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010

KL1 00

KL10OOOODOOO Guarded Horn Clauses[5] D00 O0O000O00, 0000000000000
gbooobo,ooboboobobobooboobooobooboobooboboobobooboboon
000000000000 b000L0,00D000000DO000O0 JODOo0OO0DLOODOODOOOO
000,000000000.6)00000 KL1 OODODOOOODOO,00000000000000
gboooobgo.

1.1 0000

KLl 0ooooOoOoOoOoOOoOoOooOoooouooooooooooooooooooooooooo

googoooboobooboob,obbooboobo0oboobbobbobboob. ooo
g,oogobooobooboobobobooboboobbobbobbob. oo,00b0o0bobbob
00000000 (b00D00O000000) 000000000000, D00O00DLOOUO0D0Oo0oOO
gobooobooooooboobo,bobbobuoobobobooboob,bboobooboobon
gbooooboooobooooooobo,obobooboooboobobbobb. bboob,0bobbob
gooogboooobooboooboboooboobobooboboobo,ooboboobobnoo
goboobobooboboobobooboobobooboboobobooboOo,o0boboo
O0.000,KL100000000000000 LispO000QOOO0OD0OO0OO0OOOOOOO.

gooooobdoo, bogboboooooobbooboo,booobboobDboobboboo
gobooboboboboooboobo. boobo,0boobobooboobobboobbobon
00000000, 0000000000000D0O0 (OO0 OSOOLOUODbDOOOUOD) DO
go.

goobgobooboobooboooobobobob,. boob,0bbo0b0bO00b0Oo0bOo0On
gooooobooo,bbooboboooboobbooboobobboooboobboo. booo,
googoboboobobooboboobooboboobobooo,boobobooboboo
gooooooo,b0cooobooboooobooboooooooboooobDobobOob. Ooo,0b00
googbooooboobooobobooobuoobob,oboboobobooboboobobnoo
gboooboooobo,bbooooooobooboboboobobboooboobobb,bo0obobobon
0. 0oooobooobooboboo0obbo. bbb ooboboboobOo0oboobDOobbOOoDbo
o000, 000000000,00000000D0000O0D00O0DODO0O0OD (DODDOOOO
00o00ob0oO00)00ob00O0O0b0,0000b0OUoooOooog.

KLl 00DoODoooooooooooooooooooooooooooooooooo. oogo
gobooobobooboboobobooobooboobb. ooboobbobobooboobooboon,
goooooooboooobooooooooboobooboobooo,0obooboobobo0booboooD
goooboobooobo. ooboboobobuoobooboobDoobobDoobOoboobOo. oo



0000000000000 000000000000oO,00000000000000000
goooooooa.

0000 KLl oooooooOo,0000oooooooooooooooooooooooo. o
gbooobobooboboobobooboobobooboboboobooboboobobo,boboo
gboooooboooooooooooooooobooooooooboobbbo. obobooobOobOoo
gobooobooboobobo,0o0obooboobuoobobboobobbobooboobL,bobon
gbooboboobobooboboobobobobon.

1.2 O0O00O0OOOOoOon
OO0 KLlooooooooooooooooooooooooooog.
1.2.1 0O00O0ODOOOOOOOOOOn
000 KLloooooooooo,0oooooooououoo,oooooooooooo.

ocooooooo

0000ooo KLl oooooooooo,0o00 0,1 00000000000D0000000O0O
g.gboboooboboooboobog.

1}
(o3

not(In, Out):- In

0 | Out
not(In, Out):- In 1

| Out

goooobooooooo,ooog:
e 0 not 000U 0 InO 00000, 0000 OutO 1000
e U0 not0000O0 In0O 10000,0000 OutO 00O0O

000.0000000000000 (clause) 0O00,KL1ODOOODODODOOOOODOOODO.

0000000D0000D000 “not(In, Out)” O, 000000 not 00O0O0DOODOODOO,
ooooQ0Oo0, 00000000000 In, Owt OOO0O0OO0OOOOOOO. OODOOOOOOOO
(head) 0DD. 000OO0DO0OOD KL1OODOOODOOOOODOODOOOOODOOOOD,0000000
gbo,b00boboobobooboboboobobobobon.

0ooooo -2 00,00 (“1”?)00000000 (guard) D0OD. OODOO0ODOOODOODO
gbooobgoboooboobobooobg.

0000,000000 («<.”) 000000 (body)y DOO0. DODODDODODOODODOODOOODOODO
goooboobobobooo. bobooboobobooboob,00ob0o0obobooobObOobOon
ooooonD “ouwt = 1” 0000000O0O0O.

gbooobobo

KLICOODODOOoOoDOooooooooooooooo,000oo0oooooooooooon
goboobob.booboboobobooboobog.

:- module main.

main :- not(1l, X), io:outstream([print(X),nl]).

1}
[l

not(In, Out):- In = 0 | Out
not(In, Out):- In = 1 | Out

l0ooooooooooooooo.



00000, 00d00d00000oo0000o000UUo00000o0o0UUD. OO0 main OO0
gooobobooboooboboooooOo.bo0obo et 000000 OOobOOODOOOOO, 00000
0000,00000000000. OO0O0OD0O0 iooutstream 0000000, 00000000
gbooobobooboboon.

0000 not00O0ODO 10 XOODOO. OO 10000000 1000.KL1OOOoooooo
0000o0o0ooU0d. ogoooooUdoooooUUoooooOU0oUUDooUO Xooz2000040
goooog.

gobooboooboob,netdbobooobOobooboboobonbog.

1. 01000 mhO0O0O0O0O0O0O0ODOO0OO0OO0OO0O0OO0 100000, D0ODO, 000000000
0,000000000000D00000 “In=0"0000000,000000 “In =170
gobooboo. oob,0obooboobooo.

2.00000000,0000000000. 000000200 Owt(0OOODOODOODOO
000000 XO0UOOooOUoooUooo)ooo oooOoooQg (“Out = 07).

. 0boooouoooboo,oboooboooog.

0000000,000000 X000 0000000 0,0000000,0000000000
gooooooooog.?

KL1 OOOO ¢ 0000000000000000000000000. 0000000000
0000000000000, 000000000000000000 000000 10000000
Ooo. KL1 0OO0OO0O00O00000000000,0000000000000000000000
0,00000000000000000000.

000O000O0O0O0O0OD 000000,000000000 1000.

gboogoobogooboo

000000000000 000O0OO0 “In =070 “0wt = 1"0000,00 (“”)00000OO
000000000D000000000 (unification) 000. ODO00O0ODO0OOO0OD, 000000

oooooooooooo,00000ooooog “e00000,00000000 “°? 0000
00,000000000000000O000. COOOOOO00O0O “=="0 “» 000000000
ooo.

goooooooooooobo boooobooboobooobobOob0ooOoOobOoDbO, boboobooon
gbobobodooobooooobooooo. bobooboooooobooobooooboooooobao
00000000 (passive unification) 00 0000. 00000 “In=0"00 In0 000000
gooooooooo.

goobooobboobbob ooobbooobOooOoobbOoOobbOOobLDb, D0o0bDbbOOoOon
000000000000, 0000000D000000 (active unification) 0O0OO00OO. DOOO
O “uwt =1 00,0000000000000 Ouwt0O0O0 100000000D000O000O, 000
gobooboboobobbobobboboob.

00000000000
000000000000,0000000000000000
0oo(00o,..) :-000 | 000.
0000000000000000000.

000: 0000 (000)000000 (000)000

2000000,000000000000000000000000.
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O0: J0000000o0o0oooo0oooooUooooUooooUO0. KLlooooooood
goboooooooboooo,0coboboooobooboboobobobboobooboob. Doo
gooooboooboooooobo,obbobbobooboob0oobDboobDbuooDb. obo
COautoOODODOOOO.

goob: Jogboobooboboo. boobooooboobooooboooobOo,bobb00ooboOoDbo
goooboooboooobboo0o. booobooobooboboooob,obobooo,
gobobooobobooboobooobooobobooboobog.

goo: Jogobooboobobooobo. bbb ooboooobooboobo,b00bo
ggoooobooboboo. bobooboboobooboobo,obbo,0boobbo
goboboooboooon.

KL1OOOOOO0OOOOoO,00DO0OO00OoO00ooooo0o00 (built-in predicates) O, 0000
000000000000 00 (user-defined predicates) 0000 O0O0O.

goododoobbobobbodooooodobbobbobbdodUUbLUbDbbbUob,oUUoL O
O0000oo0o0o00 KLl oooooooooooooooooo. oooooooooo,0o000d
000 “¢rue” O0OD0. O0OO0OO0OOODOOODOOOO (DDDDDD),DDDDDDDDDDDDDD
O (no operation) 0O O0DOO.

gooooboboobooboooo, bbb boobD0oobDboobboOo,obboboo
I A A DDDDDDDDDDDDDDDDDDDDDDDD,3DDDDD
0000 (0bO00bO0O00000D)0D00O0000O00DO0O0ODO0ODOD. 0DO0ODOOODOD KL1
goooooooooooo.

oooo,00,00000

000000 (D0ob0)0L00DO0000,00000DLD0DO00O0DO0ODO0ODOODOOOOO
00000. 0 1.1 0000000000000000000400000000000000,000
googoooooooobooooboooooboobo 1000000, bboobooboboboobooo
0000000000000 00000000 “rue” 0000000000000O0O0OOO. OO
000,000000000000 “4rue” 000000000000 (reduction) 000000000
.

goooboooooboboooobooooobooooboboboUob. bobobooboobobobooDbo
goo,0oboboobg.

KLl ooooooooooooooooooooooUo. boogoouooooooooo, oo
goooooobooo, ogboobobbooooboobbooobbbooobboobob. DOoo
KLioooooooo.

goooooooooooobobooo,oboboobooo0obOobooobobOobooboOoDbOoDbo
go.

main :- not(1, X), not(X, Y), io:outstream([print(Y),nl]).

00000oDoooo0,XO00000o0o00d net 0000000DDODOO0OODODODOOOOO.

KLl 0OOoO,000oooodooooooooooooooooouooooooo,ooooogo
ooooooooooooo.s

O0,00000 “net(1,X)” 00000000O00OCOODOO. 01000 1000,02000
XOOOooOoOoOo. 0o XO0oooooooOoo “net(X,Y)’00 1000000000, OOO

00000, 00000000000000.

4000000000000, 000000000.

SKL1 0000000000000000000000000000000000000.

SJoo00000000000000, 000000000000, 00,00000000000000000000000
goo,0000000000000.



obooooboooon

011 KLiooooo

00000001000 000DO0OO000O0DO. 0D0DO0,00000000000 YO 10000, O
oooo,0o0Ddooooooooo,Xoo0,YO 1000d.

000000000 00oo00oDoO0O. DO00000000 “not(X,Y)” ODOOUOOOOODO
O00.000,0100 X00000000000000,00 not00D0O000OO0OOOOODOOO
000000 In=00 In=1 00,0000 InOO0O0O0O0OD0OOOO0OOOOOOOO. COOOOOOO
oooobobo,00o0obodboobobL. bobooUbo, bbb oobbooboo.
00000000 (suspension) 0O0O.

ggoodooobobobobobbboodo, oL bbbbb0dldUU U LU, Dobn o
000000000000 XO0O0O 00000.0000000000000000000 10000
godoo,obobobobbobotoodooon. Db, bbb UoUbLbo. bobob oo
000oo0ooo0ooooooo, 00 In=0 000000, YOOO10000. 00000 KL1O
gooobooooo,bobooobobooon.

goboboooooooooo.

e JOUODOODODOODOD
e JOUODDOODODOLOODODDLDODODDODOODO

KL1 OOOODOOO (ifthen-else 000000) 000000000000 DOO0O0DOOO0OOOODOOO
0.000000000000DO,00000000D0O00 (DOODDOLOOOD)0D0DO,0000000
gooooOoQoQoOoQoOoOoUOULDULOULOUUL. KLl opooooooooooooopoooo, o
oooooooooO0oUooooooOooUoOo,0oooo0gooooo. oo, KLigoooood
gboooboboobobobooboboboboobobooboboobobobooobo.

ooooooooogo

000 KLl ooooooooooooooooo,0000000ooo0oooooooooooon
gbooobooboo,bobooboboobog.

000000000 ? DoU0O0UUDU0DODO0ODODOOOOOOOO,0D0000C00O0OO0O0. KL1 OO
00000,0000000000000000000000D0000D00000D0O000O0DOOOQ.”
000000000 00000000000000.8 00000, 000 KLl oOoOooooo,ooO

‘0000000000000000,0000000000000.
00,0000000000000000000000000,00000000000000000000O0O0000000
goooooooooOoooOoOooo,0000000000000000O0O000,00000000000O0000O0A0O.
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gobooboboooboboobobooboobob,0bo0obo0oboboobobooboboo
goooooobooooboooo.

0000oooooo0? 00O0DO0DU0OOO0O0OODODOO, 0000000000 0ODOO, 0000000
O. 000000000 not O “not(3, X)? O0O0O0O0ODOODODOODOOOOOOODDO. OO0OO0OO
000000000 (failure) DO0,000000000000.

0000o0ooooooooo, 0000000 00o0oO000o0ooDoo00ooDoOo0O0? OOOOd
gooooooooboo, obbooobbbooobb. bboboooobbooob, ooobobooo
gooooooboo,oobooboooooo.

1.2.2 0O000O0OOOOOOOO

000000000 KLioooo,00o0o00ooooooooooo.

Oo0ooooo KL1

o00o00o0odooo0oUoooooooo0oooooooooog, KLl oooooogo. KLl o
goooooooooobo,00b0o0oboboooboob,b00oboboboboboobobOoOobOoDbo
goo. ooobgooboobobooboobobDoobooboboob,bobooobDbUobOon
gbooobob.booboboobobooboboobooboo.

ooo0ooOd KL1

000000000000000000000000,KL1000000000000.°2 0000
gbooobobooobooo.

000000 KL1OOOOUOOD 0000 (nondeterminacy) 000. 000OO0OO0,00000
goboobobobobooobooooobobooboo,boboboobo0o. boboobbOobOon
gbooobobooboooboobo. oobooboboobooboboo,0bobboobbobon
0000000, D00o00o0000O00000O00000ODO0000D (DoboooO0,000) 0
000000, KL1ooooooooooooooooD (Doooobob0o,000b000000o
0)OOooOO,00000000O00ODO0OO0DOOODO.

Oo0oooooo KL1

Prolog 0 KL1 00 KL1OOOOOOO,0000000000000000000 Prolog O
goboobobobo. boobobooboobobooboobob,boobobboobbobon
00000ooo0o0oDoooo00. 000, 0000000000000, KL1 0O PrologDO0OO
O000O0o0oOoooOoooooo. Prologd, 00000000000, 000000000ODOOCOOO
0000000000000 O0000000000.M 00,KL1 00000000000 o, 0000
gooobooboboooobooboo. oobobbobooboboobLo,ob00obDbUobOon
OooooooOd,KL1ooo PrologOODOOOOOOOODO.

0000000000 KL1  Concurrent Prolog[3], Parlog[2], Guarded Horn Clauses (GHC) OO
0,00000000000,0000000000000000. KL1OOOO committed choice O
00000000000 ooooooooooOoOOOO0O0OO0OO0OL0OO GHCOUOO,ooOooood
0000000 FlatGHCOOOOODODOOOOOOOOOODOO.

000000000,00000000 Lisp00000000,000000000.

opopoo00000000000,0000000000000000000000. Prolog (00000000000000
0O0)0 KL10O,000000000000000000000000000.

1gpo,000000000.



ooooooooood KLt

KLl 0Ooooooooooouoooooo. oo, KLl ooooooooooooooooooo
gooooooboo,oooobbooboobuoobooboo,0oboobbooboOoboobOon
000Uo0oOoQ0. D00o0ooo0U00o0oooU0UUooooUUooooUoUooDoO,00ooooD KLl g
gooooooobo.0oobooboooboboooboooboooobog.

1.3 00O0oOooooo

oooooooo,00000000DO0OD0 0,1 0000000000000 OO. KL1OOOO
0000000000000 0. 0000 KLl ooooooooooooooooooooooo,
goooog.

1.3.1 0O0O0OO0

KLiooooooooo coooooooooooooooooooooo,oooooooo. o
goobobooboboooooooooobooobooooooooobb. boboboooDOoDbOoo
gboooboboobobooboboobobbooobog.

gbooboobooobaon

goooooooboooo, bbobooboooboboobobobooobobobooobOoo.
0000000Dooo0o0oooo, 000000000000 o0ooo0o0oo0ooDooo0. KLloood
gboooboboboboooboobooboobo,0oboboboobobo. oobobboobbobon
goooo,boooooobocoboboobooboon.

gooo,obbooobooooboooboboobooobooboooboobboobboon, o
gooooooo. 00000, 00000000D00000000UOO0LOOOOL. Uogoo, o
goooboobobobooobuo. boobooboboo,oboboobDoobobooobDbOoDbOon
gboo,0oboboobobooboboo. oboboobobbobobbobOobboDb.

goboooooooob,0oobobobobooooooboboooDL. Dooooobobo
goooo,0boobbooboooobboobb. ooboobooobbooobbobobooo.
gobooboooboobooboobooboboooboo,0boboo0boobo,b00boobobobon
gooooooo.

gooooon

KLl 0ooOoOoOoOoOUooOooOUoUoooooooooooooo. oooooooooooDooooo
goooo,0ooboboooob0oooobobooboob,b0ooboobobobobooboboo0obOoDbo
O000.000000 PrologD LispOOQdoon.

gobobgooboobooboo. bobobbooboobooboobooboob,0ob0booboon
0000000000000 0000,00000000000000000000000.*%2 oa,
gobooobooobooboobo,b0obooboobobobooboobobobobboob,bbon
gbooboboobobooobag.

O00ooooo,COwion 000000000000 0ODOO0OOOOOOOOOOOOODO
O000O0ooooO0d, Adad genericpackage 0000000000 OO0OODO,00000COOO
gbooobooobooobooooobooobooboobooboobooboobooooo.

goooo,ooooboobob,ooboboobobooboboobo,boobobnooo
ug. oboobo,o0booboobooboooboobobo,bobboobooboobobbob
Oo00oO0o0oO0O0. Doo AlI0DO0O0OOO0OO0ODOODOO0O0O0O0OO0 LispOO0OOODOOOOOOOOOO

1200000000000 0000000000000O,00000000000.



goo. oo,bbobobobbobbobbobobobobobobobob,0b0o0oboobobbon
goooooobooooboooo.

1.3.2 0O00OO0ODOOOOO

ooooooboobo, bbooooobo, bbooobobboooobbOobOooooooo.
KLIC 000o0o0ooooooooooooo, 000000000 0ooooo, 0000oooooo
gboobobooboboobo,boobobooboboob.

gooao

KL1oOoooooo LispO000000,000000000000000O0,000000000. O
goog,oobooboobobobbob,obooboobooboobo0o. bobbobboo
gbooobobooboon.

0000000 Edinburgh Prolog 00000000000, 000000000O.

e JIIDDODOODUUL,00D00UUOD “2?D0O0O00O0UO.OODO0O “pit”, “pim”, “an_Atom”
oo.
e JIOD (7“2 “ “=’00)0000000O. D000 “”, “=-"00.
e J0UI0OUUO “?”0O00OULOOLUOUUUL. DODL,0000DODOODODOOODOODO
0.0000 “Hello world’”, “’?’quoted’’’” ODO.
e JOUDUD.OOOOO v, %> “[1”000O0.
ooooo

000000,0000000000000 (00DO0000OO000OO0O000)0000 (“3”, “-15”
00). 100320000000000KLICOOODO 220000000000, 000000 —227
0022 —-100,100640000000 60000000 —2%002% —-100000.

000000000000, 000000000000000000000000000 (built-in
predicates) 0000 000. 00000000000 0000O00000,000000000000
00000. 00,000000,0000,00000000000000000000000000
ooooag.

00D0000D000000000000 “?,“” “<? “="0000.0000 “X=<Y 00X
0YOODODO,000 YODOOOOOOOO.0O0,0000000 “:="0 “\="0000.

00000000000000000000000000000000000000000, 000
oooooo.

max(X, Y, Z) (=X > Y | Z = X.
max(X, Y, Z) (- X =< Y | Z =Y.

000000000 XOYOOOOOoOOo,00000000000000. 000000ooo, o
000000000 0O0O0D0D0D00D0D00,00000000000000000. 000000000
J00000000000000O0O0O0o0oOoo. D00000000000oo X0 YOooooo
0000000000000000000, 0000000000000

0000000000000000000000000 (“”?, “7, “” «/7 “mod”) 000000
ooooo “="0000,0000000000000000. 13

0000000000000 000000000D000D0DDD000000000nononoo

sum(X, Y, Z) :- true | Z := X + V.

000000,0000000 “rue” 00000000 DOO000O,000000000.
Oo0,KLICooooooooooooooooooooooooo.

¥Jpooo0000000OD,d000,00000,00000000,00000000000.
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0l2 000000000000

1.3.3 000O0ObOOOoOon

00000000000, 00000000000000000000000000. KL1 0000
0000000000O000000O0,00000000.1

00000 00000000000, 0000000000, 000 (“)o00D0D00O0O0O0DO0DO0
000000000000, 0D00o00o0 (9”) 000000000, 0000 “a(,e)”0, 0
00 a, 000 b0 cOO0O0OO0OO0O0O0O0O0OOOCO. DODODODODOOOOOO,0D00000O0O
ooooo. 0000 “f(gla,b),h(e))” 0000 f,000000000000O0O0O0O0O00OO
goboboooboooon.

