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Overview

Earlier:

» Operational Semantics of Avef conc

> e, (he)~ (h€), and (h,E) — (W,E)
Basic Logic of Resources

» =5 v, PxQ, PxQT|PFQ
Basic Separation Logic

» {P}e{v.Q} : Prop, isList / xs, ADTs, foldr
Later () and Persistent (0) Modalities.

v

v

v

» Concurrency Intro, Invariants and Ghost State
CAS, Spin Locks, Concurrent Counter Modules.
Today:

» Weakest preconditions and the fancy update modality

» Key Points:
» Towards Iris base logic, used in Coq implementation and next week's case study.
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Weakest Precondition
» Typing rule:

&€ C InvName N-e: Exp = ®: Val — Prop
I wpgee{®P} : Prop

> Intended meaning of wp becomes clearer when we define Hoare triples in terms of
it as

{P}e{®}e £ O(P — wpg e {®}).

» Thus, wpg e {®} is indeed the weakest (i.e., implied by any other) precondition
such that e runs safely and, if it terminates with a value v, the assertion ®(v)
holds.

> Note the O modality.

» It guarantees that all the non-persistent resources required by e are contained in P.
» (e may use other resources, governed by invariants, but those are indeed persistent.)



Structural Rules for wpg e {®}

WP-MONO WP-FRAME
(Vv.@(v) = W(v)) xwpg e {P} F wpe e {W} P xwpg e {®} - wpge e {P x &}
WP-FRAME-STEP WP-VAL
e ¢ Val

P(v) + P
> P xwpge{P} Fwpge{P *d} (V) wee v{2}

WP-BIND

wpg e {v.wpg E[v]{®}} I wpg E[e] {®}

» Analogous to corresponding Hoare rules we have seen earlier.



Rules for Basic Language Constructs: style

> The rules for basic langauge constructs given with arbitrary postcondition.

» For instance,

WP-STORE

>l = v) x>l = w - D)) F wpg (¢ < w) {P}

» Why ? Simplifies reasoning, in particular
» allows for easy symbolic execution of programs.
» avoids many uses of WP-MONO and WP-FRAME
> (see notes for detailed example)



Rules for Basic Language Constructs

WP-FORK

>P() x>wpg e {v. True} b wpg fork {e} {®}

WP-ALLOC WP-LOAD

>Vl — v =+ D)) Fwpgref(v) {®} >l = v)*x>(l — v = P(v)) - wpe | L{D}

WP-STORE

>l — v) x>l = w = D()) - wpg (¢ + w){D}

wpP-CAS-suc

(0 — v) x>(£ — w — D(true)) - wpg cas(¥, v, w) {P}

WwP-CAS-FAIL

v#V ARl v)x>(0— v = ®(false)) - wpg cas(l, v/, w) {P}



Rules for Basic Language Constructs

WP-REC

>wpg e[v/x][(rec f(x) = e)/f] {P} - wpg (rec f(x) = e)v {P}

WP-PROJ WP-IF-TRUE

>wpg vi {P} F wpg i (vi, v2) {P} >wpg e1 {®P} F wpg if true then e else e; {P}

WP-IF-FALSE

>wpg e {P} F wpg if false then e; else e; {P}

WP-MATCH

>wpg € [u/xi] {®} F wpge matchinj; uwithinj; x1 = e1 | injy x2 = ey end {P}



How about rules for invariants ?

» There are no rules for weakest preconditions for opening and closing invariants.

» Moving towards the Iris base logic, we disentangle manipulations of invariants
from weakest preconditions / Hoare triples.

» Invariants will instead be manipulated by the so-called fancy update modality.



Fancy Update Modality

» Typing for &% P
=P :Prop

M- 51)352 P : Prop

» |ntuition: 81582 P contains resources r which, together with resources in
invariants named &1, can be updated (via frame preserving update) to resources,
which can be split into resources satisfying P and resources in invariants named

&.
» Subsumes the update modality:

Fup-upD

EprTatp



Rules for fancy update modality

Intro + structural rules (analogous to those for the update modality):

Fup-mMoNO FUP-INTRO-MASK Fupr-TRANS
PFQ E C &
&1 ;352 PL &1 ;352 Q P & ;352 52551 P &1 ;352 52553 P & ;353 P

Derivable rule:

Fup-INTRO
PP

We write B¢ P for =Sy



Rules for fancy update modality

Framing:

Fupr-FRAME
Er disjoint from &1 U &

Q % 51;;52 P £1L+J£f’3$2w8f (Q % P)

Simpler derivable rules:

& C&E
pfpl %2 (Qxp Ee PH B, P
QT =7 (QxP) £ £




Rules for fancy update modality

Allocation and opening of invariants:

INV-ALLOC INV-OPEN
&1 infinite Le&

> P - Szt%c‘:z E= gl'EL L - EES\{L} ([>P * ([>P —k 5\{L}}38True>)

The INV-OPEN rule is used not just to open invariants, but also to close them. It
implies the following two rules:

e & Le&

T PN (6P o SIS True)




Fancy update modality and weakest preconditions

Weakest preconditions are closed under fancy updates:

WP-VUP
Fewps e {v.Bg ®(v)} - wpg e {}

Example: used to update ghost state, e.g., we can derive:b

a~~b

wpe e {v.0(v) *1a } - wpe {v.0(v) « b}



Fancy update modality and weakest preconditions

The following plays a role similar to that played by HT-INV-OPEN earlier.

WP-ATOMIC
e is an atomic expression

B2 wpg, e {v. 27 0(v)} F wpg, € {9}

Can use it to derive the following rule for accessing invariants using the weakest
precondition assertion.

WP-INV-OPEN
e is an atomic expression

1] * (D/ — Wpg\p,3 € {v.> [ * (D(V)}) F wpg e {®}

which can then be used to derive HT-INV-OPEN (see notes).



Fancy update modality and weakest preconditions

Finally, we have the following, which generalizes the earlier HT-FRAME-ATOMIC.

WP-FRAME-STEP
ed Val &C&

(51 2y, Epn P) *wpg, e {P} - wpg, e {P x D}

Note: no specific rule for allocating invariants in connection with weakest preconditions
— allocation is handled separately by fancy update modality which then interacts with
weakest preconditions via the above rules.



Fancy view shift

» Define fancy view shift:
P 2% Q2 (P« 1p%2Q).
> If & = & we write P =¢, Q for P a=8 Q.
> Hoare triples and fancy view shifts: final generalization of rule of consequence:

Hr-csQ
SEP *2fP  SH{Ple{v.Qle SEW.Q(v) “=FQ(v)
SE{PY e{v.Q'}¢

» Compared to earlier, the generalization is the use of the fancy view shift, which
allows to use invariants in £ when showing the view shift.



