goouotn

ogood
terui@kurims.kyoto-u.ac. jp
ooboooobooogd

1 0O0Ood —ooooo

ubobobooboobobobobobobobobobobOoboboboboboboonog
gbobooboboobooboboboboboboboboboobooboobooboooobooobo
uboobooooooboooooboobooooboooboooboo ---obobbooboboboobobod
boboobooboobooboboboboboboboboobooboobooboobooooboooa
gboboooobooboobobobobobobobobooboon

0000000000000 000000000000000 (classical logic) 000 0O
ttotoddoouoooooboooooooooooooooooOoooooobDbDbObobobn
(intuitionistic logic) 0000000000000 DOOOOO0OOOODOO (constructive) 00
gboboobobooboobobobobobobobobobooboobooboobooooobooobo
gboboobobooboobobobobobobobobobooboobooboobooooobooobo
bobooboobooboboboboboboboboboobooboobooboobooooboooa
ubobobooboobooboboboboobood

gbobooboooboobobobobobobobobobobobobobobobobonboo
ubboobobooobooobooooboobbooobooobbooooOobOoooboDbon
000 (Jean-Yves Girard) 00 000000000000 O0OOO0OO0OOOODOOOOOOO
gboobooboobooboobobobobobobobobobooboobooboobooooboobo
0000000000000000000000000 (linear logic, [2]) D000

00000 1987000000000000000000000 (logic in computer science) 0
ubbooboboooboooboooobooobbooobooobboooobobOo0obooon
gbObogobbooobooobbooobobooobboooboobbooobooboboon
oo

e IO0DOODDDOODDOODDODO
e NUUDDOOO0ODDOODOODDOUODLDOODLOOODLOO
e NUUDDOOODDOODOODODO



e JO0ODOOODODOODODO
e NUDOOODDOUODDOODDLOOODDOODDOODO
e NO0ODOOODDODOODODO

goobooobogobooobuoobbooboobboooboobbooboooboooo
dooooboobobooboboobooob
gooboobooobobooobooboboobboobobooobooboboobboobOoOon
000 “A”000 “A00 A 000000000000000000000000000000
oooooobobobobbbobobbbbbbbbbbbbbbbbobbbbbobobobobobobobooo
gooooboooboooboobboobooboboooboobbooboooboooo
gooboobogobooboboobboobooboboooboobbooboooboooo
gooboobogobooboboobboobooboboooboobbooboooboooo
goooobooboboobobooboooboobobooooboo

2 00 —0O000obbbooobbbood

goboobboooooboboooooobobobbooooboboooooboobbbooooboobobooo
goooobooobooobooboboobooboboooboobbooboooboooo
goooobooobooobooboboobooboboooboobbooboooboooo
gbobooobogoboooboobbooboobooboooboobboooboooboooo
gboooobogbobooboboobobooobooboboon

21 0O0OO0OOODOO

00000000000000000 (duality) 00000000 0OD0AQODOOO —-000
0000000000oooooooo0AOOOO

T «— L N <<= V V <— 3

0000000000000000000 A400000000000000000000000

0oooo
A—>BOOODOO < BY—> A000000

000000000000 00000000 LKOODODODOoOoooooooooLKoOooo
0000000000000 000 rFAODOODODODOOOOOOOTO AOOODOOOOOO
00 Ay,...,A,0 By,...,B, 000000000000 4;,...,4, 000000000000
0d By,...,B, 0000000000000 0OO0O0OODLKODOOODODODODOOOODOODOOO
Weakening (W) O Contraction (C) D00 ODO0O (structural rules) 0000000000



oooboobooobbooobooobo

r-A r-A AATEA FFAAA

ATea VY teaa"l 4rra YF Trau

22 JO00O0O0ODDOOOO

0000000000000 ooooooboooboooboDoooDoooooo
constructivity(D 0 0000000000000 O0D0OD0O000O0O0DOOO0OO0O0ODOOO0OOOO0
“0O07’0000000000000000D00OO0, denotational semantics for proofs(T]

ggoooobbobbooooooogouobou0lbl -00b0o0o0o0ooooobobbobLbbon
0000000 0000000 «* 000000000000 A—-BOOO[A*— B*]0O “O
00000”0000 (A—» B)*CJ[A* - B* 0000000000 [X—-Y]000XO0Y
dod00o0o00ooo0Uoooooooouoooog A,,...,A, 0000 BOOODOO OO

googon
Al x - x Ay — B”

0000000000000 0O000000ABF AOOOOOOODOOO F(e,b) = a
Da€ A*,be B*000000A—B,B—»C+A—-COOODDO000O0000O00 G(f,g)=gof
Ofe(A—B)*ge(B—C)*0000000000m,n~00000CHA—BOCHAD
00000000000000 modus ponens 10000000000C+HBOOOOOOOO
000000000000 H(e)=xa¥e)(ri(¢)) 0000000000 000000ce C*O0
0 mi(c) e A*0000xk(c): A* — B*000000000 H(e)eB*O0OO0OOOO
0000000000000000000 “00”000000000normalization, 0000
00000000000000000000000000000000000

(*) 00 m 000 n, 0000000000007 =a;0000

000000000000000000003-(54+8) —3-13-—390000000000
00000000000000000000000000 (0000000000000000
0ooooo
00000000000000000000000000000000000 (4— B)*00
00000000000000000000000A—-BB—-CFHA—-COOOOOOOO
00000000fe(4A—B)*0ge(B—C)*000000gofe(A—C)*0000000
00000000000000000000000000000000000000000

