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A complete and irredundant linear description of
the asymmetric traveling salesman polytope on 6
nodes

R. Euler* and H. Le Verge!
October 13, 1992

Abstract

Using a refined version of Chernikova’s algorithm we determined a complete and
irredundant description of the asymmetric traveling salesman polytope on 6 nodes.
Besides the 11 equations describing the affine hull of this polytope, our description
consists of 319015 facet-defining inequalities.

1 Introduction

The efforts to completely describe small asymmetric traveling salesman polytopes date back
to the year 1953 when I. Heller published a (partial) description of this polytope on 5 nodes
by means of 224 equations and inequalities [Hel53]. In 1955, H.-W. Kuhn [Kuh55] presented
two more classes stating that his system of 9 equations and 390 inequalities describes the
polytope in an irredundant manner. 34 years later Bartels and Bartels [BB89] confirmed
Kuhn's results by use of a computer program.

In this paper, we consider the asymmetric traveling salesman polytope on 6 nodes, which
is defined to be the convex hull of the incidence vectors of 120 tours in the complete digraph
on 6 nodes. Since we adopt the notation of (Gro77] we denote this polytope by P2 and recall
that its dimension is 19.

We obtained our results using an implementation of Chernikova’s algorithm [Che64],
[Che65), [Le 92], which for a given set of extremal rays and vertices determines the associated
set of irredundant equations and facet-defining inequalities.

In section 2 we discuss the basic steps of our approach. Section 3 contains the main
results. We describe 287 classes of facet-defining inequalities by exhibiting the associated

*Laboratoire d’Informatique de Brest (LIBr), Université de Bretagne Occidentale, 6, Avenue Le Gorgeu,
29287 Brest Cedex, France.
tIRISA, Université de Rennes 1, Campus de Beaulieu, 35042 Rennes Cedex, France.




'valued graph’ (i.e. the directed graph on six nodes containing a distinguished arc for every
coefficient that is strictly positive) together with the right-hand side of the inequality. Note
that each of the representative inequalities has been verified to be ’support-reduced’ (in the
sense of Fischetti [Fis91]) and therefore defines a facet of the monotonization of Pf. We also
provide information on:

e the number of different inequalities forming a class (i.e. those which define the same
facet of Py up to permutation of the 6 nodes and up to arc-reversal),

o the number of vertices of P} satisfying the inequality with equality, and
e those classes of inequalities that have been described earlier (implicitly or explicitly).

It turns out that the major part (252 classes among 287 altogether) represents facet-
defining inequalities that have been unknown to date. We therefore believe that our results
will contribute to better describe the general asymmetric traveling salesman polytope (for
previous work see [Bal89], [BF90], [Fis91], [Gro77] and [GP85]) and we hope that this will
lead to better cutting plane methods for the solution of related applications.

Section 4 contains our conclusions and some comments on related work.

2 The basic steps of our approach

As many other polytopes associated to combinatorial optimization problems the polytope
P} is symmetric in the sense that the facets containing one specific vertex can be obtained
from the facets containing some arbitrary vertex by a suitable permutation of the 6 nodes.
So if we denote by z; the incidence vector of the tour {(1,2),(2,3),(3,4),(4,5),(5,6),(6,1)}
and by z,,x3,...,Z120 those associated with the remaining tours, it is sufficient to consider
C, the pointed cone induced by the rays z, — xy,...,Z120 — & and the vertex ;. To obtain
an irredundant description of C' by means of linear equations and inequalities Chernikova’s
algorithm can be applied. It is based on Fourier-Motzkin elimination combined with a
particular redundancy check. A description of the implementation of this algorithm can be
found in [Le 92]. Note that any ray that is a non-negative linear combination of the remaining
ones can be eliminated, and our computational experience showed that it is worthwhile to
do so. We used a simplex like procedure to eliminate redundant rays hereby obtaining all
those rays z; — x, for which z; is adjacent to z; on Pf

We thus reduced the original 119 rays to a set of 110 irredundant rays to which we applied
our algorithm. As a result we obtained 11 equations and the, remarkable, number of 58799
inequalities fully describing €' in an irredundant manner.

