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Abstract

This report aims at proving that we cannot climb a wall of any height h and reach a target in any cases
in a finite number of steps with a finite st of tile for the aTAM model.

1 Definitions
We first introduce some definitions and notation we use in the following.

Definition 1.1 (Tile-Kind). A Tile-Kind t is a quadruplet t = (tn,tg,ts,tw) where all t; are pairs t; =
(cti, St.i) where ¢ ; € N and sy; € N are respectively the colour and the strength of the link in position i.

Definition 1.2 (Tile). Let T be a set of tile-kinds. A tile t over T is a pair t = (k,p) where k € T and
p€ZxN.

We define a relation —¢ over a set of tiles C. We say (¢, (po,p1)) —c (t, (95, p})) if and only if at least one
of those statement is true:

e ¢ty =cpsand sy =sps and po =pj and p; =pj — 1
e ¢o.p=cyw and sy g = sy w and pg = p{, — 1 and p; = p}
e ¢; 5 =cy N and s, g = sy n and pg = p, and p; =p| +1
e ¢, w =cpp and s, w = sy g and py = p; + 1 and p; = p

One can notice that this relation is symmetric.
We denote —¢ the reflexive-transitive closure of —¢.

Definition 1.3 (Configuration). Let T be a set of tile-kinds. A configuration C over T is a subset of T X (ZxN)
such that

b Hto € T7 (t07 (070)) S C
o V(t,p),(t',p)elCp=p =>t=1¢
° V(tap) eCc,vt' eT, (t/7 (0,0)) € C, (t/7 (0,0)) 5 (t7p)

One can notice that 3ty € T, (¢,(0,0)) € C. It is a direct consequence of the first two points. Let us call it
the "seed” of the configuration C. Then the last one says that the seed is always connected to each tile.

Definition 1.4 (Wall). A 7-wall W C T x (Z x N) of height h is a set of tiles such that:
® V(i,j) € [2; +00x[0; A, (((0,0), (0,0), (0,0), (0,0)), (4, 4)) € W



e Jl(cy,...,cn) € NP sy, ..., 5) € NF Vi € [1,h],s; < 7,(((0,0),(0,0),(0,0), (c;, 8:)), (1,4)) € W

We define a 7-growing family of wall Wx = {W; }ien where W, is T-wall of height ¢ such that if (¢1,...,cp)
and (s1,...,s,) are the sequences corresponding to Wy, then (¢, ..., cpt1) and (s1, ..., Sp+1) are the sequences
for Wi41. We say (¢;)ien and (s;);en are the sequences for Wx.

We now give another relation L, between a set of tiles F and a tile (¢, p). We say FL,(t,p) if and only if:

o V(t',p) € F, (1) = ruiemy (6:D)
o (tp) ¢ F
® > ierSti =7 where N € I < 3(t', (pp,p1)) € F,po = py Ap1 =p — 1, idem for W E and S.

Definition 1.5 (Execution). Here we define an (T,7,C,0,W)-execution &, given a set of tile-kinds T, a
configuration C over T, 7 € N, o € T which is the seed of C and a T-wall W such that CNW = (.
An (T, 7,C,0,W)-execution £ is a sequence of length |E| € NU {oo}, € = (&;)ieo; e such that:

o Vi, je[0;E]i#j=>ENE =0
o Vi,j e [0;IE]LENW =0
* Uicpoyjeiiéi =C

Vi € [1;|E][,¥(t,p) € &,3F C U;(& UW, FL.(t,p)

Definition 1.6 (Valid execution). A wvalid (T,7,C, 0, W)-execution is an (T,7,C, o, W)-execution € such that
|€] < 00 and 3t € T,(t,(10,h)) € C where h is the height of W

Definition 1.7 (Ended execution). An ended (T,T,C, o, W)-execution is an is an (T,7,C, 0, W)-execution
such that ¥(t,p) € C,Vt' € T,Vp' € N_ x NU [1; 00[x[h; o[, (t',p") € CV =((t,p) =7 (t',p))

One must notice that this definition is valid for an infinite or finite execution and that we can not add a
new tile.

