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KaK orimcarb BblUNCTIEHNS

PopmanbHaga cneuyrkaums
CynepKoMnUAALINS
PaBeHCTBO
B3arM0o3aMeHAEMOCTb
3aBEPLLUAEMOCTb

Non-interference

Kak peasin3oBartb BblMNCIEHNS

Ykazarenu

while (true) {...}
Input/Output
goto/break/continue
Exceptions
MHOroNoOTO4YHOCTL

PacnpeneneHHble BblHMCIeHNS



A calculus

A. Church (1930s) Turing Machine
A. Turing (1936)

Simply typed A calculus
A. Church (1940)



Tuvnbl kKak MHOY)KecTBa



Datatype unit := tt.

unit £ { tt }

tt € unit



Datatype unit := tt.

unit £ { tt }

tt . unit



Datatype bool := true | false.

bool £ { true, false }

true : bool false : bool



Datatype nat :

nat £ { O, (O.

O : nat

0 |

1), (O.

.+1 of nat.




Function negate : bool -> bool :=
fun b => match b with
| true => false
| false => true
end.

X:A F e:B

funx=e: A—>B

f:A—=>B x:A
f(x): B




Datatype Record2 A B := {a : A; Db

Datatype Record3 A B C
{a : A;

o |
vy
Q

Record3 ABC <: Record2 AB

P<:P" e:PP—=Q" Q <Q

e:P—-Q



X:A t:A—=>B F e:B
(Rect:A—=>B:=funx=¢e):A—> B

Rec even : nat -> bool :=
fun n => match n with
| n’.+1 => negate (even n'’)
| 0 => true
end.



Rec even : nat -> bool :=
fun n => match n with
| n’.+1 => negate (even n'’)
| 0 => 0

end. /

Wrong type: bool expected, but nat found.‘




F = [l(b: bool). if b then nat else unit

Function foo : F :=

fun b => match b with
true => 0
false => tt

end



Checkpoint 1
Tunbl kKak MHO)XecTBa

* [lporpamMmMbl — 3HAYEHUSA, SNIEMEHTbI MHOXECTB;
 Well-typed program don’t go wrong (R. Milner);

e [UnNbl — cneummuKauns nporpamMmm;

 [TpoBepKa TUMNOB — BEPUMUKALING NPOTPAMM;

* MoaynbHOCTb MO NPUHUMMY MOACTAHOBKW: TUIT
r0orPamMmMbl HE3aBUCKIM OT KOHTEKCTa € MOVIMEHEHVIS.



A calculus
A. Church (1930s) Turing Machine
A. Turing (1936)
Simply typed A calculus

A. Church (1940) J Baiiztga(q 957

C
il D. Richie (1972)
R. Milner (1973)
C++
Haskell B. Stroustrup (1983) Java

S. Peyton-dones et al. (1990) J. Gosling (1995)



A calculus
A. Church (1930s) Turing Machine
A. Turing (1936)
Simply typed A calculus

A. Church (1940) J Baiiztga(q 957

C
ML D. Richie (1972)
R. Milner (1973)
C++
Haskell B. Stroustrup (1983) Java

S. Peyton-dones et al. (1990) J. Gosling (1995)



X = 0;

Function X non neg : bool
fun b => match b with
| true => x >= 0;
| false => x < 0;
end.

X = 1;
X non neg(true); // true

X = =-1;
X non neg(true); // false

-> bool



x = 0;

Function x non neg:|llb. if b then nat else unit):=

fun b => match b with
| true => if x >= 0 then 0 else tt;
| falge o To—SR-SS22S U
end.

X := 1;
X non neg(true); // 0 : nat

X = =-1;
X _non neg(true); // tt : unit



A calculus

A. Church (1930s) Turing Machine
A. Turing (1936)

Simply typed A calculus

A. Church (1940) J Baziﬁga(q 0579

Program Logics
R.W.Floyd, C.A.R. Hoare (1969)
ML D. Ri h'C 1972
A. Milner (1973) - Richie (1972)
C++

Haskell B. Stroustrup (1983)  jayva
S. Peyton-dones et al. (1990) J. Gosling (1995)



