXHRINEDA LTI F v HHEIZ, UTOY 72 F Y HfINED R 5 7 F v RADH A
EAEME NG,

R B
(strid) : (sigexp) = (strexp) (strid) = (strexp) : (sigezp)

(strid) :> (sigexp) = (strexp) | (strid) = (strexp) :> (sigexp)
AL 7FvEHSDOHIIUTO K ) IiTbi s,

1 REIDELIHE:, AL 77 F v XN2ikHii L CGFIREE T ERITREREE E 2K %,

2. %%FPPk%%Efﬁﬁﬁﬂ#D/ﬁ%%ZF77%?%ST7V74/71L#FPFH&E

BIZIEA S 77 F ¥ ESF structure (strid) = (strezp) \ZEWT, A b7 7F v (strezp) DVERT %
RUBRIR & FEATIREBRIE DY {longldy : 71, ..., longid, : 7,} B X O {longld; : vy, ...,longid, : v,} THIUE,
DAL 77 FvEHSOMRIE, BEOFHNBEE X NFTREENZ, {S.longld; : 71, ..., S.longid, : 7, }
B X {S.longld; : v1,...,S.longid, :v,} OOV 7HRMEINEMS N5,

24.2 AMFIVFrHEZDFHME : (streap)
AL 77 F 2 AOMXIILLTO@E) TH %,



182 FURE EV2-LAFHOESEA VI 72 A
(strexp) struct (strdec) end

(longStrid)

(strexp) : (sigexp)

(strexp) :>(sigezp)

(funid) ((strid) : (sigezp))

(funid) ((strdec)

(decl) MEEOES

structure (strbind)

(strdec)

local (strdec) in (strdec) end

|
|
|
|
|
|
|
| (strdec) (;)? (strdec)

HZALS 7 F v ROFMGIZL T D L I IfTb 5,

o AR 77 F v struct (strdec) end.

HARA L7 7 F 2 RoOFHlE, EE (strdec) ZMEXRFHI T2 2 & k> TiTbNns, ZORHIE, %
SEBOEZIIH LTI, 23 ETOERICL D, BECHBR S04 OFENER I NS,
AL 77 FvEFICHLTUL, EEROFHEHHANIHE, 277 F v 80267420y 7 H ORI
RIND,

e UVI AT 7F ¥4 (longStrld).

BHEDBRBIIZE VT, (longStrld) HHHE S T 2 RIBHE & FATIBREI MR S %, BUEDOHHED
EHDOHT (longStrld) 7V 7 4y 7% bo0 v JHORF» S, (longStrldy 7°Y) 7 4 7 ZHH i
WTALNLZHMOES LA -TH 2,

o 27X F ¥ HIRIMNEARLF 7 F v, ((strexp) : (sigexp), (strexp) :>(sigexp))
IR F A HINERA LT 7 F v XOFHIIZA T D X 9 it s,

L A2 7F v AZ2aHiiL, SNRRERET 2K 2%,
2. JIH (24.3) DEZEIHE Y 72 F v X2fHiEi L, vy 7O EDHIFIDES S 2R 5.

3. IEENLK Uy FTHDOFENHIRICR L LT, Ticay JARMBEFEEL, D% DZ D
EDS IR 27§ Z &2 F 2y 79 5,

4. Tz L THREI N0 v 7HICHIE LB T 28R T 5,

5. b L (strexp) :>(sigexp) DIEDSMWAZEH LY 72 F vl Thiu, 561, 2732 FvD
RURE (typdesc) ICMIET 2 TV 0%z, R TEHSIZ TRHRONSRBRET 2EKR T 5.

6. EITRBUROERIL, BNAEOLERIEY 72 F vHlfIB R wA 7 7 F v REF—TH 573,
ARSI NZHIFAI T ICEFNIEB LAV AL 777 ITRES NS,

24.3 YUXFvYH : (sigexp)
ST RFF 2 ROGEIILLT DM TH 5.

(sigid)

(sigexp) == sig (spec) end
|
| (sigexp) where type (tyvarSeq) (longTycon) = (ty)

o JART 7% F ¥ (sig (spec) end)
HEMEE (spec) DIITH 5.
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o > xF v ((sigid))
Fy 7L XV DY T2 F R EHETY 72T v UCHE I N A4NTTH 5.

o MEXRMNZDL 72T ¥4
IR F x4 (sigid) SRS N> T2 F 2 RO D (tyvarSeq) (longTycon) % (ty) TEEHZ
HRonsy rxFrAeRT,

HiE Ak (spec) DRESUILIT DD TH %,

val (wvaldesc)
type (typdesc)
eqtype (typdesc)
datatype (datdesc)

(spec)

datatype (tycon) = datatype (longTycon)

|

|

|

|

|  exception (exdesc)
|  structure (strdesc)

|  include (sigezp)

| (spec) sharing type (longTyconi) = --- = (longTycony)
| (spec) (;)? (spec)

|

( = (wvid) : (ty) (and (waldesc))?

(typdesc) == (tyvarSeq) (tycon) (and (typdesc))?

(datdesc) == (tyvarSeq) (tycon) = (condesc) (and (datdesc))?
( —  (vid) (of {tg))? (1 {condesc))?

( (vid) (of (ty))? (and (exdesc))?

( (stridy : (sigexp) (and (strdesc))?

f
exdesc) = f
strdesc)y =
ZNETNDHEFZEDOFERIZUT DB TH 5.
e val (valdesc). val HE CHM I N2 LEBOMZIRET %
e type (typdesc). HEI N0 v 7% % DD type HS £ 7213 datatype S WHET 5 2 L DIFET
b5,

SRFERLS 72 F v HEDELES, TOkkX, AFIF77F v D type HE CERIN LM% Z
DFEFEMCT S, datatype HSDEE, A b7 7 F v DR TPENCR 2D, T— KT
FHHE S o,

SHAEN Y 72 F v iRE DG, JOMRE, 5 TERS N2 ORERONIHHEE L O
datatype TAK S LU Ol —1E 2 ik L, fhSRERER & LTI L § 5.
e eqtype (typdesc)
type (typdesc) LA —TH 2D, A+ T 7F v THE SN 3P FMHEL A 2B ICRES NS,
e datatype (datdesc)
[H—® datatype ESDPFEET 5 2 EDIETH 5. datatype EEWEINIT K 5.
e datatype (tycon) = datatype (longTycon)

BRI % (tycon) IZHHH S N7 BIREILT-D3, (longTycon) ISR I NIz D ELF—-THBH I LD
fRE.
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e exception (exdesc)
exception HSDMAET 5 Z L DIFETH 5. exception HFWHIICR 5.
e structure (strdesc)

AL FPRESINT T2 F v REFOAL 77 F v 280 LDIBETH 5.

e include

BESINIY 72 F v HICHBINTy 72 F » RONE ((spec) DFI) BT OMEICEHI NS,

e sharing type
RS nen v 7R AT N TR CEBR F ISR SN T 5 2 EDIRETH 5.

24.4 EI2A—IEBOAVIYTTAR

EV2—NVFHEDA VY7 2 AL, FI62HTELL7ED, A7 7 FvD 70N, F ((provideStr) )
E7 78D 7unNAF ((provideFun)) D22 ThH5b., 26 DRI TOMED TH 5.

(provideStr) = structure (strid) = struct (provideStrdecl) end
(provideStrdecl) provide Val)
provide Type)

(

(
(provideDatatype)
(provideException)
(

provideStr)

functor (provideFunBind)
(funid) ((strdesc)) = (provideStrEzp)

(provideFun)
(provideFunBind)

UFIZAFI 2FvBEEER2EUY A7 7A4NEAL v —T7 24 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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E25EF SMLHDSATSVUHEE

BB SEECH 5 SMLA T, x0T — ik L 2 OfEfEl, B (datatype) DERE L ZNEHET 2
BIEG A BATL AL 72 7F v L LTERINS, 61T, SMLADH 2 v 84 VEERRIC X > T, B
TE2ALTI7F BT 7ANMCELEDOEN, ZHUINTEA I =T A A7 74 (smi 7 74 V) B3
ERINTVDE, KETE, A VI =T 2 A A7 7ANKCELEDONTA LT 7 F BRI T T LW
K T4 7791, A V¥ 724 AGHED _include LIZk->TF e o6, BELINTWS,

SMLADRMET 274 77 VI TIcRAlEn 3,

e Standard ML #6554 75 Y

Standard ML 7 4 77 V{L#k [2] TERI N T4 77V TH 5. MHAIART —F OFIECELED
10 & EPREEI TS, SML# T, Standard ML Basis Library Q#4274 77 ) DT XT L
X7 avIA 7T IO HBREINTH S,

e SML#74 77V

C L DEFEHE, SQLHidA, JSON ¥R — k7% 8D SMLAICHAAE N B % ) EeaEHZN
TOVR—=rI7A4 77V TH 25,
— FF1 9477V
— SQL 74 77V
— Thread 74 77V
— Reify 7477
o 1—T7UT 4 HE
Y= R=T 1 Bz E&UEL ONHTHENZBEE RSN S, UTobozé&E,
— SML New Jersey 74 77 Y

o V= INDYR—=FFA4 7Y
SMLAD LT 2 RECIRTY — b, EE7 0 77 LAERY =L, TANY =)L E%, SML#5»5
T 27007477V Ths. LTObOEED,
— smlyacc & smllex DY R—+ 74 7 7Y
— WEHY =)V SMLFormat Y X—+ 74 75 Y
— 2=y FFA Y=L SMLUnit ¥ X—+ 54 751

AFFaXvybTld, 9477V 02U TOERTERET 2

1. Standard ML IE#£5 £ 7°5 1) 72 £, Standard ML DY 72 F ¥y DBARICERZI NGB T4 7 VI
DWTIE, YT RFXYDEREEZRL, 61, HEAM I Z7FviZOo0T, ¥ 2F vy TRERING
WA V27 v 2ADTEREBERT B,

2. BICSML#MHAD 74 77 ) &L, BH#OY V2 F v DBERIN TRV IAL 7T I7VIE, ZDA ¥
57 2 A AEWRERT, A V¥ 724 R, 7R F R ERIMAT, 3#lary LTy 7 LT
i3 2 ECRELRERE GATL S,
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F26E Standard MLIE¥S175Y

SML#1Z, Standard ML Basis Library [2] TEREIN TV 2MHDA 77 F v 2 EHETRA L Tw 5,
INGTRTDARALF77F ¥, RADT 7R F v RERINTWVS, ZITAHITE, Ihsnlr
IAF X RERL, BV IXT v ERICHE, 2O IAF X 2FRT LA T 7 F v %, BDEBHMOE
F & EHITURT, AREICHHT 2 FEB OB O 2 H#H (%, Standard ML Basis Library [2] 2%

e .
SMLADEBET 2 (by 7L RNLD) 72 F v EA 77 F v EUTOMY) TH 2.



188 %26 % Standard ML #5475 Y
e A SIOAF X RRETHANT I F ¥ 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)

INSGITRTDIATIVDA VI =T 2—A7 74NV, BEENICELDON, 9477V 487
A A7 74 Vbasis.smi ICEEDLNTWVS. fiE>T, LLTD require HE%, Y —A7075LDA v
Y72 A AT 7ANCHITE, 2OV —=A70 7 LDHT, ¥ Standard ML BHES 4 77 Y DT XTD
ALT7F v 2 F v BMEMREL 725,

_require "basis.smi"

26.1 ARRAY
M AAAT —ZTICH HEIIT 7 array DEEL RT3,



26.2. ARRAY_SLICE

YIXFv
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

VIRFrERETDIANIIFY

e Array:ARRAY.

