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2|(Separation logic) 274
H~(Prophecy variables) 271
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(Az.e)v — e[v/z] (beta reduction)
(I)_'l O-I g Ql if true then e; else e — e; (if-true)
if false then e; else e; — e, (if-false)

71 (v1,v2) — v1 (proj-fst)

7 (v1,v2) — v2 (proj-snd)

Ty + Mg — Ny + g

Expressions e:x=2x |v| Ax.e|ejey
| if e then e; else ey ny = ng ny # g
lertex|er==er|er <e n] == ng — true Ny == Ny — false
| (e1,€2) | me | me ny < na nig > N
Values v = Az.e | n | true | false | (vy,vs) R < Tig — true Ty < 7y — false

https://tchajed.github.io/sys-verif-fa25/notes/hoare.html#syntax

2Lt A4 (lambda calculus) + =2[21 Xtz (boolean value) + & (pair)



https://tchajed.github.io/sys-verif-fa25/notes/hoare.html#syntax

201 =2|(Hoare logic)2t S0 &< (Hoare triple)
{P} e {Av.Q(V)}

SRS

9

 P7H MRS Mo T2 o7} BIOk 2t V2 RIS AL, Q(v)7}

od=
M7 P(precondtion)2t 71 Q(postcondition)
- S0 AIEY2 =23 9| HAM|(specification)

ol= 0131 L2 AS = US



{P(V)} v {A\w.P(w)} (value)
- {false=false} false {Aw.w = false}

el—e2, {P}e2 {Aw.Q(w)} + {P} el {Aw.Q(w)} (pure step)

P'=P, (vv. Q(v) = Q’(v)), {P} e {Aw.Q(w)}  {P’} e {AW.Q’(W)} (consequence)
{P} e {Av.Q(V)}, (vv{Q(v)} K[v] {Aw.R(w)})  {P} K[e] {Aw.R(w)} (bind)
vxX{P(x)} e {Av.Q(Vv)} F {ax. P(x)} e {Av.Q(V)} (exists)



{n<264—1}

O:” Al = {True} @ consequence

bind + let m := min 07 in
spec-min
and = by, by. if by then b, else false pm-m =Dy AP < 0A Dy <n}
dd = Az, v. consequence L
ac ©Y- Ty — m+1<0}
min = Az,y.if ¢ < y then x else y
let y :=add m1in ond +
. spec-a
T db by Av.v=0b&Db
{True} an 12{'0'0 1 2} /{y:m—kl}

{n+m < 2%} add nm {Mv.v = n+m} Jalue y

{True} min nm {Mv.3(p: Z).v=pAp<nAp<m} Y=DPm +1Ap,+1< ]_}

consequence 3(p : Z) Yy = ﬁ /\p é ].)}




oo gt =57

Values v ::= Az.e | n | true | false | (vq,v2)

NVAR

Expressions e:=z|v | Ax.e|ejes
if e then e; else e,
e1t+es e ==es|e; <ey

(61,62) ‘7!'16 ‘ 9 €

alloc €1 | !61 ‘ €1 < €9
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M2 AZAIEY: b Vv
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- {XpVAYy,p WY «42{XpVAYyb42}
- olO]: y2h= QX[ H 422 ME

ook &= 2IX[Zh x@t y7F At 22 Z40|2tH
- xOf| Ch3t M740| OCHE SHN BEEE £ gl
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XBVAYyPWAXFYIY «—42{XpV Ay 42}
- EEhEl QIR|Z40] 1007H2HH?

Values v = Az.e | n | true | false | (v, vs)

AR

Expressions

ex=zx|v|Az.e|e e
| if e then e; else e
ler1+ex|er==ey|e; <ey
| (e1,€2) | e | me

\alloc el | !61 | €1 < €9




wol=e|e] =&

Propositions P:=|¢]||dz. P(x) | Vx.Q(z) | PV Q
| {— v | P*Q | emp

S Y

| ‘points-to’ v

SIx| 10] 2t v& XZEstl US
- P%Q

Separating conjunction, P ‘star’ Q

o22|e] AXIX| k= EE20|(disjoint) ZH2f P2 QE THEE
- emp

H22|7t [ U=S
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PxQFQ*P sep-comm
P*x(@Q*R)F(P*Q)*R sep-assoc
(z. P(x)) *Q - (Fz. P(z) * Q) sep-exists
{— v*x{l— wht False pointsto-sep
P+ P*emp sep-id
kd sep-pure
PFP*[¢]

P * [¢] F P sep-pure-weaken

QFQ
PxQF P*Q

sep-monotone




=20 =2|9| 22X si&

- XpVAYp WYy < 42{XpV AYL42}
- 30| =2|0i|M 2ot 22 S0 dFE2 JEsHK| E2
- x2hyehs HETE AR 22 fIXIE 72 = dRE i += | W0
- M2t ZRIEZL = AN E & S + s
- {Xpvkypwly < 42{xpVvkymr 42}
- HZ2o] 'EX[X] = BF=20l A xp» vty » WE NE &
- THC=HH x2y= MZ CHE fIXIZ0IEI= AHEE =58 = US
- U2t 20M x7t MESED Q= 72 BSHR] i =
{emp} alloc v {\w.3¢. [w = £] * £ — v} alloc-spec

{€ — v} L { w. [w=v]|*{f— v} load-spec

{€ — v} £+ v {A_.L+— v} store-spec
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Frame prOblem MA 9 languages v

Article Talk Read Edit View history Tools v

From Wikipedia, the free encyclopedia

In artificial intelligence, with implications for cognitive science, the frame problem describes an issue with using first-order logic to
express facts about a robot in the world. Representing the state of a robot with traditional first-order logic requires the use of many
axioms that simply imply that things in the environment do not change arbitrarily. For example, Hayes describes a "block world" with
rules about stacking blocks together. In a first-order logic system, additional axioms are required to make inferences about the
environment (for example, that a block cannot change position unless it is physically moved). The frame problem is the problem of
finding adequate collections of axioms for a viable description of a robot environment.!']
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Of| Al

{True}
let z := alloc 0 in
— Cown 1= {z — 0}
£— 0 _ _
{ % let z := alloc 0 in let Y= 3110(:12 in
f (f, £ ) let y := alloc 42 in {xf'(_) O;y 42
. E ' T,y
{)\_ £ } f(xay)a {xHﬁ*yn—)E}
assert (! x == y) assert (lz ==ly) ~»
assert (! z == 42) ~

{True} eown {)\_. True}

assert (42 == 42)
{z — 42xy — 42}
9
{True}




Iris project(2015)
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otEl Eel=elxA
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- =HAAE]L, 2EHA|, Rust 210{9| EfR oFH
- 10EFZF 1408 0|9 =& &E



O 21Xt #1a~(Prophecy variables)

. m2Io| 0|2 $ES L0lof MR =58 4 Qs B 24l
- O WSS vI=ste A
- =g[=g[0 =Y
- The Future is Ours: Prophecy Variables in Separation Logic (Jung et al. 2020)
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https://plv.mpi-sws.org/semantics-course/
lecturenotes.pdf

https://tichajed.qgithub.io/sys-verif-fa25/
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