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2. (A= C)A (B — ~C) = —(AAB)
037 (00) v—I,v—EOOOODO
1. AVB—BVA
4" B
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7. (A—B)— (mAVB)

o000 3.13 0000000000000 0ooooooO A)B,C,...00000000 on-offd
0000000000000 00Oon-off 0000000000000 DO0ODO0ODO0O0OO(O0)000O (O
00)0000000000000000000-A00D0ODOOOOODUOO0OOD ADDODOOOAOC
ooooo0 -A000000 AOO0OO0OO0 -AQOOOOOOOOOOOOOOOOOOOOOOO0O00
UvioooobAOOOOODOOoOoooOobooooboobooooobobooooon

—-A C

OO0(BAAV(-ANC)ODODOOUODOOOUDOOOOODOOOOOO A B,COOOOOOOOODOOO
0000000000000 0000000000000000DoOO0O (Spec)000O00OOOOOOO
O0o0o0o0oo0oo0oooUooooooo0oo0ooooo(oooo -OvoAOOOO)O
0000000000000 000000000 AODODOO BOOOO (A=B)0D000O0O0OO ADO
OBpO0OO00ODOOOODOO




24 030 O0ood

1. 00000ob0ooooooboooon

I N
ES N

2. 000000000000000000O00O0OO0O0UO00OO0(CUDODOUDOOO0OD0OUOOOOO
000000000oO0oO0ooooooooon)

—_

P

uboboOd 314 000000000000000

1. 000o0oooboooooboobooooooDo

oo -000000

2.000000D000O00DOO0ODOODOO0

0000 —-000000

. ubooboobobobobbooboobogn

ugboodoo -0o04an

4. 0000000DOOO0OO0OOO0O00

-00000 =-0000

(00) Ooooooooooo
0000

oooO 315 000ooooooooooon

1. ooboobooboobooboo,oboboboo

onAnd —0

2.0000000000O0D0OODO0OO
-0 =00



33. 0OOOobDoOooon 25

. dddoobouooooobooooa
0 —0o

4. 000000000 O0OOOOOOO0O00OO0

ot — 0O

(001) 0000000000000 0000OO0O0UO0OOoUOoDOoOoOoDOoooOo

-0A0 =00

(002) 000000000000000000D00000000000000000D0?3
Ov(@«~oo)t
0000 3.16 D000 0O0O0OOOOOOOOO
1.200000000000000000000O0

200 -0 vOO

2. 00000000
0 —0o

(00) 20000000000000000000

200 A-0O =00

00 3.1 (000 (soundness)) D000 O0000O00O0O0O0OD0O0OO0OO0OOOOODOOOOOOOO
gboboobobooobobooooboboooooboooooan

00 3.2 (000 (completeness)) 000000000000 O0O0OO0OO0OOOOOOOOOOOO
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A —-A 5 :
1 = 1

o0 00oobOpPOOO0O0ODODOOOO POOOOOOODODOOOO POOODOOODODODO
0000000000000 (00000000000 n0000)00000000D00D0RR0ODOOOO
oooooooon0ODOOOODOOOO0OOO0OOOOOOODOORO0O00O0DODOOOOOOO0 POOD
00o0o0o0o0o0o0o0o0ooooo0oooooo00o(o POOOODOOOOODOOOOOOO



33. 0OOOobDoOooon 27

000000000000 00000000000 0UCOO0O0OOO)00D0 100000000 OOO
ooo0 pObOO00OD0OnDOO0OO0DOO0OO0OO0OO010D000DO0O0DOOO0ODOOOOODOOOODOODO
oo 0000000 10D0O0000D AODOODOOOOODOOARAOOOO0ODOOOOOD
oooon0O000000O0DOOOO AODODOOOOOOODODOOOOOOOO AOOOOOD
O00o00pP0000DDOO0DODOO0DOO0O0O00 M <nO0000A000000000O000O00OO
gooobobooobooboboboooobooooooDo oon

obooooOoboooooboooooon

00 3.4 (000000 (Strong Normalization Theorem)) 0000000000000 0O0OOOO
000 p-—0000000000O00OO0ODO0OO0ODO0OOp-0D00DO0DODOODOOOOOOOOOD
00000 (000D00o0o0ooUo0oooUoOoo)o

031000 -(AvB)—-»-A0000O000 —0000000000O0O00O0OOOOOOOOO0O
0232)0000 -(AvB)—-»-AA-BOUOOODOOOOOO0OODOOOOOOOODDOOOOOOO
ooooo0o0Op-0000020000000000000CCOOOOOODODOOOOOOOOOOO

A B
AVEB ' [(AvVB)P ., AVB AV B)P -
L -—1,1 L -—1,2
- AN-B 2
[~(AV B “(AVB) s -Ar-B
——FE
2AANSB
. S ——14
—\(A V B) — —A
(A [B]?
avB " mAvB)P Ave T ~@avBP
— iA ﬁ_[71 e ‘\—I,Q
~AN-B __
$ ——1,3
-(AVB)—-A
(A
AVvB T [S(AV B)?
—t L -—F
— -1
—A

