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ooobooooboboboobooboobbD ‘'’ 000000000 ‘U oe’d
gboboboooobboogobbobuooobbooooonbbuoudb ;00
gl o, oo bibD e, booogoogon
00000 well-formed chart DO O OO0OOO0OO

gouogbboobodgbooggbuoobboooobboobbooboobbad
gbogbobuoguobooobuogbbogbbobbooobuooboboobon
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O 3.10: well-formed chart

aq a- sz Ug

00000000000 identity 00000000 10000000000000000
@2 +e¢:000000000000000000000000000000 abe,00R
0000 R(a,b) A=R(e,c) 0000000000000
000000000000000000n000 MOOOOOOOOMOOOOOO
0 «0000000000000000000000000MO0000000 {a|e0
D00«000 }00000000000000Y0MOO0O0O00a0000000
00000 0000000000000000000000000000000000
000000000000000000000000

gbuogbboobodgbooobuoobbuogbuobooobbodgboobbod
googobbboobooouobuogoboobbooboboooboobobon
gbogbobubuogobuoobobuooboboooobbooobuooboboobbon
gboobodbbbbodbuoobobuoobboobooobouoouoobboobobon
gbobogobugoboboobobboobbbobo200g0boobboobobon
OO000bOobooobOobooobobobobbBawiseD DOODOOOOooOoOoOOO
0000000000000000000000O0O0 [6]O

=-Extract
00000000000 a0bOD0OO0O0OO0O0OO0OO0OOO0ODOO a=bO0O0OO
00000000000 O000DOO00Oo0o0oooOoooobOOo0ooooooon
oooooad

=-Apply
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1. a0l00D0 0 00D0O00DO0O0O0O0O0ObOODOO pOODObOODOODOO
O000a=b0al o0 n000000O00ODOOOBLO O nO0000O00OO
HRN

2. al00000000D00ODODOObLOODOO pOODOOODOODOODO
ODO00O00a=bO00O0000D00OD0OO0OO00ODOa0O bOOODOODOOODOODO
gbgbbooodgbboobbooobooobooobobboobobn
OO0 a0 bOO0OOO0OOOODOOO

3. al bO00O0O0O0ODODOOOODODODOUODODOD OO pOODOOO
OO00000DO00000a=b0O0 a0 «0O0OOObDOO pOOOOO
gooo

#-Extract
OO0 a0 b0OO00O0OO0OOO0OOOCOOODOOODOODa#bO0OOO

#-Apply

1. a0000 «000000000000bOOOO 400000000000
O000a000000n00000000000bO000000000000
0000n000000000000000000000000 a#b000
bOOOOOOOOOOOOOOOO

2. a0000 «000000000000bO0OO 00000000000
0000a000000n000000000000 0000000000
00000000000000000 a#b0000000bO0O0O0OOO0O

3.a0000 «000000000000bO0O0 400000000000
0000a0 bOOODO0O0O0O0O00000 o,400000 mn0000 a0
A000000000000000000000m,n00000a00 mO0O
bOOnOOOOOOO

4. 20000 «000000000000bO0O00 00000000000
0000a0b000000000000 , 400000 m,n000000
0000000000000000000000000 m,n00000a0
OmObOOn0000000

Column completion
0000000 «0n-100000 «0000D0O0D0O000DO0O0DODOODODOO
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gboboooggobbooan

Name insertion
O00Oa0000 « 00000 «O00OO000O0000O000000a00 aO
O000oo0oooouoooooon

Empty Chart
O00000Doo0o0ooooooooon

Weakening
OO00000DoOooOooooooogon

gbooobobobbbbbddoododoouoooooooooooboboon
gogoobobooooouooooouidddduoiooooooooooooon
O00D0000DO0000b00000b0ob00o0obOobOoOwell-formed chart 0 OO
gooobbobbbbbbbbbbbbbbbbbbuuuoouououooooooon
gogobobobbbobobbbbbbbbtddddooiooooooooooooon
OO000Ooggdwell-formed00000000O0O0O0OO0OO0OODODODOOOOOOOOOO
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] 4[]

ooty

4.1 0O0O0OO0OOO

gbuogodbbooboobbuogobuoobbouooboboobboboobon
gboboggooboobooboobooobooobuogbbuoonooobooboon
gboboogbuogbbuooboobbdubobooobuodobbuoobooobbodoon
0000000000000 000000O00000O0PODOO0OO0OO0DOOOOOO 3]0