000 00000000000000000000000. 0000000 Lisp0000 car, cdr O
00. 000000000 (40 ¢’) 000 car, cdr 000000 (41”) 000000000
0.0000 “[alb]” 0 car 0000 a,cdr 0000 bOOOOD00O0D0OO0OO0DO.

gobooobooboobobooooobobbobooobo,b0bbobboobboboboobooba
000000. 00000000000 00. D000 carD000ODODOO,cdr 0000000,
go0ooo0ooooUooooU0n0 “[I’0000C00U0D0OO0O0O0O,000D00 a, bO0OOO
000 “[al[pI[1]]”? 0,0000000000000000000DOO0ODODO (0 1.2).000
0000oooo0oooooooooooooooo,00n0 “la,p]” 00000D0OO.

gboogoobobo

gboooboobodooobooodboooooobobobooobobooo,obobobooboobn
00000000000.00000000000000001%® (incomplete data structure) 00 0.

O0o000oO000o0000oooooooonD, 00000oooo0. oooo “lalX]” O car
0000 a,cdr 0 XOOOOOOODDOOODOOODDOOODOOODDO.

goooooooooooob,b0b0ooboo0ob0obooooboo0ooobobo0ooooobobo
. cobocooboboooboooobooobooboooooboob. bob, b0bo0bOobo0obOobbooon
0000000000, 00000000. 0000000000 KL1ooOooooooOoooooo
goooooobooooboooooooo,ooobobobooboooboobobooboooboon.

gbooobobooboooon

gooooo, boboooooboboooboooooboooooobooobobbooo, bbobo
gboooboooooboobooboooo.

goooobooboobooob oboboooboobooboboo,b0bobboboobooboo, o
gbooobobooboboboboobboboon.

1. 00000000DbO0bOO0oO0Oo00o0,oboooobooUooDooDoOo,0b0ob0oDOoDbDOoD
gobobooo.oboboooboobooobooo.

MKLIC 0000000000000 0000000000000000000.00000000000 generic object 00
0ooOo0oOo0O0oOoOoOooooo.
Sngooooooooooooog.



2.000000000 (D00DDOOO)0OD0OD0O0O0OO,000000000ODOD. 000O0ODO
gboooooooo,00booboooooo.

goooooboobooboooo,o0obboooboooboobL, boobDboobbooo
oo0o00.0000,0000000000 100000000000 car0 edr0,0 2,0 300
gooooooboooobooooboooo.

carcdr(Cons,Car,Cdr) :- Cons=[X|Y] | Car=X, Cdr=Y.

goboooboboobboo ooobbbooboooboboobbooo,bbbo0ooobboon
gooobobobooo,obobooboboobooboboobL0. boobobooobobUobOon
gboooboboobg,bbobobboboobobooobg.

l. 000o0oooocoooo0ooooodo,0b0obc0o0ooocoooobcOo,o00obob000oon
ooooDooOo0. oooooobooOoooooobooooooooon.

2. 000000000 (DOQDQOO0OL0)00OU0ODOO,D00D00O0OOODOO.

goooobo, booboobboooobbooooobooooboooobDoooobLb b, DoOoo
gbooobobooobobooo.

o000 KLl oooooouooooooooo. Dooooooooooooooooooooo
O0000oooo00 KLl ooooooooo. 00oooooooooooooooooooog
gboooobobo,oboboobobooboboob.

1.34 00O

gobobobooboobobo,0oboboobobooboboboob.

oooooooocooooooobocooooo

gobooobooobooobooboobooboobooboobobobboobob,0booobooo
gobogooboo,booooobooboobooboobooboobooboo. booobo,bboOob
goooogoooo

not(In, Out) :- In =1 | Out = 0.
goooo
not(1, Out) :- true | Out = 0.

gooooo.
00 100000000000000,00000000O0000O00 (DOO0ODO0O0D) D000
gboooog,ooaon

same(X, Y, R) :- X =Y | R = same.
goooa
same (X, X, R) :- true | R = same.

O,000000000b0 200b000b000D0O0OOD.
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000 true OO0

gooboboboboob,0obbobobbobobbo tweb0bO0OO0OODOO,D0D0O0O0O
gooooboboooboooobooboboobuoobobobo. o000, boobobobobOon

not(1, Out) :- Out = O.

gooooog.
oooooooo,dddno true0 0000, 00000000000 “.->000000000OO
gbooobo.bobd:

one(1) :- true.
goooo
one(1).

goooobgo.

14 0O0O0OOOOOOOOOO

00000 KL1O0OoOoOooOooOoOoOoOooooD. 0000,KL10000o0oOooo0o0oO (process)
00000000000000D (stream) 0000000000 0O0OODOOOOOODOOODOO. OO
0000000000000 Shapiro 0000000 OO0DOODODOODOO [4, 000000000
gobogobobooboboobobooboobobooboboobooboob,booboboo
goooooooboooo.

1.4.1 0000

0oO0oo,KLloooooooooOOoooOo (boo)bLOOoOOOO0. D00, 0D00D000D
goboooboooboob,booo0obbooboobuooboboboooboob,boobooboobon
gbooobobooboboobobo.oobobooboboobobooboboobooboo.

KL10oooooo

o0o0o0000o0obO0O0O00000O0ObO000O0DoOD,(D0b0bbObOO)0oooDooDoooD
gooooooboooobooobo. obob,0b0oboboboooo,oobbobbboboUbUobo
gooooooooo

count_down(0).
count_down(N) :- N>0 | M:=N-1, count_down(M).

goooboooooboooon.

oooO0o “N:=N-1”000000000000000000000O0O0. D000 ooo,KL1O
gogoooooboobooboooooooob,0booobooooboooooobOob0ob0. o0 -1 00
goooboboobob,mbodb vObOooboobOooboobooboo.

Oo0o0o0o0o0o0oO “M:=N-1”,000000000000004, “count_down(M)” OO O OODOO
0000ooo0ooooo0o. KLl 0ooooooooooooooooooooooooo,oo00d
goboooboboboboobo. boobooboboobooboboobooboboo,0boon
000000000 0. 000,00 countdown 00000000000, 000000000000
gooobobobooo,oboboobobooboobobo. boob0oobooboooboboDbOon
g,0ooboobooboboobobooboboon.

goooobooooboobooobooooooobobooobooboobobL,0bobb0boboooboooo,
goobooobooboooobooobbooboooboooboboo0oboo. bbbbooboooDbOboOoo
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0000 0o0D00000000,00000000000000000000000, KL10O0O
cooooooocooooo,00o0o0bc0o0ooooobo,0c0oooooobcoOooon.

gooooog
goobobooobobooobob,ooboboobobobobooboboobobooo.

sum([],PSum,Sum) :- Sum=PSum.

sum( [One |Rest] ,PSum,Sum) :- NewPSum:=PSum+One, sum(Rest,NewPSum,Sum).

sum(List,Sum) :- sum(List,0,Sum).

goboooboooobobooobooobb. bboo sum OOOOOOO, 0D00O0D0O0OO.
KLl oooooooooooooooooooooooooo. ooooooooo, 0coooooon
000000o0O00ooo0oUoOo0ooOooooUooooo.

gooooooobo0oo0o 3po0oUobO,OD0b0U000DO0ODODDO. oDbooboOobOooo
g,0b1g0bdodbdobboobootbUoo, 020000 boobDUoOoo,o30bOoo
000o0oU0oooo0o0oooo0. 00000, 0000000000000 0000UDOO0O 20000
gooooooo,obobooboobobbbob. oo, oo bUobooboobo,bbobbobo
One 00,00 One00 200 PSum 000 NewPSum 000, 00000000000 Rest OO
O00oo0O0,000000o00,00o0ooooao.

oooodooO0oDobOOo2000000000000000O000DO0,000DO0DO0O00DO oOOO
gogooobo,bbbooodobboboboooobbbboooobLb,obbboooag.

goooobooo,20000000000DO,0000DO00OO0ODOOODOODODOOO,D0DO
gdo0oobooOoobOoOobO0ooOOoobOOob0. OobOobOOoobOoob,00b0ob0O0o0bD100D00
0000o000oo0ooO00, 0000000000000 UoO0O0. UooO, 000000000
D[]DD[]DD[]DD[]D,D[]DD[]DD[]DD[]DD[]DD[]DD.” gob,0boobooog
00o0ooooo (PSum) 0,000000000000O0O0OOOOOOOOOOO.OODO,000
000000o0o00oo0oUooOoo0,00000oooUoooooo.

00000 KLl ooooooooooooooooooooooooooooooooo,ooo
gogoooooodooooboobobootooodn. bbb, bbb b o
gogoooog.

ooooooo
DD[]DD[]DD[]wD[]DD[]DD[]DD[]DD[]DD[]DD[]D,D[]DD[]DD[]D.
naturals(N,M,List) :- N>=M | List=[].
naturals(N,M,List) :- N<M | List=[N|Rest], N1:=N+1, naturals(Ni,M,Rest).
naturals(M,List) :- naturals(0,M,List).

oboboooooobobo200000b00b0ooobDOob0Oo,o0Dobo0oobobDo30oboobooDboo

goooo.
goooooooooooooobo,01b0b0b00ooOo,b200000000D0DODO

gooooooooboOo,030b000bD0b0oo0b0. DoobOo,0100002000D00000C

K11 00000000000000000000000,000000000000000000000000000000
ooood.

10000000000 00000000000000000000000000000000. 00000000000000
00,00000000000000000000000000000. 000 KL1OOOOOOOODODOO00DO00ooooO
0000000000. 000000000000000000000000, 00000000000000000000000
0000000000, 000000000000000000d.

80goo o0O0O0DODOOOO.
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go,0o0ooooboooooo,00b0ooobo0ob0. oboo,b10oboooOoooOo,b100bO
gooooooobooboooboo,0obobooboooboobo1booooboboboobbobobooboboOoD 2
gbooobobooobooooboobooboobobobobobL,oobobooD.
gooobooooboooooboobooobooooboooo,3oboobobogbDo oo ooo,
goooooooboooboooboooooooobooobooobog,oooboboboooboooo.
googod,boobooboobooob,ooboobooo,obo,bboobboobog, b
000000000 (Dboobooo)yoooog.

1.4.2 OO0OOODODO

gooobooobooboobobooboboob,0obooboboobobboobobobob.

ooooooon

goooooboobobooboob,boobbooboobDboob, bobDbboobboboo
gboogoboooobooooogobo. oobo,0oboboobboboboboboobooboo,obobob
goooobooooboooobooo,booboboooboboobooooo.

sum_up_to(N,Sum) :- naturals(lN,List), sum(List,Sum).

00000000000 List000000000000000000, naturals 00000000 sum
gboboobooboobg.
gobobobooboobooooooboooboooooobooobo,booobobobooobooo. 2
00000 sum 000000 D00DO0O00O, List 0000000000000 O000O,3000000
Usum 00oobo. O0OO0oo0bOoobooboobobbobobooboobooboooboo,bob
goooooobooooboooo.
gbo,b0o0booboboobobooboboobobbobooboong.

naturals(N,M,List) :- N>=M | List=[].
naturals(N,M,List) :- N<M | List=[N|Rest], N1:=N+1, naturals(Ni,M,Rest).

gogoooooo,ooooooooooooboooooboL, b0b,00D00DO0DbODbDODO
gobooobobbo. boobobooboobobooboobobooboobobo,bbobon
gbooobobobobooobooboobo. oobobooboobobooboo,bboobbobon
00000000000 0000000 edr 000 Rest 0, 00000000000 ODOODOOO
gobooobooooogo,boooboobooboboobbo. oo, obbobboobbobbobbon
gbooooboboooboobobooooobobouooO0. 00,00 car, OODODOOOOOD
gooooooboo,0b0boobooboo1l10o0o0oboOoDbOo,000bOb0ObDOoOoDOo.
gbooboobooboobooooboooboo 3ot sum OO0, 0booooooobooOog.

sum_up_to(N,Sum) :- naturals(N,List), sum(List,Sum).

00 natwrals 0000000000000 0OD0O0O0O0OOOOOOOO, 000000 (DDODOOOO
0000000000)000000,0000000000. 00000 car (000000 OneOO
ooo0)0 o000O0OO0O0O0O0OO. 02000 PSumOOOO0 0DOOOOOOOOOOOO,
0000000000000 oO0O00OoO00o0O0O0o00. 000 0400000000, naturals OO0
oooooooooOoOoooooooOooooooooOooooooo.

0000000000000 000. 00 naturals 0000 100000000000000 Rest
oooooooocO0oO0. ooo,00000000of ssm0O00O0O0O0O0O0OO0OCOOOOOOOOO,
Oo0oO0ooOoo0oO0o0ODO0OO0O0O0000. OO0 Rest O naturals 0 sum 0000000000000
00000000000, naturals 0000000000000, 000 sum 00000000000
naturals 00 000000000000 000O0. 0000 naturals 0000000000, sum OO
oooooooooooon.
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naturals ey 2,1,0 — sum

013000000000

00000,00000000000000000000000, 00000000000000O0
00000, 000000,KLl 0000000000000, 000000000000000000
000000, naturals 0000000000 sum O0000000000000. 0O00O0DOO
gooooooooooooo.te

ooooooon

00000000000 0000, 00 naturals 00000000000 O0OODOODOOO, OO
sum JO00O0O00Oo0OoooooooboobobOo,o0boobobo0. bbooboobbooobobooobo
gooooooboooooooooooboooboobobooboooobooo.

goboobooboob,b0bo0boboooboobobobobbob00ob0o0bOo0ob. ODo0d nat-
wrals 0000000000000 OOOOODO, 0000 sum 0OO00OOOOOODOOODOOOOOO
oooooboOoo0o0Oo (0 1.3). b000b00o0000bD0O0OLO, 0000000 DOOoDDOOOODO.

goboboooboboobboobooobboodob. 0D cacr DOODDOODOODODOODOO
O,cdr 0000000000O0O0.000O0CD QO,00000000000000O,000000
goooboobooooooboo. joboobobooboobobooboobL,0DobDbobOon
gbooboooboboobboobooobooboboobboobo,bboobbooboooboon,
00000000000000000000.00000000000000 (stream) 000, 20

0000000000000 000000000000D00000 (message) 000000000
O. 000, naturals 00000000 sumO0O0O000OQOQOQOOOO,000000OOO, 00004,
goooooooooooboboobooo.

gooooon

gooboboobooboobobooobob,bobobbobobboobobobobooboboobg,
gboobobooboooooooobooobooooooooooobogoooooobogooooD. go
gooogboooobobooobobooobo,bobooboboobobooboboobobnoo
gooo.

000000000 D00000O0O0DO0O000,0000D00DD (state) ODODOODODOOOO
oo0oooo0oUdUd. ogopoooooooo, PSym OO000OD0O0OOOOODOOO, 0000000
gboooboooo.

goooooboooboobooboboboboob. ooboobo,0bbob0booboooboon
gbooobobooboobobooobob,oobobooobg.

counter(Stream) :- counter(Stream,0).

counter([],Count).

counter([up|Stream],Count) :— New:=Count+1, counter(Stream,New).

¥0poooo0o,000000000000000000,0000000000000000000000000CO00
goo0.00o0o000o000o0o0o0boo0o0o0o00ooOo0o0oO00o0o0o0oOoO0o0oO00o0oO00.
2gpoooo000000000O0O0000o,00000000000000000,00000000000000000.
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counter([down|Stream] ,Count) :- New:=Count-1, counter(Stream,New).

gooooooboboobooogo,b200b00oo0oooo0bo0obOoOobOOobOO0. Oobo
O00,000uw,down 0000000000000 000DOOOO0OOOOOODOOOOODOO
ooo00,00000000000000. 00000 KLl oooooooooooooooooo
a.

goboobooboboobo

., counter(Stream), some_other_process(Stream),

gooooo,boboooboobooboobuoobooboobobboboboobDbobbOo,on
gboboobooobobooobbooboooboobobooobooobooobo. oobooo
goooooooboobooobooooobooooboboooboobUo. Do, 000b0bboOoDbo
gbooboboobobbooboobobooboob.

gooboboooboobooooboooobobbooobbono. boooobobooobooobo
gooobooboooooobooooob,ooboobobooboobOobDoobOo0. bobOoo
gbobooooboon.

gbooobobo

00000000, 0000000000000000D000D0000D000O (D000 up, down
o0oo0o00)00000. 0000000000000 DO0O0000DLODO0OO0O00OoODODODOoo
a.

gooooboobooboobooobooobobob. boobbooboobboobobooob, oo
gboooboboobgoobobooboboo,boobobooboboobobbobon.

goboooobooboooooooooo,bobobooobbobbooboooobog,bobbbOo
goooboboooboboooboboo,bobooboboob.

counter(Stream):- counter(Stream,0).

counter([],Count).
counter([up(N) | Stream] ,Count) :— New:=Count+N, counter(Stream,lNew).

counter ([down(N) |Stream] ,Count) :- New:=Count-N, counter(Stream,New).

googooboooboooboo,oobooboboboboboboobboobboobooboon
oo.

counter ([show(V) |Stream] ,Count) :- V=Count, counter(Stream,Count).

0000000000000 show O, 00000000 OOOOODODOOODO VOOOOOOOO
gbo.0ooboobobooboboobobuooboobobDobobUobL.bobobobobobOoo
0000000000000 0000D0 (incomplete message) 0 00. DO00O0O0O0ODOOOOOOOO
gooooooobo.ooobooobo,0b0obobo0obbooboooboobooO0boobobooOobo.
00,00000000D000000000DO0000D0 KLl OoDoooooooooooooo
gbooo.oooboobobooboboobobooobobooboboobobooboboobooboo.

1.5 O0O0OoOooooood

0000 KLl 00ooooooooo0oooooooooo0, booooouoooooooo
goooooobobooobo. oooo,b00obobobo0obooboooobOooOo0bobboOoDbo
gboooboboobgo,boobobboobon.
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naturals | ..,3,2,1,0 — | square | ..9410— | sum

014 0000

1.5.1 0000

gooooooooooooboboooboboUobLUoDb0 142000000,00000Q000L0O
gooobobooob,obboobobbooboobooboobobooboboboo.

googooooobog,boobbobbobbobbobbobooboboobbooboooboon
0o.0o0obooboooboooooboobo,0b0obobo0oboobooboboobooobo.

e JOODOOODODOODODOODO,0DODOODODOODODLDOODO.
e JOUID0OODODOODODOUDUODOLO,DOODODDOODODOODODDbDODO.

goooooo,0oocoocoboboooobooobobooo, 000 ob0obobooOoDOoD. 0o
gooooobooobbooboboobboob, boobboboboooboobboob. ooo,
gobooobooooboobooboobo,booboobobobooobo,00boo0boobobobon
a.

gobooobobooboobobooooboobooboobobboboo. boboboobooboobooo
goooobo. oobo,bobbobboboo,bo0boboobbobbobboobbobbobbob
gooobobooobobooobobbo.oobobooboboobobooobooo.

square([],0ut) :- Out=[].
square ([One |Rest] ,Out) :-
Square:=0One*0ne, Out=[Square|OutTail], square(Rest,OutTail).

gooobdoboo,cbobooboboobobooob.

square_sum_up_to(N, Sum) :-

naturals(N,Naturals), square(Naturals,Squares), sum(Squares,Sum).

U0 square U0 ODO00O0O0O0OO0OO0OODOOO0OOOOODOOOODOODOOOO. ODOOODODO
goobobooobo, boboo0obOob0o0oooOOooOU0oobOO0obOoDODOob0. bboooobooo
goo,booboooboboooobooboobooboobogbooDoDbL, 000 b0OobOoDbo
goooooobobooboooobobooobobo. boboo,00boooO0bDU0obbOOoDbo
0000000000000 0000, 0000000000000 D0D0O0O0O000DOO (filter) O
O0. 0000000000000 naturals 00000 sum O, 0000 square000000000
0000000, 00000000 (O 1.4).

0000000O0D0ODO0OD0O0O0O00 square JO0O0D0OODO,00000000O0O00ODOODODO
goo. oooo,0boo0ooboooooboboooboboooobooo,bbobobobboooobobo
gobob. booooboooO0o0ooo0o0o0ooooOU0oOobODO0bDOobDODOU0obOU0OO0DbD, ODbDobbooDbDOoo
goooooooooobooobooo.

gbooobl1ooboboooobooo1ooobooooooob. booboooobOOoboboOoDbo
gooooooooooboo,00ob00obbooboo110010bo0oo0oboo0o0. Dooo,0b0o
goooooooooboooooooobooboooboo,0obbooboUobDoboboUbboUobooD
goooo,00bo0b0o0ob00b0o0ooO0oobOoo0ooodD. boboU0obOoUooOOobDUoobDOoDbo
o0o00,00000000D00000000OD (O 1.5).
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filter filter filter filter

O 15 00000000

1.5.2 0OO0OOODOOO

0000o000oO0oO,0000000000000000000000000000000000
0ooooooooooo.

Jo00o00o00O0O0oO, OO0 n0000 w2+ 00000000000000000000
0000.000,00000000000square J000000,0000000000000. OO0
0,000 square 00000000, 0000000000000000000D0D00000000, O
goooooooooo.?

00000000000000000000000,000000000

cube([],0ut) :- Out=[].
cube ([One|Rest],Out) :-
Cube :=0ne*0One*0One, Out=[Cube|0OutTail], cube(Rest,0utTail).

