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Translation from Python into Dafny Based on Large Language Models

DU Yi-Cheng'”?, LU Yi-Han'?, ZHU Xue-Yang’, ZHANG Wen-Hui’
'(Hangzhou Institute for Advanced Study, University of Chinese Academy of Sciences, Hangzhou 310024, China)
*(Key Laboratory of Systems Software (Institute of Software, Chinese Academy of Sciences), Beijing 100190, China)

Abstract: In recent years, code generation based on large language models has been widely applied in software development. However,
due to the inherent stochasticity of model outputs, ensuring the correctness of generated code remains a critical challenge. Formal
verification provides a rigorous means to guarantee software correctness, but it requires both source code and corresponding requirements
to be formalized into the specification language of verification tools. Dafny is a verification-oriented programming language equipped with
automated verification support. From this perspective, this study explores the ability of large language models (LLMs) to translate Python
code into Dafny. To this end, a prompt-based translation generation method is proposed, which consists of static translation and dynamic
repair, together with a program-testing-based evaluation method. The static translation method employs three progressively refined
prompting templates-namely, a basic template, a Dafny example-based template, and a Python-to-Dafny contrastive example-based

template—to generate translations in a single step. The dynamic repair method iteratively invokes LLMs to refine translations by
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incorporating error messages produced during the previous round of code testing into the prompt. For evaluation, when no existing test
suites are available, test cases are automatically generated using LLMs. The translated Dafny programs are then verified using Dafny
testing tools in conjunction with the generated test cases to assess translation correctness. Experiments are conducted on HumanEval,
MBPP, and LeetCode datasets using representative large language models, including GPT-40 and DeepSeek-V3. Experimental results
demonstrate that the contrastive example-based prompting template and the dynamic repair method effectively improve the performance of
LLMs on the Python-to-Dafny code translation task. Furthermore, factors influencing translation quality are analyzed based on experimental
observations, and the evaluation methodology and criteria are discussed.

Key words: code translation; prompt engineering; formal verification; Dafny
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method{ :test} valid test (){ > dafny test pass.dfy --no-verify
expect £(0)=-0; Dafny program verifier did not attempt verification
expect f(1)==1; valid_test : PASSED
expect £(2)==2;
expect £(3)==3; > dafny test fail.dfy --no-verify
expect F(4)=-4; Dafny program verifier did not attempt verification
¥ valid_test: FAILED

fail.dfy(5,4): expectation vielation
[Program halted] fail.dfy(1,8): Test failures occurred: see above.
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| pan | Basic Prompting Template

Dafny Few-shot Prompting Template Python2Dafny Few-shot Prompting Template
You are an expert Dafny programmer. You are an expert Dafny programmer. You are an expert Dafny programmer.
Role You are good at translating Python into You are good at translating Python into Dafny. You are good at translating Python into Dafny.
Dafny.
the following Python Please translate the following Python function Please translate the following Python function into
fi afny: into Dafn Dafny:
Miss nction: Give functi Given Python functi
“python “python “python
{Python code} {Python code} {Python code}
You MUST return the translation in the You MUST return the translation in the ‘You MUST return the translation in the following
following format: following format: format:
Format “dafny “dafny “dafny
//Dafny code //Dafny code //Dafny code
Here are some examples of Dafny: Here are some examples of translating Python into
Dafny example 1: Dafny:
“dafny Python example 1:
{example} ““python
{Python example}
Few-shot |
Dafny translation 1:
““dafny
{Dafny translation}
H . - - — 9 — e L
(a) #7~ 1A ZHAF (b) FERIFHR (c) Dafny R fFI 54K (d) X HEAR I A5EAR

K4 3 Fhgomia Bitios & 18

(1) BERb AR

T P RSB AR B Dafny BRI BERERE /0, FRUR I A R, AT T — AN BRI, a1 4(b) Fios. %
B ALS T A (role)s 1F4% (mission) iR AKX (format) (K384, 3% M inHAth {5 5.

(2) Dafny /R FIER

R D BE AR (1 JEAR B BA VAR 450 | R 3e b 51N /D B Dafny /Rl g5 2% fi# Dafny 18 & ARG 7E K
PRAY TR 2 o o B A D 1 ), 51 5 KRR B AR Dafny TR, T2 TR L. X B AR PR N Dafny 7~
B, a1l 4(c) B,

(3) X IR ARAR

W BATR BB 25 5 Bl TR R IR, UK Python {R 1% EL BB R4 5 N Dafny QRS 1 A= B8 5 Fh
B AR ZER. B 5 B T Hh R fERNEN, BT Dafny HORFELE Python 75 F sum BRi%k, B
{5 PR 58 U R B2 P AR TR R AR R, T B AT 0 B R A PN AR T8 8 . R T AR R — i R, AT T AE AR 1]
TR SCHFR SN BN HR ) Python I Dafny i, LS| 5 RSB b EE PR FE 5 1R (1918 4800 9000 AR, G THT R 1R AL
F.ORTEHIAR R, BR S R BRI R R RAR T, Dafny 23502 A 1R X6 A BRR BR At HE S BSR4 B 4(d)
Fi7R.

