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We embed Miranda programs which are typical functional programs into UL
programs based on the theory of generalized logic programs(GLP theory). We
explain execution of Miranda programs by unification mechanism in UL. This does
not mean that we implement Miranda interpreter using UL, but we show a new
approach to integrate functional programs and logic programs.

In functional programs, there are some important ideas(i.e. higher order func-
tion, lazy evaluation and type checking mechanism). In this paper, we discuss exe-
cution mechanism of higher order function and lazy evaluation in Miranda programs

and in UL programs through some example programs.
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Miranda | #7 7z 7 F D& l [

x *x”(Form *{ . *a) [x:Frm *f. *a]
Bz *x~(Function *f) [x:Fun *{], *{
3 €l *x"(Number *num) | [x:Num *num)]
A *x~(Infinite) {x:Inf]

HMH *x~(True) [x:Tru]

Bl *x~(False) [x:Fls]

nil *x~(Nil) [x:Nil]

cons *x”(Cons *a *d) [x:Cns *a *d]
Fo b3 | *x"(Dot *s *e *i) [x:Dot *s *e *i]
ZF & | *x*(ZF "1 *0) [x:ZF *1 *f]
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(Num *n) (Frm *f . *a) (Num *n))
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=77 AT HBEECH D, T/, MEEeid, Miranda
Tu7 T AT HBEETH S, Bk o
TiZ 431 TH L BB,

Number 7 Y= 7 bAlEDL=T 4 r—a
i, ES =T 7 A RGBS T 50 72,
Number 7 ¥z b & Form A7 V=7 D1
=7 45—Yavid, #3Ee/2 ICL > TForm 7

Sxy b RH L, FOBEE Number #7 Yz
I FBLZT 7 AAEETH S L ZHII L, Number
AT s VB

4.3 UL NDIEHIAH
CDOHEITIE.
o HRICL BZEH
o HIEBERE A ) —1L
o FybXR&ZF X
o EEFESHifi
oWV T, HORADITHEE . EEROEDHALE]
R T
4.3.1 HFRULIER

UL ~DE AR DIAKERREIX. Miranda @
WoTVANELFNET ULDFT V2 b IT
G S 4, Miranda 8 2%ERICL 2EHEE.
MEEeNEHICEEMI LI L TH B, HlLIE, B
T? Miranda 735 J A
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foo x y = bar (plus x y)

ZOBHERE., UL TH,
o fBH Form 77V 7 b {Frm foo *x *y]

o GlA Form A7 ¥z 2 + [Frm bar [Frm plus
*x *y]]
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(as (& [Frm foo *x *y]
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& %\ id [Frm Foo *x *y]

&l B, [Frm Foo *x *y] d A ) (b3 Tna T
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foldr MTEF (Miranda)
foldr op z = aux op z
aux DT (Miranda)
auxop z [] = z

aux op z (a:d) = op a (aux op z x)

foldr DEF (UL)
Cy:(as (€ [Frm [Frm foldr *op] *z]
[Frm [Frm aux*op] *z])
aux NDEH (UL)
Cs:(as (¢ [Frm [Frm [Frm aux *op] *z] [Nil]]

*2))
Cs:(as (€ [Frm [Frm [Frm aux *op] *z]
[Cns *a *x]]
[Frm [Frm *op *a)
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*1)

THb,

foldr plus 0 {10,20]” D ZE4TiZ. Number 3 7
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(unify [Num *result]
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[Frm foldr plus [Num 0]
[Lst [Num 10] [Num 20]]]
A on
[Frm aux plus [Num 0]
[Lst [Num 10] [Num 20]]]
4 Cs
[Frm plus [Num 10]
[Frm aux plus [Num 0]
[Lst [Num 20]]]]
4 Cs
[Frm plus
{Num 10}
[Frm plus [Num 20]
[Frm aux plus [Num 0] [Nil]]]]
4Cs
{Frm plus [Num 10]
[Frm plus [Num 20] [Num 0]]]
il :
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[Dot [Num 0] [Num 10} [Num 1]]
{Dot {Num 1] [Inf] {Num 2]]

Wi b,
T, 1 D EOBKT 2 OEBTEVWYAME
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[x |x <=[1..]; oddp %]
THHH, UL T,
[ZF {Dot [Num 0] [Inf] [Num 1]] [Frm oddp]]
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Box 2 TESRVH0O LYV REVEZEILEZS
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Dot 7V xz2bb&Cons A7 Vb
=74 5—avoflEiRT.

