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—_ ~ Ly o Y AR\ ’
— \ An Iris Instance for Verifying CompCert C Programs
\ ‘ d ’ l , Ta/k William Mansky University of lllinois Chicago, Ke Du
& Pre-print
Ta/k Amin Timany Aarhus University, Armaél Guéneau Université Paris-Saclay - CNRS - ENS Paris-Saclay - Inria, Lars Birkedal
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Asynchronous Probabilistic Couplings in Higher-Order Separation Logic
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Jourdan CNR, LMF, Glen Mével
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9‘ 5—1 l&@ﬁﬁgﬁﬁiﬂ [Girard '87]
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~AC B C, AC_ o FBC
LINEAR LOGIC* ~A& B C —-A@®B,C +FA®B,C
—~A,C +B D -A,BC

Jean-Yves GIRARD ~A® B, C, D ®, —A% B, C

* Because of its length and novelty this paper has not been subjected to the normal process of L L .
refereeing. The editor is prepared to share with the author any criticism that eventually will be expressed | amal .
concerning this work. (a oa) &b s ab) 2(am al)

‘s . : . (aoa) > all 2 l) N?
La secrete noirceur du lait. .. e i /R
—V
. . int: a-o ((a-—0 a} pa)
(Jacques Audiberti) el it
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+ BREHFBZLUEZATEDBEICL IciRIE
> “ENE” OFRIEBERESF A,V + ‘OB 95 mERmE T ok,
- Bl = Bunched Implications. &&8h'22 -, —*

> SHEERIEADICH® =

OOOOO

Peter O’'Hearn

F’ 90 I_ /'7[) F I_ 90 I lyb A I_ 90 empty. % the robot’s arm is empty
ﬁk I ﬁk E clear(X). % X supports nothing else
F I_ EI: F A I_ ppppppp X). %» X is supported by the ground
gﬁj y on(Y,X). %» Y is on top of X
de % X is defective

FFe AF9D (e, d) Fx AR gpxi

*I *E' ready *- ... % the robot’s arm is in position and
F A I_ * F A I_ % other conditions hold
; 2 X
defect(X) <- remove(X) & clear(X). % we write & for
% a tive con
e (X) rea
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new lines of attack on longstanding problems.
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Less is More: A Brief Retrospektive on Iris
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XEYIREZRIEL LY

CWE-416: Use After Free

Weakness ID: 416
Vulnerability Mapping: ALLOWED
Abstraction: Variant

¥ Description

The product reuses or references memory

after it has been freed. At some point L = Mamery
afterward, the memory may be allocated

> » I S » N again and saved in another pointer, while 7o) 5 i\ .
the original pointer references a location — ®/ N
\ l \ \ somewhere within the new allocation. Any e e Memery Unexpected Valve

operations using the original pointer are no
longer valid because the memory "belongs"

/ (\ ‘y 7 7 j‘ _/ (\_ 5 \/\ 77 t Z%ﬁ‘%\ v g;it:ttz:odethatoperatesonthenew

+ HEORAGRBEDZ S DAETYRFE
» B Heartbleed HXEYVDARIE7Z V7R
» POF1HEDOHTEINATEYHE [Google Zero '19] Sz & e

CVE-2019-0676 Microsoft Internet Explorer Informgéi a
CVE-2019-5786 Google Chrome Mem k
CVE-2019-0808 Microsoft Windows Mem

CVE-2019-0797 Microsoft Windows Mem pi ZERO
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X 4= 1: %5 += 2 r—>0ASsSH—0 r—0ASsSH—0

*xr +=1; *s += 2 xr +=1; *s +=2

{I’"Hl/\SHZ}
{r|—>3/\3|—>3} {r|—>1/\3|—>2}
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Xr =V

/
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N—2DO Y 7I\“I/Xr
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XEYRE ek mIETE
{T}refv{Ar.rHv} PsxT=DP P*QEQ*P
{rHv}*r{Au.u:v*rHv} P+ (Q=R)=(P=*Q)=*R

