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Computational processes

5'?“‘*5“5 In [AbelsonSussman85,Ch1], Harold Abelson and Sussman,
utline ]

- Gerald Jay and Julie Sussman state,

finSolos

“We are about to study the idea of a

Main Results

computational process. Computational processes are

Conclusions

abstract beings that inhabit computers. As they
evolve, processes manipulate other abstract things
called data. The evolution of a process is directed by
a pattern of rules called a program. People create
programs to direct processes. In effect, we conjure the
spirits of the computer with our spells.”
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o 1 . . - o

finbolos many works touch lightly such idea with more specific goals, as
Main Results

T 1. to prove the expressiveness of a mobile calculus, by showing

how to represent the A-calculus evaluation strategies
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> Processes Our goal is to formalize such trivial idea !!!

Outline

S¢ePCF In literature,

o 1 . . . o O

finbolos many works touch lightly such idea with more specific goals, as
Main Results

Conclusions

2. to represent strategies of game semantics for paradigmatic
programming languages.
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;mgestj_es O S(PCEF': a simple linear programming language

utliine

SLECE O /¢inSolos:

LinSol

E— a typed process calculus based on the calculus of solos
Main Results

Conclusions O Interpretation of S/PCEF on ¢inSolos

O Correctness w.r.t the operational semantic of S(PCEF.

O Parallel evaluation of our &/PCF-processes.
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Processes
Outline

> s¢ePCF

Linearity

A Semantically
Linear Programming
Language

finSolos

Main Results

Conclusions

Introducing /PCF

TYPES CONFERENCE

Torino, 2008 — 4 / 22



Linearity

grif_esses S/PCEF' is a simple programming language, fully abstract modeled
utiine

SUPCE by linear function between coherence spaces.

D> Linearity

A Semantically
Linear Programming
Language

finSolos

Main Results

Conclusions

TYPES CONFERENCE Torino, 2008 — b / 22



Linearity

grif_esses S/PCEF' is a simple programming language, fully abstract modeled
utiine

SUPCE by linear function between coherence spaces.

D> Linearity

A Semantically

Linear Programming O PCF' is not syntactically linear, in fact its programs can
Language . .
contain the same variable more than once.

finSolos

Main Results

Linearity can be considered in many respects.

Conclusions

TYPES CONFERENCE Torino, 2008 — b / 22



Linearity

(F;“ﬁ_esses S/PCEF' is a simple programming language, fully abstract modeled
utiine

SUPCE by linear function between coherence spaces.

D> Linearity

A Semantically

Linear Programming O PCF' is not syntactically linear, in fact its programs can
Language . .
contain the same variable more than once.

finSolos

Main Results

Linearity can be considered in many respects.

Conclusions

O Syntactical

TYPES CONFERENCE Torino, 2008 — b / 22



Linearity

(F;“ﬁ_esses S/PCEF' is a simple programming language, fully abstract modeled
utiine

SUPCE by linear function between coherence spaces.

D> Linearity

A Semantically

Linear Programming O PCF' is not syntactically linear, in fact its programs can
Language . .
contain the same variable more than once.

finSolos

Main Results

Linearity can be considered in many respects.

Conclusions

O Syntactical

O Denotational

TYPES CONFERENCE Torino, 2008 — b / 22



Linearity

(F;“ﬁ_esses S/PCEF' is a simple programming language, fully abstract modeled
utiine

SUPCE by linear function between coherence spaces.

D> Linearity

A Semantically

Linear Programming O PCF' is not syntactically linear, in fact its programs can
Language . .
contain the same variable more than once.

finSolos

Main Results

Linearity can be considered in many respects.

