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Recap - Racy vs Race-free

Racy

“Two concurrent processes attempt to access the same portion of state at the same time”

Bi=g4& | B =EX2

Sequentially equivalent but distinguished by concurrency
r=z+l;xz:=x+1and z:=x + 2

Cautious or daring
Ownership and Separation



Recap - Separation Logic

s,heP State s, heap h

- P*xQ Meaning one part of the heap makes P hold, and another
makes Q hold
- emp Heap is empty

- a~b Address a owns value b



Process Interaction



Process Interaction

- GQrammar

C r:=F|z:=[E||[E]:=F |z:=cons(F,...,FE,) | dispose(FE)
skip | C;C | if B then C else C | while B do C

with r when B do (' endwith

- “Resource” Nomenclature
mnat;
resource 7 (variable list), ..., r,, (variable list)

Cill--- I Cn



Process Interaction - Example

Producer-Consumer relation

full == false;

resource buf(c, full)

producem;
put(m);

get(n);
CONSUMEN;

put(m)

get(n)

with buf when —full do
c :=m; full := true
endwith

with buf when full do
n := c; full .= false
endwith;



Process Interaction - (Super) Semaphores

Semaphores

= withswhens>0dos:=s—1endwith
V(s) = with s when truedo s:= s+ 1 endwith.

Super Semaphores
P'(s)
V/(s)

with s when s > 0 do auxiliary assignments; s := s — 1 endwith
with s when true do auxiliary assignments; s := s + 1 endwith.



Process Interaction - Extra Requirements

Syntactic Restrictions

1. Avariable belongs to at most one resource

2. Ifvariable x belongs to resource r, it cannot appear in a parallel
process except in a critical region for r

3. Ifvariable x is changed in one process, it cannot appear in another
unless it belongs to a resource

Do not avoid interference with pointers
- Aliases

] :=3 || [y] := 4
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Proof Rules

- We want to reason about a program

T anat;
resource 7 (variable list), ..., r,,, (variable list)
Al | Cn

- Resource Invariant R/ for every resource r.
- Rl must satisfy that any x := ... thatis free in RI_must occur in the

critical region for r,
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Proof Rules

- Resource Rule

{P}init{ RI, *--- % RL, x P’} {P}Cy | --- || Ca{@}
{P}
1nat;
resource 7 (variable list), ..., 7, (variable list)
Cpll -l Cn

{RIL. % ---% RL, %@}
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Proof Rules

- Parallel Composition

{PI}CI {Ql} {Pn}cn {Qn}
{Pr*- %P} Cr || - || Cu{Q1 %+ * Qn}

Where no free variable in P.or Q. is changed in Cjwhenj =i
- Critical Regions

{(P*RI;)AB}C{Q = RI} No other process modifies
{P}with r when B do C endwith {Q} variables free in P or )

14



Proof Rules

- Assignment Deletion

{P}prog' {Q}
{P}prog{Q}
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Semaphore Example

- Annotated Code

{omp} {omp)}
P(free); P(busy);
{10 — -} {10 — -}
[10] := m; | i =10}
{10 — —} {10 — —}
V(busy); V(free);

{emp} {emp}
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Semaphore Example

- Semaphore Invariant

RI, = (s=0Aemp)V(s=1A10+ ).

- Semaphore Proof Rules
{(A*RI))ANs>0}s:=s—1{A"*x RI,}
{A}P(s){A"}
{AxRI,} s:=s+1{A"xRI,)}
{A}v(s){A}
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Semaphore Example

- Obtaining {emp}P(free){10 — —}

{(emp * ((free = 0 A emp) V (free =1 A 10 — —))) A free > 0}
{free=1A10— -}

free := free — 1

{free=0A10 — —}

{10 — — % (free =0 A emp)}

{10 — — * ((free =0Aemp) V (free=1A10— -))}
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Semaphore Example

- Obtaining V(free) The Other Way Around

{10 — — x ((free=0Aemp) V (free=1A10 — —))}
{10 — — % (free = 0 A emp) }

free := free+ 1

{10 — — x (free=1 A emp)}

{emp * (free=1A10+— )}

{emp * ((free =0 Aemp) V (free=1A10+— —))}
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Semaphore Example

{10 — -}

Jree := 1, busy := 0;

{(free =1 A 10+ ) * (busy = 0 A emp)}
{RIjree ¥ Rlpysy * emp * emp}

resource free(free), busy(busy);

{emp * emp} -

{enp) {enp)

while true do while true do
{emp A true} {emp A true}
{emp} {emp}
produce m P(busy);
{emp} {10 — -}
P(free); n := [10];
{10~ -} {10~ -}
[10] := m; | V(free);
{10~ ) fenp}
V(busy); consume n
{emp} {emp}

{emp A —true} {emp A —true}

{false} {false}

{false x false}
{RIjme * RIpysy * false}
{false}



Thank you for
[istening

Are there any questions
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