/ / /
{FHV}*r:v'{rHV’} resVvVsxr —V Er#£r
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(V',s')

o
» FIEEDBEHRMNBARICTVI—REh3

istr =, r—= () VvV ds,v.re= (v,s) = lists

fn push(r,v) { let u= *r;
if u==( {*r=(v,ref()) } else {push(u.1,v) } }

{ list r } push(r, v) { list r } v () IRiNE
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» Ph I & P IRE—TXEY h ZFrEInIdmccns

iPrOphea A Heap IR0 P}”Op HEE hCh > (Ph-> Ph)
P A 774 PxQEP
Heap %= Addr — Val PEQ % Vh.Ph-Qh

r>v 2 Ah h[r]=v  P*Q 2 Ak 3W, K.
h

h R
—W+h APH AQHW
ZPRKLAr |[{EvV JEZS]
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{P}e{qf} = VR. P+ R E pwp e{)tv WV*R}
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(Z84) RITERISFHE
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A = (A,+:A2—\A, 0: A) #): (Heap, +, @) & PCM
M = IRRED TR

a+0 = a a+b =b+ a cf. D EtEmIEE DARA

a+(b+c)=(a+b)+c PrT=2b PrQ=0QxF

P+ (Q+R) = (Px*Q)*R

EF ATEEIE (S TA TRE

a<b = de.b=a+c alb = a+b isdefined
B BWICE
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> PCM 2y FILThid& DRBHDBVWAERENESND

Imono

iProp = A — Prop

P«Q = Aa. 3b,c.
a=b+c ANPb A Qc

_____________
_____________

aixbiFalb jajxbi=iatbh
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» X80 OPEe P OPEeOOP QAOPEQ=x«=OP
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» neaDoKifelE P is persistent PeOP
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Ile

0, PEOQO QFEP
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P,Q:Fml ==,, P*xQ | P-xQ | Va® | 4% | ¢
| r—=> v | (P:, Fml) | s P (P: » iProp)

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
0

[PxQl = [PI+[0]  [Ya2l = Vaid[2a]  (Jpsi(near)
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list ¢ r = * ds.r+1+>s x list ¢ s

[[list 6 r]] #(r+1) [As. [list & s]]2 ™!

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
. *

R fn iterc(r) {
Vr [ér]f(r)[ ]WmVH if *c >0 {
Winv [ | F(r); *xc -=1;
[[list ¢ r] * con| iterc(r) [c— 0] 1terc(*(r+1)) }}
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Q_ Search or go to...

Project

X

4

P>

E E P K

Iris
Pinned

Issues

Merge requests

Manage
Plan
Code
Build
Deploy
Monitor

Analyze

(@) Help

198

21

¥ master v iris /

+ v History

* Bump std++.
Robbert Krebbers authored 2 days ago

Name

7 .gitlab/issue_te...

FJdocs

B iris

o iris_deprecated
Eairis_heap_lang
3 iris_unstable
FJtests

£ tex

¢ .gitattributes

Last commit

add issue template

Reformat style guide

Merge branch 'discret...
Use "#[local] field ::" to...
Update code to use ne...
Bump std++ (length_X).

Some tests for legacy ...

docs: typo fixes

sync gitattributes with ...

A v

® f6edd921 [

Find file

Last update

S years ago

2 days ago

3 days ago

3 weeks ago

2 weeks ago

3 weeks ago

2 weeks ago

1T month ago

3 years ago

% Unstar 1 % Fork @65 :

Project information

The Coq development for Iris. [project
website] [coqdoc]

pipeline | passed |

-0- 8,191 Commits

°©

101 Branches

Q

18 Tags

README

BSD 3-Clause "New" or "Revised"
License

CHANGELOG
CONTRIBUTING

CI/CD configuration

0§ @ B W& [

Wiki

Created on
September 23, 2015

70
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https://gitlab.mpi-sws.org/iris/iris

Iris D;FEFHG IS

+ Iris Mattermost
» Iris Helpdesk T/EH

» MDF v XILTHEERIELY

+ Iris Workshop
» BEI—O v/ THIE

» 3HEDFTEEULIEM—Z

A=

=2E SO

n¥k

The fourth edition of the Iris workshop will be held in Zurich and it will
be focused on Iris-related research to allow for in-depth talks and
discussions. There will be a three-day long program with talks from
Monday 3 June until Wednesday 5 June. Participants are encouraged to

=z GJ) Channels
Q. Find channel

v CHANNELS
+

@ Iris Development

@ Iris Helpdesk

Off-Topic
RefinedC Development

RefinedC Helpdesk

Iris Workshop 2024

3 June — 7 June 2024, ETH Zurich, Switzerland

Registration Practical information

Iris

stay 1-2 days longer if they can, for more informal discussions and
interaction.