0> [

gbobpbhUudbbUddgUbbogbbuoobobooobbogobuooooon
gogoboobobobboooboboddddduouuuuuouooooooon
gboogbugbobbbuoobbuoobobbuoobboobbuoobboooobn
gbbbuooobbbduooobbboooobbobuooobobobboo

goboboboboboboobobbboboobboooouooduouuoouoooooooog
gogbbbbbbbbotououoooog 20bbbobobobobobbobodooooooon
gboboogobboobbooobbooboobbbuooobboobbooobo
gogooboboobodboogbboobuooooboobboobooobooon
goboggbodbbgbogobooobobuobbooboobuogbooooooan
0000000000000000000000 QD0000oooooooooon
googobuoobbodbboogbuogobuoobboobooobuoooobobon
gbobbuooogbbobooooboboo

00000000000000000000 2000000000 (boundary) 000
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U41: 00000

/T

T \/
\/

gbobbogobboboguobboodbboooooogobbo To0 Lobbooo
ODO0000indexODOODOODO200 indexOOOOOOOODOODOOOOODOODOO
gbobboogobboodon

gbobg4i10bbogoobooogobboogobboooobooboboboon
ooooobodb 4100000000 4100000000000 0O00ODOODODO
indexOOOO0OOOO0O0OD00OD000OOIndexO0 000000000 O0DDOOOODindex
gbogobgobobboobuoob Lo todgboobuoobobboboboboan
gbogbobuodgbbodbuoobbuooboooboobboobuooboboobbon
bggbobuogbobobodobbooobbuoobobooobbuooobbooboab
0000000 Gédel 000000000000 DO0ODO0OOOO 1200000000
0000000000000 420000000000000410{L A—-C—T}
gbbogdgb2000bbuoodgbuoodbb200bboobobboodb0oodon
{L-B—-D-—-T}00000003000000000000000000O00O0O0OO

0000000000000000000000O0NO20000000000000000000
OON=pips...pn =piph...ph, OO0O0O00D] |pipe...p, DO0O0D000O0 p, 0000 pt, 00000
00 p=pi000000 pe=ph,...,pn=p, 00000
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042 000goobooooogn

U41: 000000

A2 | ¢?
L D32 —|—22 x32x52
B3 | E3%5 | p3x 52

gogbbobobobobbbbuododdgoooooooobbooobobbbbodggg o
gboogbobuoguobbuogbboobbobobuobobobbuoobboobon
gooo

gbobogoboboodogobboogobbuoogbbooo41bboobbooog
OAFO0O000D0D0O0O0IdexO000002,3x5000000 indexOOODOOOO
O0000D0OD0O000 FOindexOO 3x5000000 AQDindexOO 2000000
obooboooboooobooboboobuobobooboboobob B, FOOOODO
O000indexO00O0O0DO03,3x520000000000000 FO index 0O 3x520
OO0000 BO indexOO 3000000000000 0O0O0OODO0ODOOO FODOOD
OO0 pO0b0OO0DbOOO0bDObOOObDOOnDO
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gobooLob tobbogoobobbooooobobuooobboboooan
gooooobbobbbbbobbbbbbddduodooooooooooooon
guobuodgbbuoobobogbobodbbogbbodooobobooboooboon
gboboggbuogobuoboogbbobobi1ibbodbboobogoboooobooon
gbobogdgboggbooboobbuoboobboobbodbboob11oobobo
gboobodgbuooobuobboodgbuooilgobboboobooboboobban
gboobodgbbbbodbuoobobuoobboobooobuoobobboobbon
OO0000 Syntax OO OO0 ODO

4.2 Syntax

4.2.1 Alphabet

oooboooboo obooobooboobo

00
P, Q,.. goooo
Ty Yy googo
2, 3, ... 00
- gooo

0000000000000 0 (row)JOOOOOOOOO (column) DO0OO0O0OO
000000000000000000 (boundary) 00000000000 O0OOOO
adjacent-cell D0 0D O000O00O0OODODODODOOOO O adjacent-right-cell, adjacent-left-
cell, adjacent-upper-cell, adjacent-lower-cell D OO0 000000000 O0O0OOOOOO
O0O000 TODODOOOO LOoOOdo