N
ﬁ(A \Y B) — —A -

ooo00 3aA7 000oOO0boooooboboooooboon



28

030 O0ood

[A]" [-A]? (A [~A]°
AV-A  [=(AVv-A))?  AV=A  [~(Av-A4)P? AV-A  [+(AV-A)®  AV=A  [~(Av-A4))°
1 s L L
—_— 1 —_— 2 — 4 5
—A A —A ——A
—“AA-—A —“AA-—A
[—(AV=A4)]7 S(AV=A)s—AA——A © [=(AV-A)T C(AV=A)s—AA——A "
—AAN-—A —AAN—-—A
“A ——A

1

—_— 7
‘!(A\/‘VA)—)L



29

040 000000000 (Typed A-calculus)

gboboobooooboobooooboooobobooobooboooobOobobooboOobooogon
000000000000 0000O00o0U000O000o0U0 (booUo0o0)0DoooUoooooo
ooo0oooooooo(Coo)ooooooooooooo

goooobo200000b00b0ooooooooobooboobooboobDobboooDoboooOoD
0000000000000 000 (0o0D0D0oO0ooO00OO0)0DoOO0ooOOO0OO0DOOUOoOOoDoOO
00000000000 000000000O00U000O0000 (D00)0D0DUoooooOooUooO
0000000 (@0000)00D000D00000(00000)0000000000D000DO0oOOoO
00 (0)00000000000000U0U00U000000000o000D000000O0oooooo
00000 (Doo0o0)0U00Q0o0 (Coo0)0DU0D0o0oO0OUO0OO0O (OoO0)ooUooOoooooo
obooooOoboobooboboooooboooooonoo

4.1 00000O0O0OO0OO0OOO

00 4.1 (000)

1. P,Q,P,,P,...0000000 (base types) 000 (0000 100000000000)0000
0000000000

2. ADBOODOODOOODA—-BODOODODO (-001000000000)0
00 1020000000000000000000 (000000000000)0
00 4.2 (0000 (Aterms))

1.0000 ADDDO0O0O0DDO 24,94, 24,284 00000

2.00¢0000 ADDD0ODOOO02P0000 BOOOODOOAPt0000 B—»AOODOOO
00000000¢t00000 2000000000000

3.00t0000 B—-~AUODOOOO sO00O0 BOOOODOOOO(s)OOODO ADOOODOO
gogd

oo0o0000O0O000000Oo00ooobooooOOt:-A0Dt0000 AQDDDOOOOOOOOO
0000004 - (A= (A3 = (- (A4 = Apyr)--)) 0000 Ay 5 As =5 A3 — - = Ay = Apa
000000000000000000000002400000 :00000000000000

00000000000000 (00)000000O000o0OoO0ooooo

t: A

— s T
MBt: B> A

0000+0000000 2 0000000000



30 040 000000000 (Typed A-calculus)

t:B—A s:B

(ts) : A -k

Oo0o0ooo0 pODOOO0O0O0OODtDO sOOOOOODOOOO0ODODOOO0ODOD p—-DOOOOODO
goo

(AzBt 5) > t[zP = 5] 000 sO0000 BOOOO

000t A00000MPt:B— AO(\Pts): ADD txP:=5]: A0000000000OOO B—
g0o00ooOOo0ooOoooboonog Aoonod

000000000 w«w0 A-00000000000 (M\#ts)00000000000000 w000
0 (\Ats) 0000000000 4-00000000 (redex)(00000)0000

obobO«w00b000b 1000000000« 0000000000DO0000000«0000
00o00o0o0o0o0oo00)« 0000000000000 00O0O000O000O0O00oO0OOo
000000000000 100000«0000 (MPwey)OOOOOOOOOO0 B-0000000
wzP:=0)|000000000000000 00000000000 B-00000 w00« 000
ooooo

uw—u

000000000000000000000000000 (\Pwey)00000000000OOODO0
v000000000000000w—«</ 000000000000 10000000000 s-000
0000000« 00000000000000wO0 (0OD0O00O0)000000 p—0000000O0
O0000000uw—*/ 0000000000000 w—=*«w000000u—uw000 u—o*d'0
0000)00o000 p-0000000000D000DO0O0DO0O0DO0O0DOO0OO0DOO0ODOOODOOOOO
obooobOoooooooon

0041 0000000 w0 0o00000u—0v0w:A00000:-A00000000000000 w
OvO00000u—*v0w:A0000v:AD0DO00OCO