Python Dafny

a=[01234] a=[01234]
s = sum(a) s = sum(a)

B 5 Python % Dafny Fi ¥ HE I SR 51

42 FEEE

b B AS B B 7 VR 2R BUY) Dafny ARG AN IE#A, & T RE— 2548 F 2h A48 52 07 vk, 38 A Hb R FH I 0 S 057 1 4 A
B, 5 B S AERRAR Y 555 — BRI RS B AR BB 3R 1A, 51 5 KBRS Dafny RIGHHTIEE, B 3I4E R IE
AR S B3 A B ¥ 5 BB AR IREL. % F8 BULETE SUA R A QRS B g B4 R b, # RS B B R BB R E
A5, ARV KRR BATAE BB S8 2, RURIE 55 A B e B0, O T MBS BT 8 kL, e 15
EHRR IS IE R B B A ERR AR E 55 FEARE U, AR B BEERENR . &R G,
B SR (RIATT expect MAR) IX 3 28, AR IR AN MR [ BT 53658, IRUL 7 B[R R B AR, LLIEL
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AEEIRAE D, AR T B R A5 B0 e D s R TR PR i3 U1 75 IR A 24 ke 6 T4 SR IR, B R AR
AR R A5 2 B AR S PR A 2.

Syntax Error Fixing Template

You are an expert Dafny programmer.You are good at
fixing syntax errors in Dafny.

Please Fix the syntax errors in the following Dafny code.
Given Dafny code:

““dafny

{Error Dafny code}

You MUST return the fixed Dafny code in the following
format:

““dafny

// Dafny code

Here are some error messages from Dafny resolver:
Error lineno 1: {lineno of Error 1}

Error pos 1: {position of Error 1}

Error content 1: {content of Error 1}

Error type 1: {type of Error 1}

Syntax Error Fixing Prompt

Here are some error messages from Dafny resolver:
Error lineno 1: 8

Error pos 1: 8

Error content 1: b :=a%b;

Error type 1: Error: LHS of assignment must denote a
mutable variable

Error lineno 2: 8

Error pos 2: 8

Error content 2: a := temp;

Error type 2: Error: LHS of assignment must denote a
mutable variable

(a) IERIEVE IR M E R

method greatest_common_divisor(a: int, b: int)
returns (res: int) {
while b 1= 0 {
var temp := b;
b :=a%b; //BAWA (non-mutable)
a := temp;
}
return a;

I

(b) El6(c)X BRI A R 15 B

method greatest_common_divisor(a: int, b: int)
returns (res: int) {
var a := a;
var b := b; //{5F|W4F (mutable) [(AFHE:
while b 1= @ {
var temp := b;
b :=a % b;
a := temp;

¥

res := a;

¥
(c) EEHHE N Datny 0I5 1 BUR (d) El6(c) 2 & Jr i@ id MK i) Dafy L85 1 B

Ko BRIFEIRIRE

K 6 JER T — BB E MG K 6(c) RAFIBEI Dafny AU, Hrb A e k. bl sUs st k4 145 2
BEATIRBURNAB R, LB R sl (5 R (5 252 W 6(b) P, B EIRA 51§ KRBT R )5,
KEERIA R T 0B 6(d) Fros KGR, 2% Dafny ACH AT OB, BIAFEEATIAAN, S BR I RRETR. 2k B R
T, BREAE SHRE B EA B BNE T RATARBIABEE WSS BRI AR E R 5 e B AR L2k,

5 ENEERIHE

AL TAEABIR A Python A4 2 Dafny AURS (#0177 1%, 1052 BN 45 VP4 T7 3%, DU & A2 Dafny
A2 75 PR R Python AXRS D RE. BLAE DAL 75 V52 X5 R 3L M AT 3il SOFAETE SUZ T HEAT H0 IR E,
EAZITEAME LR, H AT RE R TR EiA MR, PRI BA TR VBN AT AT 977 5, BIIRA) 753, AR DK, 3147
LA pR £ Zh BE ) — BVEAE 9 IE W VR VE Al B bR, B BRI S A R A R — A N 2 B b A AR R B T
DAVAE B8 2 1A (1. AT TR DU i N R 9 S FNEE Python HHIZ AT 7 A= AR 24 H FE 81 B R il K PR 4971 45 .

XA MBI RSO, 1217 Dafoy S TR BIAG A ) Dafiny §8 3 ACHSEEAT D0, JaCREAS: I H 39
B EA TR CROUUMFRE S RES) B0E SCHE R GRIUIIA B s b PERs 3 RIS IR Aol TR p i
RERAINT). 4 5 H AT 9 28 1 A, T IR E5 5R o AR 5 2, BRATTAE P 1 0 2h A L o (R B R 0 B 5 R R 2R
B, PR R A EAE B S IR R RS AR 70, R XL (E Bl s Tl B A, £ b n) A S Bk
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RO B R, PSR 10 500 K B R 2P B0t V30 52 15 4745 i) L

K- 75 B AR A A 1 5, AT P 4R s 1] 51 5 KA A i & B Python bR B A S8R 1), 18
Python HIZAT 75 2IAH L ¥4 th 2508k, 4 iR il 4k, FHE I TEVE N 5 ML) Dafny 230 BT KA RA
REXS BRI AT JREAT PRAA A 73T, 82 i A\ Z 500 m] BE Y BU AN SR R 00, R RG ZE 2 A, R AT Rk K
R S B BN S B AR 3 N AR OBERR A0 7 .