(9 Mattermost

v¢ lIris Helpdesk v 2279 1 [ The public channel for general Iris-related questions ... ®

@ Robbert Krebbers 12:09 AM
Commented on Francgois Pottier's message: We have such a thing? What is its name?

@Simon Spies has been thinking about this problem. Perhaps he can recall the
challenges.

0 Francois Pottier 12:16 AM

Thanks for your quick reply, this is useful.

_ Simon Spies 12:16 AM ¥ 4 0 C 0 3 &6

oo
@ Commented on Francgois Pottier's message: We have Sucivw wimigs vvimas o o mrannes

Yes, regarding termination + concurrency, | think fair scheduling is usually "the blocker".
For a while, | thought about building a program logic on top of Transfinite Iris for
proving termination of concurrent programs under the assumption of fairness. |

The Pulse Programming
Language

4™ |ris Workshop

Aseem Rastogi, Gabriel Ebner, Guido Martinez, Nik Swamy, Tahina Ramananandro

Megan Frisella, Thibault Dardinier, and soon Jonas Fiala

June 2024
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https://mattermost.mpi-sws.org/iris/
https://iris-project.org/workshop-2024/
https://iris-project.org/workshop-2024/slides/martinez.pdf
https://mattermost.mpi-sws.org/iris/channels/town-square

Iris Coq FFEIANR

g AN

>

2014FEHNSHF. HTE ver. 4.2
HREIAIv b R

HA~

N4/

[El78 3

Cl/CD Zf{i. opam Xk

FTREUERTF XY

RFD Coq HEE

7

= 8K

Status

Q Passed

® 00:06:13
& 1 hour ago

° Passed

® 00:04:59
B3 3 hours ago

@ Passed

® 00:04:06
B4 6 hours ago

@ Passed

® 00:04:53
3 8 hours ago

Pipeline

bbert/resolve.. g

ralf/style_guide g Refor‘mat style guide

master X <|:|Mer'ge branch 'discrete_fun_helpers' into 'master’

[
1
1
1

N

Merge branch 'discrete_fun_helpers' into 'mast...

#106535 ¥ master - a92765d3 (D)

scheduled latest

Reformat style guide
#106523 111072 < a658b538 ()

latest merge request

Merge branch 'discrete_fun_helpers' into 'mast...

#106514 § master -o a92765d3 ()

latest

bump std++
#106505 ¥ master < 8653baéc ()

[r—

|:| bump std++

Add changelog

mRemove use of “map_Forall_insert_1".

bump std++

Add some “discrete_fun_singleton” helpers.

Merge branch 'discrete_fun_update' into 'master’

Add changelog.

avoid naming a typeclass argument

Apply review comments and add “discrete_fun_updateP'".

mUse “resolve_tc® and remove all uses of "legacy" “apply” in Iris Proof

Add “discrete_function_update{P}".

Merge branch 'janno/iframe-cbv' into 'master’

I A .
Mor‘e documentation.

I A .
Documentation.

o ~ ~ . ~ ~ .
Turn two more uses of “cbv’ into “lazy™ that involve user terms.

iFr‘ame: Do not call “cbv' on user terms in contexts

Merge branch 'robbert/iInduction_name_IH' into 'master’

Ewen . -
Created by Stages
©
©
oy (]
oy
©

= v m~+ proof_guide.md [ 7.93KiB

<>| [ Blame Replace | Delete [ B &

Iris Proof Guide

This work-in-progress document serves to explain how Iris proofs are
typically carried out in Coq: what are the common patterns and
conventions, what are the common pitfalls. This complements the tactic
documentation for the proof mode and HeapLang.

Order of Requires

In Coq, declarations in modules imported later may override the previous
definition. Therefore, in order to make sure the most relevant declarations
and notations always take priority, we recommend importing dependencies
from the furthest to the closest.