{Plc{Q}

/N

npenycroBme NOCTYCJIOBUE

So: P(sp) == 51 == gop==p  =—» 5, = Q(Sn)










tP1ciiQ)  {Q)ce{R)

{Plcyce{RY

(77?7} x =3 y:=x {x=3Ay =3}



(PrciiQ)p {Qjce iR

{Plcyce{RY

{3=3A3=3]

X = |
{x =3 A x=23} (Assign)

x-3
X =
3 Ay =3} (Assign)



P=P [P ciQ) Q =Q
{P1 c{Q]
{True} = {3=3A3=3}

(Conseq)



(Conseq)

P=P (P c(Q) Q=Q
{P} c{Q]
{True} x=3;y:=x {x=3Ay=23]



P=P [Pl c{Q] Q =Q
tP)ciQ]
P<:P" e:PP>Q Q' <:Q




vV a, b,

({x:a/\y:b}t::x; X :=V; y::t{x:b/\y:a})

[l(b: bool). if b then nat else unit



{invJab} c{l{inv)}
{lInv]} while b do ¢ {[Inv]A =b }

(While)

x: A lf:A—=B|l- e:B
(ReCf:A*B::funx=>e):




[ louemy Hoare Logic
He paboTaeT



int ival = 3;
int *x = ..
int *y = ..

we we

{X|—>—/\y|—>b} *X=&ival;{Xl—>3/\yl—>b}

YTO genartb, EC/M X U 'y YKa3bIBAKOT HA OOHO U TO XK€ 3HAYEHNE"?



int ival = 3;

int *x = ..;

int *y = ..;

{ X -Ay- D]

X = &lval;
{ X~ ival A
(X£YAYy»D)V(X=y Ay ival)l



int ival = 3;
int *x = ..;
int *y = ..;
int *z el

{XP-Ay~D}

X = &ival;

{ X~ ival A
(X£YAYy»D)V(X=y Ay ival)}




A calculus

A. Church (1930s) Rl?:ﬁnl\ga(ﬁg?;

Simply typed A calculus Fortran
A. Church (1940) J. Backus (1957)
Program Logics
R.W.Floyd, C.A.R. Hoare (1969)

ML . C
A. Milner (1973) D. Richie (1972)
C++
B. Stroustrup (1983) Java
Haskell J. Gosling (1995)

S. Peyton-Jones et al. (1990)

Separation Logic
J. Reynolds (2002)






X>-|ly-»b| =—>» |[X 3

y =D

{Xp-vwyrp b} **x=3; {X>3uvyrDb]

\ /

HeCBA3HOE O6be,D,MHeHM6 PETMNMOHOB MNaMATV







. .

thlh=xw»-} *x=¢; {res,h|h=x~e Ares =t}
(Write)




. .

ihlh=xrmv}*™ {res,h|h=x»VvAres=v}
(Read)




D | m—Pp | OG> @

{(hlh=ao} alloc(e); {res, h|h =res~ e}
(Alloc)

X - | = | O

{(h|h=xwr-} free(x); {res,h|h =2 Ares = tt}
(Free)




h, P(h) | = | h, Q(h)

{h | P(h)} c {res, h| Q(h)}
th[3hy, h=hywhoA P(h1)} ci{res, h|3ahy, h=hiuwhoA Q(hy)

(Frame)

hi, P(h1)] h2 | = |hy, Q(h41)] ho




h, P(h)

th[P(h)} rete;{res, h|P(h) Ares =g}

—_—

hs

~(h)

(

Return)



{h | P(h)} c1 {res, h | Q(res, h)}
{h | Q(x, h)} cz {res, h | R(res, h)}

th[P(h)} x « c1; cof{res, h|R(res, h)}

(Bind)

h, P(h) | = |h, Q(res, h)

h, Q(x, h) |—>|h, R(res, h)




{h | P(h)} c1 {res, h | Q(res, h)}
{h | Q(x, h)} cz {res, h | R(res, h)}

ih[P(h)} x « c1; cof{res, h|R(res, h)}

(Bind)

X & C1, Co2

h, P(h) | =" |h, R(res, h)




A calculus

A. Church (1930s) Rl?:ﬁnl\ga(ﬁg?;

Simply typed A calculus Fortran
A. Church (1940) J. Backus (1957)
Program Logics
R.W.Floyd, C.A.R. Hoare (1969)

