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1 EC®HIC

AEEOHMIX, INEFTHEETEATEZTNS T I VISP Y 7 MY = THREM OGN % #
LIS WS 3DTHE. IWHEWI Z LT, SETHATEIRAM CEMZMAGDE D L WS RHIPY
TENY TR T O 2 MRV TTREITTELEVWIEINBELIND., EBIZ 2D 25205
BKLALHAS. Bk, R T oYz FREIZE V- T ThEAEDE T A THRL .

AFEE T, THISI IV EELEROMRE FELOPELBEL CEKT L. BEIE TV AT
HB. TaTzI ML, 2H8DTNV—T T I ERHERL TS, FHEETIFEPY VIS EHTHHIZE
RUTH 5> THEDLR W, #3295 S5k Haskell, OCaml, Java, C EfECTH 5. C EFERX I 733I 07
HEmETEATVS LS D, AMEEHIET 572DICZ5BL NV DOYR— bR RVDTT Ny 712 857$
50% LR, iz, C++, C#, OCaml 2 TH L\, SEEIT & o THAMBHr a8 RESURT AR 722 & D i#
Yigy — VIR -5 TL 5. AREDOFETIE, BNFC (http://bnfc.digitalgrammars.com/) % HAWT
RS N TR AR O SRS P HZEINT VWA Z e 23% 5. Haskell, Java, C B2 AV HE1E, ¥
RN AR A R ER & WSR2 AE AR L, LR DD O DHIFN ® 2 L EEPHRNICHEDONDETH A .

o Haskell
— Alex: A lexical analyser generator for Haskell, http://wuw.haskell.org/alex/
— Happy: The Parser Generator for Haskell, http://www.haskell.org/happy/

OCaml: http://caml.inria.fr/pub/docs/manual-ocaml/lexyacc.html, http://ocaml.jp/
refman/ch12.html (HAZE)
— ocamllex
— ocamlyacc
Java (bnfc ver.2.8.2 BAB%)
— ANTLRv4: a parser generator for Java, https://www.antlr.org/
Java (bnfc ver.2.8 PAKF)

— JFlex: a lexical analyzer generator (also known as scanner generator) for Java, written in

Java, https://jflex.de/
Java (bnfc ver.2.5.0 LABE)
— JLex: A Lexical Analyzer Generator for Java(TM), http://www.cs.princeton.edu/~appel/

modern/java/JLex/

— CUP: LALR Parser Generator in Java, http://www2.cs.tum.edu/projects/cup/

=Zh

=N

— flex: The Fast Lexical Analyzer, http://flex.sourceforge.net/
— bison: GNU parser generator, http://www.gnu.org/software/bison/

RIRADFEIL, TNTNIEIRLZEETIHTD. Haskell DIGEITIREEF K, Java DAL Visitor /3

2=V, CEHEOLEIZLAKREHWZI - RPBNEDT, H50PLOINs DHEENH S L B\, Visitor
NE— v OBE 2 MIRE TR B2k, AFF [1, pp. 189-208] ® 14 6 HEE2EV A< O [H 13 &


http://bnfc.digitalgrammars.com/
http://www.haskell.org/alex/
http://www.haskell.org/happy/
http://caml.inria.fr/pub/docs/manual-ocaml/lexyacc.html
http://ocaml.jp/refman/ch12.html
http://ocaml.jp/refman/ch12.html
https://www.antlr.org/
https://jflex.de/
http://www.cs.princeton.edu/~appel/modern/java/JLex/
http://www.cs.princeton.edu/~appel/modern/java/JLex/
http://www2.cs.tum.edu/projects/cup/
http://flex.sourceforge.net/
http://www.gnu.org/software/bison/

Visitor— & 2 D B E B SMHET L] OREHRPETTOTH 5.

AT 5 a— Rk Java NA b A —RE2HANWS. Java (KD 72D T > 75 & LT Jasmin (http:
//jasmin.sourceforge.net/) Z W\ 5.

BIRD & 5 ZiEED 72 DI 5% Xk E T TH <. MIEWEIERNREIRGR B 2 AME & LTk [2] 255
ARTWV. TRTIIVIFEOFEEZIOVWTE B BAMKNTHS. (ZOFEHEDKLRoTAVITA VD
EEER ] BRI NTVS.) ZOXHATH BNFC ZHWVWSNTWADTEHEILRDLTHAS. AEHPT
PRS0 R 2 FEET BN, SHEOBENILLL L ZTOEREKRESERS. MOMBEDOSFEDES
WZHIRD H B FEICH U TN T 2261, HlAE, BBEISEOERIIOVWTFH LW D] 2H P TH<. £
7z, MARTIEHBH, HAFETIEZ[O) EAMEFLLTBTITOTHS.

SCHR [7]) TIE, (IiEERRZ2 & ©) RS iE0 b 2 Haskell 8L C SFETEEL AP EH TN T
w5,

2 ZElE
KEEEFTIRNCTN—TIInhPNTES D, Tudcy VREIZIN— T IZBINEDT, FA—D
N—=TDAUN—FAUEREZERT LI 2ETTHLZ.

2.1 B LA DEIHRFH

AREITIE, BENTRUCHAZRZ < N RIRAERIZ DO W TR S,

BER—LFT4L2 MY Unix 20 0S T, flHlxO2—HFDFR—LTF4L 27 )N~ (FILKX) TRINS.
BRBEARSHOME X, 4 D2 —FDF—LF 1 L2 M) 2ERKTLIOfHibNs. #HZ1E, mac os x T,
yamad &5 1 — P OEEAKSHOME FATD & 512725,

$ echo $HOME

/Users/yamada
R—LTA VIRV EAILY R T AL 2 MVIZTDITEMTOVWTNAD IV Y NEFEITTHIER .

$ cd ~
$ cd $HOME
$ cd

BOVARAAIILEE v AA VDX HRFEETEHE TS Z L. HlAIE, Java TIE, Ny 7r—Y % javac &\
5AX Y NTIVNAANEFTD. THIAVRI VR EDEEER BEFLT 572912 Makefile % 5.

Bl TALZMNVPORIZHE NN T—YP D Ajavaz a1 )L F5av Y Ne, ZOHD main A
Vo REEFT B a<y KA.

fRE. N D

$ javac P/A.java
$ java P/A


http://jasmin.sourceforge.net/
http://jasmin.sourceforge.net/

WA > THEANEHE

2.2

2.3

o BRI

o 77 ANA (Java 2554

I —T 5T ERBEDER

28 TODITN—T e D, FHIHREP T VT FEFSILE» S 2 AT 207V =T 3T % T

5. HEDIABLEBEX, 1 7V —T7Z1F 3/ THERT 2 L5127 5.

. REEEEEERT 5.

Haskell, Java, C O TH#EIET 5.

CBREIZ NG 5.

BITHOD SEBIZ 8 1 DHFEREE, BNFC, Ffiires, WSUiiras, Jasmin™ %A1 VA b—L§ 5.

Windows RIEDFE GNU make 2 HHRT 2 H6EAH 5. Cygwin(http://www.cygwin. com/)
EANSERWES>THS.

Mac OS X BEDIEE ARBOI— R, Java 3281 D=V 3 ¥ javac 1.8.0.101 TF v 7 X
NTWE., ZNERAUUPHFLWA=YaviS VA M—LT 5 LR,

alex/happy @4 > X2 b —JL [Haskell Di5#&]

Ubuntu @3B &

sudo apt install alex happy

24 BNFCOA VAR M=

AfDa—RNiX, BNFC 281 TFzv 7 ENTWV5S.

Mcabal #F>TW3IHE

cabal install bnfc

BMmac DIGFE

brew install bnfc

B Ubuntu DIFE

sudo apt install bnfc

*1 Jasmin 1%, EET23084 5D a— REFEITTEDIZHNS.


http://www.cygwin.com/

Mac TY—RA— K5V ( LT 25E
Y — A 32— K% http://bnfc.digitalgrammars.com/ 7 & X ¥ > 1 — K3 % (http://bnfc.
digitalgrammars.com/download/BNFC-2.8.2.tar.gz CEIfEMERREMA).

tar xvzf BNFC-2.8.2.tar.gz

cd BNFC-2.8.2

make

cp dist/build/bnfc/bnfc ~/local/bin/bnfc-2.8.2-mac
cd ~/local/bin/

In -s bnfc-2.8.2-mac bnfc

NAF V&S YO—-RT25HE
e N1 F % http://bnfc.digitalgrammars.com/ HX 7 O — K
#lZ1¥, $HOME/local/bin/IZiE< .
T AN EEH
— Windows D54 : bnfc-2.8-win.exe 7* 5 bnfc.exe
£ T777%NTS
— Windows D56 : AEDKLS>TH S
— Mac O¥4 : chmod +x bnfc
NA%MT (Mac TR F—UKR (.pkg) 2o A Y A b =)L L7z & EIEARE)
— Mac T bash D4 : export PATH="$HOME/local/bin":"$PATH" % .bash_profile 7 &I
B,
— Windows T cygwin T bash @ ¥ & : export PATH="$HOME/local/bin":"$PATH" %
.bash_profile 7% X IZEH.
(47> a>] PATH O#E%, bash 2l L T34 % . bash_profile iZ, zsh ZfifHLT\W3
BEIL . zshrc IZEZAATHL.