The final step consisted in properly identifying all classes of facet-defining inequalities
for P2. To this end we projected our description of C into a space of dimension 19 which
guarantees the uniqueness (up to multiplication by a scalar) of any facet-defining inequality
(see [Sch86] for further details). We then considered two such inequalities to belong to a
single class whenever one can be obtained from the other by a permutation of the six nodes.




We ended up with 473 classes altogether. To further reduce the number of classes we merged
two classes into one whenever one could be obtained from the other by arc-reversal.

3 The main results

We first exhibit for each of the 287 classes the valued graph associated with one representative
facet-defining inequality, that has been chosen according to the following criteria:

e the inequality is support-reduced;
e its right-hand side is minimum;
o if already known, its form corresponds to that used in literature;

e inequalities that, after suppression of one isolated node, are equivalent to one defining
a facet of P}, are represented in the corresponding form.

As for the remaining we have chosen a form in which the highest coefficient is minimum.
The class number and the right hand-side of the corresponding inequality is indicated under
each graph.
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The following table summarizes our results.

Column 2 “Rep” indicates the number of distinct support-reduced representations
obtained from one facet-defining inequality.
Column 3 “Facets” contains the total number of distinct facet-defining inequalities
belonging to a class.
Column 4 “RHS” shows the minimum right-hand side of all the support-reduced in-
equalitics we generated.
Column 5 “Vertices” gives the number of vertices lying on each facet of this class.
Column 6 indicates invariance with respect to arc-reversal, by N standing for non-
invariant and Y for invariant. Note that a class is termed invariant whenever arc-
reversal can also be obtained by addition of degree inequalities and permutation of
nodes.
The last column is reserved for comments on earlier work.
LN°TRep I Facets LRHS LVertices l Invj Comments T

0 1 30 1 96 Y non-negativity

1 2 15 1 48 Y 2 nodes subtour elimination

2 2 10 2 36 Y 3 nodes subtour elimination

3 8 120 2 42 Y Df, D5 [Gro77], [Fis91]

4 8 360 2 30 Y Odd CAT (a) [Bal89]

50 8 | 720 | 3 24 N Odd CAT (b),(c) [Bal89]

6 | 10 90 3 32 Y Odd CAT (d) [Bal89)

7 8 90 3 28 Y (e3) [GroTT)

8 | 11 720 3 32 N (c1), (¢2) [GroT77]

9 | 18 | 180 | 3 322 | Y (c4) [Gro77]

10 | 11 | 1440 3 24 N CF, C; [GroT7], [Fis91]

11 11 1440 3 28 N

12 | 11 1440 3 24 N

13| 14 | 720 4 27 Y | D, Dy, (dy), (dy) [Gro77], [Fis91]

14| 15 | 120 | 4 2% | Y (d3), (dq) [GroT7]

15| 18 360 4 30 Y (ds) [GroT7]

16 | 14 | 1440 4 33 N (dg) [GroT77]

17 8 | 180 | 4 28 1Y [Bal89], [Gro77]

18 | 14 1440 4 23 N lifted subtour

19 ] 18 720 4 30 Y lifted subtour

20 | 22 1440 4 29 N lifted subtour

21| 14 180 4 28 Y lifted subtour

22| 14 720 4 25 Y lifted subtour

23| 11 720 1 26 N lifted subtour




[ N° ] Rep | Facets [ RHS | Vertices [ Inv [ Comments |

24| 13 720 4 23 Y lifted subtour
25 | 18 720 4 26 Y lifted subtour
26 { 13 720 4 27 Y lifted subtour
27| 11 | 360 | 4 26 Y | [Hel53), [Kuh55]
28 14 720 4 21 Y

