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H
ilbert’s

P
rogram

1900
:

S
econd

problem
(consistency).

1902
:

T
his

is
a

m
athem

aticalproblem
.

1925
:

O
n

the
infinite

:
em

phasis
on ����

(i.e. �
�,recessive)

properties,consistency,non-term
ination...

;elim
ination

of
infinity.

1931
:

G
ödel’s

theorem
:

failure
ofthe

program
.

True
unprovable�

�

form
ulas.
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C
onstructivity

�

P
oincaré,B

rouw
er,intuitionism

.
S

uccess
in

the
1920s.

�

A
proofhas

a
im

plicitcontents.
D

isjunction
property �

A
proofof

�� 	 


is
im

plicitly
either

a
proofof �

or
a

proofof 	

.
R

efusalof
tertium

non
datur �� �

�
and

contraposition ��
� ��

.

�

E
xistence

property
(for

num
ericalquantifiers 
� �

).

�

E
nded

in
sectarian

fights
(constructivism

)
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G
entz

en

�

1934
:

S
equentcalculus,cut-elim

ination
:

elim
ination

ofthe
only

intelligentrule,i.e.
M

odus
P

onens.

�

D
isjunction

property,due
the

shape
ofintuitionistic

sequents

�� ��
�

.
Lastcut-free

rule
to

prove� ��
�� 	

is
a

disjunction
rule.

�

S
ubform

ula
property

for
first-order

form
ulas,m

ore
generally� �

form
ula.

�

C
om

pare
w

ith �

provable
iff �

true
w

hen �

is � �.
Internalform

ofcom
pleteness.

�

F
urther

w
ork

ofG
entzen

:
consistency

ofarithm
etic,ended

in
P

anzerdivisionen.
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Lam
bda-calculus

�

C
hurch,R

osser,K
leene.

�

N
aive

theory
offunctions,com

pare�� �

w
ith�� �� ,������

�

w
ith

��  

.

�

R
ussell’s

paradox
applies

;���� �
! � ��

becom
es�� "

� �� ��� .
## �"

� ##�

�

In� -calculus
the

contradiction
is

solved
by

divergence
ofthe

com
putation...

a
stupid

idea
thateventually

w
orks.
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Ludic
traditions

�

1936
:

F
irstconsistency

proofofG
entzen.

A
proof�

induces
a

sortofw
inning

strategy
in

the
gam

e
induced

by �

.

�

R
efused

car
ofno

fundationalvalue
:

com
pare

w
ith

If�

is
provable

then�

is
true.

�

N
extproofby

G
entzen

used$�
...

�

D
ialectica

(before
1958)

interpretation
ofG

ödel.
Interpretation


%
& '
�( %) '

* . %

for
the

strategy, '
for

the
counterstrategy.

A
w

kw
ard

and
leaks

a
lot.

�

1960
:

Lorenzen,sortofdialectics...com
pletely

ad
hoc,the

Frankenstein
m

onster.
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T
he

roaring
sixties

�

Influence
ofK

reisel,change
ofview

point,forgetism
s.

�

1958
:

H
R

O
,H

E
O

partialequivalence
relations.

�

P
raw

itz
:

N
aturalD

eduction
1965,sym

m
etry

introduction/elim
ination.

�

D
ana

S
cott1969

:
a

C
C

C
oftopologicalspaces.

Topology+�

,
the

w
eakestform

ofseparation...
notquite

a
topology,butstill

firstm
athem

aticalexplanation
of� -calculus.
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T
he

tim
e

of
categories

1970-2000

�

C
urry-H

ow
ard

1969
:

proofs
as

functions.

�

S
ystem

,,
G

irard
1970,

-

E
xtension

ofD
ialectica

to
second

order.

-

E
xtension

ofC
urry-H

ow
ard

-

P
roofofTakeuti’s

conjecture
:

second-order
cut-elim

ination.

�

D
ilators,G

irard
1976

:
preservation

ofpull-backs

.� �0/
�� �.� �� /
.� ��

�

D
enotationalsem

antics
:

B
erry

1978,discovery
ofstability

�� �1 �� ��� �� 1�� ��

if�2 �
exists.
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N
ew

interpretations

Q
uantitative

sem
antics,

1983
:

F
unctions

as
pow

er
series

3465 4
Q

ualitative
sem

antics
1984

:
S

im
plified

S
cottsem

antics,m
akes

use
ofpreservation

ofpull-backs/stability.
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D
isco

very
of

linear
logic,

1985

�

Linearity
:

3798: 5 7 8:.

�

U
se

of �

sym
m

etric
tensor

algebra 


to
recover

fullcase.

�

F
ounding

equation
:

�;
	 �<�>=
?	

�

S
tability

=
feedback

:�
� @
� ��

com
es

from
w

ell-defined
finite

�A �

:
gives

rise
to

linear
negation,the

m
ostim

portant
operation.