/8
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https://gitlab.mpi-sws.org/iris/iris/-/blob/master/docs/proof_guide.md?ref_type=heads
https://gitlab.mpi-sws.org/iris/iris/-/network/master
https://gitlab.mpi-sws.org/iris/iris/-/pipelines

Coq std++

+ lIris F—LHEFH. Iris Coq OEEBDZ1TZY)

> BESA TSR, NBZ (T D DRA IEFIBEEE
- REZIIVALICEBEED . ERIICKDIFERDIL

oD+ @ I Coq-std++ 0 cogdoc(https://plv.mpi-sws.org/
0 n | @ coqdoc/stdpp/)
S Stdpp & Qv  AUnstar 12 ¥ Fork 52 %
Q Search or go to... This project contains an extended "Standard Library" for Coq called cog-std++. The key
Project ¥ master v stdpp / | + v History Find file Edit v Project information features of this library are as follows:
An extended "Standard Library" for Coq. . L
I S stdpp (coqdoc] e |t provides a great number of definitions and lemmas for common data structures
%, Merge branch ‘robbert/sorted_unique' into ‘master’ [+ such as lists, finite maps, finite sets, and finite multisets.
5 Pinned v IS (v] 9dof527a | [ N . .
“=>" Robbert Krebbers authored 1 day ago e |t uses type classes for common notations (like @, U, and Haskell-style monad
Issues 89 ) notations) so that these can be overloaded for different data structures.
-0 2,694 Commits . o .
. ¢ |t uses type classes to keep track of common properties of types, like it having
Merge requests 13 Name Last commit Last update % 34 Branches . . . -
decidable equality or being countable or finite.
8 Manage > P docs docs: fix typo 2 months ago { 12 Tags ¢ Most data structures are represented in canonical ways so that Leibniz equality can
= Plan , be used as much as possible (for example, for maps we have m1 = m2 iff V¥ i, ml
. .
£3 stdpp Add variants of "Sorted_u... 1day ago A README I''i =m2 !'! i).On top of that, the library provides setoid instances for most
</> Code > .
3 stdpp_bitvector Rename "X_length’ into le... 3 weeks ago s BSD 3-Clause "New" or "Revised" types and operations.
¢/ Build > License * It provides various tactics for common tasks, like an ssreflect inspired done tactic
£3 stdpp_unstable Allow compiling the packa... 2 months ago A CHANGELOG for finishing trivial goals, a simple breadth-first solver naive_solver , an equality
Y ’ simplifier simplify_eq, a solver solve_proper for proving compatibility of
@ Monitor Datests Test cases for string notat... 1day ago Created on functions with respect to relations, and a solver set_solver for goals involving set
5 ¢ .gitattributes try to fix shell script line e... 3 years ago January 31, 2017 operations.
@ Help « It is entirely dependency- and axiom-free.
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https://gitlab.mpi-sws.org/iris/stdpp
https://gitlab.mpi-sws.org/iris/stdpp

Iris Coq RERDEIE

4 @Q fJiFLFHE"J:l yll-l-\?_*y I\ v Iris
> iris.bi: SERE—RDSATSY S
> bi

» 1ris.proofmode : Iris Proof Mode S prelude

- DBERE—RTA VYTV T TR e
» iris.algebra:RA /Camera ®>14 73>V
» iris.base_logic: Wbk 3 Iris D9 EftsHIE
» iris.program_logic: SBICEKSEVAEBEZ7OY 5 LRE
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Iris Proof Mode 'Krebbers+ POPL *17, ICFP '18]

+ DEEERIBICRITBEARGA Y Z 7T 1 7RG

> DEERIBEDIRTEICABZ DT TIRETE S
- ZTERENRIREIES EBHESI NS

"Hinv" : inv N (lock inv v 1 R)
"Hlock"™ : 1s _lock y lk R

"Hlocked" : locked vy "Hlocked" : locked Y
"HR"™ : R "HR" : R
"He" : (Tru ® #()) "Hé" : (Tru ® #())
P release lk {{ v, & v }} WP release #1 v, ® v }}

iDestruct "Hlock" as (1 —>) "“#Hinv".
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https://security.googleblog.com/2022/12/memory-safe-languages-in-android-13.html
https://security.googleblog.com/2022/12/memory-safe-languages-in-android-13.html
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Rust