26.2 ARRAY SLICE
A D R KB 2R T — 5 B & 2 DA 2 fefit,

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

VIRFrERETBANTIFY

e ArraySlide : ARRAY_SLICE

type ’a slice (= boxed)

26.3 BIN_IO

NA FHNCRT 2 10O P2 23 %, TSR 10 O 7 % F ¥ IMPERATIVE_I0 (26.4) OYRRE LT
TERIND,

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

VIRFYEREIDANTIFv

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

RAMLVEEYTRFY

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
B 7 — & 1 & BEAH B 2 fe it
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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

VIRFrERETDANIUTFY

e Bool : BOOL

26.7 BYTE
X ENA FRBDZHZ Y R — 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

VURFYERETBANIIVFY

e Byte : BYTE

26.8 CHAR
XFT — 8 DIERYEAE & SRt

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 fromCString : string —-> char option
val fromString : string -> char option
val isAlpha : char -> bool
val isAlphaNum : char -> bool
val isAscii : char -> bool
val isCntrl : char -> bool
val isDigit : char -> bool
val isGraph : char -> bool
val isHexDigit : char -> bool
val isLower : char -> bool
val isPrint : char -> bool
val isPunct : char -> bool
val isSpace : char -> bool
val isUpper : char -> bool
val maxChar : char
val max0Ord : int
val minChar : char
val notContains : string -> char -> bool
val ord : char -> int
val pred : char -> char
val
val succ : char -> char
val toCString : char -> string
val tolower : char -> char
val toString : char -> string
val toUpper : char -> char
end
VURFYERETBANIVFY

%26 % Standard ML f#¥£5 4 7°5 1

scan : (Char.char, ’a) StringCvt.reader -> (char, ’a) StringCvt.reader

e Char : CHAR

26.9 COMMAND_LINE

SML#TIER L e EAF 70 77 LD avy ¥4 v 7 —5 O,

signature COMMAND_LINE =

sig
val
val

end

arguments : unit -> string list

name : unit -> string

VIRFYERKIDANTIFv

e CommandLine

: COMMANDLINE
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26.10 DATE
HA T =R L 2 D8(ETY 27 4 7D,

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

VIRFYEREKITZIANTIFY
e Date :> DATE

type date (= boxed)

26.11 GENERAL

SR LGS D 7Y 25 4 78 LY 2T o IEfI 44 2 R

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

VIRFrERETDANIUTFY

e General : GENERAL

26.12 IEEE REAL
IEEE #EJL O y7Eh/ N ZR 8 % Bl

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



26.13. IO
end
VIORFYEREKITDIANTIFY

e TEEEReal : IEEE_REAL

26.13 IO
MHD IO PINEFEZELT LA 77 F v TH 5,

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

VURFYERETBANIVFY

e I0 : 10

26.14 INTEGER
(SREEDIER2e R li i aa

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 v % B3,

VURFYERETBANIVFY
e Int : INTEGER
type int = int
Int32 & Position l& Int DY 7'V 7r— a v,
e Int64 : INTEGER
type int = int64
LargeInt (¥ Int64 DY 77— a v,
e Int8 : INTEGER

type int = int8

26.15 INT_INF
HTELHIER D 70 S FF5 1 & B O IR AERI AL

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

VIRFYEREKITDIANTIFY
e IntInf : INT_INF

type int = intInf

26.16 LIST
HAAADY 2 FID 7Y 27 4 7B 2RI T 5.

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

VIRFYERKIDANTIFv
e List : LIST

type ’a list = ’a list
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26.17 LIST_PAIR
U A DT %P5 AR S fifit,

signature LIST_PAIR =

sig

exception UnequallLengths

val all : (’a * ’b -> bool) -> ’a list * ’b list -> bool
val allEq : (a * ’b -> bool) -> ’a list * ’b list -> bool
val app : (’a * ’b -> unit) -> ’a list * ’b list -> unit
val appEq : (’a * ’b -> unit) -> ’a list * ’b list -> unit
val exists : (’a * ’b -> bool) -> ’a list * ’b list -> bool
val foldl : (a * ’b * ’c => ’¢c) -> ’c -> ’a list * ’b list -> ’c
val foldlEq : (’a * ’b * ’c -> ’c) -> ’c -> ’a list * ’b list -> ’c
val foldr : (’a * ’b * ’c -> ’c) -> ’c -> ’a list * ’b list -> ’c
val foldrEq : (’a * ’b * ’c -> ’c) -> ’c -> ’a list * ’b list -> ’c
val map : (’a * ’b -> ’c) -> ’a list * ’b list -> ’c list
val mapEq : (’a * ’b -> ’c) -> ’a list * ’b list -> ’c list
val unzip : (’a * ’b) list -> ’a list * ’b list
val zip : ’a list * ’b list -> (a * ’b) list
val zipEq : ’a list * ’b list -> (a * ’b) list
end
VIRFrEREKTDANIUTFY

e ListPair : LIST_PAIR

26.18 MONO_ARRAY
HMRAIRL & 2 DIE 7Y S 7 4 7 2 f2ft,

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 foldr : (elem * ’b -> ’b) -> ’b -> array -> ’b
val foldri : (int * elem * ’b -> ’b) -> ’b -> array -> ’b
val fromList : elem list -> array
val length : array -> int
val maxLen : int
val modify : (elem -> elem) -> array -> unit
val modifyi : (int * elem -> elem) -> array -> unit
val sub : array * int -> elem
val tabulate : int * (int -> elem) -> array
val update : array * int * elem -> unit
val vector : array -> vector
end
VURFYERETBANIVFY

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
HUHRLRCS o E o i s o R RS B 2 Bt

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
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val foldl : (elem * ’b -> ’b) -> ’b -> slice -> ’b

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 : array -> slice

val getItem : slice -> (elem * slice) option

val isEmpty : slice -> bool

val length : slice -> int

val modify : (elem -> elem) -> slice -> unit

val modifyi : (int * elem -> elem) -> slice -> unit

val slice : array * int * int option -> slice

val sub : slice * int -> elem

val subslice : slice * int * int option —-> slice

val update : slice * int * elem -> unit

val vector : slice -> vector

VIRFrEREIBANIVF Y
e CharArraySlice :> MONO_ARRAY_SLICE

type array = char array
type elem = char

type slice (= boxed)
type vector = string

type vector_slice = CharVectorSlice.slice
e Word8ArraySlice :> MONO_ARRAY_SLICE

type array = word8 array
type elem = word8

type slice (= boxed)

type vector = word8 vector

type vector_slice = Word8VectorSlice.slice

26.20 MONO_VECTOR
B2 AL 2 DEAET) S 7 4 725248

signature MONO_VECTOR =
sig
type vector
type elem
val all : (elem -> bool) -> vector —-> bool
val app : (elem -> unit) -> vector -> unit
val appi : (int * elem -> unit) -> vector -> unit
val collate : (elem * elem -> order) -> vector * vector -> order

val concat : vector list -> vector
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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

VIORFYEREKITDIANTIFY
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 FVDFRIT~ 2+ v DEIEBI S Z fefit,

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

VIRFYERRIDANZVF v
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
T a vl Y T 4 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 ¥ —7 x4 A%t

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

RANLIEYTRF Y

e OS_FILE_SYS (26.24)

e 0S_IO0 (26.25)

e OS_PATH (26.26)

e 0S_PROCESS (26.27)

VIRFrERETDANIUTFY

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

OSDT77ANT AT LA VY 7 24 A%

string —-> syserror option

0S ¥ /2 F ¥ DY 7L 2 F v,
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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_I0
OSDIOA v ¥ 7 = A%, 0SS I FF YDV 7 7 2F v,

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 NS ABRERE R R, 0SS 7% F v DY 7 7% 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}
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val splitDirFile : string -> {dir : string, file : string}

val toString : {isAbs : bool, vol : string, arcs : string list} -> string
val toUnixPath : string -> string

val validVolume : {isAbs : bool, vol : string} -> bool

end

26.27 (0S_PROCESS
OSD7ut R« ALy FEMEEEZR. 0SS 72 F vDY 7S 7% 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
TRE/ N B 2 Bt

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

XANLIEYIRF Y

e MATH (26.29)

VIRXRFYERKITDANIVFY
e Real : REAL
type real = real
Real64 & LargeReal ldReal DA LFF7 7 F vV 7V /r—>av.
e Real32 : REAL

type real = real32

26.29 MATH
PR/ N BRI O BAEFH B R 2 208, REAL DY 7S 7% T v,

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
TR DRI AL
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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 maxSize : int

val

val size : string -> int

val str : char -> string

val sub : string * int -> char

val substring : string * int * int -> string

val toCString : string -> string

val toString : string -> string

val tokens : (char -> bool) -> string -> string list

val translate : (char -> string) -> string -> string
end
VIRFYERETDANIIFY

< : 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

scan : (char, ’a) StringCvt.reader -> (string, ’a) StringCvt.reader

e String : STRING

type char = char
type string = string

26.31 STRING. CVT
Gy S RIGIALPR R S % PR,

signature STRING_CVT =

211
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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

VIRFrERET DAL IFY
e StringCvt : STRING_CVT

type cs (= boxed)

26.32 SUBSTRING
oI L Z DFVLERES 2 Bk,

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 full : string -> substring
val getc : substring -> (char * substring) option
val isEmpty : substring -> bool
val isPrefix : string -> substring -> bool
val isSubstring : string -> substring -> bool
val isSuffix : string -> substring -> bool
val position : string -> substring -> substring * substring
val size : substring -> int
val slice : substring * int * int option -> substring
val span : substring * substring -> substring
val splitAt : substring * int -> substring * substring
val splitl : (char -> bool) -> substring -> substring * substring
val splitr : (char -> bool) -> substring -> substring * substring
val string : substring -> string
val sub : substring * int -> char
val substring : string * int * int -> substring
val takel : (char -> bool) -> substring -> substring
val taker : (char -> bool) -> substring -> substring
val tokens : (char -> bool) -> substring -> substring list
val translate : (char -> string) -> substring -> string
val triml : int -> substring -> substring
val trimr : int -> substring -> substring
end
VURFYERETBANIVFY
) Substring :> SUBSTRING
where type substring = CharVectorSlice.slice
where type string = string
where type char = char
26.33 TEXT

XA L T 7 F v % ffit,

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

VIRFYERETBANIIVFY

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

506 &

Standard ML f52¥#£5 £ 7°5 1
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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

RANLIEYTRTFY

e TEXT_STREAM_IO (26.35)

VURFYERETBANIIVFY

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

215
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26.36 PRIM_ IO

KL LD 10 7Y 2

signature PRIM_IO
sig
type array
type array_slice
type elem
eqtype pos
datatype reader =
RD of {name

%26 % Standard ML f#¥£5 4 7°5 1

T4 7 i,

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
setPos

endPos

(unit -> pos) option,
(pos -> unit) option,

(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 openVector : vector -> reader
end
VIRFYERETDANIIFY

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
Wi 7 — 2 ML 7)) S 7 ¢ 7 M 2 et

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

217
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VIRFYEREIDANZVFV
e Time :> TIME

type time (= real)

26.38 TIMER
YA —MEZDT) I T 4 TR R 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

VIRFYERKITZIANTIFY
e Timer :> TIMERE

type cpu_timer (= boxed)
type real_timer (= boxed)

