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PDT	vs	Sparsity	

!DT[f]!!sparsity[f̂ ] small	 small	x	

!DT
⊕[f] small	

!!DT
⊕[ f ]≤ sparsity[f̂ ]

SORT	
!!
f (x)= 1

2
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1
2
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1
2
x3x4 −

1
2
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These	two	quan))es(								and																				)	were	
linked	in	the	papers	of	[MO09]	and	[ZS10],	both	
of	which	posed	the	following	ques)on:	
Given	a	sparse	Boolean	func1on,	must	it	have	a	
short	parity	decision	tree?	
	

!DT⊕
!!sparsity[f̂ ]
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Input	matrix	
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•  Log	rank	conjecture:		
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Trivial	bounds	

•  Upper	bound:		
	
•  Lower	bound:	

!!DT
⊕[ f ]≤ sparsity[f̂ ]

!!
DT⊕[ f ]≥ 1

2
log(sparsity[f̂ ])

!!x1x3!1 !−1

!!f1 !!f2

depth		
+	1	

!!sparsity[f̂ ]≤ 4
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!!
f (x)=

1+ x1x3
2

f1(x)+
1− x1x3

2
f2(x)

!!s( f )≤2s( f1)+2s( f2)≤2⋅4
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!!≤2⋅4DT
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Previous	work	on	upper	bound	

 !!DT
⊕[ f ]≤O( sparsity[ f!] ⋅log(sparsity[ f!]))

[TWXZ13][STV14]	
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For	every	Boolean	func)on		
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Conjecture	on	upper	bound	

For	every	Boolean	func)on		
	
	
	
	

 !!DT
⊕[ f ]≤O(log(sparsity[ f!]))

!!f : {−1,1}
n → {−1,1}



Our	result	on	lower	bound	

For	infinitely	many				,	there	exist	a	Boolean	
func)on																																									sa)sfying	
	
	
	
	

!n

 !!DT
⊕[ f ]≥Ω(log1.63(sparsity[ f!]))
!!f : {−1,1}

n → {−1,1}

!log36 ≈1.63
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Future	Direc)on	

 !!Kill
⊕[ f !k ]≥Ω[Kill[ f ]k ]!!( f !is!not!a!parity)



Future	Direc)on	

 !!What!about!DT⊕[ f !k ]!and!DT[ f ]?

 !!Kill
⊕[ f !k ]≥Ω[Kill[ f ]k ]!!( f !is!not!a!parity)



Thank	you	


