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
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
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















𝔽 𝑞

𝑛 ∈ ℕ

𝑘 ∈ 0, 𝑛

𝐶(𝑛, 𝑘) 𝔽𝑛 𝑘



𝔽𝑘

𝔽 𝑞

𝑛 ∈ ℕ

𝑘 ∈ 0, 𝑛

𝐶(𝑛, 𝑘) 𝔽𝑛 𝑘



𝔽𝑘

𝐶(𝑛, 𝑘)

𝔽 𝑞

𝑛 ∈ ℕ

𝑘 ∈ 0, 𝑛

𝐶(𝑛, 𝑘) 𝔽𝑛 𝑘



𝔽𝑘

𝐶(𝑛, 𝑘)

𝔽𝑛

𝔽 𝑞

𝑛 ∈ ℕ

𝑘 ∈ 0, 𝑛

𝐶(𝑛, 𝑘) 𝔽𝑛 𝑘



𝔽 𝑞

𝑛 ∈ ℕ

𝑘 ∈ 0, 𝑛

𝐶(𝑛, 𝑘) 𝔽𝑛 𝑘

𝔽𝑘

𝐶(𝑛, 𝑘)

𝔽𝑛





𝑛 ∈ ℕ

ℳ 𝑛 = ℳ𝑛 𝔽2



𝑛 ∈ ℕ

ℳ 𝑛 = ℳ𝑛 𝔽2

𝒞 = 𝑉𝑒𝑐𝑡 𝐶 ∈ ℳ 𝑛 𝐶 comporte exactement une ligne ou une colonne de 1



𝑛 ∈ ℕ

ℳ 𝑛 = ℳ𝑛 𝔽2

𝒞 = 𝑉𝑒𝑐𝑡 𝐶 ∈ ℳ 𝑛 𝐶 comporte exactement une ligne ou une colonne de 1

𝑆 ∈ ℳ 𝑛



 𝑆 = S + 𝒞 = 𝑆 + 𝐶 𝐶 ∈ 𝒞





∀ 𝑀1, 𝑀2 ∈ ℳ 𝑛
2
, 𝑑𝐻 𝑀1, 𝑀2 = 𝑀1 𝑀2



∀ 𝑀1, 𝑀2 ∈ ℳ 𝑛
2
, 𝑑𝐻 𝑀1, 𝑀2 = 𝑀1 𝑀2

∀𝑀 ∈ ℳ 𝑛 , 𝑤𝐻 𝑀 = 𝑑𝐻 𝑀, 0ℳ 𝑛





𝑆 ℳ(𝑛) 𝑆′ ℳ(𝑛)

- ∃𝐶 ∈ 𝒞 𝑆′ = 𝑆 + 𝐶

- 𝑤𝐻 𝑆′ = min
𝐶∈𝒞

𝑤𝐻 𝑀 + 𝐶



𝑆 ℳ(𝑛) 𝑆′ ℳ(𝑛)

- ∃𝐶 ∈ 𝒞 𝑆′ = 𝑆 + 𝐶

- 𝑤𝐻 𝑆′ = min
𝐶∈𝒞

𝑤𝐻 𝑀 + 𝐶

𝑆 ℳ(𝑛)