Inputs Generating Template

You are an expert Python programmer.You
are good at generating test inputs for
Python functions.

Please generate ten groups of
differentiated valid inputs for the following
Python function.

Given Python function:

“python

{Python code}

You MUST return the inputs in the following
format without any comments:

““python
inputl=(parameterl,parameter2,...)
input2=(parameterl,parameter2,...)

inputl0=(parameterl,parameter2,...)

K7 A R s =

6 SKIREERDM

AT TATE EN UL G KB IE R, . BEIERE . ST BB EM B P S 30 B B, Bl Jo X s ie 4 SRk
1753 M. B 1A Bl i S 6 [R] 27 DA T ) .

A 1 KBLALAE Python E Dafny ARG HHBEAT 55 (3L R DN (ff B 2RI 7R A (1R B dnfar?

)/ 2: FES7R A B SO 51N Dafny 75 51K BEZR A 43 73 RE R R AR B BRI R R A SR B AR B s ?

i B 3: AER VRN IR TR SCH RSB, Qe G X B RS PR 2

W8 4: BIFAEE J7 RS A R OB (R B R 2 FRATT R an el i 8 2 Ak AT sh BB E SRR 40

] B 5: Dafny FE 5 520§ 22 A S M A B2 T2 KA AE Python %1 Dafny HIBH AL S5 Lt A ERE
IFEF 2172

W 6: W] CRAIE 24 HT 0380 3 I A M P AL D7 V2 AT SRR AR U T BB AT 5 R, A R A IE PR FRHE? SR
PRI ik s 1 S 7 B BRI PR Al 7252
6.1 LIWWE
6.1.1 KA 5 R ik £

7 S BG A P f 3 KA AL 2 GPT-40 F11 DeepSeek-V3. GPT-40 Fll DeepSeek-V3 /& M4 AiE M, iH 2
)38 KA T, et I LI FH ORAR Y E R AT 55 L i) R I, O 1 BB & WL R PP Al KA B B 6 R ), SeIe
TRV B 7 KA T AN A A 1 30 28 28 VA Y. 7 I F KA B b, S S0 S 8 s ) 2.3 B0 AR % AR A
FEAE R 8 HIR B S0 REAT 9256, 40 UniTrans! ™4 5206 5 2 5 8 0.8, A6 % GPT-40 7EIRZ X E N 0.3, 0.5,
0.7 W73 kAT S50 DR FUBUN A I I SE 0I5 R IF 3R A9 AT SE I S 3R 45 5, DeepSeek-V3 8 FH B J7 SCRYHESE 1 0.0 IR
JEE 5 B AT S 1O,
6.12 SEIRHREEN

(1) HumanEval (##4E

HumanEval 34 U2 — A F IR E 75 3R 42 i Python fCHS 2 75 IE# i Hedl 4. A< 5236 H Human-
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Eval ## &£ F5 ground-truth #5314 Python JEARTS E s 8, JE4 H B 47 ) Python TE MBI B35 N
X2 Dafiny ] BI2EAT 31K, HumanEval #d 4 b3t 163 AN, Herh 4 ANl {3 ) Python BEHL 8 HGEAT
SRR, TeVER S04 Dafny. FoAT TR AR 159 AN 1] AR Sy 44k ] 4.

(2) MBPP ##i 4

MBPP $#i4 (mostly basic Python problems dataset)* 15 73 1000 /N WL Python 3 fiti g A% il B, [RIAE
12 S FARRD AR ek . A szt ik A Hoh 208 N TG IE R sanitized-mbpp #8475, XF Hidt 4T 5 HumanEval £#542
AHIE )AL 2R DR s A v LA 427 AR, Horh 14 AN in) @ ZE I 75 2298 A Python FRA I EERELL, TEES A
Dafny. ALK FE A1 413 AN U A 4k ) 4.

(3) LeetCode ¥4

AT BE A SIS I T VELE S A B R 1R I, U8/b Python F1 Dafiny (W15 A1) 2% 15 22 = MU s2 00, VAl B9 1%
gk AR ACHD AEFE P 4540 b — 30, A3 T LeetCode #% 7 — AN EiE£E. TATTEEL T 20 ME LeetCode b7
22y Hard 01 8, DAARIE ol 8570 52 2% 15 ZESEBCE AT R A LeetCode 1A Python AR A% M, AT gk
F4 Python WEVERR MR RS S AR AR M 8 S L T 4TS . BT LeetCode AR B E20Fll Dafny A4,
FAVIREL T A 1 B 2220 50 KA 6] (5 LeetCode EANE 50 ZHM A ER# ), 7454 Dafny R IEAH
BEAT PRI, BT HumanEval 24 ££F1 MBPP #4545 H 1) Python fURY 3= R AL 1 BR 2L, BB E T AE R
FBLE I B R PR 2 VAL AT AR
6.2 LWERSHH

B, ATE GPT-40 Fl DeepSeek-V3 /N KA 8 | HumanEval 3410047 2 R S24, 453 7 LRl R
1] Dafny RN X URBIFE R IAIX 3 A1 & B BFIERIL (R 1). Hh, syntax@k (semantic@k) 2R
S ke B A D — g R (ME) RS 2R, B g iR 2 (N stid i ).