C7:(unify [Cns *car *cdr]
[Dot {Num 1} {Num 10] {Num 3}])
4
[Cns [Num 1]
[Dot [Num 4] [Num 10] [Num 3]}]

IF #7 Jz2 b Cons A7V b DL
T 45— a rHEERBIE, Dot AT/ V27 b
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T 40— a vOB%ERT . mod2Gt0 « mod3Gt0
PENFNERDOL X, 2 TEH- Y0 DL
DLE,3TEARYVPOULEDEEERRD
B (xtiey AlEhe) £ T A &

(unify [Cns *car *cdr]
[ZF
[ZF [Dot [Num 2] {Inf] [Num 1]]
[Frm mod2Gt0]]

[Frm mod3Gt0]])
4
[Cns [Num 5]
[zF
[ZF [Dot [Num 6] [Inf] [Num 1]]
[Frm mod2Gt0]]
[Frm mod3Gt0]})

ZoflTcit, ZEN T 4)VF mod2Gt0 . mod3Gt0
BT A EAOOER [Num 5] F TEBRDFHA
OO, 227 45—V a YEEHT b
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primes NDEF (Miranda)

primes = sieve [2..]

sieve DIEE (Miranda)

sieve(a:d) = a:sieve [x <-d; x mod a > 0]

primes DTEF (UL)
Cs:(as (€ [Frm primes]
[Frm sieve
[Dot [Num 2] [Inf] [Num 1]}1})
sieve DIE#R (UL)
Co:(as (€ [Frm sieve [Cns *a *d]]
[Cns *a
[Frm

sieve

[ZF *d [Frm modNGt0 *a]]]]))

S Z T, modNGt0 i3 25|18 n. x% &Y. x%n
TE| o7z DA 0 BLbo & & EIT2 5 BB (KX
o3 % ikEEe) TH b,

FEHHIDEEIE Cons 7 Y227 + & Form
7Yz 2 b [Frm primes] £ NDL=T 45— a Y

Clo:(unify [Cns *1st *rest] [Frm primes])
o TUThebitb, £LT..

(unify [Cns *1st *rest] [Frm primes])



| prime DFEH (Cs)
(unify [Cns *1st *rest]
[Frm sieve
[Dot [Num 2] [Inf] [Num 1]]])
 sieve DEH (Cy)
(unify [Cns *1st *rest)
{Cns
[Num 2]
[Frm
sieve
[ZF
[Dot [Num 3] [Inf} [Num 1]]
[Frm modNGt0 [Num 2]]]]])
Y
*1st=[Num 2]
*rest=[Frm sieve
(zZF |
[Dot [Num 3] [Inf] [Num 1]]
[Frm modNGt0 [Num 2]]]]

b, .
T REFIOSE S % Ko b2t

C11:(unify [Cns*1st
[Cns *2nd
[Cns *3rd *rest]]]
[Frm primes})

RBLZT A4~ arEFRAEEY, FLT,
CDAZT £ =3 vid,

*1st = [Num 2]
*2nd = [Num 3]
*3rd = [Num 5)
*rest = [Frm sieve
V43
[zZF
[ZF
[Dot {Num 6] [Inf] [Num 1]]
{Frm ModNGt0 [Num 2]]]
[Frm ModNGt0 [Num 3]]}
[Frm ModNGt0 [Num 5]]]]]]

t&?‘(&wj—]&o
oI, EEFNDMERFKD B 729124, Cons F
TV DT 45—V a v e iEEifR

Vo MU HHF % FRT 5 k58 print Primes’
EEETRT
FEONETRT BIREE
C12:(as (printPrimes [Cns *prime *rest])
(print *prime)
(printPrimes *reét))

T LT, BEEME U (printPrimes [Frm primes])
K& - T, i

[Num 2]
[Num 3]
[Num 5]
[Num 7]
[Num 11]

DL IEBPFRREND,

ST, LTHHALAE Cons 37 ¥ 22 F & Form
7722+ [Frm Primes]| D=7 4~ a v
Clok CpHll W TEZ THhB, EDHIT, *rest A%
(Frm sieve .| 0¥ £ ¢, #HLl LEHE (RiEen
B L) D5EA TWE WS E5bir b, COT &
X, UL Tit.

o A7 P2y bEEDIZ T4l —Yavitlo

TEEDEAL,
o TLT, 2274 —Va VICLERFE (0
FREDIRL L) 72597 bh B 2 &
EERL TS, 23D A7 V22 b D=7 4
=¥ a3 YLk 5T, Miranda 1284 5 EBIESH
DAAZXLEBFATEDLDTH S,

5 #E

WE| 4.3 4EI TR L RBF % FRT ks
printPrimes’ DWW TEZ Th D, ZDEEIE,
BB SR L RBAUSEOMEDBIL 25T b,
T OMEFE. WEEFHE L

(printPrimes [Frm primes))

W& > TREBFIEMETRT 50 ZOEHIT

(as (printPrimes [Cns *prime *rest])
(print *prime)
(printPrimes *rest))



