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Gadgets [ Headine i Zune Jf Feature
30GB Zunes all over the world fail en masse

Matt Burns (@mjburnsy

~ (o [ o (wrweet o

It seems that a random bug is affecting a bunch, if not every, 30GB Zunes. Real early this morning,
a bunch of Zune 30s just stopped working. No official word from Redmond on this one yet but we
might have a gadget Y2K going on here. Fan boards and support forums all have the

same mantra saying that at 2:00 AM this morning, the Zune 30s reset on their own and doesn't
fully reboot. We're sure Microsoft will get flooded with angry Zune owners as soon as the phone
lines open up for the last time in 2008. More as we get it.

Update 2: The solution is ... kind of weak: let your Zune run out of battery and it'll be fixed when

you wake up tomorrow and charge it. m

o failure due to non-termination

http://techcrunch.com/2008/12/31/zune-bug-explained-in-detail/
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Earlier today, the sound of thousands of Zune owners crying out in terror made ripples across
the blogosphere. The response from Microsoft is to wait until tomorrow and all will be well.

You're probably wondering, what kind of bug fixes itself?

Well, I've got the code here and it’s very simple, really; if you've taken an introductory
programming class, you'll see the error right away.

year = ORIGINYEAR; /* = 1980 */

It seems that arandom bll | while (days > 365)

a bunch of Zune 30s just {

if (IsLeapYear(year))

{

might have a gadget Y2K
same mantra saying that
fully reboot. We're sure Mi
lines open up for the last

if (days > 366)
{
days -= 366;
year += 1;

Update 2: The solution is
you wake up tomorrow an

o failure due to

days == 365;

year += 1;

}

http://techcrunch vq, can see the details here, but the important bit is that today, the day count is 366. As yom
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@ Microsoft December 31st, 2008

http://techcrunch.com/2008/12/31/
zune-bug-explained-in-detail/

o HTTP Server Versions <2.3.3

http://cve.mitre.org/cgi-bin/
cvename.cgi?name=CVE-2009-1890

@ Microsoft November 19th, 2014

http://azure.microsoft.com/blog/2014/11/19/
update-on-azure-storage-7%20service-interruption
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o safety properties: “something good always happens”
(e.g., partial correctness, mutual exclusion)

g

o guarantee properties: “something good happens
at least once” (e.g., total correctness, termination)

O

e recurrence properties: “something good happens
infinitely often” (e.g., starvation freedom)

O

e persistence properties: “something good eventually happens
continuously” (e.g., stabilization)

OOp

Manna & Pnueli - A Hierarchy of Temporal Properties (PODC 1990)
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Ranking Functions

Ranking Functions

o functions that strictly decrease at each program step.
o ...and that are bounded from below

F obe
L St a oten rodiinn, o Bv, &, Bering. i R rt W, Floyd
s ann 00t Chadk & Teties Bh The seee of sahing swre St 10 1e riget :
)

B0 S000r 1hatl 10 man wm dhauia sy anh Rarw Sen SEATRAIN & Sesh the
PO dhadd swan o maner of B0C1MIN Sarni Liese WAien san be shacked
Medi bl iy, el Fram MAheh W cmrr e banen o Whe whelt peegrme saaliy

Foilowe
Commider e sonlogr of shauning o a0l Vs, I e LR
by H ASSIGNING MEANINGS TO PROGRAMS:
7
-
na Iatrodurtion. This paper attempts to provide an sdegquate basis for
— 2 formal def of the o poograma in appespriaiely defined
1  aaa peogramming languages, in soch & way that a rig rd w eatadlished
e et shagh Whe whale o1 oee SMTIRE, Beceies oF e aRITiee. for prools abous o inchud proods of corsectoess,
Bon A0 S0 Satais Par A0 woclons sl are glven, s halow < ﬂw‘“'“m'm mud“w.mm“
an interpretation of & program: that s an sseclation of & propesition
-4 with each consection in the flow of control thovugh & program, whese the
‘.:; peoposition is asseried to hold whenever that connection is taken. To prevent
e an inserpretation from being choses arbiteanly, & condition & imposed on
J— ook command of the program. This condtion guarsaiees that whenever
"wa s command i reached by way of & conmection whose asociated proposition
"y s thes true, # will be et (if at all) by & thon whose ol
-y peoposition will be true st that time. Then by inducticn on the nember of
commands executed, one sees that if & peagram is estered by a comnection
| I ;‘:';'.‘;‘:‘,;':3_"_“:_‘:_;:‘_“::; ol whose sssociased proposition s then troe, it will be Jeft (f ot oll) by »
connection whose amociasted proposition will be troe a5 that time. By this
,,’f,‘ means, we may prove cerlain propertes of programs partioslarly peeperties
e of the form: "If the ingial valees of the program vacisbles satinfy the
relation R, the final valum on completion will satisly the relatien R,