0000000000 0000 naturals, sum 0000000000 O0OQCOODO,0000000
00000 naturals 00000000000 CO. OO00O0OODOO

square_sum_up_to(N,Sum) :-

naturals(N,Naturals), square(Naturals,Squares), cube(Naturals,Cubes),

0,0000000000000. 000 Squares, Cubes 0 20000000000000000O00OO
gboog,bobo0bobb ssmOOdooooOg.

goodooob, oooooooobooboobobboooog, bobbbooobobobobo
gooooooooboobobobobobobo. bobobobobobOobOobOobOoDbOoDbOoo
.

append([],In2,0ut) :- Out=In2.
append([Msg|Ini],In2,0ut) :- Out=[Msg|OutTaill, append(Ini,In2,0utTail).

oooooo,ob2000000bO00bO00O00O00bO,03000000D0O0ODOobOODOD. O
goooo,0oboo1i1gooboobobboobooboobooo, bbb obo 200b000DO
goooboooooboooo.
ooooo,01l1oo0ooo0ooooooobobobobo0oooo, o0 2000Do0oboDbobo
goooooobobooboooobooooboboobo,00oboooO0. DbobboOobo
gooooooboboooboooooboOooobObO. OboobooboobO,01000D0oDOoOoobDOoDbo
000000000, 00000000000D0D0D0D0000.22
gboooboooboobooobooobooobo,oboooobo.

2l0goo000000000000000000000000000000000000. 0000000000000, 000
goooboboooooOdO,square 0000000000000 O0O0O0O0ODOOOOOOOO0O.

22gpoUo000000000n, 0000000000000, 00000000000000000000000000
goo,00000000000.
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321 —

merge | .. 3.c,b,21,a —

..,C,ba —

0160000

queer_sum(N,Sum) :-
naturals(N,Naturals), square(Naturals,Squares), cube(Naturals,Cubes),

append(Squares,Cubes,Both), sum(Both,Sum).

O000D0O0OD0O00000 append 00, 00000000O0COOCOOOODODO. OOOOODOO
goboooboooooooobo,bbobbooboboobbobbobbobbobb. obobo,00bOon
0000000000000 0000,00 append 0000000 DOO. KL1OOODODOODOO (OO
00o00o0o0oooO0)bo00ooo0oooooooo.

1.5.3 0000

0000000 append DOOOOOOO, DOODOOUOODOO. ODDOOOODO, DODDO
Squares 00000000, 0000 sum OD000O00O0 Cubes 00000000 DOOOOOODO
gbob. 00 square U0 O000OO0O0O0O0OO0OOOO0O, 00000000 ssmUdOobOO0oO0OOO
O. 000 cwbeOODOODODOOODODOOODOOO,0000O0O0O0O0O0OOOOOOOOOO,O00
gbooboboobobooobg.

gob,00o0booooboooboobooboooob, booboobbobbboobbooobbobn
gooooooooo. boob,oboobooboobooboobOo,boobobobobobon
goboobobooboboobooboobobobob.booboboboobooboboobon.

merge ([]1,In2,0ut) :- Out=In2.
merge(Ini, [],0ut) :- Out=Inil.
merge([Msg|Ini],In2,0ut) :- Out=[Msg|OutTaill, merge(Inl,In2,0utTail).
merge(Inl, [Msg|In2],0ut) :- Out=[Msg|OutTaill, merge(Inl,In2,0utTail).

goooooooo,booooobobbobuoobooboo,oboobboobooboobOon
goboooboooooooo,bboboboob. bbooboobo,boobooboobobbon
goooooobooooo,boobooboboobobooboooo.

goooo, ooooobobooobobobbboboooooboobboooobbbobboooooo
00 (merger) 00O. OOODOOD append 000000000 OOODOO, DO0DOODOODOO
goooooooboooobo,bobooooooooboboooboooboOo,0bobooobOo,Dboooboo.

goboboooboobbobbooboobobbo0o,0bib0 merge DOODODOODODOOOO
goooo. boob, 300, 4000000000ODOODLDODOUODOD. ODDhOODODOO
goooooobdoo,oboooboooboobb. oobooobooboboobboobooo,
ooooo0000o0o0oO0O0000o0oO0O0, 000000000 DO00000DOOOOoOoooDOD (O
1.6). 000 KL1 0OOOODDDOOODODODO0O00000000000.2 000000000000
goooooooooooobo,obbobbobbobobobboboboboboobo. bo,bon
gbooobobooboboobobooboobobobooboboboobo,oboobobooboboo
goooboooboooboooobooboooobooooobobooboooobooo.

220000000 append 0000000000000 0D0OO0ODOOOO0.
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square

naturals merger »> sum

cube

O 1.7.00000000000000

gooobobo,0boboobobooboboob.

queer_sum(l,Sum) :-
naturals(N,Naturals), square(Naturals,Squares), cube(Naturals,Cubes),

merge (Squares,Cubes,Both), sum(Both,Sum).

00000000000000000000,0000000000000000000 sumO0000
0000000,000000 append 00000000000000000000. 00000000
00 1.700000000000.

00000 KL1 0000000000000000,00000000000000000000
00000,00000000000000000000000. 000,0000000000000
000000000000000000000000000,0000000000000000000
0 (00DoOoO0oooooon).

1.54 0O0OOOOOO

gobbooobooboobooboobbo,0bbooboob, boobboobboooboboobon
googooooooooogoobob. 0o, 000b00b0b00D —O0O0OObObOObOO,00000O
gobooboboobo,boobgoboobobbooboboboboboboboobobooD.

gooo,booooboobobobooboboboobbo,boobob,o0bo0obooboboon
goooooooogo. oo, bobbobobooboob,0bobobobbOobDbobobobobOon
gbooboboobob.boobobooboboobob.

dispatch([],0dd,Even) :- 0dd=[], Even=[].

dispatch([One|Rest],0dd,Even) :- One mod 2=\=0 |
0dd=[0One|0ddTail], dispatch(Rest,0ddTail,Even).

dispatch([One|Rest],0dd,Even) :- One mod 2=:=0 |
Even=[0ne|EvenTail], dispatch(Rest,0dd,EvenTail).

ooooooooooooobooOoooOoOoOOoOoO0. oobooobooOooooboOoOoo,0b000000

0O10,000000C002000,00000000D000000D00000O0O00000O0DO0O0OO

0000.000000000000D00000 (dispatcher) DOO.
ooooooo,0000000ooooOoooooaon.

queer_sum(lN,Sum) :-

19



square

naturals » dispatch merger > sum

cube

0 1.8 000000000000 0O0DOO0OO

naturals(N,Naturals), dispatch(Naturals,0dd,Even),
square (Even, Squares), cube(0dd,Cubes),

merge (Squares,Cubes,Both), sum(Both,Sum).

oooooooo 1.8000.

1.5.5 00O

gooboooooooooobobooooboboooooboboboboob,boboooOobOobo
00000000000 00000D0D00O0 (server) 000, O0O0DOO0O,000000DODOOO
0000000000000 000O0D (client) DOO

gobooboobobooboboooboboobuobobob.

p([message(In,Out) |S],State) :-
compute(In,State,Out,NewState), p(S,NewState).

gbooobgoboooboobobooobg.
o000 KLl ooooooooooooooooooooooooooooo. oooooooo
o,0booobooboooboboobooobooooooboooboooon.

1.6 OOOoOOooOOoOoOO

ooooo,00000000 KLlooooooooooooooooooUooooDooDooLoDo
gooobo. oobo,0gbooboobooobooobo,booboobooboobobobon
goboobbooobooboboob,. boobbooboboooboobboobboobooo
ooooooooOo,KLioooooooooooo.

1.6.1 ODOO0OOOOOOO

00 KL10OOOoOoOOooOO (o0oo)00oo0oooooooooooooo,0oooooooo
goooog.

gbooobobooboooaon

gooobooboboobobooboboobobo,oobobooboboooboboo.
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gooob bobogoboboobooboobooobooboboobbobbo,boobboobDbOoo
gooooobobooooooobob,b0oboobobobobobo. booobo,bO0DbOon
gooobooobooboobob,oobuoobo0oboboobboo,bbooboobboobobo
gogbobooobobooboboo.

gooob oooboooooobooooooooobobooooooo,ob0boboboooooobogo
ggo,0ooboboobooobogoobuoobboob. oo, ooboobboooboboobobo
goboooboooboooboob,0obbobbobooboobooboo. booboobo
goooooboooboooboobboooboobooobOo. oo, boboboobuoobo
gobobooobobooboboobobobooboobon.

goooooooooobooooooboo,obobooboboooobOobbOoDOoDbL,000DbO
goboboooobgoobboobbooboo. bboobboobboobbooboboboooobo, oo,
gboobobooboboobobo,oboboboobobobooboboboboobobobon.
gobooooboboooooooooo, bbb bo,Dbob0obU0ob0obOoDbObobOo
gobooobobobo. boobobooboobo,obooboboobooboboobbOoDbOon
gbooobobooobobooboboob,bboobooboobooboboobobooboboo
gooooboo,bogbboob. bboo,0obboobooobUoOobbOoob,obbOoo
gooobobooboboobobooboobobobo,bobooboboobobooboboo
go. gog,0oboooooboooboboo,b0ooooobobbooboobobobboooobooo
goooboboooboooboobo,ooboboooboobooon.
ooo0o0o0o0oUoU0UoOooooOOoO,KLiooooOooUoUoUoooooODOOoooooooooo
gooooooooooobob. boooo,0bobooooboobooooboooobobobooo,0bo
gbooooboooooooo. obo,0oboooooobooboobooboobobo,obbon
gbooobobooboboob.bobobooobooboobob.

oooooooooooo

KLl 0oOooooooooooooooooooooooo. Doooooooo,oooooogo
gog.

gooobo oboooobbobooobbbbuooobbobooobbobbOo. Dobbbboooo
gogoooobo,0obooobooobog. oobboobobooboobboooboog,bbo
gooooo0ooU0Uo0ooUUDoUoUoUoUUoooO. KLl oooooooooooooo
gooobo,0obooooboooooobuoobooboboobboooboobUuo,boobobo
goboboobobooboboobob.

gooobo boboooobobbboooobobbo, booob0bbboooUobDbbboooo.
g, oo obobobbobbobbbobOob0o00dUUg,dugo
ooooo0o0o0o0oO0Oo0oO0,00000C0oOOO000D0DUOo0oLD. KLl oooooooog
(pragma) 00O O0OOOO0DOOODODOOO.

gbooobobooboboobobooboobo,0obooboobooboboobobooboboon
goobobooboobooboooo. ooobobooobOoboooobOoboOoobOobOoOoOoDOoDbOoon
goboooboo,bobbooooooboobbobuoobooboboobOo,0obboobooboobon
gbo,00boboobobbobon.
g0, bodbboobooooobooooooobbooboobDbooboobb,o0obbooboo
goboooboboobobooboboob,obooboboobobbooobo.
oo,00000b0o00booboobooog.
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1.6.2 0O0OOODOOOOO

goooooooooooouoooooooboooooo. oooo
Goal@node (Node)

0000000000000 00000000000. D0D00O0000O0D (node) 00, 00000
go,ooboooobooooooobooboobobooboobobobooboo. boboob,0boobob
goooooobooooboooo.

goboboobobooboboo,bobboobooboboobg.

p([One|Rest],N,State) :- q(One,State,New)@node(N), Ni:=N+1, p(Rest,N1i,New).

00000,00000000000O00D0O0OD0OO0 (g 0,0000000D000ODOOOOODO
0. 0000000000 (oD0O00O0O0O0DO00O0O0DO0O0ODOO0)O0,00000000000
gboooboboobag.

1.6.3 OO0OODQOOOOOOODO

gooboooboobooooboboo, booobbooboobboobo,obboobbooboon
gboooboboboboooboobooboobob. oob,bobooboobobboobbobon
googoobooboooboooobo,0bboboobobooobobbo. boboobobooob

Goal@priority(Priority)

gooooooOooOopDoOoOOoOO. 00 Promy 000000000000 OOOOOOO,000
oooooooo.

gobogoobooobooobooboo,gbbobbobbobooboboobboobooooboon
gbooo,boboobob.boobobon:

Goal@lower _priority

gboooboooooobg.

gooobobooboboboooboobooboobob. bobooobobobooobooboobooon
o,gooobooooooooboboboo. o, 0o0ooobobobobobbooooboboboo, o
goooobooboooooobooooobobo,0obgbooboobobDooboobOo. oo
gboooboboobobooboboobooboobo,boobobooboboobobooboboon
oooooooo.

1.64 0OOO0OOLODOOOOO

gobooooooooobooogoo,boboboboboooobobooooobDOoDOo. obobo
goooboboboooobuoobuooboboobooboboo. oL, bobooobobOoDbOon
gboogoboooooooboogoooo. boo,0boo0oobobooobobooboobo,0bo00bOo0obobbob
goooooobooooooboobob,0o0obo0oboooobobL. bbooobobo,00bOobo
0000 (00D000)00000,0000000 “alternatively.” 0000O0O0OO0DODODOOO
.

goooboobooboooboobobooboo. oboboooobooboobooboboobooo
goooo.

1.7 0000000 KL1

goobooboobooooobooooobboooobobboooobboooobobbooobo
gobooobooooboo. oboob,booboobooooboobooboobooboob,bbon
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goboobobbobooobooboob,oobooboboboobob0. boboboobbOobOon
O KLioOoOoOoOOoOOoOoooooooooooooooooooooooooo,oooooooog
KLl O0oOoOoooooooooooooooooooo0. 00oooooooooooooooo
KLl 0o0OoOooooooooooooooooooo,00000o0oooooooooog.

00,KL1D0 (Prolog00000)00000000D0O00DO0ODOOOOOOODOOODOODO
goboogoboooooooooobooboobo. obbobbobobobobooboobooboo,00,0n
gboooboboobobooboboobooboboboobobooboboobooboboob,boo
goooboboooboboooog.

ooooooo, KLl ooooooooooooooo,00000ooogouoooooouooo
gooooOoOoQoOo. OO0, 0000000 KLIOOOODOOO, 00000000 OoOOOoOo
O.00,0000000000 KL1OOoOoOOO, Prolog0OODOODO0ODODDOOOOODODODOOO
go.

?

1.71 ODO0OO0OOOODOOOO

KL10O00O0O0000o00O0o
ooo(oo,..) :-000 | 000.

ooooo0o0o0ooo0. 0ooo0o (¢1”)0Do0o0obo0, 0000000000 bODObO0O0ooOoDoD, o
ooo

ooo(oo,..) :-000, ...

gboooboooo.

gooooooo,oboboobooooooobuoob, bobobboobboobboobbooo
gooobooobob. oobobboobboooobboooboob,obobboobboobboo
gooooog,booobobogobobooboooo. bbb ooboobooboboOoboo

append([], In2, Out) :- Out = In2.
append([Msg|Inl], In2, Out) :-
Out = [Msg|OutTaill,
append(Ini, In2, OutTail).

oooo,0000000c00oo,0o0o0b0c00oooooobOoo

a(ll, 0, 0.
a([M]I1], I2, [M|0]) :- a(I1, I2, 0).

ooo.

0000000000000, 000000000000000000000. 0000000,
“;-» 00000000000, 0000000 (000000, 00000000000)00000
0,00 append 0000000000000 00000,0000

Yo A([], 0, 0) (1.1)

Vma ilaiZa OA(ilaiZa O) - A([m|i1]ai2’ [m|o]) (1'2)

00000000. 000000000, (1.1) 00000 o00000, A([],e,0) 000000, 00
000000000000000000000000000,0000000000000000. (1.2)
00000 m,iy,iz,0 00000, A(i1,i2,0) 000000 A([m|ir],é2,[mlo]) 00D D000, 000
00004 04, 00000000 o000000000,[m|i4]0 4 00000000 [mle]00D0
000000o0oooo.
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1.7.2 0OODOOOOO,0000000

oooooooOOoOoOoUoOoUUOoUOo, KLl oooooooooooo,000o0oooooooooo
gobooobooobooobobooboboo. 0boob,b0oboobobooboboobob.

main :- a([1,2], [3,4,5]1, L).

g0ooooooooooao
Vi~A([L, 2], [3,4,5], 1) (1.3)

0000000 (0000000, 000000 A((1,2],(3,4,5),/) 00000000, 000000
0[1,2] 0 [3,4,5|0000000000000000000000000. 000000000, 00
000000000000000000000.

00000000000000D000000,000000000. 000000000000, 0
0000000000000, 000000000000000000. 000 append 00000,
VI -A([1,2], [3,4,5], ) 000, 0000 A([1,2],[3,4,5), ) 0000 [ 0000000000, OO
0,[1,2] 0 [3,4,5|00000000000000000000D00000D000000

KL10O Prolog 00000000000000000000,00000000000000000
00,0000000000000000000000000000. 00000000000000
(backward reasoning) 000000 .20000000000000000000,00000000.

1. 00000 (1.2) 00
A([2],13,4,5], ) (1.4)

00000000 «0000,I=[1]¢J0000D (13) 0000000000 DOODODO. OO
0,00 (140000000 t00000DOODOO.

2. 0000 1)00000000 (1.2) 00

A([l,[3,4,5], ) (1.5)

0000000 yOOOO,z=[2y) 000 (1.4)000000000000000O0ODOOODO
00.000,0000 (50000000 y0000O0O00O0OOODO.

3.00 (1.1)0000,y=[3,4,50000,(1.5)00000000000.

0ooo,l=[tz=[1,2y]=[1,2,3,4,5) 00000 (1.3) 0000000000000000

1.7.3 0000000 Prolog O KL1

00000000, 000000 KL1Oooooo PrologOOOOOOOOODODO. OOOUOODO
oooooboOooO,00000b000bLU00, 00000 (DODobLbOO0bO0OO0)ODOoDOOODOOo, O
goooboobobobooo. bob,bobobobboboobobDoobLDoobobooobDbOoDbOon
gboo,oo0boboobobobobbooboobobobob. obooboobobboobboobon
a.

Prolog 0, 000000000 0CCO0OODOO,D0000DOO000ODOOOOUOOOOOOOO
gboobobobobooboobo,bboboboobooboboobobobo. oobobboobbobon
gooooooooo,ooooobobbobuooboobo,bboboobboob0oOoboobOon
0000000000, 000000000 ooooooooo. PrologOOODOODODOOOOOOO
goooooooboooobooooobooooob,0oboboboooboooooboboobooboboo.

googooobooobooboobooobooobobobbuoobo. obooooobb,0obooo
gboooboboooboboobo,boobooboooboooboobooboboobobooboboon

2400000000, 00000000000000000000000, 000000000000, OOODODOOODOOD
00000000000000 (forward reasoning) 0000000000,
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g,ogbooboooooobobobobob,oboobboobooboob. obbobbobboob
goooboobgo,oobgooooooboooboobob, 00ob0oboboboobobbooobooDoo,
goooboobooooooboooooboobo. booboobobooboobL,0Dob0bOobOon
goooog.

Oooo0 KLloo,oooooooooooooooooooooooooooo. ooooo, oo
gobooboboooboboobobooboobobo,bobooboboobobooboboo
gboooboboboboob,bobbobooboboobobobobobo. oobobboobbobon
00000000, 0000000000000000000 committed choice 0000000000
gbobooboboobg.

Prolog 0 KL1 0, 0000000000000 00OO0OO0OOCO. DOO,000Q00OooOoO
goooooo, booboboooobboobbooobbooob0bbooobboobboOoo
g.gbobo,oboobobboobobboobobboboobobob.

O0,0000,0000000000. PrologO 0O KL1OOOOOOOOOOOOOOOO. OO
0000000000 000000000 PrologO O, 0000000, 00000O0OOODOOOO
goooooUo. KLigoooopooooooooooooooooo,oooooooooogoo
gooboboobo. oooo, bobobooobbobo0obobOobo0obobobooboboboboobooo
O, Prolog 0000000 DOOO0OOOODOOOUODOOUODDO. KLl OOOOODOoUOoDOooood
gboo,obobooboboobobooboboobobobooobo.
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0 20

ooooobooogd

000000000000 oo KLlooooooooooooooooooooooooooo.
e KL1ODODOODO,OUOOOOODOOOOODODODUOOLOOODOODOODOO.

e JO0ODODODUODODODODODLOLODOUODL,bOODUOUODUOODLOODUOODOUDLDOO
goboobo,boboboboob.

gooo,ooboooboboo,booobbooobooboboboooboobboooboo. b
gboooboboooboboobobooboobobo,ooboobooboboobobooboboon
gooo.obobooboog.

2.1 ODOO0bOOOOObOObOobOoOobOoboboOobog

2.1.1 0O0O0O

goobobooboboobobooboboboobg.
gooobooobobooboboobo.obobooboboobo.

queer_sum(N,Sum) :-
naturals(N,Naturals), dispatch(Naturals,0dd,Even),
square (Even,Squares), cube(0dd,Cubes),
merge (Squares,Cubes,Both), sum(Both,Sum).

000 ‘NOODOOoOooooooo NODODOOOOOOOoooooooooD’oooooooooon
0000000, D0000O000000D00, 00000000000 (00 dispatch/300000
0000)00000000000, 0000000000 00OD (OO square/2000000000)
00000000, 0000000000000 (00 cube/2000000000)0000000O0,

square

w
=

merge

naturals ...,4321| dispatch ﬁé&Si' sum

N
N

...,64,8

cube

021 00000000000o00oo0



000 (D0 merge/3000000000)0000D0ODOO,000000DODOOOOODODODOOO
goooo.

00000000, (naturals/2000000000)00000000000 (square/2, cube/2 O
000o00000)0000000000L, 0000000 0DOU00L, 00000000 0O0OOOO
(sum/2000000000)00000O00O0O0ODOO,D0000OODOOODODOOOODOODO
gooooobooodoo, bbb bbbooobobObbooogUbL.. bbb b o
ggdobobboooobobbbooodobobobboooag.

gobooboobo,boobobooboboobobooboboboboobooo.