ML . C
A. Milner (1973) D. Richie (1972)
C++
B. Stroustrup (1983) Java
Haskell J. Gosling (1995)

S. Peyton-Jones et al. (1990)

Separation Logic
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Facebook Infer
P.O’'Hearn et al. (2013)



SL Cneundmkauym Kak Tunbl

e [Tporpammbl — KOMOUHaLMM onepauuin C NaMATbIO;
e “Tunbl” — Npen-/MoCTyClIOBUS;
o [TpunHumn nooctaHoBkK (Frame rule);

o Well-typed programs don't go wrong.



Hoare/Separation Logic
_I_

Dependent lypes



Hoare lypes



A calculus

A. Church (1930s) Xu!:: ﬂ nl\ga(ﬁglgee)

Simply typed A calculus Fortran
A. Church (1940) J. Backus (1957)

Program Logics
R.W. Floyd, C.A.R. Hoare (1969)

ML C
A. Milner (1973) C++ D. Richie (1972)
B. Stroustrup (1983)
Haskell Java
S. Peyton-Jones et al. (1990) J. Gosling (1995)

Separation Logic
J. Reynolds (2002)

Hoare Type Theory
A. Nanevski (2006)

Facebook Infer
P.O’'Hearn et al. (2013)



v X1, Xo, ... { h | P(h, xi) } c {res, h | Q(res, h, xj) }

C:{X1, Xo, ...} HT (P, Q)

alloc:[1(A:Type) (v:A),
HT (fun h = h = @, 0

fun res h = h = res » V) res — vV




ViaHvnynaumm co
CBSA3HbIMI CrNCKaMU



h, Xxs = x :: xt

. S

p ptl r r+1l
X | rr "| *___ |O
%ﬁ

h’, xt

Fixpoint |1llist (p : ptr)(xs : list T) (h: heap)) :=

i1f Xs 1s X :: Xt then
3 r h',

h=pr~»rxuy (ptl » r) v h' AJllist r xt h'

else p = null AN h = O



Program Definition 1llist map f
:= Fix (fun lmap p =>
Do (i1f p == null
then return tt
else t & *p;
*p = £(t);
nxt <« *(p + 1);
lmap nxt)).



Definition llist map type (f : T -> S) :=
forall (p : ptr),
{xs : list T},
HT (fun h => 1llist p xs h,
fun (_ : unit) h =>
llist p (map £ xs) h).

Program Definition llist map £ : llist map type f
:= Fix (fun lmap p =>
Do (if p == null
then return tt
else t « *p;

*P = I(t);
nxt < *(p + 1);
lmap nxt)).

Proof. (6LOC) o0Qed.



Checkpoint 2:
3aBucnMble Tunbl onA
nporpamMmm ykasaTenamu

3aBUCKMbIE TUMbI OMCLIBAIOT COCTOSIHUE MaMSITU,

['loaBuia BbiBoga Hoare Types COOTBETCTBYIOT
[jokasare/ibcTBam B Separation Logic;

pOBepKa TUMNOB — BEePUDUKALIAS MPOrPaMM;

Well-typed programs don’t go wrong (again...).



VIHOrONOTOYHOCTB






/

\

Program Definition span (x : ptr) : bool =
i1f x == null then return false;
else
b <« CAS(x->m, 0, 1);
if b then
(r1,rr) « (span(x->1) || span(x->r));
if -r; then x->1 := null;

if -r, then x->r
return true;
else return false;

null;

{





















BepudMKaLmMsa span

Program Definition span (x : ptr) : bool = {
if x == null then return false;
else
b < CAS(x->m, 0, 1);
if b then
(ri,rr) ¢ (span(x->1) || span(x->r));
if -r; then x->1 := null;
if -r, then x->r := null;

return true;
else return false;

* | Bce AOCTMXKMMbIE BEPLUMHDBI rPada B UTOrE NMOMEYEHD!

* HuKakme "CTOPOHHKME MPOLECChl HE M3MEHSIOT rpad

* BbI30B 13 KOPHEBOW BEPLUMHbBI CAEAAH OAHMM " M3HAYAAbHBIM  MOTOKOM.