Thia prisipio san be appiied S0 e pracess of cheming o Laige sentilee
Pt e WL et aate U aeiied B mmase o & sk reeties vhe, s W
Mala & Ut The wne of & saliipiior, salaiplisnthen belng secriel aet
by remenist alliiten.

AL gphinl smead of e prosess wn hews seosniod £ ol & 1 for som

BT IRt Y . L

S ann shange 2 e et Nr e rarafer,  Dafrtestals Share e e aniieg
Syetes aulilebonily geearally beews Sa Mt lly giviag e poutiee for mie
Pramsas ba AG3, ben She G Blagres ghvee Se Mgt will b s Tieions
for Ll dnssration,

Rash “hae of Ve Mo Bagres . euaign

| Malrurtiome ottt shangee of snntral.  The Folloctag .—-u— In wandy

(1) o Sashmd Jotnar Bilontas 1 wales o1 10 ool oF Lhe prammas
ropivamiing Uy Uhe b

(51) s wlastnt Jotner Popreasrte T Laitial wales oF & geeiiyy,

Enn ramvnt sgate slnllar Intoers spmearing 1e S1Tmiant base, bt 14
18 Jatemiel Ual Lae fallewing feanificetions Be wolid Throudunt

L 1N

Mdmwm“mﬁh”mﬂu&m‘mdnpm
decremes some enlity which defizitely
These mades of peoal of corectness and te ate nol original
Mmuudouolmwﬁom ad may have made thelr
= an unpublisbed paper by Gorn. The establabanent
dlmmmhm-bw(mmmmmm
s of L #ic, and the propesal that the sersantics
of » programming laaguage may be defaed independently of a8 peso
for that lasguage, by establishing standacds of rigor for proofs about

Thas worh was spperied by e Advsnond Rasesnch Posgecn Apeacy of e Oer of
the Beconiary of Defovsn (3D 100

Turing - Checking a Large Routine (1949)

Floyd - Assigning Meanings To Programs (1967)
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e Idea: inference of ranking functions by abstract interpretation

e termination semantics
o guarantee semantics
e recurrence semantics

Cousot&Cousot - An Abstract Interpretation Framework for Termination (POPL 2012)
Urban&Miné - Proving Guarantee and Recurrence Temporal Properties by Abstract interpretation

(VMCAI 2015)
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Outline

e Idea: inference of ranking functions by abstract interpretation

e termination semantics
o guarantee semantics
e recurrence semantics

o family of for liveness properties

@)
e backward analysis
e sufficient preconditions

Urban - The Abstract Domain of Segmented Ranking Functions (SAS 2013)
Urban&Miné - An Abstract Domain to Infer Ordinal-Valued Ranking Functions (ESOP 2014)
Urban&Miné - A Decision Tree Abstract Domain for Proving Conditional Termination (SAS 2014)
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Abstract Interpretation

Cousot& Cousot - Abstract Interpretation: A Unified Lattice Model for Static Analysis of
Programs by Construction or Approximation of Fixpoints (POPL 1977)
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Cousot& Cousot - Abstract Interpretation: A Unified Lattice Model for Static Analysis of
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An Abstract Interpretation Framework for Terminstion
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O (e B ﬁna| states

. . o S @ e S0 Se Y )4
finite traces >.*

e e —e——je—e—je—»
infinite traces 2% > e——————e—e—e——e—n—e—je—. '
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‘idea = define 2 ranking function countmg

Te € 2=0 ' the number of program steps |
T, & Ifp F, : from the end of the program :
0 sEf
Fi(v)s = sup{ v(s’)+1|s—s’"} s & pre(dom(v))
undefined otherwise

Cousot&Cousot - An Abstract Interpretation Framework for Termination (POPL 2012)
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e remark: the termination semantics is not computable!