Foundation Google Contributes $1M to
Rust Foundation to Support

C++/Rust “Interop Initiative”
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https://foundation.rust-lang.org/
https://foundation.rust-lang.org/news/google-contributes-1m-to-rust-foundation-to-support-c-rust-interop-initiative/
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Rust O#E#1 EHARE

BRI D B EhEfrIIREE
> FFICHFFEFHIRY t(BB) = t(018) =RE

At Bt R ?
AQ—THE* IEFTNSA 7511 FlE R gE /B RIRE

HERI) = RO—TRT  tERK) EEERACItE I sRUGERTESE

AT L = &EHIT D B S ERANDOX I
E%;T‘?'ﬁ g—'f,(,c_ E*%E;E 70|:| 7\\5-&/_'4\?’(\/ I\ODIXFEﬁ fn new_widget(&self, name: String) -> Widget {

let name_suffix: &’name str = &namel[3..];
Cyclone [Grossman+ '02] // —- borrowed from “name”
Y _ _ let model_prefix: &’self.model str = &self.modell..2];
leO Matsakls // - borrowed from “self.model”
}
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. .
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Rust O#E#2 unsafe

+ unsafe = [RARDH 55N BREICKTIT H/INV I KT
> FICARIBEIERBEZZITHWVWERAL VY xmut T OEIE
» EHE/)\Y—2:unsafe Eix%Z safe BREITHT7EIL
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*
*

B BRI ERADTLSEE IS

fn index_mut<o>(v : & mut Vec<Ts,
i1 uint) —> & mut T {

assert!(i < v.len):; ERR#RH
unsafe { v.ptr.offset(i) } @

struct Vec<T> {
len : uilnt,
cap : uilnt,
ptr @ xmut T

* *
4 *
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Rust O#i#3 NIRRT

+ HEBARICHIBROETH NS O0EH
> 3ZDS5DH (int, String, -) : FERR T —IDEZRICFE
» FEDBDAANEFRIZEME: Mutex, RwLock, Arc, Cell, -

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
. g
* .

'l

S&Mutex<T> Mutex<T> @ SMUtex<T>

\ Q &Mutex<T>
HE & HIRDE

* *
3 .
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

97
124



3.2
RustBelt




Rust O 21 {x:EIEIEE S

+ Rust: BELANIVIREICESERTEHEREE
» HFH xor AIZE., 7V EAFEEHEWN - XEY - ALY REE

+ UTD2Oh#0D#H
> SERFIFAEELN AT LA
- HHITEBIC O WA ERELE 1B
» SFEFELERETE Nz safe Rust API
- unsafe EEZ@YIch 7V, BEICK>TIEIREBRIZHES
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Rust OR2EFERIFENS S

+ BIZXFL - APl TENRETNRSBEDO G

() 50pen + 24 Closed Author ~ Label ~ Projects ~ Mil

(© alias bound candidates for opaques allow cyclic reasoning = A-impl-trait ~ A-typesystem C-bug

F-type_alias_impl_trait m requires-nightly T-compiler T-types
#109387 opened on Mar 20, 2023 by lcnr

(O HRTB on subtrait unsoundly provides HTRB on supertrait with weaker implied bounds

A-lifetimes  A-traits A-typesystem C-bug m - SRR EERESS  T-compiler T-types
#84591 opened on Apr 27, 2021 by steffahn

O Functions, closures, and HRTB-trait-objects can implement traits such that validity of
associated types is never checked. A-associated-items  A-closures ~A-dst ~ A-lifetimes = A-traits

A-typesystem C-bug m- SEGIG R EERES S T-compiler T-types

#84533 opened on Apr 25, 2021 by steffahn

(© 'static closures/FnDefs/futures with non-'static return type are unsound ' A-associated-items

A-async-await A-closures A-lifetimes A-traits A-typesystem AsyncAwait-Triaged C-bug

m- SRR EERESS  T-compiler  T-lang  T-types

#84366 opened on Apr 20, 2021 by steffahn

© Implied bounds on nested references + variance = soundness hole A-typesystem  A-variance