THY), BEDOUL7US56THS, LrL.
Cons A7V b & Form A7 V7 bz
TAr—vavEERELTBLILET, Form 37
Yz 7 b [Frm Prime] BREF D 2 b %K T
BoLHIEE->TVE, ZDL S, UL T,
Miranda # 7 V2 7 P 288AT A & T, HRER
BiEOBMART, BRICBERHRS C L2 TE
H5DTh5,

BBRIERE R EHTRE/MetRA 28
S DFIFEHSH 5 [14][15)[17) 0 £ DE i, SRR
# (equationallogic)[16] IZ% DHEZAFEME % BV
Tk, COEXREL., EROFEF s A
CHERC, FXOMETEAT S LT, BEE
B mBASELME/HELLIELTV S,

Chix LT, UL/GLP #7 /7 a—Fit, #7
V1t (BFRER) * EHICERTE 2848 H
CHREL. WET 0S5 AORATREESHEL
B EFEOMEET 2> T,

$/:. UL/GLP OF 7 V2 7 bid, BIZBIHE
B L RBEAEEOMED ST HEN TR
VBB O F MRS T -5 BRERET 2
bNOThH b, B2, BEESHELSIRE CBE
S BODHFRILT T 7 H# (graph reduction)
HEO 2H D, Thix, Fsrq (10 + 20)° % BHEH
RIETHRT 2 BE.

sqr (10 + 20) = (10 + 20) x (10 + 20)
= 30 x (10 + 20)
= 30 x 30
= 900

E%oT, (10 + 20) DEMED 2 BT b, FhE
BEVDT,

sqr (10 +20) => ( Ix I) 1 (10 + 20)

= (ex4) 30

DEIT I 7EBT(0 + 20 %3LF L.

REITIFHETH D, 79 7HHFEIL. —EiC

IR ORBE L E 2 5 1TV 325, Miranda 7

TV P BALALUL TR, 7urySatkT

CORFLEHTE, FHL2AERYHEET LS

e, BRI CHERTI CLITE S,
HEESQR’ %

{as (SQR *xx *sqr)
(times *xx *xx *sqr))

(as (times [x:Num *x] [y:Num *y] [z:Num *z])
(:=*z (x *x *y))) j*z = *x x *y ZEH

EEHE L. BEEITH L
(SQR. [Frm plus [Num 10] [Num 20]] *result)
1T &

(SQR [Frm plus [Num 10] [Num 20]] *result)
U (1)’SQR’ DEHE
*xx=[Frm plus [Num 10] [Num 20]]
*restult=*sqr
{ (2)’times’ D EH
*xx=*x=[Num 30]
*a=30
4 (3)’times’ NDFEZE
*y=*xx=*x=[Num 30)
*b=30
4 (4)*c=*ax*b FHE
*¢=900
*z=*sqr="*restult=[Num 900]

(2) Thxx & DAL= T4 —2avildoT
[Frm plus [Num 10] [Num 20]] 255t S,
*xx=*x=[Num 30] &% 5, €L T, (3) THxx
¥y DAZT A5 —2a v BT BN, (2) T
*xx=[Num 30] &% >Tv%® T, [Frm plus
[Num 10] [Num 20]}] @& E&ITHh 372,
*y=*xx=*x=[Num 30] &% 3,

AFwIX TiE. Miranda 7° 5 UL ~DEDIALIC
DWTERR T o7, LT,

e Miranda 7 V= 7 } D#A (4.1588)

e ENIA=T Ay —a v DER

* Miranda 707 5 ACHIET 2 ibEhe 0 E#

& 5T, Miradna 7155 AH UL IZHEHDAD
5T E%RLE, #LT,

e AT VLIV DAZT A= a itk 5T
Miranda DT (EREBISREIESTH) AS3508
T&5Z &



o BOAAPEBIEE
ZoTwbhbI kb

& A

o IV PIlLoTF—
EnrCl

%%?E L7

5 DFREVERT

6 HHYIC

Miranda 7 945 AD UL ~NEDIAAE B I 2>
T2o 51, BE LD o7 — & Mt S &
VBRI OV TOHRELITE I LEEL T
bo F7m, WA A Miranda 705 5 A 2 BE
VERHR D UL a3 w84 S Tav N4 v, FOE
TEHR CLOVTERR TR ) FETH S,

4E47% o7z Miranda 2> 5 DAL & [10](11]
TH#HE U7z Lisp 8 & UF Smalltalk-80 2> 5 D
Rai, BEOB4RT 7S I VT EES,H UL
~DEDAH DTS RET 56D TH D L%
CRTWA, 7o, FRRIC, BERMIICIE, ThET
EU/‘? Kb Er 5B hebo & usSI VI E

DI, UL DB TH D GLP OB, ##
—E@ﬁ.,ﬁi% b THEEERT OO THL LE
Zbhd,
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