� =
?	 �	CB=
?� B

�

Q
ualitative

dom
ains

becom
e

binary
:

coherentspaces.
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T
he

m
eaning

of
linearity

� @
� �� ��

w
eakening,constantfunction.

� @
� �� �D� �) ��

contraction,quadratic
function.

�

Intuitionistic
disjunction

property
:

no
contraction

can
be

perform
ed

on
the

right.
A

sym
etry

left/right.

�

Linear
logic

:
refuse

w
eakening

and
contraction

;reintroduce
as

logicalrules.
S

ym
m

etry
left/rightrestored...

possibility
ofludic

interpretations.

� ��
�

(w
eak.)

� ��
�)�E�

� ��
�) E�)�E�

(cont.)
� ��
�) E�
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T
he

new
connectives

�

S
plitting

ofconjunction
betw

een

M
ultiplicatives

:
TensorF

,P
arG

A
d

ditives
:

P
lusH

,W
ith/

E
xponentials

:
O

fcourse< ,W
hy

notE

F
undam

ental
equation

:
R

elates
the

tw
o

conjunctions.

<� �/
	� �<�F <	

C
om

pare
w

ith

�I 	;
J �� �;
� 	;
J��
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P
roof-nets

�

T
he

connectiveF
is

positive
(w

orks
like

intuitionistic
disjunction).

P
roblem

s
w

ith
naturaldeduction

(think
ofnegation

too).

�

P
roof-nets

1986
:

non-sequentialsyntax,globalcorrectness
criterion.

�

Interpretation
in

term
s

ofperm
utations

over
a

finite
set:

K L
M

iffKM
cyclic.

�

G
eom

etry
ofinteraction,1988

:
replaces

perm
utations

by
operators.
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C
om

pleteness
issues

�

R
estricted

to� �
form

ulas
(G

ödelincom
pleteness).

�

O
ne-dim

ensionalversion
:

phase
space

;decision
problem

s.

�

Tw
o-dim

ensionalversion
:

denotationalsem
antics.

Leaks,since
usually

difficultto
exclude

bad
objects.

B
utinteresting

as
a

treason.

�

T
hree-dim

ensionalversion
:

w
.r.t.

ludic
(dynam

ic)
interpretation.

W
orks

for
sm

allfragm
ents,e.g."NN

O
w

ithoutneutrals.
Tendency

to
leaking,e.g.

adjunction
ofdubious

principles,
typically

the
m

ix
rule

�) 	� ��
�) 	

�

M
ain

problem
:

getrid
ofthe

referree
;no

need
for

him
.
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Ludics

�

T
he

key
leading

to
ludics

is
focalisation,A

ndreoli1989.

�/
� 	GJ�

is
a

ternary
connective,butnot�/

� 	H J� .

�

Logicaltim
e

:
alternation

ofpolarities.

�

Interactive
approach

w
ithoutreferree,gam

es
w

ithoutrule.
D

esigns
behaviours

...

�

F
ullcom

pleteness
for"�NN

O .
M

ostdifficultproblem
:

to
handle

second-order
quantifiers

from
the

inside.

�

IfP
� Q

is
w

inning
i.e.

uniform
,stubborn

and
parsim

onious,
then

there
is

a
proofR

of �

such
thatS �T PT .

�

T
he

actuallogicalspace
:

the
losers.
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P
ierre

M
énard

E
lm

étodo
inicialque

im
aginó

era
relativam

ente
sencillo.

C
onocer

bien
el

español,recuperar
la

fe
católica,guerrear

contra
los

m
oros

o
contra

elturco,
olvidar

la
historia

de
E

uropa
entre

los
años

de
1602

y
de

1918,ser
M

iguel
de

C
ervantes.

P
ierre

M
énard

estudió
ese

procedim
iento

(sé
que

logró
un

m
anejo

bastante
fieldelespañoldelsiglo

diecisiete),pero
lo

descartó
por

fácil.
[...]

M
icom

placiente
precursor

no
rehusó

la
colaboración

delazar
:

iba
com

poniendo
la

obra
inm

ortalun
poco

à
la

diable,llevado
por

inercias
del

lenguaje
y

de
la

invención.
Yo

he
contraído

elm
isterioso

deber
de

reconstruir
literalm

ente
su

obra
espontánea.

M
isolitario

juego
está

gobernado
por

dos
leyes

polares.
La

prim
era

m
e

perm
ite

ensayar
variantes

de
tipo

form
alo

psicológico
;la

segunda
m

e
obliga

a
sacrificarlas

altexto

U

original V

y
a

razonar
de

un
m

odo
irrefutable

esa
aniquilación.

J.L.B
orges

:
P

ierre
M

énard
autor

delQ
uijote,1939.