26.39 VECTOR
X7 by (EHATORS) Bz 7Y) 274 7BBERIEET 3,

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.timel}}
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val foldl (’a *x ’b => ’b) -> ’b -> ’a vector -> ’b
val foldli (int * ’a * ’b -> ’b) -> ’b -> ’a vector -> ’b
val foldr (’a * ’b => ’b) -> ’b -> ’a vector -> ’b
val foldri (int * ’a * ’b -> ’b) -> ’b -> ’a vector -> ’b
val fromList : ’a list -> ’a vector
val length : ’a vector -> int
val map : (’a -> ’b) -> ’a vector -> ’b vector
val mapi (int * ’a -> ’b) -> ’a vector -> ’b vector
val maxLen : int
val sub : ’a vector * int -> ’a
val tabulate : int * (int -> ’a) -> ’a vector
val update ’a vector * int * ’a -> ’a vector
end
VIRFYEREITBANIVTFY
e Vector : VECTOR

26.40 VECTOR_SLICE

R P NVELEZD 7Y 25 4 FTHE DL,

signature VECTOR_SLICE =

sig

type ’a slice

val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val

val

all

app :
appi
base

collate

concat
exists
find :
findi
foldl
foldli
foldr
foldri
full

getItem :
isEmpty :
length :

map :
mapi

slice

(’a => bool) -> ’a slice -> bool

(’a -> unit) -> ’a slice -> unit

(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 slice -> (int * ’a) option
(’a * ’b => ’b) -> ’b -> ’a slice -> ’b
(int * ’a * ’b -> ’b) -> ’b -> ’a slice -> ’b
(’a * ’b => ’b) -> ’b -> ’a slice -> b
(int * ’a * ’b => ’b) -> ’b -> ’a slice -> ’b
’a Vector.vector -> ’a slice
’a slice -> (’a * ’a slice) option
’a slice -> bool

’a slice -> int

(’a -> ’b) -> ’a slice —> ’b Vector.vector

(int * ’a -> ’b) -> ’a slice -> ’b Vector.vector

’a Vector.vector * int * int option -> ’a slice

219
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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

VIRFVYERKIDANIUVFY

e VectorSlice :> VECTOR_SLICE

type ’a slice (= boxed)

26.41 WORD

Fgle LEBOHD 7' 27 4 7HE OB,

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

VIRFrERETDANIIFY
e Word : WORD
type word = word
Word32 X Word DA+ 5 7 F %V /) r—vayv
e Word64 : WORD
type word = word64
LargeWord | Word64 DA+ 7 F %) 7V /r—vav
e Word8 : WORD

type word = word8

26.42 b~y 7LANILEE

FIA T IV TERINTOLS XM IBEBIZ Ny LNV THERIN TS, AJTlE, Standard ML
BEHES 4 77 ) CTERINTOLBRHIPEBDOFT Ty 7L NIV THEREINTVREHDERT,

o infix 5E

infix 7 * / div mod
infix 6 + - ~

infixr 5 :: @
infix 4 = <> > >= < <=
infix 3 := o

infix O before

o type HE

type substring = Substring.substring

datatype order = datatype General.order

. P —
e exception H 8
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506 &

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

==
e val HS

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
val
val

val

= = <builtin> : [’’a. ’’a * ’’a -> booll}
<> = <builtin> : [’’a. ’’a * ’’a -> booll}
! = General.!

:= = General.:=

@ = List.Q

© = String.”

app = List.app

before = General.before
ceil = Real.ceil

chr = Char.chr

concat = String.concat
exnMessage = General.exnMessage
exnName = General.exnName
explode = String.explode
floor = Real.floor

foldl = List.foldl

foldr = List.foldr

getOpt = Option.getOpt

hd = List.hd

ignore = General.ignore
implode = String.implode
isSome = Option.isSome
length = List.length

map = List.map

not = Bool.not

null = List.null

o = General.o

ord = Char.ord

print = TextIO.print

real = Real.fromInt

rev = List.rev

round = Real.round

Standard ML f52¥#£5 £ 7°5 1



26.42. kv LV 223

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

FELET =y 7 70 S 74 7=L<>lF, av 4 I3AABIEE LCTEBEY A —F L Tw 3,
o A — N0 — FI NIl r

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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E2TE SMLH#YATLZATIY

SML#1%, Standard ML EE#£S £ 7°5 VI AT, SMLADMRET 2B Z 2 23720 D SML# 7
A7) EEREL TS, N7 477V1F, SMLABGED 74 77V TH b0, ¥ 7 %F v I3EHR
Y, HEA VI 724 R 7 7ANVEZBLCTREESND, TN T4 77V RERT A7 7F %1, 7
A 77948724 R7 74 N% ((librarySmiFilePath)) TZEWRER X 9 ICHEBBIC B I 4, sni
T 7 ANDERINT VLS,

BTEDORTREEL T3 74 77 VM ToiE) Th 5.

FA77V% | AT 7 F x4 ()
"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)

INSDIA4 77V, SMLADIAEMGEZFEHT L7012 3 7o BHINLEZEBH D, 4
#Ha v 8L VE— FTLUT D SMLAREEEZ VW 2581%, 2E2 74 77 VEBEMHL Twiho
7ELTH, AVI—T2—RA77ANVDSUTDI47 7Y% _require L & F1UER S 7%\,

o SQL WX Z M\ 2854, "sql.smi"% _require L &7 1UE % 6 %0,

o #reify 714 v P Z DL Z TN THA, "reify.smi"% _require L & IF4UE %A 5 %5\,

27.1 DynamicLink
AV97114A

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

g!
o lib A—7VEINLEN) V7734 753 VDNY FAERTHRT— ¥,

e mode dlopen’ T7A4 77V %A —7V T 2BDE—F, NOW & dlopen’ MEO'HH LIfICA—7">F 3
CLZEWT S, LAZY ¥ dlopen’ W-OHILIGF A 77V 7 7 A Ve F 2y 7 LA —7 v D¥Eflii% ¢
LDHT, 747707 7A4NIE, FATRHCSIREI NS =7V 202 BT 5 2 L 2 EK
T35,

27.2 Pointer
A7 1R

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 7 4 77V OFfiliE 22.8 i % S k.

RANVEEARNZIF¥
e 0p(27.4)

e Numeric(27.5)

27.4 SQL.Op

SQL.Op A b 7 7 F v OaEflI% 22.9 fiiiz S L.

27.5 SQL.Numeric

SQL.Numeric A & 7 7 F v Ol 22.10 iz ¢ k.
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27.6 Pthread
AVFTTAR

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
AV97x14R

structure Myth =
struct
type thread (= %)
structure Thread

struct

ond

: unit -> cond

cond -> unit
cond -> unit
nd * mutex —-> unit

cond -> unit

227
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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
19714 R

structure Dynamic

struct

datatype term

ARRAY of ty * boxed

SML#>Y AT L5477
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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

231
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F28F SMLAOAYVINA T DEEE)

SML# 2 v %4 7 OitE)lE smlsharp 2 v FIZ K> TfTYH. smlsharp 29 Pl SML# V31 7%
EEIL, SML#7 077 LAEBMWGECEIIRL, A7V =27 b7 74V EERL, Vy 7 %279. BFNEC
AV 7 P74 Navy FEFBRIC, 22— =% snlsharp 2 v ¥ FIZE— Fi#ERA 7> a v 21ET 2
LT, ZO—HDODRT Y TDILDO—HEFETTLHILENTES, £/, SMLADKEEEEED smlsharp
avy P RET 3,

smlsharp 2 v FOERIIDLTOME) TH 5,

smlsharp [ option --- | [ == ] [ inputFile --- |

smlsharp 2 RO, a~wY FIA4 v A7 avEFBAN7 7ANVHDITHL, a<wr FI4
VAT avidsodvAFREE (-) THES, AU RIAVE ST aviE-IRe-L DDA
7 aveBREMARTH 2, —-24 7> ailoikb ) 2R T 2701 HCTH R, Xk DD
BT R S avi LTURRSRY, SN UANDBIBIEATI 7 7AWV THD. A7 74V
i, avY FIA VL7 avolloghicBintd X v, £2Tot 7> avid A7 74 V%X DA
fRRRI N, ZORRIE, ETDOANT7 7 ANV L THHAINS,

F72, WL O DERZEHIL, smlsharp 27y FOBEICHEE L2525, 2o OBRBZKIL, SML#2
VA I aAv AN LT TR ST AOBEIC S FRICHET 5.

DI, smlsharp a7y FOMERT 22~ N4 VA 7y a v BXOREER%Z, 47> a v OfffHlc
VT THIET 5,

28.1 EF—KRZFBRATV3Y

DIFDA 72 a v smlisharp 2 ¥ FOETE— FZ2HET 5. smlsharp vV FDaAvVy P4 v
I, UTDA 7> aroudipdiEgsl >QHESINTLRT LR S AW,

-—help "V TRy —YEFRLTRT T3,

-fsyntax-only $HE I N7z .sml BL WK .smi 7 7 A VOREURED A% ITV, IV A4 )VZ2HWIT 5,
WY 2-0A 7> arvzlnd7yav tARICIRET S LRTELR, MEDOKRRIZT — Xy
-V ERTAT—F A THAME NS,

-ftypecheck-only &I N7 .sml BL WV .smi 7 7 A VORBEEZITV, Ty 84 LE2HWi§ 2, -0
FraveEIDFTvav EFARICHEET S I LIETERL, MADKRIELI —Xye—Y LT
AT =8 A THAISNDG,

S HEEINL.sml 77 A NEZ a4V, TRy 7V a— e 774NN TS, W7 7404
2, A7 7 A VADIRRT . sml % s ICESZ ARTZH VS, A7 7 AV 1 27
DLGEIZRY, oA 7> a v TCHI7 7 ANAEBET LI ENTE S,

—c BEEINZ.sml 77 AN EZaV AN, T2 77402 T S, Bh7 740412, A
N7 7 A NADIIRT . sml % .o ICESHZ ARTZH VS, A7 7 ANV 1 DR FOEAI
B, oA 7> arv 77 ANGERBET DI ENTE S,
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“Mn A7 7ANVELTHREIN . sni 774 VE 7075y M) 570 T 7 08K % a4
WE XN v 7§ 25701208 Makefile 27 5, FEEIN/z.smi 774 V6, av34 )L
BL®N) v 7B TD 7 7 A VOREBROEIE I 15, ml-lex ¥ ml-yacc K EDY — A7 7
ANEERTEIY =NV EEERWIBI 27 FaolE, ZOE—FRZZO70d 27 bDdDTE
7% Makefile #1195, -o A 77> av LHIREIN TV 2864, HHER OO D I2-0 TIHES
N7 7 ANCEERE2HNT 3.

-MMm -Mm & @ U723, BEET A 77 VI oSS,

M BEE N/ sml 77 ANE AV NANT B EEIHAAENE 7 74 VDY R k% Makefile 570 CTHEE
HEINHIZERT S, oA v a v iciBEIN TV LA, EERIOND D IT-0 TIRESI N
77 ANCHEREZ T 5,

-MM -M LIRS, BHES A4 77 VI3 s NS,

-M1 HBEIN.smi 77 ANERELTY VI TRLEICY VY INRELZA T2 7 7 74LDY A
k% Makefile BN CHEEHEH TICR AT B, -0 A 7Y a v EHITHREIN TV B354, EEH O/
bhil-oTHESINL 7 74 NICKHERZH 1T 5.

