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Додаток А 

Слайди презентації  

 

Рисунок А.1 – Слайд 1 

 

 

Рисунок А.2 – Слайд 2 

 



72 

 

Рисунок А.3 – Слайд 3 

 

 

Рисунок А.4 – Слайд 4 
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Рисунок А.5 – Слайд 5 

 

 

Рисунок А.6 – Слайд 6 
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Рисунок А.7 – Слайд 7 

 

 

Рисунок А.8 – Слайд 8 
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Рисунок А.9 – Слайд 9 

 

 

Рисунок А.10 – Слайд 10 
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Рисунок А.11 – Слайд 11 

 

 

Рисунок А.12 – Слайд 12 
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Рисунок А.13 – Слайд 13 

 

 

Рисунок А.14 – Слайд 14 
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Додаток Б 

Лістинг коду програми 

 

 

package ua.nure.maksutov.algo.impl.pollardrho; 
 
import com.google.common.hash.HashFunction; 
import com.google.common.hash.Hashing; 
import ua.nure.maksutov.algo.impl.DiscreteLogProblemSolver; 
 
import java.math.BigInteger; 
import java.nio.charset.Charset; 
import java.security.InvalidParameterException; 
import java.util.List; 
import java.util.logging.Logger; 
 
 
@SuppressWarnings("UnstableApiUsage") 
public class PollardRhoSolver implements DiscreteLogProblemSolver { 
 
    private static final Logger LOGGER = 
Logger.getLogger(PollardRhoSolver.class.getName()); 
    private static final LinearCongruenceSolver LINEAR_SOLVER = new 
LinearCongruenceSolver(); 
    private static final HashFunction[] HASH_FUNCTIONS = { 
Hashing.murmur3_32(), Hashing.murmur3_128(), Hashing.sha256(), 
Hashing.sipHash24()}; 
    private static final int FIRST_BUCKET_UPPER_LIMIT = Integer.MAX_VALUE / 
3; 
    private static final int SECOND_BUCKET_UPPER_LIMIT = 2 * 
FIRST_BUCKET_UPPER_LIMIT; 
    private static final BigInteger TWO = BigInteger.valueOf(2); 
    private static final String INVALID_BUCKET_INDEX = "Invalid bucket index: 
"; 
 
 
    @Override 
    public BigInteger logarithm(BigInteger a, BigInteger b, BigInteger p) { 
        for (HashFunction hashFunction : HASH_FUNCTIONS) { 
 
            InfoPair pairIndexFirstI = new InfoPair(BigInteger.ONE, 
BigInteger.ZERO, BigInteger.ZERO); 
 
            pairIndexFirstI = computeNextPair(pairIndexFirstI, a, b, p, 
hashFunction); 
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            InfoPair pairIndexSecondI = computeNextPair(pairIndexFirstI, a, 
b, p, hashFunction); 
 
            while (pairIndexFirstI.getX().compareTo(pairIndexSecondI.getX()) 
!= 0) { 
                pairIndexFirstI = computeNextPair(pairIndexFirstI, a, b, p, 
hashFunction); 
 
                pairIndexSecondI = computeNextPair(pairIndexSecondI, a, b, p, 
hashFunction); 
                pairIndexSecondI = computeNextPair(pairIndexSecondI, a, b, p, 
hashFunction); 
            } 
 
            // Now the collision is found out, now only have to solve the 
congruency linear equation: 
            // x (delta_1 - delta_2) = (epsilon_2 - epsilon_1) mod (p-1). 
 
            // We denote alpha = delta_1 - delta_2, beta = epsilon_2 - 
epsilon_1 and phi = p - 1. 
            // Therefore, the congruence to solve is: alpha x = beta mod phi. 
            // So, we must find gcd(alpha, phi) and verify if 
 
            BigInteger phi = p.subtract(BigInteger.ONE); 
            BigInteger alpha = 
pairIndexFirstI.getDelta().subtract(pairIndexSecondI.getDelta()).mod(phi); 
            BigInteger beta = 
pairIndexSecondI.getEpsilon().subtract(pairIndexFirstI.getEpsilon()).mod(phi)
; 
 
            try { 
                List<BigInteger> solutions = LINEAR_SOLVER.solve(alpha, beta, 
phi); 
                for (BigInteger solution : solutions) { 
                    if (isCorrectLog(a, b, solution, p)) { 
                        return solution.mod(phi); 
                    } 
                } 
                throw new InvalidParameterException("Could not find Discrete 
Logarithm!"); 
            } catch (InvalidParameterException e) { 
                LOGGER.warning(e.getMessage()); 
            } 
        } 
        throw new InvalidParameterException("Could not find Discrete 
Logarithm, did not find any hash function to result a solvable linear 
congruence!"); 
    } 
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    private InfoPair computeNextPair(InfoPair current, BigInteger a, 
BigInteger b, BigInteger p, HashFunction hashFunction) { 
        int bucket = computeBucketIndex(current.getX(), hashFunction); 
 
