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Tons of prior program logics

m CSL [O'HO7] m CaReSL [TDB13]
m RGSep [VPO7] m SCSL [LWN13]

m SAGL [FFS07] m HoCAP [SBP13]
m LRG [Fen09] m iCAP [SB14]

m CAP [DY+10] m FCSL [Nan+14]

m HLRG [Fu+10] m TaDA [dDYG14]



Yet another concurrency logic

Iris addresses two problems

m Simplifying the foundations of concurrent
reasoning

m Supporting a logical notion of atomicity
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All you need are two simple primitives:
m Monoids to express protocols.
m Invariants to enforce protocols.




Protocols =
Monoids + Invariants



A simple example

fn inc2(x) {
do {
v = Ix;

b = cas(x, v,v + 2);
} while (not b);
}



A simple example

fn inc2(x) {
do {
v =Ix; A/[Setxfrom v to v+2]
b = cas(x, v,v + 2);
} while (not b);
}




A simple example

fn inc2(x) {
do {
v =Ix; (Repeat until cas succeeds]
b = cas(x, v,:_JFQ)/
} while (not b);

}




Invariants

“x points to an even number”

fn inc2(x) {
do {
v = Ix;
b = cas(x, v,v + 2);
} while (not b);
}



Invariants

“x points to an even number”: R = Ji. x i * ev(i)

fn inc2(x) {
do {
v = Ix;
b = cas(x, v,v + 2);
} while (not b);
}



Invariants

“x points to an even number”: R = Ji. x > i * ev(i)

fn inc2(x) {

V‘igx;/_[Before cas: J
b = cas(x, v, v +2); Obtain invariant

} while (not b);
}




Invariants

“x points to an even number”: R = Ji. x > i * ev(i)

fn inc2(x) {
do { Before cas:
Obtain invariant

v = Ix;
b = cas(x, v, v + 2); {After cas: ]

}w?nh(nobb);\ Re-establish invariant

}




Invariants

“x points to an even number”: R = Ji. x i * ev(i)

fn inc2(x) {

do {

v =Ix; {R* P} e{RxQ}

b = cas(x, v, v + 2); e atomic cf. CSL
} while (not b); [Rl - {P} e {Q} [0"HO7]

}



Invariants

“x points to an even number”: R = Ji. x > i * ev(i)

fn inc2(x) {
do {

v = lx;

{RxP}e{R+Q}
b = cas(x, v, v +2): e atomic ﬁg%]
} while (not b); [R] - {P} e {Q}

}




Invariants

“x points to an even number”: R = Ji. x > i * ev(i)

fn inc2(x) {
do {

v = Ix:

{RxP}e{RxQ}
b = cas(x, v, v +2): e atomic ﬁg%]
} while (not b); Rl - {R}e{Q}

} [Resou rces carried in]




Invariants

“x points to an even number”: R = Ji. x > i * ev(i)

fn inc2(x) {
do {

v = Ix:

{RxP}e{RxQ}
b = cas(x, v, v +2): e atomic ﬁg%]
} while (not b); Rl - {P} e {Q}

} [ Resources carried out]




Invariants

“x points to an even number”: R = Ji. x > i * ev(i)

fn inc2(x) {
do {

v = Ix:

{R*P}e{R*Q}
e atomic f CSL

b = cas(x, v, v + 2); H07]
} while (not b); Rl - {P}e {Q}

} [Avoid interference]




Invariants are not enough

“x points to a monotonically increasing even number”

fn inc2(x) {
do {
v = Ix;
b = cas(x,v,v + 2);
} while (not b);
}



STS Example

fn inc2(x) {
do {
v = Ix;

b = cas(x, v, v + 2);

} while (not b);
}

(2)lom(s)e



STS Example

o(c) = x i
fn inc2(x) {
do {
v = Ix;

b = cas(x, v, v + 2);
} while (not b);
}

(2)lom(s)e



STS Example

{iz i} ple) Sx i
fn inc2(x) {
do {
v = lx;

b = cas(x, v, v + 2);
} while (not b);



