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1 Modeling

The Parallel Climbers Puzzle as described in [1] is modeled as follows: It consists
of a total function V representing the mountain range and two climbers, left and
right, which traverse the mountain range, maintaining the same height at any
given moment. Start and end point of the mountain range are located at height
0, all other points must be higher. There is a point m, which is the highest point
on the mountain range, all other points must be lower. The two climbers will
always meet at that speci�c point m. The position of a climber is stored as an
ordered pair of points in order to represent a vertex position or an edge position.
There is a total function Positions, which maps the possible positions to height
values according to V. Vertex positions are mapped to the vertex height and edge
positions are mapped to an open interval between the two incident vertices. In
addition, a relation Valid_Positions is de�ned to collate pairs of positions,
which satisfy the two following conditions: The left climber must be left of point
m, vice versa the right climber must be right of point m and the left and right
climber must be at the same height (see Fig. 1 and Fig. 2).

In order to move the two climbers, there is a convergent event move, that
determines all possible moves by checking if the next position pair is an element
of Valid_Positions. If a climber is on a vertex position it can move to an
incident edge position or an adjacent vertex position and if a climber is on an
edge position it can only move to an incident vertex position. Furthermore, to
prevent idleness or backtracking, only moves with progress towards point m are
allowed (see Fig. 3). A Variant is provided to prove that the move event only
makes progress (see Fig. 4).

2 Proving

The goal is to show that the Parallel Climbers Puzzle always has a solution for
any given function V. In order to prove this, we must show that the convergent
event move is always executable unless the desired target state is reached (see
Fig. 5).

Proving it unfolds in many case distinctions, which must be proven individu-
ally because the auto prover and external tools like ProB Disprover [2] or SMT
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Solver [3] cannot automatically prove the invariants. Nonetheless, these tools
were very helpful in the broken down case distinctions.

Proving the invariants took extremely well-planned steps because of the sheer
dimension of the proof. Having planned the proof and constructing it inside
the interactive prover from Rodin took approximately 1 hour, as well for the
other two invariants. Many steps inside the case distinctions were very similar
but could not be made in advance. Doing this for approximately 16-20 case
distinctions for every invariant, adds up to a lot of time spent just clicking
through the planned steps.

However, there are cases that have not been proved by now. These cases are
states, that are not reachable by the allowed moves (see Fig. 7). Proving them
would possibly come down to a proof by contradiction.

Fig. 1. Event-B context component

Fig. 2. Event-B machine component - Init
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Fig. 3. Event-B machine component - move event

Fig. 4. Event-B machine component - Variant

Fig. 5. Event-B machine component - Invariants

Fig. 6. Proven POs
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Fig. 7. Case that cannot be reached
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