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• There	is	a	pile	of	𝑛 apples.	If	divide	the	pile	into	groups	of	3,	there	are	
2	apples	left.	If	divided	into	groups	of	7,	there	4	apples	left.	What	is	
the	minimal	value	of	𝑛?







• There	is	a	pile	of	𝑛 apples.	If	divide	the	pile	into	groups	of	4,	there	are	
2	apples	left.	If	divided	into	groups	of	5,	there	1	apples	left.	What	is	
the	minimal	value	of	𝑛?



Chinese	Remainder	Theorem

Assume	𝑛" and	𝑛# are	coprime.	Let	𝑥 be	the	solution	to	the	following	

systems	of	modulo	identities	

𝑥 = 𝑎"  mod 𝑛"

𝑥 = 𝑎#  mod 𝑛#.

Then	𝑥 = 𝑋#𝑛#𝑎" + 𝑋"𝑛"𝑎#  mod 𝑁,	where	𝑁 = 𝑛"×𝑛# and		𝑋"𝑛" +

𝑋#𝑛# = 1.





More	Generally

• Chinese	Remainder	Theorem	establishes	a	bijection	between	ℤ1×ℤ2
and	ℤ12.



Example



Isomorphism

Let	𝔾, ℍ be	groups	with	respect	to	the	operations	⋆𝔾 and	⋆ℍ.	A	
function	𝑓: 𝔾 → ℍ is	an	isomorphism	if	
1. 𝑓 is	a	bijection,	and
2. For	all	𝑔", 𝑔# ∈ 𝔾,	𝑓 𝑔" ⋆𝔾 𝑔# = 𝑓 𝑔" ⋆ℍ 𝑓(𝑔#).
If	there	exists	an	isomorphism	between	𝔾 and	ℍ,	we	say	𝔾 and	ℍ are	
isomorphic	and	write	𝔾 ≃ ℍ.



• ℤ12 is	a	group	with	respect	to	either	addition	or	multiplication.
• ℤ1×ℤ2 is	also	a	group	(with	respect	to	entry-wise	modulo	either	
addition	or	multiplication).
• ℤ12 ≃ ℤ1×ℤ2.
• modulo	addition	is	an	isomorphism	between	ℤ!" and ℤ!×ℤ"
• modulo	multiplication	is	also	an	isomorphism	between	ℤ!" and ℤ!×ℤ"



Modulo	Addition	is	an	Isomorphism	between	ℤ12  and ℤ1×ℤ2



Modulo	Multiplication	is	an	Isomorphism	between	ℤ12  and ℤ1×ℤ2



Using	CRT	to	Simplify	Modulo	Computations

• Calculate	
2838	mod	35	



Using	CRT	to	Simplify	Modulo	Computations

• Calculate	
2838*12345	mod	35	