Int : x

X = 7

while (x > 0) do
x =x—1

od
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5 9]

o Piecewise-Defined Ranking Functions Abstract Domain V(S,F)
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o Functignfs Abstract Domain
e

o FE{LY U {f|fez" >N} uAT)
where f = f(x1,...,%n) = mix A -+ Mpxn + q
@ Piecewise-Defined Ranking Fungtions Abstract Domain
def

o V={LEAF:f | fe€ F}OU{NODE{c} :t1,tb | c€ LA t,tr € V}
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@ States Abstract Domain €

@ Functions Abstract Domain

o FE (I} U{f|fezZ" >N} U
where f = f(x1,...,xn) = mMixy + - -
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Int: x, y

while *(x > 0) do
‘X i =x—y

od’

the program terminates
if and only if it starts
with x<0Vvy>0

Piecewise-Defined Ranking Functions
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Int: x, y

while *(x > 0) do
‘X i =x—y

od’

the program terminates

Piecewise-Defined Ranking Functions

(NODE{XSO} )

LEAF: 1

if and only if it starts
with x<0Vvy>0

S
N\
Y
(NODE{x—ySO} )
S
N\
Y
LEAF: 3 (NODE{—ySO} )
S

/ >
N
(LEAF: 2x+1 ) (LEAF: J_j
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x <0
X =X—Yy lx > 0
»3 (LEAF o)
y
we start at the end
with O steps
before termination
0 S X
0
19 /61
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1 x <0

(LEAF: 0 )
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) " (NODE{XSO} )
0 ///,/ S
N\
N
‘LEAF: 1 ' (LEAF: J_)

1 x <0

(LEAF: 0 )
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(NODE{x§O} )
Y
N\
AN
LEAF: 1 (LEAF: 1 )
S we have taken x < 0 into
account and we have
1 step to termination
0 > X RPN
5 1 x <0
X =X—-Yy lx >0
3
y
0 > X
0
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(NODE{XSO} )
<
N\
S
LEAF: 1 (LEAF: o )
y
0 S X IR 1
0 x <0
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Assignments

) . (NODE{XSO} )

0 N

S
D
LEAF: 1 (LEAF: J_)

X

X—Y
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Assignments

y
. - (NODE{X§0} )
0 N
N\
AN
LEAF: 1 (LEAF: J_)
X:i=X—Y
y
(NODE{x—ySO} ) .c .
0
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0 N

N\
AN
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Assignments

y
. c (NODE{XSO} )
0 S
N\
Y
=3P | LEAF: 1 (LEAF: J_)
X 3 X—Y
y
(NODE{x—ySO} ) N 4 L
0

LEAF: 2
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Assignments

y
0 . NODE{x<0}
0
LEAF: 1 LEAF: _L
X:i=X—Y
y
(NODE{X—ySO} ) 07I'/ S
D) 0
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y
0 > X
0 ]‘ X S 0
X:i=X—Y lx > 0
we have taken x ;= x — y
into account and we have 2
. - y —’—*
2 steps to termination 1T _ - o
/ IS
(NODE{x—y§O} ) %
L N /7
N\ /
N 0 —r > X
LEAF: 2 (LEAF: m ) ‘0
0 > X
0
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y I 4 2
‘ y
7/ IN
(NODE{x—y§0} ) ’
< /
\ /
N 0 /—r > X
LEAF: 2 (LEAF: s ) 0
0 > X
0
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Tests

1

¢x>0

2 o
(NODE{x—ySO} ) Z \

0 > X
< 4
N\
N
LEAF: 2 (LEAF: alié )
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Tests
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(NODE{x—ySO} ) 0 L : .
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1
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y

’
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Y 2
(N/ODE{XSSQ
(LEAF: ald ) (NODE{X—yfo} ) 0/_5' / 5
LEAF: 3 (LI;AF: 1 )
1
C ={x <0} ix >0
Yy

’
2 ,

(NODE{x—ySO} ) N 4 .
A 0
N\
S
LEAF: 2 (LEAF: o )

