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Mathematical Induction

• It is a technique for proving a statement @n P Z` Ppnq.
• Can be adapted to prove the correctness of some algorithms.
• As a rule of inference, it is

pPp1q ^ @k pPpkq Ñ Ppk ` 1qqq Ñ @n Ppnq.

Pp1q is called the basis step, Ppkq Ñ Ppk ` 1q is called the inductive step, and the assumption
that the hypothesis Ppkq of the inductive step holds is called the inductive hypothesis.

Induction is not helpful in discovering new mathematical statements which are true. Once a
pattern or truth has been conjectured, however, induction can often establish that it is true.

Examples:

1.
nÿ

j“1
p2 j ´ 1q “ 1 ` 3 ` 5 ` ¨ ¨ ¨ ` p2n ´ 1q “ ?.

2. For all positive integers, 23n ´ 1 is divisible by 11.

3. For all positive integers, n † 2n.
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2 Pln says thesumofthe first
n n positiveoddintegers is n

basisstep PCI s s 1 12
inductionsaftep 2
Can assume PCk holds i e that I 3T t 2k 1 k
for some KZ 1 Mustshow 11 3 t 2k1 t 2ktI htt

Seebelow

ta Rn 11 23 1

basisstep PCI says 23 l is divisibleby11
inductionsteps seebelow

Here Pln nc 2 basis step PCI says Is 2

inductionstep can assame PCH holds forsome k that is k 2k
mustshow K a 2kt

k
Kil s 2 t l s 2kt2k 2 2K 2kt

intuitionhypothesis

by
inductionhypothesis



y hyp
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11 375 t t 2k 1 t UH k t 2kt I
first k pos htt t z
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2 inductive stop Mk P says 23kt't dirniblyby11

Assume PCk holds for some kG Et i.e

23k l is dvisible by11

23kt I 23 23k t 23k I

23kt 23h 23k l

23423 l 23k l

23k zz 23h l

clearly dovisible divisibleby11
by 11 byinductionhyp

which gives a sum that is divisible by11

By induction theft Mal holds
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4. For all n PN´ t0, 1, 2, 3u, 2n † n!

5. If B is a set with |B| “ n, then |PpBq| “ 2n, for all n PN.

3

Phl 2 n

basis step 174 says 24 4
inductionstep Assume Plh ie 24k holdsforsome624

Need to show P htt holds ie 2kt Kei

2kt 2.2k c 2k htt k htt
9inductive
hypothesis