13 MEE7RIASE HumanEval e G bR A AN R Sei6 I 52 A Bl 1 A 45 2R (%)

GPT-40 DeepSeek-V3
PRI 03 0.5 0.7 0.0
syntax@k semantic@k  syntax@k semantic@k  syntax@k semantic@k  syntax@k semantic@k

1 11.32 8.18 8.81 7.55 11.95 10.69 17.61 16.35
) 2 14.47 10.06 16.98 15.72 16.98 15.09 20.75 19.50
?ffﬁﬂsﬁj 3 16.98 13.21 23.27 22.01 20.13 19.50 25.16 22.01
4 22.01 18.24 24.53 23.27 23.27 23.27 27.04 23.27
5 25.79 21.38 25.16 23.90 25.79 25.16 27.67 23.90
1 277 38.99 42.14 36.48 38.36 33.96 60.38 55.97
. 2 57.23 52.83 52.20 4591 49.69 44.03 64.78 60.38
Dafay il 5 6o 35 55.35 56.60 50.94 55.35 52.83 66.67 61.64
B 4 63.52 59.12 61.01 57.23 57.23 54.09 67.92 62.89
5 65.41 61.01 65.41 60.38 59.12 56.60 69.18 64.15
1 4717 41.51 50.31 45.08 49.06 45.08 65.41 59.75
B 2 59.75 53.46 57.86 52.20 57.23 53.46 72.33 65.41
Xij‘ﬁ‘j?jﬂ 3 61.01 54.72 62.26 57.86 60.38 55.97 74.21 66.67
el 4 63.52 57.23 66.04 61.01 64.15 59.12 74.84 67.92
5 65.41 58.49 68.55 63.52 66.67 61.64 76.73 69.18

T IR RS R, TR R R

FATRT AR I e 25 5 B 4 A B0 25 ) R 1 ) A 2.

1 KAEAE Python 3 Dafny HIRH AT 45 L AIIEHERBL (BRI IR R B) fnfa?

MRPER 1 BdE, Al AR AR IR I, OB RS A= BRI B 4 BRI 28 (syntax@k) 5 =i N 27.67%, i i 5
(semantic@k) Fx =M 25.16%. HH, DeepSeek-V3 B RUA & i 4 PidId 2, H 4w 128 1 2 R0 308 0 26 5B &
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R FHEHR. X GPT-4o BB F, FEILEE N 0.7 B30 fem (IR I 28, HAZ R (0 e D0 S ik b a5 i B 1) b7t
W& $2 15, S e HE E AN e P SR T LB A T BEHEAT IE A (1 R .

8 2: FES7R 1A R SCH 51N Dafny 715 51N B8 43 Sl BB AR 2 FrD R0 138 3 I SR (B RE (RS2 e 2

MRIER 1 Hdfs, A H Dafny A~ 527817 5, KA ZY AR Fl i 3 1 4 PR 18T 26 A i 69.18%, Wil i 28 f =i 2
64.15%. 32 A5 0 AN ANAR ()15 L R 3EAT X L, Dafny 75 527 17 AR L I R 7R 37 (1 4 P28 i S A 8 i %
FEFHE 23.27%44.03% NS X U B ESE 7~ 7] R SCH 51 NS 7R 451 0 2 AR AR I AE ACRD B B AT 55 R I A
BT B

ZEABLE, A RN B AR Rl N, 5 A8 A Dafny An 57 mAH L, BR T GPT-4o BEABSFEIRFER 0.3 BB T, g
PEE T RANRIE D R 3.14%-11.32% MEET:, BAE &k BN ST I8 B R B 5, 368 51 ST R I BUE 7R 1 A5
HE— 25 5| S AR AT IERA AR B P, ZE3RTHRIIR AR DB R IT T A8 AR RN 5.3 . 2% MIRACLE!™
S R G BE R AT YIRS ) A, FRATTHE DT 7E 32 7~ 1] w438 P T BB s ) AR 3 51 5 R B A4 3 P s 5 (1)
AR 56 R SR IR B SR AR T (1. GPT-4o AR FEIRFE 9 0.3 I tH I 1 AR FHIE L, HED A2 DR R B R e 78 50
FIF$RZN 1A b SCAR B AR RG], S0 A AR 7881 P9 28 R T KA B =4 T k.

TE R IARE R R0 2 45 SR A8 SR A 7 B T R R R, AT R B R R I L) 7 R fa 5, e N
HFATRE FH — A S5 ke 158 A FE S B VAR R 51 ) s, BRI J] 25 ) R 3.