ZFDDAE
LFOHETE D EFL W Tz

e Haskell Platform % » A s —)L 9 %. Homebrew 71 ¥ X b =L INTWBEE1E, Cask 2 HW
T, ARV RIS VUPSUTREETTEIETA VAN —AD%ET T 5
brew install haskell-platform

e cabal install cabal cabal-install %3Ef79 5.

e cabal install alex happy bnfc T3 5.

e export PATH="$HOME/Library/Haskell/bin":"$PATH" % E1773 5.

o [IRIEILAFED > = )VEE)R:IZ PATH O E % BEIKIZIT S )
export PATH="$HOME/Library/Haskell/bin":"$PATH"% .bashrc 2 & IZE M T 5. & &,

*2 72D Tld brew cask install haskell-platform ¥ \)3 & 512 cask 2 W2 REAH - 7-.


http://bnfc.digitalgrammars.com/
http://bnfc.digitalgrammars.com/download/BNFC-2.8.2.tar.gz
http://bnfc.digitalgrammars.com/download/BNFC-2.8.2.tar.gz
http://bnfc.digitalgrammars.com/

export PATH=""/Library/Haskell/bin":"$PATH" TIZF I X R I iz,

2.5 JDK, CUP, JLex, ANTLRv4 @4 > X h—JL [Java DIHE]

bnfc ver.2.5.0 2 H 3 5354, JDK, CUP ver.0.10k, JLex ver.1.2.6 %1 > A b —)L U7z & & DEEL
RAENTWA. bnfc ver.2.8.2 T 554, JDK EATFTOWTNhEA VA M=V U7z & EDHENHER
INTWVW5S.

e CUP ver.0.11b & (JLex ver.1.2.6 %7z(% JFlex ver.1.7.0)
e ANTLRv4 ver.4.7.2

Java DA VA =L
BHDLEMRD JDK 21 VA b—ILT 5,

CUP & JLex DA YA b—)L
e CUP ver.0.11b & JLex ver.1.2.6 % F| 3 %% & 13, https://www-p.st.nanzan-u.ac.jp/
faculty/tetsuo/sw_ensyu/2016/javatools.tgz »HX 7O — R
o L T javatools A RIZdH BT 1« L7 MV Cup & JLex #$HOME/local/java/IZiEX .
e CLASSPATH (Z$HOME/local/java/Cup & $HOME/local/java ZENIT 5.
— Mac/Ubuntu D54 :
export CLASSPATH=.:"$HOME/local/java/Cup":"$HOME/local/java"
ZAXVRIAUNHEITTS.
o [REILABED & = ViR 12 CLASSPATH D% 5E % HEIIZAT S ]
CLASSPATH 0%, w—AL7T 1 L2 MViZdH B bashre(bash ZH L T\ 25EE) ¥ .zshre(zsh
EMAIL TV A EA) DRELCICESAATEL.
export CLASSPATH=.:"$HOME/local/java/Cup":"$HOME/local/java"
RENZRNIE, BEEBP 2 7 ARAIDWTHRS I . 51T, https://www.cs.princeton.
edu/~appel/modern/java/JLex/current/sample.lex P oYV TNV T 7 AV E XTI E— KL T
BFRDOESIC@EL SRS K JLex DA ¥ A b— LA
$ wget https://www.cs.princeton.edu/ appel/modern/java/JLex/current/sample.lex

$ java JLex.Main sample.lex

Processing first section -- user code.
Processing second section -- JLex declaratioms.
Processing third section -- lexical rules.

Creating NFA machine representation.

NFA comprised of 185 states.

Working on character classes.::::i:iiiiiiiiiiii. .. il il lininnnnnnealineeeeeeeaaaitinain,
NFA has 29 distinct character classes.

Creating DFA transition table.

Working on DEA States. ... ...t i i e i it it e e e e
Minimizing DFA transition table.

47 states after removal of redundant states.


https://www-p.st.nanzan-u.ac.jp/faculty/tetsuo/sw_ensyu/2016/javatools.tgz
https://www-p.st.nanzan-u.ac.jp/faculty/tetsuo/sw_ensyu/2016/javatools.tgz
https://www.cs.princeton.edu/~appel/modern/java/JLex/current/sample.lex
https://www.cs.princeton.edu/~appel/modern/java/JLex/current/sample.lex

Outputting lexical analyzer code.

o [fEF] UTFDESIZRRINSRS < JLex DA ¥ A b — )Lk
$ java JLex.Main

Usage: JLex.Main <filename>
o (M) UTDLSIZUTIE 575 Cup DA > A =A% 50K

$ java java_cup.Main

ERE: 2015 4 9 H 15 HEAE, AR YA b (http://www2.cs.tum.edu/projects/cup/) S5 AFTE 3
DiE, KOFLWAN—Y a0 CUP0.11b TH 5.

ANTLRv4 @A X h—JL
BNFC % ver.2.8 DA% T ANTLRv4 2% K — L TW5 (https://bnfc.readthedocs.io/en/latest/
user_guide.html#java). Mac DB EFIILATFD LS ITA VY A b= %475,

brew install antlr
ITD & 512 CLASSPATH DFEEITH. N—Y a VIFHEHYIZEE T 208N H 5

export CLASSPATH=.:/usr/local/Cellar/antlr/4.7.2/antlr-4.7.2-complete.jar

2.6 Jasmin DA VA M—JL

Jasmin ¥ Java RO -DD TRV TS TH S.

Ubuntu D3B&
UFRTA VAP =IVTET.

sudo apt install jasmin-sable

Mac T Homebrew %> TW 355
AXYRIAVTUTDESICEITTHEIETAI YA —AAE TS5

brew install jasmin

ZD%E1E, PATH OFREZE HD TP 2 B2,

ZThUADORIEDZE

ZTNLNDOBEEDG A, Jasmin DAR~— (http://jasmin.sourceforge.net/) 25X W 0 —
FUTA YA =ILT 5.

Mac Tld, $HOME/local/java iZ jasmin.jar Z#Fl&EL T,

java -jar $HOME/local/java/jasmin.jar

*3 Mac T Homebrew % {#i> TWaWEAIE, Homebrew DA ¥ A b —)LIZHEAH» 2D THOHEEZBTTHT 5,


http://www2.cs.tum.edu/projects/cup/
https://bnfc.readthedocs.io/en/latest/user_guide.html#java
https://bnfc.readthedocs.io/en/latest/user_guide.html#java
http://jasmin.sourceforge.net/

THEITTHILNTES. AZ Y T jasmin 2
jasmin

#!/bin/bash
exec java -jar $HOME/local/java/jasmin.jar "$@"

RELEABR LT, NADM- ZGANCEIE T X L.
NADE- 728 ZAIZHET 5.
[jasmin.bat

Windows Ti%, #ilx1X, $HOME/local/java iZ jasmin.jar ZEEBEL T, AFOX 5BV F I 71V %

java -jar C:\Users\m20se999\Local\java\jasmin.jar %1
2.7 GNU make 1 Y X k—Jb
macOS D&

5E5TH5.

Ubuntu @&

GNU make i1 YA b= ENTWED, HOTHSHEIE Xcode DT 1 &2 I Agree T2 HENDH
sudo apt install make

3 B OAREBIR — Calc

AETIE, T0rs53I V758
I 5. fRIREEIE,

FIERAR 1,
ARETHWSEKFLIKIZOWTHIT S,

3.1 5&

I=N:T=]

WAL T, TOMRE (1R —=71) %) LIRS (V81 F) 2FEE
V—Ad— R T ORRAIRET B2 0BELRNSFTETTETarILTHS.
V—Ad—=RKN%2ATVz 7 ba—-NIERTETUTILTHS.

HRITHEX 7+ > b (B, 123) 2HVWS. EE5TIERFA H, Digit) 2H\W2
N D123 28T Z L 2 EKT 5.
DEE

N

V—=Ad=RIEXATT74 %K (fl, 1+3) TRELT 5. HENR
SO L EIRREED 5.

Y — A 32— R &5 HUTHL
BRI —EEL [[] WS, e 2, N[123] =123 1%, VY —A 33—} 123 %5150 & 2 BRI

ATH5. Afficix, RiKosaronmsflifnmrnrss3I 07

=Zh
= oAn

MSUZF WL ODPDOEDTI DD 5. AT, XTREO LTRIAKICERT 2 K2 AR5, I, &b
f&i# 72 BNF(Backus-Naur form) % i\ % /jik %R R 5.

HARE NG - W - RE Vo R THEHE S SR I NS EM A2 E XS, L ZE, 1+2-3*4 [3HAf

Calc ##&&45%. £33, 7ur 53
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10 RGO M OARBZ R I AL Tr o R EES

Digit = {0,1,2,3,4,5,6,7,8,9} (1)

2EZ5. Digit BREFET—HOTIETHEDZ L 2T, Digit OERIIHR L35 THD, BMOEET
v, 22, XA T T XRTEPN 3138 3 TiER V. Digit DEEVT I THTFTH 565K
PRV, BIZEED I A2BOFEHEN LT WADICHWTWAIZEE R, FHELIZKSTHE VLD THN
¥, 72z, Digit={&,®X,...} T Digit={ 0 &2, 57%>,...} THbAL.

