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Optimistic Parallel Runtimes

( - COMMUTATIVY COND

- IWERSE

class ArrayList {
int IndexOf (int vl)

Commutes: Insert(i2, v2)

(result

when

(result < 0 && vl
(0 <= result && result < 12) ||

12 && vl

= v2) ||

v2);
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Optimistic Parallel Runtimes

class ArraylList {

void Insert(int pos, int wval)

if (pos > pos2 ||

Insert (pos + 1,

else

OT: Insert(int posZ, int val2?) {

(pos == pos2 && val > val2))

Insert (pos, val);

val) ;

OPERAT TONAL

NOT TRLVIAL! TRANSFORMS (OT)

COMPUTER SCIENCE




(
Parallel Systems
Galois [PLDI'07]
CommSets [PLDI']l MANUALLY FINDING
PRECISE, CORKECT pd Systems
- COMMUT S ONES TS .
- TWERSE DIFFTCULT, Sollaboraﬂve
- ceRoR-poNE |08
.P.) ['09]

Covvorua [ U4]
L - OPERATIONAL

TRANSFORMS (OT) )

~

COMPUTER SCIENCE



(
Parallel Systems
Galois [PLDI'07]
CommSets [PLDI'1 AUTOMATICAHLLY I
FIND PRECISE,  pd Systems
- COMMUTY PROVEN-CORRECT .
— TMWERSE ONES Collaborative
\_ ting)
UUU&LC yvuoe |(I\. ..P.) [109]
CoWord ['04]
- OPERATIONAL

\ TRANSFORMS (OT) )

COMPUTER SCIENCE




— COMMUTATIVY COND
- INWERSE

o — OPERATIONAL ™Y
Sketch# TRANSFORMS (OT)

* Synthesized these for:

* Stack: Push, Pop
k * Arraylist: Insert, Delete
« XMLNode: InsertAt

* General-purpose tool with specifications
* proof-of-concept
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Spec#

class Stack {

int size, int[] elements;

boolean Equals (Stack s) ensures ..; { .. }

vold Push (int val) requires ..; ensures .. ; { ..}
int Pop() requires ..; ensures .. ; { ..}

Spec#
: Barnett, Leino
CASSIS ‘04
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Spec#

class Stack {

int size, int[] elements;
boolean Equals (Stack s) ensures ..; { .. }
vold Push (int val) requires ..; ensures .. ; { ..}
int Pop () requires size > 0;
ensures result == old(elements[0]);
ensures forall {int 1 in (1 : old(size));
elements[i-1] == old(elements[1]) };
ensures size == old(size) - 1;

{ .}
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Spec#

class Stack {

int size, int[] elements;

boolean Equals (Stack s) ensures ..;

v
v/ void Push (int val) requires ..;
e

int Pop () requires ..; ensures ..

? void Push Inv Test (Stack sl1,
requires sl.Equals(s2);
ensures sl.Equals(s2); {
sl.Push(val);
sl.Pop();

—_—

{ .}

ensures .. ; { .. }

{ ..}

Stack s2, int wval)

SEMANTICS
OF
OP IMNERSE
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Spec#

class Stack {

int size, int[] elements;

v/ void Push (int val) requires ..; ensures .. ; { ..}

v/ int Pop() requires ..; ensures .. ; { ..}

v/ void Push Inv Test (Stack sl, Stack s2, int val)

requires sl.Equals(s2);

ensures sl.Equals (5275,:\\{\"::;;;;, ONLY SPECS
sl.Push(val); < MATTER
sl.Pop(); < MODULAR

} REASONING
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Sketch# = Spec# + Sketch

class Stack { Skehjﬁng
int size, int[] elements; Sohn=Lemﬂna,BodM:
PLDI’'05-'07
v/ void Push (int val) requires ..; ensures .. ; { ..}
v/ int Pop() requires ..; ensures .. ; { ..}

void Push Inv Test (Stack sl, Stack s2, 1int val)
requires sl.Equals(s2);

ensures sl.Equals(s2); {

sl.Push (val);

7.
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Sketch# = Spec# + Sketch

class Stack {

int size, int[] elements;

v/ void Push (int val) requires ..; ensures .. ; { ..}

v/ int Pop() requires ..; ensures .. ; { ..}

void Push Inv Test (Stack sl, Stack s2, 1int val)
requires sl.Equals(s2);
ensures sl.Equals(s2); {

sl.Push (val);
if (?) sl.Push(?) else sl.Pop():;