29 | 16 360 4 30 Y

30 14 720 4 30 Y

311 22 720 4 26 N

32 14 180 4 32 Y

33| 20 360 4 24 Y

34 12 120 4 21 Y

35| 21 360 4 32 Y

36 | 24 1440 5 22 N | [Hel53], [Kuh55]
371 29 1440 5 23 N | [Hel53], [Kuh55]
38 | 21 360 5 28 Y | [Hel53], [Kuh55]
39 | 27 1440 5 22 N | [Hel53], (Kuh55]
40 | 18 180 5 20 Y | [Hel53], (Kuh55]
41 | 29 1440 5 21 N

42 | 27 720 5 21 Y

43 1 30 1440 5 24 N

44 | 24 720 5 28 Y

45 | 18 720 5 26 N

46 | 23 1440 S 28 N

47 | 27 720 5 28 Y

48 | 25 720 5 32 Y

49 | 24 720 5 26 Y

50| 19 1440 5 20 N

51| 24 1440 5 25 N

52 | 32 360 5 28 Y

53 | 27 1440 5 19 N

54 | 28 1440 5 19 N

55 | 24 1440 5 19 N

56 | 20 180 5 28 Y

5T | 2 360 6 30 Y | [Hel53], [Kuh53]
58 | 18 360 6 26 Y | [Hel53], [Kuh55]
59 | 21 720 6 26 N | [Hel53], [Kuh55]
66 | 31 1440 6 22 N

61 | 32 1440 6 21 N

62| 34 1440 6 21 N

63 | 31 1440 6 25 N

64 | 42 1440 6 26 N

19




wu Rep LFacets ﬁ{HS [ Vertices] In\j Commentﬂ
65 | 4 )

3 720 6 21 Y
66 | 36 1440 6 21 N
67 | 29 1440 6 23 N
68 | 31 1440 6 22 N
69 | 30 1440 6 25 N
0 | 32 720 6 29 Y
71 | 36 1440 6 25 N
72 | 34 1440 6 23 N
73 | 33 1440 6 28 N
74 | 40 720 6 24 Y
75 | 36 720 6 26 N
% | 36 1440 6 22 N
| 37 1440 6 23 N
78 | 26 720 6 27 Y
79 | 37 720 6 28 Y
80 | 38 720 6 20 Y
81 34 1440 6 26 N
82 | 27 720 6 25 Y
83 | 32 360 6 29 Y
84 | 37 1440 6 24 N
85 | 30 720 6 26 Y
86 | 34 720 6 23 Y
87 | 39 120 6 26 Y
88 | 37 720 6 26 Y
89 | 39 1440 6 20 N
90 | 36 1440 6 19 N
91 36 720 6 21 Y
92 | 42 1440 6 21 N
93 | 35 720 6 25 Y
94 | 28 180 6 32 Y
95 | 40 720 6 20 N
9 | 36 1440 7 27 N
97 | 32 1440 7 24 N
98 | 42 1440 7 26 N
99 | 36 1440 7 23 N
100 | 31 1440 7 24 N
101 | 45 1440 7 22 N
102 | 41 1440 7 24 N
103 | 41 1440 7 21 N
104 | 27 1440 7 27 N
105 | 37 1440 7 20 N
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N° TRepl Facets [ RHS J Verticesj Inv [ Comments J