min
𝐶∈𝒞

𝑤𝐻 𝑆 + 𝐶 = max
𝑀∈ℳ 𝑛

min
𝐶∈𝒞

𝑤𝐻 𝑀+ 𝐶





ℛ

∀ 𝑀1, 𝑀2 ∈ ℳ 𝑛
2
, 

𝑀1 ℛ 𝑀2 ⟺ ∃𝐶 ∈ 𝒞 ,𝑀1 = 𝑀2 + 𝐶



ℛ

∀ 𝑀1, 𝑀2 ∈ ℳ 𝑛
2
, 

𝑀1 ℛ 𝑀2 ⟺ ∃𝐶 ∈ 𝒞 ,𝑀1 = 𝑀2 + 𝐶

ℛ





- 𝑀𝑖 𝑖 ∈ 1, 2𝑛
2−2𝑛+1 = 𝑀0 = 0ℳ 𝑛

- 𝒞 = 𝐶𝑗 𝑗 ∈ 1, 22𝑛−1 ( 𝐶0 = 0ℳ 𝑛





2𝑛
2



2𝑛
2







1011110012



1011110012

377





𝐸

𝑇 ℝ+
∗



𝐸

𝑇 ℝ+
∗

- 𝐸 = 𝐸0
- 𝑇 = 𝑇0



𝐸

𝑇 ℝ+
∗

- 𝐸 = 𝐸0
- 𝑇 = 𝑇0

𝐸 𝑇



𝐸

𝑇 ℝ+
∗

- 𝐸 = 𝐸0
- 𝑇 = 𝑇0

𝐸 𝑇

 𝐸



𝐸

𝑇 ℝ+
∗

- 𝐸 = 𝐸0
- 𝑇 = 𝑇0

𝐸 𝑇

 𝐸

 𝐸 Δ𝐸

𝑝 = exp −
Δ𝐸

𝑇

















𝑝



𝑝

𝑇











𝒏 = 𝟑



𝒏 = 𝟕



𝒏 = 𝟏𝟎



𝒏 =



𝒏 = 𝟐𝟎



𝒏 = 𝟐𝟑





ℛ 𝒞 22𝑛−1

∀ 𝑀 ∈ ℳ 𝑛 ,  𝑀 = 𝑀 + 𝐶 𝐶 ∈ 𝒞 ⟹ 𝐶𝑎𝑟𝑑  𝑀 = 𝐶𝑎𝑟𝑑 𝒞

= 𝐶𝑎𝑟𝑑 𝔽2 × 𝑑𝑖𝑚 𝒞

= 22𝑛−1

⧠

ℛ 2𝑛
2−2𝑛+1

𝐶𝑎𝑟𝑑 ℳ 𝑛 = 𝐶𝑎𝑟𝑑 𝔽2 × 𝑑𝑖𝑚 ℳ 𝑛 = 2𝑛
2

ℛ
𝐶𝑎𝑟𝑑 ℳ 𝑛

𝐶𝑎𝑟𝑑 𝒞
= 2𝑛

2−2𝑛+1

⧠



∀ 𝑀1,𝑀2,𝑀 ∈ ℳ 𝑛 3, 𝑑𝐻 𝑀1,𝑀2 = 𝑑𝐻 𝑀1 +𝑀,𝑀2 +𝑀

𝑑𝐻 𝑀𝑖 + 𝐶𝑗 , 𝐶𝑗 = 𝑑𝐻 𝑀𝑖 , 0ℳ 𝑛 = 𝑤𝐻 𝑀𝑖 = min
𝐶∈𝒞

𝑤𝐻 𝑀𝑖 + 𝐶 = min
𝐶∈𝒞

𝑑𝐻 𝑀𝑖 + 𝐶, 0ℳ 𝑛 = min
𝐶∈𝒞

𝑑𝐻 𝑀𝑖 , 𝐶



𝒞

𝜌 𝒞 = ℳ 𝑛 𝒞

= max
𝑀∈ℳ 𝑛

min
𝐶∈𝒞

𝑑(𝑀, 𝐶

∀ 𝑀1,𝑀2,𝑀 ∈ ℳ 𝑛 3, 𝑑𝐻 𝑀1,𝑀2 = 𝑑𝐻 𝑀1 +𝑀,𝑀2 +𝑀

𝑆 ℳ(𝑛)

min
𝐶∈𝒞

𝑤𝐻 𝑆 + 𝐶 = max
𝑀∈ℳ 𝑛

min
𝐶∈𝒞

𝑤𝐻 𝑀+ 𝐶

= max
𝑀∈ℳ 𝑛

min
𝐶∈𝒞

𝑑𝐻 𝑀 + 𝐶, 0ℳ 𝑛

= max
𝑀∈ℳ 𝑛

min
𝐶∈𝒞

𝑑𝐻 𝑀, 𝐶





⋯



⋯





𝒅𝒊𝒎 𝓒 = 𝟐𝒏 − 𝟏

∀ 𝑖, 𝑗 ∈ 1, 𝑛 2

𝐴𝑖 =

0 ⋯ 0
⋮ ⋱ ⋮
0 0 0
1 … 1
0 0 0
⋮ ⋱ ⋮
0 ⋯ 0

𝐵𝑗 =

0 ⋯ 0 1 0 ⋯ 0

⋮ ⋱ 0 ⋮ 0 ⋱ ⋮

0 ⋯ 0 1 0 ⋯ 0

𝓑 = 𝑨𝒊 , 𝑩𝒋 𝒊,𝒋 ∈ 𝟏,𝒏 × 𝟏,𝒏−𝟏
𝓒 𝐶𝑎𝑟𝑑 ℬ = 2𝑛 − 1



𝐵𝑛 =  

𝑖=1

𝑛

𝐴𝑖 + 

𝑗=1

𝑛−1

𝐵𝑗



∀ 𝛼𝑖 , 𝛽𝑗 𝑖,𝑗 ∈ 1,𝑛 × 1,𝑛−1
∈ 𝔽2

2𝑛−1

 

𝑖=1

𝑛

𝛼𝑖 ⋅ 𝐴𝑖 + 

𝑗=1

𝑛−1

𝛽𝑗 ⋅ 𝐵𝑗 =

𝛼1 + 𝛽1 ⋯ 𝛼1 + 𝛽𝑛−1 𝛼1

⋮ ⋱ ⋮ ⋮

𝛼𝑛 + 𝛽1 ⋯ 𝛼𝑛 + 𝛽𝑛−1 𝛼𝑛



ℛ  ℳ 𝑛
𝒞 .

ℳ 𝑛 ,+
- (𝒞, +) ℳ 𝑛 ,+

 ℳ 𝑛
𝒞 +𝑞

∀(𝑀1, 𝑀2) ∈ ℳ 𝑛 2 , 𝑀1 +𝑞 𝑀2 = 𝑀1 +𝑀2

 ℳ 𝑛
𝒞 ℳ 𝑛 𝒞

ℳ 𝑛

∀(𝑀1, 𝑀2, 𝑀1
′ , 𝑀2

′ ) ∈ ℳ 𝑛 4

 
𝑀1 = 𝑀1

′

𝑀2 = 𝑀2
′

⟹ 𝑀1 +𝑀2 = 𝑀1
′ +𝑀2

′

• +𝑞 0ℳ 𝑛

•  𝑀 ∈  ℳ 𝑛
𝒞 −𝑀

•


