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Which Non-Termination Alarm is Worse?

function f(x) {

1...

27z < 10
Sif (... ) then
while 4z > 0) do
57 «— 7 - X
odb
else
while 7(z > x) do diverges when c > 0
8¢ (_[_2, 1] @errereenne e e e r e e e nnn e e e nne e e annnnes non-deterministic value choice

97 «—7 + C
0d10
fi

}11

diverges when x =0




Which Non-Termination Alarm is Worse?

Robust Non-Termination

function f(x) {

1...

27z < 10
3if (... ) then
while 4(z > 0) do
57 «— 7 - X
ods¢
else
while 7(z > x) do diverges when c > 0
8¢ (_[_2, 1] @errereenne e e e r e e e nnn e e e nne e e annnnes non-deterministic value choice

97 «—7 + C
Od10
fi

}11

diverges when x =0




Robust Non-Termination

1 Input ¥ Non-Deterministic Choices : Program Diverges

function f(xH ...................................................................... demOnIC nOn_determlnlsm

1...

27z «— 10
S5if (... ) then
while 4(z > 0) do < diverges whenx =0
57 «— 7 -X
odsS
else
while 7(z > x) do
8c «[-2, 1]
97 <z +C

od10
fi

}11




Termination Resilience

7 Inputs 7 Non-Deterministic Choice : Program Terminates

function f(x) {

1...

27z < 10
S5if (... ) then
while 4z > 0) do
97 «— Z - X
odb6
else

while 7(z > x) do
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97 «—7 + ¢
Od10
fi

}11

terminates when ¢ < 0, independently of the value of x
angelic non-determinism



Termination Resilience Static Analysis
3-Step Recipe

practical tools
targeting specific programs

abstract semantics, abstract domains
algorithmic approaches to decide program properties

concrete semantics

mathematical models of the program behavior




Termination Resilience Static Analysis
3-Step Recipe

concrete semantics

mathematical models of the program behavior




Termination Resilience Semantics

function f(x) {

\Y / count execution steps backwards

1a « [-00, +00]
27z < 10
3if (a*a > 0) then
while 4z > 0) do
97 «— Z - X
odb°
else
while 7(z > x) do
8c «[-2, 1]
97 <z +C

oqg10
fi

}11




Termination Resilience Semantics

------------ i Cf d_ef dom(f;) € dom(f,) A Vx € dom(f): f;(x) < fr(x)
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Termination Resilience Static Analysis

abstract semantics, abstract domains
algorithmic approaches to decide program properties




Piecewise-Defined Ranking Functions

Termination Resilience

Semantics

®
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dom(y(®%) C dom(®)
Vx € dom(y(@%): O(x) < y(O®%)(x)
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Termination Resilience Static Analysis

the analysis tries to predict a valid ranking function
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Termination Resilience Static Analysis




Static Backward Analysis

function f(x) {

1a < [-00, +00]
27z < 10
3if (@a*a > 0) then
while 4z > 0) do
97 «— Z - X
od®¢
else
while 7(z > x) do
8c «[-2, 1]
97 <z +C

od10
fi

Termination Resilience Static Analysis

Termination Resilience Semantics
e fiC % Gom(f,) C dom(fy) A Vax € dom(f): £i(x) < f(x)

totally undefined function




Termination Resilience Static Analysis




Termination Resilience Static Analysis

Boolean Conditions

function f(x) {

1a < [-00, +00]
2z «<— 10
3if (@a*a > 0) then
while 4z > 0)do .~
52 «—z-X .

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

Termination Resilience Semantics
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while 7(z > x) do approxirhation join

8c «—[-2. 1 ety € f, % dom(fy) € dom(fy) A Vi € dom(f): £(6) < A0
) :
9 (0 final states s € Q_ ..,,...“,_DNVeTa(X) wf {s1Vs" (s,5) € T: = 5" € X}
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Termination Resilience Static Analysis

Variable Assignment

1a < [-00, +00]
2z «— 10
3if (@a*a > 0) then
while 4z > 0)do .~
57 «—7-X .
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odé¢ .-
else .-
while 7(z > x) do - .1 -
Termination Resilience Semantics
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totally undefined function
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Termination Resilience Static Analysis

Non-Deterministic Variable Assignments

function f(x) {

1a < [-00, +O0]
27z «— 10
Sif (@"a > 0) then

*
*
*
*
*
*
*
*
*
“
*

else

se®
-"‘
e®
Y
e®
.
.
.
.
.
.
.
“
.

z+[-21]-x>20
z-x21[-1,2]
Z-x>-1

z+[-2,1]-x<0
z-x<[-1,2]
Z-xX<2

Termination Resilience Semantics

1 ChHh d:ef dom(f;) € dom(f;) A Vx € dom(f;): f;(x) < fro(x)
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Termination Resilience Static Analysis

the analysis tries to predict a valid ranking function
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Termination Resilience Static Analysis

Loops

function f(x) {

1a < [-00, +O0]
27z «— 10
3if (@™a > 0) then
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Termination Resilience Semantics
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Termination Resilience Static Analysis

Loops

function f(x) {
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Termination Resilience Static Analysis

Loops

function f(x) {

8if (@*a > 0).then
while 4z > 0) do
52 «—2z-X
ods
else
while 7(z > x) do
8c «[-2, 1]
9Z <~z +C
od10

-X-22 Axzac. 1
fi
P Axzac.3z-3x + 1 /Axzac. 4

23



Termination Resilience Static Analysis
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Termination Resilience Static Analysis

Approximation Join or Resilience Join?

function f(x) {

while 7(z > x) do
8c (_[_2! 1]
97 <z +C

od10
fi

}11



Termination Resilience Static Analysis

function f(x) {

while 4z > 0) do
97 «— Z - X
od®
else

while 7(z > x) do

8 _
c «[-2, 1] Axzac. 3z - 3x + 1
97 «—7 + C
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fi
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Termination Resilience Static Analysis

function f(x) {

---------------------------
-----------------
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3if (@a*a > 0) then
while 4z > 0) do
97 «— Z - X
od®¢
else
while 7(z > x) do
8c «[-2, 1]
97 <z +C

od10
fi

}11




Termination Resilience Static Analysis
3-Step Recipe

practical tools
targeting specific programs




FuncTlion
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SUFFICIENT
PRECONDITION



A Silent Bug in the Widening Operator

r <27
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Non-Terminating (Forward) Analysis

PROGRAM @ CheL
function f(x) {
1 CTL PROPERTY «-eennnsssnnn- . CFG SUFFICIENT
y < 100 PRECONDITION
z«<~1 e, v
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‘while (x = 0) then
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Unexpected Analysis Imprecision #1

PROGRAM Q cbeL
function f(i, n) {

e 1 PROPERTY oo R CFG . SUFFICIENT
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Unexpected Analysis Imprecision #2

PROGRAM @ CDCL
function f(c) {
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Unexpected Analysis Imprecision #3

PROGRAM @ CheL

function f(n) {
CFG ANALYSIS _ SUFFICIENT
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Termination Resilience Static Analysis
3-Step Recipe
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abstract semantics
abstract domains

— | (O

Semantics .

Termination Resilience Semantics | on Resilience Semantics

Terminati

function f(x) {

e count exec s e Q‘[
: 13 «— [_oo, +oo] 0 , . o (dom(f))
- 2 10 qplf) + 11 {ssH €TV SEPPE
3if (a*a > 0) then def . C fls. : N er) s€Epregldomt
while 4z > 0) do INAWAN otherwise
52 < z-X undefined

odé
else
while 7(z > x) do
8c «[-2, 1]
97 <z +C
0d10
fi



