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« 2 I & AYotLt S8 £ A= (OF2h 0f: Meta LLaMA 3)

#include <stdio.h> let rec maxSum (arr: int list)
#include <string> (i: int) (k: int)
#include <map> (sum: int) (max: int) : int =
using namespace std,; match arr with
string sort_numbers(string numbers){ [] —> max
map<string, int> m; h::t —> if 1 = k then
string s; maxSum t (i+1) (k+1) (sum+h) (max)
for(i = @; i<numbers.length(); i++) else
if (numbers[i] == ‘"){ let newSum = sum + h in
m[is] = stoi(s); let newMax = max (newSum) max in
s = “": maxSum t (i+1)A(k+1) newSum newMax
QF (Y ->\0)
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f "*Give python function that |

fconcat two string ——
{def 70%
? 53% | 63%
35%
18% 5
20% 9o, 1%
0%
conc string  join ... <EOS>

Tokenizer

<EOS> Token




5HEl AEMM (Constrained Decoding)

f "*Give python function that |

fconcat two string

f def

Tokenizer

<EOS> Token

1%
<EOS>
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#include <stdio.h>

#include <string>

#include <map>

using namespace std,;

string sort_numbers(string numbers){
map<string, int> m;
string s;
for(i = @; i<numbers.length(); i++)

[ 4

if (numbers[i] == {

m[s] = stoi(s);

n

s = “";

2QF (* -> \0)

#include <stdio.h>
#include <string>

#include <map>

using namespace std,;

string sort_numbers(string numbers){
map<string, 1int> m;

string s;
for(i = @; i<numbers.length(); i++)

if (numbers[i] == ‘0'){ temp=“zero”; }
else if (numbers[i] == ‘1’){ temp=“one”; }
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(*Write a function to ...
let rec maxSum (arr:int list) (i: int) (k: int)
(sum:int) (max:int) :int =
match arr with
] -> max
| hiit -> if i = k then
maxSum t (i+1) (k+1) (sum+h) (max)
else
let newSum = sum + h in
let newMax = max (newSum) max in

maxSum t (i+1) (k+1) newSum newMax

Function X}2|0f| int7} AF2 :TYPE ERROR

>

(* Write a function to ...
let rec maxSum (arr:int list) (i: int) (k: int)
(sum:int) (max:int) :int =
match arr with
] -> max
| hi:t -> if i = k then
maxSum t (i+1) (k+1) (sum+h) (max)
else
let newSum = sum + h in
let newMax = maxSum t (i+1) (k+1) newSum (max) in
let newMax = maxSum t (i+1) (k) newSum (max) in

newMax

int list -=> int -> int -> int -> int -> int 2H}= E}Q1Q| &t




from typing import List, Tuple

def sum_product(numbers: List[int]) -> Tuple[int, int]:
""" For a given list of integers,(10,24) ™™
if not numbers:
return (0,1)
else:
return (sum(numbers), reduce(lambda x, y: x*y, numbers))

HO|L|X| %L reduce &4 AR

(v from functools import reduce gi0| AtE)

E EE0f

>

from typing import List, Tuple

def sum_product(numbers: List[int]) -> Tuple[int, int]:
""" For a given list of integers,(10,24) ™™
if not numbers:
return (0,1)
else:
return (sum(numbers), numbers[0] * sum_product(numbers[I:])[I])

2t0|Ee{2| et Ci ZTiH === CiA
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let rec f x y = LLMO| ot
match x with ) 9"_.5.*15% 7_|§||-J_,—8|'0:|
| [1 ->
match y with
| [] -> 0
| n2 :: rest2 -> n2
| nl :: restl ->

match y with
| [1 -> nT
| n2 :: rest2 ->
(compare n1 n2) + (f restl rest2)

let rec

f xy-=

match x with

| L1 ->

s A

CF3
MErAE

=] 2

match y with
[] > 0
n2 :: rest2 -> n2 + (f [] rest2)
restl ->
match y with
[] > n1 + (f restl [])
n2 :: rest2 ->
match (compare n1 n2) with
EQ -> n1 + (f restl rest2)
GT -> n1 + (f restl rest2)
LT -> n2 + (f restl rest2)
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2: repeat