00 4.1 p— 000000000000 (terminating property) 0000000000 (Church-Rosser
property) O O00OO00OOO0O0O00OOOOOOO (strong normalizability) 00 000000000000
000 (confluence property) 00000000000

oooooooooooooobotoobooOo+toooboobooOo0oOooo poooboooDboOoOoD
gboooboooboobobooboooooooobooooboooobobootoobooboooonD t="uw0O
O¢t—="0000000000«00o0000000000 sO0000O00O

u—* s

gooobooooo



42. 00D0O0OOODOOOOODOOOOO 31
041 0000000¢t00000B-0000000O0O0O0OO¢t0O0OO (OO)OOOOO
ub:t00o0ob0bo sb:tobobooooan
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4.2 OJ0000O000O0O0OODOOOO
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00 224 (000=00000000 (Curry-Howard-Lambek isomorphism)) 000 AO0O00O0O
0000000¢: A0000D0¢t0000 AODUOO)00¢+«000 AODDOUODOOOOOOOOOOO
gogoooooooboobbooooobbobboooooob b bbb bbbog
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oooogt = gooot
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NgAXBIXC N ANy By < 2,y > (Ax B = C) = (A— (B — (C))
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1 = MPPPxaP (fa)
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00000 NaetOOOODOOOO0OOD0OO0O0O0O00000000000000000n00000 n+1(n
0000)00000 SweOOOOOOOOOOOD (DODOOOO)0O0O0OOOOCODOOO
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0000 4.2 (Suc4) 000000
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——F
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00000 2000000000000000000000O
00 4.4 (+)
+ = AmN AN PN (mf) (0 f)x))
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342 = ((+3)2)

o000 43 00000000003+ 200000 NetODOODOOOODODOOODO

00000 (Do0)o0o0Uoo0o0ooOoOoUooooooo
Times := dmN AN\ FP=E (m(nf))

0000000 (Times) DODOOO0OO0O0O Nat— (Nat - Nat) DOODO0OD0OO0OOOOO (ODOO
00)ooooooooooo
Ub0ooo0O0obooO0 Timesd 30 200000000000000000000000O0

3 Times 2 SAfCP(3(21))
BAFEP (BT (f(f2)))

MEZPEZENE (F(f(F2)) da” ( ()
———

=F

vV Vv

MNEZP NP (F(F(Fx)))
MEEX? (F(F(f(fx)))
AfP*PAxP(FU( (f(f@))))
MEZP 2P (

= 6

~—

vV vV VvV V

0000 44 0000000000
1. (344)+2
2. (2% 3)+2

oo 4.5

I
®
s

Bool

Nat — (Nat — Nat)

I
)
~

)\aNat)\bNata
)\aNatAbNatb

NN
e

00 4.6 (000 ADUOOOO 20 yOOOO if-then-else)

if-then-else := ApP AaN o \yNat ((pz)y)
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0 0 0if p then x:Nat else y:Nat O ((pzVNet)yNe) 0O 00000000000
googono

ApBoot Az Nat \yNat (pa)y)T s ¢
>>  if T then s else t
(Aa™M NN ) 5)t)
(AN s)t)

>
> S
(DDDDDDDDDDDDDDDDDDDDDDDD)

0000 4.5 s: NatOO t: NatOOO ifthen-else FstO0 ¢tO00 0000000000

00 4.7 (ANDOOR)
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OR Z AaBoo\pBoo\mNat Ny Nat ((a((bm)m))((bm)n))
(e.g.)
TORF >> MmN\ (T(Fm)m))(Fm)n))
= VRN (AN o) (Fr)m)) (F)n))
> AmN RN (A (Fm)m)) (Fm)n))
> AmNARNE(Fm)m)
= amM N (AN AN d)ym)n)
s> AmNanNaty
= T
FORF o (OmN* " (F(Fm)m))(Fm)n))
> AmNAN (Fm)n)
> )\mNatANatn
= F
googd 4.6
TANDT 0O T
TANDF 0O F
FANDT 0O F
FANDF 0O F
TORT o 7T
FORF o F
Jooooooboooooooo
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Os0 Oood

oooobd

O00000000000000000000000000000 (first order predicate logic) 00 O
0000000000000 0000000000000000000000O00000O0000000
o00ooo0o0booO0oO0oooOooo0ooOo0o0oOoO0o00oO00b0O0000O0O000bOO00O00b0O0OO0
0000oo0o000o0o000oo0oO0ooooon

0000000000000 0000000000000000

goooooobo

ooooooboooOooooooboboo0oooooD pPOOOOODODOOOOOODOOOOOOOOD
oooooOobooO«0o0bOO0O00DOOoO0OOO0O0OOO00DOOO0OO0 oOo’bbo0oO0obOooDobD «goD
(x> 0000000000oooOn

