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SR (TH G, =4 D) OIH}X{O| OFHFSFEA
=g 3 tma|E
2: repeat

3 C:.= B=MFIHG,O) ~

4 Q:={[1]}

J while Q # @ do

0: P:= SEME(Q)

/ if P ¥t== @ then return P

S if P 2+<=¢l = then continue |

9 h := TYME(P)

10: Q:= QU TUMLIe(h, G.C)

11: done

12: until A] {EA| g+ =3}



/ if P 7+ @ then return P {

8 if P #r<=8. = then contmue
) h := FYMEH(P)

10: Q:= QU RAYxL7|s(h, G, C)
11 : done

12: until A 7HA] 3+ Z 3}

e



1: C:=0 (o]
2: repeat

3 C:= B&4F7HG, C)

4 Q:={[]}

S while Q # @ do

6 : P.==HMEH Q)

7 if P 9+<F @ then return P

8 ifP A gl then contmue .
9: h = FHMEA(P) =
10: Q:= QU THUML7|e(h, G, C)
11: done

12: until A] {EA| g+ =3}
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OZHX'”; let rec f x y =
match x with
- U > 0 | 1 ->
2, 31 [0, 1] -> 0 match y with
2] 0, 4, 2, 31 -> 10 e
n2 :: rest2 -> n2 + (f [] rest2)
| n1 :: restl ->
PH7IE 25 28U Y A o

[] > 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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130 QF 48

let rec f x y =
match x with
| [1 ->
match y with
| [1 -> 0
| n2 :: rest2 -> n2
| n1 :: restl ->
match y with
| [1 -> ni
| n2 :: rest2 ->
(compare n1 n2) + (f restl rest2)

let rec f xy =

match x with

| [] ->

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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let rec f x y =
match x with
| [1 ->
match y with
| [1 -> 0
| n2 :: rest2 -> n2
| n1 :: restl ->
match y with
| [1 -> ni
| n2 :: rest2 ->
(compare n1 n2) + (f restl rest2)

=N

[LMQEROl| QioLt
\ (f restl rest2)2f FAf}

.

let rec f xy =
match x with
| [] ->
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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let rec f x y = 1 let rec f x y = ]-et rec f XYy =
match x with tch 1th :
_ 2 et match x with
| [1 —> 3 | [1 ->
match y with 4 match y with | [:l ->
| [] >0 5 | [] >0 .
| n2 :: rest2 -> n2 + (f [] rest2) I I p | n2 :: rest2 -> n2 _ match y with
| n1 :: restl -> 7 | n1 :: restl -> [:l -> 0
match y with 8 match y with
| [1 ->n1 + (f restl []) 9 | [1 -> ni n2 :: rest2 > X
| n2 :: rest2 -> 10 | n2 :: rest2 -> | n1 :: restl ->

match (compare nl1 n2) with

| EQ -=> n1 + (f restl rest2)
| GT -> n1 + (f restl rest2)
| LT -> n2 + (f restl rest2)

p—
p—

(compare n1 n2) + (f restl rest2)

match y with
[1 > Y
n2 :: rest2 > Z

p—
(\)

p—
w

14

o 7{2|7} B2 202 SH T2 IUS EM _ AL Sui5| FF (O Z2IUE Y 4 AUR)
o 2FE O(n) 22 O(n?) OlAfS] BRI O ALY ER|AH 72| KLt B Sk B0 2]

13



12| =ZAE|7} k)

+=387=| 50|t

L LEEE=

compare

~0

4
v




15



3

o MH=Z &d7|Trio {0l -+¢d, 807 =X Chat
o 7|E& ZX| 6071 + M= TH= 0{2{2 2071 x|
o ME
o | = Trio ={E1 ZEM™ LLMO| 2]

o LLMO| @E A A
C

16



Synthesis Time (s)

o M=H|W

1200

1000 1 |

o LLMO|L} 2+97|5 B=2= & Iff XF= XIS Ll 6l

—— Unguided (solved = 68)

wz 40-mini (solved = 73)
w/ 40 (solved = 76) '
>—_w/ 03-mini (solved = 79)

—— only 40-mini (solved = 49)
| —<— only 40 (solved = 63)
only o03-mini (solved = 70)

o 22f/oleF 710|E &1}
Methods # Solved

40-mini 40 03-mini
UNGUIDED 68 68 68

+ Top-Down Guidance

+ Both Guidance

70(12) 72(14) 77(19)
73(15) 76(18) 79 (T 11)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
# Solved (total = 80)
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o 7| MEHDesign choice BZ2lS ?let &2
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e O(n)Q! BEMEIET| 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
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x|yl". _ string parameters and constants
ConCat(S, S, S) | CharAty(S) string operators

f("Jan","Kotas") =" J.K"

f(x,y) = ConCat(CharAty(x), ".",CharAty(y))
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ConCat(O, O, O0)

CharAty(x),CharAty(y)}

| I— ,

{X, y, n.n, "
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tset 48RS Y HEIEY =4 HEIZEA At

(C1: 7ol & =KICkD RIXh LIHX| S| HMN|I=Z
ConCat(m, O, O) MustT = 7H MustT
ConCat(O, @, O) MustT tE 2% 1Y May ¥
ConCat(O, O, @) May ¥ Jtedl 1y Mayxr
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e .-+ : HOPE (Hole-filling Order Prediction for Efficient synthesis)
o HIX|OI3 : &= 1631712 SyGuS & =Xl

o 3377H2| EXIE 3 =H|

o 1294719 HIEF+ =Xl
o S

o Duet [POPL21]

o Simba [PLDI’23]

o Synthphonia [PLDI’25]
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Uniquely Solved Problems by Each Solver Uniquely Solved Problems by Each Solver (Bitvector)
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(a) # Uniquely solved in the string domain (b) # Uniquely solved in the bitvec domain
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= oM = E Bt A2 2EMHO|A =& E~L Synthphonia 2L} 22

(a) Hardbench (b) Duet
—— DUET (23 solved) 14001 DUET (186 solved)
Synthphonia-G (42 solved) Synthphonia-G (202 solved)
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Fig. 8. Comparison between HopPe and the other baseline solvers in the string domain.
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Fig. 9. Comparison between HopPE and the other baseline solvers in the bitvector domain.
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