: MODULAR
SKETCHING
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Sketch# = Spec# + Sketch

class Stack {

int size, int[] elements;

v/ void Push (int val) requires ..; ensures .. ; { ..}

v/ int Pop() requires ..; ensures .. ; { ..}

void Push Inv Test (Stack sl, Stack s2, 1int val)
requires sl.Equals(s2);
ensures sl.Equals(s2); {
sl.Push(val);
if (?) sl.Push(?) else sl.Pop():;

} Start COMPUTER SCIENCE




Sketch# = Spec# + Sketch

class Stack {

int size, int[] elements;

v/ void Push (int val) requires ..; ensures .. ; { ..}

v/ int Pop() requires ..; ensures .. ; { ..}

void Push Inv Test (Stack sl, Stack s2, 1int val)
requires sl.Equals(s2);
ensures sl.Equals(s2); {
sl.Push (val);
if (false) sl.Push(0) else sl.Pop():
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Sketch# = Spec# + Sketch

class Stack {

int size, int[] elements;

v/ void Push (int val) requires ..; ensures .. ; { ..}

v/ int Pop() requires ..; ensures .. ; { ..}

void Push Inv Test (Stack sl, Stack s2, 1int val)
requires sl.Equals(s2);
ensures sl.Equals(s2); {
sl.Push(val);
sl.Pop();
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Sketch# Syntax -

Symbol

? int/bool ?

2(vy,.) int 2 * v, o+ L

CHOICE OF
?(vy,..)  bool 2 * v+ L >= 0 o0p 4+ ARPGS

if el

2 {} stmt (2 (..))
f if (?) Opy(? (), ..)
CONDTION (?) Op, (2 (), ..))

else 1f

else 1f(?2(...))

COMPUTER SCIENCE




Sketch# Syntax 18

?{branches: n} Upper-bound on # if branches
?{calls: n} Upper-bound on # calls to ops
?{ops: {..}} Possible ops

?{vars: {..}} Possible vars to use in exprs
?{conjuncts: n} Upper-bound on conds # A
?{disjuncts: n} Upper-bound on conds # V

COMPUTER SCIENCE
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Spec# Implementation: Static Verification

Boogie

Verification Formula f,,

) 4

Yes No
COUNTEKR 55 » VALIDATED
EXAMPLE
(3L, ... L~ f,)?
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Sketch# Implementation

int i1ntSgrt(int x) {
int result; VERTFICATION

int v =1, i=1; SYNTYESTS CO/\/DIETIOA/
while (v <= x) { FORMULA
. °
- = Xl’ oy XmVIy h, In | fVC

} N ,

i QBF
) L

asseV = 0 && result * result <= x

&& (result + 1) * (result + 1) > xj

return result;

} HOLES TNPUTE

COMPUTER SCIENCE




Sketch# Implementation

52
int intSqgrt (int x) { VERTFICATION
int result; COAo@\fT(IOA/
. B L 7
HIE W= Ly &=L CEGTS — FINITE SETOF
while (v <= x) {

FORMULA ~— INPUTS

. L
} 3 Xl, ceey Xm ‘ fVC1/\ 2SS /\ fVCk

| ®
g8 SAT
aSSeN = 0 && reéult * result <= x

§& (result + 1) * (result + 1) > x;

return result;

WOLES

COMPUTER SCIENCE
UCLA DEPARTMENT




S Solar-Lezama, Bodik
Sketch# Implementation: CEGIS [REiSeaAat

@ add @
Success .-~ gy - (SAT I

, N I'/Set Of\\\ |/
\ / Counter Yes " kInput | ‘ .
No O \Example?, . Tuples / (precond) *

SAT Ja

(IX, ... X, |
ﬁ)cl/\'“/\ ﬁfck)

(3L, ., L | ~f)? Hole
1 J |'\\ Values
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Sketching Commutativity Condition

class .. {

vold Com Cond(Object sl, Object s2, Op opl, Op op2)
requires sl.Equals(s2); -
ensures Commute Cond Sketch(opl, op2) <==>
sl.Equals (s2); {
sl.Apply(opl); sl.Apply(op2);
s2 .Apply (op2); s2.Apply(opl):;

}
boolean Commute Cond Sketch(Op opl, Op op2) {

return ?();