Conclusions

O Syntactical
0 Denotational

O Operational

TYPES CONFERENCE Torino, 2008 — b / 22



A Semantically Linear Programming Language

Types: 0,7 ::=1 | (0 — 7T)
OL
succ!™™*
pred“™
M{n M| succn
0l 0 (0) succM |} succn (s) predM | n (pn)
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OL
succ’”™*
pred“™
x* ground variable (GFV(M))
x7 T higher order variable (HFV(M))
(Axb.MT)—°T X can occur zero or many time in M
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Nim Mn/x|P;---P;ln
(Ax*.M)NP; ---P; | n
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F° recursion (stable) variable (SFV(M))
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Causality in process calculi

Processes
Outline

S¢PCF

finSolos

D> Causality
£inSolos-calculus
Reduction
Linearity

Typing rules

Main Results

Conclusions

Explicit, by using prefixing

>

Implicit, by using the restriction construct

>

o.P

(vv)(@v)|[v(w))

[0 There are two possible ways to express causality in process
calculi
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{1nSolos-calculus

Syntax:

Processes P:

= | PllQ | (vv)P

Structural congruence: a-rule, abelian monoidal laws for | and

(vv)0=0

(vv)(P]|Q) = P||(vv)Q if v & fn(P)

(vv)(vw)P = (vw)(vv)P

Reduction rules:

P— P

Plla — P'iQ

P— P

(vv)P — (vv)P’

P=P —Q =0Q

P—Q
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{1nSolos-calculus

Syntax:
Solos o ::=q(p,2)[q(p, a)
Processes Pu=o | PIQ | (vv)P |0

Structural congruence: a-rule, abelian monoidal laws for | and
(vv)0=0 (vv)(vw)P = (vw)(vv)P

(vv)(P]|Q) = P||(vv)Q if v & fn(P)

Reduction rules:

ran(f) N =0 Dom(0) =1

~

6 agrees with {vy = v}

1] = [V
(v) (u(v1) [[a(v) [R) — RO
P— P P— P P=P —Q =Q
P[|Q — P’||Q (vv)P — (vv)P’ P—Q
Torino, 2008 — 9 / 22
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{1nSolos-calculus

Syntax:
Expressions: E ::=n|x | succ(E) | pred(E)
Solos o ::=q(p,2)[q(p, a)
Processes Pu=o | PIQ | (vv)P |0

Structural congruence: a-rule, abelian monoidal laws for | and
(vv)0=0 (vv)(vw)P = (vw)(vv)P
(vv)(P||Q) = P||(vv)Q if v & fn(P)

Reduction rules:

E—n E—n
n—n succ(E) —n+1 pred(E) — n — 1

V1| = || 6 agrees with {vi =v5} ran(d) N =0 Dom(0) =71
(v#)(u(v1)|[a(v2)[R) — RO

P — P P— P P=P — Q@ =Q
P[|Q — P’||Q (vv)P — (vv)P’ P—Q
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{1nSolos-calculus

Syntax:

Expressions:

Processes

E:=n|x|succ(E) | pred(E)
o ::=q(p, 2)[q(p, a)
P:=o |a(x)P|aE) |P||Q| (vv)P | LP% Q| F | recf .PT |0

1 We impose that P contains exactly one free question-name

Structural congruence: a-rule, abelian monoidal laws for | and

(vv)0=0 (vv)(vw)P = (vw)(vv)P

(vv)(PQ) =P (vv)Q if v & fn(P) | a(x)b(y)P = b(y) a(x)P

a(x) (P]|Q) =P||(a(x)Q) if x € FV(P) | a(x) (vv)P = (vv)(a(x)P) if v # a
recf .P = P{recF .P/F}
Reduction rules:

E—n E—n
n—n succ(E) —n+1 pred(E) — n — 1
V1| = || 6 agrees with {vi =v5} ran(d) N =0 Dom(0) =71

(v#)(u(v1)|[a(v2)[R) — RO

E_ n F_— -0 E—mn n#0
a(x)P|a(E) — P[n/x] PEQ —P PEQl —aq
P— P P— P P— P P=P —Q =Q
P[|Q — P’||Q a(x)P — a(x) P’ (vv)P — (vv)P’ P—Q
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Example of Solos-reduction

(F;FOT_GSSGS Reduction fire requires unification of names.
utline

S¢PCF

finSolos

Causality

ZinSolos-calculu (vPo, P1,2)(a(p; P, a)[[a(po, P1, b)[R) — R[p/Po,P/P1,Db/al

> Reduction
Linearity

Typing rules (vpo, p,b)(a(p, P, a)||a({po. P1,b)|[[R) — R[p1/po,p1/p,a/b]

Main Results

Conclusions (Vp) (q<p7 b, a> Q<p07 P1, b> R‘) 7L>
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Processes
Qutline

S¢PCF
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O The notion of syntactical linearity used, literally, in a process

language become meaningless.