106 | 48 | 1440 | 7 26 N
107 | 38 | 1440 | 7 20 N
108 36 | 720 | 7 25 Y
109 | 33 | 1440 | 7 21 N
110 | 46 | 720 | 7 24 Y
111 49 | 1440 | 7 22 N
112 | 38 | 1440 | 7 25 N
3] 32 | 720 | 7 22 Y
114 | 43 | 1440 | 7 21 N
115 | 40 | 1440 | 7 20 N
116 | 57 | 1440 | 7 20 N
117 51 | 1440 | 7 22 N
118 41 | 1440 | 7 21 N
119 | 46 | 1440 | 7 23 N
120 46 | 720 | 7 19 Y
121 43 | 1440 | 7 22 N
122 | 44 | 1440 | 7 19 N
123 | 49 | 1440 | 7 21 N
124 | 45 | 1440 | 7 19 N
125 | 41 | 1440 | 7 20 N
126 | 46 | 1440 | 7 20 N
127 21 | 360 | 8 2 Y | [Hel53), [Kuh55]
128 { 64 1440 8 22 N
120 | 58 | 1440 | 8 24 N
130 | 40 | 1440 | 8 24 N
131 57 | 120 | 8 31 Y
132 39 | 720 | 8 30 Y
133 | 42 | 360 | 8 24 Y
134 | 61 | 1440 | 8 24 N
135 | 53 | 1440 | 8 25 N
136 | 62 | 7120 | 8 24 Y
137 | 55 | 1440 | 8 24 N
138 | 47 | 1440 | 8 21 N
139 | 49 | 720 | 8 23 Y
140 | 53 | 1440 | 8 21 N
141 56 | 720 | 8 21 Y
142 | 47 | 1440 | 8 24 N
143 | 54 | 720 | 8 23 Y
144 | 52 1440 8 20 N
145 | 48 | 1440 | 8 21 N
146 | 52 | 1440 | 8 24 N
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LN° rRepJ Facets LRHS [ Vertices T Invl Commentﬂ

147 | 51 1440 8 22 N
148 | 51 1440 8 20 N
149 | 37 1440 8 21 N
150 | 63 720 8 23 Y
151 | 49 720 8 25 Y
152 | 50 1440 8 22 N
153 | 54 720 8 20 N
154 | 40 720 8 25 Y
155 | 56 1440 8 20 N
156 | 57 720 8 23 Y
157 | 61 720 8 23 Y
158 | 52 1440 8 20 N
159 | 38 1440 8 20 N
160 | 61 1440 8 2] N
161 | 60 1440 8 19 N
162 | 53 1440 8 19 N
163 | 57 1440 8 23 N
164 | 60 1440 8 21 N
165 | 50 720 8 26 Y
166 | 36 240 8 25 Y
167 | 57 720 8 23 Y
168 | 62 1440 8 19 N
169 | 47 720 8 23 Y
170 | 46 1440 8 19 N
171 ] 62 1440 8 21 N
172 | 52 720 8 21 Y
173 | 41 1440 8 20 N
174 | 40 720 8 19 Y
175 | 66 1440 9 22 N
176 | 56 720 9 26 Y
177 | 44 1440 9 23 N
178 | 44 1440 9 26 N
179 59 1440 9 23 N
180 | 61 1440 9 22 N
181 | 45 1440 9 21 N
182 | 47 1440 9 21 N
183 71 720 9 22 Y
184 { 57 1440 9 21 N
1851 49 1440 9 21 N
186 | 60 1440 9 20 N
187 | 52 1440 9 22 N

22




[ N° [ Rep [ Fa.cetszHS rVerticeSW Inv [ Commentsj

188 | 60 720 9 21 Y
189 | 67 1440 9 21 N
190 | 61 1440 9 21 N
191 | 33 1440 9 20 N
192 | 55 1440 9 21 N
193 | 63 1440 9 23 N
194 | 82 1440 9 20 N
195 | 47 1440 9 20 N
196 | 53 1440 9 19 N
197 | 62 1440 9 19 N
198 [ 61 1440 9 19 N
199 | 56 360 10 32 Y
200 | 52 720 10 21 Y
201 | 79 1440 10 21 N
202 | 63 720 10 25 Y
203 | 38 720 10 21 Y
204 | 73 720 10 23 Y
205 | 59 1440 10 24 N
206 74 720 10 25 Y
207 716 1440 10 22 N
208 | 62 1440 10 22 N
209 | 69 1440 10 20 N
210 | 62 720 10 21 Y
211 | 50 1440 10 21 N
212 ] 68 720 10 21 Y
213 | 59 720 10 21 Y
214 { 72 1440 10 19 N
215 72 1440 10 19 N
216 | 79 1440 10 21 N
217 | 74 1440 10 19 N
218 { 73 720 10 21 Y
219 | 82 720 10 21 Y
220 | 82 1440 10 19 N
221 | 76 1440 10 22 N
222 | 64 720 10 23 Y
223 | 65 1440 11 22 N
2241 74 720 11 24 Y
225 79 1440 11 20 N
226 | 65 1440 11 20 N
2271 67 1440 11 23 N
228 | 61 1440 11 20 N

