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AZENH &4 ¢ @Korea Univ.

® Members: |0 PhD and 5 MS students

® Research areas: programming languages (PL), software engineering
(SE), software security

® program analysis and testing

® program synthesis and repair

® Publication: top-venues in PL, SE, and Security:

e PL:POPL('22),PLDI(20,14,12),00PSLA(’ 15,172 17b;18a;18b,19,20,23)
e SE:ICSE(17;18;19,20,21°22a,22b232,23b;23c), FSE(18;19,20,21), ASE(’ 18)
e Security: IEEE S&P(’17,20), USENIX Security('21)

http://prl.korea.ac.kr
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Knight Capital Says Trading Glitch Cost It $440 Million Tesla in fatal California crash was on Up to270 women may have died after $25 million in BTC, ETH stolen in
BY NATHANIEL POFPER - Autopilot breast cancer screening IT error dForce hacking
Runaway Trades Spread Turmoil Across Wall St. 9 Ermol Villeremte - Aprl 22,2020
3 h 201 f © v [ < share Health secretary says computer errors led to 450,000 missed

screenings in England since 2009
Have you been affected?

The decentralized finance (DeFi) community has been
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606 $1.7 3.6 billion 268 years

software fails trillion affected users in downtime

Software fail watch (5th edition). 2017
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T2 128 oty (Program Synthesis)

. YNZEE T2 ICE XS MM

o o

reverse(12) = 21, reverse(123) = 321

reverse (n) { reverse (n) {
r := 0; r := 0;
while ( ) { 2 5s while (In > 0 {
X :=n % 10;
.ll'.’ r :=1r « 10;
r := r + X;
n :=n / 10;

I b
return r; return rj;

} }



Z =234 81 (Program Synthesis)

. YNZEE T2 ACE XS MM

# Write a python function to toggle all even bits of a given number.
# Your code should pass these tests:

#

# assert even_bit toggle_number(10) == 0

# assert even_bit_toggle_number(20) == 30

# assert even_bit_toggle_number(30) == 20

def even_bit_toggle_number(n):

count = 0

res = 0

temp = n

while temp > 0:
if count % 2 == 1:

res |= 1 << count

count += 1
temp >>= 1

return n © res
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2021 2022
Hummingbird Eagle Osprey
65 Qubits 127 Qubits 433 Qubits

Google Sycamore (2019) IBM Hummingbird, Eagle, Osprey (2020-2022)
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(2) BM [Grover 1996]

o2M) vs O(N?)
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218! (Entanglement)
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218! (Entanglement)

# (| 0) + o[ 1)) X (fy|0) + S, ] 1))
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« CNOT (Controlled-Not) #[0|E
A) l\ A)
B) BoA)

CNOT(O&OO ‘OO> 01 ‘01>
= Q0 ’OO> + Q01 ‘01>

. CNOT: /3! AEfS PHo =0 AR

1 0 0 0
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1100) < D /L > |GHZ>:\LF2(|000>+|111>)
\ () H—D }I_U
circ = QuantumCircuit (3)

circ.h (0)

circ.cx (0, 1) . o
circ.cx (0, 2) @ QlSkIt
circ.h(2)

circ.cx (1, 2)

circ.h(2)


http://circ.cx

(e.g. Python, C, Java, ..
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21} 2= XS g (OOPSLA 2023)
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1. B E = A|0|E A|AA (up to some fixed length)

1Y i o—
M, = D Mz:l M; =

4
\

\
2
D—s
a»

[100) 4 . IGHZ) = L

1 (1000) +[111))

1
\/{_2‘(()6%0());! 17(11|>) W J%H%om +111))



etd ghe|Ee| etMd (Soundness)

“E8 7HgololM 2= 7|8 gfd E112[50| g RS Aot

THEOREM 4.17. LetE = {(|in), |out))} be an example andC* = My;- - - ; My (M; € M and attribute
of each M; is not IDENTITY) be the solution circuit to be synthesized such that C*(|in)) = |out). Suppose
C* is monotonically decreasing (by input |in)). Then, for any prefix C = My;--- ;M;_1 (I < k) of C¥,

is_gap_filled(C, M, (|in), |out))) = True.

Proor. Let|¢) = Clin) = Mj_; - - - M |in) be the output vector of C. By definition My - - - M |¢/) =
lout) and thus

Attyyy (MiMy—y - - - M) = |out) © |¢) = gap_att);,y |5, (C).

Since C* (and so C) is decreasing, by Lemma 4.16 Att)yy(MiM_1 - - - M;) = Att)yy(M;). Therefore,
gap_att ;,y 10,1 (C) = Attjyy(M;), which is satisfying the criterion. O
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Type ID Circuit ID Circuit
three_superpose | G% ?@, M_valued @
(171 °
H H
(2]
-
GHZ_from_100 _@ GHZ_by_iSWAP _m_ ] R(-Z) HR (%)
iSWAP
SV Re(-5) = Ry (%)
= iISWAP
Ty =P
GHZ_by_OQFT [QFTH{ QFT]| GHZ_Game o
—orr z *
State QFT QFT
' —H}H - — QFT | QFT |-
Preparation . 2 2 Z
W_orthog @_4,_ W_phased _1G: -
. T
G S2 [H7i &
—X] b &-z: e
W_four D cluster @ . @,
P z FL
@ —H—z}—
N
~
bit_measure — G% D D
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U U U
flip . teleportation @_
Z JH}+&
Z &
Multi IO draper toffoli_by_vX D D
QFT -
4 —pHE —xHvx v —
QFT T] indexed_bell




AI0|E 2

ID Baseno prune Oursyo prune
three_superpose 0.14 0.12 0.12
M_valued 1764.75 §1126.79 666.25
GHZ_from_100 106.81 48.16 L
GHZ_by_1iSWAP 1 1 690.67
GHZ_by_QFT 116.90 101.65 101.17
GHZ_Game 1 12305.71 451
W_orthog 2927.20 §2075.06 248.23
W_phased 1 258.56
W_four i B 2851.10
cluster 1 3560.38
bit_measure 1 1
flip 18.56 0.76
teleportation 2.02 1.35
indexed_bell 14.67 1.60
toffoli_by_VX 956.29 306.10
QFT 1 ik
draper i i 933.47

Avg. (excluding L/-) 656.37 687.45
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