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• 

• 

• 

• �̇�𝑞
𝑛 𝐹𝑞

𝑛

�̇�𝑞
𝑛 × �̇�𝑞

𝑚

𝑛 𝑚 2

𝑚𝑙𝑜𝑔2 3 𝑛

𝑚
(𝑞 − 1)2

 �̇�𝑞
𝑛 × �̇�𝑞

𝑚

𝑛(𝑞 − 1)(𝑞 −
1

𝑞𝑚−1
)
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• 𝐹2 𝑥1𝑥2 ⋯ 𝑥𝑛 + 𝑥𝑛+1𝑥𝑛+2 ⋯ 𝑥2𝑛 +

𝑥2𝑛+1𝑥2𝑛+2 ⋯ 𝑥3𝑛 = 1

𝑛2

9𝑛𝑙𝑜𝑔2 3 + 4

• 𝐹𝑞 𝑛 × 𝑛

𝑞𝑛−1

𝑞−1

• 𝐹𝑞 𝑛 × 𝑛

(𝑞𝑛 − 1)(𝑞𝑛−1 − 1) ⋯ (𝑞 − 1)

• 𝑥𝐴 + 𝑏 𝐴 𝑛 × 𝑛

𝐹𝑞  𝑏 𝐹𝑞
𝑛

𝐹𝑞
𝑛

2𝑞𝑛

𝐴𝑛
𝐴𝑛 ≈

𝑞𝑛2+𝑛

𝐴𝑛 

• 𝐹𝑞
𝑛

𝑁 ⊆ 𝐹𝑞
𝑛

𝐶𝑅(𝐺) × #𝑜𝑟𝑏𝐺(𝑁) 𝑆𝑡𝑎𝑏(𝑁) 𝐺

𝐶𝑅(𝐺) 𝐺

𝑆𝑡𝑎𝑏(𝑁) 𝑁 #𝑜𝑟𝑏𝐺(𝑁)
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6

𝐹𝑞 𝑞 𝐹𝑞
𝑛 𝐹𝑞

𝑛

𝐿 𝐹𝑞
𝑛 𝛼 ∈ 𝐹𝑞

𝑛 𝛼 + 𝐿 = {𝛼 + 𝑥 | 𝑥 ∈ 𝐿}

𝐿

 𝐿 𝑑𝑖𝑚(𝐿)

𝑁 ⊆ 𝐹𝑞
𝑛 𝐻1, 𝐻2, ⋯ , 𝐻𝑠 𝑁

𝐻1 ∪ 𝐻2 ∪ ⋯ ∪ 𝐻𝑠 = 𝑁 {𝐻1, 𝐻2, ⋯ , 𝐻𝑠

𝑁

𝑠
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𝐿 ⊆ 𝑁 𝑁

𝐻 ⊆ 𝑁 𝐿 ⊆ 𝐻 𝐿 = 𝐻

𝐹𝑞
𝑛 𝑛 − 1

�̇�𝑞
𝑛 𝐹𝑞

𝑛

�̇�𝑞
𝑛 = 𝐹𝑞

𝑛\{(0, ⋯ ,0)}

𝑆 ⊆ 𝐹𝑞
𝑛 𝒌

𝐹𝑞
𝑛 𝑘

(𝑛 − 1)

�̇�𝑞
𝑛

𝐹𝑞
𝑛

(𝑛 − 1

�̇�𝑞
𝑛 𝑛(𝑞 − 1)

�̇�𝑞
𝑛 × �̇�𝑞

𝑚

𝐴 �̇�𝑞
𝑛 × �̇�𝑞

𝑚 𝐴 =

𝐴1 × 𝐴2 𝐴1 �̇�𝑞
𝑛 𝐴2 �̇�𝑞

𝑚

𝑑𝑖𝑚(𝐴1) = 𝑛 − 1, 𝑑𝑖𝑚(𝐴2) = 𝑚 − 1

𝐶𝑛,𝑚,𝑞 �̇�𝑞
𝑛 × �̇�𝑞

𝑚

𝐶𝑛,𝑚,𝑞 ≤ 𝑛𝑚(𝑞 − 1)2

𝐶𝑛,1,𝑞 = 𝑛(𝑞 − 1)2

                                                
9 Jamison R. Covering finite fields with cosets of subspaces, J. Combin. Theory Ser. A22 (1977), 253-
266. 
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𝑛 > 1 𝑚 > 1 �̇�𝑞
𝑛 × �̇�𝑞

𝑚

𝐶2𝑛,2𝑚,𝑞 ≤ 3𝐶𝑛,𝑚,𝑞

𝐶𝑛,𝑚,𝑞

𝑛 ≥ 𝑚 2 𝐶𝑛,𝑚,𝑞 ≤

𝑚𝑙𝑜𝑔2 3 𝑛

𝑚
(𝑞 − 1)2

𝐶𝑛,𝑚,𝑞

𝐶𝑛,𝑚,𝑞 ≥ 𝑛(𝑞 − 1)(𝑞 −
1

𝑞𝑚−1)