000 (00)

gbobooboboooooboooobooboooobooooboobooooboooo
gbooobOoo0oobooboooooboooobooboooooboooooboOobooooboobooogon
gbooobobooobooboooooboooobooboooobooboooooboooobOooboooDoDbb
gooooboboooooboooooo1gboooobobboooobobooooboooOooDobo
oboboobOrn0O000O0O0O0O0OODOOOOOODOOOODOOOOOOODOOn
ooboooboooboooobooooobbooooboooooooooboOoooobooOoobooooon
00o000o0oooUo00 1000000000000 0O00o0Do0oDoUDUoOOooo“00oD (oY)
‘000 (o000 “000(OoO0)y...00000000000000000O0000O00O00O0O0OO
000000000000 00000O00000000O0000O000DO0O00O0O00 “000 (x)"00
obboobooobooboooooooooboobooobooooooooboooboOobobooooDn
gbooooboobooooboboooobooooobooboooo
gbobooboobooobooboooobooooobooboobooboon

gbooobooboobon

00000000000 00«0«00000000000000000:0y0000000 L(x,y)
gbooobooboobon

L(Oo,00)

oboooOoboooobobooooobooboooboobooooboon
goooooooooobooogoooobooooobg g ---gobomog ---0---O00O0MmMOD
booboobooboobooooobooobooboobooooooboooobooboooOobn
gboboooooooooboooomobooboboboboooooooooboobobOobobobooon
0000000000000 000o00o0o0o00o0oo0o0o0ooo00L(DO,00)0 “00”0 =0
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0000000000000 00000 “0000 20000 Lz,O00) 0000000000000
“00 20000 L0O00) 00000000000 “0000 000070 Y22 0000 2z000
0”0 “0O000000000DO0O000O0O0O0O00OOO0O0DOODO0OO

VeL(z,00)
JzL(z,00)
goodboooboobooboboboobobobooboboobobDooboUbUoboDoobOon

oooobooboooobobooboooobooooboobooogoooo
gboooboooobooboooobobooooobooooboobooooboobooooonn

00 5.1 (000000000) ~

goooo T, Yy 2y y T1, T2, ..
ooooo c1,¢2,c3,...,00,00,00,...1
00 (0O0)00O0 P(),Q(x %), R(+,%,%),...00 (+),...,0 (%,%),...2 000 S(x,...,+) 00000
——
n 0
Udd»n-0b0bObOO0O00oooon
ooooo V(OOOODOO (universal quantifier) 000 00),3 (000000 (existential quan-

tifier) 000 00O) 3

0000000000 obO0oobO0oobooooobooan s,t,te,t1,t0,.. 0000000000000
ooo

0000000000000
00 5.2(00000000 (00)) -

1. S(x,...,x) 0 n-000000 t4,...,t, 0000008(ty,...,t,) 000000 (atomic formula)
(0000000 U0OO0)ODO00DO0OOODUODODOOOODoOO

2. 00 ADBOODODOOOOOOODO(AAB)O(AVB)O(A—B)O0O0OO0DO00O

3. 00 AD0DOO0O0OO0U0oooOo(-4oooooooo
4. 00 AD0OO0ODDDDOODDODODOOOOO0OO0O 20000 (VeA)D(@3zA)DDDDOOOOO"

oboooOooooboobooooobooooobooboooooboooooboobobooooboooon
00o00o0o0o0o0oooUoO0ovo3o -00000 (DooDoooDoOo)oooo

O0ooooooo (Dooo)

T4
< >

l0pD000000000000000000000000000

2 p(z)002000 PO0OOO0Q(z,y) 0020 y0 QOOOOO00O000 (z) 00200000000 (z,y) 0020 y
OOoooO0Oo...0000

3¢y 000000 efor all k000 “Iz” 0000 2 for some z0 0000

40000AD0000 POO)AQ(z,y) D00D00A(zx) 00000000 ADDODD 2000000000000000
00A000O00ODOOO0DOOO “A(z) 00D000D0ODOOD0ODOOODOO
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00000 AQO0O0OU0OO0OO0OOO0OO (VeB)0OO (32B)0000000O0O0O0OO0BOOO V2O (DODO
00 d:0)0000000000000 BOOOOOOOV:OOOOOOOODOOOOOOOOOOO
000 A00QOOOO0O0000O0 «000000000000000CCOODOOO0O0O0O0CDO0O 2«0
O00OVezOD0 3200000000000000000000000 ADOOO 20000 V(OO 32)
Oo000O0 BOODODOOOOOOBOOOOOOOVzOO x.0000000D0D000DDOODDE 2
000000 Vv2(DO0 32)00000000000000O00000DO0O0O00 V(0D I)0000
00 00000000000000000000 (VOO 3)0000000000000000O0OOO0
(bound variable) 0000 00000000000 OOOO0O0O0OO0OOOOOOOOOOOOOO (free
variable) 00 0000

O000POO0O,z,y) DOOD0OO0DDO0OUOOOV2P(OD,z,y) 000002 000000000y OO
0000000000000 00000000000vzP(O0,z,y)0 VzP(O0,2y) 00000000
ob0oobO0ob00o0ooobon0 «x00000000000000000002z0 000000000
gogoooobod

gooobbbbooooobobbbtodoooobbbboooooobo

00000000 A0U00OQ0OO000O0O0ODOO0O000OOODO0ODO0ODOODOOOOOO
00000O0O000D0O0 BOOUOODOOO ADDOOUOODO

goooboboobooboooooobobobbodooodobob bbb bbboooUoo
0003y 00 (00,y)0Vedy 00 (z,y) ' OVy(=Q(c1,y) AJ2zP(z,y)) 0000000000000