00,0000000000000000D00 dispatch/3000.

dispatch([],0dd,Even) :- 0dd=[], Even=[].

dispatch([One|Rest],0dd,Even) :- One mod 2 =:= 0 |
0dd=[One|0ddTail], dispatch(Rest,0ddTail,Even).

dispatch([One|Rest],0dd,Even) :- One mod 2 =\= 0 |
Even=[0ne|EvenTail], dispatch(Rest,0dd,EvenTail).

olgogooooboooobo,020b0o30goobooooooobobL. ooobobbooogoobo
googboooobooboooboboooboobobooboboobL,booboboobobooo
gooboboooobooboo. bi1bo,0boooo0o0obOobDOobOobOUoboOoobOoboOoboobDOoo
(0bO0D0OO00O0O00DO0O0DL)0L00D0OD0OL0ODO0ODO0O0ODOD. OO0 10D0ODOOODOOO
gboooboboooboobooboooo.

0000000000000 0D00OO0 square/2,cube/2000.

square([],0ut) :- Out=[].
square ([One |Rest],0ut) :-
Square:=0One*0One, Out=[Square|OutTail], square(Rest,OutTail).

cube([],0ut) :- Out=[].
cube([One|Rest],0ut) :-
Cube:=0One*0One*0One, Out=[Cube|OutTail], cube(Rest,OutTail).

01gobo0oboboooogd, 02000000000 0DO0OD. ODOOobOO0oboboobOobOooo
00000 (00000000000 L0)0000000OU0O00DOU0ODO0OOD. DOODOOLOoOO
gooooooboboooboooobobooboboobooooboobobobo.b1o0,b00b000DbO
ob1ooo00o, booboboobOobOooO0ooboobDOobOOooDooOOoobobDoooobooDboo
goooog.

gooooooboboooobobbouooobboooobooobDboobboobnoboo. oo
NOODOOO N®OOOOODDODODOOO0,00000000000000

pipe(In,0ut) :- true | square(In,Mid), cube(Mid,Out).
000,000000000000000 merge/3000.

merge([],In2,0ut) :- Out=In2.
merge(Ini,[],0ut) :- Out=Ini.
merge([Msg|Ini],In2,0ut) :- Out=[Msg|OutTaill], merge(Inil,In2,0utTail).
merge(Ini, [Msg|In2],0ut) :- Out=[Msg|OutTail], merge(Inil,In2,0utTail).

ooooooobooboo2000b0 s0ob00oOoOooDOobDOoOooobOoO,obobboO0obOoDbo
goooooo,boocoobooboooooo 30,0bb040b000b0.010,0200,000000O0
gooobobooobooo,oboobobooboboobo,bbobobbobobobobnoo.
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2000000000000DO0O0000000O0O00DOD0O0 (DODOD0DODOOOODOOOOO
0000000000000 0O0)0D0LO0O0ODOO0DODOOD, KLloooooooooooooo
. gbooooboobobooboboobobo,obooboboobobboobo

goooboobooboobooobooboobooboboobooboobobooboboob. ooo
goooooobooooboobobooboooooo.

goooobo,boo0boobobobobo,boboobobooboboo,bobooboboob
gboooboboooboboobobooboobobobo,bobooboboobobooboboo
gooobobooo. 0oooboooobooboobooboboobOoboobobooboo.

0000, 000 sugare/2, cube/2000000000000000DODOOO,010000000
gboobobooobobooboboobooboboo. obbobobboboob.bobbobon
goooboobooooboooooboboobobbobo. oo, 0bobooobObOoDbOon
gboooboboobgo.

2.1.2 O0OOOOOODOOOO

gooobobooboobobooobooboobooobobooboobooboboobooboob. o
o,00boo0booobobooooooooboboooobobooooobobooo,0bboooOoDbo
ooo000o00O00O0D, 0000b000000 (00bOU00000O00, 0000000 DO0O0OO
0000000000000 00000000000)0000L00OD0O0,000D0DO0OOODOO
gooo. 0oboobooboboobobooobooog.

go(Target,Answer) :- true]
fibonacci(0,1,Stream,Target),

consume (Stream,0,Answer) .

fibonacci(lN1,N2,Stream,Target) :- N2 >= Target |
Stream = [].

fibonacci(N1,N2,Stream,Target) :- N2 < Target |
Stream = [N2]|Streaml],
N3 := N1 + N2,
fibonacci(N2,N3,StreamlN,Target).

consume ([],Count,Answer) :- true |
Answer = Count.

consume ([X|StreamN],Count,Answer) :- true
CountN := Count + 1,

consume (Streamll,CountN, Answer) .

gooouooooooooobbobobooboooooobobobbobbbbobbobobobobboboboooo
0000000000000, fibonacci/400000000000DOOD0O0OOODOOOOODOO 40
gooooooobooo,b03oobouobooobooboogo

00000000000000000 consume/3000. 0D10000000000000O, OO
gogobobo3poooobuooooboobpOo. booooboboooobooboooobooooDoDbOoo
oooooo. 0000, 000 KLioooooooooooooUoUoooooo, KLioooood
goooooobboooobooboooobbbboobboo. oo, bbooobbooo, boo
goobooobooboooooboboobbooobobooobobo. obboo,bo0o0boobobbooo
“Target” OO O0O0OOO0OO0OOOO0O0O0O0O0OOOOOOOOOOOOOUOOOOOOODODO,OOO,
“Target” 0000000000000 O0O0O0OODOODODOOOOOOOODOOOODOOOO,O00O0
gooooobo. ooboobooobooooooobooobobobooboooboboooobb,bbo0bo
goooooooon.
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000,0000000000000' 00000, 0000000000000000. 004,0
goobobooboobooobooooooooooboobooboooooobooboboobOobooboooDbo
O000ooooooooooo. KLlOoooooooooo, 0ooooooooooooooooog
goboobobobobooobo. bbobooboboboboobobooboo,bboobbobon
00000000000 0o0O0g, “Target” O0D00OO0OO0OO0OO0DOOOOOOOOOOOOCOD. OOO
goooobgo.

go(Target,Answer) :- true]
fibonacci_lazy(0,1,Stream),

consume (Stream,Target,Answer) .

fibonacci_lazy(_,_,[]1) :- true | true.
fibonacci_lazy(N1,N2, [Box|Stream]) :- true
N3 := N1 + N2,
Box = N3,
fibonacci_lazy(N2,N3,Stream).

consume (Stream,Target,Answer) :-
NewStream = [Box|Stream],

consume (Box,Target,0,NewStream, Answer) .

consume (Box,Target,Count,Stream,Answer) :- Target =< Box |

1,

Answer = Count.

Stream

consume (Box,Target,Count,Stream,Answer) :- Target > Box |
NewCount := Count + 1,
Stream = [NewBox|NewStream],

consume (NewBox,Target,NewCount ,NewStream, Answer) .

gododboooobooobooboooooooa. ﬁbonaccilazy/3[], 03000000000
000000000 “Bex” 000000, DODODODODOOOOOOOO (“BOX77 ogoooooo
000000)000D0O0D00O0DO0ODO0O0DO0OD. DLUDOODOOOO “Bex” OO, DOD 3O
gooboooobo0oboooooobooobo0ooooooooooooobon. ooooooob
gdobobodooooboobuobouobouoboobo. oooo ﬁbonaccilazy/3 gooooad
dd0oU0oUoUooooooooUUU0O, 0000000 O0oOoOooOUUOUOOO0oOOoOoOOOOa
goo. oo consu1ne/5 gooooooOobOoOoOoObODoObODOOO, b2000 20000000
“Stream = [NewBox|NewStream]” 00U 0O0OOOODOOO “NewBox” ODUDDOOO. ODDOOOODO
00000000 ‘00000000000000 “NewBox” 000000000000 DOOODOOO
ooo0d. oooooooooboooooooooa ([]E]D agoooao )[]D goooooooo. d,
000000000, consume/300 1000000000000 DOO0ODOOO.

gooooobobooooooogoobbbo0o. boooooooooooooog, booo
gooooooooobbu. oo b oo uoooooo.

go(Target,Answer) :- true]
fibonacci_lazy(0,1,Stream),

consume (Stream,Target, 0, Answer) .

fibonacci_lazy(N1,N2,[]1) :- true | true.

loooooo KLl 0000000000000 00000,00000000000000000000000000.
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fibonacci_lazy(N1,N2, [make(X) |Stream]) :- true|
X = N2,
N3 := Ni + N2,
fibonacci_lazy(N2,N3,Stream).

consume (Stream,Target,Count,Answer) :- true |
Stream = [make(X)|Streamll],

consume (Streamll, Target,Count,Answer,X) .

consume (Stream,Target,Count,Answer,X) :- Target =< X |

1,

Answer = Count.

Stream

consume (Stream,Target,Count,Answer,X) :- Target > X |
CountN := Count + 1,

consume (Stream,Target,CountN, Answer) .

consume/4 0 consume/500000000000000000OODOO. D0OLODOOOO ‘O
0000000000000 “¥»0000’0000000000000 "makeX)” 00000000
oooooooOoooo. 000, o0o00o0o0o0o0o0oo0oo0ooooooooooooooon
ooo00,00000000,0000000. “X» 000000000 “Target” 00OOOOO, O
O000000,000 “Answer” JO0OO0OO,0000.

oooooooOoooo,00000000000O0O0000O0C0O000, 00000000000
000000.000000KL1OOO0oOO0oO0oooooooooooo.

2.2 0OOODOOOOOODOO

0 21000o0oogoobgoooboobooo, 0cobobooboooboooboobobooboobobobobo
gbooboboobob.boooobobooobooooboo,boobobobbob.

gobbooobooobobobooobbooobbooobobooobooooboboobbboooobao.
gooooboobooooooboooooboboobooboboobobbOobno. oboobb,Oon
gobboobooooboooboooobooobboobobooobboobboobboOobDbOoOon
0. oocooooooobobooboooooboobobobboobooobobobbbobob. oo,
gooobooooboobooobooooboobobooboobDoobobDoobOobOo,boboo
googooboooboooboboobboobobooobob. boboobbobboobOooboOooo
gooooooboooooo.

23 0OO00OboOobOOoOoOoboboOooobooodg

ooooooooOooOoO0oO0oooooOooOooOooobOoOooOoOoOoObocOO, DOOobOboOooOoao
ooooooooooOooooooo.

2.3.1 0ODOOOOOO

goobboooobooooob, oobbooobbboooobbooobboobobooo,
gboooboboooboobobooo.

a([E|X1],Y):-integer(E) |
El:=E+1, Y=[E1|Y1], a(X1,Y1).

a(X,[E|Y1]):-integer(E) |
E1:=E-1, X=[E1[|X1], a(X1,Y1).

30



....,make(3,Ret),make(L,Ref)

_| square
/////11/91
naturals ..,4321 dispatch @:
...,make(4,Ret), make(2,Ret) cube

022 00000000000000 2

googooobooobooobooboboboobboboboboboboboboboob,0oboobooo
gbooobobooboboobobooboobobobooboboob,0boboobobooboboo
gooooOooOoOoOopoOoOOoOoOoOoOoOoOoOoOoO,DOo0O0OO0. oo, KLICOOoOooooooooo
000000000 KL1loooooooooo,00ooo00ooooooooooooooooog
gbooobobooboon.

2.3.2 0OOO0ODOOODOODOO

gooooboooboooboboobbooo,bboobbooboobobboo,0boobooo
gobooboboobobooboboobobbooobog.

queer_sum(N,Ans) :-
naturals(N,Naturals), dispatch_sum(Naturals,0dd,Even,0,Ans),
square (Even), cube(0dd).

dispatch_sum([],0dd,Even,Sum,Ans) :- 0dd=[], Even=[], Ans=Sum.

dispatch_sum([One|Rest],0dd,Even,Sum,Ans) :- One mod 2 =\= 0 |
0dd=[make(One,Ret) |0ddTail],
dispatch_sum(Rest,0ddTail,Even,Sum,Ans,Ret).

dispatch_sum([One|Rest],0dd,Even,Sum,Ans) :- One mod 2 =:= 0 |
Even=[make (One,Ret) |EvenTail],
dispatch_sum(Rest,0dd,EvenTail,Sum,Ans,Ret).

dispatch_sum(Rest,0dd,Even,Sum,Ans,Ret) :- wait(Ret) |
SumN := Sum+Ret,

dispatch_sum(Rest,0dd,Even,Suml,Ans).

square([]) :- true | true.
square ([make (One,Square) |[Rest]) :- true

Square:=0One*0ne, square(Rest).

cube([]) :- true | true.
cube ([make (One,Cube) |[Rest]) :- true |

Cube:=0One*One*0One, cube(Rest).

gboooboobooooboobooboobobooboobono 2200bD00D.
dispatch sum/5 00 dispatchsum 60, O O0000O0000OO0OO0OOOOO, DO0O0OOOO,
square/10 00000000000 cube/1000000000DDOOODOOOODOOO, OO0DOO
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server

X/

O 23 00000000C000000

gobooboboboboooboooo. boobobooboobobooboobobooboobob,on
gbooobobooboboobobooboobobooboboooboobo,bobooboboo
gooobobob. obooboboobooboboobDooboboobDboOobOobobO,b0bOon
gbooboobogooboobbooobo,oboobboboo,0obbo,boobo0obOooboon
goooooobooooboooo.
gobogooobooobooboobooobo,obboooooboobo0. bbooboobooo
goboobobooobooob,bobboboobobobobobobbobboboobOoob. 0oboo
goooooooogooooogo,ooobo, bobboooboboboooooobobooooD,0bo
goboobobooboboobo,bboboboboboboon.

233 0O00OOOOODODOOOO

gobogooooboooboobooboob,boobooboobooobbooooooboon
gbooobo. bobobooobo,obobbobooboobobooboobobboobbobon
gooobo,oboooboboooboboboobo,obooboboooobg.

goboboooboobooboobo,obobbobobooboooboob, boobooobooon
gooooooobo,0oboooooobogobooobooo,0boocoboboobo. boob, O 230
googbooooboobooobobooo,gooobooboboobobooboboobobnoo
gboobobooboboobg.

p(I, 0) :-
decompose(I, I1, ..., In),
merge({S1, ..., Sn}, S),

shared_data_server(S),
p1(I1, si, 01),

<
pn(In, Sn, On),
compose(01, ..., On, 0).

oooooO0OoOO0OO0O0O00OO0 ‘0000000000000 00D0OUODO0UOObOODOoODOO
ooQ0’00000ooooo0. DoooooOoOOoDODOo0oUDUDOoOOOOoOODLOOOO0DODOoOoOOOO
g,ogboooobooooooobobobooboobobo. obobboob o, b0o0obooboobob
gbo.gooobooboooboboobooboboo,0bobooboobobboobbobon
goooobo. oo, obooboboobobooboboboobobobobOooboong.
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server2

024 0000000000OO

234 0O0OOOODODO

goobooobooobooobooboobooboobooboob,0bobbooboobooo
gbooobobooboboboob.bobooboboobobooboooo.

goooooboooboobooboog,bobboobobobo0ob0. obhboooboobooo
goboobbooooboboobbooobbbooobb, obbooobobboobbooobboooo
o,00b00oboobobooooboobooboooob,b0ob00boboboboob0bboOobOoDbo
goooboooooboooon.

23,5 0O0OOO0OObOOoOoOoOoooboOod

oogoOoo0OooO0obO000U0O0O0O0U0LD0O0DO0OO0DLDO0ODODO0OLO, 0000 (DOOD
ooo0o00)b0000D00O00,0000000D0O000D00O0O00DD 24000000000
gbooooa,boobooboon.

gooo, bboooooobobooo. Dboooobboo, booobbbbooooobo
KLigoooooouooooooooooooOo. JoooooouoooooOo, booogood
goooooooboooobooooooobobooboobooo,0bboobooobooboboobooboooD
gooo.

23.6 0O0OOO

ooooobooooooooOoobocoOoOoOobocOoOoOooOOo,0000000O0b0cC0OO0Ob0cOoOooon
O.0000o0ooooooooooocoooo 200000000,

merge([],In2,0ut) :- Out=In2.
merge(Ini,[],0ut) :- Out=Ini.
merge([Msg|Ini],In2,0ut) :- Out=[Msg|OutTail], merge(Inil,In2,0utTail).
merge(Inl, [Msg|In2],0ut) :- Out=[Msg|OutTail], merge(Inil,In2,0utTail).

oooooooo 3o,400000000D00D,3000000,40000000D00DODO
00000000000, 2000000000D00DO0L0O0O0OD (0 2500)00000O00DO0ODOO.
goooooo,0oooboooboobooboobooboobOo. booboobL,oboobOoo
ONOOOOOO,000000legNOOODODODODOOOOOOOOO,000000000002.

20000000000000000000000000,00,000000000000000000000

33



merge

\/

merge\\\ -

merge merge —*

merge

VARV

025 0000000000

026 0000000000000

00000000000 KLICOOODODOooDoooooooooooooooooo.

000, “‘merge(In,Out)” JOO0OOOOOO, “In” O0OO0O0O0D0DO0ODOOOOOOODOODOOO
wify000000000000. O00O,00000000OODOODOOOO, “Int,In2,In3” 000
ooooo, “ouwt” 0000000000000 U0O0OODO 300000 0UOoOooDOoO.

merge(In,0ut),
In = { Inl, In2, In3 },

24 0OUO00O0OO0DOOOOOOOOOO0

gooboboobooboobooobooboobooboboobo. obobobooooboobooo
000000 (0 26)0,0000000000000000000000,0000000000O00
gbobooboboobobooobobobooboobobobooboboon.

gbo,00000b000booobooooboobooobobooo.

000oooooo,0 27000000000000D00O0O000ODOOOO0000ODO,00000
gbooobooooboobo,0ooboboboobooboob,boobbooboboob. oobobbob
o,0boobobooboooo,0oboboboobobooboooog,0oobooboobobobobon
gobooobooobooboobooboboobooobo,bobbooboobo,00obooboobobon
00, 00000000000000000%, 00000000000, 0000000000000
gooooooooooboooooob. bbb, 0boooboobooboob,bbobobobobon
00 (b00o00)bo0O000000000000OD. 000, 0000000000, 000000
goooooooboooobooooooooobooboooboobooobooooooboboooboboOo,ooo

000000000 200000000000000000
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O 27 00000000

0000000000000000000000000000. 000,000 f000000,000
0000000000 742=9000 a—b—~f0000000 (0000000000)000. OO
0,000 00”000 ;0000000000000 a—eni—j0,000000 7000000
00000000000 {ame—i—j,7} 0000000,000000000000000000 bO
0000000, j00000000000000. 000, 0000000000;;00000000
0,000b,gj000000 {ameni—j—f,8}000. 00020000 bed000000000
000000,00000000000000000000000000000000, 0000000
0000000000 00000000000000000000000000. 000000000
000000000D000000000000000000000(000000000000000
000000000000000000000000).

2.5 0OOOO

gooobooboobooobooboboo. booboboooboboobooboobobbobooo
000000000 iooutstream/1 OO0, DD0D00D0D00O0O “rint(X)? 00000000000
0,00 X”000o0o0o0o0o0ooooooooooooooooooo, “l”0ooooooooog.
000,0000000,00 X 0000000000000 O,0000.

io:outstream([print(X),nl]),

gobobod 10 boooobobooooboooao

bdbO0b0OTarget DO O0O0OOOOOoOoOOOOOOOOO, D00OO0OOOCOOOOODOO
ooooobo, Target=100000000000000000O
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ooooo 20 28 x 3™ x 5

DDDDDDDTargetElEII:II:IEIDDDDI],21><3m><5"(l,m,n[][]DDDDD)DDDDDDD
ooobobo0oboboobDooboboo0obobobOobg, Target=100000 00000000000
gooobo,oboboobboobbooob0obboboobDoobooobLbooDbOo0o. Xxoyooboo
O00z0O0O0O0O0OO0O0O0O0OO0 “Xmed Y =:=Z” 000000000000 “XmodY =\=2"7
gooooOooooo. x0yoooooozooopooooo, “z2 =X/ Y7?000000000
goooog.

oobobdo0d 30 boobbuoooobboooooo

000000000000 00000D0000. 00000000 fibonacci/4, square/2, cube/2
merge/3 sum/20000000000000.

:— module main.

main :- true]
main(100, Answer),

io:outstream([print (Answer) ,nl]).

main(Target,Answer) :- true]
fibonacci(0,1,Fibo,Target),
square (Fibo,Squares), cube(Fibo,Cubes),
merge(Squares,Cubes,Both),

sum(Both, Answer) .

Target=10000000000, 935596 0 0O 0.

goood,boooobooboboobobo,0boboobobooboboo,boboob
000000000 square/2,cube/20000000000000O000O0OOOODOOOOOOO
0. 0000000000000 00000D0O0D0O0DO. square/2, cube/2, merge/3, sum/2 00
gboooogooo.

:- module main.

main :- true]
main(100, Answer),

io:outstream([print (Answer),nl]).

main(Target,Answer) :- true]
fibonacci_lazy(0,1,Stream),
dispatch(Stream,Target,Fibo),
square (Fibo,Squares), cube(Fibo,Cubes),
merge(Squares,Cubes,Both),

sum(Both,Answer) .

fibonacci_lazy(N1,N2,[]1) :- true | true.
fibonacci_lazy(N1,N2, [make(X) |Stream]) :- true|
X = N2,
N3 := N1 + N2,
fibonacci_lazy(N2,N3,Stream).
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naturals »filter filten »filten »counter
2 3 5
0 2.8:
dispatch(Stream,Target,Fibo) :- true |

Stream = [make(X)|Streaml],
dispatch(Streamll,Target,Fibo,X).

dispatch(Stream,Target,Fibo,X) :- X >= Target|
Stream = [],
Fibo = [].

dispatch(Stream,Target,Fibo,X) :- X < Target|
Fibo = [X|FiboN],
dispatch(Stream,Target,Fiboll).

