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end.
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class a has nature b, c; ... end.
class b has nature d, e; ... end.
class ¢ has nature d, f; ... end.
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end.
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afteriopen(Object, ...) :-

=

LW RERNF S EETSE, ZOAV Yy ForenhEELIE, B, P, A% ZONCEH
TEHEIEILRS,

-

EULAYVY FLHTSTFEXO50-ZXF VLoD /S AERICHEEDIESIE, £0
SOT0=-T2HTRLONRUBEXEETIENLEAL, IOREFFELELTTFUES
o,

TEZIIEZNISHERAYV Y FLEZNS8NFOELOTEHES, LEFTHFEYT
AHGIBEFzv 7LEY, EFETHNEREFz v I LEY TSI LE3ERTHS,
FEVEREMELTEITEALOT, FTyAlailt i Aa vy FEEUL #EATal+ 5
T EICRD,

HUEOREI SAHNFEVEERLTWIHE, 2R Y FTORITAFSFMEICRS, ESP
TH, WFE 3RO, BT I#FOEMIZETFEILI, £5 00 RIFAEMEIC
GoaThodBik, MBOBFECVEERLTVWEISAHNE <L L2, FFT o2
FPLTETEhB3 LT ERLTHRD,

- 27—



v . T 47 O B ] 4 GE

PrologizEM e Es&ZTiE0nd T, AnMyas L nwesics
TrkETELG, JOERRIFREOZRNEETHEEOCET Y
LAy Ta BzgeTEessHELTwE, BNICHE AT,
WRICTOMET S s o L il T oo,
EMLETHIAITES.

BSh sy LEERe@Ev D amilanevs/oRMOERERA TS, ESPODw 4O
BTy OMEBEHLEATSEBEERsEERZ LS EHTLL, S S d- vmaEI
FELT-LATEATIEESE, JHheFHuvhil, b2 THIEE (ters

deseription MEBESES T I FLFTED,

(1) FHOEROEA S EESE

ESPy P OESITUTO L2 LRERELTHE,

na=x =) W
when “E =l = L 7| where &3 3 =14

- EIA&RE:

TN E -, BREGLBICEMENEZHA D SProleg T —LTHD, “when” &
EFT=F, “where"t BEI-LFRETNTNATL s F AL TPrologh T=RD E S 4
FOTHL, BMEEL-TEHMTATUIFALTHLY, Blora-xnFEF 82 m
BOEXT, LRI - PBMERYIILLBEDALITERNESATOT &,

So=ZfDT=l, Ay FLRFL O3 RNELEFO—-BRATIOERONT -2 F
TYFL, EMEAOEFLHRYTEL, T3 TI0EHVOEREICESRASH
5. TOBLLERT-LADBEI - LIRS

wRMHESAEF o POd-ARVWLIEITORBROES
A T—-LFREMARLOLENESTLI-LOEMNIZ, RET-LIEERICSE

HF{LLT (DT TESZNT) BN,

wEMAREFAY FIMORE
ERT-LFR Y o-Z0HF ¢ DRELC,
("7 DEE) LHAND,

MAT-LARIO-X - HF s OEH

EEix
X+ Y =} T where add(¥, ¥, 2}
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Key, Data., Lsit, Right].
class binaru_treel has

radd (.. Qtree, Key. Data, Ntras) = 1,
inserti{ftree. Keu, Data., Ntras):

iget_contents(_, Tres, List) := 1,
get{Tree, List, []};

local

tnsert{(), Key, Data, MNtree) := 1,
Ntree = [Hey., Data. (). [1];

insert ({(Key0.,00.L0.30), Key. Data. Htree! :-
Keul > Key. !,
insert{LO., Keu, Data. Left),
Ntree = [KeyO. DO. Left, RO}:

insert((Key0.,D0,L0.,R0). Key. Data, Ntree) :-
Keyl < Key., ',
tnsert (R0, Key. Data. Right),

 Ntree = (Keu0. DO, LO. Right]:

tnsert ((Key0,00.L0.RO), Key. Data. Ntree} :- 1,
Mtree = [KeuO. Data, LO, RO}:
% Update when the same key already exists.