[ P58 ot P N M "l i P 1 | N R TR G b iy A AL g

8 JBIR T BN HE R A QR - 51 He p — B 43 SR AL B AR B R ) KRR JE R Dafny H ) T B BR 50
Floor fIIERf . SR, RBEAL ] g 2485 Uk He i ) Dafny sl 3820 WA AE B bl B0 A Y B R e, AR
FRATRR TR R B X S R B AT VR, PR AR AR RS R & 8 FR. IEANE Python AR EI. X5 Dafny
RGBS TN, P B I T FIREILR, HEBR T Python =B, EMIET Datfny 7~ filsd RALAL (1520,

Python7 3] Dafny7~ il 1R 1) Dafny §H 2 45 1
def Floor(s:float)->float: function Floor(s:real):real{ function truncate_number{number: real): real{
return floor(s) s.Floor as real number - Floor(number)
i 1

8 AR BN PR X BEA RS 7 51 B DR R R

DRI — ], 75 5 AR B 7 R S R 1 2 BT AR 2 (9108 S H A R B . B 9 JRoR 7 —Fe il
BUIESEA B SO 3 LA B IR R S5 2R JEUR 1] R 2 (Floor bR ) 52X 1 Al & vh U D g St 77 U
FLAEERE. AT HABBON floating_division bR, HDIREA THE AT R8I R AU, I L R Bl EAREL T
PR TE 5 A HCRE T RE SEILTT 3CRGS . (AL, AT DAAS 4518 AE SR ] b R SO IRARRG 2 I, g 7 491 bR s
TR R IR V2 1) L 2 I 2408 0 1 A, o R B RE TR O R A /b AL, L TEVE M B A, OF
E BRSBTS AE R R 5 )6 TR A TR RS, REE I A Mt 5| S KRS 7R LA L v R N 0% A%, [ G K
1B RIS M R 2R

Python~ 7l Dafny 7~ 5 IEHf I Datny Hl 13645
def floating_division function floating_division function truncate_number(number: real): real{
(a:float,b:float)->float: (a:real,b:real):real{ number - (number.Floor as real)
return floor(a / b) (a/b).Floor as real }

}
K9 BB IR IRACRD 1) b IE A 1345 2R

W8 4: BB T7 VLS AT R TH R BB I JRATT R AT e 452 TR kAR EAT B S A AR H0?

NERFUIRI R 4, TAELR 1 BOFEAE 2R S2RE AT 5000, 2 1 ORI AR R P AR 00 (T B R 50 1],
I AITEIRE AN 0.5 1) GPT-4o #55 F5TEIR ¥ 0.0 1) DeepSeek-V3 #EAY b it — Bk AR Ad I 2h A& 5 77 10347 I
W, 752 Hx Eegs Rk 2 For.
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2 f£ HumanBval £ 4 08 A AUE R 7L IR/ 15 BEIRH FESE R

GPT-40@0.5 DeepSeek-V3@0.0
ik E %
IEAERIR k syntax@k (%) semantic@k (%) T i’;j;;il;%n% &) syntax@k (%) semantic@k (%) - i’;j;g;%n% @)
1 50.31 4528 65.41 59.75
S A 2 57.86 52.20 72.33 65.41
$1(I[ﬁ;£<§“}g§§§ 3 62.26 57.86 533.0 74.21 66.67 571.7
“ 4 66.04 61.01 74.84 67.92
5 68.55 63.52 76.73 69.18
1 52.20 46.54 70.44 62.26
S 2 63.52 55.35 74.84 66.67
(4 WS
. . Z 3 69.18 61.64 76.10 69.81
(AT 2R 155 1033.6 962.6
4 71.70 64.78 77.36 71.07
5 72.96 66.67 77.36 71.70
1 66.04 57.86 72.33 63.52
Sk E 2 72.33 64.15 76.73 69.81
(4 2
Ptk Z 3 72.96 65.41 76.73 71.07
(BRI 1412.8 1290.9
4 72.96 66.67 78.62 71.07
5 74.21 68.55 79.25 71.70

MFE 2 T LR, BASE S 7 V5 R 8 [ B A AR PR T 45 SR 00 G Rl i 2 R R0 e, 3 U B i S A
TE KBRS o ORI B R RS IE R AR R R e 2. i — 2D #t, 5 Bk RIE S AE L 3 kRIS T IR A B4R,
syntax@5 Fl semantic@5 G4 2% KT, H 1, DeepSeek-V3 ¥ semantic@5 1 3 #iEAUEEA 5 kB E
SR AL FRATTR 0 b TS U R R R B ARAD, RIS BAE 2 4018 5 R 208 H R B IEH B 71,
AT LA IR B T 2 aie 5 57008 id 2 R,

FATF LA token (& TRAR TR A BB A MR IRE #E. 38 2 BURULEA, 3 5k RIZE M token
SEH AR AERIERIE SN 1.6-1.9 £, 5 SIERIEE M token FIYE RN L)y 2.2-2.6 fi5. o, BT
BNAE AT A I R LR AR AT S 5, B0 il i 28 1Y) DeepSeek-V3 ] token {3 & 2% />
T GPT-4o. 7E42H token 1 F 5 AMH [, A FHA%ARAE 5 5V (i 2 A i (1€ T 22 (A F s B . BRIk, 72K
R B 5 A BT, P A A 2 2 AR BB % LLASE /N I R B SRS PO %) G 1R 168 3 SRR U R i R 3 e 7E AR
INERRAIEE AR 2 BR; 148 LB oA T M, A Bh BB B 5 AR 8 R Ui o KA B VR — IR
HE BCOETBH PRI 52 e B IRAT 55, AT RS2 T35 1) 2 R 18 i 2R AN id i 2 1) B R,

