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The PLanCompS Approach

PLanCompS project (2011-2015)

@ Swansea University

@ Royal Holloway, University of London

o http://plancomps.org
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Approach

o Component based approach towards formal semantics.

@ Highly reusable, fundamental constructs: funcons.
@ A language is defined formally via a translation to funcons.
o Each funcon has a formal definition in I-MSQOS.
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Reusable Components: Funcons

Caml Light Core C+# Core C+#
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Reusable Components: Funcons
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Figure :

PLanCompS: generate interpreters from reusable specification.
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I-MSOS Specification

RGN

In this talk we consider relations
R(X,Y,Z)

for reasoning about program execution

o Relations are defined via logical inference rules

@ Relations are computed by semantic functions

How to generate efficient semantic functions?
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Relations and Functions

— —
e We can define a function F for computing a relation R:

— —
R(X,Y,Z) & twe= F(X,Y,Z)
— —
R(X,Y,Z) < Ze F(X,Y)
%

RIX,Y,Z) = (Y.Z)e F(X)

e or approximating a relation:

—

RIX,Y,Z) < (Y,2)=F(X)

_
e based on the inference rules defining the relation R

— —
e Above X is input of F; Y and Z are output of F




I-MSOS Specification

continued

Relations modeling program execution

e Terms (computations and values) represent program fragments

—
R(plus(1,2),3,0) s abbreviated by o I plus(1,2) — 3

with o some arbitrary environment

e Auxiliary semantic entities like environment o provide context

Program semantics

| \

=
e Relation R describes transitions on terms

Y
e Semantic function F ‘performs’ a transition

_)
oFplus(1,2) -3 <« 3= F(plus(1,2),0)

A
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Terminology

e The following are judgements about a relation

—
R(X,Y,Z)
ot plus(1,2) — 3

%
e About F(plus(1,2),0) = 3, we say

input term plus(1,2)
input arguments 1.2
output term 3
additional input o

additional output
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EXPR continued

E : expr 2= plusEE|leqEE|R|V
V . value = false | true | /

I integer =

R : reference ::=

Figure : Concrete syntax for a small EXPR language.

E . expr = plus(E, E) | leq(Ei, Ep) | var(R) | V

Figure : Term representation of expressions.
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Modularity
EXPR continued

UI—E1—>11 O'I_E2—>I2

B=h+I
o F plus(Ey, B2) — f; W)

Figure : SOS rules for expressions.
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Modularity
EXPR continued

UI—E1—>11 UI_E2—>/2

=L+
o F plus(Ey, B2) =l o=hHH)

Figure : SOS rules for expressions.
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EXPR continued

O‘|—E1—>/1 O’l—Eg—)/g
o F leq(E1, Ez) — true

h<h)

Figure : SOS rules for expressions.
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Modularity
EXPR continued

O‘|—E1—>/1 O’l‘Eg—)/g
(h<k)
o F leq(E1, Ez) — true
O‘|—E1—>/1 0’|—E2—>/2

o b leq(E, E;) — false (hth)

Figure : SOS rules for expressions.
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o F var(R) — v/=7 )

Figure : SOS rules for expressions.
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EXPR continued

UI—E1—>11 UFEZ_)IZI—II

o F plus(Ey, B2) =l o=hHH)
JI—E1—>11 UI‘EQ-)/Q
(h<h)

o b leq(E1, E2) — true
0'|—E1—>/1 Ul—Eg—>/2
(h€h)
o b leq(E1, Ex) — false

ot var(R) — y (V=R

Figure : SOS rules for expressions.
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EXPR continued

E1—>11 E2—>/2l*l ,
plus(Er, Bo) — 1 B=hHh)
El—)ll E2*>/2/<I

leq(Ey1, E>) — true (k)

E1—>Il E2—)/2(

leq(Ev, E5) — false %)

env(0) - var(R) — v=7R)

Figure : I-MSOS rules for expressions.
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I-MSOS Specification

Modularity and SOS
e Additional semantic entities requires changing the relation

e For example, a quaternary evaluation relation:

—}
R(To, Ty, 0,0')  abbreviated as  (To,0) — (T§,0')
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I-MSOS Specification

Modularity and I-MSOS
o All I-MSQS relations are senary:

_).
R(To, Ty, EY, B}, EV, ET)
abbreviated by

EtF <To,E$> (T, ED)
where EY, Eii and ET are records storing semantic entities

o Read-only () entities provide additional input
o Write-only (1) entities provide additional output
o Read-write () entities provide additional input and output
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EXPR continued

E : expr = print E|R++] ...

Figure : Additional concrete syntax for EXPR.

E : expr == print(E)|inc(R)| ...

Figure : Term representation of additional syntax
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EXPR continued

(var(R), env(O’)> — <\/7 env(o’)> (V=0(R))

Figure : New version of variable reference
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(var(R), env(O’)> — <\/7 env(o’)> (V=0(R))

Figure : New version of variable reference

: Vi=o(R),Va=Vi+1
(inc(R), em(0)) = (Vi env(a[R s Va])y V1=7RIV2=1140)

Figure : I-MSOS rules for additional expressions.
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(var(R), env(O’)> — <\/7 env(o’)> (V=0(R))

Figure : New version of variable reference

out(a)

E %
print(E) oot VD),

Figure : I-MSOS rules for additional expressions.
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I-MSOS Specification

(var(R), env(O’)> — <\/7 env(o’)> (V=0(R))

Figure : New version of variable reference

: Vi=o(R),Va=Vi+1
(inc(R), em(0)) = (Vi env(a[R s Va])y V1=7RIV2=1140)

out(a)