A
çores,3

S
eptem

bre
2000

A
nalysis

:
tim

e
in

logic

W

Tw
o

polarities
:

N
egative

:
invertible

logicalconnectives
a.XZY[]\

^ [`_
[`a
[cb
[cd
[`e

.

P
ositive

:
you

com
m

ityourself,butcan
perform

clusters
(A

ndreoli).

XZf^ [ g
[ h
[`i[cj[ck

.
A

ssociation
ofconnectives

ofsam
e

polarity
b.

W

C
lock

increm
ented

by
alternation

ofpolarities
c.

W

P
aradigm

extended
to

atom
s

:l
is

positive,no
identity

axiom
,rather

infinite
non-w

ellfoundedm -expansion.

W

R
estriction

to
sequents n nno

w
ith

atm
ostone

negative
form

ula.
R

ew
rite

asn nno

(positive
sequent)

orpn nno

(negative
sequent).

aG
oing �

dow
nw

ards 


in
naturaldeduction.

bG
raphicalstyles

m
nem

onise
association,e.g.

distributionqrts
.

cuvxwy{zy}|~��
w�v zs |~

is
nota

connective.
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A
nalysis

:
space

in
logic

W

F
orgetform

ulas,rem
em

ber
only

locations
:

locus
solum

.

�

Lociare
addresses

ofsubform
ulas���

����[c���[ ���

��� �
�

is
called

a
bias.

�

E
xam

ple
:�[�

[`�

,im
m

ediate
subform

ulas
ofp

(located
at� )

are

located
ataddresses

correspond
to���

�[���
�[���
�

�

Lociare
either

disjoint(space)
or

com
parable

(tim
e).
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A
nalysis

:
sequent

calculus

W

R
eplace

connectives
w

ith
clusters,and

com
bine

w
ith

negation.
S

ee

XX>�g
�^ h
�^

as�X ���
[ � �
[ � �

).

W

W
rite

cluster
rules

n nn�
[ �[ �
n nn�
[�
[`�

( �n nn)

�X � �
[� �
[ � �
^ n nn�

�n nno
�
n nn�

(ln nn�

)

n nno
[ �
[ �X � �
[� �
[ � �
^

�
n nno
�
n nn�

(r n nn�

)
n nno
[ �
[ �X � �
[� �
[ � �
^
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D
esigns

:
exam

ple
of

rules

W

S
equents

becom
e

pitchforks�n nn�

��[ �

finite
sets

ofaddresses,pairw
ise

disjoint(
handle,tines).

� X �^ ¡
j

;n nn�
is

a
brush

—
positive—

;� n nn�

is
negative.

�

P
revious

rules
rew

rite
as

:

n nn�
[� �[� �
n nn�
[� �[� �¢ £¥¤ ¤¤¦¦}§¨ ©ª ¨¦`«¨ ©ªª ¬

� n nn�

� � n nno
� � n nn�

¢ ¤ ¤¤£ ¨¦}§¨ ©ª ¬

n nno
[ �
[�

� �n nno
� � n nn�

¢ ¤ ¤¤£ ¨¦ «¨ ©ª ¬

n nno
[ �
[�
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Ludics
:

D
esigns

D
em

on
:

too
late

!

­
n nn�

P
ositive

rule
:

a®
is

a
ram

ification,for��
®

the �
¯

are
pairw

ise
disjointand

included
in�

:
one

can
apply

the
rule

(finite,one
prem

ise
for

each��
® )

���[���� n nn�
¯[ ���X � [ ®^

n nn�
[�

N
egative

rule
:

b°

is
a

setofram
ifications,for

all®�
° �
± ² �

:
one

can
apply

the
rule

:
perhaps

infinite,one
prem

ise
for

each®�
°

)

���[ n nn�
±[���
®[c���X � [ °^

� n nn�

W

N
o

assum
ption

offiniteness,w
ell-foundedness,recursivity

etc.

aA
bstractform

ofs
qvx³~ �

.
bA

bstractform
of�´

v ³~ �

.
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T
he

fax

W

If�

and�¶µ

are
disjoint,then

one
defines· ¸¹£ ¨£»º

,a
design

ofbasis� n nn�¶µ

.

���

¼¼¼ · ¸¹£»º½¯¨£ ½¯

���� µ�� n nn���� ���
X � µ[ ®^

n nn�¾µ[� �
®

���X � [¿ÀX �^^

� n nn� µ
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T
he

D
aim

on

D
aim

on,Á¸ Â

:

­
n nn�
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Faith

Faith,· ÂÃ

:

Ä
n nn�

notation· ÂÃ .
N

ota
design,the

only
partial

design.
T

he
exactanalogue

ofthe
non-solvable

term
.

T
hink

ofdesigns
as

sortofsym
m

etric
B

öhm
trees.

O
n

basis n nn

only
tw

o
possibilities,Á¸ Â

(converges),· ÂÃ
(diverges).
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T
he

S
kunk

.