        return new InfoPair( 
                computeNextX(current.getX(), a, b, p, bucket), 
                computeNextEpsilon(current.getEpsilon(), p, bucket), 
                computeNextDelta(current.getDelta(), p, bucket)); 
    } 
 
    private BigInteger computeNextX(BigInteger currentX, BigInteger a, 
BigInteger b, BigInteger p, int bucket) { 
        switch (bucket) { 
        case 1: 
            return currentX.multiply(b).mod(p); 
        case 2: 
            return currentX.multiply(currentX).mod(p); 
        case 3: 
            return currentX.multiply(a).mod(p); 
        default: 
            throw new InvalidParameterException(INVALID_BUCKET_INDEX + 
bucket); 
        } 
    } 
 
    private BigInteger computeNextEpsilon(BigInteger currentEpsilon, 
BigInteger p, int bucket) { 
        BigInteger phi = p.subtract(BigInteger.ONE); 
        switch (bucket) { 
        case 1: 
            return currentEpsilon; 
        case 2: 
            return currentEpsilon.multiply(TWO).mod(phi); 
        case 3: 
            return currentEpsilon.add(BigInteger.ONE).mod(phi); 
        default: 
            throw new InvalidParameterException(INVALID_BUCKET_INDEX + 
bucket); 
        } 
    } 
 
    private BigInteger computeNextDelta(BigInteger currentDelta, BigInteger 
p, int bucket) { 
        BigInteger phi = p.subtract(BigInteger.ONE); 
        switch (bucket) { 
        case 1: 
            return currentDelta.add(BigInteger.ONE).mod(phi); 
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        case 2: 
            return currentDelta.multiply(TWO).mod(phi); 
        case 3: 
            return currentDelta; 
        default: 
            throw new InvalidParameterException(INVALID_BUCKET_INDEX + 
bucket); 
        } 
    } 
 
    private boolean isCorrectLog(BigInteger a, BigInteger b, BigInteger x, 
BigInteger p) { 
        return a.modPow(x, p).compareTo(b) == 0; 
    } 
 
 
    /** 
     * Method that uniformly distributes a number to a bucket, using a hash 
function. The possible number of 
     * buckets is 3. The same number will be every time assigned to the same 
bucket. 
     * 
     * @param number the number to be randomly assigned to a bucket. 
     * @return the corresponding bucket, a value of 1, 2 or 3. 
     */ 
    private int computeBucketIndex(BigInteger number, HashFunction 
hashFunction) { 
        int hash = hashFunction.hashString(number.toString(), 
Charset.defaultCharset()).asInt(); 
        int bucket = 3; 
        if (hash < 0) { 
            hash *= -1; 
        } 
 
        if (hash < FIRST_BUCKET_UPPER_LIMIT) { 
            bucket = 1; 
        } else if (hash < SECOND_BUCKET_UPPER_LIMIT) { 
            bucket = 2; 
        } 
        return bucket; 
    } 
 
    private static final class InfoPair { 
        private BigInteger x; 
        private BigInteger epsilon; 
        private BigInteger delta; 
 
        InfoPair(BigInteger x, BigInteger epsilon, BigInteger delta) { 
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            this.x = x; 
            this.epsilon = epsilon; 
            this.delta = delta; 
        } 
 
        BigInteger getX() { 
            return x; 
        } 
        BigInteger getEpsilon() { 
            return epsilon; 
        } 
        BigInteger getDelta() { 
            return delta; 
        } 
    } 
} 
 
 

namespace UA.NURE.Maksutov.DiscreteLog.Shor 
{ 
    open Microsoft.Quantum.Convert; 
    open Microsoft.Quantum.Math; 
    open Microsoft.Quantum.Intrinsic; 
    open Microsoft.Quantum.Canon; 
    open Microsoft.Quantum.Arithmetic; 
    open Microsoft.Quantum.Extensions.Diagnostics; 
     
     
    // Rotation Gate 
    // Input: A qubit in state |ψ⟩ = α |0⟩ + β |1⟩ and an integer k. 
    // Result:  Change the state of the qubit to α |0⟩ + β * e^{2πi / 2^k} 
|1⟩. 
    operation Rotation (q : Qubit, k : Int) : Unit { 
        body(...) { 
            // ... 
            R1Frac(2, k, q); 
        } 
 
        adjoint auto; 
        controlled auto; 
        adjoint controlled auto; 
    } 
     
    // QFT 
    // Input: A quantum register in big endian format. 
    // Result: QFT is run on the input register. 
    operation QuantumFT (qs : Qubit[]) : Unit { 
        body(...) { 
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            let n = Length(qs); 
            for (i in 0 .. n - 1) { 
                H(qs[i]); 
                for (j in i + 1 .. n - 1) { 
                    Controlled Rotation([qs[j]], (qs[i], j - i + 1)); 
                } 
            } 
            SwapReverseRegister(qs); 
        } 
 