4.2.2 Signature

0 (S,P,Py,N,Rs,Rp,D,T)0 00000000 LOOOOOO0O0O0OOO0O00O0COO
oooooo
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S gobooo

P 0o0ooon
Py 00
N 0oono

Rg gobooodd
Rp gobooodd
D gooo
T gooo

00000000 (Drawingrules) 00 0000000000000 O0O0OOOODOO
O00000000000000000000 (Deduction rules) 00 OO0OO0O0OOODOO
gbobbuooogbbbuoooobbboooon

4.2.3 0O0O0O0OOOOOOO

gbbbouogobbuoooobbbuoooobboaoon
00000 (S,Cs) 0000000000000 0000000DOOO0O0OOoOoOO
gobobuoogogooboon

00 1]
000000000000000000 (00)000000000

[00 2] (0000000 O00O00O0O000C0O0O000O0)
OPOP,eS (i#£j)00000PCs ,000000000PO PO0OODO
0000000 RO PCOOOPO0PS00000000PSO right — cell O
P 00000000000000c¢=newc00000000c0000000
000000000000 newcOD newe >c00000000000

[00 3] (00D0D0D0O0O0ODOO0O0O0D0O0O0OOoOooOoOOoOoOooon)
OPROPeS (1#7)000000000 R*0O00O0O RCgp, 0000000
00P;0 P*0 adjacent-right-cell P***0 000000000000 DOO
OO000bO0b000e00 oODOO0ODOODOODODOOOOODODDO
0000 P 0 adjacent-right-cell 0 o 000000 indexOOOOOODOO
O000000P0 p*“0000000c¢=newc0000O
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[00 4] (000DO0OOOOOOOOO0OOOOOOODOOOOO)
OpPOPeS (i#)000000000 0000 PRCg 000000
O000PF 0 P;*0 adjacent-left-cell 0 R,*0000000FR 0 P**<0000
O00000c¢cO 000000000 DOOO000DOODOn
O0000PF"0 adjacent-left-cell0 o DOO00 indexOO0O00000000O0
Ooo00o0Op0pROO0DOO0ODORY0 P0O000OO

(00 5] (00D0DODOO0ODOODOODOO0OO0OOOO00O000O)
Op0OPeS (i#)000000000 ROP0000 RCs P, 0000
O00000P"0 P*0 adjacent-right-cell 0 P’ 000000000000%
0000000000000

[O00 6]
000 index 00 o3 00 fy0e0000000000000000PRA0O
adjacent-left-cell 1 P,*000000000 PP 0 adjacent-left-cell D 0 OO O
0000000P0 adjacent-right-cell 0 P 000000000 P 0 adjacent-
right-cel U0 O ODOOOOO

oo 7]
020000000 s;06, 000005, 00000000000000000.5,
Oooooouoobooouooooooobooobooobooob BOOooOo Egd
oo
000 Eupper—ceB 0 Erepr—cenp 100000000 Eypper—eenp 100000
P (1<i<nOl<a<k)O Eiepr—cenp 000000 w]ﬂ (1<j<mO
1<p<)00 Ha¢jﬁDDD BOOOOOOO

o0 7roddgooogogoboobb200doobobobobobbboouooog
gbb e0bbOO0OUO0O0 e bbObOOOOO0ObbbObOOOoOb0 00O

oooood 4300000

gbuogudboooobugboobodbbooobboobbooboobbuobon
gogobbobobboboobobbobbbbbooboooououoduuooooooooooon
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0 43: 00 6

T
7
A Qg
s

X
A

godbogobodgboobodbooobuoobbogbuogbooobooboban

gbobodgbbobobobuoobboobobbooboobobuooboboobobon

gooo
gborudgogbogbouboobogbuboboboobonobobooboobon

Algorithm 4 (Prime Number Labeling)
1. [D000000O0O00000oo0oooooO)
J0odduobiobcOUdUOde « 2
2. [D00O0DO0O0O]
aC 000000000000 O0OOOO0ODOO0ONOgoto Step 4
3. [D00000ooooooooog]
a0000000000000D00O00O0ONOgoto Step 3.2
3.1
00000000000 Olabel{3} | label{y} 00 ~ (3 ) 0000 Olabel{~} «
label{v} x label{a}0 0000000 Olabel{B} + ¢O 0O Oc < new cO goto Step2
3.2
f00000000000Olabel{a} + cO0OOlabel{3} |label{y} 00 yOOO
O O label{~v} « label{y} x <D0 O0c < new ¢ 00O O goto Step2
3.3
label{a} « cO label{B} < 000 0c¢ + new ¢ 0 00O goto Step2