S
kunk,ÅÆ

:

¢ £ ¨ Ç¬

� n nn�

T
he

sm
allestnegative

design
;very

asocial,notationÅÆ

.



A
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T
he

negative
daim

on
.

N
egative

daim
on,Á¸ Â

È

:

���

­

n nn� �
®[ �
���

¢ £ ¨ÉÊ ¢ÌË¬¬

� n nn�
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A
nalysis

:
cut-elim

ination

W

T
he

rule�n nn

has
2

prem
ises,one

for
each

rulen nn�

W

T
he

rightprem
ise

of �n nn
m

atches
the

rightrule n nn�

.

W

C
utbetw

een �X � �
[� �
[`� �
^ n nn�

and n nno
[ �
[ �X � �
[� �
[ � �
^

replaced

w
ith

tw
o

cuts
betw

een n nn�
[�
[`�

,�
n nno

,�
n nn�

a.

aO
rder

ofcuts
irrelevant:

use
cut-links,and

notcut-rules
!
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N
ets

W

A
cutis

a
coincidence

handle/tine
betw

een
tw

o
bases

ofdesigns.
M

ore
generally

define
nets

:
incidence

graph
connected/acyclic.

A
nethas

a

base,the
non-shared

locii.
C

losed
netw

hen
basis

is n nn.
E

xam
ple

Í � n nnÎ� n nnÏÐ ,one
cuton� ,basen nnÏ .

W

E
xam

ple
:

negative
rule

corresponds
to° �

ÍÍ �[ �Ð [Í �[ �ÐÐ ,positive
rules

correspond
toÍ �[ �Ð

orÍ �[ �Ð .
M

atching®�
°

otherw
ise

divergence.

W

C
utw

ith
D

aim
on

alw
ays

converges
:

types
are

non-em
pty.
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N
orm

alisation

C
ut-nets

:
C

utdefined
by

coincidence
handle/tine

betw
een

tw
o

designs.

Í ÁÑ[c���[ Á� Ð

induces
a

connected
and

acyclic
graph.

E
xam

ple
:

Í � n nn� µÎ�¶µn nnÐ .
N

orm
alisation

:Ò ÁÑ[c���[ Á� Ó

is
the

norm
alform

ofÍ ÁÑ[ ���[ Á� Ð .
In

case
ofdivergence

(positive
base

only)
use

notation· ÂÃ .
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E
xam

ple
:

the
fax

W Á[ÕÔ

ofbases n nn��
and�� n nn.

W �[cÖ

delocations
: �X�×^ �

���×

, Ö
X ×^ �
�¶µ�×

.

WÒ · ¸¹[ �X Á^Ó �
Ö
X Á^

WÒ · ¸¹[cÖ
X Ô^Ó �
�X Ô^

WÒ · ¸¹[ �X Á^ [ Ö
X Ô^Ó �
Ò Á[ÕÔÓ

W

E
ventually· ¸¹£ ¨£»º

w
illinhabitØÙ �X Ø^ n nnÚX Ø^Û

.
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E
xam

ple
:

daim
ons

WÒ Á¸ Â
[ ÁÜ[c���[ Á� Ó �
Á¸ Â

.

P
ositive

daim
on

definitely
very

social.

W

C
losed

case,n nn�

vs.� n nn
:

�Ò Á[ Á¸ Â
ÈÓ �

Á¸ Â

.

�Ò Á[ ÅÆÓ �
· ÂÃ

(diverges)
butw

henÁ �
Á¸ Â

.

�

M
ore

generally,Ò Á[ Á ÂÝÞÓ

diverges
exactly

w
henÁ

has
firstrule

n nnX � [ ®^

w
ith®ß � °

.
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E
xam

ple
:

director
y

D
irector

y,Á ÂÝÞ

:

���

­

n nn���
®[ �
���

¢ £ ¨ Þ¬

� n nn�

ÅÆ �
Á ÂÝÇ

Á¸ Â
È�

Á ÂÝÉÊ ¢ÌË¬
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E
xam

ple
:

boots

B
oots,àáá â

ã

:

­n nn
¢ £ ¨¦ Çª ¬

� n nn

àáá â
ã �
Á ÂÝ¦ Çª
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S
eparation

O
rthogonality

:
IfÁ[ Ô

ofbases n nn�

and� n nn,

Á dÔ

m
eans

thatÒ Á[ ÔÓ
converges,i.e.Ò Á[ ÔÓ �

Á¸ Â

.

S
eparation

:
Topology

generated
by

setsÔ �

isäå .
In

other
term

sÁ

is
determ

ined
by

its
orthogonal.

D
essins

vs
D

esseins
:

In
facttrue

ifone
gets

rid
ofirrelevantcontexts.

O
rdering

of
designs

:Áæ Ô �
çÁ �
²
Ô �

.