NT X ENEAE T AT E R HIVEN, AT 5 Ak RAEE A B ATE R TR, |10 R T —4
IR RIS 5 I8 5], FC AP RS S ROVERR B OB B R AR AR AT, AR A S B E HEN S
YRR PR AL R T BT VR IR I R 0 B B AR, (E G U R IR R 25 M A R 18 S AR R 2. ) T iX
R, B ]SO B AT S A R R 0T BEAR 2 5 THE S s MR 1 RS, Rk, BB B £ ik
RECEOE B —ABERT, 77 U XA ARRD A BE I 18 S 56T BB AT i A, &6 A CRE R, s et —1
HIEREREE LR,

N T BAEZITVEEA RS E Rz A, A TE MBPP $d g b A5 F FIRE (1) S50 ¥ B 34T 5000, Seihah
WER 3 Fion. KR 3 HHINEHE 538 2 IRkt REZOHE EAT S L, FRATVR BN, ARS8 B A 5 VA AE AR 4 LRI
I, AR IR 5L B4 198 388 ok SR AN R ik 2R ZE BRI 1 4% DL XU IHZ O i B AT Bz Ak, 16 B Python
F Dafny fIGHEIE F R A fae (IR I

M) 5: Dafny B 5 R FBE @ I ZE 0 52 AR an e[ 2 KBERAE Python | Dafny BT S LG ERE
T =5 72

FEASZEG ) R 2 N3 3 \J 40, 7€ HumanEval F1 MBPP #3545 I, Dafny #1%45 A syntax@5 F1 semantic@5
B4 AN 79.25% 5 74.09%, syntax@1 A1 semantic@]1 i 20 BN 72.33% 5 64.16%. TEA R EAE4 MBS 1
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£ th | UniTrans 764 A5 & BIPAL S5 LT semantic@] 4 87.92%""”); TRANSAGENT 76 AN [d1E &5 B 1AL 5%
P8 semantic@] 9 91.6%"; i LAC2R #£ C %] Rust #11%/F55_EAUE ) GPT-4o I B IERHR (45 semantic@]1)
N 53.43% 1 BEAR T A S0 A8 ] GPT-40 I 57.86% Fl1 57.63%. Tao 25 A\ BUAd FH £ Fo K MRLLE 14 FhgmFRiE 5 LR
TF B 5T 3R 0, 7E £ Bh AR T3 AT 00 M BT B RIS B W E AR, AFEEAET, BL Python 1EN HFR1E S HIEH
PEIEfR ST A BARE S TF i i, 11 BL Python /E NIFIE 5 BN 3 IE 6 R 2 T IRIE 5 TP (0. & Tk ig,
ALK LA Python 7B RYEIE 5 MR BE IE M RA1E NS5, UL 5 P 456 R I 4T 1) CodeLlama-13B A& 7Y 7E %
T HumanEval 85 4E K] Python FIHAT 5 LRI G ASLIG 1 45 AR A LLEE, SRl 11 fros. WEH AT LA H,
LA Dafny Jy H (75 5 (0808 150 R T F 27K 1, B4 Rust 25 B A R RRBR H1 5155 R 35 5. X 5 Dafny 15
IRHIE S BRELREBON R H R 2 — 5

Dafny
method factorize(n: int) returns (fact: seq<int>) {
fact := [];
var i := 2;
var num := n; // Create a new variable because method parameters are immutable

while i <= num {
if num % 1 == 0 {
fact := fact + [i];

num := num / i;
} else {
is=1+1;

¥
¥
if num > 1 {
fact := fact + [num];
H
3

K10 ZisAUE R e I i i AR B o

# 3 fE MBPP #dia 4k LA RUE R T7 % IR PE K520 (%)

. N GPT-40@0.5 DeepSeek-V3@0.0

IEAUER IR k syntax@k semantic@k syntax@k semantic@k

1 50.61 4431 68.04 60.77

2 64.65 57.38 74.09 67.55

RNifrigfea 3 67.07 59.81 76.27 70.46

4 67.80 61.50 77.48 71.91

5 70.70 64.41 77.48 72.88

1 67.31 57.63 70.22 64.16

TPV S S S B

WERE AT 4 71.91 64.65 78.69 73.37

5 72.15 65.62 78.93 74.09

N4 BT AE Python | Dafny B 24T 25 W20 20 B LA iR 8] 5 [ 28 i) S, AT T % 7E 45 4L Hh 45 %
W BRI RRAT 55T T TS5 VA, IX B BT 55 (K R ISR T Python A1 Dafny HIE R A7 76 22 5, FZEA LUK
LR L.

(1) Dafny [/ AR

1E Dafiny 1, — /N5 5 75 BIE i SR8 52 270 a8 i W R A B S8, 5 ARl AT SE k. [, FT 4 7E Python
PRI A AT REST . 22 2R B 948 B AE Dafny H ARAHS A 75 B8 5 2% 1 V9 9 28 20 i B L e mT RS I () 2R 284 1
AT R SCE A F, 75 0 JC7208 i g k. LA I e SR 2 DL R LK.

