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Key properties:
= Qperational and Logical Characterizations
= Genericity Lemmas
= Theories H and H*
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Stratified Distant Call-by-Value
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C,V, = (everywhere)

(Az.A) (yy) A —v, Aly\2z]A =3, Qy\zz] —v, -

Examples:
Az (Ay.aw) [w\Az.Q] —v, Azdy. (zA2.Q) =V, Azdy.(zA2.Q) —v, -
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11 /19



Lifting: Retrieving Dynamic Properties

Lemma (Lifting)

Lett,u € A andt € A such thatt —v, u andt <t. Then there exists u € A such thatt —v, u and
u < u. Diagrammatically:

VI
t—>u

Vn

11 /19



Lifting: Retrieving Dynamic Properties

Lemma (Lifting)

Lett,u € A andt € A such thatt —v, u andt <t. Then there exists u € A such thatt —v, u and
u < u. Diagrammatically:

VI VI
t—>u

Vn

11 /19



Lifting: Retrieving Dynamic Properties

Lemma (Lifting)
Lett,u € A andt € A such thatt —v, u andt <t. Then there exists u € A such thatt —v, u and
u < u. Diagrammatically:

t————7u

VI 3 VI

t—~u

Vn

11 /19



Lifting: Retrieving Dynamic Properties

Lemma (Lifting)
Lett,u € A andt € A such thatt —v, u andt <t. Then there exists u € A such thatt —v, u and
u < u. Diagrammatically:

t —v,,) U

VI 3 VI

t —Vn) u

(Az.A) (yy) A
Example:
VI

(Az.A) LA ————» A\ L]A

11 /19



Lifting: Retrieving Dynamic Properties

Lemma (Lifting)
Lett,u € A andt € A such thatt —v, u andt <t. Then there exists u € A such thatt —v, u and
u < u. Diagrammatically:

t —v,,) U

VI 3 VI

t —Vn) u

(Az.A) (yy) A E— e Aly\zz]A
Example:
VI ks VI

(Az.A) LA ————» A\ L]A

11 /19



Variations on Genericity

Theorem (Typed Genericity)

Corollary (Surface Genericity)
Let C(t) be MEANINGFUL| with t MEANINGLESS), then for every u € A, C{u) is MEANINGFUL].

y

Theorem (Full Genericity)

Let C(t) =+, s with t MEANINGLESS)| and s a full normal form, then for any u € A, C(u) =%, s.

v

city ¢ clu)

9/19



Variations on Genericity

Theorem (Typed Genericity)

Corollary (Surface Genericity)
Let C(t) be MEANINGFUL| with t MEANINGLESS), then for every u € A, C{u) is MEANINGFUL].

y

Theorem (Full Genericity)

Let C(t) =+, s with t MEANINGLESS)| and s a full normal form, then for any u € A, C(u) =%, s.

v

city ¢ clu)

9/19



12 /19



12 /19



QA(t) = L

12 /19



Meaningful (Quasi) Approximation

t MEANINGLESS| ~ QA(t) == L

t IMEANINGFUL]

12 /19



Meaningful (Quasi) Approximation

t MEANINGLESS| ~ QA(t) = L

QA(z) = =«
t MEANINGFUL]  ~

12 /19



Meaningful (Quasi) Approximation

¢t MEANINGLESS| QA(t) =1L
QA(z) = =
QAx.t) = Ax.QA(t)

t MEANINGFUL]  ~

12 /19



Meaningful (Quasi) Approximation

t MEANINGLESS

¢ [MEANINGFUL|

~

~

QA(t)

QA(x
QA(Az.t'
QA(t1t2
QA(t1[z\t2]

T — — —

=1

ix.QA(t’)
QA(t1)QA(t2)
QA(t1)[z\ QA(t2)]

12 /19



Meaningful (Quasi) Approximation

Examples:

t MEANINGLESS QA(®)
QA(x)
S OQA(z.t")
t IMEANINGFUL| QA(t1t2)
QA(t1[x\t2])

QA((Az.A) (yy) A)

=1

ix.QA(t’)
QA(t1)QA(t2)
QA(t1)[z\ QA(t2)]

12 /19



Meaningful (Quasi) Approximation

¢t MEANINGLESS| QA(t) =1L
QA(z) = =«
YT ISR QANz.t') = Ax.QA(t)
t MEANINGFUL| ~ QA(tts) = QA(t))QA(ts)
QA(ti[z\t2]) = QA(t1)[z\QA(t2)]
QA((Az.A) (yy)A) = L

Examples:

12 /19



Meaningful (Quasi) Approximation

Examples:

t MEANINGLESS QA() -
QA(x)

o N QA(x.t')
t MEANINGFUL| QA(t112)
QA(t1[x\t2])

QA((Az.A) (yy)A) = L

QA (Ay.zw) [w\Xz.Q])

ix.QA(t’)
QA(t1)QA(t2)
QA(t1)[z\ QA(t2)]

12 /19



Meaningful (Quasi) Approximation

¢t MEANINGLESS| QA(t) =1L
QA(x) = =z
YT ISR QANz.t') = Ax.QA(t)
t MEANINGFUL| ~ QA(tts) = QA(t))QA(ts)
QA(ti[z\t2]) = QA(t1)[z\QA(t2)]
QA((Az.A) (yy)A) = L

