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Abstract. Ultimate Taipan is a software model checker for C pro-
grams. It is based on a CEGAR variant, trace abstraction [7], where pro-
gram abstractions, counterexample selection and abstraction refinement
are based on automata. Ultimate Taipan constructs path programs
from counterexamples and computes fixpoints for those path programs
using abstract interpretation. If the fixpoints are strong enough to prove
the path program to be correct, they are guaranteed to be loop invari-
ants for the path program. If they are not strong enough, Ultimate
Taipan uses an interpolating SMT solver to obtain state assertions from
the original counterexample, thus guaranteeing progress.

1 Verification Approach

Ultimate Taipan unifies the strengths of trace abstraction [7] and abstract
interpretation [5]. Trace abstraction follows a counterexample-guided abstraction
refinement (CEGAR) [4] approach for verifying programs. The initial abstrac-
tion is a program automaton constructed from the control flow graph (CFG) of
the program. In the program automaton, accepting locations, called error loca-
tions, represent the violations of reachability properties of the program. Thus,
the language accepted by the program automaton corresponds to all sequences
of statements, i.e., to all traces, that lead to an error location. In each iteration,
a trace τ is chosen from the current program automaton and analyzed for feasi-
bility. If τ is feasible, it represents a concrete counterexample to the correctness
of the program, as the error location is reachable. If τ is infeasible, a proof for its
infeasibility is constructed. The proof is again encoded as an automaton, whose
language consists of infeasible traces. Next, this automaton is generalized by
adding transitions such that it accepts all traces of the program which are infea-
sible for the same reason as τ . This generalized automaton is then removed from
the current program automaton by computing the automata-theoretic difference
and the next iteration of trace abstraction starts. If the program automaton rep-
resents the empty language, i.e., if there are no traces of the program automaton
left to analyze, the program is proven to be correct, because no error location is
reachable.
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The efficiency of this approach relies on the reasons for infeasibility of a trace.
If the analyzed trace contains statements that are part of a loop, these reasons
should ideally form an inductive loop invariant. If this is not the case, the trace
abstraction algorithm diverges, i.e., the loop is unrolled until all traces of the
loop have been excluded, either by discovering a suitable loop invariant, or by
complete unrolling.

In Ultimate Taipan, we combat divergence by analyzing path programs [2]
instead of traces [6]. A path program is a projection of the original program to
the trace, i.e., a program in which only those statements occur that also occur in
the trace. Hence, the path program may contain loops if the trace contains state-
ments which are part of a loop. After choosing a trace of the program automaton,
we construct a path program from the trace and use abstract interpretation to
compute fixpoints for each path program location. If the fixpoint for an error
location is false, this error location is unreachable and the computed fixpoints
provide the proof of infeasibility for the whole path program, including the ini-
tially chosen trace. The advantage is that we are guaranteed to obtain inductive
loop invariants if our abstract interpreter can prove the path program. In the
case where abstract interpretation is not strong enough to prove infeasibility of
the path program, we fall back on the classical analysis of single traces.

1 int x :=0 , y :=1000;
2 while (∗ ) {
3 x:=x+1;
4 y:=y−1;
5 }
6 i f ( x==1000) {
7 assert y<=0;
8 }

(a) C code.
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(b) Program automaton.

Fig. 1. Example C code and its corresponding program automaton. The location �0 of
the automaton is the initial location, �4 is the error location.

Example. Consider the program and its corresponding program automaton
in Fig. 1. In the program automaton, the violation of the assertion in line 7 is
encoded by the accepting error location �4. Ultimate Taipan analyzes this
program by first picking a counterexample trace starting in the initial location
and ending in location �4, e.g. τ1 = x:=0;y:=1000 x==1000 y>0 . This trace
is infeasible because the first and the second statement contradict each other. A
state assertion capturing this fact is, e.g., x = 0. In the next step, an automaton
recognizing all traces that are infeasible because of this fact is constructed and
subtracted from the current program automaton.