-MM1 -M1 ERIUZEDS, fEUES 4 75 VI o Ens.
PEowTFhot 7y arbiEEInTunugs, A7 7ANVOEERICK > THEITE—FBEL S,
o AN7 7 ANDIEINTVRWVES, WEREREL2EHT 5

o A7 7 ANDMEEINT VS, smlsharp 2~y FiZY v 7 E—FColEEIND, A7 74
VDY A MICE, L1220 .smi 774 NVERIE.sml 77 A VEEDTHRW, A7 7400 A
FOHFIZ . smi 7 7 A VDBEEIN TV EEE, 2D .smi 7 74 VD6 _require B %l - TH|iE
TELETD.smi 77 A NVEFIZEL, K.smi 77 A NVICHIETE2A 727 P 774 V2R,
ZNOA T2 b7 7ANRY YV IDNREST D, A7V 27 F7 7 A VORRICOWVTE, &l
T 5-filemap A 7> a vOFIHZ S K. ANN7 7 A VY XA FDHIZ. sml 7 7 A LHMEEI T
WEEA, FD.sml 77 ANE VSN LR, ZD.sml 7 7 A VICHRIGT S smi 7 7 A A0 5
VY IRRDATS 27 P77 ANDY AL Z2itHT 25, WAL 2D .smi 7 7 A VERIE . sml 7 7
ANDEFEFNS, smi FlE.sml ANDATI 7 7 A NIE, S AT LY Y ADRRZIGTF L4727
F77ANRTA T T 7 7 ANERET S, smlsharp 2 ¥ Nk, TN6A 7Y 27 7740
DYALESMLET VIALLTFIA T IV B ATLIY v haey FEEELTY) 7T 5,

BB, YATL) VAL A7 7ANVERETSIERICEERED S, KSEY VRV ERD
AT N7 AN, FOLCVRLEERTEIT IS 77 AN E D BENICEEIN T
T 6 2,

HOENZFETHEAT7 7ANVDT 7 4V DL a.out THB, oA avickoTHh7 7
ANZLEIRET LI ENTE S,

28.2 E—FHBEOAT 3V
-0 filename HMNE7 7 ANZEEBET S, 77 A NVICHHNEINZNBRILERINE—FIckoTHERZ 3,

-v smlsharp 2% ¥ F% verbose €E— FIZ$ %, FII smlsharp 27 ¥ FETT 20 a~r Foa~
YRIAVEZOWMODBEREIND, ANT7 7 ANV EEDTIC-y BEES NG, AL 7D
N=2avzRRLKTd 5,
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28.3 AVINAMILA T 3y

DIFDOA 7 a /E SMLE Y SAL 12K 27 7ANRERE L O a— FAERZH#EIT2. Zoa73Y
WKET 24 7Y a VIFNEERES) v 72— NI EHT 3

~Idir .smi 7 7 A NVDBEESNZRIZT A4 L7 MY dir 2385, @8EO-IA T avPaer Fo4 12
BESINTVIEE, BESNLERETETA L7 N Z2BETE. kB, ot > avii, Vv
D . smi 7 7 A NVDRRICHHEHIN S,

-nostdpath .smi 7 7 A VOB NSAZ-I THELT 4 L7 P OARIRET 5.

-0, -00, -01, -02, -03, -0s, -0z FE{LL XV ZIFET 2. -00 32 TORELEZENIT 5. -01 225
03 I TFBIARE VI E L) EERRELEZAENCT S, -013-02 DL TH B, -0s BXU-0z F
a—FH A RENSLTERELLEZEENCTS, ZnoDd FvavdPaey P4 VICEBIEER
NEEAIE, REBOOEDDADBENE LS,

--target=target, -mcmodel model, -march arch, -mcpu cpu, -mattr attrs LLVM O 23— FAEKAITH
LCHET2Y ="y, a—FETIL, 7T—FT77F %, CPU, 8LV a2— FERBWZIEET
%. model | small, medium, large, kernel DWTNHNTH 5. attrs IZIFBHED Y A+ %2 a v <X
YD CIET 5. target, arch, cpu, attrs \ZX L CERREEIZ LLVM v =27 )V$ % \»id LLVM
MHED 11c a~<w v FONL 7% S X,

-fpic, -fPIC, -fno-pic, -mdynamic-no-pic 2— FOFALEE TV ZEET 5. -fpic [F-fPIC DA
ThH5. -fPICIIHAENRER 2 — FA2 AW T 5. -fno-pic IFFALE L %> (non-relocatable %)
2— FZ4ERT 5. -mdynamic-no-pic ZFHALIEFRELIMT S 2 GO HALEL v a— F 2 BT
3, INH6DA T a v PREINTOARVE EE, AT LMREDT 7 4 )L b OFEEE 7LV HNE
Ransz,

-Xllc arg, -Xopt arg 22— FAEKDOBRIZFITI NS LLVM D 11c B L W opt 2= ¥ FIZHETEMDFIEK
ZET 2. BEOD-X11c ®-Xopt a7 ¥ F 74 VICIHESINIGE, 2TOBEMEIENHE I 1
FEICa< >y FItEINS,

—emit-1lvm IV NANVFERZ 7 7 A VMICEEHTLEE, 24 T4 7a—FDfRODICLLVM IR 20
T %, —emit-11lvm 23-8 L HICHESIN TS L E, Ty 7V a—FofbhicTx A MEXD
mean—b%mﬁT6 T7 ANV DM 7 7 ANVKHDIEET1E.s D25 .11 ICED S, -c &

WICHRESNTVWELEE, £ 7027 27 740D DIZ LLVM bitcode 7 7 A VZ2 T3, 7
7%»F®&ﬁ774w%@W%?ioﬁ%bc’ﬁb%

284 UYOATIaYy

DUTOA 7> avid) v hDIR2EBO2GI#HT 2. COAFIVIIET 47> a VIFNEEEREIC O 7
H3 3.

-llibrary FHESNILFDIA 77V %) v 7§25, NEBRETIEEINGS, 207477 ) OB
ZRFEICA YR —F§ 5 EDAREL 5 5.

~Ldir VY 7HICT74 77V BRRBTERAICT4 L7 MY dir 2807 %, BEO-LA 7> avhawe
VEIAVICHRESIN TV IGA, BEINLIEEFETET L7 M) 2BET 3,

-nostdlib 74 77 VR NSAZ-LTIHELLTA L7 FVOARIBET 3.
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—ct+ Yy 7a=yRELTCCav L IR IANTIEEL C+4+a v 84 IR IA4NEH VS, C+4+T
EPNEA T2 P T 7ANRIA T TIVESMLAT O T L) v 7T 381204 7 a
VERIEET S,

-Wl args, -Xlinker arg V) V7 DRRIZ2 VR4 T F I A NITBINTEZ 25 8% ET 5. -Wl D args
KIEa vy =Xy ) CHEDY A P EIFET 5. -Xlinker 1372720 DD EIFET 2. HHED-wL
B X U-Xlinker a2 v F 7 A VICHEI GG, 2 TOEMEIEMEEINIEICY) v 7 az
YRIZEINS,

-filemap filename AV 34 I3 7 7 A NERT EZIfHT 2 7 7 A VADWNERZIEET 5. smlsharp
a2y Fid.smi 7 7 A VEADIRET-% .smi 225 0o KBS AT EZNIET 24727 F 774
VDLHTET D, COATLavZBETEIET, ZOMNLBELETLIENTES, filename D
FATICNE, =ile, av S IBER L7 7 AVH, BEOART 7R ATXRET7 7 A V4%, C
DIEF T, AR=ZATRY->TEL, filename 121X, SML#EA VL IR L LI ETEL2TD
7 7 A NDLRDBEHEH I N T RITFIUIZR 52\, filename ICEEEH I N TV T 7 A4 LDSHEEIC
olcbtElio—Ltk 3,

28.5 WEE—RKDATI 3y

-r smifile ity a vOUERE 22y b7y 795 LI, IBEIN smi 7 7 A NV ZIBMITHA
Ay, HERIA T IVICMATLI—F—HHBD I 4 77 ) 2GR vz wE 2ICHEHTH 5.
smi 77 ANDRELARTIA4 7 I VIE, HEICay L LEN, BTHOA T2 b7 74D
BINT0ARIFIUIE S %\, smlsharp 29 Y FiE, ZD.smi 7 7 A A2 v 7 E— FTRHEI N
7P DEICA TSI b7 7ANDYAMEFHL, ZNo6X 7P b7 7 ANVELREIA 7T
VELTYVZL, YATL0HE— FiREZHVWTr—FT 3,

28.6 AVINAZHRBRIFIAT a3y
PTDF 7y a i SML#2 v 34 5 DS TH 5.

-d [switch] SML# 2 ¥ %4 ZBFH T A A v F switch ZIBET 5. switch WA I NG5G, a3
A 7 BAFEEZE T D verbose E— FZFRNCT 5. switch D7 \>-d D--help & HITHE I N/ HH
&, FRERTAL vy FO—EE2LRRT 5.

-B dir SML# 2> 34 7 DFET7 74 )V (configmk) B X OEHES £ 77 VBNHEET 274 L7 MY Z2IE
EY 5.

28.7 RIBETH
SML# 2 ¥ 34 73 PL T OEBIZ# %2 ST %,

SMLSHARP_HEAPSIZE F/NB I UORARE =74 A4 XDk v b, ZOEFETCan sy XY - TR, N4 b
B TIRET S, =79 A X3 EEHK (Fu), M (X)), ¢ (FH), T (57) 2f{H352
ENTESL, RRE—7H A R3EKT 5 ENTES, 20854, t—70ENRIRRIZ Tk
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SML#2 >34 7 DTS 5.
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SMLSHARP_LIBMYSQLCLIENT, SMLSHARP_LIBODBC, SMLSHARP_LIBPQ SML#MENY ¥ 7§57 —F RX—2
TAT77VD7 7 ANLEEET D, SMLED T —F XR—AMREAHH L2 EICI7A4 77 Du—
Pz —0RETEHE, INoDREERZHRET 3.

28.8 BARYHYIR{ERAH
28.8.1 NEEERIE
N EEEE 2 BT 5 b HZ 1613, 51507 LT smlsharp 29 Y RERFHTT 52 &L TH 3.
$ smlsharp

SML#DXEEEEE 6 b % C 74 777 Y OB NEEICHIH L 72 wigty, 2074 77 ) 04niz-1 4
Ty a v THRET S, BIAE, WEEEREEDS 2lib 74 77 VR LcwE EIETOa~y Fe 9T
ER-R

$ smlsharp -1z

CHHEZ A4 77 VR POSIX ALy FI9A4 77 VRE, SML#EAVSAL INT 74NV ETY V7554
77 VIF-1 THREL A THHATE 3,

28.8.2 ZAYJZLDaAVIXTIL

TP ANICEDPNT SMLET R 77 0% a4 VT 384, bLAEEOEDD . sml 774V (BX
CRIBET 2 .smi 77 A4N) DAEPSHL 707 I707%61E, Z0.sml 7 7 A NVELEREET 2 TE
T 7 7 A NVEHB2 LN TE S,

$ smlsharp foo.sml
FETA 7 7 A VDA4TTZ a.out BOEATWE Eld-0o A T a v Z2iRiET 5.