get([]), List. List} := 1,
get({(Key.Data.Laft . Riaght}t, Ligt, Listpy :- 1,
gatilLeft, List, Listl).
Listl = [{Key.DJata] | List2l,
get (Right, List2, Listl):



- B = #binzru_trsel.
8= #binary_tresl

- :addi(B.0].1C.a.T1).
vl= {10.2.,01.01]

?- taddI8.TI.5.b.72).
T2z {10.z2.03. .00 00300

TE}{

?" :add{ElTE N
L Jo0)Y 020, 0300000

Eﬂbﬂ
Ti= (10.a bl

5,
?- :addi{B.73.0.,d.74).
Td= (1C.a.(5.b. (0., 00,00}, 000 0&0.c.00.0701)

?- get_contents(E.T4.L1J.
Ll= (fQ.dY.f5.0)Y.010.a1.7120.21]])

?- :a{.‘d[E-Tihﬂ-E-IEJ'.
TE&= {10.a. (5. b,(0,e. . 0. 03}, 000 {20, c. 00,00}

7- :get_contents(B.TE,L2),
L2= (iC.e). . i5.b}.{10.8).020.2]])

L nFTE R
-~

7- freate(¥binaru_tree2,B).
B= Shinary_tree?

7= tadd(B.10,a). :get_contents(B.L1).
Ll= {[10.a]]

7= tadd(B.5.b)., :get_cantants(B.L2).
L= [{5.B6)},.{10.,2}]

?- iadd(B.20.c}). :get_contante(R.L3).
Li= ((5.,b1.(10.8),020.c7]

?- taddi(B.0.d). :get_contents{B.L4),
Ld= [({O.d). 15, b} . {10.,a),(20.c}])

= iadd(B.0D.8).

7= 'get_contentz{(B.L5).
L= (/0,1 8.0 1 L0.21.{20.21])

— 33 -



(2) #FT =7 bEED RSO Y S L

2 Binary Tree (Bbj=ct version)
X A tree node is an ohiect
x that has four slate: =2u, data, lefi. rizht.
b4 An empty node is wnat kay wvalue is ‘Semoty’.
class binary_tresz has
instance
attribute hey = "Semptuy’.
data.
faft,
rigmti
radd(Bby. Key, [ata) :-
tigoampty(Bbgl. 1,
sef_values(key, Data. B8b,).
create_branch(Obj);
‘add (@b ). Key. Data) :- 1,
insert(0bj'hkey., Key, Data, 8bj);
‘get_contents (@b, List) :- ',
tget(Bby, List. ()0
tgat(Bhj, List, Ligt) :-
tigs_emptyiBbyr,. 1y
rget(Bb), List, Listd) := 1,
iget(Bbj'left., List, Listl),
get_values (Key.Data.,0by),
Listl = [{Key.Data) | ListZ],
tget (Gbs'right, ListZ2., List0):
sis_empty(Gby) i~ ', Bbji'hey = 'Sempty’:

lacal

insert(KeyO., Key, Data., 0bj) :-
Keyd > Way. !,
tadd (Bbjtleft, Key, Datal:
tngert (Keyl, Hey, Data. QL) :-
Keyd ¢ Key, 1,
radd (GBbi'right., Key, Data):
insert{Keyd, Key., Data, Bbjy :- 1!
set_valums (Key., Data. 8bj);

% Update when the szme key already axiste.

set_walues(Key, Data, 8Bby) - 1V,
Bbj'key t= Kay.,
Bb)y!'data = Data:

get_values(8bj'key, Bbj 'data. 0bj)

create_branch(@b ) = 1,
telass_abject (8Rj. Class).
‘newi{llass, Left),
‘newlClass, Right?,
Bhyjtlett r= Laft,
Ghj'right :s Riagnt:

and. — 34 —
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(3) HPl-—F

¥¥ Butput Binary Tree XX

£ The argument "I8" is standard.io object.
class binary_tres has

natura binary_treed:

instance

tmap_tree{fbj. Method, Args) :-
tis_empta b )i 1S

:map_tree(Bbj., Method, Args) = !,
cmap_tree(Bbj!left, Method. Args).
trefute(B8bhj. Mathod, Args). _
imap_tree(8bj'right, Method. Args):

routput (@b I8 = 1,
cputf (10, “Key= ¥q., Data= ¥g¥n",
{8bj'key.0bj!datal }i

and.