WIZ M LD AR AR B RIZANS. 10 ERTLOARKERTESH 150 5%E Num 252 5. IF
BAWiZiE, Num = {0,1,...} ®

{dn...dgdl\diEDigit,lgign,nZH (2)

ERETES. LL, 2038V —X [ LL2BBHDOBKNERTHS. £ T, 3RV —X&H
WTIZHNE R E WS, TRb D, Num 3R 27z TR/NDESTH 5™

Digit C Num (3)
n € Num A d € Digit = nd € Num (4)

B TR LW EREDRDVTVWEDTHA %, Num 2, R3 X4 2izd e WIRHEOATHS
Ba, T WVWIORESPES Num IZEENTVWTEEbRWV. 25 ULZRS%ESD Num 28 i
£ TR EWSERAERDOVTVWEDTH 5.

FRRIZ U ChAAREZE 2 W TEMADES Aexp 28D 5. Aexp (&, BiA% KT HEEGEArithmetic
expressions ZHM L2 #HTH L. ARBEERTH S n IRMATHD L 5:

n € Num = n € Aexp (5)

72 2, SLIFERB A RT LB THLOTHEMATHS. §4b5, 31 €¢ Num THDDT 31 € Aexp
Thsb.
Sz D OBEAMADMER I

a1 Q’D\JZU‘ ag b’%mﬂf%%@%ﬂi, aitas Li%ﬁ]"ﬂf%é
WO HAIP ST S, ZOHAES WAL L,
a1,a2 € Aexp = aj+az € Aexp (6)

TH5. I z1E, 1R 2 3BMATHHDT, 1+2 ZEMATH S, ZITAXE R ag & a1 1F, EEOHE
MiAREZRTOICHVONTWVWS., [X&X] &iF, THMAT) TERD] LWomBka2RITHEETHS. 22
T, (FOE5RBORBEHLTVRVWY) BRI T AL nL, EMkzildds e xicfip
NTVEEHL WIEIRT, AREBEWSHGEERM> TS, BEXPREAERNS FAROBAICE >TEE -
TW3ED LT 5.

OEREMPIZITS720I1Z, TITIR013DE SR HAET 025K E S S5E Num IZ&A TV,



Loz s eHsd. EiiidRHA]

n € Num = n € Aexp (7)
ai,as € Aexp = aj+as € Aexp (8)
ai,as € Aexp =— a1-as € Aexp (9)
ai,as € Aexp = ai*as € Aexp (10)

MOEDAEDOLNEHDL TS, ¥ oA LRELZOTHAS5H. ZNE Num 2EHTH L EIC
RN WO EBZEDIF-DEABRICRDHREED Aexp ILEENRVWEIICTE-DTHS. -2 2IE,
14243 FHEMNTH B Z L ITRD LS icErdsNnSE. X1 &b, 1,2,3 ¢ Digit THsb. £oT, X3 &b
1,2,3€ Num TH5. I5I1ZANT7 &V, 1,2,3€c Aexp TH5B. L7zW-oT, X8 L 10 LD, 1+2 € Aexp
THYH, 1+2*3 € Aexp TH 5.

ZDEDITFHERIZ L > THEXEZERICED S Z 2B TE LD, BE, wXPTFANTIEZIOHE
FHIZTAZLEHED RV, ZHNIFRIINEHRE &K 0 ERICHRT 2 Z 22 TE S BNF BELffbh T
B-DTHB.

3.1.2 BNF TEDHDHEX

Wi % & % & 1 BNF(Backus-Naur form) ®Z 1% —# AL L2 ERRCHWO NS, 22T
N5 ZMIEL T BNF LIES. BNF 205 & ERLO & 2 wiiNiE £ 2 iRl 2 e T&E 5. 72
EZE, BUNEID 10 ERFELO AR E KT SHIE

dw=0|1]2[3|4|5|6|7|8]9
nu=d|nd

LERTBILMNTES. “:=" X “can be”, “|" & “or” LFMUILNTES. Thbb, ThoDkEH
A

e dcanbeOor lor... or9.
e n can be d or n followed by d.
o dl nlXINDUNDEE LB Z LILR.

EWVWSHZEERLTWVS,

BEE 2. n 223 THBEILRHEN. HHLLESHED. ¥/, n A [E] THBEILEBEN. BNY
U7z & 2t e,

BNF %25 &, "i/NET OB D IR E 1
a:z=n|ai+ay | a1-az | ar*ag

ekINnB.

ZORESURANZ, 355 2+3%4 & (2+3)*%4 £ 2+(3*%4) D EH & DRI T R EPIZOWT AL BAR
TWVWRWIZ EIWIZHFERELUTHRLY. ZOSRANE, B0 E 55X TWwa0TIER <, Bt A,
TROLLMBEXARAZEDTVWEIDTH 5.

10



3.1.3 Calc DX
TarT IV EFE Cale ILIXEARBAERTZOOILBHIRERESZEDET S :

nu=0|1| - |[10] 11 --- | 2147483647
8, 2147483647 = 231 — 1 TH B, Calc DEMRIL, KRR
a:=mn|aj+as | a1-az | ar*as | (a1)

NOEEINDZEDDOAL TS, ZZTHEHXOHFIZIER O AEENTVWEZ LIZERLTIELY. Tud
FIVJEEE Calc DEHEAZMBIZT 57720, ZITREXMEHZ2 LU TCEHESNLEREBXKREZEDTVWLDT
»Hb.

FRE 3. IROXFHDh» s Tar S IV 7 E5E Cale DFEMA L UTHEY RS DEEDP LI,

o 1

o 1+2

o -1

o1 («#HA7x>1b)
e al+a2

e 1+(2-3)

o ((1))

e 1+2-3

B 4. 1+2-3 B L 1+2%3 2 FNFN 2 FEEDOHESCR TR L2 X\,

3.1.4 Calc DEH

FEFIZREE WS ISR A RIZT IS DT B DI ERERE WS, BREHRN : Num — Z 1%
No]
NT1]

0
1

N[2147483647] = 2147483647
WS &SI, FHEEBITHIEDT .
IR 5. EWREBN : Num — Z 13, 2EBEHTHD L 2R LRI V.

RDARZEHIL, TNENDOERAOHHADHEEZHLO2HDET 5!

n € Num
a € Aexp
v E L

5 Z ORI, SEAERAOERERGIITEEHDIIANTHS.
*6 713, BHRO%EE.

11



ZZTARER v 3% RTEHEZE value DI F R omHA L TWS.
BN & T OEEBUE DRI

a—v

ERT. ZOBRIE, R o PEEE 0 MBI NG, LT, ZOBMRDIRILT B 0ME LT OB
LVEDD. BUWHRAIZEDSD Z 2T, BIAIE, 143 - 4 FHALT DL, 1-3 — 4 FHAL LAV E 2%
MCTELLIITHD.

BRI NUM: £ED n (€ Num) EEEOHE v (¢ Z) IZHLT, Nn]=va5idn—0v TH5s.

BEERRA PLUS: EEOBMA a1,a (€ Aexp) LIEED vy,v9 (€ Z) ITHULT, a3 — vy, ag — vy, D
V=01 +v9 EOIE a1+as — v TH 5.

BRI MINUS: FEOBMRA a1,a0 (€ Aexp) EEED v,vg (€Z) ITNHLUT, a3 — vy, ag — vy, M
Dy=uv —vy BSIE a1-a > v TH5B.

BEHR MULT: TEOEMN a1,az (€ Aexp) LR D vy, vy (€Z) IZH LT, a1 — vy, ag — vy, 1D
v=201- -V 5 ar*ay - v THDB.

BEKHA PAREN: (EREOHM RN a; (€ Aexp) LEED v (€Z) IZHLT, a; vy 5K (@) v T
»H5.

RMORHANE, BURBAIY, B, #amromliansd. TO0k 5 IExx] OOOM IR Txx DT H
5. BEUHMANIATIRM - SN2 HE RO MHEZES Z W TE 5. HUZHVRUEHL THRZE2518
e B L ITS.

IR 6. AR DOBIRMED 2D Z L 2 ER L 72 & W

e 2017 — 2017
e 243 — 5
o (2+3)*(4-6) — —10

R, SEOBAROART. AFDOAT Y FI2&D (2+3)*(4-6) — —10 1EE D L D:

27y 1 BWHEHINUM &0, 2—52ThHh5.

27y 72 BWHHAINUM &9, 3—-3Th5.

25w 73 EMEA PLUS, A5y 7 1&20#H&LD, 243 55 TH 5.

27y T4 BHRHHINUM &9, 4 54 Th5.

27y 5 EHRBEHINUM X0, 6 -6 Thb.

27y 76 BWHH PLUS, ATy 742 508M&LD, 4-6 - -2 ThH5.

27y 77 BWHH PAREN & 257y 73 0Lk, (243) -5 TH5.

