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Computing with M₃: Multi-qubit interference

Deutsch–Jozsa and Bernstein–Vazirani. Existing algorithm slides are an outline, not a 
completed lesson.



THE CENTRAL QUESTION
How does the one-bit idea scale to an n-bit 
constant-or-balanced promise?

Hadamards turn the oracle's phase pattern 
into a deterministic all-zero test for constant 
functions.

KEY TERMS
n-bit promise
phase oracle
Walsh-Hadamard transform
all-zero outcome

MODEL
amplitude of |0...0> = average_x (-1)^f(x)

Prediction: state what should change in the
first experiment and what must remain
invariant.



Quantum Algorithms 83 

Deutsch-Jozsa Algorithm
<latexit sha1_base64="oIgtwmFcjSkhyjgViZbDtfmX2no="></latexit>

Given a function
f : {0, 1}n → {0, 1}

guaranteed to be either:

• Constant: the output is the same for all 2n inputs, or

• Balanced: the output is 0 for exactly half of the inputs, and 1 for the
other half,

determine which case applies using as few evaluations of f as possible.

In other words, we generalize to the case where the problem size is n 
instead of 2.



Quantum Algorithms 84 

Deutsch-Jozsa Algorithm
<latexit sha1_base64="TSPD+O+KPmor2lHGg+o1dqAL1Ro="></latexit>

In the worst case, a classical algorithm needs to evaluate up to: 2n→1 + 1 times
to be sure—because you could see 2n→1 zeros before hitting a one.

<latexit sha1_base64="vlQZFXWW+hF/q1Chd/IYHUnG+I8="></latexit>

The Deutsch–Jozsa algorithm requires exactly 1 call to the quantum oracle.
All 2n inputs are explored in superposition,
and quantum interference reveals the answer after a single evaluation.

Input Size n Classical (Worst Case) Quantum
1 2 1
2 3 1
3 5 1
n 1
100 1

<latexit sha1_base64="iuNVr2FRdk0WdGEy8CaIP9ykHCM=">AAAB83icjVC7SgNBFL3rM66vqKXNYBAEMeymiDZi0MYygnlAsobZyWwyZHZ2mJkVwpLfsLFQ1NbvsLcR/8ZJYqGi4IELh3Pu5R5OKDnTxvPenZnZufmFxdySu7yyurae39is6yRVhNZIwhPVDLGmnAlaM8xw2pSK4jjktBEOzsZ+45oqzRJxaYaSBjHuCRYxgo2V2qWrTBz4I7SPfLeTL/hFbwL0NymcvLjH8vHNrXbyr+1uQtKYCkM41rrle9IEGVaGEU5HbjvVVGIywD3aslTgmOogm2QeoV2rdFGUKDvCoIn69SLDsdbDOLSbMTZ9/dMbi795rdRER0HGhEwNFWT6KEo5MgkaF4C6TFFi+NASTBSzWRHpY4WJsTX9s4R6qeiXi+ULr1A5hSlysA07sAc+HEIFzqEKNSAg4Qbu4N5JnVvnwXmars44nzdb8A3O8wfFLJM3</latexit>

2n→1 + 1
<latexit sha1_base64="3v/AVB2fuqlLN6Mlor4HZFCuGvQ=">AAACBHicjVA9SwNBEN3zM55fp5ZpFoNgddxFiFqIQRvLCOYDcmfY22ySJXu3y+6eGI4UNv4RCxsLRWxt7W3Ef+MmsVBR8MHA470ZZuZFglGlPe/dmpqemZ2bzy3Yi0vLK6vO2npN8VRiUsWccdmIkCKMJqSqqWakISRBccRIPeofj/z6BZGK8uRMDwQJY9RNaIdipI3UcvIBEkLyS1hyd2CgaUwU9L3zrLg/tFtOwXe9MeDfpHD4Yh+Imze70nJegzbHaUwSjRlSqul7QocZkppiRoZ2kCoiEO6jLmkamiCzLczGTwzhllHasMOlqUTDsfp1IkOxUoM4Mp0x0j310xuJv3nNVHf2wowmItUkwZNFnZRBzeEoEdimkmDNBoYgLKm5FeIekghrk9s/Q6gVXb/klk69QvkITJADebAJtoEPdkEZnIAKqAIMrsAtuAcP1rV1Zz1aT5PWKetzZgN8g/X8AU/QmZs=</latexit>

→ 6.3↑ 1029



THE CENTRAL QUESTION
How do we know a circuit really implements 
the Boolean oracle we intended?

A quantum algorithm is only as correct as its 
reversible oracle and bit-order contract.

KEY TERMS
reversible synthesis
ancillas
bit order
semantic tests

MODEL
classical truth table == basis-state action of 
Uf

Prediction: state what should change in the
first experiment and what must remain
invariant.



PLACEHOLDER FOR MATTHEW

Deutsch–Jozsa derivation

Specify the constant-or-balanced promise and reversible oracle.

Derive the all-zero amplitude, then trace one constant and one balanced two-bit example. 
Compare exact and randomized classical query baselines.



PLACEHOLDER FOR MATTHEW

Bernstein–Vazirani derivation

Define the hidden bit string and parity oracle.

Show how phase kickback and the final Hadamards reveal the string. Include a hand-
worked example and its classical query comparison.



PLACEHOLDER FOR MATTHEW

Oracle cost and model limits

State what counts as a query. Separate query complexity from the cost of constructing the 
oracle.

Include a check that ancillas return to their intended state.


