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Overvzew
> ﬂ[iso[ute VS Q{e[atwe Expressweness (encoc[mgs)
> Tu[[ a6stm¢ti0n' ﬁistmy Thie o ks PAST

» In denotational semantics
> In expressweness

> Tu[[ aﬁstmctzon mytﬁs anc[ facts ~ Present
> False negatives -
» False positives

» On ‘t/__i_e possibility of ﬁq_ving a theory of Jfull abstraction i’e__sulits |

>Conc[usi0ns ‘ | ‘ future

Presentation 6asec{ on:

-~ D.Gorla, U.Nestmann: Tu[[ abstraction for expressiveness: ﬁzstmy, mytﬁs and_ facts i

> J.Parrow: “ General conditions for full abstraction”



Absolute vs Relative Expressiveness
> }l550[ute eygpressz@eness

Wﬁat ccm/cannot be renc[erec[ in 2"

> Q{e[atwe e)(pressweness
“Can L be rendered in another [anguage?

Ccm £ renc[er anotﬁer [anguage?

Through encodings
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 Absolute Expressiveness:
Advantages and disadvantages

+ Gives a clear feeling of what can be implemented and what cannot

+ Can be used for studying relative expressiveness

» pick up two languages, one solving a problem and one not
> find encoa’a!h[zty criteria that map a solution in the source into
a solution in the target

> claim that there exists no encoc[mg qf Fhi sottce i the target
respecting the criteria

— Difficult to use e
» difficult to properly define the pro6[em

> difficult to find a solution and/or to prove that a solution does not exist

> difficult to define reasonable encodability criteria and prove that they map
a source solution into a target solution

» the criteria are problem-driven

— Every problem creates a bipartition of the languages
hierarchies of languages call for several separation
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Q{e[atifue Expressiveness
To compare two [anguages L1 anc[ /20y to

translate one in the other

1. If L1 can be translated into £.2 and vice versa, then the two
languages have the same expressive power '

2; If L1 can be tmns[atec[ into L2 6ut not vice versa, tﬁen L2
is more expressive than L1 '

. If LZ cannot 6e tmns&ztec[ into £2 nor vice versa, tﬁen L1
and £2 are incomparable ‘

We cannot accept e'veoz encoc{mg, otﬁerwzse all resulits dare.
trivial. | | |



 Relative Expressiveness:
Advantages and disadvantages

+ (Ve@ﬁdtum[ fof 6ui[£ﬁ'ng ﬁiemfcﬁiész of [angudge& =

+ The encodability criteria are not problem-driven but are ‘ aéso[ute’

— which criteria define a _“ g'ood' ’ encoding?
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Tu[[ ﬂ65tmctzon (zn c[enotatzona[ semantzcs)

Two equwa[ent progmms ﬁcwe tﬁe same c[enotatzon

(z e tﬁe same mecmmg )

_ ,Deﬁotat.ion_s: )

- P=Q i PI=lQl
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From denotational semantics to expressiveness

> F4 re[a'tes 2 worlds (erogfams and c[enotations) via' a mapping i

> [ﬁl/lztcﬁe[[ 1991 ] [Q{zec&e 1991 ] [Sﬁapzro 1991 ] ac[aptec[ this notion '

to e;(pressweness
» Mapping = Encoc[mg
> 2 worlds = 2 different programming formalisms

» In the first setting, one world (denotations) is more abstract than
the other (programs)
> Itis possz{i[e that di ﬁ[erent programs fiave the same denotation

L second settmg, both worlds are very concrete

> di _/j"erent programs ﬁa've c[ jj‘erent encoc[mgs we equwa[ences on both worlds
' » to abstract away from details
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Tu[[ Abstraction (zn e)(presswenessj

The encoc[mg respects cmc[ ref[ects the quotient mc[ucec[ by the L
| equwa[ences in tﬁe source and target [anguage | |

P~ Q iff [P %, Q)
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Full Abstraction in Process Calculi