27y 78 EWEH PAREN 27y 76 DfEi& D, (4-6) - —2THhb.

Z27v 79 EREH MULT, 2797 7&8DfEMED, (2+3)%(4-6) — —10 TH 5.

O

ZOEDIZERHA BN 2 HAGECRHRARTA2DIIEMTH Y —HTHMBLIZS VWDT, RO &S AT
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FEEHWDOR—RNTH S:

NUMW (11)

a; — U1 ag —r V2 (
ajtag — V1 + U2
ay — U1 as — Uy

PLUS

)
MINUS (13)
a1—as — U1 — V2
ayp — U1 as — Uy
MULT— (14)
ay — U1
PAREN———Mm—— 15
((11) — V1 ( )
—iz, TEWHA X Jy D - 22D T, moiE Jol &
T T
X— 16
7 (16)

EWIOTETRTIEILT S, BHEZRXOLDIZHRNIZERT L. BB T 2Mme 328 E D, (1 =
1,...,n) RN TWT, BEHEHA X o X 2280% B #&{LL T,
Jr - Tn

XT (17)

BEsheT 5L, .
L - D,

X— = 18

7 (18)

E, Jo 2fiiwmE $HEMNTHS. HElild, BREHINETEIREARTILENTEZLDT, BHALITS. #
ZUE,
NUM

2—2
X
I By - T 1
2+3 — 5
FEHARTDH 5.

BB 7. LD 2 DDEHAD, WMIELATHEILEEZ LY TIIDTEZTALRI N,

B AR OFMIFEEAKRIZ L > T ZeATES. AL,

NUM ——  NUM —
PLUS NUM 2 39 NUM 333 MINUS 4 — 4 6 — 6
PAREN 243 > 5 PAREN 46— =2
(2+3) — 5 (4-6) — —2

MULT

(2+3)*(4-6) — —10
EWVWSEHARNRESNDDT, A (2+3)*(4-6) 13HEHUE —10 IZFME 5.

EDE DIz, BKEZSETH D Calc DEWEZ BN ZHEKZINEETIIERMZED L Z N TE
B/ — b AETHE-ZEUE, BENEERG RN, HREERR A AHNERGR R e iz k< fHib
N5, Kz, BEREPHROELEDHELIZBEWTAMUEKMOEL LI TH 2 F— T WL LTS
nb.

o WEHEDABAEDONEIZONTE ST VEAE, SR [3] 281D Lz,
o KEBEL AVOREHRAEIE, SR [0] 2BHIELTRLL.
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o 2016 4Ff ¥V 7 b D = 7 THEHE Fi¥) OF 3 WEuIC UL
https://www-p.st.nanzan-u.ac.jp/faculty/tetsuo/sw_ensyu/2016/lec_note/lecnote_
softsem_2016.pdf

3.2 FaFENEEBXRETEDORERER

AHITIEBNFCIZE>T /a2y I/ 558 Cale DFHfEIE: (LI, AFvF) LHOURITEE (O3—
) OEBLETD HEEZFATS.

1E1F BNF OFEIC Lz 5727 74 )b Cale.cf ZHET 57 :
e Calc.cf ™

EAdd. Exp = Exp "+" Expl ;
ESub. Exp = Exp "-" Expl ;
EMul. Expl ::= Expl "*" Exp2 ;
EInt. Exp2 ::= Integer ;

coercions Exp 2 ;

N\ J
BNFC % i\ T Haskell, Java, C, C, C#, OCaml TFHfi#Mras & HESURIT SR DEHZ2 T 5121%, ThEh

bnfc -m -haskell Calc.cf

bnfc -m -java Calc.cf
bnfc -m -c Calc.cf
bnfc -m -cpp Calc.cf

bnfc -m -csharp Calc.cf

bnfc -m -ocaml Calc.cf

CHBT A, 22T, A7V a3 y-n DEEIZED Makefile BEKEINS.

3.2.1 GNU make [CDWT
HL Y M7 IVRIZERE NIz Makefile 121%, GNU make THWAIL—L BRI NTWS, av R

make
ZH BT 5 2, Makefile ICRlR I Nz —F LD — NV DREFINT, WHRD AV AU TbNhs.
T

make clean
IS 2L, Z—7w b clean IZRER I Nz A~ Y RWEFINT, TV AL IVTEEINZT 71 IVHH]
brEhs.

GNU make @A AR — Y% http://www.gnu.org/software/make/ ThH 5. ALV NN—V 3 v
@ GNU make 1%, HEIZL > THARZERP I TWS (http://www.ecoop.net/coop/translated/

T YBEDERIMERA 7 A VX TIT S LBV, 72& 21E, Calc.cf %#$HOME/sw_jisyu ¥\ 5 & 5 BfE¥EMA 7 # VX &2 ER L T%
D7 ANV ADHIZ Cale.cf ZIEKT 5 & B,
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https://www-p.st.nanzan-u.ac.jp/faculty/tetsuo/sw_ensyu/2016/lec_note/lecnote_softsem_2016.pdf
http://www.gnu.org/software/make/
http://www.ecoop.net/coop/translated/GNUMake3.77/make_toc.jp.html
http://www.ecoop.net/coop/translated/GNUMake3.77/make_toc.jp.html
http://www.ecoop.net/coop/translated/GNUMake3.77/make_toc.jp.html
http://www.ecoop.net/coop/translated/GNUMake3.77/make_toc.jp.html

GNUMake3.77/make_toc.jp.html).

3.2.2 Java DFE

JLex THEXCfENTER 2 AR L T, CUP THEAMMEEZERLT, Thox Y —AT— NITEMLT, Java
IV A 5 TH 5 javac TIRIREEDTF > L — 23281V, TUNAIUEREZETTS. Tho2(T
5a< Y RiE Make 7 7 T VIZEBRINT WA DT, EBIHET 2 a3v Y NiZ

$ make

DATH 5.
PR D &S 7R N SN 5 Th % -

$ echo "1 + 3 * (4 - 2)" | java Calc/Test

Parse Succesful!

[Abstract Syntax]

(EAdd (EInt 1) (EMul (EInt 3) (ESub (EInt 4) (EInt 2))))
[Linearized Tree]

1+3%*(4-2)

3.2.3 Haskell D34

Happy CHECf#T#8 %2 4 LT, Alex TTEAEMEEZ24ER LT, GHC THIRHBOF Y T — b2 a R
ANV UT, TUNANVEEREETTS

$ happy -gca ParCalc.y

$ alex -g LexCalc.x

$ ghc --make TestCalc.hs -o TestCalc

$ echo "1 + 3 x (4 - 2)" | ./TestCalc

echo "1 + 3 x (4 - 2)" | ./TestCalc

Parse Successful!

[Abstract Syntax]

EAdd (EInt 1) (EMul (EInt 3) (ESub (EInt 4) (EInt 2)))

[Linearized tree]

1+3 % (4-2)
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pkg Calc J
Interpret
+ main(args[] : String) : void
Calculator
Interpreter
+ visit(p : EAdd, o : Object) : Integer LJ
+ visit(p : ESub, o : Object) : Integer S A i
+ visit(p : EMul, o : Object) : Integer + interpret(e  Exp) . Integer
+ visit(p : Elnt, o : Object) : Integer
| <<bind>>
: <R->Integer,A->0Object>
Calc:Absyn | !
- —
<<interface>>
Visitor
Exp
+ visit(p : EAdd, arg: A) : R
+ visit(p : ESub, arg : A) : R + accept(v : Visitor, arg : A) : R
+ visit(p : EMul, arg: A) : R
+ visit(p : EInt, arg: A) : R T
EAdd ESub EMul Elnt
+ exp_1l:Exp + exp_1l: Exp + exp_1: Exp + integer_: Integer
+exp 2 Exp +exp 2 Exp +exp 2 - Exp + accept(v : Visitor, arg: A) : R
+ accept(v : Visitor, arg : A) : R + accept(v : Visitor, arg: A) : R + accept(v : Visitor, arg : A) : R

1 CalcnZ 52

3.3 FRIRBDEIR

3.3.1 Java DBE

1 D& >4 Visitor 28X —>%2H\W5. Exp 77 A%, THM&E] 2213 A3 accept AV v K&, [Fh
] 2F&KF Visitor 1 VX 7z —A%2 AN LTED. IR I ATH D Exp 77 A, MEX, HE
X, FBEX, BREZZNETNRT 7 I RCE-oTbAI NS, THiM] 223722 EORI BV IEENTN
DHkA 2 5 AD accept 12 & 5. [FiI#E ] 1%, Calculator 7 7 ADEAHA Y v ¥ visit 12 & » TR % kK
AL TRABEVELZ S,

BEFTIZ, 77 AKDFEALRZERIZBRE, JITARA VAT z—RAEIRAETRINSG., EHFEIZK
FART 3 DI REIIND. ENSIHIZY T AZPA VR T =A% EDORER, 71—V ROMEH, 2V v R
DIFHAEPND:

IR VR T T — A7 EDIER
7 14— KOEH
A v KOIEH

R I 2ADAFNIRMETEINS. R, MRV I ATH S Exp DAHIPRMETE PN T WS,
KAV Y NOZRHIRHRTE I NS, 722 21X, Exp 7 7 AD accept AV v ROLZFPRAETE PN TY
L. BRAY Y RICIETER5I 205, 722 21X, Interpret 7 7 A® main A Y v KX Interpreter 7 7 AMD
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interpret XV v RIZIE TG HNT WD, T4 =L RZPAY Y REDRHIZEIND [+ 1, TDRAY Y
RH public THB I %2KT. 1 VX7 —ALD L2, FRAIZ << interface >> L WS AT LA XA
ToErNG. IBCERHED 7 F AMHANZ 25 TT v L —Mb OS5 A NI XN) EndzA v
R 7z — AL L OERTH N MO IR EAY2E I NS, I ORI, HBEEGREZRITRKMON
2 << bind >> EFEVWTED NICHMBEBREZFZET 5. 72& 21X, Visitor 7 7 A3 R, A TR Z
A —ZfLENT Calculator 7 7 ATHEET 5 & iZ R 2% Integer 12 A A Object IZHMBINT WS, 75 A
DAYNEVLTIITARA VR T2 —ANH DI LIFRAIDEDN @ THLHHEIZL > TRI NG, L X,
Interpreter 7 7 Zid Calculator 7 7 A% X ¥ NiZHD. ZDH#, Calculator 7 7 Al Interpreter 7 5 A
THEINEZHDT, 2 AMLEIFIATHS.

