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Automated Testing of Quantum Circuits

no knowledge of Qiskit/Cirq/etc. expected

sometimes students don’t know Python
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Testing Systems

Automated Testing Platforms
ejudge
codeforces
. . .

Usual Structure

list of problems
solution is a program
system compiles it
. . . feeds predefined input to solution
. . . checks whether output is correct
. . . repeats for all predefined inputs
can’t use circuit as solution

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 5 / 20



Overview

Testing Systems

Automated Testing Platforms
ejudge
codeforces
. . .

Usual Structure
list of problems

solution is a program
system compiles it
. . . feeds predefined input to solution
. . . checks whether output is correct
. . . repeats for all predefined inputs
can’t use circuit as solution

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 5 / 20



Overview

Testing Systems

Automated Testing Platforms
ejudge
codeforces
. . .

Usual Structure
list of problems
solution is a program

system compiles it
. . . feeds predefined input to solution
. . . checks whether output is correct
. . . repeats for all predefined inputs
can’t use circuit as solution

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 5 / 20



Overview

Testing Systems

Automated Testing Platforms
ejudge
codeforces
. . .

Usual Structure
list of problems
solution is a program
system compiles it

. . . feeds predefined input to solution

. . . checks whether output is correct

. . . repeats for all predefined inputs
can’t use circuit as solution

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 5 / 20



Overview

Testing Systems

Automated Testing Platforms
ejudge
codeforces
. . .

Usual Structure
list of problems
solution is a program
system compiles it
. . . feeds predefined input to solution

. . . checks whether output is correct

. . . repeats for all predefined inputs
can’t use circuit as solution

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 5 / 20



Overview

Testing Systems

Automated Testing Platforms
ejudge
codeforces
. . .

Usual Structure
list of problems
solution is a program
system compiles it
. . . feeds predefined input to solution
. . . checks whether output is correct

. . . repeats for all predefined inputs
can’t use circuit as solution

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 5 / 20



Overview

Testing Systems

Automated Testing Platforms
ejudge
codeforces
. . .

Usual Structure
list of problems
solution is a program
system compiles it
. . . feeds predefined input to solution
. . . checks whether output is correct
. . . repeats for all predefined inputs

can’t use circuit as solution

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 5 / 20



Overview

Testing Systems

Automated Testing Platforms
ejudge
codeforces
. . .

Usual Structure
list of problems
solution is a program
system compiles it
. . . feeds predefined input to solution
. . . checks whether output is correct
. . . repeats for all predefined inputs
can’t use circuit as solution

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 5 / 20



Overview

Brief look at the interface

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 6 / 20



Overview

Brief look at the interface

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 6 / 20



Overview

Brief look at the interface

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 6 / 20



Overview

Brief look at the interface

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 6 / 20



Overview

Brief look at the interface

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 6 / 20



Overview

Brief look at the interface

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 6 / 20



Implementation

Outline

1 Overview

2 Implementation

3 Test Types

4 Future Work

5 Demo

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 7 / 20



Implementation

Architecture

scalability
easy deployment
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Implementation

Checking Solution

Frontend
fork of Quirk

remove gates not supported by Cirq:

postselection
time dependence
non-physical “gates”
. . .

send JSON to backend

Backend

import to Cirq
no need to “jail”
solution
run on predefined
tests

Example

{"cols": [[1, "H"], ["X^½", "•"], [{"id": "X^ft",
"arg": "9*pi/11"}]]}
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Test Types

Base State to Base State

|001〉 7→ |010〉, ...

e.g.: oracle |x〉|b〉 7→ |x〉|b ⊕ f (x)〉
{"input": {"base": "001"}}

{"output": {"base": "010"}}

special handling of ancilla qubits: e.g. three qubits and ancilla gives
state α0|0100〉+ α1|0101〉
{"output": {"proj": "010"}}
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Test Types