𝐶𝑛,2,𝑞 ≤ 3 ⌈
𝑛

2
⌉ (𝑞 − 1)2

11 ≤ 𝐶2,2,3 ≤ 12

 𝐶2,2,3 = 12

𝐹2

𝑥1𝑥2 ⋯ 𝑥𝑛 + 𝑥𝑛+1𝑥𝑛+2 ⋯ 𝑥2𝑛 + 𝑥2𝑛+1𝑥2𝑛+2 ⋯ 𝑥3𝑛 = 1

3𝑛2 2𝑛 − 2

(𝑛 − 2)

�̇�2
𝑛 (𝑛 − 2)

3𝑛𝑙𝑜𝑔2
3

�̇�2
𝑛 𝑘

2

�̇�2
𝑛 𝑘 (𝑛 − 2)
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𝑥1𝑥2 ⋯ 𝑥𝑛 + 𝑥𝑛+1𝑥𝑛+2 ⋯ 𝑥2𝑛 + 𝑥2𝑛+1𝑥2𝑛+2 ⋯ 𝑥3𝑛 = 1

𝑥1𝑥2 ⋯ 𝑥𝑛 + 𝑥𝑛+1𝑥𝑛+2 ⋯ 𝑥2𝑛 = 0

�̇�2
𝑛 (𝑛 − 2)

𝑥1𝑥2 ⋯ 𝑥𝑛 + 𝑥𝑛+1𝑥𝑛+2 ⋯ 𝑥2𝑛 + 𝑥2𝑛+1𝑥2𝑛+2 ⋯ 𝑥3𝑛 = 1

 𝐹2 𝑥1𝑥2 ⋯ 𝑥𝑛 + 𝑥𝑛+1𝑥𝑛+2 ⋯ 𝑥2𝑛 +

𝑥2𝑛+1𝑥2𝑛+2 ⋯ 𝑥3𝑛 = 1

 9𝑛𝑙𝑜𝑔2 3 + 4:

𝑛𝑙𝑜𝑔2 3 ≈ 𝑛1.58

𝑛2

 𝐹𝑞 𝑛 × 𝑛

𝑀𝑛(𝐹𝑞) 𝑛2 𝐹𝑞

𝑚 ∈ 𝑀𝑛(𝐹𝑞)

𝑀𝑛(𝐹𝑞)

𝑛(𝑛 − 1)

                                                
10 Dieudonne J. Sur une generalisation du groupe orthogonal a quatre variables, Arch.Math. 1 (1949) 

282-287. 
11 Clement de Seguins Pazzis. The affine preservers of non-singular matrices. Arch. Math.95 (2010), 
333342 
12 Meshulam R. On the maximal rank in a subspace of matrices, 4 Jul 1984 
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𝑀𝑛(𝐹𝑞)

𝑀𝑛(𝐹𝑞)

𝑞𝑛−1

𝑞−1
= 1 + 𝑞 + 𝑞2 + ⋯ + 𝑞𝑛−1

𝐺𝐿𝑛(𝐹𝑞)

𝑚 ∈ 𝑀𝑛(𝐹𝑞)

𝑆𝑝(𝑚) 𝑀𝑛(𝐹𝑞) 𝐻

𝑚 ∈ 𝐻

𝑆𝑝(𝑚) ⊆ {0} 𝐻 0

(𝑛
2
)

                                                
13 Clement de Seguins Pazzis. Large affine spaces of non-singular matrices September 24,2013 
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𝐺𝐿𝑛(𝐹𝑞)

(𝑞𝑛−1)(𝑞𝑛−𝑞)(𝑞𝑛−𝑞2)⋯(𝑞𝑛−𝑞𝑛−1)

𝑞(𝑛
2)

= (𝑞𝑛 − 1)(𝑞𝑛−1 − 1) ⋯ (𝑞 − 1)

𝑁𝑇𝑛(𝐹𝑞)

𝐼𝑛 + 𝑁𝑇𝑛(𝐹𝑞)

𝐺𝐿𝑛(𝐹𝑞)

𝑁𝑇𝑛(𝐹𝑞) 𝐺𝐿𝑛(𝐹𝑞)

𝐼𝑛 + 𝑁𝑇𝑛(𝐹𝑞)

𝑥 = (𝑥1, ⋯ , 𝑥𝑛) 𝑓(𝑥) 𝑔(𝑥) 𝑛

𝐹𝑞
𝑛 𝐿𝑓 ⊆ 𝐹𝑞

𝑛 𝑓(𝑥1, ⋯ , 𝑥𝑛) = 0

𝑓 𝑔

𝐴 𝑏

𝐿𝑓 𝐿𝑔 𝐿𝑓 = 𝑥𝐴 + 𝑏 𝑥 ∈ 𝐿𝑔

𝑥𝐴 + 𝑏 𝐹𝑞
𝑛

𝐴𝑛 𝑀𝑛

𝐴𝑛 𝑞𝑛2+𝑛

𝐹𝑞
𝑛

𝑀𝑛 ≈
2𝑞𝑛

𝐴𝑛

𝐴𝑛

𝐺

𝐺

𝐶𝑅(𝐺)
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𝑁 ⊆ 𝐹𝑞
𝑛 𝑆𝑡𝑎𝑏(𝑁) 𝑁

𝑆𝑡𝑎𝑏(𝑁)