· ÂÃæX � [ ®^ æ Á¸ Â
B

öhm
theorem

:
D

esigns
as

B
öhm

trees,separation
as

B
öhm

theorem
,

æ

as
extensionalorder.
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A
ssociativity

C
hurch-R

osser
:ÒÒéèÜÓ [ ���[Òéè�ÓÓ �

ÒéèÜ[c���[ è� Ó

.

E
xam

ple
:Ò · ¸¹[ �X Á^ [ Ö

X Ô^Ó �
ÒÒ · ¸¹[ �X Á^Ó [ Ö
X Ô^Ó

.

C
losure

principle
:

E
quationÒ · ¸¹[ �X Á^Ó �

Ö
X Á^

characterises
the

fax.
C

om
bination

ofassociativity
and

separation.

A
djunctions

:
In

order
to

prove
associativity

ofa

,one
later

needs
the

equivalence
betw

een
the

tw
o

definitions

· �
êa
ëì eíX í�
ê �
\
Ù ·Û í�
ë^

· �
êa
ëì eàX à�
ë �
\
Ù ·Û à�
ê^

T
his

is
basically

the
closure

principle.



A
çores,4

S
eptem

bre
2000

S
tability

S
tab

le
order

:
Justplain

inclusion,coarser
thanæ

.

S
tability

:
N

orm
alisation

com
m

utes
to

arbitrary
intersections.

ÒéèÜ î
èïÓ �
ÒéèÜÓ î
ÒéèïÓ

N
othing

like
existence

ofunion
is

needed
;how

ever
relies

on
existence

ofintersection
as

a
dessein.

M
onotonicity

:è
æ Å\
ÒéèÓ
æÒ ÅÓ
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A
tom

ic
w

eapons

O
ne

,ð ñ
ò

:
N

o
w

ay
to

answ
er,w

ins
anyw

ay
!

¢óô ¨ Ç¬

n nn��
A

rule
of

gam
e

:
C

an
w

e
forbid

atom
ic

w
eapons

?

Ò Á[ Á ÂÝÉÊ ¢ÌË¬ ÈÇ Ó

diverges
exactly

w
henÁ �

ð ñ
ò .

B
eha

viour
s

:
T

he
rule

ofgam
e

is
interactive

too
!

G
uys

in
charge

ofrule
are

losers...
think

ofa
dog,an

independentprosecutor...



A
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S
eptem
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B
eha

viours

D
efinition

:
A

behaviour
(ofgiven

basen nn�

or� n nn )ê

is
a

setofdesigns

equalto
its

biorthogonal.

N
on

em
pty

:Á¸ Â
õ�

ê

ifê
is

ofpolarityö .
C

losure
:Á�

ê

andÁæ Ô\
Ô�
ê

.

S
tability

:ê

closed
under

intersection...
provided

itexists
?

R
ule

:
M

ostofcounterdesigns
are

in
charge

ofthe
rule

ofthe
gam

e.
Idea

of
consensus,think

ofW
orld

W
ar

I.
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E
ncarnación

E
quiv

alence
:Á�

ê
andÁ²

Ô\
Ô�
ê

;say
thatÁ6÷

ø Ô

.
C

an
w

e
avoid

this
equivalence

?

Incarnation
:

Letù Áùø �
úÍ Á µÎ Á µ²
Á

andÁ µ�
êÐ .

T
hen

Á ÷
Ô
ì
ù Áù ø �
ù Ôù ø

C
ontra

variance
:Á�

ê²
ë\
ù Áù¥û ²
ù Áù ø

.

P
rincipal

beha
viour

:Á

has
m

axim
um

incarnationÁ

in
principal

behavioursÁ ��

,the
sm

allestbehaviour
containingÁ

.

S
kunk’s

social
life

:ÅÆ ��

consists
ofall(negative)

designs.
B

utthe
only

incarnated
design

in
this

behaviour
isÅÆ

.
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C
laude

D
ebussy

O
ui,c’estim

bécile
ce

que
je

dis
!

S
eulem

entje
ne

sais
pas

com
m

ent

concilier
toutça.

Ilestsûr
que

je
ne

m
e

sens
libre

que
parce

que
j’aifaitm

es
classes

etque
je

ne
sors

de
la

fugue
que

parce
que

je
la

sais.

C
laude-A

chille
D

ebussy
E

ntretiens
avec

E
rnestG

uiraud, ÷
jüýi

.
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Jean-Y
ves

G
irard
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D
elocations

W

Injective
m

apþ
from

the
sublociof�

to
the

sublociof�¶µ

such
that

�þX �^ �
� µ

�

F
or

all×

there
is

a
functionþÿ

such
thatþX�× ��^ �

þX ×^ �
þÿX �^ .