MoaAeAb paspeAsemMort MamMsaT

°
3y



MoaAeAb paspeAsemMort MamMsaT

"PukTmBHag namMsaTb
BCEX OCTaAbHbIX MOTOKOB

o 4

/

"DOukTMBHAA MNaMSaTb
KOHKPETHOro MOTOKa



PaB,A,e/\eH e QUKTMBHOM MaMsSTU

span(x)

span(x->1) span(x->r)




PaB,A,e/\eH e QUKTMBHOM MaMsSTU

S3

span(x)

{s1vs2}

span(x->1) span(x->r)

S| W S2




PaB,A,e/\eH e QUKTMBHOM MaMsSTU

S2 4 83

span(x)

{s1vs2}

{si}

span(x->1) span(x->r)

Y|

/

BepLuyHbl, ‘OTAAHHbIE span (x->1)




PaB,A,e/\eH e QUKTMBHOM MaMsSTU

S| 83

span(x)

{s1vs2}

{si}

span(x->1)

{s2}

span(x->r)

N\

BepLinHbl, 'OTAaHHbIE span (x->r)



Pa3AeAeHUE ¢

DUKTUBHOM MaMAaTU

span(x)
{sivs2}

{si}

span(x->1)

{z1}

{s2}

span(x->r)

{z2}




PaB,A,e/\eH e QUKTMBHOM MaMsSTU

span(x)

{s1vs2}

{si}

span(x->1)

{z1}

{s2}

span(x->r)

{z2}

{z1v 2z}

k\\\ span(x)

BepLunHbl, MOMeYeHHble span (X)




BepudMKaLmMsa span

Program Definition span (x : ptr) : bool = {
if x == null then return false;
else
b < CAS(x->m, 0, 1);
if b then
(ri,rr) ¢ (span(x->1) || span(x->r));
if -r; then x->1 := null;
if -r, then x->r := null;

return true;
else return false;

* Bce AOCTMXMMbIE BEPLLMHBI Fpada B UTOre NMoOMEYEHb!

* | H1Kakme “"CcToOpOHHKME™ Mpouecchl He M3MEHSIOT rpad

* BbI30B 13 KOPHEBOW BEPLUMHbBI CAEAAH OAHMM " M3HAYAAbHBIM  MOTOKOM.



Coraawenve |: nomeTka BEPLUMHDI

@



CoraalleHme |: momeTka BepLUMHDI




CoraalieHme 2: yaaneHne pebpa




Program Definition span (x : ptr) : bool = {
if x == null then return false;
else
b <~ CAS(x->m, 0, 1);
if b then
(r1,rr) ¢ (span(x->1) || span(x->r));
if -r; then x->1 := null;
if -r, then x->r := null;
return true;
else return false;



Program Definition span : span tp :=
ffix (fun (loop : span tp) (x : ptr) =>

Do (if x == null then ret false else
b <——(ﬁrymark x;)
if b then

X1 <-- read child x Left;
Xr <-- read child x Right;
rs <-- par (loop x1l) (loop xr);

(if ~~rs.l then(nullify x Left)else ret tt);;
(1f ~~rs.2 then (nullify x Right)else ret tt);;

ret true
else ret false)).




3aB/ICMbIE TUMbI
NJ19 MHOOMOTOYHOCTU



A calculus

A. Church (1930s) Xu!:: ﬂ nl\ga(ﬁggee)

Simply typed A calculus Fortran
A. Church (1940) J. Backus (1957)

Program Logics
R.W. Floyd, C.A.R. Hoare (1983)

ML C
A. Milner (1973) C++ D. Richie (1972)
B. Stroustrup (1983)
Haskell Java
S. Peyton-Jones et al. (1990) J. Gosling (1995)

Separation Logic
J. Reynolds (2002)

Hoare Type Theory
A. Nanevski (2006) Facebook Infer

P.O'Hearn et al. (2013)
Concurrent Hoare Type Theory

A. Nanevski, I. Sergey (2013-15)






[P} span(x) { Q |@RspanTree



span(x) : span tp (X, RSpanTree, P, Q)



Twun/Cneumdukaums

Program Definition sp : (span_tp):
ffix (fun (loop : (span_tp) (x : ptr) =>
Do (if x == null then ret false else
b <-- trymark x;
if b then

X1l <-- read child x Left;
Xr <-- read child x Right;
rs <-- par (loop x1) (loop xr);
(if ~~rs.l then nullify x Left else ret tt);;
(if ~~rs.2 then nullify x Right else ret tt);;
ret true

else ret false)).