C-bug m- S-bug-has-test BRE1Y 15

#25860 opened on May 29, 2015 by aturon

RUSTSEG

The Rust Security Advisory Database

(> 10pen v 42 Closed Author ~ Label ~ Projects ~ Mile

© thread::park causes undefined behaviour on panic ' A-atomic I-unsound JO-F T
T-libs T-libs-api
#102398 by joboet was closed on Oct 11, 2022

& #95295 causes unsoundness in multiple existing crates m

CUCESLGRIGINES ENERGRIES  T-compiler  T-libs-api

#101899 by LegionMammal978 was closed on Nov 10, 2022 CP 1.65.0

© Missing A: Sync bound for Allocator for vec::IntoIter A-allocators C-bug

G T-libs-api

#92633 by steffahn was closed on Jan 15, 2022

© iter::Fuse is unsound with how specialization currently behaves around HRTB fn
pointers A-iterators A-lifetimes A-specialization A-traits A-typesystem C-bug m

- T-compiler T-lang T-libs T-libs-api

#85863 by steffahn was closed on Jul 15, 2021

(® A Pin unsoundness involving an impl DerefMut for Pin<&dyn LocalTrait> A-pin

C-bug m- SRR EERES S T-compiler  T-lang  T-libs-api T-types

#85099 opened on May 9, 2021 by steffahn
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https://github.com/rust-lang/rust/issues?q=label:I-unsound+label:t-libs-api
https://github.com/rust-lang/rust/issues?q=label:I-unsound+label:t-libs-api
https://rustsec.org/
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+ Rust OZ£4FRiElIEETHIEHRBZRDTSERA L 72 LY
> 1FICEID Rust APl Z# HAE DB EZIC—RICEDRD?

+ SIS(ICEHEAZEY 25— / IhRAEEIC L e Ly

» UL Rust APl Z EINd 3 & =lC, SIRAEAEZPDHEX I,
Z®D APl [CDWTODMRIETNILFLD LS ICLTzL
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RustBelt - [Jung+ '18]

+ Rust OZ2MHZ 2 EERIE Iris THRIE. Coq THEML

> Rust OFTEER - BFIFHIBRIC Iris ETEMER (GRIERR)
- EYa2T— /HERFALREERA. Mutex - Arc ED Rust APl & 1/(—

» IEGHEB 21 759 1L%E — Rust D6 SRMEBINE THRIA

® .

I'(S
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Sksmicdk d Rust D2 1%REA

+ Rust OFFBIEBICH BERIBDMEDEKFEZS5 A5
» BUIR(FHIBRIE D EEERIBEDOR—7 =D& UTEIR, &R
- FEFRRUEWESR (Z2%) 2E2KiwEICLTUER S
» BN TETERTFEL [Wright & Felleisen '94] & D Z# &
- ETOERIFBXHICEN DN G L TEDRL
[Treiv.T] = {[T]} e {Av.[T]} [v:T] & k[T](v)

lint|(v) = veZ [Box<T>|(r) = 3V.r >V * free r = > |T](V)
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RIERE 51791 LRE

+ BHZSEEGRIE Iris THRIEL. Y 12 57—LEiEZ=ER
> BOATIAML o DIREEZE M—0 YV oy To TEIE

» JIUER & P : SAT754L o DB E&ETHanRB P: iProp Z{EH
- AZIRERE > P| EAIRDEEMTIREE. Later > DOfHERE
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[&omut T](r) = & > (3V. r—= V= [T](V))

+ /\ﬁ%ﬂﬁ waﬁ:kknt %

[& Mutex<T>[(r) = 3o 2
& >(r|—>true V (eralse * |[& mut T]](r+1)))
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RustBelt Coq / lambda-rust

0O + @ Iris / lambda-rust

D 39 1
L lambda-rust & A~  suUnstar 3 % Fork 10 ¢

Q_ Search or go to...