Examples:
QA (Ay.zw) [w\Xz.Q])

Il
>
8

12 /19



Meaningful (Quasi) Approximation

¢ MEANINGLESS] ~ QA(t) == L
QA(x) = =z
= - QANz.t') = Ax.QA(t)
t MEANINGFUL| ~ QA(tts) = QA(t))QA(ts)
QA(ti[z\t2]) = QA(t1)[z\QA(t2)]
QA((Az.A) (yy)A) = L

Examples:
QA (Ay.zw) [w\Xz.Q])

Il
o
8

—~
SN—
S
=

12 /19



Meaningful (Quasi) Approximation

¢ MEANINGLESS] ~ QA(t) == L
QA(x) = =z
= - QANz.t') = Ax.QA(t)
t MEANINGFUL| ~ QA(tts) = QA(t))QA(ts)
QA(ti[z\t2]) = QA(t1)[z\QA(t2)]
QA((Az.A) (yy)A) = L

Examples:
QA (Ay.zw) [w\Xz.Q])

Az (Ay.zw) [w\ ]

12 /19



Meaningful (Quasi) Approximation

¢t MEANINGLESS| QA(t) =1L
QA(x) = =z
= - QANz.t') = Ax.QA(t)
t MEANINGFUL| ~ QA(tts) = QA(t))QA(ts)
QA(ti[z\t2]) = QA(t1)[z\QA(t2)]
QA((Az.A) (yy)A) = L

Examples:
QA (Ay.zw) [w\Xz.Q])

Az (Ay.zw) [w\Az. 1]

12 /19



13/ 19



Let t,u € A such that t —v,, u, then QA(t) =y, QA(u).
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VI $ VI
QA(t) —> QA(u)
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A Quasi Approximation of

Lemma (Approximation)

Let t,u € A such thatt —v,, u, then QA(t) =V, u> QA(u) for some u < u. Diagrammatically:

Reductions

t—u
VI $ VI
QA(t) ——>u > QA(u)

Example:

(Az.z A)[z\A] —— Az

I
g

\ $ 2

(Az.mA)[x\A]—VU))\z.Q > Azl = QA(u)
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Let C(t) =y, s with t and s a V,,-normal form, then for any u € A, C{u) =%, s.

c(t)
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A Proof of Full Genericity

Theorem (Full Genericity)
Let C(t) =+, s with t [MEANINGLESS| and s a V,-normal form, then for any u € A, C{u) =3 s. J

ct) = QA(C()
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From Full to Stratified Genericity

Theorem (Quantitative Stratified Genericity)

i € N and such that C(t) —%;, s1 and C(u) =%, s2 for some s1,s2 such that sy ~, so.

Let C(t) =+, s witht [MEANINGLESS)| and s a V,-normal form, then for any u € A, there exists

s> QA(s1) < 52
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From Full to Stratified Genericity

Theorem (Quantitative Stratified Genericity)

Let C(t) =+, s witht [MEANINGLESS)| and s a V,-normal form, then for any u € A, there exists

Ll _Lal).

i € N and such that C(t) —%;, s1 and C(u) =%, s2 for some s1,s2 such that sy ~, so.

n n

S1 > QA(s1) < S2

with surface and full genericity as corollaries.
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Theories of the A-calculus

Theories: Equivalence relations on A.
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Theories of the A-calculus

Theories: Equivalence relations on A.
Av-theories: Contextually closed theory containing dB and sV.
Consistent: There exists two distinct points.
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Theory Ty: Smallest A\;-Theory

Computational Theory: Smallest A,-theory, written 7.
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Sensible Theory: \,-theory equating all [iEANINGLESS/ terms.

MEANINGFUL|

[MEANINGLESS]

Theory H,: Smallest sensible \,-theory.

Theorem (Full Genericity)

Let C(t) =+, s with t [MEANINGLESS)| and s a full normal form, then for any u € A, C{u) =%, s. J

Theorem
The theory H, is consistent. J
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Theory H;: Maximal Consistent Extension of H,

Theory H}: t—u  when  VC, C(t) MEANINGFUL] iff C(u) MEANINGFUL].

Theorem (Surface Genericity)

Let C(t) be MEANINGFUL| with t MMEANINGLESS), then for every u € A, C{u) is MEANINGFUL].
y

Corollary
The theory H; extends H..

Theorem

The theory Hy is unique maximal consistent \,-theory extending H.. Moreover, it coincides with the
operational equivalence =.

Operational Equivalence: t = u iff for all context C,

there exists v such that C(t) =%, v iff there exists v’ such that C(u) =3 v'.
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Conclusion

Summary:
= Novel simple technique to prove Stratified Quantitative Genericity

= Generalizes Surface and Full Genericity
= Consistency of theories H and H* and coincides with observational equivalence.

= Applies to both CBN and CBV without any trick
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Conclusion

Summary:
= Novel simple technique to prove Stratified Quantitative Genericity

= Generalizes Surface and Full Genericity

= Consistency of theories H and H* and coincides with observational equivalence.

= Applies to both CBN and CBV without any trick

Further questions and ongoing work:
= Meaningfulness in Call-by-Need
= Meaningfulness in unifying paradigm
= Dynamic approximations for other properties

= Criterions or key elements ?

Thank you !
Do you have any question ?
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