�

Im
ageþX Á^

ofa
design

ofbase n nn�

is
a

design
ofbase n nn� µ

,etc.

�

T
he

setofdesigns

� �
Í þX Á^ Î Á�
êÐ

is
nota

behaviour,butonly
an

ethics
forþX ê^ �

� ��

.

W

Internalcom
pleteness

:
up

to
incarnation,þX ê^ �

�
,i.e.ù þX ê^ù ²

�

.
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S
hifts

A
nderssen

opening
:

D
um

m
y

m
ove

a
2
-
a
3

.
F

or
us,pure

change
of

polarity,unary
case

oftensor/plus.

P
ositive

shift
:

IfÁ

ofbase���� n nn,define� Á

ofbasen nn�

:
add �

first

m
ove 
,i.e.

positive
ruleX � [Í �Ð^ .

N
egative

shift
:

IfÁ

ofbasen nn����
,define� Á

ofbase� n nn

:
add �

first

m
ove 
,i.e.

negative
ruleX � [ÍÍ �ÐÐ^ .

Internal
com

pleteness
:

T
he

sets� ê �
Í� ÁÎ Á�
êÐ

are
com

plete
ethics.
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S
trict

connectives

S
trict

connectives
:

A
dditives

and
m

ultiplicatives
enjoy

equalities.

A
ssociativity

C
om

m
utativity

N
eutral

A
bsorber

D
istrib

utivity
ofm

ultiplicatives
over

additives
ofsam

e
polarity.

Incom
pleteness

:
A

union
is

usually
nota

com
plete

ethics
;think

of

second-order
existentialquantification.



A
çores,5

S
eptem

bre
2000

T
he

locative
dilem

m
a

S
ipiritual

hypothesis
:

B
ehaviours

are �

disjoint 


enough.

B
y

accident
:

T
he

atom
s

happen
to

be
located

in
the

rightplace.

B
y

construction
:

S
ystem

atically
use

delocations

�X � �×^ �
� � �×

ÚX � �×^ �
X � �� j^ �×

and
redefineg

as�X ê^ g
ÚX ë^ ...

Tw
ins

:
D

istinctpersons
or

distinctoccurrences
ofthe

sam
e

person
?

B
oots,

O
ne

:
N

o
nice

delocation
:

excluded
from

com
pleteness

(butshifts
can

be
handled).
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E
xam

ple
:

ram
ification

R
am

ification,è¸
�±

:

��� ���

­

n nnÏ �� �
�
���¢	� ½¯¨ÉÊ ¢ÌË¬¬

Ï �� n nn

���¢	�¨ ±¬

n nnÏ
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T
he

director
y

of
a

beha
viour

P
ositive

case
:
 ê �

Í ®Î è¸
�± �
êÐ .

N
egative

case
:ù Á¸ Â

Èù ø �
Á ÂÝ� ø

.

S
piritual

hypothesis
:ê[ ë

disjointiffdirectories
are

disjoint

 êî

 ë �
�
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T
he

disjunction
property

W

Ifê[ ë

are
positive

and
disjoint,then

êg
ë �
ê

 ë

W

Internalcom
pleteness

ofg
.

W

U
nique

decom
position

into
connected

behaviours

ê �
±�� ø ê±
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T
he

m
ystery

of
incarnation

W

Ifê[ ë
are

negative
and

disjoint,then

ù ê_
ëù �
ù êù��
ù ëù

W

U
se

locative
product:l

� � ���
Í��

� Î ��
l[� �
�Ð

W

Internalcom
pleteness

of_

.

W

U
nique

decom
position

into
connected

behaviours

ê �

&±�� ø ê±
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T
he

tensor
product

W

IfÁ[ Ô

are
positive

designs
ofbasen nn�� ,define

tensor
product:

U
nproper

case
:Á¸ Â

ifone
ofÁ[ÕÔ

is
a

daim
on.

D
isjoint

case
:

D
isjointfirstactions ®[ �

,replace
w

ith ®
�

and
glue.

N
on

disjoint
case

:
F

our
protocols

�Á

has
priority

on ®î
�

,notationÁ
� Ô

.

�Ô

has
priority

on ®î
�

,notationÁ
� Ô

.

�Á¸ Â

,notationÁ
� Ô

.

�

P
utskunks

on®î
�

,notationÁ
� Ô

.
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T
he

adjunctions

W

E
ach

ofthe
four

tensors
has

an
adjointapplication

:

N
on

com
m

utative
case

:

�
·ù í
� à
� �
�
·Ù íÛù à
� �
�
íùÙ àÛ ·
�

C
om

m
utative

cases
:

�
·ù í
� à
� �
�
Ù ·Û íù à
� �
�
íùÙ ·Û à
�

�
·ù í
� à
� �
�
Í ·Ð íù à
� �
�
íùÍ ·Ð à
�
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T
he

tensors

W

T
he

negative
connectives��[��

[� 
["!

defined
by

:
· �
ê �
ëì eíX í�
ê �
\
·Ù íÛ �
ë^

are
associative,distributive...

neutralàáá â
ã ��

:
equivalentdefinition

· �
ê �
ëì eàX à�
ë �
\
Ù àÛ · �
ê^

W

A
s

a
consequence,the

four
tensors

ê
# ë �
Í í
# àÎ í�
ê[ à�
ëÐ ��

inherit �

nice 


properties.
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M
ultiplicative

com
pleteness

R
éservoir

:

$ ê �
%

 ê

.