Proof. (okoro 200 LOC) oQed.



CTapTOBasA BEPLUMHA

e

Definition span_tp (x : ptr) :=
{1 (gl : graph (joint 1))}, STsep [SpanTree]

(fun sl => 1 = sl A (X == null V x € dom (joint sl)),

fun (r : bool) s2 => exists g2 : graph (joint s2),
subgraph gl g2 A
if r then x != null A
exists (t : set ptr),
self s2 = self 1 v t A
tree g2 x t A
maximal g2 t A
front gl t (self s2 v other s2)
else (x == null V mark g2 x) A
self s2 = self 1i).



MPOTOKOA B3aMMOAEMNCTBIA

Definition span tp (X : ptr) := /

{1 (gl : graph (joint 1))}, STsep |[SpanTree]

(fun sl => 1 = sl A (X == null V X € dom (joint sl)),
fun (r : bool) s2 => exists g2 : graph (joint s2),
subgraph gl g2 A
if r then x != null A

exists (t : set ptr),
self s2 = self 1 v t A
tree g2 x t A
maximal g2 t A
front gl t (self s2 v other s2)
else (x == null V mark g2 x) A
self s2 = self 1i).



MpeAYCAOBME

Definition span tp (x : ptr) :=
{1 (gl : graph (joint 1))}, STsep [SpanTree]

(fun sl => 1 = sl A (X == null V x € dom (joint sl)))
fun (r : bool) s2 => exists g2 : graph (joint s2),
subgraph gl g2 A
if r then x != null A

exists (t : set ptr),
self s2 = self 1 v t A
tree g2 x t A
maximal g2 t A
front gl t (self s2 v other s2)
else (x == null V mark g2 x) A
self s2 = self 1i).



Definition span tp (x : ptr) :=
{1 (gl : graph (joint 1))}, STsep [SpanTree]

(fun sl => 1 = sl A (X == null V X € dom (joint sl)),
fun (r : bool) s2 => exists g2 : graph (joint s2),
subgraph gl g2 A
if r then x != null A

exists (t : set ptr),
self s2 = self 1 v t A
tree g2 x t A
maximal g2 t A
front gl t (self s2 v other s2)
else (x == null V mark g2 x) A
self s2 = self 1i).

/

MOCTYCAOBME



Definition span tp (x : ptr) :=
{1 (gl : graph (joint 1))}, STsep [SpanTree]

(fun sl => 1 = sl A kx == null V x € dom (joint sl)ﬂ,
fun (r : bool) s2 => exists g2 : graph (joint s2),
subgraph gl g2 A
if r then x != null A

exists (t : set ptr),
self s2 = self 1 v t A
tree g2 x t A
maximal g2 t A
front gl t (self s2 v other s2)
else (x == null V mark g2 x) A
self s2 = self 1i).



Definition span tp (x : ptr) :=
{1 (gl : graph (joint 1))}, STsep [SpanTree]

(fun sl => 1 = sl A (X == null V X € dom (joint sl)),
fun (r : bool) s2 => exists g2 : graph (joint s2),
subgraph gl g2 A
if r then x != null A

exists (t : set ptr),
self s2 = self 1 v t A
tree g2 x t A
maximal g2 t A
front gl t (self s2 v other s2)
else|(x == null V mark g2 x) A
self s2 = self 1i).




Definition span tp (x : ptr) :=
{1 (gl : graph (joint 1))}, STsep [SpanTree]

(fun sl => 1 = sl A (X == null V X € dom (joint sl)),
fun (r : bool) s2 => exists g2 : graph (joint s2),
subgraph gl g2 A
[if r then x != null |A

exists (t : set ptr),
self s2 = self 1 v t A
tree g2 x t A
maximal g2 t A
front gl t (self s2 v other s2)
else (x == null V mark g2 x) A
self s2 = self 1i).