1 00 00 (@O,y)0000
4 00 3OO (00,y)0000

1 00 00 (x,y)0000
4 00 30O (z,y)0000
4 00 Vz23yOO (z,y)0000

1 00 Qe,y),Plz,y)0000

3 00 -Q(a,y)0000O

4 00 dzP(z,y)OO0OO

2 00 -Qe1,y)ANFzP(z,y) D000

4 00 Vy(=Q(e1,y)ANIxP(x,y)) D000

000 Jy(VzP(z,y) AQ(y,2)) 0000000000000 000000000 300000

Jy (VoP(z,y) A Q(y,x))
L4

100003y 00 (00,y) 0000000000000000Vy 00 (00,y)000000000000000032z00 (z,0
0)00000000000000000000000V23y OO (z,y) D00DDO0DO0O0O0ODOO0DOOO0O0OOIYW2z00 (z,y)
goooooooooooooooOoOobOoOoO0o0ooooooooooooooooOOObOOObOOO0OooOoOoooooOoooODOO
gobooooooooooooooooboo0o0oooooooo0oo0oooooobobo0o0ooooooooon
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000 3y000000 VaP(z,y) AQ(y,2) 0000V 000000 Pz,y) 00000000000
P(z,y)0 y0 Q(y,2) 0 y0OODOO 3yOOOOO00000P(z,y)0 20 ve 00000000000
Qy,2z)0 2 000000000000000000

000000000 y020 20w0000000000 3z2(VvwP(w,2)AQ(z,2)) 000000000
00000030000000000000003y(VaP(z,y)AQ(y,2)) 00000000

Jz (VwP(w, z) A Q(z,x))

|

000000000000 000 00000000000 w0OO0000032z(VwP(w,z)AQ(z,w))
gboboobobooooboboooooboooobooboooobobooooboooooboOoobn
gbbooboboooooboooobooooboboooboobooooboooobOooooooDbn
gboobOoboooobobooobooboooobobo0ooboobobooooOoobooon

goooobooooobobooooobooooobooooooboooobUoboboobobooobooD
bobooboboooooboooobooooono

1. 0000 yUz000 z0000000000

Jz (VzP(z,2) ANQ(z,x))

il

2.0000x0wO000000y0 000000000

Jr (VwP(w,x) A Q(z,

\iT [ ﬂ‘v))
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5.1 JUUooogn

gboboobooooboboooooboooobooooobooboooobooboobooboooon
goooo

V-1

(Co)?

000 x00A(x)000000 () D00000O0O (open assumption) 00000000000
oooobooooo

go
obooooOoboooobobooonog

[B(x)]l
C()

B(z) — C(x)
Va(B(z) — C(x))

(—> —Il)
(V=I)

(5.1)

0000000000 B(z)—» C(x)0000000000VOO00000000000000000
0000 “A(z)” 0000000000000 “%’000B(x)—» C(zx) 0000000000 200
00000000000000%:” 000000000000000Nz0000000B(z)— C(z)0
000000000000000000000000000000 B(x)000000000000 —-1
0000000000000000000000 [B(zx)),000000000000000 000000
00000000000V-ID00000000000Vs(B(z)— C(z))0000000

00000000000000000000000

O
B@)

c
VaC(z)
B(x) — VzC(x)

(v-1)
(—-Lh) (5.2)
goooodv-lO00O000OO0DOO00OOO0O0bOOoO00OO0DOOobOOoobOOoDOOoooOooOooDo
B(m)
c(
VaC(x)

(V=)

000000000 “A(2)’ 0000000 C()00000000%” 000C(z)00000 200
000000C(x)00000000Mx00000000000B(x)00000 10000000000
0000 B(z) 0000000 00000020 B(zx)000000000000000000V-1000

200000000 ¢t0 ADODDODOOO0ODOO0 yO ADDDODOOODOOODOOODOO0DOO0OO0O000000000
00000000000000000000000000 100000000000000000O0O0O0OO0O0O0OOODOOOOO
gooooooOooov-l0oo0o0oo0000«.. 0000000000000 0COOO0O0COOOOOOOOOCOOOOGOOOOOO
0oo —--1000000000000000000000C0O0O0000CDOOO0O0DOOOOOOODOOOODOOOOOODODOO
go0o0oo0oooooooooooooon
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00000000C(x)00 VWWC(y)DUODDODOODOOOOUOOOOOO((G.2)000000ooooooon
0000000000000 000000000000000000B(x)U0x00000000ODOO0O
0000000C(x)002:0000000000000AQO0ODOOODOOOODOOG.LHUOODOOO
0000000 vVa(B(z) - C(z))D00000O0O0OO0OO0OOOOOOUOOUOOOOOOOUODOOOOO
0A0O00OOUOO0OOO0O0O0O0O0O0ODOUOOGB.2) 00000 B(x) —»VeC(x)DOzO0O0O
0000000000000000000000000000000O00000 ADODDODDODDOOOOO
good