HEN
Algorithm 40 200000000000DO0O0O100000O0ODOODOOOOOOO

OO0000b00O00o0O0oboO0ob0oboO0o0b0o0bo0o0obDoODbOogAlgorithm 4 0
oooo 440000
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HRERN doogn
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A1
gododi goooogz2

ooobg4s0000oo2000b0b0o0boobobooooboooonbog
oboobogboobob 4200000000000 b000bobo0obuoboOonDg
gbobobuoobugoobbbouoogobood
goo
gooobdn — dbodobodod

0000D0D000000000000 200000000000000 00000
0 -000 000 0000000000000 000000000000
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042000000

11 ooooo? oo oooo?d T

02 000002 (02) 0o* (02 0ooo®(02) T (02)
000% | 000002(0003%) | 00Y(@Oo03) | 0o0o0o08@oo?) | T(ooo?)

0002 |000002(000%) | 004@o00®) |(00008@o0k)|T(@o0?)

000 |000002(0002) | 00Y@0002) | 00008 @o002)| T (@002

0 48 0oooo?(0%) oo* (O%) 0ooos (0%) T (O0%)

T 0oooo?(T) oo (T) oooos (T) T (T)

4.2.4 0U0O0O0O0OO0OO

000000000000000000000000000000000000000
0000000000000000000000000000000000s,¢,s"000
0000000000L,LOOO0O0O00O00¢#000C,c"000000000s || s
0(snNs)=10000000000000s],¢0 (sUs)=s0000000000
ooooo

sC s

s"MsC s"Msg

(Introduction)d

sUs CsUs” s|s s s
s C s

(Elimination)O

= = (Translation)d
s

gbuboggbugboobbooobbuoobboobuooboogboobbod
gbobobooogon

~LVC L'vC"
0(C'v C")

(Resolution)O
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L=60L'00000006000C0O0O0O0O0O0

(ms)(t)vC S{t)yvC' §Cs

TR (Subsort)O
(ﬁS)(t)azccv é,()t') Y (Negation)D
s@)V(795;<Bg§7 ol (Bxclusivity)O
sit) VO (=s)(t) Vv s s (Totality)O

O(s(t)vCVvC

O000000000000000000000D00AO0 (Introdetion) O (Elimination) O
O00000000000000000000000000 460000000 (Translation)
obooooobooboobooboobob 4v0bod

4.2.5 U0O0O0OOOOOOO
gbuogbboobodgbboobuobbbuoobboooboobboobobod

gbobbuoooobbbooobobobbogoboobooon

[0 0 1] Dual Lattice Coupling
goddoooooobobobbboooooooouoboooooboboon
gogdoooooooobbbbbbooooooooooooobobn
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U46: 0000gggoon

Introduction Elimination

S

O 4.7: Translation
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gobouogoobbooogooo

[0 0O 2] Insertion of Predicate Subsumption
0000000000000 000000000000 mdexOODODOOOODOO
OindexOOOOODODODOOODODODOOO

[0 O 3] Insertion of Sort Subsumption
0000000000000 000000000Db0000 indexO0O0QOOoOooOO
D00 indexOOOODOOOOODOOODOOOO

[0 0O 4] Propagation of Negation

doooododoooooooooouoooooooooobooooooood
OindexOOOOODODODOOOOD indexOOOODODOOOOODODOOOOODOOO
0on

[0 O 5] Conjunctive Unification

OO000 AODODOODOODOODO BOODOODOODODOODODODOOODOOooOooDOOooOOoA
O00000000O00O Insertion of Sort Subsumption O Insertion of Predicate
Subsumption 0 BOOOOOODODODOOOODODDODOOOOOOOOOO