A
lienation

:ê[ ë

are
alien

w
hen

their
reservoirs

don’tintersect:

$ êî
$ ë �
�

Tensorh

:
N

otation
in

case
ofalienation

;the
four

tensors
coincide.

C
om

pleteness
:

êh
ë �
Í íh
àÎ í�
ê[ à�
ëÐ

P
roofm

akes
heavy

use
ofw

eakening.
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Q
uantifier

s

U
niversal

quantifier
:

A
ny

intersection,think
ofintersection

types,...

P
rene

x
form

:
A

quantifier
com

m
utes

to
every

spiritualconnective,but

another
quantifier.e &

X ê' g
ë'^ �
X e &
ê'^ g
X e &
ë'^
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C
harles

P
éguy

Ilfauttoujours
dire

ce
que

l’on
voit.

S
urtoutilfauttoujours,ce

quiestplus

difficile,voir
ce

que
l’on

voit.

C
harles

P
éguy,N

otre
jeunesse,jý ji

.
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E
xam

ple
:

the
dia

gonal

F
irst-order

quantification
:

N
otquite

the
conjunction�X ê^ _

ÚX ê^ .
Indeed

the
diagonalÍ �X Á^ 
ÚX Á^ Î Á�

êÐ .
E

xponential
:

N
otquite

the
tensor

product�X ê^ h
ÚX ê^ .

Indeed
the

diagonalÍ �X Á^ h
ÚX Á^ Î Á�
êÐ .

Incom
pleteness

:
D

iagonals
badly

incom
plete

:
biorthogonalequalto

full

w
ith

or
fulltensor

!
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U
niform

ity

P
artial

preorders
:

Transitive
and

w
eakly

reflexive
(P

P
R

)
:

�
(
� \
�
( �

and� (
�

U
niform

designs
:Á

( Á
.

D
ia

gonal
:

E
quip

W
ith

or
Tensor

w
ith

P
P

R

�X Á µ^ 
ÚX Á µµ^ (
�X Ô µ^ 
ÚX Ô µµ^

(resp.

�X Á µ^ h
ÚX Á µµ^ (
�X Ô µ^ h
ÚX Ô µµ^ )

iff

W Á µ
( Á µµ
( Á µ

W Ô µ
( Ô µµ
( Ô µ

W Á µ
( Ô µ
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W
eak

beha
viours

W
eak

designs
:

A
lldesigns

(totalor
partial)

included
in

som
e

design
ofê

,
notationÁ�

ê*)
.

Incarnation
:

ù Áù ø �
Íù Ôù Î Á²
Ô�
êÐ

P
reorder

D
efineÁ

( ø Á µì
ù Áù ø ²
ù Á µù ø

.

D
uality

In
w

hich
sense

isX ê[ ( ø^

dualtoX ê �
[ (ø,+
^

?

B
iha

viour
s

:
T

he
ground

case
is

behaviourê
equipped

w
ith

the
preorder

( ø

;everybody
uniform

in
ground

case.
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B
iha

viours

B
iha

viour
:

P
airX ê[ (^

ofa
behaviourê

and
a

P
P

R

(

onê*)

.

C
onstraints

:

P
ositive

base
:

IfÁ
( Ô

,then

W

IfÔ �
· ÂÃ

thenÁ �
· ÂÃ .

W

IfÁß �· ÂÃ ,thenÁ �
Á¸ Â

iffÔ �
Á¸ Â

.

N
egative

base
:ÅÆ

( Á¸ Â
È

.

O
rthogonality

:Á
( Á µdÔ
( Ô µ

iff

�
Áù Ô
� ²

�
Áù Ô µ
�

�
Á µù Ô
� ²

�
Á µù Ô µ
�

and

�
Áù Ô
� �
�
Áù Ô µ
� î
�
Á µù Ô
�
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M
A

LL

-

C
uto

n nn�
Î �o µ[ �/.
n nn� µÎ0 1 2

3

o
[ o µn nn�
[ � µÎ

o
n nn�
[ �Î o µ[ �/.
n nn� µÎ1 2

30

o
[ o µn nn�
[ � µÎ

A
tom

(Identity
axiom

)¤ ¤¤
4

þX l^65n nnÎ þX l^

F
ocalisation

o
5n nn�

Î �
789

o
5n nn�

[ �Î
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M
A

LL

-

S
hift

o
5[ �:.