Definition span tp (x : ptr) :=
{1 (gl : graph (joint 1))}, STsep [SpanTree]

(fun sl => 1 = sl A (X == null V X € dom (joint sl)),
fun (r : bool) s2 => exists g2 : graph (joint s2),
subgraph gl g2 A @
if r then x != null A
exists (t : set ptr),
self s2 = self 1 v t A
tree g2 x t A t:

maximal g2 t A

front gl t (self s2 v other s2) <::>

else (x == null V mark g2 x) A
self s2 = self 1i).



Definition span tp (x : ptr) :=
{1 (gl : graph (joint 1))}, STsep [SpanTree]

(fun sl => 1 = sl A (X == null V X € dom (joint sl)),
fun (r : bool) s2 => exists g2 : graph (joint s2),
subgraph gl g2 A Q
if r then x != null A
exists (t : set ptr),
self s2 = self 1 v t A t:

tree g2 x t A
|maximal g2 t|A
front gl t (self s2 v other s2) <::>

else (x == null V mark g2 x) A
self s2 = self 1i).



Definition span tp (X ptr
{1 (g1 graph (joint 1))

(fun sl => 1 sl A (X

)

}, STsep [SpanTree]

null V x € dom (joint sl)),

fun (r bool) s2 => exists g2 graph (joint s2),
subgraph gl g2 A @
if r then x != null A
exists (t set ptr),

self s2 = self 1 v t A
tree g2 x t A G
maximal g2 t A
[front gl t (self s2 v other 52)]

else (x == null V mark g2 x) A <::>

self s2 = self 1i).



Program Definition span (X : ptr) : bool = {

if x == null then return false;
else
b < CAS(x->m, 0, 1);
if b then
(ri,rr) ¢ (span(x->1) || span(x->r));
if -r; then x->1 := null;
if -r, then x->r := null;

return true;
else return false;

* Bce AOCTMXMMbIE BEPLLMHBI Fpada B UTOre NMoOMEYEHb!

* HuKakme "CTOPOHHKME MPOLECChl HE M3MEHSIOT rpad

* | BbI30OB 13 KOPHEBOW BEPLUIMHbBI CAEAAH OAHMM " M3HAYAAbHBIM  MOTOKOM.



Definition span tp (x : ptr) :=
{1 (gl : graph (joint 1))}, STsep [SpanTree]

(fun sl => 1 = sl A (X == null V X € dom (joint sl)),
fun (r : bool) s2 => exists g2 : graph (joint s2),
subgraph gl g2 A @

if r then x != null A
exists (t : set ptr),
self s2 self 1 v t A
tree g2 t A

\ ()
maximal g2 t A

[front gl t (self s2 v other 52)] <::>

else (x == null V mark g2 x) A
self s2 = self 1i).

[ IpeanoAaraeT sppekT
NapaAAEAbHbIX MOTOKOB



/13HaYaAbHO TOABKO | MOTOK

tree g2 a t A maximal g2 t A

CACACTBNA TTOCTYCAOBMA U

front gl t (self s2) A t = self s2 A
CBA3HOCTU rpada

is root a gl A subgraph gl g2

— spanning t gl




Checkpoint 3:
3aBuvcuMble TUMnbl OnA
MHOIrOMNOTOYHbIX NPOrpamMmm

Tunbl ONCLIBAIOT COCTOSHME PAa3aE6/1eHHOV MaMSITV;

TMbl TaKXKE OMUCLIBAKOT MPOTOKO/1 B3aMOOENCTBIIA;

[TpoBepkKa TUNoB (Bepudukaums) rapaHTUPYET, YTO

BCe MOTOKW cob/110Aar0T MPOTOKOJT I KOPPEKTHO AENAT
"MOUKTUBHYKO" MaMATb.