[0 O 6] Disjunctive Unification
OO000 AQDO0OO0ODOO0O0O0O0OO0 BODOOOOoOOoOoooooboboboooo
O0000000000D000AO indexOOO BO indexOOOOOOOODO index
OO0D00DO0000000000DO0000000Od Insertion of Sort Subsumption
O Insertion of Predicate Subsumption OO0 0000000000
Oo0O00OC0A0ODOOOOOOODOOOOBOOODOOOODOOOOOOODOO
O0indexO0O0OO0OOO0OODOODOOOOOOODOODODO

[0 O 7] Totality
guodoooooobobbubbotdoooooouobobobobbbbbouooooa

[0 O 8 Weakening
gboboboogobbbuoobobbod
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goubudbooogobuogbobodbbooobboboobuoooboobobon
gbobbuoooobbbooobbo

[0 O 9] Predicate Negation as Totality
gbbboooobbbuoogobbbooobobbbuooobbbbooogn
index0OODOOOD0OOOODOODOOOOOOODOODODODOOOOOODOD

[0 O 10] Sort Negation as Totality
godoooooooobbbbotoooooooouoboooboobbbbonod
indexUO0O0OODOD0OD0O0O0OO0OOOO0O0ODODODO0OOODODODOO0ODOODODOOOODOO

gbuogbobodgbooobodobbogboobbuoobbogbooobooon
gbobb1ggbobog480b0bbodg 2030400000000 4900 4.100
U 411gdgoggogsgedgbbod 4eddbnoooononon

OO0bO000oob0o0bobbdb00bmmdexd000oooooooooonbooooOon
gbogbobuogbobbdobbogbuooboboobboobuooobuoobobobon
gogbbobobobbotbbgoooooooooobbooououou pooogon
0(000)0000000 p00000000O0O000-C—p=0p0000000O0O
gboboobobubogboooobobuoobboobooobuoobobboobbon
OO0O00000booboboobobOobDbOo0obO WeakeningD OOODOOOOOOOO
gbobbuooooobobobooobbobboooooooo

4.3 Semantics

gbuogbboobogbboobuoobbobuoobboooboobbuooobbad
gbogdobooogobbouogobbooooooon

0000 P(eS)0 ¢;(€8)00000P(¢;)0 Pl(z:¢;,)000000

0000P 000000 PO0DOOOOOO000000000000 (x¢;) 000
x00 ¢000000000000000000x,6,00 [z]€[¢;]cUDODDOO0
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2 |P(@?)
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0 411: O0DO0O0O R(y)yDOOOOODO 4

0 |p°s| @ RT% O
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O00[]000o00ooovyUO0O0o0000o0oooooooooooooooooooo
O00000 implication 0 0 O 000

0O00000PCs, QOODD
Yo(P (x5 6) — Qs 9)
$Cs, 000D
VP'(P'(z:¢) — P'(x: 1))
goodoooog

0000000000000 P(W) 0000 Q(@)D00000P (z:¢)00 Q'(z:¢)
00 implication 00000 0000000000000000000000000 index
00000 00000000000000000000000000000000

4000 (S,T,:,»)000000000(S,T,:) 00 classification 0000 ¢ 000
TOODODODOO SOOOOODODO0OO0O00ODOD—-000000000
O0000VseS,YteTOoOoonO
if s:t and t—t then s:t'  (Strong Facticity)
0oooo 50

OOob0o0ooboooobooboooobooooobd well-formedDOOOOODOO
googobobbogbobuogobuogbbuoobooooobuoobboobobon
gbodudgoboobbuguogobuooobuoobbooogooboobboooon
OO0D0000000b000b0dbbOmmdexO000oboOoOoooooobobooonooDD
OO00Owell-formed 0000000000000 0ODO0ODOODOOOOOOODOODOODO
gogoboobbobbobbbbbbbobobobbuoododooooooooooon
gobobboobobobbbiboodooddgooooooooooooooobooon
gboobodbbodgbuoooboobbuoobbbooooboboobboobbon
Column completion U0 00O 0ODO0OOOO0ODOODOOOOODOOOOOOOOOODOOO
OO000booOoO0nO well-formed chart OO0 OO
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5.1 0O0OOOOOOONO

gouodbboobbogbogbboobuogboobbuoobogbbooobad
O000Swoboda[7] 0000000000000 OOO0O0OOOODOOOOODODOODOO
gbbboogobbboogbbboooobbobuooobbboooon