7- tnewl{#binary_tree B).
B= Sbinary_tree

?- 1add{B.10.,a).
tadd(B.,5.b).
tadd(B.20.c) .
radd(B.0.d} s
radd(B.0.e).

?- :get.contents(B.L}.
L= [[ﬂ.e]JE-b]r[lU-ﬂ]*{Zﬂ-C]‘]

Y= :greate(d#cstandard.io_window,
[gize{(300.500)), Windowl,
tactivata (Wincow!.
Window= Sstandard_lo_window

?- :map_treef(2,., osutout. (Windowl }.

7- ipreatel(fdstandard_sutput_file,
File, “"ptree.txt™).
File= %standard_output_file

- - ' tput. (F y. Key= 0, Data= e
7 mag_tree(B., outpu 1lel Koy 3 patac s

Key= 10. Data= a
?7- :close_output(Filel. Key= 20. Data= ¢
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M O NXEVOERSE N

class creature has wa Edn
instanece
atiribute live := live; 1 &EEsEy
tis_live(Creature) := !, Creature'live = live:
tdie{Creature) = !, Creature!live = dead:
and.
elass animal has i ¥t
nature creature, locomotive:
end.
class bird has Y
nuture animal, with_wings, lying:
end.
class  pengin  has 55 MN¥E
nature bird, swinging;
instance
tean_{ly(Pengin) = 1, Fail: 2 OMotfzey (@4
end.
class locomotive has W BEfEO»3
tean_move(Qbject);
end.
elass with_wings has I HEH-E
nature flying;
instance
attribute leflt_wing,
right_wing,
Lail_wing:
end,
class flying has N mes
nature locomolive:
instanee
tean_fly(Object):
end.
class [ish  has % o
nature apimal, swimming:
and,

class swimming has HiT
natore  jocomorive:
instanee
tean_swinming(Objoct};
el
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standard _io_window
F as_standard_io_windaow

=
F as_standard_inpbut
L

|
’ L v2_as_esp_parser
| as_standard_sutput
| I with_formatted_output
| L wP_as_esp_unparser
L labeled_sash
| b with_margin
| F with_label
| L with_border
b as_seroll
F as_oulLpul
b as_graphics
b as_markers
F reshape_nocilier
F as_input
R

as_mouse_input
inferior_window
F as_inferior
L hasic_window
|
- axternal
L bare_window
F with_default_mouse
F as_inside
b graphic_primitive
L with_display

()

7 = 7 standard_io_window

Hﬂﬂﬂﬂﬂﬂﬂﬂtuﬂa!iaﬂHa—tﬂwh-aﬂaﬂ.!-la—tiﬂ-lalaﬂa!

A == PERY X ST S e oD O ==

vy
CL

D@ETZ A

-k B I B
B A et
A, del
EHiw e
1=t
Eron il Frte e
HAWAME putl/3
A

A ok
T4

Z M
Fr=-F
o= iLERE
TOEH T EEE

57 e
-9

B BT N s B e i O )
BNEi. dir
T A A EEE
HEETALED
Fo4 2 ETRE
Bt A F2

- SN I - U o
So+TAMIz=—ar—i8x
AT A D
T ARIE
A v A FikfEHTE
- I R I
B by Ao B

=—@REORm

A KR FHESYICLEEL

# =3 inferior window MEH YL, kosSatfikT S,

temporary_window
b as_temporary_window
! F with_souse_sense
| - as_popuo_window
L basic_window

(TS AER)
rlass
paLure

k]

standard_io_window
as_standard_io_window,

FudSy -7AL 2 ET

has

labeled_sash,

as serall,
A%_0OULPUL,
as_graphios,
ag_markers,
reshape_notilier,
as_inputl,
as_mouse_input,
inferior_windaw:
ond .
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ESP 7OV Z L3, UFOLDTENMEATEATED.

- ESaER -- class  end.

sTAO - NN TEE -- macro_bank  end.