E %
print(E) oot VD),

Figure : I-MSOS rules for additional expressions.
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I-MSOS Specification

ro-ent(p) Fti—1p1 ... ro-ent(p) Ft, —n pn
ro—ent(p) F to —0 po

Figure : Rules for implicit propagation of unmentioned entities.
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ro-ent(p) Fti—1p1 ... ro-ent(p) Ft, —n pn
ro—ent(p) F to —0 po

(tl, rw—ent(00)> —1 <p1, rw—ent(01)> S (tn, rw—ent(on,1)> —n <p,,, rw—ent(o,,)>
<t0, rw-ent(00)> —0 <p0, rw-ent(J,,))

Figure : Rules for implicit propagation of unmentioned entities.
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Modularity
EXPR continued

ro-ent(p) Fti—1p1 ... ro-ent(p) Ft, —n pn
ro—ent(p) F to —0 po

(tl, rw—ent(00)> —1 <p1, rw—ent(01)> S (tn, rw—ent(on,1)> —n <p,,, rw—ent(o,,)>
<t0, rw-ent(00)> —0 <p0, rw-ent(J,,))

wo-ent(a) wo-ent(c,)
th —>1p1 ... th———nPn

wo-ent(ag4-...Hap)
tp — 0 Po

Figure : Rules for implicit propagation of unmentioned entities.
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Generate efficient interpreters from I-MSOS specifications

Approach

@ The IML Rule Format generalises I-MSOS inference rules
o IML rules generate low-level IML procedures

o IML procedures are relatively easy to optimise:

Left-factoring
Statement reordering
Common subexpression elimination
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Specifications IML Compiler

Haskell 77 7 Java
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Value operations

e Inference rules specify the semantics of computations, however:

values, and operations on values, are assumed

@ integer addition Lh=h+1h
@ integer comparison h<h and h £h
@ map lookup V =0(R)
@ map extension /insertion o[R — V]

e Any required operations must be available to an interpreter
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Operator-expressions

e An operator-expression is either:
o A value v

@ An operation o applied to operator-expressions: o(ey, ..., €p)
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Operator-expressions
e An operator-expression is either:
o A value v

@ An operation o applied to operator-expressions: o(ey, ..., €p)

| A\

IML Rule Format
e Given distinct index sets / and J, with 0 & [:

{Ri(ti, pi, BN Eg 1 EL L ED) i e 1)

1 1 ({ej>p; : j€I})
RO(f(W]_,.. Wn) t E07E007E1 o,E

e Recall R(Ty, Ty, EY, Eg, E1$, ET) is an I-MSOS judgement

e ¢ > p; denotes a side-condition

A
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IML Rule Format
e Given distinct index sets / and J, with 0 £ [:

{Rl'(tl'apf’ Elia Eoi,i? E1$,17E1T) e I}

({ej>pj 1 je})
Ro(f(wa, ..., wn), t. E§, Edo. Ev o, EJ)

o Recall R(To, Ty, E¥, Ey, E, ET) is an -MSOS judgement

e ¢ > p; denotes a side-condition

Example IML Rule
E1 — Il E2 — /2
leq(Ei, Ex) — true

| A

(is-1leq(h,h)>true)

A
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IML Rule Format
e Given distinct index sets / and J, with 0 & [:

{Rilti, pis B} B L, ED) i € 1)
’ i 1 1 1 ({ej>p; : j€JS})
Ro(f(Wl, aoog W,,), t, EO? EO,O’ El,O’ EO)

o Recall R(To, Ty, E¥, EJ, E, ET) is an -MSOS judgement

e ¢ > p; denotes a side-condition

| A

Example IML Rule

(var(R),env(c)) = (V,env(0)) (map-lookup(R,o)i>V)

N
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IML Procedures

@ A procedure has branches, one for every rule it implements

@ A branch is a sequence of statements, ending with
(yielding the output term)

(branches never re-converge)

o A return statement
o Further branches
o Few types of statements, e.g. for:
o Pattern matching
o Entity getting and setting
o Procedure calls
@ Statements can fail, causing control to backtrack to the last

branching point
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E, out(a) L E

leq(E1, E2) D), tre

(is-1leq(h,h)>true)

PROCEDURE FOR leq™

pm-args(E1, E3); pm-args(E1, E3);

single(“—", E1, I, 1); single(“—", E1, I, 1);

wo_get (out, v, 1); wo_get (out, v, 1);
single("—=", E>, b, 2); single( =", E>, b, 2);

wo_get (out, 3, 2); wo_get(out, 3, 2);

pm(is-1eq( /1, h), x0); pm(is-1eq( /1, k), X0);

pm(xo, true); pm(xo, false);

WO,Set(out, 1ist—append(0(, B)), WO,Set(out, list—append(Oé, ﬁ)),

return true return false
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52 g,
out(a+p) (is-leq(h1,ho)>true)

leq(E1, E;) —— true

PROCEDURE FOR leq™
pm-args(Ey, E2);
single("—", E1, I, 1);
wo_get (out, v, 1);
single("—", E>, b, 2);
wo_get(out, 3, 2);
pm(is-1eq( /1, h), x0);
pm(xo, true); pm(xo, false);
WO,Set(out, 1ist—append(04, ﬁ)), WO,Set'(out, list—append((l, ﬂ)),
return true return false
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E, out(a) L E

leq(E1, E2) D), tre

(is-1leq(h,h)>true)

PROCEDURE FOR leq™
pm-args(Ey, E2);
single("—", E1, I, 1);
wo_get (out, v, 1);
single("—", E>, b, 2);
wo_get(out, 3, 2);
pm(is-1eq( /1, h), x0);
WO,Set(out, list-append((l, ﬁ)),
| pm(xo, true); | pm(xo, false);
return true return false
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