STS Example

b = cas(x, v, v+ 2);
} while (not b);

o(c) = x i

Current state: ¢; ]




STS Example

b = cas(x, v, v+ 2);
} while (not b);

o(c) = x i

Current state: ¢,
SO X — J




STS Example

Ed oa) 2 xmr
fn inc2(x) {
do {
v = lx;

b= cas(x,v.v+2); |Updatestate to G2 |
} while (not b);

{= gl




STS Example

fn inc2(x) {
do {
v = lx;
Qﬂv, v+ 2);

} while (not b);

o(c) = x i

Update state to ¢jo,
show: x +— j + 2




STS Example

{iz i} ple) Sx i
fn inc2(x) {
do {
v = lx;




STS Example

£ s
fn inc2(x) {
do {
v = Ix;

b = cas(x,v,v+2); |Obtaini> ¢! ]

} while (not b); ________
t
{Z g




STS Example

Ve {e¢ =" cxp(c)* P} e{v.3c. c =" ' x p(c) x Q}

{2l olc) 2 x i
fn inc2(x) {
do {
v = Ix;

b = cas(x, v, v +2);
} while (not b);

(Der () v



All you need are two simple primitives:
m Invariants
m Partial commutative monoids
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Logical (“ghost™) resources

Partial commutative monoid (PCM)

m Set M (carrier)
m An operation - on M (associative, commutative)

m A unit € ("empty")
m A zero | (“bottom”, “undefined”)
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Logical (“ghost™) resources

Partial commutative monoid (PCM)

m Set M (carrier)
m An operation - on M (associative, commutative)

m A unit € ("empty")
m A zero | (“bottom”, “undefined”)

Resource a € M: Logical assertion iai (“own a")
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Logical (“ghost™) resources

Partial commutative monoid (PCM)

m Set M (carrier)
m An operation - on M (associative, commutative)

m A unit € ("empty")
m A zero | (“bottom”, “undefined”)

Resource a € M: Logical assertion iai (“own a")

a-b=c

= J_ = False
i3 x b < ici

11



STS monoid: Intuition

(o) ®
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STS monoid: Intuition

O 20k
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STS monoid:

Intuition
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STS monoid:

Intuition
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STS monoid:

Intuition
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STS monoid:

Intuition
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STS monoid:

Intuition
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STS monoid: Formal definition

M = }u

| }

(2){){e)®
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STS monoid: Formal definition

M= {Currc|ceS} U

| |

(2){){e)®
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STS monoid: Formal definition

M= {Currc|ceS} U

{POSSB BCS/\B#@/\}

(2){){e)®
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STS monoid: Formal definition

M= {Currc|ceS} U

BCSAB#@A}

Poss B
B closed under —

(2){){e)®
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STS monoid: Formal definition

M= {Currc|ceS} U

BCSAB#@A}

Poss B
B closed under —

N -

Poss B; - Poss B, = Poss (By N By)

OOz OF
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STS monoid: Formal definition

M= {Currc|ceS} U

BCSAB#DAN
B closed under —

{Poss B

Poss B; - Poss B, = Poss (By N By)
Poss B - Curr ¢ =2 Curr ¢ if c € B
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STS monoid: Formal definition

M= {Currc|ceS} U

BCSAB#DAN
B closed under —

{Poss B

Poss B; - Poss B, = Poss (By N By)
Poss B - Curr ¢ =2 Curr ¢ if c € B

A
Currc;-Currco = L

OOz OF
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STS invariant
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STS invariant

Interaction of monoids and invariants

m Monoids serve to express protocols.

m Invariants serve to enforce protocols on shared
state.
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STS invariant

(Current state of STSJ

Interaction of monoids and invariants

m Monoids serve to express protocols.

m Invariants serve to enforce protocols on shared
state.
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STS invariant

ya

(STS interpretation]

Interaction of monoids and invariants

m Monoids serve to express protocols.

m Invariants serve to enforce protocols on shared
state.
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STS reasoning

fn inc2(x) {
do {
v =Ix;
b = cas(x, v, v + 2);
} while (not b);