-ERTHE == add_operator{ {ENF, ¥4 7, Wi ).
» inciude 2 == includel "TF L NH" ).

#% Operator Definition X%

add-_cperateori{++., fx. &QQ).
add_operator (@, yfx, 600).

X% Macro Defimition %%

macro_-bank my_macro has

tell =2 N+l i~ integeri{X), !;

++X% =3 7 when increment(X.Z):

Vect@N => E  when vector_element (Vect ,N,E):
end.

®% Class Definition Using Macro Bank %%

4 class class_name
" with_macro macro_bank_name has
-4
%
4
z ang.



?- ‘newi{faddl, Macro).
Macro= 3addl

T- Hl= p(X), Bls " { f(++%X) ),
rexpand_clause {Macro., Hl, B1l. MH1. NB1).
Hl= piX)., Bl= f(++X),
NH1= p(X}., NB1= increment (X.A).f{(A), X 2

T- BZ2= “Y{ filesl) ),
‘expand_clause (Macro. head., B2, head. NB2).
B2= f(++2), NB2= #(3)

7= H3= "' p(X.++X) )., B3= #(¥),
‘expand_clause (Macro. H3., B3I, NH3, NE3).

H3= p(X.++X), B3= (¥,

NH3= p({X.A). NB3= #(X).increnent (X,A)

T- Hd= "' p(X.,++N) ), Bé= (%),
‘expand.clauseiMacro, H4, B4. NH4, NEB2),

Hd= p(X.++2), Bd= #{¥%),

NHd= p(X.3), NR4= #(¥)

?" Eﬁz “{ ‘f’f{ﬂ.b-c}il} Jr

cexpans_=zlsuse(Macro, head., 35, h=ad. NB3I;
BEE= flafb.zrd1;,
NEZ= wectoa-_2!lementilatia.ed.rl, B, &:5:
7- BB= ' ZE=la.h.cla(++d) ),

expand.zlausze (Macro, head, 35. “zad, HE&)
BE= ( Z6=alb,c}3 (==X} 3,

MB6= incrementiX,B).
vector_elementi{alb.c).B,T),
unifulZe.l),

— 3G —
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Z Lazy Prime Number Generstor
class primes has

iprimes{_., Psg) :-
naturals(2, Ns), siava(Ns. Ps., Fsz):

lgcai
naturals(MN, [NINsI) ;-

bind_heook(Ns, naturaisiN+1. MNs));

sieve ([(NINs). Ps, [NIPt)) :- primel(N. Ps), I,
bind_hook (Pt, sieveiNs, Ps, Pt)):

sieve([_INs). Ps., Pt) = Pt ¥== ()}, 1,
steve{Ns., Ps, Pt);

sieveal_.,_._) 1= 1;

prime (N, (PI_]) - PP » N, !:
prime(MN, [(PIPs))} :=
N mod P =¥= 0, prime(N, Ps);

end.

T- iprimes{#primes, (X1.X%X2.%371 ).
Xl= 2, X2= 3, X3= §

?- iprimes(#primes, (¥Y1.v2i7) 1,
T 2, ¥1= 2, v2= 3

7- 7 = [(¥Y3.¥4:171).
T1 7. ¥3= £, va= 7
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creature
4
animal plant
CL7) k)|
l
mammal | bird fish
MeEy L = yzst
| | e—
penguin
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class creature has

end.

class animal has
pature creature,
end.

class bird has
naturc animal;

end.

class  penguin  has
nature bird;

class fish has
nature animal;
end.

% bird, animal, creature;

end.



AW DPEE %2 Ak

class creature has

instance

attribute live := live;

% IR ESF (live, dead)

Y HTEDORED

:is_live(Creature) :- I,
Creature!live = live;

Y FE & 0L

:die(Creature) :- !,

Creaturellive := dead;

end.
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L. W5

2. BEE locomotive
BiPEnd 2
running [lying swimming
ED f§X% wkiF 5

class locomotive has

instance
:can_move(Object);
end.
class flying has class swimming has
nature locomotive; nature locomotive;
instance instance
rcan_{ly(Object); rcan_swim(Object);

end. end.
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Bt 2EN = ZEMK

class animal has
nature creature, locomotive;
end.

class bird has
nature animal, flying;

end.

class penguin has
nature bird, swimming;
instance
‘can_fly(Pengin) :- |, fail;
b A2 (BN A —N—=S5 4R

end.

