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1. Souvenir, Souvenir
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Neil D. Jones

An explorer of automatic semantics-based program
manipulation
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A Long Common Professional Interest and

Collaboration
— Semantique I;
— Semantique II;
— Atlantique;
— Daedalus;
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Many more shared events

— Arhus workshop in 81,
— POPL’97 in Paris,
— POPL’04 in Venice

— Decision to start ASTREE

- VMCATI'2009

~
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Happy Souvenirs
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2. Specification and abstraction of
semantics
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Motivation
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Motivation

— We look for a formalism to specify abstract program
semantics
from definitional semantics
to static program analysis algorithms

- coping with termination & non-termination,

- handling the many different styles of presentations
found in the literature (rules, fixpoint, equations,
constraints, ...) in a uniform way

— A simple generalization of inductive definitions from
sets to posets seems adequate.
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On the importance of defining both finite and infinite
behaviors

— Example of the choice operator E; | Eo where:
Ei—= a Ey = b termination
or Fi= | Ey = | non-termination
— The finite behavior of Ey | By is:
alb=a alb=1b
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— But for the case L | L = 1, the infinite behaviors of
E1 | E5 depend on the choice method:

Non-deter- Parallel Bager Mixed left-| Mixed right-
ministic to-right to-left
Lljb=b L|b=1D L]jb=1d
1llb= 1 ljpb=1| L|b=1  Ll|b= 1
al|l=a a|l=a a|lLl=a

a|ll=1 a|ll=1lla|ll=1] a|l=1

— Nondeterministic: an internal choice is made initially to evaluate E; or to evaluate Ej;

— Parallel: evaluate E; and E; concurrently, with an unspecified scheduling, and return the first available result
aorb;

— Mixed left-to-right: evaluate E; and then either return its result a or evaluate Ey and return its result b;

— Mixed right-to-left: evaluate Ey and then either return its result b or evaluate F; and return its result a;

— Eager: evaluate both F; and E; and return either results if both terminate.
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Bi-inductive Structural Definitions

Over-simplified for the presentation!
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Inductive definitions

Set-theoretic [Acz77]
(), ©)

P
?ER (P e pU),cel)

F(X)é{c‘ﬂgeR:PgX}

Ifp~ F € p(U)
C—least X : F(X)=X
C—least X : F(X)C X

{%‘XQU/\CEF(X)}

@ Tribute to Neil, Kgbenhavn, August 25, 2007 — 14 —

universe

rules

transformer

fixpoint def.
equational def.

constraint def.

rules

~
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Inductive definitions

Set-theoretic [Acz77] Order-theoretic
(), ©) (D, ©)

P P
FER (PE@(U),CQU) EGR (P,CGD)

F(X)é{c‘ﬂgeR:PQX} F(X)éU{C‘ngR:PEX}

Ifp” F € p() fp FeD
C—least X : F(X)=X
C—least X : F(X)C X

—

%‘XQU/\CEF(X)} {%‘XG'D}
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C—least X : F(X)=X
C—least X : F(X)C X

universe

rules

transformer

fixpoint def.
equational def.

constraint def.

rules
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Semantics of the Eager A-calculus
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Syntax
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Syntax of the Eager A-calculus

XY,Z,... € X variables

c e C constants (XNC = @)
cu=0]1]
v € V values
vi=c| Ax-a
e ¢ E €rrors
ex=calea

a,a’,ay,...,b,, e T terms
au=x|v|aad
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Trace Semantics
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Example I: Finite Computation

function argument

(Ax=xx) (Ay-y)) ((Az-z) 0)

— evaluate function
((Ay-y) (Ay-y)) (Az-2) 0)

— evaluate function, cont’d
(Ay-y) (Az-2) 0)

— evaluate argument
(Ay-y) 0

— apply function to
0 a value! argument
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Example II: Infinite Computation

function argument
(Ax=xx) (Ax*xx)

— apply function to argument
(Ax=xx) (Ax=xx)

— apply function to argument
(Ax=xx) (Ax=xx)