0000000 40 28 x 3™ x 57

gooo0oooyOODOOOOODOOO0ODOODOOOOOODOODO. DOO,Ny=200000
01200003000000b0000O0b0obDO0. oo, 00ob00110D0oboobooobOoboooo
gooboboobooooboo. oo, y=20000000,N=30000000,N=500000
oo, ooboboooboboooobooobbooobboo0, bbb obb oo,
0 28000000000 O0DO0O0OODODO, DOC0O00ODUOODOODbDOO0DODObODObOOO
gooooooooooo.

:— module main.

main :- true|
main(10000, Answer),

io:outstream([print (Answer),nl]).

main(Target,Answer) :- true]
naturals(1l,Target,Stream0),
filter(2,Stream0,Streami),
filter(3,Streaml,Stream?2),
filter(5,Stream2,Stream3),

counter(0,Stream3, Answer) .

naturals(N,M,List) :- N>=M |
List=[].
naturals(N,M,List) :- N<M |
List=[N|Rest],
N1i:=N+1,
naturals(N1,M,Rest).

filter(_,[1,0ut) :- true |
Out = [].
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filter (X, [E|InN],Out) :- true
filter(X,E,InN,Out).

filter (X,E,InN,Out) :- E mod X =:= 0 |
EN := E / X,
filter (X,EN,InN,Out).

filter (X,E,InN,Out) :- E mod X =\= 0 |
Out = [E|OutN],

filter(X,InN,Outll).
counter(C,[],Res) :- true |
Res = C.

counter(C, [1|InN],Res) :- true

CN :=C + 1,

counter (CN,Inll,Res).
counter(C,[E|InN],Res) :- E =\=1 |

counter(C,InN,Res).

Target=1000000000000,174000.
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03 0

ogoooogo

3.1 OOooooobooaad

gooooooo,boboooooooooooooboooooobo,0bobobobobobo
gooboooboooob,obooobboob, boobooobUoo,obboobDboobLoOon
gooo0O0o0o0OU0000UU0OUUUO0. DUODOUOLOULOUd, NlegNDoooooooooo
gooooog.

15 32

0310000000

00,0000000000000000000000D00, 0000000 DO0ODOOOOO.(O
0000,0000000000bDOOoDOoOoOn)

gsort([H|T]) :- true | compare(H,T).

compare(V, [H|T]) :- V > H | compare(V,T), 00000000 HOOODO.
compare(V,[H|T]) :- V < H | compare(V,T), 0OJ00OODO0ODOO HOOODO.

oooooD. 0ooo,00D00000UUooDooo,KLlogdoooooogo,0ooooogooon
00 KLioooOoooooooo (co)yoo.

gsort([H|T]) :- true | compare(H,T,L_small,R_small).

compare(V, [H|T],L_small,R_large) :- V > H |
compare(V,T, L_small 0 H OOOOOO, R_large).

compare(V, [H|T],L_small,R_large) :- V < H |
compare(V,T, L_small, R_large 0 H OOOOOO).
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O0,Lsmall0 HOOODOUOOODOOOOODOOOOOOO. DOOOoOQoooooooouooo
ooooo0. (boboOoo0oOob0O0obLbO0O0D,0D0000O00D0O0DO0OO0OOD. )OODO,1
02030000 [1,23|0003000000000000.

gooogobooooooooobooooobobobDobobo0,. bobooobUob, 2000
goog.boooboooooboog.

e LIFOO (0DDODO)
0000000000000000000.

HPHSN;2>H (]

<+7H$N; 2>H _.-_> [

<+PHEN; 2>H y
<+?H$N;2>H_.| 3 |_.| 2 |_.| 1 |_.[]
<+?H$N;2>H_.| 1 |_.| 3 |_,| 2 |_.| 1 |_.[1

0 3.2: LIFO

00 compare 0000, Lsmall0 HOOOOODOOO [HLsmal]OODO. 0000000, O
DOoo0DO0O0o,[(0000)00000000nO.

gsort([H|T]) :- true | compare(H,T,[],[]).

compare(V, [H|T],L_small,R_large) :- V > H | New_L = [H|L_small],
compare(V,T,New_L,R_large).

compare(V, [H|T],L_small,R_large) :- V < H | New_R
compare(V,T,L_small,New_R).

[HIR_large],

e FIFOD (D0 D)
000000000000000000000.

301t$+$i$N; 2>H

<+?H$N; 2>H

O 3.3: FIFO

Lsmall0 HOOOOOOO,Lsmall 0 [H{ODOOOODO]000. 00000, [(0000)
0000000000000000000.

40



gsort([H|T]) :- true | compare(H,T,ExL_small,ExR_large).

compare (V, [] ,L_small,R_large) :- true | L_small

compare(V, [H|T],L_small,R_large) :- V > H | L_small
compare(V,T,New_L,R_large).

compare(V, [H|T],L_small,R_large) :- V < H | R_large = [H|New_R],
compare(V,T,L_small,New_R).

[1, R_large = [J.
[H|New_L],

0000000000,0000000000. LIFOOOO,00000000,000000000
00000000,00000000000000000000. O0000000000000, 00
00000000,0000000000000000000. 00,FIFOO00,00000000
000000000000000000,00000000,0000000000,0000000 (0
ooooo).

00000000000, 000000000000000000000. 0000,LIFO00O00O
000000,000000FIFOOOOOO0DO000000O0O0. (LIFOO0O00000000000.)

000,00 1000000,000000000000000000000000000. 000
000000000, 00000 10000000,0000000000000000000. 000
00000000000000,000000000000000000

gsort([H|T]) :- true | compare(H,T,L_small,R_large),
gsort(L_small), g_sort(R_large).

compare(V, [] ,L_small,R_large) :- true | L_small = [], R_large = [].

compare(V, [H|T],L_small,R_large) :- V > H | L_small = [H|New_L],
compare(V,T,New_L,R_large).

compare(V, [H|T],L_small,R_large) :- V < H | R_large = [H|New_R],

compare(V,T,L_small,New_R).

00000000, 00000000D0 “ompare”000000000,0(0000DOO00ODOOO
00000)02000,000 “gsort”’000000OO0ODOODO.

compare

compare compare

O 3.4: Binary Tree

gobogooboooboooboobooboo,boobobboboboobobbooboooboon
gboooooboobooobon.

=Y

= [].
[HINR], node(T,V,L,NR).
[HINL], node(T,V,NL,R).

node([H|T],V,L,R) :-
node([H|T],V,L,R) :-

node([],V,L,R) :- true | L = [],
H>V | R
H<V | L
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node([H|T],V,L,R) :- H =:= V | node(T,V,L,R).

terminal ([]) :- true | true.
terminal ([HIT]) :- true | node(T,H,L,R), terminal(lL), terminal(R).

3.2 0O0OUOOO

goooobgo,gboobgobooboobooboooo,oooobooboobooboboo. b
goooooooo,000 FIFOOO0OO0OO0, 0000000 0OO0DOO0DODOODOOODOODOO. OO
gooobobo,bo0oboboboboobooboo,booboboobobooobooboobooo.

0350000000

ooo,0booooobooogboo,obooocoboobDobOobobooboooooDo10ooDgoDb. o
gooo,booooooooobob,bobobobobboooboobDOo. bobobobboobooooo 2
0(0oboO0ooLO0O0o0O0,0000000000DLO0ODOLOODO)0D0O0DO,000D0O0DO
gboooboboobobooboboboobon.

?7$7%$3JQ7t ?7$7%$3JQ7t

0 3.6: 0000

gooooo,goooboboooboooobooboob. bbb oobobooob, b
00000200 (0000000000000 0O00OO0DODOD0O0O0O0O0OO0)0D0OO. DOOOO
gboooboooo.

gsort(In,Out) :- true | terminal(In,Out,[]).

node([] ,V,L,R,Xs,¥s) :- true | L =[], R =[], Xs = [V|Ys].
node([H|T],V,L,R,Xs,Ys) : - H >V | R = [HINR], node(T,V,L,NR,Xs,Ys).
node([H|T],V,L,R,Xs,Ys) :- H<V | L = [HINL], node(T,V,NL,R,Xs,Ys).
node([H|T],V,L,R,Xs,Ys) :- H =:=V | node(T,V,L,R,Xs,Ys).

terminal ([] ,Xs ,Ys) :- true | Xs = Vs.
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terminal ([H|T],Xs0,Ys) :- true |
terminal(L,Xs0,Xs1), node(T,H,L,R,Xs1,Xs2), terminal(R,Xs2,Ys).

“gsort” 00O “terminal” 000000000 D0OOOOO “node” 000,00000000000
oooooOooooOoDOoOOOOO0OO0. OO0 “nede” O, 00000000 0OCOODOCODO,00000
gboobobooobo,ooooobooboboboobooboobooboboboOobooboooboooonn.
000000000000000000, “node” 00000000 “erminal” 0000000000
OO0, “node” 0000000 DOOOOOOOOODOODOO.

000000000000 000000U00DU0,000D0O000,00000 (DOODUOOoDOO
00000000)000000DO0O0D0O0DOOO. (D000 node — split or partition , terminal
—gsort 00000DDOODOOO)

gsort(In,Out) :- true | terminal(In,Out,[]).

node ([] ,V,L,R) :—- true | L=1[1, R=1].

node([H|T],V,L,R) :(- H >V | R = [HINR], node(T,V,L,NR).

node([H|T],V,L,R) :- H< V | L = [HINL], node(T,V,NL,R).
|

node([H|T],V,L,R) :- H =:= V | node(T,V,L,R).
terminal ([] ,Xs ,Ys) :- true | Xs = Vs.
terminal ([H|T],Xs0,Ys) :- true |
terminal(L,Xs0,Xs1), node(T,H,L,R), Xs1 = [H|Xs2], terminal(R,Xs2,Ys).

3.3 Oooooooad

goooobo,0booooboobobooboobooboobo,0booboobobbO0bboUoDbOo,0Dbo
0000000000000 0oO0o0oo00000O00O00. D000, 0000000000 (OO0
ooooo0ooo, )00 00b0D00000000OU0OL0U0Ob0. DOoobOOo,00 (o,000
do0o0)0b00o00o0O0O0O00O0O0 2000000000 (DOD)UDOO, DDOOODODOODO
goboooboooooob,b0coobboobooboobob,oboobooboobooboobon
gbooooobooon.

-

EE

SNEANENAAEAN
NN

(60BN2=$"$GBT$D) (C1012=) (C1012=) (C1012=) (C1012=) (60BN2=$7$?$h$N)

037 Q000oooooo

ooooooo,000000oo0ooobco0ooOo,0o0o0ocbcoooooobocOoOon.

job :- inspector(C0),

workeri( ... ,C0,C1),

worker2( ... ,C1,C2),

workerN( ... ,CN, [1).
inspector(W) :- wait(X) | next_job.
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ooo0,0b0oo0oo00ob0oboooo0ob 200b00b0000bDODObOOOOobDOobOOObOOoDO
oooooooo.

34 0OOOOOOO

KLl 00000000, Doooo0ooooooooouoooooooooooooooooo.
(KLiooooOoooOooooooooo,000o00ooooooooooooo.)

gobogoobooobooobooboobooboob,bbobboobobobbooboooboon
gooooooboooboooo,oooooboooboooboobooobobooboooDooo.

JBIT%4 I <k

%"*%/%; %IMW5a

O\CE\ =PNOAUCV

038 0000000

oo0oo00o0oO0oo0,0000000 (b00)0D0L000O00O00D0O0DO0O0D, 0D00o
goboobobooboboobobooboobobobooboboobooboobob,0boboo
00000000000 (merger) 00000, 0000000O0ODOOOOOOOODOODODOO
gooo.

JBIT%4 1<%k

%"%/%:; %9MWSa

=PNOAuCV
{1

JBIT%4 1<%k

merger

%""%/%; %OMW5a

=PNOAuCV

039 00pooooobog

Oo00U0ooooo klie0O, J00000OO0ODOOOQOOOUOOOOODO, DOODODOODOODODOO
0000000000000 0D0O0000O0O (outstream/1) 0000000,
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job :- true | work(0), io:outstream(0).

work(0) :- true |
workeri( ... ,0,01),
worker2( ... ,01,02),
workerN( ... ,0n,[]).

outstream 00000000000 print/1(000000000) 0 n(0000)000. OO,
print/1 000000000000000000000000000000000000000000
0,000000000000000000.

obogoboosd obgooooooon

o0o0oooO0oOoooo0o0ooo LFo000OoOOoO0O0OoOoOO0O0OoOO00O, FIFOOOODODODO
oo.

goooboged OoooOoO

goboooobooboobooboobbo,0bbooboobooobo,obboobbooboon

[3’1!4’135’9’2!6’5’3’538’9’7!9’332’3,8!4’632’6’4!3’3’8’332’7’9!5’032’
8,8,4,1,9,7,1,6,9,3,9,9,3,7,5,1,0,5,8,2,0,9,7,4,9,4,4,5,9,2,3,0,7,
8,1,6,4,0,6,2,8,6,2,0,8,9,9,8,6,2,8,0,3,4,8,2,5,3,4,2,1,1,7,0,6,9]

000000,00000000000000 datasort(X) 0000 ,datakll 00000000000
ooooooa.)

goooo,

:- module main.

main :- data:sort(X), my_sort(X).

my_sort(X) :- ...
oo, boboooboboooboog.

% klic my_prog.kl1l data.kl1
b, data.klt O00O0D0OO0OO0ODOOOOO.

:—- module data.

sort(X) :- true |

X = [3,1,4,1,5,9,2,6,5,3,5,8,9,7,9,3,2,3,8,4,6,2,6,4,3,3,8,3,2,7,9,5,0,2,

8,8,4,1,9,7,1,6,9,3,9,9,3,7,5,1,0,5,8,2,0,9,7,4,9,4,4,5,9,2,3,0,7,
8,1,6,4,0,6,2,8,6,2,0,8,9,9,8,6,2,8,0,3,4,8,2,5,3,4,2,1,1,7,0,6,9].
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000000 20000000

goooboobbooboobob,obbobobboboob,obboboboboobog.

46



0 4 0

ooooood

000 KLl 0ooooooooooooooooooooooooooo,00ooogooooog
gbooob.booboooobooboboobooboobobooboboobobooobonn.

4.1 0OOOOO0OOOOOO

odoooooo,00d00o0oooo00Uooooo0UUoD. o0 KLloo,ooooooo
gooboboobooooooooooboooobooboooooooobooooDoboO. boboo
gooobobooob,obooboboobobooob.

KLiooooooooooooooooooooooooooooooooog.

0000 KLl Oooooooooooooooooooooooooooooooooooooooo.
odoooooouooooo,KLloooooooooooooo,0oogooooooouooo
gooooOoO00. 000000 Kl oooogoooooooooooooooooooo,00o0oo
00000oooo000oooooo00oo0ooD. o0000 K1 oooooooooooooood
go.
gbooobooooobooobooobooboo.

1. 00000 (0000000000)0000000000
000000 -000000000000000000, 000000000000000000
0000000000. 00000000000000,000000000000000000,
Jo0000000O00000O0O0. 00000000000000, 000000000000
ooot.

2.00000 (000DDO0O0O00O0)0DDOOOOOOOD
ggboooobooboo,bbooobooboobob,obbooboboobobobobooobbo
gbo,00oobooooooboboo. cobooboooobobooobobobobooooo
goob,00boboobobobooog.

. J000b0ooooooobooono
000ooooo0o,000 ORODOOOO0ODOODOOUODODODOO0OODO, 000000
gobooobooboooboobooboboooboo,00boobooboobobooobobon. o
gboboogooobooooooooooboboo,0ooboboooobooboobooooon
0 (Doooooooooooo).

gboobobooboboobobooboboon.

l0oDO000000O0000, 000000000000000000000000000000000000000000
O.0o000oo00o0oo0o.
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4.2 0O00O0OOOODOOO

4.2.1 0O0O0OOOO0OODOOOOOODOO
gboooboooon

gooobooboboobobo,bboboobobooboboon.

main :- true | q, r.

q :- true | s, t.

r :- true | true.
s :- true | true.
t :- true | true.

gooooobooobooobo,bobbobbobbobooboobboobboobooboon
gooo. oobbooboobooboboobob,boobobbobooboboboobobOobOon
00 LIFOOOOO0OD0000000000000D 41 0000000000002,

main
q r
S t

O

041: 0000000O0OO

0000000000000 000000000OD, 0000000000003, 00o0nooooo
goooooooooobooooooooo.0oo0 -ooobooobooboboobooboobooo.

ooooooooon

goboboooboboooboboob.

% gencon.kl1

:- module main.

main:- true |

generator(100,Stream), consumer(Stream).

generator(0,Stream) :- true | Stream = [].
generator(N,Stream) :- N =\= 0 |

Stream = [N | NextStream],

N1 :=N-1,

generator(l1,NextStream).

consumer([]):- true | true.

consumer ([N|Stream]):- integer(lN) | consumer(Stream).

2Jonoo0 KLICOOOOOOO0O0O0000000000000
0000000000000 0000000000.

48



ooooboob0o 4200000000000D000DOODO.

gener ator

g—0—0—>0—

|
| | | |
v \ v \j
c—C—>C—»Cc—
consumer

——> %jRORUTYGYS
— — > @0?ENS$NDL?.

042 000 -000000CO0OO00OOO0

oo0ooo0ooo LIFO00O0O0OO00O0O0O0ODOO,0000000000.

% klic -o gencon gencon.kll

% gencon

h

Jd0dooU0o00o. 00D00o0oooooDooooooooog.
main :- true | generator(20000,Stream), consumer(Stream).

0000.00000000000000000000000000000000000¢4.

% klic -o gencon gencon.kll

% gencon -H30k

Fatal Error: Maximum heap size specified (30720 words) has been used up
% gencon -H40k

h

00000000 ok O00o0o0bo0oo0ooooooooooo0.00ooo0oo ?

OO00O00000000 generator 00 0000000000000 O0O0OOOOOOOOODOO
O0o0O0. LIFO 00000000000000000, 00 generator 00000000, 00 NO
0000000000 generator OO DOODOOO. D000 consumer OO O0OO00O0OO0OODO
O.001w000000000000000000000,00 2000000000000000000
oooo0o0o0o0o0ooooo0o0o0o0oOooooooo.

oooooooono. oooooooooooooobooooooOooooooooooooon,
ocoooooOooooooobooooooooooo.

ooooooooooooooobooa
ooooooooooooDoooo.

l. 0goooobooobobobooobob,00obpooboboboob00bU. boboboboooo
goboooooboog.

2. 00o0oobpOooooboooobobLoOooobLUobL. boooobobDobboooobo,00oDbOoo
gooooooo.

. Jb00b0o0oo0oboOooboobOoooobOooboooDooooDbo.

400000000 -E30k 0, 000000000 30kword 0000000 OOODOOO.
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gener ator
g—9—=g—%g—

b p
A A
main | s | s | //' | //
R
v,/ v’ v’ v’
c——>C——>C—»Cc—»
consumer

— %A%/ %T%g%S
— — — . @0?tNsSNDL?.
----- > Fl4]

043: 000000-0000000000DODOO

goboobooboboon.
% request.kll

:- module main.

main :- true | generator(next,20000,Stream), consumer(Stream).

generator(_,0,Stream) :— true | Stream = [].
generator(Next ,N,Stream) :- N =\= 0, Next=next |
Stream = [send(N,NextN) |NextStream],
N1 :=N-1,
generator (NextN,N1,NextStream).

consumer([]) :- true | true.
consumer ([send(N,Next) |Stream]) :- integer(N) |
Next = next,

consumer(Stream).

gobooboooobon

% klic -o request request.kll
% request -H30k

h
o,0oocooooooobooon.

gbooooooobD 430000000000, 0000000000D00D00next000. OO
0000000000000 next00000000000DOO0DOO0ODDOO (DOD1000D0).

gooobooboboon.
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CALL: main:main?

REDU: main:main :-
0:+generator(next,20000,_6)
1l:+consumer(_6)7

CALL: main:generator(next,20000,_6)7

REDU: main:generator(mnext,20000, [send(20000,_E)|_F]) :-
0:+generator(_E, 19999, _F)7

CALL: main:generator(_E,19999,_F)7?

SUSP: main:generator(_E,19999,_F)7

CALL: main:consumer([send(20000,_1B)|_F])?

REDU: main:consumer([send(20000,next)|_F]) :-
0!+generator(next,19999,_F)
1:+consumer (_F)?

CALL: main:generator(next,19999, _F)7

REDU: main:generator(next,19999,_F) :-
0:+generator(next,19999,_F)7?

CALL: main:generator(next,19999, _F)7

REDU: main:generator(next,19999, [send(19999,_2B)|_2C]) :-
0:+generator(_2B,19998,_2C)7?

CALL: main:generator(_2B,19998,_2C)7?

SUSP: main:generator(_2B,19998,_2C)7

CALL: main:consumer([send(19999,_38)|_2C])7?

REDU: main:consumer([send(19999,next)|_2C]) :-
0!'+generator(next,19998,_2C)
1:+consumer(_2C)?

CALL: main:generator(next,19998,_2C)7

REDU: main:generator(next,19998,_2C) :-
0:+generator(next,19998,_2C)?