Let Wz . s be a family of wall for the sequence ¢ = (¢;)ien and s = (8;)ien-

Now we can precise our goal. In fact we want some (T, 7,0, ¢, s) such that for each ended (7, 7,C,o, W)-
execution where W € Wx ., for some C is finite and valid.

2 Main Theorem

2.1 Preliminaries

Lemma 2.1 (Ending finite executions). Let &£ be a finite (T, 1,C,0,W)-execution £ = (&y,...E|g|—1). Then
there is some (T,7,C', 0, W)-execution & = (E])icfo;)e|] such that Vi € [0;|E|[, & = & (we say £ X E') and £’
15 ended and C C C'.

This lemma says that given a finite execution, we can continue until we reach an ended execution. It seems
evident and the proof is simple. Other things is that < is a (partial) large order over executions.

Proof. Let £ be a finite (T, 7,C, o, W)-execution & = (&, ...Eg|—1). If € is ended then there is nothing to do.
Otherwise, let £©) = £. Suppose £ is built for some n € N such that £©) < ... < £ We construct £ +D.
If £ is ended let £+ = £ Otherwise 3(t,p) € C™, 3 € T,Fp’ € N_ x NU [1; 00[x[h; oo, (t',p') ¢
C A (t,p) =7 (t,p)). Set Egony = {(t',p')} and EMFY = (&, ..., Elgm|) to get the result. O

Corollary 2.2 (Ending infinite executions). Let £ be an infinite (T,7,C, 0, W)-execution € = (€;)ien. Then
there is some (T,7,C’, 0, W)-execution & = (E]);en such that Vi € N, & C & (we say € <o ') and &' is ended
and C C C'.



The proof is very similar to the previous one. Just say if you can add a tile there is some finite rank ¢ in
& such that you can add this tile, then add it to £11. You build an increasing sequence of infinite executions
and take the limit to end it.

Lemma 2.3 (Intermediate Tile). Let C be a configuration. Let (t,p),(t',p") € C,p <iex ', (t,p) =% (t',0') A
j((tap) —c (t/ap/))' Then H(t”ap”) € C7 (tap) _>ér (t//7p//) A (t//ap//) _>(de (tlapl) /\P <lex PN <lex pl'

Proof. By induction on the length n of the path going from (¢,p) to (¢,p’) with p = (po,p1), P’ = (04, D)),
assuming that (¢,p) —¢ (¢',p"). We assume without loss of generality that po < pj and p; < pj by permutation

of the coordinates.
If n = 2, then

o If pg = pj), the only path is (t”,p") with pj = po + 1, p{ = p1.

e If po = pj, — 1, p1 < p}, and two only paths are either (¢”, (po,p})) and (¢, (pl, p1)) ; both verifying the
theorem.

o If po = pj — 2, the only path is (t”,p") with p§ = po, p{ = p1 + 1.
e Else, there cannot be any path of length 2 from ¢ to t'.

Let us assume that for all (¢,p) —¢ (¢/,p'), there exists such (¢/,p”). Let (t(i),p(i))igm_l verify (0, p(0) =
(t,p), ("D p(*tD) = (# p) and Vi € [0,n], (¢, p@) —¢ (0D, p+1), Let us consider (¢t p(™).

o If p(()n) < pj or pé") = pi and p(ln) < ply, then p(™ <., p’ and by hypothesis, there exists ng such that

p <leq p(no) <leq P(") <leq p

o If pén) = p,, and pi”’ > p/, then, by contradiction, there exist such (#’,p”): Assuming that Vk,p®) >,

(0) (n (0) (0) (n)

p(™) then either Dy = Do ) and p1 >py  orpy > py  which contradicts our hypothesis.

o If pén) > p(, the same reasoning holds.