Project ¥ master v lambda-rust /| <+ v History Find file Edit v Project information

The Coq development of LambdaRust

I L lambda-rust -
- ]

(75, Merge branch 'ci/lennard/refinedrust' into '... e
i - % 72alc9c3d [
X Pinned W Ralf Jung authored 1 week ago o &
-0- 1,260 Commits
Issues 3
¥ 37 Branches
Merge requests 5 Name Last commit Last update
¢ 3 Tags
Manage > -
88 g £ lambda-rust Bump std++ (length_X). 3 weeks ago ) 516.9 MiB Project Storage
= Plan ’ £ lifetime Add lemmas used by R... 1 week ago 47 1Release
</> Code > o
| ¢ .gitattributes Coq syntax. 4 years ago 3 README
%7 Build >
¢ .gitignore update build system 3 years ago ats BSD 3-Clause "New" or "Revised"
) O Secure > License
. & Deploy ; & .gitlab-ci.yml publish lifetime logic de... 6 months ago 77 CI/CD configuration
@ Operate 5 8% LICENSE fix trailing empty line 4 years ago + Add CHANGELOG
. + Add CONTRIBUTING
(2] Monitor > 5 Makefile update build system 3 years ago
+ Add Kubernetes cluster
Settings > i -
_' e g 5 Makefile.coq.lo... avoid deprecated fgrep 1year ago + Add Wik
M+ Missing.md Mutex might become c... 2 years ago + Configure Integrations
m+ README.md update to Coq 8.18 1 months ago Created on
. . . . May 04, 2016
@’Help 5 _CogProject split the lifetime logic in... 6 months ago
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https://gitlab.mpi-sws.org/iris/lambda-rust
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+ RustBelt x 55 X¥EY [Dang+ '20]

» RustBelt Z#iik. RC11 XEYETFILTOLZEE%Z {REE
> Arc 1477 YDELUWREI/I\Y ZHEA (Issue #51780)

+ RustHornBelt [#2TF+ ’22] — %&b

+ RefinedRust [Gaher+ '24]
» RustBelt Z&iB! ¢BHEI{L. RefinedC [Sammler+ '21] hB’"R—X
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https://github.com/rust-lang/rust/issues/51780
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+ Rust 707 5L DEMEDIEL & ZFREEL = LY
» Rust DFFEEE AT LLEITTIXEOAB X TIFRIETE LY
» FREEDBHRZFIIHLTELARNIVIC » EY 2T —ITHRIEL Tz LY

.l® QED
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+ Rust OFFE1EZE>THEH#BICIEET 5
> XTEVUDHEWAT—MLAGETIV RPN ZER

e
Rust 70754 =p BEHEB7O5L

ey T —
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+ ERERORRIEEZTFIDSEHL L
> AESRICLIEHOBRE/EEICESERS?

[E]1E =
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=R D o:1
FHinE o) ES51RZ37?
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7177 ¥™E by RustHorn #A R+ 20/°21]

+ BEHOFRZRGERDIEZ "F8S1 [Abadi & Lamport '88]
» GRAMRBEICTES V 215, {5 ESHEBTHE
» ARSI BIERNIFICTES ZHERE

'AV’VA ?&7 @ {[E » \\; err

PO NN

let @ = rand ():

B, -~
......................... e..MH.
:assume (9 = %)

11N\
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RustHorn Z2x\OA= D7

+ BRANOKRRGREVBEETEARICETIVIETES
> fEFADMSRFES OBINBERTETIETES
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. L 4
P *

1§U {true} fn push(v : &mut Vec<T>, a: T) { AV = %V ++ [a] }

S W
{ 1<V.len }

i) fn index mut(v : &mut Vec<T>, i : uint) —> &mut T
{*res = *xv[1i] A v = *v{i«—"res}}
e HE $——— I\ TEE ZHDRIER
get V set <7

- >
L4 “
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+ RustHorn [#2TF+°’20/°21] — £ HEM&EEE @

» Rust —KZFEE T CHC (F"BIEfGZmEBER) (CEH - #REE
- BICBRNTT—7E8AED cEBaWWI. CHC OfFICHEE [V.K+ '22]

+ Creusot [Denis+ '22] — FEHEINRE IS
> ER{TE Rust A—FZFEE TEH UL Why3 THREE

‘ - 9 A RRRRRR
u S I a a + n uuuuuuuuuuuuuu
[#requires ..] Synthes gggggggggggggggggggggg
# ] ] front . pretty
Lne::?‘;gz(x: Tyn) => T > end > S)g:\thiﬁsels > printer »fn target(x: T
I s ‘\ {{{{{{{{{{{{{{
— — A
> %E = ("— CJ: %1.-]:&75\ H I {USt :I 3 I\ % ] Ez O Te) o T