1) RS HEER BME BA £ 288 B %, i HumanEval/12"%, 89 & #2, Dafny A SRR BE 2, %
T3 Ik R B 44 ME— DX 48, DREAS REASE FH R A AN SR B 3 il 'S — A [F) 42 R B I 77 V2R R e dX — 1) .
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2) L None ¥ UEAE it #2458 &, 41 HumanEval/20"". f1F Dafny H%#H None 287, WA 14 = B W MG E,
XTI BA R 25 8 -G ik AT 46 (H BUE I Ak

3) W& LRI B3R, 40 HumanEval/1511"), Dafny AR32HFIX K513, 75 B 2 M B N 45— 0 gh 2R
FE SUZIANE R B3R

80
S
S
7 =
31 ]
= = ]
60— —H
g | ]
5 | ]
2 | ]
50 || .
~ 2 0 7 & Ak o+ N HE S S VoS
=] = o —_— =
TECEZEESEROF YRS TS
I [ ZIN- n %2} J
(=%} [} <
<) 2 g
= ‘g_ =
z 8 3
b5 a =
D = o
> o
£ =
E R
S

11 UL Python J¥RiE 5 HNFMIIEL % (semantic@]) HLi

T2 PR Tolk 4 P2, Python A8 A 4E B 5 24 102878, DRIk, S SR A E 51 5 R REZ) B4 I g 0 (1 4k, 450
FRUIX — R 5T FAT 5575 SR B, R4 B 1R 45 RAE S BR3g st h i T Sk,

(2) Dafny ##t/> Python Py B AT AN A EE#E1E

YF% Python & W1 A BAT A N AR VETE Datny FIEAAELE. 40, 7E Dafny 1, 45 B A2 F R 741,
M 7 F1 Al <A <18 BAFAUR T AW 2 5 2 P T AN BT 48, TR G 2 4 o TR AR 2 L3 LK /NI J5 5 4E Dafny H
AT E L. 53— M T2 Python Wi T4V v SCRr B P K, Tl Dafny /58501 K RigN 1.

(3) Dafny /) Python JE B 5T 7 f) o6 %

Python & [/ R 0 /E Dafny i [FIEEBLA ST, Dafny 18 5 JLTAE W E B, ERsMERE B RAE THY
A BRI R #L, 20 Join. Split 5. 44 K3#4 Python [ & M 4L /E Dafny H 8 1 i 7% 224k 78 & X. % & | Python
M EAT R 58 =77 P R, LI 6 2 B 501 T BB AR AR S B A 40 R EE DK R 4 B A 38, 127 386 ) i s oy o 26 1)
FE PR E R B AR, AR SO AR s 1 R SO R AR XU ) R B ] 5 KA R A A P R 7 E ST BRI R R
BRI, TSRO BR K Sum S5 SR, 24 KRS 5 AN 78 58 SUBUN S AR BN AH WL IR B 20N, b T i DA G R HE i,
e LA BR BOSEILEAT e BN 70, R, T R 75 B 25 % SO AL Al B A e — ] .

T RTTREHER: EREEZE R TI0, AT E T LeetCode BiR4E (MG 7L WAL 6.1.2 ), HFFEZEIESE
A R IEARAE B 5 24T S50 LeetCode ¥ B2k T~ 5 A B0k ) 3L 1 A U ARRD A 2, mT#E — e R VP A B8 7
IRAES ARG L IR I, RERE A U OB PR 45 RINFRE 7 45 M BB M, SEI0 45 Rk 4 Fos.

*® 4 At LeetCode $infe b AU R IERAT LIRS R (%)

i GPT-40@0.5 DeepSeek-V3@0.0
syntax@k semantic@k syntax@k semantic@k

1 70 50 95 60

2 80 50 100 60

3 90 55 100 65

4 90 55 100 65

5 90 55 100 65

M 4 S5 R LUA Y, fEHEBR AP 5 (0152 57 0 TI05, syntax@k REFAE 70% LA L, SEIASC %
RS A RCORAIE B B 45 SRR Fr S50 IRV, gt — B 0E 1 W R0 G 5 1A (¥ 152 22 S B R J 0o % iy AN s . x
TIESCHR G DL, FATHr e iR 5 8, AU R G A R R X IR P02 5 10 4] i ANV B 82 175 i) 7L
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)R 6: Gr{AT OR-AIE 24 BT A I 26 DA 1R DA 75 925 B P SR A6 2 T AR IR AE 55, I TR &3 I PP AS B ? R
P IXEEPF Al An A S BB RERO A 77152

R BB PR IR AR L PP T VERE T RE R I B, DRAEAE 7 DX 77 25 A T 5 4 7 0 DX it AR AT 1 5. — T i,
i B I . X AT DU 45 5 R R A O A\ it S, (H TR Python AURS AR A XA A ik
RUASE 2T, A2 R L 50 PO A v T R H B E AN ST e A\ B 2 B R E ST, ST T, R SR I K
(¥ 2 FEE, 1 HL 78 5 S AT RE 22 IS 3. o, D 1 PP A P DR 78 A el P 451 4 PO 28 SR, BRAT T8 P i X 49
AT RIS RS HBEAT XS ./ HumanEval 400 159 MRS A 28 MR S5 A7 A8 R AL AR
22 W 451 8 A T, R0 KA 2R A S PR A N 800 AN v S BBOTC VR A 1 8080 A 3 SRR AR 55 7 S K Y 481
BB, AEAE B AE B A DI T 4R R B T SRR 7 ), A B A LR R A B 1) 5 Dafny
FHPE R R R ARE; A 1 D RIRAR 5572 SR M 46 b B 7 S8R 2 ) R, LA A 7R Al gl X P 497 4 L
I, WA B 2 8 K 1 AT BE AN [RI R FE 3Lt 127 ANRREAR 55 b, DIREE RS A, T BLA X
S 912 T AR A AR R A P 9 4 ) R 2B, BRATTIA g, X R A i N B R B 5
TR 2 A ) P KA 7R A el v P 518 7 2 A e ) S B ) AL