Amplitudes

All Amplitudes

|000〉 7→ α0|000〉+ α1|001〉+ . . .+ α7|111〉

e.g.: phase oracle, single operations, . . .
{"output": {"ampl": [ [0,0], ..., [0,0], [-1,0],
[0,0], ...]}}

[a,b] means a+ bi

comparing with precision ε

Subset of Amplitudes

it is tiresome to list all amplitudes
you can be interested only in some of them
{"output": {"sub_ampl": {"001": [0.707, 0.707],
...}}}
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Test Types

Measurement Probabilities

probability of measuring some set of states

e.g. Pr[r ∈ {|001〉, |010〉, |100〉, |111〉}] ≥ 3/4
algorithms: Deutch-Jozsa, Grover etc.
{"output": {"prob": [{"states":
["001","010","100","111"], "req": "GE", "prob": 0.75},
...]}}
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Test Types

Using Oracles

oracles are special gates that are used in solution

tests can define different oracles
e.g. Deutch-Jozsa when function is balanced and when function is
constant
tests define list of oracles: {"oracles":[ oracle1, ... ]}

each oracle is a circuit: {"id":"~ib1j", "name":"Oracle",
"circuit": {"cols": [["•","•","•","•",1,"X"],
["◦","◦","◦","◦","X"], [1,1,1,1,"X","•"],
["•","•","•","•",1,"X"]]}}

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 14 / 20



Test Types

Using Oracles

oracles are special gates that are used in solution
tests can define different oracles

e.g. Deutch-Jozsa when function is balanced and when function is
constant
tests define list of oracles: {"oracles":[ oracle1, ... ]}

each oracle is a circuit: {"id":"~ib1j", "name":"Oracle",
"circuit": {"cols": [["•","•","•","•",1,"X"],
["◦","◦","◦","◦","X"], [1,1,1,1,"X","•"],
["•","•","•","•",1,"X"]]}}

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 14 / 20



Test Types

Using Oracles

oracles are special gates that are used in solution
tests can define different oracles
e.g. Deutch-Jozsa when function is balanced and when function is
constant

tests define list of oracles: {"oracles":[ oracle1, ... ]}

each oracle is a circuit: {"id":"~ib1j", "name":"Oracle",
"circuit": {"cols": [["•","•","•","•",1,"X"],
["◦","◦","◦","◦","X"], [1,1,1,1,"X","•"],
["•","•","•","•",1,"X"]]}}

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 14 / 20



Test Types

Using Oracles

oracles are special gates that are used in solution
tests can define different oracles
e.g. Deutch-Jozsa when function is balanced and when function is
constant
tests define list of oracles: {"oracles":[ oracle1, ... ]}

each oracle is a circuit: {"id":"~ib1j", "name":"Oracle",
"circuit": {"cols": [["•","•","•","•",1,"X"],
["◦","◦","◦","◦","X"], [1,1,1,1,"X","•"],
["•","•","•","•",1,"X"]]}}

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 14 / 20



Test Types

Using Oracles

oracles are special gates that are used in solution
tests can define different oracles
e.g. Deutch-Jozsa when function is balanced and when function is
constant
tests define list of oracles: {"oracles":[ oracle1, ... ]}

each oracle is a circuit: {"id":"~ib1j", "name":"Oracle",
"circuit": {"cols": [["•","•","•","•",1,"X"],
["◦","◦","◦","◦","X"], [1,1,1,1,"X","•"],
["•","•","•","•",1,"X"]]}}

Mansur Ziiatdinov (KFU) QJudge May 30, 2023 14 / 20



Test Types

Extending

checker is Python script

test descriptions are sent to standard input
test verdicts are written to standard output
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Future Work

Current Drawbacks and Future Work

UI for teacher

UI for problem designer
automatic registration with confirmation by email
user-friendly error messages
UI for system administrator
hosted instance
further testing
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Demo

Thank you!

QJudge Links

https://qjudge.gltronred.info (early alpha stage)
ask me (Mansur Ziiatdinov) for account if you want to try
source: https://sr.ht/~rd/qjudge
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