$ smlsharp -o foo foo.sml

28.8.3 AENAVINTILEY VY

BED7 7 ANDSIRS SMLEZR YT 5% FTavy 4L LT 7§23 EEOBHERNZFIHIZLLT
DY TH 5.

smlsharp -c¢ -02 foo.sml
smlsharp -c¢ -02 bar.sml

smlsharp -c -02 baz.sml

®©H BH H P

smlsharp foo.smi

%9, SML# 70275 A& T 5% .sml 7 74 V% -c 21} 72 smlsharp 2<% ¥ K TZNZ DD
NEARREIZ 2> 284 VT3, foo.sml DAV SA NIRRT EE, A7V 27 b7 740 foo.o DBIERIN
5, BTD.sml 77ANDAVRANPET LI, 70770802y MY L3 — F2EFD. sml
T77ANDA YT =7 2—A7 74 ) (2T TlE foo.smi) % smlsharp 27> FIZIEEL, 7B 74
EREY V7T 5, TDEE smlsharp 29V FiE, foo.smi 25 _require Hig Cillits .smi 7 7 A4 )V
EETHEL, IBET%2.0llEZ, VY IMNRDATS 27 b7 74NDY A 2155,

V=AY ) —DBEHOHALEICED smi 77 A NS .0 7 7 A INANDRIGZEFIHL 72 WiGEE,
ToBDEHIZ, 77 ANZDONIBEZFEFD7 7 A VZED -filemap & 7> a V' THET 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

ZDEE, objmap DNFEIZLLT DY TH 5.

foo.o obj/foo.0

bar.o obj/bar.o

baz.o obj/baz.o

SML# 70 77 MIEED C/CH+7 R T T LRI 77V EV Y I THIENTESL, SMLAES BT 7
L% C/C++74 77V EV V7T 8551, VY 7D snlsharp 2av Y K74 212V ¥ 7 95 C/C++
DAETP2I VT 7ANRTIA T 7 7 7ANRINET S, HZIE, MADC 7v 7 F Lutil.c & OpenGL
ZFHT2 SMLA7 R 277 5 foo.sml #2840 « YV 7T 38ERUTOEIICT S,

$ smlsharp -c -02 foo.sml
$ cc -c -02 util.c
$ smlsharp foo.smi util.o -1gl -1lglu

28.8.4 Makefile D&ERK

FE ARSI RTITE, avySf ey Z2ABET % “make” 2wV FEHlAGDYE
2 LRV, make aw ¥ F&fi572DI1clE, 7 74 VEIOKEBRDIEFED 472 Makefile % 1 2 023D
%, smlsharp -Mm 2~ F%ffi) 2 LT, SML#7'1 7'J L% make TEI F§ 37 DI 5847
Makefile 7 HEIWICIES Z L3 TE 5,

HlZ1E, 3 2D.smi 7 74 ) foo.smi, bar.smi, BL WP baz.sni (& FNSIHNINT S .sml 7 74
W) okrZ7uY 7 b BHLETE. N6 DRITIZLA N D require B2 H 5.

e foo.smi | bar.smi % _require L T\ 5,

e bar.smi /I baz.smi % _require L T\ 5,
DL E,

$ smlsharp -MMm foo.smi -o Makefile

XU @ Makefile 24T %,

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 L1377 make ZEITT BT TENL NPT 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

7075 L%ZEHL T require BARDZEL L 2% 51X, Z DHBEE smlsharp -MMm 2 7 > T Makefile %
BIRLIETHEDD 5,

bLHuD7vY 7 M2 mllex ¥ ml-yacc R EDY — A7 7 A VBEEFN TS 7% 51, smlsharp
-MMm 72T TIE RV, 260y — L EEIL T.sml 7 7 A VEREKT 2L — )L 2BNT 8D
B 5. PlzZIX, BEXENTE parser.grm # & 872 51X, smlsharp -Mm HYEK L 72 Makefile I2%f L C, DA
TD k9% parser.grm.sml # KT 27D DB FTEMNT 2 0HE B H 5.

parser.grm.sml parser.grm.sig: parser.grm
ml-yacc parser.grm

parser.grm.sig: parser.grm.sml

smlsharp -MMm 234§ % Makefile &, ZA5IBMD L — NV 03E D7z Makefile 2571 THE < LfEN]T
HAHI)., FORODODEODDSEIX, Makefile IZIZEMDIL—)L E HEER 7 7 4 )LD include Z2EL 2
ETH B, HlZIE, Makefile ICATD X HicEL,

# T7FNEFDY =47y bFall TH 5
all:

# RAFBIPRIZ H BN R LTI JA T
depend.mk:
smlsharp -Mm foo.smi -o depend.mk

include depend.mk

# BMOKAFBIR
parser.grm.sml parser.grm.sig: parser.grm
ml-yacc parser.grm

parser.grm.sig: parser.grm.sml

LLAA, HBLET-OBRICAD D Makefile 77 = v 7 2B L TH Ko,






241

$E295F SMLAETE—YEE

SML#F, & TOEARNZL T — /GO ETRRBLL LT, C S0 MNLAHR LMk, ¥—
Ty b7y b7 4A—LICBOTROHRLG T — R (bsWwE, =7y 779 F 745 —LD ABI
(Application Binary Interface) »BIfEd 27— £B) ZHL T3, HIZIE, x86.64 77 v 74—
LATIE, int A3 32 €y FEK ORI, real Bl 64 E v + D IEEETH BEI/INEEB ORI TH L, s
OMORDFAMNE, ZNFNOMROMEZIETI2DICROELEZLIRAYEZHLTITbNE, £/, Ih
5 DHRPHPCHINDBERZTH > 72 5A, TNEFNORIGH L EREMCEEPIRIIEINS, ZDLkH %k
HR %7 — 5 £8Z, L%z &, SML#7 0277 Ak ol s,

SML#DZE 2 v %A VB LN C il L OMAERMER, ZOBRRETR T — & REIZ L L L O
EINT0D, fE-5T, N6 DHEREE Vw2 21— —13, SML#DETR T — & ZHUZ DO W T DAY
WETH L, DUF, RETIE, SMLADFETR T —F KB L A2 VHFHIZOWTHBRT %

29.1 SRITHRRA

SML#DEIT 2 2 TORBER X, A €Y ETD ™A X, GCORL—ARNRNPEIDEET 15
71, BEXUOAEY Loty MIOEKRE X OIS 2HiHE2EST TR, O3 208EZK>. 203
OfflE, ZORIEKT O TETRRE, LS, BIoITREBIE, B2 T 2 & MR 11
EoTREINS. FELGMHAAABIRR O FTREBIILL T OM) Th 5.
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FHAABBIRER T | 4 X ONA b)) | %7 B
int, int32 4 0 C DFF 5 EBEFDNTRERI
int8 1 0 | C OFF5HEHEB DT
int16 2 0 | COFF5HFE BB DNEFEBL
int64 8 0 C DFF 5 EHEFDNTRERH
word, word32 4 0 C DfF 57 LB DNTREB
word8 1 0 | CORFT% LEEDONR
word16 2 0 | CORF5% LEHDNTREEL
word64 8 0 C DfF5 7 LD NERERB
char 1 0 ANE
real, real64 8 0 IEEET754 728/ RS
real3?2 4 0 [EEE754 {781/ NBUR L
ptr 4 %713 8 0 C @ voidxDNZH
codeptr 4 %7138 0 C DBIBURA v & DN
unit 4 0 H—ry 7>k
contag 4 0 ARE
boxed 4 £7:1% 8 1 AE
array 4 %7038 1 NULL THRWHRA v ¥
vector 4 72138 1 NULL THWRA v ¥
ref 4 F7:0%8 1 NULL TZHRWHRA v ¥
string 4 £721% 8 1 NULL THWRA v ¥
exn 4 £721%8 1 NULL THWRA v ¥
La— R, R 4 £721%8 1 NULL CTZ\WiRA v ¥
B A 4 F7038 1 NULL TH VLKA ¥

AR T4 E71E8) THIMDOYA RE, ¥=7 v b7 I79 b7 4—L0332E Y b»64EY b2
AL CTIRE B,

TRTOMBER AT OWT, BEFEGIGMIE A RIS L, C SHEONMERL &% L wETIHEREI,
Z0 CEHEONIEB EFL WRE I LRI 2RO 2 LRI T3 —J5, BFED SML#2
YA T, BETMRBIHOKE S LEREINNGNEE2 Y =7y MLk o THIETEZTWS (2D
SML#DFFERDIRTHRT 2 FETH ) .

datatype Wi L CER I N7 1 —F —ERMOEITINGERINE, 22—V —05.27%av A b7 75 DEED
LR IN D,

o HIBZNS VI —DDT =8 av A7 7D OMKI NG 12— —ERMUDFTIRRBLL unit
ICFEL W,

o HIEZEMS V2O DT =Y a v A7 7 YDA SR IND 2 —F — RO EZITIRRE
I% contag 2% L \»,

o ZNLIHND L —F —ERHMDEITRFLBLIL boxed ITFHEL >,

type HE CERINLHORH L, HOFTREIZERET 2B I TURMINS. FEHY 72 F v
FIFIC X o TEAZ N ARBEHE DI TR, ZDOAREHBOIEER O FITRFRITICHE L v, v ¥ —
T 2—A7 7 ANMIE > TARERR L L TEHS SNLROETHRBIZ, ZO0ARBHNESTEL Nk
FAER D FATINGRBLZ 1D



29.2.

H—=RPaLryarDig 243

20.2 H—ARIALIVV3yOEE

F 1 THLHDT 1%, SMLAD X ) EEMOMELZ 5, T, 2N6DT—4 % boxed
F—% LML, boxed T—F AT 3 X2 VHHEBIZ, Z2OF—FDav A 7 IS N L FIT

MR

CEIDYBTHN, SMLEDH —XY AL 7y a vIiZk> THEINICME 1%, boxed T—% % C B

BIPETHG, 20T =8 ODNERIT TR, 207 =8 21/ 2 X € )V HEPBRIN I 207
WHTEET H20ENDH 5. boxed T—F1F, C 7077006 TUTOWEZFED,

1.

boxed T —# 1%, C D malloc BAECTHEME L 72 X BV FEIE & ARk, —EX Y LICHERINS L,
ARSI N2 ETZD7 FLRFEL v, fE5 T, SMLADEYIS® ref & &, SMLA71 7T A
o RT—EEz2EOESHI LT — 213, CBE» S RTHE—0—EE2E>, ML sy
A EEBHL WD, —ECBEDMIEID boxed T—F ~NDRA v ¥ 2HE Lk 61E, %
D boxed T—FDEETVWERD, ZOT—F~DRA VI IIAETH S,

. SML# 7075 Lip 6 CREEZFOHTEICTEE L TE I boxed T —4 1%, JHHIE LTZD

¥ CBBuCEI NS, CRBTOH LICHE) 77— D4, PR, FHERZ S fTbikw,
iE>T, array P ref K EDOHESMA WML T —F &2 CHTHSMA G, ZOEHEZWMZA DN
RZ SML#70 77 L0 68HT 252 LTE S,

CRBIB D51 E LTHEI N boxed 7— 4 1, WOH L7z CEIBOETHET T % £ TOMIIMKS
N, CEBOITINET L SMLA 70 275 MHIHiN R -7 & &, 2D boxed 7— % 5 SML# 7
077 L6 SR TR ITIUL, ZD boxed T—F IZRMI 5.