FERNPEIE VL DTG b, R SO 1 B0 B e — S Sb, 384 EmAce!™ . CodeBLEUM™ %5 i b 4L py i 44 44
FHAARE BB AE. S R 9 7E R HOD RE— B0, bR A B R AN SCATREFFE AR B4n, 18] 10 A il X Dafny
ARRE AT (¥ Python JRACHY (18] 12) A AN R ROPE R I 251, WA B0 BOA7AE P BT SO ), (ERIFESEEL T 5
fife o DRI A ) B KD R T AE 24 i O3 55 o, X B B P9 A 5 R R AR ABL B EAT PP A I, =5 R B P AT 5 (R TER 22
ST REAT KA T IE G (O Hh5 B S, TS A2 AR S A R DL BE PR S R A DL RE S B AR PR Al AR .

from typing import List

def factorize(n: int) -> List[int]:
import math
fact = []
i=2
while i <= int(math.sqrt(n) + 1)://#&B1eR,XTHEIE Y F#EHM Twhile i<=n,BHTERE
BHRANE, EESE — I BETUBRInt (nath. sqrt(n)+1) <ieen, IABTEAELF n > LMIAFIE,
RHTARREEL
ifn%i==0:
fact.append(i)
n//=1
else:
i4=1
ifn>1:
fact.append(n)
return fact

B 12 &l 10 H 1) Dafny fXA5% ) Python JRARHS

NV IE R G5 R IAR UL, AT 45 & R e 0 T BORr S A8 B 1 B v DR 2 e, 3 e 0 35 B W 5 A 2 A
AR AT NAE R ERT 5 R A . B, A2 10 ANE 12 X REAARRS 24 n A —DNECKE RSO0, B 10 B Dafny
B R TR PR A RAZ 5 RO fact 132, 177 &1 12 1 Python Y54RSS NIFEAE R SR 45 % 50 BN N fact 512, [H G
A DA AE ISP 45 AU X fact B3R HEAT FR TG 25 B BR 20T 0 K AR AL,

7 B O&g

ASCHEH 7B IR LR Python 15 5 AR EH 14 Datny 15 5 77728, S AS AN A 451 SR X015 21 1) B 2%
g5 BAEAT IS 715, S236 R B, 7€ HumanEval f1 MBPP #(354E L 1 H 5| AXFH& ) Python Al Dafny 7~ HI#R 7R
WA Z RN FMEE T A R Datny T2 7 R BLE I, femi ik 79.25% W40 B8 Id 2670 74.09% B0 I 28,
FETN BN BT 7T, A ORI T B B 45 SR 7 A AN R s 1) ) KA AR ) i 30 5% - b T 43X — B R R s ) e vk 7 =X
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X TR SR B aE i PR AT 5%, AR SCRR AR B 15 25 SR B 2 HE SR R IR BRI B L, 4347 T Python AR TS 3| Dafny X4
BHVE P ) R 3 5 AT ARt — P AR TR B 10 U7 V2, @i M LeetCode HURAE I 7R 1ZHUHE 4 L AT SEAR EIE T
VA ZE SRR AR IS AR SR, Sh— 0 CRIE A A VRl iR R AT SE I, A SCIR T A B KA B A
R SR B 53, oA T A8 B RS B A= s 1 I3 R 48 B 0 2 1 003 P 490 4 1) 1) 28 e . AR SO i HH B R 254
AEABLRE RAZTH AR 55 1 51 — Fh G & VT AL AR T, T4 Y 1 PP A AR 0T S AR PPAy 7925

AR RARELH Python ARG 3y Dafny U5 7 T 88 ST TP IR R, A 1E 2 TAEBAFH 7. 4k,
TEABS IR 7T, X5 T BA Python SARIE 5 BT BRI AZAE M LML M B, 2 KAV & BABIR4 . ThRefl:
AN BB 38 =07 )28 eR 3OS AE W T 43 s n] e AL 1) 38, AR SC BT HE ) vk E AT 52 44 55 OB 1R =
T HME AR BB R IR 28, FRAT AL — 8 AR vh Sl i i 28 (7] R4 FAZ 7 VA AE 52 bR TDolb A 7= v ()38 FH Y
TEBIBESE VPG 7 T, A SCACE R T M5 i, RIAARF 04 RS AT BRI e G R IR R AL TER 2
TE R 56 B () AT 36AIE Dafny #2710 —38 4y, BT i bR, FRATESCHR [44] HAA T BAE S iR ke A0
A Dafny #2015 = 1 TAE.
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