24 /61



Introduction
Termination

Guarantee and Recurrence Piecewise-Defined Ranking Functions
Conclusion

Tests

(NODE{XSO} ) , 4
/ \ |
N\ ’
> /
(LEAF: 1 ) (NODE{x—YSO} ) 04 <
Y /0
N
A8
LEAF: 3 (LEAF: P )
1
ix >0
y

/
4
/

NODE{x—y<0} \
0 7t 205
0
LEAF: 2 LEAF: _L

24 /61



Introduction
Termination

Guarantee and Recurrence Piecewise-Defined Ranking Functions
Conclusion

1 x <0

25 /61



Introduction
Termination

Guarantee and Recurrence Piecewise-Defined Ranking Functions
Conclusion

Join
(NODE{x§O} ) ¢ (NODE{x§O} )
/ < <
N N\
S AN
(LEAF: 1 ) (NODE{X—ySO} ) LEAF: 1 (LEAF: uls )
Y
y S y
N \ N
o LEAF: 3 (LEAF J_)

0,—|', > X 0 > X

0 0
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Join
—_— (NODE{x§0} ) ¢ (NODE{x§O} )4—
/ < <
N N\
S AN
(LEAF: 1 ) (NODE{X—ySO} ) LEAF: 1 (LEAF: uls )
N
y S y
AN * \ AN
o LEAF: 3 (LEAF: 1 )

0,—|', > X 0 > X
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Int : X

X:= 7

while (x > 0) do
X =x—1

od
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Int : x1, X0

while 1(X1 >0A X0 > O) do

if 2( 7)) then
3X1 = x7 — 1
“xp = 7
else
5X2 = x>, — 1
od®
1 x1<0Vx <0

fl(X17X2) = A

w°(X1—].)—|—7X1—|—3X2—5 x1>0AXxo >0

\
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Int : x1, X0
while *(x; # 0 A xo > 0) do else /* x3 <0 */
if (x> 0) then if (7 ) then
if °( 7)) then 5% 1=x1 +1
“x = x — 1 else
Oxy = 7 Ixo 1= — 1
else 0, .= 7
0% 1= 3y — 1 od'?

W+ w-(x—1)—4x1+9%% —2 x1 <0Ax >0
fl(Xl,XQ): 1 X1 :O\/XQ SO
w-(x1—1)+9xl+4x2—7 x1 >0Ax >0
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Int: x, y
while 1(XZ 0) do
’x 1 =x+1 1
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Peterson’s Algorithm

‘while *( true ) do
*flagy = 1
Sturn = 2

5CRITICAL_SECTION

°flagy == 0

await “( flagp =0V turn=1))

flag, := 0; flag, := 0;

‘while *( true ) do
*flagy, = 1
Sturn = 1

5CRITICAL_SECTION

°flagy = 0

5 true

await “( flagi =0V turn =2 )
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800 | ¢=FuncTion ® - |

e

- C [ www.di.ens.fr/~urban/FuncTion.html e @ @ =

Home Page Papers Talks/Posters FuncTion

An Abstract Domain Functor for Termination

Welcome to FuncTion’s web interface!

Type your program:

or choose a predefined example: | Choose File

and choose an entry point: main

| Analyze |

Forward option(s):

» Widening delay: |2
Backward option(s):

= Partition Abstract Domain: | Intervals  + |
» Function Abstract Domain: | Affine Functions = |
™ Ordinal-Valued Functions
= Maximum Degree: |2

- Widening delay: 2 56 /61
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accepts programs written in a small subset of C

the only basic data type are mathematical integers
Implemented in

abstract domains implemented on top of the APRON library

participating to SV-COMP 2014 (demo) and SV-COMP 2015
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Conclusions

o family of abstract domains for liveness properties

o piecewise-defined ranking functions
o sufficient preconditions for liveness properties

@ instances based on affine and
Future Work

o potential termination and non-termination
e more abstract domains

e non-linear ranking functions
o better widening
e machine integers and floats

) and other properties

@ heap-manipulating and programs

59 / 61






Introduction
Termination

Guarantee and Recurrence Bibliography
Conclusion

Urban - The Abstract Domain of Segmented Ranking Functions
(SAS 2013)

Urban & Miné - An Abstract Domain to Infer Ordinal-Valued
Ranking Functions (ESOP 2014)

Urban & Miné - A Decision Tree Abstract Domain for Proving
Conditional Termination (SAS 2014)

Urban & Miné - Proving Guarantee and Recurrence Temporal
Properties by Abstract Interpretation (VMCAI 2015)

D’Silva & Urban - Conflict-Driven Conditional Termination (CAV
2015)

61 /61



IN CONCLUSION

ARARAAAARAA !

THE BEST THESIS DEFENSE 1S A GOOD THESIS OFFENSE.



