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2.1 quantum ripple—carry addition[9]
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(¥ 2) UMA quantum circuit
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(19 3) Ripple-carry adder (6-qubit)
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Algorithm 1 : Quantum circuit implementation of Mix

Input: T[], T[i+8], SCli] (0<i<7)

Output: T = {T[0] --- T[15]}

1: ripple_carry_add (TIil, T[i+8])

. a_rotation(TTil)

. Applying X gate to TIi] according to SCIi]
. ripple_carry_add(TIil, T[i+8])

. b_rotation(T[i+8])

: ripple_carry_add(T[i+8], Tlil)

. c_rotation(T[i+8])

: return T = {T[0] --
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Algorithm 2 : Quantum circuit implementation of Final

Input: CVI[il, CV[i+8] (0<i<7)
Output: h = { h[0] , , h[256] }
1: for k =0 to 7

2 for i = 0 to 31

3: CNOT (CVk.glil, CVkliD
4: for k = 0 to 7




5 fori=0to 7

6: CNOT (CVk[7-il, hg[iD

T fori=0to 0

8 for j = 0 to 31

o: Swap (CVlil, CVkli+1])

10: fori=0to 7

11: CNOT (CVkl7-il, h[8+(k*4)+il)
12: fori =0t 0

13: for j = 0 to 31

14: Swap (CVklil, CVk[i+1D

15: fori=0to 7

16: CNOT (CVkl7-il, h[16%(k*4)+i])
17: fori =0t 0

18: for j = 0 to 31

19: Swap (CVlil, CVk[i+1])

20: fori=0to7

21: CNOT (CVkl7-il, hl24+(k+4)+il)

(¢18]< 2) Quantum circuit implementation of
Final

dagls 29 2MA &2 CVks CVk (0<k
<7 Aoz #Hxo] EF THe CNOT-gateE F
&Jste] XOR «A4ks gt CVi, - CVis et
CVk(0<k<7)E 1HEH =ZHolAdsH CVk[7],
~,CVkl0] A2 SRIEA S 002 A"E 256
HE  FHld &A= A%, oy
CNOT-gateE ©|&3 XOR ¥4 & W<
d4kg tialdtth Final &% %3 256709

HIE hi & A ghol =t

Iv. +d 2%
LSH-256/256S YA 322 Fdste

Ao 13 2o,

C

ag

Qubits | Toffoli gates [CNOT gates| X gates

LSH-256/256 1,918 63,488 145,408 3,495

(3% 1) Quantum resources for LSH-256/256
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