BF, a—FofMzATWL. Exp 7 7 ATREMADOMEE X KROEHR L RD / — F~D T5if] %
5
s Calc/Absyn/Exp.java ~N

package Calc.Absyn; // Java Package generated by the BNF Converter.

public abstract class Exp implements java.io.Serializable {
public abstract <R,A> R accept(Exp.Visitor<R,A> v, A arg);
public interface Visitor <R,A> {

public R visit(Calc.Absyn.EAdd p, A arg);
public R visit(Calc.Absyn.ESub p, A arg);
public R visit(Calc.Absyn.EMul p, A arg);
public R visit(Calc.Absyn.EInt p, A arg);
}
}
N J

[F6f) 22 ANDZ72HDAY v N accept & T[] OV 5 ADEPFIZ L > TIRAEHVWEE X 5L 4 A
Vw R ovisit 1%, Exp 2Kk L7227 52 () THEIND.

Calc DL, T wN—2F5 A TdH 5 Interpret O main AV v R LIEE 5:
-~ Interpret. java ~

package Calc;

import java_cup.runtime.x*;
import Calc.*;

import Calc.Absyn.x*;

import java.io.*;

public class Interpret {
public static void main(String args[]) throws Exception {
Yylex 1 = new Yylex(System.in);
parser p = new parser(l) ;
Calc.Absyn.Exp parse_tree = p.pExp() ;
System.out.println(Interpreter.interpret(parse_tree)) ;

17



FEHE A3 System.in 25 /( 6N X FH 2 FHMENITL 1 2155, Z O RICHSUENT 217 > THRESUK
parse_tree #3%. Z DR K% Interpreter 7 7 AD interpret A YV v KiZiE 7.

Interpreter 7 7 A® interpret XV v RN Ti%, [F4f] 2%} H -7z Exp 27 7 AT accept AV v RIZ&->T
ZIFANTE S 5. Cale DFFRERIFBEIEZIR T DT/NNT A—X RIZIE Integer ZHWS. 7z, FlEUTIE
BWEETHERRNOTNIL ATV o2 M2ET. (& BED LS HRIRS 8\ % 7 5 5% Calculator
7T ADEIAAY v R visit TEL. 722 X, BIBMPEAAd 77 ATH o758, TOZ20FEHDORIC
] % accept XV v RTRIFANTE 5o THRSLNT Integer DFERDOFZRAEE T5. 7z, 7z&
ZAE, S EInt 2 7 A TH o6, (Hizic THiH) 75 287%<) o TV A BEHZKAEE 5.
accept AV v RHPMETHINT VWS L ZA T, HTHE—FEC Calculator DA 7V =7 NHEMNEI LT
WBZEIZERLTIELWL. URTASY, ZIFANTE S 57258 T Calculator 7 7 AO visit 2 EEIE XN
5E£51ZoTWVW5,

- Interpreter. java

~

package Calc;
import Calc.Absyn.x*;

public class Interpreter {
public static Integer interpret(Exp e) {

return e.accept(new Calculator(), null) ;

private static class Calculator implements Exp.Visitor<Integer,Object> {

public Integer visit(Calc.Absyn.EAdd p,0bject o) {
Integer a = p.exp_l.accept(this, null);
Integer b = p.exp_2.accept(this, null);
return a + b;

}

public Integer visit(Calc.Absyn.ESub p,0Object o) {
Integer a = p.exp_1l.accept(this, null);
Integer b = p.exp_2.accept(this, null);
return a - b;

}

public Integer visit(Calc.Absyn.EMul p,Object o) {
Integer a = p.exp_1l.accept(this, null);
Integer b = p.exp_2.accept(this, null);
return a * b;

}

public Integer visit(Calc.Absyn.EInt p, Object o) {

return p.integer_;

N\ J

Exp 7 7 A%&MA L2 5 AT, THE] 22 ANDHMAEA Y Y N accept BEEINS. accept D
HTIE, visit AV Y FIZZEDZ IADAT V22 FESY (T7205 Exp 2 7 ADY T2 5 A) LEHMPHES
ns.
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: Elnt

= =1
i i i
M | |
| |
| |
1: apply() : Integer | |
Pr 2: apply() : Integer

|
|
3:appN0:Inmger|
|
|
|

——————= T——————-
|
K ——————— = — — 2 |
|

M2 T—XfEEENEEZR D2 J A Interpreter TEFE L7 EIKE L7 & EIT 243 2Lz DY —7 VA
s Calc/Absyn/EAdd. java ~N
package Calc.Absyn; // Java Package generated by the BNF Converter.
public class EAdd extends Exp {
public final Exp exp_1, exp_2;
/¥ Java DAVANSIIDAY Y RAICIK, V5REERAWVWS. */
public EAdd(Exp pl, Exp p2) { exp_1 = pl; exp_2 = p2; }
public <R,A> R accept(Calc.Absyn.Exp.Visitor<R,A> v, A arg) {
return v.visit(this, arg);
}
public boolean equals(Object o) {
if (this == o) return true;
if (o instanceof Calc.Absyn.EAdd) {
Calc.Absyn.EAdd x = (Calc.Absyn.EAdd)o;
return this.exp_l.equals(x.exp_1) && this.exp_2.equals(x.exp_2);
}
return false;
}
public int hashCode() {
return 37*(this.exp_1.hashCode())+this.exp_2.hashCode();
}
}
NS J

V= v AME HWTHRRBONUEORNEATHS. M31%, XN2+3 2HT 2L EDHRNEZRLTNS.
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: Interpreter . EAdd : EInt : Ent

-
I
| <<create>>

i i

) | I

| _ linew( _ —> : Calculator | |
| |

2: accept(v:Visitor, arg:A) : R | |

|

|

3: visit(p:EAdd, o:Oil)ject) : Integer
<4

4: acceplt(y:Visitor, arg:A) : R

f 5: visit(p:Elnt, o:Object) : Integef

—_—— e e - —_- - - — — >

6: accepft(y:Visitor, arg:A) : R

f 7: visit(p:HInt, 0:Object) : Integef

3 243 ERMAIRLZEEDY—T VAN

7272 U Interpret M4 > A X > AH 5 Interpreter BIFIENEIEH TN H S ITEK L TH B, &b, =&
Z1¥, :Interpreter I Interpreter D1 Y ARV A% EKT.

1

2.

. :Interpreter (Z:Calculator Z{E%. (interprete A v RIiZHB W T new Calculator() TIN%EITD.)
Interpreter 1%, :EAdd 128 LT, accept AV v RZIRFOHT. Zo& EFE -5 1 TEKL
7z:Calculator %759 .

:EAdd 1%, X N 7z:Calculator @ visit AV v REZFOGHET. Z0 & EE—5HIZIZEAAd BS %
9.

:Calculator 1%, :Elnt (23U T, accept AV v RZIEOHT. ZD& EE—F1HUTIk:Calculator HE
23, ZO:EInt FEHDX 21T HEDFEEDT 4 LR THS.

:Elnt 1%, J&X7z:Calculator @ visit AV v NEFOHT. 0L EHE—FIHUIZILEnt HE2ET.
BT, #EHUE 2 2%:Calculator — :Elnt — :Calculator & W S JEIZKH XN 5.

4 Y FE#RZ, :Calculator 1%, :Elnt (23U T, accept XY v F&EIFOHT.

7. 5 LFEKRIZ, :Elnt 1%, X N 7z:Calculator @ visit XV v RZIEOHT. :Elnt 5 5 :Calculator (235

3 AEHEI NG, 5 TRAMINAEEUE 2 & 2 2 THRSNEBEAE 3 O 5 AYRAEHIZ Interpreter
DIRHMEIZ 7 5.

Mava 7O 5 L0V NAIJVERT Java AV A4 5D IV R4id javac THB. /Swr— Cale D

2210)

Interpret.java % 3 V31 )L 5121%, Calc DEENZT 4 L7 MVIZBWVWT

20



$ javac Calc/Interpret.java

ERATT B,
oIty ra gl TO@EY THS .

