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Lecture &5: Shor's algorithm
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| Known algorithms with exponential speedup

Name G X K Function
K ={0,1}: { ﬁ:; i (])
Deutsch {0.1}, @ | {0,1} | {0} or {0.1} f(J’).'_' ”
K ={0}: { e = 1=
any
2 i M {0. 5} N
Simon {0,1}", @ | finite s€{0.1}" f(x @ s)= f(x)
set
any
Period- = {0, 2r,. .} PO CU 3
finding Z + finite g flx+7r)= f(x)
set
J
(.)rd.cr- Z.+ J{g ; {0,r,2r,...} f(x) = a*
finding = reG flx+71)= f(x)
a =
Discrete z,xZ, | 19 @.-ts) | f@, 2= b=t
logarithm + (mod r) |/ E Zy (.seZ, flxy + L,y — €8) = f(xy,x3)
aQa =
s : " f(x,y) = 7"(y)
Order of ..l Zym X Zyn Zy. {0,r,2r,. } f@+r.9) = f(z,y)
permutation | + (mod 2™) re X : ;
7 = permutation on X
Hidden (€. —ts) [y, x2) =
linear ZXZ + Zx p 2 c '\, w(szy + x; mod N)
function IS 7 = permutation on X
(H,X)
' se€H
Abelian H = any any { ‘E_ _| | flgh,x) = f(g. f(h,x))
stabiline Abelian | B | D) =2 | pos ) = fig.2)
stabilizer Abeha Got vz € X} gs, g,
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| Cryptography using RSA i Pasqal

RSA Algorithm

Key Generation

- - Select p, p and q both prime; p %4,
Asymmetric Encryption Clleohe & = b & 9 '

Calewlate (n) = (p-1)(3-1)

Select integer e acd( ¢b(n),e) & 1 1 <e< (b(n)

Caleylate d de mod P(n) =

Public key KU = {e,n}

Private key KR = {d, n}
Encryp+ion

DIFFERENT I(EY Plaintext+; M < n

Ciphertext: C = M*(mod n)
Decrypion

Plaintext: C

PUBLIC KEY SECRET KEY .
Ciphertext: M = Cd(mod n)

NS N

million noisy qubits

Y— % How to factor 2048 bit RSA integers with less than a

PLAIN TEXT

E Emmmmu

Lo 2 Craig Gidney

CIPHER TEXT
Google Quantum Al, Santa Barbara, California 93117, USA

June 9, 2025
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| Quantum part of Shor 7% Pasqal

Register 1

%)
n qubits 0) == H®" I FT7 ﬂk

Register 2
m qubits

1) a*mod N




I Adder %% Pasqal

lyi) —e * /L lyi)
Ir.) —9 ® 1 |Ti + Vi
l VU + ci—1 [2])
|Ci_1> L 4 9 |Ci—1)
M DN .
0 <o—o— i)
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| Modular exponentiation #¥ Pasqal

0) 4 H B
Control register | .
n qubits O> H !
0) 4 H °
0) —H—*
Work register _ 11) U2° U, U,z E E Uz"—1E
m qubits p— ] —




I QFT #% Pasqal

71) HH Ry —++*—Bn-1H Rn |0) + 270-J1-n|1)

|J2> l siate Ht-+—ARy—oHR-1H--* |O) o 621rz'0.j2...j,,|1>

|j-n—l> & eee — H R2 IO) + ezﬂw-j-rz—ljrz|1>
|jn> o . T l H |O> . 27 0-Jn Il)
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