3 C =8&84F7KG, n)

4 Q:={[1]}

5 while Q # @ do

6 : P .= EHMEQ)

7 if P 7= @ then return P

8 if P 281 then continue
0 h .= 2HMEH(P)

10: Q= QU AZB7Ip(h, G, C)
11: done;n :=n + 1

12: until A 7HA| gk 23} 4
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o %I%E_:! OZ”X‘” let rec f x y =
match x with
i ] [ O ] —> O | [1 ->
1, 2, 3] [0, 1] - > 0 match y with
i i [1] >0
- >
'1’ 2] 'O, 4, 2’ 3] L0 n2 :: rest2 > n2 + (f [] rest2)
| n1 :: restl ->

match y with
[] > n1 + (f restl [])
n2 :: rest2 ->

match (compare n1 n2) with
EQ -> n1 + (f restl rest2)
GT -> n1 + (f restl rest?2)
LT -> n2 + (f restl rest2)

e SOTA 87|58 2F 22U =98 &If

26



GPT-40-mini AI2. 22 8
Dol QE M

1 let rec f x y =

2 match x with

3 | [1 >

4 match y with

5 | [1 >0

6 | n2 :: rest2 -> n2
7 | n1 :: restl ->

8 match y with

9 | [1 -> ni

10 | n2 :: rest2 ->

11 (compare n1 n2) + (f restl rest2)

12

13

14

Guided

SSSSSS

Guided

ooooooooo

let rec f xy =

match x with

| [1 ->

match y with

[] > 0
n2 :: rest2 -> n2 + (f [] rest2)
| n1 :: restl ->

match y with
[] > n1 + (f restl [])
n2 :: rest2 ->

match (compare n1 n2) with

EQ -> n1 + (f restl rest2)
GT -> n1 + (f restl rest?2)
LT -> n2 + (f restl rest2)

27



1 let rec f x y =

2 match x with

3 | [1 —>

4 match y with

. | [1 -> o

0 | n2 :: rest2 -> n2

7 | n1 :: restl ->

3 match y with

7 | [1 -> ni

10 | N2 :: rest2 ->

B (compare n1 n2) + (f restl rest2)
12 - P
13

14

=2 N

Guided

SSSSSS

.j 39
8
lile Eﬁ
35

Guided
ooooooooo

[LMQEROl| oLt
\ (f restl rest2)2f FAl}

let rec f xy =

match x with
| [1 ->
match y with
[] > 0
n2 :: rest2 -> n2 + (f [] rest2)
| n1 :: restl ->
match y with
[] > n1 + (f restl [])
n2 :: rest2 ->
match (compare n1 n2) with
EQ -> n1 + (f restl rest2)
GT -> n1 + (f restl rest?2)
LT -> n2 + (f restl rest2)
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YUSEM (ZH G, 29 O, LLM 2% Py | I M QI:uF% Ol _g_gl_r
re) - OF =

1 Ci=g,n:=1 %I:IZCIDI-%I: E|:|I-A—I-|I '|TE EJ_,—El —

2: repeat

3: C:=F84F7KG, n, Py

4: Q:={[]}

S while Q # @ do

0: P:=SEME(Q, P;; ) E—

j i} H|tslt 62
: if P %-< @ then return P LLM 2E1} H|st =

7 | oix| £l

3: if P 2-94=81-S then continue

0: h = HME(P)

10 Q:= QU /B 7|s(h, G, C)

11 done;n . =n+1

12: until A] ZHA| g+ Z 31} 29
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LLM Solution Guided