CALL: main:generator(next,19998,_2C)7

REDU: main:generator(next,19998, [send(19998,_48)|_49]) :-
0:+generator(_48,19997,_49)7

CALL: main:generator(_48,19997,_49)7

SUSP: main:generator(_48,19997,_49)7 a

© © ©O© N N 0 N 01 o1l NN N OO ook 0w W NN W R e

[ =N Y
O O O

gobooobooboboobooobooooobobooboob. obobooboobobbooboo, o
gbooobobooboboobobooboboboobobbobobbobobobobon.

0000o0Doo0oo0ooDooo00, KLl 0oDoooooooooooooooooooooon
gbobooooboon.

4.3 KL1 O00OODOOODOODOODO

4.3.1 00OO0OOOOODOOO

gobooboboboobooboboboboob.
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% genconwp.kll

:— module main.

main:- true |

generator(20000,Stream)@lower_priority, consumer(Stream).

generator(0,Stream) :- true | Stream = [].
generator(N,Stream) :- N =\= 0 |

Stream = [N | NextStream],

N1 :=N-1,

generator (N1,NextStream).

consumer([]):- true | true.

consumer ([N|Stream]):- integer(lN) | consumer(Stream).

gooobooOob0o0ooO0ooOoOO0boOooOOoOo,4800000DbD00ODO0ODOODOODOO.
gooboboooboboob,oboob.

% klic -o genconwp genconwp.kll
% genconwp -H30k
h

gbooobobooboon.

1 CALL: main:main?

1 REDU: main:main :-

2  O:+consumer(_6)

3  1x+generator(20000,_6)Qprio(67108862)7
2 CALL: main:consumer(_6)7

2 SUSP: main:consumer(_6)7

3 CALL: main:generator(20000,_E)?

3 REDU: main:generator (20000, [20000|_14]) :-
4  QO:+generator(19999,_14)

2 1#+consumer ([20000]|_14])@prio(67108863)7
2 CALL: main:consumer([20000]_14])7

2 REDU: main:consumer([20000]_14]) :-
5  0:+consumer ([20000]_14]1)7

5 CALL: main:consumer([20000]_14])7

5 REDU: main:consumer ([20000]_14]) :-

6 O:+consumer(_14)7

6 CALL: main:consumer(_14)7

6 SUSP: main:consumer(_14)7

4 CALL: main:generator(19999,_23)7

4 REDU: main:generator(19999,[19999|_29]) :-
7  O:+generator(19998,_29)

6  1#+consumer([19999|_29])Qprio(67108863)7
6 CALL: main:consumer([19999(_29])7 a

gboooboboooboobobooo.
gooobooooboobobooboboob. ooboboobobDoobobboobo.

generator(20000,Stream)@lower_priority
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O0000OD00OO00OOelower_priorityd, 000000000 0ODOOOOODOD. ODODOCOO ‘O
gooooOoOoOoOoO0OOOO0OO0OO0OO0O0O0O0OO0DO0O0O0OO0OO0’000O0O0. D0OoOoooooog, oo
000000 Kl ooooooooooooo.

e 00000 DODDOOUDOUDODOLDODL,DODOULODODLOODDOODOODOO.
gboobobooboboobobo,bobobobobobobobobooboboon.
e JOUODOODODDOODODDODO.

gooobooboooboobooboobooboobobb.oobobooboboobooo.

4.3.2 00OO0O0OOOOOODOO

KLICODOOOO KLICOODOoOoOooooooooooo. ooooooooooooo.
ooooooooboooboo 2b000.

1. 0000
gobooooo.

Goal@priority(d O 0O)

goboboooboboobobooboboboboobob.

2. 00000
gobogoooo.

Goal@lower_priority

ooooooooooooobcOo1000o0oo0ooboOoOooooobooon.

4.3.3 0O0OOOOOODODOO

oooooooooooo,00b00000ooooooa.
ooooooOOo0o0oOoooDoobooo

goobo,obboobooooobooboooobboobooo. oo, boobbooboobn
gooooooboooboo,boobooooboboobooooboboobobooboooo.

top:- true |
go@priority(100000)
go:- true |
a,b.
a :- true | goal_0@priority(200000).
b :- true | goal_1@priority(300000).

Oo0,000000000 goOOODOOO aOb00000.000000O0DOCOOO,000O
OO0 2000000 300000 0C00000.000CO0O000O0OCOOOOOOOCOOOOOOOO.

e 00O goal 00 OODO 200000 00000.
e 0O goal 10000 300000 00000.

e I00DO,000 geal 10 goal 00UOOOODOOODOOODOO.
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goboo,boboboboobobooboboobobbobooboobg.

o0 godOmoOnO 100000000000,
e D00 alObdOOO 100000 000000O.
e 00 ab0O000O00DO,goal 00000 200000 000000.

ooooo,000s0000000 1000000000000000,000 2000000 goal 00O
oo0oo0oDb0O00,geal 1 000000O0DODO.

gobgooboboo,booboobobooboobbooboobo0 atdobboo,bobon
goooooobobooboooobobooobobooo. obooboboooobobo,b0bo0bo
gobooobbgoobbooboooboobobboob,0oobboobbooboooboon,
gbooboboobobooboobobboobobobobooboboon.

googoobooooooooo,booboboooboobobooboobboobbooDboooobo.

gobooboobobooboboo.ooobooo.

ooooooo,0oooooooOoooooboooa.

00o0ooooo0ooooUoUo KLICooooooooooooo. ooogoooogoooog
gboooboboobobo,0obobooboobooobooboobooboboobobooboboo
goooo.

4.4 00OO0OOOOOO

O0000O00o00U0O0OoU0O0O0,00000000000000000000 alternatively
oooooooo.

ooooo-oooooooocooooooooobo. oooobooOoooobooooooboOobOoooon
oooooooooOooooooocOoOooooobooOo,0b00b0000ooooOoO0ob0O0OoOooooboOoa
ooooooooo.

generator(stop,Stream) :- true | Stream = [].
generator(Stop,Stream) :- true |
Stream = [1 | NextStream],
generator(Stop,NextStream) .

oooooooboooooobo1000b000D.
obooboDOo0oOoOoooDoO. 00 generator O 2000000,00000000000O.

e 01000 stopd0O0OOOOO,000O0O0O0O0COOO.

e 0 10000DO stopOODOOODOODOODOO,0DO01D00DOO.

gooobobbobooboboobo

Redundant clause

Clause deleted: generator/2

ooooooooooooococOoOo0O. ooboooooooooooo0ooooooooooon
OO0, 00 generator 0000000000000 O0COOOO. ODOODDOOO,00000D000
OO0000o0o0oboOo0oDOoO0ODO0O0n generator O OOOO0OOOODOOO0ODOOCOOOOOOOOO
UO00000. 000 alternatively UU0U. alternatively DO UODUOOOODOOODO.
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and(and(and(t,or(f,or(t,f))),f),or(t,or(and(f,t),f)))

0 44: 00000

generator(stop,Stream) :- true | Stream = [].
alternatively.
generator(Stop,Stream) :- true |

Stream = [1 | NextStream],
generator (Stop,NextStream) .

OO generator 00 100000000,0000 100000000000C00000O00COOO
oo0oo0o100000,000000D00C0 200000000000.

ggd
gooobooboboon.
g2000b00ooooboooog,0 tgooboobooboooboobooooobog.

oooooooooooooooooooooOo. 020001 000000000000000C0C0
oooo. KLl ooooooooooooooooooo,000ooooo.

4.5 0O0O: 00000O0OOO

goooooboooboboobo,obooobbooboobbooboobDb. oboo,0ooD
O, AND, OR, t(rue), f(alse) 0000000000 O0ODO0OODOO0ODOOO. DOD 44000. OO
gooobooboo,obgobobooobobooobg.

goobobooboboboobobooob,oboo,obg,

e JOUODOOODODOODOD

e JOUODOODODDODODODO

e JOIDDOODODDODODOO
goo,oboboooboboo

e JOODOOODODODODO

gooo.
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% naive.klil

:— module main. % 1
main :- true | ho o2

eval(T,E), io:outstream([print(E),nl]), % 3

T = and(and(and(t,or(f,or(t,f))),f),or(t,or(and(f,t),f))). % 4
eval(and(L,R),E) :- true | eval(L,EL), eval(R,ER), and_node(EL,ER,E). % 5
eval(or(L,R),E) :- true | eval(L,EL), eval(R,ER), or_node(EL,ER,E). % 6
eval(t,E) :- true | E = t. ho 7
eval(f,E) :- true | E = f. h 8
and_node(t,t,E) :- true | E = ¢ ho9
and_node(f,_,E) :- true | E = f. % 10
and_node(_,f,E) :- true | E = f h 11
or_node(t,_,E) :- true | E = %h 12
or_node(_,t,E) :- true | E = % 13

or_node(f,f,E) :- true | E = f. % 14

045 0000000000000000O0 (naive.kll)

4.5.1 00OO0OOODOOOOODOOO

00000 (naivekll) D0 45000, eval/20, 0000000000000 eval/200000
0,000000000000200000000000000000000 (5600). 000000
00000000 (000000000)0000000000 (7,800). andnode/3 00 ornode/3
020000 ANDOOOO OROODOODO.

eval/20000000000004.6000. 000000000000000000000000
00000000000 (17000)00000.

4.5.2 0J0OO0OOOOOOOOODOOOD

ANDOOODOO, 000000 200000000000000000000 fOO0O0OOOOO
ooooooooooooo. 0o OROOOODO,000 t000000000O0OO0OO0DOOOOOd
00.00000000000D0000000000D0U0OD0OO047000000 (seqkll)ODODO.

eval/20, 00 eval/20000000000000000, and-node/30000 ornode/3000
(5,600). andnode/300 ormode/3000000000O00ODOMO0ONO, eval/2000000000
ooooo(10,1100), 0000000000000 0DO0O0ODOODDOOODO(9,1200).

seq.kll 00000000 48000. DO0OD0DODODODDOOOOOOOO 1700009000
000000 eval/2000000.

000000000 naivekll 0000000000 DOO0O0OOOOOO(DOOOOOODOODO
0)000000000. eval/20 200000 (eval/20 andnode/30 000 ornode/3) 0000
0oo0o (5600), 0000000 200000000000000. and_node/300 or_node/3 O
eval/200000000000000000DO.

4.5.3 0O0O0OOOOOODODOOOOOOD

seqkll000O00O00ODOOOOOOOOOOOO

56



2 REDU:main:eval(and(and(and(t,or(..)),f),or(t,or(and(..),£))),_3)
4 REDU:main:eval(and(and(t,or(f,or(..))),f),_F) :-
7 REDU:main:eval(and(t,or(f,or(t,f))),_1C) :-

10 REDU:main:eval(t,t)

11 REDU:main:eval(or(f,or(t,f)),_24) :-

13 REDU:main:eval(f,f)

14 REDU:main:eval(or(t,f),_37) :-

16 REDU:main:eval(t,t)

17 REDU:main:eval(f,f)

8 REDU:main:eval(f,f)

5 REDU:main:eval(or(t,or(and(f,t),f)),_10) :-

19 REDU:main:eval(t,t)

20 REDU:main:eval(or(and(f,t),f),_51) :-

22 REDU:main:eval(and(f,t),_5D) :-

25 REDU:main:eval(f,f)

26 REDU:main:eval(t,t)

23 REDU:main:eval(f,f)

O 4.6: naivekll D0DD000ODO (eval/20000000)

% seq.kl1l

:- module main.

main :- true |
eval(T,E), io:outstream([print(E),nl]),
T = and(and(and(t,or(f,or(t,f))),f),or(t,or(and(f,t),f))).

eval(and(L,R),E) :- true | eval(L,EL), and_node(EL,R,E).
eval(or(L,R),E) :- true | eval(L,EL), or_node(EL,R,E).
eval(t,E) :- true | E = t.

eval(f,E) :- true | E = £.

and_node(f,_,E) :- true | E = f.
and_node(t,R,E) :- true | eval(R,E).

or_node(f,R,E) :- true | eval(R,E).
or_node(t,_,E) :- true | E = t.

047 000000000000000000 (seq.kll)
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2 REDU:main:eval(and(and(and(t,or(..)),f),or(t,or(and(..),£))),_3) :- % 1
4 REDU:main:eval(and(and(t,or(f,or(..))),f),_F) :- % 2
6 REDU:main:eval(and(t,or(f,or(t,f))),_18) :- % 3
8 REDU:main:eval(t,t)? 1 h 4
10 REDU:main:eval(or(f,or(t,f)),_18) :- h 5
11 REDU:main:eval(f,f)? 1 YA
13 REDU:main:eval(or(t,f),_18) :- o7
14 REDU:main:eval(t,t)? 1 h 8
16 REDU:main:eval(f,f)? 1 ho9

(a)eval/20000000

(b)0OoOOOo

O 4.8: seq.kll OO

gbooboboobob,bobooboboobobooboboob.
goooooobooobooobog,oooo

goooboobbooooboobo, boobboooboobobbooobboobb,bogoo
gboboooboooo.

gooobooboooboboooboboo. bobooboobobDoobOobDooboboobOo. oo
000 (cont.kl1) 00 4.9000.

eval/30,0000000000 200 eval/30,00000000 and-node/6 0000 ornode/6
0000000 (7~1200). 0000000 200 eval/30000000000.

eval/3, and node/6, ormode/6 00 1000000000000 0OOODOOOOOOOOOO. O
gobobobooooboOoo0ooooooU0oobOoDbOo. 3b0ob0U0obbOU0UoDbOOobOoboOobooDbOoo
(500 152000)00000 alternatively 00000000 DOO. 000000 DDOOODO abort
goooboooobtboo,boooboboooobbooooboboboooobbobbooobbooo
goooboooooboooo.
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% cont.kll

:— module main.

main :- true |
eval(_,T,E), io:outstream([print(E),nl]),

T = and(and(and(t,or(f,or(t,f))),f),or(t,or(and(f,t),f))).

eval(abort,_,_) :- true | true.
alternatively.
eval(AB,and(L,R),E) :- true |
and_node (AB,EL,ER,ABL,ABR,E),
eval (ABL,L,EL), eval(ABR,R,ER).
eval(AB,or(L,R),E) :- true |
or_node (AB,EL,ER,ABL,ABR,E),
eval (ABL,L,EL), eval(ABR,R,ER).
eval(_,t,E) :- true | E = t.
eval(_,f,E) :- true | E = £.

and_node(abort,_,_,ABL,ABR,_) :- true | ABL = abort, ABR = abort.

alternatively.

and_node(_,t,t,_,_,E) :- true | E
and_node(_,f,_,_,ABR,E) :- true |
and_node(_,_,f,ABL,_,E) :- true |

1]
ot

f, ABR
f, ABL = abort.

abort.

or_node(abort,_,_,ABL,ABR,_) :- true | ABL = abort, ABR = abort.

alternatively.

or_node(_,f,f,_,_,E) :- true | E = £.
or_node(_,t,_,_,ABR,E) :- true | E = t, ABR = abort.
or_node(_,_,t,ABL,_,E) :- true | E = t, ABL = abort.

049 000000000000O0O0OOOOO (cont.kl1)

o

and node
ABR=abort
E=f \\\\\
eval eval
or node
- ABR=abort
X/G;;;=abort \\\\\\
eval eval

O 4.10: abort 0O 0O
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2 REDU:
5 REDU:
8 REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
9 REDU:
6 REDU:

11
12
15
16
19
20

main:
main:
main:
main:
main:
main:

main:

main

main:

main:

main

eval(_9,and(and(and(t,or(..)),f),or(t,or(and(..),f))),_3)

eval(_16,and(and(t,or(f,or(..))),f),_63E5) :-
eval(_30,and(t,or(f,or(t,f))),_63D4) :-
eval(_4A,t,t) :-
eval(_45,or(f,or(t,f)),_63C0) :-
eval(_6C,f,f) :-

eval(_67,or(t,f),_63AD) :-

teval(_8E,t,t) :-

eval (abort,f,_639C)
eval(_2B,f,f) :-

reval (abort,or(t,or(and(f,t),f)),_63E4)

(a) eval/30000000

- [
RN
/
// abort
S/ /N

abort

(b)0ODOD0OO

O 4.11: cont.kl1 O OO

=
© 0 N O oW NN

% 10
% 11

andnode/6 0, 000000000000 f0D000O0O0OODOOODOOODOOED fOOOD,O
000000 abert 0000000000 DODO0ODOOODOODOOD (18,1900). ornode/60, OO
000000 +t00000000000000000O00O0O0OO0 (23,2400). DOODODDOOOOO
O,and node 0000 ornode00 eval 0, 000 and node 0000 ornode 000 00OO0OOO
eval 0O 0O0OODOO (D 4.10[]E]% gooobobobooooono.

contkll 00000000 411000, 200000000000000 (0 () 91100, O (b)
abort), 170000 9000000000 eval/30 0000000000, O 41100 4800000
Oseqkll 000000 O0ODOO0OOOOOODODOODOOO. O0O0ODO00ODO0O0OO0ODOO0OOODOO
000000000, seqkll 00000000 ODO0OOODOOOOO,000D000ODOOOOOOO,
cont.k1 000D 0O0D0OD0O0O000DDOOOOO00ODODOOO0OODO,00D00000000DOA0O.

ggooooooobbobobobobobdUUobL. o, bbb UUL O
00000o0o0o00U. 0000000000000 00O00000O0000O00O00UDODOooOOoOO
gl UUUY. bbb bobbbboboo
gogooogoooooobo, bbb, bbbbbbobbobobbbobnbD, O
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10
11
13
14
16
17

19
20
22
25
26
23

REDU:
4 REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
8 REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:

main:
main:
main:
main:
main:

main:

main

main:
main:
main:
main:
main:
main:

main:

main

main:

main:

eval(_9,and(and(and(t,or(..)),f),or(t,or(and(..),f))),_3)
eval(_14,and(and(t,or(f,or(..))),f),_12) :-
eval(_26,and(t,or(f,or(t,f))),_24) :-

eval(_38,t,t)

eval(_39,or(f,or(t,f)),_37) :-

eval(_44,f,f)

teval(_4B,or(t,f),_49) :-

eval(_5C,t,t)

eval(_5D,f,f)

eval(_27,f,f)
eval(_15,or(t,or(and(£f,t),f)),_13) :-
eval(_6E,t,t)
eval(_6F,or(and(f,t),f),_6D) :-
eval(_80,and(f,t),_7E) :-

teval(_92,f,f)

eval(_93,t,t)
eval(_81,f,f)

(a)eval/30000000O

V4
VAN
Ve -~
II I\\ \‘ , T
g, 1R
/lewof \FS ot
I} \ N 2 -
, \\\ \ ’ // _\\
" ;! \ I/ 1Y
1 \
oty S [am]r f
R | ) \

~ 7 \ N\ \
/ _\\ 7/
Vi /7 N\ \
1 ! \ \
|t 1 vy
<~/ -

(by0DODOO

0 4.12. 000000000000 cont.kl1OOO
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gooooooooooboooooooooo.

0000000000000 D000, 000000000 DOO0UOO0OD eval/3000000
000 andnode/6 00 ornode/6 0000000000000 0O0D. DO00ODOODO eval/3000
goodogbobooboboobotoooooooobL .. bbb, oL obbL, bbb oboobo
0O0. 0D0D0000D0O00D0O0O000OO eval/30000000000 andnode/6 00 ormode/6
gooooooooboobooooooooooooa.

0490 cont.kll 00, 0000000000000 O00OOUODOOODOOOOO, andnode/60
O ormode/60 eval/30000000000000000O00DO0O0ODOOODO. D0DOODOOOOO
godooboooooooobooooUo. boooooobooboooboooobouooobooooo
00000000000, 000000000 eval/30 and.node/6 0000 ornode/6 000000
ogooooooooono.

contkllO 800D 900, 0011000 12000000000 and-node/6 00 or_node/6 0
O00Oeval/300000. OD00ODO eval/300000000 4.12000. O0DO0ODOODOODODODOO
000000000000 0000. 170000000000 eval/30000000000.

4.5.4 00O0OOOOODOOOOOODODOOOOO

OOd0OOecontkllDOODODOOODODOOOODOODOOODOOODDOOODODOOOOOOO
goobo. oo oo bbobouooa.

ooooo (prio.kll)l]l] 413000. DO000OO0OoOOoO 912000 eva,l/?)DDDDDDDDDD
000000000000 490 contkllODOODODOODOODO.

eval/30, 200 eval/30 and node/6 0000 ormode/6 00000000 (7~1200), 200
eval/300 000 and node/6 00 ormnode/600000. OOOO eval/3000 and-node/6 00O
Or_node/6|]|]|][|[||]|]|][|DDDDDDDDDDDDDDDDDDDDDDD. gooooooa
doddoooboooooobooodoobooooooboooooooooooooog.

0414000000000, O 4.150 eva,l/?)DDDDDDDDDDDDD. J00000OOoDoO
DDDDD(5,6,7DD),17DDDD 4000000000 eval/3[|[|[|[|[|[|[|[|[l[l[l.

4.6 0O0O: 0000O0O0

googooboooboooboobooboobooboo,obbooboboobbooboooboon
goobooboooooobooob. booobo, bobooobOOobOO0obOU0obObOoobDOobOoDbOoOoOoD
(0)oboO0DO0O0DO0O0O0ODO. D00D0O00O0O0O0O0OO0, 00000000 DODO0O0DOO0O0ODOOO
ug. boo,0obooboobooboobooboobbobobobobo,0bo0oboobobobob
gooobooboooobooboo. oobo,0boobooboboobobooobDbOobOon
gooobogo.

oo, 0o0o0gooooooboobooboooboobobobooobobobooboooobooboO,bbobo
gooooooooboo. bogb, bbb oobbooboobooboobooboob,bbOob
gbooobogooo.

4.6 0000000 2000000000, DODODODODODO1I0ODODOODOO
goboooag.