n nn�
Î¤ ¤¤

;

o
5n nn�

Î� � �

o
n nn�
[ �Î

; ¤ ¤¤

o
[X � � �
^ .
n nn�
Î

Z
ero

å ¤ ¤¤

o
[`ió �ô n nn�
Î

P
lus

o
5n nn�

Î �
¤ ¤¤.
<

o
5n nn�

Î �g�

o
5n nn�

Î�
¤ ¤¤
=<

o
5n nn�

Î �g�

o
[ �n nn�
Î o
[�
n nn�
Î< ¤ ¤¤

o
[ �g�
n nn�
Î
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M
A

LL

-

Tensor

o
5n nn�

Î �o µ5n nn� µÎ�¤ ¤¤
>

o
5[ o µ5n nn�

[ � µÎ �h�

o
[ �[�
n nn�
Î

> ¤ ¤¤

o
[ �h�
n nn�
Î

E
xistenceo

5n nn�
Î �Ù �
? lÛ¤ ¤¤

@

o
5n nn�

Î kl�

o
[ �n nn�
Î

@¤ ¤¤

a
o
[ kl�n nn�
Î

aA

is
notfree

inBy"C

.
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S
oundness

W

To
each

form
ula p

associate
a

bihaviour D

.
To

variables lE �Ec���

associate
bihavioursØE�F

E�GGG

ofbaseH HH
IJ

such
that�KMLN�O

.

P

To
each

proofQ

ofclosed
form

ula R

associate
designS

L T

.

P

Induction
loading

:

S
L

U V

WH HHX
E�Y
Z

.

P

Ifstoup
non-em

pty,then
firstpositive

rule
on

stoup.
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H
ypocrisy

C
haracterisation

:
R

estricted
to [*\

.
S

till,notevery
design

com
es

from
a

proof;losers,the
laym

en
oflogic.

Ideal
:

S
om

e
principle,usually

outofreach.

Failure
:

C
annotw

ork.

Irresponsibility
:

N
otm

y
fault,he

(O
pponent)

is
responsible

!
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U
niform

ity

Ideal
:

W
e

play
severaldesigns,e.g.]^ _

] µ^ ,]` _
] µ` .

Interaction

involves
eightnets.

T
hese

eightnets
should

be
equal.

N
ot

guilty
:

T
hey

are
distinct,butdue

to
O

pponent...

S
um

m
ing

up
:

U
p

to
incarnation,the

four
designs

are
identical.

C
ondition

am
ounts

atrequiring
that

]
a
]
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O
bstination

Ideal
:

A
dispute

should
never

end.

N
ot

guilty
:

T
hey

are
finite,butit’s

because
ofO

pponent.

S
um

m
ing

up
:

U
p

to
incarnation,no

daim
on

!
You

m
ustbe

stubborn.
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P
arsim

on
y

Ideal
:

N
o

w
aste,every

available
focus

should
be

used.

N
ot

guilty
:

Im
possible

since
you

create
m

ore
than

you
destroy.

Ididn’t

focus
onb ,butO

pponentshould
have

focused
onc

before...

S
um

m
ing

up
:

D
esigns-dessin

decorated
w

ith
exactrules,i.e.

w
ithout

w
eakening.
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F
ull

com
pleteness

W
inner

:
U

niform
,stubborn

and
parsim

onious...
the

idealcitizen.

R
esult

:
If R

is [*\

,if]
L D

is
w

inning
and

m
aterial,then

]
d
S

for
an

appropriate
proofQ

of R
.

C
om

m
ent

:
P

ossible
to

prefer
losers,incom

pleteness...
B

utresult

essentialanyw
ay

to
prove

thatthe
notion

has
been

really
caught.

Ludics
is

quite
the

generallogicalspace,outofsyntax,beyond
our

prejudices.
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N
on

uniform
ity

M
ultiplicative

case
:

1.
W

rite
the

tw
o

uniform
designs

in
(forallO

)ef O
gih
e µf O
g H HHj"k
f O
gih
k µf O
g ,called

identity
and

flip.

2.
F

or
any

partition
off l

m fon
g:p
qg�r
f l
m f n
g:p
qg

in
tw

o
classes,define

a

(non-uniform
)

stubborn
design

thatbehaves
as

identity
or

flip
depending

on
the

pairf�sEut
g .

A
re

these
designs

parsim
onious

?

A
d

ditive
case

:
1.

W
rite

the
tw

o
uniform

designs
in

(forallO

)ef O
giv
e µf O
g H HHj"k
f O
giv
k µf O
g ,called

identity
and

flip.

2.
F

or
any

partition
ofl

m f n
g p
q

in
tw

o
classes,define

a
(non-uniform

)

stubborn
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