38
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illlel B3
35

Feedback: Incorrect

let rec f x y = 1 let rec f x y = ]-et rec f XYy =
match x with match 1th .
) ’ x match x with
| [1 > 3 | [1 ->
match y with 4 match y with | [:l —->
| [1->0 5 | [1] >0 -
| n2 :: rest2 -> n2 + (f [] rest2) I I § | n2 :: rest2 -> n2 _ match y with
| n1 :: restl -> 7 | n1 :: restl -> [:l -> 0
match y with 8 match y with
| [ ->n1 + (f restl []) 9 | [1 -> ni n2 :: rest2 -> X
| n2 :: rest2 —> 10 | n2 :: rest2 -> | nl :: restl ->
match (compare n1 n2) with 11 (compare nl1 n2) + (f restl rest2) ,
| EQ -> n1 + (f restl rest2) 5 match \ with
| GT -> n1 + (f restl rest2) 13 [] -> Y

| LT -> n2 + (f restl rest2)

30
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1: C =
2: repeat
3 for all 2 72| upeh A4
SR compare
4: e = MFF 5
S if (e[ > k) v (6 BF=5¢h) then continue
6: if MZ23F=9 e) V (e 7| I EFA) then
7 C:=CU{e}
3: done
0: k:=k+1

10: until £k <n

11: C ;= F 4 g-stwbd 7] 7] (C)

34



| ==
1: C:=&x4&FF k=1
2: repeat
3 for all 2 72| uteh HA
4: e:=MFF F
S if (e[ > k) v (6 BF=5¢h) then continue
6 : if M2F=2 e)V (e 7} 4 EZA) then
7 C:=CU{e}
8 : done

N1 rest n2 rest?2

0: k:=k+1

10: until £k <n

11: C ;= F 4 g-stwbd 7] 7] (C)

35



Pk
o0

repeat

for all A7d 72| wep YA

if (le| > k) Vv (0 5t
if( MZ2F=" e) V(e 7l FHEFHZ

1 then conti

~g—

2:
3
4:
5
oF

0 compare

X Y

rest1 n2

nue N

) then

7: C:=CuU{e}
3 :
0:

10: until £k <n

11: C 1= 2% 8}-35}1

done

k:=k+1

-

7
ig:

A71(0) \

—

T8HE| 2|AE

O :10, 1,1, 1,1,...]
nl:[I, 10,1, 1,...]

36



=
1: C:=3FayF k=1
2: repeat
3 for all 37 12| wpel A4 )

o X Y compare

4: e:=M5FF 5
5 if (el > k) V (6 ®-=5%-31) then continue n1 restl n2 rest2
6: if ==Y e) VvV (e 7F I =3 4]) then
7 C:=CU{e}
3 : done
0: b=k + 1 compare n1 n2

10: until £k <n

11: C := # A 3}-sh ik 7] 7] (C)

+372| 2|AE 5 siLi|
5 L} A2 A9 glom Hojyp|

37



= -

1: C: =&+ k=1
2: repeat
3 for all 2 72| upeh A4
) . AEE T 0 x Yy compare

— T T
5 if (le > k) V (8 ®tZ%-3h then continue | n1 rest
6 : if Z2F=9 e) V (e 7} 39 E& A) then
7 C:=CU{e}
3 : done o=

: P — compare n1 n2 /
4 ki=k+ , 5%013(\1 "\ o z= 21=(no redundancy)
10: until kK <n .
|\ z=g zaig s e | © TES(proximity)
11: C ;= HA -3t d 7] 7] (C) we==m x| X5}
B - \\ st o ZT1Y(completeness)

33
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o MASEsts 47| Trio [POPL23] 2/0| 718, 807H =X CHA!
=X| 60

Ml 6071 + M2 BtE {22 2071 =X

o ME!

o ZLY LLMO| HEF MM 28 A2, 3¢

o LLM 22 : GPT-40-mini (B%), 40, 03-mini (%_‘—E)

39



Synthesis Time (s)

= =
e =H|I o yot/ofet R 21
1200 -
Methods # Solved
1000 { | w/ 4o-min (SDiVEd = 73) 40-mini 40 03-mini
| w/ 40 (solved = 76) ]
800 { I—=— W/ 03-mini (solved = 79) } UNGUIDED 63 63 63
—— only 4o-mini (solved = 49) 7 | + Top-Down Guidance 70(T2) 72(T4) 77(79)
600 { —— only 4o (solved = 63) y + Both Guidance 73(15) 76(18) 79(T11)
only o03-mini (solved = 70)
400
200
0_