041600 000000000000, 0000000000. 00,00000 abOO 10000
gbooob,boboobobobobboboobob. oobobooboobobbooboboobon
goooogoo.

[[[1,[here,[2,here]]], [here, herel],[[[3,[4,5]],6],[[here,7],8]]]

gobobo,0oboboboooooooooooboobogooooobobooooDbO. oboob, o
gobooooobboooobobooboboooobbboo, booobbooobbooobbooo
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% prio.kl1

:— module main.

main :- true |
eval(_,T,E), io:outstream([print(E),nl]),
T = and(and(and(t,or(f,or(t,f))),f),or(t,or(and(f,t),f))).

eval(abort,_,_) :- true | true.

alternatively.

eval(AB,and(L,R),E) :- true |
and_node (AB,EL,ER, ABL, ABR,E) ,

eval (ABL,L,EL)@lower_priority, eval(ABR,R,ER)Q@lower_priority.

eval(AB,or(L,R),E) :- true |
or_node (AB,EL,ER,ABL, ABR,E),

eval (ABL,L,EL)@lower_priority, eval(ABR,R,ER)@lower_priority.

eval(_,t,E) :- true | E = t.
eval(_,f,E) :- true | E = f.

and_node (abort,_,_,ABL,ABR,_) :- true | ABL = abort, ABR = abort.

alternatively.

and_node(_,t,t,_,_,E) :- true | E = t.
and_node(_,f,_,_,ABR,E) :- true | E = f, ABR = abort.
and_node(_,_,f,ABL,_,E) :- true | E = £, ABL = abort.

or_node(abort,_,_,ABL,ABR,_) :- true | ABL = abort, ABR = abort.
alternatively.
or_node(_,f,f,_,_,E) :- true | E = f.
|
|

or_node(_,t,_,_,ABR,E) :- true abort.

or_node(_,_,t,ABL,_,E) :- true

t, ABR

E
E =+t, ABL

abort.

0 4.13: 00000000000 DOOO0ODOOO0ODOOO (priokll)
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2 REDU:
6 REDU:
5 REDU:
12 REDU:
11 REDU:
9 REDU:
8 REDU:

main:
main:

main:

main

main:
main:

main:

A
and_node

gono

0 4.14: priokll ODOOOOCOO

eval(_9,and(and(and(t,or(..)),f),or(t,or(and(..),£))),_3)
eval(_11,or(t,or(and(f,t),f)),_63E4) :-
eval(_16,and(and(t,or(f,or(..))),f),_63E5) :-

teval(_48,f,f) :-

eval (abort,and(t,or(f,or(t,f))),_63C2)
eval (abort,or(and(f,t),f),_63D2)
eval (abort,t,_63D3)

0 4.15: priokl1 0000000 (eval/30000000)
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0 4.16: OO0

ooooo0ooUo. OO0, 00000000000000000O0O. D0DO0O0oOooooooooo,
gooboooobbooobobooobooobobooobboobboOo. Do, bboobboOoo
gogogooooobooboobobobbbooboooooU40. tooUoUUUL, oo LoLoLobo
alternatively 0000000000 OOO.

:— module simple_search.

search(Tree,Output) :— true | AGD)
control(Result,Output,Cont), %(2)
fork(Tree,Result,Cont). %(3)
fork(_,R,stop):- true | R=[]. %(4)
alternatively. w(8)
fork(H,R,Cont):- integer(H) [R=[]. %(6)
fork(H,R,Cont) :- atom(H) | A4P)
R=[H]. %(8)
fork([TL,TR],R,Cont):- (9
merge:in(RO,R1,R), %(10)
fork(TL,R0,Cont), h(11)
fork(TR,R1,Cont). %(12)

control ([H|_],0utput,Cont):- wait(H) | %(13)
Qutput = [H], Cont=stop. h(14)
control([], Output, Cont):- true | %(15)
Output = [] . %(16)

:— module merge.
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in([E|In1],In2,0ut) :- h(17)
Out = [E|OutT], in(Ini1,In2,0utT). %(18)
in(Ini, [E|In2],0ut) :- %h(19)
Out = [E|OutT], in(In1,In2,0utT). %(20)
in([],In2,0ut) :- Out = In2. %(21)
in(Ini, [1,0ut) :- Out = Inil. %(22)
goooooooao
:— module main.
main :- %(23)
Tree=[[[1, [here,[2,here]]], [here,here]],
[[[3,[4,511,6]1,[[here,7]1,8111,
simple_search:search(Tree,Out), %(24)
klicio:klicio([stdout(Result)]), %(25)
wait_open(Result, Out). %(26)
wait_open(normal (STDOUT), Out) :- %(27)
STDOUT=[ putt(Out), nl J. %(28)
wait_open(abnormal, _) :- unix:exit(1). %(29)

go,00b0bo0oo0boboon.

search 000000000 0O0OOO0OOOUOCO. OO0 10000000 O0ODOUOOOOOOOO
gobob0o0obolb contrel DUOOODOOO0OOODO fork OODOODO.

fork 0000 (4) 00,00 Cont DODDOOD stopU0UODOUDODODDODOODODO. Al-
ternatively 0 00000, 0000000000000 O0O0O0O. Cont O0O0OOODOOOOO
0o, (¢)000000oooooooog.

fork 0000 (6) 00,H000000000O0OOODOOOOOOODDOOODODO. OO,000
ooooo0o0oooUoOoooooooOoOo dooo.

fork 00OO0O (8) U0O,HD DODOO,000000DO0O0ODODOODOODOOOO. ODO,00
gooooboooo0ooooobooboooooooDo.

fork 0000 (9)00,0000 2000000000000000000000,0000000 TL
0 00000 TROODOOOODO0OO0OO0O0OO0OO0 (11)0 (12)0000000. 00, (10) O
00000000000 200000000000000000000 ROD RIOODOOOOD
ooo.

control 0000 (13) 00,0000000000 ouwtput 000 10000000000, 0000
gobobooboboobobodDb ContUDOO stopOODOODO.

in 0000 (17), (19), (21),(22) 00000 200000000000000000.
main 0000 (23) 00000000000, [herel 000000,

000,fork 00000000000 (11)0 (12)000000. (11) 000000000000
0000000000, (12) 00000000000000000000000. 000000000
0000,00000000000000000000,000000 ¢00000000000000
0000000,0000000100000000000000.

00,00000000000000,000000000000000000000000000
0.0000000000000,00000000000 (11)000 (12)000000000000
0000.0000000000000000000000,0000000000000
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ooobooboooooono 4000 00, 00D00DODODOOO0OOOOOOOOOOO,DODO
0000000000 0000O00O forkODOOODOD 417000000. 00,000000000
goooobobooobooooboooo.ob,0oboboboboobooo.

4000

(2]

3999 3999

O 417 000000000ODOOOOOO

:— module search_pri.

search(Tree,Output) :- true | WD)
control(Results,Output,Cont), %(2)
fork(Tree,Results,Cont)@priority(4000). %(3)
fork(_,R,stop):- true | R=[]. h(4)
alternatively. h(5)
fork(H,R,_):- integer(H) | R=[]. %(6)
fork(H,R,Cont) :- atom(H) | %(7)
R=[H]. %(8)
fork([TL,TR],R,Cont) :-true | %(9)
merge:in(RO,R1,R), %(10)
fork(TL,R0,Cont)@lower_priority, %(11)
fork(TR,R1,Cont)@lower_priority. %(12)
control([H|_],0utput,Cont):- wait(H) | %(13)
Output=[H], Cont=stop. %(14)
control([],Output,Cont):- true | Output=[]. %(15)

goooboooboboobobo,oboboob.

search 000 200000,0000000C00000D00COO0OOODOO.
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fork (11)0 (12)000000DO0O0O0O0O0OODODOOOO,00000000O0.

od,d0000000bc0ob0obocoooo0oooooobcooobocooooooobo,00ooon
oooooooooOoOoooooo0oOoooooooOoooooon.

4.7 0D00O0OO0ODOODOOO

gooo,obbooboooooboooooobb. obboo,bboobOoOobDboobbooo
gobooobobobobooobooboob. oboboo,0boboobooboboobbOoDbOon
goooooboooooob. bob,0bo0oooooboObooLoobOobbooooobboooboooDoo,
googobobooobooboobooboboo,boboobobDoobobDbooboobOobOon.

KL10O0O, 0ooooooooooooooooooooooooooooooooooog. o
O,0000000000000000. D00, KLICOOOoOoOOOooODOOoOoOOooOooooooo
gobobooooo1ooobooo, oboooobo0bobOooooO0oobOoboooobooDboo
O00.000,00000000000C000KLICOO0OO00OOOOOOOOOOn.

KL1oOoO, 000000000000 ooooooooooooooooo. ooopoooooo
0,KLl00o00o000o0o0o0o0oo0o0oooo00Oo (04.18). 0000000 ODODODOODOOOO
goo.

goooooooao oooooooo
a:-true |
Goal; @node(0),
a:-true | Goal, @node(1),
Goal;,Goal;,Goal;. Goal; @node(2).
ooo o ooo o ooo 1 oono 2

0418 KL1OOOOOOooOoOd

gooboboooboobooboobob,boobooobbooboo,bbooboobboooboboobn
gooobooboboooobooboo. oobob,boobobooboo0obobooobDbUobOon
gobooboboobo,boobgobbooboobobooboboobobooDbo.

gbo,0o0o0o0oocoooogooooboooboobobobo,0b0oboooobob0obooboobobo
gboogo,boboooboboboobootbobooo,bobooboboobobboboobobnoo.
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goo,0ooboooboooboooboobboobooboobboobbooboboboo. booo
goooooooboooobooooo,obooobooboboobobooobooboooo.

(H))OOoOODOOOOOOoOOoOOoOoOoOO. 00D000000000000,0000000000
gooboooboboobobooboobooboobobobobooboobob.ooboba
gg,go0booboobooboobbobboboobboobooboo. booboobo
goooooboooboooboo,dbodboobodbL. oobooboobooboobo
gobobooo,boobobooboboobobooboboobo,boobobboDb.

(2)0000000000000O00O0O0O0OO0. 0O0OD0O000000000000000000,0
gogoooboooobooobbooobo. ooobobboobbooobooobobboooboo
g.obooboobobobbobooboboboobooboooboboooboo,booboobo
gobooooboboooboooo.

(3)00000000000000,0000000000D000000O00O. 0000000000
gboobooooooobooooboobobo,bobooboobobooooboboboob. oo
gooooboobobooooooobobb,bobboboooboobDbobooboobo
gooboog.

()000000000000000000000D0000O0O0. 000000000000 000
gg,booobobooboooboobboooboobboobooboobbob. oo, bo
goboobooooboobooobooboogoo.

od,d0000oocoboobcoooooooo0ooocOoooO. oooboo, 000000000
ooooooooooooooooOoooooooooooO,0o0boobobooooooon.

4.8 ODOOO0OODOOOO

goooooboooboob,obobbobooboobooobooobobobDbooboobooo

goal@node(0 OO DOO)

gb0,00b0000o0000O00DO0ODO,00000O0ODOODODOODODODO. bDODODODOO
gboobobooboboboobon.

current_node(PE,N)

00,000 PEOOOOODOOOOOOOOOOOODOOOO,NOOOOOOOOOOO.
g0, booobooobooooboooboobbooboooboobL. ooboobobo, oo
Oadbooob 1020000000, 0000000D0OODOO.

:- module foo.

foo:- true | K1)
a@node (0), % (2)
a@node (1), %(3)
a@node(2). ACY)

ob,00ooooobooooooooooooooaon.
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:- module foo.

foo(PO,P1,P2):- true | AGD)
a@node (P0O), %(2)
a@node (P1), %(3)
a@node (P2). YACY,

go,booboooobooogooob,oobooobobooobooboboob. ooob,ooboo
goooobOobeoo0ObOobOOOobOobOObO1Ib0ObO0ODbD 1000000000, OOOOODo
gooOooOwoooooooOoooooobOobOo,00b00ob0ooboo10boo0OooOoooo. oo
o,ogooobodbo1oobob 2000000b0bO0b00b00oboboobobbobobooDO. oboo, b
gooooooboboooboooob. boboboobobooooboooobobo,00b00b0obooboOoDbo
gooooboobooobooooon.

go,bo0booooboobbobooboboo,bobbobooboboobo,booboboon
gboooboboooboboooo.

goboboooooo

0000 40000000 spawn 000000 80000O0DOODODODOODODOODOODOODOO
gbo. oobooboobtoboobooboob,bbobbobobobobooboobo,bobbob
goooo.

:— module foo.

distribute(N):- true | %(1)
current_node(_,PEs), %(2)
fork(N,PEs,0). %(3)

fork(0,PEs,PE):- true | true. %(4)

otherwise.

fork(N,PEs,PE) :- PelNo:=PE mod PEs| %(5)
spawn@node (PelNo), AC))
NextPE:=PE+1, h(T)
N1:=N-1, %(8)
fork(N1,PEs,NextPE). %(9)

“foo:distribute(8)” JUJUDDDO, spawn 0000000 ODO 0,1,2,3,0,1,2,300000
ooo.

goobooogod

gooooooooooooboooo,0bobobooo0obobooobobobOoooobOoDbo
goobooobobog. oobbooobboobboobooobboobobbobbo0o. oboooboo
gbooooooboooboboobob. Dbooboobo0obO spawn 00D 100 000000
goooboboooboboooog.

:- module foo.

distribute(N):- true | YAGD)
current_node(_,PEs), %(2)
random(Rs,23,PEs), %(3)
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fork(N,Rs). %(4)

fork(0,Rs):- true | Rs=[]. %(5)
otherwise.

fork(N,Rs):- true | %(6)
Rs=[get (Pello) |NewRs], %(7)
spawn@node (Pelo), %(8)
Ni:=N-1, %(9)
fork(N1i,NewRs). %(10)

random([get (Rnd) |RS],Seed,R):- true | %C11)
Rnd:= Seed mod R, h(12)
NewSeed:=(125%Seed+1) mod 4096, %(13)
random(RS,NewSeed,R). %(14)

random([],_,_):- true | true. %(15)

(16)0000000000000,100 0000000000, (7)000000000000000
0099000000000, (8)0000000000000000. 00000000, 0000 23,
76, 49, 10, 99, 32, --- 0000000 0.

gooboogoooooad

ooooo,000o0og0ooodo0 oSOooOUOUOoooUUoOoo,D00oooUooooogoo
gobogooboooobooooooooooboooboobo. obb,0boboboobooboobooon, b
gboooboboobobooboobooboboooboboooo.

goo,jgoobooobooooboooboobboobooobo0. bo,0boobbooob
0S00000. 00, 0000000000000000000000000000000000, O
goooooooodoo. oo, obboboooboooboobobo,obbobbobobobobob
gboo. go,0boobooboobobbobbooboboobooboobobbooboo. o
goooooo,boocoooboboooobooboobooooboooobOo. ob, 00000 bOoboo
goobooobobooboooboboobobooob. oob,booboobbboobbbooobo. oo,
gboogoobogooboboobboobboobob. bobobooboboobooobooobooo
goo,ogboboooboboboobobooboobobooboobOobL. DbobbobbobOoo
gbooboboo,bobooboboo,0bbooboboboobobobobooon.

googoooooboooboobooboobooboobo,bobbobboobooboon
gooooo. obo,bo0oboobooboobooboobo,booboobobobobobon
gooboobobooobooboboobboo. bboobboooboobboobboobooo
gooooogoooo,bobooobooboobooboogobooooboooobooo.

4.9 0O0: 00000003

gobog,booboobooboobobbooboob. oobooboboobboobobooobobooon
gooobobobo. boobobooboobobo,0oboboobooobobooOoboboDbOon
gbooobobooobgo.

ogooooaad

gooooobooooboooobooboobooboobooboob,bbobbooboobooon
googoob. booooboooboooooobooboo,0b00obo0oboboobooo0boboboOoDbo
go.

S000000000000000000000000000
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go,bodobooboooboooooboobooo. oo, boobobooboobboobobooobo
0000000000000, 00000000000 (DLO0DU0002)D00DOo0OOoOODOoDO
gooo,0bobooobooboobobooboobobooboobobDboobUo0. bobOoo
0200000,0000030000000002%0000,800000000000000040.

go,boooooooobooooooooooboobooboobL, bbb 0. DobOobo, O
0000 search pri 00000 (67 00000)00000D0O000ODOOOOOOOO. OO,
gbooobobooboboobobooboobo,0obooboobooboboobobooboboon
gooobooooobooooon.

oo,000b0419000000000D00DODOODOOOOODOODODO. DO,000D000O
gooboob. ob,oboobobobooobooboobooboobbobb. ob,000b00
gbogobobooobooboobuo.ooboobuoboooboooo.

4000

lalo

4000 4000

0419 0000000000CO0ODO0OODOOOODOOODOO

:- module search_load_balancing.

search(Tree,Output) :- true | h()
current_node (PE,PEs), %(2)
control(Results,Output,Cont), %(3)
fork(Tree,Results,0,PeServer,Cont)

@priority(4000), yAC))
next_pe(PeServer,PE,PEs). %(5)
fork(_,R,_,Next,stop):- true | R=[], Next=[]. %(6)

alternatively. h(T

fork(H,R,_,Next,_):- integer(H) | %(8)
R=[], Next=[]. %(9)

fork(H,R,_,Next,Cont):- atom(H) | %(10)
R=[H], Next=[]. h(11)
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fork([TL,TR],R,Level,Next,Cont):- %(12)

Level =< 1 | %(13)
L1 := Level+l, h(14)
merge:in(RO,R1,R), %(15)
merge:in(NextO,Nextl,Next), %(16)
fork(TL,R0,L1,Next0,Cont), %(17)
fork(TR,R1,L1,Next1,Cont). h(18)
fork([TL,TR],R,Level,Next,Cont):- %(19)
Level =:= 2 | %(20)
Next=[get (PE0),get (PE1)], %(21)
merge:in(RO,R1,R), %(22)

search_pri:fork(TL,R0,Cont)@node(PE0), %(23)
search_pri:fork(TR,R1,Cont)@node(PE1l). ¥%(24)

control([H|_],0utput,Cont):- wait(H) | %(25)
Output=[H], Cont=stop. %(26)
control([],Output,Cont):- true | Output=[]. %27
next_pe([]l,_,_):- true | true . %(28)
next_pe([get(PeNo) |Next] ,PE,PEs):-true %(29)
PE1 := PE+1, %h(30)
PeNo := PE mod PEs, %#(31)
next_pe(Next,PE1,PEs). %(32)

search 000000000000 OODODOODOOOOOCOO. DOODOOUUOOODODOOO. O
0000000, 000000000000000D00000000O00O000O0D00 (2). (3),
(4)0000D0O0O0O0O0OO0ODO0O0OUOOUOODO. (B)DUD0bU0L0U0DUODOLOODOObDOUOO
oooo.

fork 0000 (12) O0OD0O0O0O0OD 100000000000ODOOOO. OO,000 (17), (18)
goooobooboboo, boobooboooboboobbooboobbo. bo,bO00n
gbooboobooboboobobooboboo,booboboobobooobobooo.

gboboobooboboo,booboobobooboobbooboobobooboo
gooooooobooooboboooooobooobobooobobooboooboooo.

fork 0000 (19) 00D0D00DOOO0 200000,000000000000000000000O0
000ooO (23), (24). OUOOOD0OOO,0000000ODOOODOODOOOOODOODOO
gogboooobooboobooboog.

U000 searchpri: UO0O0O0O0O0OO0OO0OO0OODOOO0O,00000000O00O000D0O0O0O0O
00o0oO0O00b0. 00000 0,0000000 DODOODOOOO. OO0, (21)00000ODO
gobobooobobooog.

next_ pe J0OUO0O0O0OO0OO0OOOOO0OOOOODOOOOO.
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gooog 8y bogooo

ooo0obooO0obOo0ooO0oboO0oboOobDOo.0obo0obooU0oDbOo 420000,

gooooooooboooooooobo,oboboboboooob0oboooooDbD. Dboboboobo
0000000 [leftright,...,0000]00000000. 0000 420000000 a 000000
000 [leftrightleft,a) 00 OO0. O00DO00O0O0OOO0 TOOODOOOOODOO.

T=nnnmlm(1,n(2,3)),n(4,n(na,5),6))),n(b,7)),
n(n(n(8,n(9,¢)),10),n(n(d,11),12))).

N
AN
a/ \ 2

n(n(1,n(a,2)),3)

3

1

0 4.20: 000000
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0 5 0

oogoon

uoobod9oy bboouobboooobooboooooo

0000000000000 0000000000000000000000000000000
00.000,00000000 [1,2,1,3,11 000,0000000 10000,00000 [2,3]
0oo (0 5.1).

00,KL1O0OO0OO0O0O0OO0 AOD BOOOODOOOOOOOODODO,00000 “A4\=B"000
00000.000,“\="00000 “otherwise” 00D0D00DO.

1,3,1,2,1 — remove 3,2 —

Os1:00000boooooo

goboobdilod oobboooobbooooo

0000000000000 0000000000000000000000000000000.
ooo, D0000O000I0,2,3,4,5,4,3,2,1]1 00000, 00000 [1,2,3,4,61000 (O
5.2).

00,0000000000000000,0000000000000000000000.

1,2,3,4,5,4,3,2,1 — compact 5,4,3,2,1 —

O 52 00000000
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goooboilid 1,000 00b000obboodobobooo
0000000000 O,00bOO00OO0O0O0OOOobDOoOobOOobObOOobObOOobOooDOon.

ooo 053,054 0000000000000, D0DOODO,0DO00DODODODOODOOO
goo.