— apply function to argument

non termination!
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Example III: Erroneous Computation

function argument
(Ax=xx) (Az-2) 0)) ((Ay-y) 0)

— evaluate argument
((Ax+xx) ((Az=2)0)) 0

— evaluate function
((Ax=xx)0)0

— evaluate function, cont’d

(00) 0

a runtime error!
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Finite, Infinite and Erroneous Trace Semantics

s(t)
£l g
L
q
Error
>
0 1 2 3 4 5 6 7 8 9 10 t
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Traces

— T* (resp. T+, T, T and T®) be the set of finite
(resp. nonempty finite, infinite, finite or infinite, and
nonempty finite or infinite) sequences of terms

— € 1s the empty sequence ee0 = 0 e = 0.

— |o| € NU{w} is the length of o € T%. |¢|] = 0.
—If 0 € T then |o| >0and 0 =00e010...00/g_1.
—If 0 € T¥ then |o| =w and 0 = 0gge...e0ne....
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Operations on Traces

— For a € T and o € T®, we define aQo to be o/ € T®
such that Vi < |o| : 0} = a 0;

Operations on Traces (Cont’d)

— Similarly for a € T and o € T®, cQa is o’ where
Vi<l|o|:0l =050

_ op 01 02 03 o; _ op 01 02 O3 a;
g = ——— o —o — o — -+ —o— g = ~——o —o — ¢ — - —o —
_ aop ao1 a0y aos3 a oy _ gpa 014G 020G O030a g; a
aQo = s o o o o’ 0Qa = ° s o A A
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Finite and Infinite Trace Semantics S The Computational Lattice
A4S0 Given S, T € p(T), we define
L A .
% -St=38nNnT* finite traces
A . .
-SY=5NnTv infinite traces
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~-SCT2S8STCTHASYDTY computational order
— {(p(T®), C, T¢, T, L, M) is a complete lattice

lﬁ! K
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Bifinitary Trace Semantics S of the Eager A-calculus’

ax < v]ec €S

ve§,veV —C, veV
(Ax+a)vealx¢—Vv]eo €S

ocsv cgeveST, (av)ed’ €S

——FLC,acV —©LC, v,aeV

aQo €S (a@o)e(av)eo' €8

ocecS¥ geveST, (vb)ed' €S

- —_C,veV

oc@b €S (c@b)e(vb)ed' €S

1 Note: a[x < b] is the capture-avoiding substitution of b for all free occurences of x within a. We let FV(a)
be the free variables of a. We define the call-by-value semantics of closed terms (without free variables)
T£{acT|FV(a) =2}

[
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Fixpoint big-step maximal trace semantics

The bifinitary trace semantics is

—

— C
S=1Ifp F
where F € p(T) — p(T) is
F(S) 2 {veT  |veV}u
{(Ax+a) vea[x+v]eo|vEVAax V.o S}U
{c@b|oc € S¥}U
{(c@b)«(vb)ecd' |c#eNTvESTAVEVA (VD)o € S}U
{a@Qo |ac VAT € S¥}U
{(a@c).(av).0'|a,vEVAT#eNTvESTA(av).0' € S5}.

[
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Relational Semantics
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Trace Semantics

4SO
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Relational Semantics = a(Trace Semantics)
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Relational Semantics

s(t)
________________________ Y
1
_____________________________________________________________ -
................................ >a
L
»-
et
X = =0 r
g
K
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Abstraction to the Bifinitary Relational Semantics of
the Eager A-calculus

remember the input/output behaviors,
forget about the intermediate computation steps

o(T) = A{afo)|oceT}
a(0gedie...e0p) = 09g= 0Op

Ol(O'Oo...oO'no...) éf oo = L
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Bifinitary Relational Semantics of the Eager A-calculus

v=v, vevV

a— | b— L

I ——LC, a€eyV
ab= 1 ab= 1

ax «— v =r

C, veV,reVu{l}
(Ax+a) v=r

a=v, vb=r

c, veV, revu{l}
ab=r

b=v, av=r

C, aeV,veV, reVu{l}.
ab=r

@ 5
® Tribute to Neil, Kgbenhavn, August 25, 2007 — 36 — © P. Cousot & R. Cousot A




On the computational ordering C

— For the bifinitary trace semantics S, we could replace
the computational ordering = by O (thus taking great-
est fixpoints for C);

— Impossible for the bifinitary relational semantics!