000000 A(x) 00 V2C(x) DODOOOOV-IOOOOOOOOOOOOOODOOOOOOOOOO
000000000000 000000000000000000000000O0OUOO0 20000 B(x)
00 VeC(z)D00DDO0OD0OUDOO0O 0000000000000 0OOOOODOODOOUODOOOOO
oo00o0O00 AQDQOOOO0OO0O0O0O0OOOOO0OO000O00OOOOOODOOOOOOODO xO000000
obooboooooboobooooOooboobooboooobobooobOol10000ob00b00o0o00oDn
pcoooooooooooooooOodooooopobooOogv-lI0DODOOODOODOOOOOoOoooD
000000000o0o00oUo0OG)UDODUD20000000000000000O000O0 20000
ooooo0oooo A000ooooooooooooo 00000000 COOOOOOOOOOO
0000000000000 00 0000000000000 0D000O00D000OC(x) 000000 &
00000000000 00o0ooo000o000o0o0oO0o0o0o0oo0oo0ooOOooOg vVeC(x)
ubooobooboooooboooooao

Oo0oov-IOO000O0O00ooOOo0oOooooooov-IooaAIOOOooooooooooooboooon
OvlODOOO00ODOOOoOoOooOoOoOoooooOoobooOoo

D D D D

Fler) Flea) Fles) - Fle)
F(e1) ANF(ea) NF(eg) A+~ ANF(¢c;)) N -+

(A=)

0O000D-- F(,;) 000000000000000000000000000 000000000
0000000000000000000D---F(e1),D---F(ep),---0000000000000 z00
00 D---F(z)000000000000000000F(e)AF(e2)AF(es)A---0 VaF(z)000000
00V-I00D000000 20000 FOOOOOOOOOOOV2F(z)000000000000000

vV—-E

O0000¢t000000000 (first order term) 000000000000 OO

UbodbUdez,y0000000OOO0OOODOOODOO

foly(;z/ > 1)
s O (5:3)

gbooobooooooboooooboao

V:EEly@ > x)

Jz(xz > x) (V=E)
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00 (5.3)0000000000000000O000O0D0O00UOO0O0UOO0O0O0UOD 0000
00yO0O000000000000003®0000((G4)0000000000000000000000
0000000000000 0000000U00000 (40000000 V-IDD0ODOUOODO tO
A)DO0O00O00O0O00OOO0OOO0O0OUOOO0ODOOOOUODOOO

3-1
A(t)
JzA(x)
0000¢«000000000 (first order term)0 0000000000000
J-E
A(z)
EIxA(x) D

@o)

() POODzO0000000000000
(i) Az)00OD0DDO000O0OV-IO (00)0000040

000000A00O0O0QOODOOOOD 10000000000000 z0 ADODOODODODOOOO
oooooOO00O0O0O0O0000000000000000A0O00O0O0O0O0O0000 100000000
O00000000000 0 AQDQOOOOOO “DPO0O0O0 0000000000 DO0xz0 AOO
oo0o0ooooooonoDA0OOOOOQOOODOOO0 10000000 0O0ODO «C»rUobobooDoOooOod
oo0o0oDoood0obobz0 ADODODOODOOOOOODOOOOODOODODAOODODODOOOODOON
oooooO0O0O0Dz0 ADOOOOOOOOCOOOOOOOOOO

ooooooooooooooooooo0oo04EO0V-EODOOOOODOOOOOODOODOOOOOD
OO00oo00o0 3E0000DOOOoO00oDbo0oOooooooooDo

Fler)  F(ez) F(ei)

F(Cl)\/F(CQ)\/\/F(Cl)V D D D
D

0000F(e)---D,--+,F(¢;)---D,---0000000000000000000000000000
000000000000000000000000000000 2000000 F(z)---DO0OO0
0000000000F(e)VF(e)V---VF(e)V---03F(x)00000000 3E0 v-EDDOO
00000000000

00 3E0000000000O0

VaF(z,b))!
Fah
JyvVaF(x,y)  FyF(a,y) (3-E;)
JyF(a,y) 1

0000000000000 “JzA(z)’ 0000000 3yVaF(z,y)0“A(2)” 0000000 VzF(z,b)0
“D» 0000000 JyF(e,y) 000000000000 ¢” 00VeF(2,b) 000000000000

30000 “00000000000000000000000000
4 A(z) 00000 200D00000000000 A(x)0000000000000000C0O00
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00000000000 b0 3F(e,y)00000000000000000 ()00000000000
JyF(e,y) 000000000 IyF(e,y) 0000000000000 000000000000000
0 ()00000000

000000000000

[L(z,00)] Va(JyL(z,y) — H(z))
: Wiy ) yLiey) - H@) ijzg
—E)
FxL(z,00) H(z) (3-E,)
H(x) !