1. 00000000000 (A—-B)*00000 [A*—B*)000000DO0O0OOODOOO
0000000000000 0 ADO0ODOO0ODODOOOO0OOOO0ODOOD A*000O0oogo
gooooboooboobboobooobooobooboooboooboobobo
gooooboooboobboobooobooobooboooboooboobobo



00000000000000000000000000000000 Ve A(e) DOOO
goodooooon
Vad() = [ A®B)*

B: OO0
000000000000000000000000000000000Va.A(e) D000
000 BOOOODOOMmM

2. 00000000000000000000MA—-B)*00000O00X0O0DO0DOODOO
OO0 «~*00000000D00000000D00000000D000DO00OoOoDoOOn
0000oooooooooobooobobooooooooooooooooo

3. 0000000000A—-B)0 A*00 B*000D0OUDODODOUOODODOOO
00000000000 0000000O0Od, realizability interpretationT]

0000000000000000000000000000000000000O0O000O000
00000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
0000000000000000000000 (A—B)*0000000000000000
0000 (D. Scott) 000000 (domain theory) 1000000000000

23 ODO00O0O0ODbDOOOoOooO

00000000 (*)0O0UDO0UDODOD0O0DO0O0DO0OD0OO0O0O0DO0O0DO0O0O0OO0ODO0ODO0O0
0000 LKOOODODOOoOOooooooooooooooooooooboobobooooooo
gogooooooon

mUOmO0O00000000FADOOOOODOODOOODOODODOD 100000000000
0 0O, Lafont’s critical pair(T]

FA FA
Fa4v0 apa o
ggdod

A A
A

cO

0000000000000 00000 Weakening-Contraction 00000000 7, 00 o O
00000000000 0000 LKOODOOOOoOooooooooooooooooooao
MO000#=7"=m00000000HADDOOOOOODOOOOOODOOODODOOOOO
0000 LKOoUOobOoooooooooomoobouooooooboogooogobouooboa
do0oo0obogoboooobo

Lafont 000000000000 0OWeakeningOOOOOOODODOOOOODOOOODOOOO
O00000000000D00000000000000 Weakening0OOOODOOODOOOOO
gobbobooooomooboboboooooooboboooobooboooobobobboooooobo



00000000000 00000000000 Contraction 100000000000 OOO
goo0ooOoobDOooOOoOOoboUOobUooObObODUOOUOOU0obObOOobOobDODOD LJOooOo
gooooboooboooboobboobooboboooboobbooboooboooo
gooooboooboooboobboobooboboooboobbooboooboooo
gooooobod
goboobogoboooobuoobbooboooboooboobbooboooboon
gooooboooboooboobboobooboboooboobbooboooboooo
gboobooboooboobobooboboobbooobooobooboboobbooobom

24 JUO00O0O0DODOOO0ODODDODOOObDDbOOOOO
gooboobooboboobooboboobboobooboboooboobbooboo

e A(x) D0DD0O0DDOODDOODDOUDDOODOODDOODDODDDO I2A(x)0D0DODODOOO
0000000000000 ty,...,t, 00000 A(ty)V---VA(t,) OOOODDOODOOO

0000000000000 00000000D0D00 0O ddisjunction propertyl 000000

e A(x) J0JDO0UDDOOODODOOOUUOOUD J2A(x)D00D0DO0O0ODOOOOOOOO
0000 ¢t00000 A)0D0O00O0OODOO

gooboboooooobboOod ¢4,...,t, 0000000000 DOO0O0O0OOODODOOO ¢
00000000 00O0DoO0O0o0ooooDooooDOonD “00”00D000ODO0oDOOooOoOoO «“>d
00000’ 0000000000000OoooDooo

3 0000 —oooooooooo

31 00O0O0OO0OO0ODbOOoOO

0022000000000 000C000DOO00ODODO0ODOUODOOODOOODOOUODOODOO
oooo00ooooooooooooooooooo0ooD MoooooMooodd f:N—N
O0D0D0meNODDODOOODOODODOODOODOODOOOOOOODODODODOOOOOoODOOO
neNOODODODOODOOD fO00000000O0DOO0DOODOOOOOOOOOO (oracle) O
goodooOoboo0oOooO0ooOobDOobOoUOooOOooogboo IropbobobogoITogboo
fO0000mOOOOO0O0O000OO0ODODOODOOO000O0 fOmDODOOODOOOOOOOOO

IT(f,m) = fo---0 f(0).
—_—
m

000000 NOOODOODODDOOOD [N—NOO0ODOO0OoOOooooooooooooo

MOODOOOUOOoOO F:[N—NxN — NOOOOOOOooOoooooooooo

F(f,m)=n < MOUOOOO fO000mO00000000O0 0000000000



00000000 MOOOOOOOOOOO0000000000000000 M(f,m)00
00000000000000000000000 fO00000000000000000000
000O0mO00000000000 k..., eNOOOODOOOODO f000000000
000000000000000000000

00000000000000000 M(f,m)00000,000000000f000000
0000f0000000000000000000000000¢00000 M(g,m)=n0
0000000000000000

00000000000 0000000000000000000000000000000
F:IN—NxN — NOOOOOOOOOOOOOOOO0O000000000000000
fCg¢O f0¢000000000D00000D0000O0DO00fCyi,gD fO0g¢g000000
00000000000000000000000000000000000

0000000 (finite call property)d 000 f:N—N meNOOOOOF(f,m)=n0O
00000 gCpm f00000F(g,m)=n

000 (monotonicity)D 000 f:N—N me NOOOOOF(f,m)=mn, fCgO0O0O
F(g,m) =n.