COMPUTER SCIENCE




Sketching Commutativity Condition

class Stack {

volid Com Cond(Stack ol, Stack 02, Push opl, Push op2)
requires sl.Equals(s2);
ensures Commute Cond Sketch (opl, op2) <==>
sl.Equals (s2); {

sl.Apply(opl); sl.Apply(op2);
s2.Apply (op2); s2.Apply(opl);

}

boolean Commute Cond Sketch (Push opl, Push op2) {

return ?();

} Start COMPUTER SCIENCE




Sketching Commutativity Condition

class Stack {

volid Com Cond(Stack ol, Stack 02, Push opl, Push op2)
requires sl.Equals(s2);
ensures Commute Cond Sketch (opl, op2) <==>
sl.Equals (s2); {

sl.Apply(opl); sl.Apply(op2);
s2.Apply (op2); s2.Apply(opl);

}

boolean Commute Cond Sketch (Push opl, Push op2) {

return opl.val == op2.val;

COMPUTER SCIENCE




Sketching OT

class .. {
void OT (Object sl1l, Object s2, Op op)
- requires sl.Equals(s2);
ensures sl.Equals(s2); {
sl.Apply(opl); sl.Apply (OT Sketch(op2, opl));

s2.Apply (op2); s2.Apply (OT Sketch(opl, op2));

Op[] OT Sketch(Op opl, Op op2)

return ?{};

COMPUTER SCIENCE




Sketching OT

class Stack {

void OT (Stack sl1l, Stack s2, Push opl, Push op2)
requires sl.Equals(s2);
ensures sl.Equals(s2); {
sl.Apply(opl); sl.Apply(OT Sketch(op2, opl)):;
sZ2.Apply(op2); s2.Apply (OT Sketch (opl, op2));

}

Op[] OT Sketch(Push opl, Push op2) {

return ?{};

Start COMPUTER SCIENCE




Sketching OT

class Stack {
void OT (Stack sl1l, Stack s2, Push opl, Push op2)
requires sl.Equals(s2);
ensures sl.Equals(s2); {
sl.Apply(opl); sl.Apply(OT Sketch(op2, opl)):;
sZ2.Apply(op2); s2.Apply (OT Sketch (opl, op2));
}
Op[] OT Sketch(Push opl, Push op2) {
if (opl.val >= op2.val)
return {Push(opl.wval)};
else

return {Pop () ;Push(opl.val);Push(op2.val)};

COMPUTER SCIENCE
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Inverse / ArrayList

Insert (i, v) ?{} Delete (1) 1

Delete () ?2{} UNSAT 2

COMPUTER SCIENCE
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Commutativity Condition / Stack

Push (v)
/ ?{conjuncts: 1} vV, = V, 70
Push (v,)

Push (v,)
/ ?{conjuncts: 1} UNSAT 2
Pop ()

COMPUTER SCIENCE




Commutativity Condition / XMLNode

?{disjuncts: 1,

InsertAfter (1d,, n,) vars: {1id,,
/ n,.1id, id; # 1d, 67
InsertAfter (1d,,n,) 1d,,
n,.id}}

COMPUTER SCIENCE
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Operational Transforms / Stack

Push (v,)
Push (v,) 2,

3}

/ ?{branches:

calls:

if (vy; 2 vy)

Push (v,)
else {
Pop () ; 10

Push (v;) ;
Push (v,) ;

COMPUTER SCIENCE
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Operational Transforms / ArrayList

?{branches:3, if (i, > i, V

Insert(i,,v;) ops:{Insert}, (i, =4, A v, 2 v,))
/ args: {0}, Insert (i, + 1, v,;) 240

Insert(i,,v,) conjuncts: 2} else
Insert (1i,, vy)

COMPUTER SCIENCE




Related Work

® Sketch [Solar, Bodik PLDI'05-"07]
= + Specs / Modularity

* Spec# |Barnett, Leino CASIS’'04, ASE’07]
= + Sketching

® Formal Verification of

= Inverse/Commuting Cond [Kim, Rinard PLDI'11]
= Operational Transforms [[mine "06]

* Synthesizing Inverse
» PINS [Srivastava, Gulwani PLDI'11]
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In Conclusion...

* Sketch#: Synthesis in rich, modular specification &

verification framework
* Synthesized Inv, Commutativity Conditions, & OT

* Highlighted need for automatic synthesis template

refinement / expansion

= Future work?

* SMT Solvers work magic now at reasonable time.

Use them!




Specification-based Sketching in Sketch#

Try Sketch#:

h&%p: /S www.csucla.edu/

“hesam /s l«t‘e&kskarp

Thank You!
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