00 L(z,y) 0020 y0OOO0OMMH(x) 002 000000000000000Vy(32L(y, 2) — H(y))
000000000000000000000000000000032L(z,00) (0000000000
00000 100000)50000000000 200000000 H(z)(e00OOODOD)%0000
0000

00000000000 ()00000000000000¢D’ 0000 H(x)00OOOOO “” 00
00 :00000000000000000000000000000000000000000001
000000000000000000 x00000000000000000000000 20000
000000000000000000000000000000000 ()0000000000000
0oooooo

00000 (()000000000000

[L(z,00)* T
JyL(z,y) JyL(z,y) —» Px)
; PO oy I
JzL(z,00) 32P(z2) (3-E,)
JzP(z) '

0000P(x)002000000000000003yL(z,y)— Pz 00:0000000000000
000 00000000000000000000

00000000000 (i) 000000000000000000003L(z)(0000000000
000001000)000P(x) (0000000 +00000)000000000000000000
00000000000000000000 x0000000000000000000 000000
000000000z00000000000000000000000Dz000000000000
0000000 (i))0000000000000000000000

000000000000000

051(0000000)

1. =VzA(z) — Jz—-A(zx)

5000000 003:000000000000000000000000000000000000000
0000 2000000000000000032zL(z,00)0 200000000000!
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FAE!
Jz-A(z) [-3z-A(z)]? .
j ——1,1
- (Qj) B
Az vt
VzA(z) [~VzA(z)]? -
L,
——Jz-A(z) o
J-A(x)
——1,3
Ve A(z) = Jx—A(x)
2. =VzIyA(z,y) — JaVy-A(z,y)
WAy
Jz—JyA(z, y) [Fdz-Ty A )
L 5
WAy [Alz.9)f _ |
WA@.y) Iy Az, y) [FyA@ )t
VaTy Az, y) [VayA(z,y)]” L
L . ~Alwy)
—\—\HxﬂﬂyA(x, y) 7E VyﬂA(xa y)
Jr—-IyA(z,y) 33:‘v’y—u4(alc,Ely_)E74

Javy-Az, y)
—VaIyA(z,y) — JaVy-A(z,y)

——1,5

goodbD s1 00U0boooobobooouooon
1. Jo-A(x) = ~VrA(z)
2. Javy-A(z, y) — ~VaIyA(z,y)
3. ~Va-A(z) < JwA(z)
4. VayA(z,y) ¢ ~JaVy-Alz,y)
5. Ve A(z) A ~JyB(z) ¢ Yz(A(z) A ~B(2))
6. Va(A(z) A B(x)) < Yo A(z) AVaB(z)
7. Ju(A(z) V B(z)) ¢ JzA(z) v JzB(x)
8. Vavy(A() — B(y)) © (GrA(z) - VyB(y))

9. J23Iy(A(x) — B(y)) + (VzA(x) — JyB(y))
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5.2 JUUoooon

00000000000000000000000000000000000000000000000
00000000 (00)000000000000000000000000000000000000
000D00000000000 (Denotational semantics) 0 0 D000000000000000000
00000000000000000000000000¢000 f0000000000000000
0000 f000000000000000000O000 +00 f0000000000000000
00000000000000000000000f0000000000000000 (000000
00D0)000000000000000000 (000000000 POOD)0000000000O0

0000000 (00)0000000000000000 {¢£}0(0000000)0000 (000
0000000)0000000 DOOOOOO0O0O0OOOOOO DOOOOOOOOOOO0O00O0
0(00)0000000000000000

1. 00000000 00DOOo00 pooooooOoOoOoDbDOOoOooDOooOooo

2.00000000000 DODODOOOODOOOODOOODOOOODOOOOODOOODOOOOO
ooooooooooooboooooooooooobooooobooOooobDoO DOODOOOO
oood

3.0100000 P(x)0000OO00O0O0O0 DOOOOOUOOODODOUOOOOOOOOP(x)0O0O0OO
ooopoooooOOOOOOOOOOOO00O0001000000000020000000000
O0000P(x**x 0000 300000 (three place predicate symbol) 000 000 O P(x, %, %)
O0O00DoOO0ODxDxDODOOOOODOOOOOoO

gboboobOobooooboooobooboooooono

4. 0000007 P()0000000000000000000 (000 ¢ 00000 (POOOO
00)00POO0 (POOOO0)00000000P()000000000000000 P(e)
000000000

00000000000000 P(e,e,c3)000000000000000
5. P(z) 0000000 (000 200000)000000 2000 «000e0 DOODO)OO0D0
000P(x)00000 (P(x)[e] 0000)0000000000000

P(z)[e]0UD 0 POOOOODO (DOOOOOOD)000000O0O000DO0ODODOOOOO
oooobooogo

P(z1,¢1,20) 00000000000 P(ay,c1,20)[e, b 0000000000000 OOOOOO
ooo

6. ANBOAVBO-AUA—BOOOOO (DO0OD)0000000000O0O0O0OOOOOOOOOOO
ooooooooooooog a,...,2,000000000000000000 ay,...,a,(€ D)
ooooboooooao

