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A standard quantum oracle Sƒ for a function ƒ: ZN → ZN is defined to act 
on two input states and return two outputs, with inputs |i 〉 and |j 〉 (i, j∈
ZN ) returning outputs |i 〉 and |j⊕ ƒ (i) 〉 . For general ƒ, this is the 
simplest invertible quantum map that allows the evaluation of any ƒ (i ) 
with one call. However, if ƒ is known to be a one-one, a simpler oracle, 
Mƒ , which returns |ƒ (i) 〉 given |i 〉, shares these properties.
 
We consider the relative strengths of these oracles. We define a simple 
promise problem which minimal quantum oracles can solve exponentially 
faster than classical oracles, via an algorithm which does not extend to 
standard quantum oracles. We then prove our main result: two 
invocations of Mƒ suffice to construct Sƒ, while Θ ( N ) invocations of Sƒ

are required to construct Mƒ.  
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