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How)Do SEQUENT RULES CHARACTERISE CONCEPTS ?

X- A,4 X ,Bc- 4 Too Strong!
tankR tankL

Xc- AtonkB ,Y X .AtonkBi-Y P2-ptanka phowkg +Y
P2-q

X-A,4X- B,4
plinkR

X,AzYX,BzY
plinkL Too work!

X c- AplinkB ,Y X. A plinkBx-Y A plink is could beAnd
or AVB or anything
in between !

↓,Al-BiY
-R

Xc-A.4 X,B +Yl
->L Just right

Xc A+B
,Y X ,X! A+B +- Y ,Y

↓ (33



A DEFINITION

I is equilateral iffo hasthree sides

↓) each side has equal length.
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A DEFINITION
as an invertible rule

shasthree sides each sideof has equal length.

x is equilateral
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DEFINING THE CONDITIONAL

↓,Al-BiY
->Df

Xc A+B
,Y

This is clearly uniquelydefining (if--are defined
using the same rule , theyare interchangeable (

Id

A+zB)-A+zB
-2DfX

X 1 - A+B ,Y
->Df& A+zB ,AcB

->Dft
X
,
Ac-B , Y A-

-
B-A+B X ,A+B)

-Y
->2Dfd Cut

Xi- A+zB ,Y X ,Az=B)-Y
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DEFINING THE CONDITIONAL

↓,Al-BiY
->Df

Xc A+B
,Y

This is also conservatively extending- the usual left/right
rules can be recovered from -Df using Cut& ID.

Id

A+Br-A -B
->Df

X, A ,Y, A+B, Ac-B
CutA

X, A+Bc- B , Y, Xr ,BrYz
cutis

X
xXz,A+B2 Y ,Ye
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DEFINING THE CONDITIONAL

↓,Al-BiY
->Df

Xc A+B
,Y

This is also conservatively extending- the usual left/right
rules can be recovered fromDf using Cut& ID ,

andthe

principal cut-reduction step unwindsthis definition.
Id

A+Br-A -B
: ->Df

a X, A ,Y, A+B, Ac-B
Cutti·X3 , A - B , 43 X, A+Bc- B , Y, X2 ,Ba- Yz

-Dfh Cutz
X, A+Bx - 43 X

xXz,A+B2 Y ,Yea
XX2,Xz2 - Y ,42,43
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Id
·

nettisX3 , A - B , 43
-Dfh ->Df

X, A+Bx - 43 *-B, As- B·- A+3

X, A ,Y Yy . Ac B , 43
CutA :

X X34- B ,43 X2 ,Ba- Yz
Cutis

XX2,Xz2 - Y ,42,43

· ·
*

X, A ,Y Yy . Ac B , 43
CutA :

X X34- B ,43 X2 ,Ba- Yz
Cutis

XX2,Xz2 - Y ,42,43

7(33



THIS IS TOTALLY GENERA

Cit works likethis fanany invertible

defining rule, inthe presence or
absence of contractions weakening,
in different sequentstructures.)

Xi-A ,4 Xc-B ,Y X , A ,Br- Y X
.
Any Xc-B ,Y

ADf QDf 3Df

Xc-AnB,7 X , AQBc- Y Xc-A- B,Y
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DEFINING RULESforQUANTIFIERS

Xc- A(m) , Y X
,
A (n)- Y

FDf -If

X =YuA(a),Y X
.
JnA(a) -Y

The term on must be absent in the lower sequent.

m is an eigenvariable (more on
whatthis means

, seen)
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RECOVERING THE USUAL LeftRIGHT RULES
FR Xc-A(m) , Y

> X =YuA(a),Y
YDfd

Xc- A(m) , Y
FDf

X =YuA(a),Y

& FxA()c-FxA(x)
"

FDf&
*xA(x) +- A(m)

Spec
XxA(x)c- A(t) X

,
A(t) 2- Y

Cut

X
,
YxA(X)- Y

(f cambe any tomatall, not necessarilyaneigenvariable)of



THESPECIALISATIONRUCET

* Se
If a sequent obtains concerning some eigenvariable m ,
it also obtains for the termt.

Eigenvariables are inferentially general among terms.

Spec is admissible in Gentzen's sequent calculus.
11/33



EQUIVALENT FORMULATIONS

DefinebyED,Spec
...

spec elimination cutelimination
---
Id Id Id Id
Cut Cut Cut /R
VDf FLYRspec YulR
,

Spec - inclusion
--

inclusion
DefineEDFbeXV

Spec,...

[See my "GeneralityExistence1", RSL 2019) fa defints]
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SPEC Elimination

S S
"

:

*Spe (xz
It's easy to see that each ofthe rules in Centzer's system
are closed under specialisation--ie there is nothing
inferentially special in emeigenvariable as conclusions.

CXDf↑ violatesthis constraint- hencethe requirement to impose Spec.)
13/33



DEFINING RULES

... Specify concepts that are available (conservative)

& determinate (unique) over a basic structural

context

. for quantifiers, these rules use prier
nations of substitution & inferential generality.
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FREE LOGIC, DEFINED UNDEFINED TERMS

m is a number.

M/m is not necessarilya number.

n/m is not defined when m=0 .
(does notexist)

n/m is a terms whatever values &mtake.

(x(-zy (y = m(x)+=0)
1/33



MEBASIC STRUCTURAL CONTEXT

RULING TERMS IN RuLNGHim OUT

S,t , A ,B c C,D,sit

for a14amutie] to the SequentCOUNTEREXAMPLE

X1-Y, t t,XiY
t-Id t-Cut

t
,
Xc-Y
,
t X,X'n Y,y

16133



DEFININGDEFINEDNESS

X 1 - Y,t
↓Df

X2- Y,↓

& equivalently....