0000000000 3000(MA,X)0000
Oooorooooooo0ooooboooooboAO0ODOOOO0ODODOOxXDObO0O0O0O
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goobodbbodgbogoboobobuogbboobbouooobboobobon
gbogbobodbbbuoobobodbuoobboobobodgbooboboobbon
gbogbobodbboboboobbooboobbuouooobbooboboobbon
OO0 pAGODO0OODOOOO0OOOOOODOOD

000000000000000 3000 (G,D,S)y0000
ooo0oGoOobOoboboooopoOob0boboboooboooooOoon sogo
O000000o0o0oo (G,D,S)0 (LAY OOoooopAGOODODODOODOOOO
gbbboodgbobbooobobbbouooon

gogbdsigbogboboobobuoobobooobooboooobobod
O00000C0s520000000000000DObS200000 DAGUOOOOD VOO

00 A, B,A0D0OD,B000D0O0O0O0DO0OO0OODOOOOOOOO AB,AB,AB,AB
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gsl:00000n

goo gbobogoogn

gooo ERERE

gooo goooo

Ui xd 20000 (ODoO0o0odgbboo
gobouogooobto (gobboboboo
20000040000 goooo

5.2 UUO0OOOOODOOO

5.2.1 0UUOUOO0OUoOobogooo

gbuoggbugbobobboobboobuouooobuooboogboobbod
googobuogboboougbbuogboooboobbuoooooboobobon
gbdggbugbbuodbbogbuooboboobboobuooooboboobbon
gbogbobodboboboboobbooboobbuooboboooboboobbon
gbogogbbuoobbuogobobbooboooboooobooboobooobooon
gboboboogoboboooobobboooon

OO0DO0000000000 Syntax O Semantics OO O0OO0ODOOOOOOOOO
gbobogodbbooboogbobbboob 20b0gbboodbuoooboobobon
gbobobodooggobobbooooobobobooooobobooooobbbooooon
gbogbobodbobbuogbobodgbuobbodobuoooobooboboobbon
gbooggbubuogobuoobbuoobbuoobooobbuooboooboboobn
gbo200bbogobogdgbboguobooobbuobbuooobooobboon
ODO00000mdexOODODOOOOO0O0OOO0OO0ODOOODOODOOOOODOODOODOOO
gbogbobodbuooboboobooobuabuoobboobooooboobbon
gbobobu40d00dboboo410bD04ad

gubogbodbbobobuoboogogbdgbgoogbobobobobobaobon
godbdgbgbobobouogbgossubupnogoobgboboboobobon

44



Uoss: 0b0oug1goon

d ~§\“~~
Oova—b—wc— CH

\f g
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a<b
b<c
0o c<d
c<f
| f <y

gbuogoobogbbodobbobobuoobbooobboo1gbboobbod
gbooobdo

<< sort hierarchy 1>>
00 a2 | b4 | ¢8 | d16 f24 | ¢72

gbuogoobugbobgoboogbboobboobuooboooboobban
gbobbooggbseboodbbbuouobbbuooooboo

(

s<t
t<u
0o v<w

w<x

T <y

\

gbuogbobougbboobbobobuoobbooboboobo2b000bb00
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O 5.2: Planar Dual Lattice

a2(s2) a2(v3) | a2(t4) | a2(u8) a2(w9) | a2(x27)| a2(y81)
b4(s2)  b4(v3) | b4(t4) | b4(u8) b4(w9) | b4(x27) | b4d(y81)
c8(s2)  ¢8(v3) | c8(t4) | c8(u8)  ¢8(w9) | ¢8(x27) | c8(y81)
d16(s2) d16(v3) | d16(t4) | d16(u8) d16(w9) | d16(x27) | d16(y81)
f24(s2)  f24(v3) | £24(t4) | 24(u8) f24(w9) | £24(x27) | £24(y81)
g72(s2) g72(v3) | g72(t4) | g72(u8) g72(w9) | g72(x27) | g72(y81)

gboooboogn

<< sort hierarchy 2>>
00 s2v3 | t4 | u8 w9 | x27 | y81

gbobodgg20bbggubbogooboboooobbuogboooobbg s.20d
gbbbuoooobbboooobbbuooobbbobooobbboodgoo

goodooooooobbooooo
00 b(v) — b(w)

000000000000 Oyes0000000b(v)D (000D0D0)0000000
0000000D0000000000000000005.30000000000000
00000000000000 (000 b(w)—cw)00000 530000 no0000