— Counter-example: the greatest fixpoint starts by as-
suming that we have the terminating execution

(Ax+x x)(Ax=xx) = (Axxx)(Ax*x x)

kv =r veV, revu{Ll} will

-

then the call rule
(Ax-a) v=r
preserve this invalid hypothesis!
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Natural Semantics
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Natural Semantics = a(Relational Semantics)

s(t)

L
........................................... -
""""""""""""""""""""""" e
Al
o ]
T .-(o
P4
N
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Abstraction to the Natural Big-Step Semantics of the
Eager A-calculus

remember the finite input/output behaviors,
forget about non-termination

oT) € | J{a(o) |0 € T}
a(og = on) o {00 = on}

alcp = 1) e
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Natural Big-Step Semantics of the Eager A-calculus [Kah88]

v=v, veV

ax «—v|=r

c, veV,revV
(Ax-a) v=r

a=v, vb=r

S, veV,reV
ab=r

b=v, av=r

¢, aeV,veV, reVv.
ab=r
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Transition Semantics
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Transition Semantics = a(Trace Semantics)

e e

N el el Skl
TR T e e
\o:\::.;.:\—‘b.o’!»‘o—mo—». o>o o poe>oe >
./'L‘:'.'.\ J

e e Tede "\f-':'
oo
\.m o Ly Sote " .\.:.HoError
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Abstraction to the Transition Semantics of the Eager
A-calculus

remember execution steps,
forget about their sequencing

oT) = | Ja(o) | o €T}

a(O'Ooa'lo...OO'n)(i:ef{O'i—)O'Z'+1|O<’I;/\'I;<n}

def .
Ol(UO....oO'no...) = {Ui—>0i+1lz>0}
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Transition Semantics of the Eager A-calculus [Plo81]

((Ax+a) v) — a[x « V]

ap —> a1
c
agb—a; b
bg — b1
c.
v bg — v by
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Approximation

/'
® o o
r 4 Sae ® ®
*ve -
b S v® oo, P °->
SO ony o ¥? -
i = . e [ o
S0 o P08 o T 0 e e
., -0 —ing @
=¥ v? Ly N -1 =
00—y 00 L s *0— o @ ®

L
*a
\ﬂ/\mm

(Ax=xx) (Az=2) 0)) (Ay-y) = ((Ax=xx) 0) (Ay-y)

— (00) (Ay-y) an error!
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Abstraction
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Kleenian abstraction
- (D, C, 1, 1), <Du, CHoah I_Iu> dcpos
-FeD— 7D, Ft e D! D monotone
— a € D — Dl strict and continuous on chains of D

—aoF = Flo a, commutation condition

C Ch
— a(lfp F)=1Ifp F¥

OK for abstracting finite behaviors, not infinite ones
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Tarskian abstraction
- (D, C, 1, 1), (Du, chof I_Iﬂ) dcpos
-FeDw— D, Ft e D! D monotone

~—aecD— Dl preserves meets ]
— Flloq Eu a o F', semi-commutation condition Conclusion
~vy e D (Fli(y) Cl y) = Bz € D :az) =y A

F(z)Cz

C ch o

— alfp F)=1Ifp F
OK for abstracting infinite behaviors, not finite ones
= abstract by parts.
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Conclusion

— Both finite and infinite semantics are needed in static
analysis (such as strictness, [Myc80]), typing [Cou97,
Ler06], etc;

— Such static analyzes must be proved correct with re-
spect to a semantics chosen at an various level of ab-
straction (small-step/big-step trace/relational /natural
semantics);

— Static analyzes use various equivalent presentations
(fixpoints, equational, constraints and inference rules)

— The bifinite extension of SOS might satisfy these needs.
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THE END, THANK YOU

Neil, for such a long friendship and
cooperation

Best wishes for your new constraintless
research career
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