> Smce the ear[y 905 it ﬁas 6een the reference criterion of
severa[ papers on expressiveness for process ca[cu[z

ik~ [Sangzorgz 1993 ] [Tournet gotﬁzer 1996] [%ctor Q’arrow 1996]” ‘
| [@orea[e 1998], [Merro 1998, [jlmac[zo 2000], .. |

> “we assess the re[atwe e)gpresswe power of mzsce[[aneous ca[cu[z '

from the existence of fully abstract encodings between
them [Tournet, Gothier @ POPL1996]
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Full Abstraction in EXpressiveness:
ﬂc[vantages and @zsac[wntages '

Tt is a property re[atec[ to the 065317}46[8 6eﬁamour '

' of the languages:

+ the encoding agrees 'wztﬁ the 06servatzona[ semantics
of the languages
— it gives no hints on wﬁat/ﬁow tﬁe languages compute
(v.e., their operational semantics)
— 1t strong[y relies on the 5eﬁavzou1’a[ equwa[ences choosen 7
— unsuited for promng separation results |

— what does it say on the quality of the encoding ??




good' Encoc[zngs en]oymg Tu[[ /7165tmctzon

T hese are (some oﬂ the true posztwes of our stuc[y

/’

because FA is expected to hold ~ because FA holds

> [letcﬁe[[ 1 991 I let encoa’a[i[e into untypecf sk
recursive types into non-recursive ones (always in 7» )
> [Rzec&e 1991]: call-by-name and lazy into call-by-value;
nisteafls 6y—va[ue into lazy |

> [Westmann Pierce 2000]: mput guan{ecf S async/ironouns T
> [Merro 2000] and [Merro Sangiorgi 2004 J: expressiveness of L1t

(L3 into L1t;; polyadic L7t into monadic Lt )
> [Sangzorgz 1993]: HOM into T
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good' Encocfmgs WOT en]oymg Full

Abstraction
] ﬁese are tﬁe fa[se negatwes Qf our stuc[y

fxamp[e
Pi P =0 | a(x)P | a(b)P | PP | (va)P teip
AP Pu=0| a().P | alp) | PP | ()P | IP

* Trivial encocﬁng of . ﬂ(Pz into Pi;
[ah) ]l =a(b)0

is not fu[[y abstract w.r.t.

HE ey (wea@&szmz[anty for(Pz as c[ fmec[ 6y [MWQZ]) :
— =_(weak asynchr. Bisimilarity for AP, as defined by [ACS98])

Indeed, a(x).a(b) =0, _
whereas |[a(x). a<b>]| = a(x).a(b). 0#£0= - 1[0]]
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- goo Encoa ings NO enjoymg Fu
| ~ Abstraction

o Honda anc[ Tokoro 's encoc[mg of Pi into AP:

(the same holds also for Boudol s encoding): o
[aG)P] = (vo)a(c) | o P]))
[a(®).Qll = a().0() | Q1)

is not fully abstract since a(x) a(x) = a(x) | a(x) but

[a).a@] = (o)a(e) | e@ @)
: 35 (ve)afe) | e(x)) | (VC)(CI(C> Fa)
= [le() [ a)]]

Hint: ‘tijy to close under context a(z) \

o Mz[ner s encoc[mg of po[yadic Pi into monac[zc one;
[a(xy)P ]| = a(2).2(x).z(v).|[P]]
L ab.e).Ql| = (vd)a(d).d(b).d(c).][Q]
1s not fu[[y a5stmct since a(b c). a(b c) = ab,c) | a(b,c) but
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The reason behind Talse Negatives

> An encoding is a protocol (to be carried on in the target language)

> There are target contexts that do not respect the protocol imposed
by the encoding

> The equivalences used for FA are usually congruences

» EA can be broken by putting the encoding of equivalent source
terms in such target contexts | |

Solution: Weak Full Abstraction (|[Parrow 2008])