— 4f —



( 54T )

o NYFITFEIN 9

7- new(#penguin, Penguin),
rcan_fly(Penguin),

no

o FIRIN?

7- :new(tthird, Bird),
rean_fly(Bird).

yes

b RNV F N ENTIEAE.

% FIDNYF NI EXTBHN?

7- new(#penguin, P'enguinl),
‘die(Penguinl),

YOS 2Ry ¥ E
W AVABRVA - F TV NTRHA
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AR T TS 2

R (tree) X, 7 — I (node) THEERXNS.

J—K: X —

T — X

D '/r‘:*ﬁ

{ife -

F—ETY—NLTC, F— A BT S,

L. ZRACEHD EUNEWF~EDTF -4 %2,
ABUCIFAD S VARSI NE—EDOT — X 2R

2. FUONE DT — A TR D S 3B



.

F—&T—-RDRT

(10,a), (5,b), (20,c), (0,d)
ZIEICFAT 5.
0 !
key = 10
data= a
O
@
key = D
data= b

OOT !
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key = 20
data= ¢




key =
data= d




node D5 — A e

Node = { Key, Data, Left, Right )
2-tree | () (7 ~L) TEHET.

f&l. Root
Left

(10, a, Left, ()
(5, b, (3, ()

H

I

— 110 al « | [)

AR e R R

1. ReZ B0 auiis). (& UA M)
2. {a,b,e} & Prolog & ’{}' (a,b,e) IBITWVS.
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class binary treel has

radd( , Otree, Key, Data, Ntree) := !,
insert(Otree, Key, Data, Ntree);

:get_contents(_, Tree, List) = !,
get(Tree, List, (]);
local

end.

( AVYY R )
radd( , 0ld tree, Key, Data, "New tree)

(Key,Data) ZiEML =H-tree BT,
Tree OREMEIE () &T 5.

:get_contents(_, Tree, "List)
“AER Tree MARZEY LY.
fEdE {Key,Data} ONFZDURA D,




( EITHRR )

?7- B = ghinary treel.
B= #binary treel

7- radd(B, (], 10, a, T1).
Ti= {10,a,0(),())

?_' :Eldd(B, H; 51 b! B)
T2= {10,a,{5,b,(),0)}),0)}

?7- :add(B, T2, 20, c, T3).
T3= {10,a,({5,b,(),()},{20,c,0),0))}

7- tadd(B, T3, 0, d, T4).
T4= {10,a,({5,b,(0,d,(),00},00},{20,c,0),00})

?- :get_contents(B,T4,L1).
L1= ({0,d},{5,b},{10,a},{20,c})




% Z%-tree (DHF

insert((), Key, Data, Ntree) := |,
Ntree = {Key, Data, (), (J};
% AICHHA

insert({Key0,D0,LO,R0}, Key, Data, Ntree) :-
Key0 ) Key, !,
insert(LO, Key, Data, Left),
Ntree = {Key0, DO, Left, ROJ};

% HICHEA
insert({Key0,D0,L0,R0}, Key, Data, Ntree) :-
KeyO ¢ Key, !,

insert{(RO, Key, Data, Right),
Ntree = {KeyO, DO, LO, Right};

% F—AEIAEURS, A% HIH
insert({Key0,D0,L0,R0}, Key, Data, Ntree) := !,
Ntree = {Key0O, Data, LO, RO};




oo AV RiEs
‘get_contents(_, Tree, List) - |,
get(Tree, List, []);

% Z¥-tree
get((), List, List) := I;

b A, B, AADNHIC tree BEE S,
get({Key,Data,Left,Right), List, List0) :- |,
get(Lef't, List, Listl),
Listl = ({Key,Data) | List2],
get(Right, List2, List0);

( uRgE
get(Tree, "List, Tail)
Tree ONE% List&Tail OFEZI AN E LTET.