23




[ Ne IRe;ﬂ Facetsl RHSi Vertices] Inv | CommentsJ

229 | &4 1440 11 20 N
230 ) 75 720 11 26 Y
231 | 68 720 11 23 Y
232 | 58 1440 11 21 N
233 | 9 1440 11 20 N
234 | 85 1440 11 19 N
235 | 77 1440 11 19 N
236 | 63 1440 11 19 N
237 | 83 1440 11 19 N
238 | 88 1440 11 19 N
239 | 82 1440 11 19 N
240 | 93 1440 12 20 N
241 | 107 | 1440 12 21 N
242 | 33 1440 12 22 N
243 | 57 1440 12 23 N
2441 79 1440 12 23 N
245 | T4 720 12 25 Y
246 | 87 1440 12 20 N
247 | 106 | 1440 12 20 N
248 | 85 1440 12 22 N
249 | 91 720 12 23 Y
250 | 74 1440 12 20 N
251 77 1440 12 20 N
2521 79 1440 12 20 N
253 | 102 | 1440 12 20 N
254 | 15 1440 12 23 N
255 | 80 1440 12 22 N
256 | 85 1440 12 20 N
257 | 96 720 12 21 Y
258 1 95 1440 12 21 N
259 [ 82 1440 12 19 N
260 | 76 1440 12 19 N
261 | 84 1440 12 19 N
262 | 109 | 1440 12 21 N
263 | 96 720 12 20 Y
264 | 82 1440 13 20 N
265 | 84 1440 13 22 N
266 | 89 1440 13 20 N
267 | 88 720 13 22 Y
268 | 69 1440 13 19 N
269 | 102 720 14 21 Y
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| N° | Rep [ Facets | RHS [ Vertices [ Inv | Comments |

270 | 89 1440 14 20 N
271 | 92 1440 14 23 N
2721 99 1440 14 20 N
273 | 109 | 1440 14 20 N
274 | 102 720 14 23 Y
275 | 88 1440 14 19 N
276 | 112 | 1440 14 19 N
277 | 132 | 1440 15 20 N
278 | 119 | 1440 16 20 N
279 | 118 | 1440 16 21 N
280 | 85 720 16 21 Y
281 | 141 [ 1440 16 19 N
282 | 119 { 1440 16 19 N
283 | 119 | 1440 16 19 N
284 | 152 | 1440 18 20 N
285 | 118 | 1440 18 20 N
286 | 149 | 1440 22 19 N

Summing up the number of different facet-defining inequalities induced by every class,
we obtain a total number of 319015 such inequalities describing P} in a complete and irre-
dundant manner. Also observe that column 2 indicates for each class the number of different
inequalities (we generated) that define the same facet, that are also support-reduced and
thus give rise to distinct facets of the monotonization of Pj. These numbers lead to a lower
bound of 17884952 different facet-defining inequalities for the monotonization of Pg. Finally,
we indicate in column 7 which inequalities are already implicitly known from the description
of P} obtained by [Hel53], [Kuh55].

We conclude this section with some observations:

e For n > 4, any D;_, inequality is equivalent to a D}_, inequality.