7. Yz AW, .- yn@)|at, .- an) (000 y1,...,yn,e0 ADDDOODDOOOODOOOOOOOO
a1,...,a, 00y,...,y, 0000000)000000000000

VzA(y1,.. . yn)a,...,a,] 000000000000 DOOObMO00000
Ay, yn,2)]ar,...,an,b) 00 0000000000000

T000000000000000000000000000000000
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8. 0000000000000 32A(ys,...,y)a1,...,a,)]0000000000 DODOO 00000
AW, Yo 2)[ar,...,a,,b) 00 0000000000000

00000000000 (model) U0DODDO0O00OOO0ODOOOODOOUOOOOODOOOUOODOOO

00 5.3(0000) 00000000000 0O0OO0O (D) 000000 OOOOOUOOOOOOO
obooobooboobopoobooboooboobooobooboobooboUbeobobObOOOODO
gooobooogn

1. 00000 c0000 ¢(c) e DOOUDO ¢(c)0 c0D0O0D0OOO0O0 DODOOOO cOOOO
O00000¢(e)0c00000DO0O0OOO

2. 0n00000 P(x,%,---,x) 00000
——

n

dP)CDxDx---xD

n

00000 POOOOOOOO(POOOOOO0O00O0O0OOPOOO00000OOOOOOO
0oo)

00(D,¢)00000000000000 A(zy,--,2,) (000 21,...,2,0 ADDDODODODO
00000)00000000 21,-+,2, 000000 a1,-+-,a, (€ D) 00000 A(z1,---,2,) 00
O a1,...,a, 000000 (000)0 $(Az,...,z0)a1,...,a,]) 00000000000000O00
o(A(z1, ..., zn)[a1,...,a,)) =000 A(xy,---,2,) 0 (D,¢y 00000 a4,--+,0, 00000000
000000 (D,¢) = Alar, -, aa)a1, ,a,] 000 000000AODODOOOOOOOOOO
(D,¢) EADDDD

00 5.4 (A(zy,-+,2,) 000 ay,...,a, 000000 (0O0O))

1. A(z1,--,2,)000000000000000 00000 POOOOOA(z:, -, 2,)0 Pz, -, 20)
00D000(D,¢) & Play, -, zn)|ar, -, a,] 000000 {ag,,an) € $(P) 00000000
aoo

2. A(zy,,2,) 0 By, yzn) NC(21,--+,2,) 0000000(D,¢) E (B(z1, -, xn)A
C(x1, - ,zn))|a1,-+,a,) 00 0000(D,¢) E Bz, -, 24)[a1, - ,a,] 000
(D, ¢) = Cla1, -, xn)las, -,a,) 0000000000000

3. A(xy,-,2,)0 Blay, -+, 2,)VO(21,--+,2,) D0 00000(D,¢) = (B(xy,- -+, 2,)V
C(x1, - yzn))|a1,-+,a,) 000000
<D7¢> |:B(x1,-~-,3:n)[a1,---,an] 00 (D,¢) '20(3?1,”-,%)[&1,---,@”} gooooooooo
ggdod

4. A1, 20) O =B(z1, -, 2,) 0000000(D,¢) = ~B(x1, - ,2,) 000D 0(D, )
B(xlu"'7xn)[a17"'7an]DD (DDD<D7¢>):B(:I:177$n)[a177an]DDDD)DDDDDDD

5. A(z1, -, zn) 0 YyB(z1,--+,2,,y) 0000000 (D, ¢) EVyB(z1, -, z,,y) 00 0000DO
000000 b (0000000beD)0000 (D,¢) = Blay, -, 2n,y)lar, -+, an,b 0000
goooooooo

8 A-BO0O0O0D0O-AVBOOOODODOOOOOOO
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6. A(xy, -, z,) 0 JyB(z1,--,z,,y) 0000000 (D,¢) E IyB(ay, -, 2,,y) 00D O0O0DDO
D000 KOOOOD beD)DOOO (D,¢) E Blat, -, an,y)|as, -, an,b] 00000000
goooo

gbooooOobooooboobooon

052 D0O00{0000000000O0OO000OOOOOUOOOOO0O }OO0OOOOOOOOO
ooooobooos00b0oboobooonoo
0000000000000 0o00D (boooooooon)

000- 000O0° 0000 OO0
00000000000000000
000 (z) (xOOO0O)

gboooboobooboobooooboobU0 oD OO0OOODOOODOODODODODOOOODO
goooo

p(00) = 0000
¢(000) = 00000
¢(000) = 00000
p(00) = 0000
0000000000 ¢00000000000000000000
0000000000 ¢(00)=---000000000000000000400000000000

00000000  DOO0OO0O(D0O0O0)00D000D0O000O00ODO0O0O00O0O0O0O0O0OOO0OO0
O0¢(0)=0000000000000000000O00 DOOOOOOOOOOOOOODOOO
obooobOooooooon
O00000)000000000000D00000O0O0OO0O0U0O0ODO0DO0DOO0OUO0OOOOOO
googooboogo
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