ENY AR L:[ME&“£MT1®%
Lo T DONYTER EL,..,En 2%




TV NN OS5 LD

I . node D5 — Xk

@O AAwY « X272 (Key,Data,Left,Right}
= AnOw b key, data, left, right

D 2S5 A I Tk
= A VARADVAFTIH N

. &FEEAE (tadd, :get 72 &) T
AT b (& node) HEICEKE#S.

TV b = F—=X + EE
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key = 10
data= a

(

key =
data= b

o

key
data

SO

— R —

key = 20

data= c




class  binary_trec? has

instance
attribute key = '$empty’ , Y 28—t ree
data,
lel't,
right;

radd(0bj, Key, Data)

rgel_contents(Obj, List)

rget(Obj, List, List0) % H J-tree ONAERTHT
'is_empty(Ob,) % 4¥-tree DF v

local

end.
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( SATHER )

Y- inew(#binary tree2,B).
R= $binary tree?

?- :add(B,10,a), :get_contents(B,L1).
L1= [{10,3]]

7- tadd(B,5,b), :get_contents(B,L2).
L2= ({5,b},{10,a)})

79— :add(B,20,c), :gct_contents(B,L3).
L3= ({5,b},{10,a},({20,c})

?- :add(B,0,d), :get_contents(B,L4),
L4= ({0,d},{5,b},(10,a},{20,c})

?- :add(B,0,e), :get_contents(B,L5).
Lo= [[O,E},[B,b},(10,3],[20,0}]



h

( FAEME (1) )

AV w REFH

radd(0Obj, Key, Data) - |,

insert.(Objlkey, Key, Data, 0Obj);

% AN

insert(KeyO, Key, Data, Obj) :-
KeyO ) Key, !,
tadd(0bj!left, Key, Data);

b AAICHIA

insert(Key0, Key, Data, Obj) -
Key0 < Key, !,
:add(Ob,j!right, Key, Data);

¥ XF—ENE RS, TR B EH

insert(KeyO, Key, Data, Obj) - !,
Obj'key := Key, Objldata := Data;




%

( #ABIE (2) )

ZE-tree DI

:add(0bj, Key, Data) :-

is_emply(0bj), !,
set values(Key, Data, 0Obj),
create branch(0bj);

® F—, 7-HDEYDB
set_values(Key, Data, Obj) = !,
Objlkey = Key,
Objldata := Data;

» EHFEOEEHLLIES
create_branch(Obj) := 1,
‘class object(0bj, Class),
‘new(Class, Left),
‘new(Class, Right),
Objlleft := Left,
Obj!right := Right;

—_FY —



( NEOWHL )

v MENA AR T A A
:get_contents(0bj, List) = 1,
:get(0bj, List, (1);

b HAEAVY R
:get(Obj, List, List) :-
is_empty(Obj), !;
:get(Obj, List, List0) = 1,
:get(Obj!left, List, Listl),
Listl = ({Obj!kcy, Obj!data} | List2],
:get(Obj!right, List2, List0);

y  Ye-tree DF VY
:is_empty(Obj) := !, Objlkey = "$empty’

- 63 —
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(728 AV RIELEN? )

X O —H)LahiE
AT N SF—tree IARTCEZEHET.

O AVJwR
f-tree O LI F-tree [T H 5.

= 1. WEsd, MERE 293935,

2. HEERICEDWNN(F—NN—5 A R)BEEEICT S.



AT MROWE

Reg: @ Z2-tree (leaf) T,
A0 w b data, left, right |ZLA4 !

@ Z-tree PR LU ITFHIT 705 7ou

= ‘Eﬁ@_—ﬁ?ﬁ:% VO BIZ 52235,

75 X empty_tree & binary tree3

= BRI 7 & 2p B,
(Z¥—tree)



key
data

OO i

2O

key = 10
data= a
key = b key = 20
data= b data= c
O O
J—K 41F

2-tree  S51{A



class binary tree2 has
instance
attribute key = $empty’,
data, left, right;

radd(Obj, Key, Data) :-
‘is_empty(Obj), I,
set_values(Key, Data, 0bj),
create_branch(0bj);

add(0bj, Key, Data) :- I,
insert(Obj!key, Key, Data, Obj);

-get_contents(0bj, List) :- 1,
get(0bj, List, ());

‘get(Obj, List, list) :-
“is_empty(Obj), |;

:get(0bj, List, List0) :- I,
get(Obj!left, List, Listl),
Listl = ({Obj!key,Obj!data) | List2),
:get(Objlright, List2, List0);

is_empty(Obj) :- |, Objlkey = '$empty’ ;

end.