Proof: Consider a D]_; inequality (cf. the notation of [Fis91]) with i, = 1,4, =

3,13 =4,...,2,—1 = n and node 2 as isolated node. Subtracting twice the outdegree

equation for node 1, and once the corresponding equation for node n, and adding twice

the indegree equation for node 2 and once the corresponding equation for node 3 yields

a D, _; inequality with z; = 2,2, = 3,13 =4,...,7,_; = n and node 1 as isolated node.

[

e For n = 6 and k = 4, the lifted subtour-inequality (c3) of [Gro77] (p. 209) defines the
same facet as the odd CAT-inequality (e) of [Bal89] (p. 435).

e For n = 6 and k = 5, the total number of lifted subtour-inequalities defining distinct
facets is 16, 12 more than indicated in [Gro77].
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4 Conclusions and final remarks

It seems realistic to us that a complete linear description of the monotonization of P} can
be obtained in a similar way. Note however that the number of vertices that are adjacent
to a tour, for example, will be much higher and, thus, more computational effort will be
necessary.

We conclude with some remarks on related work. By splitting up the cone induced by
a given vertex and its adjacent vertices a complete description of the symmetric traveling
salesman polytope on 8 nodes has been obtained in [CJR90] hereby detecting 3 new classes
of facet-defining inequalities. Reinelt [Rei91] applied the same technique to the linear or-
dering polytope on 7 nodes. He also discovered 3 new classes of facet-defining inequalities.
However, he has given no definite proof of the completeness of his system. We adapted our
method to the linear ordering polytope and obtained the same results thereby confirming the
completeness of Reinelt’s description. Finally, we would like to mention the work of Deza,
Grotschel and Laurent [DGL90] on polytopes associated with cut problems on graphs. They
have introduced several classes of such polytopes and computed complete and irredundant
descriptions for them over graphs of order 4 and 5.

References

[Bal89] E. Balas. The asymmetric assignment problem and some new facets of the traveling
salesman polytope on a directed graph. SIAM Journal of Discrete Mathematics,
2(4):425-451, Nov. 1989.

(BB89] H.G. Bartels and S.G. Bartels. The facets of the asymmetric 5-city traveling sales-
man polytope. Zeitschrift fir Operations Research, 33:193-197, 1989.

[BF90] E. Balas and M. Fischetti. A lifting procedure for the asymmetric traveling sales-

man polytope and a large new class of facets. Management Sciences Research
Report N°. 556, GSIA, Carnegie Mellon University, Pittsburgh, PA, 1990.

[Che64] N.V. Chernikova. Algorithm for finding a general formula for the non-negative

solutions of a system of linear equations. USSR Computational Mathematics and
Mathematical Physics, 4(4):151-158, 1964.

[Che65] N.V. Chernikova. Algorithm for finding a general formula for the non-negative
solutions of a system of linear inequalities. USSR Computational Mathematics and
Mathematical Physics, 5(2):228-233, 1965.

[CJR90] T. Christof, M. Jinger, and G. Reinelt. A complete description of the traveling
salesman polytope on 8 nodes. Report No. 249, Institut fiir Mathematik, Univer-
sitat Augsburg, 1990.




[DGL90] M. Deza, M. Grotschel, and M. Laurent. Complete Descriptions of Small Multicut

(Fis9l]

[GP8s)

(Gro77]

[Hel53]

[Kuh55]

[Le 92]

[Rei91]

[Sch86]

Polytopes. Report No. 217, Institut fir Mathematik, Universitdt Augsburg, May
1990.

M. Fischetti. Facets of the asymmetric traveling salesman polytope. Mathematics
of Operations Research, 16(1):42-56, Feb. 1991.

M. Groétschel and M.W. Padberg. Polyhedral theory, in: E.L. Lawler et al (Eds.) :
The traveling salesman problem. John Wiley and sons, New York, 1985.

M. Grotschel. Polyedrische Charakterisierungen kombinatorischer Optimierungs-
probleme. A. Hain, Meisenheim am Glan, 1977.

I. Heller. On the problem of shortest paths between points, i and 1i. Bulletin of
the American Mathematical Society, 59:551-552, 1953.