{i 2 ciual}



STS reasoning

B:2{ceS|j>i} R=3c.iCurrcixxri

fn inc2(x) {
do {
v = lx;
b = cas(x, v, v + 2);
} while (not b);

E ﬁ@+ @«



STS reasoning
B2{geS|j>i}

{iPoss B
fn inc2(x) { Obtain R: _ y __
do { iPoss Byt x {Curr gix x > j
v = lx;
47
b = cas(x, v, v + 2);

} while (not b);



STS reasoning

fn inc2(x) {
do {
v = lx;
47
b = cas(x, v, v + 2);
} while (not b);

Remember

Poss B; - Curr ¢; = Curr ¢
if G € B,'




STS reasoning

fn inc2(x) {
do {
v =lx;
= cas(x, v, v + 2);
} while (not b);

¢ € B; *-Curr *X'—>_j

Remember

Poss B; - Curr ¢; = Curr
if ;€ B;




STS reasoning

Bi£{ceS|j>i} R=3c.iCurrcixxri

{iPoss Bi}
fn inc2(x) { S0 we hfi‘_’?___
do{ _j>l>|<-(_:_l,|_r_r__J>l<X'—>j

V:IX,
—

bh | caS(>t< bv vE+2)i o B, - Curr ¢ & Curr ¢ e
} while (not b); if ¢; € B;

} G
{iPoss B}



STS reasoning







STS reasoning

Bi£{ceS|j>i} R=3c.iCurrcixxri




STS reasoning

Bi&{ceS|j>i R £ 3¢ iCurr ¢ji  x — i
_/ 1,

iCurr Gyatk X = j 12,




STS reasoning

Bi£{ceS|j>i} R=3c.iCurrcixxri

} while (not b);

} Poss Bii» - Curr ¢ji2

{iPoss Bi.,i} 2 Curr g1
if ¢i12 € Biyo

A~
-



Frame-preserving ghost update
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Frame-preserving ghost update

3=
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Frame-preserving ghost update

3=

Us vs. the world

We always have a # ar (for some frame)

where a # af = a-af # L
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Frame-preserving ghost update

3=

Us vs. the world

We always have a # ar (for some frame)

So if we can show b # ar

where a # af = a-af # L
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Frame-preserving ghost update

3=

Us vs. the world

We always have a #

ar (for some frame)
So if we can show b #

af

We obtain Ia = Lb.

where a # af = a-af # L

17



Frame-preserving ghost update

. b
Var-a# a=b# A ¢ \iews [DY-13]
i = ib

Us vs. the world
We always have a #

So if we can show b #

ar (for some frame)
ar

We obtain Ia = Lb.

where a # af = a-af # L
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Frame-preserving ghost update

17



Frame-preserving ghost update

17



Frame-preserving ghost update

Us vs. the world

We have Currc # ar
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Frame-preserving ghost update

Us vs. the world
We have Currc # 7

Remember

A
Curr g -Currco = L




Frame-preserving ghost update

Us vs. the world
We have Curr ¢ # Poss B

Remember

A .
Poss B - Curr ¢ = Curr ¢




Frame-preserving ghost update

Us vs. the world
We have Currc # Poss B, ce B

Remember

A A
Poss B - Curr ¢ = Curr ¢
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Frame-preserving ghost update

Us vs. the world
We have Currc # Poss B, ce B
Show Currc # Poss B: ¢/ € B

Remember

Poss B-Curr c 2 Currc ifce B

|I>
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Frame-preserving ghost update

Us vs. the world
We have Currc # Poss B, ce B
Show Currc # Poss B: ¢/ € B

Remember

M2 {Currc|ceS}U
BQSAB#@A}

Poss B
B closed under —
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Frame-preserving ghost update

Us vs. the world

We have Currc # Poss B, ce B
Show Curr ¢’ # Poss B: c’ €B

17



Summary: Rules for PCMs and invariants

{R+ P} e{R* Q}

e atomic

[Rl - {P} e {Q)

a-b=c

FRepNe

Var. a # ar = b # ar

By

L — False

18
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