In the next iteration, Ultimate Taipan’s algorithm picks the trace τ2 =
x:=0;y:=1000 x:=x+1 y:=y-1 x==1000 y>0 . Like τ1, τ2 is infeasible. The

statements x:=0 , x:=x+1 , and x==1000 contradict each other. This time,
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the analysis of this single trace uses x = 1 as state assertion. If the algorithm
continued in this fashion, it would need to unroll the loop completely, because
the inductive loop invariant, which has to relate the variables x and y, would not
be discovered. The reason for this is that the analysis of a single trace uses an
interpolating SMT solver that favors “easier” and more concise state assertions
over the relational one.

Hence, Ultimate Taipan uses a different method to extract state assertions.
When analyzing τ2, which contains statements that are part of a loop body, Ulti-
mate Taipan constructs a path program from the trace and analyzes this path
program with an abstract interpreter. Note that the path program correspond-
ing to τ2 is coincidentally the same as the program automaton. When using a
relational abstract domain, e.g. octagons, in abstract interpretation, the state
assertion x ≥ 0 ∧ y ≤ 1000 ∧ x + y = 1000 is found, which is an inductive loop
invariant and thus suitable to prove unreachability of the error location in the
path program. Therefore, when the path program is excluded from the program
automaton, the resulting program automaton becomes empty and the program
is proven to be safe.

2 Strengths and Weaknesses

Ultimate Taipan uses an abstract interpreter for proving infeasibility of traces
containing loops. By not analyzing the whole program but a smaller path pro-
gram, the imprecision that typically comes with abstract interpretation is mit-
igated and allows Ultimate Taipan to find inductive loop invariants in many
cases. Because Ultimate Taipan needs to compensate for cases where the used
abstract domain is not able to infer a proof of the path program, an interpo-
lating SMT solver is still required. The combination of proofs obtained by the
SMT solver with the proofs obtained from the abstract interpreter, e.g. during
generation of correctness witnesses for the whole program, is expensive. In our
current version, the computed fixpoints contain information about all variables
in the path program, which leads to large SMT formulas.

3 Software Project

Ultimate Taipan is implemented on top of the program analysis frame-
work ULTIMATE

1. Nearly all components except the refinement algorithm and
the abstract interpretation engine were already provided by Ultimate. We
developed a new abstract interpretation plugin and integrated the refinement
algorithm in the CEGAR loop of Ultimate Automizer. Ultimate pro-
vided the parsing back end and the verification condition generation as well as
the construction of the control flow graph, the various automata operations,
internal data structures for logic, the SMT solver SMTInterpol [3], and an
interface to external SMT solvers compatible with the SMT-LIBv2 or v2.5

1 https://ultimate.informatik.uni-freiburg.de.

https://ultimate.informatik.uni-freiburg.de
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format. Like Ultimate, Ultimate Taipan is written in Java and the source
code is available on GitHub2. Ultimate Taipan is licensed under LGPLv33.

4 Tool Setup and Configuration

Ultimate Taipan’s website4 provides a zip archive containing the competition
submission. This archive contains an executable version of Ultimate Taipan
for Linux platforms as well as the necessary theorem provers Z35 and CVC46.
Ultimate Taipan itself only requires a current Java installation (≥JRE 1.8).

The archive also contains a Python script, Ultimate.py, which maps the
SV-COMP interface to Ultimate’s command line interface and automatically
selects the correct settings and the correct toolchain for Ultimate Taipan. This
script requires a working Python 2.7 installation. In the SV-COMP scenario,
the input to the script is a C program input, a property file prop.prp, the
architecture setting 32bit or 64bit, and the memory model (either simple or
precise) that should be assumed for the input file. Ultimate Taipan can be
invoked with the following command.

./Ultimate.py prop.prp input 32bit|64bit simple|precise

The output of Ultimate Taipan is written to the file Ultimate.log and the
result is written to stdout. When using the BENCHEXEC

7 benchmarking frame-
work to evaluate Ultimate Taipan, the output will automatically be translated
by the tool-info module ultimatetaipan.py contained in BenchExec.

If the checked property does not hold, a human readable counterexample
is stored in the file UltimateCounterExample.errorpath and a violation wit-
ness [1] is written to witness.graphml.
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