000000000000000000000000000000000000 (operational)
00000000000000000000000000000000000000000000
0000000000000000000000 F:[N—NxN — NOOOOmOooo
00 F:[N—N — [N— N O00000000000000000000 (Currying) O
00

E(f) = {(m,n)|F(f,m) = n}
00000 G:[N—N —[N—NO0D00D00oooooo
000 (continuity)D OOO0OO0OO f:UZTEIgiDDDDDG(f):UiEIG(gi).

0000000 {glie; 000 (directed) 000000000 4,j €l 0000000 kelOO
00 g5,9; Cg,00000000000000 (directed union) Ule, ¢; 0000000 {gi}ier
0oooooooo

0000000 fCg = F(f)CF(¢g)0000000000000000000

00 310000 F:[N—NxN — NOOOOOODOOOOOODODOOOO0OO0O0O0O0DO
O0D00F:N—N —[N—NOOODoDoooooo

00 (=) f0000 UL, 00000000000 Ui, F(gs) C F(f)D0O0D0OOD
(myn) € F(f) 00000F(f,m)=n00000000000000000 hCpyp fO0OOD0
F(h,m)=n0000h0 U, 0000000000000000000 gi,...,9 0000
D00000000000000000 UL, 0000000hCg 000 gO0lel0000



000000 FOOOODOOO Flg,m)=n00000000 (m,n) € F(g) € Use; Flg:) O
ooooo
(<) 0000000 f:N — NOOOOOOOOOOOOOOOOOOOOOO0O0

F=UYg 9 Csin f}-

gboobooobogbobooobooboobooboon ]

goobooboooboboooboobobo0obboobobooobooboboobboobOoon
gooooboobobooobooboboobooboboooboooo

32 DO000O0OOoOoOooo

00000 MOOOOOOO0OO0D00000000000000000000 (deterministic) O
000000000000000000000000000000000000 (sequential) O
0000000000 00000000000D00000000000000000O00O000
M(f,m)00000000000000000D0000D0000 f00000000000000O
00000fe[N—NOmeNDOODDOOOODO

ke K < M(f,m)D0D0000D000D0O0D0O0O0O0O f0kKO0D0O0ODOODOODOODOODOO

0000000000000 KCNODOoOooooooo
gooboobooobobooobooboboobboobobooobooboboobboobOoon
F:IN—NxN — NOOOOOOoOoooooo

0000000 (definite call property)d  F(f,m)=n0000g C f00 F(g,m) =n00
oo goooobobboboboboobooooon

000000000000 00000000000000 (parallel-or) 0000000000
000 PORODOOD [N—NxN — NOOOOODOOOOOOOODOOOOO

POR(f,m) = 1  f(0)=1000
oooo0 = 1 f(1)=1000
oooo = 0 f(0)=f1)=0000

ooogd — loop OOODODODOO

00000 POROOOOOOD f0000000000 f(0)0 f(1)0000000000
0000000000000010000000000000000000 1000000
000000000000000000000000000000000000O0O000O0000
000000 0000 f(0)=f(1)=10000000000000 POR(f,m)=1000
000000 POR(g,m)=100¢C f0000000000¢0000000000000
{(0,)} CfO{(1,1)} CfOO00O0O0DO0 POROOOOOOOOOOOOOOO



goobooboooboboooboobobo0obboobobooobooboboobboobOoon
000000000000000 (G.Berry) DOOD0OODOOOODDOUODOUDOOOO [N—N —
[IN—NOODOODOD GUoO00oooooooooo

000 (stability)d 0000 f0 ¢gO000000compatible, 1000 fUg00000000
0000000G(fNg)=G(f)NG(g).

goooobooboboobboobooboboobboobbooobooboboobOoOoon

00 3.2000000000000000F:[N—NxN — NOOOOOFOOOOOD
00000000D000000D000000F:[N—N —[N—N 0000000000
000

00 (=) f0¢000000000000000000 F(fNng)CF(f)NF(¢)00D0000
0 (m,n) € F(f)NF(g) 0000 F(f,m)=n0F(g,m)=n00000000 F(fUg,m)=n
000000000000000kRC fUgOO F(hym)=n0000000000000
000000000000000ARC fNng. 00000000 F(fng,m)=n00000
(m,n) € F(fNg)0

(<) F(fym) =n00000000 (m,n) € F(f)0000gC f00 F(g,m) =n000
00000 ¢0000000000000000000000000000 ¢g0000000
00000000000000000000@¢g,¢.00000000000000 g¢1,9,00
000000 (m,n) € F(g1)NF(g) 000000000000 (m,n) € F(g1Ngr)D000
F(g1Ngo,m)=n0000g,9, 000000000000 g1 =¢1Nga=g¢, 00000000
00g¢gCf0O0 F(gym)=n00000000000¢000000000000 =

0000000000000000 (stable function) 00000000000

33 0000

0000000000000 0000000000O0000000000000O0 [N—N O
gboooobogbboobboobooboboobooboooobo

00 3.3 (0000) 000000000 X =(]X|,©)00000 (coherent space) 0000
0000 © 0 XO0O00000 (coherence) 0000e¢C X0 XO0OOOO0000000000
00000 2,y €ca00000 20y0000000@ed X0O0O0OO (clique) 000 aC X
000D0XO000000000000000000000000000 C(X)0Ci,(X)00D0
0oooooooo



000000 [N— N O0O0O0O0O0O00O00O00O0000O000000000000 NxN
gbobooobogoooon

(ml,nl) C (mg,ng) < mi1 =m0 00 ny = no.