5.2.2 UOUOOOOOO
gbbobuogobboooobbbuoooobbbouooobboooooboboo

00 d(v) A a(w) — b(w)

O000000000000000d(v)D000000000000000000 a(w) O
O00000000000000000000 yesOODOO0O00Od(v)0 e(w)D (0D0OOO
0)0O0O00OO0O0000O000000000000000000000000000O0O 54
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O 5.3: 000000 implication

b(v) = b(w) yes.
<_calculation >
ba(v3) | ba(w9) | ba(x27) | ba(ys1)
c8(v3) | c8(w9) | c8(x27) | c8(y81)
d16(v3) | d16(w9) | d16(x27) | d16(y81)
24(v3) | f24(w9) | £24(x27) | £24(y81)
g72(v3) | g72(w9) | g72(x27) | g72(y81)

0 5.4: Conjunction 000000000 tmplication

d(v) A a(w) — b(w) yes

<_calculation >
a2(w9) | a2(x27) | a2(y81)
b4(w9) | b4(x27) | b4(y81)
8(w9) | c8(x27) | ¢8(y81)

d16(v3) | d16(w9) | d16(x27) | d16(y81)
£24(w9) | £24(x27) | £24(y81)
g72(w9) | g72(x27) | g72(y81)

000000000000000000000000000 (000 d(v)Va(w) — f(u))
000000 540000 no0 000

5.2.3 U0OOOOOOO
gbobouooggobbooooobobuoooobobobouooobboooogoobooog

0o d(v) V a(w) = d(y)

000000000000 000d((v) V o(w) 0000000 O0OODOOOOOOO
0000000000000 000000000000000 yes0D0OOO0O00OOd(v)
0Oew)d (0OOO0D)000000000O00000D0D0DOODOOOOOOOOOO
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O 5.5: Disjunction OO 00 000OOO implication

d(v) V a(w) = d(y)
< calculation >

d16(w9) | d16(x27) | d16(y81)

yes.

0000000 55000000000000000000000000000 (000
d(v)Va(w) — f(w)) 000000550000 nod0 000

gbbouogobbuooogbbbouoobobbuoooobbbuoooobboo

Algorithm 5.1 (Transformation of Conjunction and Disjunction)
[Plo)Q() 0000000000000 OO0
1.1 [0000000000000O0]
000000000000 A'O0000A} «+0
1.2 [DO00O0O0OO0O0O0O0O0OOO0O]
OoO0ooOooooo A2DDDDDA3<—0
2 [pP,O0OD0OOODODODO)
ooood PaDDDDDA}D|A}%DA§|A$DD ROy00000000000OAL + 10
A2 <10
3 [QLOO000000o)
ooooo Q/;DDDDDA5|A}E,DA%|A$,DD ROAO0D0O0O0ODODOODO
Ap = Ap +10 A2« A2, + 10
4 [00O0O]
OO00200000000000000000 A}zODA?zODDDDDDDD
5 [000]
OO0020000000000000000A0 A%ngA?ngDDDDDDD

HEN
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O 5.6: Planar Dual Lattice involves negation

—a2(s2) a2(v3) | —a2(t4) | —a2(u8) a2(w9) | a2(x27)| a2(y81)
- b4(s2)  b4(v3) | = b4(t4) | = b4(u8) b4(w9) | b4(x27) | b4d(y81)
—c8(s2)  c8(v3) | —c8(t4) | —c8(u8)  c8(w9) | c8(x27) | ¢8(y81)
~d16(s2) d16(v3) | d16(t4) | d16(u8) d16(w9) | d16(x27) | d16(y81)
~£24(s2)  £24(v3) | - £24(t4) | - £24(u8)  f24(w9) | £24(x27) | £24(y81)

e72(s2) g72(v3) | g72(t4) | gT2(u8) g72(w9) | g72(x27) | g72(¥81)

5.2.4 0UUOOOOOO

gbouogbbooboogboobboobboobuoobobooboooboobban
0000000000000 000000000000000 520000 —f(w)00O
gbbobuoooobbboodgbobbosebbbouoggn

oooobooobooobobobooooobobo pPOLODOODOODODOOODOO
gbobobogoobboogan

P2’) e PDLODOODOODOOOOODOODaO00O00O0O00O (canonical decompo-
sition) DD a = plpP*...p¢ (p;:00)0000000000000000-Px) 00
godddoooobbbbooooooouooboobobobon