3aBUCKMbIE TUMb
019 pacnpeneneHHbIX BblYNCIEHNN



Two-Phase Commit Protocol

Phase One Phase Two



CocTosHus "KoopamnHartopa”

[ Clnit

lsPrep

[ CSendPrep x

li’Yes/rNo rYes/rNo

[ CWiaitPrepResp x
sCommit sCommit / \ sAbort sAbort

q CCommitx | | CAbortx
7

l rAckCommit erckAbOrt

rAckCommit
110qVYOV 4

CFCWaitCommitAck X J [ CAbortCommitAck




CocTtogaHna “YyactHmnka"

[ PRespYes x J[ PRespNo x J

}'
rCommit l 450/? erbort

| PCommitedx | | PAbortedx |




/I3MEHEHNSA B COCTOAHUN yYaCTHMKA

OTnpaBkKa COOOLLEHNS

Definition p_send_step (r: round) (ps: PState) (log: Log)
(commit: bool): round * PState * Log :=
| PGotReq x = if commit then (r, PRespYes x, log)
else (r, PRespNo x, log)
(¥ ... more cases depending on ps ... *)
end.

OJly4EHMNE COODLLEHNA

Definition p_recv_step (r: round) (ps: PState)
(log: Log) (tag: nat) (mbody: seq nat)
| PRespYes x = if tag == Commit
then (r + 1, PCommitted x, log ++ [(true, x)])
else (r + 1, PAborted x, log ++ [(false, x)])
(¥ ... more cases depending on ps, tag, mbody ... *)
end.
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Peasin3aumg y4acTHNKaA

Program Definition participant round (commit: bool)
{(r: round) (log: Log)}, DHT [pt, W]

(fun s = 1loc pt s =|st » (r, PInit) u

lg » log,

fun s’ = 3 (b: bool) (x: data),

loc pt s’ =|st » (r+l, PInit) u
lg » (log ++ [(b, x)1])|)

Do (r + read round;
receive prepare req r;
respond to req r commit;
e + receive commit or abort r;
send ack e).



/IHBapuaHT cuctembl 2PC

Lemma pt_log_agreement d r log pt :
coh d — pt € pts — Inv d —
loc pt d = st — (r, PInit) W lg +— log|—
V pt’ ps’ log’, pt’ € pts —

Mexxay payHoamm “nctopun” y4aCTHUKOB coBragaror.



YyacTHNK Kak bmonmnoteka

Definition run participant (choices: seq bool): DHT [pt, ]

(fun 1 = 1 = init state,
fun m = 3 r (results : seq bool) (stream: seq data),
let log := zip results stream in
loc pt m =|st » (r, PInit) v
lg » log A

vV pt’ ps’ lg’', pt’' € pts
loc pt’ m =|st » (r, ps’) U
lg » log’ — log = log'’)

participant choices.



Checkpoint 4:
3aBUCUMbIE TUMbI O1A
pacnpeneneHHbIX NPUNoXeHnn

* UMbl ONMUCLIBAIOT MPOTOKOJ/1 B3aMOLAENCTBUS,
NnpeacTaB/IEHHbBIN CUCTEMOW MEPEXOOOB;

* UMbl MOMYT OMUCbIBATb COCTOSIHNE MHOIMX PENIIVIK;
e [lpoBepka TMNOB (Bepudmkauuns) rapaHTpyeT, YTO BCE

VYACTHUKW COONMOOa0T NPOTOKOJ, PABHO KaK U
COXPAaHEHWE MHBAPWAHTOB CUCTEMbI.
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TUNIM3MPOBaHHbIE MNPOrPaMMbl HE COAEOXKAT OLLMOOK,;
3aBUCKMbIE TUMbl — OTCYTCTBUE HETOMBUAIbHbIX OLLNOOK;

Jlorukun nporpamm (Program Logics) —
cneumukauma 1 BeprnmnkaLmns umrnepaTvBHOro Koaa;

Separation Logic + Dependent Types = Hoare Types —
TUMNbl A9 NPOrPaMM C YripaB/IEHNEM MaMSIThIO;

MHoronoTto4YHbie N pacripenesieHHbIe BblHNCNEHNS:
Hoare Types + paclimpeHHasd Mogesib COCTOAHKS.




Edsger W. Dijkstra



On the cruelty of really teaching

computing science
Edsger W. Dijkstra

We stress that the programmer's task is not just to write down
a program, but that his main task is to give a formal proof that the
program he proposes meets the formal functional specification. | ...]

The rules of proof manipulation are so few and simple that very soon
thereafter he makes the exciting discovery that he Is beginning to
master the use of a tool that, in all its simplicity, gives us a power that
far surpasses his wildest dreams.

Cnacmbo 3a BHMaHme!