000000000000 0Do0ooOO0 NOOODoODoooooooooooo
gbooboobogoboboooboooboooboooon

00 34 (0000000DO0ODOOODO)

1.000¢00000000000000000000000000000000 @000
000000000000 TOODOOO
2. 0000 {e}00000000000000O0DO0DO0DOOOOOOOO G000 {e}
0000000000000000 L0000
3. X =(X,cx), Y =(Y],Ccy)DDODOODOOOOOOX &Y = (| X &Y, © xev)
00000000000
X &V|=|X|W Y] ={(@ D]z e X[} U{(2y € |V]}
(z,1) O xev(a',1) <= xzTxa
(¥,2) © xev(¥,2) = yvy
(,1)C xey(y,2) 0OODOODODO

00000000000 00000000X&Y O XOYOOODOOODODOOOTOOOO
gobogo
goobooboobobooboboobboobooboboon

00 35 (0000) 0000 X0O0DOYODOOOODOD (stablemap) FOOOODODOODOOOO
c(X)oocCcy)ooooooooooo

1.00000a=Ul,; b 2 X = F(a) =U;je; F(bi). O
200000aUbC X = F(anb) = F(a)NF(b).

XO00YOOOoOOooOoooooo Coh(X,Y)OOOO

00000000000000X00DYODOOOOOOoOO Coh(X,Y)ODODOODDOOO
gbooboobogobooobuoobboobooboboooboobbooboooboooo
gbooboobogobooobuoobboobooboboooboobbooboooboooo
gooooboooboooboobboobooboboooboobbooboooboooo
gobogo

00 3.6 X, YOOUODOUODODFO XO0DOYOOOODODODOODODeC XOOOOODODODODO
0000000y € Fle)OOOOy € Fap) DOOO a9 S a 0000000000000
0000000000000 000000000M 00000 (ep,y) 0 FOOOOOODOO
(minimal data) O 0O O O



00 3.7 (0000) X = (|X|,ox), Y = (Y,cy)00OO0O0O00O000X =Y =
(X=Y|,cxsy)00000D000000O

o |X = V| =Cpin(X) x |Y].

* (a,2) S x=v(by) =

(i) aUbC X OO0 2y y.
(i) aUDC XOODOO a#b000 x#y.

000 Coh(X,Y)D X=Y0OOOUOOOOUOOO “0007” 00000 X0Y0OD0OOOOO
gboooobogoboboooboobobooobooon

00 3.8 X, YUOOOQOUOOOoOOooO

g

1. Fe Coh(X,Y)ODODOO

Tr(F) ={(a,y)|(e,y) 0 FOODODOOOOOOOO }

0X=Y0O000OOOOOoOooooooo FOOO (trace) DO0DOO

.cCX=YUOOOOUOOeC XOODOO

¢la) ={y| 00 ap Cinpa D000 (ag,y) € c}

D00D0000¢Ee Coh(X,Y).

——~——

.Tr(F)=F,Tr(¢) =c.

. (a,z),(byy) e Tr(F) DO0OD0O0OO z€ Fla),ye F(b)DODODODODOO aUbC X

O00O0F(eUb) 0 YOOOODODOODOO0O000O000O z,y€ FlaUb)OOO
¢Cyy00000000000 a#b000enbCa00000anbCbIOOO0O0
00000 Flanb)=F(e)NF(h) 000000000 2a=y0000 2€ Flanb) 00O
00(e,z) 00000 (b,y)00000000000000000

.¢(e)0YUOOODOOOODODOOOODOeODOUDOODOOODO a:UT b, 0000¢

i€l

00000000000, éb) Cée) 0000000 z€¢e) 0000000000
ap Crin a 0000 (ag,z) €c0000{b;}ie; 00000000 j€l0000 agC by
D00 z€éb) 00000000 2 € U, éb;) 00000

000 ¢00000000000eUbC XOOOO&aNb) Cée)Néb)00000000
0000000 € é&a)Néb) 0000000 ag Cpin a by Crin b00 D00 (ag, ) € ¢,
(bo,z) €Ec0000aUbyC XOOOOX =Y OOOOD a=5b0000000000
000 ap CfinanNb0000 (ag,z) €c00000000000000 z€&anb).