$ echo "1 + 3 x (4 - 2)" | java Calc/Interpret
7

3.3.2 Haskell D&
A A2 254 4. Haskell D&%, AbsCalc.hs I2BITARET — X B THSEMHEXHRRIHI T WS,
Z DOMBRRE -

data Exp =
EAdd Exp Exp
| ESub Exp Exp
| EMul Exp Exp
| EInt Integer

Z RIS S 2 L TREWRMAIZ25IET 5 ¢
s Interpreter.hs N

module Interpreter where
import AbsCalc

interpret :: Exp -> Integer

interpret x = case x of
EAdd expO exp -> interpret expO + interpret exp
ESub exp0O exp -> interpret expO - interpret exp
EMul expO exp -> interpret expO * interpret exp
EInt n ->n

N J

FyXN—=2 LU TMain EVa—ILE2HETS:

21




Interpret.hs
s p

module Main where

import LexCalc
import ParCalc
import AbsCalc

import Interpreter

import ErrM

main = do
interact calc
putStrLn ""

calc s =
let Ok e = pExp (myLexer s)
in show (interpret e)

-

AVNRANVET S
$ ghc --make Interpret
VTNt y v a VIEUTO®Y THS ¢

$ echo "1 + 3 x (4 - 2)" | ./Interpret
7

333 CoizdE
Mgk e LR 2 T A2 KB T 5.
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-

Absyn.h

#ifndef ABSYN_HEADER
#define ABSYN_HEADER

/* C++ Abstract Syntax Interface generated by the BNF Converter.*x/

[Fxxkxkkxkkkkkkkkkkkk  TypeDef Section skskok ok sk sk ok k sk ok ok sk sk ok kok ok /
typedef int Integer;

typedef char Char;

typedef double Double;

typedef char* String;

typedef char* Ident;

/Fkkkkkkkokkkkkkkkkkkk%  Forward Declarations Kok sk sk ok ok ok ok o o Kok ok ok ok ok ok ok ok /

struct Exp_;
typedef struct Exp_ *Exp;

[FFskkkkokkkkkkkkkkkk  Abstract Syntax Classes Kok kKR KKk KKk koK Kok /
struct Exp_
{
enum { is_EAdd, is_ESub, is_EMul, is_EInt } kind;
union
{
struct { Exp exp_1, exp_2; } eadd_;
struct { Exp exp_1, exp_2; } esub_;
struct { Exp exp_1, exp_2; } emul_;
struct { Integer integer_; } eint_;

}ou;
};

Exp make_EAdd(Exp pO, Exp pl);
Exp make_ESub(Exp p0O, Exp pl);
Exp make_EMul(Exp pO, Exp pl);
Exp make_EInt(Integer pO);

#endif

Mgk e AR T O SN2 BRI TIREL T, ADFHIiZ1T 5 :
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Interpret.h

#ifndef INTERPRET_HEADER_FILE
#define INTERPRET_HEADER_FILE

#include "Absyn.h"

int interpret(Exp p);

#endif

Interpreter.c

#include <stdio.h>
#include <stdlib.h>
#include "Absyn.h"

int interpret(Exp p)

{
switch (p->kind) {
case is_EAdd:
return interpret(p->u.eadd_.exp_1) + interpret(p->u.eadd_.exp_2) ;
case is_ESub:
return interpret(p->u.eadd_.exp_1) - interpret(p->u.eadd_.exp_2) ;
case is_EMul:
return interpret(p->u.eadd_.exp_1) * interpret(p->u.eadd_.exp_2) ;
case is_EInt:
return p->u.eint_.integer_ ;
}
}

24




#include
#include

#include

#include
#include
#include

#include

{

}

}

-

void usage(void) {
printf("usage: Call with one of the following argument combinations:\n");
printf ("\t--help\t\tDisplay this help message.\n");
printf ("\t(no arguments) Evaluate the input from stdin.\n");
printf ("\t(files)\t\tEvaluate the content of files.\n");

int main(int argc, char ** argv)

FILE *input;
Exp parse_tree;
int quiet = O;

char *filename = NULL;

filename = argv[1];
if (filename) {
input = fopen(filename, "r");
if (linput) {
usage();
exit(1);

} else {

input = stdin;

parse_tree = pExp(input);

if (parse_tree) {
printf("%d\n", interpret(parse_tree));
return O;

} else {

return 1;

Interpret.c
i R

<stdio.h>
<stdlib.h>
<string.h>

"Parser.h"
"Printer.h"
"Absyn.h"
"Interpret.h"

AR NETS

$ gcc -g -W -Wall -c Interpreter.c

$ gcc -g -W -Wall -c Interpret.c

$ gcc -g -W -Wall Absyn.o Lexer.o Parser.o Printer.o Interpreter.o Interpret.o -o Interpret

25



#1 Java N1 ha—F

(iEe) B

bipush n | bytefin %7y > 2§53

iadd 2ODEERY TULT, Gt Tyyadd
isub 2ODfEERY TULT, Z%2Tvadd
imul 2ODf%E XY LT, METvrads

oIty a gl TO@EY THS

$ echo "1 + 3 *x (4 - 2)" | ./Interpret
7
3.4 O—NEK

Java N1 b2 — R 24T AR A2FEE TS, £ 112 Calec ZBHERT A DIZHER Java N1 a2 — K%
N

3.41 Java DIFE
a— FAERZITD EER7 7 AFLAND@ED -
public class CodeGenerator {

public static Object compileExp(Exp e) {

return e.accept(new ExpCompiler(), null);

private static class ExpCompiler implements Exp.Visitor<Object,Object> {
public Object visit(Calc.Absyn.EAdd p, Object arg) {
p.exp_1l.accept(this, arg) ;
p.exp_2.accept(this, arg) ;
System.err.println("iadd");

return null;

/¥ ... ZTZIC isub ¥ imul OO—REZERAL ... *x/

public Object visit(Calc.Absyn.EInt p, Object arg) {
System.err.println("bipush " + p.integer_);

return null;

}

27 J A ExpCompiler DD visit &, BIEEETI— NEKEITS.
7 v /X—& LT CodeGenerate 7 7 A ZEK$ 4. (AT CIEM U 7z Interpreter ® 7 v /8 —Td % Inter-
pret % FHE L 72D L [AkR)
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TR XSz ths :

$ echo "1 + 3 x (4 - 2)" | java Calc/CodeGenerate
bipush 1

bipush 3

bipush 4

bipush 2

isub

imul

iadd

ANYRE Ty REMDIAAT jasmin TT YT NTEE, MTFDISICETTES :

$ jasmin Main.j
Generated: Main.class
$ java Main

7

~w X%

.class public Main

.super java/lang/Object

; standard initializer

.method public <init>(QV
aload_0
invokenonvirtual java/lang/Object/<init>()V
return

.end method

.method public static main([Ljava/lang/String;)V
.1limit locals 20
.limit stack 1000 ;

THH, 7v&RIE,

invokestatic runtime/iprint(I)V

return ;
.end method ;

ThH5. ZOMIZ CodeGenerator THEKEN/za— NFE2EAAL., T2 TAT7 Y22 b runtime 13,
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runtime. j
e J

.class public runtime

.super java/lang/Object

; standard initializer

.method public <init>()V
aload_0
invokenonvirtual java/lang/0Object/<init>()V
return

.end method

.method public static iprint(I)V

.limit locals 1

.1limit stack 2
getstatic java/lang/System/out Ljava/io/PrintStream;
iload_0O
invokevirtual java/io/PrintStream/println(I)V
return

.end method

-

LEFZEINTWVWS. Main.class DEFTHIC, runtimej ISV U TEL BENH S,

jasmin runtime.j

3.4.2 Haskell ®i5&
I—FEHEZ T SO0 EELEBIILATO®@Y TH S -
compileExp :: Exp -> State Env ()
compileExp e = case e of
EAdd a b -> do
compileExp a
compileExp b

emit iadd_Instr

EInt i -> emit (bipush_Instr i)

Z DB % CodeGenerator.hs IZHET 5.
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s CodeGenerator.hs

module Main where

import Control.Monad.State
import AbsCalc
import LexCalc
import ParCalc

import AbsCalc
import ErrM

data Env = Env {

code :: [Instruction]

type Instruction = String

compileExp :: Exp -> State Env ()
compileExp e = case e of
EAdd a b -> do
compileExp a
compileExp b
emit iadd_Instr
{- ... UF#m< ... -}
EInt i -> emit (bipush_Instr i)

iadd_Instr, imul_Instr, isub_Instr :: Instruction
iadd_Instr = "iadd"

isub_Instr "isub"

imul_Instr "imul"
bipush_Instr :: Integer -> Instruction

bipush_Instr i = "bipush " ++ show i

emit :: Instruction -> State Env ()

emit i = modify (\s -> s{code = i : code s})

main = do
interact gen
putStrLn ""

gen s =
let Ok e = pExp (myLexer s)

insts = reverse (code (snd (runState (compileExp e) (Env []1))))

in concat (map (++"\n") insts)

