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A Design and Implementation of a Functional-Logic Language
Based on Applicative Term Rewriting Systems

MakoTo HaMANA,T ToMOYUKI NisuiokA,T KoicHI NAKAHARA,T
AART MipDELDORP tt and TETSUO IpA 11

In this paper we introduce a functional logic language Ev that amalgamates functional and
logic languages. The language Ev has both features of functional languages such as higher-
order functions and lazy evaluations, and of logic languages such as logical variables and
nondeterministic computations. The computational model of the languages is based on
applicative term rewriting systems with narrowing calculus called LNC. LNC simulates lazy
narrowing efficiently. We describe in detail the language Ev, its implementation techniques,
syntactic processing and interpreter of programs. The implemented system consists of three
parts: frontend, interpreter, and user-interface. The frontend carries out the syntactic proces-
ses such as applying a layout rule and lifting local definitions similar to lambda-lifting. We
further show that Ev interpreter which is a main part of the system is naturally derived from
LNC.
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: def? L = True
: def? H = True
: def? Undef = False

: makeGatel opl delay = opl_gate
where
opl_gate [] =11

WU WN =

opl_gate ((At tx x):rest) = opl_gate rest
10:  opl_gate ((At tx x):rest) = At (tx+delay) (opl x) :
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: == The argment opl is a unary logical function (e.g. notF).

:- not (def? x) |
(opl_gate rest) :- def? x |

12: -- The argument op2 is a binary logical function (e.g. andF).

13: makeGate2 op2 delay = op2_gate (Undef,Undef)

14: where
15: op2_gate (a,b) [J ws = []
16: op2_gate (a,b) vs []1 = []

:~ not (def? x) |

i~ def? x, not (def? y) |

(op2_gate (x,b) vs ((At ty y):ws)) :- def? x, def? y, tx < ty |

17:

18:  op2_gate (a,b) ((At tx x):vs) ((At ty y):ws)
19: = op2.gate (a,b) vs ((At ty y):vs)

20:

21:  op2_gate (a,b) ((At tx x):vs) ((At ty y):ws)
22: = op2_gate (a,b) ((At tx x):vs) ws

23:

24: op2_gate (a,b) ((At tx x):vs) ((At ty y):ws)
25: = At (tx+delay) (op2 x b) :

26:

27:  op2_gate (a,b) ((At tx x):vs) ((At ty y):ws)
28: = At (tx+delay) (op2 x y) : (op2_gate (x,y) vs ws)

30: op2_gate (a,b) ((At tx x):vs) ((At ty y):ws)
(op2_gate (a,y) ((At tx x):vs) ws) :- def? x, def? y, tx > ty |

31: = At (tyt+delay) (op2 a y) :

:- def? x, def? y, tx == ty |

1 Evick 37— b%2< 0 HTEoRR
Fig. 1 The functions creating logical gates.

* EEEI1EESROZ &,



Vol.36 No.8

BRI oI BC Y — M BB 570 DS 81T
B), AWOBMSHEET S $ TROBSOTH), H
HEREEL, ¥ OHBRZ 2845 (1017H)
Lo 5h,

B #r makeGateR NEE CEHE S N T W»w 3 EHK
opR gate X2 AIDF -t EYIalb =195, 8B
—5180E, HE/FLOANELDON CAHDY — O
7o) BRY, B, BIEEEE, Y~ rDOTO0A
HBETH S, B op2 gate DEH S opl _gate &
Rk, =1E3 2845 (15, 16 7H), o2 (18~22
TH), Hh%mz 285 24~3117H) »oik 5,

1076600555, Evorurss
LIEFHETEEBW IR OEEG L LTERT 5, &HF
FTEEBRZ BB s=6—-C i, & CHBRIT S L E,
SO ENQEBEZBEBIL L E2ERT 3,

Z DA%k makeGatel, makeGatel - T, Eh
3D NOT 7 — » (B# notGate), #h 2 D AND %
— b (B% andGate) 2RO LS LTOL VT
EINTE D,
notF H=L
notF L=H
notGate=makeGatel notH 3

andF L L=L
andF L H=L
andF H x=x
andF L Undef=TUndef
andF Undef x=Undef
andGate=makeGate? andF 2
Effiz, B 1TH2ORZ—1 (B orGate)
EETHIEWTES, ZILTTERY - 2%
AbLET, IHWKREREREDSZIENTE S,
feb ziE, FPMERIROLICERTE S,
sumOf (¢, s)=s
carryOf (¢, s)=c

halifAdder a b= (c, 8)
where d=orGate a b
c=andGate a b
e=notGate ¢
s=andGate d e
RiZ, 2070750 L TCOBMOETERT,
BREOETLE, Bzohlc70/7740bET, 5
ZONEMERIISES X5k, BRFTOEROME
BPROBZETHD, ROTRTIT7LDHET, KD
X REX» SR 2EMEN T, JHREZ] 0 THEm

TRRIZIEE . R T  BIBGREEI SRR ORET L FiE 1899

BEONFDOANCEMH 252, 20H %KD 3
BRTH D BZITHADAN ZBALICLT WS,
?—halfAdder [AtOH, At 9 L]
[At O H, At 9 L]

= =result.
T35 ERDERES,

result=([At 2 H, At 11 L],

(At 3 Undef, At 7 L, At 12 L))

THNEEZ2 TEMERDO S vV —HOH S35
H, B2 7 THOROHEAIN L o722 E2RLT
W3, 20L& BEMIZ, Ev 2ZBMBSEN I T
WA EWZ D,

—H Ev imBEAEEENEEFEO>OT, UTD
Flhicrd &3, BB ERE2ED T, Z0OEK
BEBELENZEERD 2 L, whiHEE Dt
HLWRETH 5. ROEMIX, L0ERMTE Sz
HBEOH 252, ThE2HAT 2 L5 RMERD
AS1ERKDZHDTH S,

?—halfAdder [Attx x, Atty y]
[At O H, At 9 L]
==([At2 1, At 11 L],
[At 3 Undef, At 7 H, At 12 L))
INEHLT, ELIRDATERUHEIRE S,
tx=0, x=H, ty=9, y=L;
EHWMOBELRDZ I LNTESD,
x=0, x=H, ty=9, y=H;
x=0, x=H, ty=n+10, y=H;

IZTnRERTHS, 5. 18Tl 5s k512, Evid
TS HERAERD B0, 0L AR SLHE
WREBZZ L L DB,

3. FABERIERERE Ev

RIEZEFEVIZOWT LI DEL LIRS, Ev DX
WBEARES, BLUZNEELERENCE-T
FEEEINTWD, BRI 5 E i3 CTRS O
XEMIGL T3, FEREL 4.1 TR~ 2 FHikic
&Y, EFEEcEBRING,

31 EX#EX

EvoEA#EXIR2oxETEZS NS, 22T
Var 3EBDES, Con BERTELEEOES, Fun i
BHEESOEET, AVKRLE DD THLET S, Var
& Fun ODEFRITFE/NLED S E 3 3FEH, Con D
BREBERXEDLSIHE 5 LEVTEL,

EWZ R » BD f bt BED, t BEU, e, -,
en BH —VE, e, -, e XML EER, F—FER, &



1900 TERALB S S5k

<

m
g
3

=
METES
WEEs  f

o
m m
o Q
=
53

) lvlelf

i ==1,

IH o
MBER e o
2B
ru=f ot ta=timel, ..
Tuysa p o= {r. ...}

2 Ev OERREX
Fig. 2 Basic syntax of Ev.
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Fig. 3 Structure of Ev system.
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