3. 000

10



00000000 “00”000000000 (adjunction)

Coh(X & Z,Y) 2 Coh(Z,X = Y)

0000000000000 000000000000000000000 (category) DD OO
00000000 “00D0”0000000000D0O000O00000O0ODODO0ODOO0OOOO0OO0OOd
goooobgogoo

00000000000 «000000000000 «* 0000000000 A— BO
(A-B)y*=A*=pB*0000000000000000O0DOODOOOOOO Ay,...,A,FB
00000000000 7*€ Coh(4&---& A, B)DOODODDODODOODODODODOODODOOODO
0000220000 () OODODODOD0ODOD0OOD0OOD0OD0OODOUOOO ADDODOODO A*D0O0O0
0000000000000 0000000OUO0oOUAY,B*O000000O00OO0 (A—B)*0O
goooobogo

4 Est,est,estl —O0O00O00O0O
41 O0OO0O

0000 FOOOOO «000000O000O0O F(e)DOODODODODDODDOODDOODDOOOO @O
oooooboooboobbo0b eO0ODbO0ODbOOO0ODOOOODDOODDOODDOODOO
gboooobogoboobobuoobboobooboboooboobbooboooboooo
rooobOoOooOobOoO0oOoO0obDO0bOOObDObOOo0OOUODOUOOOD FOOUOOODOODOO
gooooboooboooboobboobooboboooboobbooboooboooo
oobooboooobbo

0000000000 e, b XOOOUOODDODOOOOOOO aUbC XOOO euUbOOO
Oe+b0000000000000O0O00O0DOOODODOOODO

00 41 f+gC- X=Y,eCc X00OOO

f+g(a) = f(a) +g(a).
00 f+gla)=f(a)Uj(e)0000000000000000000 20000 z€ f(a)nj(a)
0000000 ar,a2 Cpin a 0000 (a1,7) € £, (a,2) €g000000000000 f+g
000000 (a,2) S xoy(as,e) 0000000000 a1 =, 000000000000 f
0 ¢00000000000000000000 m

goobooboooboboooboobobo0obboobobooobooboboobboobOoon
gobooobogoboobobuoobboobooboboooboobboooboooboooo

11



ooooooooooooobboboobobobobobobobobobobobobobboboboboboboboboboboboon
goooooooooboobooobboobobobobbbbbbbobbbbbbbbbbobbbboon
goo

00 42 (0000) 0000 XOOYOOOOOO (linear map) FOOOOOOOOODO
C(X)oocCcy)ooooooooooo

1L.00000a=3,.,b CX = Fla) =% ,., F(by).

i€l
goo ZielbiDDDDDDDDDDDDDDDDDD {b;}ier 0O O (disjoint union) 0 00O
X00YOOOOOooOOooOooOoo Lin(X,Y)ODODOOOOO

obooboobooobobooboobobuoobboobboooboo

000 “00”00000000000000000000000DO0O0O00ODOO00OOO0DOO0O0d
gobooobogoboobobuoobboobooboboooboobboooboooboooo
gooooboooboooboobboobooboboooboobbooboooboooo
ooboobooobobooobooobo

42 DOOOO0OODOOO

go0o00o0o0oo0ooooooooooooooooooobooobo 3b0bobDobDooDOooDooDOg
gooooboooboooboobboobooboboooboobbooboooboooo
goooobogoboonbog

000000 f:N—NOOOOmOOOOOOOOODODOODOOOOOO MOOOOOO
00000 f000000000D00D00D00D0O0 (evaluation)

EV(f,m) = f(m)

o0000db0ob0ooOooO0oo00o0o0oobobobOobOOobOOooOOoOOoOobOobOOoDbOD 3100
goooobood

000000 fO000000O00O0C0ODO0OO0O0O0ODOO0DOO0OOOOO0UOOOO EV(f,m)
00000000o0ooooofOo000000O00OO0OO0OOOO0OOODOOOOOODOOODOOO
0000000000000 0 F:[N—NxN — NOOOOoOoooooooo

0000000 (unique call property)d  F(f,m) = n 000000 (k1) € fO00D0O
F({(k,))},m) =n 000000000000 (k)€ fO00mOODO0DO0D00ODO
goo

00 43 0000 F:[N—NxN — NOOOOOOOOOOOOOOOOOOOOOO
OO0O00F:[N—N —[N—NOON—NOO00D0O0000000000000000
0ooooooo

12



00 (=) f=%,9%00000F(f)=U,;Fle) 00000000 31000000000
000000000000000000000000O0OOOOOOOOOOOOOOOOOOO
000004,7€I0000 (myn) € F(g;)NF(g;) 0000 F(f,m)=n0000000000
oooooo F{(kD},m)=n000 (k) € f00000000000O00O00O0 (k,/)000
000 g,0hel00000000000¢g,y00000 F(gp,m)=n00000000000
0000000 ¢=¢; 0000000000

(<) 0000000 f:N — Noooooooo S {{kD}|(k!) e flo0000o0on
ooo =

gobooobogoboooobuoobbooboooboooboobbooboooboon
gooooboooboooboobboobooboboooboobbooboooboooo
oobooboooobbo

43 ODOOOOOODOO

33000000000A0D0 BOOOOODDOD Coh(A,B)0DDDUOODODODODOOO
A=BO0000000D0O0O0O0OO0OO0OUOOUO0DAOD BOODOOOOOOO Lin(4,B) O
goobooboobboooboobobooboonbog

00 4.4 (000000) X =(X|,Cx), Y =(Y|,cy)00000000000X —Y =
(X oY|,Cxmy)00000000000

o [X V| = [X] x|V
* (21,Y1) O x oy (Z2,12) =
(i) 21 x2 000 y1 Sy Yo
(il) 21 S x2z2 00000 z; a2 000 y; # yo.