<+A32t080. 40 AG?EHUY#Hk%? AL+ hESH?
@8@.40

0s3: 0000ooooo

<+A3?7t080.40 |—»| 2ING¥?t | | 3ENG¥?L
%U%H%K%? %U%#%k%?-:>

AG?t%U%#%k%? AG? U+ %8USH?
#8@.40

0 54: 00000000
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gooogiz2gd 20,000 00000000 bObOOOOOOO
20000 00O00O0O0DOOO,00000D0O0ODOOOOODOOODOOOOODOOODOODOO.

goo boobooboobooobooboobobboboobboobboboobob. oboo
gbo0o0O0bOOo0obDOo0oO0oDOoOobOOooOboObD. b ss00000O0ODODOODOODO. ODOO
000000000, D0D0D0000DODOU0000o0 (0D 1000)0000DODOOOOO
gbooboogooooooooogoooboboooboboboobo,bobooboobooooo
gooooooobooooo. obooboobobobuoboboobo,0bobobobboobo
goboboo. oboboob,0oboobobooboboobobooobo.

28NG¥2t - 33NG¥?t

?
<HASTEEB0-40 17> | smnbonz |~ Losmseion?

<
AG?TRUYHIKN? |y | AG?tU-+90&%SH?
@8@.40 &
<+A3?tNs
—— — — —_— @8@ .MW5a40

055 00000D00O0O0OODOO

oooooooooooobooocoooooon.

gooooi3d 1,000 00000 oboooooon

ooooooooo 1,000 0000O0OOC0,0000000O00C0000O0O0CO0.
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o0 A

ooooood

uoobood 10 ggobboooobooboooooboo

000000000000 00D0O00D0O0ODOD. 00000000 fibonacci/4, square/2, cube/2
merge/3 sum/20000000000000.

:- module main.

main :- true]
main(100,Answer),

io:outstream([print (Answer),nl]).

main(Target,Answer) :- true]
fibonacci(0,1,Fibo,Target),
square(Fibo,Squares), cube(Fibo,Cubes),
merge (Squares, Cubes,Both),

sum(Both,Answer) .

Target=10000000000, 935596 0 O O.

gooo,obooboboooobobbuoooobLb, bbb boboUbbb,booUoOo O
000000000 square/2,cube/200000000000000000000DOO0OOOOOOO
0.000000000000000D0D000000DO0O0. square/2, cube/2, merge/3, sum/2 00
goooogoo.

:— module main.

main :- true]
main(100,Answer),

io:outstream([print (Answer) ,nl]).

main(Target,Answer) :- true]
fibonacci_lazy(0,1,Stream),
dispatch(Stream,Target,Fibo),
square(Fibo,Squares), cube(Fibo,Cubes),
merge (Squares, Cubes,Both),

sum(Both,Answer) .

fibonacci_lazy(N1,N2,[]1) :- true | true.
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naturals »filten filten filten
2 3 5

counter

A,
A,

O A.l:

fibonacci_lazy(N1,N2, [make(X)|Stream]) :- true|
X = N2,
N3 := N1 + N2,
fibonacci_lazy(N2,N3,Stream).

dispatch(Stream,Target,Fibo) :- true |
Stream = [make(X)|StreamN],
dispatch(Streamll,Target,Fibo,X).

dispatch(Stream,Target,Fibo,X) :- X >= Target|
Stream = [],
Fibo = [].

dispatch(Stream,Target,Fibo,X) :- X < Target|
Fibo = [X|FiboN],
dispatch(Stream,Target,Fibol).

ooooooo 20 28 x 3™ x 5

oooooooyOODbOCOO0OO0OOO0OO0ODOODObOOOObODbOODO. DOOo,¥y=200000
012oo0go3doogoooooooooboobo. oo, 0bobob0o10ooboboooboboogoo
oooboboobobooobob. 000, Nv=20000000,N=30000000,N=5000000
go,ooobooboooboboooobooobbbooobboobo,obbbooobbboooboboon,
0O Al00000oO0ooOoOoOoOooOoOOO0O0O0,00000DooOOC0O000oUUoOoooODOOOO
gboooboboobgo.

:- module main.

main :- truel
main(10000,Answer),

io:outstream([print (Answer),nl]).

main(Target,Answer) :- true]
naturals(1l,Target,Stream0),
filter(2,Stream0,Streaml),
filter(3,Streaml,Stream?2),
filter(5,Stream2,Stream3),

counter(0,Stream3, Answer) .

naturals(N,M,List) :- N>=M |
List=[].
naturals(N,M,List) :- N<M |
List=[N|Rest],
N1:=N+1,

79



naturals(N1,M,Rest).

filter(_,[1,0ut) :- true |
Out = [J].

filter (X, [E|lInN],0ut) :- true
filter(X,E,InN,Out).

filter(X,E,InN,Out) :- E mod X =:= 0 |
EN := E / X,
filter(X,EN,InN,Out).

filter(X,E,InN,Out) :- E mod X =\= 0 |
Out = [E|OutN],
filter(X,InN,OutlN).

counter(C,[],Res) :- true |
Res = C.

counter(C,[1|InN],Res) :- true
CN :=C+ 1,
counter(CN,InN,Res).

counter(C, [E|InN],Res) :— E =\= 1 |
counter(C,InN,Res).

Target=1000000000000,174000.

obobooob 30 gooobobooo

sort(I, 0) :- true | sort(I, 0,[]1).

sort ([] , C0,C) :- true | CO = C.
sort([H|T], CO,C) :- true | compare(T,H,[],[],L,R),
sort(L, C0,C1), C1 = [H|C2], sort(R, C2,C).

compare ([] ,V,L,R, OL,0R) :- true | oL
compare([H|T],V,L,R, OL,OR) H>V | NL
compare([H|T],V,L,R, OL,OR) H=<V | NR

L, OR = R.
[H|L], compare(T,V,NL,R, OL,OR).
[HIR], compare(T,V,L,NR, OL,OR).

LIFOO0O00O,000000000000000D0O000O00O. DO0O0000O0O00ooO0O00
ooooooFIFOOOODOOOOO.

oobobdod0o 40 ooboboog

:- module main.
main :- data:sort(X), gsort(X).
gsort(In) :- true | terminal(In,Out,[]), io:outstream(Out).

node ([] ,V,N,L,R,Xs,Ys) :- true | L =11, R=[], Xs=[print(hist(V,N)),nl|Vs].
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node([H|T],V,N,L,R,Xs,Ys) :- H<V | L = [H|INL], node(T,V,N,NL,R,Xs,Ys).
node([H|T],V,N,L,R,Xs,Ys) :- H>YV | R = [HINR], node(T,V,N,L,NR,Xs,Ys).
node([H|T],V,N,L,R,Xs,Ys) :- H=:=V | M := N+1, node(T,V,M,L,R,Xs,Ys).

terminal ([] ,Xs ,Ys) :- true | Xs = Vs.
terminal ([H|T],Xs0,Ys) :- true |
terminal(L,Xs0,Xs1), node(T,H,1,L,R,Xs1,Xs2), terminal(R,Xs2,Ys).

gooo:

hist(0,8)
hist(1,8)
hist(2,12)
hist(3,12)
hist(4,10)
hist(5,8)
hist(6,9)
hist(7,7)
hist(8,12)
hist(9,14)

uobboooo sy 200000040

:- module(main).

main :- data:sort(X), gsort(X).

gsort(In) :- true | termi(In,Mid,[]), term2(Mid,Out,[]), io:outstream(Out).

nodel ([] ,V,N,L,R,Xs,Y¥s) :— true | L=1[], R=[1, Xs=[(N-V)|Ys].
node1([H|T],V,N,L,R,Xs,Ys) :- H>V | R = [H|NR], nodei(T,V,N,L,NR,Xs,Ys).
node1([H|T],V,N,L,R,Xs,Ys) :- H<V | L = [HINL], node1(T,V,N,NL,R,Xs,Ys).
node1([H|T],V,N,L,R,Xs,Ys) :- H=:=V | M := N+1, nodei(T,V,M,L,R,Xs,Ys).

term1 ([] ,Xs ,Ys) :- true | Xs = Vs.
term1([H|T],Xs0,Ys) :- true |
term1(L,Xs0,Xs1), nodei(T,H,1,L,R,Xs1,Xs2), termi(R,Xs2,Ys).

node2([] ,V,L,R) :- true | L=1[1, R=1I].
node2([(K-M) |T],V,L,R) :-~ K =< V | R = [(K-M)|NR], node2(T,V,L,NR).
node2([(K-M)|T],V,L,R) :- K> V | L = [(XK-M)INL], node2(T,V,NL,R).

term2([] ,Xs ,Ys) :- true | Xs = Ys.
term2([(K-M)|T],Xs0,Ys) :- true |
term2(L,Xs0,Xs1), Xsl = [print(hist(M,K),nl|Xs2],
node2(T,K,L,R), term2(R,Xs2,Y¥s).

gooo:
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hist(9,14)
hist(2,12)
hist(3,12)
hist(8,12)
hist(4,10)
hist(6,9)
hist(0,8)
hist(1,8)
hist(5,8)
hist(7,7)

goobodogged ubobood

goobgoooboobooboobboobobooboobooboobbobboob. oo,000

00000000000 search/3000000000000 A20,0000000 A3000.

:- module main.

main :- true |

ex:search_tree2(T), search(_,T,Ps), io:outstream([print(Ps),nl]).

search(abort,_,_) :- true | true.

alternatively.

search(AB,n(L,R),Ps) :- true |
cont (AB,LPs,RPs,ABL,ABR,Ps),

search(ABL,L,LPs)@lower_priority, search(ABR,R,RPs)@lower_priority.

search(_,Atom,Ps) :- atom(Atom) | Ps
search(_,Int,Ps) :- integer(Int) | Ps

cont (abort,_,_,ABL,ABR,_) :- true

alternatively.

| ABL

cont (AB,LPs,_,_,ABR,Ps) :- list(LPs)
cont (AB, _,RPs,ABL,_,Ps) :- 1list(RPs)

cont(_,none,none,_,_,Ps) :- true

;- module ex.

search_tree2(T) :- T = n(n(n(n(1,n(2,3)),n(4,n(n(a,5),6))),n(b,7)),
n(n(n(8,n(9,¢)),10),n(n(d,11),12))).

ooooe:
[left,right,left,b]

| Ps

82

abort, ABR = abort.

[left|LPs], ABR = abort.
= [right|RPs], ABL

==
w

%11
%12
%13
%14
%15

%16

w7
%18



REDU:

7 REDU:

13
12
10

25
24
22
21
19
18
16
15
39
38
36
35
33
32
29
28

REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:
REDU:

main:

main:
main:
main:
main:
main:
main:
main:
main:
main:
main:
main:
main:
main:
main:
main:
main:
main:
main:
main:
main:
main:

main:

search(_B,n(n(n(n(..),n(..)),n(b,7)), % 1
n(n(n(..),10),n(n(..),12))),_3) :- ho2
search(_13,n(n(n(8,n(..)),10),n(n(d,11),12)),_63DF) :- % 3
search(_18,n(n(n(1,n(..)),n(4,n(..))),n(b,7)),_63E0) :- % 4
search(_44,n(b,7),_63BC) :- % 5
search(_4F,n(n(1,n(2,3)),n(4,n(n(..),6))),_63BD) :- % 6
search(_30,n(n(d,11),12),_63CD) :- %h 7
search(_35,n(n(8,n(9,¢)),10),_63CE) :- % 8
search(_B2,10,none) :- ho9
search(_B7,n(8,n(9,c)),_6376) :- % 10
search(_98,12,none) :- ho11
search(_9D,n(d,11),_6363) :- h 12
search(_7E,n(4,n(n(a,5),6)),_6394) :- % 13
search(_83,n(1,n(2,3)),_639B) :- h 14
search(_64,7,none) :- % 15
search(_69,b,[b]) :- h 16
search(abort,n(2,3),_6330) h 17
search(abort,1,_6331) h 18
search(abort,n(n(a,5),6),_6341) % 19
search(abort,4,_6342) h 20
search(abort,11,_6352) h 21
search(abort,d,_6353) h 22
search(abort,n(9,c),_6365) h 23
search(abort,8,_6366) h 24
0 A2: bfkll1OO0ODOO0DOO (search/30000000)
- O ~
O O
/O\ b 7 /O\ 10 /O\ 12
v
O 4 O g8 O d 11 <« 0ooo

0O A3: bkl 000000000000
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OO0DO000O0Yh ObobooOOooOoboobooobooooo

:— module main.

main :- true]

data(List), remove(l,List,Out), io:outstream([print(Out),nl]).

remove(_,[], OQut) :- true OQut=[].

|
remove (X, [X|List],0ut) :- true | remove(X,List,Out).
remove (X, [Y|List],Out) :- X \= Y | Out=[Y|OutN], remove(X,List,Outll).

data(List) :- truel| List=[1,2,1,3,1].

% ‘‘\="° 00000 ‘‘otherwise’’ UUDOOO remove/3 ODOOODOOODO.

remove(_, [], Qut) :- true | Out=[].

remove (X, [X|List],0ut) :- true | remove(X,List,Out).

otherwise.

remove (X, [Y|List],Out) :- true | Out=[Y|OutN], remove(X,List,OutN).

remove/3 U0 O00O0O0O0OO0OCOOUU0OOOOOOUOOODOODODOOOO. D2000000O
goooboobl1obooobooobooboboooboooboooooo 3boooo.

oboboodob 80 gobobooobooooboon

:— module main.

main :- truel
data(List), compact(List,Out), io:outstream([print(Qut),nl]).

compact([X|List],0Out) :- truel

Out=[X|0utN], remove(X,List,ListN), compact(ListN,Outl).
compact([], Out) :- truel| Out=[].
remove(_, [], Qut) :- true Out=[].
remove (X, [X|List],0ut) :- true remove(X,List,0ut).

|
|
remove (X, [YIList],0ut) :- X \=Y | Out=[Y|OutN], remove(X,List,OutN).

data(List) :- true| List=[1,2,3,4,5,4,3,2,1].

compact/2 00 10000000000 OO0OOODODOO,0000200000. compact/2 0O
goboooboooooob,boooboboobbobuoobobbooob,booboobooboobobon
000000000000 000 (remove/3)0, 000OD0O0O0ODOOOODODN (compact/2) 00
gooo.

oboooodob 9oy 1,000 0000 00bOobObOobOoODbO

:—- module main. % 1

main :- primes:primes(1000, C), io:outstream([print(C),nl]). % 2

84



:- module primes.

primes(Max,C) :- gen_primes(Max,Ps), count(Ps,C).

% Max OO0O0OOOO0DOOOOO.
gen_primes(Max,Ps) :- gen(2,Max,Ns), sift(Ns,Ps).

% NO O Max ODOOOO0OODOOO. NsO=[NO,NO+1,N0+2,...,Max]
gen(NO,Max,Ns0) :- NO=<Max | NsO=[NO|Ns1], N1:=NO+1, gen(N1,Max,Nsi).
gen(NO,Max,Ns0) :- NO >Max | NsO=[].

 00O00000OO0000b0ooo0o0booo0og, oogooo
 0O0dDoooooooooooooo. dooooooooo

% 0ooooooao.

sift([], Zs0) :- Zs0=[].

sift([P|Xs1],Zs0) :- Zs0=[P|Zs1], filter(P,Xs1,Ys), sift(¥s,Zsl).

% 00 X 0OOO pOO0OOOOOODODO, OOOOOOO X OO0
Y ooooooog.
filter(_,[], Ys0) :- Ys0=[].

filter(P, [X|Xs1],Ys0) :- X mod P=\=0 | Ys0=[X|Ys1], filter(P,Xs1,Ys1).
filter(P, [X1Xs1]1,Ys0) :- X mod P=:=0 | filter(P,Xs1,Ys0).

% ooooooooo.
count(L,C) :- count(L,0,C).

count ([],C0,C) :- C=CO.
count([_|T],C0,C) :- C1:=C0+1, count(T,C1,C).

oooo@oooo)
168
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gooboboooboboobobooboboobobboobg.

gooboooonoo

:— module main.

main :- primes:primes(20000, 100, C), io:outstream([print(C),nl]).

:— module primes.
% Sync: DOO0ODO next 0O00OD0OO0O0O0OODOOOOOOODO.
% gen_primes JOODODODO next O00OD0 1 00000 count ODOOODOO.
hMaxOO (Max1i0OO) OO0OODOOOODO.
primes(Max,Unit,C) :- Maxl:=Max+1,
gen_primes(Max1,Unit,Ps, [next|Sync]), count(Ps,C,Sync).

% Max OO00ODODODOOOOOO.
gen_primes(Max,Unit,Ps,Sync) :- gen(Sync,2,Max,Unit,Ns), sift(Ns,Ps).

% 20000000 UnitO0QdOooood.

%» 00000oo0oo000oooo 1 00000,

gen([next|_], NO,Max,Unit,Ns0) :- N1:=NO+Unit, Max=<N1 |
gen_unit (NO0,Max,Ns0,[1).

gen([next|Sync] ,N0,Max,Unit,Ns0) :- N1:=NO+Unit, Max >N1 |
gen_unit(NO,N1,Ns0, [1|Ns]), gen(Sync,N1,Max,Unit,Ns).

% NO O Max-1 OOOODODODOOO. NsO=[NO,NO+1,NO+2,...,Max-1|Ns]
gen_unit(NO,Max,NsO,Ns) :- NO< Max |

NsO=[NO|Ns1], N1:=NO+1, gen_unit(N1,Max,Nsi,Ns).
gen_unit(NO,Max,NsO,Ns) :- NO>=Max | NsO=Ns.

% 00000000000 o0ooooDo0oouooo, boooa
% 00000000000 000000. 0ooOooooooon
% oooooooag.

% 00 pPUO0OO {1 ODODOOUOO, DOODODODOODOOOOOO
% 000000 DO0oDO00oDOoo0oobDOooooboooooog
% next 0O0O.

sift([], Zs0) :- Zs0=[].

sift([P|Xs1],Zs0) :- P=\=1 |Zs0=[P|Zs1], filter(P,Xs1,Ys), sift(Ys,Zsl).

sift([11Xs1]1,Zs0) :- Zs0=[1|Zs1], sift(Xsi,Zsl).

%» 00 X000 POUOOUOOOOODO, DODODOOO X OOO
» 0O0oOoooo.

filter(_,[], Ys0) :- Ys0=[].
filter(P, [X1Xs1],Ys0) :- X mod P=\=0 | Ys0=[X|Ys1], filter(P,Xs1,Ys1).
filter(P, [X|Xs1],Ys0) :- X mod P=:=0 | filter(P,Xs1,Ys0).

» 000000000, 1 000000000, D0ooooooooo
%» 0000000000 send O Sync OODO.
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count(L,C,Sync) :- count(L,0,C,Sync).
count([],C0,C,_) :- C=CO.
count ([P|T],C0,C,Sync) :- P =\= 1 | C1:=C0+1, count(T,C1,C,Sync).

count([1]T],C0,C,Sync) :- Sync=[next|Syncl], count(T,C0,C,Syncl).

oooo@oooo)
2262

gooboogoooooad

:- module main.

main :- primes(20000,NP), io:outstream([print(NP),nl]).
primes(Max,NP) :- gen_primes(Max,Ps), count(Ps,NP).
gen_primes(Max,Ps) :- gen(2,Max,Ns)@lower_priority, sift(lis,Ps).

gen(ll,Max,Ns) :- N >Max | Ns=[].
gen(N,Max,Ns) :- N=<Max | Ns=[N|Ns2], N2:=N+1, gen(N2,Max,Ns2).

sift([], Zs) :- Zs=[].
sift([P|Xs],Zs) :- Zs=[P|Zs2], filter(P,Xs,Ys), sift(Y¥s,Zs2).

filter(_,[1, Ys) :- Ys=[].

filter(P, [X|Xs],Ys) :- X mod P=\=0 | Ys=[X|Ys2], filter(P,Xs,Ys2).

filter(P, [X|Xs],Y¥s) :- X mod P=:=0 | filter(P,Xs,¥Ys).

count(Ps,NP) :- count(Ps,0,NP).

count([], WNP,NP) :- WNP=NP.
count ([P|Ps],WNP,NP) :- WNP2:=WNP+1, count(Ps,WNP2,NP).

oooo@oooog)
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gooobooo 11o 1,000 00oobbooodobobooo

:- module main. %

main :- primes(1000,LP), io:outstream([print(LP),nl]). % 2
primes(Nth,LP) :- gen_primes(AB,Ps), pkup(Ps,Nth,AB,LP). % 3
gen_primes(AB,Ps) :- gen(AB,2,Ns)@lower_priority, sift(Ns,Ps). % 4
gen(abort,_,Ns) :- Ns=[]. %

alternatively. %

gen(AB, N,Ns) :- Ns=[N|Ns2], N2:=N+1, gen(AB,N2,Ns2). % 7
sift([], Zs) :- Zs=[]. % 8
sift([P|Xs],Zs) :- Zs=[P|Zs2], filter(P,Xs,Ys), sift(Y¥s,Zs2). % 9
filter(_,[], Ys) :- Ys=[]. % 10
filter(P, [X|Xs],Ys) :- X mod P=\=0 | Ys=[X|Ys2], filter(P,Xs,Ys2). % 11
filter(P, [X|Xs],Ys) :- X mod P=:=0 | filter(P,Xs,Ys). % 12
pkup([P|_], Nth,AB,LP) :- Nth=:=1 | LP=P, AB=abort. % 13
pkup([_|Ps],Nth,AB,LP) :- Nth=\=1 | Nth2:=Nth-1, pkup(Ps,Nth2,AB,LP). % 14

oooo oeoooooonononon)
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