CEABUc a— Ny 7B E LTS SMLADBIEUE, 70 2T LD £ RISk,
it>T, CPRE%UZ, ZTHL- 7 SML#ABEANDBIBARA v & % 7o — VAR EIREEL, BB
OHLZHEZTFONET I ENTES, £/, BAL2AL v K26 a— Ny 7N S 17k
ELTH, a—nu\y ZEBOHHBEBDMHEIZLTRESIN TS, —F, oD 7®, SML#7
077 AT, 3=y Z7BEEIRS CREEOMOH LB ATY Y =72 TS 2 2
EICEBLATIUE RS v, SMLAa Y 8L Fi, by LNV TCERINBEEOAZ -
Ny BB E L THBT38E, AV —IBRISRWI E2HRET 5.

SMLH#DAR—=YaL 7 Y X EMERAR—=aL 79 ThH%, boxed T—F ~NDRA VIBPCDE—
TSI SN, CTR T I L6 Z2DT =Y PBIHAETHo7E LT, Z2DOT—F B SMLET
077 LR TERITIUE, F—XRPaL 7 ¥IEZFD boxed T—F ERBNT S, 20D, C
BE%E, SML#7 0277 L 6% o7 boxed 77— ~DRA v ¥ %, 70—,V EHS nalloc
BEECCHERR L 7252 IR L, SML#2>56 0 C BB L 282 T boxed T—F ~D KA ~
YEERFLCiEm o, 2B, Edo@Eb, CREKLZITI-7 boxed T—F 8 L UZ 205 F3E
22 TD boxed 7= 1%, 2D CREDOETINKT T2 ETOMIBBEG KD Shznio,
boxed T—F NDRA VI BV AIPRAY v 7 7 L—LIZREET 2 2 LIZFELR S AIHETH 5.

20.3 ARIVIEEZTRIIvVTDEE

SMLAE L O C/CH+13, BEDI—L /Y F—v I Tk, BROWNH LAY v 7 2B SHEL, Y
8§ —VHRUNDGICY v v 7T B2l A T 5b, SML#AE X C++TlEpHIH, C Tl setjmp £ &
QN longjmp X2 AUCEEMT 5., a— Ny 7258 CBEEZA VA= L7 SMLEZ T 7T LITEWT
b, NSOV v L, ZOBBICHIGT 2@ ICHHT 22 L3 TE S, SMLADHIAMEERE & X
N C/CH+DY v v THEIC X 2 SMLA 7R "7 L ~DWBER DT ICHIHT 5,

1.

SMLA#DFIIMERE 1L, CH++DHIIMERE & KR, Ttanium ABI 2@ U THEIN TV, {t-oT, [
U Itanium ABI T I 172D cleanup /> F 7 1%, SMLE#DOHIMNIZ L > THHEITI NS,
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Wz, C++DR—ANEEICNTEFT AL 77 %1%, SML#D a2 — )Ly 7B ZE T L 72K
WHINDIFAE L AT, EiIcEfTEns,

2. SML#®D raise 2 CHA L 72 4144%, SML#® handle NCHOAMIETE 5, handle ik SMLA#D
BINDAZEFIEL, ZOMDBERL Y ¥ v 7l TE L v,

3. SMLADHIDIE D handle RIS B I N o E, 7077 A 2HITHFHIE N, AT LI
WEK T 2WMET 5.

4. CH++DHI & SMLEDHISE, WRHL R F v 712 SMLAD 3 =Ny 7B EGEN w7z L
TH, Hwicpnzic, WREED ICEET 5.

5. C @ setjmp ¥ & U longjmp b, SML# 70V 7 A0 b HTHEZESIRLY v 7L LTHMZ
NTVBREGAICIRY, MOHL A v 712 SMLE#D a— LNy 7B EHA T ELTY, W
BOICHEIEST 2. setjmp 8 X U longjmp B Z T SML#A 7R 77 LNV —T%21ES 2 LI
TERW,

29.4 VILFALYRDEE

SML# T, AL v FZ2ERTITED CB%E SMLA70 VI LIZA Y EA—b T 2208 TES, C
RIS Ko TH A ICAEREI NI AL v F225 SMLAD a2 — LNy 7B k> TR E N L LT,
SML#7 v %4 LdHize ALy FOERERAIL, SML#EZR V7 L2 ERDAL v R THEITFT 5, Z
DEE, BHDAL Y FIZk 2 SML#A70 77 LDFETIX, C7Rr a8 AL —T4 V7T R
FTLDRNLF ALy FHR—bMc kD, Bz 2Ly FOfficHETEns, bLARL—FT4 V7T R
TLAD2ILF a7 CPU L TOEBAL v FORKFETZYRA—FLTWw5%51E, SML#70 27 7LD
ALy FHFERHCHETINS.

BEOD SML#7a 75 LDA Ly FiE, H—ot—7#BzE63 2, #t-o7T, SMLA#DESZ & DE
SMAZ e T — Y REEE I T 22T, e=7 2N LA Ly FIMEEZIT) 2 &8 TES, ALy
FHETHE SN2 2 € SO P L, Peifl#EzT9 CRB%zE A v A —F LIFOCHT Z & Tf7 9.
SML#IZ E— IR L 72 7 — 2 BB 2iTb 720, SMLAEDE—7 EIZ, k=7 1 & £ OHEth il
DIODT —IEEZMERT 52 LB TE S,

DL EDS, SML#DHMET 2B AN L F AL Yy R R— b TH D, SMLAIFIEHETIZEKUE 2
Ly FI9A4 79V RBHLLEVY, 2—F -2 LFALy FYR—F2ZHHAL, XD E/KELNT
Tar IR RT3 4 75 2 SMLATEL ZEWNTES, SMLAIHEL 72, X hEk
WRNF 70 75 2 v 77V =07 —=21%, RO SML#ETRET 2 FETH 3.
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B30EFE BXEaaERKY—IL smlyacc &

smllex

SML# I FHESURITER ALK Y — v smlyace BEMI T2, Zo7'v1 77 A0%, SML/NJ110.73 A
Andrew W. Appel & David R. Tarditi Jr. I X > THF I N/ 7’0 7 L% SMLEACHHEL 72D TH 5.
FVCFENBY T FI 27 DT A&y AMERIE, smlyacc DY — AT 4 L7 MY src/ml-yacc/COPYRIGHT
2, £, ZOfHVAIX src/ml-yacc/doc/mlyacc.pdf (ZH 5, EHRAIOEEZ HEE, F¥FaXviz
Mo Z L, 22T, smlyacc & smllex # SML# & & I T 2 HiE2ME T 5.

30.1 ERENBdY—RT771)

SML#Y AT L%ZA Y AL—AT 5L a<wy F smlyacc & smllex DFAIIFICA YA F—LENb, Ih
SIE SMLA YA FHRERT 2 DICHHHENG, Znsa<wry Nk, UToO77A4 V%2487 %

ay R | AH774L ER 7 74 L A

smlyacc | (YaccInputFileName) .grm | (YaccInputFileName) .grm.sml | K§SC@fT 70 75 &
(YaccInputFileName) .grm.sig | X—H =27 v 7% F %
(YaccInputFileName) .grm.desc | LR 4 — b= bV REERIR

smllex (LexInputFileName) .lex (LexInputFileName) .lex.sml TR 70 75 L

e smlyacc 27 ¥ FIZIEAN 7 7ANVEHANT7 74 V% (YacelnputFileName) .grm DA ZIEET 5.
HH7 7 ANHEER LI CEAE, DT OBRBARTRETE 2.

SMLYACC_OUTPUT= ( YaccOutputFileName) .sml

COEERTLE, =y TR F R, HELL7 7A VOB INDG, 7 7 AN
DIFEFY 7 4y 7 A (Lsml) bEDIFET 5.

e smllex 2V FITIFAN T 7 A VEHATI7 7 4 V4 (LexInputFileName) lex DA ZIEET 5.
N7 7 ANHEEHEL 20T, UTOBREZHTRETE 3.

SMLLEX_OUTPUT= ( LexOutputFileName) .sml

HH7 7 ANZDIBEIZY 7 4v 72 (Lsml) bEDIBET 5.

30.2 smlyacc A7 71 ILDEE
smlyacc DA 7 7 4 WL T DA Citib§ %,

(2—HERD SML#2—F)

%ot

( HESORRNET D720 D YACCHEHT )
Dot

(RECHANE 2 0JEtEDES )
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L 2—=PRERD SML#— FDX 7 > a2, MORMORMIEERS M 2 B Lo a—
Ya—F2iET 3.

2. MESCHIRAIRT D720 D YACC HE T, JEfhad s DR G /i EOMSCERDMRICEE T 255
% smlyacc DEIEICBIT 2R 2HHE T 2. eIl s DR TT1A 7% EORESCEROMRICEET 5
HE IR L TIEHED YACC D ANTER EH—TH 5. L {IF, src/ml-yacc/doc/mlyacc.pdf
2SI X

SML#THHM T 256, smlyacc BWEMTEA N7 7 F v ICBT U T OERZIRET 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

o Yname FHE. =V DAFEIEET 5. ZOLHLS b —7 Y A+ T 7 DAi<Name>_TOKENS
BERI NS,

e Jheader fi/E. smlyacc ¥, "—HFARKEZA 77 F v DR T+ & LTUTORATERT 3.

= struct

end

%header ) lZZ DAL F 7 F ¥ RRICHIET 23— F 777X b2y aDhICiEET 5.
N=H% SMLAD T2 v R4 NE— FOHAT 2854, HORA 77 F v 455912,
FROXIICA NI 7 F v ESZHRET 5.

e Ypos fEiE. smllex TET 2R > a v OMZIEET 5.

e Yeop fH7E. MiSUBRNT 214 T ¥ 2l SR AEZHET 5.

o Yterm HHE. MUl 54 DEA%Z SMLAD datatype DAV A + 7 7 ¥ DIREDIERTERT
%, ZITHREINLZNZNDOK G54 LT, EOF : pos * pos —> token (5|#23
EWE{Y) ° CHAR : char * pos * pos -> token (HIEWH254) OMD b —27 VAR
BISOMER SN, ZnoBE—27 v A F 7 7 F ¥ <Name>_TOKENS IC % & & 5791 smllex
LHFEINS.

e Ynonterm fi7E. FEf&Hial T A DHEA & Z DAL T 2 /I b DRI I NG A s Z
SHBEL TR SN2 B0 ZIEET 5.

3. MBI E 2 DJRMEDER TR, #inads & IERKIRRL S DER B B ORSURIT O XN R E 7D LALR
Xkt Z2oEEzHAlOES L LTk d 5. 2o Bl SEIIEERED YACC D AT L [FAl—
TH5. #LIE, src/ml-yacc/doc/mlyacc.pdf % &M k.