— binary_treed



ATV MNROBE  (Bix)

1. Z-tree BV S5 AT 5.
2. 92 92 9

ZDYIT WEEETT.

* DUTERMNDHE

Le>bh 1 —b (root) IFBIZS A3 2.
Zhd, 2—-Y - A AT A EFHZ.
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(kR AT ER )

»75 Z binary_ treel % ik
-add/3, :get_contents/2 ZELYUAD

‘map_tree & :get/3 Z[AEED tree-walk

refute(Object, Method, Args) - X XuhGE
W 1. c:refute(Tree, output, {I0}))
— output(Tree, 10)
9 :refute(Tree, add, {7,f})
= :add(Tree, 7, f)

XA = H
putf (10, "7 A4 —<v N, (28U A B])

= binary trec A7V NAFWVEIREZFFD.
LivL, HAgkiasa TR,

71 —



o 10 IFAEAEL/O ATV H K
class binary tree has

nature binary tree?;
instance
‘map_tree(Obj, Method, Args) :-
ris_empty(Obj), !;

-map_tree(Obj, Method, Args) :- !,
‘map_tree(0Obj!left, Method, Args),
‘refute(Obj, Method, Args),
‘map_tree(Obj!right, Method, Args):

output(Obj,10) :- 1,
tputf (10, "Key= \q, Data= \q\n”,
(Obj!key,Obj!data) );

end.

_?2_



H A )

TA R

9- :create(#standard_io window,
(size(300,500)], Window),

ractivate(Window).

Window= $standard_io_window
79— :map_tree(B, oulput, {Window) ).

T77 A

9- :create(#standard_output file,
l'ile, "btree.txt”).

File= $standard_output_file
9- :map_tree(B, output, (File} ).

7- :close_output(File).

— 73 -



SN

S N Xy I A
AT :gett (10, Term) :gete(10, Code)
Hi ‘putt(I0, Term) :pute(I0, Code)

( FAMLEHD )
putf (10, "7 4 —<w N”)
putf (10, "7 4 —<w N, Arg list)

\a X—L, \¢ XFEa-—R
\b  ZEp \n 47
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( »5 A binary_tree2 )

9 FeADHERLAD

create_branch(Obj) = !,
.class_object(Ubi, Class), 9 kAR

-new(Class, Lelt), .
— & #hinary tree2

new(Class, Right),
lelt,

1l

Obj!tleft

Obj'right = Kight;

1



BRSO Es B/ WNYA T 7,

¥—, F—xH AN 7Rk Ty N
7o~ A O O
¥ f# O O
A 1 O X
B = Iy O X
ARU O O
ATy | O O
AEYU IH AV | AR HRMEUA AAY T BHHB
MR WINW=F VW | ATz MNMEH
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ESP7ay b

- H G AERR class 4B7 has  end.

- O YR macro_bank Z@i has  end.

B ES add_operator( HETF, A A7, ML ).
» include 3 include( "7 7 A NWA" ).

Zhd EHBEEAR =0



T OINY G

macro _bank #4f7 has
( nature (k&2 < i) ; )
{ (=705 )
( local { (A—HNWViREERH) ) )

end.

7 OES

(INH =) =) (BHE)
( when  (&Epd— L3 )
[ where {(FEIT—)LF]) )
(- (RRAZAE) )

BIAE, ROESICEHIND.

ONA—) =) (EEI-—)F])
(BRI ,
(Fagr 3 — )u%1)




% HETES %%
addﬂcperator(++, fx, 600).
add_operator(@, yi'x, 600).

%% < TNV D b

macro_bank my_macro has

X =) X+ o integer(X), 1

++YX =) Z when increment(X,Z);

Vect@N =) E when vuctor_element(ﬂect,N,E);
end.

wy 5 AGESE b

y  class class_nanme

% with macro macro_bank_name has
?'rla - & ®
% end.