#𝑜𝑟𝑏𝐺(𝑁)

𝑁 ⊆ 𝐹𝑞
𝑛

𝐶𝑅(𝐺) × #𝑜𝑟𝑏𝐺(𝑁) 𝑆𝑡𝑎𝑏(𝑁)

𝐺

𝐹𝑞
𝑛

𝐿

                                                               𝑃𝐿(𝑥) = ∏(𝑥 − 𝑎)

𝑎∈𝐿

,                                                                 

𝐿

𝑝(𝑧) = 𝑧𝑞𝑘
+ 𝐴1𝑧𝑞𝑘−1

+ ⋯ + 𝐴𝑘𝑧 + 𝐴𝑘+1

𝑧 𝑞 𝐹𝑞𝑛

                                                
14 0. ORE, On a special class of polynomials, Trans. Amer. Math. Sot. 35 (1933), 559-584 



14 
 

 

 

 

 

 

 



15 
 

• �̇�𝑞
𝑛 𝐹𝑞

𝑛

�̇�𝑞
𝑛 × �̇�𝑞

𝑚. 𝑛 𝑚 2

𝑚𝑙𝑜𝑔2
3 𝑛

𝑚
(𝑞 − 1)2

�̇�𝑞
𝑛 × �̇�𝑞

𝑚

𝑛(𝑞 − 1)(𝑞 −
1

𝑞𝑚−1)

• 

𝑥1𝑥2 ⋯ 𝑥𝑛 + 𝑥𝑛+1𝑥𝑛+2 ⋯ 𝑥2𝑛 + 𝑥2𝑛+1𝑥2𝑛+2 ⋯ 𝑥3𝑛 = 1 𝐹2

𝑛2

9𝑛𝑙𝑜𝑔2
3

+ 4

• 𝑛 × 𝑛

𝐹𝑞

𝑞𝑛−1

𝑞−1

• 𝑛 × 𝑛

𝐹𝑞

(𝑞𝑛 − 1)(𝑞𝑛−1 − 1) ⋯ (𝑞 − 1)



16 
 

• 𝑥𝐴 + 𝑏 𝐴

𝑛 × 𝑛 𝐹𝑞 𝑏 𝐹𝑞
𝑛

𝐹𝑞
𝑛

2𝑞𝑛

𝐴𝑛
𝐴𝑛 ≈ 𝑞𝑛2+𝑛

𝐴𝑛

• 𝐹𝑞
𝑛

𝑁 ⊆ 𝐹𝑞
𝑛

𝐶𝑅(𝐺) × #𝑜𝑟𝑏𝐺(𝑁)

𝐺 𝑆𝑡𝑎𝑏(𝑁) 𝐶𝑅(𝐺)

𝐺 𝑆𝑡𝑎𝑏(𝑁) 𝐺 #𝑜𝑟𝑏𝐺(𝑁)
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• �̇�𝑞
𝑛 𝐹𝑞

𝑛

�̇�𝑞
𝑛 × �̇�𝑞

𝑚. 𝑛 𝑚

2

𝑚𝑙𝑜𝑔2 3 𝑛

𝑚
(𝑞 − 1)2

�̇�𝑞
𝑛 × �̇�𝑞

𝑚

𝑛(𝑞 − 1)(𝑞 −
1

𝑞𝑚−1)

• 

𝑥1𝑥2 ⋯ 𝑥𝑛 + 𝑥𝑛+1𝑥𝑛+2 ⋯ 𝑥2𝑛 + 𝑥2𝑛+1𝑥2𝑛+2 ⋯ 𝑥3𝑛 = 1

𝐹2 𝑛2

9𝑛𝑙𝑜𝑔2 3 + 4

• 𝑛 × 𝑛

𝐹𝑞

𝑞𝑛−1

𝑞−1

• 𝑛 × 𝑛

𝐹𝑞
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(𝑞𝑛 − 1)(𝑞𝑛−1 −

1) ⋯ (𝑞 − 1)

• 𝑥𝐴 + 𝑏 𝐴

𝑛 × 𝑛  𝐹𝑞 𝑏 𝐹𝑞
𝑛

𝐹𝑞
𝑛

2𝑞𝑛

𝐴𝑛
𝐴𝑛 ≈ 𝑞𝑛2+𝑛

𝐴𝑛

• 𝐹𝑞
𝑛

𝑁 ⊆ 𝐹𝑞
𝑛

𝐶𝑅(𝐺) × #𝑜𝑟𝑏𝐺(𝑁) 𝐺 𝑆𝑡𝑎𝑏(𝑁)

𝐶𝑅(𝐺) 𝐺

𝑆𝑡𝑎𝑏(𝑁) 𝐺 #𝑜𝑟𝑏𝐺(𝑁)