O

Corollary 2.4 (Path through each abscissa). Let C be a configuration over T. Let (t,p), (t',p') € C,po+1 <
Po, (t,p) =& (t,0) A =((t,p) —e (t,0)) Then Vpy €lpo; pp[3pf € N3t" € T,(t", (g, p) € CA (t,p) —¢
(t", (pg, p1)) A (", (05, ) —¢ (1),

Proof. The proofs directly comes from the previous lemma 2.3 by supposing it is false and induct it on the
number of columns that are in between the two considered tile. O

2.2 Main Theorem

Theorem 2.5 (Main theorem). There is no (T,7,0,¢,s) such that for each ended (T,7,C,0,W)-execution
where W € Wr . s for some C is finite and valid.

Proof. We proceed by contradiction. Suppose given such a quintuplet (T, 7,0,¢,s). Let hg € N greater than
(or equal to) 1 and Wj,, € Wxr . s the wall of height ho. ({o}) is an execution (see Figure 1). Using lemma 2.1

we can complete it in a ended execution £©. By our hypothesis, £©) = (Eéo), e 5|(5(‘)<)0>\—1) is finite and valid.

Let C(©) be the configuration of £©) as a (T, 7,C®), o, Wy, )-execution. Then 3t € T, (0, (0,0)) —% (¢, (10, h)).
We use corollary 2.4 to say that there some tile in C(9) such that its abscissa is 1. We now define io:

io = min{i|3t € T,3Ip1 € N(¢,(1,p1)) € &}



We have 1 < ig < |€(®)|. Now consider 5|(i?))71 = (Séo), glv ). Sl(i(;ll is anon-ended (7, 7, U;":_olcfj(»o), 7, W )-

e C—1

execution (see Figure 2). Let h; such that:

hy = max{h € N|h > ho,3t € T, (t,(0,h)) € CV}
Because for all t € T and h > hg such that (¢, (0,h) € C has been added with out any wall, and because
mismatches are allowed, 5‘(;;)71 is a finite non-ended (7,7, 0, Uj.f;)lgj(o)’o, Wh, )-execution. Using lemma 2.1

we can complete it in an (7T, 7,CM o, Wh, )-execution EM = (Sél), ...,5‘(81()1”71). More-over suppose that we

cannot get one without using the blocks of the wall, then there is some tile is Ei(l) for some i > iy that has
height lower than h; and abscissa 0. Then as well as corollary 2.4, one can show that the path can go trough
each ordinate. Then because we work in N2 each path starting from one of those new tiles going to target
cuts a path the seed to the tile achieving previous h;. The tiles are then ”useless”, we mean that the cannot
imply any nex path going above the wall (all possible neighbours are already there). We can assume there is
no new tile in any position (0,h) with A < hy in £3). Then no glue from Wy, which is not in W, is used to
get further. It says that is we use the same notations as for £(©), g|(ill)—1 is an (7,7,CY, o, Wi, )-execution (see
Figure 3).

By recurrence, replace any 0 by n in the previous reasoning and any 1 by n + 1 to get a family of
(T, 7, -, 0, Wh, )-executions {£™}, ey and (i, )nen an increasing sequence such that Vn € N, Vi € [0;i,], 5i(n) =
gy,

Then define £(°) = (51-(00))1'61\1 with Ei(oo) = lim, 100 Ei(") which is in fact just the limit of a stationary
sequence (well defined). Then one can check that its satisfies the definition of a (77, 7,C(*), o, W}, )-execution.

£(>) may be not ended. Up to renaming, consider it is (applying corollary 2.2). However it is not finite
(and may be not valid), that is a contradiction. O
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Figure 1: Initial state
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Figure 2: First growth of the tile algorithm
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Figure 3: Second growth of the tile algorithm

2.3 Remarks

In fact we prove that it’s only sufficient that there some wall Wy of height grater than (or equal to) 1, such
that each wall of height greater than W;’s one, W is the base of this wall. We also need the fact that for each
height, there is a wall for this height in the family.

More over we also prove that is a family of walls contains such a sub-family, it is impossible to find the
correct (T,7,0).