++X =) Z when increment(X,Z);

Mis ++N =) unify(M, ++N) P VAT LES
=) increment(N,Z), unify(M,Z)

+X =) X+1 - integer(X), !;

z?hﬁ%
++X =) Z :- integer(X), I, 1nerement(X Z)

M is ++2 =) unify(M, ++2)
=) unify(M, 3)

VecttN =) E when vector_element(Vect,N,E);

E = {a,b,c}@ =) unify(E, {a,b,c}@1)
‘ =) vector_element({a,b,c}, 1, 4),
unify(E,A)

- aﬂ.._



9- :new(#my_macro, Macro).

9- :expand_clause(Macro,
Head, Body, New_head; New_body).

BRI FRBHER
( Head :- Body ) =) ( New_head :- New_body )

w1, p(X) = f(+4X);
=} p(X) :- increment(X,4), f(a);

w3, p(X, ++X) = f(X):
=) p(X,4) - f(X), increment(X,A);

e, =1 = {(a,b,c}@(++X);
=) unify(Z, {a,b,c}@(++X));
=) increment(X,A), unify(Z, {a,b,c}@4);
=} increment(X,A),
vector_element({a,b,c},A,B), unify(Z,B);



NA YR+ 7v7% (bind_hook)

@ - .., bind_hook(X, p(X,Y)), q(Z), X = a, ..

R X AMHEDN A BEET
L "p(X,Y)" BEITTS.

= ..y C_I(E): X = dy p(HrY)1 .




% lazy Prime Number Generator

class primes has
cprimes(_, Ps) -
naturals(2, Ns), sieve(Ns, Ps, Ps);
local
naturals(N, (N|Ns)) -
bind_hook(Ns, naturals(N+1, Ns));

sieve((N|Ns), Ps, (N|Pt)) :- prime(N, Ps), !,
bind_hook(Pt, sieve(Ns, Ps, Pt));

sieve({_|Ns), Ps, Pt) i= Pt \== 3, !,
sieve(Ns, Ps, Pt);

sieve(_, , ) = 13

prime(N, (P|_)) = P*P YN, !

prime(N, (P|Ps]) -
N mod P =\= 0, prime(N, Ps);

end.



?- :primes(#primes, (X1,X2,X3) ).
X1= 2, X2= 3, X3= 5

- :primes(#primes, (Y1,Y2[T) ).
Yl= 2, Y2= 3, T 7

=T = (¥3,Y4]T1).
¥3= 5, Y4= 7, T1 ?

— 84 —



{ WREEDEWK )

:primes(_, "Ps) — B DK
Ps: DV A B

naturals(N, “Ns) - IR D AR
N: E A
Ns: N PAEOEREDU X B

sieve(Ns, "Ps, 7PL) — 35U
Pt: FEBONTRNWER
—#% Y, Ps = (P1,P2,..,Pn| Pt]
(P1,P2,..,Pn: BREICAFSHNE=HRED

prime(N, Ps) -— FRDOF v
N: B
Ps: DU A B




%% (X) TERHIL =1
:~ :primes(#primes, [X])
:— naturals(2, Nsl), sieve(Nsl, (X), (X))
clause : naturals(N, [N|Ns)) :-
bind_hook(Ns, naturals(N+1,Ns))

— Nsl= [2|Ns2),
bind hook(Ns2, naturals(3,Ns2)) -+ hookl

‘= hookl(Ns2), sieve((2|Ns2), (X, (X))
clause-1: sieve((N|Ns), Ps, (N|Pt)) :— prime(N, Ps),
|, bind_hook(Pt, sieve(Ns,Ps,Pt))
— N= 2, Ns= Ns2, Ps=(X)=(N|Pt)=(2|Pt} .. X= 2, Pt= ()
= Pt= (J &4V, bind_hook IFEIEITZNB.

:— hookl(Ns2), sieve(Ns2, (2], ())
clause-1: EB3FED unify VLR
clause-2 : #3518 \== () A%
clause-3: Fixh

= hook1(Ns2), X= 2 T#T




|

I
I

I
I

= (X|T) THEH U=

— —
—— m— e E—
e anmpe——__————_—
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