O A clever adaptation of such a notion has been has done by

Kobayashi, Yoshida, Honda and Berger.
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Linearity

gmf_esses O The notion of syntactical linearity used, literally, in a process
utline

SUPCE language become meaningless.

¢inSolos

E?“;a“lty » O A clever adaptation of such a notion has been has done by
1nSolos-calculus . .

Reduction Kobayashi, Yoshida, Honda and Berger.

> Linearity

Typing rules

Main Resulte 0 There is exactly one input and exactly one output on a
Conclusions name, for each possible evolution of the process

— + output — input | consumed.
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grif_esses 0 Linear channel types: sorting augmented with a modality
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linSolos O A match operator ® defined as St ©S~ =8~ ©st =gl

Causality

¢inSolos-calculus ] ]
Reduction O The straightforward match operator ® for environment
D> Linearity
Typing rules

AOB=(A\B)UB\AU{v:T1 Om|(v:7) €A (v:T) €B}

Main Results

Conclusions

[0 Process variable environments for Recursion
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Typing rules

Typing judgment in a natural deduction style: ' =P > A

THP>A THQ>B AxB TFP>AT THQDAT

r (sum)
T P|QrA®B (par) ri|pEaq|oat

0> ._ (z)
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Typing judgment in a natural deduction style: ' =P > A

THFP>A THQB>B AxB TFP>AT THQ>AT
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THO>_ THP|QrAGB CH[P&Q>AT
P, a distinct _ P, a distinct
— = — (in) — — —— (out)
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Encoding

We denote q(7) = (¥¥)q(¥) and q(¥) = (v¥)q(¥)

[0°]% = ge(ac) 2e(0) (i.e. [n]% = qge(ac) ac(n))
[succ™]% = qc(q1, ac) q;(a1) ai(x) ae(suce(x))

[pred ™% = qc(q1, ac) q;(a1) ai(x) ac(pred(x))
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Encoding

We denote q(7) = (¥¥)q(¥) and q(¥) = (v¥)q(¥)

[Fo]% =F& [pF?.M7]% = recf .[M7]4
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Encoding

We denote q(7) = (¥¥)q(¥) and q(¥) = (v¥)q(¥)

[x]% = qe(ae) qe(x)

(Vp) (§<q17 -+ 5 Yn, a>”[[M]]p)
[[)\XL.MO'1—O...—OO'H—OL qe — qe(qu qQis - 9n, ae) C_l()(aO) ao(X) PBx

(vp)(P(as; - - - an, @) [ [M]P)
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Encoding

We denote q(7) = (¥¥)q(¥) and q(¥) = (v¥)q(¥)

[x]% = qc(ac) a(x)

(vp)(P(Qts - - -+ qn, @) [[[M]P)
[Axt.MIrTo 72729 = q.(qo, q1, - - -, Ans Ae) dglan) ao(x) | Ox
(vp)(P(Qts- - -+ qn, 2)[[[M]P)

[[fal_om_oan_%]]qe — qE(qla s 7qn7 aE) f<ql? e 7qn7 a€> Where n Z 1

[A£7 Moo = g (£, qu, - - -, qn, @) (VP)(P(aLs - - -5 Gns )| [M]P)

[u7r 7o mor TN 9 = qe(q, - -+, qns @) (P, qu) (Blas, - - - Gns @) || [M]P(|[N] )

[which? (o= =ofa = q (qy,a0) G (qu1,a1) qui(Qiin, i) Gy (a1n1)
a111(x) 211(x) 21(y) a(x,y)
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Example
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Main Results
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> Example
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Results

Can we code a more
parallel evaluation
strategy?

Conclusions

a1(d11,2") y4(211) a11(x) @(x)

ldentity on natural numbers (Ax*.x)
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0 <=: using a computability argument.
Correctness [[M7]% = [N7]9 = M7 ~, N
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Conclusions if £ does not appear under a /if-construct.
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Motivations behind this paper are manyfolds.

O From a programming language point of view we provide a
tool for study both parallel evaluation and equivalence of
programs.

O From a process calculi point of view we give representation
of a sequential language where redexes can be actually
reduced in parallel.

O From a game-semantics point of view, we open the road for
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