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A lot of existing theory assumes tests are 
selected independently of the data.
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Answer: Limit the info learned about the dataset 
[Dwork,Feldman,Hardt,Pitassi,Reingold,Roth’15].
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• 𝑘 max-info ~𝑘 𝑘-.

Generalizes and unifies previous work



[Freedman’83],[Leeb,Potscher’06],[Berk,Brown,Buja,Zhang,Zhao’13], ...

• [DFHPRR](STOC’15,NIPS’15,Science’15)

• [DFHPRR] (STOC’15,Science’15) 
• [Bassily,Nissim,Smith,Steinke,Stemmer,Ullman’16]
• [Cummings,Ligett,Nissim,Roth,Wu’16]
• [Russo,Zou’16]
• [Wang,Lei,Fienberg’16]

• [Hardt,Ullman’14], [Steinke,Ullman’15]



𝐻/ ⊆ Δ 𝐷 	

𝑡: 𝐷) → 𝐼𝑛𝑐𝑜𝑛𝑐𝑙𝑢𝑠𝑖𝑣𝑒, 𝑅𝑒𝑗𝑒𝑐𝑡
False Discovery 𝑋 ∼ 𝑃) 𝑃 ∈ 𝐻/ 𝑡 𝑋 = 𝑅𝑒𝑗𝑒𝑐𝑡

independent
Pr[False Discovery] 𝑡 ← 𝐴 𝑋



[DFHPRR’15]

independent

𝛽-approximate max-info 

𝑋′



[DFHPRR’15]

𝛽-approximate max-info 

any data distribution

restrict to product 
distribution

𝐼G
H 𝐴(𝑋);𝑋 = log sup

P

Pr 𝐴(𝑋), 𝑋 ∈ 𝑂 − 𝛽
Pr 𝐴 𝑋′ , 𝑋 	∈ 𝑂



• [RZ’16]: 
Pr[False Discovery] 

Bounded 
Mutual Info
𝐼 𝑋;𝐴 𝑋

Bound on 
Pr[False Discovery] 

when 𝑡 ← 𝐴 𝑋⟹



• [RZ’16]: 
Pr[False Discovery] 

• [This Paper]: We get a tighter connection via max-info

Bounded
Max-Info 

𝐼G
H 𝑋;𝐴 𝑋

⟹ ⟹ Bound on 
Pr[False Discovery] 

when 𝑡 ← 𝐴 𝑋

Bounded 
Mutual Info
𝐼 𝑋;𝐴 𝑋



𝐴	

• [DFHPRR’15] Max-information bounds for:
• (Pure) Differential Privacy 

• Description Length 



[Dwork,McSherry,Nissim,Smith’06]

𝐴:𝐷) → 𝑌 𝜀, 𝛿
𝑥, 𝑥′ ∈ 𝐷) 𝑆 ⊆

𝑌

𝑃 𝐴 𝑥 ∈ 𝑆 ≤ 𝑒\𝑃 𝐴 𝑥] ∈ 𝑆 + 	𝛿

If 𝛿 = 0we say pure DP, and 
otherwise approximate DP.



• [DFHPRR’15] (𝜖, 0)-
𝐼G,a
H 𝐴; 𝑛 ≤ 𝑂b 𝜖-𝑛	

𝐼G/ 𝐴; 𝑛 ≤ 𝑂 𝜖𝑛

• [This paper]: (𝜖, 𝛿)-

																													𝐼G,a
H 𝐴; 𝑛 ≤ 𝑂b 𝜖-𝑛	 𝛽 ≈ 𝑛 d

e

• [This paper] (based	on	[De’12]) 𝜖, 𝛿
where,

𝐼G
H 𝐴; 𝑛 ≈ 𝑛 𝛽 < n

-
− 𝛿



[BNSSSU’16] for low sensitive queries.
• However, our bounds apply more generally (e.g. adaptive hypothesis tests).

• Composition of 𝑘 𝐴n, … , 𝐴p
• [DFHPRR’15]: 𝐼G,a

H 𝐴p ∘⋯ ∘ 𝐴n; 𝑛 ≤ 𝑂b 𝑛𝜖-𝑘-

• [This Paper]: 𝐼G,a
H 𝐴p ∘ ⋯∘ 𝐴n; 𝑛 ≤ 𝑂b 𝑛𝜖-𝑘 Via strong composition 

theorem from 
[Dwork,Rothblum,Vadhan’10]

Theorem: If 𝐴:𝐷) → 𝑇 is (𝜖, 𝛿)-DP,  then

𝐼G,a
H 𝐴; 𝑛 ≤ 𝑂b 𝜖-𝑛	 where 𝛽 ≈ 𝑛 d

e



• Max-Info Bound			 Pr[False Discovery] in adaptive settings
• Improves on previous result of [RZ’16] that uses mutual info.

• 𝜖, 𝛿 -DP Max–Info over product distributions
[BNSSSU’16]

• 𝑘 max-info~𝑘, where [DFHPRR’15] ~𝑘-



Theorem: If 𝐴:𝐷) → 𝑇 is (𝜖, 𝛿)-DP,  then

𝐼G,a
H 𝐴; 𝑛 ≤ 𝑂b 𝜖-𝑛	 where 𝛽 ≈ 𝑛 d

e



NOT



Set 𝑡 = 𝑂 𝜖 𝑛