X 1 - Y,t X,+ +- Y
↓R ↓L

X2- Y,↓ X
,+V --Y

17/33



POSSIBLE CONDITIONS ON PREDICATES
functionSymbols

tisX - Y tisX - Y
FL fl

Ft, ...En ,X inY ft....En ,XiY

If we grantthere , then nonexistence is nota predicate
~ this sense , sincewe have -toy , white to is notdefined)

18/33



DEENING RULES for X/5 with existential commitment
m
,X-Y, A(m)

fDf
M
,
A(m),X1- 4

-Df
Xc-Y

,YxA(x) zxA(x)
,
X + Y

Io

VxA(x)-YxA(x)
FDf&

m ,kxA(x) + - A(m)
t
,
XxA(x)c- A(t)

Spect X
,
A(t) 2- 4

Cut

X1-Y
,
+ t

, XXxA(x) 2- 4
!

-Cut

X.X, YxA(x)-Y,Y'

19(33



DEENING RULES for X/5 with existential commitment
m
,X-Y, A(m)

fDf
M
,
A(m),X1- 4

-Df
Xc-Y

,YxA(x) zxA(x)
,
X + Y

Io

-xA(x)-JxA(x)
If

u ,A(m) + JxA(x)
Spec

Xc-A(t)
,41 t,A(t) + JxA(x)

Cut

XiY
,
+ t

,
X" YxA(x) ,Y

-Cut

X.X, YxA(x)-Y,Y'
20133



THE EQUIVAENCES STILL HOLD...

DefinebyED,Spec
...

spec elimination cutelimination
---

Id fl IdYu Idf Id FYFtFu
Cut Cut Cut ↓4↓R
↓Df hL/IR ↓/R /R
VDf FLYRspec YulR
,

Spec - inclusion
--

inclusion
DefineEDFbeXV

Spec,...
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BUT WEARE FREETO DEFINEMORE...

m
,X +-Y, A(m) X +-Y, A(m)

VDf #Df
Xc-Y

,YxA(x) Xc-Y
,TheA(x)

With Existential Commitment without Existential Commitment

Xc - Y ,XxA(x)
YDf

m,Xc- Y , Alm)
def

M,Xi-4, A (m)
->Df

X- Y , Mr-A(m) Tpf
Xc-Y.TTx(xv-A(w)

22/33



BUT WEARE FREETO DEFINEMORE...

M
,
A(m),X1- 4 A(a),X1- Y

-Df EDf
zxA(x)

,
X + Y ExA(x), X + Y

Ex +xyc Ex -xy
EDf&

inyi Exexd
Speci

--Exext

23/33



Are outer quantifiers just
as acceptable as inner quantifiers?

Do they involvethe same sortof

Santologi G commitmentaidedo "cal
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Not necessarily
Thereare differences.
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LOOKING CLOSER...

Trin
VOYAL

#Df
Xc-Y

,TheA(x)

this m isan eigenvariablean inferentially general singularterm.
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WAAT IS A VARIABLE?
m

What is the meaning of 's in QxAlx
?

"Everything is A ...
" "For every values can

take... "

What is the meaning of in in A(r)?

- A variableof see sort?

- A proneum? a demonstrative expression?

- A singular term of sone kind ?

Should these be connected ?
27/33



IN Favour Of CONNECTION...

x,X +-Y, A(x) x
,A(x),X1- Y

VDf -Df
Xc-Y

,YxA(x) zxA(x)
,
X + Y

The defining rules become compositional , just
like the otherdefining rules.

28/33



BUT THEN-

x,X +-Y, A(x) x
,A(x),X1- Y

VDf -Df
Xc-Y

,YxA(x) zxA(x)
,
X + Y

THIS SEEMS REDUNDANT!

Whatwould it mean for the variable se

to be undefined in this context?

Isn't using a variable
tantamount the

treatingit as having semevalue
orother?

(Eg . Fefernan takes set to beathe.)
24/33



ALTERNAT FORMULATion

o
-Variables are always treated as defined X- Y

,
x

theycre no longer inferentially general X2-Y
but aregeneral among the defined terms. Spect

+,[X- 4)

-Variables are used for quantification, X +-Y, A(x)
VDf

not general singularterms. Xc-Y
,YxA(x)

x
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EQUIVALENCE
Derivations in the two systems are inter-translatable

Id
.
Cut Id

,
Cut

FL fL &L fl

Spec Special

ConnectiveDf... Connective Df...

VDf5Dfn XDfupfu

my... onlyeverbound.
x,y... occurful

Eigenvariables n occurfree
No eigenvariables

Eigenvariablewith existential
-> Variable

communtment s
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THEUPSHOT

This formulation provides a context in whichmner quantification
is definable , using the resources available, but

outerquantification (defined : the obviews way) uses
extra resources.

This is not to say that outerquantification
is

meaningless , of course !
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LESSONS fuRTHR QUESTIONS

· Quantification involves a numberof connected issues
SUBSTITUTION , GENERAITY, DEFNEDNESS ,VARIABLES/VALUESEr.

- ChoosingaStructural context fen deduction meanstaking
sides on these issues ·

~ Quantification into sentence position? Predicate position]
- do simular issues apply there?

· Model calculi?
- What of singularteams that take values
in someworlds and not others?
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Thanks