-

aIVRAIT B

ghc --make CodeGenerator
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PRDE S 1 ba—RPhahs :

$ echo "1 + 3 * (4 - 2)" | ./CodeGenerator
bipush 1

bipush 3

bipush 4

bipush 2

isub

imul

iadd

4 SFEDIKE — Bims
41 EREOHE
flii¥i7e 7025 3 v 755 Bims S 2 3GHT 5. MUK

n € Num ¥

x € Var =

a € Aexp HFffi

b e BExp 7-—J1X

SeStm X
B LU
S = xz:=a|skip|S1;S2 | if (b) then { S; } else { Sz } | while (b) do { S } | print =
b = a1:a2|a1<a2|—\b1|b1/\b2|(bl)
a == n|atay | ar*as | ar-az | (a1) | x

OB ENEBMREEZS. £2L, - kA XD BEBEIELAEVE TS, T4, b Ab i,
S(by Aby) THAERL (b)) Aby #FF T 5. FEUKGEEICIE, B Z, HEMEB(= {t, ff}), B LOWRE

State = Var — Z

EHWS. XS, A b, B o [T U TCORERBMRENEND S :

(S,5) — & (19)
skEb—p v (20)
ska—q v, (21)

FETIE, & IZRETHY, v, v, BEBBETH S Z LITEELTHRLY. Bims OEKEAZX 4 125R7.
ZIT, HREHOEIIN : Num - Z TH5. print v iFz DEEZRRT .

BE 1. s 2RELT 5. REQTH s[r s 0]

s'(y)

i1
< w

Yo

Y
=R
< <
[N
8 8

LIRBRE S THD.

*8 Basic imperative statements
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skai —qv skas —qv
PLUS 1 a Ul 2 a U2
sk aj+as —q v

where v = v1 + vg

MINUS_® Faip —qv1  shkaz —qv2
sk aj-as —q v

where v = v; — vg

sk air —aq v1 sk as —q v2
MULT - e
sk ai*xas —q v

where v = v1 - vg

PAREN— ST % 2aVl  NUM skpo.v ifAN[n]=v VAR sk —av ifs(@) = v
st (a1) —=av1

E =
BEQUALS-1—SD @1 Ze ¥l 92 7at g, _y,  pQUALS-2— S 9L Fall 92 a2
skar =az —p tt

if v v
sl—a1:a2—>bﬁ 1#2

GREATERTHAN.1—5~ %1 a1 sFaz —avs
skhay <ag —ptt

if v1 < weo

GREATERTHAN.2— 57 @1 Za ¥l @2 —a U
stal <ag —p ff

if v1 £ va

skEb—op tt skb—yp ff
NOT-1——— NOT-2—M———
o sk b=y ff © sk —b—y tt

8|—b1—>b1)1

sk (bl) —p V1

skby —=ptt  skby —ptt sk b; —p ff .
AND-1 AND-2 1,2
skEbi ANba —p tt sk bi Aba = ff 16{7}

PAREN-B

ASN (z:=a,s) = slt—v] where ska—qv SKIP (skip,s) — s

(S1,8) = 8" (S2,8") = s
(S1;52,8) — &

COMP

IF-TRUE (51,9) = &'
(if (b) then { S1 Y else { S2 },s) = &'

ifshbytt

IF-FALSE (52,5) = &
(if (b) then { S1 } else { S2 },s) — &’

ifskb—y ff

WHILE- TRUE (S,s) = s”  (while (b) do { S },s") = & b b
- 1
(while () do{ S },5) — &' B b

WHILE-FALSE (while (b) do { S },s) = s ifskb—y ff

4 Bims OEREH

42 HE

o “FAIfFEMTAR & KESCRRET AR
Bims.cf Z/ERK L T BNFC TH$ % & B\. BNFC ® Tutorial ® Complete grammar for C--72
EHZFICLEI V. Windows BRETIE, T7 4 X THIANTWSE 7 7 (V2T Y R IA VTHET
TNAVYFIZE > TEESITERVWI LITHEELAZI W, SWZ 5 &, BNFC OEFTHIIC, EK
LTEESLZVWTZ 7ANVIZEHAU TEL BEDH 5.

o fRFRZR
BNF CHESfEINT > 7 — %202 LT, Calc ® Interpreter 2% (2, fET 5L B\ .

Bexp 1TSS TRINZEDETFAMIEEZHAS. AL &&, - iEnot (27 3.
Bims O#3 % LBNF Tilik L7z d D& LA NITRT.
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Bims.cf
é M
-- 70433455 Bims @O LBNF Grammar
AR VAN
PDefs. Program ::= [Stm] ;
-- X (statement)
SAsn. Stm ::= Ident ":=" AExp ;
SSkip. Stm ::= "skip"
SIf. Stm ::= "if" u(u BEXP Il)ll "then" u{n [Stl’ll] Il}ll "else" n{u [Stm] u}n;
SWhile. Stm ::= "while" "(" BExp ")" "do" "{" [Stm] "1}";
SPrint. Stm ::= "print" Ident ;
separator Stm ";"
-- IR (Boolean expression)
BEq. BExp ::= AExp "=" AExp ;
BGt. BExp = AExp "<" AExp ;
BNeg. BExp2 ::= "not" BExp3 ;
BAnd. BExp2 ::= BExp2 "&&" BExp3 ;
coercions BExp 3 ;
-- Effi (Arithmetic expression)
APlus. AExpl ::= AExpl "+" AExp2 ;
AMinus. AExpl ::= AExpl "-" AExp2 ;
ATimes. AExp2 ::= AExp2 "x" AExp3 ;
AVar. AExp3 ::= Ident ;
Alnt. AExp3 ::= Integer ;
coercions AExp 3 ;
comment "//" —-— 147XV b
comment "/*" "x/" - #ERITIX Vb
N J
421 Java DIBE
RE&ZIE, BIZE, @8RS (HashMap) %5 & R, FEEHZ2 BIRIZR.

32



.

State. java

package Bims;

import java.util.HashMap;

public class State {

public static HashMap<String,Integer> state ;

State() {
state = new HashMap<String,Integer>();

public static int lookupVar(String id) {
return state.get(id);

}

public static void updateVar(String id, Integer v) {
state.put(id,v);

y

AR, BEEAD S XZ AL LTIY, BHEHOAREBZH NI 28025 X 5.

Java Tl HashMap #L D ffi1X System.out.println iZ X > TEFINTRRINS. XX, LTO
testO1.bims % %47 L TR 5 /KRG

{i=0, x=12}
ERRIND.
testO1.bims
x := 0;
i = 6;

while (not(i = 0)) do {x (= x + i; i := i - 2}

WMIHEA F O not IZ "HEAEFLVEBEEMAYPEGEVWEE L. LA 5T, not(2=3) && (2=3) I,

(not(2=3)) && (2=3) TH Y, not((2=3) && (2=3)) TILA\. Bims &R LTI

if (not(2=3) && (2=3)) then { x := 1 } else { x := 0 }

DEITRERDN {x=0} LB I L 2MERT 2 LR,

a !

test09p.bims

2;

skip;

if (not (a = 2)) then { b

while (not (a < 1)) do { a :=a -1; b := a; print b }

:= 99; print b } else { a := a *x 6 - 7; print a };

PHEKRI NI FOH IR

N W b O
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0

LB L EMERE
AR Java EFE CRETITHO L EDAHDL Y N TH S :

o BREHHARNIS 2 FHIWTHRET D L R,
e 2 DD Integer BlDA 7Y =7 |k al & a2 DI 2 BEUEDL — T 5 2l

al.compareTo(a2) ==
LEM U, al==a2 LM TEDOTIIRVWI LILERT L. al==a2 A7V bal ATV b
a2 L —WTHLEIZHL B,
o CERBRLLIIELD, Java iZid boolean A B 5. fwHEZ KT IZIE, boolean DT v /N7 TR
Boolean Z I\ % & R\ .
¢ LIV aVvIIADA TVl M2V e DT O U TUIELT S 5E, Ik for XEHAWD LR

IR, p.liststm @ Stm BIDEREZ V& D DO L T 21T S A1,
for (Stm s : p.liststm_) {

L5,

4.2.2 Haskell D&
RIER 35 Hi% 7 — 2 & B THONSMED WA, [0, 828 2821075 LB,
REOHG T — X BT 2 A
empty :: State

insert :: Ident -> Integer -> State -> State
mylookup :: Ident -> State -> Maybe Integer