000 Lin(X,Y)0 X -YOOOOODODOODODO “000”0X0YOoOUOoOoooooooo
oooboobooobobooobooobo

00 4.5 X, YOOOOOOOODO

1. FeLin(X,Y)0OOO
Tr(F) = {(z,y)ly € F({z})}

OX -oYOODOOoOooooo
2.cCX—-oYUOOOOOeC XOODODO

¢la)={y|00 z€al0000 (z,y) € ¢}

0000000 € Lin(X,Y).

13



—_~—

3. Tr(F)=F,Tr(¢) =c.

00000 380000000

Coh(X,Y)0 X =Y 0OOOOOOO00 Coh(X & Z,Y)=Coh(Z, X =Y)00OO0O00O
000000000LIn(X,Y)D XY O0O0O0O0D000000000000000000000
0 -00000000000000000000000

00 4.6 (00000) X, YOOOOODOOOOOOOO (tensor product) X Y = (|X ®
Y|, Cxey) 00000000000

o X®Y|=|X|x|Y].

o (21,y1) O xev(T2,y2) <= 1T x2200 y1 Ty .
goo0oooooogooooo
Lin(X ® Z,Y) 2 Lin(Z,X —Y).

—o 00000000 @UbOO00O0Ob0b0O0O0DDbO0O0O0ObO0O0O0ObDbOoOobODbbOoOobobDbOoOboOo
000000 XeYOOUODOUODOOODOUODOOUODOUODOO

44 0J00OO0OO0OOOO4d

000000000 X=YUOOOoUoooooo X—-YOOoooooooooooooo
0000000000000 0000D0X =YD X —-oY0O “0OO00000”00000000
goboobogooboboobooooo

00 47 (0000000) 0000 X =(X,cx)0000000000!X = ('X], ©ix)
00000000000

o |'X| = Cpin(X).
e aCixb < aUbLC X.

0000000000000000000
00 48 (000000000) X=Y =!X oVY.

0000000000000 000000000000000000000000000000
00000000 A—BOOOOOOOOODOODOO0O000000!4A—-BO00000O0O0O
0ooooooo

45 OODOOOO

gobooobogoboooobuoobbooboooboooboobbooboooboon
godooobooOoUoobooooo0obOob0 Koodooooobo Xooooboooooooooo

14



00 X*0 X000 KOOOOOOOOOOOOOO00O0000000000000000000
000000033000000000000 L= ({e},{(s,e)}) 00000000000 X0O
000 X —-l00000000000000
0000000000000000000000000000000000000000000
0oooo

0000 X =(X|,©)000000000

r~y<=csoy00 z#y.
r=y<~—xCcy 0000000 z=uy.

bbbz y<~—=—zrr~yUU0O0z=y00000000O0DO00O0DOO0 cOODOOO ~ DO
gboooobogoooboooon

00 49 (0000) 0000 X=(X|,ocx)000000000000000 X+0O
X+ = (IX], < x)

oooooo

D0000000000000000

00 4.10 X00DO0ODOOOOXH)t =X, Xt=2X ol

000 X100 “007”X0000000000000000000000000000000
000000000 T,L000000000000 X&Y,X®Y,!XO00000000O 3.4,
46,470 000000000000000,1,X6Y,X3Y,?7X 00000000000

00 411 0000 X =(|X|,cx),Y=(Y|,©cy)0000000000,1,X0Y,X3Y,?X
00000000000

0= (Q)a@)a 1= ({.}a{(.v.)})'
XoY =(X|¥|Y],Cxay). 000

€ Z xpy (X < rCxx.
(31) &) (171) !
(4,2) © xav(¥,2) = yyy'
(r,)C xey(y,2) 0000000000

XBY =(X|x|Y],Cxny). 0000000 Cxyy 000 ~x3y 0000000

oooo.
(z1,91) ~x3v(T2,¥2) <= 1 ~x22 000 y1 ~y yo.

?X = (|7X|, ©»x). 000 ?X|0 X 000000000000 X+ 000000000
000000

a~q:xbe=aUb0 XO0OODOODOOODOOO

15



goooobooboboobboobooboboobboooboooboooo
00 4.12 X,YOOOOOOOoOoOO

TL=0,1+t=1.
(X&)t =xtaoyt
(Xe)t=xtmYyLl
(X)Lt =2x L,

00 X&YODODO XaeYOD XOYOOODODODODODODOODOODODOOO XY OOO
XY Ooooooooooooooooooooooooooooooooooooood

00 4.13 X, Y OOOOOOOOOOX oY =X+3XY.

000 X®Y O Xt oYOOY+ oXOOOOOOOOOO0OO0OO0O0O0 XY OOOoOooo
X{00oyOoOoOoOoOoOoOoOoOoOoOoOoOoOoOoOo Y400 XO0O0O0OOOOOoooooooooood
00000 “000D0”00000000oooDoooo

00 34,411000000000TODODODOD TOOODDUODOODUODODDOUOUODLOOD 1O
goooobooobooobooboboobooboboooboobbooboooboooo
000000000 0DO000O0o0oo0oO0ooDO0 “c000”’oD0o0ooo0ooOooooooog
O0000000Doo0oo0oU0ooooo00oooooo00oooooooooooooD “00
0”0000000000000000000000000D000000D00DODO0DODO0DO0OOd
goo