30.3 smlyaccHA7 71 ILDBEEA VT T A A7 71 ILEgik

smlyacc DMK T % (YacclnputFile) .grm.sml id, U T D 72 F v 2 b DA77 F ¥ ThH 5,



30.3. smlyacc tH 7 7 A VDG EA 8 7 =4 27 7 A4 )VELD

signature ML_LRVALS =
sig
structure Tokens : ML_TOKENS
structure Parser : PARSER
sharing type Parser.token = Tokens.token

end

249

IO 73T ¥ %2EG8 smlyacc DY R —F 74 77 V1%, smlyacc-lib.smi ICE LD STV 5, 4
JRENFMESURNT 70 75 L% SMLEATHT 5 720121%, UTDA v 8 7 24 A% ELBERH 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 77 F ¥ D pos, arg, result MPHE, ZDF FIHET S

. Token A & 7 7 F %3, smlyacc

DALY B (YaceInputFileName) .grm.sig DINEZ I ZICaE—1 5,

ZNZENDOEFEDOME L DT ICHHT 5,
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token M. smllex THJK I N5 FHIMBHTUINETGEs (F—2 V) 2R TR T — 51,
stream M, smlyacc THEKI N BWEENTERDOATIA T Y — L8,

result B, WESUEHTEROMTITH 2 HIRHEXARD T —F 8, (YaceInputFile) .grm THE L 725 b
L ORESCH DIFOPED L L [Al—Tdh 3.

pos M. (YaccInputFile) .grm THE L, smllex THEMK L 72 F MM MPEH T2 R a VL
arg M. (YaccInputFile) .grm THE L 728 —F D5 HH, A2z 1T UL unit BTX W,
ParseError BlI4t. WECRNTERSHEX = J — 2 Wi L 72 IR D 4,

makeStream B RESUENTEROBIBUCIEE T % stream B2 A 50T 2 B%. 518UCIE, W, smllex
W 2 TN SR 2 IEET 5.

consStream BI%, BFED AT A bV — A2 FhA % — 2R T B
getStream P4, BIED AN A b Y — L 25t A JeUH O 74 2 —ilR 9 BY%L,
sameToken B, FHIOME—M%2 F =v 7 3 B85

parse B8l WESCIATEERL. BUED AN ZHRE L TP &, MSUBITRER LRV D F—27 v 2 b
U — LR,

30.4 smllex A7 71 ILDEE
smllex D AN 7 7 A WIZL T OB TR T 5,

(L—VEHE)

W

(FHRHTOI-dD LEXEHS )
ho
(IEBEBLE 2 DJEMEDER )

L A—YIRERR 7 v oa v TR T 2 T OE R, IEREBIO EEE RS CHEM S 2 MY

B oa—Fa—FzHEET 5.
DT D2 03 FHE L 21U 5 2w,

type lexresult = ...

fun eof OO = ...
o lexresult B, FHMN T IEMEEZZH L ISR SMEOR 2 45E T 5. smlyacc &3k
R 2551, W, (YaccInputFile) .grm 7 7 A )V TEFET % token TTH 5.

o cof BHEL. MESCNTERDS7 7 A4 WK T ZBH L 72 RFICIE O H S N BB lexresult BID{ET
end of file #FRH T A% R T,

.LEXHEX®Z7vav

smllex DEIEICBIT 2451, FHEEZEETALOOMMERL E2EST 5, EHSELE
BT 2-OOHBIERIZ, BHEOLEX P ATLLAMKTH S,

smllex DFEICEH T 2RI T O L DNH 5,



30.5. smllex W17 7 ANDA V¥ 7 24 A7 74 IVEiD 251

e Ystructure declareation, smllex \&, FHENT 7RI F7 L% DDA MF 7 F ¥ & LTHEK
T5, KEETIX, ORI 7F vy DL ZMUTDOXHITBTT .

%structure MLLex

e Y%arg declareation. smllex 23T 2 FHBIE7 0 77 LI H 2 5 2—FRIBOMEIFET 5.
L —HHIEPDIE R WG EITEEATRETH 5.

e %full declareation. 8bit X 72T A2 L2EHET 5. HABZE I LA IZZOHEZT
WEDD B,

3. IEMEE 7Y a v BT N ETHOEAZ EREBITHRET 5.

fRE DML, src/ml-lex/doc/mllex.pdf % £,

30.5 smllexHBA77AIDAY T A RT 7AI)Ecik

smllex 1%, FAIENT RS nakelexer ZEHA N7 7 F v 2T 5. BRI NFA@FT 70 2
7 L% SMLATHHT 27-0121%, 204 VY 7 24 A% ELRBEBDH B, ADAL 7 24 ZFT
DTH 5,

_require "basis.smi"

_require "coreML.grm.smi"

structure CoreMLLex =
struct
val makeLexer : (int -> string) -> unit -> CoreML.Tokens.token

end

makeLexer D —54%, mACTEZLIEE LTL O XFANINZ R TR TH 5. Z DB %, makeLexer (fn n => Tex
DEITLFINATNGEAT 2 &, HEH I N BT %2R TR AR I %, smlyace I
X o THE I 1 7: nakeStream Bi¥Z Z OBIEICHEH T % &, BUENTaREHT 2 =202 ) —%
ERTE S,
BIMMEIEE D 2 —E S % UserDeclarations A b 7 7 F Y ICERI NS, 25 %) TN 7 0
TILDA VYT A AT 7A NI TOETH 3,

_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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F31E BX

B VT, SML# Y84 7 ONEEEEZ TR T 5. AHOBEMNIE, ASGEON T4 &% EE L ML
SRS RO R E LR OBV SMLAY — A a— POl #Bf#E T 2 2 L Th 5. wii & L TiE, SML#2
VA T DOBFEICD A LT BEERSMLAY —Aa— F2FHL\wa v 54 SHRBEICHHL LY LT3
FrFICHELTLER, JAKETT VS IV IEEDa VL FICHRZ RO —ROFEHICHSE L L
Z3EE D X ICHLE L 7.

F—=TVV =AYV 7 b7 2 TICBERTREEN - a2 — FPREFET S, 2o 03bicfE L TF
FHPIKL B MR O—21%, Z0oEN7a— FOMGECHEEEZ, oS CHED 2505 ICHETE %
IVCKENT AENPELAICLTRANL TR B ZETHE. a—FZRAKBFF 2 X+ THBED
FIREBUTIT 22 2 KEIBLY 27 202 U TRRENTIE R W, KBS 257 4 Tlk, 2hdhoa—
IR H & CIEBMEA TR 2 KB 2 IE R, oD a— F2§Ifld 27007 =91 gENhs,. 2
noxMET 512, BEET A7 28RICET AN E, ZOEBEDLDIZL AT LDET
WAL Ca— M7 =7 OB%REUET 2068035 2, BRpSToOME—0 HEIIEHELTth 2 &
EZb, I6lL, a—FoREXCHEZ D L2 CHE, Z20HY, HitaiBEeliEorngz 529 %
ML 22 Eff S5,

Z 20, AGETIE, 20#i%, FEHEVEKT S VAX/VMS 0S O NIBHERE O FEM 72 5l S [4] (2H
D, SML#2a— F2Mk ) 7= HiE L a— FOMB O %, SFERENEEE L T2HHme7 LAV L L
Hicidd 952 Lic L7,

BV IEORBIZLL oMY Th 5.

1. %5 32 ETlE SML#Y — Ay r — P ORSR % 308 T 3,
2. 5 33 B TlE SML# 2 ¥ 34 7 OHlHOMN OB % Gk 5.

3. D& E Ik, F33Z oL 72 a v 8o ORI, BEY 2 — L OREE L g% 3
W9 %, IR T, main ®Y 2 — NV EIRT 5,

4. BEI?7EL toplebel Y 2 — NV Z AT 5.

5. JEX#EE L UPLOAD W27 L 9






257

328 SMLHAY—RAINNYIT—Y

SML#HLAi 78 /7 — 3 smlsharp-4.0.0.tar.gz i, SML#2 V4 7, KL 75, $R—Fv—
DY —A%EEL,

32.1 V=AY T—I DB
SML#DY —A7 4 AFYE2— 3 snlsharp-4.0.0.tar.gz L TDT A L7 PV ET7 7401
BEENS,

config.h.in
config.mk.in
configure.ac
depend.mk
files.mk
mkdepend

precompile.mk

e ALY
benchmark/ RV F2—=7Y—A
precompiled/ minismlsharp D7XY 7 VY —AT7 =447
sample/ yrIvsra s n
src/ SML# VY —A7 74V
test/ FTANIO T I ET—S
e 774
Changes DY —AER7 7 AL
INSTALL A VA b= ILFIE
LICENSE SML#7 A4 & ¥ A
Makefile.in Makefile 7 7 A VT ¥ 7L —F
RELEASE_DATE VY — AfiKHf}
VERSION N—Tav

config.h 77 A VTV 7L —F

Makefile DENEZHIHIT % config.mk 7 7 A LT ¥ 7L — b

autoconf ~D AN 7 7 A )L

Y — A7 7 AV OWREBIR

7 7 ANERERDELT 74V
depend.mk fE/ A 7V 7"k
precompiled/ 5 make A 7Y 7'

32.2 SML# VY—AY1—
SML#DY —AT4 L7 bV, UTFDOTA4ATALZ V) ET7ANDEETNS.
e 7AL VY

— SML#a v 34 7Y —Za—F
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basis/ Standard ML #&A&Z 4 777
compiler/ SML#a v /84 Z
config/ configure WiXET LY AT LNTRAIT IR ATA T Y
ffi/ SanEHE Y X — 2477
1lvm/ LLVM a—FAR 7 A 77 Y
runtime/ FATIR LR
sql/ SQL#HEV R—+74 771
thread/ ALy FYR—=+74 7Y
unix-utils/ UNIXHEARa<wrF7475Y
— SML#Y —Jv

smlformat/ smlformat iGs /17 7 &L

smlunit/ HkT A I74 770
IN51E, SMLEDDIZBFE L ZNAES 2 Y — L ThH 5, ok, BN/ Z T
LAY AT LTHY, KFEFTIEING ORLRIZEIET 2,

— ¥—FRX—=FA4Da—F

ml-lex/ TR R Y — L

ml-yacc/ HEfRpTem A Y — v

smlnj/ basis/ T T % sminj YV —A7 7 4L

smlnj-lib/ smlnj =774 V747477
INHH—FR—=FADa—FiZSML#%ENL KT 57012, SMLAHICBIHEN-bDTH
%. make ¥ AT LIZE 5T SMLAE L FEHCa vy SA LS E N 720, ZRFhD I A4
LY AELEDBIZY —RAa—FRITCEIPNTVS, b a— FIEABHONERE LW,

o 774
basis.smi Standard ML K7 A4 77 VDA V8 7 24 A7 74V
builtin.smi HIAAT =8 Z RS 2487 24 X7 74N
config.mk AVRAZawy BT 2 REEBEHE
config.mk.in config.mk D7 ¥ 7L — b
config.sed config.mk ZE D7D sed A7V 7'+
ffi.smi CLoOBEHEEHETIA 77 VDAY I 724 AT 74V
foreach.smi WHBERED A v ¥ 7 24 A7 74V
json.smi JSON ¥4 R — MEREDA ¥ 7 2 A A7 74 )V
ml-yacc-1lib.smi smlyacc 74 77 VDA ¥ 724 A7 74V
prelude.smi WNEEMERBIDA % 7 24 A7 74 )L
reifyTy.smi HORKMEIHEBRED A v ¥ 7 2 A A7 74
smlformat-1lib.smi smlformat 74 77 VDA V¥ 724 A7 74
smlnj-lib.smi smlnj-lib DA V¥ 7 24 A7 74 )V
smlunit-1ib.smi smlunit DA ¥ 7 24 A7 74V
sql.smi SQLHEAH R—b 7347 7VDA VI T2 A AT 74
thread.smi ALY FHR=bIF3A4779VDA VI T2 A AT 7 AL