ZZZ 5. empty IFZEDOREE KT, insert x v s id, REs ITEVWTLEE x WMl v ITEH I NREE
#9. mylookup x s &, REs IZBVWTLH x DEVPBEE DTSN T VWS L SR ZDME v % Just v &L
T, £5THRWEAIX, Nothing Y. N5 DHAEDHOBEREZED D Z & THkEED S, TTD x
LT,

mylookup x empty = Nothing
MDD, F72, TRTOx L x LIEEBRDZIARTDx? IZXH LT,

mylookup x (insert x v state) = Just v

mylookup x’ (insert x v state) = mylookup x’ state

NI A RVASN
ZIZTIE, MIZHBEY a—)b Data.Map 2B HIEEHERL 72\, REE TS IR 7 — X B OEEH| %
PLRIZRT.
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~ StateBims.hs ~

module StateBims(State,empty,insert,mylookup) where
import AbsBims

import qualified Data.Map as Map

type State = Map.Map Ident Integer

empty = Map.empty

insert :: Ident -> Integer -> State -> State

insert = Map.insert

mylookup :: Ident -> State -> Maybe Integer
mylookup = Map.lookup

- J
X 21 ZEBT 212, BHEZTMNT 2 720124RE State ZHW S BENH 5.
- Interpreter.hs ®—#f ~N

interpretAExp :: AExp -> State -> Integer

interpretAExp x store = case x of
APlus expO exp -> interpretAExp expO store + interpretAExp exp store
AMinus expO exp -> interpretAExp expO store - interpretAExp exp store
ATimes expO exp -> interpretAExp expO store * interpretAExp exp store
AVar ident -> (case mylookup ident store of Just x -> x)
AInt n ->n

N J
A 20, X 19 HFEBKIZLATOROBRTHEE T 5 -

interpretBExp :: BExp -> State -> Bool
interpretStm :: Stm -> State -> State

X 51T, AFOMBIBEEEZHWS LRV

interpretStms :: [Stm] -> State -> State

interpretProgram :: Program -> State -> State

5 Java {RAE A

Jasmin ® Web < —iZ@4 (Instruction) IZ2DWTDFHMH S (http://jasmin.sourceforge.net/
instructions.html). &K 2 IZEHRNA b I—R%2RT.

il M(e Addr — Z), AXv 2 S, 7RI L5h Y& Ple Addr), TNV 5T KLU ANDOEK
7 € Label — Addr ® 4 DHANSRIREEZFZEZS. BB M X, S20NEZT RLAZH 200X
T—RERT. R M OT RLVAi Oz v THEWMABILE M[i —v] ERTZ&IZT 5. EHHE
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#2 Java N1 ha—F

i) Bl

bipush n bytefin % 7v>ad3

iadd 2ODEERY LT, AiteESvyvad s

isub 2ODEERY TUTC, £ETyvad b

imul 2ODfEERY FLUT, Bix 7y ads

iload i T RUVR TSN TWAIEE Ty > ad b

istore ¢ &Ry 7L, TOMEET RV A IZHEHT 5

goto L Z AV L OAEICHIEZ S

ifeq L xRy U, ZOEP0THERHIET NIV L OMBIZHIHZRET

if_icmpne L

2DODEERY TU, TNSDMEPEL K BWERSIET )V L OAEIZHIEZ2S

if_icmpge L | 2 2Dfli% Ry 7L, 2HBHOMENR Ny TOME LD
KEWHIELVZRSIET RV L OB HIEZ2B T
Al %
(M, S, P,T) — (M,Swv,P+1,71) if M(P)=bipushwv
(M,Svw,P,T) = (M,S.(v+w),P+1,7) if M(P) = iadd
(M,Svw, Pty = (M,S.(vxw),P+1,1) if M(P) = imul
(M, S, P,T) — (M,S.M(3),P+1,7) if M(P)=1iload i
(M,Sv,P,7)y — (M[i—v],S,P+1,71) if M(P) = istore i
(M, S, P, 1) — (M, S,i,T) if M(P)=goto LAT(L)=1
(M,S.0,P,7) — (M,S,i,T) if M(P)=1ifeq LAT(L)=1i
(M,Sv, Py —(M,S,P+1,71) if M(P)=1ifeq LAv#0

THZ%.

5.1 FHERTES & BXMETHRDORERR

BNFC DAS7 714U, RO JavaVM.cf D LI RED2HETIZ LW

JavaVM.cf

e )
PDefs. Program ::= [Inst] ;
ILbl. Inst ::= Ident ":"; -- XN
IBipush. Inst ::= "bipush" Integer ;
/x ... MUF#R< . %/
separator Inst "" ;
comment ";" ; -—— 1fTaAX>v b
N J

5.2 Bims 25 Java /8 N O— RD4ERK

AREITIX, Bims 5D Java N1 I — KDEKZEFTS.

Calc @ CodeGenarate #5512, fEKT 5 & R\ .
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J— RAEMIZIE, BEE Env &5EEFT Loc

Env = Var — Loc
Loc =N

WRETH S, BREIL, BBOLEGHZETOIHNS.

52.1 Java DiFE
.java D—H
s CodeGenerator. java i ~

public State visit(Bims.Absyn.SIf s, State env) {
int label = genlab();
compile(s.bexp_, env);
System.out.println("ifeq false" + label);
env = compile(s.liststm_1, env);
System.out.println("goto true" + label);
System.out.println("false" + label + ":");
env = compile(s.liststm_2, env);
System.out.println("true" + label + ":");

return env;

o J
I—NAERTIE, B2 7 VIERLZHFE2AVWE I LIOEREL. Z0Zt%, LOoa—FITR
genlab() WS AV vy FEHAWTEBL TS, genlab() IHHTIFEN- L & 0 2EL, ZOBIKFIE
NBEEZRIZ L TOREVEREZRELULTWS, FIZIE, ERINZEK S M label IS NZGEIE, TR
iL false3 B LU true3 i 5.

6 EEDIR — BimsT

ARETIE, B L WD RN % 5.
Bims Z{LiRY 5. UIHEXZ, RAISERE/NUEE ThTEd 5.

S = x:=a|skip| S1;S2 | if (b) then { S } else { Sp } | while (b) do { S } | print z |
int z | double x
b == a1=as|a; <ag| by |by Abg | (b1)

n= n|d]|atas | ar*as | ai-as | (a1) |z
RO XARIFEEE RO . T DIITH 5.
BOXIRT, #xEZe (cliZbB UL IFa), MiBEZSNZE ZOROHEIL

I'ke:t

ERINE, XMTDOFT, MXBEZ e Mt2b o2 2K, RN BEMROMOMHRANILL T O®E
DTH5:

I'Fa;:t Thag:t I'Fa;:t Thas:t

if ¢ is int or double if ¢ is int or double

' a1 =as : bool I't a1 < as: bool
I'Eb: bool I'F by :bool Tk by: bool I'Fb: bool
I'+=b: bool '+ b1 Aby : bool '+ () : bool
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I'bn:int I'Fd: double
[ra:t Thay:t if ¢ is int or double Pra:t Thay:t if ¢ is int or double
I'Faj+as i t I'Faj*xag i t
I'kag:t I'kas:t e, . T'ta:t e, .
f f
I —— if ¢ is int or double TF () 1 if ¢ is int or double
I'Fax:t fx:tisinT
XD D E 1%
r-sS=r’
THYH, HHFAHIZLATO@EY TH S -
I'Fax:t

I'Fa:t
I'Fx:=a=T
'S, =1

if ¢ is int or double I'skip=T
I"F Sy =17 T'+b: bool
P|—51;52:>].—w
I'Eb:bool T'FS=T'
I' - while (b) do { S }=T

r-s =1
l'Fintxz =T,z :int

I'ESy=T1"
I'-print z =T

I'Hif (b)) then{ S; }else{ Sy }=T
F'Fax:t

I' - double z = I',x : double

if ¢ is int or double
BIZIE, BMAETEUTOLSICARER T O S AF 2 ETRIIRMT I N TE S,
e 1+3.14 1%,

e EER L TVWAVWERZMBAL TWAEE, LREOIRD R CHRED KL LA\,
6.1 BIDKIA

Java 2BV TIE, BORBUZIZFIZERO 2 H W5 & B
enum Type {
BOOL,

INT,

BREFHNMNEBEERLEDELIATH Y, EEORD N THED AL L.
DOUBLE;
}

7 Web R—IDERK
A=A WA/

=Zh
5. £S5 ULEHLVEE

= e

DWFEHE L, FLWTATT %

BRLAETu s3I0y

=ZH
= AH

=Zh

=N}

AgrzditiLnwsurssIv s
T, MREIA Y ITA AV X—=TVRERHTEZ WD 5.

ERELSIT TV
DELELI—FRRT L X2, V—RAIA—F %X 0—RLTary 1L LTA v

A=V TBDRMHTIERN. AV IA VAV R=T ) ZERTIZIIS LT 0 AFIAETHS. 22
ERITTDHIENTE S Web R—VEEKT 5.
*9 http://docs.oracle.com/javase/jp/6/api/java/lang/Enum.html

38


http://docs.oracle.com/javase/jp/6/api/java/lang/Enum.html

o T0JT I VI EFE Janus DIEIRRD Web X — (http://tetsuo. jp/janus-playground/) H/AHH
INTWVWD. Web R—IY DY —ZA3— FiL https://github.com/mbudde/jana/tree/master/web
IZAENTWS.

o 71T IV EFE R-WHILE OfffR2D Web ~<—2 (http://tetsuo. jp/rwhile-playground/)
BREAINTNSE. Web X—Y DY —Z 32— RiXhttps://github.com/tyoko-dev/rwhile-C-ocaml/
tree/master/web IZAINTWNS.
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