124


https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/hopv/rust-horn
https://github.com/creusot-rs/creusot/blob/master/static/marteau.jpg
https://dl.acm.org/doi/pdf/10.1145/3591278

RustHorn OFEEDF%(S (EF & JEEHRA

+ EROHY. BfERA. SROXRAMDH->THEARICEE
> AESEIBEDEN T TE—ROEEL LTRZS

+ ES5VPHTIEEEZEEEAT 5 ?
> FHEEXZXRKEDEARKRTIEHOEEF VO DITFESNS?

> AIZESBADAZESRICEHEESNDEEHEFNS ?
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RustHornBelt - [#A T+ °22]

+ RustHorn OFESDFEDIEL S Z Iris & Coq TIHRELE
» RustBelt [Jung+ 18] ZihiR. B2OEKFE TEDBHREHD

> FTAEEICK DERSNIAESHEEBEETILOIESEZ A
- EYa1T— /HERFTREAREERA. Vec - IterMut % Rust APl % 71/\—

> IERIEM /NS XMNY Y IVIEE — DEtmELTORESORA
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RustHorn OfsxUt BRI A 7L

+ Rust OEFFFIRTICEZBEIRZINZS
> BIEIRICH & D < RustHorn OEKEEFILOEHE BRICKR

RggEsli T F el v. T v ¢
Rust DB FHINT  BOMSEM LR
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* 0

sEZRF ¢ ([T > Prop) — ([T] - pmp)

SREMH ENTES
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SRRDIE BEFPITF7

+ BOEKBITEICOWTDING A=Y ZINZS
> BUHIRYIMTTEICDWTODER] - BRFEEZF v Y
[Treiv.T ~ ¢ £ V.
{3ast.dya [T](@)} e {Av.Tbst. ¢b. [T'](b)}

lint|(n,n") = n' =n

[Box<T>|(r,a) = 3V.r >V * free r = >|T[(V, a)



ERIRER INOXBMYYIHEE

+ FESICOWTOLOEEM 7: PrAsn O LTINS X1t

> T (FEFESZTHNANDIEDEEY PrAsn = VA. PrVary, — A
- BHTEFKNClairA £ PFAsn - A D a O F 4L FEZ S

, EEER (¢): TSRUKL 7 T o1 BRI . KEM
T = dx.|x|4 x|, = <An.nx = 0)

<q§> 1S persistent <q§> = Hn.qgn

119
124



SFRRDILE FRESXIGHR

+ [EZEHREFFICBD
» EAI - SRFHEFESHEOHRICANS
[Tre 1 v.T ~» ¢] £ V.
{35 st. (Ar.¢ (fn) (&) [T](3) } e {Av. 3b s.t. (A (f n) (b ). [T'](B) }
lint](n, 7)) % A’ = constn

[Box<T>|(r,a) = 3AV.r—> V x free r = > |T[|(V, a)
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Rust OrRIZEZS BRSNS

+ SA47591LHEDTIVERZFIA
> SBT3 HEHZR 5B

[& mut Tl|(r,p) = 3Jd,xs.t.p=Ax.(ax mx).
VO, (a) * & »(3d,V. r— v * [T][(V,d") * PCx(d"))
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* L4
* *

.
.
u
L]
| ]
| ]

VO,(4) * PC,(d') = d=d  VO,(d) * PCy(d) = VO.(d") * PCy(d") |
E VO, (a) * PCy(a) = (An. mx=a) * VO.(a) :

- .
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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+ Liveness #&iEH U 7z
» i1 Nola [IAT &%’ 24] TR % Later-free ICEIN{b. PIBEIC

+ IHSED Rust 7O 5 L0%H > EMREEL =L

» RustHornBelt T® unsafe G FEDIRIEIFIEL NIV TKE

» unsafe GTHFICODOVWTHEIANIVGIRIENTES ?
- Rust #3258 Verus [Lattuada+ '23] [d8AFk. FBEX ANDFHEZH
- ESWSHEFRRAINMEN SN ERAEIN LT E
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