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Thèse de doctorat
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Termination Bugs. . . . . . Need Remedy Future Work

ImageMagick

F̊i`g 1: ImageMagick v7.0.4-9 ”n`o“nffl-˚t´eˇr‹m˚i‹n`a˚t´e˙s ˜f´o˘rfflpercent_hue=-1E25

Care about termination.

Why does such bug occur?

“95% of folks out there are completely clueless about FP” Gosling.
The best for these folks would be an easy-to-use (eg fully automatic) tool that prevents bugs from FPs.
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FP Numbers

Similar to the “scientific notation”:

x̂ ∈ F : x̂ =

thus ±0z }| {
(−1)s m̂|{z}
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finite thus
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e
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step*: 0.1

*difference between two consecutive FP numbers
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step: 1

100 110

step: 10

990

F̊i`g 2: A ˚t´o“y FP ˚t›y˙p`emyfloat. T`o x = 100� = 314:1592· · · `c´o˘r˚r`e˙sfi¯p`o“n`d¯s
x̂ = 310 ˚i˜f ˚r`o˘u‹n`d˚i‹n`g ˚t´o ”n`e´a˚r`e˙sfi˚t `a‹n`dffl310+©1 = 310.

The standard for FP numbers is Ieee -754. It defines: FP types,
FP functions, rounding modes, exceptions.
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Termination **IS** Decidable

And many non-trivial properties too!
Existence of RTE, most precise error bounds (even with transcendentals), synthesis of smallest possible programs. . .

This does not contradict Turing
nor Rice. Contrarily to them, we
talk here about machines with
finite amount of memory.

But too costly:
Incompleteness is introduced for practical reasons.

F̊i`g 3: Ǹo“nffl-˚t´eˇr‹m˚i‹n`a˚tˇi`o“nffl ˚i˜f ˚t‚h`eˇr`e ˚i¯s
`affl ¯sfi˚t´a˚t´e ”v˘i¯sfi˚i˚t´e´dffl ˚t›w˘i`c´e
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Termination by Abstracting to the Rationals

From left to right, top to bottom:

Computing
√
t

Newton’s method
considers f (x) = 1

2

�
x+

t
x

�
and stops when

|un+1 − un| < �

When using FP
Computations become
tricky

E`g ˜fˇr`o“mffl open-vm-tools

Risk of
non-termination?

No
Under the condition that
� > ∆ where
∆ = w+

∞ − w−
∞ is found

after linearly abstracting
the rounding function.
If � ≤ ∆, we don’t know.
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The PaaTerm Algorithm

[Mythesis, Algo 3.2] computes rational abstractions R# of the
transition relation R by approximating the rounding function � n with
k-Piecewise Affine functions: ∀x : � (x) ≤ � n(x) ≤ � (x).

F̊i`g 4: k = 1 `a‹n`dffl k = 3

Refine R# until we can prove
termination or until we give up.

The refinement increases k.
It is such that the bigger k,
the bigger the set of Trace-Level Inv ariants,
the bigger the set of state-level variants,

the higher the “chance”
of proving termination.

F. Maurica, F. Mesnard, E. Payet. “Termination Analysis of Floating-Point Programs using
Parameterizable Rational Approximations”. ACM SAC 2016.

6/12



Termination Bugs. . . . . . Need Remedy Future Work

The PaaTerm Algorithm: Illustration

myf l oa t x = randFP ( ) ;
y = randFP ( ) ;

wh i l e ( x∗y > 0 &
y > −60) {

x = x − 5 . 5 ;
y = y + 3 .5 + 3 . 5 ;
i f ( x < −100) x = 100 ;

}

F̊i`g 5: T‚h`e ¯p˚r`oˆgˇr`a‹mffl Pmy

Pmy always terminates because:

(TLInv 1) x is alternately + and −
(TLInv 2) y eventually becomes +

(TLInv 1) (TLInv 2)
k = 1 3 7
k = 2 7 3
k = 3 7 3
k = 4 3 3

F̊i`g 6: TLInv `c´a¯p˚tˇu˚r`e´dffl ”w˝h`e›nffl ˚r˚u‹nffl-
”n˚i‹n`g PaaTerm

The fact that (TLInv 1) is captured for k = 1 but lost for k = 2 is
an exceptional case [Thm 3.1-3.2]
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Practical Evaluation: the FTerm Analyzer

From Verdict
Jugger-
naut

2LS
AProVe
Julia

FTerm Manual

bcache-tools 7 7

gauche 7 7

ghostscript ?
glibc ?
libpano 3 3 3

maxlib ?
maxlib 3 3

postfix 3 3

postfix 3 3

bash 3 3 3 3

git 3 3

open-vm-tools 3 3

F̊i`g 7: 3: always terminates. 7: there is at least one possible value of the variables that leads to non-termination.

?: can decide neither 3nor 7. TO: ˚tˇi‹m`e `o˘u˚t `a˜fˇt´eˇrffl 300s `o“nffl ”m‹y ˚i5-
5200U 2.20GH˚z. Initial ranges of the variables are given.
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Other Approaches for Proving Termination

“Global approach”

time

Loc x Var
Q

Eg: find bounded linear descent

PR does that in P for simple rational loops.

We show that the problem is coNP-hard for FP.
We give a FP adaptation of PR to FP.
P adaptation thus incomplete but optimal.

F. Maurica, F. Mesnard, E. Payet.
“On the Linear Ranking Pbl. for Simple FP Loops”. SAS 2016.
“Optimal Approximation for Efficient Termination Analysis
of FP Loops”. IEEE NEXTCOMP 2017.

“A Complete Method for the Synth. of Lin. Rank Fun.”. VMCAI 2004.
A. Podelski, A. Rybalchenko.

“Local approach”
Eg: check that all cycles of the Size-Change

[Prop 5.4] builds a domain of descent
for any combination of FP types.

[Algo 5.2] applies SC to FP programs.

A word on:
F. Zuleger. “Transition Invariants and SC”. SAS 2018.

“The Size-Change Principle for Program Termination”. POPL 2001.
C. Lee, N. Jones, A. Ben-Amram.

graph have a vertice of strict descent

var1 var3var2

loc1

loc2

b
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loc4

b b

b

b

(⊃ machine integers)

r

r
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Termination by(the Dumbest Possible) Brute-Force

Juggernaut's brute-force1:
Uses advanced techniques: 2nd order SAT solver, genetic algorithms. . .
. . . Yet fails to decide termination of Newton's algorithm

What about the following brute-force?

float t ; tnext = MIN VALUE;
do f

t = tnext ;

f l o a t v , v1 = t , d ;
do f

v = v1 ;
v1 = ( v + t / v ) / 2 ;

g w h i l e ( abs ( v1 � v ) > 0 .5 f ) ;

tnext = nextAfter (t );
g while (t < MAXVALUE);

It terminates within minutes!

How to combine cleverness with
dumbness?

1. Reduce the search space through clever
abstractions

2. Dumbly brute-force when the remaining space
is small enough

1
C. David et al. \Unrestricted Termin. and Non-term. Arguments for Bit-Vector Programs". ESOP 2015.
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