32.3 compilerTa4 LI KV
ZNSDHT compiler T4 L7 FVIFI I LI TWw S,

e TALZ Y



compiler 74 L7 FV

— compilePhases/: IV SA N7 =z —R

bitmapcompilation/ vy by 7R
cconvcompile/ a—YvrzavRyyavavsgn
closureconversion/ ryu— v 25
datatypecompilation/ F—FRa L))
elaborate/ & R
fficompilation/ CEiii#sa v 4 L
1llvmemit/ LLVM 2—Fx3Iy¥av
1lvmgen/ LLVM 2 — FAR
loadfile/
machinecodegen/ RL L a— PR
main/
matchcompilation/ NY—v=yF v 7avRgn
nameevaluation/ LZHEHME Y 2= a1
parser/ RS figepe
recordcalcoptimization/ MIft& L a2 — FEHHERE{LLR]
recordcompilation/ BEEL a—-Fay,q)
stackallocation/ AE w7 7L —LED KT
toplevel/
typedcalcoptimization/ WA & ] F S sl
typedelaboration/
typeinference/ B, # ) —BBuRE L
valrecoptimization/ FH A BR Bonow L AL

— compilerIRs/ : 2 >34 Zhj#£H
absyn/ HRFESOR
anormal/ A-normal H[H 558

bitmapcalc/ Ey rey FPRHRL ZFRISE
closurecalc/ 7Zu—Y ¥R EZHRL-TRISEE
idcalc/ A 2= 7R i fe 7o TR SRS
1lvmir/ LLVM HfHZe8l
machinecode/ LY RA¥ FI7 VA7 7 Hik
patterncalc/ THfE L fiffjZRI
recordcalc/ LML a— FEE
runtimecalc/ fRL )Ll EEE
typedcalc/ At E SRR
typedlambda/ HIftE 7 A& 5HH

— data/: BIRER L EDT—¥

builtin/ av A FHAAT—F
constantterm/ EETFH

control/ AV, TOENRT XY
name/ Fifra—FI7xL
runtimetypes/ FEATIRGEL

symbols/ ER, 7 NNVEOREL
types/ KB

— extensions/ : 4 D a v A LIS
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concurrencysupport/ WiFIAL v FHH— b

debug/ TNy 7 e

foreach/ N7 _foreach FE LY K — F
format-utils/ smlforma H7 #—~v ¥ 53475
json/ JSON ¥ R—}

reflection/ A4 NEEOL L7 a vy E—F
usererror/ a4 55—

userlevelprimitive/ L —H#a—FIZk3a v 34 JHEEKRE
— libs/: AV A IR T 27477
digest/& SHA Ny > 27477

env/ HEL—TY T4
heapdump/ FITRf e — 74 A =2 5 v 7BI%
ids/ A FA—F) T4
interactivePrinter/ MNEERL 7Y v %
list-utils/ YA+ Z=74974
toolchain/ UNIX toolchain 2= ¥ F
util/ FiL—T 4 U7 4 B%

e 774

minismlsharp.smi minismlsharp DA ¥ ¥ 7 x4 A7 74
minismlsharp.sml smlsharp D 2 ¥ SA VI 4 5y FL X)L
smlsharp.smi smlsharp DA V¥ 7 24 A7 74 )V
smlsharp.sml smlsharp v 7'L X)L

compiler DY 774 L7 P ZELETA LY FVIE, main P 774L 7 PUERER, ZOT4L 7 FYD
TIZY —=A7 7A VDBSEDPN TS, 1657, Bl ZIFMEIESCRD Y — 2 7 74 VId compilerIRs/absyn/main/
TIWEPNT RS, V—A7 7 A MICIE, EET . sl 28> 7077 L7 74 )V EHRIRT . smi Z2HiO
HDA VI =T 2 A AT 7ANDEENS,
ZHMAT, UTOWETF2FO7 74 VE, V—RA7 7 A VEZERKY —VDATI7 7 A NVTH 2,
.ppg 7V v ¥ —a— FHEAERS smlformat DA 7 74 L,
.grm  smlyacc DA 7 7 AV, INH 7 7 A4 NVAAIC smi D3RI L

.lex smllex DAN7 74,
AV —T7 24 A7 7ANME, BEERKENLY —RAT77A4AVDAL v 7 24 A TH 5.

32.4 basisTa LKV

basis/F7A 77 VRBIEATA TI5VDY =27 74NV THY), ZOnain 7 T4 L2 FVIRUTD7 7
ANZET,

1. ¥7%xF %7 74N
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basis 74 L7 + V)

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. Hyga—F

ArraySlice_common.sml

Array_common.sml

VectorSlice_common.sml

Vector_common.sml
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3. AT IFY 77 ANTALY Y

DIFOBARNC sml Z# ML 770 7757 7 A VB LY smi 2L V5 724 A7 7400

NEEns,
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#F E—+ 7 74 L

DTiE, AL I77F %7 7 A NVBZOMEBLCEEL LR T 272D T 2 SMLEDMKL X)L
Y R—F B 7 A LTH S,
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SMLSharp_Runtime SML#FETR 7Y 274 7
SMLSharp_0SFileSys 0S A7 7F ¥V 747
SMLSharp_0SIO WA Z7FYHTYVIT47
SMLSharp_0SProcess 0S.Process 7'V 3747
SMLSharp_RealClass Real A7 7FYH 7V 547
SMLSharp_ScanChar scan 7Y 374 7

5 by 7L
toplevel.sml I v 7’LLVER
toplevel.smi b+ v 7L RLVERA VI —T A A7 74l
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F33F OAVINA S OHIEES

AETIE SML#A 2 v 84 5 oflfllofinzild§ 3.
1. V—Aakr—yav

e src/compiler/minismlsharp.{smi,sml} 7 7 A )\ src/compiler/smlsharp.{smi,sml} 7
7AW

e src/compiler/compilePhase/main 74 L 7 VY

e src/compiler/compilePhase/toplevel 7 4 L 7 Y
2. B

(a) src/compiler/minismlsharp.sml ICK%3 V4 FDAI =T v 7,
(b) src/compiler/compilePhase/main €Y 2 —NWIZk B2y 81 722y FD XA VHLHE,
(c) src/compiler/compilePhase/toplevel £ 2 — NIk 5 kv 7L LD a v A LA,

33.1 AVINASRY—k 7T

SML# 2 ¥ ,84 7 a2 FiE, SMLESHETEIN 7077 L% SMLAI V87 THEla v 34 )L -
V7 LERSINFTERA 7 v 77 0 CchH 5, HIIETHBT 2D, SMLAD 7O T T DAL v a—
FiZ, SML#a<v> F2) v 27— FORE L ZRICHESISNLA VI 724 A7 7ANICHIET 5 Y —
AT F7ANVEBEY, ZOA VI T2 A AT 7ANDOSHMINDEA VI T2 A AT 7ANMTHIET 5 —
A7 7ANVEGD by TLXVDEF DI %, KEBRIIEVIERFEITT 22— FTh 5,

SML# 2 v %4 %Y 7% % 3— Nl Makefile IC src/compiler/smlsharp # % —% v k& L il
WBINTVLLUND shell 22 FTH 5.

$ (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 $@

FEHEDBRNTTl, SMLSHARP_STAGE1 (¥ minismlsharp 2% ¥ FEEEI TV 5, minismlsharp I3,
SML#2 Y84 7DV —RAa—F%2av A4 LT DB R/NIND T A 7YY 7 X417 smlsharp
a2V 84 7 CTH 5, smlsharp 284 FD Ly LNV =R 774 MEIDavy FTCHEEI NV —
P Y% 724 R77A)N./src/compiler/smlsharp.smi IZX BT EIUTD7 74 L TH 5,

./src/compiler/smlsharp.sml

DY —=A7 7 A NVONRIIUTD41TTH 5,

val commandLineName = CommandLine.name ()
val commandArgs = CommandLine.arguments ()
val status = Main.main (commandLineName, commandArgs)

val () = 0S.Process.exit status
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Main.main /¥ comiler/compilePhases/main/main IZ& % Main.sml 7 7 A MIZEDP NI ORI % Kt
D main B TH %,

val main : string * string list -> 0S.Process.status

COBBDBSMLAE Y L FD by ZLOVEECH 2, ZoBEIE, 3 R4 (smlsharp) & awy
B4 VEIBCCFINIY A P 2ZIFHY, av 84 uey) v 7 %2 F79 5,

33.2 AVINA AV RDXA U8

SML# 2 v 734 7 DYIHUCARRE 21T 9 X 4 VBI%IZ, comiler/compilePhases/main/main/® Main.sml
7 7 A MTEDPN OB %2 RO nain BITH 2.

val main : string * string list -> 0S.Process.status

COBEIX, a2y FALEGIEY A Z2RITID, command BIEZIFONML, UTFOME 21T
L 5Bz, a2y 4 708FE— F L@+ 7y a v 2IET 5.
2. BfFE— FISHIG L 2L T oW nh 02 179 %

(a) YV=A77A4 NV A DAy, )L
(b) V=A77ANDaAV L VKN v 7
(c) AVF 72 ART7ANTIHESINTI AT LDY 7
(d) AR 7 7 4 VDT & Makefile DA%
(e) T4 DEHRD 7Y » k
V—=A7 7ANDARA)UIE, compileSMLFile P%UIC & > TU T O FIHTITHIL 5,
o VA7 FPANEL =TV
o IV NAINE—FZIEL, command PIELTHE I 1172 2 v 34 VEEL topContext AT 5.

e Top.compile ZM-UNHT. Top.compile B4%ild, comiler/compilePhases/top/main/® Top.sml
7 7 A MICEPN DR E RO TH B,

val compile
: LLVMUtils.compile_options
-> options
-> toplevelContext
-> Parser.input

-> InterfaceName.dependency * result

IRZINBMEDT InterfacceName.dependency 1Y — A7 7 A VMKET A VT 72 A AT 7
ANDY AL, result AV RANMFERDOA TV 27 b7 74V TH 5,

AVSANKYY v 71F, link BB K > TU T ORI Trbin s,

(a) ANV —=A7 74N .sml 774 N6, AV ANV LATY 27 b7 74 VERERL, V—
FOAT 2 b7 7ANETE, ANIV—RA7 74D smi 77 A4N%6, 77A4NVEDD,
N—=bDA T2 b7 7ANBH/EIRET S,

(b) ANV —=A7 74 ND.sml 77 A N5, av A NVEBBRTHKET 249724 A7 7
ANDYALDE, VI $T5F7P27 b7 7 ANEGRZRET S, ATV —R7 74 LD
.smi 77 A NG, 774 I)V% loadSMI BAEITEHTL, by 7L RALDY —ADMKFET S 4 v
7 2ARATT7ANDIALZRBED, VYV ITE4F 70202774 NVEREZRET S,



333. AV L4 TDby TN 267
() V=bA T2 V774N, WEATS=2I 7740, 9477V IVAMEBELY AT

DY) UAMRHLY v 7 2ETT 3

33.3 A4 ZDhy7LAXI

SML# 2> 84 7D b v 7L ~)VEI$lE, comiler/compilePhases/toplevel/main/® Top.sml 7 7
A WZEPNT LT ORI Z KD compile BB TH 5.

val compile :
: LLVMUtils.compile_options
-> options
-> toplevelContext
—-> Parser.input

-> InterfaceName.dependency * result

ZOBEN, LLVM a—FAERA 7> ay, av 34Vt Fray, av SR V=27 74 )LDA
VT PAMY =L BRI, VA7 7ANEANLNL, V=—RAT7PANLDPMKETEA VY7 A4

A7 7ANDY AL (InterfaceName.dependency) & IV SA NFERDA 72 27 7 74 )L (result)

ZIRT.

Z DOBEUE, Main.sml D compileSML BAE SMEOH X4, DITORISRTIED, H£a v V7 = —

RO ZNEIIEONH LY — A7 7 A LD IV L VEITH

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
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