        adjoint auto; 
        controlled auto; 
        adjoint controlled auto; 
    } 
 
    // Inverse QFT 
    // Input: A quantum register in big endian format.  
    operation InverseQFT (qs : Qubit[]) : Unit { 
        body(...) { 
            Adjoint QuantumFT(qs); 
        } 
 
        adjoint auto; 
        controlled auto; 
        adjoint controlled auto; 
    } 
 
 
    // Power |x⟩|y⟩ → |x⟩|a^x · y mod N⟩ 
    // Input: integers a and N, registers x and y. 
    operation PowerOfa (a : Int, N : Int, x : Qubit[], y : Qubit[]) : Unit { 
 
        body(...) {  
            let y_LE = BigEndianAsLittleEndian(BigEndian(y)); 
            let oracle = MultiplyByModularInteger(a, N, _); 
            for (p in 0 .. Length(x) - 1) { 
                Controlled (OperationPowCA(oracle, 1 <<< p))([x[Length(x) - 1 
- p]], y_LE); 
                Message($"p={p} completed"); 
            } 
        } 
        adjoint auto; 
        controlled auto; 
        adjoint controlled auto; 
    } 
 
    // Oracle U|x1⟩|x2⟩|y⟩ → |x1⟩|x2⟩|y ⊕ f(x1,x2)⟩ where f(x1,x2)=b^x1*a^x2 
mod N 
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    // Input: integers a, b, and N, registers x1, x2, and qs. 
    operation OracleFunc (a : Int, b : Int, N : Int, x1 : Qubit[], x2 : 
Qubit[], qs : Qubit[]) : Unit { 
        body(...) { 
            X(qs[Length(qs) - 1]); 
            PowerOfa(b, N, x1, qs); 
            PowerOfa(a, N, x2, qs); 
        } 
 
        adjoint auto; 
        controlled auto; 
        adjoint controlled auto; 
    } 
 
    operation DLOracle (a : Int, b : Int, N : Int, x1 : Qubit[], x2 : 
Qubit[], y : Qubit[]) : Unit { 
        body(...) { 
            using (qs = Qubit[Length(y)]) { 
                OracleFunc(a, b, N, x1, x2, qs); 
                for (i in 0 .. Length(qs) - 1) { 
                    CNOT(qs[i], y[i]); 
                } 
                Adjoint OracleFunc(a, b, N, x1, x2, qs); 
            } 
        } 
 
        adjoint auto; 
        controlled auto; 
        adjoint controlled auto; 
    } 
 
    // Discrete logarithm Algorithm 
    // Input: integers a, b, N 
    // Goal: compute the discrete logarithm log_a(b), returns -1 on failure 
cases 
    operation DiscreteLogShor (a: Int, b: Int, N: Int) : Int { 
     
        mutable appr_slmodr = 0; 
        mutable appr_l = 0; 
        let order = N - 1; // Euler function 
        Message($"Order is ={order}"); 
        let t = BitSizeI(N) * 2 + 1; 
        Message($"Register size is ={t}"); 
        using ((x1, x2, y) = (Qubit[t], Qubit[t], Qubit[t])) { 
            ApplyToEach(H, x1); 
            ApplyToEach(H, x2); 
            DLOracle(a, b, N, x1, x2, y); 
            InverseQFT(x1); 
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            InverseQFT(x2); 
            set appr_slmodr = 
MeasureInteger(BigEndianAsLittleEndian(BigEndian(x1))); 
            set appr_l = 
MeasureInteger(BigEndianAsLittleEndian(BigEndian(x2))); 
            ResetAll(x1); 
            ResetAll(x2); 
            ResetAll(y); 
        } 
        let (slmodr, _) = (ContinuedFractionConvergentI(Fraction(appr_slmodr, 
t), N))!; 
        let (l, _) = (ContinuedFractionConvergentI(Fraction(appr_l, t), N))!; 
        if (GreatestCommonDivisorI(l, order) != 1) { 
            Message($"Algorithm failed due to measure l={l}, no coprime to 
r={order}"); 
            return -1; 
        } 
        let l_inv = InverseModI(l, order); 
        let s = slmodr * l_inv % order; 
        return s; 
    } 
 
} 
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Додаток В 

Наукові публікації 

В.1 Тези до XXIII Міжнародного молодіжного форуму 

 

 

Рисунок В.1 – Обкладинка збірника матеріалів XXIII Міжнародного молодіжного 

форуму  
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Рисунок В.2 – Сторінка 91 
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Рисунок В.3 – Сторінка 92  
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Додаток Г 

Електронні матеріали на CD 
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