- P¥(z) = - ppllp?-npﬁ(x)
F o PPUPERi(z) Moo PPOPEPE () 1L 11— PRSP () 1
L PR r () 1o PR R ) 0L R PR ()
- Ppllpg...pZ(x) M = Ppll_lpg...pZ(x) m ... 7 = PP?PB---PZ(x) M

1 n—1

= PR R () 11— PR () 1L 1 PR en ()

o Ppllpg...pg(x) M - Ppi_lpg...pg(x) ... = Pp?pg...pg(x)

000400000000008=p,...p. (p:00)000000000000
0000-P(x*)0000000000000000000000000000000
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~ P(z%) = - P(apirh-m)
F oo P(a? Perl) 1o PaPt ) 1L M P(aPiPhent)

— (2717 Pl

pi) mn - P((L‘pl piz

-1

SP) ML T o P(aPiPs

—1

— P(aPiP8Ph) 11 = P2t ) ML - P (2?8
1 1

— P(aPP ) o P2l P ) ML M P(aPiPher )

= P82y 1o P(aPt R ML PPt

0000000000P%(e%) e PDLOOOOOa=pipl...pr08 =phpl...pi 000

- P(zP) = Pritest it (xpf1p§2---p5")
0<ay <, 0<ay<m,...,0 <, <n)

gooodd

gbbboogobbboogbbboooobbobuooobbboooon

1.

1

2

Algorithm 5.2 (Transformation of Negation)
[-P(e) 00000000

1 [D00000O0O00OO0DO0O0O0o)
00000000000 A'D0000A!«+0

2 [0ooOoOoOoO0O0O0O000)

gggoogogoo AQDDDDDA?eo

(P,00000000]

00000 P,00000A) | ApDA? | A200 RO/00000000000AL + 10
2

Ayem

A}leA?leDDDDDDDDDDDDD

HEN
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gs7ooogaooo

person

mal e

T

prince

femal e

O 5.7z 00000 Planar Dual Lattice

L prince? male* person3 T
1 princess’ female®

swim? swim?(prince?) swim?(malet) | swim?(person3®) | swim?(T?)
swim?(princess3) | swim?(female®)

walk? walk?(prince?) walk?(male*) | walk?(person®®) | walk3(T™)
walk3(przncess3) walk3(femal69)

do® do®(prince?) do®(male*) do® (person3®) doS(T72)
do®(princess®) do®( female®)

T2 T2 (prince?) T2 (male*) T2 (person?%) T2(T7™)
T2 (princess®) T2(female?)

oooboooobuoobooooboobobooboboosmboboobobg

gbobobuoooobbbuooobbon

OOD00OD0-malen—-female 0000000000000 ODOODOODODOOO

(1)

— male M — female - — person

OO0Operson M- female 00000000000 0DO0ODOODOOOOOOOO

(2)

O0000570000000000000000Odo(prince) M = swim(male) & walk(person)
goggdgssguuooooooooobbbobbbbboboooooooo

person I — female - male

ol




O 5.8: do(prince) M = swim(male) = walk(person) 0 OO

1 — prince? - male!

swim? | = swim?(prince?) | = swim?(male*)
walk? walk?(prince?) walk?(male*) | walk?(person walk3(T™)
do® do® (prince?) do®(male*) do®(person do®(T™)
T2 T2 (prince?) T2 (malet) T12(person T2(T7™)

gbobbuooggbbbuoooobbboooobbobooon

5.3 UUOUOOUOOOOOOOONO

0000000000000 0000O0000O0O0OOO0 11joobo0oooooo
gbobbuoogobbbuoogobbbuooobobbobuooobbobbooobobobo
gbooooobobobbobbobbobstep0b0obooobooboO 400

gogdoobbooiliggogoo

gbobouoogoobbodooon
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00000 16 [step] OO DOODO

goggoooooooo
(n+m+1) [step] 00D ODO
00000 7[step] 00000

00 nOmO00000000O0O0O00OO0OO0OO0O0OO0O0OOO0O0O0O00O0O00
gbodbbobuoboobboogbo2ebbuogubbuogbbuoobooboon
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