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

# Solved (total =

e LLMO|L} gtM7|E EIxzO

80)

=X

40



Al
—

o 7| MEHDesign choice BZ2lS ?let &2

o

e O(n)?! ZEMEIET| CHAl On°) Q! RTED (E2|&HHE|) £ 482
o 73 = 62 (19) (w/ 40-mini) 76 = 70 (16) (w/ 40)

o LLMO||A| 1007H2| &= Bt=7| of = PCFG(probabilistic context-free grammar) E

&, A LD2|ZOR EM A

=

o 73 = 67 (16) (W/ 40-mini) 76 = 67 (19) (w/ 40)

o 7|& =2E0|A E3F| LLM + SO 2 Al

St HftH

[7] Y.Li,]J. Parsert, and E. Polgreen, “Guiding enumerative program synthesis with
large language models,” in International Conference on Computer Aided Verification
Springer, 2024, pp. 280-301.

[8] S. Barke, E. Anaya Gonzalez, S. R. Kasibatla, T. Berg-Kirkpatrick, and N. Polikar-
pova, “Hysynth: Context-free llm approximation for guiding program synthesis,
Advances in Neural Information Processing Systems, vol. 37, pp. 15612-15 645,

2024.
[10] Y. Li, J. W. d. S. Magalhies, A. Brauckmann, M. F. O’Boyle, and E. Polgreen,
“Guided tensor lifting,” Proceedings of the ACM on Programming Languages, vol. 9, 4 1
no. PLDI, pp. 1984-2006, 2025.
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CONST
EQUAL
PLUS

start
stmt

def
use

N\ _7//

\\_|_//

start stmt | stmt

def

NAME EQAUL use

NAME | CONST | NAME PLUS

use

—»| SYNCOR

a = 1
b =2
c = a + b
FHEOZ SHIED
Ho| H AR 2F 6



CONST
EQUAL
PLUS

start
stmt
def

use

start stmt | stmt

def

NAME EQAUL use

NAME | CONST | NAME PLUS use

—»| SYNCOR




‘&M clal 281 (Attribute Grammar)E Tl

0f= QIRIOIN AFRE|S Ao = o]/ 27 QIX| #Ql15t7| QI8 £44(0l5t, 1) 7t
NAME = [a-z]+
CONST = [0-9]+
EQUAL = W=7
PLUS = "+
start = start stmt | stmt
stmt = det
def = NAME(@FREE EQAUL use
use = NAME@BOUND | CONST | NAME(EBOUND PLUS use
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149 B0 g0 £7hx9l o|n|& S0f517| (2/2)

. EjOE U5

of ‘E41= MK|= 54’ (inherited attribute)

o« S2o HO|Z0[2t ! =X|ete, 0 %2 SFIX|0] et B 12f £0] FHetd

NAME . tag = FREE

def := NAME(CFREE EQUAL use| EQUAL.tag = None
use.tag = None
NAME . tag BOUND

NAME(BOUND PLUS use| PLUS.tag = None

use.tag = None

use
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*Language Server Protocol
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*Language Server Protocol



“TEE SHISMN2 2= HeE Q7S X[ + 811l TagCor?| 0|S &
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 LLM: CodelLlama-7b-python-hf, Llama3-8B

« A& 7{|0|A: MBPP-HumanEval-BigCodeBench #IX|0t=20{AM SYNCOR HE ZE
oA i Q=5 TEHSH AL

o X|et AlZF: 180s



O - HIX|OI3: wF 5/ 57 AH0|£
 CodelLlama-HumanEval: 6/8 (75%)
 Metallama3-HumankEval: 3/6 (50%)

 MetalLlama3-MBPP: 4/4 (100%)
 CodelLlama-BigCodeBench: 14/25 (56%)

