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Practice problems

1. Compute 321 (mod 17) using the method of repeated squaring.

2. Compute 250 (mod 11).

3. Compute 5103 (mod 13).
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Solutions

1. Compute 321 (mod 17) using the method of repeated squaring.

• Convert exponent to binary: 21 = 16 + 4 + 1.

• Compute squares: 31 ≡ 3, 32 ≡ 9, 34 ≡ 81 ≡ 13 ≡ −4 (mod 17), 38 ≡ (−4)2 ≡ 16 ≡ −1
(mod 17), 316 ≡ (−1)2 ≡ 1 (mod 17).

• Multiply components: 321 = 316 · 34 · 31 ≡ 1 · 13 · 3 = 39.

• Reduce modulo 17: 39 = 2 · 17 + 5.

Answer: 5

2. Compute 250 (mod 11).

• Convert exponent to binary: 50 = 32 + 16 + 2.

• Compute squares: 21 ≡ 2, 22 ≡ 4, 24 ≡ 16 ≡ 5 (mod 11), 28 ≡ 25 ≡ 3 (mod 11),
216 ≡ 9 ≡ −2 (mod 11), 232 ≡ 4 (mod 11).

• Multiply components: 250 = 232 · 216 · 22 ≡ 4 · 9 · 4 = 144.

• Reduce modulo 11: 144 = 13 · 11 + 1.

Answer: 1

3. Compute 5103 (mod 13).

• First, use Euler’s Theorem to reduce the exponent: ϕ(13) = 12. 103 (mod 12) = 7.

• Now compute 57 (mod 13). Binary: 7 = 4 + 2 + 1.

• Compute squares: 51 ≡ 5, 52 ≡ 25 ≡ 12 ≡ −1 (mod 13), 54 ≡ (−1)2 ≡ 1 (mod 13).

• Multiply components: 57 = 54 · 52 · 51 ≡ 1 · 12 · 5 = 60.

• Reduce modulo 13: 60 = 4 · 13 + 8.

Answer: 8
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