46 DDOOOOOOO

00000 Contraction 0 000 0000000000000 0OOOODODOODOOOOOOOO
0000000000000 0000000000000000dC ContractionO00000O0O00O
gbooboobogobooobuoobboobooboboooboobbooboooboooo
0000000000000 WeakeningOOOODOOODOODOOOODODO Weakening O 0
gooooboooboooboobboobooboboooboobbooboooboooo

Contraction 0 Weakening 000000000000 00O0O0O00O0OOOOODOOOOOOO

ooo
X o X ®JX, X —o1

obooboobooobbooobooboboobobooboooboo

X o X&X, X —oT

0000010 TOODDODOD @O0 &000000000000OO0OOCO0O0OOOODOO
goobooooobobboooooboboooobobobobooooobobboooobobooon

16



000 F:(X&X) Y O0OOOOOOO0D0000000 F':X Y O F(f)=F({f,f)O
00000000000000 (f,¢) 00000000 f,gc X0 “000”00000 X&X
0000000000000 FFO0D000000000000000000000000000
DO0ze F({(f,g)) 00000000000 ze F{v})) 00O0OO0O00we(f,g)00000000
0000000 (vy,1)0v, € f0000000 (0,2)0v, €eg0000000000000000O
000 FOOOOOOO 2000000 fO0¢0000000000000000000000O
00000000000 FOOOOO FFO000O000000000000000000000
0000000000000000000
000000000000000000000000000000000 “000070000
000000000000

00 4.14 (00000000) XY 2(X&Y), 12T,

0000000000000 2%2¢ =22 00000000000000000000®0O &
00000000 (multiplicative) 00000000 (additive) 00 0000000000000
000000 !'000000 (exponentia) 0000000000

0000000000000 00000000 Contraction 0 Weakening O 0O O

IX olX®!X, IX -l

0000000000000000 {(aUb,(a,b)):aUbe|X]} 000000000 {(0,e)}0
00000000

5 U0 —0uouoogg

gobooobogoboooobuoobbooboooboooboobbooboooboon
oo oboobbb0oooooooooooo
000000000 0DO00O0000o0o0oo0oOoooooon “opO0”o0oOo0oogoooag
goooobooobooobooboboobooboboooboobbooboooboooo
gboooobogobooobuoobboobooboboooboobboooboooboooo
googo

00000000000 0DO00oO0DOo0 “obo”D0000DOO00oo0O0oDOoOoOoDoOooog
0O00DO00O0o0oO0ooO0ooDooOoooooO0ooO0ooDooDoo0oo0ooDO0ooooDooD “ooo”
0000000 “00”0000000000000O000000O0OoOoooDoOD “Cco”0000
goo

51 OD0OO0OOODOO

gobooobogoboooobuoobbooboooboooboobbooboooboon
gobooobogoboobobuoobboobooboboooboobboooboooboooo

17



0000000000000000000000000000000 IDooo0O0O0 2MoO0000
gobogo

00 5.1 (00000000)0000000O0DO0DOODOODOOODOOO

1. 0000 a,0t,3,6+,... 00000000
2. A, BO0O00000ODODOO0OO0OODOOOO0
e J00DDDOOOOD

BEN BEN g | 0O
000 | A®B | A®B
ooo | A& B | AeB | T |0

e JIIDOODDDDO!A, ?7A.

00000 0000000000 ot 00000000000000000000000
D0000000000000000000000000000000000000 1+ =1,
(A®B)t =A1®BL (A®B) =AtBl00000000000000000000O0
Doood

A—oB=A'%B,  Ao—oB=(A—-oB)& (B - A).

D000000000000000000000000000000000000000000
D0000000000000000000000000000000000000000000
oooooo

Aoy Ap FBy,...,B, O FA;+, ... AL B,,...,B,
D0000000000000000000000000000000000000000000
00 (sequent) DOFT O0D0D0000OO0TO0O0000000 (multiset, 100000000
00000000000000000)0000

O000D000000 1000000000071 =A4,,...,4,00007T =?4,,...,74,
0000000000 FIO000000000000000000000000FT 00000
(provable) 000 OOOO

0000000000000 LKOODOODDOOOOWeakeining, Contraction 0000000
000000 ?A00000000000000000

52 0O0O0O0DOOOOOO

gobooobogoboooobuoobbooboooboooboobbooboooboon
oooboobooobobooobooboboobobooboooboo

0000000000000 00DO000 «a000000OD0D «*00000D00O00DO0OO0
000000000000000000000000 F Ay,...,A, 000 0000 0O00OO
T CA®---BA0D00DDOOOOOOOOOOO

18



FT,A F A, AL

—— Identit

-4, AL Y FT.A ut

LA FAB "TAB LT -

FT,A,A® B FT,ABB T, 1+ -1

LA FDB A LB
FT,ALB FT,LA0B ¥ FT.AoB ¢ FooT |
LA FLIAA fr LA
FT.74 N Fr.24 W A

01 ODooooooogdg

gboobooobogobooooboobobooboobbooobooboooboon

00 5.2(00000) 000000 FIOOO0O0OO0OOOOFTOOOOOOOOOOOOOO
googono

000000000000000000000000000000000220000 (%00
000000ooooooo “co00”0opoooogogo
gboboobogobooooboobbooboobobooobogon

O000A®Bo—oB®A, A®Bo-oB®A.
O000(A®B)®(Co—o0A®(B®C), (A®B)®Co—oAd (Bd().
D0001®Ao—o0A, 0d Ao—oA.
O000A®(B®C)oo(A®B)® (A®C), A®00—0.

e 00U (A®B —o(C)o—o(A—o(B—o()).

e J00DO0DODD!A®R!Bo—o!(A& B), lo—o!T.