SS0HA| Xt A0|A= FOIT A[ZILNO| 2= dd= 2MdotX| Xt B2(Time Out)
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HumanEval/8, Llama-3-8B, SYNCOR

from typing import List, Tuple

def sum_product(numbers: List[int]) -> Tuple[int, 1int]:

""" For a given list of 1integers,(10, 24)

1f not numbers:
return (0,1)

else: ~&

return (sum(numbers), reduce(lambda x, y: x*y, numbers))

HumanEval/8, Llama-3-8B, TAGCOR

o MOIL|X| L2 reduce &4 AR

cto|22q2| e OJALE - T+ = Chx|

from typing import List, Tuple

def sum_product(numbers: List[1int]) -> Tuple[int, 1nt]:

For a given list of 1integers,(10, 24)

1f not numbers:
return (0,1)

else: ~&

return (sumCnumbers), numbers[@] * sum_productCnumbers[1:])[1])




BigCodeBench/242, CodelLlama-7b-Python-hf, SYNCOR BigCodeBench/242, CodelLlama-7b-Python-hf, TAGCOR
import cvZ2 import cvZ2
import matplotlib.pyplot as plt import matplotlib.pyplot as plt
def task_func(image_path, kernel_size): def task_func(image_path, kernel_size):
e Applies a blur effect to an image using a specified kernel size,""" e Applies a blur effect to an image using a specified kernel size"""
1f not isinstance(kernel_size, 1int): 1f not isinstance(kernel_size, 1int):
raise ValueError("kernel_size must be an integer.™) raise ValueError("kernel_size must be an integer.")
1f kernel_size <=0: 1f kernel_size <=0:
raise ValueError("kernel_size must be a positive integer.™) raise ValueError("kernel_size must be a positive integer.")
1f not isinstance(image_path, str): 1f not isinstance(image_path, str):
raise ValueError("image_path must be a string.") raise ValueError("image_path must be a string.")
if not OS.path.exists(image_path): 1f not CVZ.hCIVGImCIgeReCIdeI"(image_path):
raise FileNotFoundError("The specified image file does not exist.") raise FileNotFoundError("The specified image file does not exist.")
img = cvZ2.imread(image_path) img = cvZ2.imread(image_path)
img_blurred = cvZ2.blur(img, (kernel_size, kernel_size)) img_blurred = cvZ2.blur(img, (kernel_size, kernel_size))

o
ArE7ts¢et 20|28 2[2] gt & 7i% HIer 2[0|(cv2 . haveImageReader)2| g4 AtE
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BigCodeBench/781, CodeLlama-7b-Python-hf, SYNCOR

BigCodeBench/781, CodeLlama-7b-Python-hf, TAGCOR

import os
from datetime import datetime

def task_func(filepath: str) -> dict:
"""Determine the size and date of the last modification of a file.
size = os.path.getsize(filepath)
last_modified =

datetime. fromtlmestamp(os path.getmtime(filepath)).strftime('%Y-%m-%d %H:%M:

%S ")
return {'size'’

f Slze(51ze), "last_modified': last_modified}

import os
from datetime import datetime

def task_func(filepath: str) -> dict:
"""Determine the size and date of the last modification of a file.
size = os.path.getsize(filepath)
last_modified =

datetime. fromtimestamp(os. path getmtlme(fllepath)) strftime('%Y-%m-%d %H:%M:

%S ")
return {'size':
'bytes')])]), 'last_modified':

Frozenset([fl"ozenset([( 'size',
last_modified}

size), ('unit’,

)
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codellama/CodelLlama-7/b- 32,000 47ms 78ms I ms

Python-hf







Filtering Static Analysis False Alarms using LLMs

ZULH, 0| A Alexis Just

Programming system Lab.
Hanyang university CY Tech, France

—CH

Filtering Static Analysis False Alarms using LLMs



What is CodeQL
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Research Hypothesis
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Two case studies
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Baseline VS Ours
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A1} - Baseline VS Ours
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Thank you!
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