» FA holds only for equivalences closed under encoded contexts
(that, trivially, respect the protocol underlying the encoding)
E.g.: [Boreale 1998], [Palamidessi et al. 2006]

> FA holds only for equivalences closed under typed contexts

(where the type system implies conformance w.r.t. the protocol)
E.g.: [Yoshida 1996], [Quaglia, Walker 2005]




“®Bad encodings that are Fully Abstract
Let s present the fa[se posztwes
1. Consider
o
SEE )l Zznonempty | |
- —the encoc[mg that maps every S € Z to the same T & Z
Then the encoding is fu[lji a6stmct 1

2. Consider |
— any encoc[mg [- ]| Dila Z

_(Z 1,ker(| D)
LEREL e s
Tﬁen tﬁe encoc[tng Is fu[[y a6stmct i
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"Bad encodings that are Fully Abstract
Ti uring machines mto cfetermzmstzc fzmte automata
[fb’eauxzs et al. 2008 ]

C Enumefaté all (minimdl) DFEA s: 'Q-)T/rl], @T}l? Q)Tﬂyf..
. group TM s by their equwa[ence class: C, C, C3, i
. Encoding Vz VTWZ B |[T9Vl]| @T}l

o It is fully abstract w.r.t. language equivalence
(their reference equivalences) '
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Tu[[y /”l6stmctzon ( a[most ) for free

[(Parrow 201 4 ]

Thmi: gzven (2,,=)and (2 ,,=,), thereexists |[-]|: 2 ,— 2, fully
a6stmct gfj‘ tﬁe card'ma[zty Qf 2 2/ =, 1S geq tﬁan t/ie can[ma[zty qf 2 1/ B
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- ‘Z'ﬁmZ gwen (Z 5 1) cmcf| 1: 2, =2 ,, there exists =, s.t. |[-]] is
I » fu[[ a6stractgﬁ(VstE/Z 157 t$|[s]|#|[ ]| ' '

Thm3: GWen ) 27 z) ‘m‘[| | eyl 2 tﬁere a[ways ey(zsts s
[-]] is fu[[ abstract. A | | |

oooooooooo
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On cﬂangmg equwa[ences
(1 ., can we ﬁave a tﬁeoiy of FA resu[ts? )

Lot |[ ]| be afu[[y a6stmct encoding of(z i 1) into (Z e
~5).

For every =" ,C (resp. D) =, , there exists = ,C (resp. D) =,
such that |[ - ]| is fa. wrt = ,and =’ ,. T
Let |[ - 1| be a fully d65tmct and noht surjective enéoe[ing of (2 1,. i
~ ) into (X ,,=,). There eygists c[ ﬁ(erent from = such tﬁat |
|[ ] zsfa w.r.t. ~Icmc[ ’

i 9 How can we compare c[zﬁ%rent FA results?
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Tu[[ /71 Gstraction in Q:'bgpressweness
‘ conc[uszons ‘ ’

To sum up:

> full abstraction cannot be considered a criterion for assessing an
encoc{mg and, hence, to compare the re[atwe expressweness of [anguages s

> itis an extra value for an encoc[mg

» usqfu[ if the target language ﬁas an eﬁ(zczent proof tecﬁmgue

for its equwa[ence ,

e usefu[ for composztzona[ c[eve[opment of progmms

(equivalent source processes behave in the same way in any
target execution context)
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Conclusions
“* we have given efvzdbnces agamst fu[[ abstraction as a mterzon
for expressweness |

“* this is an a-posteriori justification for some alternative
criteria presented in the literature ([Palamidessi 2003], i
[gorlh 2008 2010a 20105] [Tu Lu 2010] [vang[ab'b'eeli 2012]) :

OQ"EW (PRO@LEWIS

> fmc[ tﬁe rzgﬁt mw( of criteria

e anew approacﬁ to encodability results: show existence of an

encoding without exhibiting it