0000000positiveD00000®,6,1,0000000000000000000 negativel
00000 ®,&, L, T00000000000000000000000000000
A0DDODD0O0OD -000000000000A000C

® <= = 1 — L
& <— o T < 0
| «— ?

0000000000000000000 A0000000000000000000000
00 5.3 (0000) A-BOOODOO < B!-AQO00000

gobooobogoboooobuoobboobooooboooboobbooboooboon
gboooobogobooobuoobboobooboboooboobbooboooboooo

19




goooobooobooobooboboobooboboooboobbooboooboooo
googd

53 0DO0ODOOOODO “00"0O “ooopo”

gobooobogoboooobuoobbooboooboooboobbooboooboon
gobooobogoboobobuoobboobooboboooboobboooboooboooo
0000044 0000000000000000000000DO00DODOO0ODOOOOOO0

00 54 (000000000000 0O0O0OD) 0O000DOO0DOODOOOOOOODOOODOOOO
OO0 °00D00o0oooood

o =«
(A — B)° =!A° o B° (mA)° =lA° -0
(ANB)° = A° & B° (AV B)° =lA°a!B°

00 5.5 A00000O0O0DO0O0OO0O0000O0OODADOOOOOOOODODOOOOOOOOOA®
gboooobogbobooobbooboonboo

000000000 “o0c000”000DooooO00oo“o0”000oooooooOooo
goobgoooo

gooboobooobobooobooboboobooobooobooboboobboobOoOon
gooboobooobooobooboboobooboboooboobbooboooboooo
gboooobogoboobobuoobboobooboboooboobbooboooboooon
gboboooboooobobg

gooboobooobobooobooboboobooobooobooboboobboobOoOon
goooooobboobobbooboobobooooooooooobobbbbbobobooobobobooo
goo

00 5.6 (0000) A(z) 00D0000000000000000 324(x) 000000000
0000+¢00000 A DO00000000

00 5.7 (00000000) A(z)00D00O0D0DOO0OO0ODOOO0O0O0OODOO0OOOOO0000
79rA(z) D0DD0D0D0DDDDODODODODODDODO t,...,t, 00000 2(A(t) ®...®A(t,)) 00O
oooooo

gooboobooobobooobooboboobbooobooobooboboobboobOoOon
gbooboobogobooobuoobbooboobboooboobbooboooboooo
gbooboobogobooobuoobbooboobboooboobbooboooboooo
goooobooobooon

20



goobooboooboboooboobobo0obboobobooobooboboobboobOoon
gobooobogoboobobuoobboobooboboooboobboooboooboooo
ooobooboobobooboboobooboboobboooboo

gobooobboobooboooobbooooboooboobbooboooboobo
goodooooooooboooboooobooooobobobobbbobbbbbobbbobbbooo
0A—-BOOOODODDODOO ADODUODDOOOOOOOO BOOOOOOODODOOOODO
(functional) 00 0000000000000 O0DOOOODOOOOOOOODOOOOOOOOO
gooooboooboooboobboobooboboooboobbooboooboooo
gboooobogoboooboobboobooboboooboobbooboooboooo
0000000000000000000000 ADODOOOODOOOODODO0000 AtOooOO
gooooboooboooboobboobooboboooboobbooboooboooo
gobobooooobobboooobobboooobobboooooboboooobboooOon
0000000000 (interactive) 000000000000 D0O0O0O0O0UOOOOOOOOO

6 0Dood

goobooboooboboooboobobo0obboobobooobooboboobboobOoon
gooooobooboobooboobooboboboobobbbbbbbbbobbbobbbbobobbbobbbooo
O0000000000000000000000000000Oproof nets0 000000000
0 geometry of interaction0 0 000 0000000000000 O0OOOOOOOOODOODOOD
0000000000000 D 3000000000000 0O000D0DO0O0DO0DD0OUOOOg
00,6 00000000000000000O0O0O0ODOO0O0OO0O0DOO0 40000000
000000 [1]00000000000D0000000O0oo0oOO

goon

[1] R. Amadio and P.-L. Curien. Domains and Lambda-Calculi. Cambridge Tracts in Theo-
retical Computer Science. Cambridge University Press, 1998.

[2] J.-Y. Girard. Linear logic. Theoretical Computer Science, Vol. 50, pp. 1-102, 1987.

[3] J.-Y. Girard. Linear logic: Its syntax and semantics. In J.-Y. Girard, Y. Lafont, and
L. Regnier, editors, Advances in Linear Logic, pp. 1-42. Cambridge University Press,
1995. Proceedings of the Workshop on Linear Logic, Ithaca, New York, 1993.

[4] J.-Y. Girard, Y. Lafont, and P. Taylor. Proofs and Types. Cambridge Tracts in Theoretical
Computer Science 7. Cambridge University Press, 1988. 000000000000 OOO
goooooo

[5] Anne S. Troelstra. Lectures on Linear Logic. CSLI Lecture Notes 29, Center for the Study

of Language and Information, Stanford, California, 1992.

21



[6) 00D0O0.00000D.0D00O0OO, 1995.

22