H.W. Kuhn. On certain convex polyhedra. Bulletin of the American Mathematical
Society, 61:557-558, 1955.

H. Le Verge. A note on Chernikova’s algorithm. Publication interne n° 635, In-
stitut de Recherche en Informatique et Systemes Aléatoires, Campus Universitaire
de Beaulieu, 35042 Rennes Cedex, France, 1992.

G. Reinelt. A Note on Small Linear Ordering Polytopes. Report No. 329, Institut
fur Mathematik, Universitat Augsburg, Nov. 1991.

A. Schrijver. Theory of Linear and Integer Programming. Wiley-Interscience series
in Discrete Mathematics, John Wiley and Sons, 1986.

27




LISTE DES DERNIERES PUBLICATIONS INTERNES PARUES A L'IRISA

Pl 674 A CALCULUS OF GAMMA PROGRAMS
Chris HANKIN, Daniel LE METAYER, David SANDS
Juillet 1992, 32 pages.

PI 675 EVALUATION DES PERFORMANCES D'UN NOYAU DE SIMULATION REPAR-
TIE
Philippe INGELS, Carlos MAZIERO
Septembre 1992, 36 pages.

Pl 676 FONT METRICS
Jacques ANDRE
Septembre 1992, 20 pages.

Pl 677 GRIF ET LES INDEX ELECTRONIQUES
Héléne RICHY
Septembre 1992, 40 pages.

PI 678 ETUDE DE QUELQUES ORGANISATIONS D'ANTEMEMOIRES
Nathalie DRACH, André SEZNEC
Octobre 1992, 44 pages.

Pl 679 AN ADAPTIVE SPARSE UNSYMMETRIC LINEAR SYSTEM SOLVER
Miloud SADKANE, Roger B. SIDJE
Octobre 1992, 28 pages.

Pl 680 BRANCHING BISIMULATION FOR CONTEXT-FREE PROCESSES
Didier CAUCAL, Dung HUYNH, Lu TIAN
Octobre 1992, 36 pages.

Pl 681 DEADLOCK MODELS AND GENERAL ALGORITHM FOR DISTRIBUTED
DEADLEXCK DETECTION
Jerzy BRZEZINSKI, Jean-Michel HELARY, Michel RAYNAL
Octobre 1992, 26 pages.

Pl 682 LE MODELE DE MARKOV CACHE (MMC) A DEUX NIVEAUX : APPLICATION
A LA MODELISATION DE LA DUREE DANS UN DISPOSITIF DE RECONNAIS-
SANCE DE PAROLE
Nelly SUAUDEAU
Octobre 1992, 94 pages.

Pl 683 TARGET TRACKING BY VISUAL SERVOING
Aristide S. SANTOS, Frangois CHAUMETTE
Octobre 1992, 50 pages.

Pl 684 UNE DESCRIPTION LINEAIRE COMPLETE ET IRREDONDANTE DU POLYTOPE
ASSOCIE AU PROBLEME DU VOYAGEUR DE COMMERCE ASYMETRIQUE A
6 SOMMETS

Reinhardt EULER, Hervé LE VERGE
Octobre 1992, 30 pages.

Pl 685 MISE EN CORRESPONDANCE DE SEGMENTS DANS UNE SEQUENCE D'IMAGES
PAR UNE APPROCHE LOCALE
Samia BOUKIR, Patrick BOUTHEMY, Frangois CHAUMETTE, Didicr JUVIN
Octobre 1992, 30 pages.

Pl 686 FROM EQUATIONS TO HARDWARE. TOWARDS THE SYSTEMATIC MAPPING
OF ALGORITHMS ONTO PARALLEIL ARCIHITECTURES
Francois CHAROT, Palrice FRISON, Eric GAUTRIN, Dominique LAVENIER,
Patrice QUINTON, Charles WAGNER
Octobre 1992, 18 pages. 28







ISSN 0249 - 6399




